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The Sequential Circuit ModelThe Sequential Circuit Model
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State Tables and State DiagramsState Tables and State Diagrams
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Sequential Circuit ExampleSequential Circuit Example
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Latch and FlipLatch and Flip--flop Timingflop Timing
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TTL Memory ElementsTTL Memory Elements
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6.3 Latches6.3 Latches
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6.3 Latches6.3 Latches
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6.3 Latches6.3 Latches
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!Set-Reset Latch (SR latch)
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6.3 Latches6.3 Latches
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6.3 Latches6.3 Latches
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!Set-Reset Latch Timing Diagram
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6.3 Latches6.3 Latches
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6.3 Latches6.3 Latches
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Q* = S + R′Q

!SR Latch Characteristics
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6.3 Latches6.3 Latches
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!SN74279 Latch with Two Set Inputs
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6.3.2 Gated SR Latch6.3.2 Gated SR Latch
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6.3.2 Gated SR Latch6.3.2 Gated SR Latch
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Q* = SC + R′Q + C′ Q

!Gated SR Latch Characteristics
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch)
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch)
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Q* = DC + C′Q

!D Latch Characteristic
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch) D Latch Timing DiagramD Latch Timing Diagram
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!D Latch Timing  Diagram
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch)

tw
Minimum enable

pulse width

Q

D

C

D may not
change Setup time

violation
Hold time
violation

tsu
(setup)

tsu

Unknown state

th
(hold) th

Figure 6.18

!D Latch Timing Constraints
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch)
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!The SN74LS75 D Latch
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch)

!Propagation Delays and Time Constraints for the SN74LS75
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6.3.3 Delay Latch (D latch)6.3.3 Delay Latch (D latch)
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Q* = DC + C′Q + DC

!Hazard-Free D Latch, the SN74116
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6.4 Flip6.4 Flip--FlopsFlops
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!6.4.1 Master-Slave SR Flip-flop
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!SR Master-Slave Flip-Flop Characteristics
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Figure 6.22

Q* = S + R′Q

6.4 Flip6.4 Flip--FlopsFlops
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!6.4.2 Master-Slave D Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops
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!Master-Slave D Flip-Flop Characteristics
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Q* = D

6.4 Flip6.4 Flip--FlopsFlops
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!Pulse-Triggered JK Flip-Flop Characteristics
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Q* = K′Q + JQ′

6.4 Flip6.4 Flip--FlopsFlops
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!Pulse-Triggered JK Flip Realization
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6.4 Flip6.4 Flip--FlopsFlops
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!The SN7476 Dual Pulse-Triggered JK Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops
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!SN7474 Dual Positive-Edge-Triggered D Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops
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!SN7474 Excitation Table
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6.4 Flip6.4 Flip--FlopsFlops
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!SN7474 Flip-Flop Timing Specifications

D

C

Q

D should be stable

tsu

th

tsu

th

tPHL
tPLH

To Output Q
from: Delay Parameter Value (ns)

(a)

tPLH
tPHL

tPLH
tPHL

tPLH
tPHL

25
40
25
40
25
40

Clock

PRE

CLR

Input
Pin Constraint

Minimum
Value (ns)

tsu
th

tw low
tw high
tw low
tw low

20
5

30
37
30
30

D
D
Clock
Clock
CLR
PRE

(b)

(c)

Figure 6.30

6.4 Flip6.4 Flip--FlopsFlops
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!SN74175 Positive-Edge-Triggered D Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops
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!SN74273 Positive-Edge-Triggered D Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops
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!SN74LS73A Edge-Triggered JK Flip-Flop Logic 
Diagram

Q

K J

Q

CLR

CLK

Figure 6.32 (a)

6.4 Flip6.4 Flip--FlopsFlops



37

QIAUDIGITAL LOGIC CIRCUITS

Ali Shahhoseini Chapter 6 Introduction to …

!SN74LS73A Logic Symbols

J

C

K

Q

Q

(b)

CL
R

(c)

1J

2J

1
K

1CL
R

2CL
K

2CL
R

1CL
K 1

K

1J

R

C
1 1Q

1Q

2Q

2Q

(14)

(1)

(3)

(2)

(7)

(5)

(10)

(6)

(12)

(13)

(9)

(8)2
K

'LS73A

Figure 6.32 (b) and (c)

6.4 Flip6.4 Flip--FlopsFlops
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!SN74276 and SN74111 Edge-Triggered K Flip-Flops
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6.4 Flip6.4 Flip--FlopsFlops
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!Negative-Edge-Triggered T Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops



40

QIAUDIGITAL LOGIC CIRCUITS

Ali Shahhoseini Chapter 6 Introduction to …

!Edge-Triggered T Flip-Flop Characteristics
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Q* = Q′

6.4 Flip6.4 Flip--FlopsFlops
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!Clocked T Flip-Flop
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6.4 Flip6.4 Flip--FlopsFlops
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!Excitation Table for Clocked T Flip-Flops
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Figure 6.36

Q* = T′Q + TQ′

6.4 Flip6.4 Flip--FlopsFlops
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!The Clocked T Flip-Flop Timing Diagram
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6.4 Flip6.4 Flip--FlopsFlops
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!Summary of Latch and Flip-Flop Characteristics
6.4 Flip6.4 Flip--FlopsFlops
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!SE555 Precision Timing Module
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Figure 6.38

6.6 Timing circuits 6.6 Timing circuits 
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!Astable Operation of The SE555
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Figure 6.39

6.6 Timing circuits 6.6 Timing circuits 
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!Monostable (One shot) Device Realization

RA

C
SE 555

2

6

7

4

5 8

3

VCC
RL

0.01 mF

1

Cont

Out

RESET

DISCH

THRES

TRIG

GND

VCC

Trigger

Output

3.3-ms pulse if
RA = 3 kOhm and C = 1 mF

Figure 6.40

6.6 Timing circuits 6.6 Timing circuits 
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!PROM-based Sequential Circuits

y

PROM 1

Next
state

Input
x

Register
Output

z

(b) (c)

Present state

Y/z

PROM
x

Address
y

PROM 1
Y

PROM 2
z

Contents

Next state/
output

PROM 2

(a)

Clock

Present
state

Input
x

y

Y

Figure 6.41

6.7 Rapid Prototyping of Sequential Circuits 6.7 Rapid Prototyping of Sequential Circuits 
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!PROM-based Sequential Circuit Example
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Figure 6.41

6.7 Rapid Prototyping of Sequential Circuits 6.7 Rapid Prototyping of Sequential Circuits 
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