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ABSTRACT. To have a polymer dispersed liquid crystal (PDLC), the liquid crystalline material is dispersed
into a liquid polymer. When the polymer changes from liquid to solid, the liquid crystal becomes incompatible
with the polymer and creates dispersed droplets throughout the polymeric film. The film can be processed by
standard techniques to have large and environmentally robust displays and light shutters. This paper describes
PDLC films and their properties in a simplified approach, suitable for teaching the devices based on such films

to students of university courses.

1. Introduction

In a discussion about the first pioneering works on liquid crystals [1,2], we have seen that
liquid crystals dispersed in polymers began being studied in the early 1980s [3-5]. Therefore,
these materials — known as PDLCs, Polymer Dispersed Liquid Crystals - are used in
applications from several years, and today can be considered as materials for a mature
technology. For this reason, it is convenient to discuss them in detail to show the development
of the related technological area.

There are several manners of preparing blends of liquid crystals (LC) and polymers, which
can lead to different types of materials, including polymer dispersed liquid crystals, polymer
networks filled with liquid crystals, polymer/LC/dyes systems, and many others. In them, the
polymers have the relevant role of achieving the desired effects from the presence of liquid
crystals. The most important features that the polymeric component must have, besides the
ability to form an amorphous film, are high transparency, inertness in relation to a liquid
crystal and a good miscibility with mesogens in the liquid state. When the polymers are used
in the stabilization of the droplets of the liquid crystal, we have PDLC materials.

Here, we propose an overview concerning the PDLC materials and their related properties.
We will discuss the film response to an electric field, evaluating the threshold field and the
role of anchoring of the nematic material to the surface of the droplets. We will use a simpli-
fied approach, suitable for teaching the devices based on such films to students of engineering
courses. After the theoretical discussion, we will describe some devices and applications.
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2. PDLC

The researches on PDLCs and the potentialities of their use in a variety of electro-optical
applications including switchable windows, displays and other devices have been discussed in
several references [6-12]. The core of the devices is made of a 10-25 pum thick film of PDLC
material between transparent conducting electrodes. PDLC films consist of nematic micron-
sized droplets dispersed in a polymer matrix. The optical response is based on the electrically
controlled light scattering by droplets. An applied electric field aligns the nematic in the
droplets to yield a non-scattering or transparent state. Surface interactions at the droplet wall
or a non spherical droplet shape return the droplets to the original orientation in the absence of
the field, giving a scattering or opaque state. A competition between the applied field, and the
elastic and viscous torques of the liquid crystal governs the response times and switching
voltages of such devices.

The operating mode is the following. Nematic droplets are randomly oriented in the opaque
state and the film has a translucent white appearance due to light scattering properties of the
droplets. Upon application of a field the droplets align in a direction parallel to the field. If the
refractive index of nematic approximately matches the refractive index of the polymer matrix,
the film will switch to a transparent state. Upon removal of the field, the droplets return to
their original random orientation and the film returns to its opaque state.

3. The threshold electric field

Some experimental investigations [13-15] displayed that the liquid crystal droplets suspended
in isotropic matrices exhibit a radial or a bipolar configuration, according to the anchoring
conditions at the droplet surface, when the external electric field £ is zero (see the Figure 1).
However, above a threshold value of the electric field, the radial configuration becomes axial,
and in the case of a bipolar droplet, the bipolar axis turns parallel to the electric field. It means
then the droplet can be driven by field E.

% N

N4

Radial Radial Bipolar Bipolar

Figure 1 - Radial and bipolar direction of the director field and the corresponding textures that we can
observe in polarized light microscopy with crossed polarisers. Note the different anchoring conditions
at the surface of the droplets.

Several physical effects were observed as shown in [12,14]. In the Reference 13, the threshold
field was measured for SCB in a silicone elastomer and the role of droplet diameter investig-
ated. A sequence of the droplet evolution from the radial configuration of the director, with a
central hedgehog defect, to an axial texture with an equatorial ring defect is shown in the Fig-
ure 2.
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Figure 2 - Direction of the nematic director for a spherical droplet in an electric field: from left to
right, radial structure, £E=0; appearance and compression of domain wall in the equatorial plane, £>0;
axial structure for E>FE,; , that is, above a threshold value. On the left and on the right, two droplets
observed by means of the polarized light microscope with crossed polarisers.

Kralj and Zumer [16] discussed droplets with homeotropic anchoring by means of a numerical
solution of Euler-Lagrange equation from the elastic theory. Other numerical approaches
elaborate descriptions of the PDLC film behaviour [17-22].

4. Radial and axial configurations

In this section we will see how simply evaluating the threshold field for a radial droplet. First
of all, it must be observed that the field in the droplet E, is different from the applied ex-

ternal field [23]. An accepted evaluation of E. is the following [24]:

3 Ue
E,=———— (1)

d(2e,+e; )

In (1), U is the applied voltage to PDLC film, d is the film thickness, ¢, ,

dielectric constants of the liquid crystals and the polymer. This equation is valid for the com-
plex dielectric constant too, then also for slightly conducting liquid crystals.
Let us start from the elastic free energy density in one elastic constant approximation [25]:

€, the average

fu=al(Vonf+(VxnP] @)

In (2), k is the elastic constant and n the director field. Let us consider a frame of reference
as given in the Figure 3.

Figure 3 — Frame of reference for calculations.
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In the case of a droplet in the radial configuration, the nematic director is given by:
n=(x/r)i+(y/r)j+(z/r)k . Its divergence is divn=2/r , whereas its rotor is null. The
elastic free-energy density is therefore : f,,=(k/2)-(2/r)’ . In the case of a spherical droplet
with radius R, the total elastic energy in the bulk for a radial texture is given by:

Felzgﬂj(div n)’r?dr sin6 do d(p:2kfﬂ dr sinf dO dp=8mkR (3)

Considering n_ the easy unit vector at the surface, let us suppose a surface energy of the

form:
1 .
Fsurf:_EWRZ [ (n-n,)*sin6 do do 4)

W has the dimension of an energy divided by the square of a length. The surface energy has
its minimum value in the radial configuration, if the anchoring conditions are favoring the
molecules as perpendicular to the surface ( n, perpendicular to the surface) [26]. The surface

energy can be written also in other forms [27,28], which are equivalent to the Rapini-Papoular
form (4).
In the case of a strong anchoring:

Fy=—21 WR’

When an electric field E=Ek is applied parallel to a given z-axis, a further contribution to
the free energy density in the form —SGEO(E'H)Z/ 2 must be considered [25]. In the given
framework: (E-n)°=E’cos’6 . Therefore, on the volume of the droplet:

3 soE2
—2 7 WR*+8 mkR——2 fﬂ cos?6-r*dr sin@ df do

F radial = 2

Fooga=—271 WR*+81kR—¢,¢,2 1 E°R*I9 (5)

where ¢ is the relative anisotropic dielectric constant. To compare F, ., with the free en-

radia
ergy in axial configuration, let us assume in this configuration the director parallel to z-axis.
The presence of an equatorial ring defect is not considered. The director is then n= K | and
no elastic deformation exists. However, we have a surface contribution too. Then:

3

R*W DAR?W  €,6,27 E°R

aia =5 ﬂ cos’6 sinHdo d(p—%oEzfﬂ rdr sin 0d0 dp=—

3

(6)
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where W is the anchoring strength, with the conventional Rapini-Papoular form of surface an-
choring free energy density.

The stable texture is that having the lower free energy. Comparing F, ,., and F we

axial *
could find the threshold value Ej, so that, for greater values of the field the axial structure is
favoured. Let us remember the two expressions (5) and (6):

2nRPW _ Ea€27 'R’

F axial = 3 3

27 WR+8mkR—¢,¢,2m E°R’I9 ; F

radial —

Comparing free energies, the threshold field as a function of the droplet radius can be ob-
tained:

4e,€,E _4AW 8k
9 3R R?

(7)

To have a solution, we need ¥ greater than 6k/R. k is assumed 107° cgs.
Experimental data from Ref. [13] are given in Fig.4. The electric field threshold is decreasing
with the increase of the droplet diameter d.

0.4 06 1/

Figure 4: Threshold external field £ vs the reciprocal of the droplet diameter under normal
boundary condition. Eisin 10°V/m , 1/d in 10°m™" . Data as given in [13].

Let us evaluate the threshold from (7). Let us assume W~10"'cgs, k~10"° cgs and
R~10"cm .

4¢ ¢, E° -1 E
a :(4><10_3_8><196 >dyn ~(1.3x10° 8)dyn 12Ody
9 3x10 10 cm cm cm’
So we have, assuming ¢,=2:
21 .
E~120D5 I (e, _120dy 3 107 dyn-cnr 305><102°dy”

Cm 4 4 8.85 Cz
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Therefore, the value of the electric field to drive the transition is of about:

E~+305x10°Y1 =17 5%10° ¥ =1 75%10° ¥
C C m

And this result is in agreement to the value that we can find given in the Figure 4 (actually
2.X10°V/m). We could also consider the shape of the droplets and its influence in
determining the threshold of the electric field, required to switch the film between opaque and
transparent state. We do not discuss it, because it is behind the aim of the article.

S. Bipolar droplets

When the surface between the liquid crystal and the polymer is favoring a locally planar
configuration at the surface of the droplet, the nematic inside the droplet assumes a bipolar
texture [29]. Let us suppose that the electrical field is zero. The bipolar droplet axes have a
random configuration as in the Fig.5, where the axis direction of each droplet is fixed by its
surface. When the electric field is turned on and increases above a threshold value, droplets
become all oriented parallel to the field.

Here we will consider spherical droplets. In fact, we could also consider different shapes of
the droplets and determine the threshold value of the electric field, required to switch the film
from the opaque to the transparent state, but this is beyond the aim of this discussion.

0000 O0qn0
26% ©0%

E=0 E#0

Figure 5. Bipolar droplets without and with an electrical field applied to the film: if £=0, bipolar
droplet axes assume a random configuration but when the electric field is above a threshold value,
droplets are all oriented parallel to the field.

Just to understand, in a rough manner, the competing role of orientation of the droplets and
electric field, let us use the following approach.

Let us describe the droplet bipolar axis by means of a dimensionless unit vector L . Each
droplet possesses a preferred direction L, : it is the direction assumed by the bipolar axis
when no field is present. The interaction between the easy axis, described by a dimensionless
unit vector L, , and the actual droplet axis L can be assumed as:
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fin=—w(L-L,)" (12)

in the unit volume. In the configuration with the droplets oriented along the easy directions,
the free energy is /., = —n w, with n number of droplets in the unit volume.

To evaluate the free energy contribution coming from the presence of the electric field, let us
consider the distribution of the axis direction L, , with respect to the axis of the electric field
E , as a uniform distribution. In fact, we are assuming that the droplets have a random distri-
bution of axes, and this is reasonable in the case of spherical droplets. Averaging on the angle
6, that is the angle between E and L, (see Figure 3), the contribution to the free energy com-
ing from the interaction between droplets and field is:

2
N e )
0

E &
f;ﬁel:_ -

The total free energy is:

2
£,6,nE

fdlsord f +f;1'zel (14)

In the case that we consider a configuration with the axes of droplets aligned with the external
field, a contribution to the total free energy is coming from the interaction of the actual

droplet axis direction L with the easy axis direction L, , and then the free energy can be
estimated as the following average:

=— M f(L-L Pdo=—""  (@15)
! 2

We have also the contribution coming from the presence of external electric field to the free
energy. In this case:

) g,€,n
f oo =—¢,6,n(L-E [2=— —5—E (16)
since L and E are parallel. The total free energy is:

. . nw Saé‘on
funif_fin+felet__7_ 2

E* (17)

Comparing the free energy in the case of a uniform axes distribution with that obtained with a
disordered configuration (14), we can see the existence of a threshold field £, above which
the stable configuration is the uniform one. Imposing F jisorg = F uni , the threshold field is:

EGEO 5
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To know the value of the field, an independent estimate of the parameter w is necessary.

The discussion given above is just a simple approach to show the existence of a threshold
value for the electric field. For a rigorous approach to the reorientation of LC droplets by an
electric field, it is necessary to consider the droplet dynamics in terms of electric, elastic and
viscous torques. The elastic-restoring torque per unit volume depends on the variation in the
elastic free-energy density of the droplet with some orientational parameter for the droplet.
The viscous torque can be represented also with a rate of reorientation and a rotation viscosity
coefficient. The electric torque per unit volume depends on the electric field free energy
density. Rise and decay times are determined by balancing all the torques [30-32].

As previously told, the approach that we followed is like that proposed in [33]. The aim was
just that of showing the existance of a threshold value for the electric field.

6. Methods of PDLC preparation

The formation of uniform liquid crystal droplets in a polymer binder may be achieved by
several different phase separation processes which include phase separations by
polymerization, thermal processes, and solvent evaporation. Each approach involves
preparing a homogeneous solution of monomer or prepolymer with a liquid crystal material
followed by phase separation, droplet formation, and finally, polymer solidification or
gelation. These processes are a result of droplet nucleation and growth.

Phase separation methods are simply one-step processes which can reduce fabrication costs in
display and window applications. Phase separation by polymerization (PIPS) is useful when
prepolymer materials are miscible with low molecular weight liquid crystal compounds [34].
A homogeneous solution is made by mixing the prepolymer with the liquid crystal.
Polymerization 1is achieved through a condensation reaction or with a free-radical
polymerization, catalyzed by a free-radical initiator, or through a photoinitiated
polymerization.

The solubility of the liquid crystal decreases in the stiffening polymer until the liquid crystal
phase separates, forming droplets. The droplets grow until polymer stops the change of
droplet morphology. Droplet size and morphology are then determined during the time
between droplet nucleation and gelation of the polymer. The size is controlled by the rate of
polymerization, relative concentrations of materials, types of liquid crystal and polymers
used, and by such physical parameters as viscosity, rate of diffusion, and solubility of the
liquid crystal in the polymer. The rate of polymerization is controlled by the temperature for
thermally cured polymers or by light intensity for photochemical polymerization.

Phase separation by thermal processes is useful for thermoplastics which melt below their
decomposition temperature. A binary mixture of polymer and liquid crystal forms a
homogeneous solution at high temperature. Cooling the homogeneous solution causes phase
separation of the liquid crystal: the droplet size of the liquid crystal is governed by the rate of
cooling and depends upon material parameters, which include viscosity, chemical potentials,
and so on. Some polymers, for instance polymethyl-methacrylate (PMMA), form droplet
dispersions with cyanobiphenyl liquid crystal materials [35,36].

Phase separation by solvent evaporation is useful with thermoplastics which melt above the
decomposition temperature of the thermoplastic or the liquid crystal, or where solvent coating
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techniques are used. Liquid crystal and polymer are dissolved in a common solvent forming a
homogeneous solution. Then, solvent is removed by evaporation, resulting in phase separation
and polymer solidification. Further processing, such as laminating a cover substrate, is
performed, followed by a final annealing step where film is warmed to redissolve the liquid
crystal in the polymer and cooled at a rate chosen to give the desired droplet shape and
density. The solvent evaporation process followed by thermal annealing adds flexibility and
makes easier the production of commercial PDLC films.

7. Several blends of materials

The relationships between the structure and the electro-optical properties of PDLCs have
been examined extensively. Of course, the properties of the liquid crystalline materials such
as elastic constants, viscosity, dielectric anisotropy or birefringence, and electro-optical re-
sponses are important; however, even more important are the properties that they acquire in-
side the polymer of PDLC films. These properties are strongly dependent on the polymer
structure and thus, on the nature of the blend and of the rate of polymerization mechanisms.
Consequently, several blends of materials have been prepared and studied to have specific re-
sponses. Here let us discuss some of the resulting materials.

Liquid crystals, polymers and dyes have been studied to have color PDLC films, by incorpor-
ating dyes of isotropic or dichroic type in the films. In [37], it was explained that colored
PDLC shutters are formed by the inclusion of isotropic dyes in the epoxy resin and liquid
crystal. After PDLC is formed, the dye is dissolved in both the epoxy binder and the liquid
crystal droplets The shutters are highly colored and are scattering in the absence of an align-
ing electric field. In the scattering state, that is in the OFF state, the path length of light is in-
creased due to Rayleigh-Gans and multiple scattering. Actually, the color contrast of the
PDLC film incorporating an isotropic dye is resulting from path-length change of light
passing through the film, in the scattering and transparent states. The scattering efficiency of
the PDLC film depends on the absorbance of the isotropic dye [38,39].

In the case that dichroic dyes are dissolved in the liquid crystal droplets, we have higher color
contrast than in the case that the isotropic dyes are used. Dichroic dyes are aligned by the li-
quid crystal in the droplets and therefore its absorption is modulated by alignment of mesogen
with an electric field. In one state OFF, the alignment of dichroic dyes varies randomly from
droplet to droplet. In the other state ON, droplet directors and dichroic dyes are aligned nor-
mal to the film surface. Let us note that, dichroic dye dissolved in the polymer binder will be
randomly aligned and unaffected by an applied electric field. Only the dye dissolved in the
droplet will exhibit its dichroic properties and improve the contrast of the PDLC display com-
pared to the use of isotropic dyes. The segregation of dye in LC droplets was found to be de-
pendent on the type of dye by West [40].

In [41], the blend which is used is incorporating a dichroic azo dye Disperse red 1. The PDLC
is obtained by polymerization induced phase separation (PIPS) method. The research shows
that the phase separation and the segregation of LC droplets is dependent on the amount of
dye used. Moreover, PDLC with low dye content (<0.06 wt%) gave a good contrast ratio, rel-
atively low threshold voltage and a value of high transmittance in the ON-state. As noted in
[41], the use of PDLC devices is restricted by the low contrast ratio and high threshold field;
the use of a dichroic dye can enhance the electro-optical performance of the film.

Other studies on blends with dichroic dye, that is on D-PDLCs, are given in [42-47].
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The films obtained from blends containing dyes are also known as Guest-Host (G-H) Polymer
Dispersed Liquid Crystal (PDLC) films. “Guest” in this case is a dye, “Host” is a type of li-
quid crystal. A dichroic dye is used. As told before, the “guest” dye molecules are oriented in
the medium by the bistable host liquid crystal molecules to display and retain images. In [48],
to create the GH-PDLC layers, droplets of Smectic A liquid crystal mixed with dichroic dye
were dispersed in a polymer binder. The films were used to have a rewritable medium. The
medium was thermally written and electrically erased.

Other works on GH-PDLCs and digital papers are given in [49-53]
8. Holographically formed PDLCs

Holographic recording materials based on photopolymerizable systems have contributed to
the growth of holographic application. A holographic grating can be made in photopolymer
films via a single-step process at a relatively fast speed. The possibility of applying electric-
ally and optically switchable holographic grating gained increasing interest at the end of the
past century [54-56], so that several researches had been made subsequently on H-PDLCs,
that is, on the holographically formed PDLCs. In any case, H-PDLCs are a variant of the con-
ventional PDLCs, formed under holographic conditions [57,58].

H-PDLCs films are made of polymers and liquid crystals that have been treated by a laser
beam to form a reflective Bragg grating. In the films, a spatial variation of light intensity is
giving a patterned LC droplet distribution. The spatially varying differences of the two-phase
structures that we can obtain, are very important in determining the performance of the related
switchable diffractive structures, which can be transmissive or reflective.

In the blend of a liquid crystal and a photo-sensitive monomer, by interfering laser beams it is
produced a standing wave pattern. The two main constituents of the blend form a film where
we have a separation into polymer rich layers and liquid crystal rich layers. Instead of random
arrays of droplets like in the conventional PDLC technology, the holography introduces a
periodic array of liquid crystal droplets and solid polymer planes. The interference fringe
spacing, L, of the grating is described by:

L=2%/(2nsin(e))) (19)

where A is the wavelength of the exposing laser, 7 is the average index of the material prior to
polymerization, and a is half the angle between the exposing beams. If the relative optical
indices of the polymer and liquid crystal materials are carefully chosen, the result is a set of
planes that reflects light of a specific set of wavelengths and transmits all others. The
refractive index difference and the spacing between the layers determine this behavior.

The first application of H-PDLC materials was in the area of reflective display technology.
These displays are bright (Bragg reflection >70%), fast switching, yield bright colors and do
not suffer from polarizer losses.

When an electric field is applied across the multi-layer H-PDLC film, the liquid crystal
material reorients and eliminates the index difference and film becomes transparent to all
wavelengths. This capability enabled the H-PDLC technology to be easily integrated to create
a full color display, so that a very bright reflection at each pixel was achieved. Actually, the
colors were integrated under one electrode structure (see Fig.6), so that color was obtained by
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means of a spatial synthesis with pixel that consists of a red, green and blue sub-pixel. In this
case, the color is intrinsecally given by the PDLC film and no color filter is used.

One of the primary problems encountered with H-PDLC technology for reflective display
applications was that it had a very narrow viewing volume. Although the reflection from H-
PDLC pixels was very bright, with excellent color purity and 100 ps switching time, the
viewing-angle was specular and narrow (~2°). This reflective display was nearly unusable in
any practical setting, but by placing a diffuse film in one of the two interfering laser beams
used in formation, a diffuse hologram could have been recorded, having a significantly
enhanced viewing cone (~30° wide was possible). This was the method that had been
proposed for the practical implementation in [59,60].

white white white
OFF blue pixel @ @ n ON green @i ONred 9/ass
5

ITO

| Interstitial region

Absorbing layer

Figure 6: Pixels with different colors in H-PDLC devices. No color filters are used. The drive
voltages are reduced to values below 100 volts.

The multiplexing, including angular multiplexing, spatial multiplexing, and temporal
multiplexing is commonly used in H-PDLC films. The reason is simple: everything that we
can do with conventional holographic processes, can also be performed with switchable
holograms. As we have seen, the spatial multiplexing technique allows for the formation of
multiple color regions on a single sample. In the angular multiplexing technique, three beams
are simultaneously incident on the sample, resulting in the formation of two different
reflection gratings and a transmission grating. This can be extended to higher numbers of
beams which allows for the creation of additional gratings, such as those investigated in [61].
Multiple gratings can be created at the same specular angle, or at different ones depending on
the application. Recent studies on multiplexing H-PDLCs are given in [62-64].

There are a number of other applications for which H-PDLCs can be used. H-PDLC thin films
can make switchable microlens arrays, Fresnel lenses, blazed gratings, and others. For
example, lens array with a short pitch was fabricated: without an electric field, the converging
microlens array reflects at visible wavelengths with a certain focal length, but when an
electric field is applied, it becomes transparent (non-reflecting) [65].

Zenodo — 6 August 2019 — DOI 10.5281/zenodo.3361600
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9. Polymer Shrinkage

In H-PDLC films it is necessary to consider the effect of polymer shrinkage. The conversion
of the monomer molecules into a polymer network is accompanied with closer packing of the
molecules, which leads to the bulk contraction denoted as "polymerization shrinkage".
Polymerization shrinkage can severely compromise the utility and the performance of the
device. For example, in the applications which need to be polarization insensitive, the
polymer shrinkage can cause the following problem. When the polymer shrinks, the liquid
crystal droplets are compressed; the result is a preferentially alignment of the axes of the
droplets along a common direction. This alignment causes a polarization sensitive reflection,
since the optical axis is, on average, along the same direction for all droplets. The consequent
reflection and diffraction efficiency becomes extremely sensitive to the input polarization.

Monomers commonly used in the preparation of H-PDLCs undergo shrinkage upon
polymerization, but the spectroscopy of H-PDLC gratings allows to measure optically and
quantify the volumetric changes of photocurable materials during the formation of gratings.

As stressed in [66], "prior to obtaining a wide commercialization of displays based on
photopolymers, one of the key aspects is to achieve a complete characterization of them. In
this sense, one of the main parameters to estimate and control is the shrinkage of these
materials. ... One criteria for the recording material to be used in a holographic data storage
application is the shrinkage, maximum of 0.5%".

The used monomers are therefore quite important. The acrylate monomers are known to
shrink as much as 10% during polymerization, wheras epoxy based monomers are known to
have low shrinkage. Partially fluorinated acrylate monomers are also suitable for preparing H-
PDLC films. The presence of fluorine in the polymer chain leads to the strong electrostatic
repulsion between the chains thus minimizing the shrinkage during polymerization.
Fluorinated monomers may lower the liquid crystal anchoring strength thus lowering the
switching voltage in H-PDLC films [67]. In any case, compensation methods, based on a
corrected condition in the geometry of optical setup for recording volume holograms, had
been proposed to physically correct the shrinkage effect of monomers as soon as H-PDLC
films had been developed for optical devices [68].

10. Strain Gauge Applications

An application for the H-PDLC films is for reflecting strain gauges [69]. The peak reflected
wavelength depends on the spacing between polymer rich planes and on the refractive index
modulation through the depth of the cell (Fig. 7). The optical strain characteristics of a
reflective holographic- polymer dispersed liquid crystal (H-PDLC) change with increasing
strain. A spectral blue-shift was observed to occur with increasing strain: the spectral
dependence on strain is due to Poisson contraction of the material. In addition to the blue-
shift, the contraction also preferentially aligned the liquid crystal droplets in the tensile plane,
creating highly aligned bipolar droplets. In this state, the reflection becomes highly
polarization dependent.
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Polymer binder

=N

' LC droplets

Figure 7: Peak reflected wavelength depends on spacing between planes.

Conclusions

In this paper we have discussed PDLC systems. The threshold electric field is obtained in a
medium containing a volume fraction of spherical identical droplets filled with liquid crystal.
Droplet boundary conditions which can be either radial or bipolar are adopted. The depend-
ence on the droplet diameter of the threshold field is evaluated for radial texture. For the bi-
polar droplets, the effect is much more subtle, since it is necessary to have a good evaluation
of anchoring strengths.

The paper discussed also some devices obtained with dye doping the droplets or with holo-
graphic techniques. When I discussed in 2003 [33] the PDLCs, the research field was in
strong development. From that period, the research applied to new technologies had produces,
besides a large number of publications, also several new devices. An example: the “digital pa-
pers”, that in 2003 were prototypes, are today commonly available and used. Therefore, the
proposed discussion has to be seen as a picture of the base applications, on which the com-
mercial devices, today available, have been developed.
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