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Table 2-2. Instruction Set Summary (Sheet 1 of 4)

Opcode Operation Syntax

ABCD Source10 + Destination10 + X → Destination ABCD Dy,Dx
ABCD –(Ay), –(Ax)

ADD Source + Destination → Destination ADD <ea>,Dn
ADD Dn,<ea>

ADDA Source + Destination → Destination ADDA <ea>,An

ADDI Immediate Data + Destination  → Destination ADDI # <data>,<ea>

ADDQ Immediate Data + Destination → Destination ADDQ # <data>,<ea>

ADDX Source + Destination + X → Destination ADDX Dy, Dx
ADDX –(Ay), –(Ax)

AND Source Λ Destination → Destination AND <ea>,Dn
AND Dn,<ea>

ANDI Immediate Data Λ Destination → Destination ANDI # <data>, <ea>

ANDI to CCR Source Λ CCR → CCR ANDI # <data>, CCR

ANDI to SR If supervisor state
then Source Λ SR → SR

else TRAP

ANDI # <data>, SR

ASL, ASR Destination Shifted by <count> → Destination ASd Dx,Dy
ASd # <data>,Dy
ASd <ea>

Bcc If (condition true) then PC + d → PC Bcc <label>

BCHG ~ (<number> of Destination) → Z;
~ (<number> of Destination) → <bit number> of Destination

BCHG Dn,<ea>
BCHG # <data>,<ea>

BCLR ~ (<bit number> of Destination) → Z;
0 → <bit number> of Destination

BCLR Dn,<ea>
BCLR # <data>,<ea>

BKPT Run breakpoint acknowledge cycle;
TRAP as illegal instruction

BKPT # <data>

BRA PC + d → PC BRA <label>

BSET ~ (<bit number> of Destination) → Z;
1 → <bit number> of Destination

BSET Dn,<ea>
BSET # <data>,<ea>

BSR SP – 4 → SP; PC → (SP); PC + d → PC BSR <label>

BTST – (<bit number> of Destination) → Z; BTST Dn,<ea>
BTST # <data>,<ea>

CHK If Dn < 0 or Dn >  Source then TRAP CHK <ea>,Dn

CLR 0 → Destination CLR <ea>

CMP Destination—Source → cc CMP <ea>,Dn

CMPA Destination—Source CMPA <ea>,An

CMPI Destination —Immediate Data CMPI # <data>,<ea>

CMPM Destination—Source → cc CMPM (Ay)+,  (Ax)+

DBcc If condition false then (Dn – 1 → Dn;
If Dn ≠ –1 then PC + d → PC)

DBcc Dn,<label>
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2-12 M68000 8-/16-/32-BIT MICROPROCESSOR USER’S MANUAL MOTOROLA

Table 2-2. Instruction Set Summary (Sheet 2 of 4)

Opcode Operation Syntax

DIVS Destination/Source → Destination DIVS.W <ea>,Dn 32/16 → 16r:16q

DIVU Destination/Source → Destination DIVU.W <ea>,Dn 32/16 → 16r:16q

EOR Source ⊕  Destination → Destination EOR Dn,<ea>

EORI Immediate Data ⊕  Destination → Destination EORI # <data>,<ea>

EORI to CCR Source ⊕  CCR → CCR EORI # <data>,CCR

EORI to SR If supervisor state
then Source ⊕ SR → SR

else TRAP

EORI # <data>,SR

EXG Rx ↔ Ry EXG Dx,Dy
EXG Ax,Ay
EXG Dx,Ay
EXG Ay,Dx

EXT Destination Sign-Extended → Destination EXT.W Dn extend byte to word
EXT.L Dn extend word to long word

ILLEGAL SSP – 2 → SSP; Vector Offset → (SSP);
SSP – 4 → SSP; PC → (SSP);
SSP – 2 → SSP; SR → (SSP);
Illegal Instruction Vector Address → PC

ILLEGAL

JMP Destination Address → PC JMP <ea>

JSR SP – 4 → SP; PC → (SP)
Destination Address → PC

JSR <ea>

LEA <ea>  → An LEA <ea>,An

LINK SP – 4 → SP; An → (SP)
SP → An, SP + d → SP

LINK An, # <displacement>

LSL,LSR Destination Shifted by <count> → Destination LSd1 Dx,Dy
LSd1 # <data>,Dy
LSd1 <ea>

MOVE Source → Destination MOVE <ea>,<ea>

MOVEA Source → Destination MOVEA <ea>,An

MOVE from
CCR

CCR → Destination MOVE CCR,<ea>

MOVE  to
CCR

Source → CCR MOVE <ea>,CCR

MOVE from
SR

SR → Destination
If supervisor state

then SR → Destination
else TRAP (MC68010 only)

MOVE SR,<ea>

MOVE to SR If supervisor state
then Source → SR

else TRAP

MOVE <ea>,SR
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MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL 3-9

Table 3-3. Function Code Outputs

Function Code Output

FC2 FC1 FC0 Address Space Type

Low Low Low (Undefined, Reserved)

Low Low High User Data

Low High Low User Program

Low High High (Undefined, Reserved)

High Low Low (Undefined, Reserved)

High Low High Supervisor Data

High High Low Supervisor Program

High High High CPU Space

3.9 CLOCK (CLK)

The clock input is a TTL-compatible signal that is internally buffered for development of
the internal clocks needed by the processor. This clock signal is a constant frequency
square wave that requires no stretching or shaping. The clock input should not be gated
off at any time, and the clock signal must conform to minimum and maximum pulse-width
times listed in Section 10 Electrical Characteristics .

3.10 POWER SUPPLY (VCC and GND)

Power is supplied to the processor using these connections. The positive output of the
power supply is connected to the VCC pins and ground is connected to the GND pins.
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5-18 M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL MOTOROLA

S0 S1 S2 S3 S4 S5 S6 S7 S0 S1 S2 S3 S4 S5 S6 S7 S0 S1
CLK

BUS THREE-STATED
BG ASSERTED
BR VALID INTERNAL
BR SAMPLED
BR ASSERTED

BUS RELEASED FROM THREE STATE AND 
PROCESSOR STARTS NEXT BUS CYCLE
BGACK NEGATED INTERNAL
BGACK SAMPLED
BGACK NEGATED

BR

BG

BGACK

FC2–FC0

A23–A1

AS

UDS

LDS

R/W

DTACK

D15–D0

PROCESSOR ALTERNATE BUS MASTER PROCESSOR

Figure 5-19. 3-Wire Bus Arbitration Timing Diagram—Processor Active
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5-20 M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL MOTOROLA

BUS THREE-STATED
BG ASSERTED
BR VALID INTERNAL
BR SAMPLED
BR ASSERTED

BUS RELEASED FROM THREE STATE AND 
PROCESSOR STARTS NEXT BUS CYCLE
BGACK NEGATED INTERNAL
BGACK SAMPLED
BGACK NEGATED

BR

BG

BGACK

AS

UDS

LDS

R/W

DTACK

D15–D0

PROCESSOR ALTERNATE BUS MASTER PROCESSOR

S0 S2 S4 S6 S0 S2 S4 S6 S0

CLK

FC2–FC0

A23–A1

Figure 5-21. 3-Wire Bus Arbitration Timing Diagram—Special Case
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MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL 5-29

A double bus fault occurs during a reset operation when a bus error occurs while the
processor is reading the vector table (before the first instruction is executed). The reset
operation is described in the following paragraph.

5.5 RESET OPERATION

RESET is asserted externally for the initial processor reset. Subsequently, the signal can
be asserted either externally or internally (executing a RESET instruction). For proper
external reset operation, HALT must also be asserted.

When RESET and HALT are driven by an external device, the entire system, including the
processor, is reset. Resetting the processor initializes the internal state. The processor
reads the reset vector table entry (address $00000) and loads the contents into the
supervisor stack pointer (SSP). Next, the processor loads the contents of address $00004
(vector table entry 1) into the program counter. Then the processor initializes the interrupt
level in the status register to a value of seven. In the MC68010, the processor also clears
the vector base register to $00000. No other register is affected by the reset sequence.
Figure 5-30 shows the timing of the reset operation.

  

T    4 CLOCKS

2 3 4 5 6

NOTES:
  1. Internal start-up time
  2. SSP high read in here
  3. SSP low read in here

4.  PC High read in here
5.  PC Low read in here
6.  First instruction fetched here

Bus State Unknown:

All Control Signals Inactive.
 Data Bus in Read Mode:

CLK

+ 5 VOLTS

VCC

RESET

HALT

BUS CYCLES

<

T     100 MILLISECONDS≥

1

Figure 5-30. Reset Operation Timing Diagram

The RESET instruction causes the processor to assert RESET for 124 clock periods to
reset the external devices of the system. The internal state of the processor is not
affected. Neither the status register nor any of the internal registers is affected by an
internal reset operation. All external devices in the system should be reset at the
completion of the RESET instruction.

For the initial reset, RESET and HALT must be asserted for at least 100 ms. For a
subsequent external reset, asserting these signals for 10 clock cycles or longer resets the
processor. However, an external reset signal that is asserted while the processor is
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5-32 M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL MOTOROLA

4. For an MC68010, return DTACK before data verification. If data is invalid, assert
BERR on the next clock cycle (case 4).

Table 5-6. BERR and HALT  Negation Results

Conditions of

Termination in

Negated on Rising
Edge of State

Table 4-4 Control Signal N N+2 Results—Next Cycle

Bus Error BERR

HALT

•
•

or
or

•
•

Takes bus error trap.

Rerun BERR

HALT

•
•

or • Illegal sequence; usually traps to vector number 0.

Rerun BERR

HALT

•
•

Reruns the bus cycle.

Normal BERR

HALT

•
• or •

May lengthen next cycle.

Normal BERR

HALT • or
•

none
If next cycle is started, it will be terminated as a bus
error.

• = Signal is negated in this bus state.

5.7 ASYNCHRONOUS OPERATION

To achieve clock frequency independence at a system level, the bus can be operated in
an asynchronous manner. Asynchronous bus operation uses the bus handshake signals
to control the transfer of data. The handshake signals are AS, UDS , LDS, DS (MC68008
only), DTACK, BERR, HALT, AVEC  (MC68EC000 only), and VPA (only for M6800
peripheral cycles). AS indicates the start of the bus cycle, and UDS, LDS, and DS signal
valid data for a write cycle. After placing the requested data on the data bus (read cycle)
or latching the data (write cycle), the slave device (memory or peripheral) asserts DTACK

to terminate the bus cycle. If no device responds or if the access is invalid, external control
logic asserts BERR, or BERR and HALT , to abort or retry the cycle. Figure 5-31 shows the
use of the bus handshake signals in a fully asynchronous read cycle. Figure 5-32 shows a
fully asynchronous write cycle.

AS

R/W

DTACK

UDS/LDS

DATA

ADDR

Figure 5-31. Fully Asynchronous Read Cycle

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



6-8 M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL MOTOROLA

6.2.3 Multiple Exceptions

These paragraphs describe the processing that occurs when multiple exceptions arise
simultaneously. Exceptions can be grouped by their occurrence and priority. The group 0
exceptions are reset, bus error, and address error. These exceptions cause the instruction
currently being executed to abort and the exception processing to commence within two
clock cycles. The group 1 exceptions are trace and interrupt, privilege violations, and
illegal instructions. Trace and interrupt exceptions allow the current instruction to execute
to completion, but pre-empt the execution of the next instruction by forcing exception
processing to occur. A privilege-violating instruction or an illegal instruction is detected
when it is the next instruction to be executed. The group 2 exceptions occur as part of the
normal processing of instructions. The TRAP, TRAPV, CHK, and zero divide exceptions
are in this group. For these exceptions, the normal execution of an instruction may lead to
exception processing.

Group 0 exceptions have highest priority, whereas group 2 exceptions have lowest
priority. Within group 0, reset has highest priority, followed by address error and then bus
error. Within group 1, trace has priority over external interrupts, which in turn takes priority
over illegal instruction and privilege violation. Since only one instruction can be executed
at a time, no priority relationship applies within group 2.

The priority relationship between two exceptions determines which is taken, or taken first,
if the conditions for both arise simultaneously. Therefore, if a bus error occurs during a
TRAP instruction, the bus error takes precedence, and the TRAP instruction processing is
aborted. In another example, if an interrupt request occurs during the execution of an
instruction while the T bit is asserted, the trace exception has priority and is processed
first. Before instruction execution resumes, however, the interrupt exception is also
processed, and instruction processing finally commences in the interrupt handler routine.
A summary of exception grouping and priority is given in Table 6-3.

As a general rule, the lower the priority of an exception, the sooner the handler routine for
that exception executes. For example, if simultaneous trap, trace, and interrupt exceptions
are pending, the exception processing for the trap occurs first, followed immediately by
exception processing for the trace and then for the interrupt. When the processor resumes
normal instruction execution, it is in the interrupt handler, which returns to the trace
handler, which returns to the trap execution handler. This rule does not apply to the reset
exception; its handler is executed first even though it has the highest priority, because the
reset operation clears all other exceptions.
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MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER’S MANUAL 6-15

6.3.7 Privilege Violations

To provide system security, various instructions are privileged. An attempt to execute one
of the privileged instructions while in the user mode causes an exception. The privileged
instructions are as follows:

AND Immediate to SR MOVE USP
EOR Immediate to SR OR Immediate to SR
MOVE to SR (68010 only) RESET
MOVE from SR (68010 only) RTE
MOVEC (68010 only) STOP
MOVES (68010 only)

Exception processing for privilege violations is nearly identical to that for illegal
instructions. After the instruction is fetched and decoded and the processor determines
that a privilege violation is being attempted, the processor starts exception processing.
The status register is copied; the supervisor mode is entered; and tracing is turned off.
The vector number is generated to reference the privilege violation vector, and the current
program counter and the copy of the status register are saved on the supervisor stack. If
the processor is an MC68010, the format/offset word is also saved. The saved value of
the program counter is the address of the first word of the instruction causing the privilege
violation. Finally, instruction execution commences at the address in the privilege violation
exception vector.

6.3.8 Tracing

To aid in program development, the M68000 Family includes a facility to allow tracing
following each instruction. When tracing is enabled, an exception is forced after each
instruction is executed. Thus, a debugging program can monitor the execution of the
program under test.

The trace facility is controlled by the T bit in the supervisor portion of the status register. If
the T bit is cleared (off), tracing is disabled and instruction execution proceeds from
instruction to instruction as normal. If the T bit is set (on) at the beginning of the execution
of an instruction, a trace exception is generated after the instruction is completed. If the
instruction is not executed because an interrupt is taken or because the instruction is
illegal or privileged, the trace exception does not occur. The trace exception also does not
occur if the instruction is aborted by a reset, bus error, or address error exception. If the
instruction is executed and an interrupt is pending on completion, the trace exception is
processed before the interrupt exception. During the execution of the instruction, if an
exception is forced by that instruction, the exception processing for the instruction
exception occurs before that of the trace exception.

As an extreme illustration of these rules, consider the arrival of an interrupt during the
execution of a TRAP instruction while tracing is enabled. First, the trap exception is
processed, then the trace exception, and finally the interrupt exception. Instruction
execution resumes in the interrupt handler routine.
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7-2 M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL MOTOROLA

Table 7-1. Effective Address Calculation Times

Addressing Mode Byte Word Long

Dn
An

Register

Data Register Direct
Address Register Direct

0(0/0)
0(0/0)

0(0/0)
0(0/0)

0(0/0)
0(0/0)

(An)
(An)+

Memory

Address Register Indirect
Address Register Indirect with Postincrement

4(1/0)
4(1/0)

8(2/0)
8(2/0)

16(4/0)
16(4/0)

–(An)
(d16, An)

Address Register Indirect with Predecrement
Address Register Indirect with Displacement

6(1/0)
12(3/0)

10(2/0)
16(4/0)

18(4/0)
24(6/0)

(d8, An, Xn)*
(xxx).W

Address Register Indirect with Index
Absolute Short

14(3/0)
12(3/0)

18(4/0)
16(4/0)

26(6/0)
24(6/0)

(xxx).L
(d16, PC)

Absolute Long
Program Counter Indirect with Displacement

20(5/0)
12(3/0)

24(6/0)
16(3/0)

32(8/0)
24(6/0)

(d8, PC, Xn)*
#<data>

Program Counter Indirect with Index
Immediate

14(3/0)
8(2/0)

18(4/0)
8(2/0)

26(6/0)
16(4/0)

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

7.2 MOVE INSTRUCTION EXECUTION TIMES

Tables 7-2, 7-3, and 7-4 list the numbers of clock periods for the move instructions. The
totals include instruction fetch, operand reads, and operand writes. The total number of
clock periods, the number of read cycles, and the number of write cycles are shown in the
previously described format.

Table 7-2. Move Byte Instruction Execution Times

Destination

Source Dn An (An) (An)+ –(An) (d16, An) (d8, An, Xn)* (xxx).W (xxx).L

Dn
An
(An)

8(2/0)
8(2/0)

12(3/0)

8(2/0)
8(2/0)

12(3/0)

12(2/1)
12(2/1)
16(3/1)

12(2/1)
12(2/1)
16(3/1)

12(2/1)
12(2/1)
16(3/1)

20(4/1)
20(4/1)
24(5/1)

22(4/1)
22(4/1)
26(5/1)

20(4/1)
20(4/1)
24(5/1)

28(6/1)
28(6/1)
32(7/1)

(An)+
–(An)
(d16, An)

12(3/0)
14(3/0)
20(5/0)

12(3/0)
14(3/0)
20(5/0)

16(3/1)
18(3/1)
24(5/1)

16(3/1)
18(3/1)
24(5/1)

16(3/1)
18(3/1)
24(5/1)

24(5/1)
26(5/1)
32(7/1)

26(5/1)
28(5/1)
34(7/1)

24(5/1)
26(5/1)
32(7/1)

32(7/1)
34(7/1)
40(9/1)

(d8, An, Xn)*
(xxx).W
(xxx).L

22(5/0)
20(5/0)
28(7/0)

22(5/0)
20(5/0)
28(7/0)

26(5/1)
24(5/1)
32(7/1)

26(5/1)
24(5/1)
32(7/1)

26(5/1)
24(5/1)
32(7/1)

34(7/1)
32(7/1)
40(9/1)

36(7/1)
34(7/1)
42(9/1)

34(7/1)
32(7/1)
40(9/1)

42(9/1)
40(9/1)
48(11/1)

(d16, PC)
(d8, PC, Xn)*
#<data>

20(5/0)
22(5/0)
16(4/0)

20(5/0)
22(5/0)
16(4/0)

24(5/1)
26(5/1)
20(4/1)

24(5/1)
26(5/1)
20(4/1)

24(5/1)
26(5/1)
20(4/1)

32(7/1)
34(7/1)
28(6/1)

34(7/1)
36(7/1)
30(6/1)

32(7/1)
34(7/1)
28(6/1)

40(9/1)
42(9/1)
36(8/1)

*The size of the index register (Xn) does not affect execution time.
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8-10 MC68000 8-/16-/32-MICROPROCESSORS UISER'S MANUAL MOTOROLA

Table 8-12. 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(1/0)+

MOVE to SR — 12(2/0) 12(2/0)+

EXG — 6(1/0) —

EXT Word 4(1/0) —

Long 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(2/0) —

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 8-13. Move Peripheral Instruction Execution Times

Instruction Size Register → Memory Memory → Register

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

Long 24(2/4) 24(6/0)

8.12 EXCEPTION PROCESSING EXECUTION TIMES

Table 8-14 lists the timing data for exception processing. The numbers of clock periods
include the times for all stacking, the vector fetch, and the fetch of the first instruction of
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MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER’S MANUAL 9-7

Table 9-9. Single Operand Instruction
Execution Times

Instruction Size Register Memory

NBCD Byte 6(1/0) 8(1/1)+

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

Long 6(1/0) 12(1/2)+

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

Long 6(1/0) 12(1/2)+

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

Long 6(1/0) 12(1/2)+

Scc Byte, False 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 4(1/0) 4(1/0)+

+Add effective address calculation time.
*Use nonfetching effective address calculation time.

Table 9-10. Clear Instruction Execution Times

Size Dn An (An) (An)+ –(An) (d16 , An) (d8, An, Xn)* (xxx).W (xxx).L

CLR Byte, Word 4(1/0) — 8(1/1) 8(1/1) 10(1/1) 12(2/1) 16(2/1) 12(2/1) 16(3/1)

Long 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.
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MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER’S MANUAL 9-13

9.12 EXCEPTION PROCESSING EXECUTION TIMES

Table 9-19 lists the timing data for exception processing. The numbers of clock periods
include the times for all stacking, the vector fetch, and the fetch of the first instruction of
the handler routine. The total number of clock periods, the number of read cycles, and the
number of write cycles are shown in the previously described format. The number of clock
periods, the number of read cycles, and the number of write cycles, respectively, must be
added to those of the effective address calculation where indicated by a plus sign (+).

Table 9-19. Exception Processing
Execution Times

Exception

Address Error 126(4/26)

Breakpoint Instruction* 45(5/4)

Bus Error 126(4/26)

CHK Instruction** 44(5/4)+

Divide By Zero 42(5/4)+

Illegal Instruction 38(5/4)

Interrupt* 46(5/4)

MOVEC, Illegal Control Register** 46(5/4)

Privilege Violation 38(5/4)

Reset*** 40(6/0)

RTE, Illegal Format 50(7/4)

RTE, Illegal Revision 70(12/4)

Trace 38(4/4)

TRAP Instruction 38(4/4)

TRAPV Instruction 38(5/4)

+ Add effective address calculation time.
* The interrupt acknowledge and breakpoint cycles

are assumed to take four clock periods.
** Indicates maximum value.

*** Indicates the time from when RESET and HALT
are first sampled as negated to when instruction
execution starts.
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10-4 M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL MOTOROLA

Table 10-1. Power Dissipation and Junction Temperature vs Temperature
(θJC=θJA)

Package TA Range θJC
(°C/W)

PD (W)
@ TA Min.

TJ (°C)
@ TA Min.

PD (W)
@ TA Max.

TJ (°C)
@ TA Max.

L/LC    0°C to 70°C
-40°C to 85°C
0°C to 85°C

15
15
15

1.5
1.7
1.5

23
-14
 23

1.2
1.2
1.2

88
103
103

P 0°C to 70°C 15 1.5 23 1.2 88

R/RC    0°C to 70°C
-40°C to 85°C
0°C to 85°C

15
15
15

1.5
1.7
1.5

23
-14
23

1.2
1.2
1.2

88
103
103

FN 0°C to 70°C 25 1.5 38 1.2 101

NOTE: Table does not include values for the MC68000 12F.
Does not apply to the MC68HC000, MC68HC001, and MC68EC000.

Table 10-2. Power Dissipation and Junction Temperature vs Temperature
(θJC≠θJC)

Package TA Range θJA
(°C/W)

PD (W)
@ TA Min.

TJ (°C)
@ TA Min.

PD (W)
@ TA Max.

TJ (°C)
@ TA Max.

L/LC    0°C to 70°C
-40°C to 85°C
0°C to 85°C

30
30
30

1.5
1.7
1.5

23
-14
 23

1.2
1.2
1.2

88
103
103

P 0°C to 70°C 30 1.5 23 1.2 88

R/RC    0°C to 70°C
-40°C to 85°C
0°C to 85°C

33
33
33

1.5
1.7
1.5

23
-14
23

1.2
1.2
1.2

88
103
103

FN 0°C to 70°C 40 1.5 38 1.2 101

NOTE: Table does not include values for the MC68000 12F.
Does not apply to the MC68HC000, MC68HC001, and MC68EC000.

Values for thermal resistance presented in this manual, unless estimated, were derived
using the procedure described in Motorola Reliability Report 7843 “Thermal Resistance
Measurement Method for MC68XXX Microcomponent Devices”’ and are provided for
design purposes only. Thermal measurements are complex and dependent on procedure
and setup.  User-derived values for thermal resistance may differ.

10.4 CMOS CONSIDERATIONS

The MC68HC000, MC68HC001, and MC68EC000, with it significantly lower power
consumption, has other considerations. The CMOS cell is basically composed of two
complementary transistors (a P channel and an N channel), and only one transistor is
turned on while the cell is in the steady state. The active P-channel transistor sources
current when the output is a logic high and presents a high impedance when the output is
logic low. Thus, the overall result is extremely low power consumption because no power
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MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL 10-17

10.12 AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION (VCC=5.0
VDC±5%; GND=0 VDC, TA=TL TO TH; See Figure s 10-7 – 10-11) (Applies To All Processors
Except The MC68EC000)

Num Characteristic 8 MHz* 10 MHz* 12.5 MHz*
16.67 MHz

12F 16 MHz 20 MHz•• Unit

Min Max Min Max Min Max Min Max Min Max Min Max

7 Clock High to Address, Data
Bus High Impedance
(Maximum)

— 80 — 70 — 60 — 50 — 50 — 42 ns

16 Clock High to Control Bus
High Impedance

— 80 — 70 — 60 — 50 — 50 — 42 ns

33 Clock High to BG Asserted — 62 — 50 — 40 0 40 0 30 0 25 ns

34 Clock High to BG Negated — 62 — 50 — 40 0 40 0 30 0 25 ns

35 BR  Asserted to BG Asserted 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 Clks

361 BR  Negated to BG Negated 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 Clks

37 BGACK Asserted to BG

Negated
1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 Clks

37A2 BGACK Asserted to BR

Negated
20 1.5

Clks
20 1.5

Clks
20 1.5

Clks
10 1.5

Clks
10 1.5

Clks
10 1.5

Clks
Clks/

ns

38 BG Asserted to Control,
Address, Data Bus High
Impedance (AS  Negated)

80 70 60 — 50 — 50 — 42 ns

39 BG Width Negated 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — Clks

46 BGACK Width Low 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — Clks

47 Asynchronous Input Setup
Time

10 — 10 — 10 — 5 — 5 — 5 — ns

57 BGACK Negated to AS, DS ,
R/W Driven

1.5 — 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — Clks

57A BGACK Negated to FC, VMA

Driven
1 — 1 — 1 — 1 — 1 — 1 — Clks

581 BR  Negated to AS , DS, R/W
Driven

1.5 — 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — Clks

58A1 BR  Negated to FC, VMA

Driven
1 — 1 — 1 — 1 — 1 — 1 — Clks

*These specifications represent improvement over previously published specifications for the 8-, 10-, and 12.5-MHz
MC68000 and are valid only for product bearing date codes of 8827 and later.

** Applies only to the MC68HC000 and MC68HC001.

NOTES:
1. Setup time for the synchronous inputs BGACK, IPL0-IPL2 , and VPA  guarantees their recognition at the 

next falling edge of the clock.
2. BR  need fall at this time only in order to insure being recognized at the end of the bus cycle.
3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, 

unless otherwise noted. The voltage swing through this range should start outside and pass through the 
range such that the rise or fall will be lienar between 0.8 volt and 2.0 volts.

4. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before 
asserting BGACK.

5. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may
be reasserted.
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CLK

47
33

35 34

37A
47

47

46
37

5716

57A

BR

BG

BGACK

AS

DS

VMA

R/W

FC2-FC0

A19-A0

D7-D0

NOTE:  Waveform measurements for all inputs and outputs are specified at: logic high 2.0 V, logic low = 0.8 V.
1 MC68008 52-Pin Version Only.

7

1

Figure 10-10. Bus Arbitration Timing — Active Bus Case
(Applies To All Processors Except The MC68EC000)

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL 10-23

10.13 MC68EC000 DC ELECTRICAL SPECIFICATIONS (VCC=5.0 VDC ± 5;PC;
GND=0 VDC; TA = TL TO TH)

Characteristic Symbol Min Max Unit

Input High Voltage VIH 2.0 VCC V

Input Low Voltage VIL GND–0.3 0.8 V

Input Leakage Current    BERR, BR , DTACK , CLK, IPL2–IPL0, AVEC

@5.25 V MODE, HALT, RESET

Iin —
—

2.5
20

µA

Three-State (Off State) Input Current AS, A23–A0, D15–D0,
@2.4 V/0.4 V FC2–FC0, LDS , R/W, UDS

ITSI — 20 µA

Output High Voltage AS, A23–A0, BG, D15–D0,
(IOH=–400 µA) FC2–FC0, LDS, R/W, UDS

VOH VCC –0.75 — V

Output Low Voltage
   (IOL = 1.6 mA) HALT

   (IOL = 3.2 mA) A23–A0, BG, FC2–FC0
   (IOL = 5.0 mA) RESET

   (IOL = 5.3 mA) AS , D15–D0, LDS, R/W, UDS

VOL
—
—
—
—

0.5
0.5
0.5
0.5

V

Current Dissipation* f=8 MHz
f=10 MHz

f=12.5 MHz
f=16.67 MHz

f= 20 MHz

ID —
—
—
—
—

25
30
35
50
70

mA

Power Dissipation f=8 MHz
f=10 MHz

f=12.5 MHz
f=16.67 MHz

f=20 MHz

PD —
—
—
—
—

0.13
0.16
0.19
0.26
0.38

W

Capacitance (Vin=0 V, TA=25°C, Frequency=1 MHz)** Cin — 20.0 pF

Load Capacitance HALT

All Others
CL —

—
70

130
pF

  *Currents listed are with no loading.

 **Capacitance is periodically sampled rather than 100% tested.
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6A

8

6

15

13 9

14

12

17

18

47 28

25

26

48

47 30

47

32

56

47

32

S0 S1 S2 S3 S4 S5 S6

CLK

FC2-FC0

A23-A0

AS

LDS / UDS

R/W

DTACK

DATA OUT

BERR / BR
(NOTE 2)

HALT / RESET

47

ASYNCHRONOUS
INPUTS

(NOTE 1)

S7

NOTES:
    1.  Timing measurements are referenced to and from a low voltage of 0.8 V and a high voltage of 2.0 V,
unless otherwise noted.  The voltage swing through this range should start outside and pass through the
range such that the rise or fall is linear between 0.8 V and 2.0 V.
2.  Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge
of S2 (specification #20A).                                                                     

23

21A

7

11
11A

9

14A

53

7

55

21 22

20A

20

Figure 10-13. MC68EC000 Write Cycle Timing Diagram

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



MOTOROLA M68000 8-/16-/32-BIT MICROPROCESSORS USER'S MANUAL 10-29

 

36

CLK

47
33

35

34

58

58A

BR

BG

AS

DS

R/W

FC2-FC0

A19-A0

D7-D0

NOTES:  Waveform measurements for all inputs and outputs are specified at: logic high 2.0 V, logic low = 0.8 V. 

38
39

Figure 10-14. MC68EC000 Bus Arbitration Timing Diagram
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64

321

B

F

G

D

C

N

K

M

L

J

 L SUFFIX
746-03

NOTES:
   1. DIMENSION  -A- IS DATUM.
   2. POSTIONAL TOLERANCE FOR LEADS:

   4. DIMENSION "L" TO CENTER OF LEADS
       WHEN FORMED PARALLEL.

   3. -T- IS SEATING PLANE

    5. DIMENSIONING AND TOLERANCING PER
        ANSI Y14.5m, 1982.

DIM
MILLIMETERS INCHES

MIN MAX MIN MAX
A
B
C
D
F
G
J
K
L
M
N

60.36 61.56 2.376 2.424
14.64 15.34 0.576 0.604
3.05 4.32 0.120 0.160
3.81 0.533 0.015 0.021
.762 1.397 0.030 0.055

2.54 BSC 0.100 BSC
0.204 0.330 0.008 0.013
2.54 4.19 0.100 0.165

0 10 0 10
1.016 1.524 0.040 0.060

33

A

T

M0.25 (0.010)      T  A M

15.24 BSC 0.600 BSC

Figure 11-7. Case 740-03—L Suffix
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