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Abstract 
Liquid crystals (LCs) have a characteristic in which the 
dielectric constant changes depending on the rearrangement of 
the liquid crystal molecules according to the voltage. Therefore, 
they are widely used in research on various circuits in the 
microwave frequency band utilizing the variable dielectric 
constant. Research on the phase shifter, a key element of 
beamforming antennas, is active, and many studies are being 
conducted to improve performance such as propagation loss, 
response speed, and phase difference controllable range. This 
paper proposes an idea to improve the response speed, and the 
speed at which liquid crystal molecules align greatly varies 
depending on the size of the applied voltage. Although it is 
affected by the size of the liquid crystal cell gap, the alignment 
speed of the liquid crystal molecules becomes much faster as the 
size of the applied voltage increases, and the response speed 
increases by more than 10 times as the applied voltage 
decreases. In other words, the response speed deviation is large 
depending on the desired phase value. Therefore, in this paper, 
we propose a design method to reduce the response speed 
deviation according to the phase difference that occurs due to 
the use of multiple levels of voltage in a liquid crystal-based 
phase shifter, and through actual experiments, we prove that the 
absolute response speed can be improved while reducing the 
response time deviation according to the phase value to less than 
1/3 compared to the existing method. 
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1. Introduction
6G is the next-generation communication technology that offers 
faster transmission speeds, lower latency, and enhanced 
connectivity compared to 5G. Beamforming technology 
maximizes communication efficiency by concentrating radio 
waves in specific directions and plays a critical role in addressing 
signal attenuation and interference issues in the high-frequency 
band. Therefore, beamforming array antennas are essential for 6G 
systems [1-3]. The phase shifter, a key component of 
beamforming array antennas, has recently become a focus of 
research, particularly those based on liquid crystal (LC), known 
for its low-loss characteristics in high-frequency bands [4-7]. The 
primary performance metrics of phase shifters include 
transmission loss, phase shift range, response time, and driving 
voltage. However, research efforts are actively being made to 
overcome the relatively slow response speed of liquid crystals 
compared to semiconductor devices [8-11]. 
In this paper, we propose a design method to enhance the response 
speed of liquid crystals in phase shifters by modifying the biasing 
method applied to the liquid crystal. Through experiments, we 
observed the performance changes resulting from this approach.  

2. LC-Based Discrete Phase Shifter Design
Liquid crystal (LC) molecules change their alignment direction 

depending on the applied bias voltage. Since the change in 
molecular alignment changes the permittivity of the LC, a phase 
shifter for a microwave frequency band can be designed by 
utilizing the permittivity conversion characteristics. Figure 1 is an 
example of an LC cell created by positioning electrode plates 
above and below the LC, and applying a bias voltage to both ends. 
When 0 V is applied between the upper and lower electrodes, the 
LC molecules lie in a direction parallel to the electrode plates, 
whereas when a voltage such as Vbias1 or Vbias2 is applied to both 
ends of the LC, the LC can be seen standing parallel to the 
direction of the electric field, that is, perpendicular to the 
electrode plates. At this time, the liquid crystal molecules that 
were lying down gradually stand up depending on the magnitude 
of the bias voltage, and accordingly, the permittivity also provides 
a continuous value. 

Figure 1. Liquid crystal molecules rearrange themselves 
according to bias voltage. 
 Figure 2 shows a phase shifter with an upper substrate with a 
meander line designed to obtain more phase delay in a limited 
space and a lower substrate with a ground plane. A spacer film is 
inserted in the middle layer of the upper and lower substrates to 
allow for the injection of LC, and it is designed to have an 
appropriate cell gap. Figure 2(a) is a phase shifter that applies a 
bias to obtain a conventional continuous phase difference, and 
Figure 2(b)  is a circuit proposed in this paper, which is a phase 
shifter designed to get a discrete phase to improve the response 
speed. 
LC molecules align quickly when the voltage exceeds a certain 
threshold. However, when a voltage below the threshold is 
applied, the molecules readjust and stabilize, sometimes taking 
several seconds. To achieve faster response time, we propose a 
binary driving method for the LC-based phase shifter as shown in 
Figure 2(b). By physically dividing the phase shift region into 
several sections and rapidly readjusting the LC molecules using 
only high driving voltages above the critical threshold, the 
response time variation for different phase values can be 
minimized.  
The proposed structure, in order to apply bias separately by 
region, applies 0 V to the upper meander line, and divides the 
ground plane into two or more regions (ex. Vbias1, Vbias2) so that 
the bias voltage can be applied separately. At this time, a bandpass 
filter is designed and inserted into the separated regions of the 
ground plane to minimize RF signal transmission loss in the 
desired frequency range. 
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Figure 2. (a)LC-based phase shifter using the conventional 
continuous voltage application method (b)Discrete phase 
shifter that uses only high voltage bias greater than 
threshold value. 

3. Experimental Results 
 Liquid crystal-based phase shifters were fabricated for two 
different configurations: one that uses continuous bias voltages to 
obtain the desired phase shift, and the other uses only one high 
voltage but physically divides the region to have different phase 

shifts and applies the voltage to the desired region.  
Table 1 presents the results of measuring the response time for the 
two phase shifters. First, to obtain a phase difference of 35 
degrees, Vlow value must be applied to Vbias1 in the conventional 
continuous bias circuit, but since Vlow is a value below the 
threshold voltage, the response speed of the LC molecules is very 
slow, so it takes time corresponding to t0 for the alignment of the 
LC molecules to stabilize. On the other hand, to obtain a phase 
difference of 35 degrees using the proposed discrete bias method, 
Vhigh only needs to be applied to the Vbias1 region. Since Vhigh is a 
value far exceeding the threshold voltage, the response speed of 
the LC molecules is fast, so the LC stabilizes in just 0.2t0 seconds, 
which is only 1/5 of the time of the conventional continuous 
method. Even when trying to obtain a phase difference of 70 
degrees, the conventional method takes about 0.64t0 seconds, 
while the discrete method can obtain the desired phase difference 
of 70 degrees in just 0.22t0 seconds. In addition, the response time 
deviation according to the phase value was compared. When 
using continuous bias, the response time deviation is about 36 % 
for the phase difference of 35 degrees and 70 degrees, while the 
discrete method shows a response time deviation of less than 
10 %.  
 

Table 1. Measured results of the response time of phase 
shifters using two different biasing methods. 

 

4. Conclusion 
When trying to manufacture a phase shifter based on liquid 
crystals, a bias method was proposed to improve the response 
speed of the LCs. In particular, an improvement technique for the 
time it takes for the LC molecules to stabilize when the bias is 
applied is discussed. Using a sufficiently high voltage as a bias to 
align the LC molecules parallel to the electric field, compared to 
an intermediate voltage value that aligns the LC molecules 
obliquely, is a method to minimize the response time. Therefore, 
in this paper, the phase shifter area was strategically divided in 
advance to obtain the desired phase difference, and then a high 
driving voltage that can quickly adjust the alignment of the LC 
molecules was used to implement the response speed of the phase 
shifter more than 5 times faster. This is an important function that 
directly affects the beam direction control speed of the 
beamforming array antenna, and can be said to be a result that 
shows the possibility of an LC-based phase shifter. 

5. Acknowledgements 
This research was conducted with the support of the Institute of 
Information & Communications Technology Planning & 
Evaluation, funded by the Ministry of Science and ICT in 2024 
(RS-2024-00395366). 

6. References 
1. M. Xiao, S. Mumtaz, Y. Huang, L. Dai, Y. Li, M. Matthaiou, 

G. K. Karagiannidis, E. Bjornson, K. Yang, C.-L. I, and A. 
Ghosh, “Millimeter Wave Communications for Future 

Mobile Networks,” IEEE Journal on Selected Areas in 
Communications, vol. 35, no. 9, pp. 1909–1935, 2017. 

2. J. Zhang, E. Bjornson, M. Matthaiou, D. W. K. Ng, H. Yang, 
and D. J. Love, “Prospective Multiple Antenna Technologies 
for beyond 5G,” IEEE Journal on Selected Areas in 
Communications, vol. 38, no. 8, pp. 1637–1660, 2020. 

3. I. J. Hwang, J. I. Oh, H. W. Jo, K. S. Kim, J. W. Yu, and D. 
J. Lee, “28 GHz and 38 GHz Dual-Band Vertically Stacked 
Dipole Antennas on Flexible Liquid Crystal Polymer 
Substrates for Millimeter-Wave 5G Cellular Handsets,” 
IEEE Trans Antennas Propag., vol. 70, no. 5, pp. 3223–3236, 
2022. 

4. Q. Wang, Z. Su, S. Li, Y. Su, H. Zhao, and X. Yin, 
“Electrically tunable phase shifter with improved phase-
shifting capability based on liquid crystal,“ IEEE Microwave 
and Wireless Technology Letters, 33(5), pp. 527-530, 2023. 

5. X. Li, Y. Wan, J. Liu, D. Jiang, T. Bai, K. Zhu, J. Zhuang, 
and W.-Q. Wang, “Broadband Electronically Scanned 
Reflectarray Antenna with Liquid Crystals,” IEEE Antennas 
Wirel Propag Lett, vol. 20, no. 3, pp. 396–400, 2021. 

6. A. L. Franc, O. H. Karabey, G. Rehder, E. Pistono, R. Jakoby, 
and P. Ferrari, “Compact and broadband millimeter-wave 
electrically tunable phase shifter combining slow-wave 
effect with liquid crystal technology,” IEEE Trans Microw 
Theory Tech, vol. 61, no. 11, pp. 3905–3915, 2013. 

7. A. Hoehn, P. B. Hager, and J. T. Harder, “Design 

P-130 / K. Kim  

 SID 2025 DIGEST • 1927 



 

characterization of an electronic steerable Ka-band antenna 
using liquid crystal phase shifters,” IEEE Aerospace 
Conference Proceedings, 2013.  

8.  D. Wang, E. Polat, C. Schuster, H. Tesmer, G. P. Rehder, A. 
L. C. Serrano, L. G. Gomes, P. Ferrari, H. Maune, and R. 
Jakoby, “Fast and miniaturized phase shifter with excellent 
figure of merit based on liquid crystal and nanowire-filled 
membrane technologies,“ IEEE Journal of Microwaves, 2(1), 
pp.174-184, 2022. 

9. D. Kim, K. Kim, M. H. Saeed, S. Choi, and J.-H. Na, “Fast 
reconfigurable phase shifter based on a chiral liquid crystal 
configuration,“ IEEE Access, vol.11, pp.60817-60826, 2023. 

10. M. Jost, J. S. K. Gautam, L. G. Gomes, R. Reese, E. Polat, 
M. Nickel, J. M. Pinheiro, A. L. C. Serrano, H. Maune, G. P. 
Rehder, P. Ferrari, and R. Jakoby, “Miniaturized Liquid 
Crystal Slow Wave Phase Shifter Based on Nanowire Filled 
Membranes,” IEEE Microwave and Wireless Components 
Letters, vol. 28, no. 8, pp. 681–683, Aug. 2018. 

11. D. Wang, E. Polat, H. Tesmer, R. Jakoby, and H. Maune, 
“Highly Miniaturized Continuously Tunable Phase Shifter 
Based on Liquid Crystal and defected ground structure,” 
IEEE Microwave and Wireless Component Letters, vol. 32, 
no.6, pp.519-522, June 2022. 

 

 

P-130 / K. Kim  

 SID 2025 DIGEST • 1928 




