




































































































































































































LOA Load Accumulator from Memory LOA 
Operation Acc �~� M 

Description Loads the contents of memory into the accumulator. 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 
C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Immediate LOA A, #imm A916, imm 2 2 

Direct LOA A, dd A516, dd 2 4 

Direct indexed X LDA A, dd, X B516, dd 2 5 

Direct indirect LDA A, (dd) B216, dd 2 6 

Direct indexed X indirect LDA A, (dd, X) A116, dd 2 7 

Direct indirect indexed Y LDA A, (dd), Y B116, dd 2 8 

Direct indirect long LDAL A, (dd) A716, dd 2 10 

Direct indirect long indexed Y LDAL A, (dd), Y B716, dd 2 11 

Absolute LOA A, mmll AOI6, II, mm 3 4 

Absolute indexed X LOA A, mmll, X BDI6, II, mm 3 6 

Absolute indexed Y LDA A, mmll, Y B916, II, mm 3 6 
Absolute long LDA A, hhmmll AFI6, II, mm, hh 4 6 
Absolute long indexed X LDA A, hhmmll, X BFI6, II, mm, hh 4 7 

Stack pointer relative LDA A, nn, S A316, nn 2 5 

Stack pointer relative LOA A, (nn, S), Y B316, nn 2 8 

indirect indexed Y 

(Notel) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
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In this case, "4216" is added at the beginning of the machine code, the bytes-count Increases by 
1 and the cycles-count increases by 2. 

(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
rn set to 0, the bytes-count increases by 1. 



LDM Load Immediate to Memory LDM 
. Operation M f- IMM (IMM is an immediate value) 

Description Loads an immediate value into memory. 

Status flags Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Direct LDM #imm, dd 6416, dd, imm 3 4 
Direct indexed X LDM #imm, dd, X 7416, dd, imm 3 5 
Absolute LDM #imm, mmll ge16, II, mm, imm 4 5 
Absolute indexed X LDM #imm, mmll, X 9E16, II, mm, imm 4 6 

(Note1) When operating on 16-bit data with the data length selection flag m set to 0, the bytes-count 
increases by 1. 
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LOT Load Immediate to Data Bank Register LOT 
Operation DT (- IMM (IMM is an immediate value) 

Description Loads an immediate value into the data bank register DT. 

Status flags Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Immediate lOT #imm 8916, C216, imm 3 5 
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LOX 
Operation 

Description 

Status flags 

IPL: 

Load Index Register X from Memory LOX 
Xf-M 

Loads the contents of memory into the index register X. 

Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

v Not affected. 

m Not affected. 

x Not affected. 

o Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Immediate LOX #imm A216, imm 2 2 
Direct LOX dd A616, dd 2 4 
Direct indexed Y LOX dd, Y B616, dd 2 5 
Absolute LOX mmll AE16, II, mm 3 4 
Absolute indexed Y LOX mmll, Y BE16, II, mm 3 6 

(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se-
lection flag x set to 0, the bytes-count increases by 1. ' 
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LOY 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 

D 

I 

Z 

C 

Load Index Register Y from Memory LOY 
Y(--M 

Loads the contents of memory into the index register Y. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 
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Immediate LOY #imm A016, imm 2 2 
Direct LOY dd A416, dd 2 4 
Direct indexed X LOY dd, X B416, dd 2 5 
Absolute LOY mmll AC16, II, mm 3 4 
Absolute indexed X LOY mmll, X BC16, II, mm 3 6 

(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se­
lection flag x set to 0, the bytes-count increases by 1. 



LSR Logical Shift Right LSR 
Operation 

When m=O 

When m=1 
b7 bo 

Description Shifts all bits of the accumulator or memory one place to the right. Bit 15 (or bit 
7 if the data length selection flag m is set to 1) of the accumulator or memory is 
loaded with O. 

The carry flag C is loaded from bit 0 of the data before the shift. 

Status flags 

IPL : Not affected. 

N Cleared to "0". 

V Not affected. 

m Not affected. 

x Not affected. 

o Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Set to 1 when bit 0 before the operation is 1. Otherwise, cleared to O. 

Addressing mode Syntax Machine code I Bytes Cycles 

Accumulator LSR A 4A16 I~ 2 

Direct LSR dd 4616, dd 7 
Direct indexed X LSR dd, X 5616, dd I: 7 

Absolute LSR mmll 4E16, II, mm 7 

Absolute indexed X LSR mmll, X 5E16, II, mm 8 

(Note1) The accumulator addressing mode's specification In thiS table applies when uSing the accumulator 
A. If using the accumulator B, replace "A" with "B". In this case, "4216" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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MPY 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
o 

Multiply MPY 
B, A b A x M 

When the data length selection flag m is set to 0, The contents of the accumulator 
A and the contents of memory are multiplied. Multiplication is performed as 16-
bit x 16-bit, and the result is a 32-bit data which is placed in the accumulators B 
(upper 16 bits of the result) and A (lower 16 bits of the result). 

When the data length selection flag m is set to 1, the lower 8-bit contents of the 
accumulator A and the contents of memory are multiplied. Multiplication is 
performed as 8-bit x 8-bit, and the result is a 16-bit data which is placed in the 
lower 8 bits of the accumulators B (upper 8 bits of the result) and A (lower 8 bits 
of the result). 

Not affected. 

Set to 1 when bit 31 (or bit 15 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Immediate MPY #imm 8916, 0916, imm 3 16 
Direct MPY dd 8916, 0516, dd 3 18 
Direct indexed X MPY dd, X 8916, 1516, dd 3 19 
Direct indirect MPY (dd) 8916, 1216, dd 3 20 
Direct indexed X indirect MPY (dd, X) 8916, 0116, dd 3 21 
Direct indirect indexed Y MPY (dd), Y 8916, 1116, dd 3 22 
Direct indirect long MPYL (dd) 8916, 0716, dd 3 24 
Direct indirect long indexed Y MPYL (dd), Y 8916, 1716, dd 3 25 
Absolute MPY mmll 8916, 0016, II, mm I 4 18 
Absolute indexed X MPY mmll, X 8916, 1016, II, mm 4 20 
Absolute index'ed Y MPY mmll, Y 8916, 1916, II, mm 4 20 
Absolute long MPY hhmmll 8916, OF16, II, mm, hh 5 20 
Absolute long indexed X MPY hhmmll, X 8916, 1 F16, II, mm, hh 5 21 
Stack pointer relative MPY nn, S 8916, 0316, nn 3 19 
Stack pointer relative MPY (nn, S), Y 8916, 1316, nn 3 22 

indirect indexed Y 

(Notel) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 

(Note2) The cycle.s-count in this table are for 8-bit x 8-bit multiplications. For 16-bit x 16-bit multiplications, 
the cycles-count increases by 8. 
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MVN 
Operation 

Description 

Status flags 

Move Negative MVN 

Normally, a block of data is transferred from upper addresses to lower 
addresses. The transfer is performed in the ascending address order of the 
block being transferred. The target bank is specified by the instruction's 
second byte, and the address within the target bank is specified by the 
contents of the index register Y. The source bank is specified by the 
instruction's third byte, and the address within the source bank is specified 
by the contents of the index register X. The accumulator A is loaded with the 
bytes-count of the data to be transferred. As each byte of data is transferred, 
the index registers X and Yare incremented by 1, so that the index register 
X will become a value equal to 1 larger than the source address of the last 
byte transferred and the index register Y will become a value equal to 1 
larger than the target address of the last byte received. The data bank 
register DT will become the terget bank number, and the accumulator A will 
become FFFFI6. 

The accumulator A is affected by flag m. The index register X and Yare 
affected by flag x. 

When the contents of the accumulator A is "0016", the data are not trans­
ferred. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Block transfer MVN nl, n2 5416, nl, n2 3 7+(i/2)x7 

(Note1) The cycles-count shown above is for when the number of bytes transferred, i, is an even 
number. If i is an odd number, the cycles-count is obtained as follows: 

7 + (i + 2) x 7 + 4. 
Note that (i .,. 2) denotes the integer part of the result of dividing i by 2. 
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MVP Move Positive MVP 
Operation Mn-k - Mn (-- Mm-k - Mm 

Description Normally, a block of data is transferred from lower addresses to upper 
addresses. The transfer is performed in the descending address order of 
the block being transferred. The target bank is specified by the instruction's 
second byte, and the address within the target bank is specified by the 
contents of the index register Y. The source bank is specified by the 
instruction's third byte, and the address within the source bank is specified 
by the contents of the index register X. The accumulator A is loaded with the 
bytes-count of the data to be transferred. As each byte of data is transferred, 
the index registers X a.nd Yare decremented by 1, so that the index register 
X will become a value equal to 1 less than the source address of the last 
byte transferred and the index register Y will become a value equal to 1 
smaller than the target address of the last byte received. The data bank 
register DT will become the target bank number, and the accumulator A will 
become FFFF,6. 

The accumulator A is affected by flag m. The index register X and Yare 
affected by flag x. 

When the contents of the accumulator A is "0016", the data are not trans­
ferred. 

Status flags Not affected. 
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Addressing mode Syntax Machine code Bytes Cycles 

Block transfer MVP n1, n2 4416, nl, n2 3 9+(i/2)x7 

(Notel) The cycles-count shown above is for when the number of bytes transferred, i, is an even 
number. If i is an odd number, the cycles-count is obtained as follows: 

9 + (i + 2) x 7 + 5. 
Note that (i + 2) denotes the integer part of the result of dividing i by 2. 



NOP 
Operation 

Description 

Status flags 

No Operation NOP 
PC +-- PC + 1 

PG +-- PG + 1 (if carry on PC) 

This instruction only causes the program counter to be incremented by 1 and 
nothing else. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied NOP EA1S 1 2 
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ORA OR Memory with Accumulator ORA 
Operation Acc (- Acc V M 

Description Performs the logical OR between the contents of the accumulator and the con­
tents of memory, and places the result in the accumulator. 

Status flags 

IPL: Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
operation result is 1. Otherwise, cleared to O. 

V 

m 

x 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

D 

I 

Z 

C 

Set to 1 when the result of operation is O. Otherwise, cleared to 0.· 

Not affected. 

Addressing mode Syntax Machine code Bytes 

Immediate ORA A, #imm 0916, imm 2 

Direct ORA A, dd 0516, dd 2 

Direct indexed X ORA A, dd, X 1516, dd 2 

Direct indirect ORA A, (dd) 1216, dd 2 

Direct indexed X indirect ORA A, (dd, X) 0116, dd 2 

Direct indirect indexed Y ORA A, (dd), Y 1116, dd 2 

Direct indirect long ORAL A, (dd) 0716, dd 2 

Direct indirect long indexed Y ORAL A, (dd), Y 1716, dd 2 

Absolute ORA A, mmll 0016, II, mm 3 

Absolute indexed X ORA A, mmll, X 1016, II, mm 3 

Absolute indexed Y ORA A, mmll, Y 1916, II, mm 3 

Absolute long ORA A,hhmmll OFI6, II, mm, hh 4 

Absolute long indexed X ORA A, hhmmll, X 1 F16, II, mm, hh 4 

Stack pointer relative ORA A, nn, S 0316, nn 2 

Stack pointer relative ORA A, (nn, S), Y 1316, nn 2 

indirect indexed Y 

Cycles 

2 

4 

5 

6 

7 

8 

10 

11 

4 

6 

6 

6 

7 

5 

8 

(Note1) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
In this case, "4216" is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 

(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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PEA Push Effective Address PEA 
Operation M(S) f- IMM2 (IMM2 is the immediate value specified by the instruction's third byte) 

Sf-S-1 

M(S) f- IMMl (IMMl is the immediate value specified by the instruction's second byte) 

Sf-S-1 

Description The instruction's third and second bytes are saved on the stack in this order. 

Status flags Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PEA #immlimm2 F416, imm2, imml 3 5 
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PEl 
Operation 

Description 

Status flags 

Push Effective Indirect Address 

M(S) f- M (OPR + IMM + 1) 

S(-S-l 

M(S) f- M (OPR + IMM) 

Sf-S-1 

PEl 

OPR represents the contents of the direct page register, and IMM represents 
the offset address within the direct page as specified by the instruction's 
second byte. 

Saves the contents of the consecutive 2 bytes in the direct page as specified by 
the sum of the contents of the direct page register OPR and the instruction's 
second byte on the stack in the order of upper address first and lower address 
second. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Slack PEl #imm D416, imm 2 5 
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PER 
Operation 

Description 

Status flags 

Push Effective Program Counter Relative Address 

EAR (- PC + IMM2, IMM1 

M(S) (- Upper byte of EAR 

S(-S-1 

M(S) (- Lower byte of EAR 

S(-S-1 

PER 

EAR represents the value obtained by adding the 16-bit data represented by "IMM2, 
IMM1" and the contents of the program counter. IMM2 and IMM1 represent the 
instruction's third and second bytes, respectively, and "IMM2, IMM1" represents a 16-bit 
data with IMM2 being the upper byte and IMM1 being the lower byte. 

Saves the result of adding a 16-bit data consisting of an upper by1e specified by 
the instruction's third byte and a lower byte specified by the instruction's second 
byte with the contents of the program counter on the stack in the order of the 
result's upper byte first and lower by1e second. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PER #immtimm2 6216, imm2, imm1 3 5 
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PHA 
Operation 

Description 

Status flags 

Push Accumulator A on Stack 

If m=O, 

M(S) <:- AH 

S<:-S-1 

M(S) <:- AL 

S<:-S-1 

If m=1, 

M(S) <:- AL 

S<:-S-1 

PHA 

Saves the contents of the accumulator A to the address specified by the stack 
pointer S. When the data length selection flag m is set to 0, the accumulator A's 
upper byte is saved on the stack first and then the lower byte. When the data 
length selection flag m is set to 1, only the accumulator A's lower byte is saved 
on the stack. 

Not affected. 

Addressing mode Syntax Machine code 

Slack PHA 4816 
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PHB 
Operation 

Description 

Status flags 

Push Accumulator B on Stack 

If m=O, 

M(8) (- BH 

8(-8-1 

M(8) (- BL 

8(-8-1 

If m=1, 

M(8) (- BL 

8(-8-1 

PHB 

8aves the contents of the accumulator B to the address indicated by the stack 
pointer 8. When the data length selection flag m is set to 0, the accumulator B's 
upper byte is saved on the stack first and then the lower byte. When the data 
length selection flag m is set to 1, only the accumulator B's lower byte is saved 
on the stack. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PHB 4216, 4816 2 6 
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PHD 
Operation 

Description 

Status flags 

Push Direct Page Register on Stack 

M(S) ~ OPRH 

S ~ S - 1 

M(S) ~ OPRL 

S ~ S - 1 

PHD 

Saves the contents of the direct page register OPR to the address indicated by 
the stack pointer S in the order of upper byte first and then lower byte. 

Not affected. 

Addressing mode I Syntax Machine code I Bytes Cycles 

Slack I PHD 0816 11 4 
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PHG 
Operation 

Description 

Status flags 

Push Program Bank Register on Stack 

M(S) f-- PG 
Sf--S-1 

PHG 

Saves the contents of the program bank register to the address indicated by the 
stack pointer S. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Slack PHG 4816 1 3 
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PHP 
Operation 

Description 

Status flags 

Push Processor Status on Stack 

M(8) (- P8H 

8(-8-1 

M(8) (- P8L 

8(-8-1 

PHP 

8aves the contents of the processor status register P8 to the address indicated 
by the stack pointer 8 in the order of upper byte and then lower byte. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Slack PHP 0816 1 4 
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PHT 
Operation 

Description 

Status flags 

M(S) r- DT 

Sr-S-1 

Push Data Bank Register on Stack PHT 

Saves the contents of the data bank register DT to the address indicated by the 
stack pointer S. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PHT 8B16 1 3 
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PHX 
Operation 

Description 

Status flags 

Push Index Register X on Stack 

If x=O, 

M(S) (- XH 

S(-S-1 

M(S) (- XL 

S(-S-1 

If x=1, 

M(S) (- XL 

S(-S-1 

PHX 

Saves the contents of the index register X to the address indicated by the stack 
pointer S. When the index register length selection flag x is set to 0, the contents 
are saved in the order of upper byte and then lower byte. When the index register 
length selection flag x is set to 1, only the lower byte is saved on the stack. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PHX DA16 1 4 

114 



PHY 
Operation 

Description 

Status flags 

Push Index Register Y on Stack 

If x=O, 

M(S) f-- YH 

Sf--S-1 

M(S) f-- YL 

SE-S-1 

If x=1, 

M(S) f-- YL 

Sf--S-1 

PHY 

Saves the contents of the index register Y to the address indicated by the stack 
pointer S. When the index register length selection flag x is set to 0, the contents 
are saved in the order of upper byte and then lower byte. When the index register 
length selection flag x is set to 1, only the lower byte is saved on the stack. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PHY 5A16 1 4 

115 



PLA 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
o 
I 

Z 

C 

Pull Accumulator A from Stack 

If m=O, 

S ~ S + 1 

AL ~ M(S) 

S ~ S + 1 

AH ~ M(S) 

If m=1, 

S ~ S + 1 

AL ~ M(S) 

PLA 

The stack pointer S is incremented, and then restores the lower byte of the 
accumulator A with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the ac­
cumulator A with the data at the address indicated by the stack pointer S. When 
the data length selection flag m is set to 0, 2 bytes data are restored. When the 
data length selection flag m is set to 1, only 1 byte data is restored (to the lower 
byte of the accumulator A). 

Not affected . 

. Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode I Syntax Machine code Bytes Cycles 

Stack I PLA 6816 1 5 
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PLB 
Operation 

Pull Accumulator B from Stack 

If m=O, 

Sf-S+1 

BL f- M{S) 

Sf-S+1 

BH (- M{S) 

If m=1, 

Sf-S+1 

BL f- M{S) 

PLB 

Description The stack pointer S is incremented, and then restores the lower byte of the 
accumulator B with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the 
accumulator B with the data at the address indicated by the stack pOinter S. 
When the data length selection flag m is set to 0, 2 bytes data are restored. 
When the data length selection flag m is set to 1, only 1 byte data is restored (to 
the lower byte of the accumulator B). 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 {or bit 7 if the data length selection flag m is set to 1 )of 

the operation result is 1. Otherwise, cleared to o. 
V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode I Syntax Machine code I Bytes I Cycles 

Stack I PLB 4216, 6816 I 2 I 7 
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PLD 
Operation 

Description 

Status flags 

Pull Direct Page Register from Stack 

S ~ S + 1 

OPRL ~ M(S) 

S ~ S + 1 

OPRH ~ M(S) 

PLD 

The stack pointer S is incremented, and then restores the lower byte of the direct 
page register OPR with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the 
direct page register OPR with the data at the address indicated by the stack 
pointer S. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PLD 2816 1 5 

118 



PLP 
Operation 

Description 

Status flags 

S(-S+1 

PSL (- M(S) 

S(-S+1 

PSH (- M(S) 

Pull Processor Status from Stack PLP 

The stack pOinter S is incremented and then restores the lower byte of the 
processor status register PS with the data at the address indicated by the stack 
pointer S. Again, increments the stack pointer S and then restores the upper byte 
of the processor status register PS with the data at the address indicated by the 
stack pOinter S. 

Changes to the values restored from the stack. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PLP 2816 1 6 
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PLT 
Operation Sf-S+1 

DT f- M(S) 

Pull Data Bank Register from Stack PLT 

Description The stack pointer S is incremented, and then the data bank register DT is 
restored with the data at the address indicated by the stack pointer S. 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 7 of the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PLT AB16 1 6 
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PLX 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
o 
I 

Z 

C 

Pull Index Register X from Stack 

If x=O, 

Sf-S+1 

XL f- M(S) 

Sf-S+1 

XH f- M(S) 

If x=1, 

Sf-S+1 

XL f- M(S) 

PLX 

The stack pOinter S is incremented, and then restores the lower byte of the index 
register X with the data at the address indicated by the stack pointer S. Again, 
increments the stack pointer S and then restores the upper byte of the index 
register X with the data at the address indicated by the stack pointer S. When 
the index register length selection flag x is set to 0, 2 bl1es are restored. When 
the index register length selection flag x is set to 1, only 1 byte is restored (to the 
lower byte of the index register X). 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to o. 
Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to o. 
Not affected . 

Addressing mode . 1 Syntax Machine code I Bytes Cycles 

Stack I PLX FAls I 1 5 
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PLY 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 

D 

Pull Index Register Y from Stack 

If x=O, 

Sf-S+1 

VL f- M(S) 

Sf-S+1 

YH f- M(S) 

If x=1, 

Sf-S+1 

VL f- M(S) 

PLY 

The stack pointer S is incremented, and then restores the lower byte of the index 
register V with the data at the address indicated by the stack pointer S. Again, 
increments the stack pointer S and then restores the upper byte of the index 
register V with the data at the address indicated by the stack pointer S. When 
the index register length selection flag x is set to 0, 2 bytes are restored. When 
the index register length selection flag x is set to 1, only 1 byte is restored (to the 
lower byte of the index register V). 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code I Bytes Cycles 

Stack PLY 7A16 11 5 
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PSH 
Operation 

Description 

PS 

Status flags 

Push PSH 
M(S) f- A, B, X, Y, DPR, DT, PG or PS 

This instruction's second byte specifies the registers to be saved. The registers 
corresponding to the bits in the second byte that are 1 are saved on the stack. 
The bit and register correspondence is as shown below: 

be -
PG DT DPR Y X B A 

f- Saved on the stack in this order. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PSH #nn EB1S, nn 2 12+2xi1+i2 

(Note1) To the cycles-count shown above, the values shown below are added depending on the registers 
being saved. The count is 12 cycles when no registers are saved. i1 in above table represents 
the number of registers (chosen from A, B, X, Y, DPR and PS) to be saved, and i2 represents the 
number of registers (chosen from DT and PG) to be saved. 

Register type 

Cycles-count 
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PSH Push 
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PSH 

M(8) f- OPRH 
8 f- 8-1 

M(8) f- OPRL 
8 f- 8-1 

M(8) f- P8H 
8 f- 8-1 

M(8) f- P8L 
8 f- 8-1 



PUL 
Operation 

Description 

Status flags 

Pull PUL 
M(S) -4 A, B, X, Y, DPR, DT or PS 

This instruction's second byte specifies the registers to be restored. The registers 
corresponding to the bits in the second byte that are 1 are restored from the 
stack. The bit and register correspondence is as shown below: 

bo 

PS I DT I DPR I Y X B A 

Restored from the stack in this order. -t 

(Note) The contents of accumulator B's higher S-bit will be changed, when PUL instruction 
is executed with m=O and the restored registor including PS whose m=1. 

When bit 7 of the instruction's second byte is 1, specifying that the program 
status register PS is to be restored, the status flags are restored to the values 
that had been restored from the stack. Otherwise, the status flags are not 
affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Stack PUL #nn FB16, nn 2 14+3xi1+4xi2 

(Note1) To the cycles-count shown above, the values shown below are added depending on the registers 
being restored. The count is 14 cycles when no registers are restored. h in above table represents 
the number of registers (chosen from A, B, X, Y, PS and OT) to be saved. i2=1 if OPR is to be 
restored, and i2=0 if OPR is not to be restored. 
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PUL 
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Sf- S+1 
PSL f- M(S) 
Sf- S+1 

PSH f- M(S) 

Sf- S+1 
DPRLf- M(S) 

Sf- S+1 
DPRH f- M(S) 

Pull PUL 



RLA Rotate Left Accumulator A RLA 
Operation 

If m=O, rotate n bits to left (n=0-65535) 

II m=1, rotate n bits to left (n=0-255) 

Description The contents of the accumulator A are rotated to the left by n bits. The value 
of n is specified by the instruction's third byte (or third and fourth bytes when 
m=O). 

Status flags Not affected. 

Addressing mode I Syntax Machine code Bytes Cycles 

Immediate 
I RLA #imm 8916, 4916, imm 3 6+i 

i: Number of rotation 

(Note1) When the data length selection flag m is 0, the bytes-count increases by 1. 
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ROL Rotate One Bit Left ROL 
Operation 

If m=O, 

If m=1, 

Description The carry flag C is linked to the accumulator or memory, and the combined 
contents are rotated by 1 bit to the left. 

Bit 0 of the accumulator or memory is loaded with the content of the carry flag 
C before execution of this instruction, and the carry flag C is loaded with the 
content of bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
accumulator or memory before execution of this instruction. 

Status flags 
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IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

o Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) before 
execution of the instruction is 1. Otherwise, cleared to 0 

Addressing mode Syntax Machine code Bytes Cycles 

AccufTIulator ROL A 2A16 1 2 
Direct ROL dd 2616, dd 2 7 
Direct indexed X ROL dd, X 3616, dd 2 7 
Absolute ROL mmll 2E16, II, mm 3 7 
Absolute indexed x ROL mmll, X 3E16, II, mm 3 8 

(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator 8, replace "A" with "8". In this case, "4216" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 



ROR Rotate One Bit Right ROR 
Operation 

If m=O, 

If m=1, 

Description The carry flag C is linked to the accumulator or memory, and the combined 
contents are shifted by 1 bit to the right. 

Bit 15 (or bit 7 if the data length selection flag m is set to 1) of the accumula­
tor or memory is loaded with the content of the carry flag C, and the carry flag 
C is loaded with the content of bit 0 of the accumulator or memory before 
execution of this instruction. 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

o Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Set to 1 when bit 0 before execution of the instruction is 1. Otherwise, cleared 
to O. 

Addressing mode Syntax Machine code Bytes Cycles 

Accumulator ROR A 6A16 1 2 
Direct ROR dd 6616, dd 2 7 
Direct indexed X ROR dd, X 7616, dd 2 7 
Absolute ROR mmll 6E16, II, mm 3 7 
Absolute indexed X ROR mmll, X 7E16, II, mm 3 8 

(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace "A" with "8". In this case, "4216" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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RTI 
Operation 

Description 

Status flags 

S ~ S + 1 
PSl ~ M(S) 

S ~ S + 1 

PSH ~ M(S) 

S ~ S + 1 

PCl ~ M(S) 

S ~ S + 1 
PCH ~ M(S) 

S ~ S + 1 

PG ~ M(S) 

Return from Interrupt RTI 

The contents of the processor status register PS, program counter PC, and 
program bank register PG, which are saved on the stack when the last interrupt 
was accepted, are restored these registers. 

Restored according to the values that had been on the stack. 

I Addressing mode Syntax I Machine code Bytes Cycles I 
I Implied RTI 

1 4016 1 11 I 
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RTL 
Operation 

Description 

Status flags 

S ~ s + 1 

PCl ~ M(S) 

S ~ S + 1 

PCH ~ M(S) 

S ~ S + 1 

PG ~ M(S) 

Return from Subroutine Long RTL 

The program counter PC and program bank register PG are restored according 
to the state previously saved on the stack. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied RTL 6816 1 8 
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RTS 
Operation 

Description 

Status flags 

S(-S+1 

PCL (- M(S) 

S ~ S + 1 

PCH ~ M(S) 

Return from Subroutine RTS 

The program counter PC is restored according to the state previously saved on 
the stack. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied RTS 6016 1 5 

132 



SBe 
Operation 

Description 

Status flags 

IPL: 

N 

v 

m 
x 

o 

Subtract with Carry SBe 
Acc, C ~ Acc - M - C 

Subtracts the contents of memory and the 1 's complements of carry flag from the 
contents of the accumulator, and places the result in the accumulator. Executed 
as a binary subtraction if the decimal operation mode flag 0 is set to O. Executed 
as a decimal subtraction if the decimal operation mode flag 0 is set to 1. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. Meaningless for decimal 
subtraction. 

Set to 1 when binary subtraction of signed data results in a value outside the 
range of -32768 to +32767 (-128 to +127 if the data length selection flag m is set 
to 1). Otherwise, cleared to O. Meaningless for decimal subtraction. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Set to 1 when the result of operation is equal to or larger than O. Otherwise, 

cleared to 0, and a borrow is indicated. 

Addressing mode Syntax Machine code Bytes Cycles 

Immediate SBC A, #imm E916, imm 2 2 

Direct SBC A, dd E516, dd 2 4 

Direct indexed X SBC A,dd, X F516, dd 2 5 

Direct indirect SBC A, (dd) F216, dd 2 6 

Direct indexed X indirect SBC A,(dd, X) E116, dd 2 7 

Direct indirect indexed Y SBC A,(dd), Y F116, dd 2 8 

Direct indirect long SBCL A, (dd) E716, dd 2 10 

Direct indirect long indexed Y SBCL A, (dd), Y F716, dd 2 11 

Absolute SBC A,mmll ED16,II,mm 3 4 

Absolute indexed X SBe A, mmll, X FD16, II, mm 3 6 

Absolute indexed Y SBe A, mmll, Y F916, II, mm 3 6 

Absolute long SBe A, hhmmll EF16, II, mm, hh 4 6 

Absolute long indexed X SBe A, hhmmll, X FF16, II, mm, hh 4 7 

Stack pointer relative SBe A, nn, S E316, nn 2 5 

Stack pointer relative SBC A, (nn, S), Y F316, nn 2 8 
indirect indexed Y 

(Note1) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
In this case, "4216" is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 

(Note 2)When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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SEB 
Operation 

Description 

Status flags 

Set Bit SEB 
M f- M V IMM 

IMM is the bit pattern that specifies the bit positions that are to be set to 1. 

When the data length selection flag m is set to 1, IMM is placed in the third byte 
(direct bit addressing mode) or the fourth byte (absolute bit addressing mode) of 
the instruction. 

When the data length selection flag m is set to 0, IMM is placed in the third and 
fourth bytes (direct bit addressing mode) or the fourth and fifth bytes (absolute bit 
addressing mode) of the instruction. 

The SEB instruction sets the specified memory bits to 1. Multiple bits to be set 
can be specified at one time. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 
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Direct bit SEB #imm, dd 0416, dd, imm 3 B 

Absolute bit SEB #imm, mmll OCI6, II, mm, imm 4 9 

(Note1) When operating on 16-bit data with the data length selection flag m set to 0, the bytes-count 
increases by 1. 



SEC Set Carry Flag SEC 
Operation C ~ 1 

Description Sets the carry flag C to 1. 

Status flags 

IPL : Not affected. 

N Not affected. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Not affected. 

C Set to 1. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied SEC 3816 1 2 
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SEI Set Interrupt Disable Status SEI 
Operation I (- 1 

Description Sets the interrupt disable flag I to 1. 

Status flags 

IPL : Not affected. 

N Not affected. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Set to 1. 

Z Not affected. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied SEI 7816 1 2 
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SEM Set m Flag SEM 
Operation m ~ 1 

Description Sets the data length selection flag m to 1. 

Status flags 

IPL: Not affected. 

N Not affected. 

V Not affected. 

m Set to 1. 

x Not affected. 

D Not affected. 

I Not affected. 

Z Not affected. 

C Not affected. 

Addressing mode Syntax Machine code 

Implied SEM Fa1s 
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SEP 
Operation 

Description 

Status flags 

Set Processor Status SEP 
PSL f--- PSL V IMM 

(IMM is the immediate value specified in the second byte of the instruction.) 

Sets the processor status flags specified by the bit pattern in the second byte of 
the instruction to 1. 

The specified flags are set. IPL is not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Immediate SEP #imm E216, imm 2 3 
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STA Store Accumulator in Memory 

Operation When m=O, 

M(n) f- Accl 

M(n+1) f- AccH 

When m=1 

M(n) f- Accl 

Description Stores the contents of the accumulator in memory. 

The contents of the accumulator are not changed. 

Status flags Not affected. 

Addressing mode Syntax Machine code 

Direct STA A, dd 8516, dd 

Direct indexed X STA A, dd, X 9516, dd 

Direct indirect STA A, (dd) 921~ dd 

Direct indexed X indirect STA A, (dd, X) 8116, dd 

Direct indirect indexed Y STA A, (dd), Y 9116, dd 

Direct indirect long STAL A, (dd) 8716, dd 

Direct Indirect long indexed Y STAL A, (dd), Y 9716, dd 

Absolute STA A, mmll 8D16, II, mm 

Absolute indexed X STA A, mmll, X 9D16, II, mm 

Absolute indexed Y STA A, mmll, Y 9916, II, mm 

Absolute long STA A, hhmmll 8F16, II, mm, hh 

Absolute long indexed X STA A, hhmmll, X 9F16, II, mm, hh 

Stack pointer relative STA A, nn, S 8316, nn 

Stack pointer relative STA A, (nn, S), Y 9316, nn 

indirect indexed Y 

STA 

Bytes Cycles 

2 4 

2 5 

2 7 

2 7 

2 7 

2 10 

2 11 

3 5 

3 5 

3 5 

4 6 

4 7 

2 5 

2 

1

8 

(Note1) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
In this case, "4216" is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 
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STP 
Operation 

Description 

Status flags 

Stop STP 
Stop the oscillator. 

Resets the oscillator controlling flip-flop circuit to inhibit the oscillator. To restart 
the oscillator, either an interrupt or reset must be executed. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied STP OB16 1 3 
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STX 
Operation 

Store Index Register X in Memory 

When x=O, 

M(n) ~ XL 

M(n+1) ~ XH 

When x=1 

M(n) ~ XL 

STX 

Description Stores the contents of the index register X in memory. The contents of the index 
register X remain the same. 

Status flags Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Direct STX dd 8616, dd 2 4 
Direct indexed Y . STX dd, Y 9616, dd 2 5 
Absolute STX mmll 8E16, II, mm 3 5 
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STY 
Operation 

Description 

Status flags 

Store Index Register Y in Memory 

When x=O, 

M(n) ~ YL 

M(n+1) ~ YH 

When x=1 

M(n) ~ YL 

STY 

Stores the contents of the index register Y in memory. The contents of the index 
register Y remain the same. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Direct STY dd 8416, dd 2 4 
Direct indexed X STY dd, X 9416, dd 2 5 
Absolute STY m,nll 8C16, II, mm 3 5 
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TAD 
Operation 

Description 

Status flags 

Transfer Accumulator A to Direct Page Register TAD 
DPR (- A 

Loads the direct page register DPR with the contents of the accumulator A. Data 
is transferred as 16-bit data regardless of the status of the data length selection 
flag m. The contents of the accumulator A are not changed. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TAD 5816 1 2 
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lAS 
Operation 

Description 

Status flags 

Transfer Accumulator A to Stack Pointer lAS 
S<.-A 

Loads the stack pointer S with the contents of the accumulator A. Data is 
transferred as i6-bit data regardless of the status of the data length selection flag 
m. The contents of the accumulator A are not changed. 

Not affected. 

I Addressing mode I Syntax I Machine code Bytes Cycles 

I Implied I TAS 
1 1816 1 2 
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TAX 
Operation 

Transfer Accumulator A to Index Register X 

If X=O, 

XL f- AL 

XH f- AH 

If x=1, 

XL f- AL 

TAX 

Description Loads the index register X with the contents of the accumulator A. The contents 
of the accumulator A.are not changed. 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode I Syntax Machine code Bytes Cycles 

Implied I TAX AA16 1 2 
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TAY 
Operation 

Description 

Status flags 
IPL: 

N 

v 
m 

x 
D 

Transfer Accumulator A to Ind~x Register Y 

If x=O, 

YL (- AL 

YH (- AH 

If x=l, 

YL (- AL 

TAY 

Loads the index register Y with the contents of the accumulator A. The contents 
of the accumulator A are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TAY A816 1 2 
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TBD 
Operation 

Description 

Status flags 

Transfer Accumulator B to Direct Page Register TBD 
DPR (- B 

Loads the direct page register DPR with the contents of the accumulator B. Data 
is transferred as 16-bit data regardless of the status of the data length selection 
flag m. The contents of the accumulator 8 are not changed. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TBD 4216, 5B16 2 4 
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TBS 
Operation 

Description 

Status flags 

Transfer Accumulator B to Stack Pointer TBS 
S~B 

Loads the stack pOinter S with the contents of the accumulator B. Data is 
transferred as 16-bit data regardless of the status of the data length selection flag 
m. The contents of the accumulator B are not changed. 

Not affected. 

Addressing mode Syntax Machine code 

Implied T8S 4216, 1816 
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TBX 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
D 

Transfer Accumulator B to Index Register X 

If x=O, 

XL ~ BL 

XH ~ BH 

If x=1, 

XL ~ BL 

TBX 

Loads the index register X with the contents of the accumulator B. The contents 
of the accumulator B are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TBX 4216, AA16 2 4 
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TBv 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
D 

I 

Z 

C 

Transfer Accumulator B to Index Register Y 

If x=O, 

YL f- BL 

YH f- BH 

If x=1, 

YL f- BL 

TBv 

Loads the index register Y wjth the contents of the accumulator B. The contents 
of the accumulator B are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to O. 
Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TBY 4216, AB16 2 4 
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TDA 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 
x 

D 

I 

Z 

C 

Transfer Direct Page Register to Accumulator A TDA 
If m=O, 

AL ~ DPRL 

AH ~ DPRH 

If m=1, 

AL ~ DPRL 

Loads the accumulator A with the contents of the direct page register DPR. The 
contents of the direct page register DPR are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode I Syntax I Machine code I Bytes Cycles 

Implied I TDA I 7816 ! 1 2 
I ! 
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TOB 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 
x 
D 

I 

Z 

C 

Transfer Direct Page Register to Accumulator B TOB 
If m=O, 

BL f- DPRL 

BH f- DPAH 

If m=1, 

BL f- DPAL 

Loads the accumulator B with the contents of the direct page register DPA. The 
contents of the direct page register DPA are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code I Bytes Cycles 

Implied TOB 4216, 7B16 I 2 4 
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TSA 
Operation 

Transfer Stack Pointer to Accumulator A 

If m=O, 

AL (- SL 

AH (- SH 

If m=1, 

AL (- SL 

TSA 

Description Loads the accumulator A with the contents of the stack pOinter S. The contents 
of the stack pointer S are not changed. 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TSA 3B'6 1 2 
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TSB 
Operation 

Transfer Stack Pointer to Accumulator B 

If m=O, 

BL f- SL 

BH f- SH 

TSB 

Description Loads the accumulator B with the contents of the stack pOinter S. The contents 
of the stack pOinter S are not changed. 

Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TSB 4216, 3B16 2 4 
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TSX 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
D 

I 

Z 

C 

Transfer Stack Pointer to Index Register X 

If X=O, 

XL ~ SL 

XH ~ SH 

If x=1, 

XL ~ SL 

TSX 

Loads the index register X with the contents of the stack pOinter S. The contents 
of the stack pOinter S are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code 

Implied TSX BA16 
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TXA 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 
D 

I 

Z 

C 

Transfer Index Register X to Accumulator A 

If m=O and x=O, 

AL ~ XL 

AH ~ XH 

If m=O and x=1, 

AL ~ XL 

AH ~ 0016 

TXA 
If m=1, 

AL ~ XL 

Loads the accumulator A with the contents of the index register X. The contents 
of the index register X are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected: 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TXA 8A16 1 2 
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TXB 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 

o 
I 

Z 

C 

Transfer Index Register X to Accumulator B 

If m=O and x=O, 

BL f- XL 

BH f- XH 

If m=O and x=1, 

BL f- XL 

BH f- 0016 

TXB 
If m=1, 

BLf- XL 

Loads the accumulator B with the contents of the index register X. The contents 
of the index register X are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode I Syntax Machine code Bytes Cycles 

Implied I TXB 4216, 8A16 2 4 
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TXS 
Operation 

Description 

Status flags 

Transfer Index Register X to Stack Pointer 

If x=O, 

SL ~ XL 

SH ~ XH 

If x=1, 

SL ~ XL 

SH ~ 0016' 

TXS 

Loads the stack pointers with the contents of the index register X. The contents 
of the index register X are not changed. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TXS 9A16 1 2 
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TXY 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 
x 
D 

I 

Z 

C 

If x=O, 

YL f- XL 

YH f- XH 

Transfer Index Register X to V TXY 
If x=1, 

YL f- XL 

Loads t~e index register V with the contents of the index register X. The con­
tents of the index register X are not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) cf the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TXY 9B16 1 2 
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TVA 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 
x 
o 
I 

Z 

C 

Transfer Index Register Y to Accumulator A 

If m=O and x=O, 

AL f--- YL 

AH f--- YH 

If m=O and x=1, 

AL f--- YL 

AH f--- 0016 

If m=1, 

ALf--- YL 

TVA 

Loads the accumulator A with the contents of the index register Y. The contents 
of the index register Yare not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TVA 9816 1 2 
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lYB 
Operation 

Transfer Index Register Y to Accumulator B 

If m=O and x=O, 

BL ~ YL 

BH ~ YH 

If m=O and x=1, 

BL ~ YL 

BH ~ 0016 

lYB 
If m=1, 

BL ~ YL 

Description Loads the accumulator B with the contents of the index register Y. The contents 
of the index register Yare not changed. 

Status flags 

IPL: Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is O. Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TYB 4216, 9816 2 4 
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TYX 
Operation 

Description 

Status flags 

IPL: 

N 

v 
m 

x 

o 
I 

Z 

C 

If x=O, 

XL b YL 

XH b YH 

Transfer Index Register Y to X TYX 
If x=1, 

XL b YL 

Loads the index register X with the contents of the index register Y. The con­
tents of the index register Yare not changed. 

Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to O. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is O. Otherwise, cleared to O. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied TYX 8816 t 2 
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WIT 
Operation 

Description 

Status flags 

Wait WIT 
Stop the internal clock. 

The WIT instruction stops the internal clock but not the external clock is not 
stopped. To restart the internal clock, either an interrupt or reset must be 
executed. 

Not affected. 

Addressing mode Syntax Machine code Bytes Cycles 

Implied WIT CB16 1 3 
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XAB 
Operation If m=O, 

AL H BL 

AH H BH 

Exchange Accumulator A and 8 

If m=1, 

AL H BL 

Description Swaps the contents of the accumulators A and B. 

Status flags 

IPL : Not affected. 

XAB 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the accumulator A after the operation is 1. Otherwise, cleared to O. 

V Not affected. 

m Not affected. 

x Not affected. 

D Not affected. 

I Not affected. 

Z Set to 1 when the contents of the accumulator A is cleared to 0 by the operation. 
Otherwise, cleared to O. 

C Not affected. 

Addressing mode Syntax Machine code I Bytes Cycles 

Implied XAB 8916, 2816 ·12 6 
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Notes for Programming 

5. Notes for Programming 

Take care of the following when programming with the MELPS 7700 series. 

(1) The stack pointer S is undefined immediately after the reset is commanded. Always set the 
initial value. 

Example) LOX #27FH 
TXS 

(2) The program bank register PG and the data bank register DT are disabled under the single chip 
mode. Do not set value other than "OOlS" here. 

(3) When "1" is set in the D-flag for decimal operation: 

The C-flag alone is effective in the ADC instruction, while the Z, N, and V flags are disabled. 
The C and Z flags alone are effective in the SBC instruction, while the N and V flags are 
disabled. (Decimal operation can be done in the ADC and the SBC instructions alone.) 

(4) Using the 16-bit immediate data with "1" (data length: 8 bits) in the data length selection flag 
m, or using the 8- bit immediate data with "0" (data length: 16 bits) in flag m, will cause the 
program run-away. The same rule is applied to the index register length selection flag x. Take 
care of the condition of these flags when coding the program. 

(5) The MELPS 7700 can prefetch the instructions using the 3-byte instruction queue buffer. Keep 
in mind when creating the timer with the software, that the number of cycles shown in the list 
of machine language instructions is the minimum value. (Also see Chapter 6.) 

(6) When value other than "OOlS" is set in the lower order 8 bits of the direct page register DPR 
(DPRL), the processing time will become 1 machine cycle longer than when "OOlS" is set. 

(7) The processing speed will deteriorate if a 16- bit data will be accessed from an odd address. 
Place the 16-bit data from an even address if the processing speed is important. 

(8) The Nand Z flags will change by execution of the PLA instruction, but the contents of the proc­
essor status register will not change if the accumulator A alone is recovered by the PUL instruc­
tion. 

(9) The program bank register PG can be saved into the stack by setting "1" in bit 6 of the operation 
by the PSH instruction. However, the PG cannot be recovered by the PUL instruction. 

(10) When the PUL or the PSH instruction is executed, the flag m and the flag x are affected in 
addition. 
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Notes for Programming 

(11) The code in the second byte of the BRK instruction will not affect the CPU. 

(12) When the block transfer instruction (MVN or MVP) is executed with x=1, the contents of middle 
order 8-bit in source and destination address (There are consists of 24-bit.) will be fixed "0016". 
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Instruction Execution Sequence 

6. Instruction Execution Sequence 

The basic clock of the MELPS 7700 central proce~ing unit (CPU) is clock cjl (1/2 the oscillation 
frequency f{XIN)). The basic clock of the bus is an E derived from clock cjl, so data exchange be­
tween the CPU and the internal bus is done via the bus interface unit. The frequency of E is 
normally 1/2 that of clock cjl, but it becomes 1/4 that of cjl, when accessing external memory while 
the wait is enabled by the wait bit. 

6.1 Bus Interface Unit 

The bus interface unit is a unit that helps data exchange between the CPU and the internal bus. 
The unit is structured by registers and buffers as shown in Figure 6.1.1. The functions of these 
registers and buffers are shown in Table 6.1.1. The CPU reads the instruction code from the 
instruction queue buffer, and the data from the data buffer of the bus interface unit. Then, data 
is written in the data buffer of the bus interface unit. The bus interface unit reads or writes data 
from the memory or I/O via the bus, instead of the CPU. 

b23 bO 

PA I Program Address Register 
b1 bO 

I 00 I I I 
I 01 I I Instruction Queue Buffer 

I I 
I 

02 -.l 
b23 bO 

DA I Data Address Register 
blS bO 

DBH DBl Data Buffer 

Fig. 6.1.1 Bus Interface Unit Register Model 

Table 6.1.1 Functions of the Registers and Buffers 

Name Function 

Program address register This register indicates the address where the program is stored. 

Instruction queue buffer The 3-byte buffer for temporal storage of the instruction pre-
fetched from the memory. 

Data address register The register that indicates the address for data read or data 
write. 

Data buffer The buffer where the bus interface unit temporarily stores data 
read from the memory or I/O or where the CPU temporarily 
stores data to be written into the memory or I/O. 
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Instruction Execution Sequence 

6.2 Change of the CPU Basic Clock <!>cPu 

168 

When the bus interface unit is not ready, the CPU extends the basic clock to synchronize with 
the bus, and waits till it is ready. As the CPU basic clock waits owing to some conditions, this 
clock will be called <jlcpu to be distinguished from the clock. The following are the cases in which 
the cj>cpu waits. 

Causes for the <!>cPu to wait 

<Cause 1> 
When the CPU requests operation codes and operands, but the operation codes and op­
erands in the instruction queue buffer did not reach the necessary number. 

<Cause 2> 
When the CPU tried to access data, but the bus interface unit was using the bus for fetching 
some data into the instruction queue buffer or writing data. 

<Cause 3> 
When the bus interface unit was reading data from the internallexternal memory or liD, 
according to the request of the CPU. 

In addition to the above, the following are also causes for the cj>cpu to be extended. 
• When 16-bit data is accessed from odd address . 
• When external memory 16-bit data is accessed while the BYTE terminal level is "H" . 
• When external memory is accessed with wait commanded by the wait bit. 

The above conditions causes the execution time to differ each time, even with the same instruc­
tion and same addressing mode. Two example instructions are given in the next section to see 
th~ variation of the number of cycles according to the above conditions. 

The" CPU execution sequence per addressing mode " of Appendix-A is the CPU instruction 
execution sequences based on the cj>cpu. The number of cycles shown in " 4.2 Instructions" and 
" Appendix-B List of machir1e language instructions" are the count for the shortest case, and 
cannot always be applied when calculating the actual cycles or the execution time of instructions. 



Instruction Execution Sequence 

6.3 Instruction Execution Sequence 

The instruction execution sequence of the CPU based on the <!>cPu, and the variation of the actual 
instruction execution cycle when various conditions are applied are shown here. 

• Example 1. ASL instruction Direct addressing mode 

• Example 2. LDA instruction Direct indirect long addressing mode 

C:::.::::.:;·:;::.!-: .:>< I Before observing the <!>cPu based CPU instruction execution sequence \'>':;.;:. '.:" v.·.1 

The following table describes the <!>cPu based CPU instruction execution sequence symbols. The 
signals indicated in this execution sequence are all CPU internal signals, that show data ex­
change between the bus interface unit and the CPU. Accordingly, these signals cannot be 
observed from outside. 

<!>CPu Based CPU Instruction E~ecution Sequence Symbols 

Symbol Description 

<!>cpu CPU basic clock 

Ap(cpu) Higher order 8 bits of the address (24 bits) of the program that the CPU is actually execution 

AHAL(CPU) Lower order 16 bits of the address (24 bits) of the program that the CPU is actually execution 

DATA(cpu) Data information the CPU is processing 

R/W(cpu) Data read/write request to the data buffer in the bus interface 

PG,PC Contents of the program bank register (PG) and the program counter (PC) 

ADp Data indicating the address (higher order B bits) 

ADH,ADL Data indicating the address (middle order 8 bits, lower order 8 bits) 

DPRH Contents of the higher order 8 bits of the direct page register 

OPRL Contents of the lower order B bits of the direct page register (DPRL = 0 in the examples) 

OH Data to be fetched or written from the data buffer by the CPU (higher order 8 bits) 

OL Data to be fetched or written from the data buffer by the CPU (lower order 8 bits) 

dd Contents of the operand (DPRL = 0 in examples 1 and 2, so dd represents the lower order 8 
bits of the address) 
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IE)· .. ::'!,;.; :;;;:C"i] Before observing the I/> based instruction execution sequence C·;tA<';k;h,.+'~'/tl 

The $ based execution sequence symbols are shown in the following table. The signals in this 
execution sequence indicates data exchange of the bus interface unit with the memory and 1/0. 
The internal instruction execution sequence of the CPU can be guessed from these Signals. 
However, the I/>cpu and the number of data in the instruction queue buffer shown here cannot be 
observed from the outside. 

<p Based Execution Sequence Symbols 

Symbol Description 

I/> Basic operation clock of the microcomputer f(XIN) / 2 

E Basic operation clock of the bus 1/>/2 

hh Higher order 8 bits of the address where the bus interface unit is to access to (bank) 

mm Middle order 8 bits of the address where the bus interface unit is to access to 

II Lower order 8 bits of the address where the bus interface unit is to access to 

DPR Contents of the direct page 

DPRH Contents of the higher order 8 bits of the direct page register 

DPRL Contents of the lower order 8 bits of the direct page register 

OPl Data to be fetched into the instruction queue buffer by the bus interface 

OP2 (Operation code or operand) 

OP3 The subscript represents the fetch sequence. 

: 

DL Data to be fetched into the data buffer or data to be written into the memory by the bus interface 
DH unit 

dd Data obtained as the operand (The lower order 8 bits of the address are given in examples 1 
and 2, because DPRL = 0.) 

ADp Higher order 8 bits of data that indicates the address (contents of the data address register) 

ADH Middle order 8 bits of data that indicates the address (contents of the data address register) 

ADL Lower order 8 bits of data that indicates the address (contents of the data address register) 

The following are the cause of the "$cpu to queue" in the $ based execution sequence. 
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Cause 1 
When the CPU required operation codes and operands, but the number of operation codes and 
operands did not reach the requested number. 

Cause 2 
When the CPU tried to access data, but the bus interface was using the bus for fetching data into 
the instruction queue buffer or for writing data. 

Cause 3 
When the bus interface unit is reading data from the internal/external memory or 1/0, etc., accord­
ing to the request of the CPU. 



Instruction Execution Sequence 

Example 1. ASL instruction / direct addressing mode (OPRL = 0016) 

<pepu based CPU instruction execution sequence 

¢ CPU 

Ap(cPU) -:/ PG X PG X 

AHAL(CPU) ~ PC X PC+1 ~ _____ D_P_R_H_,_d_d ____ ~X PC+2 ~ X 
DATA(cPU) 

R / W(CPU) 

Note: All the signals are CPU internal signals, which cannot be observed from outside. 

The following examples 1-1 to 1-6 are examples of the <!>cpu based instruction execution se­
quences under various conditions. 

Example 1-1 When the instruction queue buffer is vacant 

Example 1-2 When two data are in the instruction queue buffer 

Example 1-3 When three data are in the instruction queue buffer 

Example 1-4 When 16-bit data is accessed from odd address 

Example 1-5 When external memory is accessed from the BYTE terminal using 8-bit 
external bus width 

Example 1-6 When external memory is accessed with wait by the wait bit 
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Instruction Execution Sequence 

{Example 1-1} When the instruction queue buffer is vacant 

Conditions 

• Number of data in the instruction queue buffer 

• ROM, RAM 

• Data length selection flag m 

• BYTE terminal level 

.0 

External memory is used (Note) 

"0" (16-bit length) 

"L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Even 

• Contents of the operand (dd) Even 

Ij> based execution sequence 

1 2 3 4 5 6 7 8 9 

Ij>cPU 

! Fetches Op 
. Code 

Fetches 
Operand 

Reads Data Modifies Writes Next 

Number of data In 

Instruction queue 0 
buffer 

A23"At6 

/ DATA(evenl 

Ats-A8 

/ DATA(odd) 

Data Data Ins trucllon 

o 2 

Opeland (dd) 

A7-kJ =x~-"-~X 11+2 X'-____ d_d ___ ~~ 

"L" 

R/W 

Cause for Ij>cpu to queue -Cause 1 -Cause 2 -­Cause 3 

Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single-chip mode. 
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Operation of the CPU and bus interface unit under various cycles 

<1> No. CPU Bus interface un it 

1 (No fetching can be done, because there are no Fetches the instruction, because instruction 
operation codes in the instruction queue buffer.) queue buffer is vacant and the CPU is not 

using the bus. 

2 Fetches 2-byte worth of data into the instruc-

~ tion queue buffer when E becomes "L". 
Fetches the operation code. 

3 Fetches the operand. Prefetches the instruction, because the in-
struction queue buffer is vacant and the CPU 
is not using the bus. 

4 (Waits till the bus used by the bus interface unit Fetches 2 bytes worth of data into the instruc-
becomes vacant.) tion queue buffer when E becomes "L". 

5 Waits for E to become "L", to read data. 

6 Reads data when E becomes "L". 

7 Modifies data. 

8 Writes data into the data buffer. 

9 Fetches the next operation code. Writes the contents of the data buffer into the 
original address, when E becomes "L". 
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(Example 1-2) When two data are in the instruction queue buffer 

Conditions 

• Number of data in the instruction queue buffer 2 

• ROM, RAM External memory is used (Note) 

"0" (16-bit length) • Data length selection flag m 

• BYTE terminal level "L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCL) of the program counter Even 

• Contents of the operand (dd) Even 

<I> based execution sequence 

<!>cpu 

Number of data In 
instructIon queue 
buffer 

A23'"A16 

/ OAT A(even) 

AIS-Ae 
/OATA(odd) 

R/W 

.1 2 3 

; Fetches Fetches 
, Op Code Operand 

2! o 

4 

2 

5 6 7 

jNext 
i Instruction 

Reads Data Modifies Writes 
Data Data 

I 1 

j hh ~~-OO-~bxdDL 
, Next op Code ~ Modified DH 

jr--m-m--'~ OP~ ~ 

=* ______ ---'X dd )C 
! 

"L" -----------------;----

Cause for <!>cpu to queue ~ 

Cause 2 
~ 

Cause 3 

Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, Rm signal cannot be observed from ' 
outside, when the mode is single chip mode. 
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Instruction Execution Sequence 

Operation of the CPU and bus interface unit under various cycles 

<jJNo. CPU Bus interface unit 

1 Fetches operation code. 

2 Fetches operand (dd). Prefetches the instruction, because the instruct 
queue buffer is vacant and the CPU is not using 
the bus. 

3 (Waits till the bus used by the bus interface unit Fetches 2-byte worth of data into the instruction 
becomes vacanl.) queue buffer when E becomes "L". 

4 Waits for E to become "L", to read data. 

5 Reads data when E becomes "Ln. 

6 Modifies data. 

7 Writes data into the data buffer. 

S Fetches the next operation code. Writes the contents of the data buffer into the 
original address, when E becomes "Ln. 
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(Example 1-3) When three data are in the instruction queue buffer 

Conditions 

• Number of data in the instruction queue buffer 3 

• ROM, RAM External memory is used (Note) 

• Data length selection flag m "0" (16-bit length) 

• BYTE terminal level "L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Even 

• Contents of the operand (dd) Even 

<p based execution sequence 

2 3 4 5 6 7 ,8 

(> 

¢CPU 

"Fetches Fetches Reads Data Modifies Writes Next 

Number of data In 
;op Code Operand Data Data : Instruction 

Instruction queue 3, 2 3 2 
buffer 

A23-A16 
Modified DL 

/ OAT A(even) 
Modified DH 

AI5-Ai; 
/DATA(odd) 

A7-Ao =x X dd X X dd >C 
E 

BHE 
"L" ; 

R/W I 
Cause for ¢CPU to queue ~ ~ 

Cause 3 Cause 2 

Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single chip mode. 
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Operation of the CPU and bus interface unit under various cycles 

<p No. CPU Bus interface unit 

1 Fetches operation code. 

2 Fetches operand (dd). 

3 Waits for E to become "Ln, to read data. 

4 Reads data when E becomes "Ln. 

5 Modifies data. Prefetches the instruction, because there are two 
vacant instruction queue buffers and the CPU is not 
using the bus. 

6 (Waits till the bus used by the bus interface Fetches 2·byte worth of data into the instruction 
unit becomes vacant.) queue buffer when to becomes "Ln. 

7 Writes data into the data buffer. 

8 Fetches the next operation code. Writes the contents of the data buffer into the origi· 
nal address, as E becomes "Ln. 
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(Example 1-4) When 16-bit data is accessed from odd address 

Conditions 

• Number of data in the instruction queue buffer 

• ROM, RAM 

• Data length selection flag m 

• BYTE terminal level 

o 
External memory is used (Notel) 

"0" (16-bit length) 

"L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Odd 

Odd • Contents of the operand (dd) 

<jl based execution sequence 

,1 2 3 4 5 6 7 8 9 10 11 12 13 14 

¢cPU 

; Fetches Op 
~ Code 

Fetches 
Operand 

Reads Data Modifies Writes 

Number of data in 
instruction queue 0 
buffer 

A23"'A'6 
I DATAlevon) 

A,s-Aa 
I DATAIOdd) 

Invalid Ope!and (dd) 

Next Op Code 

A7-Ao j ___ --'x 11+ 1 X dd 

SHE 

R/W 

Cause for qx;pu to queue ~ 

Cause 1 
.....­
Cause 1 

Data Data ~lnstructfOn 

3 2 

Modified DH 

invalid . Invalid Modified ex.. 

Invalid 

X dd+ 1 X 11+3 X,-_d-,-d_...JX dd+ 1 x= 

Cause 3 

L 
1.......--_---->, 

.....­
Cause 2 

.......... a. 
Cause 2 
(Note2) 

Notel. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of 
the level of the BYTE terminal. However, the address/data bus, BHE, RIW signal cannot be observed 
from outside, when the mode is single chip mode. 

Note 2. At the <- - -> part 
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• When the CPU does not use the bus, <jlcpu corresponds with <jl . 
• When the CPU uses the bus, the q,cpu queues till the writing in the bus interface unit completes. (the ¢14 

cycle) 
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Operation of the CPU and bus interface unit under various cycles 

IjlNo. CPU Bus Interface unit 

1 (No fetching can be done, because there are Fetches the instruction, because instruction queue 
no operation codes in the instruction queue buffer is vacant and the CPU is not using the bus. 
buffer.) 

2 

~ 
Fetches 1 odd address byte worth of data into the 
instruction queue buffer, when E becomes--"L". 

Fetches operation code. 

3 (No fetching can be done, because there are Fetches the instruction, because instruction queue 
no operands in the instruction queue buffer.) buffer is vacant and the CPU is not using the bus. 

4 
~ 

Fetches 2-byte worth of data into the instruction 
queue buffer when E becomes "L". 

Fetches operand (dd). 

5 Waits for E to become "L", to read data. 

6 Reads data in the odd addresses (OL) alone into the data buffer when E becomes "L". 

7 Waits for E to become "L", to read data. 

8 Reads data in the even addresses (OH) alone into the data buffer when E becomes "L". 

9 Modifies data. Prefetches the instruction, because there are two 
vacant positions in the instruction queue buffer, 
and the CPU is not using the bus. 

10 (Waits till the bus used by the bus interface Fetches 2 bytes worth of data into the instruction 
unit becomes vacant.) queue buffer, when E becomes "L". 

11 Writes data into the data buffer. Waits till E becomes "L" to write data. 

12 Fetches the next operation code. Writes the contents of the data buffer (OL) into the 
original address (odd address), when 1: becomes 
"L". 

13 ? Waits till E becomes "L" to write data. 

14 Writes the contents of the data buffer (OH) into the 
? original address (even address), when E becomes 

"L". 

When internal ROM or BYTE terminal level "L" external memory is used as the program memory, the instruction is 
fetched into the instruction queue buffer normally in 2-byte (word) unit of sequential even and odd addresses in this 
order. However, when the instruction must be fetched from odd address like after execution of the JMP instruction, 

the 1-byte of the first odd address alone is fetched into the instruction queue buffer ($2 cycle), and the later instructions 
are fetched into the instruction queue buffer in 2-byte units (<1>4, $10 cycle). 

The bus interface unit automatically selects whether to fetch one word or to fetch the 1 byte of odd address alone. 
The operation status can be observed from outside, according to the output of the BHE terminal and the address bus 
signal Ao, as long as the mode is not single chip mode . 

• When one word is fetched 

The output from both the BHE terminal and the address bus Ao are at the "L" level. 

• When 1 byte of odd address alone is fetched 

The output from the BHE terminal is "L", while the output from address bus Ao is "H". 
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When internal RAM and external memory at BYTE terminal level "L" are used as the data memory, with data 
length selection flag m = 0, both data read and write are normally done in 2-byte units of even and odd 
addresses, in this sequence. However, access can also be done when the word data is defined from an odd 
address. In other words, "W is output first from address bus Ao and then "L" from the BHE terminal to access 
to odd address alone. Next, "L" is output from Ao, and "H" from the SHE terminal to access to the even address. 

(Q5 to Q8, 911 to <1>14 cycle) 
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(Example 1-5) When external memory is accessed from the BYTE terminal using 
a-bit external bus width 

Conditions 

• Number of data in the instruction queue buffer 

• ROM, RAM 

• Data length selection flag m 

• BYTE terminal level 

• Contents of lower order bytes (PCl) of the program counter 

• Contents of the operand (dd) 

<jJ based execution sequence 

<j)cpu 

Number of data In 
mstructlon queue 
butler 

,1 2 

Fetches Op 
Code 

3 4 

Fetches 
Operand 

1-,0 

5 6 7 8 9 

Reads Data 

A'5-Aa ,~--____ ,.---____ ,.---------, 
I DATA(odd) =x mm X X 

X 

RIW 

Cause for ¢CPU 10 queue ~ 

Cause 1 

Note. At the <- - -> part 

mm 

11+1 X 

~ 

Cause 1 

DPR-< 

dd X dd+1 

.. 
Cause 3 

* When the CPU does not use the bus, ¢cpu corresponds with ¢. 

X 

o 
External memory is used 

"0" (16-bit length) 

"H" (External bus width is 8 bits) 

Even 

Even 

10 11 12 13 14 

Modifies Wntes ; Next 
Data Data ~ Instruction 

0 

Modified Dl Modified DH 

mm X . DPR-< x= 
11+2 X dd X dd+1 x= 

~_--JI 

~----___ ---II 
~ 

Cause 2 

~ ....... 
Cause 2 (Note) 

* When the CPU uses the bus, the <jJcpu queues till the writing In the bus interface unit completes. (the <jJ13 to <jJ14 
cycle) 
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Operation of the CPU and bus interface unit under various cycles 

$ No, CPU Bus interface unit 

1 (No letching can be done, because there are Fetches the instruction, because the instruction queue 
no operation codes in the instruction queue buffer is vacant and the CPU is not using the bus. 
buffer.) 

2 

~ 
Fetches 1 odd address byte worth 01 data into the in-
struction queue buffer when E becomes "L". 

Fetches operation code. 

3 (No fetching can be done, because there are Fetches the instruction, because instruction queue 
no operands in the instruction queue buffer.) buffer is vacant and the CPU is not using the bus. 

4 Fetches 1-byte worth 01 data into the instruction 

~ queue buffer when E becomes "L". 
Fetches operand (dd). 

5 Waits lor E to become "L", to read data. 

-
6 Reads data (OL) into the data buffer when E becomes "L". 

7 Waits for E to become "L", to read data. 

8 Reads data (OH) alone into the data buffer when E becomes "L". 

9 Modifies data. Prefetches the instruction, because there are two 
vacant positions in the instruction queue buffer, and 
the CPU is not using the bus. 

10 (Waits till the bus used by the bus interlace Fetches 1 byte worth 01 data into the instruction 
unit is vacant.) queue buffer when E becomes "L". 

-
11 Writes data into the data buffer. Waits till E becomes "L" to write data. 

12 Fetches the next operation code. Writes the contents 01 the data buffer (OL) into the 
original address (odd address), when E becomes "L". 

13 ? Waits till E becomes "L" to write data. 

14 ? Writes the contents 01 the data buffer (OH) into the 
original address (even address), when E becomes "L", . 

The external bus width becomes 8 bits when the "H" level is applied to the BYTE terminal. (The width 01 the internal 
bus is 16 bits, regardless of the level 01 the BYTE terminaL) When external ROM is used under this mode, the 
instruction can only be letched byte by byte. ($2, $4, $10 cycle) When external RAM is used, the data can likewise 
only be handled byte by byte. Accordingly, when data length selection Ilag m = 0 is selected, it takes time worth 2 
cycles 01 the enable output E lor data read and write. ($5 to $8, $11 to $14 cycle) 
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Instruction Execution Sequence 

(Example 1-6) When external memory is accessed with wait by the wait bit 

Conditions 

• Number of data in the instruction queue buffer 

• ROM, RAM 

• Data length selection flag m 

• BYTE terminal level 

o 
External memory is used 

"0" (16-bit length) 

• Contents of lower order bytes (PCL) of the program counter 

"L" (External bus width is 16 bits) 

Even 

• Contents of the operand (dd) Even 

<I> based execution sequence 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

<I> 

¢lepu 

Fetches Op Code Fetches Operand Reads Data Modifies Wntes Next 

Number of data In 
Data Data InstructIOn 

instruction queue 0 2~1 0 2 
buffer -

A23-A.. "J... 
hh X Op, X hh X OP3 X 00 X Dc X 00 X Modified [). 'C IDATAI",n} 

~~iide Nex1 Op Code 

A15-A. =:x 
IDATAlodd} mm X Op, X mm X OP4 X DPR< X DH X DPR< X Modified OH x= 

Oppltlrld(dd) 

A7-Ao =:x X 11+2 X dd x= 
E 

BHE 
"L" 

R/W 

Cause for ¢CPU to queue -4 .. .. .. .. 10- ... .. 
Cause 1 Cause 2 Cause 3 Cause 2 (Noh') 
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Instruction Execution Sequence 

Operation of the CPU and bus interface unit under various cycles 

$No. CPU Bus interface unit 

1 (No fetching can be done, because there are Fetches the instruction, because instruction queue 

2 no operation codes in the instruction queue buffer is vacant and the CPU is not using the bus. 
buffer.) 

3 ~ Fetches 2 bytes w~th of data into the instruction 

4 / queue bLlffer when E becomes "L". 
Fetches the operation code. 

5 Fetches operand (dd). Prefetches the instruction because the instruction 

6 queue buffer is vacant and the CPU is not using the 
bus. 

7 (Waits till the bus used by the bus interface Fetches 2 bytes worth of data into the instruction 

8 unit becomes vacant.) queue buffer when becomes "L". 

g Waits till E becomes "L" to write data. 
10 

11 Reads data when E becomes "L". 
12 

13 Modifies data. 
-

14 Writes data into the data buffer. 

15 Fetches the next operation code. 

16 ? Writes the contents of the data buffer into the original 
address (odd address), when E becomes "L". 

Note. At the <- - -> part 
* When the CPU does not use the bus, $cpu corresponds with $. 
* When the CPU uses the bus, the $cpu extends till the writing in the bus interface unit completes. (the $16 to 

$17 cycle) 

The conditions are the same, except when wait is commanded by the wait bit (example 1-1). When accessing to 
the external memory, the cycle of enable output E becomes twice that for no-wait, and thus the <j>cpu wait time 
also becomes twice the cycle. ($3 to 1j>4, $7 to $8, $11 to $12, $16 to $17 cycle) 
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Instruction Execution Sequence 

Example 2. LOA instruction / Direct indirect long addressing mode (DPRL = 0016) 

<pepu based CPU instruction execution sequence 

~ CPU 

Ap(cpu) ) PG X PG X 00 Xooor01 Xooor01 X ADp X PG '£ 
AHAL(CPU) ] PC ~ DPRH, dd XD~dR~; X ADHADL X PC+2,£ 

DATA(cpu) 

R / W(CPU) "H"-----------------------

Note: All the signals are CPU Internal signals, which cannot be observed from outside 
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Instruction Execution Sequence 

(Example 2-1) When the internal as well as the external memories are used together while wait 
is commanded by the wait bit. 

Conditions 

• Number of data in the instruction queue buffer 

• Bank 0 

Bank 1 and after 

• Data length selection flag m 

• BYTE terminal level 

• Contents of lower order bytes (PCL) of the program counter 

• Contents of the operand (dd) 

• Data indicated by the address ADL 

ADp 

o 
Internal ROM, RAM are used 

External memory is used 

"0" (16-bit length) 

"L" (External bus width is 16 bits) 

Even 

Even 

Even 

1 or more (bank 1 and after) 

<!> based execution sequence 

<jlcpu 

Number of data in 
Instruction queue 
buffer 

2 

~ Fetches Op 
1 Code 
i 

2-.1 

3 4 

Fetches 
Operand 

o 

5 

2 

6 

Reads 
Data 

7 8 9 

Calculates Reads 
Address Data 

10 11 12 

Reads 
Data 

ADp ~g;~:(.ven)~~---"o..:.o_~)@0< 
'j Op Code Next Op Code ~--~ 

X 
A'S-AiJ i 

IDATA(odd) ~ DPF+l 'I:D.. 
, Opel and (dd) ~ __ ----J 

ADH X 
I 

13 14 

Next 
' InstrUction 

DL x:= 
DH t= 

A7-Ao =:X_---'-_-'X 11+2 X,-__ do..;.d __ -,X dd+2 Xr-----'---~ 
! t= ADL 
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; 
~ 

R/W 
"H" i~-------------------------------

Cause for $cPU to queue ~ 

Cause 1 

~ 

Cause 2 
~ 

Cause 3 
~ 

Cause 3 Cause 3 



Instruction Execution Sequence 

o Jperation 0 t e an f h CPU db us mter ace un t un d er var ous eye es 

cjlNo. CPU Bus interface unit 

1 (No fetching can be done, because there are no Fetches the instruction, because instruction queue 
operation codes in the instruction queue buffer.) buffer is vacant and the CPU is not using the bus. 

2 Fetches 2 bytes worth of data into the instruction 
,./ queue buffer when E becomes "L". 

Fetches the operation code. 

3 Fetches operand (dd). Prefetches the instruction because the instruction 
queue buffer is vacant and the CPU is not using the 
bus. 

4 (Waits till the bus used by the bus interface unit Fetches 2 bytes worth of data into the instruction 
becomes vacant.) queue buffer when E becomes "L". 

5 Waits for E to becomes "L", to read data (ADH ADL) indicated by the address obtained by adding the 
contents of the operand (dd) and the DPRL. 

6 Reads data when E becomes "L". 

7 Calculated address. 

8 Waits for E to become "L", to read data (ADp). 

9 Reads data when E becomes "L". 

10 Waits for E to become "Ln, to read the data (DH DL) at the address specified by ADp ADH ADL. 
11 

12 Reads data when E becomes "Ln. 
13 

The above is the case when bank 1 and after are used by the external memory under the memory expansion mode. 

The currently executed program is in bank O. The contents of the lower order bytes of the direct page register DPRL 
is "0016", so the direct pages are all in bank O. The access to the outside (cjllO to cjl13 cycle) alone is affected by the 
wait bit, and access to the internal memory is not affected by the bit. 
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APPENDIX A 
CPU Instruction Execution Sequence for each Addressing Mode 

APPENDIX A. CPU Instruction Execution Sequence for each Addressing Mode 

The following are the CPU instruction execution sequences for each addressing mode. The exe­
cution sequences shown here describe the internal operation of the CPU. Therefore, the signals 
are all CPU internal signals, and cannot be observed from outside. The CPU internal operation, 
the actual execution time, and the relation between signals that can be externally checked are 
described in Chapter 6 "Instruction Execution Sequence". 

The following are the signals and the symbols indicating the contents. 

Symbol Description 

(j>cpu CPU basic cycle 

Ap(cpu) Higher order 8 bits of the CPU internal address bus. 
AHAL(cpu) Lower order 16 bits of the CPU internal address bus. 

PG Contents of the program bank register. 
PC Contents of the program counter. 

Others are data that indicates the address obtained as result of address calculation. 

DATA(cpu) The CPU internal data bus. The signal is output with a half-cycle delay from the CPU 
internal address bus. The operation codes and the operands are fetched from the in-
struction buffer. They are not directly fetched from the memory indicated by the PG 
and PC of this cycle. 

-
R/W(cpu) Becomes "L" when the CPU writes data into the data buffer of the bus interface unit. 
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The accumulator used in the above instructions in the CPU instruction execution sequence is 
accumulator A. When accumulator B is used, the execution cycle will have the two cycles of 
a "4216" that indicates accumulator B, and an internal processing cycle added at the front. 
(See the figure in the next page.) 

The number of $cpu cycles differs in the addressing mode that uses the direct page register, 
according to whether the lower order 8 bits (DPRL) are "0016". The number of cycles when 
DPRL = 0016 is 1 cycle (address calculation cycle) less than whe!1 DPRL of. 0016. 

The number of cycles differs in the PSH and PUL instructions according to the number and 
type of registers placed in (taken out of) the stack. 

The number of cycles differs in the block transmission instruction (MVN, MVP). according to 
the number of the data transmitted. 



APPENDIX A 
CPU Instruction Execution Sequence for each Addressing Mode 

Variation of the execution cycles according to the accumulator used 

ADC Instruction / Immediate addressing mode 

«When accumulator A is used» 
Mnemonic: ADC A,#1234H Machine code: 6916 3416 1216 

~ CPU 

Ap (CPU) J PG X PG X PG )xC 

AHAL(CPU) J PC X PC+1 X PC+3 )xC 

DATA (CPU) 'J< 6916 X 123416 X'-----_>C 
: Op Code Operand 

«When accumulator B is used» 
Mnemonic: ADC B,#1234H Machine code: 4216 6916 3416 1216 

. . 
~2-cycle~~ 
, , 

~ CPU 

Ap (CPU) -:x PG X PG X PG )C!~ PG 

AH AL(CPU) =x PC X PC+1 X PC+1 X PC+2 X PC+4 

DATA (CPU) :=x 4216 X Not Used X 6916 X 123416 C 
Op Code Op Code Operand 
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Implied 

Instruction :CLC. CLI. CLM. CLV. DEX. DEY. INX. INY. NOP. 

Timing 

SEC. SEI. SEM. TAD. TAS. TAX. TAY. TDA. TSA. 
TSX. TXA. TXS. TXY. TY A. TYX 

¢CPU 

Ap(Cpul 

DATA(CPUi ~ Op Code X Not used X ~~X~ode > 
"H" 

R/W(cpu) 

Instruction T B D. T B S. T B X. T BY. T DB. T S D. T X B. T Y B 

Timing: 
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Implied 

Instruction XAB 

Timing 

¢J cpu 

Ap(cpu) PG PG PG 

AHAuCPul PC PC+l PC+ 1 

DATA(cpul 

R/W(cPul 

Instruction : S T p, WIT 

Timing 

Ap(cpu} PG 

PC+l 

DATA(CPul =x Op Code X Not used X Not used 

"H" 
R/W(CPUl 

PG PG 

PC+2 
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Implied 

Instruction R T S 

Timing 

¢I CPU 

Ap(cpu) 

DATAtcpu> 

"H .. ==:.....:===-====---===~===:.....:==::::.. 
R/W(cpu) 

Instruction : R T L 

Timing 

rpCPU 

Ap(cpu) 

DATA(cpu> 

_ "H"=--====-===~===--===~===~===--~==:" 
R/W(CPUl 
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Implied 

Instruction : R T I 

Timing 

tPCPU 

DATA(CPUI 

(Slack) "H"'---------------------------------------
R/W,cpu\ 
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Implied 

Instruction BRK 

Timing 

00 
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Immediate 

Instruction AD C. AND. C M P. E 0 R. L D A. 0 R A. S B C 

Timing 

m=O 

¢CPU 

DATA(cpu) 

- "H"=::::-':===::"~===::"'~===~ 
R/W{cPU) 

When m=1, fetched operand at 2-nd cycle is 1-byte(nn) 

Instruction LDX. LDY. CPX. CPY 

Timing 

tPCPU 

DATA(cpu) 

_ "H"==~===-====--===::" 
R/W(cPUl 

When x=1, fetched operand at 2-nd cycle IS 1-byte(nn) 
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Immediate 

Instruction :. L D T 

Timing 

Instruction R L A 

Timing 

<Pepu 

PG PG PG PG PG 
Ap(cpu) 

PC PC+l PC+l PC+2 
AHAL(cpu) 

DATA{cpu) 

Riw(cpu) 
"H" 

196 



Immediate 

Instruction : S E P 

Timing: 

PG 
Ap(cpu) 

PC+ 1 

DATA(cpu) =x Op Code X op::nd X Not used X ~~X~Ode) 
_ "H" 

R/W(cpul 

Instruction C L P 

Timing 

DATA(cpu) 

- "H"::::::~==::::'-====--===~====~===-R/W(cpu) 
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Instruction 

Timing 

198 

Immediate 

DIV, MPY 

rpCPU 

Ap(cpu) 

-(Note)---------___ 

--., 
I 
L_ 

PG 

PC+2 

_ ~o~S~ =x Not used X Not used X ~~X60de) 

(Note) MPY instruction is 12-cycle, and DIV instruction IS 23-cycle. 

r-­
I 

_..J 



Accumulator 

Instruction : A S L, DEC, INC, L S R, R 0 L , R 0 R 

Timing: 

¢Jcpu 

Ap(cpu) 

DATAlCPU) ~ Op Code X Not used X ~;X~ode) 
"H" 

R/W(cpu) 
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Instruction 

Timing 

Instruction 

Timing 

200 

Direct 

ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY, 
ORA, SBC 

DPR L", 0 

¢CPU 

DATA,cpu) 

- "H"~~===-~===--===~==~~===--R/W<cpu) 

When DPR L =0, this cycle is nothing 

LDM 

DPRL", 0 

,pepu 

Ap(cpu) 

DATA,cpu) 

_ "H"::::::::--====---====-===~::::::;~ 
R/W(CPU) 

c > 
When DPRL =0, this cycle is nothing 



Direct 

Instruction STA, STX, STY 

Timing 

DPRL oF 0 

c ;:;. 
When DPRL=O, this cycle IS nothing 

Instruction : A S L, DEC, INC, L S R, R 0 L, R 0 R 

Timing: 

DPRL oF 0 

¢CPU 

DATAICPU) 

_ "H"=-====---====--===~===--=:::::;-R/WICPu) 

~~ 

When DPRL =0, this cycle IS nothing 
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Direct 

Instruction DIV, MPY 

Timing 

~cpu 

OATA(cpu) 

R/W(cpu) 
"H"=:"'===~===~===-===-:===~~~ 

Iii 

When OPRL =0, this cycle IS nothing. 

00 or 01 

OPR+dd 

~~u~ Not used X Not used X ~~"6ode ) 

MPY instruction is 12-cycle, and OIV instruction IS 23-cycle. 
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Direct Bit 

Instruction C L B, S E B 

Timing 

DPRL *0, m=O 

.pepu 

Ap(Cpul PG PG PG 00 

AHAucpu) PC PC+l PC+2 

DATA,cpu) 

R/W(cpu) 
"H" 

When DPR L =0, this cycle IS nothing. 
When m=l, fetched operand at 3-rd cycle is l-byte(nn). 
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Direct Indexed X 

Instruction ADC, AND, CMP, EOR, LDA, LDY, ORA, SBC 

Timing 

DPRLoio 0 

-E---~ 

When DPRL =0, this cycle is nothing 

Instruction LDM 

Timing 

DPRLoioO 

When DPRL =0, this cycle IS nothing 
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Direct Indexed X 

Instruction S T A, STY 

Timing 

¢Jcpu 

Ap(cpu) 

:E ::;;. 

When DPRL =0, this cycle is nothing 

Instruction A S L, DEC, INC, L S R, R 0 L, R 0 R 

Timing 

DPRL * ° 

~~ 

When DPRL =0, this cycle IS nothing 
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Direct Indexed X 

Instruction DIV. MPY 

Timing 

OPRL,*, a 

"'CPU 

OATA(cpul 

206 

- - -(Note)I----___ _ --., 
I 
L.._ 

00 or 01 

OPR+dd 

When OPRL =0, this cycle is nothing 

= -~~ Not used X Not used X ~~~ode ) 
(Note) MPY Instrucllon is 12-cycle, and OIV instruction is 23-cycle 

Not used 



Direct Index"ed Y 

Instruction LDX 

Timing 

OPRL '*' 0 

¢CPU 

Ap(cpu) 

DATA(cpu) 

_ "H":::::::::~==~-====-===~==:::::::::~==~-====-
R/W(cpul 

When OPRL =0, this cycle IS nothing 

Instruction STX 

Timing 

OPRL '*' 0 

Ap(cpu) 00,01 or 02 

DATA, cpu) 

« » 
When OPRL =0, this cycle IS nothing 
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Direct Indirect 

Instruction ADC. AND. CMP. EaR. LDA. ORA. SBC 

Timing 

DPRL* ° 
¢epu 

Ap(cpu) 

<EO- :0 

When DPRL =0, this cycle is nothing 

Instruction STA 

Timing 

DPR L* ° 
¢epu 

Ap(cpu) 

DATA(cpu) 

_ "H,,==~===---====--===~===~::::;--J 
R/W(cpu) 

E ? 
When DPRL =0, this cycle IS nothing 
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Direct Indirect 

Instruction DIV. MPY 

Timing 

OPRL '*' 0 ~--------

Not used 

( :> 
When OPRL =0, this cycle IS nothing 

- - - - ======~ 
= = ~ = _____ --JX PC+ 3 x= 
-- - - ------------

(Note) MPY instructIOn IS 12-cycle, and OIV instruction IS 23-cycle 
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Direct Indexed X Indirect 

Instruction ADC, AND, CMP, EOR, LDA, ORA, SBC 

Timing 

DPRL,* 0 

¢CPU 

Ap(cpu) 

_ "H":::::::~===--====--===~===~===--===:::::"'-====--
R/W{cpul 

E ):; 
When DPRL =0, this cycle IS nothing 

Instruction STA 

Timing 

DPRL ,* 0 

¢CPU 

DATA{cpu) 

_ "H"==~===-===:::::"'-====-===:"""::===~~--' 
R/W{cpu) 

When DPRL =0, this cycle is nothing 
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Direct Indexed X Indirect 

Instruction DIV, MPY 

Timing 

OPRL * 0 ~-------

¢CPU 

Ap(cpu) 

DATA(cpu\ 

_ "H" ==~===--===~===-==::::...~==~=-=:-= 
R/W(CPU) 

~ 

When OPRL =0, this cycle IS nothing 

(Note) MPY instruction IS 12-cycle, and OIV instruction IS 23-cycle 
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Direct Indirect Indexed Y 

Instruction ADC, AND, CMP, EOR, LOA, ORA, SBC 

Timing 

Ap(cpu) 

DATA(GPU) 

_ "H"=~===---====--===::--':~==~===--====--====-R/W(GPU) 

When DPR L =0, this cycle is nothing 

Instruction STA 

Timing 

DPRL * ° 
¢CPU 

Ap(cpu) DT or DT+ 1 

DATA(cpu) 

c :> 
When DPR L =0, this cycle is nothing 
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Direct Indirect Indexed Y 

Instruction D IV, MPY 

Timing: 

DPRL '*' 0 
~-------

~CPU 

Ap(cpu) DTor DT+ 1 

DATA(cpu) Not used 

- "H"=-===~~==~===--==~====:""===~ 
R/W(cpu) 

<: :> 
When DPR L =0, this cycle IS nothing 

(Note) MPY instruction IS 12-cycle, and DIV instruction IS 23-cycle 
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Direct Indirect Long 

Instruction ADC, AND, CMP, EOR, LDA, ORA, SBC 

Timing 

DPAL oF ° 

Ap(cpu) 

'--__ D_p_A_+_d_d __ --'~PA+dd+ ~ ADHADL X 
DATA(cpu} 

- "H .. '==~===--.::===--===~===~===~==:::::..-====--~==::... 
A/W(cpu} 

c ;-. 
When DPRL =0, this cycle IS nothing. 

Instruction STA 

Timing 

Ap(CPU) 

DATA(cpu) 

RiW(cpU)"H"==-~==::.~==:::::::~===~-====-~==::.~==:::::::~=::;_-..J 

E 33 

When DPAL =0, this cycle IS nothing 
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Direct Indirect Long 

Instruction D I V, M P Y 

Timing 

OPRL * 0 

¢CPU 

Ap{cpu} 

AHAUCPU) 

DATA(cpu) 

When OPRL =0, this cycle IS nothing 

nJL----' '" 
: I : 
I ' I . ,--_ .... 

Not used 

-----::::-::::::=-=~~==~==-

(Note) MPY instructIOn IS 12-cycle, and OIV instruction IS 23-cycle 
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Direct Indirect Long Indexed Y 

Instruction ADC, AND, CMP, EOR, LDA, ORA, SBC 

Timing 

DPRL '*' 0 

When OPR L =0, this cycle IS nothing. 

Instruction STA 

Timing 

""" > When OPRL =0, this cycle is nothing 
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Direct Indirect Long Indexed V 

Instruction DIV, MPY 

Timing 

DPRL * a 
¢>CPU 

DATA(cPUl _ "H"=-===~===~==:::::::'-==~===~==~ 
R/W(Cpul 

When DPRL=O, this cycle IS nothing 

__ -------(Note) • I 

1L.JUL __ l--LJLILj 

(~:::::::::::::::A:D:p:o:r:A:D:p+~l::~::::::::::~)( PG 

( ADHADL+Y )( PC+3 

>C 
>C =x DHDL X~~t~~e~XNotused X Notused~ 

==-======~ 

(Note) MPY instruction IS 12-cycle, and DIV instruction IS 23-cycle 
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Instruction 

Timing 

Absolute 

ADC, AND, CMP, CPX, CPY, EaR, LDA, LDX, LDY, 
ORA, SBC 

<PCPU 

Ap(cpu) PG 

PC+l 

DATAICpul =x Op Code X op~~~nd X DHDL X ~;X~Ode ) 
_ "H"=-====---====-~==~==~ R/W{cpul 

Instruction L D M 

Timing 
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Absolute 

Instruction : S T A. S T X. STY 

Timing: 

'II cpu 

Ap(cpu) 

DATA(cpu) 

_ "H,,=--===~-===~:::::;--J 
R/W(cpu) 

Instruction : A S L. DEC. INC. L SR. R 0 L. R 0 R 

Timing: 

tJ>cpu 

Ap(cpu) PG PG DT PG 

AHAUCPU) PC PC+l hhll PC+3 

DATA(cpu) 

R/IN(cpu) 
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Instruction 

Timing 

t/lcpu 

Ap(cpu) 

AHAL(cPu) 

DATAlcpu) 

R/WICPu) 

DIV, MPY 

PG PG PG 

PC PC+l PC+l 

Absolute 

PG 

PC+2 

,....--
I 

_.J r---------- - - --

~============== =:: = = 
Not used 

~~u~ Not used X Not used X ~~X6ode) 
(Note) MPY Instruction IS 12-cycle, and DIV instruction is 23-cycle. 

220 



Absolute 

Instruction J M P 

Timing 

~cpu 

DATAecpu) 

R/Wtcpu) 
"H"=~===-===~==::::::" 

Instruction J S R 

Timing 

¢'CPU 

Ap(cpu) 

DATAecpu) 

- "H"=-====--===~:::;~ R/Wecpu) 
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Absolute Bit 

Instruction : C L B, S E B 

Timing: 

m=O 

t,hcPu 

Ap(cpu) 

DATA,cpu) 

_ .. H"=:.-===::::..-===::::....:~~:.-===::::..-=:::;-...J 
R/W,cpu) 

When m=1. fetched operand at 3-rd cycle IS 1-byte(nn) 
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Absolute Indexed X 

Instruction : AD C. AND. eM p, E 0 R. L D A. L D Y. 0 R A. S B C 

Timing: 

Instruction : L D M 

Timing: 

r/>cpu 

Ap(cpu) 

DATA(cpu) 
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Absolute Indexed X 

Instruction : A S L, DEC, INC, L S R, R 0 L, R 0 R 

Timing: 

¢CPU 

DTorDT+l 

hhll+X 

DATAl CPU 

224 



Instruction 

Timing 

Ap(cpu) 

DATA(cpu} 

D IV, MPY 

Absolute Indexed X 
Absolute Indexed V 

~ ~~ Not used ~ ~~x~ode > 

(Note) MPY Instruction IS 12-cycle, and DIV instructIOn IS 23-cycle. 

Not used 
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Instruction S T A 

Timing: 
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Absolute Indexed X 
Absolute Indexed Y 



Absolute Indexed Y 

Instruction AD C, AND, eM p, E 0 R, L D A, L D X, 0 R A, S B C 

Timing: 

<Pepu 

DATAccpu) 

- "H"=~==::::'~===-~==~~=--=-~==~ R/WICPUI 
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Absolute Long 

Instruction AD C, AND, eM p, E 0 R, L D A, 0 R A, S B C 

Timing 

<PCPU 

Ap(cpu) PG PG PG pp PG 

AHAL(cpu} PC PC+l PC+3 hhll 

DATA,CPu) 

R/W,CPU) 
"H" 

Instruction S T A 

Timing 

¢CPU 

Ap(cPU) 

DATAICPU) 

- "H":::::-===::::::"'--===~-===~::::;~ 
R/Wrcpu) 
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Absolute Long 

Instruction D IV. MPY 

Timing 

I---- - - - - - - - --

DATA(cpu) Not used 

-- "H"=~===~====~===~===~==~=-:-:! '------
R/W(cpu) 

(Note) MPY Instruction IS 12-cycle, and DIV Instruction IS 23-cycle 
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Absolute Long 

Instruction J M P 

Timing 

Ap(cpu) 

DATA(cpu) 

_ "H"=---====--====---===~===--R/Wlcpul 

Instruction J S R 

Timing 

¢CPU 

Ap(cpu) PG PG PG 

AHAL(cPu) PC PC+l PC+3 

DATAICPUI 

R/W(CPUl 
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Absolute Long Indexed X 

Instruction : AD C, AND, eM P, E 0 R, L D A, 0 R A, S B C 

Timing: 

rpCPU 

Ap(cpu) 

DATA(cpu) 

- "H"==---====---====---===~===~===~===~ R/W(cpu) 

Instruction S T A 

Timing 

Ap(cpu \ pp or pp+ 1 

hhll+X 

OATA:cPu' 
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Absolute Long Indexed X 

Instruction D IV, MPY 

Timing 

~---------

¢1cpu 

,--------- -- ---

~======~=::.-=::::. 

DATA(cpu) 

- - - - ------------

(Note) MPY instruction is 12-cycle, and DIV instruction (s 23-cycle. 
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Absolute Indirect 

Instruction : J M P 

Timing: 

¢CPU 

Ap(cpu) 

DATA(cpu) 

- "H"=~===~===-~==~~==-R/W(cpu) 
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Absolute Indirect Long 

Instruction J M P 

Timing 

Ap(cpu) 

DATA(cpu) 

- "H"=--====---====---====--====---====---===::::-' R/W(cpu) 
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Absolute Indexed X Indirect 

Instruction J M P 

Timing 

Instruction J S R 

Timing 

tPCPU 

Ap(CPUI 

DATAl CPU) 

- "H"-----------------, 
R/W(cpu) 
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Stack 

Instruction PEA 

. Timing 

¢CPU 

Ap(cpu) 

DATAl CPU) _ 5IH,,==---===:::'~===~=~_J 
R/WICPU) 

Instruction PEl 

Timing 
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Stack 

Instruction PER 

Timing. 

"'CPU 

Ap(cpu) PG PG 00 PG 

AHAucpu) PC PC+1 8-1 

DATA(cPul 

R/W(cPUl 

Instruction PHA. PHD. PHP. PHX. PHY 

Timing 

~CPU 

Ap(cpu) PG 

PC+1 

DATA(cpul =x Op Code X Not used X Not used X A X ~:X~ode ) 

_ "H .. ~=--====-~===-~=~-J R/W(cpul 
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Stack 

Instruction P H B 

Timing 

4tcpu 

Ap(cpu) 

DATA(cpul 

Instruction : P H G. P H T 

Timing: 
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¢CPU 

DATA(cPul =x Op Code X Noi used X PG X ~:X~ode ) 
- "H"=--===~~---' R/W(cpul 



Stack 

Instruction PLA, PLD, PLX, PLY 

Timing 

,pepu 

Ap(cpu) 

AHAUCPU) 

DATA(cpu) 

_ "H":::::::~===--====--====--.2===~===-R/W(cpul 

Instruction P L B 

Timing 

¢CPU 

Ap(cPU) 

DATA(cpu) 
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Stack 

Instruction PLP 

Timing 

Ap(cpu) 

DATA(cpu) 

- "H"=~==-=--====-~==~===~===-"'::::==:::'" R/W(cpu) 

Instruction P L T 

Timing 

¢epu 

Ap(cPU} 

DATACcpu) 

- "H"=--====--===~-===~===--====-~==:::'" R/W(CPUl 
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Instruction PSH 

Timing 

DT 

Stack 

y 

PG 

(Note) This figure IS an example pushed all the registers 
by PSH Instrucllon If any register IS not pushed, 
ItS cycle (-) IS nothing. 

DPR 

PS 
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Instruction PUL 

Timing 

DATA{Cpu, 

AHAUCPU\ PG 

AplCPU 

¢CPU 

R/W: cpu 

DT 

x B 

(Note) This figure IS an example pulled all the registers 
by PUL Instrucllon If some register IS not pulled, 
its cycle (-) IS nothing. 

242 

Stack 

PS 

00 

DPR Y 

A 



Re~atnve 

Instruction : BRA 

Timing: 

Instruction : Bee, B C S, B E Q, B M I, B N E, B P L, B V C, B V S 

Timing 

Branched 

~~-------------

When not branch, this cycle IS nothing 
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Direct Bit Relative 

Instruction BBG, BBS 

Timing 

DPR L oF 0, m= 0, Branched 

Ap(cpu) 

DATA{cPU) 

<_ .. 

When DPR L =0, this cycle IS nothing. When not branch, this cycle IS nothing 

When m=1, fetched operand at 5-th cycle is 1-byte(nn). 
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Absolute Bit RelaUve 

Instruction BBC, BBS 

Timing 

m= 0, Branched 

When not branch, this cycle IS nothing 

When m=l, fetched operand at 4-th cycle IS I-byte(nn) 
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Stack Pointer Relative 

Instruction : AD C, AND, eM p, E 0 R, L D A, 0 R A, S B C 

Timing: 

,pepu 

Ap(cpu) 

DATA(cpu) 

_ "H"~~===--====--===~====~===-
R/W(cpu) 

Instruction : S T A 

Timing: 

Ap(cpu) 

DATA(cpu) 
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Stack PO~81ter Relative 

Instruction D I V, M P Y 

Timing 

R/W(cpu) 

- - -(Note)--------...... ---, 
I 
L_ 

- - - - ==========: 
= = -=- -=- ----------'~ 

(Note) MPY instruction IS 12-cycle, and DIV instruction IS 23-cycle 

f--------
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Stack Pointer Relative Indirect Indexed Y 

Instruction : AD C, AND, eM p, E 0 R, L D A, 0 R A, S B C 

Timing: 

Instruction S T A 

Timing 

¢CPU 

DTorDT+l 

DATA{cpu) 
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Stack Pointer Relative ~ndirect ~ndexed y 

Instruction D I V. MPY 

Timing 

~CPU 

Ap(CPUl 

DATA(cpu' _ "H"=:-====-===~===:-===-===~== R/W(cpu) 

--.., 
I 
L_ 

(Note) MPY Instruction IS 12-cycle, and DIV instruction IS 23-cycle 

Not used 
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Block Transfer 

Instruction MVN 

Timing 

IPcPu 

DATA(cpu) 

- "H":=:=-~==::::::~::::::=~=-'====-~=::::S;;::~====-'====-~===~====-'====-~=:"" R/W(CPU) 

250 

(Target Bank) (Source Bank) 

(Note) This figure IS shown that transfered the 2-bytes data started from even 

address If transfered more than 3-bytes data, the cycle (-) IS repeated 

each 2-bytes 



B~ock Transfer 

Instruction MVP 

Timing 

Ap(cpu} = 
~====~====~ 

55 Source Bank ss 

x X-I AHA'(CPUI~ 
~~==~~~~~~~~ 

R/W(cpu) (Target Bank) (Source Bank) 

(Note) This figure IS shown that transfered the 2-bytes data started from even 

address If transfered more than 3-bytes data, the cycle (-) IS repeated 

each 2-bytes 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

MACHINE INSTRUCTIONS 
Addressing mode 

Symbol FunctIon Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIRI (DIR,xl (DlRI,V 

op n #op n # op n #op n # opn # op n # op n #op n # op n # op n # 

ADC Acc,C - Acc+M+C Adds the carry, the accumulator and the memory contents 692 2 6542 75 5 2 726 2 61 7 271 B 2 
(Note 1,21 The result IS entered Into the accumulator When the 0 

flag IS wO". binary additions IS done, and when the 0 flag IS 42 4 3 42 6 3 427 3 42 B 3 42 9 3 4210 3 
'T', decimal addition IS done 69 65 75 72 61 71 

AND Ace -- Accl\M ObtainS the logical product of the contents of the accumu- 292 2 25 4 2 355 2 326 2 21 7 2 31 B 2 
(Note 1,21 lalor and the contents of the memory The result IS en-

tered mto the accumulator 424 3 426 3 42 7 3 428 3 42 9 3 42 10 3 
29 25 35 32 21 31 

ASL m=O Shifts the accumulator or the memory contents one bit to OA 2 I 067 2 16 7 2 
(Note II [QJ~-O the left "0" IS entered Into bit 0 of the accumulator or the 

m=l memory The contents of bit 15 (bit 7 when the m flag IS 42 4 2 

[QJ~-O 
"1") of the accumulator or memory before shift IS entered OA 
mto the C flag 

BBC Mb=O'> Tests the specified bit of the memory Branches when aU 
(Note 3,51 the contents of the specified bit IS "0" 

BBS Mb=l') Tests the specified bit of the memory Branches when all 
(Note 3,51 the contents of the specified bit IS "1" 

BCC C=O? Branches when the contents of the C flag IS ~O~ 
(Note31 

BCS C=I? Branches when the contents of the C flag IS ~1" 
(Note31 

BEQ Z=1 " Branches when the contents of the Z flag IS "1" 
(Note31 

BMI N=I? Branches when the contents of the N flag IS "1" 
(Note 31 

BNE Z=O? Branches when the contents of the Z flag IS "0" 
(Note31 

BPL N=O? Branches when the contents of the N flag IS "0" 
(Note 31 

BRA PC-PC±offset Jumps to the address Indicated by the program counter 
(Note 41 PG-PG+I plus the offset value 

(carry occured) 
PG-PG-I 
(borrow occured) 

BRK PC-PC+2 Executes software interruption 0015 2 
M(SI-PG 
S-S-I 
M(SI-PCH 
S-S-I 
M(SI-PCl 
S-S-I 
M(si-PSH 
S-S-I 
M(SI-PSl 
S-S-I 
I-I 
PCl-ADl 
PCH--ADH 
PG-0016 

BVC V=O? Branches when the contents of the V flag IS "0" 
(Note 31 

BVS V=l" Branches when the contents of the V flag IS "1" 
(Note 31 

CLB Mb-O Makes the contents of the specified bit In the memory "0" 14 8 3 
(Note 51 

CLC C-O Maltes the contents of the C flag ~O" 18 2 I 

CLI 1-0 Makes the contents of the I flag "0" 58 2 I 

ClM m-O Makes the contents of the m flag "0" 082 I 

CLP PSb-O Specifies the bit POSition In the processor status register by the bit C2 4 2 
pattem of the second byte In the Instruction, and sets "0" In that bit 

CLV V-O Makes the contents d the V flag MO" sa 2 I 

CMP I\cc-M Compares the contents of the accumulator With the contents of C9 2 2 C5 4 2 055 2 026 2 CI 7 2 D1 8 2 
(Note 1,21 the memory 

42 4 3 42 6 3 427 3 42 8 3429 342 10 3 
C9 C5 05 02 CI 01 
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APPENDIX B 

Seri~s MELPS 7700 Machine Instructions 

Addressmg mode Processor status register 

L(DIR) L(OIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL OIR,b,R ASS,b,R SR (SR),Y BLK 10 9 S 7 6 5 4 3 2 1 0 

op n II op n II op n II op n II op n II op n ;I: op n lIop n II op n llop n II op n # op n II op n # op n # op n # op n 11 op n 11 op n # IPL N V m x D I Z C 

6710 277 11 2 60 4 3 70 6 3 79 6 3 6F 6 4 7F 7 4 63 5 2 73 8 2 N V Z C 

4212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
67 77 60 70 79 6F )F 63 73 

2710 2 37 11 2 10 4 3 30 6 3 39 6 3 1F 6 4 3F 7 4 23 5 2 33 8 2 N Z 

4212 3 42 133 ~2 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
27 37 10 3D 39 1F 3F 23 33 

-
OE 7 3 IE 8 3 N Z C 

34 7 4 3C 8 5 

24 7 4 1C 8 5 

90 4 2 

80 4 2 

FO 4 2 

30 4 2 

DO 4 2 

10 4 2 

80 4 2 

82 4 3 

50 4 2 

70 4 2 

IC 9 4 

0 

0 

0 

Specified flag be-
comes "0" 

0 

C710 2 07 11 2 CD 4 3 DD 6 3 D9 6 3 CF 6 4 DF 7 4 C3 5 2 D3 8 2 N Z C 

4212 3 42 133 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
C7 D) CD DO 09 CF DF C3 03 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

Addressing mode 

Symbol Function Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) IOIR,X) IOIR),Y 

op n # op n # op n :;; op n :j:j: op n ~ op n I: op n # op n # op n :; op n # 

CPX X-M Compares the contents of the Index register X with the EO 2 2 E4 4 2 
(Note 1,2) contents of the memory 

CPY Y-M Compares the contents of the Index register Y with the CO 2 2 C4 4 2 
(Note 1,2) contents of the memory 

DEC Ace-Ace-lor Decrements the contents of the accumlator or memory by IA 2 I C67 2 06 7 2 
(Note 1) M-M-I 1 

42 4 2 
IA 

DEX X-X-I Decrements the contents of the Index register X by 1 CA 2 I 

DEY Y-Y-I Decrements the contents of the Index register Y by 1 88 2 I 

DIV A(quottent)-S,A/M The nurneralltlal places Ihe cmients ct accumulatcr B to the higher crder and the 8927 3 8929 3 8930 3 8931 3 89 32 3 893 3 3 
(Note 2,10) B( remainder) cootents ci acCtJmulatcr A to the femer crder IS divided by the cootents d Itle memcry 29 25 35 32 21 31 

The qudrent IS entered mlo accumulatcr A and the remainder Into accumulatcr B 

EOR Acc"""AccVM Logical exclusive sum IS obtained of the contents of the 49 2 2 45 4 2 55 5 2 52 6 2 41 7 2 51 8 2 
INote 1,2) accumulator and the contents of the memory The result IS 

placed Into the accumulator 42 4 3 42 6 3 42 7 3 42 8 3 42 9 3 421 o 3 
49 45 55 52 41 51 

INC Acc--Acc+1 or Increments the contents of the accumulator or memory by 3A 2 I E6 7 2 f6 7 2 
(Note 11 M -M+I 1 

42 4 2 
JA 

INX X-X+l Increments the contents of the Index register X by 1 E8 2 I 

INY Y-Y+I Increments the contents of the Index register Y by 1 C8 2 I 

JMP ABS Places a new address Into the program counter and Jumps 
PCl -- ADL to that new address 
PCH - ADH 

ABL 

PCl -- ADL 
PCH - ADH 
PG-ADG 

(ABS) 

PCL ~(ADH' ADL) 
PCH-IADH,ADL+1) 

L(ABS) 
PCL ~(ADH' ADL) 
PCH-IADH,AOL+1) 
PG -(ADH, ADL +2) 

(ABS, X) 
PCL -(ADH,ADL+X) 
PCH ~(ADH' ADL +X 

+1) 

JSR ABS Saves the contents of the program counter (also the can· 
M(S)~ PCH tents of the program bank register for ABU Into the stack, 
S~S-I and Jumps to the new address 
M(S)~PCL 
S~S-I 

PCl -ADL 
PCH -ADH 

ABL 
M(S)~PG 

S~S-I 

M(S)~ PCH 
S~S-I 

M(S)~PCL 
S~S-I 

PCl -- ADL 
PCH -ADH 
PG -ADG 

(ABS, X) 
M(S)~ PCH 
S~S-I 

M(S)- PCL 
S~S-I 

PCL -(ADH, ADL +X) 
PCH ~(ADH' ADL +X 

+1) 
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APPENDIX 8 

Series MELPS 7700 Machine Instructions 

Addressing mode Processor status register 

L(DIR ) LIOIR),Y ABS ABS,b ABS,X ABS,Y ABL ASL,X (ABS) L(AS s) IABS,X) STK REL OIR,b,R ABS,b,R SR (SR),Y SLK 10 9 8 7 6 5 4 3 2 1 0 

op n jlop n :t1= op n jl op n jl op n jl op n ;;: opnll op n !I op n # op n jl op n jl op n # op n :;1: op n !I op n :1:* op n !lop n jl op n jl IPL N V m x D I Z C 

EC 4 3 N Z C 

~C 4 3 N Z C 

CE 7 3 OE 8 3 N Z 

N Z 

N z 
8935 3 89 36 3 89 29 4 8931 4 8931 4 893 1 5 8932 5 8930 3 89 333 N V Z C 
27 37 20 30 39 2F 3F 23 33 

4710 2 5711 2 40 4 3 50 6 3 59 6 3 4F 6 4 5F 7 4 43 5 2 53 8 2 N Z 

4212 3 4213 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 421 03 
47 57 40 50 59 4F 5F 43 53 

EE 7 3 FE 8 3 N Z 

N Z 

N Z 

4C 2 3 5C 4 4 6C 4 3 OC 8 3 7C 6 3 

20 6 3 22 8 4 FC 8 3 
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APPENDIX 8 

Series MELPS 7700 Machine Instructions 

Addressing mode 

Symbol Function Details IMP IMM A DIA DIA,b DIA,X DIR,Y (DIA) (OIR,X) (OIR),Y 

op n # op n # op n # op n # op n # op n #op n :I op n 11 op n 11 op n # 

LOA Acc- M Enters the contents of the memory mto the accumulator A9 2 2 AS 4 2 B5 5 2 B2 6 2 AI 7 2 BI 8 2 
(Note 1,2) 

42 4 3 42 6 3 42 7 3 42 8 3 42 9 3 42 10 3 
A9 AS 85 B2 AI 81 

LDM M~IMM Enters the immedIate value into the memory 64 4 3 74 5 3 
(Note 5) 

LOT DT~IMM Enters the immediate value into the data bank register 89 5 3 
C2 

LOX X~M Enters the contents of the memory Into index register X , A2 2 2 A6 4 2 86 5 2 
(Note 1,2) 

LOY Y~M Enters the contents of the memory into index register Y AO 2 2 A44 2 84 5 2 
(Note 1,2) 

LSA m=O Shifts the contents of the accumulator or the contents of 4A 2 I 46 7 2 56 7 2 
(Note 1) O-~-C the memory one blt to the right The bit 0 of the accumula-

m=l 
tor or the memory Is entered Into the C tlag "0" IS entered 42 4 2 

O-~-C 
into bit 15 (bit 7 when the m flag Is "1" ) 4A 

MPY S, A~A*M Multiplies the contents of accumulator A and the contents of the mem- 8916 3 8918 3 8919 3 892 o 3 8921 3 89 22 3 
(Note 2,lt) ory The higher order of the result of operation are entered Into accu- 09 05 15 12 01 11 

mulator B, and the lower order Into accumulator A 

MVN Mn+,-Mm+1 Transmits the data block The transmission IS done from 
(Note8) the lower order address of the block 

MVP Mn-,-Mm-, Transmits the data block TransmiSSion IS done form the 
(Noteg) higher order address of the data block 

NOP PC~PC+I Advances the program counter, but performs nothing else EA 2 I 

OAA Acc"-AccVM Logical sum per bit of the contents of the accumulator and 09 2 2 05 4 2 15 5 2 12 6 2 01 7 2 II 8 2 
(Note 1,2) the contents of the memory IS obtained The result IS en-

tered IOta the accumulator 42 4 3 42 6 3 42 7 3 42 8 3 42 9 3 42 103 
09 05 15 12 01 II 

PEA M(S)~IMM2 The 3rd and the 2nd bytes of the instruction are saved Into 
S~S-1 the stack, In thiS order 
M(S)~IMMl 
S~S-I 

PEl M(S)-M((OPRl+IMM SpeCifies 2 sequential bytes In the direct page In the 2nd 
+1) byte of the Instruction, and saves the contents Into the 

S~S-I stack 
M(S)-M((OPR)+IMM) 
S~S-1 

PEA EAR~PC+IMM2,IMMl Regards the 2nd and 3rd bytes of the instruction as 16-blt 
M(S)~EAAH numerals, adds them to the program counter, and saves 
S~S-1 the result Into the stack 
M(S)~EAAL 

S~S-1 

PHA m=O Saves the contents of accumulator A Into the stack 
M(S)~AH 
S~S-I 

M(S)~AL 
S~S-I 

m=l 
M(S)~AL 
S~S-1 

PHS m=O Saves the contents of accumulator B Into the stack 
M(S)~SH 
S-S-1 
M(S)~SL 

S-S-1 

m~1 

M(S)~SL 
S~S-I 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

Addressing mode Processor status register 

L(DIR) LloIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL DlR,b,R ABS,b,R SR (SR),Y BLK 10 9 8 7 6 5 4 3 2 1 0 

op n #op n # op n #op n # op n #op n # op n # op n # opn #op n # op n #op n # op n #op n # op n # op n # opn #op n # IPL N V m x D I Z C 

A710 2 B7 11 2 AD 4 3 BD 6 3 B9 6 3 AF 6 4 BF 7 4 Al5 2 B3 8 2 N Z 

4212 3 42 13 3 42 6 4 42 B 4 42 B 4 42 B 5 42 9 5 42 7 342 103 
A7 B7 AD BO B9 AF BF Al B3 

9C 5 4 9E 6 4 

AE 4 3 BE 6 3 . N Z 

AC 4 3 BC 6 3 N Z 

4E 7 3 5E B 3 0 Z C 

B924 3 B9 253 B918 4 8920 489 20 4 8920 589 21 5 8919 3 89 22 3 N Z 0 
07 17 00 10 19 OF IF 03 13 

5473 
+ 

iX7 
44j+13 

-tX7 

0710 2 17 11 2 00 4 3 ID 6 3 19 6 3 OF 6 4 IF 7 4 03 5 213 8 2 N Z 

4212 342 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
07 17 00 ID 19 OF IF 03 13 

F4 5 3 

D4 5 2 

62 5 3 ; 

48 4 1 

42 6 2 
48 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

Addressing mode 

Symbol Function Detslls IMP IMM A DIR DIR,b DIR,X DIR,V IDIR) IDIR,X) IDIR),V 

opn #op n # op n # op n #op n # opn# op n # op n # op n # opn# 

PHD M(5)-DPRH Saves the contents of the direct page register Into the 
5-5-1 stack 
M(5)-DPRL 
5-5-1 

PHG M(5)-PG Saves the contents of the program bank register Into the 
5-5-1 stack 

PHP M(5)-P5H Saves the contents of the program status register Into the 
5-5-1 stack 
M(5)-PSL 
S-5-1 

PHT M(5)-DT Saves the contents of the data bank register Into the 
S-5-1 stack 

PHX x=O Saves the contents of the Index register X Into the stack 
MIs)-XH 
5-5-1 
MIS)-XL 
5-5-1 

x=1 
M(5)-XL 
5-5-1 

PHV x=O Saves the contents of the Index register Y Into the stack 
MIS)-VH 
5-5-1 
MIS)-VL 
S-S-1 

x=1 
MIs)-VL 
5-5-1 

PLA m=O Restores the contents of the stack on the accumulator A 
5-5+1 
AL-MIS) 
S-S+1 
AH-MIS) 

m=1 
S-S+1 
AL-MIS) 

PLB m=O Restores the contents of the stack on the accumulator B 
S-S+1 
BL-MIS) 
S-S+1 
BH-MIS) 

m=1 
S-S+1 
BL-MIS) 

PLD S-S+1 Restores the contents of the stack on the direct page reg· 
DPRL-MIS) Isler 
5-S+1 
DPRH-MIS) 

PLP S-S+1 Restores the contents of the stack on the processor status 
P5L-M(5) register 
S-S+1 
PSH-MIS) 

PLT S-S+1 Restores the contents of the stack on the data bank reg-
DT-MIs) Ister 

PLX x=O Restores the contents of the stack on the Index register X 
S-S+1 
XL-Mis) 
S-S+1 
XH-MIs) 

x=1 
S-S+1 
XL-MIS) 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

Addressing mode Processor status register 

l(DIR) L(DIRI.V ABS ABS,b ABS,X ABS,Y ABl ABl,X (ABS) L(ABS) (ABS,X) STK REl DIR.b,R ABS,b,R SR (SR),Y BlK 10 9 B 7 6 5 4 3 2 1 D 

op n If op n If op n If op n If op n llop n ;! op n jf op n ;! op n If op n If op n jf op n II op n If op n II op n #: op n # op n If op n tt: IPl N V m x D I Z C 

DB 4 1 

4B 3 1 

DB 4 1 

8B 3 1 

OA 4 1 

5A 4 1 

68 5 1 N Z 

42 7 2 N Z 
68 

I 

28 5 1 

28 6 1 Value saved In stack 

AB 6 1 N Z 

FA 5 1 N Z 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

Addressing mode 

Symbol Function Detarls IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (OIR,X ) (OIR),Y 

op n " op n # op n " op n " op n # op n ~ op n II op 
n " 

op n ;;: op n II 

PLY x=O Restores the contents of the stack on the Index register Y 
S-S+I 
YL-M(S) 
S-S+I 
YH-M(S) 

x=l 
S-S+I 
YL-M(S) 

PSH M(S)-A, S, X .. Saves the registers among accumulator, Index register, 
(Note6) direct page register, data bank register, program bank 

register, or processor status register. specified by the bit 
pattern of the second byte of the instruction mto the stack 

PUL A, S, X"'-M(S) Restores the contents of the stack to the registers among 
(Nole 7) accumulator, index register, direct page register, data 

bank register, or processor status register, specified by 
the bit pattern of the second byte of the Instruction 

RLA m=O Rotates the contents of the accumulator A, n bits to the 89 6 3 
(Note 13) n bit rotate left left 49 + 

L~J 
I 

m=l 
n bit rotate left 

[~J 

ROL m=O links the accumulator or the memory to C flag, and rotates 2A 2 I 26 7 2 36 7 2 
(Note 1) 

l:{iiN-I9] 
result to the lett by 1 bit 

42 4 2 
2A 

m=l 

~ by 1 Ibo 1-I9J 
ROR m=O Links the accumulator or the memory to C flag, and rotates 6A 2 I 66 7 2 76 7 2 
(Nole 1) 

LI9-~1 IbQJJ 
result to the right by 1 bit 

42 4 2 
6A 

m=l 

[[9-1 byl Ibo ~ 

RTI S-S+I Returns from the interruption routme 4011 I 
PSl-M(S) 
S-S+I 
PSH-M(S) 
S-S+I 
PCl-M(S) 
S-S+I 
PCH-M(S) 
S-S+I 
PG-M(S) 

RTL S-S+I Returns from the subroutine The contents of the program 68 8 I 
PCL-M(S) bank register are also restored 
S-S+I 
PCH-M(S) 
S-S+I 
PG-M(S) 

RTS S-S+I Returns from the subroutine The contents of the prog~am 60 5 I 
PCl-M(S) bank register are not restored 
S-S+I 
PCH-M(S) 

SSC Ace, C-Acc-M-C Subtracts the contents of the memory and the borrow from E9 2 2 E5 4 2 F5 5 2 f2 6 2 EI 7 2 FI 8 2 
(Nole 1.2) the contents of the accumulator 

42 4 3 42 6 3 42 7 3 42 8 3 42 9 3 4 210 3 
[9 E5 F5 F2 EI FI 
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APPENDIX 8 

Series MELPS 7700 Machine Instructions 

Addressing mode Processor status register 

L(DIR) L(DIRl.V ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,xl STK REL DIR,b,R ABS,b,R SR (sRI,Y BLK 10 9 B 7 6 5 4 3 2 1 0 

op n If op n If op n Ifop n If op n ;lop n If op n # op n # op n :#- op n Ifop n ;I op n :;;: op n ;lop n !l op n !lop n If op n !l op n ;I IPL N V m x D I Z C 

7A 5 1 N Z 

EB 12 2 
+ 

211+ 12 

FB 14 2 If restored the contents of PS, 
+ It becomes Its value And the 

311+412 
other case IS no change 

2E 7 3 3E B 3 N Z C 

6E 7 3 7E B 3 N Z c 

I 

Value saved In stack 

-

E710 2 F7 11 2 ED 4 3 FD6 3 F9 6 3 EF 6 4 FF 7 4 E3 5 2 F3 B 2 N V Z C 

4212 342 13 3 42 6 4 42 B 4 42 B 4 42 B 5 42 9 5 42 7 3 42 103 
E7 F7 ED FD F9 EF FF E3 F3 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

Addressing mode 

Symbol Function Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) IOIR,X) (OIR),Y 

op n # op n # op n # op n # op n #op n # op n # op n # op n # op n # 

SEB Mb-l Makes the contents of the specified bit In the memory "1" 04 8 3 
(NoteS) 

SEC C-l Makes the contents of the C flag "1" 38 2 1 

SEI 1-1 Makes the contents of the I flag "1" 78 2 1 

SEM m-l Makes the contents of the m flag "1" F8 2 1 

SEP PSb-l Set the specified bit of the processor status register's low- E2 3 2 
er byle (PSL ) to "1" 

STA M-Acc Stores the contents of the accumulator rnto the memory 85 4 2 95 5 2 92 7 2 81 7 2 91 7 2 
(Nole 1) 

426 3 42 7 3 42 9 3 42 9 3 42 9 3 
85 95 92 81 91 

STP Stops the oscillation of the oscillator 083 1 

STX M-X Stores the contents of the Index register X Inlo the memory 86 4 2 96 5 2 

STY M-Y Stores the contents of the Index register Y Into the memory 84 4 2 94 5 2 

TAD DPR-A Transmits the contents of the accumulator A to the direct 58 2 1 
page register 

TAS S-A Transmits the contents of the accumulator A to the stack pointer. 18 2 1 

TAX X-A Transmits the contents of the accumulator A to the Index AA2 1 
register X 

TAY V-A Transmits the contents of the accumulator A to the Index A8 2 1 
register Y. 

TBD DPR-B Transmits the contents of the accumulator B to the direct 42 4 2 
page register 58 

TBS S-B Transmits the contents of the accumulator B to the stack 42 4 2 
pOinter. 18 

TBX X-B Transmits the contents of the accumulator B to the index 42 4 2 
register X AA 

TBY Y-B Transmits the contents of the accumulator B to the Index 42 4 2 
register Y AS 

TDA A-DPR Transmits the contents of the direct page register to the 78 2 1 
accumulator A 

TDB B-DPR Transmits the contents of the direct page register to the 42 4 2 
accumulator B 7B 

TSA A-S Transmits the contents of the stack pointer to the accumulator A 38 2 1 

TSB B-S Transmits the contents of the stack pointer to the accumu- 42 4 2 
lator 8 38 

TSX X-S Transmits the contents of the stack pointer to the index 8A 2 1 
register X. 

TXA A-X Transmits the contents of the index regIster X to the accu- SA 2 1 
mulator A 

TXB B-X Transmits the contents of the Index register X to the accu- 42 4 2 
mulator B 8A 

TXS S-X Transmits the contents of the index register X to the stack 9A 2 1 
pointer. 

TXY V-X Transmits the contents of the index register X to the index 98 2 1 
register Y 

TYA A-Y Transmits the contents of the index register Y to the accu- 98 2 1 
mulator A 

TYB B-Y Transmits the contents of the index register Y to the accu- 42 4 2 
murator 8 98 

TYX X-V Transmits the contents of the index register Y to the index 88 2 1 
register X 

WIT Stops the internal clock C8 3 1 

XAB A::;B Exchanges the contents of the accumulator A and the con- 89 6 2 
tents of the accumulator 8 28 
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APPENDIX 8 

Series MELPS 7700 Machine Instructions 

Addressing mode Processor status register 

L(DIA) LiOIRI,V ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) LIABS) IABS,X) STK AEL OIR,b,R ABS,b,R SA (SA),Y BLK 10 9 8 6 5 

op n #- op n # ap n # cp n :;:t: ap n ~ ap n :;j: ap n :;; op n :1+ cp n :1+ ap n #: ap n :t: ap n # cp n :::t: ap n :1+ ap n ;I: cp n :It ap n #: ap n:;; IPL N V m x D Z C 

oe 9 4 

SpecIfied flag be-
comes "1" 

8710297112805 90 5 3 99 5 3 8F 6 4 9F 7 83529382 

4212342133427 42 7 4 42 7 4 42 8 5 42 9 42 7 3 4210 3 

87 97 80 90 99 8F 9F 83 93 

8E 5 

8e 5 

N z 

N Z 

N Z 

N Z 

N Z 

N Z 

N Z 

N Z 

N Z 

N Z 

N ••••• Z 

N ••••• Z 

N ••••• Z 

N z • 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 

The number of cycles shown in the table is described in case of the fastest mode for each instruction The number of cycles shown in the table is 
calculated for DPR L =0 The number of cycles in the addressing mode concerning the DPR when DPR L *0 must be incremented by 1. 
The number of cycles shown In the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
readlwrite address IS odd or even It also differs when the external region memory is accessed by BYTE="H" 

Note 1. The operation code at the upper row is used for accumulator A, and the operation at the lower row IS used for accumulator 8 

Note 2. When seiling flag m=O to handle the data as 16-bit data In the Immediate addressing mode, the number of bytes Increments by 1 

Note 3. The number of cycles increments by 2 when branching 

Note 4, The operallon code on the upper row IS used for branching in the range of -128-+127, and the operation code on the lower row IS used for 
branching in the range of -32768-+32767 

Note 5. When handling 16-blt data with flag m=O, the byte In the table is Incremented by 1 

Note 6. 

The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done IS 12 i, indicates 
the number of registers among A, 8, X, Y, OPR, and PS to be saved, while i2 indicates the number of registers among DT and PG to be saved 

Note 7. 

The number of cycles corresponding to the register to be pulled are added The number of cycles when no pulling is done is 14 I, Indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while 1,=1 when DPR IS to be restored 

Note 8, The number of cycles IS the case when the number of bytes to be transfered IS even 
When the number of bytes to be transfered IS odd, the number IS calculated as, 

7+ (,/2) X7+4 

Note that, (;12) shows the Integer part when i IS diVided by 2 

Note 9, The number of cycles IS the case when the number of bytes to be transfered IS even 
When the number of bytes to be transfered IS odd, the number IS calculated as, 

9 + (i/2) X 7 + 5 

Note that, (,/2) shows the integer part when I IS divided by 2 

Note 10. The number of cycles IS the case In the 16-blt+8-blt operation The number of cycles IS Incremented by 16 for 32-blt+16-blt operation 

Note 11. The number of cycles IS the case In the 8-bitX8-bit operatIOn The number of cycles IS Incremented by 8 for 16-bit X16-bit operation 

Note 12. When setting flag x=O to handle the data as 16-blt data In the Immediate addressing mode, the number of bytes increments by 1 

Note 13. When flag m is 0, the byte In the table IS' Incremented by 1 
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Symbol 

IMP 

IMM 

A 

DIR 

DIR, b 

DIR, X 

DIR, Y 

(DIR) 

(DIR, X) 

(DIR), Y 

l (DIR) 

l (DIR), Y 

ABS 

ABS, b 

ABS, X 
ABS, Y 

ABl 

ABl, X 

(ABS) 

l(ABS) 

(ABS, X) 

STK 

REl 

DIR, b, REl 

ABS,b,REl 

SR 

(SR), Y 

BlK 

C 

Z 

I 

o 
x 

m 

V 

N 

IPl 

+ 

* 
/ 
/\ 
V 

APPENDIX 8 

Series MELPS 7700 Machine Instructions 

Description 

Implied addressing mode 

Immediate addressing mode 

Accumulator addressmg mode 

Direct addressing mode 

Direct bit addressmg mode 

Direct Indexed X addressing mode 

Direct Indexed Y addressing mode 

Direct indirect addressing mode 

Direct Indexed X indirect addressing mode 

Direct Indirect Indexed Y addressing mode 

Direct indirect long addressing mode 

Direct indirect long mdexed Y addressing mode 

Absolute addressing mode 

Absolute bit addressing mode 

Absolute mdexed X addressing mode 

Absolute mdexed Y addressing mode 

Absolute long addressing mode 

Absolute long mdexed X addressing mode 

Absolute indirect addressing mode 

Absolute mdlrect long addressing mode 

Absolute mdexed X indirect addressing mode 

Stack addressing mode 

Relative addressing mode 

Direct bit relative addressing mode 

Absolute bit relative addressing mode 

Stack pOinter relative addressing mode 

Stack pOinter relative indirect Indexed Y addressing 
mode 

Block transfer addressing mode 

Carry flag 

Zero flag 

Interrupt disable flag 

DeCimal operation mode flag 

Index register length selection flag 

Data length selection flag 

Overflow flag 

Negative flag 

Processor Interrupt Priority level 

Addition 

Subtraction 

Multiplication 

DIVISion 

Logical AND 

Logical OR 

Symbol 

y 

Ace 

ACCH 

ACCL 

A 

AH 
AL 
B 

BH 
BL 

X 

XH 

XL 

Y 

YH 

YL 

S 

PC 

PCH 

PCL 

PG 
DT 

DPR 

DPRH 

DPRL 

PS 

PSH 

PSL 

PSb 
M(S) 

ExclUSive OR 

Negation 

Description 

Movement to the arrow direction 

Accumulator 

Accumulator's upper 8 bits 

Accumulator's lower 8 bits 

Accumulator A 

Accumulator A's upper 8 bits 

Accumulator A's lower a bits 

Accumulator B 

Accumulator B's upper 8 bits 

Accumulator B's lower 8 bits 

Index register X 

Index register X's upper a bits 

Index register X's lower 8 bits 

Index register V 

Index register V's upper 8 bits 

Index register V's lower 8 bits 

Stack pOinter 

Program counter 

Program counter's upper 8 bits 

Program counter's lower 8 bits 

Program bank register 

Data bank register 

Direct page register 

Direct page register's upper 8 bits 

Direct page register's lower 8 bits 

Processor status register 

Processor status register's upper 8 bits 

Processor status register's lower 8 bits 

Processor status register's b-th bit 

Contents of memory at address indicated by stack 
pOinter 

b-th memory location 

Value of 24-blt address's upper a-bit (A,,-A,,) 

Value of 24-bIt address's middle a-bit (A15-A,) 

Value of 24-blt address's lower a-bit (A,-Ao) 

Operation code 

Number of cycle 

Number of byte 

Number of transfer byte or rotation 

Number of registers pushed or pulled 
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APPENDIX C 

Series MELPS 7700 Instruction Code Table 

INSTRUCTION CODE TABLE-1 

~(~ 0000 0001 0010 0011 0100 0101 0110 0111 

HexadeCimal 
0 7 ...... 0 4 notation 0 1 2 3 4 5 6 7 

ORA ORA SEB ORA ASL ORA 
0000 0 BRK 

A,(DIR,X) A,SR DIR,b , A,DIR DIR A,L(DIR) 

ORA ORA ORA CLB ORA ASL ORA 
0001 1 BPL 

A,(DIR),Y A,(OIR) A,(SR),Y DIR,b A,DIR,X DIR,X A,LiDIR),Y 

JSR AND JSR AND BBS AND ROL AND 
0010 2 

ABS A,(DIR,X) ABL A,SR DIR,b,R A,DIR DIR A,L(DIR) 

AND AND AND BBC AND ROL AND 
0011 3 BMI 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,b,R A,DIR,X DIR,X A,L(DIR), 

EOR EOR EOR LSR EOR 
0100 4 RTI Note 1 MVP 

A,(DIR,X) A,SR A,DIR DIR A,L(DIR) 

EOR EOR EOR EOR LSR EOR 
0101 5 BVC MVN 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X ,LiDIR),Y 

ADC ADC LDM ADC ROR ADC 
0110 6 RTS PER 

A,(DIR,X) A,SR DIR A.DIR DIR A,L(DIR) 

ADC ADC ADC LDM ADC ROR ADC 
0111 7 BVS 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,X A,L(DlR), 

BRA STA BRA STA STY STA STX STA 
1000 8 

REL A,(DIR,X) REL A,SR DIR A,DIR DIR A,L(DIR) 

STA STA STA STY STA STX STA 
1001 9 BCC 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,Y A,L(DIR), 

LDY LDA LDX LDA LDY LDA LDX LDA 
1010 A 

IMM A,(DIR,X) IMM A,SR DIR A,DIR DIR A,L(DIA) 

LDA LDA LDA LDY LDA LDX LDA 
1011 B BCS 

A,(DIR),Y A,(OIR) A,(SR)'Y DIR,X A,DIR,X DIR,Y A,L(DIR),Y 

CPY CMP CLP CMP CPY CMP DEC CMP 
1100 C 

IMM A,(DIR,x) IMM A,SR DIR A,DIR DIR A,L(DIR) 

CMP CMP CMP CMP DEC CMP 
1101 D BNE PEl 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(OIR), 

CPX SBC SEP SBC CPX SBC INC SBC 
1110 E 

, 
IMM A,(DIR,X) IMM A,SR DIR A,DIR DIR A,LiDIR) 

SBC SBC SBC SBC INC SBC 
1111 F BEQ PEA 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(DlR),Y 

Notel: 42,. specifies the contents of the INSTRUCTION CODE TABLE-2, 
About the second word's codes, refer to the INSTRUCTION CODE TABLE-2 

Note 2 : 89,. specifies the contents of the INSTRUCTION CODE TABLE-3 
About the third word's codes, refer to the INSTRUCTION CODE TABLE-2 
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1000 1001 1010 1011 1100 1101 1110 

8 9 A B C D E 

ORA ASL SEB ORA ASL 
PHP PHD 

A,IMM A ABS,b A,ABS ABS 

ORA DEC CLB ORA ASL 
CLC TAS 

A,ABS,Y A ABS,b A,ABS,X ABS,X 

AND ROL BBS AND ROL 
PLP PLD 

A,IMM A ABS,b,R A,ABS ABS 

AND INC BBC AND ROL 
SEC TSA 

A,ABS,Y A ABS,b,R A,ABS,X ABS,X 

EOR LSR JMP EOR LSR 
PHA PHG 

A,IMM A ABS A,ABS ABS 

EOR JMP EOR LSR 
CLI PHY TAD 

A,ABS,Y ABL A,ABS,X ABS,X 

ADC ROR JMP ADC ROR 
PLA RTL 

A,IMM A (ABS) A,ABS ABS 

ADC JMP ADC ROR 
SEI PLY TDA 

A,ABS,Y (ABS,X) A,ABS,X ABS,X 

STY STA STX 
DEY Note 2 TXA PHT 

ABS A,ABS ABS 

STA LDM STA LDM 
TYA TXS TXY 

A,ABS,Y ABS A,ABS,X ABS,X 

LDA LDY LDA LDX 
TAY TAX PLT 

A,IMM ABS A,ABS ABS 

LDA LDY LDA LOX 
CLV TSX TYX 

A,ABS,Y ABS,X A,ABS,X ABS,Y 

CMP CPY CMP DEC 
INY DEX WIT 

A,IMM ABS A,ABS ABS 

CMP JMP CMP DEC 
CLM PHX STP 

A,ABS,Y L(ABS) A,ABS,X ABS,X 

SBC CPX SBC INC 
INX NOP PSH 

A,IMM ABS A,ABS ABS 

SBC JSR SBC INC 
SEM PLX PUL 

A,ABS,Y (ABS,X) A,ABS,X ABS,X 

1111 

F 

ORA 

A,ABL 

ORA 

A,ABL,X 

AND 

A,ABL 

AND 

A,ABL,X 

EOR 

A,ABL 

EOR 

A,ABL,X 

ADC 

A,ABL 

ADC 

A,ABL,X 

STA 

A,ABL 

STA 

A,ABL,X 

LDA 

A,ABL 

LDA 

A,ABL,X 

CMP 

A,ABL 

CMP 

A,ABL,X 

SBC 

A,ABL 

SBC 

A,ABL,X 



APPENDIX C 

Series MELPS 7700 Instruction Code Table 

INSTRUCTION CODE TABLE-2 (The first word's code of each instruction is 4216) 

~"-'O 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

D - D Hexadecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F 
7 4 \\ notation 

ORA ORA ORA ORA ORA ASL ORA ORA 
0000 0 

B,(DIR,X) B,SR B,DIR B,L( DIR) B,IMM B B,ABS B,ABL 

ORA ORA ORA ORA ORA ORA DEC ORA ORA 
0001 1 TBS 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,LIDIR), B,ABS,Y B B,ABS,X B,ABL,X 

AND AND AND AND AND ROL AND AND 
0010 2 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

AND AND AND AND AND AND INC AND AND 
0011 3 TSB 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,LiDIR), B,ABS,Y B B,ABS,X B,ABL,X 

EOR EOR EOR EOR EOR LSR EOR EOR 
0100 4 PHB 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

EOR EOR EOR EOR EOR EOR EOR EOR 
0101 5 TBD 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,LiDIR), B,ABS,Y B,ABS,X B,ABL,X 

ADC ADC ADC ADC ADC ROR ADC ADC 
0110 6 PLB 

B,(DIR,X) B,SR B,DIR B,L(DlR) B,IMM B B,ABS B,ABL 

ADC ADC ADC ADC ADC ADC ADC ADC 
0111 7 TDB 

B,(DIR),Y B,(DIR) B,(SRI,Y B,DIR,X B,LiDIR), B,ABS,Y B,ABS,X B,ABL,X 

STA STA STA STA STA STA 
1000 8 TXB 

B,IDIR,X) B,SR B,DIR B,L( DIR) B,ABS B,ABL 

STA STA STA STA STA STA STA STA 
1001 9 TYB 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X a,LiDlR), B,ABS,Y B,ABS,X B,ABL,X 

LDA LDA LDA LDA LOA LDA LDA 
1010 A TBY TBX 

B,IDIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL 

LDA LDA LDA LDA LDA LDA LDA LDA 
1011 B 

B,IDIR),Y B,(DIR) B,(SR),Y B,DIR,X a,LIDIR), B,ABS,Y B,ABS,X B,ABL,X 

CMP CMP CMP CMP CMP CMP CMP 
1100 C 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL 

CMP CMP CMP CMP CMP CMP CMP CMP 
1101 D 

B,(DIRI,Y B,(DIR) B,lsRI,Y B,DIR,X B,LIDIR), B,ABS,Y B,ABS,X B,ABL,X 

SBC SBC SBC SBC SBC SBC SBC 
1110 E 

B,(OIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL 

SBC SBC SBC SBC SBC SBC SBC SBC 
1111 F 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,L(DIR), B,ABS,Y B,ABS,X B,ABL,X 
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APPENDIX C 

Series MELPS 7700 Instruction Code Table 

INSTRUCTION CODE TABLE-3 (The first word's code of each instruction is 8916) 

~o,-~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 

D _ D Hexadec,,~al 0 1 2 3 4 5 6 7 8 9 A B C D E 7 4 notatIOn 

MPY MPY MPY MPY MPY MPY 
0000 0 

(DIR,X) SR DIR L(DIR) IMM ABS 

MPY MPY MPY MPY MPY MPY MPY 
0001 1 

(DIR),Y (DIR) (SR)'Y DIR,X L(DIR),Y ABS,Y ABS,X 

DIV DIV DIV DIV D~\J DIV 
0010 2 XAB 

(DIR,X) SR DIR L(DIR) IMM ABS 

DIV DIV DIV DIV DIV DIV DIV 
0011 3 

(DIR),Y (DIR) (SR),Y DIR,X L(DIR),Y ABS,Y ABS,X 

RLA 
0100 4 

IMM 

0101 5 

0110 6 

0111 7 

1000 8 

1001 9 

1010 A 

1011 B 

LDT 
1100 C 

IMM 

1101 D 

1110 E 

1111 F 
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1111 

F 

MPY 

ABL 

MPY 

ABL,X 

DIV 

ABL 

DIV 

ABL,X 



CONTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN=========== 
Semiconductor Marketing D,v,s,on 
Mltsublshl Electric Corporation 
2-3, Marunouchl 2-chome 
Chlyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 
Telephone' (03) 218-3473 

(03) 218-3499 
Facsimile (03) 214-5570 

Overseas Marketing Manager 
Klta-Itaml Works 
4-1, Mlzuhara, Itaml-shl, 
Hyogo-ken 664, Japan 
Telex 526408 KMELCO J 
Telephone (0727) 82-5131 
Facsimile (0727) 72-2329 

HONG KONG ======== 
MITSUBISHI ELECTRIC (H K) LTD 
25 Floor, Leighton Centre, 
77, Leighton Road Causeway Bay 
Hong Kong 
Telex 
Telephone 
Facsimile 

60800 MELCO HX 
(5) 773901-3 
(5) 895-3104 

SINGAPORE ======== 
MELCO SALES SINGAPORE PTE 
LTD 
230 Upper Buklt Tlmah Road # 03-
01/15 
Hock Soon Industrial Complex 
Singapore 2158 
Telex RS 20845 MELCO 
Telephone 4695255 
FaCSimile 4695347 

TAIWAN========== 
MELCO-TAIWAN CO, Ltd 
1 st II , Chung-Ling Bldg, 
363, Sec 2, Fu-Hslng S Road, 
Taipei ROC 
Telephone (02) 735-3030 
FaCSimile (02) 735-6771 
Telex 25433 CHURYO "MELCO­

TAIWAN" 

U.S.A. ========== 
NORTHWEST 
MltsublShl ElectroniCs America, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone (408) 730-5900 
FaCSimile (408) 730-4972 

SAN DIEGO 
MltsublShl ElectrOnics America, Inc 
11545 West Bernardo Court 
SUite 100 
San Diego, CA 92128 
Telephone (619) 592-1445 
FaCSimile (619) 592-0242 

DENVER 
Mltsublshl ElectrOnics America, Inc 
4600 South Ulster Street 
Metropolnt BUilding, 7th Floor 
Denver, CO 80237 
Telephone (303) 740-6775 
FaCSimile (303) 694-0613 

SOUTHWEST 
Mltsublshl ElectroniCs America, Inc 
991 Knox Street 
Torrance, CA 90502 
Telephone (213) 515-3993 
FaCSimile (213) 217-5781 

SOUTH CENTRAL 
Mltsublshl ElectroniCs America, Inc 
1501 Luna Road, SUite 124 
Carrollton, TX 75006 
Telephone (214) 484-1919 
FaCSimile (214) 243-0207 

NORTHERN 
MltsublShl ElectroniCs America, Inc 
15612 Highway 7 # 243 
Minnetonka, MN 55345 
Telephone (612) 938-7779 
Facsimile (612) 938-5125 

NORTH CENTRAL 
Mltsublshl ElectrOnics America, Inc 
800 N Bierman Circle 
Mt Prospect, I L 60056 
Telephone (312) 298-9223 
FaCSimile (312) 298-0567 

NORTHEAST 
Mltsublshl Electronics America, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone (617) 932-5700 
FaCSimile (617) 938-1075 

MID-ATLANTIC 
Mltsublshl Electronics America, Inc 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone (201) 469-8833 
FaCSimile (201) 469-1909 

SOUTH ATLANTIC 
MltsublShl Electronics America, Inc 
2500 Gateway Center Blvd, SUite 300 
MOrrisville NC 27560 
Telephone (404) 368-4850 
FaCSimile (404) 662-5208 

SOUTHEAST 
MltsublShl ElectrOnics America, Inc 
Town Executive Center 
6100 Glades Roari # 210 
Boca Raton, FL 33433 
Telephone (407) 487-7747 
FaCSimile (407) 487-2046 

CANADA 
MltsublShl ElectroniCs America, Inc 
6185 Ordan Drive, Unit #110 
Mlsslssauga, Ontario, Canada L5T 2El 
Telephone (416) 670-8711 
Facsimile (416) 670-8715 

MltsublShl ElectroniCs America, Inc 
300 March Road, SUite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone (416) 670-8711 
FaCSimile (416) 670-8715 

WEST GERMANY ======= 
Mltsublshl Electric Europe GmbH 
Headquarters 
Gothear Str 8 
4030 Ratlngen 1, West Germany 
Telex 8585070 MED D 
Telephone (02102) 4860 
Facsimile (02102) 486-115 

MUnich Office 
ArabeliastraBe 31 
8000 Munchen 81, West Germany 
Telex 5214820 
Telephone (089) 919006-09 
FaCSimile (089) 9101399 

FRANCE====~====== 
Mltsublshl ElectriC Europe GmbH 
55, Avenue de Colmar 
92563 Ruell Malmalson Cedex 
Telex 632326 
Telephone 47087871 
FaCSimile 47513622 

ITALY========== 
Mltsublshl ElectriC Europe GmbH 
Centro DirezlOnale Colleonl 
Palazzo CasslOpea I 

20041 Agrate Brlanza I-Milano 
Telephone (039) 636011 
FaCSimile (039) 6360120 

SWEDEN========~ 
Mltsublshl ElectriC Europe GmbH 
Lastbllsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex 10877 (meab S) 
Telephone (08) 960468 
FaCSimile (08) 966877 

U.K.========== 
M,tsub,sh, ElectriC (U K) Ltd 
Travellers Lane 
Hatfield 
Herts All 0 8X B, England, U K 
Telephone (0044) 7072 76100 
FaCSimile (0044) 7072 78692 

AUSTRALIA========= 
Mltsublshl ElectriC Australia Pty Ltd 
73-75, Epping Road, North Ryde, 
POBox 1567, Macquarle Centre, 
N S W , 2113, Australia 
Telex MESYD AA 26614 
Telephone (02) (888) 5777 
FaCSimile (02) (887) 3635 
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