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The method of measuring the surface acoustic wal@city by probing it with a laser beam,

whose width is greater than the acoustic wavelengroposed. The velocity is determined by
measuring the time and space characteristics adptieal field of the beam reflected from the
sample surface. The method is characterized bydtdghracy and spatial resolution.
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METOJ BUMIPIOBAHHSA HNIBUAKOCTI HOBEPXHEBUX
AKYCTHYHHUX XBHUJIb 3 JOIIOMOI'OIO JIASEPHOI'O 30HAYBAHHA

B. P. Cxanbcebkuii, O. M. Mokpuii, 1. B. PynaBcskuii
®Dizuko-mexaniunuii incTutyt im. I'. B. Kapnenka HAH Ykpainu, JIbBiB

3anponoHOBAHO METO BUMiPIOBaHHS IBUIKOCTI IOBEPXHEBOT aKYCTHYHOI XBUIII 3 IOMIOMOTOIO
30H/yBaHHS JIA3¢PHUM [POMEHEM, LIUPHHA SKOT0 Gijblia 3a JOBKUHY akycTH4HOI xBri. I1IBu-
KICTh BU3HAYEHO LIIIXOM BHMIPIOBaHHS YaCOBHX Ta MPOCTOPOBUX XAPAKTEPUCTHK ONTHIHOTO
OJISL IPOMEHS, BIIOUTOTO BiJ HOBEPXHI 3pa3ka. MeTo XapaKTepHu3yeThCsi BHCOKOIO TOYHICTIO
i IPOCTOPOBHM PO3IiICHHSIM.

KirouoBi cinoBa: weuoxicms nosepxuesux akycCmuiuHux X6uib, 1a3epHi Memoou.

The velocity of the surface acoustic waves (SAWanseffective tool for the in-
vestigation of the surface properties of solidgjuding medium with spatially inho-
mogeneous distribution of properties. This valupedtels on elastic characteristics and
density and is sensitive to different processesioer in the medium [1]. The inves-
tigation of the spatially inhomogeneous medium wieilges the spatial distribution of
the SAW velocity. The accuracy and spatial resolutire the characteristics of such
measurements [2].

Measuring of the SAW velocity includes measuringhs# acoustic signal travel
time and corresponding distance. The velocity m@&ag@accuracy is determined by the
accuracy of measuring of these values. The highiadpasolution can be gained by
non-contact laser methods [3]. These methods a®dban the interaction between the
probing laser beam and the displacement of the Isasupface caused by the acoustic
wave. To determine the velocity of the SAW two caaee usually used. The first one
is realized when the wavelength of the SAW is sidhtly small (tens of millimeter
and less) an® >> A whereD is the diameter of the laser beam in the regiomtef-
action with SAW A is the SAW wavelength. In this case the diffractad the optical
beam on the SAW is observed. The SAW wavelengthcaneg:spondingly its velocity
can be measured by the diffraction angle measurejgiemhe SAW wavelength range
usually exceeds the tens of MHz. The other casealized wherD < A. In this case
the local displacement of the surface caused bysthi¢/ is detected. The velocity is
determined by measuring the time delay betweesigmals detected in different sample
regions and the distance between them [5]. Suepproach is the most widespread and
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is used for methods with the optical detectinghef EAW and also for methods where
the contact piezoelectric transducers are used.
The velocity measuring error in this case is regmésd by the expression [2]:

(G_ijz S50k V7)) M
v (xs)z " v

whereoy, 0y, 0; are standard deviations in determination of véypdistance and time,
correspondinglyV is the SAW velocityxs is the distance at which the SAW velocity
is determined. As can be seen from the above esiprethe increase in the distange
leads to the decrease in the velocity value meagwiror. On the other hand, the
increase in this distance causes the decreaseeispiditial resolution, which is very
important in the case of investigation of a spitialhomogeneous object. Thus, the
accuracy of the velocity measurement and spatsluéon are the inversely propor-
tional values and these can not be improved simettasly by selecting the distange
We have proposed the method of measuring the SAMtite which allows us to
increase the accuracy of measuring without deargabie spatial distribution. The me-
thod consists in probing the surface wave by arlesam and can be classified as an
intermediate case between the cases Vitlher A andD < A. In our case value @ is
equal to severalk. Similar geometry is considered as a method of S¥&géction in [6].

In this case the spatial distribution of the prgbaptical beam intensity corresponds
to the displacement of the sample surface caus#ueb$AW. Correspondingly, the SAW
movement on the sample surface will cause the mewmemf the spatial distribution
intensity of the optical field across the beam.plper [6] a signal from the whole
optical beam was detected simultaneously with #e af spatial amplitude modulator
installed in front of a photodetector. Our methsdased on detection of the signal in
the small area of the optical beam. By locating phetodetector in different areas
across the optical beam, the SAW can be detectdifférent areas of the sample.

The distances on the surface of the sample changes jixtdn the area of detec-
tion because of the probe beam expanding. The yalaaletermined by expanding the
probe beam. Expression (1) is written as:

2
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The u value for a specific geometry can be determinedtddipration measure-
ments using a sample with a known veloditySince a diverging beam is used, the
value ofuxs > xs, therefore the measurements are more accuraterding to expres-
sion (2) this will lead to the decrease in the emomeasuring the SAW velocity. At
the same time the spatial resolution is determmmethe size of the probing laser beam
spot on the tested sample surface and thus itrimeshange.

Numerical modeling of the optical field of the probing beam. To evaluate the
opportunities of the proposed method numerical niglef the intensity of the probing
beam optical field was used. The spatial distrioutf the probing beam intensity after
reflection from the surface, on which the SAW isgagating, was determined. It is
assumed that the SAW is propagating on the mirmfase. The Huygens—Fresnel
principle was used to calculate the distributiorthe intensity of laser beam reflected
from the sample surface with the SAW. The 2D madet considered. Since the light
velocity is much greater than the velocity of th&Vg the spatial distribution of the
displacements on the sample surface was consitiedssl unchanged during the inter-
action of the optical beam and the SAW. The opscairce amplitude distribution was
assumed as Gaussian and is expressed as:
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whereE is the optical field amplitudes is the coordinate perpendicular to the direction
of the optical beam propagatidmis the parameter of distribution.

The displacement of the sample surface causedeb8AW propagation is written
as follows:

y= hsin(z—/\nxj, (4)

whereh is the SAW amplitudeA is wavelength of the SAW.
Using the Huygens—Fresnel principle the opticddfighase and amplitude were
calculated by the following expression [7]:
B k a Zelkr
E(X.Y;) _E—ja E(Xn,Ym)r—dej : (5)

whereE(x;, y;) is the calculated amplitude of the optical fielx,, yi) is the amplitude

of the optical field on the source surfakas the wave vector of the optical wawds

the distance between the source surface and thendmere the amplitude of the optical
field is calculated; 2 is the size of the light source. Two successiepstvere used in
calculations. In the first step the optical field ihe sample surface was calculated and
in the second one — the optical field of the beeaflected from the sample surface.
The distribution of the optical field amplitude ¢ime source surface corresponded to
expression (3), and the phase was assumed to IséganonThe spatial distribution of
the optical field intensity was calculated from tistribution of the optical field am-
plitude by expressioh= EZ.

The optical field intensity consists of the varglind constant parts. The variable
part is related with the interaction of the optibam and the SAW. Only the variable
part of the intensity was detected experimentaligrefore in numerical modeling the
value was used

3l =lg-1g, (6)

where s is the optical field intensity with SAW, is intensity of the optical field
without SAW.

Numerical modeling results. Numerical modeling allowed us to find the depen-
dence of thé/(x) value on the SAW wavelength. The obtained resurkispresented in
Fig. 1. They show the spatial distributidfx) for a laser beam reflected from the sample
surface distorted by the SAW. The laser beam pmtpagnY axis direction. The sample
surface coordinate ¢ = 0. The spatial distribution @/(x) is shown for a certain mo-
ment of time. When the SAW moves along the sampltase the spatial distribution
of the optical field intensity will move too. It seen that the spatial period of the opti-
cal field increases with the growth of the SAW wawgth. The spatial distribution of
the intensitydl(x) corresponds to the distribution of the sampldaser displacement,
caused by the SAW. This enables us to detect th& 8Adifferent areas of the sample
surface by a photodetector, located in differeetarof the optical beam cross-section.
Thus, by measuring the signal time shift and kngwtire corresponding distance we can
also determine the SAW velocity.

For the wavelengtha = 0.5 and 0.7 mm at some distance from the sasuyface
the violation of the periodicity is observed. Atstldistance there is a minimal change
of the intensity across the optical beam.
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Fig. 1. The spatial distribution of the intensityange for laser beam reflected from the surface

with SAW. The SAW wavelength iss— A = 0.5 mmb—-A =0.7 mmgc—-A = 1.3 mm.

This violation of the periodicity is explained Hyetinterference of the null order
and two diffraction maxima of thel order [5]. The first order diffraction maxima dif
fract at anglexA/A, whereA is the optical wavelength. Variation of the optirden-
sity is minimal when the phase displacement betvieerd andtl orders ist, where
n=1, 2... This takes place at a distance from thapsa surface [5]:

y= n(ATZ] : (7)

For the SAW wavelength 0.5 mm, 0.7 mm and 1.2 mdian 0.63um andn = 1
this distance is 397 mm, 777 mm and 2286 mm, qooregingly. This agrees well with
the numerical modeling results presented in Fig. 1.

w ‘H - Experimental  approbation

of the method. The setup scheme
Q R for the measurement of the SAW
velocity is shown in Fig. 2. The
photodetector SAW was excited by the piezo-
Ay

electric transducer on the wedge

and propagates along the sample
surface. The SAW velocity is
measured by a laser probing beam.
The probing laser beam is expanded
Fia. 2. Th ¢ SAW velocity sch by lens and reflected from the
'g. <. The measuremen Velocity SCNeME.  mirror surface of the sample. The
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SAW displaces the sample surface. The spatialildli¢ibn of displacements on the
sample surface changes spatial distribution ofréflected beam phase and produces
periodical spatial intensity distribution, as shownFig. 1. The variable part of this
intensity is detected by a photodetector.

The SAW was exited by modulatior &
of sine signal with frequency 2.5 MHz ani 3 /‘
the width of input driving signal was gs. % —
Correspondingly the SAW wavelength wa ‘3‘88 o
125 mm. The He-Ne laser THORLABS,, e
HRROO05 with wavelength equal to 0.6328 |, e
and power 0.5 mW was used. The optic ‘ ‘ : : : : :
signal was detected by photodiode S64¢ 0 I 2 3 4 5 6 Xmm
The position of the photodetector was  Fig. 3. The dependence of time shift
measured by the micrometer table. The of the signal on photodetector
signal was registered by oscilloscope TDS- position across the laser be
1012. The digital signal from oscilloscope
was recorded in the computer memory. The time sififtignals detected in different
positions by the photodetector was determined eycthrelation technique [8].

The dependence of the signal time shiiftthe photodetector position was measured.
The results of experiment are shown in Fig. 3. Tiiear dependence of time shift on
the photodetector position is obtained. The catimglacoefficient between experimen-
tal and linear dependence is 0.9997, which cormedpto linear dependence between
the time shift of the signal and the position of tbhotodetector. Consequently, it is
possible to determine the valueof from these datayhich is 12100 m/s. As the ve-
locity V is equal to 3100 m/s then= 3.9 for this experiment geometry. Thus, the use
of the sample with the known velocity allows usctibrate the setup for the specific
geometry of the experiment.

CONCLUSION

The laser method for measuring local velocity @uaface acoustic wave is pro-
posed. The method is characterized by the highracgwf the surface acoustic wave
velocity measurements. By numerical modeling isli®wn that intensity distribution
across a probing optical beam corresponds to tEatiement of the sample surface
caused by the SAW. The linear dependence of the shift of the signal on the posi-
tion of the photodetector has been experimentéitgined, which allows us to measure
the SAW velocity by the proposed method.
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