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ABSTRACT: 
Soft materials exhibit very attracting optical/mechanical/chemical/thermal properties and flexible 
processing techniques. Combined with holographic fabrication techniques, they can be patterned 
quite easily into many unique structures. In particular, photonic crystals, and photonic quasi-
crystals can be fabricated this way, with little technological effort. We present here few example, 
based on composite materials obtained from initial mixtures of polymeric and liquid crystalline 
materials, of passive opto-electronic components. These components are made in the form of 
holographic gratings and have attracting features that will be discussed. Finally, we propose a 
class of active components based on similar holographic design. 
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1.- Introduction 
 The growing telecommunication traffic 
demands new approaches for the data transferring 
problems decision. One possible way will be use of 
all–optical commutation systems for data control 
and transferring. Electrically switchable and tunable 
elements are very attractive components for this 
task. For many years composite materials containing 
Liquid Crystals (LC) and polymers have attracted 
the interest of researchers for their potentialities to 
this regard. In particular, Polymer Dispersed Liquid 
Crystals (PDLC) have been often employed in the 
past years, as recording media for thick, electrically 
driven, holographic gratings [1].  
 The reason for the great interest in such 
structures is due to very attracting optical/ 
mechanical/chemical/thermal properties and flexible 
processing techniques. This open the possibility for 
inexpensive and easy fabrication of optical devices 
for commercial applications.  
 Holographic polymer-dispersed liquid crystals 
(H-PDLC) gratings are formed by non-homogeneous 
spatial illumination of photo-curable monomer-LC 
mixtures. The final volume grating consists of 
periodic channels of PDLC separated by solid 
polymer channels which give rise to a periodic 
refractive index modulation that can be electrically 
driven.  
 However, PDLC are still affected by some 
drawbacks that up to now have limited the real 
utilisation of these materials. Indeed, the presence of 
liquid crystal droplets, whose dimension is 

comparable with the light wavelength, produces a 
strong light scattering, which affects the overall 
performance of the device. Moreover, we should 
consider like performance parameters still not 
acceptable the  high switching fields (∼10 V/µm) 
and time response in the order of milliseconds  [2-5]. 
 A number of approaches to improve the grating 
parameters have been recently proposed. First, 
reducing the average size of LC droplets well below 
the working wavelength will decrease scattering 
losses to negligible values and will also significantly 
reduce the time response. On the other hand, when 
droplets are made nano-sized (nano-PDLC), even 
higher electric fields (∼15 V/µm) are needed to 
reorient the LC molecules [6]. 
 An alternative “polymer scaffolding” structure 
has been recently proposed [7], in which an 
additional surface interaction of the LC director with 
the scaffolding reduces the response time to an 
external voltage. 
 A very promising solution is based on a 
uniform stripe-like grating morphology 
characterized by alternating lines of polymer and 
LC. This approach is similar to the polymer cell-
walls idea formation for LC display application [8].  
Based on this idea, a prototype was first developed 
and patented at the University of Calabria (Italy) [9] 
and after at Fraunhofer Institute in Potsdam 
(Germany) [10]. It is a new kind of LC-polymer 
based diffraction grating, named POLICRYPS, 
(POlymer - LIquid CRYstal - Polymer Slices) or 
POLIPHEM (POlymer LIquid Crystal Polymer 
Holograms Electrically Manageable), by the 
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Calabria and German teams respectively. As 
suggested by the name, they consist of an alternate 
sequence of homogeneous liquid crystal films and 
polymer slices. The absence of a droplet dispersion 
has a number of attractive advantages. It makes them 
transparent both in the reoriented and in the non-
reoriented state. It reduces the electric field 
necessary to change the director orientation. It 
increases the maximum achievable index difference 
∆n among adjacent layers. Finally, it allows to 
obtain a morphology with a sharp resolution of the 
grating fringes. As a consequence, very high 
diffraction efficiencies can be achieved. Last but not 
least, time response in the microsecond range can be 
achieved. The two prototypes differ not only in the 
fabrication process but also in the polymer material 
choice, yielding a number of different performances 
that should be carefully analysed. 
 In order to implement their use in possible 
photonic applications, nano-PDLC, POLICRYPS 
and POLIPHEM gratings need to undergo a process 
of detailed characterization followed by optimisation 
of their main characteristics. This work has already 
started, and some important features were already 
analysed both in the infrared and in the visible 
spectral regions [11,12]. In this paper, we summarise 
some of the most important results obtained in our 
laboratory at Naples University (Italy) and present 
new results regarding the dynamical behaviour. 
Theoretical models trying to figure out the physics 
underlying the different grating configurations are 
discussed and compared with the experimental 
findings, whenever possible.    
 
2.- Characterization and modelling of H-
PDLC gratings 
 Here we report some typical features of nano-
sized H-PDLC, using as a template some samples 
we studied recently [13]. They were made starting 
from a solution of the monomer dipentaerythrol-
hydroxyl-penta-acrylate (39.8% in weight), the 
cross-linking stabilizer monomer N-
vinylpyrrolidinone (20% in weight), the liquid 
crystal E7 by Merck (40% in weight) and a mixture 
of the photo-initiator Rose Bengale and the co-
initiator N-phenylglycine (0.2% in weight). The 
photosensitive mixture was cured by the interference 
pattern of two coherent s-polarised Ar-ion laser 
beams (λ = 0.514 µm). The interference angle was 
chosen to get a grating spacing Λ = 1.72 µm and 
fringes orthogonal to the cell glasses (transmission 
geometry). The exposure time was fixed at 10 
minutes and the laser intensity at 357 mW/cm2 per 
beam, with a spot diameter of 6 mm. In the LC rich 
regions we expect droplets with average size in the 
range 100-200 nm, according to previous SEM 

analyses performed by us in samples of the same 
mixture [14].  
 At λ = 0.589 µm and at room temperature (20 
°C), the material refractive indices are, for the 
polymer, np = 1.526 and, for the liquid crystal, no = 
1.521 and ne = 1.746. With these optical parameters, 
an applied electric field of suitable amplitude should 
completely switch off the grating. In fact, a suitable 
strong electric field will reorient the droplet LC 
director along the normal to the cell substrates. In 
this situation, an impinging light at quasi-normal 
incidence experiences a refractive index close to the 
ordinary one of the LC, independently of the light 
polarisation direction, hence the H-PDLC appears as 
an optically homogeneous material.  
 We measured the angular response of our 
gratings with s- and p-polarised light at different 
wavelengths (0.532 µm, 0.633 µm, 1.064 µm, and 
1.55 µm). We define the diffraction efficiency (DE) 
as the ratio between the diffracted beam intensity 
and the sum of the transmitted and diffracted light 
intensities. In this way we neglect all kinds of 
grating losses. 

 
Fig. 1.- Diffraction efficiency dependence on the 
incidence angle for different wavelengths and 
polarisations: experimental data (dots) and theoretical fits 
(lines). 

 
 Experimental data for the angular dependence 
of the DE are reported in Fig. 1. Dotted lines in Figs. 
1(a)–1(d) show the experimental data obtained for s-
polarisation: we observed high DE in the visible 
(~90%), much lower in the NIR (10-30%). The 
electro-optical response of the sample is shown in 
Fig. 2: at 0.633 µm, DE is reduced to one half at 11 
V/µm and vanishes at 14 V/µm; at 1.55 µm, a small 
initial DE decreasing is obtained at weak fields, 
from 1 to 2 V/µm, after that DE stabilizes not going 
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to zero, indicating that a perfect index matching of 
the two components is never reached. 
 The results for p-polarisation are shown in 
Figs. 1(e)–1(f). In this case the observed behaviour 
is quite different: we got very good efficiency in the 
NIR (70-90%), whereas in the visible we did not 
observe the expected DE peak around the Bragg 
angle. However, by applying an electric field the 
angular behaviour of the DE was continuously 
changing (Fig. 3): at 7.8 V/µm, we got a curve very 
similar to the one obtained for s-polarisation with no 
field; a further increase of the electric field led to the 
switching off of the grating, as expected. 

 
Fig. 2.- Diffraction efficiency versus applied electric field 
for s-polarised light at two different wavelengths: 0.633 
µm (full circles) and 1.55 µm (open circles). 
  

 
Fig. 3.- Diffraction efficiency versus incidence angle for 
different applied electric fields, p-polarisation and λ  = 
0.633 µm. 
 
 Ordinary PDLC materials, cured under a 
uniform light exposure, do not show such a 
polarisation dependent behaviour, because the 
droplet directors are randomly oriented in the bulk 
of the sample. On the contrary, a higher efficiency in 
p-polarisation is typical for most transmission H-
PDLC made of similar mixtures. This is in contrast 
with the properties of isotropic gratings, which 
should show a higher coupling constant, i.e. a higher 
DE, for s-polarised light. This is a clear indication of 
the anisotropic nature of the H-PDLC gratings, due 

to a preferred orientation of the LC domains, in this 
case along the grating vector. 
 In order to analyse our experimental data, we 
used the well known two-coupled wave theory for 
anisotropic gratings developed by Montemezzani 
and Zgonik [15], which describes a lossless Bragg 
phase grating by means of a spatially periodic 
permittivity tensor:  

 0 1 2( ) cos xx πε ε ε= +
Λ

t t t
.  (1) 

 Here we use a coordinate system with the x-
axis normal to the fringes, assumed orthogonal to the 
containing glasses, and the z-axis normal to the 
sample; 0ε

t
 and 1ε

t
 are diagonal tensors representing 

the average value and the amplitude of modulation 
of the permittivity, respectively. We fitted our 
experimental angular curves with the formulae 
reported in [15], choosing the permittivity 
modulation tensor components and the thickness as 
fitting parameters, for each curve. In our reference 
system,  we were sensitive to 1

yyε  when probing in s-

polarisation, and to 1
xxε  and 1

zzε  in p-polarisation. In 
the latter case, instead of introducing a third variable 
in the fit, we made the natural assumption of 
considering the material uniaxial, with the optical 
axis parallel to the grating vector, i.e. 1 1

zz yyε ε= .  

 The fitting curves are shown as continuous 
lines in Figs. 1(a)–1(f): the agreement with the 
experimental data is very good in s-polarisation, less 
good in p-polarisation. In fact, the main discrepancy 
is that DE does not reach zero in the minima 
between the central and the side peaks. This is 
probably due to an attenuation of the permittivity 
modulation through the depth of the sample 
(tapering of the refractive index profile). 
 

TABLE I 
Results of the fits on the angular DE curves. At the two 
visible wavelengths it was impossible to fit data in p-

polarisation, so we could not get values for ε1
xx. 

λ (µm) ε1
yy-zz ε1

xx 

0.532 0.0279 ± 0.0005 - 
0.633 0.0235 ± 0.0003 - 

1.064 0.0188 ± 0.0001 0.0558 ± 0.0009 

1.55 0.0159 ± 0.0001 0.0475 ± 0.0005 
  
 The best fit parameters are reported in Tab. I 
for the different wavelengths. We notice that 1

xxε  is 
always larger than 1

/yy zzε , indicating a preferred 
alignment of the LC molecules in the direction of the 
optical grating; this is commonly observed in H-
PDLC transmission samples containing E7 liquid 
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crystal. Moreover, both components of the 
permittivity modulation tensor are clearly decreasing 
with the wavelength, due to the refractive index 
dispersion of the involved materials.  
 As second step in our analysis, we tried to 
connect the obtained values for the permittivity 
modulation tensor with the material optical constants 
and the grating structure. Actually, a lot of factors 
should be taken into account to describe the 
microscopic structure of a HPDLC sample: the 
shape, dimension, and orientation of the LC droplets 
(and the correspondent dispersion), as well as the 
alignment of the LC director inside each droplet 
(and the order parameter). Most of these 
morphological details are unknown or highly 
dependent on the mixture composition, on the 
geometrical parameters, and on curing process 
details. Necessarily this approach would be either 
extremely complex (and involving a high number of 
fitting parameters) or based on quite drastic 
assumptions. 
We propose a model in which: 
- α is the fraction of liquid crystal molecules not 

phase separated and randomly trapped in the 
polymer network; they concur with the 
polymer to form the matrix in which the LC 
droplets are embedded and cannot reorient 
under an applied electric field; 

- β is a phenomenological parameter taking into 
account the effect of the fraction of liquid 
crystal phase separated and preferentially 
oriented in a given direction, namely the x-
direction according to the experimental 
indications; 

- finally, the remaining amount of the LC 
molecules is assumed to be phase separated 
and (on average) isotropically oriented. 

 Thus, α and β can be viewed as an effective 
optical contrast and an anisotropy parameter, 
respectively. This approach will reduce the number 
of fitting parameters, while maintaining a reasonable 
description of the dependence of the optical 
behaviour on the sample morphology. 
 In this simplified description, the i-th diagonal 
component of the average (anisotropic) permittivity 
tensor 0ε

t
, and the corresponding average refractive 

index tensor 0nt , are easily calculated to be 

 ( )20 0

, (1 )
i i

P P LC LC i LC iso

n

f f f

ε

ε β ε β ε

= =

= + + −
,  (2) 

where fP and fLC are respectively the fraction of 
polymer (monomer + cross-linker) and liquid crystal 
in the initial mixture, 2( )P Pnε =  is the polymer 

permittivity, 2 21
3 ( 2 )iso e on nε = +  is the LC isotropic 

permittivity, and ,LC iε  represents the i-th diagonal 
component of the LC permittivity tensor. We can 
also calculate the (isotropic) permittivity matε  of the 
polymer matrix as: 

 LCP
mat P iso

P LC P LC

ff
f f f f

α
ε ε ε

α α
= +

+ +
. (3) 

 According to this picture, the grating structure 
is generated by the optical contrast between the 
stripes of homogeneous polymer/LC matrix and the 
stripes containing the LC droplets. We assume the 
two kinds of layers to have the same thickness so 
that the permittivity modulation profile can be 
modelled according to Eq. 1. In this case, the i-th 
component of 1ε

t
 is simply the difference between 

the average permittivity and the polymer matrix one: 
 1 0

i i matε ε ε= − . (4) 

The values of α and β that make 1ε
t

 better fit our 
experimental values are 0.44 0.01α = ±  and 

0.138 0.008β = ± . These values are reasonable and 
in good agreement with other similar parameter 
reported in literature. 
Previously, we showed the anomalous behaviour 
observed with p-polarised visible light (Fig. 3). We 
have explained elsewhere [13] how this behaviour is 
related to the diffraction regime ruling our samples, 
due to their actual geometric, morphological, and 
optical parameters. 
 In all previous expressions, there is always an 
implicit dependence on the wavelength through the 
refractive indices. We always allowed for the effects 
of dispersion in our calculations, assuming for all 
materials a Cauchy dispersion formula: 
 2/n a b λ= + . (5) 
The parameters for this equation were obtained from 
direct spectroscopic measurements for the polymer 
and from data reported in literature for the LC.  
 Optical dispersion has to be taken into account 
for at least two reasons. The first one is evident from 
Fig. 2: to completely switch off the grating, index 
matching has to be obtained at the working 
wavelength. The second reason is even more 
important. When considering the grating in its on 
state, a major role in determining the permittivity 
modulation is played by the LC extraordinary 
refractive index. This index usually shows a much 
steeper decrease with increasing wavelength than the 
polymer one. Thus, when the material dispersion 
curves are not exactly parallel, a change in the 
wavelength, even producing a small variation in the 
absolute value of the refractive indices, may actually 
produce a relatively large variation in the index 



ÓPTICA PURA Y APLICADA – Vol. 38, núm 3 – 2005. 4ª Reunión Española de Optoelectrónica, OPTOEL’05  

Opt. Pur. y Apl. 38 (3), 2005 - 16 - C. Abbate et al 

modulation, and thus in the observed diffraction 
efficiency. 
 This effect can be neglected in gratings 
recorded in a single material, where 1ε

t
 is only 

slightly affected by a change in the wavelength 
range. However, the role of dispersion is very 
important to reliably predict the behavior of gratings 
recorded in composite materials, e.g. H-PDLC. This 
is especially true, when the efficiency in the infrared 
range is extrapolated from measurements in the 
visible range. An example of the importance of this 
effect is shown in Fig. 4, where two curves showing 
DE vs. wavelength are plotted: the first one is 
obtained neglecting dispersion, assuming for the 
permittivity modulation tensor the value measured at 
0.633 µm, while the second one is computed 
considering proper dispersion coefficients.  

 
Fig. 4.- Experimental DE values (points), and two 
different theoretical curves: including optical dispersion 
(continuous line), and neglecting it (dotted line). 

 
 

3.- POLIPHEM and POLICRYPS 
gratings: production and morphological 
characterization. 
 In the introduction we underlined that a 
substantial improvement of the grating properties 
can be obtained by avoiding the LC droplet 
formation and realizing a channel structure in which 
the polymer chains and the LC molecules are almost 
completely phase separated. 
 POLIPHEM and POLICRYPS gratings are an 
excellent example of this kind of structure. They are 
characterized by a very similar microscopic 
structure, a periodic sequence of very homogeneous 
polymer and LC layers, even though they are 
realized with a different process. A typical 
experimental setup for simultaneous recording and 
testing of gratings is presented in Fig. 5.  The glass 
cell containing the photosensitive mixture is placed 
in the interference field of two writing beams 
emitted by a suitable UV laser (usually an Ar+ laser). 
The intensity ratio of the recording beams is 
approximately 1:1, while the interference angle can 

be varied to change the spatial frequency of the 
holographic grating. A second laser, whose 
wavelength falls outside the absorption peak of the 
curable mixture (usually a He-Ne laser), is used as a 
probe beam to test the process of the gratings 
formation.  Its incident angle is equal to the Bragg 
angle corresponding to the used period. The power 
of the first order diffracted and zeroth order 
transmitted beams are measured in order to monitor 
the time-behaviour of the grating DE. 
 

   
Fig. 5.- Experimental set-up for the recording of 
transmission gratings: B-Sp - beam-splitter; Pol - 
polariser; M  - mirror; Shut. - shutter;  Itr, dif - transmitted 
and diffracted He-Ne probe beams. 
  

 POLICRYPS and POLIPHEM are realised 
from a similar mixture of a nematic LC (usually 
5CB, by Merck) and a commercial  thiol-ene 
photopolimerisable system (NOA Optical 
Adhesives, by Norland. Inc.). The amount of LC is 
in the range 30-40 wt.%; in addition, a UV photo-
initiator (Irgacure®369, by Ciba) was added in the  
POLIPHEM syrup. The components are thoroughly 
mixed together and result in a homogeneous, 
isotropic and optically transparent blend. This 
mixture is sandwiched between ITO coated glass 
substrates as for standard H-PDLC samples.  
 In POLICRYPS the non-droplet morphology is 
obtained by realising the curing when the liquid 
crystal is in the isotropic state. For this reason, the 
sample is heated and maintained at the temperature 
of 50 °C, which is higher than the Nematic – 
Isotropic transition temperature of 5CB (about 35 
°C). In these conditions, only liquid crystal and 
monomer diffusion processes can occur when the 
UV curing process takes place, while the formation 
of a separated nematic phase is prevented. When the 
curing process is completed, a structure is obtained 
in which polymer slices are separated by films of 
homogeneous and almost pure LC. In the volume of 
the sample, fringes are disposed perpendicularly to 
the cell glasses. A cooling procedure induces then 
the transition of the LC from the isotropic to the 
nematic phase. As predicted by theoretical models, if 
the curing intensity is low enough and diffusion 

Ar+ laser Shut.

Itr 

Idif 

B.-Sp. 

He-Ne laser

M

M

M

PC 

DE(t)

Pol
sample 

M
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plays an important role, the resulting structure 
exhibits a good separation between the polymer 
network and the zone containing uniform films of 
LC [16]. 
 The curing process for POLIPHEM gratings is 
carried out at room temperature. In this case the key 
factors for obtaining the non-droplet structure are the 
mixture composition (components and ratios) and 
the curing intensity (in the range 40 - 250 mW/cm2). 
The particular curing process leading to the desired 
channel morphology is characterized by two or three 
different steps, according to the curing intensity.  
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Fig 6.- Diffraction efficiency of the transmission gratings 
as a function of time for different exposure conditions: (a) 
Irec=40 mW/cm2; (b) Irec=100 mW/cm2; (c) Irec=250 
mW/cm2. 

 

 In the range of intensities 40 - 80mW/cm2 (Fig. 
6a), the formation kinetics is characterized by a two-
stages behaviour: the first stage is a slow growth of 
the diffraction efficiency up to reaching the 
intermediate saturation value of about 40% (30-40 
sec. after starting of the irradiation); the second stage 
is characterized by a fast rise of the DE up to 
maximum stationary value of about  93%. The 
kinetics of holographic recording for intensity in the 
range of 80 -140 mW/cm2 (Fig. 6b) shows a  three-
stage behaviour: the first two stages are similar to 
the ones mentioned above, with a peak value ca. 
98%. The third stage shows a fall-down of the 
diffraction efficiency from 98% up to 30% 
indicating a grating over-modulation. This happens 
when the amplitude of the refractive index 
modulation ∆n, which is the main parameter ruling 
the grating optical properties, exceeds the value 
corresponding to the maximum of DE. This means 
that in this case the value of phase modulation was 
higher than in the gratings obtained in the  lower 
intensity range. 
 These different stages can be connected to 
different moments in the grating formation. The first 
stage is related to the photopolymerization of 
curable monomers in the regions of fast 
polymerization (bright fringes of the interference 
pattern), that results in the development of a “density 

grating” because of the large contrast in refractive 
indices of monomer and polymer  (npol-nmon≈0.02) 
and of a “concentration grating”, due to the partial 
redistribution of the LC between the grating fringes 
(nLC

isotr-npol≈0.06 in the ideal case). The second stage 
of DE evolution can be explained by the phase 
separation and the nematic ordering of the LC in the 
LC-rich regions (dark fringes of the interference 
pattern). This gives rise to a large increasing of the 
grating ∆n (nLC-npol≈0.2), and thus of the diffraction 
efficiency. When the value of ∆n is too high the 
third step (over-modulation regime) is entered.  
 We point out that the special structure of 
POLIPHEM gratings can be obtained only in above 
mentioned range of recording intensity. In fact, it is 
the recording intensity that determines the ratio of 
photopolymerisation and diffusion rate, in such a 
way that the polymerisation does not prevent the 
diffusion of almost all LC into the dark regions of 
the interference field. Indeed, a further increase of 
the recording intensity leads to the formation of 
typical H-PDLC gratings, characterized by quite 
strong light-scattering and lower DE (not more than 
60%). A typical H-PDLC kinetics is shown in Fig. 
6c. Simultaneously, also the selection of the mixture 
content (type of monomer and LC and their 
concentration ratio) and/or experimental conditions 
(temperature) play an important role, as they prevent 
the phase separation of LC during the earlier stage of 
holographic recording.  
 In POLIPHEM and POLICRYPS gratings, LC 
layers are completely aligned normal to the polymer 
fringes. For this reasons this kind of grating exhibits 
strong polarisation dependence of the diffraction 
efficiency, much higher than in usual H-PDLC. For 
instance, a POLIPHEM grating with DE about 98% 
for p-polarised light, showed a 20% DE when 
probed with s-polarised light. 
 This special grating morphology can be 
investigated by several microscopic means. A 
microscopic observation between crossed polarisers 
confirms the high anisotropy of the LC regions (Fig. 
7). 
 
 

 
Fig. 7.- Optical microscope image of a POLIPHEM 

grating (here a Fresnel lens  with Λ = 6 µm)  between 
crossed polarisers. 
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Fig. 8.- AFM image of a POLIPHEM grating (Λ = 1.1 

µm). 
 
 An additional evidence of the non-droplets 
morphology of the LC-rich regions of POLIPHEM 
gratings is the observation of a surface relief 
structures with enough deep grooves by atomic force 
microscope (Fig. 8).  

 
 
4.- POLICRYPS and POLIPHEM 
gratings: electro-optical behaviour. 
 By using POLICRYPS or POLIPHEM it is 
possible to improve many important features of the 
gratings, mainly diffraction efficiency, scattering 
losses and switching voltage (we recall that for 
standard H-PDLC it can be as high as 15 V/µm). In 
the following, we focus on the electro-optical 
features observed in our samples. 

 

 
Fig. 9.- POLICRYPS/POLIPHEM operating model 

 

 The operating model of a POLICRYPS (or 
POLIPHEM) grating is represented in Fig. 9. In the 
LC regions, the nematic director is aligned 
perpendicularly to the polymer slices. Thus, a p-
polarised light beam impinging on the sample at a 
small angle will experience a LC refractive index, 
close to ne, if no electric field is applied. When an 
electric field is applied, intense enough for 
reorienting the LC director, the refractive index seen 
by the light beam becomes close to no. Being 
np~no<<ne, by means of an external voltage we can 
switch from a diffraction state (ON state of the 
grating), when a high index difference is achieved 
between adjacent fringes, to a transmission state 

(OFF state of the grating), obtained when the LC 
refractive index matches the polymer one.  
 On the other hand, POLICRYPS (or 
POLIPHEM) cannot operate properly with s-
polarised light. In this case, the ordinary wave 
propagates through the sample and it always 
experiences the LC ordinary refractive index, 
independently of the application of a reorienting 
electric field. This strong polarisation dependent 
behaviour is a direct consequence of the grating 
ordered micro-structure and is not found in ordinary 
H-PDLC samples. 
 In order to measure the electro-optical 
parameters (switching field and switching times) of 
our gratings, we applied a series of alternate electric 
pulses, of variable amplitude and duration and 
measuring the intensity of the diffracted beam (Fig. 
10).  
 
 

 
Fig. 10.- Oscilloscope snapshot of the diffracted beam 

optical signal (channel  1) and the applied voltage 
(channel 2). 

 

 In POLICRYPS sample we could observe the 
complete switching off for ~7 V/µm applied across 
the cell. The corresponding  switching off time (Fall 
Time) was 170 µs. Obviously, this time can be 
lowered by applying a stronger field, for instance in 
the same sample we measured 30 µs with 11.5 V/µm 
applied. Quite interestingly, we found a dependence 
on the pulse shape even for the switching on time 
(Rise Time), i.e. the relaxation time, which in 
principle should depend only on the LC visco-elastic 
constants and on the dimension of the LC domains. 
A typical example of this dependence is shown in 
Fig. 11, as a function of the pulse amplitude and 
duration.  
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Fig. 11.- Rise time dependence on the pulse duration for 

different pulse amplitudes. 

 

 Results indicate that some kind of “memory” 
of the (previously applied) electric field remains 
even when only the elastic restoring torque is 
effective. Our idea is that the observed behaviour 
can be connected to the properties of the polymer-
LC interface, assuming a partial anchoring breaking 
and restoring, ruled by the surface viscosity, at the 
LC-polymer interface. We refer to [17] for a more 
exhaustive discussion on this point. Here, we want 
just underline that, by choosing short driving pulses 
and a proper voltage, it is possible to get 
simultaneously both rise and fall response times in 
the range 50-150 µs, that is very interesting from an 
application point of view. 

 A similar electro-optical characterization is 
under way for POLIPHEM gratings as well. Our 
first results [10] seem quite promising: nearly 15-20 
µs switching time with a field value of about 10 
V/µm, while for some samples a driving voltage of 
about 2 V/µm was achieved.  

Conclusions 
 Polymer-liquid crystal composite gratings are 
promising elements for many electro-optical 
applications. We have discussed some interesting 
features of standard H-PDLC gratings as well as the 
more interesting properties of a new polymer-LC 
grating generation (POLICRYPS and POLIPHEM). 
For the former, we have described a simple 
methodology to connect the grating diffraction 
efficiency to the material optical constants and some 
morphological parameters. For the latter ones, we  
have described the production procedure and the 
improved electro-optical features.  
 Ongoing progress of our work with these 
materials is their applications as active devices. 
Results so far achieved, not only by our group, give 
us a strong hint towards the use of such composite 
gratings, doped with suitable luminescent medium, 
to realize electrically tunable distributed feedback 
lasers [18, 19]. A further research step towards the 
achievement of compact organic lasers, electrically 
pumped and tunable, can produce a real 
breakthrough in soft-matter photonic applications, 
especially in the telecom field.  
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