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Block diagram of sequential circuit.
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*SR i Xl
— 2I1 2] cross-coupled NOR HIO|lE &= NAND HOIEZ 4
- 2AER, NIEE S HAIE =248 &= &AL

Figure 5.3
SR latch with NOR gates.

| —

| S R|Q Q'
0 | R (reset) ) |
¢ 1 0|1 O
0 0|1 0 (afterS=1,R=0)
l 0 110 1
_ 0 00 1 (afterS=0.R=1)
5 S (set) Q 1 1|0 0 (forbidden)
(a) Logic diagram (b) Function table

- S=1,R=02>=8Q=1,Q =0, NE &EH

- S=0,R=1>=8Q=0,Q =1, |4 &t}

-~ S=0,R=0-> &EimAX

- S=1,R=1> 282 250, 2XAI&.... metastable (0= =IIs)
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. SR 2HX
— NAND HO|EZ 745 NOR 2H /9] 2l2io] 842l (SR 2HX|)

Figure 5.4
SR latch with NAND gates.
|
( I - S (set) S R|QQ

) ¢ 1 0 0 1
1 110 1 (afterS=1,R=0)
| 0 1|1 0
| 1 1 1 0 (afterS=0,R=1)
0 1 R(reset) ¢ 0 01 1 (forbidden)

(a) Logic diagram (b) Function table

- S=1,R=0>=8Q=0,Q =1, N E &HH

- S=0,R=1>228Q=1,Q =0, 2|45 &EH

- S=1,R=1-> &tHFA

- S=0,R=0-> =82 25 0, 2XI&.... metastable (0l =

2Ils
=Pl=)
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- MO &5= )t SR i X

— SR X0 EnKIN €= =)t
Figure 5.5
SR latch with control input.
S
—} o
I En § R Nextstate of Q
: \_“\—\ 0 X X Nochange
En ’ T I 0 0O Nochange
1 0 1 Q) = 0. resct stale
e . 1 1 0 Q= l:setstate
) s Q¢ 1 1 1  Indeterminate

(a) Logic diagram (b) Function table
— En=0-> S, ROl &2t810] &t =Xl
-~ En=1,S=1,R=02>=2Q=1,Q =0, Nl E &t}
-~ En=1,8S=0,R=1>=2Q=0,Q =1, 2|4 &EH
— En=1,S=0,R=0-> &tH=AXl
— En=1,S=1,R=1-> &2 =}
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- DANX (ELE 2NXN)
~ SRAXINAN MG X L= AEHE Tt ™ S R &0
S A0 10] EI Xl 2 E2 5ot &
— DalXE S HOl 21 D(date), En2tS I &

Figure 5.6
D latch.
D . -
] — 1 o——e— @
~<S0g __,_f‘ Fn D Next state of Q
En . B ks ‘
= B> 0 X | Nochange
; ‘ | () = (k reset state
1] (O = 1;set state
_:/\ : ——— Q' -

{(a) Logic dhagram (b) Function table

— En=0-> &EiE X
— En=1,D=0-> =& Q=0, 2|4 &E}
— En=1,D=1-> =2 Q=1, NlE &H}

~ En0l 10/%1 212 DI} JH2 22 QJt & (S BE). En0l 00/
22 Q) SXE (NEE)
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Figure 5.7
Graphic symbols for latches.

—_ | R 0—(1. ——— R O—Q. [ E” o._Q-
SR SR D
Figure 5.3 Figure 5.4 Figure 5.6
SR latch with NOR gates SR latch with NAND gates. D latch.
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Figure 5.8
Clock response in latch and flip-flop.
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- HIXl ECIAD SEEE
— Y8 1. tAH-=dI0IED S2=S

= 2JH2I D e XI2H1JHS] OIHE = 24

= clkl ot&F HIAIHIAM Y2 g0l Q2 &Y
— CLK = 00| #H master= disable, slave = enable
— CLK =10/ master= enable, slave = disable

(et =22 201 10A 022 &HO|Z [HEF HE
= ASF HIAIOIA S&AIDIHA clk &0l THE =JtotH

Figure 5.9
Master—slave D flip-flop.

D D D
D latch D latch

(master) (slave)

[— En En
Clk >o
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Figure 5.10

D-type positive-edge-triggered flip-flop.
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- setup time: 2 & O|JF &Mot)| M0l 22 DI LA S gt 2
= AloH OF of= =24 AlZ2H (LIOIH = &)

« holdtime: D 20 22| &g MO[JF U = HolAl &Z0HOF
ol= z[A AlZF(UIOIH = &2

Figure 5.11

Graphic symbol for edge-triggered D flip-flop.

— 1D D | —
—@lk >——— —@lk —
(a) Positive-edge (b) Negative-edge

« =& Xl Al XHdynamic indicator, >)
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Figure 5.12
JK flip-flop.
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Figure 5.13
T flip-flop.
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- S4& X (characteristic table)
- Q)= 24 EADL h oKXl 22
| &fEf =2 L= & H.
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Table 5.1
Flip-Flop Characteristic Tables.

JK Flip-Flop

2HEH, Q(t+1)

J] K Qit+1)
0 0 | O@) No change
0 1 10 Resel
I 0 |1 Set
1 1 | Q'(n) Complement
D Flip-Flop T Flip-Flop
D Q(t+1) T Q(t+ 1)
0 0 Reset 0 Q) No change
1|1 Set I 1 Q'(tr) Complement

o
—

o
[l
v
=
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& Al (characteristic equation)
SEE52 =& Ed=s U822 Halgt A
D=EESS

TEZEHES

" Qt+1)=TOQ=TQ'+T'Q

eI
22 LAGHH SHE AR BSASIE HISI| Y
220 AS6| M0l EHESS AR LHZ S I K88
08 514= HISI| 2IA 8 OH8 &8 0Kl ECIDID SHESY

= Al JH2] NAND HIOIEdl 2IA0| =&
12 NIElot= Z 2|4 (preset) == & & Ml E(direct set)
022 2lMlot= 22l KH(clear) = & & 2| All(direct reset)
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Figure 5.14
D flip-flop with asynchronous reset.

Clock ——9
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(b} Graphic symbal {<) Functon table
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Figure 5.15

Example of sequential circuit.
«A(t+1) = A(t)x(t) + B(t)x(t)
*B(t+1) = A(t)x(t)
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- &Mt H (state table or transition table)
— ol &, 25, UtsS &H, &8 2|
Table 5.2 /5.3
State Tables for the Circuit of Fig. 5.15.

Present Next Pt Next State Output
7 State 7 lnput | State Ouygut State — S D o
A= - A8 4 A B A B A B y y

0 0 0 0 0 0 . o ,
: : ) : 5 0 0 0 0 0 1 0 0
¢ = : ' U I 0 o 1 | 1 0
0 1 0 0 0 1 | 0 0 0 | 0 | 0
0 | | | I 0 i i 0 0 1 0 | 0
1 0 0 0 0 |
I 0 I I 0 0
l | 0 () () I
I | | | 0 0

_ BT AENQ QBlo] DE XEt2 LtYEt 5, =2 T 9 AEjAIoZ

LS &El 28
— 51510 |12 AEHEUMN A(t+1) = Ax +Bx, B(t+1) =AXx, y =
)

1
+
o
X

n
om+nJiol 2 AS. O+ AEHE ZEZE A2 mifo 2 S

(=)
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« &HEH & (state diagram)
— &EeHEE Al 2t
— A QO 285 SEHES2 AH, st H 22 At & ckte=
S M AEI2 &8, Atd F =A== 50 2l S M AE 0 A2
£t
Figure 5.16
State diagram of the circuit of Fig. 5.15.
ool | 1 L
;‘ \ e Next State Output
l' " State x=0 x=1 x=0 x=1
| A B A B A B
110 | /1 /1 1 — z L
) 0 0 0 0 0 | 0 0
| ’ 0 1 0 0 1 1 1 0
g | 1 0 0 0 1 0 1 0
f 1 1 () 0 1 ) 1 0
) 1/0
~( 11
- 2T >HHEASAMHHSAHE
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Figure 5.17

Sequential circuit with D flip-flop.

r> Clk

Clock

(a) Circuit diagram

01,10
{c) State diagram

Lowy M T IR1 8 Pt b 00, prdiatn 4 e ds nall

D A

Present Next
state  Inpuis state 1)
A(t+1
A xy /1/
0 00 0
0 01 1
0 1 0 1
0 11 0
1 00 |
| ) | 0
| 0 0
1 11 l

(b) State table
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=X, Kg = AX + AxX' = APx
(et el HEeE 2 1 e AR, 222 A8 LE, &4

41 L. T O

x
2HY 910 YHAZ IBIOR Xy, 015 K ZYSE =4

B = =

51) € 0| EolAl & 3= =24

Table 5.4
State Table for Sequential Circuit with JK Flip-Flops.

(Present \ ~ Next Y Flip-Flop \
State Input State Inputs
A B X A B ’A “‘ ,3 KB
0 0 0 0 | | 0 0 | 0
0 0 1 0 0 0 0 0 1
0 | 0 ] ] | I | 0
0 1 | ] 0 1 0 0 ]
1 0 0 1 1 0 0 1 1
1 0 ] ] 0 0 1} 0 0
1 1 0 0 0 I 1 1 1
\ | 1 Y, | 1 \ | (0 0 0 )
- 5 A NG >4 A J
INPS INPS
~S 1 ~S 3 22
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Sequential circuit with T flip-flops (Binary Counter).
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— &EfHE= Ot 2t £ 3.

Table 5.5
State Table for Sequential Circuit with T Flip-Flops.
Present Next
State Input State Output
A B x A B y
0 0 0 0 0 0
0 () I 0 1 0
0 | 0 0 | 0
0 I | 1 {0 0
l 0 0 1 0 0
1 ( | 1 1 0
1 I 0 1 l 1
] ] | 0 0 1
— LIS &t t2 SHANAN T2t TgE UAIoHH SO &
SEHAOIA ==
A(t+1) = (Bx)'A + (BX)A' = AB’ + AX’ + ABx
B(t+1) = xPB
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Figure 5.21
Block diagrams of Mealy and Moore state machines.

Mealy Machine
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Figure 5.25 Table 5.6

State diagram. State Table.
(V0 |
—~ 00 Next State Output
@‘ — Present
A 1-4‘5"")"‘) ' State x=0 x=1 x=0 x=1
Y ‘ a a b ) 0
, 0)
¥ @ >® ' b ¢ d 0 0
/ ¢ a d 0 0
10 :
‘ Y 10 d ¢ ! 0 |
@- @' g .@ e a f 0 1
: , " f g f 0 1
00 2 P g a f 0 I
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Table 5.7
Reducing the State Table.

Next State Output
Present
State x=0 x=1 x=0 x=1
a a b 0 0
b c d 0 0
- a d 0 0
d f 0 1
e a f 0 1
f f 0 I

. lo] HOIA d2 It THS AEHS £210| S st SI10|2 2 2 d&

CHAl S
Table 5.8
Reduced the State Table.
PR Next State Output
State x=0 x=1 x=0 x=1
a a b 0
b c d 0 0
¢ a d 0 0
d e d 0 |
@ Pearson € a d () | Copyright © 2019 Pearson Education Ltd.




Figure 5.26
Reduced State diagram.
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& =2E0 = 5 = T U
- =c2t0l=2 KAl & 5.62 2lEfHIE AtE ZIRJLCHH 24
SJEHOl 2 EolOF 2. LI Al 8 2= AtsSotAl 2&. &
= T UCHHA 5002 AEHOl CHet €50l 2 R0t 3M=
JCLZj()| &l

= 7Y
5.82| AEjHED}
don’t care

52 AEHE DEgtole HE =2 28+ 28X, Adl02E, FEF

Table 5.9
Three Possible Binary State Assignments.

Assignment 1, Assignment 2, Assignment 3,

State Binary Gray Code One-Hot

a 000 000 00001
b 001 001 00010
¢ 010 011 00100
d 011 010 01000
€ 100 110 10000

Copyright © 2019 Pearson Education Ltd.



Table 5.10
Reduced State Table with Binary Assignment 1.

Next State Output
Present

State x=0 x=1 x=0 x=1%
000 000 001 0 0
001 010 011 0 0
010 000 011 0 0
011 100 011 0 1
100 000 011 0 ]
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Figure 5.27
State diagram for sequence detector.
0
‘ ()
\ Y
1 *
()
(0 |
Y
60—
‘ A
‘-D=E=5= 0|t &4
— FAHOZ |2E S0t dEHHE BHE ) AEHE 28 g2 €5 412
& EHOIE= 22| D EE 25 & (A, B).
- DEYZES SHASQ(t+1)=DQOID E 512 HHE =4
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Table 5.11
State Table for Sequence Detector.

Present Next

State Input State Output
A B x A B y

0 )] ) (0 0 0

0 0 | () 1 0

0 | ) U 0 0

0 1 | I 0 0

] {0 () (} 0 0

I 0 I I I 0

| 1 (0 0 0 1

1 1 I I 1 1

— SEHESS2 Ug8A2 US U =2 0IFHEA A BE0M & 23, 112l
Ct=0t £0] Z[Ase 22 Held

A(t+1) = Da(A, B, x) = 2(3,5,7)
B(t+1) = Dg(A, B, x) = 2(1,5,7)
y(A, B, x) = 2(6,7)
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Figure 5.28
K-Maps for sequence detector.
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Figure 5.29
Logic diagram of a Moore-type sequence detector.
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Table 5.12
Flip-Flop Excitation Tables.

Qn Qit=1) J K Qr Qit=1) T

0 0 0 X 0 §) 0

0 1 I X 0 1 I

1 0 X 1 I 0 1

1 ] X 0 l 1 0
(a) JK Flip-Flop (b) T Flip-Flop
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Table 5.13
State Table and JK Flip-Flop Inputs.
. Present Next
State Input State Flip-Flop Inputs
A B x A B Ih K Je Kg
0 0 0 0 0 0 X 0 X
0 0 | 0 1 0 X | X
0 | 0 | 0 | X X I
0 | | 0 1 ) X X L
l 0 0 ! 0 X 0 0 X
l () | ] l X () | X
1 l 0 1 1 X 0 X 0
| | 1 0 0 X 1 X 1
— 2 HE= E 5110 JKFFO| CHet HII2E st A
— Ol U= &2t01E2] Ja, K, J, KgOll CHEF IO 2 2HEtgtal

— 0l A€ 53148 =2l & 1&g
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Figure 5.30
Maps for J and K input equations.
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Figure 5.31
Logic diagram for sequential circuit with JK flip-flops.
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Figure 5.32

State diagram of three-bit binary counter.
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Table 5.14
State Table for Three-Bit Counter.

Present State Next State Flip-Flop Inputs
A, A A A, A A Tz T T
0 0 0 0 0 1 0 0 l
0 0 | 0 | 0 0 | |
0 1 0 0 1 1 0 0 |
0 1 1 1 0 0 1 1 1
1 0 0 1 0 1 0 0 l
1 0 1 1 1 0 0 1 1
| | 0 I 1 | 0 0 1
1 | 1 0 0 0 1 1 |
Figure 5.33
Maps for three-bit binary counter.
A]/‘" AAI /11A|> /‘Al /‘lfill /11
ANC 00 01 11 10 AN 00 01 11 10 AN 00 o1 11 10
I?I') Illz "1_1 "l: I"" Hll ”l} ”l: Ill“ "l’ I".‘ IN:
0 1 0 1 1 ol 1 1 1 1
I'H.. "ls "37 "i(‘ iy ’”S "y Mg ﬂl,‘ Iﬂs "l7 LS
As11 | A4 1 1 1 Az{1f 1 l l l
Ay Ag X
Tp - /1|A() T‘,“ - /‘.) T."IO = ]
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Figure 5.34
Logic diagram of three-bit binary counter.

A; Ay Ay

Clk Clk Clk

A I A r A
Clock l L ‘
( 'S |

@ Pearson Copyright © 2019 Pearson Education Ltd.



