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Abstract - This research paper reviews and briefly discusses about the multiplexers and
demultiplexers. This research paper aims to explore the history of multiplexers, types of
multiplexers, applications and the real-time use cases of multiplexers. Furthermore, it also
includes a brief introduction on the different multiplexing techniques employed in analog and

digital electronics, ongoing research studies and future research scope for multiplexers.
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|. InTRODUCTION
In electronics, often there is a requirement to combine several analog signals or digital data
streams, which combine into one or select one from several input data lines in order to forward
the intended input to the single output line. The purpose to save expensive resources, as many
input data lines or streams can make use of only one shared resource or device, it makes the
circuit to work more efficiently. This technique or method is known as “multiplexing” or
simply “muxing”. Converse to “muxing” is the technique or method called “demultiplexing”
or simply “demuxing”. The word “demultiplex” means one to many, demuxing is the method
used to obtain data from one input line and transmit it to several output lines, where
transmission is controlled by select lines. Thus, a multiplexer can be considered as a switch
with multiple-inputs  and single-output, while demultiplexer is considered as a switch
with a single-input and multiple-outputs. Very often on the receiving end, where a

multiplexer is combined with a complementary demultiplexer [1-3].
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Il. History
Today, multiplexing is most commonly used in telecommunication industries. Multiplexing
originated back in the 1870s in telegraphy, when telecommunication was in its initial stages.
In 1910 George Owen Squier developed a telephone carrier multiplexing.[1] During early
periods of telegraphy, it was really expensive and difficult to lay out the long telegraphic
cables, and utilization of the signal line to their full efficacy was not possible, therefore there
is a need to develop a method for full utilization of transmission cables. In order to overcome
this problem, one of the first multiplexing systems in telegraphy was developed by Baudot
and Delany, which allowed multiple telegraphists to share a single line.[4] Jean-Maurice-
Emile Baudot patented his telegraphic multiplexing technique in 1874. This paved way for
further improvement and development in multiplexing techniques and multiplexer devices in
telegraphy and then in telephony. The first research paper, which reported the term
‘multiplexer’ was written by anonymous, the paper is called “Anonymous, On the
synchronous-multiplex telegraph, Proc. Am. Philos. Soc. 21(114) (1883), pp. 326-328".
Some of the early experimental works in telephony multiplexing were done by Willard Miner
in the 1900s. But the landmark work in this field was done by Herbert Raabe (1909-2004)
and Claude Shannon (1916-2001) during the 1940s,[4] which proved to be pioneering work
for the improvement and development of new multiplexing techniques in the years to come

both in analog electronics and digital electronics.

1. MucTipLexer
A. What is a multiplexer?
A multiplexer is a device that converts parallel data into serial data by routing data from
many input lines/streams to one output line/stream. Multiplexers are used in both analog and
digital electronics. In analog circuits, relays and transistors make up a multiplexer, while in
digital circuits multiplexers are developed by using logic gates [1]. Digital multiplexers have
signal lines that can be used to steer data from any input line to the output line. Commonly

used digital multiplexers are 2-to-1, 4-to-1, 8-to-1, 16-to-1 multiplexers etc.
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Fig. 1: Multiplexer Pin Diagram
(Reproduced from [1])

A 4-to-1 multiplexer can be used to explain the working of a digital multiplexer. The 4-to-1
multiplexer has four input bits, two control bits, and one  output bit. Fig. 1

shows “Multiplexer pin diagram”.
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Fig. 2: 4-to-1 Multiplexer circuit diagram

Here the 4 input bits are D00, D01, D02, and D03. Only one of these is forwarded to the
output Y. The transmission is constrained by the control lines A and B, whose values
determine which info bit is to be communicated to output Y. For instance, assuming the
estimation of AB is 00, the first AND gate is activated while the rest are not enabled and the
info bit from DOO is sent to output Y. Table 1 shows “Truth Table for 4-to-1 multiplexer”.
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Table 1: Truth Table for 4-to-1 multiplexer

A | B ¥

0 0 DOo0
0 1 DO1
1 0 D02
1 1 D03

In a combinational circuit, a multiplexer circuit is very similar to an encoder circuit and
can be built using AND, OR, NOT gates. Fig. 2 shows a “4-to-1 Multiplexer circuit

diagram”.

B. Types of multiplexers

Common types of digital multiplexers are:

e 2 to 1 multiplexer (with 1 select line)

e 4 to | multiplexer (with 2 select lines)

e 8 to 1 multiplexer (with 3 select lines)

e 16 to |1 multiplexer (with 4 select
lines)

By combining different multiplexers, we can make any desired m to 1 multiplexer.

C. Advantages/Disadvantages of a multiplexer

Advantages: By using multiplexers, combinational circuits can be made cost-efficient,
less complex, less usage of wiring, and sharing of resources.
Disadvantages: There is an additional delay because of switching ports and additional

I/0 signals used for controlling the MUX.

D. Applications of multiplexers [1]

ISSN: 2582-3825 (online)
Submitted: 20.02.2021
Revised: 12.03.2021
Accepted: 10.04.2021

In  communication systems: Multiplexers help handle multiple transmission

channels/lines, it allows the transfer of different formats of data such as audio, video
streams simultaneously over a single line. Now the system is more efficient because

of the use of multiplexers in building the logic.

In telephony: Helps in sharing and efficient utilization of transmission medium i.e.,

telephone cables.

In computer memory: Diminishes the number of memory paths needed to interface

different PC parts to the memory.
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e In GPS (global positioning system) technology for the satellite to ground

communication [6].

V. DemuLTIPLEXER
A. What is a demultiplexer?
A demultiplexer is a device that converts serial data into parallel data by routing data from
one input line/stream to many output lines/streams. Demultiplexers are used both in analog
and digital electronics. In analog circuits relays and transistors make up a demultiplexer while
in digital circuits demultiplexer is made using logic gates [1]. Digital demultiplexers have
signal lines that can be used to steer data from the input line to any output line. Commonly
used digital demultiplexers are 1-to-2, 1-to-4, 1-to-8, 1-to-16 demultiplexers etc. Fig. 3 shows

“Demultiplexer pin diagram”.

M control
lines

Input DE MUX

Signals M Output
sgnal

Fig. 3: Demultiplexer pin diagram
(Reproduced from [1])

A 1-to-4 demultiplexer can be used to explain the working of a digital demultiplexer. 1-to-

4 multiplexers have one input bit, two control bits, and four output bits.
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Fig. 4: 1-to-4 Demultiplexer circuit diagram
(Reproduced from [1])

Here the data input bit is D. It is forwarded to one of the four output lines YO, Y1, Y2, and
Y3. The transmission is controlled by the control lines A and B, whose values determine
which input bit is to be transmitted to output Y. For example, if the value of AB is 01, then
the second AND gate are activated while the rest are not enabled and the input bit i.e., D is
transmitted to output i.e., Y1. Table 2 shows “Truth table for a 1-to-4 demultiplexer”.

Table 2: Truth table for a 1-to-4 demultiplexer

A B i

0 0 Y0=D
0 1 Y1=D
1 0 Y2=D
1 1 Y3=D

In a combinational circuit, a demultiplexer circuit is very similar to a decoder circuit and can

be built using AND, OR, NOT gates. Fig. 4 shows “1-to-4 Demultiplexer circuit diagram”.
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B. Types of demultiplexers

Digital demultiplexers’ common types are:

* 1to2 demultiplexer (with 1 selectline)
1 to 4 demultiplexer (with 2 selectlines)
1 to 8 demultiplexer (with 3 selectlines)
1 to 16 demultiplexer (with 4 select lines)

By combining different demultiplexers, we can make any desired 1 to m demultiplexer.

C. Advantages/Disadvantages of a Demultiplexer

Advantages: A combination of MUX and DEMUX enhances the efficiency of the
communication system. DEMUX divides the mutual signals back into their individual
streams. DEMUX also acts as decoders for many security systems.

Disadvantages: Synchronization of different signals causes the wastage of bandwidth
and causes signal delays in the circuit.

D. Applications of Demultiplexers [1]

In communication systems: In combination with multiplexers demultiplexers help in
better transmission and reception of simultaneous data streams like audio and video in

a communication system.
In an ALU (arithmetic logic unit): Here a demultiplexer is associated with numerous
registers or other stockpiling gadgets while the output of the ALU goes about as input

for demultiplexer. In this way, the input of ALU is stored in various areas in memory.

In serial to parallel convertor: Serial data signals are first fed to a demultiplexer,

which stores data at different locations and later on it can be read parallelly [5].

Helps in connecting single sources to multiple destinations.

V .MuLTIPLEXING TECHNOLOGIES/TECHNIQUES

The method of communicating different signals which either might be analog or digital over a

solitary output medium is known as multiplexing.
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Some examples of different types of
multiplexing technologies/techniques are [7]:

Frequency Division Multiplexing (FDM)

Orthogonal Frequency Division
Multiplexing (OFDM)

Wavelength Division Multiplexing
(WDM)

Dense Wavelength Division Multiplexing
(DWDM)

Conventional ~ Wavelength  Division
Multiplexing (CWDM)

Reconfigurable Optical Add-Drop
Multiplexer (ROADM)

Add/Drop Multiplexing (ADM)
Inverse Multiplexing (IMUX).

Multiplexers

l
l l

Analog Digital
l l Time Division

Frequency Wavelength Multiplexing

Division Division (Tom)

Multiplexing Multiplexing

(FDM) (WDM) l l
Synchronous Asynchronous
TOM TDM

Fig. 5 shows various analog and digital electronics based multiplexing techniques. Some

Fig. 5: Multiplexing Techniques
(Reproduced from [7])

multiplexing techniques are briefly explained:
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« Time Division Multiplexing: In this, the signal from various low bit rate channels are
communicated over a solitary high bit rate channel by assigning each low bit rate
channel a time slot on a high bit rate channel. Data is sent segmentally during
particular time intervals[8][9].

o Statistical Multiplexing: This multiplexing technique allows seamless real-time
transmission of audio-video data streams by bundling different bit rate data stream
signals into a single bandwidth signal. It combines smaller bits with larger bits.[9]

e Inverse Multiplexing: Inverse multiplexing is the opposite of statistical multiplexing,
in this larger signal is broken into smaller bits to be transmitted over multiple
channels.[9]

e Space Division Multiplexing: In space division multiplexing, with an end goal to
restrict the impedance or commotion, information/data from different streams is
scattered across the same wire or medium.[9]

e Frequency Division Multiplexing: In this type of multiplexing, optimum utilization
of bandwidth is aimed at transmitting each piece of data at a different level of
frequency across the same bandwidth. Thus, the entirety of bandwidth is
simultaneously occupied by different signals at different positions.[9]

. Wavelength Division Multiplexing: Wavelength division multiplexing is
usually employed in fiber optics communication as WDM depends upon the shared
medium, which in this case is optic fiber. Here individual wavelengths are used to

transmit individual signals [9].

V1. ONGOING STUDY & FUTURE SCOPE OF MULTIPLEXERS/MULTIPLEXING

Advances in multiplexing technology are a wide area of research at the moment. work on
transmission technology via fiber optics especially is an area where future developments are
looking good. Commonplace electrical-based multiplexing, for example , electrical time-
division multiplexing and cycle division multiplexing seem to fail to satisfy the

prerequisites of current/modern fiber-optic communication [10]. Multi slot amplitude
coding is the most recent multiplexing procedures, which is proposed as an option in contrast
to regular ETDM and DCDM. In addition to that, improvements in spectral efficiency which
lie outside the capability of ETDM have been consistently demonstrated and pier-reviewed in

[10]. MSAC signal additionally takes into account extraction of 10ghz clock signal which is
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significant for the recovery circuit. Simulation arrangement of MSAC in optical
communication framework comprises of n beat design generators, MSAC multiplexer,
transmitter segment, transmission segment, a receiver section, external modulator, and a
persistent wave laser are segments of the transmitter area. the transmission segment comprises
an optical attenuator, optical fiber, the input signal in the form of a synchronized binary data
stream is obtained by the clock signal of each pulse generator for the MSAC multiplexer [10].
The receiver segment is comprised of the optical intensifier, PIN photodiode, electrical
lowpass filter and clock, and information/data recuperation [10]. MSAC system execution
is discovered to be superior to DCDM, in terms of receiver sensitivity, spectral width,

efficiency, optical signal to noise ratio, and chromatic dispersion tolerance [10-27].
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