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Freescale Semiconductor, Inc.

PREFACE

The complete documentation package for the MC68040, MC68040V, MC68LC040,
MC68EC040, and MC68EC040V (collectively called M68040) consists of the
M68040UM/AD, M68040 User’s Manual, and the M68000PM/AD, M68000 Family
Programmer’s Reference Manual. The M68040 User’s Manual describes the capabilities,
operation, and programming of the M68040 32-bit third-generation microprocessors. The
M68000 Family Programmer’s Reference Manual contains the complete instruction set for
the M68000 family.

The introduction of this manual includes general information concerning the MC68040 and
summarizes the differences between the M68040 member devices. Additionally, three
appendices provide detailed information on how these M68040 dirivatives operate
differently from the MC68040. For detailed information on one of these M68040
dirivatives, use the following table to determine which appendices to read in conjunction
with the rest of this manual.

Device Number Appendices

MC68040V Appendix A MC68LC040 and Appendix C MC68040V and MC68EC040V
MC68LC040 Appendix A MC68LC040

MC68EC040 Appendix B MC68EC040

MC68EC040V Appendix B MC68EC040 and Appendix C MC68040V and MC68EC040V

When reading this manual, remember to disregard information concerning floating-point
in reference to the MC68040V and MC68LC040, and to disregard information concerning
floating-point and memory management in reference to the MC68EC040 and
MCG68EC040V. The organization of this manual is as follows:

Section 1 Introduction

Section 2 Integer Unit

Section 3 Memory Management Unit (Except MC68EC040 and MC68EC040V)
Section 4 Instruction and Data Caches

Section 5 Signal Description

Section 6 IEEE 1149.1 Test Access Port (JTAG)

Section 7 Bus Operation

Section 8 Exception Processing

Section 9 Floating-Point Unit (MC68040)

Section 10 Instruction Timings

Section 11 MC68040 Electrical and Thermal Characteristics
Section 12 Ordering Information and Mechanical Data

Appendix A MC68LC040

Appendix B MCG68EC040

Appendix C MC68040V and MC68EC040V
Appendix D M68000 Family Summary

Appendix E Floating-Point Emulation (M68040FPSP)
Index
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SECTION 1
INTRODUCTION

The MC68040, MC68040V, MC68LC040, MC68EC040, and MC68EC040V (collectively
called M68040) are Motorola’s third generation of M68000-compatible, high-performance,
32-bit microprocessors. All five devices are virtual memory microprocessors employing
multiple concurrent execution units and a highly integrated architecture that provides very
high performance in a monolithic HCMOS device. They integrate an MC68030-compatible
integer unit (IU) and two independent caches. The MC68040, MC68040V, and
MC68LC040 contain dual, independent, demand-paged memory management units
(MMUSs) for instruction and data stream accesses and independent, 4-Kbyte instruction
and data caches. The MC68040 contains an MC68881/MC68882-compatible floating-
point unit (FPU). The use of multiple independent execution pipelines, multiple internal
buses, and a full internal Harvard architecture, including separate physical caches for both
instruction and data accesses, achieves a high degree of instruction execution parallelism
on all three processors. The on-chip bus snoop logic, which directly supports cache
coherency in multimaster applications, enhances cache functionality.

The M68040 family is user object-code compatible with previous M68000 family members
and is specifically optimized to reduce the execution time of compiler-generated code. All
five processors implement Motorola’s latest HCMOS technology, providing an ideal
balance between speed, power, and physical device size.

1.1 DIFFERENCES

Because the functionality of individual M68040 family members are similar, this manual is
organized so that the reader will take the following differences into account while reading
the rest of this manual. Unless otherwise noted, all references to M68040, with the
exception of the differences outlined below, will apply to the MC68040, MC68040V,
MC68LC040, MC68EC040, and MC68EC040V. The following paragraphs describe the
differences of MC68040V, MC68LC040, MC68EC040, and the MC68BEC040V from the
MC68040.

1.1.1 MC68040V and MC68LC040

The MC68040V and MC68LCO040 are derivatives of the MC68040. They implement the
same |IU and MMU as the MC68040, but have no FPU. The MC68LCO040 is pin compatible
with the MC68040. The MC68040V is not pin compatible with the MC68040 and contains
some additional features. The following differences exist between the MC68040V,
MC68LC040, and MC68040:
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e The DLE pin name has been changed to JSO on both the MC68040V and
MC68LC040. In addition, the MC68040V contains three new pins, system clock
disable (SCD), low frequency operation (LFO), and loss of clock (LOC).

* The MC68040V and MC68LC040 do not implement the data latch enable (DLE),
multiplexed, or output buffer impedance selection modes of operation. They
implement only the small output buffer mode of operation. All timing and drive
capabilities on both devices are equivalent to those of the MC68040 in small output
buffer impedance mode. The MC68040V has an additional mode of operation, the
low-power stop mode of operation.

¢ The MC68040V and MC68LC040 do not contain an FPU, causing unimplemented
floating-point exceptions to occur using a new stack frame format.

* The MC68040V is a 3.3 volt static microprocessor that operates down to 0 MHz.

For specific details on the MC68LC040, refer to Appendix A MC68LCO040. For specific
details on the MC68040V, refer to both Appendix A MC68LC040 and Appendix C
MC68040V and MC68ECO040V. Disregard all information concerning the FPU when
reading the following subsections.

1.1.2 MC68EC040 and MC68EC040V

The MC68EC040 and MC68EC040V are derivatives of the MC68040. They implement the
same IU as the MC68040, but have no FPU or MMU, which embedded control
applications generally do not require. The MC68EC040 is pin compatible with the
MC68040. The following differences exist between the MC68EC040, MC68EC040V, and
the MC68040:

* The DLE and MDI S pin names have been changed to JSO and JS1, respectively.

 PTEST and PFLUSH instructions cause an undetermined number of bus cycles; the
user should not execute these instructions.

» The access control unit (ACU) replaces the MMU. The MC68EC040 and
MC68EC040V ACU has two data and two instruction registers that are called data
and instruction transparent translation registers in the MC68040.

* The MC68EC040 and MC68EC040V do not implement the DLE, multiplexed, or
output buffer impedance selection modes of operation. They only implement the small
output buffer mode of operation. All MC68EC040 and MC68EC040V timing and drive
capabilities are equivalent to the MC68040 in small output buffer mode.

* The MC68EC040 and MC68EC040V do not contain an FPU, causing unimplemented
floating-point exceptions to occur using a new stack frame format.

* The MC68040V is a 3.3 volt static microprocessor that operates down to 0 MHz.

Refer to Appendix B MC68EC040 for specific details on the MC68EC040. Refer to
Appendix B MC68EC040 and Appendix C MC68040V and MC68EC040V for specific
details on the MC68EC040V. Disregard information concerning the FPU and MMU
when reading the following subsections.
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1.2 FEATURES

The main features of the M68040 are as follows:
» 6-Stage Pipeline, MC68030-Compatible U
» MC68881/MC68882-Compatible FPU
* Independent Instruction and Data MMUs

» Simultaneously Accessible, 4-Kbyte Physical Instruction Cache and 4-Kbyte Physical
Data Cache

» Low-Latency Bus Accesses for Reduced Cache Miss Penalty

» Multimaster/Multiprocessor Support via Bus Snooping

e Concurrent IU, FPU, MMU, and Bus Controller Operation Maximizes Throughput

» 32-Bit, Nonmultiplexed External Address and Data Buses with Synchronous Interface
» User Object-Code Compatible with All Earlier M68000 Microprocessors

* 4-Ghyte Direct Addressing Range

» Software Support Including Optimizing C Compiler and UNIX® System V Port

The on-chip FPU and large physical instruction and data caches yield improved system
performance and increased functionality. The independent instruction and data MMUs and
increased internal parallelism also improve performance.

1.3 EXTENSIONS TO THE M68000 FAMILY

The M68040 is compatible with the ANSI/IEEE Standard 754 for Binary Floating-Point
Arithmetic. The MC68040’s FPU has been optimized to execute the most commonly used
subset of the MC68881/MC68882 instruction sets and includes additional instruction
formats for single- and double-precision rounding results. Software emulates floating-point
instructions not directly supported in hardware. Refer to Appendix E M68040 Floating-
Point Emulation (MC68040FPSP) for details on software emulation. The MOVE16 user
instruction is new to the instruction set, supporting efficient 16-byte memory-to-memory
data transfers.

1.4 FUNCTIONAL BLOCKS

Figure 1-1 illustrates a simplified block diagram of the MC68040. Refer to Appendix A
MC68L C040 for information on the MC68LC040’s and MC68040V's functional blocks; and
Appendix B MC68ECO040 for information on the MC68EC040’s and MCG68EC040V's
functional blocks.

The M68040 IU pipeline has been expanded from the MC68030 to include effective
address calculation (<ea> calculate) and operand fetch ea> fetch) stages with
commonly used effective addressing modes. Conditional branches are optimized for the

® UNIX is a registered trademark of AT&T Bell Laboratories.
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more common case of the branch taken, and both execution paths of the branch are
fetched and decoded to minimize refilling of the instruction pipeline.

INSTRUCTION DATA BUS >

{}

NS

INSTRUCTION :> INSTRUCTION
ATC CACHE

NS ﬁ F ﬁ r INSTRUCTION
INSTRUCTION > INSTRUCTION ADDRES
FETCH MMUICACHE/SNOOP ;
CONVERT CONTROLLER 8
< DECODE INSTRUCTION MEMORY UNIT S OORESS
BUS
EA c
CALCULATE 0
N
EXECUTE ” N
FETCH . VA:V,\DATA
0 BUS
KM | Execute DATA MEMORY UNIT L
WRITE- DATA L
BACK DATA ADDRESS E
WRITE- MMUICACHE/SNOOP <: i R <:>
BACK CONTROLLER BUS
FLOATING- INTEGER @ CS(ID(IB\IJE&L
POINT UNIT
UNIT DATA DATA
ATC :"\/\ CACHE

A4

OPERAND DATA BUS

Figure 1-1. Block Diagram

To improve memory management, the M68040 includes separate, independent paged
MMUs for instruction and data accesses. Each MMU stores recently used address
mappings in separate 64-entry address translation caches (ATCs). Each MMU also has
two transparent translation registers that define a one-to-one mapping for address space
segments ranging in size from 16 Mbytes to 4 Gbytes each.

Two memory units independently interface with the IU and FPU. Each unit consists of an
MMU, an ATC, a main cache, and a snoop controller. The MMUs perform memory
management on a demand-page basis. By translating logical-to-physical addresses using
translation tables stored in memory, the MMUs support virtual memory systems. Each
MMU stores recently used address mappings in an ATC, reducing the average translation
time.

Separate on-chip instruction and data caches operate independently and are accessed in
parallel with address translation. The caches improve the overall performance of the
system by reducing the number of bus transfers required by the processor to fetch
information from memory and by increasing the bus bandwidth available for alternate bus
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masters in the system. Both caches are organized as four-way set associative with 64
sets of four lines. Each line contains four long words for a storage capability of 4 Kbytes
for each cache (8 Kbytes total). Each cache and corresponding MMU is allocated
separate internal address and data buses, allowing simultaneous access to both. The
data cache provides write-through or copyback write modes that can be configured on a
page-by-page basis. The caches are physically mapped, reducing software support for
multitasking operating systems, and support external bus snooping to maintain cache
coherency in multimaster systems.

The bus snoop logic provides cache coherency in multimaster applications. The bus
controller executes bus transfers on the external bus and prioritizes external memory
requests from each cache. The M68040 bus controller supports a high-speed,
nonmultiplexed, synchronous, external bus interface supporting burst accesses for both
reads and writes to provide high data transfer rates to and from the caches. Additional bus
signals support bus snooping and external cache tag maintenance.

The MC68040 contains an on-chip FPU, which is user object-code compatible with the
MC68881/MC68882 floating-point coprocessors. The FPU has pipelined instruction
execution. Floating-point instructions in the FPU execute concurrently with integer
instructions in the 1U.

1.5 PROCESSING STATES

The processor is always in one of three states: normal processing, exception processing,
or halted. It is in the normal processing state when executing instructions, fetching
instructions and operands, and storing instruction results.

Exception processing is the transition from program processing to system, interrupt, and
exception handling. Exception processing includes fetching the exception vector, stacking
operations, and refilling the instruction pipe caused after an exception. The processor
enters exception processing when an exceptional internal condition arises such as tracing
an instruction, an instruction results in a trap, or executing specific instructions. External
conditions, such as interrupts and access errors, also cause exceptions. Exception
processing ends when the first instruction of the exception handler begins to execute.

The processor halts when it receives an access error or generates an address error while
in the exception processing state. For example, if during exception processing of one
access error another access error occurs, the MC68040 is unable to complete the
transition to normal processing and cannot save the internal state of the machine. The
processor assumes that the system is not operational and halts. Only an external reset
can restart a halted processor. Note that when the processor executes a STOP
instruction, it is in a special type of normal processing state, one without bus cycles. The
processor stops, but it does not halt.

1.6 PROGRAMMING MODEL

The MC68040 programming model is separated into two privilege modes: supervisor and
user. The S-bit in the status register (SR) indicates the privilege mode that the processor
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uses. The IU identifies a logical address by accessing either the supervisor or user
address space, maintaining the differentiation between supervisor and user modes. The
MMUs use the indicated privilege mode to control and translate memory accesses,
protecting supervisor code, data, and resources from user program accesses. Refer to
Appendix B MC68ECO040 for details concerning the MC68EC040 address translation.

Programs access registers based on the indicated mode. User programs can only access
registers specific to the user mode; whereas, system software executing in the supervisor
mode can access all registers, using the control registers to perform supervisory functions.
User programs are thus restricted from accessing privileged information, and the
operating system performs management and service tasks for the user programs by
coordinating their activities. This difference allows the supervisor mode to protect system
resources from uncontrolled accesses.

Most instructions execute in either mode, but some instructions that have important
system effects are privileged and can only execute in the supervisor mode. For instance,
user programs cannot execute the STOP or RESET instructions. To prevent a user
program from entering the supervisor mode, except in a controlled manner, instructions
that can alter the S-bit in the SR are privileged. The TRAP instructions provide controlled
access to operating system services for user programs.

If the S-bit in the SR is set, the processor executes instructions in the supervisor mode.
Because the processor performs all exception processing in the supervisor mode, all bus
cycles generated during exception processing are supervisor references, and all stack
accesses use the active supervisor stack pointer. If the S-bit of the SR is clear, the
processor executes instructions in the user mode. The bus cycles for an instruction
executed in the user mode are user references. The values on the transfer modifier pins
indicate either supervisor or user accesses.

The processor utilizes the user mode and the user programming model when it is in
normal processing. During exception processing, the processor changes from user to
supervisor mode. Exception processing saves the current value of the SR on the active
supervisor stack and then sets the S-bit, forcing the processor into the supervisor mode.
To return to the user mode, a system routine must execute one of the following
instructions: MOVE to SR, ANDI to SR, EORI to SR, ORI to SR, or RTE, which execute in
the supervisor mode, modifying the S-bit of the SR. After these instructions execute, the
instruction pipeline is flushed and is refilled from the appropriate address space.

The MC68040 integrates the functions of the IU, FPU, and MMU. The registers depicted
in the programming model (see Figure 1-2) provide operand storage and control for these
three units. The registers are partitioned into two levels of privilege modes: user and
supervisor. The user programming model is the same as the user programming model of
the MC68030, which consists of 16, general-purpose, 32-bit registers and two control
registers. The MC68040 user programming model also incorporates the
MC68881/MC68882 programming model consisting of eight, 80-bit, floating-point data
registers, a floating-point control register, a floating-point status register, and a floating-
point instruction address register.
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Only system programmers can use the supervisor programming model to implement
operating system functions, 1/0 control, and memory management subsystems. This
supervisor/user distinction in the M68000 family architecture allows for the writing of
application software that executes in the user mode and migrates to the MC68040 from
any M68000 family platform without modification. The supervisor programming model
contains the control features that system designers need to modify system software when
porting to a new design. For example, only the supervisor software can read or write to
the transparent translation registers of the MC68040. The existence of the transparent
translation registers does not affect the programming resources of user application

programs.
31 0 79
Do FPO
D1 FP1
D2 FP2
DATA D3 FLOATING-POINT EP3
REGISTERS D4 DATA iy
D5 REGISTERS
FP5
D6 FP6
b7 FP7
AO
| ﬁi 31 15
ADDRESS — as FP CONTROL REGISTER 0 [ FPCR
REGISTERS — | aa FP STATUS REGISTER FPSR
— s FP INSTRUCTION ADDRESS REGISTER FPIAR
A6
A7USP  USER STACK POINTER
PC PROGRAM COUNTER
o CCR CONDITION CODE REGISTER
USER PROGRAMMING MODEL
31 0
AT/ISP INTERRUPT STACK POINTER
AT'IMSP  MASTER STACK POINTER
" (CCR) | SR STATUS REGISTER (CCR IS ALSO SHOWN IN THE USER PROGRAMMING MODEL)
VBR VECTOR BASE REGISTER
SFC SOURCE FUNCTION CODE
DFC DESTINATION FUNCTION CODE
CACR CACHE CONTROL REGISTER
URP USER ROOT POINTER REGISTER
SRP SUPERVISOR ROOT POINTER REGISTER
TC TRANSLATION CONTROL REGISTER
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ITTO INSTRUCTION TRANSPARENT TRANSLATION REGISTER 0
ITT1 INSTRUCTION TRANSPARENT TRANSLATION REGISTER 1
MMUSR  MMU STATUS REGISTER
SUPERVISOR PROGRAMMING MODEL
Figure 1-2. Programming Model
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The user programming model includes eight data registers, seven address registers, and
a stack pointer register. The address registers and stack pointer can be used as base
address registers or software stack pointers, and any of the 16 registers can be used as
index registers. Two control registers are available in the user mode—the program
counter (PC), which usually contains the address of the instruction that the MC68040 is
executing, and the lower byte of the SR, which is accessible as the condition code register
(CCR). The CCR contains the condition codes that reflect the results of a previous
operation and can be used for conditional instruction execution in a program.

The supervisor programming model includes the upper byte of the SR, which contains
operation control information. The vector base register (VBR) contains the base address
of the exception vector table, which is used in exception processing. The source function
code (SFC) and destination function code (DFC) registers contain 3-bit function codes.
These function codes can be considered extensions to the 32-bit logical address. The
processor automatically generates function codes to select address spaces for data and
program accesses in the user and supervisor modes. Some instructions use the alternate
function code registers to specify the function codes for various operations.

The cache control register (CACR) controls enabling of the on-chip instruction and data
caches of the MC68040. The supervisor root pointer (SRP) and user root pointer (URP)
registers point to the root of the address translation table tree to be used for supervisor
and user mode accesses.

The translation control register (TCR) enables logical-to-physical address translation and
selects either 4- or 8-Kbyte page sizes. There are four transparent translation registers,
two for instruction accesses and two for data accesses. These registers allow portions of
the logical address space to be transparently mapped and accessed without the use of
resident descriptors in an ATC. The MMU status register (MMUSR) contains status
information derived from the execution of a PTEST instruction. The PTEST instruction
searches the translation tables for the logical address, specified by this instruction’s
effective address field and the DFC, and returns status information corresponding to the
translation.

The user programming model can also access the entire floating-point programming
model. The eight 80-bit floating-point data registers are analogous to the integer data
registers. A 32-bit floating-point control register (FPCR) contains an exception enable byte
that enables and disables traps for each class of floating-point exceptions and a mode
byte that sets the user-selectable rounding and precision modes. A floating-point status
register (FPSR) contains a condition code byte, quotient byte, exception status byte, and
accrued exception byte. A floating-point exception handler can use the address in the 32-
bit floating-point instruction address register (FPIAR) to locate the floating-point instruction
that has caused an exception. Instructions that do not modify the FPIAR can be used to
read the FPIAR in the exception handler without changing the previous value.
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1.7 DATA FORMAT SUMMARY

The M68040 supports the basic data formats of the M68000 family. Some data formats
apply only to the 1U, some only to the FPU, and some to both. In addition, the instruction
set supports operations on other data formats such as memory addresses.

The operand data formats supported by the IU are the standard twos-complement data
formats defined in the M68000 family architecture plus a new data format (16-byte block)
for the MOVEL6 instruction. Registers, memory, or instructions themselves can contain U
operands. The operand size for each instruction is either explicitly encoded in the
instruction or implicitly defined by the instruction operation.

Whenever an integer is used in a floating-point operation, the FPU automatically converts
it to an extended-precision floating-point number before using the integer. The FPU
implements single- and double-precision floating-point data formats as defined by the
IEEE 754 standard. The FPU does not directly support packed decimal real format.
However, by trapping as an unimplemented data format instead of as an illegal instruction,
software emulation supports the packed decimal format. Additionally, each data format
has a special encoding that represents one of five data types: normalized numbers,
denormalized numbers, zeros, infinities, and not-a-numbers (NANs). Table 1-1 lists the
data formats for both the IU and the FPU. Refer to M68000PM/AD, M68000 Family
Programmer’s Reference Manual, for details on data format organization in registers and
memory.

Table 1-1. M68040 Data Formats

Operand Data Format Size Supported In Notes
Bit 1 Bit U —
Bit Field 1-32 Bits U Field of Consecutive Bits
Binary-Coded Decimal (BCD) 8 Bits U Packed: 2 Digits/Byte; Unpacked: 1 Digit/Byte
Byte Integer 8 Bits U, FPU —
Word Integer 16 Bits U, FPU —
Long-Word Integer 32 Bits U, FPU —
Quad-Word Integer 64 Bits (V] Any Two Data Registers
16-Byte 128 Bits (U] Memory Only, Aligned to 16-Byte Boundary
Single-Precision Real 32 Bits FPU 1-Bit Sign, 8-Bit Exponent, 23-Bit Fraction
Double-Precision Real 64 Bits FPU 1-Bit Sign, 11-Bit Exponent, 52-Bit Fraction
Extended-Precision Real 80 Bits FPU 1-Bit Sign, 15-Bit Exponent, 64-Bit Mantissa

1.8 ADDRESSING CAPABILITIES SUMMARY

The M68040 supports the basic addressing modes of the M68000 family. The register
indirect addressing modes support postincrement, predecrement, offset, and indexing,
which are particularly useful for handling data structures common to sophisticated
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applications and high-level languages. The program counter indirect mode also has
indexing and offset capabilities. This addressing mode is typically required to support
position-independent software. Besides these addressing modes, the M68040 provides
index sizing and scaling features.

An instruction’s addressing mode can specify the value of an operand, a register
containing the operand, or how to derive the effective address of an operand in memory.
Each addressing mode has an assembler syntax. Some instructions imply the addressing
mode for an operand. These instructions include the appropriate fields for operands that
use only one addressing mode. Table 1-2 lists a summary of the effective addressing
modes for the M68040. Refer to M68000PM/AD, M68000 Family Programmer’s
Reference Manual, for details on instruction format and addressing modes.

Table 1-2. Effective Addressing Modes

Addressing Modes Syntax

Register Direct

Data Dn

Address An
Register Indirect

Address (An)

Address with Postincrement (An)+

Address with Predecrement —(An)

Address with Displacement (d16,An)
Address Register Indirect with Index

8-Bit Displacement dg,An,Xn)

Base Displacement (bd,An,Xn)

Memory Indirect
Postindexed
Preindexed

([bd,An],Xn,od)
([bd,An,Xn],od)

Program Counter Indirect

with Displacement d16.PC)
Program Counter Indirect with Index

8-Bit Displacement dg,PC,Xn)

Base Displacement (bd,PC,Xn)

Program Counter Memory Indirect
Postindexed

([bd,PC],Xn,0d)

Preindexed ([bd,PC,Xn],od)
Absolute Data Addressing

Short (xxx).W

Long (xxx).L
Immediate HIXXX>
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1.9 NOTATIONAL CONVENTIONS

Table 1-3 lists the notation conventions used throughout this manual unless otherwise

specified.

Table 1-3. Notational Conventions

Single- And Double-Operand Operations

Arithmetic addition or postincrement indicator.

Arithmetic subtraction or predecrement indicator.

Arithmetic multiplication.

Arithmetic division or conjunction symbol.

Invert; operand is logically complemented.

Logical AND

Logical OR

Logical exclusive OR

e |O|<|>

Source operand is moved to destination operand.

t o

Two operands are exchanged.

<op>

Any double-operand operation.

<operand>tested

Operand is compared to zero and the condition codes are set appropriately.

sign-extended

All bits of the upper portion are made equal to the high-order bit of the lower portion.

Other Operations

TRAP Equivalent to Format + Offset Word g (SSP); SSP — 2 g SSP; PC & (SSP); SSP — 4 g SSP; SR
@ (SSP); SSP — 2 g SSP; (Vector) g PC
STOP Enter the stopped state, waiting for interrupts.
<operand>1Q The operand is BCD; operations are performed in decimal.

If <condition>
then <operations>
else <operations>

Test the condition. If true, the operations after “then” are performed. If the condition is false
and the optional “else” clause is present, the operations after “else” are performed. If the
condition is false and else is omitted, the instruction performs no operation. Refer to the Bcc
instruction description as an example.

Register Specification

An Any Address Register n (example: A3 is address register 3)
Ax, Ay Source and destination address registers, respectively.

BR Base Register—An, PC, or suppressed.

Dc Data register D7-D0, used during compare.
Dh, DI Data registers high- or low-order 32 bits of product.

Dn Any Data Register n (example: D5 is data register 5)
Dr, Dq Data register’s remainder or quotient of divide.

Du Data register D7-D0, used during update.
Dx, Dy Source and destination data registers, respectively.

MRn Any Memory Register n.

Rn Any Address or Data Register
Rx, Ry Any source and destination registers, respectively.

Xn Index Register—An, Dn, or suppressed.
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Table 1-3. Notational Conventions (Continued)

Data Format And Type

+ inf Positive Infinity
<fmt> Operand Data Format: Byte (B), Word (W), Long (L), Single (S), Double (D), Extended (X), or
Packed (P).
B, W, L Specifies a signed integer data type (twos complement) of byte, word, or long word.
D Double-precision real data format (64 bits).
k A twos complement signed integer (—64 to +17) specifying a number’s format to be stored in
the packed decimal format.
P Packed BCD real data format (96 bits, 12 bytes).
S Single-precision real data format (32 bits).
X Extended-precision real data format (96 bits, 16 bits unused).
—inf Negative Infinity

Subfields and Qualifiers

#<xxx> or #<data>

Immediate data following the instruction word(s).

O

Identifies an indirect address in a register.

[]

Identifies an indirect address in memory.

bd Base Displacement
cce Index into the MC68881/MC68882 Constant ROM
dn Displacement Value, n Bits Wide (example: d1g is a 16-bit displacement).
LSB Least Significant Bit
LSW Least Significant Word
MSB Most Significant Bit
MSW Most Significant Word
od Outer Displacement
SCALE A scale factor (1, 2, 4, or 8, for no-word, word, long-word, or quad-word scaling, respectively).
SIZE The index register’s size (W for word, L for long word).
{offset:width} Bit field selection.
Register Names
CCR Condition Code Register (lower byte of status register)
DFC Destination Function Code Register
FPcr Any Floating-Point System Control Register (FPCR, FPSR, or FPIAR)
FPm, FPn Any Floating-Point Data Register specified as the source or destination, respectively.
IC, DC, IC/DC Instruction, Data, or Both Caches
MMUSR MMU Status Register
PC Program Counter
Rc Any Non Floating-Point Control Register
SFC Source Function Code Register
SR Status Register
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Table 1-3. Notational Conventions (Concluded)

Register Codes
* General Case.
C Carry Bitin CCR
cc Condition Codes from CCR
FC Function Code
N Negative Bit in CCR
U Undefined, Reserved for Motorola Use.
\Y Overflow Bit in CCR
X Extend Bitin CCR
z Zero Bitin CCR
— Not Affected or Applicable.
Stack Pointers
ISP Supervisor/Interrupt Stack Pointer
MSP Supervisor/Master Stack Pointer
SP Active Stack Pointer
SSP Supervisor (Master or Interrupt) Stack Pointer
USP User Stack Pointer
Miscellaneous
<ea> Effective Address
<label> Assemble Program Label
<list> List of registers, for example D3-DO0.
LB Lower Bound
m Bit m of an Operand
m-n Bits m through n of Operand
uB Upper Bound

1.10 INSTRUCTION SET OVERVIEW

The instruction set is tailored to support high-level languages and is optimized for those
instructions most commonly executed. The floating-point instructions for the M68040 are a
commonly used subset of the MC68881/MC68882 instruction set with new arithmetic
instructions to explicitly select single- or double-precision rounding. The remaining
unimplemented instructions are less frequently used and are efficiently emulated in the
M68040FPSP, maintaining compatibility with the MC68881/MC68882 floating-point
coprocessors. The M68040 instruction set includes MOVEL16, a new user instruction that
allows high-speed transfers of 16-byte blocks between external devices such as memory
to memory or coprocessor to memory. Table 1-4 provides an alphabetized listing of the
M68040 instruction set’s opcode, operation, and syntax. Refer to Table 1-3 for notations
used in Table 1-4. The left operand in the syntax is always the source operand, and the
right operand is the destination operand. Refer to M68000PM/AD, M68000 Family
Programmer’s Reference Manual, for details on instructions used by the M68040.
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Table 1-4. Instruction Set Summary

Opcode Operation Syntax
ABCD BCD Source + BCD Destination + X g Destination | ABCD Dy,Dx
ABCD —(Ay),—(Ax)
ADD Source + Destination @ Destination ADD <ea>,Dn
ADD Dn,<ea>
ADDA Source + Destination g Destination ADDA <ea>,An
ADDI Immediate Data + Destination @ Destination ADDI #<data>,<ea>
ADDQ Immediate Data + Destination g Destination ADDQ #<data>,<ea>
ADDX Source + Destination + X g Destination ADDX Dy,Dx
ADDX —(Ay),—(Ax)
AND Source A Destination g Destination AND <ea>,Dn
AND Dn,<ea>
ANDI Immediate Data A Destination g Destination ANDI #<data>,<ea>
ANDI to CCR Source A CCR g CCR ANDI #<data>,CCR
ANDI to SR If supervisor state ANDI #<data>,SR
then Source A SR @ SR
else TRAP
ASL, ASR Destination Shifted by count g Destination ASd Dx,Dyl
ASd #<data>,Dyl
ASd <ea>1
Bcc If condition true Bcc <label>
then PC +dp @ PC
BCHG ~(bit number of Destination) @ Z; BCHG Dn,<ea>
~(bit number of Destination) @ (bit number) of BCHG #<data>,<ea>
Destination
BCLR ~(bit number of Destination) @ Z; BCLR Dn,<ea>
0 @ bit number of Destination BCLR #<data>,<ea>
BFCHG ~(bit field of Destination) @ bit field of Destination BFCHG <ea>{offset:width}
BFCLR 0 g bit field of Destination BFCLR <ea>{offset:width}
BFEXTS bit field of Source @ Dn BFEXTS <ea>{offset:width},Dn
BFEXTU bit offset of Source @ Dn BFEXTU <ea>{offset:width},Dn
BFFFO bit offset of Source Bit Scan g Dn BFFFO <ea>{offset:width},Dn
BFINS Dn g bit field of Destination BFINS Dn,<ea>{offset:width}
BFSET 1s @ bit field of Destination BFSET <ea>{offset:width}
BFTST bit field of Destination BFTST <ea>{offset:width}
BKPT Run breakpoint acknowledge cycle; BKPT #<data>
TRAP as illegal instruction
BRA PC+dp g PC BRA <label>
BSET ~(bit number of Destination) @ Z; BSET Dn,<ea>
1 @ bit number of Destination BSET #<data>,<ea>
BSR SP -4 g SP; PCg (SP); PC + dng PC BSR <label>
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax
BTST —(bit number of Destination) g Z; BTST Dn,<ea>
BTST #<data>,<ea>
CAS CAS Destination — Compare Operand @ cc; CAS Dc,Du,<ea>
if Z, Update Operand g Destination
else Destination g Compare Operand
CAS2 CAS2 Destination 1 — Compare 1 g cc; CAS2 Dc1-Dc2,Dul-Du2,(Rn1)—(Rn2)
if Z, Destination 2 — Compare @ cc;
if Z, Update 1 g Destination 1;
Update 2 g Destination 2
else Destination 1 g Compare 1;
Destination 2 g Compare 2
CHK If Dn < 0 or Dn > Source CHK <ea>,Dn
then TRAP
CHK2 IfRn<LBorlf Rn>UB CHK2 <ea>,Rn
then TRAP
CINV If supervisor state CINVL <caches>, (An)
then invalidate selected cache lines CINVP <caches>, (An)
else TRAP CINVA <caches>
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 g cc CMPM (Ay)+,(AX)+
CMP2 Compare Rn < LB or Rn > UB CMP2 <ea>,Rn
and Set Condition Codes
CPUSH If supervisor state CPUSHL <caches>, (An)
then if data cache push selected dirty data CPUSHP <caches>, (An)
cache lines; invalidate selected cache lines CPUSHA <caches>
else TRAP
DBcc If condition false DBcc Dn,<label>
then (Dn—1 g Dn;
If Dn# -1
then PC + dp, 9 PC)
DIVS, DIVSL Destination + Source g Destination DIVS.W <ea>,Dn 32+ 16 g 16r:16q
DIVS.L <ea>,Dq 32+32@32q
DIVS.L <ea>,Dr:Dq 64 + 32 ¢ 32r:32q
DIVSL.L <ea>,Dr:Dg 32+ 32@32r:32q
DIVU, DIVUL Destination = Source @ Destination DIVU.W <ea>,Dn 32+ 16 g 16r:16q
DIVU.L <ea>,Dq 32+32@32q
DIVU.L <ea>,Dr:Dq 64 + 32 g32r:32q
DIVUL.L <ea>,Dr:Dq 32+ 32 @32r:32q
EOR Source O Destination g Destination EOR Dn,<ea>
EORI Immediate Data [0 Destination g Destination EORI #<data>,<ea>
EORI to CCR Source 0 CCR gCCR EORI #<data>,CCR
EORI to SR If supervisor state EORI #<data>,SR
then Source 0 SR g SR
else TRAP
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax
EXG Rxt @Ry EXG Dx,Dy
EXG Ax,Ay
EXG Dx,Ay
EXG Ay,Dx
EXT Destination Sign — Extended g Destination EXT.W Dn extend byte to word
EXTB EXT.LLDn extend word to long word
EXTB.LDn  extend byte to long word
FABS2 Absolute Value of Source g FPn FABS.<fmt> <ea>,FPn
FABS.X FPm,FPn
FABS.X FPn
FrABS.<fmt> <ea>,FPn3
FrABS.X FPm,FPn3
FrABS.X FPn3
FADD?Z Source + FPn g FPn FADD.<fmt> <ea>,FPn
FADD.X FPm,FPn
FrADD.<fmt> <ea>,FPn3
FrADD.X FPm,FPn3
FBcc? If condition true FBcc.SIZE <label>
then PC +dp o PC
FCMP2 EPn — Source FCMP.<fmt> <ea>,FPn
FCMP.X FPm,FPn
FDBcc2 If condition true FDBcc Dn,<label>
then no operation
else Dn—1@gDn
ifDn#-1
then PC +dp @ PC
else execute next instruction
FDIV2 FPn + Source g FPn FDIV.<fmt> <ea>,FPn
FDIV.X FPm,FPn
FrDIV.<fmt> <ea>,FPn3
FrDIV.X FPm,FPn3
FMOVE 2 Source g Destination FMOVE.<fmt> <ea>,FPn
FMOVE.<fmt> FPM,<ea>
FMOVE.P FPm,<ea>{Dn}
FMOVE.P FPm,<ea>{#k}
FrMOVE.<fmt> <ea>,FPn3
FMOVE 2 Source g Destination FMOVE.L <ea>,FPcr
FMOVE.L FPcr,<ea>
FMOVEMZ2 Register List g Destination FMOVEM.X <Iist>,<ea>4
Source g Register List FMOVEM.X Dn,<ea>
FMOVEM.X <ea> <list>%
FMOVEM.X <ea>,Dn
FMOVEMZ | Register List g Destination FMOVEM.L <list>,<ea>>
Source g Register List FMOVEM.L <ea>,<|is’[>5
FMUL2 Source x FPn g FPn FMUL.<fmt> <ea>,FPn
FMUL.X FPm,FPn
FrMUL<fmt> <ea>,FPn3
FrMUL.X FPm,FPn3
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax

FNEG?2 —(Source) g FPn FNEG.<fmt> <ea>,FPn
FNEG.X FPm,FPn
FNEG.X FPn

FrNEG.<fmt> <ea>,FPn3
FrNEG.X FPm,FPn3
FINEG.X FPn3

FNOP?2 None FNOP
FRESTOREZ | Ifin supervisor state FRESTORE <ea>
then FPU State Frame @ Internal State
else TRAP
FSAVE 2 If in supervisor state FSAVE <ea>
then FPU Internal State g State Frame
else TRAP
FScc?2 If condition true FScc.SIZE <ea>

then 1s g Destination
else Os g Destination

FSGLDIV FPn =+ Source g FPn FSGLDIV.<fmt> <ea>,FPn
FSGLDIV.X FPm,FPn

FSGLMUL Source x FPn g FPn FSGMUL.<fmt> <ea>,FPn
FSGLMUL.X FPm, FPn

FSQRT2 Square Root of Source g FPn FSQRT.<fmt> <ea>,FPn
FSQRT.X FPm,FPn
FSQRT.X FPn
FrSQRT.<fmt> <ea>,FPn3
FrSQRT FPm,FPn3
FrSQRT FPn3

FSUBZ FPn — Source g FPn FSUB.<fmt> <ea>,FPn
FSUB.X FPm,FPn
FrsuB.<fmt> <ea>,FPn3
FrSUB.X FPm,FPn3

FTRAPcc? If condition true FTRAPcc
then TRAP FTRAPcc.W #<data>
FTRAPcc.L #<data>
FTST2 Condition Codes for Operand g FPCC FTST.<fmt> <ea>
FTST.X FPm
ILLEGAL SSP - 2 g SSP; Vector Offsetg (SSP); ILLEGAL

SSP —4 g SSP; PC g (SSP);
SSp —2 g SSP; SR g (SSP);
lllegal Instruction Vector Address g PC

JMP Destination Address g PC JMP <ea>

JSR SP -4 g SP; PCg (SP) JSR <ea>
Destination Address g PC

LEA <ea> g An LEA <ea>,An

LINK SP — 4 g SP; An g(SP) LINK An,dp

SP g An, SP+d gSP
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Table 1-4. Instruction Set Summary (Continued)

Opcode Operation Syntax
LPSTOPS If supervisor state LPSTOP #<data>
immediate data g SR
SR g broadcast cycle
STOP
else TRAP
LSL, LSR Destination Shifted by count g Destination LSd Dx,Dy1
LSd #<data>,Dy1
LSd <ea>l
MOVE Source g Destination MOVE <ea>,<ea>
MOVEA Source g Destination MOVEA <ea>,An
MOVE CCR g Destination MOVE CCR <ea>
from CCR
MOVE to CCR | Source g CCR MOVE <ea>,CCR

MOVE from SR

If supervisor state
then SR g Destination

MOVE SR,<ea>

else TRAP
MOVE to SR If supervisor state MOVE <ea>,SR
then Source g SR
else TRAP
MOVE USP If supervisor state MOVE USP,An
then USP g An or An g USP MOVE An,USP
else TRAP
MOVE16 Source block g Destination block MOVE16 (Ax)+, (Ay)+7
MOVEL16 (xxx).L, (An)
MOVE16 (An), (xxx).L
MOVE16 (An)+, (xxx).L
MOVEC If supervisor state MOVEC Rc,Rn
then Rc @ Rn or Rn gRc MOVEC Rn,Rc
else TRAP
MOVEM Registers g Destination MOVEM <list> <ea>4
Source g Registers MOVEM <ea>,<|ist>4
MOVEP Source g Destination MOVEP Dx,(dn,Ay)
MOVEP (dp,Ay),Dx
MOVEQ Immediate Data g Destination MOVEQ #<data>,Dn
MOVES If supervisor state MOVES Rn,<ea>
then Rn g Destination [DFC] or MOVES <ea>,Rn
Source [SFC] g Rn
else TRAP
MULS Source x Destination g Destination MULS.W <ea>,Dn 16 x 16 32
MULS.L <ea>,DI 32 x32@32
MULS.L <ea>,Dh-DI 32 x32 g64
MULU Source x Destination g Destination MULU.W <ea>,Dn 16 x 16 932
MULU.L <ea>,DI 32 x32@32
MULU.L <ea>,Dh-DI 32 x32 g64
NBCD 0 — (Destination1g) — X @ Destination NBCD <ea>
NEG 0 — (Destination) g Destination NEG <ea>
NEGX 0 — (Destination) — X g Destination NEGX <ea>
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Table 1-4. Instruction Set Summary (Continued)
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Opcode Operation Syntax
NOP None NOP
NOT ~ Destination g Destination NOT <ea>
OR Source V Destination g Destination OR <ea>,Dn
OR Dn,<ea>
ORI Immediate Data V Destination g Destination ORI #<data>,<ea>
ORI to CCR Source V CCR g CCR ORI #<data>,CCR
ORI to SR If supervisor state ORI #<data>,SR
then Source V SR g SR
else TRAP
PACK Source (Unpacked BCD) + adjustment g PACK —(Ax),—(Ay),#(adjustment)
Destination (Packed BCD) PACK Dx,Dy,#(adjustment)
PEA SP -4 g SP; <ea>g (SP) PEA <ea>
PFLUSHS If supervisor state PFLUSH (An)
then invalidate instruction and data ATC entries | PFLUSHN (An)
for destination address PFLUSHA
else TRAP PFLUSHAN
PTESTS If supervisor state PTESTR (An)
then logical address status g MMUSR; PTESTW (An)
entry g ATC
else TRAP
RESET If supervisor state RESET
then Assert RSTO Line
else TRAP
ROL, ROR Destination Rotated by count g Destination ROd Rx,Dy1
ROd #<data> Dyl
ROXL, ROXR Destination Rotated with X by count g Destination | ROXd Dx,Dy1
ROXd #<data>,Dy!
ROXd <ea>1
RTD (SP)@PC; SP +4 +d, 8 SP RTD #(dp)
RTE If supervisor state RTE
then (SP) g SR; SP + 2@ SP; (SP) gPC;
SP + 4 g SP; restore state and deallocate
stack according to (SP)
else TRAP
RTR (SP) g CCR; SP + 2 g SP; RTR
(SP)@PC; SP + 4 g SP
RTS (SP)@PC; SP + 4 g SP RTS
SBCD Destination10 — Source 19 — X @ Destination SBCD Dx,Dy
SBCD —(Ax),—(Ay)
Sce If condition true Scc <ea>
then 1s @ Destination
else Os g Destination
STOP If supervisor state STOP #<data>
then Immediate Data @ SR; STOP
else TRAP
sSuB Destination — Source g Destination SUB <ea>,Dn
SUB Dn,<ea>
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Table 1-4. Instruction Set Summary (Concluded)

Opcode Operation Syntax
SUBA Destination — Source g Destination SUBA <ea>,An
SUBI Destination — Immediate Data g Destination SUBI #<data>,<ea>
SUBQ Destination — Immediate Data g Destination SUBQ #<data>,<ea>
SUBX Destination — Source — X g Destination SUBX Dx,Dy
SUBX —(Ax),—(Ay)
SWAP Register 31-16 ~ @ Register 15-0 SWAP Dn
TAS Destination Tested @ Condition Codes; TAS <ea>
1 @ bit 7 of Destination
TRAP SSP - 2 g SSP; Format + Offset g (SSP); TRAP #<vector>
SSP -4 g SSP; PC g (SSP); SSP — 2 gSSP;
SR @ (SSP); Vector Address g PC
TRAPcc If cc TRAPcc
then TRAP TRAPcc.W #<data>
TRAPcc.L #<data>
TRAPV If vV TRAPV
then TRAP
TST Destination Tested g Condition Codes TST <ea>
UNLK An @ SP; (SP) gAn; SP + 4 g SP UNLK An
UNPK Source (Packed BCD) + adjustment g Destination | UNPACK —(Ax),—(Ay),#(adjustment)
(Unpacked BCD) UNPACK Dx,Dy,#(adjustment)
NOTES:
1. Where d is direction, left or right.
2. Available only on the MC68040.
3. Where ris rounding precision, single or double precision.
4, List refers to register.
5. List refers to control registers only.
6. Available only on the MC68040V and MC68EC040V.
7. MOVEL16 (ax)+,(ay)+ is functionally the same as MOVEL16 (ax),(ay)+ when ax = ay. The address register is only
incremented once, and the line is copied over itself rather than to the next line.
8. Not available for the MC68EC040 or MC68EC040V.
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SECTION 2
INTEGER UNIT

This section describes the organization of the M68040 integer unit (IU) and presents a
brief description of the associated registers. Refer to Section 3 Memory Management
Unit (Except MC68EC040 and MCG68EC040V) for details concerning the memory
management unit (MMU) programming model, and to Section 9 Floating-Point Unit
(MC68040 Only) for details concerning the floating-point unit (FPU) programming model.

2.1 INTEGER UNIT PIPELINE

The IU carries out logical and arithmetic operations using six separate subunits. Each unit
is dedicated to a different stage of the IU pipeline, handling a total of six separate
instructions simultaneously. Pipelining is a technique that overlaps the processing of
different parts of several instructions. Pipelining simulates an assembly line with the U
containing a number of instructions in different phases of processing. The IU pipeline
consists of six stages:

1. Instruction Fetch—Fetching an instruction from memory.
2. Decode—Converting an instruction into micro-instructions.

3. <ea> Calculate—If the instruction calls for data from memory, the location of the
data, its memory address is calculated.

4. <ea> Fetch—Data is fetched from memory.
5. Execute—The data is manipulated during execution.

6. Write-Back—The result of the computation is written back to on-chip caches or
external memory.

The pipeline contains special shadow registers that can begin processing future
instructions for conditional branches while the main pipeline is processing current
instructions. The <ea> calculate stage eliminates pipeline blockage for instructions with
postincrement, postdecrement, or immediate add and load to address register for updates
that occur in the <ea> calculate stage. The write-back stage can write data over the
system bus to store a result in external memory or directly to on-chip caches. These write-
backs to memory can be deferred until the most opportune moment because of the
M68040 bus interface. Figure 2-1 illustrates the IU pipeline.
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Figure 2-1. Intege