
EE2000 Logic Circuit Design

Chapter 3 – Combinational Logic 
Circuit Design



Outline

• 3.1  Design Procedure
• 3.2  Examples

– Bi-switch lighting controller
– Code converter
– 7-segment display

• 3.3  Timing Hazard
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3.1 Design Procedure

• 1. State the problem / specification for the 
design.

• 2. Determine the number of input variables and 
output variables.

• 3. Formulate truth tables / Boolean functions  
between inputs and outputs.

• 4. Simplification / minimization for the logic 
functions.

• 5. Design and draw the logic circuit diagram. 
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3.2 Examples
• Bi-switch lighting controller
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State the case
Design a circuit to control 
the bulb
- The light turns on 

when both buttons are 
turned UP / DOWN.

- The light turns off 
when both buttons  
swap in different 
positions.

- ON / OFF light is a 
binary decision output.

- Button positions are 
the inputs (variables)    



Formulation
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Assume that two variables A and B
are the button positions. And F is 
binary decision output of A and B. 

0 is the button turns UP.
1 is the button turns DOWN.



logic circuit diagram
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3.2 Examples
• Code converter

State the case
Design a circuit to convert 
the BCD to the Excess-3 
code
- A, B, C, D are the input 

of BCD.
- W, X, Y, Z are the 

output of Excess-3 
code.

- The output functions 
are:
W (A, B, C, D)
X (A, B, C, D)
Y (A, B, C, D)
Z (A, B, C, D)
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Formulation
Decimal 

digit
Input (8421 code) Output (Excess-3 code)

A B C D W X Y Z
0 0 0 0 0 0 0 1 1
1 0 0 0 1 0 1 0 0
2 0 0 1 0 0 1 0 1
3 0 0 1 1 0 1 1 0
4 0 1 0 0 0 1 1 1
5 0 1 0 1 1 0 0 0
6 0 1 1 0 1 0 0 1
7 0 1 1 1 1 0 1 0
8 1 0 0 0 1 0 1 1
9 1 0 0 1 1 1 0 0

Unused X X X X X X X X
Unused X X X X X X X X
Unused X X X X X X X X
Unused X X X X X X X X
Unused X X X X X X X X
Unused X X X X X X X X

Unused outputs can consider as DON’T CARE.



Formulation
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Minimization
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Minimization
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Logic functions and circuit
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3.2 Examples
• 7-segment display



Formulation
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Formulation

• Number of variables (input)? 
• Number of functions (output)?
• Number of K-map?

• Example of functions:
• a ( w, x, y, z) = Σ m (0,2,3,5,6,7,8,9) + 

Σ d (10,11,12,13,14,15) 
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K-maps of segment-a
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3.3  Timing Hazard

• Logic devices (gates or other more complex 
circuits) are essentially made from semi-
conductor

• IC input impedance and PCB copper track 
inductance cause charging and discharging effect 
(similar to RC circuit response)

• The “real” input and output voltages are not a 
perfect step function

• Practical logic input and output waveforms 
exhibit “delay” nature
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I/P and O/P waveform
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Timing Hazards
• The circuit output may produce a short pulse (which 

should not be happened) at the transient time 
caused by delay in propagation of signals

• Two kinds of hazards: static and dynamic
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Timing Hazard
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Assuming that the delay of the gates are 
different as shown above.
With the initial input condition:

xyz =111
Now, change z from “1” to “0”.
Then the associated gate outputs will
be change after their corresponding 
delays.
An unwanted glitch will appear at the 
output – static-1 hazard !!!
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Consider a different case 
With the initial input condition:

xyz =110
Now, change z from “0” to “1”.
NO glitch !!!

Hazard only occurs when input of xzy
change from 111 to 110, NOT for the 
case of from 110 to 111.
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Example
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Timing hazard elimination 

• The occurrence of the hazard can be detected 
by inspecting the K-map of the particular 
circuit. 

• Eliminating a hazard is to enclose the two 
minterms in question with another product 
term that overlaps both groupings. 

• The removal of hazards requires the addition 
of redundant gates to the circuit.
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K-map for eliminating timing hazard  
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Hazard-free realization

• General idea: to include all PIs
• Work for both K-map and QM-method
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Please try to develop a hazard-free circuit 
for the function 
f (a, b, c) = Σ m (0,2,4,5)

Steps:
a) Minimize the function f
b) Realize f to a hazard-free circuit 
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