- = in fig 4.45
— High Q,=1 -
-]
D=1

| Theat’s case of S-R Flip-Flop, Flip-Flop is said to be in set state and logic Lig
| a

| stored.

\ | =1| infig. 4.45
) -Case 2: D-Low| (Q,= _ dhis

[ T D=0

)\ Means §=0 & R=1

That’s again case of S-R Flip-FlOp,' FliP-
op is said to be in Reset state and logic 0 is
stored.

DO YOU KNOw ?

D Flip-Flop is also known gag

Delay Flip-Flop.

Concluding Case 1 and Case 2
“The output @ follows input D at rising edge of clock pulse”.
Truth Table :

ositive edge Triggered D Q.. Qg
: clock
g T 1 1 0
e g B el

4.1 EDGE-TRIGGERED J-K FLIP-FLOP

J-K Flip. Flop is also identical to

. S-R Flip- i
1t does not haye invalid state, i SlopTt having the SRR
Features

— It’s a versatj)e FIip-Flop
— It avoidg the inva);
: 1d-state condition of §. ip-Flo
- e “"‘"‘-—-—-.‘ H““‘ml-“m -9--—-._. — =
It s most widely ugeq Flip-Flop amon R‘ . o

L 18 most widely ygeq in dj 8 all Flip-Flops.
.@ﬂip Flop is deriveq frg,. & AL

CLK

Let’s take

Ou

Hence o

Hence oL

Hep
ce ‘
Woumeq there



nd lOgic 1 ia

) known as

—‘--
itages that,

yutput back

:C’sel: J:O

|

|
i

K=0
CLK-High( f | )isshownasC]k=1

Let's take Q=1

%

J= OX Assumption

Gutpukok =1 (2 I8 CLK-High=1,Q =0)

Output of N, =1 (- K=0, CLK=1,Q=1)
Input of N, =1 & 1X - Q1s coupled back to Input of N,

Hence output of N ,=0
Means @ =0

Input of N, =1 &0
Hence output of N, = 1

Zj is coupled back to Input of Ny

Means Q=1
It is same as that we have initially

H&n
' ”‘“medce there is no change in the output-
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K=1

cLK - High _f )

Da pebe

& Q=1

9]

“ 1Ez>o '1-.} =8

Fig. 4.50.
Outputof Ny=1 (- J=0, CLK-High (_f™] ), § =¢
Output of Ny=0_ (- K=1, CLK - High ( . 1 e=y
Input of N, = Output of N =1
Input of N, = Output of N,=0 _
Output of N,=1[-: Input of N,=0 & 1]
Because @ is coupled back to Input of N,

Output of N;=0[-- Input of N;=1&0)

Because @ is coupled back to Inpuf of N,

Hence Flip-Flop is ga; '
- P-¥lop 1s said to be reget because Q= Previously we have assumed

Case 3 :
J=1
K=0 & Q:]_
CLK-High(ﬂ_)
0
J 1
1 N1
- N3 1 Qm‘
Clk
1
1
ok N2
i P N4 138

' .~ Cif
ic
Digital Logj, ang ial Lo9

e ov
Ot

I

1

On

oupl

s

9 is coup
I;Ience Flip-]

Gubcase 1°

Because @

Becayge [a



ital Logic
and p,

1)@ =0
1).@=1)

ve have assumed

N

0giC cire

_qist‘ou

L QisooY
jence FIP”

| S“bcase

I i ~/’_‘———’—*
uits and its pesign 21

of Ny =1 G J=1, cCLK-High (_f 1) Q=0

output of Ny = 1 (- K=0, CLK - High (_j_l_)’ Q=1
mnput of N3 = Output of N, =1
tnput of N4 = Output of N, =1

output of N, =0 [ Input of N,=1& 1]

pled back to Input of N,

output of N,=1[v Input of N;= 1 & 0]

pled back to Input of Ny
Flop 18 said to be set - Q=1.

Qutp

1: J=1
K=1 & Q=1

CLK — High ( 1)

Fig. 4.52.
cLK-High( 1. Q =0

Output of N, = 1 (+ J=1,
Output of N, =0 (- K=1, CLK - High ( I | ), @=1)

Input of N3 = Output of N; =1
Input of N, = Output of N, =0
Output of N, =1 [-- Input of N,=0&1]

Because Q is coupled back to Input of N,

Output of N; =0 [-+ Input of N;=1& 1]

Because § is coupled back to Input of N,

@] J=1
K=1 & Q=0

cLK - High ( 1




Fig. 4.53.

Output of N, =0 (- J =1, CLK - High (_ﬁ_), Q= )

Outputof N,=1 (.- K=1, CLK - High ( I 1.0 gs 0)
Input of N, = Output of N, =0
Input of N 4 = Output of N,=1
Output of N;=1[-: Input of N;=0&1]
6 is coupled back to Input of N3

Output of N,=0[-: Input of N,=1&1]
» @ is coupled back to Input of N,
We conclude from subc

g0€s to opposite state, T

ase 1 and subcase 2 that, Flip-Flop revert itg state, It
condition,

his condition ig most commonly known as Toggle
Hence Flip-Flop is said to be set
Truth Table

&, — Previous output

Q@=1.

0 Bet copg. ggering, then if CLK =t¥i
: ;o °Mplementeq ggq: d again unt!
18 cop : again an again ;
n, we have aken o) ltion g Undesjreq and hence to avoid thi
1 ith edge triggering_

\

Flip flop is
Q=1atJ:
CLK =T (

Here

CLK

_.,j-ax —r~ o

4.12 PRESET AND
\

2 are used to se

an‘l‘f_]i.e., In order
"OWn a5 proset (P
g S

€S€ inputs

e ronism with ¢

thege £02ls S R .

of tie "Mbutg are trg

bu) ¢ clock bulse
Se.A

type flip
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[ 4
ic Gircuits and its Desian

MLogmg Diagram of Posttive Edge Triggered JK Flip Flop

Digital Logic ang
Deg;

e S Uy Y

e ,—l/ '
. o R e

e il
A eSS e '1"" !
J—L).- Q=1 - ‘
!
Flip flop is set i.., Flip flopis Reset Toggling  Toggling No change
Q=1a1J=1.K-—'0 ie.Q=0,J=0K=1 J=K=1 J=K=1 J=0K=0
CLK = T (Positive) ck="T clK=T CLK=T CLK= T
Fig. 4.54.
Here . _
op revert its state. It ‘ _ ‘ : ( ' :
RS Lo _9%‘5___,1’__( I: No ch:ige (NC) j
/ 1 X X No change (NC)
! X X No change (NC)
X 0 0 No change (NC)
T - | 0 (Reset)
L T 1 0 1 (Set)
@ | T 1 1
, (No change) | 412 PRESET AND CLEAR SIGNAL
Set) | %ey are used to set or reset the state of flip flop regardless of the state of clock
' pnu_f}l‘e.! in order to assign the initial state of the flip flop. These inputs are
Reset) ':;nas preset (Pr) or direct set (Sp) and clear (Cr) or direct reset (Rp)
| e hes(? inputs are applied at any time between clock pulses and is not
i % nism with the clock pulse. It means that they are asynchronous signals.
oggle) thege ig:als S-R, J-K and D are synchronous_signal or inputs because data on
Puts are transferred to the flip flops output only on the triggering edge

y with the clock

W the
W tlock pulse means data are transferred synchronousl
follows :

n and again unt! type flip flop with preset and clear signal is shown as

nce to avoid this




K . flop)-
CLK —

e Pr ,
) ' a nt and
o) e preS: normal c
[ sa -

Cr | o Cr

Fig. 4.55. , circuit becaus .
1 i t and clear is shown be]gy . t is low 1.e.,

Logic symbol of D type flip flop with preset a | elow - wE

W =0,

Pr | When C.lk

— Z,whe i
D Q The trut,h tab1
s oo
ST ey

5 [ CLK Cr
e T Y

TCr v
Fig. 4.56. 3
They are generally active low signal. The truth table is shown as follows: 0
5 ooy ; = 0 1
_ Inputs _ Output Operation
CLK Cr Pr Q Performed Application Area
1 1 1 S Normal flip flop i They are use
0 i 0 1 P nction on a mu
= reset (Set) them all at once.
0 1 0 Clear (Reset) s
0 0 0 — Uncertain —
\I————____J.__. k4 — Preset anc
For Clocked S-R Flip Fiop — Both are -
— When Pr=
— When Pr-
I Pr e whEn Pr:
T
|0}
Cl
ICr
ic symbol (I

(@) Circyjt diagram ) Lkt L

Qomm we COnne(
i~ Connec;
Fig. 4.57,
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hown belOw .

hown as follows :

et o0 18 DOS9° et TS

/L
: g=1 & R=0, then outpu
& R= 1, then nutput‘-'-o

=1 _ :
pr=Cr=1, works as clocked S-R flip flop (normal flip

t,==land

side the circuit pyr and Cr

the low value because in
low and hence, the circuit

=1, takes
ke them

e pr high on both the inputs ma
d S-R flip flop.
P, =1, then clear operation is pe
gnal means worked,

rformed by the

ivated as they are active low s

, then preset means set operation is performed

gecdt
” he gruth table is given

as follows :

Qutputs

| Operation Performed

anged together to perform a
line is needed to set or reset

Application Area
| They are used
fetion on a multi-bit binary word and

tem all at once.

when multiple flip flops are g
a single

Summary
~ Preset and clear are asynchronous signals or inputs.

~ Both are active low signal-

~ When Pr=0and Cr =1, then
~ When Pr=1 and Cr =0, then¢
~ When Pr = Cr = 1, then circuit pe

Preset operation s performed in the circuit.
ormed in the circuit.

Jear operation i8 perfl
rform normal flip flop operation.

{ u!
U3 T FIP.FLOP (TRIGGER / TOGGLE FLIP-FLOP) ;_

; v = TR T
om 1 T J Qm‘l
{ = . —> CK
. K 6.1
T [—- Fig. 4.58. r_

Uiy
“\%:gnnect_ J & K inputs together in a J-K Flip-Flop, then we ca
nnection of J-K Flip-Flop as T ian

|

n label

e



ke

Fig. 4.59.
Means
T=0 J=0 K=0 Qn =1

Then there is no change in the output (as seen in edge-triggered .J.
Flop) @, ., =1

=
T=1 J=1 K=1 Q@ =1
Then there is reverse of state of output (as com pare to

Ky,

previous Inpyt)

Hence @, ,,=0
Concluding Remarks
i." If T=1 and @, = 0 (Previous), Then @, .1 =1 (Presen)
;I Otherwise
| IfT=

| 1 and Q =1 (Previous), Then Q, ., 1 = 0 (Present)
/

/| Means output will change its state from 0 to 1 op 1 to 0. Thi 1
_ ) _ . ! S process is
“called toggling, That’s why T Flip-Flop is also called as Toggle Flip-Flop.

Hence
T @ (Previous) Q, ., (Present)
0
" 0 0 [ No change in
: 1 0 | previous output
. : 1 [Complemented output
) 0 [ of previous output
e 214 |
L€., Truth table of 1 flip flop =

DO YOU KNOW ?

counters, because of !**
divide-by-2 capability.

e

-

-

= 1, then output @, , , @
. i .hnrlf
8 yields to continuous ¢

. |
T Flip Flops are _ﬂw*'i |
Commonly used in binaf*} |

.

Where L, -
MethodSs to Re.

There are t
follows -

(1) Use Edge
(2) Flip flop

means Al
pulse is |
conditior
(3) Use of M

4.15 MASTER

It’s a cascade o
clock is high w
low.

Hence final
effective. Henc

In this way
as slave.

Mast
F/F

4
Positiy
ClO(:lm



n+1

Gl S Flip.

us Input)

- 1 (Present)

- 0 (Present)

1is process 18
p-Flop.

i

Its  cascade of two flip-flops in which

ts Design

i Gircuits and i
to one and one to }

M Q) from zero *%

A °£i,1§fe clock pulse 18 term as race J—L

P ap S a

ﬁmrﬂwndmon-' . J=K=1andth 0

o ot which e - e

he (:,arinu-ously cha:e?estfrom 0tol T A—

s single clock PY se is called

w0 " dition. ) Fig. 4.60. (a)

l}lN] f(}lfﬂd con . ' ' |

L the pmpagatlon delay of flip flop 1.e., after At time, flip flop changes
131 4 Tis total time of one clock pulse then for race around condition

:.-.,s_ mﬂ?:;tioﬂ must satisfied :

s €4 0<At<t, — Equation

where ¢ is time perio'd where pulse is high.
P
Htthods to
There are three metho
[[,Hou'S'.
1) Use
@) Flip flop must

Remove Race-Around Condition
ds to Temove race-around condition which are as

Edge-Triggered flip flop.
follows the following equation

t <M<T

means At (Propagation delay) must be greater thant,
pulse i8 high) and lesser than T (total time period of
culate its value one time in one clock pulse.

condition flip flop cal
@3) Use of Master-slave flip flop to lock the output for complete clock cycle.

(time period when
pulse). In above

115 MASTER SLAVE J-K FLIP-FLOP

first one responds to data inputs when

f‘lock is high whereas second one responds to output of first one when clock 18

0w,
Hence final output changs 0
dlective. Hence race around con
In this way first flip-flop is known a

nly when clock is low, when data inputs are not

dition gets eliminated.
s master and second flip-flop 1s known

sslave,
Master Slave Master-slave
FIF + FF F/F
J U
Positively Negatively
clocked clocked

i.

ctive and slave will be deactive

ﬁ‘*ﬁu

When LKk is High: Master will be a

8¢ Inverted CLLK of master

When CLK is Low : Master

is provided to slave)
will be deactive and slave will be active

p——



Fig. 4.61.

Let's assume that @y and @ are present outputs of S-R flip-flop j.e, slavy
flip-flop and most precisely of master-slave flip-flop.

Similarly @y, , and @y ,, are next state outputs of S-R flip-flop i.e,, slave
flip-flop and most precisely of Master-slave Flip-flop.

We also assume that @, and @, are present state outputs of J-K flip-flop e,
Master flip-flop.

Similarly @, and (52 are next state outputs of J-K flip-flop i.e., master flip
flop.

Now it is very important to observe that @, and Q'z are driving S and R
inputs of slave flip-flop respectively.
It means S = Q,

R=Q,
It is also necessary to observe that if we assume @,

=0and Qy =1, the

we ha - —_—
Ve to automatically assyme Q,=0and Q, =1. Because it is not possible

MhbveQ~=0md§~ =1if§=@ =

=1 £ .
B because it is ot Possible to achieve @y = ! ané
N .‘s:Q;-thndR:Q'l:l




ﬂop i.e’

er flip-

and R

| , then

sible to

tically

.1 and

; AsSume"d _ Obtained
present Next states
‘state of J-KF/F

0
| o g Ba
| Ll %
Assumed present Obtained next
state of S-R F/F

N state of S-R F/F
Ote: The values of @, and @ MU&* be same with @y and Qn




0 T-Q0
’ > ,

Slave
0 activg
Fig. 4.64.
Master J K Qy QN Q; él QN +1 Q\ru
Ativee® 0 1 1 0 1 0 ] [1 E‘
Assumed present Obtained next
stae of J-K F/F state of J-K F/F
QN1 =1
(_5" 0-0
Slalve
Fig. 6.65, active
W Qn Q.+ 1. Oua
i’;ium:g present Obtained next
Cansy - eolS-R F/F state of S-R F/F
a0

-—

Qy!1

CLk—]

Slave active




’gic and D
Ssig
h

Q,0
SIaVe
active

N+1

next
K F/F

ON1—)1

+ |Qy0-0

Slave
1 active

N+1

next
R F/F

Q0

\I 6N1

1
]
med present Obtained next

aC'j\e
stae of J-KF/F state of J-KFIF

Obtained next
state of S-R F/F

Assumed present
stae of S-R F/F

| Fig. 4.68
l Master active
. K Q N QN Q1 él Qg Qg
1 0
ined Next
]

0 1




Fig. 4.69.

Slave Active d K Qy Qn Onit QNH
0 1 [1 o] |[o 1]

Assumed present Obtained Next
state of S-R F/F  state of S-R F/F

g

L 0, B,
DD

LN

o Q@ q Q,
L £ D
U U
Assumed pregent Obtained Next
J-K F/F state of J-K F/F

s B

Sl ave active

_ET]J

Master active J K
1 0
'\M
J
Cl o)




QN+1
1

ained Next
e of S-R F/F

Q, 0

/ \

Q
—

U
Obtained Next

state of J-K F/F

QN QN QN+1 QN-H

slave act'l\?e
Obtained Next

Assumed present
S-RF/F state of S-R FIF

Obtained Next
state of J X

Assumed present
state J-K F/F




Active

Case 4

Assumed present
state of S-R F/F

Fig. 4.74.
Master J QN @N Ql él Q2 QZ
Active 1 0 1 I 0 1 l 1 0
Assumed present Obtained Next
state of J-K F/F/ state of J-K F/F/
Master F/F Master F/F
0
1 1
Qy=0
"Clk—
K—— : =
_ 1 !
— Q_N 120
Fig. 4.75

K —

QN QN QN+1 @NH

U e B e

Assumed present Obtained Ne":F
state of S-R F/F state of SRF

Master i
act,ive 1
J L——‘;
Clk —

Slave

active
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Deg;
- 'an
-+
=)
'-ained N
e of S_Re;ffp
Q,,
—e— QN ‘: .
Q,_, ;
e ve
QN +1 - Hv
— Assumed present Obtained Next
state of J-K F/F F/IF state of J-K F/F
J
Q | o | 1
; 1 150
ined Next
of J-K F/F/
er F/F
aN a.;'l +1
e } 01
QN =0
+Q = 1 Slave J K Qy QN Qus1 Qn
— activ
Gy 1=0 4 1 1
' U !
Assumed present Obtained Next
2 state of S.R F/F state of S-R F/F
QN +1
0
ned Next

of S-R F/F
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tic table of master slave J-K f}; _
Truth table (Characteri® e Joy |
ola || Q|[s Rl |a [o N
J K N+ Q: %
sl oot |
CLK [\ jaster|Deact 0 1 /l 0 I]____Ej\t
= N /| __-_-'"‘N..
1 0 1 Slave
Slik ! I 0 I change \ l: 0___ deac N
Clk |Master- Dea 1 0 N1 0 . r
=0 i f ng + i i S 0 I
|
@ [ o]+ [o] [ ] 1 |cee
ClLk " 0
ol VS
[..E l;k 1 0 0 1 Resets| [ 1 0 l glave
= : e
Master - Deactjve 0 0 |
=0 showr|in case R is kn. o e :E :
I by duripg - ve Eik as copking. Re¢set of master dufing +ve kik s
Clk L_l
i Master D:a - o] 1] Jae
= = i I N N SRR
e I 1 0 7
i 1 0 / 1 0| |Slave
CLk  [Master| Deactive 1 S; A L:j deacti
= This ; ) \ 0 7 0
e _' T ’n casel3 is also gocking. Set state of maslarduriﬁT:s};;:j—_j
= 1 1 0 1
' 1 0 _I Slave
EU( Master | ; E 1 deacti
Clk g :1 ) 0 /,2 1 ,—--o-b 0]
=1 0 0 1 y
Clk Toggle . l 1 E Slave*
;—'_Q__ M&ler—Deacﬁve . deacti
T \"d Process is Continued here also e
%9gling of master during 4 v, ;
e Clk pulse is
Copied by slave during — Ve CLk pulse . §
I

Procesg jg called ag

tog
ut keeps on
g::f:glations are prodt
uHence if wggl
le,
ingle CLK cyc
:enerally take CLI

417 APPLICATION

__ Parallely data
of data bits to
Application of
memory.
Hence we car

— We can divid
We can say th
Flip-Flop ch:
direction — 1
— For negat;

1. Flip-Flop Me
2. Flip-Flop Me
3. Flip-Flop Me

N th‘FlOp ME



