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We included the non-uniformity of the grating and of the magnitude and phase of light modulation throughout the sample thickness to
optimize the diffraction efficiency. The variation of fringe period, optical activity, birefringence, absorption of light, and polarization angle
were considered. We studied strong nonlinear conditions and two crystal orientations one is with the grating vector parallel to the face [001]
and the other is with the grating vector perpendicular to the same face. We included applied fields There is a complex relationship among
all these parameters, and the prediction of the conditions for the optimum value of the diffraction efficiency is complicated. We report the
optimal sample thickness for different situations, considering two wavelengths for reading: green (532 nm) and red (632 nm).

Keywords:Photorefractive gratings; refractive index; beam coupling; energy exchange; non-linear optics.

Incluimos la no uniformidad de la rejilla y de la magnitud y de la fase de la modulaie la luz a lo largo del espesor de la muestra,
para optimizar la eficiencia de difraéci, considerando la varidm del pefodo de la rejilla, condiciones fuertemente no lineales, actividad
Optica, birrefringencia, absofri, angulo de polarizabn, campos aplicados y dos orientaciones del cristal: el vector de la rejilla paralelo y
perpendicular a la diredsn [001]. Existe una relagéh compleja entre todos estos @aretros y la predicon de las condicioneggptimas para

la eficiencia de difracéin es complicada. Reportamos el espé&gdimo de la muestra en diferentes circunstancias, utilizando dos diferentes
longitudes de onda para la lectura: verde (532 nm) y roja (632 nm).

Descriptores:Rejillas fotorrefractivasindice de refracéin; acoplamiento de haces; intercambio de eaeagptica no lineal.

PACS: 42.65.-k; 42.70.-a; 42.70.Ng.

1. Introduction redistribution of the light intensity pattern that changes the
light modulation across the crystal In this way the grating
The cubic crystals of the sillenite family (BSO, BGO and is spatially non-uniform and its amplitude and phase change
BTO) have been studied extensively. They have high serthroughout the sample thickness In previous work it was
sitivity, unlimited recyclability and long holographic storage shown that the spatial variation of the grating and of the light
times with a good potential for technological use [1-3]. Theymodulation has a great influence on the energy exchange be-
have a strong enough response only when an external electfi¢een the beams [7, 8].
field is applied during the photorefractive grating recording.

Th‘?s‘? mat_erlals have a faster response than barium t'tanaé?fects of beam coupling become significant. We considered
or lithium nlgbate, and Sh.OW a Iqwer gain begause of the IOV\hon-moving transmission gratings under an applied field and
value of their electro-optic coefficient. Sillenite crystals arestrong non-linear conditions. For these systems we calculated
optically active and linearly birefringent in the presence of aNpe diffraction efficiency considering the non-uniformity of
electric field. They exhibit complex polarization effects [4]. the gratings along sample thickness. We considered the vari-

When a large absorption coefficient is present in the phoation of fringe period. We included optical activity, birefrin-
torefractive material, the light waves decay very rapidly in-gence, and absorption of light. Several values of light modu-
side the sample. In this case, the energy exchange as well g§jon and polarization angles of the incident beams are con-
the spatial non-uniformity of the grating is irrelevant. sidered. Two crystal orientations are considered: the first one

However, for thick sillenite samples with no very large is with the grating vector parallel to the face [001] and the
absorption coefficients [5, 6] under a non-linear regime, thersecond one is with the grating vector perpendicular to the
is a strong beam coupling. In this case there is a spatisdame face.

In this work we studied thick sillenite crystals, where the
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We started by numerically solving the set of non-linear We solved the set of non-linear material rate differen-
material rate differential equations [9,10] to find the full tial equations [9,10], numerically for several values of fringe
space charge field for each of the values of the grating pespacing,A =1, 2, 3, 4, 5, 7, and 10 microns. In this man-
riod, A, we have considered: 1, 2, 3, 4, 5, 7 and 10 micronsner we obtained the variation of the overall space charge field
In each case we took several values of the light modulation as a function of light modulation for each value of the ap-
the surface of the sample;y between zero and one. Then plied field (5 and 10 kV/cm). We followed the method de-
we performed the Fourier decomposition of the calculatedscribed elsewhere [15,16]. For each of these values of fringe
overall space charge fields for each of the considered casspacing we obtained the numerical solutions for several val-
to obtain the amplitudg?; of its fundamental Fourier com- ues ofmy = |m(z = 0)|, which is the value of the mag-
ponent and its phas&. This information was required to nitude of light modulation at the surface of the sample be-
obtain the grating strength and its phase, which are necessamyeen 0 and 1. Then we performed the Fourier decomposi-
to solve the beam coupling equations, as functions of lightion for each of the calculated overall space charge field to
modulation. obtain the amplitudef;, of its fundamental Fourier compo-

Then we followed a vector approach [11-14] to expressent and its phasep, which is the phase shift of the space
the two wave coupling equations. The solutions to the correeharge field with regard to the light interference pattern, for
sponding two sets of beam coupling equations were obtaineglach of the cases considered. It is necessary to mention that
numerically considering the non-uniformity of light modula- this method does not rely on a Fourier expansion and so its
tion and of the grating amplitude and its phase along the samvalidity is not limited by the use of a truncated harmonic ba-
ple thickness. We used two wavelengths for reading: greenis. In this way we have obtained the grating strength and its
(532 nm), and red (632 nm). The Bragg condition is alwaygphase, which are necessary to solve the beam coupling equa-
satisfied. tions self-consistently, as functions of light modulation. The
parameters used for the BSO are shown in Table I.

We considered a crystal cut to expose thi), the (110)
and the (001) crystallographic faces. To deal with the two
We considered the interaction of two, plane, monochromaticwave mixing (TWM) problem, we followed a tensor ap-
linearly polarized electromagnetic wavds () and A,(7)  Proach, taking into account optical activity, birefringence,
that propagate inside the sample. Each field has two comp@Rsorption of light, for the two common optical configura-
nents: one, along, perpendicular to the plane of incidence tions, the first with I [|[001] and with light waves propa-

(z — z) and the other, along, parallel to the same plane. 9ating in the (10) plane. The second configuration is with
The total light field can then be written as the superpositiorKc L [001], where K || [110] and the light waves propa-

2. Coupled wave equations

of these two: gate in the (001) plane; the applied electric field is parallel to
oo N - K¢ For each configuration, the corresponding set of differ-

A7) = Ay (1) exp(—iky o 7+ Uy) ential equations are obtained by the substitution of the light

+ A (7) exp(—iEQ o7+ Uy) 1) field, A(r) given by Eg. (1) and the electric displacement

_ _ tensor,B(r), in the steady state wave equation,
wherek; andk, are the corresponding wave vectobs, ¥, . K2
represent the phases of the two light waves, and V2 A(r) + 22 D(r) = 0. 3)

€0
A7) = Aig(Mie + Ars(Migs D(r) in a sillenite medium can be expressed as

A2(F) = Azf(F)ag + A2§(F)ﬁ’§ Di = EO(Eij + Gij + AEij>Ej, (4)
The light modulationm(7) varies along the sample whereg;; is the symmetric optical permittivity tensor in the
thickness according to: absence of optical activity and electro-optic coupli6g; is

- s s — the tensor describing the optical activify, is thej compo-
2[A1e (1) Age (1) + Are(7r)* Aae(7)] (2)  nentof the electric field, ande,; is the variation of the opti-
To cal permittivity tensor induced by the linear Pockels electro-
where optical effect. The piezoelectric and photoelastic effects, for
oz 2 7 2 crystals of the sillenite family with the configurations we are
To= ’Al(o)) + ’AQ(O)‘ considering can be neglected [12]. The permittivity and the
With the interference pattern in the photorefractive mate-optical activity tensors are expressed in the light propaga-
rial the light excites electrons to the conduction band, whichtion coordinate system. Finally, the second derivative of the
migrate due to diffusion, and drift from the bright to the dark field is neglected In this manner the two sets of equations
parts of the crystal, where they are captured by the comperare obtained for the vectorial beam coupling: for K [001]
sating centers, resulting in the appearance of a space chargith the light waves propagating in the 10) plane, and
field. These phenomena are described with the usual ondéer Ks L [001] and the light waves traveling in the (001)
trap-one band model [9,10].

m(r) =
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TaBLE |. Parameters for BSO and BTO [11, 16, 17-19] taken for our calculations.

BTO BSO
€ Dielectric constant a7 56
no Average refractive index 2.58 25
r Electro optic coefficient (mv*) 5.1x10 ~12 4.7x107 12
Np Donor density (n> 10%° 10%°
N Acceptor density (m?) 41072 10?2
s Mobility lifetime product (cnf V1) 6x107"7 1x10°7
o Recombination constant (s ') 1.6x10717 1.6x10717
s Photo ionization cross section tdr!) 1x107° 1x107°
«a Absorption coefficient (cm?!)
A = 532nm 1.0 0.65
A =632nm 0.3 0.30
p Optical activity ¢ cm™)
A = 532nm, 100 386
A =632nm 65 214

plane [11,12]. Absorption of light, optical activity and an ex- must be self-consistent. This is because the changes in the
ternal applied field parallel to the vector grating, are includedntensities of waves and phases produce changes in the light
in these two sets of equations. modulation and on the refraction index. These changes, in

The coupling factorsy, is due to the space charge field turn, induce new changes in the intensity of the waves.
obtained from the solution of the material rate equations, is The set of beam coupling equations for; K [001]
complex, and is not constant throughout the sample thickare [11,12]:

ness(z):
o %;(2) = —pie(s) - SA1(2) (72)
TAny(x, z
S v ® e
——— = pAi(2)
dz P

where An; (x, z) is the modulated change of the refractive
index induced by the space charge field through the linear +iroAre(2) + ik} (2) Age(2) — gAm(Z) (7b)
electro-optic effect: ‘ 2

dAs(2) e
Anl(w,z) _ ni7'Me’q’(z)WL(:p,z) (6) dz p 25( ) 2 2<( ) (7¢)
2|m(z, 2)|
. . ' dAQ&(Z) = pAzg(z) + ilioAgf(Z)
The phase shift of the space charge field with regard to dz

the light interference pattern i®. Light beam propaga- . o«
tion is along sample thickness and(z, z) is the complex +ir1(2)Are(2) 2A25(Z) (7d)
light modulation, given by Eq. (2)71(=) is the fundamental Here« is the absorption coefficient andis the optical

Fourier component of the space charge fields the average  ,cyivity. The coupling factok, was defined in Ref. 5. The
refraction index in the sample is the wave length of the  .qnstant, is due to the variation of the magnitude of the
recording monochromatic beantsis the incidence Bragg's  change in the refractive index induced by the external applied

angle, and- is the electro-optic coefficient. field, E,:

Notice that we are considering not only the magnitude of
the variation of the refractive index along the sample thick- Ko = 2mAng ®)
ness, but also the variation of its phase. It is important to Acos 6

take this into consideration when a static d.c. electric field iSyhere
applied because the phagéds no longerr/2 as in the diffu-

3
sion regime. The phase in this case is a function of both, the Ang = norEo )
value of the applied field and the coordinate along the sample 2
thickness. Notice thatx is not a function of z.

During recording, the solutions to each set of beam cou- The set of beam coupling equations foiz K [001]
pling equations corresponding to#{ [001] and K; L [001]  are [11, 12]:
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diffraction efficiencyr(z) defined as:

dA1e(z ) 14(2)
;i( ) = (p —iKko)A1c(2) n(z) = 7,(0) (12)
— ikt (2) Age(2) — 9141&(2) (10a) Wherel, (2) =[Aq4 (2) |2 is the intensity of the diffracted light
2 beam at the specific sample thicknesandI; (0) is the in-
dAi(2) _ VA tensity of the incident light beam at the surface of the sample.
dz (p +ifio) Arg () The value of the diffracted intensity at the surface of the sam-
: leisl; (z=0)=0.
ini(2) ()~ Sai(z)  (aop)  PeEISIEE0)
dAjl;(z) _ (p+ino)Ase(2) 3. Results and Discussion
a Our calculations were performed using experimental data
— ik (2) A1g(2) — 5 A2 (2) (10c)  given in Table | for BSO and BTO. We considered absorp-
A tion of light and optical activity.
d275(2) = (p—irg)Asc(2) In Fig. 1 we show the dependence of the diffraction ef-
dz ficiency on the sample thickness for a BTO grating. We

— ik (2)Arc(z) — EA%(Z) (10d)  used red light (632 nm) for reading{c 1]001}; applied
2 field Ey=5 Kv/cm. The polarization angle i%,==/2 and
We solved each set of equations with no restrictions orf?0= 0-9. The absorption coefficient is 0.3 ct The grat-
the value of optical activity, nor on the coupling constant, and"'9 Was recordeld with green light with an absorption coeffi-
in a self-consistent way to take into account the variation witt€i€Nt of 1.0 cnT™ (see Table 1). We can see clearly that, for
depth (this is) of both the space charge field and light mod- all the values we used for the grating period, there is an opti-

ulation. We divided the sample into thin layers of thickness?@! thickness. At this optimal thickness, the diffraction effi-
A~ [16] in such a way that within each layer(z) is practi- ~ C1€NcY reaches a maximum value. The largest of these values

cally constant. In this way, within each layer we have ana-is 28.6 % and occurs for the minimum value we considered

lytical solutions [7] for the coupled equations of the two sets/©" fringe spacing: 1 micron. The smallest value occurs for
corresponding to || [001] and KL [001] When a small the Iarggst value of the grating period: 10 microns.

change (larger than 0.1%) in this variable occurred, we chose_ " Fig- 2 we show the result for the dependence of the
a smaller interval and calculated the new corresponding sélifiraction efficiency on the sample thickness for a BSO grat-
of values of constants for the corresponding interval We N9 using red light (632 nm) for reading. For this case,
started evaluating the initial set of constants for the first layef* ¢ ||[001]; £o= 10 Kviem; ®,,=7/2; m, =0.9;as in Fig. 1 the

at the surface of the sample by usirig = 0). Next, for the grating was recorded with green light (532 nm). The largest

following layers, the values of the complex amplitudes of theValue of the diffraction efficiency is 54% and occurs for a

beams at the end of each interval were used to evaiuate 9rating period of 10 microns and a sample thickness of 1 cm.

and therefore a new value efat > where the following layer e can see that for all values of the grating period consid-

starts. ered, the diffraction efficiency reaches a maximum value and
We used gratings with different spatial periods,

of1, 2,3, 4,5, 7, and 10 microns several values of light mod- 30 7

ulation at the surface of the sampte= 0.9, 0.6, 0.3 and 0.1.

Ks L [001]; Eq= 5 kVicm; ®,= m/2; m=0.9; Red light

25 1 A=l BTO

We applied two fields: 5.0 and 10.0 kV/cm The values of ab- - A2
sorption and optical activity used for BSO crystals are given 54 | -4 A=3
in Table I. We also considered that the two beams were lin- _ & A=5
early polarized and had the same polarization angles at the 15 { —A=10

surface of the sample when recording. The polarization an- &

gle is¢,, defined as the inclination angle of the electric field 10 1
of light waves with respect to the plane of incidence at the
surface of the sample, B

A(z=0)] . 0
s =tan~! | 2T ) =1,2 11
Ppi = tan |:A7;£(Z = 0))] 1= (11) 0,0 0.5 1,0 1,5 2,0 2,5

Sample Thickness (cm)

From the complex amplitudes of light waves, obtainedg,gyre 1. Result for the dependence of the diffraction efficiency
from the solutions of each set of equations, we calculated thgn the sample thickness, for a BTO grating using red light (632 nm)
intensities and phases of each wave as a function dfor  for reading. For this cask_L[001]; Eo =5 Kvicm; ®,= 7/2;
each one of the recording orientations we also obtained thex, = 0.9.
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g0 AT || [001]; Eq=10 KV/em; ©,=n/2; my=0.9; Red light
A2 3 s Pp y My H
504 & A3
®A=5
il N
230 4
fod

T

0.5

1,0 1,6
Sample Thickness (cm)
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FIGURE 2. Result for the dependence of the diffraction efficiency

on the sample thickness, for a BSO grating using red light (632 nm)

for reading. For this cas&||[001]; Eo= 10 Kvicm; ®, = 7/2;
m0=0.9.

- A=1 ©-A=2 A A=3 - A=4 B A=5 & A=7T — A=10
Kg || [001]; Eq = 10 kVicm; @, = n/2; mg = 0.3; Red Light

1,0
Sample Thickness (cm)

1,5

FIGURE 3. Result for the dependence of the diffraction efficiency

29

—-0.1 803 406 —0.9

Values for my

BSO Ko || [001]; ®,= 1/2;
Eo = 10 kVicm;

Green Light

Fringe Spacing (microns)

FIGURE 5. Result for the dependence of the maximum diffraction
efficiency on the grating period for BSO using green light, 532 nm
for reading and different values fon,(0.1, 0.3, 0.6 and 0.9). For
this case:K¢||[001]; Eo= 10 Kv/icm; ®,= 7/2.

~-mo =0.1R - mo=0.3 R & mo =0.6R -&-mo =0.9R
--mo =0.1G & mo =0.3G -mo =0.6G -©-mo =0.9G

1,6

BSO

0,5 1

Optimal thickness (cm)

Kg || [001]; Eo = 5Kvicm, @, = /4

0,0 T T T T T T T T 1
1 2 3 4 5 6 7 8 9

Fringe Spacing (microns)

FIGURE 6. Dependence of the optimal thickness (to obtain the
maximum diffraction efficiency), on the grating period for BSO us-

on the sample thickness, for a BSO grating using red light (632 nm)ing green light, 532 nmé& : mo=0.1; A : mo=0.3; ® : mo=0.6;

for reading. For this cas&¢||[001]; Eo = 10 Kvicm; &, = 7/2;
mo = 0.3.

Kg || [001LE, = 10kVicm; @ =r/2; Red Light

values for my: .
~-0.1 0.3 406 —09
-

Fringe spacing (microns)

FIGURE 4. Result for the dependence of the maximum diffraction |

efficiency on the grating period for BTO, using red light (632 nm)
for reading and different values fany(0.1, 0.3, 0.6 and 0.9). For
this case:K||[001]; Eo= 10 Kv/cm;®,, = /2.

M:m(=0.9) and for red light, 632 nm{(mo=0.1; A:m(=0.3;
0:mp=0.6; O:m=0.9), for reading. For this casek||[001];
Ep=10 Kv/cm; ®,= 7/2.

K || [001] <-mo =0.1 8 mo = 0.3 -« mo = 0.6 -®-mo = 0.9
Ks L [001] -mo=0.1-5mo=0.3 %A mo=06-Smo=0.9

3,0

Ey = 10 kViem; @, = n/2; Red Light
0,0 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9

Fringe Spacing (microns)

Optimal Thickness (cm)

FIGURE 7. Dependence of the optimal thickness to obtain the max-
imum diffraction efficiency on the grating period for BTO using
red light (632 nm) for reading. Two different sample orientations
are consideredK¢||[001] (#:m0=0.1; A:mo =0.3; e: mo= 0.6;
W:m=0.9) and,K L [001] (0:mo= 0.1; A :m=0.3; 0:m=0.6;
O:mo=0.9) For this caseE,=10 Kv/cm; ®,= 7/2.
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the smallest of these occurs for the smallest value of the grat- In Fig. 6 we show the influence of the color of the read-
ing period: 1 micron. ing light on the value of the optimal thickness. We see here

In Fig. 3 we show the result for the dependence of théhe dependgnce of t_he optimal _sqmple thickness fqr obtain-
diffraction efficiency on sample thickness for a BSO grat-iNg the maximum diffraction efficiency on the grating pe-
ing using red light (632 nm) for reading. For this case;0d for BSO: for green light, 532 nn#(m0=0.1; A:1m¢=0.3;
K¢||[001]; Ey=10 Kvicm;®,, = /2; mq = 0.3. In this case, ¢.m(=0.6; M:m;=0.9) and for red light, 632 n_nﬁﬁmozo.l;_
the largest value of the diffraction efficiency is 21% and oc-2"0=0.3; 0:110=0.6; Llimo= 0.9), for reading. For this
curs for a grating period of 3 microns and a sample thicknes§2Se: K||[001]; Eo=5 Kv/cm; &, =r/4. It is interesting
of 2.4 cm. We can see now that, for all the range of values of° notice the influence of the color of the reading light on
sample thickness considered, the grating period correspondf?€ value of the optimal thickness. If we use green light the
ing to 3 microns maintains the largest value for the diffrac-OPtimal thickness is the same (1.6 cm) for all valuesraf
tion efficiency. When the fringe spacing is 2 microns and®*Cept formg=0.9. In this latter case, the optimal thick-
the sample thickness increases, the diffraction efficiency inP€SS remains at 1.2 cm for a fringe spacing of 3 microns and
creases more rapidly than in any other case. Notice now thag/ger. For smaller values of the grating period, the optimal
for a fringe spacing of 10 microns, the diffraction efficiency thickness increase up to 2 cm. When we use red light, the
reaches a maximum of 10.3% and then decreases. When tRgtimal thickness increases for all cases and depends more
sample thickness is 2.5 cm, the value for the diffraction effi-Strongly onmy. For a grating period of 5 microns and larger
ciency for a fringe spacing of 1 micron is close to the corre-the optimal thickness (2 c_m) is aboyt the same fqr all values
sponding grating period value of 10 microns. This behavioff 0. For values of the fringe spacing below 5 microns, we

is quite different from the one in Fig. 2, whem, was 0.9. have a clear dependencesq. Thus, n this way for,=0.1
.andmy=0.3, the optimal thickness increases from 2 cm to

IndE]lfgs. t'4 an?f.s. we shovtvhthe dtgpendgngefof ;hf? ma)t('fi cm when the grating period goes from 5 to 1 micron. For
mum difiraction €fliciency on the grating period, for difieren my=0.6, the optimal thickness goes from 2 cm to 3 cm when

situations for BTO and for BSO. In these figures the samplghe fringe spacing goes from 2 microns to 1 micron. Notice

thickness is 2.5 cm. that there are some combinations of values of the parameters
In Fig. 4 we show the result for the dependence of thefor which the optimal thickness is not sensitive to the value

maximum diffraction efficiency on the grating period for of the grating period.

BTO using red light (632 nm) for reading and different val-  Finally in Fig. 7 we show the dependence of the optimal

ues formg(0.1, 0.3, 0.6 and 0.9). For this casi|[[001];  thickness to obtain the maximum diffraction efficiency on the

FE»=10 Kv/cm and®, = 7/2. We can see that the largest grating period for BTO using red light (632 nm) for reading.

maximum value of the diffraction efficiency is 65.4 %, which Two different sample orientation are considerég; |[001]

occurs for an initial light modulation of 0.9. Notice that for (¢: m,=0.1; A: m(=0.3; e: m(=0.6; B: m=0.9) and,

every value ofn, there is a grating period for which the max- K 1[001] (O: m=0.1; A: m¢=0.3;0: m(=0.6;:1m(=0.9).

imum diffraction efficiency reaches its largest value; ThusFor this case:Fy= 10 Kv/cm and®,=r/2. We can see for

the largest maximum value (4.7%) for, = 0.1 occurs for  both orientations that the higher the valuerof, the more

a fringe spacing of around 2.5 microns; fer, = 0.3 the  sensitive is the optimal thickness with a decreasing grating

largest maximum (25.4%) happens when the grating periogeriod. For both cases, whem, increases, the optimal thick-

is 3 microns; form = 0.6 the largest value (49.9%) occurs ness decreases for each value of fringe spacing.

when the fringe spacing is around 4 microns; when= 0.9

the diffraction efficiency increases when the grating period4

increases and reaches its saturation value (65.4%) when the

grating period is around 7 microns. We studied, under strong non-linear conditions the optimiza-
Figure 5 shows the result for the dependence of thdion of the diffraction efficiency in non-uniform gratings in
maximum diffraction efficiency on the grating period for BSO and BTO for thick samples with a small absorption co-
BSO using green light (532 nm) for reading and differ- efficient. We used both red light and green light for read-
ent values formy(0.1, 0.3, 0.6 and 0.9). For this case: ing. We considered variation of fringe period, optical activ-
K¢||[001]; Ex=10 Kv/icm ; ®, = w/2. The overall behavior ity, birefringence, absorption of light, and polarization an-
of the maximum diffraction efficiency is similar to the one in gle. We included applied fields and considered two crystal
Fig. 4. The largest values of the maximum diffraction effi- orientations: in one the grating vector is parallel to the face
ciency are smaller than the corresponding ones in Fig. 4. Th01], and in the other the grating vector is perpendicular to
largest value for the diffraction efficiency in this case is 40%the same face. There is a complex relationship among all
for my=0.9. Again, the sample thickness in all cases isthe parameters we have considered, and the prediction of the
2.5 cm. The value of the absorption coefficient for red lightconditions for obtaining the optimum value of the diffrac-
is smaller than the corresponding one for green light. Thigion efficiency is not simple. We have exhibited how this
implied larger values for diffraction efficiency when reading optimization can be obtained. There is always an optimal
with red light. thickness to get the maximum diffraction efficiency for given

Conclusions
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light modulation and grating period when recording. Thisspacing of 10 microns, an initial light modulatiam, = 0.9,
optimal thickness is also dependent on the frequency and p@nd using red light for reading. The polarization angle was
larization of light, and on the sample orientation used for®, = n/2 K¢|| [001] andE = 10 kV/cm.

reading. There are some combinations of values of the pa-
rameters for which the optimal thickness is not sensitive toA
the value of the grating period. On the other hand, the grat-
ing period of 1 micron always corresponded to the smallesfye wish to acknowledge partial financial support from Di-
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