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Laboratory 8 — Multiplexers and Decoders

Al. OBJECTIVES — MULTIPLEXERS
Understand the operation of a typical MSI Multiplexer

Design a voting machine using Multiplexers and a 7-Segment Decoder

A2. DISCUSSION — MULTIPLEXERS

A multiplexer is a combinational circuit that selects binary information from one of many
input lines and directs it to a single output line. The selection of particular input line is
controlled by a set of selection lines. Normally, there are 2" input lines and n selection
lines whose bit combinations determine which input is selected. A multiplexor can be used
to implement minterms of Boolean function by the way of the multiplexer selection inputs.
The individual minterms can be selected by the data inputs, thereby providing a method of
implementing a Boolean function of n variables with a multiplexer that has n selection
inputs and 2" data inputs, one for each minterms.

The following shows an efficient method for implementing a Boolean function of n
variables with a multiplexer that has n-1 selection inputs. The first n-1 variables of the
function are connected to the selection inputs of the multiplexer. The remaining single
variable of the function is used for the data inputs. If a single variable is denoted by z,
each data input of the multiplexer will be z, z’, 1, or 0. To demonstrate this procedure,
consider the Boolean function

F(x,y,z) = (1,2,6,7)

This function of three variables can be implemented with a four-to-one-line multiplexer as
shown in Figure A3.1. The two variables X and Y are applied to the selection lines in that
order; X is connected to the S; input and y to the Sy input. The values for the data input
lines are determined from the truth table of the function. When XY = 00, output F is equal
to z because F=0when Z=0and F =1 when Z = 1. This requires that variable z be
applied to data input 0. The operation of the multiplexer is such that when XY = 00, data
input O has a path to the output, and that makes F equal to Z.
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Figure A3.1: Implementation of a Digital Circuit using a Multiplexer

In a similar fashion, we can determine the required input to data lines 1, 2, and 3 from the
value of F when xy=01, 10, and 11, respectively. This example shows all four possibilities

that can be obtained for the data inputs.

The general procedure for implementing any Boolean function of n variables with a
multiplexer with n-1 selection inputs and 2" *data inputs follows from the example above.
To begin with, Boolean function is listed in a truth table. Then first n-1 variables in the
table are applied to the selection inputs of the multiplexer. For each combination of the
selection variables, we evaluate the output as a function of the last variable. This function
can be 0, 1, the variables, or the complement of the variable. These values are then
applied to the data inputs in the proper order.

A3. PRELAB — MULTIPLEXERS

1. As a practice, consider the implementation of the following Boolean function using

a multiplexer:

F(A, B,C, D) =

(1,3, 4,11, 12, 13, 14, 15)

Design a multiplexer circuit that implements the Boolean function.

2. Examine the Lab Assignment in Section A4. Create a solution for your design prior
to the lab. Use Multisim to verify the operation of your circuit. Also include the 7-
Segment Decoder and 7-Segment Display as part of your circuit.
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A4. LAB ASSIGNMENT — MULTIPLEXERS

A4.1 74151 Multiplexer

In this experiment, you will design a combinational circuit and implement it with
multiplexers. The multiplexer to be used is IC type 74151, shown in Figure A4.1. There
are eight inputs designated DO through D7. The three selection lines C, B, and A select
the particular input to be multiplexed and applied to the output. A strobe control S acts as
an enable signal. The function table specifies the value of output Y as a function of the
selection lines. Output W is the complement of Y. For proper operation, the strobe input
S must be connected to ground.
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Strobe S
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3
5 D1
D2 5 Function table
1 74151 Y Qutput¥ Strobe Select Output
Data 15193 6 ) S c B A Y
I w W=Y
nputs D4
14 1 X X X 0
13 D5 0 0 0 0 DO
D6 0 0 0 1 D1
12 0 0 1 0 D2
D7 0 0 1 1 D3
C B A 0 1 0 0 D4
9( 10| 11 0 1 0 1 D5
0 1 1 0 D6
0 1 1 1 D7

Select inputs
Figure A4.1: 75141 Multiplexer
A4.2 Multiplexer Design Specification

A small corporation has 10 shares of stock, and each share entitles its owner to one vote
at a stockholder’'s meeting. The 10 shares of stock are owned by four people as follows:

Mr. W: 1 share

Mr. X: 2 shares
Mr. Y: 3 shares
Mrs. Z: 4 shares

Each of these persons has a switch to close when voting yes and to open when voting no
for his or her shares.
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It is necessary to design a circuit that displays the total number of shares that vote yes for
each measure. Use a seven-segment display and a decoder you experimented in your
previous lab, to display the required number. If all shares vote no for a measure, the
display should be blank. (note that binary input 15 into the 7447 BCD-to-seven-segment
decoder driver blanks out all seven segments). If 10 shares vote yes for a measure, the
display should show 0. Use four 74151 multiplexers to design the combinational circuit
that converts the inputs from the stock owners’ switches into the BCD digit for the 7447.
Do not use 5V for logic 1. Use the output of an inverter whose input is grounded.

Descriptions of the design approach for each share holder and the steps leading to your
design result must be shown in your lab report to receive credit.

A5. REVIEW QUESTIONS — MULTIPLEXERS

1. What is the minimum size Multiplexer required to implement a 5-Variable Boolean
Expression?

2. Under what conditions does minimization produce a simpler Multiplexer
implementation?

3. What is the purpose of an Enable Input on a Multiplexer?

4. How does the 74151 Multiplexer treat disconnected inputs?

B1. OBJECTIVES — DECODERS
Understand the operation of a typical MSI Decoder

Implement a Boolean Function using a Decoder

B2. DISCUSSION — DECODERS
A (binary) Decoder has n input lines and 2n output lines. The output lines are numbered

in accordance with the decimal equivalent of the binary code corresponding to the input
lines. A 4to 16 line decoder is shown in Figure B2.1:
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Figure B2.1: 4-t0-16 Decoder Block Diagram

Upon the insertion of a binary number at the inputs, the output line who's (decimal)
number corresponds to the input is asserted. As an example for positive logic, Table B2.1

illustrates the asserted output for a 1001 and 0100 input:

Inputs
(MSB)
A B C
HIGH LOW LOW
LOW HIGH LOW

Inputs  Binary
(LSB) Value
D
HIGH 1001
LOW 0100

Asserted
Output

9
4

As with the Multiplexer, most Decoders also provide one (or more) Enable inputs to be
used as a strobe. A diagram of a typical 74154 Decoder is shown in Figure B2.2. The
decoder has 2 active-input LOW Enable lines (G1 and G2) that must be asserted LOW to
enable the chip. The data-select inputs D C B A are used to activate one of the 16

outputs, which are active output LOW.
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Figure B2.2: 74154 Decoder Data Sheet

B3. PRELAB — DECODERS
1. Study the 74154 Decoder Chip, as described in the Data Sheets.

2. Examine the Lab Assignment in Section B4. Create a solution for your design prior
to the lab. Use Multisim to verify the operation of your circuit.

B4. LAB ASSIGNMENT — DECODERS
1. Connect the chip as follows:

Power and Ground, as appropriate.
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Four Logic Bit Input Switches to Input Pins A, B, C, and D.

2. Verify the operation of the chip against the function table in the Data Book (a few
representative input combinations are sufficient) with the Logic Bit Input Switches
and the Logic Probe. Devise and conduct experiments that allow you to answer the
following questions:

a. Are the enable inputs G1 and G2 positively or negatively asserted?

b. Must both G1 and G2 be enabled in order to enable the Decoder or is either
one or the other sufficient?

c. How does the Decoder treat a disconnected input? (High or Low)?

3. Using this (single Decoder) chip and (one or more) Type 00 Quad 2-Input NAND
gates, design a single circuit with two outputs, one of which will be HIGH upon the
occurrence of any one of the input binary codes corresponding to the decimal
numbers 1, 3, or 6, and the second of which will be LOW upon the occurrence of
any one of the binary codes corresponding to the decimal numbers 1, 2,5, 6, 8, 9,
10, 11, 12, 13, 14, or 15. Verify your designs with your Instructor if you wish.

4. Build your circuits and verify the operation with the Logic Bit Input Switches and the
Logic Probe. Draw the measured Truth Table for each of the circuits. Demonstrate
your working circuit to your Instructor.

B5. REVIEW QUESTIONS — DECODERS

1. What is the minimum size Decoder required to implement a 5-Variable function?

2. Can a (general) Boolean function be implemented using a Decoder only (without
external gates)?

3. What types of Boolean function(s) are more amenable to a Decoder
implementation verses a Multiplexer implementation?

4. How does the 74154 Decoder treat disconnected inputs?
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