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Note: Tunable notch filter based on liquid crystal technology

for microwave applications
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In this work, a compact design of an electrically tunable notch filter, based on liquid crystal
(LC) technology, has been designed, manufactured, and characterized. The proposal has been
achieved through particular configuration schemes with low cost inverted-microstrip structures and
conventional spurlines structures due to its ease of integration. Central frequency tunability has
been induced by applying low ac voltages, thus involving low power consumption. For these de-
vices, filter responses have been approached specifically at microwave C-band frequency allo-
cated for many satellite communications applications. Also, it has taken advantage of new highly
anisotropic nematic LC mixtures at those frequency ranges. © 2013 American Institute of Physics.

[http://dx.doi.org/10.1063/1.4790555]

Recently, liquid crystal (LC) technology has begun to be
used in nonoptical applications due to its promising features
in further electronic applications ranging from kilohertz to
megahertz frequencies. Intrinsic anisotropy of some LC prop-
erties, which implies different properties depending of the
direction in which they are measured, allows new advanced
devices to be designed with tunable features, by using these
materials.

The use of LC to design tunable devices at microwave
frequency bands is not a new conception; nevertheless there
has been an increasing interest in improving their perfor-
mance, particularly in the last decade. Liquid crystals were
recognized as candidates for microwave dielectric substrates
in the early 1990s.! Although first approaches to LC de-
vices in waveguides led to bulky and large consumption
designs (due to strong magnetic fields for switching LC
molecules), most of the recent prototypes, such as tunable
phase shifters,”? capacitors,* filters,>® or antennas,’ have re-
ported practical functions involving electric fields for orient-
ing LC at those frequencies.

Filters are very valuable devices because they represent
a powerful tool for frequency response processing. They are
designed in order to select or to remove bands of frequency.
A band-rejection filter or band-stop filter is a filter that atten-
uates a frequency band, while the other frequencies remain
unchanged. A notch filter is a band-rejection filter with a nar-
row stopband, with a high quality factor, that is mainly used
to remove spurious frequencies and to filter noise signals.

In this work, the design of a notch filter for about 5 GHz
rejection frequency (fp), based on the electric field switch-
ing of a LC, has been proposed and its feasibility has been
demonstrated. Filters working at this frequency, allocated in
the C-band, are intended to be used in satellite telecommu-
nication systems or, for example, to avoid the interference
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between the UWB (Ultra Wide-Band) and WLAN (Wireless
Local Area Networks) systems.® UWB systems are partic-
ularly promising for short-range high-throughput wireless
communications.

Multiple solutions have been proposed for providing tun-
ability in microwave devices, such as varactors based on
semiconductor technology, micro-electromechanical systems
(MEMS), magnetic materials, ferroelectric materials or lig-
uid crystals. The choice of a particular technology depends
on the constraints on the specific application. Specifically for
space applications, satellites suffer damage of the semicon-
ductor lattice by ionization radiation due to their position. In-
stead, some LC mixtures have been reported in literature to
be stable in the exposure of protons.’ Additional favorable
features, such as low power consumption and no moving me-
chanical parts suggest LCs as candidates in these applications.
In contrast, insertion losses of LC devices are a key parame-
ter concerning to the device performance not so promising
for microwave applications and clear efforts should be fo-
cused on further reduction of this feature. Insertion losses
include some sources of loss, basically: the dielectric losses
(loss tangent), the conductor losses, and additional losses due
to the impedance mismatches. A recent detailed study'® pub-
lished in 2010, has reported values of the effective loss tangent
for conventional nematic LC devices at the millimeter wave-
length range (30 GHz). Loss tangent, in static (from 0.01 to
0.06) and dynamic (from 0.04 to 0.001) regimes, were, in the
worst case, one order of magnitude greater than that of con-
ventional dielectrics such as teflon'! and, therefore, were ex-
pected to be higher for microwave applications; this constraint
has been treated as tolerable low losses.

Manufactured devices were filled with a high dielectric
anisotropy LC mixture, so that, the mayor interest of the
scheme is its capacity of tuning the rejection frequency. This
feature is especially attractive due to the possibility of gener-
ating higher tuning frequency ranges than that obtained with
conventional nematic LCs. This study is comprised of the
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FIG. 1. Schematic of the notch filter structure based on LC technology. (a) Microstrip inverted arrangement. (b) Detail of the steps for assembling the device.

notch filter design, characterization of its frequency response,
measurement of the driving voltage dependence of the filter
rejection frequency and finally, analysis and discussion of the
voltage tuning dynamic range.

Notch filter of this work is based on inverted microstrip
line technology shown in Fig. 1(a). A conventional microstrip
transmission line structure has been adapted for manufactur-
ing a device containing a LC mixture inside, thus locating the
microstrip line at the inner face of the top substrate. Also,
to fitting out a cavity for housing the liquid mixture, an ad-
ditional spacer and a second bottom substrate (covered with
the counter-electrode) are required. Thus, the LC acts as the
dielectric substrate of the microstrip line. Figure 1(b) shows
the steps for assembling the device. Pattern of the top and
bottom electrodes, the microstrip line, and the ground plane,
are copper engraved. The microwave dielectric material of the
substrates is Taconic TLX-8 with a thickness of 0.8 mm. This
material is also used as the spacer, but with a thickness of
130 pm.

In order to obtain a notch filter characteristic, a spurline
structure is used as the microstrip line. A spurline structure is
a notch filter widely used in microwave applications as dis-
tributed element filter due to its compact design and ease of
integration. A typical spurline structure is shown in Fig. 2. It
consists of a microstrip line based on two asymmetrical cou-
pled lines, where one of the resonating lines is open-ended.
The spurline length (1 = X¢/4) is one quarter the vacuum
wavelength, Ag. It works as a rejection-band filter with a fixed
rejection frequency (fy)'? defined as
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where c is the velocity of light, 1 the spurline length, and ¢, the
permittivity of the microstrip line substrate. For a fixed length
of the spurline, the rejection frequency only depends on the
permittivity of the substrate.

Taking advantage of the electrically controlled permittiv-
ity of LC materials, the filter design can improve strongly
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FIG. 2. Shape of the spurline structure acting as the microstrip line.

compared to conventional microwave filters. The frequency
response of the new filters, with emphasis on the generation of
analogue adaptive rejection frequencies, provides enormous
versatility on the device.

Positions of LC molecules inside the cavity are condi-
tioned by the alignment protocol of the device. Both elec-
trodes are covered by a rubbed polyimide alignment layer for
providing a homogeneous alignment to the device and glass
substrates are antiparallel assembled. Without applying any
voltage to the LC, molecules place in a near parallel to the
glasses position. Effective permittivity of the whole structure
in that situation is &, for the input microwave signal. By tun-
ing the LC device with an external ac voltage, molecules tend
to follow the field and rotate changing the permittivity be-
tween two extreme values corresponding to &;; and &, re-
spectively. Molecules are placed in a near perpendicular posi-
tion to the microstrip line when the permittivity is &.

A high-birefringence material (An = 0.3259 at 20°C,
589 nm) has been used in this work, in order to achieve
a higher tunability of the notch filter. It is a nematic
LC mixture, 1631F, synthesized in Military University of
Technology'>!* and composed of fluorosubstituted alkyl-
tolane and alkylphenyltolane isothiocyanates. This material
presents the nematic phase from 0 to 102.5°C. The lat-
eral isothiocyano group induces a large positive dielectric
anisotropy (Ae = 9.51 at 20°C, 10 kHz). Unsubstituted cy-
clohexylbenzene and bicyclohexyl benzene isotiocyanates,
biphenyl-, fluorosubstituted terphenyl-, tolane-, and phenyl
tolane isothiocyanates are very useful liquid crystalline com-
pounds for diverse applications because of their high polarity,
low viscosity, and high birefringence.'>~!3

Electric characterization of the new notch filter is shown
and discussed. Filter frequency response has been character-
ized by measuring the transmission coefficient S,; of the scat-
tering matrix vs. microwave frequency. This parameter quan-
tifies the insertion losses of the device and is the decibel (dB)
expression of the ratio between the microwave output and in-
put powers.

The experimental setup for measuring the frequency re-
sponse is depicted in Fig. 3. Sy; parameter of the device has
been measured by using an 8703B network analyzer from Ag-
ilent. Port 1 of the analyzer is coupled to a Bias-T, which is
also connected to the input of the notch filter. Next, the filter
output is connected to a dc-block input. Finally, the connec-
tion of the blocking coupler to the port 2 closes the microwave
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FIG. 3. Experimental setup for measuring the transmission coefficient Sy of
the scattering matrix vs. microwave frequency.

signal flow towards the network analyzer. The Bias-T consists
of a three port network that makes it possible to drive the LC
at lower frequencies without disturbing the flow of the mi-
crowave frequency signals. Sinusoidal signals of 10 kHz have
been applied in order to switch the LC molecules. The inter-
mediate tunable voltage levels were comprised in the range of
values from 0 Vi to 15 Vins. A spurline of I = 10 mm length
was chosen for obtaining a filter of about fy = 5 GHz rejection
frequency, from (1) and the effective permittivity considered.

Experimental results of frequency response were ob-
tained for the hypothesis previously described. Frequency de-
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FIG. 4. Experimental results of frequency response and tunability for the
notch filter. (a) Frequency dependence of IL for a range of LC driving volt-
ages. (b) LC driving voltage dependence of the filter rejection frequency.
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pendence of insertion losses for the design filter is graphed in
Fig. 4(a). It is shown that, without external voltage, the rejec-
tion frequency of the notch filter is about 4.85 GHz; molecules
exhibit the lower value of permittivity, &.,. As LC driving
voltage increases, permittivity also increases, so rejection fre-
quency decreases. The minimum of the rejection frequency
is 4.45 GHz, as 15 Vs saturation voltage is applied to the
filter; permittivity reaches its maximum value, .. Therefore,
filter tunability relative to central rejection frequency achieves
9% (Afy / fg = 0.4 GHz/4.65 GHz), a very attractive feature.
Also, the stopband filter attains a rejection of about 24 dB, a
suited value that remains almost constant as voltage increases
from 0 to 15 Vyns. Also, range of voltage for the rejection fre-
quency 10%—-90%, shown in Fig. 4(b), is 4.7 Vs, just a few
volts, therefore it can be generated with standard electronics.
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