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Abstract

In the present paper the coefficients of piezooptic (PO), electrooptic (EO) and combined
piezoelectrooptic (PEO) effects for LiNbO; and LiTaOj; crystals are reported. It is shown
that the combined PEO effect is interchangeable, i.e. its coefficients determined independ-
ently from the EO and PO experiments are the same.
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Introduction

The combined piezoelectrooptic (PEO) effect
consists in changes of optical-frequency dielec-
tric impermeability constants Bj; (or the refrac-

tive indices n, where B, =(%) ) of crystals
ij

under a joint influence of electric field (the

components £,) and mechanical stress (the

componentsoy) [1]. It is described by the rela-
tion

AB, =N,

ijkim

o.E,+M,

m ijklmn

ouE,E,, (1)

m n?

where Ny, is a fifth-rank polar tensor with the
internal symmetry [VZ]ZV and M, polar ten-
sor of a rank six with the symmetry [V°]’. It
follows from the internal symmetry of Ny, that
the PEO effect is linear in the electric field and
can exist only in non-centrosymmetric crystals.
This effect may be also presented as a change in
EO coefficients under the action of mechanical
stress:

Ay = Nyt O » (2)

ijm = i
or, equivalently, as a change in PO coefficients
under the action of the electric field:

A7y = Ny E, - 3)

ijklm™~'m
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Thus, the components of the tensor N
may be derived while measuring the changes in
the EO coefficients under the action of mechani-
cal stress, as well as from the changes in the PO
coefficients under the action of electric field:

_ AIz.ij/d _ A}/;‘jm (4)
ijkim — E - .
m O-kl

From this point of view, the combined PEO
effect may be called as interchangeable.

In our previous paper related to studies of
interchangeability of the combined PEO effect
in LiTaO; [2], an error has occurred in the proc-
essing of results and their presentation. Due to
the calculation error, the presented results con-
cerned with the birefringence induced by the
electric field and the mechanical stresses have in
fact proved to be two times smaller.

In this paper, we present the results of rein-
vestigation of the combined PEO effect in Li-
TaO; crystals. We show experimentally, on the
example of LiTaO; and LiNbO; crystals, that the
effect is indeed interchangeable.

Experimental

LiNbO; and LiTaO; single crystals with plane-
parallel faces perpendicular to the principal axes
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of optical permeability ellipsoid were polished cients is 26%. These total errors consist of sys-
with the diamond powders and paste. He-Ne tematic and statistical parts. The systematic one
laser radiation with the wavelength of 632.8 nm does not affect determination of the relative EO

propagated along Y direction. The electric field or PO birefringence increments detected at dif-

was applied along Z axis, using the copper elec- ferent values of the mechanical stress or electri-

trodes, whereas the mechanical stress was ap- cal field, respectively. However, it has effect on

lied al X direction. Using the S t
priec atong frection. LSImg The Seharmon the accuracy of determination of the absolute
values of PO, EO and PEO coefficients. The

systematic errors appearing during the meas-

technique, we measured the changes of the bire-
fringence due to the electric field, occurring at
different magnitudes of the mechanical stress,

and vice versa. The optical birefringence incre- urements of EO and PO coefficients are equal

ment was calculated with the formula respectively to 8% and 12%. On the plots repre-
S(A ApA s sented below, we indicate only the statistical
(An)= zd ) errors, which are 5% and 6% for the cases of EO

k
where Ag is the rotation angle of the polariza- and PO measurements, respectively.

ti lane behind th ter- late, A th . .
ion plane behind the quarter-wave plate, e Results and Discussion

laser radiation wavelength and d, the thickness
The matrices of the PO and EO tensors for the

point symmetry group 3m are presented, e.g., in
[3]. We have also derived the matrix of a fifth-
rank polar tensor describing the combined PEO

of sample along the propagation direction. The
total errors of determination of EO and PO coef-
ficients do not exceed 13% and 18%, respec-

tively, while the total error for the PEO coeffi- effect. Tt has the following form:

ali o ol afi ol gf of of af obf ab ok ok ab ok gk af gk
Ao 0 0 0 Ny O 0 0 No Ny 0 0 Ny Ng Mg Mg O 0
MBI0o 0 0 0 =N 0 0 0 Ny Ny O 0 Ny Ng Mg Mg O 0
MB1O0 0 0 0 Ny Np -Np Mp 0 Ny 0 Ny Ny Ny Ny O 0 0
MBloO 0 0 0 Ny 0 0 0 Ny Ny 0 0 Nyg Ny 0 Ng 0 0
MO 0 NNy 0O 0 0 0 0 0 =Ny O 0 0 0 0 Ny Ny
M| 0O 0 NNy O 0O 0 0 0 0 Ny 0 0 0 0 0 Ng N

According to the appearance of the EO, PO tric field E; and mechanical stress o, for the
and the combined PEO tensors, the equation of crystals belonging to the symmetry group 3m

optical indicatrix, perturbed by the applied elec- may be written as
(B, +13E5 + 71,0, + N, 50, E; )X+ (B, +13E; + 75,0, + N, 130, E; )Y+ ©6)
(B, + 1y E; + 73,0, + Ny y0,E,) 22 + 27,0,ZY + 2N, ,0,E,ZY =1 '

When we neglect the optical indicatrix ro- applied by us), the total change of the birefrin-

tation (the estimated indicatrix rotation angle gence becomes

does not exceed 10' for the mechanical stresses
S(An)., =5(An)E +S8(An)?. +6(An)E7 =
1 3 3 3 3 3 3 ? (7)
E[(”lﬂ”}s —m 1) Ey + (705 =7, )0y + (n3Nyys — 1y N113)51E3]

where S(An)", 8(An)?. and S(An)-C are re- electric field and the mechanical stress alone and

spectively the birefringences induced by the the two external factors acting simultaneously.
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As a consequence, the coefficients of the EO,
PO and the combined PEO effects can be cal-
culated according to the formulae

25(An)",
”;"33 _”13”13 = (E )= ) (8)
3
28(An)?.
My~ I, :g’ ©)
o
25(An)?*
”;N3|3_”13N113=(—)L' (10)

13

The changes in the EO birefringence in-
crement for LiTaO; and LiNbO; crystals that
take place at different mechanical stresses are
presented in Fig. 1. The similar changes in the
PO birefringence increment at different electric
fields are presented in Fig. 2. Using Egs. (8) and
(9), one can calculate the dependence of EO co-
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b)

efficient on the mechanical stress and that of PO
coefficient on the electric field (see Fig. 3).

On the basis of Egs.(2) and (3) and the
above dependences, we are able to calculate the
coefficient of the combined PEO effect. It has
been found that the relevant coefficient deter-
mined from the dependence of EO coefficients

on the mechanical stress is equal to
M N, =1 N, =(62£1.6)x10"%m’ /NV  for
LiNbO; crystals and

W Ny, —n Ny =(10.7+2.8)x10"m’ / NV for

LiTaO; crystals. The same PEO coefficient de-
rived from the dependence of PO coefficients on

the electric field is
MN,y, =1 N, =(4.6£1.2)x10"m’ / NV for
LiNbO;3 and
W Ny, =1 Ny =8.6£2.2)x10"m’ / NV for

LiTaO;. One can see that the two PEO coeffi-
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Fig. 3. Dependences of EO coefficient on the mechanical stress (a) and PO coefficient on the
electric field (b) for LiTaO3; (1) and LINbO; (2) crystals.

cients obtained from both the EO and PO ex-
periments are the same, if one accounts for the
experimental errors.

Conclusions

1. The coefficients of the PO, EO and the com-
bined PEO effects in LiNbO; and LiTaO; crys-

102

tals have been determined for 4=632.8 nm and
T=291 K. They are as follows:

mr, —mn, =(2.6+0.3)x10" m/V at
o, =0 N/m’ for LINbO; crystals (for a compari-

son, mr, —nr,=224x10""m/V , according
to [4]);

Ukr. J. Phys. Opt. 2005, V6, Ne3
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mry, —mn, =(2.3£03)x10"m/V at
o, =0 N/m* for LiTaO; crystals (the same value
is presented in [5]);

wr, —mr, =(5.8t1.0)x10™"m* /N  at
E, =0V /m for LiNbOj; crystals (for a compari-
son, m, —nmm,=72x10"2m*/ N, according
to [5]);

mry —mm, =(7.8+1.4)x10"°m* /N  at
E,=0V/m for LiTaO; crystals (for a compari-
son, mry, —mm,=103x10""m’ /N, accord-
ing to [6]);

WNy, =1 N, =(5.4£1.4)x10 " m’ | NV
for LiNbO; crystals (the mean value);

MmNy, =1 N, =(9.6£2.5)x10"m’ / NV
for LiTaO; crystals (the mean value).

2. It has been shown that the combined
PEO effect is interchangeable, i.e. the coeffi-

cients of this effect determined from the EO and
PO experiments are the same.
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