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==================================================================
1.
The engineering department of your company has just finished the design of a digital circuit for one of its clients. The client’s design statement is to “Develop a logic circuit with four input variables that will only produce a 1 output when exactly three input variables are 1s”. The designer engineer expressed the requirements by the following Boolean expression:
[image: image1.png]X = ABCD + ABCD + ABCD + ABCD





The expression was then implemented with combinational logic circuits using AND-OR gates, as depicted in the following figure. 
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An Implementation of the Boolean Expression

You, as a technical assistant to the designer engineer or technician, were tasked to verify the design. The design verification is a requirement as per the test and commissioning contractual agreement; which needs to be witnessed by the client’s representative. The commissioning documents include the following truth table that needs to be filled upon the completion of the tests and verifications of the operation of the circuit under design. The lab instructor will sign the acceptance sheet on behalf of your client’s representative. 
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Use H for HIGH, and L for LOW to fill the above table
Accepted by: _______________________; Signature: __________________; Date: _______
2.
The universality of the NAND gate means that it can be used as an inverter and that combinations of NAND gates can be used to implement the AND, OR, and NOR operations of any combinational logic function. Some of the universality properties of the NAND gate are illustrated in the following figures. You are requested to verify the implementation of the depicted logic gates and fill the associated truth tables. 

2.1.
Inverter Implementation by NAND Gate:
[image: image3.png]



NAND Gate Used as an Inverter
	Inputs

A
	Output

X

	
	

	
	


Use H for HIGH, and L for LOW to fill the above table


2.2.
NOR Implementation by NAND Gates:
[image: image4.png]



Four NAND Gates Used as a NOR Gate
	Inputs
	Output

X
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Use H for HIGH, and L for LOW to fill the above table
3.
The universality of the NOR gate means that it can be used as an inverter and that combinations of NOR gates can be used to implement the AND, OR, and NAND operations of any combinational logic function. Some of the universality properties of the NOR gate are illustrated in the following figures. You are requested to verify the implementation of the depicted logic gates and fill the associated truth tables.

3.1.
OR Implementation by NOR Gates:
[image: image5.png]A+B




Two NOR Gates Used as an OR Gate

	Inputs
	Output

X
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Use H for HIGH, and L for LOW to fill the above table

3.1.
AND Implementation by NOR Gates:
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Three NOR Gates Used as an AND Gate

	Inputs
	Output

X

	A
	B
	

	
	
	

	
	
	

	
	
	

	
	
	


Use H for HIGH, and L for LOW to fill the above table

 (Fill your name and ID and return to instructor on next lab.)
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