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Polymerization enabled reduction of the electrically
induced birefringence change in nematic liquid crystals
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Electric fields modify the optical properties of nematic liquid crystals (NLCs) by changing the nematic molecular orientation
or order parameters, which enables electro-optic applications of NLCs. However, the field-induced optic change is unde-
sirable in some cases. Here, we experimentally demonstrate that polymer stabilization weakens the birefringence change of
NLCs caused by the nanosecond electrically modified order parameter effect. The birefringence change is reduced by 65%in
the NLC doped with 25% reactive monomer, which is polymerized close to the nematic-to-isotropic phase transition. This
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1. Introduction

Nematic liquid crystals (NLCs) have a wide range of electro-
optic applications' %), such as displays'' !, optical shutters'*”),
modulators'®”), splitters'®®), and beam steerers!'>'"), due to
their unique optical and dielectric anisotropies!'>'), i.e., the
birefringence An = n, — n,, where n, and n, are the extraordi-
nary and ordinary refractive indices, respectively, and the dielec-
tric anisotropy Ae = ¢ — &, with ¢ and £, measured along and
perpendicular to the optic axis, respectively. NLCs with rod-like
molecules possess partial orientational order, and their aver-
age molecular orientation is called the director 1, which is also
the optic axis of the uniaxial NLCs. Traditional electro-optic
devices are based on the realignment of the fi with the switching
time on the order of milliseconds''*'”*®. Diverse approaches
have been proposed to accelerate the switching of NLCs, such
as sub-millisecond electro-optic response in the bidirectional
field switching mode!*’, and 0.1 ms response time by employing
a dual-frequency NLC in a special geometry with a high pretilt
angle!®. The reactive monomer is also introduced into the
NLCs to reduce the switching time. They are polymerized to
form polymer stabilized liquid crystals (PSLCs)"*' ™), where
the director of NLCs can be reoriented within ~0.1 ms*®.
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technique could be used in liquid crystal devices where the birefringence change is unfavored.

Keywords: liquid crystal: electro-optical response; birefringence; polymerization.

Such a three-dimensional polymer structure enables the PSLC
to have a fast fringe-field switching, low operating voltage!*”),
low hysteresis effect, and high contrast ratio*®.

Recently, the birefringence of NLCs with a negative dielectric
anisotropy has been electrically changed on the time scale of
nanoseconds for both switching-on and switching-off processes
by the so-called nanosecond electrically modified order param-
eter (NEMOP) effect!*~*'!, In the NEMOP effect, the applied
electric field changes the optical property of NLCs by the
enhanced uniaxial order parameters and the induced biaxial
order parameters?®', However, the NEMOP effect has not
been explored in PSLCs.

In this work, we experimentally investigate the effect of the
polymer network on the field-induced birefringence change
caused by the electric modification of order parameters by
varying the concentration of the reactive monomer and the
polymerization condition. The field-induced birefringence
change 6n is reduced by 65% via the polymerization of a mixture
composed of 25% (mass fraction, hereinafter the same unless
specified otherwise) reactive monomer and 75% nematic host.
Both the field-on (z,,) and field-off (z,¢) switching times are in
the range of tens of nanoseconds, indicating that the polymer
network does not cause a dramatic change in the response time.
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2. Experimental Materials and Methods

We use two commercially available NLC mixtures MJ961200
(An=0.11 at 589 nm, Ae =—5.6 at 1 kHz, 20°C, purchased
from Merck) and HNG7058 (An = 0.08 at 589 nm, Ae = —9.2
at 1 kHz, 20°C, purchased from Jiangsu Hecheng Display
Technology). The host NLCs are mixed with reactive monomer
1,4-bis-[4-(3-acryloyloxypropyloxy) benzoyloxy]-2-methylben-
zene (RM257, BDH, Ltd.). To induce polymerization of the reac-
tive monomer, a small amount (about 1%) of photo-initiator
IRG651 (Aldrich) is added to the monomer-NLC mixture,
which can provide free radicals when irradiated with UV light.
To study the concentration dependence of the field-induced
birefringence change én, we use two PSLCs composed of
MJ961200 and different mass fractions of RM257, 5% (MS5)
and 15% (M15), respectively. The mixtures M5 and M15 are
polymerized at 23°C. To explore how the polymerization tem-
perature influences én, we use three mixtures composed of
HNG7058 and various concentrations of RM257, 10%
(HT23), 25% (HT84), and 10% (HT100) which are polymerized
at 23°C, 84°C, and 100°C, respectively.

To obtain homogenous mixtures, the mixtures are dissolved
in chloroform, vibrated with a vortex shaker at a speed of
1500 r/min for 10 min, and stirred in an ultrasonic bath at
40°C for 75 min. After the evaporation of chloroform in a
vacuum chamber for 24 h, the mixtures are injected into the cells
in their isotropic phase. The cells are irradiated with UV light
(wavelength 365 nm, intensity 1 mW/cm?) for 3 h to induce
the photopolymerization.

To study the electro-optic performance, we use cells compris-
ing two glass plates with transparent indium tin oxide (ITO)
electrodes of low resistivity (between 10 and 50 Q/sq). The poly-
imide PI-2555 (HD MicroSystems) is coated onto the inner sur-
faces of two plates and then unidirectionally rubbed to provide a
planar alignment of the studied NLCs and PSLCs. Two parallel
glass plates are separated by silica spheres of diameter in the
range of d =2.6-6.1 pm. We use a He-Ne laser beam of wave-
length 4 =632.8nm to measure the electro-optic response of
pure NLCs and PSLCs. The beam passes through the cell,
Soleil-Babinet compensator, and two crossed polarizers. The test
cells are sandwiched between two prisms so that the linearly
polarized laser beam enters the PSLC slab at an angle of 45°,
which eliminates the contribution of director fluctuations to
the optical response®®, as shown in Fig. 1(a). The director i
is parallel to the incident plane of the cell. The transmitted light
intensity is recorded by a photodetector TIA-525 (Terahertz
Technologies, response time < 1 ns), which can be expressed as

(1)

A ]

where ¢gp is the variable phase retardance controlled by the
Soleil-Babinet compensator, L is the optical path, I is the initial
intensity of the laser beam, and An.g is the effective birefrin-
gence of the NLC in the experiment. To eliminate parasitic
effects (such as light scattering), we use two compensator
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Fig. 1. (a) Experimental setup: a cell sandwiched between two right angle
prisms, probed with a linearly polarized laser beam that propagates inside
the nematic slab at an angle of 45° with respect to the cell normal. (b) Trans-
mitted light intensity of the cell filled with the NLC HNG7058 in response to the
applied voltage pulse amplitude Uy = 478 V. (c) Dynamics of the field-induced
birefringence change &n(#) of the NLC HNG7058 in response to a voltage pulse
amplitude Uy = 478 V. The experiments are performed at 23°C in a cell of
thickness d = 6.1 um for the two compensator settings A and B.

settings A and B, where the transmitted light intensities are
I,(t) and Ip(t), respectively:

14(t) = sin? (% + %) = sin?(¢4,)s (2)

IILAT’leff

Ig(t) = sinz( ]

+ ?) = sin*(¢hp,). 3)

We choose two compensator settings, which satisfy
@pe = 4. + 5; one can obtain

Al (t) — Alg(t) = cos(2p,) — cos[2(0¢ + Pa)],  (4)

where AI, =1,(t) —14(0) and Alg =Ig(t) — I5(0).

The laser beam propagates inside the nematic slab at an
angle of 45° with respect to the cell normal, L= +/2d.
Considering k=2, the field-induced birefringence change

can be expressed as

P arccos(l — A, — Alg) — 2arccos[1 — 21,(t)] 5)
- V2kd '

The dynamics of the transmitted light intensity of a cell filled
with NLC HNG7058 is obtained with the settings I,(0)=
I5(0), ¢4 = 0.357, and ¢pp = 0.857, as shown in Fig. 1(b). I,(0)
and Ip(0) are the transmitted light intensity measured at the
field-free initial state. Figure 1(c) shows the dynamics of the
field-induced birefringence change of the NLC HNG7058 in
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response to the voltage pulse amplitude Uy =478 V, which is
calculated from the data in Fig. 1(b) by using Eq. (5).

3. Experimental Results

3.1. Effect of monomer concentration on the field-induced
birefringence change

We investigate the field-induced birefringence change 6n and
the switching-on and switching-off times in the pure NLC
MJ961200 and the PSLCs M5 and M15 before and after polym-
erization. The maximum field-induced birefringence change
Oy Of the mixtures decreases as the concentration of reactive
monomer RM257 in the nematic MJ961200 increases from 0%
to 5% and then 15%, as shown in Figs. 2(a), 2(b), and 3(a), 3(b).
The reduction in 6n,,, measured after polymerization is larger
than that obtained before polymerization, as shown in Figs. 2
and 3. Compared with MJ961200, én,,, of M5 and M15
decreases slightly before polymerizing, as shown in Figs. 2(a),
2(b) and 3(a), 3(b). However, after polymerizing, 6#,,,, of M5
and M15 decreases by 9% and 30%, respectively, as shown in
Figs. 2(a), 2(b), and 3(a), 3(b). There is an obvious contrast
between the reduction of 6n,,,, for M5 and M15. The latter is
nearly 21% lower than the former, which demonstrates that with
a higher doping concentration of reactive monomer the decrease
in Onyy,,, is larger. The relationship between the electric-field and
Ny is generally quadratic, with a few deviations observed at
high electric field intensity, as shown in Figs. 2(b) and 3(b).
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Fig. 2. Electro-optic responses of the NLC mixtures MJ961200 and M5 before
and after polymerization. (a) Dynamics of field-induced birefringence change
8n(d) in response to an electric field of amplitude £ = 144 x 10° V/m.
Dependences of (b) the maximum field-induced birefringence change 8Mmay,
(c] the switching-on time z,, and (d) the switching-off time 7 on the applied
electric fields. The cell thicknesses of the MJ961200 cell and the M5 cell are
6.1 um and 4.6 pm, respectively. The working temperature is T = 21.5°C.
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Fig. 3. Electro-optic responses of the NLC mixtures MJ961200 and M15 before
and after polymerization. (a) Dynamics of field-induced birefringence &n(t) in
response to an electric field of amplitude £ = 144 x 10° V/m. Dependences
of (b) the maximum field-induced birefringence change &nmay, (¢) the switch-
ing-on time 7., and (d) the switching-off time . on the applied electric
fields. The cell thicknesses of the MJ961200 cell and the M15 cell are
6.1 um and 4.6 pm, respectively. The working temperature is T = 21.5°C.

From the view of practical applications, we use the industry-
standard 10%-90% switching time to characterize the electro-
optic response time of the mixtures. Namely, the switching-on
(7on) and switching-off (z,¢) times of the mixtures are calculated
as the 6n changes from 10%-90% of the 61,1 — 1y, and
from 90%-10% of the &np.; — SMpmina, respectively. The
Mpax1 — ONpin1 and  Onyar — Onyin, are the  differences
between the maximum and minimum values of the switching-
on (z,,) and switching-off (z.%) processes, respectively.

Polymerization of RM257 speeds up the switching-on and
switching-off processes of the MJ961200 mixtures, as shown
in Figs. 2(c), 2(d), and 3(c), 3(d). Both average switching times
Ton and 7 g of the mixture M5 (~20-25 ns) are several nanosec-
onds faster than those of MJ961200, as shown in Figs. 2(c) and
2(d). The response of the PSLC is faster with the increase of con-
centration of RM257 in the mixture. For example, the average
switching-on time 7, of the polymerized M15 is ~10 ns, which
is half of that for MJ961200 and even less for M5. The average
switching-off time 7. of the M15 after polymerizing is about
20 ns, which is 10 ns faster than that of MJ961200, as shown
in Figs. 3(c) and 3(d).

3.2. Effect of polymerization temperature on the field-
induced birefringence change

We further investigate 67,y Ton, and z,g in the pure NLC
HNG7058 and the PSLCs HT23 and HT100 before and after
polymerization. én,,, of the mixtures decreases with the polym-
erization temperature increasing to 23°C and 100°C, as shown in

023201-3



Vol. 20, No. 2 | February 2022

3 s HNG7058 61 aHNG7058
25 oHT23 5| oHI23
: «HT100 «HT100
~ o
=] (=]
x 13 X 3
5 1
0.5 s 2
i:g:mmm 1 27
0 o _,Ao""
0 200 400 600 800 1000 0.25 0.5 0.75 1 125 1.5
Time (ns) E (10° V/m)
d
©s0 ~aNG70ss | (D50 +HNG7058
oHT23 oHT23
40 *HT100 a0 «HT100
’g, L N A.AgABAm @ 8 . ; o« s e
~ o o o ~ IS ° °
S 30 o §30 aa a8,
20 20
10 10
025 0.5 075 1 125 15 025 05 075 1 125 15
E (10° V/m) E (10° V/m)

Fig.4. Electro-optic responses of the NLC mixtures HNG7058, HT23, and HT100.
(a) Dynamics of field-induced birefringence change &n(f) in response to an
electric field of amplitude £ =144 x 108 V/m. Dependences of (b) the SNmax,
(c) the switching-on time 4, and (d) the switching-off time z,¢ on the applied
electric fields. The cell thicknesses of the HNG7058 cell, HT23 cell, and HT100
cell are 4.6 pm, 2.9 pm, and 2.9 um, respectively. The working temperature is
T=215°C.

Figs. 4(a) and 4(b). Compared to the non-doped NLC
HNG7058, 6n,,,, of HT23 changes slightly, and én,,,,, of HT'100
decreases by 12%, as shown in Figs. 4(a) and 4(b). The average
switching-on time 7, of HT23 is about 5 ns shorter than that of
HNG7058, and the average switching-off time 7.4 of HT23 and
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Fig. 5. Electro-optic responses of the NLC mixtures HNG7058 and HT84.
(a) Dynamics of field-induced birefringence change &n(f in response to
an electric field of amplitude £ = 144 x 10° V/m. Dependences of (b) the
SNmayx (€] the switching-on time 7, and (d) the switching-off time 7, on
the applied electric fields. The cell thicknesses of the HNG7058 cell and
the HT84 cell are 4.6 um and 2.6 um, respectively. The working temperature
is T=215°C.
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HT100 is about 10 ns longer than that of HNG7058. The average
response times 7, and 7,4 of HT100 are several nanoseconds
longer than those of HT23, as shown in Figs. 4(c) and 4(d).

Taking advantage of a higher concentration of RM257 and a
high polymerization temperature, we prepare another mixture
composed of HNG7058 doped with 25% reactive monomer
RM257 and then investigate its 671y, Top, and 7,g. The mixture
is polymerized at 84°C, which is 1.5°C below the nematic-to-
isotropic phase transition temperature Ty;. The 6n,,,, of HT84
is about 35% of the én,,,, of HNG7058, as shown in Figs. 5(a)
and 5(b). The 65% decrease of 6n,,,, in HT84 is larger than that
of the other PSLCs in this work. Compared to HNG7058, the
PSLC HT84 has a smaller 7., and larger 7,4. Both of them
are on the order of tens of nanoseconds, as shown in Figs. 5(c)
and 5(d).

4. Discussions and Conclusions

We demonstrate that the electro-optic response coming from
the nanosecond electrically modified order parameter effect
can be attenuated in PSLCs. The results show that the character-
istic parameters 61y, Ton> and 74 of the optic response can be
tuned by varying the doping concentration of RM257 in host
NLCs and curing the active monomer at different temperatures.
The reduction effect of the optic response is stronger when a
higher concentration active monomer is doped. The 30% reduc-
tion of 6n,,,, in the NLC MJ961200 is obtained from the PSLC
doped with 15% RM257. The comparison of the electro-optical
responses between HT23 and HT84 reveals that a greater reduc-
tion in dny,,, occurs in the PSLC, which is polymerized at the
high temperature close to Ty;. The value of dn,,,, can be dra-
matically reduced by 65%. The response time of the studied
PSLCs is in the range of 10-40 ns. The strong interaction
between polymer rods and NLC molecules at the polymer/
NLC interface stabilizes the nematic order close to the polymer,
which could be the potential mechanism of the reduction of bire-
fringence change caused by doping more reactive monomers.
When polymerization occurs at high temperature, the number
of polymer rods may increase and cause an increase in the area of
the polymer surfaces, affecting more NLC molecules. Thus, the
order parameter of NLCs is further enhanced. To obtain a con-
crete and comprehensive understanding of the mechanism of
the reduction effect, systematic studies need to be performed
using more sophisticated characterization techniques in the
future. The reduction of the field-induced birefringence change
by PSLC could be used to protect some liquid-crystal-based pre-
cise devices exposed in the surroundings where an unexpected
electric field occurs and causes damage to the devices.

Acknowledgement

This work was supported by the National Natural Science
Foundation of China (No. 52003115) and Natural Science Foun-
dation of Jiangsu Province (Nos. BK20212004 and BK20200320).
The authors gratefully appreciate Prof. O. D. Lavrentovich,

023201-4



Chinese Optics Letters

Dr. S. V. Shiyanovskii, and Dr. V. Borshch for their constructive
discussions.

"These authors contributed equally to this work.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Y. Q. Luand Y. Li, “Planar liquid crystal polarization optics for near-eye dis-
plays,” Light Sci. Appl. 10, 122 (2021).

S.R. Seyednejad and M. R. Mozaffari, “Conically degenerate anchoring effect
in planar nematic-liquid-crystal shells,” Phys. Rev. E 104, 014701 (2021).

. Y.Jiang, G. Qin, X. Xu, L. Zhou, S. Lee, and D. K. Yang, “Image flickering-free

polymer stabilized fringe field switching liquid crystal display,” Opt. Express
26, 32640 (2018).

. R. Kumar and K. K. Raina, “Electrically modulated fluorescence in optically

active polymer stabilised cholesteric liquid crystal shutter,” Liq. Cryst. 41,228
(2014).

. H. Ren, S. Xu, D. Ren, and S. T. Wu, “Novel optical switch with a reconfig-

urable dielectric liquid droplet,” Opt. Express 19, 1985 (2011).

. J. Sun, Y. Chen, and S. T. Wu, “Submillisecond-response and scattering-free

infrared liquid crystal phase modulators,” Opt. Express 20, 20124 (2012).

.Y. H. Lin, H. Ren, Y. H. Wu, Y. Zhao, J. Fang, Z. Ge, and S. T. Wu,

“Polarization-independent liquid crystal phase modulator using a thin
polymer-separated double-layered structure,” Opt. Express 13, 8746 (2005).

. B. Wei, Y. Zhang, P. Li, S. Liu, W. Hu, Y. Lu, Y. Wu, X. Dou, and J. Zhao,

“Liquid-crystal splitter for generating and separating autofocusing and auto-
defocusing circular Airy beams,” Opt. Express 28, 26151 (2020).

.S. An, Y. Shi, Z. Yi, C. Liu, T. Sun, J. Lv, L. Yang, and P. Chu, “Ultra-short

dual-core GaAs photonic crystal fiber splitter filled with nematic liquid crys-
tal,” Opt. Eng. 60, 056104 (2021).

S. Ge, P. Chen, Z. Shen, W. Sun, X. Wang, W. Hu, Y. Zhang, and Y. Lu,
“Terahertz vortex beam generator based on a photopatterned large birefrin-
gence liquid crystal,” Opt. Express 25, 12349 (2017).

Z.He, K. Yin, and S. T. Wu, “Miniature planar telescopes for efficient, wide-
angle, high-precision beam steering,” Light Sci. Appl. 10, 134 (2021).
Z.X.Li, Y. P. Ruan, P. Chen, ]. Tang, W. Hu, K. Y. Xia, and Y. Q. Lu, “Liquid
crystal devices for vector vortex beams manipulation and quantum informa-
tion applications,” Chin. Opt. Lett. 19, 112601 (2021).

J. Yan, X. Fan, Y. Liu, Y. Yu, Y. Fang, and R. Z. Li, “Passive patterned polymer
dispersed liquid crystal transparent display,” Chin. Opt. Lett. 20, 013301
(2022).

Y. Zhang, B. Wei, S. Liu, P. Li, X. Chen, Y. Wu, X. Dou, and J. Zhao, “Circular
Airy beams realized via the photopatterning of liquid crystals,” Chin. Opt.
Lett. 18, 080008 (2020).

D. K. Yang and S. T. Wu, Fundamentals of Liquid Crystal Devices (Wiley,
2014).

B. X. Li, V. Borshch, R. L. Xiao, S. Paladugu, T. Turiv, S. V. Shiyanovskii, and
O. D. Lavrentovich, “Electrically driven three-dimensional solitary waves as
director bullets in nematic liquid crystals,” Nat. Commun. 9, 2912 (2018).

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

023201-5

Vol. 20, No. 2 | February 2022

. I. C. Khoo and S. L. Zhuang, “Nonlinear optical amplification in a nematic
liquid crystal above the Frederiks transition,” Appl. Phys. Lett. 37, 3
(1980).

I. C. Khoo, Y. Liang, and H. Li, “Observation of stimulated orientational scat-
tering and cross-polarized self-starting phase conjugation in a nematic
liquid-crystal film,” Opt. Lett. 20, 130 (1995).

A. R. Geivandov, M. I. Barnik, V. S. Palto, I. V. Simdyankin, and S. P. Palto,
“Submillisecond electro-optical response of a nematic liquid crystal in the
bidirectional field switching mode,” Crystallogr. Rep. 63, 971 (2018).

A. B. Golovin, S. V. Shiyanovskii, and O. D. Lavrentovich, “Fast switching
dual-frequency liquid crystal optical retarder, driven by an amplitude and
frequency modulated voltage,” Appl. Phys. Lett. 83, 3864 (2003).

S. Guo, X. Liang, H. Zhang, W. Shen, C. Li, X. Wang, C. Zhang, L. Zhang, and
H. Yang, “An electrically light-transmittance-controllable film with a low-
driving voltage from a coexistent system of polymer-dispersed and poly-
mer-stabilised cholesteric liquid crystals,” Liq. Cryst. 45, 1854 (2018).

C. Y. Li, X. Wang, X. Liang, J. Sun, C. X. Li, S. F. Zhang, L. Y. Zhang,
H. Q. Zhang, and H. Yang, “Electro-optical properties of a polymer dispersed
and stabilized cholesteric liquid crystals system constructed by a stepwise
UV-initiated radical/cationic polymerization,” Crystals 9, 282 (2019).

G. Pan, H. Cao, R. Guo, W. Li, ]. Guo, Z. Yang, W. Huang, W. He, X. Liang,
D. Zhang, and H. Yang, “A polymer stabilized liquid crystal film with thermal
switching characteristics between light transmission and adjustable light
scattering,” Opt. Mater. 31, 1163 (2009).

L. Zhang, K. Li, W. Hu, H. Cao, Z. Cheng, W. He, J. Xiao, and H. Yang,
“Broadband reflection mechanism of polymer stabilised cholesteric liquid
crystal (PSChLC) with pitch gradient,” Lig. Cryst. 38, 673 (2011).

J. Guo, H. Cao, ]J. Wei, D. Zhang, F. Liu, G. Pan, D. Zhao, W. He, and H. Yang,
“Polymer stabilized liquid crystal films reflecting both right- and left-
circularly polarized light,” Appl. Phys. Lett. 93, 201901 (2008).

X. Li, X. Du, P. Guo, J. Zhu, W. Ye, Q. Xu, and Y. Sun, “Fast switchable dual-
model grating by using polymer-stabilized sphere phase liquid crystal,”
Polymers 10, 884 (2018).

R. Zhao, X. Li, K. Wang, H. Huai, H. Ma, and Y. Sun, “Effect of the intro-
duction of mono-functional monomer on the electro-optic properties of
reverse-mode polymer stabilised cholesteric liquid crystal,” Liq. Cryst. 48,
1162 (2021).

L. Weng, A. Varanytsia, K. H. Chang, and L. C. Chien, “Simulation and fab-
rication of a fast fringe-field switching liquid crystal with enhanced surface
anchoring enabled by controlled polymer topology,” J. Soc. Inf. Display. 24,
621 (2016).

V. Borshch, S. V. Shiyanovskii, and O. D. Lavrentovich, “Nanosecond
electro-optic switching of a liquid crystal,” Phys. Rev. Lett. 111, 107802
(2013).

V. Borshch, S. V. Shiyanovskii, B. X. Li, and O. D. Lavrentovich,
“Nanosecond electro-optics of a nematic liquid crystal with negative dielec-
tric anisotropy,” Phys. Rev. E 90, 062504 (2014).

B. X. Li, S. V. Shiyanovskii, and O. D. Lavrentovich, “Nanosecond switching
of micrometer optical retardance by an electrically controlled nematic liquid
crystal cell,” Opt. Express 24, 29477 (2016).


https://doi.org/10.1038/s41377-021-00567-w
https://doi.org/10.1103/PhysRevE.104.014701
https://doi.org/10.1364/OE.26.032640
https://doi.org/10.1080/02678292.2013.851287
https://doi.org/10.1364/OE.19.001985
https://doi.org/10.1364/OE.20.020124
https://doi.org/10.1364/OPEX.13.008746
https://doi.org/10.1364/OE.400636
https://doi.org/10.1117/1.OE.60.5.056104
https://doi.org/10.1364/OE.25.012349
https://doi.org/10.1038/s41377-021-00576-9
https://doi.org/10.3788/COL202119.112601
https://doi.org/10.3788/COL202220.013301
https://doi.org/10.3788/COL202018.080008
https://doi.org/10.3788/COL202018.080008
https://doi.org/10.1038/s41467-018-05101-y
https://doi.org/10.1063/1.91695
https://doi.org/10.1364/OL.20.000130
https://doi.org/10.1134/S1063774518050139
https://doi.org/10.1063/1.1625114
https://doi.org/10.1080/02678292.2018.1501820
https://doi.org/10.3390/cryst9060282
https://doi.org/10.1016/j.optmat.2008.12.007
https://doi.org/10.1080/02678292.2011.568637
https://doi.org/10.1063/1.3003869
https://doi.org/10.3390/polym10080884
https://doi.org/10.1080/02678292.2020.1849835
https://doi.org/10.1002/jsid.506
https://doi.org/10.1103/PhysRevLett.111.107802
https://doi.org/10.1103/PhysRevE.90.062504
https://doi.org/10.1364/OE.24.029477

	Polymerization enabled reduction of the electrically induced birefringence change in nematic liquid crystals
	1. Introduction
	2. Experimental Materials and Methods
	3. Experimental Results
	3.1. Effect of monomer concentration on the field-induced birefringence change
	3.2. Effect of polymerization temperature on the field-induced birefringence change

	4. Discussions and Conclusions
	Acknowledgement
	References


