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The use of liquid crystals for tunable filter in planar technology is proposed. The design is based on a dual-behavior resonator
(DBR) topology. These resonators are based on the association of different parallel open-ended stubs and allow the designer to in-
dependently control the in-band and out-of-band responses of the filter. To benefit from liquid crystal anisotropy and thus obtain
agility, a bias voltage is applied. The simulated results are compared with measured data, and good agreement is obtained.

1. Introduction

The demand on tunable or reconfigurable components at
micro- and millimeter waves increased during the last years.
Today, these difficult problems are the subject of intensive
studies in microwave planar filters [1-5]. For such appli-
cations, the use of dual-behavior resonators (DBRs) [1, 2]
appears as a quite convenient solution because they allow
the control of two attenuated bands on either side of one
bandpass [1]. The agile microwaves devices [6—-10] permit a
compensation of the technological scatterings, the improve-
ment of the instrumentation and the increase of the inte-
gration functions. The agile filters for example, present in
the useful loads represent an important proportion so much
in weight that in volume of the embarked facilities. Indeed,
the extremely stern constraints imposed by the systémiers (in
terms of selectivity, losses, rejection, baldness, attenuation of
the parasitic ascents, etc.) lead today the inventors to move
toward solutions of type accordable waves guides that to
replace the stationary components by variable components.
The variable components can be conceived using semicon-
ductors, MEMS, ferrites, or ferroelectrics. One of the sought
properties for this device is the possibility of external con-
trol. For decades, to achieve this objective, enormous efforts
have been deployed for using new materials that have a
better functionality. Among these materials, liquid crystals
(LCs) are potentially useful. LC state is known to vary with

temperature from solid to liquid. The nematic phase corre-
sponds to the state where molecules have an orientational
order, but no positional one. Application of an electric field
to LC changes the direction of molecules and may create
significant anisotropy, which explains why LC is currently
chosen for microwave applications. This anisotropy varies
with frequency and temperature [11].

This paper propose device using planar technology-based
on LC materials. This choice allows the LC anisotropy prop-
erty to the excited radio frequency field [12, 13] polarization
with an electrostatic field. Numerical results for design filter
with an LC cavity are compared with the existing data to
confirm the accuracy of the proposed analysis.

2. Properties of Liquid Crystals

LCs are attractive substrates for microwave devices. They
possess a significant tuneable dielectric constant in the
microwave band, which can be exploited in compact and
reconfigurable devices such as phase shifters, antennas, and
filters. When designing such devices two main problems are
normally encountered. Depending on the temperature, lig-
uid crystal phase exists in a mesophase between a crystalline
solid and an isotropic liquid [5] as shown in Figure 1. In this
state, the material can flow like a liquid but at the same time
molecules have orientational order. The size of the molecule
is typically a few nanometers. This shape anisotropy causes
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FIGURE 1: Schematic of a typical LC molecule (K15) and its temper-
ature dependency.
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F1GURE 2: DBR, the basic resonant structure.

anisotropy in terms of the dielectric constant, as will be de-
scribed in Figure 1.

In an aligned nematic liquid crystal, linearly polarized
light incident as an extraordinary wave will see a permittivity
erc given by [14]

E//€L
= 2 T 2A (1)
£/,c0820 + ¢//sin” 0

where ¢/, and ¢, are the respective permittivities for light-
polarized parallel and perpendicular to the director axis 7. It
is important to note that & ¢ is independent of frequency and
only depends on the director axis orientation angle 6 with
respect to the optical wave vector k'.

In this paper, LCs are used in the nematic phase, where
the molecules float around as in the liquid phase but are still
ordered in their orientation[15]. The nematic phase [11, 16]
is of great interest because of the dielectric anisotropy that
permits the frequency agility. “Anisotropy is then defined as
the difference between parallel and perpendicular permittiv-
ities and ensues from the following relation:

Agreff = Ereff// — Ereffl> (2)

where &/, and s, are, respectively, the parallel and per-
pendicular relative dielectric permittivities.

The director vector 1 has the same direction as the
nematic LC molecules. A parallel permittivity eps, of the
molecules occurs for a microwave field parallel to the director
1, whereas a perpendicular permittivity e, is effective for a
microwave field perpendicular to the director 7. The result
of applying a sufficiently large control voltage to LC is to
align the LC along the electric field due to the control voltage.
This LC alignment is nearly parallel to the microwave electric
field because the transmission mode of the microstrip line
is quasi-TEM. On the other hand, if the control voltage is
removed (changed to 0V), the LC becomes aligned in the
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FIGURE 3: Structure filter DBR with an LC cavity by HFSS.
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F1GURE 4: Transversal cut of the filter DBR structure.

direction determined by the alignment layers, which is per-
pendicular to the microwave electric field.

Studies over the last two decades have also conclusively
demonstrated their unusually large electro- and all-optical
(i.e., nonlinear-optical) response associated with the field
induced director axis reorientation. These unique optical
properties [17], in addition to their compatibility with
almost all technologically important optoelectronic materi-
als and their fluid nature, make them prime candidates for
incorporation into nanostructured (electrically or all-optic-
ally) tunable materials/devices.

3. Synthesis and Design of the DBR Filter

3.1. Synthesis of the DBR Filter. A DBR results from the asso-
ciation of two different parallel bandstop structures. Each of
them brings its own transmission zero with respect to its fun-
damental resonant condition. At the same time, their associ-
ation is transparent within a given operating frequency once
the bandstop structures have been properly connected under
constructive recombination criteria. These result in a band-
pass response created between the abovementioned lower
and upper rejected bands. According to the number of avail-
able parameters and to the initial behavior of each bandstop
structure, DBR allows an independent control of the follow-
ing.
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FIGURE 5: Simulated return losses for two different permittivities by
(HFSS).
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FIGURE 6: Simulated insertion losses for two different permittivities
by (HESS).

Thus, a DBR structure allows one to independently con-
trol [2]:

(i) one pole in the operating bandwidth;
(ii) one transmission zero in the lower attenuated band;

(iii) one transmission zero in the upper attenuated band.

Among the numerous DBR topologies available, one of
the simplest ones is based on the parallel association of two
open-circuited stubs of different lengths. Its easy implemen-
tation drove us to choose this topology for the design of our
circuits. The inherent specifications of the filter are entered
in equations called synthesis [2]. Their resolution allows one
to get the electrical parameters of the lines (length, charac-
teristic impedance).

The generic structure (see Figure 2) can be described as
a parallel association of two different bandstop structures of
equivalent input impedances Z; and Z,. Obviously, the im-
pedance of the whole structure is defined as in Figure 2.

This equation shows that the stub association has no in-
cidence on the frequencies of the transmission zeros that
always appear when Z = 0, that is, when Z; = 0 or Z, = 0.
The individual incidence of each bandstop structure is then
preserved. Nevertheless, a bandpass can be created when the
equivalent input impedances Z; and Z, have the same mod-

ulus, but become out-of-phase. Indeed, in this case, the total
impedance tends toward infinity.
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FiGure 7: Simulated and measured return losses without applied
DC voltage.
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FIGURE 8: Simulated and measured return losses with applied DC
voltage.

After modifications and optimization of the circuit, an
electromagnetic calculation of the global structure is carried
out with the HFSS design based on a finite element method.
This method permits one to consider all of the structure
elements: alumina, dielectric ink, liquid crystal, and PTFE.

3.2. Design of the DBR Filter. Figures 3 and 4 depict the
designs of DBR filter, this device consist of three glued sub-
strate in multi-levels. The bottom part made of alumina
substrate &, = 9.6 and thickness = 508 ym, is composed of a
cavity, where the LC is inserted by capillarity with a dielectric
constant permittivity of ¢, = 2.9 and a loss tangent of 0.002.
The upper side of the ground plane in physical contact with
LC is beforehand covered with PVA and brushed with abra-
sive material to give an initial orientation to the LC molecules
with no applied bias voltage in order to increase dielectric
anisotropy. The alumina has been selected for its mechanical
features (rigidity, precision to level thickness, etc.). The up-
per part thickness is 508 ym, who supported the motives
filters, is made of Polytetrafluoroethylene (PTFE) of low per-
mittivity (& = 2.2). We chose this kind of material to take
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FIGURE 9: Simulated and measured insertion losses without applied
DC voltage.
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Ficure 10: Simulated and measured insertion losses with applied
DC voltage.

benefits of its properties; indeed, its rigidity is helpful to hold
the circuit, and its low permittivity allows the concentration
of field lines within the LC. Once stuck under this part, the
filter is covered with PVA and brushed then in order to orient
the molecules of liquid crystal mechanically and therefore to
increase the dielectric anisotropy. The final assembly of the
structure is made with a glued dielectric termed ink and
placed so that it does not disturb the electrical response of
the filter.

After its insertion in the cavity, LC is considered by the
microstrip line as the main substrate; thus, its properties are
modified by application of an external static electric field. As
the technological process is set, we have to choose a topology
filter that presents a narrow bandpass to clearly show the
shift of the function. Nevertheless, we have to implement
simple structure like stubs with inductive feeding to avoid
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the use of an anisotropic substrate model and to facilitate the
bias voltage. In this way, DBR filter appears as a very good
compromise. Indeed, the central frequency and the band-
width can be tuned by only modifying lengths [1], so it can
be easily controlled by permittivity variation.

4, Simulation of the DBR Filter

Figures 5 and 6 depict the results simulation return losses and
insertion losses. It can be seen that the agility was obtained by
varying the LC dielectric permittivity, established by dielec-
tric characterisation, from 2.35 to 2.61.

The simulated return losses are centred around 5 GHz.
The return loss achieved —20 dB from 4 to 5 GHz. The reso-
nance frequency variation (AFr) is 240 MHz corresponds to
a frequency agility of 4.8%. The insertion losses achieved
—60dB from 4 to 5 GHz.

Figures 7 and 8 depict the results of simulated and mea-
sured return losses with and without applied DC voltage. It
can be seen that the simulated return loss achieved —15dB
from 4 to 5 GHz. The measured return loss can be seen two
resonant frequencies are 2.5 GHz and 5.1 GHz.

It can be seen from Figure 8 that show the simulated
return loss achieved —20 dB from 4 to 5 GHz; the measured
return loss can be seen two resonant frequencies are 2.3 GHz
and 4.37 GHz.

Simulations and measurement insertion losses with and
without applied DC voltage show good agreement, as de-
picted in Figures 9 and 10. It can be seen that the simulated
and measured insertion losses achieved —40 dB, respectively,
—35dB. It can be seen from Figure 10 that show the simu-
lated and measured insertion losses achieved —40 dB.

5. Conclusion

Structure of LC-based reconfigurable tunable filter with DBR
topology accordable in a band and a frequency is designed
and simulated. The observation of the results confirms the
potential frequency agility of the device that uses LCs. This
agility was obtained by varying the LC dielectric permittivity,
established by dielectric characterisation, from two different
permittivities. The accuracy of simulation was verified by
comparison with experimental data.
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