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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

Intertool is a trademark of Intermetrics Microsystems Software.
V20, V30, V25, V35, V25+, V35+, and V Series are trademarks of NEC Corporation.




The information in this document is subject to change without notice.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does notassume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. Nolicense, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special”, and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated “quality assurance program* for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special:  Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

 Device availability
* Ordering information

* Product release schedule

* Availability of related technical literature

» Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

* Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.
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Major Revisions in This Edition

Page

Description

Introduction

The following product names are deleted : uyPD70320(A), uPD70330(A),
UPD70325(A), and uPD70335(A)

The mark % shows major revised points.




Readers:

Purpose:

Organization:

INTRODUCTION

This manual is intended for the user engineers who understand the functions of the

V25/V35 Family microcontrollers and design application systems using the

microcontrollers.

Product name Nickname
uPD70320 V25
uPD70330 V35
uPD70325 V25+
uPD70335 V35+

This manual is intended to deepen the understanding of the user on the instruction
functions of the above V25/V35 Family microcontrollers.

Two manuals are available for the V25/V35 Family products:

Hardware Manual and Instruction Manual (this manual).

Hardware

General
Pin Function
CPU Function

Instruction

General
Instruction Description
Additional instructions of V20/V30

Internal Block Function Instruction Map

Bus Control Function
Interrupt Function
Standby Function
Reset Function
Others

Correspondence to Mnemonic of yPD8086, 8088
Number of program execution clocks
Program development by 86 C compiler and assembler



How to Read This Manual:

Legend:

It is assumed that the readers of this manual have general knowledge on electric
engineering, logic circuits, and microcontrollers. Unless otherwise specified, in-
formation contained in this manual commonly applies to all the modelsin the V series.
Throughout this manual, the nicknames of the products are used instead of the
product names.

To find the functional details of an instruction whose mnemonic is known,
- Refer to CHAPTER 2 INSTRUCTIONS (instructions are presented in
alphabetic order of mnemonics)

To understand the functions of all the instructions,
- Read through the manual according to the Contents.

To understand the hardware functions of each product,
- Refer to the User's Manual — Hardware (separately available).

Data significance . Higher digits on left, lower on right
Active low : Xxxx (top bar over pin or signal name)
Memory map address : top: higher, bottom: lower
Address notation . Xxindicates segment value, while y indicates offset value
in following case:
X :yH
Note :  Footnote
Caution : Important points
Remarks :  Supplement
Numeric notation . binary . XXXX OF XXXXB
decimal e XXXX

hexadecimal ... xxxxH



Related Documents

Document name User’'s manual
Data sheet Application note
Part number Hardware Instruction
V25 U10090E IEM-1220 This manual IEA-1256
IEA-604
IEA-701
V35 U10170E IEA-709
V25+ U12850J IEU-1427 —
V35+ U12884J IEA-709

Remark The contents of the above related documents are subject to change without notice. If you place an order
for a document, be sure to confirm that the document is the latest edition.
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CHAPTER 1 GENERAL

The 16-bit V Series™ microcontrollers have 101 common instructions that are completely software-compatible,
so that your software resources can be effectively used.
In addition to these common instructions, eight instructions are provided to the V25, V35, V25+, and V35+.

Figure 1-1. Relationships between Common Instructions and Dedicated Instructions of Each Product

V25, V35, V25+, V35+

BTCLR
RETRBI
FINT
STOP
BRKCS
TSKSW
MOVSPA
MOVSPB

16-bit V Series
common instructions (101 types)
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CHAPTER 1 GENERAL

1.1 Functional Instruction List

The instructions of the V25/V35 Family microcontrollers can be broadly divided into the following 26 types by
classification of function:

Table 1-1. Functional Instruction List (1/2)

Instructions Mnemonic (in alphabetical order)

Data transfer LDEA, MOV, MOVSPA, MOVSPB, TRANS, TRANSB, XCH

Repeat prefix REP, REPC, REPE, REPNC, REPNE, REPNZ, REPZ

Primitive block transfer CMPBK, CMPBKB, CMPBKW, CMPM, CMPMB, CMPMW, LDM, LDMB,
LDMW, MOVBK, MOVBKB, MOVBKW, STM, STMB, STMW

Bit field manipulation EXT, INS

110 IN, OUT

Primitive 1/0 INM, OUTM

Add/subtract ADD, ADDC, SUB, SUBC

BCD operation ADDA4S, CMP4S, ROL4, ROR4, SUB4S

Increment/decrement DEC, INC

Multiplication/division DIv, DIVU, MUL, MULU

BCD adjustment ADJ4A, ADJ4S, ADJBA, ADJBS

Data conversion CVTBD, CVTBW, CVTDB, CVTWL

Comparison CMP

Complement operation NEG, NOT

Logical operation AND, OR, TEST, XOR

Bit manipulation CLR1, NOT1, SET1, TEST1

Shift SHL, SHR, SHRA

Rotate ROL, ROLC, ROR, RORC

Subroutine control CALL, RET

Stack manipulation DISPOSE, POP, PREPARE, PUSH

Branch BR

Conditional branch BC, BCWZ, BE, BGE, BGT, BH, BL, BLE, BLT, BN, BNC, BNE, BNH, BNL,
BNV, BNZ, BP, BPE, BPO, BTCLR, BZ, BV, DBNZ, DBNZE, DBNZNE

Interrupt BRK, BRKV, CHKIND, FINT, RETI, RETRBI

CPU control BUSLOCK, DI, El, FPO1, FPO2, HALT, NOP, POLL, STOP

Segment override prefix DSoO:, DS1:, PS:, SS:

Register bank switching instructions BRKCS, TSKSW

16



CHAPTER 1 GENERAL

1.2 Format of Instruction Words

An instruction word (object code) is basically represented in the following format:

Figure 1-2. Instruction Word Format

1 i 1 i
op code |- i i Operand i i -t

Remark op code : 8-bit code indicating type of instruction
Operand : O-to 5-byte field indicating register or memory address subject to instruction processing

1.3 Instruction Outline

1.3.1 Data transfer
The data transfer instruction transfers data between registers or between a register and a memory address without
data being manipulated. The following five types of data transfer instructions are available:

General-purpose data transfer (MOV):
Transfers byte/word from the second operand to the first operand. Can also transfer a numeric value directly
to a register or memory address.
To transfer data in register bank (MOVSPA, MOVSPB):
Data is transferred between SS and SP before and after register bank has been switched.
Effective address transfer (LDEA):
Transfers the offset address (effective address) specified by the second operand to the first operand.
Conversion table transfer (TRANS/TRANSB):
Transfers 1 byte of the conversion table.
General-purpose data exchange (XCH):
Exchanges the contents of the first and second operands.

1.3.2 Block manipulation

The repeat prefix and primitive block transfer instructions transfer or compare byte or word (consecutive data)
blocks.

As the primitive block transfer instructions, instructions that transfer data, compare a value, and scan are available,
like instructions that transfer data in block units with the accumulator. If a 1-byte repeat prefix is prefixed, repetitive
processing can be performed by hardware, so that data can be manipulated successively.

1.3.3 Bit field manipulation

The bit field manipulation instruction can transfer data of a specified length between a specified bit field and the
AW register, regarding a contiguous memory area as a bit field.

This instruction updates the word offset (IX or IY register) and bit offset (8-bit general-purpose register) and
automatically specifies contiguous bit field data at the end of execution, and is useful for applications such as computer
graphics and high-level languages and can support, for example, the data structure of packed array or record type
of Pascal.

17



CHAPTER 1 GENERAL

1.34 1/0
The I/O and primitive I/O instructions can read/write I/O devices. When these instructions are executed, the I/O
devices transfer data with the CPU through the data bus.

1.3.5 Arithmetic operation
Arithmetic operation of 8-/16-bit data can be executed by the following instructions:

Add/subtract, increment/decrement, multiplication, division, comparison, complement operation, and
logical operation

In addition, the 8-/16-bit data of a general-purpose register or memory area can be incremented (+1) or
decremented (—1) by the increment or decrement instruction.

Each arithmetic operation instruction is not executed in a register or memory subject to the operation, but by the
internal ALU. The result of the operation is set (to 1) or reset (to 0) in the program status word (PSW).

Figure 1-3. Operation of ALU on Execution of Arithmetic Instruction

Instruction

1
1 | |
ALU | | Register | | Memory | | Data |

| ! }

) Sets operation result
| Flag |

Sets status of
operation result

Arithmetic |
operation

1.3.6 BCD operation

The BCD operation instruction can express a decimal number by using a hexadecimal number for calculation.

This instruction can also execute arithmetic operations or comparison of BCD strings in memory.

This instruction supports rotate of BCD string.

There is no operand that specifies a packed BCD string because the registers used for the operation and
comparison instructions are fixed.

The first address of the source string (address of byte data including LSD) is specified by the contents of the 1X
register in data segment 0 (DSO0).

The first address of the destination string (address of byte data including LSD) is specified by the contents of the
IY register in data segment 1 (DS1).

The number of digits is specified by the contents of the CL register.

The destination string and source string must be of the same length (number of digits). If the length of one string
is different from that of the other, the shorter string is expanded to the longer length with Os.

1.3.7 BCD adjustment

BCD operation is supported by executing a BCD adjustment instruction before or after execution of an arithmetic
operation.

The BCD adjustment instruction is executed in respect to the AL register and has no operand. Addition and
subtraction can be adjusted by both the packed or unpacked BCD representation, but multiplication and division can
only be adjusted by an operation of unpacked BCD representation.

18



CHAPTER 1 GENERAL

1.3.8 Data conversion
The data conversion instruction can convert the type and word length of a binary or decimal humber.
The CVTBD and CVTDB instructions convert the type of binary and 2-digit unpacked BCD.
The CVTBW and CVTWL instructions extend the sign in a register.

1.3.9 Bit manipulation

The bit manipulation instruction can execute a logical operation to the bit data of a general-purpose register or
memory.

The operand of this instruction is in the format of “reg, bit” or “mem, bit".

The first operand reg or mem specifies 8-/16-bit that includes bit data, and a general-purpose register or effective
address is specified as this operand.

The second operand bit specifies the in-byte/word address of the bit data, and is specified by the contents of CL
or 8-bit immediate data.

However, if reg or mem is 8-bit data, only the lower 3 bits specify the valid bit address, and the higher bits are
ignored.

If reg or mem is 16-bit data, only the lower 4 bits are valid.

1.3.10 Shift and rotate

The shift and rotate instructions shift or rotate 1 or more bits (0-255) of the 8-/16-bit data of a general-purpose
register or memory.

Arithmetic shift or logical shift can be executed. The number of digits to be shifted is usually 1, butit can be changed
by the value of the CL register each time the shift instruction has been executed, if so specified by the count operand
of the instruction (255 max.). When arithmetic shift is executed, 0 is inserted to the LSB of data when the data is
shifted 1 bit to the left, and to the MSB when the data is shifted 1 bit to the right. The value of the LSB or MSB does
not change even if logical shift is executed and the data is shifted 1 bit.

To rotate data, the number of digits by which the data is to be rotated is specified by the value stored to the CL
register by the count operand. As a result of executing the rotate instruction, only the CY and V flags are changed.
To the CY flag, the bit pushed out of the data always enters the CY flag. The V flag is always undefined if data of
2 digits or more is rotated. If data of 1 digit is rotated, and if the destination MSB (extension) is changed as a result,
the V flag is set to 1; if the MSB is not changed, the V flag is reset to 0. The CY flag can be used as the extension
of the destination when the ROLC or RORC instruction is used.

1.3.11 Stack manipulation
The stack in memory can be manipulated by using the stack manipulation instruction.
The following four types of stack manipulation instructions are available:

PUSH . Saves data to stack.

POP . Restores data from stack.

PREPARE: Generates a stack frame and copies the frame pointer so that the area of local variables can be
reserved and that global variables can be referenced.

DISPOSE : Returns the stack pointer (SP) and base pointer (BP) to the status immediately before execution
of the PREPARE instruction.
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CHAPTER 1 GENERAL

1.3.12 Program branch
The branch instruction allows program execution to branch to a specified address.
The following four types of branch instructions are available:

Subroutine control : Saves the contents of the program counter (PC) to the stack (CALL) or restores the
contents of the PC from the stack (RET).

Branch . Passes the flow of instruction to another address.

Conditional branch : Passes the flow of instruction execution to another address depending on the value of
a flag.

Interrupt . Temporarily stops program execution if an interrupt request is issued from an external
device or if an operation error occurs, and controls program execution through software
interrupt.

1.3.13 CPU control
The CPU control instruction can manipulate flags, synchronize external devices, and transfer data. An instruction

that causes the CPU to do nothing (NOP) is also available.

1.3.14 Register bank switching
These instructions select a register bank and are used for high-speed subroutine call.

20



CHAPTER 2 INSTRUCTIONS

2.1 Description of Instructions (in alphabetical order of mnemonic)

This section describes the following items of each instruction:

[Format]
[Operation]
[Operand]
[Flag]
[Description]
[Example]
[Bytes]

[Word Format]

In [Format], [Operation], and [Operand], many identifiers are used for description. Tables 2-2 through 2-4 show
the meanings of these identifiers, and Tables 2-5 through 2-7 show memory addressing mode, general-purpose

registers, and segment registers.

In [Flag], the operation of a flag that is changed as a result of instruction execution is shown by an identifier. The
legend of each flag operation is shown in Table 2-1.

Table 2-1. Legend of Flag Operations

Identifier

Description

Blank
0
1

X

No change

Reset to 0

Setto 1

Set to 1 or reset to 0 depending on result
Undefined

Previously saved value is restored

21



CHAPTER 2 INSTRUCTIONS

Table 2-2. Legend of Operand Types

Identifier Description
reg 8-/16-bit general-purpose register
(destination register of instruction using two 8-/16-bit general-purpose registers)
reg’ Source register of instruction using two 8-/16-bit general-purpose registers
reg8 8-bit general-purpose register
(destination register of instruction using two 8-bit general-purpose registers)
reg8’ Source register of instruction using two 8-bit general-purpose registers
regl6 16-bit general-purpose register
(destination register of instruction using two 16-bit general-purpose registers)
reglé’ Source register of instruction using two 16-bit general-purpose registers
mem 8-/16-bit memory address
mem8 8-bit memory address
mem16 16-bit memory address
mem32 32-bit memory address
sfr 8-bit special function register location
dmem 16-bit direct memory address
imm 8-/16-bit immediate data
imm3 3-bit immediate data
imm4 4-bit immediate data
imm8 8-bit immediate data
imm16 16-bit immediate data
acc Accumulator (AW or AL)
sreg Segment register
src-table Name of 256-byte conversion table
src-block Name of source block addressed by IX register
dst-block Name of destination block addressed by |Y register
near-proc Procedure in current program segment
far-proc Procedure in another program segment
near-label Label in current program segment
short-label Label in range of -128 to +127 bytes from end of instruction
far-label Label in another program segment
regptrlé 16-bit general-purpose register having offset of call address in current program segment
memptrl6 16-bit memory address having offset of call address in current program segment
memptr32 32-bit memory address having offset and segment data of call address in another program segment
pop-value Number of bytes discarded from stack (0-64K, usually, even number)
fp-op Immediate value identifying op code of floating-point coprocessor
R Register set (AW, BW, CW, DW, SP, BP, IX, 1Y)
DS1-spec Segment name/group name ASSUME to DS1 or DS1
Seg-spec Segment name/group name ASSUME to segment register or any segment register name
[1] Can be omitted
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CHAPTER 2 INSTRUCTIONS

Table 2-3. Legend of Instruction Words

Identifier Description
w Byte/word field (0, 1)
reg Register field (000-111)
reg’ Register field (000-111) (source register of instruction having two registers)
mod,mem Memory addressing specification bit (mod: 00-10, mem: 000-111)
(disp-low) Lower byte of 16-bit displacement of option
(disp-high) Higher byte of 16-bit displacement of option
disp-low Lower byte of 16-bit displacement of PC relative for addition
disp-high Higher byte of 16-bit displacement of PC relative for addition
imm3 3-bit immediate data
imm4 4-bit immediate data
imm8 8-bit immediate data
imm16-low Lower byte of 16-bit immediate data
imm16-high Higher byte of 16-bit immediate data
addr-low Lower byte of 16-bit direct address
addr-high Higher byte of 16-bit direct address
sreg Segment register specification bit (00-11)
S Sign extension specification bit (1: sign extended, 0: sign not extended)
offset-low Lower byte of 16-bit offset data loaded to PC
offset-high Higher byte of 16-bit offset data loaded to PC
seg-low Lower byte of 16-bit segment loaded to PS
seg-high Higher byte of 16-bit segment loaded to PS

pop-value-low
pop-value-high
disp8

X

XXX

YYY

277

Lower byte of 16-bit data specifying number of bytes discarded from stack
Higher byte of 16-bit data specifying number of bytes discarded from stack

8-bit displacement relatively added to PC

op code of floating-point coprocessor
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CHAPTER 2 INSTRUCTIONS

Table 2-4. Legend of Instruction Formats and Operation Descriptions (1/2)

Identifier

Description

dst
dstl
dst2
src
srcl
src2

target

DSO
DS1
AC
CY

Destination operand

Destination operand

Destination operand

Source operand

Source operand

Source operand

Target operand

Accumulator (16 bits)
Accumulator (higher byte)
Accumulator (lower byte)

BW register (16 bits)

CW register (16 bits)

CW register (lower byte)

DW register (16 bits)

Base pointer (16 bits)

Stack pointer (16 bits)

Program counter (16 bits)
Program status word (16 bits)
Index register (source) (16 bits)
Index register (destination) (16 bits)
Program segment register (16 bits)
Stack segment register (16 bits)
Data segment 0O register (16 bits)
Data segment 1 register (16 bits)
Auxiliary carry flag

Carry flag

Parity flag

Sign flag

Zero flag

Direction flag

Interrupt enable flag

Overflow flag

Break flag

I/0 break flag

Register bank flag

Register bank flag

Register bank flag

User flag

User flag
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Table 2-4. Legend of Instruction Formats and Operation Descriptions (2/2)

Identifier Description

(...) Contents indicated in ( )
disp Displacement (8/16 bits)
temp Temporary register (8/16/32 bits)
templ Temporary register (16 bits)
temp2 Temporary register (16 bits)
TA Temporary register A (16 bits)
TB Temporary register B (16 bits)
TC Temporary register C (16 bits)
ext-disp8 16-bits of sign-extended 8-bit displacement
seg Immediate segment data (16 bits)
offset Immediate offset data (16 bits)
- Transfer direction
+ Addition
- Subtraction
x Multiplication
+ Division
% Modulo
A Logical product (AND)
v Logical sum (OR)
v Exclusive logical sum (XOR)
xxH 2-digit hexadecimal number
xxxxH 4-digit hexadecimal number
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Table 2-5. Memory Addressing

mem mod 00 01 10
000 BW + IX BW + IX + disp8 BW + IX + disp16
001 BW + IY BW + 1Y + disp8 BW + IY + disp16
010 BP + IX BP + IX + disp8 BP + IX + disp16
011 BP + IY BP + IY + disp8 BP + IY + disp16
100 IX IX + disp8 IX + displ6
101 Y 1Y + disp8 IY + displ6
110 Direct address BP + disp8 BP + disp16
111 BW BW + disp8 BW + displ6

Table 2-6. Selecting 8-/16-Bit General-Purpose Registers

26

reg, reg’ W=0 w=1
000 AL AW
001 CL Cw
010 DL DwW
011 BL BW
100 AH SP
101 CH BP
110 DH IX
111 BH Y

Table 2-7.

Selecting Segment Registers
sreg
00 DS1
01 PS
10 SS
11 DSO
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Basic description format of instruction
indicated by symbol

Operation of instruction indicated by
symbol

Operation that can be specified.
For description of each operand, refer to
Tables 2-2 through 2-4.

Operation of flag that changes as result
of instruction execution. For symbol of
each flag, refer to Table 2-4. For
operation symbol, refer to Table 2-1.

Describes in detail instruction operation

Description example based on descrip-
tion format of RA70116-1 (Intertool T™),

Instruction length

Instruction format.

For symbol of each field, refer to Table
2-3.

Operation code field is indicated in
following byte order (6 bytes maximum):

Operation code

76543210(76543210
I S T I T | I S T I T N |

1st byte 2nd byte
3rd byte 4th byte
5th byte 6th byte

Figure 2-1. Coding Example

Mnemonic Function
Addition
ADD »
Full name
—— [Format]
ADD dst, src

| [Operation]

dst — dst + src

___+— [Operand]

——1— [Description]

contents of the ...

Mnemonic Operand (dst, src)
ADD reg, reg’
mem, reg
~ ~ ~
™ [Flag]
\Y S Z |AC| P | CY
X X X X X X

Adds the contents of the destination operand (dst) specified as the first operand to the

T [Example]
MOV AW, 0
1 [Bytes]
Mnemonic Operand Bytes
ADD reg, reg’ 2
mem, reg 2-4
~ _~ _~ _~
e [Word Format]
Operation code
Mnemonic Operand
76543210 7|6 5|4|3 2.1.0
ADD reg, reg’ ololo|ofo|o|1|w|1]|1| reg | reg’
mem, reg 0|0|0|0[0[0[0O{W|mod| reg | mem
~ ~ ~ _~ —

—~Z
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Addition
ADD Add
[Format] ADD dst, src
[Operand, operation]
Mnemonic Operand (dst, src) Operation
ADD reg, reg’ dst — dst + src
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL — AL +imm8
[When W = 1] AW ~ AW + imm16
[Flag]
\Y S VA AC P CY
X X X X X X
[Description] Adds the contents of the destination operand (dst) specified as the first operand to the contents of
the source operand (src) specified as the second operand, and stores the result to the destination
operand (dst).
[Example] To add the contents of memory 0:50H (word data) to the contents of the DW register and store the
result to 0:50H
MOV AW, 0
MOV DS1, AW
MOV 1Y, 50H
ADD DS1: WORD PTR [IY], DW
[Bytes]
Mnemonic Operand Bytes
ADD reg, reg’ 2
mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

Mnemonic

Operand

Operation code

76543210765|4|3 2|1|0

ADD reg, reg’ o|jojojojofo|1|w|1|1 reg reg’

mem, reg o|0|0|0O|0O|0O]|0|W| mod reg mem
(disp-low) (disp-high)

reg, mem O|O|0|O|O|O|1|W mod| reg | mem
(disp-low) (disp-high)

reg, imm 1|o|o|o|o|o|s|w 1|1|0|o|o| reg
imm8 or imm16-low imm16-high

mem, imm 1|0|0|0|0|0|S|W mod|0|0|0| mem
(disp-low) (disp-high)
imm8 or imm16-low imm16-high

acc, imm 0 | 0 | 0 | 0 | 0 | 1 | 0 |W imm8 or imm16-low

imm16-high
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ADDA4S

Decimal addition

Add Nibble String

[Format]

[Operation]

[Operand]

[Flag]

[Description]

30

ADDA4S [DS1-spec:] dst-string, [Seg-spec:] src-string
ADDA4S

BCD-string (IY, CL) —~ BCD-string (IY, CL) + BCD-string (IX, CL)

Mnemonic Operand (dst, src)

ADDA4S [DS1-spec:] dst-string, [Seg-spec:] src-string

None

Adds the packed BCD string addressed by the IX register to the packed BCD string addressed by
the 1Y register, and stores the result to the string addressed by the IY register. The string length
(number of BCD digits) is determined by the CL register (if the contents of CL are d, d digits) and
can be set to 1 to 254 digits.

The destination string must be always located in a segment specified by the DS1 register, and
segment override is not allowed. The default segment register of the source register is DSO and
segment override is allowed, so that the source register can be located in a segment specified by
any segment register.

The format of the packed BCD string is as follows:

IX
Byte offset Y
+m ) +1 +0 !

1( T T
Memory

& - -

+ CL +4 +3 +2 +1 0

Digit offset

Caution: The BCD string instruction always operates in units of even number digits. If an
even number is specified as the number of digits, therefore, the result of the
operation and flags are normal. If an odd number is specified, however, the
operation is executed with the even number of digits (= odd number + 1).
Consequently, the result and flags indicate the even number of digits. To specify
an odd number, clear the higher 4 bits of the most significant byte before
executing the BCD add instruction.

As a result, the carry is indicated by bit 4 of the most significant byte, and is not
reflected on flags.
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[Example] MOV IX, OFFSET VAR_1
MOV Y, OFFSET VAR_2
MOV CL, 4
ADDA4S

[Bytes] 2

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0|7 65 4 3 2 10

ADDA4S [DS1-spec:] dst-string, oloflofo|1|1|1|1|loflo|2]|o]|0|0|0O]O

[Seg-spec:] src-string

None
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Addition with carry

ADDC

Add with Carry

[Format] ADDC dst, src

[Operand, operation]

Mnemonic Operand (dst, src) Operation
ADDC reg, reg’ dst — dst + src + CY

mem, reg

reg, mem

reg, imm

mem, imm

acc, imm [When W = 0] AL —~ AL +imm8 + CY

[When W = 1] AW — AW + imm16 + CY

[Flag]
\% S z AC P CcY
X X X X X X
[Description] Adds the contents of the destination operand (dst) specified as the first operand to the contents of
the source operand (src) specified as the second operand, including the carry, and stores the result
to the destination operand (dst).
[Example] SET1 CY ; SetsCY flagto 1
XOR AW, AW ; AW=0
MOV BW, OFFH; BW = OFFH
ADDC AW, BW ; Contents of AW register = 100H
[Bytes]
Mnemonic Operand Bytes
ADD reg, reg’ 2
mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

Mnemonic

Operand

Operation code

76543210765|4|3 2|1|0

ADDC reg, reg’ o|jojoj1|j0f{o0|1|W|1|1 reg reg’

mem, reg 0|0|0|212|0[0]|0|W| mod reg mem
(disp-low) (disp-high)

reg, mem O|O|0|1|O|O|1|W mod| reg | mem
(disp-low) (disp-high)

reg, imm 1|o|o|o|o|o|s|w 1|1|0|1|o| reg
imm8 or imm16-low imm16-high

mem, imm 1|0|0|0|0|0|S|W mod|0|l|0| mem
(disp-low) (disp-high)
imm8 or imm16-low imm16-high

acc, imm 0 | 0 | 0 | 1 | 0 | 1 | 0 |W imm8 or imm16-low

imm16-high
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Packed decimal adjustment of addition result

ADJ4A

Adjust Nibble Add

[Format] ADJ4A

[Operation] When AL A OFH>9o0orAC=1
AL « AL +6
AC ~ 1

When AL >9FH or CY =1
AL —~ AL + 60H

CY -1
[Operand]
Mnemonic Operand
ADJ4A None
[Flag]
Y, S Z | AC P CcY
X X X X X
[Description] Adjusts the result of addition of two packed decimal numbers stored in the AL register to one packed
decimal number.
[Example] ADJ4A
[Bytes] 1

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
ADJ4A None o(of1{0l0|1]|1f1
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ADJ4S

Packed decimal adjustment of subtraction result

Adjust Nibble Subtract

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

ADJ4S

When AL A OFH>9orAC =1

AL -« AL-6

AC - 1

When AL >9FH or CY =1
AL — AL — 60H

CY «1
Mnemonic Operand
ADJ4S None
\% S AC P cY
X X X X

Adjusts the result of subtraction of two packed decimal numbers stored in the AL register to one

packed decimal number.

SUB AW, BW
ADJ4S
1
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
ADJ4S None o|jof1|0|1|1f1|1
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Unpacked decimal adjustment of addition result
ADJBA

Adjust Byte Add

[Format] ADJBA

[Operation] When AL A OFH>9o0orAC =1
AL « AL +6
AH -« AH+1
AC « 1
CY « AC
AL — AL N OFH

[Operand]

Mnemonic Operand

ADJBA None

[Flag]

AC P CY

[Description] Adjusts the result of addition of two unpacked decimal numbers stored in the AL register to one
unpacked decimal number. The higher 4 bits become 0.

[Example] ADJBA
[Bytes] 1

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
ADJBA None o|jof1|1|0|1f1|1
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Unpacked decimal adjustment of subtraction result

ADJBS

Adjust Byte Subtract

[Format] ADJBS
[Operation] When AL A OFH>9orAC =1
AL « AL-6
AH -« AH-1
AC - 1
CY - AC

AL -« AL A OFH

[Operand]
Mnemonic Operand
ADJBS None
[Flag]
AC P CY
U U X U x
[Description] Adjusts the result of subtraction of two unpacked decimal numbers stored in the AL register to one
unpacked decimal number. The higher 4 bits become 0.
[Example] SUB AW, BW
ADJBS
[Bytes] 1
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
ADJBS None ojof|1|1|1|1|1]1
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Logical product

AND

And
[Format] AND dst, src
[Operand, operation]
Mnemonic Operand (dst, src) Operation
AND reg, reg’ dst — dst A src
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL « AL A imm8
[When W = 1] AW — AW A imm16
[Flag]
\% S z AC P cY
0 X X U X 0
[Description] ANDs the destination operand (dst) specified as the first operand with the source operand (src)
specified as the second operand, and saves the result to the destination operand (dst).
[Example] MOV DW, IY
AND DW, 7FFFH
[Bytes]
Mnemonic Operand Bytes
AND reg, reg’ 2
mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

Operation code

7 6 5 4 3 2 10

765432|1|0

1/0|0|0f|0O|0|1|W

1{2|1(0|0| reg

imm8

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
AND reg, reg’ ojo|1f(ojofo[1|W|1]|1 reg reg’
mem, reg 0(0|1|0|0|0]|0O|W]| mod reg mem
(disp-low) (disp-high)
reg, mem 0|0|1|0|0|0|1|W mod| reg | mem
(disp-low) (disp-high)
reg, immnote 1|o|o|o|o|o|o|w 1|1|1|o|o| reg
imm8 or imm216-low imm16-high
mem, imm l|0|0|0|0|0|0|W mod|1|0|0| mem
(disp-low) (disp-high)
imm8 or imm216-low imm16-high
acc, imm 0 | 0 | 1 | 0 | 0 | 1 | 0 |W imm8 or imm16-low
imm16-high —
Note With some assemblers and compilers, the codes shown below may be generated.

Even in this case, instructions are executed normally. Take precautions, however, since
some emulators do not support the disassembly function or line assembly function for this

instruction.
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Conditional branch with CY =1

BC
BL

Branch if Carry

Branch if Lower

[Format] BC short-label
BL short-label

[Operation] When CY =1: PC ~ PC + ext-disp8
[Operand]
Mnemonic Operand
BC short-label
BL
[Flag]

[Description] Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the CY
flag is 1.
Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 hytes.

[Example] TEST AL, BL
BC SHORT LP4 ; LP4 = label

TEST AL, BL
BL SHORT LP5 ; LP5 = label

LP4:

[Bytes] 2
[Word Format]
Operation code
Mnemonic Operand
765432107654321|0
BC short-label o|1lf(1|1|{0|0f1f0O disp8
BL
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Conditional branch with CW =0

BCWZ

Branch if CW equals Zero

[Format] BCW?Z short-label
[Operation] When CW =0: PC —~ PC + ext-disp8
[Operand]
Mnemonic Operand
BCWz short-label
[Flag]

[Description] Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the value
of the CW register is 0.
Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.
If the condition is not satisfied, the next instruction is executed.

[Example] LP22:

ADD AL, BL
BCWZ SHORT LP22 ; LP22 = label

[Bytes] 2

[Word Format]

Operation code
Mnemonic Operand
7 6 54 3 2 1 0|7 6 5 4 3 2 10
BCwz short-label 1(11|1|0{0|0|1|12 disp8
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Conditional branch with Z = 1

BE
BZ

Branch if Equal

Branch if Zero

[Format] BE short-label
BZ short-label

[Operation] When Z = 1: PC ~ PC + ext-disp8
[Operand]
Mnemonic Operand
BE short-label
BZ
[Flag]

[Description] Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the Z
flag is 1.
Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.

[Example] AND AL, 2
BE SHORT LOOP; LOOP = label

OR AH, BH
BZ SHORT LOOP1; LOOP1 = label

LOOP:

[Bytes] 2
[Word Format]
Operation code
Mnemonic Operand
765432107654321|0
BE short-label o|j1lf1|1|0|1|0f0O disp8
Bz
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BGE

Conditional branch with S

Branch if Greater Than or Equal

V=0

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BGE short-label

When S ¥ V=0: PC - PC + ext-disp8

Mnemonic

Operand

BGE

Short-label

AC P CYy

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the result

of exclusive OR (XOR) of the S flag with the V flag is 0.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.
If the condition is not satisfied, the next instruction is executed.

SHL AL, 1

BGE SHORT LP16; LP16 = label

LP16:

2
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
BGE short-label of1|1f1f2f1|0]|1 disp8
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BGT

Conditional branch with (S v V) VvZ=0

Branch if Greater Than

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

44

BGT short-label

When (S ¥ V) VZ=0: PC - PC + ext-disp8

Mnemonic

Operand

BGT

short-label

AC P CYy

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the result
of OR between the Z flag and the result of exclusive OR (XOR) between the S flag and V flag is

0.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.
If the condition is not satisfied, the next instruction is executed.

LP18:

SHL AL, 1

BGT LP18
2

Operation code
Mnemonic Operand
7 6 5 4 3 2 10 7|6|5|4|3|2|1|0

BGT short-label of1j1f(1|1|1|1(|1 disp8
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BH

Conditional branch with CY Vv Z=0

Branch if Higher

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BH short-label

When CY V Z =0: PC « PC + ext-disp8

Mnemonic Operand

BH short-label

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the res
of OR between the CY flag and Z flag is 0.

Execution can branch in a segment where this instruction is placed and in an address range
—128 to +127 bytes.

ROL AL, 1
BH SHORT LP10; LP10 = label

LP10:

ult

of

2
Operation code
Mnemonic Operand
765432107654321|0
BH short-label of1|1|1f{o0f1(|1]|1 disp8
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BLE

Conditional branch with (S v V) vzZ=1

Branch if Less than or Equal

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

46

BLE short-label

When (S ¥ V) VZ=1: PC ~ PC + ext-disp8

Mnemonic Operand

BLE short-label

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the result
of OR between the Z flag with the result of exclusive OR (XOR) between the S flag and V flag is

1.

Execution can branch in a segment where this instruction is placed and in an address range of

—128 to +127 hytes.

If the condition is not satisfied, the next instruction is executed.

LP17:

SHR AL, 1
BLE SHORT LP17

2
Operation code
Mnemonic Operand
7 6 5 4 3 2 10 7|6|5|4|3|2|1|0
BLE short-label of1|1(1{1|1|1(0 disp8
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BLT

Conditional branch with S

Branch if Less Than

vV=1

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BLT short-label

When S ¥ V=1: PC ~ PC + ext-disp8

Mnemonic

Operand

BLE

short-label

AC P CYy

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the result

of exclusive XOR between the S flag and V flag is 1.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.
If the condition is not satisfied, the next instruction is executed.

ADD AL, BL

BLT SHORT LP15; LP15 = label

LP15:

2
Operation code
Mnemonic Operand
7 6 54 3 2 1 0|7 6 5 4 3 2 10
BLT short-label o|1(1|1|1|1|0]|O0 disp8
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BN

Conditional branch with S =1

Branch if Negative

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

48

BN short-label

When S = 1: PC ~ PC + ext-disp8

Mnemonic

Operand

BN

short-label

AC P CYy

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the S

flag

is 1.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.

ADD AL, BL
BN LP11; LP11 = label

LP11:

2
Operation code
Mnemonic Operand
765432107654321|0
BN short-label o|j1lf1|1|1|0|0f0O disp8
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BNC
BNL

Conditional branch with CY =0
Branch if Not Carry

Branch if Not Lower

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BNC short-label
BNL short-label

When CY = 0: PC ~ PC + ext-disp8

Mnemonic Operand
BNC short-label
BNL
\% S z AC P cYy

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the CY

flag is 0.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.

ROR AL, 1

BNC SHORT LP6; LP6 = label

ROR AL, 1

BNL SHORT LP7; LP7 = label

LP6:

2
Operation code
Mnemonic Operand
765432107654321|0
BNC short-label oj1(1|12|0f0|1]1 disp8
BNL
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Conditional branch with Z = 0

BNE
BNZ

Branch if Not Equal

Branch if Not Zero

[Format] BNE short-label
BNZ short-label

[Operation] When Z = 0: PC ~ PC + ext-disp8
[Operand]
Mnemonic Operand
BNE short-label
BNZ
[Flag]

[Description] Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the Z
flag is 0.
Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.

[Example] OR AL, BL
BNE SHORT LP8; LP8 = label

AND SH, BH
BNZ SHORT LP9; LP9 = label

LP8:

[Bytes] 2
[Word Format]
Operation code
Mnemonic Operand
765432107654321|0
BNE short-label o|1(1|1|0|1|0f1 disp8
BNZ
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BNH

Conditional branch with CY

Branch if Not Higher

vzZ=1

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BNH short-label

When CY v Z=1: PC ~ PC + ext-disp8

Mnemonic Operand

BNH short-label

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the result

of OR between the CY flag and Z flag is 1.

Execution can branch in a segment where this instruction is placed and in an address range of

—128 to +127 bytes.

ROR AL, 1
BNH SHORT LP9; LP9 = label

LPO:

2
Operation code
Mnemonic Operand
765432107654321|0
BNH short-label of1j1|1{o0f1(|1]|0 disp8

51



CHAPTER 2

INSTRUCTIONS

BNV

Conditional branch with V = 0

Branch if Not Overflow

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

52

BNV short-label

When V = 0: PC ~ PC + ext-disp8

Mnemonic Operand

BNV short-label

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the V

flag is 0.

Execution can branch in a segment where this instruction is placed and in an address range of

—128 to +127 bytes.

ROR AL, 1

BNV LP3
LP3:
2

Operation code
Mnemonic Operand
765432107654321|0

BNV short-label oO|1(1|1|0|0f|0f1 disp8
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BP

Conditional branch with S =0

Branch if Positive

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BP short-label

When S = 0: PC ~ PC + ext-disp8

Mnemonic Operand

BP short-label

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the S
flag is 0.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.

SHR AL, 1
BP SHORT LP12; LP12 = label

LP12:

2
Operation code
Mnemonic Operand
765432107654321|0
BP short-label of1|1|1f{12f{0|0]|1 disp8
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BPE

Conditional branch with P =1

Branch if Parity Even

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]
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BPE short-label

When P = 1: PC ~ PC + ext-disp8

Mnemonic Operand

BPE short-label

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the P

flag is 1.

Execution can branch in a segment where this instruction is placed and in an address range of

—128 to +127 bytes.

ADD AL, BL
BPE SHORT LP13; LP13 = label

LP13:

2
Operation code
Mnemonic Operand
765432107654321|0
BPE short-label o|1lf1|1|1|0f1|0 disp8
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BPO

Conditional branch with P =0

Branch if Parity Odd

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

BPO short-label

When P = 0: PC ~ PC + ext-disp8

Mnemonic

Operand

BPO

short-label

AC P CY

Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the P

flag is 0.

Execution can branch in a segment where this instruction is placed and in an address range of
—128 to +127 bytes.

ADD AL, BL

BPO SHORT LP14; LP14 = label

LP14:

2
Operation code
Mnemonic Operand
765432107654321|0
BPO short-label of1|1|1f{2f{0|1]|1 disp8
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BR

Unconditional branch

Branch

[Format]

BR target

[Operand, operation]

[Flag]

[Description]
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Mnemonic Operand (target) Operation
BR near-label PC ~ PC + disp

short-label PC ~ PC + ext-disp8

regptrlé PC - target

memptrl6

far-label PS ~ seg
PC - offset

memptr32 PS « (memptr32 + 3, memptr32 + 2)
PC ~ (memptr32 + 1, memptr32)

When target = near-label

Transfers the current PC value plus 16-bit displacement (disp) to the PC.

If the branch address is in the segment where this instruction is placed, the assembler
automatically executes this instruction.

When target = short-label

Transfers the current PC value plus 8-bit displacement (actually, sign-extended 16 bits (ext-
disp8)) to the PC.

If the branch address is in the segment where this instruction is placed and within a range of
+127 bytes, the assembler automatically executes this instruction.

When target = regptrl6 or target = memptrl6
Transfers the contents of the target operand (target) to the PC.
Execution can branch to any address in the segment where this instruction is placed.

When target = far-label

Transfers 16-bit offset data, which is the second and third bytes of the instruction, to the PC,
and 16-bit segment data, which is the fourth and fifth bytes of the instruction, to the PS.
Execution can branch to any address in any segment.
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[Example]

[Bytes]

[Word Format]

* When target = memptr32
Loads the higher 2 bytes of 32-bit memory to the PS, and the lower 2 bytes to the PC.
Execution can branch to any address in any segment.

BR$-8
Mnemonic Operand Bytes
BR near-label 3
short-label 2
regptrlé 2
memptrl6 2-4
far-label 5
memptr32 2-4
Operation code
Mnemonic Operand
765432107‘6‘5.4‘3‘2.1‘0
BR near-label 1(1(1(0|1|0|0]1 disp-low
disp-high _
short-label 1(1f(1f{0j1|0f1]1 disp8
regptrl6 111111111|1100 reg
memptrl6 1(1(1(2|1|12|1|2|mod |[1]|0]|O0 mem
(disp-low) (disp-high)
far-label 1 | 1 | 1 | 0 | 1 | 0 | 1 | 0 offset-low
offset-high seg-low
seg-high —
memptr32 1|1|1|1|1|l|1|1 mod|1|0|l| mem

(disp-low)

(disp-high)
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Software trap

BRK

Break

[Format] BRK target

[Operand, operation]

Mnemonic Operand (target) Operation

BRK 3 TA — (0ODH, 00CH)

TC « (OOFH, OOEH)

SP - SP-2,(SP + 1, SP) — PSW
IE « 0, BRK < 0

SP - SP-2,(SP+1, SP) - PS
PS - TC

SP - SP-2,(SP + 1, SP) — PC
PC - TA

imm8(#3) TA — (imm8 x 4 + 1, imm8 x 4)

TC ~ (imm8 x 4 + 3, imm8 x 4 + 2)
SP « SP -2, (SP +1, SP) « PSW
IE -« 0,BRK ~ 0

SP < SP-2,(SP + 1, SP) — PS
PS - TC

SP - SP-2,(SP +1, SP) - PC

PC -~ TA

[Flag]

\% IE |BRK| S z AC P CYy

[Description] Saves the values of the PSW, PS, and PC to the stack and rests the IE and BRK flags to 0.
Next, when target = 3, loads the lower 2 bytes of vector 3 in the interrupt vector table to the PC,
and the higher 2 bytes to the PS.

When target = imm8, loads the lower 2 bytes of the interrupt vector table specified by the 8-bit
immediate data to the PC, and the higher 2 bytes to the PS.

[Example] * BRK 3
* BRK5
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[Bytes]

[Word Format]

Mnemonic Operand Bytes
BRK 3 1
imm8 2
Operation code
Mnemonic Operand
7 6 5 4 3 2 107 6 5 4 3 2 10
BRK 3 1110 1(0|0 —
imm8 1({1/|0 1({0]1 imm8
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Register bank switching

BRKCS [added to v20/v30]

Break Context Switch

[Format] BRKCS reg16

[Operation] RB2-0 — lower 3 bits of regl6
PSW save ~ PSW, PC save ~ PC
IE « 0,BRK « 0
PC ~ vector PC

[Operand]
Mnemonic Operand

BRKCS regl6

[Flag]
RB2 |RB1|RBO| V |DIR| IE |BRK| S Z | F1 |AC | FO | P |IBRK | CY
x x x 0 0

[Description] This instruction selects a register bank and is used for high-speed subroutine call. To restore from

a newly selected register bank, use the RETRBI instruction. At this time, it is not necessary to

execute the FINT instruction.
[Example] BRKCS AW
[Bytes] 3

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 07 6 5 4 3 2 10
BRKCS regl6 ofojofoj1|y1y1{2y0f(0j12|0)1|2|0|12
1{1{0|0]|O0 reg —
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BRKV

Overflow exception

Break if Overflow

[Format] BRKV
[Operation] When V =1,
TA < (011H, 010H)
TC < (013H, 012H)

SP — SP—2,(SP + 1, SP) — PSW

IE -« 0,BRK -~ 0

SP . SP-2,(SP+1,SP) — PS

PS - TC

SP - SP-2,(SP +1, SP) - PC

PC - TA
[Operand]

Mnemonic Operand
BRKV None

[Flag]

\% IE |BRK| S z AC P CY

[Description]
and BRK flags to 0.

Saves the values of the PSW, PS, and PC to the stack if the V flag is set to 1, and resets the IE

Next, if target = 3, loads the lower 2 bytes of vector 4 of the interrupt vector table to the PC, and
the higher 2 bytes to the PS.
The next instruction is executed if the V flag is reset to 0.

[Example] BRKV

[Bytes] 1

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 10
BRKV None 1|1(0|j0|1|1|1|O0
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Conditional branch

BTCLR [added to v20iv30]

Branch if True and Clear

[Format] BTCLR sfr, imm3, short-label

[Operation] When bit No. imm3 of (sfr) = 1
PC — PC + ext-disp8
Bit No. imm3 of (sfr) « 0

[Operand]
Mnemonic Operand
BTCLR sfr, imm3, short-label
[Flag]
\Y S Z |AC | P |CY
[Description] If a specified bit of a special function register is 1, clears the bit and loads the sum of the current
PC value and an 8-bit displacement (actually, sign-extended 16 bits) to the PC.
Execution can branch in the segment where this instruction is placed and in an address range of
—128 to +127 hytes.
[Example] BTCLR EXICO, 7, 45
[Bytes] 5

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
BTCLR sfr, imm3, short-label o|ofo0j0j1j1f1f1y2f0j0O|1|21|1|0|O
sfr imm3
disp8 _
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Bus lock prefix

BUSLOCK

Bus Lock Prefix

[Format] BUSLOCK
[Operation] Bus Lock Prefix
[Operand]
Mnemonic Operand
BUSLOCK None
[Flag]

[Description] Disables the hold request while an instruction following this instruction is executed. This instruction
is used not to accept the hold request while the block processing described earlier is in progress.

Cautions: 1. Do not place this instruction immediately before the POLL instruction.
2. Hardware interrupts (maskable interrupt and non-maskable interrupt) and
single-stepbreak are not accepted in between this instruction and the next

instruction.
[Example] BUSLOCK REP MOVBKB
[Bytes] 1
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
BUSLOCK None 1{1({1({1|{0(0f0]|O
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Conditional branch with V =1

BV

Branch if Overflow

[Format] BV short-label
[Operation] When V = 1: PC ~ PC + ext-disp8
[Operand]
Mnemonic Operand
BV short-label
[Flag]

[Description] Loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits) when the V
flag is 1.
Execution can branch in the segment where this instruction is placed and in an address range of
—128 to +127 bytes.

[Example] LP2:

SHL AL, 1
BV SHORT LP2

[Bytes] 2

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 10 7|6|5|4|3|2|1|0
BV short-label 0(1(1(1|{0[|0|0]|0O disp8
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CALL

Subroutine call

Call

[Format] CALL target

[Operand, operation]

Mnemonic

Operand (target)

Operation

CALL

near-proc

SP -~ SP-2
(SP +1,SP) - PC
PC ~ PC +disp

regptrl6

SP - SP-2
(SP +1,SP) - PC
PC - regptrl6

memptrl6

TA —~ (memptrl6 + 1, memptrl6)
SP - SP-2

(SP + 1, SP) — PC

PC - TA

far-proc

SP - SP-2

(SP + 1, SP) — PS
PS ~ seg

SP - SP-2

(SP + 1, SP) — PC
PS ~ offset

memptr32

TA < (memptr32 + 1, memptr32)

TB ~ (memptr32 + 3, memptr32 + 2)
SP - SP-2

(SP+1,SP) « PS

PS -~ TB

SP - SP-2

(SP+1,SP) « PC

PC - TA

[Flag]

AC P CYy
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[Description]

[Example]

[Bytes]

66

When target = near-proc, or target = regptrl6
The value of PC is saved to the stack and the next contents of the target operand (target) are
transferred to PC.

When target = near-proc : 16-bit relative address

When target = regptrl6é : Value of 16-bit register (offset)

When target = memptrl6

The value of PC is saved to the stack, and the contents of the 16-bit memory (offset) addressed
by the target operand (target) are transferred to PC.

Any address in the segment where this instruction is placed can be called.

When target = far-proc

The values of PC and PS are saved to the stack, and the second and third bytes are transferred
to PC, and the fourth and fifth bytes are transferred to PS.

This instruction can call any address in any segment.

When target = memptr32

The values of PC and PS are saved to the stack, and the higher 2 bytes of the 32-bit memory
addressed by the target operand (target) are transferred to the PS, and the lower 2 bytes are
transferred to PC.

This instruction can call any address in any segment.

CALL $ + 10
CALL SUB1; SUBL is label

Mnemonic Operand Bytes
CALL near-proc 3
regptrl6 2
memptrl6 2-4
far-proc 5
memptr32 2-4
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[Word Format]

Operation code

Mnemonic Operand
765432107|6|5|4|3|2|1|0
CALL near-proc 1/1(1(0|1|0|0]|O disp-low
disp-high —
regptrl6 1|1|1|21f{1f{1|1|1)1)2(0|1|0O0 reg
memptrl6 1(1(1(12|1|12|1|2|mod |[0O|1]|O0 mem
(disp-low) (disp-high)
far-proc 1]ofof1]1]o]1]0 offset-low
offset-high seg-low
seg-high —
memptr32 1|1|1|1|1|1|1|1 mod|0|1|1| mem

(disp-low)

(disp-high)
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Index value check

CHKIND

Check Index
[Format] CHKIND reg16, mem32
[Operation] When (mem32) > regl6 or (mem32 + 2) < regl6
TA ~ (015H, 014H)
TC ~ (017H, 016H)
SP - SP-2,(SP + 1, SP) -« PSW
IE « 0,BRK « 0
SP - SP-2,(SP+1,SP) - PS
PS - TC
SP - SP-2,(SP +1,SP) -« PC
PC « TA
[Operand]
Mnemonic Operand
CHKIND regl6, mema32
[Flag] If the interrupt condition is satisfied
\Y IE |BRK| S Z |AC| P | CY
0 0
If the interrupt condition is not satisfied
\Y IE |BRK| S Z |AC| P | CY
[Description] This instruction checks whether an index value specifying an element of array type data structure

is in a defined area. If the index exceeds the defined area, the BRK 5 instruction is started. The
defined area value is set in advance in 2 words (lower-limit value for the first word and the upper-
limit value for the second word) in memory.

The index value is for a register (any 16-bit register) used for an array manipulation program.

Memory

%

Upper limit

15 0

L Array element L mem32 + 2 (upper limit)

/ mem32 (lower limit)
Lower limit /
7

))
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[Example]

[Bytes]

[Word Format]

CHKIND AW, DWORD_VAR

2-4
Operation code
Mnemonic Operand
76543210765432|1|0
CHKIND regl6é, mem32 0(1|12(0({0|0|2|0]| mod reg mem
(disp-low) (disp-high)
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CLR1

Reset bit

Clear Bit

[Format] <1> CLR1 dst, src

<2> CLR1 dst

[Operation] Format <1>: bit n of dst (n is specified by src) -~ 0
Format <2>: dst « O
[Operand] Format <1> Format <2>
Mnemonic Operand (dst, src) Mnemonic Operand (dst)
CLR1 reg8, CL CLR1 CY
mem38, CL DIR
regl6, CL
mem16, CL
reg8, imm3
mem8, imm3
regl6, imm4
mem16, imm4
[Flag] Format <1>
\% S z AC P CY

Format <2> (when dst = CY)

AC P CYy

Format <2> (when dst = DIR)

vV |DIR| S

z AC P CcYy
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[Description]

[Example]

[Bytes]

Format <1>: Resets bit n (n is the contents of the source operand (src) specified by the second
operand) of the destination operand (dst) specified by the first operand, and stores
the result to the destination operand (dst).

When the operand is reg8, CL or mem8, CL, only the lower 3 bits (0-7) of the CL
value are valid.

When the operand is regl16, CL or mem16, CL, only the lower 4 bits of the CL value
(0-15) are valid.

When the operand is reg8, imm3, only the lower 3 bits of the immediate data at the
fourth byte position of the instruction are valid.

When the operand is mem8, imm3, only the lower 3 bits of the immediate data at
the end byte position of the instruction are valid.

When the operand is reg16, imm4, only the lower 4 bits of the immediate data at
the foruth byte position of the instruction are valid.

When the operand is mem16, imm4, only the lower 4 bits of the immediate data at
the end byte position of the instruction are valid.

Format <2>: Resets the CY flag to 0 when dst = CY.

When dst = DIR, resets the DIR flag to 0. In addition, sets so that the index registers
(IX, 1Y) are auto-incremented when each of the MOVBK, CMPBK, CMPM, LDM,
STM, INM, and OUTM instructions are executed.

CLR1 CY

SHL AL, 1

BC$+6

Mnemonic Operand Bytes
CLR1 reg8, CL 3
mem8, CL 3-5
regl6, CL 3
mem16, CL 3-5
reg8, imm3 4
mem8, imm3 4-6
regl6, imm4 4
mem16, imm4 4-6
cY 1
DIR 1
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[Word Format]

72

Mnemonic

Operand

Operation code

7 6 5 432 10[7 6543210
CLR1 reg8, CL olofloflof1]|1|1]2|lo|o]o|1]|0|0|1]0
1{1({0|0]|O0 reg —
mems, CL 000011|1|1 o|0|0|1|o|0|1|o
mod | 0| 0| O mem (disp-low)
(disp-high) —
reglé, CL olofolo 11|1|1 o|o|0|1|o|o|1|1
1112(0|0|0 reg —
mem16, CL olofolo 11|1|1 o|o|0|1|o|0|1|1
mod | 0|0| O mem (disp-low)
(disp-high) —
reg8, imm3 000011|1|1 o|o|0|1|1|0|1|o
1({1{0]|0]|0 reg imm3
mems8, imm3 olofo]o 11|1|1 0|0|0|1|1|0|1|o
mod |0[O0|O mem (disp-low)
(disp-high) imm3
regl6, imm4 olololo 11|1|1 0|0|0|1|1|0|1|1
1(1({0(0]|O0 reg imm4
mem16, imm4 olo|ofo 11|1|1 o|o|0|1|1|0|1|1
mod | 0| 0| O mem (disp-low)
(disp-high) imm4
cy 1l1]1]2]2]ofo]o0 —
DIR ilafafafa2|2]o]o0 —
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Compare
C M P Compare
[Format] CMP dst, src
[Operand, operation]
Mnemonic Operand (dst, src) Operation
CMP reg, reg’ dst — src
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL — imm8
[When W = 1] AW — imm16
[Flag]
\Y S z AC P CcY
X X X X X X
[Description] Subtracts the source operand specified as the second operand (src) from the destination operand
specified as the first operand (dst).
The result of subtraction is not saved to anywhere, and only the flags are changed.
[Example] * CMP BL, BYTE PTR [IX]
* CMP CW, [BP + 4]
[Bytes]
Mnemonic Operand Bytes
CMP reg, reg’ 2
mem, reg 2-4
reg, mem
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3

73



CHAPTER 2 INSTRUCTIONS

[Word Format]

74

Operation code

Mnemonic Operand 7 6 5 4 3 2 1 0|7 6 5.4.3 2.1.0
CMP reg, reg’ ofo0|1|1f{1|0|1(W|1l]|1 reg reg’
mem, reg 0|0f(1|1|12|0|0|W| mod reg mem
(disp-low) (disp-high)
reg, mem 0|0|1|1|1|0|1|W mod| reg | mem
(disp-low) (disp-high)
reg, imm 1|o|o|o|o|o|s|w 1|1|1|1|1| reg
imm8 or imm216-low imm16-high
mem, imm 1|0|0|0|0|0|S|W mod|1|1|l| mem
(disp-low) (disp-high)
imm8 or imm216-low imm16-high
acc, imm imm8 or imm16-low

0|o|1|1|1|1|0|w

imm16-high
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Decimal compare

CMP4S

Compare Nibble String

[Format] CMP4S [DS1-spec:] dst-string, [Seg-spec:] src-string
CMP4S

[Operation] BCD string (1Y, CL) — BCD string (IX, CL)

[Operand]

Mnemonic Operand (dst, src)
CMP4S [DS1-spec:] dst-string, [Seg-spec:] src-string
None
[Flag]

[Description] Subtracts the packed BCD string addressed by the IX register from the packed BCD string address

by the 1Y register. The result is not stored but only the flags are affected. The string length (number
of BCD digits) is determined by the CL register (if the contents of CL are d, d digits) and can be
set to 1 to 254 digits.
The destination string must be always located in a segment specified by the DS1 register, and
segment override is not allowed. The default segment register of the source register is DSO and
segment override is allowed, so that the source register can be located in a segment specified by
any segment register. The format of the packed BCD string is as follows:

IX
Byte offset Y
+m " +1 +0 !
{4 H H
Memory
)
+CL Y44 43 42 41 0
Digit offset

Caution  The BCD string instruction always operates in units of even number digits. If an
even number is specified as the number of digits, therefore, the result of the
operation and flags are normal. If an odd number is specified, however, the
operation is executed with the even number of digits (= odd number + 1).
Consequently, the result and flags indicate the even number of digits. To specify
an odd number, clear the higher 4 bits of the most significant byte before
executing the BCD compare instruction.
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[Example] MOV IX, OFFSET VAR_1
MOV Y, OFFSET VAR_2
MOV CL, 4
CMP4S

[Bytes] 2

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0(7 6 5 4 3 2 1 0

CMP4S [DS1-spec:] dst-string, o|jofo|0|1|1f2f1|0f0O|2|Of0Of1]|1]|0O

[Seg-spec:] src-string

None
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CMPBK
CMPBKB
CMPBKW

Block compare
Compare Block
Compare Block Byte

Compare Block Word

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

(repeat) CMPBK [Seg-spec:] src-block, [DS1-spec:] dst-block
(repeat) CMPBKB
(repeat) CMPBKW

[When W = 0] (IX) — (1Y)
DIR=0: IX « IX+1,1Y < IY +1
DIR=1: IX « IX=1,1Y « IY -1
[When W = 1] (IX + 1, IX) — (IY + 1, 1Y)
DIR=0: IX « IX+2,1Y « IY +2
DIR=1: IX « IX=2,1Y « IY =2

Mnemonic Operand
CMPBK [Seg-spec:] src-block, [DS1-spec:] dst-block
CMPBKB None
CMPBKW

Repeatedly subtracts the block addressed by the IY register from the block addressed by the IX
register in byte or word units, and reflects the result on the flags.

The IX and IY registers are automatically incremented (+1/+2) or decremented (—1/-2) for the next
byte/word processing each time 1-byte/word data has been processed. The block direction is
determined by the status of the DIR flag.

Whether subtraction is executed in byte or word units is determined by the attribute of the operand
when the CMPBK instruction is used. When the CMPBKB or CMPBKW instructions are used, byte
and word types are directly specified.

The destination block must be always located in a segment specified by the DS1 register, and
segment override is not allowed. The default segment register of the source block is DSO and
segment override is allowed, so that the source block can be located in a segment specified by any
segment register.

CMPBK BYTE_VAR1, BYTE_VAR2
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[Bytes] 1

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0

CMPBK [Seg-spec:] src-block, i1(o0j1{o0f0|l1|1|W
[DS1-spec:] dst-block

CMPBKB None

CMPBKW
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CMPM
CMPMB
CMPMW

Block compare with accumulator
Compare Multiple
Compare Multiple Byte

Compare Multiple Word

[Format] (repeat) CMPM

[DS1-spec:] dst-block

(repeat) CMPMB
(repeat) CMPMW

[Operation] [When W = 0] AL — (1Y)

DIR=0: IY « IY+1
DIR=1: IY <« IY-1

[When W = 1] AW — (IY + 1, IY)

DIR=0: IY <« IY+2
DIR=1: IY « IY -2

Operand (dst, src)

[DS1-spec:] dst-block

None

AC P CYy

[Operand]
Mnemonic
CMPM
CMPMB
CMPMW
[Flag]
\Y S A
X X X

[Description] Repeatedly subtracts the block addressed by the IY register from the accumulator (AL/AW) in byte

or word units, and reflects the result on the flags.

The IY register is automatically incremented (+1/+2) or decremented (-1/-2) for the next byte/word

processing each time 1-byte/word data has been processed. The block direction is determined by
the status of the DIR flag.
Whether subtraction is executed in byte or word units is determined by the attribute of the operand
when the CMPM instruction is used. When the CMPMB or CMPMW instructions are used, byte and

word types are

directly specified.

The destination block must be always located in a segment specified by the DS1 register, and

segment override is not allowed.
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[Example]

[Bytes]

[Word Format]

80

MOV AW, 5555H

MOV BW, 1000H

MOV 1Y, BW

REPC CMPM WORD PTR [IY]
REPNC CMPMW

REPZ CMPMB
1
Operation code
Mnemonic Operand

7 6 5 4 3 2 10
CMPM [DS1-spec:] dst-block 1(0{1|0|1f1|1|W
CMPMB None
CMPMW
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CVTBD

Binary-to-unpacked decimal conversion

Convert Binary to Decimal

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

CVTBD

AH ~ AL + OAH
AL —~ AL%0AH

Mnemonic Operand
CVTBD None
\% S AC P CcY
x U x U

Converts the 8-bit binary number of the AL register to a 2-digit unpacked decimal number.

The contents of the AH register are replaced with the quotient resulted from dividing the value of

the AL register by 10, and the contents of the AL register are replaced by the remainder.

MOV AL, 30H
CVTBD
2
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
CVTBD None i1(1|0|1|0|1|0|0OfO|O|OfO|1|0Of1]|0O
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Word sign expansions

CVTBW

Convert Byte to Word

[Format] CVTBW

[Operation] When AL < 80H: AH — 0
When AL = 80H: AH ~ FFH

[Operand]
Mnemonic Operand
CVTBW None
[Flag]
\% S 4 AC P CY
[Description] Extends the sign of the byte in the AL register to the AH register. This instruction is useful for
obtaining dividend of double length (word) from a certain byte before execution of byte division.
[Example] MOV AL, BUF1; BUF1 is byte variable
CVTBW
MOV DL, 60
DIV DL
[Bytes] 1
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
CVTBW None 110(0|1({212({0|0]|O
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Unpacked decimal-to-binary conversion

CVTDB

Convert Decimal to Binary

[Format] CVvTDB
[Operation] AL — AH x OAH + AL
AH - 0
[Operand]
Mnemonic Operand
CVTDB None
[Flag]

[Description] Converts the 2-digit unpacked decimal number of the AH and AL registers to a binary number.
The contents of the AH register are replaced with a value resulting from adding the value of the AL
register to the result of multiplying the value of the AH register by 10, and the contents of the AH
register are replaced with 0.

[Example] MOV AW, [BW]
CVTDB
[Bytes] 2

[Word Format]

Operation code
Mnemonic Operand
7 6 54 3 2 1 0|7 6 5 4 3 2 10
CVTDB None i1{1(0|1f0|1|0f|2|0O|0O|O|Of1|0O]|1]|O
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Double word sign expansion

CVTWL

Convert Word to Long Word

[Format] CVTWL

[Operation] When AW < 8000H: DW « 0
When AW > 8000H: DW « FFFFH

[Operand]
Mnemonic Operand
CVTWL None
[Flag]
\% S z AC P CcY
[Description] Extends the sign of the word in the AW register to the DW register. This instruction is useful for
obtaining dividend of double length (double word) from a certain word before execution of word
division.
[Example] MOV AW, BUFFER
CVTWL
DIV CW
[Bytes] 1

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
CVTWL None 1{0({0[1|1|0f0|12
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Conditional loop with CW #0

DBNZ

Decrement and Branch if Not Zero

[Format] DBNZ short-label

[Operation] CW - CWw-1
When CW # 0: PC ~ PC + ext-disp8

[Operand]
Mnemonic Operand
DBNZ short-label
[Flag]
\% S 4 AC P CY
[Description] Decrements the value of the CW register (-1). If the value of the CW register is not 0 as a result,
loads the current PC value plus 8-bit displacement (actually, sign-extended 16 bits).
Execution can branch in the segment where this instruction is placed and within an address range
of —128 to +127 bytes.
The next instruction is executed if the condition is not satisfied.
[Example] LP21:
SHL AL, 1
DBNZ LP21; LP21 = label
[Bytes] 2

[Word Format]

Operation code
Mnemonic Operand
7 65 43 2 107 6 5 43210
DBNZ short-label 1(11|11|(0({0]|0|2]|O disp8
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DBNZE

Conditional loop with CW #0andZ=1

Decrement and Branch if Not Zero and Equal

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

86

DBNZE short-label

CW - CW-1

When CW 20 and Z = 1: PC ~ PC + ext-disp8

Mnemonic

Operand

DBNZE

short-label

AC P CYy

Decrements the value of the CW register (—1). If the value of the CW register is not 0 and the Z
flagis setto 1 as aresult, loads the current PC value plus 8-bit displacement (actually, sign-extended

16 bits).

Execution can branch in the segment where this instruction is placed and within an address range
of —128 to +127 bytes.
The next instruction is executed if the condition is not satisfied.

LP20:

AND AL, BL
DBNZE LP20; LP20 = label

2
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0 7|6|5|4|3|2|1|0
DBNZE short-label 1|11|1(0|0|0|0]|1 disp8
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DBNZNE

Decrement and Branch if Not Zero and Not Equal

Conditional loop with CW #0and Z=0

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

DBNZNE short-label

CW - CW-1

When CW #0 and Z = 0: PC ~ PC + ext-disp8

Mnemonic Operand
DBNZNE short-label
\% S Z AC P CY

Decrements the value of the CW register (—1). If the value of the CW register is not 0 and the Z
flag is cleared to O as a result, loads the current PC value plus 8-bit displacement (actually, sign-

extended 16 bits).

Execution can branch in the segment where this instruction is placed and within an address range
of —128 to +127 bytes.
If the condition is not satisfied the next instruction is executed.

LP19:

AND AL, OFFH

DBNZNE SHORT LP19; LP19 = label
2

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0 7|6|5|4|3|2|1|0

DBNZNE short-label 1|1(1|j0|0|0|0O|O disp8
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Decrement

DEC

Decrement

[Format] DEC dst
[Operation] dst « dst—1
[Operand]
Mnemonic Operand
DEC reg8

mem

reglé
[Flag]

X X X X X
[Description] Decrements (-1) the contents of the destination operand (dst).
[Example] » DEC BW
 DEC BP
* DEC IX
« DECIY
[Bytes]
Mnemonic Operand Bytes
DEC reg8 2
mem 2-4
regl6 1
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0(7 6 5 4 3 2 1 0
DEC reg8 1(12|1f(1|12f(1|2({0j212|1|0]|0]|1 reg
mem 1(1f(1(1{1(1|12(W|mod 0|01 mem
(disp-low) (disp-high)
regl6 o|1|o|o|1| reg —
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Dl

Disable maskable interrupt

Disable Interrupt

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

Dl

IE -0

Mnemonic Operand

DI None

CYy

Resets the IE flag to 0 and disables maskable interrupt requests.

This instruction does not disable non-maskable interrupt requests and software interrupt requests.

DI
PUSH R
1
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
DI None 1|1|1(1|1|0(f1|0
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Dispose stack frame

DISPOSE

Dispose a Stack Frame

[Format] DISPOSE
[Operation] SP - BP
BP — (SP + 1, SP)
SP - SP+2
[Operand]
Mnemonic Operand
DISPOSE None
[Flag]

[Description] This instruction releases one stack frame created by the PREPARE instruction.
A pointer value indicating the preceding frame is loaded to BP, and a pointer value indicating the
lowest frame is loaded to SP.

[Example] DISPOSE

[Bytes] 1

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
DISPOSE None 1{1{0[0|1|0f0|12
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DIV

Signed division

Divide Signed

[Format] DIV dst

[Operand, operation]

Mnemonic

Operand (dst) Operation

DIV

reg8 temp - AW
When temp + reg8 > 0 and temp + reg8
< 7FH, or temp + reg8 < 0 and temp +
reg8 >0 - 7FH -1,

AH ~ temp%dst

AL — temp + dst
When temp + reg8 > 0 and temp + reg8
> 7FH, or temp + reg8 < 0 and temp +
reg8 < 0 — 7FH -1,

mem8 quotient and remainder undefined
TA ~ (001H, 000H)

TC ~ (003H, 002H)

SP — SP -2, (SP + 1, SP) — PSW
IE « 0,BRK -~ 0O

SP - SP-2,(SP+1,SP) « PS
PS - TC

SP - SP-2,(SP +1, SP) — PC
PC -« TA

regl6 temp —~ DW, AW
When temp + dst > 0 and temp + dst
<7FFFH, or temp + dst < 0 and temp +
dst> 0 - 7FFFH -1,

DW « temp%dst

AW — temp + dst
When temp + dst > 0 and temp + dst
> 7FFFH, or temp + dst < 0 and temp +
dst g 0 - 7FFFH -1,

quotient and remainder undefined

mem16 TA < (001H, 000H)

TC « (003H, 002H)

SP - SP -2, (SP + 1, SP) — PSW
IE « 0,BRK < 0
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[Flag]

[Description]

[Example]

[Bytes]

92

Mnemonic Operand (dst) Operation

DIV mem16 SP - SP-2,(SP +1, SP) — PS
PS « TC
SP - SP-2,(SP +1, SP) — PC
PC « TA

When src = reg8 or src = mem8

Divides the value of the AW register by the contents of the destination operand (dst) with sign.
The quotient is saved to the AL register, and the remainder is saved to the AH register.

The maximum positive quotientis +127 (7FH) and the minimum negative quotientis —127 (81H).
If the quotient is positive and exceeds the maximum value, or if the quotient is negative and falls
below the minimum value, vector interrupt O occurs, and the quotient and remainder are
undefined (in particular, the interrupt occurs when src = 00H). Non-integer quotients are rounded
to be integers, and the remainder has the same sign as that of the dividend.

When src = reg16 or src = mem16

Divides the values of the AW and DW registers by the contents of the destination operand (dst)
with sign. The quotientis saved to the AW register, and the remainder is saved to the DW register.
The maximum positive quotientis +32767 (7FFFH) and the minimum negative quotientis —32767
(8001H). Ifthe quotient is positive and exceeds the maximum value, or if the quotient is negative
and falls below the minimum value, vector interrupt O occurs, and the quotient and remainder
are undefined (in particular, the interrupt occurs when src = 0000H). Non-integer quotients are
rounded to be integers, and the remainder has the same sign as that of the dividend.

To divide 32-bit data DW: AW by memory contents 0:50

MOV BW, 0

MOV DSO0, BW

MOV IX, 50H

DIV DSO0: WORD PTR [IX]

Mnemonic Operand Bytes
DIV reg8 2
mem8 2-4
regl6 2
mem16 2-4




CHAPTER 2

INSTRUCTIONS

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 . 1 . 0

DIV reg8 111|110 1011|111 reg
mem 1|11)1(1|0 1/0|mod [1|1]1 mem

(disp-low) (disp-high)
regl6 1{1(1({1|0 1(1(1)1|1|1]|1 reg
mem16 1]1)1(1|0 1|1|mod |1]1]1 mem

(disp-low) (disp-high)
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DIVU

Unsigned division

Divide Unsigned

[Format] DIVU dst

[Operand, operation]

Mnemonic

Operand (dst) Operation

DIVU

reg8 temp - AW
When temp + dst < FFH:
AH ~ temp%dst
AL ~ temp + dst
When temp + dst > FFH:

mem8 TA — (001H, 000H)

TC < (003H, 002H)

SP — SP—2,(SP +1, SP) — PSW
IE « 0, BRK « 0

SP ~ SP-2,(SP+1, SP) — PS
RS « TC

SP - SP-2,(SP+1,SP) « PC
PC — TA

regl6é temp — DW, AW
When temp + dst < FFFFH:
DW ~ temp%dst
AW ~ temp + dst
When temp + dst > FFFFH:

mem16 TA ~ (001H, 000H)

TC ~ (003H, 002H)

SP — SP—2,(SP + 1, SP) — PSW
IE « 0,BRK ~ 0O

SP - SP-2,(SP +1, SP) — PS
RS - TC

SP - SP-2,(SP +1, SP) - PC
PC « TA
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[Flag]
AC P CY
U U U U U
[Description] * When src = reg8 or src = mem8
Divides the value of the AW register by the contents of the destination operand (dst) without sign.
The quotient is saved to the AL register, and the remainder is saved to the AH register.
If the quotient exceeds the AL register value (FFH), vector interrupt O occurs, and the quotient
and remainder are undefined (especially, the interrupt occurs when src = 00H). Non-integer
quotients are rounded to be integers.
* When src = regl6 or src = mem16
Divides the values of the AW and DW registers by the contents of the destination operand (dst)
without sign. The quotient is saved to the AW register, and the remainder is saved to the DW
register.
If the quotient is exceeds the AW register value (FFFFH), vector interrupt O occurs, and the
guotientand remainder are undefined (in particular, the interrupt occurs when src =0000H). Non-
integer quotients are rounded to be integers.
[Example] To divide 5 by 3
MOV AW, 5
MOV DL, 3
DIVU DL
JAH=2AL=1
[Bytes]
Mnemonic Operand Bytes
DIVU reg8 2
mem8 2-4
regl6 2
mem16 2-4
[Word Format]
Operation code
Mnemonic Operand
6543210765432|1|0
DIVU reg8 1(1|1|{0|1f1|0f2|212|1|2]|0O0 reg
mem8 1(1|1|0f12|1|0|mod |1]1]0 mem
(disp-low) (disp-high)
regl6 1(12|1|{0|2f1|2f1f21|1]|2]|0 reg
mem16 1{1|1(0|1|1f{1|{mod |1]|1|0 mem
(disp-low) (disp-high)

95



CHAPTER 2 INSTRUCTIONS

Segment override prefix

DSO:
DS1:
PS:
SS:

Data Segment O
Data Segment 1
Program Segment

Stack Segment

[Format] DSO:
DS1:
PS:
SS:

[Operation] Segment override prefix

[Operand]

Mnemonic Operand

DSO0: None

DS1:

PS:

SS:

[Flag]

[Description] When a memory operand whose segment can be overridden is accessed, specifies a register to
be used by appending an operand. Even ifthisinstruction is not directly used, the assembler follows
the segment override specification when the assembler directive ASSUME is used.

Caution  The hardware interrupt (maskable interrupt and non-maskable interrupt) re-
guests and single-step break are not accepted after this instruction is executed
and before the next instruction is executed.

[Example] MOV DW, DS1: [BW]; Default segment register is DSO.

[Bytes] 1
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 4I 3210
DSO0: None O|O0Of1|sreg|1|1]|0
DS1:
PS:
SS:
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Enable maskable interrupt

El

Enable Interrupt

[Format] El
[Operation] IE <« 1
[Operand]
Mnemonic Operand
El None
[Flag]
\Y IE S Z |AC | P | CY
1
[Description] Sets the IE flag to 1 and enables the maskable interrupt request.
However, the interrupt is actually enabled after one instruction following the El instruction has been
executed.
[Example] POP R
El
[Bytes] 1
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
El None 1(1{1{1|{1f0f1|1
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Extraction of bit field

EXT

Extract Bit Field

[Format] EXT dst, src
[Operation] AW  16-bit field
Bit Bit (1X)
_length  offset Byte offset
) )) )
( ' i ( 1
. \ . Memory
) . N . ) )
( {4 (
1 1
Byte boundary Segment base
! (default DS0)
15 0
AW 0
[Operand]
Mnemonic Operand (dst, src)
EXT reg8, reg8’
reg8, imm4
[Flag]
\% z AC P cY

U U U U U

[Description] Loads bit field data of bit length specified by the source operand (src) from a memory area

determined by the byte offset addressed by the IX register and bit offset specified by an 8-bit register
described as the first operand, to the AW register. At this time, 0 is loaded to the remaining higher
bits of the AW register.

After transfer, the IX register and the 8-bit register specified by the first operand are automatically
updated as follows to indicate the next bit field:

reg8 — reg8 +src + 1
if reg8 > 15 then

{

reg8 ~ reg8 — 16
IX « IX+2

}
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Only values from 0 to 15 are valid as the value of the 8-bit register described as the first operand
to specify the bit offset (15 bits maximum). As the value of the source operand (src) that specifies
the bitlength (16 bits maximum), only 0 to 15 are valid, where O indicates 1-bitlength and 15 indicates
16-bit length.

The bit field data can extend over a byte boundary of the memory.

As the source bit field, the default segment register is DS0. A segment override can be performed
so that the bit field can be located in a segment specified by any register.

Caution: Clear the higher 4 bits of reg8 or reg8’ to 0.

[Example] « EXT CL, DL
* EXTCL, 8
[Bytes]
Mnemonic Operand Bytes
EXT regs, reg8’ 3
reg8, imm4 4
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
EXT reg8. reg8’ o|jofo|0|21|1|2f1|0f0O|21|1f{0f0O|1]|1
1|1 reg’ reg —
reg8, imm4 000011|1|1 0|0|1|1|1|0|1|1
1)1

o|l0fo0 reg imm4
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FINT [added to v2orvao]

Finish Interrupt

Interrupt

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

FINT

Indicates that the interrupt processing routine for the internal interrupt controller of the CPU has

been terminated.

Mnemonic

Operand

FINT

None

AC

Resets the least significant bit of the ISPR register bits that are set, so that the internal interrupt
controller is informed that interrupts except NMI, INT, and software interrupt have been terminated.

Use this instruction immediately before an interrupt processing program, except when NMI, INT,

or a software interrupt is terminated (i.e., immediately before the RETI or RETRBI instruction). Do

not use this instruction in any other cases.

FINT
2
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
FINT None ofojofof1f1|2|1f2fo0ojo0j1|0|0|1]|O
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Floating-point coprocessor control

FPO1

Floating Point Operation 1

[Format] <1> FPOL1 fp-op
<2> FPO1 fp-op, mem

[Operand, operation]

Format <1>, <2>

Mnemonic Operand Operation

FPO1 fp-op (SP-1,SP-2) « PSW
(SP-3,SP-4)  PS
(SP -5, SP — 6) — PC — xNote

SP - SP-6
fp-op, mem
IE <« 0,BRK - 0

PC — (01DH, 01CH)

PS « (O1FH, O1EH)

Note x indicates the number of instruction bytes + number of prefixes.

[Flag]

\Y IE |BRK| S z AC P CYy

[Description] Saves PSW, PS, and PC — x to the stack and resets the IE and BRK flags to O.
Next, loads the lower 2 bytes of the vector 7 of the interrupt vector table to the PC and the higher
2 bytes to the PS.
This instruction is provided to miantain compatibility with the V20/V30. With the V25/V35 family,
this instruction has no functional meaning but only generates an interrupt.

[Example] « FPO1 010101010B
« FPO1 OFFH
« FPO1 6, BYTE PTR [IX]
« FPO1 4, WORD_VAR

[Bytes]
Mnemonic Operand Bytes
FPO1 fp-op 2
fp-op, mem 2-4
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
FPO1 fp-op 11|01 |X|{X|X|1|1|Y|Y|Y|Z|Z]|Z
fp-op, mem 1(2(0f2|1|X|X|X|mod |[Y|[Y]|Y mem
(disp-low) (disp-high)
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Floating-point coprocessor control

FPO2

Floating Point Operation 2

[Format] <1> FPO2 fp-op
<2> FPO2 fp-op, mem

[Operand, operation]

Format <1>, <2>

Mnemonic Operand Operation

FPO2 fp-op (SP-1,SP-2) « PSW
(SP-3,SP-4)  PS
(SP -5, SP — 6) — PC — xNote

SP - SP-6
fp-op, mem
IE <« 0,BRK - 0

PC — (01DH, 01CH)

PS « (O1FH, O1EH)

Note x indicates the number of instruction bytes + number of prefixes.

[Flag]

\% IE |BRK| S z AC P CYy

[Description] Saves PSW, PS, and PC — x to the stack and resets the IE and BRK flags to O.
Next, loads the lower 2 bytes of the vector 7 of the interupt vector table to the PC and the higher
2 bytes to the PS.
This instruction is provided to maintain compatibility with the V20/V30. With the V25/V35 family,
this instruction has no functional meaning but only generates an interrupt.

[Example] « FPO2 0101010108
« FPO2 OFFH
« FPO2 0101B, BYTE PTR [IY]
« FPO2 1010B, WORD_VAR

[Bytes]
Mnemonic Operand Bytes
FPO2 fp-op 2
fp-op, mem 2-4
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
FPO2 fp-op of1(1f{o|Oof1|1|X|2(2|Y|Y|Y|Z|Z|Z
fp-op, mem Of1|1|0fO0f1|2|X|{mod |[Y|Y]|Y mem
(disp-low) (disp-high)
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HALT

Halt

Halt

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

106

HALT
CPU Halt
Mnemonic Operand
HALT None
\% S AC P CcY

Stops the CPU’s clock and sets the CPU to standby mode.
Standby mode is released for the following reasons:

» Reset input

» Maskable interrupt request input

* Non-maskable interrupt request input

HALT
1
Operation code
Mnemonic Operand
7 6 5 4 3 2 10
HALT None 1|1|1(1|{0|1|0]|O
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Data input from 1/O device

Input

[Format] IN dst, src
[Operand, operation]

When IBRK = 1

Mnemonic

Operand (dst, src)

Operation

acc, imm8 [When W = 0] AL ~ (imm8)
[When W = 1] AH « (imm8 + 1),
AL —~ (imm8)

acc, DW [When W = 0] AL ~ (DW)

[When W = 1] AH — (DW + 1),
AL — (DW)

When IBRK =0

Mnemonic

Operand (dst, src)

Operation

acc, imm8

acc, DW

(SP—-1,SP-2) « PSW
(SP-3,SP-4) - PS

(SP -5, SP — 6) — PC — xNote
IE « 0,BRK « 0, 1BRK « 1
PC « (04DH, 04CH)

PS < (04FH, 04EH)

Note x indicates the number of instruction bytes + number of prefixes.

[Flag]

When IBRK = 1
\% IE |BRK| S Z AC P |IBRK | CY
When IBRK =0
\% IE |BRK| S Z AC P |IBRK | CY
0 0 1

107



CHAPTER 2 INSTRUCTIONS

[Description]

[Example]

[Bytes]

[Word Format]

108

Transfers the contents of the I/O device specified by the source operand (src) to the accumulator
(AL or AW register) specified by the destination operand (dst) when IBRK = 1.

When IBRK = 0, saves PSW, PS, and PC - x to the stack, resets the IE and BRK flags to 0, and
sets IBRK to 1.

Next, loads the lower 2 bytes of vector 19 of the interrupt vector table to the PC, and the higher
2 bytes to the PS.

This function is provided to facilitate transplantation of software.

To transfer the contents of the port address ODAH to the AL register
MOV DW, ODAH

IN AL, DW
Mnemonic Operand Bytes
IN acc, imm8 2
acc, DW 1
Operation code
Mnemonic Operand
765432107|6|5|4|3|2|1|0
IN acc, imm8 l1(1{1|{0|0f1|0O|W imm8
acc, DW 1|11|1|0|1|1|0|W —
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INC

Increment

Increment

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

INC dst
dst — dst+1
Mnemonic Operand (dst)
INC reg8
mem
regl6
\% S z AC P CcY
X X X X X

Increments (+1) the contents of the destination operand (dst).

*« INC DW
*« INC BP
*« INC SP
Mnemonic Operand Bytes
INC reg8 2
mem 2-4
regl6 1
Operation code
Mnemonic Operand
7 65 432 1 0|7 6543210
INC reg8 1|1|1|1{1(1|1|0|1|2(0|0|O reg
mem 1|1|1(1f{1|12(12|{W|mod [O0|O0]|O mem
(disp-low) (disp-high)
reg16 0|1|0|0|0| reg —
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I/O-memory block transfer
I N M Input Multiple
[Format] (repeat) INM [DS1-spec:] dst-block, DW
[Operation] When IBRK =1 [When W =0] (IY) « (DW)
DIR=0: IY « IY+1
DIR=1: IY « IY-1
[When W =1] (IY + 1, 1Y) « (DW + 1, DW)
DIR=0: IY « IY+2
DIR=1: 1Y « IY=-2
When IBRK =0 (SP -1, SP -2) - PSW
(SP-3,SP-4) - PS
(SP -5, SP - 6) ~ PC — xNote
IE -« 0,BRK « 0, IBRK ~ 1
PC — (04DH, 04CH)
PS — (0O4FH, 04EH)
Note: x indicates the number of instruction bytes + number of prefixes.
[Operand]
Mnemonic Operand
INM [DS1-spec:] dst-block, DW
[Flag] When IBRK =1
\% IE |[BRK| S Z | AC | P |IBRK| CY
When IBRK = 0
\% IE |[BRK| S Z | AC | P |IBRK| CY
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[Description]

[Example]

[Bytes]

[Word Format]

Transfers the contents of the register of the 1/0O device addressed by the DW register to the memory
addressed by the 1Y register when 1BRK = 1. The number of times the transfer is repeated is
controlled by the repeat prefix of the REP instruction, which is used in conjunction with this
instruction. Although the contents of the DW register (address of I/O device) are fixed, the contents
of the 1Y register are automatically incremented (+1/+2) or decremented (—1/-2) for the next byte/
word transfer each time 1-byte/word data has been transferred. The direction of the block is
determined by the status of the DIR flag.

Whether data is transferred in byte or word units is determined by the attribute of the operand.
The INM instruction is used in conjunction with the REP instruction of the repeat prefix.

The destination block must always be located inthe segment specified by the DS1 register. Segment
overrides are not allowed.

When IBRK = 0, saves PSW, PS, and PC - x to the stack, resets the IE and BRK flags to 0, and
sets IBRK to 1.

Next, loads the lower 2 bytes of vector 19 of the interrupt vector table to the PC, and the higher
2 bytes to the PS.

This function is provided to facilitate transplantation of software.

* To load the contents of port address ODAH (byte data) to memory work area
MOV AW, 0
MOV DS1, AW
MOV 1Y, 50H
MOV DW, ODAH
INM DS1: BYTE PTR [IY], DW
» To load the contents of port address ODAH (byte data) to memory 0:0H-0:FFH
MOV AW, 0
MOV DS1, AW
MOV 1Y, 0
MOV DW, ODAH
MOV CW, OFFH
REP INM DS1: BYTE PTR [IY], DW

1
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
INM [DS1-spec:] dst-block, DW [0 | 11 |(0| 1| 1|0|W
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INS

Insertion of bit field

Insert Bit Field

[Format]

[Operation]

[Operand]

[Flag]

[Description]

112

INS dst, src

16-bit field — AW

Bit length
15 0
AW .
Bit (1Y)
L offset Byte offset
) )) ‘ )
( . ) ' ( ' (
: \\ : + Memory
) N N )) )
{ [N ) 1( T
src dst N R
Byte boundary Segment base
(DS1)
Mnemonic Operand (dst, src)
INS reg8, reg8’
reg8, imm4

Ofthe 16-bit data of the AW register, transfers the lower bit data of the length specified by the source
operand (src) to amemory area determined by the byte offset addressed by the DS1 and IY registers
and bit offset specified by an 8-bit register described as the first operand.

After completion of the transfer, the 1Y register and the 8-bit register specified by the first operand
are automatically updated as follows to indicate the next bit field:

reg8 — reg8 +src + 1
if reg8 > 15 then
{
reg8 — reg8 — 16
IY « IY +2
}




CHAPTER 2 INSTRUCTIONS

Only the values 0 to 15 are valid as the value of the 8-bit register described as the first operand
to specify the bit offset (15 bits maximum). As the value of the source operand (src) that specifies
the bitlength (16 bits maximum), only 0 to 15 are valid, where O indicates 1-bitlength and 15 indicates
16-bit length.

The bit field data can extend over a byte boundary of the memory.

The destination bit field must always be located in a segment specified by the DS1 register.
Segment overrides are not allowed.

Caution: Clear the higher 4 bits of reg8 or reg8’ to 0.

[Example] * INS DL, CL
* INS DL, 12
[Bytes]
Mnemonic Operand Bytes
INS regs, reg8’ 3
reg8, imm4 4
[Word Format]
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
INS reg8, reg8’ ofo|jofof1f1|2|12f(0f0O|2|1|0|0|O0]|1
1(1 reg’ reg —
reg8, imm4 000011|1|1 0|0|1|1|1|0|0|1
1)1

0|0]|O0 reg imm4
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LDEA

Load effective address

Load Effective Address

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]
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LDEA regl16, mem16

reglé — meml6

Mnemonic Operand
LDEA regl6, mem16
\% S z AC P CY

Loads an effective address (offset) generated by the second operand to a 16-bit general-purpose

register specified by the first operand.

This instruction is used to set the first value of an operand address to a register automatically used

to specify an operand by the TRANS or primitive block transfer instruction.

To load the offset of the effective address of procedure INT_PROC to AW register
LDEA AW, INT_PROC
LDEA AW, [BP] VARO1 + 2

2-4
Operation code
Mnemonic Operand
7 6 5 43 2 107 6 543210
LDEA regl6, mem16 1(0({0|0f{21(2|0f21| mod reg mem
(disp-low) (disp-high)
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LDM

LDMB
LDMW

Block load
Load Multiple
Load Multiple Byte

Load Multiple Word

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

(repeat) LDM [Seg-spec:] src-block
(repeat) LDMB
(repeat) LDMW

[When W = 0] AL « (IX)
DIR=0: IX « IX+1
DIR=1: IX « IX-1
[When W = 1] AW « (IX + 1, IX)
DIR=0: IX < IX+2
DIR=1: IX — IX=2

Mnemonic Operand
LDM [Seg-spec:] src-block
LDMB None
LDMW

Repeatedly transfer a block addressed by the IX register to the accumulator (AL/AW) in byte or word
units.

The contents of the IX register are automatically incremented (+1/+2) or decremented (-1/-2) for
the next byte/word each time 1-byte/word data has been transferred. The direction of the block is
determined by the status of the DIR flag.

Whether the transfer is carried out in byte or word units is specified by the attribute of the operand
when the LDM instruction is used. When the LDMB or LDMW instruction is used, the byte or word
type is directly specified.

As the source block, the default segment register is DS0. However, segment overrides are allowed,
and the source block can be located in a segment specified by any segment register.

 REP LDM DS1: BYTE_VAR ; DS1 segment
« REP LDMB ; DSO segment
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[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
LDM [Seg-spec:] src-block 1({0{1|0|1f1|{O0|W
LDMB None
LDMW
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MOV

Data transfer

Move

[Format] <1> MOV dst, src

<2> MOV dstl, dst2, src

[Operand, operation]

Format <1>

Mnemonic

MOV

Operand (dst, src) Operation

reg, reg’ dst — src

mem, reg

reg, mem

mem, imm

reg, imm

acc, dmem [When W = 0] AL ~ (dmem)
[When W = 1] AH ~ (dmem + 1)
AL ~ (dmem)

dmem, acc [When W = 0] (dmem) ~ AL
[When W = 1] (dmem + 1) — AH,
(dmem) ~ AL

sreg, regl6 dst ~ src

sreg, mem16

regl6, sreg

mem16, sreg

AH, PSW AH — S, Z, F1, AC, FO, P, IBRK, CY
PSW, AH S, Z, F1, AC, FO, P, IBRK, CY — AH

Format <2>

Mnemonic

Operand (dst1, dst2, src)

Operation

MOV

DSO, regl6, mem32

reglé — (mema32)
DSO ~ (mem32 + 2)

DS1, regl6, mem32

reglé — (mem32)
DS1 ~ (mem32 + 2)
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[Flag]

[Description]

[Example]

118

When operand is PSW, AH

\% S 4 F1 | AC | FO P |IBRK| CY

Other than above

\Y S Z F1 | AC | FO P |IBRK | CY

Format <1>: Transfers the contents of the source operand (src) specified as the second operand
to the destination operand (dst) specified as the first operand.
If the operand is AH, PSW, the S, Z, F1, AC, FO, P, IBRK, and CY flags are
transferred to the AH register.
If the operand is PSW, AH, bits 0-7 of the AH register are transferred to the S, Z,
F1, AC, FO, P, IBRK and CY flags of the PSW, respectively.

Caution  When dst = sreg or src = sreg, the hardware interrupt requests
(maskable interrupt and non-maskable interrupt) and single-step
breaks cannot be accepted after this instruction is executed and
before the next instruction is executed.

Format <2>: Transfers the lower 16 bits (offset word of a 32-bit pointer variable) of the 32-bit
memory addressed by the source operand (src) to a 16-bit register specified by the
destination operand 2 (dst2), and the higher 16 bits (segment word) to a segment
register (DSO or DS1) specified by the destination operand 1 (dstl).

To write 55H to memory 0:50H
MOV AW, 0
MOV DS1, AW
MOV 1Y, 50H
MOV DL, 55H
MOV DS1: [IY], DL
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[Bytes]
Mnemonic Operand Bytes
MOV reg, reg’ 2

mem, reg 2-4
reg, mem
mem, imm 3-6
reg, imm 2,3
acc, dmem 3
dmem, acc
sreg, regl6 2
sreg, mem16 2-4
regle, sreg 2
mem1l6, sreg 2-4
DSO, regl6, mem32
DS1, regl6, mem32
AH, PSW 1
PSW, AH
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[Word Format]

Operation code
Mnemonic Operand
7 65 4 3 2 1 0/7 6 543210
MOV reg, reg’ 1100|020 |2|W|1]|1 reg reg’
mem, reg 1(0[{0(0|1|0|0[W]| maod reg mem
(disp-low) (disp-high)
reg, mem 1|0|0|0|1|0|1|W mod| reg | mem
(disp-low) (disp-high)
mem, imm 1/1]ofofof1][1|w|mod|[0|0][0| mem
(disp-low) (disp-high)
imm8 or imm16-low imm16-high
reg, imm 1 | 0 | 1 | 1 | W| reg imm8 or imm16-low
imm16-high —
acc, dmem 1|0|l|0|0|0|0|W addr-low
addr-high —
dmem, acc 1|0|1|0|0|0|1|W addr-low
addr-high —
sreg, regl6 1{0({0f0|1f1|1|0]1 | 1|0 sreg reg
sreg, mem16 1{0{0[0|21|2({2|[0| mod |0 | sreg mem
(disp-low) (disp-high)
sregl6, sreg 1{0({0f[0|1f(1|0|0]1 | 1|0 sreg reg
mem1l6, sreg 1/0|/0[0|1|1|{0]| 0| mod | O | sreg mem
(disp-low) (disp-high)
DSO0, regl6, mem32 1|1|o|o|o|1|0|1 mod| reg | mem
(disp-low) (disp-high)
DS1, regl6, mem32 1|1|0|0| 0|1|0| 0| mod | reg | mem
(disp-low) (disp-high)
AH, PSW 11]0(0|1f(21f(1|1|1 —
PSW, AH 1{0({0f1|1f1f{1|0 —
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MOVBK
MOVBKB
MOVBKW

Block transfer
Move Block
Move Block Byte

Move Block Word

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

(repeat) MOVBK [DS1-spec:] dst-block, [Seg-spec:] src-block
(repeat) MOVBKB
(repeat) MOVBKW

[When W = 0] (IY) < (IX)
DIR=0: IX « IX+1,1Y « IY +1
DIR=1: IX « IX=1,1Y < IY -1
[When W = 1] (IY + 1, 1Y) « (IX + 1, IX)
DIR=0: IX  IX+2,1Y « IY +2
DIR=1: IX « IX=2,1Y — IY =2

Mnemonic Operand
MOVBK [DS1-spec:] dst-block, [Seg-spec:] src-block
MOVBKB None
MOVBKW

Repeatedly transfers a block addressed by the IX register to a block addressed by the 1Y register
in byte or word units.

The contents of the IX and Y registers are automatically incremented (+1/+2) or decremented (—
1/-2) for the next byte/word transfer each time 1-byte/word data has been transferred. The direction
of the block is determined by the status of the DIR flag.

Whether a transfer is carried out in byte or word units is specified by the attribute of the operand
when the MOVBK instruction is used. When the MOVBKB or MOVBKW instruction is used, the byte
or word type is directly specified.

The destination block must always be located in a segment specified by the DS1 register. Segment
overrides are not allowed.

As the source block, the default segment register is DS0. Overrides are allowed, and the source
block can be located in a segment specified by any segment register.

MOVBK BYTE_VARL1, BYTE_VAR2
MOVBK WORD_VAR1, MORD_VAR2

121



CHAPTER 2 INSTRUCTIONS

[Bytes] 1

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0

MOVBK [DS1-spec:] dst-block i1(0|1{0f(0|1]|0|W

[Seg-spec:] src-block

MOVBKB None

MOVBKW
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Data transfer

MOV SPA (added to v20/v30]

Move Stack Pointer After Context Switch

[Format] MOVSPA
[Operation] SS, SP of new register bank — SS, SP of old register bank
[Operand]
Mnemonic Operand
MOVSPA None
[Flag]

[Description] Transfers the value of SS before the register bank is switched to SS of the newly selected register
bank. Likewise, the value of SP is transferred.
This instruction is used when the register bank is switched by the BRKCS instruction or an interrupt
request, or when the stack is to be successively used immediately after register bank switching.

[Example] MOVSPA
[Bytes] 2

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
MOVSPA None ofojofof1f1|2|1f0f0|2|0|0O|1|0|1
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MOVSPB [added to v20ivao

Move Stack Pointer Before Task Switch

Data transfer

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]
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MOVSPB regl6

SS, SP of new register bank indicated by regl6 — SS, SP of old register bank

Mnemonic Operand
MOVSPB regl6
\% S z AC P CcY

Transfers the value of SS in the current register bank to SS of the new register bank indicated by
the lower 3 bits of the 16-bit register described as the operand. Likewise, the value of SP is

transferred.

This instruction is used to switch the register bank with the TSKSW instruction, or to use the stack
successively before and after switching.

MOVSPB AW
3
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0(7 6 5 4 3 2 1 0
MOVSPB regl6 ojojof0f1|1|1f1|2(0|0]2|0]1]|0(1
1(1(1({1|1 reg —




CHAPTER 2

INSTRUCTIONS

MUL

Signed multiplication

Multiply Signed

[Format]

<1> MUL src
<2> MUL dst, src

<3> MUL dst, srcl, src2

[Operand, operation]

[Flag]

Format <1>
Mnemonic Operand Operation
MUL reg8 AW ~ AL x src
AH = AL sign extension: CY - 0,V « 0
mem8
AH # AL sign extension: CY « 1,V ~ 1
regl6 DW, AW « AW x src
DW = AW sign extension: CY —~ 0,V ~ 0
mem16
DW # AW sign extension: CY « 1,V « 1
Format <2>
Mnemonic Operand Operation
MUL regl6, imm8 dst — dst x src
Product < 16 bits: CY « 0,V « 0
reglé, immleé
Product > 16 bits: CY « 1,V ~ 1
Format <3>
Mnemonic Operand Operation
MUL regl6, reglé’, imm8 dst « srcl x src2
reglé, mem16, imm8 Product < 16 bits: CY « 0,V « 0
regl6, reglé’, imml16 Product > 16 bits: CY « 1,V ~ 1
regl6é, mem16, imm16
\Y S z AC P CcY
x U U U U x
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[Description]

[Example]

[Bytes]
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Format <1> :

Format <2> :

Format <3> :

¢ When src = reg8 or src = mem8
Multiplies the value of the AL register by the source operand (src) with sign, and
stores the double-length result to the AW register. At this time, if the higher half
of the result (AH register) is not the sign extension of the lower half (AL register),
the CY and V flags are setto 1. The AH register is an extended register.

e When src = reg16 or src = mem16
Multiplies the value of the AW register by the source operand (src) with sign, and
stores the double-length result to the AW and DW registers. At this time, if the
higher half of the result (DW register) is not the sign extension of the lower half
(AW register), the CY and V flags are setto 1. The DW register is an extended
register.

Multiplies the destination operand (dst) by the source operand (src) with sign, and
stores the result to the destination operand (dst).

Multiplies the first source operand (srcl) by the second source operand (src2) with
sign, and stores the result to the destination operand (dst).

To multiply the value of the AW register by the contents of memory 0:50H (word data)

MOV BW, 0

MOV DSO0, BW
MOV IX, 50H
MUL WORD PTR [IX]

Mnemonic Operand Bytes
MUL reg8 2
mem8 2-4
reglé 2
mem16 2-4
reglé, imm8 3
regl6, imml16 4
reglé, regl6’, imm8 3
regl6é, mem16, imm8 3-5
regl6, reglé’, imm16 4
regl6, meml6, imm16 4-6
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0(7 6 5 4 3 2 . 1 . 0
MUL reg8 1|1|1|12{0f1|1|0|1|1]|1|0|12 reg
mem8 1(1|1|1|0|1|1|0|mod |1|0]|1 mem
(disp-low) (disp-high)
regl6 1|1|1|12({0f1]|1]|1 1|1 1101 reg
mem16 1|1|1|1{0|12f1|21|mod 1|01 mem
(disp-low) (disp-high)
reg16, imm8 0|1|1|0|1|0|1|1 1|1| reg | reg’
imm8 —
reg16, imm16 o|1|1|o|1|0|o|1 1|1| reg | reg’
imm16-low imm16-high
reglé, regl6’, imm8 0|1|l|0|1|0|1|1 1|l| reg | reg
imm8 —
regl6, mem16, imm8 0 | 1 | 1 | 0 | 1 | 0 | 1 | 1| mod | reg | mem
(disp-low) (disp-high)
imm8 —
regl6, regl6’, imm16 0|1|1|0|1|0|0|1 1|1| reg | reg’
imm16-low imm16-high
regl6, mem16, imm16 0 | 1 | 1 | 0 | 1 | 0 | 0 | 1| mod | reg | mem
(disp-low) (disp-high)
imm16-low imm16-high
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MULU

Unsigned multiplication

Multiply Unsigned

[Format]

MULU src

[Operand, operation]

[Flag]

[Description]

[Example]

[Bytes]
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Mnemonic Operand (src) Operation

MULU reg8 AW ~ AL x src

AH=0: CY « 0,V 0
mem8

AHZ#0: CY « 1,V « 1

regl6 DW, AW « AW x src

DW=0: CY -« 0,V ~ 0
mem16

DW#0: CY « 1,V « 1

* When src = reg8 or src = mem8
Multiplies the value of the AL register by the source operand (src) without sign, and stores the
double-length result to the AW register. If the higher half of the result (AH register) is not zero
at this time, the CY and V flags are set to 1. The AH register is an extended register.

* When src = regl6 or src = mem16
Multiplies the value of the AW register by the source operand (src) without sign, and stores the
double-length result to the AW and DW registers. If the higher half of the result (DW register)
is not zero at this time, the CY and V flags are setto 1. The DW register is an extended register.

To multiply contents of AL register by contents of CL register

MULU CL
Mnemonic Operand Bytes
MULU reg8 2
mem8 2-4
regl6 2
mem16 2-4
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[Word Format]

Operation code
Mnemonic Operand
7 65 43 2 1 0|7 65 43210

MULU reg8 111|110 1|j0(1|12|1|0]0 reg
mem8 1]11)1(1|0 1/0|mod [1|0]|O0 mem

(disp-low) (disp-high)
regl6 1(1(1({1|0 1(1({1|1|1|0]|0 reg
mem16 1(1|1|1]|0 1|1|mod |1]0]|O0 mem

(disp-low) (disp-high)
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2's complement

NEG

Negate

[Format] NEG dst
[Operation] dst — dst+1
[Operand]
Mnemonic Operand (dst)
NEG reg
mem
[Flag]

X x X x x Note

Note CY =1. CY =0 when dst is 0 before execution.

[Description] Obtains 2’s complement of the contents of the destination operand (dst).
[Example] * NEG DL
* NEG CW
* NEG IX
 NEG BP
[Bytes]
Mnemonic Operand Bytes
NEG reg 2
mem 2-4

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 65 4 3 2 10
NEG reg 1|j1(1|1{0f1|j2|W|1|1|0(1]|1 reg
mem i1{12f1|2|/0f1|2|Ww|mod |0|1]|1 mem
(disp-low) (disp-high)
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NOP

No operation

No Operation

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

NOP

No operation

Mnemonic Operand

NOP None

Executes nothing but takes 4 clocks.

NOP
1
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
NOP None 1{0({0[1|0|0f0O]|O
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Logical not

NOT Not
[Format] NOT dst
[Operation] dst — dst
[Operand]

Mnemonic Operand (dst)
NOT reg
mem
[Flag]
\% S z AC P CY

[Description] Inverts a bit specified by the destination operand (dst) (logical NOT), and stores the result to the

destination operand (dst).

[Example] * NOT AL
* NOT CW
* NOT IX
[Bytes]
Mnemonic Operand Bytes
NOT reg 2
mem 2-4
[Word Format]
Operation code
Mnemonic Operand
76543210765432|1|0
NOT reg i|1|1(1|0|1f1|{w|1|1]|0]|1]|0O reg
mem 1({1{1(1|{0f21|({12|{W|[mod |O0f1]0 mem
(disp-low) (disp-high)
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NOT1

Inverts bit

Not Bit

[Format]

[Operation]

[Operand]

[Flag]

<1> NOTI1 dst, src

<2> NOT1 dst

Format <1>: bit n of dst (n is specified by src) « bit n of dst (n is specified by src)
Format <2>: dst ~ dst
Format <1> Format <2>
Mnemonic Operand (dst, src) Mnemonic Operand (dst)
NOT1 reg8, CL NOT1 CY
mem8, CL
regl6, CL
mem16, CL
reg8, imm3
mem8, imm3
regl6, imm4
mem16, imm4
Format <1> Format <2>
\% S z AC P CcY \ S z AC P cYy

133



CHAPTER 2 INSTRUCTIONS

[Description]

[Example]

[Bytes]
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Format <1>:

Format <2> :

IN AL, O
NOT1 AL, 7

Logically NOTSs bit n (n is the contents of the source operand (src) specified by the
second operand) of the destination operand (dst) specified by the first operand, and
stores the result to the destination operand (dst).

When the operands are reg8, CL or mem8, CL, only the lower 3 bits (0-7) of the value
of CL are valid.

When the operands are reg16, CL or mem16, CL, only the lower 4 bits (0-15) of the
value of CL are valid.

When the operand is reg8, imm3, only the lower 3 bits of the immediate data at the
fourth byte position of the instruction are valid.

When the operand is mem8, imm3, only the lower 3 bits of the immediate data at
the end byte position of the instruction are valid.

When the operand is reg16, imm4, only the lower 4 bits of the immediate data at
the fourth byte position of the instruction are valid.

When the operand is mem16, imm4, only the lower 4 bits of the immediate data at
the end byte position of the instruction are valid.

Logically NOTs the content of the CY flag and stores the result to the CY flag.

Mnemonic

Operand

NOT1

reg8, CL 3

mem8, CL 3-5

regl6, CL 3

mem16, CL 3-5

reg8, imm3 4

mem8, imm3 4-6

regl6, imm4 4

mem16, imm4 4-6

CY 1
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[Word Format]

Operation code

Mnemonic Operand
7 6 543 2 1 0|7 65 43 210
NOT1 regs, CL ojofo|o|1|1|1|1|lo]o|o|1]|of2]1]0
1{1(0(0]|0 reg —
mems, CL 000011|1|1 o|0|0|1|0|1|1|0
mod 0| 0| O mem (disp-low)
(disp-high) —
reg16, CL 000011|1|1 o|o|o|1|o|1|1|1
1{11|10|0|0 reg —
mem16, CL 000011|1|1 o|o|0|1|o|1|1|1
mod 0| 0|0 mem (disp-low)
(disp-high) —
reg8, imm3 000011|1|1 o|o|o|1|1|1|1|o
1{1(0({0]|0 reg imm3
mems, imm3 000011|1|1 0|0|0|1|1|1|1|0
mod 0|00 mem (disp-low)
(disp-high) imm3
regl6, imm4 olofofo]1 1|1|1 0|0|0|1|1|1|1|1
111({0(0]|0 reg imm4
mem16, imm4 oloflofo]|1 1|1|1 o|o|o|1|1|1|1|1
mod 0| 0|0 mem (disp-low)
(disp-high) imm4

CY

1|1|1|1|o|1|o|1
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O R Logical sum
Or
[Format] OR dst, src
[Operand, operation]
Mnemonic Operand (dst, src) Operation
OR reg, reg’ dst — dst V src
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL — AL V imm8
[When W = 1] AW « AW V imm16
[Flag]
\Y S Z |AC | P | CY
0 X x U x 0
[Description] ORs the destination operation (dst) specified by the first operand with the source operand (src)
specified by the second operand, and stores the result to the destination operand (dst).
[Example] OR AW, WORD PTR [IX]
[Bytes]
Mnemonic Operand Bytes
OR reg, reg’ 2
mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

Operation code
Mnemonic Operand
76543210765|4|3 2|l|0
OR reg, reg’ 0o|o0ofo0|j0j1|O0|1|W|1|1 reg reg’
mem, reg 0({0|0|0Of2|0]|0|W| mod reg mem
(disp-low) (disp-high)
reg, mem 0|0|0|0|1|0|1|W mod| reg | mem
(disp-low) (disp-high)
reg, immNote 1|o|o|o|o|o|o|w 1|1|o|o|1| reg
imm8 or imm216-low imm16-high
mem, imm l|0|0|0|0|0|0|W mod|0|0|l| mem
(disp-low) (disp-high)
imm8 or imm216-low imm16-high
acc, imm 0 | 0 | 0 | 0 | 1 | 1 | 0 |W imm8 or imm16-low
imm16-high —

Note With some assemblers and compilers, the codes shown below may be generated.

Operation code

7 6 5 4 3 2 10

765432|10

1|0|0|O0f|O0O|0O|1|W

111(0|0f21| reg

imm8

Even in this case, instructions are executed normally. Take precautions, however, since
some emulators do not support the disassembly function or line assembly function for this

instruction.
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OouT

Data output to 1/0 device

Output

[Format] OUT dst, src
[Operand, operation]

When IBRK = 1

Mnemonic

Operand (dst, src)

Operation

ouT

imm8, acc [When W = 0] (imm8) ~ AL
[When W = 1] (imm8 + 1) — AH,
(imm8) ~ AL

DW, acc [When W = 0] (DW) ~ AL

[When W = 1] (DW + 1) « AH,
(DW) « AL

When IBRK = 0

Mnemonic

Operand (dst, src)

Operation

ouT

imm8, acc

DW, acc

(SP-1,SP-2) — PSW
(SP-3,SP-4) « PS

(SP -5, SP — 6) — PC — xNote
IE « 0,BRK « 0, 1BRK « 1
PC « (04DH, 04CH)

PS < (04FH, 04EH)

Note:

[Flag] When IBRK =1

x indicates the number of instruction bytes + number of prefixes.

\Y IE |[BRK| S 4 AC P |IBRK | CY
When IBRK = 0
\Y IE |BRK| S 4 AC P |IBRK | CY
0 0 1
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[Description] Transfers the contents of the accumulator (AL or AW register) to the register of an 1/O device
specified by the destination operand (dst) when IBRK = 1.

When IBRK = 0, saves PSW, PS, and PC — x to the stack, resets the IE and BRK flags to 0, and
sets IBRK to 1.

Next, loads the lower 2 bytes of vector 19 of the interrupt vector table to the PC, and the higher
2 bytes to the PS.

This function is provided to facilitate transplantation of software.

[Example] To transfer the contents of the AL register to port address OD8H
MOV DW, OD8H
OuUT DW, AL
[Bytes]
Mnemonic Operand Bytes
ouT imm8, acc 2
DW, acc 1

[Word Format]

Operation code
Mnemonic Operand
765432107654321|0
| | | L | |
ouT imm8, acc 1|1(1|0|0|1(1|W imm8
DW, acc 1(1(1|0|1|1|1|W —
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Memory-1/O block transfer

OUTM Output Multiple
[Format] (repeat) OUTM DW, [Seg-spec:] src-block
[Operation] When IBRK =1 [When W = 0] (DW) « (IX)
DIR=0: IX « IX+1
DIR=1: IX « IX-1
[When W =1] (DW + 1, DW) ~ (IX + 1, IX)
DIR=0: IX « IX+2
DIR=1: IX « IX-2
When IBRK =0 (SP -1, SP -2) - PSW
(SP-3,SP-4) - PS
(SP -5, SP - 6) — PC — xNote
IE « 0,BRK « 0,IBRK ~ 1
PC — (04DH, 04CH)
PS ~ (0O4FH, 04EH)
Note x indicates the number of instruction bytes + number of prefixes.
[Operand]
Mnemonic Operand
OUTM DW, [Seg-spec:] src-block
[Flag] When IBRK =1

\Y IE |[BRK| S 4 AC P |IBRK | CY

When IBRK = 0

\Y IE |BRK| S 4 AC P |IBRK | CY
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[Description]

[Example]

[Bytes]

[Word Format]

Transfers the contents of the memory addressed by the IX register to the register of an I/O device
addressed by the DW register when IBRK = 1.
The number of times a transfer is to be executed is controlled by the repeat prefix REP instruction,

which is used in conjunction with this instruction. When data is transferred repeatedly, the contents
of the DW register (address of the 1/0 device) are fixed, but the contents of the IX register are
automatically incremented (+1/+2) or decremented (—1/-2) for the next byte/word transfer each time
1-byte/word data has been transferred. The direction of the block is determined by the DIR flag.
Whether data is transferred in byte or word units is specified by the attribute of the operand.
The OUTM instruction is used in pairs with the repeat prefix REP instruction.

As the source block, the default segment register is DS0. Segment overrides are allowed, and the
source block can be located in a segment specified by any segment register.

When IBRK = 0, saves PSW, PS, and PC - x to the stack, resets the IE and BRK flags to 0, and
sets IBRK to 1.

Next, loads the lower 2 bytes of vector 19 of the interrupt vector table to the PC, and the higher
2 bytes to the PS.

This function is provided to facilitate transplantation of software.

* To transfer the contents of memory 0:50H to port address OD8H (byte data)
MOV AW, 0
MOV DSO0, AW
MOV IX, 50H
MOV DW, OD8H
OUTM DW, DS0: WORD PTR [IX]
» To transfer the contents of memory 0:0H to OFFH to port address OD8H (byte data)
MOV AW, 0
MOV DSO0, AW
MOV IX, OH
MOV DW, OD8H
MOV CW, OFFH
REP OUTM DW, DSO0: PTR [IX]

1
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
OUTM DW, [Seg-spec:] src-block |0 |1 |1 |01 |1|1|W
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POLL

Floating-point coprocessor wait

Poll and Wait

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

142

POLL

POLL and wait

Mnemonic Operand

POLL None

Places the CPU in the wait status until the POLL pin becomes active (low level).

Cautions 1. The BUSLOCK instruction must not be placed immediately before this instruc-

tion.

2. The POLL instruction is valid when P14 is set in the input port mode, in which

case, it is assumed that the POLL pin is always active (low level).

POLL
1
Operation code
Mnemonic Operand
7 6 5 4 3 2 10
POLL None 1|10|0f1|1|0|1]|1
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POP

Restore from stack

Pop

[Format]

POP dst

[Operand, operation]

[Flag]

[Description]

Mnemonic Operand (dst) Operation
POP mem16 SP -« SP+2
(mem16) ~ (SP -1, SP -2)
regl6 SP - SP+2
sreg dst « (SP -1, SP - 2)
PSW
R IY « (SP + 1, SP)

IX « (SP + 3, SP +2)
BP ~ (SP + 5, SP + 4)
BW ~ (SP +9, SP + 8)
DW « (SP + 11, SP + 10)
CW ~ (SP + 13, SP + 12)
AW — (SP + 15, SP + 14)
SP - SP + 16

* When dst = PSW

DIR | IE |BRK| S 4 F1

AC

FO P |IBRK| CY

Remark The RBO-2 flags are not affected.

* When other than dst = PSW

Transfers the contents of the stack to the destination operand (dst) (however, the contents are not

transferred to PS when dst = sreg).

Caution

When dst = sreg, hardware interrupt request (maskable interrupt and non-

maskable interrupt) and single-step breaks are not accepted in between this

instruction and the next instruction.
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[Example]

[Bytes]

[Word Format]

144

POP AW
POP BW
POP 1Y
POP SP
MOV BP, SP
Mnemonic Operand Bytes
POP mem16 2-4
regl6 1
sreg
PSW
R 1
Operation code
Mnemonic Operand
765432107.65432.1.0
POP mem16 1 0[(0|2|1|{21|21| mod [O|O]|O mem
(disp-low) (disp-high)
regl6 oOf1|{0(1|1 reg —
sreg 00| O|sreg|1|1(1 —
PSW 1|10(0|1f{21f(1|]0|1 —
R 0O|1(1|j0|]0|0|O0]1 —
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PREPARE

Creates stack frame

Prepare New Stack Frame

[Format]

[Operation]

[Operand]

[Flag]

PREPARE imm16, imm8

(SP-1,SP-2) - BP

SP - SP-2

temp -~ after SP,

if imm8 > 0, repeats the following operation “imm8 — 1”

times:

(SP-1,SP-2) -« (BP-1,BP-2)

SP - SP-2 1
BP - BP -2

then executes the following:
(SP-1,SP-2) temp} v

SP - SP-2

After that, executes the following processing:
BP ~ temp

SP ~ SP —imm16

When imm8 = 1, repeating operation *1 is not executed.
When imm8 = 0, operations *1 and *2 are not executed.

Mnemonic Operand

PREPARE imm16, imm8
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[Description]

[Example]

[Bytes]

[Word Format]
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This instruction is used to create “stack frames” necessary for high-level languages with block
structures (such as Pascal and Ada). The stack frame includes pointers indicating a group of frames
including variables that can be referenced from the procedure, and an area of local variables.
This instruction copies a frame pointer to make it possible to reserve an area of local variables and
to reference global variables. The 16-bit immediate data specified as the first operand specifies
the size of the area to be reserved for local variables (in byte units), and the 8-bit immediate data
described as the second operand specifies the depth of a procedure block (called lexical level).
The base address of the frame created by this instruction is set to BP.

First, BP is saved to the stack. This is because the BP of the calling procedure is to be restored
atthe end of the called procedure. Next, aframe pointer (saved BP) in arange that can be referenced
by the called procedure is pushed to the stack. The range that can be referenced is the value of
the lexical level of the procedure minus 1.

If the lexical level is greater than 1, the frame pointer of the calling procedure is also pushed to the
stack. Thisis to copy the frame pointer of the calling procedure when the frame pointer is to be copied
from the procedure called by a procedure.

Next, the value of the new frame pointer is set to BP, and an area of the local variables to be used
by the procedure is reserved on the stack. Consequently, SP is decremented by the number of the
local variables.

MOV SP, 60H

MOV BP, SP

CALL CHK

PREPARE 0006, 04

MOV AW, [BP + OFAH]
ADD AW, [BP + OF8A]
MOV [BP + OFCH], AW

4
Operation code
Mnemonic Operand
765432107654321|0
| | | ] | |
PREPARE imm16, imm8 1(1|{0(0|1|0]|0]|O imm16-low
imm16-high imm8
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PUSH

Save to stack

Push

[Format]

PUSH src

[Operand, operation]

[Flag]

[Description]

[Example]

Mnemonic

Operand (src)

Operation

PUSH

mem16

SP - SP-2
(SP + 1, SP) —~ (mem16 + 1, mem16)

regl6

sreg

PSW

SP - SP-2
(SP + 1, SP) ~ src

R

TEMP — SP
(SP-1,SP-2) « AW
(SP-3,SP-4) - CW
(SP -5, SP—6) — DW
(SP-7,SP-8) « BW
(SP -9, SP - 10) — TEMP
(SP - 11, SP - 12) « BP
(SP — 13, SP — 14) « IX
(SP - 15, SP — 16) « IY
SP - SP-16

imm8

(SP -1, SP - 2) ~ sign extension of imm8
SP - SP-2

imm16

(SP -1, SP - 2) « imm16
SP — SP-2

AC P CYy

Saves the contents of the source operand (src) to the stack.
If 8-bit immediate data (imm8) is described as the operand, imm8 is sign-extended and is saved

to the stack addressed by SP as 16-bit data.

* PUSH DSO
* PUSH SS
» PUSH DS1
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[Bytes]

[Word Format]
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Mnemonic Operand Bytes
PUSH mem16 2-4
regl6 1
sreg
PSW
R 1
imm8 2
imm16 3
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0/7 6 5 43210
PUSH mem16 1|11|1(1{1|1{1|{1|mod|1]|1]|0 mem
(disp-low) (disp-high)
regl6 o|j1|0(|1f0 reg —
sreg 0O[{0|Ofsreg|l1|1|O0 —
PSW 110(0|1{21(1|]0|0 —
R of1|1{0|0|0|0]|O —
imm8 of1|1|{0|1|0|1]|0 imm8
imm16 o|j1(1|j0|1|0|0f0O imm16-low
imm16-high —
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REP
REPE
REPZ

Repeat prefix with Z = 1
Repeat
Repeat while Equal

Repeat while Zero

[Format] REP
REPE
REPZ
[Operation] [When CW # 0] PS: executes byte instruction of PC + 1

CW: « CW-1
When Z #1: PC « PC +2
When Z = 1: executes again
[When CW =0] PC - PC+2

[Operand]
Mnemonic Operand
REP None
REPE
REPZ
[Flag]
\% S Z |AC | P |CY
[Description] Executes the block transfer/compare/input/output instruction that follows this instruction and

decrements the value of the CW register (— 1) while CW is not equal to 0.

REP is used with MOVBK, LDM, STM, OUTM, or INM, and performs repetitive processing while
CW is not equal to O, independently of the value of the Z flag.

REPZ and REPE are used with CMPBK and CMPM and allow execution to exit from the loop if Z
is not equal to 1 as a result of comparison by each block instruction, or if CW = 0.

The CW register is checked immediately before execution of each block instruction, i.e., execution
of REP, REPE, or REPZ. If REP, REPE, or REPZ is executed with CW = 0, then the following block
instruction is not executed at all, but the next instruction is executed.

The Zflag is checked as a result of execution of a block instruction, and its contents before execution
of REPE or REPZ is independent of execution.
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Caution  Hardware interrupt requests (maskable interrupt and non-maskable interrupt)
and single-step breaks are not accepted in between this instruction and the next
instruction.

[Example] « REP MOVBKW
* REPZ CMPBKW

[Bytes] 1

[Word Format]

. Operation code
Mnemonic Operand
7 6 5 4 3 2 10
REP None 1(1|1(1|j0|0|1|1
REPE
REPZ
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REPC

Repeat prefix with CY =1

Repeat while Carry

[Format] REPC

[Operation] [When CW # 0] PS: executes byte instruction of PC + 1

CW: « CW-1
When CY #1: PC -« PC+2
When CY = 1: executes again

[When CW = 0] PC — PC + 2

[Operand]
Mnemonic Operand
REPC None
[Flag]
Vv S Z |AC | P | CY
[Description] Executes the block comparison instruction (CMPBK or CMPM) that follows this instruction and
decrements the value of the CW register (—1) while CW is not equal to O.
Execution exits from the loop if CY is not equal to 1 as a result of executing the block comparison
instruction.
The CW register is checked immediately before execution of the block comparison instruction, i.e.,
execution of REPC. If REPC is executed with CW = 0, then the following block instruction is not
executed at all, but the next instruction is executed.
The CY flag is checked as a result of execution of the following block instruction, and its contents
before the execution of REPC are independent of execution.
Caution  Hardware interrupt requests (maskable interrupt and non-maskable interrupt)
and single-step breaks are not accepted in between this instruction and the next
instruction.
[Example] REPC CMPBKW
[Bytes] 1
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[Word Format]
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Mnemonic

Operand

Operation code

7 6 5 4 3 2 10

REPC

None

0

1

1

0

0

1

0

1
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REPNC

Repeat prefix with CY = 0

Repeat while Not Carry

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

REPNC

[When CW # 0] PS: executes byte instruction of PC + 1
CW: - Cw-1
When CY # 1: executes again
When CY =1: PC - PC+2
[When CW =0] PC - PC+2

Mnemonic Operand

REPNC None

Executes the block comparison instruction (CMPBK or CMPM) that follows this instruction and
decrements the value of the CW register (- 1) while CW is not equal to 0.

Execution exits from the loop if CY is equal to 1 as a result of executing the block comparison
instruction.

The CW register is checked immediately before execution of the block comparison instruction, i.e.,
execution of REPNC. If REPNC is executed with CW = 0, then the following block instruction is not
executed at all, but the next instruction is executed.

The CY flag is checked as a result of execution of the following block instruction, and its contents
before execution of REPNC are independent of execution.

Caution  Hardware interrupt requests (maskable interrupt and non-maskable interrupt)
and single-step breaks are not accepted in between this instruction and the next

instruction.

REPNC CMPMB
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0

REPNC None of1|j1(0{0]1|0fO
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REPNE
REPNZ

Repeat prefix with Z = 0
Repeat while Not Equal

Repeat while Not Zero

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

REPNE
REPNZ

[When CW # 0] PS: executes byte instruction of PC + 1
CW: -« CW-1
When Z # 1: executes again
WhenzZ=1: PC - PC+2
[When CW =0] PC « PC+2

Mnemonic Operand

REPNE None

REPNZ

Executes the block comparison (CMPBK or CMPM) instruction that follows this instruction and
decrements the value of the CW register (-1) while CW is not equal to 0.

Execution exits from the loop if Z is not equal to 0 or CW = 0 as a result of execution of the block
comparison instruction.

The CW register is checked immediately before execution of each block instruction, i.e., execution
of REPNE or REPNZ. If REPNE or REPNZ is executed with CW = 0, then the following block in-
struction is not executed at all, but the next instruction is executed.

The Zflag is checked as a result of execution of a block instruction, and its contents before execution
of REPNE or REPNZ are independent of execution.

Caution  Hardware interrupt requests (maskable interrupt and non-maskable interrupt)
and single-step breaks are not accepted in between this instruction and the next

instruction.

* REPNE CMPMB
* REPNZ CMPBKW
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[Bytes] 1

[Word Format]

. Operation code
Mnemonic Operand
7 6 5 4 3 2 10
REPNE None 1|1|1(1|{0|0f1|0
REPNZ
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Return from subroutine

RET

Return from Procedure

[Format] <1> RET
<2> RET pop-value

[Operand, operation]

* When returning from call in segment

Mnemonic Operand Operation
RET None PC ~ (SP +1, SP)
SP - SP+2
pop-value PC ~ (SP + 1, SP)
SP - SP+2
SP ~ SP + pop-value

* When returning from call out of segment

Mnemonic Operand Operation

RET None PC — (SP +1, SP)
PS  (SP + 3, SP +2)
SP - SP+4

pop-value PC - (SP + 1, SP)

PS « (SP + 3, SP + 2)
SP - SP+4

SP ~ SP + pop-value

[Flag]

[Description] * Returning from call in segment
PC is restored from the stack. When pop-value is described as the operand, the 16-bit pop-value
is added to SP (if the parameters saved to the stack following PC are not necessary, this
instruction is useful for skipping the value of SP by the number of unnecessary parameters).
This instruction is automatically distinguished from the RET instruction from calls out of a
segment by the assembler.
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[Example]

[Bytes]

[Word Format]
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* Returning from a call out of segment

PC and PS are restored from the stack. When pop-value is described as the operand, the 16-
bit pop-value is added to SP (if the parameters saved to the stack following PC and PS are not
necessary, this instruction is useful for skipping the value of SP by the number of unnecessary

parameters).

This instruction is automatically distinguished from the RET instruction from a call in a segment
by the assembler.

POP R
RET
Mnemonic Operand Bytes
RET None 1
pop-value 3
* Return from call in segment
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0(7 6 5 4 3 2 1 0
RET None 1110|000 1]|1 —
pop-value 1|11|{0|0|0|0]|1]|O0 pop-value-low
pop-value-high —
* Return from call out of segment
Operation code
Mnemonic Operand
7 6 5 4 3 2 10 7|6|5|4|3|2|1|0
RET None 1|12(0|0f(2(0]|12]1 —
pop-value 1{1{0f[0|1f0f1|O0 pop-value-low

pop-value-high
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RETI

Return from interrupt

Return from Interrupt

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

RETI

PC — (SP + 1, SP)

PS  (SP + 3, SP + 2)
PSW — (SP + 5, SP + 4)
SP — SP+6

Mnemonic Operand

RETI None

RB2 ([RB1 |[RBO | V |DIR | IE

BRK

F1

AC

FO

P |IBRK

CYy

Restores the contents of the stack to PC, PS, and PSW. This instruction is used to return from

interrupt processing.

POP R
RETI
1
) Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
RETI None 1(1|0|0f1|1|1|1
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Return from register bank interrupt or BRKCS instruction

RETRBI (added to v20rvao)

Return from Register Bank Switching

[Format] RETRBI

[Operation] PC ~ PC save
PSW ~ PSW save

[Operand]
Mnemonic Operand
RETRBI None
[Flag]
RB2 [RB1 |RBO | V DIR | IE |BRK| S z F1 | AC FO P |IBRK | CY
R R R R R R R R R R R R R R
[Description] This instruction is used to return from an interrupt using the register bank switching function or the
BRKCS instruction. Execution cannot return from this interrupt by using the RETI instruction. This
instruction cannot be used to return from any other interrupts.
To return from an interrupt using the register bank switching function, the FINT instruction must be
executed before this instruction.
[Example] RETRBI
[Bytes] 2

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
RETRBI None ojojofoOf1|1|1{1{1|0|0|1fj0]|0O]|0O]|1
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Rotate left

ROL

Rotate Left

[Format] ROL dst, src
[Operation]
CY 15/7 0
[Operand]
Mnemonic Operand (dst, src)
ROL reg, 1
mem, 1
reg, CL
mem, CL
reg, imma8
mem, imm8
[Flag] When src = 1 Other than left
\% S z AC P CcY \% S z AC P CcY
X X U X
[Description] e Whensrc=1

Shifts the contents of the destination operand (dst) specified by the first operand 1 bit to the left.
The MSB, which is the contents of dst (bit 7 or 15), is shifted to the LSB (bit 0), and at the same
time transferred to the CY flag.

If the MSB is changed as a result of shifting, the V flag is set to 1. If the MSB is not changed,
the V flag is reset to 0.

e When src = CL or src = imm8
Shifts the contents of the destination operand (dst) specified by the first operand to the left the
number of bits of the contents of the source operand specified by the second operand. The MSB,
whichis the content of dst (bit 7 or 15), is shifted to the LSB (bit 0), and at the same time transferred
to the CY flag.

[Example] MOV [IX], BL
ROL BYTE PTR [IX], 1
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[Bytes]
Mnemonic Operand Bytes
ROL reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imm8 3
mem, imm8 3-5
[Word Format]
Operation code
Mnemonic Operand
76543210765432|1|0
ROL reg, 1 i1{1({0f1|0fl0OfO|W|[1|1|0|0O]|O reg
mem, 1 1{1{0|1|{0[0|O0O|W|mod |[0|O0]|O mem
(disp-low) (disp-high)
reg, CL 1101001w1|1ooo reg
mem, CL 1{1{0|1|0[{0|1(W|mod [0|O]| O mem
(disp-low) (disp-high)
reg, imm8 1|1|0|0|0|0|0|W l|1|0|0|0| reg
imm8 —
mem, imm8 1|1|0|0|0|0|0|Wmod|0|0|0| mem
(disp-low) (disp-high)
imm8 —
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ROL4

Rotate left nibble

Rotate Left Nibble

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

ROL4 dst

dst

’7 ALL

Higher 4 bits

Lower 4 bits T

Mnemonic Operand (dst)
ROL4 reg8
mem38
\% S AC P CY

Treats the contents of the destination operand (dst) as a 2-digit packed BCD and rotates it one digit

to the left via the lower 4 bits of the AL register (AL,).
As a result, the higher 4 bits of the AL register are not guaranteed.

* MOV AL, 24H

ROL4 AL
« MOV AL, BYTE PTR [IX]
ROL4 AL
Mnemonic Operand Bytes
ROL4 reg8 3
mem38 3-5

163



CHAPTER 2 INSTRUCTIONS

[Word Format]

Operation code
Mnemonic Operand

7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
ROL4 reg8 o|jofo|of1|1f1f1|{0f0|2|Of1|0|O0OfO

1112(0|0|0 reg —
mem8 000011|1|10|0|1|0|1|0|0|0

mod [0[0| O mem (disp-low)
(disp-high) —
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ROLC

Rotate left with carry

Rotate Left with Carry

[Format]

[Operation]

[Operand]

[Flag]

[Description]

ROLC dst, src

CY 15/7 0

Mnemonic Operand (dst, src)
ROLC reg, 1
mem, 1
reg, CL
mem, CL
reg, imma8
mem, imm8
When src = 1 Other than left
\% S z AC P CY \% S z AC P CY
x x U x

* Whensrc=1
Shifts the contents of the destination operand (dst) specified by the first operand 1 bit to the left
via the CY flag. The MSB, which is the contents of dst (bit 7 or 15), is shifted to the CY flag,
and the data of the CY flag is transferred to the LSB (bit 0).
If the MSB is changed as a result of shifting, the V flag is set to 1. If the MSB is not changed,
the V flag is reset to 0.

* When src = CL or src = imm8
Shifts via the CY flag, the contents of the destination operand (dst) specified by the first operand
to the left, the number of bits of the contents of the source operand specified by the second
operand. The MSB, which is the contents of dst (bit 7 or 15) is shifted to the CY flag, and the
data of the CY flag is transferred to the LSB (bit 0).
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[Example]

[Bytes]

[Word Format]

166

ROLC AL, 1
ROLC CL, 1
ROLC DW, 1
ROLC AW, 1
Mnemonic Operand Bytes
ROLC reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imm8 3
mem, imm8 3-5
Operation code
Mnemonic Operand
7 65 4 3 2 1 0/7 6 5 43210
ROLC reg, 1 i(1|0f1|0|0|O|W|21|1|0|1]|O reg
mem, 1 1/1|/0(1|0|0|0|W|mod |0]|1]|0 mem
(disp-low) (disp-high)
reg, CL 1101001W1|101O reg
mem, CL 1{1|/0|1]0|0f1|W|mod 0|1|0 mem
(disp-low) (disp-high)
reg, imms 1|1|o|0|o|o|o|w 1|1|0|1|o| reg
imm8 —
mem, imm8 1|1|O|0|0|0|0|Wmod|0|1|0| mem
(disp-low) (disp-high)
imm8 —
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ROR

Rotate right

Rotate Right

[Format]

[Operation]

[Operand]

[Flag]

[Description]

ROR dst, src

CY 15/7

Mnemonic Operand (dst, src)
ROR reg, 1
mem, 1
reg, CL
mem, CL
reg, imma8
mem, imm8
When src = 1 Other than left
\Y S Z AC P CY \Y S AC CYy
X X X
e Whensrc=1

Shifts the contents of the destination operand (dst) specified by the first operand 1 bit to the right.
The LSB, which is the contents of dst (bit 0), is shifted to the MSB (bit 7 or 15), and at the same
time transferred to the CY flag.If the MSB is changed as a result of shifting, the V flag is set to

1. If the MSB is not changed, the V flag is reset to 0.

When src = CL

or src = imm8

Shifts the contents of the destination operand (dst) specified by the first operand to the right the
number of bits of the content of the source operand (src) specified by the second operand. The
LSB, which is the contents of dst (bit 0) is shifted to the MSB (bit 7 or 15), and at the same time
transferred to the CY flag.
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[Example] * ROR AL, 3
*« ROR CW, 6
* RORY, 2
[Bytes]
Mnemonic Operand Bytes
ROR reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imma8 3
mem, imm8 3-5
[Word Format]
Operation code
Mnemonic Operand
7 65 43 2 1 0/7 6 543210
ROR reg, 1 1|1/0|1{0f0O|jO|W|1|21]|0|0]|12 reg
mem, 1 1/1|/0(1|{0|0[{0|W|mod |0]|O0]|1 mem
(disp-low) (disp-high)
reg, CL 1101001W1|1001 reg
mem, CL 1{1{0|1|0[0|1(W|mod [0|O0]| 1 mem
(disp-low) (disp-high)
reg, imma8 1|1|0|0|0|0|0|W 1|l|0|0|1| reg
imm8 —
mem, imms 1|1|O|0|O|0|0|Wmod|0|0|1| mem
(disp-low) (disp-high)
imm8 —
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Rotate right nibble

ROR4

Rotate Right Nibble

[Format] ROR4 dst
[Operation]
dst
T ALL Higher 4 bits Lower 4 bits T
[Operand]
Mnemonic Operand (dst)
ROR4 reg8
mem8
[Flag]

[Description] Treats the contents of the destination operand (dst) as a 2-digit packed BCD and rotates it one digit
to the right via the lower 4 bits of the AL register (AL, ).
As a result, the higher 4 bits of the AL register are not guaranteed.

[Example] « MOV AL, 24H
ROR4 AL
* MOV AL, BYTE PTR [IX]
ROR4 AL

[Bytes]

Mnemonic Operand Bytes

ROR4 reg8 3

mem8 3-5

169




CHAPTER 2 INSTRUCTIONS

[Word Format]

Operation code
Mnemonic Operand

7 6 5 4 3 2 1 0|7 6 5 4 3 2 10
ROR4 reg8 o|jofo|jof1|1f{1f1|{0f|0O|2|Of1|0|1|0O

1112(0|0|0 reg —
mem8 000011|1|10|0|1|0|1|0|1|0

mod [0[0| O mem (disp-low)
(disp-high) —
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Rotate right with carry

RORC

Rotate Right with Carry

[Format] RORC dst, src

[Operation]

CY 15/7 0

[Operand]
Mnemonic Operand (dst, src)
RORC reg, 1
mem, 1
reg, CL
mem, CL
reg, imma8
mem, imm8
[Flag] When src = 1 Other than left
\Y S z AC P CcY \Y S Z | AC P CcY
X X U X
[Description] e Whensrc=1

Shifts the contents of the destination operand (dst) specified by the first operand 1 bit to the right
via the CY flag. The LSB, which is the contents of dst (bit 0), is shifted to the CY flag, and the
data of the CY flag is transferred to the MSB (bit 7 or 15).

If the MSB is changed as a result of shifting, the V flag is set to 1. If the MSB is not changed,
the V flag is reset to O.

e When src = CL or src = imm8
Shifts via the CY flag, the contents of the destination operand (dst) specified by the first operand
to the right, the number of bits of the content of the source operand (src) specified by the second
operand. The LSB, which is the contents of dst (bit 0), is shifted to the CY flag, and the data
of the CY flag is transferred to the MSB (bit 7 or 15).
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[Example] « RORC AL, 1
*« RORCBL, 1
*« RORC CW, 1
*« RORC IX, 1
[Bytes]
Mnemonic Operand Bytes
RORC reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imm8 3
mem, imm8 3-5
[Word Format]
Operation code
Mnemonic Operand
7 65 4 3 2 1 0/7 6 5 43210
RORC reg, 1 1|{1|of1|o]jo|lojw|1|1|l0f1|1 reg
mem, 1 1/1|/0(1|0|0|0|W|mod |0O]|1]|1 mem
(disp-low) (disp-high)
reg, CL 1101001W1|1011 reg
mem, CL 1{1|/0|1]0|0f1|W|mod 0|1|1 mem
(disp-low) (disp-high)
reg, imm8 1|1|0|0|0|0|0|W 1|1|0|1|1| reg
imm8 —
mem, imm8 1|1|O|0|0|0|0|Wmod|0|1|1| mem
(disp-low) (disp-high)
imm8 —
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SET1

Set bit

Set Bit

[Format]

[Operation]

[Operand]

[Flag]

<1> SET1 dst, src

<2> SET1 dst

Format <1>: bit n of dst (n is specified by src) ~ 1

Format <2>: dst - 1

Format <1> Format <2>

Mnemonic Operand (dst, src) Mnemonic Operand (dst)

SET1 reg8, CL SET1 CY
mem8, CL DIR
regl6, CL
mem16, CL
reg8, imm3
mem8, imm3
regl6, imm4
mem16, imm4

Format <1>

\% S AC P CY

Format <2> (when dst = CY)

\%

AC P CYy

Format <2> (when dst = DIR)

\%

DIR

z AC P CYy
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[Description]

[Example]

[Bytes]

174

Format <1>:

Format <2> :

MOV CL, 4
SET1 AL, CL

Sets bit n (n is the contents of the source operand (src) specified by the second
operand) of the destination operand (dst) specified by the first operand, and stores
the result to the destination operand (dst).

When the operands are reg8, CL or mem8, CL, only the lower 3 bits (0-7) of the CL
value are valid.

When the operands are regl6, CL or mem16, CL, only the lower 4 bits of the CL
value (0-15) are valid.

When the operands are reg8, imm3, only the lower 3 bits of the immediate data at
the fourth byte position of the instruction are valid.

When the operands are mem8, imm3, only the lower 3 bits of the immediate data
at the end byte position of the instruction are valid.

When the operands are reg16, imm4, only the lower 4 bits of the immediate data
at the fourth byte position of the instruction are valid.

When the operands are mem16, imm4, only the lower 4 bits of the immediate data
at the end byte position of the instruction are valid.

Sets the CY flag to 1 when dst = CY.

When dst = DIR, setsthe DIR flag to 1. In addition, sets such that the index registers
(IX, 1Y) are auto-decremented when each of the MOVBK, CMPBK, CMPM, LDM,
STM, INM, and OUTM instructions is executed.

OUT ODAH, AL

Mnemonic

Operand Bytes

SET1

reg8, CL 3

mem8, CL 3-5

regl6, CL 3

mem16, CL 3-5

reg8, imm3 4

mem8, imm3 4-6

regl6, imm4 4

mem16, imm4 4-6

CY 1

DIR 1
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 43 2 10|76 543210
SET1 reg8, CL ololofo|1|1|1]1]0|l0|0|1|0]|1]|0]|0O
1{1|10|0|0 reg —
mem8, CL 00001l|1|1 0|0|0|1|0|1|0|0
mod (0|00 mem (disp-low)
(disp-high) —
reg16, CL ololo|o]1 1|1|1 o|o|0|1|o|1|o|1
111|10|0|0 reg —
mem16, CL olofo]of1 1|1|1 0|0|0|1|0|1|0|1
mod |00 O mem (disp-low)
(disp-high) —
reg8, imm3 000011|1|1 0|0|0|1|1|1|0|0
1|11|/0(|0]|O0 reg imm3
mems, imm3 000011|1|1 o|o|o|1|1|1|o|o
mod 0| 0|0 mem (disp-low)
(disp-high) imm3
regl6, imm4 olofofo]1 1|1|1 o|o|o|1|1|1|o|1
1{1(0({0]|0 reg imm4
mem16, imm4 000011|1|1 o|o|o|1|1|1|o|1
mod 0| 0|0 mem (disp-low)
(disp-high) imm4
cy 1f1]1]1]1]o]o]1 —
DIR 1|aaa]af2]o]2 —
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SHL

Shift left
Shift Left

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

176

SHL dst, src
CY 15/7 0
- - -
Mnemonic Operand (dst, src)
SHL reg, 1
mem, 1
reg, CL
mem, CL
reg, imm8
mem, imm8
When src = 1 Other than left
\% S z AC P CY \% S 4 AC P CY
X X X U X X X X U X X

e Whensrc=1
Shifts the contents of the destination operand (dst) specified by the first operand 1 bit to the left.
Zero is shifted to the LSB, which is the contents of dst (bit 0), and the data of the MSB (bit 7 or
bit 15) is set to the CY flag.
The V flag is cleared if the sign bit (bit 7 or 15) is not changed as a result of shifting.

* When src = CL or src =imm8
Shifts the contents of the destination operand (dst) specified by the first operand to the left the
number of bits of the contents of the source operand specified by the second operand. Zero is
shifted to the LSB (bit 0), which is the contents of dst, each time the data has been shifted 1 bit,
and the data of the MSB (bit 7 or 15) is set to the CY flag.

IN AW, OC8H
MOV [IY], AW
SHL WORD PTR [IY], 12
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[Bytes]

[Word Format]

Mnemonic Operand Bytes
SHL reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imm8 3
mem, imm8 3-5
Operation code
Mnemonic Operand
7654321076543|1|0
SHL reg, 1 i1{1({0f1|0|O0OfO0O|W[1|1|1|0]|O reg
mem, 1 1/1{0(1|0|0|0(W|mod [1]|0]|O mem
(disp-low) (disp-high)
reg, CL 1 01001W1|1100 reg
mem, CL 1/1({0{12{0|0|(1|{W|mod |[1[O0]|O0 mem
(disp-low) (disp-high)
reg, imm8 1|1|o|o|o|o|o|w 1|1|1|o|0| reg
imm8 —
mem, imm8 1|1|O|0|0|0|0|W mod|1|0|0| mem
(disp-low) (disp-high)
imm8 —
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SHR

Shift right
Shift Right

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

178

SHR dst, src

CY 15/7 0

T

Mnemonic Operand (dst, src)
SHL reg, 1
mem, 1
reg, CL
mem, CL
reg, imma8
mem, imm8
When src = 1 Other than left
\% S z AC P cY \% S z AC CY
X X X U X X X X U X

* Whensrc=1

Shifts the contents of the destination operand (dst) specified by the first operand 1 bit to the right.
Zero is shifted to the MSB, which is the contents of dst (bit 7 or 15), and the data of the LSB

(bit 0) is set to the CY flag.

The V flag is cleared if the sign bit (bit 7 or 15) is not changed as a result of shifting.

* When src = CL or src = imm8

Shifts the contents of the destination operand (dst) specified by the first operand to the right the
number of bits of the contents of the source operand (src) specified by the second operand. Zero
is shifted to the MSB (bit 7 or 15), which is the contents of dst, each time the data has been shifted
1 bit, and the data of the LSB (bit 0) is set to the CY flag.

* RCV: INAL, ODAH
SHR AL, 3
BC RCV

+ SHR CW, 8
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[Bytes]

[Word Format]

Mnemonic Operand Bytes
SHR reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imm8 3
mem, imm8 3-5
Operation code
Mnemonic Operand
7 65 43 2 10|76 5 43 210
SHR reg, 1 i1{1f({of1|j0flO0OfO|W[1|1|1]|0]|1 reg
mem, 1 1|1|0|1{0|0(0O|{W|mod [1|0]1 mem
(disp-low) (disp-high)
reg, CL 1 01001w1|1101 reg
mem, CL 1/12({0{2{0|0|1|{W|mod |[1]|0]1 mem
(disp-low) (disp-high)
reg, imma8 1|1|0|0|0|0|0|W l|l|1|0|1| reg
imm8 —
mem, imm8 l|1|0|0|0|0|0|W mod|1|0|l| mem
(disp-low) (disp-high)
imm8 —
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SHRA

Arithmetic shift right

Shift Right Arithmetic

[Format] SHRA dst, src

[Operation]
CY

15/7

5

[Operand]
Mnemonic Operand (dst, src)
SHRA reg, 1
mem, 1
reg, CL
mem, CL
reg, imma8
mem, imm8
[Flag] When src = 1 Other than left
\Y S Z |AC | P | CY \% S z | AC cY
0 x X U X X X x U X
[Description] * Whensrc=1
Arithmetically shifts the contents of the destination operand (dst) specified by the first operandl
bit to the right.
The original value is shifted to the MSB, which is the contents of dst (bit 7 or 15), and the sign
is not changed after shifting. The data of the LSB (bit 0) is set to the CY flag.
* When src = CL or src =imm8
Shifts the contents of the destination operand (dst) specified by the first operand to the right the
number of bits of the contents of the source operand (src) specified by the second operand. The
original value is shifted to the MSB (bit 7 or 15), which is the contents of dst, and the sign is not
changed after shifting. The data of the LSB (bit 0) is set to the CY flag.
[Example] « MOV CL, 2
SHRA BL, CL
e« MOV CL, 9
SHRA DW, CL

180




CHAPTER 2

INSTRUCTIONS

[Bytes]

[Word Format]

Mnemonic Operand Bytes
SHRA reg, 1 2
mem, 1 2-4
reg, CL 2
mem, CL 2-4
reg, imma8 3
mem, imm8 3-5
Operation code
Mnemonic Operand
7654321076543‘1.0
SHRA reg, 1 1|11|0|12{0f(O0O|O0O|W|1|1(1|1|1 reg
mem, 1 1(1{0(12|0|0|0(W|mod [1]|1]|1 mem
(disp-low) (disp-high)
reg, CL 1 01001Wl|1111 reg
mem, CL 1(1({0{12{0|0|1(W|mod [1|1]1 mem
(disp-low) (disp-high)
reg, imm8 1|1|o|o|o|o|o|w 1|1|1|1|1| reg
imm8 —
mem, imm8 l|1|0|0|0|0|0|W mod|1|1|l| mem
(disp-low) (disp-high)
imm8 —

181



CHAPTER 2 INSTRUCTIONS

Block store

STM
STMB
STMW

Store Multiple
Store Multiple Byte

Store Multiple Word

[Format] (repeat) STM [DS1-spec:] dst-block
(repeat) STMB
(repeat) STMW

[Operation] [When W = 0] (IX) « AL
DIR=0:1Y « IY+1
DIR=1:1Y « IY -1
[When W =1] (IY + 1, 1Y) « AW
DIR=0:1Y « IY+2
DIR=1:1Y « IY -2

[Operand]

Mnemonic Operand

ST™M [DS1-spec:] dst-block

STMB None

STMW

[Flag]

[Description] Repeatedly transfers the value of the AL register or AW register to a block addressed by the 1Y
register in byte or word units.
The value of the 1Y register is automatically incremented (+1/+2) or decremented (—1/-2) for the
next byte/word process each time 1-byte/word data has been transferred. The direction of the block
is determined by the status of the DIR flag.
Whether a transfer is carried out in byte or word units is specified by the attribute of the operand
when the STM instruction is used. When the STMB or STMW instruction is used, the byte or word
type is specified directly.
The destination block must always be located in a segment specified by the DS1 register. Segment
overrides are not allowed.

[Example] « REP STM DS1 : WORD_VAR; DS1 segment
« REP STMB ; DS1 segment

[Bytes] 1
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[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0
ST™M [DS1-spec:] dst-block 1({0(1({0|1|0|1(W
STMB None
STMW
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STOP [added to v20/v30]

CPU control

Stop

[Format] STOP

[Operation] CPU Stop

[Operand]
Mnemonic Operand
STOP None

[Flag]
v S Zz |AC | P | CY

[Description]

Places the CPU in the STOP status.

Operand

Operation code

7 6 5 4 3 2 10

76 5 4 3 2 10

[Example] STOP
[Bytes] 2
[Word Format]
Mnemonic
STOP

None

0

0

0

0

1

1

1

1

1

0

0

1

1111

0
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SUB

Subtraction

Subtract

[Format]

SUB dst, src

[Operand, operation]

[Flag]

[Description]

[Example]

[Bytes]

Mnemonic

Operand (dst, src)

Operation

SuUB

reg, reg’

dst « dst - src

mem, reg

reg, mem

reg, imm

mem, imm

acc, imm

[When W = 0] AL « AL —imm8
[When W = 1] AW « AW — imm16

AC P CY

Subtracts the contents of the source operand (src) specified by the first operand from the contents

of the destination operand (dst) specified as the first operand, and stores the result to the destination

operand (dst).

To subtract the contents of memory 0:50H (word data) from the contents of the DL register and store
the result to the DL register:

MOV AW, 0

MOV DSO0, AW

MOV IX, 50H

SUB DL, DSO: BYTE PTR [IX]

Mnemonic Operand Bytes
SUB reg, reg’ 2

mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

186

Operation code

Mnemonic Operand
76543210765|4|32|1|0
SUB reg, reg’ o({o0o|1({0|1|0|1(W|1]|1 reg reg’
mem, reg 0(0|1(0{21]|0|0(W| mod reg mem
(disp-low) (disp-high)
reg, mem O|0|1|O|1|0|1|W mod| reg | mem
(disp-low) (disp-high)
reg, imm 1]ofofofo]ofs|w|1]1]1]o]1] reg
imm8 or imm16-low imm16-high
mem, imm l|0|0|0|0|0|s|W m0d|1|0|l| mem
(disp-low) (disp-high)
imm8 or imm16-low imm16-high
acc, imm 0 | 0 | 1 | 0 | 1 | 1 | 0 |W imm8 or imm16-low

imm16-high
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Decimal subtraction

SUB4S

Subtract Nibble String

[Format] SUBA4S [DS1-spec:] dst-string, [Seg-spec:] src-string

SUB4S
[Operation] BCD string (Y, CL) ~ BCD string (Y, CL) - BCD string (IX, CL)
[Operand]

Mnemonic Operand (dst, src)
SUBA4S [DS1-spec:] dst-string, [Seg-spec:] src-string
None

[Flag]

[Description] Subtracts the packed BCD string addressed by the IX register from the packed BCD string
addressed by the |Y register, and stores the result to the string addressed by the IY register. The
string length (number of BCD digits) is determined by the CL register (if the contents of CL are d,
d digits) and can be set to 1 to 254 digits.
The destination string must be always located in a segment specified by the DS1 register, and
segment overrides are not allowed.
The default segment register of the source register is DSO and segment overrides are allowed, so
that the source register can be located in a segment specified by any segment register.
The format of the packed BCD string is as follows:

IX
Byte offset Y
+m )y +1 +0 |
j 44 | j
Memory
) I .
((
+CL +4 +3 +2 +1 0
Digit offset

Caution  The BCD string instruction always operates in units of even-number digits. If an
even number is specified as the number of digits, then the result of the operation
and flags are normal. If an odd number is specified, however, the operation is
executed with the even number of digits (= odd number + 1). Consequently, the
result and flags indicate the even number of digits. To specify an odd number,
clear the higher 4 bits of the most significant byte before executing the BCD
subtract instruction. If a borrow occurs as a result, the higher 4 bits of the most
significant byte indicate “9”.
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[Example] MOV IX, OFFSET VAR_1
MOV 1Y, OFFSET VAR_2
MOV CL,4
SUB4S

[Bytes] 2

[Word Format]

Operation code

Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 10

SUB4S [DS-spec:] dst-string, ojofo|l0O|21|1f1{1{0|0O|1|0f0OfOf1]O
[Seg-spec:] src-string

None
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SUBC

Subtraction with carry

Subtract with Carry

[Format] SUBC dst, src

[Operand, operation]

Mnemonic Operand (dst, src) Operation
SUBC reg, reg’ dst — dst-src - CY
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL — AL —imm8 - CY
[When W = 1] AW — AW — imm16 — CY
[Flag]
\% S 4 AC P CY
X X X X X X
[Description] Subtracts the contents of the source operand specified by the second operand from the contents
of the destination operand (dst) specified as the first operand, including the carry, and stores the
result to the destination operand (dst).
[Example] SUBC DL, BYTE PTR [IX]
[Bytes]
Mnemonic Operand Bytes
SUBC reg, reg’ 2
mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

190

Operation code

Mnemonic Operand
76543210765|4|3 2|1|0
SUBC reg, reg’ ofojof1|j1|0j1(W|1|1 reg reg’
mem, reg 0(0|0|2{21]|]0|0(W| mod reg mem
(disp-low) (disp-high)
reg, mem 0|0|0|1|1|0|1|W mod| reg | mem
(disp-low) (disp-high)
reg, imm 1[ofofofofofs|w[a]1]ofs]1] reg
imm8 or imm216-low imm16-high
mem, imm 1|0|0|0|0|0|S|W mod|0|l|1| mem
(disp-low) (disp-high)
imm8 or imm216-low imm16-high
acc, imm imm8 or imm16-low

o|o|o|1|1|1|o|w

imm16-high
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Test
TEST Test
[Format] TEST dst, src
[Operand, operation]
Mnemonic Operand (dst, src) Operation
TEST reg, reg’ dst A src
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL A imm8
[When W = 1] AW A imm16
[Flag]
\% S z AC P CcY
X X U X 0
[Description] ANDs the destination operand (dst) specified by the first operand with the source operand (src)
specified by the second operand.
The result is not stored anywhere, and only the flags are changed.
[Example] IN AL OD8H
TEST AL, ‘A’
[Bytes]
Mnemonic Operand Bytes
TEST reg, reg’ 2
mem, reg 2-4
reg, mem
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

192

Operation code

Mnemonic Operand
76543210765|4|32|1|0
TEST reg, reg’ 1|{0(0|0OfOf1|0O|W|1]|1 reg’ reg
mem, reg 1{0{0[0|O0|21|0|W| mod reg mem
(disp-low) (disp-high)
reg, mem 1|O|O|O|O|1|O|W mod| reg | mem
(disp-low) (disp-high)
reg, imm 1|1|1|1|o|1|1|w 1|1|0|o|o| reg
imm8 or imm216-low imm16-high
mem, imm 1|1|l|1|0|l|1|W mod|0|0|0| mem
(disp-low) (disp-high)
imm8 or imm216-low imm16-high
acc, imm 1 | 0 | 1 | 0 | 1 | 0 | 0 |W imm8 or imm16-low

imm16-high
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TEST1

Test bit

Test Bit

[Format]

[Operation]

[Operand]

[Flag]

[Description]

TEST1 dst, src

When bit n of dst = 0 (n is specified by src): Z « 1
When bit n of dst = 1 (n is specified by src): Z —« 0

Mnemonic Operand (dst, src)

TEST1 reg8, CL

mem8, CL

regl6, CL

mem16, CL

reg8, imm3

mem8, imm3

regl6, imm4

mem16, imm4

Sets the Z flag to 1 if bit n of the destination operand (dst) specified by the first operand (n is the
content of the source operand (src) specified by the second operand), and resets the flag to O if
bit n is 1.

When the operands are reg8, CL or mem8, CL, only the lower 3 bits (0-7) of the CL value are valid.
When the operands are regl6, CL or mem16, CL, only the lower 4 bits of the CL value (0-15) are
valid.

When the operands are reg8, imm3, only the lower 3 bits of the immediate data at the fourth byte
position of the instruction are valid.

When the operands are mem8, imm3, only the lower 3 bits of the immediate data at the end byte
position of the instruction are valid.

When the operands are reg16, imm4, only the lower 4 bits of the immediate data at the fourth byte
position of the instruction are valid.

When the operands are mem16, imm4, only the lower 4 bits of the immediate data at the end byte
position of the instruction are valid.
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INSTRUCTIONS

[Example]

[Bytes]

[Word Format]

194

MOV  CL,
IN AL, ODAH
TEST1 AL, CL;testsbitl
Mnemonic Operand Bytes
TEST1 reg8, CL 3
mem8, CL 3-5
regl6, CL 3
mem16, CL 3-5
reg8, imm3 4
mem8, imm3 4-6
regl6, imm4 4
mem16, imm4 4-6
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
TEST1 reg8, CL ofo|jo|0f1|1|1f1j0(0|0|2|0|0O|O]|O
1112/0(0|O0 reg —
mem8, CL ofojojo0f1|1f1y1j0(0fj0|2f0|j0O|O0O]|O
mod |0[0| O mem (disp-low)
(disp-high) —
reg16, CL 000011|1|1 o|0|0|1|0|0|0|1
1{1{0|0]|O0 reg —
mem16, CL 000011|1|1 o|o|o|1|o|o|o|1
mod | 00| O mem (disp-low)
(disp-high) -
reg8, imm3 000011|1|1 o|o|o|1|1|o|o|o
1{1|0|0|O reg imm3
mems8, imm3 000011|1|1 o|o|0|1|1|0|o|o
mod [0[0]|O mem (disp-low)
(disp-high) imm3
regl6, imm4 o|jo|jofOof1|1|2|1|0f0O|O|1f{1|0|0]1
1{1|]0|0|O reg imm4
mem16, imm4 000011|1|1 0|0|0|1|1|0|0|1
mod {000 mem (disp-low)
(disp-high) imm4
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TRANS
TRANSB

Conversion table transfer

Translate

Translate Byte

[Format] TRANS src-table
TRANS
TRANSB
[Operation] AL « (BW + AL)
[Operand]
Mnemonic Operand
TRANS src-table
None
TRANSB None
[Flag]

[Description]

Transfers 1 byte of a 256-byte conversion table addressed by the BW and AL registers to the AL

register. At this time, the BW register specifies the first address of the table, and the AL register

specifies an offset value in a 256-byte area from the first address.

[Example] TRANS SIN_TBL
[Bytes] 1

[Word Format]

Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0
TRANS src-table 1({1({0|1(0|1|1|1
None
TRANSB None

195



CHAPTER 2 INSTRUCTIONS

TSKSW [added to v20/v30]

Register bank switching

Task Switch

[Format]

[Operation]

[Operand]

[Flag]

[Description]

[Example]

[Bytes]

[Word Format]

196

TSKSW regl6

RBO0-2 ~ lower 3 bits of reg16
PSW save, PC save of old register bank - PSW, PC
PSW, PC ~ PSW save, PC save of new register bank

Mnemonic Operand

TSKSW regl6

RB2 |RB1 |RBO | V DIR| IE |[BRK| S 4 F1 | AC | FO P |IBRK| CY

This instruction switches the register bank and is used for high-speed task switching. It saves the
contents of the PC tothe PC save area inthe currentregister bank. Inthe same manner, the contents
of the PSW are saved to the PSW save area.

TSKSW BP
3
Operation code
Mnemonic Operand
7 6 5 4 3 2 1 0(7 6 5 4 3 2 10
TSKSW reglé ojofo|o|1|1f{1{1/1f{0|0O|1|0O0f1]|O0]O
111111 reg —
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Data exchange

XCH

Exchange
[Format] XCH dst, src
[Operation] dst o src
[Operand]
Mnemonic Operand (dst, src)
XCH reg, reg’

mem, reg

reg, mem

AW, regl6

reglé, AW
[Flag]

\Y S 4 AC P cYy

[Description] Exchanges the contents of the destination operand (dst) specified by the first operand with the

contents of the source operand (src) specified by the second operand.

[Example] MOV AW, 100H
MOV BW, 50H
XCH AW, BW
; AW = 50H, BW = 100H

[Bytes]
Mnemonic Operand Bytes
XCH reg, reg’ 2
mem, reg 2-4
reg, mem
AW, regl6 1
regl6, AW
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[Word Format]

Operation code
Mnemonic Operand
76543210765|4|3 2|1|0
XCH reg, reg’ 1|{0(0|0OfOf1|2|W|1]|1 reg reg’
mem, reg 1{0{0[0|O0|21|21|{W| mod reg mem
(disp-low) (disp-high)
reg, mem 1|O|O|O|O|1|1|W mod| reg | mem
(disp-low) (disp-high)
AW, regl6 11]0(0|1|0 reg —
regl6e, AW 11]0(0|1|0 reg —
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XOR

Exclusive logical sum

Exclusive Or

[Format] XOR dst, src

[Operand, operation]

Mnemonic Operand (dst, src) Operation
XOR reg, reg’ dst — dst ¥ src
mem, reg
reg, mem
reg, imm
mem, imm
acc, imm [When W = 0] AL « AL ¥ imm8
[When W = 1] AW ~ AW ¥ imm16
[Flag]
\% S z AC P CcY
X X U X 0
[Description] Exclusive-ORs the destination operand (dst) specified by the first operand with the source operand
(src) specified by the second operand, and stores the result to the destination operand (dst).
[Example] « XOR CL, DL
+ XOR CW, CW; clears CW register
« XOR AW, DW
[Bytes]
Mnemonic Operand Bytes
XOR reg, reg’ 2
mem, reg 2-4
reg, mem 2-4
reg, imm 3,4
mem, imm 3-6
acc, imm 2,3
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[Word Format]

Operation code
Mnemonic Operand
76543210765|4|32|1|0
XOR reg, reg’ ojo|j1(1{0|0|1(W|1]|1 reg reg’
mem, reg 0(0|1(21{0]|0|0(W| mod reg mem
(disp-low) (disp-high)
reg, mem O|0|1|1|0|0|1|W mod| reg | mem
(disp-low) (disp-high)
reg, immNote 1|o|o|o|o|o|o|w 1|1|1|1|o| reg
imm8 or imm16-low imm16-high
mem, imm l|0|0|0|0|0|0|W m0d|1|1|0| mem
(disp-low) (disp-high)
imm8 or imm16-low imm16-high
acc, imm 0 | 0 | 1 | 1 | 0 | 1 | 0 |W imm8 or imm16-low
imm16-high —

Note With some assemblers and compilers, the codes shown below may be generated.

Operation code

7 6 5 4 3 2 1 0|7 6 5 43 2 10

i1jo0(0|O0|OfO|1|W|lf1|1|1|0| reg

imm8 —

Even in this case, instructions are executed normally. Take precautions, however, since
some emulators do not support the disassembly function or line assembly function for this
instruction.
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2.2 Number of Clocks Instruction Execution

Table 2-8 shows the number of execution clocks and the number of word transfers of each instruction in the

alphabetical order of mnemonics.

(1) Number of clocks

The values shown in the table are the time required for the execution unit to execute an instruction under the

following conditions:

(a) Does not include prefetch time, predecode time, and wait time for bus.

(b) The number of clocks may increase depending on the fetch status of the op code and the processing status
of the pipeline.
For details, refer to APPENDIX C NUMBER OF PROGRAM EXECUTION CLOCKS .

(c) /O access is assumed to have 0 wait.

(d) Primitive block transfer instructions and primitive I/O instructions include repeat prefix.

(e) Bus cycle is started two times in the case of word data to an odd address.

(f) External data bus width is as follows:
» V25, V25+ : 8 hits
» V35, V35+ : 16 bits

(g) If amemory operand is specified, the number of clocks differs depending on the addressing mode. “EA”
takes the following value:
mod

mem 00 Clocks 01 Clocks 10 Clocks

000 BW+IX 3 BW+IX+disp8 3 BW+IX+displ6 4

001 BW+lY 3 BW+1Y+disp8 3 BW+IY+displ6 4

010 BP+IX 3 BP+IX+disp8 3 BP+IX+disp16 4

011 BP+IY 3 BP+IY+disp8 3 BP+1Y+disp16 4

100 IX 3 IX+disp8 3 IX+disp16 4

101 Y 3 1Y+disp8 3 1Y+disp16 4

110 Direct address 3 BP+disp8 3 BP+displ16 4

111 BW 3 BW+disp8 3 BW+disp16 4

(h) “T” indicates the number of wait states. Select the desired number of wait states, starting from “0” (no
wait).

(i) The number of clocks of the branch instruction is indicated as follows:
On left of / : Number of clocks when branch occurs
On right of / : Number of clocks when branch does not occur

(2) Number of word transfers

The number of word transfers is the number of times the bus is accessed for word data (16 bits) generated

as a result of executing an instruction.
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Table 2-8. Number of Instruction Execution Clocks (1/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
ADD reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2°T EA+6+T EA+12+4-T EA+8+2-T EA+10+2-T EA+7+T EA+10+2.T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2°T EA+8+2-T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2-T EA+7+2°T EA+14+4-T EA+10+4-T EA+11+2-T EA+9+2-T EA+12+2T EA+8+2-T
acc, imm 0 5 5 6 6 5 5 6 6
ADDASHOt® {gesg_':;’eeg]]:rsct_';t:i':s” 0 22+(27+3:T)sm | 22+(25+3+T)em - - 22+(30+3:T)em | 22+(28+3+T)em - -
None 0 22+(27+3T)em | 22+(25+3T)*m - - 22+(30+3¢T)em | 22+(28+3¢T)sm - -
ADDC reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2-T EA+6+T EA+12+4-T EA+8+2-T EA+10+2.T EA+7+T EA+10+2°T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2-T EA+8+2-T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2-T EA+7+2°T EA+14+4-T EA+10+4-T EA+10+2.T EA+9+2-T EA+12+2.T EA+8+2-T
acc, imm 0 5 5 6 6 5 5 6 6
ADJ4A None 0 9 9 - - 9 9 - -
ADJ4S None 0 9 9 - - 9 9 - -
ADJBA None 0 17 17 - - 17 17 - -
ADJBS None 0 17 17 - - 17 17 - -
AND reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2-T EA+6+T EA+12+4-T EA+8+2-T EA+10+2.T EA+7+T EA+10+2-T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2-T EA+8+2-T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2-T EA+7+2T EA+14+4-T EA+10+4-T EA+11+2.T EA+9+2-T EA+12+2.T EA+8+2-T
acc, imm 0 5 5 6 6 5 5 6 6

Note m : number of BCD digits x 1/2
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Table 2-8. Number of Instruction Execution Clocks (2/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
BC short-label 0 - - 15/8 15/8 - - 15/8 15/8
BCWZ short-label 0 - - 15/8 15/8 - - 15/8 15/8
BE short-label 0 - - 15/8 15/8 - - 15/8 15/8
BGE short-label 0 - - 15/8 15/8 - - 15/8 15/8
BGT short-label 0 - - 15/8 15/8 - - 15/8 15/8
BH short-label 0 - - 15/8 15/8 - - 15/8 15/8
BL short-label 0 - - 15/8 15/8 - - 15/8 15/8
BLE short-label 0 - - 15/8 15/8 - - 15/8 15/8
BLT short-label 0 - - 15/8 15/8 - - 15/8 15/8
BN short-label 0 - - 15/8 15/8 - - 15/8 15/8
BNC short-label 0 - - 15/8 15/8 - - 15/8 15/8
BNE short-label 0 - - 15/8 15/8 - - 15/8 15/8
BNH short-label 0 - - 15/8 15/8 - - 15/8 15/8
BNL short-label 0 - - 15/8 15/8 - - 15/8 15/8
BNV short-label 0 - - 15/8 15/8 - - 15/8 15/8
BNZ short-label 0 - - 15/8 15/8 - - 15/8 15/8
BP short-label 0 - - 15/8 15/8 - - 15/8 15/8
BPE short-label 0 - - 15/8 15/8 - - 15/8 15/8
BPO short-label 0 - - 15/8 15/8 - - 15/8 15/8
BR near-label 0 - - 12 12 - - 12 12
short-label 0 - - 12 12 - - 12 12
regptrl6 0 - - 13 13 - - 13 13
memptrl6 1 - - EA+17+2T EA+17+2T - - EA+16+T EA+16+T
far-label 0 - - 15 15 - - 15 15
memptr32 2 - - EA+25+4+T EA+25+4+T - - EA+23+2T EA+23+2T
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Table 2-8. Number of Instruction Execution Clocks (3/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
BRK 3 5 - - 55+10°T 43+10°T - - 50+5-T 38+5T
imm8(#£3) 5 2 2 56+10-T 44+10-T 2 2 51+5¢T 39+5.T
BRKCS reglé 0 - - 15 15 - - 15 15
BRKV None 5 - - 55+10°T 43+10°T - - 50+5T 38+5T
BTCLR sfr, imm3, short-label 0 29/21 29/21 - - 29/21 29/21 - -
BUSLOCK | None 0 2 2 2 2 2 2 2 2
BV short-label 0 - - 15/8 15/8 - - 15/8 15/8
BZ short-label 0 - - 15/8 15/8 - - 15/8 15/8
CALL near-proc 1 - - 22+2°T 18+2-T - - 21+T 17+T
regptrl6 1 - - 22+2°T 18+2-T - - 21+T 17+T
memptrl6 2 - - EA+26+4+T EA+24+4+T - - EA+24+2T EA+22+2¢T
far-proc 2 - - 38+4T 34+4T - - 36+2.T 32+2.T
memptr32 4 - - EA+36+8°T EA+24+8°T - - EA+32+4-T EA+20+4+T
e E\Tvﬁis‘inr:l?:zstzcondition is satisfied) ! B B EA+26+4-T EA+26+A-T - - EA+24+2:T EA+24+2:T
E;g:: ;n?;s:;tsiondition is not satisfied) 2 - - EA+26+4-T EA+26+4-T - - EAr24+2:T EAr2d+2-T
CLR1 reg8, CL 0 8 8 - - 8 8 - -
mem8, CL 0 EA+14+2T EA+12+T - - EA+16+2T EA+13+T - -
regl6, CL 0 - - 8 8 - - 8 8
mem16, CL 2 - - EA+18+4+T EA+14+2T - - EA+16+2T EA+13+T
reg8, imm3 0 7 7 - - 7 7 - -
mem8, imm3 0 EA+11+2T EA+9+T - - EA+13+2T EA+10+T - -
regl6, imm4 0 - - 7 7 - - 7 7
mem16, imm4 3 - - EA+15+4+T EA+10+2-T - - EA+13+2T EA+9+T
CcYy 0 2 2 2 2 2 2 2 2
DIR 0 2 2 2 2 2 2 2 2
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Table 2-8. Number of Instruction Execution Clocks (4/14)

V25, V25+ V35, V35+
Mnemonic Operand \l:lvg:zber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
CMP reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 1 EA+6+T EA+6+T EA+8+2-T EA+8+2-T EA+7+T EA+7+T EA+7+T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2-T EA+8+2-T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 1 EA+7+T EA+7+T EA+10+2°T EA+10+2-T EA+8+T EA+8+T EA+9+T EA+9+T
acc, imm 0 5 5 6 6 5 5 6 6
CMP4ﬁote 1 {gesg_jgscc;]]:rsct_;t:i:]g’ 0 22+(23+3¢T)em | 22+(23+2¢T)em - - 22+(25+2¢T)em | 22+(25+2+T)em - —
None 0 22+(23+3T)om | 22+(23+2T)*m - - 22+(25+2:T)em | 22+(25+2+T)em - -
CMPBK [Seg-spec:]src-block, 2 xrep 16+(21+2T)*n 16+(21+2¢T)en | 16+(25+4¢T)en | 16+(25+4+T)en | 16+(23+2+T)*n 16+(23+2¢T)en | 16+(23+2¢T)en | 16+(23+2T)*n
"2 | [DS1-spec:dst-block (2) Note 3 23+2:T 19+2:T 27+4T 21+4T 25+2:T 21+2:T 25+2:T 19+2:T
CMPBKB | None 2xrep | 164(21+2:T)en | 16+(21+2eT)en | 16+(25+4+T)en | 16+(25+4sT)en | 16+(23+2eT)en | 16+(23+2:T)en | 16+(23+2:T)en | 16+(23+2T)en
Note 2 (2) Note 3 23+2+T 19+2¢T 27+4+T 21+4+T 25+2eT 21+42.T 25+2+T 19+2¢T
CMPBKW | None 2xrep | 16+(21+2:T)en | 16+(21+2:T)en | 16+(25+4eT)en | 16+(25+4eT)en | 16+(23+2¢T)en | 16+(23+2T)en | 16+(23+2+T)en | 16+(23+2¢T)en
Nete 2 (2) Note 3 23+2¢T 19+42.T 27+4+T 21+4+T 25+2¢T 21+2¢T 25+2¢T 19+2.T
CMPM [DS1-spec:]dst-block 1 xrep 16+(15+T)*n 16+(15+T)*n 16+(17+2¢T)en | 16+(17+2¢T)en 16+(16+T)*n 16+(16+T)*n 16+(16+T)*n 16+(16+T)*n
nee 2 (1) Note 3 17+T 17+T 19+2+T 19+2+T 18+T 18+T 19+2+T 19+2+T
CMPMB None 1 x rep 16+(15+T)en 16+(15+T)en | 16+(17+2eT)en | 16+(17+2:T)en |  16+(16+T)en 16+(16+T)en 16+(16+T)en 16+(16+T)en
Note 2 (1) Note 3 17+T 17+T 19+2¢T 19+2¢T 18+T 18+T 19+2¢T 19+2¢T
CMPMW None 1 xrep 16+(15+T)*n 16+(15+T)*n 16+(17+2¢T)en | 16+(17+2¢T)en 16+(16+T)*n 16+(16+T)*n 16+(16+T)*n 16+(16+T)*n
Hoe 2 (1) Note 3 17+T 17+T 19+2¢T 19+2¢T 18+T 18+T 19+2¢T 19+2¢T
CVTBD None 0 19 19 - - 19 19 - -
CVTBW None 0 3 3 - - 3 3 - -
CVvTDB None 0 20 20 - - 20 20 - -
CVTWL None 0 - - 8 8 - - 8 8
Notes 1. m : number of BCD digits x 1/2
2. n : number of repeats (n = 1)
3. () : applicable to only one processing
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Table 2-8. Number of Instruction Execution Clocks (5/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled

DBNZ short-label 0 - - 1718 17/8 - - 17/8 17/8
DBNZE short-label 0 - - 17/8 17/8 - - 17/8 17/8
DBNZNE | short-label 0 - - 17/8 17/8 - - 17/8 1718
DEC reg8 0 5 5 - - 5 5 - -

mem 2 EA+11+2T EA+9+2+T EA+15+4+T EA+11+4eT EA+13+2¢T EA+11+2T EA+13+2°T EA+9+2T

regl6 0 - - 2 2 - - 2 2
DI None 0 4 4 4 4 4 4 4 4
DISPOSE |None 1 - - 12+2-T 12+2+T - - 11+T 11+T
DIV reg8 0 45 — 56 45 — 56 - - 45 — 56 45 — 56 - -

mems 0 EA+48+T EA+48+T _ _ EA+49+T EA+49+T B B

to EA+58+T to EA+58+T to EA+59+T to EA+59+T
reglé 0 - - 54 — 64 54 — 64 - - 54 — 64 54 — 64
mem16 1 _ _ EA+58+2T EA+58+2¢T _ _ EA+57+T EA+57+T
to EA+68+2T | to EA+68+2.T to EA+67+T to EA+67+T

DIVU reg8 0 31 31 - - 31 31 - -

mem38 0 EA+33+T EA+33+T - - EA+34+T EA+34+T - -

regl6 0 - - 39 39 - - 39 39

mem16 1 - - EA+43+2.T EA+43+2-T - - EA+43+2T EA+43+2T
DSO0: None 0 2 2 2 2 2 2 2 2
DS1: None 0 2 2 2 2 2 2 2 2

¢ 431dVHD

SNOILONYLSNI



102

Table 2-8. Number of Instruction Execution Clocks (6/14)

V25, V25+ V35, V35+
Mnemonic Operand \l:lvg:zber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
El None 0 12 12 12 12 12 12 12 12
EXT reg8, reg8’ lor2 41 — 121 (differs depending on bit length)
reg8, imm4 lor2 42 — 122 (differs depending on bit length)
FINT None 0 2 2 2 2 2 2 2 2
FPO1 fp-op 5 - - 60+10-T 48+10°T - - 55+5¢T 43+5T
fp-op, mem 5 - - 60+10-T 48+10-T - - 55+5¢T 43+5.T
FPO2 fp-op 5 - - 60+10-T 48+10°T - - 55+5¢T 43+5T
fp-op, mem 5 - - 60+10-T 48+10-T - - 55+5¢T 43+5.T
HALT None 0 - - - - - - - -
IN  Notellacc, imm8 1 14+T 14+T 16+2+T 16+2+T 15+T 15+T 15+T 15+T
acc, DW 1 13+T 13+T 15+2-T 15+2-T 14+T 14+4T 14+4T 14+4T
INC reg8 0 5 5 - - 5 5 - -
mem 2 EA+11+2.T EA+9+2-T EA+15+4T EA+11+4T EA+13+2-T EA+11+2-T EA+13+2-T EA+9+2-T
reglé 0 - - 2 2 - - 2 2
INM Note 1.2 | [DS1-spec:]dst-block, DW 2 x rep 18+(13+2+T)en | 18+(11+2eT)en | 18+(15+4sT)en | 18+(11+4sT)en | 18+(15+2+T)en | 18+(13+2+T)en | 18+(13+2eT)en | 18+(9+2¢T)en
(2) Note 3 1942T 17+2T 21+4eT 17+4T 21+42T 19+2T 19+42T 1542T
INS reg8, reg8’ 2or4 63 — 155 (differs depending on bit length)
reg8, imm4 2or4 64 — 156 (differs depending on bit length) - - 64 — 156 64 — 156
LDEA regl6, mem16 0 - - EA+2 EA+2 - - EA+2 EA+2
LDM Not 2 | [seq.spec:]src-block 1 xrep 16+(10+T)en 16+(10+T)en 16+(12+2¢T)en | 16+(12+2+T)en | 16+(11+T)en 16+(11+T)en 16+(11+T)en 16+(11+T)en
(1) Note 3 12+T 12+T 14+2+T 14+2+T 13+T 13+T 13+T 13+T
LDMBNO® 2| None 1 xrep 16+(10+T)*n 16+(10+T)*n 16+(12+2¢T)en | 16+(12+2¢T)en 16+(11+T)*n 16+(11+T)*n 16+(11+T)en 16+(11+T)*n
(1) Note 3 12+T 12+T 14+2+T 14+2+T 13+T 134T 13+T 13+T
LDMWNote ) None 1 xrep 16+(10+T)*n 16+(10+T)*n 16+(12+2¢T)en | 16+(12+2¢T)en 16+(11+T)*n 16+(11+T)en 16+(11+T)en 16+(11+T)en
(1) Note 3 12+T 12+T 14+2+T 14+2T 13+T 13+T 13+T 13+T
Notes 1. When IBRK = 1
2. n : number of repeats (n = 1)
3. () : applicable to only one processing
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Table 2-8. Number of Instruction Execution Clocks (7/14)

V25, V25+ V35, V35+
Mnemonic Operand \l:lvz:;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
MOV reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 1 EA+4+T EA+2 EA+6+2°T EA+2 EA+5+T EA+2 EA+5+T EA+2
reg, mem 1 EA+6+T EA+6+T EA+8+2-T EA+8+2-T EA+7+T EA+7+T EA+7+T EA+7+T
mem, imm 1 EA+5+T EA+5+T EA+5+2-T EA+5+2-T EA+6+T EA+6+T EA+6+T EA+6+T
reg, imm 0 5 5 6 6 5 5 6 6
acc, dmem 1 9+T 9+T 11+42T 11+42T 10+T 10+T 10+T 10+T
dmem, acc 1 7+T 5 9+2+T 5 8+T 5 8+T 5
sreg, regl6 0 — _ 4 4 _ _ 4 2
sreg, mem16 1 - - EA+10+2-T EA+10+2°T - - EA+9+T EA+9+T
regle, sreg 0 - - 3 3 - - 3 3
mem16, sreg 1 - - EA+7+2-T EA+3 - - EA+6+T EA+3
DSO0, regl6, mem32 2 - - EA+19+4-T EA+19+4-T - - EA+17+42°T EA+17+2T
DS1, regl6, mem32 2 - - EA+19+4T EA+19+4T - - EA+17+2.T EA+17+2.T
AH, PSW 0 2 2 - - 2 2 - -
PSW, AH 0 3 3 - - 3 3 - -
MOVBK [DS1-spec:]dst-block, 2 x rep 16+(16+2T)*n 16+(12+T)*n 16+(20+4¢T)en | 16+(12+2+T)en | 16+(18+2+T)en 16+(13+T)en 16+(18+2T)*n 16+(10+T)*n
Note 1| [Seg-speciJsre-block (2) Note 2 20+2¢T 16+T 24+4T 20+2+T 22427 17+T 22427 10+T
MOVBKB  |None 2 x rep 16+(16+2¢T)*n 16+(12+T)en | 16+(20+4+T)en | 16+(12+2+T)en | 16+(18+2¢T)n 16+(13+T)en | 16+(18+2¢T)en | 16+(10+T)en
Note 1 (2) Note 2 20+2+T 16+T 24+40T 20+2¢T 22+42¢T 17+T 22+42¢T 19+T
MOVBKW | None 2 xrep 16+(16+2T)*n 16+(12+T)*n 16+(20+4¢T)en | 16+(12+2¢T)en | 16+(18+2¢T)en 16+(13+T)*n 16+(18+2T)*n 16+(10+T)en
ree (2) Note 2 20+2+T 16+T 24+4eT 20+42:T 22+42+T 1747 22+42+T 19+T
MOVSPA |None 0 - - 16 16 - - 16 16
MOVSPB |regl6 0 - - 11 11 - - 11 11
Notes 1. n : number of repeats (n = 1)
2. () : applicable to only one processing
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Table 2-8. Number of Instruction Execution Clocks (8/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
MUL reg8 0 31-40 31-40 - - 31-40 31-40 - -
mems 0 EA+33+T EA+33+T _ _ EA+34+T EA+34+T B _
to EA+42+T to EA+42+T to EA+43+T to EA+43+T
regl6 0 - - 39 - 48 39 - 48 - - 39 - 48 39 -48
mem16 1 B _ EA+43+2-T EA+43+2-T B B EA+42+T EA+42+T
to EA+52+2¢T | to EA+52+2T to EA+51+T to EA+51+T
regl6, imm8 0 - - 39 - 49 39 - 49 - - 39 -49 39 -49
regl6, imm16 0 - - 40 - 50 40 - 50 - - 40 - 50 40 - 50
regl6, reglé’, imma8 0 - - 39 - 49 39 - 49 - - 39 - 49 39 - 49
reg16, mem16, imm8 1 B B EA+43+2.T EA+43+2T _ B EA+42+T EA+42+T
to EA+53+2¢T | to EA+53+2.T to EA+52+T to EA+52+T
regl6, reglé’, immi16 0 - - 40 - 50 40 - 50 - - 40 - 50 40 - 50
reg16, mem16, imm16 1 B B EA+44+2.T EA+44+2T _ B EA+43+T EA+43+T
to EA+54+2¢T | to EA+54+2.T to EA+53+T to EA+53+T
MULU reg8 0 24 24 - - 24 24 - -
mem8 1 EA+26+T EA+26+T - - EA+27+T EA+27+T - -
reglé 0 - - 32 32 - - 32 32
mem16 1 - - EA+34+2-T EA+34+2.T - - EA+33+T EA+33+T
NEG reg 0 5 5 5 5 5 5 5 5
mem 2 EA+11+2.T EA+9+T EA+15+4T EA+11+2T EA+13+2-T EA+10+T EA+13+2-T EA+10+T
NOP None 0 4 4 4 4 4 4 4 4
NOT reg 0 5 5 5 5 5 5 5 5
mem 2 EA+11+2°T EA+9+T EA+15+4T EA+11+2T EA+10+2-T EA+10+T EA+13+2-T EA+10+T
NOT1 reg8, CL 0 7 7 - - 7 7 - -
mem8, CL 0 EA+13+2°T EA+11+2-T - - EA+15+2T EA+12+T - -
regl6, CL 0 - - 7 7 - - 7 7
mem16, CL 2 - - EA+17+4-T EA+13+2.T - - EA+15+2-T EA+12+T
reg8, imm3 0 6 6 - - 6 6 - -
mem8, imm3 0 EA+10+2-T EA+8+T - - EA+12+2¢T EA+9+T - -
regl6, imm4 0 - - 6 6 - - 6 6
mem16, imm4 2 - - EA+14+4-T EA+10+2.T - - EA+12+2-T EA+9+T
CYy 0 2 2 2 2 2 2 2 2
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Table 2-8. Number of Instruction Execution Clocks (9/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
OR reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2.T EA+6+T EA+12+4+T EA+8+2°T EA+10+2T EA+7+T EA+10+2T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2T EA+8+2°T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2+T EA+7+2+T EA+14+4eT EA+10+4+T EA+11+2T EA+9+2.T EA+12+12T EA+8+2°T
acc, imm 0 5 5 6 6 5 5 6 6
out N limms, acc 1 10+T 10+T 10+2+T 10+2+T 11+T 11+T 9+T 9+T
DW, acc 1 9+T 9+T 9+2.T 9+2.T 9+T 9+T 9+2-T 9+2¢T
OUTI\{I\lote ) DW, [Seg-spec]src-block 2 x rep 18+(13+2¢T)*n 18+(11+2¢T)en | 18+(15+4+T)en | 18+(11+4T)en | 18+(15+2T)en 18+(13+2¢T)en | 18+(13+2¢T)en | 18+(9+2°T)*n
(2) Note 3 19+2¢T 17+2¢T 21+4eT 17+4eT 21+2¢T 19+42.T 19+2¢T 15+2¢T
POLL None 0 - - - - - - - -
POP mem16 2 - - EA+16+4+T EA+12+2¢T - - EA+14+2T EA+11+T
reglé 1 - - 12+2°T 12+2-T - - 11+4T 11+4T
sreg 1 - - 13+2-T 13+2-T - - 12+T 12+T
PSW 1 - - 14+42T 1442T - - 13+T 13+T
R 7 - - 82+16°T 58 - - 74+8T 58
PREPARE |imm16, imm8 (when imm8 = 0) 0 27+2T 26+T
imm16, imm8 (when imm8 = 1) 1+2 39+4T 37+2.T
imm16, imm8 (imms8 = n, (immg-1) 46+19 (n_1)+4T 44+10 (n-1)42eT
when n > 1)
PS: None 0 2 2 2 2 2 2 2 2
PUSH mem16 2 - - EA+18+4T EA+14+4-T - - EA+16+2°T EA+12+2T
regl6 1 - - 10+2°T 6 - - 13+T 9+T
sreg 1 - - 1142-T 7 - - 10+T 7
PSW 1 - - 10+2-T 6 - - 9+T 6
R 8 - - 82+16°T 50 - - 74+8T 50
imm8 1 - - 13+2-T 9 - - 12+T 9
imm16 1 - - 14+42T 10 - - 13+T 10
Notes 1. When IBRK = 1
2. n : number of repeats (n = 1)
3. () : applicable to only one processing
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Table 2-8. Number of Instruction Execution Clocks (10/14)

V25, V25+ V35, V35+
Mnemonic Operand \ll\lvg:zber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
REP None 0 2 2 2 2 2 2 2 2
REPC None 0 2 2 2 2 2 2 2 2
REPE None 0 2 2 2 2 2 2 2 2
REPNC None 0 2 2 2 2 2 2 2 2
REPNE None 0 2 2 2 2 2 2 2 2
REPNZ None 0 2 2 2 2 2 2 2 2
REPZ None 0 2 2 2 2 2 2 2 2
RET None (in-segment call) 1 - - 20+2-T 20+2-T - - 19+T 19+T
pop-value (in-segment call) 1 - - 20+2-T 20+2-T - - 19+T 19+T
None (out-segment call) 2 - - 29+4+T 29+4+T - - 27+2T 27+2T
pop-value (out-segment call) 2 - - 30+4T 30+4T - - 28+2-T 28+2T
RETI None 3 - - 45+6T 37+2°T - - 42+43T 36+T
RETRBI None 0 - - 12 12 - - 12 12
ROL Note  |reg, 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+2T EA+12+T EA+18+4+T EA+14+2T EA+16+2°T EA+13+T EA+16+2°T EA+13+T
reg, CL 0 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en
mem, CL 2 EA+17+2¢T+2en EA+15+T+2en | EA+21+4eT+2en | EA+17+2T+2en | EA+19+2¢T+2¢n EA+16+T+2en |EA+19+2¢T+2en | EA+16+T+2¢n
reg, imm8 0 9+2en 9+2en 9+2en 9+2en 9+2en 9+2en 9+2+n 9+2¢n
mem, imm8 2 EA+13+2¢T+2¢n EA+11+T+2en | EA+17+4sT+2en | EA+13+2¢T+2en | EA+15+2¢T+2¢n EA+12+T+2en | EA+15+2¢T+2en | EA+12+T+2¢n
ROL4 reg8 0 17 17 - - 17 17 - -
mem8 0 EA+18+2-T EA+16+2°T - - EA+20+2T EA+18+2T - -
reg, 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+2-T EA+12+T EA+18+4-T EA+14+2-T EA+16+2T EA+13+T EA+16+2T EA+13+T
reg, CL 0 11+2¢n 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en
mem, CL 2 EA+17+2¢T+2¢n EA+15+T+2en | EA+21+4eT+2en | EA+17+2T+2en | EA+19+2¢T+2¢n EA+16+T+2en | EA+1942¢T+2en | EA+16+T+2¢n
reg, imm8 0 9+2¢n 9+2en 9+2¢n 9+2+n 9+2¢n 9+2+n 9+2¢n 9+2¢n
mem, imm8 2 EA+13+2¢T+2¢n EA+11+T+2en | EA+17+4T+2en | EA+13+2¢T+2¢n | EA+15+2¢T+2en EA+12+T+2en | EA+15+2¢T+2en | EA+12+T+2¢n
Note n: shift amount
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Table 2-8. Number of Instruction Execution Clocks (11/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
ROR Note | reg, 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+2-T EA+12+T EA+18+4-T EA+14+2T EA+16+2T EA+13+T EA+16+2°T EA+13+T
reg, CL 0 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2¢n
mem, CL 2 EA+17+2¢T+2¢n EA+15+T+2en | EA+21+4eT+2en | EA+17+2¢T+2n | EA+19+2¢T+2¢n EA+16+T+2en [EA+19+2¢T+2en | EA+16+T+2¢n
reg, imm8 0 9+2en 9+2+n 9+2en 9+2en 9+2en 9+2en 9+2en 9+2en
mem, imm8 2 EA+13+2¢T+2¢n EA+11+4T+2en | EA+17+4+T+2en | EA+13+2¢T+2n | EA+15+2¢T+2¢n EA+12+T+2en [EA+15+2¢T+2en | EA+12+T+2en
ROR4 reg8 0 21 21 - - 21 21 - -
mem8 0 EA+24+2-T EA+22+2T - - EA+26+2-T EA+24+2-T - -
RORC Note |reg, 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+42-T EA+12+2T EA+18+4-T EA+14+2T EA+16+2T EA+13+T EA+16+2°T EA+13+T
reg, CL 0 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en 11+2en
mem, CL 2 EA+17+2¢T+2¢n EA+15+T+2en | EA+21+4eT+2en | EA+17+2¢T+2en | EA+19+2¢T+2en EA+16+T+2en [EA+19+2¢T+2en | EA+16+T+2¢n
reg, imma8 0 9+2en 9+2+n 9+2en 9+2¢n 9+2en 9+2en 9+2en 9+2¢n
mem, imm8 2 EA+13+2¢T+2¢n EA+11+T+2en | EA+17+4¢T+2en | EA+13+2¢T+2en | EA+15+2¢T+2¢n EA+12+T+2en |EA+15+2¢T+2en | EA+12+T+2¢n
SET1 reg8, CL 0 7 7 - - 7 7 - -
mem8, CL 0 EA+13+2-T EA+11+T - - EA+15+2.T EA+12+T - -
regl6, CL 0 - - 7 7 - - 7 7
mem16, CL 2 - - EA+17+4¢T EA+13+2-T - - EA+15+2T EA+12+T
reg8, imm3 0 6 6 - - 6 6 - -
mema8, imm3 0 EA+10+2-T EA+8+T - - EA+12+2-T EA+9+T - -
regl6, imm4 0 - - 6 6 - - 6 6
mem16, imm4 2 - - EA+14+4-T EA+10+2T — - EA+12+2-T EA+9+T
cY 0 2 2 2 2 2 2 2 2
DIR 0 2 2 2 2 2 2 2 2
SHL Note  freq 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+2.T EA+12+2T EA+18+4-T EA+14+2T EA+16+2°T EA+13+T EA+16+2°T EA+13+T
reg, CL 0 11+2<n 11+42en 1142<n 11+2en 11+42en 11+42en 11+2<n 11+2en
mem, CL 2 EA+17+2¢T+2¢n EA+15+T+2en | EA+21+4¢T+2en | EA+17+2¢T+2en | EA+19+2¢T+2¢n EA+16+T+2en |EA+19+2¢T+2¢n | EA+16+T+2¢n
reg, imma8 0 9+2¢n 9+2en 9+2en 9+2¢n 9+2¢n 9+2en 9+2¢n 9+2¢n
mem, imm8 2 EA+13+2¢T+2¢n EA+11+4T+2en | EA+17+4eT+2en | EA+13+2:T+2en | EA+15+2¢T+2en | EA+12+T+2en [EA+15+2¢T+2en | EA+12+T+2¢n

Note n:

shift amount
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Table 2-8. Number of Instruction Execution Clocks (12/14)

V25, V25+ V35, V35+
Mnemonic Operand \l:lvg:zber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled

SHR Note 1 |reg 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+2T EA+12+T EA+18+4T EA+14+2T EA+16+2T EA+13+T EA+16+2T EA+13+T
reg, CL 0 1142en 1142en 11+2en 1142en 11+2en 11+2en 11+2en 11+2en
mem, CL 2 EA+17+2¢T+2¢n EA+15+T+2en | EA+21+4eT+2en | EA+17+2¢T+2en | EA+19+2¢T+2n EA+16+T+2en | EA+19+2¢T+2¢n | EA+16+2T+2n
reg, imm8 0 9+2en 9+2en 9+2en 9+2en 9+2en 9+2¢n 9+2en 9+2+n
mem, imm8 2 EA+13+2¢T+2¢n EA+11+T+2en | EA+17+4eT+2en | EA+13+2¢T+2en | EA+15+2¢T+2n EA+12+T+2en | EA+15+2¢T+2¢n | EA+12+T+2en

SHRANote 1 | reg, 1 0 8 8 8 8 8 8 8 8
mem, 1 2 EA+14+2T EA+12+T EA+18+4T EA+14+2T EA+16+2T EA+13+T EA+16+2T EA+13+T
reg, CL 0 1142en 1142en 11+2en 1142en 11+2en 11+2en 11+2en 11+2en
mem, CL 2 EA+17+2¢T+2¢n EA+15+T+2en | EA+21+4eT+2en | EA+17+2¢T+2en | EA+19+2¢T+2n EA+16+T+2en | EA+19+2¢T+2¢n | EA+16+T+2en
reg, imm8 0 9+2en 9+2en 9+2en 9+2en 9+2en 9+2¢n 9+2¢n 9+2en
mem, imm8 2 EA+13+2¢T+2en | EA+11+T+2en |EA+17+4eT+2en | EA+13+2¢T+2en | EA+15+2¢T+2en | EA+12+T+2en | EA+15+2¢T+2en | EA+12+T+2en

SS: None 0 2 2 2 2 2 2 2 2

STM Note 2 | [DS1-spec:]dst-block 1 x rep 16+(8+T)*n 16+(6+T)*n 16+(10+2¢T)en | 16+(6+2¢T)en 16+(9+T)*n 16+(7+T)*n 16+(9+T)en 16+(5+T)*n

(1) Note 3 12+T 10 14+2°T 10 13+T 10 13+T 10

STMBNote 2| None 1 x rep 16+(8+T)*n 16+(6+T)*n 16+(10+2¢T)en | 16+(6+2T)en 16+(9+T)*n 16+(7+T)*n 16+(9+T)en 16+(5+T)*n

(1) Note 3 1247 10 14+42+T 10 13+T 10 13+T 10
STMW None 1 x rep 16+(8+T)*n 16+(6+T)*n 16+(10+2¢T)en | 16+(6+2T)en 16+(9+T)*n 16+(7+T)en 16+(9+T)en 16+(5+T)en
Note 2 (1) Note 3 12+T 10 14+2¢T 10 13+T 10 13+T 10

STOP None 0 - - - - - - - -

SuB reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2-T EA+6+T EA+12+4eT EA+8+2T EA+10+2T EA+7+T EA+10+2T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2T EA+8+2T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2.T EA+7+2T EA+14+4-T EA+10+4-T EA+11+2°T EA+9+2T EA+12+2°T EA+8+2T
acc, imm 0 5 5 6 6 5 5 6 6

SUBAS {gesg_jgeeccf]]:rsct_';t:i';'g’ 0 204(27+3°T)om | 22+(25+3+T)em - - 22+(30+3-T)em | 22+(28+3+T)em _ _
None 0 22+(27+3¢T)em | 22+(25+3¢T)*m - - 22+(30+3¢T)em | 22+(28+3¢T)em - -

Notes 1. n shift amount
2. n number of repeats (n = 1)
3. () : applicable to only one processing
4. m number of BCD digits x 1/2
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Table 2-8. Number of Instruction Execution Clocks (13/14)

V25, V25+ V35, V35+
Mnemonic Operand \II\IVE:T(;ber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
SUBC reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2.T EA+6+T EA+12+4+T EA+8+2.T EA+10+2T EA+7+T EA+10+2T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2°T EA+8+2.T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2.T EA+7+2+T EA+14+4eT EA+10+4-T EA+11+2T EA+9+2.T EA+12+2T EA+8+2¢T
acc, imm 0 5 5 6 6 5 5 6 6
TEST reg, reg’ 0 4 4 4 4 4 4 4 4
mem, reg 1 EA+8+T EA+8+T EA+10+2°T EA+10+2°T EA+12+T EA+12+T EA+11+2T EA+11+2T
reg, mem 1 EA+8+T EA+8+T EA+10+2°T EA+10+2-T EA+12+T EA+12+T EA+11+2T EA+11+2T
reg, imm 0 7 7 8 8 7 7 8 8
mem, imm 1 EA+11+T EA+11+T EA+11+2T EA+11+2T EA+9+T EA+9+T EA+10+T EA+10+T
acc, imm 0 5 5 6 6 5 5 6 6
TEST1 reg8, CL 0 7 7 - - 7 7 - -
mem8, CL 0 EA+11+T EA+11+T - - EA+12+T EA+12+T - -
regl6, CL 0 - - 7 7 - - 7 7
mem16, CL 1 - - EA+13+2°T EA+13+2T - - EA+12+T EA+12+T
reg8, imm3 0 6 6 - - 6 6 - -
mem8, imm3 0 EA+8+T EA+8+T _ _ EA+9+T EA+9+T - -
regl6, imm4 0 - - 6 6 - - 6 6
mem16, imm4 1 - - EA+10+2°T EA+10+2°T - - EA+9+T EA+9+T
TRANS src-table 1 10+T 10+T - - 11+T 11+T - -
None 1 10+T 10+T - - 11+T 11+T - -
TRANSB |None 1 10+T 10+T - - 11+T 11+T - -
TSKSW regl6 0 - - 20 20 - - 20 20
XCH reg, reg’ 0 3 3 3 3 3 3 3 3
mem, reg 2 EA+10+2T EA+8+2°T EA+14+4+T EA+10+4-T EA+12+2T EA+9+T EA+12+2T EA+9+T
reg, mem 2 EA+10+2T EA+8+2+T EA+14+4+T EA+10+4-T EA+12+2T EA+9+T EA+12+2T EA+9+T
AW, regl6 0 - - 4 4 - - 4 4
regl6, AW 0 - - 4 4 - - 4 4
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Table 2-8. Number of Instruction Execution Clocks (14/14)

V25, V25+ V35, V35+
Mnemonic Operand \l:lvg:zber of Byte processing Word processing Byte processing Word processing
transfers Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM Internal RAM
access enabled |access disabled |access enabled |access disabled |access enabled |access disabled |access enabled |access disabled
XOR reg, reg’ 0 2 2 2 2 2 2 2 2
mem, reg 2 EA+8+2°T EA+6+T EA+12+4eT EA+8+2°T EA+10+2°T EA+7+T EA+10+2T EA+7+T
reg, mem 1 EA+6+T EA+6+T EA+8+2T EA+8+2.T EA+7+T EA+7+T EA+7+T EA+7+T
reg, imm 0 5 5 6 6 5 5 6 6
mem, imm 2 EA+9+2.T EA+7+2.T EA+14+4+T EA+10+4-T EA+11+2T EA+9+2.T EA+12+2¢T EA+8+2.T
acc, imm 0 5 5 6 6 5 5 6 6
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CHAPTER 3 ADDITIONAL INSTRUCTIONS V20/V30

The instruction set of the V25/v35 family is upwardly compatible with the instruction set of the V20/V30. This
chapter describes the additional instructions of the V20/V30 family.

(1) Conditional branch instruction

*BTCLR ........ Special function register bit test instruction
When this instruction is executed and if a bit of a specified special function register is 1, that
bit is reset to 0, and execution branches to a short-label described as the operand. If the bit
is 0, the instruction next to this instruction is executed. The contents of the PSW are not

affected.
(Format) Operand
Mnemonic Special function | Special function Branch
register address | register bit destination
BTCLR sfr imm3 short-label

(2) Interrupt instructions

* RETRBI ....... Register bank restore instruction

This instruction is used to restore from an interrupt processing routine using the register bank
switching function. It cannot be used to restore from a vector interrupt.

(Format) Mnemonic Operand

RETRBI None

* FINT ..oveeen. Instruction that informs interrupt controller of end of interrupt processing
Execute this instruction before the instruction that restores execution from interrupts except

NMI, INT, and software interrupt. Do not use this instruction to restore from NMI, INT, or
software interrupt.

(Format) Mnemonic Operand

FINT None
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(3) CPU control instruction

*STOP .......... Sets STOP status
(Format) Mnemonic Operand
STOP None

(4) Register bank switching instructions

*BRKCS ........ Register bank switching instruction
When this instruction is executed, the register bank specified by the lower 3 bits of the 16-bit
register described as the operand is selected. Execution branches to an address indicated
by the PS and vector PC stored in advance to the newly selected register bank. To restore
from the new register bank, use the RETRBI instruction.

(Format) Mnemonic Operand
BRKCS reglé
e TSKSW ........ Register bank switching instruction
Like the BRKCS instruction, this instruction switches the register bank and branches execution
to the address obtained from PS stored in advance to the new register bank and PC save area.
F t .
(Format) Mnemonic Operand
TSKSW regl6é

(5) Data transfer instruction

* MOVSPA ..... SS, SP transfer instruction

This instruction transfers the values of SS and SP of the old register bank to SS and SP of
the newly selected register bank.

(Format) Mnemonic Operand

MOVSPA None
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* MOVSPB ..... SS, SP transfer instruction
Transfers the values of SS and SP of the current register bank to SS and SP of the newly
selected register bank indicated by the lower 3 bits of the 16-bit register described as the

operand.
(Format) Mnemonic Operand
MOVSPB regl6é

In addition to the above instructions, keep in mind the following points when executing the following instructions
of the V25/V35 family:

* 1/O instructions (IN, OUT) and primitive 1/O instructions (INM, OUTM)
These instructions are not executed but an interrupt occurs if the IBRK flag of the PSW is reset to 0. Set

the IBRK flag to 1 before executing these instructions.

« FPO1, FPO2
These instructions are not executed but an interrupt occurs.
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APPENDIX A INSTRUCTION MAP

Lower nibble (Table A-1: lower 4 bits of first byte,
Table A-3: lower 4 bits of second byte)

[Legend]
Low .
xOH Mnemonic
High
0OxH | ADD
******** - Condition included in op code (Refer to below.)
b, f, rm
[Condition included in op code]
b performs byte operation
d uses direct addressing
f accompanies read operation of register in CPU
i uses immediate data
ia uses immediate data and writes to accumulator
id uses indirect addressing
| accompanies control between segments
m uses memory data
reg8 : uses 8-bit register
rm has effective address field in second byte
S uses sign-extended 16-bit immediate data
sr uses segment register
t write operation to register in CPU
Y specifies port number indirectly
w performs word operation

For conditions other than those shown above, refer to Table 2-4 Legend of Instruction Formats and Operation

Higher nibble (Table A-1: upper 4 bits of first byte, Table A-3: upper 4 bits of second byte)

Descriptions.
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Table A-1. Instruction Map

Low

High xOH x1H x2H x3H x4H x5H x6H x7H x8H x9H xAH xBH xCH xDH xEH xFH
9

0xH ADD |ADD |ADD |ADD |ADD |ADD PUSH| POP |OR OR OR OR OR OR PUSH |Group3

b,f,rm |[w,f,rm [b,t,rm |w,t,rm |b,ia w,ia b,f,rm |w,f,rm | b,t,rm |w,t,rm |b,ia w,ia
4 xH INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC DEC DEC
Aaw [cw [pw [Bw [sp [BP  [ix |iv |aw |cw [pw [Bw [sp  [BP |Ix  [iv |
5xH |PUSH [PUSH |PUSH |PUSH |PUSH |PUSH | PUSH| PUSH [POP |POP |POP |POP |[POP |POP |POP |POP
Aaw |cw [ow [Bw [sp [BP  |[ix |[iv |aw |cw |ow [Bw [sp [BP [IXx v
6 xH PUSH | POP | CHKIND |undefined | REPNC | REPC | FPO2 | FPO2 |PUSH | MUL PUSH | MUL INM INM OUTM [OUTM
R (R | I N o |1 fwi Jwi [si [si [ob |w b |jw

b,m [w,m [b,srm [ws,mfbrm |(wrm |brm |wrm [bfrm [w/frm |btrm |[wtrm |srfrm srt,rm [rm
9xH XCH |XCH [XCH [XCH |[XCH |[XCH |XCH |[XCH |CVTBW|CVWTWY CALL |POLL |PUSH [POP |MOV |MOV

Aaw |cw [ow [ew [sp [ep x|~ | |l | ] PSW |PSW |PSW,AH [AHPSW
AxH MOV [MOV |MOV |MOV |MOVBK |MOVBK | CMPBK| CMPBK |TEST [TEST [STM |STM (LDM |LDM |CMPM [CMPM

MOVBKB | MOVBKB | CMPBKB| CMPBKB STMB | STMB |LDMB |LDMB |CMPMB |CMPMB
MOVBKW | MOVBKW| CMPBKW CMPBKW STMW | STMW |[LDMW |LDMW | CMPMW |CMPMW

ALm [AWm [mAL [mAW b [w  |[b |w |bia |wia [b [w b [w [b |jw
BxH MOV |MOV |MOV [MOV |MOV |[MOV MOV | MOV |[MOV [MOV |MOV |MOV MOV MOV MOV [MOV

AL |cLi [bLi [BLi |AHi [cHi |[DHi [BHi [Aw, [cwi |pbwi [Bwi [spi [BPi [ixi [ivi
CxH Shift Shift |RET RET MOV | MOV MOV | MOV | PREPARE| DISPOSE| RET RET BRK BRK BRKV [RETI

bi |wi [Py | ] pst [Dso |bim |wim | | |usm [t 3 i | [
DxH Shift Shift [ Shift [Shift CVTBD| CVTDB Undefined| TRANS | FPO1 | FPO1 | FPO1 [FPO1 (FPO1 |(FPO1 |FPO1l [FPO1

TRANSB|

b w by qwyv | R A D A
ExH DBNZE | DBNZE| DBNZ (BCWZ |IN IN OUT |OUT |CALL |BR BR BR IN IN ouT ouT

] I e w e w [dd [d fsid by Jwy [byv  fwy ]
FxH |BUSLOCK|yngefined | REPNEREP |HALT [NOT1 [[Groupl| Groupl]|CLR1 |SET1 |DI El CLR1 |[SET1 |[Group2|Group2

REPNZ REPE
REPZ
] ey b fw o ey jey | DR [DR b |w |

Caution @: Instructions of Group 1, Group 2, Imm, and Shift are determined by bits 3-5 of second byte
of op code (refer to Table A-2).
Instructions of Group 3 are determined by second byte of op code (refer to Table A-3).
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Table A-2. Groupl, Group2, Imm, Shift Code Table

Note 000 001 010 011 100 101 110 111
Imm ADD OR ADDC SUBC AND SUB XOR CMP
Shift ROL ROR ROLC RORC SHL SHR Undefined | SHRA
Groupl TEST Undefined NOT NEG MULU MUL DIVU DIV
m rm rm rm rm rm rm
Group?2 INC DEC CALL CALL BR BR PUSH Undefined
rm rm id I, id id I, id rm

Note Bits 5 to 3 of second byte

Table A-3. Group3 Code Table

xOH x1H x2H x3H x4H x5H x6H x7H x8H x9H xAH xBH xCH xDH xEH xFH

1xH TEST1|TEST1|CLR1 |CLR1 |SET1 |SET1 |NOT1 |NOT1 |[TEST1|TEST1| CLR1 |[CLR1 |[SET1 |SET1 |NOT1 |NOT1

b w b w b w b w i,b iw i,b i,w ib iw i,b iw
2xH ADDA4S| SUB4S MOVSPA | CMP4S] ROL4 ROR4 BRKCS
3xH INS EXT INS EXT
reg8 reg8 i 77777
9xH RETRBI | FINT TSKSW | MOVSPB BTCLR STOP

Remark Blank indicates undefined code.
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APPENDIX B CORRESPONDENCE OF MNEMONICS TO uPD8086 AND 8088

The instruction set of the V25/V35 Family is upwardly compatible with the uPD8086 and 8088 at the object code
level.
Table B-1 shows the correspondence of mnemonics between the V25/V35 Family and yPD8086 and 8088.
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Table B-1. Mnemonic Correspondence with

uPD8086 and 8088

LHPD8086, V25/V35 uPD8086, V25/V35 LUPD8086, V25/V35 HPD8086, V25/V35

8088 Family 8088 Family 8088 Family 8088 Family
AAA ADJBA JBE BNH LOOPNE DBNZNE STD SET1 DIR
AAD CVTDB Jc BC/BL LOOPNZ DBNZNE STI El
AAM CVTBD JCXZ BCWZ LOOPZ DBNZE STOS STM/STMB/
AAS ADJBS JE BE/BZ MOV MOV STMW
ADC ADDC JG BGT MOVS MOVBK SUB SUB
ADD ADD JGE BGE MOVSB MOVBKB TEST TEST
AND AND JL BLT MOVSW MOVBKW WAIT POLL
CALL CALL JLE BLE MUL MULU XCHG XCH
CBW CVTBW IMP BR NEG NEG XLAT TRANS
CLC CLR1 CY INA BNH NOP NOP XLATB TRANSB
CLD CLR1 DIR INAE BC/BL NOT NOT XOR XOR
CLI DI INB BNC/BNL OR OR - ADD4S
CMC NOT1 CY INBE BH ouT ouT - BRKCS
CMP CMP JINC BNC/BNL POP POP - BTCLR
CMPS CMPBK/ INE BNE/BNZ POPF POP PSW - CHKIND

CMPBKB/ ING BLE PUSH PUSH - CMP4S
CMPBKW INGE BLT PUSHF PUSH PSW |- DISPOSE

CS: PS: JINL BGE RCL ROLC - EXT
CWD CVTWL INLE BGT RCR RORC - FINT
DAA ADJ4A JINO BNV REP REP - FPO2
DAS ADJ4S IJNP BPO REPE REPE - INM
DEC DEC INS BP REPNE REPNE - INS
Clv DIVU INZ BNE/BNZ REPNZ REPNZ - MOVSPA
DS: DSO: JO BV REPZ REPZ - MOVSPB
ES: DS1: JP BPE RET RET - OUTM
ESC FPO1 JPE BPE ROL ROL - PREPARE
HLT HALT JPO BPO ROR ROR - REPC
IDIV DIV JS BN SAHF MOV PSW,AH | — REPNC
IMUL MUL Jz BE/BZ SAL SHL - RETRBI
IN IN LAHF MOV AH,PSW | SAR SHRA - ROL4
INC INC LDS MOV DSO0, SBB SUBC - ROR4
INT BRK LEA LDEA SCAS CMPM/ - STOP
INT 3 BRK 3 LES MOV DS1, CMPMB/ - SUB4S
INTO BRKV LOCK BUSLOCK CMPMW - TEST1
IRET RETI LODS LDM/LDMB/ | SHL SHL - TSKSW
JA BH LDMW SHR SHR
JAE BNC/BNL LOOP DBNZ SS: SS:
JB BC/BL LOOPE DBNZE STC SET1 CY

Remark —: no corresponding instruction
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APPENDIX C NUMBER OF PROGRAM EXECUTION CLOCKS

Strictly speaking, the number of execution clocks of the V25/v35 family varies, as described below, depending
on the processing status of the pipeline. It is extremely difficult to predict the operation of the CPU pipeline. Desk-
top calculation of the number of execution clocks of the program is accordingly difficult. Actually measure the program
execution time by using an in-circuit emulator.

This appendix describes the CPU pipeline of the V25/V35 family.

C.1 Synchronous Pipeline

The CPU pipeline of the V25/V35 family is of the synchronous type in which each unit is synchronized with the
others for operation. When one pipeline processing for the units that are simultaneously activated has been
completed, the next pipeline processing is activated at once.

Each instruction of the V25/V35 family is executed by using a combination of pipeline stages each dissipating 2
to 4 clocks. Therefore, the number of instruction execution clocks of the execution unit differs depending on the
processing status of the other units.

For example, even if one pipeline stage of the execution unit ends in 2 clocks, if the processing time of the bus
control unit which is activated at the same time is 3 clocks, there is a wait time of 1 clock before the execution unit
proceeds to the next pipeline stage.

In this case, the number of execution clocks is 1 clock more than that indicated in Table 2-8 Number of Instruction
Execution Clocks .

Example: V25

The movement of the pipeline when the following instructions are executed is described.

§
MOV mem, reg ... <1>
ADD reg,reg ... <2>

MOV reg, mem ... <3>

5

In this example, the following conditions are assumed:
» Prefetch cycle: 2 clocks (0 wait)
* Memory read/write: 3 clocks (1 wait)
* Internal RAM access disabled
* When the prefetch queue always has a vacancy of 1 byte or more
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Internal clock
<1> <2> <3> Next
Decoder MOV mem, reg o ADD reg, reg| MOV reg, mem instruction
EXU Previous <1> <1> <2> A <3> . . <3>
instruction| EA calculation |reg-BCU |reg ~reg+reg’ EA calculation reg - BCU
<1> <3>
PAU - - PA - - PA - -
calculation calculation
<1> <3>
BCU F F B F . F B F . F
Memory write Memory write

-

1 pipeline stage

: BCU waits for completion of pipeline stage (this affects the number of instruction execution
clocks of the EXU).

: EXU waits for completion of pipeline stage (this does not affect the number of instruction
execution clocks of the EXU).

Remark EXU : execution unit
PAU : physical address unit
BCU : bus control unit
F . prefetch

C.2 Forced Prefetch Cycle

The V25/V35 family is provided with a 6-byte prefetch queue. Usually, an op code is prefetched if there is a vacancy
of 1 byte or more in the queue.

If the instruction code in the queue is 2 bytes or less, and if no op code is prefetched, the next pipeline stage aborts
instruction execution, and a prefetch cycle is forcibly activated until an op code of 3 bytes or more is stored in the
prefetch queue.

If the addresses of a branch or CALL instruction are not contiguous, the contents of the prefetch queue are cleared,
2 bytes of the op code at the new location are fetched, and instruction execution is started.

For details on the CPU function, refer to the User’'s Manual — Hardware of each product.

228



APPENDIX D PROGRAM DEVELOPMENT WITH 86 C COMPILER AND ASSEMBLER

This appendix describes how to develop a program for the V25/V35 family by using an 86 C compiler and assembler
manufactured by another maker.

D.1 C Language

(1) V25/Vv35 family original instructions
Because the V25/Vv35 family is upwardly compatible with the V20/V30, 86 C compilers of other makers can
be used.
To use the eight original instructions of the V25/V35 family, call functions created with an assembler. If the
C compiler to be used can execute in-line expansion, the original instructions of the V25/V35 family can be
described in the C source.

(2) Special function registers
The special function registers (SFRs) are mapped on memory and can be manipulated through reference or
assignment by using pointer variables.

Example: struct IDB *sfradr;
sfradr = setidb (0xfe); /* setidb function sets value to idb register and returns
sfr location address */
sfradr-> port0 = 0x10;

(3) Register bank manipulation
Because the register bank is mapped on memory, it can be manipulated through reference and assignment
by using pointer variables.

Example: struct REGBNK *bnk;
long tmp;
bnk = (struct REGBNK *) BNK_ADR;
tmp = (long) int_handler; /* int_handler is a function */
bnk. vec_pc = (int) (tmp & 0x000Offff);
bnk. ps = (int) ((tmp & Oxffff0000)>>16);
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D.2 Assembler

(1) V25/V35 original instructions
The V25/V35 original instructions are described by using the macro function.

Example: BTCLR NO_PO 7 dummy

dummy: nop

(2) Special function register
The special function registers (SFRs) are manipulated like in C language by declaring structures.

Example: MOV al, sfr. p0

D.3 Example of Include File/Macro File

Examples of describing a C language header file and assembler macro file are shown on the following pages.
When the list shown on the following pages is created, include the C language file when the C language is used.
When the assembler is used, include the assembler file.

Cautions 1. The C language header file is for the V25/V35 on the list shown on the following pages, and
the assembler header file is for the V25+/V35+.
To develop a program for the V25+/V35+ in C language, modify the C language header file
for the V25/V35 to that for the V25+/V35+.
To develop a program for the V25/V35 in assembler, modify the assembler file for the V25+/
V35+ to that for the V25/Vv35.
Modify the members of the special function register (SFR) structure.

2. The list shown on the following pages has not been strictly tested. Therefore, thoroughly
evaluate the list with the compiler to be used. Especially, a compiler that performs
optimization may interpret assignment of a value to an SFR (especially if the value is not
referenced) as a redundant instruction, and may not generate codes.
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/*

*
struct

THIS STRUCTURE IS DEFINED TO THE SPECIAL FACULTY REGISTER OF V25/V35.

DATE 08 JULY88

Copyright (C) NEC Corporation 1988

SFR
{

char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char

port0;
portmoO;
portmcO;
dummy1][5];
portl,;
portm1;
portmcl;
dummy?2[5];
port2;
portm2;
portmc2
dummy3[37];
portT;
dummy4[2];
portmT;
dummy5[4];
intm;
dummy6][3];
emsO0;
emsl,;
ems2;
dummy7[5];
exicO;
exicl;
exic2;
dummy8[17];
rxbO;
dummy?9;
txbO0;
dummy10][2];
srmso;
stmso0;
dummy11;
scmo;
sccO;

brgo;

sce0;
seic0;
sricO;

stic0;

231



APPENDIX D PROGRAM DEVELOPMENT WITH 86 C COMPILER AND ASSEMBLER

char dummy12;
char rxbl;

char dummy13;
char txb1;

char dummy14[2];
char srmsl;

char stmsl;

char dummy15;
char scmil;

char sccl;

char brgl;

char scel;

char seicl;

char sricl;

char sticl;

char dummy16;
int tmo;

int mdo;

int dummy17[2];
int tm1;

int md1;

INT dummy18J2];
char tmcO;

char tmel;

char dummy19[2];
char tmmso0;

char tmms1;

char tmms2;

char dummy?20[5];
char tmicO;

char tmicl;

char tmic2;

char dummy21;
char dmaco;

char dmamoO;

char dmacl;

char dmaml;

char dummy22[8];
char dicO;

char dicl;

char dummy23[50];
char stbc;

char rfm;

char dummy24([6];
int witc;

char flag;

char prc;

char thic;
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char dummy25[15];

char ispr;
char dummy26][2];
char idb;
} *sfr;
/*
THIS DEFINE NAME IS SPECIAL FACULTY RGISTER NAME.
DATE 22 AUG 88
Copyright (C) NEC Corporation 1988
*/
#define PO sfr->port0
#define PMO sfr->portmO
#define PMCO sfr->portmcO
#define P1 sfr->portl
#define PM1 sfr->portm1
#define PMC1 sfr->portmc1
#define P2 sfr->port2
#define PM2 sfr->portm2
#define PMC2 sfr->portmc2
#define PT sfr->portT
#define PMT sfr->portmT
#define INTM sfr->intm
#define EMSO sfr->ems0
#define EMS1 sfr->ems1
#define EXICO sfr->exic0
#define EXIC1 sfr->exicl
#define EXIC2 sfr->exic2
#define RXBO sfr->rxb0
#define TXBO sfr->txb0
#define SRMSO0 sfr->srms0
#define STMSO0 sfr->stms0
#define SCMO sfr->scmO
#define SCCOo sfr->scc0
#define BRGO sfr->brg0
#define SCEO sfr->sce0
#define SEICO sfr->seic0
#define SRICO sfr->sricO
#define STICO sfr->sticO
#define RXB1 sfr->rxb1
#define TXB1 sfr->txb1l
#define SRMS1 sfr->srms1l
#define STMS1 sfr->stms1
#define SCM1 sfr->scml
#define SCC1 sfr->sccl
#define BRG1 sfr->brgl
#define SCE1 sfr->scel
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
[**/

/*

*/

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

234

SEIC1
SRIC1
STIC1
TMO
MDO
™1
MD1
TMCO
TMC1
TMMSO
TMMS1
TMMS2
TMICO
TMIC1
TMIC2
DMACO
DMAMO
DMAC1
DMAM1
DICO
DiC1
STBC
RFM
WTC
FLAG
PRC
TBIC
ISPR
IDB

sfr->seicl
sfr->sricl
sfr->sticl
sfr->tmO0
sfr->md0
sfr->tm1
sfr->md1
sfr->tmcO
sfr->tmcl
sfr->tmmsO0
sfr->tmms1
sfr->tmms2
sfr->tmic0
sfr->tmicl
sfr->tmic2
sfr->dmac0
sfr->dmamO
sfr->dmacl
sfr->dmam1
sfr->dicO
sfr->dicl
sfr->stbc
sfr->rfm
sfr->wtc
sfr->flag
sfr->prc
sfr->thic
sfr->ispr
sfr->idb

THIS DEFINE NAME ARE FUNCTIONS TO GIVE ACCESS
TO SPECIAL FACULTY REGISTER

DATE 22 AUG 88

Copyright (C) NEC Corporation 1988

c_dis0()
c_dis1()
c_enal()
c_enal()
c_rdis0()
c_rdis1()
c_rena0()
c_renal()
c_read0()
c_readl()
c_tdis0()
c_tdis1()
c_tena0()
c_tenal()
c_trnsO(data)

(SEICO |=0x40)
(SEIC1 |=0x40)
(SEICO &=0xbf)
(SEIC1 &=0xbf)
(SRICO |=0x40)
(SRIC1 |=0x40)
(SRICO

(SRIC1

(RXBO)

(RXB1)

(STICO |=0x40)
(STIC1 |=0x40)
(STICO &=0xbf)
(STIC1 &=0xbf)
(TXBO = data)

&=0xbf)
&=0xbf)
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
/*

*

#define
#define

struct

c_trnsl(data)
c_tstrt0()
c_tstrt1()
c_tstop0()
c_tstopl()
d_disa0()
d_disal()
d_ena0()
d_enal()
p_read0()
p_readl()
p_read2()
P_readt0()
p_writeO(data)
p_writel(data)

t_disa0()
t_disal()
t_ena0()
t_enal()
t_start0()
t_startl()
t_stop0()
t_stopl()
d_hold0()
d_hold1()
d_start0()
d_start1()
ON
OFF

REGBNK {

int reserve;

int vec_pc;

int save_psw;

int save_pc;

int dso;

int Ss;

int ps;

int dsi;

int iy;

int iX;

int bp;

int sp;

int bw;

int dw;

int CW;

int aw;

(TXB1 = data)

(SCMO [=0x40)

(SCM1 |=0x40)

(SCMO &=0xbf)

(SCM1 &=0xbf)

(DICO |=0x40)

(DIC1 |=0x40)

(DICO &=0xbf)

(DIC1 &=0xbf)

(PO)

(P1)

(P2)

(PT)

(PO =data)

(P1 =data)

(TMICO |=0x40)

(TMIC1 |=0x40)

(TMICO &=0x40)

(TMIC1 &=0x40)

(TMCO |=0x80)

(TMC1 |=0x80)

(TMCO &=0x7f)

(TMC1 &=0x7f)

(DMAMO =(DMAMO | 0x08) & 0xfc)
(DMAM1 =(DMAM1 | 0x08) & 0Oxfc)
(DMAMO =DMAMO | 0xc)
(DMAM1 =DMAML1 | 0xc)
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*% *

*%

*

*

*%

Sample for V25 programing
for MASM V5.1
(C) NEC Corp. 1990

*% *

*% *

*%

*kk

. SFR MACRO(for uPD70320)

* *

SFR_320 struc
PO
PMO
PMCO
DMYO03

P1
PM1
PMC1

DMYOB
P2
PM2
PMC2
DMY13
PT
DMY39
PMT

DMY3C

INTM
DMY41

EMSO
EMS1
EMS2

DMY47
EXICO
EXIC1

EXIC2
DMY4F
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*

db
db
db
db

db
db
db

db

db
db
db

db

db
db
db

db

db
db

db
db
db

db

db
db
db
db

*

(6 S EEEN BN

ASEEEN]

37

17

;  BYTE
;  BYTE
;  BYTE
dup(?)

; BYTE
; BYTE
; BYTE

dup(?)

; BYTE
; BYTE
; BYTE

dup(?)

; BYTE
dup(?)
; BYTE

dup(?)

;  BYTE
dup(?) ;

; BYTE
; BYTE
; BYTE

dup(?) ;

;  BYTE
;  BYTE
;  BYTE
dup(?) ;

*

* *

xxFOOH
xxFO1H
1 xxFO2H
xxFO8H
xxFO9H
xXFOAH
xxF10H
xxF11H
1 XXF12H
1 xxF38H
1 xxF3BH
1 XxXF40H
BYTE 1
1 xxF44H
1 XXF45H
1 XxXF46H
BYTE 1
1 XXF4CH
1 xxXF4DH
1 XXF4EH
BYTE 1

xxF41H

XXF47H

XXFAFH
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RXBO
DMY61
TXBO
DMY63
SRMSO0
STMSO

DMY67

SCMO
SCCO
BRGO
SCEO
SEICO
SRICO
STICO
DMY6F

RXB1
DMY71
TXB1
DMY73
DMY74
SRMS1
STMS1
DMY77
SCM1
SCC1
BRG1
SCE1
SEIC1
SRIC1
STIC1
DMY7F

T™MO
MDO
DMY84
™M1
MD1
DMY8C
TMCO
TMC1
DMY92
TMMSO
TMMS1
TMMS2
DMY97

db
db
db
db
db
db

db

db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

dw
dw
db
dw
dw
db
db
db
db
db
db
db
db

NN N Y YN

-~

NN ) ) ) Y YN

S I S B B L S S B R R S e v

Ol 9 D0 "9 N VO VvV H» VvV Vv b VN

’
)

BYTE
BYTE
BYTE

dup(?) ;

BYTE
BYTE

BYTE

BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

WORD
WORD

dup(?) ;

WORD
WORD

dup(?) ;

BYTE
BYTE

dup(?) ;

’
)

BYTE
BYTE
BYTE

dup(?) ;

1
1
1

1
1

N A o e

P PR R R P RPRRPRRRRRRPRPRPR

[EnY

1

1
1

1
1

1
1
1

xXF60H
xxF61H
xXF62H
BYTE 1
XxF65H
XxXF66H

XXF67H

XXF68H
xxF69H
XXF6AH
XXF6BH
xXF6CH
xXF6DH
XXF6EH
xXF6FH

XxF70H
xXF71H
xXF72H
XxXF73H
xXF74H
xXF75H
XXF76H
xXF77H
xXF78H
xXF79H
XXF7AH
XXF7BH
XXF7CH
xXF7DH
XXF7EH
xxF7FH

xXF80H
xXF82H
BYTE 1
XxF88H
xXF8AH
BYTE 1
XxF90H
xXF91H
BYTE 1
xxF94H
XXF95H
XXF96H
BYTE 1

XXF63H

xxF84H

xxF8CH

xxF92H

XXF97H
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TMICO db ? ; BYTE
TMIC1 db ? ; BYTE
TMIC2 db ? ; BYTE
DMY9F db ? ; BYTE
DMACO db ? ; BYTE
DMAMO db ? ; BYTE
DMAC1 db ? ; BYTE
DMAM1 db ? ; BYTE
DMYA4 db 8 dup(?) ;

DICO db ? ; BYTE
DIC1 db ? ; BYTE
DMYAE db 50 dup(?) ;

STBC db ? ; BYTE
RFM db ? ; BYTE
DMYE2 db 6 dup(?) ;

WTC db ? ; BYTE
DMYE9 db ? ; BYTE
FLAG db ? ; BYTE
PRC db ? ; BYTE
TBIC db ? ; BYTE
DMYED db 15 dup(?) ;

ISPR db ? * BYTE
DMYFD db dup(?) :

IDB db ? ; BYTE

SFR_320 ends

* * *kk * kK% *kk Kk k%

; * SFR Number for BTCLR instruction

*% *% *

NO_PO EQU 00h
NO_PMO EQU 01h
NO_PMCO EQU 02h
NO_P1 EQU 08h
NO_PM1 EQU 09h
NO_PMC1 EQU 0ah
NO_P2 EQU 010h
NO_PM2 EQU 011h
NO_PMC2 EQU 012h
NO_PT EQU 038h
NO_PMT EQU 03bh
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XXF9CH
xXF9DH
XXFOEH
xxF9FH

N N

xXFAOH
XXFA1H
xXFA2H
xXFA3H
BYTE 1
1 XXFACH
1 xXFADH
BYTE 1

L N

1 xXFEOH
1 XXFE1H
BYTE 1
XXFE8H
XXFE9H
XXFEAH
xXFEBH
XXFECH
BYTE 1
1 XXFFCH
BYTE 1
1 XXFFFH

N

XXFA4H

XXFAEH

XXFE2H

xXFEDH

xXFFDH
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NO_INTM
NO_EMSO
NO_EMS1
NO_EMS2
NO_EXICO
NO_EXIC1
NO_EXIC2

NO_RXBO
NO_TXBO
NO_SRMS0
NO_STMSO
NO_SCMO
NO_SCCo
NO_BRGO
NO_SCEO
NO_SEICO
NO_SRICO
NO_STICO

NO_RXB1
NO_TXB1
NO_SRMS1
NO_STMS1
NO_ScM1
NO_scc1
NO_BRG1
NO_SCE1
NO_SEIC1
NO_SRIC1
NO_STIC1

NO_TMO
NO_MDO
NO_TM1
NO_MD1
NO_TMCO
NO_TMC1
NO_TMMSO
NO_TMMS1
NO_TMMS2
NO_TMICO
NO_TMIC1
NO_TMIC2

NO_DMACO
NO_DMAMO
NO_DMAC1

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

040h
044h
045h
046h
04ch
04dh
04eh

060h
062h
065h
066h
068h
069h
06ah
06bh
06c¢ch
06dh
06eh

070h
072h
075h
076h
078h
079h
07ah
07bh
07ch
07dh
07eh

080h
082h
088h
08ah
090h
091h
094h
095h
096h
09ch
09dh
09eh

0alh
Oalh
Oa2h
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NO_DMAM1 EQU 0a3h
NO_DICO EQU Oach
NO_DICI EQU Oadh
NO_STBC EQU 0eOh
NO_RFM EQU Oelh
NO_WTC EQU 0e8h
NO_FLAG EQU Oeah
NO_PRC EQU Oebh
NO_TBIC EQU Oech
NO_ISPR EQU Ofch
NO_IDB EQU offh

*% *kkk *kkkk *kkk *kkkk

V25/V35 Extend instructions

BTCLR macro sfr,imm3,br_label

db 0fh,9ch
db sfr,imm3,offset br_label - $ -1
endm

RETRBI  macro
db 0fh,91h
endm

FINT macro
db 0fh,92h
endm

STOP macro
db 0fh,9eh

endm

BRKCS macro reglé

ifidni <regl6>,<ax> ;; if regl6 is ax or AX
db 0fh,2dh,0c0h

endif

ifidni <regl6>,<bx> ; if regl6 is bx or BX
db 0fh,2dh,0c3h

endif

ifidni <regl6>,<cx> ;; if regl6 is cx or CX
db 0fh,2dh,0c1h

endif

ifidni <regl6>,<dx> ;if reglé is dx or DX
db 0fh,2dh,0c2h
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endif

TSKSW

ifidni

endif
ifidni

endif
ifidni

endif
ifidni

endif

MOVSPA

MOVSPB
ifidni

endif
ifidni

endif
ifidni

endif
ifidni

endif

endm

macro regl6

<regl6>,<ax> ;; if regl6 is ax or AX
db 0fh,94h,0f8h

<regl6>,<bx> ;; if regl6 is bx or BX
db 0fh,94h,0ffh

<regl6>,<cx> ;; if regl6 is cx or CX
db 0fh,94h,0f9h

<regl6>,<dx> ; if regl6 is dx or DX
db 0fh,94h,0fah

endm

macro

db 0fh,25h

endm

macro regl6

<regl6>,<ax> ;; if regl6 is ax or AX
db 0fh,95h,0f8h

<regl6>,<bx> ;; if reglé is bx or BX
db 0fh,95h,0ffh

<regl6>,<cx> ;; if regl6 is cx or CX
db 0fh,95h,0f9h

<regl6>,<dx> ;; if regl6 is dx or DX
db 0fh,95h,0fah

endm
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[Data transfer]

MOV
MOV

SPA
SPB .

TRANS . e
TRANSB ..o

114
117
123
124
195
195
197

149
151
149
153
155
155
149

77
77
77
79
79
79
115
115
115
121
121
121
182
182
182

99
112

107
138

[Primitive 1/0O]
INM e 110
OUTM e 140

ADD oo 28
ADDC ..ot 32
SUB . 183
SUBC oo 189

30
75
ROLA .ot 163
RORAZ ..o 169
SUBAS ..ot 187
[Increment/decrement]
DEC ...ttt 88
INC o 109
[Multiplication/division]
DIV e 91
94
125
128
34
35
36
37
81
82
83
84
[Compare]
CMP e 73
[Complement operation]
NEG ..ot 130
NOT o 132
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[Logical operation]

[Stack manipulation]
DISPOSE ...oooiiiiiiiiieeee e

244

136
191
199

70
133
173
193

176
178
180

161
165
167
171

65
157

90
143
145
157

56

40
41
42
43
44
45
40
46
47
48
49

RETRBI .,

[CPU control]
BUSLOCK ...t

DSO: ....

50
51
49
52
50
53
54
55
62
64
42
85
86
87

101
159
160

63
89
98
102
104
106
131
142
184

96
96
96
96

60
96
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[A] CMPAS ..o 75
ADD .. 28 CMPBK ot 77
ADDAS ... 30 CMPBKB ...ttt 77
ADDC ... 32 CMPBKW ..ottt 77
ADJAA ..o 34 CMPM Lot 79
ADJAS ... 35 CMPMB ...ttt 79
ADJIBA ... 36 CMPMW i 79
ADIBS ... 37 CVTBD oot 81
AND . 38 CVTBW oot 82

CVTDB ..ot 83

[B] CVTWL it 84

40
41 [D]
42 DBNZ ..ot 85
43 DBNZE ... 86
44 DBNZNE ....ccoiiiiiiiiieiiee e 87
45 DEC .. ittt 88
40 Dl 89
46 DISPOSE ..ottt 90
a7 DIV e 91
48 DIVU .ot 94
49 DS0: it 96
50 DS L 96
51
49 [E]
52 Bl 98
50 EXT e 99
53
54 [F]
55 FINT e 101
56 FPOL ..o 102
58 FPO2 e 104
60
61 [H]
62 HALT o 106
63
64
42 107
109
[C] INM .o 110
65 INS o 112
68
70 [L]
73 LDEA ..ot 114
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MOVBKB ....ooviiiiiiiiiee e
MOVBKW ..ot
MOVSPA ...

[N]

[R]
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115
115
115

117
111
111
111
113
124
125
128

130
131
132
133

136
138
140

142
143
145

96
147

149
151
149
153
155
155
149
157
159
160
161
163
165
167

[T]

169
171

173
176
178
180

96
182
182
182
184
185
187
189

191
193
195
195
196

197
199
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