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ABSTRACT

The paper provides a general overview of demultiplexers chips as well as their applications. The
multiplexers and demultiplexers play an important part in the designing of Communication systems.
Both have different work multiplexer combines different signals and through them over a signal
channel. Whereas demultiplexer gives a single channel signal to multiple lines which depends upon the
value of selection lines. In this paper, the chip design is done for(1x16) demux, (1x32) demux, and
(1x64) demux in VHDL with various types of VHDL modeling like data flow, behavioral and structural
modeling, and also their simulation to see its waveforms in ISE design suite 14.7. Demultiplexer design
helps the designers estimate the chip performance and timing, memory, and hardware utilization
parameters. The comparison is done for these three types of modeling on the FPGA Virtex-5 based on
the number of slices used, LUT used, total combinational path delay, and the memory utilized by the
design. So it will help the researcher to know which type of modeling is better for the designing of
demux (1x16), demux (1x32), and demux (1x64).The results show that for (1x64) demux in data flow
modeling the delay is the largest and also the memory utilization is the largest compared to that of
(1x16) demux, and (1x64) demux. In behavioral modeling, the delay is equal for all three demux that is
(1x16) demux, (1x32) demux, and (1x64) demux, and memory utilization is largest for (1x64) demux.
whereas in the case of structural modeling, the delay and slices used are larger for demux (1x32), and

I/0s and memory utilization are greatest for demux (1x64).

1. Introduction

The data distributor is exactly the reverse of the
multiplexer we studied earlier and is more commonlyreferredto
as a demultiplexer or "Demux" for short instruction. The
demultiplexer switches a unique input data line to each of
several separate output lines, one at a time. Demultiplexers
produce several outputs from unique data inputs and several
selection inputs. Depending on the values of the input selection
line, it permits the data supplied to one of the outputs.
Demultiplexers can be useful when designing general-purpose
logic because they can function as a decoder if their input is
always true. Demultiplexer, often known as DEMUX, is a
digital device that can forward its unique input onto any of the
several output lines. The single input and numerous outputs of
a demultiplexer. It has 2" output lines where “n” represents the
number of control signals. Every control signal combination
chooses a particular output line through which the input data
signal should exit. Output lines are also known by the name
channels. The way a demultiplexer works is exactly the
opposite of a multiplexer.

All of the phone (and data) lines on a customer's phone
line in telephony have been bundled together, using a
multiplexer and the only way to access them is through a
demultiplexer. Even though the connections are often not
encrypted, this allows for more secure communications where
such demultiplexers are rare. The Chemical etching of silicon

substrates to create athlete gratings has already proven to be
effective, simple to use, and well-suited for optical wavelength
demultiplexing. In this research, experimentalists and
theoreticians work together to develop feasible wavelength
demultiplexers for optical communications in the ranges of
0.78-0.9 and 1.2-1.35 micrometers [1].A grating demultiplexer
coupler is the only device that has the quality of light and
demultiplexer. In this paper, all about this is discussed [2]. To
extract four different wavelengths near frequencies
corresponding to communication windows, the studied
demultiplexer is built on optical filters with optimized
parameters. The most crucial aspect of communication systems
is thought to be optical filtering devices [3]. This article
presents a novel photonic crystal fiber-based 1x2 power
demultiplexer concept. By introducing flaws in the photonic
crystal fiber (PCF) structure as the shift in the silica and air
index, the luminary connection between the center core and
coherent laser sources is made possible [4]. Critical photonic
components known as microring resonators are used in
nonlinear, sensing, and filtering applications. The Micro Ring
Resonator (MRR) has recently found use in the creation of
optical logic gates. This paper discusses the operation of an
MRR-based demultiplexer. MRR functions t optical switching
apparatus [5].
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An appropriate substrate can be drilled with holes to create
a two-dimensional photonic crystal using photolithography.
This research suggests and simulates an 8-channel
demultiplexer built on 2D photonic crystals for WDM and
DWDM applications. The best quality factors to date,
according to the literature, were attained [6].

A 116 GS/s analog demultiplexer front-end is shown in
this work, sampling one differential input channel and cycling
it to four differential outputs at 29 GS/s each [7]. This study
describes a two-channel wavelength division demultiplexer
that divides 1532.68 and 1596.34 nm wavelengths into separate
ports with a loss of about 3 dB. The device is based on a
multimode interferometer [8]. The research presented here
suggests a Photonic Crystal (PhC) structure based on a 3x1
Multiplexer/ Demultiplexer (MUX/DEMUX) [9]. One input
line and two output lines (i.e., two transmission channels)
make up this demultiplexer. In demux (1x2) one input line and
two output channels are attached at the same place. The length
of each waveguide of the proposed structure's asymmetric
loops is particularly sensitive to the Fano resonances, which
are produced by this system. [10].

All optical demultiplexing constructed on photonic
crystals is presented and simulated in this study for a
communication system. This work silicon substrate and a thin
coating of silica with a specified 2-dimensional rectangular
pattern of holes as a photonic crystal [11]. It is suggested and
proved to use a two-dimensional square lattice photonic crystal
(PC)-based silicon rod-based all-optical 1x2 De-multiplexer
(Demux). Phase differences between input beams caused by
point defects and line and point flaws are what cause the
device to operate [12]. Spatial mode demultiplexing is offered
by Volume holographic demultiplexers (VHDMs) employing
straightforward optical technologies. In this study, they suggest
a dual-wavelength technique (DWM) in conjunction with a
VHDL system mode demultiplexing in the optical transmission
bands by using the DWM [13]. The planned optical-based
tunable OFDM signal demultiplexer is made up of a phase
modulator and a tunable chromatic dispersion emulator [14].
There are high transmission losses in visible light
communication systems. A unique design was suggested for a
14-optical demultiplexer to address this issue based on
multimode interference [15]. The multiplexers and
demultiplexes have been used in the network-on-chip
operations for ring NoC for selection [16] and processing
multiple node data in specific networks. The control memory
and data are stored based on this node selection strategy. It has
been used for route data communication and directing the data
to the specific port for the 2D router [17].

2. Materials and methods

Xilinx ISE 14.7 software is used for designing demux
(1x16), demux (1x32), demux (1x64), and Virtex -5 FPGAfor
logic verification.

Demux Block Diagram (1x16): Figure 1 shows the block
diagram of a (1x16) Demultiplexer using five (1x4) demux.
Assuming that Dy, is the input, the selection lines are S and S,
Si, and Sy.Qpto Qq5 are sixteen outputs. In the logical
equations Qg,Q4,Q2,Q3.......... Qs are outputs and Sy, Sy, S,

S; are the selection lines, Dy, is the input given to (1x16)
demux.

Qo= $3525150Din ()]
Q1 = $35,5150Din @)
Q2= $3525150Din 3

15)

Q15=S3 525150 Din
and D;,=1

Demux Block Diagram (1x32): Figure 2 shows the block
diagram of demux (1x32) using demux (1x4), demux (1x8),
and demux(1x4) has two selections lines sj,s;, and demux
(1x8) has three selection line s, ,s3,s,. Total selection line for
(1x32) Demuxis five in number which are sy, S; S, ,S3, S4, and

the output lines are from QyQ;,Q,,Q3, tO...eeieiiii... Q34-

And Dy, is the input that is given to the demultiplexer.

Logical equations Qg, Q1,Q,,Q3,Q4, Qsto......... Qj,are given

as follows.
Qo= 54535,5150Din (16)
Q1 = 54535,5150Din 17)
Q2 = 8453525150 Dins (18)
Qs =5453525150Din 19
Q4 =5453525150Din, (20)
Q6=5453525150Din 210
Q31=5453525150Din 47)

Demux Block Diagram (1x64): Figure 3 shows the block
diagram of (1x64) demuxusing (1x4) demux and (1x16)
demux. Demux (1x4) has two selection line s, s;,and demux
(1x16) has four selections lines s,, S3,S4, S5 - The total number
of selection line for demux (1x64) are six in number which are
S0, S1,S2, S3,54, S and the output lines are from Qq, Qq, Q,,

Qs3,Quuvevviiiiinnn. Q3. And Dy, is the input that is given as
input to the demux (1x64).
The logical equations Qq,Q,,Q3,Q4,Q5 Q¢ to.ceere...t.

Qgzare given as follows.

Qo =555453525150Din (48)
Q1= 555453525150 Din (49)
Q2= 555453525150 Din (50)
Q3= 555453525150Din (5D
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Q4= 555453525150 Din (52)
Q5= 5554535251S0Din » (53)
Q63= S554535251S0Din (110)

The demultiplexer design will help the designers or the
researchers estimate the chip performance and delay, memory
used, and hardware utilization parameters in the various types
of VHDL modeling. So we have done a Comparison of these
three types of modeling on the FPGA Virtex-5 based on the
Number of Slices used, LUT used, Total combinational path
delay, and the memory utilized by it. So it will help the
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researcher to know which type of modeling is better for the
designing of demux(1x16), demux (1x32), and demux (1x64).

3. Results and discussion
3.1 Simulation waveforms with different types of
modeling

The simulation is carried out on the Xilinx ISE design
suite 14.7 in the various types of VHDL modeling such as data
flow modeling, behavioral modeling, and structural modeling
for demux (1x16), demux (1x32), and demux (1x64).The
simulation results obtained are shown in Figures 4, 5 and 6
respectively. Results are depicted in Table 1, also analyzed on
FPGA devices like Virtex-5, for different types of modeling in
VHDL.

Table 1: Truth table of (1x16) demultiplexer.

Din S; S, S So Qs Qu Qi3 Qp Qi Qp Q Qs Qs Qs Qs Q4 Qs Q Q Q0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Qg
Q1
Demusx
1x4 I - P
3
Sz | | S3
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Dremux Qs
— 1x4 Qg
14 Q7
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Sz| | S=
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Figure 1: Block representation of 1x16 DEMUX
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Figure 3: Block representation of (1x64) DEMUX.

3.2 Result analysis

The simulation is carried out on the Xilinx ISE design
suite 14.7 in the various types of VHDL modeling, data flow,
and behavioral modeling. The modeling for demux (1x16),
demux (1x32), and demux (1x64) are done successfully, and
also analyzed on devices like Virtex-5, for different types of
modeling in VHDL. The software estimated the number of

slices used, flip-flops, the number of LUT used, the total
input/output of the circuits, and memory used, and also
calculated the total delay of the circuit for the individual
demux. Results are depicted in Table 4. This helps the
researchers to know which type of modeling uses fewer
resources and less delay. Through this, we came to know the
best modeling for the designing of any demultiplexer chip.
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Figure 5: Simulations waveforms for Demux-1x32.

Figure 6: Simulations waveforms for Demux (1x64).
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Table 1: Result analysis of different types of modeling.

Modelling Structural Modelling Data Flow modeling Behavioral Modelling
&demux (Demux) (Demux ) ( Demux )
T | (1x16) (1x32) (1x64) (1x16) (1x32) (1x64) (1x16) (1x32) (1x64)
ed
parameters
1.Slices 16 32 66 32 2 109 16 32 24
(out of 12480)
2. LUTs 8 32 66 32 40 109 16 32 24
(out of 12480)
3.1/0s 21 38 71 21 38 71 21 38 70
(outof 172)
4. Delay(ns) 4.098 4.218 4.838 3.040 3.040 3.040 4.098 4.218 4.214
5. Memory (KB) 45499-72 | 45513- 45529- 45296-52 | 45325- 45459-82 | 45285-64 | 45286-92 | 45288-
16 16 32 20

4. Conclusions

The chip design and simulation are done successfully for
demux (1x32), and demux (1x64) with the help of data flow
modeling, behavioral modeling, and structural modeling in
VHDL. The performance is analyzed by the various parameters
used like number of slices used, LUT used, I/Os, delay, and
memory u. In the case of data flow modeling the delay is
largest for demux (1x64) whereas, in the case of behavioral
modeling, the delay for demux (1x16 ), demux (1x32), and
demux (1x64) are equal to 3.040ns. whereas memory
utilization in the case of data flow modeling is largest for
demux (1x64) which is equal to 4552916KB. Whereas in the
case of behavioral modeling, the memory utilization is largest
in demux (1x64) which is equal to 45459082KB. In structural
modeling, the delay is largest for demux (1x32) which is equal
to 4.218 ns and memory utilization is maximum for demux
(1x64) which is equal to 4528820KB.

Acknowledgements

I want to convey my sincere gratitude to my research
supervisor, Dr. Adesh Kumar, for his unwavering
encouragement and inspiration to work on this article. His
support and one-on-one mentoring gave me a solid foundation
on which to write this study. I want to sincerely thank him for
always being patient with me and encouraging me.

References

[1] P.Philippe, S. Valette, O.M. Mendez, D. Maystre,
Wavelength demultiplexer using echelette gratings on
silicon substrate, Appl. Opt. 24 (1985) 1006-1011.

[2] C. Sideris, A. Khachaturian, A.D. White, O.P. Bruno, A.
Hajimiri, Foundry fabricated grating coupler demultiplexer
inverse-designed via fast integral methods, Commun.

Phys. 5 (2022) 68.

[3] M. Ammari, A. Benmerkhi, M. Bouchemat, Four-channel
optical demultiplexer based on L, Optica Applicata, 52
(2022).

[4] A. Harrat, M. Debbal, M.C.E. Ouadah, Design of a new 2-
channel demultiplexer based on photonic crystal
fiber, Available at SSRN 4420912. Conference Proceedings.

[5] C.S.Ramya, A. Rasheed, U.M. Roy, Design and simulation
of an optical 1: 2 demultiplexer using micro ring resonator,

Workshop on Recent Advances in Photonics
(WRAP) (IEEE) (2019) pp. 1-3.

[6] R.Bachir, B. Hadjira, A. Mehadji, Design of an 8-channel
demultiplexer with ultra highly quality factor and low
crosstalk for DWDM applications, Opt. Quant. Electron. 53
(2021) 363.

[7] P. Thomas. M. Du Tannert, X.Q. Grozing, M.A. Berroth, 1-
to-4 SiGe Bi-CMOS analog demultiplexer sampling front-
end for a 116 GBaud-receiver, 2020 15th European
Microwave Integrated Circuits Conference (EuMIC) (IEEE)
(2021) pp. 121-124.

[8] P. Medeiros, F. Rodrigues, M. Facao, M. Lima, A. Teixeira,
Multi-mode interference for wavelength demultiplexing,
24™ European Conference on Integrated Optics, University
of Twente, Netherlands, 19 - 21 April 2023,

[9] R. Selim, D. Pinto, S.S.A. Obayya, Novel fast photonic
crystal multiplxer-demultiplexer switches, Opt. Quant.
Electron. 42 (2011) 425-433.

[10] A.M. EI-Y. Ben-Alj, I. El Kadmiri, D. Bria, Y-shaped
demultiplexer based on asymmetric loop photonic
waveguides, Proceedings of the 3 International Conference
on Electronic Engineering and Renewable Energy Systems:
ICEERE 2022, Saidia,Morocco, Singapore, 20-22 May
2022, pp. 193-202.

[11] H.A. Banaei, A. Rostami, A novel proposal for passive all-
optical demultiplexer for DWDM systems using 2-D
photonic crystals, J. Electromag. Waves Appl. 22 (2008)
471-482.

[12] K. Goodarzi, A. Mir Design, and analysis of an all-optical
demultiplexer based on photonic crystals, Infrared Phys.
Technol. 68 (2015) 193-196.

[13] S. Shimizu, A. Okamoto, F. Mizukawa, K. Ogawa, A.
Tomita, T. Takahata, N. Wada, Volume holographic spatial
mode demultiplexer with a dual-wavelength method, Appl.
Opt. 5 (2018 ) 146-153.

[14] K. Takiguchi, T. Nakagawa, T. Miwa, Demultiplexing
method of variable Capacityoptical OFDM signal using
time lens-based optical Fourier transform, /EICE Trans.
Electron. 101 (2018) 112-117.

[15] T. Shoresh, N. Katanov, D. Malka, 1x 4 MMI visible light
wavelength demultiplexer based on a GaN slot-waveguide
structure, Photon. Nanost.-Fundamentals and Applications 30

Page | 78



(2018) 45-49.

[16] A. Kumar, L. Baruah, A. Sabu, Rotator-on-chip (RoC) design
based on ring topological NoC, Procedia Comp. Sci. 45 (2015)
540-548.

[17] P. Agarwal, T.K. Garg, A. Kumar, Analysis of 3D NoC
router chip on different FPGA for minimum hardware and

RP Current Trends in Engineering and Technology
fast switching, Nat. Acad. Sci. Lett. 2023 (2023) 1-5.
Publisher’s Note: Research Plateau Publishers stays

neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Page | 79



