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Photorefractive effect due to a photoinduced surface-charge modulation in undoped
liquid crystals
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We demonstrate that some peculiarities of the surface-induced photorefractive(8ffelRE in undoped
nematic planar cells can be simply explained considering the electric field induced by a modulated surface-
charge distribution. Polarization-dependent forced light scattering and two-beam coupling experiments indicate
that the observed anisotropy of the diffraction efficiency and the energy transfer between the pump beams
strongly depend on the experimental geometry. The investigation suggests that the unusual dichotomy between
local and nonlocal behavior can be ascribed to a modulated longitudinal electric field component, in phase with
the interference pattern, which is not accountable by the conventional photorefractivity. In a simple and general
approach we demonstrate that the conceived charge distribution model for the SIPRE produces a space-charge
field having two orthogonal modulated components, in-phaserd@dout of phase, respectively. The electric
field configuration within the nematic sample gives reason for the main experimental features.
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I. INTRODUCTION tional PR gratings have been also investigated in polymer
In recent years, photorefracti¢PR) materials have been g:;’r?devﬁgﬁegqbuéﬁwgrey; tgﬂ&ﬁgug{\}fpﬁ[ﬁngi;gygg
extensively studied and several applications in holographic Recently, a surface-charge induced PR ef(&tPRE has
interferometry, optical processing, and high-density databeen report,ed in undoped nematic liquid cry¢NiLC) cells
storage have been proposed because of their unique nonligg,o e nonphotoconductive polymer has been used as align-
ear optical propertiegl—4]. Observation and investigation Of,ing layer[12,15. The fundamental role of the LC-polymer

photorefractivity in organic materials such as doped organi¢ ..t~ o ‘has been suggested by the investigation on four
different kinds of planar NLC cells made with different non-

O ; %’hotoconductive polymers and different NLC%2]. Two-
S|”bled|nvolved procg_sse[_§,4,7f—121. _The PE effeclt IS gf]”ef' beam couplingTBC) analysis in proper experimental geom-
ally due to a combination of various physical mec .an'smetry supported the occurrence of an orientational PR grating,
such as photoinduced cha_rge generation, Chafg? carrier trgn7§72 phase shifted with respect to the interference pattern.
port, an_d the electro-op_tlc eﬁeCt' It consists in a Sp_""t"r?“Nevertheless, some details were appreciably different from
modulation of the refractive index due to a charge redistriy, o ¢onyentional PR effect in similar materials: the absence
bution in glectro-optlcal matgrlals_, which takes_ place Wherbf a photocharge generator inside the LC, the nonphotocon-
they are inhomogeneously illuminated. Photoinduced geng,ciive polymers as aligning substrates, and the evidence of

eration ar;d trznlspoat quhcharge parnﬁrs occncjjr as a Con"S‘r::\'complementary role of the two components of the interface
guence of modu ated light !ntens_lty, thus producing a n.or?'according to which a sort of chemical and/or physical affinity
uniform space-charge configuration. Due to the material

Ss needed to observe grating formatid®]. An ample char-
electro-optical response, the spatially modulated intern g g Are] b

lectric field v oh hifted with he | cterization of the PR-like orientational gratings has been
electric field, usually phase shiited with respect to the inteny,o o meq  for PTP-502(tolane derivative from Merck

sity_pattern, modifies the refractive index creating a phas GaA, Darmstadtcells aligned with rubbed polyimideL6],
grating[2]. . . . . and for E7(eutectic mixture of cyano-biphenyls and cyano-
The PR effect in liquid crystalline materials has been in-; rphenyls cells aligned with rubbed polyvinyl alcohol

vestigated in different systems such as dye-, fullerene-, angby ) supstrate§17]. Photoinduced electric current and bi-
carbon-nanotube-doped liquid crystdl<Cs) [4,7,11,13, un-  ogingence investigationg 8,19, performed under uniform

d?f t?eljmulrt]aneom;s appllca_tloln of I|g|]_ht pattern ﬁnd dcbelecl'rradiation, confirmed the redistribution of charges at the in-
tI’IC. €ld, where huge optllca honlinearities nave DEeEMe face and the consequent director reorientation in the NLC
achieved for low laser intensifit1]. The opportunity to cre- oo rhe pirefringence measurements reported in Red)

ate hlghlyfsensml\_/ € (_)ptlcall der:/ ices makes PfR LChSySt?mBroved that, in the low dc voltage regime, the voltage mainly
attractive for applications. In these cases, in fact, the Orlenc'irops on the thin electric double layers at the interfaces as a

tational PR effeqt pla_ys a fundame_ntallrole becau;e of th‘ch:onsequence of the dark charge carriers, collected to the bor-
large LC dielectric anisotropy and birefringence, which Ieadder surfaces by the external dc field. Uniform irradiation

to a strong field dependent molecular reorientation. Orientawith proper wavelength reduces the interfacial charge den-

sity, through an asymmetric photoelectric interface activation
(PIA) [18], and induces molecular reorientation in the LC
*Electronic address: cipparrone@fis.unical.it due to a rearrangement of the electric fi¢l®]. Different
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proposed mechanisms, as light-induced desorption of
charges and modulation of the anchoring conditifirs2Q,
have been discussed and ruled fig,19.

The reported results and remarks suggested a kind of PF
effect, a surface-induced photorefractive effé8tPRB, in
which no photogeneration of charges occurs in the LC bulk
or in the aligning layers; but the irradiation modulates the
charge distribution near the LC-polymer interface, through
charge carriers photoinduced injection and recombination
[18]. The resulting electric field in the LC bulk induces the
reorientation of the nematic director through the dielectric
effect, as for standard photorefractivity in LC4,11].

In this article, we demonstrate that the strongly aniso- (@)

tropic gratings in a NLC cell due to the SIPRE can be simply FIG. 1. Experimental configurations for wave-mixing investiga-

explained cons_ide_:ring the electric field prOduceq by a mOdufions. The cell optical axis is paralléh) or perpendiculacb) to the
lated charge distribution at the surface. The main goal of th%rating vector.

proposed approach is that the nonlinear optical effect can be
local or nonlocal with respect to the interference pattern defrom Merck, Ltd., Englang A thin polymer film (=10 nm
pending on the experimental geomefi®l]. Forced light was layered by spin coating of a P\(87-89% hydrolyzed,
scattering(FLS) and TBC measurements have been perimolecular weight 31 000-50 000, from Aldrichqueous so-
formed in undoped PVA-E7 planar cells for two different lution (0.5% by weigh) on indium tin oxide(ITO) coated
orientations between the cell optical axis and the grating vecglass slides. After baking at 120°C for an hour and slow
tor. The FLS experiments reveal a strong anisotropy of th€ooling to room temperature, the PVA film was gently
diffraction efficiency that reverses its sign changing the gefubbed with a velvet cloth in order to obtain uniform planar
ometry. The TBC experiments prove that the energy coupling\LC alignment, with small pretilt angléd,~ 1072 rad). The
is strongly determined by the cell optical axis and the gratingcell was assembled by putting 30m-thick Mylar spacers
vector relative orientation. When they are parallel significantetween two parallel-oriented PVA-coated glasses and gluing
energy transfer between the transmitted pump beams is olthem together with epoxy resin, then is filled with the LC
served. On the contrary, when the cell optical axis and thenixture in nematic phase at room temperature.
grating vector are perpendicular no gain is detected. The The first investigations on the diffraction grating features
TBC characterization by means of the grating translatiorhave been performed by means of a usual pump-probe tech-
technique demonstrates a refractive index grating which isique for FLS analysig16]. Two coherent Af-ion laser
7/ 2 phase shifted with respect to the interference fringes ilbeams(A=457.9 nm of equal intensitied,, lie on thexz
the first geometry, and an in-phase grating in the seconglane(plane of incidencgand cross on the sample in a non-
geometry, whereas the refractive index modulation amplitited geometry, i.e., the bisector of the angle between the
tudesAn are similar. In the following, we discuss a simple pump-beams is normal to the cell surface, while a dc voltage
space-charge distribution model for the SIPRE, recently pro¢Vy.=3 V) is applied to the ITO electrodes. The pump beams
posed in Ref[21], which is able to account for both the local are both linearly polarized in the plane of incider(gg or
and nonlocal nonlinear optical response, observed in the inperpendicular to it(s), in order to obtain a pure intensity
vestigated geometries. This model, even very simple, givefodulation, whose spatial periodicity As~ 40 um (Raman-
details of the main feature that distinguishes the orientationa\iath regimg. Two geometries have been investigated. In the
PR effect induced by a modulated surface-charge distributiofirst one, both pump beams polarization and cell optical axis
(SIPRB, from the conventional PR effect related to photo-ie in the plane of incidencéxz plane, parallel to the grating
generated charge modulation in the bulk. The resulting/ector k =ke,. In the second ones-polarized pump beams
space-charge field in the cell, which is here calculated neare used and the cell optical axis is oriented alepgiormal
glecting the intrinsic LC’s dielectric anisotrop§22], is  to k (see Fig. 1. In both the arrangements the pump beams
proved to have two orthogonal modulated components: @ropagate as extraordinary waves.
/2 phase-shifted component along the grating vector and |n Fig. 2 we report the diffraction efficiency measure-
an in-phase longitudinal component. Through the dielectrignents versus the pump-beam intensigyfor both geom-
response of the NLC, the actual electric field configuratioretries, performed by means of a linearly polarized He-Ne
gives an explanation for the peculiar features of the SIPREaser probe-beant\,=632.8 nm. The optical modulation
It is worth to point up that the simple reported approach carshows strong anisotropy in both cases; but while in the first
be easily extended to calculate the electric field in other expne thep-polarized beam experiences the highest diffraction
perimeﬂtal Configurations, such as LCs sandwiched betwe%p up to 30% and thes_po|arized beam is tota”y transmit-
thin photoconductive layer8]. ted (775~0) [see Fig. 23], in the second one thepolarized
Il EXPERIMENTS AND RESULTS peam is to'FaIIy transmittet,~ 0) and the;srpolarizeq beam
is highly diffracted(#ns up to 30% [see Fig. 2b)]. Diffrac-
The experiments have been carried out onud0-thick tion efficiencies strongly depend on the probe-beam polariza-
planar cells filled with the eutectic LC mixture EBLOO1  tion, which are maxima for the extraordinary wave and
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(M) He-Ne laser probe-beam is reported versus the writing beams
intensity |, for each investigated geometry. Only thepolarized
beam experiences diffraction when the cell optical axis is parallel tqbe
k (a). Only thes-polarized beam is diffracted when the cell optical
axis is normal tdk (b).

FIG. 3. The differencél_=1,-1,) of the two transmitted pump
ams intensities versus the cell displacement aloig reported
for the two investigated geometries. The initial phase of the signal
I_ allows calculating the spatial phase shift of the grating:

nearly zero for the ordinary wave, and they are comparabl& /2 or ¢=~0 when the cell optical axis is paraligd) or normal
when beam polarization is parallel to the cell optical axis.(p) o k.
This evidence implies that, in both geometries, only the ex-
traordinary refractive index is spatially modulated aldng tween pump beams in self-diffraction configuration is strictly
and suggests that the optical gratings are due to spati&¢lated to the presence of a spatial phase shift between the
modulations of the nematic director which is restrictedrefractive index modulation and the intensity pattglfi], so
within the plane perpendicular to the cell surfaces and parathat we expected a phase-shifted and an in-phase optical
lel to the rubbing direction, as sketched in the insets ofmodulation, respectively, for the first and second geometries.
Fig. 2. In order to give details of the optical modulation, TBC

It is worth noting that the gratings features do not dependnvestigation by means of the grating’s translation technique
on the polarization state of the pump beams, provided thawvas performed, which allows one to determine the absorp-
light intensity modulation is preserjtl6,17; nevertheless tion coefficient and refractive index modulations amplitudes,
self-diffraction (namely, diffraction of the pump beas  as well as the spatial phase shifts of both amplitude and
maximum when the pump beams travel as extraordinarphase grating$16,23. The TBC experiment’s results indi-
waves, because of the above described behavior. By choogate that the gratings are mainly phase gratings, i.e., pure
ing the pump-beam polarization parallel to the cell opticalrefractive index modulation, and give evidence of the local
axis, we noted that in the first geomefisee Fig. {a)] the  or nonlocal nonlinear optical response for the investigated
two p-polarized beams exhibit asymmetric energy transfergeometried21].
that is an intensity increase for one beam and an equal de- In Fig. 3 we report the difference between the transmitted
crease for the other when they simultaneously pass througpeams intensitiel_=1,-1,) versus the grating displace-
the self-induced grating16]. On the contrary, no energy ment. The signal$, andl, were recorded after that the op-
transfer occurs for the tws-polarized beams in the second tical grating had reached the steady s{d®, when the cell
arrangement[see Fig. (b)], although self-diffraction is is translated alon§. The speed of the grating displacement
present in both cases. The asymmetric transfer of energy bé&s 500 um/s, so that the acquisition time is less than the
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characteristic times of the grating recording and relaxation A°

(~10 9. Since pure phase gratings are induced, only the ,, Vac /2
modulation inl_ is present, whereas the sum of the intensi- 7 N
ties (I,=I;+1,) is constant versus the displacementand as- 6 —™@M— | — — — — — — — — ol

sumes the same value in the two geometf&H. The two
measurements were carried out in the same experimenta
conditions(lo= 20 uW/cnv), except for the pump-beam po-
larizations and the cell optical axis orientation. Comparable &
refractive index modulation amplitudesn=9x 10™* were >
calculated for the two geometries, whereas significantly dif-
ferent values were obtained for the spatial phase skifts
=~ /2 in the first geometryFig. 3a)] and ¢=0 in the sec- i
ond one[Fig. 3b)]. | Y

5 —

A\ ++++++++)

Ill. THEORETICAL APPROACH TO THE SIPRE -d/2 T Ve /2

It is well accepted that the occurrence of energy transfer
in self-diffraction configuration proves the optical modula- FIG. 4. Model scheme for charge distribution within the cell in
tion nonlocality and then the PR origin of the gratirj§s4];  the Helmholtz double-layer approximation.
but neither the reported diffraction anisotropy nor the in-
phase or ther/2 phase-shifted modulation depending on theconstante=¢, is assumed22]. (b) lons are considered as
cell orientation are fully explicable via the standard PR ef-dimensionless chargesc) Selective ion adsorption at the
fect. A conventional PR model states that photocharge gerpolymer surfaces is disregardéshual adsorption energy for
eration and separation processes occur in the bulk due to thfions and cationg25]. (d) lon diffusion current is negli-
interference intensity patterfi(x)=1-cogkx)], so that a gible with respect to the conduction current.
volume charge density(x) «—cogkx) varies along the grat- We consider an internal NLC layer of thicknesk
ing vectork =ke,, but it is nearly uniform along the axis.  bounded by ion-blocking electrodes as sketched in Fig. 4. In
The space-charge electric field has a singl€2 phase- thermodynamic equilibrium, commercial LCs contain a den-

shifted modulated component alokg sity ng of ions due to dissociated impurities contained in it.
E — _eE. sink 1 Without voltage between the electrodes, the ion volume den-
prX) = ~ &y sin(kx). @) sity is uniform across the cell and equal for anions and cat-

Through the linear electro-optic effect, the internal electricions n.(x,z)=n_(x,z)=n, and the layer is locally and glo-
field induces the refractive index grating, whichig2 phase  bally neutral. When an external voltayg. is applied to the
shifted with respect to the intensity pattern. The investigate¢lectrodes, the ions move along thexis towards the elec-
effect differs from the conventional PR effect in that thetrode of opposite sign. In the limit of negligible diffusion
relative phase shift changes from/2 to zero by simply current, the bulk density of ions is uniform across the NLC
rotating the NLC cell's axis with respect to the grating vec-layer, except for two thin regions near the electrodes where
tor, so that the induced grating changes from nonlocal t¢harges are accumulated, whose thickness is comparable
local. Moreover, according to earlier investigationsWwith the Debye screening lengf@4]. If the voltage is high
[12,17-19, the observed PR-like effect, namely, the SIPRE,enough, all the ions are drifted close to the electrodes and the
is due to a wavelength-dependent photomodulation oNLC bulk remains free of ions. To model the charge distri-
surface-charge density at the LC-polymer interface, instealiution in the cell before the irradiation with the light inten-

of photoinduced charge generation and redistribution in th&ity pattern, we fix the electrode potentials

undoped NLC bulk. In the following, we discuss a simple
charge distribution for the SIPRE and calculate the resulting V(z=d/2) = - V(z=-d/2) = V42 2)

space-charge electric field in the cell, which is suitable to5ng assume that ions are collected in two opposite charged
account for the observed local and nonlocal behavior and thgyyers, whose thickness is negligible with respectit@and

grating’s anisotropy, through the dielectric NLC director re-\yhose distance from the respective electrode.ign the
orientation. Because of the surface-limited charge distribufo|iowing,
tion, in fact, the resulting static electric field in the sample

has a more complex expression than the conventional PR o_=0(z=6) = - oy,
field in Eq.(1); in particular, we demonstrate that the electric
field has two orthogonal modulated components, within the o, =0(z=-8) = ap (3)

incidencexz plane.

A first approach to describe the space-charge electric fieldre the anodic and the cathodic surface-charge densities,
distribution in the NLC layer for the SIPRE is here per- wheres=d/2-¢ is the distance between each surface-charge
formed in the Helmholtz double-layer charge distribution ap-layer and the cell's central plare=0 (Fig. 4). Such an ap-
proximation [24], within the following limits. (a) NLC di- proximation allows us to analytically solve the Dirichlet
electric anisotropy is neglected, and a scalar dielectriproblem for the electric potentidl(x,z) within the cell, by
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means of the Laplace equation, exploiting the charge distri-

bution symmetry, the boundary, and continui§auss’s and
Faraday’s lawgsconditions.

PHYSICAL REVIEW E 69, 061708(2004

Preliminary experimental investigations on the PVA-E7
cells indicate that the thickness of the Helmholtz double lay-
ers at the interfaces is about 4 order of magnitude less than

The effective potential within the cell is described by athe cell gap, and so in the range of @um. Similar values
piecewise function restricted in the three charge-free regiongave been reported in literature for cyanobiphefi8. Ac-

(a) o< z,
(b) -6<z< 4, and (4)
(c) z< -9,
where it is the sum of the, ando_ related terms
Vi=VL+V, for i=ab,c. (5)

The Laplace equation for eadt andV' is solved reducing

the partial differential equation to ordinary differential equa-

tions system, by the method of separation of variable
[26,27. The symmetry of the relative charge distribution al-
lows the choice of the proper functional form for the solu-
tions. The effective potential(z) in the regiong4) can be
written as

' _ _
200 . Vac|__ 00
Vi) = | S 064 |- 204
@ | ed d _Z €
\/ 2
V2 ={ Vg =| V2%, ®)
! ed |
Vi) = | 2054 Yae |54 P05
L | ed d | €

Birefringence analysis, reported in RgE9], suggests that
the voltage drop across the NLC bulk is nearly zEv8(z)
=0] only for V4. < 1.5V, then we consider that

S

cording to such values we can consider th& comparable
with the thickness of the PVA layer&~10"2 um). The
saturation value;™allows us to estimate the volume density

of the ions
sat
o= %0
qd
in which we assumed the ion charge 1.6x 1071° C and the
dielectric constane=5.2 ¢, [29]. Previously published ex-
perimental results suggest that even the huge electric (field

~10° V/ um) at the PVA-E7 interfaces does not significantly

~2%x 10t m3 (8)

influence the anchoring conditions nor the director profile,
which is instead perturbed by the electric field in the central
cell region[19].

The first attempt to model the effective space-charge elec-
tric field when the cell is irradiated with an intensity pattern,
are carried out assuming a linear dependence of the surface-
charge density modulation on light intensity. Photocurrent
and photoinduced birefringence studigk3,19 supported
that light of proper wavelength produces surface-
charge depletion at the anodic PVA-E7 interface only. This
means that spatially modulated intensity pattek(x)
=2l[1-cogkx)] results in a local modulation of the anodic

charge density only:
o_(X) == og[1 +cogkx)]/2, 9

where we supposed a complete charge density depletion at
the light intensity maximgx=(2m+1)wx/k for me 7]. The

0= 0y,

€ electrostatic potential is calculated through the Laplace equa-
0o= 2_§Vdc for V=15V, tion, exploiting the charge distribution symmetry, the bound-
ary and continuity conditions, as previously done for the uni-
form surface-charge densiti€3). Due to the surface-charge
_ sat__ € density dependence on tkeoordinate, the potential is now
= ~—(1.5 for Vyg.>15V. 7
%= % 25( V) de @ function of bothx andz
|
2z d \A
0_05(1__><3 —>+Z ¢t F(xz2) for 8<z,
4de d 3
6z \
V(x,2) = § U—O§<1——>+ﬂ:—G(X,Z) for -6<z<é, (10
4e d
2d 2 V,
U—O§<——3)<1+—Z> +Z—d°—G(x,z) for z< -6,
de \ & d
\
[
where d
sinh(ké)sinh| k| z+ = | [cogkx)
G(x,2) = =2 2 (11)
T 26k sinh(kd)
sinHk(d - g)]sinh[ k(z— 9)](;05“0() andoy satisfies Eq(7). In Fig. 5 we report th&/(x,z) profile,
F(x,2) = 90 2 which has been calculated for typical values of the physical

2ek sinh(kd) '

parameters involved in the model. The graph shows the sinu-
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metry allow us to give reasons for the phases of the
refractive index modulations in the investigated geometries.
The reported analysis of the diffraction efficiency proved
that the director reorientation is always confined within the
plane normal to the cell surfaces and parallel to the rubbing
direction (insets of Fig. 2 In the second cell arrangement
[Fig. 1(b)], this means that director is constrained in e
plane and, subsequently, that the molecular reorientation is
mainly induced by theE, component. TheE, component
would induce a twist deformation, yielding to a modulated
director distortion out of the/z plane and then to nonzero
diffraction for the p-polarized light. TheE, contribution to
the director distortion can be neglected because the
p-polarized beam does not show significant diffractiog
~0). The dielectric free-energy term depends quadratically
on the electric field, but becau&g is sum of a uniform and
) ] o a spatially modulated componejstee Eq.(12)] the director
FIG. 5. The potentlgl profile/(x,z) within th_e cell has been (istortion has the same periodicity) and the same phase of
calculated for the following values of the physical paramet&ys E,. The refractive index grating is, then, in phase with the
=2.0 V, k=2m/40 umL, =102 um, ande=5.2 e inzterference pattertip=0). ' ’

In the first arrangemeni-ig. 1(a)], the director is con-
soidal modulation of the pOtential as a fUnCtionXerna.inly fined in thexz p|ane, and botl‘Ex and EZ Components con-
located near the anodic interface, whose amplitude decreasggyte to the director configuration. The actual2 phase
with decreasingz. The voltage drop at the anodic double shift of the refractive index grating can be explained simply
layer and, consequently, the potential distribution alongzthe considering the dielectric torque: caused by the interaction

axis change along, due to thes_ dependence on the  petween the electric field in E¢12) and the directon:
coordinate. The electric field componeng,(x,z) and

E,(x,2) within the LC bulk(for —6<z< §) has been calcu- T'g=Ae(n-E)(n X E)

lated from Eqs(10) and(11) by partial differentiations B2 d
~-gleX sin(ze){ 5 AB cos}{k<2+ 5)}cos{kx)}

E.(x,2=-A sinh{ k<z+ g)}sin(kx),

+e,Ae C0420)AB sinh[ k(z+ g)}sin(kx), (14)
E,(x,2=-B+A cos?{ k<z+ g)}cos(kx), (12

where 6 is a homogeneous reorientation anglenpfvhich is
. , . . comparable with the pretilt angle. The competition between
whereA andB include modef's parameters, SL_JCh as dlelecmcdielectric and elastic torque results in the periodic director
constant, double layer, and cell thicknesses: field modulation alongg,. In Eqg.(14) we have neglected the
oo sinh(ké) Vg 3éoy terms which depend oA’ since, taking into account the
= m = a4 24’ (13 estimated values of the model's parameters in &§), we
calculatedB~60A. In the limit of small g, i.e., for effective
The model shows that electric field has two normal moduvoltage drop across the NLC bulk near to the Freedericksz
lated componentg, andE,. They are both spatially modu- threshold[see Eq(6)], Eq. (14) can be written as
lated alongk with the same periodicity of the interference
fringes, but whileE, is 7/2 phase shiftedg, is in phase with
respect to the intensity pattetx).

BZ
I'e~-gAe sin(Ze)E

d
- cog26)AB sinh[ k(z+ —)}sin(kx)}. (15
IV. DISCUSSION AND CONCLUSIONS 2

The understanding of the local or nonlocal gratings, du€To the first order approximatiod;z shows a spatially modu-
to the SIPRE, needs to consider the dielectric interactiomated term along, which has the same periodicity and phase
between the nematic director and the electric field distribuof the E, field componen{see Eq.12)]. Therefore, the re-
tion calculated above. The three-dimensional director strucsulting director and refractive index modulations should be
ture can be determined through minimization of the Gibbsz/2 phase shifted with respect to the interference pattern, as
free-energy densityelastic and dielectric termstaking into  experimentally reported.
account the boundary conditiofise., infinite anchoring en- In conclusion, we report a simple model for surface in-
ergy) [30]. Nevertheless, simple speculations about the gratduced photorefractive effect that supports the results of FLS
ing diffraction anisotropy and the director configuration sym-and TBC experiments well. In contrast to the conventional
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PR effect, the measurements show that in-phaseri®  surface-charge distribution near the interface is assumed. A
phase-shifted refractive index modulation can be obtained ifirst charge distribution model for the SIPRE has been dis-
the same experimental conditions, provided that the cell opeussed. Due to light-induced modulation of the anodic
tical axis is normal or parallel with respect to the gratingsurface-charge density, the resulting electric field exhibits
vector. The main difference between the conventional andwo modulated components, one is parallel to the grating
surface induced PR effect is the charge distribution withinvector (/2 phase shiftedand the other is orthogonal to the
the sample: in the former case a charge density modulation icell’s surfaceqin phase. The electric field within the NLC

the bulk is considered, in the second case a modulatecell accounts for the reported experimental observations.
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