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The Sequential Circuit Model
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Figure 6.1
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State Tables and State Diagrams
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Figure 6.2

Ali Shahhoseini Chapter 6 Introduction to ... 3



DIGITAL LOGIC CIRCUITS

Sequential Circuit Example

Figure 6.3
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Latch and Flip-flop Timing
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Figure 6.4

Ali Shahhoseini Chapter 6 Introduction to ... 5



DIGITAL LOGIC CIRCUITS

TTL Memory Elements

TABLE 6.1 TEIL MEMDRY ELEMENTS [1]

e

ﬁﬁmﬁ e ] T E&fﬁl I e R PR T

f‘ “Device - “Elemems i T Element Descﬂptlnn s
TALSTAA
T474
TALSTS
T476
4111
74116
TA41TE
A3
TAITH
TALID

Nﬂgﬂu‘- e-edge triggrred JK Aip-flop with clear
Pozitive-edpe-trigpared D fip-Aop with preser and olear

I dateh with enabéc

Pulse-tnpzered JE fiip-flop with presat and clear
Masrer—slave TR flip-fop with prese, clear, and dat lockout
4-Bar haeard-frese D latch with clear and dual enable
Positive-edge tripeetad D Aip-Hop with ¢laar

Positive-edge woggered I Bip-fop with clear

Megative-cdge triggered JK Aip-flop with presed and clear
SE fatch with active-1gw inpuis

S A v = R - I - T -V R
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6.3 Latches
> Set Latch

Figure 6.5
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6.3 Latches
»Reset Latch

Figure 6.6
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6.3 Latches
»Set-Reset Latch (SR
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Figure 6.7
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6.3 Latches
>NAND SR Latch
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Figure 6.8
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6.3 Latches
»Set-Reset Latch Timing Diagram
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Figure 6.9

Ali Shahhoseini Chapter 6 Introduction to ... 11



DIGITAL LOGIC CIRCUITS

6.3 Latches

»SR Latch Propagation Delays
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6.3 Latches
» SR Latch Characteristics
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Q" =S+RQ
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6.3 Latches
»SN74279 Latch with Two Set Inputs
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Figure 6.12
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6.3.2 Gated SR Latch
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Figure 6.13
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6.3.2 Gated SR Latch

» Gated SR Latch Characteristics
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Q* =SC+RQ+C'Q
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6.3.3 Delay Latch (D latch)
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Figure 6.15
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6.3.3 Delay Latch (D latch)
»D Latch Characteristic
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Figure 6.16

Q*=DC+ CQ

Ali Shahhoseini Chapter 6 Introduction to ... 18



DIGITAL LOGIC CIRCUITS

6.3.3 Delay Latch (D latch) D Latch Timinq,Diaqram

»D Latch Timing Diagram

Figure 6.17
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6.3.3 Delay Latch (D latch)
»D Latch Timing Constraints
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6.3.3 Delay Latch (D latch)
»The SN74LS75 D Latch

Figure 6.19
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6.3.3 Delay Latch (D latch)

»Propagation Delays and Time Constraints for the SN74LS75

TABLE 6.2 PROPAGAYION DELAYS AND TIME
CONSTRAINTS FOR THE SN74LS75 [1]

Timing Parameter TFypicai Value (ns)
toyy (D = O) 15
P, (D — ) J
tyy LD o) 12
tey (0 — Q) ‘
fppg L€ — ) 15
fpeyp (65— ) 14
Iy 1€ — @ 16
tg (€ — 7
e, minimwm setup time tor L) 20
r, {minimum hold time for 1) ]
¢, (undrmum podse width on C) 20
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6.3.3 Delay Latch (D latch)
»Hazard-Free D Latch, the SN74116
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Figure 6.20

Q* = DC+ CQ+ DC
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6.4 Flip-Flops

»6.4.1 Master-Slave SR Flip-flop
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Figure 6.20
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6.4 Flip-Flops
»SR Master-Slave Flip-Flop Characteristics
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Figure 6.22

Q* = S+RQ
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6.4 Flip-Flops
»6.4.2 Master-Slave D Flip-Flop

Figure 6.23
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6.4 Flip-Flops

»Master-Slave D Flip-Flop Characteristics
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Q=D
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6.4 Flip-Flops o
»Pulse-Triggered JK Flip-Flop Characteristics
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Figure 6.25

Q" = KQ+ JQ'
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6.4 Flip-Flops

»Pulse-Triggered JK Flip Realization
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Figure 6.26
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6.4 Flip-Flops
»The SN7476 Dual Pulse-Triggered JK Flip-Flop
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Figure 6.27
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6.4 Flip-Flops
»SN7474 Dual Positive-Edge-Triggered D Flip-Flop
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6.4 Flip-Flops
»SN7474 Excitation Table
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6.4 Flip-Flops
»SN7474 Flip-Flop Timing Specifications

To Output Q
from: Delay Parameter | Value (ns)

Clock to 25
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PHL
PRE 25
40
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40
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PHL

CLR o

PHL

(b)

Minimum
Congraint | Value (ng)
t 20

Y
t, 5
t, low 30
t, high 37
t, low 30
t, low 30

(©
Figure 6.30
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6.4 Flip-Flops
»SN74175 Positive-Edge-Triggered D Flip-Flop
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Ali Shahhoseini Chapter 6 Introduction to ... 34



DIGITAL LOGIC CIRCUITS

6.4 Flip-Flops
»SN74273 Positive-Edge-Triggered D Flip-Flop
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Figure 6.31 (b)
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6.4 Flip-Flops

»SN74LS73A Edge-Triggered JK Flip-Flop Logic
Diagram
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Figure 6.32 (a)
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6.4 Flip-Flops
»SN74LS73A Logic Symbols

Figure 6.32 (b) and (c)
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6.4 Flip-Flops
»SN74276 and SN74111 Edge-Triggered K Flip-Flops

Figure 6.32 (d) and (e)
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6.4 Flip-Flops

»Negative-Edge-Triggered T Flip-Flop

Figure 6.33

Ali Shahhoseini Chapter 6 Introduction to ... 39



DIGITAL LOGIC CIRCUITS

6.4 Flip-Flops

»Edge-Triggered T Flip-Flop Characteristics

Figure 6.34

Q =Q
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6.4 Flip-Flops
»Clocked T Flip-Flop

Figure 6.35
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6.4 Flip-Flops
»Excitation Table for Clocked T Flip-Flops

Q*
O Hold
1

1 Toggle
0

Figure 6.36

Q*=TQ+TQ’
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6.4 Flip-Flops
The Clocked T Flip-Flop Timing Diagram

Figure 6.37
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6.4 Flip-Flops
»Summary of Latch and Flip-Flop Characteristics

TABLE 6.3 SUMMARY OF LATCH AND FLIP-FLOP
CHARAUTERISTICS

Device: - ' Characteristic Equation
SR lawch Of = 54 B
Gated SB latci: F=85C+aR+CO
D lateh O =DCH+ 0
SE flip-flop T =5+RQ
D flip-flop g'=D
TK flip-flop GT=RQ+ 50
T flip-flop (edpe-trixeered) =0
T Mip-top (clocked) =TI+ T
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6.6 Timing circuits
»SES55 Precision Timing Module
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Figure 6.38
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6.6 Timing circuits
Astable Operation of The SE555
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Figure 6.39
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6.6 Timing circuits
»Monostable (One shot) Device Realization
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6.7 Rapid Prototyping of Sequential Circuits

»PROM-based Sequential Circuits
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6.7 Rapid Prototyping of Sequential Circuits

»PROM-based Sequential Circuit Example

X

A 0 1
00 |[10/1 00/1
01 |11/0 11/1
10 |01/1 00/0
11 |00/0 11/0

Y,Y,/z
(€Y

N~ o o0~ W N B O

rlo|lr|lo|lo|lo|r ]|
Rrlo|lr|lo|lo|lr|rr]|o
o|lofr|r|Oo|lRr|O|r

=<
N

<
N

=

<
<

o
0 <=

P RPPRPPOOOQ X

RPRPOORROQ

RPOROROR O«

POrOOORH <

PoOrOORPRJI <

cCorRrROROH
Io)

Figure 6.41

Ali Shahhoseini Chapter 6 Introduction to ... 49



DIGITAL LOGIC CIRCUITS &

e R

| v
- 1,5
i i :

'

6.7 Rapid Prototyping of Seguential Circui

»Prime Number Sequencer
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