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Photorefractive-gain dependence on piezoelectric and photoelastic effects in barium titanate
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The influence of the piezoelectric and photoelastic effects is experimentally demonstrated in barium titanate
(BaTiOy). Its effect on the photorefractive two-beam coupling is investigated for extraordinary and ordinary
polarizations. Two additional maxima in the photorefractive extraordinary gain are found and correspond to the
two sidelobes of beam fanning. The role of the trap density on their magnitude and angular position is
theoretically studied.S1063-651X97)07906-3

PACS numbe(s): 42.70.Ng, 42.65.Hw, 77.84.Dy, 78.20.Hp

The large value of the electro-optic coefficieny makes eN,
barium titanate (BaTig) an interesting material for optical Eq= e K (4)
nonlinear applications where photorefractive effects occur 0%eff
[1]: image amplification, novelty filtering, optical correla- . . ,
tion, wave-front correction via phase conjugation, and hologV1€ree is tEe electron chargég 'ﬁ the Boltzmann's con-
raphy. The physics of the photorefractive effect is now wellStant: T s the temperatures, Is the vacuum permittivity,

understood. Two coherent beams interfere inside the matd$ IS the grating vector modulus, amth is the trap density.
rial. A photorefractive grating results from a photoinduced!" the above formulations, two important quantities appear:

charge redistribution in the bulk of the material. The associ{N€ Photorefractive effective dielectric constag [see Eq.

ated photoinduced electric field, in turn, generates an inde{®] and the effective electro-optic coefficiefsee Eq.(1)].

change. Each beam is self-diffracted by the index grating ani! the ten last years, there has been controversy about their

adds constructively or destructively with the incident beam EXPressions, especially in determining which of the clamped

The consequence is that the intensity of one beam is de(_strain freg or unclampedstress fregcoefficients should be

creased while the intensity of the other beam is amplifiegUSed in materials where a constant electric field is applied
Most of the applications involve two waves mixing and im- [3,4]. Moreover, it has been demonstrated that in materials
ply energy transfer from a pump beam to a weak bétra where spatially modulated electric fields occur, as it is the

probe or the signal beaniThe efficiency of the energy trans- C2S€ in a two-waves mixing configuration, the effective di-
fer is characterized by the two-beam coupling ghirex- electric and electro-optic coefficients are neither the clamped
pressed al]; nor the unclamped coefficients, but they can be calculated

from these valuef5,6]. Ginter and ZgoniK7] consider each
20 kind of deformation and give the two appropriate coefficients
r'=9() ~ (npns)3/2reﬁESC<§p. és), (1) as combinations of piezoelectric and photoelastic tensor
components:

where J(1) is a saturation parameter that depends on the -1

. - . : €ijk€mnidig;ImInA

intensities and increases up to a value of2], \ is the =00 €5 4 —1KMNIZiZ) I mInTKl (5)
. . . eff glgj €ij '

wavelength of light in vacuumm, andng are the refractive €

indices of the pump and the signal waves, respectivély,

and &g are unitary poIarl_zatlon vectors of th_e beamg; is fefdep,ids,j[fﬁkngr pi,jElglAlzn]{Bm]- (6)

the effective electro-optic coefficient, aiftl, is the space-

charge electric field whose expression is, in absence of a

o ; o g n r mponents of the unitary grat-
external electric field and in the presence of one deep and'’ 9 gmj grL’ a dsg'f are co po ents o t'e u t.a y grat
one shallow site: ing vectorg=K/K, e is the static clamped dielectric tensor,

€p is the vacuum permeabilitg;;, is the piezoelectric stress
E.E tensor,rﬁk is the clamped electro-optic tensak, ;, dg; are
a (2 components of unit vectors along the dielectric displacement

ESC

EatEq vectors, By, =eyngkd;» Aik=Ch0;g1, Cij is the elastic
with stiffness tensor, an’ § = pf ) + Pf () is the elasto-optic
tensor at a constant field that takes into account the Pockels
ke TK effectpﬁ(kl) and the rotation of the index ellipsof@,9] via
=g 3
c e 1[(1 1
pij[kl]:_pij[lk]:§ 2l T\n2l (631 0jk— ik S;1)-
ii ji
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FIG. 1. Scheme of the crystallographic axis and grating vector .
K that results from the interference of the pump beam and the probe < 150 £ h
beam. The crystal is rotated around &saxis, the grating vector E L
K stays in the planeh,¢). § 100 [ 7
The above theoretical development successfully explains S0 E
the beam fanning structure in BaTj(QLO] that appears when
extraordinary light passes through this material. The beam [ oS : | e
fanning phenomenon arises from the selective amplification 0 soﬁ . T o
of light scattered from various defects in the bulk and surface i 40 o (dggree) 40 80

irregularities through beam coupling with the incident beam
itself. The far-field resulting intensity results in a three-lobed |G, 2. Photorefractive extraordinaffig. 2a)] and ordinary
structure composed by a central lobe along ¢haxis and  [Fig. 2(b)] gain ' versus the angler at A\=633 nm, in a pure
two side lobes apart from the central lobe. In the previousaTiO, crystal. The experimental results are represented by dots.
work [10], the beam was supposed to be scattéegd thus  The curves in full lines correspond to the theoretical expressions
diverging according to a Gaussian law with half-width of (1), (5), and(6). The curves in dashed lines are obtained by neglect-
24°. In the present study, we present proofs of the expresng the piezoelectric and photoelastic contributions.

sions (5) and (6) with two-beam coupling experiments in-

volving single plane waves that do not diverge or converge=10 mW/cnt is well below the saturation intensity so that
inside the crystal. In our experimental setup, the pump anghe parametett(l) can take a value different from unity: it is
probe beams impinge onto the crystal at symmetric anglegaken equal to 0.55 for every theoretical curve in Fip) 2
6=20° measured in the air, writing a grating whose vector isand 2b). The dashed curves are obtained if the piezoelectric
perpendicular to th& axis. The normal to the entrance face and photoelastic effects are neglected and if only unclamped
of the crystal isd (see Fig. 1 The undoped BaTi@sample coefficientd 11] are intended instead of the clamped ones. In
is rotated around itsi axis by an anglex=(K,¢), the K this case, the effective coefficients take the form:

vector staying in the 3,6) plane. For severak values, the

steady-state photorefractive gdiris measured, the polariza- T

tion of the waves being adjusted for each angleith half €et= 0i0j €j » ®
wave plates to keep them both ordinary if ordinary gain is

experienced or extraordinary in the case of extraordinary

gain. The results conducted at=633 nm with a pump- rer=Cp,idp jf kK- 9
probe ratio 3< 10" are depicted in Fig. (@) for extraordinary

waves and in Fig. @) for ordinary waves. Two secondary Similar measurements conducted Jat514 nm with the
maxima atae~+50° apart from the central maximum are same crystal and with a pump-probe ratio of 20° lead to
found, these positions do agree with the two sidelobe directhe same conclusions. Two additional regionsxat +50°
tions of the beam fanning observed in this crystal at thiswith high amplification are again detected. Further experi-
wavelength. In each case, the curve in the solid line is thénents with a pump beam and a probe beam asymmetrically
theoretical gaifl” calculated with Eq(1). All the numerical incident with respect to thé@ axis give higher gaingdue to
data concerning the dielectric constants, the piezoelectrithe coefficientr,,) and confirm the existence of the side
elasto-optic, and electro-optic coefficients are extracted fronmaxima at the same positions as above.

[11]. The trap density for this crystal iN,=3X10?m3 In summary, two regions outside the classical one are
determined from classical gain measurements vefatshe  found in the gain curves and explained with the influence of
same wavelength. The incident light intensity beihg the piezoelectric and photoelastic effects, this for ordinary



7784 BRIEF REPORTS 55

1200 r 600
1000 | 500 |
~ 800 | ~ 400
E i ) g
— 600 —~ 300 |
£ [ = r
< L [~3 [
S 40 | © 200 f
200 | 100 ©
0 L L PR T W | 0 i
-80 -40 0 40 80 0
o (degree) o (degree)
FIG. 3. Theoretical gaiii" versus the angler atA =633 nm in a FIG. 4. Theoretical gaifi versus the angle: at A = 1064 nm in
pure BaTiQ crystal, for several trap densities in the rande  a Rh:BaTiQ crystal, for several trap densities in the range
X107 m~3; 6x10°? m~3] (curve 1 to curve X102 m~3 5x 102 m 3 (curve 1 to curve b

dmaxima are positioned at~*=50°. A particular effect is

polarized waves as well as for extraordinary polarize , . . . .
the strong increasing of the side maxima magnitude for rela-

waves. The role of the trap densiy, is illustrated in Fig. 3. . N |
As this quantity is increased, the maximum gain obtained foflVe SmaliN, values.

a=0° takes greater values, and reaches a saturation value tof Iln Ct?nd#s'?n’hthe k')nﬂl‘;]enie c;ifr;hitp'lfzcéelei(:tt”% a\;\r/}f[jhphr?-_
I'~10 cmi t for Na>4X 1072 m™3. This parameter slightly 0c a>tc €TECIS has been expenmentally depicte pho

alters the angular positions of the secondary maxima; its ma{[-o refracpve twq-beam coupling arrangements. '_I'he existence
f two side regions where the gain is privileged is confirmed.

jor effect is to increase their magnitude that becomes clos he interpretation of the results does not need the hypothesis
and closer to the central gain vallig. Such samples should fa scatt?ared beam according to a Gaussian law WKCF))SG half-
be very efficient when the depletion of one bearing beam id idth value is not easy 1o vergy It has also been shown that
researched as in novelty filter arrangements. m locati f th gl/ A d dent of the t
To go further with predictions, it is interesting to investi- € location of the side maxima IS independent of the trap
density. This last quantity acts on their magnitude, allowing

gate the same effect in rhodium doped Badi@ has been greater energy transfer in the side lobes than in the central
recently discoverefll2—14 that these crystals perform well one for Rh:BaTiQ.

in the near infrared region, opening fruitful perspectives for
the applications at the laser diode wavelength. The evolution
of the theoretical gain versus the anglés drawn in Fig. 4,
atA=1.064 um. The values of the tensorial coefficients are  The author thanks Doctor P. Jullien for his useful com-
issued from Refd.15, 1. At this wavelength, the two side ments on the manuscript and helpful discussions.
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