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Summary:

This work presents both the directivity pattern and distance dependence of the pressure field of a pie-
zoelectric micromachined ultrasonic transducer (PMUT). The PMUT comprises a silicon membrane
and an integrated piezoelectric transducer based on aluminum nitride (AIN). It exploits bistability to
achieve large membrane displacements during switching between both ground states.
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Introduction

Ultrasonic sound has been utilized for decades
in medical diagnostics, gesture recognition,
non-destructive testing and range finding, to
mention a few. Given the ongoing trend towards
miniaturization, micromachined ultrasonic
transducers based on the piezoelectric effect
(PMUTs) have been gaining a lot of attention
recently due to operation at lower voltage levels
and the lack of any counter-electrodes as re-
quired in capacitive MUTSs.

One way of increasing the pressure output of a
PMUT is to increase the stroke level of the
membrane element. There have been many
approaches to achieve this, including the use of
flexural supports [1] or differential transducers
[2]. Due to compressive stress induced buckling
however, bistability has been shown most re-
cently to be a highly effective approach to
achieve high sound pressure levels from
PMUTs [3]. In this work, we study the acoustic
emission characteristics of such bistable
PMUTs.

Experimental details

The PMUTs are fabricated starting from a
100 mm silicon on insulator (SOI) wafer coated
with a stress-compensated silicon oxide and
silicon nitride bi-layer for electrical insulation.
The piezoelectric transducer comprises ther-
mally evaporated bottom and top electrodes
(chromium and gold) and a reactively sputter-
deposited aluminum nitride thin film sandwiched
between both electrodes. The membrane is
defined by backside deep reactive ion etching
and a subsequent hydrofluoric acid removal of
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the buried oxide layer to release the membrane.
The stress in the AIN layer is tailored to ensure
that the total compressive stress state in the
membrane exceeds the critical stress limit re-
quired for buckling.

Mic Pre-amp

Figure 1. Measurement setup

The PMUT is electrically excited by applying a
sinusoidal pulse train with n pulses to the AIN
layer. The signal is generated using an Inter-
modulation products MLA-3 and is amplified by
a factor of 50 using a Trek HF2100 broadband
piezo amplifier. Membrane velocity is recorded
using a Polytec single point laser Doppler vi-
brometer. Acoustic measurements are done
using a Briel and Kjeer 4138 pressure field
microphone with a frequency range of 6.5 Hz to
140 kHz. A pre-amplifier 2670 in combination
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with a Nexus signal conditioner with a 140 kHz
bandwidth extension is used, before the signal
is recorded using a Keysight DSOX1204G os-
cilloscope. The measurement is performed
inside a soundproof booth by Soundbricks. The
setup is shown in Figure 1. More details can be
found in [3].

Results and discussion

Figure 2 shows an exemplary measurement
signal with the electrical excitation applied to
the membrane (a), the membrane velocity (b)
and the recorded pressure (c). In the red shad-
ed region, the membrane is undergoing contin-
uous snap-throughs between both ground
states, whereas in the yellow shaded region the
membrane rings down. The green shaded re-
gion marks the transition between these two
regimes.
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Figure 2: a) Excitation signal. b) LDV signal. c) Pres-
sure measured with the microphone.
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Figure 3: Emission pattern of the PMUT. The gray
area is not measured, since the PMUT is mounted in
such a way as to not allow downwards emission.
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Figure 3 shows the directivity pattern of the
PMUT measured at a distance of 92.5 mm.
Distance is calibrated using the delay between
electrical signal and sound (delay between
electrical signal and LDV signal is compen-
sated) and a speed of sound of 343 m/s. The
PMUT featured an almost omnidirectional
emission pattern with a significant drop only at
90° and 270° off-axis, which is due to the ge-
ometry of the measurement setup.
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Figure 4: Distance dependence of pressure.

Figure 4 shows the impact of microphone dis-
tance r to maximum detected pressure meas-
ured at 0° on-axis and features the expected 1/r
behavior. The straight line is a fit of a reciprocal
function to the data. Distances were set by eye
and subsequently calibrated using the same
method as mentioned above.

Conclusion

The emission pattern of a bistable PMUT has
been shown for the first time as well as the
expected pressure decrease with distance.
Future work will focus on a more in-depth study
of these PMUTs, especially in continuous oper-
ation to provide proper sound pressure level
values.
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