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Analysis / Derivation
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SR ks il sa

SR latch charaeteristics

Excitation  Present Next
Inputs state state
S R Q Q*
0 0 0 0 No change
0 O 1 1
0 1 0 0 Reset
0 1 1 0
1 0 0 1 Set
1 0 1 1
11 0 X Not allowed
1 1 1 X
()

Excitation table

https://manara.edu.sy/

S
0 01 11 10
0 o | r—
) 0 \- (1)
R
(c)

K-map of latch optput Q*
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Gated SR Latch

D
— 13 QF—
o

With NOR SR latch

_Pro
1 P ’

NAND logic diagram
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(b)

QP—

With NAND SR latch

O_

(d) logic symbol



sl JHSR Cilial g
Gated SR Lagi“éh Characteristicsl

Enable | Excitation | Present | Next
inputs | INputs S8 | state
C S R Q Q*
0 X X 0 0 Hold
0 X X 1 1
1 0 0 0 0
) 0 0 1 1 No change
1 0 1 1 0
1 1 0 0 1 Set
1 1 0 1 1
1 11 0 X Not allowed CSR
1 1 1 1 X 0dd, 10d 0dd, 1d0
() O 110 O
0~ 1
V
101
(b)

State diagram
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(@) Logic symbol

Delay Lat__%(D latch)

S
D —¢ }
- Q
C '
>0 3 \
R SR latch

(b) NAND implementation

¥ ¥ ¥

- Q
0 —Q
R ‘ SR latch
(c)

"NOR-implermentation



D Latch d_%racteristics

s Next
Enable | Excitation | Present
input Xfr'mu't state state
C D Q | @
8 X 2 (13 Hold
X
1 0 0 0 Store 0
1 0 1 0
1 1 (1) 1 Store 1
a
() .
0d, 10 0d, 11
11
0o— 1
10

(b)
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Master-sla%R flip-flop

Master Slave
Qu
S S Q S Qr—Q
C C
R R QP R QP—AQ
c—>o— >
(clock)

(a) Logic diagram _—

(b) Pulse-triggered device logic symbol

_Q
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Master-slave S&%p—ﬂop (continued)

C low pulse width C high pulse width!
(master enabled) ' (slave enabled) '

6yliall
C
| | | | | | |
| | | | | | |
Master gated T hold I gated I hold ! dated T hold | gated ™ hold
| | | | | | |
SI ] ] ] ] ] ] ]
ave hold ! gdied ! hold ! gdied ! hold ! gated ! hold ! gated
| | | | | | |
| | | | | | |
| | | | | | |
S — I I . . 'y 'y
R — | | | | : :
| | | | | | |
| 1 1 1 1 | |
| | | | |
| | | | |
Qu l | | | l
—— | 4 L |
Q : : | | : S and R may
| | | | | T g not change
| | | | | | |
/—%
| |
| |
: R | |
Flip-flop output can
change S . .
. . . I t I
( ¢) Timing behavior Ly .
o= | (setup :
| i (hold) |
| | |
|<—t—>|<—t—>|
I W I W I
|
|

(d) Timing constraints
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SR Master-Slave I%Flop Characteristics

S R Q C |O*
O O O JL| O Nochange
0 0 1 /|1 0d SR od
0 1 0 J1| O Reset O 10 O
O 1 1 JTL|O 0~ =1
1 0 0 JL| 1 Set 01
1 0 1 J1L|1 (b)
1 1 0 JL| x Notallowed
1 1 1 JL| x
(a)

Q*=5+RQ

https://manara.edu.sy/

Page 84



L7

Master-SE@gg D Flip-Flop

Master Slave
Qu
D D Q D Q—Q
17 C QO C QP—Q
c—>o >
(clock)

(a)
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=]

Store O
Store 1

Master-slave %p-ﬂop characteristics

D Q C |o*

Y

||||||| —_—— e —_ —_ — = =

Qu

Y v
|
Q
|
2 |
|
|
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Pulse-triggered Jl%—ﬂop characteristics

J K Q C |0O*

0 0 0 TL|0 o 0d JK do

0O 0 1 1|1

01 0 J1[0 Reset O 1d O
A

SERBIE 0 .
u

10 1 |1 d1

i i 2% é Toggle (b) State diagram

(a) Excitation table
JK ]
Q 00 01 “11 10

. J

( c) K-map for Q*
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Characteristic Table

)oK oQft) | Qft+)
0 o 0| O
0 o 1| 1
0 1 0| ©
0 1 1| 0
1 0 0| 1
1 0 1| 1
1 1 0| 1
1 1 1 0

6jl_aJl

Al Gy padll Jsas AL

Excitation Table

Q(t) Qft+) J K

R = O O
R O = O

5K (e IS Al 2l dasli s Q(t), Q(t+) a o oo a3 Ul e
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6)li_al

Al Gy padll Jsas AL

Characteristic Table Excitation Table

Ik Q)] Q) at) aty) | 1 K
(oo ‘ 0 0
0 o0 / 0 1
10
11

POk OFr OF O
oOrrFrPrFOORFO

R R R RO
R P OO

5K (e IS Al 2l dasli s Q(t), Q(t+) a o oo a3 Ul e
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Al Gy padll Jsas AL

Characteristic Table

Excitation Table

)oK Qe ————Q) Qt+) | J K

—

@ @ ot o - 0 0 [o—X
o T4
0 1 0
1 1

R R R RO

OrRr RPRFRPROORFRO

R, P OO R
R O R O R

5K (e IS Al 2l dasli s Q(t), Q(t+) a o oo a3 Ul e
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Al Gy padll Jsas AL

Characteristic Table Excitation Table

K Qft) | Qt+) Q(t) Q(t+) J

A~

R PP P OOOO

P
<«

R = O O
R O = O
X X +—» O
O X X

P L, OOF PFk OO
POk OFr OF O
oOrrFrPrFOORFO

5K (e IS Al 2l dasli s Q(t), Q(t+) a o oo a3 Ul e
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8yliaJl

T, D, SR, JK bl (i yaill J san (3l

Excitation Tables

Q(t) Q(t+) D T S R J K
0 0 0| O 0 X 0 X
0 1 1 1 1 0 1 X
1 0 0 1 0 1 X 1
1 1 1 ' 0 X 0 X 0
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Mackle a4l

AAAAAAAAAAAAAAAA

Counter Design Procedure

Example: 3-bit Binary Upcounter

00 11 Present Next
4 state state
0 0 O 0 0 1
GD @ 0 0 1 0 1 0
0 1 0 0 1 1
- 0o 1 1 1 0 O
QD 1 0 O 1 0 1
T 1 0 1 1 1 0
1 1 0 1 1 1
1 1 1 0 0 O

https://manara.edu.sy/

Decide to implement with
Toggle Flipflops

What inputs must be

presented to the T FFs

to get them to change
to the desired state bit?

We need to use the T FF
excitation table to translate the
present/next state values to FF

inputs
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