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1 |Design a synchronous Mod-6 counter using JK flip flop and represent the equations 10 | CO3| L3
using sequential circuit.

2 |Convert JK flip flop into D and T flip flop.Represnt symbolically. 10 | CO3| L2

3 | Explain the working of SR flip flop as switch debouncer and obtain the characteristic 10 ICO3 | L2
equations of SR flip flop.

4 |[Explain the working of Master slave JK flip flop with the help of timing diagram, 10 |CO3 | L2
function table logic diagram and logic symbol.
5 | Write short notes on shift registers. Explain how a serial shift register can be 10 CO4 | L2

transformed into a ring counter and Johnson counter

6 [Construct excitation table, transition table, state table and state diagram for the | 10 |CO3 | L3
sequential circuit shown in fig 6
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Fig 6

7 |Design a synchronous counter using JK flip flops to count sequence; 10 |CO4 | L3
0,1,2,456,0,1,2........ Draw state table and state diagram.

8 |Design a sequential circuit using T flip flop for the given state diagram shown in fig 8 10 |CO4 | L3




Prosent state Noxt state Fiipfiop lnputs
Q | Qo | Q& | Qo | Qon | Gw | U K » Xa o X
0 0 ° ° 0 1 0 x ° x 1 x
0 0 1 L] 1 0 L] x 1 x x 1
L] 1 ° o 1 1 ° x x 0 1 x
0 1 1 1 0 L] 1 x x 1 x 1
1 0 0 1 o 1 x 9 0 * 1 x
1 0 1 0 0 0 x 1 o x x 1
1 1 ° x x x x x x * x x
1 1 1 x x x x x x x x x
Step 4 : K-map simplification for flip-flop inputs.
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K Flip-Flop to T Flip-Flop
The excitation table for above conversion is as shown in Table 5.10.
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5.11.5 JK Flip-Flop to D Flip-Flop
The excitation table for above conversion is as shown in the Table 511,
gt Present | Next state Flip-Nop inputs
state

o Q, Q. J K
° ° ° x
1 0o 1 1 x
1 1 1 x o




Fig. 547 JK to D

One way to avold key debounce problem is to use SR latch, The circuit used to avesd

keybounce with SR latch is called a switch debouncer. The Fig. 57 shows the switch v 1nrj
debouncer circult and its waveforms. When key is at position A, the output of SR latch is F.

logic 1, and when key is at position B, the output of SR laxch i logic 0. It &s important 10 kN

note that, when key is in between A and B, SR inputs are 00 and hence output does not :

change, preventing debouncing of key cutput. In other words, we can say that the output “"—1 "nr
does not change during transition persod, eliminating key debounce. '

Fig. 5.7 (b] Wavetorms of switch debouncer
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The master-sl by can be d for any type of fip-flop. Fig. 529
shows one way to build a JK master-slave flip-flop. It corsists of clocked JX flip-flop as a
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Fig. 5.30 nput and cutpul wavelorms of masterslave JK fip-Nop

5.Shift Registers are used for data storage or for the movement of data and are therefore commonly used
inside calculators or computers to store data such as two binary numbers before they are added together, or
to convert the data from either a serial to parallel or parallel to serial format. The individual data latches that
make up a single shift register are all driven by a common clock ( Clk ) signal making them synchronous
devices.

« Serial-in to Parallel-out (SIPO) - the register is loaded with serial data, one bit at a time, with the
stored data being available at the output in parallel form.

« Serial-in to Serial-out (SISO) - the data is shifted serially “IN” and “OUT” of the register, one bit at
a time in either a left or right direction under clock control.

o Parallel-in to Serial-out (PISO) - the parallel data is loaded into the register simultaneously and is
shifted out of the register serially one bit at a time under clock control.

o Parallel-in to Parallel-out (PIPO) - the parallel data is loaded simultaneously into the register, and
transferred together to their respective outputs by the same clock pulse.
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Johnson counter can be implemented with SR or JK Qip-flops as well. i i i e 5
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The circuit diagram of the ring counter is shown below.
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CAPOCSSIons.
D, = AX+ BX
T,= BXvABX

The output expression is
Y= A8

This is akso a Meore machine since ¥ = £(().

Lt us now evaluate the excitation and cutput expressions as shown in Fig. 7.23.
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Fig. 723 Evaluation of nd outpet expressh

Wo will now comstruct the excitation table as shown in Fig 7.24,

Present | Excitation D, T,|  Owipet ¥
‘mn. For inpur For inpet
o of|oo| o] o] o
o 1ot |no| oo
1 ojlao | o1 | 0| o
1 1| ot | Ko 111
Fig. 724 Excation table foe Example 7.13
The transition table & d from the excitation table as shown in Fig 7.25.

Present | Nextstote A" 5 | Owtpur ¥
store For input For input

A BlX=0| X=1|X=0| X~}
o 0| 00 10 0 L]
o 1| 00 1" 0 0
1 0| 00 01 0 0
1 1| 00 11 1 1

Fig. 7.25 Transison table for Example 7.13

Coasider present state A8 = 00, The next state is A* B*, Here, A" depends on the D input which
50 for X¥=0and | for X'~ |. Since A* = D fora D flip flop, A" = O for X = Oand 4" = | for X' = 1.
Now B* depends on the T isput which i 0 for both X = 0 and X' = | 2ad hence 8 = B (there is no
toggle) for both X' = 0 and X'~ 1. Thus, the next state for present state A8 = 00 is A° 8° = 00 for
XoOmd A* 8 = 10foc X=1.

The pext state for all the other states are similarly Slled in table shown in Fig. 7.25.

Let ot fabel the states ss 00 = @, 01 = b, 10~ cand 11 =

By substituting these symbols for the states in the transition table, we can write the state table
as shown in Fig. 7.26,

Presemt | Next siate Owipat ¥
shote For input For Inpwt

X=0|X=1|X=0| X~
a a c [} 0
b a d 0 0
3 a & 0 0
d a d 1 1
Fig. 7.26 State sadie for Example 7.13
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Present state Input Next state | Filipfiop lnputs Output
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Table 8.5 Circuit excitation table
The fiest row of crcuit excitation table shows that there is no chasge in the state for
both flip-flops. The transition from 0 — 0 for T flip-flop requires input T to be at Jogic 0.
The second row shows that flipflop A Ras trasedtion 0 — 1. It roguines the inpat T, o be
at Jogic 1. Sinilarly, we can find inputs for each flip-flop for cach row In the table by
referring present state, next stato and excitation table.

Let us use K-map simplification to determine the flip-flop mput functions and circuit
fanctions.
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Therefore, input function for Ta = BX+BX

Te = AB + BX ¢« AX, and
Circuit output function = AX+ABX
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