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1. M 68000 Microprocessor BA&2| LEH

A WAER] microprocessor Hiiff2 HiE BWEE
Awste] strh 2 FoAE FEHY ¢ A EH--
A microprocessor Foll #£HT 5 U& Mg HE
7t 3% worsivhe difolot  #512l microproces-
sor & i A% 5000~ 10,000 fHe] ERAAH
5 @43ty oy &ire] ZT2AAMES 25,000~ 70,000
el efAXNAHE £HY ¢ UA =0 #E
H AL hifge] HFHEE ¥ ol mige] BiEE
Eot BHHiKE ol RS HEE ) o2 ¥ &
B el #Epe] HReEtL Bolor ¥ Aotk HK
o] BB ke #5) i e] dimension & o} & fE/hA]
Z 4 A+ wafer EFEWm ZRE 2 £ 4 Art
Wafer EEIHS] #He JdozT #fd Ao o
of &gk A 2-g mMICrOprocessor #HET ZiisHA
o Aol

a) T

BAFERIRE dtel B microprocessor A Y& EL
483 Fe HEE BESA Zsggdch M
microprocessor  FE#Eo] 212 B o EKIEESH
A FERHE AL BASHA 2w AAYE 489 #
HEEE A 2§ microprocessor o] #&EIRId FERLL
Lol A2 BRI o5& Aol vk oF9
BEFEC] F BRe Yoz HBiE= vk o ERH
BT RA-S AlEEsHAl 3] Y3l —iigol FEEkiE
UA FLEPE o oF i Bholc)

b) EfHe software

Microprocessor jE ol 9)ojAe] software B B
He /N A FEY Aean ¥ Ehsich Al4E
+ slze] Hikel (BT, processor gl mt 9
FIRAGHe HEERK( % o2 Uvjole}l microproces-
sor ZT2oge AP O GBEMNAL £ HEE A
2 vz it Hardware o fE#go) & 1003  ufel

R AR LR AR FTAH SR 1)

microprocessor £] software

kol o

Micro-

A @
2L 1085 25 2 Libel & WE gt
processor o] hardwaree} software o] oje} 2
®el RHEEE Kb el MEZE A= Aeks 4
RGEE = AES H#EstA) ¢k amoneg soft-
ware H#K-& {ET A 77 ¢35« microprocessor
RAtHEL TKE ZES EHE BRI stojor
TR HRY ZEadY e Rbtsle Fojor ¥
o)},

c) =& FEtEH

BEMFEY EdRAAHE £EFislY A =& micro-
processor & Hatehy HWEshe ook tiws He B
Fo] £t o] Ziol+ #H CAD(cumputer-aided
design)& steof sted 1 ®AC =& A %A
Bl REHEAS ot AL d8 A UE
Atk ARE RN BEE ve BiHde Ao
24, o] Hke BBlsln, HBsta BiEsH7 (1
e Fkol Wl #Aiel ¥ Eoh SR, s B

o8 FHEd 5 dx, Bk 24 BRAZL ¢ UuEs A
¢ iR F5s-+ Aotk Processor "W oHAE
< o Foltt Y M2 e BRS HES

= g7 mEolr- HFH7el 8-bit microprocessor
BEE HBEAL RS HolA I e +
#T sl ¢ggog ¥ o R KRE ¢ UEF H
fdrk REEEL FA BE=EE HREEKA B
o HIRE 54 FEE stojof gk olEo] KEWT
2 el 74 & atRe address of AV E #HIFEE
S R, A pESA HAAE R2E= AZE 6
4& € 7 A s st AR g+ opera-
tion code & Ev& Fx XYW Folrh

d) MC 68000 & #EBE

Motorola 68000 microprocessor®] i+ Litt
T ERGHES BRANIES Tt o] pro-
cessor o] ke T 1ol Yepz Qe



1981 4£ 6 A UTTHE

H 1. Motorola 68000 9] ki

Integer sizes 8, 16 % 32 bits
16, 717, 216 bytes

memory -mapped

Addressing capability
[nput / output

Technology HMOS
Internal cycle 250ns
Memory access 500ns

Relative performance MC 68000 &l10~25 fif

Pin & 64

Power +5V

68000 o] Fit B b3 o

i) 68000 ¢ #Fit+ <7 #tA ©& version (im-
plementation)®& 71d 4 2+ ¢ family’ #H#H
BiEE 13 ek = oth 719 versionql MC
68000 & Eizrel £l #lfel FHES 2T

68000 ‘family' #&d —#E HBIAIZ ZHolth
1) 68000 family = T zasislr] A Fit=Eo
2ith o] processor ol RERAR &R olet&7t
B b RE Sl aJfEdt B Bel A=At
iii) 68000 family A% E 71z U7 WT
ol . microprocessor & #®AE+ HEHE LB
AHA E 5 Aok

iv) 68000 family + BB/ NEBEE, XFEH %
o] ZHBEF o ok AR g EH-e TA
HEEol wrel MR EIEE BN 4+ AEF e

v) 68000 family & &k FEE HiTste o #
4 32 % Eo] glewd, Motorola £ & uslal FK#E
EE2 HHY software & HHAE 5+ Yt

2. 68000 2 MERHEIE

a) Resources

68000 A FE= 2% bytes (WS AL 2"bytes
2 #IFR3 %2 ) el address space & 7HXA 9Tl
WlmelE ‘ byte'  address ® Y bit HEGSS
#a A+ MEEIR bit o addressing & TgESHC)
meles 1,816 £+ 32bit BEAr= mH ajgestcl
CPU resource 24+ 16 el 32-bit register, 1
¢ 32-bit program counter (FHiol & 24 bits)
al 1Me] 16-bit status register 2 #kEe) Urk

2% 1ol = upe} o] register €& AA 2
class 2 vU¥ oAt deolH EkE HsAde 1
woes 8MEE% data register 7l AR o
register & 2& HE U AH HET (operand B

Wit B8E Bowk

FHEZIE st S M AAY register X {i]
=0 addressingol 2*iA4+= index register 2
LRIl ‘:P Yo 8fHel registerql address re-

gister 2 F2 addressingoll #ifjsict  olglelx
3 16 15 87 4]

Do
D1
D2
D3 paTA

D4  REGISTERS
05

D6

D7

EIGHT

T T T ritr

T 7] A0
+ 4 A
, 1 A2
! | A3 EIGHT
! _| A4 ADDRESS
' T A5 REGISTERS
e e e A6
USER STACK POINTER A7
i _ _ __SUPERVISORY STACKPQINTER _ _ _ _ _ 1 A7

PROGRAM
COUNTER

STATUS
REGISTER

-1
. do L _Jo

{a) ! i

T T5] ETe]

TRACE MODE J

SUPERVISORY

[u]u]s]

INTERRUPT
MASK

EXTEND
NEGATIVE
ZERO
OVERFLOW
CARRY

(b}

ael (a) MC680009 Zeaesy nd 9
(b) Status register o] NEHEE

program counter 2} status register 7} SR E
oped glo] olth

b) Addressing

ol el 8-bit byte, 16-bit word E+ 32—

bit long word #°|Z address &k

Address ét8-& T 201 uehd upe} o] GH4EE
-bit field 2 #5%&ct.  Addressing & #E=Z &
oyl &aiEd 9% TE addressing mode

ERY ¢ Ak

Address &= 32 bit HAI(BAAN = 24 bit)E F
o} gtk o9} & #EE= 2° byte Bl address
space 7} A& /N A AR HHAHE BHMHoE B
BT 4 AA Ho Arp #E =H & @R &
4= #Y oj=d A(absolute address)+ 16 bit =

e e ®



16 Bit

22 MC 68000 addressing mode

ololg 2T 2 Al A Bl EHRE

REGISTER DIRECT ADDRESSING:

data register direct EA = DOn

address register direct EA = An

status register direct EA = SR
REGISTER DEFERRED ADDRESSING:

register deferred EA = (An}

register deferred post-increment EA = (An}: An<-An+N

register deferred pre-decrement An < — An —N:EA= (An)

bese relstive EA = (An)+d18

indexed EA = (An}+ (Xn}+d8
PROGRAM COUNTER RELATIVE:

reistive with offset EA = (PC)+d18

relative indexed EA = (PC) +(Xn)+d8

short PC reistive brench EA = (PC)+d8

long PC relstive branch EA =~ (PC)+d18
ABSOLUTE ADDRESSING:

sbsolute short EA = (nextinstruction word)

sbsolute long EA = (next two instruction words)
IMMEDIATE DATA ADDRESSING:

immediste DATA = next instruction word(s}

auick immediste DATA = subfield of instruction (4 bits)

OEFINITIONS:
EA = offective addres
An = acddress register
Dn = dsta register
Xn = address or data register used es index register
SR = status register
PC = program counter
d8 = 8.bit displscement
d16 = 18bit displacement
N = 1 forbyts. 2 for word, and 4 for long word operands
{ ) = contents of
<~ = repiaces

+ 32 bit register &, 2B A index i Fol U A
+ 16 bit E+ 32 bit register & AHo® HH
g4 Ut oot 2 &S T U] Wl
L# 2] address nb-S HEE s olws] 2 address
S zaade HRE ETAZ flo] sl & 5
otk Address & Z7]E 16 bit & & A 32
bit 2 & AU 2z EIeE #ESHA Ho o
7] ool & Tz Kol o]F 3x 2 address
£ BAY 5 Urh

68000 A FAE 5 U=
2R =

Register direct addressing : data register 4}
address register 7} HHEFE @&

Address register deferred addressing: @HFE-F
o= A(operand address)7t #55ES address re-
gister o) 1tEpbET]

Address register deferred post-increment
addressing : HEF ocdlAk #5¥E  address re-
gister ol vER T ol WET7 FHE Hel 2
register & address 7t HEF a7(1,2 B« 4)
REE @nE ot

Address register deferred pre-decrement ad-
HETF dzdlet f5EH J=dL re-
gistero] yehdrk  EEF 7L =2 giol address

o\

addressing mode €2

dressing :

:(2) Intel 8086

register ®1 WA <] EET-o 27 F @A o
Base relative addressing: HE-f oj=dl A {F
5y%l address register ] WA H @SS ER As
16-bit FHE7EA G displacement )22l {vol
7t2 7 gholoh
RS oEElAas

program counter & #ifrel A7l o} asiENed o
i 16-bit fFEE7HAL B{bE AL ghelEh
Indexed addressing @ z%i7-o] o= AE fHis
address register o] NI = dhhe] register(data
register %+ address register )2l WHIA @
saNoll A 1E R 8-bit fFEsEAl Afkfiiste] (to®
P gl e,

Program counler indexec addressing : i3 -l
o]= @ A& program counter 2| Biftel g, f5iis

Program counter relative

data register £+ address register o WA @
4EEMe e 8-bit  FFEEZEA sB(LfAete] (Yo

BE R o},

Absolute addressing : HE T o=dlaAs @
il W E EadT

Immediate addressing : ¥+ 2 H#E7 G4
ERel gaso

Bit addressing : Bit BkGao2AE set,
ol ek ol A%% e
BHE W= & memory word & izl addressing
mode & addressing &vl, B X EMHE & bits
S4EANS bit FFl {Ksle address Xtk o]F
A stEe4 bit EfES YT wmES HHEY ez
YEF-S st Z=oad glo] 2wd & bit & address
g 4 UA ®r}d & register S Ha A 32 bit
BE ERILSE address & 4 Ath

¢) Data 9 E#

2% 26 vERY upel zho] 680002 o2 ZhA 4
data TRl Bl L2 HES T 5 U —
feyo = addressing mode & data B MM
o B EETY size & EHES FES MRl 5
€= 4 qlck 283 operand o HER(source)L
register 7} ® $% 23 address © memory 7t =
% At HEHREE register W #5E S memory
of ARk  o|m ¥ fEHe] “ register -to- me -
mory” HE-E FEE 1977 HE register B
£ W 4 A ok KEsY] EEA UAodA

memory-to-register, register -to -register, im-

change clear test

immediate -to-memory
‘Move &4" & 2

mediate -to -register, 1=
5o HES Y & Ak
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ADD REGISTER DEFERRED
4 3 3 3
ADD | OPERAND {OPERATION | AODRESS | ADDRESS
REGISTER | MODE MODE | REGISTER
L DIRECTION AND
OPERAND SIZE
ADD INDEXED
3 3 3 3
ADD | OPERAND | OPERATION [ ADDRESS | SASE
REGISTER |  MODE MODE | REGISTER
‘ 1 8
INDEX %
REGISTER /// DISPLACEMENT

Lb INDEX SIZE

MOVE
4 3 3 3 3
MOVE ADDRESS | ADDRESS | ADORESS | ADDRESS
MODE AEGISTER MODE REGISTER

CONOITIONAL BRANCH
4

4 8

8; | CONDITION DISPLACEMENT
oR

8, | CONDITION ZER0

OISPLACEMENT

a8 2 MC 68000 4B

2-address M4 E 7Y oS g §348
ZEx3 gleh o] 922+ memory-to-memory
HMEHES & & Urt

68000 o| dataBx{ 3t o] 5o @ESY Mfhs ohen
ek,

Integer & : BHHEETL add, subtract, multj -
ply, divide, negative, compare ¥ arithmetic
shift o] AgEsich o Aol 1 byte, 2byte
3 4byte f R EREY 4 Atk Shift B
E-S left shift o|#u right shift o|Auv o 2
°| multiple -bit shift 7} Gl clxe HoZ
Aol shift A#E f5Este HES Y3, data re-
gister Aol A =l 2] shift @HE HTshs HEe
25 overflow”} Bt 3| = #haEs) L")

Multiprecision integer % : Add with extend
subtract with extend, negative with extend,
unsigned multiply % unsigned divide %] multi
precision integer MES T 4 Urt FTHI BE
< 2-byte HEFUHE RSN, 1 9t mEL 1,
2,4 byte HFo| =% mlggsict

Logical 5 : AND, OR, exclusive OR, com-
plement, compare, shift ¥ rotate{HE o] A4k

’

shrh o] BEE-e 1,2,4 byte 2 # 4 ok
Bool 1%%i: AND, OR exclusive OR, complement ,
implication, set according to condition code % 2]
Bool #fie] mIgEstch

Bit @% :Set, clear, change, test %2] bit
5ol TfEsH bit & HIK o2 address ¥ & 2
23

Decimal # %% : Add, subtract, negate, compare
EEel ffigsttt, BCD 4y ol zeld de HY
< (memory-to-memory) ¥l 2139 #=F (1
byte)# @I gl 41 memory-to-memory
10 # HEH- T do+ loopiyid 7 (Ajs
ot

Character 3% : Move 2} compare {42 o=
2ol U R T Wil Y & Ark

Address %Y : Increment, decrement, add in-
teger, subtract integer, compare ¥ load effec -
tive address %9} jEEoo] TfEStrh

Real 8% : Floating - point #1309l add, subtract,

MC 68000 # H-e 2| &4 set & 33 zrc}

H 3 MC 68000 44 set

Mnemonic Description

ABCD Add decimal with extend

ADD Add

ADDX Add with extend

AND Logical and

ASL Arithmetic shift left

ASR Arithmetic shift right

BCC Branch conditionally

BCHG Bit test and change

BCLR Bit test and clear

BRA Branch always

BSET Bit test and set

BSR Branch to subroutine

BTST Bit test

CHK Check register against
bounds

CLR Clear operand

CMP Arithmetic compare

DCNT Decrement and branch
non-zero

DIVS Signed divide

DIVU Unsigned divide
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Mnemonic Description

EOR Exclusive or

EXG Exchange registers

EXT Signed extend

JMP Jump

JSR Jump to subroutine

LDM Load multiple registers

LDO Load register quick

LEA Load effective address

LINK Link stack

LSL Logical shift left

LSR Logical shift right

MOVE Move

MULS Signed multiply

MULU Unsigned multipiy

NBCD Negate decimal with
extend

NEG Two s complement

NEGX Twors complement with
extend

NOP No operation

NOT One-’s complement

OR Logical or

PEA Push effective address

RESET Reset external devices

ROTL Rotate left without extend

ROTR Rotate right without extend

ROTXL Rotate left with extend

ROTXR Rotate right with extend

RTR Return and restore

RTS Return from subroutine

SBCD Subtract decimal from
extend

SCC Set conditionally

STM Store multiple registers

STOP Stop

SUB Subtract

SUBX Subtract with extend

SWAP Swap data register halves

TAS Test and set operand

TRAP Trap

TRAPV Trap on overflow

TST Test

UNLK Unlink stack

multiply, divide %°¢| m[#Este}

String /&% : String move, string search, tr
translte &e| strirg o] flhEs)ck

d) =eas Him

224 $lf 41408 conditional branch,
jump, jump to subroutine, return from sub -
routine ¥ return from interrupt 7} 2tk TRAP
miae Askd 16 71x¢] oh& operating -system
call & feEd 4 olxm, STOP &4-& processor

‘?J-x o RESET @448 AAHE 2lAE AAFH,
MOVE &4 processor ¢| status word® ©HE

+ o,

3. 6800 Al~E! 4R

o] 7|oll A A| AH fEi5ere-o processor o 28 )
sikEele] interactionol BER 222 A interrupt
His%, memory segmentation, bus interface, Al
Do Fe wurck

68000 system®| f{&i&w g%
55 AR o] Atk g &4,
register £& th& Motorola microprocessor ¢t
opab7b 2] 2 o 2 2] KHi(memory - mapped) & HHIE
YT el Memory mapped 170 #i&ol ]
sz aojdA #$e §&4-8 MELSHA = device
#|fet data register & E}—‘?—hﬁloﬂ dolA BE Ay
& set B JEMOD FRY & UL ﬁE?J-% A &
29tk AMHEEEE Aol Bk HeE
2 8x gou @ processor 1 O& MfisHAL
& set+ Zlda7 7 flth 1,70 E=fe slzee
critical area & (Rist=dl EMS= memory -
management A& ERIS] R

68000 ¢l bus i§iEE £ Austn, w23 §F
A oA #wErsle] Utk Address bus 2k data bus
sygE5 0] olol 4 multiplexing o] £tk o
A stozs djzkel demultiplexing HREZT &£
watx] gom whebd EIEEE 458l MBS = Al
AEo] Aol A RS FY  UA Ho W
t}. o] bust= FAWLoBR 7ol data s MR
% woll = handshake {358 #AI&rt  ©] band-
shake 125ks ERsImaq AMHEEV 93
o] EEEIER0]l HmE Eked AEAAE FE pro-
cessor bus ol #&E¥H 4+ ot}

7t5k8k bus request/grant protocol & {fifi]
a1 A processor ¢ DMA (direct memory access)
HEE ke HBHEE ¢ols systembusE HF

e %L 5542 #
[

/(O device

tlr
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Veg ——!
GND ADDRESS {A1-A23)
Lk —f {00-D15)
p— AS
FCi——C) D——— RW
FCl Q) D— U538
Fez—Q p—— 08
mcesooo [P~ DTAEK
E a———q [—— BR
VMA QO D— 6G
VPR ——=() [D=—— BGACK
RES=—*(Q
LT ——Q
[De———- 700
Oe—— T
BERR ——=() Oo—— 712
A1-A23 Address lseds 23-bit address bus: capable of addressing
16,777,216 bytes in conjunction with UDS
and LDS,
DO-D15 Data leads 16-bit dats bus: transters 8 or 16 bits of in-
formation.
AS Address strobe indicates valid sddress and provides 8 bus
lock for indivisible operations.
RW Read/write Defines bus operstion 23 read or write and
controls external bus buffers.
UDS, LDOS  Data Strobes Identifies the bytels) to be operated on sc-
cording to R/W and AS.
DTACK Data vransfer Allows the bus cycle to synchronize with
scknowledge slow devices or memories,
BR Bus request Input to the processor from a device re-
qQuesting the bus,
BG Bus grant Output from the processor granting bus ar-
bitration.
BGACK Bus grant Confirmstion signa! from BG indicating &
acknowiedge valid selection from the srbitration process.
1PLO, Interrupt priority  Provides the oriority level at the interruating
PLY, level tunction to the processor.
1PL2
FCO, FC1, Function code Provices externsl devices with information
FC2 sbout the current bus cycle and processor
state.
CLK Clock Master TTL input clock to the processor.
RES Reset Provides reset linitislization) signal to the
processor and periphers! devices.
HLT Halt Stops the processor and allows single step-
ping,
BERR Bus error Provides termination ot a bus cycle if no
response or an invalid respornse is received.
€ Ensble Enable clock for 6800 systems.
VPA Valid peripheral identifies addressed sres as & 6800 comps-
address tible aree.
VMA Valid memory Indicates to 6800 family devices that a velid
accress addrem is on the bus.
Vee ~Evoit (2pins) -
GND Ground {2 pins} -
83 MC 68000 CPU &
@ 4 Atk 68000 Mol += memory access® HE

S o, omgl frEA MatE 44 BiTE DEis
2 trape] ¥JUEE & bus-falt input pino)
st =] qloh oA A memory 7t REBR F
AA =] it

68000 o] interrupt #iE+ WHY minicompu-

ter dl A A3 9= AF ¥ssio)

ority level ¥ 7Fxx U,

) 8 el pri-
software 7} inter -
rupt-handling routine-& #4338l #lfMstz TFHIirg
4 UEZ interrupt vector A|AF oz fHmE o
ATt Processor & B priority level o] status
word ol YERVS, Bl priority level Mt} YAy
ol o} 22 interrupt « b= el A e g
g4l Bt priority 7t & Zol E92 ™ interrupt
7F ool Interrupt 7b ol o =™ proces -
‘ fE%E W == inter-
= vector HHEE AL
vector F i+ processor ol {3t in-
terrupt hadler o ALE 27 ¢t o ] Nl
A interrupt vector ¢ table & index &7 43ty
F =

sor — acknowledge '
rupt & s

28] o)

4, 68000 & et

BH—z MC 680002 68000 architecture & &4y
Byl FESlol 29 W M-S 2% 3o Holn
Address ®-& 23f#o1™ 23 bit address busol &
=13 16,777,216 byte 742 address & 4 vk
dolg] - 3l 2% 1624 16-Bit data bus ol
=] 8 bit ®+ 16 bit data & HiEQrt 32
-bit data 91 Z %ol 2 memory 258 IR
stejol gk o] Aol W= =5 64 folch
o] HMEEY MRE oo|dol HEANL & A= &
SEE HIHE U Uk 2 gl G4 e th
%% BUEZR FLEIA 71X G ook HRESI B
o] B3t oEe| FEH W7t %23 architecture
7 HEE ol & Ao|t},

g 5 X &
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