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Summary:

A Micromachined Ultrasound Transducer (MUT) based on in-plane actuation is presented in this pa-
per. Its building block, unlike membrane-based MUTs, is a Coulomb-actuated microbeam that is de-
flected in the in-plane direction. This system is designed to operate at low-frequency ultrasound
waves, aiming for gesture recognition applications. The sensing function is demonstrated in this work,
complementing an earlier report on its transmission characteristics.
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Introduction

Ultrasound ranging has been proven an effec-
tive means to detect hand gestures and thus
control electronic devices without the need of
physical contact with a screen [1]. This detec-
tion strategy is based on the periodical emis-
sion of ultrasound pulses that are reflected by
the motion of the hand and detected by an ar-
ray of sensors at different positions, obtaining a
measurement of the time of flight of the pulse
[2]. The building unit of such a device is a Mi-
cromachined Ultrasound Transducer (MUT)
designed to oscillate at frequencies in the low
ultrasound range (near 40 kHz), so that absorp-
tion losses are diminished [2]. The two main
types of MUTs (piezoelectric [1-4] and capaci-
tive [5-7]) have been implemented for the gen-
eration (and detection) of low-frequency ultra-
sound waves; however, we argue that these
two categories belong to the family of out-of-
plane transducers, in contrast to in-plane ones.
Whereas out-of-plane transducers excite a
membrane in the direction of the propagation of
sound, in-plane transducers oscillate perpen-
dicular to this direction and can therefore use
the transverse area (depth) of the device to
displace a volume of air, instead of its surface—
which heavily determines the cost of a chip. In-
plane transduction has already been imple-
mented in the acoustic range, both for a capaci-
tive all-silicon loudspeaker [8] and a piezoresis-
tive microphone [9]. Here we present an exten-
sion of this principle to the ultrasound range
with a capacitive transducer based on clamped-

clamped microbeams tuned to operate at 40
kHz and requiring a low bias voltage (24V).

Description of the System

The building block of this transducer is a classi-
cal Coulomb-actuated microbeam [10], i.e. a
prismatic beam of dimensions in the ym-range
that is moved towards a fixed electrode by
means of a Coulomb force (See Fig. 1). As the
beam is deflected, it displaces a volume of air
towards a slit. Each microbeam behaves, there-
fore, as a moving wall between two acoustic
chambers. A certain leakage across the beam
is expected to occur, but the narrow clearance
(1 pm) makes this flow negligible. The mi-
crobeams are fabricated by deep reactive ion
etching on a silicon-on-insulator substrate, us-
ing a similar procedure as reported in [8] for the
nano e-drive microspeaker—we thus codename
this transducer as NED-MUT.

A closely packed array of 258 of these beams
actuated with the same voltage comprises one
transmitter unit. For the receiving units, two
design options were explored: one with
clamped-clamped beams (152 in total), and one
with clamped-free beams (410 in total). The
resonance frequency of the transmitter beams
lies at 53 kHz to ensure stability when oscillat-
ing near 40 kHz, around which the resonance of
the receivers was tuned. The whole device
consists of 9 units of 3x3mm?2: 4 receiver units
on the corners of the chip and 5 transmitter
units elsewhere. The electrostatic gap, which is
limited by the DRIE etching process, was set to
2.5 ym. The arrangement of the transmitter
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units allows modifying the irradiation pattern by
introducing phase shifts.
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Fig. 1. (a) Photograph of the electrostatic NED-
MUT and (b) scheme of one of its clamped-clamped
beams acting as ultrasound receiver.

We already reported a first characterization of
the transmitter function, reaching a pressure’ of
87 dB at a distance of 8.9 cm with an excitation
of 24V DC and 24V AC [11]—very similar to the
pressure reported in [5] but using a much lower
bias voltage. Here we further report on the func-
tion of the sensing units, therefore showing that
this device is capable of performing pulse-echo
tests.

Results
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Fig. 2. lllustration of the amplifier topology used to

measure the output of the in-plane ultrasound trans-
ducer.

In order to test the sensing function of the NED-
MUT, a ceramic transmitter (UST-40T) was set
10 cm apart from the chip, hence generating a
pressure of 60 Pa rms at 40 kHz (see datasheet
[12]). The sensing unit was connected to the
amplifier shown in Fig. 2, which relies on the hy
factor of the transistor to amplify the signal. An
output signal of 4.5 V peak-to-peak was meas-

" relative to 20 yPa rms
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ured with this procedure. When no pressure is
excited, a noise level of 0,5 Vpp is measured at
38 kHz, and if a reflective object is placed in-
between, the amplitude of the 40 kHz signal is
nearly halved. The NED-MUT is thus capable of
acting a as ultrasound receiver.
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