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77--5 Synchronous Down and Up/Down 5 Synchronous Down and Up/Down 
CountersCounters

• The synchronous 
counter can be 
converted to a down 
counter by using the 
inverted FF outputs to 
drive the JK inputs.

• FF B toggles when A = 0 
on the next NGT CLK.
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• The count sequence is 
15, 14, 13, …, 1, 0, 15.
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• A synchronous counter can be made an up/down 
counter by connecting as illustrated.

• The control input Up/Down controls whether the 
normal FF outputs or the inverted FF output are fed 
to J and K inputs of the successive FFs.
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77--5 Synchronous Down and Up/Down Counters5 Synchronous Down and Up/Down Counters

• When the input Up/Down  p p
is High, the counter is UP, 
if it is Low, it is configured 
as DOWN counter.

• The UP/Down shown is 
High for 5 pulses (UP) 
and Low for 5 pulses 
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(DOWN).
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77--8 Decoding a Counter8 Decoding a Counter
• Decoding is the conversion of a 

binary output to a decimal value.
The active high decoder could be• The active high decoder could be 
used to light an LED 
representing each decimal 
number 0 to 7.

• Each AND gate produces a 
HIGH output for one particular 
state, AND 0 represents State 0.

• The 8 AND gates can be used to
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• The 8 AND gates can be used to 
control 8 LED

• Active low decoding is obtained 
by replacing the AND gates with 
NAND gates.
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7 -14
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ExampleExample
• Explain the 

operation of 
the following 
counter?counter?

• X will be HIGH 
between the 
count of 8 and 
14

• X is a control 
waveform 
used to control 
devices such 

t
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as a motor
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77--20 Shift Register Counters20 Shift Register Counters
• Ring Counter

• Last FF shifts its value to first 
FF

• Uses D type FFs (JK FFs can• Uses D-type FFs  (JK FFs can 
also be used)

• In most instances, start with 
only one FF in the 1 state and 
all others in the 0 state. The 
waveforms, state diagram and 
sequence table is shown.

• Information shifts from left to 
right and back around from Q0 
to Q3

• Can function as MOD-4 
counter since it has 4 distinct
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counter since it has 4 distinct 
states. How many FFs are 
needed to construct MOD-8 
ring counter.

• Can be decoded without 
decoing logic.
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• Johnson counter

– Also called a twisted ring counter
– Same as ring counter but the 

i t d t t f th l t FF iinverted output of the last FF is 
connected to input of the first FF

– On each positive CLK, Q2 is shifted 
to Q1, Q1 is shifted to Q0, and 
inverse of Q0 is shifted into Q2

– Assuming all FFs are initially 0s, the 
counter has 6 states – 000, 100, 110, 
111,011, 001. it is MOD-6 (not 
normal binary count)

– The waveform of each FF is a square
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The waveform of each FF is a square 
wave (50% duty cycle) and 1/6 of the 
frequency.

– The MOD number is twice the 
number of FFs
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• Johnson counter
– For a given MOD number, A Johnson counter requires ½ FFs 

compared to ring counter On the other hand it does require

77--20 Shift Register Counters20 Shift Register Counters

compared to ring counter. On the other hand, it does require 
decoding gates.

– Decoding logic requires only 2-input since in each count, two of 
the three FFs are in a unique combination of states as shown.
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