Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2017 IM® (IactutyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2017, 1. 15, Ne 3, cc. 389-399 HaznpykoBaHo B YKpaiHi.
doroKonioBaHHA JJO3BOJIEHO

TiJbKY BigmoBigHO M0 JineHsil

PACS numbers: 07.60.-j,07.85.-m, 42.70.Df, 42.79.-e, 81.07.0j, 84.40.Ba, 85.85.+j

New Microstrip Resonator of Nanostructured Materials
in a Liquid-Crystal-Based Phase Shifter

A. Attoui, A. Boualleg, and S. Redadaa

University of 8 May 1945,

Faculty of Science and Technology,

Department of Electronics and Telecommunication,
Laboratory of Telecommunications,

24000—-BP 401 Guelma, Algeria

Nanostructured materials (NsM) are materials with a microstructure, the
characteristic length scale of which is of the order of magnitude a few
(typically 1-100) nanometres. A nanostructure is a structure of an inter-
mediate size between the microscopic structures and the molecular ones.
In this article, we study the properties of 6 nm liquid crystal (LC)-NsM
system that forms highly stable solutions in the nematic liquid crystal 4-
cyano-4-n-pentylbiphenyl (5CB). The nanostructure is covalently function-
alized with 4-sulfanylphenyl-4-[4 (octyloxy) phenyl] benzoate (SOPB),
which resembles the structure of the 5CB molecules. The use of LCs as an
NsM with phased array antennas is for steering the beam pattern elec-
tronically with high effectiveness, managing to get minimum side-lobe
levels and narrow beam widths. Normally, phase shifters are the devices
in a phased array antenna that allows the radiated beam to be steered in
the direction. The objective of this work is to investigate a phase shifter
in a linear antenna array for angle scan. A microstrip antenna array is
used since it is simple to be designed and fabricated. Ansoft Designer
Software is used to simulate the phase shifter for applications to antenna
array with LC directed synthesis of NsM. In our paper, we present a new
external command with a new influence of the static magnetic bias field
of liquid crystal for shifted radiation pattern.

HamoctpykTypoBati martepisau (NsM) npeacTaBiasaioTs co000 MaTepisanau i3
MiKpPOCTPYKTYPOIO, XapaKTepHi MOBKHHU AKOI CKJIAZAal0Th OJU3LKO OeKijb-
Kox (3asBuuaii 1-100) mamomeTpiB. HaHOCTPYKTypa € CTPYKTYpPOIO IIPOMi-
SKHOTO PO3MIipy MilK MIKPOCKOMIUHMMU Ta MOJEKYJIAPHUMU CTPYKTYPaMIU.
Y mi#f crarTi MM BMBYAEMO BJACTUBOCTI cucrtemu pimxuit Kpucrtan (LC)—
NsM poamipom y 6 HM, sKa yTBOPIOE BUCOKOCTAOiMbHI PO3UMHU B HEMATHUU-
HOMY pimxomy Kpuctaii 4-miaHo-4-u-nmeurtinbidenima (5CB). HamocTpyKTy-
Py KoBajJeHTHO (yHKITioHadidoBamo i3 4-cyabhanindenin-4-[4 (oxTimokci)
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dewnin] 6enzoarom (SOPB), akuii Haragye cTpyKTypy MoJjerkya 5CB. Buko-
pucranaa LCs ak NsM i3 anTenamu 3 (pa30BaHOIO I'DATHUIEIO0 IPU3HAYAETh-
cA UIA YIPaBJIiHHA JKMYTOM €JeKTPOHHUM CIIOCO0OM, i3 BHUCOKOIO e()eKTUB-
HIiCTI0O YMOKJIMBJIIOIOUN OJEP:KaTH MiHiMaJbHiI piBHiI GiUYHMX WEJNIOCTOK i BYy-
3bKi MIMpUHU npoMeHA. 3a3Buuaii pasoobepradi ABIASIOTH COO0I0 IPUCTPOI y
dasoBaHiil aHTeHHiN I'DPATHUII, IO YMOKJIUBJIIOE KepyBaTU BUIPOMiHIOBAa-
HUM IIPOMEHEeM 3a HampaMKoM. MeToro Ifiei po6oTH € mocaig:KeHHsA (pasoBo-
To 3CyBY B JiHiIiHIY aHTeHHill I'paTHUII O cCKaHyBaHHA KyTa. Bukopucro-
BYETHCA MIKPOCMY:KKOBa aHTEHHA I'DATHUISA, OCKIJIBKM BOHA € IIPOCTOI0 Y
IPoeKTyBaHHI Ta BuUrorobjeHHi. Ansoft Designer Software BuKOpuCTOBY-
€ThCA AJIA MOJeNI0OBaHHA (has30BOr0 3CYBY 3aAjid 3aCTOCYBaHb B aHTEHHIN
rpatHuIli i3 cuuTezoro NsM, cupamoBanoro LC. V mHamriii crarti Mmum mpen-
CTaBJIZEMO HOBY 30BHIIITHIO KOMAaHJAY 3 HOBUM BILJIMBOM CTATUYHOTO IIigmar-
HETYBaJBHOTO IIOJIS PiTKOTO KPUCTATY 3aAJA 3MillleHHA OiATpaMU CIPAMO-
BaHOCTHU.

HanocTpykTypupoBanuble MaTepuaabl (NsM) mpeacTaBiAaiOT cob0oil MaTepH-
ajgbpl ¢ MHKPOCTPYKTYPOI, XapaKTepHble AJUHBI KOTOPOH COCTABJAIOT IIO-
pAnka HecKombKux (00bIuHO 1—-100) HanomerpoB. HaHoCTpyKTypa IIpen-
cTaBJAeT co00I CTPYKTYPY HPOMEKYTOUHOT'O pasMepa MeKAY MUKPOCKOIIU-
YeCKUMU U MOJIEKYJIAPHBIMU CTPYKTypamMu. B 9Toif cTaThe MBI H3ydaeM
cBoiicTBa cucteMbl KugKkuii Kpucraaia (LC)-NsM pasmepom B 6 HM, KOTO-
pasi 06pasyeT BBICOKOCTAOMJIbHBIE PACTBODPHI B HEMATUYECKOM KHIKOM KpPH-
cranne 4-nmaHo-4-H-neHTuabudennaa (5CB). HaHocTpyKTypa KOBAJEHTHO
dyHKIUOHATU3UPOBaHA ¢ 4-cyabpaununadernsi-4-[4 (OKTuIOKCH) PeHMI]
6enszoatom (SOPB), KoTOpHIiI HamoMHHaeT CTPYKTypy Mojekya 5CB. Uc-
nosb3oBanme LCs B KauecTBe NsM ¢ anTeHHaMu ¢ (ha3UPOBAHHOM PEIIETKOMN
MpeJHAa3HAYEHO AJISA YIPABJEHHS OYYKOM 9JEKTPOHHBIM CIIOCOG0M, C BBICO-
KO#l 5(h(PeKTHUBHOCTHIO ITO3BOJISAA IIOJYUUTh MUHMUMAJIbHBLIE YPOBHU OOKOBBIX
JIEIIECTKOB M Y3KYyI0 IupuHy Jgyda. OObIuHO (hasoBpalaTeayd MPeaACTABISIOT
coboif ycTpoiicTBa B (hasMpPOBAHHOM AHTEHHOI peIETKe, YTO II03BOJISIET
YOPaBJATh M3JIYyYaeMBbIM JIYUOM IO HampaBjeHuio. Ileabio aTO# paboThl AB-
JgeTcs mccjaenopanue GasoBOr0o CABUTA B JUHEHHON aHTEHHON PEIIETKe AJIs
CKaHMPOBaHMWs yria. VcrmoJyb3yercsi MHUKPOIIOJOCKOBAA AHTEHHAs PeIIéTKa,
IIOCKOJIBKY OHAa IIPOCTa B IIPOEKTHUPOBAHUK U uaroToBjeHuu. Ansoft Design-
er Software wucmonbayercs maisi MOAEJMPOBaHHS (PA30BOTO CABUra pagu
TIPUJIOKEHUI B aHTEHHOH periéTke ¢ cuHTe3oMm NsM, manpaBiaeHasiM LC. B
HaIe craTbe MBI IIPEJCTABJIAEM HOBYIO BHEIIIHIOI KOMAaHIY C HOBBIM BJIH-
AHUEM CTATHUUYECKOTO IOJMArHWUYMBAIOIIETO MHOJA KUAKOTO KPUCTAJLIa AJs
CMEeIeHNs TUAarpaMMbl HAITPABJIEHHOCTH.

Key words: nanostructured material, liquid crystal, phased array, phase
shifter, microstrip antenna.
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1. INTRODUCTION

Frequency agile devices can be realized using semiconductors,
MEMS, ferrites, or ferroelectrics. In this paper, the use of NsM in
LC as a tuneable microwave substrate is described. Up to now, the
dielectric anisotropy of the permittivity and its electrostatic tena-
bility of the LC molecules are mainly used in an inverted microstrip
transmission line technique [1, 2].

A simple and inexpensive device has been designed to change the
phase of the signal to enter a microstrip-electronic scanning anten-
na, where the phase change power influences on the beam direction.
The general structure of the antenna network with electronic scan-
ning is schematically presented in Fig. 1. After this, it is possible
to integrate the phase shifter to the supply line of the printed an-
tenna.

The use of the LC—NsM as a ground plane integrates the phase
shifter to the line, and the change in phase of the signal power is
obtained by the action of the static magnetic field applied to the LC
of NsM.

The choice of these phase shifters is justified by the following
benefits: a good frequency response, a low stray radiation, and a
simple realization.
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Fig. 1. Array antenna.
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1.2. Nanostructured Materials (NsM)

Nanostructured materials may be defined as those materials whose
structural elements—clusters, crystallites or molecules—have di-
mensions within the range of 1-100 nm. The explosion in both aca-
demic and industrial interest in these materials over the past dec-
ade arises from the remarkable variations in fundamental electrical,
optical and magnetic properties that occur as one progresses from
an ‘infinitely extended’ solid to a particle of material consisting of
a countable number of atoms. This review details recent advances in
the synthesis and investigation of functional nanostructured mate-
rials, focusing on those novel size-dependent physics and chemistry
results when electrons are confined within the nanoscale semicon-
ductor and metal clusters and colloids. Carbon-based nanomaterials
and nanostructures including fullerenes and nanotubes play an in-
creasingly pervasive role in the nanoscale science and technology
and, thus, are described in some depth. Current nanodevice fabrica-
tion methods and the future prospects for nanostructured materials
and nanodevices are discussed [3].

FAMILIES ot NSM
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Fig. 2. Classification schema for NsM according to their chemical composi-
tion and the dimensionality (shape) of the crystallites (structural elements)
is forming the NsM. The boundary regions of the rest and second family of
NsM are indicated in black to emphasize the deferent atomic arrangements
in the crystallites and in the boundaries. The chemical composition of the
(black) boundary regions and the crystallites is identical in the rest family.
In the second family, the (black) boundaries are the regions where two
crystals of deferent chemical composition are joined together causing a
steep concentration gradient [3].
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2. THEORETICAL DETAILS
2.1. Liquid Crystal Modelling

In this study, we present LC. Under the applications, we use the LC
nematic phase in an ambient temperature. The nematic LCs are
characterized by their centre of mass of the molecules showing no
order of position. However, molecules procure an orientation order
in case of a long distance. Their long-distance and long axes are
parallel to an average direction defined by the director vector n
(Fig. 3) [1, 4].

H[“ 1|

I Lll 'ﬁ !

Fig. 4. Two-dimensional model of a nanostructured material. The atoms in
the centres (sites) of the crystals are indicated in black. The ones in the
boundary core regions are represented as open circles [3].
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e 1}
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Fig. 5. Representation of the CL molecules in a nematic phase.

TABLE. Characteristics of a liquid crystal [1].

CL 8:_ tanSL 8"‘ tan6"
5CB 2.64 0.031 2.98 0.014

In this phase, the LCs are anisotropic materials with complex
permittivity presented in the form of a tightening [1]:

sﬁ’ 0 0
=10 ¢ O0]. )]
0 0 ¢

€1
The dielectric anisotropy is defined by the following equation:

Aazs"‘—s’ . (2)

1L

Here, Ac is a dielectric anisotropy, ‘C'I'\ —LC permittivity with DC

voltage, ¢, —LC permittivity without DC voltage.

The liquid crystal is simulated as K15 (5cb), which exhibits only
the nematic phase between 22.5° and 35°. Figure 5 shows the dielec-
tric characterization of K15 at room temperature [1, 2].

The characteristics of liquid crystals are summarized in Table.

2.2. Phase Shifter Agile Frequency Liquid Crystal Substrate

The order of liquid crystal within the microwave substrate in the
case of classic line microstrip is reached between input and output,
the gap is fixed at a given frequency. This phase shift depends on
both the effective permittivity and the line length as follows:

360LF.f¢
Q= Tt 3)

c
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Parallel Aligned Nematic Liquid Crystal
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Fig. 6. Influence of the electric field command on the orientation of liquid-
crystal molecules.

When we use the substrate of a liquid-crystal structure defined
above, it will be possible to vary the effective permittivity on the
substrate using, in addition to the microwave signal, a low-
frequency voltage command (Fig. 6) [1, 4-7].

The permittivity seen by the microwave signal is noted as ¢ .. (0).
This permittivity is related mainly to the permittivity of a liquid
crystal, ¢, . Because of electric-field command, the molecules of a
liquid crystal will gradually move perpendicular to the electrodes
(n L E) to saturation permittivity. ¢_.(E) is related mainly to the

reff
liquid crystal permittivity €,

The variation of permittivity will induce the change in the wave-
length guided; therefore, the change in phase is given by the follow-
ing relationship [1, 4, 5, 9]:

360LF (\[e,..(B) — \J&,.. (0
o (Verese (B) = \ferene € )). "
C

2.3. Presentation of the Resonator-Based Phase Shifters

The prototype nematic LC structure of high dielectric anisotropy
from 2.7 to 2.9 is given by K15 (5CB) of Merck. Then, the focus
will be on the dimensional requirements for the phase shifter in or-
der to get a resonance frequency at 38 GHz. The considered geome-
try (Figs. 7-9) consists of three elements: ground plane composed of
gaps (which are filled by a liquid crystal), conductor, and substrate.

The wave propagation is not affected; the field is more concen-
trated in the LC. The application of DC voltage to the LC, we arbi-
trarily set the resonance frequency to 38 GHz.
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Fig. 7. Structure of a microstrip resonator.

{ z
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Fig. 8. Structure of a ground plane. Fig. 9. Structure of the LC parts.

3. RESULTS AND DISCUSSION

The simulation is performed in the frequency range 30-50 GHz to
obtain the resonator characteristics. The obtained results were com-
puted using Ansoft HFSS 14. The purpose of the present study was
to establish the effect of varying the NsM (LC) permittivity materi-
al and anisotropy value on the phase range and the reflection loss.
Simulations were performed for the change in LC permittivity of
the material from the proposed LC parts corresponding to the LC
material, which was used. As the permittivity value is swept the
beam, the substrate is realized by DUROID 4003. The NsM-liquid
crystal is introduced between the ground plane gaps. These results
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Fig. 10. Simulated reflection loss (S11).
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Fig. 11. Phase angle |[S21]| [in degrees] of resonator.

were simulated with and without driving voltage (0 V and 7 V).

Figure 10 illustrates the simulated results of the return losses
without applied DC voltage. In Figure 10, it can be seen that the
simulated return loss achieved —58 dB from 38 to 40 GHz.

Figure 11 depict the simulated results of phase angle [S21]| [in de-
grees] of resonator.

Figure 12 shows the results of resonance frequency simulation,
with and without control voltage. It is noticeable that the resonance
frequency of beat for an applied electric field of 7 V.

This variation of resonance frequency data may result from the
gap in the precision of the values found for the LC dielectric per-
mittivity.

According to Figure 12, the simulated return loss achieved
-66.1256 dB for 38.76 GHz and 53.1208 dB for 39.76 GHz. The
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Fig. 12. Measured reflection loss at two different voltage states.
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Fig. 13. Measured reflection loss at different excitation positions of volt-
age states.

resonance frequency variation (AF,) is of 1 GHz.

Figure 13 demonstrates the resonance frequency obtained from
the excitations positions. This Figure gives the evolution variation
of reflection loss (S11) depending on excitation position.

Corresponding to the comparison between excitation position
voltage (EX 2 or 3) and (EX 1+ 2+ 3), at an applied electric field of
7 V shown in Fig. 13, the obtained value of the loss difference is
10.5313 dB, and variation of resonance frequency is 0.8.

4. CONCLUSION

We presented a study on the resonator of nanostructured materials
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in a liquid crystal based on the influence of the external excitation
tension.

The proposed structure based on three parts of LC—NsM were de-

signed and simulated. The resonance frequency variation confirmed
the frequency adjustment ability of LC—NsM based devices; the ex-
tent of adjustment depends on the LC anisotropy. The simulation of
reflection return loss has been greatly improved by about 10 dB
along with the variation of the simulation resonance frequency of 1

GHz.
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