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Abstract

Acoustooptic and photoelastic properties of Li,B,O; and a-BaB,0O, crystals have
been studied for the light wavelength of 442 nm . It has been shown that the
efficiency of acoustooptic diffraction increases essentialy at 442 nm, when
compare with that typical for 632.8 nm.
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I ntroduction

Crystals of borate family are well known as efficient nonlinear optical materials. They are
highly resistant to powerful laser radiation and transparent in deep ultraviolet spectral
range. Recently we have shown that these materials could be efficiently used for
acoustooptic (AO) operation of optical radiation [1-7]. In particular, the AO figure of
merit (AOFM) for a-BaB,0, crystals reaches the value M, = (270 +70) x10™* s’/kg for

the wavelength 632.8 nm of optical radiation, provided that the geometry of interaction is
optimised [8]. As aready mentioned, one of the advantages of borate crystals is their
wide range of transparency. For example, SrB,O; crystals are transparent in the deep
ultraviolet region down to 130 nm [9, 10]. However, AO properties of the borates have so
far been studied only at the wavelength of He-Ne laser (632.8 nm). It is impossible even
to estimate the AO efficiency of those crystals for the shorter wavelengths because of a
lack of data on both the photoelastic coefficients and the refractive indices. That is why
the present work is devoted to studies of dispersion of the refractive indices, piezooptic
and photoelastic coefficients, and AO diffraction at the operational wavelength of
442 nm. These studies are performed for the cases of Li,B40; and a-BaB,O, crystals.

Experimental

Dispersion of the refractive indices for Li,B4O; crystals in the visible spectral range had
been earlier studied in our work [11]. Here we studied the refractive indices of a-BaB,0,
in the visible range, using index-matching liquids. The accuracy for the refractive indices

was not worse than +1073. Dispersion of the refractive indices was obtained with the aid
of Sellmeier equation
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where Aq and A; are the characteristic wavelengths of oscillators, which correspond
respectively to the short-wave and long-wave absorption, and A, B; and B, denote the
fitting parameters. Then the A, and A, values were critically compared with the spectral
absorption data[12, 13]).

The piezooptic coefficients were studied at the wavelength of He-Cd gas laser
(A =442nm) with interferometric technique, using a Mach-Zender interferometer. The
technique has been described in detail in the open literature (see, e.g., [8]). The
photoelastic coefficients were calculated with the formula p,, =, G,,. AO diffraction

was studied at the RF signal frequency of 100MHz with the aid of AO cells (see [8]).
The incident optical radiation of He-Cd laser propagated through a crystal, in which a
piezoelectric transducer excited a longitudinal acoustic wave. The intensity of incident
light I, and that of zero-order diffraction maximum I, were measured with

photomultiplier or semiconductor photodetector. The diffraction efficiency 7 was
calculated according to the relation 7=(l; —1g)/1;, where 1, was measured as a
function of driving electric power applied to the transducer. Natice that the intensity of
the diffracted beam is equal to |4 =1; —15. We determined the AO efficiency on the
basis of the above relation, since the intensities of the zero-order and incident beams were

comparable, thus allowing us to perform measurements in the same linear range of
photodetector response. The error for the AO diffraction efficiency was about 10%.

Results and discussion

The calculation results for the dispersion of refractive indices in Li,B4,O; and a-BaB,0O,
crystals are presented in Fig. 1. The corresponding fitting parameters are as follows:
Ao=165nm and A;=3550 nm; A.=2.02922, B,,=0.36125 and B, =0,04940 for n,,
A, =2.26602, By, =0.31050 and B,, = 0.45813 for n, (Li.B4O; crystals), Ao= 183 hm and
A1=3500 nm; A.=2.16808, B;,=0.17764 and B,,=-0.02069 for n,, A,=2.53281,
By, =0.23664 and B,, = 0.34332 for n, (a-BaB,0O, crystals).

The piezooptic and photoelastic coefficients of a-BaB,O, and LiB4O; measured at
the wavelengths of 632.8 nm and 442 nm (see Table 1) do not differ much if one takes
into account rather high error of their determination (at least ~ 30%).

From the relation M, =n®pZ /pv® (with n being the refractive index, py the
effective photodlastic coefficient, p the density of material and v the acoustic wave
velocity) it follows that the dispersion of AOFM M, isdetermined by dispersions of both

the refractive indices and the photoelastic coefficients. However, one can see from Table
1 that the photoelastic coefficients are determined with rather high error and, within this
error, their dispersion cannot be clearly detected.
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Fig. 1. Dispersion of refractive indices for Li,B,O; (a) and a-BaB,O, (b)
crystals: triangles correspond to n, and circlesto n,. Full and open
triangles and circles correspond respectively to the experimental data [10]

and the results of approximation with the Sellmeier equation.

The experimental results for AO diffraction efficiency for the case of interaction
with the longitudinal acoustic wave in o-BaB,O, and Li,B4O; crystals are presented in
Fig. 2. Notice that the longitudinal acoustic wave in the both AO cells propagates along z
axis and the light beam is ailmost parallel to y axis. In al the cases mentioned above the
isotropic diffraction is observed. The AO efficiencies for a-BaB,0O, crystals measured for
the light polarizations parallel to x and z axes are almost the same, while the AO
efficiency for Li,B4O; is amost four times greater in case of the polarization parallel to z
axis than that for the x axis. The AO diffraction efficiency is as high as 7 =17% (note

that 7=10% for A =632.8nm [8]) in the o-BaB,0, crystalsat P = 0.5 W, while for the

0, 0,
40 A sp 1%
301
30 1 25
201 e
© L)
20 1 S a 15 b
10
10 «©
O 5.
P,W P.W
0 T 0 T T T T T T
0.0 1.2 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Fig.2. Dependences of diffraction
efficiency on the power of electrical signal
for o-BaB,O, (a) and Li,B;O; crystals
(A=442nm), and AO diffraction pattern
observed in o-BaB,O, at A =442nm and
P=05W (c). Full and open circles

correspond to the light polarizations
parallel to x and z axes, respectively.
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Li,B4,O; crystals we have n=26% a the same power of electric signal, if the
polarization is parallel to thex axis (7 =7.5% for A =632.8nm [8]). As one can see, the
efficiency of acoustooptic diffraction for the both crystals increases several times at the
wavelength of 442 nm, when compare with the same parameter at 632.8 nm.

The experimental results concerned with the AO diffraction in a-BaB,O, and
Li,B4O; correspond to the interaction of longitudinal acoustic wave (v,, = 3239 +51m/s
for a-BaB,O, and v,, =5040+100m/s for Li,B,O7) propagating aong z axis with the
incident optical wave, of which propagation direction is dightly inclined to y axis. The
Bragg angles for the a-BaB,0O, and Li,B,O; crystals are equal respectively to 6, =0.71°
(cf. with the value g, =0.53° for A =632.8nm [8]) and g, =0.46° (cf. with the value
6, =0.37° for A =632.8nm [8]).

The relations that describe this kind of isotropic diffraction in our crystals may be
written as

ES*? = pages DS’
E[*? = piae5 D
where E; is the electric field of the diffracted wave (the frequency w+ Q), D; the electric

)

displacement of the incident wave (the frequency w), and € the mechanical strain

caused by the acoustic wave (the frequency Q). Notice that the value of acoustic wave
frequency agrees well with that following from the Bragg diffraction conditions.
According to [14], we present the relation for the diffraction efficiency as

| _ ., mL Ag|__, T |[PLM, TPLM,
n=—=8n"| ———-|=sin =.32 25 ! 3
Iy 2],cos6; & A,cos6, V' 2H 2A;H cos” 6,

where Ag =& —&° means the difference between the perturbed (P = }/Bp ) and non-

perturbed (£° = }/BO) dielectric permittivities, B the optical-frequency dielectric

impermeability, L the length of interaction of acoustic and optical waves, &, the Bragg
angle, A, the wavelength of optical radiation, n the refractive index and H the width of

piezoel ectric transducer.
Let uswrite out equation for the optical indicatrix in the form

(B, + plses,)xz +(B, + plses,)yz +(B, +psses,)22 =1. (4)

Then we are able to derive the ratio of photoelastic coefficients as a function of AO
efficiency determined for the light waves polarized along the x (77,) and z (77,) axes:

3
P :n_g I (5)
p33 ne /73
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From this relation and the experimental data available one finds p;3/ psz =1.3 for
0-BaB,0O, ( pi3/ p3z =1.2 for A =632.8nm [8]) and p,3/ ps3 =1.75 for Li,B4O; crystals
(P! Py =166 for A =632.8nm [8]). It is evident the given ratios are amost the same

for the both wavelengths. In other words, dispersion of the AOFM is determined mainly
by disperson of the refractive indices. Namely, we get the estimation

6 6
M 242nm 442nm M 242nm 442nm
[ 2 J :[ Ne = 2 = Mo =1.05 for a-BaB,O, and
z X

632.8nm 632.8nm 632.8nm 632.8nm
M 5 Ng M 2 N,
6 6
M= ) [ gt ~1.2 M=) [ g =1.3 for Li,B,O
632.8nm 632.8nm e 632.8nm 632.8nm : 224
M 2 Ng M 2 N,
V4 X

As a result, the AOFMs for the both crystals do not differ essentially for the
wavelengths of 632.8 and 442 nm. However, it follows from Eq. (3) that the ratio of
diffraction efficiencies also depends on the ratio of the corresponding wavelengths, under
the conditions of equal other parameters:

Nasonm _ M52 (6328)° _, (o MZ*2 ©)
Ne32.8nm M gSZ.Snm ( 442)2 M SSZ.Snm
n M442nm n
Actually we have -£4420m_ =3 05 62328 =2.15 for a-BaB,0, (or —242nm_—1 7
.onm
7632.8nm M 2 7632.8nm
442nm
according to the experimental data), [aazom_ | =5 05 Msst =27 (or
77632.8nm M 3==Sm
X 2 X
(M] =35, according to the experimental data) and
71632.8nm X

n M 442nm
(Mj =205 —2-—— | =25. Thus, we obtain a quite satisfactory agreement
.onm
11632.8nm 7 M2 2

between the theoretical estimations and the experimental data for the diffraction
efficiency ratio.

Conclusions

On the basis of results presented above one can conclude that the efficiency of AO
diffraction in the both a-BaB,0O, and Li,B4O- crystals increases essentially when passing
from the ‘red’ spectral region (632.8 nm) to the ‘violet' one (442 nm). The experimental
data derived for the AO diffraction agree well with the diffraction efficiency values
estimated theoretically. Moreover, we have obtained some information regarding spectral
dependences of the refractive indices and the photoelastic coefficients. It has been shown
that the increase in the diffraction efficiency occurring for the short wavelength is mainly
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caused by dispersion of the refractive indices and a quadratic dependence of the
diffraction efficiency on the wavelength of optical radiation.
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Anomauin. B pobomi docriodceni akycmoonmuyti i oomo npysxcHi 61acmueocmi Kpucmaiie
LioB4O; i a-BaB,O4 na dosorcuni xeuni onmuunoz2o eunpominiosaniss 442 um. Ioxazano, wo
epexmugHicmv aKkycmoonmuyHoi ougpakyii cymmego 3pocmae npu 442 um y nopieHauHi 3
632.8 1.
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