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Logical Operations

o BiE=E . AND, OR, NOT, XOR

X Y XANDY

X+Y < XORY

XPpY & X XORY
X & NOT X

e DeMorgan's Law
cea AND1=a,aOR0=a



Compiler and Assembler

e Compiler mFHLBFIEST EEREAA ISA
e Assembler JCRB|IBRKIEE (CERIBES) B ISA

HA AIAK Compiler &iEEPIBEBSHABRES, BET
Assembler ¥4tk ISA,



Overflow

Overflow BWREEZRKNITENWAIKER, TeESHIITELEERH
TIHENEHEERTERE, MBI EERRINEE,

HELE B R A XL IER

o IETIFK + FETIE = T

o Ti¥k + A%k = A

o IETIEK - Tk = A%k (EMTHEX 1)

o Tk - A = EREK (FEMTIER 2)

EitE n AR EHE, TTeESHI n + 1 AR, XHRRERR
Ho

e.g. n—=4

1000(—8) + 1000(—8) = 10000(0) (#fr 1 x3%)
0111(7) + 0010(2) = 1001(—7)




Chapter 3 Digital Logic
Structures



Transistor

MOS Transistors are below the lowest level of
abstraction, so we don't need to care about how they
are constructed and how they work, we just need to
use 1t to build logic gates.

NMOS (N-type MOS) PMOS (P-type MOS)
SRS, [(EET SREERF, KBEEER
B Drain Source

J J
Gate Gate —%

Source Drain




Hd Gate Y4k, Drain ®Y3E@4&, Source "YJEK.



Loglc Gates

B3R NMOS fn PMOS SRia BBl K,
(ZATH 1.2V ARX "1", 0.0VARXK"0")

e NOT 3EI"] The NOT gate is also called inverter and
its use to negate the input. e.g. If the input 1is
1.2V then the output is OV and vice versa.



Loglc Gates

B3R NMOS fn PMOS SRia BBl K,
(ZATH 1.2V ARX "1", 0.0VARXK"0")

e NOT 3Ei"] The NOT gate is also called inverter and
its use to negate the input. e.g. If the input 1is
1.2V then the output is OV and vice versa.

(@)

|E|— 1.2 volts

Out

1

v 0 volts




Logic Gates (Cont.)

e NOR
NOR T1EyzyaEFn:Z 28 R %k NOR
=S




Logic Gates (Cont.)

e NOR e OR
NOR I"]&9zhefniZ 58 & %Kk NOR AT A NOR 1895 5 &
A fnt—A> NOT ['JEP =433 OR.
@ -
A L ‘ L7




Logic Gates (Cont.)

o C TEH MOS EXREER, TEEM. EHAFTER)

e MOS BEFREEBIERMEA (BP Drain = Source WL EREESE, XF
NMOS BEMTREI L, XF PMOS =M EREIT), EUNRALH
LW NEE



Logic Gates (Cont.)

e NAND & AND NAND i"J4= AND I'Je9#93&74 %% NOR & OR #4210

Figure 3.8 The AND gate.



Summary of Loglic Gates

BFIERIALE, BANITHRTEANZEI INEE, XBWERERNEAT
BN EERX NRBRERZE]), FENAZTERITEERUTH
SRNZE]:

- D D

(@) Inverter (b) AND gate (c) OR gate
(d) NAND gate e) NOR gate

Figure 3.9 Basic logic gates.

XEBZORBERRIRR", BATRRUEZE AR O L= E B
FTXHAKR



Combinational Logic Circuilts

HBAVEBEB O KA, combinational H43ZiEH K and
sequential BR/FZEREKE, XAETHERAEZETREEHEER.

HEZEERIEFMER, BRIMAZSMEBMT L AEA,

3 common combinational logic circuits

e Decodenr R EE
e MUX % BR3EIRE
e Adder puikEE



Decoder

A decoder has n inputs and 2™ outputs and only one
of its outputs is 1 and all the rest are 0s.

, if A,B is 00

, if A, B is O1

, if A B is 10

, if A Bis 1



Multiplexer

Multiplexer (8 Mux) ZEREFEE, A PNRATRIEZFE T
BE— I mAFKEE .

e.g. 2-to-1 Mux 2-to-1 Mux ®BLEA

e

C

Figure 3.12 A 2-to-1 mux.

e S=0 BY, FiH C Auiw A\ A MEE
e S=1 B¢, ¥ C Auiw A\ B AHE



Multiplexer (Cont.)

— /KW, — PN Mux @BEZ 2" N, RBA n ALRERES,

(a) (b)

B

-

Figure 3.13 A four-input mux.

S[1:0]=00 B3&FE A, S[1:0]=01 B3%FE B, S[1:0]=10 B3&FHF
C, S[1:0]=11 m3%&# D,



Adder

BRAEBN N AN_#E% A, B, EHE A+ B =25,
BAIA C; 2% « fLWsfr, S; 2ritEmEzE C; W

%Eggﬁﬂ—ﬁmﬁgwﬁﬁﬁ A, B, C, Ciy S,
A;, B;, C; A o0 00 0
Ci.1, S; J¥H o0 10
O 1 0 0 1
O 1 1 1 0
1 06 606 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1




1-bit Adder

RFENREER, BOITUEIXEN— A :

%}
=])
— )
=
=
A OD |
o) ==
R
w,

XA 1-bit adder fRkA full adder 2jnzs



Adder (Cont.)

4 LB ASR VT A T ENEHRR:

| | | | T T /IO TO
Circuit of Circuit of Circuit of Circuit of «=——0
Figure 315 Figure 315 Figure 315 Figure 3.15
o \ Cs \ & | o |
S3 82 51 SO

Figure 3.16 A circuit for adding two 4-bit binary numbers.

XERAMK 1-bit adder #r4 half adder ¥nsE, Hiwy 1-
bit adder #ZRE2MMH.

XEAZETF carry bit, ¥imEN C; BRAA 0 (BIRZRARALHALLE|E
URgtER), @mEN C;, EERFBRII—UHNEBHEERRE,



PLA

PLA (Programmable logic array) consists of an array
of AND gates followed by an array of OR gates.

PLA 91T

isi
:

Connections

I
N NN

' A programmable logic array.



PLA (Cont.)

BRRBANIAE n DA, A m N, MaxdTENmE, HRAITTIAK
XM EEERE A 1 AR SES (BEEXR),

PLA SZILE A SN n N AR Decoder BEIMALES, BME
RIFPEEREZRMH N NABRALS,

e.g. ENRNKEY, BEW =A-B, REA=B=0=15%%
A=B=1,C=06W =1, FEL{HEAE "111" fa "110" XA
MALSERRH W =i,



PLA (Cont.)

BRRBATE n NN, A m Nl WBaxdTENmE, RATT ALK
XM EEERE A 1 AR SES (BEEXR),

PLA SZILE A SN n N AR Decoder BEIMALES, BME
RIFPEEREZRMH N NABRALS,

e.g. ERNBES, BREW =A-B, RREA=B=0=13k
A=B=1,C=086W =1, FE&HRAE "111" f2 "110" XA
MAESERBMY W BRI

PLA ST ASZIEfTB B R %k, = PLA & logical complete (Z#
&)
PLA R &2 AND OR NOT #HB%. = {AND, OR, NOT} BZiEZEN



PLA (Cont.)

BRRBATE n NN, A m Nl WBaxdTENmE, RATT ALK
XM EEERE A 1 AR SES (BEEXR),

PLA SZILE A SN n N AR Decoder BEIMALES, BME
RIFPEEREZRMH N NABRALS,

e.g. ENNYESE, BEW =A-B, REA=B=C=1 3
A=B=1,C=0W =1, RE&HNE "111" f2 "110" XA
MmALSERE W Bskil,

PLA ST BASZINAE(TZB B R $, = PLA E logical complete (Zig

&)
PLA R &2 AND OR NOT #HB%. = {AND, OR, NOT} BZiEZEN

Question: NAND 2Z®iE5%REHE? NOR? AftA?



Sequential Logic Circuits

R FEBRNE AR TUREER, REBIMEE—LESEENFMEET,
RN GEMEETIT

e R-S Latch 8%
e Gated D Latch D &%
e Master-Slave Flip-Flop EMfitLE (GA%fnk %)



R-S Latch

R-S BiFEARAM 1 bit B8R
vERNGA R S, mN#EE a fo b, B
BAINE a REBNEREDERENE, RFMZE a = Q,b = Q).

B
A




R-S Latch (Cont.)

e ¥ R =5 =1, Unknown

o MMBRBAIEE set the latch (FA 1) BIIREEE S M1k
BlOo, XBtaZTA 1 bZXARO, BILS MO KE 1 ETRIFNINIE
#HEM 1,

o MMBRBAIEE reset the latch (FA0Q) BIIREZIE RM1
K20, XBtaZAN 0, bR HIE R MO IKE 1 ERFeT{REFRR]
FHEM O,



R-S Latch (Cont.)

b(Q)

?

Unknown

Set

The latch "remenber"

the value

Reset

The latch "remenber"

the value

Both go to high

Rl ORI RP|IO|FR| W

R
1
1
1
0
1
0
1

vilR| kR R oo

Unknown




Gated D Latch

£ R-SPEENERLE, HIMBEMT —4 WE(write enable) 5,
BEIBAITRE T B DiEE,

D } s

WE ——

=

e WE =18, RRBNTUMEXIFRANFEHE
» D=1 S5=0,R=1N&HEAIEA 1
s D=0 S=1,R=0NBATHEANO

e WE =08, RRBINFEEXPIGEENRHRNE T D %
», ¥R S = R =1 R8FERRFZAFIME




Memory

Memory NEE BB LA EKA), HatZrE—R), RESAIEERT
NHEEIE.

e Address Space it 2= |g]
N EARREMIEENER, FRAHAEZ 8],

e.qg. BAIA 32 frFomiehl, Makz=a R 232

e Addressability FitgEH
AN o] WAF IR B ERIBALEK

e.qg. —/NhEREI IR 1 AN bytes, MBI UEBEHRE 8 bits,



Memory (Cont.)

e.g. 22-by-3-bit Memory

A[1:0] D,[2] D[] D,[0] ® i‘&ill:IEE A[]. . O] , i&i.l.l:'_/:l:lv.l\é]?g
D , 22 — 4
‘@%i E %LE i e BANMUEBR =/ EfEE T, BT

% 3 bits MEKE, Hib
FugeARE 3 bits,

e WE =188 D;|2: 0] EA
NE CALERNE) ;
WE = 0 RMAFT 3 HEE
3| D[2: 0]

N
==
o
==
5
==

’_‘_
pes

==
e

==

”Lg
I_'_
O
==
o G
=
ﬁ_c—'—GJ— o= o



Sequential Logic Circuilits Design

HFBRERE, BAFHETHAXGHEER, XEHEEZEHITEH,
HPAEZENERZRIBINFMAFMGEEETHNAZR, [REH,
B GMERTHNER, XEOMEHA Finite State Machine (B
FRARZSH)

Inputs Outputs
P =% | Combina- = P

tional
Storage

Elements Logic
Next
State™~_ tate

1ts, State)
Mealy)




Finite State Machine

e state RS
The state of a system 1s a snapshot of all the
relevant elements of the system at the moment the
snapshot 1s taken.

Hoy it 2 T RS RRSHNEZ AR S

o ARRSNBARINRS. A, . RSEMLMEAR. AT ERTAE
FRIRASHL, BAISMERA state diagram REE., RESEEFE:

= Rl RTRS
= ARIMRTRSENL (AASEPRS)

= A\ EARERSMR AR (nRA), BEBEAWE AR S
RS (ERA),



Example of FSM

AT B HARSE -

(kRE# P87) XEBA b N

XT, B ERAN, WEFX
= ON, RIS TN &
— NEABT R NXTER R IE R, T
—/NEfURE 1. 2 SXTSELE,
BT—\isk 3. 4 5XT5R, B
T—NE$h 5 BXT=E GUERT
BT ER), BT —AR¥A
XTERME R, Wb fEaEF, tREHF X2
OFF, NJETAXTIE X,



Example of FSM

(kRE# P87) XEBA b N
XT, B ERAN, WEFX
= ON, RIS TN &
— NEABT R NXTER R IE R, T
—/NEfURE 1. 2 SXTSELE,
BT—\isk 3. 4 5XT5R, B
T—NE$h 5 BXT=E GUERT
BT ER), BT —AR¥A
XTERME R, Wb fEaEF, tREHF X2
OFF, NJETAXTIE X,

AT B HARSE -

XE BN ARCH = #H R E
A. B. C. D EMNRAS, AR E
HEFR TR (1 ZRT-FXA
ON),




Example of FSM (Cont.)

Combinational Logic

| Combinational 1,2
> 3.4
—®1 Logic Circuit #1 > 5

Switch

Combinational

>
Fe
+— | LOgic Circuit #2

Storage
Element 1 -

: i

Storage
Element 2

Storage ﬁ>

Clock




Example of FSM (Cont.)

—————————————————————

1 -
| Combinat | Log
1
: »| Combinational
' —®| Logic Circuit #1
Switch » Combinational
-
+— | LOgic Circuit #2
Storage
Element 1
Storage
Element 2
Storag Q
Clock

BB U(t), V(t) 28l&kxet
%t B, LT 2, 198
B, FIDRSTILRATTREFE]
*F U,V BEfEk:

(RU#& : FF=A ON)

Ut) V() Ut+1) V(E+1)

0 0 0 1
0 1 1 0
1 0 1 1
1 1 0 0




Example of FSM (Cont.)

LEERMA PLA A ANEARASHE, [FEWA:

From Storag ﬂ
Element 2 W 1,2
BEDai—Da
From Storag i
Element 1 1/ ' 3.4
)
Y 5
|

Switch @7 [ To Storage
ﬁ Element
"_‘—/ ya To Storage
1 Element 1




Advanced Storage Elements

HERELELUAEBITNFRERR, REERRNFMHET —
Flipflop itk 2.

ERN RS, FEEE: WRIFRA ON, FARHRS (FHEE
TREME) KEE, AeZBEERNMALIEKE, NdAaZENA
HSFEZ KT, XFNEMEEFRE, BAE - MENRS.

B, BINIWBET UL AMMPER
e asynchronous P HEE, —BINRMIAKE, RNIFARSFH R

bR )

e synchronous FIZFEEE, HBINIA —NEHE clock, EEFARRIHIAE
B EEENEZMEEFE, BRNEENEERERF, AEHE
FE|T—XREHFHNRIEFRA clock cycle BFsREHA,
ERFEEY, FSM SN EALERER —RRSEL,



Master-Slave Flip-Flop

Master-Slave Flip-Flop FAfLEEBEN D BiFEEIE,
clock BET$fME ERY T D BiFS= P WE 55, ALMPERKA
slave, EAMPIFRMA master,

D S
3 ): %’+ |
Master Slave
CCCCC ¢

o ERTEP EFAIE master #& disable, XHBF slave 12F] master B9k
#’, BA, FHREIT QmE, QREESENACHEEHEHXE D
(BF master B9%A)
o TERTEITFEIE slave ¥ disable, 3XBEf master iZER D BMAH‘HE
A, BEER#ERE slave smBIANDOFF,




Time Diagram of Master-Slave
FLlip-Flop

i <+ Clock Cycle n = i < Clock Cycle n+l ———» i
Clock J A B A B T
Combililgté?cnal 3 prop delay >< Nexét State Cycle n+1 E prop delay >< N e)gjt State Cycle n+2 i
Master ; % >i< Next State Cycl¢: n+l >i< Next State Cycle:t n+2
‘ ‘ | | ‘ |
Slave:>:< Currelilt StateiCycle n >:< Current State tycle n+l >:<
i i

® @ @ @



AR K

Question?






