
WAVE PROPAGATION IN INHOMOGENEOUS ANISOTROPIC RECTANGULAR WAVEGUIDES

BY THE EFFECTIVE INDEX METHOD

M.N.Armenise - M. De Sario

Istituto Elettrotecnico - University

Via Re David, n. 200

70125 BARI (Italy)

ABSTRACT

Hybrid mode dispersion and mapping of multilayer rectangular diffused birifrangent waveguides are studied by

the effective index method for two orientations, horizontal and vertical, of the crystal optic axis. At first the

structure is examined in the approximate lossless approach, then the perturbation technique allows us to evalua-

te the extinction coefficient value to employ as starting point in the direct search opt~zation strategy for de

termining the complex propagation constant for the exact solution. The guided E~l and Ell modes exhibit almost

the same cutoff wavelength and their dispersion curves little differ from the ones of corresponding TMO, Up to

1 pm for vertical optic axis because of the surface plasma waves, and TEO modes of the slab waveguide without and

with the metal film respectively,

Introduction

Anisotropic indiffused waveguides are very intere-

sting in the realization of multilayer structures for

the fabrication of integrated optics devices and sy-

stems. A multi layer guide, including a thin film over-

lay and an embedded metal film, presents the advantage

of a fine tuning of the propagation constant, by vary-

ing the overlay thickness or the refractive indexl

and a reduction of the ohmic losses2. Therefore,by

these guiding structures, it is possible to realize

complex and multifunctional devices.
Several author~3,4$5 investigatedthe mode proper–

ties of slab multilayered dielectric waveguides but ,

till now, the optical anisotropic rectangular guides

have not been examined in the proper way,

In this paper we determine the dispersion relations

and the field distribution of anisotropic optical gui

des (see Fig. 1) whose rectangular cross section —con-

sists of a Ti diffused LiNb03 ferroelectric subtrate

overlayed by an appropriate oxide buffer having a re–

,x

LiNb03 substrate ~no~,neq

FIGURE 1: CHANNEL MULTILAYER WAVEGUIDE FOR ELECTROOP-

TICAL MODULATOR REALIZATION.

fractive index nov and a thickness b with two embedded

Ag electrodes modeled by an em complex dielectric con-

stant and thickness h. The structure is investigated

in the approximate lossless formulation and, then,the

exact lossy solution is obtained by a direct search

optimization strategy where the extinction coefficient

k starting values are estimated by the perturbation

technique.

Moreover in order to assess the influence of the c

optic axis orientation on the electromagnetic field

and, therefore, the best configuration for the design

of integrated optics devices , we investigate the wave-

guide both for c horizontal ( II ) and vertical (1) un-

der the hypothesis of a diagonal permettivity tensor.

This waveguiding system supports 6*7 the E$q and E~q

hybrid modes that are TE or TM in respect to one trans

verse coordinate. More precisely, for uniaxial
—

mate-

rials with optic axis horizontal or vertical, the gui-

ded waves are derivable from a c-directed hertzian po-

tential. Since the rigorous solution of the two-dimen-

sional wave equation is considerably complicated even

for a not diffused and isotropic guide, the geometry a

nalysis is carried-out by the effective index method9—

that is easy to use and gives a noticeable precision

together with a short C.P.U. computer time after deter —
mining the slab guide characteristics by the transfer

tion matrix method5>10~11.
—

Among the other results, it is worth while to noti–

ce that, for a silver film 0.02 pm thick, the guide con

figuration ( II ) does not support surface plasma waves —

that are excited in the configuration (~) at the wave

lengths less than 1 ~m.
—

Mode analysis by the effective index method

The multi-dielectric structure is depicted in Fig.1.

The lithium niobate perovskite crystal is Ti–diffused

according to the complementary error function in the x

direction with maximum index changes Ane and An. of ex
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Eraorclinary ne(x) and ordinary no(x) indices in respect

tO the bulk substrate nes, nos ones: ne,o(x)=nes,os +

Ane,o erfclx/dl, (d=diffusion depth)”

For uniaxial crystals if the optic axis is horizon-

‘al’ ‘he ‘;q
and E~q modes supported by the optical

guide are respectively transverse electric or magnetic

to y coordinate while for vertical c-axis the z trave–

ling hybrid modes are TEX or TMx.

In fact, in the last case, the E; mode are obtai-

ned by putting HX=O and s01vin!2 the %axrell’s equatione

in respect to the ~ component that, in the diffused
.,

core, must satisfy the equation:

where it was supposed a time harmonic variation and a

normal mode one exp (-jkoneqz) alOng the PrOPagatiOn ‘~

rection;iieq=n-jk is the complex equivalent index and

ko=2m/Ao is the free space wavenumber.

Let Hy (x,Y)= 9(x) V(Y) be separable the equation

(1) becomes

The left side with d/dy=O, by imposing the boundary

conditionsat the interfaces x=b; x=h; x=O and ~= -t,

gives rice to the TMZ modes whose equivalent indices

Eeq.s depend on both no and ne but chiefly On ne becag

se the real part n.s of fieq.s ranges between nes and

(nes+Ane). Afterwards the result

is back substituted into (2) to get

(3)

(4)

that is the wave equation for the trapped TEZ mOdes

whend/8x=0, iieq being the desired index of the origi-

nal rectangular structure obtained by imp0sin$=3 the CO!

tinuity conditions of the interfaces y= g and y= (w+g).

Likewise, to obtain the EYPq waves we must put in the

Maxwell’s equation F.x=O and couple the fieq.s relative

to the TEZ modes of the. component (d/~=O) Planar wav~

guides to the TMZ polarization with8/8X=0.

The equation (3) relative tO the three different g“~

des indefinite along the y axis of Fig. 1 was solved as
in 5,10 by the method Of the transfOrmatiOn matrix rel~

ting the two continuous field components at the interf4

ces x=O and x=–t where the diffusion process may be

thought exhausted. The equation (3) splits in a system

of two first-order differential equations that is inte —
grated by employing the Gear’s12 praedictOr-cOrre ctOr

technique that allows to reach the required numerical

precision for arbitrary indea profile also for wide in
—.

tegration range with a nOt excessive c-p-u. cOmPuter t~

me. The zeros of the real eigenvalue equation are found

by the secant method while the minima in & 10SSY ap-

proach are reached by the razor technique .

Results and discussion

In Fig. 2 are reported the 10SSY T%and TEz nO~al~

zed equivalent indices

‘;M,TE ,– n~~o~
N= (5)

(neS,OS+An~,O) - n&~,

vs.ko for the (1) configuration with n0v=2.10;b=0.4Nm;
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FIGURR 2: TE and TM DISPERSION CURVES RELATIVE TO (~

AND @ GUIDES FOR C VERTICAL.

Sm=-16.3- jO.522; h=O.02pm. The dispersion curves
@

superscript refer to the slab guide @ whithout metal

film and the ones with @ to the guide (~ with silver

layer. It is worth to notice that the TEz( II ) equiva-

lent index values of the slab @ with horizontal optic

axis differ from the TMz (~) Ones relative tO the ‘ert~

cal c configuration only on the fifth significant figu-

re. The same applies tO the ~z( II ) and ‘Ez(~)o ‘his
correspondence OnIY in part occurs in the slab with me-
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FIGURE 3: E~q Dispersion CURVES FOR C HORIZONTAL CONFI-

GURATION. THE PARAMETERS ARE AS IN THE FIG.2.
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tal layer because the differences concern the third si—
gnificant figure. Moreover, the TM polarization beha-

viour is rather different for the two configurations

since the ( II ) configuration does not support surface

plasma waves (SPW) while for c vertical the TMO wave

suffers a transformation inTM_#or wavelengths less than

lpm and tilts in its upper part because of the LiNb03

intrinsic dispersion, The extinction coefficients of

the TE modes are two magnitude orders lower than the

TM ones and there are absorption peaks near to lUm.

In Fig. 3 are drawn the lossless EY indices Ny

normalized by (5) to the nes substratep!nde~ with the

geometrical end physical parameters of Fig. 2 and

g~=0.75vm and relative to the configuration with hori .
zontal optic axis.

The lossy n values differ from the lossless ones

only on the tenth significant figure and no changes we

re found on the extintion coefficients in respect to

the ones calculated via the perturbation approach.

Besides we point–out the fundamental mode whithout

metal is the TEO wave while the TMO mode is the lower

order field in the slab with metal. This result leads

to cutoff wavelenghts almost equal for the E~l and E~l

guided modes since the realpart of their refractive in—

dices little differ from the TMO fundamental mode of

the slab without metal layer and the TEO wave of the

slab with metal layer respectively. At last we see that

‘he % and E$q waves are alternatively even and odd mo-

des in respect to the plane y=O that behaves as an ele~

tric or magnetic wall. In Fig. 4 are drawn the extinc-

!
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FIGURE 4: E~q EXTINCTION COEFFICIENTS FOR C-HORIZONTAL.

shOwpeakva~ues at ~ _l ~$ modes” ‘lso these Curves

tion coefficients of the E
—

The Fig. 5 shows ~he 10SSY (1) indices Nx of the

E~q modes as a function of ko. The E~q curves are con-

siderably different for the two orientations of the o~

tic axis. For the (~) as. “a find kh. fund-e=~al ~.

de E~l only for Ao~lHm. For ~=l~m we find also the E~l

mode lacking in the ( II ) structure. Also in this case

the differences between complex perturbated index va–

lues and the lossy exact ones are insignificant and the

attenuations range between 1 dBlcm and the Peak value

of 169 dB/cm.

In this case

rather different

TMz n values for

cant figure from

the lossy fundamental TMO indices are

from the E~l ones. Moreover, the IossY

the slab @ differ on the third signifi

the lossless ones.

3 5 7 9 11 13 ko(pm-l)

‘lWW 5: % NORMALIZ~INDICES VS. K. FOR C-VERTICAL.
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