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Abstract—The work is devoted to the experimental study of the microstructural properties of nanostructures
before and after of the pulsed laser irradiation of the silver nanoparticle layer within the fiber-optic photo-
acoustic transducer prototype. The reaction of such transducer prototype on equivalent exposition of
~800 J/cm? is studied with atomic force microscopy and X-ray structural analysis. High photostability of
nanostructure is demonstrated, degradation of nanostructures within the fiber-optic photoacoustic trans-
ducer prototype has not been observed. This allows such type of photoacoustic transducer to be used as part

of a new generation of technical diagnostics systems.
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1. INTRODUCTION

There are a number of methods of non-destructive
testing, which are suitable for breakdown diagnostics
oftechnical equipment [1, 2], industrial machines and
mechanisms [3, 4]. One of the main approaches is the
use of ultrasound signals as a diagnostic tool [4, 5].
Methods of ultrasound diagnostics are often used,
when it is necessary to obtain high-resolution images
in technical quality control [2], medical and biological
testing [4]. But such diagnostics is very complicated
due to conventional bulky non-destructive testing
ultrasound setups. Conventional piezoelectric electro-
acoustic transducers are characterized by high supply
voltages, large size and high weight, high electromag-
netic interference susceptibility, relatively narrow
operation bandwidth [5].

Photoacoustic transducer is very attractive alterna-
tive to electro-acoustic one. In photoacoustic trans-
ducers, absorber is heated and cooled, leading to
mechanical deformations, which cause cycles of pres-
sure or, in the other words, acoustic waves in ambient
surrounding [6, 7]. However, the performance of such
photoacoustic transducers is significantly limited by
the bandwidth and large size. In order to minimize the
thickness of the absorbing layer in ultrasound trans-
ducers, surface nanostructures based on layers of
noble metal nanoparticles (formed by atmospheric
laser ablation [8—11]) can be used. Additionally, it is
necessary to use highly absorbing nanoparticles (NPs)
layer at the optical fiber edge, which absorbance is
associated with the surface plasmon resonance phe-
nomenon [6, 7].

The prototype of photoacoustic transducer has
been created in order to confirm the theoretical inves-
tigations previously obtained by the authors [12]. To
solve the main problem that arises when creating pho-
toacoustic transducers, namely, reducing the thick-
ness of the absorbing layer, we used a nanostructure
based on a layer of silver nanoparticles, which allows
the reliable generation of ultrasound at frequencies of
10—18 MHz within a prototype of photoacoustic
transducer.

The work is devoted to the experimental study of
the microstructural properties of nanostructures
before and after of optical irradiation within the pho-
toacoustic transducer prototype. The reaction of
the fiber-optic photoacoustic transducer prototype
on equivalent exposition of ~800 J/cm? is studied
with atomic force microscopy and X-ray structural
analysis.

2. MICROSTRUCTURAL PROPERTIES
AND PHOTOSTABILITY
OF NANOSTRUCTURES

The transducer prototype has been created to con-
firm the theoretical investigations previously obtained
by the authors during the study the conditions of the
most effective photoacoustic generation. In accor-
dance with the previously developed theory, layer of
silver nanoparticles with average diameter of 35 nm
with RMS-size of 12 nm has been deposited on the
surface of the optical fiber edge in order to provide the
photoacoustic transducer frequency range exceeding
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Fig. 1. Microphoto of photoacoustic transducer surface with layer of silver nanoparticles before (left colomn) and after (right
colomn) measurement of acoustic signal with effective exposition of approximately 800 J /cm2.

10 MHz [12]. Silver NPs layer has been deposited on
the optical fiber edge using pulsed laser deposition
method. The pulsed YAG:Nd? laser LOTIS-TII with a
wavelength of 1064 nm and beam intensity of within
the diameter of 1 mm has been used for experiments.
Laser pulse has been focused on a silver 99.99% target
(it was constantly moved to provide initial surface for
laser deposition), which is mounted at angle of 45°
with respect to the laser beam propagation. Prepara-
tion of the surface nanostructure for photoacoustic
transducer prototype has been carried out at room
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temperature with the typical exposure time for of 2—
3 min (approximately 600—900 laser 20 ns pulses) [11].

Photoacoustic transducer prototypes have been
studied be means of scanning electron microscope
Hitachi S-4800 with the resolution of 1 nm and rela-
tive uncertainty less than 5%. Figure 1 shows the
microphoto of photoacoustic transducer surface with
layer of silver nanoparticles before measurement of
acoustic signal (obtained with scanning electron
microscope Hitachi S-4800). One can see that shape
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Fig. 2. X-ray structural analysis data for photoacoustic transducer surface with layer of silver nanoparticles after (right colomn)
measurement of acoustic signal with effective exposition of approximately 800 J /cm2.

of NPs is spherical. The analysis of binarized photos
allows to conclude that NPs are characterized by
gamma-distribution with size-parameter of k- = 8.51
and scale-parameter of 6 = 4.11 (parameters of
gamma-distribution are found by means of the non-
linear least square method). From the statistical prop-
erties of gamma-distribution, mean size and its round
mean square are calculated from the size-parameter
and scale-parameter correspondingly by means of the
following formulas [12]:

3 = krer,

o= \/k>r91~.

For the case under consideration, nanoparticles
mean size is 35 nm and size round mean square is
12 nm. Surface occupation density is estimated to be
of 3.8%. There are some nanoparticles with radius of
135 nm on microphoto. The overall surface occupa-
tion density of such nanoparticles is estimated to be
less than 0.076%.

Additionally, Figure 1 shows the microphoto of
photoacoustic transducer surface with layer of silver
nanoparticles before and after the 1 h measurement of
acoustic signal (equivalent exposition of ~800 J/cm?).
One can that there is no observable effect of photo-
acoustic transducer operation on the surface nano-
structure microscopic parameters. Acoustic signal has
been generated using optical 50 mW pulses with a
period of 10 ms, a duration of 50 ns, fronts less than
12 ns.

Figure 2 shows X-ray structural analysis data for
photoacoustic transducer surface with layer of silver
nanoparticles after measurement of acoustic signal.
One can see that there are three sets of inclusions:

(1) O, Al, Si associated with optical fiber;
(2) Ag associated with nanoparticles;

(3) C, Na associated with surface organic contam-
ination during preparation and operation.

Thus, atomic force microscopy and X-ray struc-
tural analysis show that even after the equivalent expo-
sition of ~800 J/cm?, nanoparticles mean size remains
to be of 35 nm and size round mean square to be of
12 nm. Despite of surface organic contamination
during preparation and operation, the nanoparticle
material is shown to be Ag.

As it demonstrated previously [12], photoacoustic
transducers based on such nanostructures can be suc-
cessfully used because the frequency performance of
such structure based on Ag NPs weakly depends on
the surface occupation density. It is seen that contam-
ination and mechanical damage appeared on the sur-
face outside the core of the optical fiber. However, no
degradation of the power spectral density of the output
ultrasonic signal is observed.

It can be seen that the layer of nanoparticles depos-
ited on the edge of the optical fiber has good adhe-
sion—the size of the nanoparticles and the surface
occupation density of the substrate do not change.
Note, some samples have “grooves” associated with
surface contamination. The presence of fine grain in
microphotos is associated with the features of the
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study using scanning electron microscopy, when a
technological layer of Pt was applied to the sample
before the study.

3. CONCLUSIONS

In the paper, the photostability of the photoacous-
tic transducer prototype is studied. It is shown that
effective exposition of approximately 800 J/cm? does
not affect the nanostructure based on a layer of silver
nanoparticles with size gamma-distribution, the aver-
age diameter of 35 nm with RMS-size of 12 nm, which
is synthesized by laser deposition method.
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