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1-2 M68020 USER’S MANUAL MOTOROLA

1.1 FEATURES

The main features of the MC68020/EC020 are as follows:

• Object-Code Compatible with Earlier M68000 Microprocessors

• Addressing Mode Extensions for Enhanced Support of High-Level Languages

• New Bit Field Data Type Accelerates Bit-Oriented Applications—e.g., Video Graphics

• An On-Chip Instruction Cache for Faster Instruction Execution

• Coprocessor Interface to Companion 32-Bit Peripherals—the MC68881 and
MC68882 Floating-Point Coprocessors and the MC68851 Paged Memory
Management Unit

• Pipelined Architecture with High Degree of Internal Parallelism Allowing Multiple
Instructions To Be Executed Concurrently

• High-Performance Asynchronous Bus Is Nonmultiplexed and Full 32 Bits

• Dynamic Bus Sizing Efficiently Supports 8-/16-/32-Bit Memories and Peripherals

• Full Support of Virtual Memory and Virtual Machine

• Sixteen 32-Bit General-Purpose Data and Address Registers

• Two 32-Bit Supervisor Stack Pointers and Five Special-Purpose Control Registers

• Eighteen Addressing Modes and Seven Data Types

• 4-Gbyte Direct Addressing Range for the MC68020

• 16-Mbyte Direct Addressing Range for the MC68EC020

• Selection of Processor Speeds for the MC68020: 16.67, 20, 25, and 33.33 MHz

• Selection of Processor Speeds for the MCEC68020: 16.67 and 25 MHz

A block diagram of the MC68020/EC020 is shown in Figure 1-1.
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MOTOROLA M68020 USER’S MANUAL 1-3
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Figure 1-1. MC68020/EC020 Block Diagram
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1-8 M68020 USER’S MANUAL MOTOROLA

1.3 DATA TYPES AND ADDRESSING MODES OVERVIEW

For detailed information on the data types and addressing modes supported by the
MC68020/EC020, refer to M68000PM/AD, M68000 Family Programmer’s Reference
Manual.

The MC68020/EC020 supports seven basic data types:
1. Bits

2. Bit Fields (Fields of consecutive bits, 1–32 bits long)

3. BCD Digits (Packed: 2 digits/byte, Unpacked: 1 digit/byte)

4. Byte Integers (8 bits)

5. Word Integers (16 bits)

6. Long-Word Integers (32 bits)

7. Quad-Word Integers (64 bits)

In addition, the MC68020/EC020 instruction set supports operations on other data types
such as memory addresses. The coprocessor mechanism allows direct support of floating-
point operations with the MC68881 and MC68882 floating-point coprocessors as well as
specialized user-defined data types and functions.

The 18 addressing modes listed in Table 1-1 include nine basic types:
1. Register Direct

2. Register Indirect

3. Register Indirect with Index

4. Memory Indirect

5. PC Indirect with Displacement

6. PC Indirect with Index

7. PC Memory Indirect

8. Absolute

9. Immediate

The register indirect addressing modes have postincrement, predecrement, displacement,
and index capabilities. The PC modes have index and offset capabilities. Both modes are
extended to provide indirect reference through memory. In addition to these addressing
modes, many instructions implicitly specify the use of the CCR, stack pointer, and/or PC.
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Figure 1-5. Instruction Pipe

The sequencer is either executing microinstructions or awaiting completion of accesses
that are necessary to continue executing microcode. The bus controller is responsible for
all bus activity. The sequencer controls the bus controller, instruction execution, and
internal processor operations such as the calculation of effective addresses and the
setting of condition codes. The sequencer initiates instruction word prefetches and
controls the validation of instruction words in the instruction pipe.

Prefetch requests are simultaneously submitted to the cache holding register, the
instruction cache, and the bus controller. Thus, even if the instruction cache is disabled,
an instruction prefetch may hit in the cache holding register and cause an external bus
cycle to be aborted.

1.7 CACHE MEMORY

Due to locality of reference, instructions that are used in a program have a high probability
of being reused within a short time. Additionally, instructions that reside in proximity to the
instructions currently in use also have a high probability of being utilized within a short
period. To exploit these locality characteristics, the MC68020/EC020 contains an on-chip
instruction cache.

The cache improves the overall performance of the system by reducing the number of bus
cycles required by the processor to fetch information from memory and by increasing the
bus bandwidth available for other bus masters in the system.
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3-2 M68020 USER’S MANUAL MOTOROLA

3.1 SIGNAL INDEX

The input and output signals for the MC68020/EC020 are listed in Table 3-1. Both the
names and mnemonics are shown along with brief signal descriptions. Signals that are
implemented in the MC68020, but not in the MC68EC020, have an asterisk (*) preceding
the signal name in Table 3-1. Also, note that the address bus is 32 bits wide for the
MC68020 and 24 bits wide for the MC68EC020. For more detail on each signal, refer to
the paragraph in this section named for the signal and the reference in that paragraph to a
description of the related operations.

Timing specifications for the signals listed in Table 3-1 can be found in Section 10
Electrical Characteristics.

3.2 FUNCTION CODE SIGNALS (FC2–FC0)

These three-state outputs identify the address space of the current bus cycle. Table 2-1
shows the relationships of the function code signals to the privilege levels and the address
spaces. Refer to Section 2 Processing States for more information.

3.3 ADDRESS BUS (A31–A0, MC68020)(A23–A0, MC68EC020)

These three-state outputs provide the address for the current bus cycle, except in the
CPU address space. Refer to Section 2 Processing States for more information on the
CPU address space. A31 is the most significant address signal for the MC68020; A23 is
the most significant address signal for the MC68EC020. The upper eight bits (A31–A24)
are used internally by the MC68EC020 to access the internal instruction cache address
tag. Refer to Section 5 Bus Operation for information on the address bus and its
relationship to bus operation.

3.4 DATA BUS (D31–D0)

These three-state bidirectional signals provide the general-purpose data path between the
MC68020/EC020 and all other devices. The data bus can transfer 8, 16, 24, or 32 bits of
data per bus cycle. D31 is the most significant bit of the data bus. Refer to Section 5 Bus
Operation for more information on the data bus and its relationship to bus operation.

3.5 TRANSFER SIZE SIGNALS (SIZ1, SIZ0)

These three-state outputs indicate the number of bytes remaining to be transferred for the
current bus cycle. Signals A1, A0, DSACK1, DSACK0, SIZ1, and SIZ0 define the number
of bits transferred on the data bus. Refer to Section 5 Bus Operation for more
information on SIZ1 and SIZ0 and their use in dynamic bus sizing.
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3-8 M68020 USER’S MANUAL MOTOROLA

3.13 SIGNAL SUMMARY

Table 3-2 provides a summary of the characteristics of the signals discussed in this
section. Signal names preceded by an asterisk (*) are implemented in the MC68020 and
not implemented in the MC68EC020.

Table 3-2. Signal Summary

Signal Function Signal Name Input/Output Active State Three-State

Function Codes FC2–FC0 Output High Yes

Address Bus
MC68020
MC68EC020

A31–A0
A23–A0

Output High Yes

Data Bus D31–D0 Input/Output High Yes

Transfer Size SIZ1, SIZ0 Output High Yes

*Operand Cycle Start OCS Output Low No

*External Cycle Start ECS Output Low No

Read/Write R/W Output High/Low Yes

Read-Modify-Write Cycle RMC Output Low Yes

Address Strobe AS Output Low Yes

Data Strobe DS Output Low Yes

*Data Buffer Enable DBEN Output Low Yes

Data Transfer and Size Acknowledge DSACK1, DSACK0 Input Low —

Interrupt Priority Level IPL2–IPL0 Input Low —

*Interrupt Pending IPEND Output Low No

Autovector AVEC Input Low —

Bus Request BR Input Low —

Bus Grant BG Output Low No

*Bus Grant Acknowledge BGACK Input Low —

Reset RESET Input/Output Low No**

Halt HALT Input/Output Low No**

Bus Error BERR Input Low —

Cache Disable CDIS Input Low —

Clock CLK Input — —

Power Supply VCC Input — —

Ground GND Input — —

*This signal is implemented in the MC68020 and not implemented in the MC68EC020.
**Open-drain
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MOTOROLA M68020 USER’S MANUAL 5-41

INDIVISIBLE CYCLE NEXT CYCLE
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Figure 5-30. Byte Read-Modify-Write Cycle—32-Bit Port (TAS Instruction)
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MOTOROLA M68020 USER’S MANUAL 5-43

State 5
MC68020—The processor negates AS, DS, and DBEN during S5. If more than one read
cycle is required to read in the operand(s), S0–S5 are repeated for each read cycle.
When the read cycle(s) are complete, the processor holds the address, R/W , and
FC2–FC0 valid in preparation for the write portion of the cycle.
The external device keeps its data and DSACK1/DSACK0  signals asserted until it
detects the negation of AS or DS (whichever it detects first). The device must remove
the data and negate DSACK1/DSACK0  within approximately one clock period after
sensing the negation of AS or DS. DSACK1/DSACK0 signals that remain asserted
beyond this limit may be prematurely detected for the next portion of the operation.

MC68EC020—The processor negates AS, DS, and DBEN during S5. If more than one
read cycle is required to read in the operand(s), S0–S5 are repeated for each read
cycle. When the read cycle(s) is complete, the processor holds the address, R/W, and
FC2–FC0 valid in preparation for the write portion of the cycle.
The external device keeps its data and DSACK1/DSACK0  signals asserted until it
detects the negation of AS or DS (whichever it detects first). The device must remove
the data and negate DSACK1/DSACK0  within approximately one clock period after
sensing the negation of AS or DS. DSACK1/DSACK0 signals that remain asserted
beyond this limit may be prematurely detected for the next portion of the operation.

Idle States
MC68020/EC020—The processor does not assert any new control signals during the
idle states, but it may internally begin the modify portion of the cycle at this time. S6–
S11 are omitted if no write cycle is required. If a write cycle is required, the R/W signal
remains in the read mode until S6 to prevent bus conflicts with the preceding read
portion of the cycle; the data bus is not driven until S8.

State 6
MC68020—The processor asserts ECS and OCS in S6 to indicate that another external
cycle is beginning. The processor drives R/W low for a write cycle. Depending on the
write operation to be performed, the address lines may change during S6.

MC68EC020—During S6, the processor drives R/W low for a write cycle. Depending on
the write operation to be performed, the address lines may change during S6.

State 7
MC68020—During S7, the processor asserts AS, indicating that the address on the
address bus is valid. The processor also asserts DBEN, which can be used to enable
data buffers. In addition, ECS (and OCS, if asserted) is negated during S7.

MC68EC020—During S7, the processor asserts AS, indicating that the address on the
address bus is valid.

State 8
MC68020/EC020—During S8, the processor places the data to be written onto the data
bus.
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5-44 M68020 USER’S MANUAL MOTOROLA

State 9
MC68020/EC020—The processor asserts DS during S9, indicating that the data on the
data bus is stable. As long as at least one of the DSACK1/DSACK0 signals is
recognized by the end of S8 (meeting the asynchronous input setup time requirement),
the cycle terminates one clock later. If DSACK1/DSACK0 is not recognized by the start
of S9, the processor inserts wait states instead of proceeding to S10 and S11. To
ensure that wait states are inserted, both DSACK1 and DSACK0 must remain negated
throughout the asynchronous input setup and hold times around the end of S8. If wait
states are added, the processor continues to sample DSACK1/DSACK0  signals on the
falling edges of the clock until one is recognized.
The external device uses R/W , DS, SIZ1, SIZ0, A1, and A0 to latch data from the
appropriate section(s) of the data bus (D31–D24, D23–D16, D15–D8, and D7–D0).
SIZ1, SIZ0, A1, and A0 select the data bus sections. If it has not already done so, the
device asserts DSACK1/DSACK0 when it has successfully stored the data.

State 10
MC68020/EC020—The processor issues no new control signals during S10.

State 11
MC68020/EC020—The processor negates AS and DS during S11. It holds the address
and data valid during S11 to provide address hold time for memory systems. R/W and
FC2–FC0 also remain valid throughout S11.
If more than one write cycle is required, S6–S11 are repeated for each write cycle.
The external device keeps DSACK1/DSACK0  asserted until it detects the negation of
AS or DS (whichever it detects first). The device must remove its data and negate
DSACK1/DSACK0  within approximately one clock period after sensing the negation of
AS or DS.

5.4 CPU SPACE CYCLES

FC2–FC0 select user and supervisor program and data areas as listed in Table 2-1. The
area selected by FC2–FC0 = 111 is classified as the CPU space. The interrupt
acknowledge, breakpoint acknowledge, module operations, and coprocessor
communication cycles described in the following paragraphs utilize CPU space.

The CPU space type is encoded on A19–A16 during a CPU space operation and indicates
the function that the processor is performing. On the MC68020/EC020, four of the
encodings are implemented as shown in Figure 5-31. All unused values are reserved by
Motorola for future use.
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5-70 M68020 USER’S MANUAL MOTOROLA

5.7.2 MC68EC020 Bus Arbitration

The sequence of the MC68EC020 bus arbitration protocol is as follows:
1. An external device asserts the BR signal.

2. The processor asserts the BG signal to indicate that the bus will become available at
the end of the current bus cycle.

3. The external device asserts the BR signal throughout its bus mastership.

BR may be issued any time during a bus cycle or between cycles. BG is asserted in
response to BR; it is usually asserted as soon as BR has been synchronized and
recognized, except when the MC68020 has made an internal decision to execute a bus
cycle. Then, the assertion of BG is deferred until the bus cycle has begun. Additionally, BG

is not asserted until the end of a read-modify-write operation (when RMC is negated) in
response to a BR signal. When the requesting device receives BG and more than one
external device can be bus master, the requesting device should begin whatever
arbitration is required. The external device continues to assert BR when it assumes bus
mastership, and maintains BR during the entire bus cycle (or cycles) for which it is bus
master. The following conditions must be met for an external device to assume mastership
of the bus through the normal bus arbitration procedure:

• The external device must have received BG through the arbitration process.

• AS must be negated, indicating that no bus cycle is in progress, and the external
device must ensure that all appropriate processor signals have been placed in the
high-impedance state (by observing specification #7 in Section 10 Electrical
Specifications).

• The termination signal (DSACK1/DSACK0) for the most recent cycle must have been
negated, indicating that external devices are off the bus.

• No other bus master has claimed ownership of the bus.

Figure 5-46 is a flowchart of MC68EC020 bus arbitration for a single device. Figure 5-47 is
a timing diagram for the same operation. This technique allows processing of bus
requests during data transfer cycles.

Bus arbitration requests are recognized during normal processing, RESET assertion,
HALT  assertion, and when the processor has halted due to a double bus fault.
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MOTOROLA M68020 USER’S MANUAL 6-1

SECTION 6
EXCEPTION PROCESSING

Exception processing is defined as the activities performed by the processor in preparing
to execute a handler routine for any condition that causes an exception. In particular,
exception processing does not include execution of the handler routine itself. An
introduction to exception processing, as one of the processing states of the
MC68020/EC020, is given in Section 2 Processing States .

This section describes exception processing in detail, describing the processing for each
type of exception. It describes the return from an exception and bus fault recovery. This
section also describes the formats of the exception stack frames. For more detail on
protocol violation and coprocessor-related exceptions, refer to Section 7 Coprocessor
Interface Description . Also, for more detail on exceptions defined for floating-point
coprocessors, refer to MC68881UM/AD, MC68881/MC68882 Floating-Point Coprocessor
User's Manual.

6.1 EXCEPTION PROCESSING SEQUENCE

Exception processing occurs in four functional steps. However, all individual bus cycles
associated with exception processing (vector acquisition, stacking, etc.) are not
guaranteed to occur in the order in which they are described in this section. Nonetheless,
all addresses and offsets from the stack pointer are guaranteed to be as described.

The first step of exception processing involves the SR. The processor makes an internal
copy of the SR, then sets the S-bit in the SR, changing to the supervisor privilege level.
Next, the processor inhibits tracing of the exception handler by clearing the T1 and T0 bits
in the SR. For the reset and interrupt exceptions, the processor also updates the interrupt
priority mask (bits 10–8 of the SR).

In the second step, the processor determines the vector number of the exception. For
interrupts, the processor performs an interrupt acknowledge cycle (a read from the CPU
address space type 1111; see Figures 5-32 and 5-33) to obtain the vector number. For
coprocessor-detected exceptions, the vector number is included in the coprocessor
exception primitive response. (Refer to Section 7 Coprocessor Interface Description for
a complete discussion of coprocessor exceptions.) For all other exceptions, internal logic
provides the vector number. This vector number is used in the last step to calculate the
address of the exception vector. Throughout this section, vector numbers are given in
decimal notation.
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6-2 M68020 USER’S MANUAL MOTOROLA

For all exceptions other than reset, the third step is to save the current processor context.
The processor creates an exception stack frame on the active supervisor stack and fills it
with context information appropriate for the type of exception. Other information may also
be stacked, depending on which exception is being processed and the state of the
processor prior to the exception. If the exception is an interrupt and the M-bit in the SR is
set, the processor clears the M-bit and builds a second stack frame on the interrupt stack.

The last step initiates execution of the exception handler. The processor multiplies the
vector number by four to determine the exception vector offset. The processor then adds
the offset to the value stored in the VBR to obtain the memory address of the exception
vector. Next, the processor loads the PC (and the ISP for the reset exception) from the
exception vector table in memory. After prefetching the first three words to fill the
instruction pipe, the processor resumes normal processing at the address in the PC. Table
6-1 contains a description of all the exception vector offsets defined for the
MC68020/EC020.

As shown in Table 6-1, the first 64 vectors are defined by Motorola, and 192 vectors are
reserved for interrupt vectors defined by the user. However, external devices may use
vectors reserved for internal purposes at the discretion of the system designer.
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6-20 M68020 USER’S MANUAL MOTOROLA

The priority scheme is very important in determining the order in which exception handlers
execute when several exceptions occur at the same time. 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 exception 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.

6.1.12 Return from Exception

After the MC68020/EC020 has completed exception processing for all pending
exceptions, it resumes normal instruction execution at the address in the vector for the last
exception processed. Once the exception handler has completed execution, the processor
must return to the system context prior to the exception (if possible). The RTE instruction
returns from the handler to the previous system context for any exception.

When the processor executes an RTE instruction, it examines the stack frame on top of
the active supervisor stack to determine if it is a valid frame and what type of context
restoration it requires. The following paragraphs describe the processing for each of the
stack frame types; refer to 6.3 Coprocessor Considerations for a description of the
stack frame type formats.

For a normal four-word frame, the processor updates the SR and PC with the data read
from the stack, increments the stack pointer by eight, and resumes normal instruction
execution.

For the throwaway four-word frame, the processor reads the SR value from the frame,
increments the active stack pointer by eight, updates the SR with the value read from the
stack, and then begins RTE processing again, as shown in Figure 6-7. The processor
reads a new format word from the stack frame on top of the active stack (which may or
may not be the same stack used for the previous operation) and performs the proper
operations corresponding to that format. In most cases, the throwaway frame is on the
interrupt stack and when the SR value is read from the stack, the S and M bits are set. In
that case, there is a normal four-word frame or a ten-word coprocessor midinstruction
frame on the master stack. However, the second frame may be any format (even another
throwaway frame) and may reside on any of the three system stacks.

For the six-word stack frame, the processor restores the SR and PC values from the
stack, increments the active supervisor stack pointer by 12, and resumes normal
instruction execution.

    

  

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

..
.



7-8 M68020 USER’S MANUAL MOTOROLA

restore categories, the coprocessor uses the set of coprocessor format codes defined for
the M68000 coprocessor interface to indicate its status to the main processor.

7.2.1 Coprocessor General Instructions

The coprocessor general instruction category contains data processing instructions and
other general-purpose instructions for a given coprocessor.

7.2.1.1 FORMAT. Figure 7-6 shows the format of a coprocessor general instruction.

COPROCESSOR COMMAND

1

15

1

14

1

13

1

12 11

CpID

9

0

8

0

7

0

6 5

EFFECTIVE ADDRESS

0

OPTIONAL EFFECTIVE ADDRESS OR COPROCESSOR-DEFINED EXTENSION WORDS

Figure 7-6. Coprocessor General Instruction Format (cpGEN)

The mnemonic cpGEN is a generic mnemonic used in this discussion for all general
instructions. The mnemonic of a specific general instruction usually suggests the type of
operation it performs and the coprocessor to which it applies. The actual mnemonic and
syntax used to represent a coprocessor instruction is determined by the syntax of the
assembler or compiler that generates the object code.

A coprocessor general instruction consists of at least two words. The first word of the
instruction is an F-line operation code (bits 15–12 = 1111). The CpID field of the F-line
operation code is used during the coprocessor access to indicate which coprocessor in
the system executes the instruction. During accesses to the CIRs (refer to 7.1.4.2
Processor-Coprocessor Interface), the processor places the CpID on address lines
A15–A13.

Bits 8–6 = 000 of the first word of an instruction indicate that the instruction is in the
general instruction category. Bits 5–0 of the F-line operation code sometimes encode a
standard M68000 effective address specifier (refer to M68000PM/AD, M68000 Family
Programmer’s Reference Manual). During the execution of a cpGEN instruction, the
coprocessor can use a coprocessor response primitive to request that the
MC68020/EC020 perform an effective address calculation necessary for that instruction.
Using the effective address specifier field of the F-line operation code, the processor then
determines the effective addressing mode. If a coprocessor never requests effective
address calculation, bits 5–0 can have any value (don't cares).

The second word of the general type instruction is the coprocessor command word. The
main processor writes this command word to the command CIR to initiate execution of the
instruction by the coprocessor.

An instruction in the coprocessor general instruction category optionally includes a
number of extension words following the coprocessor command word. These words can
provide additional information required for the coprocessor instruction. For example, if
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7-28 M68020 USER’S MANUAL MOTOROLA

7.3.9 Register Select CIR

When the coprocessor requests the transfer of one or more main processor registers or a
group of coprocessor registers, the main processor reads the 16-bit register select CIR to
identify the number or type of registers to be transferred. The offset from the base address
of the CIR set for the register select CIR is $14. The format of this register depends on the
primitive that is currently using it (refer to 7.4 Coprocessor Response Primitives).

7.3.10 Instruction Address CIR

When the coprocessor requests the address of the instruction it is currently executing, the
main processor transfers this address to the 32-bit instruction address CIR. Any transfer of
the scanPC is also performed through the instruction address CIR (refer to 7.4.17
Transfer Status Register and ScanPC Primitive). The offset from the base address of
the CIR set for the instruction address CIR is $18.

7.3.11 Operand Address CIR

When a coprocessor requests an operand address transfer between the main processor
and the coprocessor, the address is transferred through the 32-bit operand address CIR.
The offset from the base address of the CIR set for the operand address CIR is $1C.

7.4 COPROCESSOR RESPONSE PRIMITIVES

The response primitives are primitive instructions that the coprocessor issues to the main
processor during the execution of a coprocessor instruction. The coprocessor uses
response primitives to communicate status information and service requests to the main
processor. In response to an instruction command word written to the command CIR or a
condition selector in the condition CIR, the coprocessor returns a response primitive in the
response CIR. Within the general and conditional instruction categories, individual
instructions are distinguished by the operation of the coprocessor hardware and by
services specified by coprocessor response primitives and provided by the main
processor.

Subsequent paragraphs, beginning with 7.4.2 Coprocessor Response Primitive
General Format, consist of detailed descriptions of the M68000 coprocessor response
primitives supported by the MC68020/EC020. Any response primitive that the
MC68020/EC020 does not recognize causes it to initiate protocol violation exception
processing (refer to 7.5.2.1 Protocol Violations). This processing of undefined primitives
supports emulation of extensions to the M68000 coprocessor response primitive set by
the protocol violation exception handler. Exception processing related to the coprocessor
interface is discussed in 7.5 Exceptions.
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7-54 M68020 USER’S MANUAL MOTOROLA

Table 7-6. Exceptions Related to Primitive Processing

Primitive Protocol F-Line Other

Busy

Null

Supervisory Check*
Other: Privilege Violation if S-Bit in the SR = 0 X

Transfer Operation Word*

Transfer from Instruction Stream*
Protocol: If Length Field Is Odd (Zero Length Legal) X

Evaluate and Transfer Effective Address
Protocol: If Used with Conditional Instruction
F-Line: If EA in Opword Is NOT Control Alterable

X
X

Evaluate Effective Address and Transfer Data
Protocol:

1. If Used with Conditional Instructions
2. Length Is Not 1, 2, or 4 and EA = Register Direct
3. If EA = Immediate and Length Odd and Greater Than 1
4. Attempt to Write to Unalterable Address

Even if Address Declared Legal in Primitive
F-Line: Valid EA Field Does Not Match EA in Opword

X

X

Write to Previously Evaluated Effective Address
Protocol: If Used with Conditional Instruction X

Take Address and Transfer Data*

Transfer to/from Top of Stack*
Protocol: Length Field Other Than 1, 2, or 4 X

Transfer Single Main Processor Register*

Transfer Main Processor Control Register
Protocol: Invalid Control Register Select Code X

Transfer Multiple Main Processor Registers*

Transfer Multiple Coprocessor Registers
Protocol:

1. If Used with Conditional Instructions
2. Odd Length Value

F-Line:
1. EA Not Control Alterable or (An)+ for CP to Memory Transfer
2. EA Not Control Alterable or –(An) for Memory to CP Transfer

X

X

Transfer Status and ScanPC
Protocol: If Used with Conditional Instruction
Other:

1. Trace—Trace Made Pending if MC68020/EC020 in “Trace on Change of
Flow” Mode and DR = 1

2. Address Error—If Odd Value Written to ScanPC

X
X

Take Preinstruction, Midinstruction, or Postinstruction Exception
Exception Depends on Vector Supplies in Primitive

X X X

*Use of this primitive with CA = 0 will cause protocol violation on conditional instructions.
Abbreviations:

EA—Effective Address
CP—Coprocessor
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8-22 M68020 USER’S MANUAL MOTOROLA

BEST CASE (Concluded)

Source Destination

Address Mode ([d16,B],I) ([d16,B],I,d16) ([d16,B],I,d32) ([d32,B],I) ([d32,B],I,d16) ([d32,B],I,d32)

Rn 11(1/0/1) 13(1/0/1) 14(1/0/1) 15(1/0/1) 17(1/0/1) 18(1/0/1)

#<data>.B,W 11(1/0/1) 13(1/0/1) 14(1/0/1) 15(1/0/1) 17(1/0/1) 18(1/0/1)

#<data>.L 11(1/0/1) 13(1/0/1) 14(1/0/1) 15(1/0/1) 17(1/0/1) 18(1/0/1)

(An) 15(2/0/1) 17(2/0/1) 18(2/0/1) 19(2/0/1) 21(2/0/1) 22(2/0/1)

(An)+ 16(2/0/1) 18(2/0/1) 19(2/0/1) 20(2/0/1) 22(2/0/1) 23(2/0/1)

–(An) 15(2/0/1) 17(2/0/1) 18(2/0/1) 19(2/0/1) 21(2/0/1) 22(2/0/1)

(d16,An) or (d16,PC) 15(2/0/1) 17(2/0/1) 18(2/0/1) 19(2/0/1) 21(2/0/1) 22(2/0/1)

(xxx).W 15(2/0/1) 17(2/0/1) 18(2/0/1) 19(2/0/1) 21(2/0/1) 22(2/0/1)

(xxx).L 15(2/0/1) 17(2/0/1) 18(2/0/1) 19(2/0/1) 21(2/0/1) 22(2/0/1)

(d8,An,Xn) or
(d8,PC,Xn)

16(2/0/1) 18(2/0/1) 19(2/0/1) 20(2/0/1) 22(2/0/1) 23(2/0/1)

(d16,An,Xn) or
(d16,PC,Xn)

16(2/0/1) 18(2/0/1) 19(2/0/1) 20(2/0/1) 22(2/0/1) 23(2/0/1)

(B) 16(2/0/1) 18(2/0/1) 19(2/0/1) 20(2/0/1) 22(2/0/1) 23(2/0/1)

(d16,B) 18(2/0/1) 20(2/0/1) 21(2/0/1) 22(2/0/1) 24(2/0/1) 25(2/0/1)

(d32,B) 22(2/0/1) 24(2/0/1) 25(2/0/1) 26(2/0/1) 28(2/0/1) 29(2/0/1)

([B],I) 21(3/0/1) 23(3/0/1) 24(3/0/1) 25(3/0/1) 27(3/0/1) 28(3/0/1)

([B],I,d16) 23(3/0/1) 25(3/0/1) 26(3/0/1) 27(3/0/1) 29(3/0/1) 30(3/0/1)

([B],I,d32) 23(3/0/1) 25(3/0/1) 26(3/0/1) 27(3/0/1) 29(3/0/1) 30(3/0/1)

([d16,B],I) 23(3/0/1) 25(3/0/1) 26(3/0/1) 27(3/0/1) 29(3/0/1) 30(3/0/1)

([d16,B],I,d16) 25(3/0/1) 27(3/0/1) 28(3/0/1) 29(3/0/1) 31(3/0/1) 32(3/0/1)

([d16,B],I,d32) 25(3/0/1) 27(3/0/1) 28(3/0/1) 29(3/0/1) 31(3/0/1) 32(0/0/1)

([d32,B],I) 27(3/0/1) 29(3/0/1) 30(3/0/1) 31(3/0/1) 33(3/0/1) 34(3/0/1)

([d32,B],I,d16) 29(3/0/1) 31(3/0/1) 32(3/0/1) 33(3/0/1) 35(3/0/1) 36(3/0/1)

([d32,B],I,d32) 29(3/0/1) 31(3/0/1) 32(3/0/1) 33(3/0/1) 35(3/0/1) 36(3/0/1)
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MOTOROLA M68020 USER’S MANUAL 8-23

CACHE CASE

Source Destination

Address Mode An Dn (An) (An)+ –(An) (d16,An) (xxx).W (xxx).L

Rn 2(0/0/0) 2(0/0/0) 4(0/0/1) 4(0/0/1) 5(0/0/1) 5(0/0/1) 4(0/0/1) 6(0/0/1)

#<data>.B,W 4(0/0/0) 4(0/0/0) 6(0/0/1) 6(0/0/1) 7(0/0/1) 7(0/0/1) 6(0/0/1) 8(0/0/1)

#<data>.L 6(0/0/0) 6(0/0/0) 8(0/0/1) 8(0/0/1) 9(0/0/1) 9(0/0/1) 8(0/0/1) 10(0/0/1)

(An) 6(1/0/0) 6(1/0/0) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 9(1/0/1)

(An)+ 6(1/0/0) 6(1/0/0) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 9(1/0/1)

–(An) 7(1/0/0) 7(1/0/0) 8(1/0/1) 8(1/0/1) 8(1/0/1) 8(1/0/1) 8(1/0/1) 10(1/0/1)

(d16,An) or
(d16,PC)

7(1/0/0) 7(1/0/0) 8(1/0/1) 8(1/0/1) 8(1/0/1) 8(1/0/1) 8(1/0/1) 10(1/0/1)

(xxx).W 6(1/0/0) 6(1/0/0) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 9(1/0/1)

(xxx).L 6(1/0/0) 6(1/0/0) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 7(1/0/1) 9(1/0/1)

(d8,An,Xn) or
(d8,PC,Xn)

9(1/0/0) 9(1/0/0) 10(1/0/1) 10(1/0/1) 10(1/0/1) 10(1/0/1) 10(1/0/1) 12(1/0/1)

(d16,An,Xn) or
(d16,PC,Xn)

9(1/0/0) 9(1/0/0) 10(1/0/1) 10(1/0/1) 10(1/0/1) 10(1/0/1) 10(1/0/1) 12(1/0/1)

(B) 9(1/0/0) 9(1/0/0) 10(1/0/1) 10(1/0/1) 10(1/0/1) 10(1/0/1) 10(1/0/1) 12(1/0/1)

(d16,B) 11(1/0/0) 11(1/0/0) 12(1/0/1) 12(1/0/1) 12(1/0/1) 12(1/0/1) 12(1/0/1) 14(1/0/1)

(d32,B) 15(1/0/0) 15(1/0/0) 16(1/0/1) 16(1/0/1) 16(1/0/1) 16(1/0/1) 16(1/0/1) 18(1/0/1)

([B],I) 14(2/0/0) 14(2/0/0) 15(2/0/1) 15(2/0/1) 15(2/0/1) 15(2/0/1) 15(2/0/1) 17(2/0/1)

([B],I,d16) 16(2/0/0) 16(2/0/0) 17(2/0/1) 17(2/0/1) 17(2/0/1) 17(2/0/1) 17(2/0/1) 19(2/0/1)

([B],I,d32) 16(2/0/0) 16(2/0/0) 17(2/0/1) 17(2/0/1) 17(2/0/1) 17(2/0/1) 17(2/0/1) 19(2/0/1)

([d16,B],I) 16(2/0/0) 16(2/0/0) 17(2/0/1) 17(2/0/1) 17(2/0/1) 17(2/0/1) 17(2/0/1) 19(2/0/1)

([d16,B],I,d16) 18(2/0/0) 18(2/0/0) 19(2/0/1) 19(2/0/1) 19(2/0/1) 19(2/0/1) 19(2/0/1) 21(2/0/1)

([d16,B],d32) 18(2/0/0) 18(2/0/0) 19(2/0/1) 19(2/0/1) 19(2/0/1) 19(2/0/1) 19(2/0/1) 21(2/0/1)

([d32,B],I) 20(2/0/0) 20(2/0/0) 21(2/0/1) 21(2/0/1) 21(2/0/1) 21(2/0/1) 21(2/0/1) 23(2/0/1)

([d32,B],I,d16) 22(2/0/0) 22(2/0/0) 23(2/0/1) 23(2/0/1) 23(2/0/1) 23(2/0/1) 23(2/0/1) 25(2/0/1)

([d32,B],I,d32) 22(2/0/0) 22(2/0/0) 23(2/0/1) 23(2/0/1) 23(2/0/1) 23(2/0/1) 23(2/0/1) 25(2/0/1)
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MOTOROLA M68020 USER’S MANUAL 9-15

Another way to optimize the CPU-to-memory access times in a system is to use a clock
frequency less than the rated maximum of the specific MC68020/EC020 device. Table 9-5
provides calculated tAVDV (see Equation 9-7 of Table 9-4) results for a 16 MHz
MC68020/EC020 and a 25 MHz MC68020/EC020 operating at various clock frequencies.
If the system uses other clock frequencies, the above equations can be used to calculate
the exact access times.

Table 9-5. Calculated tAVDV Values for Operation at Frequencies
Less Than or Equal to the CPU Maximum Frequency Rating

Equation 9-7 tAVDV 16-MHz MC68020/EC020 25-MHz MC68020/EC020

Clocks Per (N) and Type
Bus Cycle

Wait
States

Clock at
12.5 MHz

Clock at
16.67 MHz

Clock at
16.67 MHz

Clock at
20 MHz

Clock at
25 MHz

3 Clock Asynchronous 0 181 121 131 101 71

4 Clock Asynchronous 1 261 181 191 151 111

5 Clock Asynchronous 2 341 241 251 201 151

6 Clock Asynchronous 3 421 301 311 251 191

9.7 MODULE SUPPORT

The MC68020/EC020 includes support for modules with the CALLM and RTM
instructions. The CALLM instruction references a module descriptor. This descriptor
contains control information for entry into the called module. The CALLM instruction
creates a module stack frame and stores the current module state in that frame and loads
a new module state from the referenced descriptor. The RTM instruction recovers the
previous module state from the stack frame and returns to the calling module.

The module interface facilitates finer resolution of access control by external hardware.
Although the MC68020/EC020 does not interpret the access control information, it
communicates with external hardware when the access control is to be changed and
relies on the external hardware to verify that the changes are legal.

9.7.1 Module Descriptor

Figure 9-10 illustrates the format of the module descriptor. The first long word contains
control information used during execution of the CALLM instruction. The remaining
locations contain data that can be loaded into processor registers by the CALLM
instruction.
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9-16 M68020 USER’S MANUAL MOTOROLA

OPT TYPE ACCESS LEVEL (RESERVED, MUST BE ZERO)

31 28 23 15 0

BASE
+$04

MODULE ENTRY WORD POINTER

MODULE DATA AREA POINTER

ADDITIONAL USER-DEFINED INFORMATION

+$08

+$0C

+$10

29 24 16

Figure 9-10. Module Descriptor Format

The opt field specifies how arguments are to be passed to the called module; the
MC68020/EC020 recognizes only the options of 000 and 100; all others cause a format
exception. The 000 option indicates that the called module expects to find arguments from
the calling module on the stack just below the module stack frame. In cases where there is
a change of stack pointer during the call, the MC68020/EC020 will copy the arguments
from the old stack to the new stack. The 100 option indicates that the called module will
access the arguments from the calling module through an indirect pointer in the stack of
the calling module. Hence, the arguments are not copied, but the MC68020/EC020 puts
the value of the stack pointer from the calling module in the module stack frame.

The type field specifies the type of the descriptor; the MC68020/EC020 only recognizes
descriptors of type $00 and $01; all others cause a format exception. The $00 type
descriptor defines a module for which there is no change in access rights, and the called
module builds its stack frame on top of the stack used by the calling module. The $01 type
descriptor defines a module for which there may be a change in access rights; such a
called module may have a separate stack area from that of the calling module.

The access level field is used only with the type $01 descriptor and is passed to external
hardware to change the access control.

The module entry word pointer specifies the entry address of the called module. The first
word at the entry address (see Figure 9-11) specifies the register to be saved in the
module stack frame and then loaded with the module descriptor data area pointer; the first
instruction of the module starts with the next word. The module descriptor data area
pointer field contains the address of the called module data area.

If the access change requires a change of stack pointer, the old value is saved in the
module stack frame, and the new value is taken from the module descriptor stack pointer
field. Any further information in the module descriptor is user defined.

OPERATION WORD OF FIRST INSTRUCTION

D/A

15 14

REGISTER

12 11 9

0

8

0

7

0

6 5 0

0 0

4

0

3

0

2

0

1

000

10

0

Figure 9-11. Module Entry Word
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