Latches and flip flops

Sequential Circuits

The combinational circuit does not use any memory. Hence the previous state of input does
not have any effect on the present state of the circuit. But sequential circuit has memory so
output can vary based on input This type of circuits depends upon present input as well as
previous output, clock.

combinational circuit TRET 8f FAART ST ITAIT ST FIAT gl sqfeT $oqC &r
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Latches and flip-flops

In the same way that gates are the building blocks of combinatorial circuits, latches and
flip-flops are the building blocks of sequential circuits.(fToFT & & ATH combinatorial
circuits & fafeser sallaa §, 38T TR latches 3R flip-flops sequential circuits &
fafeser sate 1)

Gates are built directly from transistors and latches can be built from gates, and flip-flops

can be built from latches. (Gates I TTSI¥ey ¥ T AT & 3R 9T & latches AT
ST T@ha & 3R latches & TFITI-FllT gATT ST b 21)

Both latches and flip-flops are circuit elements whose output depends not only on the
current inputs, but also on previous inputs and outputs. The difference between a latch and a

flip-flop is that a latch does not have a clock signal, whereas a flip-flop has a clock signal. ( o
3R TFIT-FATT SIAT circuit elements %’%IWWHW current inputs R R
hdl %, dfoh previous inputs and outputs Wﬁﬂﬁﬁ-ﬁmgl latch and a flip-flop & T FT
WW%%W latch # a clock signal FI@'E’IFIT%‘, STdTh Uah TFeTI-FellT H Teh a clock
signal @FIT%I)

Latches are asynchronous, which means that the output changes very soon after the input
changes.( Latches asynchronous %“, ST 37 % G sFl'Cl;cf # 9Radd & ?—I}H dic
3m3eqe # IRade g §1)

A flip-flop is a synchronous version of the latch.( Teh fFIT-FTT the latch T Teh

synchronous version %I)

A latch is a bistable multivibrator. which has two stable states namely high output as well
as low-output. This includes a feedback lane by which data can be stored with the device. A
latch is a memory device used to store one bit of data. These are same like flip-flops,
however, they are not synchronous devices. They do not work on edges of the clock as Flip

Flop do. ( latch Teh bistable multivibrator %I fSTH two stable states & I high output
3R 1Y & as low-output | SHH T feedback lane eMTAS § TSHd® ¢arT f3agd@ &
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Y 3T IR fhAT ST ThdT &l latch Teh AARY fBasy § foger 399 s foe
3T Bl TEW o & o frar Srar g1 I TFIa-wralia & AT g, gTelifer, 3 fRApad
%EFIB'H Tef g1 latch edges of the clock 9Y ohTH el d g oar & e FATT HId

el)
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This latch is called SR-latch, which stands for set and reset.

Latches are level triggered . (Latches level triggered gid % )

Flip Flop

A Flip-Flop or FF is a couple of latches, and the designing of this can be done using a NOR
gate or a NAND gate.( Flip-Flop or FF is Teh of latches %}, 3R S ol Ef EG| NOR 3 T

NAND € T 39ITT Feh fhAT ST FohdT &1)

FF can have 2-inputs, 2-outputs, a set as well as reset.( FF H 2-3?-I'fl;c,", aAar 2-3-1131"9;(," Bﬁf
Sag 3¢ 3R I & e & IFd gl)
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The main function of the flip-flop is to store the binary values (W—WT‘C[ bl HEI Y

SIS values ST TILIT =T §)

A Flip-Flop will have an extra CLK signal to make it work in a different way when contrasted

with a latch. (W—Wdﬂ H U FfaRed CLK@HT % ST &1 latch @ contrasted Eﬂ?-T qI
AT different TRE & work FT g.)

Flip flop is a sequential circuit which generally samples its inputs and changes its outputs
only at particular instants of time and not continuously. Flip flop is edge sensitive or edge

triggered. ( Tera Flld Teh sequential circuit g S 3T diX W 39 inputs ol §
3R &hadl particular instants of time 9 3(Yel 3T3CYE HI Feoldl § AN FAMAR el |
fFera waliy edge sensitive or edge triggered gid ?I)

Types of flip flop :-

There are 4 types of flip flop
1- S-R FLIP FLOP

2- J-K FLIP FLOP

3- D FLIP FLOP

4- T FLIP FLOP

S-R Flip Flop-

It is basically S-R latch using NAND gates with an additional enable input. It is also called as level
triggered SR-FF. For this, circuit in output will take place if and only if the enable input (E) is made active.

In short this circuit will operate as an S-R latch if E = 1 but there is no change in the output if E=0. ( g
Hel ¥q ¥ TH S-Rlatch TSTHA additional enable input TGIT 3T & 3’\‘# level triggered SR-FF &7

el SITdr %’I sy circuit & ,3-TI3'¢"E|;¢" dd take pIaceE}I?iT %’ 9 dfhe # Shador 3R FHad enable
input (E) active [T STAT &1 T&9 H, g gféhe a9 1T AT § ST SR latch E=1 g1
fhet afe E=08T @ 3M3cYe & S IRac g g )
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Block Diagram

Inputs

CLK —HE

Cutputs

Circuit Diagram

5 —
(Set) 3
E = QOutputs
(Enable)
4 F
R J < =
(Reset)
Truth Table
Inputs Cutputs
— Comments
E 5 R Qe | Qpa
1 0 0 Q- E Mo change
1 0 1 0 5| Rset
1 1 0 1 0 Set
1 1 1 X X Indeterminate
Operation
S.N Condition Operation

1 S =R =0: No change

If S = R = 0 then output of NAND gates 3 and 4 are forced to
become 1.Hence R' and S' both will be equal to 1. Since S'
and R' are the input of the basic S-R latch using NAND gates,
there will be no change in the state of outputs.

(@ S=R=0 g a NAND JIe 3 3iR 4 & 313cqe 1 gHr |
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gafT R '3 S'g&r 1% se} gl i S '3 R NAND
ANeH & 3T basic S-R latch & gA9c H gdT & &, sdfav
3m3cqe 1 fEufa & IS Fgend AT gem)

2 S=0,R=1,E=1 Since S = 0, output of NAND-3 i.e. R' = 1 and E = 1 the output
of NAND-4 i.e. S'=0.

Hence Q... = 0 and Q... bar = 1. This is reset condition.

S=0 gl¥ W AT 3 F output R=1 R .3 E=18 R
NAND-4 i.e. ' T 3M3cYc 0 &P . 31d Q.. = 0 and Q... bar
=1 g9 . This is reset condition

3 | 8=1,R=0,E=1 Output of NAND-3 i.e. R' = 0 and output of NAND-4 i.e. S' = 1.

Hence output of S-R NAND latch is Q... = 1 and Q... bar = 0.
This is the set condition.

S=1gl 9T A 3 T output R'=0 BEM .31 E=18a W
NAND-4 i.e. S' T 3M3cqe 18N . T Q... = 1and Q.. bar
= 0 8191 . This is set condition.

As S=1,R=1andE =1, the output of NAND gates 3 and 4
bothare Oi.e. S'=R'=0.

Hence the Race condition will occur in the basic NAND latch

S=1,R=1and E=18ga 9@ of NAND gates 3 and 4 &T
output 0 19T i.e. S'=R' = 0.

Hence the Race condition will occur in the basic NAND latch.

characteristic table of SR flip-flop
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Present Inputs Present State Next State

S R Qtt Qt+1
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 X

1 1 1 X

By using three variable K-Map, we can get the simplified expression for next state, Qt+1t+1.
The three variable K-Map for next state, Qt+1t+1 is shown in the following figure.

RQ(t)
s\ 00 01 11 10

0 1
1 1 1] x| xpfp---- S
R'Q(t)

The maximum possible groupings of adjacent ones are already shown in the figure. Therefore,
the simplified expression for next state Qt+1 is

Q(t+1)=S+RQ(t)

. The main problem with R-S flip flops is the indeterminate states. To avoid them, either use

a clocked R-S flip flop or, better to use a J-K FLIP FLOP.( R-S flip flops % HTA HET HHE
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indeterminate states T g1 399 ST o foIT, IT A J-K FLIP FLOP &T 39T AT
clocked R-S TeIT Fellq T YA FIT ATRT )

JK Flip-Flop
JK flip-flop is the modified version of SR flip-flop. It operates with only positive clock

transitions or negative clock transitions. (@1? TR TN
JK flip-flop of SR flip-flop <hT qeNfea I gl g hdol positive clock transitions T or
negative clock transitions & garfeld gid %’I ) The circuit diagram of JK flip-flop is shown in

the following figure.

)
> — Q(t)

che—] ><

_\ — Q(t)’
L

This circuit has two inputs J & K and two outputs Qt & Qt’. The operation of JK flip-flop is
similar to SR flip-flop. to considered the inputs of SR flip-flop as S =J Qt’ and R = KQt in order
to utilize the modified SR flip-flop for 4 combinations of inputs.

58 "ithe & a go9c J & K AR @ 3m3eYe Qt&Qt' g1 JK flip-flop T HTelel SR flip-
flop & HATT | SoIYc & 4 ATl &=l &  modified SR [Ferq-TFellq a7 Trar
A & TIT SR [FeT-FellT & FoAYE AT S=J Qt '3 R=KQ AT § |

The following table shows the state table of JK flip-flop.

J K Qt+1
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0 1 0
1 0 1
1 1 Qt'

Here, Qt & Qt+1 are present state & next state respectively. 23I3Tu, Qt & Qt + 1 shARA: present

state & next state %

The following table shows the characteristic table of JK flip-flop.

Present Inputs Present State Next State
J K Qtt Qt+1

0 0 0 0

0 0 1 1

0 1 0 0

0 1 1 0

1 0 0 1

1 0 1 1

1 1 0 1

1 1 1 0

By using three variable K-Map, we can get the simplified expression for next state, Qt+1t+1. Three
variable K-Map for next state, Qt+1t+1 is shown in the following figure.

KQ(t)
3\ 00 01 11 10

0 1

1 1 1 1

K Q(t) 1Q(t)
The maximum possible groupings of adjacent ones are already shown in the figure. Therefore,
the simplified expression for next state Qt+1 is
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Q(t+1)=JQ(t)+K-Q(t)
Advantages

1. Among the basic flip-flops the J-K flip-flop is the most versatile.
2. Itis an improved variation of the SR Flipflop.

Disadvantages
1. An unstable state occurs when both J and K inputs are logic '0.

Delay Flip Flop / D Flip Flop

Delay Flip Flop or D Flip Flop is the simple gated S-R latch with a NAND inverter connected

between S and R inputs. It has only one input. The input data is appearing at the output after
some time. Due to this data delay between i/p and o/p, it is called delay flip flop. S and R will
be the complements of each other due to NAND inverter. Hence S=R=0o0or S=R =1, these
input condition will never appear. This problem is avoid by SR = 00 and SR = 1 conditions.
( Delay Flip Flop or D Flip Flop Tah simple gated S-R latch f&i&%h S and R inputs & NAND
inverter connect 8T § | SH&T hddl UTeh go1qc gidr g1 input data S HHT 41
output I¥ ﬁ'@l’l@ car &l I/p3R o/p& & 3d data delay & &RUT, 38 delay flip
flop chal STl %’I NAND inverter & ®RUT S 3R RT& quli & complements?ﬁ?f % |
SHMIT S=R=03AT S=R=1,3 gAY TRAfT M appear ET &N | Jg FHEAT SR =00
3R SR =1 T&faar & avoid fmam e gl)

D flip-flop operates with only positive clock transitions or negative clock transitions. D

flip-flop ol positive clock transitions negative clock transitions § BIH HIAT &

Block Diagram

—HD D_ —_—
Inputs Outputs
CLK E a
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Circuit Diagram

== QOutputs

Fil
R e
Truth Table
Inputs Outputs
Comments

E D qn;: G_""rl

1 0 0 1 Rset

1 1 1 (] Set

Operation
S.N Condition

2 E=1and D=0

3 E=1and D=1

Operation

Latch is disabled. Hence no change in output .

Latch is disabled &1 SafIT 3M3eYe & *I$ dcold 16T 8l & |

IfE=1and D =0then S =0 and R = 1. Hence irrespective of the
present state, the next state is Q... = 0 and Q... bar = 1. This is the
reset condition.

Jic E=1andD=0thenS=0and R=1 & . 3&TIT present state
% d1d9lg, next state Qn+1 =03k Qn + 1 bar=1glar ¢ .37 Ig
e feufa gl

IfE=1and D =1,then S =1 and R = 0. This will set the latch and
Q.+ = 1 and Q... bar = 0 irrespective of the present state.
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gfg E=1andD=1,thenS=1and R=0% . Ig latch & set HT
g fo9 & #RUT Q... =1 and Q... bar =0 gidr § . 37d: Ig set state &

The following table shows the state table of D flip-flop.
D Qt+1t+1
0 0
1 1

Therefore, D flip-flop always Hold the information, which is available on data input. From the
above state table, we can directly write the next state equation as

Qt+1=D

D flip-flop is always equal to data input, for every positive transition of the clock signal.
Hence, D flip-flops can be used in registers, shift registers and some of the counters.

(D ﬂip-ﬂopﬁ 3eT clock signal + every positive transition 93 geTqc & similar Il %’I
S'\':Iﬁvl'ﬂ', 31 TFI9-Fellg T 39TT registers, shift registers and some of the counters P2}
fopar Srar §)

Toggle Flip Flop / T Flip Flop

Toggle flip flop is basically a JK flip flop with J and K terminals permanently
connected together. It operates with only positive clock transitions positive clock

transitions.
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(T FLIP FLOP basically T& JK flip flop & 5@ J and K terminals permanently
connected 8Id & . I8 hddl positive clock transitions JT positive clock transitions &

Farferda giar g1)

Symbol Diagram

Inputs Outputs
CLK

)
- | e

Clk ——

A

— Q(t)

v

Truth Table
Inputs Outputs
Comments
E T Qe | Qoa
1 0 Q- | q No change
1 1 QG | @ | Toggle
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Operation

S.N Condition Operation

1 T=0,J=K=0 The output Q and Q bar won't change

2 T=1,J=K=1 Output will toggle corresponding to every leading edge of clock

characteristic table of T flip-flop.

Inputs Present State Next State
T Qt Qt+1
0 0 0
0 1 1
1 0 1
1 1 0

From the above characteristic table, we can directly write the next state equation as
Q(t+1)=T'Q(t)+TQ(t)
=>Q(t+1)=THQ(t)
The output of T flip-flop always toggles for every positive transition of the clock signal,

when input T remains at logic High 1. Hence, T flip-flop can be used in counters (ST T logic
High 1 9T gIFII %‘ a T flip-flop T output clock signal % every positive transition U
togglesi-fl?—ll %‘ .3 T flip-flop bT used in counters § ThaT SATAT %‘ ).

Master Slave JK Flip Flop
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Master slave JK FF is a cascade of two S-R FF with feedback from the output of second to
input of first. Master is a positive level triggered. But due to the presence of the inverter in
the clock line, the slave will respond to the negative level. Hence when the clock = 1 (positive
level) the master is active and the slave is inactive. Whereas when clock = 0 (low level) the
slave is active and master is inactive

(Master slave JK FF 3 two S-R FF T cascade connection gld] g 9 H second &r
output, first & input & feedback gl g. Master positive level triggered gIdl g duar
slave & negative level triggering'él(—ll %’ .91d clock =1 (positive level) g %‘ to master

active 81dT & and the slave inactive 8T § ddT 319 clock = 0 (low Ievel)?lFIT g to slave
active and master inacﬁve@?lT %’ )

Symbol Diagram

"Master” | “Slave”
Flip-flop | Flip-flop
L |
Set —_—J Q : J Q 0Q
Clock = = > Clk | > Clk
Resel K Q : K Q oQ
L .
|
I

Clk Dt Clk

Circuit Diagram

F— . — — 01
.
|
1

E . f 4
Enable l‘ E
EJ

K e - R L - Outputs
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Truth Table

Inputs Outputs
Comments
E J K Q—a: ﬂ_'u-'l
1 0 0 Q. | O No change
1 0 1 0 1 Rset
1 1 ] 1 0 Set
I 1 (| 3 1 | Q | Q- | Toggle
Operation
S.N Condition Operation

1 J =K =0 (No change) When clock = 0, the slave becomes active and master is

inactive. But since the S and R inputs have not changed, the
slave outputs will also remain unchanged. Therefore outputs
will not change if J = K =0.

S9 clock = 0 slave Ifsha & STar & 31K master ASra
gidr &1 oifhed ST S and R inputs T8l dGel g, df slave &T
outputs 81 unchanged &M | 88T J =K = 0 glad W

3M3eYe AT FEa|

2 J=0andK =1 (Reset) Clock = 1 — Master active, slave inactive. Therefore outputs

of the master become Q; = 0 and Q, bar = 1. That means S
=0and R =1.

Clock = 0 — Slave active, master inactive. Therefore outputs
of the slave become Q = 0 and Q bar = 1.

Again clock = 1 — Master active, slave inactive. Therefore
even with the changed outputs Q = 0 and Q bar = 1 fed back
to master, its output will be Q1 = 0 and Q1 bar = 1. That
means S=0and R=1.

Hence with clock = 0 and slave becoming active the outputs
of slave will remain Q = 0 and Q bar = 1. Thus we get a
stable output from the Master slave.

3 J=1and K =0 (Set) Clock = 1 - Master active, slave inactive. Therefore outputs

of the master become Q; = 1 and Q, bar = 0. That means S
=1 and R =0.

Clock = 0 — Slave active, master inactive. Therefore outputs
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of the slave become Q =1 and Q bar = 0.

Again clock = 1 - then it can be shown that the outputs of
the slave are stabilized to Q =1 and Q bar = 0.

4 J=K=1(Toggle) Clock = 1 — Master active, slave inactive. Outputs of master

will toggle. So S and R also will be inverted.

Clock = 0 — Slave active, master inactive. Outputs of slave
will toggle.

These changed output are returned back to the master
inputs. But since clock = 0, the master is still inactive. So it
does not respond to these changed outputs. This avoids the
multiple toggling which leads to the race around condition.
The master slave flip flop will avoid the race around
condition.

Master Slave J-K Flip Flop Timing Diagram

@) | SET | | SET SET

EESEET

s RESET

- Master slave configuration removes the possibility of race around condition from JK flip flop
when we put both J and K as 1 ( Master slave onfiguration race around condition $r
possibility?ﬁ removes h{dl %‘f old  bothJand Kas 1 EﬂFIT % )

- the output timing is controlled differently in Master slave configuration.( Master slave

configuration GdRT output timing I 3TeleT I H controlled fhAT JTAT )
- The master stage loads on one edge of the clock waveform and transfers to the slave on the

other edge.( master stage & clock waveform & edge CIE] glal %’ 3R slave W other
edge FT loads AT B)
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