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3.2INTRODUCTION

In combinational logic circuits, the outputs at any instant of time depend only on

the input signals present at that time. For any change in input, the output occurs immediately.
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Combinational Circuit- Block Diagram
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In sequential logic circuits, it consists of combinational circuits to which storage

elements are connected to form a feedback path. The storage elements are devices capable

of storing binary information either 1 or 0.

The information stored in the memory elements at any given time defines the present

state of the sequential circuit. The present state and the external circuit

determine the output and the next state of sequential circuits.
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Thus in sequential circuits, the output variables depend not only on the
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present input variables but also on the past history of input variables. The rotary
channel selected knob on an old-fashioned TV is like a combinational. Its output selects a
channel based only on its current input - the position of the knob. The channel-up and
channel-down push buttons on a TV is like a sequential circuit. The channel selection
depends on the past sequence of up/down pushes.

The comparison between combinational and sequential circuits is given in table

below.

S.No Combinational logic Sequential logic

The output variable, at all times The output variable depends not only

1 depends on the combination of input | on the present input but also depend upon

variables. the past history of inputs.

Memory unit is required to store the

2 Memory unit is not required.

past history of input variables.
3 Faster in speed. Slower than combinational circuits.
4 Easy to design. Comparatively harder to design.

Eg. Adder, subtractor, Decoder,
5 Eg. Shift registers, Counters
Encoders, Magnitude comparator
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CLASSIFICATION OF LOGIC CIRCUITS

Logic Circuit
I
! {

Combinational Sequential
|
Synchronous Asynchronous
! ' I ! | ¢
Moore Circuit Mealy Circuit Fundamental Mode Pulse Mode

The sequential circuits can be classified depending on the timing of their signals:

e Synchronous sequential circuits

e Asynchronous sequential circuits.

S.No Synchronous sequential circuits Asynchronous sequential circuits
Memory elements are either unclocked
1 Memory elements are clocked _ _
Flip-Flops. flip-flops (Latches) or time delay
elements.
The change in input signals can The change in input signals can affect
2

affect memory element upon | memory element at any instant of time.

activation of clock signal.

The maximum operating speed of Because of the absence of clock, it can
3 clock depends on time delays operate  faster than  synchronous
involved. circuits.

4 Easier to design More difficult to design
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TRIGGERING OF FLIP-FLOPS

The state of a Flip-Flop is switched by a momentary change in the input signal. This
momentary change is called a trigger and the transition it causes is said to trigger the Flip-
Flop. Clocked Flip-Flops are triggered by pulses. A clock pulse starts from an initial value of
0, goes momentarily to 1and after a short time, returns to its initial 0 value.

Latches are controlled by enable signal, and they are level triggered, either positive
level triggered or negative level triggered. The output is free to change according to the S

and R input values, when active level is maintained at the enable input.

Level -J _l
Triggering

Positive level Negative level
Pulse j T 1 l
Triggering

Positive pulse Negative pulse

Edge |\ k
Triggering w T

Positive edge Negative edge
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Flip-Flops are synchronous bistable devices (has two outputs Q and Q’). In this case,
the term synchronous means that the output changes state only at a specified point on the
triggering input called the clock (CLK), i.e.,, changes in the output occur in synchronization
with the clock.

An edge-triggered Flip-Flop changes state either at the positive edge (rising edge) or
at the negative edge (falling edge) of the clock pulse and is sensitive to its inputs only at this
transition of the clock. The different types of edge-triggered Flip- Flops are—

S-R Flip-Flop (Set - Reset) J-K
Flip-Flop (Jack Kilby) D Flip-
Flop (Delay)

T Flip-Flop  (Toggle)

Although the S-R Flip-Flop is not available in IC form, it is the basis for the D and J-K
Flip-Flops. Each type can be either positive edge-triggered (no bubble at C input) or
negative edge-triggered (bubble at C input).

The key to identifying an edge- triggered Flip-Flop by its logic symbol is the small
triangle inside the block at the clock (C) input. This triangle is called the dynamic input

indicator.

S-R Flip-Flop
The S and R inputs of the S-R Flip-Flop are called synchronous inputs because data

on these inputs are transferred to the Flip-Flop's output only on the triggering edge of the
clock pulse. The circuit is similar to SR latch except enable signal is replaced by clock pulse

(CLK). On the positive edge of the clock pulse, the circuit responds to the S and R inputs.
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S (Set) — j
— Q
S
Q S
CLK —¢ CLK—]>
= —Ir Qo
— Q
R (Reset) — Logsc Symbol
SR Flip-Flop

When S is HIGH and R is LOW, the Q output goes HIGH on the triggering edge
of the clock pulse, and the Flip-Flop is SET. When S is LOW and R is HIGH, the Q output
goes LOW on the triggering edge of the clock pulse, and the Flip-Flop is RESET. When
both S and R are LOW, the output does not change from its prior state. An invalid condition

exists when both S and R are HIGH.

CLK S R Qn Qn+1 State
1 0 0 0 0
No Change (NC)
1 0 0 1 1
1 0 1 0 0
Reset
1 0 1 1 0
1 1 0 0 1
Set
1 1 0 1 1
1 1 1 0 X Indeterminate
1 1 1 1 X *

Ol ©

Truth table for SR Flip-Flo
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The timing diagram of positive edge triggered SR flip-flop is shown below.

ol

Input and output waveforms of SR Flip-Flop
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Characteristic table and Characteristic equation:
The characteristic table for SR Flip-Flop is shown in the table below. From the table, K-
map for the next state transition (Qn+1) can be drawn and the simplified logic expression which

represents the characteristic equation of SR Flip-Flop can be found.

S R Qn Qn+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
Characteristic table
K-map Simplification:

ROn

S 00 01 11 10
0 0 0 0

]
1
—

@

Characteristic equation:
Qn+1= S+ R'Qn

J-K Flip-Flop:
JK means Jack Kilby, Texas Instrument (TI) Engineer, who invented IC in 1958. JK Flip-
Flop has two inputs J(set) and K(reset). A JK Flip-Flop can be obtained from the clocked SR

Flip-Flop by augmenting two AND gates as shown below.

s
K 1
— Q
CLK
—— Q
J D
[

IK Flip Flop
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The data input ] and the output Q' are applied o the first AND gate and its output
(JQ’) is applied to the S input of SR Flip-Flop. Similarly, the data input K and the output Q are
applied to the second AND gate and its output (KQ) is applied to the R input of SR Flip-Flop.

J=K=0

J—_l)_s Q —! ol—

CLK———p> CP—op>
e ED o g
(a) Using SR flipflop (b) Graphic symbol

When ]J=K= 0, both AND gates are disabled. Therefore clock pulse have no effect,
hence the Flip-Flop output is same as the previous output.
J=0,K=1

When ]J= 0 and K= 1, AND gate 1 is disabled i.e., S= 0 and R= 1. This condition will reset
the Flip-Flop to 0.
J=1,K=0

When J= 1 and K= 0, AND gate 2 is disabled i.e., S= 1 and R= 0. Therefore the Flip-
Flop will set on the application of a clock pulse.
J=K=0

When ]J=K= 1, it is possible to set or reset the Flip-Flop. If Q is High, AND gate 2
passes on a reset pulse to the next clock. When Q is low, AND gate 1 passes on a set pulse to
the next clock. Eitherway, Q changes to the complement of the last state i.e., toggle. Toggle

means to switch to the opposite state.

Truthtable:
Inputs Output
CLK State
| K Qn+1
1 0 0 Qn No Change
1 0 1 0 Reset
1 1 0 1 Set
1 1 1 Q. Toggle
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The timing diagram of negative edge triggered JK flip-flop is shown below.

1 2 3
CLK J_ ¢

J

K

5 _]l|

s

Input and output waveforms of JK Flip-Flop

Characteristic table and Characteristic equation:
The characteristic table for JK Flip-Flop is shown in the table below. From the table, K-
map for the next state transition (Qn+1) can be drawn and the simplified logic expression which

represents the characteristic equation of JK Flip-Flop can be found.

Qn

K Qn+1

m O O R Rk O O -

i ol o S e R e R e R e ]
SO R O R O R O
SO R O R Rk = OO

[EN

1
Characteristic_table

K-map Simplification:

Characteristic equation:
Qn+1=JQ'+K'Q
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D Flip-Flop:
Like in D latch, in D Flip-Flop the basic SR Flip-Flop is used with complemented

inputs. The D Flip-Flop is similar to D-latch except clock pulse is used instead of enable

input.
T D
B Q
CP —¢
R

D Flip-Flop

To eliminate the undesirable condition of the indeterminate state in the RS Flip- Flop is
to ensure that inputs S and R are never equal to 1 at the same time. Thisis done by D Flip-

Flop. The D (delay) Flip-Flop has one input called delay input and clock pulse input.

The D Flip-Flop using SR Flip-Flop is shown below.

D S —D
Q— Q—

CP D> CP—p
-Do— R 6 = 6 o
{(a) Using SR flipflop (b) Graphic symbol

Truth Table:

The truth table of D Flip-Flop is given below.

Clock | D | Qn+l State
1 0 0 Reset
1 1 1 Set
0 X Qn No Change

Truth table for D Flip-Flop

10
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The timing diagram of positive edge triggered D flip-flop is shown below.

Input and output waveforms of clocked D Flip-Flo

Looking at the truth table for D Flip-Flop we can realize that Qn+1 function follows

the D input at the positive going edges of the clock pulses.

Characteristic table and Characteristic equation:

The characteristic table for D Flip-Flop shows that the next state of the Flip- Flop is
independent of the present state since Qn.1 is equal to D. This means that an input pulse will
transfer the value of input D into the output of the Flip-Flop independent of the value of the
output before the pulse was applied.

The characteristic equation is derived from K-map.

Qn D | Qn+1
0 0 0
0 1 1
1 0 0
1 1 1

Characteristic_table

K-map Simplification:

M
1| o L)

Characteristic equation:
Qn+1=D.

11
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T Flip-Flop
The T (Toggle) Flip-Flop is a modification of the JK Flip-Flop. It is obtained from JK

Flip-Flop by connecting both inputs ] and K together, i.e., single input. Regardless of the

present state, the Flip-Flop complements its output when the clock pulse occurs while input

T=1.
T
| — Q
CLK —¢
_— . 6
T Flip-Flop
When T= 0, Qn:1= Qu, ie., the next state is the same as the present state and no change
occurs.
When T= 1, Qn+1= Qn’,ie., the next state is the complement of the present state.
T J —T
Q— Q—
ce—p cP—p
K Q- =
{a) Using JK flipflop {b) Graphic symbol
Truth Table:

The truth table of T Flip-Flop is given below.

T | Qn+l State
0 Qn No Change
1 Qv Toggle

Truth table for T Flip-Flop

Characteristic table and Characteristic equation:

The characteristic table for T Flip-Flop is shown below and characteristic equation is

derived using K-map.

12
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Qn T | Qn+1
0 0 0
0 1 1
1 0 1
1 1 0
K-map Simplification:
&N o 1

Characteristic equation:
Qn+1= TQn,+ T,Qn

The characteristic table is useful for analysis and for defining the operation of the
Flip-Flop. It specifies the next state (Qn+1) when the inputs and present state are known.
The excitation or application table is useful for design process. It is used to find

the Flip-Flop input conditions that will cause the required transition, when the present state

(Qn) and the next state (Qn+1) are known.

SR Flip- Flop:

Present
Inputs Next State Present | Next
State Inputs Inputs
State State
Qn S R Qn+1
Qn Qi1 | S| R| S| R
0 0 0 0
0 0 0 0
0 0 1 0 0 X
0 0 0 1
0 1 0 1
0 1 1 0 1 0
0 1 1 X
1 0 0 1 1 0 0 1 0 1
1 0 1 0 1 1 0 0 N 0
1 1 0 1 1 1 1 0
1 1 1 X
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Modified Table
Characteristic Table
Present Next
Inputs
State State
Qn Qn+1 S | R
0 0 0 X
0 1 1 0
1 0 0 1
1 1 X 0
Excitation Table

The above table presents the excitation table for SR Flip-Flop. It consists of present
state (Qn), next state (Qn+1) and a column for each input to show how the required transition is
achieved.

There are 4 possible transitions from present state to next state. The required Input
conditions for each of the four transitions are derived from the information available in the
characteristic table. The symbol X’ denotes the don’t care condition; it does not matter

whether the input is 0 or 1.

JK-FLIPFLOP :

Present Next Present | Next
Inputs S Inputs Inputs
State State State State
Qn J K Qn+1 Qn Qn+1 | K| J | K
0 0 0 0 0 0 0 0
0 X
0 0 1 0 0 0 0 1
0 1 0 1 0 1 1 0
1 X
0 1 1 1 0 1 1 1
1 0 0 1 1 0 0 1
1 0 1 0 1 0 1 1 X 1
1 1 0 1 1 1 0 0
1 1] 1 0 N N TT o1 " 0

Characteristic Table

modified table
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Present Next
Inputs
State State
Qn Qn+1 | K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0
Excitation Table
D - FLIPFLOP :
Present Next Present Next
Input Input
State State State State
Qn D Qn+1 Qn Qn+1 D
0 0 0 0 0 0
0 1 1 0 1 1
1 0 0 1 0 0
1 1 1 1 1 1

Characteristic Table

Excitation Table
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T -FLIPFLOP ;
Present Next
Input

State State
Qn T Qn+1

0 0 0

0 1 1

1 0 1

1 1 0

Characteristic Table

Present Next
Input
State State
Qn Qn+1 T
0 0 0
0 1 1
1 0 1
1 1 0

Excitation Table
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