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Abstract—A wavelength-scale focusing transducer based on
suspended Aluminum nitride (AIN) piezoelectric thin film are
designed, simulated and fabricated. The one port device was
simulated and analyzed to verify the device focusing perfor-
mance. Two-port acoustic delay line under different electrical
configuration was simulated, fabricated and analyzed to evaluate
the electro-acoustic transduction capability of the transducer.
According to the simulation and measurenment results, the
transducer can produce the expected focused gaussian lamb beam
with a beam waist of 5 ym which is half of the wavelength. The
insertion loss of 32.16 dB at 824.13 MHz proves the efficient
electromechanical transduction capability of the transducer. The
transducer is the potential component in phononic integrated
circuits (PnICs).

Index Terms—Aluminum nitride, Phononic Integrated Circuit,
Gaussian Acoustics

I. INTRODUCTION

Phononic integrated circuits (PnICs) is an emerging field
that aims to manipulate and control phonons in a manner
analogous to how electronic integrated circuits handle elec-
trons. Compared with electromagnetic waves, acoustic waves
in solids have lower velocity and loss, enabling effective signal
processing with a smaller size. In addition, acoustic waves in
solids do not radiate into free space, so crosstalk from other
devices and the environment can be effectively attenuated.
Acoustic devices have been widely used in signal processing
and sensing. By utilizing wavelength size structures, phononic
circuits are able to limit the number of modes in the system,
offering control over factors such as loss and coupling. This
enhanced control over wave behavior allows for the efficient
processing and routing of signals through the circuit, resulting
in improved performance and functionality [1]. However, the
current control level of phonon is far from their counterparts
photons and electrons. Photonic integrated circuits enable the
integration of optical components on chip to achieve optical
systems with unprecedented performance [2]. This is largely
achieved by highly constrained waveguides that are compact,
allow for tight bending, and concentrate energy into a small
mode region for efficient interactions. However, a similar
function does not yet apply to phonon circuits. The ability to
focus and couple acoustic wave to wavelength-scale waveguide
needs to be further explored.

In order to persue the mode control ability, wavelength-
scale structures are used to routing acoustic wave [3]. The
development of modern micro/nano manufacturing technol-
ogy accelerates the research of phonon integrated circuit.
In prior efforts to effectively stimulate a wavelength-scale
waveguide, researchers have employed techniques such as
designing the transducer to concentrate the emission [4], or
implementing a tapered interface between the waveguide and
transducer [5]. Transducers that produce Gaussian Lamb wave
beams in thin aluminum nitride membranes was fabricated
to excite wavelength-scale structures [6]. Amirparsa et al.
realized single mode waveguide of single phonon in suspended
silicon microstructure [7]. Complete on-chip control of a single
phonon strongly restricted along the propagation axis is shown.
Fu et al. established the architecture of phonon integrated
circuits on GaN/sapphire semiconductor substrates. Low loss
single mode strip waveguide and coupled high Q ring resonator
are presented to demonstrate the basic functions of phonon
circuit [8].

Currently, phonon circuits have been developed on sev-
eral platforms, including suspended [9] or unreleased ridge
waveguides [10]. These devices show outstanding progress
in the miniaturization of acoustic waveguide structure and
the design of band structure of waveguide, which contributed
to the development of phonon integrated circuit. In order to
further realize the potential of phonon integrated circuits, this
paper aims to explore a platform that combines small area
and efficient electromechanical conversion with miniaturized
acoustic waveguide, which shows high conduction constraint
capability to realize effective control of phonons for informa-
tion processing.

II. DESIGN AND SIMULATION

The suspended structure based on AIN thin film was
simulated and analyzed by finite element analysis (FEA)
simulations. The simulation model is shown in Fig. 1(a).
Low reflection boundary are added to the boundary of the
model to reduce the influence of significantly reflecting wave.
The cross section view is shown in Fig. 1(b). Three layers
are respectively the 100 nm platinum bottom electrode, 1
um AIN piezoelectric film and 100 nm platinum focusing
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Fig. 1. (a) Schematic of the simulation model. (b) Cross section view of
the model. (c) The position of electrodes which is fitted to the wavefront of
Gaussian wave, the first electrode finger starts at 5 wavelengths from the focal
point.

interdigital transducer (IDT). The curvature of focusing type
IDT is designed based on the wavefront of gaussian beams,
the first electrode finger starts at 5 wavelengths from the focal
point, which is shown in Fig. 1(c) and satisfy the following

equations:
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w here is the beam width in transverse direction. R is
curvature radius of wavefront. wg is the beam waist, zp is
Rayleigh length defines the distance over which the beam can
propagate wzithout significant divergence. zr can be expressed
as zg = “3L.

With the same divergence angle and 10 pm wavelength,
comparison of circular IDT and Gaussian IDT focusing capa-
bility is analyzed by FEA simulation. The width of electrode
is 2.5 pm with 15 pairs fingers. The beam waist of the focused
beam for Gaussian focusing IDT is designed to 5 um, which
is equal to half wavelength. The bottom electrode was set to
floating potential, the focused IDT is excited by oscillating
voltage applied at resonant frequency between the fingers of
the interfingered electrodes. The out of plane displacement is
illustrated in Fig. 2(c) and Fig. 2(d). Focusing capability is
evaluated at focal point on surface, displacement along the
cross-line is depicted in Fig. 2(a) and Fig. 2(b). Both two
types of IDTs exhibit Gaussian-like focusing characteristic.
Smaller focusing widths of 10.1 pum is achieved by Gaussian
IDT, while 13.2 um achieved by circular electrodes.
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Fig. 2. (a) Displacement along the cross-line of Gaussian IDT. (b) Displace-
ment along the cross-line of circular IDT. (c) Out of plane displacement for
Gaussian IDT. (d) Out of plane displacement for circular IDT.
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As Gaussian IDT demonstrates better focusing performance
for the same divergence angle, the Gaussian IDT is used
for all of the ensuing analysis. Thickness field excitation
(TFE) and lateral field excitation (LFE) are compared. LFE
and TFE transducer have distinct characteristics. LFE design
primarily features a parallel configuration of electrodes which
is optimal for applications requiring uniform electric fields
and is often employed in sensors and capacitive systems.
TFE design, on the other hand, involves electrodes that are
perpendicular to each other, making it suitable for stimulating
thickness mode. Both LFE and TFE are crucial in varied fields,
leveraging their specific configurations to fit the demands of
different applications.The configurations can be seen in Fig.
3(a) and Fig. 3(c). The electric potentials in two electrical
configurations are shown in Fig. 3(b) and Fig. 3(d). In TFE
configuration, the electrical field is applied perpendicular to
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Fig. 3. (a) Electrical excitation method of LFE. (b) Electric potential
distribution of LFE. (¢) Electrical excitation method of TFE. (d) Electric
potential distribution of TFE.
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Fig. 4. (a) Simulated S1; for LFE Gaussian focusing transducer. (b) Simulated
S11 for TFE Gaussian focusing transducer.

the surface of the piezoelectric thin film, penetrating through
the thickness direction. While in the LFE configuration, in
addition to the vertical electric field guided by floating bottom
electrodes, the transverse electric field between fingers also
exists.

Frequency responses of one port transducers in LFE and
TFE configuration are simulated and depicted in Fig. 4(a)
and Fig. 4(b) respectively. Through numerical modeling and
computational analysis, resonance frequencies and frequency-
dependent behaviors of the transducers are explored. LFE
one port device shows resonant peak around 834 MHz and
2.46 GHz, which corresponds to SO and thickness mode
respectively. TFE one port device shows resonant peak around
1.51 GHz, 2.13 GHz and 2.46 GHz which corresponds to SO,
S1 and thickness mode respectively.

III. FABRICATION AND MEASUREMENTS

The fabrication process shown in Fig. 5 starts on a 4 inch
high-resistive silicon wafer. First, 10 nm Ti/I00 nm Pt is
deposited using E-beam evaporation and patterned by lift-
off process. Then, 1 um AIN is deposited utilizing EVATEC
CLUSTERLINE® 200 MSQ multi-source system. Vias are
wet etched by 85% phosphoric acid. 2 um SiOs is deposited
by plasma enhanced chemical vapor deposition (PECVD) and
patterned as a hard mask. Following this, 1 um AIN is etched
through by inductively coupled plasma (ICP) etching to define
release window. Next, the hard mask is removed, 10 nm Ti/100
nm Pt is deposited utilizing physical vapor deposition (PVD)
and patterned by lift-off process. Finally, 200 nm aluminum
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Fig. 5. Process flow of the fabricated Gaussian focusing transducers. (a)
Pt bottom electrodes patterned. (b) AIN deposited. (c) AIN wet etched for
via. (d) AIN patterned to define release trenches. (e) Top and pad electrodes
patterned. (f) The device is suspended by XeF2 dry etching.

pad layer is defined by lift-off process and the device is
released by XeFs.

Optical microscope photographs and scanning electron mi-
croscope photographs of one port tansducers and two port
ADLs are provided in Fig. 6. The two port ADLs are consist
of identical transmitting and receiving focusing transducers
which following the design in previous section, a suspended
straight waveguide connects two parts. The width of the
waveguide is 10 pm equals to wavelength with lengths varying
from 10 wm, 20 pm and 50 pm.

Frequency response of the two-port delay line is charac-
terized by Keysight PNA-L N5234B network analyzer with
200 pm pitch RF probe. According to the measurement
results presented in Fig. 7, the LFE-type transducer efficiently
stimulates the SO mode and couples the acoustic wave into the

Fig. 6.
focusing ADL and (b) TFE Gaussian focusing ADL.

Optical microscope photographs of (a) two port LFE Gaussian
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Fig. 7. (a) Measured S21 for LFE Gaussian focusing transducer with straight
waveguide lengths varying from 10 pm, 20 pm and 50 pm. (b) Measured
So1 for TFE Gaussian focusing transducer with straight waveguide lengths
varying from 10 pm, 20 pm and 50 pm.

wavelength-scale waveguide, achieving a measured insertion
loss of 32.16 dB at 824.13 MHz. The high efficiency of the
LFE-type transducer in generating the SO mode is indicative of
its potential for applications where low insertion loss is critical.
Conversely, the TFE-type transducer was observed to stimulate
the A1 mode, with a measured insertion loss of 35.7 dB at
1512.64 MHz. The capability of the TFE-type transducer to
effectively stimulate the A1 mode, despite the higher insertion
loss compared to the LFE-type transducer, highlights its suit-
ability for different operational regimes where the Al mode’s
characteristics are desirable. These results reveal the distinct
performance characteristics of the LFE and TFE transducers in
the context of frequency response and insertion loss, providing
valuable insights into their respective applications in PnIC.

IV. CONCLUSION

The gaussian lamb wave focusing transducers with dif-
ferent electrical configuration are designed and fabricated.
Simulation results illustrate the transducer can produce the
expected focused gaussian lamb beam with a beam waist of
5 pm. Smaller focusing widths can be achieved in the same
divergence angle compared to circular electrodes. Different
frequency responses in TFE and LFE are explored. LFE
one port device shows resonant peak around 824.13 MHz
and 2.46 GHz. The corresponding two-port ADL show the
insertion loss of 32.16 dB at 824.13 MHz. TFE one port device

shows resonant peak around 1.51 GHz, 2.13 GHz and 2.46
GHz. The corresponding two-port ADL show the insertion
loss of 35.7 dB at 1512.64 MHz, which proves the efficient
electromechanical transduction capability of the transducer.
The unique properties of these Gaussian Lamb wave focusing
transducers make them an excellent candidate for enhancing
the performance and functionality of PnICs, particularly in
areas where precise control of wave propagation and efficient
energy coupling are critical.
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