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SEQUENTIAL CIRCUITS

Digital electronics is classified into combinational logic and sequential logic.

Combinational logic output depends on the present inputs levels, whereas sequential

logic output not only depends on the input levels, but also stored levels {(previous output

history).

Combinational Circuits

ninpuls arr oL

il et

— | . il

— Combinational I
circuit

e  ——

Fip. Block Dingram of Combinational Circuit

Sequential Clrenits

Frimary inputs Primary oytpuls
—¥ (Combinational 41
y Logic Circull

Saeond iy Socondary
mpuUis oufpuls

Memory
Elements .

The memory elements are devices capable of storing binary info. The binary info stored
in the memory elements at any given time defines the state of the sequental circuit. The input
and the present state of the memory element determing the output. Memory elements next state
is also a functlon of external inputs and present state, A sequential circult is specified by a
time sequence of inputs, outputs, and internal sintes,

There are two types of sequential circuits. Their classification depends on the timing of
their signals:

< Synchronous sequential circules
<+ Asynchronous sequential circuits
Asynchronous scquentinl circoit
This is a system whose outputs depend upon the order in which its input variables

change and cun be affected at any instant of time.
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Synchronous sequential circuits

This type of system uses storage elements called flip-flops that are employed to change

their binary value only at discrete instants of time.

Synchronous sequential circuits use logic pates and flip-flop storage devices. Sequential
circuits have a clock signal as one of their inputs. All state transitions in such circuits occur
only when the clock value 15 either 0 or | or happen at the rising or {alling edges of the clock
depending on the type of memory elements used in the circuit. Synchronization is achieved by
a timing device called a clock pulse generator. Clock pulses are distnbuted throughout the
system in such a way that the flip-flops are affected only with the arrival of the
synchronization pulse, Synchronous sequentinl circuits that use ¢lock pulses in the inputs are

called clocked-sequential circuits,
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Combinational Circuits Sequential Cirenits |

|. The circuit whose output at any instant I. The circuit whose output at any instant |
depends only on the input present at that depends not only on the input present but also

mstant only s known as combinationutional | on the past output 4 18 known as sequentiol
|

cireuil. cireuit

2. This type of circuit hos no memory unit. 2. This type of circuit has memory unit for

SIOTE past output,

3. Examples of combimational circuits are 3. Examples ol sequentic] circuits are Ihip |
half adder, full adder, magnitude comparator, | flop, register, counter &.L.c. |

muloplexer, demulnplexer e.t.c.

4. Faster in Speed Slower compared 1o Combinational Circuit
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A sequential circult can further be catgporized into Synchronows and Asynchronous.

Here is the difference between synchronous and asynchronous sequential circuits:

Synchronous Sequential Circuit: Output changes at discrete interval of tme. It is 4 circuit
based on an equal stote time or a state time defined by external means such as clock. Examples

of synchronous sequential circuit are Flip Flops, Synchronous Counter.

Asynchronous Sequential Circuit: Output can be changed at any instant of tume by changing
the input. It is a circuit whose state time depends solely upon the internal logic circuit delays.

Example of asynchronous sequential circuit 1s Asynchronous Counter,

Scanned with CamScan


Administrator
jcgp-round stamp


Basic Fhip Flops:

A circuit that changes from | 1o 0 or from 0 to | when current is applied. It is one bit
stornee location.

Flip flops are actually an application of logic pates. When a cenain input value is given
to them, they will be remembered and executed, if the logic pates are designed correctly. A
higher application of flip Nops s helpful in designing better electronic circuits.

The most commonly used applicanon of [Mip flops is in the implementation of a
feedboack circuit. As a memory relies on the feedback concept, flip flops can be used o design
.

Latches and lip-flops are the basic elements for sionng information. One latch or (lip-
flop can store ane bit of information. The main difference between latches and flip-flops 18
thut for litches, their outputs are constantly affected by their inputs as long as the enable signal
15 asserted. In other words, when they are enabled, their coment changes immediaiely when
their inputs change. Flip-flops, on the other hand. have their content change only either at the
nsing or falling edge of the ennble signal. This enable signal is vsually the controlling clock
signal. After the nsing or falling edge of the clock, the flip-flop content remuing constant even
if the input changes.

There are basically four main types of laiches and Mip-Nops: SR, D, JK, and T. The
major differences in these flip-flop types are the number of mputs they have and how they
change state. FFor each type, there are also different vanations that enhance their operations. In

this chapter, we will look at the operations of the various latches and flip-flops.

. RS Latch

&>

RS latch have two inputs, 5 and R. § 15 called set and R is called resel.

<+ The S input 15 used to produce HIGH on @ ( 1.e. store binary | in flip-Nop).

< The R input i5 used 1o produce LOW on Q (1.2, store binary 0 in flip-flop).

< (' 15 Q complementary output, so it always holds the opposite value of (.

< The output of the 5-R laich depends on current as well as previous inputs or simte, and its

state {voalue stored) can change as soon s 11s ioputs change.
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There are mainly four types of flip flops that are used in electronic circuits.

I. The basic Flip Flop or S-R Flip Flop
2. Delay Flip Flop |D Flip Flop|

1. J-K Flip Flop

4. T Flip Flop

2. S-R Flip Flop:

The SET-RESET {lip flop 1s not designed with the help of two NOR pates and also two
NAND gates. These flip flops are also called 5-R Laich.

S-R Flip Flop using NOR Gaie

The design of such a Mp flop includes two Inputs, called the SET [S] and RESET [R].
There are also two outputs, Q) and Q. The diagram and truth table 15 shown below.,

I |—‘
0 — — R [reset)

S R|QO
@ To[1o0
0 0|1 0 (after§=1.A=0)
| 0 1|0 1
‘ \ anln 1 (aer§=0,E=1)
0— — 8 (set) g 1|0 0
(o) Logic diagram (b) Function table

Fig.5-3 SR Latch with NOR Gares

The operation has to be wnalyzed wirh the 4 inputs combinations together with the 2

possible previous siaies.

From the diagram ir is evident that the flip flop has mainly four states. They are

I. When 5=I1. R=0 the ontpot becomes Q=1, Q'=0
This SR fhip {lop function table 15 constructed based on the XOR gate. In XOR gate 1if any of

the inpurt is | the ourput becomes 1.

In this state when S=1 and R={} the output @ becomes set (1), So this state 15 also called the
SET state.
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2. When 5=0, R=1, the output becomes (=0, (}'=1

In this state When R=1 it resets the output. 5o this state is known as the RESET state.
In both the states vou can see that the outputs are just compliments of each other and that the

value of Q) follows the value of S,

3. When 5=0, R=0) the ouiput is } & Q' = Remember (memory)

If both the values of § and R are switched to 0, then the circuit remembers the value of
S and R in their previous state.

4. When 5=1, R=1 the ontput (=0, )"=) [Tnvalid]

This is an invalid state because the values of both QQ and Q7 are 0. They are supposed Lo
be comphiments of each other. Mormally, this state must be avoided.

5-R Flip Flop using NAND Gate

The above SR Mlip flop can be constructed using NAND gate.

1
0 J 5 (set) S RIQQ
¢ 1 0|0 1
I 1[0 1 (afters=1KR=1)
1 L I A
I . 111 a (afterS=0.R=1)
0 R (reset) ¢ oo|1
{a) Logic diagram (b) Function table

Fig 5-4 SR Latch with NAND Gates
Like the NOR Gate S-R flip flop, this ane also has four states, They are

1. §=1, R=0, Q=0, Q'=1
This state 1s also called the SET state.

2, 5=, R=1, }=1,Q'=0
This state is known as the RESET state,
In both the states you can see that the outputs are just comphments of each other and
that the value of J follows the compliment value of 5.
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. 8=, R=0, O=1, & Q' =1 [Invalid|

If both the values of 5 and R are switched to U it 1s an invalid state becouse the values
of both ) and Q" are 1. They are supposed to be compliments of each other. Normally, this
state must be avouded.

4. 5=1, R=1, (} & ()= Remember

If both the values of § and R are switched to 1, then the circuit remembers the value of
5 #nd R in their previous state.

Clocked 5-R Flip Flop

% ltis also called a Gated S-R flip flop.

% The problems with S-R flip flops using NOR and NANID gate is the invalid state,

< This problem can be overcome by using o histable SR flip-flop that ¢can change outputs
when certmn invalid states are met, regardless of the condition of either the Set or the Reset
inputs.

% For this, a clocked S-R fMip flop s designed by adding two AND neither gates (o a basic
NOR Gate flip flop.

< The circult diagram and truth table is shown below.

The circuit of the 5-R flip flap using NAND Gate and its truth table is shown below,

3

Maxt state of (7

No change

No change

{) =k Resal stale
() = 1; set state
Indeterminate

— o = |""]
e = =

—
I— }J ¢

(a) Logic diagram (b} Function tahle
Fig. 3-5 SR Laich with Contral Input
s A clock pulse [CP) is given to the inputs of the AND Gate,
*  When the villue of the clock pulse 1s (¥, the ourputs of both the AND Gates remain "0,
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* Ay soon as a pulse is piven the value of CPwms "1"

This makes thee values at § and R to pass through the NOR Gate {Tip flop. But when the
values of both 5 and R values turn "1, the HIGII value of CP causes both of them to

turn to "0° for a short moment.
* As soon as the pulse is removed, the flip flop state becomes intermediate.

* Thus either of the two states may be caused, and it depends on whether the set or reset
input of the flip-flop remains a 1" longer than the transition to "0 at the end of the

pulse. Thus the invalid states can be eliminated.

Excitation Table of the SR Lalch
* Dunng the design process we usually know the transition from present state 1o next

state and wish to find the lach input conditions that will cause the required transition.

* For this reason, we need a table thar lists the required inputs for a given change of
stnte. Such a table 1s called an excitanion table, and 1t specifies the excitation behavior
of the sequentinl circorts. These are used i the synthesis (design) of sequential
circuils, which we shall see later.

* The excitation of the SR latch is as follows:

Excitation Table: K Map for O,

O
3

l]n+1

0
0 DN 00 01 11 10

1 0 (X 1]

Indoter ] 3 Lx ﬁ ]

i

o

1
Indeter

- =4 =4 = 3 3OO O
“ DD == oo
- O = 3 == O == O]

Note: Indeter = not used
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3. D Flip Flop

« D {lip flop is actually a slight modification of the above expluined clocked SR flip-flop.
From the figure you can see that the D mput 15 connected to the 5 input and the

complement of the D input 15 connected to the R input,
*  The D input 15 passed on to the flip flop when the valve of CPis "1,

*  When CP is HIGH, the flip flop moves to the SET state. If it is (¥, the flip flop
switches to the CLEAR state,
*  As long as the clock input C =10, the SR latch has both inpurts equal 10 0 and it can’t
change its state regardless of the value of D
*  When Cis 1, the latch 15 placed o the set or reset state based on the value of D,
If D=1, the Q ourpur goes 1o 1.
If D =1, the @ ourput goes to 0,

” O—
D
C | Nextsaweofl @
< i Mo change
1 d (= I.T-:-h:t sldti
" : D"_ g 11 | U= LSeiua
(a) Logic diagram () Functhon takble
Fig. 36 D Laich
Excitation Table: K- Map for Q.
D
D Q
O n+1 Dn 0 1
¥ 0 0
0 1 1 v 1]
1 0 0 | l 1 |
1 1 1
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3. I-K Flip Flop
< A J-K flip Mop can also be defined as a modification of the 5-R flip flop, The only

ate-ltr w S st el ST .

difference 15 that the intermediare state 15 more refined and precise than that of a 5-R flip

fop,

J —

CLK —

Q

K—A _r—

D: .
?:

Q

The behavior of inputs J and K is same as the 5 and R inputs of the 5-R flip flop. The |ewer
J stands for SET and the letter K stands for CLEAR.,
When both the inputs 1 and K have a HIGH state, the Mip-flop switches 1o the complement

state. So, for a value of Q@ = 1, it switches o Q=0 and for a value of QQ =, it switches 1o

Q=l.

The circuit includes two 3-input AND pates. The output Q of the ip fop is returned back

as a feedback to the input of the AND along with other inputs like K and clock pulse [CP].

S0, if the value of CP s "1 the Nip NDop gets a CLEAR signal and with the condition that

the value of O was earlier 1.

Similarly output Q@ of the flip flop is given as o feedback 1o the input of the AND along

with other inputs like J and clock pulse [CP].

So the output becomes SET when the value of CPis 1 only if the value of Q7 was ecarlier 1.

The output may be repeated in (ransitions once they have been complimented lor I=K=|

because of the feedback connection in the JK flip-flop.

This can be avoided by setting a4 ome duration lesser than the propagation delay through

the flip-flop.

The restriction on the pulse width can be eliminated with o master-slave or edge-triggered

construction.
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Characteristic table:

Clk J K Qn+1
)] X A Memory
] 0 0 hMemory
1 0 I 0
1 1 0 1 (Set)
] 1 I Toggple

Excitation table for JK Flipflop ¥ _map for Qn+1:

'Dn J K GI'I+-1 ﬂn o0 01 1" 10
0 0 0 O
o o 1| o 0 1)
0 1 0 1 1 1) (1
0 1 1 1
1 0 0 1 —_— —
1: u .l D Erﬂ-—! = J‘Ql_l_'li"gn
1 1 0 i
1 1 1 0
Timing Diagram:
| |
Clock |
-1 o |
wo | T |
| |
H(r-!-!.ell | | |
L | |
Chautpuny ‘ ‘ | ‘
I - | |
| |
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4.°T Flip Flop

% This is a much simpler version of the J-K flip flop.

< Both the J and K inputs are connected together and thus are also called a single input J-K
flip flop.

% When clock pulse is given to the flip flop, the output begins o toggle.

# Here also the restriction on the pulse width can be eliminated with & masier-slave or edge-

triggered construction, Take a look at the circuit and truth table below,

T P »rQ
[ —

CLK
[ »-Q

JExcitation Table for T Flip Flop: K _map for T Flip Flop:
T
Qn T et

Q, 0 1
0 0 0
0 1 1 0 1
1 0 1

1 1

1 1 0

Characteristic Eguation:

En{-l — T‘E_]_ T'Qﬂ
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Clk |

T - !
Muaster-Slave Flip Flop Circuit

Before knowing more about the master-slave flip flop you have 1o know more on the
basics of a J-K flip flop and 5-I flip flop. To know more about the flip flops, click on the link
below.

Master-slave flip flop is designed using two separate flip flops. Out of these, one acts as
the master and the other as a slave. The figure of a master-slave J-K flip flop is shown below.

From the below figure you can see that both the J-K fip flops are presented in g series
connection, The output of the master J-K (ip {Top is fed w the input of the slave J-K flip flop.
The cutput of the slave J-K flip flop is given as a feedback 1o the input of the master J-K flip
flop. The clock pulse |CLK] 15 given to the master J-K flip flop and it 15 sent through a NOT
Gate and thus inverted belore passing if (o the slave J-K (lip flop.

"Migsler Loloh™ "Fg v L™

©Q

N A
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“Masiar I Hiova”
Flipwflaps | Flip-frp
|_ i
Sul e Q lt J 8] - 0
Cilock JL (> Clk | Clk
Resst K 0 { K @4 1]
C .:
1k Gl |
|

Working

When Clock=1, the master J-K flip flop gets disabled. The Clock mpur of the master
imput will be the opposite of the slave input. So the master (hip Mop outpul will be recognized
by the slave flip flop only when the Clock value becomes (1. Thus, when the clock pulse males
a transition from | to (&, the locked outputs of the master flip flop are fed through to the inputs
of the sluve fhp-tlop makmg this thp flop edge or pulse-tnggered. To understind better toke a

look ot the nming diagram illustrated below,

| ] | | i I '
] ] | i 1 [ i
_ i ATY |
Master Eated 1 hold o geied ¢ hold § gated ¢ hold ¢ pawd 1 hold
L _ T ]
| ] | | i | |
i i i | L] ] I
Slave hold | gated | hold | gaied | hold ! gated , hold | gated
— 1 1 1 |
|

i |
s N
1 - | 1 ] ! ! T
| [ | | 1 i
| i | | I 1
i [ | i ] | |
] ; ' A . ] i
[ I | [ ] 1
I | I |
Cur o \ I | i . .
[ I | | i | |

’ ' I I i 'u

2 : | I |

i ] | i i
. ! ! | ! ! |

\/‘
\

Flip-flap ﬂullput can change
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Thus, the circuit accepts the value in the input when the clock is HIGH, and passes the
data to the output on the falling-edge of the clock signal. This mokes the Master-Slave J-K flip

flop a Synchronows device as it only passes data with the timing of the clock signal.
Trizeering of Flip Flops

The ourput of o fip Mop cun be changed by bring 4 small change in the input signal.
This small change can be brought with the help of a clock pulse or commonly known as a
tripger pulse.

When such a mgger pulse is applied to the input, the output changes and thus the flip
flop is said w be mggered. Flip flops are applicable in designing coumers or registers which
stores datn in the form of multi-bit numbers. But such registers need n proup of flip flops
connecied to each other ns sequential circuits. And these sequential circuits require mgger
pulses.

The number of rigget pulses that is applied 1o the input of the circuir determines the
number in a counter. A single pulse makes the bir move one position, when it is applied onto a
register that stores multi-bit diea.

In the case of SR Flip Flops, the chunge in signal level decides the type of ingaer that 15
(o be given 1o the input. But the original level must be regained before giving a second pulse 1o
the circunt,

If a clock pulse is given (o the input of the fip flop an the same nme when the output of
the flip flop is changing, it may cause instability 1o the circuil. The reason for this instability is
the feedback that is given from the output combinational circuit 10 the memory elements. This
problem can be solved to a certain level by making the Aip Nop more sensitive 1o the pulse
transition rather than the pulse duration.

There are mainly four tvpes of pulse-mggenng methods. They differ in the manner in

which the electronic circuits respond 1o the pulse. They are
1. High Level Triggering
When a flip flop 15 required to respond at its IIIGII state, o HIGIT level triggering

method 1s used, Tt 15 momly wdentified from the straight lead from the clock imput, Take o look

at the symbolic represemation shown below.
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Triggers on high dock level

T
L.

— gl—

High Level Triggering

4. Low Level Triooering

When a flip flop is required to respond at its LOW state, a LOW level tripgering
method is used.. It is muinly identified from the clock input lead along with a low state

indicator bubhble. Take a look at the syimbohe represematon shown below.
Triggers on laow clock level

Q_
L
—{] cLK

— or—

Low Level Triggering

3. Positive Edge Trippering
When a flip flop s required 1o respond at a LOW o HIGTH transition state, POSITIVE
edge miggering method is used. It is mainly identfied from the clock input Tead along with a

triangle. Take a look at the symbalic representation shown below,

Triggers on this edge
of the clock pulse

S

—_— Tl —

Positive Edge Triggering
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4. Negative Edge Triggering

When a {lip fop is required o respond during the HIGH 10 LOW transition state, a
NEGATIVE edpe triggering method is used, It is mainly identified from the clock input lead
along with a low-state indicator and a mangle. Take a look at the symbolic representation
shown below.

Triggers on this edge
of the clock pulse

_lJ B
— C{>CLK

| Q_

Negative Edge Triggering
Clock Pulse Transition

The movement of & trigger pulse 15 dlways from a 0 1o | and then 1w 0 of a signal.
Thus it takes two transitions in a single signal, When it moves from O to 1 it is called a positive

transition and when it moves from | o 0 itis called a negative transition. To understand more

tuke a look at the images below.

Posilive pulse Meqgative pulse
1 1
)} 0
Poniue MNeg i Megaims Pomtive
Edge Edge Edge Eidge

Definition of clock pulse transition

The clocked fMip-flops already introduced are rriggered during the 0 to | transition of
the pulse, and the state transition starts as soon as the pulse reaches the HIGH level, I the
other Inputs change while the clock 1s sull 1, a new output state may occur. I the flip-flop is
mitde to then the multiple-trunsition problem can be ehiminated.

The mulli-transition problem can be stopped is the Dip Mop s made o respond to the

positive or negative edee transition only, other than responding to the entire pulse duration.
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Flip Flop Conversion

For the conversion of one Nip Nop 1o another, o combinational circuit hay o be
designed first. IF a JK Flip Flop is required, the mputs are given to the combinational cirewit
and the output of the combinational circuit is connected to the inputs of the actual flip flop.
Thus, the output of the actual Nip Mop is the ootput of the required Mip flop. The following Aip

fop conversions will be explained.

- SR Flip Flap to JK Flip Flop
- JK Flip Flap to SR Flip Flop
. SR Flip Flop to D Flip Flop
« D Flip Flop to SR Flip Flop
. JK Flip Flop to T Flip Flop
. JK Flip Flop to D Flip Flop
- D Flip Flop to JK Flip Flop

SR Flip Flop lo JK Flip Flop

As told earlier, J and K will be given as external inputs to § and K. As shown in the
logic diagram below, § and R will be the outputs of the combinational circuit.

The truth tables [or the Mip Mop conversion are piven below. The present state is
represented by Op and Qp+1 15 the nexr stie o be obtamed when the J and K inputs are
applied.

For two inputs J and K, there will be eight possible combinations, For cach combination
of ), K and Qp. the comesponding Qp+ 1 states are found. Q. simply suggests the furare
values to be obtlained by the JK flip flop after the value of Qp. The table is then completed by
writing the values of 5 and R required petiing each by from the corresponding Qp. That is,
the values of 5 and K that are required to change the state of the Mip Mop from Qp to Qp+1 are

WTIteEn.,

Nt st

i
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5-R Fhp Flop to J-K Flip Flop

Conversion Tahte Lagpe Dagrarn
| - Irputs Outiiuts 5-R loputs ‘
p K Qo Gas 5 R
b & o © o } = G
6 & 1 1 %X B '
o1 B o B X
Do R R S <
r o o0 1 1 0 o
o R S T :)— " 7T &
Lo g 1@
11 ' B S

K
1 & a0 o1 IL 10 ann an ol 11 o

[ i 1 2 & i 1 ]
d o ¥ 0 L& 0 H Q |_|-| £
— i E 7 Rl i 5 1 ]
L] x o | L 1| @ & li] 0

5 =32 LR
K-MHap

K Flip Flop 1o SR Flip Flop

This will be the reverse process of the above explained conversion. § and R will be the
external inputs to J and K. As shown i the logie diagram below, J and K will be the outputs of
the combinanonal crrewt. Thus, the values of J and K have to be obtamed o terms of §, R and
Qp. The logic diagram is shown below.

A converswon table s o be writlen psing 5, R, Qp, Op+1, 1 and K. For two mputs, 5 and R,
eight combinations are made. For each combination, the corresponcding Qp+1 outputs are
found ut. The owtputs for the comhinamions of S=1 and R=1 are not permitted for an SR flip
flop. Thus the ourputs are considered invalid and the J and K values are taken as “don’t cares™.
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J-K Flip Flop to S5-R Flip Flop

Conversion Table Loglc Diagram

S5-R Inputs | Outputs | J-K Inputs
S R lQpQp+1] J K S —) Qp ——
o 4 a o 0 x
0 a 1 1 X 0 —_—C
o 1 0 o 0 X o
R K Qo ——o
0 1 1 o x 1
1 0 o 1 1 X
1 0 b § 1 x aQ
1 1 Invalid Dont care
1 1 Invalid Dont care
NPo0 o111 10 NP0 o1 11 10
o 1 3 2 o 1 3 3
of o | x [ x 0 ol x| o | A %
1 - F G 4 5 7 2
1 [ A A X 1| X 0 X ®
1=5 K-maps k=R

s Flip Flap to D Flip Flo

As shown in the figure, 8 and R are the actual inputs of the flip flop and D is the external input
of the flip Mop. The four combinations, the logic disgram, conversion table, and the K-map for
S and R in terms of D and Qp are shown below,

S-R Flip Flop to D Flip Flop

Canversian Table K-maps Logic Diagram
o o
D Input | Quipurs | SR Inputs uq a ] -t:q o 1 D 5 Qel—
S Tol |t
o o 0 o X bljoj o X -
3 A 3
0 1 0 o 1 | . s o | o
- —r O
i o 1 1 (1] S=0D0 A=
1 1 1 X i
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D Flip Flop to SR Flip Flop

D 15 the actual input of the lip Aop and § and R are the external inputs, Eight possible

combinations are achieved from the external inputs 5, B and Qp. But, since the combinanon of
S=1 und R=1 are involid, the values of Qp+1 and D are considered as “don’t cares™. The logic
diagram showing the conversion from ¥ to SR, and the K-map for I} in terms of &, R and Qp
are shovwn below,

Conwgrpann Table
g.p Ingéllll-l?i% O gt
G a ° a d
o 0 1 1 1
(- I R Q
o1 1 0 ]
i 8 g 1 1
] a 1 1 1
1 1 Fnwatd Dol canw
1 Friwakid Dol caw

JK Flip Flop to T Flip Ilop

O Flip Flop to S+R Fiip Flop

B pap
"
q']:"" i1 1E 1
% 1 1 F] H]
al e [[i]| e | o

oGt

Lot Degegvm

J and K are the actual inputs of the flip flop and T 1s taken as the extenal input for
conversion, Four combinations are produced with T and Qp. J and K are expressed in terms of
T and Qp. The conversion rable, K-maps, and the logic diagram are given below,

Conversion Table

T Jingian Cwtpuis | J-E Inputy
Go Coel 1 K
a o o K
] 1 1
| 1] | x
| I X 1

JE Flip Flop o D) Flip Flop

J-K Flip Flap to T Flip Flop

K-maps Logic Diagram
'q" o 1 1‘:"* a 5
& i ] i 1 Qp
ol o X ol ®
¥y T k=
| [ Hi 1| 1
p=T KaT K Op

D is the external input and J and K are the actual inputs of the flip flop. D and Qp make four
combinations, 1 and K are expressed in terms of D and Qp. The four combination conversion
table, the K-maps for J and K in terms of D and Qp, and the logic dingram showing the
conversion from K o [ are given below,
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Convernon Table

|

B ingut Chuilpids | J-K Inguty
on Gl 1 5
[+ 4] o o X
L1 1 o X 1
i o1 [ I
I 1 Y] X d

J-K Flig Flop to C Flip Flop

K-maps Logic Desagram

B ] i f 0 1 v]

- 1] q e
ol o] ' o]l BT | i
== s —1°

- DFlip Flop to JK Flip Flop

In this conversion, D s the actual input to the fhip Aop and J and K are the external inputs, J, K

and Op make eight possible combinations, as shown in the conversion table below, D is

expressed 0 terms of 1, K and Qp.

The conversion table, the K-map for D in terms of J, K and Qp and the logic dingram showing
the conversion from D o JK are piven in the figure below.

Canseryssn Tebie

|epoge | gy | oome

o o 1] (]
B o 1 i i
I | a a o
oo i o o
1 o =) i 1
I o ] 1 L
LI | a 1

1 1 1 ] [+

D Flip Flag (o J-K Flip Flap

l:-l'ﬂ-lp- Lm:.: E:I-.I-Jrll'n
]rq"n-:i g1 1% 18
[ 1 F F] o v ]
1| o m e | o !
i ONRE ] 1 —_—
| WY e X B
D= ip » KQp
(T E T F31
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