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Numerical and Experimental Analysis of Complex
Surface Acoustic Wave Fields

M. Streibl, H.-J. Kutschera*, W. Sauer and A. Wixforth

Sektion Physik der Ludwig Maximilians Universitdt and CeNS,
Geschwister-Scholl-Platz 1, 80539 Miinchen, Germany

Abstract— Sophisticated high frequency sig-
nal processing as well as sensor applications
based on surface acoustic waves (SAW) of-
ten require a complex transducer layout. We
present a simple numerical technique based
on a Huygens-type construction to calculate
acoustic wave fields for a arbitrary given trans-
ducer layout. Approximating the slowness
curve of different substrate materials by a
parabolic function, we calculate the SAW far
field with superposition of circular waves emit-
ted by distributed point sources. Our numer-
ical results for different transducer geometries
are in excellent agreement with measurements
of the acoustic wave field by an X-ray topo-
graphic technique.

I. INTRODUCTION

For new applications, especially for scientific pur-
poses, there is often the need for complex transducer
geometries to get exceptional SAW fields. For in-
stance, as has been recently demonstrated [1], spa-
tially resolving on-chip sensor elements can be real-
ized using so-called tapered transducers [2] usually
used for bandpass applications. The finger period
in these special transducers changes linearly over the
transducer aperture. For a fixed frequency an acoustic
wave is only launched in a small stripe of the trans-
ducer where the resonance condition is matched. The
tapered transducer, hence, allows for the excitation
of a very narrow SAW beam and an adjustability of
the lateral beam position within the transducer aper-
ture. The SAW beam can interact with locally in-
duced stress or charge carriers. The spatial resolution
for these sensors strongly depends on the width and
the intensity of the wave field. Focusing SAWs for
waveguide coupling applications requires also a de-
tailed knowledge of the SAW field. Therefore it is
beneficial to have a simple and fast numerical tech-
nique to calculate the wave field for a given arbitrary
transducer geometry.
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An often used technique to calculate necessary
transducer geometries for arbitrary wanted wave
field in anisotropic materials was first introduced by
Kharusi and Farnell [3] and is called the Angular Spec-
trum of Plane Wave method. Starting point is a scalar
source distribution that describes, e.g., the electric po-
tential or the z-amplitude of the desired wave field.
By doing a Fourier transformation this distribution
is decomposed into plane waves. The anisotropy of
the crystal is considered in terms of the wave vector
dependency on the slowness curve k(0) = 27 f/v(9).
The plane waves are then superimposed and to get the
initially wanted wave field the transducer fingers have
to be patterned along the phase fronts of the result-
ing wave field. This method needs a lot of computing
power, especially if the complete anisotropy is taken
into account. As mentioned above it is necessary to
have the possibility for a fast evaluation of the wave
field for a given arbitrary transducer geometry. For
this purpose we introduce in the next section a simple
method that is based on an inverse approach similar
to the Huygens principal in optics. Experimentally,
the SAW fields generated by given transducers can be
monitored by various techniques, like scanning acous-
tic force microscopy [4] and optical deflection [5]. In
the third section we present some new results obtained
by a X-Ray topographic technique [6] and compare
them with our numeric results.

(a

Fig. 1. Model to calculate the acoustic wave field similar to
the Huygens principal of optics: (a) Positioning of source
points along lines of equal potential. (b) Superposition of
propagating plane waves considering the anisotropy of the
crystal.
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II. NUMERICAL MODEL

The starting point of our numerical approach is sim-
ilar to the Huygens principal in optics. First one ar-
ranges source points on lines of constant potential, i.e.
along the transducer fingers (Fig. 1). Every point rep-
resents a source of a plane wave ezp[i(kr —wt)], where
k = k(8) = 2nf/usaw(6) and 8 is the angle between
the vector r and the main propagation direction — in
the case of GaAs the [110]-direction. The amplitude
A of the SAW at an arbitrary point (x,y) arises from
the superposition of all plane waves:

N M
Aw,y) =) D explikr —wt)], (1)
i=0 j=0
with
r= (T — Zi5,Y — Yij), (2)
where z;; and y,; are the coordinates of the j-th source

points in the i-th period of the transducer. The inten-
sity I{z,y) of the wave is then given by

I(m,y) = \/A(:L‘,y) ' A*(l,y). (3)

Far away from the transducer 8 is small and one can
use a parabolic approximation for vsaw to accelerate
the numeric calculation.

v(8) = vo(l - 76%), (4)

In our examples we use the anisotropy parameter v
for GaAs, which is equal to 0.455rad—2 [7).
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Fig. 2. Numerical result for the wave field of a normal split-1
transducer. (a) is an 400 x 400 pym?-overview of the in-
tensity, while (b) is a enlarged 20 x 400 pym? view of the
amplitude.
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Fig. 3. Intensity profile of the wave field generated by a tapered
transducer operated at the center frequency after 500 pm
propagation for different tapering factors. The different
curves are offseted by 5 for clarity. The inset shows the
FWHM (—) and the integrated value (- -) of the intensity
in main SAW path in dependence of the tapering factor.

The described algorithm was implemented in a
C++ routine. Typical parameters to simulate the
source, i.e. the transducer geometry, are N=100 pe-
riods with M=100-200 source points per period. The
number of calculated points of the wave field K x L
has been usual K, L = 50...100. Taking into account
the double summation the loop has to be repeated
2.5-107...4 - 10® times to calculate the wave field. Af-
ter all, the simplicity of the calculation allows a high
speed computation, so that typical running times on
a modern computer are below 10 minutes.

To demonstrate the program’s performance, we will
discuss two examples. At first the numerical result
for the wave field of a normal split-1 transducer with
aperture of 200 ym and finger period of 4 ym is plot-
ted in Fig. 2. The inset of Fig. 2 gives an overview
(400 x 400 pm?) of the wave field intensity in the SAW
path. Because of diffraction at the finite transducer
aperture, one clearly recognizes the increase of ampli-
tude at the edges of the SAW path. In a more detailed
view the amplitude shows a definite phase shift at the
border of the SAW path.

As a second example we discuss the wave field gen-
erated by a tapered transducer with focus on the
above mentioned sensor application. The numerical
calculation was done for a transducer with an aper-
ture of 400 pm and a maximum period of 4um. The
transducer is operated at its center frequency. The
wave field intensity 500 pm away from the transducer
is plotted in Fig. 3 for different tapering factors t. For






aperture can be identified. The measurement shows
the expected narrow SAW path and one also recog-
nizes a broadening of the SAW path in the propaga-
tion direction. The experimental results are in total
agreement with the numerical solution. This is illus-
trated by the detailed view of Fig. 4 where not only
the width of the SAW path, but also the side max-
ima with the characteristic phase shift compared to
the main path are well reproduced. In this context, it
should be mentioned that there is no free parameter
in the calculation. The position of the SAW path is
directly given by the excitation frequency that is put
into the source distribution (eq. 1).

B. Wave field of focusing transducers

The final example is summarized in Fig. 5 and
shows the numeric calculation of the wave field of a
focusing transducer in comparison to the experiment.
The transducer is built from segments of a circle and
has a aperture of 400 pm, a period of 5pm, and the
number of finger pairs is N = 80. The white cir-
cles indicate the nominal focal distance, i.e. the dis-
tance where the wave would have been focused, if the
anisotropy of the crystal is not considered. The calcu-
lation shows that the actual focal distance is 600 pm
behind the nominal focal distance. This and the fact
that through the anisotropy of the crystal the focal
point is expanded along the propagation direction is
well confirmed by the X-ray topographic measure-
ments.

IV. CONCLUSION

All these examples yield to important qualita-
tive and quantitative statements about acoustic wave
fields. Furthermore it could be shown that the numer-
ical results are in good agreement with experimental
results. Therefore the introduced numerical method
proves valuable for a fast evaluation of complex wave
fields, the design of complex transducer geometries, as
well as to describe measurement results.

ACKNOWLEDGMENT

The authors gratefully acknowledge fruitful discus-
sions with L. Reindl, W. Ruile, and J. P. Kotthaus,
and financial support by the Deutsche Forschungsge-
meinschaft (DFG) and the Volkswagen Stiftung.

REFERENCES

[1] M. Streibl, A. Wixforth, J. P. Kotthaus, A. O. Govorov, C.
Kadow, A. C. Gossard, Imaging of acoustic charge trans-
port in semiconductor heterostructures by surface acoustic
waves, Appl. Phys. Lett. 75, 4139 (1999)

208

(2]
(3]

4]

(8]

(6]

L. Solie, Tapered Transducers - Design and Application,
IEEE Intl. Ultrason. Symp. pp. 1-11 (1998)

M. S. Kharusi and G. W. Farnell, Diffraction and
Beam Steering for Surface-Wave Comb Structures on
Anisotropic Substrates, IEEE Trans. SU-18, 34 (1971)
E. Chilla, T. Hesjedal, H.-J. Fréhlich, Nanoscale deter-
mination of phase velocity by scanning acoustic force mi-
croscopy, Phys. Rev. B 55, 15852 (1997)

P. V. Santos, Acoustic field mapping on GaAs using micro-
scopic reflectance and reflectance anisotropy, Appl. Phys.
Lett. 74, 4002 (1999)

W. Sauer, M. Streibl, T. H. Metzger, A. Haubrich, S.
Manus, A. Wixforth, J. Peisl, A. Mazuelas, J. Hartwig,
J. Baruchel, X-ray imaging and diffraction from surface
phonons on GaAs, Appl. Phys. Lett. 75, 1709 (1999)

W. D. Hunt, Y. Kim, F. M. Fliegel, A synopsis of surface
acoustic wave propagation on {100}- cut (110}- propagat-
ing gallium arsenide, J. Appl. Phys. 69, 1936 (1991)



