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Resumen—This article presents the theoretical study and
numerical simulation for the implementation of a stub resonator
in the microstrip ridge gap waveguide (MGCW) transmission
line. The resonator is filled with liquid crystal (L.C) and, thanks
to LC’s dielectric anisotropy properties, the resonance can be
easily controlled using an external electric or magnetic bias field.
The resonance was designed to operate in the range of 7.8 to
8.8 GHz. Its frequency response, associated to both parallel and
perpendicular LC’s permittivity, as well as intermediate state
were computed. Finally, the results are discussed.

I. INTRODUCTION

The evolution of wireless communication systems towards
5G and 6G is propelled by an increasing need for enhanced
capability and data rate, more functionality, and improved
mobility. This drive, coupled with the limited availability of
frequency spectrum resources, necessitates the creation of
increasingly flexible and adaptable RF front ends [1], [2].
Hence, the demand for reconfigurable microwave components
has recently become more critical.

Reconfigurability can be achieved through three primary
technologies: electromechanical actuators, integrated devices,
and tunable materials. Electromechanical actuators, such as
microelectromechanical systems (MEMS), and integrated de-
vices like PIN diodes or field-effect transistors (FETSs), have
traditionally been employed due to their seamless integration
into planar structures. However, these technologies offer only
discrete reconfigurability and exhibit significant transmission
losses, particularly at higher frequencies [3], [4], [5].

In contrast, tunable materials can achieve a continuous ran-
ge of tunability by altering their permittivity or permeability
through an external (electric or magnetic) field. While integra-
ting these materials into certain communication systems may
pose challenges, they offer broader reconfigurability ranges
and higher quality factors compared to the aforementioned
technologies. Among these tunable materials, nematic liquid
crystals (LCs) have been applied to create tunable devices at
optical frequencies. Recently, their significance has extended
to millimeter-wave (mmWave) frequency ranges. This expan-
sion is primarily attributed to the absence of an upper working
frequency limit in LCs.

Indeed, these materials exhibit lower losses at higher fre-
quencies, proving particularly advantageous for frequencies
exceeding several gigahertz (GHz) [6]. Furthermore, liquid
crystals (LCs) require an exceptionally low bias voltage

compared to other tunable materials such as ferrites or devices
like microelectromechanical systems (MEMS). Due to these
advantages, the research community has increasingly focused
on developing reconfigurable LC-based devices for mmWave
applications in recent years. Numerous studies in the literature
have reported reconfigurable LC devices, including steerable
antennas [7], phase shifters [8], [9], [2], and filters [10], [11],
[12].

While nematic LCs show promise as tunable materials,
selecting an appropriate LC mixture for a specific function
can be challenging, as it depends on various factors. The
most crucial factors include dielectric anisotropy, dielectric
loss, switching voltage, and switching times. Consequently,
achieving an accurate characterization of these parameters is
essential to effectively utilize LCs in mmWave devices.

The goal of this work is to present a novel design of a
resonator implemented in MGCW technology filled with LC
(LC-1 and LC-2), as well as to present the simulation results.
Finally, based on the simulation results, conclusions would be
derived.

II. Li1QUID CRYSTAL MICROSTRIP RIDGE GAP
WAVEGUIDE

A. Microstrip Ridge Gap Waveguide

The need for new waveguides or transmission lines opera-
ting at high frequency (milimeter and submilimeter waves)
integrated in substrate caused the development of several
planar integration techniques, such as substrate integrated
waveguides (SIW) [13], and gap waveguides [14], amongst
which we can differentiate: groove gap waveguides (GGW)
[15], ridge gap waveguides (RGW) [16] and microstrip-ridge
gap waveguide (MGCW) [17], which is the planar technique
used in the context of this article.

Gap waveguides are derived from applying Maxwell’s
fundamental equations of electromagnetism to the particular
boundary conditions. In this technology they are achieved by
the usage of electromagnetic-bandgap surfaces (EBG) and by
respecting the minimum height between the parallel plates,
A4 which blocks the wave propagation.

Thereby, EBG consists of the usage of repeated patterns
along the PCB. This lattice recreates the artificial magnetic
wall condition (PMC) due to the high impedance it exhibits
[18]. Therefore, the artificially made lattice blocks the pro-
pagation of AC currents, or the magnetic field, reflecting the



incident wave without phase change considering its Brillioun
zone [19].

Usually, EBG lattices are characterized by the dispersion
diagram, which yields the bandstop frequency range. This
bandstop is the operative monomode range defined by the
highest TM mode frequency and the lower TE mode fre-
quency of the standing waves formed across the lattice. So
it is mandatory to study the bandwidth and the resonance
frequency of the monomode frequency range of the EBG
surface, which is derived from the geometry of the unit
cell. For that reason, the equivalent representation of the
resonant LC circuit is used to model the behaviour of the
EBG structure, the resonant frequency and the bandwidth can
be approximated by (1) and (2).
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In the context of this work we used mushroom-type unit
cells to implement the EBG lattice. These cells are charac-
terized by through via holes centered at the metallic patches
which are periodically offset to each other. In this configura-
tion there are two equivalent capacitors that are generated in
the equivalent model given by (3) and (4).
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C5 capacitance is caused by the adjacency of metallic
patches, where €; corresponds to the relative permittivity of
upper substrate (above metallic patches) and €2 corresponds
to the relative permittivity of lower substrate (below metallic
patches), and C7 is caused by the separation between the
metallic patch and the ground plane, where ¢,. corresponds to
the substrate between metallic patch and the ground, Figure
3. Consequently the equivalent capacitance is computed from
them.

The inductance value, which is formed by the loops of the
currents going across adjacent mushroom cells, Figure 3, has
to be taken in account as well [18]. These loops of current
are given by (5).

L~ h_b* pig * fir )

As it can be seen from (1) and (2), both resonant frequency
and bandwidth depend on the equivalent capacitance and
inductance. Therefore, in order to adjust these parameters we
carried out several simulations of the EBG unit cell to adjust
the monomode bandwidth to the frequency range of 10 to 20
GHz, using CST Studio Suite v.2023, CST GmbH, now with
Dassault Systemes. The resulting dispersion diagram presents
bandstop from 8 to 25 GHz approximately, which is sufficient
for the bandwidth required for the phase shifter. By varying
B and [, field’s vectors we study the Brillouin zone of the
periodic lattice, and the dispersion diagram is presented in
Fig. 1
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Fig. 1. Dispersion diagram of EBG unit cell

B. Liguid Crystal

The resonance shift is achieved by modulating the electrical
properties of the liquid crystal (LC) material by using external
low-frequency electrical bias field [20]. The dielectric relative
permittivity of a bulk of LC is defined upon the orientation
of its molecules with regard to the RF-field. The vector 7 is
defined parallel to the major axis of the LC molecule [21].
Two boundary states can be observed, ¢, and Erlls which are
the marginal permittivities given by the LC manufacturer, see
Table I and II. €, is the permittivity of the perpendicular
state, where no bias field is applied, whilst ;.| is the permit-
tivity obtained when a bias field is applied parallel to the RF
field.

TABLA I
PROPERTIES OF LC-1, MEASURED AT 19 GHZ.

Al|E | ALlE
Er 3.02 2.36
tan (§) | 0.0035 | 0.0128
TABLA 11

PROPERTIES OF LC-2, MEASURED AT 19 GHzZ.

Al|E |7AlE
e 3.53 245
tan (6) | 0.0064 | 0.0117

III. LC-MGCW RESONATOR
A.  Geometry and Modelling

The resonator is realized on two layers: one for the EBG
lattice, active line and resonator stub, another for the contai-
ning the LC and a copper cover. The two layers are RO4003C
laminates PCBs, with ¢, of 3.55 and with height of 0.406
(um) for LC container (LC PCB) and 1.524 (um) for bottom
PCB where the EGB lattice is located.The impedance of the
transmission line is chosen to be 35 (). The metallization is
chosen to be 18 microns, however when the via holes are
drilled for the EBG lattice, it should be additionally metallized
and thus another 25 microns are added up to total 43 microns
of metallization on both PCB. Additionally, at the LC PCB,



a bathtub of dimension L_pcb for active line and 1_res for
resonator, see Table III, should be drill cutted in order to
deposit the LC. The two layers can be visualized in Figure
2. All of the schematic’s parameters are given in the Table
III. The distance between vias on the microstrip is 1.060 mm.
The transverse and longitudinal cuts are given in Figures 3
and 4, respectively. The perspective view is given in Fig. 2.

Fig. 2. Perspective view of the LC-MGCW resonator. Grey color corresponds
to metal plate, green corresponds to substrate and red contour corresponds
to liquid crystal in the upper layer.
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Fig. 3. Transversal cut of the LC-MGCW resonator. Grey color corresponds
to metal, light green corresponds to substrate, cyan corresponds to LC.
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Fig. 4. Upper floor view of the MGCW phase shifter. Grey color corresponds
to metal, light green corresponds to substrate, and light blue to air.

TABLA 111
DIMENSIONS FOR THE MGCW PHASE SHIFTER

Parameter | Measure (mm) Parameter Measure (mm)
gg 0.150 WW 1.733
g 0.250 w_lin, w_res 1.728
w_cl 3.228 1_res 3.247
W_pcb 25.328 L_pcb 20.861
h_a 0.406 h_b 1.524

B. Port Definition and Simulated Results

Consequently, the ports of the device should be defined,
in order to apply electromagnetic excitation to the device.

These are placed at the start and at the end of the microstrip
line, some distance away from the LC bathtub. It is worth
mentioning that we used two small rectangular blocks at the
ends of the line in order to carry out the simulation [22] . The
width of the metallic blocks are the same as the diameter, g,
of the via hole.

Thus, we present the simulation results for S parameters
(reflection coefficient and transmission coeficient) considering
€y and €.1. We compute the absolute value of complex
[S21| and |S11]| in decibels for perpendicular, parallel and
intermediate state for both LC-1 and LC-2; see Figure 5,
6, 7. During the simulation only LC material losses were
considered, as opposed to RO4003C substrate and conductor
losses associated to dielectric/metallic parts of the circuit.
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Fig. 5. S-parameters in dB in vacuum [dB]
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Fig. 6. S-parameters in dB using LC-1 [dB]

IV. CONCLUSIONS

A novel reconfigurable resonator based on MGCW using
liquid crystal have been synthesized and simulated. Although
we achieved a very high reconfigurability, close to 1 GHz
from 7.8 to 8.8 GHz, we have not yet considered possible
differences in results between the simulated and manufactured
device. Concerning the manufacturing process, we should take
in account the impedance matching network to a feeding line,
typically a traditional microstrip line, which might be imple-
mented using tapered matching from 50 €2 to 35 Q2. The device
connectors should be designed as well. As a result, in order to
characterize the device’s performance, the insertion losses of
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Fig. 7. S-parameters in dB using LC-2 [dB]

tapered transition and connectors should be also considered.
Furthermore, the theoretical marginal values of permittivity
in LC are not always achieved in practical realizations, thus
reducing the effective frequency reconfigurability. Since LC
is a liquid material, it is evident that it would be necessary
to seal the circuit well, which could be done by depositing
some sealing material inside the bed of nails, or by sealing the
circuit on the outside with some adhesive, preferably epoxy.
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