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Introduction

The use of Liquid Crystal (LC) in telecommunications for developing reconfigurable
microwave devices is spreading [1-4]. LCs anisotropic materials with properties between
crystalline solids and liquids. Their rod-like molecules present nematic phase, having
orientational order but no positional one. The long axis of the molecules has a preferred
position, which can be changed by applying an external electric or magnetic field.

In the macroscopic scale, the direction of the molecules is represented by a vector called
director 7, which is parallel to the longitudinal axis of the LC molecules. The dielectric
permittivity values of the nematic LCs are defined by the angle formed between the director

vector and an external RF electric field E. The values represented by €., and &, are,

respectively, the permittivity values when 7 is perpendicular and parallel to E [5]. Moreover,
loss tangents tand, and tand| are also defined corresponding to those directions.

Different methods can be used for this characterization. On the one hand, transmission line
methods developed at millimiter-wave and microwave frequencies [6-8]. On the other hand,
resonant methods, which can obtain dielectric properties at single frequency points have
been also developed [9-12]. However, all of them need to apply an electric or magnetic field
for measuring both polarization of the LC molecules. In this paper, it is proposed an
alternative for measuring parallel and perpendicular dielectric properties without any
external electromagnetic field. It is based on the split-cylinder resonator method.

Method description

The split-cylinder resonator consists of two cylindrical halves, where the sample is placed
between them. The empty resonator has a specific resonance frequency and quality factor
(Q-factor), and when the sample is placed in the middle, these parameters change. The
relative change between the resonator without and with sample allows to calculate the
dielectric permittivity and the loss tangent of the material. In the case of a LC material, the
samples are confined in a cell formed by two glasses and the LC is sited between them as
shown in Fig.1. To form the cell, firstly an alignment surface must be created in the inner
side of the each glass. This surface consists of microgrooves created by depositing a
polyimide layer and afterwards rubbing with a natural velvet. This will provoke the LC
molecules to be aligned in the microgrooves direction. Next, the glasses are adhered by using
four separators in the corners and the LC is placed in the gap between them filling the cell
by capillarity.
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This process allows to obtain a cell formed by three layers (two glasses and the LC sample
material). For this reason, classical methods for characterization [13-14] have to be modified
for extracting the dielectric properties of the LC material sample placed between the two
glasses. The glasses are characterized following the classical methods, therefore for each
cell, the properties of the glasses are known. Thus, the modal analysis method described [15-
17] is used, where the structure is divided in canonical circuital elements and the only
unknown is the dielectric properties of the LC material.

Fig. 1. Filling of a Liquid Crystal cell by capillarity.

The chosen working mode of the resonator is based on the field distribution. Mode TE111 has
a quasi-straight field lines distribution, allowing to measure the two polarizations of the
molecules of LC just rotating 90° the cell inside the cavity without applying any external
field, as shown in Fig. 2.
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Fig. 2. (a) Placement of LC cell is Position 1. (b) Placement of LC cell is Position 2.
(¢) E-field and LC molecules in Position 1. (d) E-field and LC molecules in Position 2.
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However, as shown in Fig. 1, the non-ideal straight field distribution, position 1 and 2 of the
LC cell do not correspond to the parallel and perpendicular permittivity directly. The values
can be extracted from the following equations:

Erpost H|l77|d5 =g, ff EldS+er||ﬂ‘ E,dS
grposZ fflﬂdS = Sr”ff EJ_d5+£T_L|f E”dS

(M

where:
- &rpos1and &rpo; are the extracted complex permittivities with the cells in position
1 and 2.
- |§ | is the module of the electric field calculated in each point of the cell.
- E is the component of the electric field in parallel direction.
- E,is the component of the electric field in the perpendicular direction.
Results

For performing the measurement a set-up composed of a VNA and a split-cylinder resonator
is used, as shown in Figure 9. Four different nematic LCs have been prepared and measured
by using different cells: QYPD036, QYPD142, and QYPD193 from Qingdao QY Liquid
Crystal Co and GT3-23002 from Merck. The measurements have been carried out at two
different frequencies (5 GHz and 11 GHz) at room temperature (25°C).

The resonance frequency and the Q-factor for positions 1 and 2 have been measured for each
LC cell. These measurements have been performed several times in order to extract an error
value. With these values and following the method explained above, the complex dielectric
permittivity values are obtained. Then, the transformation explained in (1) is applied to
obtain the parallel and perpendicular dielectric permittivity and the loss tangent.

There are some error sources that affect the extraction of the complex permittivity: the
features of the cylinder (radius, height, conductivity, and feeding loops), the measured EM
response (resonance frequency and quality factor), the thickness of the glasses and the
thickness of liquid crystal. The impact of the cylinder dimensions is calibrated and
compensated with a first measurement of the empty cylinder. However, the tolerance in the
measurement of the other parameters is translated into a set of uncertainties (o;) and their
error contribution to the complex permittivity results is quantified. Then, if the error
contribution of these parameters is independent and known, the total uncertainty of the
complex dielectric permittivity can be expressed as the quadrature sum [18] described in
equation (2). Finally, the complex permittivity error can be easily propagated to obtain the

loss tangent uncertainty.
Clser
O', =
' Serror

The results corresponding to 5 GHz and 11 GHz are presented in Tables 1 and 2,
respectively. The highest value of anisotropy for the Qingdao LCs family, is 0.81 at 5 GHz
(QYPD193) and 0.98 at 11 GHz (QYPDO036). The highest values of the loss tangents are

1/2

2
O-error)
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also recorded for these two materials. Therefore, choosing an LC for designing a
reconfigurable microwave device must be a trade-off between the dielectric anisotropy and
the related loss, depending on the required specifications.

Table 1. Dielectric properties of LCs at 5 GHz.

LC &) tand)x1000 &1L tand ; x1000
QYPDO036 3.08+0.19 17.06£2.08  2.28+0.15 75.45+7.89
QYPDI142 2.724+0.17 7.95£1.09 2.27+0.16 58.51+£7.20
QYPD193 3.03+£0.19 7.15+£0.97 2.22+0.15 91.90+7.55
GT3-23002 2.59+0.15 5.13+1.79 1.94+0.14 39.33+10.90

Table 2. Dielectric properties of LCs at 11 GHz.

LC &l tand)x1000 &1L tand ; x1000
QYPDO036 3.224+0.19 3.95+0.67 2.24+0.15 57.51£6.80
QYPDI142 3.05+0.18 5.80+1.06 2.36+0.16 40.88+4.92
QYPD193 3.26+0.20 1.97+0.11 2.40+0.17 63.31+4.40
GT3-23002 3.25+0.21 2.50+0.83 2.35+0.17 22.05+3.81
Conclusions

In this work, the split-cylinder resonator method has been used for the characterization of
LCs at microwave frequencies. The method is based on the measurement of the resonance
frequency and quality factor of the two states of the LC molecules. To achieve these two
states, no electric or magnetic fields are needed, the cell must be turned 90° inside the cavity.
The dielectric properties (permittivity and loss tangent) of four different LC samples, GT3-
23002 from Merck and QYPD193, QYPD142, and QYPDO036 from Qingdao QY Liquid
Crystal Co, have been obtained. The highest values of the dielectric anisotropy are presented
for the samples QYPDO036 and QYPDI193, together with the highest values of the
corresponding loss tangent parameters. Furthermore, it is observed for all the LCs that the
loss tangent decreases and the dielectric anisotropy increases at higher frequencies. This
must be taken into account in the development of reconfigurable microwave devices.
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