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PRELIMINARY INFORMATION

The TS68000 is the first implementation of the
68000 16/32 microprocessor architecture. The
TS68000 has a 16-bit data bus and 24-bit address
bus while the full architecture provides for 32-bit ad-
dress and data buses. It is completely code-compa-
tible with the TS68008 8-bit data bus implementa-
tion of the 68000 and is downward code-compatible
with the TS68020 32-bitimplementation ofthe archi-
tecture. Any user-mode programs written using the
TS68000 instruction set will run unchanged on the
TS68008 and TS68020. This is possible because
the user programming model is identical for all three
processors and the instruction sets are proper sub-
sets of the complete architecture.
The resources available to the TS68000 user N
consist of the following : (PLCC 68)
» 16 32-bit data and address registers
» 16 megabyte direct addressing range
» 56 powerful instruction types
» Operations on five main data types PIN CONNECTIONS
= Memory mapped /0O
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1568000

SECTION 1

INTRODUCTION

The TS68000 is the first implementation of the
68000 16/32 microprocessor architecture. The
TS68000 has a 16-bit data bus and 24-bit address
bus while the full architecture provides for 32-bit ad-
dress an data buses. It is completely code-compa-
tible with the TS68008 8-bit data bus implementa-
tion of the 68000 and is downward code-compatible
with the TS68020 32-bitimplementation of the archi-
tecture. Any user-mode programs written using the
TS68000 instruction set will run unchanged on the
TS68008 and TS68020. This is possible because
the user programming model is identical for all four
processors and the instruction sets are proper sub-
sets of the complete architecture.

The resources available to the TS68000 user
consist of the following :

« 17 32-Bit Data and Address Registers

16 Megabyte Direct Addressing Range

56 Powerful Instruction Types

Operations on Five Main Data Types

Memory Mapped /O

14 Addressing Modes

As shown in the user programming model (figure 1-
1), the TS68000 offers 16 32-bit registers and a 32-
bit program counter. The first eight registers (D0-D7)
are used as data registers for byte (8-bit), word (16-
bit), and long word (32-bit) operations. The second

Figure 1.1 : User Programming Model.

set of seven registers (A0-A6) and the user stack
pointer (USP) may be used as software stack poin-
ters and base address registers. In addition, the re-
gisters may be used for word and long word opera-
tions. All of the 16 registers may be used as index
registers.

In supervisor mode, the upper byte of the status re-
gister and the supervisor stack pointer (SSP) are al-
so available to the programmer. These registers are
shown in figure 1-2.

The status register (figure 1-3) contains the interrupt
mask (eight levels available) as well as the condi-
tion codes : extend (X), negative (N), zero (Z), over-
flow (V), and carry (C). Additional status bits indicate
that the processor is in a trace (T) mode and in a su-
pervisor (S) or user state.

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)

In addition, operations on other data types such as
memory addresses, status word data, etc., are pro-
vided in the instruction set.
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TS68000

Figure 1.2 : Supervisor Programming Mode!

Figure 1.3 : Status Register.

Supplement.
USER BYTE
SYSTEM BYTE CONDITION CODE REGISTER
15 13 10 8 13 0
3 1615 0 \
{ ! [ S
15 87 — sTaTUs TRACE MODE ’
vooozaz RECISTER SUPERVISOR NEGATIVE|
STATE  |nTERRUPT ZERO
MASK OVERFLOW
V000223 CARRY
Table 1.1 : Addressing Modes. The 14 address modes, shown in table 1.1, include
- six basic types :
Addressing Modes Syntax « Register Direct
Register Direct Addressing s Register indirect
Data Register Direct Dn a Absolute
Address Register Direct An » Program Counter Relative
Absolute Data Addressing = Immediate
Absolute Short xxx W = Implied
Absolute Long xxx L Included in the register indirect addressing modes
Program Counter Reiative is the capability to do postincrementing, predecre-
Addressing d15(PC) menting, offsetting, and indexing. The program
Relative with Offset dg{(PC, Xn) counter relative mode can also be modified via in-
Relative with Index Offset dexing and offsetting.
F,?g;;f;J“,ﬁg;ig;{“’d“"ssmg (an) 1.2. INSTRUCTION SET OVERVIEW
Postincrement Register Indirect | (An) + The TS68000 instruction set is shown in table 1-2.
Predecrement Register Indirect | - (An) Some additional instructions are variations, or sub-
Register Indirect with Offset d1s(An) sets, of these and they appear in table 1-3. Special
Indexed Register Indirect with dg(An, Xn) emphasis has been given to the instruction set's
Offset support of structured high-level languages to facili-
Immediate Data Addressing tate ease of programming. Each instruction, with
Immediate #XXX few exceptions, operates on bytes, words, and long
Quick Immediate #1-48 words and most instructions can use any of the 14
Implied Addressing addressing modes. Combining instruction types,
Implied Register SR USP SP PG data types, and addressing modes, over 1000 use-

Notes :

Dn = Data Register

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

() = Effective Address

ds = 8-Bit Offset (displacement)
die = 16-Bit Offset (displacement)
#XXX = Immediate Data

ful instructions are provided. These instructions in-
clude signed and unsigned, multiply and divide,
"quick” arithmetic operations, BCD arithmetic, and
expanded operations (through traps).
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TS68000

Table 1.2 : Instruction Set Summary.

Table 1.3 : Variations of Instruction Types.

Mnemonic Description Instruction Variation Description
ABCD Add Decimal with Extend Type
238 f«dd' | And ADD ADD Add
ogica: An ADDA Add Add
ASL Arithmetic Shift Left ADDQ N s
ASR Arithmetic Shift Right ADDI Add Immediate
Bcc Branch Conditionally ADDX Add with Extend
BCHG Bit Test and Change -
BCLR Bit Test and Clear AND AND Logical And
BRA Branch always ANDI And Immediate
BSET Bit Test and Set ANDI to CCR| And Immediate to
BSR Branch to Subroutine Condition Codes
BTST Bit Test ANDI to SR | And Immediate to
CHK Check Register against Bounds Status Register
CLR Clear Operand
cMpP Compare o gm;>A ggmgz:z Address
DBcc Test Condition, Decrement and CMPM Compare Memory
Branch CMPI Compare Immediate
DIVS Signed Divide -
DIVU Unsigned Divide EOR EOR Exclusive Or .
EOR Exclusive Or EOR to GGR] Exclusive Or Immadiats
EXG Exchange Registers e
EXT Sign Extend to Con‘dmon Codes .
P Jum EORI to SR | Exclusive Or Ilmmed|ate
JSR Jump to Subroutine 0 Status Register
LEA Load Effective Address MOVE MOVE Mave
LINK Li MOVEA Move Address
ink Stack . -
LSL Logical Shift Left MOVEM Move MqupIe Registers
LSR Logical Shift Right Left MOVEP Move Peripheral Data
MOVE Move mgxgcf)rom mgzg f?cl;ﬁkStatus
MULS Signed Multiply A
MULU Unsigned Mulitply fAF(gVE o SR ’\F*Aeg's‘te' Status Regict
0 ove to Status Register
NBCD Negate Decimal with Extend MOVE to Move to Condition
NEG Negate CCR Codes
NOP No Operation
: Move User Stack
NOT One's Complement MOVE USP | Pointer
OR Logical Or NEG NEG Negate
PEA Push Effective Address NEGX Negate with Extend
RESET Reset External Devices OR OR Logical Or
ROL Rotate Left without Extend ORI Or Immediate
ROR Rotate Right without Extend ORI to CCR | Or Immediate to
ROXL Rotate Left with Extend Condition Codes
ROXR Rotate Right with Extend :
RTE Return from Exception ORI to SR Or Immedlate to Status
RTR Return and Restore Register
RTS Return from Subroutine SUB sSuB Subtract
SBCD Subtract Decimal with Extend SUBA Subtract Address
Sce Set Conditional SuBI Subtract Immediate
STOP Stop SUBQ Subtract Quick
sSuB Subtract SuUBX Subtract with Extend
SWAP Swap Data Register Halves
TAS Test and Set Operand
TRAP Trap
TRAPV Trap on Overflow
TST Test
UNLK Unlink
/e L3y SGS:THOMSON
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TS68000

SECTION 2

DATA ORGANIZATION AND ADDRESSING
CAPABILITIES

This section contains a description of the registers
and the data organization of the TS68000.

2.1. OPERAND SIZE

Operand sizes are defined as follows : a byte equals
8 bits, a word equals 16 bits, and a long word equals
32 bits. The operand size for each instruction is ei-
ther explicitly encoded in the instruction or implicitly
defined by the instruction operation. Implicit instruc-
tions support some subset of all three sizes.

2.2. DATA ORGANIZATION IN REGISTERS

The eight data registers support data operands of
1, 8, 16, or 32 bits. The seven address registers to-
gether with the stack pointers support address ope-
rands of 32 bits.

2.2.1. DATA REGISTERS. Each data register is 32
bits wide. Byte operands occupy the low order 8 bits,
word operands the low order 16 bits, and long word
operands the entire 32 bits. The least significant bit
is addressed as bit zero ; the most significant bit is
addressed as bit 31.

When a data register is used as either a source or
destination operand, only the appropriate low order
portion is changed ; the remaining high order por-
tion is neither used nor changed.

2.2.2. ADDRESS REGISTERS. Each address re-
gister and the stack pointer is 32 bits wide and holds
a full 32-bit address. Address registers do not sup-
port the sized operands. Therefore, when an ad-
dress register is used as a source operand, either
the low order word or the entire long word operand
is used depending upon the operation size. When
an address register is used as the destination ope-
rand, the entire register is affected regardless of the
operation size. If the operation size is word, any

Figure 2.1 : Word Organization in Memory.

other operands are sign extended to 32 bits before
the operation is performed.

2.3. DATA ORGANIZATION IN MEMORY

Bytes are individually addressable with the high or-
der byte having an even address the same as the
word, as shown in figure 2.1. The low order byte has
an odd address that is one count higher than the
word address. Instructions and multibyte data are
accessed only on word (even byte) boundaries. If a
long word datum is located at address n (n even),
then the second word of that datum is located at ad-
dress n + 2.

The data types supported by the TS68000 are : bit
data, integer data of 8, 16, or 32 bits, 32-bit ad-
dresses and binary coded decimal data. Each of
these data types is put in memory, as shown in fi-
gure 2.2. The numbers indicate the order in which
the data would be accessed from the processor.

2.4. ADDRESSING

Instructions for the TS68000 contain two kinds of in-
formation : the type of function to be performed 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 para-
graphs.

Instructions specify an operand location in one of
three ways :

Register Specification —the number of the regis-
ter is given in the register
field of their instruction.

Effective Address
addressing modes.

—the definition of certain
instructions implies the use
of specific registers.

Implicit Reference

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

Word 000000

Byte 000000 | Byte 000001
Word 000002

Byte 000002 i Byte 000003

e :

Word FFFFFE

Byte FFFFFE | Byte FFFFFF

[N7 SGS-THOMSON 576
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Figure 2.2 : Memory Data Organization.

Bit Data — 1 Byte =8 Bits
[\]

7 6 5 4 3 2 1
Integer Data — 1 Byte=8 Bits
15 14 13 12 1" 10 S 8 7 6 5 4 3 2 1 0

MSB Byte 0 LSB Byte 1

Byte 2 Byte 3

1 Word = 16 Bits
15 14 13 12 1N 10 9 8 7 6 5 4 3 2 1 0

MSB Word 0 Ls8

Word 1

Word 2

1 Long Word =32 Bits
15 14 13 12 1 10 9 8 7 6 5 4 3 2, 1 0

S8

High Order
— —longWord0— — - — — — — — — — — — = — — — — — — — —
Low Order LsB
— —tongWordl1— — — — — — — — — — — — — = — — — — — — —
— —longWod2— — — — — — — — — — — — — — — — — — — — —
Addresses — 1 Address =32 Bus
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 [\]
M
S8 High Order
— — Address — — — — — — — — — — = — — - — — — — — — —
Low Order LSB
— — Address 1 — — — — — — — - — — — = — e — s s e —
— — Address2 — — = —— — —— = — — — T s e T T T
MSB = Most Significant Bit LSB = Least Significant Bit

Decimal Data — 2 Binary Coded Decimal Digits = 1 Byte
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

MSD
BCD 0 8CD1 5D BCD 2 _ BCD3

BCD 4 BCD S5 BCD 6 BCD 7

MSD = Most Significant Digit LSD = Least Significant Digit
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TS68000

2.5. INSTRUCTION FORMAT

Instructions are from one to five words in length as
shownin figure 2.3. The length of the instruction and
the operation to be performed is specified by the first
word of the instruction which is called the operation
word. The remaining words further specify the ope-
rands. These words are either immediate operands
or extensions to the effective address mode speci-
fied in the operation word.

2.6. PROGRAM/DATA REFERENCES

The TS68000 separates memory references into
two classes : program references and data refe-
rences. Program references, as the name implies,
are references to that section of memory that
contains the program being executed. Data refe-
rences refer to that section of memory that contains
data. Operands reads are from the data space ex-
cept in the case of the program counter relative ad-
dressing mode. All operand writes are to the data
space.

2.7. REGISTER SPECIFICATION

The register field within an instruction specifies the
register to be used. Other fields within the instruc-
tion specify whether the register selected is an ad-
dress 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 2.4 shows the general for-
mat of the single-effective-address instruction ope-

ration 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 ad-
dress modes. The register field contains the num-
ber of a register.

The effective address field may require additional
information to fuily specify the operand. This addi-
tional information, called the effective address ex-
tension, is contained in the following word or words
and is considered part of the instruction, as shown
in figure 2.3. The effective address modes are grou-
ped into three categories : register direct, memory
addressing, and special.

2.8.1. REGISTER DIRECT MODES. These effec-
tive addressing modes specify that the operand is
in one of 16 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 effective address register field.

2.8.2. MEMORY ADDRESS MODES. These effec-
tive 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 regis-
ter specified by the register field. The reference is
classified as a data reference with the exception of
the jump and jump-to-subroutine instructions.

Figure 2.3 : Instruction Operation Word General Format.

15 14 13 12 11 10 9

8

7 6 5 4 3 2 1 0

Operation Word
(First Word Specites Operation and Modes)

immediate Operand
{it Any, One or Two Words!

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

DOestination Effective Address Extension
{1t Any, One or Two Words)

Figure 2.4 : Single-Effective—Address Instruction Operation Word.

15 14 13 12 1" 10 9 8 7 [} 5 4 3 2 1 0
Effective Address
X X X X X X X X X X Mode 1 Register
‘ SGS-THOMSON 7/76
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2.8. EFFECTIVE ADDRESS (continued)

2.8.2.2. Address Register Indirect with Postincre-
ment.

The address of the operand is in the address regis-
ter specified by the register field. After the operand
address is used, it is incremented by one, two, or
four depending upon whether the size of the ope-
rand is byte, word, or long word. If the address re-
gister is the stack pointer and the operand size is
byte, the address is incremented 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 Predecre-
ment.

The address of the operand is in the address regis-
ter specified by the register field. Before the operand
address is used, 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 re-
ference is classified as a data reference.

2.8.2.4. Address Register Indirect with Displace-
ment.

This addressing mode requires one word of exten-
sion. The address of the operand is the sum of the
address in the address register and the sign-exten-
ded 16-bit displacement integer in the extension
waord. The reference is classified as a data reference
with the exception of the jump and jump-to-subrou-
tine instructions.

2.8.2.5. Address Register Indirect with Index.

This addressing mode requires one word of exten-
sion. 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 refe-
rence with the exception of the jump and jump-to-
subroutine instructions.

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 addressing mode requires one word of exten-
sion. 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 refe-
rence with the exception of the jump and jump-to-
subroutine instructions.

8/76 Ly7 $GS-THOMSON

2.8.3.2. Absolute Long Address.

This addressing mode requires two words of exten-
sion. 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 se-
cond extension 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 addressing mode requires one word of exten-
sion. The address of the operand is the sum of the
address in the program counter and the sign-exten-
ded 16-bit displacement integer in the extension
word. The value in the program counter is the ad-
dress of the extension word. The reference is clas-
sified as a program reference.

2.8.3.4. Program Counter with Index.

This addressing mode requires one word of exten-
sion. The 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 re-
ference.

2.8.3.5. Immediate Data.

This addressing 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 ex-
tension words, high order
16 bits are in the first ex-
tension 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
(8SP), the supervisor stack pointer (SSP), the user
stack pointer (USP), or the status register (SR). A
selected set of instructions may reference the sta-
tus register by means of the effective address field.
These are :

ANDIto CCR EORIto SR MOVE to CCR
ANDI to SR ORIl to CCR MOVE to SR
EORIto CCR ORito SR MOVE from SR

MICROELECTRONICS
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2.9. EFFECTIVE ADDRESS ENCODING SUM-
MARY

Table 2.1 is a summary of the effective addressing
modes discussed in the previous paragraphs.

2.10. SYSTEM STACK

The system stack is used implicitly by many instruc-
tions ; user stacks and queues may be created and
maintained through the addressing modes. Address
register seven (A7) is the system stack pointer (SP).
The system stack pointer is either the supervisor
stack pointer (SSP) or the user stack pointer (USP),
depending on the state of the S bit in the status re-
gister. If the S bit indicates supervisor state, SSP is
the active system stack pointer and the USP cannot
be referenced as an address register. If the S bit in-
dicates user state, the USP is the active system
stack pointer, and the SSP cannot be referenced.
Each system stack fills from high memory to low me-
mory.

Table 2.1 : Effective Address Encoding
Summary.

Addressing Mode Mode Register

Data Register Direct 000 |Register Number

Address Register Direct 001 |Register Number

Address Register Indirect | 010 |Register Number

Address Register Indirect

with Postincrement 011 Register Number

Address Register Indirect

with Predecrement 100 | Register Number

Address Register Indirect

with Displacement 101 |Register Number

Address Register Indirect 110 |Register Number

Kyy $55.omson

with Index
Absolute Short 111 000
Absolute Long 111 001
Program Counter with 111 010
Displacement
Program Counter with 111 011
Index
Immediate 111 100

ON 9/76
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SECTION 3

INSTRUCTION SET SUMMARY

This section contains an overview of the form and
structure of the TS68000 instruction set. The in-
structions form a set of tools that include all the ma-
chine functions to perform the following operations :

Data Movement
Integer Arithmetic
Logical

Shift and Rotate

Bit Manipulation
Binary Coded Decimal
Program Control
System Control

The complete range of instruction capabilities com-
bined with the flexible addressing modes described
previously provide a very flexible base for program
development.

3.1. DATA MOVEMENT OPERATIONS

The basic method of data acquisition (transfer and
storage) is provided by the move (MOVE) instruc-
tion. The move instruction and the effective addres-
sing modes allow both address and data manipula-
tion. Data move instructions allow byte, word, and
long word operands to be transferred from memory
to memory, memory to register, register to memory,
and register to register. Address move instructions
aliow word and long word operand transfers and en-
sure that only legal address manipulations are exe-
cuted. In addition to the general move instruction
there are several special data movement instruc-
tions : move multiple registers (MOVEM), move pe-
ripheral data (MOVEP), exchange registers (EXG),
load effective address (LEA), push effective address
(PEA), link stack (LINK), unlink stack (UNLK}, and
move quick (MOVEQ). Table 3.1 is a summary of
the data movement operations.

Table 3.1 ;: Data Movement Operations.

Table 3.1 : (continued)

Instruction Opselrza;nd Operation
(EA) - Dn
MOVEP 16, 32 Dn — (EA)
MOVEQ 8 #xxx — Dn
PEA 32 EA — - (SP)
SWAP 32 Dn{31:16] < Dn[15:0]
An — Sp
UNLK - (SP) + — An
Notes: s =source — () = indirect with predecrement
d = destination () + = indirect with postdecrement
[ 1= bit number # = immediate data

3.2. INTEGER ARITHMETIC OPERATIONS

The arithmetic operations include the four basic
operations of add (ADD), subtract (SUB), multiply
(MUL), and divide (DIV) as well as arithmetic.com-
pare (CMP), clear (CLR), and negate (NEG). The
add and subtract instructions are available for both
address and data operations, with data operations
accepting all operand sizes. Address operations are
limited to legal address size operands (16 or 32 bits).
Data, address, and memory compare operations
are also available. The clear and negate instructions
may be used on all sizes of data operands.

The multiply and divide operations are available for
signed and unsigned operands using word multiply
to produce a long word product, and a long word di-
vidend with word divisor to produce a word quotient
with a word remainder.

Multiprecision and mixed size arithmetic can be ac-
complished using a set of extended instructions.
These instructions are : add extended (ADDX), sub-
tract extended (SUBX), sign extend (EXT), and ne-
gate binary with extend (NEGX).

A test operand (TST) instruction that will set the
condition codes as a result of a compare of the ope-
rand with zero is also available. Test and set (TAS)
is a synchronization instruction useful in multipro-

Operand cessor systems. Table 3.2 is a summary of the inte-
Instruction pSlze Operation ger arithmetic operations.
EXG 32 Rx < Ry
LEA 32 EA < An
An - (SP)
LINK - SP — An
SP + Displacement — SP
MOVE 8, 16, 32 s->d
(EA} — An, Dn
MOVEM 16, 32 An, Dn — EA
10/76
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Table 3.2 : Integer Arithmetic Operations.

3.3. LOGICAL OPERATIONS

Operand Logical operation instructions AND, OR, EOR, and
Instruction| “'c Operation NOT are available for all sizes of integer data ope-
rands. A similar set of immediate instructions (AN-
8,16, 32 Dn + (EA) - DX DI, ORI, and EORI) provide these logical operations
ADD (!(Ei?):#lz:xi(EE/i) with all sizes of immediate data. Table 3.3 is a sum-
16, 32 An + (EA) > An mary of the logical operations.
ADDX 8, 26, 32 Dx + Dy + X — Dx Table 3.3 : Logical Operations.
16,32 |- (Ax) + — (Ay)+ X —, (Ax)
CLR | 8 16,32 05 EA Instruction| ORgrand Operation
8, 16, 32 Dn - (EA) DnA(EA) - Dn
oMP ( pff)Ai o AND | 816,32 (EAJADR — (EA)
16, 32 An — (EA) (EA)A#(’::)_’ (EA)
nv - Dn
DIVS 32+ 16 Dn + (EA) - Dn OR 8. 16, 32 (EA) v Dn — (EA)
DIVU 32+ 16 Dn + (EA) = Dn (EA) v #xxx — (EA)
8 - 16 (Dn)s — Dnieg (EA) ® Dy — (EA)
EXT
16 — 32 (DN)1s —> Dnas EOR | 816,32 | pAV® thux - (EA)
MULS 16X 16 — dN x (EA) - Dn NOT 8, 16, 32 ~ (EA) — (EA)
32 Notes: ~=invert
MULU 16x 16 — dN x (EA) — Dn # =immediate data
32 A =logical AND
V = logical OR
NEG 8, 16, 32 0 — (EA) — (EA) ® = logical exclusive OR
NEGX | 816,32 | O-(EA)-X- (EA) 3.4. SHIFT AND ROTATE OPERATIONS
8,186, 32 On + (EA) - Dn Shift operations in both directions are provided by
suB (EA) + Dn — (EA) the arithmetic instructions ASR and ASL and logical
(E:‘) + #é";x - i\EA) shift instructions LSR and LSL. The rotate instruc-
16, 32 n+{(EA) — An tions (with and without extend) available are ROXR,
SUBX 8. 16, 32 Dx — Dy - X — Dx ROXL, ROR, and ROL. All shift and rotate opera-
- (AX) — — (Ay) - X > (Ax) tions can be performed in either registers or memo-
TAS 8 [EA]- 0,1 = EA[7] ry. Register shifts and rotates support all operand
TST 8 16, 32 (EA) - 0 Zzgf:rand allow a shift count specified in a data re-
Notes:  []= bit number ’

— () = indirect with predecrement
() + = indirect with postdecrement
# = immediate data

Table 3.4 : Shift and Rotate Operations.

Memory shifts and rotates are for word operands
only and allow only single-bit shifts or rotates.

Table 3.4 is a summary of the shift and rotate ope-
rations.

l

Instruction Operand Size Operation

T ASL 8 16, 32 [xc ] « o0
ASR 8 16 32 ‘L —] xc ]
LSL 8 16, 32 [xc ]« « l—o
LSR 8 16 32 0 —| —{ xc ]
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