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About This Manual

This manual describes in detail the instruction set for the MN102L Series. Chapter 1 explains the functions, basic format
and instruction execution times of the instruction set. Chapter 2 describes the operation of each instruction and the flags
changed by each. Chapter 3 provides cautions and warnings for the use of instructions. The appendix contains a summary
of the instruction set and an instruction map.

m Searching for information
This manual has four types of indexing to speed up searches for necessary information.

(1) To find a start of chapter, refer to the index at the start of the manual.

(2) To find a title, refer to the table of contents at the start of the manual.

) The chapter title for each page is shown at the top of the right-hand page, and the section title is shown at the
bottom. You can get a brief idea of the contents while flipping through the pages.

(4) To find an instruction, refer to the index at the end of the manual. Also, an instruction index can be found on
the right-hand pages, so you can search for an instruction while flipping through the pages.

m Related manuals
Matsushita provides the following manuals related to the product covered in this manual.

» "MN102L Series LSI User's Manual"
<Describes the device hardware>
* "MN102L Series Cross-assembler User's Manual"
<Describes the assembler syntax and notation>
* "MN102L Series C Compiler User's Manual: Usage Guide"
<Describes the installation, the commands, and options of the C Compiler>
* "MN102L Series C Compiler User's Manual: Language Description"
<Describes the syntax of the C Compiler>
* "MN102L Series C Compiler User's Manual: Library Reference"
<Describes the standard library of the C Compiler>
* "MN102L Series C Source Code Debugger User's Manual"
<Describes the use of the C source code debugger>
(Note: For C Source Code Debugger for Windows®, this manual is not necessary.)
"MN102H Series C Source Code Debugger for Windows® User's Manual"
<Describes the use of the C source code debugger for Windows®>
* "MN102H Series Installation Manual"
<Describes the installation of the C compiler, cross-assembler and C source
code debugger and the procedure for bringing up the in-circuit emulator>

m Contacting Matsushita
Please send any comments or questions regarding the contents of this manual to your nearest Semiconductor Design
Center (refer to the list of addresses at the back of the manual).
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m Layout of the manual
Chapter 1 broadly consists of section titles and summaries, text, examples, and important notes. Chapter 2 consists of
instruction commands, operation descriptions, and important notes. The following diagrams show the layout and
meaning of each page.

Chapter 1 Instruction Set Overview

Section title Section summary
Instruction Set

] Introduction to
the section.

The instruction set of the MN10200 Series (High-speed linear addressing version)
was basically designed for use with C compilers. Preferential assignment of in-
structions most frequently used by C compilers to single-byte, single-cycle codes
has enabled much faster execution and smaller code size. Splitting the register set
into four 24-bit data registers and four 24-bit address registers has allowed fre-
quently used basic i ions, such as register-registe ions and register-
memory moves, to be implemented in single bytes

EXx. m Move the contents of the DO register to the memory address pointed to
by the AO register:
MOV DO, (A0) ; 1byte, 1 cycle

Example

m Add the contents of the DO register to the contents of the D1 register:

Information to aid ADD D1, D0 1 byte, 1 cycle
understanding of

the text. The insruction set of the MN10200 Series (High-speed Linear
Addressing Version) is upper compatible of MN10200 Series
(Linear Addressing Version) by Matsushita. Additional instruc-
tions and flages for High-speed Linear Addressing Version are as

follows.
Additional and flags for High-speed Linear Add Version
[Additional instructions and flags outline]
Arthmetic Calculation Ir i T (singed:
+Bit Manipulation Instructions 12 instructions (set/clear 1 or multiple
bits of memory)
«Bit Test & Branch Instructions 6 instructions (bit test & branch of
memory)
«Control Instructions Linstruction (inversion of Saturation-
control specification)
+Saturation Enable Flags 1 bit (control flag for Saturation-

control specification)
[Additional instructions specification]
m Arthmetic Calculation Instruction
«Stores the lower 24 bits of product in register Dm and the upper 16 bits in
register MDR.
MULQ Dn, Dm

2 Instruction Set
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Instruction function and type

Instruction forn

1Y

Operation
description

VX/CXINXIZXIVFICF/
NF/ZF changes
May change °
Chapter 2 Instruction Epecifications W|” ﬂOt Change _
OR . ! Undefined ?
Logical Calculation Instructions
EECEGEEE Aways 0 °
VX [CX | NX | ZX | VF | CF | NF | ZF
ORO Dn, Dm [Glololololole s Always 1 1
Operation Dm | (Dn&x'00FFFF') - Dm
Performs a bitwise logical OR of the lower 16 bits or registers Dm and Dn, and stores the result in the loyer 16
bits of register Dm. The upper 8 bits of register Dm will not change. COde SIZE CyCleS
instruction code
Flag Changes Size, Cycles, Codes |ndicates the Code Size'
VX, CX,NX, ZX :No change. Bytes: 2
U a0 Cycls: : / number of cycles
2. Setih ower 10t f e oot ar . ese tenvise F3:10 +Dn<s 2:m (minimum), and
instruction code when
the instruction format is
used. The bytes of the
instruction code are
ORO imm8, Dn va ICXINXIZXIVFICFINFIZF delimited by colons (:).
0|0 ]0 0 " T
== A "<<2" will indicate a 2-
Operation Dnlimm8 - Dn . . .
Performs a bitwise logical OR of zero-extends the 8-bit immediate value imm8 to 16-bits and the lower 16 bits blt Shlft‘ and a reQISter
of register Dn, and stores the result in the lower 16 bits of register Dn. The upper 8 bits of register Dn will not .
change. name will be converted
to the corresponding
Flag Changes Size, Cycles, Codes register number in Code.
VX, CX,NX, ZX :No change. Bytes: 3
VF: Always 0. !
CF: Always 0. Cycles:
NF: Set if bit 15 of the result is 1; reset otherwise. E5: 08 +Dn : imm8
ZF: Setif the lower 16 bits of the result are 0; reset otherwise.

G The 8-bit immediate value imm8 will be zero-extended to 16 bits.

ad

OR

97

Footer
Indicates the instruction.
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Chapter 10 Instruction Set Overview

Instruction Set
-]

The instruction set of the MN102L Series was basically designed for use with C
compilers. Preferential assignment of instructions most frequently used by C com-
pilers to single-byte, single-cycle codes has enabled much faster execution and
smaller code size. Splitting the register set into four 24-bit data registers and four
24-bit address registers has allowed frequently used basic instructions, such as
register-register calculations and register-memory moves, to be implemented in
single bytes.

E x. = Move the contents of the DO register to the memory address pointed to
by the AO register:
ooad oooooog 0 1 byte, 1 cycle

m Add the contents of the DO register to the contents of the D1 register:
ooo ooooo 01 byte, 1 cycle

2 Instruction Set



Chapter 1 Instruction Set Overview

Register Set

The register set is divided by function into data registers for calculations and ad-
dress registers tor pointers. This greatly contributes to improvements in instruc-
tion code size compression and pipeline processing parallelism.When

Matsushita's C compiler is used, this configurations shrinks code size to the maxi-
mum extent possible.Address registers are 24 bits, enabling use of a contiguous
memory space up to 16 Mbytes.

23 0_
DO
D1 Data Registers
D2
D3 i
23 0
A0 |
Al Address Registers
A2
A3 (SP) ]
23 0
r PC | Program Counter
15 ' 0
[ MDR | Multiply/Divide Register
15 0

I PSW | Processor Status Word

Register Set 3
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4

Register Set

2-1 Data Registers

e e
D3~DO0 : Data Register (4 x 24 bits)

Data registers can generally be used for any calculation.

Calculations are performed in 24 bits, but a flag change can cause calculations
with both 24 bits and the lower 16 bits. The data size will be changed by memory
data move instructions and specialized size extension instructions. When 8-bit
data is loaded, it will be sign-extended or zero-extended to 24 bits and moved to a
register. When stored, the lower 8 bits of the register will be moved to memory.
When 16-bit data is loaded, it will be sign-extended to 24 bits and moved to a
register. When stored, the lower 16 bits of the register will be moved to memory.
Finally, 24-bit data will be moved to and from memory as is.

2-2 Address Registers

S
A3~AO0 . Address Register (4 x 24 bits)
Address registers are used as address pointers. They are supported only by instruc-
tions for address calculations (add, subtract, compare). Calculations are per-
formed in 24 bits, but a flag change can cause calculations with both 24 bits and the
lower 16 bits. A3 is assigned as the stack pointer. Moves to and from memory are
always as 24 bits.

2-3 Program Counter

B
PC : Program Counter (1 x 24 bits)

The program counter is a 24-bit counter that indicates the address of the instruction

currently executing.

2-4 Multiply/Divide Register
P
MDR : Multiply/Divide Register (1 x 16 bits)
The multiply/divide register is provided for multiply and divide instructions. For
multiply instructions, it will store the upper 16 bits of the 32-bit product. For di-
vide instructions, it will store the upper 16 bits of the dividend before execution and
the 16-bit remainder of the result after execution.
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2-5 Processor Status Word

X

PSW : Processor Status Word (1 x 16 bits)
The processor status word is a register that indicates the CPU state. It contains
flags for calculation results and interrupt mask levels.

15 8 7 0
— | —|S1|S0|IE |IM2|IM1|IMO|VX|CX[NX|ZX|VF|CF|NF|ZF

ZF . Zero Flag

The zero flag is set if the lower 16 bits of a calculation result are all 0; otherwise the
flag is cleared.

NF . Negative Flag

The negative flag is set if bit 15 of a calculation result is '1'; if '0' then the flag is
cleared.

CF . Carry Flag

The carry flag is set if a calculation generates a carry from or a borrow to bit 15; if
not generated then the flag is cleared.

Ex. The CF is set if the result of a calculation cannot be expressed by a 16-
bit unsigned value in the range x'0000' to x FFFF'".

MOV x” TFFF’, DO
ADD x’ 89AB’, DO ,CF=1

x’ TFFF +x’ 89AB’ =x” 109AA°
(Carry from)

VF : Overflow Flag

The overflow flag is set if a calculation resulting in a 16-bit signed value generates
an overflow; if not generated then the flag is cleared.

Ex. The VF is set if the result of a calculation cannot be expressed by a 16-
bit signed value in the range x'8000' (the most negative value) to
x'7FFF' (the most positive value).

MOV x’ 7654, DO
ADD x> 4321, DO s VE=1

x’ 7654 +x” 4321 =x" B975’

(positive) (positive) (negative)

Register Set 5
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6

Register Set

ZX . Extended Zero Flag

The extended zero flag is set if 24 bits of a calculation result are all '0’;
otherwise the flag is cleared.

NX : Extended Negative Flag

The extended negative flag is set if the most significant bit of a calculation result is
'1"; if '0' then the flag is cleared.

CX : Extended Carry Flag
The extended carry flag is set if a calculation generates a carry from or a borrow to
the most significant bit; if not generated then the flag is cleared.

VX . Extended Overflow Flag
The extended overflow flag is set if a calculation resulting in a 24-bit signed value
generates an overflow; if not generated then the flag is cleared.

IM2~IMO : Interrupt Mask
The interrupt mask bits indicate the CPU interrupt mask level. These three bits can
be set from level '0' (000) to level '7' (111). Level 0 is the highest interrupt level.

IE : Interrupt Enable
The interrupt enable bit enables reception of interrupts when set to '1'. Note that
non-maskable interrupts will always be received regardless of the state of IE.

S1, SO : Software Bit

The software bits are used by the operating system as software control bits.

G The value of PSW will be x'0000' when started after a reset.
| |
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Instruction Functions

The instructions of this series can be divided by function into five categories.

(J data move instructions

[ arithmetic calculation instructions
O logical calculation instructions

O bit manipulation instructions

O branch instructions

0 -0 0 Data Move Instructions

The data move instructions are as follows.

MOV Move Data/Move Pointer Data
MOVX Move Pointer Data

MOVB Move Byte

MOVBU Move Byte Unsigned

EXT Extention

EXTX Extension Word Data to Pointer Data

EXTXU Extension Word Data Unsigned to Pointer Data
EXTXB Extension Byte Data to Pointer Data
EXTXBU  Extension Byte Data Unsigned to Pointer Data

MOV instructions move 16-bit data in data registers (Dn) and 24-bit pointer data in
address registers (An).

MOV X instructions move 24-bit pointer data in data registers (Dn).

MOVB and MOVBU instructions move byte data between memory and data regis-
ters. The MOVB instruction sign-extends 8-bit data in memory to 24 bits when
moving from memory to a register, and moves the lower 8 bits of data in a register
when moving from the register to memory. The MOVBU instruction zero-extends
8-bit data in memory to 24 bits when moving.

EXT instructions sign-extend 16-bit data in data registers (Dn) to 32 bits. The
upper 16 bits that are sign-part are moved to MDR, where they will be used for 32-
bit calculations.

EXTX instructions sign-extend 16-bit data in data registers (Dn) to 24 bits.
EXTXU instructions zero-extend 16-bit data in data registers (Dn) to 24 bits.
EXTXB instructions sign-extend 8-bit data in data registers (Dn) to 24 bits.
EXTXBU instructions zero-extend 8-bit data in data registers (Dn) to 24 bits.

Instruction Functions 7
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3-2 Arithmetic Calculation Instructions

e

The arithmetic calculation instructions are as follows.

ADD Addition

ADDC Addition with Carry

ADDNF Addition with Non Flag Change
SuB Subtract

SUBC Subtract with Borrow

MUL Multiply

MULU Multiply Unsigned

DIVU Divide Unsigned

CMP Compare

Arithmetic calculations include addition, subtraction, multiplication, division, and
comparison. Multiplication can be signed or unsigned.

3-3 Logical Calculation Instructions

e = ]

The logical calculation instructions are as follows.

AND And

OR Or

XOR Exclusive Or

NOT Complement

ASR Arithmetical Shift Right
LSR Logical Shift Right
ROR Rotate Right with Carry
ROL Rotate Left with Carry

All logical calculation instructions are performed on data registers. The AND and
OR instructions can also operate with immediate data on the processor status word
(PSW). For a left shift, use ADD Dn, Dn (where Dn is the same for both operands).

8 Instruction Functions
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3-4 Bit Manipulation Instructions

The bit manipulation instructions are as follows.

BTST Bit Test
BSET Bit Test and Set
BCLR Bit Test and Clear

BTST instructions test data register contents with immediate data. The result of a
logical OR of the data register and immediate value will be reflected in the flags.

BSET and BCLR instructions test memory while the bus is locked and interrupts
disabled, reflect the result in the flags, and then set/clear the specified bit. BSET
and BCLR instructions access memory as 8 bytes.

Instruction Functions 9
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3-5 Branch Instructions

e

The branch instructions are as follows.

BEQ Branch Equal

BNE Branch Not Equal

BGT Branch Greater Than

BGE Branch Greater or Equal

BLE Branch Less or Equal

BLT Branch Less Than

BHI Branch Higher

BCC Branch Carry Flag Clear

BLS Branch Low or Same

BCS Branch Carry Flag Set

BVC Branch Overflow Flag Clear

BVS Branch Overflow Flag Set

BNC Branch Negative Flag Clear

BNS Branch Negative Flag Set

BRA Branch Always

BEQX Branch Equal by Extended Flags

BNEX Branch Not Equal by Extended Flags
BGTX Branch Greater Than by Extended Flags
BGEX Branch Greater or Equal by Extended Flags
BLEX Branch Less or Equal by Extended Flags
BLTX Branch Less Than by Extended Flags
BHIX Branch Higher by Extended Flags
BCCX Branch Extended Carry Flag Clear
BLSX Branch Low or Same by Extended Flags
BCSX Branch Extended Carry Flag Set

BVCX Branch Extended Overflow Flag Clear
BVSX Branch Extended Overflow Flag Set
BNCX Branch Extended Negative Flag Clear
BNSX Branch Extended Negative Flag Set
JMP Jump

JSR Jump to Subroutine

NOP No Operation

RTS Return from Subroutine

RTI Return from Interrupt

Branch instruction types include register indirect specifications and program
counter (PC) relative address specifications. A branch instruction with a program
counter relative address specification can branch within a range around the address
that stores the instruction after the branch instruction: -128 to +127 addresses (d8)
,-32768 to +32767 addresses (d16), or -8388608 to +8388607 (d24). There are 29
types of relative branch instructions.

Subroutine call instruction types include register indirect specifications and pro-
gram counter (PC) relative address specifications, and can branch within 16
Mbytes.

x'000000' to x'FFFFFF', then the lower 24 bits of the result will become the

G If the address calculation of a branch destination falls outside the range
branch destination address (wraparound).

10 Instruction Functions
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Memory Space (ROM, RAM)
]

The memory space of this series can be up to 16 Mbytes. There is no distinction
between ROM space and RAM space, so table data can be referenced in programs
with data move instructions (MOV instructions). Therefore all addressing modes
can be used to access table data, enabling more efficient programming.

x'000000 \
X'008000"
Can be made
( internal RAMﬂ:| I 30 31K bytes
X'00FCO00' .
Control Registers I 1K byte
x'010000
x'080000"
16M bytes
Can be made
( internal ROM 160 496K bytes
[l
' , \
X'FFFFFF

Memory Space (ROM, RAM) 11
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12  Addressing Modes

Addressing Modes
- 1]

There are six addressing modes. The addressing modes that can be used with each
instruction are fixed.

[ Register direct addressing

O Immediate addressing

0 Register indirect addressing

0 Register relative indirect addressing
O Absolute addressing

O Indexed register indirect addressing

The addressing modes provided the six types most frequently used by C compilers.
Data move instructions in particular can use all addressing modes. When moving
data to or from memory, four addressing modes can be used: register indirect,
register relative indirect, absolute, and indexed register indirect.

The indexed register indirect addressing mode allows array data to be accessed
efficiently. Calculation instructions can use two addressing modes: register direct
and immediate.

‘ This series instruction set is based on 16-bit data access instructions and 24-bit
H pointer data access instructions. The address specifications for these instruc-
tions must be even addresses (word boundaries). Word boundaries must be
observed especially for these addressing modes: register indirect, register rela-
tive indirect, absolute, and indexed register indirect.
The address specifications for 8-bit data access instructions may also be odd
addresses.
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Addressing Mode Address Calculation Effective Address
. . Dn
Register Direct An
imm8
Immediate imm16 — -
imm24
_ ] 23 0 23 0

Register Indirect An [ An | | (24-bit address) |
23 0 23 0
(08, An) | An | | [ (4bitaddress) |
::d8 is sign-extended
1(d16,An) +
::d16 is sign-extended | 23 15 7 0
(d24,An) [ do4/di6/ds |

Register Relative 7" 77 T
dir :

Indirect (a8, PC) 23 0 23 0
:08 is sign-extended | | PC | | (24-bitaddress) |
1(d16,PC)
1:d16 is sign-extended +
:(d24,PC) 23 15 7 0
 (branch instructions I d24/d16/d8 |
: only)

(abs16) 23 15 0 23 0

Absolute abs16 is zero-extended | | abs24/abs16 | | (24-bit address) |

(abs24)
23 0 23 0
Indexed Register Indirect I An | | (e4-bitaddress) |
+
23 0
(Dm, An) | Bm I

Addressing Modes 13



Chapter 1 Instruction Set Overview

5-1 Register Direct Addressing

L

The register direct addressing mode directly specifies a register. The following
registers can be specified.

Dn . data registers (24-bit)

An . address registers (24-bit)
MDR . multiply/divide register (16-bit)
PSW . processor status word (16-bit)

5-2 Immediate Addressing
L

The immediate addressing mode allows move values and mask values to be di-

rectly specified as an operand added to the instruction code. Immediate sizes can
be 8 bits, 16 bits, and 24 bits.

14  Addressing Modes
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5-3 Register Indirect Addressing
—

The register indirect addressing mode uses the 24-bit address pointed to by the

value in an address register (An).

Register indirect syntax . (A n)

| An |

Memory address specification

Addressing Modes 15
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16 Addressing Modes

5-4 Register Relative Indirect Addressing
L

The register relative indirect addressing mode is an address specification pointed
to by either an address register (An) or the program counter (PC) with a displace-
ment. The size of the displacement can be 8 bits, 16 bits, or 24 bits. An 8-bit or 16-
bit displacement will be sign-extended before being added to the address register
(An) or program counter (PC).

Register relative indirect syntax: (d 8, An)
(d16, An)
(d24, An)
(48, PC)
(d16, PC)
(d24, PC)

An
+
d24/d16/d8

PC

+
d24/d16/d8
23 0

Memory address specification

Of the various register relative indirect addressing modes, (d8,PC) is specified
‘ in assembly language with a label.
a

BEQ LABEL

LABEL MOV DO, D1
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5-5 Absolute Addressing
L

The absolute addressing mode directly specifies a 24-bit address with a 16-bit or
24-bit operand value added to the instruction code. A 16-bit operand will be zero-
extended to 24 bits. With this mode data move instructions can directly specify up
to 16 Mbytes of memory space (ROM/RAM space).

Absolute syntax: (abs16)

(abs24)
15 0
I Zero extension I | abs16 I
(abs16) 23 16 15 (|)
Memory address specification
abs?24

(abs24) 2!3 0

Memory address specification

5-6 Indexed Register Indirect Addressing
s
The indexed register indirect addressing mode specifies the address pointed to by
an address register (An) and a data register (Dm). The 24-bit value in the address
register (An) is added to the 24-bit value in the data register (Dm).

Indexed register indirect syntax: (Dm, A n)

An
Dm

Memory address specification

Hhe numbers n and m of An and Dm may be the same.

Addressing Modes 17
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Instruction Format

There are seven instruction formats. The format used by each instruction is fixed.

8 bits

Format1

Format2 |  oP | immsds |

Format3 | OP | imm16/asbi6/di6 |

Format4 | op | op |

Formats | op | op [ a8 |

Formate | op | op [ immi6/asbie/dte |

Format7 | op | op | imm24/asb24/d24 |
OP : instruction operation code

6-1 Endian

In instruction formats 3, 6, and 7, a 16-bit immediate value (imm16), 16-bit abso-
lute address (abs16), 16-bit displacement (d16), 24-bit immediate value (imm?24),
24-bit absolute address (abs24), or 24-bit dis'placement (d24) may follow after the
instruction operation code. In such cases each 8-bit portion appears in order with
lower significance placed in a lower address (little-endian).

Fx. The 16-bit immediate value x'1234' is placed in memory as follows for
little-endian.

Address50 | x° 34°
Address51 | x° 12°

18 Instruction Format
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6-2 Instruction Codes
%

Instruction formats have either an 8-bit instruction operation code (formats 1~3)
or a 16-bit instruction operation code (formats 4~7). In general the lower four bits
of the instruction operation code will be coded the register numbers of data regis-
ters or address registers. Of those four bits, two bits will represent the register
number of the source, and two bits will represent the register number of the desti-
nation. The representation of the source and destination register numbers will dif-
fer between bits 0/1 and bits 2/3 depending on the instruction.

Instruction format has a 16-bit instruction operation codes enter coded the register
number in the second operation.

7 0
OP
I I | |
Operation Register Register
Data registers DO:” 00’
D1:> 01’
D2: 10’
D3:” 11’
Address registers A0 :’ 00°
Al 01’
A2 10
A3:’ 11’
* Other registers are fixed by the instruction.
Ex. The one-byte instruction "MOV (An),Dn" is represented by the in-
struction code "20+An<<2+Dn".
MOV (A1), Do ; instructioncode x’ 2 4°

OP ojoj1Jojof1]jo]o

I I I I
Operation Al Do
Source Destination

Instruction Format 19
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20 Operand Format

Operand Format
- 1]

The calculation and move instructions of this series are divided into two different
operand formats.

[ single operand format (1 operand)
[ double operand format (2 operands)

[0 -0 0 Single Operand Format (1 Operand)

With single operand format, the register that specifies the operand is read, and then
the calculation result is stored back in that register.

Operand VaIuel] [((Calculatio@] 0 -0 D|Operand Value

The single operand instructions are EXT, EXTX, EXTXU, EXTXB, EXTXBU,
NOT, ASR, LSR, ROR, and ROL.

The only addressing mode of these instructions is register direct addressing.
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7-2 Double Operand Format (2 Operands)

With double operand format, a calculation is performed on the register, RAM, or
immediate values specified by the source and destination operands, and then the
result is stored back in the register or RAM specified by the destination operand.

Destination Source | Destination
Operand Value 0 g{gg d Operand Value
tion

ADD DO, D2

‘ Add the value in register DO to the value in register D2:
a
(Operation : D2+D0—D2)

The double operand instructions are MOV, MOVX, MOVB, MOVBU,
ADD, ADDC, ADDNF, SUB, SUBC, MUL, MULU, DIVU, CMP, AND,
OR, XOR, BTST, BSET, and BCLR.

G The CMP and BTST instructions do not store their calculation results.
| ]

MOV instructions have the following six addressing modes.

- Register direct Dn/An etc.
- Immediate imm8,/immlé6,/imm24
- Register indirect (An)
+ Register relative indirect (d8, An)
(d16, An)
(d24, An)
- Absolute (abs16)
(abs24)
+ Indexed register indirect (D m, An)

Operand Format 21
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Instruction Execution Time

The instruction execution cycle count for this series is given by the shortest num-

ber of cycles for an instruction, when instructions already exist in the instruction
queue.

0 For detalls, refer to chapter 2, "Instruction Specifications"[]

0 For details, refer to the appendix, "Instruction Set"[]

For faster execution instructions are processed from a 3-level pipeline. Therefore
the actual execution cycle count will change depending on the combination of pre-
viously executing instructions and memory waits.

G Factors causing execution cycles to change:
[ |

[ Register dependence
Register dependence occurs when an instruction with register in
direct (An) or register relative indirect (d8/d16/d24,An) address
ing mode ex-ecutes immediately after that same address register
was modified.

[0 Too few instructions
(instructions do not exist in the instruction queue)

0 Memory waits inserted

[ Data bus for external memory is 8 bits wide

Cycle counts will also differ for single-chip mode, memory expansion
mode, and processor mode. Specific cycle counts should be measured
with an emulator.

22 Instruction Execution Time



Instruction Specifications 2
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Symbol Definitions
|

Following is the list of symbols used in the instruction specifications.

Dn, Dm, Di . Data register (24 bits)

An, Am . Address register (24 bits)

MDR . Multiply/divide register (16 bits)

PSW . Processor status word (16 bits)

PC . Program counter (24 bits)

abs16 . 16-bit absolute address

abs16-| . Low 8 bits of 16-bit absolute address
abs16-h . High 8 bits of 16-bit absolute address
abs24 . 24-bit absolute address

abs24-| : Low 8 bits of 24-bit absolute address
abs24-m . Middle 8 bits of 16-bit absolute address
abs24-h . High 8 bits of 16-bit absolute address

( ) : Memory space specifying address by contents of the parentheses.
imm8 . 8-bit immediate value

imm16 . 16-bit immediate value

imm16-I : Low 8 bits of 16-bit immediate value
imm16-h . High 8 bits of 16-bit immediate value
imm24 . 24-bit immediate value

imm24-| : Low 8 bits of 24-bit immediate value

imm24-m : Middle 8 bits of 24-bit immediate value
imm24-h . High 8 bits of 24-bit immediate value

das . 8-bit displacement (-128 to +127 bytes)
d16 . 16-bit displacement (-32768 to +32767 bytes)
di16-| . Low 8 bits of 16-bit displacement
d16-h . High 8 bits of 16-bit displacement

d24 : 24-bit displacement (-8388608 to +8388607 bytes)
d24-| . Low 8 bits of 24-bit displacement
d24-m : Middle 8 bits of 24-bit displacement
d24-h . High 8 bits of 24-bit displacement

.bp . bit position(bit 0 to 23)

Isb > bit position(bit 0)

.msb . bit position(bit 23)

& : Logical AND

| . Logical OR

A : Exclusive OR

- : Bit inversion

<< . Left shift

>> . Right shift

VX . Extended overflow flag

CX . Extended carry flag

NX . Extended negative flag

ZX . Extended zero flag

24 Symbol Definitions



VF
CF
NF
ZF
temp

—

. Overflo flag

. Carry flag

. Negative flag

. Zero flag

. CPU internal temporary register
. Replacement

. Calculation result

label

mema8(xxx)
mem16(xxx) :
mem24(xxx) :

0
1
?

src
dest

. Address
. 8-bit data value in memory specified by xxx

16-bit data value in memory specified by xxx
24-bit data value in memory specified by xxx

. Flag may change

. Flag will not change

. Flag will always be 0

. Flag will always be 1

. Flag changes undefined

. Value of source operand

. Value of destination operand

Symbol Definitions

25
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M 0 i Data Move Instruction
vX |ex | Nx | zx | vF | CF | NF | ZF

MOV Dm, An e T R R s i e

Operation Dm — An

Moves the value of register Dm to register An.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

F2 : 30+Dm<<2+An

NX | ZX | VF | CF | NF | ZF

MOV An,Dm e R ooty s

Operation An — Dm

Moves the value of register An to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

F2 : FO+An<<2+Dm

26 MOV
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VX | CX | NX | ZX | VF | CF | NF | ZF
MOV Dn,Dm e e e e B i .
Operation Dn — Dm
Moves the value of register Dn to register Dm.
Flag Changes Size, Cycles, Codes
No changes. Byte: 1
Cycle: 1
80+Dn<<2+Dm
G The same register cannot be specified for Dn and Dm.
VX | CX | NX | ZX | VF | CF | NF | ZF
MOV An, Am i [ S B s i e
Operation An — Am
Moves the value of register An to register Am.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2
F2 : 70+An<<2+Am
mov 27
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VX |CX | NX | ZX | VF | CF | NF | ZF
MOV PSW, Dn B Py iy ey iy ey ey
Operation PSW — Dn
Zero-extends the value of PSW to 24-bits, and moves that value to register Dn.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2
F3 : FO+Dn
MOV Dn PSW VX |CX | NX | ZX | VF | CF | NF .| ZF
y ® 00 0/0 0 0 o

Operation Dn — PSW

Moves the lower 16 bits of register Dn to the PSW. The change affects not only the PSW flags VX, CX, NX,
ZX, VF, CF, NF, and ZF, but also affects S1, S0, IE, and IM2"IMO.

Flag Changes

Size, Cycles, Codes

ZF

VX:
CX:
NX:
ZX:
VF:
CF:
: Will be set to bit 1 of the moved data.
: Will be set to bit 0 of the moved data.

Will be set to bit 7 of the moved data.
Will be set to bit 6 of the moved data.
Will be set to bit 5 of the moved data.
Will be set to bit 4 of the moved data.
Will be set to bit 3 of the moved data.
Will be set to bit 2 of the moved data.

Bytes: 2
Cycles: 3

F3: DO+Dn<< 2

28
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Mov MDR Dn VX | CX | NX | ZX | VF | CF | NF | ZF
)

Operation MDR — Dn

Zero-extends the value of MDR to 24-bits, and moves that value to register Dn.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2

F3 : EO+Dn

MOV Dn MDR vx [ox [Nx [ zx [ ve | cF | NF | zF
b

Operation Dn — MDR

Moves the lower 16 bits of register Dn to the MDR.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 2

Cycles: 2

F3: CO+Dn<< 2

Mov 29
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MOV (An), Dm

VX

CX |NX | ZX | VF | CF | NF | ZF

Operation mem16(An) — Dm
Sign-extends the 2-byte value in memory pointed to by register An to 24 bits, and moves that value to register
Dm.
Flag Changes Size, Cycles, Codes
No changes. Byte: 1
Cycle: 1
20+An<<2+Dm

G Accessing to odd addresses in memory is not allowed.
L]

MOV (d8,An), Dm

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation mem16(An+d8) — Dm
Adds the value of register An and a sign-extended 8-bit displacement (-128 to +127) to obtain a pointer to
memory, then sign-extends the contents of that memory (two bytes) to 24 bits, and moves that value to register
Dm.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycle: 1

60+An<<2+Dm : d8

G Accessing to odd addresses in memory is not allowed.
L}

30 MOV
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MOV (d16, An), Dm e R s e

Operation mem16(An+d16) — Dm

Adds the value of register An and a sign-extended 16-bit displacement (-32768 to +32767) to obtain a pointer to
memory, then sign-extends the contents of that memory (two bytes) to 24 bits, and moves that value to register
Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 2

F7 : CO+An<<2+Dm : d16-1: d16-h

G Accessing to odd addresses in memory is not allowed.
L

MOV (d24,An), Dm e R s e S L

Operation mem16(An+d24) -~ Dm

Adds the value of register An and a 24-bit displacement to obtain a pointer to memory, then sign-extends the
contents of that memory (two bytes) to 24 bits, and moves that value to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 3

F4 : 80+An<<2+Dm : d24-1: d24-m :
d24-h

G Accessing to odd addresses in memory is not allowed.
a
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MOV (Di,An), Dm i e R e e e

Operation mem16(An+Di) — Dm

Adds the values of registers An and Di to obtain a pointer to memory, then sign-extends the contents of that
memory (two bytes) to 24 bits, and moves that value to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

F1 : 40+Di<<4+An<<2+Dm

G Accessing to odd addresses in memory is not allowed.
a

ZX | VF | CF | NF | ZF

MOV (abs16), Dn B Py e o e B R

Operation mem16(abs16) — Dn

Zero-extends abs16 to 24 bits to obtain an absolute address pointing to memory, then sign-extends the con-
tents of that memory (two bytes) to 24 bits, and moves that value to register Dn.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycle: 1

C8+Dn : abs16-1 : abs16-h

G Accessing to odd addresses in memory is not allowed.
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MOV

(absz4) Dn VX |CX | NX | ZX | VF | CF | NF | ZF
) — | =1 =

Operation mem16(abs24) — Dn
24 bits (abs24) to obtain an absolute address pointing to memory, then sign-extends the contents of that
memory (two bytes) to 24 bits, and moves that value to register Dn.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 5
Cycles: 3

F4 : CO+Dn : abs24-1: abs24-m :
abs24-h

G Accessing to odd addresses in memory is not allowed.
L]

MOV

(An) Am VX | CX [ NX | ZX | VF | CF | NF | ZF
) — | -] =] =1 =1

Operation mem24(An) > Am
Moves the value in memory (three bytes) pointed to by register An to register Am.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2

70+An<<2+Am: 00

‘ Accessing to odd addresses in memory is not allowed.

H This instruction is supported by the assembler.
(The assembler generates the instruction code for "MOV (d8,An),Am"(d8=0).)
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NF | zF

MOV (d8, An), Am [l l=[ =[]z

Operation mem24(An+d8) - Am

Adds the value of register An and a sign-extended 8-bit displacement (-128 to +127) to obtain a pointer to
memory, and moves that value in memory (three bytes) to register Am.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

70+An<<2+Am : d8

G Accessing to odd addresses in memory is not allowed.
a

MOV (d16, An), Am e B e e e

Operation mem24(An+d16) —~ Am

Adds the value of register An and a sign-extended 16-bit displacement (-32768 to +32767) to obtain a pointer
to memory, and moves that value in memory (three bytes) to register Am.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 3

F7 : BO+An<<2+Am : d16-1: d16-h

G Accessing to odd addresses in memory is not allowed.
L
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( ) n) ) m o |\ |o(o|o|o (g |d
Operation mem24(An+d24) - Am
Adds the value of register An and the 24-bit displacement to obtain a pointer to memory, and moves that value
in memory (three bytes) to register Am.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 5
Cycles: 4

F4 : FO+An<<2+Am : d24-l : d24-m :
d24-h

C‘ Accessing to odd addresses in memory is not allowed.
L}

ooo
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NF | ZF

MOV (abs16), An e i It B i T

Operation mem24(abs16) — An

Zero-extends abs16 to 24 bits to obtain an absolute address pointing to memory, and moves that value in

memory (three bytes) to register An.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 3

F7 : 30+An : abs16-1: abs16-h

G Accessing to odd addresses in memory is not allowed.
L]

MOV (abs24), An e e iy R o S

Operation mem24(abs24) — An

24 bits to obtain an absolute address pointing to memory, and moves that value in memory (three bytes) to

register An.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 4

F4 : DO+An : abs24-1 : abs24-m :
abs24-h

G Accessing to odd addresses in memory is not allowed.
L]
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VX |CX | NX | ZX | VF | CF | NF | ZF
MOV Dm, (An) B B B iy ey ey
Operation Dm — mem16(An)
Moves the lower 16 bits of register Dm (two bytes) to the memory pointed to by register An.
Flag Changes Size, Cycles, Codes
No changes. Byte: 1
Cycle: 1
00+An<<2+Dm

G Accessing to odd addresses in memory is not allowed.
L]

MOV D d8 A VX | CX | NX | ZX | VF | CF | NF | ZF
m, (d8,An) e iy iy ey ey e
Operation Dm — mem16(An+d8)
Adds the value of register An and a sign-extended 8-bit displacement (-128 to +127) to obtain a pointer to
memory, and moves the lower 16 bits of register Dm (two bytes) to that memory.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycle: 1

40+An<<2+Dm : d8

G Accessing to odd addresses in memory is not allowed.
L]
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ZF

MOV Dm, (d16,An) o Jox oo [ Fur Jer e | o

Operation Dm — mem16(An+d16)

Adds the value of register An and a sign-extended 16-bit displacement (-32768 to +32767) to obtain a pointer
to memory, and moves the lower 16 bits of register Dm (two bytes) to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 2

F7 : 80+An<<2+Dm : d16-1:d16-h

G Accessing to odd addresses in memory is not allowed.
L]

MOV Dm, (d24,An) 2o Elel=f=

Operation Dm — mem16(An+d24)

Adds the value of register An and a 24-bit displacement to obtain a pointer to memory, and moves the lower 16

bits of register Dm (two bytes) to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 3

F4 : 00+An<<2+Dm : d24-1:d24-m:
d24-h

G Accessing to odd addresses in memory is not allowed.
a2
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" VX | CX | NX | ZX | VF | CF | NF | ZF
MOV Dm, (Di, An) sy ey iy g
Operation Dm — mem16(An+Di)
Adds the value of register An and Di to obtain a pointer to memory, and moves the lower 16 bits of register Dm
(two bytes) to that memory.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2

F1 : CO+Di<<4+An<<2+Dm

G Accessing to odd addresses in memory is not allowed.
L}

VX | CX | NX | 2ZX | VF | CF | NF | ZF
MOV Dn, (abs16) i iy ey iy gy iy ey
Operation Dn — mem16(abs16)
Zero-extends abs16 to 24 bits to obtain an absolute address pointing to memory, and moves the lower 16 bits of
register Dn (two bytes) to that memory.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 3
Cycle: 1

CO+Dn : abs16-1: abs16-h

G Accessing to odd addresses in memory is not allowed.
a
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MOV

Dn! (ab524) VX | CX | NX | ZX | VF | CF | NF | ZF

Operation Dn — mem16(abs24)
Moves the lower 16 bits of register Dn (two bytes) to the memory pointed to by the 24-bit absolute address
abs24.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 5
Cycles: 3

F4 : 40+Dn : abs24-1: abs24-m :
abs24-h

G Accessing to odd addresses in memory is not allowed.
L]

MOV

Am, (An) VX [ CX | NX | ZX | VF | CF | NF | ZF

Operation Am — mem24(An)
Moves the value of register Am (three bytes) to the memory pointed to by the register An.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2

50+An<<2+Am : 00

‘ Accessing to odd addresses in memory is not allowed.
H This instruction is supported by the assembler.
(The assembler generates the instruction code for "MOV Am, (d8,An)"(d8=0).)
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Mov A d8 An VX | CX | NX | ZX | VF | CF | NF | ZF
m, (d8, An) S EEEEEEE
Operation Am — mem24(An+d8)
Adds the value of register An and a sign-extended 8-bit displacement (-128 to +127) to obtain a pointer to
memory, and moves the 3-byte value of register Am to that memory.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 2

50+An<<2+Am : d8

G Accessing to odd addresses in memory is not allowed.
L]

Mov A d16 A VX |CX |NX | ZX | VF | CF | NF | ZF
m, (d16, An) P ey B e gy
Operation Am — mem24(An+d16)
Adds the value of register An and a sign-extended 16-bit displacement (-32768 to +32767) to obtain a pointer
to memory, and moves the 3-byte value of register Am to that memory.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 4
Cycles: 3

F7 : AO+An<<2+Am : d16-1:d16-h

G Accessing to odd addresses in memory is not allowed.
L]
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MOVO Am, (d24, An)

VX

CX | NX | zZzX | VF | CF | NF | ZF

Operation Am - mem24(An+d24)
Adds the value of register An and a 24-bit displacement to obtain a pointer to memory, and moves the 3-byte of
register Am to that memory.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 500
Cycles: 4

F4 : 10+An<<2+Am : d24-l : d24-m :
d24-h

G Accessing to odd addresses in memory is not allowed.
L}
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MOV An, (abs16) e g g ey S S

Operation An — mem24(abs16)

Zero-extends abs16 to 24 bits to obtain an absolute address pointing to memory, and moves the 3-byte value of
register An to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 3

F7 : 20+An : abs16-1: abs16-h

G Accessing to odd addresses in memory is not allowed.
L]

MOV An, (ab524) ‘ﬁ‘ fjf NX | zx | ve [ cF [ NF | zF

Operation An — mem24(abs24)

Moves the 3-byte value of register An to memory pointed to by the 24-bit absolute address abs24.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 4

F4 : 50+An : abs24-1 : abs24-m :
abs24-h

G Accessing to odd addresses in memory is not allowed.
L}
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. VX |CX | NX | ZX | VF | CF | NF | ZF
MOV immS8, Dn R i B By py g e
Operation imm8 — Dn
Sign-extends the 8-bit immediate value imm8 to 24 bits, and moves it to register Dn.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycle: 1

80+Dn<<2+Dn : imm8

G The 8-bit immediate value imm8 will be sign-extended to 24 bits.
L]

. VX | CX |NX | ZX | VF | CF | NF | ZF
MOV imm16, Dn e i B B B B i
Operation imm16 — Dn
Sign-extends the 16-bit immediate value imm16 to 24 bits, and moves it to register Dn.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 3
Cycle: 1

F8+Dn : imm16-1 : imm16-h

G The 16-bit immediate value imm16 will be sign-extended to 24 bits.
L]
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MOV imm24, Dn VX | CX [ NX | 2X | vF | CF | NF [ zF
y

Operation imm24 — Dn

Moves the 24-bit immediate value imm?24 to register Dn.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 5

Cycles: 3

F4 : 704Dn : imm24-1 : imm24-m :
imm24-h

Mov imm16 An VX | CX | NX | ZX | VF | CF | NF | ZF
]

Operation imm16 — An

Zero-extends the 16-bit immediate value imm16 to 24 bits, and moves it to register An.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 3

Cycle: 1

DC+An : imm16-1 : imm16-h

G The 16-bit immediate value imm16 will be zero-extended to 24 bits.
-
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MOV

VX |CX | NX | ZX | VF | CF | NF | ZF

imm24, An

Operation imm24 — An
Moves the 24-bit immediate value imm?24 to register An.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 5
Cycles: 3

F4 : 74+An : imm24-1 : imm24-m :
imm?24-h
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Chapter 2 Instruction Specifications

MOVX (d8, An),Dm [~

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation mem24 (An+d8)— Dm
Sign-extends the 8-bit displacement (-128 to +127), adds it to register An to obtain a pointer to memory, and
moves the contents of that memory (3 bytes) to register Dm.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 3
Cycles: 3

F5 : 70+An<<2+Dm : d8

G Accessing to odd addresses in memory is not allowed.
L]

MOVX (d16, An),Dm =

CX | NX | ZX | VF | CF | NF | ZF

Operation mem24(An+d16) — Dm
Sign-extends the 16-bit displacement (-32768 to +32767), adds it to register An to obtain a pointer to memory,
and moves the contents of that memory (3 bytes) to register Dm.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 4
Cycles: 3

F7 . 70+An<<2+Dm . d16-1: d16-h

G Accessing to odd addresses in memory is not allowed.
L]
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MOVX (d24! An)s Dm VX ] OX | NX | ZX | VF | CF | NF | 2F

Operation mem24(An+d24) — Dm

Adds the 24-bit displacement to register An to obtain a pointer to memory, and moves the contents of that
memory (3 bytes) to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 4

F4 : BO+An<<2+Dm : d24-1: d24-m :
d24-h

Q Accessing to odd addresses in memory is not allowed.
a

MOVX Dm, (d8, An) vx Jox [ Nx [ zx | vr [ cF | nF | zF

Operation Dm — mem24 (An+d8)

Adds the value of register An and a sign-extended 8-bit displacement (-128 to +127) to obtain a pointer to
memory, and moves the 3-byte value of register Dm to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3

F5 : 50+An<<2+Dm : d8

G Accessing to odd addresses in memory is not allowed.
a
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MOVX Dm, (d16, An) =125 "

Operation Dm — mem24(An+d16)

Adds the value of register An and a sign-extended 16-bit displacement (-32768 to +32767) to obtain a pointer
to memory, and moves the 3-byte value of register Dm to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4

Cycles: 3

F7 : 60+An<<2+Dm : d16-1: d16-h

\

G Accessing to odd addresses in memory is not allowed.
L ]

Movx Dm, (d24, An) vx |ex | Nx | zx | ve | CF | NF | zF

Operation Dm — mem24(An+d24)

Adds the value of register An and a 24-bit displacement to obtain a pointer to memory, and moves the 3-byte
value of register Dm to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5

Cycles: 4

F4 : 30+An<<2+Dm : d24-1: d24-m :
d24-h

G Accessing to odd addresses in memory is not allowed.
L]
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M 0 VB Data. move instruction
MOVB (An), Dm e i i iy i S 8

Operation mem8(An) —~ Dm

Sign-extends the one-byte contents of memory pointed to by register An to 24 bits, and moves the result to

register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

30+An<<2+Dm : B8+Dm

‘ This instruction is supported by the assembler (the assembler generates the two instruction codes for "MOVBU (An),Dm" and "EXTXB
H Dm").

CF | NF | ZF

MOVB (d8, An),Dm |22z lriele|=

Operation mem8(An+d8) — Dm

Sign-extends the 8-bit displacement (128 to +127), adds it to register An to obtain a pointer to memory, sign-
extends the contents of that memory (1 byte) to 24 bits, and moves the result to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 2

F5 : 20+An<<2+Dm : d8
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MOVB (d16, An),Dm [“[[“[*[F[E[Z[Z

Operation mem8(An+d16) — Dm

Sign-extends the 16-bit displacement (-32768 to +32767), adds it to register An to obtain a pointer to memory,
sign-extends the contents of that memory (1 byte) to 24 bits, and moves the result to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 2

F7 : DO+An<<2+Dm : d16-1: d16-h

MOVB (d24, An), Dm || [* =[]z

Operation mem8(An+d24) - Dm

Adds the 24-bit displacement to register An to obtain a pointer to memory, sign-extends the contents of that
memory (1 byte) to 24 bits, and moves the result to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 3

F4 : AO+An<<2+Dm : d24-1: d24-m:
d24-h
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ZX | VF | CF | NF | ZF

MOVB (Di, An),Dm  [[ePr[zlrfeiris

Operation mem8(An+Di) = Dm

Adds the register Di to register An to obtain a pointer to memory, sign-extends the contents of that memory (1
byte) to 24 bits, and moves the result to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

FO : 40+Di<<4+An<<2+Dm

VX |CX [NX | ZX | VF | CF | NF | ZF

MOVB (abs16), Dn e e Ry ey ey ey ey

Operation mem8(abs16) — Dn

Zero-extends abs16 to 24 bits to obtain an absolute address pointer to memory, sign-extends the contents of
that memory (1 byte) to 24 bits, and moves the result to register Dn.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 2

CC+Dn : abs16-1: abs16-h : B8+Dn

G This instruction is supported by the assembler (the assembler generates the two instruction codes for "MOVBU (abs16),Dn" and "EXTXB
= Dn").
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MOVB (ab324), Dn VX | OX | NX | ZX | VF | CF | NF | ZF

Operation mem8(abs24) — Dn

Sign-extends the one-byte contents of memory pointed to by 24 bits (abs24) to obtain an absolute address
pointer to memory, and moves the result to register Dn.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 5

Cycles: 3

F4 : C4+4Dn : abs24-1: abs24-m :
abs24-h

MOVB Dm, (An) VX | CX | NX | ZX | VF | CF | NF | ZF

Operation Dm — mem8(An)

Moves the lower 8 bits of register Dm (one byte) to the memory pointed to by register An.

Flag Changes Size, Cycles, Codes
No changes. Byte: 1
Cycle: 1

10+Dm<<2+An
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VX |CX [ NX | ZX | VF | CF | NF | ZF

MOVB Dm, (d8, An) |2 |2]™ |2 pricpei=

Operation Dm — mem8(An+d8)

Sign-extends the 8-bit displacement (-128 to +127), adds it to register An to obtain a pointer to memory, and
moves the lower 8 bits of register Dm (one byte) to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 2

F5: 10+An<<2+Dm : d8

VX |CX | NX | ZX | VF | CF | NF | ZF

MOVB Dm, (d16, An) [“1>f{>Fi=r s

Operation Dm — mem8(An+d16)

Sign-extends the 16-bit displacement (-32768 to +32767), adds it to register An to obtain a pointer to memory,
and moves the lower 8 bits of register Dm (one byte) to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 4
Cycles: 2

F7 : 90+An<<2+Dm : d16-1: d16-h
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MOVB Dm, (d24, An) 2|2 2poiop s

Operation Dm — mem8(An+d24)

Adds the 24-bit displacement and register An to obtain a pointer to memory, and moves the lower 8 bits of
register Dm (one byte) to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 3

F4 : 20+An<<2+Dm : d24-1: d24-m :
d24-h

VX |CX | NX | ZX | VF | CF | NF | ZF

MOVB Dm, (Di, An)  [E & 2o s

Operation Dm — mem8(An+Di)

Adds register An and register Di to obtain a pointer to memory, and moves the lower 8 bits of register Dm (one
byte) to that memory.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

FO : CO+Di<<4+An<<2+Dm
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MOVB Dn, (abs16) VX | OX | NX | ZX | VF | CF | NF | ZF

Operation Dn — mem8(abs16)

Zero-extends abs16 to 24 bits to obtain an absolute address pointing to memory, and moves the lower 8 bits of
register Dn (one byte) to that memory.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 3

Cycle: 1

C4+Dn : abs16-1 : abs16-h

MOVB Dn, (ab524) vx [ex [nx | zx | ve [cF | NF | zF

Operation Dn — mem8(abs24)

Moves the lower 8 bits of register Dn (one byte) to the memory pointed to by the 24-bit absolute address abs24.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 5

Cycles: 3

F4 : 44+Dn : abs24-1 : abs24-m :
abs24-h
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M 0 ‘ B U Data move instruction

MOVBU (An), Dm s e i e e

Operation mem8(An) —~ Dm

Zero-extends the 1-byte contents of memory pointed to by register An to 24 bits, and stores the result in register
Dm.

Flag Changes Size, Cycles, Codes

No changes. Byte: 1
Cycle: 1

30+An<<2+Dm

MOVBU (d8, An), Dm |=fefafelefele

Operation mem8(An+d8) =~ Dm

Sign-extends the 8-bit displacement (-128 to +127), adds it to register An to obtain a pointer to memory, zero-
extends the contents of that memory (1-byte) to 24 bits, and moves the result to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 2

F5 : 30+An<<2+Dm : d8
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MOVBU (d16, An), Dm \ﬁ( (2( "i)f zX | vF | CF | NF | zF

Operation mem8(An+d16) — Dm
Sign-extends the 16-bit displacement (-32768 to +32767), adds it to register An to obtain a pointer to memory,
zero-extends the contents of that memory (1-byte) to 24 bits, and moves the result to register Dm.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 4
Cycles: 2

F7 : 50+An<<2+Dm : d16-1 : d16-h

MOVBU (d24, An), Dm [2[2[2]2felofets

Operation mem8(An+d24) =~ Dm
Adds the 24-bit displacement to register An to obtain a pointer to memory, zero-extends the contents of that
memory (1-byte) to 24 bits, and moves the result to register Dm.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 5
Cycles: 3

F4 : 90+An<<2+Dm : d24-1: d24-m :
d24-h
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MOVBU (Di, An), Dm [z vleirix

Operation mem8(An+Di) =~ Dm

Adds register Di to register An to obtain a pointer to memory, zero-extends the contents of that memory (1-
byte) to 24 bits, and moves the result to register Dm.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 2

FO : 80+Di<<4+An<<2+Dm

CF | NF [ zF

MOVBU (absi6),Dn |22 [= ===

Operation mem8(abs16) — Dn

Zero-extends abs16 to 24 bits to obtain an absolute address pointing to memory, zero-extends the contents of
that memory (1-byte) to 24-bits, and moves the result to register Dn.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycle: 1

CC+Dn : abs16-1: abs16-h
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CF | NF | ZF

MOVBU (abs24),Dn (=== (=1=1=1=

Operation mem8(abs24) — Dn

Zero-extends the contents of 24 bits to obtain an absolute address pointing to memory (1-byte) to 24-bits, and

moves the result to register Dn.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 3

F4 : C8+Dn : abs24-1 : abs-24-m : abs24-h
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Chapter 2  Instruction Specifications

EXT

Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation IF Dn.bp15 = 0, then x'0000'—~ MDR
IF Dn.bp15 = 1, then x'FFFF'— MDR
Sign-extends the lower 16 bits of register Dn (2 bytes) to 32 bits, and moves the 16-bit extension to register
MDR. The contents of Dn are not changed.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 3

F3 : C1+Dn<<2
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E X T X Data move instruction :
vX [cx | NX | zx | vF [ CF [ NF | ZF

EXTX Dn o= ===

Operation IF Dn.bp15 = 0, then Dn& x'00FFFF' — Dn
IF Dn.bp15 = 1, then Dn | x'FF0000' — Dn

Sign-extends the lower 16 bits of register Dn (2 bytes) to 24 bits, and stores the result in register Dn.

Flag Changes Size, Cycles, Codes

No changes. Byte: 1
Cycle: 1

BO+Dn
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EXTXU

Data move instruction

Chapter 2 Instruction Specifications

EXTXU Dn VX |CX | NX | ZX | VF | CF | NF | ZF
Operation Dn&x'00FFFF' — Dn
Zero-extends the lower 16 bits of register Dn (2 bytes) to 24 bits, and stores the result in register Dn.
Flag Changes Size, Cycles, Codes
No changes. Byte: 1
Cycle: 1
B4+Dn
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E X T XB Data move instruction
EXTXB Dn vX |ox [ NX | zx | vF | CF | NF | ZF

Operation IF Dn.bp7 = 0, then Dn&x'0000FF' — Dn
IF Dn.bp7 = 1, then Dn | xX'FFFF00' — Dn

Sign-extends the lower 8 bits of register Dn (1 byte) to 24 bits, and stores the result in register Dn.

Flag Changes Size, Cycles, Codes

No changes. Byte: 1
Cycle: 1

B8+Dn
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EXTXBU :.ocosion

Chapter 2 Instruction Specifications

EXTXBU Dn VX |CX | NX | ZX | VF | CF | NF | ZF
Operation Dn&x'0000FF' — Dn
Zero-extends the lower 8 bits of register Dn (1 byte) to 24 bits, and stores the result in register Dn.
Flag Changes Size, Cycles, Codes

No changes. Byte: 1

Cycle: 1

BC+Dn
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Instruction Specifications

Arithmetic Calculation Instructions

ADD Dn,Dm

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dm+Dn — Dm'

Adds the value of register Dm to register Dn, and stores the result in register Dm.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
zX:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a carry is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a carry is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Byte: 1
Cycle: 1

90+Dn<<2+Dm

ADD Dm, An

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation An+Dm — An

Adds the value of register An to register Dm, and stores the result in register An.

Flag Changes

Size, Cycles, Codes

VX:

VE:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
CX: Setif a carry is generated from the MSB; reset otherwise.
NX: Set if the MSB of the result is 1; reset otherwise.

ZX: Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a carry is generated from bit 15; reset otherwise.
NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 2

F2 : 00+Dm<<2+An
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VX | CX | NX | ZX | VF | CF | NF | ZF

ADD An,Dm o ojo/e0o0|0 0

Operation Dm+An — Dm

Adds the value of register Dm to register An, and stores the result in register Dm.

Size, Cycles, Codes

Flag Changes
VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2
CX: Setif a carry is generated from the MSB; reset otherwise. Cyeles: 2
NX: Set if the MSB of the result is 1; reset otherwise. ycles:
ZX: Set if the result is 0; reset otherwise. F2 : CO+An<<2+Dm

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a carry is generated from bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

VX |CX {NX | ZX | VF | CF | NF | ZF

ADD An, Am ADDDOO00

Operation Am+An — Am

Adds the value of register Am to register An, and stores the result in register Am.

Flag Changes Size, Cycles, Codes
VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2
CX: Setif a carry is generated from the MSB; reset otherwise. ]
NX: Setif the MSB of the result is 1; reset otherwise. Cycles: 2
ZX: Set if the result is 0; reset otherwise. F2 - 40+ An<<2+Am

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a carry is generated from bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.
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Instruction Specifications

ADD immS8, Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dn+imm8 — Dn

result in register Dn.

Sign-extends the 8-bit immediate value imm8 (-128 to +127) to 24 bits, adds it to register Dn, and stores the

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
ZX:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a carry is generated from the MSB; reset otherwise.

Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
Set if a carry is generated from bit 15; reset otherwise.

Set if bit 15 of the result is 1; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycle: 1

D4+Dn : imm8

Q

The 8-bit immediate value imm8 will be sign-extended to 24 bits.

ADD imm16, Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dn+imm16 — Dn

the result in register Dn.

Sign-extends the 16-bit immediate value imm16 (-32768 to +32767) to 24 bits, adds it to register Dn, and stores

Flag Changes

Size, Cycles, Codes

ZX:
VE:
CF:
NF:
ZF:

VX
CX:
NX:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a carry is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a carry is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 :18+Dn : imm16-1 : imm16-h

68

The16-bit immediate value imm16 will be sign-extended to 24 bits.

ADD
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VX |CX [ NX | ZX | VF | CF | NF | ZF

ADD imm24, Dn A I I

Operation Dn+imm24 — Dn

Adds the 24-bit immediate value imm?24 to register Dn, and stores the result in register Dn.

Flag Changes Size, Cycles, Codes
VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 5
CX: Set if a carry is generated from the MSB; reset otherwise. Cveles: 3
NX: Setif the MSB of the result is 1; reset otherwise. ycles:
ZX: Set if the result is 0; reset otherwise. F4 : 604+Dn : imm?24-1 : imm24-m : imm-h

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a carry is generated from bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

VX |CX |NX | ZX | VF | CF | NF | ZF

ADD imm8, An oo 0000 0o

Operation An+imm8 — An

Sign-extends the 8-bit immediate value immS8 (-128 to +127) to 24 bits, adds it to register An, and stores the

result in register An.

Flag Changes Size, Cycles, Codes
VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2
CX: Setif a carry is generated from the MSB; reset otherwise. Cvele: 1
NX: Set if the MSB of the result is 1; reset otherwise. ycle:
ZX: Set if the result is 0; reset otherwise. DO+An : imm8

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a carry is generated from bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

G The 8-bit immediate value imm8 will be sign-extended to 24 bits.
a
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Instruction Specifications

ADD imm1i6, An

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation An+imm16 — An

the result in register An.

Sign-extends the 16-bit immediate value imm16 (-32768 to +32767) to 24 bits, adds it to register An, and stores

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a carry is generated from the MSB; reset otherwise.

Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
Set if a carry is generated from bit 15; reset otherwise.

Set if bit 15 of the result is 1; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 : 08+An : imm16-1 : imm16-h

Q

The 16-bit immediate value imm16 will be sign-extended to 24 bits.

ADD imm24, An

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation An+imm24 — An

Adds the value of register An to the 24-bit immediate value, and stores the result in register An.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VF:
CF.
NF:
ZF:

Set if a carry is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a carry is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Bytes: 5
Cycles: 3

F4 : 64+An : imm24-1 : imm24-m :
imm24-h
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AD D C Arithmetic Calculation Instructions

Chapter 2 Instruction Specifications

ADDC Dn, Dm

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dm+Dn+CF — Dm

Adds the value of register Dn and the 16-bit data carry (CF) to register Dm, and stores the result in register Dm.

Flag Changes

Size, Cycles, Codes

CF:

ZF:

VX:
CX:
NX:
ZX:
VF:

NF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a carry is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a carry is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if ZF=1 and the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 2

F2 : 80+Dn<<2+Dm

¢

32-bit addition can be performed by combining an ADD instruction and ADDC instruction. A zero-check on the 32-bit result can be done

only with ZF after the ADDC instruction has been executed.
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AD D N F Arithmetic Calculation Instructions |

ADDNF imm8, An

VX

CX |NX | ZX | vF | CF | NF | ZF

Operation An+imm8 — An
Sign-extends the 8-bit immediate value imm8 (-128 to +127) to 24 bits, adds it to register An, and stores the
result in register An.
Flag Changes Size, Cycles, Codes
No changes Bytes: 3
Cycles: 2

F5 : 0C+An : imm8

72

‘ The 8-bit immediate value is sign-extended to 24 bits.
H Flags do not change.

The primary application for this instruction is incrementing the stack pointer (A3) past the stack frame at the end of a subroutine without
changing the PSW flags reporting results. See Section 1.2 in Chapter 3 "Use of Instructions" for an example.
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S UB Arithmetic Calculation Instruction

Chapter 2 Instruction Specifications

SUB Dn,Dm

VX

CX |NX | ZX | VF | CF | NF | ZF

Operation Dm-Dn — Dm

Subtracts the value of register Dn from the value of register Dm, and stores the result in register Dm.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VEF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a borrow is generated from the MSB; reset otherwise.

Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
Set if a borrow is generated from bit 15; reset otherwise.

Set if bit 15 of the result is 1; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Byte: 1
Cycle: 1

A0+Dn<<2+Dm

SUB Dm, An

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation An-Dm — An

Subtracts the value of register Dm from the value of register An, and stores the result in register An.

Flag Changes

Size, Cycles, Codes

VX: Set if result taken as a 24-bit signed value overflows; reset otherwise.
CX: Set if a borrow is generated from the MSB; reset otherwise.
NX: Set if the MSB of the result is 1; reset otherwise.

7zX:
VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.

CF:
NF: Set if bit 15 of the result is 1; reset otherwise.

ZF:

Set if the result is 0; reset otherwise.
Set if a borrow is generated from bit 15; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 2

F2 : 10+Dn<<2+An
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VX | CX | NX | ZX | VF | CF | NF | ZF

SUB An,Dm o ojoj0o 0000

Operation Dm-An — Dm

Subtracts the value of register An from the value of register Dm, and stores the result in register Dm.

Flag Changes Size, Cycles, Codes
VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2
CX: Set if a borrow is generated from the MSB; reset otherwise. Cyeles: 2
NX: Set if the MSB of the result is 1; reset otherwise. yeles:
ZX: Set if the result is O; reset otherwise. F2 : DO+An<<24+Dm

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a borrow is generated from bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

VX |CX | NX | ZX | VF | CF | NF | ZF

SUB An, Am olejeeleloe]e

Operation Am-An —+ Am

Subtracts the value of register An from the value of register Am, and stores the result in register Am.

Flag Changes Size, Cycles, Codes

VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2
CX: Set if a borrow is generated from the MSB; reset otherwise.
NX: Set if the MSB of the result is 1; reset otherwise.

ZX: Set .if the result is 0; reset thc'rwise. . E2 - 50+An<<2+Am
VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a borrow is generated from bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Cycles: 2
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SUB imm1i6, Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dn-imm16 — Dn

and stores the result in register Dn.

Sign-extends the 16-bit immediate value imm16 (-32768 to +32767) to 24 bits, subtracts it from register Dn,

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7ZX:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a borrow is generated from the MSB; reset otherwise.

Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
Set if a borrow is generated from bit 15; reset otherwise.

Set if bit 15 of the result is 1; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 : 1C+Dn : imm16-1 : imm16-h

Q

The 16-bit immediate value imm16 will be sign-extended to 24 bits.

S

UB imm24, Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dn-imm24 — Dn

Subtracts the 24-bit immediate value from the value of register Dn, and stores the result in register Dn.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VFE:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a borrow is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a borrow is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 5
Cycles: 3
F4 : 68+Dn : imm24-1 : imm24-m :
imm24-h
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SUB immi6, An

CX | NX | ZX | VF | CF | NF | ZF

Operation An-imm16 — An

and stores the result in register An.

Sign-extends the 16-bit immediate value imm16 to 24 bits (-32768 to +32767), subtracts it from register An,

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a borrow is generated from the MSB; reset otherwise.

Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
Set if a borrow is generated from bit 15; reset otherwise.

Set if bit 15 of the result is 1; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 : 0C+An : imm16-1 : imm16-h

Q

The 16-bit immediate value imm16 will be sign-extended to 24 bits.

S

UB imm24, An

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation An-imm24 — An

Subtracts the 24-bit immediate value from the value of register An, and stores the result in register An.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
ZX:
VE:
CF:
NF:
ZF:

Set if a borrow is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a borrow is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Bytes: 5
Cycles: 3
F4 : 6C+An : imm24-1 : imm24-m :
imm?24-h
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Arithmetic Calculation Instructions

Chapter 2 Instruction Specifications

SUBC Dn,Dm

VX

CX [ NX | ZX | VF | CF | NF | ZF

Operation Dm-Dn-CF — Dm

register Dm.

Subtracts the value of register Dn and the 16-bit data borrow (CF) from register Dm, and stores the result in

Flag Changes

Size, Cycles, Codes

7zX:
VFE:
CF:
NF:
ZF:

VX
CX:
NX:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a borrow is generated from the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a borrow is generated from bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if ZF=1 and the lower 16 bits of the result are O; reset otherwise.

Bytes: 2
Cycles: 2

F2 : 90+Dn<<2+Dm

-\

32-bit subtraction can be performed by combining an SUB instruction and SUBC instruction. A zero-check on the 32-bit result can be done

only with ZF after the SUBC instruction has been executed.
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L Arithmetic Calculation Instructions

VX |CX [ NX | ZX | VF | CF | NF | ZF

MUL Dn,Dm 2222|072 |@|@

Operation Dm*Dn — Dm
(Dm * Dn)>>16 — MDR
Multiplies the lower 16 bits of register Dm and the lower 16 bits of register Dn as signed numbers, and stores
the upper 16 bits of the 32-bit result in register MDR and the lower 24 bits in register Dm. The upper 8 bits of
register Dm will be the same as the lower 8 bits of register MDR.
The MUL instruction performs a signed multiplication 16 bits x 16 bits = 32 bits.
23 15 0 23 15 0
I | Dn | X | | Dm |
L Muttiplicand — L Muttiplier —
(signed) (signed)
3|1 2423 1615 (l)
! 1 Product l
15 ! 0 ;
[ MDR | ;
23 0
I Dn i
Flag Changes Size, Cycles, Codes
VX, CX, NX, ZX: Undefined. Bytes: 2
VF: Always 0. i
CF: Undefined. Cycles: 12
NF: Set if MSB of result (32 bits) is 1; reset otherwise. F3 : 40+Dn<<24+Dm

ZF: Set if result is O; reset otherwise.
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UL U Arithmetic Calculation Instructions

Chapter 2 Instruction Specifications

MULU Dn,Dm AEEERENREOD

VX | CX | NX | ZX | VF | CF | NF | ZF

Operation Dm#*Dn — Dm
(Dm * Dn)>>16 — MDR
Multiplies the lower 16 bits of register Dm and the lower 16 bits of register Dn as unsigned numbers, and stores
the upper 16 bits of the 32-bit result in register MDR and the lower 24 bits in register Dm. The upper 8 bits of
register Dm will be the same as the lower 8 bits of register MDR.
The MULU instruction performs an unsigned multiplication 16 bits x 16 bits = 32 bits.
23 15 0 23 15 0
I | Dn | X | [ Om |
L Muttiplicand —! L Multiptier —
(un-signed) (un-signed)
3‘1 2423 1615 (l)
! : Product |
15 l 0 . E
| MDR | ;
23 0
I Dn |
Flag Changes Size, Cycles, Codes
VX, CX, NX, ZX: Undefined. Bytes: 2
VFE: Always 0. Cyeles: 12
CF: Undefined. yeles:
NF: Set if MSB of result (32 bits) is 1; reset otherwise. E3 : 50+Dn<<2+Dm

ZF: Set if result is 0; reset otherwise.

MULU
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D I ‘ U Arithmetic Calculation Instructions

VX | CX|{NX|2ZX|VF |CF |NF | ZF

DIVU Dn! Dm ?2 | 2 |0/?7|@/?]0/1| ? |@/?|@/?

Operation (MDR<<16+Dm),”Dn— Dm --* MDR

Divides the unsigned 32-bit concatenation of register MDR's upper 16 bits and register Dm's lower 16 bits by
the unsigned 16-bit value from the lower 16 bits of register Dn. The 16-bit quotient is zero-extended to 24 bits
and stored in register Dm. The 16-bit remainder is stored in register MDR. If an overflow occurs (VF=1), then
the resulting contents of registers Dm and MDR will be undefined. VF will also be set to 1 when division by
zero is performed (divisor is 0).

The DIVU instruction performs an unsigned division 32 bits / 16 bits = 16 bits...16bits.

15 upper 015 lower 0 15 0
[ MDR | Dm - Dn |
L Dividend | L divisor ——!
(un-signed) (un-signed)
23 15 0 15 0
-_— |0 ------ 0 | Dm l A li MDR I
I quotient | I remainder —
Flag Changes Size, Cycles, Codes
o If VF=0 Bytes: 2
(Indicates that no overflow occurs for 16-bit unsigned quotient) Cveles: 13
VX,CX: Undefined. ycles:
NX: 0 (indicates that the MSB of the quotient in register Dm is 0). F3 : 60+Dn<<2+Dm
ZX: Setif quotient in register Dm is 0; reset otherwise.

VE: 0
CF: Undefined.
NF: Set if MSB of 16-bit quotient is 1; reset otherwise.
ZF: Set if 16-bit quotient is 0; reset otherwise.
oIf VF=1
(Indicates that the quotient overflowed or that division by zero was performed)
VX, CX, NX, ZX: Undefined.
VE: 1
CF, NF, ZF: Undefined.
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Chapter 2 Instruction Specifications

CMP Dn,Dm

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dm-Dn

Subtracts the values of register Dn from the value of register Dm, but the result is not stored in register Dm.

Flag Changes

Size, Cycles, Codes

VX:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

CX: Set if a borrow is generated to the MSB; reset otherwise.

NX:

Set if the MSB of the result is 1; reset otherwise.

ZX: Set if the result is 0; reset otherwise.

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a borrow is generated to bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 2

F3 : 90+Dn<<2+Dm

CMP D VX | CX | NX | ZX | VF | CF | NF | ZF
m, An o ejeje 0000
Operation An-Dm
Subtracts the values of register Dm from the value of register An, but the result is not stored in register An.
Flag Changes Size, Cycles, Codes

VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2

CX: Set if a borrow is generated to the MSB; reset otherwise. Cvcles: 2

NX: Set if the MSB of the result is 1; reset otherwise. ycles:

ZX: Set if the result is 0; reset otherwise. F2 : 20+Dm<<2+An

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.

CF: Set if a borrow is generated to bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.
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CMP An,Dm

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation Dm-An

Subtracts the values of register An from the value of register Dm, but the result is not stored in register Dm.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a borrow is generated to the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.
Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a borrow is generated to bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 2

F2 : EO+An<<2+Dm

CMP VX |CX |NX | ZX | VF | CF | NF | ZF
An, Am o eje0ojeje00
Operation Am-An
Subtracts the values of register An from the value of register Am, but the result is not stored in register Am.
Flag Changes Size, Cycles, Codes

VX: Setif result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 2

CX: Setif a borrow is generated to the MSB; reset otherwise. Cveles: 2

NX: Set if the MSB of the result is 1; reset otherwise. ycles:

ZX: Set if the result is 0; reset otherwise. F2 : 60+An<<2+Am

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.

CF: Set if a borrow is generated to bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.
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CMP imm8, Dn

VX

CX | NX | ZX | VF | CF | NF

ZF

Operation Dn-imm8

result in register Dn.

Sign-extends the 8-bit immediate value imm8 to 24-bits, subtracts it from register Dn, but does not store the

Flag Changes

Size, Cycles, Codes

VX
CX:
NX:
7ZX:
VE:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.
Set if a borrow is generated to the MSB; reset otherwise.

Set if the MSB of the result is 1; reset otherwise.

Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.
Set if a borrow is generated to bit 15; reset otherwise.

Set if bit 15 of the result is 1; reset otherwise.

Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycle: 1

D8+Dn : imm8

¢

The 8-bit immediate value imm8 will be sign-extended to 24 bits.

CMP imm16, Dn

VX

CX | NX | ZX | VF | CF | NF

ZF

Operation Dn-imm16

result in register Dn.

Sign-extends the 16-bit immediate value imm16 to 24-bits, subtracts it from register Dn, but does not store the

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:

7X:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a borrow is generated to the MSB; reset otherwise.
Set if the MSB of the result is 1; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a borrow is generated to bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 : 48+Dn : imm16-1 : imm16-h

Q

The 16-bit immediate value imm16 will be sign-extended to 24 bits.

CMP

83



Chapter 2 Instruction Specifications

VX | CX | NX [ ZX | VF | CF | NF | ZF

CMP imm24,Dn NI IO

Operation Dn-imm24

Subtracts the 24-bit immediate value imm24 from register Dn, but does not store the result in register Dn.

Flag Changes Size, Cycles, Codes
VX: Set if result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 5
CX: Set if a borrow is generated to the MSB; reset otherwise. Cycles: 3
NX: Set if the MSB of the result is 1; reset otherwise. '
ZX: Set if the result is O; reset otherwise. F4 : 78+Dn : imm?24-1 : imm24-m :
VF: Set if result taken as a 16-bit signed value overflows; reset otherwise. imm24-h

CF: Set if a borrow is generated to bit 15; reset otherwise.
NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

VX [CX | NX | ZX | VF | CF | NF | ZF

CMP imm16,An o oloo/o0o00

Operation An-imm16

Zero-extends the 16—bit immediate value imm16 to 24 bits, subtracts it from register An,but does not store the

result in register An.

Flag Changes Size, Cycles, Codes
VX: Setif result taken as a 24-bit signed value overflows; reset otherwise. Bytes: 3
CX: Set if a borrow is generated to the MSB; reset otherwise. Cvele: 1
NX: Set if the MSB of the result is 1; reset otherwise. yele:
ZX: Set if the result is 0; reset otherwise. EC+An : imm16-1 : imm16-h

VF: Set if result taken as a 16-bit signed value overflows; reset otherwise.
CF: Set if a borrow is generated to bit 15; reset otherwise.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

The 16-bit immediate value imm16 will be zero-extended to 24 bits.

o)
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CMP imm24, An

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation An-imm24

Subtracts the 24-bit immediate value imm24 from register An, but does not store the result in register An.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
ZX:
VF:
CF:
NF:
ZF:

Set if result taken as a 24-bit signed value overflows; reset otherwise.

Set if a borrow is generated to the MSB; reset otherwise.
Set if the MSB of the result is I; reset otherwise.
Set if the result is 0; reset otherwise.

Set if result taken as a 16-bit signed value overflows; reset otherwise.

Set if a borrow is generated to bit 15; reset otherwise.
Set if bit 15 of the result is 1; reset otherwise.
Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 5
Cycles: 3
F4 : 7C+An : imm24-1 : imm24-m :
imm24-h

CMP
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AN D Logical Calculation Instructions

VX |CX | NX | ZX | VF | CF | NF | ZF

AND Dn, Dm

—|—-|—]0]0|@®|@®

Operation Dm&(x'FF0000' | Dn) — Dm

Performs a bitwise logical AND of the lower 16 bits registers Dn and Dm, and stores the result in the lower 16

bits of register Dm. The upper 8 bits of register Dm will not change.

Size, Cycles, Codes

NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Flag Changes
VX ,CX,NX,ZX :No change. Bytes: 2
VF: Always 0. .
CF: Always 0. Cycles: 2

F3 : 00+Dn<<2+Dm

AND immS8, Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

—|(0|({0|@®|@®

Operation Dn&(x'FF0000' | imm8) — Dn

not change.

Performs a bitwise logical AND of zero-extends the 8-bit immediate value imm8 to 16-bits and the lower 16
bits of register Dn, and stores the result in the lower 16 bits of register Dn. The upper 8 bits of register Dn will

Size, Cycles, Codes

NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Flag Changes
VX,CX,NX,ZX :No change. Bytes: 3
VF: Always 0. .
CF: Always 0. Cycles: 2

F5 : 00+Dn : imm8

G The 8-bit immediate value immg will be zero-extended to 16 bits.
| |
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AND imm1i6, Dn

VX |CX | NX | ZX | VF | CF | NF | ZF

Operation Dn&(x'FF0000' I imm16) — Dn

Performs a bitwise logical AND of the 16-bit immediate value imm16 and the lower 16 bits of register Dn, and
stores the result in the lower 16 bits of register Dn. The upper 8 bits of register Dn will not change.

Size, Cycles, Codes

_ Flag Changes
VX, CX,NX,ZX :No change.

VF: Always 0.

CF: Always 0.

NF: Set if bit 15 of the result is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 : 00+Dn : imm16-1 : imm16-h

AND imm16, PSW

VX

CX | NX | ZX | VF | CF | NF | ZF

Operation PSW&imm16 — PSW
Performs a bitwise logical AND of the 16-bit immediate value imm16 and the PSW, and stores the result in the
PSW. The lower 8 bits will be stored in the PSW flags VX (bit 7), CX (bit 6), NX (bit 5), ZX (bit 4), VF (bit 3)
, CF (bit 2), NF (bit 1), and ZF (bit 0). The PSW flags S1, S0, IE, and IM2"IMO will also be changed.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
ZX:
VF:
CF:
NF:
ZF:

Will be set to bit 7 of the result.
Will be set to bit 6 of the result.
Will be set to bit 5 of the result.
Will be set to bit 4 of the result.
Will be set to bit 3 of the result.
Will be set to bit 2 of the result.
Will be set to bit 1 of the result.
Will be set to bit O of the result.

Bytes: 4
Cycles: 3

F7:10:imm16-1:imm16-h
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Logical Calculation Instructions

OR Dn,Dm

vX | C

X | NX | ZX | VF | CF | NF | ZF

—|—]—|—[0]0 @@

Operation Dm | (Dn&x'00FFFF') — Dm

Performs a bitwise logical OR of the lower 16 bits or registers Dm and Dn, and stores the result in the lower 16

bits of register Dm. The upper 8 bits of register Dm will not change.

Size, Cycles, Codes

NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Flag Changes
VX, CX,NX,ZX :No change. Bytes: 2
VF: Always 0. .
CF: Always 0. Cycles: 2

F3: 10 +Dn<< 24+Dm

OR imm8, Dn

VX

CX | NX | ZX | VF | CF | NF | ZF

—|—|—[0]0|@®@|@®

Operation Dnlimm8 — Dn

change.

Performs a bitwise logical OR of zero-extends the 8-bit immediate value imm8 to 16-bits and the lower 16 bits
of register Dn, and stores the result in the lower 16 bits of register Dn. The upper 8 bits of register Dn will not

Size, Cycles, Codes

NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Flag Changes
VX,CX,NX,ZX :No change. Bytes: 3
VE: Always 0. .
CE: Always 0. Cycles: 2

F5:08 +Dn : imm8

G The 8-bit immediate value imm8 will be zero-extended to 16 bits.
a2
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OR immi6, Dn

VX | CX | NX | ZX | VF | CF | NF | ZF

—|(0({0]/@®|@®

Operation Dn limm16 — Dn

Performs a bitwise logical OR of the lower 16 bits or registers Dn and the 16-bit immediate value imm16, and
stores the result in the lower 16 bits of register Dn. The upper 8 bits of register Dn will not change.

Flag Changes

Size, Cycles, Codes

VX, CX,NX,ZX :Nochange.
VF: Always 0.

CF: Always 0.
NF: Set if bit 15 of the result is 1; reset otherwise.

7ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 4
Cycles: 2

F7 : 40+Dn : imm16-1 : imm16-h

OR imm16, PSW

VX

CX | NX | ZX | VF | CF | NF

ZF

Operation PSW limm16 — PSW
Performs a bitwise logical OR of the 16-bit immediate value imm16 and the PSW, and stores the result
in the PSW. The lower 8 bits will be stored in the PSW flags VX (bit 7), CX (bit 6), NX (bit 5), ZX (bit
4), VF (bit 3), CF (bit 2), NF (bit 1), and ZF (bit 0). The PSW flags S1, SO, IE, and IM2"IMO will also

be changed.

Flag Changes

Size, Cycles, Codes

VX:
CX:
NX:
7X:
VE:
CF:
NF:
ZF:

Will be set to bit 7 of the result.
Will be set to bit 6 of the result.
Will be set to bit 5 of the result.
Will be set to bit 4 of the result.
Will be set to bit 3 of the result.
Will be set to bit 2 of the result.
Will be set to bit 1 of the result.
Will be set to bit 0 of the result.

Bytes: 4
Cycles: 3

F7:14 :imm16-1 : imm16-h

OR
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Logical Calculation Instructions

VX | CX [ NX | ZX | VF | CF | NF | ZF

XOR Dn, Dm — = [=[=lololele

Operation Dm A (x'00FFFF'&Dn) — Dm

Performs a bitwise logical XOR of the lower 16 bits or registers Dm and Dn, and stores the result in the lower

16 bits of register Dm. The upper 8 bits of register Dm will not change.

Flag Changes Size, Cycles, Codes

VX ,CX ,NX,ZX :No change. Bytes: 2

VF: Always 0. Cycles: 2

CF: Always 0.
NF: Set if bit 15 of the result is 1; reset otherwise.

ZFE: Set if the lower 16 bits of the result are 0; reset otherwise.

F3 :20 +Dn<<2+Dm

VX |CX | NX | ZX | VF | CF | NF | ZF

XOR immi6, Dn == Tololele

Operation Dn A imm16 — Dn
Performs a bitwise logical XOR of the lower 16 bits or registers Dn and the immediate value imm16, and stores
the result in the lower 16 bits of register Dn. The upper 8 bits of register Dn will not change.

Flag Changes Size, Cycles, Codes

VX ,CX,NX,ZX :Nochange. Bytes: 4

VF: Always 0. Cycles: 2

CF: Always 0.
NF: Set if bit 15 of the result is 1; reset otherwise. F7 : 4C+Dn : imm16-1 : imm16-h

7ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

90 XOR



Chapter 2 Instruction Specifications

N OT Logical Calculation Instructions
vX [cx | NX | zx | vF | CF | NF | ZF

NOT Dn i iy e B I B 9

Operation Dn * x'00FFFF'— Dn

Inverts each of the lower 16 bits in register Dn, and stores the result in the lower 16 bits of register Dn. The

upper 8 bits of register Dn will not change.

Size, Cycles, Codes

Flag Changes
VX,CX,NX,ZX :No change. Bytes: 2
VF: Always 0. Cvcles: 2
CF: Always 0. yeles:
F3 : E4+Dn

NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

NOT
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ASR

Logical Calculation Instructions

ASR

VX | CX | NX [ ZX | VF | CF | NF | ZF

Dn —=[=[=l0e|ele

Operation

Dn.lsb — CF

Dn.bp — Dn.bp-1(bp15~1
P~ Dnop-l(bpTs-1) R R

Dn.bp15 — Dn.bp15
Performs a 1-bit arithmetic shift right (towards the LSB) on the lower 16-bit value in register Dn, and stores the
result in the lower 16 bits of register Dn. The value of bit 15 will not change. The LSB before the shift will be

stored in the 16-bit data carry flag (CF). The upper 8 bits of register Dn will not change.

Size, Cycles, Codes

Flag Changes
VX ,CX,NX,ZX :No change. Bytes: 2
VF: Always 0. Cvcles: 2
CF: Set if the LSB of the beforeoperation is 1; reset otherwise. yeles:
F3:38+Dn

NF: Set if bit 15 of the result is 1; reset otherwise.
ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Q Use ADD Dn, Dm to perform a shift left of one bit. (See Section 2.19 in Chapter 3 "Use of Instructions.")
L}
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Logical Calculation Instructions

LSR

VX | CX | NX | ZX | VF | CF | NF | ZF

Dn —[—I--loleloTe®

Operation Dn.Isb — CF
Dn.bp — Dn.bp-1(bp15~1)  mse__ Pepis s
0 — Dn.bp15 e
Performs a 1-bit logic shift right (towards the LSB) on the lower 16-bit value in register Dn, and stores in the
register Dn. The value of bit 15 stores 0. The LSB from before the shift will be stored in the 16-bit data carry
flag (CF). The upper 8 bits of register Dn will not change.
Flag Changes Size, Cycles, Codes
VX,CX,NX,ZX :No change. Bytes: 2
VF: Always 0. Cycles: 2

CF: Set if the LSB of the beforeoperation is 1; reset otherwise.

NF: Always 0.

ZE: Set if the lower 16 bits of the result are 0; reset otherwise.

F3 :3C+Dn

G Use ADD Dn, Dm to perform a shift left of one bit. (See Section 2.19 in Chapter 3 "Use of Instructions.")

LSR
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R OR Logical Calculation Instructions
vx [ex | Nnx | zx | vP [ CF | NF | ZF

Operation Dn.Isb — temp " 1SB
Dn.bp — Dn.bp-1(bp15~1)
CF — Dn.bp15
P Performs a 1-bit rotate right (towards the LSB) on the lower 16-bit value in
temp — CF register Dn and the carry flag (CF), and stores the result in the lower 16 bits of

register Dn. The value of the 16-bit data carry flag (CF) before the shift will be
stored in bit 15. The LSB before the shift will be stored in the carry flag (CF).

The upper 8 bits of register Dn will not change.

Flag Changes Size, Cycles, Codes
VX, CX,NX,ZX :No change. Bytes: 2
VF: Always 0. Cveles: 2
CF: Set if the LSB of the beforeoperation is 1; reset otherwise. yeles:
NF: Set if bit 15 of the result is 1; reset otherwise. F3 : 34+Dn

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.
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Chapter 2 Instruction Specifications

Dn.bp — Dn.bp+1(bp14~0)

R OL Dn vx [ex [nx [ zx | ve [ cF [ NF | zF
—|—-[-]1—-]0/0|@®|@®
Operation Dn.bp15 — temp bpl5 L$B

CF — Dn.Isb Performs a 1-bit rotate left (towards the MSB) on the lower 16-bit value in register Dn
temp — CF and the carry flag (CF), and stores the result in the lower 16 bits of register Dn. The
value of the carry flag (CF) before the shift will be stored in bit 15. The LSB before the
shift will be stored in the carry flag (CF). The upper 8 bits of register Dn will not
change.
Flag Changes Size, Cycles, Codes

VX,CX,NX,ZX :No change.
VF: Always 0.

NF: Set if bit 15 of the result is 1; reset otherwise.

CF: Set if the LSB of the beforeoperation is 1; reset otherwise.

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 2

F3:30+Dn

ROL
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B T S T Bit Manipulation Instructions
vX [cx [ Nx | zx | vF | CF [ NF | ZF

BTST immS8, Dn —T—T—T=Tololol®

Operation Dn&imms8 --- PSW

Zero-extends the 8-bit immediate value imms8 to 24 bits, performs a logical AND with the value of register Dn,

and reflects the result in the PSW flags.

Flag Changes Size, Cycles, Codes
VX,CX,NX,ZX :No change. Bytes: 3
VF: Always 0. .
CF: Always 0. Cycles: 2
NE: Always 0. F5: 04 +Dn : imm8

ZE: Set if the lower 16 bits of the result are 0; reset otherwise.

G The 8-bit immediate value imm8 will be zero-extended to 24 bits.
|

VX |CX | NX | ZX | VF | CF | NF | ZF

BTST imm16, Dn 1= T=lololele

Operation Dn&imm16 --- PSW

Zero-extends the 16-bit immediate value imm16 to 24 bits, pérforms a logical AND with the value of register

Dn, and reflects the result in the PSW flags.

Flag Changes Size, Cycles, Codes
VX,CX,NX,ZX :No change. Bytes: 4
VF: Always 0. .
CF: Always 0. Cycles: 2
NF: Set if bit 15 of the result is 1; reset otherwise. F7 : 04+Dn : imm16-1 : imm16-h

ZF: Set if the lower 16 bits of the result are 0; reset otherwise.

G The16-bit immediate value imm16 will be zero-extended to 24 bits.
-
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VX

CX |NX | ZX | VF | CF | NF | ZF

BSET Dm, (An)

Operation mem8(An)&Dm --- PSW
mem8(An) | Dm — mem8(An)

Zero-extends the 1-byte contents of memory pointed to by register An to 24 bits, performs a logical AND
with the value of register Dm, and reflects the result in the PSW flags. Also performs a logical OR of the
zero-extended value and the value of register Dm, and stores the result in the lower 8 bits in the memory
pointed to by register An. This instruction does not change the value of register Dm.

Size, Cycles, Codes

Flag Changes
VX ,CX,NX,ZX :No change.
VF: Always 0.
CF: Always 0.
NF: Always 0.

ZFE: Set if the lower 8 bits of the result are 0; reset otherwise.

Bytes: 2
Cycles: 5

FO : 20 +An<<2+Dm

G When BSET instruction is executed, bus-line release request and interrupt request won't be accepted.
a

BSET
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CLR Bit Manipulation Instructions
vx [ cx | NX [ zx | vF | CF [ NF | ZF

BCLR Dm, (An) —T—(—T—lololol®

Operation mem8(An)&Dm --- PSW

mem8(An)&(~Dm) — mem8(An)

Zero-extends the 1-byte contents of memory pointed to by register An to 24 bits, performs a logical AND with the
value of register Dm, and reflects the result in the PSW flags. Also performs a logical OR of the zero-extended
value and the inverted value of register Dm, and stores the result in the lower 8 bits in the memory pointed to by

register An. This instruction does not change the value of register Dm.

Flag Changes Size, Cycles, Codes
VX ,CX,NX,ZX :No change. Bytes: 2
VF: Always 0. .
CE: Always 0. Cycles: 3
NE: Always 0. FO : 30 +An<<2+Dm

ZF: Set if the lower 8 bits of the first result are 0; reset otherwise.

G When BCLR instruction is executed, bus-line release request and interrupt request won't be accepted.
L]
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Branch Instructions

BEQ

VX | CX | NX | ZX | VF | CF | NF | ZF

label g iy iy iy puy ey

Operation IF ZF = 1, then PC+2+d8(label) — PC

IF ZF = 0, then PC+2 — PC

If ZF is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before
the first address of the next instruction to 127 bytes after. If ZF is 0, then execution will continue with
the instruction following the BEQ instruction. For example, the BEQ instruction will branch when the
previous CMP instruction encounters a 16-bit source equal to a 16-bit destination.

Flag Changes Size, Cycles, Codes
No change. Bytes: 2

Cycles: 2 (branch)
Cycle: 1 (non-branch)

E8 :d8

BNE

VX |CX | NX | ZX | VF | CF | NF | ZF

label m R e S S i

Operation IF ZF = 0, then PC+2+d8(label) — PC

IF ZF = 1, then PC+2 — PC

If ZF is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before
the first address of the next instruction to 127 bytes after. If ZF is 1, then execution will continue with
the instruction following the BNE instruction. For example, the BNE instruction will branch when the
previous CMP instruction encounters a 16-bit source not equal to a 16-bit destination.

Flag Changes Size, Cycles, Codes
No change. Bytes: 2

Cycles: 2 (branch)
Cycle: 1 (non-branch)

E9:d8
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BLT

VX |CX INX | ZX | VF|CF | NF | ZF
label i s s s B R A

Operation

IF (VF ~ NF) = 1, then PC+2+d8(label) -~ PC

IF (VF ~ NF) = 0, then PC+2 — PC

If VFis 0 and NF is 1, or if VF is 1 and NF is 0, then branches to the address indicated by "label". The branch range is from
128 bytes before the first address of the next instruction to 127 bytes after. If both VF and NF are 0, or if both VF and NF are
1, then execution will continue with the instruction following the BLT instruction. For example, the BLT instruction
will branch when the previous CMP instruction encounters src>dest as a signed 16-bit value.

Flag Changes Size, Cycles, Codes

No change.

Bytes: 2
Cycles: 2 (branch)
Cycle: 1 (non-branch)

EO : d8

BLE

NF | ZF

label VX |CX | NX | ZX | VF | CF

Operation IF (VF A NF) 1 ZF) = 1, then PC+2+d8(label) - PC

IF (VF ~ NF) | ZF) = 0, then PC+2 — PC

If VFis 0 and NF is 1, or if VF is 1 and NF is 0, or if ZF is 1,then branches to the address indicated by "label". The branch
range is from 128 bytes before the first address of the next instruction to 127 bytes after. If both VF, NF and ZF are 0, both
VF, NF and ZF are 1 and NF is 0, or if ZF is 1, then execution will continue with the instruction following the BLE
instruction. For example, the BLE instruction will branch when the previous CMP instruction encounters
src=dest as a signed 16-bit value.

Flag Changes Size, Cycles, Codes
No change. Bytes: 2

Cycles: 2 (branch)
Cycle: 1 (non-branch)

E3:d8
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BGE

VX |CX INX | ZX | VF | CF | NF | ZF
label e

Operation

IF (VF ~ NF) = 0, then PC+2+d8(label) -~ PC

IF (VF ~ NF) =1, then PC+2 — PC

If VF and NF are 0, or if VF and NF are 1, then branches to the address indicated by "label". The branch range is from 128
bytes before the first address of the next instruction to 127 bytes after. If VFis 0 and NF is 1, or if VF is 1 and NF is 0, then
execution will continue with the instruction following the BGE instruction. For example, the BGE instruction will
branch when the previous CMP instruction encounters src=dest as a signed 16-bit value.

Flag Changes Size, Cycles, Codes

No change.

Bytes: 2
Cycles: 2 (branch)
Cycle: 1 (non-branch)

E2:d8

BGT

VX |CX INX | ZX | VF|CF | NF | ZF
label e i A e e M i milh

Operation

IF ((VF ~ NF) | ZF) = 0, then PC+2+d8(label) —~ PC

IF ((VF A NF) 1 ZF) = 1, then PC+2 — PC

If both VF, NF and ZF are 0, or if both VF,NF and ZF are | and if ZF is 0, then branches to the address indicated by "label".
The branch range is from 128 bytes before the first address of the next instruction to 127 bytes after. If VFisOand NFis 1,
orif VFis 1and NFis 0, or if ZF is 1 then execution will continue with the instruction following the BGT instruction. For
example, the BGT instruction will branch when the previous CMP instruction encounters src<dest as a signed 16-

bit value.

Flag Changes Size, Cycles, Codes

No change.

Bytes: 2
Cycles: 2 (branch)
Cycle: 1 (non-branch)

E1:d8
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BCS

VX [CX |NX | ZX | VF | CF | NF | ZF

label R R L I it B B

Operation IF CF = 1, then PC+2+d8(label) — PC

IF CF = 0, then PC+2 — PC

If CF is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the first
address of the next instruction to 127 bytes after. If CF is 0, then execution will continue with the instruction
following the BCS instruction. For example, the BCS instruction will branch when the previous CMP instruction
encounters src>dest as a un-signed 16-bit value.

Flag Changes Size, Cycles, Codes
No change. Bytes: 2

Cycles: 2 (branch)
Cycle: 1 (non-branch)

E4 :d8

BLS

VX |CX | NX | ZX | VF | CF | NF | ZF

label e e e [ et B B B

Operation IF (CF | ZF) = 1, then PC+2+d8(label) -~ PC

IF (CF | ZF) = 0, then PC+2 — PC

If CFis 1, or ZF is 1, then branches to the address indicated by "label". The branch range is from 128 bytes
before the first address of the next instruction to 127 bytes after. If both CF and ZF are 0, then execution will
continue with the instruction following the BLS instruction. For example, the BLS instruction will branch when
the previous CMP instruction encounters srcZdest as a signed 16-bit value.

Flag Changes Size, Cycles, Codes
No change. Bytes: 2

Cycles: 2 (branch)
Cycle: 1 (non-branch)

E7:d8
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VX | CX | NX | ZX CF | NF | ZF
BCC label e e s e s
Operation IF CF = 0, then PC+2+d8(label) — PC

IF CF =1, then PC+2 — PC

If CF is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If CF is 1, then execution will continue with the

instruction following the BCC instruction. For example, the BCC instruction will branch when the previous CMP
instruction encounters src =dest as a un-signed 16-bit value.

Flag Changes Size, Cycles, Codes

No change. Bytes: 2
Cycles: 2 (branch)
Cycle: 1 (non-branch)

E6 :d8

BHI IﬂbEl vx |cx | Nx | zx | vF | cF [ NF | zF

Operation IF (CF | ZF) = 0, then PC+2+d8(label) — PC
IF (CF 1 ZF) = 1, then PC+2 — PC

If both CF and ZF are 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If CF is 1, or if ZF is 1, then execution will continue with the

instruction following the BHI instruction.For example, the BHI instruction will branch when the previous CMP in-
struction encounters src<dest as a un-signed 16-bit value.

Flag Changes Size, Cycles, Codes

No change. Bytes: 2
Cycles: 2 (branch)
Cycle: 1 (non-branch)

E5 : d8
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BVC

VX | CX | NX | ZX | VF | CF | NF | ZF
label g [y iy iy iy o

Operation IF VF = 0, then PC+3+d8(label) — PC
IF VF =1, then PC+3 — PC
If VF is 0, then branches to the address indicated by "label”. The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If VF is 1, then execution will continue with the
instruction following the BVC instruction.
Flag Changes Size, Cycles, Codes
No change. Bytes: 3

Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:FC:d8

BVS

IabEI vx [ex [Nnx | zx | v [ CF | NF | zF

Operation IF VF = 1, then PC+3+d8(label) —~ PC
IF VF = 0, then PC+3 — PC
If VFis 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the first
address of the next instruction to 127 bytes after. If VF is 0, then execution will continue with the instruction
following the BVS instruction.
Flag Changes Size, Cycles, Codes
No change. Bytes: 3

Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:FD :d8
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BNC label VX J|CX | NX | ZX | VF | CF | NF | ZF
Operation IF NF = 0, then PC+3+d8(label) —~ PC
IF NF =1, then PC+3 — PC
If NF is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the first

address of the next instruction to 127 bytes after. If NF is 1, then execution will continue with the instruction
following the BNC instruction.

Flag Changes Size, Cycles, Codes

No change. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:FE:d8

BNS Iabel VX |CX |NX | ZX | VF | CF | NF | ZF
Operation IF NF = 1, then PC+3+d8(label) — PC

if NF = 0, then PC+3 — PC
If NE is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the first

address of the next instruction to 127 bytes after. If NF is 0, then execution will continue with the instruction
following the BNS instruction.

Flag Changes Size, Cycles, Codes

No change. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5 :FF : d8
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BRA Iabel vx [cx [Nx [ zx | vF | cF | NF | ZF

Operation PC+2+d8(label) =~ PC

Branches unconditionally to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after.

Flag Changes Size, Cycles, Codes

No change. Bytes: 2
Cycles: 2

EA : d8
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B ccx Branch Instructions

VX [CX | NX | zx | VF | CF | NF | ZF
BEQX label S i R S Bt s ey
Operation IF ZX = 1, then PC+3+d8(label) — PC

IF ZX = 0, then PC+3 — PC

If ZX is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the

first address of the next instruction to 127 bytes after. If ZX is 0, then execution will continue with the
instruction following the BEQX instruction. For example, the BEQX instruction will branch when the

previous CMP instruction encounters a 24-bit source equal to a 24-bit destination.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E8:d8

BNEX |abe| vx [cx [nx [ zx [ ve [ cF | NE | zF

Operation IF ZX = 0, then PC+3+d8(label) = PC
IF ZX = 1, then PC+3 — PC

If ZX is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the

first address of the next instruction to 127 bytes after. If ZX is 1, then execution will continue with the
instruction following the BNEX instruction. For example, the BNEX instruction will branch when the previ-

ous CMP instruction encounters a 24-bit source not equal to a 24-bit destination.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E9:d8
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BLTX

IabEI vX [ex |Nnx | zx | ve [ CF | NF | ZF

Operation

IF (VX A~ NX) =1, then PC+3+d8(label) —~ PC

IF (VX A NX) =0, then PC+3 — PC

If VX is 0 and NX is 1, or if VX is 1 and NX is 0, then branches to the address indicated by "label". The branch range is from
128 bytes before the first address of the next instruction to 127 bytes after. If both VX and NX are 0, or if both are 1, then
execution will continue with the instruction following the BLTX instruction. For example, the BLTX instruction will
branch when the previous CMP instruction encounters src>dest as a signed 24-bit value.

Flag Changes ' Size, Cycles, Codes

No changes.

Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E0:d8

BLEX

VX |CX INX | ZX | VF|CF | NF | ZF
label e P B e e Mo Rt B

Operation

IF (VX A NX) 1 ZX) = 1, then PC+3+d8(label) — PC

IF (VX ~ NX) | ZX) = 0, then PC+3 — PC

If VX is 0 and NX is 1, or if VX is 1 and NX is 0, or if ZX is 1, then branches to the address indicated by "label". The branch
range is from 128 bytes before the first address of the next instruction to 127 bytes after. If both VX,NX and ZX are 0, or if
both VX and NX are 1 and ZX is 0, then execution will continue with the instruction following the BLEX instruction.
For example, the BLEX instruction will branch when the previous CMP instruction encounters src=dest as a signed 24-

bit value.

Flag Changes Size, Cycles, Codes

No changes.

Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E3:d8
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BGEX label VX [ OX [ NX | ZX | VF | CF | NF | ZF

Operation IF (VX A NX) = 0, then PC+3+d8(label) — PC
IF (VX A NX) = 1, then PC+3 — PC

If both VX and NX are 0, or if both VX and NX are 1, then branches to the address indicated by "label". The branch range
is from 128 bytes before the first address of the next instruction to 127 bytes after. If VX is 0 and NXis 1, orif VXis 1 and
NX is 0, then execution will continue with the instruction following the BGEX instruction.For example, the BGEX
instruction will branch when the previous CMP instruction encounters src=dest as a signed 24-bit value.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E2:d8

VX |CX | NX | ZX | VF | CF | NF | ZF

BGTX label R Y e L

Operation IF ((VX » NX) | ZX) = 0, then PC+3+d8(label) = PC

IF ((VX ~ NX)12ZX) =1, then PC+3 — PC

If both VX,NX and ZXare 0, or if both VX and NX are 1 and ZX is 0, then branches to the address indicated by "label". The
branch range is from 128 bytes before the first address of the next instruction to 127 bytes after. If VXis 0 and NXis 1, or
if VX is 1 and NX is 0, or if ZX is 1,then execution will continue with the instruction following the BGTX instruction.
For example, the BGTX instruction will branch when the previous CMP instruction encounters src<dest as
a signed 24-bit value.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E1:d8
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BCSX

VX |CX | NX | ZX | VF | CF | NF | ZF
label = —

Operation IF CX =1, then PC+3+d8(label) ~ PC

IF CX = 0, then PC+3 — PC

If CX is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If CX is 0, then execution will continue with the
instruction following the BCSX instruction.For example, the BCSX instruction will branch when the previ-
ous CMP instruction encounters src>dest as a un-signed 24-bit value.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 3

Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E4:d8

BLSX

VX |CX | NX | ZX | VF | CF | NF | ZF

label iy sy g e

Operation

IF (CX 1 ZX) = 1, then PC+3+d8(label) — PC

IF (CX 1 ZX) = 0, then PC+3 — PC

If CX is 1 or ZX is 1, then branches to the address indicated by "label". The branch range is from 128 bytes
before the first address of the next instruction to 127 bytes after. If both CX and ZX are 0, then execution will
continue with the instruction following the BLSX instruction.For example, the BLSX instruction will branch

when the previous CMP instruction encounters src=dest as a un-signed 24-bit value.

Flag Changes Size, Cycles, Codes

No changes.

Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E7:d8
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BCCX

Iabel VX | CX | NX | ZX | VF | CF | NF | ZF

Operation IF CX = 0, then PC+3+d8(label) — PC

IFCX =1, then PC+3 — PC

If CX is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If CX is 1, then execution will continue with the
instruction following the BCCX instruction.For example, the BCCX instruction will branch when the previ-
ous CMP instruction encounters src=dest as a un-signed 24-bit value.

Flag Changes Size, Cycles, Codes
No changes. Bytes: 3

Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E6:d8

BHIX

VX | CX |NX | ZX | VF | CF | NF | ZF

label R [ R B S B s

Operation

IF (CX 1 ZX) = 0, then PC+3+d8(label) —~ PC

IF (CX 1 ZX) = 1, then PC+3 — PC

If both CX and ZX are 0, then branches to the address indicated by "label". The branch range is from 128 bytes
before the first address of the next instruction to 127 bytes after. If CX or ZX is 1, then execution will continue
with the instruction following the BHIX instruction.For example, the BHIX instruction will branch when the
previous CMP instruction encounters src<dest as a un-signed 24-bit value.

Flag Changes Size, Cycles, Codes

No changes.

Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:E5:d8
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Bvcx Iabel VX | CX | NX | ZX | VF | CF | NF | ZF
Operation IF VX = 0, then PC+3+d8(label) =~ PC
IF VX =1, then PC+3 — PC
If VX is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If VX is 1, then execution will continue with the
instruction following the BVCX instruction.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 3

Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:EC:d8

BVSX |abe| VX |CX |NX | ZX | VF | CF | NF | ZF

Operation IF VX = 1, then PC+3+d8(label) = PC
IF VX = 0, then PC+3 — PC
If VX is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If VX is 0, then execution will continue with the
instruction following the BVSX instruction.

Flag Changes Size, Cycles, Codes
No changes.

Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:ED:d8
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BNCX label VX | CX | NX | ZX | VF [ CF | NF | ZF

Operation IF NX = 0, then PC+3+d8(label) — PC
IF NX =1, then PC+3 — PC
If NX is 0, then branches to the address indicated by "label". The branch range is from 128 bytes before the

first address of the next instruction to 127 bytes after. If NX is 1, then execution will continue with the
instruction following the BNCX instruction.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:EE :d8

VX | CX | NX | ZX | VF | CF | NF | ZF

BNSX label R B B B B B S

Operation IF NX = 1, then PC+3+d8(label) = PC

IF NX = 0, then PC+3 — PC

If NX is 1, then branches to the address indicated by "label". The branch range is from 128 bytes before the
first address of the next instruction to 127 bytes after. If NX is 0, then execution will continue with the
instruction following the BNSX instruction.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 3 (branch)
Cycles: 2 (non-branch)

F5:EF:d8
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M P Branch Instructions

JMP Iabe|16 vx |ex | Nx [ zx | vF | cF | NF | zF

Operation PC+3+d16(label16) — PC

Branches unconditionally to the address indicated by "label". The branch range is from 32768 bytes before
the first address of the next instruction to 32767 bytes after.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 3
Cycles: 2

FC:d16-1:d16-h

ZX | VF | CF | NF | ZF

JMP label24 e R e s

Operation PC+5+d24(label24) — PC

Branches unconditionally to the address indicated by "label". The branch range is from 8388608 bytes before
the first address of the next instruction to 8388607 bytes after.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 5
Cycles: 4

F4 : EO : d24-1: d24-m : d24-h

G The assembler will determine whether d16 or d24 is in optimazation processing.
-
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JMP_(An) e [ o [ [or [ T2

Operation An — PC

Branches unconditionally to the address indicated by register An.

Flag Changes Size, Cycles, Codes

No changes. Bytes: 2
Cycles: 3

FO : An<<2
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Branch Instructions

JSR label16 e iy s B R
Operation A3-4 — A3
PC+3 — mem24(A3) 1 0
PC+3+d16(label16) — PC (High byte) ! (Low byte)
) ' lower address
Calls the subroutine at the address indicated by "la- H
bel16". The subroutine call range is from 32768 NewA3(SP)}———  |PC+3 (return address lower)
bytes before the first address of thej next instrucLiAm to reserved I :g;rg é;eltjl;g\e 9
32767 bytes after. The stack pointer value will be OIdA3(SP) i
subtracted by 4, and the address of the next instruc- H
tion after the JSR instruction (the return address) will /’\/
then be stored at the stack pointer. After the JSR in-
struction executes, the stack will be as shown at right.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 3
Cycles: 4
FD :d16-1:d16-h
JSR label24 S EEE
Operation A3-4 —~ A3
PC+5 — mem24(A3) 15 , 0
PC+5+d24(label24) — PC (High byte) | (Lowbyte)
' lower address
Calls the subroutine at the address indicated by !
“label24". The stack pointer value will be sub- ~ NeWA3(SP}——  [PC+5 (return address lower)
tracted by 4, and the address of the next in- reserved I Fre e
struction after the JSR instruction (the return OIdA3(SP) !
address) will then be stored at the stack !
pointer. After the JSR instruction executes, /\/
the stack will be as shown at right.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 5
Cycles: 5

F4:E1l:d24-1:d24-m : d24-h

Q The assembler will determine whether d16 or d24 is in optimazation processing.
L}
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JSR (An) VX |CX | NX | ZX | VF | CF | NF | ZF
Operation A3-4 — A3
PC+2 — mem24(A3) 15 0
An — PC (High byte) i (Low byte)
Calls the subroutine at the address pointed to . lower address
by register An. The stack pointer value will NewA3(SP) PC+2 (return ; ddress lower)
be subtracted by 4, and the address of the next eserved | PC+2 (return
instruction after the JSR instruction (the re- address upper)
) OIdA3(SP) !
turn address) will then be stored at the stack !
pointer. After the JSR instruction executes, V\/
the stack will be as shown at right.
Flag Changes Size, Cycles, Codes
No changes. Bytes: 2
Cycles: 5
FO : 01+An<<2
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N OP Branch Instructions
vX |cX |NX | zx | ve | CF | NF | ZF

NOP g Py [y g

Operation PC+1 — PC

Proceeds to the next instruction without performing any operation.

Filag Changes Size, Cycles, Codes

No changes. Byte: 1
Cycle: 1

F6
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RTS VX |CX |NX | ZX | VF | CF | NF | ZF
Operation mem24(A3) —~ PC 1 . 0
A3+4 — A3 (High byte) : (Low byte)
' lower address
Returns from a subroutine to the original pro- OIdAB(SP -
gram. The address of the next instruction to (5P) PC_(return address lower)
. . eserved PC(return
execute will be popped from the stack into the r address upper)
PC, and 4 will be added to the stack pointer. NeWA3(SP}—— i
After the RTS instruction executes, the stack /\‘I\—/
will be as shown at right.
Flag Changes Size, Cycles, Codes
No changes. Byte: 1
Cycles: 5
FE
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R T I Branch Instructions !

RTI

VX

CX |NX | 2ZX | VF | CF

NF | ZF

Operation

mem16(A3) — PSW
mem24(A3+2) —~ PC
A3+6 — A3

Returns from an interrupt process to the pro-
gram that was executing before the interrupt
was received. The PSW before the interrupt
will be popped from the stack into the PSW,
and the address of the next instruction to ex-
ecute will be popped from the stack into the
PC, and 6 will be added to the stack pointer.
After the RTI instruction executes, the stack
will be as shown at right.

OIdA3(SP) PSIW
PC (return address lower)
PC(return
reserved Iaddress upper)
NewA3(SP)———+

1w
(High byte) | (Low byte)

g

lower address

Flag Changes

Size, Cycles, Codes

VX : Restored to its pre-interrupt status.
CX : Restored to its pre-interrupt status.
NX : Restored to its pre-interrupt status.
ZX : Restored to its pre-interrupt status.
VF : Restored to its pre-interrupt status.
CF : Restored to its pre-interrupt status.
NF : Restored to its pre-interrupt status.
ZF : Restored to its pre-interrupt status.

Byte: 1
Cycles: 6

EB
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Notes Regarding Use Of Instructions

Chapter 3, "Use Of Instructions,"” collects notes, precautions, and know-how for instruction se-
lection that the user must know when using instructions in the MN102L series. This information
can be divided into two categories.

(1) Minimum knowledge Required
(2) Programming examples: general, speed optimization, size optimization

Each item of information consists of the following.

0 Contents[]
This describes what the program does. Also explains such conditions as memory model for
use.

O Categoryld

Categories are shown by the following icons.

Precaution
This is a precaution that the user absolutely should know.

Speed optimization
This is a technique for increasing code speed.

Size optimization
This is a technique for decreasing code size.

General information

Nl DR

0 Exampled
These are actual assembly language program examples. The code size and cycle count are
shown after each instruction as shown below.
instructionC O O O O code size, cycle count[]

( O The execution cycle counts shown in the code examples indicate the minimum

. cycles for each instruction, so actual counts may increase depending on condi-
tions for use. Note that these cycle counts may differ from those listed in the
appendix.

O Cycle counts will also differ for single-chip mode, memory expansion mode,
and processor mode. Specific cycle counts should be measured with an emula-
tor.

0
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Precaution

Chapter 300 Use Of Instructions

Minimum Knowledge Required

O -0 O Word Accesses To Odd Addresses

O ContentslJ

Word accesses and pointer accesses to odd addresses cannot be performed. The
stack pointer (A3) also should not hold an odd address. If the value of A3 is odd,
then JSR, RTS, and similar instructions that use the stack area will not operate
correctly. By restricting word accesses and pointer accesses to odd addresses, the
MN102 designs possibly increase RAM size requirements but are able to make
faster accesses.

00 Example[

O 00 Word Accesses
MOV (x'fo01") , DO ;0dd address not allowed.

| O 0 Code as follows.[

MOV (xf000) ,DO

0 O Stack Pointer Operation
ADD 1,A3 :0dd address not allowed.

1 00 Code as follows.[J

ADD 2,A3

O O Stack Pointer Operation
ADD -1,A3 ;0dd address not allowed.

| O 0 Code as follows.[

ADD -2,A3
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Precaution

Minimum Knowledge Required

1-2 Increment/Decrement Of Address Registers

[Contents]

Address registers are incremented and decremented by ADD and SUB instruc-
tions, but the PSW flags will change according to the results. To use PSW flags set
according to the results of a subroutine after returning from the subroutine, use the
ADDNEF instruction, which does not change PSW flags, to adjust the stack pointer
when returning from the subroutine.

[Example]

@ Increment/Decrement Of Address Registers
ADD -2,A0
BEQ error

@ Stack Pointer Operation Without Changing PSW Flags

MOV  (A3)Af
MOV  (4,A3)A2
MOVX  (8,A3),D2
MOVX  (12,A3),D3
ADDNF  16,A3

RTS
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1-3 24-Bit Pointer Operations

)

[Contents]

Pointer data is handled as 24-bit data. Register saves/restores for subroutines are
always processed as pointer data (24 bits). The data register Dn makes use of
MOVX instructions.

[Example]

Preprocessing and postprocessing of subroutine kyo(int column, char *sou, char
*dist).
.SECTION _TEXT, CODE, ALIGN=2

BYTESIZ .equ 1 ;Byte size

INTSIZ equ 2 ;Integer size

PTRSIZ equ 4 ;Poiter size (inear version)

LONGSIZ .equ 4 ;Long size

i)ush_Dz .assign 0

push D3 .assign push_D2 + PTRSIZ

push_A1 .assign push_D3 + PTRSIZ

push_A2 .assign push_A1 + PTRSIZ

7 Stack frame

i)ushwk .assign 0 ;Storage area for D2, D3, A1, and A2

---------------------------------------------------- Subroutine work area follows

e Parameters
colmun .assign work_size  + PTRSIZ%2  ;contcolumn
sou .assign colmun +INTSIZ ;wromadr
dist .assign sou + PTRSIZ ;wramadr
.export _kyo
_kyo:
DEFINE work_size=16 )
ADD —work_size, A3 ;Preprocessing
MOV A1,(push_A1,A3)
MOV A2,(push_A2,A3) ilRegister storage
MOVX D2,(push_D2,A3)
MOVX D3,(push_D3,A3)
MOV (colmun,A3),D2 ;get column
MOV (sou,A3),A0 J Parameters
Mov (dist,A3),A1
Norm_end:
SuB Do,D0 ;Postprocessing
MOV (push_A1,A3),A1
MOV (push_A2,A3),A2

MOVX (push_D2,A3),D2
MOVX (push_D3,A3),03
ADD work_size,A3
RTS
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Programming Examples: General, Speed
Optimization, Size Optimization

2-1 Register Initialization

[Contents]
All registers are undefined after a reset start. Register initialization must be per-

¢

Precaution formed first. Especially do not forget to set the stack pointer A3.

[Example]
Clear all registers to 0, and set the stack pointer to label "stack."
SuUB D0,D0 ;Clear DO
MOV DO,D1
MOV Do,D2
MOV DO,D3
MOV DO,AO
MOV DO,A1
MOV D0,A2
MOV a(stack),A3 :Set A3 to initial value of stack pointer.

2-2 1/0 Access

e

G [Contents]

All MOV instructions, MOVB instructions, and MOVBU instructions can be used
for input/output operations.

Precaution

[Example]

@ Output from Port 1
MOVB DO, (ptout)

@ Input from Port 2
MOVBU  (p2in), DO
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2-3 Storing Immediate Data In Memory

e

[Contents]
‘”" E To store an immediate value in memory, first store the immediate value in a reg-
ister and then move it to memory with a MOV instruction. When storing a 24-bit
pointer immediate value in memory, code size and speed is better if the move is
through an address register than if it is through a data register.

Speed Size
optimization optimization

[Example]

@ Store an immediate value in memory.

MOV x'1234',D0 ; (3 bytes, 1 cycle)

MOV DO,(A1) ; (1 byte, 1 cycle)
Total (4 bytes, 2 cycles)

@ Store a pointer immediate value in memory.
MOV x'123456',D0 (5 bytes, 3 cycles)
MOVX  DO,(0,A1) (3 bytes, 3 cycles)
Total (8 bytes, 6 cycles)
| (Moving through an address register gives faster, smaller code.)
MOV x'123456',A0 (5 bytes, 3 cycles)
MOV AO,(A1) (2 bytes, 2 cycles)
Total (7 bytes, 5 cycles)
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Speed
optimization

Size

optimization

2-4 Data Move From Memory To Memory
s
[Contents]
Data moves from memory to memory are performed through a register. When
moving 24-bit pointer data, code size and speed is better if the move is through an
address register than if it is through a data register.

[Example]

@ Data Moves
MOV (x'f000"),D0 ; (3 bytes, 1 cycle)
MOV DO, (x'f002") ; (3 bytes, 1 cycle)
Total (6 bytes, 2 cycles)
; (3 bytes, 1 cycle)
; (1 byte, 1 cycle)
; (2 bytes, 1 cycle)
Total (6 bytes, 3 cycles)

MOV  xf000',A0
MOV  (A0),DO
MOV  DO,(2,A0)

@ Pointer Data Moves
MOV (x'f000"),A0
MOV AQ,(x'f004")

; (4 bytes, 3 cycles)
; (4 bytes, 3 cycles)
Total (8 bytes, 6 cycles)
; (3 bytes, 1 cycle)
; (2 bytes, 2 cycles)
; (2 bytes, 2 cycles)
Total (7 bytes, 5 cycles)
; (3 bytes, 1 cycle)
; (3 bytes, 3 cycles)
; (3 bytes, 3 cycles)
Total (9 bytes, 7 cycles)

MOV  x1000',A1
MOV (A1),A0
MOV  AO,(4,A1)

MOV  x'f000,A1
MOVX  (0,A1),D0
MOVX  DO,(4,A1)
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2-5 Repeated Access To The Same Memory

0

[Contents]
H When performing repeated accesses to the same memory, register indirect address-
Size ing will result in smaller code size than absolute addressing.
i
optimization
[Example]
MOV (x'f000",D0o ; (3 bytes, 1 cycle)
ADD 1,D0 ; (2 bytes, 1 cycle)
MOV DO, (x'f000") ; (3 bytes, 1 cycle)
Total (8 bytes, 3 cycles)
| (Register indirect addressing gives smaller code size.)
MOV x'f000",A0 ; (3 bytes, 1 cycle)
MOV (A0),DO ; (1 byte, 1 cycle)
ADD 1,D0 ; (2 bytes, 1 cycle)
MOV DO,(A0) ; (1 byte, 1 cycle)
Total (7 bytes, 4 cycles)
2-6 Byte Access And Word Access
A
[Contents]
HIl’ E Word accesses result in better code speed and size than byte accesses.
Speed Size
optimization  optimization [Example]
@®
MOVB  (A3),D0 ;(2 bytes, 2 cycles)

+ (Word accesses give smaller, faster code.)

MOV (A3),D0 ;(1 byte, 1 cycle)

MOVB  (x'10',A0),D0 ;(3 bytes, 2 cycles)
| (Word accesses give smaller, faster code.)

MOV (x'10',A0),D0 ;(2 bytes, 1 cycle)

MOVBU (x'10',A0),D0 ;(3 bytes, 2 cycles)
I (Word accesses give smaller, faster code.)

MOV (x'10',A0),DO ;(2 bytes, 1 cycle)
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Speed Size
optimization optimization

Speed Size
optimization ~ optimization

2-7 Byte Move From Memory To Register

[Contents]
When moving bytes from memory to registers, zero extending results in better code

size and speed.

[Example]
MOVB  (A3),D0O ; (2 bytes, 2 cycles)
| (Zero extending gives smaller, faster code.)
MOVBU (A3),D0 ; (1 byte, 1 cycle)

2-8 Zero-Check Of Memory

[Contents]
Flags do not change when moving data from memory to registers. To check if a
memory value is zero, another instruction that does change the flags needs to be
used. In such cases CMP instructions will be faster than AND instructions. Fur-
thermore, if it does not matter whether or not the moved data in the register is valid,
then ADD instructions will result in smaller code size. CF and ZF will reflect the

results.

[Example)

@ Register data must be valid.

MOV (x'f000",D0 ; (3 bytes, 1 cycle)

AND DO,DO ; (2 bytes, 2 cycles)
Total (5 bytes, 3 cycles)

} (CMP instruction is faster.)

MOV (x'f000"),D0 ; (3 bytes, 1 cycle)
CMP 0,D0 ; (2 bytes, 1 cycle)
Total (5 bytes, 2 cycles)

@ Register data may be invalid.

MOV (x'f000"),D0 ; (3 bytes, 1 cycle)

CMP 0,D0 ; (2 bytes, 1 cycle)
Total (5 bytes, 2 cycles)

| (ADD instruction gives smaller code.)

MOV (x'f000"),D0 ; (3 bytes, 1 cycle)
ADD D0,DO ; (1 byte, 1 cycle)
Total (4 bytes, 2 cycles)
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2-9 Block Move

15—

[Content]

Block moves are performed by a sequence of several instructions. There are many
examples trading off speed, size, and numbers of registers used, but use @ below
as a typical example.

[Example]

Move 16 bytes from x'f000'~x'f00f ' to x'f100'~x'f10f".

@ Use two data registers and two address registers (D0, D1, AQ, A1)
MOV x'f000',A0 ; (3 bytes, 1 cycle)
MOV x'f100',A1 ; (3 bytes, 1 cycle)

MOV x'8',D1 ; (2 bytes, 1 cycle) Sub total (8 bytes, 3 cycles)
loop: MOV (A0),DO ; (1 byte, 1 cycle)

MOV DO, (A1) ; (1 byte, 1 cycle)

ADD2,A0 ; (2 bytes, 1 cycle)

ADD2,A1 ; (2 bytes, 1 cycle)

ADD-1,D1 ; (2 bytes, 1 cycle)

BNE loop ; (2 bytes, 2 /1 cycle)  Sub total (10 bytes,7/6 cycles)

Total (18 bytes, 59 cycles)

@ Use three data registers and one address register (D0, D1, D2, AQ)

MOV x'f000',A0 ; (3 bytes, 1 cycle)

MOV x'100',D2 ; (3 bytes, 1 cycle)

MOV x'8',D1 ; (2 bytes, 1 cycle) Sub total (8 bytes, 3 cycles)
loop: MOV (A0),DO ; (1 byte, 1 cycle)

MOV D0,(D2,A0) ; (2 bytes, 2 cycles)

ADD2,A0 ; (2 bytes, 1 cycle)

ADD-1,D1 ; (2 bytes, 1 cycle)

BNE loop ; (2 bytes, 2/1 cycle) Sub total (9 bytes, 7/6 cycles)

Total (17 bytes, 59 cycles)
@ Use two data registers and one address register (DO, D1, AQ)

MOV x'f000',A0 ; (3 bytes, 1 cycle)

MOV x'8',D1 ; (2 bytes, 1 cycle) Sub total (5 bytes, 2 cycles)
loop: MOV (A0),DO ; (1 byte, 1 cycle)

MOV D0,(x'100,A0)  ; (4 bytes, 3 cycles)

ADD2,A0 ; (2 bytes, 1 cycle)

ADD-1,D1 ; (2 bytes, 1 cycle)

BNE loop ; (2 bytes, 2/1 cycle) Sub total (11 bytes,8/7 cycles)

Total (16 bytes, 65 cycles)
@ Use two data registers and two address registers (DO, D1, AQ, A1)

MOV x'f000',A0 ; (3 bytes, 1 cycle)
MOV x'f100',A1 ; (3 bytes, 1 cycle)
MOV x'e',D1 ; (2 bytes, 1 cycle) Sub total (8 bytes, 3 cycles)

loop: MOV (D1,A0),D0 ; (2 bytes, 2 cycle)
MOV DO,(D1,A1) ; (2 bytes, 2 cycles)
ADD-2,D1 ; (2 bytes, 1 cycle)
BGEloop : (2 bytes, 2/1 cycle) Sub total (8 bytes, 7/6 cycles)
Total (16 bytes, 59 cycles)
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2-10 PUSH-POP

HE e ——

[Contents]
E Push and pop operations are performed by sequences of several instructions. By
- increasing the number of registers used to perform push and pop, example @
_S|lze . shows smaller code size.
optimization
[Example]
@
ADD -4,A3 ; (2 bytes, 1 cycle)
MOVX  DO,(A3) ;push DO (3 bytes, 3 cycles)
ADD -4,A3 ; (2 bytes, 1 cycle)
MOVX  D1,(A3) ;push D1 (3 bytes, 3 cycles)
: ; Total (10bytes, 8 cycles)
MOVX  (A3),Dt ;pop D1 (3 bytes, 3 cycles)
ADD 4 A3 ; (2 bytes, 1 cycle)
MOVX  (A3),D0 ;pop DO (3 bytes, 3 cycles)
ADD 4,A3 ; (2 bytes, 1 cycle)
; Total (10 bytes, 8 cycles)
@
ADD -8,A3 ; (2 bytes, 1 cycle)
MOVX  DO,(4,A3) ;push DO (3 bytes, 3 cycles)
MOVX  D1,(A3) ;push D1 (3 bytes, 3 cycles)
: ; Total (8 bytes, 7 cycles)
MOVX  (A3),D1 ;pop D1 (3 bytes, 3 cycles)
MOVX  (4,A3),D0 ;pop DO (3 bytes, 3 cycles)
ADD 8,A3 ; (2 bytes, 1 cycle)
; Total (8 bytes, 7 cycles)
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Chapter 3  Use Of Instructions

2-11 Push/Pop Of PSW

5

[Contents]

When pushing and popping the PSW, the PSW flags will change if the stack

pointer value is changed using an ADD instruction.

[Example]
@® PUSH
ADD -10,A3 ;PSW is changed.
MOVX  DO,(6,A3)
MOV PSW,D0 :Push the changed PSW.

MOV  DO,(4,A3)
MOVX  D1,(A3)

{ (Code as follows.)

ADDNF -10,A3 ;PSW is not changed.
MOVX  DO,(6,A3)

MOV PSW,D0 :Move PSW to DO.
MOV DO,(4,A3) ;Push PSW.

MOVX  Di,(A3)

@ PoOP
MOVX  (A3),D1
MOV (4,A3),D0

MOV DO,PSW ;Pop PSW.
MOVX  (6,A3),D0
ADD 10,A3 ;Poping PSW is changed.

} (Code as follows.)

MOVX  (A3),D1

MOV (4,A3),D0 :Move PSW to DO.
MOV DO,PSW ;Pop PSW.

MOVX  (6,A3),D0

ADDNF 10,A3
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Size
optimization

'

General
information

2-1 2 Zero-Clear Of Registers

e

[Contents]

To zero-clear registers, use the SUB instruction for smaller code size.

[Example]

MOV 0,D0 ; (2 bytes, 1 cycle)
| (SUB instruction gives smaller code size.)

SuB D0,DO ; (1 byte, 1 cycle)

2-1 3 Calculations With Memory Values

S

[Contents]

To calculate with values in memory, the memory values must be moved to regis-
ters for the calculations.

[Example]

Add the values in memory at addresses x'f000'~x'f003' to addresses x'f010’
~x'f013' 32-bit addition).

MOV  xf000',A0
MOV  xf010'At
MOV (A0),DO
MOV (A1),D1
ADD  D1,D0
MOV DO,(A0)
MOV  (x2',A0),D0
MOV  (x2,A1),D1
ADDC  D1,D0
MOV  DO,(x2',A0)

134 Programming Examples: General, Speed Optimization, Size Optimization



Chapter 3 Use Of Instructions

2-14 Bit Set
[Contents]
E Normally OR instructions are used to set bits. For byte accesses the BSET instruc-
' tion can be used in addition to an OR instruction.
Size '
optimization

G Use the BSET instruction to prohibit reception of bus release requests
- and interrupts during read/modify/writes.

[Example]
@ Word Access
MOV (x'fc20'),D0 ; (3 bytes, 1 cycle)
OR 4,D0 ; (3 bytes, 2 cycles)
MOV DO, (x'fc20") ; (3 bytes, 1 cycle)

Total (9 bytes, 4 cycles)

| (The example below gives smaller code size.)

MOV x'fc20',A0 ; (3 bytes, 1 cycle)
MOV (A0),DO ; (1 byte, 1 cycle)
OR 4,D0 ; (3 bytes, 2 cycles)
MOV DO,(A0) ; (1 byte, 1 cycle)

Total (8 bytes, 5 cycles)
@ Using OR Instruction For Byte Access

MOVBU (x'fc20'),DO ; (3 bytes, 1 cycle)
OR 4,D0 ; (3 bytes, 2 cycles)
MOVB  DO,(x'fc20") ; (3 bytes, 1 cycle)

Total (9 bytes, 4 cycles)

| (The example below gives smaller code size.)

MOV x'fc20',A0 ; (3 bytes, 1 cycle)
MOVBU (A0),DO ; (1 byte, 1 cycle)
OR 4,D0 ; (3 bytes, 2 cycles)
MOVB  DO,(A0) ; (1 byte, 1 cycle)

Total (8 bytes, 5 cycles)

® Using BSET Instruction For Byte Access

MOV x'fc20',A0 ; (3 bytes, 1 cycle)
MOV 4,D0 ; (2 bytes, 1 cycle)
BSET DO,(A0) ; (2 bytes, 5 cycles)

Total (7 bytes, 7 cycles)
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2-15 BitClear

[Contents]
_ H Normally AND instructions are used to clear bits. For byte accesses the BCLR
A instruction can be used in addition to an AND instruction. If the bits to be cleared
_Sl.ze . all fit within a byte, then a byte access will give smaller code than a word access.
optimization

Q Use the BCLR instruction to prohibit reception of bus release requests
by and interrupts during read/modify/writes.

[Example]
@ Word Access
MOV (x'fc20'),D0 ; (3 bytes, 1 cycle)
AND x'fftb’,DO ; (4 bytes, 2 cycles)
MOV DO,(x'fc20") ; (3 bytes, 1 cycle)

Total (10 bytes, 4 cycles)

| (The example below gives smaller code size.)

MOV x'fc20',A0 ; (3 bytes, 1 cycle)
MOV (A0),DO _ 3 (1 byte, 1 cycle)
AND x'ftfb’,DO ; (4 bytes, 2 cycles)
MOV DO,(A0) ; (1 byte, 1 cycle)

Total (9 bytes, 5 cycles)
@ Using AND Instruction For Byte Access

MOVBU (x'fc20'),D0 ; (3 bytes, 1 cycle)
AND x'fb',DO ; (3 bytes, 2 cycles)
MOVB  DO,(x'f{c20") ; (3 bytes, 1 cycle)

Total (9 bytes, 4 cycles)

| (The example below gives smaller code size.)

MOV x'fc20',A0 ; (3 bytes, 1 cycle)
MOVBU (A0),DO ; (1 bytes, 1 cycle)
AND x'fb',DO ; (3 bytes, 2 cycles)
MOVB  DO,(A0) ; (1 bytes, 1 cycle)

Total (8 bytes, 5 cycles)

® Using BCLR Instruction For Byte Access

MOV x'fc20',A0 ; (3 bytes, 1 cycle)
MOV x'04',D0 ; (2 bytes, 1 cycle)
BCLR DO,(A0) ; (2 bytes, 5 cycles)

Total (7 bytes, 7 cycles)
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2-16 BitTest

[Contents]
Use the BTST instruction to test bits. If it does not matter whether or not the value
in a register moved from memory is valid, then an AND instruction can also be
. Generél used, but code size and processing speed will not change.
information

[Example]

@ Register data must be valid.

MOV (x'fc20'),DO0 ; (3 bytes, 1 cycle)

BTST x'5',D0 ; (3 bytes, 2 cycles)
Total (6 bytes, 3 cycles)

@ Register data may be invalid.

MOV (x'fc20'),D0 ; (3 bytes, 1 cycle)

AND x'5',D0 ; (3 bytes, 2 cycles)
Total (6 bytes, 3 cycles)

2-17 Subtracting 1~128

[Contents] ,
When subtracting values 1~128, an ADD instruction will result in faster, smaller

code than a SUB instruction.

Speed Size
optimization optimization
[Example]
SuB x'7f,D0 ; (4 bytes, 2 cycles)
SuB x'7f,A0 ; (4 bytes, 2 cycles)
Total (8 bytes, 4 cycles)
| (The example below gives smaller, faster code.)
ADD -x'7f,D0 ; (2 bytes, 1 cycle)
ADD -x'7f,A0 ; (2 bytes, 1 cycle)
Total (4 bytes, 2 cycles)
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Speed
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Size
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Speed
optimization
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Size
optimization

2-1 8 Sign Inversion

[Contents]
Sign inversion is performed by a sequence of instructions. Example @ below
needs two registers, but it results in faster, smaller code.

[Example]

@ Use one data register.
NOT DO
ADD 1,D0

; (2 bytes, 2 cycles)

; (2 bytes, 1 cycle)
Total (4 bytes, 3 cycles)
@ Use two data registers.

SuB D1,D1
SuB DO,D1

; (1 byte, 1 cycle)
; (1 byte, 1 cycle)
Total (2 bytes, 2 cycles)

2-19 Logical Single-Bit Shift Left
-]}
[Contents]

To multiply a register value by 2 or 4, or in other words to perform a logical shift
left of one or two bits, use the ADD instruction.

[Example]
® 2x
AND x'fffb',PSW ; (4 bytes, 3 cycles)
ROL DO ; (2 bytes, 2 cycles)
Total (6 bytes, 5 cycles)
{
ADD DO,DO ; (1 byte, 1 cycle)
Total (1 byte, 1 cycle)
@ 4x
AND x'fffb’,PSW ; (4 bytes, 3 cycles)
ROL DO ; (2 bytes, 2 cycles)
AND x'fffb',PSW ; (4 bytes, 3 cycles)
ROL DO ; (2 bytes, 2 cycles)
Total (12 bytes, 10 cycles)
!
ADD Do,DOo ; (1 byte, 1 cycle)
ADD DO0,DO ; (1 byte, 1 cycle)
Total (2 bytes, 2 cycles)
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2-2 0 Logical Multiple-Bit Shift

[Contents]
m A multiply instruction using a look-up table for the multiplier levels processing
times for multibit shifts left or right to a fixed number of cycles, speeding up ex-

Speed ecution for all sizes greater than 3.
optimization
[Example]
@ Left shift of any number of bits
; D1<<=D2
Nisl: BRA Nisl1 ; (2 bytes, 2 cycles)
NIslO: ADD D1,D1 ; (1 byte, 1 cycle)
Nlsl1: ADD -1,D2 ; (2 bytes, 1 cycle)
BNC NislO ; (2 bytes, 2/1 cycle)
Total (7 bytes, 4+d2 * 4 cycles)
Small ROM size
4~60 process cycles
Nisl: MOV Ntbl,A1 ; (5 bytes, 3 cycles)
ADD D2,D2 ; (1 byte, 1 cycle)
MOV (D2,A1),D2 ; (2 bytes, 2 cycles)
MULU D2,D1 ; (2 bytes, 12 cycles)
Total (10432 bytes, 18 cycles)
Large ROM size
Fixed number of process cycles
Ntbl:
DW x'0001'
DW x'0002'
DW x'0004'
§
Dw x'8000'
@ Right shift of any number of bits
; D1>>=D2
Nlsr: BRA Nlsr1 ; (2 bytes, 2 cycles)
NlsrO: LSR D1 ; (2 bytes, 2 cycles)
Nlsri: ADD -1,D2 ; (2 bytes, 1 cycle)
BNC NisrO ; (2 bytes, 2/1 cycle)
Total (8 bytes, 4+d2 %5 cycles)
Small ROM size
4~75 process cycles
Nlsr: MOV Ntbl+32,A1 ; (5 bytes, 3 cycles)
ADD D2,D2 ; (1 byte, 1 cycle)
SuB D2,A1 ; (2 bytes, 2 cycles)
MOV (A1),D2 ; (1 byte, 1 cycle)
MULU D2,D1 ; (2 bytes, 12 cycles)
MOV MDR,D1 ; (2 bytes, 2 cycles)
Total (13+32 bytes, 21 cycles)
Large ROM size
Fixed number of process cycles
Ntbl:
DW x'0001" This code does not work properly
DW x'0002' for an input value of 0 for D2.
DW x'0004'
§
DW x'8000'

Programming Examples: General, Speed Optimization, Size Optimization 139



Chapter 3 Use Of Instructions

2-21 8-BitSwap

e ——

[Contents] '
When performing an 8-bit swap (exchange upper 8 bits and lower 8 bits), sequence

of instructions will result in smaller or faster code than a shift instruction.

Speed Size
optimization optimization
[Example]

D0 swap

MOV DO,D1 , ; (1 byte, 1 cycle)
ADD D0,DO ; 1 bit shift left ; (1 byte, 1 cycle)
ADD DO,DO ; 1 bit shift left ; (1 byte, 1 cycle)
ADD D0,DO ; 1 bit shift left ; (1 byte, 1 cycle)
ADD DO,DO ; 1 bit shift left ; (1 byte, 1 cycle)
ADD DO,DO ; 1 bit shift left ; (1 byte, 1 cycle)
ADD DO0,DOo ; 1 bit shift left ; (1 byte, 1 cycle)
ADD Do,Do ; 1 bit shift left ; (1 byte, 1 cycle)
ADD DO,DO ; 1 bit shift left ; (1 byte, 1 cycle)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
LSR D1 ; 1 bit shift right ; (2 bytes, 2 cycles)
OR D1,D0 ; (2 bytes, 2 cycles)

Total (27 bytes, 27 cycles)

| (Use of stack gives faster code.)

ADD -2,A3 ; (2 bytes, 1 cycle)
MOV DO,(A3) ; (1 byte, 1 cycle)
MOvVBU (1,A3),D1 ; (3 bytes, 2 cycles)
MOVB  D1,(A3) ; (1 byte, 1 cycle)
MOVB  DO,(1,A3) ; (3 bytes, 2 cycles)
MOV (A3),D0 ; (1 byte, 1 cycle)
ADD 2,A3 ; (2 bytes, 1 cycle)

Total (13 bytes, 9 cycles)

| (Use of multiply instruction gives smaller code.)

MOV x'0100',D1 ; (3 bytes, 1 cycle)
MULU  Di1,DO ' : (2 bytes, 12 cycles)
MOV MDR,D1 ; (2 bytes, 2 cycles)
ADD D1,D0 ; (1 byte, 1 cycle)

Total (8 bytes, 16 cycles)
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Chapter 3 Use Of Instructions

2-2 2 Decimal Conversion Of 4-Bit Data

X

[Contents]
Below is an example of decimal conversion of 4-bit data.

[Example]
AND x'f',DO ;Data before conversion is in
CMP 10,D0 ;register DO
BLS label
ADD x'6',D0
label: ;Data after conversion is in register DO
2-2 3 Interrupt Disable/Enable

—
[Contents]

The method for disabling and enabling interrupts is as follows. However, non-
maskable interrupts cannot be disabled.

[Example]

@ Disable interrupts (IE=0)
AND x'f7ff',PSW

@ Enable interrupts (IE=1)
OR x'0800',PSW

2-2 4 PSW Flags Set/Clear

[Contents]
Example (D) shows the basic format for setting and clearing flags in the PSW, but
other instructions can also be used as shown below.

[Example]

@ Basic format
AND imm,PSW
OR imm,PSW

; (4 bytes, 3 cycles)
; (4 bytes, 3 cycles)

@ Size and speed optimization

SUB Dn,Dn ; ZF set, NF,VF,CF clear,Dn clear
ADD 0,Dn ;VF,CFclear

XOR Dn,Dn ;ZF set, NF,VF,CF clear,Dn clear
BTST 0,Dn ; ZF set, NF,VF,CF clear

CMP 0,Dn ;VF,CFclear

AND 0,Dn ; ZF set, NF,VF,CF clear,Dn clear
AND Dn,Dn ;VF,CF clear

OR 0,Dn ;VF,CFclear

OR Dn,Dn ;VF,CFclear

NOT Dn ; VF,CF clear,Dn changes

(1 byte, 1 cycle)
(2 bytes, 1 cycle)
(2 bytes, 2cycles)
(2 bytes, 1 cycle)
(2 bytes, 1 cycle)
(2 bytes, 1 cycle)
(2 bytes, 2 cycles)
(2 bytes, 1 cycle)
(2 bytes, 2 cycles)
(2 bytes, 2 cycles)
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2-2 5 Overlapping Interrupts

00—

[Contents]
/‘ The following example shows overlapping interrupts.

[Example]
General _
information "9 ADD -30,A3
MOV AO,(A3) :Save registers to be used.
MOV A1,(4,A3)
MOV A2,(8,A3)
MOVX DO,(12,A3)
MOVX D1,(16,A3)
MOVX D2,(20,A3)
MOVX D3,(24,A3)
MOV MDR,DO
MOV DO0,(28,A3)
OR x'0800',PSW :Enable overlapping interrupts.
Interrupt process
AND x'f7ff',PSW :Disable overlapping interrupts.
MOV (28,A3),D0 ;Restore registers.
MOV DO,MDR
MOVX (24,A3),D3
MOVX (20,A3),D2
MOVX (16,A3),D1
MOVX (12,A3),D0
MOVX (8,A3),A2
MOVX (4,A3),At
MOV (A3),A0
ADD 30,A3
RTI
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Deleted Instructions
-]

3-1 MOV (Di, An), Am, MOV Am, (Di, An)

The instruction above has been removed from the instruction set currently and it
is not available to use. You are required to change the program in case of using
the instruction.

m Instruction replacement example
(Note: Flags are chnaged as a result of arithmetic operations.)
mov (Dn,An),Amd add Dn,An  mov Am,(Dn,An)J add Dn,An
mov (An),Am mov Am,(An)
sub Dn,An sub Dn,An
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Appendix

MN102L SERIES INSTRUCTION SET

Instruction Mnemonic Operation opP Flag que Cycle Machine Code Page
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF | Size
MOV MOV Dm,An DmOAn - - —]1—1—|—|—|—1—1]12 2 | F2:30+Dm<<2+An 26
MOV An,Dm AnJ Dm — |- —|—|—]|—|—]|—]1—12 2 | F2:FO+An<<2+Dm 26
MOV Dn,Dm Dn0Dm - - —]1—-1—-]—-1—1]1—1—1]21 1 | 80+Dn<<2+Dm *1| 27
MOV An,Am AndAm - - —]—]—|—|—|—]1—12 2 | F2:70+An<<2+Am 27
MOV PSW,Dn PSWODn o |l—|—|—]|—|—|—]|—]—12 2 | F3:FO+Dn 28
MOV Dn,PSW DnO PSW — | e | o |0 |0 o o 2 3 | F3:D0+Dn<<2 28
MOV MDR,Dn MDRO Dn O | —]—|—|—|—|l—]—|1—12 2 | F3:E0+Dn 29
MOV Dn,MDR DnOMDR - - —]—1—|—|—|—1—12 2 | F3:C0+Dn<<2 29
MOV (An),Dm mem16(An)0 Dm Ss|—]—]—|—|—]—|—|—]11 1 | 20+An<<2+Dm 30
MOV (d8,An),Dm mem16(An+d8)0 Dm S| —|—]—|—|—]—|—|—12 1 | 60+An<<2+Dm:d8 30
MOV (d16,An),D mem16(An+d16)C) Dm S|—|—]—|—|—]—|—|—14 2 | F7:C0+An<<2+Dm:d16-1:d16-h 31
MOV (d24,An),D mem16(An+d24)0 Dm S| —|—|—|—|—]—|—1—15 3 | F4:80+An<<2+Dm:d24-1:d24-m:d24-h | 31
MOV (Di,An),Dm mem16(An+Di)J Dm S|—|—|—|—|—]|—|—|—]| 2 2 | F1:40+Di<<4+An<<2+Dm 32
MOV (abs16),Dn mem16(abs16)C] Dn S|—|—|—|—|—]—|—|—13 1 | C8+Dn:abs16-l:abs16-h 32
MOV (abs24),Dn mem16(abs24)0 Dn s|—|—|—|—|—]—]|—|—1|5 3 | F4:C0+Dn:abs24-l:abs24-m:abs24-h 33
MOV (An),Am mem24(An)d Am — | === —|—]—]|—] 2 2 | 70+An<<2+Am:00 *21 33
MOV (d8,An),Am mem24(An+d8)0 Am - -] -] =] =] —]|—]—] 2 2 | 70+An<<2+Am:d8 34
MOV (d16,An),Am mem24(An+d16)0 Am — | - —|—|—]|—|—]|—]—| 4 3 | F7:B0+An<<2+Am:d16-1:d16-h 34
MOV (d24,An),Am mem24(An+d24)0 Am - - —]—]|—]|=—]|—]—]1—165 4 | FA:FO+An<<2+Am:d24-:d24-m:d24-h | 35
MOV (abs16),An mem24(abs16)C An - -] -] —|=—]|—]|—]—| 4 3 | F7:30+An:abs16-l:abs16-h 36
MOV (abs24),An mem24(abs24)0 An - |- —]—]|—]|=—]|—]|—]1—165 4 | FA:D0+An:abs24-l:abs24-m:abs24-h 36
MOV Dm,(An) Dm0 mem16(An) - - —1—-1—|—|—-|—-]1—-—]1 1 | 00+An<<2+Dm 37
MOV Dm,(d8,An) DmO mem16(An+d8) — |- —|—|—]—|—]|—]|—12 1 | 40+An<<2+Dm:d8 37
MOV Dm,(d16,An) DmO mem16(An+d16) - -] —|—|—|—|—|—] 4 2 | F7:80+An<<2+Dm:d16-l:d16-h 38
MOV Dm,(d24,An) DmO mem16(An+d24) - |- —|—|—]—|—]—]1—15 3 | F4:00+An<<2+Dm:d24-:d24-m:d24-h | 38
MOV Dm,(Di,An) Dm0 mem16(An+Di) - =] -] =] —=|—]|—]—] 2 2 | F1:C0+Di<<4+An<<2+Dm 39
MOV Dn,(abs16) Dnl mem16(abs16) - |- —|—|—]—|—]—1—13 1 | CO+Dn:abs16-l:abs16-h 39
MOV Dn,(abs24) Dnl mem16(abs24) - - —]—]|—]|=]|—]—]1—165 3 | F4:40+Dn:abs24-l:abs24-m:abs24-h 40
MOV Am,(An) Am0O mem24(An) — |- —|—|—]—|—]|—]|—12 2 | 50+An<<2+Am:00 *3 | 40
MOV Am,(d8,An) AmO mem24(An+d8) - -] -] =] =] === 2 2 | 50+An<<2+Am:d8 41
MOV Am,(d16,An) Am0 mem24(An+d16) - === =] —|—|—]|—|4 3 | F7:A0+An<<2+Am:d16-1:d16-h 41
MOV Am,(d24,An) Am0O mem24(An+d24) - - —]—]|—]|=—]|—]—]1—165 4 | F4:10+An<<2+Am:d24-1:d24-m:d24-h | 42
MOV An,(abs16) AnJ mem24(abs16) - =] =] —|—=|—=]|—]1—14 3 | F7:20+An:abs16-l:abs16-h 43
MOV An,(abs24) An0 mem24(abs24) - |- —|—|—]—]|—]—1—165 4 | F4:50+An:abs24-l:abs24-m:abs24-h 43
MOV imm8,Dn imm80 Dn S| —|—]|—|—|—]|—]|—|—12 1 | 80+Dn<<2+Dn:imm8 44
MOV imm16,Dn imm160 Dn S|—|—|—|—|—]|—|—|—13 1 | F8+Dn:imm16-l:imm16-h 44
MOV imm24,Dn imm240 Dn — |- —]—|—]—]—]—1—15 3 | F4:70+Dn:imm24-l:imm24-m:imm24-h | 45
MOV imm16,An imm160 An 0O |—| —|—|—|—|—|—|—1] 38 1 | DC+An:imm16-l:imm16-h 45
MOV imm24,An imm240 An - |- = —-|=]—|—]|—|—5 3 | F4:74+An:iimm24-l:imm24-m:imm24-h | 46
MOVX | MOVX (d8,An),Dm mem24(An+d8)01 Dm - |- —|—|—]—]—]—1—13 3 | F5:70+An<<2+Dm:d8 47
MOVX (d16,An),Dm mem24(An+d16)0 Dm — - == =] =] —=|—]—| 4 3 | F7:70+An<<2+Dm:d16-:d16-h 47
MOVX (d24,An),Dm mem24(An+d24)0 Dm - |- —|—|—]—|—]—1—15 4 | F4:BO+An<<2+Dm:d24-l:d24-m:d24-h | 48
MOVX Dm,(d8,An) Dm0 mem24(An+d8) - - —]—]—]|=—]|—]—]1—13 3 | F5:50+An<<2+Dm:d8 48
MOVX Dm,(d16,An) DmO mem24(An+d16) - === =] —=]|—]1—14 3 | F7:60+An<<2+Dm:d16-l:d16-h 49
MOVX Dm,(d24,An) Dm0 mem24(An+d24) - |- === —=|—=]—|—165 4 | F4:30+An<<2+Dm:d24-1:d24-m:d24-h | 49
MOVB MOVB (An),Dm mem8(An)] Dm S| —|—|—|—|—]|—|—|—] 2 2 | 30+An<<2+Dm:B8+Dm *4 | 50
MOVB (d8,An),Dm mem8(An+d8)] Dm S| —|—|—|—|—]|—|—|—] 3 2 | F5:20+An<<2+Dm:d8 50
MOVB (d16,An),Dm mem8(An+d16)] Dm S |—|—|—|—|—]|—|—|—| 4 2 | F7:D0+An<<2+Dm:d16-:d16-h 51
MOVB (d24,An),Dm mem8(An+d24)0 Dm S| —|—|—|—|—]|—|—1|—15 3 | F4:A0+An<<2+Dm:d24-1:d24-m:d24-h | 51
MOVB (Di,An),Dm mem8(An+Di)00 Dm S|—|—]—|—|—|—|—]|1—]2 2 | FO:40+Di<<4+An<<2+Dm 52
MOVB (abs16),Dn mem8(abs16) Dn S|—|—]—|—|—]—|—|—14 2 | CC+Dn:abs16-l:abs16--h:B8+Dn *5 | 52
MOVB (abs24),Dn mem8(abs24)0 Dn s|—|—|—|—|—]|]—]|—|—1|65 3 | F4:C4+Dn:abs24-l:abs24-m:abs24-h 53
MOVB Dm,(An) Dm0 mem8(An) - - —|—|—]—|—]|—]|—]21 1 | 10+Dm<<2+An 53
MOVB Dm,(d8,An) Dm0 mem8(An+d8) - - —]—]—]|=—]|—]—]1—13 2 | F5:10+An<<2+Dm:d8 54
MOVB Dm,(d16,An) Dm0 mem8(An+d16) -l === =] —|—|—]|—14 2 | F7:90+An<<2+Dm:d16-1:d16-h 54
MOVB Dm,(d24,An) Dm0 mem8(An+d24) - - —]—]|—]|—]|—]—]1—165 3 | F4:20+An<<2+Dm:d24-:d24-m:d24-h | 55
MOVB Dm,(Di,An) DmO mem8(An+Di) - == == —|—]|—|— 2 2 | FO:CO+Di<<4+An<<2+Dm 55
Notes: 1* Itis not possible to specify that Dn=Dm.
2* This instruction is supported by the assembler. For "MOV (d8,An),Am" the assembler will generate a bit pattern for d8=0.
3* This instruction is supported by the assembler. For "MOV Am,(d8,An)" the assembler will generate a bit pattern for d8=0.
4* This instruction is supported by the assembler. The assembler generates bit patterns for the two instructions "MOVBU (An),Dm" and "EXTXB Dm".
5* This instruction is supported by the assembler. The assembler generates bit patterns for the two instructions "MOVBU (abs16),Dn" and "EXTXB Dn".
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Instruction Mnemonic Operation (E))lz vx | ox TNX Z;(:la%/': CEINF | ZF CS?Zd: Cycle Machine Code Page
MOVB MOVB Dn,(abs16) DnlJ mem8(abs16) —- |- - =] == === 3 1 | C4+Dn:abs16-l:abs16-h 56
MOVB Dn,(abs24) DnO mem8(abs24) — - - === —|—|—165 3 | F4:44+Dn:abs24-l:abs24-m:abs24-h 56
MOVBU | MOVBU (An),Dm mem8(An)J Dm o|l—|—|—|—|—|—]|—]—1]1 1 | 30+An<<2+Dm 57
MOVBU (d8,An),Dm mem8(An+d8)] Dm o|—| —|—| —|—|—|—|—]| 3 2 | F5:30+An<<2+Dm:d8 57
MOVBU (d16,An),Dm | mem8(An+d16)0 Dm o|—| —|—|—|—|—|—]|—| 4 2 | F7:50+An<<2+Dm:d16-1:d16-h 58
MOVBU (d24,An),Dm | mem8(An+d24)C] Dm o|—| —|—| —|—|—|—|—]| 5 3 | F4:90+An<<2+Dm:d24-:d24-m:d24-h | 58
MOVBU (Di,An),Dm mem8(An+Di)J Dm o |—| —|—|—|—|—|—]—1 2 2 | F0:80+Di<<4+An<<2+Dm 59
MOVBU (abs16),Dn mem8(abs16)] Dn o|—| —|—| —|—|—|—|—] 3 1 | CC+Dn:abs16-l:abs16-h 59
MOVBU (abs24),Dn mem8(abs24)0 Dn o|—|—|—| —|—|—|—|—]| 5 3 | F4:C8+Dn:abs24-l:abs24-m:abs24-h 60
EXT EXT Dn IF Dn.bp15=0 S| —|—|—|—|—|—]—|—1 2 3 | F3:C1+Dn<<2 *6 | 61
x'0000'0 MDR
IF Dn.bp15=1
X'FFFF'0O MDR
EXTX EXTX Dn IF Dn.bp15=0 S| —| —|—|—|—|—|—]—]1 1 | BO+Dn *7| 62
Dné&x'00FFFF'0 Dn
IF Dn.bp15=1
Dn|x'FF0000'0 Dn
EXTXU | EXTXU Dn Dn&x'00FFFF'0 Dn == == —|—]|—] 1 1 | B4+Dn *8| 63
EXTXB | EXTXB Dn IF Dn.bp7=0 — == == —|—]—] 1 1 | B8+Dn *9| 64
Dné&x'0000FF'0 Dn
IF Dn.bp7=1
Dn|x'FFFF00'0 Dn
EXTXBU | EXTXBU Dn Dné&x'0000FF'] Dn 0 — | == = = =] = — 1 1 | BC+Dn *10 | 65
ADD ADD Dn,Dm Dm+Dn Dm — | e o | o ° ° L 1 1 | 90+Dn<<2+Dm 66
ADD Dm,An An+DmO An — | e o |0 |o |o L 2 2 | F2:00+Dm<<2+An 66
ADD An,Dm Dm+An Dm — | e o | o ° ) L 2 2 | F2:CO+An<<2+Dm 67
ADD An,Am Am+AnO Am — | e | o |0 |0 o L 2 2 | F2:40+An<<2+Am 67
ADD imm8,Dn Dn+imm80 Dn S . o o |0 |o o 2 1 | D4+Dn:iimm8 68
ADD imm16,Dn Dn+imm160 Dn S| e e |e | |e L 4 2 | F7:18+Dn:imm16-l:imm16-h 68
ADD imm24,Dn Dn+imm240 Dn — | e o (o |0 |o L 5 3 | F4:60+Dn:iimm24-l:imm24-m:imm24-h | 69
ADD imm8,An An+imm80 An S| e |e |e | |e L 2 1 | DO+An:imm8 69
ADD imm16,An An+imm160 An S ) o | o . . L 4 2 | F7:08+An:imm16-l:imm16-h 70
ADD imm24,An An+imm240 An — | e | e |0 | |o L 5 3 | F4:64+An:imm24-l:imm24-m:imm24-h | 70
ADDC ADDC Dn,Dm Dm+Dn+CFL Dm — | e e (o |0 |o o 2 2 | F2:80+Dn<<2+Dm 71
ADDNF | ADDNF imm8,An An+imm80 An s|—| —|—|—|—|—|—|—1 3 2 | F5:0C+Aniimm8 *11| 72
SuUB SUB Dn,Dm Dm-Dn0 Dm — | e e |0 |o |o L 1 1 | A0+Dn<<2+Dm 73
SUB Dm,An An-DmO An — | e o | o ° ° o 2 2 | F2:10+Dm<<2+An 73
SUB An,Dm Dm-AnC Dm — | e | o |0 |o |o L 2 2 | F2:D0+An<<2+Dm 74
SUB An,Am Am-An Am — | e o | o ° . L 2 2 | F2:50+An<<2+Am 74
SUB imm16,Dn Dn-imm160 Dn S| e e |e | |e L 4 2 | F7:1C+Dn:imm16-1:imm16-h 75
SUB imm24,Dn Dn-imm240 Dn — | e o |o |0 | o 5 3 | F4:68+Dn:imm24-l:imm24-m:imm24-h | 75
SUB imm16,An An-imm160 An S| e e |e | |e L 4 2 | F7:0C+An:imm16-l:imm16-h 76
SUB imm24,An An-imm240 An — | e o |o . (] L 5 3 | F4:6C+An:imm24-l:imm24-m:imm24-h | 76
SUBC SUBC Dn,Dm Dm-Dn-CF Dm — | e | e |0 | |o L 2 2 | F2:90+Dn<<2+Dm 77
MUL MUL Dn,Dm Dm O DnODm — ? ? ? ? 0 ? . ) 2 12 | F3:40+Dn<<2+Dm *12| 78
(Dm 0 Dn)>>160 MDR
MULU MULU Dn,Dm Dm 0O Dn Dm — | ? ? ? ? 0 2| e | e 2 12 | F3:50+Dn<<2+Dm *13| 79
(Dm 0 Dn)>>160 MDR
DIVU DIVU Dn,Dm (MDR<<16+Dm)/Dn(J Dm — | ?2 | ?2|0/?|e/?2{01| ? |e/?|e/?| 2 | 13 | F3:60+Dn<<2+Dm *14 | 80
...MDR
Notes: 6* 32-bit sign extended word data
7* 24-bit sign extended word data
8* 24-bit zero extended word data
9* 24-bit sign extended byte data
10* 24-bit zero extended byte data
11* Addition without changing flag
12* 16x16 = 32 (signed)
13* 16x16 = 32 (unsigned)
14* 32+16 = 16...16 (unsigned)
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Instruction Mnemonic Operation (E))'Z vx | ox TN Z;:lag/': CEINF I ZF Cs?j: Cycle Machine Code Page
CMP CMP Dn,Dm Dm-Dn — e e |0 |0 |o . 2 2 | F3:90+Dn<<2+Dm 81
CMP Dm,An An-Dm — | e | o |0 |o o L 2 2 | F2:20+Dm<<2+An 81
CMP An,Dm Dm-An — | e | o |o |o (o L 2 2 | F2:E0+An<<2+Dm 82
CMP An,Am Am-An — | o | o |0 |o o L 2 2 | F2:60+An<<2+Am 82
CMP imm8,Dn Dn-imm8 S o |o |0 (o o L 2 1 | D8+Dn:iimm8 83
CMP imm16,Dn Dn-imm16 S |e | e |[o |eo e L 4 2 | F7:48+Dn:imm16-l:imm16-h 83
CMP imm24,Dn Dn-imm24 — | e |® | |0 o L 5 3 | F4:78+Dn:imm24-l:imm24-m:imm24-h | 84
CMP imm16,An An-imm16 0 e | o (o (o o L 3 1 | EC+An:iimm16-l:imm16-h 84
CMP imm24,An An-imm24 — | e o |o . . L 5 3 | F4:7C+An:iimm24-l:imm24-m:imm24-h | 85
AND AND Dn,Dm Dm&(x'FF0000' |Dn)0 Dm — | — | =] =] = o | o 2 2 | F3:00+Dn<<2+Dm *15 | 86
AND imm8,Dn Dn&(x'FF0000' imm8)[ Dn O |—|—|—]— o | o 3 2 | F5:00+Dn:imm8 *15 | 86
AND imm16,Dn Dn&(x'FF0000' imm16)0Dbn| — | — | — | — | — o | o 4 2 | F7:00+Dn:iimm16-l:imm16-h *15 | 87
AND imm16,PSW PSW&imm160 PSW — | e o |0 |o o [ 4 3 | F7:10:imm16-l:imm16-h *15| 87
OR OR Dn,Dm Dm|(Dn&x'00FFFF)0 Dm — | = =] =] = o | o 2 2 | F3:10+Dn<<2+Dm *15 | 88
OR imm8,Dn Dn|imm80C Dn 0O |—|—|—]1— LK) 3 2 | F5:08+Dn:imm8 *15 | 88
OR imm16,Dn Dn|imm160 Dn — | —|—]|—1—10 0| e . 4 2 | F7:40+Dn:imm16-l:imm16-h *15 | 89
OR imm16,PSW PSW|imm160 PSW — | e o |0 |0 o c 4 3 | F7:14:imm16-L:imm16-h *15 | 89
XOR XOR Dn,Dm DmAN(X'00FFFF'&Dn)(] Dm — | —]—]|—]—]0]|0|e |e 2 2 | F3:20+Dn<<2+Dm *15 | 90
XOR imm16,Dn Dn?imm160 Dn — | —|—]|—]—] 0|0 |e |@ 4 2 | F7:4C+Dn:imm16-Limm16-h *15 | 90
NOT NOT Dn Dn”x'00FFFF'0 Dn —|—]—]—|—]0]|0]|e |e 2 | 2 |F3:E4+Dn *15 | 91
ASR ASR Dn Dn.Isb0 CF — | =] =] =] —] 0| e |e |e 2 2 | F3:38+Dn *15 | 92
Dn.bpO Dn.bp-1(bp15~1)
Dn.bp150 Dn.bp15
LSR LSR Dn Dn.Isb0 CF — | —|—|—|— 1] 0| e | 0] e 2 2 | F3:3C+Dn *15| 93
Dn.bpO Dn.bp-1(bp15~1)
00 Dn.bp15
ROR ROR Dn Dn.Isb temp — | —| =] —=|—| 0| e |0 |e 2 2 | F3:34+Dn *15 | 94
Dn.bpO Dn.bp-1(bp15~1)
CFODn.bp15
tempO CF
ROL ROL Dn Dn.bp150 temp — | —| =] —=|—| 0| e o |e 2 2 | F3:30+Dn *15| 95
Dn.bp0 Dn.bp+1(bp14~0)
CFODn.Isb
temp CF
BTST BTST imm8,Dn Dn&imms8 ... PSW 0O |—|—|—|—]0[0| 0] e | 3 | 2 |F504+Dn:imm8 96
BTST imm16,Dn Dn&imm16 ... PSW 0O |—|—|—1|— ° ° 4 2 | F7:04+Dn:imm16-l:imm16-h 96
BSET BSET Dm,(An) mem8(An)&Dm ... PSW 0O |—|—|—|— 0| e 2 5 | F0:20+An<<2+Dm *16 | 97
mem8(An)|DmL] mem8(An)
BCLR BCLR Dm,(An) mem8(An)&Dm ... PSW O|—|—|—|—| 0] 0] 0| e 2 5 | FO:30+An<<2+Dm *16 | 98
mem8(An)&( ~Dm)[] mem8(An)
Bce BEQ label IF ZF=1 - |- == =] —=|—|—1|—1] 2 | 211 |E8d8 *17 | 99
PC+2+d8(label)d PC
IF ZF=0
PC+20PC
BNE label IF ZF=0 — |- == =] —=|—=|—1|—1] 2 | 211 |E9d8 *18 | 99
PC+2+d8(label)d PC
IF ZF=1
PC+20PC
BLT label IF (VFANF)=1 — |- == =] —=|—=|—1|—1] 2 | 21 |E0d8 *19 | 100
PC+2+d8(label)0 PC
IF (VFANF)=0
PC+20PC
Notes: 15* 16-bit computation

16* Performed under the conditions of bus lock and disabled interrupts.
17* src=dest (lower 16 bits)
18* srczdest (lower 16 bits)
19* src>dest (lower 16 bits, signed)
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Instruction Mnemonic Operation (E))lz vx | ox TNX Z;(:la%/': CEINF | ZF CS?Zd: Cycle Machine Code Page
Bcc BLE label IF (VFANF)|ZF)=1 — | —| =] =] =] —=|=|—|—1] 2 |21 |E3d8 *20 | 100
PC+2+d8(label)d PC
IF (VFANF)|ZF)=0
PC+20PC
BGE label IF (VFANF)=0 — |- == =] —=|—=|—]—| 2 | 21|E2d8 *21|101
PC+2+d8(label)] PC
IF (VFANF)=1
PC+20PC
BGT label IF (VFANF)|ZF)=0 — | —| =] =] =] —=|=|—=|—1] 2 |21 |E1Ld8 *22 101
PC+2+d8(label)0 PC
IF ((VFANF)|ZF)=1
PC+20PC
BCS label IF CF=1 — |- —| =] —=|—=|—|—| =1 2 | 21| E4d8 *23 | 102
PC+2+d8(label)d PC
IF CF=0
PC+20PC
BLS label IF (CF|ZF)=1 — | =] === —=|=|—|—1| 2 |21 |E7d8 *24 | 102
PC+2+d8(label)d PC
IF (CF|ZF)=0
PC+20PC
BCC label IF CF=0 — |- == =] —|—=|—1]—| 2 | 21|E6:d8 *25 1103
PC+2+d8(label)0 PC
IF CF=1
PC+20PC
BHI label IF (CF|ZF)=0 - |- === —=|—=|—1]—| 2 | 21|E5d8 *26 | 103
PC+2+d8(label)d PC
IF (CF|ZF)=1
PC+20PC
BVC label IF VF=0 — |- —=|—=|=]|—=|—=|—1]—1| 3 |3/2]|F5FCd8 *27 | 104
PC+3+d8(label)] PC
IF VF=1
PC+30PC
BVS label IF VF=1 - |- —|—|—=—]|—|—|—1]—| 3 |3/2]|F5FD:d8 *28 | 104
PC+3+d8(label)0 PC
IF VF=0
PC+30PC
BNC label IF NF=0 - |- —|—|—|—|—1|—1|— 3 |3/2]|F5FEd8 *29 | 105
PC+3+d8(label)d PC
IF NF=1
PC+30PC
BNS label IF NF=1 - |- —|—|—]|—|—1|—1]— 3 |3/2|F5FFd8 *30 | 105
PC+3+d8(label)d PC
IF NF=0
PC+30PC
BRA label PC+2+d8(label)d PC - === =] =] —|—|— 2 2 | EA:d8 106
Bcex BEQX label IF ZX=1 - |- —-|=-] =] —=|—|—1|—1] 3 | 32| F5E8d8 *31 | 107
PC+3+d8(label)0 PC
IF ZX=0
PC+30PC
BNEX label IF ZX=0 - |- —|—|—]|—|—1|—1|— 3 |3/2|F5E9d8 *32 | 107
PC+3+d8(label)d PC
IF ZX=1
PC+30PC
Notes: 20* srczdest (lower 16 bits, signed)
21* src<dest (lower 16 bits, signed)
22* src<dest (lower 16 bits, signed)
23* src>dest (lower 16 bits, unsigned)
24* srczdest (lower 16 bits, unsigned)
25* src<dest (lower 16 bits, unsigned)
26* src<dest (lower 16 bits, unsigned)
27* VF=0
28* VF=1
29* NF=0
30* NF=1
31* src=dest (24 bits)
32* srczdest (24 bits)
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Instruction

Mnemonic

Operation

OoP

EX.

Flag

VX

CX

NX

ZX | VF

CF

NF

ZF

Code
Size

Cycle

Machine Code

Page

Becex

BLTX label

IF (VXANX)=1
PC+3+d8(label)(] PC
IF (VXANX)=0
PC+30PC

3/2

F5:E0:d8

*33

108

BLEX label

IF ((VXANX)|ZX)=1
PC+3+d8(label)] PC
IF ((VXANX)|ZX)=0
PC+30PC

32

F5:E3:d8

*34

108

BGEX label

IF (VXANX)=0
PC+3+d8(label)0 PC
IF (VXANX)=1
PC+30PC

32

F5:E2:d8

*35

109

BGTX label

IF ((VXANX)|ZX)=0
PC+3+d8(label)d PC
IF ((VXANX)|ZX)=1
PC+30PC

3/2

F5:E1:d8

*36

109

BCSX label

IF CX=1
PC+3+d8(label)d PC
IF CX=0

PC+30PC

32

F5:E4:d8

*37

110

BLSX label

IF (CX|ZX)=1
PC+3+d8(label)d PC
IF (CX|ZX)=0
PC+30PC

32

F5:E7:d8

*38

110

BCCX label

IF CX=0
PC+3+d8(label)d PC
IFCX=1

PC+30PC

3/2

F5:E6:d8

*39

111

BHIX label

IF (CX|ZX)=0
PC+3+d8(label)] PC
IF (CX|ZX)=1
PC+30PC

32

F5:E5:d8

*40

111

BVCX label

IF VX=0
PC+3+d8(label)d PC
IF VX=1

PC+30PC

32

F5:EC:d8

*41

112

BVSX label

IF VX=1
PC+3+d8(label)d PC
IF VX=0

PC+30PC

312

F5:ED:d8

*42

112

BNCX label

IF NX=0
PC+3+d8(label)d PC
IF NX=1

PC+30PC

32

F5:EE:d8

*43

113

BNSX label

IF NX=1
PC+3+d8(label)J PC

IF NX=0

PC+30PC

32

F5:EF:d8

*44

113

JMP

JMP labell6

PC+3+d16(label16)0 PC

FC:d16-1:d16-h

114

JMP label24

PC+5+d24(label24)0 PC

F4:E0:d24-1:d24-m:d24-h

114

JIMP (An)

AnOPC

FO:An<<2

Notes: 33*
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src>dest (24 bits, signed)

34* srczdest (24 bits, signed)
35* src<dest (24 bits, signed)
36* src<dest (24 bits, signed)
37* src>dest (24 bits, unsigned)
38* srcxdest (24 bits, unsigned)
39* src<dest (24 bits, unsigned)
40* src<dest (24 bits, unsigned)

41* VX=0
42* VX=1
43* NX=0
44* NX=1
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Instruction Mnemonic Operation (E))lz VX 1 ox T1ix Z)I(:Iag\;/': CFINETZF Cs?f: Cycle Machine Code Page
JSR JSR labell6 A3-40A3 e el e e e e — | 3 | 4 |FD:d16-:d16-h 116
PC+30 mem24(A3)
PC+3+d16(label16)0 PC
JSR label24 A3-40A3 - - -] -] —]|=—|—|—]—15 5 | F4:E1:d24-:d24-m:d24-h 116
PC+50 mem24(A3)
PC+5+d24(label24)00 PC
JSR (An) A3-40A3 - === =] === —| 2 5 | FO:01+An<<2 117
PC+20 mem24(A3)
AnOPC
NOP NOP PC+10PC - - =] =] =] =] —|—]—1 1 |F6 118
RTS RTS mem24(A3)0 PC - -] =] =] —|—]—1 5 |FE 119
A3+400 A3
RTI RTI mem16(A3)0 PSW — | e |e |o (o o » @ o 1 6 |EB 120
mem24(A3+2)0 PC
A3+6[] A3
Ver.2.0 (2001.02.01)
Reading the instruction set
m Symbols used in tables
Dn, Dm, Di Data register
An, Am Address register
MDR, PSW, PC Multiply/Divide Register, Processor Status Word, Program Counter
imm8, imm16, imm16-I, imm16-h Constant
imm24, imm24-l, imm24-m, imm24-h
ds, di6, d16-l, d16-h Displacement
d24, d24-1, d24-m, d24-h
abs16, abs16-l, abs16-h Absolute address
abs24, abs24-l, abs24-m, abs24-h
mem8 (An), mems (abs16), mem8 (abs24) 8-bit memory data which is determined by the address inside parentheses ()
mem16 (An), mem16 (abs16), mem16 (abs24) 16-bit memory data which is determined by the address inside parentheses ()
mem24 (Am), mem24 (abs16), mem24 (abs24) 24-bit memory data which is determined by the address inside parentheses ()
.bp,.Isb, .msb Bit specification
&I, Logical AND, logical OR, exclusive OR
~, << Bit inversion, bit shift
VX, CX, NX, ZX, Extended overflow flag, carry flag, negative flag, zero flag (24-bit data)
VF, CF, NF, ZF Overflow flag, carry flag, negative flag, zero flag (16-bit data)
temp CPU internal temporary register
O, .. Substitution, reflects calculation results
m OP EX. (Operand Extensions) Flag m Code Size
0 Zero-extension . Changes Unit : bytes
S Sign-extension —_ No change
— Not applicable 0 Always 0
1 Always 1
? Undefined
m Cycle Machine Code
Minimum cycle count is shown. ":" indicates a delimiter between bytes.<<2 indicates a 2-bit shift.
Units : machine cycles Dn, Dm, Di, An, Am : Register numbers
a/b : acycles if branch taken DO 00 A0 00
b cycles if branch not taken D1 01 Al 01
D2 10 A2 10
D3 11 A3 11
= Notes
« 16-bit or 24-bit access instruction must not access odd memory addresses.
« 8-bit displacements (d8) and 16-bit displacements (d16) are all sign-extended.
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MN102L SERIES INSTRUCTION MAP

First byte
UpperiLower 0 1 2 3 4 5 6 7 8 9 A B C D E
0 MOV Dm, (An)
1 MOVB Dm, (An)
2 MOV (An), Dm
3 MOVBU (An), Dm
4 MOV Dm, (d8, An)
5 MOV Am, (d8, An)
6 MOV (d8, An), Dm
7 MOV (d8, An), Am
8 MOQV Dn, Dm, (when src=dest,MOV imm8, Dn)
9 ADD Dn, Dm
A SUB Dn, Dm
B EXTX Dn EXTXU Dn EXTXB Dn EXTXBU Dn
c MOV Dn, (abs16) MOVB Dn, (abs16) MOV (abs16),Dn MOVBU (abs16),Dn
D ADD imm8, An ADD imm8, Dn CMP imm8, Dn MOV imm16, An
© | iabel | label | label | lbel | ibel | label | labol | label | label | fabel | fabel | "V OMP imm5. An
E Extended code (2 bytes) E?::;dezde E::':;gde NOP Eﬁf;fe:;de MOV imm16, Dn I]a’\l:zllﬁ IJj)EIIG RTS
2-byte instructions (Byte 1: FO)
Second byte
UpperiLower O 1 2 3 4 5 6 7 8 9 A c D E
o |ImP(a0)| ISR (A0) JMP (A1) | JSR (A1) JMP (A2) | ISR (A2) JMP (A3) | JSR (A3)
1
2 BSET Dm, (An)
3 BCLR Dm, (An)
4
5
MOVB (Di, An), Dm
6
7
8
9
MOVBU (Di, An), Dm
A
B
C
D
MOVB Dm, (Di, An)
E
F
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2-byte instructions (Byte 1: F1)

Appendix

Second byte
Upper/Lower O 1 2 D E E
0
1
2
3
4
5
MOV (Di, An), Dm
6
7
8
9
A
B
C
D
MOV Dm, (Di, An)
E
F
2-byte instructions (Byte 1: F2)
Second byte
Upper/Lower O 1 2 D E E
0 ADD Dm, An
1 SUB Dm, An
2 CMP Dm, An
3 MOV Dm, An
4 ADD An, Am
5 SUB An, Am
6 CMP An, Am
7 MOV An, Am
8 ADDC Dn, Dm
9 SUBC Dn, Dm
A
B
c ADD An, Dm
D SUB An, Dm
E CMP An, Dm
E MOV An, Dm
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2-byte instructions (Byte 1: F3)

Second byte
Upper/Lower O 1 2 3 4 5 6 8 9 A C D E
0 AND Dn, Dm
1 OR Dn, Dm
2 XOR Dn, Dm
3 ROL Dn ROR Dn ASR Dn LSR Dn
4 MUL Dn, Dm
5 MULU Dn, Dm
6 DIVU Dn, Dm
7
8
9 CMP Dn, Dm
A
B
C mg\R/ PO | ex7 DO mgg PL1 ext D1 mg; 2| ext 2 mg; P3| exT D3
MOV DO, MOV D1, MOV D2, MOV D3,
D |psw PSW PSW PSW
E MOV MDR, Dn NOT Dn
E MOV PSW, Dn
5-byte instructions (Byte 1: F4)
Second byte
Upper/Lower 0 1 2 3 4 5 6 8 9 A C D E
0 MOV Dm, (d24, An)
1 MOV Am, (d24, An)
2 MOVB Dm, (d24, An)
3 MOVX Dm, (d24, An)
4 MOV Dn, (abs24) MOVB Dn, (abs24)
5 MOV An, (abs24)
6 ADD imm24, Dn ADD imm24, An SUB imm24, Dn SUB imm24, An
7 MOV imm24, Dn MOV imm24, An CMP imm24, Dn CMP imm24, An
8 MOV (d24, An), Dm
9 MOVBU (d24, An), Dm
A MOVB (d24, An), Dm
B MOVX (d24, An), Dm
C MOV (abs24), Dn MOVB (abs24), Dn MOVBU (abs24), Dn
D MOV (abs24), An
JMP JSR
E | label24 | label24
E MOV (d24, An), Am
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3-byte instructions (Byte 1: F5)

Appendix

Second byte
UpperiLower O 1 2 3 4 5 6 7 8 9 A c D E F
0 AND imm8, Dn BTST imm8, Dn OR imm8, Dn ADDNF imm8, An
1 MOVB Dm, (d8, An)
2 MOVB (d8, An), Dm
3 MOVBU (d8, An), Dm
4
5 MOVX Dm, (d8, An)
6
7 MOVX (d8, An), Dm
8
9
A
B
C
D
BLTX | BGTX | BGEX | BLEX | BCSX BHIX BCCX | BLSX BEQX | BNEX BVCX | BVSX | BNCX | BNSX
E label label label label label label label label label label label label label label
BVC BVS BNC BNS
F label | label | label | label
4-byte instructions (Byte 1: F7)
Second byte
UpperiLower O 1 2 3 4 5 6 7 8 9 A c D E F
0 AND imm16, Dn BTST imm16, Dn ADD imm16, An SUB imm16, An
1 [ cagme ADD imm16, Dn SUB imm16, Dn
2 MOV An, (abs16)
3 MOV (abs16), An
4 OR imm16, Dn CMP imm16, Dn XOR imm16, Dn
5 MOVBU (d16, An), Dm
6 MOVX Dm ,(d16, An)
7 MOVX (d16, An), Dm
8 MOV Dm, (d16, An)
9 MOVB Dm, (d16, An)
A MOV Am, (d16, An)
B MOV (d16, An), Am
c MOV (d16, An), Dm
D MOVB (d16, An), Dm
E
F
Ver.2.0(2001.02.01)
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Index

ADD

ADDC
ADDNF
AND

ASR

BCC
BCCX
BCLR
BCS
BCSX
BEQ
BEQX
BGE
BGEX
BGT
BGTX
BHI
BHIX
BLE
BLEX
BLS
BLSX
BLT
BLTX
BNC

158

Index
BNCX
BNE
AN AT 67 BNEX
BNS
BNSX
BRA
IMMB, AN .o 69 BSET
IMM8, DN 68 BTST
IMMLE, AN i 70
IMMILE, DN 68 BVC
IMM24, AN e 70 BVCX
IMM24, DN 69 BVS
DNy DM o 71 BVSX
IMMB,AN .. 72
DNy DM e 86
IMMB, DN 86 ¢
IMMLE, DN 87 CMP
IMMLB, PSW ..ot 87
DN 92
D
DIVU
E
EXT
EXTX
EXTXB
EXTXBU
EXTXU

ADDO EXTXU

1D ..o 113
1ADEI ... 99
1D .. 107
1ADEI ..o 105
1ADEI .. 113
1BDEI ... 106
DM, (AN) ettt 97
IMMB, DN 96
IMMILE, DN 96
1BDEI ... 104
1BDEI ... 112
1D ..o 104
1ADEI ... 112
AN DM 82
AN AM s 82
DM, AN L 81
DNy DIM 81
IMMB, DN 83
IMMLE, AN s 84
IMMLE, DN 83
IMM24, AN e 85
IMM24, DN 84
DN, DM s 80

DN e 64
DN s 65
DN e 63



Index

J DN, (BDS16) ..t 39
DN, (BDS24) ... 40
IMP (AN i 115 DI, DM oo 27
DN, MDR L 29
DN, PSW e 28
JSR (AAN) e 117 TTIMIS, DN oot s e es s 44
1ADEILE ... 116 ITINLE, AN oo 45
18DEI24 ... 116 ITINLE, DN cvoovooeeeoee oo 44
IMM24, AN s 46
L IMM24, DN 45
MDR, DN 29
LSR DN 93 PSW, DN s 28
MOVB L TC) T T 52
M (@DS24), DN . 53
(AN), DM it 50
MOV (ADSLE), AN oo 36 (d8, AN), DM oottt 50
(016, ANY, DIM oo 51
(d24, AN), DM o 51
(Diy, AN), DM e 52
DM, (AN) s 53
DM, (A8, AN) .o 54
DM, (A16, AN .ot 54
DM, (A24, AN Lo 55
DM, (DI, AN) oo 55
DN, (BDS16) .. 56
DN, (BDS24) ..o 56
MOVBU  (bS16), DN ..o 59
(BDS24), DN .o 60

(AN), DM s

(d8, An), Dm

(d16, AN), DM oo 58
(d24, AN), DM oo 58
(Diy, AN), DM e 59
(d24, AN), AM o 35 MOVX (A8, AN), DM ..o 47
(d24, AN), DIM oo 31 (d16, ANY, DIM oo 47
(D, AN), DM e 32 (024, AN), DM oo 48
DM, AN e 26 DM, (A8, AN oo 48
DM, (AN) e 37 DM, (016, AN) ceoooveeeeeeeeee e 49
DM, (d8, AN ..uiiiiiiee e 37 DI 7N ) N 49
DM, (016, AN) oo 38 MUL DN, DM e 78
DM, (A24, AN) oo 38 MULU DN, DM e 79

DM, (D, AN o 39
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N

NOP et 118

NOT DN e 91

O

OR

R

ROL DN e s 95

ROR DN e 94

R e 120

RS s 119

S

SUB ANAM Lo 74
ANDIM Lo 74
DIMLAN e 73
DINDIM e 73
IMMLE, AN Lo 76
IMMLG, DN 75
IMM24, AN oo 76
IMM24, DN 75

SUBC DNDIM i 77

X

XOR DN,y DM e 90
IMMLE, DN 90
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