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Lecture #7
Part I: Introduction to Computer Technologies

Design of Sequential Logic Circuits
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Common sequential circuitsCommon sequential circuits
! Counters

– A digital counter is a circuit used to generate binary 
numbers in a specific count sequence. That sequence 
is mainly governed by input clock pulses, and it is 
repetitive as long as these clock pulses are applied. 
Counters serve two main functions in digital systems –
counting (for example, program counter) and 

frequency division.
– ASYNCHRONOUS SYNCHRONOUS
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Asynchronous Counter (Ripple Counter)Asynchronous Counter (Ripple Counter)
! The basic building block is a toggle flip-flop.

! It becomes down-counter if output is taken from Q
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Alternative ModAlternative Mod--8 Up8 Up--CounterCounter
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ModMod--16 up counter16 up counter
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ModMod--5 counter5 counter
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Class exerciseClass exercise
! Design a mod-6 up counter
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Miscounts in asynchronous countersMiscounts in asynchronous counters
! The additive propagation 

delays produce short 
duration of miscounts.

! Can be avoided in output 
is read synchronously.
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Maximum frequency allowed in the Maximum frequency allowed in the 
asynchronous countersasynchronous counters

ffn
1fmax
τ

=

n – number of stages

τff – propagation  
delay of flip-flop
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Synchronous CountersSynchronous Counters
! All flip-flops are clocked simultaneously.

Mod-16 synchronous up-counter
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StateState--transition tabletransition table
! QA toggles in every clock 

cycle;
! QB toggles when QA is 1.
! QC toggles when both QA 

and QB are 1.
! QD toggles when QA, QB 

and QC are 1.
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Synchronous modSynchronous mod--16 up16 up--countercounter
Timing diagram

τ

No delay among QA, QB and QC

ff

1fmax
τ

=Maximum frequency:
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MODMOD--10 Synchronous up10 Synchronous up--countercounter
! QA – toggle every time
! QB – toggle at A high and D 

low
! QC – toggle at A and B high
! QD – change high at A, B 

and C high but change low 
afterwards (A high)
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MODMOD--10 Synchronous up10 Synchronous up--countercounter
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ModMod--8 synchronous down8 synchronous down--countercounter
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Synchronous counter designSynchronous counter design
! Mod-6 Up-Counter Using D-flip-flops

– Design table
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ModMod--6 up6 up--countercounter
– K-maps

DA

DB

DC
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ModMod--6 up6 up--countercounter

Final Design



ITM 1010 計算機與通訊技術 20© 2003 香港中文大學 電子工程學系

REGISTERSREGISTERS
! A group of latches or flip-flops used to store, 

transfer, or shift data
! Serial Shift Register

– Data is clocked into the register bit by bit
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RING COUNTERRING COUNTER
! The counter is a shift register that has its output 

connected back to its own input



ITM 1010 計算機與通訊技術 22© 2003 香港中文大學 電子工程學系

JONHSON COUNTERJONHSON COUNTER
! Each bit is toggled in turn
! Mod-6

– 000
– 100
– 110
– 111
– 011
– 001
– 000

– With its unique bit pattern, any sequence can be 
detected with a 2-input gate
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MULTIPLY/DIVIDE REGISTERMULTIPLY/DIVIDE REGISTER
! A left shift operation multiplies a binary number by a 

factor of 2
! A right shift operation divides a binary number by a 

factor of 2
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PseudoPseudo--random sequence generatorrandom sequence generator
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