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Abstract: In this paper, a conformal phase shifter with cylindrical spiral based on liquid
crystal material is designed for cylindrical conformal structure. By changing the dielectric
constant of liquid crystal, the phase shifting range is more than 360° and can be
continuously adjustable in the range of 12GHz-20GHz. At the same time, the simulation
results show that the S11 of the phase shifter is lower than - 10dB, S21 is higher than -5dB.
Based on the phase shifter, a 1*4 phase shifter array is simulated. The optimized results
show that the phase shifter array can achieve S11<-10dB, S21>-6dB in range of 14GHz-
16GHz, which has certain practical value.

1. Introduction

With the development of modern electronic information technology, the requirements for phased
array antenna are higher and higher. The planar phased array antenna solves the problems of limited
gain and difficult wave scanning of single antenna to a certain extent. However, for satellite borne,
airborne and missile borne occasions, the antenna is often required to have the ability of conformal
with the carrier. Nowadays, with the emergence of various excellent beam forming algorithms and
antenna design methods [1-3], as well as the improvement of material technology and processing
technology, conformal phased array antenna is in the second rapid development period, and the
research on conformal phased array is attached great importance at home and abroad [4-5].

As the core component of phased array unit, phase shifter plays an important role in the
performance of the whole array. Phase shifters with low loss, miniaturization and low cost are
urgently needed in phased array for beam shaping and beam control. In addition, the current phase
shifter design is basically limited to the planar structure [6-8]. The design of a new conformal phase
shifter can not only fit in with the development of conformal phased array, but also be a scheme of
miniaturization and integration of phase shifter.

Liquid crystal is a kind of electrically controlled tunable material with both crystal anisotropy
and liquid fluidity, which is easy to realize conformal design. The application research of liquid
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crystal microwave tunable devices based on this technology covers important research fields such
as tunable filter [9], reconfigurable antenna [10], and adjustable phase shifter [11-14].

2. Theory of Liquid Crystal Phase Shifter

Due to the dielectric anisotropy of liquid crystal materials, the axial direction of the liquid crystal
molecules can be changed by applying an external electric field, thus changing the dielectric
constant of the material, so it has tunability. Specifically, the tunability of liquid crystal materials is
that when they are used as dielectric substrates, the resonant frequency will change with the change
of dielectric constant of liquid crystal materials, which is also the basis of liquid crystal materials as
tunable materials.

Liquid crystal is a kind of electrically controlled tunable material with both crystal anisotropy
and liquid fluidity, which is easy to realize conformal design. The application research of liquid
crystal microwave tunable devices based on this technology covers important research fields such
as tunable filter [9], reconfigurable antenna [10], and adjustable phase shifter [11-14].

An ideal parallel plate capacitor can be used to simulate the response of the liquid crystal layer in
the liquid crystal phase shifter to the applied electric field, and the corresponding length of the
phase shifter can be calculated according to the required phase shifting amount.

Under ideal conditions, there is a uniform electric field between the two plates of the parallel
plate capacitor, which can ensure that the orientation of the liquid crystal in the parallel plate is
consistent under the bias state. In the face-to-face parallel plate capacitor, the capacitance value can
be calculated by the following formula:
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The core of liquid crystal phase shifter is to adjust the dielectric constant of the medium in the
process of electromagnetic wave transmission, so as to change the capacitance, and then change the
phase-shift constant of electromagnetic wave in the transmission process:

LC     (2)
where  and  are the phase shift constants when the liquid crystal is in two states of bias and
alignment, respectively. When the dielectric constant of the liquid crystal changes, the differential
phase shift is:
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where l corresponds to the physical length of the phase shifter and 0c is the speed of light
propagation in vacuum. The maximum phase shift of the phase shifter is determined by the length
of the phase shifter and the variation of the dielectric constant.

3. Structure Design of Phase Shifter

Aiming at the widely used cylindrical structure, based on the conventional transmission line-up
liquid crystal phase shifter, a cylindrical spiral structure liquid crystal phase shifter is designed. The
working frequency is 15GHz. The model diagram is shown in Figure 1.
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(a)Side view

(b)Top view

Figure 1: Structure of cylindrical helical liquid crystal phase shifter.

The parameter equation of the cylindrical spiral structure is as follows:
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where r is the radius of the conformal cylinder and is the rising distance of helix per circle. The
internal structure from bottom to top can be roughly divided into: lower substrate, ground plane,
liquid crystal layer, transmission line, and upper substrate. The transmission line circuit is etched on
the lower surface of the upper substrate in contact with the liquid crystal material, and the energy is
fed in from the lower end and fed out from the upper end. The liquid crystal is installed between the
upper and lower substrates, and the dielectric constant of the liquid crystal is controlled by the
applied voltage of the grounded metal layer, thus realizing the phase shift function. The main
structural parameters are shown in the Table 1:

Table 1: Design parameters and their values.

Parameters hs hlc r b wps lx t
Value(mm) 0.254 0.254 30 3 1.385 4.85 0.035

The S parameters of the phase shifter are obtained by simulation, as shown in Figure 2.

161



Figure 2: S parameter of phase shifter.

It can be seen that in the range of 12GHz-20GHz, S11 is lower than -10dB, S21 is higher than -
5dB, and the curve is relatively stable. And the phase shift is shown in the Figure 3.It can be seen
that in the range of dielectric constant from 2.5 to 3.3, the phase shift increases with frequency, and
the phase shift range exceeds 360° at 12GHz. At the designed operating frequency of 15GHz, the
phase shifting range can reach 794° which is far beyond the requirement of 360° phase shifting.

Figure 3: Phase shifting range of phase shifter.

4. Design of Phase Shifter Array

Based on the designed phase shifter structure, a 1*4 phase shifter array is designed to verify the
feasibility of its application in conformal phased array antenna. The simulation model is shown in
Figure 4.
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(a)Side view.

(b)Top view.

Figure 4: Structure of 1*4 cylindrical helical liquid crystal phase shifter.

The phase shifter spacing is dx. Since the operating frequency is 15GHz, the initial value dx =
10mm is taken when the array elements are arranged according to the half wavelength. The
simulation is carried out with dx as the optimized parameter, the results are shown in Figure 5.

Figure 5: S parameter varies with array spacing dx.

After comprehensive comparison of S11 and S21, taking dx=14mm, combined with other
optimization parameters, the simulation results are shown in the Figure 6. It can be seen that S11 is
less than -10dB, and S21 is greater than -6dB in the range of 14GHz-16GHz.
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(a)

(b)

Figure 6: Optimized S parameters of 1*4 phase shifter array.

At this time, the phase-shifting range of each phase shifter is shown in Figure 7. It can be seen
that at 15GHz, the liquid crystal dielectric constant changes from 2.5 to 3.3, and the phase-shifting
range is greater than 360° to meet the requirements of the phase shifter.

(a)Phase shifter 1.
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(b)Phase shifter 2.

(c)Phase shifter 3.

(d)Phase shifter 4.

Figure 7: Phase shifting of phase shifter array:

(a)Phase shifter 1 (b) Phase shifter 2 (c) Phase shifter 3 (d) Phase shifter 4.

5. Conclusions

Based on the conventional transmission line liquid crystal phase shifter, a new cylindrical
conformal phase shifter is designed for conformal phased array antenna. The design frequency is
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15GHz. The simulation results show that the phase shifter can achieve a phase shift much higher
than 360° in the range of dielectric constant from 2.5 to 3.3. Based on the modified phase shifter, a
1*4 phase shifter array simulation is carried out. After optimization, S11<-10dB, S21>-6dB in the
range of 14GHz-16GHz can be realized, and the phase shift of each element is greater than 360°
and can be further applied to conformal phased array antenna.
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