UNIT — Il : DATA PROCESSING CIRCUITS NOTES
Multiplexers

Multiplex means many into one. A multiplexer is a circuit with many inputs but only one
output. By applying control signals, we can steer any input to the output. Thus it is also called a
data selector and control inputs are termed select inputs. Figure (a) shows the general idea.
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The circuit has n input signals, m control signals and 1 output signal. Note that, m control
signals can select at the most 2™ input signals thus n less than or equal to 2™ The circuit

diagram of a 4-to-1 multiplexer is shown in Fig. (c) and its truth table in Fig. (b).
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Depending on control inputs A, B one of the four inputs Do to D3 is steered to output Y.
Let us write the logic equation of this circuit. Clearly, it will give a SOP representation, each AND
gate generating a product term, which finally are summed by OR gate. Thus,
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Y = ABDO+ +ABDl + ABD2 + AB D3
fA=0,B=0, ¥ =0.0.D0+0.0.D1 +0.0.D2 +0.0.D3
Y =1.1.D0 +1.0.D2 +0.1.D2 + 0.0.D3
Y = DO
In other words, for AB = 00, the first AND gate to which DO is connected remains active
and equal to Do and all other AND gates are inactive with output held at logic 0. Thus,
multiplexer output Y is the same as DO.
IfD0=0,Y=0 andifD0O=1,Y=1.

Similarly, for AB = 01, the second AND gate will be active and all other AND gates remain

inactive. Thus, output Y = D1 . Following the same procedure we can complete the truth table of
Fig. (b).
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Commercial multiplexers ICs come in integer power of 2, e.g. 2-to-1, 4-to-1, 8-to- 1,
16-to-1 multiplexers. With this background, let us look at a 16 - to - 1 multiplexer circuit, which
may look complex but follows the same logic as that of a 4-to-1 multiplexer.
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16-to-1 Multiplexer

The figure below shows a 16-to-1 multiplexer. The input bits are labeled Do to D15.
Only one of these is transmitted to the output. Which one depends on the value of ABCD, the
control input. For instance, when ABCD = 0000 the upper AND gate is enabled while all other
AND gates are disabled. Therefore, data bit Do is transmitted to the output, giving, Y = Do If Do
is low, Y is low; if Do is high, Y is high. The point is that Y depends only on the value of Do .If
the control nibble (group of 4-bits) is changed to ABCD= 1111 all gates are disabled except the
bottom AND gate. In this case, D15 is the only bit transmitted to the output,and Y = D15
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The control nibble determines which of the input data bits is transmitted to the output. Thus we
can write output as

SLGUUTLG HIULNG6T arhs 2 66l (h o6 LN semem teuaMuiliqne@ $HL§gIsHmg)|
6T60TLIGDS STLOMEN&HHIMG). @euaumm| BHTLD Geuerflufl 6mL 6T(LPSH6VTLD
Y =A'B'C'D.Do + A1B1C1D.D1 + A1B1CD'.D2 + ... + ABCD'.D14 + ABCD.D15
8 to 1 multiplexer circuit: we need three select lines for 8 data inputs. And there will

be 8 AND gates each one having four inputs; three from select lines and one from data input.
The final output is generated from an OR gate which takes input from 8 AND gates. The
equation for this can be written as
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Y =AB'C'.Do + A1B1C.D1 + A'BC'.D2 + A'BC.D3 + AB'C'.D4 + AB'C.D5 + ABC'.D6 + ABC.D7
Thus, for ABC= 000, multiplexer output Y = DO; other AND gates and corresponding data inputs
D1 to D7 remain inactive. Similarly, for ABC= 001, multiplexer output Y = D1, for ABC= 010,
multiplexer output Y = D2 and finally, for ABC= 111, multiplexer output Y = D7.

Qaueumml, ABC = 000 6@, walglNelenss] Geueflui Y = DO; Lm AND cumulleuseit
womid D1 W D7 euenguleunesr &Ja| 2 6iTerf(h&e6iT GlEFwemm MHeneUIlC) O GIT6ITET.
2656umev, ABC = 001 6@, aIqLNE6MHFT Gederfluie Y = D1, ABC = 010 &,
elgLNAeMs& ] Geuerfui®p Y = D2 wmmid @miHwing, ABC =111 6@, LDV LI GGTSHS T
eouerfluip Y=D7.



f:’}. E 24 V(_“{" Strohe A i C D j ]
L L I L L 7
D, [2] 23] Dy L L L L H b
D« E 2|D, L L L H ! D,
s L L L H H Dy
D14 21] Dy L i H L ; B,
D, [5 EDI: L L H L H Ds
" ] L L H H L Dy
D[ 6 G 19]D,, L L H H H D-
b3 s EDI‘ L H L L L Dy
' L " L z H y
Dy | 8 17Dy L H L H L Do
TR : L H L i i By
STROBE | 9 16|1D,. !
¥ 110 15|D L H H L H D
s H H H L D
Al 14]C 3
(i L H H " H Dis
GND [12] [13]2 H XX X X H

IC 74150 :

This is the Boolean equation for a typical transistor-transistor logic (TTL) multiplexer
because it has an inverter on the output that produces the complement of the selected data bit.
The 74150 is a 16 - to - 1 TTL multiplexer with the pin diagram shown in Figure. Pins 1 to 8 and
16 to 23 are for the input data bits DO to D15. Pins 11, 13, 14, and 15 are for the control bits
ABCD. Pin 10 is the output; and it equals the complement of the selected data bit. Pin 9 is for
the STROBE, an input signal that disables or enables the multiplexer. As shown in the Table, a
low strobe enables the multiplexer, so that output Y equals the complement of the input data bit:
Y= D,, where n is the decimal equivalent of ABCD. On the other hand, a high strobe disables
the multiplexer and forces the output into the high state. With a high strobe, the value of ABCD
doesn't matter.
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