Digital Electronics
The field of digital electronics can basically be subdivided into two distinct categories;

· Combinatorial Logic

· Sequential Logic

The former consists of logic circuits where all the signals at each point in a circuit are likely to change at the same time. The application of circuits in this category are best suited to simple logic control applications;

· Vehicle Security alarm

· Vehicle lights on warning

· Decoder circuits – such as ignition key fob (in very simplistic, general terms!)
· Lift/elevator control

· Vending machine

In short the type of scenario where ‘if the inputs are in this status – then switch on this output or combination of outputs’ i.e. it is dealing in combinations of inputs verses outputs hence combinatorial.
We are talking about the combination of ‘gates’ to perform a function such as;

· AND gates

· OR gates

· NAND gates

· NOR gates

· NOT gates

By contrast sequential circuits are categorised by signals changing at different times throughout the circuit. Sometimes a ‘clock’ input of some kind is present – timing! Although this is not always the case – if clock timing is present the circuit is know as synchronous otherwise it is known as asynchronous (not dependant on time).
· Counters

· Registers

· Flipflops

These circuits are often embedded in systems to help with the things such as counting, data moving and manipulation etc. a prime example of this might be the ECU of a car.

In our exploration of digital electronics we will first consider combinatorial logic, which means a study of simple Boolean algebra rules, gates and their corresponding truth tables.

We are delving into the world of binary – a two state world – the language of computers and microprocessors For our purposes we must define what this means;
Binary means 1’s and 0’s and for our purposes we will define;

· Logic 1 as +5 Volts (DC)

· Logic 0 as 0 Volts (DC)
But please be aware there are voltage levels that can be assigned to a binary ‘1’ or ‘0’.

Gates

The AND Gate
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The above symbol depicts a two input AND gate – it is common to label the inputs A, B, C, ------ etc depending on the number of inputs that there are. The output is usually labelled with the corresponding ‘boolean algebra’ equation – in this case note that the ‘.’ Represents a logic ‘AND’ function. Similarly the dot can be left out and this still means ‘AND’ e.g. AB.
The truth table simply shows all the possible combinations of inputs and the corresponding output level for each input. If we have two inputs, we can satisfy all combinations of a 1 and 0 input in four rows (basically covering each combination of input by counting up in binary from 0 until all inputs are 1). However there is an easy way to calculate the number of rows based on the fact that we dealing in binary – base 2;
Number of rows = 2 the power of the number of inputs

Number of rows = 2 number of inputs
In this case (2 inputs);

22 = 4 rows (2 x 2 = 4)

In order to understand what the output is for a given combination of inputs it is useful to apply the analogy of light switches and the AND gate is analogous to switches in a series combination;


In order to understand the function of the AND gate, imagine that an open switch represents a logic 0 and a closed switch represents a logic 1. In order to get any kind of output at the right side of the switch combination both switches must be closed and this agrees directly with the truth table!
The OR Gate


Firstly lets examine the Boolean output expression. It contains a mathematical ‘+’ (plus) sign – this often leas to confusion as in the digital world it means ‘OR’ not ‘AND’ as you expect!

We can apply a similar ‘switch analogy’ but this time the switches are in ‘parallel’ giving  a choice of paths to a destination;


It does not take much imagine that because there is now a choice of ‘paths’ if any one switch is closed a logic ‘1’ then there must be an output at the right hand side of the circuit. This is the converse of the AND circuit i.e. any switch closed gives an output. There is no output only if both switches are open circuit.
The other type of ‘basic’ gate is the inverter or NOT gate and this simply inverts or reverses its input;





Note that the line above the ‘A’ on the output denotes ‘NOT’ and can also be termed ‘bar A’.
The other types of gates that we need to consider are the NAND and NOR gates. They are important types of gate as a Boolean theorem exists that states that all combinations of the above gates can be satisfied by combinations of NAND and NOR gates – this theorem is known as De Morgan’s Theorem. At this point this may seem a curious idea? However it makes sense from both an economical and general circuit design standpoint – why?

The actual integrated circuit (IC) package usually consists of 4 physical logic gates on each chip – if this chip has say 4 AND gates and we only require 2, then half of the device is wasted and there is also a space issue because maybe a device with 2 AND gates would have occupied less space (the 2 gate chip is not commercially available!). However if we can make every combination of gate from NAND or NOR gates then clearly the wasted device scenario does not apply.


Quad 2 input NOR gate

The function of the NAND and NOR is quite straight forward to understand as all they do is invert the output of there respective ‘standard’ gates. i.e. the NAND gate gives a NOT AND output whilst the NOR gate gives a NOT NOR output. Both gates are denoted by a simple ‘dot’ on its symbol at the output point.

NAND Gate



NOR Gate




We need to introduce the concept of Boolean algebra in order to help us design circuits (combinations of gates) that perform a useful function, however before embarking on this journey it is worth demonstrating the NOT gate function utilising only a NAND or NOR gate;




Tutorial Exercise;
Provide a truth table that describes the full method for each gate i.e. NAND and NOR, so that there is a column to show the inputs, the AND function, the NOT function (that makes the gate a NAND), and the final output value for a given input.
Boolean Algebra
In the nineteenth century George Boole devised a set of algebraic rules and theorems that can be applied to logic systems. His rules allow logic circuitry, which processes two state signal, to be expressed symbolically. This in turn leads to the ability of a designer to reduce circuit complexity.

We have already discovered the relative symbols relating to the AND, OR, NAND, NOR and NOT logic. The following Boolean rules allow the operation of circuits to be expressed symbolically and to be better understood;

For the AND function




For the OR function




Also A = A

All of theses relationships can be confirmed by truth tables. Earlier we mentioned De Morgan’s rules and how important they are in further simplification of logic circuits. These two additional rules are stated as follows;

A . B = A + B


A + B = A . B

Best illustrated with a truth table – this is the value of seeing every combination at each stage of the Boolean expression;
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LOOK the shaded columns agree proving the above relationship!!!!!!!
What about 
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You try this one – fill in the values !
As we have already established that the significance of De Morgan’s rules is that complete logic systems can be designed using only NAND or NOR gates. This is illustrated below by first showing how and AND function can be generated using NOR gates whilst the bottom illustration depicts an OR function by using only NAND gates;
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de Morgan stotes:
AB =4

therefore:
A.8 = A+8




AND from NOR
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OR from NAND
How can we generate truth tables to proof these relationships ????
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