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Introduction

When most people hear the term digital, they usually think of "digital computers" or "digital phones".  While these items are clearly at the forefront of the digital revolution sweeping our society today, digital circuits can now be found in almost every modern electrical/electronic product or system.  In our homes, digital circuits are now used in radios, televisions, VCRs, CD players, microwave ovens, toasters, washing machines, cloths driers, and home security systems.  They also play an essential part in our transport systems (aeroplanes, trains and automobiles) and communication systems (telephones, computer networks, radio and television broadcasting).

In this workshop you will investigate the operation of digital logic gates, the basic building blocks of digital circuitry, and how logic gates can be connected together to perform complex functions.

Equipment

5V power supply, protoboard, digital logic I/O board, 74LS04 (NOT), 74LS08 (AND), 74LS32 (OR), cutters, pliers, single strand wire.

Preliminary Reading

Logic

The foundations of digital logic lie in the Mathematics and Philosophy discipline of Logic.  In logic a statement is a phrase or sentence that we can label true or false.  Such as, "it is a fine day today", "I saw a movie yesterday", "the Australian Cricket Team has a purple uniform".  We can assert that each of these statements are either True or False, however, it should be noted that the "truth" of these statements can change with time (e.g. at some time in the future the Australian Cricket Team may wear a purple uniform).  


Logic has three fundamental connecting operations: OR; AND; and NOT; with which we can construct compound statements.


For example:


"this weekend we can go to the football OR we can go to the basketball";


"we are going to Grandma's AND Grandma has invited us to dinner";


"It will be a fine day, if it does NOT rain".

Truth Tables

To decide on the truth of a compound statement we need to investigate the truth of each component.  The list of all possibilities can be presented in tabular form called a truth table.

Digital Logic

Digital logic operates in the same manner as the logic examples above, only instead of statements and compound statements we have electronic inputs and outputs.  Each input and output will always be in one of two states, Logic 1 or Logic 0, these are synonymous with the "true" and "false" used in logic.  In fact a number of terms are used synonymously to describe digital logic states, some of the more common ones are listed in the table below.

LOGIC 0
LOGIC 1

False
True

Off
On

Low
High

Open switch
Closed switch

The fundamental digital logic operations are OR, AND, and NOT, these form the basic building blocks (called logic gates) of all digital circuits.

Logic Gates

A logic gate consists of: one or more inputs; an output; and a process (or operation) by which the outputs can be determine from the state of the inputs.  Each logic gate has a unique symbol and its operation can presented as a truth table.  For each of the basic logic gates listed below , A and B, where required, are used to represent inputs and Z to represent the output.  Also, '0' and '1' are used as shorthand for Logic 0 and Logic 1, respectively.

Integrated Circuits

Digital logic circuits can be constructed many ways, however, one of the simplest is to use individual logic gates found in small scale integrated circuits. The integrated circuits (or ICs) you will be using are the 74LS04 (NOT), 74LS08 (AND), and the 74LS32 (OR).  

Equipment Set Up

The experiments are carried out on a "white-chocolate" proto-typing board.
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