Actuacting, sensing and control mechatronic systems

Lab: Sequential Circuit :: Counter
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SYNCHRONOUS COUNTER DESIGN

A synchronous counter is kind of counter (in contrast to an asynchronous counter) whose output bits
change state simultaneously, with no ripple. The only way we can build such a counter circuit is to connect all
the clock inputs together, so that each and every flip-flop receives the exact same clock pulse at the exact
same time. Procedure to design synchronous counter are as follows.

Designing synchronous mod 5 counter using D Flip Flops, counting up.

1. Create state transition table for counter:

S» S h+1
(Present state) (Next state)
Qoec| Q21 Q1 | Qo | Q2| Q1 | Qo | Qoec
0 0 0 0 0 0 1 1
1 0 0 1 0 1 0 2
2 0 1 0 0 1 1 3
3 0 1 1 1 0 0 4
4 1 0 0 0 0 0 0

2. Determine number of Flip-Flops used.

3. Using state transition table for counter and Flip-Flop excitation table create and simplify the function of
each Flip-Flop input using Karnaugh map.

D Flip-Flop excitation table:

Qn Qe D
0 0 0
0 1 1
1 0 0
1 1 1

Karnaugh map for Dy:

Q:\Q:QeJ 00|01 (1110 -
0 y 0 0 1 Do:Qonon"‘Qz

1 o | -] -] -
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Karnaugh map for D1:
Q:\Q1 Qo) 00|01 ({11 (10 —
D\=0,0,+0,0,
0 0 1 0 1
1 0 - - -
Karnaugh map for D2:
D,=0,0,
Q:\Q:1Qo| 00 (01|11 |10
0 0 0 1 0
1 0 - - -
4. Draw the circuit.
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Rys 1: Mod 5 counter
T Flip-Flop excitation table: JK Flip-Flop excitation table:
Q n Q n+1 T Q n Q n+1 J K
0 0 0 0 0 0 -
0 1 1 0 1 1 -
1 0 1 1 0 - 1
1 1 0 1 1 - 0




