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Abstract — In this paper we investigate fhe displacement of
microparticles deposited on the acoustic path of a surface
acoustic wave delay line, The diameter of the targeted parficles
is between 0.3 pm and 10 pm. The device used is based on
Rayleigh waves and builds on 128°¥X-LiNbO; piezoelectric
substrate. The displacement Is achieved by applying a radio-
frequency signal with a high power level superior fo 30 4B at
approximately 100 Mz, Particles originates from the fume of
a4 burning cawdle with diameter smaller than 2.5 pm, and
particles of silicon carbide in the vicinity of 7 pun and 5 um
are tested.
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1. INTRODUCTION

Fine-particle poliution has become a worldwide problem
during the last decades. Particles with an aerodynamic
diameter smaller than 10 pm and 2.5 um, respectively PM10

“and PM2.5, are a subject of great interest since it has been

demonstrated that they could be considered as a major threat
for human health [1]. Sensing devices used for their survey
suffer from soiling, It is therefore necessary to develop a
dedicated systen for the cleaning of such devices,

On another issue, these types of microparticles can stick
on the image sensor of digital single-lens reflex
camera (DSLR), Due to the difficulty to handle the image
sensar, cleaning these microparticles is a big challenge.
Since the early 2000’s the major manufacturers of DSLR
have developed several dust reduction systems for removing
particles stuck on the image sensor, One proposed solution,
known as ultrasonic dust removal, is based on a semi-rigid
piszoelectric sheet bonded to a transparent plastic film used
ag filter [2]. Such system turns the plagtic film into vibration
at frequency between 25 Kz and 50 kHz in order to remove
the microparticles,

To address these needs, we investigated the possibility of
removing PM20 and PM2.5 by using surface acoustic waves
(SAW) delay line.

Rayleigh waves have already been successtully used for
moving [3} and positioning [4] drops of liquids as well as
single celis in liquid [5]. Here we report our investigation on
the possibility to move dry microparticles by using this type
of acoustic waves. Since the SAW radiation force is divectly
linked to the power level of the radio-frequency (RF) signal
that drives the device [6], the absolute maxinmum RF power
of the delay line has been characterized.
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In section 11, the experiniental setup for characterizing the
absolute maximum rating of the BAW devices is described.
Section III is devoted to the microparticles displacement
results,

II. PARTICLES REMOVAL SYSTEM

In this section, the setup designed for driving a SAW
delay Line with high RF power is described. The design
parameters of the tested device are given and its absoluie
power limitation is identified.

A Measurement sefip

A schematic representation of the system made for
measuring the absolute power limit of a SAW device is
reported on Figure 1,

The RF signal ia amplified by a series of RF amplifier
and can reach a maximum power of 40 dBm. S-parameters
{821 and S11) of the device under test (DUT) are obtained
by uging two commercial bidirectional coupler with high RT
power resiliance. Particular attention st be pald to the S11
parameier to enswe that the impedance matching between
the lagt RF amplifier and the SAW delay line is optimum.
The tested device is bonded in a ceramic package with epoxy
glue and wire bonded with gold wires, Afterward, the DUT
is mounted on a dedicated PCB. During the entire test, the
chip is not monitored in temperature.

Regarding to the RF power level considered for this
experiment and the SAW device optimum frequency, the
impedance matching of the SAW device input cannot be
realized by using standard lumped elements. That's why
impedance matching is taken into account during the design
step of the DUT.

If the RF power level is higher than the DUT is able to
withstand, the device will break. In such case, the RF power
amplifiers can be damaged by the reflected power at the
input of the DUT because the impedance matching i3 not
anymore optinmum. A dedicated analog system is measuring
in real time the reflected power at the input of the DUT. If
this latter is higher than a threshold chosen by the user, the
RF amplifiers power supply is cuted-off. Furthermore, the
entire measurement system and the increasing of ihe RF
power are monitored in order to ensure the repeatability of
the tests.
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Fig. 1. Schematic representation of the measurement system

B. Measurement of the absolute power limit

The design parameters of the Rayleigh based delay lines
used in this work are given in Table 1. A double-electrode
configuration has been chosen in order to reduce the triple
transit phenomenon [7]. Since the diameter of the targeted
particles is between 0.3 pm and 10 pm, the wavelength has
been selecied o get the electrode width approximately in the
center of this range. Impedance matching has been taken into
account during the design process.

When a high power signal (higher than 30 dBm) is
applied to a SAW transducer, a stress-migration is induced
inside the electrodes and may results in the degradation of
the device [8]. Such phenomenon is known as the
acoustomigration and mostly depends on the design of the
electrodes and the metal used for its fabrication {9][10]. To
evaluate the power durabilily, a mean time to fatlure (MT'TT)
is usually defined with a variation of the bandwidth or of the
insertion losses of the DUT as criterion. Here, the absolute
power limit of a SAW device is defined as the RF power
level for whiclh the MTTF is lower than 1s We took ag
breaking criterion a variation of the input reflected signal
higher than 15 dB.

~ The freguency of the RF signal is chosen so that the
reflected power at the DUT input is as low as possible fo
prevent any degeadation of the RY power amplifier. The RF
power level is increased by 0.1 dBnv's from 0 dBm until the
failure of the device is reached, About ten devices have been
tested in order to get a mean value.

TABLE L PARANMETERS OF THE TESTED DELAY LINE
Parameter Value
Piezoelecttic snbstrate 128°Y2{-LiNbOy
Metallization Alminum
Matallization thickness 300 nm
‘Wavelength 2, ~35um
Central frequency ~100 MHz
Fingers per wavelength 4
Metallization ratio a/p Q.5
Aconstic aperture 43 %
Transducer length 30%
Gap length T4 ko

Fig. 2. View of a SAW delay line (A) before and (B) after the test

Figure 2 presents a view of a DUT before and after it
reaches the absolute power limit point. We found that this
point is approximately 36.8 dBm. We notice that the DUT
alwayy broke in the middle of the input transducer. Sioce an
arc discharge could be seen during the test, we may infer that
this kind of device failwre consists in an electrical
breakdown.

In order to avoid the degradation of the device during the
removal of the particles, the maximum RF power has been
get below this absolute limit, at 35 dBim.

III. DISPLACEMENT OF MICROPARTICLES

In this section, the displacement experiments of
microparticles using the previously described SAW device
are reported. Particles of silicon carbide (8iC) with two
different diameters are tested: one type smaller than 17 pm
and another type smaller 5 po, Parficles generated from the
fume of a burning candle with diameter smaller than 2.5 pm
are also tested.

A, PM20 removel experiments

SiC particles smaller than 17 pm and 5 pm of diameter
are deposited on the acoustic path of our device, The RF
power is slowly increased from 0 dBm until & displacement
is observed.

The particles smaller than 17 pm have been partially
removed from the gap of the DUT after 3 minutes at
33 dBm. Figure 3 exposed a view of the DUT before and
after this test. Even af higher power, and alter more time, no
further displacement can be observed, This behavior could be
explained by the wavelength of the DUT, initially designed
for targeting particles smaller than 10 jum,

The particles smaller than 5 jun starts moving at 22 dBm,
They are slowly unhooked from the substrate and
successfully moved out of the DUT gap until they are
stopped by the output transducer.
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Fig.3. View of a SAW delay line coverad with microparticles of SiC
smaller than 17 pun, (A) before and (B) after test
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Fig. 4, View ofa SAW delay line coversd with microparticles of 8iC
sendaller than 5 ym, (A) before and (B) after test

The particles are completely moved out of the DUT gap
afler 20 g at 31 dBm. Figure 4 expose a view of the DUT
before and after this test. The particles have been moved and
stopped by the output transducer, but a few particles remain
on the gap of the DUT. We assune that this behavior is dus
to the abrasive characteristic of these parficles initially used
for polishing substrate, Some of them could be partially sunk
on the substrate and cannot be removed by using a RF signal.

B, PM2.5 removal experiments

Particles generated from a burning candle are deposited
on the acoustic path of the DUT in order to investigate the
displacement of particles smaller than 2.5 pm[11]. The
experimental procedure used is identical to the precedent
experiences.

At 17dBm, the pacticles start moving and, after
increasing the RF power, the displacement accelerates.
Figure 4 exposed a view of the device before and after a test
al 30 dBm during 30 5. The particles have been successfinlly
moved out of the acoustic path of the DUT.

After a fow seconds of fest we can observe that the
particles starl acting like a fluid. The melting point of the
paraffin wax used is set at 45°C. Since it has been
demonstrated that a RF signal of 33 dBm can heat a droplet
of water at 39°C [12], the fluid like behavior of wax particles
could be explained by this effect, If the temperature of the
particles is higher than 45°C the microparticles of wax are
turned into a liquid.

Furthertnore, the temperature of the deviee rapidly
increased when the signal is fransmitted [13]. By measuring
the central frequency shift induced by thermal effects, we
can estimate this selfheating by using fhe temperature
coefficient of frequency (TCF) of the device’s substrate, We
assume that the global self-heating of the DUT at 30 dBm is
approximately 22°C from the ambient temperature of about
25 °C, enough for tirning the particles of wax into a liquid.
This estimation is consistent with the particles melting
described previously.

Fig 5. View ofa SAW delay line covered with microparticles smaller
than 2.5 pun generated from a buming candlo, (A) before and (B) after test



IV. CONCLUSION

The displacements of microparticles by using a high
power RF signal (> 30dBm) have besn experimentally
demonstrated. The diameter of the targeted particles is
between 0.3 pm and 10 pm. The device used in this work is a
SAW delay line based on Rayleigh waves and build on
128°YX-LiNbOs Particles of silicon carbide smaller than
17 un have been partially moved out of the DUT gap after
3 minutes at 33 dBm. Same types of particles smaller than
5 1um have been more efficiently moved out of the DUT gap
after 20 s at 31 dBm. Such experiment shows a link between
the size of the targeted particles and the SAW wavelength.

Particles smafler than 2.5 um, generated from the fame of
a burning candle, have also been moved out of the acoustic
path after 30 s at 30 dBm, The fluid-like behavior of these
particles is explained by the self heating of the device.

This work demionstrates experimentally the possibility of
using a SAW device for removing microparticles from a
surface, Further experiments with other types of particles
deposited on the active surface of a particle sensor are in
progress i order to show the effectiveness of this techuique
for cleaning such device,
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