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A B S T R A C T

Liquid crystal elastomers (LCEs) are inexpensive, ultrathin, lightweight, soft-elastic, and field-programmable 
materials enabling the efficient manipulation of light's polarization. In this work, we present procedures for 
fabricating low-cost, thin-film dielectric quarter-wave and half-wave plates for visible light, based on LCEs. These 
wave plates exhibit good performance over a wide range of angles between the incident linear polarization and 
the optical axis of the elastomer. We systematically investigate several key properties of these elastomer films, 
including the dependence of optical retardation on film rotation, mesogenic content, and the wavelength of the 
incident light.

1. Introduction

Controlling the polarization of light is crucial in numerous applica
tions, including optical signal transmission, high-sensitivity measure
ments [1–3], fiber-optic communication, high-resolution imaging, and 
the detection of concealed objects [4]. Traditionally, polarized light is 
manipulated using birefringent crystals such as calcite, quartz, or mica, 
as well as mechanically stretched polymer films [5–7], which introduce 
the required phase difference between the fast and slow optical axes [8]. 
However, these approaches typically require the light to propagate 
through a relatively long optical path to achieve the desired phase 
retardation. As a result, conventional wave plates remain thick and are 
not well suited for the miniaturization and integration of modern optical 
systems [9].

The inherently high optical anisotropy of liquid crystals (LCs) makes 
them compelling alternatives to traditional retarders in compact pho
tonic devices [10–12]. For example, in Ref. [13], a combination of 
Monte Carlo simulations and the Mueller matrix method was employed 
to determine the optical properties of a two-stage LC retarder system, 
where a lattice Hamiltonian was used to model molecular orientation 
distributions under various conditions.

Liquid crystal elastomers (LCEs) have recently attracted significant 
interest due to their potential to be used to modulate the amplitude, 
phase, and polarization of light. Notably, they can be synthesized as 
ultrathin, planar structures and they offer the advantage of a relatively 

simple fabrication process [14]. In addition, LCEs exhibit two 
well-defined responses to strain (semi-soft elasticity or a biaxial defor
mation) and their properties can be tuned by temperature or external 
fields, enabling dynamic control of light's polarization. The fabricated 
LCE films exhibit good elasticity, as reported in Refs. [15] and [16], with 
the latter providing a detailed elastic characterization of the 
acrylate-based LCEs investigated in this work. Furthermore, the 
responsiveness to external strain has been thoroughly described in 
Ref. [17], particularly the reduction of the effective birefringence under 
applied strain in these systems. This offers a unique approach for 
switching between a waveplate and a purely isotropic film by applying 
strain (this would occur at strains of ~50% in this system). Such 
behaviour has also been used in Ref. [18], where the strain-induced 
transition to the non-birefringent state is used for optical information 
encoding. Despite these advantages, only a limited number of studies 
have explored optical properties of LCEs in detail. A notable systematic 
investigation was reported in Ref. [19], where authors examined how 
the mesogenic content of acrylate-based LCEs influences the ordinary 
and extraordinary refractive indices, the orientational order parameter, 
and the phase transition temperature.

In this work, we develop and characterize acrylate-based LCE wave 
plates operating in the visible range in transmission mode, exploiting the 
optical birefringence of the elastomer. We investigate the ellipticity of 
output light that was initially linearly polarized and subsequently 
transmitted through these wave plates, as well as the azimuth of the 
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resulting polarization ellipse. Their dependence on mesogenic content, 
the angle between the incident polarization direction and the optical 
axis of the LCE, and the wavelength of the probing light are systemati
cally analyzed. The feasibility of achieving both quarter-wave plate 
(QWP) and half-wave plate (HWP) functions are demonstrated.

2. Theoretical and numerical calculations

We investigate the polarization modulation properties of acrylate- 
based LCE wave plates using a rotating linear polarizer in combination 
with a laser power meter. This simple approach enables characterization 
of the output polarization state in terms of the polarization ellipse, 
quantified by its ellipticity and azimuth (the angle between the major 
axis of the ellipse and the optical axis of the elastomer). These quantities 
are derived from the Jones vector components of the transmitted light - 
specifically, the electric field amplitudes Ex and Ey, along with the phase 
retardation between them [20]. Assuming fully polarized light, both the 
ellipticity and azimuth can be directly related to the Jones vector 
parameters.

It is well known that the Jones matrix of a birefringent crystal, whose 
optical axis is aligned with the x-axis, is given by [1]. 

M(Δφ)=
[

eiΔφ/2 0
0 e− iΔφ/2

]

(1) 

where Δφ = 2πΔnL/λ is the phase retardation introduced by the aniso
tropic medium; Δn is the optical birefringence of the crystal (the dif
ference between the extraordinary and ordinary refractive indices); L is 
the thickness of the medium along the z-axis, which coincides with the 
direction of light propagation; and λ is the wavelength of the probing 
light in vacuum. The Jones matrix of a HWP can be obtained from Eq. (1) 
by setting Δφ = (2 m + 1)π, where m = 0, ±1, ±2, …, and that of a QWP 
by setting Δφ = (2 m + 1)π/2.

To determine the electric field components of light after passing 
through an arbitrary optical system, the Jones matrices of all interme
diate optical elements must be multiplied - in the correct order - by the 
Jones vector representing the incident field. In particular, to analyze 
how the polarization state of light changes after transmission through a 
LCE, we multiply the Jones vector of the incident wave by the matrix in 
Eq. (1), assuming that the elastomer behaves as a uniaxial birefringent 
crystal.

It is convenient to parameterize the normalized field amplitudes as 
Ex = cosβ and Ey = sinβ, where Ex and Ey are the x- and y-components of 
the transmitted electric field, and β is the angle of LCE's optical axis with 
respect to the polarization direction of the incident light. Thus, the 
ellipticity and azimuth depend only on two variables: Δφ and β. In this 
case, the Jones vector of linearly polarized light is given by 

Ein =

[
cos β
sin β

]

(2) 

After passing through a uniaxial anisotropic medium (Eq. (1)) - in our 
case, the LCE - the transmitted light acquires a Jones vector of the 
following form: 

Eout =

[
eiΔφ/2 cos β
e− iΔφ/2 sin β

]

(3) 

In general, the transmitted light is elliptically polarized, with its ellip
ticity e and azimuth ψ being determined using the standard formulas 
[1]. 

e= tan

(
1
2

arcsin

(
2Imχ

1 + |χ|2

))

,ψ=
1
2

arctg

(
2Reχ

1 − |χ|2

)

(4) 

where χ = Ex/Ey, and ψ is the angle between the major axis of the ellipse 
and the optical axis x. The ellipticity e is defined as the ratio of the minor 
axis to the major axis of the polarization ellipse. For practical 

calculations, formulas (4) can be rewritten in a more convenient form: 

e= − tan
(

1
2

arcsin (sin Δφ sin 2β )

)

,ψ= −
1
2

arctg(cos Δφ tg2β) (5) 

In particular, when β = 45◦, we have 

e= − tan
(Δφ

2

)
,ψ= − 45◦ (6) 

For convenience, in our experiments we measure the quantity f = 1/ 
e2. It should be noted that when e =±1 (or equivalently, f = 1), the LCE 
functions as a QWP, whereas when e = 0 (or f = ∞) for all orientations of 
the incident linear polarization, the LCE behaves as an HWP. Further
more, when a polarizer, oriented perpendicular to the initial linear po
larization (Eq. (2)), and described by the Jones matrix 

P=

[
sin2 β − sin β cos β

− sin β cos β cos2 β

]

(7) 

is placed in front of the elliptically polarized light transmitted through 
the LCE (Eq. (3)), the resulting light becomes linearly polarized. The 
intensity of the transmitted light is then given by the following 
expression: 

I= sin2
(2β)sin2

(Δφ /2) (8) 

In experiments, the polarization properties of acrylate-based LCE wave 
plates were measured at room temperature (T = 23.5 ◦C) and for light 
wavelengths of 532 nm and 633 nm. To interpret the results, the corre
sponding birefringence values Δn for the acrylate-based LCEs are 
required. Recent studies [19] provide the refractive indices of the or
dinary and extraordinary rays for acrylate-based LCEs at the wavelength 
of 589 nm, as functions of mesogenic content and temperature. From 
these data, the birefringence Δn can be determined for mesogenic con
tents of 60%, 65%, 70%, and 75% - the compositions used in our ex
periments - at room temperature (T = 23.5 ◦C) and the wavelength of 
589 nm. Then, the Cauchy dispersion formula [21,22] was used to 
obtain an analogous expression for birefringence, which is the main 
parameter used in the calculations: 

Δn(λ)=A +
B
λ2 +

C
λ4 + … (9) 

In our case, for different mesogenic contents of the LCE, the coefficients 
A, B, and C were determined based on the birefringence Δn reported in 
Ref. [19]. We then analyzed the dependence of these coefficients on 
mesogenic content and extracted their values for the mesogenic contents 
used in this work (60%, 65%, 70%, and 75%). Using these coefficients, 
we calculated the corresponding birefringence Δn for each mesogenic 
content at wavelengths of 532 nm and 633 nm at room temperature 
(T = 23.5 ◦C). The corresponding values of the coefficients A, B, and C, 
as well as the birefringence values, are summarized in Table 1.

It is worth noting that the birefringence in the case of 75 mol% 
mesogenic content is significantly higher than that observed at lower 
mesogenic concentrations. Our studies indicate that even a slight vari
ation in mesogenic content can induce a transition from a nematic LCE 
to a frustrated smectic LCE. Specifically, LCEs with a mesogenic content 
above 72 mol% were found to exhibit a frustrated smectic phase.

Using parameters, presented in Table 1 and expressions (5), we can 
plot the dependencies of the ellipticity f = 1/e2 and azimuth χ on the 
angle β. Recall that f and ψ characterize the state of polarization of 
linearly polarized light after transmission through the LCE. Fig. 1(a)–(d) 
show these dependencies for wavelengths λ = 532 nm and λ = 633 nm, 
and for LCEs with different mesogenic contents. Interestingly, for the 
LCE film thicknesses used in our experiments, it was observed that the 
ellipticity and azimuth vary very little from sample to sample (with 
different mesogenic content).

In practice, it is challenging to fabricate wave plates with perfectly 
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uniform thickness across the entire surface. Nevertheless, it is straight
forward to determine the thicknesses at which accurate QWP and HWP 
functions can be achieved for each mesogenic content, as well as for 
thicknesses close to those of samples used in presented experiments. 
Examples of such thickness values for the cases under consideration are 
provided in Table 2.

It should be noted that the presented thickness values correspond to 
the case of high-order retardation. Much thinner (some micrometers) 
samples would exhibit low-order retardation and better performance. 

Indeed, there are studies reporting the fabrication of much thinner 
cholesteric liquid crystal elastomers [23,24]. However, for waveplate 
applications, it is essential to achieve homogeneous anisotropy and 
optical transparency. For the acrylate-based LCEs considered here, these 
conditions can be achieved for thicknesses on the order of 100 μm as 
shown in Ref. [19] but the fabrication methodology is not suitable for 
routine production of optical-quality films.

3. Acrylate-based LCE film preparation

The LCEs were synthesized using the following materials (see Fig. 2): 
1. A6OCB (6-(4-cyanobiphenyl-4′-yloxy)hexyl acrylate), a monofunc
tional reactive mesogen that forms the liquid crystal polymer chain; 2. 
6OCB (4-cyano-4′-hexyloxybiphenyl), a non-reactive mesogen that 
broadens the nematic phase range of the monomer mixture; 3. RM82 
(1,4-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-2-methylbenzene), a 
bifunctional mesogenic crosslinker that contributes to the network 
structure; 4. EHA (2-ethylhexyl acrylate), added to increase the flexi
bility of the polymer backbone; 5. MBF (methyl benzoylformate), used 
as a UV photoinitiator.

Three powdered materials (A6OCB, RM82, and 6OCB) were weighed 
on an analytical balance with an accuracy of 0.1 mg and placed into a 

Table 1 
Values of the coefficients A, B, and C of the Cauchy dispersion formula, together with the birefringence values of the studied LCEs for each mesogenic content at 
wavelengths λ = 532 nm and λ = 633 nm. The thicknesses of the corresponding samples are also indicated.

LCE mol % A B (μm2) C (μm4) Δn (λ = 532 nm) Δn (λ = 633 nm) L (μm)

60 0.129820201 0.000201926 − 0.000014 0.13037 0.13024 140
65 0.135786931 0.000241752 − 0.000021 0.13638 0.13626 145
70 0.14788866 0.000281577 − 0.000028 0.14853 0.14842 105
75 0.133272956 0.014627565 − 0.001526 0.16591 0.16028 110

Fig. 1. Dependence of the calculated polarization parameters of light transmitted through LCEs on the angle between the incident linear polarization and the optical 
axis of the LCE for different mesogenic contents (60-75%). (a) Ellipticity of the transmitted light at λ = 532 nm, (b) Azimuth of the transmitted light at λ = 532 nm, (c) 
Ellipticity of the transmitted light at λ = 633 nm, (d) Azimuth of the transmitted light at λ = 633 nm.

Table 2 
Thicknesses of LCE samples that can function as quarter-wave and half-wave 
plates for wavelengths λ = 532 nm and λ = 633 nm, for different mesogenic 
contents, and corresponding retardation orders (m).

LCE mol 
%

λ/4 plate for 
λ = 532 nm

λ/2 plate for 
λ = 532 nm

λ/4 plate for 
λ = 633 nm

λ/2 plate for 
λ = 633 nm

L (μm) m L (μm) m L (μm) m L (μm) m

60 139.764 68 140.784 34 137.302 56 138.517 28
65 145.307 74 146.282 37 145.173 62 146.334 31
70 104.767 58 105.662 29 103.424 48 104.491 24
75 109.825 68 110.626 34 111.569 56 112.556 28
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2 mL glass vial. The vial was then heated to 120 ◦C and stirred with a 
magnetic stirrer at 60 rpm for 5 min to melt the powders. Subsequently, 
the liquid components (EHA and MBF) were added using micropipettes, 
and the mixture was stirred for an additional 5 min at 60 rpm and 50 ◦C. 
The resulting mixture was poured into a pre-fabricated cell [14] with a 
thickness of 100 μm, maintained at 50 ◦C (in the isotropic phase), and 
slowly cooled to room temperature. This cooling induced the transition 
of the LC to the nematic phase, with molecules aligning along a 
pre-treated planar direction. The cell thickness was chosen as a 
compromise between achieving reasonable alignment of the LC pre
cursor mixture and the ease of handling of the final LCE film; films with 
smaller thickness can be fabricated by using thinner cells. To cure the 
precursor mixture, the cell was then exposed to low-intensity UV radi
ation (2.5 mW/cm2) for 2 h to achieve polymerization. After polymeri
zation, the cell was immersed in 2-propanol to swell the elastomer and 
separate it from substrates. Prior to experiments, the separated LCE 
samples were dried overnight. The compositions of LCE components are 
listed in Table 3.

The polarizing optical microscopy (POM) images of one of the 
fabricated LCEs is shown in Fig. 3.

4. Description of the experimental setup

The experiments were conducted using acrylate-based LCEs with 
varying mesogenic contents, employing a measurement system con
sisting of a polarizer and a laser power meter (S120VC, Thorlabs). The 
experimental setup is illustrated in Fig. 4. This setup allows determi
nation of the polarization state of light in the form of a polarization 
ellipse, providing numerical values for the ellipticity and azimuth. 
Elastomers with mesogenic contents of 60%, 65%, 70%, and 75% were 
used in the study, all exhibiting uniform planar molecular alignment 
along the x-axis (see Fig. 4).

A linearly polarized laser beam first passes through a commercial 
rotating HWP, positioned perpendicular to the beam propagation, 
allowing controlled rotation of the polarization direction while main
taining linearity. The beam then traverses the LCE sample, also oriented 
perpendicular to the beam, where it experiences phase retardation. To 
evaluate this retardation, a rotating linear polarizer and laser power 
meter are placed after the sample, enabling measurement of the polar
ization ellipticity of the transmitted beam. If the output remains linearly 
polarized for all incident polarization directions, the sample behaves as 
an HWP; if the output is circularly polarized, the sample functions as a 
QWP. Intermediate cases result in elliptical polarization. All experi
ments were performed at room temperature (23.5 ◦C).

5. Polarization properties of LCE films

To verify that the LCE films function as wave plates, we first studied 
the dependence of the output light ellipticity on the angle β between the 
polarization of the incident light and the optical axis of the LCE film. 
During the experiments, β was varied by rotating the commercial HWP. 
For each angle, the ellipticity f, defined as the ratio of the power along 
the major and minor axes of the output polarization ellipse, as well as 
the azimuth, were measured. These measurements allowed us to plot the 
dependence of the output ellipticity and azimuth on the angle β.

Experiments were performed for LCE samples with mesogenic con
tents of 60%, 65%, 70%, and 75%, and for light wavelengths of 532 nm 
(DPSS laser) and 633 nm (He–Ne gas laser). The results are shown in 
Fig. 5(a) and Fig. 5(b) for 532 nm, and Fig. 5(c) and Fig. 5(d) for 633 nm. 
The graphs indicate that linearly polarized light remains linear at 
β = 0◦ and β = 90◦, as expected (see Fig. 1). The minimum ellipticity 
occurs at β = 45◦, where the LCE behaves most closely to a QWP. This 
behavior is consistent across all mesogenic contents.

Since the measured values can vary depending on the point of the 
sample through which the laser passes, multiple measurements were 
performed at different positions, and the results were averaged. The 
graphs present these averaged values.

By superimposing the experimental curves from Fig. 5(a–d) onto the 
corresponding theoretical predictions, a good agreement is observed. 
The results indicate that, for a wavelength of 532 nm, the ellipticity 
minima are 2.47, 2.30, 2.73, and 2.40 for LCE samples with mesogenic 
contents of 60%, 65%, 70%, and 75%, respectively. For a wavelength of 
633 nm, the corresponding minima are 2.33, 2.83, 5.54, and 4.73 for the 
same series of mesogenic contents.

6. Results of the experiment to evaluate LCE's transmittance

To evaluate the optical transparency of the studied LCE wave plates, 
transmittance measurements were performed using the experimental 
setup shown in Fig. 4, but without a polarizer. A linearly polarized laser 
beam first passed through a commercial rotating HWP, positioned 
perpendicular to the beam propagation, allowing rotation of the polar
ization direction while maintaining linearity. The beam then traversed 
the LCE sample, oriented perpendicular to the propagation direction. 

Fig. 2. Chemical structures of the materials used for the synthesis of acrylate- 
based LCEs.

Table 3 
Chemical composition of the LCEs used in the experiments. Both the initial 
monomer mixture and the final LCE compositions are shown.

Mesogenic Content (mol. %)
Component Quantity (mol. %)

Monomer Mixture Final LCE

60 RM82 3.5 7.7
A6OCB 23.7 52.3
6OCB 54.6 -
EHA 16.7 36.7
MBF 1.5 3.3

65 RM82 3.5 7.7
A6OCB 26.0 57.3
6OCB 54.6 -
EHA 14.4 31.7
MBF 1.5 3.3

70 RM82 3.5 7.7
A6OCB 28.3 62.3
6OCB 54.6 -
EHA 12.1 26.7
MBF 1.5 3.3

75 RM82 3.5 7.7
A6OCB 30.6 67.3
6OCB 54.6 -
EHA 9.9 21.7
MBF 1.5 3.3
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Fig. 3. POM images of the fabricated LCE (70 mol%) obtained using a Leica Microsystems DMi8 microscope between crossed polarizers. The images demonstrate the 
planar alignment of the sample, with the director oriented at (a) 0◦ relative to one of the polarizers and (b) 45◦ relative to the polarizers.

Fig. 4. Schematic diagram of the experimental setup used to measure the polarization properties of acrylate-based LCE wave plates.

Fig. 5(a). Dependence of the transmitted light ellipticity on the angle between 
the incident laser polarization and the optical axis of the LCE sample, for four 
mesogenic contents (60%, 65%, 70%, 75%) at a wavelength of 532 nm.

Fig. 5(b). Dependence of the transmitted light ellipticity on the angle between 
the incident laser polarization and the optical axis of the LCE sample, for four 
mesogenic contents (60%, 65%, 70%, 75%) at a wavelength of 633 nm.
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The transmitted laser power was measured using a laser power meter 
placed after the sample. However, in this case, a diaphragm was placed 
in front of the power meter so that the scattered part is blocked and only 
the central part of the beam (approximately 2 mm in diameter) is 
detected. This results in a reduction of the absolute transmittance value 
but provides more detailed information about the central region of the 
beam, which is more relevant for studying LCEs as waveplates. Without 
the diaphragm, and with a well-aligned film, the transmittance of this 
kind of LCE exceeds 90% [19] and can be even higher for thinner 
samples. The successful fabrication of such films could make them 
suitable for use as waveplates. For each measurement, the initial laser 
power was recorded before installing the LCE, and then the transmitted 
power was measured at different orientations of the HWP. The trans
mittance coefficient of the sample was calculated as the ratio of the 
transmitted power to the initial power. All experiments were conducted 
at room temperature (T = 23.5 ◦C).

Using the measurement data, graphs were plotted to show the 
dependence of the transmittance coefficient on the angle between the 
incident light polarization and the optical axis of the LCE. Experiments 
were performed for samples with four different mesogenic contents 
(60%, 65%, 70%, and 75%) and for light wavelengths of 532 nm and 
633 nm. The resulting data are presented in Fig. 6(a) and Fig. 6(b) for 
532 nm and 633 nm, respectively. Here again, the graphs represent the 
spatially averaged values.

The results indicate that samples with mesogenic contents of 70% 

and 75% exhibit higher transmittance. This observation is consistent 
with the fact that higher mesogenic content corresponds to a higher 
orientational order parameter [19], which enhances optical trans
parency. In general, as mentioned earlier, the reduced transmittance 
arises from scattering caused by imperfect molecular ordering; this ef
fect is exaggerated in the films with lower mesogenic content as they 
were considerably thicker (~140 μm rather than ~100 μm) and so the 
alignment is less good. In theoretical calculations, transmittance is 
assumed for ideal samples, where 100% transmission is expected.

7. Transmission of LCE between HWP and polarizer

Next, the transmittance of LCE samples placed between HWP and a 
polarizer was measured using the experimental setup shown in Fig. 4. A 
linearly polarized laser beam first passed through a rotatable commer
cial HWP, positioned perpendicular to the beam propagation. The beam 
then traversed the LCE sample, also oriented perpendicular to the 
propagation direction, and subsequently passed through a polarizer 
crossed relative to the initial polarization of the incident light. The 
transmitted light power was recorded using a laser power meter.

For each measurement, the initial laser power was first recorded with 
the polarizer parallel to the incident light's polarization. Then, the 
polarizer was crossed (rotated at 90◦), the LCE sample was introduced, 
and the transmitted power was measured for different angles between 
the incident polarization and the optical axis of the LCE. To ensure that 

Fig. 5(c). Dependence of the azimuth of the transmitted light on the angle 
between the incident laser polarization and the optical axis of the LCE sample, 
for four mesogenic contents (60%, 65%, 70%, 75%) at a wavelength of 532 nm.

Fig. 5(d). Dependence of the azimuth of the transmitted light on the angle 
between the incident laser polarization and the optical axis of the LCE sample, 
for four mesogenic contents (60%, 65%, 70%, 75%) at a wavelength of 633 nm.

Fig. 6(a). Dependence of the transmittance coefficient (%) on the angle be
tween the incident light polarization and the optical axis of the LCE sample, for 
four mesogenic contents (60%, 65%, 70%, 75%) at a wavelength of 532 nm.

Fig. 6(b). Dependence of the transmittance coefficient (%) on the angle be
tween the incident light polarization and the optical axis of the LCE sample, for 
four mesogenic contents (60%, 65%, 70%, 75%) at a wavelength of 633 nm.
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the laser beam passed through the same point on the sample in all 
measurements, the HWP and the polarizer were rotated while keeping 
them crossed, rather than rotating the sample. The transmittance coef
ficient of the sample between crossed polarizers was calculated as the 
ratio of transmitted power to initial power. All experiments were con
ducted at room temperature (T = 23.5 ◦C).

Graphs were plotted to show the dependence of the transmittance 
coefficient on the angle between the incident laser polarization and the 
optical axis of the LCE. Experiments were performed for samples with 
four mesogenic contents (60%, 65%, 70%, 75%) and for light wave
lengths of 532 nm and 633 nm. The results are presented in Fig. 7(a) and 
Fig. 7(b), corresponding to 532 nm and 633 nm, respectively. Here 
again, multiple measurements were taken at different positions of the 
LCE, and the results were averaged. The graphs represent these averaged 
values.

Here, the transmittance is again higher for samples with mesogenic 
contents of 70% and 75%, indicating a higher orientational order 
parameter of the LC molecules in these samples, which leads to 
improved optical transmission. Notably, the results shown in Fig. 7(a) 
and (b) are in excellent agreement with the theoretical dependence 
described by Eq. (8).

8. Conclusion

This paper proposes the use of acrylate-based LCEs for the fabrication 
of thin-film, soft-elastic wave plates. By selecting the appropriate 
thickness and mesogenic content of the LCE, the desired phase retar
dation can be achieved for a given wavelength. In particular, QWPs can 
be designed to convert circularly polarized light into linearly polarized 
light and vice versa, while HWPs can invert the polarization direction of 
linearly polarized light or convert right-circularly polarized light into 
left-circularly polarized light. These wave plates operate effectively over 
a wide range of angles between the initial linear polarization and the 
optical axis of the elastomer. The developed wave plates are thin and 
operate in transmission mode.

In this study, we investigated elastomeric films which were fabri
cated without special attention being paid to ensure a uniform thickness 
or optimum LC alignment. Even in these films, the optical performance 
is of interest in terms of enabling inexpensive optical components with 
facile fabrication methodology. Films with much higher transparency 
and better performance can be obtained if the thickness is decreased to 
several micrometers and this will be the focus of our future research. 
Achieving very thin, uniform films would reduce sensitivity of the wave 
plates to variations in thickness, wavelength, and mesogenic content, 
further enhancing their performance and reliability.

Given their thin-film nature, mechanical flexibility, and tunable 
optical anisotropy, such LCE-based wave plates present a promising 
alternative for controlling the polarization state of electromagnetic 
waves, offering advantages for the integration and miniaturization of 
optical systems. Thus, they hold strong potential for applications in AR/ 
VR headsets, biomedical imaging, fiber-optic communication systems, 
astronomical instrumentation, semiconductor processing, aerospace 
sensing, and other technologies requiring precise polarization control.
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