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(DL.1)	  Introduction:-

The earliest digital computers that used transistors were designed in the early 1960’s. 
By 1965 computers using integrated circuits were developed. An integrated circuit (IC) is a group of interconnected transistors designed to carry out a particular function. These first computers had integrated circuits with about 30 components on a 3 mm2 chip.
During the 1980’s computer manufacturers had managed to design  IC’s with over 100,000 components on the same size chip. These are made with silicon semiconductor crystals, connecteded together and to pins by use of thin gold wires. The chip is mounted on ceramic plaster, to protect the delicate circuitry, to dissipate the heat generated when the chip is operational and to allow easy handling when being assembled or removed.
The now old Intel 486 chip of the 1990’s had over 1,200,000 components and 169 pins for connection to the motherboard of the PC. 

Although the circuits in even the simplest integrated circuit are very complex, all of them are constructed from basic components called logic gates. The logic gates themselves perform extremely simple functions. By wiring gates together in various combinations. more complex components, such as adders, registers, counters etc. can be formed. This section will describe the logic gates used in computer manufacture and give a general idea of how they can be combined to perform the simplest functions in a computer.
	
(DL.2)	  Building Blocks  -  the first 3 of the 6 logic gates:-

 (
Truth Table
     AND
   a   b   x
   0   0   0
   0   1   0
   1   0   0
   1   1   1
)	(a) 	The AND  gate


 (
  boolean expression:
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	{ Note: 
		The AND gate can be imagined as two switches in series. The only time that the current flows (i.e. output x = 1) is when both switches are closed (i.e. when a = 1 and b = 1).
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Truth Table
      OR
   a   b   x
   0   0   0
   0   1   1
   1   0   1
   1   1   1
)	(b) 	The OR  gate


 (
  boolean expression:
a + b
)
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	{ Note: 
		The OR gate can be imagined as two switches in parallel. The only time that the current does not flow (i.e. output x = 0) is when both switches are open (i.e. when a = 0 and b = 0).
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	(c) 	The NOT  gate,  or  invertor
 (
Truth Table
    NOT
     a   x   
     0   1   
     1   0   
   
   
)
 (
  boolean expression:
_
a 
)
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	{ Note: 
		The NOT gate has only one input and it changes the state of the input i.e. if input  is 0 then the output is 1 and vice versa.  }

(DL.3)	  Example combining gates:-

	Draw up the truth table for the following combination of logic gates:
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	Solution:
 (
Truth Table
                  _
   a   b   y   a    x
   0   0   0    1   0
   0   1   1    1   1
   1   0   1    0   0
   1   1   1    0   0
) (
 _
 a
)



 (
                   _
x = y  
AND  
a
a
b
y = a 
OR
 b
)





(DL.4)	  Example combining gates:-

	Draw up the truth table for the following combination of logic gates:


 (
x
Inputs
Output
a
b
)


 (
Truth Table
                  
   a   b    x
   0   0    1
   0   1    1
   1   0    0
   1   1    1
)	
	Answer:





		

The AND-gates and the OR-gates above can also have 3, 4, 5 and more inputs but will always only have the one output.

(DL.5)	  Three input AND gates:-

 (
Truth table
)
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	The output is only 1 when all three inputs are 1, 
	in all other cases the output is 0 .

(DL.6)	  Three input OR gates:-
 (
Truth table
)
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	The output is always 1, except when all of the three 
	inputs are 0.


Every digital circuit can be designed using the above three gates i.e. the AND, the OR and the NOT gates. However as will be explained below 3 further types of logic gates are also used.


(DL.7)	  Building Blocks  -  the last 3 of the 6 logic gates:-

	There are three further logic gates which are commonly used in the design of digital circuits, these are:	
			
			 the NAND-gate,	the NOR-gate	,	the XOR-gate	

	The reason for the popularity of the NAND gate and the NOR gate is that either one of these gates can be used  on its own to design every possible combination of logical circuits. So engineers have found it easier, for manufacturing purposes, to use only the one type of gate on any particular IC.

	The XOR gate is included for completeness and we will use it later to demonstrate how a simple adder can be implemented.

	(a) 	The NAND  gate:

 (
Truth Table
     NAND
   a   b   x
   0   0   1
   0   1   1
   1   0   1
   1   1   0
)		The NAND gate simply means a NOT AND gate, i.e. it is a normal AND gate which is then inverted.


 (
  boolean expression:
             ____
a . b
)
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	{ Note:  The symbol above comes from a combining of the AND symbol with the NOT symbol, the little circle after the AND symbol represents the NOT symbol so that the diagram is easier to read and draw. The diagram below is equivalent:
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	(b) 	The NOR  gate:

 (
Truth Table
     NAND
   a   b   x
   0   0   1
   0   1   0
   1   0   0
   1   1   0
)		The NOR gate simply means a NOT OR gate, i.e. it is a normal OR gate which is then inverted.


 (
  boolean expression:
             ____
a + b
)
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		Again here the little circle following the OR symbol represents the inversion NOT.

 (
Truth Table
      XOR
   a   b   x
   0   0   0
   0   1   1
   1   0   1
   1   1   0
)	(c) 	The XOR  gate  i.e. Exclusive OR gate:
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  boolean expression:
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	{ Note: 
		The XOR gate can be imagined as a logical choice between one or the other but not both . So if the two inputs are 1 then the output is 0,  whereas if only one of the inputs is 1 then the output is 1 .)

	The above six logic gates complete all the gates which are used in the design of all modern circuits whether in a PC,  a microwave , a washing machine, a car etc.

	As mentioned earlier, any one particular IC will not normally use all six and will often only use one type i.e. the NAND gate or possibly the NOR gate. 



Again the NAND-gates , the NOR-gates and the XOR gates above can also have 3, 4, 5 and more inputs but will always only have the one output.
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)(DL.8)	  Three input NAND gates:-
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	{ Note that the output is always 1,
 	   except when the three inputs are 1 }


 (
Truth table
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)(DL.9)	  Three input NOR gates:-
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	{ Note that the output is always 0, 
	   except when the three inputs are 0 }


 (
Truth table
XOR
)(DL.10)	  Three input XOR gates:-
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	{ Note that the output is always 0,   except when 
	   there is exactly one and only one of inputs 1 .}
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