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Active broadband polymer stabilized liquid crystals
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We consider the realization and the electro-optical behaviour of a polymer network stabilized
liquid crystal whose reflection band has been broadened. We particularly emphasize the
reflective properties (mean value of the selective reflection and bandwidth, and the parameters
of broadening) and their evolution with voltage. Broadband active films can be obtained
under special conditions of polymerization. A mechanism concerning the broadening of the
reflection band is put forward based on inhomogeneous consumption of a chiral monomer

within the samples.

1. Introduction

Reflective displays are being intensively studied as
they do not require a back light, making possible more
compact displays. Some of these use a polymer stabilized
cholesteric texture (PSCT). In a PSCT, a small amount
of a monomer is incorporated in the mixture to create
a polymeric network through the sample [1-3]. With
such displays, in direct—direct vision, there is only one
colour in the reflective state because the width of the
planar cholesteric selective reflection is generally small
(between 50 and 100 nm in the visible spectrum).

Broadband passive films were first successfully made
by Broer et al. [4-6]. The broadening of the reflection
band is obtained thanks to diffusion of the monomer
perpendicular to the film plane which leads to the
existence of a pitch gradient. A UV gradient within
the sample is necessary to induce that diffusion and a
dye is added to the monomers to absorb UV radiation.
Decreasing the UV intensity leads to a more broadened
reflection band [4-6].

Broadband active films would react to an applied
voltage and would therefore have many advantages.
They would become scattering with an applied voltage
and even homeotropic textures and displays with black/
white grey scale can be expected. Moreover, considering
light flux control, energy gains could be achieved thanks
to these three possible states [7].

A broadband two-stage active film (reflective-scattering )
has been obtained [8] thanks to an inhomogeneous
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distribution of a chiral monomer concentration arising
through the process of polymerization: it is assumed
that there is an overlap of reflected spectra from a two-
pitch region due to the creation of a greater chiral
concentration around the polymer network than in
the bulk.

Hikmet and Kemperman obtained broadband active
films [9, 10] by applying to gels the method used by
Broer for passive films. A mixture of two monomers
was used, one being nematic and the other chiral. The
monomer concentration seems high: an example is given
with 40% monomer [ 10]. During polymerization, there
is an inhomogeneous distribution of the chiral monomer
within the system which determines the cholesteric pitch.
A dye is used to create a more significant UV gradient
and therefore to obtain a more broadened reflection
band. A transparent state is reached for such films.

A broadband active film can also be achieved by
means of a temperature gradient: the pitch of a suitable
material depends on the temperature and it has been
shown that if the cholesteric liquid crystal is cured at a
certain temperature, the pitch is fixed even if the material
is afterwards cooled [ 10, 11].

Active broadband films are also obtained with a method
apparently close to the one originally used by Hikmet
and Kemperman [9]. In our studies, only one monomer
is used and at a low concentration (only a few per cent).
The influence of parameters affecting the broadening is
studied in detail. Experiments clarifying the broadening
phenomenon are described and a mechanism is pro-
posed. The electro-optical behaviour of the films is also
investigated.
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2. Experiments and discussion
2.1. Natural broadness of the reflection band

The pitch of the cholesteric helix depends on the
composition of the mixture: if a cholesteric liquid crystal
is obtained by adding chiral compounds to a nematic
liquid crystal, the higher the concentration of the chiral
compounds, the smaller is the reflection wavelength.
The width of the reflection band depends on several
parameters [ 12-167:

). = Neo X pitch = 0.25(n2 + n2)'"? x pitch
An=n,—n,
A= (Anfng )2

where A="‘average’ wavelength, n., = cholesteric ordinary
refractive index [16], An= birefringence, #n, = liquid
crystal extraordinary index, n, = liquid crystal ordinary
index and A= width of the reflection band. The width
of the reflection band is thus proportional to the reflection
wavelength. Consequently, for the same liquid crystal
and the same chiral dopants, the higher the pitch of the
cholesteric liquid crystal, the broader is the reflection band.
But if the liquid crystal is changed, the birefringence will
be different and therefore the bandwidth will change
as well.

A nematic liquid crystal was taken, and chiral com-
pounds were added as well as 3 wt % of a monomer
(to create a polymeric network through the sample to
stabilize the textures). The concentration of the chiral
compounds was changed in order to modify the wave-
length of the reflection band. The width of the reflection
band for each sample was measured, giving the results
in table 1.

In the visible range, the ‘natural’ width of the reflection
band is not broad enough to give a white reflective
display and the reflection band has to be broadened.

2.2. Broadening of the reflection band
2.2.1. By changing the liquid crystal birefringence
The width of the reflection band can be modified by
changing the nematic liquid crystal. Figure 1 represents
the evolution of the reflection bandwidth with the wave-

Table 1. Reflection band width.

Spectral Mean reflection Reflection band
range band wavelength //nm width AZ/nm
Green 510 70
Red 630 90
Near infrared 950 130
1550 230
Mid infrared 1725 240
2065 300
3200 450

700

—0O— M =022 expedimental values
—0~ An =0.22 computed values
—A— An=0.30 computed values

600 4

AN

Broadness of the peak/ nm
8 8 & B

g8

(=)

T T T T T
0 500 1000 1500 2000 2600 3000 300
Wavelengths of the reflection peak fnm

Figure 1. Variation of the broadness of the reflection band
with the reflection wavelength and the birefringence.

length for liquid crystals with a birefringence between
0.22 and 0.3. We have included the experimental points
obtained from table 1 which are in agreement with the
computed points using a birefringence equal to 0.22
for the mixture experimentally tested. However, the
birefringence cannot be modified over a wide range:
the maximum values known for An are less than 0.4.

2.2.2. By modifying the polymerization conditions

We have recently carried out AFM studies on a poly-
mer network grown in a polymer stabilized cholesteric
liquid crystal with 3 wt% of a chiral monomer [17].
The monomer consisted of a siloxane backbone with
both reactive acrylate and liquid crystal side groups.
The UV intensity used was 0.6 mW cm ™2 It appeared
that the network is denser on the surface strip closest to
the UV source suggesting that the monomer is hetero-
geneously consumed, probably because of the existence
of a UV gradient across the sample.

2.2.2.1. First mechanism. To have a broadband film, it is
necessary to create a pitch gradient across the sample.
The previous observations were used to create a broad-
band reflection. If a UV gradient exists within the
sample, there will be a gradient of consumption of the
monomer. In the areas close to the UV lamp, the UV
intensity is stronger than in the areas close to the other
surface. The consumption of the monomer is therefore
higher in the areas close to the UV lamp. There ensues
a diffusion of the monomer from the areas where the
irradiation is low (low consumption of the monomer)
to the arcas closer to the lamp where the irradiation
is higher and thus the consumption of the monomer is
greater. A representation of the profiles of the UV
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gradient and monomer diffusion within the sample is
given in figure 2. Hikmet and Kemperman [9] also
explain the origin of the broadening by an inhomo-
geneous distribution of the chiral monomer within the
sample.

A liquid crystal whose pitch strongly depends on
the monomer concentration has to be used so that the
inhomogeneous consumption of the monomer across
the sample leads to the creation of the pitch gradient.
Such a diffusion of the chiral monomer is necessary to
broaden the reflection band but there is another con-
dition to the existence of a pitch gradient: the diffusion
of the monomer modifies the pitch of the liquid crystal
but it has to be blocked by the polymerization process.
The mechanism is explained in more detail in §2.2.2.2.

2.2.2.2. Experiments and observations

First attempts. A liquid crystal whose pitch strongly
depends on the monomer concentration has to be used.
That requirement can be achieved by using a chiral
monomer with a reverse rotation sense to that of one of
the chiral dopants. The materials for the experiments
are a nematic liquid crystal with positive dielectric aniso-
tropy, a mixture of chiral dopants, a chiral monomer
and a photoinitiator (Irgacure 907, 2% of the monomer
weight). The wavelength of the mixtures was measured
before and after a relatively strong (5 mW cm™?) and
long irradiation (1 h) in order not to have a UV gradient
through the sample and to have complete consumption
of the monomer. The results are given in the table 2,
and show that the higher the monomer concentration,
the higher is the wavelength.

A striking feature is that, except for the sample with
10 wt % monomer, the wavelength before and after
irradiation is the same. Since all the chiral monomer is
consumed, the wavelength after irradiation should be
400 nm (case without monomer). An explanation maybe

@ UV IRRADIATION

o Top strip
uv
{ | } | P intensity

UV GRADIENT \ Bottom strip

Table 2. Reflection wavelength versus monomer concentration.

wt % A A
Monomer Before irradiation/nm After irradiation/nm
0 400 /
3 440 445
6 490 490
10 540 Broadening

that mesogenic networks have strong interactions with
the surrounding liquid crystal molecules. The network
formed by the cholesteric monomer could have a very
strong influence on the cholesteric mixture, so that
although the monomer is consumed, the pitch remains
the same.

What happens for the 10 wt% monomer sample
is interesting. The sample has a greyish aspect after
irradiation. The peak corresponding to the reflected
intensity is much larger after irradiation (figure 3). If the
reflected intensity is analysed from the side exposed to
the UV radiation, the reflected intensity for the highest
wavelengths is stronger than that observed in the
spectrum obtained from the other side (figure 3). The
highest wavelengths can only be obtained in areas that
became richer in monomer; this therefore means that the
polymer network is denser close to the UV source. A
diffusion of the monomer towards the areas closest to
the UV source seems to occur. These two observations
suggest the existence of a pitch gradient even for a very
strong intensity. The hypothesis we suggest concerning
the existence of such a pitch gradient seems to be correct.

The greyish metallic aspect is most obvious after an
irradiation at 0.095 mWcm ™2 for 6h (see figure 4). On
the edges, there seems to be an effect inhibiting poly-
merization due to oxygen (no metallic aspect). The
interface between the two areas is shown in figure 5 (a).
The analysis of the reflected intensity shows that a large

@ UV IRRADIATION

monomer I I I >
diffusion
monomer
concentration
during
irradiation
MONOMER DIFFUSION

Figure 2. UV gradient and monomer diffusion during irradiation.
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Figure 3. Broadened reflection band 0
from the UV-exposed side and
the opposite side.

Figure 4. Top view of the sample
after irradiation.

broadening occurs (figure 6): before irradiation, the
width of the reflection band is 70 nm; after irradiation it
increases 200nm. It is therefore possible to have a
reflection band more than three times broader than the
initial band.

Other experiments and observations. Other experiments
and observations were made to understand better the
broadening process and confirm the process mechanism.
The characteristics of each sample are given in table 3.

After irradiation, the cells were put in a container with
acetone. The solvent completely replaced the liquid crystal
after a few hours. The acetone was then evaporated at
ambient temperature and the two strips were carefully split.
The polymer network (10% monomer, 0.06 mW cm ™ ?)
that stays on the strips was analysed by optic micro-
scopy—figure 5(b) shows the strip close to the UV

Wavelength /nm

source, figure 5(c) shows the strip on the opposite side.
The polymer network is much denser on the strip close
to the UV source.

Photographs taken from the exposed UV side or from
the other side can show differences. The colour observed
in reflection is different: the red colour observed on
the exposed UV side, figure 5(d), is linked to a denser
network; a less dense network leads to a green reflection
colour; figure 5 (e).

Diffusion of the monomer within the sample was also
demonstrated by the following experiments. A sample
was irradiated through a mask as shown in figure 7.

The mask was made of alternate black and transparent
strips, the black strips preventing the UV radiation from
reaching the sample. Polymerization therefore occurs
preferentially in the areas exposed to the UV radiation,
i.c below the transparent areas of the mask (figure 7).

Table 3. Influence of parameters for broadening of the reflection band. The figures 11 to 15 correspond to a study of the
broadening parameters; the parameter whose influence is studied in each figure is represented by the symbol /.

Monomer uv
Figure no. Thickness/um Irradiation time/h concentration/wt % intensity/mW cm ™2 Polyimide layer
9 8.5 7 6.5 0.06 yes
11 / 7 6.5 0.06 no
12 8.5 / 6.5 0.06 no
13 8.5 7 / 0.18 yes
14 8.5 7 6.5 / yes
15 8.5 7 5 0.18 /
16 15 7 10 0.095 no
17 to 20 15 7 6.5 0.06 yes
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Zh

Figure 5. (a) 6.5wt% monomer. left—reflection view, creation of a gradient after irradiation; right—reflection view, no
polymerization due to oxygen inhibition. (b) 10 wt % monomer. polymer network, strip close to the UV side. (c) 10 wt %
monomer, the same sample as that in (b): polymer network, strip opposite side. (d) 5 wt % monomer. reflection view, UV
irradiation side. (¢) 5 wt % monomer: the same sample as in (e): reflection view, opposite side.

After polymerization, the sample’s appearance and the
liquid crystal texture were different in the exposed and
non-exposed areas (figure 8). The exposed areas were
more polymerized, as is obvious around the oily-streaks;
almost no polymerization occurred around the oily
streaks in the non-exposed areas.

Each area was analysed in reflection (figure 9), show-
ing that (1) the reflection wavelength in the non-exposed
areas (area 1) is lower than the initial reflection wave-
length of the liquid crystal before irradiation; (2) a
significant broadening of the reflection band takes place
in the exposed areas (area 3); (3) at the intersection of
the exposed and non exposed areas, both phenomena
occur (area 2).

We can conclude from these experiments that there
is a diffusion process of the chiral monomer from the
non-exposed areas towards the exposed areas. In the non-
exposed areas, the decrease of the reflection wavelength
shows that there is an impoverishment of chiral monomer
which has therefore diffused towards the areas of poly-
merization. Two phenomena occur in the exposed areas:
on the one hand there is an enrichment in monomer
diffusing from the non-exposed areas (lateral diffusion)
and on the other, there is also a vertical diffusion in the
exposed areas, as described by the mechanism in figure 10.
The areas exposed to a low UV irradiation are distri-
buted across the sample. Therefore thereis a UV gradient
and a consumption of monomer which is higher close



18: 05 25 January 2011

Downl oaded At:

938 H. Guillard and P. Sixou
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O  Afterirradiation
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Figure 6. Example of broadening 400
of the reflection band after
irradiation.

500 600 700
Wavelength fnm

sample

Top view of the mask

Figure 7. Diffusion experiment
irradiation through a mask.

Figure 8. Reflection view of a
sample after an irradiation
through a mask.

to the lamp. This leads to a diffusion of monomer from
the surface region remote from the UV towards the
other surface.

This experiment confirms the hypothesis that we have
put forward: there is a diffusion of the monomer towards
the areas of consumption (close to the UV source). These

results are in agreement with experiments carried out
by Broer et al. [6] for passive films and Hikmet and
Poels [ 18] for active films with nematic liquid crystals:
they observed a diffusion of the monomer (or of one
of the monomers) of the mixture from the dark areas
towards the illuminated areas.
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50

40

30 +

20

Reflected intensity [a.u

10

before frradiation
area 2
area 3
area 1

SO0

T
400 500
VWavelength /nm

Ton viaw af the mask

Top view of the sample after irradiation

area 1 /

area 2

area 3

Figure 9. Diffusion experiment on the prepolymer. Irradiation through a mask, analysis of the reflected spectra in several areas.

2.2.2.3. Improved mechanism

By taking into account the foregoing results and
observations, the following mechanism can be put forward.
A relatively strong irradiation (more than 10 mW cm ™ ?)
induces almost no change in the pitch of the cholesteric
helix though all the monomer is consumed. Because of
the very strong interactions between the polymer network
and the surrounding liquid crystal molecules, there is no
modification of the pitch. But, if the irradiation is very
low (typically less than 0.1 mWcm™?), the monomer
will be consumed preferentially close to the UV source.
Because of these strong interactions between polymer
and active liquid crystal, the pitch is not changed, but
there is a decrease in the concentration of the chiral
monomer (figure 10—step 1).

Since the monomer is preferentially consumed close
to the UV source, a diffusion phenomenon takes place
(figure 10—step 2). The free monomer diffuses from the
areas richest in monomer to the poorest areas (close to
the UV source). In the areas poorest in monomer, the
monomer supplied by the diffusion causes an increase
in the pitch since it increases with the monomer concen-
tration. Due to the diffusion process, the pitch decreases
in the remotest areas from the UV source since the
monomer concentration decreases.

However, at the same time, polymerization occurs:
in the areas where the monomer is consumed, the pitch
is fixed (figure 10—step 3). Then the process proceeds.

Of course, the three steps actually happen at the same
time. This mechanism is based upon the following
ideas. When the monomer is consumed, there is no
modification of the pitch although the quantity of chiral
monomer decreases; the pitch is fixed. On the other
hand, if the chiral monomer concentration changes, not
because of on-the-spot consumption of the monomer but
due to a diffusion of the monomer, the pitch does change.
If there is a supply of monomer, the pitch increases
(this happens in the areas close to the UV source); then
there is an on-the-spot consumption of the monomer by
polymerization—the pitch is fixed. Again, the two mech-
anisms happen simultaneously. If there is an impoverish-
ment in monomer, the pitch decreases (this happens in the
remotest areas from the UV source); then there is an on
the spot consumption of the monomer by polymerization
—the pitch is fixed.

2.2.2.4. Parameters of the reflection band broadening

The parameters concerning the broadening of the
reflection band were studied. To establish the influence
of a given parameter, all the others were kept equal. All
the characteristics of the samples are summarized in the
table 3.

Influence of sample thickness. Three samples with different
thicknesses were made (12, 20 and 50um) and the
reflection of each sample measured (figure 11) after
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Top strip \
= Py
Py : initial pitch of
The cholesteric LC
— P, — intensity
Bottom strip —% STEP 1 : IRRADIATION -
POLYMER NETWORK FORMED
BEFORF. IRRADIATION PREFERENTIALLY CLOSE TO THE UV
Q IRRADIATION
Py > Py -
monomer
concentration
monomer during
diffusion  ~- | — | . IO » irradiation
Py<Py
STEP 2 : IRRADIATION - PREPOLYMER
DIFFUSION
TOWARDS THE AREAS OF CONSUMPTION
il_ IRRADIATION
P -
P,
STEP 3 : IRRADIATION - POLYMERISATION
FIXATION OF THE PITCH
Figure 10. Steps in the creation of the pitch gradient: cross-section of a sample.

irradiation. The width of the reflection band is almost broadening. The important consequence is that thin
the same for the three samples. Changing the sample samples (10—15 um) with a broad reflection band can be

thickness induces no major changes in the reflection made in order to obtain low threshold voltages.
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o 12 microns
5 1 = 20 microns
A 80 microns

Reflected intensity (a.u)

40 a0 a0 70
Wavelength (nm)

Figure 11. Influence of thickness.

Influence of irradiation time. Figure 12 shows the broad-
ening of the reflection band with time of irradiation.
After 15 min of irradiation, no broadening happens, but
after 1h, the reflection band is much broader. Longer
irradiation times only slightly modify the broadening.
We can therefore suppose that the polymerization mech-
anism is almost over after one hour. Irradiation times
of typically a few hours or less allow a broad reflection
band to be obtained.

Influence of monomer concentration. Since the pitch of
the liquid crystal depends on the monomer concentration,
a broader range of reflection wavelengths is expected
after irradiation for high concentrations. Samples were
made by modifying the concentration of the chiral
monomer (figure 13). For 5% monomer, the reflection
band is 140 nm in width, and for 6.5% monomer 180 nm
in width. It appears that the width of the reflection

74 £ OBSCURITY
¢ 15 MINUTES
& tHOUR

> BHOURS

Reflected intensity (a.u)

m 50 500
Wavelength (nm)

Figure 12. Influence of irradiation time.

0

14 4 o B.5% chiral prepolymer
3 5% chiral prepolymer

Reflected intensity (a.u)
3

500 &0 700
Wavelength (nm)

Figure 13. Influence of chiral monomer concentration

band increases with increase of the chiral monomer
concentration.

Influence of UV intensity. The broadening mechanism
depends on UV irradiation; therefore we decided to
study the influence of UV intensity on the broadening
of the reflection. The samples were irradiated at four
different UV intensities (figure 14) for 7h. A broader
reflection band is obtained for the 0.06 mWcm™> UV
intensity. For lower intensities, the polymerization mech-
anism is not complete. As observed by Broer et al
[4-6], for passive films, decreasing the UV intensity
leads to a broader reflection band. Small intensities are
suitable for achieving a broad reflection band. For very
small intensities, longer irradiation times must be used.

Influence of an orientation layer. Figure 15 shows the
influence of the presence of an orientation layer on

%

20 4 2 0.03m\W/em2
= D.OBmWem?
& 018mWem?
0.6mw/om®

Reflected intensity (a.u)

T T

0 500 600 70
Wavelength (nm)

Figure 14. Influence of UV intensity.
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< without polyimide
i with polyimide

Reflected intensity {a.u)
3

Wavelength (nm)

Figure 15. Influence of the use of an orientation layer.

the broadening of the reflection band. The width of the
reflection band (measured at the mid-height of the band)
is the same with or without a polyimide layer, but the
reflected intensity is higher with an orientation layer. It
is therefore better to have a polyimide layer.

Influence of other parameters. Other parameters such
as the quantity of photoinitiator or the use of a photo-
sensitizer (isopropyl thioxanthone ITX) induce no great
changes in the broadening of the reflection band. Adding
a UV absorber (Tinuvin 1130) to the mixture does not
in our case give a broader reflection band, whereas a
broadening was obtained by Broer et al. [4-6] for
passive films and Hikmet and Kemperman [9] for active
films.

2.2.2.5. Voltage behaviour

The voltage behaviour of a sample with 10% monomer
was studied (table 3, figure 16). With an applied voltage
(95V), the sample loses its reflectivity and becomes
scattering. When the field is cut off, the liquid crystal
returns to its planar orientation (reflective state). A
two-stage broadband active film can be achieved.

The stability of the voltage behaviour depends on
monomer concentration. For lower concentrations, the
return to the initial reflective state is less good. The
sample remains partially scattering and the scattering
becomes more significant as the monomer concentration
becomes lower. For high concentrations of monomer,
dense networks are created; there are therefore very
strong interactions between the polymer network and
the surrounding liquid crystal molecules. The return
to the reflective state is therefore easier for samples with
the highest monomer concentrations.

The threshold voltage depends on monomer concen-
tration. In the latter case, the third state (transparent

o Before U
o Cutoffvoltage
& 95V

Reflected intensity (a.u)

Wavelength {nm)

Figure 16. Two-stage broadband reflective/scattering (see
table 3).

state) is not obtained because of the high monomer
concentration. To reach the homeotropic state, a lower
monomer concentration is necessary.

Figure 17 represents the absorbance of another sample
with a lower monomer concentration (6.5%) without an
applied voltage. The reflection band is 150 nm in width.
When the voltage is increased, the sample becomes
scattering; the absorbance then increases (figure 18).
Then the sample begins to become transparent; the
absorbance is then lowered (figure 18). If the voltage is
further increased, the liquid crystal molecules become
homeotropic and the sample completely transparent
(figure 18). On that graph, there is also shown the
reflection band without an applied voltage. If we com-
pare them, we can conclude that the scattering of the

0.5 i Absorbance (AL)

band width : 150 nm

0.3-1

0.25

0.2

0.15

o Wavelength (nm)
400 500 600 700 KO0

Figure 17. Reflection band before application of a voltage
(see table 3).
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: 35V
1.251 L3V
28V
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0.75¢ : b
a2V
osmav
0.5 ;
[ 2OV
o \ o 0V,
0.25: . . -
“yzov TRy
o Wavelength (nm)
400 500 600 700 800

Figure 18. Voltage behaviour of the broadened sample
(sample figure 16, see table 3).

sample before the application of the voltage is very low.
When the voltage is suddenly cut off, the sample remains
scattering but is still reflective (figure 19); the reflection
band appears on the base line corresponding to the
scattering state and showing that the sample is still
reflective.

Another analysis was made to study only the reflection
of the sample when the voltage is cut off (figure 20).
When the voltage is cut off, the reflection band is
measured again; the reflected intensity is lower since the
sample is also scattering and the reflection band is
140nm in width, that is a little lower than the initial
breadth of the reflection band (before application of the
voltage). The important point is that the reflection band
is not destroyed by the application of the voltage.

1 ‘61 Absorbance (AL
f

i

1.4

Cue Ot voltage
-y

0.64

0.4‘2&\\% . P

0. e N,

o Wavelength ()
400 + 500 600 700 800

Figure 19. Return to the planar state when the voltage is cut
off (sample figure 16).
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©
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3 % ¥
% [
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400 500 600 700

Wavelength (nm)

Figure 20. Comparison of the reflection band before/after
application of a voltage.

The creation of an inhomogeneous polymer network
throughout the sample can explain the existence of the
scattering when the voltage is cut off. In the areas where
the polymer network is denser, it is probably too dense,
and the voids of the network are too small: this prevents
the liquid crystal molecules from returning to their initial
orientation. But to have a broadening of the reflection
band, a rather high monomer concentration is necessary.
A compromise has therefore to be found.

Ways of lowering the scattering will be discussed in a
future article.

3. Conclusions
A broadening of the reflection band in PSCT has been
obtained and a mechanism based on the creation of an
inhomogeneous polymer network across the sample is
put forward. We have identified the parameters of the
broadening as:

(1) UV intensity—low intensities are necessary;

(2) irradiation time—rather short times are suitable
(one or a few hours);

(3) sample thickness—thin samples can be made;

(4) monomer concentration—the broadening increases
with concentration of the monomer.

A mechanism is put forward to explain the broadening:
it is due to an inhomogeneous consumption of the chiral
monomer within the sample.

The voltage behaviour of the samples was investigated.
A two-stage sample can be made with a broadband
reflection without voltage and with scattering when a
voltage is applied. If the homeotropic state is reached,
the sample recovers its broadband reflective state when
the voltage is cut off, but is also scattering. Modifications
of the liquid crystal mixtures are therefore necessary.
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