A BIT of LOGIC

	The AND Function:
	Truth Table
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	The OR Function:
	Truth Table
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= 1
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	The NOR Function:
	Truth Table

	
	B
	A
	Q

	NOR is one of the functions sometimes referred to as “universal logic”.  It is the inverse of the OR.
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	The NAND Function:
	Truth Table

	
	B
	A
	Q

	NAND is another function sometimes referred to as “universal logic”. It is the inverse of the AND.
	
[image: image5.wmf]B

A

B

A

+

=

×


	0
	0
	1

	
	A.B.C = C(A.B) = A(B.C)
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	The XOR Function:
	Truth Table

	
	B
	A
	Q

	XOR is a special function, like OR but excluding the AND.  It is not easy to use in algebraic minimisation. 
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	The XNOR Function:
	Truth Table

	
	B
	A
	Q

	XNOR is the inverse of the XOR gate, think of it as finding two the same…  
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	The NOT Function:
	Truth Table

	
	
	A
	Q

	NOT, or inverse, sometimes negation.
	The ANSI logic symbol
	
	0
	1

	
	
	
	1
	0


Universal LOGIC

In practical electronic systems it is sometimes better to use all one type of gate.  The use of a single integrated circuit (IC) makes circuit layout easier, and bulk discounts make the cost of a single gate lower.  The conversion between all NAND or all NOR gates is done using DeMorgan’s Rules…
	DeMorgan’s Rules:

	Use DeMorgan’s Rules to change from mixed gates or logic functions to all the same gate or function, either NAND or NOR
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common gates to NAND
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common gates to NOR
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NAND to common gates
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NOR to common gates


	The NOR Function:
	Truth Table

	
	B
	A
	Q

	NOR is one of the functions sometimes referred to as “universal logic”.  It is the inverse of the OR.
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	The ANSI logic symbol
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	The NAND Function:
	Truth Table

	
	B
	A
	Q

	NAND is another function sometimes referred to as “universal logic”. It is the inverse of the AND.
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	The ANSI logic symbol
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	The NOT Function:
	Truth Table

	
	B
	A
	Q

	The NOT function is gained by tying the inputs of the gate together so that they must always be the same, the truth table then only has two rows….
	The ANSI logic symbols
	0
	0
	1

	
	
	1
	1
	0

	
	
	B=A, because they are connected together.


Given any logic expression it is possible to convert it to NAND by choosing any OR signs and changing them to AND (change signs), invert the individual expressions or inputs (not the individuals) and then invert the whole expression (not the lot).
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 This expression now uses five NAND gates (two ICs) rather than five gates from three ICs, saving power, manufacturing time, money, and improving profitability
Similarly, when changing to all NOR gates: change AND to OR, not the individuals and then NOT the lot.
Boolean Algebra Rules!

Rules with NOT
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Distributive Rules
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Rules with Constants…
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