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keep safety first in your circuit designs !

e Mitsubishi Electric Corporation puts the maximum effort into making semiconductor
products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury,
fire or property damage. Remember to give due consideration to safety when
making your circuit designs, with appropriate measures such as (i) placement
of substitutive, auxiliary circuits, (ii) use of non-flammable material or (iii) prevention
against any malfunction or mishap.
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e All information contained in these materials, including product data, diagrams
and charts, represent information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without
notice due to product improvements or other reasons. It is therefore recommended
that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured
for use in a device or system that is used under circumstances in which human
life is potentially at stake. Please contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor product distributor when considering the
use of a product contained herein for any specific purposes, such as apparatus
or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea
repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to
reprint or reproduce in whole or in part these materials.

e If these products or technologies are subject to the Japanese export control
restrictions, they must be exported under a license from the Japanese government
and cannot be imported into a country other than the approved destination.
Any diversion or reexport contrary to the export control laws and regulations of
JAPAN and/or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for further details on these materials or the
products contained therein.
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Preface

This software manual is for users of the 740 Family.
Register structures, addressing modes and instructions
are introduced in each section.

The enhanced instruction set with enhanced data and
memory operations enable efficient programming.
Please refer to the “USER’S MANUAL"” appropriate
for the hardware device or the development support
tools used.
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OVERVIEW

1. OVERVIEW
The distinctive features of the CMOS 8-bit microcomputers 740 Family’s software are described
below:
1) An efficient instruction set and many addressing modes allow the effective use of ROM.
2) The same bit management, test, and branch instructions can be performed on the Accu-
mulator, memory, or 1/O area.
3) Multiple interrupts with separate interrupt vectors allow servicing of different non-periodic
events.
4) Byte processing and table referencing can be easily performed using the index addressing
mode.
5) Decimal mode needs no software correction for proper decimal operation.
6) The Accumulator does not need to be used in operations using memory and/or 1/O.



CENTRAL PROCESSING UNIT
Accumulator (A)
Index Register X (X), Index Register Y (Y)

2. CENTRAL PROCESSING UNIT (CPU)

Six main registers are built into the CPU of the 740 Family.

The Program Counter (PC) is a sixteen-bit register; however, the Accumulator (A), Index

Register X (X), Index Register Y (Y), Stack Pointer (S) and Processor Status Register (PS)

are eight-bit registers.

0 Except for the | flag, the contents of these registers are indeterminate after a hardware
reset; therefore, initialization is required with some programs (immediately after reset the |
flag is set to “1").

7 0
[ A | Accumulator(A)
7 0
[ X ] Index Register X(X)
7 0
[ Y | Index Register Y(Y)
7 0
I S | Stack Pointer(S)
7 07 0
I PCH I PCL | Program Counter(PC)

0 Processor
INIVITIBIDI ITZ[C] status Register(PS)

Carry Flag

——— Zero Flag

Interrupt Disable Flag

Decimal Mode Flag

Break Flag (BRK)

X Modified Operation Mode Flag
Overflow Flag

Negative Flag

Fig.2.1.1 Register Configuration

2.1 Accumulator (A)

The Accumulator, an eight-bit register, is the main register of the microcomputer.

This general-purpose register is used most frequently for arithmetic operations, data transfer,
temporary memory, conditional judgments, etc.

2.2 Index Register X (X), Index Register Y (Y)

The 740 Family has an Index Register X and an Index Register Y, both of which are eight-
bit registers.

When using addressing modes which use these index registers, the address, which is added
the contents of Index Register to the address specified with operand, is accessed. These
modes are extremely effective for referencing subroutine and memory tables.

The index registers also have increment, decrement, compare, and data transfer functions;
therefore, these registers can be used as simple accumulators.

2



CENTRAL PROCESSING UNIT

Stack Pointer (S)

2.3 Stack Pointer (S)
The Stack Pointer is an eight-bit register used for generating interrupts and calling subroutines.
When an interrupt is received, the following procedure is performed automatically in the
indicated sequence:
(1) The contents of the high-order eight bits of the Program Counter (PCH) are saved to
an address using the Stack Pointer contents for the low-order eight bits of the address.
(2) The Stack Pointer contents are decremented by 1.
(3) The contents of the low-order eight bits of the Program Counter (PCL) are saved to an
address using the Stack Pointer Contents for the low-order eight bits of the address.
(4) The Stack Pointer contents are decremented by 1.
(5) The contents of the Processor Status Register (PS) are saved to an address using the
Stack Pointer contents for the low-order eight bits of the address.
(6) The Stack Pointer contents are decremented by 1.
The Processor Status Register is not saved when calling subroutines (items (5) and (6) above
are not executed). The Processor Status Register is saved by executing the PHP instruction
in software.
To prevent data loss when generating interrupts and calling subroutines, it is necessary to
save other registers as well. This is done by executing the proper instruction in software while
in the interrupt service routine or subroutine.
The high-order eight bits of the address are determined by the Stack Page Selection Bit.

For example, the PHA instruction is executed to save the contents of the Accumulator.
Executing the PHA instruction saves the Accumulator contents to an address using the Stack
Pointer contents as the low-order eight bits of the address.
The RTI instruction is executed to return from an interrupt routine.
When the RTI instruction is executed, the following procedure is performed automatically in
sequence.
(1) The Stack Pointer contents are incremented by 1.
(2) The contents of an address using the Stack Pointer contents as the low-order eight bits
of the address is returned to the Processor Status Register (PS).
(3) The Stack Pointer contents are incremented by 1.
(4) The contents of an address using the Stack Pointer as the low-order eight bits of the
address is returned to the low-order eight bits of the Program Counter (PCL).
(5) The Stack Pointer contents are incremented by 1.
(6) The contents of an address using the Stack Pointer as the low-order eight bits of the
address is returned to the high-order eight bits of the Program Counter (PCH).
Steps (1) and (2) are not performed when returning from a subroutine using the RTS
instruction. The Processor Status Register should be restored before returning from a
subroutine by using the PLP instruction. The Accumulator should be restored before returning
from a subroutine or an interrupt servicing routine by using the PLA instruction.
The PLA and PLP instructions increment the Stack Pointer by 1 and return the contents of an
address stored in the Stack Pointer to the Accumulator or Processor Status Register, respec-
tively.
0 Saving data in the stack area gradually fills the RAM area with saved data; therefore,
caution must exercised concerning the depth of interrupt levels and subroutine nesting.



CENTRAL PROCESSING UNIT
Program Counter (PC)

Processor Status Register (PS)

2.4 Program Counter (PC)

The Program Counter is a sixteen-bit counter consisting of PCH and PCL, which are each

eight-bit registers. The contetnts of the Program Counter indicates the address which an

instruction to be executed next is stored.

The 740 Family uses a stored program system; to start a new operation it is necessary to

transfer the instruction and relevant data from memory to the CPU.

Normally the Program Counter is used to indicate the next memory address. After each

instruction is executed, the next instruction required is read. This cycle is repeated until the

program is finished.

0 The control of the Program Counter of the 740 Family is almost fully automatic. However,
caution must be exercised to avoid differences between program flow and Program
Counter contents when using the Stack Pointer or directly altering the contents of the
Program Counter.

2.5 Processor Status Register (PS)
The Processor Status Register is an eight-bit register consisting of 5 flags which indicate the
status of arithmetic operations and 3 flags which determine operation.
Each of these flags is described below. Table 2.5.1 lists the instructions to set/clear each flag.
Refer to the section “Appendix 2 MACHINE LANGUAGE INSTRUCTION TABLE” or “3.3
INSTRUCTIONS” for details on when these flags are altered.
[ Carry flag C ] Bit O
This flag stores any carry or borrow from the Arithmetic Logic Unit (ALU) after an arithmetic
operation and is also changed by the Shift or Rotate instruction.
This flag is set by the SEC instruction and is cleared by the CLC instruction.
[ Zero flag Z ] Bit 1
This flag is set when the result of an arithmetic operation or data transfer is “0” and is
cleared by any other result.
[ Interrupt disable flag | ] Bit 2
This flag disables interrupts when it is set to “1.” This flag immediately becomes “1” when
an interrupt is received.
This flag is set by the SEI instruction and is cleared by the CLI instruction.
[ Decimal mode flag D ] Bit 3
This flag determines whether addition and subtraction are performed in binary or decimal
notation. Addition and subtraction are performed in binary notation when this flag is set to
“0” and as a 2-digit, 1-word decimal numeral when set to “1.” Decimal notation correction
is performed automatically at this time.
This flag is set by the SED instruction and is cleared by the CLD instruction.
Only the ADC and SBC instructions are used for decimal arithmetic operations.
Note that the flags N, V and Z are invalid when decimal arithmetic operations are per-
formed by these instructions.
[ Break flag B ] Bit 4
This flag determines whether an interrupt was generated with the BRK instruction. When a
BRK instruction interrupt occurs, the flag B is set to “1” and saved to the stack; for all other
interrupts the flag is set to “0” and saved to the stack.




CENTRAL PROCESSING UNIT

Processor Status Register (PS)

[ X modified operation mode flag T ] Bit 5

This flag determines whether arithmetic operations are performed via the Accumulator or
directly on a memory location. When the flag is set to “0”, arithmetic operations are
performed between the Accumulator and memory. When “1”, arithmetic operations are
performed directly on a memory location.
This flag is set by the SET instruction and is cleared by the CLT instruction.
(1) When the T flag = 0
A - A* M2
* . indicates an arithmetic operation
A: accumulator contents
M2: contents of a memory location specified by the addressing mode of the
arithmetic operation
(2) When the T flag = 1
M1 - M1 * M2
* . indicates arithmetic operation
M1: contents of a memory location, designated by the contents of Index
Register X.
M2: contents of a memory location specified by the addressing mode of
arithmetic operation.

[ Overflow flag V ] Bit 6

This flag is set to “1” when an overflow occurs as a result of a signed arithmetic operation.

An overflow occurs when the result of an addition or subtraction exceeds +127 (7F16) or

—128 (8016) respectively.

The CLV instruction clears the Overflow Flag. There is no set instruction.

The overflow flag is also set during the BIT instruction when bit 6 of the value being tested

is “1.”

0 Overflows do not occur when the result of an addition or subtraction is equal to or
smaller than the above numerical values, or for additions involving values with different
signs.

[ Negative flag N ] Bit 7

This flag is set to match the sign bit (bit 7) of the result of a data or arithmetic operation.
This flag can be used to determine whether the results of arithmetic operations are positive
or negative, and also to perform a simple bit test.

Table 2.5.1 Instructions to set/clear each flag of processor status register

FlagC | FlagZ | Flag!l | FlagD | FlagB | FlagT | FlagV | FlagN

Set instruction

SEC

SEI

SED

SET

Clear instruction

CLC

CLI

CLD

CLT

CLv




INSTRUCTIONS

Addressing mode

3. INSTRUCTIONS

3.1 Addressing Mode

The 740 Family has 19 addressing modes and a powerful memory access capability. When
extracting data required for arithmetic and logic operations from memory or when storing the
results of such operations in memory, a memory address must be specified. The specification
of the memory address is called addressing. The data required for addressing and the
registers involved are described below. The 740 Family instructions can be classified into three
kinds, by the number of bytes required in program memory for the instruction: 1-byte, 2-byte
and 3-byte instructions. In each case, the first byte is known as the “Op-Code (operation
code)” which forms the basis of the instruction. The second or third byte is called the “oper-
and” which affects the addressing. The contents of index registers X and Y can also effect the
addressing.

1-byte instruction 2-byte instruction 3-byte instruction Index Register
X
\ \ X
e
& p-Coae \ N Op-Code \ :\‘,\& Op-Code
Operand | Operand | v
Operand Il

Fig.3.1.1 Byte Structure of Instructions

Although there are many addressing modes, there is always a particular memory location
specified. What differs is whether the operand, or the index register contents, or a combination
of both should be used to specify the memory or jump destination. Based on these 3 types
of instructions, the range of variation is increased and operation is enhanced by combinations
of the bit operation instructions, jump instruction, and arithmetic instructions.

As for 1-byte instruction, an accumulator or a register is specified, so that the instruction does
not have “operand,” which specify memory.



INSTRUCTIONS
Immedlate Addressing mode

Addressing mode : Immediate
Function : Specifies the Operand as the data for the instruction.

Instructions : ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY,

ORA, SBC
Example : Mnemonic Machine code
AADCA#$AS 6916 A516

T

This symbol(#) indicates the Immediate addressing mode.

Memory
/_\\_/

Op-code (6916

(A) — (A) + (C) +|A516| =& | Operand (A516)




INSTRUCTIONS
Accumulator

Addressing mode

Addressing mode : Accumulator

Function : Specifies the contents of the Accumulator as the data
for the instruction.

Instructions : ASL, DEC, INC, LSR, ROL, ROR

Example : Mnemonic Machine code
AROLAA 2A16
C |l= b7it tgt <

Carry flag Accumulator



INSTRUCTIONS
Zero Page

Addressing mode

Addressing mode : Zero Page

Function : Specifies the contents in a Zero Page memory
location as the data for the instruction. The address
in the Zero Page memory location is determined by
using Operand as the low-order byte of the address
and 0016 as the high-order byte.

Instructions : ADC, AND, ASL, BIT, CMP, COM, CPX, CPY, DEC,
EOR, INC, LDA, LDM, LDX, LDY, LSR, ORA, ROL, ROR,
RRF, SBC, STA, STX, STY, TST

Example : Mnemonic Machine code
AADCA$40 6516 4016

Memory

0016
Zero page

(A) < (A) + (C) +|XX16| == Data(XX16) 4016 —~--—

FFie

Zero page
designation

Op-code(6516

Operand (4016)




INSTRUCTIONS

Zero Page X

Addressing mode : Zero Page X

10

Addressing mode

Function : Specified the contents in a Zero Page memory

location as the data for

the instruction. The address

in the Zero Page memory location is determined by

the following:

(a) Operand and the Index Register X are added. (If as

a result of this ad
ignored.)

dition a carry occurs, it is

(b) The result of the addition is used as the low-order
byte of the address and 00 16 as the high-order

byte.

Instructions : ADC, AND, ASL, CMP, DEC, DIV, EOR, INC, LDA, LDY,

Example :

(A) « (A +(C)+

LSR, MUL, ORA, ROL,

Mnemonic
AADCAS$5E, X

Memory

ROR, SBC, STA, STY

Machine code

Zero page

XX16 |- Data(XXz1s)

A N
Op code (7516

Operand (5Ez16)

7516 5E16
0016
4416 ~-t—
FFie
Zero page X
designation

+(E616|= 1 (4416

\L Ignored

Contents of Index Register X



INSTRUCTIONS

Zero Page Y

Addressing mode

Addressing mode :Zero Page Y

Function : Specifies the contents in a Zero Page memory
location as the data for the instruction. The address
in the Zero Page memory location is determined by
the following:

(a) Operand and the Index Register Y are added (if as
a result of this addition a carry occurs, it is ig-
nored).

(b) The result of the addition is used as the low-order

byte of the address and 00 16 as the high-order
byte.

Instructions :LDX, STX

Example : Mnemonic Machine code
ALDXA$62,Y B616 6216
Memory
0016
Zero page
(X) < [XX16| Data(XXz16) 6816 <—
FFi1e
Zero page Y
designation
o
Op-code B616
N (B616)
Operand (6216) |+|0616(=|6816

¥~~~ Contents of Index Register Y

11



INSTRUCTIONS

Absolute

Addressing mode

Addressing mode : Absolute

Function : Specifies the contents in a memory location as the
data for the instruction. The address in the memory
location is determined by using Operand | as the low-
order byte of the address and Operand Il as the high-

order byte.

Instructions : ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, EOR, INC,
JMP, JSR, LDA, LDX, LDY, LSR, ORA, ROL, ROR, SBC,

STA, STX, STY

Example : Mnemonic Machine code
6D16 1216 AD16

AADCA$AD12

Memory
~  ~

Op-code (6D16

Operand | (1216)

Operand Il (ADz1s)

(A) < (A) + (C) +| XX16 | == Data (XX16)

— T~

12

Abs
desig

olute
nation

AD1216 -—



INSTRUCTIONS

Absolute X

Addressing mode

Addressing mode : Absolute X

Function : Specifies the contents in a memory location as the
data for the instruction. The address in the memory
location is determined by the following:

(a) Operand | is used as the low-order byte of an
address, Operand Il as the high-order byte.

(b) Index Register X is added to the address above.

The result is the address in the memory location.

Instructions : ADC, AND, ASL, CMP, DEC, EOR, INC, LDA, LDY, LSR,

ORA, ROL, ROR, SBC, STA

Example : Mnemonic

AADCA$AD12, X

Memory
~ ~_

; R
Op code (7D16 \‘

Operand | (1216)

Operand Il (AD1s)

(A) « (A)+(C) 4

XX16

Data(XX16)

—  ~

Machine code
7D16 1216 AD16

Contetns of Index
Register X

e

+| EE16 |=| AEOO16

Absolute X
designation

AEOO16 w—

13



INSTRUCTIONS

Absolute Y

Addressing mode : Absolute Y

Addressing mode

Function : Specifies the contents in a memory location as the
data for the instruction. The address in the memory
location is determined by the following:

(a) Operand | is used as the low-order byte of an
address, Operand Il as the high-order byte.

(b) Index Register Y is added to the address above.
The result is the address in the memory location.

Instructions : ADC, AND, CMP, EOR, LDA, LDX, ORA, SBC, STA

Example : Mnemonics Machine code
AADCA$AD12, Y 7916 1216 AD16
Memory
~  ~

Contents of Index Register Y

Op—code (7916 /

Operand | (1216)

+ [EE16| = [AEQOO16

Operand Il (ADz16)

Absolute Y
designation

(A) « (A) + (C) +| XX16 | -=- Data(XX16) AEO0O16 —

—  ~

14



INSTRUCTIONS

Implied

Addressing mode

Addressing mode : Implied

Function : Operates on a given register or the Accumulator, but
the address is always inherent in the instruction.

Instructions :BRK, CLC, CLD, CLI, CLT, CLV, DEX, DEY, INX, INY,
NOP, PHA, PHP, PLA, PLP, RTI, RTS, SEC, SED, SEl,
SET, STP, TAX, TAY, TSX, TXA, TXS, TYA, WIT

Example : Mnemonic Machine code
ACLC 1816

Processor status register

bit 7 bit O
?

Carry flag
Carry flag is cleared to “0.” l

0

15



INSTRUCTIONS
Relative

Addressing mode

Addressing mode : Relative

Function : Specifies the address in a memory location where the
next Op-Code is located.
When the branch condition is satisfied, Operand and
the Program Counter are added. The result of this
addition is the address in the memory location.
When the branch condition is not satisfied, the next
instruction is executed.

Instructions :BCC, BCS, BEQ, BMI, BNE, BPL, BRA, BVC, BVS

Example : Mnemonic Machine code
ABCCA#12 9016 F216

—l: Decimal

When the carry flag is cleared, When the carry flag is set,
jumps to address *—12. goes to address *+2.
Memory Memory
—  ~ —  ~—_
Address to be
executed next Y
Jump d
X N
Op-code 9016* Op-code 9016*
N (9016) N (9016}
Operand (F216) Operand (F216)
Address to be
42 executed next "2
— T~

16



INSTRUCTIONS
IndlreCt X Addressing mode

Addressing mode :Indirect X

Function : Specifies the contents in a memory location as the
data for the instruction. The address in the memory
location is determined by the following:

(a) A Zero Page memory location is determined by the
adding the Operand and Index Register X (if as a
result of this addition a carry occurs, it is ignored).

(b) The result of the addition is used as the low-order
byte of an address in the Zero Page memory
location and 00 16 as the high-order byte.

(c) The contents of the address in the Zero Page
memory location is used as the low-order byte of
the address in the memory location.

(d) The next Zero Page memory location is used as
the high-order byte of the address in the memory
location.

Instructions :ADC, AND, CMP, EOR, LDA, ORA, SBC, STA

Example : Mnemonic Machine code
AADCA($1E,X) 6116 1E16
Memory
0016
Zero page

Data | (0016) 0416 <—

Data Il (1416)-.~40516

FFi6  Zero page X
designation

Absolute
designation

Op-code (6116

Operand (1E16) |+|E616| =_1 |0416

\ —— Ignored

(A)< (A) + (C) +| XX16 | --— Data(XX16) 140016

Contents of Index
Register X

i

Assuming that “0016” for Data I, and “1416” for Data Il are stored in advance.

17



INSTRUCTIONS

Indirect Y

Addressing mode : Indirect Y

Addressing mode

Function : Specifies the contents in a memory location as the
data for the instruction. The address in the memory
location is determined by the following:

(a) The Operand is used the low-order byte of an
address in the Zero Page memory location and
0016 of the high-order byte.

(b) The contents of the address in the Zero Page
memory location is used as the low-order byte of
an address. The next Zero Page memory location
is used as the high-order byte.

(c) The Index Register Y is added to the address in
Step b. The result of this addition is the address
in the memory location.

Instructions : ADC, AND, CMP, EOR, LDA, ORA, SBC, STA

Example : Mnemonic Machine code
AADCA($1E),Y 7116 1E16

Memory

0016  Contents of Index Register Y
Zero page *

> Data | (0116) 1E16
Data Il (1216) 1F16

120116 |+ |E616 |= |12E716

Zero page FF1e
indirect
designation
® Absolute Y
Op-code 7116 i i
NP (7116) designation

Operand (1Ez1s)

(A) « (A) + (C) +| XX16 |~-a— Data (XXz16) 12E716 —

r—  ~

Assuming that “0116” for Data |, and “1216” for Data Il are stored in advance.
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INSTRUCTIONS

Indirect Absolute

Addressing mode : Indirect Absolute

Addressing mode

Function : Specifies the address in a memory location as the

jump destination address.

The address in the memory location is determined by

the following:

(a) Operand | is used as the low-order byte of an
address and Operand Il as the high-order byte.

(b) The contents of the address above is used as the
low-order byte and the contents of the next
address as the high-order byte.

(c) The high-order and low-order bytes in step b
together form the address in the memory location.

Instructions : JIMP

Example : Mnemonic Machine code
AIMPA($1400) 6C16 0016 1416
Memory
—  ~_
Op-code (6C16

Operand | (0016)

Operand Il (1416)

—

Indirect
designation

> Datal(FFi6) |140016

Data Il (1Ez6) Jump

Absolute
designation

Address to be J
executed next 1EFF16 .

e
Assuming that “FF1e” for Data |, and “1E16” for Data Il are stored in advance.
Note: The page’s last address (address XXFFie) can not be specified for the

indirect designation address; in other words, JMP ($XXFF) can not be
executed.
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INSTRUCTIONS
Zel'O Page IndireCt Addressing mode

Addressing mode : Zero Page Indirect Absolute

Function : Specifies the address in a memory location as the
jump destination address. The address in the memory
location is determined by the following:

(a) Operand is used as the low-order byte of an
address in the Zero Page memory location and
0016 as the high-order byte.

(b) The contents of the address in the Zero Page
memory location is used as the low-order byte
and the contents of the next Zero Page memory
location as high-order byte.

(c) The high-order and low-order bytes in step b
together form the address of the memory location.

Instructions : IMP, JSR

Example : Mnemonic Machine code
AIMPA($45) B216 4516
Memory
0016
Zero page

Data Il (1E16) 4616

FFie

Zero page
indirect
designation
Absolute
3 designation
o
Op-code 8216
NP (
Operand (4516)
O
S
Jump

Address to be

executed next 1EFF16 ~—

—  ~

Assuming that “FF16” for Data |, and “1E16” for Data Il are stored in advance.
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INSTRUCTIONS

Special Page

Addressing mode

Addressing mode : Special Page
Function : Specifies the address in a Special Page memory
location as the jump destination address. The address
in the Special Page memory location is determined by
using Operand as the low-order byte of the address
and FF1e as the high-order byte.

Instructions : JSR

Example : Mnemonic Machine code
AJSRA\$FFCO 2216 CO16

-I-— This symbol indicates the Special page mode.

Memory

—  ~____

Op-code (2216

Operand (CO0z1e)

Special page
designation

FFOO16 ‘
Jump

Address to be _ e
executed next FFC016 «@——-—

Special page

FFFF16
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INSTRUCTIONS

Zero Page Bit

Addressing mode

Addressing mode : Zero Page Bit

Function : Specifies one bit of the contents in a Zero Page
memory location as the data for the instruction.
Operand is used as the low-order byte of the address
in the Zero Page memory location and 00 16 as the
high-order byte. The bit position is designated by the
high-order three bits of the Op-code.

Instructions : CLB, SEB

Example : Mnemonic Machine code
ACLBA5,$44 BF16 4416
Memory
0016
Zero page
bit5 7
— ? 4416
FFie
Zero page

deSignation Bit designation
‘Op-codAe(BFle)
10111111

Operand (4416)

L ~

1

Zero page

0 4416
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INSTRUCTIONS .
Accumulator Bit

Addressing mode

Addressing mode : Accumulator Bit

Function : Specifies one bit of the Accumulator as the data for
the instruction. The bit position is designated by the
high-order three bits of the Op-Code.

Instruction: CLB, SEB
Example : Mnemonic Machine code

ACLBA5,A BB 16

Accumulator

bit 5
?

Memory
—  ~ M

Bit designation
Op-cod}\e(BBle)
\ R

101{11011

L T~

1

Accumulator

bit 5
0
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INSTRUCTIONS

Accumulator Bit Relative
Addressmg mode

Addressing mode :Accumulator Bit Relative

Function :Specifies the address in a memory location where the
next Op-Code is located. The bit position is
designated by the high-order three bits of the Op-Code.
If the branch condition is satisfied, Operand and the
Program Counter are added. The result of this
addition is the address in the memory location.
When the branch condition is not satisfied, the next
instruction is executed.

Instructions :BBC, BBS

Example : Mnemonic Machine code
ABBCA5,A,[+12 B316 F216

—l: Decimal

When the bit 5 of the When the bit 5 of the
Accumulator is cleared Accumulator is set
Accumulator Accumulator
bit 5 bit 5
0 1
Memory Memory
—  ~ —  ~
Address to be * _12

executed next

Bit designation
Op-cotj\e(BSm)

Bit designation
Op-code(B3
| p /\( 16)

LN *
Operand (F216)

Address to be
executed next

(&
c

HHHF T RXRNKN
©

\
AR
Operand (F216)

*+2

>*
+
N

T~ —  ~
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INSTRUCTIONS

Zero Page Bit Relative

Addressmg mode

Addressing mode : Zero Page Bit Relative

Function : Specifies the address of a memory location where the
next Op-Code is located.
The bit position is designated by the high-order three
bits of the Op-Code. The address in the Zero Page
memory location is determined by using Operand | as
low-order byte of the address and 00 16 as the high-
order byte. If the branch condition is satisfied, Oper-
and 1l and the Program Counter are added. The result
of this addition is the address in the memory location.
When the branch condition is not satisfied, the next
instruction is executed.

Instructions : BBC, BBS

Example : Mnemonic Machine language
ABBCA5,%$04,3-12 B716 0416 Flie

—l: Decimal

When the bit 5 at address 0416 When the bit 5 at address 0416
is cleared, jumps to address *—12. is set, goes to address *+3.
Memory Memory

0016 0016

Zero page Zero page

o

222
bit 5/

_ %% 0do /HV //////// 0416
/////////////// Frie /////////////// FFlG

Address to be 12
executed next -
Zero page Zero page
designation designation
Bit designation Bit designation
Op-code(B716) ¥ Op-code(B716)
Jump
DN - DY
Operand | (0416) i Operand | (0416)
Operand Il (F116) / Operand Il (F116)
Address to be
+3 executed next *+3
/\/ /\/
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INSTRUCTIONS

Instruction Set

3.2 Instruction Set
The 740 Family has 71 types of instructions. The detailed explanation of the instructions is
presented in 83.3. Note that some instructions cannot be used for any products.

3.2.1 Data transfer instructions
These instructions transfer the data between registers, register and memory, and memories.
The following are data transfer instructions.

Instruction Function
LDA Load memory value into Accumulator, or memory
where is indicated by Index Register X
Load LDM Load immediate value into memory
LDX Load memory contents into Index Register X
LDY Load memory contents into Index Register Y
STA Store Accumulator into memory
Store STX Store Index Register X into memory
STY Store Index Register Y into memory
TAX Transfer Accumulator to the Index Register X
TXA Transfer Index Register X into the Accumulator
TAY Transfer Accumulator into the Index Register Y
Transfer TYA Transfer Index Register Y into the Accumulator
TSX Transfer Stack Pointer into the Index Register X
TXS Transfer Index Register X into the Stack Pointer
PHA Push Accumulator onto the Stack
Stack PHP Push Processor Status onto the Stack
Operation PLA Pull Accumulator from the Stack
PLP Pull Processor Status from the Stack
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INSTRUCTIONS

Instruction Set

3.2.2 Operating instruction

The operating instructions include the operations of addition and subtraction, logic,
comparison, rotation, and shift.
The operating instructions are as follows:

Instructions Contents
ADC Add memory contents and C flag to Accumulator or memory
where is indicated by Index Register X
SBC Subtracts memory contents and C flag’s complement from
Accumulator or memory where is indicated by Index
Addition Register X
& INC Increment Accumulator or memory contents by 1
Subtraction DEC Decrement Accumulator or memory contents by 1
INX Increment Index Register X by 1
DEX Decrement Index Register X by 1
INY Increment Index Register Y by 1
DEY Decrement Index Register Y by 1
MUL (Note)| Multiply Accumulator with memory specified by Zero Page
Multiplication X addressing mode and store high-order byte of result on
& Stack and low-order byte in Accumulator
Division | DIV (Note) | Quotient is stored in Accumulator and one’s complement of
remainder is pushed onto stack
AND “AND” memory with Accumulator or memory where is
indicated by Index Register X
ORA “OR” memory with Accumulator or memory where is
indicated by Index Register X
Logical EOR “Exclusive-OR” memory with Accumulator or memory where
Operation Is indicated by Index Register X
COM Store one’s complement of memory contents to memory
BIT “AND” memory with Accumulator (The result is not stored
into anywhere.)
TST Test whether memory content is “0” or not
CMP Compare memory contents and Accumulator or memory
. where is indicated by Index Register X
Comparison .
CPX Compare memory contents and Index Register X
CPY Compare memory contents and Index Register Y
ASL Shift left one bit (memory contents or Accumulator)
LSR Shift right one bit (memory contents or Accumulator)
Shift ROL Rotate one bit left with carry (memory contents or
& Accumulator)
Rotate ROR Rotate one bit right with carry (memory contents or
Accumulator)
RRE Rotate four bits right witout carry (memory)

Note: For some products, multiplication and division instructions cannot be used.
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INSTRUCTIONS

Instruction Set

3.2.3 Bit managing instructions
The bit managing instructions clear “0” or set “1” designated bits of the Accumulator or

memory.
Instructions Contents
Bit CLB Clear designated bit in the Accumulator or memory
Managing SEB Set designated bit in the Accumulator or memory

3.2.4 Flag setting instructions
The flag setting instructions clear “0” or set “1” C, D, I, T and V flags.

Instructions Contents

CLC Clear C flag C flag : Carry Flag
SEC Set C flag '
CLD Clear D flag D flag : Decimal Mode Flag

Flag SED Set D flag '

Setting g; gzallrﬂla:‘;ag | flag : Interrupt Disable Flag

LT Clear T flag T flag : X Modified Operation Mode Flag
SET Set T flag
CLV Clear Vflag V flag: Overflow Flag

3.2.5 Jump, Branch and Return instructions
The jump, branch and return instructions as following are used to change program flow.

Instructions Contents
IJMP Jump to new location
Jump BRA Jump to new location
JSR Jump to new location saving the current address
BBC Branch when the designated bit in the Accumulator or
memory is “0”
BBS Branch when the designated bit in the Accumulator or
memory is “1”
BCC EranCE WEe“ tEe g E:ag s 2 C flag : Carry Flag
ranch when the agis “1”
Branch BCS h when th | g_ o
BNE Branch when the Z Flag is “0 Z flag : Zero Flag
BEQ Branch when the Z Flag is “1”
BPL Branch when the N Flag is “0” N flag : Negative Flag
BMI Branch when the N Flag is “1”
BVC Branch when the V Flag is “0” V flag : Overflow Flag
BVS Branch when the V Flag is “1”
RTI Return from interrupt
Return )
RTS Return from subroutine
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INSTRUCTIONS

Instruction Set

3.2.6 Interrupt instruction (Break instruction)
This instruction causes a software interrupt.

Instruction Contents

Interrupt BRK Executes a software interrupt.

3.2.7 Special instructions
These special instructions control the oscillation and the internal clock.

Instructions Contents

WIT Stops the internal clock.

Ll o .
Specia STP Stops the oscillation of oscillator.

3.2.8 Other instruction

Instruction Contents

Other NOP Only advances the program counter.
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INSTRUCTIONS

Instruction Set

3.3 Description of instructions
This section presents in detail the 740 Family instructions by arranging mnemonics of instruc-
tions alphabetically and dividing each instruction essentially into one page.

The heading of each page is a mnemonic. Operation, explanation and changes of status flags
are indicated for each instruction. In addition, assembler coding format, machine code, byte
number, and list of cycle numbers for each addressing mode are indicated.

The following are symbols used in this manual:

Symbol Description Symbol Description
A Accumulator hh | Address high-order byte data
Al Bit i of Accumulator in 0 to 255
PC |Program Counter Il Address low-order byte data
PCL |Low-order byte of Program in 0 to 255
Counter zz Zero page address data in 0
PCH |High-order byte of Program to 255
Counter nn Data in 0 to 255
PS |Processor Status Register i Data in 0 to 7
S Stack Pointer O Contents of the Program
X Index Register X Counter
Y Index Register Y A Tab or space
M Memory # Immediate mode
Mi Bit i of memory \ Special page mode
C Carry Flag $ Hexadecimal symbol
Z Zero Flag + Addition
I Interrupt Disable Flag - Subtraction
D Decimal Operation Mode Flag O Multiplication
B Break Flag / Division
T X Modified Operations Mode O Logical AND
Flag O Logical OR
Vv Overflow Flag g Logical exclusive OR
N Negative Flag () Contents of register, memory,
REL |Relative address etc.
BADRS | Break address - Direction of data transfer
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ADC

ADD WITH CARRY

ADC

Operation : When (T) = 0, (A) <« (A) + (M) + (C)

Function :

Status flag:

(M) =1, (M(X)) « (M(X)) + (M) + (C)

When T = 0, this instruction adds the contents M, C, and A;
and stores the results in A and C.
When T = 1, this instruction adds the contents of M(X), M and
C; and stores the results in M(X) and C. When T=1, the
contents of A remain unchanged, but the contents of status

flags are changed.

M(X) represents the contents of memory where is indicated by

X.

N: N is 1 when bit 7 is 1 after the operation; otherwise it is

0

V: V is 1 when the operation result exceeds +127 or|-128;

otherwise it is O.

T: No change
B: No change
I No change
D: No change
Z: Zis 1 when the operation result is 0; otherwise it is 0.
C: Cis 1 when the result of a binary addition exceeds 255 or
when the result of a decimal addition exceeds 99;
otherwise it is 0.
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate AADCA#$NN 6916, NN16 2 2
Zero page AADCAS$zz 6516, 2716 2 3
Zero page X |AADCA$zz,X 7516, 2216 2 4
Absolute AADCAS$hhII 6Dz1s, ll16, hhie 3 4
Absolute X AADCA$hhIIL X 7Dzs, ll16, hh1e 3 5
Absolute Y AADCAS$hhILY 7918, ll16, hhie 3 5
(Indirect X) AADCA($zz,X) 6116, 2216 2 6
(Indirect Y) AADCA($z2),Y 7116, 2716 2 6

Notes 1: When T=1, add 3 to the cycle number.
2: When ADC instruction is executed in the decimal operation mode (D

= 1), decision of C is delayed. Accordingly, do not execute the
instruction which operates C such as SEC, CLC, etc.

31



AND

Operation : When (T)
(T)

AND

LOGICAL AND

0, (A) - (A) O (M)
1, (M(X)) « (M(X)) O (M)

Function : When T = 0, this instruction transfers the contents of A and M
to the ALU which performs a bit-wise AND operation and stores
the result back in A.
When T = 1, this instruction transfers the contents M(X) and M
to the ALU which performs a bit-wise AND operation and stores
the results back in M(X). When T = 1 the contents of A remain
unchanged, but status flags are changed.
M(X) represents the contents of memory where is indicated by

X.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise it is
0.

V: No change

T: No change

B: No change

I: No change

D: No change

Z: Zis 1 when the operation result is 0; otherwise it is O.

C: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate AANDA#$NN 2916, NN16 2 2
Zero page AANDAS$zz 2516, 2716 2 3
Zero page X  |AANDAS$zz, X 3516, 2716 2 4
Absolute AANDASNhII 2Da1s, ll16, hhie 3 4
Absolute X AANDAS$hIIL X 3Dzs, ll16, hh1e 3 5
Absolute Y AANDAS$hhILY 3918, ll16, hhie 3 5
(Indirect X) AANDA($zz,X) 2116, 7216 2 6
(Indirect Y) AANDA($zz),Y 3116, 2716 2 6

Note: When T = 1, add 3 to

32

a cycle number.



ASL

ARITHMETIC SHIFT LEFT

ASL

Operation : cl o [p7 b0 0
Function : This instruction shifts the content of A or M by one bit to the
left, with bit O always being set to 0 and bit 7 of A or M always
being contained in C.
Status flag: N: N is 1 when bit 7 of A or M is 1 after the operation;
otherwise it is 0.
V: No change
T: No change
B : No change
I No change
D : No change
Z: Z is 1 when the operation result is 0; otherwise it is O.
C: Cis 1 when bit 7 of A or M is 1, before this operation;
otherwise it is 0.
Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator  |[AASLAA OA16 1 2
Zero page AASLA$zz 0616, 2716 2 5
Zero page X  |AASLA$zz, X 1616, zz16 2 6
Absolute AASLAShhII OEuzs, ll16, hhie 3 6
Absolute X AASLA$hhIILX 1Ezs, ll16, hhie 3 7
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BBC BBC

BRANCH ON BIT CLEAR

Operation : When (Mi) or (Ai) = 0, (PC) -« (PC) + n + REL
(Mi) or (Ai) =1, (PC) « (PC) + n
n: If addressing mode is Zero Page Bit Relative, n=3. And if
addressing mode is Accumulator Bit Relative, n=2.

Function : This instruction tests the designated bit i of M or A and takes
a branch if the bit is 0. The branch address is specified by a
relative address. If the bit is 1, next instruction is executed.

Status flag : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator bit) \ps - a A g (20i+13)16, rris 2 4
Relative
Zero page bit ABBCAI.$zz.$hhll (20i+17)1s, 3 5
Relative 7716, IT16

Notes 1: rrie=$hhll—-(C0+n). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
3: When executing the BBC instruction after the contents of the interrupt
request bit is changed, one instruction or more must be passed
before the BBC instruction is executed.
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BBS BBS

BRANCH ON BIT SET

Operation : When (Mi) or (Ai) =1, (PC) « (PC) + n + REL
(Mi) or (Ai) =0, (PC) « (PC) +n
n : If addressing mode is Zero Page Bit Relative, n=3. And if
addressing mode is Accumulator Bit Relative, n=2.

Function : This instruction tests the designated bit i of the M or A and
takes a branch if the bit is 1. The branch address is specified

by a relative address. If the bit is 0, next instruction is exe-
cuted.

Status flag : No change

Addressing mode Statement [ Machine codes Byte number | Cycle number
Accumulator bit) \ppsaj A shhll (20i+3)16, 116 2 4
Relative
Zero page bit | \ppoj g77 shhll (20i+7)16, 3 5
Relative 7716, IT16

Notes 1: rrie=$hhll-(0+n). The rrie is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
3: When executing the BBS instruction after the contents of the interrupt
request bit is changed, one instruction or more must be passed
before the BBS instruction is executed.
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BCC

Operation :

BRANCH ON CARRY CLEAR

When (C) = 0, (PC) « (PC) + 2 + REL
(C) = 1, (PC) — (PC) + 2

BCC

Function : This instruction takes a branch to the appointed address if C is
0. The branch address is specified by a relative address. If C
is 1, the next instruction is executed.
Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABCCAS$hhII 9018, rr16 2 2

Notes 1: rri6=$hhll—-(0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BCS

BRANCH ON CARRY SET

BCS

Operation :

Function :

When (C)

=1, (PC) « (PC) + 2 + REL
(C) = 0, (PC) « (PC) + 2

This instruction takes a branch to the appointed address if C is
1. The branch address is specified by a relative address. If C

is 0, the next instruction is executed.

Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABCSAS$hhII BO1s, rr16 2 2

Notes 1: rrie=$hhll—(0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BEQ BE

BRANCH ON EgUAL Q

Operation : When (2)
(2)

=1, (PC) « (PC) + 2 + REL
=0, (PC) « (PC) + 2
Function : This instruction takes a branch to the appointed address when

Z is 1. The branch address is specified by a relative address.
If Z is 0, the next instruction is executed.

Status flag : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABEQAS$NNII FO16,rr16 2 2

Notes 1: rrie=$hhll-(0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BIT BIT

TEST BIT IN MEMORY WITH ACCUMULATOR

Operation : (A) O (M)

Function : This instruction takes a bit-wise logical AND of A and M
contents; however, the contents of A and M are not modified.
The contents of N, V, Z are changed, but the contents of A, M
remain unchanged.

Status flag: N: N is 1 when bit 7 of M is 1; otherwise it is O.
V:Vis 1 when bit 6 of M is 1; otherwise it is 0.
: No change
: No change
No change
: No change
: Z is 1 when the result of the operation is 0; otherwise Z is
0.
: No change

NUTW—|

@)

Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ABITA$zz 2416, 7716 2 3
Absolute ABITAS$hhII 2Cazs, ll16, hhie 3 4
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BMI

Operation :

Function :

Status flag :

BRANCH ON RESULT MINUS

When (N)
(N)

L (
0, (

PC) -« (PC) + 2 + REL

PC) — (PC) + 2

BMI

This instruction takes a branch to the appointed address when
N is 1. The branch address is specified by a relative address.
If N is 0, the next instruction is executed.

No change

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Relative

ABMIAShAII

3018, rri6

2

2

Notes 1: rrie=$hhll—((0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BNE

BRANCH ON NOT EQUAL

BNE

Operation :

Function :

When (Z) = 0, (PC) « (PC) + 2 + REL
(Z) = 1, (PC) — (PC) + 2

This instruction takes a branch to the appointed address if Z is
0. The branch address is specified by a relative address. If Z

is 1, the next instruction is executed.

Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABNEAS$hhII DOz1s, rrie 2 2

Notes 1: rrie=$hhll—(00+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BPL

Operation :

Function :

BPL

BRANCH ON RESULT PLUS

When (N) = 0, (PC) « (PC) + 2 + REL
(N) = 1, (PC) « (PC) + 2

This instruction takes a branch to the appointed address if N is
0. The branch address is specified by a relative address. If N
is 1, the next instruction is executed.

Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABPLAS$II 1016, rrie 2 2

Notes 1: rrie=$hhll-(0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BRA

BRANCH ALWAYS

BRA

Operation :

(PC) « (PC) + 2 + REL

Function : This instruction branches to the appointed address. The branch
address is specified by a relative address.
Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABRAAS$NhII 8016, IT16 2 4

Note: rri6=$hhll-(C0+2). The rrie is a value in a range of —128 to +127.
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BRK BRK

FORCE BREAK

Operation: (B) - 1
(PC) « (PC) + 2
(M(S)) ~ (PCH)

S) - (8 -1
(M(S)) ~ (PCL)
S) - (-1
(M(S)) ~ (PS)
S) - (-1
(-1

(PC) — BADRS (Note 1)

Function : When the BRK instruction is executed, the CPU pushes the
current PC contents onto the stack. The BADRS designated in
the interrupt vector table is stored into the PC.

Status flag: : No change

: No change

: No change

o1

1

: No change

: No change

: No change

ONUO-—wW—H<Z

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ABRKA 0016 1 7

Notes 1: “BADRS” means a break address.

2: The value of the PC pushed onto the stack by the execution of the
BRK instruction is the BRK instruction address plus two. Therefore,
the byte following the BRK will not be executed when the value of
the PC is returned from the BRK routine.

3: Both after the BRK instruction is executed and after INT is input, the
program is branched to the address where is specified by the inter-
rupt vector table. By testing the value of the B Flag in the PS
(pushed on the Stack) in the interrupt service routine, the user can
determine if the interrupt was caused by the BRK instruction.
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BVC BVC

BRANCH ON OVERFLOW CLEAR

Operation : When (V) = 0, (PC) « (PC) + 2 + REL
(V) =1, (PC) « (PC) + 2

Function : This instruction takes a branch to the appointed address if V is
0. The branch address is specified by a relative address. If V
is 1, the next instruction is executed.

Status flag : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABVCAS$hhII 5016, rr16 2 2

Notes 1: rrie=$hhll—(0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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BVS

Operation :

Function :

BRANCH ON OVERFLOW SET

When (V) =
V) =

1, (
0, (

PC) -« (PC) + 2 + REL
PC) « (PC) + 2

BVS

This instruction takes a branch to the appointed address when
V is 1. The branch address is specified by a relative address.
When V is 0, the next instruction is executed.

Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Relative ABVSA$hhII 7016, IT16 2 2

Notes 1: rrie=$hhll-(0+2). The rri6 is a value in a range of —128 to +127.
2: When a branch is executed, add 2 to the cycle number.
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CLB

CLEAR BIT

CLB

Operation : (Ai) — 0, or

Function : This instruction clears

Status flag :

(Mi) < 0

No change

the designated bit i of A or M.

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Accumulator bit| ACLBAI,A

Zero page bit

ACLBAI,$zz

(20i+1B)16

(20i+1F)z1s,
Z716

1

2

2

5

47



CLC

Operation :

CLEAR CARRY FLAG

(C) — 0

CLC

Function : This instruction clears C.

Status flag: N : No change
V : No change
T: No change
B : No change
| : No change
D : No change
Z . No change
cC:0

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ACLC 1816 1 2
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CLD CLD

CLEAR DECIMAL MODE

Operation: (D) - O

Function : This instruction clears D.
Status flag: N: No change
V : No change
T: No change
B : No change
| : No change
D: 0

Z : No change
C: No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ACLD D816 1 2
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CLI

Operation: (1) « 0O

Function: This instruction clears |.

Status flag:

N :
V
T:
B:
I
D
Z
C

0

CLEAR INTERRUPT DISABLE STATUS

No
No
No
No

No
No
No

change
change
change
change

change
change
change

CLI

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ACLI

5816

1

2
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CLT CLT

CLEAR TRANSFER FLAG

Operation: (T) - O

Function : This instruction clears T.
Status flag: N: No change
V : No change
T:0

B : No change
| : No change
D : No change
Z : No change
C : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ACLT 1216 1 2
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CLV

Operation :
Function :

Status flag

CLEAR OVERFLOW FLAG

(V) < 0

This instruction clears V.

N: No
V:O0

T: No
B: No
| No
D: No
Z: No
C: No

change

change
change
change
change
change
change

CLV

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ACLV

B816

1

2
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CMP

Operation : When (T) = 0, (A) — (M)
(M) = 1, (M(X)) — (M)

CMP

COMPARE

Function : When T = 0, this instruction subtracts the contents of M from
the contents of A. The result is not stored and the contents of
A or M are not modified.
When T = 1, the CMP subtracts the contents of M from the
contents of M(X). The result is not stored and the contents of
X, M, and A are not modified.
M(X) represents the contents of memory where is indicated by
X.
Status flag: N: N is 1 when bit 7 of the operation result is 1 after the
operation; otherwise N is 0.

V : No change

T: No change

B : No change

| : No change

D : No change

Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C: C is 1 when the subtracted result is equal to or greater

than 0; otherwise C is 0.
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |ACMPA#$NnN C91e, Nn16 2 2
Zero page |ACMPA$zz Cb1e, zz16 2 3
Zero page X |ACMPA$zz,X D516, zz16 2 4

Absolute  |ACMPAS$hNII CDus, ll16, hhis 3 4
Absolute X |ACMPAS$hhII, X DDzs, ll16, hhie 3 5
Absolute Y |ACMPAShhIlLY D91s, ll16, hhie 3 5
(Indirect X) |ACMPA($zz,X) Clie, zz16 2 6
(Indirect Y) |ACMPA($z2),Y D11s, zz16 2 6

Note: When T=1, add 1 to the cycle number.
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COM COM

COMPLEMENT

Operation :

Function :

Status flag:

(M) « (M)

This instruction takes the one’s complement of the contents of
M and stores the result in M.

N: N is 1 when bit 7 of the M is 1 after the operation;
otherwise N is 0.

: No change

: No change

: No change
No change

: No change

. Z is 1 when the operation result is 0; otherwise Z is 0.

: No change

ONUTUJ—|<

Addressing mode

Statement Machine codes Byte number | Cycle number

Zero page

ACOMA$zz 4416, 7716 2 5
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CPX CPX

COMPARE MEMORY AND INDEX REGISTER X

Operation : (X) — (M)

Function : This instruction subtracts the contents of M from the contents of
X. The result is not stored and the contents of X and M are not
modified.

Status flag: N: N is 1 when bit 7 of the operation result is 1 after the
operation; otherwise N is O.

V: No change

T: No change

B : No change

I : No change

D: No change

Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C: C is 1 when the subtracted result is equal to or greater

than 0; otherwise C is 0.

Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |ACPXA#$nn EO16, nni6 2 2
Zero page |ACPXA$zz E4ie, zz16 2 3
Absolute  |ACPXAS$hhll ECaus, llz6, hhis 3 4
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CPY

Operation :

CPY

COMPARE MEMORY AND INDEX REGISTER Y

(Y) - (M)

Function : This instruction subtracts the contents of M from the contents of
Y. The result is not stored and the contents of Y and M are not
modified.

Status flag: N: N is 1 when bit 7 of the operation result is 1 after the
operation; otherwise N is O.
V: No change
T: No change
B : No change
| : No change
D : No change
Z: Z is 1 when the operation result is 0; otherwise Z is 0.
C: C is 1 when the subtracted result is equal to or greater
than O; otherwise C is 0.
Addressing mode Statement Machine codes Byte number | Cycle number

Immediate |ACPYA#$nn CO016, NN16 2 2

Zero page |ACPYA$zz C4ie, zz16 2 3

Absolute ACPYA$hhl| CCis, ll16, hhi1e 3 4
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DEC

DECREMENT BY ONE

DEC

Operation: (A) « (A) — 1, or
M) « (M) -1

Function : This instruction subtracts 1 from the contents of A or M.

Status flag:

N :

Vv

T

B : No change
I

D

Z

C

N is 1 when bit 7 is 1 after the addition; otherwise N is 0.

: No change
: No change

. No change
: No change

: Z is 1 when the operation result is 0; otherwise Z is 0.

: No change

Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator |[ADECAA 1A16 1 2
Zero page |ADECA$zz Cb616, 2716 2 5
Zero page X |ADECA$zz,X D616, 2716 2 6
Absolute |ADECAS$hhII CEizs, ll16, hhis 3 6
Absolute X |ADECAS$hhII,X DEis, ll16, hhie 3 7

57



DEX DEX

DECREMENT INDEX REGISTER X BY ONE
Operation: (X) -« (X) -1
Function : This instruction subtracts one from the current contents of X.

Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.

: No change

: No change

: No change
No change

: No change

. Z is 1 when the operation result is 0; otherwise Z is 0.

: No change

ONUTW—|<

Addressing mode Statement Machine codes Byte number | Cycle number

Implied ADEX CA1e 1 2
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DEY DEY

DECREMENT INDEX REGISTER Y BY ONE

Operation: (Y) ~ (Y) -1
Function : This instruction subtracts one from the current contents of Y.

Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.

- No change

No change

No change

No change

: No change

. Z is 1 when the operation result is 0; otherwise Z is 0.

: No change

ONUTW—|<

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ADEY 8816 1 2
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DIV DIV

DIVIDE MEMORY BY ACCUMULATOR

Operation :(A) — (M(zz+(X)+1),M(zz+(X)) / (A)
M(S) — one’s complement of Remainder
8) - (5) -1

Function :Divides the 16-bit data in M(zz+(X)) (low-order byte) and
M(zz+(X)+1) (high-order byte) by the contents of A. The
guotient is stored in A and the one’s complement of the
remainder is pushed onto the stack.

dividend low-order M (zz+(X)) = (A) divisior

dividend high-order | M (zz+(X)+1) Il

(A) guotient

Zero page
one's complement of
Remainder M(S)
Status flag :No change
Addressing mode Statement Machine codes Byte number | Cycle number
Zero page X |ADIVA$zz,X E216, zz16 2 16

Notes 1: The quotient’'s overflow and zero division can not be detected. Check the
quotient’'s overflow and zero division by software before DIV instruction is
executed. This instruction changes the Stack Pointer and the contents of the
Accumulator.

2: The DIV instruction can not be used for any products.
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EOR EOR

EXCLUSIVE OR MEMORY WITH ACCUMULATOR

Operation : when (T) = 0, (A) ~ (A) O (M)
(M =1, (M(X)) « (M(X)) O (M)

Function : When T = 0, this instruction transfers the contents of the M
and A to the ALU which performs a bit-wise Exclusive OR, and
stores the result in A.
When T = 1, the contents of M(X) and M are transferred to the
ALU, which performs a bit-wise Exclusive OR and stores the
results in M(X). The contents of A remain unchanged, but sta-
tus flags are changed.
M(X) represents the contents of memory where is indicated by

X.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.
V' No change
T: No change
B: No change
I No change
D: No change
Z: Zis 1 when the operation result is 0; otherwise Z is O.
C: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |AEORA#$NN 4916, NN16 2 2
Zero page |AEORA$zz 4516, 7716 2 3
Zero page X |AEORA$zz, X 5516, 2716 2 4
Absolute  |AEORAS$hAII 4Dz1s, ll16, hhie 3 4
Absolute X |AEORAS$hhII,X 5D1s, ll16, hhie 3 5
Absolute Y |AEORAS$hhIILY 591s, ll16, hhie 3 5
(Indirect X) |AEORA($zz,X) 4116, 2716 2 6
(Indirect Y) |AEORA($zz),Y 5116, zz16 2 6

Note: When T=1, add 3 to the cycle number.

61



INC

Operation :

INC

INCREMENT BY ONE

(A) « (A) + 1, or
M) « M) +1

Function : This instruction adds one to the contents of A or M.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.
V : No change
T: No change
B: No change
| : No change
D : No change
Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator |AINCAA 3A16 1 2
Zero page |AINCA$zz E616, zz16 2 5
Zero page X |AINCA$zz, X F616, zz16 2 6
Absolute AINCAS$hhII EEus, ll16, hhie 3 6
Absolute X |AINCAS$hhII, X FEus, lli6, hhis 3 7
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INX

INCREMENT INDEX REGISTER X BY ONE

INX

Operation: (X) — (X) + 1

Function : This instruction adds one to the contents of X.

Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is

0.
V: No change
T: No change
B: No change
I No change
D: No change
Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Implied AINX E816 1 2
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INY

INCREMENT INDEX REGISTER Y BY ONE

INY

Operation :

(Y) < (Y) + 1

Function : This instruction adds one to the contents of Y.

Status flag:

N: N is 1 when bit 7 is 1 after the operation; otherwise N is

0.

No change
No change
No change
No change
No change

ONDO—-T AL

No change

Z is 1 when the operation result is 0; otherwise Z is 0.

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

AINY

C816

1

2
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JMP JMP

JUMP

Operation : When addressing mode is

(a) Absolute, then
(PC) < hhll

(b) Indirect Absolute, then
(PCL) « (hhll)
(PCH) < (hhll+1)

(c) Zero page Indirect Absolute, then
(PCL) « (z2)
(PCH) « (zz+1)

Function : This instruction jumps to the address designated by the
following three addressing modes:
Absolute
Indirect Absolute
Zero Page Indirect Absolute

Status flag: No change

Addressing mode Statement Machine codes Byte number | Cycle number
Absolute AIMPAShhII 4Cas,ll16,hh16 3 3
Indirect Absolute | AJMPA($hhll) 6Cu1s,ll16,hh16 3 5
Zero Page Indirect  |AIMPA($z2) B216,2716 2 4
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JSR

Operation :

Function :

Status flag:

JSR

JUMP TO SUBROUTINE

(M(S)) ~ (PCH)

(S) < (5) -1

(M(S)) ~ (PCL)

(S) - () -1

After the above operations, if the addressing mode is

(a) Absolute, then
(PC) < hhll

(b) Special page, then
(PCL) 1l
(PCH) « FFus

(c) Zero page Indirect, then
(PCL) < (z2)
(PCH) «~ (zz+1)

This instruction stores the contents of the PC in the stack, then
jumps to the address designated by the following addressing
modes:

Absolute

Special Page

Zero Page Indirect Absolute

No change

Addressing mode Statement Machine codes | Byte number |Cycle number
Absolute AJSRAS$hhII 2018, ll16, hhie 3 6
Special page  |[AJSRA\$hhIl  (Note) |221s, ll16 2 5
Zero page Indirect |[AJSRA($zz) 0216, zz16 2 7

(Note) “\” (5C16 of the ASCII code) denotes special page. hhie must be FFie
in the special page addressing mode.
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LDA

Operation : When (T) = 0, (A) « (M)
(M =1, (M(X)) ~ (M)

LDA

LOAD ACCUMULATOR WITH MEMORY

Function : When T = 0, this instruction transfers the contents of M to A.
When T = 1, this instruction transfers the contents of M to
(M(X)). The contents of A remain unchanged, but status flags
are changed.

M(X) represents the contents of memory where is indicated by
X.

Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is

0.
: No change

Vv
T: No change
B : No change
| : No change
D : No change
Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |ALDAA#$NN A916, NN16 2 2
Zero page |ALDAA$zz Ab16, 7716 2 3
Zero page X |ALDAA$zz,X B516, zz16 2 4
Absolute  |ALDAAS$hhII ADzs, ll16, hhie 3 4
Absolute X |ALDAAS$hhII,X BDa1s, ll16, hhie 3 5
Absolute Y |ALDAAS$hhILY B91s, ll16, hhie 3 5
(Indirect X) |ALDAA($zz,X) Alis, zz16 2 6
(Indirect Y) |ALDAA($zz),Y Blise, zz16 2 6

Note: When T = 1, add 2 to the cycle number.
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LDM LDM

LOAD IMMEDIATE DATA TO MEMORY
Operation : (M) — nn
Function : This instruction loads the immediate value in M.

Status flag : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ALDMA#$nn,$zz 3Cz16, Nnie, zZ16 3 4
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LDX

LOAD INDEX REGISTER X FROM MEMORY

LDX

Operation : (X) ~ (M)
Function : This instruction loads the contents of M in X.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.
V : No change
T: No change
B : No change
| : No change
D : No change
Z: Z is 1 when the operation result is 0; otherwise Z is 0.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |ALDXA#$nn A216, NN16 2 2
Zero page |ALDXA$zz Ab16, 2716 2 3
Zero page Y |ALDXA$zz,Y B61se, zz16 2 4
Absolute ALDXA$hhII AEz1s, ll16, hhie 3 4
Absolute Y |ALDXAS$hhIl,Y BEus, ll16, hhie 3 5
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LDY

LOAD INDEX REGISTER Y FROM MEMORY

LDY

Operation: (Y) — (M)
Function : This instruction loads the contents of M in Y.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.
V : No change
T: No change
B : No change
| : No change
D : No change
Z: Z is 1 when the operation result is 0; otherwise Z is 0.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |ALDYA#3$nn A016, Nn16 2 2
Zero page |ALDYAS$zz Adie, 2716 2 3
Zero page X |ALDYA$zz,X B41e, zz16 2 4
Absolute  |ALDYAShhII ACi1s, ll16, hhie 3 4
Absolute X |ALDYAS$hhII, X BCis, ll16, hhis 3 5
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LSR

LOGICAL SHIFT RIGHT

LSR

Operation :

Function :

Status flag:

0 - |Db7

bO | -

C

This instruction shifts either A or M one bit to the right such
that bit 7 of the result always is set to 0, and the bit O is

Z is 1 when the operation result is 0; otherwise Z is 0.
C is 1 when the bit O of either the A or the M before the

stored in C.
N:O

V : No change
T: No change
B: No change
| : No change
D : No change
Z:

C:

operation is 1; otherwise C is O.

Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator |ALSRAA 4A16 1 2
Zero page |ALSRA$zz 4616, 7716 2 5
Zero page X |ALSRA$zz,X 5616, 2716 2 6
Absolute  |ALSRAS$hhII 4Ez1s, ll16, hhie 3 6
Absolute X |ALSRA$hII,X 5Eus, ll16, hhie 3 7
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MUL MUL

MULTIPLY ACCUMULATOR AND MEMORY

Operation: M(S) * (A) « (A) O M(zz+(X))
S) - 6)-1

Function : Multiplies Accumulator with the memory specified by the Zero
Page X addressing mode and stores the high-order byte of the
result on the Stack and the low-order byte in A.

multiplicant M(zz+(X)) X (A) multiplier
I
productr M(S) (A) 7!
Zero page  high-order | low-order |
Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Zero page X |AMULA$zz, X 6216, 2716 2 15

Notes 1: This instruction changes the contents of S and A.
2: The MUL instruction can not be used for some products.
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NOP

NOP

NO OPERATION

Operation :

Function :

(PC) - (PC) +1

This instruction adds one to the PC but does no other
operation.

Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle Number
Implied ANOP EA16 1 2
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ORA

Operation : When (T)
(T)

ORA

OR MEMORY WITH ACCUMULATOR

0, (A) « (A) O (M)
1, (M(X)) « (M(X)) O (M)

Function : When T = 0, this instruction transfers the contents of A and M
to the ALU which performs a bit-wise “OR”, and stores the
result in A.
When T = 1, this instruction transfers the contents of M(X) and
the M to the ALU which performs a bit-wise OR, and stores the
result in M(X). The contents of A remain unchanged, but status
flags are changed.
M(X) represents the contents of memory where is indicated by

X.
Status flag: N : N is when bit 7 is 1 after the operation; otherwise N is 0.
V : No change
T: No change
B : No change
I No change
D : No change
Z: Z is 1 when the execution result is 0; otherwise Z is 0.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |AORAA#$NN 0916, NN16 2 2
Zero page |AORAA$zz 0516, zz16 2 3
Zero page X |AORAA$zz,X 1516, zz16 2 4
Absolute AORAAS$HNII ODazs, ll16, hhie 3 4
Absolute X |AORAAS$hIhII,X 1Das, ll16, hhie 3 5
Absolute Y |AORAAShOhIILY 191s, ll16, hh1e 3 5
(Indirect X) |AORAA($zz,X) 01l1s, zz16 2 6
(Indirect Y) |AORAA($zz),Y 1116, 2716 2 6

Note: When T=1, add 3 to the cycle number.
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PHA

PUSH ACCUMULATOR ON STACK

PHA

Operation : (M(S)) ~ (A)
S) -« (5 -1
Function : This instruction pushes the contents of A to the memory
location designated by S, and decrements the contents of S by
one.
Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Implied APHA 4816 1 3
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PHP

Operation :

Function :

PHP

PUSH PROCESSOR STATUS ON STACK

(M(S)) ~ (PS)
S) « (5 -1

This instruction pushes the contents of PS to the memory loca-
tion designated by S and decrements the contents of S by one.

Status flag: No change
Addressing mode Statement Machine codes Byte number |Cycle number
Implied APHP 0816 1 3
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PLA

PULL ACCUMULATOR FROM STACK

PLA

Operation: (S) - (S) + 1
(A) < (M(S))
Function : This instruction increments S by one and stores the contents of
the memory designated by S in A.
Status flag: N : N is 1 when bit 7 is 1 after the operation ; otherwise N is
0.
VI No change
T: No change
B : No change
I': No change
D : No change
Z:Z is 1 when the operation result is 0; otherwise Z is O.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Implied APLA 6816 1 4
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PLP

Operation :
Function :

Status flag :

PULL PROCESSOR STATUS FROM STACK

(S) « (S) + 1
(PS) « (M(S))

PLP

This instruction increments S by one and stores the contents of
the memory location designated by S in PS.

Value returns to the original one that was pushed in the stack.

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

APLP

2816

1

4
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ROL

ROTATE ONE BIT LEFT

ROL

Operation :

b7

b0

C

Function : This instruction shifts either A or M one bit left through C. C is
stored in bit 0 and bit 7 is stored in C.

Status flag:

N: N is 1 when bit 6 is 1 before the operation; otherwise N is

0.
V: No change
T: No change
B: No change
I: No change
D: No change
Z: Z is 1 when the operation result is 0; otherwise Z is 0.
C: Cis 1 when bit 7 is 1 before the operation; otherwise C is
0.
Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator |[AROLAA 2A16 1 2
Zero page |AROLAS$zz 2616, 2716 2 5
Zero page X |AROLA$zz,X 3616, zz16 2 6
Absolute  |AROLAS$hhII 2Eus, ll16, hhie 3 6
Absolute X |AROLAS$hhIILX 3Ezs, ll16, hhie 3 7

79



ROR ROR

ROTATE ONE BIT RIGHT

Operation :

C b7 b0

Function : This instruction shifts either A or M one bit right through C. C
is stored in bit 7 and bit O is stored in C.

Status flag: N: N is 1 when C is 1 before the operation; otherwise N is 0.
V: No change
T: No change
B: No change
I: No change
D: No change
Z: Z is 1 when the operation result is 0; otherwise Z is 0.
C: Cis 1 when bit 0 is 1 before the operation; otherwise C is
0.
Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator |[ARORAA 6A16 1 2
Zero page |ARORA$zz 6616, 2716 2 5
Zero page X |ARORA$zz, X 7616, 2216 2 6
Absolute ARORAS$HII 6E1s, ll16, hhis 3 6
Absolute X |ARORAS$hhII, X 7Eus, ll16, hhie 3 7

80



RRF RRF

ROTATE RIGHT OF FOUR BITS

Operation :

b7 b4 | b3 b0

Function : This instruction rotates 4 bits of the M content to the right.

Status flag : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ARRFA$zz 8216, 2716 2 8
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RTI

Operation :

Function :

Status flag :

RTI

RETURN FROM INTERRUPT

(S) « (5) +1
(PS) « (M(S))
(S) « (8) +1
(PCL) ~ (M(S))
(S) - (5) +1
(PCH) ~ (M(S))

This instruction increments S by one, and stores the contents
of the memory location designated by S in PS. S is again
incremented by one and stores the contents of the memory
location designated by S in PCL. S is again incremented by
one and stores the contents of memory location designated by
S in PCH.

Value returns to the original one that was pushed in the stack.
(S) « (S) +1

Addressing mode

Statement Machine codes Byte number | Cycle number

Implied

ARTI 4016 1 6
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RTS

RETURN FROM SUBROUTINE

RTS

Operation : (PCL) «~ (M(S))

Function :

(S) « (5) +1

(PCH) « (M(S))
(PC) « (PC) + 1

This instruction increments S by one and stores the contents of
the memory location designated by S in PCL. S is again
incremented by one and the contents of the memory location is
stored in PCH. PC is incremented by 1.

Status flag: No change

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ARTS

6016

1

6

83



SBC

Operation : When (T)

SBC

SUBTRACT WITH CARRY

0,(A) « (A -M~-(©C)
1, M(X)) « (M(X)) = (M) - (C)

(T)

Function : When T = 0, this instruction subtracts the value of M and the
complement of C from A, and stores the results in A and C.
When T = 1, the instruction subtracts the contents of M and
the complement of C from the contents of M(X), and stores the
results in M(X) and C.

A remain unchanged, but status flag are changed.

M(X) represents the contents of memory where is indicated by

X.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.
V: V is 1 when the operation result exceeds +127 or|-128;
otherwise V is 0.
T: No change
B: No change
I: No change
D: No change
Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C: C is 1 when the subtracted result is equal to or greater
than O; otherwise C is 0.
Addressing mode Statement Machine codes Byte number | Cycle number
Immediate |ASBCA#$nn E916, nni6 2 2
Zero page |ASBCA%$zz EbS1e, zz16 2 3
Zero page X |ASBCA%$zz,X F516, zz16 2 4
Absolute ASBCAS$hhII EDu1s, ll16, hhie 3 4
Absolute X |ASBCAS$hhII,X FDus, ll16, hhie 3 5
Absolute Y |ASBCAS$hhIlY F91s, ll16, hhie 3 5
(Indirect X) |ASBCA($zz,X) Elie, zz16 2 6
(Indirect Y) |ASBCA($zz),Y Flie, zz16 2 6

Notes 1: When T=1, add 3 to the cycle number.
2: When SBC instruction is executed in the decimal operation mode
(D = 1), decision of C is delayed. Accordingly, do not execute the

instruction which operates C such as SEC, CLC, etc.
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SEB SEB

SET BIT

Operation : (Ai) ~ 1, or
(Mi) < 1

Function : This instruction sets the designated bit i of A or M.

Status flag: No change

Addressing mode Statement Machine codes Byte number | Cycle number
Accumulator bitl ASEBAI,A (20i+B)16 1 2
Zero page bit |ASEBAI,$zz (20i+F)16, zz16 2 5
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SEC

Operation :

SET CARRY FLAG

C) « 1

SEC

Function : This instruction sets C.

Status flag: N : No change
V: No change
T: No change
B : No change
| : No change
D : No change
Z : No change
c:1

Addressing mode Statement Machine code Byte number | Cycle number
Implied ASEC 3816 1 2
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SED SED

SET DECIMAL MODE

Operation: (D) - 1

Function : This instruction set D.
Status flag: N: No change
V : No change
T: No change
B : No change
| : No change
D:1

Z : No change
C : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ASED F816 1 2
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SEI

Operation :

SEI

SET INTERRUPT DISABLE FLAG

1 < 1

Function : This instruction sets |I.

Status flag: N : No change
V: No change
T: No change
B : No change
[: 1
D : No change
Z : No change
C : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ASEI 7816 1 2
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SET

SET

SET TRANSFER FLAG

Operation: (T) ~ 1

Function : This instruction sets T.

Status flag: N: No change
V : No change
T:1
B : No change
| : No change
D : No change
Z : No change
C : No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ASET 3216 1 2
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STA

Operation :

STORE ACCUMULATOR IN MEMORY

(M) « (A)

STA

Function : This instruction stores the contents of A in M.
The contents of A does not change.
Status flag: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ASTAA$zz 8516, 2716 2 4
Zero page X |ASTAA$zz,X 9516, 7716 2 5
Absolute  |ASTAAS$hhII 8D1s, ll16, hhie 3 5
Absolute X |ASTAA$hhII, X 9D1s, ll16, hhie 3 6
Absolute Y |ASTAAS$hhIILY 991, ll16, hhie 3 6
(Indirect X ) |ASTAA($zz,X) 8116, 2716 2 7
(Indirect Y) |ASTAA($zz),Y 911s, 2716 2 7
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STP STP

STOP

Operation : CPU -~ Stand-by state (Oscillation stopped)

Function : This instruction resets the oscillation control F/F and the oscil-
lation stops. Reset or interrupt input is needed to wake up from
this mode.

Status flag: No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ASTP 4216 1 2

Note: If the STP instruction is disabled the cycle number will be 2 (same in
operation as NOP). However, disabling this instruction is an optional
feature; therefore, consult the specifications for the particular chip in
guestion.
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STX STX

STORE INDEX REGISTER X IN MEMORY

Operation: (M) — (X)

Function : This instruction stores the contents of X in M. The contents of
X does not change.

Status flag: No change

Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ASTXA$zz 8616, zz16 2 4

Zero page Y |ASTXA$zz,Y 9616, 2716 2 5
Absolute ASTXAS$ShhII 8Eus, ll16, hhie 3 5

92



STY

STY

STORE INDEX REGISTER Y IN MEMORY

Operation :

Function :

(M) « (Y)

This instruction stores the contents of Y in M.
The contents of Y does not change.

Status flag: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ASTYA$zz 8416, 2716 2 4
Zero page X |ASTYA$zz,X 9416, 7716 2 5
Absolute  |ASTYAShhII 8C1s, ll16, hhie 3 5
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TAX TAX

TRANSFER ACCUMULATOR TO INDEX REGISTER X
Operation : (X) ~ (A)

Function : This instruction stores the contents of A in X. The contents of
A does not change.

Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.

: No change

: No change

: No change
No change

: No change

: Z is 1 when the operation result is 0; otherwise Z is 0.

: No change

ONUTW—I<

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ATAX AA1e 1 2
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TAY

TAY

TRANSFER ACCUMULATOR TO INDEX REGISTER Y

Operation : (Y) — (A)

Function : This instruction stores the contents of A in Y. The contents of
A does not change.

Status flag: N : N is 1 when bit 7 is 1 after the operation; otherwise N is

0.
V : No change
T: No change
B - No change
| - No change
D : No change
Z: Zis 1 when the operation result is 0; otherwise Z is 0.
C : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Implied ATAY A816 1 2
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TST

Operation :

TEST FOR NEGATIVE OR ZERO

(M) =0 ?

TST

Function : This instruction tests whether the contents of M are “0” or not
and modifies the N and Z.
Status flag: N: N is 1 when bit 7 of M is 1; otherwise N is 0.
V : No change
T: No change
B : No change
I : No change
D : No change
Z: Z is 1 when the M content is 0; otherwise Z is 0.
C: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Zero page |ATSTA$zz 6416, zZ716 2 3
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TSX TSX

TRANSFER STACK POINTER TO INDEX REGISTER X
Operation : (X) ~ (S)
Function : This instruction transfers the contents of S in X.

Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.

- No change

- No change

. No change
No change

. No change

. Z is 1 when the operation result is 0; otherwise Z is 0.

- No change

ONDO-—-m-H<L

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ATSX BA1e 1 2

97



TXA

TXA

TRANSFER INDEX REGISTER X TO ACCUMULATOR

Operation :

(A) « (X)

Function : This instruction stores the contents of X in A.
Status flag: N: N is 1 when bit 7 is 1 after the operation; otherwise N is
0.
V: No change
T: No change
B: No change
I: No change
D: No change
Z: Z is 1 when the operation result is 0; otherwise Z is 0.
C: No change
Addressing mode Statement Machine codes Byte number | Cycle number
Implied ATXA 8A16 1 2
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TXS TXS

TRANSFER INDEX REGISTER X TO STACK POINTER

Operation: (S) ~ (X)
Function : This instruction stores the contents of X in S.

Status flag No change

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ATXS 9A16 1 2
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TYA TYA

TRANSFER INDEX REGISTER Y TO ACCUMULATOR

Operation : (p) _ (Y)

Function : Thjs instruction stores the contents of Y in A.
Status flag: N : N is 1 when bit 7 is 1 after the operation; otherwise N
is O.
No change
No change
No change
No change
No change
Z is 1 when the operation result is 0; otherwise Z is 0.
No change

OND =A<

Addressing mode Statement Machine codes Byte number | Cycle number
Implied ATYA 9816 1 2
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WIT

WAIT

WIT

Operation :

Function :

CPU ~ Wait state

The WIT instruction stops the internal clock but not the
oscillation of the oscillation circuit is not stopped.

CPU starts its function after the Timer X over flows (comes to
the terminal count). All registers or internal memory contents
except Timer X will not change during this mode. (Of course

needs VDD).
Status flag : No change
Addressing mode Statement Machine codes Byte number | Cycle number
Implied AWIT C216 1 2
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NOTES ON USE

4. NOTES ON USE

4.1 Notes on interrupts
4.1.1 Setting for interrupt request bit and interrupt enable bit
To set an interrupt request bit and an interrupt enable bit for interrupts, execute as the
following sequence:
[0 Clear an interrupt request bit to “0” (no interrupt request issued).
O Set an interrupt enable bit to “1” (interrupts enabled).

e Reason
If the above setting are performed simultaneously with one instruction, an unnecessary
interrupt processing routine is executed. Because an interrupt enable bit is set to “1”
(interrupts enabled) before an interrupt request bit is cleared to “0.”

4.1.2 Switching of detection edge
For the products able to switch the external interrupt detection edge, switch it as the
following sequence.

Clear an interrupt enable bit to “0” (interrupt disabled)

{

Switch the detection edge

Y

Clear an interrupt request bit to “0” (no interrupt request
issued)

Set the interrupt enable bit to “1” (interrupt enabled)

Fig. 4.1.1 Switching sequence of detection edge
e Reason

The interrupt circuit recognizes the switching of the detection edge as the change of external
input signals. This may cause to execute an unnecessary interrupt processing routine.
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NOTES ON USE

4.1.3 Distinction of interrupt request bit
When executing the BBC or BBS instruction to an interrupt request (request distinguish) bit
of an interrupt request register (interrupt request distinguish register) immediately after this
bit is set to “0” by using a data transfer instruction”, execute one or more instructions before
executing the BBC or BBS instruction.

Clear an interrupt request (request distinguish) bit to “0”
(no interrupt request issued)

{

NOP instruction (one or more instructions)

'

Execute the BBC or BBS instruction

Fig. 4.1.2 Distinction sequence of interrupt request bit
U Data transfer instruction : LDM, LDA, STA, STX, STY

e Reason

If the BBC or BBS instruction is executed immediately after an interrupt request (request
distinguish) bit of an interrupt request register (interrupt request distinguish register) is
cleared to “0,” the value of the interrupt request (request distinguish) bit before being cleared
to “0” is read.
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NOTES ON USE

4.2 Notes on programming
4.2.1 Processor Status Register
(1) Initialization of Processor Status Register
Flags which affect program execution must be initialized after a reset. In particular, it is essential
to initialize the T and D flags because they have an important effect on calculations.

e Reason
After a reset, the contents of processor status register (PS) are undefined except for the | flag

which is “1.”

( Reset )

y
Flags initializing

Y
Main program

Fig. 4.2.1 Initialization of flags in Processor Status Register

(2) How to reference Processor Status Register
To reference the contents of the processor status register (PS), execute the PHP instruction
once then read the contents of (S + 1). If necessary, execute the PLP instruction to

return the PS to its original status.
A NOP instruction should be executed after every PLP instruction.

/_\_/

C PLP instruction >

i (S
| NOP instruction | (S)+1 Saved PS

Fig. 4.2.2 PLP instruction execution sequence O

Fig. 4.2.3 Stack memory contents after PHP
instruction execution
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NOTES ON USE

4.2.2 BRK instruction

(1) Method detecting interrupt source
It can be detected that the BRK instruction interrupt event or the least priority interrupt
event by referring the stored B flag state. Refer the stored B flag state in the interrupt
routine, in this case.

/_\_/
7 4 0
1 =B flag PS

(S) PCL (program counter low-order)

(S) + 1 | PCH (program counter high-order)

/_\—/

Fig. 4.2.4 Contents of stack memory in interrupt processing routine

(2) Interrupt priority level
At the following status,
O the interrupt request bit has set to “1.”
O the interrupt enable bit has set to “1.”
0 the interrupt disable flag (I) has set to “1.”
If the BRK instruction is executed, the interrupt disable state is cancelled and it becomes
in the interrupt enable state. So that the requested interrupts (the interrupts that corresponding
to their request bits have set to “1”) are accepted.

4.2.3 Decimal calculations

(1) Execution of Decimal calculations
The ADC and SBC are the only instructions which will yield proper decimal results in
decimal mode. To calculate in decimal notation, set the decimal mode flag (D) to “1” with
the SED instruction. After executing the ADC or SBC instruction, execute another instruction
before executing the SEC, CLC, or CLD instruction.
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NOTES ON USE

(2) Status flags in decimal mode
When decimal mode is selected (D = 1), the values of three of the flags in the status
register (the flags N, V, and Z) are invalid after a ADC or SBC instruction is executed.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or
is cleared to “0” if a borrow is generated. To determine whether a calculation has
generated a carry, the C flag must be initialized to “0” before each calculation. To check
for a borrow, the C flag must be initialized to “1” before each calculation.

( Set D flag to “1” )

'

ADC or SBC instruction

'

NOP instruction

v

SEC, CLC, or CLD instruction

Fig. 4.2.5 Status flags in decimal mode
4.2.4 JMP instruction

When using the JMP instruction in indirect addressing mode, do not specify the last address
on a page as an indirect address.
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APPENDIX 1

Instruction Cycles in each Addressing Mode

APPENDIX 1. Instruction Cycles in each Addressing Mode

Clock ¢ controls the system timing of 740 Family. The SYNC signal and the value of PC
(Program Counter) are output in every instruction fetch cycle. The Op-Code is fetched during
the next half-period of @ The instruction decoder of CPU decodes this Op-Code and
determines the following how to execute the instruction. The instruction timings of all address-
ing modes are described on the following pages.

In these figures, ¢, SYNC, R/W (RD, WR), ADDR (ADDRL, ADDRH), and DATA are internal
signals of the single-chip microcomputer; therefore, these signals can be investigated only in
the microprocessor mode.

The combination of these signals differs according to the microcomputer’s type. The following
table lists the valid signal for each product.

Valid signal for each product

Type @ [syYnC| RIW R W |ADDR |DATA [ADDR:|ADDRU/DATA
M507XX
M509XX
M374XX © © o © ©
(Except M37451)
M38XXX
M375XX O O O O O O
M37451
M50734 @) O O O O o

107



IMPLIED

Instructions . ACLC ASEC
ACLD ASED
ACLI ASE|
ACLT ASET
ACLV ATAX
ADEX ATAY
ADEY ATSX
AINX ATXA
AINY ATXS
ANOP ATYA
Byte length 01
Cycle number 02
Timing
@
SYNC
RIW
RD |
WR

ADDR < PC X PC+1 >
DATA X op-code X invalid X
ADDRH < PCH X PCH >

. @EEEEE0
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IMPLIED

Instruction :ABRK
Byte length 01
Cycle number 07
Timing
¢
SYNC
RIW
RD |
WR
S,00 S-1,00 S-2,00 FFF4 FFF5 ADL
ADDR < PC X PC+1 X (Note 1) (Note 1) (Note 1) (Note 2) (Note 2) ADH >

DATA X e X InvalidX PCH X PCL X PS X ADL X ADH X
ADDRH < PCH X PCH X 01 >/ FF PCH
'A/‘SE% (PCL OSEE'XPCMXV'Q,}(,X S XPCHX S—lXPCLXS—ZX PSX F4 XADLX F5 XADHXADLX )

Notes 1 : Some products are “01” or content of SPS flag.
2 : Some products differ the address.
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IMPLIED

Instructions :ASTP
AWIT
Byte length 01
Timing
@
SYNC
RIW
RD |
wR T

ADDR< PC X PC+1 X

DATA X Op-oodeX Invalid X

appri { Pen X PCH X
A

Toata (PSR et Nro-+2K va X PCL+1 X

Retum from standby
state is excuted by ex-
temal intemupt.

Retum from wait state is
excuted by intemal or
extemal interruptt.
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IMPLIED

Instruction :ARTI
Byte length 1
Cycle number 6
Timing
Y
SYNC
RIW
"o |
WR

R TGS G @ 6= &0 D @0
DATA X op-code X nvalid X nvalid X 75, X e oo

aoorn { Pen X pen X 00 (Note) X pon )
el G G b € () EE G (5 G0 G &5 G & )

Note: Some products are “01” or content of SPS flag.
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IMPLIED

Instruction :ARTS
Byte length 1
Cycle number 6
Timing
¢
SYNC
RIW
"D |
WR

112

roon (XX B X X X X D)
DATA X op-code X invalid X invalid X &y X &y X Invalid X

ADDRH < PCH X PCH X 00 (Note) X PCH X PCH >
. EEOED - EEEEE -0

Note: Some products are “01” or content of SPS flag.




IMPLIED

Instructions

Byte length
Cycle number

Timing

- APHA
APHP
01

13

appr { pc X pcer X &%)

DATA X op-code X Invalid X AorPs )
ADDRH < PCH X PCH XOO(Note)X
“oata (Pekambe e Km X s KX )

Note: Some products are “01” or content of SPS flag.
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IMPLIED

Instructions : APLA
APLP

Byte length 01

Cycle number 14

Timing

SYNC

RIW

S+1,00
woor (e X o XX G X

DATA XOp-codeX Invalid X Invalid X DATA X

ADDRH < PCH X PCH >\ 00 /<00(Note)X

A/\[[))A[\)'IBAL (PC LK code XPCL+ 1X vaid XPC+1) L)- = -(S+ 1 XDATAX )<

Note: Some products are “01” or content of SPS flag.
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[T=0] IMMEDIATE
Instructions : AADCA#$nn  (T=0)
AANDA#$nn - (T=0)
ACMPA#$nn  (T=0)
ACPXA#$nn
ACPY A#$nn
AEORAM#$nn  (T=0)
ALDAM#$Nn  (T=0)
ALDXM#$nn
ALDY M#$nn
AORAM#$NN  (T=0)
ASBCA#$nn  (T=0)
Byte length 12
Cycle number 12
Timing
¢
SYNC
RIW
RO |
WR
ADDR < PC X PC+1 X X
DATA XOp-codeX DATA X >
appre { pcn X pen X X
ADDRL Op- R
oata Pt kmbefeoamk K X )
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ACCUMULATOR

Instructions :AASL AA
ADEC AA
AINC AA
ALSR AA
AROL AA
AROR AA

Byte length 01

Cycle number 12

Timing

ADDR < PC X PC+1 X
DATA XOp-oodeX Invalid X >
ADDRH < PCH X PCH X PCH X
A/\[E)E'IRAI\_ (PCL OS&XPCLHXV'QJ} g XPCL+1X X )
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ACCUMULATOR BIT RELATIVE

Instructions : ABBCAI,A,$hhll
ABBSA,A,$hhll
Byte length 12
(1) With no branch
Cycle number 4
Timing
¢
SYNC
RIW
RD |
WR

appbr { rc X PC+1 X X
DATA X Op-code X Invalid X

appry { Per X PCH X X
Toara (oKt KooK Koo Koo Koo Kas K KK
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ACCUMULATOR BIT RELATIVE

Instructions : ABBC A, A,$hhll
ABBS Ai,A,$hhll
Byte length 12
(2) With branch
Cycle number 16
Timing
®
SYNC
RIW
RO |
WR
PC+2 (PC+2) +RR) (PC+2)
ADDR < PC X PC+1 X Epcilgh PC+2) H X irr

118

DATA X p-code X Invalid X =rr X invalid X Invalid X
ADDRH < PCH X PCH X(PC+2)HX(PC+2)H ><<(Pc+2>¢RR>H
’?DDA?TF,QAI\_ (PCL C(ODC?(;XPCL+1XV|2]_id chmX V'Ql'id chmxi RRX 1 )— - -( *2 )— - -( *2 X
RR :Offset address

*1 . (PC+1)L
*2  ((PC+2)+£RR)L




ACCUMULATOR BIT

Instructions - ACLBALA
ASEBALA
Byte length 1
Cycle number 12
Timing
¢
SYNC
RIW
RD |
WR

ADDR < PC X PC+1 X
DATA XOp-oodeX Invalid X

ADDRL : ™
IDATA (PCL o?é’eXP°“1)(v5idX X
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BIT RELATIVE

Instructions : ABBC A, $zz,$hhll
ABBS Ai,$zz,$hhll
Byte length '3

(1) With no branch
Cycle number '5

Timing

apor { pc X pcsr Yaooo X o2 X

DATA XOp-oodeX ADL X DATA X Invalid X
appry £ pen X pen N\ o0 L PCH X

A/‘DD E‘IBAI: (PCLXCE)(?(;XPCHJ_ ADLXADLXDATAXPCL+2X VIQJ-idXPCHZX V'Ql-idX X )
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BIT RELATIVE

Instructions : ABBCAI,$zz,$hhll
ABBSAi,$zz,$hhll
Byte length 03
(2) With branch
Cycle number 07
Timing
)
SYNC |
RIW
RO |
WR

ADDR < PC X PC+1 X ADL,00 X PC+2 G, >Q(,PCC+*3~°;)H*RR)L (PC+3

DATA XOp—codeX ADL X DATA X Invalid X +RR X Invalid X Invalid X
ADDRH < PCH X PCH >\ 00 /< PCH X(PC+2)HX(PC+3)HXPC+3)$RR)>
o8 E R EEEEEEEE -0
RR :Offset address

*1 : (PC+3)L
*2 1 ((PC+3)+RR)L
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ZERO PAGE BIT

Instructions :ACLBAI,$zz

ASEBAI,$zz
Byte length )
Cycle number 5
Timing

¢

RIW

RD |

WR

SYNC —|
X

ADDR < PC X PC+1 X ADL.00
- H NEW
DATA XOp codeX ADL X DATA X Invath NEW X
ADDRH < PCH X PCH >\ 00 £
ADDRL op-
IDATA (PCLXOO(;)eXPCHl ADLXADLXDATA ADL)___(ADLXBEYF‘;X X )
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[T=0]

ZERO PAGE

Instructions

Byte length
Cycle number

Timing

ADDR < PC X PC+1 XADL,OOX

XOp-oodeX ADL X DATA X
<PCH><PCH>\ 00 /<
(ch Cg)ge'XPCLHXADL XADL XDATAX

DATA

ADDRH

ADDRL
/DATA

: AADC

AAND
ABIT
ACMP
ACPX
ACPY
AEOR
ALDA
ALDX
ALDY
AORA
ASBC
ATST

12
03

A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz
A$zz

(T=0)
(T=0)

(T=0)

(T=0)
(T=0)

(T=0)
(T=0)
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ZERO PAGE

Instructions : AASL A$zz
ACOM A%zz
ADEC A%$zz
AINC A%zz
ALSR A$zz
AROL A%$zz
AROR A$zz

Byte length 12

Cycle number '5

Timing

SYNC _|
X )

aopr { pc X pcear X ADL,00

DATA XOp-codeX ADL X DATA X Invalid X NEW X
ISR €N 00 L)
ADDRL - foc. Y St Yrew Y non Y o YonraY aoc - — (o Yomw Y Y
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ZERO PAGE

Instruction : ARRFA$zz
Byte length 12
Cycle number 18
Timing
?
SYNC
RIW
RD |
WR

ADDR< PC X PC+1 X ADL,00 X
. NEW

DATA XOp-codeX ADL X DATA X Invalid X DATA
apori { pen X ron N 00 £
A/\SE_&L (pCL cg)c?e'XPCulXADLXADL XDATAX ADL)———(ADL)———(ADL)——-(/-\DL)___(ADL ’S«F%X
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ZERO PAGE

Instruction : ALDMA#$nn,$zz
Byte length :3
Cycle number 14

Timing

aoor (e X e X o X X X
oata  XorwweX oamn X e X oam X X
aoorn { 7on X von X ren N o A X
oarn  (Pekatakresommhe X Ko komk X XK
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ZERO PAGE

Instructions :ASTAA$zZ
ASTXA$zz
ASTYA$zz
Byte length 12
Cycle number 14
Timing
¢
SYNC
RIW
RD | |
WR

ADDR < PC X PC+1 X ADL,00 X >
DATA XOp-codeX ADL X InvalidX DATA X
ADDRH < PCH X PCH >\ 00 £ )

A/‘DD'E_IEX‘ (PC LXOS(?E XPCL+1X ADL XADL )— —_— —(ADL XDATAX X )
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Zero Page X

Instruction :AMULA$zz, X (Note)
Byte length 12
Cycle number 115
Timing
(UL LU LU Lo e e
SYNC | |—
RIW

mo L[ L
= I
ADDR (PCX PC+1 X ADL+X,00 X S,SPS X:

DATA XSk XA X 15 XoamaX invalid o X vais )

SPS: A selected page by stack page selection bit of the CPU mode register.

Note: This instruction cannot be used for any products.
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Zero Page X

Instruction : ADIVA$zz, X (Note)
Byte length 12

Cycle number 116

Timing

U UL UL UL U
swe [ ] B

s U U

= i
ADDR (PCX PC+1 X*Q%O ADL+X+1,00 X S,SPS X:

Low-order MTA High-order DATA
Op- In- ! ! . NEW In-
DATA :Xoocs)eXADLXvalidX X X Invalid DATAX Vajid)

SPS: A selected page by stack page selection bit of the CPU mode register.

Note: This instruction cannot be used for any products.
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Zero Page X

Instructions : AASL A$zz, X
ADEC A$zz,X
AINC A$zz,X
ALSR A$zz,X
AROL A$zz,X
ARORA$zz,X
Byte length 12
Cycle number 16
Timing
¢
SYNC
RIW
RD | |
WR

ADDR < PC X PC+1 X (PCJOI)L X ADLEX.00 X
DATA X op-code X ap. X nvalid X pata X invalid X NEW,
ADDRH < PCH X PCH >\ o0 /<_
w2 EEERE -EEE--EE0
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[T=0] ZERO PAGE X, ZERO PAGE Y

Instructions : AADC A$zz,X  (T=0)
AAND A$zz,X  (T=0)
ACMP A$zz,X  (T=0)
AEOR A$zz,X  (T=0)
ALDA A$zz,X  (T=0)
ALDX A$zzY
ALDY A$zz,X
AORA A$zz, X  (T=0)
ASBC A$zz,X  (T=0)
Byte length 12
Cycle number 14
Timing
@
SYNC
RIW
RD |
WR

oo (e X X XX

DATA X Op-codeX ADL X Invalid X DATA X

ADDRH < PCH X PCH >\

00 /<7

ADDRL SV
IDATA (PCLXooc?eXPCL ; ADLX

PC -
i e ) G0V D,
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ZERO PAGE X, ZERO PAGE Y

Instructions :ASTAA$zz, X
ASTXA$zz,Y
ASTYA$zz,X

Byte length 12

Cycle number :5

Timing

apor { rc X pewr Y Ee Y remen Y
oata X orwaeX o X mwaia X i X oaa X
aoorn {ron X ren N 0 Yo

Toata (Pec@r)re Koo - =) - {En)em kX
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[T=0] ABSOLUTE
Instructions : AADC A$hhll  (T=0)
AAND Ashhll  (T=0)
ABIT  Ashnhll
ACMP Ashhll  (T=0)
ACPX Ashnll
ACPY Ashnll
AEOR Ashhll  (T=0)
ALDA Ashhll  (T=0)
ALDX Ashnll
ALDY Ashnll
AORA Ashhll  (T=0)
ASBC Ashhll  (T=0)
Byte length 13
Cycle number 14
Timing
)
SYNC
RIW
RD
WR
ADDR < PC X PC+1 X PC+2 X AL X X >
DATA XOp-codeX ADL X ADH X DATA X X
ADDRH < PCH X PCH X PCH X ADH X X
'?IIDDAI\D'IRAI‘- (PCLXO(S’E(;XPCul ADLXPCL+2 ADHXADLXDATAX X X X
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ABSOLUTE

Instructions : AASL Ashhll
ADEC Ashhll
AINC Ashhll
ALSR Ashhll
AROL Ashhll
ARORAS$hNII

Byte length 3

Cycle number 6

Timing

ADDR < PC X PC+1 X PC+2 X ADLADH X
DATA XOp-codEX ADL X ADH X DATA X InvalidX g§¥VA
ADDRH < PCH X PCH X PCH X ADH X

A/EI)DE.IEZL (PCL OSC?G-XPCHl ADLXPCL+2 ADHXADLXDATAXADL)—— .
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ABSOLUTE

Instruction : AJMP A$hhll
Byte length 03
Cycle number 03
Timing
¢
SYNC
RIW
RD |
WR

aoor {re X rer X e XeereX )
oata Y ormaX ror X rer X X
aoors (ror X ror X ror X rer XD
oara (PeXede Ao reneeReenkre X KK
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ABSOLUTE

Instruction : AJSRAShhII
Byte length '3
Cycle number 6
Timing
¢
SYNC
RIW
RD |
WR

abprR { pc X port X soo o) X k% Woece X an )
DATA XOp-CodeX ADL Xlnvalid X(PC+2)HX(PC+2)LX ADH X

aooru { pen X pen X 00 (Note) Y& €&
prsre G & G & ) LR €6 €7 € 63 &5 O O @)

Note: Some products are “01” or content of SPS flag.
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ABSOLUTE

Instructions : ASTAA$hhII
ASTXAShhII
ASTYAShhII

Byte length :3

Cycle number )

Timing

ADDR < PC X PC+1 X PC+2 X o X
DATA XOp-codeX ADL X ADH X Invalid X DATA X
ADDRH < PCH X PCH X PCH X ADH X
A/‘DDE_:_QAL (PCL Ogcg’éXPcm ADLXPCL+2 ADHXADL)———(ADLXDATAX X
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[T=0] ABSOLUTE X, ABSOLUTE Y

Instructions : AADC As$hhil,XorY  (T=0)
AAND Ashhil,XorY  (T=0)
ACMP A$hhll,X or Y  (T=0)
AEOR A$hhll,X orY  (T=0)
ALDA A$hhllLlXorY  (T=0)
ALDX As$hhlIlY
ALDY As$hhll, X
AORA A$hhll,X or Y  (T=0)
ASBC A$hhll,XorY  (T=0)

Byte length 03

Cycle number .5

Timing

ADDR < PC X pC+1 X PC+2 XADZ?SOFYXADX&?EY’ >
DATA XOp-OodeX ADL X ADH X InvalidX DATA X
aoorn { pen X ren X ren X aon Xaouee X

ADDRL - ADL+X
IDATA (PCL OSCTGXPCHl ADLXPCL+2 ADH XX e — (otY)XDATAX X

C :Cany of ADL+X orY
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ABSOLUTE X

Instructions

Byte length
Cycle number

Timing

aoor {re X ron X ez X
W orwaeX aor X o Y imvara X ona X i X
aoor { on X ron X pen X o X
(oY S Yo Yo Yooy — Yooy — o

DATA

ADDRL
/IDATA

: AASL  As$hhll, X

ADEC A$hhll, X
AINC  A$hhll, X
ALSR A$hhll, X
AROL As$hhll, X
AROR A$hhll, X

13
7

C :Cany of ADL+X
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ABSOLUTE X, ABSOLUTE Y

Instruction : ASTAA$hhILX or Y
Byte length :3
Cycle number ' 6

Timing

ADDR < PC X PC+1 X PC+2 XAD:,;(,S‘”X AD L X(orY) X
DATA XOp-codeX ADL X ADH X Invalid X Invalid X DATA >
ADDRH < PCH X PCH X PCH X ADH X ADH +C X
A/‘DD AI\D'IRA[_ (PCLX&E’E‘ XPCL+1 ADLXPCL+2 ADHXA(%R;)()— - - -(A(?;?)(XDATAX

C :Cany of ADL+X orY
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INDIRECT

Instruction :AJMPA($hhlI)
Byte length '3
Cycle number '5

Timing

ADDR  { pc X pce1 X pora Y BAL N BASL N DL
DATA XOp-OodeX BAL X BAH X ADL X ADH X
appr { pci X pow X pew X Banw X Ban X ADH )

A/\DDE-:?A_ (PCL Ogc',)éXPCHl BALXPCL+2 BAHXBALXADLXBAL+1 ADHXADLX

BA : Basic address
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ZERO PAGE INDIRECT

Instruction : AIMP A($zz)
Byte length D2
Cycle number 4
Timing
¢
SYNC
RIW
RO |
WR

ADDR < PC X PC+1 XBAL,OO XBAL+1,00X QB; >
D D D T D
ADDRH < PCH X PCH >\ 00 ADH

'?[?E%'\- (PCL ogé’e'XPcLﬂ BALXBALXADLXBAL+1 ADHXADLX

BA : Basic address
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ZERO PAGE INDIRECT

Instruction : AJISRA($zz)
Byte length 12
Cycle number 07

Timing

SYNC

R/W

S-1,00 BAL+1 ADL
poor (Cre Xrer Xssommn X X XX )
DATA XOp-codeX BAL X Invalid X(PC+1)H X(PC+1)LX ADL X ADH X

ADDRH < PCH X PCH X 01 >\ 00 ADH
'A/‘[[))ETFX‘ (PCLXCSEE;XPCLH BALX s )___( S Xﬁ)‘;Xs-lxf'i)CLXBALXADLXBAm ADHXADLX )

BA :Basic address

Note: Some kind types are “01” or content of SPS flag.
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[T=0] INDIRECT X

Instructions : AADC A($zz,X)  (T=0)
AAND A($zz,X)  (T=0)
ACMP A($zz,X)  (T=0)
AEOR A($zz,X)  (T=0)
ALDA A($zz,X) (T=0)
AORA A($zz,X)  (T=0)
ASBC A($zz,X) (T=0)

Byte length 12

Cycle number 16

Timing

ADDR ( PC X PC+1 X(PC+1)|_,00XBAL+X,OOX Bf\ggXﬂX AD: X
DATA X op-ode X' BAL X Invalid X ap. X apn X paTa
aDDRH { Pcr X PCH W 00 A aow X
ADPRLE (Pec) O XeewaX BacK 05 b — {safanc X 34 X o) apcKoamX

BA : Basicaddress
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INDIRECT X

Instruction s ASTAA($zz,X)

Byte length 12
Cycle number 17

Timing

ADDR { pc X pee1 W Posp W BADK ABAe1 A AD: X
DATA XOD-COdeX BAL XInvaIidX ADL X ADH X InvaIidX DATA X

ADDRH < PCH X PCH >\ 00 /< ADH X
ADDRL (PCLXC(O)p'XPCul BALXJE?)CL)-—-(BAHX ADLX+BXA+L1XADHXADL)——-(ADLXDATAX X

/IDATA de

BA : Basic address

I
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[T=0]

Instructions

Byte length

Cycle number

Timing

146

ADDR

DATA

ADDRH

ADDRL
IDATA

: AADC A($zz),Y
AAND A($zz),Y
ACMPA($zz),Y
AEOR A($zz),Y
ALDA A($zz),Y
AORAA($zz),Y
ASBC A($zz),Y

12

16

INDIRECT Y

(T=0)
(T=0)
(T=0)
(T=0)
(T=0)
(T=0)
(T=0)

< PC X PC+1 X BAL,OOX

BAL+1
,00

ADL+Y ADL+Y
ADH ADH+C

)

XOp-codeX BAL X ADL X ADH XInvaIidX DATA X

< PCH X PCH >\

00

/< ADH XADH+CX

)

(PCL Og’(féXPCL*l BALXBALXADLXBAL+1 ADHXAD-+Y)——-(AD-+YXDATAX

X

)

BA : Basic address

C :Cany of ADL+Y



INDIRECT Y

Instruction :ASTAA($zz),Y
Byte length 12
Cycle number 7

Timing

ADDR < PC X PC+1 X BALOOX BALL ADLTY X Aoy X
’ ,00

ADH ADH+C

XOp-codeX BAL X ADL X ADH X InvaIidX InvalidX DATA X
ADDRH < PCH X PCH >\ 00 /< ADH X ADH+C X

ADDRL

IDATA (PC LXCSC?E_XPCHl BALXBALXADLXBAL+1 ADHXAD L+\)— - - —(ADL+\XDATAX X

BA : Basic address

DATA

C :Cany of ADL+Y

147



RELATIVE

Instructions : ABCC As$hnhll
ABCS As$hnhll
ABEQ Ashhll
ABMI  As$hhll
ABNE A$hnhll
ABPL A$hnhll
ABVC As$hnhll
ABVS As$hnhll

Byte length 12

(2)With no branch
Cycle number 12

Timing

WR

ADDR < PC X PC+1 X

DATA XOp-codeX Invalid X

ADDRH < PCH X PCH X

Toara (FefstekreKumaX_ K
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RELATIVE

Instructions : ABCC Ashnhll
ABCS Ashhll
ABEQ Ashhll
ABMI  A$hhll
ABNE A$hhll
ABPL A$hhll
ABVC A$hhll
ABVS A$hhll

Byte length 12

(2)With branch
Cycle number 14

Timing

WR

apor {_re X Pent X e XremimX e
DATA XOp-codeX +RR X Invalid X Invalid X
ADDRH < PCH X PCH X(PC+1)HX(PC+2)H><(PC+2)1RR)>
ADDRL  (perK et feeoXeman) (G - (=X

RR : Offset value
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RELATIVE

Instruction : ABRA A$hhll
Byte length 12
Cycle number 14
Timing
@
SYNC
RIW
RD |
WR

PC+2
ADDR < PC X PC+1 EPCilgh E:Pc§:++22)L+RR) PC+2)1RRX

DATA X op-code X xrr X invalid X Invalid X X

ADDRH < PCH X PCH X(PC+1)HX(PC+2)HX((PC+2)J_rRR)X

ADDRL : . .
oara (Perk et e Kerak 5 - -« — X KX

RR : Offset value
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SPECIAL PAGE

Instruction : AJSRA$HhII
Byte length 12
Cycle number :5
Timing
@
SYNC
RIW
RD |
WR

abpr { pc X pcrr X soomvoe) X aes X BALFF )
DATA X op-code X Ba X nvalid X e+ X e+ X
aoori { pen X pen X 00 (Note) X =+ )
e G €8 G O 8 €3 €5 € €3 G

BA : Basic address

Note : Some products are “01” or content of SPS flag.
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[T=1] IMMEDIATE
Instructions : AADCA#SNn  (T=1)
A =
aeoRtvem (11
AORAA#SNN  (T=1)
ASBCA#$nn  (T=1)
Byte length 12
Cycle number 5
Timing
¢
SYNC |
RIW
RD |
WR
ADDR < PC X PC+1X X,00 X >
DATA P ED EDH CEHEED
LLIERESD €N 00 A >
0 EXEEECOEE -0
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[T=1] IMMEDIATE

Instruction : ACMPA#$nn  (T=1)
Byte length 12
Cycle number :3

Timing

aoor (e W e X o X
pata ~ Xopwae X 2% X 7 X
aoori {ron X rer W o A )
PG €5 I S0 B ) I O
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[T=1] IMMEDIATE

Instruction :ALDAM$Nn  (T=1)
Byte length 12
Cycle number 14
Timing
o
SYNC
RIW
RO |
WR

ADDR < PC X PC+1 X X,00 X X
DATA XOp-codeX DATA X Invalid X DATA X >
ADDRH < PCH X PCH >\ 00 £ X

Toata (Fe XX Ko X o - = el XX
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[T=1] ZERO PAGE
Instructions : AADCA$zz  (T=1)
AANDA$zz  (T=1)
AEORA$zz  (T=1)
AORAA$zz  (T=1)
ASBCA$zz  (T=1)
Byte length 12
Cycle number 16
Timing
o
SYNC
RIW
RD |
‘WR

ADDR < PC X PC+1 XADL,OOX
XOp-oodeX ADL X D’iTA X ATA XInvaIidX
< PCH X PCH >\

DATA

ADDRH

ADDRL
/DATA

X,00

X )

NEW
DATA

00

QD €5 e CD 0 W 3 60 €3 2t €3 ENED O

155



[T=1] ZERO PAGE

Instruction :ACMPA$zz  (T=1)
Byte length )
Cycle number 14

Timing

aoor {re X ror X oo X o0 X
oata ~ XopaeX 2o X P X O X
aoorn (ron X rn N o A
Toara  {Pecse foorifaoKao kK x XK X
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[T=1] ZERO PAGE

Instruction :ALDANAS$zz  (T=1)
Byte length )
Cycle number 5

Timing

SYNC

R/W

RD |

u

WR

appbr { pc X pcr1 X abLoo X X,00 X

DATA X op-code X ap. X pata X Invalid X pata X
apDRH { pcu X PCH X\ 00 /<7
oata (PorfapreKaoKaon Kol x =L x Kok X
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[T=1] ZERO PAGE X

Instructions : AADCA$zz, X (T=1)

AANDA$zz X (T=1)
AEORA$zz, X  (T=1)
AORANA$zz, X  (T=1)
ASBCA$zz, X  (T=1)

Byte length 12
Cycle number 07
Timing
20 I S I A I B B e
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[T=1] ZERO PAGE X

Instruction : ACMPA$zz, X  (T=1)
Byte length 12
Cycle number :5
Timing
¢
SYNC |

RIW

RD |

WR

ADDR < PC X PC+1 (P‘fgol)LX ADLIX X X,00 X
DATA XOp—codeX ADL X InvalidX DATA X DATA X
ADDRH < PCH X PCH >\ 00 £
ey (poL X S Yrcufanc X 05 b — o)) x Yoy Y
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[T=1] ZERO PAGE X

Instruction : ALDAA$zz, X  (T=1)
Byte length 12
Cycle number '6

Timing

SYNC

RIW

RD |

WR

ADDR < PC X PC+1 X(P%gm X A X,00 X

DATA XOp-codeX ADL X Invalid X DATA X Invalid X DATA X
ADDRH < PCH X PCH >\ 00 £
0 EEEENE - {0

160



[T=1] ABSOLUTE

Instructions : AADCAS$hhIl  (T=1)
AANDAShhIl - (T=1)
AEORAS$hhIl  (T=1)
AORAA$hhIl - (T=1)
ASBCA$hhIl  (T=1)

Byte length 03

Cycle number 7

Timing

apDR { pc Y pcr1 Y pee2 X ALY X,00 X

DATA XOp-codeX ADL X ADH X DATA X DATA Xlnvalid X NEW X
ADDRA { Pen X pen X pon X ADH N 00 L
foamn (pec Y or Yoo Yo Yoer2Xaom Yao Yo Y x Yorr X x Y — {x Yoe YY)
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[T=1] ABSOLUTE

Instruction : ACMPA$hhIl  (T=1)
Byte length 03
Cycle number :5
Timing
¢
SYNC |

RIW

R |

WR

ADDR< PC X PC+1 X PC+2 X oy X X,00 X >
DATA XOp—codeX ADL X ADH X DAlTA X DA2TA X
ADDRH < PCH X PCH X PCH X ADH >\ o A

Toata (etfote Kroihaoe e Kaosfaon (oK x XX K
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[T=1] ABSOLUTE

Instruction :ALDAAShhIl  (T=1)
Byte length 03
Cycle number 16

Timing

¢

SYNC

RIW

RD |

WR

oor (e X X X B X XD
pATA X opde X Ap. X apn X pata X invalid X pata X
aopru { pen X pen X pen X Abn W 00 L
St (PecX( S YrerYan Yeou Y apnfan Koumf x =« x Yorm} X )
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[T=1] ABSOLUTE X, ABSOLUTE Y

Instructions :AADCAS$hhILX or Y (T=1)
AANDA$hhIL X orY  (T=1)
AEORA$hhIL X orY  (T=1)
AORAA$hhILX orY  (T=1)
ASBCA$hhilL, X orY  (T=1)

Byte length 13

Cycle number 8

Timing

ADDR< PC X PC+1 X PC+2 XADL;E(SFYXAE[L;H):@”X X,00 X X
DATA XOp-codeX ADL X ADH X Invalid X DATA X BATA X Invalid X NEw
ADDRH< PCH X PCH X PCH X ADH XADH+C>\ 00 <
PErd G 9 (0 (o e o ) ) 0 e 0 S D

C :Cany of ADL+X orY
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[T=1] ABSOLUTE X, ABSOLUTE Y

Instruction : ACMPAS$hhIL X or Y (T=1)
Byte length 3
Cycle number 6

Timing

ADDR < PC X PC+1 X PC+2 XAIlABx*(orY)XAllAﬁ(_‘(f(r:Y)X X,00 X >
DATA XOp-codeX ADL X ADH X Invalid X DAlTA X DA2TA X

ADDRH < PCH X PCH X PCH X ADH XADH+C>\ 00 < >
ADDRL (PCL C(g(;)e-XPCL*'l ADLXPCL+2 ADHX'?E)FL;;()___(A%?)(XDAJAX X XDAZTAX X )

/IDATA

C :Cany of ADL+X orY
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[T=1] ABSOLUTE X, ABSOLUTE Y

Instruction :ALDAA$hhILX or Y (T=1)
Byte length ]
Cycle number 7
Timing
o
SYNC
RIW
RD |
WR

ADDR < PC X PC+1 X PC+2 Xm;ﬁ"'Y)XA%BT%Y)X X,00 X
DATA XOp-OodeX ADL X ADH X Invalid X DATA Xlnvalid X DATA
ADDRH < PCH X PCH X PCH X ADH XADH+C>\ 00 /<_

ADDRL (PCLXoSdpe_XPCHl ADLXPCL+2 ADHX)QCE};))——-()Q(%;)XDATAX X )——-( X XDATAX

/IDATA

C :Cany of ADL+X orY
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[T=1] INDIRECT X

Instructions :AMADCA($zz,X)  (T=1)
AANDA($zz,X)  (T=1)
AEORA($zz,X)  (T=1)
AORAA($zz,X)  (T=1)
ASBCA($zz,X) (T=1)

Byte length 12

Cycle number 9

Timing

ADDR ( PC XPC+1X<PCB%)>L>< BALK B’jfoﬁx o X X,00 X

DATA P X BAL Xinvalid X" ADL X" aDH X PATA K PATA K jnvalidy|  NEF
ADDRH PCH PCH 00 ADH 00 A
DATA - Rt or o eI - LN

BA :Basic address
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[T=1] INDIRECT X

Instruction : ACMPA($zz,X) (T=1)

Byte length 12
Cycle number 27

Timing

WR

ADL

(PC+1) L BAL+X BAL+X+1
ADDR { pc X peer X FOVENC e "o po X x00 X
DATA X op-code X Bar X nvalid X ape X aow X PATA X PATA AL
ADDRH < PCH X PCH >\ 00 ADH 00 /<

2 CEORE - OEEEEREOEO0

/DATA code

BA : Basic address
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[T=1] INDIRECT X

Instruction  ALDAN($zz,X) (T=1)
Byte length 12
Cycle number . 8

Timing

(PC+1) L BAL+X \/BAL+X +1 ADL
ADDR ( PC XPC+1X ,00 00 ,00 X ADH X X,00 X
DATA ((:jop()j-e X BAL XlnvalidX ADL X ADH XDATA XInvaIidX DATA
ADDRH (PCH X PCH >\ 00 £ ADH ) 00 £
el () 6 () (N (6 e ) 2 G000 O i A e ) 2 D O

BA : Basic address
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[T=1] INDIRECT Y
Instructions :AADCA$zz),Y (T=1)
AANDA($zz),Y  (T=1)
AEORA($zz),Y (T=1)
AORANS$zz),Y  (T=1)
ASBCA($zz),Y  (T=1)
Byte length 12
Cycle number 19
Timing
o
SYNC
RIW
™ |
WR

BAL+1

apbpR ( pc Xrca X % X P

ADL+Y ADL+Y
ADH XADH+C X X,00 X

>< . ; DATA DATA . NEW
DATA Op codeX BAL X ADL X ADH Xlnvath A X 5 Xlnvath DATA

ADDRH ( PCH X PCH >\

00

/< ADH XADH+C >\ 00 F

ADDRL 5
p p-y PCL BAL ADL\. — _JADLYDATA DATA -—
IDATA  \"C"Acodef +1 \BALABAL AR i AAPHRTY S AL A A2 NS X Noars

BA : Basic address
C :Cany of ADL+Y
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[T=1] INDIRECT Y

Instruction :ACMPA($zz),Y (T=1)
Byte length 12
Cycle number 7

Timing

BA BAL+L ADL+Y
ADDR < Pe X pet X ) © ADH X ADIeC X X.00 X >
DATA XOD-CodeX BAL X ADL X ADH X InvalidX DAlTA X DATA X
ADDRH { pcu X PCH W\ 00 A aow X rowe N 00 L )
e (B EEEEEEE - EEmEEmO0

BA : Basic address

C :Cany of ADL+Y
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[T=1] INDIRECT Y

Instruction : ALDAANS$zz),Y  (T=1)
Byte length 12
Cycle number : 8

Timing

aoor (ee XeerX % X X e YaBeeX__ o0 X

DATA o X BAL X ADL X ADH XInvaIidXDATA XlnvalidXDATAX
ADDRH < PCH X PCH >\ 00 /< ADH XADH+C>\ 00 F
e 65 65 CD O 00 6 O 6 en € &0 B om0 &5 0

BA : Basic address

C :Cany of ADL+Y
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APPENDIX 2

740 Family Mac hine Langua ge Instruction Table

APPENDIX 2. 740 Family Machine Langua ge Instruction Table

Parameter FLAG INSTRUCTION CODE BYTE | CYCLE
———| SYMBOL FUNCTION ‘ovmeer [NOTE
Classification NVTBDIZC D7DsDsDs  DsD2D1Do HEX  [NUMBER
LDA #$nn (A)—nn Quoooooao 1010 1001 A9 2 2 2
<B2>
LDA $zz (A) — (M) where  M=(zz) QuUooooQao 1010 0101 A5 2 3 2
<B2>
LDA $zz, X (A) — (M) where  M=(zz+(X)) QUoooooOao 1011 0101 B5 2 4 2
<B2>
LDA $hhll (A) (M) where  M=(hhll) ooooooQao 1010 1101 AD 3 4 2
<B2>
<B3>
LDA $hhil, X (A) — (M) where  M=(hhll+(X)) QooooooQao 1011 1101 BD 3 5 2
<B2>
<B3>
LDA $hhll, Y (A) (M) where  M=(hhll+(Y)) Qooooooao 1011 1001 B9 3 5 2
<B2>
<B3>
LDA ($2z, X) (A) (M) where  M=((zz+(X)+1)(zz+(X))) oooooooao 1010 0001 Al 2 6 2
<B2>
LDA ($22),Y (A) < (M) where  M=((zz+1)(zz)+(Y)) oooooooan 1011 0001 B1 2 6 2
<B2>
- LDX #$nn (X)~nn QuUoooooao 1010 0010 A2 2 2
© <B2>
3 LDX $zz (X) (M) where  M=(zz) oooooooao 1010 0110 A6 2 3
<B2>
LDX $2zz,Y (X) — (M) where  M=(zz+(Y)) QoooooooOo 1011 0110 B6 2 4
<B2>
LDX $ hhil (X)~(M)  where  M=(hhll) ooooooOOD | 1010 1110 AE 3 4
<B2>
<B3>
LDX $hhil, Y (X)~(M)  where  M=(hhll+(Y)) o00o00000 | 1011 1110 BE 3 5
<B2>
<B3>
LDY #$nn (Y)<nn oooooooOn 1010 0000 AO 2 2
<B2>
LDY $2zz (Y) = (M) where  M=(zz) QUooooQao 1010 0100 A4 2 3
<B2>
LDY $2zz, X (Y) = (M) where  M=(zz+(X)) QooooooOao 1011 0100 B4 2 4
<B2>
by LDY $ hhil (Y) = (M) where  M=(hhll) Qooooooan 1010 1100 AC 3 4
% <B2>
c <B3>
© LDY $ hhll, X (Y) (M) where  M=(hhll+(X)) QoooooQao 1011 1100 BC 3 5
|: <B2>
© <B3>
E LDM #$nn, $zz (M)«—nn where  M=(zz) gooooobooo 0011 1100 3C 3 4
[a] <B2>
<B3>
STA $zz (M) — (A) where  M=(zz) oooooooon 1000 0101 85 2 4
<B2>
STA $12zz, X (M) — (A) where  M=(zz+(X)) 0oooooooo 1001 0101 95 2 5
<B2>
STA $ hhll (M) < (A) where  M=(hhll) 0ooooooo 1000 1101 8D 3 5
<B2>
<B3>
STA $hhll, X (M) — (A) where  M=(hhll+(X)) oooooooo 1001 1101 9D 3 6
<B2>
<B3>
STA $hhil, Y (M) — (A) where  M=(hhll+(Y)) oooooooo 1001 1001 99 3 6
<B2>
<B3>
STA ($12z,X) (M) < (A) where  M=((zz+(X)+1)(zz+(X))) gooooooon 1000 0001 81 2 7
<B2>
[0) STA ($22),Y (M)~ (A) where  M=((zz+1)(zz)+(Y)) oooooooo 1001 0001 91 2 7
st <B2>
@] —
b} STX $2 (M=) where  M=(z2) gooooooo | 1000 0110 86 2 4
- <B2>
STX $zz,Y (M)~ (X) where  M=(zz+(Y)) ooogoooon 1001 0110 96 2 5
_ <B2>
STX $hhll (M) (X) where  M=(hhil) Dooooooo 1000 1110 s 3 5
<B2>
<B3>
STY $1zz (M) ~(Y) where  M=(zz) gooooooo 1000 0100 84 2 4
<B2>
STY $2z,X (M) < (Y) where  M=(zz+(X)) 0ooooooo 1001 0100 94 2 5
<B2>
STY $hhll M) —(Y) where  M=(hhll) gooooooo 1000 1100 8C 3 6
<B2>
<B3>
o TAX X) (A QuUoooooo 1010 1010 AA 1 2
Q TXA A=) O0000000 | 1000 1010 8A 1 2
2 TAY ()= (A) Ooooooooo 1010 1000 A8 1 2
© TYA (A=Y ooooooQo 1001 1000 98 1 2
S
- TSX (X)(S) ooooooOo 1011 1010 BA 1 2
XS (S) (X) ooooooon 1001 1010 9A 1 2
S PHA (M(S)) ~(A), (S)~(S)—1 gooooooo 0100 1000 48 1 3
é'ﬁ PHP (M(8)) ~(PS), (S)~(S)—1 gOooooooo 0000 1000 08 1 3
n g PLA (S) = (S)+1, (A) = (M(S)) OouooooOo 0110 1000 68 1 4
o PLP (S) - (S)+1, (PS) — (M(S)) Previous status in stack 0010 1000 28 1 4
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740 Family Mac hine Langua ge Instruction Table

Parameter FLAG INSTRUCTION CODE BYTE | CYCLE
- NOTE
Sassiear)| S Y MBOL FUNCTION NVTBDIZC | DDeDsDa DiD:DiDo | HEX [NUMBER NUMBER
ADC #$nn (A) = (A)+nn+(C) 0o0o0ooo00O 0110 1001 69 2 2 1
<B2>
ADC $zz (A) = (A)+(M)+(C)  where M=(zz) OQ0ooooOO 0110 0101 65 2 3 1
<B2>
ADC $ 2z, X (A) — (A)+(M)+(C)  where  M=(zz+(X)) O0ooooOO 0111 0101 75 2 4 1
<B2>
ADC $ hhll (A) — (A)+(M)+(C)  where  M=(hhlI) O0ooooOO 0110 1101 6D 3 4 1
<B2>
<B3>
ADC $ hhlil, X (A) — (A)+(M)+(C)  where  M=(hhll+(X)) [e]e)skslslske]e) 0111 1101 7D 3 5 1
<B2>
<B3>
ADC $hhll, Y (A) ~ (A)+(M)+(C)  where  M=(hhll+(Y)) 0o0o0ooo00O 0111 1001 79 3 5 1
<B2>
<B3>
ADC ($ 2z, X) (A) — (A)+(M)+(C)  where  M=((zz+(X)+1)(zz+(X))) Q0o0o0o0oQO 0110 0001 61 2 6 1
<B2>
ADC ($22), Y (A) — (A)+(M)+(C)  where  M=((zz+1)(zz)+(Y)) 0O0oooooO 0111 0001 71 2 6 1
<B2>
SBC #$nn (A) = (A)-nn—(C) [eYe XelililikeYe) 1110 1001 E9 2 2 1
<B2>
SBC $1zz (A) = (A)-(M)—~(C) where  M=(zz) Q0o0ooo00O 1110 0101 E5 2 3 1
<B2>
SBC $2z, X (A) = (A-(M)-(C)  where  M=(zz+(X)) 00000000 1111 0101 F5 2 4 1
<B2>
SBC $ hhil (A) = (A)=(M)—=(C)  where  M=(hhll) Oo0ooooQO 1110 1101 ED 3 4 1
<B2>
4+ <B3>
S | sBC $hhil, X (A) = (A-(M)-(C)  where  M=(hhll+(X)) O0ooooOO 1110 1101 FD 3 5 1
= <B2>
‘J)' _ <B3>
2 | SBC $hhil, Y (A) = (A)—-(M)~(C)  where  M=(hhll+(Y)) OooooooOO 1111 1001 F9 3 5 1
2 _ e
s 2 | sBc ($2z.x) (A) = (A)-(M)—(C)  where  M=((zz+(X)+1)(zz+(X))) [eJe)slslslnNele} 1110 0001 E1l 2 6 1
= © <B2>
© | - | SBC ($22),Y (A) = (A)~(M)—(C)  where  M=((zz+1)(z2)+(Y)) 0O0o0ooo0O 1111 0001 F1 2 6 1
) he] <B2>
o | <
e) INC A (A) - (A)+1 oooooooon 0011 1010 3A 1 2
INC $2zz (M) — (M)+1 where  M=(zz) Quooooooo 1110 0110 E6 2 5
<B2>
INC $2zz, X (M) = (M)+1 where  M=(zz+(X)) OQoooooQon 1111 0110 F6 2 6
<B2>
INC  $ hhil (M) = (M)+1 where  M=(hhll) OQoooooQo 1110 1110 EE 3 6
<B2>
<B3>
INC $hhll, X (M) = (M)+1 where  M=(hhll+(X)) QoooooQon 1111 1110 FE 3 7
<B2>
<B3>
DEC A (A) - (A)-1 O 0o0o0oo0n 0001 1010 1A 1 2
DEC $zz (M) - (M)-1 where  M=(zz) Ooooooooo 110 oBz 0110 c6 2 5
< >
DEC $1zz, X (M) = (M)-1 where  M=(zz+(X)) Ooooooooo 110 1Bz 0110 D6 2 6
< >
DEC $ hhlil (M)« (M)-1 where  M=(hhll) oooooooon 110 0Bz 1110 CE 3 6
< >
<B3>
DEC $ hhll, X (M) — (M)-1 where  M=(hhl1+(X)) ououoooood 110 1B2 1110 DE 3 7
< >
<B3>
INX (X) < (X)+1 Oooooooo 1110 1000 ES 1 2
DEX ()< (X)-1 QooooooQo 1100 1010 CA 1 2
INY (V) = (Y)+1 OoooooOo 1100 1000 cs 1 2
DEY (Y) = (Y)-1 OoooooooOo 1000 1000 88 1 2
MUL $zz, X M(S), (A) — (A)OM(zz+(X)) oooooooo 0110 0010 62 2 15
29 (S)-(S)-1
§-§ DIV $2z,X (A) — (M(zz+(X)+1), M(zz+(X))*(A) moooooon 1110 0010 E2 2 16
=2 M(S) — One’s complement of remainder
(S)-(S)-1
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740 Family Mac hine Langua ge Instruction Table

Parameter | SYMBOL FUNCTION FLAG INSTRUCTION CODE BYTE | CYCLE |yore
Classification NVTBDIZC D7DsDsD4  D3D2D1Do HEX |NUMBER|NUMBER
AND #$nn (A) ~(AYdnn oooooooo 0010 1001 29 2 2 1
<B2>
AND $zz (A) = (A)O(M)  where M=(zz) oooooooon 0010 0101 25 2 3 1
<B2>
AND $zz, X (A) = (A)O(M)  where M=(zz+(X)) ooooooQo 0011 0101 35 2 4 1
<B2>
AND $ hhil (A) = (A)O(M)  where M=(hhil) QoooooQo 0010 1101 2D 3 4 1
<B2>
<B3>
AND $hhil, X | (A)~(A)DO(M) where M=(hhll+(X)) OooooooQo 0011 1101 3D 3 5 1
<B2>
<B3>
AND $ hhll, Y (A) - (A)d(M)  where M=(hhllI+(Y)) Qoooooon 0011 1001 39 3 5 1
<B2>
<B3>
AND ($2z,X) | (A)~(A)J(M) where M=((zz+(X)+1)(zz+(X))) ooooooon 0010 0001 21 2 6 1
<B2>
AND ($22),Y | (A)—(A)I(M) where M=((zz+1)(zz)*+(Y)) ooooooon 0011 0001 31 2 6 1
<B2>
ORA #$nn (A) ~(A)Cnn oooooooo 0000 1001 09 2 2 1
<B2>
ORA $2z (A) ~(A)TM)  where M=(zz) oooooooo 0000 0101 05 2 3 1
<B2>
ORA $2zz, X (A) — (A)O(M) where M=(zz+(X)) OooooooOo 0001 0101 15 2 4 1
<B2>
ORA $ hhll (A) —(A)O(M)  where M=(hhil) ooooooon 0000 1101 oD 3 4 1
<B2>
S <B3>
- ORA $ hhll, X (A)~(A)OM)  where M=(hhl1+(X)) oooooooon 0001 1101 1D 3 5 1
© <B2>
o <B3>
o ORA $hhll, Y (A) ~(A)O(M)  where M=(hhll+(Y)) ooooooon 0001 1001 19 3 5 1
(@) <B2>
<B3>
% ORA ($2z,X) (A)~ (A)O(M)  where M=((zz+(X)+1)(zz+(X))) QoooooQo 000 OBZ 0001 01 2 6 1
< >
3 ORA ($122),Y (A) <(A) (M) where M=((zz+1)(zz)+(Y)) OooooooQo 0001 0001 11 2 6 1
<B2>
EOR #$nn (A) —(A)Onn ooooooQo 0100321001 49 2 2 1
< >
EOR $2zz (A) ~(A)O(M)  where M=(zz) ooooooon 0100BZ 101 45 2 3 1
< >
EOR $12zz, X (A)~(A)O(M)  where M=(zz+(X)) OoooooQo 0101M0101 55 2 4 1
< >
EOR $ hhll (A) ~ (A)O(M)  where M=(hhil) OooooooOo 0100M1101 4D 3 4 1
< >
<B3>
g EOR $ hhll, X (A) = (A)O(M)  where M=(hhlI+(X)) OooooooQn 010 lBZ 1101 5D 3 5 1
— < >
= <B3>
P EOR $hhll, Y (A)~(A)O(M)  where M=(hhl1+(Y)) OoooooOn 0101m1001 59 3 5 1
< >
8- <B3>
EOR ($2z, X) | (A)—(AOM) where M=((zz+(X)+1)(zz+(X))) ooooooQU 010 oBz 0001 41 2 6 1
< >
EOR ($zz),Y (A) —=(A)O(M)  where M=((zz+1)(zz)+(Y)) OooooooQn 010 i82>0 001 51 2 6 1
COM $ zz (M) (M) where M=(zz) QuoUoooooo 010 OBZO 100 44 2 5
< >
BIT $2zz (AT (M) where M=(zz) M7M60 00 0Q0 001 282>0 100 24 2 3
BIT $ hhll (Ao (M) where M=(hhil) M7M6O OO0 OO0 001 OB2 1100 2C 3 4
< >
<B3>
TST $2z (M)=0? where M=(zz) OoooooQon 011 0Bz 0100 64 2 3
< >
CMP #$nn A)-nn [ leXalslalslalo Xo) 110282>1001 c9 2 2 3
CMP $ zz (A)—(M) 3 where M=(zz) [e)ulalslslsloXe) 110 OBZ 0101 C5 2 3 3
< >
CMP $ 2z, X (A)—(M) where M=(zz+(X)) OoooooOO 1101 0101 D5 2 4 3
<B2>
CMP $ hhil (A)—=(M) where M=(hhlI) oOoooonoQO 1100 1101 CD 3 4 3
€ <B2>
<B3>
CMP $hhil, X | (A-(M) [@ where M=(hhll+(X)) OooooooQO | 1101 1101 DD 3 5 3
<B2>
- <B3> 5
S CMP $hhil, Y | (A)=(M) where M=(hhll+(Y)) Ooooooooo | 110 £32>1 001 D9 3 5
% § <B3>
o | CMP ($2z,X) | (A)-(M) % where M=((zz+(X)+1)(zz+(X))) o0ooooooO 110 SBZ>O 001 c1 2 6 3
g CMP ($22), Y | (A=(M) where M=((zz+1)(22)+(Y)) Ooooopoo| 110L 0001 D1 2 6 |3
(@]
CPX #$nn (X)-nn Onooooo0oO 1llgw£000 EO 2 2
Po
CPX $12z (X)—(M) 5 where M=(zz) o0ooonooo | 111 232>0 100 E4 2 3
c
CPX $ hhil ()—(M) where M=(hhll) Ooooooooo | 111 252>1 100 EC 3 4
<B3>
CPY #$nn (Y)-nn . oooooooo 110282>0000 co 2 2
CPY $zz (Y)=(M) E where M=(zz) OoooooOO | 110 ngo 100 C4 2 3
CPY $ hhil ()-(M) ]’_ where  M=(hhll) QO000on0O | 110 01100 cc 3 4
<B3>
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740 Family Mac hine Langua ge Instruction Table

Parameter SYMBOL FUNCTION FLAG INSTRUCTION CODE BYTE | CYCLE |\ore
Classification NVTBDIZC | DDsDsDa  DsD2DiDo| HEX |NUMBER| NUMBER
ASL A [] Left Shift [C] [A7A6 __A1Ad - 0 ooooooQO| 0000 1010 OA 1 2
ASL $2z O where M=(zz) OoooooOO| 0000 0110 06 2 5
<B2>
ASL $2z, X g ) where M=(zz+(X)) QopooooOO| 0001 0110 16 2 6
[ Left shift <B2>
ASL  $ hhil 0 [d ~[M7MeMiMo] - 0 where M=(hhil) OuUooooQO| 0000 1110 OE 3 6
D <B2>
D <B3>
ASL  $hhil, X 0 where M=(hhil+(X)) Ooo0oooDoQOO| 0001 1110 1E 3 7
<B2>
<B3>
LSR A DRightShinoﬂAMs A1Ad - [C] ooooDooDQQ| o100 1010 4A 1 2
LSR $zz 0 where M=(zz) 00000000 | 0100 0110 46 2 5
<B2>
LSR $zz, X O where M=(zz+(X)) ooopooDoDoOO|o0101 110 56 2 6
[] Right Shift 0 aﬁ|§| <B2>
LSR $ hhll 0O Wwhere M=(hhil) oonooooOO| 0100 1110 4AE 3 6
<B2>
D <B3>
LSR $ hhll, X 0 where M=(hhlI+(X)) 00000000 | 0101 1110 5E 3 7
D <B2>
4= <B3>
:E ROL A DLeﬁShmkk@k ooooooQO | 0010 1010 2A 1 2
g 2 ROL $2z 0 where M=(zz) o0ooooo0o 0010B 0110 26 2 5
= <B2>
= c
S | S| RoL $zzx O _ where M(zz+(X)) o00O000o0O | 0011 0110 36 2 6
3| o [] Left Shift . [M7Ms___M1Mg| — ] — <B2>
o +—
O | 8 | rOL $hhil E where M(hh1) ooooooQQO| 0010 1110 2E 3 6
o <B2>
a4 O <B3>
ROL $ hhll, X 0O where M(hhll+(X)) ooooooDQOO | 0011 1110 3E 3 7
<B2>
<B3>
ROR A DRightShiftaqa oooooooOoO|0110 1010 6A 1 2
ROR $ 2z O where M=(z2) OooooooO0O (011 0<BZ>O 110 66 2 5
ROR $ 77, X u where M=(zz+(X)) OoOooooobOO|0111 0110 76 2 6
[ Right Shift,~ [C] - [M7Mé__M1Mo] -, <B2>
ROR $ hhll E where M=(hhll) OoooooQO|0110 1110 6E 3 6
<B2>
D <B3>
ROR $ hhll, X 0 where M=(hhll+(X)) ooooooQO | 0111 1110 7E 3 7
<B2>
<B3>
1
RRF $zz where  M=(zz) oooooooo |1000 0010 82 2 8
<B2>
g CLB i, A (Ai) 0 where i=0—7 ooooooon Qi1 1011 (1"2“)3510 1 2
N
HQE_) CLB i,$zz (Mi) ~ 0 where i=0—7, M=(zz2) oooooooon PPl 1111 (1+2))010 2 5
= <B2> +F
)]
mg SEB i, A (A) <1 where i=0—7 ooooooon iiio 1011 2i010 1 2
+B
(Eu SEB i, $2zz (Mi) « 1 where i=0—7, M=(zz) oooooooo iiio 1111 2i010 2 5
<B2> +F
CcLC € -0 gooooooo 0001 1000 18 1 2
SEC ©€) -1 Jooooodol [ o011 1000 38 1 2
o CLD (D)0 gooooonOO 1101 1000 D8 1 2
c
= SED (D) -1 oooo1000 [ 1111 1000 F8 1 2
)
7] CLl (1) -0 JooooooOdOn | 0101 1000 58 1 2
)]
© SEI (1 -1 goooo100 [ o111 1000 78 1 2
L
CLT Ty <0 gooooooO 0001 0010 12 1 2
SET (M -1 ooi100000 0011 0010 32 1 2
CLV (V) -0 goooOoOoOoOD 1011 1000 B8 1 2
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740 Family Machine Language Instruction Table

Parameter FLAG INSTRUCTION CODE BYTE | CYCLE NOTE
cissiicaton)| S YMBOL FUNCTION NVTBDIZC | DDeDsD: DsDDiDo | HEX [NUMBER| NUMBER
BRA $ hhll (PC) « (PC)+2+Rel ooooooao 1000 0000 80 2 4 4
<B2>
IJMP $ hhil (PC) — hhll oooooooo 0100 1100 4c 3 3
<B2>
<B3>
JMP (8 hhil) (PCL) « (hhll), (PCH) « (hhll+1) 0oooooooo 0110 1100 6C 3 5
<B2>
o <B3>
E| M (822) (PCL) ~(z2), (PCH) « (zz+1) oooooooao 1011 0010 B2 2 4
> <B2>
™ | JSR $hhil (M(8)) — (PCH), (S) — (S) -1, (M(S)) - (PCL), oooooooo 0010 0000 20 3 6
(S) ~(S) -1, and (PC) — hhll <B2>
<B3>
JSR ($22) (M(8)) — (PCH), (S) - (S) -1, (M(S)) -- (PCL), oooooooo 0000 0010 02 2 7
(S)«(S) -1, (PCL) ~ (zz), and (PCH) — (zz+1) <B2>
JSR \$hhll (M(S))  (PCH), (S)  (S) -1, (M(S))  (PCL), ooooooon 0010 0010 22 2 5
(S) (S)-1, (PCL) I, and (PCH)« FF <B2>
BBC i, A, $hhll When (A)=0  (PC) —(PC)+2+Rel ~ Where i=0—7 | 00000000 il 0011 [ (+2)x10 2 4 4
When (Ai)=1  (PC) « (PC)+2 <B2> +3
BBC i, $2zz $hhil| When(M)=0 (PC) — (PC)+3+Rel ~ Where i=0—7 | 00000000 il 0111 [ (+2x10 3 5 4
When (Mi)=1 (PC) ~ (PC)+3 <B2> +7
E ) i <B3>
S BBS i, A, $ hhll When (Ai)=1 (PC) ~ (PC)+2+Rel  Where i=0—7 goooooood iiio 0 11 2ix10 2 4 4
b When (Ai))=0  (PC) ~ (PC)+2 <B2> +3
5}
@x BBS i, $zz $hhil|] When(Mi)=1 (PC) — (PC)+3+Rel  Where i=0—7 oooooooao iiio 0111 2ix10 3 5 4
© When (M)=0  (PC)  (PC)+3 <B2> +7
c <B3>
©
- BCC $ hhll When (C)=0  (PC) — (PC)+2+Rel oooooooo 1001 0000 90 2 2 4
[&) When (C)=1 (PC) ~ (PC)+2 <B2>
[
© BCS $ hhll When (C)=1  (PC) ~ (PC)+2+Rel gooooooo | 1011 0000 BO 2 2 4
EJ When (C)=0  (PC) ~ (PC)+2 <B2>
= | BNE $hhil When (2)=0  (PC) — (PC)+2+Rel jooooooo | 1101 0000 DO 2 2 4
S When (2)=1  (PC) ~ (PC)+2 <B2>
c
@ | BEQ $hhil When (2)=1  (PC) —(PC)+2+Rel gooooooo | 1111 0000 FO 2 2 4
‘5 When (2)=0  (PC) ~ (PC)+2 <B2>
BPL $ hhll When (N)=0  (PC) — (PC)+2+Rel gooooooo | 0001 0000 10 2 2 4
When (N)=1  (PC) « (PC)+2 <B2>
BMI  $ hhll When (N)=1  (PC)  (PC)+2+Rel joooooooo [ 0011 0000 30 2 2 4
When (N)=0 (PC) « (PC)+2 <B2>
BVC $ hhll When (V)=0  (PC) — (PC)+2+Rel Jooooooo | 0101 0000 50 2 2 4
When (V)=1  (PC) « (PC)+2 <B2>
BVS $ hhil When (V)=1  (PC) — (PC)+2+Rel jooooooo | 0111 0000 70 2 2 4
When (V)=0  (PC) ~ (PC)+2 <B2>
= | RTI (S) = (S)+1, (PS) = (M(8)), (S) ~ (S)+1, (PCL) ~ (M(S)), Previous status in 0100 0000 40 1 6
= (S) ~ (S)+1, and (PCH) — (M(S)) stack
=2
g RTS (S) — (S)+1, (PCL) — (M(S)), (S) — (S)+1, (PCH) — (M(S)), oooooooo [ 0110 0000 60 1 6
and (PC) (PC)+1
Interrupt | BRK (B) 1, (PC)  (PC)+2, (M(S))  (PCH), (S)  (S)-1, (M(S))  (PCL), ooo10100 0000 0000 00 1 7
(S) - (S)-1, (M(S)) — (PS), (S) ~ (S)-1, () ~ 1, (PC) - BADRS
Other | nop (PC) « (PC)+1 gooooooo | 1110 1010 EA 1 2
Special WIT Internal clock source is stopped. oooooooo 1100 0010 Cc2 1 2
STP Oscillation is stopped. gooooooo 0100 0010 42 1 2 5
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740 Family Machine Language Instruction Table

Symbol Means Symbol Means
A Accumulator hh High-order byte of address (0—255)
Ai Bit i of accumulator 1 Low-order byte of address (0—255)
X Index register X zz Zero page address (0—255)

Y Index register Y nn Date at (0—255)
M Memory i Data at (0—7)
Mi Bit i of memory iii Data at (0—7)
PS Processor status register <B2> Second byte of instruction
S Stack Pointer <B3> Third byte of instruction
PC Program counter Rel Relative address
PCL Low-order byte of program counter BADRS Break address
PCH High-order byte of program counter - Direction of data transfer
N Negative flag () Contents of register of memory
\% Overflow flag + Add
T X modified operation mode flag - Subtract
B Break flag * Multiplication
D Decimal mode flag + Division
| Interrupt disable flag 0 Logical OR
z Zero flag ] Logical AND
C Carry flag ] Logical Exclusive OR
# Immediate mode - Negative
$ Hexadecimal O Stable flag after execution
\ Special page mode O Variable flag after execution

Notes 1: Listed function is when (T) = 0.
When (T) = 1, (M(X)) is entered instead of (A) and the cycle number is increased by 3.
2: Ditto. The cycle number is increased by 2.
3: Ditto. The cycle number is increased by 1.
4: The cycle number is increased by 2 when a branch is occurred.
5: If the STP instruction is disabled the cycle number will be 2 (same in operation as two NOPs).
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APPENDIX 3

740 Family list of Instruction Codes

APPENDIX 3. 740 Family list of Instruction Codes

Ds-Do | 0000 | 0001 | 0010 | 0011 [ o100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1200 | 1201 | 1110 | 1111
Hexadecimal

D7 Da exa:sgtrroan o | 1| 2|3 |4 |5 |6 7 s | 9| Al B | Cc|D|E|F
5000 o |k [ORA| 3SR [BBS | _ |ORA | ASL | BBS |, |ORA| ASL | SEB | _ | ORA| ASL | seB
IND, X |zP, IND| 0, A zp | zp |0 zP MM | A | 0A ABS | ABS |0,zP
ORA BBC ORA | AsL | BBC ORA | DEC | cLB ORA | AsL | cLB

BPL CcLT — cLe —
0001 1 IND, Y 0,A zP, X | zP, x | 0,zP ABS,Y| A | o0A ABS, X|ABS, x| 0, zP
o010 , |3 [ano | usR 8BS | BT | AND |ROL | BBS |, [AND | ROL | seB [ BIT | AND | ROL | sSEB
ABS [IND,X| sPp | 1A | zp | zp | zp |1, 2P MM | A | 1,A | ABS | ABS | ABS | 1,zP
AND BBC AND | ROL | BBC AND | INC | cLB | oM | AND | ROL | cLB
0011 3 | BMU o, v | SET | i a | T |zex|zeox | nzp | 5EC |aes,Y| A | 1A | zp |aBS, x|aBS, x| 1,zP
6100 4 | rm | EOR | sTP | BBS | COM | EOR | LSR | BBS |, | EOR | LSR | SEB | JMP | EOR | LSR | sSEB
IND. X | (Note) | 2 | zp | zp | zp |2,zP MM | A | 2,A | ABS | ABS | ABS | 2,zP
EorR | — | BBC EOR | LSR | BBC EOR CLB EOR | LSR | cLB
0101 5 | BC ooyl = |2a| = |zex|zex|2ze| © |aesy| — | 2a | = l|aBs, x|aBs, x| 2, zp
0110 6 | rrs | ADC | muL | BBS | TST | ADC | ROR | BBS [, | ADC | ROR | SEB | JMP | ADC | ROR | SEB
IND, X | (Note) | 3,A | zp | zp | zp |3,zP mM | A | 3A | IND | ABS | ABS |3, zP
ADC BBC ADC | ROR | BBC ADC CcLB ADC | ROR | CLB
0111 Tl BS oyl T lsa | T lzex|zex|sze | SE |mesy| — | 3a | T l|aBs x|aBs x| 3 zp
sTA | RRF | BBs | sTY | sTA | sTx | BBS ses | sty | sta | stx | sEB
1000 8 [BRAInox| zp | aa | zp | zp | zp |azp [PEY | = | A | 4 A | nBs | nBs | ABS |4,2P
STA BeC | stv | sTAa | sTx | BBC STA CcLB STA CcLB
1001 9 [BCC o,y = | aa |zex|ze x|z y|aze | ™A |aes,y| XS | aa | T |aBs x| T |azp
DY | tpA | DX | BBS | LDY | LDA | LDX | BBS LDA ses | oy | oA | Lox | sEB
1010 A lm [nox| v | 5,4 | ze | ze | ze |sze | TAY | mm | ™ | 5 A | aBs | ABs | ABs |5, zP
oA | ave | Bec | Loy | DA | LDX | BBC LDA ce | oy | oA | tox | ciB

BCS cLv TSX
1011 B IND, Y |zP, IND| 5,A |zP,x |zP,x | zP, Y |5, 2P ABS, Y 5,A |ABS, X|ABS, X|ABS, Y| 5, zP
cpy | cwp BBS | cPY | cmp | DEC | BBS cMP ses | cpy | cmp | DEC | SEB
wWIT INY DEX

1100 C | mm |iND, x 6A | zp | zp | zp |6 2P IMM 6,A | ABS | ABS | ABS |6, 2P
cMP BBC cmp | DEC | BBC cMP cLB cvp | DEC | CcLB

BNE — — cLp — —
1101 D IND, Y 6, A 7P, X | zP, x | 6, zP ABS, Y 6, A ABS, X|ABS, x| 6, zP
110 . |cPx|sec | biv | ess [cpx | sBc | INC | BBS | o | SBC | \op | SEB [ cPX | sBC | INC | sEB
MM |IND, X |(Note) | 7,4 | zp | zp | zp |7.zP IMM 7,A | ABS | ABS | ABS |7,zP
SBC BBC sec | INc | BBC SBC CcLB sBC | INC | cLB
1111 FIBER oyl = | 72a| = |zox|zrx|7.zp | SEP |aBs,y| — | 7.4 | — |aBs, x|ass, x| 7.2p

Note: Some products unuse these instructions.

Instruction Products which unuse these instructions
STP M37424,M37524
MUL M507XX,M509XX,M37408,M37409,M37410
DIV M37412,M37413 M37414,M37415M37416, M37417
M37418,M37420,M37421

I:l 3-byte instruction

D 2-byte instruction

I:l 1-byte instruction

Refer to the related section
because the clock control instruction and
multiplication and division instruction
depend on products.
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