






































































































































































































































































































































































































































TOSHIBA TLCS-68000

JSR - Jump to Subroutine JSR
Operation : SP —4 —SP; PC—(SP);
Destination Address —PC
Assembler
Syntax : JSR <ea>
Attributes : Unsized

Description : 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.

Condition Codes : Not affected.

Instruction Format:

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

ol1lolol1l1l1]lol1]o Effective Address
Mode | Register

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 11 000

(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 TLCS-68000

LEA Load Effective Address LEA
Operation : <ea>—An

Assembler

Syntax : LEA <ea>,An

Attributes : 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 :
1514 13 12 11.10 9 8 7 6 5 4 3 2 1.0
o{1!0/ 0| Register 11111 Effective Address
An Mode | Register

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

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 TLCS-68000

LINK Link and Allocate LINK

Operation SP — 4 - SR; An—(SR);
SP — An; SP + disp —»SP

Assembler

Syntax LINK An, # <displacement>

Attributes Size = Unsized

Description 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 16-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.

Condition Codes : Not affected.

Instruction Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ofl1]JofJolal1l1]ofJol1]lo]1]0] Register
Word Displacement
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 TLCS-68000
LSL Logical Shift LSL
LSR LSR
Operation Destination Shifted by <count> — Destination
Assembler LSd Dx, Dy
Syntax LSd #<data>,Dy

LSd <ea>

where d is direction, L or R
Attributes Size = (Byte, Word, Long word) '
Description 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 : Operand I*—'!E'

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 LSL
LSR LSR

LSR : @——ﬂ Operand

Condition Codes :

X N z V ¢
[« [-]«]of+]

N : Setif the result is negative. Cleared otherwise.

Z : Setifthe 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) :

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

111)1]0]| Count/ |dr) size |i/f|{ 0| 1| Register
Register

Instruction Field (Register Shifts) :
Count/Register field —
Ifi/fr = 0, he shift count is specified in this field. The values 0, 1~7 represent a range
of 8,1 to 7 respectively.
Ifi/fr =1, the shift count (modulo 64) is contained in the data register specified in
this field.
dr field — Specifies the direction of the shift:
0 — shift right.
1 — shift left.
Size field — Specifies the size of the operation:
00 — byte operation.
01 — word operation.
10 — long word operation
ifr field —
Ifi/r = 0, Specifies immediate shift count.
Ifi/r = 1, Specifies register shift count.
Register field — Specifies a data register whose content is to be shifted.
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LSL LSL
LSR LSR

Instruction Format (Memory Shifts) :

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

1 1] o 1 0dr] 1|1 Effective Address
! 00 ' Mode | Register

instruction Fields (Memory Shifts) :
dr field — Specifies the direction of the shift:
0 — shift right. '
1 — shift left.
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 - - 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 Data from Source to Destination MOVE
Operation : Source— Destination

Assembler

Syntax : MOVE <ea>, <ea>

Attributes : 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 Vv C
[-[+[-]o]o]
N : Setif the result is negative. Cleared otherwise.
Z : Setif 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 1 0

ol ol size Destination Effective Address
Register | Mode Mode | Register

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. Omnly 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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MOVE from CCR Move from the MOVE from CCR
Condition Code Register

Operation CCR—Destination

Assembler

Syntax MOVE CCR, <ea>

Attributes Size = (Word)

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:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
of1]l0{0]|0]|0]1 1 Effective Address
Mode | Register

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

Addr. Mode Mcde Register Addr. Mcde Maode 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> - -
Notes: MOVE from CCR is a word operation. ANDI, ORI, and EORI to CCR are byte

operations.
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MOVE to CCR  Move to the Condition Code Register

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

Operation Source —-CCR
Assembler
Syntax MOVE <ea>, CCR
Attributes Size = (Word)
Description

codes. The upper byte is ignored.
Condition Codes

X N 7

VvV _C

Lol fef=Tx]

N < N Z

Set the same as bit 3 of the source operand.
Set the same as bit 2 of the source operand.

Set the same as bit 1 of the source operand.

Set the same as bit 0 of the source operand.

Set the same as bit 4 of the source operand.

Instruction Format:

15

14 13

12

11

10 9

8

7 6

5

4 3 2 1

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

0

0

1

0

0

0

1

0

0

Effective Address
Mode | Register

Instruction Fields :

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

addressing modes are allowed as shown:

VMPU-138

TLCS-68000

MOVE to CCR




TOSHIBA TLCS-68000

MOVE to CCR MOVE to CCR

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

Notes: MOVE to CCR is a word operation. ANDI, ORI, and EORI to CCR are byte
operations.
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TOSHIBA TLCS-68000

MOVE to SR Move to the Status Register MOVE to SR

(Privileged Instruction)

Operation : If supervisor stsate
then Source—SR
else TRAP;

Assembler )

Syntax : MOVE <ea>, SR

Attributes : Size = (Word)

Description : 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.

Condition Codes : Not affected.

Instruction Format:

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

of{1/o0lojo|1]l1|0/|1]1 Effective Address
Mode | Register

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

VMPU-140



TOSHIBA TLCS-68000

MOVE from SR Move from the Status Register MOVE from SR

Operation SR—Destination

Assembler

Syntax MOVE SR, <ea>

Attributes Size = (Word)

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:

15 14 13 12 11
of1jo0jo0ofjo0o}jo|0}j0O|1]1

10 9 8 7 6 5 4 3 2 1 0

Effective Address
Mode | Register

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 11 001
(An) + 011 reg, number :An d16 (PC) - -
- (An) 100 reg, number :An d8 (PC,” Xn) - -
d16 (An) 101 reg, number :An #<data> - -
Note: A memory destination is read beforre it is wrritten to.
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Move from SR Move from the Status Register Move from SR

(Privileged Instruction)

Operation  : If supervisor state
then SR — Destination
else TRAP;
Assembler
Syntax : MOVE SR, <ea>

Attributes : Size = (Word)

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:

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

ojl1]/]0]l0lo|lojJoOo]O] 1|1 Effective Address
Mode | Register

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 (PQ) - -
—-(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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Move USP Move User Stack Pointer Move USP

(Privileged Instruciton)

Operation : If supervisor state
thenUSP — Anor An —USP
else TRAP;
Assembler MOVE USP, An
Syntax : MOVE An, USP
Attributes : Size = (Long word)
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 2 1.0
oj1]/o|lol1f{1]1]0]0o]|1]1]|0]|dr| Address
Register

Instruction Fields :

dr field — Specifies the direction of transfer:

0 — transfer the address register to the USP.

1 — transfer the USP to the address register.
Register field — Specifies the address register to or from which the user stack pointer is
to be transferred.
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MOVEA Move Address MOVEA
Operation Source — Destination

Assembler

Syntax MOVEA <ea>, An

Attributes 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 :

15 14 13 12 11
010

10 9 8 7 6 5 4 3 2 1 0

Source
Mode | Register

Destinaiton 0

Size )
Register

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) 1M1 011

d16 (An) 101 reg. Number:An #<data> 111 100
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MOVEC Move to/from Control Register MOVEC
(Privileged Instruction)
Operation If supervisor state
thenRc—XnorXn—Re
else TRAP;
Assembler MOVEC Re,Xn
Syntax MOVEC Xn,Rec
Attributes Size = (Long word)
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 13 12 11 10 9 8 7 6 5 4 3

oj1j]0j0 1|1 {1fOo]O}]1T]1]{1]1

dr

A/D| Register Control Register

Instruction Fields:

dr field — Specifies the direction of transfer:
0 — control register to general register
1 — general register to control register
A/D field — Specifies the type of general register:
0 — 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 TLCS-68000
MOVEM Move Multiple Registers MOVEM
Operation Registers —Destination
Source —Registers
Assembler MOVEM register list, <ea>
Syntax MOVEM <ea>, register list
Attributes Size = (Word, Long word)
Description 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 0. 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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TLCS-68000
MOVEM MOVEM
Instruction Format:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ol11lolof1larlolo]1|sz Effective Address
Mode | Register
Register List Mask
Instruction Fields
dr field — Specifies the direction of the transfer:
0 — register to memory.
1 — memory to register.
Sz field — Specifies the size of the registers being transferred:
0 — word transfer.
1 — long word transfer.

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 predecrement 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 (PQC) - -
- (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 - - Abs.W 11 000
(An) 010 reg. number:An Abs.L 11 001
(An) + 011 reg. number:An d16 (PC) 11 010
- (An) - - " d8(PC, Xn) 111 011
d16 (An) 101 reg. number:An #<data> - -
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TLCS-68000

MOVEM

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
|A7|A6[A5|A4]A3B\21A1[AO{D7[DG|DS|D4[03|D2[D1|00{

while for the predecrement mode addresses, the mask correspondence is

15 14 13 12 11 10 9 8 7 6 5 4 3 2
[DO]DﬂDz]D3|D4|Ds[DG|D71Ao|AﬂA2[A3]A4|A5|A6|AT

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 TLCS-68000
MOVEP Move Peripheral Data MOVEP
Operation Source —Destination

Assembler

Syntax MOVEP Dx,d16 (Ay)

MOVEP d16 (Ay), Dx

Attributes Size = (Word, Long word)

Description 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.

Example Long transfer to/from an even address.

Byte organization in register
31 24 23 16 15 8 7 0

Hi-Order LMid-Upper l Mid-Lower 1 Low-Order l

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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MOVEP MOVEP

Example : Word transfer to/from an odd address.

Byte organization in register

31 24 23 16 15 8 7 0
| ‘ 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 0
High-Order

Low-Order

Condition Codes : Not affected.

Instruction Format:

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

o|lo|o]jo Data Op-Mode | 0 { 0 | 1 | Address
Register Register

Displacement

Instruction Fields : 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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TLCS-68000

MOVEQ Move Quick MOVEQ

Operation Immediate Data — Destination

Assembler

Syntax MOVEQ #<data>, Dn

Attributes Size = (Long word)

Description 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.

Condition Codes

Tl Tole]

N : Set if the result is negative. Cleared otherwise.
Z . Setif 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 1 0

0|1|1] 1| Register | o Data
Dn

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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MOVES Move Alternate Address Space MOVES

(Privileged Instruction)

Operation  : If supervisor state
then Xn — Destination [DFC] or Source[SFC]—Xn
else TRAP;
Assembler
Syntax . MOVES Xn, <ea>
MOVES <ea>,Xn
Attributes : Size = (Byte, Word, Long word)
Description : Move the byte, word, or long word opefand 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.

Condition Codés . Not affected.

Instruction Format:

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

; Effective Address
ojojojoj1r{1{1¢}o0 Size Mode Register

AD| Register |[dr{0]|0]0 o[o o[o]o o|o|o

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 source or destination location
within the alternate address space. Only alterable memory
addressing modes are allowed as shown:
A/D field — Specifies the type of general register:
0 — data register.
1 — address register.
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TLCS-68000

MOVES

NOTE

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

MOVES

Register field — Specifies the register number.
dr field — Specifies the direction of the transfer:
0 — from <ea>> to general register.
1 — from general register to <ea>.
MOVES.x  An,(An)+
or
MOVES.x  An, —(An)
where An is the same address register for both source and

destination and is an undefined operation. The value stored in
memory is undefined.

_Addr. Mode Mode Register Addr. Mode Mcde Register
Dn - - d8(An, Xn) 110 reg. number:An
An - - Ads.W 111 000
(An) 010 reg. number:An Ads.L 11 001
(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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MULS Signed Multiply MULS
Operation Source *Destination — Destination
Assembler
Syntax MULS <ea>,Dn 16 X16—32
Attributes Size = (Word)
Description 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.
Condition Codes
X N Z Vv C
L-[el«folo]
N : Setif the result is negative. Cleared otherwise.
Z . Setifthe resultiszero. 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 1 0

Register - Effective Address
oo %n TP Mode | Register
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MULS MULS
Instruction Fields 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:

Addr. Mode Mode Register Addr. Mode Mode Register
Dn 000 reg. number:Dn d8 (An, Xn) 110 reg. number:An
An — - Ads.W 111 000
(An) 010 reg. number:An Ads.L 11 001
(An) + 011 reg. number:An d16 (PC) 111 010
—-(An) 100 reg. number:An d8 (PC, Xn) 11 011
d16 (An) 101 reg. number:An #<data> 11 100
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MULU Unsigned Multiply MULU
Operation : Source *Destination — Destination

Assembler

Syntax : MULS <ea>,Dn 16 X 16 »32

Attributes : Size = (Word)

Description : 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.

Condition Codes

X N zZ VvV C

-l ]ofo]

N : Setifthe resﬁlt is negative. Cleared otherwise.
Z : Setifthe 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 1 O

Register Effective Address
Tp1yogo %n 01 Mode | Register
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MULU

MULU

Instruction Fields : 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:

Addr. Mode Mode Register Addr. Mode Mode Register
Dn 000 reg. number:Dn d8 (An, Xn) 110 reg. number:An
An - - Ads.W 11 000
(An) 010 reg. number:An Ads.L 111 001
(An) + 011 reg. number:An d16 (PQC) 111 010
-(An) 100 reg. number:An d8(PC, Xn) 11 011

d16 (An) : 101 reg. number:An #<data> 111 100
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NBCD Negate Decimal with Extend NBCD
Operation : 0 — Destinationjg — X — Destination

Assembler

Syntax : NBCD <ea>

Attributes 1 Size = (Byte)

Description : The operand addressed as the destination and the exténd 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.

Condition Codes
X N Z Vv C
[ lul«Jul-]
N : Undefined.
Z : Cleared if the result is non-zero. Unchanged otherwise.
V : Undefined.
C : Setifaborrow (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 :

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

Effective Address
0100100000l\/lodelRegister
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NBCD NBCD

Instruction Fields . 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 d8(An, Xn) 110 reg. number:An
An - - Ads.W 11 000
(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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NEG Negate NEG

Operation 0 — Destination — Destination

Assembler

Syntax NEG <ea>

Attributes Size = (Byte, Word, Long word)

Description 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.

Condition Codes

: Set if the result is negative. Cleared otherwise.

. Set if the result is zero. Cleared otherwise.

: Set if an overflow is generated. Cleared otherwise.

: Cleared if the result is zero. Set otherwise.

: Set the same as the carry bit.

Instruction Format:

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

0

110lo0lo]l1]l0]o0 Size l\slffective Address

ode | Register
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NEG NEG

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

d16 (An) 101 reg. number:An #<data> - -
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NEGX Negate with Extend NEGX
Operation . 0 — Destination — X — Destination

Assembler

Syntax . NEGX <ea>

Attributes . Size = (Byte, Word, Long word) .
Description : 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 .

Condition Codes
X N Z V C
EIENEEENES
N : Setif the result is negative. Cleared otherwise.
Z . Cleared if the result is non-zero. Unchanged otherwise.
V : Setif overflow is generated. Cleared otherwise.
c : ASe’c 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 progfamming 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 5 4 3 2 1 0

; Effective Address
o|1{o0j0f(f0|0O]J0O|O Size Mode |Register
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NEGX NEGX
Instruction Fields Size field — Specifies the size of the operation:
00 — byte operation.
01 — word operation.
10 — long 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 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 (PQ) - -
-(An) 100 reg. number:An d8 (PC, Xn) - -
d16 (An) 101 reg. number:An #<data> - -
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NOP , No Operation NOP
Operation : None

Assebler

Syntax : NOP

Attributes : Unsized

Description : 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.

Condition Codes : Not affected.

Instruction Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oj17y0j0j1j1j1jo0jo|1]1|1]0]0]0]|1
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NOT Logical Complement NOT
Operation :  ~Destination — Destination

Assembler

Syntax : NOT <ea>

Attributes : Size = (Byte, Word, Long word)

Description : 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.

Condition Codes

X N Z VvV C

[T T-TeTo]

N : Setif the result is negative. Cleared otherwise.
Z : Setif 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 1 0

; Effective Address
o|1]olojo|1]1]|0] size Mode | Regiter

VMPU-165



TOSHIBA

TLCS-68000

NOT

Instruction Fields

Size field — Specifies the size of the operation.

00 — byte operation.
01 — word operation.

10 — long word operation.

NOT

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 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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OR Inclusive OR Logical OR
Operation :  Source V Destination — Destination
Assembler
Syntax : OR <ea>,Dn
OR Dn, <ea>
Attributes . Size = (Byte, Word, Long word)
Description : 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.

Condition Codes

X N

C - Tolo]

N : Setif the most significant bit of the result is set. Cleared otherwise.
Z : Setif 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 1 0

11040]| 0| Register | Op-Mode l\slgggdveﬁdgergissster
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OR

Instruction Fields :

OR

Register field — Specifies any of the eight data registers.
Op-Mode field —

Byte Word Long word Operation
000 001 010 (<ea>)V(<Dn>)— <Dn>
100 101 110 (<Dn>)V(<ea>)— <ea>

Effective Address field —

If the location specified is a source operand then 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 - - Ads.W 111 000
(An) 010 reg. number:An Ads.L 111 001
(An) + 011 reg. number:An d16 (PC) 111 010
-(An) 100 reg. number:An d8(PC, Xn) 11 011
d16 (An) 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:
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> - -
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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ORI Inclusive OR Immediate ORI
Operation : Immediate Data V Destination — Destination

Assembler

Syntax : ORI #<data>, <ea>

Attributes :  Size = (Byte, Word, Long word)

Description : 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.

Condition Codes

X N Z V C
oo

-]

N : Setif 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 1 0

; Effective Address
ofojojojojOoj0]oO Size Mode ]Register
Word Data Byte Data

Long word Data
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ORI ORI

Instruction Fields Size field — Specifies the size of the operation.
00 — byte operation.
01 — word operation.
10 — long 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 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> - -

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

word.
If size = 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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ORIto CCR Inclusive OR Immediate to Condition Codes ORI to CCR

Operation : SourceVCCR—CCR

Assembler

Syntax : ORI #<data>, CCR

Attributes . Size = (Byte)

Description : Inclusive OR the immediate operand with the condition codes and store

the result in the low-order byte of the status register.

Condition Codes

N : Setifbit 3 of immediate operand is one. Unchanged otherwise.
Z : Setifbit 2 of immediate operand is one. Unchanged otherwise.
V : Setifbit 1 of immediate operand is one. Unchanged otherwise.
C : Setifbit 0 of immediate operand is one. Unchanged otherwise.
X : Setifbit 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
oloflojo|o|lo]o]o o|o1111|1|1|0|0
ofofojojojOjO{|0O Byte Data (8 Bits)
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ORI to SR ORI to SR

Inclusive OR Immediate to the Status Register
(Privileged Instruction)

Operation : If supervisor state
then Source VSR — SR
else TRAP;
Assembler
Syntax . ORI #<data>, SR
Attributes : Size = (Word)
Description : 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.

Condition Codes

N : Setif bit 3 of immediate operand is one. Unchanged otherwise.
Z : Setifbit 2 of immediate operand is one. Unchanged otherwise.
V : Setifbit 1 of immediate operand is one. Unchanged otherwise.
C : Setifbit 0 of immediate operand is one. Unchanged otherwise.
X : Setifbit 4 of immediate operand is one. Unchanged otherwise.

Instruction Format:

15 14 13 12 11 10 9 8 7 6
ofofojofofofofojo]r]
Word Data (16 Bits)

= ln
N
- |w
N TN
o |-
oo
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PEA Push Effective Address PEA
Opération : SP—-4—-SP; EA—(SP)

Assembler

Syntax : PEA <ea>

Attributes : Size = (Long word)

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

address is pushed onto the stack.
Condition Codes : Not affected.

Instruction Format :

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

o[+ oo 1 oo o o] Eiscvenddes
Instruction Fields . Effective Address field — Specifies the address to be pushed on to the
stack. 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 - - Ads.W 111 000
(An) 010 reg. number:An Ads.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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RESET Reset External Devices RESET
(Privileged Instruction)

Operation If supervisor state
then Assert RESET Line
else TRAP;

Assembler

Syntax RESET

Attributes Unsized

Description 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.

Condition Codes Not affected.

Instruction Format:

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0
[ofrfofofr[rrJofofr]r]r]ofofofo]
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ROL Rotate (Without Extend) ROL
ROR ‘ ROR
Operation Destination Rotated by <count> — Destination

Assembler

Syntax ROd Dx,Dy
ROd #<data>, Dy
ROd <ea>
where d is direction, Lor R

Attributes Size = (Byte, Word, Long word)

Description 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.

ROL

Operand |‘—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.

ROR

l_’( Operand
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ROL ROL
ROR ROR
Condition Codes

X N Z VvV C

s« fof~]

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

: Always cleared.

Nn < N Z

: 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)

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

Rotate/ ; i i
1111110 Register dr| Size |i/r| 1|1 Register

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/fr = 1, the rotate count (modulo 64) is contained in the data register
specified in this field. ‘
dr field — Specifies the direction of the rotate:
0 — 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 —
Ifi/r = 0, Specifies immediate rotate count.
Ifi/r = 1, Specifies register rotate count.
Register field — Specifies a data register whose content is to be rotated.
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ROL ROL
ROR ROR
Instruction Format (Memory Rotate)
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
Effective Add
L B E R A I 1 Mogce |vel RerSissster
Instruction Fields (Memory Rotate) :
dr field — Specifies the direction of the rotate:
0 — 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) - L -
- (An) 100 reg. number:An d8(PC, Xn) - -
d16 (An) 101 reg. number:An #<data> - -
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ROXL Rotate with Extend ROXL
ROXR ROXR
Operation Destination Rotated with X by <count> — Destination

Assembler

Syntax ROXd Dx, Dy
ROXd # <data>, Dy
ROXd <ea>
where d is direction, L or R

Attributes Size = (Byte, Word, Long word)

Description 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.

ROXL

19

i Operand -~

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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ROXL ROXL
ROXR | ROXR
ROXR

) B

Opearnd —'_

Condition Codes

X N

Z vV C
Ll fefol-]

N : Set if the most significant bit of the result is set. Cleared otherwise.
Z : Setif 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 : Setaccording to the last bit rotated out of the operand. Unaffected for a
rotate count of zero.

Instruction Format (Register Rotate)

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

Rotate/ ;
1111110 Register dr | Size

/1110 Register

Instruction Fields (Register Rotate) :

Rotate/Registér 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/fr = 1, the rotate count (modulo 64) is contained in the data register
specified in this field.

dr field — Specifies the direction of the rotate:
0 — rotate right
1 — rotate left
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ROXL ROXL
ROXR ROXR

Size field — Specifies the size of the operation:
00 — byte operation.
01 — word operation.
10 — long word operation.
i/r field —
If i/r = 0, specifies immediate rotate count.
If i/r = 1, specifies register rotate count.
Register field — Specifies a data register whose content is to be rotated.

Instruction Format (Memory Rotate)

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

Effective Address
1{1]1]lofjolr|o]ldr| 1|1 Mode | Register

" Instruction Fields (Memory Rotate) :

dr field — Specifies the direction of the rotate:

0 — 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 m 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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RTD Return and Deallocate Parameters RTD
Operation (SP)—-PC; SP+4 +d16 —>SP
Assembler
Syntax RTD  #<displacement>
Attributes Unsized
Description 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:

Instruction Fields :

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

olt1]ofolr r]rlofolrls]1]ol1]o]0

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 Return from Exception RTE

(Privileged Instruction)

Operation : If supervisor stat
then ((SP) -»SR; SP + 2—-SP; (SP)—PC; SP +4—SP;)
else TRAP;
Assembler
Syntax : RTE
Attributes : Unsized
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
lolsfofolsfsfsfoJofafafrfofofa]r]
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RTE Return from Exception (Privileged Instruction) RTE

Operation . If supervisor stat
then ((SP)—»SR; SP+ 2—SP; (SP)—»PC; SP+4—SP;
restore state and deallocate
stack according to (SP))

else TRAP;

Assembler

Syntax : RTE

Attributes : Unsized

"Description : 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.

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

Instruction Format:

15 14 13 12 11 10
Lolrfofolsfafafofofafafrfofofs]s]

Format/Offset Word (in stack frame)

15 12 11 10 9 0
| Format | 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 Return and Restore Condition Codes RTR

Operation : (SP)—>CCR; SP + 2—SP;
(SP)—-PC; SP +4—->SP

Assembler

Syntax : RTR

Attributes : Unsized

Description : 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.

Condition Codes 1 Set according to the content of the word on the stack.

Instruction Format :

15 14 13 12 11 10 3 1
Lolifofofsfafafololefafafofs[s]n]
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RTS. Return from Subroutine RTS
Operation : (SP)—»PC; SP+4—-SP

Assembler

Syntax . RTS

Attributes . Unsized

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

counter is lost.
Condition Codes : Not affected.

Instruction Format :

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lofsfofolsfslalofofafafrfofrlo]r]
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SBCD Subtract Decimal with Extend SBCD
Operation Destinationig — Source1g — X — Destination

Assembler

Syntax SBCD Dx, Dy
SBCD —(Ax), —(Ay)

Attributes Size = (Byte)

Description 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 only.

Condition Codes

N 7

Lol ToT ]

N : Undefined.

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

V : Undefined.

C : Setifaborrow (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:

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

Register Register
110[01|0 D?/Ay 110|000 RM Dg/Ax
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SBCD } SBCD

Instruction Fields : Register Dy/Ay field — Specifies the destination register.
A IfR/M = 0, specifies a data register.
If R/M = 1, specifies an address register for the predecrement
addressing mode.
R/M filed — Specifies the operand addressing mode:
0 — The operation is data register to data register
1 — The operation is memory to memory
Register Dx/Ax field — Specifies the source register.
If R/M = 0, specifies a data register.
If R/M = 1, specifies an address register for the predecrement
addressing mode.
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Sce Set According to Condition Sce
Operation If Condition True

then 1s — Destination
else 0s —» Destination

Assembler

Syntax Sce <ea>

Attributes Size = (Byte)

Description 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 |carryset 0101 | C

EQ |equal 0111 |2~

F nevertrue 0001 {0

GE |greater or equal 1100 [N-V+N-V

GT |greaterthan 1110 {N-V-Z+N-V-Z

HI |high 0010 |C-Z

LE |lessor equal 1111 [Z+NV+N-V

LS |low orsame 0011 |[C+2Z

LT |lessthan 1101 [N-V+N-V

MI | minus 1011 |N

NE [notequal 0110 |Z

Pl iplus 1610 |N

T |alwaystrue 0000 |1

VC |overflow clear 1000 |V

VS |[overflow set 1001 {V

- = Boolean AND + = BooleanOR N = Boolean NOTN

Condition Codes Not affected.

Instruction Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
01011 Condition 111 Effective Address
Mode | Register
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Sce

Instruction Fields

Sce

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:

Addr. Mode Mode Register Addr. Mode Mode Register

Dn 000 reg. number: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> - -
Note:

1. An arithmetic one and zero result may be generated by following the Scc
instruction with a NEG instruction.
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STOP Load Status Register and Stop STOP

(Privileged Instruction)

Operation : If supervisor state
then (Immediate Data — SR; STOP)
else TRAP ;
Assembler
Syntax : STOP # <data>
Attributes : Unsized .
Description : 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.

Condition Codes : Set according to the immediate operand.
Instruction Format:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

ol1lofol1lala]ofola]al1]olo]1]o0
Immidiate Data

Instruction Fields : Immediate field — Specifies the data to be loaded into the status
register.
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SUB Subtract Binary SUB
Operation : Destination — Source — Destination
Assembler
Syntax : SUB <ea>,Dn
SUB Dn, <ea>
Attributes . Size = (Byte, Word, Long word)
Description : 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.

Condition Codes
LX LNJ Z V C J
N : Setif the result is negative. Cleared otherwise.
Z . Setifthe resultis zero. Cleared otherwise.
V . Setif an overflow is generated. Cleared otherwise.
C : Setifaborrow is generated. Cleared otherwise.
X : Setthe same as the carry bit.

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

Instruction Format:

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

1]10]0]| 1| Register | Op-Mode Effective Address
Mode | Register

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

Byte Word Long word Opration

000 001 010 <Dn> — <ea>—<Dn>

100 101 110 <ea> — <Dn>— <ea>
Effective Address field — 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. Miode 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. Ifthedestination 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. SUBI and SUBQ are used
when the source is immediate data. Most assemblers automatically make this
distinction.
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SUBA Subtract Address SUBA
Operation Destination — Source — Destination

Assembler

Syntax SUBA <ea>, An

Attributes Size = (Word, Long word)

Description 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 Not affected.

Instruction Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
i . Effective Address
1{0]0]1 Register Op-Mode Mode | Register

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:

011 — 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 ' Subtract Immediate SUBI
Operation : Destination — Immediate Data — Destination

Assembler

Syntax . SUBI #<data>, <ea>-

Attributes : Size = (Byte, Word, Long word)

Description : 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.

Condition Codes

: Set if the result is negative. Cleared otherwise.
: Set if the result is zero. Cleared otherwise. _
: Set if an overflow is generated. Cleared otherwise.

N < N Z

: 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 1 0

ololololol1lo]lo] size Effective Address
Mode | 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.
If size = 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 Subtract Quick SUBQ
Operation Destination — Immediate Data — Destination

Assembler

Syntax SUBQ #<data>, <ea>

Attributes Size = (Byte, Word, Long word)

Description 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.

Condition Codes

X 0O N2

: Set the same as the carry bit.

: Set if the result is negative. Cleared otherwise.

: Set if the result is zero. Cleared otherwise.

: Set if an overflow is generated. Cleared otherwise.
: Set if a borrow is generated. Cleared otherwise.

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

is made.

Instruction Format:

15 14 13 12 11 10

9

8

7 6

5

4 3 2 1

0

of(1]0|1 Data

1

Size

Effective Address
Mode | Register

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.

alterable addressing modes are allowed as shown:

Only data
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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 Subtract with Extend SUBX
Operation : Destination — Source — X — Destination
Assembler
Syntax : SUBX Dx, Dy
SUBX —(Ax), —(Ay)
Attributes . Size = (Byte, Word, Long word)
Description :  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 in 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.

Condition Codes

N zZ VvV ¢
‘|

IR

B

N : Set if the result is negative. Cleared otherwise.

Z : Setifthe result is zero. Cleared otherwise.

V : Setif an overflow is generated. Cleared otherwise.
C : Setifaborrow 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 5 4 3 2 1 0

1/0|0]| 1| Register | 1 size |0 |0 |rm| Register
. Xy Xx
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SUBX SUBX

Instruction Fields :

Register Xy field — Specifies the destination register:
IfR/M = 0, specifies a data register.
IfR/M =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
R/M filed — Specifies the operand addressing mode:
0 — The operation is data register to data register
1 — The operation is memory to memory
Register Xx field — Specifies the source register:
IfR/M = 0, specifies a data register.
IfR/M = 1, specifies an address register for the predecrement addressing
mode.
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SWAP Swap Register Halves SWAP
Oeration . Register [31:16] & Register [15:0]
Assembler
Syntax : SWAP Dn
Attributes 1 Size = (Word)
Descriotion . Exchange the 16-bit halves of a data register.
Condition Codes
X N Z V C
L-[-f«[ofo]
N : Setif the most significant bit of the 32-bit resultis set.

Cleared otherwise.
. Set if the 32-bit result is zero. Cleared otherwise.
. Always cleared.

N < N

: Always cleared.
X : Not affected.

Instruction Format:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o|j1y0jo0oj1|fojojo0ojo0of1j0|0}0 Register

Instruction Fields :

Register field — Specifies the data register to swap.
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TAS Test and Set an Operand TAS
Operation Destination Tested — Condition Codes; 1 — bit 7 of Destination

Assembler

Syntax TAS <ea>

Attributes Size = (Byte)

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

Condition Codes:

current value of the operand is tested and N and 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.

r

N zZ V ¢
[« [-]o]o]

N

N < N

Instruction Format:

15

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

Cleared otherwise.

: Set if the operand was zero. Cleared otherwise.
: Always cleared.

: Always cleared.

: Not affected.

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

0

1100} 1]0 1 0|1 1 Effective Address
Mode | Register

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 d8(An, Xn) 110 reg. Number:An
An - - Abs. W 11 000
(An) 010 reg. Number:An Abs. L 11 001

(An) + 011 reg. Number:An- d16 (PQ) - -

- (An) 100 reg. Number:An d8 (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 Trap TRAP

Operation : SSP — 2 — SSP; Format/Vector Offset — (SSP);
SSP — 4 —»SSP; PC —(SSP); SSP — 2 —SSP;
SR — (SSP); Vector Address —PC

Assembler

Syntax : TRAP # <vector>

Attributes . Unsized

Description : 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.

Condition Codes : Not affected.

Instruction Format :

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oj1tryo0jo0j|1|1r}j1f{ojoj1i{oio0 Vector

Instruction Fields : Vector field — Specifies which trap vector contains the new program
counter to be loaded.
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TRAPV Trap on Overflow TRAPV
Operation : If Vthen TRAP

Assembler

Syntax : TRAPV

Attributes : Unsized

Description : 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.

Condition Codes : Not affected.

Instruction Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ojtr|jojof1jr|1r|fojof1rjrj{1f{o|1|1]|o0
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TST Test an Operand TST
Operation Destination Tested — Condition Codes

Assembler

Syntax TST <ea>

Attributes Size = (Byte, Word, Long word)

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

Condition Codes

condition codes are set according to results of the test. The size of the
operation maybe specified to be byte, word, or long word.

: Set if the operand is negative. Cleared otherwise.
: Set if the operand is zero. Cleared otherwise.

. Always cleared.
. Always cleared.
: Not affected.

Instruction Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 0
ol1lolol1]lo]1]0] size Effective Address
Mode | Register

Instruction Fields

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

alterable addressing modes are allowed as shown:

01 — word operation

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

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 (PQC) - -

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

d16 (An) 101 reg. Number:An #<data> - -
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UNLK Unlink UNLK

Operation : An—SP; (SP)—An; SP+2-SP

Assembler

Syntax : UNLK An

Attributes : Unsized

Description : The stack pointer is loaded from the spécified 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 1 0
o|1{0f{O0{1|1]|1]0|0|1}{0([1]1] Register

Instruction Fields : Register field — Specifies the address register through which the
unlinking is to be done.
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APPENDIX C 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 : Operation
0000 Bit Manipulation / MOVEP /Immediate
0001 Move Byte
0010 Move Long word
0011 Move Word
0100 Miscellaneous
0101 ADDQ/SUBQ/Scc/DBcc
0110 Bcc/BSR
0111 MOVEQ
1000 OR/DIV/SBCD
1001 SUB /SUBX
1010 (Unassigned, Reserved)
1011 CMP/EOR
1100 . AND/MUL/ABCD/EXG
1101 ADD/ADDX
1110 Shift / Rotate
1111 : (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 or Same 0011 C+2
CC (HS) Carry Clear 0100 C
CS (LO) Carry Set 0101 C
NE Not Equal 0110 z
EQ Equal 0111 z
VvC Overflow Clear 1000 v
VS Overflow Set 1001 \Y
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.

«=Boolean AND + =Boolean OR
* : Not available for the Bec instruction

N =Boolean NOT N
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STANDARD INSTRUCTIONS
ORI
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
; Effective Address
ojojojojojojo Size Mode | Register
Size field : 00 =byte
01=word
10 =long word
ORIl to CCR
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
lofofoJojofojofofofofifri]r]r]ofo]
ORI to SR
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
[ofofofofofofoJofJofr[r1]1]1]1]o]0]
Dynamic Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data Effective Address
0cjojojo Register 1| Type Mode | Register
Type field 00 =TST
01=CHG
10=CLR
11=SET
MOVEP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data Address
0jojojo Register OP-Mode | 0 | 0 | 1 Register
Op-Mode field 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
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ANDI
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
: Effective Address
ojofofojoj|jo|1|o Size Mode | Register
Size field : 00 =byte
01 =word
10 =long word
ANDI to CCR

15 14 13 12 11 10 9 8 7 6 5

[oTo Lo o oo+ oloTo 1+ T+Too]

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

o

[ofofoJofofofrfofofafr]r]1]r1]o]o]
SUBI
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ofojojojo|1|o]|o0] size e A rerer
Size field : 00 =byte
. 01=word
10 =long word
ADDI

15 14 i3 12 11 0 8§ 8 7 6 5 4 3 2 1 0

- Effective Address
ojo0o|O0|O0]|O0]|n1 110 Size Mode | Register

Size field : 00 =byte
01=word
10 =long word
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Static Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Effective Address
00]0]0]|1]0]0}0] Type Mode | Register
Type field : 00=TST
01=CHG
10 =CLR
11=SET
EORI

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

: Effective Address
o|jof{ofo}j1j0(1]0 Size Mode | Register

(%]

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

EORI to CCR
15 14 13 12 11 10 9

[ofofofolr]o]

EORIto SR

7 6 5 4 1.0
[oJofrfa]r]r]ofo]

ey
(=]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ofofoJofa1fofsfofofa]a]s[1]r1]o]o]

-
o

CMPI

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

: Effective Address
0jo0jo0o]|0|1 1{0(0 Size Mode | Register

Size field : 00 =byte
01=word
=long word
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TOSHIBA
MOVES
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
. Effective Address
ojoj{ofo}|1|1}1}]0 Size Mode | Register
Size field : 00 =byte
01 =word
10 = long word
MOVE (Byte)
15 14 13 12 11 10 9 8 7 6 4 3 2 1. 0
olololn Destination Source
Register | Mode Mode | Register
Note register and mode locations
MOVEA (Long word)
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
Address Source
ojojrjo Register 0 ! Mode | Register
MOVE (Long word)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
olol1lo Destination Source
Register | Mode Mode | Register
Note register and mode locations
MOVEA (Word)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address Source
ojor Register o Mode | Register
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MOVE (Word)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
olol1]1 Destination Source
j Register | Mode Mode | Register
Note register and mode locations
NEGX
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. Effective Address
ojr|ojojojojo Size Mode | Register
Size field : 00 =byte
01 =word
10 =long word
MOVE from SR
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
Effective Address
o|1rjojojojojo T Mode | Register
CHK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0ol 1 0 Data 111 Effective Address
Register Mode | Register
LEA ,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
J Address Effective Address
ojrjojo Register R Mode | Register
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CLR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
. Effective Address
o(1|]0j0|0}|0Of1]0 Size Mode | Register
Size field : 00 =byte
01 =word
10 =long word
MOVE from CCR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Effective Address
ojrTjojojojojrjorg Mode | Register
NEG
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
: Effective Address
ojrjojojogrjo size Mode | Register
Size field : 00 =byte
01 =word
10 =long word
MOVE to CCR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
Effective Address
0| 1]0]0j0}1]0 T Mode | Register
NOT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
: Effective Address
oj1{0(0|0]1 1 Size Mode | Register
Size field : 00 =byte
01 =word

10 =long word
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MOVE to SR
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
Effective Address
01|00 O 1 10T Mode | Register
NBCD
15 14 13 12 11 10 9 8 6 4 3 2 1 0
Effective Address
01100} 1]0 Mode | Register
SWAP
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
Data
! oprye 01 0 Register
BKPT
15 14 13 12 11 10 9 8 6 4 3 2 1 0
01 0|1 1 1 BKPT #
PEA
15 14 13 12 11 10 9 6 4 3 2 1 0
Effective Address
0100170 ! Mode | Register
EXT
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
_ Data
0(1]/]0]0|1]0]| 0| Op-Mode Register
Op-Mode field 010 = Extend Word

011 = Extend Long word
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MOVEM (Registers to EA)

TST

TAS

ILLEGAL

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
: Effective Address
01|00} }0}0 152 Mode | Register
Sz field 0 =word transfer
1=long word transfer
15 14 13 12 11 10 9 8 7 & 4 3 2 1 0
: Effective Address
of1j0|0|l1|[0O]1 Size Mode | Register
Size field : 00 =byte
01 =word
10 =long word
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
Effective Address
0j1]0j0o 1 Yo Mode | Register
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
lofr1ofof ool fr]r[1[1]o]0]
MOVEM (EA to Registers)
15 14 13 12 11 10 2 8 7 6 4 3 2 1 0
Effective Address
0O{1J0}10}|1 1T{0]0]1]Sz Mode | Register
Sz field 0 =word transfer

1=long word transfer
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TRAP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o]1JofJoa]1]1]o]o]1]o]o] vetor |
LINK
15 14 13 12 11 10 7 2 1. 0
dd
011|001 ! 0 Qegigiéi
UNLK
15 14 13 12 11 10 2 1 0
o[ [oJo '] podre
MOVE to USP
15 14 13 12 11 10 8 2 1. 0
° o] ks
MOVE from USP
15 14 13 12 11 10 8 7 2 1 0
ol1lolol1]1 ofo ég;gzi
RESET
15 14 13 12 i1 0 9 8 7 6 5 4 3 2 1 0
Lofr1fojofr]ift1]ofJofr]r]1]ofofo]0o]
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NOP

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

o[ To o[+ [+ [+ ToTo [+ [+ [1TeoTo 1]
STOP

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

[ofrfofofafrfafofofrfr]r]ofofr]o]
RTE

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

LolrfoJofufrfrfofofafrfrfofofr]r]
RTD

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

Lol fofofa]r[r]ofofa]r]1]of1]ofo]
RTS

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

Lol fofofafrfr]oJofa]r[1]ofr1]ofr]
TRAPV

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lolrfofofalrfafofofafrfaofa]r]o]
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RTR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lofrfofofaafr]ofofsafa]ofr]n]n]
MOVEC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
lof1fofofr[efrofofafrfrf1]ofn [dr]
dr field 0 =control register to general register
1 =general register to control register
JSR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Effective Address
Ojrjojoprjrint ! Mode | Register
JmPpP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Effective Address
ojrjoopTrge T Mode | Register
ADDQ
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
; Effective Address
0f(1]10]1 Data 0 Size Mode | Register
Data field Three bits of immediate data, 0, 1~7 representing a range
of 8, 1to 7 respectively.
Sizefield : 00 = byte
1 = word
10 = long word
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Scc

DBcc

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
" Effective Address
0of1]101]1 Condition 111 Mode | Register

Condition field :

0000 = always true
0001 = never true
0010 = high

0011 =low or same
0100 = carry clear
0101 = carry set
0110 = not equal

1000 = overflow clear
1001 = overflow set
1010 = plus

1011 =minus

1100 = greater or equal
1101 =less than

1110 = greater than

0111 =equal 1111 =less or equal
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
i Data
0111]0(1 Condition 1111]0 1 Register

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 =less than

1110 = greater than
1111 =less or equal
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SuUBQ
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. : Effective Addess
011101 Data 1 Size Mode | Register
Data field Three bits of immediate data, 0, 1~7representing a range
of 8, 1to 7 respectively.
Size field . 00 = byte
01=word
10 =long word
Bcc
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| 0 I 1 l 1 | 0 I Condition 8-Bit Displacement
Condition field :
1000 = overflow clear
1001 = overflow set
0010 = high 1010 = plus
0011 =low or same 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 1 @0
[o[1[1]o]o]o]o]o] 8-Bit Displacement
BSR

15 14 13 12 11 10 9 8 7

6 5 4 3 2 1 0

[of1]r]ofofofofn]

8-Bit Displacement |
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MOVEQ
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
of1 ||| et o Data
egister
Data field Data is sign extended to a long word operand and all 32 bits
are transferred to the data register.
OR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data Effective Address
T10]0]0 Register Op-Mode Mode | Register
Op-Mode field:
byte Word Long word Operation
000 001 010 <ea> V <Dn> —> <Dn>
100 101 110 <Dn> V <ea> — <ea>
DIVU
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data Effective Address
110100 Register T Mode | Register
SBCD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Destination Source
tjojogeo Register* 100 0O R/M Register*
R/ M field 0 =data register to data register

1=memory to memory
* |If R/M =0, specifies a data register
If R/M = 1, specifies an address register for the predecrement addressing mode.
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DIVS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data Effective Address
110070 Register T Mode | Register
SUB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Data ~ Effective Address
Voo Register Op-Mode Mode | Register
Op-Mode field:
Byte Word Longword Operation
000 001 010 (<Dn>)-(<ea>) - <Dn>
100 101 110 (<ea>)-(<Dn>) > <ea>
SUBA
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address _ Effective Address
oo Register Op-Mode Mode | Register
Op-Mode field:
Word Long word Operation
000 111 (<ea>)-(<An>)-><An>
SUBX
15 14 13 12 11 10 9 8. 7 6 5 4 3 2 1 0
1 0 0 1 Destination 1 Size 0 0 |rm Source
Register* Register*
Size field 00 = byte
01 =word

10 = long word

R/M field

0 =data register to data register

1=memory to memory
* 1 If R/M =0, specifies a data register
If R/M = 1, specifies an address register for the predecrement addressing mode.
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cmp

CMPA

EOR

CMPM

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Data i Effective Address
HREREE Register Op-Mode Mode | Register
Op-Mode field:
Byte Word Long word Operation
000 001 010 (<Dn>)-(<ea>)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
Address ~ Effective Address
ot Register Op-Mode Mode | Register
Op-Mode field:
Word Long word Operation
011 001 (<AN>)-(<ea>)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data _ Effective Address
et Register Op-Mode Mode | Register
Op-Mode field:
Byte Word Long word Operation
100 101 110 (<ea>)®(<Dn>)—> <ea>
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1. 0
110 1|1 | Destination 1 Size olol1 Source
Register Register
Size field : 00 =byte
01 =word

10 =long word
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AND

MULU

ABCD

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

Data N Effective Address
Ypryogo Register Op-Mode Mode | Register
Op-Mode field:
Byte Word ~ Long word Operation
000 001 010 (<ea>)N\(<Dn>) - <Dn>
100 101 110 (<Dn>)A\(<ea>) —» <ea>

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

Data Effective Address
Tpryogoe Register ol Mode | Register

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

1110 |0 | Destination | 4 1 gl glglo|em Soyrce*
Register* Register

R/Mfield : O0=data registerto data register
1=memory to memory
* If R/M =0, specifies a data register
If R/M =1, specifies an address register for the predecrement addressing mode.

EXG (Data Registers)

15 1413 12 11 10 9 8 7- 6 5 4 3 2 1 0
Data Data
TPy )oe Register T1o]rjojojo Register

EXG (Address Registers)

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

11|00 Address |4} g |q || o1 | Addres
Register Register
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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 1 0

11110lo0 Data 11110lo0lol1 Address
Register Register

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

11110lo0 Data 10111 Effective Address
Register Mode | Register

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

1111011 Data Op-Mode Effective Address
Register Mode | Register
OP-Mode field: )
Byte Word Long word Operation
000 001 010 (<ea>)+(<Dn>)—-><Dn>
100 101 110 (<Dn>) +(<ea>) > <ea>

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

1111011 Address | Op-Mode Effective Address
Register Mode | Register
OP-Mode field:
Word Long word Operation
011 111 (<ea>)+(<An>) - <An>

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

11110 1 | Destination | q Size olo|R/M Source
Register* Register*

Size field : 00 =byte
01=word
10 =long word
R/M field : 0 =data register to data register
1=memory to memory
*: If R/IM =0, specifies a data register
If R/M = 1, specifies an address register for the predecrement addressing mode.
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SHIFT/ROTATE (Register)

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

1{1]1 0| Count’/ lgr| size |i/r| Type Data
Register 'z i Register

Count/Register field : Ifi/rfield = 0, specifies shift count

Ifi/r field = 1, specifies a data register that contains the shift
count

dr field : 0=right
1 =left
Size field : 00 =byte
01=word
10 =long word
i/r field 1 0 =immediate shift count
1 =register shift count
Type field : 00=arithmeticshft
01 =logical shift
10 = rotate with extend
11 =rotate

SHIFT/ROTATE (Memory)

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

111111010 Type |dr| 1|1 Effective Address
yp Mode | Register

Type field : 00 =arithmeticshift
01 =logical shift
10 = rotate with extend
11 =rotate

drfield : O0=right

1=left
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APPENDIX D TMPGSOOO INSTRUCTION EXECUTION TIMES

D1

D.2

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.

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.1 Effective Address Calculation Times

Addressing Mode Byte, Word Long word
Register
Dn Data Register Direct 0 (0/0) 0 (0/0)
An Address Register Direct 0 (0/0) 0 (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)
d16 (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
Destination
Source
Dn An (An) (An)+ | -(An) | d16(An) [d8(An,Xn)* | Abs.W | Abs.L
Dn 4(1/0) | 4(170) | 8(1/1) | 8(1/1) | 8(1/1) 12(2/1) 14(2/1) 12(2/1) | 16(1/3)
An 4(1/0) | 4(170) | 8(1/1) | 8(1/1) | 8(1/1) 122/1) 14(2/1) 12(2/1) | 16(1/3)
(An) 8(2/0) | 8(2/0) | 12(2/1) | 12(271) | 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(2/0) | 10(2/70) | 14(271) | 14(2/1) | 14(2/1) 18 (3/1) 20(3/1) 18(3/1) | 22(1/4)
d16 (An) 12(3/70) | 12(3/0) | 16(3/1) | 16(3/1) | 16(3/1) 20(4/71) 22(411) 20(4/1) | 24(5/1)
d8(An, Xn)* | 14(3/0) | 14(370) | 18(3/1) | 18(3/1) | 18(3/1) 22 (4/1) 24(4/1) 22(471) | 26(5/1)
Abs. W 12(3/0) | 12(3/0) | 16(3/1) | 16(3/1) | 16(3/1) 20 (471) 22(4/1) 20(471) | 24(5/1)
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)
d16 (PC) 12(370) | 12(3/0) | 16(3/1) | 16(3/1) | 16(3/1) 26(4/1) 22(4/1) 20(4/1) | 24(5/1)
d8(PC, Xn)* | 14(3/0) | 14(3/0) | 18(3/1) | 18(3/1) | 18(3/1) 22(471) 24(4/1) 22(4/1) | 26(5/1)
#<data> 8(2/0) | 8(2/0) | 12(2/1) | 12(271) | 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
Destination
Source
Dn An (An) (An) + -(An) | d16(An) |d8(An,Xn)* | Abs.W | Abs.L
Dn 4(1/0) | 4(1/0) | 12(1/72) | 12(172) | 12(1/2) 16(2/2) 18(2/2) 16(2/2) | 20(3/2)
An 4(1/0) | 4(1/0) | 12(1/72) | 12(172) | 12(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(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(4/2) | 30(5/2)
d16 (An) 16(4/0) | 16(4/0) | 24(472) | 24(4/2) | 24(4/2) 28(5/2) 30(5/2) 28(5/2) | 32(6/2)
d8(An, Xn)* | 18(4/0) | 18(4/0) | 26(4/2) | 26(4/2) | 26(4/2) 30(5/2) 32(5/2) 30(5/2) | 34(6/2)
Abs. W 16(4/0) | 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(5/0) | 28(5/2) | 28(5/2) | 28(5/2) 32(6/2) 34(6/2) 32(6/2) | 36(7/2)
d16 (PQ) 16(4/0) | 16(4/0) | 24(472) | 24(4/2) | 24(4/2) 28(5/2) 30(5/2) 28(5/2) | 32(5/2)
d8(PC, Xn)* | 18(4/0) | 18(4/0) | 26(4/2) | 26(4/2) | 26(4/2) 30(5/2) 32(5/2) 30(5/2) | 34(6/2)
#<data> 12(370) | 12(370) | 20(372) | 20(3/2) | 20(3/2) 24(4/2) 26(4/2) 24(472) | 28(572)

*

The size of the index register {Xn) does not affect execution time.
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D.4 STANDARD INSTRUCTION EXECUTION TIMES

The number of clock periods shown in Table D.4 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 D.4 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.

Table D.4 Standard Instruction Execution Times

Instruction Size op<ea>, An” op<ea>, Dn opDn, <M>
Byte, Word 6(1/0) +** 4(1/0) + 8(1/1) +
ADD/ADDA
Long word 8(1/0) + 6(1/0) +** 12(1/2) +
AND Byte, Word — 4(1/0) + 8(1/1) +
Long word - 6(1/0) +** 12(1/2) +
Byte, word 6(1/0) + 4(1/0) + -
CMP/CMPA Long word 6(1/0) + 6(1/0) + —
DIVS - - 158(1/0) +* -
DIVU - — 140(1/0) * -
EOR Byte, Word — 4(1/0Q) *** 8(1/1) +
Long word - 8(1/0Q) *** 12(1/2) +
MULS - - 70(1/0) +* -
MULU - - 70(1/0) +* —
OR Byte, Word - 4(1/0) + 8(1/1) +
Long word — 6(1/0) +** 12(1/2) +
SUB Byte, Word 8(1/0) + 4(1/0) + 8(1/1) +
Long word 6(1/0) +** 6(1/0) +** 12(1/2) +
Note :
+ add effective address calculation time
A word or long word only
* 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).
*kk 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; i.e., 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 op #, Dn op #, An op#, M
ADDI Byte, Word 8(2/0) - 12(2/1) +
Long word 16(3/0) - 20(3/2) +
ADDQ Byte, Word 4(1/0) 8(1/0)* 8(1/1) +
Long word 8(1/0) 8(1/0) 12(1/2) +
Byte, Word 8(2/0) - 12(2/1) +
ANDI Long word 16(3/0) = 203/1) +
Byte, Word 8(2/0) - 8(2/0) +
CMIPI Long word 14(3/0) = 12(3/0) +
Byte, Word 8(2/0) — 12(2/1) +
EORI Long word 16(3/0) — 20(3/2) +
MOVEQ Long word 4(1/0) - -
ORI Byte, Word 8(2/0) - 12(2/1) +
Long word 16(3/0) - 20(3/2) +
Byte, Word 8(2/0) - 12(2/1)
SUBI Long word 16(3/0) - 20(3/2) +
Byte, Word 4(1/0) 8(1/0)* 8(1/1) +
SUBQ Long word 8(1/0) 8(1/0) 12(1/2) +
+ : add effective address calculation time
* : wordonly

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(1/0) 8(1/1) +
Long word 6(1/0) 12(1/2) +
NBCD Byte 6(1/0) 8(1/1) +
NEG Byte, Word 4(1/0) 8(1/1) +
Long word 6(1/0) 12(1/2) +
Byte, Word 4(1/0) 8(1/1) +
NEGX- Long word 6(1/0) 12(1/2) +
Byte, Word 4(1/0) 8(1/1) +
NOT Long word 6(1/0) ‘ 12(1/2) +
Byte, Word 4(1/0) 8(1/1) +
Scc : Long word 6(1/0) 8(1/1) +
TAS Byte 4(1/0) 10(1/1) +
Byte, Word 4(1/0) 4(1/0) +
TST Long word 4(1/0) 4(1/0) +
+ : add effective address calculation time

D.7 SHIFT/ROTATE 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 Shift/Rotate Instruction Execution Times

Instruction Size Register Memory
ASR, ASL Byte, Word 6+2n(1/0) 8(1/1) +
Long word 8+2n(1/0) -
o o | e
+ add effective address calculation time for word operands

n : the shift count
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D.8 BIT MANIPULATION INSTRUCTION EXECUTION TIMES

Table D.8 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 (xr/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.8 Bit Manipulation Instruction Execution Times

. . Dynamic Static
Instruction Size
Register Memory Register Memory
Byte - 8(1/1)+ - 12(2/1) +
BCHG Long word 8(1/0)* - 12(2/0) —
BCLR Byte — 8(1/1)+ — 12(2/1) +
Long word 10(1/0) — 14(2/0)* —
BSET Byte — 8(1/1)+ — 12(2/1) +
Long word 8(170)* — 12(2/0)* -
Byte — 4(1/0) + — 8(2/0) +
BTST Long word 6(1/0) — 10(2/0) —
+ : add effective address calculation time

indicates maximum value; data addressing mode only

D.9 CONDITIONAL INSTRUCTION EXECUTICN 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 Branch Taken Branch Not Taken
Be Byte 10(2/0) 8(1/0)
¢ Word 10(2/0) 12(2/0)
Byte 10(2/0) =
BRA Word 10(2/0) =
Byte 18(2/2) -
BSR Word 18(2/2) —
cctrue - 12(2/0)
DBcc cc false, Count Not Expired 10(2/0) —
cc false, Count Expired — 14(3/0)
+ : add effective address calculation time

indicates maximum base value
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D.10 JMP, JSR, LEA, PEA, AND MOVEM INSTRUCTION EXECUTIONTIMES

Table D.10 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.10 JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times

,'(?c";"'“" Size (An) (An) + -(An) | d16(An) |d8(AnXn)*| Abs.W | Abs.L |d16(PC) |d8(Pc, Xn)*
JMP - 8 (2/0) - - 10(2/0) 14(3/0) {10 (2/0) | 12 (3/0) | 10 (2/0) 14(3/0)
JSR = 16 (2/2) - - 18(2/2) 22(2/2) |18 (2/2) {20 (3/2) |18 (2/2) 22(2/2)
LEA - 4 (1/0) = - 8(2/0) 12(2/0) | 8 (2/0) |12 (3/0) | 8 (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 18 +4n 16 +4n 20 +4n 16 +4n 18 +4n
MOVEM (3+n/0) | (3+n/0) (4+n/0) (4+n/0) (4+n/0)| (5+n/0)| (4+n/0)| (4+n/0)
M—-R Long 12+8n 12+8n - 16 +8n 18 +8n 16+8n 20 +8n 16+ 8n 18+ 8n
(3+2n/0)[(3+2n/0) (4+2n/0) { (4+2n/0) [ (4+2n/0)|(5+2n/0)|(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 Long 8+8n - 8+8n 12+8n 14 + 8n 12+8n 16+ 8n - -
(2/2n) - (2/2n) (3/2n) (3/2n) (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.11 MULTI-PRECISION INSTRUCTION EXECUTION TIMES

Table D.11 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 (xr/w).

In Table D.11, the headings have the following meaning: Dn = data register
operand and M = memory operand.

Table D.11 Multi-Precision Instruction Execution Times

Instruction Size op Dn, Dn op M, M
Byte, Word 4(1/0) 18(3/1)
ADDX Long word 8(1/0) 30(5/2)
Byte, Word — 12(3/0)
CMPM Long word - 20(5/0)
SUBX Byte, Word 4(1/0) ' 18(3/1)
Long word 8(1/0) 30(5/2)
ABCD Byte 6(1/0) 18(3/1)
SBCD Byte 6(1/0) 18(3/1)
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D.12 MISCELLANEOQOUS 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(3/0) -
ANDI to SR Word 20(3/0) -
CHK (No Trap) - 10(1/0) + -
EORI to CCR Byte 20(3/0) -
EORI to SR Word 20(3/0) -

ORI to CCR Byte 20(3/0) -
ORI to SR Word 20(3/0) -
MOVE from SR - 6(1/0) 8(1/1) +
MOVE to CCR - 12(1/0) 12(2/0) +
MOVE to SR - 12(1/0) 12(2/0) +
EXG - 6(1/0) -
Word 4(1/0) -
EXT Long word 4(1/0) -
LINK - 16(2/2) -
MOVE from USP - 4(1/0) -
MOVE to USP - 4(1/0) -
NOP — 4(1/0) —
RESET - 132(1/0) -
RTE - 20(5/0) -
RTR - 20(5/0) -
RTS - 16(4/0) -
STOP - 4(0/0) —
SWAP — 4(1/0) —
TRAPV - 4(1/0) —
UNLK - 12(3/0) -
+ add effective address calculation time
Table D.13 Move Peripheral Instruction Execution Times
Instruction Size Register - Memory Memory—Register
Word 16(2/2) 16(4/0)
MOVEP -
Long word 24(2/4) 24(6/0)
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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 (r/w).

Table D.14 Exception Processing Execution Times

Exception Periods
Address Error 50(4/7)
Bus Error 50(4/7)
CHK Instruction C O A4(5/48) +
Divide by Zero 42(5/4)
llegal Instruction 34(4/3)
Interrupt 44(5/3)*
Privilege Violation 34(4/3)
RESET** 40(6/0)
Trace 34(4/3)
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.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 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 (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.
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n

1 E2 OPERAND EFFECTIVE ADDRESS CALCULATION TIMES

: Table E.1 lists the number of clock periods required to compute an instruction’s
effective address. It includes fetching of any extension words, the address

! . )

I computation, and fetching of the memory operand. The number of bus read and

I write cycles is shown in parenthesis as (r/w). Note there are no write cycles involved

1 in processing the effective address.

I

1 Table E.1 Effective Address Calculation Times

I Addressing Mode Byte Word Long word

| Register

I|pn . Data Register Direct 0 (0/0) 0 (0/0) 0 (0/0)

1l an Address Register Direct 0 (0/0) 0 (0/0) 0 (0/0)

| Memory

1{(an) Data Register Indirect 4 (1/0) 8 (2/0) | 16 (4/0)

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

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

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

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

1| Abs.w Absolute Short 12 (3/0) | 16 (4/0) | 24 (6/0)

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

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

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

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

1

1 * 1 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 E.4 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 (x/w).

Table E.2 Move Byte Instruction Execution Times

Destination
Source
Dn An (An) (An) + -(An) [d16 (An) [d8(AnXn)* Abs.W Abs.L
Dn 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 (5/0) | 20(5/0)| 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(5/0) | 22(5/0)| 26(5/1)| 26(5/1)| 26(5/1)| 34(7/1)| 36(7/1)| 34(7/1)| 42(9/1)
Abs.W 20(5/0) | 20(5/0) | 24(5/1)| 24(5/1)| 24(5/1)| 32(7/1)| 34(7/1)| 32(7/1)| 40(9/1)
Abs.L 28(7/0) | 28(7/0) | 32(7/1)| 32(7/1)| 32(7/1)| 40(9/1)| 42(9/1)| 40(9/1) |48 (11/1)
d16 (PC) 20(5/0) | 20(5/0) | 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(5/0)| 22(5/0)| 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(4/1) | 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
Destination
Source
Dn An (An) (An) + -(An) |d16 (An) |[d8 (An,Xn)*| Abs.W Abs.L
Dn 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 E.4 Move Long Word Instruction Execution Times
Source Destination

Dn An (An) (An) + -(An) |d16 (An) d8(AnXn)*| Abs.W 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(8/4)| 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(10/4) |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 (10/4) | 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 (PQ) 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)
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.

E4 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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Table E.5 Standard Instruction Execution Times

Instruction Size op<ea>, An op<ea>, Dn opDn, <M>
Byte - 8 (2/0) + 12 (2/1) +
ADD/ADDA Word 12 (2/0) + 8 (2/0) + 16 (2/2) +
Long word 10 (2/0) + ** 10 (2/0) + ** 24 (2/4) +
Byte - 8 (2/0) + 12 (2/1) +
AND Word — 8 (2/0) + 16 (2/2) +
Long word - 10 (2/0) +* 24 (2/4) +
Byte - 8 (2/0) + -
CMP /CMPA Word 10 (2/0) + 8 (2/0) + -
Long word 10 (2/0) + 10 (2/0) + -
DIVS - 162 (2/0) * -
DIVU - 144 (2/0) * -
Byte - 8 (2/0) + *** 12 (2/1) +
EOR Word - 8 (2/0) +*** 16 (2/2) +
Long word - 2 (2/0) +*** 24 (2/4) +
MULS - 74 (2/0) +* —
MULU - 74 (2/0) +* -
Byte - 8 (2/0) + 12 (2/1) +
OR Word - 8 (2/0) + 16 (2/2) +
Long word - 0 (2/0) +** 4 (2/4) +
Byte - (2/0) + 12 (271) +
SUB Word 12 (2/0) + 8 (2/0) + 16 (2/2) +
Long word 10 (2/0) + ** 10 (2/0) ** 24 (2/4) +
Notes:
+ add effective address calculation time

*kk

DIVS, DIVU -

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.

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

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

when the source is $5555.

MULU n=the number of ones in the <ea>

The divide algorithm used by the TMP68008 provides less than
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E.5 IMMEDIATE INSTRUCTION EXECUTION TIMES

Table E.6 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.

+

add effective address calculation time

1

|

|

|

|

|

I

|

|

|

I

|

1 Instruction Size op#, Dn op#, An op#, M

! Byte 16 (4/0) - 20 (4/1) +

1 ADDI Word 16 (4/0) - 24 (472) +

l Long word 28 (6/0) - 40 (6/4) +

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

| ADDQ Word 8 (2/0) 12 (2/0) 16 (212) +

| Lon word 12 (2/0) 12 (2/0) 24 (2/4) +
Byte 16 (4/0) - 20 (4/1) +

:l ANDI Word 16 (4/0) - 24 (42) +

I Lon word 28 (6/0) - 40 (6/4) +
Byte 16 (4/0) - 16 (4/0) +

1 CMPI Word 16 (4/0) - 16 (4/0) +

1 Lon word 26 (6/0) - 24 (6/0) +

1 Byte 16 (4/0) = 20 (@) +

ll EORI Word 16 (4/0) - 24 (412) +

1 Lon word 28 (6/0) - 40 (6/4) +

il MOVEQ Lon word 8 (2/0) - -

'W Byte 16 (4/0) - 20 (4/1) +

i ORI Word 16 (4/0) - 24 (472) +

I Lon word 28 (6/0) - 40 (6/4) +
Byte 16 (4/0) - 12 (211) +

! SUBI Word 16 (4/0) - 16 (2/2) +

1 Lon word 28 (6/0) - 24 (2/4) +

i Byte 8 (2/0) - 20 (4/1) +

| SUBQ Word 8 (2/0) 12 (2/0) 24 (412) +

I Lon word 12 (2/0) 12 (2/0) 40 (6/4) +

|

|
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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.

Table E.7 Single Operand Instruction Execution Times

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.

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(2/11) +
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 (2/1) +
Sec Byte, True 10 (2/0) 12(21) +
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 SHIFT/ROTATE 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 Shift/Rotate 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) -

+ : addeffective address calculation time for word operands

n : isthe shift count

E.8 BIT MANIPULATION INSTRUCTION EXECUTION TIMES

Table E.9 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
X . Dynamic Static
Instruction Size - -
Register Memory Register | Memory
Byte - 12 (2/1) + - 20 (4/1) +
BCHG Long word 12 (2/0) * - 20 (4/0)* -
Byte - 12 (211) + - 20 (4/1) +
BCLR
Long word 14 (2/0) * - 22 (4/0)* -
Byte - 12 (2/1) + - 20 (411
BSET y (211) (411) +
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

E.9 CONDITIONAL INSTRUCTION EXECUTION TIMES

Table E.10 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.10 Conditional Instruction Execution Times

Instruction Displacement Trep or Trapor
Branch Taken Branch Not taken
8 Byte 18 (4/0) 12 (2/0)
ce Word 18 (4/0) 20 (4/0)
Byte 18 (4/0 -
BRA y (4/0)
Word 18 (4/0) -
Byte 34 (4/4 -
BSR y (4/4)
Word 34 (4/4) -
ccTrue - 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

I Table E.11 indicates the number of clock periods required for the jump, jump-to-
I subroutine, load effective address, push effective address, and move multiple
: registers instructions. The number of bus read and write cycles is shown in
I parenthesis as (r/w).

: Table E.11 JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times

l Instruction Size (An) (An) + -(An) d16 (An) d8(Aan, Xn)* Abs,W Abs,L d16 (PC) d8 (PC, Xn)*
I Jmp - 16 (4/0) - co- 18 (4/0) 22 (4/0) 18 (4/0) 24(6/0) 18 (4/0) 22 (4/0)
I JSR - 32 (a/8) - - 34 (4/8) 38 (4/8) 34 (a/8) 40 (6/4) 34 (a/8) 32 (a18)
I LEA - 8 (2/0) - - 16 (4/0) 20 (4/0) 16 (4/0) 24 (6/0) 16 (4/0) 20 (4/0)
I PEA - 24 (2/8) - - 32(4/8) 36 (4/4) 32 (4/8) 40 (6/8) 32 (4/8) 36 (4/4)
I Word 24+8n 24+8n - 32+8n 34+8n 32+8n 40+ 8n 32+8n 34+8n
I MOVEN (6 +2n/0) (6 +2n/0) - (8 +2n/0) (8 +2n/0) (10 + n/0) (10 + 2n/0) (8 +2n/0) (8 +2n/0)
I N—-R Long word 24+16n 24+16n - 32+16n 34+16n 32+16n 40 +16n 32+16n 32+ 16n
I (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 244+8n 26+8n 24+8n 32+8n - -

I MOVEN - (4/2n) - (4/2n) (6/2n) (6/2n) {6/2n) (8/2n) - -

I R—-N Long word 16+ 16n - 16+ 16n 24+16n 26+16n 24+ 16n 32+ 16n - -

1 (a/8n) - (4/8n) (6/8n) (8/4n) (6/an) - -

1 n: thenumber of registersto move

l * : . thesize of the index register (Xn) does not affect the instruction’s execution time
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E.11 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 (41)

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 (4/1)
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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

Table E.14 Move Peripheral Instruction Execution Times

1

|

|

|

|

I

I

|

1

i Instruction Register Memory

) ANDI to CCR 32 (6/0) -

] ANDI to SR 32 (6/0) -

i EORI to CCR 32 (6/0) -

| EORI to SR 32 (6/0) -

i EXG 10 (2/0) -

| EXT 8 (2/0) -

I LINK 32 (4/4) -

i MOVE to CCR 18 (4/0) 18 (4/0) +

| MOVE to SR 18 (4/0) 18 (4/0) +

i MOVE from

I R 10 (2/0) 16 (2/2) +

1 MOVE to USP 8 (2/0) -

I MOVE from

I Usp 8 (2/0) -

| NOP 8 (2/0) -

| ORI to CCR 32 (6/0) -

| ORI to SR 32 (6/0) -

1 RESET 136 (2/0) -

| RTE 40 (10/0) -

| RTR 40 (10/0) -

| RTS 32 (8/0) -

I STOP 4(0/0) -

I SWAP 8 (2/0) -

i UNLK 24 (6/0) -

: + : add effective address calculation time for word operand

1.

1 Instruction Size Register->Memory | Memory—Register

: OVEP L Word 24 (42) 24 (6/0)
ong word 32 (4/4) 32 (8/0)

: + : add effective 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).

+
*k .

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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APPENDIXF TMP68010 INSTRUCTION EXECUTION TIMES
F.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, puls 4 clock periods for the one
write cycle, puls 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.

F.2 OPERAND EFFECTIVE ADDRESS CALCULATION TIMES

Table F.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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Table F.1 Effective Address Calculation Times

Byte, Word Long word H

Add ressing Mode Fetch No Fetch Fetch No Fetch 'l

Register 1’

Dn Data Register Direct 0(0/0) - 0(0/0) - I!
An Address Register Direct 0 (0/0) - 0(0/0) - !
Memory ' |

(An) Address Register Indirect 4(1/0) 2(0/0) 8(2/0) 2 (2/0) :
(An) + Address Register Indirect with Postincrement 4(1/0) 4(0/0) 8(2/0) 4(0/0) l
-An Address Register Indirect with Predecrement 6 (1/0) 4.(0/0) 10 (2/0) 400 |
d16 (An) Address Register Indirect with Displacement 8(2/0) 4.(0/0) 12 (2/0) 4(1/0) li
d8(An, Xn)* | Address Register Indirect with Index 10 (2/0) 8(1/0) 14 (3/0) 8(1/0) :
Abs.W Absolute Short 8(2/0) 4(1/0) 12(3/0) 4(1/0) {{
Abs.L Absolute Long 12 (3/0) 8(2/0) 16 (4/0) 8(2/0) a'l
d16 (PC) Program Counter with Displacement 8(2/0) - 12 (3/0) - }li
d8 (PC, Xn)* |Program Counter with Index 10 (2/0) - 14 (3/0) - gi
#<data> |Immediate 4(1/0) - 8 (2/0) - ii

* .

F.3 MOVE INSTRUCTION EXECUTION TIMES

Table F.2, F.3, F.4 and F.5 indicate the number of clock periods for the move
instruction. This data includes instruction fetch, operand reads, and operand

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

writes. The number of bus read and write cycles is shown in parenthesis as (v/w).

Table F.2 Move Byte and Word Instruction Execution Times

*.

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

Destination }
source Dn An (An) (An) + -(An) d16(An) |d8(An,Xn)*| Abs.W Absl §
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16 (3/1)
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) | 12(21) 14(2/1) 12(2/1) | 16(3/1)
(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) + 8 (2/0) 8 (2/0) 12(2/1) 12(211) 12(2/1) 16(3/1) 18 (3/1) 16(3/1) | 20(4/1)
-(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) H
d16 (An) 12 (3/0) 12(3/0) | 16(3/1) 16(3/1) 16(3/1) 20(471) | 22(41) 20(4/1) | 24@a)  F
d8 (An, Xn) * 14(3/0). | 14(3/0) | 18(3/1) 18(3/1) 18(31) | 22(41) | 24(4) 2201 | 26(51) |
Abs.W 12(3/0) | 12(3/0) | 16(3/1) | 16(3/1) | 16(3/1) | 20(4/1) | 22(4/1) 200a1) | 2451
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) ki
d16 (PC) 12(3/0) 12(3/0) 16 (3/1) 16 (3/1) 16 (3/1) 20 (4/1) 22(41) 20(4/1) | 24(5/1)
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) | 28(5/)
#<data> 8(2/0) 8(2/0) | 12(211) 12(2/1) 12(2/1) 16 (3/1) 18(3/1) 161 | 201§
|
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Table F.3 Move Byte and Word Instruction Loop Mode Execution Times
Loop Continued Loop Terminated N
Valid Count, cc False Valid Count, cc True | Expired Count
Destination
Source
(An) (An) + - (An) (An) (An) + - (An) (An) (An) + - (An)
Dn 10(0/1) | 10(0/1) - 18(2/1) | 18(2/1) - 16(2/1) | 16(2/1) -
An* 10(071) | 10(0/1) - 18(2/1) | 18(2/1) - 16(2/1) | 16(271) -
(An) 140171) | 14171 | 160171 | 203/1) | 20(3/1) | 22(3/1) | 18(3/1) | 18(3/1) | 20(3/1)
(An) + 14(171) | 14@/1) | 160171) | 20371 | 20371) | 22(371) | 18(3/1) | 18(3/1) | 20(3/1)
-(An) 16(1/71) | 16(1/1) | 18(1/1) | 22(3/1) | 223/1) | 24(3/1) | 203/1) | 20(371) | 22(3/1)
*:
Table F.4 Move Long Word Instruction Execution Times
Destination
Source Dn An (An) (An) + ~(An) | d16(An) |d8(Anxn) | AbsW | AbsL
Dn 4(1/0) a(1/0) | 12(1/2) | 12(172) | 14(1/2) | 16(2/2) | 18(2/2) | 16(2/2) | 20(3/2)
An a(1/0) | a(170) | 12(172) | 12(172) | 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(4/2) | 24(4/2) | 28(5/2)
-(An) 14(3/0) | 14(3/0) | 22(3/2) | 22(372) | 22(3/2) | 26(4/2) | 28(4/2) | 26(4/2) | 30(5/2)
d16 (An) 16(4/0) | 16(4/0) | 24(4/2) | 24(472) | 24(4/2) | 28(5/2) | 30(5/2) | 28(5/2) | 32(6/2)
d8 (An, Xn) * 18(4/0) | 18(4/0) | 26(4/2) | 26(472) | 26(4/2) | 30(5/2) | 32(5/2) | 30(5/2) | 34(6/2)
Abs.W 16(4/0) | 16(4/0) | 24(4/2) | 2a(472) | 24(4/2) | 28(5/2) | 30(5/2) | 28(5/2) | 32(6/2)
Abs.L 20(5/0) | 20(5/0) | 28(5/2) | 28(5/2) | 28(5/2) | 32(6/2) | 34(6/2) | 32(6/2) | 36(7/2)
d16 (PC) 16 (4/0) 16(4/0) | 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2)
d8 (PC, Xn) * 18(4/0) | 18(4/0) | 26(4/2) | 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 of the 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 I Expired Count
Destination
Source
(An) (An) + - (An) (An) (An) + - (An) (An) (An) + - (An)
Dn 14(0/2) | 14(072) - 20(272) | 20(2/2) - 18(2/2) | 18(272) -
An 14(0/2) 14(0/2) - 20(2/2) | 20(272) - 18(2/2) 18(2/2) -
(An) 22(2/2) | 22(272) | 24(2/2) | 28(4/2) | 28(4/2) | 30(4/2) | 24(4/2) | 24(4/2) | 26(4/2)
(An) + 22(272) | 22(2/72) | 24(2/2) | 28(472) | 28(4/2) | 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.

Table F.6 Standard Instruction Execution Times

Instruction Size op<ea>, An*** | op<ea>, Dn opDn, <M>
, W 8(1/0 4(1/0 8(1/1
ADD / ADDA Byte, Word ( ) + ( ) + (1/71) +
Long word 6(1/0) + 6(1/0) + 12(1/2) +
Byte, Word - 4(1/0) + 8(1/1) +
AND
Long - 6(1/0) + 12(1/2) +
Byte, Word 6(1/0) + 4(1/0) + -
CMP/CMPA Long word 6(1/0) + 6(1/0) + -
DIVS — - 122(1/0) + -
DIVU — - 108(1/0) + -
EOR Byte, Word - 4(1/0) ** 8(1/1) +
Long word - 6(1/0) ** 12(1/2) +
MULS - - 42(1/0) + -
MULU - - 40(1/0) + -
OR Byte, Word - 4(1/0) + 8(1/1) +
Long word - 6(1/0) + 12(1/2) +
Byte, W 1 4(1/0 8(1/1
SUB /SUBA yte, Word 8(1/0) + (1/0) + ( ) +
Long word 6(1/0) + 6(1/0) + 12(1/2) +
Notes:
+ add effective address calculation time

* .
**
*xk

Indicates maximum value

only available addressing mode is data register direct

word or long word only
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Tabie F.7 Standard Instruction Loop Mode Execution Times

Loop Continued

Loop Terminated

Valid Count, cc False

Valid Count cc True

Expired Count

Instruc- Size op<ea> |op<ea> op Dn op<ea> |op<ea> opDn [op<ea> |op<ea> op Dn
tion An* Dn <ea> An* Dn <ea> An* Dn <ea>
ADD Byte, Word 18(1/0) | 18(1/0) | 16(1/1) | 24(3/0) | 22(3/0) | 22(3/1) | 22(3/0) | 20(3/0) | 20(3/1)
Long word 22(2/0) | 22(2/0) | 24(2/2) | 28(4/0) | 28(4/0) | 30(4/2) | 26(4/0) | 26(4/0) | 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)
P Byte, Word 12(1/0) | 12(1/0) - 18(3/0) | 18(3/0) - 16(3/0) | 16(4/0)
Long word 18(2/0) | 18(1/0) - 24(4/0) | 24(4/0) - 20(4/1) | 20(4/0)
EOR Byte, Word - - 16(1/0) - - 22(3/1) - - 20(3/1)
Long word - - 24(2/2) - - 30(4/2) - - 28(4/2)
OR Byte, Word - 16(1/0) | 16(1/0) - 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)
SuB Byte, Word 18(1/0) | 16(1/0) | 16(1/1) | 24(3/0) | 22(3/0) | 22(3/1) | 22(3/0) | 20(3/0) | 20(3/1)
Long word 22(2/0) [ 20(2/0) | 24(2/2) | 28(4/0) | 26(4/0) | 30(4/2) | 26(4/1) | 24(4/0) | 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 (x/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 op #, An op #, M

ADDI Byte, Word 8(2/0) - 12(2/1) +
Long word 14(3/0) - 20(3/2) +
ADDQ Byte, Word 4(1/0) 4(1/0) * 8(1/1) +
Long word 8(1/0) 8(1/0) 12(1/2) +
ANDI Byte, Word 8(2/0) - 12(2/1) +
Long word 14(3/0) - 20(3/1) +
CMPL Byte, Word 8(2/0) — 8(2/0) +
Long word 12(3/0) - 12(3/0) +
EORI Long word 8(2/0) - 12(2/1) +
Byte, Word 14(3/0) - 20(3/2) +

MOVEQ Long word 4(1/0) - -
Byte, Word 8(2/0) - 12(2/1) +
ORI Long word 14(3/0) - 20(3/2) +
Byte, Word 8(2/0) - 12(2/1) +
SUEBI Long word 14(3/0) - 20(3/2) +
SUB Byte, Word 4(1/0) 4(1/0) * 8(1/1) +
Q Long word 8(/0) 8(1/0) 12(1/2) +

+
*

add effective address calculation time

word only

F.6 SINGLE OPERAND INSTRUCTION EXECUTION TIMES

Tables F.9, F.10, and F.11 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 Memory
NBDC Byte 6(1/0) 8(1/1) +
NEG Byte, Word 4(1/0) 8(1/1) +

Long word 6(1/0) 12(1/2) +
NEGX Byte, Word 4(1/0) 8(1/1) +

Long word 6(1/0) 12(1/2) +
NOT Byte, Word 4(1/0) 8(1/1) +

Long word 6(1/0) 12(1/2) +
Scc Byte, Faise 4(1/0) 8(1/1) +*

Byte, True 4(1/0) 8(1/1) ++*
TAS Byte 4(1/0) 14(2/1) +*
TST Byte, Word 4(1/0) 4(1/0) +

Long word 4(1/0) 4(1/0) +
s add effective address calculation time.

Use non-fetching effective address calculation time.
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Table F.10 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(1/71) | 12(1/1) 16(2/1) 12(2/1) | 16(3/1)
CLR
Long word 6(1/0) - 12(1/2) | 12(1/2) | 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.11 Single Operand Instruction Loop Mode Execution Times

Loop Continued Loop Terminated
Valid Count, cc False Valid Count, cc True Expired Count
Inst. Size (An) (An) + - (An) (An) (An) + - (An) (An) (An) + —(An)

Byte, Word 10(0/1) | 10(0/1) | 12(0/1) | 18(2/1) | 18(2/1) | 20(2/0) | 16(2/1) | 16(2/1) | 18(2/1)
Long word 14(0/2) | 14(0/2) | 16(0/2) | 22(2/2) | 22(2/2) | 24(2/2) | 20(2/2) | 20(2/2) | 22(2/2)
NBCD Byte 18(1/71) | 18(1/1) | 20(1/1) | 24(3/1) | 24(3/1) | 26(3/1) | 22(3/1) | 22(3/1) | 24(3/1)
Byte, Word 16(1/71) [ 16(1/71) | 18(2/2) | 22(3/1) | 22(3/1) | 24(3/1) | 20(3/1) | 20(3/1) | 22(3/1)

CLR

NEG 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)
NEGX Byte, Word 16(1/71) | 16(1/71) | 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(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(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)
ST Byte, Word 12(1/0) | 12(1/0) | 14(1/0) | 18(3/0) | 18(3/0) | 20(3/0) | 16(3/1) | 16(3/1) | 18(3/0)

Long word 18(2/0) | 18(2/0) { 20(2/0) | 24(4/0) | 24(4/0) | 26(4/0) | 20(4/0) | 20(4/0) | 22(4/0)
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F.7 SHIFT/ROTATE 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 Shift/Rotate Instruction Execution Times

Instruction Size Register Memory*

Byte, Word 6+2n(1/0) 8(1/1) +

FSR, ASL
Long word 8+2n(1/0) -

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

ROR, ROL Byte, Word 6+2n(1/0) 8(1/1) +
Long word 8+2n(1/0) —
Long word 8+2n(1/0) —

+ add effective address calculation time

n : the shift or rotate count

* word only

Table F.13 Shift/Rotate Instruction Loop Mode Execution Times

Loop Continued Loop Terminated
Valid Count, cc False Valid Count, cc True Expired Count
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(3/1) | 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(1/1) | 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(3/1) | 22(3/1) | 24(3/1)

F.8 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
. . Dynamic Static
Instruction Size i i
Register | Memory | Register | Memory
BCHG Byte - 8(1/1) + - 12(2/1) +
Long word 8(1/0) * - 12(2/0) * -
BCLR Byte - 10 (1/1) + - 14 (2/1) +
Long word 10 (1/0) * - 14 (2/0) * -
BSET Byte - 8(1/1) + - 12(2/1) +
Long word 8(1/0) * - 12 (2/0) * -
Byte — 4(1/0) + - 8(2/0) +
BTST y . (1/0) . (2/0)
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
Bee Byte 10(2/0) 6(1/0)
Word 10(2/0) 10(2/0)
BRA Byte 10(2/0) -
Word 10(2/0) -
BSR Byte 18(2/2) -
Word 18(2/2) -
cctrue - 10(2/2)
DBcc
cc false 10(2/2). 16(3/0)

: add effective address calculation time.

: indicates maximum value
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F.10 JMP, JSR, LEA, PEA, AND MOVEM INSTRUCTION EXECUTION TIMES

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.

parenthesis as (r/w).

The number of bus read and write cycles is shown in

Table F.16 JMP,JSR,LEA, PEA, and MOVEM Instruction Execution Times

Inst. Size An (An) + | - (An) | d16(An) | d8(An,Xn)* | Abs.W Abs.L | d16(PC) |d8(PC,Xn)*
JMP - 8(2/0) - - 10 (2/0) 14 (3/0) 10 (2/0) 12 (3/0) 10 (2/0) 14 (3/0)
JSR - 16 (2/2) - - 18 (2/2) 22(2/2) 18(2/2) 20(3/2) 18(2/2) 22(2/2)
LEA - 4(1/0) - - 8(2/0) 12 (2/0) 8(2/0) 12(3/0) 8(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 18 +4n 16 +4n 20 +4n 16 +4n 18 +4n
MOVEM B+n/0) | (3+n/0) @rr0) | @an0) | @en0) | Sen0) | @en) | @+
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/0) | (4+2n/0) | (4+2n/0)
Word 8+4n| - 8+4n| 12+4n 14+an | 12+4n| 16+4n| — -
MOVEM (2n) (2/n) 3/n) (3+n) (3/n) (4/n) - -
R->M Long 8+8n - 8+8n 12+8n 14 +8n 12+8n 16 +8n - -
word (2/2n) - (2/2.) (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) - -
MOVES | word
M-R  |iong 22(4/0) | 24(4/0) | 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(3/1) 24 (4/1) - -
MOVES Word
R->M Long 22(2/2) 24(2/2) 24(2/2) 24(3/2) 28(3/21) 24(3/2) 28 (4/2) - -
word
n The number of registers to move.

F.11 MULTI-PRECISION INSTRUCTION EXECUTION TIMES

The size of the index register (ix) does not affect the instruction’s execution time.

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:

operand and M = memory operand.

Dn = data register
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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 opM, M *

Byte, Word 4(1/0) 18(3/1) 22(2/1) 28(4/1) 26(4/1)
ADDX Long word 6(1/0) 30(5/2) 32(4/2) 38(6/2) 36(6/2)
Byte, Word — 12(3/0) 14(2/0) 20(4/0) 18(4/0)
CMPM Long word = 20(5/0) 24(470) 30(6/0) 26(6/0)
. Byte, Word 4(1/0) 18(3/1) 22(2/1) 28(4/1) 26(4/1)
SUBX Long word 6(1/0) 30(5/2) 32(4/2) 38(6/2) 36(6/2)
ASCD Byte 6(1/0) 18(3/1) 24(2/1) 30(4/1) 28(4/1)
SBCD Byte 6(1/0) 18(3/1) 24(2/1) 30(4/1) 28(4/1)

*

Source and destination ea is (An) + for CMPM and — (An) for all others.

F.12 MISCELLANEOQOUS 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
H * %
Instruction Size Register Memory Regls_t)er Sourcg**—>

Destination | Register
ANDI to CCR - 16 (2/0) - - -
ANDI to SR - 16 (2/0) - - -
CHK - 8(1/0) + - - -
EORlI to CCR - 16 (2/0) - — —
EORI to SR - 16 (2/0) - — —
EXG - 6 (1/0) - - -
EXT Word 4 (1/0) - - =
Long word 4 (1/0) — - —
LINK - 16 (2/2) - - -
MOVE from CCR - 4 (1/0) 8(1/1) +* - -
MOVE to. CCR - 12 (2/0) 12(2/0) + - -
MOVE from SR - 4(1/0) 8(1/1) +* - -
MOVE to SR - 12 (2/0) 12(2/0) + - -
MOVE from USP — 6 (1/0) - - —
MOVE to USP — 6 (1/0) - - -

MOVEC - - — 10(2/0) 12(2/0)

Word - - 16(2/2) 16(4/0)

MOVEP Long word — — 24(2/4) 24(6/0)
NOP - 4(1/0) - - -
ORI _to CCR - 16 (2/0) - - —
ORI_to SR - 16 (2/0) - - -
RESET - 130 (1/0) - - —
RTD - 16 (4/0) - — -
Short 24 (4/0) - - -
RTE Long word, Retry Read | 112(27/10) - - —
Long word, Retry Write 112 (26/1) - - -
Long word, No Retry 110 (26/0) — — -
RTR — 20 (5/0) - - —
RTS - 16 (4/0) - — -
STOP - 4(0/0) - - -
SWAP - 4 (1/0) - - -
TRAPV - 4(1/0) - - -
UNLK - 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)+
lllegal Instruction 38(5/4)
Interrupt* 46 (5/4)
MOVEC, lllegal Control Register** 46 (5/4)
Privilege Violation 38(5/4)
Reset*** 40 (6/0)
RTE, lllegal Format 50(7/4)
RTE, lllegal Revision 70(12/4)
Trace 38(4/4)
TRAP Instruction 38(4/4)
TRAPV Instruction 38(5/4)

*%
* k%

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.
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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 DBce

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 A0 points,

4.  Write the operand where Al points,

5.  Fetch the DBEQ branch displacement, and

6.  If loop conditions are met, return to step 1.
LEA SOURCE, A0 Load A Pointer To Source Data
LEA DEST, A1l Load A Pointer To Destination
MOVE. W #LENGTH, DO Load The Counter Register

LOOP MOVE . W (AR0)+, (A1)+ Loop To Move The Block Of Data

DBEQ DO, LOOP Stop If Data Word Is Zero

Figure G.1 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 DBec 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
Applicable Applicable
Opcodes Addressing Modes Opcodes 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 Dx NEG [BWL] (Ay)+
AND [BWL] (Ay)+to Dx NEGX[BWL]  |-(Ay)
CMP [BWL] - (Ay) to Dx 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] Dx to (Ay) LSR [W]
AND [BWL] Dx to (Ay)+ ROL [W]
EOR [BWL] Dx to —(Ay) ROR [W]
OR [BWL] ROXL [W]
SUB [BWL] ROXR [W]
Note: [B, W, orL]indicate an operand size of byte, word or long word.
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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




[ OVERSEAS OFFICES ]

[

Séo Paulo:
Toshiba Brasileira Representacoes Lt
Av., Paulista, B07, 21 Andar Cjto 2106,
Cerqueira Cesar,
Cep 01311-Sdo Paulo-S P-Brasil
Tel. 2834511, 4714, 4964 Fax (11) 251-4104

Athens:
Toshiba Corporation Athens Office
Athens Tower Bldg. A, 2-4 Mesogion Ave
Athens 115-27, Greece
Tel.: 7799828-9, 7791824 Telex 21-6502 TSBA GR
Cable: TOSHIBA ATHENS

Tehran:
Toshiba Corporation Iran Office
No. 79 Bucharest Ave , 3rd Floor, Argentine
Square. Tehran, Iran
PO. Box 15745-343, Tehran, Iran
Tel 624729 Telex 212531 TSBAIR
Cable TOSHIBACO TEHERAN

Bel|ing:
Toshiba Corporation Beijing Office
Room 1622/1624 Beijing Hotel, Dong Chang An Jie.
Beyjing, The People’s Republic of China
Tel. 500-7766 (EX 1622 1624, 3857) 55-4179, 4768

(Girect)
Telex 22807 TOSPK CN Cable: TOSHIBA PEKING

Guangzhou:
Toshiba Corporation Guangzhou Office

Room 609, Office Tower, China Hotel, Liu Hua, Lu
Guangzhou, The People's Republic of China
Tel 663388 (EX 2609) 677427 (Direct)
Fax (20) 67-7427 Telex 44585 TSBGZ CN
Cable TOSHIBA GUANGZHOU

Shanghal:
Toshiba Corporation Shanghal Office
Room 2705 ~ 8, Shanghai Union Building Yanan Rd
East/Sichuan Rd . Shanghai The People's Republic of

China
Tel 200156 200157, 200076 Fax: (21) 200075

Wellington:
Toshiba Corporation Representative
in New Zealand
121h Fioor. Paxus House, 79 Bouicort Street
PO Box 3549, Wellington. New Zealand
Tel 721865, 726001 Fax (4) 731394
Telex: 3433 TOSHIBA NZ
Cable TOSHIBA WELLINGTON

Toshiba America. Inc.
Electronic Components Business Sector
Irvine Head Office
(MOS IC Div.. Semiconductor Div )
9775 Toledo Way, Irvine, CA 92718, U S.A
Tel (714) 455-2000 Fax: (714) 859-3963
Eastern Area Office
(MOS IC Div., Semiconductor Div )
25 Mall Road, 5th Floor,
Burlington. MA 01803, U'S A
Tel ' (617) 272-4352 Fax (617) 272-3089
South Eastern Regional Office
(MOS IC Div,)
4025 Pleasantdale Rd , Suite 320 Atlanta, GA 30340

SA

Tel (404) 493-4240 Far (404) 493-

San Jose Office (Electron Tubes & Devices Div )
Western Area Office (MOS IC Div |

2021 The Alameda Suite 220

San Jose, CA 95126, US A

Tel 408-244-4070 Fax 408-248-5370
Southwestern Reglonal Office

(MOS IC Div )

1400 Quail St , Suite 100 Newport Beach CA 92660
UsSA

Tel (714) 752-0373

Chicago Office (Electron Tubes & Devices Div
Semiconductor Div )

Central Ares Office (MOS IC Div)

1101A Lake Cook RD Deerfieid. IL 60015 US A
Tel (312) 945-1500 Fax (312) 945-1044
South Central Regional Office

(MOS IC Div)

1750 North Collins Blvd . Suite =116
Richardson, Texas 75080 U S A

Tel (214) 480-0470 Fax (214) 235-4114
Poughkeepsie Sales Office

(MOS IC Div)

RR 1 Box 6E

Windsor Park Fishkill. New York 12524 U S A
Tl (914) B96-6500 Fax (314) 297-2605
Boca Raton Sales Office

(MOS IC Div)

1200 N Federal vahway Smxa 407

Boca Raton, FL 33432 U

Tel (305) 394-3004 Fax 13055 394-3006
Detroit Otfice

(Automotiv Div |

26533 Evergreen Road

Sutte 420 Southfield. Mi 48076 U S A

Tel (313) 827-7700 Fax (313) 827-a44a

Toshiba (UK) Limited
Electronic Components Group
Riverside Way Camberley
Surrey GU 15 3YA UK
Tel 0276-694600 Fax 0276691583

Toshiba Electronics Scandinavia AB
Gustavslundsvagen 141 4th Floor
S$-181 15 Bromma. Sweden
Tel 46-8:704 0900 Fax 46.8-80 8459
Telex 14169 TSBSTK S
(Mailing Address PO Box 15031
$161 15 Bromma Sweden)

SALES SUBSIDIARIES

—

Toshiba Electronics Europe GmbH
Dusseldorf Head Office
Hansaallee 181, 4000 Dusseidorf 11
FR Germany
Tel (0211) 52960 Fax (0211) 5296-400
Telex 8582685
Liaison Offices

gart:
Eltinger Str. 61

D-7250 Leonberg F R Germany

Tel  (07152) 2106166 Fax (07‘52) 27658
Telex 7245706

Munchen: Buro Munchen Arabellastr 33/v
8000 Munchen 81, F R Germany

Tel (089) 928091-0 Fax 089-9280942
Telex 5-212363

Toshiba Electronics Italiana S.R.L.
Centro Direzionale Colleon: Palazzo Orione-
Ingresso 3 (3° Piano) 20041 Agrate
Brianza (Milano), Italy
Tel 039-638891 Fax 039-638892
Telex 326423 SIAVBC

Toshiba Electronics Espafa, S.A.
Torres Heron Plaza Colén No 2 Torre ||
Planta 6-Pte-2
28046 Macrid, Spain
Tel (1) 53-25-846 Fax (1) 41:91-266
Telex 44672 TOSHE (E)

Toshiba Electronics Taiwan Corp.
Taipel Head Office
8F. Min Sheng Chen Kou Bidg  348-350 Min Sherg
East Road Taipel, Tawan
Tel 02:502-9641 Fax 02-503-7964
Telex 26874 TETTP
Kaohsiung Office
16F-A Chung-Cheng Building
No 2 Chung-Cheng 3rd 80027 Kaohsung
Tel (07) 2410826 Fax (07) 282-7446

Toshiba Electronics Asi;
Hong Kong Head Office
Suite 501 Hong Kong Hotel. Canton Road
Tsimshalsui. Kowloon. Hong Kon
Tel 3:671-141-4 37216111 Fax 3.739.8969
Telex 38501 TSBEH HX
Seoul Branch Office
Room 1061. Chamber Building. 45. 4-KA
Namgaemun-Ro. Chung-Ku Seoul Korea
Tel (2) 757-2472-3 Fax (2) 757-2475
Singapore Branch Office
460 Alexandra Hoad =26-01 PSA Blag
Singapore 0511
Tel 2785252 Fax 2735368
Telex RS 23892 TOSHIBA

Ltd

Toshiba (Australia) Pty. Ltd.
84.92 Talavera Road North Ryde NSW 2113
Australia

Tel [2) 8873322 Fax 2.887 3201 Telex AA27235

MANUFACTURING SUBSIDIARIES AND JOINT VENTURES

Toshiba America, Inc
Microelectronics Center
1220. Midas Way. Sunnyvale.

Toshiba Semiconductor Gm.b H
Grotrian Steinweg Ste 10, 3300

CA 94086 US A

Braunschweig F R Germany

Tel 408-739.0560 Fax 408-746.0577 Tel (0531) 31.0060 Fax (0531) 31006139

Telex 346378 Telex 952368 TSCD

Toushiba C Toshiba Electronics Malaysia Sdn. Bhd
Westinghouse Circle’ Horseneads. New York 42057 Telok Panglima. Grang. 15KM Klang-Banting
14845 US A road Kuala Langat Selangor Malaysia

Tel (607) 796-3500 Tel 03-352.6001-7 Fax 03-352.6139
Telex TOEL MA 39506
Industria Mexicana Toshiba, S.A Penang Branch Office
Calzaca de Guadalupe No 303 Cuatitian Lot 2 08 2na Floor. Wisma Chocolate Products
Edo de Mexico, Mexico 41 Adoo Sittle Lane Panany 10400 Malaysia
Tel 5650088 Telex 017-72-560 Tel 04368523 04-368529 Fax 04368515
Cable Toshiba Mexico
Toshiba Singapore Pte. Ltd
Semp Toshiba Amazonas S.A. 20 Pasir Panjang Road. 09:18/26 PSA Multi-Storey
Rua Ica No 500. Distrito Industrial de Suframa. Manaus. Complex. Singapore 0511
CEP 69000, Amazonas Brazil Tel 2718066 Telex RS 36592 TSPMFG
Tel  (092) 237-2:
Telex 35922\97 SEMP BR Cable SEMP AMAZON

The information in this guide has been carefully checked and 1s believed 10 reliable. however
no responsibility can be assumed for inaccuracies that may not have been caught
All information in this guide 1s subject o change without prior notice Furthermore,
Toshiba cannot assume responsibility for the use of any license under the patent nghts of Toshiba or any third parties
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TOSHIBA CORPORATION
INTERNATIONAL OPERATIONS—ELECTRONIC COMPONENTS

1-1 SHIBAURA 1-CHOME. MINATO-KU, TOKYO, 105. JAPAN
Tel 457-3495 Fax: 451-0576 Telex J22587
TOSHIBA CABLE: TOSHIBA TOKYO
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