SCN68000
16-/32-Bit Microprocessor

Product Specification
Microprocessor Products

DESCRIPTION PIN CONFIGURATIONS
The SCN68000 is the first implementa-

tion of the S68000 16/32 bit micropro- x (69

cessor architecture. The SCN68000 has M4 e

a 16-bit data bus and 24-bit address bus, H 4
while the full architecture provides for PGA (3% 3
32-bit address and data buses. It is S22 6006222
completely code-compatible with the Aww
SCN68008 8-bit data bus implementa- A 12345678910
tion of the S68000 and is downward ToP view cooors o e

code-compatible with the SCN68010 vir-
tual extension and the SCN68020 32-bit
implementation of the architecture. Any
user-mode programs written using the
SCN6E8000 instruction set will run un-
changed on the SCN68008, SCN68010,
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

27 4

architecture. TOP VIEW o
R PLCCFunction PLCCFunction PGA Function PGA Function
The resources available to the D4 35 A4 Al NC F1 HALT
; ina: 2 D3 36 A5 A2 AS F2 RESET
SCN68000 user consist of the following: 2 oo 3 e 2 D1 > Ato
e 17 32-bit data and address 40 3 A7 A4 D2 F10 A19
" 5 DO 39 A8 A5 D4 Gt VMA
registers 8 ﬁlsss 40 A9 A8 D5 G2 VPR
e 16 Mbyte direct addressing range ; :; :}? :47, 33, gfo ::;
® 56 powerful instruction types - ?gxck PR oA S %g
q ' i " 45 At4 B1 H3
e Operations on five main data types 12 QEHTCR % ms B2 % He A13
| 13 47 A6 B3 H8 A12
b Memory mapped 170 14 Ve 48 A17 B4 DO H10 At8
® 14 addressing modes 15 CLK 49 A18 B5 D3 J1 BERR
16 GND 50 A19 B6 D6 J2 o
H i 17 GND 51 A20 87 D8 J3 FC1
As' shown in the programming fnodel 18 NG 2 Veo B8 D1 I
(Figure 1), the SCN68000 offers sixteen 19 HALT 53 A21 B89 D14 5 A2
32-bit registers and a 32-bit program 2 FESET s a2z Blopi R4S
counter. The first eight registers = e s e:g c2 a‘t/‘;w - A10
(DO - D7) are used as data registers for 3 %n Z, 315 s 313 JJw ::1
byte (8-bit), word (16-bit), and long word 28 59 D14 A28 K1 NG
: . jLa%]
(32-bit) operations. The second set of Z rm‘s :? g:g %110 % g :g
H 28 FC2 82 D11 D2 Vv K4 A1
seven reglsters (A0 - A6) and the user 2 Fo1 8 o1 o ks A3
stack pointer (USP) may be used as. 30 FCO 64 D9 D10 A21 K6 A4
i 31 NC 685 De E1 CLK K7 A8
software 'stack pointers and basg ad- 32 A1 & 07 £2 GND K8 A7
dress registers. In addition, the registers 33 A2 67 D6 E0 Voo K9 A9
may be used for word and.long word 34 A3 e 05 Et0 AZ0 K10 NG
operations. All of the 16 registers may
be used as index registers.
TOP VIEW
CDO030S
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16-/32-Bit Microprocessor SCN68000
ORDERING INFORMATION
Vec =6V £5%, To=0°C to 70°C
PACKAGES
SMHz 10MHz 12.5MHz
64-Pin Ceramic DIP SCN68000C8I164 SCN68000CAI64 SCN68000CBI64
64-Pin Plastic DIP SCN68000CBN64 SCNE8000CANG4 SCN68000CBNG64
68-Pin Plastic LCC SCN68000CBA68 SCNE8000CAAES SCN68000CBAE8
68-Pin PGA SCN68000C8P68 SCN68000CP88 SCN68000CBP68
in supervisor mode, the upper byte of the
1) 16 15 87 status register and the supervisor stack point-
- T 1 _Joo er (SSP) are also available to the program-
[ : : In mer. These registers are shown in Figure 2.
L | 1 - : The status register (Figure 3) contains the
- 1 | Toe m interrupt mask (eight levels availabie) as well
- [} | —Tos as the condition codes: extend (X), negative
- 1 | os (N), zero (2), overflow (V), and cary (C).
- 1 1 — Additional status bits indicate that the proces-
A l o7 sor is in a trace (T) mode and in a supervisor
2 B (S) or user state.
= I L
- 1 _Ia
| ! _A2 geven
[ | _Jas Aconess
[ : B [ i
- | s
1 s
A7 USER STACK
[ H ) [
31 0
I “Jpc  PROGRAM
7 [3
[Jccn 3T
PROOSICS
Figure 1. User Programming Model
n 16 18 [ a7
| H _J@s» stack PowTER
% 87 0
" srvenecwren
PFO0BS0E
Figure 2. Supervisor Programming Model Supplement
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16-/32-Bit Microprocessor SCN68000
Data Types and Addressing
Modes SYSTEM BYTE ussxm
Five basic data types are supported. These /s PPy I A4 * AN
data types are:
o Bits ENONNDANNNEB0AR
® BCD digits (4 bits) TRACE MODE
® Bytes (8 bits)
® Words (16 bits)
® Long words (32 bits) OVERFLOW
In addition, operations on other data types c‘,\:,'::,s
such as memory addresses, status word data,
etc., are provided in the instruction set. Figure 3. Status Register
The 14 address modes, shown in Table 1, Taple 1. Addressing Modes
include six basic types:
e Register direct ADDRESSING MODES SYNTAX
® Register indirect Register direct addressing
® Absolute Data registef direc.t Dn
® Program counter relative Address register direct An
® Immediate Absolute data addressing
i Absolute short 00, W
® Impli
mplied Absolute long ox. L
Included in the register indirect addressing — -
modes is the capability to do postincrement- ng.'.mwith relative 9 (PG
ing, predecrementing, offsetting, and index- Se:aae it ,‘"nd?' 4 offset d"(;lgc ))( o
ing. The program counter relative mode can elative index and ofise! 8PL,
also be modified via indexing and offsetting. Register indirect ing
Register indirect (An)
Postincrement register indirect (An) +
Predecrement register indirect —(An)
Register indirect with offset dyg(An)
Indexed register indirect with offset dg(An,Xn)
N diate data add ing
Immediate #00
Quick immediate #1-#8
Implied addressing
Implied register SR/USP/SP/PC
NOTES:

December 12, 1986
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Dn = Data register

An = Address register

Xn = Address or data register used as index register
SR = Status register

PC = Program counter

SP = Stack pointer

USP = User stack pointer

( ) =Effective Address

dg = 8-bit offset (displacement)
dye = 16-bit offset (displacement)
#0 = Immediate data
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Instruction Set Overview

The SCN68000 instruction set is 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 instruction set's support of
structured high-level languages to facilitate
ease of programming. Each instruction, with
few exceptions, operates on bytes, words,
and long words and most instructions can use
any of the 14 addressing modes. Combining
instruction types, data types, and addressing
modes, over 1000 useful instructions are
provided. These instructions include signed
and unsigned, multiply and divide, '‘quick"
arithmetic operations, BCD arithmetic, and
expanded operations (through traps).

December 12, 1986

Table 2. instruction Set Summary

MNEMONIC DESCRIPTION
ABCD Add decimal with extend
ADD Add
AND Logical AND
ASL Arithmetic shift left
ASR Arithmetic shift right
Bce 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
CMP
DBce Test condition, decrement and branch
DIvS Signed divide
Divu Unsigned divide
EOR Exclusive OR
EXG Exchange registers
EXT Sign extend
JMP Jump
JSR Jump to subroutine
LEA Load effective address
LINK Link stack
LSL Logical shift left
LSR Logical shift right
MOVE Move source to destination
MULS Signed multiply
MULU Unsigned multiply
NBCD Negate decimal with extend
NEG Negate
NOP No operation
NOT One's complement
OR Logicat 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 Test
UNLK Unlink
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Table 3. Variations of instruction Types

INSTRUCTION |y spiaTiON DESCRIPTION
TYPE
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 to condition codes
ANDI to SR AND i diate to status regi
CMmP CMP Compare
CMPA Compare address
CMPM Compare memory
CMPI Compare immediate
EOR EOR Exclusive OR
EORI Exclusive OR immediate
EORI to CCR Exclusive OR immediate to condition codes
EORI to SR Exclusive OR i diate to status regist
MOVE MOVE Move source to destination
MOVEA Move address
MOVEM Move muttiple registers
MOVEP Move peripheral data
MOVEQ Move quick
IS‘;) VE from Move from status register
MOVE to SR Move to 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 to condition codes
ORI to SR OR i diate to status regist
suB sus Subtract
SUBA Subtract address
suBl Subtract immediate
suBQ Subtract quick
SuBX Subtract with extend

December 12, 1886
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DATA ORGANIZATION AND
ADDRESSING CAPABILITIES

This section contains a description of the
registers and the data organization of the
SCN68000.

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 en-
coded in the instruction or implicitly defined
by the instruction operation. Implicit instruc-
tions support some subset of all three sizes.

Data Organization in Registers

The eight data registers support data oper-
ands of 1, 8, 16, or 32 bits. The seven
address registers together with the stack
pointers support address operands of 32 bits.

Data Registers

Each data register is 32 bits wide. Byte
operands occupy the low-order 8 bits, word
operands the low-order 16 bits, and long-
word operands the entire 32 bits. The least
gignificant 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 ap-
propriate 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
32 bits wide and holds a full 32-bit address.
Address registers do not support the sized
operands. Therefore, when an address regis-
ter is used as a source operand, either the
low-order word or the entire long-word oper-
and is used depending on the operation size.
When an address register is used as the
destination operand, the entire register is
affected regardless of the operation size. If
the operation size is word, any other oper-
ands are sign extended to 32 bits before the
operation is performed.

December 12, 1986

15 14 1312109 8 7 3 s 4 3 2 1 [
WORD 000000
BYTE 000000 1L BYTE 000001
WORD 000002
BYTE 000002 1 BYTE 000003

BYTE FFFFFE

l WORD FFFFFE

BYTE FFFFFF

Figure 4. Word Organization in Memory

P
]

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 a long word
datum is located at address n (n even), then
the second word of that datum is located at
address n + 2.

The data types supported by the SCN68000
are: bit data, integer data of 8, 16, or 32 bits,
32-bit addresses and binary-coded decimal
data. Each of these data types is put in
memory, as shown in Figure 5. The numbers
indicate the order in which the data would be
accessed from the processor.

Addressing

Instructions for the SCN68000 contain two
kinds of information: the type of function to be
performed and the location of the operand(s)
on which to perform that function. The meth-
ods used to locate (address) the operand(s)
are explained in the following paragraphs.

Instructions specify an operand location in
one of three ways:

Register specification — the number of the

register is given in the register field of their -

instruction.

Effective address - use of the different effec-
tive addressing modes.

2-345

Implicit reference - the definition of certain
instructions implies the use of specific regis-
ters.

Instruction Format

instructions are from one to five words in
length as shown in Figure 6. The length of the
instruction and the operation to be performed
is specified by the first word of the instruction
which is called the operation word. The re-
maining words further specify the operands.
These words are either immediate operands
or extensions to the effective address mode
specified in the operation word.

Program/Data References

The SCN68000 separates memory refer-
ences into two classes: program references
and data references. Program references, as
the name implies, are references to that
section of memory that contains the program
being executed. Data references refer to that
section of memory that contains data. Oper-
and reads are from the data space except in
the case of the program counter relative
addressing mode. All operand writes are to
the data space.

Register Specification

The register field within an instruction speci-
fies the register to be used. Other fields within
the instruction specify whether the register
selected is an address or data register and
how the register is ‘o be used.

Copyrighted By Its Respective Manufacturer
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BIT DATA — 1 BYTE = 8 BITS
6 5 4 3 2 1 o

l

| | [ [ ] ]

INTEGER DATA - 1B8YTE = 8 8ITS

15 1 13 2 " 10 9 8 7 6 5 4 3 2 1 0
BYTEO BYTE1
nss Lse
BYTE2 BYTES
1 WORD = 16 BITS
15 14 13 12 " 10 9 s 7 [ s 4 3 2 1 0
WORD 0
use oK Lss
WORD 1
WORD 2
1LONG WORD = 32 BITS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
had HIGH ORDER
b ——LONG WORD 0 — e o o e o o — — — — — o — —
LOW ORDER
Lse

Figure 5. Memory Data Organization

- — —lONGWORD1— — — — — — — e —
|- — — LONGWORD2— — —— - —— e ———— . — —
ADDRESSES — 1 ADDRESS = 32 BITS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mse HIGH ORDER
| — — ADDRESS 0~ — —— — - — ——— o —— . ———— — —
LOW ORDER
Lss
- — — ADDRESS 1—m — — — — — — — — — . — — — — — —
b — — ADDRESS 2= = e - ——— - —— — — — — — — — — — — ]
MSB = MOST SIGNIFICANT BIT LB = LEAST SIGNIFICANT BIT
DECIMAL DATA
2 BINARY CODED DECIMAL DIGITS = 1 BYTE
15 N 13 12 1 w9 8 71 & 5 4 32 1 0
MS0
acoo 8co1 8co02 BCD3
Lso
BCO & 8cos 8cos 8co7
MSD = MOST SIGNIFICANT DIGIT _ LSD ~ LEAST SIGNIFICANT DIGIT
AFo0u905

December 12, 1986
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15 “ 13 12 11 10 ® 8 7 [ 5 4 3 2 t

OPERATION WORD
(FIRST WORD SPECIFIES OPERATION AND MODES)

IMMEDIATE OPERAND
{IF ANY, ONE OR TWO WORDS).

SOURCE EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)

DESTINATION EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)

Figure 6. Instruction Operation Word General Format

AF005108

15 " 13 ? 1" 5 4 3 2 1

°

EFFECTIVE ADDRESS

1 9 8 7 L]
le‘lxlxlxl

This Materi al

MODE 1

eren__|

Figure 7. Single-Effective-Address Instruction Operation Word

AF00520S

Etfective Address

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

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

Register Direct Modes

These offective addressing modes specify
that the operand is in one of 16 multifunction
registers.

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 effec-
tive address register field.

Memory Address Modes

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

Address Register Indirect — The address
of the operand is in the address register
specified by the register field. The reference
is classified as a data reference with the

December 12, 1986

Copyri ghted By

exception of the jump and jump-to-subroutine
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
incremented by one, two, or four depending
on whether the size of the operand is byte,
word, or long word. If the address register is
the stack pointer and the operand size is
byte, the address is incremented by two
rather than one to keep the stack pointer on a
word boundary. The reference is classified as
a data reference.

Address Register 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
decremented by one, two, or four depending
upon whether the operand size is byte, word,
or long word. If the address register is the
stack pointer and the operand size is byte,
the address is decremented by two rather
than one to keep the stack pointer on a word
boundary. The reference is classified as a
data reference.

Address Register Indirect with Displace-
ment — This addressing mode requires one
word of extension. The address of the oper-
and is the sum of the address in the address
register and the sign-extended 16-bit dis-
placement integer in the extension word. The
‘reference is classified as a data reference
with the exception of the jump and jump-to-
subroutine instructions.

Address Register Indirect with index —
This addressing mode requires one word of
extonsion. The address of the operand is the
sum of the address in the address register,

2-347

the sign-extended displacement integer in the
low order eight bits of the extension word,
and the contents of the index register. The
reference is classified as a data reference
with the exception of the jump and jump-to-
subroutine instructions.

Special Address Modes

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

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

Absolute Long Address — This addressing
mode requires two words of extension. The
address of the operand is developed by the
concatenation of the extension words. The
high order part of the address is the first
extension word; the low order part of the
address is the second extension word. The
reference is classified as a data reference
with the exception of the jump and jump-to-
subroutine instructions.

Program Counter with Disp it —
This addressing mode requires one word of
extension. The address of the operand is the
sum of the address in the program counter
and the sign-extended 16-bit displacement
integer in the word. The value in the program
counter is the address of the extension word.
The reference is classified as a program
reference.

Its Respective Manufacturer

N



This Materia

Product Specification

16-/32-Bit Microprocessor SCN68000
Program Counter with Index — This ad- Table 4. Effective Address Encoding Summary
dressing mode requires one word of exten- ADDRESSING MODE MODE REGISTER
sion. The address is the sum of the address - -
in the program counter, the sign-extended Data register direct 000 Register number
displacement integer in the lower eight bits of Address register direct 001 Register number
the extension word, and the contents of the "y N -
index register. The value in the program Address register indirect 010 Register number
counter is the address of the extension word. Address register indirect with postincrement (3R] Register number
T’;is reference is classified as a program | Address register indirect with predecrement 100 Register number
reference.
Addi ogi indi with displ 101 Register number
Immediate Data — This addressing mode - — — -
requires either one or two words of extension Address register indirect with index 110 Register number
depending on the size of the operation. Absolute short 111 000
Byte operation - operand is low-order byte of Absolute long 111 001
extension word. Program counter with displacement 111 010
Word operation - operand is extension word. Program counter with index 111 011
Long-word operation - operand is in the two immediate 111 100
extension words, high-order 16 bits are in the
first extension word, low-order 16 bits are in Table 5. Data Movement Operations
the second extension word.
UCT! OPERAND

Implicit Reference — Some instructions INSTR 1oN SIZE OPERATION
maks implicit reference to the ;?rogram count- EXG 32 Rx < Ry
er (PC), the system stack pointer (SP), the
supervisor stack pointer (SSP), the user stack LEA 32 EA — an
pointer (USP), or the status register (SR). A AN — _(sp)
selected set of instructions may reference the LINK sP

. . - — An
status register by means of the effective SP + displ t
address field. These are: isplacement — gp
ANDI to CCR ORI to SR MOVE 8, 16, 32 s — (EA)M
ANDI to SR MOVE to CCR =)
EORI to CCR MOVE to SR MOVEM 186, 32 —> An, Dn
EORI to SR MOVE from SR * An, Dn - ga
or © SR : MOVEP 16, 32 (EA) ~ Dn
Effective Address Encoding ' Dn — (€A)
Summary
Table 4 is a summary of the effective ad- MOVEQ 8 #0 — Dn
dressing modes discussed in the previous PEA 32 EA - _(sp)

ra hs.
paragrap SWAP 32 Dn[31:16] < Dn[15:0]
System Stack an
The system stack is used implicitly by many UNLK _ - SP
instructions; user stacks and queues may be - (BP + — an
created and maintained through the address- NOTES:
ing modes. Address register seven (A7) isthe s = source [ } = bit number { ) + =indirect with postdecrement
d = destination ~( ) = indirect with p " #* = i data

system stack pointer (SP). The system stack
pointer is either the supervisor stack pointer
(SSP) or the user stack pointer (USP), de-
pending on the state of the S bit in the status
register, If the S bit indicates supervisor state,
SSP is the active system stack pointer and
the USP cannot be referenced as an address
register. If the S bit indicates user state, the
USP is the active system stack pointer and

include all the machine functions to perform
the following operations:

Data movement Bit manipulation
Integer arithmetic Binary coded decimal
Logical Program control

Shift and rotate System control

The compiete range of instruction capabilities
co d with the flexible addressing modes

the SSP cannot be referenced. Each syst

stack fills from high y to low Y.

INSTRUCTION SET SUMMARY

This section contains an overview of the form
and structure of the SCN68000 instruction
set. The instructions form a set of tools that

December 12, 1986

d ibed previously provide a very flexible
base for program development.

Data Movement Operations

The basic method of data acquisition (trans-
fer and storage) is provided by the move
(MOVE) instruction. The move instruction and
the effective addressing modes allow both
address and data manipulation. Data move

2-348

instructions allow byte, word, and long-word
operands to be transferred from memory to
memory, memory to register, register to mem-
ory, and register to register. Address move
instructions allow word and long-word oper-
and transfers and ensure that only legal
address manipulations are executed. In addi-
tion to the general move instruction there are
several special data movement instructions:
move multiple registers (MOVEM), move pe-
ripheral data (MOVEP), exchange registers
(EXG), load effective address (LEA), push
effective address (PEA), link stack (LINK),
unlink stack (UNLK), and move quick
(MOVEQ). Table 5 is a summary of the data
movement operations.

Copyrighted By Its Respective Manufacturer
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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), clear
(CLR), and negate (NEG). The add and sub-
tract instructions are available for both ad-
dress 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 used on all sizes of data operands.

The multiply and divide operations are avail-
able for signed and igned op ds using

Tabie 6. integer Arithmetic Operations

word muitiply to produce a long-word product,
and a long-word dividend with word divisor to
produce a word quotient with a word

der.

Multiprecision and mixed size arithmetic can
be accomplished using a set of extended
instructions. These instructions are: add ex-
tended (ADDX), subtract extended (SUBX),
sign extend (EXT), and negate binary with
extend (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 operation instructions AND, OR,
EOR, and NOT are avallable for all sizes of
integer data operands. A similar set of imme-
diate instructions (ANDI, ORI, and EORI)
provide these logical operations with all sizes
of immediate data. Table 7 is a summary of
the logical operations.

December 12, 1988

OPERAND
INSTRUCTION SIZE OPERATION
8, 16, 32 Dn + (EA) - Dn
(EA) + Dn — (EA)
ADD (EA) + #x0X — (EA)
16, 32 An +(EA) = An
8, 18, 32 Dx+Dy+X — Dx
ADDX 16, 32 —(AX) +—(AY) + X = (Ax)
CLR 8, 16, 32 00— EA
8, 16, 32 Dn-(EA)
(EA) ~ #xx
oMP (A + ~(Ay)-
16, 32 An - (EA)
DIVS 32+16 Dn+(EA) — Dn
DIVU 32+16 Dn +(EA) — Dn
8 > 16 (On)s — Dnyg
et 16 — 32 (Dnhe — Dngp
MULS 16 X 16 — 32 Dn X (EA) — Dn
MULU 16X 16 — 32 | Dn X (EA) - pn
NEG 8, 16, 32 0-(EA) — (EA)
NEGX 8, 16, 32 0-(EA})-X — (EA)
8, 16, 32 Dn-(EA) - pn
(EA)-Dn — (EA)
sue (EA) - #20 — (EA)
16, 32 An-(EA) = An
Dx-Dy-X — pDx
SuUBX 8, 16, 32 “(A) (A -X - (Ax)
TAS 8 (EA)-0, 1 — EA[7)
TST 8, 16, 32 (EA)-0
NOTES:

[ ] =bit number
# =immediate data

Tabie 7. Logical Operations

—( ) = indirect with predecrement
( )+ =indirect with postdecrement

INSTRUCTION OPERAND SIZE OPERATION
Dn A (EA) — Dn
AND 8, 16, 32 (EA) A Dn > (EA)
(EA) N\ #00¢ — (EA)
Dn V (EA) — Dn
OR 8, 16, 32 (EA) VDn — (EA)
(EA) V #x0 — (EA)
(EA)®Dy — (EA)
EOR 8, 16, 32 (A ® #x00x — (EA)
NOT 8, 16, 32 ~(EA) — (EA)
NOTES:
# = immediate data
~ = invert
A = logical AND
V = logical OR

® = logical exclusive OR
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Shift and Rotate Operations Table 8. Shift and Rotate Operations
Shift operations in both directions are provid- OPERAND
ed by the arithmetic instructions ASR and | NSTRUCTION SIZE OPERATION
ASL and logical shift instructions LSR and
LSL. The rotate instructions (with and without _ °
extend) available are ROXR, ROXL, ROR, ASL 8, 18, 32
and ROL. All shift and rotate operations can
be performed in either registers or memory. ASR 8, 16, 32
Register shifts and rotates support all oper-
and sizes and allow a shift count specified in
a data register. LSL 8, 16, 32 (xc] 0
Memory shifts and rotates are for word oper-
?:;fe:nly and allow only single-bit shifts or LSR 8, 16, 32 ° [——]
Table 8 is a summary of the shift and rotate
operations. ROL 8, 16, 32 [ —— T
———
ROR 8, 16, 32
ROXL 8 16, 32
ROXR 8, 16, 32 N [ c ]
Bit Manipulation Operations Table 9. Bit Manipulation Operations
Bit manipulation operations are accomplished STR OPERAND
using the following instructions: bit test IN UCTION SIZE OPERATION
(BTST), bit test and set (BSET), bit test and BTST 8. 32 ~bit of (EA
clear (BCLR), and bit test and change ' - EA - 2z
(BCHG). Table 9 is a summary of the bit BSET 6, 32 ~bit of (EA) — 7
manipulation operations. (Z is bit 2 of the ' 1 = bit of EA
status register.) "
~bit of (EA) —» 2z
BCLR 8, 32 0 = bit of EA
~bit of (EA) — 7
HG 3 )
B¢ 8. 32 ~bit of (EA) — pit of EA
NOTE:
~ = invert

Binary Coded Decimal
Operations

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

December 12, 1986

Table 10. Binary Coded Decimal Operations

INSTRUCTION | OPERAND OPERATION
SIZE

Dx19 + Dy10 + X — Dx

ABCD

8 ~(A10 + ~(Ayhio + X — (Ax)

Dx10-Dy10-X — px

SBCD 8

j =(Ax)10--(Aylo-X — (Ax)
NBCD 8 0~(EA)10-X — (EA)
NOTE

-( )-Vindirecl with predecrement.
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Program Control Operations Table 11. Program Control Operations

This Materia

Program control opera(ipns are accomplished INSTRUCTION OPERATION
using a series of conditional and uncondition-
al branch instructions and retum instructions. Conditional
These instructions are summarized in Bee Branch conditionally (14 conditions)
Table 11. 8- and 16-bit displacement
- . . X . DBcc Test condition, decrement, and branch
The condmgnal instructions _provnde §§mng 16-bit displacement
and branching for the following conditions: Scc Set byte conditionally (16 conditions)
CC - carry clear LS ~low or same
CS - carry set LT - less than Unconditional
EQ - equal MI - minus BRA Branch always
F — never true NE - not equal 8- and 16-bit displacement
GE - greater or equal PL-plus BSR Branch to subroutine
GT -greater than T -always true 8- and 16-bit displacement
HI - high VC - no overflow JMP Jump
LE - less or equal VS - overflow JSR Jump to subroutine
Returns
RTR Return and restore condition codes
RTS Return from subroutine

System Control Operations

Table 12. System Contr

ol Operations

System control operations are accomplished INSTRUCTION OPERATION
by using privileged instructions, trap generat-
ing instructions, and instructions that use or Privileged
modify the status register. These instructions ANDI to SR Logical AND to status register
are summarized in Table 12. EORI to SR Logical EOR to status register
MOVE EA to SR Load new status register
MOVE USP Move user stack pointer
ORI to SR Logical OR to status register
RESET Reset external devices
RTE Return from exception
STOP Stop program execution

December 12, 1986

Trap generating
CHK

Check data register against upper bounds

TRAP Trap

TRAPV Trap on overflow

Status register

ANDI to CCR Logical AND to condition codes
EORI to CCR Logical EOR to condition codes

MOVE EA to CCR
MOVE SR to EA
ORI to CCR

Load new condition codes
Store status register
Logical OR to condition codes
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SIGNAL AND BUS OPERATION
DESCRIPTION Vecl®
This section contains a brief description of _%’ BUs A1-A23
the input and output signals. A discussion of x>
bus operation during the various machine > m DO-D1S
cycles and operations is also given. g
The terms and will bo used AW
This is done to avoid confusion when dealing with a mixture T8 ASYNCHRONOUS
of “active-low” and "'active-high” The term assert or [ BUS
assertion is used to indicate that a signal is active or true, PROCESSOR FC1 ,__%.. CONTROL
independent of whether that level is represented by a high or STATUS FC2 [ (DA
low voitage. mmmuwﬂmhmﬁbmﬂ
that a signal is inactive or false. € ]
Signal Description syncuronous | S - BUS ARBITRATION
The input and output signals can be function- P | [
ally organized into the groups shown in Figure -
8. The following paragraphs provide a brief —BERE | v
description of the signais and a reference (if SYSTEM ‘ & | P8 | WTERRUPT
applicable) to other paragraphs that contain | xS
more detail about the function being per-
formed.
Figure 8. Input and Output nals
Address Bus (A1 through A23) Sio
This 23-bit, unidirectional, 3-State bus is ca-
pable of addressing 8 megawords of data. It Table 13, Data Strobe Control of Data Bus
the add for bus operation during
all cycles except interrupt cycles. During inter- Ups bS R/W D8 -D15 DO -D7
fupt cycles, address lines A1, A2, and A3 High High - No valid data No valid data
provide information about what level ir P - - -
is being serviced while address lines A4 Low Low Hiah Valid data bits Valid data bits
ic hi 9 8-15 0-7
through A23 are all set to a logic high. - -
Data Bus (DO through D15) High Low | High No vaiid data Valid data bits
This 16-bit bidirectional, 3-State bus is the -
general purpose data path. It can transfer and . ) Valid data bits )
accept data in either word or byte length. Low High High 8-15 No valid data
During an interrupt acknowiedge cycle, the - - - -
external device supplies the vector number Low Low Low Valid data bits Valid data bits
on data lines DO -D7. 8-15 0-7
Asynchronous Bus Control High Low Low V‘“dod‘;f bits Va"dod_“‘; bits
Asynchronous data transfers are handled -
using the following control signals: address Hioh Valid data bits Valid data bits
strobe, read/write, upper and lower data Low ig Low 8-15 8-15°
strobes, and data transfer acknowledge. NOTE:

These signals are explained in the following
paragraphs.

Address Strobe (AS) — This signal indicates
that there is a valid address on the address
bus.

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
paragraph.

Upper and Lower Data Strobe (UDS, [DS)
— These signals control the flow of data on
the data bus, as shown in Table 13. When the
R/W line is 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 Acknowiedge (DTACK) —
This input indicates that the data transfer is

Decomber 12, 1986
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completed. When the processor recognizes
DTACK during a read cycle, data is latched
and the bus cycle terminated. When DTACTR
is recognized during a write cycle, the bus
cycle is terminated. (Refef to Asynchi

processor will release bus controi at the end
of the current bus cycle.

Bus Grant Acknowledge (BGACK) — This
input indicates that some other device has

Versus S) Op

Bus Arbitration Control

The three signais, bus request, bus grant, and
bus grant acknowledge, form a bus arbitration
circuit to 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
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b the bus This signal should
not be asserted until the following four condi-
tions are met:

1. a bus 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
peripherals are using the bus, and

4. bus grant acknowledge is inactive which
indicates that no other device is still
claiming bus mastership.

Its Respective Manufacturer
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Interrupt Control (IPLO IPLT, TPL2)
These input pins indicate the encoded priority
level of the device requesting an interrupt.
Level seven is the highest priority while level
zero indicates that no interrupts are request-
ed. Lavel seven cannot be masked. The least
significant bit is given in TPLO and the most
significant bit is contained in TPL2. These
lines must remain stable until the processor
signals interrupt acknowledge (FCO - FC2 are
all high) to insure that the interrupt is recog-
nized.

System Control

The system control inputs are used to either
reset or halt the processor and to indicate to
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
signal to determine if the current bus cycle
should be re-executed or if exception pro-
cessing should be performed.

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

Reset (RESET) — This bidirectional signal
line acts to reset (start a system initialization
sequence) the processor in response to an
external reset signal. An internally generated
reset (result of a RESET instruction) causes
all external devices to be reset and the
internal state of the processor is not eﬁected
A total system reset (p! and e
devices) is the result of external AALT and
RESET signais applied at the same time.
Refer to Reset Operation for further informa-
tion.

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

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

Peripheral Control

These control signals are used to allow the
interfacing of synchronous peripheral devices
with the asynchronous SCN68000. These
signals are explained in the following para-
graphs.

Enable (E) — This signal is the standard
enable signal common to all synchronous
type peripheral devices. The period for this
output is ten SCN68000 clock periods {six
clocks low, four clocks high). Enable is gener-
ated by an internal ring counter which may
come up in any state (i.e., at power on, itis

ible to gt 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 (VPA) — This
input indicates that the device or region
addressed is a synchronous family device
and that data transfer should be synchronized
with the enable (E) signal. This input also
indicates that the processor should use auto-
matic vectoring for an intemrupt. Refer to
Interface with Sy Peripheral:

Valid Memory Address (VMA) — This out-
put is used to indicate to synchronous periph-
eral devices that there is a valid address on
the address bus and the processor is syn-
chronized to enable. This signal only re-
sponds to a valid peripheral address (VPA)
input which indicates that the peripheral is a
synchronous family device.

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 information mdlcated by the funcuon

Clock (CLK)

The clock input is a TTL-compatible signal
that is internally buffered for development of
the internal 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 puise width times.

Signal Summary

Table 15 is a summary of all the signals

discussed in the previous paragraphs.

Bus Operation

The following paragraphs explain control sig-

nal and bus operation during data transfer
ions, bus arbitration, bus error and hait

condmons and reset operation.

Data Transfer Operations

Transfer of data between devices invoives

the following leads:

1. address bus A1 through A23,

2. data bus DO through D15, and

3. control signals.

The address and data buses are separate
paralle! buses used to transfer data using an
asynchronous bus structure. in all cycles, the
bus master assymes responsibility for de-
skewing all signals it issues at both the start
and end of a cycle. In addition, the bus
master is responsible for deskewing the ac-
knowledge 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 SCN68000 for interlocked multi-
processor communications.

Read Cycle — During a read cycle, the
processor receives data from the memory or
a peripheral device. The processor reads
bytes of data in all cases. If the instruction
spacifies a word (or double word) aperation,

-code outputs is valid wh
strobe (AS) is active.

Table 14. Function Code Outputs

FUNCTION CODE
OUTPUT

CYCLE TYPE

FC2 | FC1 | FCO

Low | Low | Low

(Undefined, reserved)
User data

Low | Low | High

Low | High | Low
Low | High | High

User program
(Undefined, reserved)
(Undefined, reserved)

Supervisor data
Supervisor program
Interrupt acknowledge

High | Low | Low
High | Low | High
High | High | Low
High | High | High
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the pr 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 determine which byte to
read and then issues the data strobe required
for that byte. For byte operations, when the
AO 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 comrectly positions it
internally.

A word read cycle flowchart is given in figure
9. A byte read cycle fiowchart is give in Figure
10. Read cycle timing is given in Figure 11.
Figure 12 details word and byte read cycle
operations.
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Table 15. Signal Summary

H-Z
SIGNAL NAME MNEMONIC INPUT/OUTPUT ACTIVE STATE on RALT on BGACK

Address bus A1-A23 Output High Yes Yes
Data bus DO -D15 Input/output High Yes Yes
Address strobe AS Output Low No Yes
Read/write R/W Output le::g:w No Yes
Upper and lower data strobes UDS, (DS Output Low No Yes
Data transfer acknowledge DTACK Input Low No No
Bus request BR Input Low No No
Bus grant BG Output Low No No
Bus grant acknowledge BGACK Input Low No No
Interrupt priority level PLO, PLT, P2 Input Low No No
Bus error BERR Input Low No No
Reset RESET Input/output Low No'! No!
Hait HALT Input/output Low No' No'
Enable E Output High No No
Valid memory address VMA 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 ' Vee 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 SLAVE

ADORESS THE DEVICE

1) SET RW TO READ

2) PLACE CODE ON FCO-FC2

3) PLACE ADORESS ON A1-AZ3

4) ASSERT ADDRESS STROSE (AS)

s»wmnmnmkiﬁuno
LOWER DATA STROBE (LOS)

WNPUY THE DATA
1) DECODE ADDRESS
2) PLACE DATA ON D0-015
3) ASSERT DATA TRANSFER ACKNOWLEDGE
d
ACQUIRE THE DATA
1) LATCH DATA
2) NEGATE UDS AnD (53
3) NEGATE &S
TERMINATE THE CYCLE
1) REMOVE DATA FROM 00-D15
2) NEGATE
]
r START NEXT CYCLE |
AFO0S30S
Figure 9. Word Read Cycle Flowchart
BUS MASTER SUAVE

INPUT THE DATA

1) DECODE ADDRESS

2) PLACE DATA ON D0-D7 OR D8-D15 (BASED
ON UGS OR LOS)

3) ASSERT DATA TRANSFER ACKNOWLEDGE
(OTACK)

ACQUIRE THE DATA
1) LATCH DATA
2) NEGATE UDS OR DS
3) NEGATE AS
TERMINATE THE CYCLE
1) REMOVE DATA FROM D0-07 OR D8-D15
2) NEGATE DTACK
1
r START NEXT CYCLE
PFO02506

Figure 10. Byte Read Cycie Flowchart

In]
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3081328334SGSCSTSOS‘SZSSSGSSSGS‘ISQSIS?SJSQWWWWSSSG$7
CLK

FCO-FC2 3 X X
At-az3 D—L ) am § D @

AS

uos

LDS

Rw

OTACK
08-015 e > Y
00-07 = L Y

F—_nuo ='l= WRITE ;L SLOW READ __bl
wro)

?éié

1a218

Figure 11. Read and Write Cycle Timing Diagram

”S!S!”S‘“SlSTSGSII?&MSS“S7SOS|SZ&'IS‘S$SCS7

roorcz _ W D Gl X
) o @

QH

é

*INTERNAL SIGNAL ONLY

j———wonro READ————>}¢—— 000 BYTE READ ——3»|t—— evensvre READ——=|

Figure 12. Word and Byte Read Cycie Timing Diagram
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Write Cycle — During a write cycle, the
processor sends data to either the memory or
a peripheral device. The processor writes
bytes of data in all cases. If the instruction

fies a byte operation, the processor uses an
internal A0 bit to determine which byte to
write and then issues the data strobe required
for that byte. For byte operations, when the

specifies a word operation, the p >
writes both bytes. When the instruction speci-

AO bit Is zero, the upper data strobe is
issued. When the A0 bit equais one, the lower

data strobe is issued. A word write cycle
flowchart is given in Figure 13. A byte write
cycle flowchart is given in Figure 14. Write
cycle timing is given in Figure 11. Figure 15
details word and byte write cycle operation.

BUS MASTER

AODRESS THE DEVICE

1) PLACE FUNCTION COOE ON FCO-FC2

5) PLACE DATA ON DO-D1S
LOWER DATA STROBE (L

6) ASSERT UPPER DATA sv_gss (UDS) AND
)

INPUT THE DATA

(

TERMINATE OUTPUT TRANSFER

1) NEGATE UDB AND TOS

2) NEGATE AS

3) REMOVE DATA FROM D0-015
4) SET RAW TO READ

1) DECODE ADDRESS
2) STORE DATA ON DO-D15
3) ASSERY DATA TRANSFER ACKNOWLEDGE

TERMINATE THE CYCLE

l START NEXT CYCLE

I

1) NEGATE DTACK

Figure 13. Word Write Cycie Flowchart
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BUS MASTER SLAVE

ADORESS THE DEVICE

1) PLACE FUNCTION COOE ON FCO-FC2
2) PLACE ADDRESS ON A1-A23
3) ASSERT ADORESS STROBE (XS)

WRITE
5) PLACE DATA ON DO-O7 OR D8-D15S
(ACCORDING TO A0}
6) ASSEAT UPPER DATA STROBE (UDS) OR
LOWER DATA STROBE (LDS) (BASED ON A0)

INPUT THE DATA

1) DECODE ADDRESS _

2) STORE DATA ON DO-D7 IF LDS IS ASSERTED
STORE DATA ON D8-D1S IF UDS IS
ASSERTED

3) ASSERY DATA TRANSFER ACKNOWLEDGE
(DTACK)

TERMINATE OUTPUT TRANSFER -

1) NEGATE UDS AND (DS

2) NEGATE AS

3) REMOVE DATA FROM DO-D7 OR De-D15
4) SET R'W TO READ

- TERMINATE THE CYCLE

1) NEGATE DTACK

I START NEXT CYCLE )

PROGE21S

Figure 14. Byte Write Cycle Flowchart

SO St S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7

e LML LI rrirug

rcorcz YW ) ¢ D ¢ )
AL-A23 )—( £ r— ),
Ao* ] |

*INTERNAL SIGNAL ONLY

I‘——WORD WRITE ——b“— ODD BYTE WRITE—»“_EVEN BYTE WRITE——»‘

WRO147IS

Figure 15. Word and Byte Write Cycle Timing Diagram
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Read-Modify-Write Cycle — The read-modi-
fy-write cycle performs a read, modifies the
data in the arithmetic-logic unit, and writes the
data back to the same address. In the
SCN68000, this cycle is indivisible in that the
address strobe is asserted throughout the

entire cycle. The test and set (TAS) instruc-
tion uses this cycle to provide meaningful
communication between processors in a mul-
tiple processor environment. This instruction
is the only instruction 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-modify-write cycle flowchart is given in
Figure 16 and a timing diagram is given in
Figure 17.

Y|

SLAVE

STROPE (35)
) ASSERT UPPER DATA STROBE (U08) OR
LOWER DATA STROBE (LD%)

INPUT THE DATA

1) DECODE ADDRESS
2) PLACE D4TA ON 00-07 OR DS-D15
Mﬁ“flmlm

ACOUIRE THE DATA

1) LATCH DATA
2) NEGATE OR L%
3) START DATA MOOIFICATION

TERMINATE THE CYCLE

1) REMOVE DATA FROM D0-07 OR D8-D1§
2) NEGATE

START QUTPUT

1) SET RIW TO WRITE

2) PLACE DATA ON D0-07 OR D6-D1

3) ASSERT UPPER DATA STROBE (! ) OR
LOWER DATA STROBE (LD%)

INPUT THE DATA

1) STORE DATA ON DO-D7 OR 08-D1§
2) ASSERT DATA TRANSFER ACKNOWLEDGE
(DTACK)

ouTPUT

1) NEGATE UDS OR I8

2) MEGATE A%

3) REMOVE DATA FROM D0-D7 OR D8-015

4) SET RW TO READ

TERMINATE THE CYCLE
1) NEGATE DTACK
1

[ svanT wexy cvoe I

Figure 16. Read-Modity-Write Cycie Flowchart
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SO S1 S2 83 S4 S5 86 57 S8 S% $10 S11 S12 513 $14 $15 $16 S17 18 819

ek
foorcz X

A1-A23 }.(

B =\

S

RW

T \___/
s ()

i
i

€ CYCLE

Figure 17. Read-Modify-Write Cycle Timing Diagram
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Bus Arbitration

Bus arbitration is a technique used by master-

type devices to request, be granted, and

acknowiedge bus ip. In its simpl

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. K fedging that hip has been
assumed.

Figure 18 is a flowchart showing the detail

involved in a request from a single device.
Figure 19 is a timing diagram for the same

December 12, 1986
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operation. This technique allows processing
of bus requests during data transfer cycles.

The timing diagram shows that the bus re-
quest is negated at the time that an acknowi-

shows that the bus grant signal is negated a
few clock cycles after the transition of the
acknowiedge (BGACK) signal.

However, if the bus requests are still pending,

edge is asserted. This type of op

would be true for a system consisting of the
processor and one device capable of bus
mastership. In systems having a number of
devices ble of bus ip, the bus
request line from each device is wire-ORed to
the processor. In this system, it is easy to see
that there could be more than one bus
request being made. The timing diagram

2-360

the pi will assert another bus grant
within a few clock cycles after it was negated.
This additional assertion of bus grant allows
external arbitration circuitry to select the next
bus master before the current bus master has
completed its requirements. The following
paragraphs provide additional information
about the three steps in the arbitration pro-
cess.
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REQUESTING OEVICE

PROCESSOR
REQUEST THE BUS
1) ASSERT BUS REQUEST (ﬁ)
GRANT BUS

1) ASSERT BUS GRANY (8G)

ACKNOWLEDGE BUS MASTERSHIP

1) EXTERNAL ARBITRATION DETERMINES NEXT
BUS MASTER

2) NEXT BUS MASTER WAITS FOR CURRENT
CYCLE TO COMPL

3) NEXT BUS MASTER ASSERTS BUS GRANT
ACKNOWLEDGE (BGATR) TO BECOME

NEW MASTER

4) BUS MASTER NEGATES BR
TERMINATE ARBITRATION -
1) NEGATE BG (AND WAIT FOR BTACK TO
BE NEGATED)
- OPERATE AS BUS MASTER

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

y
RELEASE BUS MASTERSMIP
1) NEGATE BERER )

RE-ARBITRATE OR RESUME
PROCESSOR OPERATION

PFO0280S

Figure 18. Bus Arbitration Cycle F t

Inl
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CLK

FCO-FC2

A1-A23

L0S/00%

ST\~ N~/ \

AW

DTACK

DO-D15

BGACK

—PROCESSOR — - t——DMA DEVICE

j) S ) S— ) S———
\n__/ \_/ \_/ \__/ \___/
N/ e/ :)"—D ) S
s N\ / —

PROCESS(

Figure 19. Bus Arbitration Cycle Timing Diagram

DMA DEVICE

N
:
1

WF12715.

Requesting the Bus — External devices
capable of becoming bus masters request the
bus by asserting the bus request (BR) signal.
This is a wire-ORed signal (although it need
not be constructed from open-collector de-
vices) that indicates to the processor that
some external device 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 it has
completed the last bus cycle it has started.

When no acknowledge is received before the
bus request signal goes inactive, the proces-
sor will continue processing when it detects
that the bus request is inactive. This allows
ordinary processing to continue if the arbitra-
tion circuitry responded to noise inadver-
tontly.

Receiving the Bus Grant — The processor
asserts bus grant (BG) as soon as possible.
Normally this is immediately after internal
synchronization. The only exception to this
occurs when the processor has made an
internal decision to execute the next bus
cycle but has not progressed far enough into
the cycle to have asserted the address strobe
(AS) signal. In this case, bus grant will be
delayed until AS is asserted to indicate to
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external devices that a 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 affected by the external method of arbi-
tration as long as the protocol is obeyed.

Ack ledg of M hip — Upon
receiving a bus grant, the requesting device
waits until address strobe, data transfer ac-
knowledge, and bus grant acknowledge are
negated before issuing its own BGACK. The
negation of the address strobe indicates that
the previous master has completed its cycle;
the negation of bus grant acknowledge indi-
cates that the previous master has released
the bus. (While address strobe is 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 previous master. Note
that in some applications data transfer ac-
knowledge might not enter into this function.
General purpose devices would then be con-
nected such that they were only dependent
on address strobe. When bus grant acknowl-
edge is issued, the device is a bus master
until it negates bus grant acknowledge. Bus
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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.

The bus request from the granted device
should be dropped after bus grant acknowl-
edge is asserted. 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 Arbitration Control.
Note that the processor does not perform any
external bus cycles before it re-asserts bus
grant.

Bus Arbitration Control

The bus arbitration control unit in the
SCN68000 is implemented with a finite state
machine. A state diagram of this machine is
shown in Figure 20. All asynchronous signals
to the SCN68000 are synchronized before
being used internally. This synchronization is
accomplished in a maximum of one cycle of
the system clock, assuming that the asyn-
chronous input setup 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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AFO0740S

a. State Diagram for Mask Sets Previous to GN7

AFQ0831S

b. State Diagram for GN7 and Later Mask Sets

NOTES:
R = Bus request internal

X =Don't care
1. State machine will not change if the bus is SO or S1. Refer to Bus Arbitration Control.
2.The address bus will be placed in the high-impedance state if T is asserted and AS is negated.

Figure 20. SCN68000 Bus Arbitration Unit State Diagram
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Figure 21. Timing Relationship of External Asynchronous inputs to internal Signals
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Figure 22. Bus Arbitration Timing Diagram—Processor Active
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As shown in Figure 20, input signals labeled

A timing diagram of the bus arbitration se-

R and A are internally synchronized on the
bus request and bus grant acknowledge pins,
respectively. 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 placed in a high-impedance state when
AS is negated. All signals are shown in
positive logic (active high) regardless of their
true active voitage level. State changes (valiid
outputs) occur on the next rising edge after
the internal signal is valid.

q during a processor bus cycle is
shown in Figure 22. The bus arbitration se-
quence while the bus is inactive (i.e., execut-
ing internal operations such as a muitiply
instruction) is shown in Figure 23.

If a bus request is made at a time when the
MPU has already begun a bus cycie but AS
has not been asserted (bus state S0), BG will
not be asserted on the next rising edge.
Instead, BG will be delayed until the second
rising edge following its internal assertion.
This sequence is shown in Figure 24.

Bus Error and Halt Operation
In a bus architecture that requires a hand-
shake from an external device, the possibility
exists that the handshake might not occur.
Since different systems will require a different
maximum response time, a bus error input is
provided. External circuitry must be used to
ine the duration b  address
strobe and data transfer acknowledge before
issuing a bus error signal. When a bus error
signal is received, the processor has two
options: initiate a bus error exception se-
quence or try running the bus cycle again.

B3 ASSERTED AND BUS THREE STATED

B vauo
B SAMPLED

BUS RELEASED FROM THREE STATE AND
PR NEXT BUS CYCLE

BEATR NEGATED ———‘

cix
so s2 s s8 so s2 sS4
" ./
\ /
n__/
FCO-FC2 :x > 'O
A1-A23 ) ’_\-—-——
I —\_—/ \ I—L
m—\_____/ . —_
=\ / . —\_
AW ~ —
7 _—j__/ N
SO ¢
- >} sus. >} ALTERNATE BUS MASTER > -
weoraons
Figure 23. Bus Ar Timing Diag Bus Ina
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SUS RELEASED FROM THREE STATE AND

Do-015

Figure 24. Bus Arbitration Thning Diagram—Special Case

Bus Error Opetation — When the bus efror

signal is asserted, the current bus cycle is

terminated. If BERR is asserted before the

talling edge of S2, AS will be negated in S7 in

either a read or write cycle. As long as BERR

remains asserted, the data and address bus-

es will be in the high-impedance state. When

BERR is negated, the processor will begin

stacking for exception processing. Figure 25

is a timing diagl for the ption se-

quence. The sequence is composed of the

following elements:

1. stacking the program counter and status
register,

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 emor occurs. These
items are used to determine the nature of the
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error and correct it, if possible. The bus error
vector is vector number two located at ad-
dress $000008. The processor ioads the new
program counter from this location. A soft-
ware bus error handler routine is then execut-
ed by the processor. Refer to Excepti

NOTE:
The processor will not re-run a read-modify-write cycle. This
restriction is made to guarantee that the entire cycle runs

wmmmm-rmmmomcyw
a bus error operation resuits.

Processing for additional information.

Re-Run Operation — When, during a bus
cycle, the processor receives a bus érror
signal and the halt pin is being driven by an
external device, the processor enters the re-
run sequence. 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 re-
mains ""halted", and will not run another bus
cycle until the hait 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 controls. The bus error signal
should be removed at least one clock cycle
before the halt signal is removed.

2-366

Hait Op — The halt input signal to the
SCN68000 performs a halt/run/single-step
function in a similar fashion to the synchro-
nous device halt function. The halt and run
modes are somewhat seif-explanatory in that
when the halt signal is constantly active the
processor "halts’ (does nothing) and when
the halt signal is constantly inactive the
processor ''runs’’ (does something).

This single-step mode is derived from correct-
ly timed transitions on the halt signal input. It
forces the processor to execute a single bus
cycle by entering the run mode until the
processor starts a bus cycle then changing to
the halt mode. Thus, the single-step mode
allows the user to proceed through (and
therefore debug) processor operations one
bus cycle at a time.
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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 exercised to avoid harmful interac-
tions between the bus eror signal and the
halt pin when using the singie-cycle mode as
a debugging tool. This is also true of interac-
tions between the halt and reset lines since
these can reset the machine.

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

1. address lines, and

2. data lines.

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

While the processor is honoring the halt
request, bus arbitration performs as usual.

That is, halting has no effect on bus arbitra-
tion. It is the bus arbitration function that
removes the control signais from the bus.

The halt function and the hardware trace
capability aliow the hardware debugger to
trace single bus cycles or single instructions
at a time. These processor capabilities, along
with a software debugging package, give total
debugging flexibility.

Double Bus Faults — When a bus error
exception occurs, the processor will attempt
to stack several words containing information
about the state of the machine. If a bus error
exception occurs during the stacking opera-
tion, there have been two bus errors in a row.
This is o« ly d to as a double bus
fault. When a double bus fault occurs, the
processor will halt. Once a bus error excep-
tion has occurred, any bus error exception

occurring before the execution of the next
instruction 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 a double bus fault. Note also
that this means that as long as the external
h @ req it, the pr will con-
tinue to re-run the same bus cycle.

The bus error pin also has an effect on
processor operation after the processor re-
ceives an external reset input. The processor
reads the vector table after a reset to deter-
mine the address to start program execution.
If a bus error occurs while reading the vector
table (or at any time before the first instruc-
tion is executed), the processor reacts as if a
double bus fault has occurred and it halts.
Only an external reset will start a halted
processor.

A

wro1s718

Figure 27. Halt Processor Timing Diagram
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Reset Operation

The reset signal is a bidirectional signal that
allows either the processor or an external
signal to reset the system. Figure 28 is a
timing diagram for the reset operation. Both
the halt and reset lines must be asserted to
ensure total reset 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
processor responds by reading the reset
vector table entry (vector number zero, ad-

dress $000000) and loads it into the supervi-
sor 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 sequence.

When a reset instruction is executed, the
processor drives the reset pin for 124 clock
periods. In this case, the processor is trying to
reset the rest of the system. Therefore, there
is no effect on the internal state of the

processor. All of the processor's internal
registers and the status register are unaffect-
ed by the execution of a reset instruction. All
external devices connected to the reset line
will be reset at the compietion 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 be applied
for at least 100ms.

PLUS § VOLTS == == e oo o

cu JULUUAURARALUUAR AR AR UAUUUURATUUSIUT

Vee /

f— ¢>100 miLLISECONDS —3{

NOTES

Vs

1) Internal start-up time

] ]
j—| 1< 4 CLOCKS 1|

4) PC high reed in here
6) First instruction fetched here

Figure 28. Reset Operation Timing Diagram

5) PC low reed in here AN control
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The n.|at|°nsh|p of DTACK, Table 16. DTACK, BERR, and HALT Assertion Results
BERR, and HALT ASSERTED ON
In order to property control termination of a RISING
bus cycle for a re-run or a bus error condition, | CASE| CONTROL | oo p"nr o ye RESULT
DTACK, BERR, and HALT should be as- | NO. | SIGNAL
serted and negated on the rising edge of the N N+2
SCNE8000 clock. This will re that whel
wo signalscare assene:l sir;u.susn‘:aneo:sly thz DTACK A S Normal cycle terminate and
required setup time (#47) for both of them 1 FFIEKETH NA ; continue.
will be met during the same bus state. L NA
. ) DTACK A S Normal cycle terminate and halt.
This, or sol I ution, sh
belfje:rigneg‘e ex;..?urn“: ?: ‘n;:e;gngooz_o:: 2 BERR NA X Continue when HALT removed.
rameter #48 (see AC Electrical Characteris- HALT A s
tics for # references) is intended to ensure DTACK NA A Normal cycle terminate and halt.
this operation in a totally asynchronous sys- 3 BERR NA NA  [Continue when HALT removed.
tem, and may be ignored if the above condi- HALT A S
tiol s
ns are met DTACK X X Terminate and take bus error trap.
The preferred bus cycle terminations may be 4 BERR A S
summarized as follows (case numbers refer HALT NA NA
T 16):
::)onna::eTen:\inaﬁon: DTACK NA X Terminate and re-run.
DTACK occurs first (case 1). 5 HALT NAA i
Halt Termination:
HALT is asserted at the same time or DTACK X X Terminate and re-run when HALT
before DTACK and BERR remains negat- & BERR A S removed.
ed (cases 2 and 3). HALT A s
Bus Error Termination: DTACK NA X Terminate and re-run when HALT
BERHA is asserted in lieu of, at the same 7 BERR NA A removed.
time, or before DTACK (case 4); BERR is HALT A S
negated at the same time or after oro

ACK.
Re-Run Termination:
HALT and BERR are asserted in lieu of,
at the same time, or before DTACK
(cases 6 and 7); HALT must be held at
least one cycle after BERR. Case 5
indicates BERR may precede HALT.

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

EXAMPLE A:

A system uses a watch-dog timer to terminate
accesses 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
simultaneously to re-run error cycle (case 6),
or if valid, return DTACK (case 1); (b) delay
DTACK until data verified and return BERR at
same time as DTACK if data in error (case 4).
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N -the number of the current even bus state (e.g.,

A -signal is asserted in this bus state
NA - signal is not asserted in this state
X -don't care

S4, S6, etc)

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

Table 17. BERR and HALT Negation Resuits

NEGATED ON
CONDITIONS OF CONTROL RISING
TERMINATION SIGNAL EDGE OF STATE RESULTS-NEXT CYCLE
IN TABLE 16
N N+2
BERR . oOr .
Bus Error AACT . or . Takes bus error trap.
Re-run BERR e oOr - lllegal sequence; usually
HALT . traps to vector number O.
BERR .
Re-run HALCT . Re-runs the bus cycle.
BERR .
Normal RALT . or . May lengthen next cycle.
Normal BERR . If next cycle is started it will
HALT . or none |be terminated as a bus error.
NOTE:

« = Signa! is negated in this bus state.

Asynchronous Versus
Synchronous Operation
Asynchronous Operation

To achieve clock frequency independence at
a system level, the SCN68000 can be used in
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an asynchronous manner. This entails using
only the bus handshake lines (AS, UDS, LDS,
DTACK, BERR, HALT, and VPA) to control
the 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
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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 a write cycle and
asserting the data transfer acknowledge sig-
nal (DTACK) to terminate the bus cycle. If no
slave responds or the access is invalid, exter-
nal control logic asserts the BERR, or BERR
and HALT, signal to abort or rerun the bus
cycle.

The DTACK signal is allowed to be asserted
before the data from a slave device is valid on
a read cycle. The length of time that
may precede data is given as parameter #31
and it must be met in any asynchronous
system to insure that valid data is latched into
the processor. Notice that there is no maxi-
mum time specified from the assertion of AS
to the assertion of DTACK. This is because
the MPU will insert wait cycles of one clock
period each until DTACK is recognized.
Sy Operati
To aliow for those systems which use the
system clock as a signal to generate DTACK
and other asynchronous inputs, the asynchro-
nous input setup time is given as parameter
#47. I this setup is met on an input, such as
DTACK, the processor is guaranteed to rec-
ognize that signal on the next falling edge of
the system clock. However, the converse is
not true — if the input signal does not meet
the setup time it is not guaranteed not to be
recognized. In addition, if DTACK is recog-
nized on a falling edge, valid data will be
latched into the processor (on a read cycle)
on the next falling edge provided that the
data meets the setup time given as parameter
#27. Given this, parameter #31 may be
ignored. Note that if DTACK 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 at its maximum speed of
four clock periods.
NOTE:
During an active bus cycte, VPA and EEHH is %o_n
every falling edge of the clock starting with S2. is
on every falling edge of the clock starting with S4
and data is latched on the falling edge of S8 during & read.
The bus cycle will then be terminated in S7 except when
BERH is asserted in the absence 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 before the
rising edge of the E clock.

PROCESSING STATES

This section describes the actions of the
SCN68000 which are outside the normal
processing associated 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 refer-
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ences and actions taken by the processor on
exception conditions are detailed.

The SCN68000 is always in one of three
processing states: normal, exception, or halt-
ed. The normal processing state is that asso-
ciated with instruction execution; the memory
references are to fetch instructions and oper-
ands, 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 refer-
ences 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
execution of an instruction. Externally, excep-
tion processing can be forced by an interrupt,
by a bus error, or by a reset. Exception
processing is designed to provide an efficient
context switch so that the processor may
handle unusual conditions.

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-
sumes that the system is unusable and halts.
Only an external reset can restart a haited
processor. 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 privilege state determines
which operations 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 device to control and
translate accesses.

The privilege state is a mechanism for provid-
ing security in a comp! y Prog
should access only their own code and data
areas, and ought to be restricted from ac-
cessing information which they do not need
and must not modify.

The privilege mechanism provides security by
allowing most programs to execute in user
state. In this state, the accesses are con-
trolled, and the effects on other parts of the
system are limited. The operating system
executes 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
privilege. For instruction execution, the super-
visor state is determined by the S bit of the

2-371

status register; if the S bit is asserted (high),
the processor is in the supervisor state. All
instructions can be executed in the supervisor
state. The bus cycles generated by instruc-
tions executed in the supervisor state are
classified as supervisor references. While the
processor is in the supervisor privilege state,
those instructions which use sither the sys-
tern stack pointer implicitly or address register
seven explicitly access the supervisor stack
pointer.

All exception processing is done in the super-
visor state, regardless of the setting of the S
bit. The bus cycles generated during excep-
tion processing are classified as supervisor
references. All stacking operations during
exception processing use the supervisor
stack pointer.

User State

The user state is the lower state of privilege.
For instruction execution, the user state is
determined by the S bit of the status register;
if the S bit is 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 sys-
tem effects are made privileged. User pro-
grams are not permitted to execute the stop
instruction or the reset instruction. To ensure
that a user program cannot enter the supervi-
sor state 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 to USP) and move from user stack
pointer (MOVE from USP) instructions are
also privileged.

The bus cycles generated by an instruction
executed 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 to protected
portions of the address space. While the
processor is in the user privilege state, those
instructions which use either the system
stack pointer implicitly or address register
seven explicitly, access the user stack
pointer.

Privilege State Changes

Once the processor is in the user state and
executing instructions, only exception pro-
cessing can change the privilege state. Dur-
ing exception processing, the current setting
of the S bit of the status register is saved and
the S bit is asserted, putting the processor in
the supervisor state. Therefore, when instruc-
tion execution resumes at the address speci-
fied to process the exception, the processor
is in the supervisor privilege state.
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Table 18. Bus Cycle Classification
FUNCTION CODE OUTPUT
REFERENCE CLASS
FC2 FC1 FCO
0 o 0 (Unassigned)
(] 0 1 User data
0 1 0 User program
V] 1 1 (Unassigned)
1 0 0 (Unassigned)
1 0 1 Supervisor data
1 1 0 Supervisor program
1 1 1 Interrupt acknowledge
WORD 0 NEW PROGRAM COUNTER (HIGH) AO=0.A1=0
WORD 1 NEW PROGRAM COUNTER (LOW) AD=0.A1 =1
AFODSE0S
Figure 29. Format of Vector Table Entries
DS D8 D7 Do
IGNORED v7 vé vs va v3 v2 vi voO
AFOOSS1S
Where:
V7 is the MSB of the vector number.
V8 is the LSB of the vector number.
Figure 30. Vector Number Format
A3 A10 AD
[ ALL ZEROS lw]nlvs]vllwlnlv!lwlolﬂl
AFOOR'S
Figure 31. Exception Vector A C
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Reference Classification

When the processor makes a reference, it
classifies the kind of reference being made,
using the encoding on the three function code
output lines. This allows external translation
of addresses, control of access, and differen-
tiation of special processor state, such as
interrupt acknowledge. Table 18 lists the
classification of references.

Exception Processing

Before discussing the details of interrupts,
traps, and tracing, a general description of
exception processing is in order. The pro-
cessing of an exception occurs in four steps,
with variations for different exception causes.
During the first step, a temporary copy of the
status register is made and the status register
is set for exception processing. In the second
step the exception 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 handle that exception. All
exception vectors are two words in length
(Figure 29), except for the reset vector which
is four words. All exception vectors lie in the
supervisor 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 exception vector. Vector num-
bers are generated internally or externally,
depending on the cause of the exception. In
the case of interrupts, during the interrupt
acknowledge bus cycle, a peripheral provides
an 8-bit vector number (Figure 30) to the
processor on data bus lines DO through D7.
The processor translates the vector 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. Exception Vector Table

address errors or tracing. The trap (TRAP),
trap on overflow (TRAPV), check data regis-
ter against upper bounds (CHK), and divide
(DIV) instructions all can generate exceptions
as part of their instruction execution. in addi-
tion, illegal instructions, word fetches from
odd addresses, and privilege violations cause

ptions. Tracing behaves like a very high-
priority internally-generated interrupt after
each instruction execution.

Pr

Exception processing occurs in four identifi-
able steps. In the first step, an internal copy is
made of the status register. After the copy is
made, the S bit is asserted, putting the
processor into the supervisor privilege state.
Also, the T bit is negated which will allow the
exception handler to execute unhindered by
tracing. For the reset and interrupt excep-
tions, the interrupt priority mask is also up-

In the second step, the vector number of the
exception is determined. For interrupts, the
vector number i8 obtained by a processor
fetch and classified as an interrupt acknowl-
edge. For all other exceptions, internal logic
provides the vector number. This vector num-
ber is then used to generate the address of
the exception vector.

The third step is to save the cuirent proces-
sor status, except for the reset exception.
The current program counter value and the
saved copy of the status register are stacked
using the supervisor stack pointer as shown
in Figwe 32. The program counter value
stacked usually points to the next unexecuted
instruction; however, for bus error and ad-
dress ervor, the vaiue stacked for the program
counter is unpredictable, and may be incre-
mented from the address of the instruction
which caused the error. Additional informa-
tion defining the current context is stacked for
the bus error and address error exceptions.

The last step is the same for all exceptions.
The new program counter value is fetched
from the exception vector. The processor
then resumes instruction execution. The in-
struction at the address given in the excep-
tion vector is fetched, and normal instruction
decoding and execution is started.

VECTOR ADDRESS
NUMBER(S) | pec Hox apace ASSIGNMENT
1] 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 liiegal instruction
5 20 014 SD Zero divide
6 R 24 018 SD CHK instruction
7 28 01C SD TRAPV instruction
8 32 020 SD Privilege violation
9 36 024 SD Trace
10 40 028 sD Line 1010 emulator
11 44 02C sb Line 1111 emulator dated.
12* 48 030 SD (Unassigned, reserved)
13* 52 034 sD (Unassigned, reserved)
14* 56 038 sD (Unassigned, reserved)
15 60 03C sD Uninitialized interrupt vector
16-23* 64 04C SD (Unassigned, reserved)
95 O5F -
24 96 060 SD Spurious interrupt
25 100 064 sD Level 1 interrupt autovector
26 104 068 sD Level 2 interrupt autovector
27 108 06C sD Level 3 interrupt autovector
28 112 070 SD Level 4 interrupt autovector
29 116 074 SD Level 5 interrupt autovector
30 120 078 SD Level 6 interrupt autovector
3 124 07C SD Levet 7 intertupt autovector
32-47 128 080 SD TRAP instruction vectors
191 OBF -
48-63" 192 0co sD (Unassigned, reserved)
255 OFF -
64— 255 256 100 SD User interrupt vectors
1023 3FF -
NOTE:

*Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements by
Signeﬁcs.Nouwmdmlhwwbemnodmmmnm

As shown in Table 19, the memory layout is
512 words long (1024 bytes). it starts at
address 0 and proceeds through address
1023. This provides 255 unique vectors;
some of these are reserved for TRAPs and
other system functions. Of the 255, there are
192 reserved for user interrupt vectors. How-
ever, there is no protaction on the first 64
entries, 80 user interrupt vectors may overlap
at the discretion of the systems designer.
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Kinds of Exceptions

Exceptions can be generated by either inter-
nal or external causes. The externally gener-
ated Pt are the interrupts and the
bus error and reset requests. The interrupts
are requests from peripheral devices for pro-
cessor action while the bus error and reset
inputs are used for access control and pro-
cessor restart. The internally generated ex-
ceptions come from instructions, or from
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Muitiple Exceptions

These paragraphs describe the processing
which occurs when multiple exceptions arise
simultaneously. Exceptions can be grouped
according to their occurrence and priority.
The group O exceptions are reset, bus error,
and address error. These exceptions cause
the instruction currently being executed to be
aborted and the exception processing to
commence within two clock cycles.

The group 1 exceptions are trace and inter-
rupt, as well as the privilege violations and
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SSP ——p» STATUS REGISTER
HIGHER
HIGH
}~ PROGRAM COUNTER == == = e o o e e —{ | ApoRESSES
LOwW
Aroonsos
Figure 32. Exception Stack Order (Groups 1 and 2)
Table 20. Exception Grouping and Priority
GROUP EXCEPTION PROCESSING
Reset . . .
Exception processing begins
0 address error within two clock cycles
bus error
Trace
1 interrupt Exception processing begins
illegal before the next instruction
privilege
TRAP, TRAPV, Exception processing is
2 CHK, started by normal instruction
zero divide execution

illegal instructions. These exceptions allow
the current instruction to execute to comple-
tion, but pre-empt the execution of the next
instruction by forcing exception processing to
occur (privilege violations and illegal instruc-
tions are detected when they are the next
instruction to be executed). The group 2
exceptions occur as part of the normal pro-
cessing of instructions. The TRAP, TRAPV,
CHK, and zero divide exceptions are in this
group. For these exceptions, the normal exe-
cution of an instruction may lead to exception
processing.

Group O exceptions have highest priority,
while group 2 exceptions have lowest priority.
Within group O, reset has highest priority,
followed by bus error and then address error.
Within group 1, trace has priority over exter-
nal interrupts, which in turn takes priority over
illegal instruction and privilege violation. Since
only one instruction can be executed at a
time, there is no priority relation within
group 2.

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 prece-
dence, and the TRAP instruction processing
is aborted. In another example, if an interrupt
request occurs during the execution of an
instruction while the T bit is asserted, the
trace exception has priority, and is processed
first. Before instruction processing resumes,
however, the interrupt exception is also pro-
cessed, and instruction processing commen-
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ces finally in the interrupt handler routine. A
summary of exception grouping and priority is
given in Table 20.

Exception Processing Detailed
Discussion

Exceptions have a number of sources and
each exception has processing which is pe-
culiar 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 excep-
tion level. The processing of the reset signal
is designed for system initiation and recovery
from catastrophic failure. Any processing in
progress at the time of the reset is aborted
and cannot be recovered. The processor is
forced into the supervisor state and the trace
state is forced off. The processor interrupt
priority mask is set at level seven. The vector
number is internally generated to reference
the reset exception vector at location 0 in the
supervisor program space. Because no as-
sumptions can be made about the validity of
register contents, in particular the supervisor
stack pointer, neither the program counter
nor the status register is saved. The address
contained in the first two words of the reset
exception vector is fetched as the initial
supervisor stack pointer, and the address in
the last two words of the reset exception
vector is fetched as the initial program count-
or. Finally, instruction execution is started at
the address in the program counter. The
power-up/restart code should be pointed to
by the initial program counter.

2-374

The reset instruction does not cause loading
of the reset vector, but does assert the reset
line to reset external devices. This allows the
software to reset the system to a known state
and then continue processing with the next
instruction.

Interrupts

Seven levels of interrupt priorities are provid-
ed. Devices may be chained externally within
interrupt priority levels, allowing an unlimited
number of peripheral devices to interrupt the
processor. interrupt priority levels are num-
bered from one to seven, with level seven
being the highest priority. The status register
contains a 3-bit mask which indicates the
current processor priority, and interrupts are
inhibited for all priority levels less than or
equal to the current processor priority.

An interrupt request is made to the processor
by encoding the interrupt request level on the
interrupt request lines; a zero indicates no
interrupt request. interrupt requests arriving at
the processor do not force immediate excep-
tion processing, but are made pending. Pend-
ing interrupts are detected between instruc-
tion executions. if the priority of the pending
interrupt is lower than or equal to the current
processor priority, execution continues with
the next instruction and the interrupt excep-
tion processing is postponed. (The recogni-
tion of level seven is slightly different, as
explained in the following paragraph.)

If the priority of the pending interrupt is
greater than the current processor priority,
the exception processing sequence is start-
ed. A copy of the status register is saved, the
privilege state is sent to the supervisor stack,
tracing is suppressed, and the processor
priority level is set to the level of the interrupt
acknowledged. The processor fetches the
vector number from the interrupting device,
classifying the reference as an interrupt ac-
knowledge and displaying the level number of
the interrupt being acknowledged on the
address bus. If external logic requests an
automatic vectoring, the processor internally
generates a vector number which is deter-
mined by the interrupt level number. If exter-
nal logic indicates a bus error, the interrupt is
taken to be spurious, and the generated
vector number references the spurious inter-
rupt vector. The processor then proceeds
with the usual exception processing, saving
the program counter and status register on
the supervisor stack. The saved value of the
program counter is the address of the instruc-
tion 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 instruc-_
tion execution commences in the interrupt
handling routine. A flowchart for the interrupt
acknowledge sequence is given in Figure 33,
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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
interrupt 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 level is a seven and the processor
priority is set to a lower level by an instruction.

Uninitialized Interrupt

An interrupting device asserts VPA or pro-
vides an interrupt during an interrupt acknowl-
edge cycle to the SCN68000. If the vector
register has not been initialized, the respond-
ing $68000 family peripheral will provide vec-
tor 15, the uninitialized interrupt vector. This
provides a uniform way to recover from a
programming error.

Spurious Interrupt
If during the interrupt acknowledge cycle no
device responds by asserting DTACK or VPA,

the bus error line should be asserted to
terminate the vector acquisition. The proces-
sor separates the processing of this error
from bus error by fetching the spurious inter-
rupt vector instead of the bus error vector.
The processor then proceeds with the usual
exception processing.

Instruction Traps

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

Some instructions are used specifically to
generate traps. The TRAP instruction always
forces an exception and is useful for imple-
menting system calls for user programs. The
TRAPV and CHK instructions force an excep-
tion if the user program detects a

flilegal and Unimp} ted Instructi

"lilegal |nstruct|on" 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 instruction is fetched, an illegal
instruction exception occurs. Signetics re-
serves the right to define instructions whose
opcodes may be any of the illegal instruc-
tions. Three bit patterns will atways force an
illegal instruction trap on all S68000 family
compatible microprocessors. They are:
$4AFA, $4AFB, and $4AFC. Two of the
patterns, $4AFA and $4AFB, are reserved for
Signetics systems products. The third pattern,
$4AFC, is reserved for customer use.

Word patterns with bits 15 through 12 equal-
ing 1010 or 1111 are distinguished as unim-
plemented instructions and separate excep-

error, which may be an arithmetic overflow or
a subscript out of bounds.

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

tion are given to these patterns to
permit efficient emulation. This facility allows
the operating system to detect program er-
rors, or to emulate unimplemented instruc-
tions in software.

data lines DB through D15 at this time.

PROCESSOR INTERRUPTING DEVICE
GRANT THE INTERRUPT JI REQUESY THE INTERRUPT ]
1) COMPARE INTERRUPT LEVEL IN STATUS
REGISTERS AND WASY FOR CURRENT
TO COMPLETE
2) mcsmmurn.ev&onu Az A3
3) SET CODE TO
Aexnom.;m
4) ASSERT ADDRESS STROBE (AS)
5) ASSERT DATA STROBES (JDS* AND LDS)
PROVIDE THE VECTOR NUMBER
1) PLACE VECTOR NUMBER ON D0-D7
2) ASSERT DATA TRANSFER ACKNOWLEOGE
(BTACK)
ACQUIRE THE VECTOR NUMBER -+
1) LATCH VECTOR NUMBER
2) NEGATE UDS AND LDS
3) NEGATE
RELEASE
1 1) NEGATE BYATK
I START INTERRUPT PROC |
AFO08528
NOTE:
*Although a vector number is one byte, both data strobes are asserted due to the used for The p does not g anything on

Figure 33. Vector Acquisition Flowchart
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PLOPL2
LAST BUS CYCLE OF INSTRUCTION STACK ACK CYCLE STACK AND
(READ OR WRITE) peL | ¢ | vecromfercw |
{SSP) V]‘ >
WFOISS
NOTE:
*Although a vector number is one byte, both data strobes are asserted due to the used for ing. The p does not gnize anything on
data lines D8 through D15 at this time.

Figure 34. Interrupt Acknowiedge Cycle Timing Diagram

LAST SUS CYCLE
OF INSTRUCTION wex STACK STACK STACK
mmm “""m'm (AT 38P4) (AT 83P-8) (AT $8P-6)
STACK READ READ FETCH FIRST TWO
FORMAT/IOPFSET VECTOR VECTOR _§ msTRUCTION WORDS
WORO oH . Low oF v
(AT 888-2) (A16-A23) (AG-A1S) AOUTINE

NOTE:
SSP refers to the value of the supervisor stack pointer before the interrupt occurs.
Figure 35. interrupt Processing Sequence
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Privilege Violations

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

sSTOP 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
SCNB8000 includes a facility to allow instruc-
tion-by-instruction tracing. In the trace state,
after each instruction is executed an excep-
tion is forced, affowing a debugging program
to monitor the execution of the program
under test.

The trace facility uses the T bit in the supervi-
sor portion of the status register. If the T bitis
negated (off), tracing is disabled, and instruc-
tion execution proceeds from instruction to
instruction as normal. If the T bit is asserted
(on) at the beginning of the execution of an
instruction, a trace exception will be generat-
ed after the execution of that instruction is
compiseted. If the instruction is not executed,
either because an interrupt is taken, or the
instruction is illegal or privileged, the trace
exception does not occur. The trace excep-
- tion also does not occur if the instruction is
aborted by a reset, bus error, or address error
exception. If the instruction is indeed execut-
ed and an interrupt is pending on completion,
the trace exception is processed before the
interrupt exception. If, during the execution of

the instruction an exception is forced by that
instruction, the forced exception is processed
before the trace exception.

As an extreme illustration of the above rules,
consider the arrival of an interrupt during the
execution of a TRAP instruction while tracing
is enabled. First the trap exception is pro-
cessed, then the trace exception, and finally
the interrupt 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 processor was doing instruction
or exception processing, that processing is
terminated, and the processor immediately
begins exception processing.

Exception processing for the bus ervor follows
the usual sequence of steps. The status
register 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 processor was not
between instructions when the bus error ex-
ception request was made, the context of the
processor is more detailed. To save more of
this context, additional information is saved

error occurred during the fetch of the next
instruction, the saved program counter has a
value in the vicinity of the current instruction,
even if the current instruction is a branch, a
jump, or a retum instruction. Besides the
usual information, the processor saves its
internal copy of the first word of the instruc-
tion being processed and the address which
was being accessed by the aborted bus
cycle. Specific information about the access
is also saved: whether it was a read or a write,
whether or not the processor was processing
an instruction, and the classification displayed
on the function code outputs when the bus
error occurred. The processor is processing
an instruction if it is in the normal state or
processing a group 2 exception; the proces-
sor is not processing an instruction if it is
processing a group 0 or a group 1 exception.
Figure 36 illustrates how this information is
organized on the supervisor stack. Although
this information is not sufficient in general to
effect full recovery from the bus error, it does
aliow software diagnosis. Finally, the proces-
sor commences instruction processing at the
address contained in vector number two. it is
the responsibility of the error handier routine
to clean up the stack and determine where to
continue execution.

if a bus error occurs during the exception

on the supervisor stack. The prog!

and the copy of the status register are of
course saved. The value saved for the pro-
gram counter is advanced by some amount,
one to five words beyond the address of the
first word of the instruction which made the
reference causing the bus error. If the bus

P ing for a bus error, address error, of
reset, the processor is halted and all process-
ing ceases. This simplifies the detection of
catastrophic system failure, since the proces-
sor removes itself from the system rather
than destroy any memory contents. Only the

pin can restart a halted processor.

15 14 13 12 11

b «= ax ACCESS ADDRESS = == == == wo o oo com e o i e o e e e

Low
MGHER
INSTRUCTION REGISTER ADDRESSES
STATUS REGISTER

HIGH
e e e PROGRAN COUNTER = = o= == oo o o o e o om o o e o o o o ———————— P

Low
AW (READ/WRITE); WRITE = 0, READ = 1. UN ¥ =0, NOT = 1

AF0O0s70S

Figure 36. Exception Stack Order (Group 0)
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Address Error

Address efrror exceptions occur when the
processor attempts to access a word or a
long word operand or an instruction at an odd
address. The effect is much like an internally
generated bus error, so that the bus cycle is
aborted and the processor ceases whatever

information that is stacked, except that the
vector number refers to the address efror
vector instead. Likewise, if an address error
occurs during the exception processing for a
bus error, address error, or reset, the proces-
sor is halted. As shown in Figure 37, an
address error will execute a short bus cycle

INTERFACE WITH

SYNCHRONOUS PERIPHERALS

To interface the synchronous peripherals with
the asynchronous SCN68000, the processor
modifies its bus cycle to meet the synchro-
nous cycle requirements whenever a syn-
chronous device address is detected. This is

processing it is currently doing and begins d by ption p 9- possible since both processors use memory
oexception processing. After the exception mapped 1/0. Figure 38 is a flowchart of the
processing ¢ the sequence is the interface the pr r
same as that for bus efror including the and synchr;nous dervnoes.

S0 s2 s4 s6 S0 s2 s4 6 S0 s2 S4

T
> &

Hl

| —
| —

L ———— — J k‘

NOTE:
*UDS and (DS are asserted on mask sets R9M, BF4, T6E, DL6, CC1, and GN7.
Figure 37. Address Error Timing Diagram

ADORESS ERROR ApPROx. 8 cLocxs
j——— fEAD ——— e wrTe ———— w0

il

WRITE STACK ——>|

WROt811S

PROCESSOR

INITIATE THE CYCLE

1) THE PROCESSOR STARTS A NORMAL READ
OR WRITE

CYCLE

DEFINE THE SYNCHRONOUS CYCLE

SYNCHAONIZE WITH ENABLE

1) EXTERNAL HAROWARE ASSEATS VALID
PERIPHE

RAL ADORESS (VPA)

TRANSFER THE DATA

TERMINATE THE CYCLE

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

THE DATA

1) THE PROCESSOR NEGATES XS, UDS, IDS.
AND DRIVES THE E CLOCK LOW (ON A
READ CYCLE, THE DATA IS LATCHED AS
€ GOES LOW INTERNALLY)

2) THE PROCESSOR NEGATES VA

!

[ START NEXT CYCLE J

Figure 38. Synchronous interfacing Flowchart

PROC301S
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Data Transfer Operation

Three signals on the processor provide the
synchronous interface. They are: enable (E),
valid memory address (VMA), and valid pe-
ripheral address (VPA). Enable corresponds
to the E or phase 2 signal in existing synchro-
nous systems. The bus frequency is one
tenth of the incoming SCN68000 clock fre-
quency. The timing of E allows 1MHz periph-
erals to be used with 8MHz SCNB8000s.
Enable has a 60/40 duty cycle; that is, it is
low for six input clocks and high for four input
clocks. This duty cycle allows the processor
to do successive VPA accesses on succes-
sive 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-imped-
ance state. A function code is asserted on the
function code output lines. One-half clock
later, in state 1, the address bus is released
from the high-impedance state.

During state 2, the address strobe (AS) is
asserted to indicate that there is a valid
address on the address bus. If the bus cycle
is a read cycle, the upper and/or lower data
strobes are also asserted in state 2. If the bus
cycle is a write 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, and in state 4 the
data strobes are issued to indicate valid data
on the data bus. The processor now inserts
g% states until it recognizes the assertion of

The VPA input signals the processor that the
address on the bus is the address of a
synchronous device (or an area reserved for
synchronous devices) and that the bus
should conform to the phase 2 transfer char-
acteristics of the synchronous bus. Valid
peripheral address is derived by decoding the
address bus, conditioned by the address
strobe. Chip select for the synchronous pe-
ripherals should be derived by decoding the
address bus conditioned by VMA.

After recognition of VPA, the processor as-
sures that the enable (E) is low, by waiting if
r y, and sub ntly asserts VMA.
Valid memory address is then used as part of
the chip select equation of the peripheral.
This ensures that the synchronous peripher-
als are selected and deselected at the correct
time. The peripheral now runs its cycle during
the high portion of the E signal. Figures 39
and 40 depict the best and worst case
synchronous cycle timing. This cycie length is
dependent strictly on when VPA is asserted in
refationship to the E clock.

If we assume that external circuitry asserts
VPA as soon as possible after the assertion
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Copyri ghted By

BIACK
oaTA QUT el N
a4 ——— O—
e\ e
wm .\ /T \
w .\ Va
Figure 39. SCN68000 to Sy Perip I Timing — Best Case
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Figure 40. SCN68000 to Synchronous Peripheral Timing—Worst Case

of AS, 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 recognition of VPA asserted and
only the wait cycles inserted to synchronize
with the E clock will determine 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. Best Case — VPA is recognized as being
. asserted on the falling edge three clock
cycles before E rises (or three clock
cycles after E falis).
2. Worst Case — VPA is recognized as be-
ing asserted on the falling edge two clock
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cycles before E rises (or four clock cycles
after E falls).

During a read cycle, the processor latches
the peripheral data in state 6. For all cycles,
the processor negates the address and data
strobes one-half clock cycle later in state 7
and the enable 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 peripheral logic must re-
move VPA within one clock after the address
strobe is negated.
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DTACK should not be asserted while VPA is
asserted. Notice that the SCN68000 VMA is
active low, contrasted with the active high
synchronous VMA. This allows the processor
to put its buses in the high-impedance state
on DMA requests without inadvertently se-
lecting the peripherals.

Interrupt Interface Operation

During an interrupt acknowledge cycle while
the processor is fetching the vector, the VPA
is asserted, the SCN68000 will assert VMA

and complete a normal synchronous read
cycle as shown in Figure 41. The processor
will then use an internally generated vector
that is a function of the interrupt being ser-
viced. This process is known as autovector-
ing. The seven autovectors are vector num-
bers 25 through 31 (decimal).

Autovectoring operates in the same fashion
(but is not restricted to) the synchronous
interrupt sequence. The basic difference is
that there are six normal interrupt vectors and

one NMI type vector. As with both the syn-
chronous and the SCN68000's normal vec-
tored interrupt, the interrupt service routine
can be located anywhere 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 assigned by the user.

Since VMA is asserted during autovectoring,
care should be taken to insure the synchro-
nous peripheral address decoding prevents
unintended accesses.

|

JJJ

/S \_
/~\

| o 2

<
3

g

NORMAL ;1:

AL

kY

CYCLE

NOTE:
*Although UDS and (DS are asserted, no data is read from the bus during the autovector cycle. The vector number is generated internaiy.
Figure 41. Autovector Operation Timing Diagram

WFO1581S

Decomber 12, 1986

2-380

Copyrighted By Its Respective Manufacturer



Product Specification

46-/32-Bit Microprocessor SCN68000

INSTRUCTION SET AND Table 21. Effective Addressing Mode Categories
EXECUTION TIMES EFFECTIVE ADDRESSING CATE [ES
Instruction Set ADDRESS
The following paragraphs provide information MODES |MODE REGISTER Data | Memory | Control Aiterable
M the addressing categories and instruc- Dn 000 | Register number X _ _ X
tion set of the SCN68000. An 001 | Register number | — - - X
Addressing Categories (An) 010 | Register number X X X X
Effective add.ress modes may be categorized (An)+ 011 | Register number M X _ X
By e e Which they may b used- The | —(An) 100 | Register number | X X N X
following classifications will be used in d(AR' %
i definitions. (An) 101 | Register number X X X

d(An, i 110 | Register ber X X X X
These categories may be combined, so that ,o(‘x_w ) 11 oo‘r;um X X X X
additional, more restrictive, classifications oL 111 001 X X % X
may be defined. For ple, the ir ion
descriptions use such classifications as alter- d(PC) 1 010 X X X -
able memory or data alterable. The former d(PC, ix) [ 111 o1 X X X -
refers to those addressing modes which are #3000 11 100 X X - -

both alterable and memory addresses, and
the latter refers to addressing modes which
are both data and alterable.

Table 21 shows the various categories to
which each of the effective address modes
belong. Table 22 is the instruction set sum-
mary.

Data It an effective address mode
may be used to refer to data
operands, it is considered a
data addressing effective ad-
dress mode.

Memory If an effective address mode
may be used to refer to mem-
ory operands, it is considered
a memory addressing effective
address mode.

Alterable if an effecti dd mode
may be used to refer to alter-
able (writable) operands, it is
considered an alterable ad-
dressing effective address
mode.

Control If an effective address mode
may be used to refer to mem-
ory operands without an asso-
ciated size, it is considered a
control addressing effective ad-
dress mode.
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Table 22. Instruction Set

CONDITION
MNEMONIC DESCRIPTION OPERATION CODES
X|N|Z|ViC

ABCD Add decimal with extend (Destination) o + (Source)io + X —» Destination “luf-ful*
ADD Add binary (Destination) + (Source) — Destination D EBREE
ADDA Add address (Destination) + (Source) — pestination -[-1-1-1-
ADDI Add immediate (Destination) + Immediate Data — pegtination NN
ADDQ Add quick {Destination) + i Data — pgstinati L B L
ADDX Add extended (Destination) + (Source) + X — pestination L L L B
AND AND logical (Destination) ~ (Source) — Destination -1"]°|o]0
ANDI AND immediate © i ~ Data — pestination -|l*|*lolo
ANDI to CCR AND immediate to condition codes (Source) » CCR — cCR A I I B
ANDI to SR AND immediate to status register (Source) ~ SR — g AR L I
ASL, ASR Arithmetic shift (Destination) Shifted by < count> — Destination (<111
Bee Branch conditionally If cc then PC+d — pc _1-1-1-1-~

~ (< bit number >) OF Destination — 2z
BCHG Test a bit and change ~{ < bit number >) OF Destination — -1=-t"|-1-

< bit number > OF Destination
BCLR Test a bit and clear o (<bit number >) OF Destination — 7 B O I

> <bit number > — OF pestination

BRA Branch atways PC+d — pc -1-1-1-1-
BSET Test a bit and set ~ (< bit number >) OF Destination — 2z o1l ]e

1 — < bit number > OF Destination
BSR Branch to subroutine PC — —-{SP); PC+d — pg -|-1-1-1-
BTST Test a bit . ~ (< bit number >) OF Destination —» 7 “|-1*1-1-
CHK Check register against bounds If Dn <0 or Dn> (< ea>) then TRAP -1"jUjulu
CLR Clear an operand 0 — Destinati -lof1]o]o
CMP Compare (Destination) — (Source) - I
CMPA Compare address (Destination) — (Source) Bl N
CMPI Compare immediate {Destination) — Immediate Data B I I I I
CMPM Compare memory {Destination) - (Source) M AN
DBcc Test condition, decrement and branch if ~cc then Dn~1 — pp; if Dn#-1 then PC+d — pg |- | - | - [~ -
DivS Signed divide (Destination)/(Source) — Destination -|*|*|*io
DIVU Unsigned divide (Destination)/(Source) — Destination =l f{*]*]0
EOR Exclusive OR logical _ | (Destination) @ (Source) — Destination ~|*|*lolo
EORI Exclusive OR immediate (Destination) @ Immediate Data — Destination =11 [ofo
EORI to CCR Exclusive OR immediate (Source) ®CCR — GgR 0T T
EORI to SR EXelusive S.;s"’;‘r"‘“‘"e (Source) ®SR —» gR 1T
EXG Exchange register Rx <> Ry —|--1-1-
EXT Sign extend {Destination) Sig — Destination -|{*fI"|o]o
JMP Jump Destination —» pc J o D
JSR Jump to subroutine PC — _(SP); Destination — pg ~1-1-1-1-
LEA Load effective address Destination — Ap -|=-l-1-1-
LINK Link and allocate An = —(SP); SP — An; SP + Displacement — gp -1-1-1-1-
LSL, LSR Logical shift (Destination) Shifted by < count> — pestination *|*]*jo]|*
MOVE Move data from source to destination (Source) - pestination ~t*]*|ofo
MOVE to CCR Move to condition code (Source) — CCR o]~
MOVE to SR Move to status register (Source) — gR Ll R
MOVE from SR Move from status register SR — pestinati -l-}-1-1-
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Table 22. Instruction Set (Continued)

This Materia

CONDITION
MNEMONIC DESCRIPTION OPERATION CODES
X|N|Z]|V|C

MOVE USP Move user stack pointer USP — An; An — ygp JH) [P [y )
MOVEA Move address (Source) — Destination _-1-1-1-
MOVEM Move multipie registers m:r)s:n[:ﬁ;:;w _-1-1-1-
MOVEP Move peripheral data (Source) — Destination -{-1-1-1-
MOVEQ Move quick Data — p -1*)*|0|oO
MULS Signed multiply (Destination) X ( ) — D ) T-T~Tolo
MULU Unsigned multiply (Destination) X (Source) — D _t+]+tolo
NBCD Negate decimal with extend 0 - (D 10-X = D lui+lu]|-
NEG Negate 0- (Destination) — Destination ADEBRE
NEGX Negate with extend 0 - (Destination) - X — p el
NOP No operation - -l-]-1-1-
NOT Logical complement ~ {(Destination) — Destination ~-]*]*jolo
OR Inclusive OR logical (Destination) v (Source) — Destination -{*t*tofo
OR! Inclusive OR immediate (Destination) v Immediate Data — Destination -{*|*]ojo
ORI to GCR Inciusive O immediate (Source) v CCR — CCR el
ORi to SR Inclusive ‘r)a'zi;’t“e’,“e"““ (Source) v SR — SR AEEEE
PEA Push effective address Destination — _(SP) -1-1- -
RESET Reset external devices - -1-1-1-]-
ROL, ROR Rotate (without extend) (Destination) Rotated by < count> — Destination ~l*]*|o]|*
ROXL, ROXR Rotate with extend (Destination) Rotated by < count> — Destination prptqels
RTE Return from exception (SP)+ — SR; (SP)+ — pC sfefal=ge
RTR Return and restore condition codes (SP)+ — CC; (SP)+ — pC B R K
RTS Return from subroutine {SP)+ — pC —1=-|-1-1-
SBCD Subtract decimal with extend (Destination)qo - 10-X — D *lupqv|*
Scc Set according to condition If cc then 1's — Destination else 0's — pestination ~-1-]-1-
STOP Load status register and stop Immediate Data — SR; STOP BN SRR
suB Subtract binary (Destination) - (Source) — Destination DR N L
SUBA Subtract address (Destination) - (Source) — Destination --1-1-]-
susl Subtract immediate (Destination) - Inmediate Data — Destination el 1"
suBQ Subtract quick (Destination) — Immediate Data — Destination) O N R
SUBX Subtract with extend (Destination) - (Source) ~X — Destination MMM
SWAP Swap register halves Register [31:16] <> Register {15:0] -l*|*|0of0O
TAS Test and set an operand (Destination) Tested — CC; 1 — {71 OF Destination _l*1+]olo
TRAP Trap PC — _(SSP); SR - _(SSP); (Vector) — pC _1-1-1-1-
TRAPV Trap on overflow #f V then TRAP -1-1-1-1-
TST Test and operand (Destination) Tested — cC —|*|*]olo0
UNLK Unlink An — SP; (SP)+ — An _-1-1-1-

NOTES:

[ ] = bit number * affected

@ logical exclusive OR - unaffected

A logical AND 0 cleared

V logical OR 1 set

~ logical complement U undefined
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This Materi al

Product Specification

16-/32-Bit Microprocessor

SCNé68000

Instruction Prefetch
The SCN68000 uses a lwo-word tightly-cou-

Table 23. Effective Address Calculation Times

scribed in terms of the microcode op
involved. If the execution of an instruction is
defined to begin when the microroutine for
that instruction is entered, some features of
the prefetch mechanism can be described.
1.  When execution of an instruction begins,
the operation word and the word follow-
ing have already been fetched. The oper-
ation word is in the instruction decoder.
2. In the case of muilti-word instructions, as
each additional word of the instruction is
used internally, a fetch is made to the
instruction stream to replace it.
3. The last fetch for an instruction from the
instruction stream is made when the
ion word is di

mg is started on the next i %

4, |If the instruction is a single-word instruc-
tion 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 superfluous
fetch.

5. In the case of an interrupt or trace
exception, both words are not used.

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

stream.
instruction Execution Times
The following p aphs contain listings of

the instruction execution times in terms of
external clock (CLK) periods. In this timing
data, it is assumed that both memory read
and write cycle times are four clock periods.
Any wait states caused by a longer memory

\ism to en- ADDRESSING MODE 1a\ms.wono LONG
Register
Dn Data register direct 0(0/0) 0(0/0)
An Address register direct 0(0/0) 0(0/0)
Memory
(An) Address register indirect 4(1/0) 8(2/0)
(An)+ Address register indirect with postincrement 4(1/0) 8(2/0)
-(An) Add gister indirect with pred 1 6(1/0) 10(2/0)
d(An) Addre gister indirect with di pl 8(2/0) 12(3/0)
d(An,)* | Address register indirect with index 10(2/0) 14(3/0)
0oL W Absolute short 8(2/0) 12(3/0)
oL Absolute long 12(3/0) 16(4/0)
d(PC) Program counter with displacement 8(2/0) 12(3/0)
d(PC,x)* | Program counter with index 10(2/0) 14(3/0)
ded and decod- #00¢ Immediate 4(1/0) 8(2/0)
NOTE:
*The size of the index register (i) does not affect execution time.
cycle must be added to the total i Move Instruction E Times

time. The number of bus_ read and write
cycles for each instruction is also inciuded
with the timing data. This timing data is
enclosed in parentheses following the execu-
tion periods and is shown as (r/w) where r is
the number of read cycles and w is the
number of write cycles.

11'.?:.E number of periods includes instruction fetch and all
applicable operand fetches and stores.

Effective Address Operand Caiculation
Timing

Table 23 lists the number of clock periods
required to compute an instruction’s effective
address. It includes fetching of any extension
words, the address computation, and fetching
of the memory operand. The number of bus
read and write cycles is shown in parenthe-
ses as (r/w). Note Me are no write cycles

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

involved in pre g the eff
Table 24. MOVE Byte Instruction Execution Times
DESTINATION
SOURCE
Dn An (An) (An)+ ~(An) d(An) &(An,Ix)* 0L.W 0oLt

Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 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(2/1) 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(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1)
~(An) 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(3/1) 22(4/1)
d(An) 12(3/0) 12(3/0) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 22(4/1) 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)
00LW 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1)
oL 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(3/1) 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(3/1) 22(4/1) 24(4/1) 22(4/1) 28(5/1)
#)00¢ 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
DESTINATION
SOURCE
Dn An (An) (An)+ ~(An) d(An) d(An,ix)* xxx. W xxx.L
Dn 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(3/2)
An 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/72) 16(2/2) 18(2/2) 16(2/2) 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(5/2)
(An)+ 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(37/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2)
~(An) 14(3/0) 14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 28(4/2) 26(4/2) 30(5/2)
d(An) 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(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(5/2) 34(6/2)
0. 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(6/2)
xo0¢.L 20(5/0) 20(5/0) 28(5/2) 28(5/2) 28(5/2) 32(6/2) 34(6/2) 32(6/2) 36(7/2)
d(PC) 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(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(6/2)
# 000 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 aftfect execution time.
Standard Instruction Execution Times Table 26. Standard Instruction Execution Times
The number of clock periods shown in Table
26 indicates the time required to perform the INSTRUCTION SIZE op<ea>, Ant op<ea>, Dn op Dn, <M>
operations, store the results, and read the byte, word 8(1/0)+ 4(1/0)+ 8(1/1)+
next instruction. The number of bus read and ADD oy -
write cycles is shown in parentheses as (r/w). long 6(1/0)+ 6(1/0)+ 12(1/2)+
The number of clock periods and the number AND byte, word - 4(1/0)+ 8(1/1)+
of read and write cycles must be added long - 6(1/0+"* 12(1/2)+
respectively to those of the effective address
calculation where indicated. oMP byte, word 6(1/0)+ 4(1/0)+ -
In Table 26 the headings have the following long 6(1/0)+ 6(1/0)+ -
meanings: An = address register operand, DIVS - - 158(1/0)+* -
DN=data register operand, ea=an operand "
specified by an effective address, and DivU - - 140(1/0)+ -
M = memory effective address operand. byte, word - 4(1/0)*** 8(1/1)+
EOR
long - 8(1/0)*** 12(1/2)+
MULS - - 70(1/0)+* -
MuLY - - 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)+ 8(1/1)+
long 6(1/0)+** 6(1/0)+°* 12(1/2)+
NOTES:

December 12, 1986

+ Add effective address calculation time.
+ Word or long word only.
* Indicates maximum value.

** The base time of 6 clock

**+ Only available effective address mode is data register direct.

DIVS, DIVU - The divide algorithm used by the SCN68000 provides less than 10% difference between the

best and worst case timings.
MULS, MULU - The multiply 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 num-

ber of 10 or 01 pattems in the 17-bit source; i.e., worst case happens
when the source is $5555.

2-385

Copyrighted By Its Respective Manufacturer

periods is increased to 8 if the effective address mode is register direct or
time should also be added).

I}



Product Specification
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[ diate Instr E Times Table 27. Immediate Instruction Execution Times
The number of clock periods shown in Table
27 includes the time to fetch i . INSTRUCTION SIZE op#, Dn op#, An op#, M
operands, perform the operations, store the ADDI byte, word 8(2/0) - 12(2/1)+
results, and read the next operation. The
number of bus read and write cycles is shown long 16(3/0) _ 20(3/2)+
in parentheses as (r/w). The number of clock ADDQ byte, word 4(1/0) 8(1/0)* 8(1/1)+
periods and the number of read and write
cycles must be added respectively to those of long 8(1/9) 8(1/0) 1201/2)+
the effective address caiculation where indi- byte, word 8(2/0) - 12(2/1)+
cated. ANDI
long 16(3/0) - 20(3/1)+
In Table 27, the headings have the following _
meanings: # =immediate operand, DN = CMPI byte, word 8(2/0 8E/0+
data register operand, An = address register long 14(3/0) - 12(3/0)+
operand, M = memory operand, and _
SR = status register. ORI byte, word 8(2/0) 12(2/1)+
long 16(3/0) - 20(3/2)+
MOVEQ long 4(1/0) - -
ORI byte, word 8(2/0) - 12(2/1)+
long 16(3/0) - 20(3/2)+
byte, word 8(2/0] - 12(2/1)+
suBl y (2/0) (2/1)
long 16(3/0) - 20(3/2)+
byte, word 4(1/0; 8(1/0)* 8(1/1)+
susQ i (1/0} (1/0) (1/1)
long 8(1/0) 8(1/0) 12(1/2)+
NOTES:
+ Add effective address caiculation time
* Word only
Single Operand Instruction Execution Table 28. Single Operand Instruction Execution Times
Times
Table 28 indicates the number of clock peri- INSTRUCTION size REGISTER MEMORY
ods for the single operand instructions. The CLR byte, word 4(1/0) 8(1/1)+
number of bus read and write cycles is shown
in parentheses as (r/w). The number of clock long i 6(1/0) 12(1/2)+
periods and the number of read and write NBCD byte 6(1/0) 8(1/1)+
cycles must be added respectively to those of
the effective address calculation where indi- NEG byte, word 4179 8(1/n+
cated. long 6(1/0) 12(1/2)+
byte, word 4(1/0; 8(1/1)+
NEGX yt (1/0) (1/1)
long 6(1/0) 12(1/2)+
byte, word 4(1/0] 8(1/1)+
NOT yte, {1/0) (1/1)
long 6(1/0) 12(1/2)+
Sec byte, false 4(1/0) 8(1/1)+
byte, true 6(1/0) 8(1/1)+
TAS byte 4(1/0) 10(1/1)
byte, word 4(1/0] 4(1/0)+
TsT yte, (1/0) (1/0)
long 4(1/0) 4(1/0)+
NOTE:

+ Add effective address calculation time
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Shift/Rotate Instruction Execution Tabile 29. Shift/Rotate Instruction Execution Times
Times
Table 28 indicates the number of clock peri- | NSTRUCTION Size REGISTER MEMORY
ods for the shift and rotate instructions. The byte, word 6+ 2n(1/0) 8(1/1)+
number of bus read and write cycles is shown ASR, ASL
in parentheses as (r/w). The number of clock long 8 +2n(1/0) -
pericds and the number of read and write byte, word 6 +2n(1/0) 8(1/1)+
cycles must be added respectively to those of LSR, LSL
the effective address calculation where indi- long 8 +2n(1/0) -
cated. byte, word 6+ 2n(1/0 8(1/1)+
ROR, ROL A 1/0) a7n
long 8 + 2n(1/0) -
e, word 6 + 2n(1/0 8(1/1)+
ROXR, ROXL oyt (170) 075
long 8 +2n(1/0) -
NOTES:
+ Add effective address caiculation time
n is the shift or rotate count
Bit Manipulation instruction Execution Table 30. Bit Manipulation Instruction Execution Times
Times
Table 30 indicates the number of clock peri- INSTRUCTION SIZE DYNAMIC STATIC
ods required for the bit manipulation instruc-
tions. The number of bus read and write Register Memory Register ory
cycles is shown in parentheses as (r/w). The byte - 8(1/1)+ 12(2/1)+
number of clock periods and the number of BCHG o 570" ~ 220" ~
read and write cycles must be added respec- 9
tively to those of the effective address calcu- BCLR byte - 8(1/1)+ 12(2/1)+
lation where indicated. long 10(1/0)* - 14(2/0)* -
e - 8(1/1)+ 12(2/1)+
BSET byt (1/1) (2/1)
long 8(1/0)* - 12(2/0)* -
byte - 4(1/0)+ 8(2/0)+
BTST i (1/0) (2/0)
long 6(1/0) - 10(2/0) -
NOTES:
+ Add effective calculation time
* Indicates maximum value
Conditional Instruction Execution Times  Table 31. Conditional instruction Execution Times
Table 31 indicates the number of clock peri- BRANCH
ods required for the conditional instructions. INSTRUCTION DISPLACEMENT BRANCH TAKEN NOT TAKEN
The number of bus read and write cycles is
indicated in parentheses as (r/w). The num- B byte 10(2/90) 8(1/0)
ber of clock periods and the number of read cC
and write cycles must be added respecti word 102/0) 12(2/0)
1o those of the effective address ealculahon BRA byte 10(2/0) -
where indicated. word 10(2/0) -
byte 18(2/2 -
BSR yt (2/2)
word 18(2/2) -
CC true - 12(2/0)
DBgc
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) | dAn, ix}+ | xxx.W xxx.L d(PC) d(PC,ix)*
JMP - 8(2/0) - - 10(2/0) 14(3/0) 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(3/2) 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+n/0)] (@+n/0)| (5+n/0)| (4+n/0)| (4+n/0)
Mo R long 12+ 8n 12+ 8n - 16 + 8n 18 +8n 16 + 8n 20 +8n 16 + 8n 18 + 8n
(3+2n/0)| (3 +2n/0) (4 +2n/0) | (4 +2n/0} | (4 + 2n/0) | (5 + 2n/0) | (4 + 2n/0) | (4 + 2n/0)

word 8 + 4n - 8 +4n i2+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 Execution Times
Instruction Execution Times
Table 32 indicates the number of clock peri- | __NSTRUCTION Size op Dn, Dn op M, M
ods required for the jump, jump-to-subroutine, byte, word 4(1/0) 18(3/1)
load effective address, push effective ad- | ADDX long 8(1/0) 30(5/2)
dress, and move multiple registers instruc-
tions. The number of bus read and write CMPM byte, word - 12(3/0)
cycles is shown in parentheses as (r/w). long — 20(5/0)
Multi-Precision Instr E |

byte, word 4(1/0] 18(3/1
Times SUBX yte, {(1/0) (3/1)
Table 33 indicates the number of clock peri- fong 8(1/0) 30(5/2)
ods for the multi-precision instructions. The
number of clock periods includes the time to | ~ECD. byte (/0 186/1)
fetch both operands, perform the operations, SBCD byte 6(1/0) 18(3/1)

store the results, and read the next instruc-
tions. The number of read and write cycles is
shown in parentheses as (r/w).

In Table 33, the headings have the following
meanings: Dn = data register operand and
M = memory operand.
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Tabie 34. Miscellaneous Table 35. MOVE PERIPHERAL Instruction Execution Times
Instruction Execution INSTRUCTION |[SizE| REGISTER — MEMORY MEMORY — REGISTER
AL word 16(2/2) 16(4/0)
INSTRUC- REGIS- MOVEP fon 2a(2/4 24(6/0
TION SIZE| "oon |MEMORY g (2/4) (6/0)
AND} to CCR | byte | 20(3/0) - Table 36. Exception Miscellaneous Instruction Execution
Processing Execution Times Times
ANDI to SR} word | 20(3/0) - Tables 34 and 35 indicate the number of
EXCEPTION PERIODS ; . .
CHK - 110(1/0)+ - ye p—y 50(4/7) clock periods for the following miscellaneous
d instructions. The number of bus read and
EORI to byte | 20(3/0) - Bus error 50(4/7) write cycles is shown in parentheses as (r/w).
EORI to SR | word |20(3/0) - CHK instruction 44(5/4)+ The number of ¢_ﬂock periods plus the number
ORI to CCR | byte | 20(3/0) _ — of read and write cycles must be added to
Divide by zero 42(5/4) those of the effective address calculation
ORI to SR |word|20(3/0) - lilegal instruction 34(4/3) where indicated.
MOVE from _ 61/0) | s1/1)+ Interrupt 44(5/3)* p Processing E tion Times
SR Privilege violation 34(4/3) Idablfeorae iggl:ﬁa;es t:er;:fnbe;:f clocl:,epe;i;
o IS ex n pre ing. 6 number
NNE 10 - |12er0) |12@r00+ RESET"* 40(6/0) | clock periods includes the time for all stack-
Trace 34(4/3) ing, the vector fetch, and the fetch of the first
MOVE to SR | - [12(2/0) | 12(2/0)+ TRAP instruction 38(4/4) two instruction words of the hanfjler routin.e.
EXG _ 6(1/0) _ - ~ The number of bus read and write cycles is
: TRAPYV instruction 34(4/3) shown in parentheses as (r/w).
word | 4(1/0) - NOTES:
E +Add effective address calculation time.
XT jong | 4(1/0) - The intermup cycle is
to take four clock periods.
LINK - |18/2) - the time from when RESET and
MOVE from **HALT are first sampled as negated to when
usP - | 41/0) - instruction execution starts.
MOVE to _ | aaso _ ABSOLUTE MAXIMUM RATINGS
use SYMBOL RATING VALUE UNIT
Noe - | 4070 - Vec Supply voitage range -03 to +7.0 v
RESET - [13201/0) - ViN Input voltage range 0.3 to +7.0 v
R - -
TE 20(5/0) X Operating temperature range T to Th
RTR - |20(5/0) - Ta SCN68000 0 to 70 °C
RTS — |1e/0) _ SCN68000 ceramic ~40 to 85
STOP _ 4(0/0) _ Trse Storage temperature range -55 to 150 °C
SWAP - [ a0/ - NOTE:
This device contains circuitry to protect the inputs against damage due to high static voltages or electric
TRAPV - 4(1/0) - fields; however, it is advised that normal precautions be taken to avoid application of any voitage higher
than i ted ges to this high-i circuit. Reliability of operation is enhanced if unused
UNLK - |12(3/0) - inputs are tied to an appropriate logic voltage level (e.g., either GND or Vo).
NOTE: ] ]
+ Add effactive address caloulation time THERMAL CHARACTERISTICS
CHARACTERISTIC SYMBOL| VALUE {SYMBOL| VALUE | RATING
Thermal Resistance (Still Air)
Ceramic 30 15* °
Pin grid array Oan 33 buc 15 C/W
Plastic 30 15*
NOTE:
*Estimated
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DC ELECTRICAL CHARACTERISTICS Vi =5Vpc $5%; GND =0Vpc; Ta =T to Ty (see Figures 42, 43, and 44)

* With external pullup resistor of 1.1kS2.
** Capacit is periodicall

SYMBOL CHARACTERISTIC SYMBOL MIN MAX
ViH Input high voltage 2 Vce A
Vi Input low voltage GND-0.3 0.8 \

Input leakage current @ 5.25V BERR, BGACK, BR, DTACK,
™ CLK, TPLO-IPL2, VPA 25 pA
HALT, RESET - 20
3-State (off state) input current @ 2.4V/0.4V AS, A1-A23, DO-D15, _
hrsi FCo-FC2, IDS, R/W, UDS, VMA i A
Output high voltage (lon = —400uA) E*|Voc-0.75 -
VoH E, AS, A1-A23, BG, Do0-D15, \Y
Fco-FC2, [DS, R/W, UDS, VMA 24 -
Output low voltage
(loL = 1.6mA) RALT - 0.5
(loL = 3.2mA) A1-A23, BG, FCO-FC2 - 0.5
Vo (loL = 5.0mA) RESET - 0.5 v
(loL = 5.3mA) E, AS, D0-D15, LDS, R/W - 0.5
UDS, VMA
Pp*** Power dissipation (See Power Considerations) - - w
Cin Capacitance (V)N = 0V, T, = 25°C; frequency = 1MHz**) - 20 pF
NOTES:

p ly p rather than 100% tested.
*** During normal operation instantaneous Vcc current requirements may be as high as 1.5A.

910 )

130 pF

L

TCo03308.

Figure 42. RESET Test Load

+SV

29 k()

HALT

Figure 43. HALT Test Load
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€, = 130 oF

(INCLUDES ALL PARASITICS)
Ry_ = 8.0 ki) FOR

X8, A1-a23, §G, 00015,

*R = 1.22 k) FOR A1-A23, BT,
FCo-FC2

Figure 44. Test Loads

R* = 740 {)

MMD7000
OR EQUNVALENT

TCo038528

Power Considerations
The average chip-junction temperature, T, in
°C can be obtained from:
Ty=Ta+ (Ppebyn) (0]
Where:
Ta =ambient temperature, °C
8, =package thermal resistance, junc-
tion-to-ambient,”C/W
Pp =PiNT + Pijo
Pint =lcc X Ve, watts - chip internal
power
Py/0 =power dissipation on input and
output pins — user determined

For most applications Pj;o < Pyt and can be
neglected.

An approximate relationship between Pp and
T, (if Piyo is neglected) is:

2-380

Pp =K + (T, + 273°C) 3]

Solving equations 1 and 2 for K gives:
K=Tp®(TA+273°C) + 0,a0Pp2 (3)

Where K is a constant pertaining to the
particular part. K can be determined from
equation 3 by measuring Pp (at equilibrium)
for a known Ta. Using this value of K the
values of Pp and T, can be obtained by
solving equations (1) and (2) iteratively for
any value of Ta.

Figure 45 illustrates the graphic solution to
the equations, given above, for the specifica-
tion power dissipations of 1.50 and 1.75 watts
over the ambient temperature range of -55°C
to 125°C using an average 9, of 40°C/watt
to represent various SCN68000 packages.
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However, actual 8,4's in the range of 30°C to
50°C/watt only change the curves slightly.

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

8)a =8)c + Oca @

8,c is device related and cannot be influ-
enced by the user. However, fca is user
dependent and can be minimized by such
thermal management techniques as heat
sinks, ambient air cooling and thermal con- Figure 45. SCN68000 Power Dissipation (Po) vs Amblent Temperature (Ta)
vention. Thus, good thermal ] it on
the part of the user can significantly reduce  AC ELECTRICAL CHARACTERISTICS — Clock Timing (see Figure 46)
fca so that 6,5 approximately equals fc.

le,

%,,%

POWER (P) — WATTS
-

—3]

-58 —e0 ° 28 e 110 128
AMBIENT TEMPERATURE (T)~°C
oe001118

Io|

Substitution of 8,¢ for 8,4 in equation (1) will 80 HARA AISTIC 8MHz 10MHz 12.5MHz "
result in a lower semiconductor junction tem- SYMBOL c CTERISTH UNIT
perature. ! Min | Max | Min | Max [ Min | Max
Values for thermal istance pr d in f Frequer.\cy of operation 4 8 4 10 4 12.5 | MHz
this data sheet are provided for design pur- toye Cycle time 125 | 250 | 100 | 250 | 80 | 250 | ns
poses only. Thermal measurements are com- toL ) 55 | 125 | 45 | 125 35 125

plex and dependent on procedure and setup. ton Clock pulse width 55 | 125 | 45 | 125 | 35 | 125 | ™
User derived values for thermal resistance tor _ 10 - 10 - 5

may differ. tor Rise and fall times _ 10 _ 10 _ 5 ns

Table 37. Maximum Power Dissipation by Package Type Modes

MAXIMUM POWER DISSIPATION (WATTS)
PACKAGE TEMPERATURE PER FREQUENCY (MHz)
TYPE °C)
8MHz 10MHz 12.5MHz
. 0 to 70 1.50 1.50 1.75
Ceramic —40 to 85 1.65 1.65 -
" - 0 to 70 1.50 1.50 -
Plastic ~40 to 85 1.65 1.65 -
. . 0 to 70 1.50 1.50 1.75
Pin gnid armay -40 to 85 1.65 1.65 -
Plastic LCC 0 to 70 1.50 1.50 -
toye
o ton —>
] o
WFQ14408
NOTE:
rmmmmmwmwm.mvmmo.wmamvmmzv.msmmh-miumm‘ The voitage swing through this range should start
mwmwhwmw«mmmmmu|mmwnno.ovw2v.
Figure 48. Clock Input Timing Diagram
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AC ELECTRICAL CHARACTERISTICS — Read and Write Cycles Vo = 5Vpc $5%; GND =0Vpc; Ta=TL to Ty
{see Figures 47 and 48)

8MHz 10MHz 12.5MH2
NO. CHARACTERISTIC UNIT
Min Max Min Max Min Max
1 Clock period 125 250 100 250 80 250 ns
2 | Clock width low 55 125 45 125 35 125 ns
3 | Clock width high 55 125 45 125 35 125 ns
4 | Clock fall time - 10 - 10 - 5 ns
5 | Clock rise time - 10 - 10 - 5 ns
6 Clock low to address valid - 70 - 60 - 55 ns
6A | Clock high to FC valid - 70 - 60 - 55 ns
7 Clock high to address data high impedance (maximum) - 80 - 70 - 60 ns
Clock high to address/FC invalid {minimum) 0 - ] - o - ns
9' [ Clock high to AS, DS low 0 60 0 55 0 55 ns
112 | Address valid to AS, DS low (read)/AS low write 30 - 20 - [} - ns
11A27| FC valid to AS, DS low (read)/AS low (write) 60 - 50 - 40 - ns
12" | Clock low to AS, DS high - 70 - 55 - 50 ns
132 | AS, DS high to address/FC invalid 30 - 20 - 10 - ns
1425 | AS, DS width low (read)/AS low (write) 240 - 195 - 160 - ns
14A2 | DS width low (write) 115 - 95 - 80 - ns
152 | AS, DS width high 150 - 105 - 65 - ns
16 Clock high to control bus high impedance - 80 - 70 - 60 ns
172 | AS, DS high to R/W high (read) 40 - 20 - 10 - ns
18! | Clock high to R/W high 0 70 0 60 0 60 ns
20" | Clock high to R/W low (write) - 70 - 60 - 60 ns
20A8 | AS low to R/W valid - 20 - 20 - 20 ns
212 | Address valid to R/W low (write) 20 = 0 - 0 - ns
21A27| FC valid to R/W low {write) 60 - 50 - 30 - - ns
222 | R/W low to DS low (write) 80 - 50 - 30 - ns
23 Clock low to data out valid (write) - 70 - 55 - 55 ns
252 | A8, DS high_ to data out invalid (write) 30 - 20 - 15 - ns
262 | Data out valid to DS low (write) 30 - 20 - 15 - ns
275 | Data in to clock low (setup time on read) 15 - 10 - 10 - ns
2825 | AS, DS high to DTACK high 0 245 0 180 0 150 ns
29 AS, DS high to data in invalid (hold time on read) o - 4] - 0 - ns
30 | A5, DS high to BERR high 0 - 0 - 0 - ns
3126 | BTACK low to data in (setup time) - 90 - 65 - 50 ns
32 | HALT and RESET input transition time 0 200 [} 200 0 200 ns
33 | Clock high to BG low - 70 - 60 - 50 ns
34 | Clock high to BG high - 70 - 60 - 50 ns
a5 | BA low to BG low 15 | 2| s Bone | s Tons Se.:
36° | BA high 1o BG high 15 i‘;“; 15 3%“: 15 | o g::
December 12, 1986 2-392
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AC ELECTRICAL CHARACTERISTICS — Read and Write (Continued)

8MHz 10MHz 12.5MHz
NO. CHARACTERISTIC UNIT
Min Max Min Max Min Max
90ns 80ns 70ns Cik.
37 | BGACK low to BG low 1.5 3 15 3 15 +3 por.
. ) 1.5 1.5 1.5

37A BGACK low to BR high 20 clocks 20 clocks 20 clocks ns
38 %h;ow to control, address, data bus high impedance (AS 100 B 80 _ 70 _ 60
N . Clk.

39 | BG width high 15 - 1.5 - 1.5 - per.
40 Clock low to VMA low - 70 - 70 - 70 ns
41 Clock low to E transition - 70 - 55 - 45 ns
42 E output rise and fall time - 25 - 25 - 25 ns
43 VMA low to E high 200 - 150 - 80 - ns
44 | AS, DS high to VPA high "] 120 0 90 0 70 ns
45 E low to control, address bus invalid (address haJd time) 30 - 10 - 10 - ns
46 BGACK width low 15 - 1.5 - 1.5 - 22:
478 Asynchronous input setup time 20 - 20 - 20 - ns
48% | BERR low to DTACK low 20 - 20 - 20 - ns
49'! | A8, DS high to E low -70 70 -55 55 -45 45 ns
50 E width high 450 - 350 - 280 - ns
51 E width low 700 - 550 - 440 - ns
53 Clock high to data out invalid 0 - 0 - 0 - ns
54 E low to data out invalid 30 - 20 - 15 - ns
55 | R/W to data bus driver 30 - 20 - 10 - ns
56* | HALT/RESET puise width 10 = 10 - 10 - S::
57 | BGACK high to control bus driven 15 - 1.5 - 1.5 - g::
9 . . Clk.
58 BG high to control bus driven 1.5 - 1.5 - 15 - por

NOTES:

-

For a loading capacitance of less than or equal to 50pF, subtract 5ns from the values given in these columns.

Actual value depends on clock period.

It #47 is satisfied for both DTACK and BERR, #48 may be Ons.

For power up, the MPU must be heid in RESET state for 100ms to aliow ilization of on-chip circuitry. After the system is powered up, #56 refers to the
minimum pulse width required to reset the system.

#14, #14A, and #28 are one clock period less than the given number for T6E, BF4, and R9M mask sets.

It the asynchronous setup time (# 47) requirements are s.nsﬁod the DTACK iow-to-data setup time (#31) requirement can be ignored. The data must only
satisty the data-in clock-low setup time (#27) for the cycle.

For T6E, BF4, and R9M mask set #11A timing equals #11, and #21A equals #21. #20A may be O for T6E, BF4, and RO9M mask sets.

When AS and R/W are equally loaded (+20%), subtract 10ns from the values given in these columns.

The processor will negate BG and begin driving the bus again if logic neg BR before asserting BGACK.

The minimum value must be met to g proper i It the d value is d, BG may be reasserted.
Tnemungeogsofsamgorsbothmenmmmmmm:(xs;m'ﬁ)nm:mmungodgeofs Either of these events can occur first, depending upon the
foading on each signal. Specif ion # 49 indi the i skew that will occur between the rising edge of the strobes and the falling edge of the
E clock.

PON

oo

~o0o®exN
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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
tunctional description of the input and output signals. Refer to other functionat d pti and their diag for device operation.
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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.

. Timing measurements are referenced to and from a iow voitage of 0.8V and a high
the

FCO-FC2
(4

A1-A23 b i

Qo =, . @

xij | _

N a3 o= @
== e e v

— H@—e—1-@

GA-
= — @ 1
e I
B oo o
uuout_/‘ E—
e —
BEBR? — —® }ﬁ
@q‘— @
—i—@
ASYNCHAONOUS

rise or fall wil be linear between 0.8V and 2V.

Figure 48. Write Cycle Timing Diagram

WR0S041S

voitage of 2V, unless otherwise noted. The voltage swing through this range should
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AC ELECTRICAL CHARACTERISTICS -SCN68000 To Sy Peripheral Voc = 5Vpc +5%; GND =0Vpg, Ta=T_ to
Tw (refer to Figures 49 and 50)
8MHz 10MHz 12.5MHz
NO. CHARACTERISTIC UNIT
Min Max Min Max Min Max
12 Clock low to AS, DS high - 70 - 55 - 50 ns
18 Clock high to R/W high 4] 70 0 60 o 60 ns
20 Clock high to R/W low (write) - 70 - 60 - 60 ns
23 Clock low to data out valid (write) - 70 - 55 - 55 ns
27 Data in to clock low (setup time on read) 15 - 10 - 10 - ns
29 AS, DS high to data in invalid (hold time on read) ] - 0 - 0 - ns
40 Clock low to VMA low - 70 - 70 = 70 ns
41 Clock low to E transition - 70 - 55 - 45 ns
42 E output rise and fall time - 25 - 25 - 25 ns
43 VMA low to E high 200 - 150 - 90 - ns
44 AS, D3 high to VPA high 0 120 0 90 0 70 ns
45 E low to control, address bus invalid (address hold time) 30 - 10 - 10 - ns
47 Asynchronous input setup time 20 - 20 - 20 - ns
49! AS, DS high to E low -70 70 -55 55 ~45 45 ns
50 E width high 450 - 350 - 280 - ns
51 E width low 700 - 550 - 440 - ns
54 E low to data out valid 30 - 20 - 15 - ns
NOTE:
1. The falling edge of S6 lngge!s both the negatlon of me s\lobes (AS and xDS) and the falling edge of E. Either of these events can occur first, depending upon the
lg:g:(ng on each signal. Sp #49ir skew that will occur between the rising edge of the strobes and the falling edge of the E
0 £l = L] 2] w - w w w A - w w w w w s 86 87 %0
e B Ry O
At-A2 b—(
— @ — e >
=
— 11® o @
w T 7 X 7
T e — - +H®
. © A | S
(a2 ~ o] E(:z
" ﬂ.—® @—{—
@
A A3)
DATA OUT
- )
DATA N F
wrosesos
NOTE:
ThvshmmgmnmlsmctudodiovmoummshwwnmmarM!oMVMA It shows the best case possibly attainable.
Figure 49. SCN68000 to Synchronous Peripheral Timing Diagram—Best Case
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NOTE:

This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable.

Figure 50. SCN68000 to Synchronous Peripheral Timing Diagram—Worst Case
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AC ELECTRICAL CHARACTERISTICS — Bus Arbitration Vi = 5Vpc *5%; GND = OVpc; Ta=TL to Ty (see Figures 51,

52, 53)
SMHz 10MHz 12.5MHz
NO. CHARACTERISTIC UNIT
Min Max Min Max Min Max
7 Clock high to address, data bus high impedence - 80 - 70 - 60 ns
16 Clock high to controt bus high impedence - 80 - 70 - 60 ns
33 Clock high to BG low - 70 - 80 - 50 ns
34 Clock high to BG high - 70 - 60 - 50 ns
90ns 80ns 70ns Clk.
35 BR low to BG low 15 | Jas | 15 | 435 | '8 | +35 | per.
1 . . 90ns 80ns 70ns Clk.
36 BR high to BG high 15 | (a5 | 15 | +as5 | '8 | +35 | per
. 90ns 80ns 70ns Clk.
37 BGACK low to BG high 15 | Jas | 15 | a5 | "® | +35 | per
2 . 15 1.5 1.5
37A BGACK low to BR high 20 | cooks| 20 |ciocks| 20 |clocks| ™
a8 E’G low to control, address, data bus high impedance (AS N 80 _ 70 _ 60 ns
high)
. . Clk.
39 BG width high 15 - 1.5 - 15 - per.
. Clk.
46 BGACK width low 1.5 - 15 - 15 - por
47 Asynchronous input setup time 20 - 20 - 20 - ns
57 BGACK high to control bus driven 15 - 15 - 15 - g::
58 BG high to control bus driven 15 | - 15 | - 15 - g;':
NOTES:
1. The processor will negate BG and begin driving the bus again if logic neg BR before asserting BGACK.
2. The minimum value must be met to gt proper op i if the value is BG may be reasserted.

Figures 51, 52, and 53 depict the three bus
arbitration cases that can arise. Figure 51
shows the timing where AS is negated when
the processor asserts BG (idle bus case).
Figure 52 shows the timing where AS is
asserted when the processor asserts BG

December 12, 1986
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(active bus case). Figure 53 shows the timing
where more than one bus master are request-
ing the bus. Refer to Bus Arblitration for a
complete discussion of bus arbitration.

The waveforms shown in Figures 51, 52, and
53 should only be referenced in regard to the

2-398

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 opera-
tion.
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Figure 51. Bus Arbitration Timing Diagram — idie Bus Case
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Figure 52. Bus Arbitration Timing Diagram — Active Bus Case
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Figure 53. Bus Arbitration Timing Diagram — Muitiple Bus Requests
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