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Optimization of the gain in non-uniform gratings in a Bi 1,SiOy crystal
considering the variation of fringe period, optical activity and
polarization angles in a strong non-linear regime
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We solved numerically the set of non-linear differential material rate differential equations, and using these solutions, we include the non-
uniformity of the grating and of the magnitude and phase of light modulation along a sample thickness to calculate self-consistently the energy
exchange in two-wave mixing. We optimize the gain, considering strong nonlinear conditions, variation of fringe period, optical activity,
birefringence, absorption, polarization angle, applied fields and two crystal orientations: the grating vector parallel and perpendicular to the
face [001] Under these conditions there is a complex relationship among all these parameters, and the prediction of the conditions for the
optimum value of the gain is not simple We report the optimal sample thickness for different situations We obtained a maximum gain of 5.2.

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

Resolvimos nuraricamente el conjunto de ecuaciones diferenciales parciales no lineales del material y, usando estas soluciones, incluimos
la no uniformidad de la rejilla y de la magnitud y de fase de la modaitede la luz a lo largo del espesor de la muestra para calcular auto
consistentemente el intercambio de efemel mezclado de dos ondas. Optimizamos la ganancia considerando condiciones fuertemente
no-lineales, la variabn del tam&o de la rejilla, actividadbptica, birrefringencia, absofm, angulos de polarizagn, campos aplicados,

y dos orientaciones cristalinas: el vector de la rejilla paralelo y perpendicular a la cara [001]. Bajo estas condiciones existebnna relaci
compleja entre todos estos fparetros, y la predicon de las condiciones para el valiptimo de la ganancia no es simple. Reportamos el
espesobptimo de la muestra para diferentes situaciones. Obtenemos una ganaxioerte 5.2.

Descriptores: Acoplamiento de haz; intercambio de eriar@ptica no lineal.

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

1. Introduction the optimization of the gain including the non-uniformity of
the grating and of the magnitude and phase of light modu-

BSO (Biy,SiOy0) is a photorefractive material of the sillenite lation along a sample thickness, considering the variation of
family with a high response rate, high sensitivity, unlimited the fringe period. We studied thick BSO crystals where the
recyclability and large holographic storage times with a gooceffects of beam coupling become significant. We followed
potential technological use [1-3]. For thick samples with no@ vector approach [7-10] to express the two-wave coupling
very large absorption coefficient, under a non-linear regime€quations that represent the recording process, including op-
we have a strong beam coupling and there is a spatial rediéical activity, birefringence, absorption of light and several
tribution of the light intensity pattern that changes the lightvalues of light modulation and polarization angles of the in-
modulation across the crystal. In this way the grating is Spacident beams. We considered two optical configurations for
tially non-uniform and its amplitude and phase change withinKc (the grating vector) & || [001] and K; _L[001] for dif-

the sample along the sample thicknesslt was shown re- ferent values of d.c applied fields. The solutions to the corre-
cently that the non-uniformity of the grating is of great rele- SPonding two sets of beam coupling equations were obtained
vance to the energy exchange and to the influence of the inpfiumerically in a self-consistent way.

polarization angles on the gain [4].

When a large absorption coefficient is present, the Iight2
waves decay very rapidly inside the sample, and the energy’
exchange as well as the spatial non-uniformity of the gratingyse took as intensity of the interference light pattern
become irrelevant. However, it is possible to obtain low ab-
sorption coefficients in sillenites with adequate doping [5,6]. I(z) = Io(1 + |m(2)| cos Kga), (1)

In this work we considered a non-moving transmission
grating We solved numerically the set of non-linear materialwhere! is the total intensity of the light ang.(z) is the light
rate differential equations. We used these solutions to studsnodulation which varies along the sample thickness accord-
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ing to:
. . TABLE |. Parameters for BSO [7, 14, 16, 17] taken for our calcula-
() = oA AL A ) ons
0 BSO
Where we cqnsidered thg interaction of tw_o plane,” . pielectric constant 56
monochromatic, linearly polarized electromagnetic waves, o
- - o no Average refractive index 25
A1 (z) and Ay(z), that propagate inside the sample. Each _ o ) s
field has two components: one, aloigperpendiculartothe " Electro optic coefficient (mv™) 4.7x10
plane of incidencex( — z) and the other, along parallelto ~ Np Donor density (m?® 10%°
the same plane. The total light field can then be written as then, Acceptor density (m?) 10?2
superposition of the two: - Mobility lifetime product (cn? V1) 1x10°7
= — N — N H : —1 — 17
A(F)=A1(2) exp(—iFy @ )+ As(2) expl(—ifs o 7). (3) v Recombination constant fla*) 1.6x10
s Photo ionization cross section tdr?) 1x107°
wherek; andk, are the corresponding wave vectors, and @ Absorption coefficient (cm') A = 532nm 0.65
p Optical activity C/cm) XA = 532nm 386+ 6.74 cmi*

%(Z)ZAE(Z)QS-FAK (Z)ﬂg; (Z):Agg (Z)ﬁ§+A2§(Z)’CL§

o |

With this interference pattern in the photorefractive mate-Petween 0 and 1. Then we performed the Fourier decompo-

rial the light excites electrons to the conduction band, whictSition for each of the calculated overall space charge fields
migrate due to diffusion and drift from the bright to the dark t©© obtain the amplitudels; of its fundamental Fourier com-
parts of the crystal where they are captured by the comperRoneént and its phasé which is the dephasage of the space
sating centers, resulting in the appearance of a space Cha@l@arge field with regard to tr_le light m;erference pattern, fo_r
field. These phenomena are described with the usual on&Very one of the cases considered. It is necessary to mention

trap-one band model [1112] by the following set of equationsthat this method does not rely on a Fourier expansion and so
its validity is not limited by the use of a truncated harmonic

ONT basis. In this way we have obtained the grating strength and
o = IOV - NT) = nN* 4) its phase as functions of light modulation which are neces-
on  ONt V.j sary to solve self-consistently the beam coupling equations.
7Tl v (5)  The parameters used for the BSO are shown in Table I.
In this work we considered a crystal cut to expose the
Jj=eunk —eDVn + pl (6)  (110), the (110) and the (001) crystallographic faces. To deal
8 (ecoE) N with the two wave mix?ng _(TWM) problem§, we f_ol_loweq
“or e(n+Na—NT) (7)  atensor approach, taking into account optical activity, bire-

fringence, absorption of light, for the two common optical
The motion of the carriers, of charge is along thez  configurations, the first with K || [001] and the light waves

coordinate N4 is the initial number of acceptors or com- are propagating in the (L0) plane. The second configuration

pensating centerd," is the concentration of ionized donors s with Ko | [001] where K || [110] and the light waves

at instant and N'* is the total concentration of donors. The propagate in the (001) plane, and the applied electric field is

current density ig, the electron concentrationisand their  parallel to K; [7,8] For each configuration, the correspond-

mobility ., D is the diffusion coefficienty the trapping co-  ing set of differential equations is obtained by the substitution

efficient, 3 the thermal ionization rate,the photo ionization 4 the light ﬁele(r) given, by Eq. (3), and the electric dis-

cross sectiong the dlele<_:tr|c constanpl th_e photovoltaic  placement tensof)(r), in the steady state wave equation,
current,p the photovoltaic constant (effective Glass coeffi-

cient) andzq the permittivity in free space. The total electric b= k3 —

field is E, which is given by the sum of, (external d.c. VZA(r)+ —D(r)=0 (8)

field) and the induced space charged figld... -

We solved numerically the set of non-linear material rateB(T) in a sillenite medium can be expressed as
differential equations (4) for several values of fringe spac-
ing, A: 1, 2,3, 4,5, 7, and 10 microns. In this manner D; = eoleij + Gij + Acij)E; (9)
we obtained the variation of the overall space charge field as
a function of light modulation for each value of the applied wheree;;is the symmetric optical permittivity tensor in the
field (5 and 10 Kv/icm) We followed the method describedabsence of optical activity and electro-optic coupli@gis
elsewhere [13]. For each one of these values of fringe spadhe tensor describing the optical activit¥, is the j com-
ing we obtained the numerical solutions for several values oponent of the electric field\e;; is the variation of the opti-
mg, the value of light modulation at the surface of the samplegal permittivity tensor induced by the linear Pockels electro-
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optical effect. For simplicity we are neglecting the photo-component of the space charge field, and Eg. (16) can be

voltaic and photo galvanic effects. The piezoelectric andwritten as:

photo elastic effects, for crystals of the sillenite family with T n3rlE(z

the configurations we are considering can be neglected [8] #1(2) = v~ . |21( ) expi(®(2) + im(2)) (18)

The permittivity and the optical activity tensors are expressecliI erey

in the light propagation coordinate system. e
Finally, neglecting the second derivate of the field the fol-

lowing set of equations for K || [001] with the light waves

propagating in thel(10) plane is obtained [7,8]:

(z) is the phase of the light modulation

Notice that we are considering not only the magnitude of
the variation of the refractive index along the sample thick-
ness, but also the variation of its phase. It is important to
take this into consideration when a static d.c. electric field is

dA1(2) o applied, because the phades no longerr/2 as in the diffu-
5 = PAe(e) - 5 Au() (10)  sion regime. The phase in this case is a function of both the
A (2) value of the applied field and the coordinate along the sample
5 = p AL (2) + ko Aue(2) + i (2) Ase (2) thickness
dz The corresponding set of coupled wave equations for
_ EAlg(Z) (11) K¢ L [001] and the light waves traveling in the (001) plane
2 is [7,8]:
dAsc(z) « A
C2E) _ phae(z) - § Aacl2) (12) ) (i) s (2) = i} (2) Ao ()
dAse (2 . . @
P ) aoe(2) + imodre(2) + ima () Ase(2) - SAe(2) (19
o dA
- §A25(z) (13) % = —(p +iro)Aie(z) — ik} (2)Aze(2)
_H_erea is the absorption coefficient gnqlis the optical - ﬁAk(Z) (20)
activity. The constank, is due to the variation of the mag- 2
nitude of the change in the refractive index induced by the dAs(2) . .
external applied field, 2 = (P tike)Ase(z) —iri(2)Arg(2)
«
Ko = 2rAno (14) - 5 42(2) (21)
Acosf
dA . )
where % = (p — iko)Aac(z) — ik1(2)A1c(2)
3 E (e
Any = =0 (15) — 5 A(2) (22)
n is the average refraction index in the samplés the wave The solutions to each set of beam coupling equations (7)

length of the recording monochromatic bearfiss the in- and (13)_have_to be_ _self-consistent. This is because the

cidence Bragg’s angle andis the electro-optic coefficient. changes in the intensities of waves and phases cause changes

Notice thati, is not a function of z in the light modulation and in the refraction index and these,
The coupling factors; is due to the space charge field in turn, induces new changes in the intensity of the waves.

obtained from the solution of the material rate equations; it ish We solved each set c\;/{/egyg(tjlogshwnh nolre_strlhc_tlolns on
complex, and a function of: the parametersy( x,, x1). We divided the sample in thin lay-

ers of thicknesga\z [14] in such a way that within each layer,
k1(z) is practically constant. In this way within each layer
\cos we have analytical solutions [4] for the coupled equations of
sets (7) and (13). When a small change (larger than 0.1%) in
whereAnl(z) is the modulated ghange ofthe refr_active indexthis \EaZiable(ocgurred, we chose a srgnal(lergi]nterval and c)al-
induced by the space charge field through the linear electros 5104 the new corresponding set of values of constants for
optic effect: the corresponding intervalz. We started evaluating the ini-
s E12)| e tial set of constants for the first layer at the surface of the
An(2) = mor * 5 )] e®xm(z)  (17)  sample by using;(» = 0). Next, for the following layers,
the values of the complex amplitudes of the beams at the end
where® is the dephasage of the space charge field with reef each interval were used to evaluat€~) and therefore a
gard to the light interference patternpeing the coordinate new value ofx; at z where the following layer starts. The
along the sample thickness, which is in the same direction aanalytical solutions for a constant; (z) for the two sets of
the light beam propagation amd(z) the complex light mod- equations (7) and (13) for K || [001] and K; L [001] are
ulation, given by Eq. (3).F;(z) is the fundamental Fourier given elsewhere [4].

wAny(z) (16)

k1(z) =
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We used gratings with different spatial periodsof 1, 0.5 1

2,3,4,5, 7, and 10 microns light modulation at the surface
of the samples{) of 0.9, 0.6, 0.3 and 0.1. We applied two 0.0 &

fields: 5.0 and 10.0 kV/cm The values of absorption and op- “g 2.5
tical activity used for BSO crystals are given in Table | We < | .
. . . ~ 0.5 —-1 micron
also considered that the_twq beams were linearly polarized ¢ —2microns  Kg perpendicular to [001];
and had the same polarization angles at the surface of the @ —A- 3 microns E, = 5kV/em; ©, =0
sample. The polarization angleds, defined as the inclina- 101 -©-4 microns
—10 microns

tion angle of the electric field of light waves with respect to
the plane of incidence at the surface of the sample, 1.5

Sample Thickness (cm)
[ A(z=0)1] .
Ppi = tan m , 0= 172 (23)
LA FIGURE 1. Results of the gain, along the sample thickness, for
From the complex amplitudes of light waves, obtaineddifferent values of BSO grating spacing recorded with an applied
from the self-consistent solutions of each set of equations, wf—i-e'_d of Eo:filKV/C_m, mo = 0.1 ior Kg i_[lool] wnh apggrpnon
calculated the intensities, phases of each wave and the corrg=0-65) cm optical activity (p=386" cm™") and with initial po-
- . . . larization angles of O for the writing beams.
sponding light modulatiom:(z) as a function ot. For each
of the recording orientations we also obtained the two-wave
gain,I';;(z) defined as:

Ty(2) = (1) 1o ()

W,i,j:l,m;éj (24)

This is related to the one-wave effective gaj(z) de- "g -
fined by: L -1 micron
: C - .
< :i MIeronS  Ks perpendicular to [001];
I T . = . =i
Gi(2) = k(2) - 1;k=1,2 (25) o -©-4 microns Eo = 8 kViem;®, = /8

I (0) —10 microns

where I;(z) =|A;(2)|? is the intensity of the corresponding 25

light beam! at the specific sample thicknessand;(z=0) is
the intensity of this light beam at the surface of the sample.
Definitions (24) and (25) are related by:

Sample Thickness (cm)

FIGURE 2. Results of the gain, along the sample thickness, for

1 1+Gi(2)] . . _ ) different values of BSO grating spacing recorded with an applied
Lij(z) = (Z) In [wene i Rt L,2i#j  (26)  field of Eo=5 Kvicm,mo = 0.1 for K ¢ L [001], with absorption
J («=0.65) cnT ! optical activity p=386> cm™!) and with initial po-
Itis clear thatf';;(z) = T, larization angles of for the writing beams of8.

3. Results and discussion

—- 1 micron -@ 2 microns -3 microns

All our calculations were performed using an absorption co- —&-4 microns -©- 7 microns — 10 microns
efficient,a = 0.65 cm~! and optical activityp = 386> cm!. 3.0 K perpendicular to [001];

In Fig. 1 we show the two-wave gain (Eq. (24)), as a func- Eo = 10 kV/cm; @, = 0; m= 0.1

tion of the sample thickness, for four different values of grat- 2.0 Y AT A A

ing spacing (1, 3, 4 and 10 microns) under an applied field g 1.0 - 'f/='='='='='='="

of 5 Kv/cm, withm = 0.1 K¢ || [001], and initial polariza- Z oo ‘4’4

tion angles,®, of 0, for the writing beams. Note that the s o VI// b iy
value of the thickness for all fringe periods with the maxi- -1.0 {1\

mum magnitude of the gain, is around 2 mm. For this case ] "

it is interesting to notice that, for this sample thickness, the ™ Sample thickness (cm)

grating with the largest gain corresponds to a grating spacing

of 1.0 microns, and the value of the maximum magnitude OfFIGURE 3. Results of the gain, along the sample thickness, for

the gain is around 1.5 cm. For sz_;lmples with a thickness  gitterent values of BSO grating spacing recorded with an applied

larger than 1.0 cm, this same grating space becomes the ORg|d of £, =10 Kv/icm,mo = 0.1, for K¢ L [001], with absorp-

with the minimum magnitude of the gain. tion («=0.65)cn ! optical activity (=386 cm~!) and with initial
polarization angles of O for the writing beams.
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Kg parallel to [001];
Eo = 5 kV/icm;®,=0.0

1 2 3 4 5 6 7 8 9 10
Fringe Spacing (microns)

FIGURE 4. Results of the maximum gain, as a function of the BSO
grating period, for different values of initial light modulation at
the surface of the sampleyo, recorded with an applied field of
E, =5Kv/cm, for Kg || [001], with absorption¢=0.65) cni* op-
tical activity (p=386" cm™!) and with initial polarization angles of

0 for the writing beams.

é 04{ Wmo=06 K¢ perpendicular to [001];
02] 4 mo=09 E. =5 kVicm; &, = n/2
0.0 T T T T T T T T ]

1 2 3 4 5 6 7 8 9 10
FRINGE SPACING ( microns )

FIGURE 5. Results of the maximum gain, as a function of
the BSO grating period, for different values of initial light
modulation at the surface of the sampley, (0.1, 0.3, 0.6,
0.9), recorded with an applied field oE, =5Kv/cm, for
Ke L [001], with absorption ¢=0.65) cnt' optical activity
(p=386" cm™') and with initial polarization angles of/2 for the
writing beams.

T 3
L 3.
~ 2
[ =
5 2
O 4.
> =
g 1.0 “A-mo =06 Kg parallel to [001];
054 ¢ mo=09 E = 10 Kvicm; @, = /4
0-0 Ll L L T L L) L L) 1

1 2 3 4 5 6 7 8 9 10
Fringe Spacing (microns)

FIGURE 6. Results of the maximum value of the gain, as func-
tion of BSO grating spacing recorded with an applied field of
Eo =10 Kv/cm, for different values ofny ( 0.1, 0.3, 0.6, 0.9)
for Kg || [001], with absorption ¢=0.65) cni* optical activity
(p=386" cm™') and with initial polarization angles of/4 for the
writing beams.

In Fig. 2, we show results for the same conditions as those
of Fig. 1, but for®,= 7/8. Now the value of optimal sample
thickness, (the thickness required for the maximum magni-
tude of the gain) is around 1mm, which is a bit smaller than
the corresponding one in Fig. 1 and the maximum magnitude
of the gain is a bit larger (2.2 cm) that the corresponding
one in Fig. 1. Notice that the value of the gain foe= 0 is
not zero. This can be easily understood using a Taylor expan-
sion in Eqg. (24). We have that far~ 0 it is straightforward
to obtain:

o= (E [ (Z3)]),

Itis clear thafl’;;( = 0) may be different from zero.

Conditions for Fig. 3 are the same as in Fig. 1, but with
an applied electric field, & of 10 kV/cm. We can see that
the increase in the applied electric field implied an increment
of the magnitude of the gain from 1.5 to 1.9. However, this
increment is smaller than that obtained by changing the po-
larization angle of the recording beams as shown in Fig. 2.
Notice that, for a thickness larger that 5 mm, the largest value
of the gain is for the grating with the largest period.

In Figs. 4 to 7 we show results for the maximum mag-
nitude of the gain as a function of grating period for several
values of the light polarization at the surface of the sample.
In Fig. 4 we haveE,=5 kV/cm, K¢ || [001] and®, = 0
for the writing beams The maximum magnitude of the gain
is 1.4 cnm ! and corresponds to a grating period of 2 microns,
with m = 0.9, and the gain, for all values of decreases by
a factor of around 3.5 when the grating period goes from 2 to
10 microns.

For Fig. 5 we haveF,=5 kV/cm Ks L [001], and
®,=n/2. The maximum magnitude of the gain is 1.8t
for a fringe spacing of 2 microns, witlh = 0.9 and the gain
in all cases decreases as fringe spacing increases.0.9
The gain values for fringe spacing between 1 and 5 microns
are very similar.

In Fig. 6 we haveEy=10 kV/icm K; | [001], and
¢, = /4. The maximum magnitude of the gain is around
4.5 cnm!, and it happens forn= 0.9. The gain values are
very similar for all values ofn for fringe spacing between
1 and 2 microns. The largest maximum magnitude of the
gain remains approximately constant for fringe spacing be-
tween 2 and 4 microns and = 0.9 Again, the maximum
magnitude of the gain in all cases decreases as fringe spacing
increases. With the exception of the case= 0.9,the values
of the maximum magnitude of the gain are very similar for
all values of fringe spacing.

In Fig. 7 we haveEy=10 kV/icm K; | [001], and
¢, = /2. The maximum magnitude of the gain is around
5.2 cnTt. Again with the exception of the case = 0.9,
the values of the maximum magnitude of the gain are very
similar for all values of fringe spacing, and the largest values
correspond to the case = 0.9. However, for fringe spacing
between 1 and 2 microns the results are very similar in all
cases.
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constant up to 10 microns; fon = 0.9, the largest optimal
thickness is around 8 mm for a fringe spacing of 8 microns.

It is necessary to mention that, as pointed out in Ref. 15
the gain changes its magnitude when a sample rotation of
18 is made around the direction of propagation of the light

Ke parallel to [001]
Eo =10 Kvicm; ®,=n/2

Max GainT (cm™)
N

1 waves (our: axis). In this case there is a change in sign of the
—mo=0.1 -©-mo=0.3 A mo=0.6 ¢mo=0.9 . .. .
0 electro-optic coefficient and a weakening of the weak beam
1 2 3 4 5 6 7 3 T occurs instead of a weakening of the strong beam [15].

Fringe spacing ( microns )

FIGURE 7. Results of the maximum value of the gain, as a 4. Conclusions

function of the grating spacing recorded with an applied field of

E0=10 kv/cm, for different values oino (0-}7 0.3, 0.6, 0.9)  We studied, under strong non-linear conditions the optimiza-

for K | [001], with absorption ¢=0.65) cn * optical activity  tion of the gain during two-wave mixing in non-uniform grat-

(=386 cm™ ") and with initial polarization angles of/2 for the g5 in BSO for thick samples with a small absorption coeffi-

writing beams. cient. From the results of our self-consistent calculation, we

£ -5 Kui ~ ~ B ~ have exhibited how this optimization can be obtained Given

£ 10 Kuiom e = 01 B e a0 aBSO sample (with a fixed absorption coefficient and a fixed
value for optical activity), we have to combine adequately

1.8 1
E 16 sample orientation, fringe spacing initial light modulation,
g 14 optical activity, initial polarization angles, applied electric
E 1.2 1 fields and sample thickness. There is a complex relation-
£ 107 ship among all these parameters, and the prediction of the
5 087 conditions for the optimum value of the gain is not simple
£ 0.6 1 . . .
2 04 We can see cases where, with an applied field of 5 Kv/cm
O 02 (see Fig. 3), we obtain for the magnitude of the gain, values
0.0 4 larger than the corresponding ones obtained with an applied
1 2 3 4 5 6 7 8 9 10 field of 10 Kv/cm (see Fig. 3). From our results itis clear that
Fringe Spacing (microns) an adequate combination of sample thickness, sample orien-

FIGURE 8. Optimal values for sample thickness to get the max- tation, polarization angle of the incident beams and fringe
imum value of the magnitude for the gain, as a function of the spacing can be more important for reaching a larger value for
grating spacing, when & L [001] and the initial polarization an-  the magnitude of the gain, than increasing the applied field. It
gle of the incident beams is 0, for two values of the applied field: j5 convenient to stress that for a given set of these parameters,
10 kv/em and 5 kv/cm. We show results for different values of the i the glectric field is increased, the gain will increase. The
initial light polarization:mo= 0.1, 0.3,0.6 and 0.9. maximum gain we obtained is around 5.2 for a fringe spacing

Figure 8 shows the optimal sample thickness as functioﬁ)f 2 microns, K; L [001], applied field of 10 Kv/cm, light

: . . : : dulation at the surface of the sample of 0.9, and initial po-
of fringe spacing to get the maximum magnitude of the gai odulk L .
with KL [001], and®,, = 0, for two possible values of the rf;\rlzatlon angle of the incident beamsaR, with a sample

applied field: £y=10 kV/cm andFEy=5 kV/cm We mention thlckness of 03mm On the other hand, we found for the
some relevant features. Notice that for fringe spacing belov{;n"“x'_m""I _ampﬂflcatmn factor f‘ value of 5.8 forgK|| [001].

3 microns the optimal thickness is, for all cases, around meApplled field = 10 kv/cm,®,= _7r/2’ an_dmo N O_'l’ for a
For fringe spacing between 3 and 5 microns, this value fth'CkneSS of 1.9 cm, and a grating period of 2 microns.

the optimal thickness remains the same except for the case

m = 0.3 with £ = 10 kV/cm, which has an optimal thickness Acknowledgements
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ure is around 1.6 cm fam = 0.1 andE = 5 kV/cm and itis We wish to acknowledge partial financial support from the
for a fringe spacing of 8 microns. E =10 kV/cm the largest Direccion General de Asuntos del Personal Agaiico from
optimal thickness is 8.3 mm for, = 0.3 andm= 0.6 when the Universidad Nacional de &#tico through grant IN-
the fringe spacing is around 4 microns, and remains nearl§11807.

x. Author to whom correspondence should be addressed: Tel. +1. P. Gunter and J.P. HuignarBhoto Refractive Materials and
[52 55] 56 22 51 22; FAX + [52 55] 56 22 50 11; e-mail: fer- their Applications, vol. I(Springer-Verlag, Berlin, 1988); P.
nando@fisica.unam.mx Gunter and J.P. HuignarBhoto Refractive Materials and their

Rev. Mex. . 54 (6) (2008) 433-439



OPTIMIZATION OF THE GAIN IN NON-UNIFORM GRATINGS IN A Bi;2SiOyp CRYSTAL CONSIDERING THE...

Applications, vol. lI(Springer-Verlag, Berlin, 1989).

. P. Buchhave, S. Lyuksyutov, M. Vasnetsov, and C. Heylde,
Opt. Soc. Am. B3(1996) 2595.

. S.F. Lyuksyutov, P. Buchhave, and M.V. Vasnetdelrys. Rev.
Lett. 79(1997) 67.

. L.F. Magdia, I. Casar, and J.G. Murill@pt. Mater.30 (2008)
979.

. S.L. Hou, R.B. Laurer, and R.E. Aldrichl. Appl. Phys44
(1973) 2652.

. |. Foldvari, L.E. Halliburton. and G.J. Edward3ol. Stat. Com.
77(1991) 181.

. A. Marrakchi, R.V. Johnson, and J.A.R. TangudyQpt. Soc.
Am. B3 (1986) 321.

. V.V. Shepelevich, N.N. Egorov, and V. ShepelevidhQpt. Soc.
Am. B11(1994) 1394.

. VV. Shepelevich, S.F. Nichiporko, A.E. Zagaorskiy, Yi Hu, and 17.

A.A. Firsov, Ferrolectrics266(2002) 305.

10
11

12.

13.

14.

15.

16.

439

. B.I. Sturmaret al,, Phys. Rev. B0 (1999) 3332.

. N.V. Kukhtarev, G.E. Dovgalenko, and V.N. Starko¥ppl.
Phys. A33(1984) 227.

Caulfield,Opt.Comm104(1993) 23.

J.G. Murillo, L.F. Mag&a, M. Carrascosa, and F. AgHl
Lopez,J. Opt. Soc. Am. B5(1998) 2092.

J.G. Murillo, L.F. Mag&a, M. Carrascosa, and F. Agl
Lopez,J. Appl. Phys78(1995) 5686.

R.V. Litvinov and S.M. Sandaro@Quantum Electrori1 (2001)
973.

C.L. Woods, C.L. Matson, and M.M. Salowppl. Phys. A0
(1986) 177.

J.P. Herriau, D. Rojas, and J.P. HuignaFerroelectrics 75
(1987) 271.

Rev. Mex. . 54 (6) (2008) 433-439

N.V. Kukhtarev, T.V.Kuktareva, J. Jones, E. Ward, and H.J.



