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In this research work, we have proposed an antenna design with a defective ground structure (DGS) to
increase the gain and produce dual bands without altering the antenna's basic construction. The antenna's
construction consists of two glass layers, namely lower and upper glass materials with dimensions of 21 x
25 mm? and 19 x 19 mm?, respectively. Both glass dielectric materials have the same dielectric constant of
5.25, a tangent loss of 0.008, and a thickness of 1 mm. The radiating element of the design has a dimension
of 15 x 16 mm?2. The proposed design resonates at 6.2 GHz (C-band) with an Si1; magnitude of — 16 dB and
achieves a peak gain of 4 dBi when there is only an air gap between the glass plates. It resonates at 2.9 GHz
and 13.2 GHz frequencies with S11 magnitudes of — 26.5 dB and — 37 dB when we fill the space between the
two glass plates of the design with 4-Cyano-4'-pentylbiphenyl (5CB) nematic liquid crystal (NLC) doped with
Cerium Oxide (CeO2) nanoparticles (NP) of 6 wt % to achieve good efficiency and gain and we have noticed
that low concentration profile of nano particles has no impact on resonant frequency and tuning range. We
have achieved superior antenna performance, resulting in the generation of dual bands for both S and Ku
bands, with peak gains of 5.6 dBi and 7.5 dBi at the corresponding resonant frequencies. Furthermore, the
addition of CeOz nanoparticles to the 5CB LC lowers the transition temperature. The results are compared

and analyzed with the body of data available.
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1. INTRODUCTION

Liquid crystals (I.Cs) are dielectric materials that ex-
ist in a state between that of a liquid and a solid. Despite
having a liquid-like appearance, they also possess aniso-
tropic characteristics like nematic, smectic, and choles-
teric. For more than a few decades, these materials have
been particularly well-known for their usage in display-
type applications that include digital cameras, cell
phones, calculators, laptops, etc. There are various types
of LCs available, such as MBBA, 6CB NLC, 5CB NLC,
and many more. L.Cs contain many advantages and they
possess properties like optical, thermal, and physical [1].
Recent experiments on liquid crystals doped with nano-
particles like ZnO [2], TiOz [3], and BaTiOs [4] to im-
prove the performance of displays using LC materials.
We must use tunable materials for achieving better an-
tenna performance that include liquid crystals (LCs),
VOg2, and graphene. Apart from other tunable materials,
liquid crystals (LLCs) are very popular, as the relative
permittivity of an LC material can change when we ap-
ply an electric field to it, and the polarization of the
E-field can change the orientation of the LLC molecules,
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rather than that of polyimide, FR4, RTduroid, and other
dielectric substrate materials. This phenomenon greatly
enhances antenna performance and facilitates the de-
sign of compact-sized antennas.

Researchers are very interested in constructing an
antenna based on LCs. Research on the dispersion of
gold nanoparticles in nematic 5CB by Kumar [5] demon-
strated that these nanoparticles can influence the align-
ment of nematic liquid crystals. This method helps in the
development of electro-optical systems that are tunable.
To design reconfigurable antennas for millimeter-wave
frequency bands for satellite communication systems
Kouki et al. [6], used SIW technology and nematic liquid
crystal (K15) to design a unique patch design that can
be tuned depending on the magnetic field. An antenna is
designed using liquid crystal placed between radiating
patch and ground to enhance its radiation performance
in Ka band. To overcome significant obstacles in the con-
struction of small profile LC based embedded antennas,
Kim [7] presented a novel antenna design. This concept
creates a chamber for the injection of liquid crystals us-
ing a three different layered PCB design. Using a flexi-
ble liquid crystal polymer, Venkateswara Rao [8],
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proposed an antenna and achieved circularly polariza-
tion using metamaterials for wireless, vehicle communi-
cations and other Wi-Fi applications. A small size LC
based MIMO antenna for achieving flexibility is pro-
posed by cDu [9]. To operate at microwave frequencies
Kim [10], demonstrated an antenna design and shift in
resonant frequency can be achieved by varying the liquid
crystal's dielectric constant. In this research article, we
have proposed a symmetric slot patch antenna with a
defective ground structure (DGS) based on 5CB NLC
doped with CeO:z nanoparticles (NP) combination that
has been utilized as a dielectric medium to achieve bet-
ter performance rather than air dielectric medium. The
proposed design has two glass substrate layers with an
air gap.

2. METHODOLOGY OF THE DESIGN

2.1 Characterization of 5CB Material and Its
Doping with CeO2 Nanoparticles

The German company Sigma Aldrich provided the
materials used in this study. We used differential scan-
ning calorimetry (DSC) methodology and polarising op-
tical microscope (POM) to determine the phase transi-
tion temperatures for the 5CB and 5CB doped with CeOz
nanoparticles. Through experimentation, we have ob-
tained the transition temperature values for both pure
5CB and 5CB liquid crystal material doped with CeO:2
nanoparticles indicated in Table 1 and 2 respectively.
Figure.1l illustrates the chemical structure of a pure
5CB, while Figure 2 shows the heat flow curves for both
5CB and 5CB doped with CeOz nanoparticles.

LC Type Chemical Structure
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Fig. 1 - Atomic structure of a 5CB material
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Fig. 2 — Obtained heat flow graph for both pure 5CB and 5CB
doped with CeOz nanoparticles

Table 1 — Temperature of 5CB LC material

Type of | Methodo- TNC TIN
LC name logy

DSC 24.4 35.1

5CB POM 24.3 35.1
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Table 2 — Temperature of 5CB LC doped with CeOz NP

Type of LC| Methodo- TNC TIN
name logy
5CB doped DSC 24.1 33.9
with CeO2
NP POM 24.1 34.0

Here, TNC indicates the transition temperature be-
tween nematic and crystalline states, and TIN indicates
the transition temperature between isotropic and ne-
matic states.

2.2 Antenna Modelling and Its Description

Proposed Patch
Antenna Design

Upper glass with
thickness 1mm

Three Layers of Substrate

Three Layers of Substrate

Lower glass with
thickness 1mm |

Defective Ground
Structure(D6S)

Fig. 3 — Proposed antenna design methodology (a) with air (b)
5CB NLC doped with CeO2 NP

Wi

Fig. 4 — Simulated views of the proposed design (a) front side
(b) back side

Table 4 — Proposed antenna dimensions

ng VVlg Lug Wug Lp VVp L. We Ls
21 | 256 | 19 | 19 | 15| 16 | 3 7 175
Ws Lf Wf S 1 S2 SS Lg Lgs Wgs
2 3 2 6 5 2 4 | 2 | 55

Figure 3 clearly explains the design methodology of
the proposed structure. It has been constructed with
three layers, a DGS layer (defective ground structure)
using copper material with a thickness of 0.035 mm that
acts as the bottom ground layer; two stacked glass sub-
strates with a 0.006 mm air gap to accommodate
5CBNLC doped with CeO2 NP and a radiating patch is
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(@) (b)
Fig. 5 — Fabricated prototype’s (a) front side and (b) back sides

designed using copper material with symmetrical slots.
We have placed a symmetric slot microstrip patch on top
of the upper-glass. The glass material present in the
lower part of the structure has dimensions of 21 x 25
mm?2, while the glass material in the upper part has di-
mensions of 19 x 19 mm?2 as shown in Fig. 4. Each glass
layer in the proposed construction has a permittivity of
5.25 and 1 mm of thickness. The dimensions of the pro-
posed design are illustrated in Table 4 and fabricated
model illustrated in Fig. 5.

3. RESULTS AND DISCUSSION

3.1 Analysis of an Antenna when the Dielectric
Medium is Air

When evaluating the performance of any antenna de-
sign, S11 is an essential metric to keep in mind. Using
the simulation tool like CSTMW studio, it has been es-
tablished that the proposed antenna design, which uti-
lizes air gap as a dielectric medium has been resonated
over the frequency range of 5.8 to 6.7 GHz and possesses
an impedance bandwidth of 0.9 GHz that has attained
an S11 magnitude of — 16 dB. During the process of ana-
lysing the antenna with a network analyzer, the an-
tenna was able to obtain an impedance bandwidth of
0.6 GHz over the frequency range of 6 to 6.6 GHz, with
an S11 magnitude of — 12.1 dB. Figure 6 shows the pro-
posed design, which is resonating at 6.2 GHz.
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Fig. 6 — Proposed antenna's Si1 for both measured and simu-
lated cases with an air gap as the dielectric medium
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3.2 Analysis of Proposed Design when the Dielec-
tric Medium is 5CB NLC Doped with CeO:
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Fig. 7 - Obtained S1: of the proposed antenna when 5CB and
CeO; particles combination as a dielectric medium
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Fig. 8 — Gain variation with
respect to frequency of the
proposed antenna when 5CB
and CeO: particles combina-

Fig. 9 - Radiation efficiency
variation with respect to fre-
quency of the proposed an-
tenna

tion as a dielectric medium

Figure 7 reveals that the antenna design resonates
at two distinct frequencies. The initial operational band-
width ranges from 2.5-3.4 GHz with a peak gain of
5.6 dBi, whle the second band resonates from 12.8 GHz
—13.6 GHz with a peak gain of 7.5 dBi. The measure-
ment results confirm that the antenna resonates from
2.6 GHz to 3.2 GHz, while the second band spans from
13-13.5 GHz, achieving a maximum Si11 magnitude of
— 26 dB. Figure 8 indicates gain of the prescribed struc-
ture. Figure 9 shows the radiation efficiency plot of the
proposed structure.

4. E- AND H- FIELD DISTRIBUTIONS

Figure 10 shows the E-field distributions at frequen-
cies of 2.9 GHz and 13.2 GHz, while Figure 11 shows the
H-field distributions at the same frequencies. Fig. 10
and 11 illustrate that perpendicularity between the
E- and H-fields distributions. Figure 12 illustrates the
surface-current distribution at 2.9 GHz and 13.2 GHz
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frequencies. The feed line of the proposed design has the
largest surface current distribution, as seen in Fig. 12.

V/m
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1200

(a) (b)

Fig. 10 — Distribution of E-filed for the proposed antenna (a) at
2.9GHz (b) at 13.2GHz

A/m

(a) (b)

Fig. 11 - Distribution of H-filed for the proposed antenna (a) at
2.9GHz (b) at 13.2GHz
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5. CONCLUSION

In this article, a novel symmetrical slot microstrip
patch antenna utilizing a 5CB doped with CeOz NPs was
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applications. It is also clear that doping of pure 5CB with
CeOz2 nanoparticles lowers its transition temperatures.
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Po3poOka Ta anasia nBogianasoHHOI CMUMETPUYHOI IIIJIMHHOI MiKPOCMY KKOBOI mMaT4-aHTEeHH 3
BHUCOKUM Koedinienrom mimcusienua 3 sukopucrauuam 5CB uanosnerosanoro HPK giia sacro-
cyBaub y S- ra Ku-giamasounax
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¥ po6oTi 3aIIpoIroHOBAHO KOHCTPYKIIII0 aHTeHH 3 Je(peKTHOI CTPYKTypoto 3asemienHsa (DGS), 1o qosBosse
30LITBIATH KOEMIITIEHT MIJCUICHHS Ta 3a6e3meunT POOOTY ¥ JBOX YACTOTHHX Jlama3oHax 0e3 3MIHU OCHOBHOI
OymoBu anTenu. KoHCTPYKITS aHTEeHU CKIIa1aeThCS 3 JBOX CKIISHUX MIapiB (HUMKHBOTO Ta BEPXHBOTO) PO3MIpAMA
21 x 25 MM2 ta 19 x 19 Mmm2 Binmosigao. O0KMIBA CKIIAHI TieJIEKTPUYHI €JIEMEHTH MAKTh OJJHAKOBY JT1EJIEKTPUIHY
IPOHUKHICTH 5,25, TanreHc Kyra mlesextpudaux Brpar 0,008 i ToBmwmay 1 MM. BunpomiHoBabHUA e1eMeHT
KOHCTPYKILI Mae poamipu 15 x 16 mm2. 3amporioHOBaHA KOHCTPYKIS pe3onye Ha dacrori 6,2 I'Ti (C-mianasomn)
13 piBHeM mapametpa Si1 — 16 B Ta mocsrae mikoBoro KoediirienTa migcuiieHHA 4 abl1, KoIu MK CKIISHUMHA
IUIACTUHAME 3HAXOIUTHCS JIUIIE TOBITPSHUN IIPOMIBKOK. Y pasi 3aIl0BHEHHS IIPOCTOPY MK JBOMA CKJLSTHIIME
mwiactuHamMu HemaTuuauM pinxum kpucrasiom (NLC) 4-miano-4'-nentumnbtidenisom (5CB), meropanum Hanovac-
tuakamu (NP) oxcrmy mepiro (CeOs) y kortenTpartii 6 % 3a macowo, anteHa pe3oHye Ha yacrorax 2,9 I'T'ta 13,2
I'T' (smauenss Si1 craHoBIIATE — 26,5 1B Ta — 37 1B BignoriaHo). Ile m03BOMsAE MOCATTH BHCOKOI eheKTUBHOCTI
Ta KoediIlieHTa IIICUIIeHHS; IIPH IIHOMY 0yJI0 BCTAHOBJIEHO, 1110 HU3bKA KOHIIEHTPAITA HAHOYACTUHOK He BILIHU-
Ba€ HA PE30HAHCHY YACTOTY Ta JIAlla3oH IIepecTporBanHusa. HaM BIasiocs JoCArTH MOKPAIIeHNX XapaKTePUCTUK
aHTeHH, 1o 3a6e3meunsIo poboTy y ABOX miana3oHax (BiamoBiguux miamaszonam S Ta Ku) i3 mikosumu Koedittie-
HTaMH mifcuyieHHs 5,6 nbi ta 7,5 gBi Ha BIAIOBIIHUX pe30HAHCHMX YacToTaX. KpiM Toro, JogaBaHHa HAHOYAC-
turOoK CeO2 10 pigkoro kpucrana 5CB sumkye remmepartypy dasosoro nepexoxy. Orpumani pe3yJibTaTy MOPiB-
HIOIOTHCSI TA AHAJI3YIOTHCS 3 HASIBHUMH B JIITEPATYP1 JAHUMU.

Knrouosi ciosa: 4-miano-4'-nenruinbdidenis (5CB), S11, Harnouacruuru CeOq, ITikose mincuaeHHs.
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