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FOREWORD

This software manual is for users of the
MELPS 740 series.

Register structure, addressing mode 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.O0VERVIEW
The software of MELPS 740 series CMOS microcomputers includes the complex bit process-
ing functions of the 4-bit series along with byte calculations and manipulations. The software
has been designed to make use of the distinctive hardware features.
The distinctive features of the MELPS 740 series 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 I/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 address-
ing 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 or 1/O, or memory
and /0.



CENTRAL PROCESSING UNIT
Accumulator (A)
Index register X (X), index register Y (Y)

2. CENTRAL PROCESSING UNIT

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

The program counter (PC) is a 16-bit register but the accumulator (A), index register X (X),

index register Y (Y), stack pointer (S) and processor status register (PS) are 8-bit registers.

w Except for the | flag, the contents of these registers are indeterminate after a hardware
reset. Therefore, initialization is required with some programs.
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X Modified Operation Mode Flag
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Fig.2.1.1 Register Configration

2.1 Accumulator (A)

The accumulator is the central register of the microcomputer and is an 8-bit register.

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

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

The MELPS 740 has an index register X and an index register Y, both of which are 8-bit
registers.

In addressing modes which use these index registers, the register contents are added to the
specified address and this becomes the actual address. These modes are extremely effective
for referencing subroutine and memory tables.

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

2



CENTRAL PROCESSING UNIT
Stack pointer (S)

2.3 Stack Pointer (S)
The stack pointer is an 8-bit register used for generating interrupts and calling subroutines.
When an interrupt is received, the following procedure is performed automatically in the indi-
cated sequence.
(1) The contents of the higher 8 bits of the program counter (PCH) are saved to a zero
page address using the stack pointer contents for the lower 8 address bits.
(2) The stack pointer contents are decremented by 1.
(3) The contents of the lower 8 bits of the program counter (PCL) are saved to a zero page
address using the stack pointer contents for the lower 8 address bits.
(4) The stack pointer contents are decremented by 1.
(5) The contents of the processor status register (PS) are saved to a zero page address
using the stack pointer contents for the lower 8 address bits.
(6) The stack pointer contents are decremented by 1.
The process 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 service routine or subroutine.
For example, the PHA instruction is executed to save the contents of the accumulator. Exe-
cuting the PHA instruction saves the accumulator contents to a zero page address using the
stack pointer contents as the lower 8 address bits.
The RTI instruction is executed to return from an interrupt routine.
When the RTI instruction is executed, the following procedure is performed automatically in se-
quence.
(1) The stack pointer contents are incremented by 1.
(2) The contents of the zero page addressing the stack pointer contents as the lower 8
address bits is returned to the process status register(PS).
(3) The stack pointer contents are incremented by 1.
(4) The contents of the zero page address using the stack pointer as the lower 8 address
bits is returned to the lower 8 bits of the program counter(PCL).
(5) The stack pointer contents are incremented by 1.
(6) The contents of the zero page address using the stack pointer as the lower 8 address
bits is returned to the higher 8 bits of the program counter.
Steps (1) and (2) are not performed when returning from a subroutine using the RTS instruc-
tion. 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 subrou-
tine or an interrupt servicing routine by using the PLA instruction.
The PLA and PLP instructions increment the stack pointer by 1 and return to the contents of
the zero page address stored in the stack pointer to the accumulator or processor status
register, respectively.
w 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 16-bit counter consisting of PCH and PCL, which are each 8-bit.

The program counter indicates the address of the next program instruction.

The MELPS 740 uses stored programs 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.

w The control of the program counter of the MELPS 740 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 8-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. Refer to Appendix 3 "MACHINE LANGUAGE IN-

STRUCTION TABLE" or Chapter 3 “INSTRUCTIONS” concerning the factors which change

these flags.

[ Carry flag C ] Bit 0
This flag stores any carry or borrow from the 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 additions are performed in binary or decimal notation. Additions
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 decirnal arithmetic operations.

[ 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”; for all other interrupts the flag
is set to “0” and saved to the stack.

7 4 0 Bit
S
S+1 k1Y =Bflag PS (processor status register)

S+2 PC L (low-order of program counter)
S+3 | PCH (high-order of program counter)

.\____—./’—\\

Fig.2.5.2 Stack Contents After Execution of the BRK Instruction
L |
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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 in memory. When the flag is set to “0”, arithmetic operations are performed
between the accumulator and memory. When “1”, arithmetic operations are performed
directly in memory.
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 the memory specified by the addressing of the arithmetic
operation
(2) When the T flag = 1
M1 « M1 * M2
* : indicates arithmetic operation
M1: memory contents specified directly by index register X
M2: contents of the memory specified by the addressing of the 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 (801s)|.
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.
= QOverflows 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.




INSTRUCTIONS

Addressing mode

3. INSTRUCTIONS

3.1 Addressing Mode

The series MELPS 740 has 17 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 speci-
fication of the memory address is called addressing. The data required for addressing and the
registers involved are described below. The series MELPS 740 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 “operation
code” which forms the basis of the instruction. The second or third byte is called the “operand”
which affects the addressing. The contents of index registers X and Y can also effect the ad-
dressing.

1-byte instruction 2-byte instruction 3-byte instruction Index register

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 combina-
tion 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 com-
binations of the bit operation instructions, jump instruction, and arithmetic instructions.
Actual addressing modes are now described by type.



INSTRUCTIONS
Immedlate Addressing mode

Addressing mode : Inmediate
Function : Specifies the operand as an operation data.

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

ORA, SBC
Example : Mnemonic Machine code
ADC %SAS 6916 A516

This symbol(#) indicates the Immediate addressing mode.

Memory

Op code(691s)

(A) & (A)+(C)+




INSTRUCTIONS
Accumulator Addressing mode

Addressing mode : Accumulator

Function : Specifies the accumulator contents as an operation
data.

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

Example : Mnemonic Machine code
ROL A 2A16
C fle—bit7] - bit 0 j@——
Carry flag Accumulator



INSTRUCTIONS
Zero Page

Addressing mode

Addressing mode : Zero page

Function : Specifies the Zero page memory location appointed
by the operand as an operation data (0016 ~ FFis).

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
ADC $02 6516 0216
Memory
AL
Zer /
o

LA
(A) @ (A) +(C) + | XXi6 |4 / Data(XX1s) 0216 <<
YOIV

/////////// Z.

Zero page
designation

N




INSTRUCTIONS
Zero Page X Addressing mode

Addressing mode : Zero page X

Function : Specifies the contents of the memory address in zero
page consisting of the added value of operand and
index register, as an operation data.

Instructions : ADC, AND, ASL, CMP, DEC, DIV, EOR, INC, LDA, LDY,
LSR, MUL, ORA, ROL, ROR, SBC, STA, STY

Example : Mnemonic Machine code
ADC $1EX 7516 1E1e

Memory

vy
/4/ 5

//f/////
(A) € (A)+(C) + | XX16 4_ Data(XXw / 0415 €——
////////

27 e

Zero page X
designation

\REEEON

”Operand I(1E16) |+|E616=_1 |0416
\T_Ignored

E616
-Index register X

10



INSTRUCTIONS

Zero page Y

Addressing mode

Addressing mode :Zero page Y

Function : Specifies the contents of the memory address in zero
page consisting of the added value of operand and
index register, as an operation data.

Instructions :LDX, STX

Example : Mnemonic Machine code
LDX $02,Y B61s 0216

Memory

/////////// 0016
Zero page
(X) @ | XX16 |4 / //D/a}?f(,)/(}‘;/) E816<_.

%

Zero page Y
designation

N
Op code(B6
&\ p code(B6 16)

Operand |(021e) , |+|E614=|E816

E616
Index register Y

11



INSTRUCTIONS

Absolute

Addressing mode

Addressing mode : Absolute

Function : Specifies the memory content appointed by operand |

and Il as an operation data.

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

ADC $AD12

Memory
/——\_/

N
Op code(601s)

6D16 1216 AD16

- Operand lI(AD16

Absolute
designation

(A) @ (A)+(C)+|XX16 |@—| Data(XXis)

AD121s €4——

12

e



INSTRUCTIONS

Absolute X

Addressing mode

Addressing mode :

Function :

Instructions :

Example :

Absolute X

Specifies the memory content appointed by the added
value of operand I, Il and register X as an operation

data.

ADC, AND, ASL, CMP, DEC, EOR, INC, LDA, LDY, LSR,
ORA, ROL, ROR, SBC, STA

Mnemonic
ADC $AD12,X

Memory
/—-_\—/

N c0de(7D16) N

Operand II(AD1s

(A) & (A)+(C)+

XXi16

-

Data(XX16)

b T~

Machine code

7D16 1216 AD16

Index register X
EE+s

g

+| EE16|=| AEOO16

Absolute X
designation

AEO00 16 4—

13



INSTRUCTIONS

AbSOIute Y Addressing mode

Addressing mode :

Function :

Instructions :

Example :

(A) e (A)+(C)+

14

Absolute Y

Specifies the memory content appointed by the added
value of operand |, Il, and register Y as data.

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

Mnemonics Machine code
ADC $AD12,Y 7916 1216 AD16
Memory
~ ~~——

Index register Y
EE1s

g

+| EE16]=]| AEOO16

N

%

Op code(79 16)

%

N

Operand 1I(AD1s)

Absolute Y
designation

XX16 |4 Data(XX16) AEO00 16 ¢—

R



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, SEI,
SET, STP, TAX, TAY, TSX, TXA, TXS, TYA, WIT

Example : Mnemonic Machine code
CcLC 1816

Processor status register
bit 7 bit 0

.QI

0
Carry flag

15



INSTRUCTIONS »
Relatlve Addressing mode

Addressing mode : Relative

Function : Jumps to the address specified by the addition of the
program counter and the operand.

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

Example : Mnemonic Machine code
BCC *-12 9016 F216
—L_Decimal
When the carry flag is clear, When the carry flag is set,
jumps to address x —12. goes lo address * +2.
Memory Memory
/‘\/ /—\_/

Address to be % =12

executed next
Op code(9016, N
* m" S\

Op code(901e)
)

Address to be
executed next

T o~ o ~——__

16



INSTRUCTIONS

Indirect X

Addressing mode

Addressing mode :Indirect X

Function

: Takes memory content appointed by continous 2 bytes

memory on zero page that is appointed by the added
value of operand and index register X as an operation

data.
Instructions : ADC, AND, CMP, EOR, LDA, ORA, SBC, STA
Example : Mnemonic Machine code
ADC ($1E,X) 6116 1E16
Memory
S 7A00
/Zero page 7 18
P20,
///7///7/
/Data (0016) 77 10416 ¢———
L L
SIS //
 Datali{41) /0515
//U///////
////////// FF16 Zero page X
designation
Absolute
designation
N
Op code 6116
N P ( )
Operand I(1E16) [+|E61g=_1 [0416
Ignored
(A) @— (A) +(C)+ | XX16 |[@— Data(XX1s) 140016
E616
o~ Index register X

17



INSTRUCTIONS

Indirect Y

Addressing mode

Addressing mode

Function

:Indirect Y

: Takes memory content appointed by the adder of index

register Y and the continuos 2 bytes memory on zero
" page that is appointed by operand as an operation

data.
Instructions : ADC, AND, CMP, EOR, LDA, ORA, SBC, STA
Example : Mnemonic Machine code
ADC ($1E),Y 7116 1E1s
Memory Index register Y
//////////// 0046 E61s
/Zero page
;f:{{{éfff:; {
—{/ Data 1(01+6) /1 E
// //g,/;/;{,//é " 120146 |+|E6 16| =] 12E746
7,
/ Data l({21 7 JiF1e
/ PO
Zero page ///////// FF1 6
indirect
designation
\~ Absolute Y
N Op 00d9(7116) designation
(A) €= (A)+(C) + | XX16 | 4— Data(XXis)  [12E716

T ~——

18




INSTRUCTIONS .
Indirect

Addressing mode

Addressing mode : Indirect Absolute
Function : Specifies the continuous 2 bytes memory selected
operand | and II, and jumps to the address specified
by the contents of those two locations.

Instructions : JMP

Example : Mnemonic Machine code
JMP ($1400) 6C16 0016 1416
Memory

N
Op code(6C1s)

[
(

Indirect
designation

L——»| Datal(FFte) |1400+s

Data II(1E 16) Jump

Address to be
executed next || EFF16 = M

P T~~~

Note : This addressing mode can not appointed end address (XXFF1s6) as indirect address.

19



INSTRUCTIONS

Zero pege IndireCt Addressing mode

Addressing mode

Function

: Zero page Indirect Absolute

:Jumps to the zero page address specified by the

operand and uses that data and the next byte as the
next address.

Instructions

Example

Zero page
indirect
designation

:JMP, JSR

: Mnemonic
JMP ($05)

Memory

Machine code
B216 0516

////////
ero

/////Z////

0016

/7/'////
Data | FF16)
(DI I PPV IS,

0516

/]///////7
/ Data I|(1E16%

JIIIIII I

0616

7

FF16

Op code(821e)

Abs
desig

Jump

Address to be
executed next

olute
nation

T~

1EFF16 4——

20



INSTRUCTIONS .
SpCClal p age Addressing mode

Addressing mode : Special page

Function : Jumps to the special page address specified by the
operand as address 2 of the lower 8-bits.

Instructions : JSR

Example : Mnemonic Machine code
JSR \$FFEO 2216 EO16

L This symbol indicates the Special page mode.

Memory
e

Op code(2216)
Operand |(E016)

Special page

Address to be
executed next N\ FFEO16 D W—

\\\\\\\

Special pag

NN

21



INSTRUCTIONS

Zero page Bit

Addressing mode : Zero page Bit

Addressing mode

Function : Selects the specified bit located at the zero page
address specified by the operand. The bit position is
appointed by the upper 3-bits of the OP CODE.

Instructions : CLB, SEB

Example : Mnemonic Machine code
CLB 5,04 BF16 0416
Memory
7 ////////// 0016
Zero pag /

/ﬁﬁ"’////%

____. //// 0416

////////// -

Bit
designation

Zero page
designation

‘ Op code(BF 16)

////// 7
vt

/07/////0416

22



INSTRUCTIONS .
Accumulator Bit

Addressing mode

Addressing mode : Accumulator Bit

Function :Selects a specific bit of the accumulator designated
by the upper 3-bits of OP CODE.

Instruction: CLB, SEB

Example : Mnemonic Machine code
CLB 5,A BB1s

Accumulator

bit 5
?

Memory

Bit
designation

‘ Op code(BB1¢)

Accumulator

bit 5
0

23



INSTRUCTIONS

Accumulator Bit Relatj,ve

ddressing mode

Addreésing mode :Accumulator Bit Relative

Function :The upper 3-bits of the OP CODE, designate the bit of
the accumulator is to be tested. The branch condition
is met if the bit is set (BBS) or cleared (BBC). If a
branch is valid, the following OPERAND is added to
the program counter to generate the next address.

Instructions :BBC, BBS

Example :Mnemonic

When the bit 5 of a
is clear.

Accumulator

bit 5
0

Memory

e

Address to be
executed next

Bit
designation
Op code(B316)

RN

BBC 5,A,x-12

ccumulator

* 42

Machine code
B316 F216

When the bit 5 of accumulator
is set.

Accumulator

bit 5
1

Memory

Bit
designation
Op code(B31¢)

Addr?ess to be

executed next * +2

b T~

24



INSTRUCTIONS

Zero page Bit Relative

Addressmg mode
Addressing mode : Zero page Bit Relative

Function : Appoints the bit at zero page specified by operand |,
and jumps to the address where the added value of
the program counter and operand Il indicates accord-
ing to the state of this bit.

Instructions : BBC, BBS

Example : Mnemonic Machine language
BBC 5,$04,+-12 B716 0416 F116

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

Memory Memory
///////// 0016 / //f/////70016
Zero y4
[ e v 2o mse
/bn 5/// ) bn 57/
_. / 0416 F__H ////// 0416
£
7
//////// FFie //' FF1e
Address to be —12
Zero page executed next * Z
, _ ero page
designation %% designation
Bit Bit
designation designation
Op code(B7 16) Op code(B7 16)
& ] Jump . .
Operand 1(0416) op‘era_nd 1(0416)
Operand II(F11s) f ‘Operand li(F116)
& Address to be
*+3 executed next *+3
/_\—_/ /-_‘\_/

25



INSTRUCTIONS

System of instruction

3.2 System of Instructions

The series MELPS 740 has 73 kinds of instructions. The detailed explanation is discussed
in Section 3.

Note) There are some kind of types that can not use a specific instructions.

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

Instructions Contents™
LDA Load memory into accumulator or memory where index X indicates
LDM Load immediate value to memory
Load LDX Load memory into index X
LDY Load memory into index Y
STA Store accumulator in memory
Store STX Store index X in memory
STY Store index Y in memory
TAX Transfer accumulator to index X
TXA Transfer index X to accumulator
TAY Transfer accumulator to index Y
Transfer TYA Transfer index Y to accumulator
TSX Transfer stack pointer to index X
TXS Transfer index X to sack pointer
PHA Push accumulator on stack
Stack PHP Push processor status on stack
Operation PLA Pull accumulator from stack
PLP Pull processor status from stack

26



INSTRUCTIONS

System of instruction

3.2.2 Operation Instruction

The operating instruction includes the operations of addition and subtraction,

logic, comparison, and rotation. Multiplication and division instruction can use in the special
page addressing mode(and so M37450).

The operating instructions are as follows.

Instructions Contents
ADC Add memory and C flag to accumulator or memory where
index X indicates
SBC Substruction memory and C flag from accumulator or
memory where index X indicates
Addition INC Increment memory or accumulator by 1
& DEC Decrement memory or accumulator by 1
Subtraction INX Increment index X by 1
DEX Decrement index X by 1
INY Increment index Y by 1
DEY Decrement index Y by 1
o MUL Multiplies accumulator by memory where index X indicates
Mu"'p;catm DIV Divids word data that constituted memory where index X
o indicated to higher byte and memory where in next address
Division to lower byte by accumulator
AND "AND" memory with accumulator
ORA "OR" memory with accumulator
Logic EOR "Exclusive-OR" memory with accumulator
Operation CcCOM Memory one's complement
BIT Test bits in memory with accumulator
TST Test memory content (=0)
CMP Compare memory and accumulator or memory where
Compari- index X indicates
son CPX Compare memory and index X
CPY Compare memory and index Y
ASL Shift left one bit (memory or accumulator)
. LSR Shift right one bit (memory or accumulator)
Shift & ROL Rotate one bit left with carry (memory or accumulator)
Rotate ROR Rotate one bit right with carry (memory or accumulator)
RRF Rotate four bits right (memory)
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INSTRUCTIONS

System of Instruction

3.2.3 Bit managing instructions
The bit managing instructions clear (0) or set (1) designated bits in accumulator or memory.

Instructions Contents
Bit CcLB Clear (0) designated bit in accumulator or memory
Managing SEB Set (1) designated bit in 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
SEC Set C flag
CLD Clear D flag
SED Set D flag
CLi Clear | flag
SEI Set | flag
CLT Clear T flag
SET Set T flag
CLV ClearV flag V flag : Overflow flag

C flag : Carry flag

D flag : Decimal mode flag
Flag

Setting Iflag : Interruptdisable flag

T flag : Index X mode 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
JMP Jump to new location
Jump BRA Jump to new location

JSR Jump to new location saving return address

BBC Branch on designated bit in accumulator or memory clear
BBS Branch on designated bit in accumulator or memory set
BCC Branch on C flag clear

BCS Branch on C flag set

BNE Branch on Z flag clear

Branch BEQ Branch on Z flag set
BPL Branch on-N flag clear
BMmil Branch on N flag set
BvVC Branch on V flag clear
BVS Branch on V flag set
RTI Return from interrupt
Return

RTS Return from subroutine
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System of Instruction

3.2.6 Interrupt Instruction (Break instruction)

This instruction interrupts software

Instruction Content
Interrupt BRK Force break
3.2.7 Special Instructions
Special instructions control operation speed
Instructions Content
FST High speed operation mode (Note 1)
Special SLw Low speed operation mode (Note 1)
WIT Wait CPU mode (Note 1)
STP Stop CPU mode (Note 2)

(Note 1) This instruction is only provided for M50740A-XXXSP/FP, M50740ASP, M50741-

XXXSP/FP, M50752-XXXSP, M50757-XXXSP and M50758-XXXSP.

(Note 2) This instruction is not provided for M50752-XXXSP, M50757-XXXSP and M50758-

XXXSP.

3.2.8 Other instruction

Instruction

Content

Other

NOP

No operation
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INSTRUCTIONS

System of Instruction

'3.3 Instructions

This section has presented discussion of the series MELPS 740 instructions by arranging mne-
monics of instructions alphabetically and dividing each instruction in one page basically.
Head of each page is a mnemonic. Operation, explanation and changes of status flags are
written for each instruction. In addition, statement format, machine code, byte number, and list
of cycle number on each addressing mode are discussed.

The followings are symbols used in this manual.

Symbol Means Symbol Means

A Accumulator hh |Address upper byte data in
Ai Bit i of accumulator ’ 0~255

PC |Program counter ] Address lower byte data in
PCL |Lower byte of program 0~255

counter zz |Zero page address data in
PCH |Upper byte of program 0~255
counter nn |Data in 0~255

P Processor status register i Data in 0~7

S Stack pointer * 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

Cc Carry flag $ Hexadecimal symbol

Z Zero flag + Addition

I Interrupt disable flag - Subtraction

D Decimal operation mode flag X Multiplication

B Software interrupt (Break) flag / Division

T Index X register mode flag A Logical AND

\Y Overflow flag v Logical OR

N Negative flag v Logical exclusive OR
REL |Relative address () |Contents of register or flag

BADRS | Break address < |Direction of data transfer
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ADC

Operation :

ADD WITH CARRY

When (T)
(T)

1l

0, (A) « (A) + (M) + (C)
1, (M(X)) « (M(X)) + (M) + (C)

ADC

Function : When T flag is zero (T=0), this instruction adds the value of
Memory, Carry flag, and register A, and stores the results in
the register A and C flag.
When T flag is 1 (T=1), this adds the value of M(X), M and C,
and stores the results in the M(X) and C. In this case, no A
content is changed except the status flag. M(X), means the
content of a memory which is appointed by the index register

Status flag

X.

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

0

V: V is 1 when code bit or bit 7 is changed caused by the
operation results that exceed +127 or |-128|; otherwise it is

0.
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: C is 1 when the result of a binary addition exceeds 255 or
when the result of a decimal addition exceeds 99; other-
wise it is 0.
Addressing mode Statement Machine codes | Byte number | Cycle number
Immediate AADCA#$nn 6916, Nn16 2 2
Zero page AADCA$zz 6516, zZ16 2 3
Zero page X |AADCA$zz X 7516, 2Z16 2 4
Absolute AADCAS$hhII 6D1s, ll16, hhie 3 4
Absolute X AADCAS$hOhII, X 7D1s, ll16, hhie 3 5
Absolute Y AADCAS$hOhILY 7918, ll16, hhie 3 5
(Indirect X) AADCA($2z,X) 6116, 2z16 2 6
(Indirect Y) AADCA($zz2),Y 7116, zz16 2 6

(Note 1) Add 3 to cycle number when T flag is 1.
(Note 2) When the ADC instruction is used in decimal operation mode the
following rule must be applied if a SEC, CLC, SED or CLD instruc-
tions are used immediately afterwards: one dummy instruction (e.g.
NOP) must be inserted between the ADC and clear/set carry (or clear/
set decimal mode) instruction.
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AND

Operation : When (T)
(M

Function : When T flag is zero, this instruction transfers the content of A
and M to the ALU which performs a bit-by-bit AND operation
and stores the result back in the A. When T flag is 1, this
transfers M(X) and M to the ALU which performs a bit-by-bit
AND operation and stores the results back in the M(X). Content
of A will not change except status flag. The M(X) means a
memory appointed by the X.

AND

LOGICAL AND

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

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: Z is 1 when the operation result is 0; otherwise it is 0.
C : No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Immediate AANDA#$Nn 2916, NN16 2 2
Zero page AANDAS$zz 2516, zz16 2 3
Zero page X  |AANDA$zz, X 3516, zz16 2 4
Absolute AANDAShII 2D1s, ll16, hhie 3 4
Absolute X AANDASAhILX 3D1s, ll16, hh1e 3 5
Absolute Y AANDAS$IhILY 3918, ll16, hhie 3 5
(Indirect X) AANDA($zz,X) 2116, zz16 2 6
(Indirect Y) AANDA($zz),Y 3116, zz16 2 6

(Note) When T flag is 1, add 3 to a cycle time.
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ASL

Operation :

ARITHMETIC SHIFT LEFT

C |« | b7

ASL

bOj« O

Function : This instruction shifts the content of A or M by one bit to the
left, with bit 0 always being set to 0 and the bit 7 of the A or
the M always being contained in the C.

Status flag N: N is 1 when the bit 7 is 1 after the execution; 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 result of the operation is 0; otherwise it is
0.
C: C is 1 when the bit 7 of the A or the M before this opera-
tion is 1; otherwise it is O.
Addressing mode Statement Machine codes | Byte humber | Cycle number
Accumulator |AASLAA 0A16 1 2
Zero page AASLA$zz 0616, zz16 2 5
Zeropage X |AASLA$zz, X 1616, 2216 2 6
Absolute AASLASHhII OEt1s, ll16, hhis 3 6
Absolute X AASLAS$hhILX 1E1s, ll16, hhie 3 7
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BBC BBC

BRANCH ON BIT CLEAR

Operation : When (Mi)
(Mi)

0 (PC) « (PC) + n + REL

, (PC) « (PC) + n
n: If addressnng mode is Zero page, n=3. And if addressmg
mode is Accumulator, n=2.

Function : This instruction tests the appointed bit i of the M and takes a
conditional branch if the bit is 0. If the bit is 1, next instruction
is executed. The addressing mode is relative.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator bit) \ppaj A ghhil (20+i+13)16, 18| 2 4
Relative
Zero page bit ABBCAI $2z,$hhll (20°i+17)1s, 3 5
Relative 2216, IT16

(Note 1) rrie=$hhll-(*k+n). The rrie is a value in a range of —128 ~ +127.

(Note 2) Add 2 to cycle number for a branch execution.

(Note 3) One dummy or other instruction cycle is needed after changing the
content of interrupt request bit (bit 1, bit 3, bit 5, bit 7 in address
OOFE1e and bit 7 in address OOFF16) to execute this instruction.
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BBS BBS

BRANCH ON BIT SET

Operation : When (Mi) = 1, (PC) « (PC) + n + REL
(M) =0, (PC) « (PC) + n
n : If addressing mode is zero page, n=3. And if addressing
mode is accumulator, n=2.

Function : This instruction tests the appointed bit i of the M and takes a
conditional branch if the bit is 1. If the bit is 0, next instruction
is executed. The addressing mode is relative.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator bit| \gBSAj, A, $hhil (20+i+3)16, Ir16 2 4
Relative
Zero page bit | ApBS Ai,$zz,$hhll (20¢i+7)18, 3 5
Relative 2216, IT16

(Note 1) rrie=$hhll—(k+n). The rri6 is a value in a range of —128 ~ +127.

(Note 2) Add 2 to cycle number for a branch execution.

(Note 3) One dummy or other instruction cycle is needed after changing the
content of interrupt request bit (bit 1, bit 3, bit 5, bit 7 in address
OOFE1s and bit 7 in address O0OFF16) to execute this instruction.
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BCC  BCC

BRANCH ON CARRY CLEAR

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

Function : This instruction takes a conditional branch to the appointed ad-
dress if the C is 0. If the C is 1, the next instruction is exe-
cuted. The addressing mode is relative.

Status flag : No change

Addressing mode Statement Machine codes | Byte nhumber | Cycle number
Relative ABCCA$hhII 901s, IT16 2 2

(Note 1) rrie=$hhli-(k+2). The rr16 is a value in a range of -128 ~ +127.
(Note 2) Add 2 to cycle number for a branch execution.
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BCS

Operation : When (C)

BRANCH ON CARRY SET

(C)

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

BCS

Function : This instruction takes a conditional branch to the appointed ad-
dress if the C is 1. If the C is 0, the address goes to the next

address.

Status flag : No change

Addressing mode Statement

Machine codes

Byte number

Cycle nhumber

Relative

ABCSAShhII

BO1s, rri6

2

2

(Note 1) rrie=$hhll—(*k+2). The rri6 is a value in a range of —128 ~ +127
(Note 2) Add 2 to a cycle time for a branch execution.
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BEQ

Operation : When (2)
(2)

BRANCH ON EQUAL

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

BEQ

Function : This instruction takes a conditional branch to the appointed ad-

dress when the Z is 1. If the Z is 0, the next instruction is exe-
cuted. The addressing mode is relative.

Status flag : No change

Addressing mode Statement

Machine codes

Byte number | Cycle humber

Relative 'ABEQAS$hhI|

FO1e,rr16

2

2

(Note 1) rrie=$hhll—(*+2). The rrie is a value in a range of —128 ~ +127.
(Note 2) Add 2 to cycle number for a branch execution.

e
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BIT

TEST BIT IN MEMORY WITH ACCUMULATOR

Operation : (A) A (M)

BIT

Function : This instruction takes a logical AND of every bit of the A and
M contents; however, no result is stored anywhere. The con-
tents of the N, V and the Z flags will be changed but no
change for the A and M contents.

Status flag N: N is 1 when bit 7 of M is 1; otherwise it is 0.

V: Vis 1 when bit 6 of M is 1; otherwise it is 0.

T: No change

B : No change

I: No change

D : No change

Z: Z is 1 when the result of the logical AND is 0; otherwise

Zis 0.

C : No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Zero page |ABITA$zz 2416, 2216 2 3
Absolute  |ABITA$hhII 2C1s, ll16, hhis 3 4

39



BMI

BRANCH ON RESULT MINUS

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

(N)

0, (PC) « (PC) + 2

BMI

Function : This instruction takes a conditional branch to the appointed ad-
dress when the N is 1. If the N is 0, the next instruction is
executed. The addressing mode is relative.

Status flag : No change

Addressing mode Statement

Machine codes

Byte humber

Cycle number

Relative ABMIAShhII

301s, Ir16

2

2

(Note 1) rrie=$hhil—(k+2). The rrie is a value in a range of =128 ~ +127.
(Note 2) Add 2 to cycle time for a branch execution.

L
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BNE

Operation :

BRANCH ON NOT EQUAL

When (2) = 0, (PC) « (PC) + 2 + REL

(2 =1,

(PC) « (PC) + 2

BNE

Function : This instruction takes a conditional branch to the appointed ad-
dress if the Z is 0. If the Z is 1, the next instruction is exe-
cuted. The addressing mode is relative.

Status flag : No change
Addressing mode Statement Machine codes | Byte number | Cycle humber
Relative ABNEAS$hAhII DO1s, rrie 2 2

(Note 1) rrie=$hhll—(*+2). The rri6 is a value in a range of —128 ~ +127.
(Note 2) Add 2 to cycle number for a branch execution.
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BPL

BRANCH ON RESULT PLUS

Operation : When (N)
(N)

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

BPL

Function : This instruction takes a conditional branch to the appointed ad-

dress if the N is 0. If the N is 1, the next instruction is exe-
cuted. The addressing mode is relative.

Status flag : No change

Addressing mode Statement

Machine codes

Byte humber

Cycle number

Relative  [ABPLA$hhII

101s, 1r16

2

2

(Note 1) rri6=$hhll—(*k+2). The rr16 is a value in a range of —128 ~ +127.
(Note 2) Add 2 to cycle number for a branch execution.

L ]
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BRA BRA

BRANCH ALWAYS
Operation : (PC) « (PC) + 2 + REL

Function : This instruction jumps to the appointed address. The objective
address is expressed in relative addressing mode.

Status flag : No change

Addressing mode ~__Statement Machine codes | Byte number | Cycle number
Relative ABRAAS$hhI| 8016, Ir16 2 4

(Note) rrie=$hhll—(*k+2). The rrie is a value in a range of —128 ~ +127.
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BRK BRK

FORCE BREAK

Operation: (B) « 1
(PC) « (PC) + 2
(M(S)) « (PCH)
(S) « (S) - 1
(M(S)) « (PCL)
(S) « (8) - 1
(M(S)) « (PS)
(S) « (S) 1
() «
(

PC) « BADRS (Note 1)

Function : When the BRK instruction is executed, the CPU pushes the
current PC contents onto the stack and stores the break ad-
dress data (BADRS) . The break address data is stored in the
interrupt vector table into the PC.

Status flag N: No change

: No change

: No change

I

No change

i

: No change

: No change

0NU:-W-1<Z

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

(Note 1) “BADRS” means a break address.

(Note 2) Addresses vary for different microcomputers.

(Note 3) 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.

(Note 4) In some microcomputers, the BRK instruction uses the same vector
address as INT2.
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BVC BVC

BRANCH ON OVERFLOW CLEAR

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

Operation : When (V)
V)

I

Function : This instruction takes a branch to the appointed address if the
V is 0. The addressing mode of the objective address is rela-
tive. If the V is 1, the address goes to the next address.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
Relative ABVCAS$hhIl 5016, 1116 2 2

(Note 1) rrie=$hhil—(*k+2). The rri6 is a value in a range of —128 ~ +127.
(Note 2) Add 2 to cycle number for a branch execution.
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BVS

BRANCH ON OVERFLOW SET

Operation : When (V)
V)

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

BVS

Function : This instruction takes a branch to the appointed address if the
V is 1. The addressing mode of the objective address is rela-
tive. If the V is 0, the PC goes to the next address.

Status flag : No change

Addressing mode Statement

Machine codes

Byte number

Cycle number

Relative ABVSA$hhl

7016, rr16

2

2

(Note 1) rrie=$hhil—(*+2). The rrie is a value in a range of —128 ~ +127.
(Note 2) Add 2 to cycle number for a branch execution.

L
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CLB CLB

CLEAR BIT

Operation : (Ai) « 0, or
(M) «0

Function : This instruction resets the appointed bit i of the A or the M to
0.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
ACC;Z‘;@Z’ bitl ACLBAI,A (20-i+1B)16 1 2
Zero page bit ; (20-i+1F)1s,
Relative ACLBAI$22 ZZ16 2 S
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CLC

Operation :

CLEAR CARRY FLAG

C) « 0

Function : This instruction resets the C to 0.

Status flag

N : No change
: No change
: No change
: No change

No change
: No change
: No change
: 0

ONO—-WH<

CLC

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ACLC

1816

1

2
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CLD

CLEAR DECIMAL MODE

Operation: (D) « 0O

Function : This instruction resets the D to O.

Status flag N:
: No
: No
: No

ONOD—-W-H<

No

0

: No
: No
: No

change
change
change
change

change
change
change

CLD

Addressing mode)|

Statement

Machine codes

Byte number

Cycle number

Implied |ACLD

D816

1

2
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CLI

Operation :

CLEAR INTERRUPT DISABLE STATUS

() « 0

Function : This instruction resets the | to 0.

Status flag

N : No change
: No change
: No change
: No change
No change
: 0
: No change
: No change

ONU:W—I<

CLI

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

—[ACLI

5816

1

2
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CLT

Operation :

CLEAR TRANSFER FLAG

(T <0

Function : This instruction resets the T to 0.

Status flag

N : No change
: No change
: 0
: No change
No change
: No change
: No change
: No change

0NU:W—I<

CLT

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ACLT

1216

1

2
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CLV

Operation :

CLEAR OVERFLOW FLAG

(V) « 0

Function : This instruction resets the V to 0.

Status flag

N : No change
: 0
: No change
: No change
No change
: No change
: No change
: No change

ONU:W-—I<

CLV

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ACLV

B816

1

2
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CMP COMPARE CMP

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

Function : This instruction subtracts the content of M from the A contents
if the T is 0. No result is stored in anywhere and none of the
content of A, B or V is changed at this moment. If the T is 1,
the CMP subtracts the M contents from the M(X) contents. No
result is stored anywhere and the V will not be changed. The
M(X) means the contents of the memory where the X indicates.

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

N is 0.
: No change
: No change
: No change
: No change
: No change

ONO—-W-H<

than 0; otherwise C is 0.

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

Addressing mode Statement Machine codes Byte number Cycle humber
Immediate |ACMPA#$nn C91s, nn1e 2 2
Zero page |ACMPA$zz C51s, 2216 2 3

Zero page X |ACMPA$zz,X D516, zz16 2 4

Absolute ACMPAS$hNhII CD1s, ll1s, hhis 3 4
Absolute X |ACMPAS$hhII,X DD1s, ll16, hhis 3 5
Absolute Y |ACMPAS$hhILY D91s, ll16, hhie 3 5
(Indirect X) |ACMPA($zz,X) C11s, zz16 2 6
(Indirect Y) |ACMPA($zz),Y D11se, zz16 2 6
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COM

Operation :

(M) « M)

COMPLEMENT

COM

Function : This instruction takes one's complement of the M contents and

Status flag

stores the result in M.

: No change
: No change
: No change
: No change
: No change

ONOD-—-W-H< Z

: No change

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

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

Addressing mode

Statement

Machine codes

Byte humber

Cycle number

Zero page

ACOMAS$zz

4416, zZ16

2

5
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CPX

Operation : (X) — (M)

CPX

COMPARE MEMORY AND INDEX REGISTER X

Function : This instruction subtracts the content of M from the X contents;
however, no result is stored anywhere and none of X, M or V
content is changed at this moment.

Status flag N: N is 1 when the 7 bit after the subtraction; otherwise N is
0.
V: No change
T: No change
B : No change
1: No change
D : No change
Z: Z is 1 when the subtracted 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 humber | Cycle number
Immediate |ACPXA#$nn EO16, nni6 2 2
Zero page |ACPXA$zz E41e, zz16 2 3
Absolute  [ACPXA$hhll ECis, ll16, hhie 3 4
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CPY

CPY

COMPARE MEMORY AND INDEX REGISTER Y

Operation : (Y) — (M)

Function : This instruction subtracts the content of the M from the Y
contents;
however, no result is stored anywhere and none of the content
of Y, M or V is changed in this instruction.

Status flag N: N is 1 when the bit 7 is 1 after the subtraction; 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 subtracted 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 |ACPYA#$nn CO1se, Nn16 2 2
Zero page |ACPYA$zz Ca1e, 2216 2 3
Absolute  |ACPYAS$hhII CCis, ll16, hhis 3 4
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DEC DEC

DECREMENT BY ONE

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

Function : This instruction subtracts 1 from the A or the M contents;
however, neither of V or C is changed.

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

is 0.
V: No change
T: No change
B : No change
I: No change
D : No change
Z: Zis 1 when the added result is 0; otherwise Z is 0.
C: No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator {ADECAA 1A16 1 2
Zero page |ADECA$zz C616, zz16 2 5
Zero page X |ADECA$zz,X D61s, zz16 2 6
Absolute ADECAS$hhII CEfts, ll16, hhis 3 6
Absolute X |ADECAS$hhIILX DEis, ll16, hh1s 3 7
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DEX

Operation :

DEX

DECREMENT INDEX REGISTER X BY ONE

X) « (X) =1

Function : This instruction subtracts one from the current value of the X
and stores the result in the X.

Status flag

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

N

is 0.

V: No change

T: No change

B : No change

I: No change
: No change

D
Z: Z is 1 when the added result is 0; otherwise Z is 0.
C

: No change

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ADEX

CAi1s

1

2
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DEY

Operation :

Function :

Status flag

DEY

DECREMENT INDEX REGISTER Y BY ONE
(Y) & (¥) = 1

This instruction subtracts one from the current value in the Y
and stores the result into the Y; however, neither of the V or
C content is changed at this moment.

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

: No change

: No change

: No change
No change

: No change

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

: No change

0NU:—_—W—I<

Addressing mode

Statement Machine codes | Byte humber | 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
(S) « (S) -1

Function : Divides the 16-bit data in M(zz+X) (lower byte) and M(zz+X+1)
(higher byte) by the accumulator ccntents. The quotient is stored
in the accumulator and the one's complement of the remainder
is pushed onto the stack.

dividend lower M(zz+X) = (A) divisior
dividend upper M(zz+X+1) Il
(A) quotient
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 E21s, zz16 2 16

(Note 1) This instruction can not detect overflow due to a divide by zero.
Please check for a non-zero divisor in software.

(Note 2) This instruction changes the stack pointer and the contents of the
accumulator.

(Note 3) This instruction is not available on the entire MELPS 740 series.
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EOR EOR

EXCLUSIVE OR MEMORY WITH ACCUMULATOR

Operation :

When (T) = 0, (A) « (A) V (M)

(M =1, (M(X)) « M(X)) V (M)

Function : This instruction transfers the contents of the M and the A to the
ALU which performs an exclusive OR bit-by-bit, and stores the
result into the A when the T is 0. When the T is 1, it transfers
the contents of the M(X) and the M in the same way us above.
The content of A will not be changed except the status flag
contents. The M(X) means a memory content of the address
appointed by X.

Status flag N: N is 1 when the 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 O.
C : No change

Addressing mode Statement Machine codes | Byte number | Cycle humber

Immediate |AEORA#3$nn 4916, NN16 2 2

Zero page |AEORA$zz 4518, 2216 2 3

Zero page X |AEORA$zz,X 5516, 2216 2 4

Absolute |AEORAShhII 4D1s, li16, hhis 3 4

Absolute X |AEORAS$hhII,X 5D1s, ll16, hhie 3 5

Absolute Y [AEORAS$hhILY 591s, ll16, hhis 3 5

(Indirect X) |AEORA($zz,X) 4116, 216 2 6

(Indirect Y) |AEORA($zz),Y 5116, zz16 2 6

(Note) Add 3 to cycle number when T is 1.
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FST FST

FAST

Operation : Connects oscillator output to XouTr.

Interrupt

Request
Interrupt: S

Disable Flag |
STP—lR

Reset Instruction

Prescaler X H Timer X ]—

Timer X Count
Stop Bit
CE=1

:

SWe

O O
XCI% Xouts  XouTr

t I CE=0
= Internal Clock &

Rs

- RF External @ s < (:Eeset

; Resistor R}— STP
Instruction

In case M50740A-XXXSP/FP, M50740ASP, or M50741-XXXSP/FP

o
Fod—- SWosc

R O
IN Xouts XOUTF
n case M50752-XXXSP, M50757-XXXSP, or M50758-XXXSP

To Timer

Internal Clock @

Function : When CR clock generating circuit is formed, external resistance
value became small. Therefore clock oscillating frequency be-

come high.
. _ RS-<RF
Resistance value = RS+RF
Status flag : No change
Addressing mode Statement Machine codes | Byte humber | Cycle number
Implied AFST E216 1 2

(Note 1) This instruction is not for any other models than M50740A-XXXSP/FP,
M50740ASP, M50741-XXXSP/FP, M50752-XXXSP, M50757-XXXSP
and M50758-XXXSP.

(Note 2) The SWOSC closes at reset.

L
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INC

INCREMENT BY ONE

Operation : (A) « (A) + 1, or

INC

(M) « (M) + 1
Function : This instruction adds one to the A or the M contents.
Status flag N: N is 1 when the bit 7 is 1 after the addition; 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 added 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 |AINCAS$zz E61s, zz16 2 5
Zero page X |AINCA$zz,X F616, zz16 2 6
Absolute  |AINCAS$hhII EE1s, ll16, hhis 3 6
Absolute X [AINCAS$hhII,X FE1s, ll16, hh1s 3 7
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INX

Operation :

INCREMENT INDEX REGISTER X BY ONE

(X) « (X) + 1

Function : This instruction adds one to X contents.

Status flag

INX

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

is 0.
: No change
: No change
: No change
No change
: No change

ONU:W—|<

: No change

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

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

AINX

E81s

1

2
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INY INY

INCREMENT INDEX REGISTER Y BY ONE
Operation : (Y) « (Y) + 1
Function : This instruction adds one to the Y contents.

Status flag N: N is 1 when bit 7 is 1 after the addition; otherwise N is 0.
: No change
: No change
: No change
No change
: No change
: Z is 1 when the added result is 0; otherwise Z is 0.
: No change

ONOD—-WH<

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) « hnil
(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 appointed by the follow-
ing three addressing modes; the absolute addressing mode,
Indirect absolute addressing mode or the zero page Indirect
absolute addressing mode.
Status flag : No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Absolute AJMPAS$hhII 4C1s,ll16,hhis 3 3
Indirect AJMPA($hhlI) 6Ci1s,ll16,hhi6 3 5
Zero page Indirect| AJMPA($zz) B216,zz16 2 4
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JSR

Operation :

JUMP TO SUBROUTINE

(M(S)) « (PCH)
(S) « (S) -1

JSR

After the above operations, if the addressing mode is

(a) Absolute, then

(PC) « hhll
(b) Special page, then
(PCL) « |l

(PCH) « FF1e
(c) Zero page Indirect, then

(PCL) « (z2)

(PCH) &« (zz+1)

Function : This instruction jumps to the address appointed by the Abso-
lute's, Special page's or Zero page Indirect's addressing mode
after saving the PC contents into the stack.

Status flag : No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Absolute AJSRAS$hHhII 201s, ll16, hh1s 3 6
Special page |AJSRA\$hhil (Note) [221s, ll16 2 5
Zero page Indirect| AUJSRA($zz) 021s, zz16 2 7

(Note) “\” denote special page(At DC16 of the ASCII code). hh1ie must be FF1e
in the special page addressing mode. However, hhis must be 1Fis at
the M50740A-XXXSP/FP, M50741-XXXSP/FP, M50740ASP, M50752-
XXXSP, M50757-XXXSP and M50758-XXXSP 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 : This instruction transfers the content of M to the A when the T
is 0. It transfers the M content to the (M(X)) when the T is 1.
The content of A is not changed at the time except the status
flag. The M(X) is the memory content of the address where the

X appointed.
Status flag N: N is 1 when the bit 7 is 1 after the execution; 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 |ALDAA#$nn A916, Nn16 2 2
Zero page |ALDAA$zz A51s, nn1e 2 3
Zero page X |ALDAA$zz,X B51s6, nn16 2 4
Absolute  |ALDAAS$hhII AD1s, ll16, hh1e 3 4
Absolute X |ALDAAS$hhIILX BD1s, ll16, hhise 3 5
Absolute Y |ALDAAS$hhILY B91s, ll16, hh1e 3 5
(Indirect X) |ALDAA($zz,X) Al1e, zz16 2 6
(Indirect Y) |ALDAA($zz),Y Bl1e, zz16 2 6

(Note) Add 2 to cycle number when T is 1.
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LDM LDM

LOAD IMMEDIATE DATA TO MEMORY
Operation : (M) « nn

Function : This instruction loads the immediate value into the M.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
Zero page |ALDMA#$nn,$zz 3C16, nn1s, zz16 3 4
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LDX

Operation :

LOAD INDEX REGISTER X FROM MEMORY

(X) « (M)

Function : This instruction loads the M content into the X.

LDX

Status flag N: N is 1 when the bit 7 is 1 after the execution; 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 humber | Cycle number
Immediate |ALDXA#$nn A216, Nn16 2 2
Zero page |ALDXA$zz A616, zz16 2 3
Zero page Y |ALDXA$zz,Y B61s, zz16 2 4
Absolute  |ALDXAS$hhII AEis, lli6, hhie 3 4
Absolute Y |ALDXAS$hhIIY BEi1s, ll16, hhie 3 5
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LDY

Operation :

LOAD INDEX REGISTER Y FROM MEMORY

(Y) « (M)

Function : This instruction loads the M content into the Y.

LDY

Status flag N: N is 1 when the bit 7 is 1 after the execution; 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 |ALDYA#$nn AO1s, nn16 2 2
Zero page |ALDYA$zz Ad1e, zz16 2 3
Zero page X |ALDYA$zz,X B41s, zz16 2 4
Absolute ALDYAS$hHhII ACis, ll16, hhie 3 4
Absolute X |ALDYA$hhII, X BCis, ll16, hhie 3 5
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LSR

Operation :

LOGICAL SHIFT RIGHT

LSR

0 - |b7

b0 |- | C

Function : This instruction shifts either the A or the M location one bit to
the right with the bit 7 of the result always being set to 0, and
the bit 0 being stored in the C.

Status flag N: 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: C is 1 when the bit 0 of either the A or the M before the

execution is 1; otherwise C is 0.

Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator |ALSRAA 4A16 1 2 '
Zero page |ALSRA$zz 4616, 2216 2 5
Zero page X |ALSRA$zz X 5616, zz16 2 6
Absolute  |ALSRAS$hhII 4E1s, ll16, hh1s 3 6
Absolute X |ALSRAS$hhII,X 5Ei1s, ll16, hh1s 3 7
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MUL

Operation : M(S) + (A) « (A) x M(zz+X)

MUL

MULTIPLY ACCUMULATOR AND MEMORY

(S) « (S) - 1

Function : Multiplies accumulator with the memory specified by the zero
page X addressing mode and stores the high byte of the result

on the stack and the low byte in the accumulator.

multiplicant M(zz+X) X (A) multiplier
———————— l I —
productl' M(S) (A) ]
Zero page T upper | lower
v
Status flag : No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Zero page X |AMULA$zz, X 6216, 2216 2 15

(Note 1) Be careful instruction of accumulator and stack pointer changes when

this instruction execute.

(Note 2) This instruction can use in special kind (and so M37450).
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NOP NO OPERATION NOP

Operation : (PC) « (PC) + 1

Function : This instruction adds one to the program counter but does no
other operation.

Status flag : No change

Addressing mode Statement Machine codes | Byte humber | Cycle number
Implied ANOP EA16 1 2
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ORA

Operation : When (T)
m

ORA

OR MEMORY WITH ACCUMULATOR

0, (A) & (A) v (M)
1, (M(X)) « (M(X)) v (M)

Function : This instruction transfers the A and the M contents to the ALU
which performs an “OR” bit-by-bit, and stores the result in the
A if flag T is 0. If the T is 1, it operates the M(X) and the M
in the same way of above. The content of A is not changed at
the time except the status flag. The M(X) means the memory
content of the address where the X appoints.

Status flag N: N is when the 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 O; 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$zz,X 1516, zz16 2 4
Absolute  |AORAA$hhII 0D1s, ll16, hh1e 3 4
Absolute X |AORAAS$hhII,X 1D1s, ll16, hh1e 3 5
Absolute Y |AORAAS$OhOILY 1916, ll16, hhis 3 5
(Indirect X) |AORAA($zz,X) 0116, zz16 2 6
(Indirect Y) |AORAA($zz),Y 1116, 2216 2 6

(Note) Add 3 to cycle number when T is 1.
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PHA PHA

PUSH ACCUMULATOR ON STACK

Operation : (M(S)) « (A)
(S) « (S) - 1

Function : This instruction pushes the content of A to the address the
stack pointer appoints, and decrements the stack pointer con-
tents 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 :

PUSH PROCESSOR STATUS ON STACK

(M(S)) « (P)
(S) « (8) - 1

PHP

This instruction pushes the contents of the processor status
register to the memory of the address where the stack pointer
appoints and decrements the stack pointer contents by one.

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

PULL ACCUMULATOR FROM STACK

Operation : (S) « (S) + 1
(A) « (M(S))

Function : This instruction adds one to the stack pointer and loads the
memory content of the address where the stack pointer ap-
points into the A. )

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

: No change

: No change

: 'No change
No change

: No change

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

: No change

Status flag

ONU:W—|< <

Addressing mode Statement Machine codes | Byte number | Cycle number
Implied APLA 6816 1 4

78



PLP

Operation :

PULL PROCESSOR STATUS FROM STACK

(S) « (S) + 1
(P) « (M(S))

PLP

Function : This instruction adds one to the stack pointer and loads the
memory content of the address where the stack pointer ap-
points into the processor status register.

Status flag : 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 ROL

ROTATE ONE BIT LEFT

Operation :

b7 ' bo |[<| C

Function : This instruction shifts either the A or the M one bit left combin-

ing with the C. The C content is stored in the bit 0 and the bit
7 is stored in the C.

Status flag N: N is 1 when the bit 6 is 1 before the execution; 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: C is 1 when bit 7 is 1 befor execution; otherwise C is 0.
Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator |AROLAA 2A16 1 2
Zero page |AROLA$zz 2616, 2216 2 5
Zero page X |AROLA$zz,X 3616, zz16 2 6
Absolute  |AROLAS$hhII 2E1s, ll16, hhis 3 6
Absolute X |AROLAS$hhII,X 3E1s, ll16, hh1e 3 7
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ROR ROR

Operation :

Function :

Status flag

ROTATE ONE BIT RIGHT

Cc b7 b0

This instruction shifts either the A or the M one bit right
combining with the C. The C content is stored in the bit 7 and
the bit 0 content is stored in the C.

N: N is 1 when the C content before the execution 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 execution result is 0; otherwise Z is 0.
C: C is 1 when bit 0 is 1 before execution; otherwise C is 0.
Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator |ARORAA B6A16 1 2
Zero page |ARORA$zz 6616, zz16 2 5
Zero page X |ARORA$zz, X 7616, 2216 2 6
Absolute ARORAS$hhII 6E1s, ll16, hhie 3 6
Absolute X |ARORA$hhIIL X 7E1s, ll16, hh1e 3 7
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RRF

Operation :

ROTATE RIGHT OF FOUR BITS

b7

b4 | b3

b0

RRF

Function : This instruction rotates 4 bits of the M content to the right (It
may be called “swap nibbles”).

Status flag : No change

Addressing mode Statement

Machine codes

Byte number | Cycle number

Zero page |ARRFA$zz

8216, zz16

2

8

R
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RTI

RETURN FROM INTERRUPT

RTI

Operation :

(S) « (S) + 1
(P) « (M(S))

(S) « (S) + 1
(PCL) « (M(S))
(S) « (S) + 1
(PCH) « (M(S))

Function : This instruction reload the status flag and the PC content that
have been pushed to the stack when they are interrupted and
sets them back to their pre-interrupt state. The M(S) means the
memory content of the address where the stack pointer ap-

points.
Status flag : Value returns to the original one that was pushed in the stack.
Addressing mode Statement Machine codes | Byte humber | Cycle number
Implied ARTI 4018 1 6
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RTS

Operation :

Function :

RTS

RETURN FROM SUBROUTINE

(S) < (S) +
(PCL) « (M(
(S) « (S) + 1
(PCH) « (M(S))

(PC) « (PC) + 1

. 1
S))

This instruction reloads the content of the PC which has been
pushed to the stack when the subroutine is called and incre-
ments the PC by one. The PC points the next instruction at this
time. The M(S) means the memory content of the address where
the stack pointer appoints.

Status flag : No change
Addressing mode Statement Machine.codes | Byte number | Cycle number
Implied ARTS 6016 1 6
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Operation : When (T) = 0, (A) « (A) - (M) = (C)
(M) =1, (M(X)) « (M(X)) — (M) — (C)

SBC

SUBTRACT WITH CARRY

Function : This instruction subtracts the value of the M and the comple-
ment of C flag from the value of the A, and stores the results
into the A and the C if the T is 0. If the T is 1, the instruction
subtracts the value of the M(X) and the complement of C from
the value of the M(X), and stores the results into the M(X) and
the C. The content of A is not changed except the status flag.
The M(X) is the memory content of the address where the X
appoints.

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

C: C is 1 when the operation result is equal to 0 or greater

than 0; otherwise C is 0 and shows the borrow is gener-

ated.

Addressing mode Statement Machine codes | Byte number | Cycle number
Immediate |ASBCA#3$nn E91s, nn1e 2 2
Zero page |ASBCA$zz E51e, zz16 2 3

Zero page X |ASBCA$zz,X F516, zz16 2 4

Absolute ASBCA$hhll ED1s, ll16, hh1s 3 4
Absolute X |ASBCAS$hhIILX FD1s, ll16, hhis 3 5
Absolute Y |ASBCAS$hhILY F9z1s, ll16, hhie 3 5
(Indirect X) |ASBCA($zz,X) E11s, zz16 2 6
(Indirect Y) |ASBCA($zz),Y F11e, zz16 2 6

(Note 1) Add 3 to cycle number when T is 1.
(Note 2) When the SBC instruction is used in decimal operation mode the
following rule must be applied if a SEC, CLC, SED or CLD instruc-
tions are used immediately afterwards: one dummy instruction (e.g.
NOP) must be inserted between the ADC and clear/set carry (or
clear/set decimal mode) instruction.
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SET BIT

SEB SEB

Operation : (Ai) « 1, or
(Mi) « 1

Function : This instruction sets the appointed bit i of the A or the M to 1.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
Accumulator bit| ASEBAI,A (20+i+B)16 1 2
Zero page bit [ASEBAi,$zz (20+i+F)186, 2216 2 5
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SEC

Operation :

SET CARRY FLAG

(C) « 1

Function : This instruction sets the C to 1.

Status flag N: No change

V: No change
T: No change
B : No change
I: No change
D : No change
Z: No change
C:1

SEC

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 the D to 1.

Status flag N : No change
: No change
: No change
: No change
No change
H
: No change
: No change

0NU:—W—|<

Addressing mode Statement Machine codes | Byte humber | Cycle number
Implied ASED F81s 1 2
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SEI

Operation :

SET INTERRUPT DISABLE FLAG

N « 1

Function : This instruction sets the | to 1.

Status flag

N : No change
: No change
: No change
: No change
1
: No change
: No change
: No change

ONO-WH<

SEI

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ASEI

7816

2
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SET

SET TRANSFER FLAG

SET

Operation : (T) « 1
Function : This instruction sets the T to 1.
Status flag N: No change
V: No change
T: 1
B : No change
I: No change
D : No change
Z: No change
C : No change
Addressing mode Statement Machine codes | Byte humber | Cycle number
Implied ASET 3216 1 2
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SLW SLW

SLOW

Operation : Releases the connection between the oscillator output and pin
XOUTF pin.

Interrupt

Request
Interrupt S

Disable Flag |
STP—R

Reset |hstruction

Timer X Count
Stop Bit
CE=1
-
A SWa
XN Xouts  XOUTF
; 0
I CE=0 Internal Clock @
Rs
-~ RF External Floset
; Resistor R— STP
Instruction

In case M50740A-XXXSP/FP, M50740ASP, or M50741-XXXSP/FP
I-—OQ——- fWosc

XN X(sL?TS XOUTF

In case M50752-XXXSP, M50757-XXXSP, or M50758-XXXSP

To Timer

Internal Clock @

Function : When CR clock generating circuit is formed, executing the SLW
instruction is lowered the oscillation than FST instruction exe-
cuting, because of the external resistance value is only Rs.

Status flag : No change

Addressing mode Statement Machine number | Byte humber | Cycle humber
Implied ASLW C216 1 2

(Note 1) This instruction is not for any other models than M50740A-XXXSP/FP,
M50740ASP, M50741-XXXSP/FP, M50752-XXXSP, M50757-XXXSP
and M50758-XXXSP.

(Note 2) The SWosc closes at reset.
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STA

STORE ACCUMULATOR IN MEMORY

STA

Operation : (M) « (A)
Function : This instruction stores the A content into the M. The contents
of A is not changed at the time.
Status flag : No change
Addressing mode Statement Machine codes | Byte number | Cycle number
Zero page |ASTAA$zz 8516, zz16 2 4
Zero page X [ASTAA$zz,X 9516, zz16 2 5
Absolute |ASTAAS$hhII 8D1s, ll16, hh1s 3 5
Absolute X [ASTAAS$hhILX 9D1s, ll16, hhis 3 6
Absolute Y |ASTAAS$hhIlLY 991s, ll16, hhie 3 6
(Indirect X') [ASTAA($zz,X) 8116, zz16 2 7
(Indirect Y) |ASTAA($zz),Y 9116, 2216 2 7

92



STP STP

STOP

Operation : CPU « Stand-by state (Oscillatioh' stopped)

Interrupt
Request
s qf 1/2 p Tlmin? o
In}erru pt ST O A (internal Clock)
Disenable Flag | Insthuchion LR XiN  Xout E/EI
Reset
sQ )
NnT
Instruction—1R Timer X Count
Stop Bit O
Reset ——1Is q :
ste_ |
Instruction

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

atus flag : No change

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

(Note 1) This instruction is not provided for M50752-XXXSP, M50757-XXXSP,
and M50758-XXXSP.

(Note 2) This circuit diagram a little differ by any other models. For more
detail, see the “MITSUBISHI SEMICONDUCTORS SINGLE-CHIP
MICROCOMPUTERS DATA BOOK”.
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STX

STX

STORE INDEX REGISTER ’X IN MEMORY

Operation : (M) « (X)

Function : This instruction stores the X content into the M; X is not
changed.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle humber
Zero page |ASTXA$zz 8616, 216 2 4

Zeropage Y |ASTXA$zzY 9616, zz16 2 5
Absolute  [ASTXAS$hhll 8E1s, ll1s, hhis 3 5

94



STY

Operation :

STY

STORE INDEX REGISTER Y IN MEMORY

(M) « (Y)

Function : This instruction stores the Y content into the M; Y is not

changed.
Status flag : No change
Addressing mode _ Statement Machine codes | Byte number | Cycle number
Zero page |ASTYA$zz 8416, zz16 2 4
Zero page X [ASTYA$zz,X 9416, 2216 2 5
Absolute  |ASTYAS$hhII 8C1s, ll16, hhie 3 5
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TAX

TAX

TRANSFER ACCUMULATOR TO INDEX REGISTER X

Operation :

(X) « (A)

Function : This instruction transfers the A content to the X; The contents

Status flag

of A are not changed.

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

N

is 0.

V: No change
T : No change
B : No change
I: No change
D : No change
z

: Z is 1 when the result after the transfer is 0; otherwise Z

is 0.
: No change

(9]

Addressing mode

Statement

Machine codes

Byte humber

Cycle number

Implied

ATAX

AA16

1

2
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TAY

TAY

TRANSFER ACCUMULATOR TO INDEX REGISTER Y

Operation :

Function :

Status flag

(Y) « (A)

This instruction transfers the A content to the Y; The content of
A are not changed.

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

: No change

: No change

: No change
No change

: No change

: Z is 1 when the result of the transfer is 0; otherwise Z is
0.

: No change

NU:W—I<

0

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) =02

TST

Function : This instruction tests whether or not the M contents are zero
and modifies the N and Z.

Status flag

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

: No change
: No change
: No change

No change
: No change

ONOU—-W-H<

: No change

: Z is 1 when the M content is 0; otherwise Z is 0.

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Zero page

ATSTAS$zz

6416, zZ16

2

3
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TSX

TSX

TRANSFER STACK POINTER TO INDEX REGISTER X

Operation :

(X) « (S)

Function : This instruction transfers the S contents to X.

Status flag

tis 0.

: No change

: No change
No change

: No change

: No change

ONU:W—l<

No change

N: N is 1 when the bit 7 is 1 after the execution otherwise N

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

Addressing mode

Statement

Machine codes

Byte number

Cycle number

Implied

ATSX

BA1s

1

2
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TXA

TXA

TRANSFER INDEX REGISTER X TO ACCUMULATOR

Operation : (A) « (X)

Function : This instruction transfers the X contents to A.

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

is 0.

No change
No change
No change
No change
No change

ONDTUAS

No change

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

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 transfers the X contents to S.

Status flag : No change

Addressing mode

Statement

Machine codes

Byte humber

Cycle number

Implied

ATXS

9A16

1

2
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TYA TYA

TRANSFER INDEX REGISTER Y TO ACCUMULATOR
Operation : (A) « (Y)

Function : This instruction transfers the Y contents to A.

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

No change

No change

No change

No change

No change

Z is 1 when the execution result is 0; otherwise Z is 0.
No change

OND=DBAS

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

WAIT
Operation : CPU « Wait state
Interrupt
Request
S Ql
Interrupt
Disenable Flag | instbsniR Xu
Reset
s Q )
WIT
Instructitlm—' R Timer X Count
Stop Bit O
Reset ] sQ
P
Instruction—1R

Function : This instruction resets the internal clock control F/F and internal
clock source is stopped after this instruction. To wake up from
this wait mode, reset or interrupt inputs are needed. Oscillation
will not stop during this wait mode.

Status flag : No change

Addressing mode Statement Machine codes | Byte number | Cycle number
Implied AWIT C21s 1 2

(Note 1) This instruction is not provided for M50740A-XXXSP/FP, M50740ASP,
M50741-XXXSP/FP, M50752-XXXSP, M50757-XXXSP and M50758-XXXSP.
(Note 2)This circuit diagram a little differ by any other models. For more detail,

see the “MITSUBISHI SEMICONDUCTORS SINGLE-CHIP MICROCOM-
PUTERS”.
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Notes for Programing

4.Notes for Programing

4.1 Note about Processor Status Register

4.1.1 Initialize the processor status register
The contents of processor status register(PS)
is indeterminate after reset except the | flag.
Therefore the flags that influence on execution
of program, are required to initialize.
Especially initialize the T flag, and D flag are
influenced on operation directory.

4.1.2 How to refer to the processor status register
(1)Execute a PHP instruction to save the of
processor status register(PS) into
stack(S+1).
(2)Read from the contents of stack(S+1).
(38)To restore the previous PS from stack,
execute a PLP instruction. However, aNOP
instruction is needed after execute the PLP
instruction.

4.2 Notes for interrupt Function
(1)More than one instruction cycle is needed to
execute the BBC or BBS instruction after
switching the value interrupt request bit.
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( Reset )
|| Flags Initializing ||

1
I Main Plrogram |
T
|
I

Fig.4.1 Flag in PS Initialization

T N

S+1 Saved PS
,_-—\.__/

Fig.4.2 Stack Memory after the Execution of “PHP”

PLP Instruction

I NOP Instruction I

Fig.4.3 Example program NO.1

]
| Switch the Interrupt Request Bit |

|

NOP Instruction

|

BBC, or BBS Instruction

Fig.4.4 Example program NO.2



Notes for Programing

(2)Even though the BBC and BBS instructions
are executed just after the interrupt request
bits are modified (by the program)those
instructions are only valid for the contents
before the modification.

(8)Checkingthe conditionof Bflaginthe interrupt
routine can be usedto discriminate between
the BRK interrupt and the lowest priority
interrupt.

4.3 Note for Decimal Operation
(1)In decimal operation mode(at D flag="1"),
more than one instruction cycle is needed
before SEC, CLC, or CLD instruction after
the ADC or SBC instruction.
(2)The N (Negative),V(Overflow),and Z(Zero)
flags are ignored during decimal mode.

4. 4 Note for Stop Mode
The time X gate flag (bit 5 at 00FF1s) must be
closed before a stop instruction so that the
processor can be waked up later (CLB5
$FF before STP).

4.5 Notes for JMP instruction
Don't designate the last address of each
page(XXFFie) as the indirect address when
using JMP instructioninthe indirect addressing
mode.

" Exchange of request flag |

| BBC or BBC on the request flag |

Fig.4.5 Example program NO.3

/'_\_"

(8)-3|z 0

4
(S)-2 |1 =Bflag

(S)-1 PCL

) PCH

N

PS

Fig.4.6 Example program NO.4

{ SetDFlagto"”

1
[ ADC or SBC Instruction
T

I NOP Instruction

1
" SEC, CLC, or CLD Instruction Il

Fig.4.7 Example program NO.5
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APPENDIX 1

Instruction Cycles in each Addressing Mode

APPENDIX 1. Instruction cycles in each addressing mode

Internal clock g, which has a frequency one fourth of the f(XIN) (oscillating frequency), controls

the system timing of series MELPS 740.

The SYNC signal is output in every instruction fetch cycle.

In this period, value of PC(program counter) is also output.

Op code is fetched during the next half-period of .

Instruction decoder of CPU decodes this op code and determines the following procedure.

Instruction timings of all addressing modes are described on the next pages.

In these figures, @, SYNC, R/W(RD, WR), ADDR(ADDRH, ADDRL), and DATA are intemal

signals of the single-chip microcomputer.

Therefore, these signals can be investigated only in the microprocessor mode.

@ If some kind of the single-chip microcomputer that outputs the address signals separately
(M50734SP is a case in point), the each signal timing are shown in the dashed line box
as ADDRH and ADDRL. And in this case, the data signal timing(DATA) is shown with
ADDRL(ADDRL/DATA).

@ If some kind of the single-chip microcomputer that outputs the .read and write signals sepa-
rately (M37450 is a case in point), the each signal timing are shown in the dashed line box

as RD and WR.

106



Instructions :

Byte length :
Cycle number :

Timing :

cLe
CLD
cu
cLT
cLv
DEX
DEY
INX
INY
NOP
SEC
SED
SEI
SET
TAX
TAY
TSX
TXA
XS
TYA
1
2
o
SYNC
R/W
.
WR
ADDR
DATA
ADDRH
ADDRL
/DATA

IMPLIED

pc X PC+1

Invalid
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IMPLIED

Instruction :BRK
Byte length |
Cycle number 7

Timing

ADDR

DATA

ADDRH

ADDRL
/DATA

Note 1 : Some kind of types are “01” or content of SPS flag.
Note 2 : Some kind of types differ the address.
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IMPLIED

Instructions :STP
WIT
Byte length |

Timing

ADDRH

ADDRL

Return from standby
state is excuted by ex-
ternal interrupt.
Returnfromwait state is
excuted by internal or
external interrupt.
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IMPLIED

Instruction :RTI
Byte length 1
Cycle number :6

Timing

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

Instruction :RTS
Byte length 1
Cycle number 16

Timing

ADDR

DATA

ADDRH

ADDRL |
/DATA

Note : Some kind of types are “01” or SPS flag.
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Instructions

Byte length

IMPLIED

:PHA
PHP
1

Cycle number :3

Timing

ADDR

DATA

ADDRH

ADDRL
/DATA

S,00

PC (Note)

PC+1

AorPS

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

Instructions :PLA
PLP
Byte length 1

Cycle number 4
Timing

o

SYNC

RW

RD

WR

ADDR (PC+1)L,00

DATA

ADDRH

ADDRL
/DATA

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

Instructions : ADCA#$nn =0)
ANDA#$Nnn =0)
" CMPA#$nn (T=0)
CPXA#$nn
CPYA#$nn
EORA#$nn =0)
LDAA#$Nn (T=0)
LDXA#$nn
LDYA#$nn
ORAA#$nn (T=0)
SBCA#$nn (T=0)
Byte length 12
Cycle number 12

Timing

DATA

ADDRH |

ADDRL |
/DATA |
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ACCUMULATOR

Instructions

Byte length

Cycle number ]

Timing

ADDRH

ADDRL
/DATA

PC +1

Invalid
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ACCUMULATOR BIT RELATIVE

Instructions :BBCAILA,$hhll
BBSAlLA,$hhll
Byte length ]

(1) With no branch
Cycle number 4

Timing

[}

SYNC

RW

RD

PC +1

Invalid

ADDRH

ADDRL
/DATA
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ACCUMULATOR BIT RELATIVE

Instructions :BBCAILA,$hhlil
BBSAILA,$hhll
Byte length 12

(2) with branch
Cycle number 6

Timing

SYNC

RW

RD

WR

ADDR PC + 1

DATA Invalid

ADDRH { Pen PCH

ADDRL ' ECLXOP /PCLY In- XPCLX in-Y/PCLy
/DATA Acode\ +1 JyalidA 41 AvalidA 1 A

................................

RR: Offset value
*1: (PC+1)L
*2: (PC+2)L£RR
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Instructions

Byte length

Cycle number

Timing

ADDR

DATA

ADDRH

ADDRL
/DATA

118

ACCUMULATOR BIT

:CLBAI,A
SEBAILA

PC + 1

Invalid

pomesnnm o ——————————




BIT RELATIVE

Instructions :BBCAL$zz,$hhll
BBSAI$zz,$hhil
Byte length 3

(1) With no branch
Cycle number 5

Timing

DATA X Invalid

ADDRH

ADDRL
/DATA
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BIT RELATIVE

Instructions : BBCAIL$zz,$hhii
BBSAlL$zz,$hhil
Byte length :3

(2) With branch
Cycle number 17

Timing
[}

SYNC

RW

RD

WR

ADDR PC +2

DATA

Y invalid X

ADDRH

ADDRL |
/DATA |

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

Instructions :CLBAIL$zz
SEBAI$zz
Byte length 12

Cycle number :5

Timing

ADL,00

NEW
DATA

DATA DATA Invalid

ADDRH

/;‘[[;AD'?AL‘ ( PCL}ICSEGX :?'XADLXADL DATAj ADL

b s s rr e rrreews e
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[T=0]
ZERO PAGE

Instructions :ADCA$zz (T=0)
ANDAS$zz (T=0)
BITA$zz
CMPA$zz (T=0)
CPXA$z2z
CPYA$zz
ECRA$zz (T=0)
LDAA$zz (T=0)
LDXA$zz
LDYA$zz
ORAA$zz (T=0)
SBCA$zz (T=0)
TSTAS$zz

Byte length 12

Cycle number :3

Timing

ADDR PC +1 ADL,00
DATA
ADDRH ?
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ZERO PAGE

Instructions :ASLAS$zz
COMAS$zz
DECA$zz
INCAS$zz
LSRA$zz
ROLAS$z2z
RORA$zz

Byte length 12

Cycle number :5

Timing

ADDR ADL,00

X' PC+1

DATA

ADL DATA Invalid

ADDRH PCH

TP\
2 code))

ADDRL
/DATA
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ZERO PAGE

Instruction :RRFA$zz
Byte length 12
Cycle number :8

Timing

ADDR

ADL,00
) \/ NEW }
DATA Invalid A DATA /
ADDRH
ADDRL
/DATA
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ZERO PAGE

Instruction :LDMA#$nn,$zz
Byte length :3
Cycle number 4

Timing

ADDR PC +1

DATA

ADDRH PCH

ADDRL | fo VorVre Vo Vo
DATA | \POA wdeX 41 X’”“ A .2 /
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ZERO PAGE

Instructions : STAASzz
STXA$2z
STYA$zz
Byte length 12

Cycle number 4

Timing

DATA Invalid DATA DATA

ADDRH §

ADDRL
/DATA i
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ZERO PAGE X

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

Cycle number :15

Timing

ADDR (PC L PC+1 X ADL + X ,00

YorVarn Vi Vo)
OOdGXADLXv:IidXDATAX Invalid

Note : This instruction can be used special types (M37450 is a case in point).

DATA
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ZERO PAGE X

Instruction :DIVA$zz,X (Note)
Byte length 12
Cycle number :16

Timing

ADDR ADL + X + 1,00

DATA

Invalid

Note : This instruction can be used special types (M37450 is a case in point).

T
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ZERO PAGE X

Instructions :ASLA$zz X
DECA$zz X
INCA$zz X
LSRA$zz, X
ROLA$zz,X
RORA$zz, X

Byte length 12

Cycle number :6

Timing

ADDR ADL + X,00

NEW \
DATA _/

DATA Aot X invaiid X DATA X Invaiid X

ADDRH | { pe

ADDRL | fo-Vop
/DATA Z(PCLXcod
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[T=0) ZERO PAGE X
ZERO PAGE Y

Instructions :ADCA$zz,X (T=0)
ANDA$zz X (T=0)
CMPA$zz,X (T=0)
EORA$zz,X (T=0)
LDAA$zz,X (T=0)
LDXA$zz,Y
LDYA$zz,X
ORAA$zz,X (T=0)
SBCA$zz,X (T=0)

Byte length 12 '

Cycle number 4

Timing

ADDR (PC+1)L

PC 00

PC +1

DATA ¢ Invalid

ADDRH

ADDRL
/DATA
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ZERO PAGE X
ZERO PAGE Y

Instructions :STAAS$zz, X
STXA$2z,Y
STYA$z2z, X

Byte length ]

Cycle number 5

Timing

7/ (PCHL \j

,00

ADL+X(or Y)
,00

> Invalid
ADDRH

ADDRL VoP VPeVap, V

/DATA | A oodax o XADL X(Pcn)L
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[T=0]

ABSOLUTE
Instructions :ADCAS$hhil (T=0)
ANDAS$hhIl (T=0)
BITA$hhII
CMPAShhil  (T=0)
CPXA$hhli
CPYAS$hhIi
EORA$hhIl  (T=0)
LDAAShhIl  (T=0)
LDXA$hhll
LDYAS$hhII
ORAA$hhIl  (T=0)
SBCAS$hhIl (T=0)
Byte length :3

Cycle number 4

Timing

forerrcrrrrrrrr e

ADDR

DATA

ADDRH

ADDRL
/DATA
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ABSOLUTE

Instructions : ASLA$hhII
DECAS$hhII
INCA$hhII
LSRA$hhII
ROLAS$hhII
RORAS$hhII

Byte length :3

Cycle number 16

Timing

ADDR ADL, ADH

X PC+1 X

o2 X

DATA

ADDRH PCH -~ —

ADDRL g JoP T PCL\; VR 3 ’ .
/DATA §{PCL otk o f A0 (2 YA0uX aouYoaraY ot
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ABSOLUTE

Instruction :JMPAShhIl
Byte length :3
Cycle number :3

Timing

ADDR

PC +1

PC +2 PCL, PCH

DATA

ADDRH

ADDRL
IDATA
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ABSOLUTE

Instruction :JSRA$hNII
Byte length :3
Cycle number :6

Timing

PR PRI g |

Pc XPe+1 X

DATA

ADL

ADDRH PCH PCH 01

(PC ’
S +2)H 4

ADDRL | foo \oP \Fery
/DATA | \PCL.;:wdeX X XADL

Note : Some kind of types are “01"” or content of SPS flag.
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ABSOLUTE

Instructions :STAAS$hhII
STXAS$hhIl
STYAS$hhII

Byte length :3

Cycle number :5

Timing

ADDR

DATA

ADDRH

ADDRL
/DATA
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[T=0] ABSOLUTE X

ABSOLUTE Y

Instructions :ADCAS$hhILX or Y (T=0)

ANDAS$hhILX or Y (T=0)

CMPAS$hhILX or Y (T=0)

EORA$hhILX or Y (T=0)

LDAAShhILX or Y (T=0)

LDXA$hhILY

LDYAS$hhILX

ORAAS$hhILX or Y (T=0)
SBCAS$hhILX or Y (T=0)
Byte length :3
Cycle number :5

Timing

ADDR

PC ADL+X(or Y)

ADH+C

DATA

ADDRH

ADDRL
/DATA

C:Carry of ADL+X or Y
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ABSOLUTE X

Instructions : ASLAShhIlLX
DECAS$hhILX
INCA$hhILX
LSRAS$hhILX
ROLAS$hhILX
RORAS$hOhILX

Byte length :3

Cycle number 7

Timing

R |

ADDR

DATA

X DATA X Invaiid X NEW'\

'\_DATA /

ADDRH

ADDRL
/DATA

V op\/pCL
& cod A +1

C:Carry of ADL+X
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ABSOLUTE X
ABSOLUTE Y

Instruction :STAA$hhILX or Y
Byte length :3
Cycle number 16

Timing

ADDR \/ADL+X(or YN/~ ADL+X(or Y)
) PC+1 fi:) PC+2 £\ 2 ADH+C
DATA ADL ADH Invalid X DATA
ADDRH
ADDRL
/DATA
C:Carry of ADL+X or Y
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INDIRECT

Instructions :JMPA($hhIl)

Byte length :3

Cycle number :5

Timing
]

SYNC

RW

RD

ADDR

DATA

ADDRH

ADDRL
/DATA

BA: Basic address
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ZERO PAGE INDIRECT

Instruction :JMPA($zz)
Byte length 12
Cycle number 4

Timing

trrerrrrrrrrrrrnneennd

ADL
ADH

ADDR BAL,00

BAL+1,00 X

DATA

ADDRH

ADDRL
/DATA

porrerrrmr e, ————

BA: Basic address
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ZERO PAGE INDIRECT

Instruction : JSRA($zz)
Byte length ]
Cycle number 7

Timing

ADDR

DATA

ADDRH |

ADDRL |
IDATA |

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

INDIRECT X

Instructions

Byte length
Cycle number

Timing

: ADCA($2z,X)

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

ANDA($22,X)
CMPA($22,X)
EORA($22,X)
LDAA($2z,X)
ORAA($22,X)
SBCA($22,X)

12

16

DATA

ADDRH

ADDRL
/DATA

BA : Basic address

X(PC+1)L,00X BAL+X,00%

invalid X  ADL DATA

BALY ., VBALY V., \
X XADLX*X“ ADHXADLXDAT
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INDIRECT X

Instruction : STAA($2z,X)
Byte length 12
Cycle number 7

Timing

ADDR

DATA

ADDRH

ADDRL |
/DATA '

BA : Basic address
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[T=0]
INDIRECT Y

Instructions :ADCA($zz),Y (T=0)
ANDA($zz),Y (T=0)
CMPA($2z),Y (T=0)
EORA($zz),Y (T=0)
LDAA($zz),Y (T=0)
ORAA($2z),Y (T=0)
SBCA($z2z),Y (T=0)

Byte length 12

Cycle number 16

Timing

ADDR

XPC+1 X

DATA

ADDRH

ADDRL
/DATA

BA: Basic address
C : Carry of ADL+Y
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INDIRECT Y

Instruction :STAA($z2),Y
Byte length 2
Cycle number 7

Timing
o

SYNC

ADDR

DATA

ADDRH

ADDRL
/DATA

BA: Basic address
C : Carry of ADL+Y
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RELATIVE

Instructions :BCCAS$hhll
BCSA$hhII
BEQAS$hhII
BMIAS$hhII
BNEAS$hhII
BPLAS$hhII
BVCAS$hhll
BVSA$hhll

Byte length ]

(1)With no branch
Cycle number 12

Timing

forommmm e ————

ADDR PC +1

DATA ( Invalid

ADDRH

ADDRL
/DATA
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RELATIVE

Instructions :BCCAShhlI
BCSAS$hhll
BEQAS$hhil
BMIAShhIl
BNEAS$hhII
BPLAS$hhII
BVCAS$hhii
BVSA$hhil

Byte length 12

(2)With branch
Cycle number 4

Timing
(]

SYNC

(PC+2)L
(PC+1)H

ADDR

\/(PC+2).tR

PC+1 (PC+2)H

(PC+2)tRR )

DATA OP code Invalid Invalid

ADDRH PCH

(PC+2)£RRY

ADDRL
/DATA

RR : Offset value
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RELATIVE

Instruction : BRAA$hhII
Byte length 12
Cycle number 4

Timing

'

\/ (PC+2)L \
(PC+1)H

ADDR PC

DATA

ADDRH PCH

ADDRL ! [on Y OP VPl V. onV
/DATA (PCLI!\oode AN XiRR A

RR : Offset value
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SPECIAL PAGE

Instruction :JSRA\$hhll
Byte length 12
Cycle number :5

Timing

rrrrrsrrrrcrsrrrnnnnnd

ADDR

S,00(Note)

DATA Invalid

ADDRH PCH PCH

ADDRL
/DATA

( BAL

A\code A\ +1 /

pororrrrrrrraenrerereea

j{PcL O Y PCL (BAL [ s

BA : Basic address
Note : Some kind of types are “01” or content of SPS flag.
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[T=1]

IMMEDIATE

Instructions : ADCA#$nn
ANDA#$nN
EORA#$NN
ORAA#$NN
SBCA#$nn

Byte length 12

Cycle number :5

Timing

(T=1)
(T=1)
(T=1)
(T=1)
(T=1)

ADDR X,00

DATA { op code X mvaia X NEW
ADDRH

ADDRL

/DATA
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[(T=1]
IMMEDIATE

Instruction :CMPA#$nn  (T=1)
Byte length :2
Cycle number :3

Timing

ADDR

DATA

ADDRH

ADDRL
/DATA
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[TT=1]
IMMEDIATE
Instruction :LDAA#$nn (T=1)

Byte length ]
Cycle number 4

Timing

S S ———

ADDR g oo %00

DATA Invalid

ADDRH

ADDRL"
/DATA

porressrssnsonanasnna
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(T=1]
ZERO PAGE

Instructions :ADCAS$zz (T=1)
ANDAS$zz (T=1)
EORA$zz (T=1)
ORAA$zz (T=1)
SBCA$zz (T=1)

Byte length 12

Cycle number :6

Timing

ADDR

DATA

ADDRH

ADDRL |
/DATA
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[T=1]
ZERO PAGE
Instruction :CMPA$zz (T=1)

Byte length 12
Cycle number -4

Timing

P ot
H "

ADDR

DATA

ADDRH

ADDRL
/DATA
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[T=1]
ZERO PAGE
Instruction :LDAAS$zz (T=1)

Byte length 12
Cycle number :5

Timing

ADDR

PC X,00

Pc+1 X

DATA

ADL Invalid X

ADDRH

ADDRL
/DATA
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[T=1]
ZERO PAGE X

Instructions :ADCA$zz,X (T=1)
ANDA$zz X (T=1)
EORA$zz,X (T=1)
ORAA$zzX (T=1)
SBCA$zz,X (T=1)

Byte length 12

Cycle number 7

Timing

/ DATAN/ N/ NEW \
%Immm% DATA /

DATA

ADDRH

ADDRL
/DATA
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[T=1] |
ZERO PAGE X

Instruction :CMPA$zz X (T=1)
Byte length 12
Cycle number :5

Timing

3
O

brrrrrrrcrrcrrrererd
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[T=1]
ZERO PAGE X

Instruction :LDAA$zz,X (T=1)
Byte length 12
Cycle number 6

Timing

o

SYNC

S

ADL+X \/
’00 &

ADDR X Pc+1 X (PO %00

DATA

ADL X Invalid X DATA X Invalid X

00

— (DATAX X

ADDRH

ADDRL
/DATA

AP RPRARAPRARS |
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[T=1]
ABSOLUTE

Instruction :ADCAS$hhll  (T=1)
ANDAShhll  (T=1)
EORAS$hhll  (T=1)
ORAAS$hhIl (T=1)
SBCAS$hhll  (T=1)

Byte length :3
Cycle number 7
Timing

ADDR

DATA

ADDRH

ADDRL |
/DATA i
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[T=1]
ABSOLUTE

Instruction :CMPAS$hhIl  (T=1)
Byte length :3
Cycle number .5

Timing
[~}

SYNC

ADDR PC PC + 1 X,00

DATA

ADDRH

ADDRL
/DATA
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[T=1]
ABSOLUTE

Instruction :LDAAS$hhIl  (T=1)
Byte length :3
Cycle number :6

Timing

ADDR

DATA

X DATA X Invalid X

00

PCH PCH

ADDRH

DDRL | fom Y OP PCLX / PCLY
'L}DA'IF}AL ? f\PCL/e(°°deX ull) ADLX 32 J
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[T=1] ABSOLUTE X
ABSOLUTE Y

Instructions :ADCA$hhILX or Y (T=1)
ANDAS$hhILX or Y (T=1)
EORA$hhILX or Y (T=1)
ORAAS$hhILX or Y (T=1)
SBCAS$hhILX or Y (T=1)

Byte length :3
Cycle number :8
Timing

ADDRH |

ADDRL |
/DATA i)

C : Carry of ADL+X or Y
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[T=1] ABSOLUTE X

ABSOLUTE Y
Instruction :CMPAShhILX or Y (T=1)
Byte length :3
Cycle number 16
Timing

ADDR

DATA

ADDRH

ADDRL
/DATA

D|_+ DATA DAT
or Y)

C :Carry of ADL+X or Y
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[T=1] ABSOLUTE X
ABSOLUTE Y

Instruction :LDAASHhhILX or Y (T=1)
Byte length :3
Cycle number 7

Timing

ADDR \/ADL+X(or YN/ADL+X(or Yk

DATA

Invalid X

Invalid X DATA X

DATA A1 X

ADDRH

ADDRL
/DATA

C : Carry of ADL+X or Y
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[T=1] |
INDIRECT X

Instructions :ADCA($zz,X) (T=1)
ANDA($zz,X) (T=1)
EORA($2z,X) (T=1)
ORAA($2z,X) (T=1)
SBCA($zz,X) (T=1)

Byte length 12

Cycle number 9

Timing

ADDR

DATA

ADDRH

ADDRL
/DATA |

BA : Basic address
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[T=1]
INDIRECT X

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

Timing
[2]

SYNC

P T T T

ADDR

DATA

ADDRH

ADDRL
/DATA

BA : Basic address

167



[T=1]

INDIRECT X
Instructions :LDAA($2z,X) (T=1)
Byte length 12
Cycle number :8
Timing

o

SYNC

R/W

BA : Basic address
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[T=1]
INDIRECT Y

Instructions :ADCA($2z2),Y (T=1)
ANDA($22),Y (T=1)
EORA($2z),Y (T=1)
ORAA($2z),Y (T=1)
SBCA($22),Y (T=1)

Byte length 12
Cycle number :9
Timing

ADDR

DATA

ADDRH

ADDRL
/DATA

BA : Basic address
C : Carry of ADL+Y
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[T=1]
INDIRECTY
Instruction :CMPA($zz2),Y (T=1)

Byte length 12
Cycle number 7

Timing

o

SYNC

ADDR

DATA

ADDRH

ADDRL
/DATA

[P

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

INDIRECT Y
Instructions :LDAA($zz),Y (T=1)
Byte length 2
Cycle number :8
Timing

o

SYNC

ADDR

DATA

ADDRH

ADDRL
/DATA

BA : Basic address
C : Carry of ADL+Y
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APPENDIX 2

MELPS 740 Machine Language Instruction Table

Parameter FLAG INSTRUCTION CODE __| BYTE | CYCLE
S| O Y MBOL FUNCTION NVIBO | ZC |D706DsDaDaD2 D1 Do] HEX SHBErhMBERNOTE
LDA #$nn (A) « mn OXXXXXOX[ 101 0,,1001 A9 2 2 |2
LDA $zz (A) + (M) where M=(zz) OXXXXXOX| 101050101 A5 2 3 |2
LDA $2z,X (A) -+ (M) where M=(zz+(X)) OXXXXXOX[ 101 1,,0101 B5 2 4 |2
LDA $hhii (A) + (M) where M=(hhll) OXXXXXOX| 101051101 | AD 3 4 |2
<B3>
LDA $hhilX |(A) < (M) where M=(hhll+(X)) OXXXXXOX| 101 1,,1101 BD 3 5 |2
<B3> .
LDA $hhiLY |(A) < (M) where M=(hhll+(Y)) OXXXXXOX| 1011, 1001 | B9 3 5 |2
<B3>
LDA ($2z,X) |(A) <« (M) where M=((zz+(X)+1)(zz+(X))) |oxxxxXx0X| 1 0 1 00 001 Al 2 6 |2
LDA (3zz),Y |(A) + (M) where M=((zz+1)(zz)+(Y)) OXXXXXOX| 10110001 | Bi 2 6 |2
LDX #$nn (X) < nn OXXXXXOX| 101050010 A2 2 2
T (LDX $2z (X) + (M) where M=(zz) OXXXXXOX[1010,,0110/| A6 2 3
S |LDX $2zY | () + (M) where M=(zz+(Y)) OXXXXXOX| 101 1,.0110]| B6 2 4
LDX $hhil (X) <+ (M) where M=(hhll) OXXXXXOX[ 1010 1130 AE 3 4
<B3>
LDX $hhiLY |(X) <+ (M) where M=(hhll+(Y)) OXXXXXOX|[ 10111110 BE 3 5
<B3>
LDY #3nn (Y) - mn OXXXXXOX[ 101050000/ A0 2 2
LDY $zz (Y) + (M) where M=(zz) OXXXXXOX| 10100100/ A4 2 3
LDY $zzX |(Y) « (M) where M=(zz+(X)) OXXXXXOX|1011,.0100]| B4 2 4
LDY $hhii (Y) <+ (M) where M=(hhll) OXXXXXOX([ 1010 1100 AC 3 4
<B3>
LDY $hhiLX |(Y) « (M) where M=(hhil+(X)) OXXXXXOX| 10111100 BC 3 5
<B3>
5 LDM #$nn,$z7 (M) « nn where M=(z2) XXXXXXXX[ 001111001 3C 3 4
o <B3>
8 STA $zz (M) < (A) where M=(zz) XXXXXXXX|1000,,0101[ 85 2 4
: STA $zz,X (M) < (A) where M=(zz+(X)) XXXXXXXX| 100 1,,0101 95 2 5
6‘; STA $hhil (M) < (A) where M=(hhil) XXXXXXXX| 100 05,1101 | 8D 3 5
<B3>
STA $hhil,X | (M) <« (A) where M=(hhil+(X)) XXXXXXXX| 1001, 1101| 9D 3 6
<B3>
STA $hhiLY | (M) < (A) where M=(hhll+(Y)) XXXXXXXX| 100151001 | 99 3 6
<B3>
@ |STA ($2z,X) [(M) « (A) where M=((zz+(X)+1)(zz+(X))) [XXXXXXXX| 10 005,000 1 81 2 7
(% STA ($22),Y |(M) - (A) where M=((zz+1)(zz)+(Y)) XXXXXXXX[ 100150001 91 2 7
STX $zz (M) < (X) where M=(zz) XXXXXXXX[ 10000110/ 86 2 4
STX $zzY  [(M) <+ (X) where M=(zz+(Y)) XXXXXXXX]| 1001,0110] 96 2 5
STX $hhll (M) <« (X) where M=(hhll) XXXXXXXX| 10001110 8E 3 5
<B3>
STY $zz (M) « (Y) where M=(z2) XXXXXXXX| 100050100 84 2 4
STY $2z.X  [(M) - (Y) where M=(zz+(X)) XXXXXXXX| 10010100 04 2 5
STY $hhil (M) « (Y) where M=(hhll) XXXXXXXX| 1000, 1100 8C 3 6
<B3>
TAX 1K) - (A OXXXXXOX| 1010 1010 AA 1 2
5 TXA (A) - (X) OXXXXXOX[ 1000 1010} B8A 1 2
% | TAY Y) - (A) OXXXXXOX| 1010 1000| A8 1 2
§ TYA (A) - (Y) OXXXXXOX| 1001 1000]| 08 1 2
= ITsx X <« O OXXXXXOX| 1011 t1o10| BA | 1 | 2
TXS S) - X XXXXXXXX| 1001 1010] 9A 1 2
< |PHA (MS)) - (A, (S) - (S) — 1 XXXXXXXX] 0100 1000 48 1 3
*:.“.% PHP (M(S)) = (PS), (S) « (S) — 1 XXXXXXXX| 0000 1000] 08 1 3
#8[PLA S)« (9 +1,A « MS) oxxxxxox| 0110 1000| 68 1 4
°lpLp S) - (S +1,(PS)+ MOS) P’i"m{f‘us 0010 1000| 28 11 4
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MELPS 740 Machine Language Instruction Table

Parameter

SYMBOL

BYTE

CYCLE

FLAG INSTRUCTION CODE
Susictn FUNCTION NVTBD [ 7C[D7Ds DsDabs0z b1 Do HEX _NuvBERNUMBER O
ADC #$nn (A) = (A)+nmn+(C) OOXXXXO0O0[ 0 110,100 69 2 2 |1
ADC $zz (A) <+ (A) + (M) + (C) where M=(zz) OOXXXXO0O[ 0 110,,0101 65 2 3 |1
ADC $2zX |(A) + (A)+ (M) +(C) where M=(zz+(X)) |OOXXXX0O| 01 1 1,,010 1 75 2 4 |1
ADC $hhll (A) <+ (A) + (M) + (C) where M=(hhil) OOXXXXO0O[ 01 10,1101 6D 3 4 1
<B3>
ADC $hhilLX [ (A) < (A)+ (M) + (C) where M=(hhil+(X)) |OOXXXXOOf 0 111,110 1 7D 3 5 |1
<B3>
ADC $hhilY |(A) <+ (A)+ (M) +(C) where M=(hhll+(Y)) [0OXXXX0O0| 011 1,100 1 79 3 5 1
<B3>
ADC ($2z,X) |(A) <+ (A)+(M)+(C) OOXXXXO0O| 0 110,,0001 61 2 6 |1
where M=((zz+(X)+1)(zz+(X)))
ADC ($zz),Y |(A) - (A)+ {VI OOXXXXO0O0| 011 1,,0001 ] 71 2 6 |1
where 2(zz+1)(zz)+(Y))
SBC #$nn (A) -+ (A)—nn—(?—_)_ 0OXXXX00[ 111051001 | E9 2 2 |1
SBC $zz (A) - (A)—(M)—(C) where M=(zz) OOXXXXOO| 1 110,,0101 E5 2 3 1
SBC $zz,X (A) - (A)— (M) —TC) where M=(zz+(X)) |OOXXXXO0O] 1 111,010 F5 2 4 |1
SBC $hhll (A) < (A)— (M) —TC) where M=(hhll) 0OXXXX0O0| 1 11 °<g§>‘ 101} ED 3 4 11
~ |SBC $hhilX |(A) - (A)—(M)— OOXXXX0O| t 1 11,1101 | FD 3 5 |1
g ohers l\L(hﬁ(X)) pren
@ |SBC $hhiLY [(A) + (A)—(M)—( OOXXXXOO| 1 111,,1001 F9 3 5 | 1
k] Al N}_(hPH(Y)) P
@
SBC ($zz,X) |(A) - (A) ( OOXXXX0O0[| 1110 001 E1 2 6 1
5|% whergl\)d ((E(X)+1)(zz+(X))) b2
S | o |SBC ($z2),Y |(A) - (A)—M)—C) 0oXxXX00| t 111 0001 | F1 2 6 |1
g < where M=((zz+1)(z2)+(Y))
[e) INC A (A) *- (A)+1 OXXXXXOX| 0011 1010/| 3A 1 2
INC $zz (M) - (M) + 1 where M=(z2) OXXXXXOX| 1110,0110| E6 2 5
INC $zz,X (M) - (M) + 1 where M=(zz+(X)) OXXXXXOX([ 1 111,,0110 F6 2 6
INC $hhil (M) <= (M) + 1 where M=(hhll) OXXXXXOX[ 11101110 EE 3 6
<B3>
INC $hhiLX | (M) < (M) + 1 where M=(hhll+(X)) OXXXXXOX| 11111110 FE 3 7
<B3>
DEC A (A) - (A)—1 OXXXXXOX]| 0001 1010 1A 1 2
DEC $zz (M) < (M) — 1 where M=(zz) OXXXXXOX|1100,0110)| C6 2 5
DEC $zz,X |(M) <= (M) — 1 where M=(zz+(X)) OXXXXXOX[ 1101,,0110]| D6 2 6
DEC $hhil | (M) < (M) — 1 where M=(hhil) oxxxxxox| 1100,.1110| CE | 3 | 6
<B3>
DEC $hhil,X [|(M) < (M) — 1 where M=(hhll+(X)) OXXXXXOX| 110114110 DE 3 7
<B3>
INX X) - X+1 OXXXXXOX| 1110 1000 E8 1 2
DEX X) - (X)—1 OXXXXXOX{1100 1010] CA 1 2
INY Y) - (V)+1 OXXXXXOX|[ 1100 1000 cs 1 2
DEY (Y) - (Y)—1 OXXXXXOX| 1000 1000 88 1 2
E MUL $zz,X M(S), (A) (A)x M(zz+X) XxXXXxxX| 0110 0010| 62 2 15 |8
8 ( ) 8—
= | DIV $2z,X <+ (M(zz+X+1), M(zz+X))=A)
= ) Onescomplement of remainder | XXXXXXXX| 1110 0010 E2 2 16 | 8
3 (S) + 5—1
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MELPS 740 Machine Language Instruction Table

Parameter FLAG INSTRUCTION CODE _| BYTE | CYCLE
S| S YMBOL FUNCTION NVTBD | 7C [D7De DsDe D302 Dt 0o HEX _NUMBERNUMBERINCTE
AND #$nn | (A) <+ (A) A Mn OXXXXXOX| 0010 1001 | 29 2 2 |1
AND $zz (A) + (A)A (M) where M=(zz) OXXXXXOX| 00 10,0101 25 2 3 |1
AND $zzX [(A) < (A)A (M) where M=(zz+(X)) OXXXXXOX| 00 11,0101 35 2 4 1
AND $hhll (A) == (A)A (M) where M=(hhll) OXXXXXOX| 00101101 2D 3 4 1
<B3>
AND $hhiLX |(A) «< (A)a (M) where M=(hhll+(X)) OXXXXXOX| 001151101 3D 3 5 1
<B3>
AND $hhillY [(A) <= (A)a (M)where M=(hhil+(Y)) OXXXXXOX( 00 11,1001 39 3 5 |1
<B3>
AND ($2z,X) [(A) <+ (A) A (M) OXXXXXOX[0010,,0001 21 2 6 1
where M=((zz+(X)+1)(zz+(X)))
AND ($22),Y |(A) + (A)a (M) where M=((zz+1)(zz)+(Y)) | oxXXXXX0OX| 0 0 1 1gp0 001 31 2 6 |1
ORA #$nn (A) < (A v OXXXXXOX[0000,, 1001 09 2 2 |1
ORA $zz (A) - (A)v (M) where M=(zz) OXXXXXOX[ 00000101 05 2 3 1
ORA $zz,X |(A) - (A)v (M)where M=(zz+(X)) OXXXXXOX( 00010101 15 2 4 1
ORA $hhil (A) + (A)v (M) where M=(hhl) OXXXXXOX| 0000,,1101 oD 3 4 1
<B3>
< |ORA 8hhiLX |(A) < (A)v (M) where M=(hhil+(X)) OXXXXXOX| 00011101 1D 3 5 1
o : <B3>
5 § ORA $hhiLlY [(A) - (A)v (M) where M=(hhlil+(Y)) OXXXXXOX| 00011001 19 3 5 1
k=] [
s 2 <B3>
S |0 |ORA ($22X) [(A) < (&) v (M) OXXXXXOX|0000,0001| 0 2] 6 |1
o -% where M=((2z+(X)+1)(zz+(X)))
S |ORA (322),Y |(A) + (A)v (M) where M=((zz+1)(zz)+(Y)) |oxxxxx0x| 0 0 0 1gp0 001 11 2 6 1
EOR #3%nn (A) - (A)V nn OXXXXXOX[ 01001001 49 2 2 1
EOR $2z (A) - (A)V (M) where M=(zz) OXXXXXOX| 0 100,,0101 45 2 3 1
EOR $2z.X |(A) + (A)V (M) where M=(zz+(X)) OXXXXXOX| 010150101 55 2 4 1
EOR $hhil (A) - (A)V (M) where M=(hhli) OXXXXXOX| 01001101 4D 3 4 1
<B3>
EOR $hhilLX |(A) < (A) v (M) where M=(hhil+(X)) OMXXXXOX| 01011101 5D 3 5 1
<B3>
EOR $hhilY |(A) <« (A)V (M) where M=(hhll+(Y)) OXXXXXOX| 01011001 59 3 5 (1
<B3>
EOR ($2z,X) |(A) < (A) V (M) OXXXXXOX| 01000001 41 2 6 |1
where M=((zz+(X)+1)(zz+(X)))
EOR ($z2),Y |(A) - (A)V (M) where M=((zz+1)(zz)+(Y))| oxXXxXx0X| 0 1 0 g, 0 01 51 2 6 1
COM $zz (M) - (M) where M=(z2) OXXXXXOX| 01 00,,0100 44 2 5
BIT $zz (A)A (M) where M=(zz) MMXXXXOX| 0 ¢ 10,0100 24 2 3
BIT $hhil (A) A (M) where M=(hhll) MMXXXXOX[ 0 010,,1100 2C 3 4
<B3>
TST $zz (M)=0 ? where M=(zz) OXXXXXOX[ 011050100 64 2 3
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MELPS 740 Machine Language Instruction Table

Parameter FLAG INSTRUCTION CODE __ | BYTE [CYCLE
Samsicao| S YMBOL FUNCTION NVTB0D [ ZC [070s 0504030201 0o HEX _NUMBERNUMBERNOT
CMP #3nn | (A) —nn" OXXXXX0O[ 1100, 1001 C9 2 2 |3
CMP $zz (A) — (M) where M=(zz) OXXXXXO0O| 1100,0101] C5 2 3 |3
CMP $2z.X | (A)—(M) where M=(zz+(X)) OXXXXXOO| 11010101 D5 2 4 |3
CMP $hhil (A) — (M) where M=(hhll) OXXXXXOO| 1100,,1101 cD 3 4 3
<B3>
CMP $hhiLX | (A)—(M)|  where M=(hhil+(X)) OXXXXX00| 11011101 | DD 3 5 |3
N <B3>
§ CMP $hhiLY |(A)— (M) £ where M=(hhll+(Y)) OXXXXXOO| 11011001 D9 3 5 3
2 3 <B3>
ﬁ CMP ($2z,X) |(A)— (M) >§ where M=((zz+(X)+1)(zz+(X)))| OXXXXX00| 1 100,000 1| C1 2 6 |3
§ CMP ($22).Y |(A)—(M)[{8 where M=((zz+1)(z2)+(Y)) [oxxxxx00| 1101 0001 | D1 2 6 |3
© [CPX #3nn (X) —nn OXXXXXO0O| 1110,,0000 EO 2 2
CPX $zz (X) — (M) where M=(zz) OXXXXXOO[ 1110,,0100 E4 2 3
CPX $hhil (X) — (M) where M=(hhll) OXXXXX00[ 1110 1100 EC 3 4
<B3>
CPY #3nn (Y)—nn OXXXXXO0O|1100,,0000| CO 2 2
CPY $zz (Y) —(M) where M=(zz) OXXXXXO0O| 11000100 ca 2 3
CPY s$hhil (Y)—(M)J where M=(hhll) OXXXXXO0O[ 110051100 CC 3 4
<B3>
ASL A Left Shift Cle&7Ae ___ AiAole-0 OXXXXX00! 0000 1010/| OA 1 2
ASL $zz where M=(zz) OXXXXX00[ 00000110 06 2 5
ASL $zzX Left Shift where M=(zz+(X)) [oXxXX%X00[ 0001 0110 16 2 6
ASL $hhll EIMiMe_MWok-0 ynore Mot |oxxxxxoo| 0000, 1110| 0E | 3 | 6
c <B2>
o <B3>
'fg ASL $hhil, X where M=(hhil+(X)) |oXXxxx00[ 0001 1110 1E 3 7
@ ) <B3>
[N
o LSR A Right Shift 0-+{A7As AiAok(C] OXXXXXO0O[ 0100 1010/ 4A 1 2
LSR $z2z where M=(zz) OXXXXX00| 01000110 46 2 5
LSR $2z,X Right Shift where M=(2z+(X)) [ 0XXXXX00| 0 101 0110 56 2 6
LSR $hhi where M=(nhll) | oxxxxx00| 0100 t110| 4E | 3 | 6
<B3>
£ |LSR $hhil,X where M=(hhll+(X))] 0 XXXXX00| 0 1 0 gt 110 5E 3 7
ﬁ <B3>
3 (ROL A Left Shift OXXXXXO0O0[0010 1010[ 2A 1 2
: ROL $zz where M=(zz) OXXXXXO0O0[0010,,0110 26 2 5
g ROL $2z,X Left Shift where M=(2z+(X)) |oxxxxxo0ofo0011 0110 36 2 6
& [ROL $hhll where M=(hhlf) OXXXXX0O[ 00101110 2E 3 6
<B3>
ROL $hhll,X where M=(hhll+(X)) |oxXxxX00]| 0 0 1 gt 110 3E 3 7
<B3>
ROR A Right Shift »{C] OXXXXX00| 0110 1010 6A 1 2
ROR $2z where M=(zz) OXXXXX0O[ 0110, 0110| 66 2 5
ROR $zz,X Right Shift where M=(zz+(X)) |OXXXXX00] 0111 0110] 76 2 6
ROR $hhll [CHoM7Ms _ M1M o where M=(hhll) OXXXXX00| 0110, 1110 6E 3 6
<B3>
ROR $hhil, X where M=(hhil+(X)) | oxxxxx00| 0 1 1 Tgal 110 7E 3 7
<B3>
RRF $z2z M7 MMz Mo where M=(zz) XXXXXXXX( 10000010 82 2 8
I
o CLB iA (Ai) « 0 where i=0~7 XXXXXXXX| 1 i i1 101 1]|@s)=10+8 1 2
:_g‘g CLB i$zz (Mi) <= 0 where i=0 ~7, M=(zz) XXXXXXXX| 1§ 110,111 1|@x10F| 2 5
mEe [SEBIA (A) < 1 where i<0~7 XXXXXXXX|1 110 1011] amwB| 1 | 2
= |SEB i$zz (Mi) <= 1 where i=0 ~7, M=(22) XXXXXXXX| 1 110111 1] 4nitf | 2 5
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MELPS 740 Machine Language Instruction Table

Parameter FLAG INSTRUCTION CODE | BYTE [CYCLE
S| O Y MBOL FUNCTION RVTBD [ 7C {0706 s 040502 01 (o[ HEXNUMBERNUMBERIOTS
cLc (C) - 0 XXXXXXX0]0001 1000| 18 1 2
SEC € <+ 1 XXXXXXX1[0011 1000 38 1 2
o |CLD (D) < O xxxXxXoxxx|t101 1000 D8 1 2
-_l-:_: SED (D) - 1 XXXX1xXX|1 111 1000 F8 1 2
& |eu () <o XXXXXO0XX[0101 1000| 58 1 2
2 |SEl () <« 1 XXXXX1Xx[0111 1000| 78 1 2
woicLT M <« o0 XXOXXXXX[0001 0010 12 1 2
SET M <1 XX1xXxxXXx|oo11 0010 32 1 2
CLv V) - o0 X0 xxxxxx[to11 1000| B8 1 2
BRA $hhll (PC) +- (PC) +2 + Rel XXXXXXXX[1 0000000 80 2 4
JMP $hhil (PC) <=hhlil XXXXXXXX[0 1001100 4C 3 3
<B3>
JMP ($hhll) [ (PCL) <=(hhll), (PCH <(hhll+1) XXXXXXXX[0 11051 100[ 6C 3 5
<B3>
E|IMP ($22) |(PCU+(z2), (PCH <(zz+1) XXXXXXXX|1 01 1,5,0010{ B2 2 | 4
3 [JSR shhil (M(S)) ==(PCH), (5)4-(3)—1 (M(S))*-(PCL), XXXXXXXX[00 10,1100 20 3 6
(S)«=(S)—1, and (PC) = <B3>
JSR ($22) g)(s‘)z(;‘)gcz%c(’.s)) :—_((iz))_1ang~2§°s<:)li)<-<(-P?zlil1) XXXXXXXX|0000,,0010[ 02 2 7
JSR \$hhll Eg)(s‘)l(;-)(_P?w(P ésg :I(IS);E(%(?L‘; (PCL), |xxxxxxxx[00 10,0010 22 2 | s
L H
BBC i,A,$hhil mengﬁlg—? ((:g)) - (g’g)+2+ Rel Where i=0~7 | x%xxxxxx|i i i 1.gp0 00 O |@nx103) 2 4 | 4
Ien{Al)= +
BBC i,$zz,$hhil menmg;? ((;3 - ((:CC)) +33+Rel Where i=0~7| % XX XXX|i i i 1ol 100 |@nx1047] 3 5 |4
en(Mi - + <B3> )
g_ BBS i,A,$hhll wnenwré g;(c); - ((;g; +§+ Rel Where i=0~7 | xXXXxXxX|i i i 05,0 000 2ixt03| 2 4 |4
2 en(Ai)= - +
% BBS i$zz,$hhll menmm {;g; - ((;g;+g+ReIWhere i=0~7 | XXXXXXXX] | i i Ogol 100 2ix1047| 3 5 4
2 en{vi)= hat + <B3>
s BCC $hhil When§cg=0 ch - $PC;+2+ReI XXXXXXXX[1 00710000 90 [ 2 [ 2[4
S When(C C) + (PC)+2
g  |BCS $hhii Wﬁnﬁgg:}) gg; - égg§+§+ﬂel XXXXXXXX[1011,,0000( BO 2 2 | 4
[%] N - +
c
g BNE $hhll whhgngﬁ) gg; - ;8 +§+Rel XXXXXXXX[1 10150000/ DO 2 2 |4
n(Z)= - +
BEQ $hhll Whh:ng))j %58 - %gg;»rg-rﬁel IXXXXXXXX|1 1 115,0000 FO 2 2 |4
N(£)= bt +
BPL $hhll Wmn%ﬁ) ;8; - égggafg\t Rel XXXXXXXX[0001,,0000]| 10 2 2 4
n(N)= - +
BMI $hhil mnm;j ggg - fgg +§+ Rel XXXXXXXX[0011,,0000( 30 2 2 |4
N(IN) = - +
BVC $hhil wxn%=§) %;8 :_— $8+§+Rel XXXXXXXX[0101,,0000( 50 2 2 (4
n(Vv)= +
BVS $hhll wgeng)):i) fsg} - £’F;8+§+Rel XXXXXXXX|[0 1 11,0000 70 2 2 |4
en| b +
RTI (S)*=(S) + 1, (PS)=(M(S)), (S)==(S) + 1, Previous status[o 1 00 o000 0| 40 1 6
c
£ (PC ) <+~(M(S)), (S)#=(S) + 1, and (PCH)+~ (M(S)) |  in stack
E RTS (S)#(S) + 1, (PCL) *=(M(S)), (S)<~(S) +1, XXXXXXXX|01 10 0000| 60 1 6
(PCH)<=(M(S)), and (PC) =~ (PC) +1
BRK gB) -1, (PC)<-(PC)+2 (M(S))=-(PCH),
Interrupt] (S),Z"(Pgsé(é<'s_1 )(1)4— ) XXX1X1XX[0000 0000 00 1 7
, and( C) < BADRS
Other | NOP (PC) =« (PC)+1 XXXXXXXX|1 110 1010 EA 1 2
FST Connect X outr pin with internal o;cillation circuit. [ xxxxxXxxx|t 110 o0010| E2 1 2 5
Special SLwW Cut Xoutr pin with internal oscillation circuit. |XXXXxXXxx[1 100 o001 0| C2 1 2 |s
P WIT Internal clock source is stopped. XXXXXXXX|1 100 00105 C2 1 2 1|6
STP Oscillation is stopped. XXXXXXXX[0 100 0010]| 42 1 2 |7
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MELPS 740 Machine Language Instruction Table

Symbol Means Symbol Means
A Accumulater \ Special page mode
Ai Bit i of accumulator hh Higher byte of address (0~255)
X Index register X I Lower byte of address (0~255)
Y Index register Y zz Zero Page address (0~255)
M Memory nn Data at 0~255
Mi Bit i of memory i Data at 0~7
PS Processor status register iii Data at 0~7
S Stack pointer <B2> Second byte of instruction
PC Program counter <B3> Third byte of instruction
PCL Lower byte of program counter Rel Relative address
PCH Higher byte of program counter BADRS Break address
N Negative flag - Direction of data transfer
v Overflow flag () Contents of register or memory
T X modified operation mode flag + Add
B Break flag — Substract
D Decimal mode fla v Logical OR
| Interrupt disable flag A Logical AND
V4 Zero flag _‘i Logical Exclusive OR
C Carry flag Negative
# Immediate mode X Stable flag after execution
$ Hexadecimal o Variable flag after execution

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:

Note 8:
Note 9:

Listed function is when (T) = 0.

When (T) = 1, (M(X)) is entered instead of (A) and the cycle number is increased by 3.

Ditto. The cycle number is increased by 2.

Ditto. The cycle number is increased by 1.

The cycle number is increased r\t?l 2 when a branch is occurred.

This instruction is provided for M50740A-XXXSP/FP, 50740ASP, M50741-XXXSP/FP, M50752-XXXSP, M50
757-XXXSP and M50758-XXXSP.

This instruction is not provided for M50740A-XXXSP/FP, 50740ASP, M50741-XXXSP/FP, M50752-XXXSP,
M50757-XXXSP and M50758-XXXSP.

This instruction is not provided for M50752-XXXSP, M50757-XXXSP and M50758-XXXSP.

This instruction is provided for special type only (for example M37450 family).

The “CYCLE NUMBER" means the cycle number of the internal clock @.
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APPENDIX 3

MELPS 740 Instruction Hexadecimal Code Table

D_3:|50 0000 | 0001 | 0010 {0011 {0100 | 0101 | 0110 | 0111 {1000 [ 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
DoNedeamal o T4 [2[3[a[5[6(7|8]9|a[B[c[D|E]F
o | o[ 08 ] B o [ P B — o
o I i B A i P e
0010 2 JSR [AND| JSR | BBS | BIT |AND|ROL | BBS PLP AND | ROL | SEB | BIT |AND|ROL | SEB

ABS |INDX| SP | 1A | ZP ZP | ZP | 1,2P M| A 1,A | ABS | ABS | ABS | 1,2P
oot |3 fomn |0 ser | T — |55 [2ox | 125 | SEC hao] n | h | 2o |rmsx|aes 12
oo |4 [ SO e 555 S0 EOR 18 o [ o | 7 | 2 [ e | o o 2
N N2 o o e Bl
oo || B ] P s | S e
I 0 o e B U e
e R E e P e e e e
Gl e P e e e B
o | A |Cor oo S oY s 0/ S oy o 5
I el R
T I e i B e R b e
Do [55 —[Bewn  — [ = [
o | [ o o 20 o2 o 2 2
o F_[ee ‘ig?f — B7,BAC — iff ;’:3 s.gs SED ASBBS?Y - (;I,-AB _ A?sg( Algs‘,:x (7:‘23

Note *1: This instruction is provided for special type only (for example M37450 family).

178



APPENDIX 4

ASCII Code Table

7pG.rStUVWXV,Z{|I}~m
© clo|lo|lo|]o |~ |ODOjlc|—-|—|x|—]|E]|]cs]O
wlo |Clo |- |D|>|Z|X|{>|N|—]|—|—|< | I
s |Q@ |« |m|O|o|w|w |O|T|(—|>2|X|[2]|=S|=2|0O
o]Jo|l~ |||t |w]Oo |~ O v A e
NS |- |#w ||| ]|- |~ |~|*|+]| -] ~
EE BB R EEEEz 5 82 s e )2
1213 5IEIRIEISIE|8|E]5 5|k ]8 (8]
m0123456789ABCDEF
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Telephone: (03) 218-3473

(03) 218-3499
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Facsimile: (08) 966877
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