
S T U D E N T I N F O R M A T I O N S H E E T

MOTOROLA 68000 MICROPROCESSOR

The intent of this discussion is to give the student a general
overview of the 68000 MPU, This is meant to be only an overview, and
will hopefully give the reader a chance to develope some backround to
t h e a r c h i t e c t u r e , f u n c t i o n s , a n d c a p a b i l i t i e s o f t h e 6 8 0 0 0 .

This is not meant to be an in depth study of the programming fea
tu res , nor to exp la in how func t ions a re ach ieved , bu t ins tead to iden
t i f y t h e r e g i s t e r s a n d p i n o u t s , a n d t h e i r u s e s .

Throughout the tex t we w i l l re fe r to s igna ls be ing e i ther "ASSER
TED", or "NEGATED". When we say a signal is asserted we mean simply
t h a t i t i s a c t i v e , r e g a r d l e s s o f i f i t i s h i g h o r l o w .

I f we i nd i ca te a s i gna l i s nega ted , we wou ld imp l y t ha t i t i s i n
a c t i v e , a g a i n w i t h o u t r e g a r d t o i t s s t a t e .

We can tel l i f a signal is active HIGH or active LOW by the name.
F o r e x a m p l e i f a s i g n a l i s b a r r e d , o r e n d s w i t h t h e s y m b o l i t
w o u l d i n d i c a t e a n a c t i v e l o w , i f i t h a s n e i t h e r t h e n i t w o u l d b e c o n
sidered active high, in either case we use ti?a term asserted.

I f a s i g n a l c o n t a i n s t h e s y m b o l " / " t h i s w o u l d i n d i c a t e t h a t i t i s
u s e d a s a c o n t r o l , a n d i s a l w a y s a c t i v e . . I n t h e - c a s e o f R / W * i f t h i s ,
l i ne i s h igh we a re be pe r fo rm ing a read 'opera t i on , i f i t i s l ow we
are performing a write operation. As you can see the signal is always
active, however the state of the signal causes quite a change to take
p l a c e .

P I N O U T S

The tab les on the fo l low ing page l i s t the s igna l g roups and g ive
t h e i r r e s p e c t i v e p i n a s s i g n m e n t s . A b r i e f d e s c r i p t i o n o f e a c h f o l l o w s .

A D D R E S S L I N E S

A l - A 2 3 T h e s e o u t p u t s a r e u s e d t o a d d r e s s . t h e R A M a n d P E R I P H E R A L
dev ices . A l l per iphera ls a re memory mapped. Address l ine AO is in te r
n a l t o t h e 6 8 0 0 0 a n d u s e d t o d e c i d e i f U D S * o r L D S * i s t o b e a s s e r t e d .

LDS* Lower Data Strobe is used to enable an 8 bit memory transfer
o n t h e l o w e r 8 d a t a l i n e s ( D O - 0 7 )

U D S * U p p e r D a t a S t r o b e i s u s e d t o e n a b l e a n 8 b i t m e m o r y t r a n s f e r
o n t h e u p p e r 8 d a t a l i n e s ( D 8 - 0 1 5 )

I f b o t h L D S * & U D S * a r e a s s e r t e d a t t h e s a m e t i m e a 1 6 b i t d a t a
t r a n s f e r w o u l d o c c u r . I f n e i t h e r a r e a s s e r t e d n o t r a n s f e r c a n o c c u r .

AS* Address Stobe is used to s ign i fy chat there is a va l id address
o n t h e b u s .

R / W * R e a d / W r i t e * i s u s e d t o i n d i c a t e i f t h e t r a n s f e r i s a r e a d o r
a w r i t e c y c l e .
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TA8LS 1 - SIGNAL SUMMARY

STgnai Namo Mnemontc Inptrt/Output Act ive Stan T h r e e

A l - A a o u t p u t nign
" 3 1 0 0 - 0 1 5 i n p u t / o t i t p u t n i g n

A 3 o u t p u t l o w

a a o / W r i t e fl / W o u t p u t read-riign
y e s

:oer and Lower Oata Stroces UDB. L33 o u t p u t l o w
na Transfer Acknowiedoe O TA d l i i n p u t l o w

i n p u t l o w
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S E fl fl i n p u t l o w
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i r h a l t i n p u t / o u t p u t l o w n o *
3 0 1 8 E c u t o u t

V M A c u t o u t l o w 1 y e s
V P A inpu t l o w n o

ncTion Code Output PCO. FCl. FC2 o u t p u t nigf t y e s
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lPL0d25.
p a i
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39pA11
S S D A I O

ASYNCHRONOUS BUS CONTROL

OTACK* Oaca Transfer ACKnowledge is used Co indicace che comple-
cion of a bus cycle. Ail daca cransfers rausc creaca this signal co be
senc back Co che 68000. If chis signal is noc recieved wichin a prede-
Cerroined amounc of cime an error would occur.

This signal is presenc co relieve che need for waic scaces in che
case of slower memory devices. All Cranfar cycles are asynchronous, in
ocher words hardware handshaking is supporced by che 68000.

We will discuss che necessary sequence of avencs in decail Lacer.

BUS ARBITRATION CONTROL

In order co raaincain a syscamacic and orderly means of concolling
which device is in concrol of che bus che 68000 amplovs several
concrol Lines called che BUS ARBITRATION LINES. Any "device which is
using che bus is considered co be che 303 MASTER.
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The 68000 considers any request for bus mastership to be of equal
pr ior i ty, and considers i tse l f to have the lowest . External c i rcu i t ry
i s u s e d t o e s t a b l i s h i n d i v i d u a l p r i o r i t i e s a n d a l l b u s r e q u e s t s a r e
h a n d l e d t h r o u g h t h i s d e v i c e .

Th is ex te rna l dev ice o ion i to rs a l l reques ts and s ta tus , makes
request for the bus to the 68000, and, at the appropriate time, grants
bus mastersh ip to the request ing dev ice .

The 68000 bus in te r face l ines and a b r ie f descr ip t ion o f each is
a s f o l l o w s :

BR* (Bus Request) Used to inform the 68000 that some other device
d e s i r e s t o b e c o m e B U S M A S T E R .

BG* (Bus Grant) Used to inform the requesting device chat the bus
will be released at the end of the current bus cycle.

BGACK* (Bus Grant ACKnowledge) Used to indicate to the 68000 that
some other device has become bus master. The device requesting the bus
cannot assert BGACK* unt i l the fo l lowing four condi tons have been met.

1 . a bus~gran t has been rec ieved , i nd ica t ing tha t the cu r ren t
bus master w i l l re l inqu ish the bus when ready.

2 . address s t robe i s nega ted ind ica t ing , tha t the 68000 i s no t
u s i n g t h e b u s .

3. DIACK* is negated, indicating that no memory or peripheral
d e v i c e i s u s i n g t h e b u s .

4 . BGACK* i s i nac t i ve , i nd i ca t i ng t ha t no o the r dev i ce i s
stil l claiming bus mastership. In other words the device request
ing bus mastership must monitor the line and wait for any device
which is presently using the bus to finish it's bus cycle

E X C E P T I O N P R O C E S S I N G

Befo re con t inu ing our d i scuss ion on the p inou ts we mus t fi rs t d i s
cuss the 68000 's i n te r rup t and e r ro r hand l i ng rou t i nes . The te r ra used
to desc r i be t h i s ac t i on i s EXCEPT ION PROCESSING.

M O D E S O F O P E R A T I O N

The 68000 MPU is always in one of three modes of operation. These
a r e n o r m a l , e x c e p t i o n o r , h a l t e d .

When the MPU is running an application program we say i t is in the
n o r m a l , o r U S E R m o d e .

If, for example, an interrupt or error should occur the processor
w o u l d e n t e r t h e e x c e p t i o n , o r S U P E RV I S O R m o d e .

P R I V I L E G E S T A T E S

T h e r e a r e t w o p r i v i l e g e s t a t e s p o s s i b l e , t h e u s e r s t a t e , a n d t h e
s u p e r v i s o r s t a t e . T h e u s e r h a s a l o w e r s e t o f p r i v i l e g e s t h e n t h e
superv i so r These p r i v i l eges a re se t up to i nsu re tha t p rog rams do no t
e n t e r a r e a s t h a t t h e y d o n o t n e e d a n d m u s t n o t m o d i f y .
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The s t ruc ture is such that i t a l lows most programs to run in the
user mode, al lowing access only to the user program and data area as
defined by the system.

The operating system executes in the supervisor state, giving it
access to a l l resources, and a l lowing i t to per form any overhead task
requested by the user state program.

E X C E P T I O N S

In a mu l t i -user env i ronment , each user i s g iven a spec ific and
unique area of ram in which program execution and data storage is al
lowed. I f an at tempt is made to access a memory locat ion outs ide a
par t icu lar users ram area the processor must be in formed. The dev ice
which informs the processor is called the MEMORY MANAGEMENT UNIT. Thi
is the external support circuitry which sets up the program area and
h a n d l e s t h e p a r t i t i o n i n g o f r a m .

I f a n e r r o r i s r e p o r t e d , t h e 6 8 0 0 0 w o u l d e n t e r t h e S U P E R V I S O R
MODE, and exception processing would begin. This is not the only con
dition that will cause the 68000 to enter exception processing. Some
o the r causes wou ld be an i n t e r r up t , dev i de by ze ro , i l l ega l i n s t r uc
t i o n , r e s e t , a s w e l l a s o t h e r s .

P R O C E S S I N G

When an error or except ion is encountered the processor handles i
i n the fo l low ing manner.

1 . A c o p y o f t h e S TAT U S E l E G I S T E R ( m o r e o n t h i s l a t e r ) i s m a d e
and the status register is sec up to run in the SUPERVISOR or
E X C E P T I O N m o d e .

2 . There i s a " lookup tab le" in te rna l to the 68000 wh ich
contains several "vectors", one for each type of exception. A
vector is simply a binary code which is used as an address
r e f e r e n c e b y t h e 6 3 0 0 0 .

The 68000 re t r ieves Che proper vector byte and s tores i t .

3 . The contents o f the 68000 reg is ters are s tored in ram.

4 . T h e 6 8 0 0 0 C h e n r e t r i e v e s C h e c o n t e n t s o f C h e r a m l o c a t i o n
pointed to by Che vector which was retrieved in step two. The con
tents of this memory location is used as an address to point the
68000 to Che s tar t o f an except ion process ing serv ice rout ine
loca ted in the superv isor a rea o f ram.

The 68000 then performs Che exception processing routine as
d i rec ted by the p rogram a t th i s loca t ion . A t Che end o f each
exception routine is an RTE (ReTurn from Exception) command which
p u t s t h e p r o c e s s o r b a c k i n t h e u s e r m o d e .

P . M . P
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The following cable show che differenc cype of exceptions, as well
as there vector numbers, and che address chat che 68000 is pointed to.

fl G U fl E 2 3 - AOORESS TRANSLATED FROM S-SfT
VECTOR NUMBER

A 2 3 A 1 0 A 9 A 3 A 7 A e AR A 4 A.3 A 7 A 1 An

A l l Z a r o e s v 7 V 0 v 5 v 4 v 3 v 2 v 1 v O 0 0!

TABLE 18 - ©(CSPnON VSCTOR ASSIGNMENT

V e c t o r A d d r e s s

N u m b e r i s ) D e c H e x Soaca
0 0 COO S P 1 Reset: initial 33P

— 4 0 0 4 3 ? 1 Reset: init ial PC
2 a c o a S O 3 u s e r r o r
3 12 OGC 3 0 A d d r e s s E r r o r
4 19 0 1 0 3 0 Illegal instrucoon
5 ■ 2 0 0 1 4 3 0 Zero Oh/ide
9 2 4 0 1 8 3 0 CHK instruction
7 2 3 Q I C 3 0 TRAPV instruct ion
3 3 2 0 2 0 S O PfTvileqe Violation
9 3 0 0 2 4 s o T r a c e
10 4 0 0 2 3 S O L i n e 1 0 1 0 E m u l a t o r

11 4 4 0 2 C 3 0 Une 1111 Emulator
1 2 * 4 8 0 3 0 S O (Unassigned. reserved)
I S 5 2 0 3 4 s o (Unassigneo, resarveo)
M - 5 6 0 3 8 3 0 (Unassigned. reserveo)
I S 6 0 0 3 C 3 D Unitialized Interruot Vector

1 & . 2 3 * 6 4 0 4 C S O (Unassigned. reserved)
3 S CSF —

2 4 9 6 0 6 0 3 0 Sounous Interruot
2S 100 0 6 4 S O Level 1 Interruot Autcvector
2 0 104 0 6 8 S O Level 2 Interruot Autovecior

1 2 7 108 0 6 C s o Level 3 Interruot Autcvector |
1 2 3 11 2 0 7 0 s o L e v e l 4 I n t e r r u o t A u t c v e c t o r I

2 9 119 0 7 4 s o Level S Interruot Autoveaor
3 0 120 0 7 8 s o Level 6 Interruot Autovector j
31 1 2 4 0 7 C s o Level 7 interruot Autcvector |

32-47 1 1 2 3 0 8 0 s o TRAP Instruction Vectors
191 OBF 1

4 8 - 6 3 " 1 9 2 o c o s o (Unassigned. reserved) i
2 5 5 OFF —

6 4 - 2 5 5 2 5 6 100 s o User Interruot Vectors
1 0 2 3 3 F F -

Vector nijmoers 12. 13, 14, 10 tflrough 23 and 48 through 63 are reserv-
M for future enhancefnems Ov Motorola. No user penoherai devTces
snoujd be assigned tnesa numoers.
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F U N C T I O N C O D E S

The 68000 MPU is a h igh ly s t ructured ra icroprocessor. I t has the
c a p a b i l i t y o f k e e p i n g t r a c k o f b o t h S U P E R V I S O R a n d U S E R r a m a r e a . I t
a lso dev ides these areas in to the i r respect ive program and data ram
s t o r a g e a r e a s .

The func t ion con t ro l ou tpu ts a re used to ind ica te to the sys tem
what sect ion o f ram the 68000 is access ing. Th is in format ion is used
to permit or deny access to that area as determined by the system.

For ins tance , i n a rau l t i - user s i tua t ion , the FC ou tpu ts wou ld
inform the system which area of ram was being accesed. I f a user tr ies
to access outside of his area the memory management would report an
e r r o r .

I f , however, a cal l was made to an operat ing system sub-rout ine we
would be in Che supervisor mode (as described above) and would need a
c o m p l e t e a n d f r e e r u n o f r a m . I n o r d e r t o d o t h i s w e c o u l d n » n i c o r t h e
FC outputs and disable the memory management unit any time the 68000
e n t e r e d t h e s u p e r v i s o r m o d e .

As wel l as ind icat ing where in ram the 68000 is at tempt ing to ac
c e s s , t h e F U N C T I O N C O D E o u t p u t s a r e u s e d t o i n d i c a t e w h e n a n i n t e r
r u p t a c k n o w l e d g e c y c l e i s i n p r o g r e s s .

The condi t ion o f the outputs in form the system of Che s ta tus o f
t h e 6 8 0 0 0 .

T h e t r u t h t a b l e f o r t h e F C O l i n e s i s a s f o l l o w s :

F U N C T I O N C O D E O U T P U T

F C 2 F C l FCO
0 0 0
0 0 i
0 1 0
0 1 I
1 0 0
1 0 I
1 1 0
1 I 1

F U N C T I O N B E I N G P E R F O R M E D

(Unassigned)
U S E R D A T A

U S E R P R O G R A M

(Unassigned)
(Unassigned)

S U P E R V I S O R D A T A
S U P E R V I S O R P R O G R A M

I N T E R R U P T A C K N O W L E D G E

R E A D A N D W R I T E C Y C L E S

The fo l lowing diagrams show Che flow charts for read and wr i te
m e m o r y c y c l e . T h e b u s m a s t e r i s C h e d e v i c e i n c o n t r o l o f t h e b u s , t h e
s lave is the dev ice which the bus master is address ing.
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RGUHE - WOBO WRrrS CYCLE FLOW CHART

B U S M A S T E R S L A V E

A d d r e a a Q m / i r w

=iac8 Address on A1-A23
?'ac8 Function Cade on FC0.FC2
Assen ^^dfess Strcoe (^J
Set fl/W ;o Wrtto
P'aca Data on D0-O1S
Assart Uooer Data Stroba {UDS) and
Lower Data Strofia (L0S5

r

f
Tenninata Qutout Transfer

Negata l̂ S and Co5
Negata AS
RemovaJJata from 00-0 IS
Set fl/w to Read

FIGURE - BYTE WRfTE CYCU aOW CHART

B U S M A S T E R S L AV E
• Address Oev ige

1) F'aca Address on A1-A23
2J Place Function Code onJC0-FC2
3J Assart^dress Strode (AS)
F) Set R/W to Write

Ptace Oata on 00-07 or 03-015 (according
6)

t o A O )
Assart Uoper Oata Strode (UoS) or Lower
Oata Strode (LOS) (bs»sad on AG)

Input Oata
Oeeoda Address
Store Data on 00-015
Assart Oata Transfer Acknowiedge
(OTACX)

I n p u t D a t a

Oecoda Address
Store Oata on 00-07 If LOS is assarted
Store Oata on 08-015 If is asserted
Assert Data Transfer Acknowiedae
(OTACX)

f
^g2I!I222-2il21ii.l2^1Sr

t) Negate UOS and LOS
2} Negate AS
3) Reotove^Oata from 00-07 or 08-015
A) Set R/W to Read

Terwniaie Cvcie
t) Negate OTACX

1
Temtmata Cvde

1) Negate OTACX

f
Start Next Cvde f

Start Next Cvde
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-i^UHg - WORD READ CYCLE aOW CHART

1}

4 )

5 ]

aUS MASTER

Address Pgvirp
Set R/W ;o Read
P'aca Address on A1.A23
Place Funcdon Code on PC0»FC2
Assert Address Strobe (AS)
Assert Uooer Oeta Strobe (UD Ĵ and Low-
er Data Strooe (LC3)

S L AV E

f
Acquire Data

1) Latcb Data
2J Negate UDS and L05
3) Negated

Start Next Cvde

I
Input Data

Decode Address
Place Data on 00-015

Transfer Acknowiedqe
(DTACX)

f
Terminate Cvde

1) Remove Data from DO-015
2) Negate OTACK

FIGURE - SYTE READ CYCLE FLOW CHART

8US MASTER

Address Device
1) S'et R/w to Read
2) Place Address on A1-A23
3) Place Function Code on FC0-rC2
4) Assert Address Strobe (AS)
5) Assert Upoer Data Strobe (Uos) or Lower

Data Strobe (LOS) (based on AO)

SUAVE

t
1)
2)

3)

Intyjt Data
Decode Address
P!a« Data on 00-07 or 08-015 (based on
UOS or LDS)
Assen Data Transfer Acknowiedqe
(DTACK)

t
Acquire Data

1) Latcfi Data
2) Negate ij55 or LDS

Negate aS3J

t
Terminate Cvefa

1) Pemove Data from 00-07 or 08-015
2) Negate OTACX

f
Start Next Cvde

INTERRUPT CONTROL L INES

The IPL lines are used Co inform che 68000 of an incerrupc and co
assign priorities. The system is sec up so chat when an incerrupc is
generated, che device will present it's level co che 68000 by placing
a b inary code on che IPL l ines .

There are 7 levels of incerrupcs which can be recognized by che
68000. A level 7 incerrupc is che highest level incerrupc and a level
I i s che Lowesc . A b ina ry 000 on Chese concro l l i nes ind icacas no
i n c e r r u p c .

S Y S T E M C O N T R O L L I N E S

3 E R R * ( B u s E R R o r ) U s e d C o i n d i c a c e c h a c a n e r r o r h a s o c c u r r e d d u r
ing a bus requesc cyc le .

A f e w e x a m p l e s o f b u s e r r o r s a r e :

1 . a n a c c e r a p c c o a c c e s s m e m o r y w h i c h i s o u t o f c h e u s e r ' s
b o u n d a r y

P . M . ?
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2 . no DTACK"* ' ' response Co a da ta t rans fe r. The reason we need
chis is i f Che 68000 does not get a DTACK* i t wi l l s imply wai t for one
indefinitely. If no response is received by a predetermined length of
t ime an external watchdog c i rcu i t w i l l be used asser t BERR*.

H A L T I f a H A L T i n s t r u c t i o n i s r e c e i v e d a t t h e s a m e t i m e a s B E R R *
the 68000 w i l l re - run the bus cyc le .

The HALT l ine is also used to al low programmers to single step
t h r o u g h a p r o g r a m . T h i s s i n g l e s t e p f e a t u r e i s a f u n c t i o n o f t h e 6 8 0 0 0
and is used to provide an easy means of debugging during program
d e v e l o p e m e n t .

R E S E T

RESET is a bi-direct ional pin which may be used to perform a reset
to the system devices by the 68000 without performing a 68000 reset,
o r t o r e s e t t h e 6 8 0 0 0 a n d s y s t e m d e v i c e s

The ONLY way to reset the 68000 is to asser t BOTH HALT AND RESET
a t C h e s a m e t i m e . I f a r e s e t i s r e c i e v e d w i t h o u t a h a l t i t w i l l r e s e t
a l l s u b s y s t e m , b u t n o t C h e 6 8 0 0 0 i t s e l f .

M 6 8 0 0 P E R I P H E R A L C O N T R O L L I N E S

The 68000 MPU has been designned to work in conjunction with Moto
rola's 6800 peripheral devices. The following pins are used to inter
face th is group to the 68000.

E (Enable) common to all 6800 peripheral devices and is used to
s y n c h r o n i z e d a t a t r a n s f e r s .

VPA* (Val id Peripheral Address) Used to inform the 68000 Chat an
address is for a 6800 subsytem, and chat the data t ransfer should be
synchron ized w i th the enab le p in .

VMA* (Valid Memory Address) Used to inform 6800 subsytem that the
address is a valid memory address and the output is synchronized to
Enab le . Th is s igna l i s on ly asser ted a f te r the rece ip t o f VPA" -^ .

I N T E R N A L S T R U C T U R E

D A T A R E G I S T E R S

The 68000 conta ins 8 inernal data reg is ter, DO
ters are 32 b i ts w ide, and are capable o f handl ing
bit BYTES, 16 bi t WORDS, or 32 bi t LONG WORDS.

A D D R E S S R E G I S T E R S

T h e r e a r e 7 a d d r e s s r e g i s t e r s , A O - A 6 . T h e s e
b i t s w i d e a n d c a n h a n d l e e i t h e r W O R D S ( 1 6 b i t s ) o r
b i t s ) .

- 0 7 . T h e s e r e g i s
d a t a i n e i t h e r 8

r e g i s t e r s a r e 3 2
LONG WORDS (32

P . M . P
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STACK POINTERS

There are cwo scack poincers, A7 St A7'Ca7 prime). A7 is used as
Che aSER scack poincer, and A7* is used as che SUPERVISOR scack poin
ter. Boch SP s are sec up Co stack from che Cop down and co access
L I F O .

S TAT U S R E G I S T E R

In addicion co che sevenceen 32 bit registers, chere is a L6 bit
regisCer called che STATUS REGISTER. This register is set up so chac
Che lower byce indicates Che user scatus, and che upper byte indicacas
c h e s y s c e m s t a t u s .

The Cable below shows che bit assignment for che scacus register.

STATUS REGISTEa

S y s t e m B y t e U s e r B y t e

Carry

The user byce is used to check condicion during program operation
u n d e r t h e U S E R m o d e .

The system byce is used to as fo l lows:

1. The interrupt mask is set co allow only interrupts of chat
level or higher, as determined by che 3 bit combination at bic 8,
9, & 10, Co be accepted by che 68000. A level 7 interrupt (highest
priority) is not capable of being masked ouc.

2. If bic 13 is sec the processor is in che SUPERVISOR mode.
I f i t i s r e s e t i t i s i n c h e U S E R m o d e .

3. If bit 15 is sec the processor is in che TRACE, or single
s t e p m o d e .

P . M . ?
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F U N C T I O N A L P I N O U T D I A G R A M

THE 68000 CPU

P r o c e s s o r
S t a t u s

M68cr{?
P e r i p h e r a l

C o n t r o l

S y s t e m
C o n t r o l

<■

+ 5 v d c

G n d

C l k

FC0

F C l

F C 2

V M A *

V P A *

B E R R *

R E S E T * .

H A L T *

A d d r e s s

B u s

D a t a
B u s

A S *

R/W^

U D S ^

L D S ^

D T A C K *

B R *

B G *

B G A C K *

I P L 0 ^

I P L l ^

4
I P L 2 ^

A 1 - A 2 3

D0-D15

A s y n c h r o n o u s
B u s

C o n t r o l

B u s
A r b i t r a t i o n

C o n t r o l
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MDDEI. 16
128K-256K MEMORY BOARD

B U S

BA1-BA16 ^
6 4 K

P J X S E S S
B U F F E R

A D D R E S S

^MDLTIPI£X
R E F R E S H
a X J N T E R

7 K7 V

REFRSH*

R E F R E S H
a » n R D L

A0-A7

A M U X

M A C

B L D 6 *
BUDS*
BR/W
H A S *

B R E F S H *
M E M D I S *
B A I T * /

O ^ H R O L
B U F F E R

U P P E R -
L O W E R
S E L E C T

E f t M P I N G

R E S I S T O R S

A 1 7
71V

R O W -
O D U J M N
S E L E X n *

T T T ^

BA18-BA22 ^
B O A R D

S E L E C T

BDrACK* <-

R A S I L *

R A S I U *
R A S 2 L *
R A S 2 U *

C A S L *
C A S U *

U E S 6

L D 6 6
r a g *

BD(?-BD15^<-
D A T A

B U F F E R S
DfJ-D15

^ ^
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