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Abstract: This article presents the design and analysis of
4-hexyl-4′-biphenylcarbonitrile (6CB) nematic liquid crystal
(NLC)–basedrectangularpatchantennaforS-bandandC-band
communication applications. Two glass substrates with
permittivityof6.4,losstangentof0.01andthicknessof1mmeach
with21×25mm2and19×19mm2dimensionhasbeenused,and
0.005mmairgaphasbeenplacedtofill6CBNLC.Arectangular
patchof 10× 11mm2 size has been consideredover the top sub-
strate to achieve the application specific bands. The designed
antenna model-1 with air gap is resonating at 5 GHz (4.01–
7.85GHz)withminimumS11 of−24.2dB.Theproposedantenna
model-2 isfilledwith6CBNLC in theair gapbetweenglass sub-
stratesisresonatingat3.3GHz(2.61–4.45GHz)withminimumS11
of−29.75dB.Antennasofbothair gapsfilled, and liquidcrystal
materialfilledmodels are fabricatedand tested throughcombi-
national analyser for validation.Thecorrelationbetween trans-
mittedandreceivedsignalsof theantennamodelsareanalysed
with time domain analysis by taking the identical antennas in
facetofaceandsidebysidecondition.Thesimulatedresultsfrom
HFSS electromagnetic tool and fabricated antennas results in
chamberareexhibitinggoodagreementwitheachother.

Keywords: 6CB nematic liquid crystal; combinational
analyser; glass substrate; rectangular patch.

1 Introduction

Liquid crystals (LCs) are having several applications in
different fields, for example, optical thermometers, optical

switches, microstrip patch antennas [1], display devices and
advanced medical imaging etc. These are extremely impres-
sive since they give different electrical, optical and thermal
properties in the region of condensed matter physics [2–6].
Liquid crystal antenna is an emerging topic that has growing
attention in these days anddifferent types of liquidmaterials,
such as water and mercury have been used to design an-
tennas. Tae-Wan Kim [7] proposed a theoretical design of
rectangular patch antenna on LC substrate. Syeda Fizzah
Jilani [8] proposed an array antenna for 5G applications using
liquid crystal polymer (LCP) substrate. Anilkumar [9] pro-
posed a frequency reconfigurable patch antenna using LCP
for automotive communication applications. Polycarpou [10]
proposed a patch antenna printed on a nematic LC cell for
controlling of resonant frequency. Liquid materials are hav-
ing attractive features like reconfigurability and transparency
and can achieve desired radiation performance by the
structure of liquid antenna. Fundamentally, these antennas
can be divided into two categories based on the imple-
mentation of liquid materials. Those are liquid metal an-
tennas [11–13] and water antennas [14–18]. Water antennas
are designed as it has advantage of easy access and can serve
as a good conductor at high frequency bands. In [19], a sea
watermonopole is designedwith high efficiency operating at
very high frequency band for maritime wireless applications.
In [20], a novel water dielectric patch antenna is designed by
utilizing similar working principle as compared with tradi-
tional patch antennas. Mostly in S-band and C-band appli-
cations microstrip antennas (MSA) can be used due to low-
profile planar configuration light weight and smaller in size
[20]. The flaws of MSA can be reduced by choosing proper
substrate material with suitable dielectric constant for con-
trolling the bandwidth of antenna. Even though wide vari-
eties of substrates are available, still a lot of research is going
on to identify the most suitable material for specific appli-
cations with good performance characteristics.

By taking the literature into consideration, in this article
we proposed a new 4-hexyl-4′-biphenylcarbonitrile (6CB)
nematic liquid crystal (NLC)–based rectangular patch an-
tenna. Glass substrate is used to design proposed antenna
with air gap and thegap is filledwith 6CBNLC. Liquid crystal
is filled to reduce the resonant frequency of the antenna and
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narrow down the bandwidth of antenna to achieve better
reflection coefficient and bandwidth.

2 Materials and methods

2.1 Characterization of the compound

The LC mesogens 6CB were supplied by Sigma Aldrich, Germany, and
were used without further purification to study the textural and phase
transition temperatures using differential scanning calorimetry (DSC)
and a polarizing optical microscope with a hot stage, in which the
material was filled in planar alignment and it could be placed along
with thermometer described by Gray [21]. The chemical structure of
pure Nematic Mesogens 6CB used in this study is shown in Figure 1.
Transition temperatures obtained from DSC along with enthalpy
values are shown in Table 1. TheDSC curve of 6CB is shown in Figure 2.

2.2 Antenna design and modelling

The design flow of proposed antenna is shown in Figure 3with step by step
procedure. As shown in Figure 3, two glass substrates placed on each other
and inbetween thema0.005mmair gaphas beenplaced tofill 6CBNLC.A
rectangular patch has been placed on top of the upper glass substrate.

The geometry of the proposed antenna is shown in Figure 4. Glass
substrates of size 21× 25mm2 and 19 × 19mm2with relative permittivity of
6.43 has been utilised to design antenna models. In between these two
glass substrates; 0.005 mm air gap is placed and filled with 6CB NLC
compound.A rectangularpatchhaving 10× 11mm2 size is excitedwith50-
Ωmicrostrip feed line (7 × 2 mm2) on the top of substrate. A symmetrical
ground plane with coplanar waveguide feed of 5 × 8 mm2 size has been
used in the design of proposed antenna. The dimensions of the proposed
antenna calculated using standard rectangular patch antenna formulae
[22] and are tabulated in Table 2.

Figure 1: Molecular structures of 4-hexyl-4′-biphenylcarbonitrile
(6CB).

Table : Phase transition temperatures (T ) and enthalpy changes
(ΔH) of CB.

Material Method TCrN ΔHCrN (J/g) TNI ΔHNI (J/g)

CB (cooling) DSC . −. . −.

DSC, differential scanning calorimetry.

Figure 2: Differential scanning calorimetry (DSC) curve of 6CB
compound.

Figure 3: Antenna design flow.

Figure 4: Proposed antenna (a) top view, (b) side view.

Table : Dimensions of the proposed antenna.

Parameters L W L W Lp Wp Lf Wf Lg Wg G G W, W

Values (in mm)           . . 
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3 Results and discussions

Both the designed antennas are fabricated and
compared the measured results with simulated results
for validation is given in Table 3.

3.1 Proposed antenna with air gap

Figure 5 shows, both simulated and measured reflection co-
efficient and voltage standing wave ration (VSWR) of the

proposed antenna with air gap. Designed antenna model-1 is
providing bandwidth of 3.84 GHz and operating from 4.01 to
7.85 GHz with S11 of −24.2 dB from simulation studies. Simi-
larly, fabricated antenna is providing bandwidth of 3.63 GHz,
which is operating from 4.03 to 7.66 GHz with S11 of −25 dB by
using combinational analyser. Amount of mismatch between
feed line and antenna can be described by VSWR and a value
between 2:1 is considered as best for practical antenna appli-
cations. From Figure 5 VSWR is ranging from 3.92 to 8.38 GHz
for simulated and 3.93–8.37 GHz for measured results.

Table : Comparison table for proposed antennas.

Antenna model Results Operating band (GHz) BW (GHz) Resonance frequency (GHz) S (in dB)

Proposed antenna with air gap Simulated .–. .  −.
Measured .–. . . −

Proposed antenna with CB NLC Simulated .–. . . −.
Measured .–. . . −

NLC, nematic liquid crystal.

Figure 5: Experimentation results (a) Fabricated prototype, (b) Simulated and measured results of proposed antenna with air gap and
(c) Reflection coefficient measurement on combinational analyser.
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Radiation patterns of E-plane (φ = 0° ) copolarization and
cross-polarization, H-plane (φ = 90° ) copolarization and
cross-polarization at resonant frequency 5 GHz are shown in
Figure 6. A Bidirectional radiation pattern is distributed in
E-planeandomni-directionalpattern isdistributed inH-plane.

The simulated results of E-field distribution and sur-
face current distribution at the resonant frequency 5 GHz is
observed in Figure 7. In the E-field distribution of antenna
model-1, the amplitude with minimum field distribution at
the end of the rectangular patch, maximum field distribu-
tion is at the feeding of rectangular patch and at edges of
the symmetrical ground plane. Similarly, the minimal
surface current distribution is occurring at the end of the
rectangular patch, maximal current distribution observed

at the edge of symmetrical ground plane and at the feed
line of the rectangular patch.

Figure 8a provides the peak gain and radiation effi-
ciency plots for proposed antenna. A gain value of 2.99 dB
is observed at resonant frequency of the antenna model-1,
and an average radiation efficiency of 87% is observed.
Figure 8b provides 3-D plot of antenna gain for proposed
antenna with air gap and the obtained gain of 2.99 dB.

3.2 Proposed antenna with 6CB nematic LC

Figure 9 shows, both simulated and measured reflection
coefficient and VSWR of the proposed antenna with 6CB

Figure 6: Simulated and measured radiation patterns of proposed antenna with air gap (a) Co and cross-polarization in E-Plane (b) Co and
cross-polarization in H-Plane.

Figure 7: (a) E-field distribution at 5 GHz (b) Surface current distribution at 5 GHz.
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Figure 8: (a) Peak gain and radiation efficiency versus frequency plot and (b) simulated 3-D plot of antenna gain in dB at 5 GHz for proposed
antenna with air gap.

Figure 9: (a) Fabricated prototype, (b) simulated and measured results of proposed antenna with LC compound and (c) reflection coefficient
measurement on combinational analyser.
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NLC filled in air gap between glass plates. Proposed an-
tenna model-2 is providing bandwidth of 1.84 GHz, which
is operating from 2.61 to 4.45 GHz with S11 of −29.75 dB in
simulation. Similarly, fabricated antenna is providing
bandwidth of 1.82 GHz, which is operating from 2.62 to
4.44 GHz with S11 of −30 dB by using combinational
analyser. From Figure 9, VSWR is ranging from 2.55 to
4.54 GHz from simulation and 2.5–4.6 GHz for measured
results.

Radiation patterns of E-plane (φ = 0°) in copolariza-
tion and cross-polarization, H-plane (φ = 90°) in copola-
rization and cross-polarization at resonant frequency
3.3 GHz are shown in Figure 10. The Bidirectional

radiation pattern is distributed in E-plane with low cross-
polarization and omni-directional pattern is distributed in
co-polarization of H-plane with butterfly like low cross-
polarization pattern.

The simulated results of E-field distribution and
surface current distribution at the resonant frequency
3.3 GHz is observed in Figure 11. In the E-field distribu-
tion of proposed antenna model-2, maximum field dis-
tribution is at the feed line of the rectangular patch and
edges of the symmetrical ground plane. Similarly,
maximal current distribution occurs at the edge of
symmetrical ground plane and at the feed line of the
rectangular patch.

Figure 10: Simulated and measured radiation patterns of proposed antenna with LC compound at 3.3 GHz (a) copolymerization and cross-
polarization in E-Plane and (b) copolymerization and cross-polarization in H-Plane. LC, liquid crystal.

Figure 11: (a) E-field distribution at 3.3 GHz and (b) surface current distribution at 3.3 GHz.
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Figure 12a provides the peak gain and radiation effi-
ciency plots for proposed antennamodel-2. A gain of 3.9 dB
is observed at resonant frequency of proposed antenna and
an average radiation efficiency of 88% is observed for
proposed antenna model-2. Figure 12b provides 3-D plot of
antenna gain for proposed antenna with 6CB LC
compound.

4 Time domain analysis

A very high degree of correlation between information
modules will place an important role in wireless commu-
nication systems. In this present work, two identical an-
tennas of both proposed models have been taken and
analysed in two cases with different distances from each
other. To avoid losses in modulated data, correlation be-
tween transmitted and received signalsmust be high. Here,
u(t) and v(t) are considered as transmitted and received
signals, respectively. In order to find fidelity factor and
transmitted characteristics of both the proposed antennas,
two cases (face to face and side by side) with 25, 50 and
75 cm distances has been considered. Equation (1) can be
used to find fidelity factor or correlation between trans-
mitted and received signals.

Fidelity Factor � Maxτ

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

∫
∞

−∞ u(t)v(t − τ)dt������������������
∫
∞

−∞ u(t)2dt ∫∞

−∞ v(t)2
√

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

(1)

4.1 Proposed antenna model-1 with air gap

Figures 13 and 14 provides correlation analysis between
two face to face and side by side identical proposed an-
tenna model-1 with air gap. Here, a Gaussian input signal
has been transmitted between two identical antennas with
separation of 25, 50 and 75 cm. To find the effective fidelity
factor, amplitude has been normalised for received signal
according to transmitted signal. When both the identical
antennas are face to face, the obtained fidelity factor is
0.51, 1.24 and 1.97 ns for 25, 50 and 75 cm distances,
respectively. When both the identical antennas are side by
side, the obtained fidelity factor is 0.53, 1.26 and 2.02 ns
for 25, 50 and 75 cm, respectively. Measured results of both
face to face and side by side scenarios are having 5%more
time delay from simulated results. From the analysis, it can
be observed that when distance between transmitter an-
tenna and received antenna increases then the time delay
also increases.

4.2 Proposed antenna with 6CB LC

Figures 15 and 16, provides correlation analysis between
two face to face and side by side identical proposed an-
tennas with nematic 6CB LC. Here, a Gaussian input signal
has been transmitted between two identical antennas with
separation of 25, 50 and 75 cm. To find the effective fidelity
factor, amplitude has been normalised for received signal
according to transmitted signal. When both the identical
antennas are face to face, the obtained fidelity factor

Figure 12: (a) Peak gain and radiation efficiency versus frequency plot and (b) simulated 3-D plot of antenna gain in dB for proposed antenna
with 6CB liquid crystal.
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is 0.51, 1.24 and 1.97 ns for 25, 50 and 75 cm distances
respectively. When both the identical antennas are side by
side, the obtained fidelity factor is 0.53, 1.26 and 2.02 ns for
25, 50 and 75 cm respectively. Measured results of both face
to face and side by side scenarios are having 4%more time
delay from simulated results. From the analysis, it can be

observed that when distance between transmitter antenna
and received antenna increases then the time delay also
increases. From the comparative analysis table of Table 4,
it has been observed that the glass substrate-based an-
tenna and LC compound-based antenna are providing
good bandwidths and compact in the dimension also.

Figure 13: Correlation analysis between two face to face identical antennaswith, (a) 25 cmdistance, (b) 50 cmdistance and (c) 75 cmdistance.
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Figure 14: Correlation analysis between two side by side identical antennaswith, (a) 25 cmdistance, (b) 50 cmdistance and (c) 75 cmdistance.
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Figure 15: Correlation analysis between two face to face identical antennaswith, (a) 25 cmdistance, (b) 50 cmdistance and (c) 75 cmdistance.
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Figure 16: Correlation analysis between two side by side identical antennaswith (a) 25 cmdistance, (b) 50 cmdistance and (c) 75 cmdistance.
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Comparison of simulated and measured reflection coeffi-
cient and measured peak gain versus frequency, for both
the proposed antennas are given in Figure 17.

5 Conclusion

The design of 6CB NLC rectangular patch antenna is pro-
posed in this article. Antennas with both air gap and liquid
crystal material filled are fabricated and analysed through
combinational analyser for validation. Antenna model-1
with air gap is resonating at 5 GHz frequency and antenna
model-2 with 6CB nematic LC is resonating at 3.3 GHz fre-
quency. After filling LC into the antenna model-2, the
resonating frequency is shifted to low frequency and
observed that the return loss is reduced. This is the novel
advantage in the antenna design that the operating band
shifting to lower side without changing the physical

dimensions of the antenna. Correlation between trans-
mitted and received signals is experimented using time
domain analysis with separation of 25, 50 and 75 cm,
respectively. Both the fabricated antennas are tested, and
the measured results in the chamber with combinational
analyser are in good agreement with the simulated results.
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Figure 17: Comparison of (a) simulated and measured reflection coefficient and (b) simulated and measured peak gain versus frequency, for
both the proposed antennas.

Table : Comparison table of proposed antennas with existing literature.

Reference Material Size Operating
band (in

GHz)

BW (in
GHz)

Resonating
frequency

(fr)

S (in
dB)

[] Taconic glass reinforced Polytetrafluoroethylene
(PTFE)

 ×  × . mm .–. . . −

[] FR  ×  × . mm .–. . . −
[] Duroid   × . × . mm .–. . . .
[] Rogers-RC  ×  × . mm .–. . . −
Proposed

antenna – 

Glass  ×  × . mm .–. . . −.

Proposed
antenna – 

Glass, LC  ×  × . mm .–. . . −.

LC, liquid crystal.
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