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OPTICAL INVESTIGATION OF THE 50 MHz SURFACE
ACOUSTIC WAVE (SAW) FIELDY)

K. CAPOVA?), 1. CAP?), Zilina

Experimental verification of an optical method for phase sensitive detection of SAW is
presented. It is based on the deflection of a focused laser beam by the SAW relief. The
focusing lens is used to convert the angular deflection to a lateral shift of a collimated
beam which is then detected by a double-section photodiode and a differential amplifier.
The lock-in technique is used for the phase sensitivity. The equipment was tested to
probe the amplitude, phase and standing-wave ratio of the SAW up to 50 MHz.

OIITHYECKOE MCCIEAOBAHME ITOJA IMOBEPXHOCTHBIX AKYCTHM3ECKHMX
BOJH C YACTOTOM 50 MI'y

B pa6oTe upencTaBneHs! Pe3ynbTaThl IKCICPHMEHTANLHON POBEPKH ONTHYECKOrO METORA AETEK-
UMH MOBEPXHOCTHDIX AKYCTHYECKHX BONH, KOTOPbIA HYBCTBUTENEH K M3MEHEHHIO (a3bl. ITOT MeTOR
OCHOBaH Ha OTKNOHEHUH C(HOKYCHPOBAHHOTO Ia3¢PHOIO Nyda penbedoM MOBEPXHOCTHBIX aKyCTHYEC-
Kux Bond. [Ins npeoGpa3oBanns yriosoro OTKIIOHEHHA KOLTMMALMOHHOO TyUKa B IONEPEYHBIH CIBMT,
KOTODBIA [ETEKTHPOBANCA MPY NOMOMIM IBYXCEKUHOHHOTO ¢hoTonMoga U nudibepeHUUanbLHOro
YCHIIUTENS, HCMOMbL30BaNKUChH HOKYCHpYIolMe aun3bl. [lns onpeneacuus $a3oBoil 4yBCTBUTENLHOCTH
Gbin npumeneH MeTon cuHXpoHM3auuH. JIpoBeNeHbI MCIBITANMA anmapaTypsl ¢ UEALIO HCCNENOBAHMA
aMnauTyasl ¥ ¢assl, MOBEPXHOCTHBIX AKYCTHYECKMX BOSH, 34 TaKXKE KO3(QHUIMEHTA CTOSIHX BOJH
BANOTHL O YacToTsl 50 MTI'y.

L INTRODUCTION

The optical methods of investigation of the surface acoustic waves (SAW) have
been discussed by many authors. The principle of all discussed methods consists
either the diffraction of the laser beam caused by the SAW [1], [2] or the deviation
of the focused laser beam reflected by the sample surface with SAW, e.g. [3]. Both
mentioned principles were realized in different ways. One of them, using
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a double-section photodiode for detection of the laser beam deviation caused by
SAW, was published by Engan [4] fora very high frequency region. The simplified
modification of that method for radio-frequencies was described by Cdpova and
an improved modification by Cépova and Cap [6]. The last method has been
experimentally tested up to its frequency limit and the results are presented in this
paper.
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Fig. 1. Reflection of the laser beam on the SAW
SAMPLE SURFACE sample surface (a) diffraction of the unfocused
(b) beam; (b) deviation of the focused beam,

II. THEORY

The sample surface with SAW represents the periodic structure from which the
laser beam is reflected. In case of the diameter of a laser beam at the sample surface
being much larger than the SAW wave length, light difraction of the periodic
structure will occur, Fig. 1 (a). If the diameter of the focused laser beam is less than
the SAW wave length, we can observe the usual light reflection at the sample
surface. The ripples of the sample surface due to the SAW cause the reflected light
beam angle deviation and after recollimation the parallel shifting of the laser beam
comes into existence, Fig. 1 (b).

The experimental arrangement using the focused laser beam deviation is given in
Fig. 2. The recollimated laser beam shifting is detected by a double-section
photodiode with a differential amplifier, Fig. 2 (b). The difference signal is then
processed by the electronic system to become either the amplitude or the phase
information about the probed SAW at the reflecting point.

To get the required information the SAW was generated by means of an
interdigital transducer (IDT) supplied by the modulated rf signal with only a single
side modulation band. The SAW dependence can be given by the relation
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y=a, cos [(w + Q)t — Kx + @,] + a, cos [(w + Q)t + Kx + ¢,] (1)

where y is the sample surface deviation due to SAW, a, and a, are the direct m.:g
reflexted SAW amplitudes, w is the rf angular frequency, Q the modulation
angular frequency, K the SAW wave number, @, m.na ¢, are phase constants.

The reflected beam angle deviation is Eonoz_oum_.ﬂo the sample surface
gradient, so that the differential amplifier output signal is

up~ IR {a, sin [(w + 2)t — Kx + @] —a, sin [(0 + Q)t + Kx + @,]} ,

where I, is the incident laser beam intensity, R the sample surface reflectivity at the
reflecting point.
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Fig. 2. The experimental arrangement.

After mixing with the reference signal of the rf generator the low frequency
signal is obtained

uy =kI,R [a, sin (2t + Kx + ;) — a, sin (Qt + Kx + @,)] 3)

where w, is the output voltage of the low frequency amplifier, k is the constant

given by properties of the corresponding part of the a._on:oa.n device.
The voltage (3) can be expressed as a time harmonic function

u, = A sin (2t +a) 4
where the mn.ﬁ::an A is given by
A =kI,R [a}+a}—2a,a; cos 2Kx — @, + @,)]* (5)
and the phase
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P sin (Kx — @,) + a, sin (Kx + @)
a, cos (Kx — @,) - a, cos (Kx + @) (6)

It is seen that the amplitude of the low frequency output signal changes periodically
between two extreme values

Apar = kIR (a,+a;) (7)
Anin = kIR _a_ - QL Amv

arn :.V the anow of the focused laser beam spot along the SAW propagation
direction. Hro ratio of both values determines directly the standing-wave ratio at
the reflecting point.

HI. EXPERIMENT

The described method of SAW probing was oxvolEoEme tested by means of
the set-up m:oc.g in Fig. 2. LiNbO, samples with evaporated interdigital transduc-
ers .mo~ generating the SAW and surface strip structures were used. The electronic
device components had the following parameters: A He-Ne laser power of about
3 mW, a tunable rf generator 10—500 MHz, a low frequency generator of 1 kHz.
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. . mu_.m.. 3. The LF signal amplitude measurement at 25 MHz [6]
(a) the investigated device, (b), (c) the obtained dependences of the amplitude on the laser beam
position along the SAW propagation direction.
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Fig. 4. The LF signal amplitude measurement at 50 MHz
(a) the investigated device ; {b) the obtained dependence of the amplitude on the laser beam position
along the SAW propagation direction.

The generated SAW power was 10 mW, which corresponded approximately to
a 107m SAW amplitude. The SAW device was placed in a holder with
a micrometric shifting for scanning the sample surface by the focused laser beam.

The surface structure represented by Fig. 3 (a) was used in the first experiment at
25 MHz. The partially standing SAW was generated by IDT 1 feeding only, Fig.
3 (b). The low frequency signal amplitude was measured along the SAW
propagation direction by moving of the laser beam. We can see, Fig. 3 (b), that in
the region of IDT 1 the standing wave existed, but in the other part of the sample
the SWR approached to unity. The step between the free surface and the
metallized surface region is due to different surface reflexivities. Another situation
is seen in Fig. 3 (c), where both IDT 1 and IDT 2 were fed by the same signal. The
superposition of both waves gave a partially standing wave between both transduc-
ers but in the transducer region the travelling SAW existed.

The other samples with similar results were proved at the frequencies of 25 MHz
and 15 MHz. For the investigation of the frequency range of the described method
we arranged an experiment at 50 MHz with the PIN double section photodiode
which had a cut-off frequency of 100 MHz. A surface structure with multistrip
coupler was used, Fig. 4 (a). The plot of the low frequency signal amplitude along
the SAW propagation direction is given by Fig. 4 (b). The SAW propagated along
the free surface was a travelling wave conversely to the multistrip structure where
the SWR rose a little because of its resonant structure character. From maximum
distances we can obtain the SAW wave-length A =69 um and the corresponding

SAW velocity v =3450 ms™*.
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IV. CONCLUSION

The described €xperiments verified the theoretical conclusions of the suggested
method. The main fact js that the method is suitable for obtaining the complete
amplitude and phase information on the SAW field at the sample surface in the
frequency range of the photodetector. The method is much simpler as regards

experiments than the methods based on the diffraction pattern analysis. The
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