COUNTERS

Why do we need counters?
Counters in digital circuits may used for 3 functions:

* Timing: Building aprecision digital clock isan example
where alow frequency (10 Hz) clock cannot be achieved
with a crystal oscillator.

* Sequencing: Starting of arocket motor is an example
where the energizing of fuel pumps, ignition, etc. must
follow acritical sequence.

» Counting: Measuring the flow of traffic on aroad isan

application in which the total number of vehicles passing
a certain point needs be counted.

COUNTERS (continued)

A counter is aregister that goes through a sequence of states.

Counter categories:
1. Ripple counters
2. Synchronous counters

* Ripple counters. The flip-flop’s output transition triggers other
flip-flops.

»  Synchronous counters: A common clock triggers al flip-flops
simultaneoudly rather than one at atime in succession asin ripple
counters.



BINARY RIPPLE COUNTER
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Fig. 6-8 4-Bit Binary Ripple Counter

BINARY RIPPLE COUNTER
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Q, is complemented with the count pulse. Since Q, goes from 1 to 0, it triggers

Q, and complementsit. Asaresult, Q, goesfrom 1 - 0, which in turn complements
Q, changing it from 0 > 1. Q, does not trigger Qg because Q, produces a positive
transition. Theflip-flops change one bit at atime in succession and the signal
propagates through the counter in aripple fashion from one stage to the next.



PROBLEMSWITH RIPPLE COUNTERS

= Asynchronous or ripple counters are arranged in such a
way that the output of one flip flop changes the state of the
next. In along chain of ripple counter stages, the last flip
flop changes its state considerably later than the first FF due
to propagation delays in each stage. Problems occur if this
delay is longer than the response time of other logic elements
connected to the circuit.

= Synchronous counters overcome the problems of
propagation delay and erroneous intermediate states. In this
type of counter all the FF clock inputs are wired together, so
the transitions of all stages occur simultaneously.

SYNCHRONOUS COUNTERS

Synchronous counters are different from ripple counters in that the
clock is applied to the inputs of al flip-flops, which triggers all flip-
flops at the same time.

If T=00rJ=K =0, the flip-flop does not change state.
If T=10rJ=K =1, theflip-flop complements.

Suppose for a 4-bit counter A;A,A A, = 0011, the next count is 0100.
* A, is always complemented.

* A; is complemented because the present state of A, = 1.

* A, is complemented because the present state of A;A, = 11.

* Az is not complemented because the present state of A,A;A, = 011.



4-BIT SYNCHRONOUS COUNTER
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Fig. 6-12 4-Bit Synchronous Binary Counter pattern



