
























































































































































































































































































TOSHIBA 

JMP 

Operation 

Assembler 
Syntax 

Destination Address �~� PC 

JMP <ea> 

Attributes Unsized 

TlCS-68000 

Jump JMP 

Description Program execution continues at the effective address specified by the 
instruction. The address is specified by the control addressing modes. 

Condition Codes Not affected. 

Instruction Format: 

Instruction Fields : 
Effective Address field - Specifies the address of the next instruction. Only control 
addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8(An, Xn) 110 reg, number :An 

"An - - Abs.w 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + - - d16 (PC) 111 010 

- (An) - - d8 (PC, Xn) 111 011 

d16 (An) 101 reg, number :An #<data> - -
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TOSHIBA 

JSR 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Jump to Subroutine JSR 

SP -4 --+SP; PC--+(SP); 

Destination Address --+ PC 

JSR <ea> 

Unsized 

The long word address of the instruction immediately following the JSR 
instruction is pushed onto the system stack. Program execution then 
continues at the address specified in the instruction. 

Not affected. 

Instruction Format: 

Instruction Fields : 
Effective Address field - Specifies the address of the next instruction. Only control 
addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8 (An, Xn) 110 reg, number :An 

An - - Abs.W 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + - - d16 (PC) 111 010 

- (An) - - d8 (PC, Xn) 111 011 

d16(An) 101 reg, number :An #<data> - -
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TOSHIBA 

LEA 

Operation 

Assembler 
Syntax 

Attributes 

TLCS-68000 

Load Effective Address LEA 

<ea>-An 

LEA <ea>,An 

Size = (Long word) 

Description The effective address is loaded into the specified address register. All 32 bits 
of the address register are affected by this instruction. 

Condition Codes Not affected. 

Instruction Format: 

Instruction Fields : 
Register field - Specifies the address register which is to be loaded with the effective 
address. 
Effective Address field - Specifies the address to be loaded into the address register. 
Only control addressingmodes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

On - - d8 (An, Xn) 110 reg, number :An 

An - - Abs.w 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + - - d16 (PC) 111 010 

- (An) - - d8 (PC, Xn) 111 011 

d16 (An) 101 reg, number :An #<data> - -

VMPU-130 



TOSHIBA 

LINK 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

SP - 4 --+SR; 

SP --+An; 

Link and Allocate 

An--+(SR); 

SP + disp --+ SP 

LINK An, # <displacement> 

Size = U nsized 

TLCS-68000 

LINK 

The current content of the specified address register is pushed onto the stack. 
After the push, the address register is loaded from the updated stack pointer. 
Finally, the I6-bit sign-extended displacement operand is added to the stack 
pointer. The content of the address register occupies one long word on the 

stack. A negative displacement is specified to allocate stack area. 

Not affected. 

Instruction Format: 

Instruction Fields : 
Register field - Specifies the address register through which the link is to be 

constructed. 
Displacement field - Specifies the twos complement integer which is to be added to the 
stack pointer. 

Note: LINK and UNLK can be used to maintain a linked list of local data and 
parameter areas on the stack for nested subroutine calls. 
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TOSHIBA 

LSL 

LSR 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Logical Shift 

Destination Shifted by < count> - Destination 

LSd 
LSd 

Dx,Dy 

#<data>,Dy 
LSd <ea> 
where d is direction, L or R 

Size = (Byte, Word, Long word) 

TLCS-68000 

LSL 

LSR 

Shift the bits of the operand in the direction (L or R) specified. The carry bit 
receives the last bit shifted out of the operand. The shift count for the 

shifting of a register may be specified in two different ways: 
1. Immediate - the shift count is specified in the instruction (shift range 

1-8). 

2. Registe - the shift count is contained in a data register specified in the 
instruction (shift count modulo 64). 

The size of the operation may be specified to be byte, word, or long word. The 
content of memory may be shifted one bit only, and the operand size is 
restricted to a word. 

For LSL, the operand is shifted left; the number of positions shifted is the 
shift count, Bits shifted out of the high order bit go to both the carry and the 
extend bits; zeroes are shifted into the low order bit. 

LSL : @] 11<----On_op~era~nd ==Ik-· -----1@] 

o 
For LSR, the operand is shifted right; the number of positions shifted is the shift 
count. Bits shifted out of the low order bit go to both the carry and the extend 

bits; zeroes are shifted into the high order bit. 
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TOSHIBA TLCS-68000 

LSL 
LSR 

LSR @]--1r-Ooop;;:;eran~d ~----r[-l~ 

o 

LSL 
LSR 

Condition Codes: 
X N Z V c 

I * I * I * I 0 I * 
N Set if the result is negative. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 
C Set according to the last bit shifted out of the operand. Cleared for a shift 

count of zero. 
X Set according to the last bit shifted out of the operand. Unaffected for a 

shift count of zero. 

Instruction Format (Register Shifts) : 

Instruction Field (Register Shifts) : 
Count/Register field -

Ifi/r = 0, he shift count is specified in this field. The values 0,1-7 represent a range 
of8,1 to 7 respectively. 

Ifi/r = 1, the shift count (modulo 64) is contained in the data register specified in 
this field. 

dr field - Specifies the direction of the shift: 
o - shift right. 
1 - shift left. 

Size field - Specifies the size of the operation: 
00 - byte operation. 
01 - word operation. 

10 - long word operation 
ilr field -

Ifi/r = 0, Specifies immediate shift count. 
If ilr = 1, Specifies register shift count. 

Register field - Specifies a data register whose content is to be shifted. 
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TOSHIBA 

LSL 
LSR 

Instruction Format (Memory Shifts) : 

instruction Fields (Memory Shifts) : 
dr field - Specifies the direction of the shift: 

o - shift right. 
1 - shift left. 

TLCS-68000 

LSL 
LSR 

Effective Address field - Specifies the operand to be shifted. Only memory alterable 
addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8 (An, Xn) 110 reg, number :An 

An - - AbsW 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d16 (PC) - -
- (An) 100 reg, number :An d8 (PC, Xn) - -
d16 (An) 101 reg, number :An #<data> - -
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TOSHIBA 

MOVE 

Operation 

Assembler 

Syntax 

Attributes 

TLCS-68000 

Move Data from Source to Destination MOVE 

Source -+ Destination 

MOVE <ea>, <ea> 

Size = (Byte, Word, Long word) 

Description Move the content of the source to the destination location. The data is 

examined as it is moved, and the condition codes set accordingly. The size of 

the operation may be specified to be byte, word, or long word. 

Condition Codes 

X N Z V C 

I - I * I * 0 0 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

Instruction Fields : 

Size field - Specifies the size of the operand to be moved: 

01 - byte operation. 

11 - word operation. 

10 - long word operation. 

Destination Effective Address field - Specifies the destination location. Only data 

alterable addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg, number :Dn d8 (An, Xn) 110 reg, number :An 

An - - Abs.W 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d16 (PC) - -
- (An) 100 reg, number :An d8 (PC, Xn) - -
d16(An) 101 reg, number :An #<data> - -
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TOSHIBA TLCS-68000 

MOVE MOVE 

* 

Source Effective Address field - Specifies the source operand. All addressing modes are 

allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg, number :Dn d8{An, Xn) 110 reg, number :An 

An* 001 reg, number :An Abs.w 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d16 (PC) 111 010 

- (An) 100 reg, number :An d8 (PC, Xn) 111 011 

d16(An) 101 reg, number :An #<data> 111 100 

For byte size operation, address register direct is not allowed. 

Notes: 1. MOVEA is used when the destination is an address register. Most assemblers 
automatically make this distinction. 

2. MOVEQ can also be used for certain operations on data registers. 
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TOSHIBA 

MOVE from CCR Move from the 

Condition Code Register 

Operation 

Assembler 

Syntax 

Attributes 

CCR~Destination 

MOVE CCR, <ea> 

Size = (Word) 

TLCS-68000 

MOVE from CCR 

Description The content of the status register is moved to the destination location. The 

source operand is a word, but only the low order byte contains the 

conditioncodes. The upper byte is all zeroes. 

Condition Codes Not affected. 

Instruction Format: 

Instruction Fields : 

Effective Address field - Specifies the destination location. Only data alterable 

addressing modes are allowed as shown: 

Addr. ~.~ode Mode Register Addr. ModE i rv40de RegistEr 

Dn 000 reg, number :Dn d8 (An, Xn) 110 reg, number :An 

An - - Abs.W 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d 16 (PC) - -
- (An) 100 reg, number :An d8 (PC, Xn) - -
d16 (An) 101 reg, number :An #<data> - -

Notes: MOVE from CCR is a word operation. ANDI, ORI, and EORI to CCR are byte 

operations. 

VMPU-137 



TOSHIBA 

MOVE to CCR Move to the Condition Code Register 

Operation 

Assembler 

Syntax 

Attributes 

Source~CCR 

MOVE <ea>, CCR 

Size = (Word) 

TLCS-68000 

MOVE to CCR 

Description The content of the source operand is moved to the condition codes. The source 

operand is a word, but only the low order byte is used to update the condition 

codes. The upper byte is ignored. 

Condition Codes 

X N Z V c 

1*1*1*1*1* 
N Set the same as bit 3 of the source operand. 
Z Set the same as bit 2 of the source operand. 

V Set the same as bit 1 of the source operand. 
C Set the same as bit 0 of the source operand. 

X Set the same as bit 4 of the source operand. 

Instruction Format: 

Instruction Fields : 

Effective Address field - Specifies the location of the source operand. Only data 

addressing modes are allowed as shown: 
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TOSHIBA TLCS-68000 

MOVEtoCCR MOVE to CCR 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg, number :Dn dS (An, Xn) 110 reg, number :An 

An - - Abs.W 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d16 (PC) 111 010 

- (An) 100 reg, number :An dS (PC, Xn) 111 011 

d16 (An) 101 reg, number :An #<data> 111 100 

Notes: MOVE to CCR is a word operation. ANDl, ORl, and EaRl to CCR are byte 
operations. 
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TOSHIBA 

MOVE to SR 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

Move to the Status Register 

(Pri vileged Instruction) 

If supervisor stsate 
then Source-SR 
else TRAP; 

MOVE <ea>, SR 

Size = (Word) 

TLCS-68000 

MOVE to SR 

The content of the source operrand is moved to the status registe. The 

sourrce operarnd is a word and all bits of the status register are affected. 

Not affected. 

Instruction Format: 

Instruction Fields : 
Effective Address field - Specifies the locaation of the source operand. Only data 
addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg, number :Dn d8 (An, Xn) 110 reg, number :An 

An - - Abs.w 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d16 (PC) 111 010 

- (An) 100 reg, number :An d8 (PC, Xn) 111 011 

d16 (An) 101 reg, number :An #<data> 111 100 
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TOSHIBA 

MOVEfromSR Move from the Status Register 

OPeration 

Assembler 
Syntax 

Attributes 

SR~Destination 

MOVE SR, <ea> 

Size = (Word) 

TLCS-68000 

MOVE from SR 

Description The content of the status register is moved to the destination location. The 
operand size is a word. 

Condition Codes Not affected. 

Instruction Format: 

Instruction Fields : 
Effective Address field - Specifies the destination location. Only data alterrable 
addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg, number :Dn d8 (An, Xn) 110 reg, number :An 

An - - Abs.w 111 000 

(An) 010 reg, number :An Abs.L 111 001 

(An) + 011 reg, number :An d16 (PC) - -
- (An) 100 reg, number :An dB (PC, Xn) - -
d16 (An) 101 reg, number :An #<data> - -

Note: A memory destination is read beforre it is wrritten to. 
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TOSHIBA 

MovefromSR Move from the Status Register 

(Pri vileged Instruction) 

Operation 

Assembler 
Syntax 

Attributes 

If supervisor state 
then SR -+ Destina tion 

else TRAP; 

MOVE SR, <ea> 

Size = (Word) 

TLCS-68000 

Move from SR 

Description The content of the status register is moved to the destination location. 
The operand size is a word. 

Condition Codes Not affected. 

Instruction Format: 

Instruction Fields : 

Effective Address field - Specifies the destination location. Only data alterable 
addressing modes are allowed as shown: 

Add. Mode Mode Register Add. Mode Mode Register 

Dn 000 reg. Number:An d8(An, Xn) 110 reg. Number:An 

An - - Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) - -
- (An) 100 reg. Number:An d8 (PC, Xn) - -
d16 (An) 101 reg. Number:An #<data> - -

Note: Use the MOVE from CCR instruction to access only the condition codes. 
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TOSHIBA 

MoveUSP 

Operation 

Assembler 
Syntax 

Attributes 

Move User Stack Pointer 

(Pri vileged Instruci ton) 

If supervisor state 
then USP ~ An or An ~ USP 

else TRAP; 

MOVE 

MOVE 

USP,An 
An, USP 

Size = (Long word) 

TLCS·68000 

Move USP 

Description The contents of the user stack pointer are transferred to or from the specified 
address register. 

Condition Codes Not affected. 

Instruction Format: 

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

Instruction Fields : 

dr field - Specifies the direction of transfer: 
o - transfer the address register to the USP. 
1 - transfer the USP to the address register. 

2 0 
Address 
Register 

Register field - Specifies the address register to or from which the user stack pointer is 
to be transferred. 
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TOSHIBA 

MOVEA 

Operation 

Assembler 
Syntax 

Attributes 

TLCS-68000 

Move Address MOVEA 

Source ~ Destination 

MOVEA <ea>,An 

Size = (Word, Long word) 

Description Move the content of the source to the destination address register. The size of 
the operation may be specified to be word or long word. Word size source 
operands are sign extended to 32-bit quantities before the operation is done. 

Condition Codes Not affected. 

Instruction Format: 

Instruction Fields : 

Size field - Specifies the size of the operand to be moved: 
11 - Word operation. The source operand is sign-extended to a long operand and 

all 32 bits are loaded into the address register. 
10 - Long word operation. 

Destination Register field - Specifies the destination address register. 
Source Effective Address field - Specifies the location of source operand. All addressing 
modes are allowed as shown: 

Add. Mode Mode Register Add. Mode Mode Register 

Dn 000 - d8 (An, Xn) 110 reg. Number:An 

An 001 - Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) 111 010 

- (An) 100 reg. Number:An d8 (PC, Xn) 111 011 

d16 (An) 101 reg. Number:An #<data> 111 100 
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TOSHIBA 

MOVEC 

Operation 

Assembler 
Syntax 

Attributes 

Move to/from Control Register 

(Pri vileged Instruction) 

If supervisor state 
then Rc ~ Xn or Xn ~ Rc 

else TRAP; 

MOVEC Rc,Xn 

MOVEC Xn,Rc 

Size = (Long word) 

TLCS-68000 

MOVEC 

Description Copy the contents of the specified control register (Rc) to the specified 

general register or copy the contents of the specified general register to 

the specified control register. This is always a 32-bit transfer even 

though the control register may be implemented with fewer bits. 
Unimplemented bits are read as zeros. 

Condition Codes Not affected. 

Instruction Format: 

15 14 

o 

AID Register Control Register 

Instruction Fields: 

dr field - Specifies the direction of transfer: 

a - control register to general register 

1 - general register to control register 

AID field - Specifies the type of general register: 
a - data register 

1 - address register 

Register field - Specifies the register number. 

Control Register field - Specifies the control register. 

Hex Control Register 

000 Source Function Code (SFC) register. 

001 Destination Function Code (DFC) register. 

800 User Stack Pointer (USP). 

801 Vector Base Register (VBR). 

All other codes cause an illegal instruction exception. 
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TOSHIBA 

MOVEM 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Move Multiple Registers 

Registers ~ Destination 
Source ~ Registers 

MOVEM 

MOVEM 
register list, < ea > 
< ea > , register list 

Size = (Word, Long word) 

TLCS-68000 

MOVEM 

Selected registers are transferred to or from consecutive memory locations 

starting at the location specified by the effective address. A register is 
transferred if the bit corresponding to that register is set in the mask field. 
The instruction selects how much of each register is transferred; either the 

entire long word can be moved or just the low order word. In the case of a 
word transfer to the registers, each word is sign-extended to 32 bits 
(including data registers) and the resulting long word loaded into the 
associated register. MOVEM allows three forms of address modes: the 
control modes, the predecrement mode, or the postincrement mode. If the 
effective address is in one of the control modes, the registers are transferred 
starting at the specified address and up through higher addresses. The order 
of transfer is from data register 0 to data register 7, then from address 
register 0 to address register 7. 

If the effective address is the predecrement mode, only a register to memory 
operation is allowed. The registers are stored starting at the specified 
address minus the operand length (2 or 4) and down through lower addresses. 
The order of storing is from address register 7 to address register 0, then from 
data register 7 to data register O. The decremented address register is 
updated to contain the address of the last word stored. 

If the effective address is the postincrement mode, only a memory to register 
operation is allowed. The registers are loaded starting at the specified 
address and up through higher addresses. The order of loading is the same as 
for the control mode addressing. The incremented address register is 
updated to contain the address of the last word loaded plus the operand 
length (2 or 4). 

Condition Codes: Not affected. 
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TOSHIBA 

MOVEM 

Instruction Format: 

Instruction Fields : 

dr field - Specifies the direction of the transfer: 
o - register to memory. 
1 - memory to register. 

Sz field - Specifies the size of the registers being transferred: 
o - word transfer. 
1 - long word transfer. 

TLCS-68000 

MOVEM 

Effective Address field - Specifies the memory address to or from which the 
registers are to be moved. For register to memory transfers, only control 
alterable addressing modes or the pre decrement addressing mode are 
allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8(An, Xn) 110 reg. number:An 

An - - Abs.W 111 000 

(An) 010 reg. number:An Abs.L 111 001 

(An) + - - d16 (PC) - -
- (An) 100 reg. number:An d8(PC, Xn) - -
d16 (An) 101 reg. number:An #<data> - -

For memory to register transfers, only control addressing modes or the 
postincrement addressing mode are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8(An, Xn) 110 reg. number:An 

An - - AbsW 111 000 

(An) 010 reg. number:An Abs.L 111 001 

(An)+ 011 reg. number:An d16 (PC) 111 010 

- (An) - - d8(PC, Xn) 111 011 

d16 (An) 101 reg. number:An #<data> - -
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TOSHIBA 

MOVEM 

TLCS-68000 

MOVEM 

Register List Mask field - Specifies which registers are to be transferred. 
The low order bit corresponds to the first register to be transferred; the 

high bit corresponds to the last register to be transferred. Thus, both for 
control modes and for the postincrement mode addresses, the mask 
correspondence is 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
IA71A61A51A41A31A21A1 IAO ID71D61D51D41D31D21D1 IDOl 

while for the predecrement mode addresses, the mask correspondence is 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
IDOID1 ID21D31D41D51D61D71AOIA1 IA21A31A41A51A61A71 

Note: 
An extra read bus cycle occurs for memory operands. This accesses an 

operand at one address higher than the last register image required. 
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TOSHIBA 

MOVEP 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Example 

Move Peripheral Data 

Source -+ Destination 

MOVEP 
MOVEP 

Dx, d16 (Ay) 
d16 (Ay), Dx 

Size = (Word, Long word) 

TLCS-68000 

MOVEP 

Data is transferred between a data register and alternate bytes of memory, 
starting at the location specified and incrementing by two. The high order 
byte of the data register is transferred first and the low order byte is 
transferred last. The memory address is specified using the address register 
indirect plus 16-bit displacement addressing mode. This instruction is 
designed to work with 8-bit peripherals on a 16-bit data bus. If the address is 
even, all the transfers are made on the high order half of the data bus; if the 
address is odd, all the transfers are made on the low order half of the data 
bus. On an 8-bit or 32-bit bus, the instruction still accesses every other byte. 

Long transfer to/from an even address. 

Byte organization in register 

31 24 23 16 15 8 7 o 
Hi-Order I Mid-Upper I Mid-Lower Low-Order 

Byte organization in memory (low address at top) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Hi-Order 

Mid-Upper 

Mid-Lower 

Low-Order 
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TOSHIBA TLCS-68000 

MOVEP MOVEP 

Example Word transfer to/from an odd address. 

Byte organization in register 

31 24 23 16 15 8 7 0 
I High-Order Low-Order 

Byte organization in memory (low address at top) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
High-Order 

LOW-Order 

Condition Codes Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Instruction Fields 

o 1 0 1 0 1 0 1 R~q~~:er lOP-Mode 1 0 1 0 11 1 

Displacement 

Address 
Reqister 

Data Register field - Specifies the data register to or from which the 
data is to be transferred. 

Op-Mode field - Specifies the direction and size of the operation: 
100 - transfer word from memory to register. 
101 - transfer long from memory to register. 
110 - transfer word from register to memory. 
111 - transfer long from register to memory. 

Address Register field - Specifies the address register which is used 
in the address register indirect plus displacement addressing mode. 

Displacement field - Specifies the displacement which is used in 
calculating the operand address. 
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TOSHIBA 

MOVEQ 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Move Quick MOVEQ 

Immediate Data - Destination 

MOVEQ #<data>, Dn 

Size = (Long word) 

Move immediate data to a data register. The data is contained in an 8-bit 
field within the operation word. The data is sign-extended to a long word 
operand and all 32 bits are transferred to the data register. 

X N z V C 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
1 0 11 11 11 1 Rebi~ter 1 0 1 Data 

Instruction Fields Register field - Specifies the data register to be loaded. 

Data field - 8 bits of data which are sign extended to a long word 
operand. 
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TOSHIBA 

MOVES 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

Move Alternate Address Space 

(Pri vileged Instruction) 

If supervisor state 
then Xn -+ Destination [DFCl or Source [SFCl-+ Xn 
else TRAP; 

MOVES 
MOVES 

Xn, <ea> 
<ea>,Xn 

Size = (Byte, Word, Long word) 

TlCS-68000 

MOVES 

Move the byte, word, or long word operand from the specified general 
register to a location within the address space specified by the destination 
function code (DFC) register. Or, move the byte, word, or long word 
operand from a location within the address space specified by the source 
function code (SFC) register to the specified general register. 
If the destination is a data register, the source operand replaces the 
corresponding low-order bits of that data register. If the destination is an 
address register, the source operand is sign-extended to 32 bits and then 
loaded into that address register. 

Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 a 
0 

AID 

Instruction Fields 

a 1010 1 1 1 0 Size Effective Add ress 
Mode J Register 

Register dr 0 0 0 a I a a I 0 I a I a I a I a 

Size field - Specifies the size of the operation: 

00 - byte operation. 
01 - word operation. 
10 - long word operation. 

Effective Address field - Specifies the source or destination location 
within the alternate address space. Only alterable memory 
addressing modes are allowed as shown: 

AID field - Specifies the type of general register: 
a - data register. 

1 - address register. 

VMPU·152 



TOSHIBA 

MOVES 

NOTE 

the register number. 
recti on of the transfer: 

Register field - Specifies 
dr field - Specifies the di 

0- from <ea> to gen 
1 - from general regis 

eral register. 
ter to <ea>. 

MOVES.x An, (An)+ 

or 
MOVES.x An, -(An) 

TLCS-68000 

MOVES 

where An is the same 

destination and is an u 
memory is undefined. 

address register for both source and 
ndefined operation. The value stored in 

e value stored is the incremented or the On the TMP68010 implementations, th 
decremented value of An. This implement ation may not appear on future devices. 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8 (An, Xn) 110 reg. number:An 

An - - Ads.W 111 000 

(An) 010 reg. number:An Ads.L 111 001 

(An)+ 011 reg. number:An d16(PC) - -

-(An) 100 reg. number:An d8 (PC, Xn) - -
d16(An) 101 reg. number:An #<data> - -
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TOSHIBA 

MULS 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Signed Multiply MULS 

Source *Destination -+ Destination 

MULS <ea>,Dn 16 X 16-+32 

Size = (Word) 

Multiply two signed operands yielding a signed result. The operation is 

performed using signed arithmetic. 

The multiplier and multiplicand are both word operands and the result is 

long word operand. A register operand is taken from the low order word, the 

upper word is unused. All 32 bits of the product are saved in the destination 

data register. 

X N Z V c 
I * I * I 0 I 0 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 
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TOSHIBA 

MULS 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

-(An) 

d16(An) 

TLCS-68000 

MULS 

Register field - Specifies one of the data registers. This field always 

specifies the destination. 

Effective Address field - Specifies the source operand. Only data 
addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number: Dn d8 (An, Xn) 110 reg. number:An 

- - Ads.W 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) 111 010 

100 reg. number:An d8 (PC, Xn) 111 011 

101 reg. number:An #<data> 111 100 
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TOSHIBA 

MULU 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Unsigned Multiply MULU 

Source * Destination --* Destination 

MULS <ea>,Dn 

Size = (Word) 

Multiply two unsigned operands yielding a unsigned result. The operation is 
performed using unsigned arithmetic. 
The multiplier and multiplicand are both word operands and the result is a 
long word operand. A register operand is taken from the low order word, the 
upper word is unused. All 32 bits of the product are saved in the destination 
data register. 

X N Z V c 
1-1*1*1010 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

VMPU-1S6 



TOSHIBA 

MULU 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

- (An) 

d16 (An) 

TLCS-68000 

MULU 

Register field - Specifies one of the data registers. This field always 

specifies the destination. 
Effective Address field - Specifies the source operand. Only data 

addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number:Dn d8 (An, Xn) 110 reg. number:An 

- - Ads.W 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) 111 010 

100 reg. number:An d8 (PC, Xn) 111 011 

101 reg. number:An #<data> 111 100 
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TOSHIBA 

NBCD 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Negate Decimal with Extend 

o - DestinationlO - X ~ Destination 

NBCD <ea> 

Size = (Byte) 

TLCS-68000 

NBCD 

The operand addressed as the destination and the extend bit are 

subtracted from zero. The operation is performed using decimal 

arithmetic. The result is saved in the destination location. This 

instruction produces the tens complement of the destination if the extend 

bit is clear, the nines complement if the extend bit is set. This is a byte 

operation only. 

X N Z V c 

1* ul*lul*1 

N Undefined. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Undefined. 

C Set if a borrow (decimal) was generated. Cleared otherwise. 

X Set the same as the carry bit. 

Note: 

Normally the Z condition code bit is set via programming before the start 

of an operation. This allows successful tests for zero results upon completion 

of multiple precision operations. 

Instruction Format : 

VMPU-158 



TOSHIBA 

NBCD 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

- (An) 

d16 (An) 

TLCS-68000 

NBCD 

Effective Address field - Specifies the destination operand. Only 

data alterable addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number: Dn d8(An, Xn) 110 reg. number:An 

- - AdsW 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) - -
100 reg. number:An d8(PC, Xn) - -
101 reg. number:An #<data> - -
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TOSHIBA 

NEG 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Negate NEG 

o - Destination -+ Destination 

NEG <ea> 

Size = (Byte, Word, Long word) 

The operand addressed as the destination is subtracted from zero. The 
result is stored in the destination location. The size of the operation may 
be specified to be byte, word, or long word. 

X N Z V c 

1*1*1*1*1* 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Cleared if the result is zero. Set otherwise. 

X Set the same as the carry bit. 

Instruction Format: 
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TOSHIBA 

NEG 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An)+ 

-(An) 

d16 (An) 

Size field - Specifies the size of the operation. 

00 - byte operation 

01 - word operation 
10 - long word operation 

TLCS-68000 

NEG 

Effective Address field - Specifies the destination operand. Only 

data alterable addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number: Dn d8 (An, Xn) 110 reg. number:An 

- - Ads.w 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) - -
100 reg. number:An d8 (PC, Xn) - -
101 reg. number:An #<data> - -
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TOSHIBA 

NEGX 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Negate with Extend NEGX 

o - Destination - X ~ Destination 

NEGX <ea> 

Size == (Byte, Word, Long word) 

The operand addressed as the destination and the extend bit are 

subtracted from zero. The result is stored in the destination location. The 

size of the operation may be specified to be byte, word, or long word. 

X N Z V c 

1*1*1*1*1* 

N Set if the result is negative. Cleared otherwise. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Set if overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

Note: 

Normally the Z condition code bit is set via programming before the start 
of an operation. This allows successful tests for zero results upon completion 

of multiple-precision operations. 

Instruction Format: 
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TOSHIBA 

NEGX 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An)+ 

- (An) 

d16(An) 

Size field - Specifies the size of the operation: 

00 - byte operation. 

01 - word operation. 
10 - long operation. 

TLCS-68000 

NEGX 

Effective Address field - Specifies the destination operand. Only 

data alterable addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number:Dn d8 (An, Xn) 110 reg. number:An 
- - AdsW 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) - -
100 reg. number:An d8 (PC, Xn) - -
101 reg. number:An #<data> - -
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TOSHIBA 

NOP 

Operation 

Assebler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

No Operation NOP 

None 

NOP 

Unsized 

No operation occurs. The processor state, other than the program counter, 
is unaffected. Execution continues with the instruction following the NOP 
instruction. The NOP instruction does not complete execution until all 
pending bus cycles are completed. This allows synchronization of the 
pipeline to be accomplished, and prevents instruction overlap. 

Not affected. 

Instruction Format: 
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TOSHIBA 

NOT 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Logical Complement NOT 

- Destination ---'> Destination 

NOT <ea> 

Size = (Byte, Word, Long word) 

The ones complements of the destination operand is taken and the result is 
stored in the destination location. The size of the operation may be 
specified to be byte, word, or long word. 

X N Z V c 
1-1*1*1010 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result i., zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 
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TOSHIBA 

NOT 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

-(An) 

d16 (An) 

Size field - Specifies the size of the operation. 
00 - byte operation. 

01 - word operation. 
10 - long word operation. 

TLCS-68000 

NOT 

Effective Address field - Specifies the destination operand. 

Only data alterable addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number: Dn d8 (An, Xn) 110 reg. number:An 

- - Ads.W 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An' d16 (PC) - -
100 reg. number:An d8 (PC, Xn) - -
101 reg. number:An #<data> - -
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TOSHIBA 

OR 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

Inclusive OR Logical 

Source V Destination --+ Destination 

OR 
OR 

<ea>,Dn 
Dn,<ea> 

Size = (Byte, Word, Long word) 

TLCS-68000 

OR 

Inclusive OR the source operand to the destination operand and store the 
result in the destination location. The size of the operation may be 
specified to be byte, word, or long word. The contents of an adress register 
may not be used as an operand. 

X N Z V c 
1-1*1*101 0 

N Set if the most significant bit of the result is set. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 
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TOSHIBA TLCS-68000 

OR OR 

Instruction Fields Register field - Specifies any of the eight data registers. 

Op-Mode field -

Addr. Mode 

Dn 

An 

(An) 

(An) + 

-(An) 

d16 (An) 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

-(An) 

d16(An) 

Byte Word Long word 

000 001 

100 101 

010 

110 

Effective Address field -

Operation 

( < ea > ) V ( < Dn > ) ~ < Dn > 

( < Dn > ) V ( < ea > ) ~ <:: ea > 

If the location specified is a source operand then only data addressing 
modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number: Dn d8 (An, Xn) 110 reg. number:An 

- - AdsW 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) 111 010 

100 reg. number:An d8 (PC, Xn) 111 011 

101 reg. number:An #<data> 111 100 

If the location specified is a destination operand then only memory 

alterable addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

- - d8 (An, Xn) 110 reg. number:An 

- - Ads.W 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) - -
100 reg. number:An d8 (PC, Xn) - -

101 reg. number:An #<data> - -

Notes: 1. If the destination is a data register, then it cannot be specified by using the 

destination < ea > mode, but must use the destination Dn mode instead. 

2. ORI is used when the source is immediate data. Most assemblers 

automatically make this distinction. 
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TOSHIBA 

ORI 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Inclusive OR Immediate ORI 

Immediate Data V Destination ~ Destination 

ORI #<data>, <ea> 

Size = (Byte, Word, Long word) 

Inclusive OR the immediate data to the destination operand and store the 
result in the destination location. The size of the operation may be 

specified tobe byte, word, or long word. The size of the immediate data 
matches the operation size. 

X N Z V c 
1-1*1*10101 

N Set if the most significant bit of the result is set. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

01 0 I 0 I 0 I 0 I 0 I 0 I 0 Size I Effective Address 
Mode -I Register 

Word Data Byte Data 

Long word Data 
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TOSHIBA 

ORI 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

- (An) 

d16 (An) 

Size field - Specifies the size of the operation. 

00 - byte operation. 
01 - word operation. 
10 - long operation. 

TLCS-68000 

ORI 

Effective Address field - Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number:Dn da (An, Xn) 110 reg. number:An 

- - Ads.W 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 (PC) - -
100 reg. number:An da (PC, Xn) - -
101 reg. number:An #<data> - -

Immediate field - (Data immediately following the instruction): 
Ifsize = 00, then the data is the low order byte of the immediate 

word. 
Ifsize = 01, then the data is the entire immediate word. 
If size = 10, then the data is the next two immediate words. 
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TOSHIBA 

ORIto CCR 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Inclusive OR Immediate to Condition Codes ORI to CCR 

Source V CCR -+ CCR 

ORI #<data>, CCR 

Size = (Byte) 

Inclusive OR the immediate operand with the condition codes and store 
the result in the low-order byte of the status register. 

X N Z V c 
I * I * I * I * I * 

N Set if bit 3 of immediate operand is one. Unchanged otherwise. 

Z Set if bit 2 of immediate operand is one. Unchanged otherwise. 

V . Set if bit 1 of immediate operand is one. Unchanged otherwise. 

C Set if bit 0 of immediate operand is one. Unchanged otherwise. 

X Set if bit 4 of immediate operand is one. Unchanged otherwise. 

Instruction Format: 
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TOSHIBA 

ORIto SR 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

Inclusive OR Immediate to the Status Register 
(Privileged Instruction) 

If supervisor state 
then Source V SR -+ SR 
else TRAP;" 

ORI #<data>, SR 

Size = (Word) 

TlCS-68000 

ORI to SR 

Inclusive OR the immediate operand with the contents of the status 
register and store the result in the status register. All bits of the status 
register are affected. 

X N Z V c 
1*1*1*1*1* 

N Set ifbit 3 of immediate operand is one. Unchanged otherwise. 

Z Set if bit 2 of immediate operand is one. Unchanged otherwise. 

V Set if bit 1 of immediate operand is one. Unchanged otherwise. 

C Set ifbit 0 of immediate operand is one. Unchanged otherwise. 

X Set if bit 4 of immediate operand is one. Unchanged otherwise. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

01 0 I 0 I 0 I 0 I 0 I 0 I 0 0 I 1 I 1 0 0 
Word Data (16 Bits) 
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TOSHIBA 

PEA 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Push Effective Address PEA 

PEA <ea> 

Size = (Long word) 

The effective address is computed and pushed onto the stack. A long word 
address is pushed onto the stack. 

: Not affected. 

Instruction Format: 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An)+ 

- (An) 

d16 (An) 

Effective Address field - Specifies the address to be pushed on to the 
stack. Only control addressing modes are allowed as shown: 

Mode Reg ister Addr. Mode Mode Register 

- - d8 (An, Xn) 110 reg. number:An 

- - Ads.W 111 000 

010 reg. number:An Ads.L 111 001 

- - d16 (PC) 111 010 

- - d8 (PC, Xn) 111 011 

101 reg. number:An #<data> - -
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TOSHIBA 

RESET 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

Reset External Devices 
(Pri vileged Instruction) 

If supervisor state 

then Assert RESET Line 
else TRAP; 

RESET 

Unsized 

TLCS-68000 

RESET 

The reset line is asserted for 124 clocks, causing all external devices to be 
reset. The processor state, other than the program counter, is unaffected 
and execution continues with the next instruction. 

: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 543 2 1 o 
I 0 I I 0 I 0 I I I o I 0 1 0 o 0 o 
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TOSHIBA 

ROL 
ROR 

Operation 

Assembler 
Syntax 

Attributes 

Description 

ROL 

ROR 

Rotate (Without Extend) 

Destination Rotated by < count> ~ Destination 

ROd DX,Dy 
ROd #<data>,Dy 
ROd <ea> 
where d is direction, L or R 

Size = (Byte, Word, Long word) 

TLCS-68000 

ROL 
ROR 

Rotate the bits of the operand in the direction (L or R) specified. The 

extend bit is not included in the rotation. The rotate count for the rotation 
of a register may be specified in two different ways: 

1. Immediate - the rotate count is specified in the instruction (rotate 
range, 1-8). 

2. Register - the rotate count is contained in a data register specified in 
the instriuction. 

The size of the operation may be specified to be byte, word, or long word. 

The content of memory may be rotated by one bit only and the operand size 
is restricted to a word. 
For ROL, the operand is rotated left; the number of positions rotated is the 
rotate count. Bits rotated out of the high order bit go to both the carry bit 
and back into the low order bit. The extend bit is not modified or used. 

~~'--L--L ____ ~o~p~er~a~n~d ____ ~I:=J 

For ROR, the operand is rotated right; the number of positions rotated is 
the rotate count. Bits shifted out of the low order bit go to both the carry 
bit and back into the high order bit. The extend bit is not modified or used. 

~------o-p-er-a-nd-----'~~--~'~ 
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TOSHIBA 

ROL 
ROR 

Condition Codes 

X N Z V c 
1-1*1*101*1 

TLCS-68000 

ROL 
ROR 

N Set if the most significant bit of the result is set. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Set according to the last bit rotated out of the operand. Cleared for a 
rotate count of zero. 

X : Not affected. 

Instruction Format (Register Rotate) 

Instruction Fields (Register Rotate) : 

RotatelRegister field -
If i/r = 0, the rotate count is specified in this field. The values 0, 1-7 
represent a range of 8,1 to 7 respectively. 
If i/r = 1, the rotate count (modulo 64) is contained in the data register 
specified in this field. ' 

dr field - Specifies the direction of the rotate: 
o - rotate right 
1 - rotate left 

Size field - Specifies the size of the operation: 
00 - byte operation 
01 - word operation 

10 - long operation 
i/r field-

If i/r = 0, Specifies immediate rotate count. 
If ilr = 1, Specifies register rotate count. 

Register field - Specifies a data register whose content is to be rotated. 
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TOSHIBA 

ROL 
ROR 

Instruction Format (Memory Rotate) 

Instruction Fields (Memory Rotate) : 

dr field - Specifies the direction of the rotate: 
o - rotate right 
1 - rotate left 

Effective Address field - Specifies the operand to be rotated. 
Only memory alterable addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode 

TLCS-68000 

ROL 
ROR 

Register 

Dn - - d8 (An, Xn) 110 reg. number:An 

An - - Ads.W 111 000 

(An) 010 reg. number:An Ads.L 111 001 

(An) + 011 reg. number:An d16(PC} - -
-(An) 100 reg. number:An d8 (PC, Xn) - -

d16 (An) 101 reg. number:An #<data> - -
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TOSHIBA 

ROXL 
ROXR 

Operation 

Assembler 

Syntax 

Attributes 

Description 

ROXL 

Rotate with Extend 

Destination Rotated with X by < count> ~ Destination 

ROXd 
ROXd 

ROXd 

Dx,Dy 

#<data>, Dy 

<ea> 
where d is direction, L or R 

Size = (Byte, Word, Long word) 

TLCS-68000 

ROXL 
ROXR 

Rotate the bits of the destination operand in the direction specified. The 

extend bit (X) is included in the rotation. The rotate count for the rotation 
of a register may be specified in two different ways: 

1. Immediate - the rotate count is specified in the instruction (rotate 
range, 1-8). 

2. Register - the rotate count (modulo 64) is contained in a data register 

specified in the instriuction. 

The size of the operation may be specified to be byte, word, or long word. 
The content of memory may be rotated one bit only and the operand size is 

restricted to a word. 

For ROXL, the operand is rotated left; the number of positions rotated is 
the rotate count. Bits rotated out of the high order bit go to both the carry 
and extend bits; the previous value of the extend bit is rotated into the low 

order bit. 

For ROXR, the operand is rotated right; the number of positions shifted is 

the rotate count. Bits rotated out of the low order bit go to both the carry 

and extend bits; the previous value of the extend bit is rotated into the 
high order bit. 
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TOSHIBA 

ROXL 
ROXR 

ROXR 

Condition Codes 

[.---o-pea-rnd----, 

X N Z V c 
1*1*1* 01* 

TLCS-68000 

ROXL 
ROXR 

N Set if the most significant bit of the result is set. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Set according to the last bit rotated out of the operand. Set to the value 

of the extend bit for a rotate count of zero. 

X Set according to the last bit rotated out of the operand. Unaffected for a 

rotate count of zero. 

Instruction Format (Register Rotate) 

Instruction Fields (Register Rotate) : 

Rotate/Register field -

If i/r = 0, the rotate count is specified in this field. The values 0, 1-7 

represent a range of 8,1 to 7 respectively. 

If i/r = 1, the rotate count (modulo 64) is contained in the data register 

specified in this field. 

dr field - Specifies the direction of the rotate: 

° - rotate right 
1 - rotate left 
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TOSHIBA 

ROXL 
ROXR 

Size field - Specifies the size of the operation: 

00 - byte operation. 

01 - word operation. 

10 - long word operation. 
ilr field -

If ifr = 0, specifies immediate rotate count. 

If ilr = 1, specifies register rotate count. 

TLCS-68000 

ROXL 
ROXR 

Register field - Specifies a data register whose content is to be rotated. 

Instruction Format (Memory Rotate) 

Instruction Fields (Memory Rotate) : 

dr field - Specifies the direction of the rotate: 
o - rotate right 

1 - rotate left 
Effective Address field - Specifies the operand to be rotated. Only memory 

alterable addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8 (An, Xn) 110 reg. number:An 

An - - Ads.w 111 000 

(An) 010 reg. number:An Ads.L 111 001 

(An) + 011 reg. number:An d16 (PC) - -

- (An) 100 reg. number:An d8 (PC, Xn) - -

d16(An) 101 reg. number:An #<data> - -
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TOSHIBA 

RTD 

Operation 

Assembler 

Syntax 

Attributes 

Description 

TLCS-68000 

Return and Deallocate Parameters RTD 

(SP) ~pc; SP + 4 + d16 ~SP 

RTD # < displacement> 

Unsized 

The program counter is pulled from the stack. The previous program 

counter value is lost. After the program counter is read from the 

stack, the displacement value (16 bits) is sign-extended to 32 bits and 
added to the stack pointer. 

Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 543 2 o 

Instruction Fields 

o 0 I 1 0 o o 
Displacement 

Displacement field -

Specifies the twos complement integer which is to be sign-extended 

and added to the stack pointer. 
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RTE 

Operation 

Assembler 

Return from Exception 

(Privileged Instruction) 

If supervisor stat 
then «SP) ~ SR; SP + 2 ~ SP; (SP) ~ PC; SP + 4 ~ SP;) 

else TRAP; 

Syntax RTE 

Attributes Unsized 

TLCS-68000 

RTE 

Description The status register and program counter are pulled from the system stack. 
The previous status register and program counter are lost. All bits in the 
status register aare affected. 

Condition Codes Set according to the content of the word on the stack. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
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RTE Return from Exception (Privileged Instruction) RTE 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

If supervisor stat 
then ((SP) -+ SR; S P + 2 -+ SP; (SP) -+ PC; SP + 4 -+ SP; 
restore state and deallocate 
stack according to (SP)) 

else TRAP; 

RTE 

Unsized 

The processor state information in the exception stack frame on top of 
the stack is loaded into the processor. The stack format field in the 
format/offset word is examined to determine how much information 
must be restored. 

Set according to the content of the word on the stack. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

/0/1/0/0/1/1/100/1/1/100/1 

Format/Offset Word (in stack frame) 

15 12 11 10 9 o 
/ Format I 0 / 0 / Vector Offset 

Instruction Fields Format field - This 4-bit field defines the amount of information to 

be restored. 
0000 - Short Format, only four words are to be removed from 

the top of the stack. The status register and program 

counter are loaded from the stack frame. 
1000 - TMP68010 Long Format, 29 words are removed from the 

top of the stack. 
Any others - the processor takes a format error exception. 
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RTR 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Return and Restore Condition Codes 

(SP) --+ CCR; SP + 2 --+ SP; 

(SP) --+ PC; SP + 4 --+ SP 

RTR 

Unsized 

TLCS-68000 

RTR 

The condition codes and program counter are pulled from the stack. The 

previous condition codes and program counter are lost. The supervisor 
portion of the status register is unaffected. 

Set according to the content of the word on the stack. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

10110101111 a a 11 all 11 
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RTS 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Return from Subroutine RTS 

(SP) --'> PC; SP + 4 --'> SP 

RTS 

Unsized 

The program counter is pulled from the stack. The previous program 
counter is lost. 

Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 543 2 1 0 

o I 1 
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SBCD 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Subtract Decimal with Extend 

DestinationlO - SourcelO - X ~ Destination 

SBCD 

SBCD 

Dx,Dy 

-(Ax), -(Ay) 

Size = (Byte) 

TLCS-68000 

SBCD 

Subtract the source operand from the distination operand with the extend 

bit and store the result in the destination location. The subtraction is 

performed using decimal arithmetic. The operands may be addressed in 

two different ways: 

1. Data register to data register: The operands are contained in the data 

registers specified in the instruction. 

2. Memory to memory: The operands are addressed with the predecrement 

addressing mode using the address registers specified in the 

instruction. 

This operation is a byte operation on~y. 

X N Z V c 
1* ul* ul* 

N Undefined. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Undefined. 

C Set if a borrow (decimal) is generated. Cleared otherwose. 

X Set the same as the carry bit. 

Note: 

Normally the Z condition code bit is set via programming before the start 

of an operation. This allows successful tests for zero results upon completion 

of multiple-precision operation. 

Instruction Format: 
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SBCD 

Instruction Fields 

TLCS-68000 

Register Dy/Ay field - Specifies the destination register. 

If RIM = 0, specifies a data register. 

If RIM = 1, specifies an address register for the predecrement 

addressing mode. 

RIM filed - Specifies the operand addressing mode: 

° - The operation is data register to data register 
1 - The operation is memory to memory 

Register Dx/Ax field - Specifies the source register. 

If RIM = 0, specifies a data register. 

If RIM = 1, specifies an address rcgister for the pre decrement 

addressing mode. 
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Sec 

Operation 

Assembler 
Syntax 

Attributes 

Description 

Set According to Condition 

If Condition True 
then Is --+ Destination 
else as --+ Destina tion 

Scc <ea> 

Size = (Byte) 

TLCS-68000 

Sec 

The specified condition code is tested; if the condition is true, the byte 
specified by the effective address is set to TRUE (all ones), otherwise that 
byte is set to FALSE (all zeroes). "cc" may specify the following conditions: 

CC carry clear 0100 C 

CS carry set 0101 C 

EO equal 0111 Z 

F never true 0001 0 

GE greater or equal 1100 N·V+N·V 

GT greater than 1110 NV2 + N·V·2 

HI high 0010 C'2 

LE less or equal 1111 Z+N'V+N'V 

LS low or same 0011 C+Z 

LT less than 1101 N·V+]\J.V 

MI minus 1011 N 

NE not equal 0110 2 

PI pius 1010 N 
T always true 0000 1 

VC overflow clear 1000 V 

VS overflow set 1001 V 

. = Boolean AND + = Boolean OR N = Boolean NOT N 

Condition Codes Not affected. 

Instruction Format: 

11 10 9 8 

Condition 
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See 

Instruction Fields 

Addr. Mode 

Dn 

An 

(An) 

(An) + 

-(An) 

d16{An) 

TLCS-68000 

See 

Condition field - One of sixteen conditions discussed in description. 
Effective Address field - Specifies the location in which the 

true/false byte is to be stored. Only data alterable addressing modes 
are allowed as shown: 

Mode Register Addr. Mode Mode Register 

000 reg. number:Dn dB (An, Xn) 110 reg. number:An 

- - AdsW 111 000 

010 reg. number:An Ads.L 111 001 

011 reg. number:An d16 {PC} - -
100 reg. number:An d8 (PC, Xn) - -

101 reg. number:An #<data> - -

Note: 1. An arithmetic one and zero result may be generated by following the Sec 
instruction with a NEG instruction. 
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STOP 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Load Status Register and Stop 

(Pri vileged Instruction) 

If supervisor state 

then (Immediate Data ~ SR; STOP) 

else TRAP ; 

STOP #<data> 

Unsized 

TLCS-68000 

STOP 

The immediate operand is moved into the entire status register; the 

program counter is advanced to point to the next instruction and the 

processor stops fetching and executing instructions. Execution of 

instructions resumes when a trace, interrupt, or reset exception occurs. A 

trace exception will occur if the trace state is on when the STOP 

instruction begins execution. If an interrupt request is asserted with a 

priority higher than the priority level set by the immediate data, an 

interrupt exception occurs, otherwise, the interrupt request has no effect. 

If the bit of the immediate data corresponding to the S-bit is off, execution 

of the instruction will cause a privilege violation. External reset will 

always initiate reset exception processing. 

Set according to the immediate operand. 

Instruction Format: 

Instruction Fields 

15 14 13 12 11 10 987 6 5 4 3 2 a 
a a a o o 

Immidiate Data 

Immediate field - Specifies the data to be loaded into the status 

register. 
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SUB 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Subtract Binary 

Destination - Source -+ Destination 

SUB 

SUB 

<ea>,Dn 

Dn,<ea> 

Size = (Byte, Word, Long word) 

TLCS-68000 

SUB 

Subtract the source operand from the destination operand and store the 

result in the destination. The size of the operation may be specified to be 
byte, word, or long. The mode of the instruction indicates which operand is 

the source and which is the destination as well as the operand size. 

X N Z V c 
1*1*1*1*1* 

N Set if the resuit is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

The condition codes are not affected if a subtraction from an address register 

is made. 

Instruction Format: 

Instruction Fields : 

Register field - Specifies any of the eight data registers. 

Op-Mode field-

Byte 

000 
100 

Word 

001 
101 

Effective Address field 

Long word 

010 
110 

Opration 

<Dn> - <ea> -+ <Dn> 

<ea> - <Dn> -+ <ea> 

Determines addressing mode: 

If the location specified is a source operand, then all addressing modes are 

allowed as shown: 
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SUB 

* 

SUB 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg. Number: Dn d8 (An, Xn) 110 reg. Number:An 

An* 001 reg. Number:An Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) 111 010 

- (An) 100 reg. Number:An d8 (PC, Xn) 111 011 

d16(An) 101 reg. Number:An #<data> 111 100 

For byte size operaiton, address register direct is not allowed. 

If the location specified is a destination operand, then only alterable memory 

addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn - - d8 (An, Xn) 110 reg. Number:An 

An - - Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) - -
-(An) 100 reg. Number:An d8 (PC, Xn) - -
d16 (An) 101 reg. Number:An #<data> - -

Notes: 1. If the destination is a data register, then it cannot be specified by using the destination 
< ea > mode, but must use the destination Dn mode instead. 

2. SUBA is used when the destination is an address register. SUBr and SUBQ are used 
when the source is immediate data. Most assemblers automatically make this 
distinction. 
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SUB A 

Operation 

Assembler 

Syntax 

Attributes 

Description 

TLCS-68000 

Subtract Address SUBA 

Destination - Source -+ Destination 

SUBA <ea>,An 

Size = (Word, Long word) 

Subtract the source operand from the destination address register and 

store the result in the address register. The size of the operation may be 

specified to be word or long word. Word size source operands are sign 

extended to 32 bit quantities before the operation is done. 

Condition Codes 

Instruction Format: 

Not affected. 

Instruction Fields : 

Register field - Specifies any of the eight address registers. This is always 

the destination. 

Op-Mode field - Specifies the size of the operation: 

all - Word operation. The source operand is sign-extended to a long word 

operand and the operation is performed on the address register using 

all 32 bits. 

111 - Long word operations. 

Effective Address field - Specifies the source operand. All addressing modes 

are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg. Number:Dn d8 (An, Xn) 110 reg. Number:An 

An 001 reg. Number:An Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) 111 010 

- (An) 100 reg. Number:An d8 (PC, Xn) 111 011 

d16 (An) 101 reg. Number:An #<data> 111 100 
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SUBI 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Subtract Immediate SUB I 

Destination - Immediate Data ~ Destination 

SUBI #<data>, <ea>-

Size = (Byte, Word, Long word) 

Subtract the immediate data from destination operand and store the result 

in the destination location. The size of the operation may be specified to be 

byte, word, or long word. The size of the immediate data matches the 

operation size. 

X N Z V c 
1 * 1 * 1 * 1 * I· * 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

010 I 0 I 0 1 0 1 1 I 0 I 0 Size I Effective Address 
Mode i Register 

Word Data Byte Data 

Long Data 

Instruction Fields : 

Size field - Specifies the size of the operation. 

00 - byte operation. 

01 - word operation. 

10 - long word operation. 

Effective Address field - Specifies the destination operand. 

Only data alterable addressing modes are allowed as shown: 
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SUBI SUBI 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg. Number: Dn d8 (An, Xn) 110 reg. Number:An 

An - - Abs. W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) - -
-(An) 100 reg. Number:An d8 (PC, Xn) - -
d16 (An) 101 reg. Number:An #<data> - -

Immediate field - (Data immediately following the instruction) 

If size = 00, then the data is the low order byte of the immediate word. 

Ifsize = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two immediate words. 
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SUBQ 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Subtract Quick SUBQ 

Destination - Immediate Data -+ Destination 

SUBQ #<data>, <ea> 

Size = (Byte, Word, Long word) 

Subtract the immediate data from the destination operand. The data 

range is from 1-8. The size of the operation may be specified to be byte, 

word, or long word. Word and long word operations are also allowed on the 

address registers and the condition codes are· not affected. When 

subtracting from address registers, the entire destination address register 

is used, regardless of the operation size. 

X N Z V c 
I * I * I * I * I * 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

The condition codes are not affected if a subtraction from an address register 

is made. 

Instruction Format: 

Instruction Fields : 

Data field - Three bits of immediate data, 0, 1-7 representing a range of 8, 

1 to 7 respectively. 

Size field - Specifies the size of the operation. 

00 - byte operation. 

01 -:- word operation. 

10 - long word operation. 

Effective Address field - Specifies the destination location. Only data 

alterable addressing modes are allowed as shown: 
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SUBQ SUBQ 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg. Number:Dn d8(An, Xn) 110 reg. Number:An 

An* 001 reg. Number:An Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An d16 (PC) - -
- (An) 100 reg. Number:An d8 (PC, Xn) - -
d16 (An) 101 reg. Number:An #<data> - -

Word and long only. 
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SUBX 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Subtract with Extend 

Destination - Source - X -+ Destination 

SUBX 
SUBX 

Dx,Dy 

-(Ax), -(Ay) 

Size = (Byte, Word, Long word) 

TLCS-68000 

SUBX 

Subtract the source operand from the destination operand along with the 

extend bit and store the result in the destination location. The operands 

may be addressed in two different ways: 

1. Data register to data register: The operands are contained m data 

registers specified in the instruction. 

2. Memory to memory. The operands are contained in memory and 

addressed with the predecrement addressing mode using the address 

registers specified in the instruction. 

The size of the operand may be specified to be byte, word, or long word. 

X N Z V c 
I * I * I * I * I * 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

Note: 

Normally the Z condition code bit is set via programming before the start 

of an operation. This allows successful tests for zero results upon completion 

of multiple-precision operations. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 

I I Size 
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SUBX SUBX 

Instruction Fields : 

Register Xy field - Specifies the destination register: 
If RIM = 0, specifies a data register. 
If RIM = 1, specifies an address register for the predecrement addressing 

mode. 
Size field - Specifies the size of the operation: 

00 - byte operation 
01 - word operation 
10 - long operation 

RIM filed - Specifies the· operand addressing mode: ° - The operation is data register to data register 
1 - The operation is memory to memory 

Register Xx field - Specifies the source register: 
If RIM = 0, specifies a data register. 
If RIM = 1, specifies an address register for the predecrement addressing 

mode. 
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SWAP 

Oeration 

Assembler 
Syntax 

Attributes 

Descriotion 

Condition Codes 

Swap Register Halves 

Register [31:16] <-> Register [15:0] 

SWAP Dn 

Size = (Word) 

Exchange the 16-bit halves of a data register. 

X N Z V c 
I I * I * I 0 I 0 

N Set if the most significant bit of the 32-bit resultis set. 
Cleared otherwise. 

Z Set if the 32-bit result is zero. Cleared otherwise. 
V Always cleared. 
C Always cleared. 
X Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 \1 \ 0 \ 0 \1 \ 0 \ 0 \ 0 \ 0 \ I 0 I 0 I 0 I Register 

Instruction Fields : 

Register field - Specifies the data register to swap. 
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TAS 

Operation 

Assembler 

Syntax 

Attributes 

Description 

TLCS-68000 

Test and Set an Operand TAS 

Destination Tested --- Condition Codes; 1--- bit 7 of Destination 

TAS <ea> 

Size = (Byte) 

Test and set the byte operand addressed by the effective address field. The 

current value of the operand is tested and Nand Z are set accordingly. The 

high order bit of the operand is set. The operation is indivisible (using a 

read-modify-write memory cycle) to allow synchronisation of several 

processors. 

Condition Codes: 

X N Z V C 

I - I * I * 0 0 

N Set if the most significant bit of the operand was set. 

Cleared otherwise. 

Z Set if the operand was zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

Instruction Fields : 

Effective Address field - Specifies the location of the tested operand. 

Only data alterable addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg. Number:Dn dB (An, Xn) 110 reg. Number:An 

An - - Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. Number:An· d16 (PC) - -
-(An) 100 reg. Number:An dB (PC, Xn) - -
d16(An) 101 reg. Number:An #<data> - -

Note: Bus error retry is inhibited on the read portion of the TAS read-modify·write bus cycle to 
ensure system integrity. The bus error exception is always taken. 
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TRAP 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

Trap 

SSP - 2 -+ SSP; FormatN ector Offset -+ (SSP); 

SSP - 4 -+ SSP; PC -+ (SSP); SSP - 2 -+ SSP; 

SR -+ (SSP); Vector Address -+ PC 

TRAP #<vector> 

Unsized 

TLCS-68000 

TRAP 

The processor initiates exception processing. The vector number is 
generated to reference the TRAP instruction exception vector specified by 

the low order four bits of the instruction. Sixteen TRAP instruction 

vectors (0-15) are available. 

Not affected. 

Instruction Format: 

Instruction Fields 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I I 0 I 0 I I I I 0 I 0 I I 0 I 0 I Vector 

Vector field - Specifies which trap vector contains the new program 

counter to be loaded. 
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TRAPV 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Trap on Overflow TRAPV 

If V then TRAP 

TRAPV 

Unsized 

If the overflow condition is set, the processor initiates exception 

processing. The vector number is generated to reference the TRAPV 

exception vector. If the overflow condition is clear, no operation is 

performed and execution continues with the next instruction in sequence. 

N at affected. 

Instruction Format: 

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

101 10101 I I 10 10 1 I I 10 1 I 1
0 1 
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TST 

Operation 

Assembler 

Syntax 

Attributes 

Description 

Condition Codes 

TLCS-68000 

Test an Operand TST 

Destination Tested ~ Condition Codes 

TST <ea> 

Size = (Byte, Word, Long word) 

Compare the operand with zero. No results are saved; however, the 

condition codes are set according to results of the test. The size of the 

operation maybe specified to be byte, word, or long word. 

X N Z V C 

I I * I * 0 0 

N Set if the operand is negative. Cleared otherwise. 
Z Set if the operand is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

Instruction Fields : 

Size field - Specifies the size of the operation: 
00 - byte operation 

01 - word operation 

10 - long word operation 
Effective Address field - Specifies the destination operand. Only data 

alterable addressing modes are allowed as shown: 

Addr. Mode Mode Register Addr. Mode Mode Register 

Dn 000 reg. Number:Dn dB (An, Xn) 110 reg. Number:An 

An - - Abs.W 111 000 

(An) 010 reg. Number:An Abs. L 111 001 

(An) + 011 reg. lIlumber:An d16 (PC) - -
- (An) 100 reg. Number:An dB (PC, Xn) - -
d16(An) 101 reg. Number:An # <data> - -
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UNLK 

Operation 

Assembler 
Syntax 

Unlink 

An -+ SP; (SP) -+ An; SP + 2 -+ SP 

UNLK An 

Attributes Unsized 

TLCS-68000 

UNLK 

Description The stack pointer is loaded from the specified address register. The 
address register is then loaded with the long word pulled from the top of 
the stack. 

Condition Codes Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Register 

Instruction Fields : Register field - Specifies the address register through which the 
unlinking is to be done. 
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APPENDIXC INSTRUCTION FORMAT SUMMARY 

C.1 INSTRODUCTION 

This appendix provides a summary of the primary words in each instruction of the 

instruction set. The complete instruction definition consists of the primary words 

followed by the addressing mode operands such as immediate data fields, displacements, 
and index operands. Table C.1 is an operand code (opcode) map which illustrates how 

bits 15 - 12 are used to specify the operations. 

Table C 1 Operation Code'Map 
Bits 15 through 12 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

10 11 

1100 

1101 

1110 

1111 

Operation 

Bit Manipulation f MOVEP f Immediate 

Move Byte 

Move Long word 

Move Word 

Miscellaneous 

ADDQ f SUBQ f Sec f DBee 

Bee f BSR 

MOVEQ 

OR f DIV f SBCD 

SUBfSUBX 

(Unassigned, Reserved) 

CMP f EOR 

AND f MUll ABCD f EXG 

ADDfADDX 

Shift f Rotate 

(Unassigned, Reserved) 
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Table C 2 Effective Addressing Mode Categories .. 
Address Modes Mode Register 

Data Register Direct 000 reg. no. 

Address Register Direct 001 reg. no. 

Address Register Indirect 010 reg. no. 

Address Register Indirect with Postincrement 011 reg. no. 

Address Register Indirect with Predecrement 100 reg. no. 

Address Register Indirect with Displacement 101 reg. no. 

Address Register Indirect with Index 110 reg. no. 

Absolute Short 111 000 
Absolute Long 111 001 
Program Counter Indirect with Displacement 111 010 

Program Counter Indirect with Index 111 011 
Immediate 111 100 

Table C.3. Conditional Tests 
Mnemonic Condition Encoding Test 

T" True 0000 1 
F" False 0001 0 

. HI High 0010 C.Z 

LS Low orSame 0011 C+Z 

cc (HS) Carry Clear 0100 C 

CS (LO) Carry Set 0101 C 

NE Not Equal 0110 Z 

EQ Equal 0111 Z 

VC Overflow Clear 1000 V 

VS Overflow Set 1001 V 

PL Plus 1010 N 

MI Minus 1011 N 

GE Greater or Equal 1100 N.V+N.V 

LT Less Than 1101 N.V+N.V 

GT Greater Than 1110 N.V.Z+N.V.Z 

LE Less or Equal 1111 Z+N.V +N.V 

• = Boolean AND + = Boolean OR N = Boolean NOT N 

* : Not available for the Bee instruction 
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STANDARD INSTRUCTIONS 

ORI 

4 3 2 

00 = byte 
01=word 
10 = long word 

ORI to CCR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I 0 I o I 0 I 0 I 0 I 0 I 0 0 0 0 0 

ORI to SR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 0 0 1 1 0 

Dynamic Bit 

MOVEP 

100 = transfer word from memory to register 
101 = transfer long from memory to register 
110 =transferword from register to memory 
111 =transfer long from register to memory 
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ANDI 

Size field: 00 = byte 
01=word 
10 = long word 

ANDltoCCR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 1 0 1 0 1 0 1 0 1 0 1 1 1 0 1 0 1 0 1 1 1 1 1 1 1 1 0 1 0 1 

ANDI to SR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 I 0 I 0 1 0 I 0 I 0 1 1 I 0 I 0 1 1 1 1 11 I 1 I 1 1 0 1 0 I 

SUBI 

4 3 2 

00 = byte 
01=word 
10 = long word 

ADDI 

4 3 2 

Size field: 00 = byte 
01=word 
10 = long word 
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Static Bit 
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MOVES 

Size field: 00 = byte 
01 =word 
10 = long word 

MOVE (Byte) 

987 

Note register and mode locations 

MOVEA (Word) 

15 

VMPU-211 
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MOVE (Word) 

9 8 7 

Note register and mode locations 

NEGX 

MOVE from SR 

CHK 

LEA 

00 = byte 
01 =word 
10 = long word 
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CLR 

Size field: 00 = byte 
01 =word 
10 = long word 

MOVE from CCR 

NEG 

Size field: 00 = byte 
01 =word 
10 = long word 

MOVE to CCR 

NOT 

Size field: 00 = byte 
01 =word 
10 = long word 

TLCS-68000 

4 3 2 
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MOVE to SR 

NBCD 

SWAP 

BKPT 

PEA 

EXT 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
Data 

Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I I 0 I 0 I I 0 I 0 I 0 I 0 I I 0 I 0 I I B KPT # 

15 14 13 12 11 10 9 8 7 6 

Op-Mode field: 010 = Extend Word 
011 = Extend Long word 

VMPU-214 

543 2 0 

Data 
Register 
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TST 

TAS 

ILLEGAL 

Sz field 0= word transfer 
1 = long word transfer 

Size field: 00 = byte 
01 = word 
10 = long word 

15 14 13 12 11 10 9 8 7 

o 

Sz field 0= word transfer 
1 = long word transfer 

VMPU-21S 
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TRAP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I 1 I 0 I 0 I 1 I 1 I 1 I 0 I 0 I 1 I 0 I 0 I Vector· 

LINK 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 11 1 0 1 0 11 11 11 1 0 1 0 11 1 0 11 1 0 I ~~;i~~ 

UNLK 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

MOVE to USP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

1 0 \1 \ 0 \ 0 \1 \1 \1 \ 0 \ 0 \1 11 1 0 1 0 \ ~~:i~~!~ 

MOVE from USP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

RESET 

15 14 13 12 11 10 9 8 7 ii 5 4 3 2 1 0 

I 0 11 I 0 I 0 11 11 11 I 0 I 0 11 11 11 I 0 I 0 I 0 1 0 I 
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NOP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
101110101111111010111111101010111 

STOP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
101110101111111010111111101011101 

RTE 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
101110101111111010111111101011111 

RTD 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
101110101111111010111111101110101 

RTS 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
101110101111111010111111101110111 

TRAPV 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
101110101111111010111111101111101 
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RTR 

MOVEC 

JSR 

JMP 

ADDQ 

TLCS-68000 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I 1 I 0 I 0 I I I 0 0 0 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

[0111010111111 I 0 0 0 I dr I 
dr field 

Data field 

Size·field : 

0= control register to general register 
1 = general register to control register 

432 
Effective Address 
Mode Re ister 

Three bits of immediate data, 0, 1-7 representing a range 
of 8, 1 to 7 respectively. 

00 byte 
01 word 
10 = long word 
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Scc 

DBcc 

11 10 9 8 

Condition 

Condition field : 
0000 = always true 
0001 = never true 
0010 = high 
0011 =Ioworsame 
0100 = carry clear 
0101 = carry set 
0110 = not equal 
0111 =equal 

15 14 13 12 11 10 9 8 

I 0 I I 0 I I Condition 

Condition field : 
0000 = always true 
0001 = never true 
0010=high 
0011 = low or same 
0100 = carry clear 
0101 = carry set 
0110 = not equal 
0111 =equal 

1000 = overflow clear 
1001 = overflow set 
1010 = plus 
1011 = minus 
1100 = greater or equal 
1101 =Iessthan 
1110 = greater than 
1111 =Iessorequal 

7 6 543 2 0 

I I I 0 I 0 I I Data 
Register 

1000 = overflow clear 
1001 = overflow set 
101O=plus 
1011 =minus 
1100 = greater or equal 
1101 = less than 
1110 = greater than 
1111 =Iessorequal 

VMPU-219 
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SUBQ 

Size field. 

Bcc 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I 1 I 1 I 0 I Condition 8-Bit Displacement 

Condition field : 
1000 = overflow clear 
1001 = overflow set 

0010 = high 1010 = plus 
0011 = low orsame 1011 =minus 
0100 = carry clear 1100 = greater or equal 
0101 = carry set 1101 = less than 
0110 = not equal 1110 = greater than 
0111 =equal 1111 = less or equal 

BRA 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I I I 0 I 0 I 0 I 0 0 8-Bit Displacement 

BSR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I 1 I 1 I 0 I 0 I 0 I 0 8-Bit Displacement 
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MOVEQ 

OR 

DIVU 

SBCD 

TLCS-68000 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 0 I I I I R~g~!~er I 0 I Data 

Data field Data is sign extended to a long word operand and all 32 bits 
are transferred to the data register. 

4 3 

Op-Mode field: 
byte Word Long word Operation 
000 001 010 <ea> V 
100 101 110 <Dn> V 

RIM field 0 = data register to data register 
1 = memory to memory 

* If RIM = 0, specifies a data register 

<Dn> 
<ea> 

2 

~ <Dn> 
~ <ea> 

If RIM = 1, specifies an address register for the predecrement addressing mode. 
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DIVS 

SUB 

SUBA 

SUBX 

Op-Mode field: 
Byte Word 
000 001 
100 101 

Op-Mode field: 

Longword 
010 
110 

432 

Operation 
«Dn >)-«ea>) ~ <Dn > 
«ea>)-«Dn » ~ <ea> 

432 

Word 
000 

Long word Operation 
111 «ea>)-«An>)~<An> 

00 = byte 
01 =word 
10 = long word 

RIM field a = data register to data register 
1 = memory to memory 

* : If RIM = 0, specifies a data register 

TLCS-68000 

If RIM = 1, specifies an address register for the predecrement addressing mode. 
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CMP 

CMPA 

EOR 

CMPM 

Op-Mode field: 
Byte Word 
000 001 

Op-Mode field: 
Word 
011 

Op-Mode field: 
Byte Word 
100 101 

00 = byte 
01 =word 

432 

Long word Operation 
010 «Dn>)-«ea>) 

long word Operation 
001 «An>)-«ea>) 

Long word 
110 

Operation 
«ea»EB«Dn» ~ <ea> 

10 = long word 

VMPU-223 
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AND 

MULU 

ABeD 

Op-Mode field: 
Byte Word 
000 001 

Long word Operation 
010 «ea»!\«Dn » ~ <Dn > 

100 101 110 «Dn »!\«ea» ~ <ea> 

RIM field a = data register to data register 
1 = memory to memory 

* If RIM = 0, specifies a data register 

TLCS-68000 

If RIM = 1, specifies an address register forthe predecrement addressing mode. 

EXG (Data Registers) 

15 14 13 12 11 10 9 8 7· 6 5 4 3 

VMPU-224 
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EXG (Data Register and Address Register) 

MULS 

ADD 

ADDA 

ADDX 

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

OP-Mode field: 
Byte Word 
000 001 
100 101 

OP-Mode field: 
Word 
011 

Size field: 00 = byte 
01 = word 

Long word 
010 
110 

432 

Operation 
«ea» + «Dn >) -'> <Dn > 
«Dn >) + «ea» -'> <ea> 

Long word Operation 
111 «ea>}+«An>}-,><An> 

10 = long word 
RIM field: a = data register to data register 

1 = memory to memory 
* : If RIM = 0, specifies a data register 

If RIM = 1, specifies an address register for the predecrement addressing mode. 
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dr field 

Size field 

i/r field 

Type field 

Type field 

dr field 

TLCS-68000 

0, specifies shift count 
1, specifies a data register that contains the shift 
count 

0= right 
1 = left 
00 = byte 
01 = word 
10 = long word 
0= immediate shift count 
1 = register shift count 
00 = arithmetic shft 
01 = logical shift 
10 = rotate with extend 
11 = rotate 

00 = arithmetic shift 
01 = log ical sh ift 
10 = rotate with extend 
11 = rotate 
o =right 
1 = left 
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APPENDIXD TMP68000 INSTRUCTION EXECUTION TIMES 

D.1 INTRODUCTION 

This Appendix contains listings of the instruction execution times in terms of 
external clock (CLK) periods. In this data, it is assumed that both memory read and 

write cycle times are four clock periods. A longer memory cycle will cause the 
generation of wait states which must be added to the total instruction time. 

The number of bus read and write cycles for each instruction is also included with the 

timing data. This data is enclosed in parenthesis following the number of clock periods 
and is shown as: (r/w) where r is the number of read cycles and w is the number of write 

cycles included in the clock period number. Recalling that either a read or write cycle 
requires four clock periods, a timing number given as 18(3/1) relates to 12 clock periods 
for the three read cycles, plus 4 clock periods for the one write cycle, plus 2 cycles 

required for some internal function of the processor. 

Note: 

The number of periods includes instruction fetch and all applicable operand fetches 
and stores. 

D.2 OPERAND EFFECTIVE ADDRESS CALCULATION TIMES 

Table D.1 lists the number of clock periods required to compute an instruction's 
effective address. It includes fetching of any extension words, the address computation, 
and fetching of the memory operand. The number of bus read and write cycles is shown 
in parenthesis as (r/w). Note there are no write cycles involved in processing the 
effective address. 
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Table D.l Effective Address Calculation Times 

Addressing Mode Byte, Word Long word 

Register 
Dn Data Register Direct 0 (0/0) o (0/0) 
An Address Register Direct 0 (0/0) o (0/0) 

Memory 
(An) Address Register Indirect 4 (1 /0) 8 (2/0) 
(An) + Address Register Indirect with Postincrement 4 (1/0) 8 (2/0) 

-(An) Address Register Indirect with Predecrement 6 (1/0) 10 (2/0) 
d16(An) Address Register Indirect with Displacement 8 (2/0) 12 (3/0) 

d8 (An, Xn)' Address Register Indirect with Index 10 (2/0) 14 (3/0) 
Abs.W Absolute Short 8 (2/0) 12 (3/0) 

Abs. L Absolute Long 12 (3/0) 16 (4/0) 
d 16 (PC) Program Counter with Displacement 8 (2/0) 12 (3/0) 

d16 (PC, Xn)' Program Counter with Index .:. 10 (2/0) 14 (3/0) 
#<data> Immediate 4 (1/0) 8 (2/0) 

The size of the index register (Xn) does not affect execution time. 

D.3 MOVE INSTRUCTION EXECUTION TIMES 

Table D.2 and D.3 indicate the number of clock periods for the move instruction. This 
data includes instruction fetch, operand reads, and operand writes. The number of bus 
read and write cycles is shown in parenthesis as (r/w). 
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Table D.2 Move Byte and Word Instruction Execution Times 

Source 
Destination 

Dn An (An) (An)+ - (An) d16(An) dS (An, Xn)* Abs.W Abs. L 

Dn 4 (1/0) 4 (11 0) 8(1/1) 8 (111) 8(1/1) 12 (211) 14 (2/1) 12 (2/1) 16 (1/3) 

An 4(1/0) 4 (110) 8(1/1) 8 (111) 8 (111) 12 (2/1) 14 (2/1) 12 (2/1) 16 (1/3) 

(An) 8 (2/0) 8 (21 0) 12 (2/1) 12 (2/1) 12(2/1) 16 (3/1) 18(3/1) 16 (3/1) 20 (4/1) 

(An) + 8(2/0) 8(2/0) 12 (2/1) 12 (2/1) 12 (2/1) 16 (3/1) 18(3/1) 16 (3/1) 20(4/1) 

- (An) 10 (21 0) 10 (21 0) 14 (2/1) 14(2/1) 14 (2/1) 18 (3/1) 20(3/1) 18 (3/1) 22 (1/4) 

d16 (An) 12 (31 0) 12 (3/0) 16 (3/1) 16 (3/1) 16 (3/1) 20 (4/1) 22 (4/1) 20(4/1) 24(5/1) 

dS (An, Xn)* 14 (31 0) 14 (3/0) 18 (3/1) 18 (3/1) 18 (3/1) 22 (4/1) 24(4/1) 22 (4/1) 26(5/1) 

Abs.W 12 (3/0) 12 (3/0) 16 (31 1) 16 (3/1) 16 (3/1) 20 (4/1) 22(4/1) 20 (4/1) 24 {51 1) 

Abs. L 16 (4/0) 16 (410) 20 (4/1) 20 (4/1) 20 (4/1) 24 {51 1) 26 (5/1) 24(5/1) 28 (6/1) 

d16 (PC) 12 (3/0) 12 (31 0) 16 (3/1) 16 (3/1) 16 (3/1) 20 (4/1) 22 (4/1) 20 (4i 1) 24 (5/1) 

dS (PC, Xn)* 14 (31 0) 14{3iO) 18{3i I) 18(3/1) 18 (31 i) 22{4i1) 24(4/1) 22(4/1) 26 (5 i 1) 

#<data> 8 (21 0) 8 (21 0) 12 (2/1) 12 (2/1) 12 (2/1) 16 (3/1) 18(3/1) 16 (3/1) 20(4/1) 

* The size of the index register (Xn) does not affect execution time. 

Table D.3 Move Long Word Instruction Execution Times 

Sou rce 
Destination 

Dn An (An) (An)+ - (An) d16(An) dS (An, Xn)* Abs. W Abs. L 

Dn 4 (II 0) 4 (1/0) 12 (1/2) 12 (1/2) 12 (112) 16 (212) 18 (2/2) 16 (212) 20 (3/2) 

An 4(1/0) 4(1/0) 12 (1/2) 12 {I 12) 12 {I 12) 16 (212) 18 (2/2) 16 (2/2) 20 (312) 

(An) 12 (31 0) 12 (3/0) 20 (312) 20 (3/2) 20 (3/2) 24 (4/2) 26(4/2) 24 (412) 28 (5/2) 

(An) + 12 (31 0) 12 (3/0) 20 (3/2) 20 (3/2) 20 (3/2) 24 (412) 26 (4/2) 24 (4/2) 28 (5/2) 

- (An) 14 (3/0) 14(3/0) 22 (3/2) 22 (3/2) 22 (3/2) 26 (4/2) 28 (4/2) 26 (412) 30 (5/2) 

d16(An) 16 (4iO) 16 (4/0) 24(4/2) 24 (4/2) 24 (412) 28 (512) 30 {5 1:1} 28 (5/2) 32 (6/2) 

dS (An, Xn)* 18 (4/0) 18 (4/0) 26 (41 2) 26 (41 2) 26 (412) 30 (512) 32 (sl2) 30 (s I 2) 34 (612) 

Abs.W 16 (4/0) 16 (410) 24 (41 2) 24(4/2) 24 (41 2) 28 (5/2) 30 (sl2) 28 (sl2) 32 (61 2) 

Abs. L 20 (5/0) 20 (s/O) 28 (sl2) 28 (5/2) 28 (5 I 2) 32 (61 2) 34 (6/2) 32 (6 I 2) 36 (7 I 2) 

d16(PC) 16 (4/0) 16 (4/0) 24(4/2) 24(4/2) 24 (41 2) 28 (51 2) 30 (512) 28 (s I 2) 32 (51 2) 

dS (PC, Xn)* 18(4/0) 18 (4/0) 26 (4 I 2) 26 (412) 26{4i2) 30 (5/2) 32 (5 I 2) 30 (5 I 2) 34 (612) 

#<data> 12 (3 I 0) 12 (310) 20 (3/2) 20 (3 I 2) 20 (3 I 2) 24(4/2) 26 (412) 24 (4 I 2) 28 (51 2) 

The size of the index register (Xn) does not affect execution time. 
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DA STANDARD INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Table DA indicates the time required to 
perform the operations, store the results, and read the next instruction. The number of 
bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods 

and the number of read and write cycles must be added respectively to those of the 
effective address calculation where indicated. 

In Table DA the headings have the following meanings: An = address register 
operand, Dn = data register operand, ea = an operand specified by an effective address, 
and M = memory effective address operand. 

Instruction 

ADD/ADDA 

AND 

CMP/CMPA 

DIVS 
DIVU 

EOR 

MULS 
MULU 

OR 

SUB 

Note: 

+ 
/\ 

* 
** 

*** 

Table DA Standard Instruction Execution Times 

Size op<ea>, An 1\ 

Byte, Word 6(1/0) +** 

Long word 8(1/0) + 
Byte, Word 
Long word -
Byte, word 6(110) + 
Long word 6(1/0)+ 

- -
- -

Byte, Word -
Long word -

- -
- -

Byte, Word -
Lonq word -
Byte, Word 8(110) + 
Lonq word 6(1/0) +** 

add effective address calculation time 

word or long word only 

op<ea>, Dn 

4(1/0) + 
6(1/0)+** 
4(110) + 
6(1/0)+** 
4(1/0) + 
6(1/0) + 

158 (1 10) + * 

140(1/0) * 
4(1/0) *** 

8(1/0)*** 
70 (1/0) + * 

70 (11 0) + * 
4(110) + 
6(1/0)+** 
4(1/0) + 
6(1/0) +** 

op Dn, <M> 

8(1/1)+ 
12(1/2) + 
8(1/1)+ 

12(1/2)+ 
-
-
-
-

8(1/1)+ 
12(1/2) + 

-
-

8(1/1)+ 
12(1/2) + 
8(1/1)+ 

12(1/2)+ 

indicates maximum basic value added to word effective address time. 

The base time of six clock periods is increased to eight if the effective address mode is 

register direct or immediate (effective address time should also be added). 

Only available effective address mode is data register direct. 

DIVS, DIVU - The divide algorithm used by the TMP68000 provides less than 10% difference 

between the best and worst case timings. 

MULS, MULU - The multiply algorithm requires 38 + 2n clocks where n is defines as: 

MULS: n = the number of ones in the < ea > 

MULU: n= concatanate the <ea>with a zero as the LSB;n is the resultant number of 10 

or 01 patterns in the 17-bit source; Le., worst case happens when the source is 

$5555. 
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D.5 IMMEDIATE INSTRUCTION EXECUTION TIMES 

+ 
* 

The number of clock periods shown in Table D.5 includes the time to fetch immediate 
operands, perform the operations, store the results, and read the next operation. The 
number of bus read and write cycles is shown in parenthesis as (r/w). The number of 

clock periods and number of read and write cycles must be added respectively to those of 
the effective address calculation where indicated. 

In Table D.5, the headings have the following meanings: 

# = immediate operand, 
Dn = data register operand, 
An = address register operand, 

M = memory operand. 
SR = status register. 

Table D.5 Immediate Instruction Execution Times 

Instruction Size 

ADDI Byte, Word 
Long word 

ADDQ 
Byte, Word 
Long word 
Byte, Word 

ANDI Long word 
Byte, Word 

CMPI Long word 
Byte, Word 

EaRl Lonq word 
MOVEQ Long word 

Byte, Word 
ORI 

Long word 
Byte, Word 

SUB I Long word 

SUBQ 
Byte, Word 
Long word 

add effective address calculation time 

word only 

op#, Dn op#, An 

8 (2 I 0) -
16 (3 I 0) -

4 (1 10) 8(1/0)* 
8 (1 10) 8 (1 10) 
8 (2 10) -

16 (3 I 0) -
8 (2 10) -

14 (3 10) -
8 (2 10) -

16 (3 10) -
4 (1 10) -
8 (2 I 0) -

16 (3 10) -
8 (2 10) -

16 (3 I 0) -
4 (1/0) 8(1/0)* 
8 (1 10) 8 (1 10) 

op#, M 

12 (2 I 1) + 
20 (312) + 
8(1/1)+ 

12(1/2)+ 
12 (2 I 1) + 
20 (3 11) + 

8 (2 I 0) + 
12 (3 I 0) + 
12(2/1) + 
20 (3 12) + 

-
12(2/1) + 
20 (312) + 
12 (2 I 1) 
20 (3 I 2) + 
8(111)+ 

12(1/2)+ 

D.6 SINGLE OPERAND INSTRUCTION EXECUTION TIMES 

Table D.6 indicates the number of clock periods for the single operand instructions. 

The number of bus read and write cycles is shown in parenthesis as (r/w). The number of 
clock periods and the number of read and write cycles must be added respectively to 
those of the effective address calculation where indicated. 
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Table D.6 Single Operand Instruction Execution Times 

Instruction Size Register Memory 

CLR Byte, Word 4 (1 10) 8(1/1)+ 

Long word 6 (1 10) 12(1/2)+ 

NBCD Byte 6 (1 10) 8(111) + 

NEG 
Byte, Word 4 (1 10) 8(1/1) + 

Long word 6 (1 10) 12(1/2)+ 

NEGX, 
Byte, Word 4 (1 10) 8(1/1)+ 

Long word 6 (1 10) 12(1/2) + 

NOT 
Byte, Word 4 (1/0) 8(111) + 

Long word 6 (1 10) 12(1/2) + 

Scc 
Byte, Word 4 (1/0) 8(1/1)+ 

Long word 6 (1 10) 8(1/1)+ 

TAS Byte 4 (1 10) 10(1/1) + 

Byte, Word 4 (1 10) 4(110) + 
TST Long word 4 (1 10) 4(1/0) + 

+ add effective address calculation time 

D.7 SHIFTIROTATE INSTRUCTION EXECUTION TIMES 

Table D.7 indicates the number of clock periods for the shift and rotate instructions. 
The number of bus read and write cycles is shown in parenthesis as (r!w). The number of 
clock periods and the number of read and write cycles must be added respectively to 
those of the effective address calculation where indicated. 

Table D.7 ShiftlRotate Instruction Execution Times 

Instruction Size Register Memory 

ASR, ASL Byte, Word 6+2n(1/0) 8(1/1)+ 
Long word 8+2n(1/0) 

LSR, LSL 
Byte, Word 6+2n(1/0) 8(1/1)+ 
Long word 8+2n (1 10) -

ROR, ROL 
Byte, Word 6+2n (1 10) 8(1/1)+ 

Long word 8+2n (1 10) -

ROXR, ROXL 
Byte, Word 6 + 2n (1 10) 8(1/1) + 

Lonq word 8+2n(1/0) -

+ add effective address calculation time for word operands 

n the shift count 
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D.S BIT MANIPULATION INSTRUCTION EXECUTION TIMES 

+ 

* 

Table D.S indicates the number of clock periods required for the bit manipulation 
instructions. The number of bus read and write cycles is shown in parenthesis as (r/w). 

The number of clock periods and the number of read and write cycles must be added 
respectively to those ofthe effective address calculation where indicated. 

Table D.S Bit Manipulation Instruction Execution Times 

Instruction Size 
Dynamic Static 

Register Memory Register Memory 

Byte - 8(1/1)+ - 12(2/1)+ 
BCHG Lonq word 8(1/0)* - 12 (2 10) -

Byte - 8(111)+ - 12 (2/1) + 
BCLR Lonq word 10(1/0) - 14(2/0)* -

Byte - 8(111)+ - 12(2/1)+ 
BSET Long word 8(1/0)* - 12(2/0)* -

Byte - 4(110) + - 8 (21 0)+ 
BTST Long word 6 (1 10) - 10 (2 1 0) -

add effective address calculation time 

indicates maximum value; data addressing mode only 

D.9 CONDITIONAL INSTRUCTION EXECUTION TIMES 

+ 

* 

Table D.9 indicates the number of clock periods required for the conditional 
instructions. The number of bus read and write cycles is indicated in parenthesis as 
(r/w). The number of clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation where indicated. 

Table D.9 . Conditional Instruction Execution Times 

Instruction Displacement 

Bee 
Byte 

Word 
Byte 

BRA 
Word 
Byte 

BSR 
Word 
cc true 

DBcc cc false, Count Not Expired 
cc false, Count Expired 

add effective address calculation time 

indicates maximum base value 
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Branch Taken 

10 (2/0) 

10 (2 10) 
10 (2 10) 

10 (2 10) 
18 (2 1 2) 

18 (2 1 2) 
-

10 (2 1 0) 
-

Branch Not Taken 

8 (1 10) 
12 (2/0) 

-
-
-
-

12 (2 10) 
-

14 (3/0) 
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D.lO JMP, JSR, LEA, PEA, AND MOVEM INSTRUCTION EXECUTIONTIMES 

Table D.lO indicates the number of clock periods required for the jump, jump-to­

subroutine, load effective address, push effective address, and move multiple registers 
instructions. The number of bus read and write cycles is shown in parenthesis as (r/w). 

Table D.lO JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 

In-strue· Size (An) (An) + - (An) d16(An) dB (An,Xn)* Abs.W Abs. L d16(PC) dB (Pc, Xn)* 
tion 

JMP - B (2/0) - - 10 (21 0) 14 (31 0) 10 (2/0) 12 (3/0) 10 (2/0) 14(3/0) 

JSR - 16 (2/2) - - 1B(212) 22 (2/2) 1B (2/2) 20 (3/2) 1B (212) 22 (2/2) 

LEA - 4 (1/0) - - B (2/0) 12 (21 0) B (2/0) 12 (3/0) B (2/0) 12 (2/0) 

PEA - 12 (1/2) - - 16 (2/2) 20 (2/2) 16 (2/2) 20 (3/2) 16 (2/2) 20 (2/2) 

Word 12 +4n 12 +4n - 16+4n 1B+4n 16+4n 20+4n 16+4n 1B+4n 

MOVEM (3+n/0) (3 + n I 0) (4+ n/O) (4+n/0) (4+n/0) (5+n/0) (4+ n/O) (4+ n/O) 

M ..... R Long 12 +Bn 12 + Bn - 16+ Bn 1B+Bn 16+Bn 20+ Bn 16 +Bn 1B+Bn 

(3 + 2n I 0) (3+2n/0) (4 + 2n/0) (4 + 2n I 0) (4 + 2n I 0) (5 + 2n I 0) (4 + 2n I 0) (4 + 2n/0) 

Word B+4n - B+4n 12 +4n 14+4n 12 +4n 16 +4n - -
MOVEM (2/n) (21 n) (31 n) (31 n) (31 n) (41 n) - -
R ..... M Long B+Bn - B+ Bn 12 +Bn 14+Bn 12 +Bn 16+Bn - -

(2/2n) - (2/2n) (3/2n) (312n) (3/2n) (4/2n) - -

n: the number of registers to move 

* . the size of the index register (Xn) does not affect the instruction's execution time 

D.ll MULTI-PRECISION INSTRUCTION EXECUTION TIMES 

Table D.ll indicates the number of clock periods for the multi-precision instructions. 
The number of clock periods includes the time to fetch both operands, perform the 
operations, store the results, and read the next instructions. The number of bus read 
and write cycles is shown in parenthesis as (r/w). 

In Table D.ll, the headings have the following meaning; Dn = data register 
operand and M = memory operand. 

Table D.ll Multi-Precision Instruction Execution Times 

Instruction Size op Dn, Dn opM,M 

ADDX 
Byte, Word 4 (1 10) 18(3/1) 
Long word 8 (1 10) 30 (5/2) 

CMPM 
Byte, Word 12 (3 1 0) 
Long word - 20 (5/0) 

SUBX 
Byte, Word 4 (1 10) 18(3/1) 
Long word 8 (1/0) 30 (5 1 2) 

ABCD Byte 6 (1/0) 18(3/1) 
SBCD Byte 6 (1/0) 18 (3 1 1) 
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D.12 MISCELLANEOUS INSTRUCTION EXECUTION TIMES 

Table D.12 and D.13 indicate the number of clock periods for the folowing 
miscellaneous instructions. The number of bus read and write cycles is shown in 
parenthesis as (r/w). The number of clock periods plus the number of read and write 

cycles must be added to those of the effective address calculation where indicated. 

Table D.12 Miscellaneous Instruction Execution Times 

Instruction Size Register Memory 

ANDI to CCR Byte 20 (3 1 0) -
ANDI to SR Word 20 (3 1 0) -
CHK (No Trap) - 10(1/0)+ -
EORI to CCR Byte 20 (3 10) -
EORI to SR Word 20 (3 10) -
ORI to CCR Byte 20 (3 1 0) -
ORI to SR Word 20(3/0) -
MOVE from SR - 6 (1 10) 8(111) + 

MOVE to CCR - 12(1/0) 12 (2/0) + 

MOVE to SR - 12(1/0) 12 (2 10) + 

EXG - 6 (1/0) -
Word 4 (1 10) -

EXT Long word 4 (1 10) -
LINK - 16 (2 1 2) -

MOVE from USP - 4 (1 10) -

MOVE to USP - 4 (1 10) -
NOP - 4 (1 10) -
RESET - 132 (1/0) -
RTE - 20 (5 1 0) -
RTR - 20 (5 1 0) -
RTS - 16(4/0) -
STOP - 4 (0 1 0) -
SWAP - 4 (1 10) -
TRAPV - 4 (1 10) -
UNLK - 12 (3 1 0) -

+ add effective address calculation time 

Table D.13 Move Peripheral Instruction Execution Times 

Instruction Size Register ~ Memory Memory~Register 

Word 16 (2 1 2) 16(4/0) 
MOVEP 

Long word 24 (2 14) 24 (6 1 0) 

VMPU-235 



TOSHIBA TLCS-68000 

D.13 EXCEPTION PROCESSING EXECUTION TIMES 

Table D.14 indicates the number of clock periods for exception processing. The 
number of clock periods includes the time for all stacking, the vector fetch, and the fetch 
of the first two instruction words of the handler routine. The number of bus read and 
write cycles is shown in parenthesis as (riw). 

+ 

** 

Table D.14 Exception Processing Execution Times 

Exception Periods 

Address Error 50 (417) 

Bus Error 50 (417) 

CHK Instruction 44(5/4) + 

Divide by Zero 42 (5/4) 

Jlegallnstruction 34(4/3) 

Interrupt 44 (5 1 3)* 

Privilege Violation 34 (4 1 3) 

·RESET** 40 (6 1 0) 

Trace 34 (41 3) 

TRAP Instruction 38(4/4) 

TRAPV Instruction 34(4/3) 

add effective address calculation time 

The interrupt acknowledge cycle is assumed to take four clock periods. 

Indicates the time from when RESET and HALT are first sampled as negated 

to when instruction execution satrts. 
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APPENDIXE TMP68008 INSTRUCTION EXECUTION TIMES 

E.l INTRODUCTION 

This Appendix contains listings of the instruction execution times in terms of 

external clock (CLK) periods. In this data, it is assumed that both memory read and 

write cycle times are four clock periods. A longer memorycycle will cause the 

generation of wait states which must be added to the total instruction time. 

The number of bus read and write cycles for each instruction is also included with 
the timing data. This data is enclosed in parenthesis following the number of clock 

periods and is shown as: (r/w) where r is the number of read cycles and w is the 

number of write cycles includedin the clock period number. Recalling that either a 
read or write cycle requires four clock periods, a timing number given as 18 (311) 

relates to 12 clock periods for the three read cycles, plus 4 clock periods for the one 

write cycle, plus 2 cycles required for some internal function of the processor. 

Note: 

The number of periods includes instruction fetch and all applicable operand 
fetches and stores. 
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E.2 OPERAND EFFECTIVE ADDRESS CALCULATION TIMES 

Table E.l lists the number of clock periods required to compute an instruction's 
effective address. It includes fetching of any extension words, the address 
computation, and fetching of the memory operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are no write cycles involved 

in processing the effective address. 

Table E 1 Effective Address Calculation Times 

Addressing Mode Byte Word Long word 

Register 

Dn Data Reg ister Di rect 0 (0 I 0) 0 (0/0) 0 (0 I 0) 

An Address Register Direct 0 (0 I 0) 0 (0 I 0) 0 (0 I 0) 

Memory 

(An) Data Register Indirect 4 (1 10) 8 (2 I 0) 16 (4 I 0) 

(An) + Address Register Indirect with Postincrement 4 (1 10) 8 (2 I 0) 16 (4/0) 

-(An) Address Register Indirect with Predecrement 6 (1 10) 10 (2 I 0) 18 (4/0) 

d16(An) Address Register Indirect with Displacement 12 (3/0) 16 (4/0) 24 (6 I 0) 

d8 (An, Xn)* Address Register Indirect with Index 14 (3/0) 18 (4 I 0) 26 (6 I 0) 

Abs.W Absolute Short 12 (3 10) 16 (4/0) 24 (6 I 0) 

Abs.L Absolute Long 20 (5 I 0) 24 (6 I 0) 32 (8 I 0) 

d16 (PC) Program Counter with Displacement 12 (3 10) 16 (4/0) 24 (6 I 0) 

d8 (PC, Xn)* Program Counter with Index 14 (3 10) 18 (4/0) 26 (6 I 0) 

#<data> Immediate 8 (2/0) 8 (2 I 0) 16 (4/0) 

*. The size of the index register (Xn) does not affect execution time. 
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E.3 MOVE INSTRUCTION EXECUTION TIMES 

Table E.2, E.3 and EA indicate the number of clock periods for the move 
instruction. This data includes instruction fetch, operand reads, and operand writes. 

The number of bus read and write cycles is shown in parenthesis as (riw). 

Table E.2 Move Byte Instruction Execution Times 

Source 
Destination 

On An (An) (An) + -(An) d16(An) dS (An,Xn)* Abs.W Abs.L 

On 8 (2/0) 8 (2/0) 12(2/1) 12 (2/1) 12 (2/1) 20 (4/1) 22 (4/1) 20 (4/1) 28 (6/1) 

An 8 (2/0) 8 (2/0) 12 (2/1) 12 (2/1) 12(2/1) 20 (4/1) 22 (4/1) 20 (4/1) 28 (6/1) 
(An) 12 (3/0) 12 (3/0) 16 (3/1) 16 (3/1) 16(3/1) 24 (5/1) 26 (5/1) 24 (5/1) 32 (7/1) 

(An) + 12 (3/0) 12 (3/0) 16 (3/1) 16 (3/1) 16 (3/1) 24(5/1) 26 (5/1) 24 (5/1) 32 (7/1) 
-(An) 14 (3/0) 14 (3/0) 18(3/1) 18 (3/1) 18(3/1) 26 (5/1) 28 (5/1) 26 (5/1) 34 (7/1) 
d16 (An) 20 (SID) 20 (SID) 24(5/1) 24 (5/1) 24 (5/1) 32(7/1) 34 (7/1) 32 (7/1) 40 (9/1) 

d8 (An, Xn)* 22 (SID) 22 (SID) 26 (5/1) 26 (5/1) 26 (5/1) 34 (7/1) 36 (7/1) 34 (7/1) 42 (9/1) 

AbsW 20 (SID) 20 (SID) 24 (5/1) 24 (5/1) 24 (5/1) 32 (7/1) 34(7/1) 32 (7/1) 40 (9/1) 
Abs.L 28 (710) 28 (710) 32 (7/1) 32(711) 32(7/1) 40 (9/1) 42 (911) 40 (9/1) 48 (11/1) 
d16 (PC) 20 (SID) 20 (SID) 24(5/1) 24 (5/1) 24 (5/1) 32(7/1) 34 (7/1) 32 (7/1) 40 (9/1) 
d8 (PC, Xn)* 22 (SID) 22 (SID) 26 (5/1) 26 (5/1) 26 (5/1) 34 (7/1) 36 (7/1) 34 (7/1) 42 (9/1) 

#<data> 16 (4/0) 16 (4/0) 20 (411) 20 (4/1) 20 (4/1) 28 (6/1) 30 (6/1) 28 (6/1) 36 (8/1) 

*. The size of the index register (Xn) does not affect execution time. 

'Table E.3 Move Word Instruction Execution Times 

Source 
Destination 

On An (An) (An) + -(An) d16(An) dS (An,Xn)* AbsW Abs.L 

On 8 (2/0) 8 (2/0) 16 (2/2) 16 (2/2) 16 (2/2) 24 (4/2) 26 (4/2) 20 (4/2) 32 (6/2) 

An 8 (2/0) 8 (2/0) 16 (2/2) 16 (2/2) 16 (2/2) 24 (4/2) 26 (4/2) 20 (4/2) 32 (6/2) 
(An) 16 (4/0) 16 (4/0) 24 (4/2) 24 (4/2) 24 (4/2) 32 (6/2) 34 (6/2) 32 (6/2) 40 (8/2) 

(An) + 16 (4/0) 16 (4/0) 24 (4/2) 24 (4/2) 24 (4/2) 32 (6/2) 34 (6/2) 32 (6/2) 40 (8/2) 
-(An) 18 (4/0) 18 (4/0) 26 (4/2) 26 (4/2) 26 (4/2) 34 (6/2) 32 (6/2) 34 (6/2) 42 (8/2) 
d16(An) 24 (6/0) 24 (6/0) 32 (6/2) 32 (6/2) 32 (6/2) 40 (8/2) 44 (8/2) 40 (8/2) 48 (10/2) 
d8(An, Xn)* 26 (6/0) 26 (6/0) 34 (6/2) 34 (6/2) 34 (6/2) 42 (8/2) 44 (8/2) 42 (8/2) 50 (10/2) 

Abs.W 24 (6/0) 24 (6/0) 32 (6/2) 32 (6/2) 32 (6/2) 40 (8/2) 42 (8/2) 40 (8/2) 48 (10/2) 

Abs.L 32 (8/0) 32 (8/0) 40 (8/2) 40 (8/2) 40 (8/2) 48 (10/2) 50 (10/2) 48 (10/2) 56(12/2) 

d16(PC) 24 (6/0) 24 (6/0) 32 (6/2) 32 (6/2) 32 (6/2) 40 (8/2) 42 (8/2) 40 (8/2) 48 (10/2) 

d8(PC, Xn)* 26 (6/0) 26 (6/0) 34 (6/2) 34 (6/2) 34 (6/2) 42 (8/2) 44 (8/2) 42 (8/2) 50 (10/2) 

#<data> 16 (4/0) 16 (4/0) 24 (4/2) 24 (4/2) 24 (4/2) 32 (6/2) 34 (6/2) 32 (6/2) 40 (8/2) 

*. The size of the index register (Xn) does not affect execution time. 
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Table EA Move Long Word Instruction Execution Times 

Source 
Destination 

Dn An (An) (An) + -(An) d16 (An) KJ8(An,Xn)* AbsW Abs,L 

Dn 8 (2/0) 8 (2/0) 24 (2/4) 24 (2/4) 24 (2/4) 32 (4/4) 34 (4/4) 32 (4/4) 40 (6/4) 

An 8 (2/0) 8 (2/0) 24 (2/4) 24 (2/4) 24 (2/4) 32 (4/4) 34 (4/4) 32 (4/4) 40 (6/4) 

(An) 24 (6/0) 24 (6/0) 40 (6/4) 40 (6/4) 40 (6/4) 48 (8/4) 50 (814) 48 (8/4) 56 (10/4) 

(An) + 24 (6/0) 24 (6/0) 40 (6/4) 40 (6/4) 40 (6/4) 48 (8/4) 50 (8/4) 48 (8/4) 56(10/4) 

-(An) 26 (6/0) 26 (6/0) 42 (6/4) 42 (6/4) 42 (6/4) 50 (8/4) 52 (8/4) 50 (8/4) 58 (10/4) 
d16 (An) 32 (8/0) 32 (8/0) 48 (8/4) 48 (8/4) 48 (8/4) 56 (1014) 58 (10/4) 56 (10/4) 64 (12/4) 

d8 (An, Xn)* 34 (8/0) 34 (8/0) 50 (8/4) 50 (8/4) 50 (8/4) 58 (10/4) 60 (10/4) 58 (1014) 66 (12/4) 

Abs.W 32 (8/0) 32 (8/0) 48 (8/4) 48 (8/4) 48 (8/4) 56(10/4) 58(10/4) 56 (10/4) 64 (12/4) 

Abs.L 40(10/0) 40 (10/0) 56 (10/4) 56 (10/4) 56(10/4) 64 (12/4) 66 (12/4) 64 (12/4) 72(14/4) 
d16 (PC) 32 (8/0) 32 (8/0) 48 (814) 48 (8/4) 48 (8/4) 56(10/4) 58(1014) 56(10/4) 64(12/4) 
d8(PC, Xn)* 34 (8/0) 34 (8/0) 50 (8/4) 50 (8/4) 50 (8/4) 58 (10/4) 60(10/4) 58 (10/4) 66 (12/4) 

#<data> 24 (6/0) 24 (6/0) 40 (6/4) 40 (6/4) 40 (6/4) 48 (8/4) 50 (8/4) 48 (8/4) 56(10/4) 

*: The size of the index register (Xn) does not affect execution time. 

EA STANDARD INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Table E.5 indicates the time required to 
perform the operations, store the results, and read the next instruction. The number 
of bus read and write cycles is shown in parenthesis as (r/w). The number of clock 
periods and the number of read and write cycles must be added respectively to those 
of the effective address calculation where indicated. In Table E.5 the headings have 
the following meanings: An = address register operand, Dn = data register 
operand, ea = an operand specified by an effective address, and M = memory 
effective address operand. 
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Instruction 

ADD/ADDA 

AND 

CMP/CMPA 

DIVS 
DIVU 

EOR 

MULS 
MULU 

OR 

SUB 

Notes: 

+ 

* 
** 

*** 

TLCS-68000 

Table E.5 Standard Instruction Execution Times 

Size op<ea>, An op<ea>, Dn op Dn, <M> 

Byte - 8 (2/0) + 12 (2/1) + 

Word 12 (210) + 8 (2/0) + 16 (2/2) + 

Long word 10(2/0)+** 10 (2/0) +** 24 (2/4) + 

Byte - 8 (2/0) + 12 (2/1) + 

Word - 8 (2/0) + 16 (2/2) + 

Long word - 10 (2/0) + ** 24 (2/4) + 

Byte - 8 (2/0) + -
Word 10 (210) + 8 (2/0) + -
Long word 10 (2/0) + 10 (2/0) + -

- 162 (2/0) * -
- 144 (2/0) * -

Byte - 8 (2/0) + *** 12 (2/1) + 

Word - 8 (2/0) + *** 16 (2/2) + 

Long word - 12 (2/0) + *** 24 (2/4) + 
- 74 (2/0) + * -
- 74 (2/0) + * -

Byte - 8 (2/0) + 12 (2/1) + 

Word - 8 (2/0) + 16 (2/2) + 

Long word - 10 (2/0) + ** 24 (2/4) + 

Byte - 8 (2/0) + 12 (211) + 

Word 12 (2/0) + 8 (2/0) + 16 (2/2) + 

Long word 10 (2/0) + ** 10 (2/0) ** 24 (2/4) + 

add effective address calculation time 

Indicates maximum base value added to word effective address time. 

The base time of 10 clock periods is increased to 12 if the effective address 

mode is register direct or immediate 

(effective address time should also be added). 

Only available effective address mode is data register direct. 

DIVS, DIVU - The divide algorithm used by the TMP68008 provides less than 

10% difference between the best and worst case timings. 

MULS, MULU - The multiply algorithm requires 42 + 2n clocks where n is defined 

as: 

MULS n =tag the < ea> with a zero as the MSB; n is the resultant number 

of 10 or 01 patterns in the 17-bit source, i.e., worst case happens 

when the source is $5555. 

MULU n=the number of ones in the <ea> 
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E.5 IMMEDIATE INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Table E.6 includes the time to fetch 
immediate operands, perform the operations, store the results, and read the next 

operation. The number of bus read and write cycles is shown in parenthesis as (r/w). 
The number of clock periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where indicated. In Table 

E.6, the headings have the follwing meanings: # = immediate operand, Dn = data 
register operand, An = address register operand, and M = memory operand. 

Table E.6 Immediate Instruction Execution Times 

Instruction Size op#, Dn op#, An op#, M 

Byte 16 (4/0) - 20 (4/1) + 
ADDI Word 16 (4/0) - 24 (4/2) + 

Long word 28 (6/0) - 40 (6/4) + 
Byte 8 (2/0) - 12 (2/1) + 

ADDQ Word 8 (2/0) 12 (2/0) 16 (2/2) + 
Lon word 12 (2/0) 12 (2/0) 24 (2/4) + 
Byte 16 (4/0) - 20 (4/1) + 

ANDI Word 16 (4/0) - 24 (4/2) + 
Lon word 28 (6/0) - 40 (6/4) + 
Byte 16 (4/0) - 16 (4/0) + 

CMPI Word 16 (4/0) - 16 (4/0) + 
Lon word 26 (6/0) - 24 (6/0) + 
Byte 16 (4/0) - 20 (4/1) + 

EORI Word 16 (4/0) - 24 (4/2) + 
Lon word 28 (6/0) - 40 (6/4) + 

MOVEQ Lon word 8 (2/0) - -
Byte 16 (4/0) - 20 (4/1) + 

ORI Word 16 (4/0) - 24 (4/2) + 
Lon word 28 (6/0) - 40 (6/4) + 
Byte 16 (4/0) - 12 (2/1) + 

SUBI Word 16 (4/0) - 16 (2/2) + 
Lon word 28 (6/0) - 24 (2/4) + 
Byte 8 (2/0) - 20 (4/1) + 

SUBQ Word 8 (2/0) 12 (2/0) 24 (4/2) + 
Lon word 12 (2/0) 12 (2/0) 40 (6/4) + 

+ add effective address calculation time 
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E.6 SINGLE OPERAND INSTRUCTION EXECUTION TIMES 

Table E.7 indicates the number of clock periods for the single operand 
instructions. The number of bus read andwrite cycles is shown in parenthesis as 

(r/w). The number of clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation where indicated. 

Table E.7 Single Operand Instruction Execution Times 

Instruction Size Register Memory 

Byte 8 (2/0) 12(2/1)+ 

CLR Word 8 (2/0) 16 (2/2) + 

Long word 10(2/0) 24 (2/4) + 

NBCD Byte 10(2/0) 12 (2/1) + 

Byte 8 (2/0) 12 (2/1) + 

NEG Word 8 (2/0) 16 (2/2) + 

Long word 10 (2/0) 24 (2/4) + 

Byte 8 (2/0) 12 (2/1) + 

NEGX Word 8 (2/0) 16 (2/2) + 

Long word 10(2/0) 24 (2/4) + 

Byte 8 (2/0) 12 (2/1) + 

NOT Word 8 (2/0) 16 (2/2) + 

Long word 10 (2/0) 24 (2/4) + 

Byte, False 8 (2/0) 12 (211) + 
Sec Byte, True 10 (2/0) 12 (2/1) + 

TAS Byte 8 (2/0) 14 (2/1) + 

Byte 8 (2/0) 8 (2/0) + 

TST Word 8 (2/0) 8 (2/0) + 

Long word 8 (2/0) 8 (2/0) + 

+ add effective address calculation time. 
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E.7 SHIFTIROTATE INSTRUCTION EXECUTION TIMES 

Table E.8 indicates the number of clock periods for the shift and rotate 
instructions. The number of bus read and write cycles is shown in parenthesis as 

(r/w). The number of clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation where indicated. 

Table E.8 ShiftlRotate Instruction Execution Times 

Instruction Size Register Memory 

Byte 10 + 2n (2/0) -
ASR, ASL Word 10 + 2n (2/0) 16 (2/2) + 

Long word 12 + 2n (2/0) -
Byte 10 + 2n (2/0) -

LSR, LSL Word 10 + 2n (2/0) 16 (2/2) + 

Long word 12+2n(2/0) -
Byte 10 + 2n (2/0) -

ROR, ROL Word 10 + 2n (2/0) 16 (2/2) + 

Long word 12 + 2n (2/0) -
Byte 10 + 2n (2/0) -

ROXR, ROXL Word 10 + 2n (2/0) 16 (2/2) + 

Long word 12+2n(2/0) -

+: add effective address calculation time for word operands 
n: is the shift count . 

E.8 BIT MANIPULATION INSTRUCTION EXECUTION TIMES 

Table E.g indicates the number of clock periods required for the bit manipulation 

instructions. The number of bus read and write cycles is shown in parenthesis as 
(r/w). The number of clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation where indicated. 
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Table E.9 Bit Manipulation Instruction Execution Times 

Dynamic Static 
Instruction Size 

Register Memory Register Memory 

Byte - 12 (2/1) + - 20 (411) + 
BCHG Long word 12 (2/0) * - 20 (4/0)* -

Byte - 12 (2/1) + - 20 (4/1) + 
BCLR 

Long word 14 (2/0) * 22 (4/0)* - -
Byte - 12 (2/1) + - 20 (4/1) + 

BSET 
Long word 12 (2/0) * 20 (4/0)* - -
Byte - 8 (2/0) + - 16 (4/0) + 

BTST 
Long word 10 (2/0) * 18 (4/0)* - -

add effective address calculation time + 
* Indicates maximum value; data addressing mode only 

E.9 CONDITIONAL INSTRUCTION EXECUTION TIMES 

Table E.lO indicates the number of clock periods required for the conditional 

instructions. The number of bus read and write cycles is indicated in parenthesis as 
(r/w). The number of clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation where indicated. 

Table E.lO Conditional Instruction Execution Times 

Instruction Displacement 
Trap or Trap or 

+ 
* 

Branch Taken Branch Not taken 

Byte 18 (4/0) 12 (2/0) 
Bcc 

Word 18 (4/0) 20 (4/0) 

Byte 18 (4/0) -
BRA 

Word 18 (4/0) -
Byte 34 (4/4) -

BSR 
Word 34 (4/4) -

cc True - 20 (4/0) 
DBcc 

cc False 18 (4/0) 26 (6/0) 

CHK - 68 (8/6) + * 14 (2/0) + 

TRAP - 62 (8/6) -
TRAPV - 66 (10/6) 8 (2/0) 

add effective address calculation time for word operand 
indicates maximum base value 
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E.10 JMP, JSR, LEA, PEA, AND MOVEM INSTRUCTION EXECUTION TIMES 

Table E.1l indicates the number of clock periods required for the jump, jump-to­

subroutine, load effective address, push effective address, and move multiple 

registers instructions. The number of bus read and write cycles is shown in 

parenthesis as (r/w). 

Table E.1l JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 

Instruction Size (An) (An)+ • (An) d16(An) d8(An, Xn)'" Abs,W Abs,l d16(PC) d8 (PC, Xn)' 

JMP - 16 (4/0) - - 18 (4/0) 22 (4/0) 18 (4/0) 24(6/0) 18 (4/0) 22 (4/0) 

JSR - 32 (4/4) - - 34 (4/4) 38 (4/4) 34(4/4) 40 (6/4) 34(4/4) 32 (4/4) 

LEA - 8 (2/0) - - 16 (4/0) 20 (4/0) 16 (4/0) 24(6/0) 16 (4/0) 20 (4/0) 

PEA - 24 (2/4) - - 32 (4/4) 36 (4/4) 32 (4/4) 40 (6/4) 32 (4/4) 36(4/4) 

Word 24+8n 24+ 8n - 32 +8n 34+8n 32 +Bn 40 + Sn 32 +8n 34+8n 

MOVEN (6 + 2n/0) (6 + 2n/0) - (8+ 2n/0) (8 + 2n/0) (10+ n/O) (10 + 2n/0) (8 + 2n/0) (8 + 2n/0) 

N~R Long word 24 +' 6n 24 + 1Gn - 32 + 16n 34+16n 32 + 16n 40 + 16n 32 + 16n 32 + 16n 

(6 + 4n/0) (6+4n/0) - (8 + 4n/0) (8 + 4n/0) (8 + 4n/0) (8+4n/0) (8 +4n/0) (8+4n/0) 

Word 16+8n - 16+ 8n 24+8n 26 + 8n 24 +80 32 +8n - -
MOVEN (4/2n) - (4/2n) (6/2n) (6/2n) (6/2n) (8/2n) - -
R~N Long word 16+ 16n - 16+ 16n 24 + 16n 26 +' 6n 24 + 16n 32 + 16n - -

(4/4n) - (4/4n) (6/4n) (8/4n) (6/4n) - -
the number of registers to move 

the size of the index register (Xn) does not affect the instruction's execution time 
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E.ll MULTI-PRECISION INSTRUCTION EXECUTION TIMES 

Table E.12 indicates the number of clock periods for the multi-precision 
instructions. The number of clock periods includes the time to fetch both operands, 

perform the operations, store the results, and read the next instructions. The. 
number of bus read and write cycles is shown in parenthesis as (r/w). 

Table E.12 Multi-Precision Instruction Execution Times 

Instruction Size OPDn, Dn OPM, M 

Byte 8 (2/0) 22 (4/1) 

ADDX Word 8 (2/0) 50 (6/2) 

Long word 12 (2/0) 58 (10/4) 

Byte - 16 (4/0) 

CMPM Word - 24 (6/0) 

Long word - 40(10/0) 

Byte 8 (2/0) 22 (4/1) 

SUBX Word 8 (2/0) 50 (6/2) 

Long word 12 (2/0) 58 (10/4) 

ABCD Byte 10(2/0) 20 (4/1) 

SBCD Byte 10(2/0) 20 (411) 
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E.12 MISCELLANEOUS INSTRUCTION EXECUTION TIMES 

Table E.13 and E.14 indicate the number of clock periods for the folowing 
miscellaneous instructions. The number of bus read and write cycles is shown in 
parenthesis as: (r/w). The number of clock periods plus the number of read and write 
cycles must be added to those of the effective address calculation where indicated. 

Table E.13 Miscellaneous Instruction Execution Times 

Instruction Register Memory 

ANDI to CCR 32 (6/0) -
ANDI to SR 32 (6/0) -
EORI to CCR 32 (6/0) -
EORI to SR 32 (6/0) -
EXG 10(2/0) -
EXT 8 (2/0) -
LINK 32 (4/4) -
MOVE to CCR 18 (4/0) 18 (4/0) + 

MOVE to SR 18 (4/0) 18 (4/0) + 

MOVE from 

SR 
10(2/0) 16 (2/2) + 

MOVE to USP 8 (2/0) -
MOVE from 

USP 
8 (2/0) -

NOP 8 (2/0) -
ORI to CCR 32 (6/0) -
ORI to SR 32 (6/0) -
RESET 136 (2/0) -
RTE 40 (10/0) -
RTR 40 (10/0) -
RTS 32 (8/0) -
STOP 4 (0/0) -
SWAP 8 (2/0) -
UNLK 24 (6/0) -

+ add effective address calculation time for word operand 

Table E.14 Move Peripheral Instruction Execution Times 
Instruction Size Register~Memory Memory~Register 

MOVEP 
Word 24 (4/2) 24 (6/0) 

Long word 32 (4/4) 32 (8/0) 

+ add effect! ve address calculatIOn time 
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E.13 EXCEPTION PROCESSING EXECUTION TIMES 

Table E.15 indicates the number of clock periods for exception processing. The 
number of clock periods includes the time for all stacking, the vector fetch, and the 

fetch of the first instruction of the handler routine. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). 

+ : 

** . 

Table E.15 Exception Processing Execution Times 

Exception Periods 

Address Error 94 (8/14) 

Bus Error 94 (8/14) 

CHK Instruction 68 (8/6) + 
Divide by Zero 66 (8/6) + 
Interrupt 72 (9/6)* 

Illegal Instruction 62 (8/6) 

Privileged Instruction 62 (8/6) 

RESET** 64 (12/0) 

Trace 62 (8/6) 

TRAP Instruction 62 (8/6) 

TRAPV Instruction 66(10/6) 

add effective address calculation time 

Indicates the time from when RESET and HALT are first sampled as negated to 

when instruction execution starts. 
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i APPENDIXF TMP68010 INSTRUCTION EXECUTION TIMES 

I F.1 
i 
I 
I 
I 

INTRODUCTION 

This Appendix contains listings of the instruction execution times in terms of 

external clock (CLK) periods. In this data, it is assumed that both memory read and 
write cycle times are four clock periods. A longer memory cycle will cause the 

generation of wait states which must be added to the total instruction time. 
The number of bus read and write cycles for each instruction is also included with 

the timing data. This data is enclosed in parenthesis following the number of clock 
periods and is shown as: (r/w) where r is the number of read cycles and w is the 

number of write cycles included in the clock period number. Recalling that either a 
read or write cycle requires four clock periods, a timing number given as 18(311) 

relates to 12 clock periods for the three read cycles, puIs 4 clock periods for the one 
'!yrite cycle, puIs 2 cycles required for some internal function of the processor. 

Note: 

The number of periods includes instruction fetch and all applicable operand 
fetches and stores. 

OPERAND EFFECTIVE ADDRESS CALCULATION TIMES 

Table P.1 lists the number of clock periods required to compute an instruction's 
effective address. It includes fetching of any extension words if necessary. Several 
instructions do not need the operand at the effective address to be fetched and thus 
require fewer clock periods to calculate a given effective address than the 
instructions that fetch the effective address operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are no write cycles involved 
in processing the effective address. 
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I 
Table F.l Effective Address Calculation Times I 

-
II 

Byte, Word Long word 
Addressing Mode 

Fetch No Fetch Fetch No Fetch 

Register II 
Dn Data Register Direct 0(010) - 0(010) - II 
An Address Register Direct 0(010) - 0(010) -

1 

Memory 

(An) Address Register Indirect 4 (1/0) 2 (010) 8 (2/0) 2 (2/0) 

(An) + Address Register Indirect with Postincrement 4 (1/0) 4(010) 8 (210) 4 (010) 

·An Address Register Indirect with Predecrement 6 (1/0) 4 (010) 10 (2/0) 4 (010) 

II 
d16(An) Address Register Indirect with Displacement 8 (2/0) 4(010) 12 (310) 4 (1/0) 

d8(An, Xn)* Address Register Indirect with Index 10 (2/0) 8 (110) 14(3/0) 8 (110) 

Abs.W Absolute Short 8 (2/0) 4 (110) 12 (3/0) 4 (1/0) 

il Abs.L Absolute Long 12 (3/0) 8 (2/0) 16 (4/0) !l (2/0) 

d16(PC) Program Counter with Displacement 8 (2/0) - 12 (3/0) - I, 

r 
d8 (PC, Xn)* Program Counter with Index 10 (2/0) - 14 (3/0) -

il #<data> Immediate 4 (1/0) - 8 (2/0) -
i * . The SIze of the I,ndex regIster (Xn) does not affect executIOn tIme. 

F.3 MOVE INSTRUCTION EXECUTION TIMES 
1 
I 
1 
! 

Table F.2, F.3, FA and F.5 indicate the number of clock periods for the move 
instruction. This data includes instruction fetch, operand reads, and opeTand i 

writes. The number of bus read and write cycles is shown in parenthesis as (l'/w). ! 

I Table F.2 Move Byte and Word Instruction Execution Times 
Destination I 

Source 
(An) (An) + • (An) d16(An) Dn An d8 (An, Xn)* Abs.W Abs.L I' 

Dn 4 (1/0) 4 (110) 8 (1/1) 8 (1/1) 8 (1/1) 12 (2/1) 14 (2/1) 12 (2/1) 16 (3/1) 1 
I 

An 4 (110) 4 (110) 8 (1/1) 8 (1/1) 8 (1/1) 12 (2/1) 14 (2/1) 12 (2/1) 16 (3/1) !' 
(An) 8 (2/0) 8(2/0) 12 (211) 12 (2/1) 12 (2/1) 16 (3/1) 18 (3/1) 16 (3/1) 20 (4/1) I 
(An) + 8 (2/0) 8(2/0) 12 (211) 12 (2/1) 12 (2/1) 16 (3/1) 18(3/1) 16 (3/1) 20 (4/1) 

iii -(An) 10 (2/0) 10(2/0) 14 (2/1) 14 (2/1) 14 (2/1) 18 (3/1) 20 (3/1) 18 (3/1) 22 (4/1) 

d16 (An) 12 (3/0) 12 (3/0) 16 (3/1) 16 (3/1) 16 (3/1) 20 (4/1) 22 (4/1) 20 (4/1) 24 (4/1) III 
d8 (An, Xn) * 14 (3/0) 14 (3/0) 18 (3/1) 18(3/1) 18 (3/1) 22 (4/1) 24 (4/1) 22 (4/1) 26 (5/1) 

ill AbsW 12 (3/0) 12 (3/0) 16 (3/1) 16 (3/1) 16 (3/1) 20 (4/1) 22 (4/1) 20 (4/1) 24 (5/1) 

"I Abs.L 16 (4/0) 16 (4/0) 20 (4/1) 20 (4/1) 20 (4/1) 24 (5/1) 26 (5/1) 24 (5/1) 28 (6/1) i; 
I.' 

d16(PC) 12 (3/0) 12 (3/0) 16 (3/1) 16 (3/1) 16 (3/1) 20 (4/1) 22 (4/1) 20 (4/1) 24 (5/1) Ii 
d8 (PC, Xn) * 14 (3/0) 14 (3/0) 18 (3/1) 18 (3/1) 18 (3/1) 22 (4/1) 24 (4/1) 22 (4/1) 26 (51i) 

il #<data> 8 (2/0) 8(2/0) 12 (211) 12 (2/1) 12 (2/1) 16 (3/1) 18 (3/1) 16(3/1) 20 (4/1) 

-*. The size of the index register (Xn) does not affect execution time. 
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Table F.3 Move Byte and Word Instruction Loop Mode Execution Times 
Loop Continued Loop Terminated , 

Valid Count, cc False Valid Count, cc True Expired Count 

Destination 
Source 

(An) (An) + -(An) (An) (An) + -(An) (An) (An) + • (An) 

On 10 (011) 10 (011) - 18 (2/1) 18(2/1) - 16 (2/1) 16 (2/1) -
An* 10 (011) 10 (011) - 18 (2/ 1) 18(2/1) - 16 (2/1) 16 (2/ 1) -
(An) 14 (1/1) 14 (1/1) 16 (1/1) 20 (3/1) 20 (3/ 1) 22 (3/ 1) 18 (3/1) 18(3/1) 20 (3 /1) 

(An) + 14 (1/1) 14(1/1) 16 (1 / 1) 20 (3/1) 20 (3/1) 22 (3/ 1) 18 (3/1) 18 (3/ 1) 20 (3/1) 

• (An) 16 (1/1) 16 (1/1) 18(1/1) 22 (3/1) 22 (3/ 1) 24 (3/1) 20 (3/1) 20 (3/ 1) 22 (3/1) 

*. 

Table FA Move Long Word Instruction Execution Times 
Destination 

Source 
(An) (An) + • (An) d16(An) Abs.w Abs.L On An d8 (An,Xn)"" 

On 4 (1/0) 4 (1/0) 12 (112) 12 (1/2) 14 (1/2) 16 (2/2) 18 (2/ 2) 16 (2/2) 20 (3/2) 

An 4 (1/0) 4 (1/0) 12 (1 /2) 12 (1/2) 14 (1/2) 16 (2/2) 18 (2/2) 16 (2/2) 20(3/2) 

(An) 12 (3/0) 12 (3/0) 20 (3/2) 20(3/2) 20 (3/2) 24(4/2) 26(4/2) 24 (4/ 2) 28 (5/2) 

(An) + 12 (3/0) 12 (3/0) 20 (3/2) 20 (3/2) 20 (3/2) 24(4/2) 26 (412) 24 (4/2) 28(5/2) 

-(An) 14 (31 0) 14 (31 0) 22 (3/2) 22 (3/2) 22 (3/2) 26 (4/2) 28(4/2) 26(4/2) 30 (5/2) 

d16(An) 16 (4/0) 16 (41 0) 24 (4/2) 24 (4/2) 24 (412) 28 (5/2) 30 (5/2) 28 (5/2) 32 (6/2) 

d8(An, Xn) * 18 (41 0) 18 (4/0) 26(4/2) 26 (4/2) 26 (4/2) 30 (5/2) 32 (5/2) 30 (512) 34(6/2) 

Abs.w 16 (41 0) 16 (4/0) 24 (4/2) 24 (4/2) 24 (4/2) 28 (5/2) 30 (5/2) 28 (5/2) 32 (6/2) 

Abs.L 20(5/0) 20 (51 0) 28 (5/2) 28 (512) 28 (5/2) 32(6/2) 34 (6/2) 32 (6/2) 36 (7/2) 

d16(PC) 16 (4/0) 16 (41 0) 24 (4/2) 24 (412) 24 (4/2) 28 (5/2) 30 (512) 28 (5/2) 32 (6/2) 

d8 (PC, Xn) * 18 (4/0) 18(4/0) 26 (412) 26(4/2) 26(4/2) 30 (5/2) 32 (5/2) 30 (5/2) 34(6/2) 

#<data> 12 (3/0) 12 (3/0) 20 (3/2) 20 (3/2) 20 (3/2) 24 (4/2) 26 (4/2) 24 (4/2) 28(5/2) 

*: The size ofthe index register (Xn) does not affect execution 

Table F.5 Move Long Word Instruction Loop Mode Execution Times 
Loop Continued Loop Terminated 

Valid Count, cc False Valid Count, cc True Expired Count 

Destination 
Source 

(An) (An) + -(An) (An) (An) + -(An) (An) (An) + -(An) 

On 14 (0/2) 14 (0/2) - 20 (2/2) 20 (2/2) - 18(2/2) 18 (2/2) -
An 14 (0/2) 14 (0/2) - 20 (2/2) 20 (2/2) - 18 (2/2) 18 (2/2) -
(An) 22 (2/2) 22 (2/2) 24 (2/2) 28 (4/2) 28(412) 30 (4/2) 24 (412) 24 (4/2) 26(4/2) 

(An) + 22 (2/2) 22 (2/2) 24 (2/2) 28 (4/2) 28 (412) 30 (4/2) 24 (4/2) 24 (4/2) 26 (4/2) 

-(An) 24 (2/2) 24 (2/2) 26 (2/2) 30 (4/2) 30(4/2) 32 (4/2) 26 (4/2) 26 (4/"2) 28(4/2) 
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F.4 STANDARD INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Tables F.6 and F.7 indicate the time 
required to perform the operations, store the results, and read the next instruction. 
The number of bus read and write cycles is shown in parenthesis as (r/w). The 
number of clock periods and the number of read and write cycles must be added 

respectively to those of the effective address calculation where indicated. 
In Tables F.6 and F.7 the headings have the following meanings: An = address 

register operand, Dn = data register operand, ea. = an operand specified by an 
effective address, and M = memory effective address operand. 

Instruction 

ADD/ADDA 

AND 

CMP/CMPA 

DIVS 

DIVU 

EOR 

MULS 

MULU 

OR 

SUB/SUBA 

Notes: 
+ 
* 
** 
*** 

Table F 6 Standard Instruction Execution Times 
Size op<ea>, An*** 

Byte, Word 8(1/0)+ 

Long word 6(1/0) + 

Byte, Word -

Long -

Byte, Word 6(110) + 

Long word 6(1/0) + 

- -

- -

Byte, Word -

Long word -

- -
- -

Byte, Word -

Long word -

Byte, Word 8(110) + 

Long word 6(1/0)+ 

add effective address calculation time 
Indicates maximum value 

op<ea>, Dn 

4(1/0) + 

6(1/0) + 

4(110) + 

6 (1 10) + 
4 (1 10) + 
6(1/0) + 

122 (1 10) + 

108 (1 10) + 
4 (1/0) ** 

6 (1/0) ** 
42 (1 10) + 
40(1/0) + 

4(1/0) + 

6(110) + 

4 (1 10) + 
6 (1 10) + 

only available addressing mode is data register direct 
word or long word only 
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op Dn, <M> 
8 (1 11) + 

12(1/2) + 
8 (1/1) + 

12(1/2) + 

-
-
-

-
8 (1 11) + 

12(1/2) + 
-
-

8 (1/1) + 
12(1/2) + 

8 (1 11) + 
12(1/2) + 
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Table F.7 Standard Instruction Loop Mode Execution Times 
Loop Conti nued Loop Terminated 

Valid Count. cc False Valid Count cc True Expi red Cou nt 

Instruc- Size op<ea> op<ea> op Dn op<ea> op<ea> op Dn op<ea> op<ea> op Dn 
tion An- Dn <ea> An* Dn <ea> An* Dn <ea> 

Byte, Word 18(1/0) 18 (1/0) 16 (1/1) 24 (31 0) 22 (3/0) 22 (3/1) 22 (31 0) 20 (3/0) 20 (3/1) 
ADD 

Long word 22 (21 0) 22 (21 0) 24 (2/2) 28(4/0) 28(4/0) 30(4/2) 26 (4/0) 26 (41 0) 28 (4/2) 

AND 
Byte, Word - 16 (1/1) 16 (1/1) - 22 (3/0) 22 (3/ 1) - 20 (3/0) 20 (3/ 1) 

Long word - 22 (2/0) 24 (2/2) - 28(4/0) 30 (4/2) - 26 (4/ 0) 28 (4/ 2) 

CMP 
Byte, Word 12 (1 /0) 12 (1 /0) - 18 (3/0) 18(3/0) - 16 (3/0) 16 (4/ 0) 

Long word 18(210) 18 (1/0) - 24(4/0) 24(4/0) - 20 (4/1) 20 (4/0) 

EOR 
Byte, Word - - 16 (11 0) - - 22 (3/1) - - 20 (3/1) 

Long word - - 24 (2/2) - - 30(4/2) - - 28 (4/ 2) 

Byte, Word - 16 (1/0) 16 (1/0) - 22 (3/0) 22 (3/1) - 20(3/0) 20 (3/1) 
OR 

Long word - 22 (2/0) 24 (2/2) - 28(4/0) 30(4/2) - 26 (41 0) 28 (4/2) 

Byte, Word 18 (11 0) 16 (1/0) 16 (1/1) 24 (31 0) 22 (3/0) 22 (3/1) 22 (3/0) 20 (31 0) 20 (3/1) 
SUB 

Long word 22 (2/0) 20 (2/0) 24 (2/2) 28(4/0) 26 (41 0) 30 (4/2) 26 (4/1) 24 (41 0) 28 (4/2) 

* : Word or long only. <ea> may be (An), (An)+ or -(An) only. Add two clock periods 

to the table value if <ea> is -(An). 

F.5 IMMEDIATE INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Table F.8 includes the time to fetch 
immediate operands, perform the operations, store the results, and read the next 
operation. The number of bus read and.write cycles is shown in parenthesis as (r/w). 
The number of clock periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where indicated. 

In Table F.8, the headings have the follwing meanings: # = immediate operand, 

Dn = data register operand, An = address register operand, and M = memory 
operand. 
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Table F.8 Immediate Instruction Execution Times 

Instruction Size op #, Dn 

ADDI Byte, Word 8 (2 10) 

Long word 14 (3 10) 

ADDQ Byte, Word 4 (1 10) 

Long word 8 (1 10) 

AND! 
Byte, Word 8 (2 I 0) 

Long word 14 (3 I 0) 

CMPI 
Byte, Word 8 (2/0) 

Long word 12 (3/0) 

EORI Long word 8 (2/0) 

Byte, Word 14 (3 10) 

MOVEQ Long word 4 (1 10) 

Byte, Word 8 (2 I 0) 
ORI Long word 14 (3 I 0) 

Byte, Word 8 (2 I 0) 
SUBI Long word 14 (3 I 0) 

Byte, Word 4 (1 10) 
SUBQ 

Long word 8 (/0) 

+ 
* 

: add effective address calculation time 
: word only 

op #, An 

-
-

4(1/0) * 

8 (1 10) 

-
-

-
-

-
-

-

-

-
-
-

4(110)* 

8 (1 10) 

F.6 SINGLE OPERAND INSTRUCTION EXECUTION TIMES 

TLCS-68000 

op#, M 

12(2/1) + 

20 (3 I 2) + 

8(111)+ 

12(1/2)+ 

12(2/1)+ 

20(3/1)+ 

8 (2/0) + 

12 (3/0) + 

12(211)+ 

20 (3/2) + 

-

12 (2 I 1) + 

20 (3 I 2) + 

12(2/1)+ 

20 (3 I 2) + 

8(1/1)+ 

12(1/2)+ 

Tables F.9, F.lD, and F.ll indicate the number of clock periods for the single 
operand instructions. The numberof bus read and write cycles is shown in 
parenthesis as (r/w). The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective address calculation where 
indicated. 

Table F.9 Single Operand Instruction Execution Times 

Instruction Size Register 

NBDC 

NEG 

NEGX 

NOT 

Sec 

TAS 

TST 

+ 
* 

Byte 6 (1 10) 

Byte, Word 4 (1 10) 

Long word 6 (1 10) 

Byte, Word 4 (1 10) 

Long word 6 (1 10) 

Byte, Word 4 (1/0) 

Long word 6 (1 10) 

Byte, Faise 4 (1 10) 

Byte, True 4 (1 10) 

Byte 4 (1 10) 

Byte, Word 4 (1 10) 

Long word 4 (1 10) 

add effective address calculation time. 
Use non-fetching effective address calculation time. 
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Memory 

8(1/1) + 

8(1/1)+ 

12(1/2)+ 

8(111)+ 

12 (1 12) + 

8(1/1)+ 

12(1/2)+ 

8(1/1) +* 

8(1/1)+* 

14(2/1) +* 

4(110)+ 

4(1/0) + 
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Table F.lO Clear Instruction Execution Times 
Inst. Size Dn An (An) (An) + -(An) d16(An) d8 (An, Xn)* Abs.w Abs.L 

Byte, Word 4 (1/0) - 8 (1/1) 8(1/1) 10(1/1) 12 (1/1) 16 (2/1) 12 (2/1) 16 (3/1) 
CLR 

Long word 6 (1/0) - 12 (1/2) 12 (112) 14 (1/2) 16 (2/2) 20 (2/2) 16 (2/2) 20 (3/2) 

* ; The size of the index register (Xn) does not affect execution time. 

Table F.ll Single Operand Instruction Loop Mode Execution Times 

Loop Continued Loop Terminated 

Valid Count, cc False Valid Count, cc True Expi red Cou nt 

Inst. Size (An) (An) + -(An) (An) (An) + -(An) (An) (An) + -(An) 

Byte, Word 10 (011) 10 (011) 12 (011) 18(2/1) 18 (2/1) 20 (2/0) 16 (2/1) 16 (2/1) 18 (2/1) 
CLR 

Long word 14(0/2) 14 (0/2) 16 (0/2) 22 (2/2) 22 (2/2) 24 (2/2) 20 (212) 20 (2/2) 22 (2/2) 

NBCD Byte 18 (1/1) 18(1/1) 20 (1/1) 24 (3/1) 24 (3/1) 26(3/1) 22 (3/1) 22 (3/1) 24 (3/1) 

NEG 
Byte, Word 16 (1/1) 16 (1/1) 18(2/2) 22 (3/1) 22 (3/1) 24 (3/1) 20 (3/1) 20 (3/1) 22 (3/1) 

Long word 24 (2/2) 24 (2/2) 26 (2/2) 30 (4/2) 30 (4/2) 32 (4/2) 28 (412) 28 (4/2) 30 (4/2) 

Byte, Word 16 (1/1) 16 (1/1) 18 (2/2) 22 (3/1) 22 (3/1) 24(3/1) 20 (3/1) 20 (3/1) 22 (3/1) 
NEGX 

Long word 24 (2/2) 24 (2/2) 26 (2/2) 30 (4/2) 30 (4/2) 32 (4/2) 28(4/2) 28 (4/2) 30 (4/2) 

NOT 
Byte, Word 16 (1/1) 16 (1/1) 18 (2/2) 22 (3/1) 22 (3/1) 24 (3/1) 20 (3/1) 20 (3/1) 22(3/1) 

Long word 24 (212) 24 (2/2) 26 (2/2) 30 (4/2) 30 (4/2) 32(4/2) 28(4/2) 28(4/2) 30 (4/2) 

TST 
Byte, Word 12 (1/0) 12 (1/0) 14 (1/0) 18 (31 0) 18 (3/0) 20 (3/0) 16 (3/1) 16 (3/1) 18 (3/0) 

Long word 18 (2/0) 18 (2/0) 20 (21 0) 24 (41 0) 24(4/0) 26 (41 0) 20(4/0) 20(4/0) 22(4/0) 
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F.7 SHIFTIROTATE INSTRUCTION EXECUTION TIMES 

Tables F.12 and F.13 indicate the number of clock periods for the shift and rotate 
instructions. The number of bus read and write cycles is shown in parenthesis as 
(r/w). The number of clock periods and the number of read and write cycles must be 

added respectively to those of the effective address calculation where indicated. 

Table F.12 ShiftlRotate Instruction Execution Times 
Instruction Size Register Memory* 

Byte, Word 6 + 2n (1 10) 8(1/1)+ 
FSR, ASL 

Long word 8 + 2n (1 10) -
LSR, LSL Byte, Word 6+2n(1/0) 8(1/1)+ 

Long word 8+2n (1 10) -

ROR, ROL Byte, Word 6+2n (1 10) 8(1/1) + 

Long word 8 + 2n (1 10) -

ROXR, ROXL Byte, Word 6+2n(1/0) 8(1/1) + 

Lonq word 8+2n(1/0) -
+ : add effective address calculation time 
n : the shift or rotate count 
* : word only 

Table F.13 ShiftlRotate Instruction Loop Mode Execution Times 
Loop Continued Loop Terminated 

Valid Count, cc False Valid Count, cc True Expi red Cou nt 

Instruction Size (An) (An) + -(An) (An) (An) + -(An) (An) (An) + -(An) 

ASR, ASL Word 18 (1/1) 18 (1/1) 20 (1/1) 24 (3/1) 24(311) 26 (3/1) 22 (3/1) 22 (3/1) 24(3/1) 

LSR, LSL Word 18 (1/1) 18 (1/1) 20(1/1) 24 (3/1) 24 (3/1) 26 (3/1) 22(3/1) 22 (3/1) 24(3/1) 

ROR, ROL Word 18 (1/1) 18 (1/1) 20 (111) 24(3/1) 24(3/1) 26 (3/1) 22 (3/1) 22 (3/1) 24(3/1) 

ROXR, ROXL Word 18 (1/1) 18 (1/1) 20 (1/1) 24(3/1) 24 (3/1) 26 (3/1) 22( .. /1) 22 (3/1) 24(3/1) 
> 

F.S BIT MANIPULATION INSTRUCTION EXECUTION TIMES 

Table F .14 indicates the number of clock periods required for the bit 
manipulation instructions. The number of bus read and write cycles is shown in 
parenthesis as (r/w). The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective address calculation where 
indicated. 
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Table F.14 Bit Manipulation Instruction Execution Times 

Instruction Size 
Dynamic Static 

Register Memory Register Memory 

Byte - 8 (111) + - 12 (2/1) + 
BCHG 

Long word 8 (1/0) * - 12 (2/0) * -

Byte - 10 (111) + - 14(2/1)+ 
BCLR 

Long word 10(1/0)' - 14 (2/0)' -

Byte - 8 (1/1) + - 12 (2/1) + 
BSET 

8 (1/0) * 12 (2/0)' Long word - -

Byte - 4 (1/0) + - 8 (2/0) + 
BTST 

Long word 6 (1/0) , 10 (2/0)' - -

+ add effective address calculation time. 
, indicates maximum value 

F.9 CONDITIONAL INSTRUCTION EXECUTION TIMES 

Table F.15 indicates the number of clock periods required for the conditional 
instructions. The number of bus read and write cycles is indicated in parenthesis as 
(r/w). The number of clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation where indicated. 

Table F.15 Conditional Instruction Execution Times 

Instruction Displacement Branch Taken Branch Not Taken 

Bcc 
Byte 10 (2 /0) 6 (1/0) 

Word 10 (2 /0) 10 (2 /0) 

Byte 10 (2 /0) -
BRA 

Word 10 (2 / 0) -

Byte 18(2/2) -
BSR 

Word 18 (2 / 2) -

cc true - 10(2/2) 
DBcc 

16 (3 / 0) cc false 10 (2/2) . 

+ add effective address calculation time. 

* indicates maximum value 
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F.1D JMP, JSR, LEA, PEA, AND MOVEM INSTRUCTION EXECUTION TIMES 

Inst. 

JMP 

JSR 

LEA 

PEA 

Table F.16 indicates the number of clock periods required for the jump, jump-to­
subroutine, load effective address, push effective address, and move multiple 

registers instructions. The number of bus read and write cycles is shown in 
parenthesis as (r/w). 

Table F 16 JMP JSR LEA PEA and MOVEM Instruction Execution Times , , , , 
Size An (An) + - (An) d16(An) dB (An,Xn)' Abs.W Abs.L d16(PC) d8 (PC,Xn)' 

- 8 (2/0) - - 10 (2/0) 14(310) 10 (210) 12 (310) 10 (2/0) 14 (3/0) 

- 16 (2/2) - - 18(2/2) 22 (2/2) 18 (2/2) 20 (312) 18 (2/2) 22 (2/2) 

- 4 (1/0) - - 8(2/0) 12 (210) 8 (2/0) 12 (3/0) 8 (2/0) 12 (2/0) 

- 12 (1/2) - - 16 (2/2) 20 (2/2) 16 (2/2) 20 (3/2) 16 (2/2) 20 (2/2) 

Word 12 +4n 12 +4n - 16+4n 18+ 4n 16+4n 20+4n 16+4n 18+4n 
MOVEM 

(3 + nlO) (3 + n/O) (4 + n/O) (4 + n/O) (4 + n/O) (5 + n/O) (4+ nlO) (4 + n/O) 
M->R 

Long 12 +8n 12 +8n - 16+8n 18+ 8n 16+8n 20+8n 16+8n . 16+8n 

word (3 + 2n/0) (3 + 2n/0 (4 + 2n/0) (4 + 2n/0) (4 + 2n/0) (5 + n/O) (4 + 2n/0) (4 + 2n/0) 

Word 8 +4n - 8+4n 12+4n 14+4n 12 +4n 16+4n - -
MOVEM (2/n) (2/n) (3/n) (3 + n) (3/n) (4/n) - -
R->M 

MOVES 

M->R 

MOVES 

R->M 

n 
* 

Long 8+8n - 8+8n 12 +8n 14+8n 12 +8n 16+8n - -
word (2/2n) - (2/2.1) (3/2n) (3/2n) (3/2n) (4/n) - -
Byte, 18 (3/0) 20 (3/0) 20 (3/0) 20 (4/0) 24 (4/0) 20 (4/0) 24 (5/0) - -
Word 

Long 22 (4/0) 24(410) 24 (4/0) 24 (5/0) 28 (5/0) 24 (5/0) 28 (6/0) - -
word 

Byte, 18 (2/1) 20 (2/1) 20 (2/1) 20 (3/1) 24 (3/1) 20 (311) 24(4/1) - -
Word 

Long 22 (2/2) 24 (2/2) 24 (2/2) 24 (3/2) 28(3/21) 24 (3/2) 28 (4/2) - -
word 

The number of registers to move. 
The size of the index register (ix) does not affect the instruction's execution time. 

F.1l MULTI-PRECISION INSTRUCTION EXECUTION TIMES 

Table F.17 indicates the number of clock periods for the multi-precision 
instructions. The number of clock periods includes the time to fetch both operands, 
perform the operations, store the results, and read the next instructions. The 
number of read and write cycles is shown in parenthesis as (r/w). 

In Table F .17, the headings have the following meanings: Dn = data register 

operand and M = memory operand. 
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Table F 17 Multi-Precision Instruction Execution Times 

Loop Mode 

Non-Looped 
Continued Terminated 

Valid Count, Valid Count, Expired 

cc False cc True Count 

Instruction Size op Dn, Dn op M, M * 
Byte, Word 4 (1 10) 18(3/1) 22(2/1) 28(4/1) 26(4/1) 

ADDX 
Long word 6 (1 10) 30 (5 I 2) 32.(4 I 2) 38(6/2) 36 (6 I 2) 

Byte, Word - 12 (3 I 0) 14 (2 I 0) 20(4/0) 18 (4/0) 
CMPM 

Long word - 20 (5 I 0) 24 (4 I 0) 30 (6 I 0) 26 (6/0) 

Byte, Word 4 (1 10) 18 (3 I 1) 22(2/1) 28(4/1) 26(4/1) 
SUBX 

Long word 6 (1 10) 30 (5 I 2) 32(4/2) 38 (6 I 2) 36 (6/2) 

ASCD Byte 6 (1 10) 18(3/1) 24 (2 I 1) 30(4/1) 28(4/1) 

SBCD Byte 6 (1 10) 18(3/1) 24 (2 I 1) 30(4/1) 28(4/1) 

* : Source and destination ea is (An) + for CMPM and - (An) for all others. 

F.12 MISCELLANEOUS INSTRUCTION EXECUTION TIMES 

Table F.18 indicates the number of clock periods for the following miscellaneous 
instructions. The number of bus read and write cycles is shown in parenthesis as 
(r/w). The number of clock periods plus the number of read and write cycles must be 
added to those of the effective address calculation where indicated. 
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Table F.18 Miscellaneous Instruction Execution Times 

Instruction Size Register Memory 
Register** 
~ 

Destination 

ANDI to CCR - 16 (2/0) - -
ANDI to SR - 16 (2/0) - -

CHK - 8 (liD) + - -

EaRl to CCR - 16 (2/0) - -
EORI to SR - 16 (2/0) - -

EXG - 6 (110) - -

Word 4(1/0) - -
EXT 

Long word 4 (liD) - -
LINK - 16 (212) - -

MOVE from CCR - 4 (liD) 8(111) + * -

MOVE to CCR - 12 (2/0) 12 (2/0) + -

MOVE 

MOVE 

MOVE 

MOVE 

MOVEC 

MOVEP 

NOP 

ORI to 

ORI to 

RESET 

RTD 

RTE 

RTR 

RTS 

STOP 

SWAP 

TRAPV 

UNLK 

from SR - 4 (liD) 8(1/1) + * -
to SR - 12 (210) 12(2/0) + -

from USP - 6 (liD) - -
to USP - 6 (liD) - -

CCR 

SR 

+ 

** 

- - - 10(2/0) 

Word - - 16(2/2) 

Long word - - 24(2/4) 
- 4 (liD) - -
- 16 (2/0) - -

- 16 (2/0) - -
- 130 (liD) - -
- 16 (4/0) - -

Short 24 (4/0) - -
Long word, Retry Read 112(27/10) - -

Long word, Retry Write 112 (26/1) - -

Long word, No Retry 110(26/0) - -

- 20 (510) - -
- 16 (4/0) - -
- 4 (DID) - -
- 4 (liD) - -

- 4(1/0) - -
- 12 (3/0) - -

add effective address calculation time. 
use non-feching effective address calculation time. 
Source or destination is a memory location for the MOVEP instruction and 
a control register for the MOVEC instruction. 
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F.13 EXCEPTION PROCESSING EXECUTION TIMES 

Table F.19 indicates the number of clock periods for exception processing. The 
number of clock periods includes the time for all stacking, the vector fetch, and the 
fetch of the first two instruction words of the handler routine. The number of bus 
read and write cycles is shown in parenthesis as (r/w). 

+ 
* 
** 
*** 

Table F.19 Exception Processing Execution Times 

Exception 

Address Error 126 (4/26) 

Breadpoint Instruction* 42 (5/4) 

Bus Error 126(4/26) 

CHK Instruction* 44 (5 / 4)+ 

Divide By Zero 42 (5/4) + 

Illegal Instruction 38 (5 /4) 

Interrupt* 46 (5 /4) 

MOVEC, Illegal Control Register** 46(5/4) 

Privile,ge Violation 38 (5/4) 

Reset*** 40 (6/0) 

RTE, Illegal Format 50 (7/4) 

RTE, Illegal Revision 70 (12/4) 

Trace 38(4/4) 

TRAP Instruction 38(4/4) 

TRAPV Instruction 38(5/4) 

Add effective address calculation time. 
The interrupt acknowledge and breakpoint cycles are assumed to take four clock periods. 
Indicates maximum value. 
Indicates the time from when RESET and HALT are first sampled as negated to when 
instruction execution starts. 

VMPU-262 



TOSHIBA TLCS-68000 

APPENDIX G TMP68010 LOOP MODE OPERATION 

The TMP68010 has several features that provide efficient execution of program 
loops. One of these features is the DBcc looping primitive instruction. The DBcc 
instruction operates on three operands, a loop counter, a branch condition, and a 
branch displacement. When the DBcc is executed in loop mode, the contents of low 

order word of the register specified as the loop counter is decremented by one and 
compared to minus one. If equal to minus one, the result of the decrement is placed 
back into the count register and the next sequential instruction is executed, 

otherwise the condition code register is checked against the specified branch 
condition. If the condition is true, the result of the decrement is discarded and the 
next sequential instruction is executed. Finally, if the count register is not equal to 
minus one and the branch condition is false, the branch displacement is added to the 
program counter and instruction execution continues at that new address. Note that 
this is slightly different than non-looped execution; however, the results are the 
same. 

An example of using the DBcc instruction in a simple loop for moving a block of 
data is shown in Figure G.1. In this program, the block of data 'LENGTH' words 

long at address 'SOURCE' is to be moved to address 'DEST' provided that none of 
the words moved are equal to zero. When the effect of instruction prefetch on this 
loop is examined it can be seen that the bus activity during the loop execution would 
be: 

1. Fetch the MOVE.W instruction, 

2. Fetch the DBEQ instruction, 

3. Read the operand where AO points, 

4. Write the operand where Al points, 

5. Fetch the DBEQ branch displacement, and 

6. Ifloop conditions are met, return to step 1. 

LOOP 

LEA 

LEA 

MOVE.W 

MOVE.W 

DBEQ 

SOURCE, AD 

DEST, Ai 

#LENGTH, DO 

(AO)+, (Ai)+ 

DO, LOOP 

Load A Pointer To Source Data 

Load A Pointer To Destination 

Load The Counter Register 

Loop To Move The Block Of Data 

Stop If Data Word Is Zero 

Figure G.l DBcc Loop Mode Program Example 
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During this loop, five bus cycles are executed; however, only two bus cycles 

perform the data movement. Since the TMP68010 has a two word prefetch queue in 
addition to a one word instruction decode register, it is evident that the three 
instruction fetches in this loop could be eliminated by placing the MOVE.W word in 
the instruction decode register and holding the DBEQ instruction and its branch 
displacement in the prefetch queue. The TMP68010 have the ability to do this by 

entering the loop mode of operation. During loop mode operation, all opcode fetches 
are suppressed and only operand reads and writes performed until an exit loop 
condition is met. 

Loop mode operation is transparent to the programmer, with only two conditions 
required for the TMP68010 to enter the loop mode. First, a DBcc instruction must be 
executed with both branch conditions met and a branch displacement of minus four; 
which indicates that the branch is to a one word instruction preceding the DBcc 
instruction. Second, when the processor fetches the instruction at the branch 
address, it is checked to determine whether it is one of the allowed looping 
instructions. If it is, the loop mode is entered. Thus, the single word looped 
instruction and the first word of the DBcc instruction will each be fetched twice 
when the loop is entered; but no instruction fetches will occur again until the DBcc 
loop conditions fail. 

In addition to the normal termination conditions for a loop, there are several 
conditions that will cause the TMP68010 to exit loop mode operation. These 
conditions are interrupts, trace exceptions, reset errors, and bus errors. Interrupts 
are honored after each execution of the DBcc instruction, but not after execution of 
the looped instruction. If an interrupt exception occurs, loop mode operation is 
terminated and can be restarted on return from the interrupt handler. If the T bit is 
set, trace exceptions will occur at the end of both the loop instruction and the DBcc 
instruction and thus loop mode operation is not available. Reset will abort all 
processing, including the loop mode. Bus errors during the loop mode will be treated 
the same as in normal processing; however, when the RTE instruction is used to 
continue the execution of the looped instruction, the three word loop will not be re­
fetched. 

The loopable instructions available on the TMP68010 are listed in Table G.1. 
These instructions may use the three address register indirect modes to form one 
word looping instructions; (An), (An) + , and - (An). 
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Table G 1 TMP68010 Loopable Instructions 

Opcodes 
Applicable 

Addressing Modes Opcodes 
Applicable 

Addressing Modes 

MOVE [BWL] (Ay)to(Ax) -(Ay)to(Ax) ABCD [B] -(Ay) to -(Ax) 

(Ay)to(Ax)+ -(Ay)to(Ax)+ ADDX[BWL] 

(Ay)to-(Ax) -(Ay)to-(Ax) SBCD [B] 

(Ay)+to(Ax) Xy to (Ax) SUBX[BWL] 

(Ay)+to (Ax)+Xy to (Ax)+ CMPM [BWL] (Ay)+ to (Ax)+ 

(Ay)+to -(Ax) CLR [BWL] (Ay) 

ADD [BWL] (Ay) to Ox NEG [BWL] (Ay)+ 

AND [BWL] (Ay)+to Ox NEGX[BWL] -(Ay) 

CMP [BWL] - (Ay) to Ox NOT [BWL] 

OR [BWL] TST[BWL] 

SUB [BWL] NBCD [B] 

ADDA[WL] (Ay) to Ax ASL[W] (Ay) by #1 

CMPA[WL] - (Ay) to Ax ASR[W] (Ay)+ by #1 

SUBA [WL] (Ay)+to Ax LSL[W] -(Ay) by #1 

ADD [BWL] Ox to (Ay) LSR[W] 
AND [BWL] Ox to (Ay)+ ROL[W] 
EOR [BWL] Ox to -(Ay) ROR[W] 
OR [BWL] ROXL[W] 
SUB [BWL] ROXR [W] 

Note: [B, W, or L] indicate an operand size of byte, word or long word. 
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Postscript 

This manual describes functions and characteristics of each LSI in TLCS-68000 

family. 

All examples employed herein are used as reference for the purpose of explanation. 

Toshiba and Motorola disclaim all responsibilities for problems that may result from 
using any of these examples. The information contained herein is subject to change 
without prior notice as a result of future technical advancement. 

This manual is made by : 

Toshiba corporation 
Integrated Circuit Div. 
High End Microprocessor Engineering Sec. 
580-1, Horikawa-cho, Saiwai-ku, 
Kawasaki-city, Kanagawa 210 
JAPAN 
PHONE: Japan (81) 44-548-2190 
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Tel r313, 827·7100 Fall '3'318274444 

TOlh lbl (UK ) lImltld 
Electronic Componen ts Group 
RiverSide Way Cambeflet 
Surrey GU 15 3YA UK 
Tel 0276-694600 Fall 0276691583 

T05hib i ElectroniCS Scan d inaVia AB 
Guslavslunasyagen 141 41h Floor 
5161 15 eromma. Sweoen 
Tel 46-87040900 F.u 46-8 80 84~9 
Tele~ 14169 TSBSTK S 
(Malting Aadress PO Bo. 15031 
S 161 15 B.omma Sweden) 

TOlhlba Elecironici Europe GmbH 
DusI.ldon' He.d Office 
Hansaallee 181 4000 Dusseidort 11 
F A Germany 
Tel (021t) 5296-<l Fu (0211) 5296-400 
Telell 8582685 
lIelson Offic.I 
Stultglrt : Vel'1tlebsburo Baaen·Wumemberg 
EltlOger SIr 61 
0 ·7250 leonberg F A Germany 
Tel (07152) 21061·66 Fa.. {07152j 27658 
Telell 7245706 
Munchln : Buro Muncl'Ien Arabellastr 33Jv 
8000 MUl'IChen 81 . F R Germany 
Tel (089) 928091-0 F .... 089·9280942 
Telex 5·212363 

TOlhlbe ElectroniCI 1I.lIanl S .R.l 
Centro DllezlOnale CoIleool Palazzo Onone­
Ingfesse 3 (3- P'ano) 2O()41 Agrate 
Br'anza (MIano) Iialy 
Tel 039·638891 Fax 039·638892 
Te'ell 325423 SIAVBC 

TOlhlba Eilct ronici Elpal'll , 5 A 
Torres Heron Plaza Col6n No 2 Torre ([ 
Planta 6-Pte·2 
28046 Maotld Spain 
Tel (I) 53-25·846 Fax (11 4 '.91.266 
Te·e. 44672 TOSHE IE) 

TOlhlba El l ct ron lCI Telwln Corp 
Tl lpel Hlld Offlce 
8F Min Sheng Chen Kou Blag 348·350 M,n Sner'il 
East Aoaa TalDeI TaIWan 
Tel 02·502·9641 Fu 02·503-7964 
Telell 26874 TEnp 
Klohllu ng Oll ici 
16F.A Chung·Cl'Ieng BUlld·ng 
No 2 Chung-Cheng 31d 80027 Kaons ung 
Tel 107) 241·0826 Fax (07) 282·7446 

TOlhlba Ell c tronlCI Ai le . Ltd 
Hong Kong Heed Olliel 
SUlle 501 Hong Kong HOlel Canlon Road 
Ts,mST'latsu. Ko .... 1oon Hong Kong 
Tel 3~71"41_4 3-721-6'" FI.II 3·739-8969 
Telel 38501 TSBEH HX 
Siou l BranCh Ottlce 
Aoom 1061 Cnamoe. BUll(! ng 45 4 K.A 
Namaaemun·Ro CnungKu Seoul KOfea 
Tel 217572472 3 Fa..; ,2· 7572475 
Singapore Branch Off ice 
460 Alexall(]'a Roaa ~ 26-01 PSA Blog 
Singaoo'e 05" 
Tel 2785252 Fa" 2735368 
Tele o AS 23892 TOSHIBA 

Toshiba (Auslraha) Ply. Ltd 
84 92 Tala~e'a Roaa NOM A~oe N 5 'Iv 2" 3 
AuSlraha 
~el 21 8B7 3322 Fa~ 28873201 Telf'> AA?7235 

MANUFACTURING SUBSIDIARIES AND JOINT VENTURES 

Toshiba Amerlce. Inc 
Microelect roniCS Cente r 
1220 Midas Way Sunnyvale CA 94086 USA 
Tel 408-739·0560 FIJI 408746-0571 
Tele~ 346378 

T",shlb . Westinghou se ElectroniCS Corpora l lon 
Westlngnouse CIfCIe' Horsetleaa!o New Yo ... 
14545 USA 
Tel (6011 796-3500 

Industria Mellicana Toshi ba . S A 
Calzada de Guaaalupe No 303 Cual<tlan 
Edo ae MeXICO MeloCo 
Tel 565-OQ.88 Tele_ 01772-560 
CaDle Tosnlba MelllCo 

Semp Toshiba Amazonas S.A 
Aua Ica No 500 01511110 Inaustrlal de Suhama Manaus 
CEP 69000. Amazonas Br,UlI 
rei (092) 237-2366 
Telell 38922197 SEMP BA Cable SEMP AMAZON 

Toshiba Semiconductor G m b H 
G'ol"an Sieln ..... eg 51. ,( 3300 
Blaunsch ..... eg F A Gelman.,. 
Tel (053113HX)60 Fat 10531 31006139 
Telel 952368 TSCD 

Toshiba ElectroniCS Maiaysi. Sdn B"d 
42057 TeJol. Pangllma GIang 15KM Klang Bani nq 
.oaa Kuala langal Selange. MalaySia 
Tel 03-35260017 F.u 03-3516139 
Tele. TOEl MA 39506 
Penang Branc h Olhce 
Lot 2 08 2na FlOc)! W,sma Ct'bCoiale P'OduCIS 
41 AOOO S.nle lane Pananv 10400 MalaySia 
Tel ()4 368523 ()4 368529 Fa~ 04368515 

Toshiba Singapore Pte lid 
20 Pas" Pan/ang Aoaa 09 18126 PSA Mull,-SIOfey 
Complex Singapore 051 1 
Tel 2718066 Telell AS 36592 TSPMFG 

The mlOl'mallOn In 1MIS gUide has been carelutty checkea and IS behevea 10 rehable l'IOweve' 
no responSibiliTy can be assumed 101' inaCcuracies 1Mal may 1'101 nave Deen caugnl 
All IniormatlOn In thIS guide IS suDjf!C1 10 cnange wllnoul prIOr notICe Furthermore 

Toshiba cannOI assume fesponslbility 101 Ihe use 01 any lICense urlOer Itle palenl f'9htS 01 Tosh.ba o. any IllIta partIE's 

TOSHIBA 
TOSHIBA CORPORATION 

INTERNATIONAL OPERATIONS-ELECTRONIC COMPONENTS 

1·1 SHIBAUAA l-CHOME. MINATO·KU TOKYO 105 JAPAN 
Tel 457·3495 Fall 451-0576 Telell J22587 
TOSHIBA CABLE TOSHIBA TOKYO 

MANUAL No.1 441 6 
' 88-8 (CK ) 03 Pr inted in Japan 


