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6.6 ANALYSIS OF PULSE MOD;

In pulse mode circuit all the inputs are pulses in the width of the
input pulses is critical to the circuit operation. The input pulse must be
long enough for the circuit to respond to the input but it must not be so
long as to the present even after a new state is reached. The minimum
pulse width required is based upon the propagation delay through the
next state logic. The maximum pulse width is determined by the total
propagation delay through the next state logic and memory elements.
When pulse occurs on any one input, while the circuit is in stable state,
pulse must not arrive at any other input.

Let us consider two input pulse x, and x,. In figure 6.82 (a) at time
t, pulse at input x, arise

X; et
t t, t, t, ts

X, L
Y t2 t; t, ts

{a) Unacceptable pulse mode input changes



(b) Acceptable pulse mode input changes
Figure 6.82

While this pulse is still present, another pulse at x, input arrives
at t,, therefore this kind of presence of pulse input is not allowed.

‘Example 6.16 Let us consider the asynchronous sequential circuit
which is driven by the pulses. The two NAND gate latches generates the
state variables A and B. The circuit has four input variables w, x, y and

z and one output variable C is shown in figure 6.83

Figure 6.83 Logic Diagram

Solution

The Circuit Excitation and Output equation are given below
Excitation Equations Output equations
S, =w+x, S,=w+x
R, =y c=(w+x).B
"?B =Y,S; =Y .
R;=2

..(6.3)
The characteristic equation for SR flip flop is

Q,., =S+RQ, ' ..(6.4)



.

There are two latches Sa, R, and Sy, R, | Therefore state variable
- for the next secondary equation are derived separately for Latch A and B
by substituting equation (6.3) in (6.4). The next state equation Q aer @Nd
Q;., are given below in equation (6.5) and (6.6) |
State variable next state equation substitute (6.3) in (6.4)

Let Q,=A
QB =B _
n=A= Q,,,=S,+R,0Q,
=w+x+yA ...(6.5)
n=B=Q,, =S, +R,0,
=y +zB ...(6.6)

The state transition table indicating state variable, input
variables, next state value and output state are shown in figure 6.84,
(i) If w column, assume w =1, x,y,z =0
(ii) If x column assume x=1, w,y,z=0
(iii) If y column, assume y =1, w, x, z=0
(iv) If z column assume z =1, w,x,y =0
W X y z
A RIS
00 10/0 10/0101/0] 00/0

01 11/1 11/1101/0}00/0

11 11/1 11/1]111/0} 00/0

10 10/0 10/0(11/0 00/04— Output C
Next State
QA+ QB+

- Figure 6,84 Transition Table (
- The value of next state are assigned variables such as, S, = 00,
S, =01, §,=11, S, = 10 and these values are replaced by the state
variable in figure 6.84. The flow Table for the circuit is given below in
figure 6.85

Qe w X y z
Qv S, |1 §,/0.{S,/01S,/0] S,/0
S LS/l [S,/1]8,/0{ 8,/0
S, | S,/1 |8,/118,/0} S,/0
S, | S,/0 {S,/0[S,/0| S, /0




The state Diagram is shown in figure 6.86




Example 6.17

Consider the asynchronous sequential circuit driven by the
pulses shown in figure 6.87 analyze the circuit and draw the timing
diagram '

P&lse moede Z
! ™
_-—L/

Figure 6.87 Logic Diagram
Solution
The Circuit excitation and output equation are given below
The excitation equations for the above circuit are

D,=A

D,=A ..(6.7)
The Output equation is given below

Z = XAB ...(6.8)

The Clock pulse CP equation is given as
C,=XB
C,=X ..(6.9)



The truth table for the D-flip flop is given in table 6.32
Table 6.32 Truth table

cp D Q, Q..
0 0
1 0
1 0
0 1
3 1
1 1
0 0
0 0
: 1 1
0 0
0 1 :
1 1

The characteristic equation for D flip flop is derived from the

figure 6.88 K-map simplification

o2*

< 00 01 11 10
0] o T | » | o
1] o 0 < | D

Q... =CD+CQ, - ..(6.10)

Figure 6.823 K-map for D flip flop
To obtain the State variable for next state equation substitute
equation (6.7), and (6.9) in equation (6.10). The obtained equations are r
Q,., and Q,,, are given below in equation (6.11) énd (6.12)

_ LetQ, = A
. n=A,Q,,=D,C,+C,Q, © 8: =B
= AXB+(XB)A
=A®(XB)  ..(6.11)
n=0B, Qy, =PBCB_+ Cs0s | :
= AX + XB ++(6.12)

The State transition tdble indicating state variable, input variable

next state value and output state is shown. in figure 6.89.



%@, Pulse input
& /N X 4 Letx-1
¢ (07 00[Q,,Q,,/2
01/0
01 11/0
11 00/1
10| 10/0

Figure 6.89 Transition table
The value of next state are assigned variables such as S, =00,
5,=01, $,=11, S,=10, and these values are replaced by the state variable
in figure 6.89. The flow table for the circuit is given below in figure 6.90.

oR X
QT s, S,/0
S, S,/0
S, S,/ 1
S, S,./0

Figure 6.90 Flow table

The state diagram for the given circuit is shown in figure 6.91

Figure 6.91 State diagram



6.7 DESIGN OF PULSE MODE CIRCUITS
 The steps to design pulée mode circuits are as follows,

Step 1: Define states and draw a state diagram and/or state table of
circuit '

Step 2: Minimize the state table



Step 3: Do the state assignment

Step 4: Choose the type of latch or flip-flop to be used and determine
excitation equation

Step 5: Construct the excitation table for circuit

Step 6: Determine the output equation and the flip-flop input equation
using k-map simplification.

Step 7: Draw the logic diagram using flip flops and gates.

Example 6.18 Design a pulse mode circuit having two input lines x, and
x, and one output line z as shown in figure 6.92. The circuit should
produce an output pulse to coincide with last input pulse in sequenée X,
— x, — x,. No other input sequence should produce an output pulse.
Assign T Flip-flop

( AU. QP A/M 2009 )

X, = Pulse
Pulses mode |—»z

X, == circuit

Figure 6.92 Pulse mode block diagram
Solution
Step 1: Let S be the last input was x|
S, be the sequence X, - X, occurred
S, be the Sequence X,- %, -X, occurred

Step 2: With the condition given, a table is formed with the input x, and

X, is shown in table 6.33 ‘
Table 6.33 State table

Present Next state, output z
state %y X,
X, 3, S,/0 $,/0
X, X%, S, S,/0 S,/1
KX, X, S, S,/0 S,/0




Step 3: The State Diagram for the circuit diagram is given in figure 6.93

X,/0
Figure 6.93 State Diagram

Step 4: Let S, = 00, S, =01, S, = 10 be the three state variable and its
state assignment shown in table 6.34

Table 6.34 State table with assignment

Present
Next state
state
X, X,
S, 00 00/0 01/0
S, 01 00/0 10/0
S, 10 00/0 10/0

Step 5: Using the excitation table of T flip flop from the state table for
the circuit with the flip flop inputs shown in table 6.35 '
‘ Table 6.35 State table

Present Next state Flip flop inputs Output z
state x, X, T, Ty

A B A, B.., A, B, X, X, X, X, X, X,

0 0 0 0 0 1 0 0 0 1 0 0

0 1 0 0 0 0 1 1 1 0 1

1 0 0 0 1 0 1 0 0 0 0 0




Step 6: The expressiori for flip-flop inputs T,, TB and output Z are
obtained from K-map as shown in figure 6.94

ABSN_ 5% S
ool o | o AB e T g
o1 o [/l Bx 00l
1R [ L Bl
11 [ 1X_ ] X :
10 |w\l 0
] 1] o0
AXl
T, =Ax, +Bx, T, =AX2 +B(x,+X,)
(a) K-map for T, (b) K-map for T,
AB X %
ool o | o
01 0 | /TY| -Bx,
1 x |8
10| O

z =Bx,
{c) K-map output z

Figure 6.94 K-map Simplification
Step 7: The logic diagram for the given circuit is shown in figure 6.95

Figure 6.95 Logic Diagram



