P 5;lial) daala
mAu dudigl) 4nls
0)liaJl - -

dead JI 1yl
Digital Circuits CECC323

JJM‘ 2\..«..4)5.40

2023-2024 g.ubﬁ\ elﬂ‘ https://manara.edu.sy/ dﬂ\ u*"‘j)ﬁ‘ Ladl)


https://manara.edu.sy/

Y

6)jliaJl

CHAPTER 7
bt dald) )l

Sequential Logic Circuits

AL 8 il (e 2,01V
Zealanll ol agede e cayadll V0

QL}M.E_” ulc dj.z.ﬁ\ 4

https://manara.edu.sy/


https://manara.edu.sy/

>y

6)jliaJl

deanlid! dalail | oyl

Ll el el g Q! Jo ol Tl Led 7yl 055G Budlaie ol sl ai 0>
slay 9 8yldl 7,5 w5y 3 (feedback) AcuSetl daddl sgzg () @yl sda gt Aisesl) 5,08l Hels VY <
RUESN | FENPP P PRTICR TSV S Y
(clock signal) cyel35 8,La) aluseiwly o3l Jg50 0955 9 Lpd ey 0uds Aa3lu @ud 929t AataS L (ya3]] SN <
sl sda 3

5l sl olas delie e Al l)la >

e Ll sl o5 2l e 2l &lyla P

https://manara.edu.sy/


https://manara.edu.sy/

>y

6)jliaJl

dans i) &lylodl g dday! A1 11t e 35201 92 La

Aeayliat) dalail | &fyl ol PRI EPRTURAR R 25, | lais
ol e g ool adladl il e dozay | dadd Joall adlaldl oudll e detay 255!
a)é.u aaylud!
5,513 L] 5,513 L oud 5,11
NENS NEPE| dwSat | 4y dad!
23368 Gl Led S5y S (a3l s a3l
J2 9 a5 ¥ ol 15,
Sl oot l-c M I— LT 3911 - Ll1- sl LS o ya-pol g ie]

https://manara.edu.sy/



https://manara.edu.sy/

>y

6)jliaJl

(Latches ) oSl
3 Ll cLd) Busg 29 . SLledl e (1-bit) 1add susls A6ld B o3y e 808 L Lanls Ldhaie olyls
Ayl ol
s lpaaie il cses oadls ) asn b delu as e el é}*@ﬁ>

1 2kl Zaall Lpd Waatme CMN Led 008G (&I Aladl 2 5 (SET) Al (oued Jo¥1 LIV
0 dgabail| lally (aares ANl Lied (99509 (RESET /CLAER) &> oo 26l ALtV

crolie e IS clulll Jany o1

NAND =blsy of NOR @bl alusiwly g

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

(1/5) NOR b g9 aTiBiwly sd| RS cluld !
Q=1 :S=1,R=0 AW SET Lclas ¢y | %*
Mall R 8yl e 0 2ogall ayns S caylall e 1 aabaill 2ol ppas

1Ll e al e ¥ ol TS glun 098w Jaudll §NOR Bulgs 7,5V
saall glus Q 4y 580

Q=T 2 LusSakl e 2%l 2asd 18 0 dnesd ,5Y1 J5ull 90 diesd usSall 2yl oo Loy Llall 2lgdl 3V

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

(2/5) NOR byl g aToleiuwly (aed! RS clulld

: $=0,R=1Mall RESET dlac ¢y | %*

Mall SAJJQJ\J;OM\&@RJ)LJ\J;1W\W|&@/

=1
s O Q:

Q=0 LosSall aé sl 05868 1 Ll s e oY aall L€ gluns 98 (¥ @NOR Bulgs 7,5V

Q =1 LusSall 23l 2aid (18 0 dresd (581 bl 90 diesd LogSall pe zysell o Loy il 2lsl 3V

https://manara.edu.sy/


https://manara.edu.sy/

T e
j}—

T D
>
=D
>

L7y

-::an_aJI

(3/5) NOR c_v\.v‘j.v ‘z‘.\.‘:u.w\.» é\d‘ RS <Ll

Q_

Q_

— all> e ol Ll

2Ll

:R=S=0 &L *%*
A L | AWt 48 yaa O90 Busuiadl Wl sy o Sees ¥
Q=1, Q =0: SET L)l =S 15V
1l Loa LeS 7l Loylo iV
SET Ul> 3 (w1 4aslud!| Al e OGS Jadlomiss
Q=0, Q =1:RESET ULl =S 13V

16l Lot LS 750l L)k A
RESET > § A ¢l ddyludl ddladl e oA Jadln s

https://manara.edu.sy/


https://manara.edu.sy/

1

[

&jliall

(4/5) NOR byl g aT0eiwly (aed! RS clulld

:R=S=1 U= **

w0 0 23| MS 98w (1 1 4ietB NOR (Gl g3 A3 e sV
San sl 08 g zyaedl Byl gludiw?

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

(5/5) NOR byl g aTdleiwly (ael! RS clulll

SR clulell abill lalasel

SR elulel Lt Jouo

S R Qn+1
S Q 0 0 Qn Latched
0 1 0 RESET
1 0 1 SET
R é 1 | 1 |lInvalid

gl lxtl (2 Qn+1v
4Ll Wil 2 QY

. https://manara.edu.sy/



https://manara.edu.sy/

[

6)jliaJl

AN Ly 3 Laliind (Sasd alaie wSaS Jaad o1 (Sas NAND clylgs ¢of Los™

: 0

P — 0

RS Flip Flop 85le 4J 50,5 dseie Jlad 55 die Jany I SET/RESET L5 ga®

11

https://manara.edu.sy/


https://manara.edu.sy/

D

deogl o
0)liaJl

Ed

 1—

>
ph=

p=1
: SET dlac ¢y (™
B0 R=1 9 S=0 2252 05

0=0
: RESET dac s'-‘)-?!'

0=1

R=0 3 5=1 o3 05"

12

https://manara.edu.sy/


https://manara.edu.sy/

[

6)liaJl

.S =0,R =0 alecly>I"

(IRESES D LUy e éi 0dicsd NAND (&0l g9 (Mo oe aiv
OScas 1t 10 g 7yl Lyl (gglaiens’
S =1,R=1 adec:l,>|"
A L | Wt 48 paa O90 Busuizdl Wl sy o Sees ¥
Q=1, Q =0: SET W=l S 13|V
SET all> (§ (A (gl Aludl ALt e AT Ladlompa 26 Laa LS zydedl iybo (Auw ¥
Q=0, Q =1: RESET &LJ! =il 13V
RESET &l 3 hriuw g dslaad| Al e ST Dbl 26l Lo LeS el Loyo iiss Y

13

https://manara.edu.sy/


https://manara.edu.sy/

Y

dcols
8li_al

RS Flip Flop Mal dainll Jous
R | Qn+l | Qn+l S R | On+1
0 0 1 1 Invalid 0 0 Invalid Invalid
01| O 1 SET ot ] ¢ SET
1 0 0 RESET
1 0 1 0 RESET 1 1 on Keep
1| 1] Qn On | Keep

e
Bzl Wlxtl 2 Qn+1v’
4Ll el 2 QY

https://manara.edu.sy/


https://manara.edu.sy/

[

6)liaJl

(1/2) Clocked Gated Flip-Flop a5l & LMaTS

3

o

1S ¥E (clock) cpal i 8La] cpel Al MG (§ (5™

4y Lud! adley Mal) Jagoey 9 SR iz clock=0 Jl> 3™

S :}_1

Clock=0 e

R—}—l

saliall 5)9.44_“4 L_DA.E_N s 9 S,R))AS clock=1 JL‘> é.

15

https://manara.edu.sy/


https://manara.edu.sy/

Y

6)jliaJl

(2/2) Clocked Gated Flip-Flop &isl5iL! LAl

C|S |[R [On+l |Qn+l
0| X | X Qn On Keep
1/0[0]| On On | Keep
1101 0 1 RESET
11110 0 SET
1111 1 1 Invalid

el AL RS CMal daall Jgus™

ol ALI RS LML Labuill Jytoxli®

— S Q_
— CLK
—r E_

16

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

(D Mall) DATA Flip-Flop il L1 LS|

:Dg)&ﬁ.“’:’
D 5o luug Ms s Lernd Logunmy 2o (wSle Llgn RS ol adl Lo ded (paliie RS M5 g™

=0, R=1 (155, D=0 S 13/™

0 dogdll dud O yiseid RESET ddae Cyuss

— S=1, R=0 (19K D=1 &,(S 13(®

T Losdll dyd O 5end SET ddae Eouzs

D éyladl e a9 (I Aauddl AN (s 1 6]
ool 701 3oLl AN Js s Leliis] 9 D calall e Aegumgll 2aiall Jlanl o Lol dsgy °
Clock ceeeeeeee Low HIGH U] LOW (0 oyl 701 8,L40 Lipd pass L~gx.l\ =1L Q OFES 9 Mall a1y ) degall Jaxis

High

. https://manara.edu.sy/


https://manara.edu.sy/

[

6jliall

(D Mall) DATA Flip-Flop s |5l 1 o LAl

C |D +1 .
Qn :D «._04.5."’0’

0| X Qn Keep 1D Mall 4G xll Jou "

1 0 0 Reset

1 1 1 Set
1D lall alill Lozl
— ) Q_
—{CKk  Q—

EMe el § pusiuy 9o 9 Dynamic latch 4 Ll olatt 1 o™

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

(Master-Slave Flip Fibp) aldl-asladl ol

Slave Ll (a9 L) J55 Master wlall (soung ool Gy paadl logaay (tliate (iwlie RS (adl8 (pe oS ™

--------------------------------------------------------------------

N d Jl 2wsSas J5u5 cn> @ Ll ) 8yl J5u5 galilll 3,Lal of Lasdis®
(OMaster) (Slave) g iy § el Bl @15 ¥ gl A o
9S9R Js o) lat A oy (hlgh) d2dia U'“‘JU‘ 5)\..531 Qﬁg.? Lc™
(LK (LK L) Al Uadres 5 lalie plall MY 065,
R—1r ¢ R 070 g s Jaxis ¢ lall oM sl low ) High g cweliill 5,080 o Loic™
§ § 2l @ st 9 el M3
LK ———— >0 |

low J High cpe coal01 5La] bogea Azl AN fia gys e Llmiwdl a5 i

. https://manara.edu.sy/


https://manara.edu.sy/

L7y

(Master-Slave Flip Floluj s Ll-aslall ol

C | s | R| Qn+t1| Qn+ roMall da gl Jguo™
0 X X Qn W Keep

1 0 0 Qn m Keep

1 0 1 0 1 RESET

1 1 0 1 0 SET

1 1 1 1 1 Invalid

o5l @ Alerad) Heeds Alasd (8 Lo Byall ST ol LI RS AL 513 g aylall-slall Ml 2aasdl Jgua oof JasdL®
daiipe el ByLa) cals Lo Jsull e paall Gigais 5o zysell 3 Buleradl ylas el LIRS Ol 3 V)
low I High cye cralill Luas bogra Alasd ¥ 25l § lnacdl (a3 Y el il polidl-stall Matl 3 v/

https://manara.edu.sy/


https://manara.edu.sy/

Y

6)jliaJl

(Master-Slave Flip Flbp) aldl-asladl ol
Ml Azall Aalal] 5,00

s —F D A

B )

Clock

Y

https://manara.edu.sy/


https://manara.edu.sy/

Y

deola
Q.QBU‘ Sl
Timing Diagrams

o3l g 8yl § azes ) ol pandl Aalal collabasell sda s dsei®

> Sl g}llal‘.RESET@yM asloyl Ul 9 Joae Sy R S5 ‘zsju_mu,adi o lie RS O Lot jo,8y 0 Jle X
. Q M
1
Clock o .']. 1 .3. 3 .4._
1
R 0 = -Ii |
1 1 !
Q () —

https://manara.edu.sy/
22


https://manara.edu.sy/

1agrams

*

D

eIl &

iming

*

T

D
deola
S)lial

https://manara.edu.sy/

23


https://manara.edu.sy/

Clock

Y

6jliall

AT Sl
Timing Diagrams

u.n)." &AS)‘._L” QQM @J\ Qﬂ;_ﬁ\ ZL,_\L',‘_L Ul 2L sl o Leiuim

\/

oo S - el mltlwslall o8 Lyl payas ¢ Jlie
T2 Ol aslaedl Al g Jase Sy R Jsall Gpae
| Q! 5 slm] gllall . RESET

24

https://manara.edu.sy/


https://manara.edu.sy/

Clock

Y

6)jliaJl

el Sllalades
Timing Diagrams

25

https://manara.edu.sy/


https://manara.edu.sy/

Clock

Y

6jliall

(JK Flip Flop) JK <8

(FeedBack)ddls] duse it 395 mldl-E gg5 cpe B

| &

No

26

https://manara.edu.sy/


https://manara.edu.sy/

Y

deola
0)tioJl
(JK Flip Flop) JK M3
C |J |[K [Qn+l
0|X|X| On Keep
1/0[ 0| On Keep
1101 1 0 RESET
1110 1 SET
11111 Qn | Toggle

Ol Ul wSe > 2 Toggle®

https://manara.edu.sy/


https://manara.edu.sy/

Y

6)lioJl

(Toggle Flip Flop) T M3

T sauxly dso J) ddsos Ly @3 ]K g o5 e HAS®

o dE sl Jou™ LU SR eI
C |T [QOn+l |7 0
0 X Qn Keep
19 Qn e —pCLK O
111 On | Toggle

il S of daylud! ddley asimy o) AN 10 o) . reset of setelya] Say ¥ 46l Jasdls®
ool oluadl sld Tegs ¢ 9 JK £95 oo AN auieins v/

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

AT Sl
Timing Diagrams

JoST gl SET (o oMal aslan¥! Wl 9 done Ko J5ull gadie oo S JK OB Lo (oyay 0 Jlie 0
) A el alases

Clock o 0 1 2 3 4 5 6
o
J o L.
K o
Q !
1
Q o —

29

https://manara.edu.sy/


https://manara.edu.sy/

PA el Slalaseq

deola Timing Diagrams

Al ATl

1
clock o—Jod 78 28 [ [+ =¥ -1
a ) i i i |
1
L

K 0

Q|
=


https://manara.edu.sy/

Y

deola
6)liaJl
Timing Diagrams

A el5Ul Ialazen JoST ogllall T OB Lot (o pas s Jlie %°

https://manara.edu.sy/


https://manara.edu.sy/

[

6)liaJl

daslud! 8 pal=ll 4l

https://manara.edu.sy/


https://manara.edu.sy/

