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DESCRIPTION

The 68000 is the first implementation of
the 68000 16/32 bit microprocessor archi-
tecture. The 68000 has a 16-bit data bus
and 24-bit address bus, whila the full archi-
tecture provides for 32-bit address and
data buses. It is completely code-compat-
ible with the 68008 8-bit data bus
implementation of the 68000 and is down-
ward code-compatible with the 68010
virtual extension and the 68020 32-bit im-
plementation of the architecture. Any
user-mode programs written using the
68000 instruction set will run unchanged
on the 68008, 68010, and 68020. 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 68000 possesses an asynchronous
bus structure with a 24-bit address bus
and a 16-bit data bus.

The rasources available to the 68000 user
consist of the following:

* 17 32-bit data and address reglsters
¢ 16MB diract adressing registers

* 56 powerlfut instruction types

* Operations on flve maln data types
* Memory-mapped I/O

» 14 addressing modes

As shown in the programming model (Fig-
ure 1), the 68000 offers sixteen 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) opera-
tions. The secand set of seven registers
(A0 - A6) and the user stack pointer (USP)
may be used as software stack pointers
and base address registers. In addition,
the registers may be used for word and
long-word operations. All of the 16
registers may be used as index registers.
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PIN CONFIGURATION

PIN CONFIGURATION
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ORDERING INFORMATION In supervisor mode, the upper byte of the sta-
tus register and the supervisor stack pointer
DESCRIPTION ORDER CODE SPEED (SSP) are also available o the programmer.
68000-6/BXA BMHz These registers are shown in Figure 2.
64-Pin Ceramic DIP 900mil-wide 68000-8/BXA B8MHz The status register, Figure 3, contains the in-
68000-10/BXA 10MHz terrupt mask (eight levels available) as weoll as
the condition codes: extend (X), negative (N),
68000-6/BUC 6MHz zero (Z), overflow (V), and carry (C). Addition-
68-Pin Ceramic LLCC 68000-8/BUC 8MHz al status bits indicate that the processor is ina
di d S
68000-10/8UC TOMHZ :’:::.(T)modsan in & supervisor (S) or user
31 16 15 7 0
= ! N {pe 3 18 15 0
n ! ' e [ ™ ] A% SUPERVISOR
' ' oz L (8SP)  BYACK POINTER
- ¢ ' _1 03  EIGHT DATA 15 s 7 [
5 ! : 04 REGISTERS SR STATUB REGISTER
B , ' “Jos
= X : oo
) . o7
Figure 2, Supervisor Prog ing Model Suppl t
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Flgure 1. User Programming Model

Figure 3. Status Register
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Table 1. Addressing Modes Data Types and Addressing
ADDRESSING MODES SYNTAX Modes
Reglster direct addressing Five basic data types are supported. These
Data register direct Dn data types are:
Address register direct An o Bits
Absolutle data addressing e BCD digits (4 bits)
Absolute short xx. W

+ Bytes (8 bits)

P rotive add n ® Words (16 bits)

rogram counter relative addressing

Relative with offset die(PC) . Long-;Awovd: (32~b|ll)

Relative with index and offset dg(PC,Xn) In addition, operations on other data types
such as memory addresses, status word data,

Absolute long xxx.L

Reglster Indirect addressing etc., are provided in the instruction set.

Register indirect (An)

Postincrement register indirect (An}+ The 14 address modes, shown in Table 1, in-

Predecrement register indirect - (An) clude six basic types:

Register indirect with offset dya(An)

i ct
Indexed register indirect with ofiset dg{An,Xn}) * Reglater dire
¢ Register indirect

Immediate dats addressing egister '

Immediate #xxx ¢ Absolute

Quick immediate #1-48 ¢ Program counter relalive

Implied addressing ® Immediate

Implied register SR/USP/SP/PC * implied
NOTES:
Dn = Data register SP = Stack pointer Included in the register indirect addressing
An = Address register USP = User stack pointer modes is the capability to da preincrementing,
Xn = Address or data register used as index () = Eflective Address pradecrementing, offsetting, and indexing.

register dg = B-bit offset (displacement) The program counter relative mode can also

SR = Status register dig = 16-bit offset (displacement) be modified via indexing and offsetting
PC = Program counter #xxx = Immediate data ’
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Table 2. instruction Set Summary

MNEMONIC DESCRIPTION
ABCO Add decimal with extend
ADD Add

AND Logical AND

ASL Arithmetic shift left

ASR Arithmetic shift right

Bee Branch conditionally
BCHG Bit test and change

BCLR Bit test and clear

BRA Branch always

BSET Bit test and set

BSR Branch to subroutine
BTST Bit test

CHK Check register against bounds
CLR Clear operand

CcMP Compare

DBcc Test condition, dacrement and branch
DIVS Signed divide

bIivU Unsigned divide

EOR Exclusive OR

EXG Exchange registers

EXT Sign extend

JMP Jump

JSR Jump to subroutine

LEA Load efective address
LINK Link stack

LSL Logical shift lett

LSR Logical shift right

MOVE Move source 1o destination
MULS Signed multiply

MULU Unsigned multiply

NBCD Negate decimal with extend
NEG Negate

NOP No operation

NOT One's complement

OR Logical OR

PEA Push effective address
RESET Reset external devices
ROL Rotate left without extend
ROR Rotate right without extend
ROXL Rotate left with extend
ROXR Rotate right with extend
RTE Return from exception
RTR Return and restore

RTS Return from subroutine
SBCD Subtract decimal with extend
Scc Set conditional

STOP Stop

suB Subtract

SWAP Swap data register halves
TAS Test and set operand
TRAP Trap

TRAPV Trap on overflow

TST Tost

UNLK Unlink
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Instruction Set Overview

The 68000 instruction setis shown in Table 2.
Some additional instructions are variations, or
subsets of these, and they appear in Table 3.
Special emphasis has been given to the in-
struction set's support of structured high-level
languages to facilitate ease of programming.
Each instruction, with few exceptions, oper-
ates on bytes, words, and long words and
most instructions can use any of the 14 ad-
dressing modas. Combining instruction types,
data types, and addressing modes, over 1000
useful instructions are provided. These in-
structions include signed and unsigned, multi-
ply and divide, "quick" arithmetic operations,
BCD arithmetic, and expanded operations
({through traps).
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Table 3. Varlations of instruction Types

INSTRUCTION | vaRiaTION DESCRIPTION
ADD ADD Add
ADDA Add address
ADDQ Add quick
ADDI Add immediate
ADDX Add with extend
AND AND Logical AND
ANDI AND immediate
ANDI to CCR AND immediate 1o condition codes
ANDI to SR AND immediate to register status
CMP CMP Compare
CMPA Compare address
CMPM Compare memory
CMPI Compare immediate
EOR EOR Exclusive-OR
EORI Exciusive-OR immediate
EORI to CCR Exclusive-OR immediate to condition codes
EORI to SR Exclusive-OR immediate to status register
MOVE MOVE Move source to destination
MOVEA Move address
MOVEM Move multiple registers
MOVEP Move peripheral data
MOVEQ Move quick
MOVE from SR Move from status register
MOVE to CCR Move to condition codes
MOVE USP Move user stack pointer
NEG NEG Negate
NEGX Negate with extend
OR OR Logical OR
ORI OR immediate
ORI to CCR OR immediate o condition codes
ORI to SR OR immediate to status register
sus sus Subtract
SUBA Subtract address
suBl Subtractimmediate
SUBQ Subtract quick
SuBX Subtract with extend
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DATA ORGANIZATION AND

ADDRESSING CAPABILITIES
This section contains a description of the regis-
ters and the data organization of the 68000.

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 either explicitly encoded in the in-
struction or implicitly defined by the instruction
operation. Implicit instructions support some
subset of all three sizes.

Data Organlzation in Registers

The sight data registers support data operands
of 1, 8, 16, or 32 bits. The seven address regis-
tors together with the stack pointers supportad-
dress operands of 32 bits.

Data Reglsters

Each data register is 32 bits wide. Byte oper-
ands occupy the low-order 8 bits, word oper-
ands the low-order 16 bits, and long-word oper-
ands the entire 32 bits. The least significant bit
is addressed as bit zero; the most significant bit
is addressed as 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 portion is neither used nor changed.

Address Registers

Each address register and the stack pointer is
32bits wide and holds a full 32-bit address. Ad-
dress registers do not support the sized oper-
ands. Therefore, when an address register is
used as a source operand, either the low-order
word or the entire long-word operand is used
depending on the operation size. When an ad-
dress register is used as the destination oper-
and, the entire register is affected regardless of
the operation size. If the operation size is word,
any other operands are sign extended to 32 bits
before the operation is performed.
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N 1w ¢ 9 7 ¢ 8 4 3 2 1 0

WORD 000000

BYTE 000000 ] BYTE 000001
WORD 000002

BYTE000002 | BYTE 000003

/ : /

WORD FFFFFE

BYTE FFFFFE | BYTE FFFFFF

Figure 4. Word Organization in Memory

Data Organization In Memory

Bytes are individually addressable with the
high-order byte having an even address the
same as the word, as shown in Figure 4. The
low-order byte has an odd address that is one
count higher than the word address. Instruc-
tions and multibyte data are accessed only on
word (even byte) boundaries. If along-word da-
tum is located at address n {n even), then the
second word ofthatdatum is located ataddress
n+2

The data types supported by the 68000 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 putin memory, as shown
in Figure 5. The numbers indicate the order in
which the data would be accessed from the pro-
COS50r.

Addressing

Instructions for the 68000 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 ex-
plained in the following paragraphs.

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 instruc-
tion.
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Effective address —use of the different effective
addressing modes.

Implicit reference — the definition of certain in-
structions implies the use of specific registers.

Instruction Format

Instructions are from one to five words in length
as shown in Figure 6. The length of the instruc-
tion and the operation to be performed is speci-
fied by the first word of the instruction which is
called the operation word. The remaining words
further specify the operands. These words are
sither immediate operands or extensions to the
effective address mode specified in the opera-
tion word.

Program/Data References

The 68000 separates memory referances into
two classes: program references and data ref-
erences. Program references, as the name im-
plies, are references to that section of memory
that contains tha program being executed. Data
references refer to that saction of memory that
contains data. Operand reads are from the data
space excoptin the case of the program counter
relative addressing mode. All operand writes
are to the data space.

Register Speclfication

The register field within an instruction specifies
the register to be used. Other fields within the
instruction specify whether the register se-
lected is an address or data register and how
the register is to be used.
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Figure 5. Memory Data Organization
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B M 1 12 on 10 ] [} 7 [} [] 4 3 2 1 [
OPERATION WORD
(FIRST WORD SPECIAES OPERATION AND MODES)
IMMEDIATE OPERAND
(F ANY, ONE OR TWC WORDS)
SOURCE EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)
DESTINATION EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)
Figure 6. Instruction Operation Word General Format
18 " 13 12 10 [} ) 7 ] 5 [} 3 2 1 [}
EFFECTIVE ADDRESS
X X X X X X x x X
MODE REGISTER
Figure 7. Single-Effective-Address Instruction Operation Word

Effective Address

Most instructions specify the location of an op-
erand by using the effective address field in the
operation word. For example, Figure 7 shows
the general format of the single-effective-ad-
dress instruction operation word. The effective
address is composed of two 3-bit fields: the
mode fiekd and the register field. The value in
the mode field selects the different address
modes. The register field contains the number
of a register.

The effective address field may require addi-
tional information to fully specify the operand.
This additional information, calied the effective
address extension, is contained in the following
word or words and is considered part of the in-
struction, as shown in Figure 6. The effective
address modes are grouped into three catego-
ries: register direct, memory addressing, and
special.

Register Direct Modes

These effective addressing modes specify that
the operand is in one of 16 multifunction regis-
ters.

Data Register Direct — The operand is in the
data register specified by the effective address
register field.

Address Register Direct — The operand is in
the address register specified by the effective
address register field.

Memory Address Modes

These etfective addressing modes specify that
the operand is in memory and provide the spe-
cific address of the operand.

Address Reglster Indirect — The address of
the operand is in the address register specified
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by the register field. The reference is classified
as a data reference with the exception of the
jump and jump-to-routine instructions.

Address Register Indirect with Postincre-
ment — The address of the operand is in the
address register specified by the register field.
After the operand address is used, it is increm-
ented by one, two, or four depending on wheth-
er the size of the operand is byte, word, or
long-word. If the address register is the stack
pointer and the operand size is byls, the ad-
dress is incremented by two rather than one to
keep the stack pointer on a word boundary. The
reference is classified as a data reference.

Address Reglster Indirect with Predecre-
ment — The address of the operand is in the
address register specified by the register field.
Before the operand address is used, it is de-
cremented 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 ad-
dress is decremented by two rather than one to
keep the stack pointer an a word boundary. The
reference is classified as a data reference.

Address Reglster Indirect with Displace-
ment — This addressing 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 in-
teger in the extension word. The referenca is
classified as a data reforence with the excep-
tion of the jump and jump-to-subrouting instruc-
tions.

Address Reglster indirect with Index — This
addressing mode requires one word of exten-
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sion. The address of the operand is the sum of
the address in the address register, the sign-ex-
tended displacement integer in the low-order
eightbits of the extension word, and contents of
the index register. The reference is classified as
a data reference with the exception of the jump
and jump-to-subroutine instructions.

Speclal Address Modes

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

Absolute Short Address — This addressing
mode requires one word of extension. The ad-
dress of the operand is the extension word. The
16-bit address is sign extended before it is
used. The reference is classified as adatarefer-
once with the exception of the jump and
jump-to-subrouting instructions.

Absolute Long Address — This addressing
mode requires two words of extension. The ad-
dress of the operand is developed by the con-
catenation of the extension words. The high-or-
der part of the address is the first extension
word; the low-order part of the address is the
secondextension word. The referenceis classi-
fied as a data reference with the exception Of
the jump and jump-to-subroutine instructions.
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-extended 16-bit displacement integer in
the word. The value in the program counter is
the address of the extension word. The refer-
ence is classified as a program reference.
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Table 4. 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 o1t Register number
Address register indirect with predecrement 100 Register number
Address register indirect with displacement 101 Register number
Address register indirect with index 110 Register number
Absolute short "1 000
Absolute long m 001
Program counter with displacement m 010
Program counter with index m on
Immediate 11 100
Table 5. Data Movement Operations

INSTRUCTION | OPERAND SIZE OPERATION
EXG 32 Ax <3 Ry
LEA 32 EA — An

AN — —{SP)
LINK - SP — An

SP + displacement — SP
MOVE 8, 16,32 s — (EA)
MOVEM 16,32 (EA) = An,Dn

Dn — (EA)
MOVEP 16,32 (EA) = Dn

Dn — (EA)
MOVEQ 8 #xxx — Dn
PEA 32 EA — ~SP)
SWAP 32 Dn[31:16) ¢« Dn[15:0]
UNLK An — SP

(SP)+ — An

NOTES
source [ () + = indirect with postdecrement

s = 1
d = destination —{ )
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= bit number

indirect with predecrement

# = immediate data
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Program Counter with Index — This address-
ing mode requires one word of extension. The
address is the sum of the address in the pro-
gram 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 dassified
as a program reference.

Immediate Data — This addressing mode re-
quires either one or two words of extension de-
pending on the size of the operalion.

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
extensionword, low-order 16 bits arein the sec-
ond extension word.

Implicit Reforence — 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
setofinstructions may reference the status reg-
ister by means of the effective address field.
These are:

ANDI to CCR ORl to SR
ANDI to SR MOVE to CCR
ECRI to CCR MOVE to SR
EORI to SR MOVE from SR
ORI 1o CCR
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Effective Address Encoding
Summary

Table 4is a summary of the effective addressing
modes discussed in the previous paragraphs.

System Stack

The system stack is used implicitly by many in-
structions; user stacks and queues may be
createdand maintained through the addressing
modos. Address register saven (A7) is the sys-
tem stack pointer (SP). The system stack point-
eris either the supervisor stack pointer (SSP) or
the user stack pointer (USP), depending on the
state of the S bitin the status register. It the S bit
indicates supervisor state, SSP is the active
system stack pointer and the USP cannot be
referencedas an address register. If the S bitin-
dicates user state, the USP is the active system
stack pointer and the SSP cannot be refer-
enced. Each system stack fills from high
memory to low memory.

INSTRUCTION SET SUMMARY
This section contains an overview of the form
and structure of the 68000 instruction set. The
instructions form a set of tools that include all
the machine functions to perform the following
operations;
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Data movement Bit Manipulation
integer arithmetic Binary coded decimal
Logical Program control

Shift and rotate System control

The complete range of instruction capabilites
combined with the flexible addressing modes
described previously provide a very flexible
base for program development.

Data Movement Operations

The basic method of data acquisition (transfer
and storage) is provided by the move (MOVE)
instruction. The move instruction and the effec-
tive addressing modes allow both address and
data manipulation. Data move instructions al-
low byte, word, and long-word oparands o be
transferred from Yy to Y Y
to register, register to memory, and register to
register. Address move instructions allow word
and long-word operand transfers and ensure
that only legal address manipulations are ex-
ecuted. In addition to the general move instruc-
tion there are ) spacial data mc
instructions: move multiple registers (MO-
VEM), move peripheral data (MOVEP), ex-
change registers (EXG), load effective address
(LEA), push effective address (PEA), link stack
(LINK), unlink stack (UNLK), and move quick
(MOVEQ). Table 5 is a summary of the data
movement operations.
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Table 6. Integer Arithmetic Operations

INSTRUCTION OPERAND OPERATION
~ 8,16,32 Dn + (EA) — Dn
ADD (EA) + Dn — (EA)
(EA) + #xxx — (EA)
16, 32 An + (EA) = An
ADDX 8, 16, 32 DOx + Dy + X — Dx
16, 32 —(Ax) + ~{Ay) + X = (Ax)
CLR 8, 16,32 0 EA
8, 16,32 Dn - (EA)
cMP (EA) — ¥xxx
(Ax) + {Ay)-
16, 32 An - (EA)
Divs 32+ 16 Dn + (EA) = Dn
Divu 32+ 16 Dn + (EA) — Dn
EXT 8 —> 16 {Dn)g — Dnyg
16 — 32 {Dn)yg — Dng
MULS 16X 16 — 32 Dn X (EA) = Dn
MULU 16X 16 5 32 Dn X (EA) = Dn
NEG 8, 16, 32 0 - (EA} — (EA)
NEGX 8,18, 32 0 - (EA}-X — (EA)
8,16, 32 Dn - {EA)— Dn
suB (EA) - Dn — (EA)
(EA) — #xxx — (EA)
16, 32 An - (EA) m— An
SuBX 8, 16, 32 Dx - Dy - X — Dx
— {Ax) - (Ay) - X — (Ax)
TAS 8 (EA) -0, 1 > EA[7]
TST 8, 16, 32 (EA) -0
NOTES:
{] = bitnumber — ) = indirect with predecrement
# = immediate data ( »+ = indirect with postdecrement

Table 7. Logical Operations

INSTRUCTION OPERAND SIZE OPERATION
Dn A (EA) — Dn
AND 8, 16,32 (EA) A Dn — (EA)
(EA) A #xxx — (EA)
Dn V (EA) > Dn
OR 8,16,32 (EA)V Dn = (EA)
(EA) V #xxx —» (EA)
EOR 8,16, 32 (EA)© Dy — (EA)
(EA) © #xxx — (EA)
NOT 8,16, 32 ~ (EA) = (EA)
NOTES:
* = §mmediam data V = logical OR
~ = invert @ = logical Exclusive-OR
A = logical AND
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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 compare (CMP), cear
(CLR), and negate (NEG). The add and sub-
tract instructions are available for both
address and data operations, with data opera-
tions 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 avail-
able. The clear and negate instructions may
be sued on all sizes of data operands.

The multiply and divide operations are avail-
able for signed and unsigned operands using
ward mulitiply to produce & long-word product,
and a long-word dividend with word divisor to
produce a word quotient with a word remain-
der.

Multiprecision and mixed size arithmetic can
be accomplished using a set of extended in-
structions. These instructions are: add ex-
tended (ADDX), subtract extended (SUBX),
sign extend (EXT), and negate binary with ex-
tond (NEGX).

A test operand (TST) instruction that will set
the condition codes as a result of a compare of
the operand with zero is also available. Test
and set (TAS) is a synchronization instruction
useful in multiprocessor systems. Table 6 is a
summary of the integer arithmetic operations.

Logical Operations

Logical operationinstructions AND, OR, EOR,
and NOT are available for all sizes of integer
data operands. A similar set of immediate in-
structions (ANDI, ORI, and EORLI) provide
theselogical operations with all sizes ofimme-
diate data. Table 7 is a summary of the logical
operations.
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Table 8. Shift and Rotate Operations

OPERATION
INSTRUCTION | OPERAND SiZE
AsL 8, 16,32 [%c =] J o
ASR 8, 16,32 l—il—>—}->| xC ]
LSL 8, 16,32 [X¢ J= = Je— 0
LSR 8,16,32 0 —»f > [ xc ]
ROL 8, 16,32 T} ]
ROR 8, 16, 32 L,I 4,114 T
ROXL 81632 | g uly e X}«
ROXR a6 |l 1L
Table 9. Bit Manipulation Operations
INSTRUCTION | OPERAND SIZE OPERATION
BTST 8,32 ~bit of (EA) > Z
BSET 5,32 ~bit of (EA) — Z
1> bitol EA
BOLA 8,32 ~bit of (EA) — Z
0 - bitof EA
BCHG 832 ~bit of (EA) = 2
~bit of (EA) — bitof E
NOTE: ~ = invent
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Shift and Rotate Operations

Shift operations in both directions are pro-
vided by the arithmetic instructions ASR and
ASL and logical shift instructions LSR and
LSL. The rotate instructions (with and without
extond) available are ROXR, ROXL, ROR,
and ROL. All shift and rotate operations can
be performed in either registers or memory.
Register shifts and rotates supportall operand
sizes and allow a shiftcount specifiedinadata
register.

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

Table 8 is a summary of the shift and rotate
operations.

Bit Manipulation Operations

Bitmanipulation operations are accomplished
using the foliowing instructions: bit test
(BTST), bit test and set (BSET), bit test and
clear (BCLR), and bit test and change
{BCHG). Table 9 is a summary of the bit ma-
nipulation operations. (Z is bit 2 of the status
register.)
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Table 10. Binary Coded Decimal Operations

INSTRUCTION OPERAND SIZE OPERATION
ABCD 8 Dx1o + Dyo+ X = Dx
= {(Ax)1o + ~ (Ayhio + X — (Ax)
SBCD 8 Dx10—Dyyo- X — Dx
= (Ax)10 - (Ayho— X — (Ax)
NBCD 8 0 - (EA)j0- X = (EA)

NOTE: — ) = indirect with predecrement.

Table 11. Program Control Operations

INSTRUCTION OPERATION
Conditlonal
Bee Branch conditionally (14 conditions)
8- and 16-bit displacement
DBcc Test condition, decrement, and branch
16-bit displacement
Scc Set byte conditionally (16 conditions)
Unconditional
BRA Branch always
8- and 16-bit displacement
BSR Branch to subroutine
8- and 16-bit displacement
JMP Jump
JSR Jump to subroutine
Returns
RTR Return and restore condition codes
RTS Return from subroutine

Table 12. System Control Operations

INSTRUCTION OPERATION
Privileged
ANDI To SR Logical AND to status register
EORI to SR Logical EOR 1o status register
MOVE EA 1o SR Load new status register
MOVE USP Move user stack pointer
ORI to SR Lorical OR to status register
RESET Reset external devices
RTE Return from exception
STOP Stop program execution
Trap Generating
CHK Check data register against upper bounds
TRAP Trap
TRAPY Trap on overflow
Status Reglster
ANDI! 1o CCR Logical AND to condition codes
EORI o CCR Logical EOR to condition codes
MOVE EA 1o CCR Load new condition codes
MOVE SR to EA Store status register
OR! 1o CCR Logical OR to condition codes
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Binary Coded Decimal
Operations

Multiprecision arithmetic operations on binary
coded decimal numbers are accomplished us-
ing the following instructions: add decimal with
extend (ABCD), subtract decimal with extend
(SBCD), and negate decimal with extend
(NBCD). Table 10 is a summary of the binary
coded decimal operations.

Program Control Operations

Program control operations are accomplished
using a series of conditional and unconditional
branch instructions and retum instructions.
These instructions are summarized in

Table 11.

The conditional instructions provide setting
and branching for the following conditions:

CC —carry clear LS - low or same
CS - carry set LT - less than
EQ - equal MI - minus

F - nover true NE - not equal
GE - greater or equal PL —plus

GT - greater than T - always true
HI - high VC - no overflow
LE —less or equal VS - overflow

System Control Operations
System control operations are accomplished
by using privileged instructions, trap generat-
ing instructions, and instructions that use or
modify the status register. These instructions
are summarized in Table 12.
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Figure 8. Input and Output Signals
Table 13. Data Strobe Controf of Data Bus
uos oS RW D8 - D15 Do -D7
High High - No valid data No valid data
. Valid data bits Valid data bits
Low Low High 815 0-7
High | Low | High No valid data Valid data bits
Low | High | High Valid data bits No valid data
Valid data bits Valid data bits
Low Low Low 8-15 0_7
High Low Low Valid d_ala bits Validod_a? bits
" Valid data bits Valid data bits
Low High Low 8-15 8- 15°
NOTE:
* These conditions are a result of currant implementation and may not appear on future devices.
SIGNAL AND BUS OPERATION Signal Description Data Bus (DO through D15)

DESCRIPTION

This section contains a brief description of the
input and output signals. A discussion of bus
operation during the various machine cycles
and operations is also give.

NOTE

Theterms assertion and negation will be used
extensively. This is done to avoid confusion
when dealing with a mixture of “active-low" and
“active-high” signals. The term assert or asser-
fion is used to indicate that a signal is active or
true, independent of whether that level is repre-
sented by a high or low voltage. The term ne-
gate or negation is used to indicate that a signal
is inactive or talse.
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The inputand output signals can be functionally
organized into the groups shown in Figure 8.
The following paragraphs provide a brief de-
scription of the signals and a reference (if appli-
cable) to other paragraphs that contain more
detail about the function being performed.

Address Bus (A1 through A23)

This 23-bit, unidirectional, three-state bus is ca-
pable ot addressing 8 megawords of data. It
provides the address for bus operation during
all cycles except interrupt cycles. During inter-
rupt cycles, address lines A1, A2, and A3 pro-
videinformation aboutwhatlevel interruptis be-
ing serviced while address lines A4 through
A23 are all set to a logic high.
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This 16-bit bidirectional, three-state bus is the
general purpose data path. It can transfer and
acceptdatain either word or bytelength. During
an intertupt acknowledge cycle, the external
device supplies the vector number on data lines
DO - D7.

Asynchronous Bus Control

Asynchronous data transfers are handled using
the following control signals: address strobe,
read/write, upper and lower data strobes, and
data transfer acknowledge. These signals are
explained in the following paragraphs.
Address Strobe (AS) — This signal indicates
thatthere is a valid address on the address bus.
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Read/Write (R/W) — This signal defines the
data bus transfer as a read or write cycle. The
R/W signal also works in conjunction with the
data strobes as explained in the following para-
graph.

Upper and Lower Data Strobe (UDS, LDS) —
These signals control the flow of data on the
data bus, as shown in Table 13. When the R'W
lineis high, the processor will read from the data
bus as indicated. When the R/W line is low the
processor will write to the data bus as shown.

Data Transfer Acknowledge (DTATK) — This
input indicates that the data transfer is com-
pleted. When the procassor recognizes DTATK
during a read cycle, data is latched and the bus
cycle terminated. When DTATK is recognized
during a write cycle, the bus cycle is tarminated.
(Refer to Asynchronous Versus Synchro-
nous Operatlon).

Bus Arbltration Control

The three signals, bus request, bus grant, and
bus grant acknowledge, form a bus arbitration
circuitto determine which device will be the bus
master device.

Bus Request (BR) — This input is wire ORed
with all other devices that could be bus masters.
This input indicates to the processor that some
other device desires to become the bus master.

Bus Grant (BG) — This output indicates to all
other potential bus master devices that the pro-
cessor will release bus control at the end of the
current bus cycle.

Bus Grant Acknowledge (BGATK) — This in-
put indicates that some other device has be-
come the bus master. This signal should notbe
asserted until the following four conditions are
met:.

1. abus grant has been received,

2. address strobe is inactive which indicates
that the microprocessor is not using the
bus,

3. data transfer acknowledge is inactive which
indicates that neither memory nor peripher-
als are using the bus, and

4. bus grant acknowledge is inactive which indi-
cates that no other device is still claiming
bus mastership.

Interrupt Control (IPLU; IPLT, IPLZ)

These input pins indicate the encoded priority
level of the device requesting an interrupt. Level
sevenis the highest priority while level zero indi-
cates that no interrupts are requested. Level
seven cannot be masked. The least significant
bitis given in TPLO and the most significant bit is
contained in TPL2. These lines must remain
stable until the processor signals interrupt ac-
knowledge (FCO - FC2 are all high) to insure
that the interrupt is recognized.
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System Control

The system control inputs are used to either re-
set or halt the processor and to indicate 1o the
processor that bus errors have occurred. the
three system control inputs are explained in the
following paragraphs.

Bus Error (BERR) — This input informs the
processor that there is a problem with the cycle
currently being executed. Problems may be a
result of:

1. nonresponding devices,

2. Interrupt vector number acquisition failure,

3. illegal access request as determined by a
memory management unit, or

4. other application dependent errors.

The bus error signal interacts with the halt sig-
nal to determine if the current bus cycle should
be re-executed or if exception processing
should be performed.

Refer to Bus Error and Halt Operation for ad-
ditional information about the interaction of the
bus error and halt signals.

Resel (RESET) — This bidirectional signal line
acts to reset (start a system initialization se-
quence) the praocessor in response 1o an exter-
nal reset signal. An internally generated reset
(resultof a RESET instruction) causes all exter-
nal devices to be reset and the internal state of
the processor is not affected. A total system re-
set (processor and external devices) is the re-
sult of external HALT and AESET signals
applied at the same time. Refer to Resat Oper-
atlon for further information.

Halt (HALT) — When this bidiractional line is
driven by an external device, it will cause the
processor to stop at the completion of the cur-
rent bus cycle. When the processor has been
halted using this input, all control signals are in-
active and all 3-State lines are put in their
high-impedance state (refer to Table 15). Refer
to Bus Error and Halt Operatlon for additional
information about the interaction between the
HALT and bus error signals.

When the procassor has stopped executing in-
structions, such as in a double bus fault condi-
tion (refer to Double Bus Faults), the HALT line
is driven by the processor to indicate to external
devices that the processor has stopped.

Perlipherat Control

These control signals are used to allow the in-
terfacing of synchronous peripheral devices
with the asynchronous 68000. Thesa signals
are explained in the following paragraphs.

Enable (E)-— This signalis the standard enable
signal common to all synchronous type periph-
eral devices. The period for this output is ten
68000 clock periods (six clocks low, four clocks
high). Enable is generated by an internal ring

377

counter which may come up in any state (i.e., at
power on, it is impossible to guarantee phase
relationship of E to CLK). E is a free-running
clock and runs regardless of the state of the bus
on the MPU.

Valid Peripheral Address (VPK) —This input
indicates that the device or region addressedis
a synchronous family device and that data
transfer should be synchronized with the en-
able (E) signal. This input also indicates that the
processor should use automatic vectoring for
an interrupt. Refer to Interface with Synchro-
nous Peripherals.

Valid Memory Address (VIIA) — This output
is used to indicate to synchronous peripheral
devices that thers is a valid address on the ad-
dress bus and the processor is synchronized o
enable. This signal only responds to a valid pe-
ripheral address (VPA) input which indicates
that the peripheral is a synchronous family de-
vice.

Processor Status {(FCO, FC1, FC2)

These function code outputs indicate the state
{user or supervisor) and the cycle type currently
being executed, as shown in Table 14. The in-
formation indicated by the function code out-
puts is valid whenever address strobe (AS) is
active.

Table 14. Function Code Outputs

FUNCTION
CODE QUTPUT

FC2 | FC1 | FCo
Low
High
Low
High
Low
High
Low
High

CYCLE TYPE
(Undefined, reserved)
User data
User program
(Undefined, reserved)
(Undefined, reserved)
Supervisor data
Supervisor program
Interrupt acknowledge

Low
High
High
High
High

High
High

Clock (CLK)

The clock input is a TTL-compatible signal that
is intemally buffered for development of the in-
ternal clocks needed by the processor. The
clock input should not be gated off at any time
and the clock signal must conform to minimum
and maximum pulse width times.

Slignal Summary
Table 15 is a summary of all the signals dis-
cussed in the previous paragraphs.
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Bus Operation

The following paragraphs explain control signal
and bus operation during data transfer opera-
tions, bus arbitration, bus error and halt condi-
tions, and reset operation.

Data Transfer Operations

1. address bus A1 through A23,

2. data bus DO through D15, and

3. control signals.

The address and data buses are separate par-

allel buses used to transfer data using an
asynchronous bus structure. In all cycles, the

Table 15. Signal Summary

bus master assumes responsibility for deskew-
ing all signals it issues at both the start and end
ofa cycle. in addition, the bus master is raspon-
sible for deskewing the acknowledge and data
signals from the slave device.

The following paragraphs explain the read,
write, and read-modify-write cycles. The indi-
visible read-modify-write cycle is the method
used by the 68000 for interlocked multiproces-
s0f communications.

Read Cycle — During aread cycle, the proces-
sor receives data from the memory or a periph-
eral device. The processor reads bytes of data
inalicases. If theinstruction specifies aword (or
double word) operation, the processor reads

both upper and lower bytes simultaneously by
asserting both upper and lower data strobes.
When the instruction specifies byte operation,
the processor uses an internal AO bit to deter-
mine which byte to read and then issues the
data strobe required for that byte. For byte oper-
ations, when the A0 bit equals zero, the upper
data strobe is issued. When the A0 bit equals
one, the lower data strobe is issued. When the
data is received, the processor corractly posi-
tions it internally.

Aword read cycle flowchartis given in Figure 9.
Abytereadcycle lowchartis givenin Figure 10.
Read cycle timing is given in Figure 11. Figure
12 details word and byte read cycle oparations.

SIGNAL NAME MNEMONIC INPUT/OUTPUT ACTIVE STATE HI-Z
on HALT on BGACK
Address bus A1-A23 Output High Yes Yes
Data bus DO0-D15 Input/output High Yes Yes
Address strobe AS Output Low No Yes
Read/write RAW Output Read-high No Yes
Write-low
Upper and lower data strobes UDS, TDS Qutput Low No Yes
Data transfer acknowladge DTACK Input Low No No
Bus request BR Input Low No No
Bus grant BG Output Low No No
Bus grant acknowledge BGATK Input Low No No
Interrupt priority level TPLO, IPLT, PL2 Input Low No No
Bus error BERR Input Low No No
Reset RESET Input/output Low No! No!
Haft HALT Input/output Low No! No!
Enable E Output High No No
Valid memory address VMK Output Low No Yes
Valid peripheral address VPA Input Low No No
Function code output FCO, FC1,FC2 Output High No? Yes
Clock CLK Input High No No
Power input Veo Input - - -
Ground GND Input - - -
NOTES:
1. Open Drain

2. Function codes are placed in high-impedance state during HALT.
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BUS MASTER

ADDRESS THE DEVICE

1} SET R'W TO READ
2) PLACE FUNCTION CODE ON FCO-FC2

3) PLACE ADDAESS ON A1-A23

4) ASSEAT ADDRESS STROBE aszum

5) ASSERT UPPER DATA STROBE AND)
LOWER DATA STROBE (LDS)

INPUT THE DATA

1) DECODE ADORESS
2) PLACE DATA ON DO-D15
3) ASSERT DATA TRANSFER ACKNOWLEDGE

ACQUIRE THE DATA

1) LATCH DATA

2) NEGATE UUS AND COS

3) NEGATE AS

TERMINATE THE CYCLE
1) REMOVE DATA FROM D0-D15
2) NEGATE DTACK
| START NEXT CYCLE ,L
Figure 9. Word Read Cycle Flowchart
BUS MASTER SLAVE

ADDRESS THE DEVICE

1) SET A/W TO READ
2) PLACE FUNCTION CODE ON FCO-FC2
3) PLACE ADDRESS ON A1-A23
4) ASSEAT ADDRESS STROBE (AS!
5) ASSERT UPPER DATA STROBE )OR }
LOWER DATA STROBE (TTS) (BASED ON AQ}
INPUT THE DATA

1) DECODE ADDRESS
2) PLACE DATA ON D0-D7 OR D8-D15 (BASED
0

ON UDS OR
3) ASSERT DATA TRANSFER ACKNOWLEDGE

ACQUIRE THE DATA

1) LATCH DATA
2) NEGATE UDS AND (DS
3) NEGATE A5

TERMINATE THE CYCLE

1) REMOVE DATA FROM DC-D7 OR D8-D15
2) NEGATE DTACK

l START NEXT CYCLE I

Figure 10. Byte Read Cycle Flowchart
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Figure 12. Word and Byte Read Cycle Timing Diagram
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Write Cycle — During a write cycle, the proces-
sor sends data to either the memory or a periph-
eral device. The processor writes bytes of data
in all cases. If the instruction specifies a word
operation, the processor writes both bytes.
When the instruction specifies a byte operation,

the processor uses an internal AO bit to deter-
mine which byle 1o write and then issues the
data strobe required for thatbyte. For byte oper-
ations, when the A0 bit equals zero, the upper
data strobe is issued. When the AO bit equals

one, the lower data strobe is issued. A word
write cycle flowchart is given in Figure 13. A
byte writa cycle lowchart is given in Figure 14.
Wirite cycle timing is given in Figure 11. Figure
15 details word and byte write cycle operation.

BUS MASTER

ADDRESS THE DEVICE

4) SET MW TO WRITE
5) PLACE DATA ON D0-D16

LOWER DATA STROBE

1) PLACE FUNCTION CODE ON FCO-FC2
2) PLACE ADDRESS ON A1-A23
3) ASSERT ADDRESS STROBE (AS)

8) ASSERT UPPER DATA STROBE (UDS) AND
(D5

INPUT THE DATA

TERMINATE OUTPUT TRANSFER

1) NEGATE UDS AND (TS
2) NEGATE AS

4) SET RW TO READ

3) REMOVE DATA FAOM Do-D15

1) DECODE ADDRESS

2) STORE DATA ON D0-D15

3) ASSERT DATA TRANSFER ACKNOWLEDGE
(DTACR)

TERMINATE THE CYCLE

I START NEXT CYCLE

lo—
=

1) NEGATE DTACK

Figure 13. Word Write Cycle Flowchart
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BUS MASTER

ADORESS THE DEVICE

1) PLACE FUNCTION CODE ON FCO-FC2

2) PLACE ADDRESS ON A1-A2)

3) ASSERT ADDRESS STROBE (AT)

4) SET RW TO WRITE

5) PLACE DATA ON DO-D7 OR D8-D15
(ACCORDING TO AO%

8) ASSERT UPPER DATA STROBE (ODS) AND
LOWER DATA STROBE (LDS) (BASED ON A0)

SLAVE

INPUT THE DATA

TEAMINATE OUTPUT TRANSFER

1} DECODE ADDRESS
2) STORE DATA ON DO-D7 i [DE IS AS-
SERTED

STORE DATA ON D8-D15 IF DUS IS

1) NEGATE UDS AND (DS
2) NEGATE AS

3) REMOVE DATA FROM D0-D7 OR D8-015
4) SET RW TO READ

ASSERTED
3) ASSEAT DATA TRANSFER ACKNOWLEDGE
{UTACR)

TERMINATE THE CYCLE

START NEXT CYCLE

1) NEGATE DTACR

le
fo-

Figure 14. Byte Write Cycle Flowchart
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Fligure 15. Word and Byte Write Cycle Timing Dlagram
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Read-Modify-Write Cycle — The read-
modify-write cycle performs a read, modifies
the data in the arithmetic-logic unit, and writes
the data back to the same address. In the
68000, this cycle is indivisible in that the ad-
dress strobe is asserted throughout the entire

cycle. The test and set (TAS) instruction uses
this cycle to provide meaningful communication
between processors in a multiple processor en-
vironment. This instruction is the only instruc-
tion that uses the read-modify-write cycles and

since the test and set instruction only operates
on bytes, all read-modify-write cycles are byte
operations. A read-modity-write cycle flowchart
is givenin Figure 16 and a iming diagram s giv-
enin Figure 17.

BUS MASTER

ADDRESS THE DEVICE

1) SET RAY TO READ

2) PLACE FUNCTION CODE ON FCO-FC2

3) PLACE ADDRESS ON A1-A23

4) ASSERT ADDRESS STROBE (AS)

5) ASSERT UPPER DATA STROBE
LOWER DATA STROBE ([TS)

OR

INPUT THE DATA

ACQUIRE THE DATA

1) LATCH DATA

2) NEGATE UDS OR DS
3) START DATA MODIFICATION

1) OECODE ADDRESS

2) PLACE DATA ON DO-D7 OR D8-D15

3) ASSERT DATA TRANSFER ACKNOWLEDGE
(DTATR)

TERMINATE THE CYCLE

START OUTPUT TRANSFER

1) SET RW TO WRITE

2) PLACE DATA ON D0-07? OR D8-D1§
3) ASSERT UPPER DATA STROBE (UDS) OR
LOWER DATA STROBE (TTUS)

1) REMOVE DATA FROM DO-D7 OR De-D18
2) NEGATE DTACK

INPUT THE DATA

TERMINATE OUTPUT TRANSFER

1) NEGATE UDS OR (DY
NEGATE XS

4) SET YW TO READ

2)
3} REMOVE DATA FROM DO-D7 OR D8-D15

1) STORE DATA ON Do-D7 OR D8-D15
2) ASSERT DATA TRANSFER ACKNOWLEDGE
(OTATR)

TERMINATE THE CYCLE

I START NEXT CYCLE

1) NEGATE DTACK

Figure 16. Read-Modify-Write Cycle Flowchart
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INDIVISIBLE CYCLE

Figure 17. Read-Modlfy-Write Cycle Timing Diagram

Bus Arbltration

Bus arbitration is a technique used by mas-
ter-type devices to request, be granted, and ac-
knowledge bus mastership. Inits simplest form,
it consists of the following:

1. asserting a bus mastership request,

2. receiving a grant that the bus is available at
the end of the current cycle, and

3. acknowledging thatmastership has been as-
sumed,

Figure 18 is a flowchart showing the detail in-
volvedin a request from a single device. Figure
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19 is a timing diagram for the same operation.
This technique allows processing of bus re-
quests during data transfer cycles.

The timing diagram shows that the bus request
is negated at the time that an acknowledge is
asserted. This type of oparation would be true
for a system consisting of the processor and
one device capable ot bus mastership. In sys-
tems having a number of devices capable of
bus mastership, the bus request line from each
device is wire-ORed to the processor. In this
system, it is easy 1o see that there could be
more than one bus request being made. The
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timing diagram shows that the bus grant signal
is negated a few clock cycles after the transition
of the acknowledge (BGATK) signal.

Howsver, it the bus requests are still pending,
the processorwill assert another bus grant with-
in a few clock cycles after it was negated. This
additional assertion of bus grant allows extermnal
arbitration circuitry to select the nextbus master
bafore the current bus master has completedits
requirements. The following paragraphs pro-
vide additional information about the three
steps in the arbitration process.
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PROCESSOR REQUESTING DEVICE
REQUEST THE 8US
1) ASSERT BUS REQUEST (BF)
GRANT BUS ARBITRATION
1) ASSERT BUS GRANT (BGy
ACKNOWLEDGE BUS MASTERSHIP

1) EXTEANAL ARBITRATION DETERMINES NEXT
S MASTER

BU!

2) NEXT BUS MASTER WAITS FOR CURRENT
CYCLE TO COMPLETE

3) NEXT BUS MASTEA ASSERTS BUS GRANT
ACKNOWLEDGE (BGATR) YO BECOME
NEW MASTER

4) BUS MASTER NEGATES BR

TERMINATE ARBITRATION

1) NEGATE BG (AND WAIT FOR BGATK T0
BE NEGATED)

OPERATE AS BUS MASTER

1) PERFORM DATA TRANSFERS (READ AND
WRITE CYCLES) ACCORDING TO THE SAME
RULES THE PROCESSOR USES

RELEASE BUS MASTEASHIP

1) NEGATE BGACK

RE-ARBITRATE OR RESUME
PROCESSOR OPERATION

Figure 18. Bus Arbitration Cycle Flowchart
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Figure 19. 68000 Bus Arbitration Cycle Timing Diagram

Requesting the Bus — External devices capa-
ble of becoming bus masters request the bus by
asserting the bus request (BF) signal. Thisis a
wire-ORed signal (although it need not be con-
structed from open-collector devices) that indi-
cates 1o the processor that some external de-
vice requires control of the external bus. The
processor is effectively at a lower bus priority
level than the external device and will relinquish
the bus after ithas completed the last bus cycle
it has started.

When no acknowledge is received before the
bus request signal goes inactive, the processor
will continue processing when itdetects that the
bus request is inactive. This allows ordinary
processing to continue if the arbitration circuitry
responded to noise inadvertently.

Recelving the Bus Grant — The processor as-
sorts bus grant (BG) as soon as possible. Nor-
mally this is immediately after internal synchro-
nization. The only exception to this occurs when
the processor has made an internal decision to
execute the next bus cycle but has not prog-
ressed far enough into the cycle to have as-
serted the address strobe (AS) signal. In this
case, but grant will be delayed until AS is
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asserted to indicate external devices thata bus
cycle is being executed,

The bus grant signal may be routed through a
daisy-chained network or through a specific
priority-encoded network. The processor is not
aftected by the external method of arbitration as
long as the protocot is obeyed.

Acknowledgment of Mastership — Upon re-
ceiving a bus grant, the requesting device waits
until address strobe, data transfer acknowl-
edge, and bus grant acknowledge are negated
before issuing its own BGACR. The negation of
the address strobe indicates that the previous
master has completed its cycle; the negation of
bus grant acknowledge indicates that the pre-
vious master has released the bus. (While ad-
dress strobeis asserted, no device is allowed to
“break into” a cycle.) The negation of data
transfer acknowledge indicates the previous
slave has terminated its connection to the pre-
vious master. Note that in some applications
data transfer acknowledge might not enter into
this function. General purpose devices would
then be connected such that they were only de-
pendenton address strobae. When bus grant ac-
knowledge is issued, the device is a bus master
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until it negates bus grant acknowledge. Bus
grant acknowledge should not be negated until
after the bus cycle(s) is (are) completed. Bus
mastership is terminated at the negation of bus
grant acknowledge.

Thebus request from the granted device should
be dropped after bus grant acknowledge is as-
serted. If a bus request is still pending, another
bus grant will be asserted within a few clocks of
the negation of the bus grant. Refer to Bus Ar-
bitration Control. Note that the processor
does not perform any external bus cycles be-
fore it re-asserts bus grant.

Bus Arbltration Control

The bus arbitration contral unit in the
SCNE8000 is implemented with a finite state
machine. A state diagram of this machine is
shownin Figure 20. All asynchronous signals 1o
the SCN6B00O are synchronized before being
used internally. This synchronization is accom-
plishedin a maximum of one cycle of the system
clock, assuming that the asynchronous input
satup time (#47) has been met (see Figure 21).
The input signal is sampled on the falling edge
of the clock and is valid internally after the next
falling edge.
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NOTES:

R = Bus request imernal

A = Bus grant acknowledge internal

G « Bus grant

T = Three-state control to bus control logic*

¥ = Donlcare

1. State machine will nof change ¥ the bus Is SO or S1. Reler to Bua Arbitration Control.

2. The address bus will be placed in the high-impedance slate it T is asserted and XS is negated.

Figure 20. 68000 Bus Arbitration Control Unit State Diagram

INTERNAL SIGNAL VALID

EXTERNAL SIGNAL SAMPLED

CLK

BH (EXTERNAL) \

© = [~

BR (INTERNAL) \

Figure 21. Timing Relatlonship of External Asynchronous Inputs to Internal Signals

July 25, 1986 387



Signetics Military Customer Specific Products

Product Specification

16-/32-Bit Microprocessor

68000

BUS 3-8TATED BUS RELEASED FROM THREE STATE AND
BG ASSERTED PROCESSOR STARTS NEXT BUS CYCLE
BR ASSERTED BGATK NEGATED INTERNAL
BR VAUD INTERNAL BGACK SAMPLED
BR SAMPLED —l BRACTK NEGATED ——1
cLX
80 82 84 88 80 82 84 86 80
L \ /
\ /
BGACK n__ 7
\ 7
Foo-re2 X > ( X
\ 4
Atazn — > 1 )_C
AW N v 4
TTRTK \ / n___/
—_—
Do-D15 { ) <
—— PROCESSOR ——>|<— ALTERNATE BUS MASTER —>|<— PROCESSOR ——— -
Figure 22. Bus Arbltration Timing Dlagram—Processor Active

As shown in Figure 20, input signals labeled R
and Aare intemally synchronized on the bus re-
questand bus grant acknowledge pins, respec-
tively. The bus grant output is labeled G and the
internal 3-State control signal T. if T is true, the
address, data, and control buses are placedina
high-impedance state when &S is negated. All
signals are shown in positive logic (active high)
regardless of their true active voltage level,
State changes (valid outputs) occur on the next
rising edge after the internal signal is valid.

A timing diagram of the bus arbitration se-
quence during a processor bus cycle is shown
in Figure 22. the bus arbitration sequence while
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the bus is inactive (i.e., executing internal oper-
ations such as a multiply instruction) is shown in
Figure 23.

lfabus requestis made ata time when the MPU
has already bagun a bus cycle but AS has not
been asserted {bus state SO), BG will notbe as-
serted on the next rising edge. Instead, BG will
be delayed until the second rising edge follow-
ing its internal assertion. This sequence is
shown in Figure 24.

Bus Error and Halt Operation
In a bus architecture that requires a handshake
from an external device, the possibility exists
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that the handshake might not cccur, Since dif-
ferent systems will require a ditferentmaximum
response time, abus errorinputis provided, Ex-
ternal circuitry must be used to determine the
duration between address strobe and data
transferacknowledge beforeissuing a bus error
signal. When a bus error signal is received, the
processor has two options: initiate a bus error
exception sequence or try running the bus cycle
again,
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BG ASSERTED AND BUS THREE STATED
BR VALID INTERNAL BUS RELEASED FROM THAEE STATE AND
B SAMPLED PROCESSOR BTARTS NEXT BUS
BR ASSERTED l I BUGATK NEGATED —l
cLK
0 2 84 [N s0 82 "
BR N/
s n_/
SGITK N/
N Vg
FCo—FC2 x 7 ) W
\ S
Arann ——( > n~_
= \___ [/ \ TN
w N\ / \ TN
wm N\ / \ TN
AW N\ /
oTReK n__/ N
R G—
~—— PROCESSOR ——Poe— BUSINACTIVE —J-ft——— ALTERNATE BUS MASTER —— 3Lt~ PROCESSOR —3
Figure 23. Bus Arbltration Timing Diagram—Bus Inactive
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BUS 3-8TATED BUS RELEASED FROM THREE STATE AND
B ASSERTED PROCESSOR STARTS NEXT BUS CYCLE
BH VALID INTERNAL BUATK NEGATED INTERNAL
BR BAMPLED BGATK SAMPLED
rlusssmsn BRATK NEGATED —-‘
CLX
80 82 84 86 80 82 84 o %0
LN /
X )
J

( X
C
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A\

Eisaasiils

) S
e PROCESSOR _bl-‘_- ALTERNATE BUS MASTER

i )

f'—\_/_
N/
TN/

N/

——-)‘q—— PROCESSOR ————J-

Figure 24, Bus Arbitration Timing Diagram—Speclal Case

Bus Error Operation — When the bus error
signalis asserted, the currentbus cycle is termi-
nated. If BERH is asserted before the falling
edge of S2, AS will be negated in S7in either a
read of write cycle. As long as BERH remains
asserted, the data and address buses will be in
the high-impedance state. When BERR is ne-
gated, the processor will begin stacking for ex-
ception processing. Figure 25 is a timing dia-
gram for the exception sequence. The se-
quence is composed of the following elements:

1. stacking the program counter and status reg-
ister,

2. stacking the error information,
3. reading the bus error vector table entry, and
4. executing the bus error handler routine.

The stacking of the program counter and the
status register is the same as if an interrupt had
occurred. Several additional items are stacked
when a bus error occurs. These items are used
1o determine the nature of the error and correct
it, it possible. The bus error vector is vector
number two located at address $000008. The
processor loads the new program counter from

July 25, 1986

this location. A software bus error handler rou-
ting is then executed by the processor. Refer to
Exception Processing for additional informa-
tion,

Re-Run Operation — When, during a bus
cycle, the processor receives a bus error signal
and the halt pin is being driven by an extemal
device, the processor enters the re-run se-
quence. Figure 26 is a timing diagram for
re-running the bus cycle.

The processor terminates the bus cycle, then
puts the address and data output lines in the
high-impedance state. The processor remains
“haited", and will not run another bus cycle unti!
the halt signal is removed by external logic.
Then the processor will re-run the previous
cycle using the same function codes, the same
data (for a write operation), and the same con-
trols. The bus error signal should be removed at
least one clock cycle before the halt signal is re-
moved.

NOTE

The processor will not re-run a
read-modify-write cycle. This restriction is
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made to guarantee that the entire cycle runs
correctly and that the write operation of a
test-and-set operation is performed without
aver releasing AS, if BERR and HALT are as-
serted during a read-modify-write bus cycle, a
bus error operation results.

Halt Operation — The halt input signal to the
68000 performs a halt/run/single-step function
in a similar fashion to the synchronous device
haltfunction. The haltand run modes are some-
what self-explanatory in that when the halt sig-
nal is constantly active the processor “halts”
(does nothing) and when the halt signal is con-
stantly inactive the processor “runs” (does
something).

This single-step mode is derived from correctly
timed transitions on the hait signal input. it
forces the processor to execute a single bus
cycle by entering the run mode until the proces-
sor starts a bus cycle then changing 1o the halt
mode. thus, the single-step mode allows the
user to proceed through (and therefore debut)
processor operations one bus cycle at a time.
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wom 1\ VA N

AW ) |
DYATK N N
boors— ) N ___
rootcz__ X ',:

BERR AN
TIATE - e
NS ERROR DETECTION ——)'4——"“”—
H—%—»H— RESPONSE FAILURE —>|-<— BUS ETEC ERROR STACKING

|

Figure 25. Bus Error Timing Dlagram

|-<-——— READ ;:: HALT :l: RE-RUN —»I

Figure 26. Re-Run Bus Cycle Timing Diagram
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Figure 27 details the timing required for correct
single-step operations. Some care must be ex-
ercised to avoid harmtul interactions between
the bus error signal and the halt pin when using
the single-cycie mode as a debugging tool. This
is also frue of interactions between the halt and
resot lines sinco these can reset the machine.

When the processor completes a bus cycle af-
ter recognizing that the halt signal is active,
most 3-State signals are put in the high-
impedance state, these include:

1. address lines, and

2. datalines.

This is required for correct performance of the
re-run bus cycle operation.

While the processor is honoring the halt re-
quest, bus arbitration performs-as usual.

That s, halting has no effect on bus arbitration.
Itis the bus arbitration function that removes the
control signals from the bus.

The halt function and the hardware trace capa-
bility allow the hardware debugger to trace
single bus cycles or single instructions ata time.
These processor capabilities, along with a soft-
ware debugging package, give total debugging
floxibility.

Double Bus Faults — When a bus error axcep-
tion occurs, the processor will attempt to stack
several words containing information about the
state of the machine. If abus error exceplion oc-
curs during the stacking operation, there have
been two bus errors in a row. This is commonly
referred to as a double bus fault. When a double
bus faultoccurs, the processor will halt. Once a
bus error exception has occurred, any bus error

exception occurring before the execution of the
nextinstruction constitutes a double bus fault.

Note that a bus cycle which is re-run does not
constitute a bus error exception and does not
contribute to @ double bus fault. Note also that
this means that as long as the external hard-
ware requests it, the processor will continue to
re-run the same bus cydle.

The bus error pin also has an eflect on proces-
sor operation after the processor receives an
external reset input. The processor reads the
vector table after a reset to determine the ad-
dress to start program execution. If a bus emor
occurs while reading the vector table (or at any
time before the firstinstruction is executed), the
processarreacts as if a double bus fault has oc-
curred and it halts. Only an extemal reset will
start a halted processor.

-l

Flgure 27. Halt Processor Timing Diagram

Lot B
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Reset Operation

The reset signal is a bidirectional signal that al-
lows either the processor or an external signal
to reset the system. Figure 28 is a timing dia-
gram for the reset operation. Both the halt and
reset lines must be asserted to ensure total re-
set of the processor.

When the reset and halt lines are driven by an
external device, it is recognized as an entire
system reset, including the processor. The pro-
cessor responds by reading the reset vector
table entry (vector number z2ero, address

$000000) and loads it into the supervisor stack
pointer (SSP). Vector table entry number one at
address $000004 is read next and loaded into
the program counter. The processor initializes
the status register to an interrupt level of seven.
No other registers are affected by the reset se-
quence.

When a reset instruction is executed, the pro-
cessor drives the resset pin for 124 clock peri-
ods. Inthis case, the processor is trying to reset
the rest of the system. Therefore, there is no ef-

fect on the internal state of the pi Al of
the processor's intemnal registers and the status
registor are unaffected by the execution of a re-
set instruction. Afl external davices connected
to the reset line will be reset atthe completion of
the reset instruction.

Asserting the reset and halt lines for ten clock
cycles will cause a processor reset, except
when Vg is initially applied to the processor. in
this case, an external reset must bo at least
100ms.

CIK

2)SSP high read In here
2)8SP low read in hete

n U GID (I GED G

PLUS B VOLTS :;—/
Vec b= 15> 100 MILUSECONDS ——»|
wr ) I
fa— 1«4 CLOCKS [ 2E |
2 3
NOTES:
1)lndemnal siart-up me 4)PC high read in here

B)PC low resd in here
§) First instruction fetched hare

Figure 28. Reset Operation Timing Diagram

Bus state unknown: W

Al conirol signals inactive
Data bus in read mode:

4 5 [

bt
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Table 16. DTATK, BERR, and HALT Assertion Results

The Relationship of DTATK,
BERR, and HALT

ASSERTED ON
CASE | CONTROL RISING In order to properly control termination of abus
NO. SIGNAL EDGE OF STATE RESULT cycle for @ re-run or a bus error condition,
N N»2 DTATK, BERR, and HALT should be asserted
- and negated on the rising adge of the 68000
DTACK A s No"f'a' cycle terminate and clock. This will assure that when two signals
1 BERA NA X continue. are assarted simultaneously, the required set-
AT NA X up time (#47) for both of them will be met dur-
DTACTK A S Normal cycle terminate and halt. ing the same bus state.
2 BERR NA X Continue when HALT removed. This, or some equivalent precaution, should
AC A s be designed extemal to the 68000. Parameter
DTACTR NA A Normal cycle terminate and halt. #48 (see AC Electrical Charactaristics for #
3 BERR NA NA Continus when HALT removed. relerences) is intendad to ensure this opera-
HALT A s tion in a totally asynchronous system, and
may be ignored if the above conditions are
DTATK X X Terminate and take bus error trap. met.
4 BERH
HALT r: A NSA The preferred bus cycle terminations may be
summarized as follows (case numbers refer to
TTACR NA X Terminate and re-run. Table 16):
5 BERR A s Normal Termination:
RALCT NA A occurs first (Case 1).
DTACR X X Terminate and re-run when HALT Halt Tor " . .
6 BERR A s removed. HALT is asserted at the same time or be-
HALT A s fore DTACTK and BERR remains negated
(Cases 2 and 3):
DTATK NA X Terminate and re-run when HALT Bus Error Termination:
7 BERR NA A removed. BEWR is assertedin lisu of, at the same
JALT A o time, or before DTACR (Case 4); BERR
NOTES: is negated at the same time or after

N-the number of the current even bus state (e.g., S4, S8, etc.)
A—signal is asserted in this bus state
NA-signal is not asserted in this state

X~don't care

S-signal was asserted in previous state and remains asserted in this state

Table 17. BERR and HALT Negation Results

NEGATED ON
CONDITIONS OF CONTROL RISING EDGE
TERMINATION SIGNAL OF STATE RESULTS-NEXT CYCLE
N N+2
Bus Error % : g; . Takes bus error trap.
oERR e o . lllegal sequence; usually
Re-run HALT or s | traps tovector numberO.
Re-run BH%R . . | Re-tuns the bus cyde.
Normal ?K%»R : of . May lengthen next cycle.
BERR * | If next cycle is started it will
Normal HALT e or none |beterminated as a bus error.
NOTE:

@ - Signal is nagated in this bus state.
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DTACR.

Re-Run Termination:
HALT and BERR are asserted in lieu of,
at the same tme, or before DTATK
(Cases 6 and 7); HALT must be held at
least one cycle after BERR. Case § indi-
cates BERH may precede HALT.

Table 16 details the resulting bus cycle termi-
nation under various combinations of control
signal sequences. The negation of these
sarne control signals under several conditigns
is shown in Table 17 (DTACK is assumed to be
negated normally in all cases; for best results,
both DTACR and BERR should be negated
when address strobe is negated).

Example A:

A system uses a watch-dog timer to terminate
accessss to unpopulated address space. The
timer asserts DTACK and BERR simulta-
neously after time out (Case 4).

Example B:

A system uses error detection on RAM con-
tents. Designer may (a) delay DTACK until
data verified and retum BERR and HALT si-
muitaneously to re-run error cycle (Case 6), or
it valid, return DTATK (Case 1); (b) delay
DTACK until data verified and retum BERR at
same time as DTAUR if data in error (Case 4).
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Asynchronous Versus
Synchronous Operation

Asynchronous Qperation

To achieve clock frequency independence ata
system level, the 68000 can be used in an
asynchronous manner. This entails using only
the bus handshake lines (AS, UDS, [DS,
DTATR, BERR, HALT, and VPA) to control this
data transfer. Using this method, AS signals the
start of a bus cycle and the data strobes are
used as a condition for valid data on a write
cycle. The slave device (memory or peripheral)
then responds by placing the requested data on
the data bus for a read cycle or latching data on
awrite cycle and asserting the data transfer ac-
knowledge signal (DTATK) to terminate the bus
cycle. if no slave responds or the access is in-
valid, external control logic asserts the BERR,
or BERR and RALT signal to abort or rerun the
bus cycls.

The DTATK signalis allowedto be asserted be-
fore the data from a slave device is valid on a
read cycle. the length of time that DTACK may
precede data is given as parameter #31 and it
must be met in any asynchronous system to in-
sure that validdata s latched inta the processor.
Notice that there is no maximum time specified
from the assertion of AS to the assertion of
DTATK. This is because the MPU will insert
wait cycles of one clock period each unti
DTACK is recognized.

Synchronous Operatlon

To allow for those systems which use the sys-
tem clock as a signal to generate DTATK and
other asynchronous inputs, the asynchronous
input setup time is given as parameter #47. If
this setup is met on an input, such as DTACK,
the processor is guaranteed to racognize that
signal on the next falling edge of the system
clock. However, the converse is not trus—if the
input signal does not meet the setup time it is
not guaranteed not to be recognized. In addi-
tion, if DTACK is recognized on a falling edge,
valid data will be latched into the processor (on
aread cycie) on the next falling edge provided
that the data meets the setup time given as pa-
rameter #27. Given this, parameter #31 may be
ignored. Note that if DTACTK is asserted, with
the required setup time, before the falling edge
of S4, no wait states will be incurred and the bus
cycle will run atits maximum speed of four clock
pariods.

NOTE: During an active bus cycle, VPA and
BERR is sampled on every falling edge of the
clock starting with S2. DTACK is sampled on
every falling edge of the clock starting with S4
anddatais latched on the falling edge of S6 dur-
ingaread. The bus cyclewill then beterminated
in S7 except when BERR is asserted in the ab-
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sence of DTACK, in which case it will terminate
one clock cycle later in S9. VPA is sampled only
on the third falling edge of the system clock be-
fore the rising edge of the E clock.

PROCESSING STATES

This section describes the actions of the 68000
which are outside the normal processing asso-
ciated with the execution of instructions. The
functions of the bits in the supervisor portion of
the status register are covered; the supervisor/
user bit, the trace enable bit, and the processor
interrupt priority mask. Finally, the sequence of
memory references and actions taken by the
processor on exception conditions are detailed.

The 68000 is always in one of three processing
statas: normal, exception, or halted. The nor-
mal processing state is that associated with in-
structionexecution; the memory references are
1o fetch instructions and operands, and to store
results. A special case of the normal state is the
stopped state which the processor enters when
a stop instruction is executed. In this state, no
further references are made.

The exception processing state is associated
with interrupts, trap instructions, tracing, and
other exceptional conditions. The exception
may be internally generated by an instruction or
by an unusual condition arising during the ex-
ecution of an instruction. Externally, exception
processing can be forced by an interrupt, by a
bus error, or by areset. Exception processing is
designed to provide an efficient context switch
50 that the processor may handle unusual con-
ditions.

The halted processing state is an indication of
catastrophic hardware failure. For example, if
during the exception processing of a bus error
another bus error occurs, the processor as-
sumaes that the system is unusable and halts.
Only an external reset can restart a halted pro-
cessor. Note that a processor in the stopped
state is not in the halted state, nor vice versa.

Privilege States

The processor operates in one of two states of
privilege: the "supervisor* state or the "user”
state. The privilega state determines which op-
erations are legal, are used to choose between
the supervisor stack pointer and the user stack
pointer in instruction references, and may be
used by an external memory management de-
vice to control and transfate accesses.

The privilege state is amechanism for providing
security in a computer system, Programs
should access only their own code and data
areas, and ought to be restricted from access-
ing information which they do not need and
must not modify.
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The privilege mechanism provides security by
allowing most programs to execute in user
state. in this state, the accesses are controlled,
and the effects on other parts of the system are
limited. The operating system executas in the
supervisor state, has access to all resources,
and performs the overhead tasks for the user
state programs.

Supervisor State

The supervisor state is the higher state of privi-
lege. For instruction execution, the supervisor
state is determined by the S bit of the status reg-
ister;ifthe S bitis asserted (high), the processor
is in the supervisor state. All instructions can be
executed in the supervisor state. The bus
cycles generated by instructions executed in
the supervisor state are classified as supervisor
references. While the processor is in the super-
visor privilege state, those instructions which
use either the system stack pointer implicitly or
address register seven explicitly access the su-
pervisor stack pointer.

All exception processing is done in the supervi-
sor state, regardiess of the setting of the S bit.
Thebus cycles generated during exception pro-
cessing are classifiedas supervisor references.
All stacking operations during exception pro-
cessing use the supervisor stack pointer.

User State

Theuser state is the lower stats of privilege. For
instruction execution, the user state is deter-
mined by the S bit of the status register; ifthe S
bitis negated (low), the processor is executing
instructions in the user state.

Most instructions execute the same in user
state as in the supervisor state. However, some
instructions which have important system ef-
fects are made privileged. User programs are
not parmitted to execute the stop instruction or
the reset instruction. To ensure thata user pro-
gram cannot enter the supervisor statg except
in a controlled manner, the instructions which
modify the whole state register are privileged.
To aid in debugging programs which are to be
used as operating systems, the move to user
stack pointer (MOVE 1o USP) and move from
user stack pointer (MOVE from USP) instruc-
tions are also privileged.

The bus cycles generated by an instruction ox-
eculed in the user state are classified as user
state references. This allows an external
memory management device to translate the
address and to control access o protected por-
tions of the address space. While the processor
is in the user privilege state, those instructions
which use either the system stack pointer im-
plicitly or address register seven explicitly, ac-
cess the user stack pointer.
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Table 18. Bus Cycle Classification

FUNCTION CODE OUTPUT

g

FC1

FCo

REFERENCE CLASS

(Unassigned)

Privilege State Changes

Onca the processoris in the user state and ex-
ecuting instructions, only exceptional pro-
cessmg can change the privilege state. During
, the current setting of

User data

User program

{Unassigned)

the S bit ol lhe status mgisbris saved and the
S bit is asserted, putting the processor in the
supervisor state. Therefore, when instruction
execution resumaes at the address specified to

{Unassigned)

Supervisor data

Supervisor program

) =] -l -l o] | O] O

| vl o]l o] =| =] o]l o

- Of =] O} =| O] | ©

Interrupt acknowledge

WORD 0

NEW PROGRAM COUNTER (HIGH)

A0s0.A1x0

WORD 1

NEW PROGRAM COUNTER (LOW)

AM=0Al1a1

Figure 29. Format of Vector Table Entries

p the exception, the processor is in the
supervisor privilege state.

Rsference Classification
When the p kes a reference, it
classifies the kind of reference being made,
the encoding on the three function code output
lings. This allows external translation of ad-
dresses, control of and diff iath
of special processor state, such as interruptac-
knowledge. Table 18 lists the classification of
references.

Exception Processing

Before discussing the details of interrupts,
traps, and tracing, a general description of ex-
ception processing is in order. The processing

D18 bs D7

IGNORED vr

ve

Vs

va

vs v2 Vi Vo

Whave:

V7 s the MSB of the vecior number.
V8 is the LSB of the vecior number.

Flgure 30. Vector Number Format

A A10

ALL ZEROS

v?

Vs

\

va|vzjvijvo o] o

Figure 31. Exception Vector Address Calculation
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ofan ption occurs in four steps, with varia-
tions for different exception causes. During the
first step, a temporary copy of the status regis-
ter is made and the status register is set for ex-
caption processing. In the second step the ex-
ception vector is determined and the third step
is the saving of the current processor context. In
the fourth step a new context is obtained and
the processor switches to instruction
processing.

Exception Vectors

Exception vectors are memory locations from
which the processor fetches the address of a
routine which will handie that exception. All ex-
ception vectors are two words in length (Figure
29), except for the reset vector which is four
words. All exception vectors lie in the supervi-
sor data space, except for the reset vector
which is in the supervisor program space. A
vector number is an 8-bit number which, when
multiplied by four, gives the address of an ex-
ception vector. Vector numbers are generated
internally or externally, depending on the cause
of the exception. In the case of interrupts, dur-
ing the interrupt acknowledge bus cycle, a pe-
ripheral provides an 8-bit vector number (Fig-
ure 30) to the processor on data bus lines DO
through D7. The processor translates the vec-
tor number into a full 24-bit address, shown in
Figure 31. The memory layout for exception
vectors is given in Table 19.
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Table 19. Exceptlon Vector Table

VECTOR ADDRESS
NUMBER(S) Dec Hex Space ASSIGNMENT
0 0 000 SP Reset: initial SSP
- 4 004 SP Reset: initial PC
2 8 008 SD Bus error
3 12 00C SD Address error
4 16 010 SD lllegal instruction
5 20 014 SD Zero divide
6 24 018 SD CHK instruction
7 28 01C SO TRAPYV instruction
8 32 020 SD . Privilege violation
9 36 024 SD Trace
10 40 028 SD Line 1010 emutator
1 44 02C SD Line 1111 emulator
12 48 030 SD (Unassigned, raserved)
13 52 034 SD (Unassigned, reserved)
14" 56 038 SD {Unassigned, reserved)
15 €0 03C SD Uninitialized interrupt vector
16-23° 64 04C SO (Unassigned, reserved)
95 O5F -
24 96 060 SD Spurious interrupt
25 100 064 SD Leval 1 interrupt autovector
26 104 068 SD Level 2 interrupt autovector
27 108 06C SD Level 3 intervupt autovector
28 12 070 SO Level 4 interrupt autovector
29 116 074 SO Level 5 interrupt autovector
30 120 078 SD Level 6 interrupt autovector
31 124 07C SD Level 7 interrupt autovector
3247 128 080 SD TRAP instruction vectors
191 OBF -
48-63" 192 oco Sb {Unassigned, reserved)
255 OFF -
84-265 256 100 SD Usaer interrupt vectors
1023 3FF -

NOTE:

* Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhance-
ments by Signetics. No user peripheral devices should be assigned these numbers.

As shown in Table 18, the memory layout is 512
words long (1024 bytas). It starts at address 0
and proceeds through address 1023. This pro-
vides 255 unique vectors; some of these are ro-
served for TRAPs and other system functions.
Of the 255, there are 192 resarved for user in-
terrupt vectors. However, there is no protection
on the first 64 entries, so user interrupt vectors
may overlap at the discretion of the systems de-
signer.
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Kinds of Exceptions

Exceptions can be generated by either internal
or external causes. The externally generated
exceptions are the interrupts and the bus error
and resetrequests. Tha interrupts are requests
from peripheral davices for processor action
while the bus error and resetinterrupts are used
for access control and processor restart. Thein-
temally generated exceptions come from in-
structions, or from address erors or tracing.
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The trap (TRAP), trap on overflow (TRAPV),
check data register against upper bounds
(CHK), and divide (DIV) instructions all can
generate exceptions as part of their instruction
execution. In addition, illegal instructions, word
fetches from odd addresses, and privilege vio-
lations cause exceptions. Tracing behaves iike
a very high—priority internally—generated inter-
rupt after each instruction execution.
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Low
Figure 32. Exception Stack Order (Groups 1 and 2)
Table 20. Exceptlon Grouping and Priority
GROUP EXCEPTION PROCESSING
o Reset Exception processing begins
address error within two clock cycles
bus error
1 Trace Exception processing begins
interrupt before the next instruction
legal
privilege
2 TRAP, TRAPV, Excaption processing is
CHK, started by normal instruction
zero divide execution

Exceptlion Processing Sequence

Exception processing accurs in four identifiable
steps. In the first step, an internal copy is made
ofthe status register. After the copy is made, the
S bitis asserted, putting the processor into the
supervisor privilege stata. Also, the T bit is ne-
gated which will aliow the exception handler to
execute unhindered by tracing. For the reset
and interrupt exceptions, the interrupt priority
mask is also updated.

In the second step, the vector number of the ex-
ception is determined. For interrupts, the vector
number is obtained by a processor fetch and
classified as an intsrrupt acknowledge. For all
other exceptions, internal logic provides the
vectornumber. This vector numberis thenused
to generate the address of the exception vector.

The third step is to save the current processor
status, except for the reset exception. The cur-
rent program counter value and the saved copy
of the status register are stacked using the su-
pervisor stack pointer as shown in Figure 32.
The program counter value stacked usually
points to the next unexecuted instruction; how-
ever, for bus error and address error, the value
stacked for the program counter is unpredict-
able, and may beincremented from the address
of the instruction which caused the error. Addi-
tional information defining the current context is
stacked for the bus error and address error ex-
ceptions.

Thelast step is the same for all exceptions. The
new program counter value is fetched from the
axception vector. The processor then resumaes
instruction execution. The instruction at the ad-
dress given in the exception vector is feiched,
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and normal instruction decoding and execution
is started.

Multiple Exceptions

These paragraphs describe the processing
which occurs when multiple exceptions arise si-
multansously. Exceptions can be grouped ac-
cording to their occurrence and priority. The
Group Oexceptions are reset, bus error, and ad-
dress error. These exceptions cause the in-
struction currently being executed to be aborted
and the exception processing to commence
within two clock cycles.

The Group 1 exceptions are trace andinterrupt,
as well as the privilege violations andillegal in-
structions. These exceptions allow the current
instruction o execute to completion, but pre—
empt the exscution of the next instruction by
forcing exception processing to occur (privilege
violations and illegal instructions are detected
when they are the next instruction to be ex-
ecuted). The Group 2 exceplions occur as part
of the normal processing ot instructions. The
TRAP, TRAPV, CHK, and zero divide excep-
tions arein this group. For these exceptions, the
normal execution of an instruction may lead to
exception processing.

Group 0 exceptions have highest priority, while
Group 2 exceptions have lowest priority. Within
Group 0, reset has highest priority, followed by
bus error and then address error. Within Group
1, trace has priority over external interrupts,
which in turn takes priority over itlegal instruc-
tion and privilege violation. Since only one in-
struction can be executed at a time, thera is no
priority relation within Group 2.
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The priority relation between two exceptions
determines which is taken, or taken first, if the
conditions for both arise simultaneously.
Therefore, if a bus error occurs during a TRAP
instruction, the bus error takes precedence,
and the TRAP instruction processing is
aborted. In another example, if aninterrupt re-
quest occurs during the execution of an in-
struction while the T bit is asserted, the trace
exception has priority, and is processad first.
Before instruction processing resumes, how-
ever, the interrupt exception is also pro-
cessed, and instruction processing com-
mencaes finally in the interrupt handler routine.
A summary of exception grouping and priority
is given in Table 20.

Exception Processing Detalled
Discussion

Exceptions have a number of sources and
each exception has processingwhich s pecul-
iar to it. The following paragraphs detail the
sources of exceptions, how each arises, and
how each is processed.

Reset

The reset input provides the highest exception
level. The processing of the reset signal is de-
signed for system initiation and recovery from
catastrophic failure. Any processing in progress
atthe time of the reset is aborted and cannot be
recovered. The processor is forced into the su-
pervisor state and the trace state is forced off.
The processor interrupt priority mask is set at
level seven. The vector number is intemnally
generated to reference the resetexception vec-
tor at location 0 in the supervisor program
space. Because no assumptions can be made
aboutthe validity of register contents, in particu-
lar the supervisor stack pointer, neither the pro-
gram counter nor the status register is saved.
The address contained in the first two words of
the reset exception vector is fetched as the ini-
tial supervisor stack pointer, and the address in
the last two words of the reset exception vector
is fetched as the initial program counter. Finally,
instruction execution is started atthe address in
the program counter. The power~up/restart
coda should be pointed to by the initial program
counter.

The reset instruction does not cause loading of
the reset vector, butdoes assert the resetline to
resetexternal devices. This allows the soltware
to reset the system 10 a known state and then
continue processing with the next instruction.

Interrupts

Seven levels of interrupt priorities are provided.
Devices may be chained externally within inter-
rupt priority levels, allowing an unlimited num-
ber of peripheral devices to interrupt the
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processor. Interrupt priority levels are num-
beredfrom one to seven, with level seven being
the highest priority. the status register contains
a 3-bit mask which indicates the current pro-
cessor priority, andinterrupts areinhibited forall
priority levels less than or equal to the current
processor priority.

Aninterruptrequestis made to the processor by
encoding the interuptrequestlevel on theinter-
rupt request lines; a zero indicates no interrupt
request. Interrupt requests arriving at the pro-
cessor do not force immediate exception pro-
cessing, but are made pending. Pending inter-
rupts are datected between instruction exacu-
tions. If the priority of the pending interrupt is
lower than or equal to the current processor
priority, execution continues with the next in-
struction andthe interrupt exception processing
is postponed. (The recognition of level sevenis
slightly different, as explained in the following
paragraph.)

If the priority of the pending interrupt is greater
than the current processor priority, the excep-
tion processing sequence is started. A copy of
the status register is saved, the privilege state is
sent to the supervisor stack, tracing is sup-
pressed, and the processor priority level is set
to the level of the interrupt acknowledged. The
procassor fetches the vector number from the
interrupting device, classifying the reference as
an interrupt acknowledge and displaying the
level number of the interrupt being acknowi-
edged on the address bus. If external logic re-
quests an automatic vectoring, the processor
internally generates a vector number which is
determined by the interrupt level number. If ex-
ternal logic indicates a bus error, the interrupt is
taken to be spurious, and the generated vector
number references the spurious interrupt vec-
tor. The processor then proceeds with the usual
exception processing, saving the program
counter and status register on the supervisor
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stack. The saved value of the program counter
is the address of the instruction which would
have been executed had the interrupt not been
present. The content of the interrupt vector
whose vector number was previously obtained
is fetched and loaded into the program counter,
and normal instruction execution commences
in the interrupt handling routine. A flowchart for
the interrupt acknowledge sequence is given in
Figure 33, a timing diagram is given in Figure
34, and the interrupt processing sequence is
shown in Figure 35.

Priority level seven is a special case. Level
seven interrupts cannot be inhibited by the in-
terrupt priority mask, thus providing a “non—
maskable interrupt” capability. An interrupt is
generated each time the interrupt request level
changes from some lower level to level seven,
Note that a level seven interrupt may still be
caused by the level comparison if the request
lgvel is a seven and the processor priority is set
to a lower level by an instruction.

Uninltialized Interrupt

An interrupt device asserts VPA or provides an
interrupt during an interrupt acknowledge cycle
to the 68000. If the vector register has not been
initialized, the responding 68000 family periph-
eral will provide vector 15, the uninitializedinter-
rupt vector. This provides a uniform way 1o re-
cover from a programming eiror.

Spurlous Interrupt

It during the interrupt acknowledge cycle no de-
vice responds by asserting DTACK or VP&, the
bus error line should be asserted to terminate
the vector acquisition. The processor separates
the processing of this error from bus error by
fetching the spurious interrupt vector instead of
the bus error vector. The processor then pro-
ceeds with the usual exception processing.
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Instruction Traps

Traps are exceptions caused by instructions.
They arise either from processor recognition of
abnormal conditions during instruction execu-
tion, or from use of instructions whose normal
behavior is trapping.

Some instructions are used specifically to gen-
erate traps. The TRAP instruction always
forces an exception andis useful forimplement-
ing system calls for user programs. The TRAPV
and CHK instructions force an exception if the
user program detects a runtime error, which
may be an arithmetic overflow or a subscriptout
of bounds.

The signed divide (DIVS) and unsigned (DIVU)
instructions will force an exception if a division
operation is attempted with a divisor of zero.

lilegal and Unimplemented Instructions
“lllegal instruction* is the term used to refer to
any of the word bit patterns which are not the bit
pattern of the first word of a legal instruction.
During instruction execution, if such an instruc-
tion is fetched, an illegal instruction exception
occurs. Signetics reserves the right to define in-
structions whose opcodes may be any of the il-
legal instructions. Three bit pattemns will always
force anillegal instruction trap on all 68000 fam-
ily compatible microprocessors. They are:
AFA, 4AFB, and 4AFC. Two of the patterns,
JAFA and JAFB, are reserved for Signetics sys-
tems products. The third pattern, JAFT, is re-
served for customer use.

Word patterns with bits 15 through 12 equaling
1010 or 1111 are distinguished as unimplem-
entedinstructions and separate exception vec-
tors are given to these patterns to pemmit effi-
cient emulation, This facility allows the operat-
ing system to detect program errors, or 1o emu-
late unimplemented instructions in software.
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PROCESSOR INTERRUPTING DEVICE

GRANT THE INTERAUPT - ] REQUEST THE INTERRUPT ]

1) COMPARE INTERRUPT LEVEL IN STATUS
REGISTERS AND WAIT FOR CURRENT
INSTRUCTION TO COMPLETE

2) PLACE NTERRUPT LEVEL ON A1, A2, A3

3) SET FUNCTION CODE TO INTERRUPT
ACKNOWLEDGE

4) ASSERT ADDRESS STROBGE

5) ASSERT DATA STROBES AND TTS) PROVIDE THE VECTOR NUMBER

1) PLACE VECTOR NUMBER ON Do-D7
2) ASSERT DATA TRANSFER ACKNOWLEDGE
{OTACK)

ACQUIRE THE VECTOR NUMBER

1) LATCH VECTOA NUMBER

2) NEGATE OUS AND TUS
3) NEGATE AS
RELEASE
l 1. 1) NEGATE DTACTR
STAAT NEXT CYCLE I
NOTE:
* ARhough a vecior numbes is one byta, both data strobee are asserted due to the mi used lor The p does not g anything on

data Wnes D8 through D15 at this time.
Figure 33. Vector Acquisition Flowchart

LAST BUS CYCLE OF INSTRUCTION STACK IACK CYCLE STACK AND

(READ OR WRITE) PCL (VECTOR NUMBER ACQUISITION) VECTOR FETCH
|<—>|<- (857 ->|<—>'|-<-—>|

NOTE:

* Although a vector number i one byte, both data slrobes are asserted dus 1o the mi used lor L ing. The does not 0! anything on
data D8 through D15 at this time.

Figure 34. Interrupt Acknowledge Cycle Timing Diagram
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LAST BUS CYCLE IACK STACK STACK STACK
OFLI’D‘?TIIUC [ CYCLE | PCL | o STATUS o PCH
INTERRUPT WAS (VE‘%L%TS"‘#&%“ (AT 8SP—4) (AT 88P-3 (AT 33P-8)
RECOGMIZED)
BTACK READ READ FETCH FIRST TWO
FORMAT/OFFSET VECTOR VECTOR INSTRUCTION WORDS
WORD — HIGH — LOW - OF INTERRUPT
(AT 88P-2) (A16-A23) (AO-AIS) ROUTINE

NOTE:
SSP relers 10 1he vaiue of the supervisor stack pointer before the interrupt occurs.

Figure 35. Interrupt Processing Sequence

Privilege Viclations

In order to provide system security, various in-
structions are privileged. An attempt to execute
one of the privileged instructions while in the
user state will cause an exception. The privi-
leged instructions are:

STOP AND Immediate to SR
RESET EOR Immediate to SR
RTE OR Immediate to SR
MOVE to SR MOVE to USP
Tracing

To aid in program development, the 68000 in-
cludes a facility to allow instruction—by-instruc-
tion tracing. In the trace state, after each in-
struction is executed an exception is forced, al-
lowing a debugging program to monitor the ex-
gcution of the program under test.

Thetrace facility uses the T butin the supervisor
portion of the status register. If the T bit is ne-
gated (off), tracing is disabled, and instruction
exacution proceeds from instruction to instruc-
tion as normal. Ifthe T bitis asserted (on) atthe
beginning of the execution of an instruction, a
trace exception will be generated after the ex-
ecution of thatinstruction is completed. If the in-
struction is not execuled, either because an in-
terrupt is taken, or the instruction is illegal or
privileged, the trace exception does not occur.
The trace exception also does not occur if the
instruction is aborted by a reset, bus error, or
address error exception. If the instruction is in-
deed executed and an interrupt is pending on
completion, the trace exception is processed
before the interrupt exception. If, during the ex-
ecution of the instruction an exception is forced
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by that instruction, the forced exception is pro-
cessed before the trace exception.

As an extreme illustration of the above rules,
consider the arrival of an interrupt during the ex-
ecution of a TRAP instruction while tracing is
enabled. First the trap exception is processed,
then the trace exception, and finally the inter-
rupt exception. Instruction execution resumes
in the interrupt handler routine.

Bus Error

Bus error exceptions occur when the external
logic requests that a bus error be processed by
an exception. The current bus cycle which the
processor is making is then aborted. Whether
the pracessor was doing instruction or excep-
tion processing, that processing is terminated,
and the processor immediately begins excep-
tion processing.

Exception processing for the bus error follows
the usual sequence of steps. The status regis-
ter is copied, the supervisor state is entered,
and the trace state is turned off. The vector
number is generated to refer to the bus error
vector. Since the procassorwas notbetween in-
structions when the bus error exception request
was made, the context of the processor is more
detailed. To save more of this context, addition-
alinformation is saved on the supervisor stack.
The program counter and the copy of the status
register are of course saved. The value saved
for the program counter is advanced by some
amount, one to five words beyond the address
of the first word of the instruction which made
the reterence causing the bus error. If the bus
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error occurred during the fetch of the next in-
struction, the saved program counter has a val-
ue in the vicinity of the currentinstruction, even
if the currentinstruction is a branch, ajump, ora
return instruction. Besides the usual informa-
tion, the processor saves its internal copy of the
firstword of the instruction being processed and
the address which was being accessed by the
aborted bus cyde. Specific information about
the access is also saved: whather it was a read
or awrite, whether or notthe processor was pro-
cassing an instruction, and the classification
displayed on the function code outputs when
the bus error occurred. The procassor is pro-
cessing an instruction if it is in the normal state
or processing a Group 2 exception; the proces-
sor is not procassing an instruction if it is pro-
cassing a Group O or a Group 1 exception. Fig-
ure 36 illustrates how this information is orga-
nized on the supervisor stack. Although this in-
formationis not sufficientin general to effect full
recovery from the bus error, it does allow soft-
ware diagnosis. Finally, the processor com-
mences instruction processing at the address
containedin vector number two. Itis the respon-
sibility of the error handler routine to clean up
the stack and determine where to continue ex-
ecution.

If a bus error occurs during the exception pro-
cessing for a bus error, address error, or reset,
the processor is halted and all processing
ceases. This simplifies the detection of cata-
strophic system failure, since the processor re-
moves itself from the system rather than de-
stroy any memory contents. Only the RESET
pin can restart a halted processor.
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FUNCTION CODE

f= == — ACCESS ADDRESS - — —

HIGHER

INSTRUCTION REGISTER

ADDRESSES

STATUS REGISTER

[~ == = PROGRAM COUNTER == cm — — o o i e o o e e e e e o o o e

RW (READ/WRITE); WRITE = 0, READ = 1. 'N (INSTRUCTION/NOT); INSTRUCTION = 0, NOT = 1

Flgure 36 Exception Stack Order (Group 0)

Address Error

Address error exceptions occur when the pro-
cessorattempts to access a word or a long word
operand or an instruction at an odd address.
The effoct is much like an internally generated
bus error, so that the bus cycle is aborted and
the processor ceases whatever processing itis
currently doing and begins exception process-
ing. After the exception processing com-
mences, the sequence is the same as that for

bus error including the information that is
stacked, except that the vector number refers to
the address error vector instead. Likewise, if an
address error occurs during the exception pro-
cessing for a bus error, address error, or reset,
the processor is halted. As shown in figure 37,
an address error will execute a short bus cycle
followed by exception processing.

INTERFACE WITH SYNCHRO-
NOUS PERIPHERALS

To interface the synchronous peripherals with
the asynchronous 68000, the processor modi-
fies its bus cycle to meet the synchronous cycle
requirements whenever a synchronous device
address is detected. This is possible since both
processors use memory mapped /0. Figure 38
is aflowchartof the interface operation between
the processor and synchronous devices.

\ N  —
00918 e — ) ; {
ADDRESS ERROR APPROX. 8 CLOCKS
"— READ —b!-(— WRITE —>|<— IDLE —bf(—— WRITE STACK —b‘

NOTE:
*UDS and TS are assorted on mask sels ROM, BF4, T6E, DL6, CC1, and GN7.

Figure 37. Address Error Timing Diagram
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PROCESSOR

INITIATE THE CYCLE

OR WRITE CYCLE

1} THE PROCESSOR STARTS A NORMAL AEAD

SLAYVE

DEFINE THE SYNCHRONOUS CYCLE

SYNCHRONIZE WITH ENABLE

1) EXTERNAL HARDWARE ASSERTS VALID
PEAIPHERAL ADDRESS (VPA)

UNTL IT IS LOW (PHASE 1}
MEMORY ADDRESS

1) THE PROCESSOR MONITORS ENABLE (E)
2) THE PROCESSOR ASSERTS VALID
L]

TRANSFER THE DATA

TERMINATE THE CYCLE

1) THE PERIPHERAL WAITS UNTIL E IS
ACTIVE AND THEN TRANSFERS THE DATA

E GOES LOW INTERNALLY)

1) THE PROCESSOR NEGATES AS, UDS, [T5,
AND DRIVES THE E CLOCK LOW (ON A
READ CYCLE, THE DATA IS LATCHED AS

2) THE PROCESSOR NEGATES VWA

START NEXT CYCLE

—

Figure 38. Synchronous Interfacing Flowchart

Data Transfer Operation

Three signals on the processor provide the syn-
chronous interface. They are: enable {E), valid
memory address (VMA), and valid peripheral
address (VPA). Enable corresponds to the E or
phase 2 signal in existing synchronous sys-
tems. The bus frequency is one tenth of the in-
coming 68000 clock frequency. The timing of E
allows 1MHz peripherals to be used with 8MHz
68000s. Enable has a60/40 duty cycle; thatis, it
is low for six input clocks and high for four input
clocks. This duty cycle allows the processor to
do successive VPR accesses on successive E
pulses.

Synchronous cycle timing is given in figures 39,
40, 48, and 49. At state zero (S0) in the cycle,
the address bus is in the high-impedance state.
Afunction code is asserted on the function code
outputlines. One—half clock later, in state 1, the
address bus is released from the high-impe-
danoce state.

During state 2, the address strobe (AS) is as-
sertedtoindicate thatthere is a valid address on
the address bus. Ifthe bus cycle is aread cydle,
the upper and/orlower data strobes are also as-
sertedin state 2. Ifthe bus cycle is awrite cycle,
the read/write (R/W) signal is switched to low
(write) during state 2. One-half clock later, in
state 3, the write data is placed on the data bus,
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andin state 4 the data strobes areissuedtoindi-
cate valid data on the data bus. The processor
now inserts wait states until it recognizes the
assertion of VPA,

The VPA input signals the processor that the
address on the bus is the address of a synchro-
nous device {or an area reserved for synchro-
nous devices) and that the bus should conform
to the phase 2 transfer characteristics of the
synchronous bus. Valid peripheral address is
derived by decoding the address bus, condi-
tionad by the address strobe. Chip selectfor the
synchronous peripherals should be derived by
decoding the address bus conditioned by VMA.

After recognition of VPA, the processor assures
that the enable (E) is low, by waiting if neces-
sary, and subsequently asserts VMA. Valid
memory address is then used as partof the chip
select equation of the peripheral. This ensures
that the synchronous peripherals are selected
and deselected at the correct time. The periph-
eral now runs its cycle during the high portion ot
the E signal. Figures 39 and 40 depict the best
and worst case synchronous cycle timing. This
cycle length is dependent strictly on when VPA
is asserted in relationship to the E clock.

Ifwe assume thatexternal circuitry asserts VPA
as soon as possible after the assertion of &S,

then VPA will be recognized as being asserted
on the falling edge of S4. in this case, no “extra”
wait cycles will be inserted prior to the recogni-
tion of VPR asserted and only the wait cycles in-
sertedto synchronize with the E clock will deter-
mine the total length of the cycle. In any case,
the synchronization delay will be some integral
number of clock cycles within the following two
extremes:

1. BestCase — VPA is recognized as being as-
serted on the falling edge three clock cycles
belore E rises (or three clock cycles after E
falls).

2. Worst Case — VPA is recognized as being
assertedon the falling edge two clock cycles
betore E rises (or four clock cycles after E
falls).

During a read cydle, the processar latches the
peripheral datain state 6. For all cycles the pro-
cessor negates the address and data strobes
one-half clock cycle later in state 7 and the en-
able signal goes low at this time. Another half
clock later, the address bus is put in the high—
impedance state. During a write cycle, the data
bus is put in the high—impedance state and the
read/write signal is switched high. The periph-
eral logic raust remove VPA within one clock af-
ter the address strobe is negated.
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Figure 39. 68000 to Synchronous Peripheral Timing — Worst Case
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DTATK should notbe asserted while VPAiis as-
sorted. Notice that the 68000 VMA is active low,
contrasted with ‘the active high synchronous
VMA. This allows the processor to putits buses
in the high—impedance state on DMA requests
without inadvertently selecting the peripherals.

Interrupt intertace Operation

During an interrupt cycle while the processor is
fetching the vector, the VFA is asserted, the
68000 will assert VMIA and complete a normal
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synchronous read cycle as shown in Figure 41.
The processor willthen use an internally gener-
ated vector that is a function of the interrupt be-
ing serviced. This process is known as autovec-
toring. The seven autovectors are vector num-
bers 25 through 31 (decimal).

Autovectoring operates in the same fashion
(but is not restricted to) the synchronous inter-
rupt sequence. The basic difference is that
there are six normal interrupt vectors and one
NMI type vector. As with both the synchronous
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and the 68000's normal vectored interrupt, the
interrupt service routine can be located any-
where in the address space. This is due to the
fact that while the vector numbers are fixed, the
contents of the vector table entries are as-
signed by the user.

Since VMA is asserted during autovectoring,
care should be taken to insure the synchronous
peripheral address decoding prevents unin-
tended accesses.
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NORMAL

I-‘——)'(— AUTOYECTOR OPERATION
CYCLE

NOTE:
*Ahough UDS and TS are assented, no data is read trom the bus during the autovector cycle. The vector number is generated Internally.

Figure 41. Autovector Operation Timing Diagram

INSTRUCTION SET AND
EXECUTION TIMES

Instruction Set

The following paragraphs provide information
aboutthe addressing categories andinstruction
seot of the 68000.

Addressing Categories

Effective address modes may be categorized
by the ways in which they may be used. The fol-
lowing classifications will be usedin the instruc-
tion definitions.

These categories may be combined, so thatad-
ditional, more restrictive, classifications may be
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defined. For example, the instruction descrip-
tions use such classifications as alterable
memory or data afterable. The former refers to
those addressing modes which are both alter-
able and memory addresses, and the latter re-
fers to addressing modes which are both data
and alterable.

Table 21 shows the various categories to which
oach of the effective address modes belong.
Table 22 is the instruction set summary.

Data If an effective address mode
may be used to refer to data op-
erands, itis considered a data
addressing effective address
mode.
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Memory

Alterable

Control

It an effective address mode
may be used to refer to memory
operands, itis considered a
memory addressing effective
address mode.

If an effective address mode
may be used o refer to alterable
(writable) operands, it is consid-
ered an alterable addressing ef-
fective address mode.

It an effective address mode
may be used to refer to memory
operands without an associated
size, it is considered a control
addressing effective addrass
mode.
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Table 21. Effective Addressing Mode Categories
EFFECTIVE
ADDRESS ADDRESSING CATEGORIES
MODES MODE REGISTER Data | Memory | Control Alterable
Dn 000 Register number X - - X
An 001 Register number - - - X
(An) 010 Register number X X X X
(An)+ on Register number X X - X
—An) 100 Register number X X - X
d{An) 101 Register number X X X X
KAn, ix) 110 Register number X X X X
oW 11 000 X X X X
xxx.L 1 001 X X X X
d(PC) 1 010 X X X -
d(PC, ix) m on X X X -
#xxx m 100 X X - -
Table 22. Instruction Set
CONDITION
MNEMONIC DESCRIPTION OPERATION CODES
NjZ ]|V ]C
ABCD Add decimal with extend (Destination). + {Source),, + X — Destination V] . ] 4
ADD Add binary (Destination) + (Source) — Destination . . .
ADDA Add address (Destination) + (Source) — Destination -1-1-1-
ADD! Add immediate (Destination) + Immediate Data — Destination . . . .
ADDQ Add quick (Destination) + Immediate Data — Destination . . . .
ADDX Add extended {Destination) + (Source) + X — Destination . . 'y .
AND AND logical (Destination A (Source) — Destination . . o|o
ANDI AND immediate {Destination) A immediate Data — Destination e |o|O}]O
ANDI o CCR AND immediate to condition codes {Source) A CCR — CCR . ] . .
ANDI to SR AND immediate o status register (Source) A SR —» SR . . . .
ASL, ASR Arithmetic shift (Destination) Shifted by <count> — Destination . . . o
Bee Branch conditionally fccthenPC +d — PC - - - | -
~{<bit number>) OF Destination — Z
BCHG Test a bit and change ~(<bit number>) OF Dastination — - e |-1-
<bit number> OF Destination
BCLR Tost a bit and clear ~(<bit number>) OF Destination — Z el -1-
0 = <bit number> — OF Destination
BRA Branch always PC+d—o PC -1-1-1-
BSET Test a bit and set ~(<bit number>) OF DastinatiorT -2 e l-1-
1 — <bit number> OF Destination
BSR Branch to subroutine PC — ~(SP);PC +d —» PC - - - -
BTST Test a bit ~)<bit number>) OF Destination — Z - . - -
CHK Check register against bounds If Dn < 0 or Dn »(<ea>) then TRAP L uilu
CLR Clear an operand 0 — Destination 0 0 0
CMmpP Compare {Destination)—~{Source) . . . .
CMPA Compare address {Destination)~{Source) I S T
CMPI Compare immediate (Destination)-Immediate Data K . [
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Table 22. Instruction Set (Continued)
CONDITION
MNEMONIC DESCRIPTION OPERATION CODES
NjZ ]|V ]C
CMPM Compare memory (Destination)—{Source) . . [ .
DBec Test condition, decrement and branch | ' ~ cc then D=1 — Dn; it Dnz—1 then -1-1-1-
PC+d—PC
DIvs Signed divide {Destination)/(Source) —» Destination . . . 0
Divu Unsigned divide {Destination)/(Source) -~ Dastination . . . 0
EOR Exclusive~OR logical {Destination)@®{Source) ~» Destination e ]Je|O]O
EORI Exclusive—OR immediate (Destination)®Immediate Data — Destination . . 0 0
- R 5
EORIoCoR | Excusive-ORimmediate {Source)®CCR — CCR ele]e]e
Exclusive—OR immediate
EORIOSR | 1o status register (Source)®SR — SR ool
EXG Exchange register Rx &> Ry ~-1=-1-1-
EXT Sign extend (Destination) Sign—extended — Destination e JojJoOo|O
JMP Jump Destination — PC -]1-1-1-
JSR Jump to subroutine PC — —(SP); Destination — PC -1-1-1-
LEA Load effective address Destination — An - - -1 -
LINK Link and allocate An — ~SP); SP — An; -1-1-1-
SP + Displacement — SP
LSL, LSR Logical shift (Destination) Shifted by <count> — Destination . . 0 .
MOVE Move data from source to destination | (Source) — Destination * . 0 0
MOVE to CCR Move lo condition code (Source) = CCR . . . L]
MOVE to SR Move to status register (Source) = SR o | e o |
MF?VE from Move from status register SR — Destination - - - -
MOVE uspP Move user stack pointer USP — An; An — USP - - - -
MOVEA Move address (Source) — Destination - - - |-
MOVEM Move multiple registers Registers — Destination -1-1-1-
{Source) — Registers
MOVEP Move peripheral data (Source} — Destination -1 -1-1-
MOVEQ Move quick Immediate Data —» Destination . L] o]o
MULS Signed multiply (Destination) X {(Source) — Destination e |e]JO]|O
MULUY Unsigned multiply {Destination) X (Source) —» Destination ejJoOo]oO
NBCD Negate decimal with extend 0—{Destination);o—X — Destination . i) .
NEG Negate 0-{Destination) — Destination . . . .
NEGX Negate with extend 0-(Destination)-X —» Destination . . . .
NOP No operation - -1-1-1-
NOT Logical complement ~({Destination) — Destination e | |O]|O
OR Inclusive—OR logical (Destination} v (Source) — Destination . . 0 o]
ORI Inclusive-OR immediate (Destination) v Immediate Data ~» Destination e|le o |oO
Inclusi R immedi
ORI to CCR to ;zz’i:;?s é:,“drzs ate (Source) v CCR — CCR oo ||
Inclusive~OR immediate
ORI to SR to status register (Source} v SR — SR *lell*
PEA Push effective address Destination — —{SP) = = - -
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Table 22. Instruction Set (Continued)
CONDITION
MNEMONIC DESCRIPTION OPERATION CODES
N|JZ |V ]|C
RESET Reset external devices - -1-1-1-
ROL, ROR Rotate (without extend) (Destination) Rotated by <count> — Destination o | @ 0 (]
ROXL, ROXR Rotate with extend (Destination) Rotated by <count> — Destination e |e | O L]
RTE Return from exception {SP) + & SR;(SP)+ & PC . . . .
RTR Retumn and restore condition codes {(SP)+ = CC; (SP) + — PC . . . .
RTS Return from subroutine (SP) + &> PC - - - -
SBCD Subtract decimal with extend (Destination},g—{Source);o—-X — Destination Uje |U ]| e
Sce Set according to condition If o then 1's — Destination else -1-1-1-
0's —» Destination
STOP Load status register and stop Immediate Data — SR; STOP . . . L]
sue Subtract binary {Destination}—{Source) — Destination . . . .
SUBA Subtract address (Destination)—(Source) — Destination -1 -1-1-
suBl Subtractimmediate ({Destination)-immediate Data — Destination . . . L]
suBQ Subtract quick {Destination)-immediate Data — Destination . . . .
sSuBx Subtract with extend {Destination)«{Source}-X —3 Destination . . . [
SWAP Swap register halves Register [31:16]¢»Register [15:0] ] . 0
TAS Test and set an operand (Destination) Tested — CC; 1 — [7] OF ejleoejo]o
Destination

TRAP Trap PC — —{SSP); SR — —{SSP); (Vector) — PC -l-1-1-
TRAPV Trap on overflow If V then TRAP - - - -
ST Test and operand (Destination) Tested — CCC . . [ 0
UNLK Unlink An — SP; (SP) + — An -1-1-1-

NOTES:

[1=bitnumber ¢ affected

@ logical exclusive OR - unaffected

A logical AND 0 cleared

v logical OR 1 set

~ logical complement U undefined
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Instruction Prefetch Table 23. Effective Address Calculation Times
The 68000 uses a two-word tightly—coupled ADDRESSING MODE | BvTEWORD | LONG
instruction prefetch mechanism to enhance Real
performance. This mechanism is described in egister
terms of the microcode oparations involved. If Dn Data register direct 0{0/0) 0(0/0)
the execution of an instruction is defined to be- An Address register direct 0(0/0) 0(0/0)
gin when the microroutine for thatinstructionis Memory
entered, some features of the prefetch mecha-
nism can be described. (An) Address register indirect 4(1/0) 8{2/0)
(An)+ Address register indirect with postincrement 4(10) 8(2/0)
1. When execution of an instruction begins, m— -
. . An) Address register indirect with predecroment 6(1/0) 10(2/0)
the operation word and the word following 4 f g i
have already feiched. The operation d(An) Address register indirect with displacement 8(2/0) 12(3/0)
word is in the instruction decoder. d{An,ix)* Address register indirect with index 10(2/0) 14(3/0)
2. In the case of multi—word instructions, as ok W Absolute short 8(2,) 12(30)
each additional word of the instruction is xxx.L Absolute long 12(3/0) 16(4/0)
used internally, a fetch is made to the in- d{PC) Program counter with displacement 8(2/0) 12(3/0)
struction stream to replace it. d(PC.ix)* Program counter with index 10(2/0) 14(3/0)
3. Thelast fetch foraninstruction from the in- #xxx Immediate 4(1/0) 8(2/0)
struction stream is made when the opera- NOTE:

tion word is discarded and decoding is
startad on the next instruction.

4. lfthe instruction is a single—word instruction
causing a branch, the second word is not
used. But because this word is fetched by
the preceding instruction, it is impossible to
avoid this superfiuous fetch.

5. Inthecase of aninterruptor trace exception,
both words are not used.

6. The program counter usually points to the
last word fetched from the instruction
stream.

Instruction Executlon Times

The following paragraphs contain listings of the
instruction execution times in terms of external
clock (CLK) periods. In this iming data, itis as-

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

sumed that both memory read and write cycle
times are four clock periods.

Any wait states caused by a longer memory
cycle must be added to the total instruction
time. The number of bus read and write cycles
for each instruction is also included with the tim-
ing data. The timing data is enclosed in paren-
theses following the execution periods and is
shown as {r/'w) where r is the number of read
cycles and w is the number of write cycles.

NOTE
The number of periods includes instruction
fetch and all applicable cperand fetches and
stores.

Table 24. Move Byte Instruction Execution Times

Effective Address Operand Calculation
Timing

Table 23 lists the number of clock periods re-
quired to computs an instruction's effective ad-
dress. It indudes fetching of any extension
words, the acdress computation, and fetching
of the memory operand. The number of bus
read and write cycles is shown in parentheses
as (r/w). Note thare are no write cycles involved
in procassing the effective address.

Move Instruction Execution Times

Tables 24 and 25 indicate the number of clock
periods for the move instruction. This data in-
cludes instruction fetch, operand reads, and op-
erand writes. The number of bus read and write
cycles is shown in parentheses as (r/w).

SOURCE DESTINATION
Dn An (An) (An)+ —{An) d(An) d{An,Ix)* xxx. W xxx.L
Dn 4(1/0) 4(1/0) 8(111) B(1/1) 8(1/1) 12(2/1) 14(2/1) 12(21) 16(3/1)
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(211) 16(3/1)
(An) 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1)
(An)+ 8(2/0) 8(2/0) 12(21) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3¥1) 20(4N)
—{An) 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(31) 22(411)
d(An) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(41) 20(4/1) 24(5/1)
d{An,ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1)
xxx. W 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(31) 20(4/1) 22(41) 20(4/1) 24(5/1)
xxx.L 16(4/0) 16(4/0) 20(4/1) 20{4/1) 20(4/1) 24(5/1) 26(5/1) 24(5/1) 28(6/1)
d(PC) 12(3/0) 12(3/0) 16(3/1) 16(31) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1)
d(PC,ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(31) 22(4/1) 24(4/1) 22(4/1) 26(5/1)
#xxx 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3¥1) 16(3/1) 20(4/1)
NOTE:
* The size of the index register {ix) does not affect execution time.
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Table 25. MOVE LONG Instruction Execution Times
SOURCE DESTINATION
Dn An (An) (An)+ ~{An) d{An) d{An,Ix)* xxx.W xxx.L
On 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) | 20(32)
An 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(212) 16(272) | 20(3/2)
(An) 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) | 28(52)
(An)+ 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24472) | 28(52)
~(An) 14(3/0) 14(3/0) 22(3/2) 22(312) 22(3/2) 26(4/2) 28(4/2) 26(4/2) | 30(5/2)
d(An) 16(4/0) 1(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) | 32(6/2)
d(An,ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(512) | 34(6/2)
Xxx. W 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) | 32(e2)
L 20(5/0) 20(5/0) 28(5/2) 28(5/2) 28(5/2) 32(6/2) 34(6/2) 32(6r2) | 36(712)
d(PC) 16(4/0) 16(4/0) 24(4/2) 24(412) 24(4/2) 28(5/2) 30(5/2) 28(5/2) | 32(5/2)
d(PC.ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) | 34(82)
#xxx 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) | 28(5/2)

NOTE:

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

Standard Instruction Executlon Times

The number of clock periods shown in Table 26
indicates the time required to perform the oper-
ations, store the results, and read the next in-
struction. The number of bus read and write

cycles is shown in parentheses as (rw). The
number of clock periods and the number of read
and write cycles must be added respectively to
those of the effective address calculation where
indicated.

In Table 26 the headings have the following
meanings:An = address register operand, DN =
data register operand, ea = an operand speci-
fied by an effective address, and M = memory

Table 26. Standard Instruction Executlon Times

effective address operand.

INSTRUCTION SIZE op<ea>, An{ op<ea>, Dn op Dn, <M>
ADD byte, word 8(1/0)+ 4(1/0)+ 8(1/1)+
long 6(1/0)+* 6(1/0)+°* 12(1/2)+
AND byte, word - 4(1/0)+ 8(1/1)+
long - 6(1/0)+** 12(1/2)+
CcMP byte, word 6(1/0)+ 4(1/0)+ -
long 6(1/0)+ 6(1/0)+ -
Divs - - 158(1/0)+* -
Divu - - 140(1/0)+* -
ECR byte, word - 4(1/0)"*" 8(1/1)+
long - 8(1/0)"* 12(172)+
MULS - -~ 70(1/0)+* -
MULU - - 70(1/0)+* -
OR byte, word - 4(1/0)+ 8(1/1)+
long - 6(1/0)+" 12(1/2)+
SUB byte, word 8(1/0)+ 4(1/0)+ B(1/1)+
long 6(1/0)+** 6(1/0)+™* 12(1/2)+
NOTES:

+ Add effective address calculation time.

0 Word or long word only.
Indicates maximum value.

»

** The base time of & clock periods is increased 1o 8 if the effective address mode is register direct or immediate (effective) address time should

also be added).

*** Only available effactive address mode is data register direct.
DIVS, DIVU -~ The divide algorithm used by the 68000 provides less than 10% difference between the best and worst case timings.
MULS, MULU — The muttiply algorithm requires 38 + 2n clocks where n is defined as:
MULU: n= the number of ones in the <ea>.
MULS: n = concatenate the <ea> with a zero as the LSB; n is the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst case hap-
pens when the source is $5555.
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Immediate Instruction Execution Times Table 27. Inmediate Instruction Execution Times
The number of clock prIOdS shown in Table INSTRUCTION SIZE op" Dn op" An Op', 7]
27 includes the time to fetch immediate oper- 22/
ands, perform the operations, store the ra- ACDI byte, word 8(2/0) = 12(2n)+
sults, and read the next Soperation. The num- long 16(3/0) - 20(3/2)+
ber of bus read and writs cycles is shown in ADDQ byte, word 4(1/0) 8(1/0)* 8(1/1)+
parentheses as (rw). The number of clock pe-
riods and the number of read and write cycles long 8(1/0) 801/0) 12(172)+
must be added respectively to those of the ef- ANDI byte, word 8(2/0) - 12(2/1)+
fective address calculation where indicated. lang 16(3/0) - 20(3/1)+
In Table 27, the headings have the following CMPI byte, word 8(2/0) - 820+
meanings: # =immediate operand, DN = data long 14(3/0) - 12(3/0)+
register operand, An = address register oper- EOR! byte, word 8(2/0) _ 12(21)+
and, M = memory operand, and SR = status
rogister T OP long 16(3/0) - 2003721+
MOVEQ long 4(1/0) - -
ORI byte, word 8(2/0) - 12(2/1)+
long 16(3/0) - 20(3/2)+
SUBI byte, word 8(2/0) - 12(2/1)+
long 16(3/0) - 20(3/2)+
suBQ byte, word 4(1/0) 8(1/0)* 8(1/1)+
long 8(1/0) 8(1/0) 12(1/2)+
NOTE:
+ add effective address calcutation time
* word only
Single Operand Instruction Execution Table 28. Single Operand Instruction Execution Times
:’:.:‘25, dicates the number of dock period INSTRUCTION SIZE REGISTER MEMORY
in number of clock periods
for the single operand instructions. The num- CLR byte, word 4(1/0) 8(1)+
ber of bus read andwrite cycles is shown in pa- long 6(1/0) 12(172)+
rentheses as (w). The number of clock peri- NBCD byte 6(1/0) 8(1/1)+
ods and the number of read and write cycles
must be added respectively to those of the ef- NEG byts, word 41/0) 8/
factive address calculation where indicated. long 6(1/0) 12(112)+
NEGX byte, word 4(1/0) 8(1/1)+
long 6(1/0) 12(1/2)+
NOT byte, word 4(1/0) 8(1/1)+
long 6(1/0) 12(1/2)+
Sce byte, false 4(1/0) 8(1/1)+
byte, true 6(1/0) 8(1/11)+
TAS byte 4(1/0) 10(1/1)
TST byte, word 4(1/0) 4(1/0}+
long 4(1/0) 4(1/0)+
NOTE:
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ShifvRotate Instruction Execution Times  Table 29, Shift/Rotate Instruction Execution Times
Table 29 indicates the number of doik periods INSTRUCTION SIZE REGISTER MEMORY
for the shift and rotate instructions. The num- -
ber of bus read and write cycles is shawnin pa- ASR. ASL byte, word § + 2n(110) 8/
rentheses as (rw). The number of clock peri- long 8 + 2n(100) -
ods and the number of read and write cycles LSR, LSL byte, word 6 + 2n(1/0) B(1/1)+
must be added respectively to those of the ef- lon _
' i g g 8 + 2n(1/0}
foct calcul ndicated.
loctive address calculation where indical ROR, FOL Byte, word &+ 2n(100) oM
long 8 + 2n(1/0) -
ROXR, ROXL byte, word 8 + 2n{1/0) 8(1/1)+
long 8 + 2n{1/0) -
NOTE:
+ add effective address calculation time
n is the shift or rotate count
Bit Manlpulation Instruction Execution Table 30. Bit Manipulation Instruction Execution Times
Times
INST DYNAMi TATIC
Table 30 indicates the number of clock periods RUCTION Size c S
required for the bit manipulation instructions. Reglster Memory Rogister Msmory
The number of bus read and write cycles is BCHG byte - 8(1/1)+ - 12(2/1)+
shown in parentheses as (rw). The number of long 8(1/0)" - 12(2/0)" -
clock periods andthe number ofread and write
cyclos must be added respectively to those of BCLR byte — Sy _ 1221+
the effective address calculation where indi- long 10(1/0)+ - 14(2/0)° -
cated. BSET byte - 8(1/1)+ - 12(2/11)+
long 8(1/0)* - 12(2/0)° -
BTST byte - 4(10)+ - 8(2/0)+
long 6(1/0) - 10(2/0) -
NOTES:
+ add effective calculation time
* indicates maximum value
Conditlonal instruction Execution Times ~ Table 31. Conditional Instruction Execution Times
Table 31 indicates the number of clock periods BRANCH
required for the conditional instructions. The INSTRUCTION DISPLACEMENT BRANCH TAKEN NOT TAKEN
number of bus read and write cycles is indi-
cated in parentheses as (rw). The number of Bee byte 10(2/0) 8(1/0)
clock periods and the number of read and write word 10(2/0) 12(2/0)
cycles must be added respectively to those of BRA byte 10(2/0) -
the effective address calculation where indi-
cated. word 10(2/0) -
BSR byte 18(2/2) -
word 18(2/2) -
D8cc CC tue - 12(2/0)
CC false 10(2/0) 14(3/0)
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Table 32. JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times

INSTRUCTION | SIZE (An) {An)+ —An) d{An) d(An, Ix)+ xxx. W xxx.L d(PC) d(PC,Ix)*
JMP - 8(2/0) - - 10(2/0) 14(30) 10(2/0) 12(3/0) 10(2/0) 14(3/0)
JSR - 16(2/2) - - 18(2/2) 22(2/2) 18(2/2) 20(372) 18(2/2) 22(2/2)
LEA - 4(1/0) - - 8(2/0) 12(2/0) 8(2/0) 12(3/0) 8(2/0) 12(2/0)
PEA - 12(1/2) - - 16(2/2) 20(2/2) 16(2/2 20(3/2) 16(2/2) 20(2/2)

word 12+4n 12 +4n - 16 + 4n 18 + 4n 16 + 4n 20 +4n 16+ 4n 18 _4n
MOVEM (3+n/0) | (3+n/0) (4 +n/0) (4 + n0) (4 + n/0} (5 + n/0) {4 +n/0) {4 + n/0)
M—R long 12+ 8n 12 +8n - 16 + Bn 18 + 8n 16 + 8n 20 +8n 16 + 8n 18 + 8n
(3 +2n/0) | 3+2n/0) (4+2r/0) | (4 +2n/0) | (4+2n/0) | (5+2n/0) | (4 +2n/0) | (4 +2n/0)
word 8 +4n 8+4n 12+4n 14 + 4n 12 +4n 16 + 4n - -
MOVEM (2/n) (2/n) (3/n) (3/n) (3/n) {4/n) - -
R M long 8+8n 8+8n 12+ 8n 14 + 8n 12 +8n 16 + 8n - -
(2/2n) {2/2n) (3/2n) (3/2n) (3/2n) (4/2n) - -
NOTES:
n is the number of registers to move
* is the size of the index register {ix) and does not affect the instruction’s execution time
JMP, JSR, LEA, PEA, and MOVEM Table 33. Multi-Precision Instruction Times
Instruction Execution Times
o . INSTRUCTION SIZE op Dn, Dn op M, M
Table 32indicates the number of clock periods
required for the jump, jump-to-subroutine, ADDX byte, word 4(1/0) 18(3/1)
load effective address, push effective ad- long 8(1/0) 30(5/2)
dress, and move multiple registers instruc- —

tions. The number of bus read and write cycles CMPM byte, word 123/)

is shown in parentheses as (r/w). long - 20(5/0)

Multl-Precision Instruction Execution suex byte, word 4(10) 181

Times long 8(1/0) 30(5/2)

Table 33indicates the number of clock periods ABCD byte 6(1/0) 18(3/1)

for the multi-precision instructions. The num-

ber of clock periods indludes the time to fetch SBCO byte 5(1/9) 183/1)

both operands, perform the operations, store
the results, and read the nextinstructions. The
number of read and write cycles is shown in
parentheses as (rw).

In Table 33, the headings have the following
meanings: Dn = data register operandand M =
memory operand.
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Table 34. Miscellaneous Instruction Executlon Times
INSTRUCTION SIZE REGISTER MEMORY
ANDI to CCR byte 20(3/0) -
ANDI to SR word 20(3/0) -
CHK - 10(1/0)+ -
EORI to CCR byte 20(3/0) -
EORI to SR word 20(3/0) -
ORI to CCR byte 20(3/0) -
ORI to SR word 20(30) -
MOVE from SR - 6(1/0) 8(1/1)+
MOVE 1o CCR - 12(2/0) 12(2/0)+
MOVE to SR - 12(2/0) 12(2/0)+
EXG - 6(1/0) -
EXT word 4(1/0) -
long 4(1/0) -
LINK - 16(2/2) -
MOVE from USP - 4(1/0) -
MOVE to USP - 4(1/0) -
NOP - 4(1/0) -
RESET - 132(1/0) -
RTE - 20(5/0) -
RTR - 20(5/0) -
RTS - 16(4/0) -
STOP - 4(0/0) -
SWAP — 4(1/0) -
TRAPV - 4(1/0) -
UNLK - 12(3/0) -
NOTE:
+ add effective address calculation time
Table 35. Move Peripheral Instruction Execution Times
INSTRUCTION Size REGISTER— MEMORY MEMORY — REGISTER
MOVEP word 18(2/2) 16(4/0)
long 24(2/4) 25(6/0)
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Miscellaneous Instruction Execution Times
Tables 34 and 35 indicate the number of clock
periods for the following miscellaneous instruc-
tions. The number of bus read and write cycles
is shownin parentheses as (1'w). The number of
clock periods plus the number of read and write
cycles must be added to those of the effective
address calculation where indicated.

Exception Processing Execution Times
Table 36 indicates the number of clock periods
for exception processing. The number of clock
periods includes the time for all stacking,. the
vector fetch, and the fetch of the first two in-
struction words of the handler routine. the num-
ber of bus read and write cycles is shown in pa-
rentheses as (rw).

ABSOLUTE MAXIMUM RATINGS

Table 36. Exception Processing
Executlon Times

Product Specification

EXCEPTION PERIODS
Address error 50(4/7)
Bus etror 50(4/7)
CHK instruction 44{5/4)+
Divide by zero 42(5/4)
lllegal instruction 34(4/3)
Interrupt 44(3)*
Privilege violation 34(4/3)
RESET** 40(6/0)
Trace 34(4/3)
TRAP instruction 38(4/4)
TRAPV instruction 34(4/3)

NOTES:

+ add effective address calculation time.

* The interrupt acknowledge cycle is as-
sumed to take four clock periods.

** Indicates the time from when RESET and
HALT are first sampled as negated to
when instruction execution starts.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage range —-0.3t0+7.0 A
Ts1a Storage temperature range —6510 +150 °c
Py Maximum power dissipation, (Pp) 1.78 w

Lead temperature (soldering 5 seconds) 270 °C
T, Junction temperature 150 °C
0,c Thermal resistance, junction 10 case 15, dual-in-line °CwW
0.a Thermal resistance, junction to ambient 30'5%'.3":2;"6""9 °CIW
NOTE:

This device contains circuitry to protect the inputs against damage dus to high static voltages or
elactric fields; however, it is advised that normal precautions be taken to avoid application of any
voltage higher than maximum-rated voltages to this high-impedance circuit. Reliability of opera-

tion is enhanced if unused inputs are tied to an appropriate logic voltage level (e.g., either GND

or Vee).
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RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER RATING UNIT
x‘s’g Supply voltage 478 hg 525 3
Vin High level input voltage (logic inputs) 20w Voo v
Vi Low level input voltage (logic inputs) GNDto 0.8 v
Minimum high level output voltage 24 v
Maximum low level output voltage 05 v
Frequency of operation:
68000-6 401060 MHz
680008 401080 MHz
68000-10 401 10.0 MHz
Tc Case operating temperature range (Tc) —55°C t0 +110°C °c
DC ELECTRICAL CHARACTERISTICS V¢ = 5.0VDC £5%; T¢ =-55°C TO +110°C (see figures 42, 43, and 44)
TEST CONDITIONS LIMITS
SYMBOL PARAMETER ~55°C<Tc<+110°C, Vec=5V 5% Min Max UNIT
Vou High-level output voltage all outputs lon = ~400HA 24 A
; Rpullup = 1.1 kQ
Vi High-level output voltage enable onl Vee-75 Vi
OH g tp g y IoH —400LA cc
VoL Low-level output voltage A23-1, FCO-2, BG lo = 3.2mA Vee = 4.75V 0.5 v
Vou Low-level output voltage RALT lo. = 1.6mA Ve = 4.75V 0.5 v
Vou [l:_gvé-level ouEtput voltage AS, R'W, D-15-0, UDS, o = 5.3mA Vg = 4.75V 05 v
VoL Low-level output voltage RESET log = 5.0mA Vec =4.75V 0.5 v
lonz High-impedance (off-state) output currant (HIGH) Vo =24V 20 HA
loLz High-impedance (off-state) output current (LOW) Vg =04V -20 HA
[ High-level input current; all inputs! ViN =525V 25 HA
L Low-level input current; all inputs! Vin=0 25 HA
lec Supply current? Vee = 5.25V 333 mA
; ) Vi =0V
Cin Capacitance frequency = 1MHz 20 pF
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Power Consliderations
The average chip-junction temperature, T, in
°C can be obtained from:
T)=Ta+ (PpoOua m
Where:

Ta = ambienttemperature, °C

0,4 = package thermal resistance,
junction-to-ambient, °C/W

Po = pwr+Pwo

PNt = loe X Vg, watts-chip internal

power

power dissipation on input and

output pins — user determined

Pwo
For most applications Pyo<<P iyt and can be
neglected..

An approximate relationship between Pg and
T, (if Pyo is neglected) is:

Pp = K + (T;+273°C) 2)
Solving equations 1 and 2 for K gives:
K = Tp#(Ta+273°C) +oa0Pp2 (3)

Where K is a constant pertaining to the particu-
lar part. K can be determinedfrom equation 3by
measuring Pp (at equilibrium) for a known Ty,
Using this value of Kthe values of Ppand T can
be obtained by solving equations (1} and (2) it-
eratively for any value of Ty,

Figure 45 illustrates the graphic solution 1o the
equations, given above, for the spacification
power dissipations of 1.50 and 1.75 watts over
the ambient temperature range of -55°C to
125°C using an average 0, of 40°C/W to rep-
resent various 68000 packages.

However, actual 8,4’s in the range of 30°C to
50°C/W only change the curves slightly.

The total thermal resistance of a package ()
can be separatedinto two components, 0,c and
Oca. representing the barrier to heat flow from
the semiconductor junction to the package
(case) surface {8,c) and from the case to the
outside ambient (Bca). These terms are related
by the equation:
0,a=0,c+6ca (4)

0,c is adevice related and cannot beinfluenced
by the user. However, Oc, is user dependent
andcan be minimizedby such thermal manage-
ment techniques as heat sinks, ambient air
cooling and thermal convention. Thus, good
thermal managementon the partofthe usercan

significantly reduce Oc, so that 0, approxi-

mately equals 0,¢. Substitution of 6 ¢ for 84 in
equation (1) will resultin a lower semiconductor
junction temperature.
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Figure 43. HALT Test Load

CL = 130 pF TEST
(NCLUDES ALL PARASITICS) POINT

RL = €0kN FOR
XS, A1-A23, BG, D0-D15, E
FCO-FC2, LDS, W, UDS, VAKX

‘R = 122k FOR A1-A23, B, FCO-FC2

Flgure 44. Test Loads

A =7000
MMDé150
OR EQUIVALENT
MMOD7000
OR EQUIVALENT

+5Y

4,6,8, AND 10 MHz

14 \

POWER (Pp ) - WATTS
:
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56 —40 0 25 70

AMBIENT TEMPERATURE (T) -°C

Figure 45. 68000 Power Dissipation (Pp) vs Amblent Temperature (Ta)

85 10 125

Values for thermal resistance presented in this
data sheet are provided for design purposes
only. Thermal measurements are complex and
dependent on procedure and setup. User
derived values for thermal resistance may
differ.
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AC ELECTRICAL CHARACTERISTICS — Clock TImIng (see Figure 46)
CHARACTERISTIC SYMBOL 6MH2 8MHz 10MHz UNIT
Min Max Min Max Min Max
Frequency of operation F 6.0 8.0 10.0 MHz
Cycle time teye 167 250 125 250 100 250 ns
Clock pulse width toL 75 125 55 125 45 125 ns
cH 75 125 55 126 45 125 ns
Rise and fall times tor - 10 - 10 - 10 ns
ot - 10 - 10 - 10 ns
37. Maximum Power Dissipation by Package Type Modes
PACKAGE TEMPERATURE MAXIMUM POWER DiSSIPATION (WATTS)
TYPE (°C) PER FREQUENCY (MHz)
8/8MHz 10MHz
Ceramic 0to 70 1.50 1.50
—40 10 85 1.65 1.65
Plastic Oto 70 1.50 1.50
~40to 85 1.65 1.65
Pin grid array 0to 70 1.50 1.50
-40 to 85 1.65 1.65
Plastic LCC Oto 70 1.50 1.60
feye
L CH —™
20V &
08v - \
Cr — ——y -—  Cf
NOTE:
Tirming measurements are reterenced to and from & kow vokage of 0.8V and a high voltage of 2.0V unless ciherwise noted. The vollage swing through this range should start outside and
pass through the range such that the riee or fall will be linear between 0.8V and 2V.
Figure 46. Clock Input Timing Dlagram
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AC ELECTRICAL CHARACTERISTICS'—Read and Write Cycles —55°C <Tc<+110°C (See Figures 47 and 48)

NO. SYMBOL CHARACTERISTIC 6MHz BMHz 10MHz UNIT
Min | Max | Min | Max | Min | Max
1 ttvc | Clock Period 167 | 250 | 125 [ 250 | 100 | 280 | ns
2 toL Clock width low 75 125 55 125 45 125 ns
3 cH Clock width high 75 125 86 125 45 125 ns
4 [ Clock fall time - 10 - 10 - 10 ns
5 tor Clock rise time - 10 - 10 - 10 ns
6 tcLav Clock low to address valid - 80 - 70 - 60 ns
6A teHrey Clock high to FC valid - 80 - 70 - 60 ns
7 tCHAZx Clock high to address data high impedance (maximum) - 100 - 80 - 70 ns
88 tepazn | Clock high to address/FC invalid (minimum) 0 - 0 - 0 -~ ns
g@ 1CHSLx Clock high to AS, DS low {maximum) - 70 0 60 0 55 ns
1010 CHsLn Clock high to AS, DS low (minimum) - - - - - ~ ns
1" tavsL Address valid to AS, DS (read) low/AS write 35 - 30 - 20 ~ ns
11A7N tevst FC valid to S, US (read) low/ES (write) 70 - 60 - 50 ~ ne
12° toLsH Clock low to &S, DS high - 80 - 70 - 55 ns
13701 tsHaz AS, DS high to address/FC invalid 40 - 30 - 20 - ns
14001 st &S, DS width low (read)/AS (write) a7 | - [240] - [1e5 | - ns
14A711 towPw DS width low (write) 170 - 15 - 95 ~ ns
15711 154 &S, DS width high wo [ - [wo | - Jws ]| - ns
167 tcnsz Clock high to BS,US high impedance - 100 - 80 - 70 ns
1771 tSHAH AS, DS high to YW high 50 - 40 - 20 ~ ns
189 tCHRHx Clock high to R/W high (maximum) - 80 - 70 - 60 ns
1910 CHRRN Clock high to R/W high (minimum) - - - - - - ns
20° teHAL Clock high to RW low - 80 - 70 - 60 ns
20A7-18 tasav AS low to R/W valid - 20 - 20 - 20 ns
2171 tavRL Address valid 1o R/W low 25 - 20 - 0 - ns
21471 trevRL FC valid to R'W low 70 - 60 - 50 - ns
2271 tRLSL R/W low to DS low (write) 140 - 80 - 50 - ns
23 4YcLwo Clock low to data out valid - 80 - 70 - 55 ns
24M teHRZ Clock high to R/W, VMA high impedance - - - - - - ns
25711 tsHDO DS high 1o data out invalid 40 - 30 - 20 - ns
26" toost Data out valid to TS low {write) 35 - 30 - 20 - ns
27717 toicL Data in to clock low (setup time) 25 - 15 - 10 - ns
28™M SHDAH AS, DS high to DTACTK high 0 167 0 125 0 100 ns
297 tsHO! DS high to data invalid {hold time) [} - 0 - 0 - ns
307 tshged | AS, US high to BERR high 0 - 0 - 0 - ns
317117 {QALDI DTACTK low to data valid (Setup time) - 120 - 90 - 65 ns
327 tRH HALT and RESET input transition time 0 200 0 200 1} 200 ns
33 teHGL Clock high to BG low - 80 - 70 - 80 ns
347 teHaH Clock high to BT high - 80 - 70 - 60 ns
357 taRLaL BH low to BG low 1.5 35 1.5 3s 1.5 3.5 | Clk. per.
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AC ELECTRICAL CHARACTERISTICS'—Read and Write Cycles (Continued)

NO. SYMBOL CHARACTERISTIC 6MHz 8MHz 10MHz UNIT
Min | Max | Min | Max | Min | Max

3g7.18 tarueH | BR high to BG high 15 | +100 | 1.5 | +80 | 15 | +80 |Cik.per.
a7 laaai | BGACK low to BG low 15 | Ns [ 15 | Ns | 1.5 [ Ns [Cik per.
37A7 tagkeR BGATK low to BR high (to prevent rearbitration) 20ns | 1.5 | 20ns | 1.5 | 20ns | 1.5 | Clk. per.
387 taLz BG low to bus high impedance (with AS high) - 100 - 80 - 70 ns
397 aH BG width high 15 | - 15 | - 15 | - [ck per
40 teLvmL Clock low to VMR low - 80 - 70 - 70 ns
41 e Clock low to E transition - 85 - 70 - 55 ns
427 tert E output rise and fall ime - 25 - 25 - 25 ns
437 tvmien | VA low to E high 240 [ - 200 - [ 180 | - ns
447 tSHYPH AS, DB high to VPA high 0 160 0 120 0 90 ns
457 LAl E low to address /VMA/FC invalid a5 - - 10 - ns
467 teaL BGACK width 15 - [ 15 - 15 | - [Chk per.
47'7 tass Asynchronous input setup time 25 - 20 - 20 - ns
4874 13ELDAL BERR low to DTATR low 25 - 20 - 20 - ns
497 teLs) E low to AT, DS invalid 80 | +80 | 70 | +70 | 5 [ +55 ns
507 I m E width high 600 - 450 - 350 - ns
517 E width low |t 90 [ - |70 | - |85 [ - ns
52718 tcienx E extended rise time - - - - - - ns
537 tcHDo Data hold from clock high 0 - 0 - 0 - ns
5457 teLpoz Data hold from E low (write) 40 - 30 - 20 - ns
557 RL0O R/W to data bus impdeance change 35 - 30 - 20 - ns
567,12 THRPW HALT/RESET pulse width 10 - 10 - 10 - | Ck. per.
57 tGABD BGACK high to control bus driven 15 - 1.5 - 15 - | Ck. per.
sg'8 taHaD B3 high to control bus driven 15 - 1.5 - 15 - | Ck.per.

NOTES:

1. Alter Ve has been applied for 100 ms.

2. Dy&té?ug;nécgggiefxg?r‘%? gaEpFa‘;:qi-tance. Clock should be either dMHz or Fyax. Low; HALT, RST, (Part is held in reset). High;

3. Guaranteed but not tested.

4 Ve =5Vi5%

24 After V¢ has been applied for 100ms.

©o~N

All outputs unloaded except for load capacitance. Clock should be either 4MHz or Fyax.
Low;

., AST, (Part is held in reset). High; DTACK, BR, BGACK, IPLQ-2, VPA, BERR.

As a minimum, tested initially and for process or design changes only.
For invalid, as a minimum, tested initially and for process and design changes only.
For a loading capacitance of less than or equal to 50pF, subtract 5ns from the values given in the maximum column.

10. Combined with the above parameter. Previous specification of Ons was thecretical and not attainable.
1. Actual value depends on clock period.
12. For power up, the MPU must be held in RESET state for 100ms o alf stabilization of on—chip circuitry. After the system is powered up, 56

refers to the minimum pulse width required to reset the system.

13. Combined with 16, control bus specification

14. If 47 is salisfied for both DTACK and BERR, 48 may be Ons.

15. When AS and R/W are equally loaded (+20%), subtract 10ns from the values given in these columns.
16. Deleted, useful only if E clock used to drive clock input on MC6809 Microprocessor.
17. It the asynchronous setup time (47) requirements are satisfied, the DTACK low to data setup time (#31) requirement can be ignored.

the data must only satisfy the data in to clock—ow setup time (#27) for the following cycle.

18. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BTACK.
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These waveforms should only be referenced in regard to the edge—to-edge measurement of the timing specifications. They are not intended as a
functional description of the input and output signals. Refer to other functional descriptions and their related diagrams for device operation.
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BERR BR
(NOTE 2) ]
RALT RESET
ASYNCHRONOUS
INPUTS
{NOTE 1}

NOTES:

1. Setup time for the ssynchronous inputs BGATK, TPUI-Z, and VPA gusrantees their recognition st the next falling edge of the clock.
2. BR need fail st this time only in order 1o insure belng recognized at the end of this bus cycle.

3. Timing measurements are referenced 1o and from a low voitage of 0.8Y and a high voltage of 2.0V, unless otherwise noted. The voitage swing through this rangs should
start outside and pass through the range such that the rise or fall will be linear between 0.8V and 2.0V,

Figure 47. Write Cycle Timing Diagram
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These waveforms should only be referenced in regard to the edge-to-edge measuremant of the timing specifications. They are not intended as a
functional description of the input and output signals. Refer to other functional descriptions and their related diagrams for device operation.
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NOTES:

1. Timing measurements are relerenced 1o and from a low voltage of 0.8V and a high voltage of 2.0V, unless otherwise noted. Tha voltage swing through this range should
start outside and pass through the range such that the rise or fall will be linear between 0.8V and 2.0V.

2. Because of loading varlations, R/W may be valid afier &S even though both are initiated by the rising edge of 52 (Specification 20A).

Figure 48. Write Cycle Timing Diagram (Continued)
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This iming diegram ls Included for those who wish 1o design their awn circuit 10 generats VMA. It shows the best cass possible atiainable.

Figure 49. 68000 to M6800 Peripheral Timing Diagram — Best Case
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Figures 50, 51, and 52 depict the three bus arbi-
tration cases that can arise. Figure 50 shows
the timing where AS is negated when the pro-
cessor asserts BG (idle bus case). Figure 51
shown the timing where AS is asserted when
the procassor asserts BG (active bus case).
Figure 52 shows the timing where more than

one bus master are requesting the bus. Referto
Bus Arbitratlon for a complete discussion of
bus arbitration.

Thewaveforms shown in Figures 50, 51, and 52
should only be referenced in regard to the

edge-10-edge measurementof the timing speci-
fications. They are notintended as a functionat
dascription of the input and output signals. Re-
fer 1o other functional descriptions and their re-
lated diagrams for device operation.
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Figure 50. Bus Arbitration Timing Dlagram — Active Bus Case
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Figure 51. Bus Arbitration Timing Diagram — Idie Bus Case
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Figure 52. Bus Arbitration Timing Diagram — Multiple Bus Requests
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