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Abstract. We study the diffraction efficiency of volume phase has to be taken into account since it is comparable, or even
gratings in Bi.GeQy, when the grating vector, lying on greater in some cases [19, 20], to the primary electro-optic
a (111) plane, is at an angle with respect to the crystallo-effect.

graphic direction. An external bias field parallel to the di- The importance of the secondary electro-optic effect on
rection is applied during recording, thus, the recording conthe photorefractivity of LINb@ was first shown by Izvanov
ditions depend on the grating vector orientation. The baet al. [21]. Stepanov et al. [22] used this theory to calcu-
sic parameters determining the diffraction efficiency are thdate the photoelastic contribution to the photorefractive effect
grating vector orientation, the rotatory power and the field4n cubic crystals. A study of the dependence of the com-
induced linear birefringence (primary and secondary). Anaponents of the impermeability tensor on an inhomogeneous
Iytic expressions for the diffraction efficiency have been ob-space charge electric field in cubic crystals was presented by
tained by taking into account all the above-mentioned paramShandarov et al. [23] followed by Anastassakis [24] and Frey
eters, provided that linearly polarized light is incident on theet al. [25]. Analytical solutions for the diffraction efficiency
crystal. In this configuration, the influence of the secondanand the two-beam coupling gain of arbitrarily cut cubic gy-
electro-optic effect (inverse piezoelectric and photoelastic efrotropic crystals were presented by Shepelevich et al. [26]
fects) to the diffraction efficiency is actually stronger thanand Sturman et al. [27]. Recently Shepelevich et al. [28] have
the influence of the primary effect. Experimental results arepplied the above-mentioned theory for the optimization of

given. the crystal thickness in order to obtain maximum gain. On
the other hand various experimental data for the diffraction
PACS: 42.65.Hw; 42.70.Mp efficiency [29, 30] and the two-beam coupling gain [31, 32]

in the so-called Huignard configuration revealed that there is
strong qualitative and quantitative influence of the secondary

The electro-optic and optically active photorefractive piezo-€l€ctro-optic effect on the diffraction efficiency and the two-
crystals of the sillenite class (BiGeGy, Bi12SiOyp) are cur- beam coupling gain, respectively. .

rently widely employed as image recording media for op- Although the overall theoretical problem is solved now for
tical signal processing and real time holographic interfer2n arbitrary cut, there is a lack Ofpublls,hed experimental data
ometry [1—4]. In all device applications a phase grating igfor cpnﬂgqratlpns other than Huignard’s. Anqther interesting
recorded in the volume of the crystal [5—7], therefore itconfiguration is the so-called 111 cut. In this configuration
is important to study the properties of the induced gratingth® crystal faces are cut parallel to (1), (110), (112)

An important parameter, which strongly affects the diffrac-cryStalographic planes, while light propagates parallel to the
tion properties, is the grating vector orientatign How- | 111] crystalographic direction. The 111 cut has only re-
ever, the simultaneous presence of natural optical activit ently been studied, by Shepelevich et al. [33]. In their work
and the electro-optic effect [8—16] complicates the theoreticaphePelevich et al. presented theoretical analysis and experi-
treatment of light-diffraction phenomena in a photorefrac-mental data for the two-beam coupling gain of a 111-cut sil-
tive crystal belonging to the 23 point symmetry group. Thel€nite crystal, while the grating vector was arbitrarily oriented
complexity of the theoretical treatment is increased by th@n @ (111) crystalographic plane. One important conclusion

presence of the secondary electro-optic effect [17, 18] whiclf the above-mentioned paper is that in this configuration,
contrary to the Huignard configuration, the secondary electro-

I tic effect “switches on” the polarization dependence of the
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the sillenite class in the presence of an external bias elepiezoelectric coefficiene = e;,3, four independent photoe-
tric field. The grating vector is arbitrarily oriented on the lastic coefficientspy = p1111, P2 = P1122, P3 = P1133 Pa=
(111) plane and the external bias electric field is applied along,s23 and three independent elastic coefficiecis= Ci111,
the [110] crystallographic direction during recording, thus, ¢, = Cy122, €3 = Ca323 From (2) it is concluded that for
the recording conditions do not remain constant as we vargll crystals belonging to the 23 symmetry class the main
the grating-vector orientation. In order to keep the mathediagonal component8;; of the impermeability tensor are
matical analysis simple, the bias electric field is removegberturbed only by the secondary electro-optic effect since
during reading of the holographic grating. At first, the peri- ABf =0 (r!, = 0= AB = 0). On the other hand, the non-
odic perturbations induced in the impermeability tensor bydiagonal componentd$3(,, Bi3, By3) are affected by a com-
the primary and the secondary electro-optic effects are arbination of the two effects: the primary electro-optic effect
alytically calculated. Secondly, the space-charge amplitudeyia r (electro-optic coefficient) and the secondary electro-
a parameter in the previous calculations, is analytically caleptic effect viag, ¢;, pi (piezoelectric, elastic and photoelastic
culated for arbitrary grating-vector orientation. Finally, light coefficients).
propagation and diffraction phenomena are taken into account Let us consider the case of a transmission holographic
and the diffraction efficiency is analytically calculated. In grating with vectoiG arbitrarily oriented on the (111) plane,
order to support our theoretical analysis diffraction efficiencyat an angleyg with respect to the crystallographic direction
experiments are presented, accompanied with analysis, intdt 1 0] (Fig. 1). In this case, the direction cosines of the unit
pretation and conclusions. vectorn on the[100], [010], [00]] crystallographic axes can
be written as:

1 Electric-field-induced birefringence N J6 .
M= cosyG) — 5 sin(ye) ,
In a photorefractive crystal the space-charge grating is built

up along a certain direction. The grating periadis much _ __2 cosye) — @ sin(ve)
smaller compared to the crystal dimensions, therefore, we?~ 2 ve 6 el

treat the photorefractive grating as an infinite one. Under 2

static conditions the space-charge electric field is directefis =/ 5 SiN(yc) - 3)
parallel to the grating vectdp, so we can writeEg. as:

Esc=NE%cosG 1), 1) By applying the general expressions presented in [22] to the

111 cut and after some lengthy but simple calculations, we
where E, is the amplitude of the space-charge field and derive the analytical expressions regarding the induced per-
is the unit vector directed parallel to the grating vedBr  turbation of the components of the impermeability tensor
Since all the crystals exhibiting linear electro-optic effectsfrom (2) and (3):
are also piezoelectric, the piezoelectric coupling will produce

local deformation to them [32, 34]. Due to the photoelastic ef-

2e A A A
ABy = — E2_sin(3yc) P1A1+ P2A2+ P3A3

fect, the crystal deformation will in turn locally perturb the 3.6 D ’
components of the impermeability tendgy. Consequently, 2e PsAL+ prAs+ P2As
under the effect of the electric field of a holographic gratingA Bz, = — ——EZ.sin(3yc) ,
space-charge electric field, the components of the imperme- V6 D
ability tensor of a photorefractive piezoelectric crystal acquirey g, — 2 o sinGye) P2A1+ PsAz2+ P1As
the increments [23]: 3/6 ° D ’
ABR, = ABR, + ABY,, AB1p=ABy = EO{\/?Sin(ye)[r—i-%
sV 3 3D

where ABm = Mk kES, ) 2 2 V3sin2 A

A B = Pl M 7% €pij Moy ES, | (2+cos2ye) + V3sinzye))
wheren; stand for the direction cosines of the unit veator + (2+C05(2)/G) - «/§S|n(2yg)> Az}] ,
p corresponds to the contribution of the primary electro-optic V2 J/6
effect, s corresponds to the contribution of the secondaryAB;3= AB3; = EZ, (—— cosyg) — — sin(yg)>
electro-optic effect; .., PE,.«+ €nij, are respectively the com- 2 6

ponents of the electro-optic tensor, the photoelastic tensor and
the piezoelectric “stress” tensor of the crysta. is the in-
verse of the tensal” with components:

x [r + %{45%%)&
+ (2—|—cos(2ye) - «/§sin(2yG)> A3}] ,
Tic = Clanimi . (ﬁ NG )

ABy3= ABg; = EJ.[ —— codys) — 3 sin(ye)

whereCE, are the components of the stiffness tensor (at con- 2
stant electric field). [ €pP4 { :
Since Bi,GeOy belongs to the 23 symmetry class, only *"*3p 4sirt (ya) Az
the following independent coefficients exist [17]: one inde- 2 2 in2 A }] 4
pendent electro-optic coefficient= r,3;, one independent +( +c082y6) +/3sin( VG)) 31 )



where the parameterd;, Ay, Az, D are given by the
equations:
A1 =—(Cc1—C2—2C3) (C1 +2C2+C3)

x <E cos(ye) + 2 cos'(ya) sin(ye))
9 3/3

1
+3 [cf — 2¢5 + ¢y (Co — 4cs) — 11c,¢5 — 565] coS (1)
V3 .
+-g[261 420162+ €165 — (22 + C9)* o) sin(ye)

1
+ 3_6 (401 —C— 5C3) (Ci—Cr— 2C3)

1
- 503 (C1+ 2c2+C3) +Ci1C3,

Ap =— (€1 — Cp — 2C3) (C1+ 2C2 + C3)
2 2 .
x <§ cod(ys) — —= CoS(vc) sm(ye))

3/3
1
+35 [cf — 2¢5+ ¢y (Co — 4cs) — 11c,¢5 — 565] coS (1)
3 .
- % [205 +2c1C2 4 C1C3 — (2C2+ CS)Z]COS(VG) sin(yc)

+ 3_16 (4c1 —Cc2—5C3) (€1 — C2 — 2C3)
— %Cg, (C1+2c2+cC3) +CaC3,
Az = g (C1 — C2 — 2C3) (€1 + 2C2 + €3) o (yG)
— g [cf — 265+ 1 (c2 — 4cs) — 11c,C3 — 565 ] cOS'(v)

1
+ 3_6 (Cy — 7Cp—8c3) (C1 — Cr — 2C3)
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1
AN =— 1—2n3{2(ABn+ ABays+ ABgs— ABpy
— AB13— ABza) - [(A Bi1+ ABy—2ABss3

—4AByo+ 2ABia+ 2ABy3)?

1
+3(AB2;— AB11+2AB13—2A 523)2] : } , (6)

wheren, is the refraction index of the unperturbed crystal.
The angleyr between the principal axis XD and the[110]
direction is calculated as:

tan(2y) =
V3(AByy— AB11+ 2AB13— 2ABgg)

(7
AB]_1+ABzz—2ABg3—4AB]_2+2AB]_3+2A823 ( )

2 Calculation of the space-chargefield amplitude

For long grating periods (over 10m) a holographic grating is
recorded in a BbGeOy crystal by applying an external elec-
tric field to it (drift regime) [35, 36]. In this case, the recording
conditions are not constant for an arbitrary grating vector
orientationys. Consequently, the induced space-charge con-
centration and the space-charge field amplitude depend on the
grating vector orientatiopg [37]. _

In this study high voltage is applied to tk&1 0) faces of
the crystal (Fig. 1). To calculate the space-charge field depen-
dence on the anglgs we assume that, during recording, the
externally applied electric field produces a spatial displace-
mentd, to the photoexited electron distribution. Alsdy, is
always parallel to the direction of the bias field and remains
fairly constant for any grating vector orientation.

— gCg (C1+ 2Co+ C3) + C1Cs, The sum of the positive and the negative space-charge

3 distributions equals the total space charge distribqtio_n. T_here-
D=——|(ci —co—2c)2 (C1 + 2Co + C2) COS6 fore, the amplitude?, of the total space-charge distribution

108{(1 2 — 2C3)” (C1+ 2C2 + C3) cO6yG)

— €} — 24c3C] — 2 (Cp 4 2c3) (C5 + €5 — 11cxC3) _—

+ 301 (GG +2cacz — 18 | 5) /T

Yy
The birefrigent characteristics of the perturbed crystal can an D

be studied with the help of the optical indicatrix. For cubic
Bi12GeQy the indicatrix is a sphere which, in the presence of
an electric field, is transformed into an ellipsoid. Referring to
the elliptic cross section of the indicatrix with the (111) plane
we can easily prove that the refraction index variation ampli-

tude of the crystal, along the principal axex(Q0z') of the
ellipse (Fig. 1), is given by the equations:

1
Ang, =— 1—2nf’,{2(ABn+ AByo+ ABzz— ABj»
—ABiz— A Bzg) + [(A B114+ ABy;— 2A B33
—4AB12+2A B3+ 2A 823)2

NI

+3(ABx— AB11+2AB13—2A 523)2]

b

|

(1111 &

i

Fig. 1. Crystallographic orientation of the BGO crystal. The bias electric
field is parallel to the[110] direction, & and @ are the axes of lin-
ear birefringence induced by the space-charge field with grating v&stor
oriented at an anglgs to the[11 0] direction. The general direction of light
propagation is normal to the (111) plane. The arfgtepresents the polar-
ization orientation of the readout beanand is measured anticlockwise to
the [11 0] direction
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is [30, 37, 38]: 4 . : : : :

d
09 COS¥G) , —° <1, 8)

s (KV/iem)

thus, for sufficiently small displacements, the space- charg"._u
amplitude is proportional to c6gc).

On the other hand [32,34], the effective static dlelec-
tric constant relating the space-charge amplitugeand the
space-charge field amplitudeg, is perturbed by the piezo-
electric effect. Thus, in order to calculate the functional re-&
lationship betweewg, and ES;, the compressional and shear
deformation that arise from piezoelectricity should be taker
into account. In the case of a holographic grating, with grating
vector arbitrarily oriented on the (111) section, we obtainthe 0 . . . . .

“Electric field amplitud

following equation by combining the crystal deformation [30] © 6 0 0 30 €0 %
with the expression for the dielectric response of a piezoelec Grating vector orientation y ; (deg)
tric crystal [17] and the Poisson equation: Fig. 2. Theoretically calculated space-charge field amplitude as a function

of the grating vector orientatiogs. (- - - ) = the theoretical curve calculated

e . without taking into account the secondary electro-optic effeet  C/rd),
09.= GEJ{eeo+ —[8\/§(A1 — Ap) cosye) Sirt(ye) (—) = the theoretical curve calculated with the secondary electro-optic ef-
9D fect taken into accounie= 0.98 C/n?)
— (A1 + A2 —2A3) (cog4yG) + 2 co82yG))

+3(A+ A+ Ag)]} ©)

wheree,, € are respectively the vacuum primitivity and the
relative dielectric constant (for constant strain), akd Ao,
Az, D parameters already defined in (5).

Consequently, using (8) and (9), the amplitude of theA
space-charge field can be calculated as: o

E° = o, cos(ye){ o [sﬁ(Al— As) coSyG) _

x Si(yg) — (A1 + Az — 2A3) (co4yc) + 2 c0S2y6))
+3(Ast Aot A | }_l , (10)

where E, is the bias electric field amplitude andis sim- 9 E— : : .
ply a scaling parameter calculated by fitting the theoretica -90 -60 -30 0 30 60 90
curves to the experimental data (see forward, Fig. 7 an Grating vector orientationy, (deg)

(12))' The parametar aCtua”y Integrates the effect of the Fig.3. Theoretically calculated perturbationsB; of the components of

modulation, the grating period and other “recording” param-,¢ impermeability tensor as a function of the grating vector orienta-
eters and is invariant to the grating vector orientation. Injon yg. (---) = theoretical curves calculated without taking into account

Fig. 2 we plot the space-charge field amplltlﬂg versus the secondary electro-optic effec = 0 C/nf), (—) = theoretical curves

¥ calculated from (10) with and without taking into account calculated with the secondary electro-optic effect taken into account
the secondary electro-optic effect. The crystal parametet@ 98 C/m)
r =3.14pnyV [9], 0o =205/mm, e=0.98C/m?, p; =
0.12, p2+ ps = 0.19, ps = 0.01, c; = 12.84x 10'9N/n?,
Co =2.94x 10'°°N/m?, c3 = 2.55x 10'°N/m? [22,39,40] to each other £B;; ~ ABy ~ ABgy). This is due to the
ande =515 are used in the calculations. The external fieldfact that for Bi,GeQy p1 & p2 ~ ps and therefore the sums
used wasE, = 6 kV/cm and the calculated value of the scal- (p1 A1 + p2A2 + p3Az), (PsAL+ p1A2+ P2A3z), (P2A1L+
ing parameter was = 0.548. The two curves practically psAz+ p1As3) in the numerators of (4) are almost equal to
coincide except for the range ef30° < yg < 30°. In this  each other. On the other hand, the secondary electro-optic
case, the secondary electro-optic effect flattens the cosireffect has a minor contribution in the perturbation of the non-
peak of the curve, therefore, a fairly constant space-chargdiagonal components of the impermeability tensamB(,,
field is induced in the crystal for this range of grating vectorA Bis, ABy3) and it could be easily neglected. Concluding,
orientation. the perturbation of the components of the impermeability

In Fig. 3, we plot the induced perturbatiorsB;; in  tensor is qualitatively different for the two effects, since the

the components of the impermeability tend®)y calculated secondary electro-optic effect perturbs the main diagonal
from (4). As it can be observed, the main diagonal com-components of the impermeability tensor, while the primary
ponents of the impermeability tensor are perturbed only bylectro-optic effect perturbs only the non-diagonal compo-
the secondary electro-optic effect and they are almost equaknts ofB;;.
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In Fig. 4, we plot the amplitude of the periodic variations almost equal). Therefore, the orientatigndepends on the
AN, AnS of the refractive index of the crystal versyg ~ non-diagonal componenta 812, A By andA Bys) of the im-
defined in (6), with and without taking into account the sec-permeability tensor, which in turn are perturbed mainly by the
ondary electro-optic effect. As it is clearly seen, the presencprimary electro-optic effect.
of the secondary electro-optic effect disturbs the symmetry
|AnY,| = |An) | obtained fore=0 C/m? (taking into account
only the primary electro-optic effect). o 3 outlineof the procedure followed for the analytical

In Fig. 5, we plot the orientatiog of the principal axis calculation of the diffraction efficiency
Ox’ with respect to th¢l 1 0] crystallographic direction ver-
sus the anglgc calculated from (7), with and without taking - Assuming a non-depleted readout beam, the electric field am-
into account the secondary electro-optic effect. Contrary tQyjiyde of the diffracted beam is obtained by the vector sum-
the previous plots, the orientatignis practically not affected maion of diffracted electric field amplitudes, which result
by the secondary electro-optic effect. This is due to the facfom syccessive cross sections along the crystal depth. The
that in (7) the perturbationaB;; of the diagonal compo-  ¢ystal geometry presented in Fig. 1 is used to describe for
nents of the impermeability tensor cancel each other (they axgo following analysis. The angle between the grating vector

and the[11 0] crystallographic direction igg and the probe
beam is incident at the Bragg angle. Since the spatial fre-

10 : : : : : guency of the grating is low, both the probe and the diffracted

beams are assumed to propagate imtlie.11]) direction. In
8 ] order to keep the mathematical analysis simple we consider
6+ l - that no bias field is applied to the crystal during the reading
4] ™~ ] process. Since the induced grating is weak, the propagation
‘fc_> Arg AN of light in the crystal can be studied assuming that the crys-
x 27 N tal presents optical activity without linear birefringence. Also,
‘?a—“ 04 : the linear birefringence is taken into account in order to calcu-
on 2] ] late the diffracted amplitude, but is neglected for studying the
- . -' propagation of the direct and the diffracted beams [9]. When
44 An?\‘ T plane polarized monochromatic light is transmitted through
64 } . 4 an isotropic crystal presenting optical activity, the plane of
g polarization is rotated by an angdg per unit length.
] ] A linearly polarized beamA (Fig. 1) vibrating at an
-10 T T T T T angled with respect to the directiofil 1 0] is used to read
-90 -60 -30 0 30 60 )

the grating. The incident light polarization plane will ro-
Grating vector orientation y,, (deg) tate through an angle,l in the anti-clockwise direction on
Fig. 4. Theoretically calculated perturbatiomix’, Ang/ of the refractive in- Fravgrsmg a thICkne‘?’B of the crystal. The readQUt beam
dex as a function of the grating vector orientatign (---) = theoretical 1S diffracted by a thin elementary grating of thickneds d
curves calculated without taking into account the secondary electro-optic fituated at a depth from the entrance face of the crys-
fect (= 0C/n?), (—) = theoretical curves calculated with the secondarytal. The elementary diffracted amplitude components, along

electro-optic effect taken into accoure= 0.98 C/nf) the O¢ and Q¢ principal axes, rotate further through an
anglepo(L —I) (wherelL is the crystal thickness) while prop-
0 , . : ; ; agating through the remaining crystal thickness. By inte-
grating all the elementary diffracted amplitude components
o | emerging from the crystal over the crystal thickness, we ob-
D tain the total diffracted amplitude and, hence, the diffraction
h=h efficiency [30, 37]:
= -30 _
| =
2 n=R+Qcog20+¢), (11)
2 45 i
i3]
= where:
5 <0 i 212
L 2 2 .
759 ) 2] 2
2 2 i
. Q=3 [(ANg)* — (AnZ)?]sind(gol ),
-00 -60 -30 0 30 &0 %0 ¢ =o00L —2¢. (12)

Grating vect ientati d . . . . .
g ector oYiBnetion v, (deg) Thus, for an arbitrary grating vector orientation, the dif-

Fig.5. Theoretically calculated orientatiogr of the principal & axis as  fraction efficiencyn is a cosine function of the readout

a function of the grating vector orientatiog. (---) = theoretical curves g . -
calculated without taking into account the secondary electro-optic eﬁegeam p0|anzatlon angl@wnh amp“tUdeQ’ dc levelR and

(e=0C/m?), (—) = theoretical curves calculated with the secondaryphased’- _The inpUt pollarizat'io'n anglémax reqUi.red_to ob-
electro-optic effect taken into accourg=£ 0.98 C/nf) tain maximum diffraction efficiencyy = R+ | Q| is directly
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related to the phasgand the sign of the amplitud® by the 1.2 - - - . . .
equation: 2 e
. . @ 1.0+ :
—2=vy—1oolL. Q> 0, g
Omax = (13 & 08 .
—24+90° =y —30,L+90°, Q<O, g
=
as it can be readily obtained from (11). o 06+ T
o
S
S 04 i
4 Experiment 7'5:
In this section we present the experimental procedure an 1 i
discuss the anisotropic optical properties of volume phas . ; ».

. . . 1 1 OO T |‘ T
gratings that are induced in a BGO crystal and are arbitraril j 0 s ; % 60 %

oriented on a (111) plane. A schematic diagram of the experi
mental set-up is given in Fig. 6. A collimated beam of quasi- Grating vector orientation v, (deg)
monochromatic light obtained from a Xe-Hg high-pressurerig 7. comparison of the experimentally measured diffraction efficiency
white lamp illuminates a Ronchi grating. The lensgsand  amplitude |Q| and dc levelR with the theoretically calculated ones as
L, form an image of the grating in the BGO crystal. The aper2 function of the grating vector orientatigs. LI = the experimental points
tures a, & in the diaphragm D transmit the1 diffracted for R, (—) = the theoretical curve foR calculated with the secondary
. . . electro-optic effect taken into accourg £ 0.98 C/nf), (---) = the the-

orders of the grating. A second diaphragrhidith a single  gretical curve forR calculated without taking into account the secondary
aperture alies in the image plane of D, and a photomulti- electro-optic effect é=0C/n?), ® = the experimental points fofQ|,
plier (PM) is placed after D By changing the interference —--— = the theoretical curve fdiQ| calculated with the secondary electro-
filter (IF) we can use different wavelengths, the Bragg condi®Ptic effect taken into accoune & 0.98 C/nf), |Q| =0 if we do not take
tion being automatically satisfied for all wavelengths Withoutthe secondary electro-optic effect into account in our calculations
any modification of the experimental arrangement. A variable
grating vector orientation is achieved by rotating the Ronch{e= 0 C/m? = |Q| = 0). The dc levelR of the diffraction
grating. efficiencyn is not greatly affected by the presence of the sec-

During the recording process we use green light (546 nm)pndary electro-optic effect, and reaches maximum for grating
polarizer P is removed, and high voltage (6/vh) is applied  vectors oriented at abott20° to the crystallographic direc-
to the crystal. On the other hand, during the reading procedson. The fit between the theoretical results and the experi-
we use red light (645 nm), polarizer P is put back in place, nanental data is very satisfactory when we take inverse piezo-
high voltage is applied to the crystal and apertyrsalosed. electric and, consequently, the secondary electro-optic effect
In our experiments we use an undoped<®x 5mm BGO into account.
crystal. The crystal is illuminated over its entire surface. In Fig. 8 the maximum diffraction efficiencymax versus

In Fig. 7 the amplitudg Q| and the dc levelR of the the grating vector orientatiops is shown. Both theoretical
diffraction efficiencyn versus the grating vector orientation and experimental results show that the optimum conditions
yc are shown. Besides the experimental points referring to
the amplitudg Q| and the dc leveR, two sets of theoretic-
ally calculated curves, using (12), are drawn. In the first se 22
the contribution of the inverse piezoelectree=t 0.98 C/m?) o 20+ .
and, consequently, the secondary electro-optic effects aig 1.
taken into account. On the other hand, in the second seg
the secondary electro-optic effect is not taken into accoursg ]
(e=0C/m?). Clearly, there is a discrete difference both ¢ 147
in magnitude and in shape between the respective curve—% 1.2
of the two sets. The most interesting is that the amplitudg 10
|Q| of the diffraction efficiencyn is equal to zero if we <

16

08

do not take the secondary electro-optic effect into accouré 06 ]
0.4 g
Gating 02+ b

OO T T T T - T

Lamp -EIJO -60 -éO 0 30 60 90

Grating vector orientation v,; (deg)

a
T EI Fig.8. Comparison of the experimentally measured maximum diffraction
IF L D L BGO D' efficiency with the theoretically calculated one as a function of the grating
! 2 vector orientationys. @ = the experimental points, (—s the theoretical
Fig.6. The experimental set-up. (IF): interference filter, (L2): lenses,  curve calculated with the secondary electro-optic effect taken into account
(D, D'): diaphragms, (P): graduated linear polarizer step motor controllede = 0.98 C/m?), - - - = the theoretical curve calculated without taking into
(+HV): high voltage, (PM): photomultiplier account the secondary electro-optic effeet=(0 C/nf)
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for the hologram readout are achieved when the holographithe diffraction efficiencyn. Although the theoretical analy-
grating is oriented at about20° with respect to the crys- sis is quite complex, it is still possible to deduce simple
tallographic direction. In this case, the maximum diffractionand elegant analytic expressions. The diffraction efficiency is
efficiencynmax increases about twice compared with its valuea simple sinusoidal function of the reading vector polarization
atyg = 0°. orientation.

Finally, in Fig. 9 the input polarization anglénax re- The physical parameters that determine the diffraction ef-
quired to obtain maximum diffraction efficiency, versus theficiency are the polarization orientation of the readout beam,
angleyg is shown. Equations (7) and (13) are used for thethe crystal thickness, the rotatory power and the field-induced
calculations. The fit between the theoretical results and thkirefringence (primary and secondary). The diffraction effi-
experimental data is excellent when we take the secondagjency is strongly affected by the presence of the secondary
electro-optic effect into accoune & 0.98 C/m?) and very electro-optic effect. If we neglect the role of the secondary
poor when the secondary electro-optic effect is not taken intelectro-optic effect, we are led to the false result that the
account €= 0C/m?). From the theoretical point of view, diffraction efficiency is independent of the polarization orien-
Omax is determined by the orientatiop of the Ox’ refrac-  tation of the readout bean@E0). Our results agree favorably
tive axis and the sign of the diffraction efficiency amplitude with the results of Shepelevich et al. [33].

Q. Although the angle/ remains practically unaffected by On the other hand, the functional dependence of the dif-
the presence of the secondary electro-optic effect (see Fig. Syaction efficiency versus the grating vector orientation is
the amplitudeQ is greatly affected by the presence of thea complex function of the configuration [29, 30, 33]. Spe-
secondary electro-optic effect, sin€g=0 for e=0C/m? cifically, the diffraction efficiency amplitud€® and the dc
(see Fig. 7). level R are intricate functions of the grating vector orien-
tation yg. The functional dependence ¢ and R to y¢ is
determined by the configuration (i.e. the crystal geometry)
5 Conclusions and the crystal parameters (i.e. the rotatory power etc.). An
alteration of the configuration results in a respective quali-
We have analyzed the anisotropic optical properties of voltative and quantitative modification of the functional depen-
ume phase holographic gratings induced in a BGO phodence ofR and Q. Therefore, it is possible to obtain a de-
torefractive crystal. The grating vector is considered to besired functional dependence of the diffraction efficiency ver-
arbitrarily oriented on the (111) crystallographic plane andsus the grating vector orientation by properly choosing the
a bias field is applied parallel to thg 1 0] direction dur- configuration.
ing grating recording. The primary, along with the secondary,
electro-optic effects are taken into account. A non-depletedcknowledgements. One of the authors (N.C. Deliolanis) is kindly supported
readout beam is assumed and energy transfer effects dtéthe Greek State Scholarship Foundation.
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