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   Multiplexers and Demultiplexers
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Aim – The purpose of this lab is to expose the student to multiplexers and demultiplexers.
Components – Digital Logic Designer, Integrated circuits (7400, 7404, 7410, 7420), Patch wire.

Procedure – To begin this experiment, first a multiplexer was built using three- and four-input NAND gates (Fig.1).  The truth table for the multiplexer was then verified (Table 1).  The simplest Karnaugh map implementation of the function given (f(ABC)=Sum(0, 1, 3, 4, 6)) was implemented (Table 2).  The inputs of value logical one were applied to +5V and the logical zero inputs were connected to ground.   The truth table was then verified (Table 3).  


A demultiplexer was built on another part of the breadboard (Fig 2).  The truth table of the demultiplexer was also verified (Table 4).  The multiplexer output was then connected to the demultiplexer input and the selection lines of both circuits wired together respectively.  The output of the combined circuit was then verified.

Observations – Both the multiplexer and demultiplexer were built from other components (NAND and NOT gates).  Selection lines were attached using two switches from the digital logic designer.  Both the complimented and uncomplimented outputs of these switches were attached so the selection lines would work properly.  The truth table for the multiplexer shows how only the input selected by the selection lines determines the output of the multiplexer.  Similarly the output of the demultiplexer is selected using the selection lines.  If the input to the demultiplexer input is zero then the output to the selected line will remain at zero.  When implementing the minimal function from the pre-lab it was verified that the multiplexer gives the proper results when wired properly.

Results – From the truth tables it can be concluded that the multiplexer will output the input of the selected line that has been selected with the selection lines.  To contrast this, the demultiplexer outputs to the line selected by the selection lines.  Circuits using minimal logic can be created by finding the minimal realization of the inputs to the multiplexer and implementing this design.

Conclusions and comments – Wiring the multiplexers takes a great deal of time.  It is important to remember where the inputs of the multiplexer and the selection input lines are.  One method to aid in this problem is to wire the inputs and output to another unused section of the breadboard.  The inputs can then be easily identified, wired and rewired for each section of the experiment.  The same method is also useful when wiring the demultiplexer.  Overall this experiment served as a good introduction to multiplexers.
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Fig. 1 - Multiplexor with pinout.


	Table 1 – Multiplexer Truth Table

	S1
	S2
	Input Reaching Output

	0
	0
	I0

	0
	1
	I1

	1
	0
	I2

	1
	1
	I3


	Table 2 – Implementation Table

	B\CA
	00
	01
	11
	10

	0
	1
	1
	0
	1

	1
	0
	1
	0
	1

	
	B’
	1
	0
	0


	Table 3 – Verification

                Truth Table

	A
	B
	C
	T
	Expected

	0
	0
	0
	1
	1

	0
	0
	1
	0
	0

	0
	1
	0
	0
	0

	0
	1
	1
	1
	1

	1
	0
	0
	1
	1

	1
	0
	1
	0
	0

	1
	1
	0
	1
	1

	1
	1
	1
	0
	0


	Table 4 – Demultiplexer Truth Table

	S1
	S2
	Output from

	0
	0
	I0

	0
	1
	I1

	1
	0
	I2

	1
	1
	I3
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Fig. 2 - Demultiplexor with pinout.


Question 1:  This circuit can be created using a 4x1 MUX and one two-input XOR gate (Fig. 3).  The output from the multiplexer is one if the first three bits contains an even number of ones.  It is then combined with the fourth bit using a XOR gate.  If the output from the multiplexer is one and the fourth bit is also one, this will cause the output from the XOR gate to be zero (since the total number of bits is odd).  The number of ones in the first three bits is zero then the output of the multiplexer should be one.  This will allow the XOR gate to function properly when 1000 is input into the function.  The first three bits will output a 0 from the multiplexer allowing the XOR gate to still output a 0 since the two inputs into the gate will then be 1.
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Fig. 2 - Demultiplexor with pinout.


Question 2:  Two 2x1 multiplexers are easily connected together to create a 3x1 multiplexer (Fig. 4).  The output of the lower selection bits are input into the lower input of the second multiplexer.  This allows the lower bits to control the output when the higher bit is set to 0.  When the selection high bit is set to 1 the output is always controlled by the highest bit.
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Fig. 4 - 3x1 MUX
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The cheapest implementation of F(A, B, C, D) = Sum (0, 1, 3, 6, 8, 10, 13) is the following:

	D\ABD
	000
	001
	010
	011
	100
	101
	110
	111

	0
	1
	1
	0
	0
	1
	0
	0
	1

	1
	0
	1
	1
	0
	1
	0
	0
	0

	
	C’
	1
	C
	0
	1
	0
	0
	C’
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Fig. 1 - Multiplexor with pinout.

_1016996362.unknown

_1017069509.unknown

_1016992017.unknown

_1016993115.unknown

