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Module Content
• ASYNCHRONOUS COUNTER 

– 2 bit / 3 bit / 4 bit / BCD Decade
• SYNCHRONOUS COUNTER 

– 2 bit / 3 bit /4 bit / BCD Decade
• UP/DOWN COUNTER
• CASCADED COUNTER
• DESIGN THE SYNCHRONOUS COUNTER 
• COUNTER DECODING
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Introduction

• There is a variety of counters based on its construction.
• Counter is type of sequential logic circuit.

Both categories can be differentiated by criterion:

COUNTER

Asynchronous Synchronous

• In general, two categories of counters:
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• General sequential circuit that consists of a combinational logic section 
and a memory section à flip-flops.

• Memory elements are devices capable of storing binary information. 
• Binary information stored at any given time defines the state of the 

sequential circuit. 
• The input and the present state of the memory element determines the 

output. 
• A sequential circuit is specified by a time sequence of inputs, outputs, 

and internal states.  

Recap: 
Sequential Circuit



Synchronous Asynchronous
Use clock inputs to synchronize the 
circuit operation.

Circuit operation is based on a 
message (signal) passing from one 
stage(e.g. Circuit)  to another.
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• The sequence of states in a 
counter may follow a binary count 
or any other sequence.

Introduction:

Counters

continue... 

• A counter à Any sequential circuit that goes through a prescribed 
sequence of states upon the application of input pulses. 

• The states changed by the input 
pulse;

• the input pulses (count pulses) 
may be clock pulses or they may 
originate from an external source; 
may occur at prescribed intervals 
of time or at random. 
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Counters :
• are generally made up of flip-flops and logic gates.
• can retain an output state after the input condition 

which brought about that state has been removed. 
• classified as sequential circuits. 
• can have many more than two states

– value of a state is expressed as a multidigit binary number, 
whose `1's and `0's are usually derived from the outputs of 
internal flip-flops that make up the counter.

• The states number is limited only by the amount of electronic 
hardware that available. 

• Main types of flip-flops used: 
– J-K flip-flops, T flip-flops or D flip-flops.
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There are many 
devices used that can 
tell the time without 
having to be manually 
programmed
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1.
2.
3.
4.
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Synchronous Counter

Asynchronous Counter

1. Asynchronous / Synchronous

Counters:

Characteristics
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• Because of limited word length, the count sequence is limited. 
– For an n-bit counter, the range of the count is [0, 2n-1]. 
– The count sequence usually repeats itself. 

• When counting up, the count 
sequence goes in this manner: 
0, 1, 2, … 2n-2, 2n-1, 0, 1, …etc. 

• When counting down the count 
sequence goes in the same manner: 
2n-1, 2n-2, … 2, 1, 0, 2n-1, 2n-2, … etc.

2. Counting Sequence: Up | Down | Up-Down

Counters:

Characteristics
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• The complement of the count sequence counts in reverse direction:

• If the counter output counts up, 
the complement output counts 
down.

• If the counter output counts 
down, the complement output 
counts up.
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3. Modulus (MOD):

4. Repeat of Counting Sequence:

Counters:

Characteristics



Asynchronous Counters
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• An AC is one in which the flip-flop (ff) within the counter do not 
change states at exactly the same time because they do not have 
a common clock pulse.

• The clock input of an AC is always connected only to the LSB ff.
• An AC also known as ripple counter – message (signal) passing 

or propagation delay.

Asynchronous Counter (AC)

LSB ff

C
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• Comparison of asynchronous & synchronous. 
• See the different clock connection !

continue... 
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positive edge

Asynchronous operation
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continue... 
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Summary of Asynchronous Counter:

1. The circuit connection 
almost the same where 
external clock connected 
to LSB Flip Flop (FF) 2. Clock for each FF come from 

the previous FF, except for 
the first FF (i.e. FF0)

C
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Count Up 2-bit AC

continue... 

• Positive edge
• Assume that 

Q0 initially 
LOW C
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Clock pulse 4:
Recycles

The transition of the 
counter from its final state 

à original state 

MOD (modulo)

Toggle mode

J=K=1

LSBMSB
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Exercise 8a.1: A 2-bit count up ripple counter is designed using J-K 
flip-flop with negative edge triggered clock.

a) Draw the connection of logic symbol.
b) Draw the waveform outputs for 5 clock cycles.
c) Construct a state table for the counter.
d) Draw the state diagram the the counter.

Extra



1
CLK 1 2 3 4

Q0 0

Q1 0
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Solution 8a.1: a) Draw the connection of logic symbol.

b) Draw the waveform outputs for 4 clock cycles.

C

Extra

1
CLK 1 2 3 4

Q0 0 1 0 1 0

Q1 0 0 1 1 0
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c) Construct a state table for the counter.

d)    Draw the state diagram the the counter.

Extra

Clock Pulse Q1 Q0

Initial 0 0
1 0 1
2 1 0
3 1 1
4 0 0

00

10

0111
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Exercise 8a.2: A 2-bit count down ripple counter is designed using J-K 
flip-flop with negative edge triggered clock.

a) Draw the connection of logic symbol.
b) Draw the waveform outputs for 4 clock cycles.
c) Construct a state table for the counter.
d) Draw the state diagram the the counter.

Extra



1
CLK 1 2 3 4

Q0 0

Q1

1
CLK 1 2 3 4

Q0 0 1 0 1 0

Q1 0 1 1 0 0
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Solution 8a.2: a) Draw the connection of logic symbol.

b) Draw the waveform outputs for 4 clock cycles.

C

Extra
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c) Construct a state table for the counter.

d)    Draw the state diagram the the counter.

Extra

Clock Pulse Q1 Q0

Initial 0 0
1 1 1
2 1 0
3 0 1
4 0 0

11

01

1000
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Count Up 3-bit AC

Recycle back to 0

• Positive edge
• Assume that Q0

initially LOW C
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CLOCK 
PULSE

Q2 (MSB)
(Bit 3)

Q1
(Bit 2)

Q0 (LSB)
(Bit 1)

Initially 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
8 0 0 0
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Exercise 8a.3: A 3-bit count down ripple counter is designed using J-K 
flip-flop with negative edge triggered clock.

a) Draw the connection of logic symbol.
b) Draw the waveform outputs for 8 clock cycles.
c) Construct a state table for the counter.
d) Draw the state diagram the the counter.

Extra
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Solution 8a.3: a) Draw the connection of logic symbol.

b) .

Extra

C



1
CLK 1 2 3 4 5 6 7 8

Q0

Q1

Q2
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Extra
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CLK 1 2 3 4 5 6 7 8

Q0

Q1

Q2
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b)    Draw the waveform outputs for 8 clock cycles.
Extra

1
CLK 1 2 3 4 5 6 7 8

Q0

Q1

Q2

1
CLK 1 2 3 4 5 6 7 8

Q0

Q1

Q2

1
CLK 1 2 3 4 5 6 7 8

Q0

Q1

Q2
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c) Construct a state table for the counter.
Extra

Clock Pulse Q2 Q1 Q0

Initial 0 0 0
1 1 1 1
2 1 1 0
3 1 0 1
4 1 0 0
5 0 1 1
6 0 1 0
7 0 0 1
8 0 0 0

111

d)    Draw the state 
diagram the counter

011

101001

000

010

110

100
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Count Up 4-bit AC

• The counter 
using a negative 
edge JK FF.

• But still a count 
up counter 
because clock is 
connected to Q.
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Exercise 8a.4: A 4-bit count down ripple counter is designed using J-K 
flip-flop with positive edge triggered clock.

a) Draw the connection of logic symbol.
b) Draw the waveform outputs for 8 clock cycles.
c) Construct a state table for the counter.
d) Draw the state diagram the the counter.

Extra
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Asynchronous Decade Counter

continue... 

• Maximum number of possible state 
(max. modulus) of a counter is 2n.

• However, it can be designed less 
than 2n à

• One common modulus for counters 
with truncated sequences is ten    
à decade counter

• It will force the counter to cycle 
before going through all its normal 
states.

Truncated Sequence
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continue... 
Figure: Count Up 4-bit Asynchronous Decade Counter

Asynchronously Clocked Modulus-10
Q3 Q2 Q1 Q0
1 0   1 0

Decoder Design

Decode ten (10102) with a NAND gate 
and connect the output to the CLEAR 
inputs of all flip-flops.
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Notice that there is a glitch in Q1. The reason of this 
glitch is that Q1 must first go HIGH before the count 10 

can be decoded. Several nanoseconds after the 
decoding gate goes LOW. 
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Asynchronously Clocked Modulus-12
Q3 Q2 Q1 Q0
1   1 0   0

Decoder Design

Decode twelve (11002) with a NAND 
gate and connect the output to the 
CLEAR inputs of all flip-flops.



43



44

fmax =
1
Ntpd
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continue... 

Low frequency

0            1            0           1            0     

0            0            1           1            0     

0            0            0           0            1     
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High frequency

0     1           0          1           0     

0     0           1          1           0     

0     0           0          0           0     
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Exercise 8a.5: If a propagation delay of a mod 32 asynchronous recycle 
UP counter using JK FF is 40ns, what is the maximum 
operating frequency?

Solution: fmax =
1
Ntpd

= log 32
log 2

= log 25

log 2
= 5 log 2

log 2
N  = 5

= 1   
5(40ns)

= 1
5(40x10-9s)

f = 5 MHz


