SEQUENTIAL LOGIC CIRCUITS (FLIP FLOP)

Difference between Combinational and

Sec!'uenti.al. Logic Circuits

1. Difference - Definition

Combinational and Se;cl'ue;nti.at loaic circuits are the two

main fﬂpes of d.T.aH:a.L losi.c. circuits. Thea d.'L-F-Fe.r ma.i.nlld in
terms of memory, output dependencg and. feedbo.ck.

Keg Points : | —i
@ Combinational circuits have no memory. | (i) Combinational Circuit (9.3 Adder) |
® Sequential circuits have memory. | A, B N pre—— v |
® Output of combinational circuits depends only | (Inputs) — Circuit (Output) ]
on present inputs. | |
e Output of sequential circuits depends on present | (ii) Sec'_uen'i‘.w.l Circuit (e,.ﬁ., Fl.ip—FloP) i
i.nputs and. Pa.st state. | A B Secluan‘l'.i o " y |
® Se.obue.n{‘.i.o..l, circuits use 'Fee.d.bo.c.k. | (Inputs) Gl (Ou’f.Pu.t) |
] FLEP-FLoPs are the basic buildinﬂ blocks of | r |
seq’uen{:io.l. circuits. l |
L Feedback (MemorH) g
2. Difference - Comparison Table
S. No. Parameter Combinational Loﬂi.c. Circuits Secl’ueni:i.a.l. Losi.c Circuits
s Losic. circuits whose ou’LPu.t d.epe.nd.s Losic circuits whose ou.{Put depe.nd.s
1. D P"F"m'hon an& on the present T.npu.{‘.s. on present inputs as well as past
state.
2. Memory No memory. Has memory.
3. Ou‘l:pu‘l: Depen d.en.c3 'Ou{'.pu.t depe.nd.s nnlld on Pre.se.‘n:l: Ousl:pudz depand.s on present i.npu.ts
Ln.PuJ:s. and Pa.s{'. state.
4. Feedback No feedback. Uses feedback.
& Bui.l.d.ins Blocks Logic 3cd:e.s (AND, OR, NOT, etc.) FLLP-FLOPS (SR, JK, D, T) are
are used. used.
Adder, Subtractor, Multiplexer, Counters, Reaiste'rs, Shift Reai.sters,
6. Examples
Decoder, Encoder, etc. Memory, etc.
7. Clock S'Lsno.l Not req'uired. Us:“lt{!o v;'cl““'e'd' (Fm' anchrom.zed.
OP rowen ).
8. Compl.exll:ﬁ Gene.ro.l.LH less complex. Genero.LlH more comPLe.x.
S i Used in arithmetic and data Used in control 535tems, memory
9. Applications " e ) :
processing circuits. devices, sequence Senero.ﬂon, etc.
10. State Ne state. Has one or more stotes.
3. Boolean Expression = { (Present Inpu.ts) Y = § (Present Inputs, Past State)
Inputs — Seqruenti.nl. o Gk
4, Diaa'ra.m Inpu.l;s —--_ Ccn;h;:;or:ml — Output ‘—V Circuit o
Th tput is determined by th
s The output is determined only by 7 ?u‘ b H .
b Description th . Ehaae o, current inputs and the previous
e current combination of inputs. state of the circuit.
* Note : Combinational circuits are memoryless, while sequential circuits have memory

and their behavior depends on time (past state).
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SEQUENTIAL LoGIC CIRCUITS (FLIP-FLOP)

What s FLIP-FLOP? and Tﬂpes of FLIP-FLOP

1. What is Flip-Flop? - Definition

A Fl.i.p—Flop is o basic memory element in sequ.enﬁal

logic circuits that can store one bit of information.
It has two stoble stotes: SET (1) and RESET (0).
Flip-Flops use feedback to store information and

their output depends on present input and past state.

&3 Points :
® Flip-Flop is o bistable circuit.
® Tt stores 1 bit of bi”‘“-"&j information (0 or 1).

| |
| |
| |
= =i o = Q
o Tt has two ou.’t.Pu{'.s: Q and Q (compl.e.mgn‘l:n.rﬂ}. | InPl.d’.s il FLLP FI'OP |
| (1-Bit Memory) £ |
e The ou’cpud: remains stable until c.ho.naed bH input | > Q |
conditions. | |
® Tt is the basic bui.l.d'ms block of re.a'tsi:e.rs, counters [ |
and memory. [ Feedback (Memg} |
e =
2. Types of Fl.lp—Fl.op
S. No. Type Characteristic Symbol Inputs Applications
SR Flip-FLop e Simplest flip-flop. S Q ® Basic memory
1 (Set-Reset ® Two inputs: S (Set), s R element.
ElivsF R (Reset). i ® Control circuits.
L"P_ LOP) @ Involid condition a
when S =R =1, R
® Imprcved SR fL.LP“FLOP. J — Q e Counters.
2- JK FLLP—FI.OP ® No invalid condition. CLK 4 7, K, CLK ® R.e.gisters,
(T-K FHP-FLOP) @ When J = K = 1, - e Frequency
it toggles. K Q dividers.
; ® Has one input D D —
D FLLP—FLOP (Data). Q ¢ Data storage.
3. (Dato. or Delay | ® Output follows input D, CLK ® Shift registers.
< o.-F‘i:e.r clock edse. CLK —+ - Pipeli ;
P OP) @ MNo invalid condition. Q e nes
e Hos one input T
T FI_LP—FLOP (Tossle). T Q e (Counters.
4, Toaale Flio-Flo @ When T =0, No chamse.. T, CLK b Freq'uenr.ﬂ
( 299 b P} e When T = 1, Output CLK - = dividers.
toggles. Q L] Ti.m'mﬂ circuits.
Each -FL'LP—-FLOF has two outputs:
s Output L
I Q (Normal Outpu.d:) and Q@ (Complement Ou.'tpum
6 Kok AlLL fllp—fLoFs are edaz l:riﬁﬂerecl (in proctical circuits) u.slna a Clock (CLK)
: siﬁno.l. to chanﬂe state sgnchronousLs.
% Note : Flip-Flops are the heart of sequential circuits and are used to design

'resis{'.e.rs, counters, memory units and disi.to.L sgsfems.
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

What is Latch? and Types o-F Latches

What is Lcd:c,hz = Defi.ni.’cion

LO..'EC}'\. ;.5 a bO.SLC. memoruy e;l.e.me.n’t. ;,.ﬂ. SECLLLEI’\.'I'.;.O.L

Lcsic circuits that can store one bit o-F informa{:[on.

It is o level-sensitive bistable circuit, which means

its output c.ha.nses as LcnS as the Enable (or Clock)

sis nal is active.

L T i o St B e e i =
Key Points : | Example : |
® Latch stores 1 bit of binary information (0or 1). | Latch as 1-Bit Memory I
® Tt has two stable states and two outputs: Q and Q | I
(c.omplementa.rﬁ). | ]]:3“'1 © -{;Q 9 |
® The output depends on input as LOH.S as enable | s i = |
signal is active. | Eroble (1-Bit Memory) Q [
@ Tt is used in re.ai.s{:e.rs, bu.-Ffers and data sJ:om.Se. | (Outpuf) |
® lLatch is level-sensitive, whereas Fli.p—Flop is : :
edge-tri d.
ge-triggere, A L B
2. Types of Latches
S. No. Tﬂpe. Choracteristic Logi.c. SHmbcL Inpu.l;s. ﬁpPLic.a.ﬂons
® Most basic latch.
® Two inputs: § (Set), S Q e Basic memory
SR Lotch R (Reset). storage.
8 (Se.’c—Rese't L.o.fch) e When S =4 —Set (Q=1) 5 R e Control circuits.
When R = 1 — Reset (Q=0) = 5 B dehatndin
@ When S=R=0 — R Q 3
Ne :hunﬁe..
@ S=PR =1 — Invalid.
® Has one input D (Data) D —
o sodl ‘bre Bl LE): Q e Data stnmse..
2. itita: Ltk | When E = 1 — Q follows D. | Dy E |e Buffers.
e ® When E = 0 — Output E—D"‘ aQ ® Used in resis{:e.rs.
remaoins um:hn.nse.d.
e Improved version of
JK Lakch SR latch. ¥ R ¢ Counters.
3. (Improved SR e Two inputs: J, K. J, K ° Re.gmte.rs.
e When J = K =1 — = ® Frequenc
Lkl Output toggles. " . Sy
e No invalid condition.
—_— ° Haz c;zneoii:pufE;r (Toggle) | T Q e Counters.
(s b ol an Fu 2 i
4' (T e ik In.) e When T = 0 — No change. = T, E > Fre.ﬁ,l.l.e.nl:.ld
o sl o When T = 1 — Output E E Q dhyidhrs,
toggles. ® Ti.mins circuits.
b Oui'.pu’c ALl lotches have two outputs: |Q (Normal Oul:pt.dc)l and ‘E{ (Cumplemsnt Oufcpu’c)J
6 Note Latch is level-sensitive. Its output c.ha.nses a5 Lonﬁ as the Enable siﬁno.l. is active.
. It is usu.o.LLa used when deota must be stored i‘.emporo.rila.
* Note : Latch is o fundamental bu.il.d.i,na block o-F seq’uenﬁo.l. circuits and is used in

d.asi.sni.ns re.a?.sters, counters and memory systems.
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1. Construction of RS Flip-Flop

SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

Construction, Working, Circuit Diagram of

RS Flip-Flop

P e B L B TV T e e e e g
RS Flip-Flop (Reset-Set Flip-Flop) is the simplest | BIE Mg : |
P P P P P : : . : 2
flip-f[op, constructed using two cross-coupled I (52 65 Flip-hlsp suing NEIR. gates (o.d:we—hl.gh} I
NOR gates (o.ctive-*hi.gh) or two cross-coupled | S Q |
NAND So.tes (active-low). It has two 'anl.d:s | |
Set (S) and Reset (R), and two outputs Q and Q. | :
Key Points : I R Q :
® RS Flip-Flop is constructed using two | |
cross-coupled logic gates. | (ii) RS Flip-Flop using NAND gates (active-low) |
® It can be implemented using NOR gates ‘ T Q |
or NAND gates. | |
e Tt has two inputs: Set (S) and Reset (R). | | |
® It has two outputs: Q and Q (complement of Q). I _ I
® It is the basic building block for other flip-flops. | R — Q |
S st 0 VRS S e RS DS S S J
2. Working of RS Flip-Flop e e e e =
| Symbol : |
RS Flip-Flop has two inputs, Set (S) and Reset (R). I |
When S =1, the flip-flop is set and Q becomes 1. | Wi P B O |
When R =1, the flip-flop is reset and Q becomes O. | o — Flip-Flop - f
When both inputs are 0, the previous state is maintained. l_ ____________ JI
In case of NOR gate implementation, S = R =1 is an invalid condition.
3. Truth Table
3 N?Aﬁt&fj;ﬁ; il o Operation & NM&%S:—ICEE;M i Dt Operation
S R Q (Next State) [e] S R Q (Next State) Q
0 0 No‘ change No‘ change Hold L 1 No' change Nobchnn e Hold
(Previous state) (Previous state) |(No chcmae} (Previous state) | (Previous state) [ (No c.hnnse)
0 0 1 Reset 0 0 1 Reset
1 0 1 0 Set i 1 0 Set
1 1 Invalid condition | Invalid condition | Not allowed 0 Invalid condition |Invalid condition | Not allowed
4. Operation Summary
Operation ( AI;?::_ ﬁ?;: H:ICE;"R) Result Description
Set S$ai, R=0 Q=1,Q=0 Sets the flip-flop (Q becomes 1).
Reset S =0 R=1 Q=0 Q=1 Resets the flip-flop (Q becomes 0).
Hold $=0,R=0 No change Maintains the previous state.
Invalid S$=1,R=1 Invalid Not allowed (both outputs become 0).
% Note : RS Flip-Flop is a basic memory element and forms the foundation for more advanced

flip-flops like JK, D and T flip-flops.

w
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)
Construction, Working, Circuit Diagram of
JK Flip-Flop
i, Conabrudion of TE Clig-Fles iy PSR NS

| Circuit Diagrom :

SR FU.P~FLc—p to overcome the invalid condition I JK FLLP_FLOP HEKY NOR gotes (o.c’ci.ve-hi.gh)

Jk: FLLP-Fl.op ls constructed by mod.i.fgi.ng the

(S =R =1). It is implemented using either 3 Q
NOR gcd;e,s (o.cﬁve-hi.gh) or NAND so.tes
(active-low) along with a clock input.
Clk—e
KEH Points :
® JK Flip-Flop is on advanced form of SR K Q

|

|

|

|

|

|

Flip-Flop. |
® It has two inpu{:s: J and K, one clock | T

[npu’c and two ou{:pu{:s Q and Q. I

|

|

|

|

|

|

e It is widelH used in counters and registers.

@ It eliminates the invalid condition of SR P Q
Flip-Flop.
® It can perform Set, Reset, Hold and Toggle Clk —2
operations.
K — Q

I N g Ly e

2. Working of JK Flip-Flop N T vk =1
. SHmbol. :

JK Flip-Flop has three inputs: J, K and Clock. I 5 ; Q :

Its opero.ti.on d.epemis on the combination of | _JK |

J and K at the active clock edge. It removes J Clk F""P-FI'OP - |

the invalid condition of SR Fl.i.p—Fl.op, When | K ——b Q |

J = K =1, the output toggles (changes its P e gregyy R U PR, |

state) at every clock pulse.

3. Truth Table

T K Q (Present State) Q (Next State) Oper-:ﬂ:ion

0 0 Q Q No Change (Hold)
0 1 Q 0 Reset

1 0 Q 1 Set

1 1 Q Q Toggle

4. Operation Summary

di K Operation Description

0 0 Hold No change in the output (Q remains the same).

0 1 Reset Output becomes 0.

1 0} Set Output becomes 1.

i ; | Togsle Ou'tpl.d: cho.n.ses to its complement (Q becomes Q).

% Note : JK Flip-Flop is widely used in synchronous counters, frequency dividers and

other sequen‘!:io.[. circuits.
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

Construction, Working, Circuit Diagram of

T Fli.p-Fl.op

1. Construction of T Flip-Flop

il FLi.p—F[op is constructed bH modifging JK Fli.p—Fl.oP
bH, connecti.ng J and K inpu.ts tosether ond. u.slns a

rCircuLt Di.nﬂro.m :
| @) Usi.ns NOR so.tes (o.c{:i.ve—hi.sh)
[

1
|
|
5i.n.3|.e input 3 (Togsl.e). It con be i.mpl.emented. using | T = Q |
either NOR So.tes (acﬁve—hish) or NAND goftes I 1
(active-low) o.Long with a clock input. : ]|
Key Points : = Clk — I
® T Flip-Flop is o modification of JK Flip-Flop. | | Q|
' . | I
® It hos one mput T and on.i clock input. | ) it NAND gk (ke ]
® It has two outputs Q and Q (complement of Q.| | 7 |
® When T = 0, it holds the previous state. I _ j Q I|
® When T =1, it togsLes the state (cho.naes). | l
® It is widely used in counters and frequency E Clk —— ;
dividers. | =
| n— 9
| ol I
2. Working of T Flip-Flop L__(_ﬁu_ﬁtfs_a.ri T@ﬂat_es__ ftfffﬂ.__i
T Fl.i.p—Fl.op has two inputs: T and Clock. rS_”m_bo_L_ ___________ 1
I‘I:S OPEFQ.{-..LOH. dePendS on the \-"Q.I.u.e. O'F T o.{: the : :
active clock edge. | T —» e —» Q |
® When T = 0, the output state remains unchanged | F[iP-FLoP |
(Hold). | Clk—=> —» Q |
® When T = 1, the ou‘l:pu{'. state toggles (ch.o.h.ges | |
to its cc)mpl.ement). | |
® Thus, it works as a Toggle flip—flop, e e e e =
3. Truth Table
i Q (Present State) Q (Next State) Operation
0 0 0 No Change (Hold)
0 1 % No Change (Hold)
2l 0 1 Teggle
1 1 0 Toggle
4. Operation Summary
i Operaﬂon Result Descri.pﬂon
0 Hold Q+1) = Q@) Ou.tpu.‘l: remains the same.
1 Toss[e Qt+1) = Q@) OL.d:Pu.‘l: chan.ges to its complemenf.
X No Chcmse No Chunse When clock is not active.

% Note : T Flip-Flop is mainly used in binary counters, frequencg dividers and

d.i.gita.l sgstems where ’cossl'mg operation is require.d..
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

Construction, Working, Circuit Diagram of

D Flip-Flop
1. Construction of D Flip-Flop S Sy 5
D Flip-Flop is constructed from a gated SR | ireuit Dicqron ; |
Flip-Flop by connecﬂng the input D tcl the Set : D :
input (S) and the complement of D (D) to the | . sets @ |
Reset anu‘{: (R) u.s'm.g an inverter. | \/ |
|
Kes Points : | 5 I
e D FLLP—FloP is a modificod:i.on of SR Flip-Flop. | |
® It has one data input (D) and. one clock input. I Clk L a I
@ Tt has two ou.{:pu{;s Q and a (complemen{ o-F Q) | |
® It stores one bit of data. | |
e It cho.nges the outpu’r. only on the active clock : (AU go.l:es are NAND gates - active low) |
edge. | |
® Itis wi.d,elg used in regis{:ers and shift regi.sters. | I
P R paT e p—— 2
2. Working O'F D Flip-Flop rfa—_bT— ————————— ]
D Flip-Flop copies the value of D ot the time of the | |
active clock edge and trc.nsfers it to the ou.tput Q. | D Q I
® When D = 1, the output Q becomes 1. | = DFL |
® When D = 0, the outpu’c Q becomes 0. | PEE = |
| Clk—>> — Q
® The ou{'.Pu.i: remaitns uncho.nged. between clock pul.ses. | |
® It eliminates the involid condition of SR Flip-Flop. | |
® The c-u.tpu.{: Q fcll.ows the 'mpn.d: 1 — e e — J
3. Truth Toble
D Q (Present State) Q (Next State) Operation
0 0 0 Reset
0 1 0 Reset
1 0 i Set
1 1 i Set
4. Operotion Summary
D Opero.ti.on Result Descripl:i.on
0 Reset Q =0, ﬁ = 1 The ou‘i‘.put is reset to O.
1 Set Q=1,Q=0 The output is set to 1.
X No Chcmge Qlt+1) = Q) Ou.tpuf remains the same between
clock pulses.
% Note : D Flip-Flop is a basic memory element and is mainly used in registers,

shift registers and dota sf.oro.ge a.ppLi.ca.{:Lons.
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

Master-Slave JK Flip-Flop

1. Construction of Master-Slave JK Flip-Flop mrm-—— T ————————————— 7
. ‘ | Circuit Diagram : |
Master-Slave JK Flip-Flop is constructed by | |
connecting two JK Flip-Flops in cascade. The | MASTER SLAVE |
first fli,p—ﬁ.op acts as the Master and the second | J Q 3 |
acts as the Slave. The clock input of the slave | M Q—oQ |
s complemented (inverted) so that when the | |
master is enabled, the slave is disabled and | —~pCLK ~P>CLK |
vice -versa.. | » iy -
' I Qy K Q—e4Q |
Key Points : | K |
® It is formed bH co.sca.d.i.ns two JK Fli.F—FLops. | |
® The Master receives the clock (Clk) input. | I
® The Slave receives the inverted clock (Clk) input. : D: I
® Data is accepted by the Master when Clk = 1. | (E d.se Trissere 1= Nescd:i.ve E d.ﬂe Trlﬁ gere d) |
® Dato is transferred to the Slave when Clk = 0. S Y S e o S T <
® Output changes only on the falling edge of R P e e e e R e e B SR =l
the clock (neso.ti.ve ed.ge-trisgzred.). | HMbOI' . |
® It eliminates race-around condition. | |
| J — — Q |
2. Working of Master-Slave JK Flip-Flop | CLk_.__>M°5te'_'_Sl‘“"e |
\ | JK Flip-Flop = |
When Clk = 1, the Master is enabled and accepts the | g —» Q |
inputs J and K, while the Slave is disabled and holds | |
the previous state. L i
When: Clk= @, itk Moster a¢ thabled and the Slave  — 5 S s E e e e
is enabled. The data stored in the Master is transferred
to the Slave and appears at the output.
Hence, the outpu.t chu.naes onLH on the fol,l.i.ns adse
(1 — 0 transition) of the clock.
3. Truth Table
During Clk =1 During Clk =0
I K (Master Active) (Slave Active) 0 b
peration
QM (Next State) Qs {Uutpu.t) Q Qs (Next State)
(Master Ou{‘.put) (Slave) Lo (Outpu.!:)
(0} 0 Q (No Change) Q (No Change) | Q (No Change) Q (No Change) | No Change (Hold)
0 1 0 Q (Hold) 0 0 Reset
1 0 p Q (Hold) 1 i Set
1 1 Q (Toggle) Q (Hold) Q Q Toggle
Note : Q, — Output of Master, Q; — Output of Slave (Final Output).
4. Operation Summary
Clk Master Flip-Flop Slave Flip-Flop Output (Q) Remarks
Clk =1 (H'Lsh) Active (Accepfs . ) Disabled (Holds) No Change Master stores data
Clk = 0 (Low) Disabled (Holds) Active (Tm.n_s-Fers) Cho.nses o.ccord.ins to JK Output updates
Falling Edge (1 —0) Data 'tremsfer Output updated Updated. Negotive edge triggered

¥ Note :

Master-Slave JK Fl.i.p-FloP cho.nse.s its output onlg on the -]:o.llins ed.se of the clock.

It eliminates race-around condition and is widely used in counters, registers and

seq‘uenl'ial. circuits.

)¢
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

Positive and Negative Edge Triggered Flip-Flop

1. Introduction P TS - R S B
—_— t 2. Circuit Diagrams f
Edge triggered flip-flops change their output only ! i
i) Positive Edge Tri d Flip-Flo
ot the instant of the active clock edge. There are | 2. sk Bgge. Toigguns " P E
i I
two types : i g ——— JK — Q |
%* Positive Ed.ge Trlssered FLi.P-FLOP (P"FF) II Cl_k F[LP-F[OP F
]
% Negative Edge Triggered Flip-Flop (N-FF) | (Positive Edge - :
| o —— Trissered.) — Q E
b i l I
Ke.H Points : | |
: : ; i
® In edge triggered fl.LP-fl.?pls, data t.s transferred I, Triggers on rising edge |
only at the clock edge (n.sm.g or fall.mg), : 0 <10 of Clock F
® Positive edge triggered flip-flop responds to the !
rising edge 0 = 1) of the clock. ! (i) Negative Edge Triggered Flip-Flop |f
® Negative edge triggered flip-flop responds to the | J —— JK R lr'
alli 1-0 the clock. | :
falling edge ( ) of cloc ' Clk D> Flip-Flop £
® These 'FLi.P"f[oPs eliminate race-around condition. : (Negal'.i.ve Edse o :
I >
® Widely used in registers, counters and synchronous ! K — Trisse.red.) Q E
se-:l.ue.nﬁo.l. circuits. - !
i Triggers on fa.l.l.ins edge E
: (1 = 0) of Clock :
3. Wcrk.ing L,:__;_____:_i:::::::::::::::j'
® When the clock has a low to high transition (0 — 1), | | 4. Clock Waveforms !
Positive Edge |  the flip-flop gets triggered. | () Positive Edge Triggered (Triggers on Rising Edge) |
Triggered | @ Inputs J and K are sampled at the rising edge. I |
Flip-Flop | @ The output Q changes according to J and K | Clk D D D |
(P-FF) onl.s at the risi.r\g edﬁe. |[ T T T |
® Between two rising edges, output remains unchanged. | | Kigtee Activa Kol !
o Whiea'thi clock has @ high boowi transition. (45 0), | | Edge Edge Edge !
Negative Ed.se e i |
Tricaecad P8 SRR | (i) Nescd:l'.ue. Ed.se. Tr[sserezi (Tri.sgers on FulLi.n.s Ed.se) I
E ISS ® Inputs J and K are sampled ot the falling edge. ll :
(E‘:-FE;P ® The output Q changes according to J and K | Clk | L:} (}‘ ( N;: :
: ot the folling edge. ! by '
- ;ﬁiﬁ b ; 4 : 'r Active Active Active l
etween two falling edges, output remains unchanged. | | I
i_ Ed.ge Edge Edge _i
5. Truth Table (Appli.co.b!.a to both Positive and Negative Edge Triggered FU.P-FLOP)
J K Q (Present State) Q (Next Stote) Operaﬁon
0 0 Q Q No Change (Hold)
0 1 Q o] Reset
1 0 Q 1 Set
1 3 Q Q Toggle
6. Operation Summary
THpe Active Ed.se Clock Transition When Trisserzd. Du.tpu.t C!'w.nse
Positive Edge Triggered e L Changes accord.i
(P ?FF) 39 RLstns Edge 0—-1 At 0 — 1 transition J:,S_T ads N
Negative Edge Tr'l.ssered. : o3 a e Chq.nses according
(N-FF) Falling Edge 1 0 At 1 0 transition 1o Tl #
% Note : Edge triggered flip-flops provide precise timing control and are essential for the design of

synchronous sequential circuits.

®
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SEQUENTIAL LOGIC CIRCUITS (FLIP-FLOP)

Excitation / Transition Table of all Flip-Flops

1. Introduction

Excitotion table (or Transition toble) shows the input requirements

for a flip-flop to maoke a transition from Present State (Q) to

Next State (Q%).

Key Points :
® It helps to determine the inputs needed for a desired

state transition.

® ‘X' indicates Don't Care condition.

® It is wbdel.& used in the design and simplificaﬁon of

sequential circuits.
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| Example |
| I
| Q = Present State |
| I
| Q" = Next State I
| |
| I

Iﬂpuls = Inpu.l:s required to achieve Q@ = Q" transition
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() SR Flip-Flop

(it) JK Fl.i.P - Fl,op

Pmsen{: NeXt IY\PU.tS presen.{’. Nex{ Inputs
State State Operation Stote Stote Opemﬁon
(Q) Q") S R (Q) Q%) J K
0 0 0 X No Change (Hold
Sl 0 0 0 X | No Change (Hold)
0 1 1 0 Set
1 0 0 1 Reset 0 1 1 X Set
x| 1 X 0 No Change (Hold) 1 0 X 1 Baadi
0 0 0 0 Trvalid
1 1 1 1 Twelid 1 - 1 1 Toggle
(i) D Fi.i.p - Fl.op fiw) T FU.P - Fiop
Present Next Input _ Present Next Input .
State State Operation State State Operation
(Q) Q") D (Q) @*) T
0 0 0 Reset 0 0 0 No Cho.nse (Hold)
0 1 i Set 0 1 1 Toggle
i 0 0 Reset i 0 1 Toggle
1 i 1 Set 1 1 0 No Cho.nae. (Hold)
3. Summary of All Flip-Flops
, Number o No. o 4
Flip-Flop Tngts f Inputs Sl:q.tef Special Feature Used In
) Not allowed when S=R =1 v
SR Flip-Flop 2 S, R 2 (Tnwatidh zondikion) Basic memory element
No invalid stote, when T =K =1
JK Flip-Flop ) 7. K 2 ki i to‘;’sl“‘e:“ Counters, Registers
: No invalid state, Output fou.ows Rgsis{-,ers, Shi_f‘l: Resis‘l:ers,
D Flip-Flop - D 2 input (D) Data storage
; Counters, Frequency
i Fi.tp—Fl.op 1 il 2 T=1=> TQSSLG, T=0= Hold o
* Note : Excitation tables are very u.sefuL n desi.snins sequenﬂo.l, circuits, state machines,

counters, and in minimizing the logic required for state transitions.
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