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68000 Microprocessor

L—

= EE
64 pins =0
32- bit Data and Address Registers  =Z: =
16- bit Data Bus ks 39
24- bit Address Bus (16MB) R =h
14 Addressing Modes =R
Memory- Mapped Input/ Output k= ER
Program Counter (PC) Gi= =R
5 Main Data Types- L, W, B, b, BCD -5 =k
7 interrupt levels =" 'S

Clock speeds: 4MHz to 12.5MHz
Synchronous and asynchronous data transfers
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BLOCK Diagram

SEQUENCER AHD COHTROL  INSTRUCTIOH PIPE

¢ CALH
O c siaGe Ll tace VA s1an HOLDIG
ST n 0 ] IECISTE R
fAH
v N TERERLA]

COMTROL q1E
LEEAC
1617
DATA
PS— EXECUTION UHIT DATA AL
ADIDRESS DATA
s B —
T35 ®
vl
PROGRAM — OATA o
AL 5 . o ORESE ally SIE
[Hon e [ secmos SECTION $uu. TIFLEXER
o L |
v | 1N | BT = 1T
ADDRESS - (e
LS
BUS CONTROLLER
WRITE PENDING | | PREFETCH PENDING

HUFFER FLIFFEH C

ME.RLUELLE
LU THELH DL
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Core Structure

5 5

{ PROGRAM COUNTER (PC) — | MEMORY ADDRESS REG.

y

+1 i MAIN STORAGE
(MEMORY)

{1

MEMORY BUFFER REG.

ADDRESS [~ v
e
CONTROL . DO
UNIT
P —
ALU
J_,»I_
"-\I—




Internal Structure - Registers

MICROPROCESSOR

ATDRESS

e —

DATA

MC 68000 Internal Registers

Program
Coumnter
PC

32 Bits Wide

| ADDRESS REGISTERS |

— 52 Bits Wide =——-—

— DATA REGISTERS —

32 Bits Wide ————

Status Hegister
I I |
16 Bifz \Wide

AT

BERAYRRS EERGREGHE




Connecting with Memory, 1/O, and Peripherals

‘l.l'ccl:z]'

GND[2 :

CLK

ECO

PROCESSOR EC]
STATUS

BERR
SYSTEM RESET
CONTROL HALT

MCEBECO00

Our Focus
S
ADDRESS BUS
A23-A0
4‘_"""'} D15-D0
DATA BUS
| AS
L ASYNCHRONOUS
[ Us s
LDS CONTROL
1 BUS
BG — ARBITRATION
. CONTROL
 IPLD ]
—lELL | INTERRUPT
: :ﬂé; CONTROL
e
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SIGNAL DESCIRPTION

1. ADDRESS BUS (A23-A1)

23-bit, unidirectional, three

state bus

capable of addressing 16
Mbytes of data.

2. DATA BUS (D15-DO0,

bidirectional, three-state

bus

68000
CPU

ccccccccccccccccccccccccc

PROCESSOR
STATUS

general-purpose data path of

16 bits wide

transfer data of either word or

byte length.

SYSTEM
CONTROL

BERR
<
-
MODE .

MEMORY
MODULE

1'0
MODULE

MCEEECO00

< DTACK
3__-2
BG »
B

. IPLD
PL2

.
« AVEC

ADDRESS
BUS > A23-A0
DATA BUS 015-D0

ASYNCHRONOUS

— BUS

CONTROL

BUS

— ARBITRATION

CONTROL

INTERRUPT
CONTROL



CPU: 8MHz Motorola 68000
Introduced in 1984

Memory: 128KB (512KB In later version) RAM,
64KB ROM

3.5” 400KB Floppy Disk

Application: MacWrite and MacPaint
Mouse

9” B&W Monitor

Keyboard

Serial Port (DB-9)

Printer Port

Addressing: 24-bit
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Apple Mac Circuit Diagram

L5393
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L
| i e
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TIMING STATE MACMINE HI Lo DISK
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LINEAR ADDRESS GENERATOR scc il > 7o pw
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Signal Description

3. ASYNCHRONOUS BUS
CONTROL

Address Strobe (~AS).

This three-state signal
indicates that the
information on the address
bus is a valid address.

Read/Write (R/~W).

This three-state signal
defines the data bus
transfer as a read or write
cycle.

Upper And Lower Data
Strobes (~UDS, ~LDS).
Data Transfer
Acknowledge (~DTACK).
This input signal
indicates the
completion of the

data transfer.

Strobe: a signal that is sent
to validates data or other
signals

=S

DTACKH {
AsPa—m N & |
RN
=] [1 kK
LI:-E.;% L &L BKxE
Uosl ™y N\ :E‘ -:E;Z::-
e’ & e |
_ " cs
65000 10, | Address || L A0
AZZ13 [ De AlZ:0
Decoder = O7-C
AZ2:0 i< L 2iue
24K
i RIS
D7-0 5 G L
_ 18 A12:0 ]
D150 > 1% A
i
D515 B % L
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Memory Access Timing

Read (to CPU) Cycle Write (to Mem) Cycle

One bus cycle

S0 S1 82 S3 S4 S5 S 87 80 S1
~ fll—'ll f —|III .v——ulll Il’_||l ,'l_
! 1 4 / !

Ir'\C'l_'alel _,:1/ /

e / i
///% ‘\ Addleljss valid /
AS* f ‘\_... \ f
_.'; \ //-‘;W

AS* \ \
] fr— B 1
3
LDS* LDE* _| \_
ups*
RW" RW* \ /
DTACK" Data out Data valid
from from Gpu 7 dla va
memaory

Data \

from . N, |
memory DTACK
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Other Signals

4. BUS ARBITRATION CONTROL

Bus Request (~BR)

Bus Grant (~BG)

Bus Grant Acknowledge (~-BGACK)
5. INTERRUPT CONTROL
(IPLO,IPL1,IPL2)

These input signals indicate the encoded
priority level of the device requesting an
Interrupt.

Level seven, which cannot be masked,
has the highest priority; level zero indicates
that no interrupts are requested.

IPLO is the least significant bit of the
encoded level, and IPL2 is the most

significant bit.

/. M6800 PERIPHERAL CONTROL
Enable (E)
Valid Peripheral Address (~VPA)
Valid Memory Address (~VMA)

6. SYSTEM CONTROL
Bus Error (~-BERR)
Reset (~RESET)

The processor assertion of
~RESET (from executing a
~RESET instruction) resets all
external devices of a system
without affecting the internal
state of the processor.

Halt (~HALT)

An input to this bidirectional
signal causes the processor
to stop bus activity at the

completion of the current bus
cycle.

8. PROCESSOR FUNCTION
CODES (FCO, FC1, FC2)

9. CLOCK (CLK): 8MHz

10. POWER SUPPLY (V.. and
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Memory Address Decoding

Memory Bus
Control
Data (Bi-directional)
Address (Unidirectional)

Address Bus Buffering
Fan Out
74L.S244 Octal line driver/receiver

Data Bus Buffering
R/W for Direction
Fan Out
74L.S245 Octal Bus Transceiver

T4L5244

2XRRIXX

LS245

iR

DB,

RRRRERS
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Memory Map (for Apple Mac

ADDRESS (IN
HEXADECIMAL)

FF FFFF
F8 0000
P
HASE READ o5 oh PHASE READ
: E8 0000 W
EO 0000
WM WM ADDRESS (i
— DO 0000 HEXADECIW
cO 0000 01 FFFF
SCC WRITE B8 Bes SCC WRITE 01 FFEl
DISK SPEED AND
SOUND, PAGE 1
A0 0000 01 FO0
SCC READ SCC READ )
90 0000 01 FCTF
(BOTTOM)
VIDEO SCREEN, PAGE 1
62 0000
(TOP) 01 AN
128 K RAM
60 0000
41 0000 USER SYSTEM
DUPLICATE ROM IMAGE 64 K ROM N B
40 0000
02 0000
00 ol
01 0000
128 K RAM HARDWARE EXCEPTION
64 K ROM VECTORS
00 0000 - ” 00 00K
DURING BOOT-UP AFTER BOOT-UP

15



Memory Address Decoding

How Much Memory?

How Many Address Lines?
1K = 10 lines

32K = 15 lines

23 ADDR lines - 8MB?

Address bus
Fa

|
/

Memory —

RAM

or
EPROM
CS

|

- SE
). address 8
decoder
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UDS and LDS

Upper Data Strobe

For accessing upper byte of
memory

D15 — D8 part of CPU
D7 — DO part of memory

Lower Data Strobe

For accessing lower byte of
memory

D7-D0 part of CPU
D7 — DO part of Memory

Both together works as AO line
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Memory Decoding

Range: $480000 - $49FFFF

UDS and LDS for A,

line.

4 Bor9 0—=F 0—F 0—=F 0—=F
{-_"-_",-1:_"._-,':1.5__' .;:41:'_-'-# - -r:‘__f.r__*"_"‘_ fl':*:::*-'l?{'r "!'ri"!'c"'f"f— << "::
0100 1 00 XX XX XX XX XXXX]| XXX
S

il il

These 7 address
lines set the
base address of
the memory.

X —Don'tcare (Use O or 1)

b

These 16 address lines
will select one of 216
(or 65536) locations
inside the RAMs,

uDS

LDS

Q: 64K Word (or 128 KB) of RAM, with it’s
starting address at $480000

A: 128KB - 17 lines

SEL
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Memory Decoding Example

Q: 16K Word ROM with starting address
at $300000.

A: 32KB = 15lines
$300000 - $307FFF
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Memory Decoding with Byte/Word Access

D1s -Do

Size of |..
ROM . "
Size of
RAM a

L]
L
]
L]
31—
]
L]
L]
|

Memor 4
A10
M a11
ap &12
Al3
SNTALS152
Ald A0 gl“-—
AlS Bl 5l
Ald o I N
3
AlT 9
AlR 1:‘_:
419 =
A70 El :
A71 _
472 Ed
A3
s i
D3
uDa : 1\

F4V)



Can You Draw a Memory Map of this?

S— Di5-00 ;16
- ERE !
AlS_ Al ab-al + g | D15-D8 D7-D0 |2
A13-A1 L
13
a5 | Al ROM t RO
Al5-Al A17- Al 417 A
15 D7-Di— D7-Do—"]
2000 i D Far:s FH F‘CS TN e
SH7AL313E AlS_Al
T
o *;*E”lf; s =TT INT,
T
A18 @ gk S 1A 214-400
419 H g D7-Do—" C7-00
mn—}ﬁ ) — . _
421 1 C3  EN % BN e
AZ2— 0 ]I [ ﬂ—
423
LD3
s
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How about Intel 80386 case?

80386SX 16-bit Memory Interface (Separate Decoders)

Lre |

803865 X
Separate Decoders

[1el
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Data Organization in Memory

BYTE = & BITS
1 M 13 12 M W 9 8 7 & 5 4 3 2 1 4@
M58 BYTEO LSB BYTE 1
BYTE 2 BYTE 3
WORD =16 BITS
5 M 13 12 " _w % 8 7 6 5 4 3 2 1 0
MSE WORD D LSB
WORD 1
WORD 2
EVEN BYTE DD BYTE
7T B 5 4 3 2 1 o0ol7 & 5 4 3 2 1 4@
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Data/Address Organization In

Memory

LONG WORD= 32 BITS
B 7 & 5 4 3 2z 1 1

B MW 1 12 M W8

M58 HK:H ORDER

e —— ONGWORD 0 - — — — — — — — — — = — — — — — — —— — — — — ]
LOW ORDER LSB

- — —— LOMEWORLY - —— —— — — —— —— — = —— —— — — — — — — -

L LONGWORDZ — — — — — — — — — —

ADDRESS = LONG WORD = 32 BITS

15 14 1 12 1M '-:I i 7 L b 4

M58 HK:H ORDER
L — — ADDRESSE - — — — — — — — —— — — — — — — — — — — — — — —

- — T = ADDRESST

— — — —  ADDRESS 2




Big-Endian

Words are stored with the lower 8- bits in the higher of
the two storage locations

As opposed to little- endian (lower-order byte stored In
the lowest addr) processors, like the Intel 80x86 family

Word Data [ Bytet [ Byte0 |
Store the Word data at $0
Memory Memory
address ,- S -, address - b -,
$000000 Bytel Byte1 $000000 Byte1 Byte0
$000002 $000002
SNNNNNA $000004
$000000 [ 10 | 32 | MOVE $3210, 0 $000000 | 32 | 10 |
$000000 10 32 $000000 76 54
$000002 54 76 MOVE $76543210, 0 $000002 % =
Little-Endian Big-Endian
Intel Motorola
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