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coupled

In this casé W€ have twoczﬁﬁzd mé')ans DQYOU KNow ,
i d N,. Cross d NOR ‘
e c?;necged as input of N, and | NAND an Lat,
output of /V; 1
similarly outpu o .

s cross coup ,
N,. Due to ;h]circuit and it is possible to attain |
produced in the

wOo states 1or0.
either of t .
Fi 4.9 S-R Latch contains — Two Inputs -8 & E

lg' e

— Two outputs — @, & @,

where @, , , is complement of @,

As we are using NAND Gates, we must remember truth table of NANj
s W
Gate as :

& T | b NAND Gate,
1 0 0 o}l 1 If any input is low then
X R
B | 0 I a1 output is high.
1 0 of| 1 else output is low.
1 1l
Fig. 4.11.

Taking different case

s to explain functionality of NAND Latch :

Assume

m's‘

Taking Q, as
present
state and Q,,,, as

Showing next state.
latch as a
Sequential circyit

Showing Q, Output connected
back with input of N, and hence
N+ = 0 .

input of | preferred over Tye
: cted a8 Input of | preferrec over Try, .
t of IV, is con?i(;g, feedback is [ Latches because of aitnr

=l
|

Concluding

Output G
change 11 e

Assume
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Qn+1
Showing Q,,,, output
connected back with
input of N, and hence
Qr'.+1 =1

Qres

0
Fig. 4.12.
f .o Case 1 et
NAND fogcludmg —1is same as @, = 1 means Latch is in same state means no

Outfr:l ;3;;:1% It is same as Weé had assumed.
ang®

R
W then

o

N2 n+1

—a .
| U
0

e
ﬁ --——._1_..__ N2 Qn-i-1
[
U Y
Fig. 4.13.

Showing Q, output
connected back with
input of N, and hence

0n+1=1

Showing Qp.q
output connected

back with input
of N¢ and hence

L9n+1=0
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Concluding Case 2
As output @ +1

= 0. Hence Latch is said to be in Reset or Clear State, ]

Assume K
g i
@ |
| @°
; g |
fis N2 ne1 = O
T |
U e
[0 N1 Q.. !
Showing Q, output | .
connected back @ -
with input of
N, and hence
Qn1=0
o
i
Showing Q,_, output
connected back with Conclu
input of N, and hence '5 Sta;
an =1
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Qn+1
Qn:t
an
Showing Q,, output
connected back with
input o_f N, and hence
Qpit = 1
Qpr
0
Qn:‘l
Qpi1
.U, Showing 6:1
1 output connected
| back with input
| of N, and hence
| Q= 1
| 1 Bet
| P N2 — Can
U °
Fig. 4.1 5. .
J Concluding Case 8 : As output @ =1, hence latch is said to be in set
te.
Case 4

S=1 Means

Il »l
n

o O
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Showing Q,, output
connected back with
input of N, and hence
c:,n+1 =1

Showing ‘Q_n;
output connected
back with input
of N; and hence
Q. =1

n+1

complement of Q

n+1: bUt’
complement, Hence it ig

Summarizing Four Ca

Ses

|--—-.__________ B |
~ State Achieved
I Ny

—

No Change (Inactive)

Reset (clear)
Set

—_—_——'____—_—_‘—',—"""/
Ambiguous/Forbidden Sta'®

n+1 Qny =1 As @y i |

we can
assume
it as
low/high
Here wé
have
assumed
itas low i

Here
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Sign sﬂ“:n fimin8 Diagram | ‘
I i — High—] e High —= ta— High —|
ﬁ <— Lo -— Low
§ LoW — W
[ !
ﬁ/ﬁﬁfr Low [ High | Low [ High
" | 1 1 1
1 1 | 1
! | | 1
1 1
Qe I | || 1
wez: | :. \ :.
gssume : 1 | 1
put e | ! 1 |
with . | | |
ence s | RlE
- R 1l
rlBL'jS low : : : :
e = | - - - -
50 |5=115=118=11 5= 5=115=11
=y iR=1)R=0|R=1} R=t R=1} R=0}
Set No 'Reset! No Set No ! Reset!
change] - jchange cange! |
I FIG. 4.16. (a)
Here
§ E Qn-l-.l. : J
\/ 0 0 Race/ Forbidden state
0 1 1 (Set)
s @,41 18 1 0 0 (Reset)
nglawof | 1 1 No change
45 RS NOR LATCH

R
— D O Qpi1 C ‘

R—PR — Qp1

- State .
o . S 05 Qi
S @ Q1

Fig. A. R-S Latch : Circuit Diagram. Fig. B. R-S Latch : Logic symbol

A



" : e. we have two Cr0SS coupled NOR gates Ic\lrll_ al_ld N12 D:'ih
In this casé tout of N, i8 connected as input of le and similarly out Yog,

ns outp 6 ¢ N... Due to this cross coupling, feedback ig pl‘odut o

oo L ttain either of two states 1 or 0. Ug,

d it is possible to &
Latch contains — Two Inputs — R & S as well as

—Two outputs — @, , 1 & @

coupled mea
N, , is connéC
in the circuit 871

Fig. A:SE

where @, + 118 complement of @, . ;

As we are using NOR Gates, we must remember truth table of NOR Gag

as:
A B X
0 (I 1 IFfor NQR G‘?te,
\ X 0 1 0 iy ARy nput is higy
¢ 1 0 ! 0 en output is Joy,
else output is h;
1 Ly 0 igh,
Fig. 4.17.

Let’s again take different cases to explain functionality of NOR Latch :
Casel] : Subcaseﬂ

Showing Q,, output
connected back with

Input of N, and hence
ne1 =0

8"

[©

:i

r Ca
| gonclud"d
| aedas Inact

Assume

Similar t

Concluding
Output (
It is same as

‘Case 2

Assume
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Q -
utp,::‘h yﬂ"’,ﬂ R Q.
of
nodueed @ 'Is} Showing Q,,_, output
connected back with
input of N,; and hence
Q=1
c1n+1
S
X Gag, [0 l0J
FIG. 4.18.
te, Juding Case 1:Subcase 1: . .
 hig, gon ere is 0O change in output, as Q.17 Q.,=1 (same). Hence this state 1s
low Inactive state.
s Hed as n Q
high " 9 F
Subcase 0] 0 Qs

R=0
S=0

gimilar to subcase 1, we found that 0 ». e

Qn+1:Qn=0 @S

Concluding Case 1 Fig. 4.19.
Output @, ,, = @, means Latch is in same state means no change in output.

[tis same as we had assumed.

Case 2 : R=0
S=
Assume Q,=1

El & D' Q1 =2

n+l —

2
&/
o



Showing Q o
u

connecteq e

with input of N

and hence 5::: -

Showing ﬁ:routpm
connected back
with input of N,,
and hence

Qn+1 =0

Concluding Case 2 :
As output @, ., =1. Hence Latch is said to be in set state.

I Case 3
0
Assume

Q.
m R DM’ Qm-: 0

—

Showing Q,, output
connected back
with input of
N_,g_gnd hence
Qn+1 =1

—

ncluding C:
As output

[Case 4]’

Assume

R—



Showing @, output
connected back with

g n Outpyyy
t 0?‘:' input of N,, and
. hence Q,,; =0
e (;.ﬂ+1 i n+1
quding Case 3 el .
(o iput @y a1 ™ 0. Hence Latch 1s said to be in Reset or Clear state.
— n
x -
R=1
S=1
m i D. Qp41
Showing Q, output
connected back with
input of N4, and hence
1 A Qn+1 =0.
D. Qm-‘l
0
Ql“l:‘r
Qn+1
utput U'
:k 0 ShO\hﬂng an Output
connected back with
input of N,, and

(9]
3
+
ey

Fig. 4.22.

hence Q.. =0
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Concluding Case 4 : Subcase * | N
Latch is said to be in invalid state or in Race condition becayg,

Q,.; aresimultaneously coming as 0. ;

nld
, and V20

R=

Comparison B(.a1
Nand Latch 1
one of the two app
NOR latch in
one of the two apr

4.5.1. Timing I
ShOWing .Q_: Qutput

connected back with High
inputof N, and hence R9n
Qn+1=0. ____Lov
[ High
g Low
l
Showing Q e
g n+1 OUtpU‘
connected back with 1
InputofN,, and hence :
n+1 =0. :
1
]
1
|
\
f 1
| §f1 R=q :Rr-
f R; S=( :S:
Invaljq o
State becayge Q !

]
+
I
i
I
e
= o]
3
?
g
g
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a0
N‘M 5,@‘" "3‘, Case 4 '
(oﬁ"l"dl 410 are Simultaneousl}’ coming as ‘0’ OF simultaneously coming as
g As q° ing the fact that Q, +1 and Q,; are complement of each other.
y and ‘“Dl: & never apply B = S =1, basically to avoid this condition.
cé
He? " Four Cases
uﬂ“ﬂarlzmg I
§ (? 1 @ Q1 State achieved \
0 0 Q, @n No change
0 1 1 0 Set
{ 0 0 1 Reset
1 1 ? T Forbidden/Ambiguous Or Race
e L
compal'ison Between NAND Latch & NOR Latch
Nand Latch inputs are normally 1 and there will be no change in output. If
neofthe tWO applied inputsis changed to 0, then the output of Latch is changed.
NOR latch inputs are normally 0 and there will be no change in output. If
meof the tWo applied inputs 18 changed to 1, then the output of latch is changed.
45.1. Timing Diagram for R-S Latch (NOR Based)
" High | High High i High
Low Low Low
High
L Low o= Sk
[ 1
-
i ! t
' =.
| H 1
| | '= '
| | ' H
| | H :
1 | H
] I ':
| | ' H
| | ':
Rk :
1 | | i
Re ' : ' 1
§2) R=1 R=0'R=0! =E R=1 R= == R=1
o s=0  s=0y8=1)|[i ~ S=0 szg P80
Reset | Mo 1Setll|i Resel Nochange |  Reset
" R=0
S$=0
No change No change
Fig. 4.24.
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Here ‘:)? ;: g:: (l'hange
0 " 1 (set)
1 0 0 (Reset)
1 1 Race

4.6 CLOCKED SR LATCH

: . Clot
tionality of clocked SR-Latch is same on unclocked S-R lam 1
‘ A : 2 # . iy
= :::mous sequential logic circuit. We are taking the case of a pq
EVNC : .

; Itive L
triggered S-R Latch. Hence it must be clea.r that, this latch won't chang, ! : :
nllr:lput. until there is positive level of clock signal. i {
Clock s Let's reverse th
| gubcase 2°
R 9}— Ng Jo Qo s
. 1
Fig. 4.25. Clocked S-R latch.

Let’s take different cases to explain functionality of clocked S-R latch, Cioc
1

]Casel_] S=0 & [Clock =0 & |Q =0

R=0
This is the case of initialization of latch and latch is assumed to be Rese .
= 0
because @ = 0.

/

]
) From case 2
0 state.

lCmSl :E

Subcase 1 :

e

8 rever,




m

of a P081t1ve 16 15
S change Ytl

d S-R latch.

med to be Reset
!

1
)
e
ng no change
ut Qn-+1-Qn-

ain no chang®
+1 =Qn

-

L
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0391gn

Clock-High| &

Fig. 4.28.

overse the situation and take

yubcas® 2

's T

[ot’s

Fig. 4.29.
case 2, we can conclude that Latch 1s in set

From case 2 : Subcase 1 & Sub

slate.
1

S
R =

Subcase 1 ;

Fig. 4.30.

lep
B , ;
everse the situation and take
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Subscase 2 :

Qﬁ_-
Fig. 4.31.
From case 3 : Subcase 1 &

subcase 2, we can conclude that latch jg in
or CLEAR state.

¢ T .

Subcase 1

RESB«F Clk

4.6.1. Timin

w0

£
z§
gz 2

oo

;
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N | 22 — |
a - R Qn +1 Qll+l
. —| No Change
" No Change
0 Q, Qn
1 0 (Reset) 1
_ '. 0 1 Set) O
=1 ] y Indeterminate state / Forbidden state
l__,_,4——-—'—"—__—’_-——'___
] 1 Or
T
it IatCh iS in R {TTE#QLL-———————_‘
' PEY T :
1 1 . A
. 1 1 Forbidden state
E /’/-—'——' =
3 161 Timing Diagram Clocked S-R Latch
} —

nplement of @,.,)-

“»

s o- R=0
i 8= S=0
- No change
-y Garge . -LL 4 |
R=1 R=0 R=0 R=1
§=0 S=1 S=1 $=0
CLK=High  CLK = Low CLK=Hgh CLK = Low
. Q=0 Q=Nochange Q=1 No change
" -d to
at, latch is 887 Fig. 4.34.
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