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Introduction

tionally, ferroelectric lithium niobate is used as substrate material due to its excellent electrooptic, elastooptic,
and piezoelectric properties. The development and optimisation of such components require a profound under-
standing of the acoustooptical interaction process. This includes - in addition to the experimental and techno-
logical know-how - a suitable theoretical description and numerical modelling.

In this contribution we present the analysis of a sophisticated integrated acoustooptical polarisation converter

as it is used as key component of recent high performance integrated acoustooptical wavelength filters and
multiplexers in lithium niobate [1,2.3].
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Integrated Acoustooptical Polarisation Converter

Fig. 1 shows the design of such a converter. Using titanium indiffu-
sion technology an acoustical waveguide structure is fabricated. The
material is stiffened by the dopant and hence the velocity of sound is
increased in the cladding regions resulting in a lateral confinement of
the SAW. The SAW itself is excited by transducer electrodes and
propagates along the structure as indicated by the arrow. Light is
guided in a single mode dielectric waveguide also fabricated by tita-
nium indiffusion. The interaction with the SAW leads to a TE/TM
polarisation conversion if the phase matching condition is satisfied,
i . the difference between the propagation constants of the TE and
TM polarised optical modes has to be matched by the SAW propaga- i :
tion constant. This immediately leads to a wavelength selectivity =~ Fig 1: S.micmre of integrated acoustoop-
which can be tuned by adjusting the SAW frequency. The interaction fical polarisation converter

region is terminated by a pair of SAW absorbers. Using an acoustic directional coupler geometry the interac-
tion strength is apodised yielding-a strong suppression of sidelobes in the conversion characteristics [4]. Plac-
ing such a converter between, e. g., orthogonal polarisers a tuneable wavelength filter can be realised.

Surface Acoustic Waves
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propagation one finds that one SAW field component - the elongation along the X-axis — is dominant [5].

This motivates a scalar model for the SAW propagation in waveguide structures. Similar to the effective-in-
dex-method for optical strip waveguides [6] a scalar wave equation is assumed. The one-dimensional “effec-
tive index” profile is taken from measured SAW velocities in pure and titanium indiffused lithium niobate.

Nevertheless, it is Important to establish an analysis of guided SAWs which is based on the full vectorial wave
equations, i i

generalised eigenvalue problem of the formA x = ABx The stiffness matrix 4 contains the local elastic, pie-
zoelectric and dielectric properties of the crystal, the mass matrix B the local mass densities. Thus, the func-
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tional allows to explicitly reflect the local variation of the material parameters due to the titanium indiffusion.
However, it should not be concealed that until now only few experimental data are available for this. There-
fore, we are forced to make some reasonable assumptions. For a given SAW wavelength the eigenvalue A rep-
resents the SAW frequency and the eigenvector x the SAW mode distribution. The algorithm to solve the gen-
eralised eigenvalue problem is based on the minimisation of a Rayleigh quotient using a conjugate gradient
method [7]. The important feature of this algorithm is that it preserves the band structure of the above matrices.
This makes it feasible to run the analysis on common PC type machines offering the potential for routine use.

Acoustooptical Interaction

The mechanical strains and the electric field produced by the SAW induce a modulation of the crystal’s index
ellipsoid due to the elastooptic and electrooptic effect, respectively. According to coupled mode theory this
perturbation can lead to an efficient power transfer between different optical modes if phase matching is satis-

160 [ i R
2
s o
< 120f o
- ~
= —
2 H ;
£ 80 2 ¥
g 3 '-.
o o '
T i
g 5 !
£ 40 g :
o .
3 Q H
o o ; :
o 7 S ! ’
0} . . W k. SOF 4 M & " tn x B
0 5 10 15 20 1540 1545 1550 1555 1560
propagation distance / mm optical wavelength / nm

Fig. 2: Evolution of the acoustooptical coupling

coefficient along the converter. Fig. 3: Computed conversion characteristics.

fied. The interaction efficiency is determined by the spatial overlap of the participating optical modes and the
acoustically induced dielectric perturbation. With the help of the FEM based SAW analysis it is now — for the
first time — possible to rigorously compute the cross sectional profile of this disturbance and subsequently the
resulting coupling factor. The scalar model is not capable of this. It only allows us to assume the coupling fac-
tor being proportional to the scalar SAW amplitude at the location of the optical waveguide. Fig. 2 shows the
coupling factor evolution as computed by the two different models within the converter structure currently
used for our integrated acoustooptic devices. One observes that the FEM predicts a slightly different optimum
interaction length. Using the coupled mode equations the conversion characteristics are readily computed. Re-
sults are shown in Fig. 3. Significant differences between the two approaches can only be identified beyond the
—20 dB level. As the device performance has nowadays improved to reach these levels the increased computa-
tional effort for the FEM analysis is justified.

Conclusion

The solution of the vectorial wave equations for SAW propagating in acoustical waveguide structures using the
FEM allows a rigorous analysis of the acoustooptical interaction process in integrated acoustooptical mode
converters. In combination with the established scalar approximation this opens the door for a new quality of
design and modelling tools.
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