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SECTION 1 
INTRODUCTION 

The MC68008 is a member of the M68000 Family of advanced microprocessors. This device allows 
the design of cost effective systems using 8-bit data buses while providing the benefits of a 32-bit 
microprocessor architecture. The performance of the MC68008 is greater than any 8-bit micropro­
cessor and superior to several 16-bit microprocessors. 

The resources available to the MC68008 user consist of the following: 
• 17 32-Bit Data and Address Registers 
• 56 Basic Instruction Types 
• Extensive Exception Processing 
• Memory Mapped 1/0 
• 14 Addressing Modes 
• Complete Code Compatibility with the MC68000 

A system implementation based on an 8-bit data bus reduces system cost in comparison to 16-bit 
systems due to a more effective use of components and the fact that byte-wide memories and 
peripherals can be used much more effectively. In addition, the non-multiplexed address and data 
buses eliminate the need for external demultiplexers, thus further simplifying the system. 

The MC68008 has full code compatibility (source and object) with the MC68000 which allows pro­
grams to be run on either MPU, depending on performance requirements and cost objectives. 

The MC68008 is available in a 48-pin dual-in-line package (plastic or ceramic) and a 52-pin quad 
plastic package. Among the four additional pins of the 52-pin package, two additional address lines 
are included beyond the 20 address lines of the 48-pin package. The address range of the M C68008 
is one or four megabytes with the 48- or 52-pin package, respectively. 

The large non-segmented linear address space of the MC68008 allows large modular programs to be 
developed and executed efficiently. A large linear address space allows program segment sizes to 
be determined by the application rather than forcing the designer to adopt an arbitrary segment size 
without regard to the application's individual requirements. 

The programmer's model is identical to that of the MC68000, as shown in Figure 1-1, with seven­
teen 32-bit registers, a 32-bit program counter, and a 16-bit status register. The first eight registers 
(00-07) are used as data registers for byte (8-bit), word (16-bit), and long word (32-bit) operations. 
The second set of seven registers (AO-A6), the user stack pointer (A7), and the system stack pointer 
(A7 ') may be used as software stack pointers and base address registers. In addition, the registers 
may be used for some simple word and long word data operations. All of the 17 registers may be 
used as index registers. 
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While all of the address registers can be used to create stacks and queues, the A7 address register, 
by convention, is used as the system stack pointer. Supplementing this convention is another ad­
dress register, A7', also referred to as the system stack pointer. This powerful concept allows the 
supervisor mode and user mode of the MC68008 to each have their own system stack pointer (con­
sistently referred to as SP) without needing to move pOinters for each context of use when the 
mode is switched. 

The system stack pointer (SP) is either the supervisor stack pointer (A7' == SSP) or the user stack 
point (A7 == USP), depending on the state of the S bit in the status register. If the S bit is set, in­
dicating that the processor is in the supervisor state, when the SSP is the active system stack 
pOinter and the USP is not used. If the S bit is clear, indicating that the processor is in the user 
state, then the USP is the active system stack pointer and the SSP is protected from user 
modification. 

The status register, shown in Figure 1-2, may be considered as two bytes: the user byte and the 
system byte. The user byte contains five bits defining the overflow (V), zero (Z), negative (N), carry 
(C), and extended (X) condition codes. The system byte contains five defined bits. Three bits are 
used to define the current interrupt priority; any interrupt level higher than the current mask level 
will be recognized. (Note that level 7 interrupts are non-maskable - that is, level 7 interrupts are 
always processed.) Two additional bits indicate whether the processor is in the trace (T) mode 
and/or in the supervisor (S) state. 
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1.1 DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 

• Bits 
• BCD Digits (4 bits) 
• Bytes (8 bits) 
• Words (16 bits) 
• Long Words (32 bits) 
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I n addition, operations on other data types such as memory addresses, status word data, etc., are 
provided in the instruction set. 

Most instructions can use any of the 14 addressing modes which are listed in Table 1-1. These 
addressing modes consist of six basic types: 

• Register Direct 
• Register Indirect 
• Absolute 
• Program Counter Relative 
• Immediate 
• Implied 

Table 1-1. Addressing Modes 

Addressing Modes Syntax 

Register Direct Addressing 
Data Register Direct Dn 
Address Register Direct An 

Absolute Data Addressing 
Absolute Short xxx.W NOTES: 

Absolute Long xxx.L Dn Data Register 

Program Counter Relative Addressing 
Relative with Offset d161PC) 
Relative with I ndex Offset dsIPC,Xn) 

Register I ndirect Addressing 
Register Indirect IAn) 
Postincrement Register Indirect IAn)+ 
Predecrement Register Indirect -IAn) 
Register Indirect with Offset d161An) 
Indexed Register Indirect with Offset dsIAn,Xn) 

An Address Register 
Xn Address or Data Register used as Index Register 
SR Status Register 
PC Program Counter 
SP Stack Pointer 

USP User Stack Pointer 
I ) Contents of 
dS S-Sit Offset !Displacement) 

d16 16-6it Offset !Displacement) 
#xxx Immediate Data 

Immediate Data Addressing 
Immediate #xxx 
Quick Immediate #1-#S 

Implied Addressing 
Implied Register SR/USP/SP/PC 
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The register indirect addressing modes also have the capability to perform postincrementing, pre­
decrementing, offsetting, and indexing. The program counter relative mode may be used in com­
bination with indexing and offsetting for writing relocatable programs. 

1.2 INSTRUCTION SET OVERVIEW 

The MC68008 is completely code compatible with the MC68000. This means that programs 
developed for the MC68000will run on the MC68008 and vice versa. This applies equally to either 
source code or object code. 

The instruction set was designed to minimize the number of mnemonics remembered by the pro­
grammer. To further reduce the programmer's burden, the addressing modes are orthogonal. 

The instruction set, shown in Table 1-2, forms a set of programming tools that include all processor 
functions to perform data movement, integer arithmetic, logical operations, shift and rotate opera­
tions, bit manipulation, BCD operations, and both program and system control. Some additional in­
structions are variations or subsets of these and appear in Table 1-3. 

Table 1-2. Instruction Set 

Mnemonic Description Mnemonic Description 

ABCD Add Decimal With Extend MOVE Move 
ADD Add MULS Signed Multiply 
AND Logical And MULU Unsigned Multiply 
ASL Arithmetic Shift Left NBCD Negate Decimal with Extend 
ASR Arithmetic Shift Right NEG Negate 

Bcc Branch Conditionally NOP No Operation 
BCHG Bit Test and Change NOT One's Complement 
BCLR Bit Test and Clear OR Logical Or 
BRA Branch Always 
BSET Bit Test and Set 
BSR Branch to Subroutine 
BTST Bit Test 
CHK Check Register Against Bounds 

PEA Push Effective Address 

RESET Reset External Devices 
ROL Rotate Left without Extend 
ROR Rotate Right without Extend 
ROXL Rotate Left with Extend 

CLR Clear Operand 
CMP Compare 

ROXR Rotate Right with Extend 
RTE Return from Exception 

DBcc Test Condition. Decrement and Branch RTR Return and Restore 
DIVS Signed Divide RTS Return from Subroutine 
DIVU Unsigned Divide SBCD Subtract Decimal with Extend 
EOR Exclusive Or Scc Set Conditional 
EXG Exchange Registers STOP Stop 
EXT Sign Extend SUB Subtract 
JMP Jump SWAP Swap Data Register Halves 
JSR Jump to Subroutine TAS Test and Set Operand 
LEA Load Effective Address TRAP Trap 
LINK Link Stack TRAPV Trap on Overflow 
LSL Logical Shift Left TST Test 
LSR Logical Shift Right UNLK Unlink 
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Table 1-3. Variations of Instruction Types 

Instruction Instruction 
Type Variation Description Type Variation Description 

ADD ADD Add MOVE MOVE Move 
ADDA Add Address MOVEA Move Address 
ADDQ Add Quick MOVEC Move Control Register 
ADDI Add Immediate MOVEM Move Multiple Registers 
ADDX Add with Extend MOVEP Move Peripheral Data 

AND AND Logical And MOVEO Move Quick 
ANDI And Immediate MOVES Move Alternate Address 
ANDI to CCR And Immediate to Space 

Condition Codes MOVE from SR Move from Status Register 
ANDI to SR And Immediate to MORE to SR Move to Status Register 

Status Register MOVE from CCR Move from Condition Codes 

CMP CMP Compare MOVE to CCR Move to Condition Codes 

CMPA Compare Address MOVE USP Move User Stack Pointer 

CMPM Compare Memory NEG NEG Negate 
CMPI Compare Immediate NEGX N exgate with Extend 

EOR EOR Exclusive Or OR OR Logical Or 
EORI Exclusive Or Immediate ORI Or Immediate 
EORI to CCR Exclusive Or Immediate ORI to CCR Or Immediate to 

to Condition Codes Condition Codes 
EORI to SR Exclusive Or Immediate ORI to SR Or Immediate to 

to Status Register Status Register 

SUB SUB Subtract 
SUBA Subtract Address 
SUBI Subtract Immediate 
SUBQ Subtract Quick 
SUBX Subtract with Extend 
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Figure 2-1. Memory Data Organization 

2.4 ADDRESSING 

Instructions for the MC68008 contain two kinds of information: the type of function to be per­
formed, and the location of the operand(s) on which to perform that function. The methods used to 
locate (address) the operand(s) are explained in the following paragraphs. 

Instructions specify an operand location in one of three ways: 
Register Specification - the number of the register is given in the register field of the 

instruction. 
Effective Address - use of the different effective address modes. 
Implicit Reference - the definition of certain instructions implies the use of specific registers. 
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2.5 INSTRUCTION FORMAT 

Instructions are from one to five words (two to ten bytes) in length as shown in Figure 2-2. Instruc­
tions always start on a word boundary thus guaranteeing compatibility with the MC68000. The 
length of the instruction and the operation to be performed is specified by the first word of the in­
struction which is called the operation word. The remaining words further specify the operands. 
These words are either immediate operands or extensions to the effective address mode specified in 
the operation word. 

Even Byte (AD = OJ Odd Byte (AO= 1) 

7 6 5 4 3 2 o 7 6 5 4 3 2 o 

Operation Word 
(First Word Specifies Operation and Modes! 

Immediate Operand 
(If Any, One or Two Words! 

Source Effective Address Extension 
(If Any, One or Two Words! 

Destination Effective Address Extension 
(If Any, One or Two Words) 

Figure 2-2. Instruction Operation Word General Format 
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2.6 PROGRAM/DATA REFERENCES 

The MC68008 separates memory references into two classes: program references, and data 
references. Program references, as the name implies, are references to that section of memory con­
taining the program being executed. Data references refer to that section of memory containing 
data. Operand reads are from the data space except in the case of the program counter relative ad­
dressing mode. All operand writes are to the data space. The function codes are used to indicate 
the address space being accessed during a bus cycle. 

2.7 REGISTER SPECIFICATION 

The register field within an instruction specifies the register to be used. Other fields within the in­
struction specify whether the register selected is an address or data register and how the register is 
to be used. 

2.8 EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using the effective address field in the 
operation word. For example, Figure 2-3 shows the general format of the single-effective-address 
instruction operation word. The effective address is composed of two 3-bit fields: the mode field, 
and the register field. The value in the mode field selects the different address modes. The register 
field contains the number of a register. 

Even Byte Odd Byte 
7 6 5 4 3 2 o 7 6 5 4 3 2 o 
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Figure 2-3. Single-Effective-Address Instruction Operation Word 
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The effective address field may require additional information to fully specify the operand. This 
additional information, called the effective address extension, is contained in the following word or 
words and is considered part of the instruction, as shown in Figure 2-2. The effective address 
modes are grouped into three categories: register direct, memory addressing, and special. 

2.8.1 Register Direct Modes 

These effective addressing modes specify that the operand is in one of sixteen multifunction 
registers. 

2.8.1.1 DATA REGISTER DIRECT. The.operand is in the data register specified by the effective 
address register field. 

2.8.1;2 ADDRESS REGISTER DIRECT. The operand is in the address register specified by the ef­
fective address register field. 

2.8.2 Memory Address Modes 

These effective addressing modes specify that the operand is in memory and provide the specific 
address of the operand. 

2.8.2.1 ADDRESS REGISTER INDIRECT. The address of the operand is in the address register 
specified by the register field. The reference is classified as a data reference with the exception of 
the jump and jump-to-subroutine instructions. 

2.8.2.2 ADDRESS REGISTER INDIRECT WITH POSTINCREMENT. The address of the operand is 
in the address register specified by the register field. After the operand address is used, it is incre­
mented by one, two, or four depending upon whether the size of the operand is byte, word, or long 
word. If the address register is the stack pointer and the operand size is byte, the address is incre­
mented by two rather than one to keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 

2.8.2.3 ADDRESS REGISTER INDIRECT WITH PREDECREMENT. The address of the operand will 
be in the address register specified by the register field. Before the address register is used for 
operand access, it is decremented by one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack pointer and the operand size is byte, 
the address is decremented by two rather than one to keep the stack pointer on a word boundary. 
The reference is classified as a data reference. 

2.8.2.4 ADDRESS REGISTER INDIRECT WITH DISPLACEMENT. This address mode requires one 
word of extension. The address of the operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension word. The reference is classified as a 
data reference with the exception of the jump and jump-to-subroutine instructions. 

2.8.2.5 ADDRESS REGISTER INDIRECT WITH INDEX. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the address register, the sign­
extended displacement integer in the low order eight bits of the extension word, and the contents 
of the index register. The reference is classified as a data reference with the exception of the jump 
and jump-to-subroutine instructions. 
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2.8.3 Special Address Modes 

The special address modes use the effective address register field to specify the special addressing 
mode instead of a register number. 

2.8.3.1 ABSOLUTE SHORT ADDRESS. This address mode requires one word of extension. The 
address of the operand is the extension word. The 16-bit address is sign extended before it is used. 
The reference is classified as a data reference with the exception of the jump and jump-to­
subroutine instructions. 

2.8.3.2 ABSOLUTE LONG ADDRESS. This address mode requires two words of extension. The 
address of the operand is developed by the concatenation of the extension words. The high order 
part of the address is the first extension word; the low order part of the address is the second exten­
sion word. The reference is classified as a data reference with the exception of.the jump and jump­
to-subroutine instructions. 

2.8.3.3 PROGRAM COUNTER WITH DISPLACEMENT. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the program counter and the 
sign-extended 16-bit displacement integer in the extension word. Tl:le value in the program counter 
is the address of the extension word. The reference is classified as a program reference. 

2.8.3.4 PROGRAM COUNTER WITH INDEX. This address mode requires one word of extension. 
This address is the sum of the address in the program counter, the sign-extended displacement 
integer in the lower eight bits of the extension word, and the contents of the index register. The 
value in the program counter is the address of the extension word. This reference is classified as a 
program reference. 

2.8.3.5 IMMEDIATE DATA. This address mode requires either one or two words of extension 
depending on the size of the operation. 

Byte Operation - operand is low order byte of extension word 
Word Operation - operand is extension word 
Long Word Operation - operand is in the two extension words, high order 16 bits are in the 

first extension word, low order 16 bits are in the second extension 
word. 

2.8.3.6 IMPLICIT REFERENCE. Some instructions make implicit reference to the program counter 
(PC), the system stack pointer (SP), the supervisor stack pointer (SSP), the user stack pointer 
(USP), or the status register (SR). A selected set of instructions may reference the status register by 
means of the effective address field. These are: 

ANDI to CCR EORI to SR 
ANDI to SR ORI to CCR 
EORI to CCR ORI to SR 

2.9 EFFECTIVE ADDRESS ENCODING SUMMARY 

MOVE to CCR 
MOVE to SR 
MOVE from SR 

Table 2-1 is a summary of the effective addressing modes discussed in the previous paragraphs. 
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