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In this paperwe report a detailed characterization of a new structure (POLICRYPS)
in which liquid crystal films are completely separated by polymer slices. This struc-
ture behaves as a Bragg diffraction grating and exhibits efficiencies that can become
as high as 96–98%. The temperature dependence of the diffraction efficiency can be
explained in terms of aKogelnik-likemodel. A numerical simulation has been imple-
mented which makes use only of real values of physical quantities and accounts for
the experimental results with good accuracy. An applied electric field is able to
switch off the grating, with a characteristic switching time which is lower than
1ms. Threshold values of the field vary in the range 3–5V=lm for gratings with a
1.39mm fringe spacing.
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INTRODUCTION

Holographic switchable diffraction gratings are devices which can be
used as basic components in a wide variety of telecommunication
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systems, with the aim of realizing optical switching, wavelength
routing, filtering spectral equalization, etc. The possibility of making
electrically driven diffraction gratings based on Liquid Crystalline
(LC) composite materials was first pointed out by Margerum and cow-
orkers in late 80s [1,2]. The works of Sutherland et al. in early 90s [3,4]
started the utilization of Polymer Dispersed Liquid Crystals (PDLC)-
based gratings as new systems for obtaining electrically switchable
diffraction and holographic devices. Later on, this kind of application
became one of the main fields of interest in the area of PDLC based
electro-optical devices [3–6]. The common goal of this kind of applica-
tions is to reach a high diffraction efficiency in gratings fabricated by
simple and cheap processes. During the last decade, a lot of work has
been carried out concerning the characterization of morphology and
diffraction efficiency [7–9], as well as switching properties [10,11,5]
of such devices. In order to obtain high diffraction efficiency and good
optical quality gratings, it is necessary to achieve a sharp and uniform
fringe morphology; many attempts have been made therefore in order
to avoid those optical inhomogeneities (produced by nematic droplets)
which have the same spatial scale as the wavelength of the diffracted
radiation. PDLC gratings have been fabricated, in which the average
nematic droplet size is quite small: resulting scattering losses are low
(not exceeding some percent), while the diffraction efficiency becomes
noticeably high, exceeding 90% for Bragg transmission gratings [12].
However, the value of the electric field, required to obtain a satisfac-
tory switching effect, turns out to be not so low.

A different approach to avoid light scattering losses and limit the
value of switching fields can be that of avoiding the formation of dro-
plets at all, by creating uniform LC films alternated to slices of almost
pure polymeric material. Recently an attempt has been made to fabri-
cate a new kind of holographic gratings which exploit this morphology
[13], and a new interesting device has been realized (we proposed to
call it POLICRYPS, acronym of POlymer LIquid CRYstal Polymer
Slices). In the following, a comparison between these new diffraction
gratings and conventional PDLC systems is reported along with a first
experimental characterization which shows the intrinsic advantages
of the novel structure.

REALIZATION OF POLICRYPS DIFFRACTION GRATINGS
AND COMPARISON WITH H-PDLC

The basic idea is to avoid the formation of a separate LC phase during
the curing process [13]. In this way we avoid the growing of droplets,
obtaining only a macroscopic phase separation, that is an almost

112 R. Caputo et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
9:

19
 2

2 
A

ug
us

t 2
01

2 



complete re-distribution of nematic and monomer components inside
the sample. This result is obtained by exploiting the high diffusion
which the nematic liquid crystal (NLC) molecules can undergo when
they are in the isotropic state. The realization of POLICRYPS gratings
is therefore the result of a new technique which includes the following
steps:

a) The heating of a sample of photoinitiator – monomer – NLC
mixture up to a temperature which is above the Nematic-Isotropic
transition point of the NLC component;

b) The illumination of the sample with the interference pattern of a
curing UV radiation;

c) The slow cooling of the sample below the Isotropic-Nematic tran-
sition point after the curing radiation has been switched off and
the polymerization process has come to an end.

The obtained POLICRYPS structure presents a sharp morphology
with polymer slices alternated to nematic films in which the director
is parallel to the sample slabs and normal to the polymer slices. The
origin of this orientation is actually under consideration: Probably,
the diffusion process which takes place during the curing procedure
is responsible of it.

In order to give a comparison between the performances of PDLC
and POLICRYPS gratings, two samples cells have been prepared in
which a PDLC and a POLICRYPS grating were realized from the same
initial chemical mixture. The Set-up used for this experiment is the
typical setup for the UV curing process and diffraction efficiency
measurement [13]. The chemical mixture used to fill the cells has been
prepared by diluting the NLC 5CB by Merck (�30wt%) in the pre-
polymer system Norland Optical Adhesive NOA-61; the sample cells,
made by using indium tin oxide-(ITO)-coated glass slabs, were 16 mm
thick. We have measured the first order diffraction efficiency at room
temperature for both POLICRYPS and PDLC gratings, obtaining
gPOLICRYPS ¼ 88% and gPDLC ¼ 41.2%. Although the value gPOLICRYPS

is quite high, it is not the highest that we have got; with different POLI-
CRYPS gratings (not comparable with PDLC ones) we have reached
values as high as 98%. The electro-optic response of the two gratings
has been investigated by exploiting a low frequency (500Hz) square
wave voltage, and the results are reported in Figure 1. Figure 1(a)
represents the switching curve of the POLICRYPS grating:

The behaviours of the first order transmittivity T1 (circles), zero
order transmittivity T0 (squares) and total transmittivity TTot

(triangles) are reported versus the applied electric field. Note that TTot
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is only slightly less than 1 and remains approximately the same for all
the values of the applied field. This indicates that the grating presents
negligible scattering losses. The situation is quite different for the
PDLC grating (Fig. 1(b)): the total transmittivity is well below 1 and
increases as the applied voltage increases. We also note that, although
the residual diffracted transmittivity of the POLICRYPS grating after
the field is switched off is higher than that of the PLDC, the switching
efficiency hsw � Ton

1 � Toff
1

� �
=Ton

1 (where Ton
1 and Toff

1 are the first
order transmittivity in the switch-on and switch-off conditions) is
the same (93.3%) for both gratings. As far as switching voltages are
concerned, the first diffracted beam is almost completely switched
off by a field of about 1.5V=mm, whereas a value of about 4.3V=mm
is needed to obtain the same effect in the POLICRYPS grating. This
particular difference can be attributed to the average size of NLC dro-
plets in the PDLC grating; evidently, they are large enough to make
possible low switching fields.

DEPENDENCE OF THE DIFFRACTION EFFICIENCY
ON TEMPERATURE

In the case of a thick diffraction grating, we can state, with good
approximation, that only two waves are present in the system [14]:

FIGURE 1 Applied field dependence of zero-order transmittivity T0

(squares), first-order transmittivity T1 (circles), and total transmittivity TTot

(triangles) for (a) a POLICRYPS grating and (b) a PDLC grating at room tem-
perature. Error bars are of the order of the symbol size. The insets show
typical (a) POLICRYPS and (b) PDLC grating morphology with the same
spatial period, observed under a polarizing optical microscope.
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the 0th diffracted order (reference wave) and the 1st diffracted order
(signal wave). The diffraction efficiency (DE) is given, in this case,
by the conventional Kogelnik formula:

g ¼ sin2 p êe0 � êe1ð Þ e1e�1ð Þ1=2L
e1=20 k cos b

" #
¼ sin2 u L; k;Tð Þð Þ ð1Þ

where êe0 and êe1 indicate the polarization unit vectors of probe and dif-
fracted waves respectively, k is the vacuum wavelength of the probe
radiation, eiði ¼ 1; 0;�1Þ stands for the ith spatial Fourier component
of the dielectric constant distribution across the fringe, b is the refrac-
tion angle of the probe beam inside the sample. Expression (1) repre-
sents an oscillating function of u, with a periodic sequence of maxima
and minima, which hold 1 and 0 respectively; the argument u depends
mainly on the sample thickness L and the probe wavelength kR.
Although less evident, a dependence of u on the sample temperature
T also exists. Indeed, in holographic systems like these ones, the
dielectric constants of polymer and liquid crystal components are gen-
erally chosen so that the polymer constant ep matches quite well the
ordinary constant e? of the liquid crystal. The extraordinary constant
ek contributes, instead, to the modulation of the dielectric constant
across the fringe. The temperature dependence of both values of the
NLC dielectric constant, ek and e? (taken from Ref. [15]), is presented
in Figure 2 for the E7 NLC, along with the dependence of the polymer

FIGURE 2 Temperature dependence of the dielectric constant of the pure
components of the pre-syrup; a) ejj for the E7 NLC; b) e? for the E7 NLC; c)
ep for the polymer.
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one (Norland NOA-61, data supplied by the manufacturer). It is evi-
dent that the absolute value of the difference between each NLC
dielectric constant and the polymer one decreases monotonously with
the temperature increase. The Fourier coefficients e1 and e�1, are pro-
portional to the modulation of the dielectric constant and are, there-
fore, dependent on temperature. Consequently, u behaves as a
monotonic decreasing function of temperature both for s and p polar-
izations of the probe beam. In the following an experimental analysis
is reported.

EXPERIMENTAL CHARACTERIZATION OF THE
DIFFRACTION EFFICIENCY

Sample cells used for this characterization were made by using ITO-
coated glass slabs, with a thickness of 10 mm set by suitable Mylar
spacers. The initial mixture was prepared by diluting the Nematic
Liquid Crystal BL-001 (conventional E7 NLC by Merck) in the pre-
polymer system NOA-61 (Norland Optical Adhesive). The NLC
concentration was varied between 15%� 26% in weight and several
gratings were realized in this range. The curing of the gratings and
their experimental analysis were performed using an optical set-up
analogous to the one of ref. [13]. The particular technique which leads
to the formation of the POLICRYPS morphology was applied to obtain
the gratings and, in particular, samples were realized by heating and
maintaining cells at 63�C before and during the curing process. This
temperature is higher than the Nematic-Isotropic (NI) transition tem-
perature of the pure E7 NLC (which is about 61�C). The curing process
was performed by exposing, for about 1000 sec., the gratings to an UV
(kB ¼ 0.351 mm) interference pattern (whose spatial period was
K ¼ 1.34 mm) with a total intensity of 8mW=cm2. Finally, cells were
cooled down to room temperature. A scanning electron microscope
(SEM) picture of the sample with CN ¼ 20% is depicted in Figure 3.

In order to study the behavior of the diffraction efficiency as a func-
tion temperature [14], samples were placed in a hot stage and the tem-
perature was monitored in the range 23–65�C. During the
temperature variation, the diffraction efficiency g of gratings was mea-
sured by using a He-Ne laser (kR ¼ 0.6328mm) probe beam of about
100 mW power, slightly focused on the sample in order to obtain a spot
diameter of about 1mm; the angle of incidence of the probe beam was
chosen for satisfying the Bragg condition. Transmitted and first order
diffracted beams were detected, and the outputs were sent to both
the data acquisition system and an oscilloscope for an immediate
visualization of signals. In order to study the influence of an applied
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external voltage, we have applied to the samples, for several tempera-
ture values, a 1 kHz rectangular signal from a bipolar meander modu-
lator (VC), with an amplitude which could be varied up to 200V. A
sketch of the diffraction geometry is presented in Figure 4. Here kP
and kD indicate the wave-vectors of the probe and diffracted beams
respectively.

FIGURE 4 Sketch of the diffraction geometry. EPS, EDS are s polarized probe
and 1st diffraction order electric field; EPP, EDP are p polarized ones; kP,D are
probe and diffracted wave vectors; b - refraction angle; h - alignment pre-tilt
angle; n̂n – NLC director; L – sample thickness; D – thickness of the polymer
coating of ITO slabs.

FIGURE 3 SEM picture of a typical POLICRYPS morphology; CN ¼ 20%.
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The n̂n vector represents the NLC director inside the sample. The
angle h takes into account the possibility that this director forms a tilt
angle with the x axis. A preliminary result, common to all the experi-
ments carried out, is that the polarization of the diffracted beam (see
Fig. 4) always corresponds to the probe beam one.

Typical behaviors of diffraction efficiency versus temperature are
presented in Figures 5, 6 for two different concentrations of the E7
NLC in the initial mixture and different cell thicknesses. The meaning
of the black arrows in these figures will be explained in the following.
It is evident that s and p polarized curves look quite different between
each other. Furthermore, we note the following important features
which are common to all the curves concerning both s and p polarized
probe beams:

(i) curves always reach a steady state value for temperatures higher
than 59�C, which corresponds to the NI transition temperature of
the NLC in the sample (Fig. 2).

(ii) there is a minimum in the g(T) curve of the s-probe, which occurs
at the same temperature needed for the perpendicular permit-
tivity e? of the NLC to become equal to the polymer permittivity
eP.

(iii) for the s probe beam, starting from room temperature we observe
in g(T) a monotonous decrease with temperature increase (Fig. 7).

FIGURE 5 Temperature dependence of the diffraction efficiency for both s
and p probe polarizations. CN ¼ 15.0%; L ¼ 20 mm. Error bar is of the order
of the dot size.
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(iv) For high CN values (Fig. 8) the g(T) dependence for this beam
passes through a maximum, a minimum and, probably, another
maximum when going from the room to the NI transition tem-
perature.

(v) If an external voltage is applied, the sign of the DE variation is
defined by the local slope of the g(T) curve.

Since Figures 5–8 concern samples which vary both in LC concen-
tration and thickness, there is an experimental evidence that the
optical properties of POLICRYPS gratings depend only on the actual

FIGURE 7 Going from room temperature to the NI transition temperature,
there is a decrease of the s-probe diffraction efficiency, which starts from the
first maximum and reaches the first minimum.

FIGURE 6 Temperature dependence of DE for both s and p probe polariza-
tions; CN ¼ 20,0%; L ¼ 9,7mm. The direction of DE variation under an applied
switching voltage is indicated by black arrows.
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value of the multi-variable argument u of the Kogelnik function, inde-
pendently of the way which has been followed to obtain that particular
value.

There is, however, some discrepancy between experimental results
and the theoretical ones predicted by (1). Maxima and minima values
of the g(T) curve given by (1) hold 1 and 0 respectively, while as a mat-
ter of fact, the corresponding experimental values are a little bit differ-
ent. In our opinion this discrepancy can be due to some imperfection in
the grating morphology. In particular, the nematic layer thickness
within the fringe can vary slightly across the probe beam spot, thus
leading to small variations in e1 and e�1. In this case, the experimen-
tally observed g(T) dependence does not correspond directly to
expression (1), but to a superposition of several expressions of that
kind, each having slightly different values of e1 and e�1 in its argu-
ment. This fact leads to the observed non-unit maxima and non-zero
minima. However, detailed considerations on such features require a
more precise knowledge of the morphology of each particular grating,
and we will go deeper insight this argument in the future.

A KOGELNIK-LIKE MODEL FOR POLICRYPS GRATINGS

We have implemented a theoretical approach which makes use of
numerical simulations [18]. First of all, a simple estimation shows
that, in our case the Bragg parameter holds q ¼ 2k2=K2e1� 11, K being
the grating fringe spacing, k the probe wavelength and e1 the first
order Fourier coefficient of the dielectric constant profile which repre-
sents the grating modulation. This value ensures that our POLI-
CRYPS are thick diffraction gratings [16]. We also note that they are
almost pure phase gratings, since no variation of the total transmitted

FIGURE 8 Going from room temperature to the NI transition temperature,
the p-probe diffraction efficiency passes through a maximum, a minimum
and then a second maximum.
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intensity (direct transmitted beam plus detectable diffraction orders)
is observed with respect to the intensity of the probe beam transmitted
before starting the curing process. In the case of a thick transmission
diffraction grating with a fringe pattern perpendicular to the film sur-
face we can write the following system of coupled wave equations [17]:

@E0

@z
¼ ia êe0 � êe1ð Þe�1E1

@E1

@z
¼ ia êe1 � êe0ð Þe1E0

8>><
>>: ð2Þ

where a ¼ x2=2c2kz and E0 and E1 are the electric field amplitudes of
the probe and diffracted waves respectively. This system of equations
can be re-written in terms of the s and p polarization of the waves trav-
elling in the grating: for the s polarization we can write the polariza-
tion unit vectors of probe and diffracted waves as êe0 ¼ ð0; 0; 1Þ and
êe1 ¼ ð0; 0; 1Þ. By substituting in (2) we obtain:

@Es
0

@z
¼ iae0�1E

s
1

@Es
1

@z
¼ iae01E

s
0

8>><
>>: ð3Þ

Where the p polarization is considered, êe0 ¼ ðcos b; 0; sin bÞ and
êe1 ¼ ðcos b; 0; � sin bÞ, therefore the equations are:

@Ep
0

@z ¼ ia cos 2bð Þee�1E
p
1

@Ep
1

@z ¼ iaee1E
p
0

8><
>: ð4Þ

In equations of systems (3) and (4), apexes ‘‘o’’ and ‘‘e’’ attributed to the
Fourier components of permittivities denote that they are polarization-
dependent. Solution of systems (3) and (4) yields:

gs ¼
Es

1 z ¼ Lð Þ
Es

in

����
����
2

¼ sin2 p eo1e
o
�1

� �
Lffiffiffiffi

eo0
p

k cos b

" #

gp ¼ Ep
1 z ¼ Lð Þ
Ep

in

����
����
2

¼ sin2 p ee1e
e
�1

� �
cos 2bð ÞLffiffiffiffi

ee0
p

k cos b

" # ð5Þ

Both solutions have a Kogelnik-like behaviour. Values of the permit-
tivity components involved in (5) have to be estimated for each parti-
cular shape of the fringe profile. This shape can be supposed step-like,
being composed of a uniform nematic film of relative thickness n
(0 < n < 1) with permittivity eo;eN and a slice of polymer of relative
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thickness (1� n), with eP permittivity value. The value of n can be
assumed as equal to the volume concentrationCNV ffi CN of the nematic.
The Fourier components of permittivity can be calculated analytically
for this kind of profile and yield:

eO;E
�1 ¼ �

i eO;E
N � eP

� �
2p

exp �2pinð Þ � 1ð Þ

eO;E
0 ¼ eP þ eO;E

N � eP
� �

n

ð6Þ

Substitution of these values into (5) gives:

gs ¼ sin2 eoN � ep
� �

sin pnð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ep þ eoN � ep

� �
n

q L

k cos b

� �2
64

3
75

gp ¼ sin2 eeN � ep
� �

cos 2bð Þ sin pnð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ep þ eeN � ep

� �
n

q L

k cos b

� �2
64

3
75

ð7Þ

Here eoN ¼ e? while eeN is given by the Fresnel equation

eEN ¼ sin2 hþ bð Þ=e? þ cos2 hþ bð Þ=ek
	 
�1 ð8Þ

where h is the director pre-tilt angle in the XZ plane (see Fig. 4).

FIGURE 9 Calculated Kogelnik dependence of DE on temperature for several
n values. The thick curve represents the average of all the other curves.
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Introduction of the temperature dependence of eN,P(T) (Fig. 2) into
Equation (7), along with typical values of experimental parameters,
gives the theoretical gs,p(T) curves for different values of n for a p
polarized probe beam (Fig. 9). It is evident that the value of n dramati-
cally influences the shape of these curves and the position and number
of their extrema. The average curve (thick one) confirms our hypoth-
esis that the behaviour of the diffraction efficiency is strongly influ-
enced by the nematic layer thickness within the grating.

COMPARISON WITH EXPERIMENTAL RESULTS

A theoretical fit of the experimental curves is reported in Figure 10,
where the utilized best fit value of n coincides with its expected value,
that is the NLC concentration n ¼ CN ¼ 0.2. This coincides also with
the value deduced from the SEM photo (Fig. 3). In order to show the
sensitivity of the fit to the particular n value, we have introduced in
Figure 10 a theoretical curve obtained for the p probe with a slightly
different (0, 18 instead of 0, 20) n value. As a result, the minimum is
shifted down in temperature of 8�C.

Where the discrepancies observed in the extrema points of the
p curve are concerned, we observe that, in fact, in these points
the Kogelnik formula is no more valid and a further perturbation
theory iteration is necessary in order to take into account the higher

FIGURE 10 Theoretical fit of experimental curves of the DE dependence on
temperature. The fit was made by putting n ¼ 0,2 in expression (7). The con-
tinuous line refers to n ¼ 0,18.
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diffraction order contributions. The proper evaluation leads to a 2%
diffraction efficiency for þ2nd and �1st diffraction orders, that corre-
spond well enough to the experimentally observed values. In its turn,
a mean deviation of about 4% from extrema values 1 and 0 well fits
the experimental results. Finally, by examining in details the mor-
phology of the grating (see Fig. 3), it turns out that the width of the
nematic films is not completely uniform across the grating: a typical
scale of equal n length of the order of d ¼ 10 mm, can be recognize, wich
corresponds to about 1% of the probe spot diameter. Therefore, it is
more realistic to consider the DE of this grating written as a sum-
mation of several contributions:

gMP;S ¼ 1

S

X
n

gP;SðnnÞSn ¼
Z 1

�1
f ðnÞgP;SðnÞdn ð9Þ

Here Sn is the area of nth n-homogeneous spot with nn value, S is the
total probe cross section area, f (n) represents the ‘‘n-area distribution
function’’ normalized to S.

Assuming this function as a rectangle of 2Dn width centred at n0,
with Dn=n0 << 1, the following expression for gMp;s can be obtained:

gMP;S ¼ 1

2Dn

Z n0þDn

n0�Dn
sin2ðvP;S sinðpnÞÞdn ð10Þ

where:

vP ¼
eEN � eP
� �

cos 2bð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
eP þ eEN � eP

� �
n0

q L

k cos b

� �

vS ¼
eON � eP
� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
eP þ eON � eP

� �
n0

q L

k cos b

� �

Neglecting the weak dependence on n of the square root in the denomi-
nator, we expand sin(pn) of expression (10) up to the linear term, and
get the following result:

gMP;S ¼ sin2 vP;S sin pn0ð Þ
� �

þ
cos 2vP;S sin pn0ð Þ

� �
2

	 1�
sin 2pvP;S cos pn0ð ÞDn

� �
2pvP;S cos pn0ð ÞDn

� � ð11Þ

This expression reduces to (7) in the case Dn ¼ 0, but for a non-zero
value of Dn it does not reach 0 and 1 extrema values. Results of fitting
the same data of Figure 11 by Expression (11) are presented in Figure
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11, where n0 ¼ 0.2 corresponds to CN, and a best-fit value of Dn ¼ 0,03
has been used.

SWITCHING EFFECTS

Where the diffraction efficiency dependence on an external electric
field is considered, we can observe that for an amplitude value up to
13V=mm, no modifications have been observed in the diffraction
efficiency of the s-polarized probe beam; the circumstance confirms
that this beam travels in the sample as an ordinary wave. For the
p polarized probe beam, the value of the electric field required to
produce a variation in the diffraction efficiency depends on the NLC
concentration CN, the typical field values (referred to as ‘‘switching
threshold’’) varying in the range 1–5V=mm.

Results for the applied field dependence of the diffraction
efficiency of a p polarized probe beam are presented in Figure 12,
for a nematic concentration CN ¼ 26%. Curves show that, after
the switching threshold is achieved, the sign of the diffraction
efficiency variation depends on the actual value of the temperature.
This sign is indeed indicated in Figures 6–8 by black ‘‘increase’’ and
‘‘decrease’’ arrows in correspondence of different temperature valves
and it is easy to realize that they strictly correspond to the local
sign of the curve slope. This means that the diffraction efficiency
is increased by the applied field for slopes rising with temperature,

FIGURE 11 A more accurate fit of experimental curves of the DE dependence
on temperature. The fit was made by putting n ¼ 0, 2 in expression (11) and
considering Dn ¼ 0, 03.
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while it is decreased for descending slopes. From a theoretical point
of view, we assume that the interaction of the NLC films between
the fringes with external electric fields can be described in the
framework of continuum theory. The threshold of Fredericksz tran-
sition in each nematic film, that is the ‘‘switching threshold’’, can be
easily calculated using the standard variation technique [19] which
yields:

EMIN
TH ¼ 1

ðn0 þ DnÞKUFðTÞ

EMAX
TH ¼ 1

ðn0 � DnÞKUFðTÞ

UFðTÞ ¼ 2p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pK3ðTÞ
DeðTÞ

s
ð12Þ

Here, UF is the low-frequency threshold for pure nematic LC, K3 is
the bend Frank’s constant (in our case the deformation is bend type)
and De is the low frequency permittivity anisotropy of the NLC. Due
to the range of values of the n parameter mentioned above, two lim-
iting values of ETH exist, denoting the fact that fringes with differ-
ent thickness of the nematic film undergo Fredericksz transition at
different field values. In Figure 12, the maximal and minimal values

FIGURE 12 Dependencies of the DE of the p probe beam on the applied field
for several temperature values; CN ¼ 26.0%; L ¼ 12, 4 mm.
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of the threshold field calculated from (12) are depicted by arrows in
the g(E) curve. It can be seen that the points reasonably correspond
to observed value of the switching threshold.

FUTURE DEVELOPMENTS

The features of POLICRYPS gratings give an intriguing possibility of
realizing interesting application oriented developments. Work in this
direction is already in progress and two main applications are actually
under prototyping. A holographic tuneable beam splitter can be
obtained by performing a substitution of the intersection part of two
planar intersecting waveguides with a suitable POLICRYPS grating.
The device can be easily engineered to fulfil the Bragg condition and
maximize the diffraction efficiency of the grating. An optical beam
entering the device can be splitted in two parts, the relative intensities
of the obtained beams being controlled with continuity by an electro-
optical control of the device.

A more sophisticate application of POLICRYPS gratings is given by
a Bragg reflection filter. This is based on the concept of photonic band
gap (PBG) which represents a window of the electromagnetic spec-
trum in which the propagation of light is forbidden. The presence of
a PBG allows to engineer a particular filter which is able of reflecting
only some wavelengths in a particular range of the incoming light.
This kind of filter can be realized by introducing a POLICRYPS
reflection grating between two consequent parts of a linear planar
waveguide.

The character of innovation of this filter is represented again by the
electro-optical control: The action of an external electric field can pro-
duce a tuning over a particular range of reflected wavelengths.

CONCLUSIONS

In conclusion, we have shown that, by utilizing a UV interference
pattern and a suitable procedure, it is possible to realize a new struc-
ture in which polymer and NLC components are completely separated
from each other, the NLC films being homogeneously aligned with the
director perpendicular to the polymer slices. From the optical point of
view, this structure represents a Bragg diffraction grating whose
efficiency can be as high as 96–98%, exhibiting also a non-monotonic
temperature dependence. This is due to the typical Kogelnik depen-
dence of the DE of Bragg phase gratings upon the phase retardation
modulation which, in our case, can easily achieve the value p in
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10 mm thick samples. A Kogelnik-like model has been implemented
which makes use only of real values of physical quantities (without
necessity of introducing any fitting parameter) and accounts for the
experimental results with good accuracy. Where the influence of an
applied electric field is concerned, threshold values for switching the
DE of POLICRYPS varies in the range 3–5V=mm for gratings with a
1.39 mm fringe spacing. Comparison of these values with theoretical
prediction reveals a good agreement, while the characteristic switch-
ing time, which is lower than 1ms, can be further reduced in the future
by avoiding the formation of spurious polymer nets inside the nematic
films.
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