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UNIT-V
SEQUENTIAL CIRCUITS |
Classification Of Sequehtial Circuits (Synchronous And Asynchronous):
Classifications Of Sequential Circuits:

The sequential circuits are classified on the basis ol timing of their signals into two types. They
are.

I') Synchronous sequential cireuit.
i 2) Asynchronous sequential circuit.
There are two types of sequential circuit. synchronous and asynchronous.

Ssnchronous types use pulsed or level inputs and a clock input to drive the circuit (with
restrictions on pulse width and circuit propagation)

{_. S
P e W
2 - 4in ; Yo
L Sequential Logic S
L b Circuit b =3
= i}
N —p
"' 3
o
Clock Pulses
oy Asynchronous sequential circuits do not use a clock signal as synchronous circaits do. Instead

the cireuitis driven by the pulses of the inputs.

1

I —————————4‘» o
o 9 0

Seguential Loagic

Circuit ’

\H \’

A pulsed output is an output that lasts for the duration of
i some cases. For the clocked sequential cireuits. the
¢ ock pulse.

Pulses

Levels

Inpat

Output Pul

a particular input pulse but can be less
output pulse is the same duration as the

A level autputreiers to an output that changes state at the start of an input pulse or clock pul
and remains in that state untii the next mput or clock pulse. ) piilse

www.FirstRanker.com
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This implies that il we had the outputs from the collectors of both the transistors, then the two
outputs would be complementary.

In the flip-flops of various types that are available in IC form, we will sce that all these devices
offer complementary outputs usually designated as Q and Q.

The R-S flip-flop is the most basic of all (Tip-flops. The letters R and S here stand for RESET
and SET.

When the lip-flop is SET. its Q output goes to a | state, and when it is RESET it goes to a 0
state. The Q output is the complement of the Q output at all times.

Operation of RS flip-flop:
™ = When Rinput is low and S input is high, the Q output of flip-flop is set.
= When R input is high and S input is low. the Q output of flip-lop is reset.
* When both the inputs R and S are low, the output does not change.
» When both the inputs R and S are high, the output is unpredictable.

Truth Table:

NAND Gate
S R Q(t+1) A B Y
0 0 Indeterminate 0 0 |
0 I Set 0 | I
| 0 Reset | 0 I
I | NC 1 I 0
)
S > o

JK flip flop:

A J-K flip-flop behaves in the same fashion as an R-S flip-flop except for one of the entries in
the function table.

www.FirstRanker.com &
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| (in the case ol (Tip-Mlop with active

I case af R-S ip-Nop. its input combination S ° | case of a flip-flop with active LOW

LG inputs) and the input combination S~ R0 Ginth
mputs) are prohibied

) , “the Mip-lop toggles, that is,
I the came ol -l ip-Top with active LG inputs, the output ol the Mip-flop togg
i poes to the other state, for ) k1
(ip-Nop having active 1LOW inputs, Thus. the

. ol ‘ i Cease of the . : A
e output topgles for b ko O dnthe case len input combination ol the R-S flip-flop.

FIs hip=tlop can overcome the problem ol a forbide

: cooered 1-K (lip-Nops with active HIGH and
Fipures below show the cirenit symbol of |L‘VL'|-1||}1}-{LI|LI—(| J-K flip-fo

K " , o tbles.
active LOW inputs respectively with their function table
; ; Ve i Cinputs and a J-K flip-flop
e charncteristic tibles fora J-K ip=llop with active II‘I(JI I ’| dlll.tl K 1111( : '”‘]d i p
. . ) NS : s .

with active LOW Jand K inputs respectively are shown in both Trgure o
for the characteristics table .

\ / LR m | . CTeure
I he corresponding Karmaugh maps are shown in below ligure

, , , e ol be Tpure is shown next.
Ihe characteristic equations for the Karnaugh maps ol below figure 1s

() J N,

TR
) = 1.0 N
;
[ . ‘ rorles i [ Clk Oy 8
| I'S) ()|wl‘|'|‘llf,1 | ’ | ' ! ' |
A ! { 1 |
I [RIERST S| L | ] (
‘ IC CHANCH () O 1 (o
) 5} O | | | O .
(Y]
(@) oot Mo ) b Cle oot
ST ‘ x 1 )
S HE S I | 0
MO CHAMNGE | | | Qn
e ) IERII | 0 ) | G
)

a) JK ip op with active high inputs, b) JK Tip flop with active low inputs

JK fip-flop is an universal Nip-Mop:

www.FirstRanker.com
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When configured in various ways, JK flip flop is capable of operating like mostother types of

Mip - Nops.

Operation of JK flip-flop:

When K input is low and Jinput is high. the Q output of flip-flop is set.
When K input is high and I'input is low. the Q output of flip-flop is reset.
When both the inputs K and I are low, the output does not change.

When both the inputs K and J are high, it is possible to set or reset the flip-flop (i.¢) the output
toggle on the next positive clock edge.

- State diagram:

| JK =10 (or) 11

i

:: JK =00

g Lo (or) 10

| W

| o

{ JK =01 (or) |1
i
i State table:

!

Q J K Q(t+1)
0 0 0 0
p 0 0 [ 0
ﬁ 0 I 0 |
f- ~ 0 I 1 I

1 0 0 1
‘ | 0 | 0
4 | | 0 l
i | l | 0
f
Counter using JK flip flop:
} Q2 Qi Qo
i 0 () 0
0 0 1

www.FirstRanker.com
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U w00, 0,
Q o0 || o Q00 08 11 1o n : 0o 01 [
, 0 0l Lo follt)fo
. LLOLO N[N LN NN X
Jo = =Qy Oy 0,
() l‘\“ ‘\‘. ‘“ ()
3, (UL ln U.\ c:() HI m u,’»\ 00 Ul 1
l [ (0 \'
L\ 0 (0 u'
A
N, Q, Ky~ Q, Ky ),
Logle Diagram;
| 0 , I (0 ‘ I ()
! | | ) ]
. b
0 0 N
NG Q, K O, ] N 0 I
l Prablems
» Letus consider that The Tollowing sequence is to be venlized by o counter consisting ol 3 JK
Flip flops,
\ () U] () 0 | | ()
Ay () | | 0 () | ()
Ay () | U [ | ] ]

Hoere we will dexign the counter,

l
E"
- . www.FirstRanker.com
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Solution:
Truth table:
Present State Next State Flip-Flop Inputs
.*‘\1 A: AJ A1 Az A3 JA| KA| JAZ |{A2 ]A] KA_;
0 0 0 0 | ] 0 X | X | X
0 | | 0 | 0 0 X X 0 X | ]
0 | 0 0 0 ] 0 X X | | X
0 0 | | 0 | | X 0 X X 0 &
| 0 ] ] | 0 X 0 | X X |
| | 0 0 0 0 X | X | 0 X
K - map:
JA
AZAL\ l A2A] JAZ AIAE JA}
Al 00 01 11 10 MOO o1 11 10 Al 00 01 11 10
0 0 1 3 2 Ol 1[0 XI|IX o1 [ XIXT]1]
0 1] |o |0 1 X O [XIX ] PIxX|x|[x]o
4 5 7 6 _ —
1 X X X X JA} As + AIAI JA) - AI
JA =A A,
AIA] KAL AZA] KAz A‘ZA] KA]
AN_00 01 11 10 M 01 11 10 AN_00 01 11 10
oTXI XX IIXT oTX|lol ! |[X o[x|o|[T[X
TIXHHO X! VLX) X 1 [Lé
KA, =A, KA, =A, KA, =A +A,

State Diagram:
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D fliptlop:

A D flip-flop also called a delay Nip-Nlop can be used to provide temporary storage of one bit of
information.

Figure shows the symbol of the circuit and the function table of a negative edge-triggered D flip-
ftop.

When the clock is active, the data bit (0 or 1) presentat the D input is transterred to the outpul.

In the D flip-Nlop. the data transfer trom D input 1o Q output occurs on the negative-going
(HIGH-10-LOW) wansition of the clock input. D Input can acquire new status.
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———q™>Clk FF

(a)

D Clk Q ﬁ
0 Y 0
1 1
(b)

Qn D Qn+1

0 0 0

¢ 1 1

1 0 0

1 1 1

{c) .

D
Qn 0 1
0 [ 1
1 1 I
Qns1 =D
(d)

(a) Symbol, (b) Function table, (c) Truth table and (d) K-Map
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Operation of D flip-flop:

: il : is setand i D=0, the
In D lip-flop during (he occurrence ol clock pulse i D 1. the output Q 1s set and it D

output is reset.

State diagram:

(R
D0 () | [
e
\_“
D0
§ ~ State table:
—
Q D Q(t+1)
() 0 0 ]
0 I I
o 0 0
| I |

Flip-Flop excitation tables for D flip-flop:

In D flip-flop, its next state is always equal to the Iy input and it is independent of the present

stale.

Dis 0if Q. has to 0 and if Qu has to be | regardless the value ol Q.

T flipflop:

The output of a toggle Mip-flop also called a T fTip-Mop changes state every time it is triggered at

its T input called the toggle input. That is, its output becomes 1. ifit was 0 and 0 il'it was 1.

I we consider the T input as active when HIGIHL the characteristic table of such a Mip-Mlop is
shown in the figure. The Karnaugh maps for the characteristic tables of Figures are shown . The
characteristic equations as written from the Karnaugh maps are as lollows:

1
i Uy = 10, +7.0,
Q1 =10, +T.0,

i
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al——
_P T Oﬂ an
i
~T FF | 0 1
| 1 0
(a)
Q ee————
J U L T on Onl|
—_—n‘ :': T FF 1 0 !
| 1 0
(b)
On T Oml
0 0 0
(V] 1 1
1 0 1
] | ()]
«)
On T Qe
0 0 1
0 1 0
1 0 0
1 1 1
(d)
D fip-flop

Operation of T flip-flop:

1" Nlip-flop is also known as Toggle flip-flop.

When the value of T=0, there is no change in the output.

When the value of T=1. the output switch to the complement state (i.¢) the output toggles.

Flip-flop excitation tables for T flip-flop:

12
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When input T=1 the state of the Mip-flop is complemented.

when T=0, the state of the Flip-Mlop remains unchanged. Therefore, for 0 O and 1 1 transitions |
mustbe 0 and for O Tand 1 0 wansitions must be |

Master-Slave JK Flip-flop:

A master-slave Tip-MTop consists of two Mip-Mops where one circuit serves as a master and the
other as a slave.

Ihe Master-Slave Flip-Flop is basically two gated SR Mip-Nops connected together in a series
configuration with the slave having an inverted clock pulse.

The outputs from Q and Q from the “Slave™ flip-MTop are fed back to the inputs of the “Master”
with the outputs of the “Master™ flip flop being connected to the two inputs of the “Slave™ fMip
Nop. This feedback configuration from the slave’s output to the master's input gives the
characteristic toggle of the JK flip flop as shown below.

Master Latch Slave Latch

_— ;' JE— 4

g IR “p-, ] - —— Yoo [T

S — . }‘_T"" “_,,A-.-») b T e .

nE - =

s P o
I [‘.- ~. ] - R l

- , 1 '(v‘
i \;—,:,0_._.

Master-Slave JK Flip Flop

The input signals J and K are connected to the gated “master” SR flip fTop which “locks™ the
input condition while the clock (CIk) input is “HIGH" at logic level =],

As the elock input of the slave™ Tip Mop is the inverse (complement) of the “master™ clock
input. the “slave™ SR Tip flop does not toggle.

The outputs from the “master™ flip flop are only “seen™ by the gated “slave™ flip Nop when the
clock input goes “LOW™ 1o logic level “0™

When the clock is "LOW™, the outputs from the “master™ flip flop are latched and any additional
changes to its inputs are ignored. -

The gated “slave™ Tip flop now responds to the state of its inputs passed over by the “master”
section.

www.FirstRanker.com
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Then .on the “Low-to-High™ transition of the clock pulse .the inputs of the “master™ Tip flop are
fed to the gated inputs of the “slave™ flip lop and on the “High-to-Low™ transition. the same
inputs are reflected on the output of the “slave™ making this type of flip flop edge or pulsc-
riggered.

Then. the circuit accepts input data when the clock signal is “HIGH™ and passes the data to the
output on the falling-edge of the clock signal.

In other words. the Master-Slave JK Flip flop is a “Synchronous™ device as it only passes data
with the timing of the clock signal.

Application of Master Slave FF:

* Frequency dividers

« Shift registers

+ Parallel data storage

* Counters

Conversion from One Flip-Flop To Flip-Flop:

JK Flip Flop to SR Flip Flop:

S and R will be the external inputs to J and K. As shown in the logic diagram below, J and K

values will be the outputs of the combinational circuit. Thus, the values of J and K have to be
obtained interms ol S, R and Qp. The logic diagram is shown below.

A conversion table is to be written using S, R, Qp. Qp+1, J and K. For two inputs S and R, eight
combinations can be made. For each combination, its corresponding Qp+1 outputs are found out.

The outputs for the combinations of S=1 and R=1 are not permitted for an SR flip flop. Hence,
the outputs are considered as invalid and the J and K values are taken as “don’t cares”.

14
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J-K Flip flop to SR Flip Flop

Conversion lable Logic Diagram
S-R Inputs | Outputs | J-K Inputs
S R Jp Qpt1 J K G —J Op
0 0 O 0 0 X
0 0 1 1 X 9} — C
0 1 0 0 0 X
R K Jp
(] 1 ) () X 1
1 0 0 1 1 X
1 0 1 1 X 0
1 1 Invahd Dont care
1 1 Invalid Dont care
R . R . .
A ® g 01 11 10 A F a0 o1 11 10
0 1 3 2 ’ 0 1 3 2
0 0 X X 0 0 X 0 1 X
4 = 7 ) 4 5 7 5
1] [1 X X X | 1] X 0 ; X
=5 - aps K=R

Conversion table, K-Map and Logic diagram
SR Flip Flop to D Flip Flop:
As shown in the figure, S and R are the actual inputs of the flip flop and D is the external input

ol the flip flop. The four combinations, the logic diagram, conversion table and the K-map for S
and R in terms of D and Qp are shown below.

www.FirstRanker.com
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Conversion table. K-Map and Logic diagram

D Flip Flop to SR Flip Flop:

D is the actual input of the flip flop and S and R are the external inputs. Eight possible
combinations are achieved from the external inputs S. R and Qp. Since the combination of S=1
and R=1 are invalid. the values of Qp~1 and D are considered as “don’t cares™.

The logic diagram showing the conversion from D to SR. and the K-map for D in terms of S. R
and Qp are shown below.

O Fup FloptoS-Ribpfiop
. » ) M
. ] (=
= C - 10
g <F ‘ E S -
( L 0
1 1 1
i
L | n
Qeb [ E—
1t
1
1 1

Conversion table. K-Map and Logic diagram

JK Flip Flop to T Flip Flop:

J and K are the actual inputs of the flip flop and T is taken as the external input for conversion.
Four combinations are produced with T and Qp. J and K are expressed in terms of T and Qp.

16
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JKEHEp Fopto L ptlop

Comewiwm K-t e ' v ran
) AN 1 N U 1
Input utpuly ] * Inpots ) ) ' ] o p—
NSS! l o]« - ol 9
) ; N i ‘
[
) X S — ~ I
) . —
1 | 1 )

Conversion table. K-Map and Logic diagram

Design Of Ripple Counters, Design Of Synchronous Counters, Johnson
Counter, Ring Counter:

A ripple counter is an asynchronous counter where only the first Mip-Mop is clocked by an
external clock. All subsequent flip-flops are clocked by the output of the preceding flip-flop.
Asynchronous counters are also called ripple-counters because of the way the clock pulse ripples
it way through the flip-flops.

The MOD of the ripple counter or asynchronous counter is 2" if n MTip-Mops are used. For a 4-bit
counter, the range of the count is 0000 to 1111 (2*-1). A counter may count up or count down or
count up and down depending on the input control, The count sequence usually repeats itsell.
When counting up. the count sequence goes from 0000, 0001, 0010, .. 1110 1111 . 0000, 0001,

- cte. When counting down the count sequence goes in the opposite manner: 1111, 1110. ...
0010, 0001, 0000, L1111, 1110, ... etc.

The complement of the count sequence counts in reverse direction. If the uncomplemented
output counts up. the complemented output counts down. If the uncomplemented output counts

down, the complemented output counts up.

There are many ways to implement the ripple counter depending on the characteristics of the flip
flops used and the requirements of the count sequence.

Clock Trigger: Positive edged or Negative edged

JK or D Aip-flops

Count Direction: Up. Down, or Up/Down

Asynchronous counters are slower than synchronous counters because of the delay in the
transmission of the pulses from flip-flop to flip-Mlop. With a synchronous circuit, all the bits in

the count change synchronously with the assertion of the clock. Examples of synchronous
counters are the Ring and Johnson counter.

www.FirstRanker.com



J—

:l », FirstRanker.com

A Firstranker's choice
www.FirstRanker.com www.FirstRanker.com

It can be implemented using D-type flip-flops or JK-type flip-flops.
[he circuit below uses 2 1 flip-flops to implement a divide-by-4 ripple counter (2°=2"=4).It

counts down.

..
STATE TABLE
ﬁoum Q1 Qo
0 0O
.Jj??o1 ,3:’?.0_1 l 3 L1 4

—b a0 L—b a1 ; .0

C 5 ’
e’ cLe ” - P
s | s s =
T I = " o =5
(L=
CLK
0
21
Synchronous Counter Design .

A finite-state machine determines its outputs and its next state from its current inputs and current
state. A synchronous finite state machine changes state only when the appropriate clock edge
oceurs.

The following diagram shows a sequential circuit that consists of a combinational logic block
and a memory block. For simplicity, we limit the design to one input and 2 JK flip flops. You
will learn to derive the combination logic that meets the design specifications.

18
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CLK
D Ja ‘

s i >
Ka Qp
INPUt - Combination > KEE  t >
Logic  Jg R QH»

Ks

~
The steps to design a Synchronous Counter using JK flip flops are:
Let us deseribe a general sequential circuit in terms of'its basic parts and its input and outputs,
Let us design a 2 bit up/down counter with an input D which determines the up/down
function. Thus when D=0, the count sequence is 00,01,10,11,00 ... when D=1, the count
sequence is 00,11,10,01,00 ...
Draw the state diagram for the given sequence.
QaQg
— 00 <.
1 D
| v
/ '
i _A" \ 0 |
t o v . i |
—~ ) .
" == = 01
- g
| . S0
\ 0/ !
\ ] ]
\ | /
\ | /
1\ " * /
e A
R

Develop a next-state table for the specific counter sequence. Using the state diagram as a
reference, fill up the present state and next state columns. For this interactive table. we can
modify the next state.

ﬁ’rcxcnl State I\L‘\l Stale IR ip Hop inputs ] ] [ I [ I l

www . FirstRanker.com




:l » FirstRanker.com

A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

D oA JoB on loB A [Kka B K13 -
( 0 0 | () X :

() ) ‘ 4 —

() () | | () | L X ]

0 [ 0 l l X 0 | ]

( | | () () | X | o _4

| (0 () | | ]
|

| () | () () () S L — 1

| | () 0 | \ | |

['7 ‘ | 0 \ 0 B

IK Flip Flop Truth Table

I N 0 |

( 0 (o 3

0 | ()

| () | |

| | foovle |

JK Flip Flop Transition Table

ON ON- | [ K 1

() () () X

() | | X

| () X |

| | X ()

Use K-map to derive the logic equations.

IA=DQB+DQB

OAQB\D 0 1

00 () |

01 ‘1 0 B

I A N

10 X

KA=DQB+DQB

[LAQB D 0 ' |
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oo I X
(H \ 5\ -
I | () )
] () [
(I
oo | -
00) | |
()] \ \
Il N - ]
10 [ i B
- .

NI
OAQB D () [
()() bN X
01 _l__ W,ﬁ-,AA_,“,. -
I | |
10 AN N

L Lse the boolean expressions to implement the counter

1 | T

N

1

Shift register counters - Ring counter
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\ shill register can also be used s acounter v Shiflregister with the seral output connection
back to the serial input is catled Shiftregister counter

Phere are 2 types of shiflt Register counters are:
) Ring counter

1) Johnson counter

Ring counter:

A ting counter is acireular shifl register with only one ip Mop being setatany particular time,

all others are cleared.

A ring counter is a counter that counts up and when it reaches the last number that is designed to
count up L it will reset itsel U baek o the fiest number.

lor example, o ting counter that is designed using 3K 1 lip Flops will count starting from 001 to
010 1o 100 and back to 001, Towill repeat itselfin a 'Ring!

Johnson counters:

e Johnson counter is a K-bit switeh-tail ving counter with 2k decoding gates to provide outputs
for 2 k timing signals

A Johnson counter is a special case of shilt register where, the output from the last stage is
inverted and fed back as input to the first stage. A pattern o bits equal in length o the shift
register thus cireulates indefinitely. These counters are sometimes called "walking ring"

counters,

It is used in specialist applications including those similar o the decade counter, digital o
analogue conversion, ete.and thus the name Ring Counter,

Design Of Registers - Buffer Register, Control Buffer Register, Shift
Register, Bi-Directional Shift Register, Universal Shift Register:

Buffer Register:

Figure below shows the simplest register constructed with four D Nip-Nops. This register is also
called bufter register. Fach D lip-flop is triggered with a common negative edge cloek pulse,
Ihe input X bits set up the (lip-flops for loading.

Iherelore, when the first negative clock edge arrives, the stored binary information becomes,

0,QeQcQp = ABCD
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Oa Q, L Dy Qp 7°c Qc— L O Qp—

Sy ) A )

Buffer register:

In-this register, four D flip-flops are used. So it can store d-bit binary information. Thus the
number of Mlip-flop stages in a register determines its (otal storage capacity.

=~ Controlled Buffer Register:

We can control input and output of the register by connecting tristate devices at the input and
output sides of register as shown in Figure below .So this register is called "controlled bufter
register’. Here, tristate switches are used to control the operation. When we want to store data in
the register, we have to make LOAD or WR signal low to activate the tristate buffers.

| When we want the data at the output, we have to make RD signal low to activate the buffers.

: iﬁﬁf'w_$ % % %
L— O, 0O, L Dg Og |— Oc 0O I—— O Q
[—0 ® J—<> > © > ©

el
" BN R

Q, Qg Qe Qo

Controlled Bufter Register

Controlled buffer registers are commonly used for temporary storage of data within a digital
system.

Shift registers:

~www.FirstRanker.com
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A register capable of shifting its binary information in one or both directions from state 1o state
within the register or into or out ol the register upon application of clock pulses is called a shift
register.

A register that is capable of shifting data. one bit at a time is called a shift register. One of the
Lses of a shift register is to convert between serial and paraliel interfaces.

This is uscful as many circuils work on groups of bits in parallel. but serial interfaces are simpler
to construct.

Shift registers can be used as simple delay circuits and also as pulse extenders. A serial shift
register consists of a chain of Mip-Mops connected in cascade with the output of one flip-Nop
being conneeted to the input of its neighbor.

The operation of the shill register is synchronous: thus cach Mip-flop is connected Lo a common
clock.

D Nip-flops forms the simplest type of shift-registers. The basic data movements possible within
2 four-bil shilt register is shown in figure.

Timing diagram of shift register
The types of shilt registers are:

1) Serial In Serial Out (SISO)

2) Serial In Parallel Out (SIPO)
3) Parallel In Serial Out (P1SO)
4) Parallel In Parallel Out (PIPO)

Serial-1n, Serial-Out:

24
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Destructive Readouls
I destroctive readout - each datum is lost once it has been shifted out of the right-munst bit

.
a0l

Fhese are the simplest kind of shift register. The data iring is presented at ‘Data In'.
shifted right one stage each time ‘Data Advance’ v brought high,

AL cach advance, the bit on the far left (e ‘Data In') is shifted into the first flip-flop's output.
Fhe biton the far right (e, "Data Out') is shifted ou and lost

Non-destructive readout
Non-destructive readout can be achieved if another input line is added - the Read Write Control.

When this is high (e, write) then the shift register behaves as normal, advancing the input data
one place for every clock cycle and data can be lost from the end of the register.

However, when the RIW control is set low (1. ¢. read), any data shifted out of the register at the
tight becomes the next input at the left and is kept in the system.

Therefore, as long as the 1R/W control is set low. none of the data can be lost from the sy stem.
Serial-In, Parallel-Out:This configuration allows conversion from serial to parallel format.

Data are input serially and once the data has been input. it may be cither read off at each output
simultancously or it can be shifted out and repluced.

Parallel-In, Serial-Out:

Fhis configuration has the data input in parallel format. To write the data 10 the register. the
Write/Shilt control line must be held LOW.

Lo shift the data, the W/S control line is brought 11GH and the registers are clocked.

As long as the number of clock cycles is not more than the length of the data-string. the Data
Output, ), will be the parallel data read off in order.

Parallel-In, Parallel-Out:

Ihis kind of shift register takes the data from the parallel inputs (D0-D3) and shifts it to the
corresponding output (Q0-Q3) when the registers are clocked.

[t can be used as a kind of ‘history " retaining old information as the input in another part of the
system until ready for new information. where upon the registers are clocked and the new data

are ‘let through'
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Bidirectional Shift Register:

Phis type of register allows hifling ol data either o the left or to the right side. 10 can be
un|\|~.‘|.ncnlml by using logic wate cireain that enables the wanster of data from one stage Lo the
neat stape tothe ripht or o the [, depending on the level of a contol Tine. Figure below shows

2 four-bit idirectional register.

L) (%)
e
Wy
x

—

J N s 5D

A-bit bi-directional shift register

The RIGHTLEET is the control input signal which allows data shifting either towards right or
towards left. A high on this line enables the shifting of data towards right and a low enables it

towards left. When RIGHT LEFT signal is high, gates Gl G2. G3. G4 are enabled. The state of

the © output of cach Nlip-Nop is passed through the D input of the following flip-flop.

\When a clock pulse arrives, the data are shified one place to the right. When the RIGHT/LEFT
Genal is low. gates GS, Gs, G7. GS are enabled. The Q output of each flip-flop is passed through

the D input of the preceding flip-flop. When clock pulse arrives. the data are shifted one place Lo

26
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the Ic!t. Bidireetional Shift Register with Parallel Load We have seen that shift register can be
used for converting serial data into parallel data. and vice-versa,

When purz}llcl load capability is added to the shifi register, the data entered in parallel can be
lchn out in serial fashion by shifting the data stored in the revister. Such a register is called
bidirectional shift register with parallel Toad. Figure below shows bidirectional shift register with
parallel load. :

As shown in the Figure (b) . the D input of cach (Tip-flop has three sources

Output of left adjacent Mip-Mlop

output of right adjacent flip-Top and

~ Parallel input

Out of these three sources one source is selected at a time and it is done with the help of decoder.
I'he decoder select lines (SLy and SLg) select the one source out of three as shown in the tahle

below.
SL4 SLg Selocted Source
0 ! 0 Fara el -
0 i 1 ' Quiput ol ngnt adacent FFE
1 | Q I Qutput of laft adjacent FF
1 1 !
i

When select lines are 00 (i.e. SL; = 0 and SL,, = 0). data from the parallel inputs is loaded into
the 4-bit register. When select lines are 01 (i.e. SLy = 0 and SL, = 1), data within the register is
shifted 1-bit left. When select lines are 10 (i.e. SL; = | and SLy = 0), data within the register is
shifted 1-bit right.

Paralie! irputs

24 ?
Cecoder 2
1)
3L
Senal datain ] f " Cenal data in
fo right-ghift fae lofk-sn14
O O,\'-J Dy 05 O Ocl? Dp Qe

ol ol el 1@

Q, O3 Oc 9

CP—e

Paralisl ouiputs
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(b) 4-bit bi-directional shift register with parallel Toad

Universal shift registers:

Today. there are many high speed bi-directional suniversal™ type Shift Registers available such
as the TTL 7415194, 7418195 or the CMOS 4035 which are available as 4-bit multi-function
devices that can be used in either serial-to-serial, left shifting. right shifting. serial-to-parallel.
parallel-to-serial or as a parallel-to-parallel multi-function data register, hence the name
“Universal™.

These universal shifl registers can perform any combination of parallel and serial input to output
operations but require additional inputs to specily desired function and to pre-load and reset the
dovice. A commonly used universal shilt register is the TTL 7415194

- 1 N
Register Selact ;
] |
Parallel Data Output — | 1
" —. |
WiCC 'Q_.:. Q: Q- O:‘ CLK S S- ‘ 5
,-15--15---14—13--‘12—11--10--9T 4 \ |
|
L. j
\ ¥ i \" { ot
|/
L4 -0 =3 =4 —=5—06=7=28+~
CLR SRl F. Pz F: Pz SLLGND
1 S \
o Parallel Data Input .
Serial Data h ° Serial Data
Shift Raght Inzut Shift Left Input

4-bit Universal Shift Register 74LS194

Universal shift registers arc very useful digital devices. They can be conligured to respond to
operations that require some form of temporary memory storage or for the delay of information
such as the SISO or PIPO configuration modes or transfer data from one point to another in

either a serial or parallel format.

Universal shift registers are frequently used in the arithmetic operations to shift data to the left or
right for multiplication or division.

28
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