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New Method of Extremal Surfacesfor Most Efficient
Ap-plication of Crystalline Materias in Electro-Optic
Devices
Oleg Buryy, Serhij Ubizskii, Anatoliy Andrushchak

Abstract — New method for geometry determination of most
efficient application of crystalline materials as active elements
of electro-optic devicesis proposed. This method is based on the
analysis of properties of the extremal surfaces obtained by
optimization procedure and consists in the determination of
such directions of the electrical field and the wave normal that
maximize the path difference for two orthogonally polarized
waves, which can propagate along arbitrary direction in
investigated crystal. The method of extremal surfaces was
approbated in example of LiNbO3 crystal.

Keywords — Electrooptics, Lithium Niobate Crystal, Extremal
Surface.

|. INTRODUCTION

The dectrooptical effect, i.e the change of the optical
indicatrix under the influence of the dectrical field iswidely used
in modulators, deflectors, converters, filters[1]. The effectiveness
of these devices depends on the mutual orientation of the vectors
of electromagnetic wave propagation and the eectrical fidd. The
optimization of the dectro-optic effect geometry consigts in
determination of such directions of these vectors that maximize
the absolute value of the path difference for orthogonally
polarized waves referred to the absolute value of the dectrical
fidd and the crygtal length. The aim of this paper is the solution
of this problem by the extremal surfaces method proposed in [2].
We restrict our consideration only by the linear dectro-optic
effect because the analysis in the case of the quadratic effect is
analogous. All calculations as well as in [2] are perfomed for
LiNbO; crystalsasamodd crystd for linear dectro-optic effect.

[1. THE MAIN EXPRESSIONS

The linear eectro-optic effect consists in changing of the
tensor components of dielectrical non-permittivity R that is

proportional to the electrical field IIE [3:

Dhy © Dhy =ryE, ° r,E, (1)
where r, ae the tensor components of the electro-optic
coefficients that can be written in two-index designations in
accordance with the rule r,°r, ad h; °h;

(j« | =1,...,6). For LiNbO; crystal that belongs to 3m

symmetry class the non-zero values of 1, are equal to [4]: ry,
=—=Tpp==TIg= 6.79, 13 =TIz = 10.1, I33 = 33.2, 51 =TI =
31.1 (al values arein 10" m/V).
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The normalized path difference dD, for two orthogonally
polarized waves, i.e the absolute value of the pathI difference
divided on the values of the dectricd fidld E, © |E| and the

crysd length di is:

s[;k = Elrl(ni' n;, - (n0 - Ny ))4.(ni - ni)%{ , 2

1k

dD, °

where n;, n; are the refractive indexes of the orthogonally
polarized waves with the wave vector k in the presence of the
dectrica fidd I'E, No, Ng are the refractive indexes of the ordinary
and extreordinary waves for uniaxial crysals in the same
direction in the absence of the dectrical fidd. Thelast termin (2)
decribes changing of the crystd length due to inverse
piezodectrica effect [3]:
V V VEW
"dok'k = kyéK, = kyEdk, ©)

I I I
wherek, :k/|k| is the wave normd,

A

@ is the tensor of

deformations caused by dectrical fied IIE d isthetensor of the
piezodectricd modules with such non-zero components for
LiNbO; crystd [5]: dpp= —0.5016= —0p;= 20.1, d3;= —0.57, dsz =
0o = 6.9, dys = by = 66.6 (all valuesarein 10" C/N).

In general the refractive indexes n for two orthogonally
polarized waves with the wave normal |'<o can be determined

from the equation [3]:
hu'rro'5 h12 h13 kq

ha hpn® hy Kk 0 @
hy hp hen®k,
Ky, ky 0

where Ko, (a =1, 2, 3) arethe components of I'<0 .

[11. THE OPTIMIZATION PROCEDURE

In accordance with [4] we consder the normaized path
difference dD, as the optimization target function. The

maximum of dD, can be determined from the analysis of the
extremal surface that is congtructed in the analogous way as in

the case of the acousto-optic effect in [2]. For eectro-optic effect
this surface can be obtained by two equilval ent ways depending on
the type of the vector components ( i0 or I'E) that are varied
during the optimization procedure. Correspondingly, further we
use the term ‘the surface of the wave norma’ for the case when

the angles of the spherical coordinate system @, j determining
the direction of the radius vector from the origin of coordinatesto
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the points on the extremal surface are the angles g;, j ; determine

the direction of the normal to the wave front and the parameters

of the optimization gy, j , are the angles that determine the

direction of the dectrical fidd g, j e. Conversdy, when q = Q, j

=je and gy = Q, j p = j i we use the term ‘the surface of the

dectricd fidd for the correponding extrema surface.

Ohbvioudy, in both cases the analysis should give the same values

of the maximal vaue of the normalized path difference.

We use the Levenberg-Marquardt method [6] for optimization
that joins the advantages of the gradient and Gauss methods. At
that the extremal surface can be congtructed in accordance with
thefollowing algorithm:

1) the dectrica fidd strength as well as al necessary optical,
eectro-optic, piezodectrical parameters of the crysta are
determined at the given value of thewavelength | ;

2) thest of theanglesq,j that are used for congruction of the
extremal surface are determined; in the case of the surface of
thewave norma g =q;, j =], in the case of the surface of
thedectrica fiddq=0g,j =] g

3) for each pair of the angles g, | determined in (2) the
optimization procedure with the target function dD, and
the optimization parameters qp, j , are redlized; in the case
of the surface of normal g, = Qg, j p = j & in the case of the
surface of the dectrical field o = ¢, j =] i;

4) in accordance with the values of the normalized path
differences dD, obtained in (3) the extrema surface is

constructed.

V. THE RESULTS OF OPTIMIZATION

For example, the extremal surfaces of the wave normal (a) and
the dectrical field (b) for LiNbO; crystal obtained a the
waveength of 633 nm are shown in Fig. 1. The maximal values
of dD, are obtained a the points located on the maximal

digtances from the origin of coordinates and are equal to 24440
2mw?a theanglesq = 42° ) i = 30°, gg = 103.2°, j ¢ = 30° and
the ones connected with them by the dements of symmetry class
3m. S0, the angles between the directions of the wave normal
and thedectrica fidd Aq = 61.2°, at that the disorientation of the
vectors of the wave normal and dectrical fied are ensured due to
the difference in the polar angles only whereas the azimuth
angles arethe samefor both vectors.

The comparison of these results with the ones obtained in [7],
where some particular cases are anayzed, shows that the
maximal value of dD, obtained by extremal surfaces method are
13 % higher than one determined in [7].

It should be noted that athough the caculation of the
normalized path difference dD, in accordancewith (2) needsthe
absolute value of dectrical fidd E, the dependence dD, (E) is
very wesk a the values of dectrical fidd that are used in the
eectro-optic devices based on LiNbO; crystal. Thus the value of
the dectrical fidd practically has not an influence on the results
of the optimization and may be consdered as its formal
parameter.

Fig.1 The extremal surfaces of the wave normal (a—b) and the

electrical field (c—d) (in 10 mw™) for the linear electro-optic

effect in LiNbO; crystal at the wavelength of 633 nm. Figures
a, ¢ —the isometric projections, figures b, d —the top views
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The form of the extrema surfaces practically does not
change at the increase of the wavelength in the interval 488 |
1440 nm, and the angles g, j i, Qe, ] e corresponding to the
maximal values of dD, also remain unchanged. However,
the maximal value of the normalized path difference
decreases (Fig. 2) because of decreasing of the refractive
indexes n,, Ne and the birefringence n, — ne of LiNbO; at
higher wavelengths. Indeed, the change of the refractive
index n caused by e ectro-optic effect is proportional to n®[1],
so it decreases with increasing of the wavelength. The
contribution of the inverse piezodectrical effect in the value
of dD, is directly proportional to the birefringence of the

crystal (see Eq. (2)) and also decreases with increasing of the
wavelength. As it follows from our calculations, decrease of
dD due to increasing of the wavelength from 488 to 1440 nm
isnot significant (about 15 % from its value at 488 nm).
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Fig.2 Dependence of the maximal value of the normalized path
difference d’lf)k na ON the wavelength for LiNbO; crystal

V. CONCLUSION

New method for determination of most efficient application
of crystalline materials as active dements of eectro-optic
devices is proposed. The determination of the most efficient
geometry of the linear electro-optic effect in LiNbO; crystal is
carried out by the extremal surfaces method. At that the
target function of the optimization is the normalized path
difference dD, , i.e. the path difference for the orthogonally

polarized waves divided on the absol ute value of the electrical
field and the length of the crystal. The parameters of the
optimization are the angles determining the orientation of the
vector of the electrical fidd (for the surface of the wave
normal) or the wave normal (for the surface of the electrical
field).

Asiit is shown, for LiNbO; crystal the maximal achievable
value of the path difference is equal to 24440™ m¥/* at the
wavelength of 633 nm and at the angle of ~ 61.2° between
the directions of the light propagation and the el ectrical field.
The form of the extremal surfaces as well as the angles
endured the maximal value of the path difference remains
practically unchanged at increasing of the wavelength in the
interval 488 | 1440 nm but the maximal value of dD,

decreases in accordance with decreasing of the refractive
indexes and the birefringence of LiNbO; crystals.
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