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* Fig. 5-1 Block Diagram of Sequential Circuit
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LI o Combinational > Outputs
circuit
Flip-flops

Clock pulses 4,—>

(a) Block diagram

N L

(b) Timing diagram of clock pulses

Fig. 5-2 Synchronous Clocked Sequential Circuit
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SRS (SR Latch) :fl INORRH#
RS-l SREESEIK

1
OJ_LR(reset) SRIQQ

L -
(after S =0,R =1)
\ { 0 S (set) ¢
* (a) Logic diagram (b) Function table

J N Fig. 5-3 SR Latch with NOR Gates

(after S =1,R =0)

_o o O
_O kO O

|INAND 774555 VSR 156145

11—
0 I S (set)

SRIQQ
) O 1001
1 1,0 1 (afterS=1,R=0)
1— 0110
1 11 0 (afterS§=0,R=1)
0 R (reset) ¢ o011
(a) Logic diagram (b) Function table

Fig. 5-4 SR Latch with NAND Gates
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* (a) Logic diagram (b) Function table
Fig. 5-5 SR Latch with Control Input

D ZJF555(D Latch)

i }}—Q

C D | Nextstate of Q

0 X | Nochange
0 = 0; Reset state

: }_0, 11 | 0="1Setstate

(a) Logic diagram (b) Function table

Fig. 56 D Latch
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(b) Positive-edge response
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Triggered D Flip-Flop )
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D

D D —0
D latch D latch
(master) . (slave)

CLK Do

Fig. 5-9 Master-Slave D Flip-Flop

Q
CLK —
R Q’

Fig. 5-10 D-Type Positive-Edge-Triggered Flip-Flop
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(a) Negative-edge

Fig. 5-11 Graphic Symbol for Edge-Triggered D Flip-Flop
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(a) Circuit diagram

Fig. 5-12 JK Flip-Flop

(b) Graphic symbol




(a) From JK flip-flop (b) From D flip-flop (c) Graphic symbol

ig.5-13 T Flip-Flop
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(a) Circuit diagram
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0X X|0 1

CLK —}>C , 1 T oo 1

R P @ 1T 1)1 0
Reset;r

(b) Function table
(b) Graphic symbol

Fig. 5-14 D Flip-Flop with Asvnchronous Reset
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Fig. 5-15 Example of Sequential Circuit
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1
1
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Fig. 5-16_State Diagram of the Circuit of Fig. 5-15
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*@'5 15%5'@1,_[/#5?1 ﬂj%g;cwﬁgﬁyﬁﬁg;c
F - B
\ / D, = Ax + Bx

* D, =A'x

’/ N\ y=(A+ B)x’

Ji55-17 £ E D Bty s
Present Next,
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A Xy A =
00 0
D A

0
0 01 1
0 10 1
0 11 0
¢ 1 00 1
1 01 0
1 10 0
CLK 1 11 1
(a) Circuit diagram (b) State table
00‘11 00,11
01,10

(c) State diagram

Fig. 5-17 Sequential Circuit with D Flip-Flop
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Fig. 5-18 Sequential Circuit with JK Flip-Flop
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J. =B fY &R
, A+ =JA+KA
4 =Bx

B(t+1)=JB'+ KB
* T a, Kaf 7 FIJARY
AREEHREE:

A(t+1)= BA'+(BXY A= AB+ AB + Ax
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.
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Fig. 5-20 Sequential Circuit with 7 Flip-Flops
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55 Wy IR I
* gj [Ef£1= (‘behavioral modeling ) :

* v Verilog HDL I » & [ PR Bl B35
initial*['always - Initial *J[ Hl t—OF
jlﬁnﬁ ’alwaysiﬁ[‘ﬁE'[Ji_gl?E{ ﬁbﬁﬁél
2 LS 7Y £, - o
e [ e T IEIE'JEAE%Q"initial?[I
alwaysif'gﬁﬁﬁ:’ (L RE - fﬁé&‘*

(statementg {z — [ L (block ) #53
A I*SLIE[JFT:H%—J Eibegin#|lend °

- |[41n1t1al$¢f:F = — v D R EJJE
v F[*J[l':_” F’?Ejiif_'_iﬂl*‘jh’?%&'l ﬁ\l
* ) pLpFE i 4 (= HOE 5 E (free-running
* initial initial
* begin begin
*  clock=1’bO0 ; clock=1"b0 ;
* repeat (30) #300
$finish ;
*  #10 clock= ~ clock ; end
* end always
* #10 clock= ~
clock ;
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HDLz5/7] 5-1

//Description of D latch (see Fig.5-6)
__ module D-latch (Q,D,control) ;
output Q ;

always @ (controlorD)

if (control) Q=D ; /[same as : if
( control ==1)

endmodule

HDL #3(5] 5-2
s //D flip-flop
* module D-FF (Q,D, CLK) ;
* :
* input D, CLK;
* reg Q:
* always @ (posedge CLK)
* Q=D ;
* endmodule
* /[ D flip-flop with asynchronous reset.
* module DFF (Q,D,CLK,RST) ;
* output Q;
* input D, CLK ,RST ;
* reg Q:
* always @ (posedge CLK or negedge RST)
*x if (~RST) Q=1’b0 ; //same as : if (RST ==0)
* else Q=D :
* endmodule

19



""“"ff = /T flip-flop from D flip-flop and gates

* HDL #35)5-3

* module TFF (Q,T ,CLK,RST) ;
*—outpt Q.
* input T ,CLK, RST;

*x wire DT ;

* assign DT=Q"T

* //Instantiate the D flip-flop

* DFF TF1 (Q,DT,CLK,RST)

* Endmodule

* /IJK flip-flop from D flip-flop and gates
* module JKFF (Q, J, K, CLK, RST) ;
* output Q;

* input J, K, CLK, RST ;

* wire JK;

* assign JK= (J&~Q) | (~K&Q)

X

HDL #3/5]5-3:

//Instantiate the D flip-flop
DFF JK1 (Q,JK,CLK,RST) ;

endmodule
/I D flip-flop
DFF D, CLK, RST
output Q ;
input D, CLK, RST ;
reg Q:

always @ (posedge CLK or negedge RST)
if (~RST) Q=1"b0 ;

elseQ=D;

endmodule

20



S HDL E3)7/5-4:
“-¥aX /[Functional description of JK flip-flop
4\ * module JK-FF (J ,K,CLK,Q,Qnot ) ;
* output Q,.Qnot:
* input J, K, CLK;
reg Q;
* assign Qnot=~Q;
* always @ (posedge CLK )
* case ({J,K})
* 2’b00 : Q=Q;
* 2’b01 : Q=1"b0 ;
*
%
%
*

2’b10 : Q=1’b1 ;
2’b11 : Q=~Q;
endcase
endmodule

HDL F3/7]5-5:
Jldealy state diagram (Fig.5-16)
nodule Mealy-mdl (x ,y, CLK, RST) ;
input =Sl t——
output vy ;
reg vy
reg [ 1: 0] Prstate, Nxtstate ;
parameter S0 =2’b00, S1=2"b01, S2 =2’b10, S3 =2’b11 ;
always @ (posedge CLK or negedge RST)

if (~RST) Prstate = S0 ; // Initialize to state SO

else Prstate = Nxtstate ; //Clock operations
always @ (Prstateorx) //Determine next state

case (Prstate)

¥ I I X FH I X H H K I\ KE )




*x HDL F55-5~:

* S0 : if (x) Nxtstate = S1 ;
* else Nxtstate = SO ;
* S1 :if (x) Nxtstate = S3 ;

E— - — - —  ——

N %
*
*
*
*
*
*
*
*
*
*
*
*
*
*

* S2 : if (~x) Nxtstate = SO ;
* else Nxtstate = S2 ;
* S3 : if (~x) Nxtstate = S2 ;
* else Nxtstate = SO ;
* endcase
* always @ (Prstate orx) //Evaluate output
* case (Prstate)
* SO :y=0;
* S1:if (x) y=1°b0 ; else y=1’b1;
* S2:if (x) y=1’b0 ; else y=1’b1;
* S3:if (x) y=1’b0; else y=1’b1;
* endcase
* endmodule

' xHDL #3/35]5-6:

1 f" > |/ Moore state diagram (Fig. 5-19)

Y

module Moore-mdl| (x, AB, CLK, RST) ;
input x, CLK, RST ;
—HE TR
reg [1:0] state;
parameter S0 =2’b00, S1=2’b01, S2 =2’b10, S3 =2’b11 ;
if (~RST) state = S0 ; // Initialize to state SO
always @ (posedge CLK or negedge RST )
else
case (state)
SO : if (x) state =S1 ; else state = S0 ;
S1:if (x) state =S2 ; else state = S3 ;
S2 . if (~x) state = S3 ; else state = S2 ;
S3 :if (~x) state = SO ; else state = S3;
endcase
assign AB =state //output of flip-flops
endmodule

22



* HDL #3/37]5-7:

% /[ Structural description of sequential circuit
* / ISee fig. 5-20(a)

* module Tcircuit E X : ¥! A: B; CLKi RSTg 5
input X, , ;

* outout y,A B

*x wire TA, TB ;

* / [Flip-flop input equations

* assign TB =x,

* TA=x&B

* / /Output equation

* assign y=A&B;

* /[ Instantiate T flip-flops

* T_FF BF (B, TB, CLK,RST) ;
* T_FF AF (A, TA CLK,RST) ;
* endmodule

* HDL £3/5]5-7~:
* /[T flip-flop
* module T_FF (Q, T, CLK, RST)
e
input T, CLK, RST ;
reg Q:
always @ (posedge CLK or negedge RST)
if (~RST) Q=1"b0 ;
else Q=QAT
endmodule

/ IStimulus for testing sequential circuit
module testTcircuit ;
reg x, CLK, RST ; //inputs for circuit
wire y, A, B ; / loutput from circuit

*
*
*
*
*
*
*
*
*
*
*
*  Tcircuit TC (x,Y, A, B, CLK, RST) : //instantiate circuit

23



* HDL £5/5]5-7~~:

* initial
* begin
x RST.=.0.;
* CLK=0:
* #5 RST=0;
* repeat (16)
* #5 CLK=~CLK;
* end
* jnitial
*  begin
* x=0;
* #15 x=1;

\ / * repeat (8)

* * #10 x=~x;

* end

J N\ * end module

i'5-21 HDLATGS5-7/9p e

(ns
[ 1]

20ns 30ns 40ns  |S0ns  |60ns T0ns 80ns  |90ns L
Lottt ettt bl

10ns
[ 11

testTeircuit.x

testTeircuit. CLK

testTeircuit RST

testTeircuit.y

testeircuit. A

testeircuit.B

Fig. 5-21 Simulation Output of HDL Example 5-7
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Fig. 5-22 State Diagram
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Fie. 5-23 Reduced State Diagram

L IRIS-23 i fE 1 457

p—

X=0
0

>
)

A [ X=0] X
a

- 0O o0 o
'—h'—h»—hg_o_o..”

26



a a
b C d 0 0
C a d 0 0
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Dy=Ax+Bx Dp=Ax+Bx y=AB

Fig, 5-25 Maps for Sequence Detector

X -~ B8 Jﬁ}?“ R A AR
[EAREd T T SE NS = Z W AN A

A(t+1)=D4(A,B,x)=%(3,5,7)
B(t+1)=Dy(A,B,x)=x(1,5,7)
v(A,B,x)=x(6,7)

* Eﬁdfu‘ BN —{J%?Q £

= Ax+ Bx
Dy =Ax+ B'x
y=AB
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Fig. 5-26 Logic Diagram of Sequence Detector
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* KT B WA

Q) Q(t+1)| J K
0 0 0 x
0 1 1 x
1 0 x 1
1 1 x 0

512 [P

*TT 5 W

QW Qt+D)| T
0 0 0
0 1 1
1 0 1
1 1 0

A B X A B J, K, J, K,
00 0 00 0 x 0 x
00 1 01 0 x 1 x
01 0 1 0 1 x x 1
01 1 01 0 x x O
10 0 1 0 x 0 0 x
10 1 11 x 0 1 x
11 0 1 1 x 0 x O
11 1 00 x 1 x 1
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Fig. 5-27 Maps for J and K Input Equations
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Fig. 5-28 Logic Diagram for Sequential Circuit with JK Flip-Flops
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* Fig. 5-29 State Diagram of 3-Bit Binary Counter
J N
LEE RGN
=N A
AZ Al AO A2 Al AO TA2 TAI TAO
0 0 O 0 0 1 0 0 1
0 0 1 0 1 0 0 1 1
0 1 0 0 1 1 0 0 1
0 1 1 1 0 0 I 1 1
1 0 0 1 0 1 0 0 1
I 0 1 1 1T 0 0 1 1
I 1T O I 1 1 0 1 1
I 1 1 0 0 0 I 1 1
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Fig. 5-30 Maps for 3-Bit Binary Counter
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Fig. 5-31 Logic Diagram of 3-Bit Binary Counter
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