Introduction

Combined Piezoelectrooptical Effect in LiNbO; and LiTaO;
Crystals

R.Vlokh, O.Mys, A.Andrushchak, M.Kostyrko
Institute of Physical Optics 23 Dragomanov Str., 79005, L’viv, Ukraine
Received 15.04.2002

Abstract

The paper is devoted to the study of the combined piezoelectrooptical effect in LiNbO; and
LiTaOs; crystals induced by the mutual influence of the electric field and mechanical strain.
The coefficients of the combined piezoelectrooptical effect were determined as
N3, 3=3.6><10'18m3/NV for lithium niobate crystals and N;; 3=4.8><10'18m3/NV obtained from
dependence of piezooptical coeffecients on the electrical field as well as
N;;5=4.32x10"8m*/NV obtained from dependence of electrooptical coefficients on the
mechanical strain for LiTaO; crystals. It was shown that at the bias field E3~1.2x10°V/m
the piezooptical coefficient 7z3;=0 changes the sign for LiNbOj; crystals as well as in LiTaO;
crystals at £ ~1.6x10°V/m 73;=0 and at 0;22.5x10'N/m” the electrooptical coeffecient
r3;=0. It is shown that the change of electrooptical coefficients under the mechanical strain
and that of piezooptical coefficients under the electrical field are interchangeable effects.
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As it was shown in our previous reports [1, 2]
the change of piezooptical coefficients at
ferroelectrical phase transitions in
Ca,Pb(C,H5CO,)¢ and PbsGe;0;; crystals is
linearly or quadratically proportional to the
polarization. It means that
piezooptical coefficients can be changed by the

spontaneous

polarization or bias electrical field

AT =NijkimEmtLijkimnEmEn, (1)
where Amy - change of piezooptical
coefficients, Njm, Liumn - fifth and six rank

polar tensors and £, E, - electrical field. On the
other hand this effect can be interpreted as a
combined piezoelectrooptical effect, i.e. an
effect that consists in the change of refractive
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indices n=1/(ay)"" at mutual influence of the

electric field and mechanical strain and

described as
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A= NijimO ki EmtLijkimn Ok EmEn. )

It is interesting to note that the linear
piezoelectrooptical effect can exist only in
noncentrosymmetrical crystals as well as
quadratic ones - in media with any point group
of symmetry.

The present paper is devoted to the study of
the piezoelectrooptical effect induced by an
external mechanical strain and electrical field.
For this we chose the LiNbO; and LiTaO;
crystals as well known electrooptical and

acoustooptical materials [3,4].

Experimental

The induced piezoelectrooptical effect in the
LiNbO; and LiTaO; crystals was studied by the
Senarmon method. As a light source the He-Ne
laser was used with the wavelength of radiation
632.8 nm. The experimental setup (Figure 1)
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Fig1. Experimental setup for the measurement of the optical birefringence on the
applied electrical field and mechanical strain.

consisted of a laser (LS), a quarter-wave plate
(A/4), a polarizator (P;), the sample (S) that was
placed in the pressure-high-voltage setup
(PHVS), a compensator (A/4), a Faraday cell
(FC), a polarizator with angle scale (P,), a
photomultiplayer (PM), an oscilloscope (OS), a
voltage transformator (T), a kilovoltmeter (Vm)
and a voltage source (VS). The accuracy of
determination of the polarization plane rotation
was not worse than 0.05°. The electrical field
and mechanical compressive strain were applied
along Z and X - directions, respectively. The
optical radiation was propagated along the
principle

crystallophysical direction,

perpendicular to the optical axis.

Results and discussion

As it is visible from Figure 2 the linear
dependencies of induced birefringence on the
mechanical strain at different electrical fields in
LiNbOs crystals possesses a different inclination
to the coordinate axis. It means that the
piezooptical coefficient changes its value under
a bias electrical field. The dependence of the
change of the piezooptical coefficient on the
electrical field is presented on Figure 3. This
dependence is linear and on the base of this
dependence it is possible to estimate the
magnitude of the field
(Es~1.2x10°V/m) at which the piezooptical
coefficient 7;;=0 and changes the sign.

electrical
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Fig.2. The dependencies of the change of
birefringence on the mechanical strain o; at
different magnitudes of electrical field E; in
LiINbO; crystals ((1)-E5=0; (2)-E5=2.7x10°V/m;
(3)-E5=4.0x10°V/m; (4)-E5=5.7x10°V/m;
1=632.8nm; T=20°C).

Similar dependencies were obtained for
LiTaOj; crystals for the piezooptical change of
birefringence at a bias electrical field (Figure 4)
as well as for the electrooptical change of biref-
ringence on external mechanical strain (Fig. 5).
From these dependencies it is also possible to
estimate the magnitude of the electrical field at
which the piezooptical coefficient
(E3z1.6><106V/m) m3;=0 and the magnitude of
mechanical strain  (0,22.5x10'N/m?) at which
electrooptical coeffecient is r;;=0 (Fig. 6, 7).

Let us consider the equation of the optical
indicatrix at the applied electrical field £; and
mechanical strain oy for the crystal with a point
group of symmetry 3m:

Ukr. J. Phys. Opt. V3. Na2



Combined Piezoelectrooptical Effect in LiNbO; and LiTaO; Crystals

(01+V13E3+7Z'1101)x2+(611+”13E3+77210'1)y2

+(asstrssEst w00+ Nsi300E3)+2m400zy=1

Were we to neglect the turning of the
optical indicatrix, the change of induced
birefringence can be written as

S AN) = AN)" o+ S AN) ot (An) T o= { (3735

3 3 3 3
nri3)Est+(ng mw-ns’ m3;) 01+n3 N3z E3)/2.

The exception of the the piezooptical and
electrooptical effect lead to the relations for the
coefficients of the combined effect
N3i3=28(An) ../ns’ o, E;.

As it follows from  calculations
N;13=3.6x10"®m*/NV for LiNbO; crystals. For

-13
13,9 oy, 107 nE /N
:1:31,10 m*/N .
10
a5

1]
TR QMJ T EE 100

10
-5
Sl

.

-12-10-8 6 4 -2 0 2 4 6 8 1012 E3,105V/m

Fig.3. The dependence of the piezooptical
coefficients z3; on the electricalal field E; in
LiNbO; crystals (1=632.8nm, T=20°C); insert:
increament of piezooptical coefficient m3; on
electricalal field E3
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Fig.4. The dependencies of the change of
birefringence on the mechanical strain oy at
different magnitudes of the electrical field E; in
LiTaO; crystals ((1)-E5=0, (2)-E5=2.3x10°V/m;
(3)-E5=4.6x10°V/m; (4)-E5=6.9x10°V/m;
(5)-E5=8.1x10°V/m; 2=632.8nm, T=20°C).
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LiTaO; crystals - N;3=4.8x10"%m’/NV,
obtained from the dependence of piezooptical
coeffecients on the electrical field and
N;;3=4.32x10"®m’/NV, obtained from the
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Fig.5. The dependencies of the change of
birefringence on the electrical field E; at
different magnitudes of mechanical strain o7 in
LiTaO; crystals ((1)-0+=0, (2)-0+=2.5x10°N/m?;
(3)-01=5.1x10°N/m?;  (4)-0:=7.5x10°N/m?; (5)-
o=11x10°N/m? 2=632.8nm, T=20°C).
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Fig.6. The dependence of the piezooptical
coefficients m3; on the electrical field E; in
LiTaOs; crystals (A=632.8nm, T=20°C)
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Fig.7. The dependence of the electrooptical
coefficients rz3 on mechanical strain o7 in
LiTaOs crystals (A=632.8nm, T=20°C)
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dependence of electrooptical coefficients on the
mechanical strain. It is interesting to note that
the change of electrooptical coefficients under
the mechanical strain and piezooptical
coefficients under the electrical field are
interchangeable effects. It means that on the
base of known coefficients Ny, obtained for
example from the dependence Ar;,=NjmOwu,
one can deduce the dependencies A7=N jximEn
as well as Azu/E,/=Ar;/o. As it follows from
our results this conclusion is in agreement with

experiment.

Conclusions

The combined piezoelectrooptical effect in the
LiNbO; and LiTaO; crystals induced by the
mutual influence of the electric field and
mechanical strain is experimentally studied. The
coefficients of the combined piezoelectrooptical
effect were determined as N;;;=3.6x10"3m*/NV
for lithium niobate crystals and
N;15=4.8x10"8m*/NV (obtained from the
dependence of piezooptical coeffecients on the
electrical field) and Nj; 5=4.32x10"8m’/NV
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(obtained from the dependence of electrooptical
coefficients on the mechanical strain) for
LiTaO; crystals. It was shown that at the bias
field  E®1.2x10°V/m  the

coefficient of LiNbO; crystals 3,=0 and

piezooptical

changes the sign as well as in LiTaO; crystal
coefficient 73;=0 at E;1.6x10°V/m and at
0:22.5x10'N/m*> r;;=0. On the base of known
coefficients N, , obtained for example from
the dependence Ar;,,=Njun0iw, one can deduced

the dependencies A7=NumEn
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