Microcomputer Block Diagram

CPU

Address Bus
1 | | | |
Data Bus |
L | ¢ L | ¢ |l | 9%
Contro | Bus |
Interface Circuitry
RAM ROM Q

Peripheral Devices
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CPU Functional Units

CPU

Instruction Register (IR)

Program Counter (PC)

Instruction Decode
and Control Unit

Arithmetic and
Logic Unit (ALU)

Register O

Register 1

L]

L]

L]

Register n -1
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Opcode Fetch

CPU

Address Bus

Program
Counter

Data Bus

Opcode RAM
Instruction
Register
Control
Bus Opcode
—
Clock I N-1
Read p——————»
r
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FFFF

Hexadecim al
Addresses

0004
0003
0002
0001
0000

Memory Maps

1 Byte

—

76 Is 1213121110

65535

O RPN W b

Decimal
Addresses

T™-4

FFFF

FO00
EFFF

4000
3FFF

0000

4K ROM

44K Em pty

16K RAM

F1-6/7



16-Bit Addresses

Bi =
It 15 . Bit 0 =
most-significant bit - ]
least-significant bit

/ t

15 14 13 1211 10 9 8]7 6 5 4]3 2 1 o

(a)

b
=
=

IlIO ollilIlIOIOil lIlIliO 0

(b)
F1-8
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The Development Cycle

: i
|
i Desi i Relimina !
healy N el mit [ Trensate mrary !
software software | | testing !
= :
! 1
! 1
! 1
! 1
! 1
H 1
: It egrate || 1
' and 'E" Prodct
i verify || !
i :
: |
Sedfy Design . Build Relim:rary_
hardware hardware praotype testirg
1-11
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[ ]

Steps in
the Development Cycle

Object
file
(.0BJ)

(For absolute files)

Listing
file

(MAP)

Linker/
locator

Absolute
object
fie

-]

Listing
file
(.LST)
Source
file Assembler
(.SRC)
1
'
i
'
Legend:

Utility program or
development tool

User file

Execution environment

T™M-7

Simulator

Software
simulation

> Emulator

Hardw are
emulation

OBJHEX
conversion

Hex
file
(.HEX)

Download/
terminal
emulate

EPROM

Programm er

Factory

EPROM

mask
process

ROM

1-13




Motorola S-records

S00900006D796E616D656F
S11320003C3C000A327C201661000020534666F4F2
S11320101E3CO0E44E4E53636F7474204D61634B59
S10C2020656E7A6965200D0A0061
S113202A1E3CO00F81019670000064E4AE60F64E7505
S9030000FC

@

S11320003C3C000A327C201661000020534666F4F2

A ) [

Check sum
Data Bytes
Load Address
Byte Count
Record Type

(b)

1-14
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68000 Programmer's Model

31 16 15 8 7 0

DO

D1

D2

D3 Data

D4 Registers
D5

D6

D7

31 16 15 0

A0
Al
A2
A3
A4
A5
A6

Address
Regist ers

31 16 15 0

A7 User Stack Pointer (USP)
A7 Supervisor Stack Pointer (SSP)

31 2423 0

| | | PC Program Counter

15 8 7 0
l:l:l SR Status Register
%{_/
CCR

T™M-9
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68000 Status Register

System Byte

15 13

.

T |IS

oS

10 9 8

[ ——

User Byte
(Condition Code Register)

L.,

Overflow
Zero

Negative

Sign Extend

Interrupt Mask

TM-10

Trace Mode

Supervisor State

F2-4



Condition Code Computation

111

00011001

(/1601110000

ZI(OOOlOOl —=z=0

> N =1

w 9

33§
I n
O ok

T™-11

C=Sm*Dm + Rm*Dm + Sm-:Rm
=0°0 +0°0+0°0
=0

V = SmeDmeRm + Sm+Dm+*Rm
=0°0°0 + 1°1°1
=1

X

cC=0

F2-5



68000 Memory Map

-- Byte View --

1 Byte
(8 bits)

FFFFFF

000004

000003
000002

000001
000000

F2-7
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68000 Memory Map

-- Word View --

1 Word (16 bits)

FFFFFE f I f
Byte FFFFFE Byte FFFFFF
Note:
Even bytes correspond
. . to upper bytes on the
. external data bus. Odd
. . bytes correspond to lower
bytes on the external
data bus.
Byte 4 Byle 5
Byte 2 Byte 3
/ Byteo / Byte 1
] / /
000004 [ ] ‘ /
000002 A ‘
000000 i

F2-8
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68000 Memory Map

-- Longword View --

1 Longword (32 bits)

-

Word address: n+ 4

- ——

Byten + 4 etc.

/

’ '

Longwords

'Y ' A 'Y
can be at any
even address . \ \ .\ \
Byte n Byten + 1 Byte n+ 2 Byte n+ 3
Word address: n Word address: n + 2

T™M-14




68000 Addressing Modes

Assembler Effective Address
Mode Syntax Generation
Data Register Direct Dn EA =Dn
Address Register Direct An EA = An

Absolute Short
Absolute Long

XXX.W or <xxx

XXX.L or >Xxx

EA = (next word)
EA = (next two words)

Register Indirect (An) EA = (An)

Postincrement Register Indirect (An)+ EA=(An), An" An+N

Predecrement Register Indirect -(An) An " An - N, EA = (An)

Register Indirect with Offset d16(An) EA = (An) + d16

Register Indirect with Index & Offset d8(An,Xn) EA = (An) + (Xn) + d8

PC Relative with Offset d16(PC) EA = (PC) + d16

PC Relative with Index and Offset d8(PC,Xn) EA = (PC) + (Xn) + d8

Immediate #data DATA = next word(s)

Implied Register CCR, SR, USP, | EA=CCR, SR, USP, SSP, PC
SSP, PC

Notes:

EA = effective address
An = address register
Dn = data register

Xn = address or data register used as index register

CCR = condition code register
SR = status register

USP = user stack pointer

SSP = supervisor stack pointer

PC = program counter

() = contents of

d8 = 8-bit offset (displacement)
d16 = 16-bit offset (displacement)

N = 1 for byte, 2 for word, 4 for longword. (If An is the
stack pointer and the operand size is byte, N = 2 to
keep the stack pointer on a word boundary.)

* =is replaced by

TM-15

T2-1




Data Register Direct

| nstruction: MOVE. B DO, D3

Regi ster Contents

Bef or e: DO 10204FFF
D3 1034F88A ( )
Only bits 0-7
After: DO 10204FFF/ affected
D3 1034F8ER

F2-10

TM-16



Address Register Direct

I nstruction: MOVEA.L A3, A0

Regi ster Contents

Move to
Bef or e: A0 00200000 address register
A3 0004F88A

After: A0 0004F88A
A3 0004F88A

F2-11

T™M-17



Absolute Short

/\(SO urce addressin g)

I nstruction: MOVE.L #$1E, $800 mode is immediate

* % % % NEIva * % % %
Addr ess Cont ent s Destination addressing j
de is absolute short

Before: 000800 12 me

000801 34

000802 56

000803 78
After: 000800 00 32-bit operand size

000801 00 = | moves datato four

000802 00 consecutive byte

000803 1E locations

TM-18
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Absolute Long

| nstructi on: MOVE. B #$1E, $8F000

* k% * IVEI\mY * k%% \
Addr ess Contents Destination addressing )

mode isabsolute long

Bef ore:  08F000 FF
After:  08F000  [LE|= (operand size
L is byte

F2-14
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Register Indirect

I nstruction: MOVE. L DO, (AO) ~—__ | A0 contains the
address of the
destination

* % % % NE'VmY * k% k%
Address Contents Regi sters

Bef or e: 001000 55 A0 00001000
001001 02 DO 1043834F
001002 3F
change
After: 001000 10 A0 [00001000
001001 43 DO 1043834F

address $001000

001002 83 \
001003 4F [A long word is Writtento)

F2-17
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| nstructi on:

Bef or e:

After:

Postincrement Address
Register Indirect

MOVE. W ( A5) +, DO

* k k% 'VE'VmY * k k%

001000
001001
001002
001003

001000
001001
001002
001003

Address Contents Regi sters

45 A5 00001000
67 DO OOOOFFFF :

Address register
89 incremented by
AB number of bytes

moved, 2
45 A5 100001002
67 DO 0000@567
89
AB
F2-18
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Predecrement Address

Register Indirect

| nstruction: MOE. W DO, - (A7)

* % % % NEIVmY * % % %
Addr ess Contents

Bef or e: 001000
001001
001002
001003

After: 001000
001001
001002
001003

10
12
83
47

Regi sters
A7 00001002

Address register

decremented by
number of bytes

moved, 2

A7 100001000
DO 00000143

F2-19
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Register Indirect
With Offset

6 plus value in AO

I nstruction: MOVE W 6(A0), DO Effective address is
\/

* % % % NEIVmY * * k%

Address Contents Regi sters
Before: 001026 07 A0 00001020

001027 BF DO 00000000

A0 0001020
DO 0000p/BF

Gddress registe)
does not change
After: 001026 07 e

001027 BF

F2-20

TM-23



Register Indirect
With Index and Offset

Address register)
/\Gndex register, 32 bits)

Instruction: MOEA $10(AO0, DO.L), Al

* % % % NE'VmY * % % %
Address Contents Regi sters

Bef or e: 00101C EF A0 0000100A
00101D  [10 AL 00000000 o
DO 00000002 sign-extended
A/ because destination
After: 00101C EF A0 Y 0000100 is an address register
00101D 10 Al I|[EEEEEF10
DO 00000002

Not e:
EA = $10 + $100A + $2 =$101C

F2-22
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PC-Relative
With Offset

I nstruction: MOVE. W $1020(PC), D5

* % % % 'VE'VOQY * % *x %
Address Contents Regi sters

Bef or e: 001020 AB PC 00001000 Instruction is two
001021 CD D5 12345678 | wordslong,soPCis
incremented by four
After: 001020 AB PC 00001004/

001021 CD D5 1234ABCD

F2-23
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PC-Relative
With Index and Offset

I nstruction: MOVE. W $1020(PC, D0. W, Db

Only low-order
*xxx VEMORY **** 16 bits of DO used
Address Contents Regi sters [ as index ]
Before: 001026 FE PC 00001000/

001027  [bC D0 ABCDDO06]
D5 12345678

After: 001026 FE
001027 DC

PC 00001004
DO  ABCDO006

D5 1234

F2-26

TM-26



Immediate

/—\Cm mediate dat a)

Instruction: MOE. L #$1FFFF, DO follow
Regi ster Contents (Base: A
Bef or e: DO 12345678 $ = hexadecim al
@ = octal
% = binary
After: DO O001FFFF & (ornothing) = decimal
'AB' = ASCIl characters
g J
F2-28
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Vcc (2)

GND (2) —»

CLK

FCO

Processor FC1
Status

| FC2

MC6800 I E

Peripheral !  VMA

Control VPA

BERR

System  |'pESET
Control

l HALT

68000 Signals

_—

[T

68000

Address Bus

Al-A23

( Data Bus

<4— |PLO

- |PL1

- IPL2

TM-28

= BGACK

[N
'> D0-D15

Asynchronous
Bus
Control

Bus

: Arbitration

Control

Interrupt
Control

F2-33



Upper Data Strobe and
Lower Data Strobe

Internal Bus

Signals Signals

A23 A23
Al Al
A0

O—=—— uDSs
(even byte)

— o
WORD/BYTE {> LDS
(odd byte)

(a)

TM-29

WORD/BYTE| AOQO UDS LDS
1 X 0 0
0 0 0 1
0 1 1 0
(b) ‘
F2-34




Decoding with
-UDS and -LDS

68000
Al1-A23 Address Bus >
D8-D15 ( Data Bus (upper byte) >
A S A
DO—D7( Data Bus (lower byte) >
- <<~ @
Addre‘ss Upper Lower
Decoding RAM RAM
uDs }‘CS D"—- cs
LDS
F2-36

TM-30



68000

DTACK

Generation of -DTACK

Address Bus

+5V

%IOK

g

Address
Decoding

7407

RAM

11 ,

Address RAM
Decoding
*ICS
7407

From other RAMs,

TM-31

ROMs, I/ O Devices, etc.

F2-36



Function Code Outputs

Function Code

FC2 FC1 FCO Address Space Type
0 0 0 (Undefined, reserved)
0 0 1 User Data
0 1 0 User Program
0 1 1 (Undefined, reserved)
1 0 0 (Undefined, reserved)
1 0 1 Supervisor Data
1 1 0 Supervisor Program
1 1 1 CPU Space (Interrupt Acknowledge)

T2-3
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)

CPU at beginning
of S7

ata latched into

D

[

\

S6

S5

S4

S3

S2

DT ACK must be
asserted before the end
of S4, otherwise wait
states are insert ed

S1

Read Cycle Timing

|

SO

F2-39

TM-33
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Write Cycle Timing

DTACK

D8-D15

./.:.-.;.\.------ etecccccccscheccccededeccccctaccdecdecaak

D0-D7

TM-34
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N
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Data Movement Instructions

Instruction Operation
EXG Exchange registers
LEA Load effective address
LINK Link and allocate stack
MOVE Move source to destination
MOVEA Move source to address register
MOVEM Move multiple registers
MOVEP Move to peripheral
MOVEQ Move short data to destination
PEA Push effective address
UNLK Unlink stack

TM-35
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Integer Arithmetic Instructions

Instruction Operation
ADD Add source to destination
ADDA Add source to address register
ADDI Add immediate data to destination
ADDQ Add short data to destination
ADDX Add with extend bit to destination
CLR Clear operand
CMP Compare source to destination
CMPA Compare source to address register
CMPM Compare memory
DIVS Signed divide
DIVU Unsigned divide
EXT Sign extend
EXTB Sign extend byte
MULS Signed multiply
MULU Unsigned multiply
NEG Negate
NEGX Negate with extend
SUB Subtract source from destination
SUBA Subtract source from address register
SUBI Subtract immediate from destination
SUBQ Subtract short from destination
SUBX Subtract with extend bit from destination

TM-36
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CMP Example

| nstruction: CWMP.B #' i(j:;;\\\‘ ASCIl code for
'z'is $7A

Regi ster Contents

. 7 D7 also contains
Before: [S); FFFFISIS ASCII code for 'z')

After: D/ FFFFFF7 Al=—( D7 does not
SR 0014 change
Not es: /‘Eﬁlllolo
111010

[Qboooooo
;_:_/

sign bit does not change)

(
(borrow not required)
(no change)

Ty
X 0O <ZN
I qonn

PO oo

F3-5

TM-37



DIVS Example

I nstruction: DIVS #- 3"/[)7\
Regi ster Contents —

SR 001F
After: 07 [ooFFEG~—(Quotient, -4)
SR 0018

<Remainder, 2 )

Notes: 14/ -3 =-4wth aremi nder of 2
F3-8
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Boolean Instructions

Instruction Operation
AND AND source to destination
ANDI AND immediate data to destination
EOR Exclusive OR source to destination
EORI Exclusive OR immediate data to destination
NOT Complement destination
OR OR source to destination
ORI OR immediate data to destination
Scc Test condition codes and set operand
TST Test operand and set condition codes

TM-39
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EOR Example

Instruction: EOR L D6, (A4)+

* * % % I\/EI\/DQY * * % %
Address Contents Regi sters

Before: 003100 [AB Ad oooosloo/@urceoerand)
003101  |cD D6 (2345678 P

003102 EF SR 0000
003103 10 \ “(Destination operand)

After: 003100 B9 A4 [00003104 .._
by four

003101 F9 DO 12345678
003102 B9 SR 0008
003103 68

Not es: ABCDEF10
® 12345678

BOFOB968
—

0
1
C = 0 (always)

not affected (assume 0)

X < Z N

F3-10
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Shift and Rotate Instructions

Instruction Operation Bit Movement
ASL Arithmetic shift left B o
ASR Arithmetic shift right
LSL Logical shift left [overans 0]
LSR Logical shift right o
ROL Rotate left

’ [ operans -
ROR Rotate right |Operand
ROXL Rotate left with extend bit e
ROXR Rotate right with extend bit oporand

—
SWAP Swap words of a longword [26 bits [ 16 bits |

T™M-41
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ASR Example

I nstruction: ASR B D3, D2 right: sign bit

does not change!

F\(Arit hmetic shift j

Regi ster Contents

Bef or e: D3 50000002/(5'“” count in Ds)

D2 000000p8
SR OOlF‘\(Shift data in D2 )

After: D3 00000002
D2 0000001A
SR 0000
Not es: 011071000]

1]
o

oo © X

(always)

F3-11
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Bit Manipulation Instructions

Instruction Operation
BCHG Change bit
BCLR Clear bit
BSET Set bit
BTST Test bit

TM-43
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BTST Example

| nstruction: BTST #'7, D5 Gest bit 7 of D5)
Regi ster Contents _
Bef or e: D5 FFFFFF7F
SR 0000
After: D5 FFFFFF7F
SR 0004 z=1
F3-12
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Binary-Coded Decimal Instructions

Instruction Operation
ABCD Add source to destination
NBCD Negate destination
SBCD Subtract source from destination

TM-45
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ABCD Example

[ Operand size
Instruction: ABCD -(A3), -(A4) ( always byte l

* % % % NE'VmY * % % %
Address Contents Regi sters

Before: 00200E 98 A3 0000200F
00210E 54 A4 0000210F
SR 001F
After:  00200E 98 A3 0000200E‘//(%232;fj§;ﬁijféﬂ
00210E A4 [0000210E
SR 00[LL

~~(~---XNzVC
00010001

98 + 54 + 1 =153
(the hundreds digit

is stored in C & X)

Not es: 10(1)11000
01010100
+ 1 (x=1)
11101101
+ 00000110 (addos)
%1M10011
+ 01100000 (add 60)
01010011
— _VC—:::———-»Zz 0
= C=X=1
N =V = undefined (assume 0)

F3-13
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Program Flow Instructions

Instruction Operation

Bcc Branch conditionally

BRA Branch always

BSR Branch to subroutine

DBcc Test, decrement, and branch
JMP Jump to address

JSR Jump to subroutine
NOP No operation

RTE+ Return and deallocate stack
RTR Return and restore condition codes
RTS Return from subroutine

*privileged instruction

TM-47
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BRA Example

| nstruction: BRA $20A0 <——('Branch destinat iorD

* % k% IVEIVmY****
Address Contents Regi sters

Bef or e: 002050 60 Jl' PC 00002050

002051 IE ‘¥<hstruction Word>
After: 002050 60 PC 000020A0

002051 4E
Not es: O Spl acenent =X (Branch offset, 8 bits)

2052 + X = 20A0
X =20A0 - 2052 /
= 4E

F3-15

TM-48



BSR/RTS Example

BSR $40F2

BEFORE
REGISTERS:
PC 005016

A7 00003050

MEMORY:

MAIN
PROGRAM

00501A
00501 8[FODA ||
005016[6100 ||

BSR $40F2

0040FA[4E75 |i RTS

SUBROUTINE

0040F2

003050(1234 |v—A7
00304E|5678
00304C|9ABC

STACK

RTS
BEFORE

REGISTERS:

PC 004 0FA
A7 0000304C

MEMORY:

MAIN
PROGRAM

00501A
005018[FO DA |BSR$40F2
005016[6100 ]

0040FA[4E75 |i RTS

SUBROUTINE

0040F2

003050(1234
003 04E[501A
00304C|0000 |~—A7

STACK

AFTER
REGISTERS:
PC 0040F2

A7 0000304C

MEMORY:
MA IN
00501A PROGRAM
005018[FODA ||
BSR $40F2
005016[6100 ]| $
0040FA[4E75 ]I RTS
SUBROUTINE
0040F2
003050[1234
00304E[501A STACK
003040000 |+—A7
1
address of
instruction
folowing BSR
REGISTERS:
PC oosomx Teturn to
A7 00003050 instruction
following BSR
MEMORY:

MAIN
00501A PROGRAM
00501 8[FO DA |BSR$40F2
005016[6100 |]
0040FA| 4E75 |I RTS

SUBROUTINE
0040F2

i

1 003050 [12324 |=—A7

1 00304E[501A STACK
i 00304cf0000

:

TM-49
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System Control Instructions

Instruction Operation
ANDI*++ AND immediate to status register/condition code register
CHK Trap on upper out-of-bounds operand
EORIH Exclusive OR immediate to status register/condition code
register
ILLEGAL lllegal instruction trap
MOVE*+ Move to/from status register/condition code register
ORI++ OR immediate to status register/condition code register
RESET* Assert RESET line
sSTOP* Stop processor
TAS Test and set operand
TRAP Trap unconditionally
TRAPV Trap on overflow

*privileged instruction

*++privileged instruction if SR specified

TM-50
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TRAP Example

Instruction: TRAP #5

*k k% I\/EMY****
Address Contents Regi sters
Before:  002FFA 12 PC 00002000 —e
' y stem
coFFE 34 AT POOOSOOO—{ i )
002FFC 56 SR 001F
002FFD 78
002FFE 9A

PC saved on
system stack

000097 FO

vector 002FFF  BC
address 00
000095 01 trap 5 Exception processing
000096 80 begins at addressj
$0180F0
000097  |FO S
{
After: 002FFA 00 PC |000180F0
002FFB 1H A7" POOO2FFA|~—{ System
002FFC 00 SR 201F j:ic‘i';n':'n’lteec;
002FFD 00 by 6
002FFE 20
002FFF 02 SR saved on Supervisor State
000094 00 system stack bit = 1
000095 01
000096 80 -

Not es: Vector read fromaddress $80 + (5 x 4) =$94
F3-18
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68000 Instruction Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Operation Word

(1st word specifies operation and addressing 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)

F3-19
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Effective Address Encoding

Addressing Mode Mode Bits Register Bits
Data Register Direct 000 register number
Address Register Direct 001 register number
Address Register Indirect 010 register number
Address Register Indirect with 011 register number
Postincrement
Address Register Indirect with 100 register number
Predecrement
Address Register Indirect with 101 register number
Displacementt
Address Register Indirect with Index* 110 register number
Absolute Shortt 111 000
Absolute Longtt 111 001
Program Counter with Displacementt 111 010
Program Counter with Index* 111 011
Immediate or Status Registerttt 111 100
t One extension word required
tt Two extension words required

ttt  For Immediate addressing, one or two extension words required
depending on the size of the operation

* One extension word required; see Table C-4 for the encoding

T3-11
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68000 Condition Code Encoding

Mnemonic Condition Encoding Test
Tt true 0000 1
Ft false 0001 0
HI high 0010 c 'z
LS low or same 0011 C+Z
CC(HS) carry clear 0100 c
CS(LO) carry set 0101 C
NE not equal 0110 z
EQ equal 0111 Z
veTt overflow clear 1000 v
vstt overflow set 1001 \
PL plus 1010 N
Ml minus 1011 N
Gett greater or equal 1100 N-V+N-V
LTt less than 1101 N-V+N-V
ottt greater than 1110 N-V-Z+N-V- 7
LTt less or equal 1111 ZEN-V+N-V

T Not available for Bce instruction
T Twos complement arithmetic

* = Boolean AND
+ = Boolean OR

TM-54
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Opcode Map

Bits

15 through 12 Operation
0000 Bit Manipulation/MOVEP/Immediate
0001 Move Byte
0010 Move Long
0011 Move Word
0100 Miscellaneous
0101 ADDQ/SUBQ/Scc/DBcc
0110 Bcc/BSR
0111 MOVEQ
1000 OR/DIV/SBCD
1001 SUB/SUBX
1010 (Unassigned)
1011 CMP/EOR
1100 AND/MUL/ABCD/EXG
1101 ADD/ADDX
1110 Shift/Rotate
1111 (Unassigned)

T3-13
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Assembler Operation

Legend:

O Utility program
C] User file

PROG.SRC
PROG.LST

(a)

Input
Command file Listing Object code

outut file output file Assem bler
\ \ options

(b) A68K PROG.SRC, PROG.LST, PROG.OBJ, X S

F4-1

TM-56



(a)

(b)

Assembler Files

Label Mnemonic Operand Com ment
field field field field (empty)
ORG  $1000
PROG LEA $800, A0
MOVE. B #50, DO ~—
CLR W D7
LOOP ADD.W (A0)+, D7 souree
SUBQ B #1, DO
BRA *
END

Line number

TM-57

f Address Contents Source file
1 00001000 ORG $1000
2 00001000 41F80800 PRGG LEA $800, A0
3 00001004 103C0032 MOVE.B #50,00 | |\
4 00001008 4247 CLRW D7 Listing
5 0000100A DE58 LOCP ADD.W (A0)+, D7 file
6 0000100C 5300 SUBQ B #1, DO
7 0000100E 60FE BRA *
8 00001010 END
F4-2



Listing Examples

OCO~NOOUITRARWNPEF

00001000
00001000
00001002
00001004
00001008
00000064
0000100A
0000100E
00001012
00001016
0000101A
0000101E
00001022
00001026
0000102A
0000FO000
0000102C
00001030
00001032
00001034
00001036
00001038

6006
60FE
6000FFFE
181B

3A3C0064
3A3C0064
3A3C0064
3A3C0064
3A3C0064
3E3CFFFB
3E3CFFFB
3A390000
FO0O0

3A390000
FO0O0
4E71
4E71
67FA

HERE

COUNT

PORT

BACK

:
3 3 3

BEQ
END

$1000

* +8

*

HERE
(A3)+, D4
100
#COUNT, D5
#100, D5
#$64, D5
#144Q D5

#9%0©1100100, D5

#-5, D7
#$FFFB, D7
$F000, D5

$F000
PORT, D5

BACK

"ngn

| ocati on counter
branch to itself
branch to itself

i ndi rect addressing
equat e synbol to val ue

synbol as inmred. data
deci mal

hexadeci mal

octal (A68K format)

bi nary

negati ve nunber, deci mal
negati ve nunber, deci mal

dat a addr ess

equat e synbol as address
dat a address (synbol)

code address (NOP =
no operation)

TM-58
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Assemble-Time Operators

OperatorT Function Precedence Type
- Unary minus 1 Unary
.NOT. Logical NOT 1 Unary
.LOW. Low byte 1 Unary
HIGH. High byte 1 Unary
.LWRD. Low word 1 Unary
.HWRD. High word 1 Unary
* Multiplication 3 Binary

/ Division 3 Binary

+ Addition 4 Binary

- Subtraction 4 Binary
.MOD. Modulo 3 Binary
.SHR. Logical shift right 3 Binary
SHL. Logical shift left 3 Binary
AND. Logical AND 5 Binary
.OR. Logical OR 6 Binary
XOR. Logical XOR 6 Binary
EQ. EqualfT 7 Binary
NE. Not Equal T 7 Binary
.GE. Greater or equalt™ 7 Binary
LE. Less or equalTT 7 Binary
.GT. Greater thanTT 7 Binary
LT. Less thantt 7 Binary
UGT. Unsigned greater thanT T 7 Binary
ULT. Unsigned less thanTT 7 Binary

TOperators apply to A68K. Different assemblers may support different

operators.

TTRelational operators return 1s (true) or Os (false).
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Examples of

Assemble-Time Operators

RPOOWOO~NOUITRAWNE

L

00000064
00002000
00002000
00002004
00002008
0000200C
00002010
00002014
00002018
0000201C
00002020

3A3CFFFF
3A3C0009
3A3C0001
3A3C0400
3A3C0040
3A3C0041
3A3CFFFF
3A3C0032

EQU

ORG

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
END

100

$2000

#-1, Db

#4+50/ 10, D5
#25. nod. 6, D5
#$8000. shr. 5, D5
#$45&3$F0, D5
#.high.' AB', D5
#5.gt.4, D5
#COUNT/ 2, D5
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Assembler Directives

Directive Operation Syntax
ORG set program origin ORG value
EQU equate value to symbol symbol EQU value
END end of source program END label
DC define data constant [label] DC number[,number][...]
DS define RAM storage [label] DS count
RSEG begin relocatable segment RSEG name
EXTERN define external symbol EXTERN symbol[,symbol][...]
PUBLIC define public symbol PUBLIC symbol[,symbol][...]

TM-61
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Listing Examples

OCO~NOUITRAWNPEF

Addr ess

00001000
00001000
00000064
00002000
00002000
0000000D
00003000
00003000
00003004
00003006
0000300A
00004001
00004002
00005000
00005000
00000050
00006000
00006000
00006050
00007000
00007000
00007002
00007006
0000700A
0000700C
00000000
00000000
00000004

Contents

1A3C0064

1A3C0064

OO0O05FFFF
O5FF
4A4AFA4A84E
0D00

000F

6100

7250
327C6000
12FC0000
5301
66F8

1A3C002C

khkkkhkkhkkhkkhkhkkhkhx*k O_|4_6 SRC Rk Sk S S R R O

ORG
START MOVE. B
COUNT EQU
ORG
HERE MOVE. B
CR EQU
ORG
NUM  DC
MORE DC. B
NAME DC. B
DC. B
ORG
VALUE DC
ORG
DC. W
LENGTH EQU
ORG
BUFFER DS. B
TEMP DS.B
ORG
MOVE. L
MOVEA
LOOP  MOVE. B
SUBQ B
BNE
RSEG
BEG N MOVE. B
END

$1000
#100, D5
100
$2000
#COUNT, Db
$0D
$3000
5-1
5-1
"JOHN
CR 0
$4001
15
$5000
Ca

80
$6000
LENGTH

1
$7000

#LENGTH, D1
#BUFFER, Al

#0, (Al) +
#1, D1
LOOP
EPROM
#44, D5

define a synbol

set origin

word size default
byte size constants
ASCI | string

CR is a synbol

deci nal const ant

use Rl as counter
Al points to buff
clear |location
done?

no: clear again

TM-62
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Linker Operation

Legend:

Utility program

C) User file

Options
Command follow Absolute
CPU output file
Input formatted Listing

files in S-records file

—_ -

- - -

XLINK 68K FILE1.0BJ FILE2.0BJ FILE3.0BJ FILE4.0BJ /O=PROG.HEX M=PROG.MAP

F4-10

TM-63



User Mode vs. Supervisor Mode

Feature User Mode Supervisor Mode

Entered by Clearing S-bit in SR Exception processing

FC2 = 0 1
Active stack pointer USP SSP
Other stacks using AO - A6 USP, AO-A6

SR access
Read: Entire SR Entire SR
Write: CCR bits only Entire SR

Instructions available |  All except All

AND #data,SR
EOR #data,SR
MOVE <ea>,SR
MOVE USP,An
MOVE An,USP
OR #data,SR
RESET

RTE

STOP

TM-64

T6-1



Changing Between
User Mode and Supervisor Mode

Transition may occur only
during exception processing

User
Mode

Supervisor
Mode

Transition may occur
through fourinstructions:

MOVE to SR
ANDI to SR

EORto SR
RTE

F6-1
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Exception Tree

Exception

External Int ernal

Execution
Error

Instruction

hterrupt

User Auto Bus TRAP Divide- Privilege A—Im_e or Address lllegal
Reset || TRAPV Trace . . F-line :
Vector||Vector Error by-zero| | Violation - Error Instruction
CHK Emulation

F6-2

TM-66



Exception Processing Sequence

( Start exception )

!

Make internal
copy of SR
S=1,T=0
Y€S | update interrupt
mask level
no

Obtain vector
num ber

l

Vector address =
vector number x 4

!

Push PC and copied
SRonto stack

|.

(Vector address)
> PC

!

(Continue execution)

F6-3
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Stack Frame for Exceptions

(except bus error and address error)

n+6

n+4

n+2

15

High-Memory

«— SP (old)

Program Counter (low)

Program Counter (high)

Status Register

*— SP (new)

Low-Mem ory

TM-68
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A31

Exception Vector Address

A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

all zeros IV7IV6IV5IV4IV3IV2IV1IVOIOIo

— —_ —

Vectornumber

F6-5
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Reset and Exception
Vector Assignments

Vector Hexadecimal
Number Address Assignment
0 000 Reset SSPT
- 004 Reset PCT
2 008 Bus Error
3 0oC Address Error
4 010 lllegal instruction
5 014 Divide-by-zero
6 018 CHK instruction
7 01C TRAPV instruction
8 020 Privilege violation
9 024 Trace
10 028 Line 1010 emulator
11 02C Line 1111 emulator
12 030 (reserved)
13 034 (reserved)
14 038 Format error (68010)
15 03C Uninitialized interrupt vector
16-23 040-05C (reserved)
24 060 Spurious interrupt! T
25 064 Level 1 interrupt autovector
26 068 Level 2 interrupt autovector
27 06C Level 3 interrupt autovector
28 070 Level 4 interrupt autovector
29 074 Level 5 interrupt autovector
30 078 Level 6 interrupt autovector
31 07C Level 7 interrupt autovector
32-47 080-0BC TRAP instruction vectors' T
48-63 0CO0-0FC (reserved)
64-255 100-3FC User interrupt vectors

T The reset vector is four words and resides in the supervisor program (SP)
space. All other vectors reside in the supervisor data (SD) space.

TT The spurious interrupt vector is taken when there is a bus error during an
interrupt acknowledge cycle.

T11 Trap #n uses vector number 32 + n. See Table 6-5.

TM-70
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Exception Grouping and Priority

Group Exception Processing
0 Reset Exception processing begins
Address Error within two CPU cycles
Bus Error
1 Trace Exception processing begins
Interrupt before the next instruction

lllegal Instruction
Privilege Violation

2 TRAP, TRAPV Exception processing begins by
CHK normal instruction execution
Zero Divide

T6-3
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Traps vs. Subroutines

Features

Traps

Subroutines

Initiated from

user mode or
supervisor mode

user mode or
supervisor mode

Routine executes in

supervisor mode

user mode or
supervisor mode

Registers saved

PC and SR

PC

Registers saved on

system stack

user stack or
system stack

Routine ends with

RTE

RTS

Privilege state after is

user mode or
supervisor mode

user mode or
supervisor mode

T™M-72




Vector Assignments for

TRAP Instructions

Instruction Vector Vector

Number Address
TRAP #0 32 $000080
TRAP #1 33 $000084
TRAP #2 34 $000088
TRAP #3 35 $00008C
TRAP #4 36 $000090
TRAP #5 37 $000094
TRAP #6 38 $000098
TRAP #7 39 $00009C
TRAP #8 40 $0000A0
TRAP #9 41 $0000A4
TRAP #10 42 $0000A8
TRAP #11 43 $0000AC
TRAP #12 44 $0000BO
TRAP #13 45 $0000B4
TRAP #14 46 $0000B8
TRAP #15 47 $0000BC

TM-73
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Stack Frame for
Bus Error and Address Error

High-Memory

15 0
n+l4 «— SP (old)
n+12 Program Counter (low)
n+10 Program Counter (high)

n+ 8 Status Register

n+ 6 Instruction Register

n+ 4 Access address (low)

n+ 2 Access address (high)

n Accesstype -+— SP (new)
Low-Memory

(a)

15 5 4 3 2 1 0
undefined rw| v N|Fc2| Fei| Feo
L'_Function Code

» I/ N
0 = instruction
1 = not an instruction

(b)

TM-74

= write cycle

> RW
0
1 = read cycle
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Power-on Reset Timing

o — THUUIANU U U U U U UL U LU

+5
Vcce
ov
| > 100 ms
RESET
HALT
—-| I—— < 4 clocks

Bus Cycles WQWM ( SSPHX SSPLX PCH X PCL X K

— — — — — — = .~
Initialize SSP Initialize PC Execute 1st
instruction
Legend:
)_( Allcontrol signals inactive.
@ Internal start-up time Data bus in read mode

::::: Bus state unknown _(:_ Bus cycle (memory read or memory write)

F6-7
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A Switch as an Input Device and an
LED as an Output Device

Switch

(a)

+5 V
Resistor
LED 220 W
Wire Vg ol
N
+5 V
Resistor
LED 220 W
A
Computer m

(b)

T™M-77

Switch LED
OPEN OFF
CLOSED ON
Switch LED
OPEN ?
CLOSED
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Interface to Switches and LEDs
(conceptual)

68000

Control Bus

TM-78

Data Bus —l
Address Bus J
LED #7
+5
—/,_D_Illﬁ_ D15 ~
a_ Q
. D14 D14 e
Q| Q
. D13 D13 o
A23 [ ™ A23 Q
A22 | o . D12 |A22 D12 e
A21 — Q| O 1 a21 Q —KI—\N‘—
A20 | —-’-—' Lil [ D11 2
a A20 Q
AL9 —" D10 A19 D10 VU
O . A8 ™ a ALS Q
Al7 — — D9 O AL7 D9 ~
Al6 —o ALS Q
A15 | — e D8 D8 V'
| [ Al5 Q
C_ Al4 = Al4 — _
A13 ‘ ;
. A12 - | AL3 LED #0
ALl READ SWITCHES Al2 WRITE LEDS
A - ALl
o]
O . AlD |A10
re | O e
- A8 —9 |
A8
N a7
A6 | [ |
AB
0 | Hd 0
adl [ aa
a3zl
A3
O- A2 ) +5V | a2
- RS uDs
as{ |- -
AS AS :j
RIW RIW !
DTACK

F7-2
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for MOVE.B $00C000,DO

iming

T

Low-word of Memory

High-word of

location
$00C000

address
($C000)

address

Opcode

($0000)

fetch

L]

-

Memory

Memory

Mem ory

CPU clock:

time

—
One clock

period

s’
s4

ﬂ

DO, bits 0-7, at
the start of S7

ata from switche
latched into register

/s !
'/
’
D

S6

S5

S2 S3

S1

three-state

buffers enabled

(

D0-D7

F7-3
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Example of Partial Decoding

- A23—9 s A23—9
A22—9 | A22 —
O A21—9 O A21—
. A20—© . A20—
[ AL9— - A19—
i Al8— i A1g—
| A17—9 | A17—9
3 JR— _— ! JE— D —
Al6 Jo——— READ SWITCHES AL6 ——— WRITE LEDS
A15 A15 :>
Al4 I Al4
C ] A13— C ] A13
L A12—© A12
Ubs™ ubs
AS AS’
R W R W—9
(a)
Address:
A23 A19 A15 Al1 A7 A3 AO

lololodololodoolstalololxExIxIxIxExixIxIxIxIxlol

0 0 C X X XX0

(b) .
F7-5
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Flowcharts for
Program-Conditional I/O

Input Flowchart: Out put Flowchart:
' Enter ' ' Enter '
a
>
\ 4 Y
Read Device Read Device
Status Flag Status Flag

Device
Ready

Input Output
Data Data
Clear Flag Clear Flag
Y
' Exit ' Exit
(a) (b)

F7-7
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Keyboard Interface

r Data Bus I
D8
Keyboard
D15
KBD D Q d
DATA b o D14
D13
D Q
D Q D12
Q|
D Q D11
D10
D Q /Q
D Q ,Q D9
D Q D8

KEYHIT

FLAG

(a)

KBD DATA Valid Data

READ KBD DATA —

READ KBD STATUS

Data are stored

A key is in latch and
pressed flag is set

!

T

KEYHIT

(b)

L |

TM-82

F7-6



Interface Using a
Peripheral Interface IC

( Data Bus

CPU Address Bus

|| ||
Control Bus
N '

Peripheral Interface IC

*(Al Re ad Write
"[A° Status [ Control
<> < > *|RI'W etc. etc.
etc. etc.
Address —
Decoding "|CS I‘nf\u;t Output

-

~~

Peripheral Device
F7-9
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Program Execution
Without Interrupts or
With Interrupts

—tlime
Main Program
(a)
| upt -l
. ISR ISR ISR
tio
B ) -
w ] Gel e ][]
Interrupt
R n from i p
(b)

TM-84



Interrupt Priority Conditions on -
IPL2, -IPL1, and -IPLO

Signal

P2 P1 Interrupt Condition Maskable Priority
1 1 1 0 No interrupt - -

1 1 0 1 Interrupt Yes Lowest
1 0 1 2 Interrupt Yes (etc.)
1 0 0 3 Interrupt Yes (etc.)
0 1 1 4 Interrupt Yes (etc.)
0 1 0 5 Interrupt Yes (etc.)
0 0 1 6 Interrupt Yes (etc.)
0 0 0 7 Interrupt No Highest

T7-3
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Autovectors for
Automatic IACK Cycles

Vector Address
Interrupt (Autovector)

0

1 $000064
2 $000068
3 $00006C
4 $000070
5 $000074
6 $000078
7 $00007C

T7-4
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Vector Addresses for
User IACK Cycles

Vector Number Vector Address
0 $000000
1 $000004
2 $000008
etc. etc.
255 $0003FC

TM-87
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Interrupt Circuitry

Non-Maskable
Interrupt (NM1)

=
N

=
[

+5 V 74HC148
NT7 1|7 Az
NT6 =a=] s Al
NT5 W 5 A0
NT4 A 7
NT3 el 3
NT2 W 2
NTLT — [T
+5 v—I0
=
-

o

VPA

A3
A2
Al

FC2
FC1
FCO

TM-88

+5 V
7407
10K
74HC138
vl c 7+ IACK7
B 6 IACK®6
» A 51— IACKS5
21— IACK4
*s v 3+— IACK3
|—El 21— IACK2
= 11— IACK1
J__ E3 or—
74HC138
»| C ; ﬁ (Interrupt Acknowledge)
» B 6 [ SP (Supervisor Program)
= A 5t SD (Supervisor Data)
T—
3 —
L] E1 2f—VUP (User Program)
E2 i—u (User Data)
_r E3 or—
=

F7-12



Bus Connections for DMA Interface

CPU

Data Bus

ra

S

Address Bus

T ]

Control Bus

UUUUUU

Memory

Controller

DMA

() oevice

TM-89
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Device-to-Memory
Transfer Using DMA

Data Bus

Address Bus

Control Bus
> «

Memory

DMA
Controller

Device

TM-90
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68000 Bus Arbitration
Control Signals

68000
CPU DMA
Controller
BR|™ BR
BG ™ BG
BGACK | = BGA CK

' F7-15
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Bus Arbitration

68000 CPU DMA Controller

Request the Bus

1. Assert bus request

(BR = 0)
Grant the Bus
1. Assert bus grant (BG= 0)
------ >
Acknowledge Bus Mast ership
1. Assert bus grant
acknowledge (BGACK = 0)
2. Negate bus request
(BR=1)
~--—--
Terminate Bus Arbitration
1. Negate bus grant (BG = 1)
and wait for BGACK to be
negated
' Operate as Bus Master
time 1. Perform data transfers
according to same rules
the CPU uses
T
[}
Release Bus Mast ership
1. Negate bus grant
acknowledge (BGACK = 1)
-

Resume Normal Processing

F7-16
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Timing for Bus Arbitration

™ time
BR |
|
|
|
|
BGACK \ /
CPU DMA CPU
cycles cycles cycles

F7-17
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Block Diagram of the 68KMB

Terminal/ Miscellaneous
Host Computer Input/Output
68000 Devices
| WL
System ””””
Clock 68681 DUART —
Rfese.t System Buses |
Circ uit
Add Mo nit U
Int.erru.pt ress onitor ser RAMSs
Circuit Decode EPROMs EPROMs 16K
Circ uit (1 6K) (16 K) (16K)
TERFET : :
External
Interrupts

F8-3
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14,49

68000 CPU

+5 V
16,53
[

15

+5 V
20
19
A 21
W+ 1
11
~W\— 12
6
9
Control - Z
Bus 8
A 10
28
27
- 26
25
24
23
W1 22
V) 18
—MN 17

7 X

10 KW

Vcc

GND

HALT

68000
CPU

A23 ]
A22 ]
A21 ]
A20 ]
A19 |
A18 ]
A17 ]
A16 ]
A15 ]
Al4 ]
A13 ]
A12 ]
Al1 ]
A10 ]
IXR
A8 |
AT |
A6 |
A5 |
A4 ]
A3 ]
A2 ]
Al ]

D15 |
D14 |
D13 |

D12

D11 i
D10 {
D9 |
D8 ;
D7 ;
D6 ;
D5 ;
D4 |
D3 ;
D2 ;

D1

DO ;

52
51
50
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29

54
55
56
57

58
59
60
61

62

IS

TM-95

als o v |- o

J_Address
Bus

, Data
Bus
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68KMB Clock Circuit

74HC14 | o1 e i W |
6
B NS S, O
| 68000
1K 1KS
i
1o 3.6864 N i
' 13 12
pFI— MHz Lo BAUD CLK |[68t6°81
F8-6
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68KMB Reset Circuit

+5V +5 V

\ 10K = 74 HC1 4

1N
914Z 7407

9 8 10

j 11 3

RESET

to

/
100WT >2 68000

— 22nF HALT
RESET d

||+

F8-7
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Ext er nal

Interrupts

from
68000

68KMB Interrupt Circuit

+5V  7x 74HC148
10K
— W4 al— —1s — -
INT7 7 A2 IPL2
INTE -VV—: e AL IPL1
INT5 245 A0 IPLO to
A il 68000
INT4 — yy- . 4 7407
INT3 3
—_— = —lus 13 12 —_—
INT2 A 12l o VPA
vy —\Wr— 11| = 14
INT1 11 o©s
+5V —0 11 0
X16 s [— -
+ o= N
/
74HC138
3 -1z
A3 > |C A IACK7
A2 . |B 51,0 IA CK6
Al A 5., IA CK5
ey 41, IACK4
3
74HC138 6l— 2 IACK3 to
Lo e IACK 2
3 o 14 1A 4 =114 68681
FC2 , |C e — s|B2 0 il IACK1
FC1— B 8[,, SF [ |8 o©
1 [ 10
FCO A 5[, SP -
4
+5V 3 i_
L 3]
— B 2L e
AS E2 1] __UD
|_—r" E3 o~
F8-8
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68KMB Address Decoding

© A20 0 08
A19 11 o7
Al8 2 06
4
A17 i3 16L8 ©°
Al6 2114 04
from N 03
68000 AL o
Ala 16 02
uDs 817 o1
LDS =118
AS 1l 19
20
+5V Vcc
10
[ |oND

19
18
17
16
15
14
13
12

EPROMOQU
EPROMOL
EPROM1U
EPROM1L
RAMO U

RAMO L
DUART

TM-99

9 8 —
—[>>— DTACK

7407

to EPROM,
RAM, & DUART
chip select inputs

to 68000
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FFFFFE

200000
1FFFFE

010000
OOFFFE

00C000
00BFFE

008000
007FFE

004000
003FFE

000000

68KMB Memory Map

Reflect ed

Ex pansion

DUART

RAMOU

RAMOL

EPROM1U

EPROM1L

EPROMOU

EPROMOL

:|1
|
|
|
.|_
|
|
l’

7M words

992K words

8K words
(11 0)

8K words
(system/ user)

8K words
(user)

8K words
(MONG68 K)

TM-100

» 1M words
(2M bytes)

8M words
(16M bytes)
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Monitor EPROMSs

A13 ——2JA12 D7 fF———— D15
23 18
Al2 ——23A11 D6 P&———— D14
a1 —=2a10 2764A g D13
Al10 — 241 A9 EPROM D4 s D12
A9 —251a8 [pkcJ) EiE— ]
3 13
A8 —  31A7 ) D2 — Dp1o
from A7 P (monitor) 7% |12 DY
68000 A6 5 1A5 Do PA——ns
6
fVp—
A3 1Az vee P2
A2 1Al Vpp
A1l —4 A0 PGM L
e e
from Address _ 20 | == 14
. —2%1cs
Decode Circuit EPROMOU GND -
’ A1z —21{A12 D7 1:— D7
Al2 —23A11 D6 f———— D5
Al1l _21A]_0 2764A D5 17_D5
Alo —24A9 EPROM D4 }F——np4
A9 — 251Ag D3 b3
A8 S IA7 D22 p2
from . A7 2 1A6 (monitor) D1 P2——— p1
68000 A6 5 A5 Do HL— o
6
AS 144 +5V
A4 A3
A3 Ela2 Vee is
A2 1Al Vpp
A1 —L2A0 peM L
L9
af 22
from Address EPROMO L _20(:_3 GND 14
Decode Circuit 1 -

TM-101



User EPROMSs

A13 ——2{A12 D7 f——— D15
23 18
A12 —231A11 D6 F2—— D14
A1l —21a10 2764A g fur D13
24 16
AL0 ———A9  EPROM D4 ———— D12
29 A8 D3> p11
A8 3 1Az (user) D2 F*——— p10
from 4 12
A7 A6 D1H2Z  pg
68000 AB 5 1A5 Do f——— s
6
AS A4 +5V
A4 A3
A3 8 1a2 vee P2
A2 —9 1A vpp |2
A1 —20 1 A0 PGM 24
E 22 L to/ from
68000
from Address —_— Cs
= { EPROM1U ~cs eND [
Decode Circuit =
A13 —2{A12 D7 fF—— D7
A1y —23 111 D6 FE&—— D6
A1l —=2tfa10 2764A psfiz
24 16
Al0 —— A% EPROM D4 —— D4
29 A8 D3 p3
A8 3 1A7 [p)J) I R, 7}
from A7 2 {ag (user) D1 L2i2 D1
68000 A6 Z A5 Do (- Do
A5 . A4 +5V
Ad A3
A3 8 {A2 vee 2
A2 —9 1A vpp |2
Al ——10 {0 PGM 2L
OE 22
from Address [_EIDROMlL 20 I'cs GND |22
Decode Circuit | =

F8-13
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System/User RAM

A13
Al12
All
A10
A9
A8

A7
from

68000 A5
A4
A3
A2
Al

f R/'W

from Address { RAMOU
Decode Circuit

Al3
Al2
All
Al10
A9
A8

‘ A7
rom . A6

68000 A5

A4
A3
A2
Al

P ORIW
from Address

S { RAMOL
Decode Circuit

19

Al2 D7

23 18
All D6

21 1p10 6264 5 luz

24 16
A9 RA D4

25 M 15
A8 D3

3 a7 D2 k13

2 A6 D1 {22

5 A5 DO 11

6

7 Al +5V
A3

8 A2 Vee 28

9 Al 26

10 AO

27 |'w E 22

20 a GND 14

=

2 {a12 7 2
Al1l D6 &

21 1 A10 6264 D5 BL

24A0  RAM D42

25 18 D3 |22

3 a7 D2 |13

i 16 D1 |22

5 A5 DO 11

6

7 Al +5V
A3

8 A2 Vee 28

9 Al 26

10 AO

27 |'w E 22

20 a GND 14

TM-103

D15
D14
D13
D12
D11
D10
D9

D8

D7
D6
D5
D4
D3
D2
D1
DO

to/ from
68000

F8-14



to/ from
68000

to/from

Interrupt Circuit ’

from Address
Decode Circuit

from Clock |
Circuit

68681 DUART

25
16
24
17
23
18
22
19
—_— 34
RESET ™
RIW™—

9
DTACK™ |

o

A4 >

@

A3——"

o

A2 >

=

Al

—_— 21

—l
37

IACK2 =

35

DUART v

32
BAUD g

CLK
33

<

-

40
+5V

20

"

CLK/ X1

X2

GND

68681
DUART

TxDA

Rx DA

TxDB

Rx DB

OoP7
OoP6
OP5
OP4
OP3
oP2
OP1
OoPO

IP5
P4
IP3
P2
IP1
IPO

TM-104

J3
DB25S
30 11 2 3
T11 T1i0 o
31 12 2
RO Ril = .
7
MA X -~
232 J8
DB25S
i |
11 10 7 3 H
T21 T20 =
1
]
)
10 9 8 2 a |
R20 R21 '
7 ]
+5V. [ |
1 16 = e 3
+| Cl+ Vcce +
3 2
PRV NS PRV LI
10 nF 4 6
+ r C2+ V- ﬁJr
| 5 15
Cc2- GND
=
J1l
15 8
26 7
14 9
-
27 3 °
13 17
‘g
28 4
12 11
29 5
38 14
- °
39 15
2 161 o
36 12
®
4 13
7 6
°
+5V 20: o
10
r—O

Terminal/
Host Computer

Optional
Serial
Port

Miscellaneous

Input/ Output
Devices



Expansion to 6800 Peripherals

J2
- 1
D7 2 o
D6 3 ®
D5 ®
D4 ——
D3 5 o
D2 . o
D1 . ®
DO L J
11
to/from | Al6 »@®
68000
14
A3 -®
A2 153 o Expansion to
Al 16 *® 6800 Peripherals
RESET L. ,e
VPA = L e
_E 17 »®
. RIW i ve
to/from | — 12
Interrupt INIS. = ®
9
Circuit | sb e
20
+5V —®
10
.
20 -pin
header

F8-16

TM-105



68681 Interface to
LEDs and Switches

(I/O Board #1)

68681 8
+5V
DUART J1 741S2 44 220 W
15 8 17 3
oP7 = |
26 7 15 5 [P ls
ore - . MW—=X
14 9 13 7 W 4
oP5 = N
27 3 11 9 Pla
OoP4 v = V/V‘ K
13 17 8 12 |/]/”
OP3 Vlv\ N
28 4 6 14 [V
oP2 - A/‘ N
11 16
op1 42 v == W |I<I|M
5 2 18
20 __l 19
—r— 45V —
10
L
—1 +5V
38 14 | VV
P5 |* o
39 15 |_W—
P4 |= « o—
2 16 —M— .
P3
36 12 |—*/V‘—
P2 |= € o
4 13 |—‘/V‘— -
P1 [* v M
7 6 |_‘/V‘_ e
PO [* v
6 . e—
10 kW -

F9-3

TM-106



Interface to Switches and
7-Segment LED

68681

DUART

OP7

OP6

OP5

OP4

OP3

OoP2

OP1

OPO

P3

P2

P1

PO

(I/O Board #2)

TM-107

a1 7415244 5V
y
15 8 17 3 |
a = 220 W 14, 3
26 7 15 5 \/V\ 1
a
14 9 13 7 \/V\ 13 a
- * b o CHEE
27 3, 11 9 ‘/V\ 10 c If Ib
13 8 12 8 g
L W d 2 cam—
28 4 6 14 Af 7 I I
v =] e e c
16 2 d
— v - WA £V —
2 18 11
29 5 I[/v, VIV\ g
MANT72A
20 __l 19 7-segment
— —
+5V - common
10._1 anode LED
2 16 o |_\/V\_ —/._
36 12 |_‘/V\_ o« o—|
4 13 [ VV
- A d _
7 . —M— -
4 ! e—

F9-4



4-Digit 7-Segment Display

(I/O Board #3)

+5V
68681 J1 18
Vce
28 4 5 8~ 47 MAN4740A
OoP2 DATA 47 W
12 11 13 4 14
OoP1 CLOCK a VI\,A a
29 5 12 |——m
OPO ENABLE b 3 VAIA 13 b a a a a
20 c 2 NA 8
—i 5V MC14 499 v f b f b f b f b
1 7 9 9 9 9
p— d _N_d -—— -—— —a—— ——
e 17 L6
€ VAI e c e c e c e c
16 /v L | d d d d
6 osc f \J o "¢ - ¢ L} - "0
oo1s | g 2 W—=s dp dp dp dp
nF 9
14 4
| GND h (@p) W—2Ja

b4 D3 D2 D1 4,13 4,12 412 4,12
7| 8| 10| 11] 4
[] 2N3904

F9-6

TM-108



MC14499 Timing

ENABLE(OPO)_I I

CLOCK (OP1) LT 1L L L L] ||

] ]
DATA (oP2) —(_ax "oz Yoz (g y—-----

F9-7

TM-109



MC14499 Digit and Bit Sequence

TM-110

5 8 I 9 12| 16|17|18 |19|20

oz oig o@ie mw o

1 =I_ '__ o) T ] 10 61 L L
i - = = - = -
] ] ] ] ]

Decimal Digit Digit Digit Digit
Points 1 2 3 4

F9-8



8-Digit 7-Segment Display

(I/O Board #4)

o
IZ
IZ
-

L

e
4 7'\

DIGIT SEG DIGIT SEG
MC14499 MC1 4499
= DATA h—=|DATA h p—e=
| CLOCK —=| CLOCK
—s=-] ENABLE |—> ENABLE etc.

F9-9

T™M-111



68681 Input Expansion
Using 74LS165s

External Inputs

TM-112

Jl -
LSB
68681 ”0 MSB
o - l l l l l l l l l l |. l
10— 6§54 4k 3}414f13})124112 6k 54 4k 3}14f13}124112
__I__ H G F E D C B A H G F E D C B A
7 6 9 10 10
PO ° DATA 7415165 DATA DATA 74LS165 DATA |19
ouT IN ouT IN
GND Vcc LOAD CLK GND Vcc LOAD CLK
8, 15| 16| 7| 1 2 8, 15| 16| 7| 1 2 etc
= +5V nc¢ - +5V nc
12 11
oP1 ® »
29 5
OPO



6821 Interface to the 68000

D7

D6

D5

D4

D3

D2

D1

DO

Al6

VPA

RESET

R/'W

INT 3

A3
A2

Al

(I/O Boards #5 & #6)

J2

26

27

28

29

30

31

32

33

23

11

24

74HCOO0

22

+5V >

34

19

21

17

25

12

14

15

16

20

]

 +5V

TM-113

D7

D6

D5

D4

D3

D2

D1

DO

Cs2

Cs1

Cso

RESET

RIW

IRQA
IRQB
RS1
RSO

Vcce

GND

6821
PIA

CA2]

CA1l]

PAT7 |

PAG6 |

PAS5 ]

PA4 1

PA3 ]

PA2 |

PA1 ]

PAO ]

PB7 ]

PB6 |

PB5 |

PB4 1

PB3 |

PB2 |

PB1 |

PBO |

CB2 |

CB1 |

39

40

17

16

15

14

13

12

11

10

19

18

F9-11



Keypad Interface to the 6821

(I/O Board #5)

6821
PIA

PAO
PA1
PA2
PA3

PA4

PAS5

PAG6

PA7

2
3
4
5
J H G F
CTrTTTTTTTTTTYTTTTT YT i
H 0 1 2 3
]
o N:—Or—.r—.r—'r
]
4 5 6 7
. M—or—or—or—or
8 9 A B
8 . —or—or—or—or
C D E F
0 « —or—or—or—or

_________________________________

Grayhill PN 8 8BA2
F9-12

TM-114



Output to a MC1408L8 DAC

(I/O Board #6, 1 of 4)

6821 MC1408L8
+5V
5 1 kW
PA7 D7 e 150 W
6
PAG D6 Vref +
. 100 W
D5
PAS5 1 kW L
8 15 =
PA4 D4 Vref -
9 |
PA3 D3 —=
10 1
PA2 D2 —— nc 4.7 kKW
11 —N—
PA1l D1
12 +12V -12V
PAO DO
7
4
13
+5V Vee lo
16
I COMP
= GND
15 pF
P Vee
— 3
-12V

TM-115

F9-13



Low-Pass Filter and Audio Output

(I/0O Board #6, 2 of 4)

+12y -12V +12V -12V ===

TM-116



6821

cB2

CB1

PB7

PB6 |*

PB5
PB4
PB3

PB2 [*

19

Interface to ADC0804
Analog-to-Digital Converter

(I/O Board #6, 3 of 4)

18

17

11

16

12

15

13

14

14

13

15

12

16

11

17

PB1 |*

PBO [*

10

18

ADC0 804
Vce = +5V
""" 1
— :
WR 6 ! 10 kW
Vin(+)<__ _ ! trimpot

P ‘/leferentlal Nputs teecofaa-
INTR vin(-) (transducer)

7
cs
RD

Vr ef |2 nc
D7 CLK R J
D6 =« 15 kW
D5
D4 CLK IN}=
D3
—— 150 pF

D2 P
D1 D GND 2

8
DO A GND

T™M-117

F9-16



Timing for ADC0804 Conversions

Clear Start of End of Clear Start Next
INTR Conversion Conversion INTR Conversion

e [

WR
|‘— »100 M —
INTR \

F9-17

TM-118



Microphone Input to the ADC0804

(I/0O Board #6, 4 of 4)

+5V

nc

AN

’J 15 kW

— 150 pF

1 kW 100 kW Va
1% 1% [ 1 kW
— M A\ I|_/v.
v I + A\
+12V 10 nF
O= W
1 kW 2
0,
Microphone l“/:’ 3 22 kW
200 W Vv f LM301 +5V
1 re-am
100 kKW |'| (p P) 22 KW
1%
= 33 pF =
I—M— +5 V
12 kW _,__D'J 1N914
= =
0.044 nk
|1
it LF398 ADCO 804
(sample and hold)
2.4 kW
A‘Av +12V -12V
1.2 k
= w +12V -12V 18 kW 5.6 kW Vee 20
1
7 Ve
2 4 =
6 [ 3
3 —.VD
T 7| LM301
0.022 nF . 6
A (low-pass filter) 7
6
0.001 nF f —]1
| ; Vin(+) cs -
— 33 pF = —,_7 Vin(-) RD
6821
19 3 f—
CB2 WR
5 |e— 9
cB1 |+ NTR  Vref
CLK R [*3
17 11
PB7 o v D7
PB6 D6
PBS |=— 1 ps CLK IN F
14 14
PB4 |= s D4
PB3 |- D3
16
PB2 | — D2 D GND 2
PB1 - D1 A GND
18
PBO DO

TM-119




F9-19
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Sample-and-Hold Waveforms

- " ™ 100 NMs minim un
Signal at Ve

Voltage tlé \\

F9-20

T™M-121



68000-Family Features

48-pin 52-pin
68008 68008 68000 68010 68020 68030 68040
Data Bus (bits) 8 8 16 16 32 32 32
Address Bus (bits) 20 22 24 24 32 32 32
Data Cache (bytes) - - - - - 256 4096
Instruction Cache - - - - 256 256 4096
(bytes)
On-Chip Memory No No No No No Yes Yes
Management
On-Chip Floating- No No No No No No Yes
Point Unit
T10-1
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Comparison of Five Recent

Microprocessors’

Alpha
68040 80486 PowerPC Pentium 21064

Company | Motorola Intel IBM/Motorola Intel DEC
Introduced | 1989 6/91 4/93 3/93 2/92
Architecture | CISC CIsC RISC CIsC RISC

Width (bits) 32 32 32 32 64
Registers 16/8 8/8 32/32 8/8 32/32

(general/FP)

Multiprocessing No No Yes Yes Yes
Support?
Device Size (mm) | 10.8 x not 11x11 17.2 x 15.3x12.7
11.7 available 17.2
Transistors 1.2 1.2 2.8 3.1 1.68
(millions)

Clock (MHz) 25 50 80 66 200
SPECint 92Tt 21 27.9 85 67.4 130
SPECfp 9211 15 131 105 63.6 184

Peak Power 6 5 9.1 16 30

(Watts)
Price ($US/1000| $233 $432 $557 $898 $505
units)
T Source: IEEE Spectrum, December 1993, p. 21
Tt Integer and floating-point performance benchmarks
T10-10

TM-123



