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We have investigated the acousto-optic diraction by shear horizontal surface acoustic waves in 36◦ rotated
Y -cut X -propagation lithium tantalate (LiTaO3 ) crystals. The measurements were performed at the optical wavelength 633 nm of HeNe laser and acoustic wavelengths of 5060 µm. The anisotropic diraction with the light
polarization rotation in the transmission mode was observed. The measured and calculated values of the light
incidence angle corresponding to the strongest diraction diered signicantly. A narrow strip of a thin metal lm
deposited on the crystal surface drastically aected the light diraction. We attribute these eects to the conversion processes between the shear horizontal leaky surface acoustic wave and shear horizontal surface skimming
bulk wave.
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1. Introduction

Shear horizontal surface acoustic waves (SH SAWs)
in piezoelectric crystals are very attractive for applications in telecommunications, signal processing, and sensing technologies. The

36◦

rotated

Y -cut X -propagation

LiTaO3 single crystals are amongst the most usable substrates supporting the SH SAWs, due to the very low
propagation loss on this specic cut [1, 2].

The ad-

vantages of SH SAWs in comparison with the conventional Rayleigh waves are: a higher propagation velocity, allowing for a higher frequency operation;

Fig. 1. Experimental setup. 1  LiTaO3 substrate,
2  interdigital transducer; light beams: I  incident,
R  reected, T  transmitted, D  diracted.

capa-

bility to propagate on the solid-liquid interface, making the SH SAWs very suitable for liquid-media sensors.
The radio-frequency (RF) lters for telecommunication
applications and various physical and chemical sensors
on the basis of the

36◦

rotated

YX

table of the single-axis optical goniometer.

LiTaO3 have been

The tune-

able radio-frequency (RF) pulse oscillator was used for

reported [3, 4]. Therefore, the studies of SH SAW propa-

the SAW excitation.

gation and interaction are of great interest. The acousto-

and the RF power was up to 1 W into the matched load

optic technique presents an ecient tool for such studies.

of 50

However, the acousto-optic investigations in

36◦

Ω.

The pulse width was about 1

µs,

The HeNe laser light with the wavelength of

rotated

633 nm was incident on the SAW propagation path, and

LiTaO3 are very scarce [5, 6]. The goal of the present

the light diracted by the SAW was detected by the pho-

work was to ll in this gap. We report on the dramatic

tomultiplier tube (PMT) mounted on the rotating arm

YX

eect on the light diraction from the SH SAWs in
rotated

YX

36◦

of the goniometer.

LiTaO3 caused by a thin-lm metal strip

deposited on the crystal surface.

ture was created. The transmitted light was diracted by
the SH SAW due to the elasto-optic modulation of the

2. Experimental technique

refractive index in the sub-surface region of the acous-

The interdigital transducers (IDTs) with periodicity of
50

µm

or 60

µm

The SH SAWs very weakly aected

the reected light because no signicant surface curva-

tic wave connement. The optical polarizer was used to

were deposited by standard photolitho-

analyze the diracted beam. The PMT and RF oscilla-

The fabricated samples were characterized by

tor output signals were observed with the oscilloscope.

measuring the SAW transmission vs. frequency charac-

The measurements of the diracted light intensity and

teristics using a radio-frequency network analyzer.

light incidence angle were performed at the dierent posi-

graphy.

Figure 1 shows the experimental setup for acousto-

tions of the diraction point along the SAW propagation

optic measurements. The sample under investigation was

direction. The diraction was measured on the free sam-

mounted on the translation stage on top of the rotary

ple surface and on the surface with a narrow strip of thin

(52)
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copper lm deposited on the SAW path by thermal evaporation. The width of the strip was 1 mm, and the spacing between the strip and transmitting IDT was 3.6 mm.
3. Results and discussion

3.1. SAW transmission
Figure 2 shows the transmission characteristic measured with the RF network analyzer in a wide frequency
range for the sample with the 50

µm

Fig. 3. Conguration of interacting wave vectors: k i ,
incident light; K a , acoustic wave; k d , diracted light;
N is the surface normal, and X is the crystallographic
axis.

IDTs. The trans-

mission maxima corresponding to the two types of SAWs
were observed: Rayleigh wave at 63 MHz and SH SAW at
83.2 MHz. They correspond to the velocities 3.15 km/s
and 4.16 km/s, respectively, determined as
where

Λ

is the IDT period, and

of SAW excitation peak.

f

V = Λf ,

is the frequency

These velocity values are in

good agreement with those reported in literature [2].
The signicantly stronger transmission of the SH wave
implies its much higher excitation eciency, in agree-

h
i1/2
λ0
2
n (Θi ) sin Θi − n2o − (n (Θi ) cos Θi )
=
,
(1)
Λ
where λ0 and Λ are the optical wavelength in a free space
and the acoustic wavelength, respectively; the directiondependent refractive index for the incident wave is

n (Θi ) = r

ment with the theoretical values of electromechanical
coupling coecient 0.046% for Rayleigh waves and 4.7%
for SH SAW [2].
sample with the 60

Similar results were obtained for the

µm IDTs, exhibiting the Rayleigh and

SH SAW maxima at 52.5 MHz and 68 MHz, respectively.

and

no

and

ne

ne

h
i,
2
1 + cos2 Θi sin2 36◦ (ne /no ) − 1

(2)

are the ordinary and extraordinary refrac-

tive indices of the crystal, respectively.

The diracted

light corresponds to the ordinary beam and propagates

Θ d , which is determined
n (Θi )
cos Θ d =
cos Θi .
no

at the angle

from the relation
(3)

Substituting the values of refractive indices
and

n e = 2.18

no = 2.176

[7] for optical wavelength of 633 nm

yields the incidence angles for acousto-optic diraction
with conversion from extraordinary to ordinary beam of
15.7 deg and 19.3 deg at the acoustic wavelengths of
50

µm and 60 µm, respectively.

These are internal inci-

dence angles in the crystal. The external angles of light
incidence onto the sample surface (36.2 deg and 45.9 deg
at 50

µm and 60 µm SH SAW wavelengths,

respectively)

are calculated from Snell's law for the light refraction at
the aircrystal interface.
Figure 4 shows the dependences of the diracted

Fig. 2. SAW transmission in 36◦ rotated Y X LiTaO3
measured with the network analyzer for a sample with
50 µm period transducers.

light intensity on the light incidence angle measured at

3.2. Light incidence angle

the exciting IDT along the SAW propagation direction.

Our observations showed that the diraction in trans-

SH SAW frequency of 68 MHz corresponding to the
60

µm

wavelength.

The measurements on a free sam-

ple surface were performed at dierent distances from
Curves 1 and 2 in Fig. 4 represent two positions of
the diraction point.

The striking evidence is that the

mission mode took place at a specic value of light inci-

diraction peaks at dierent light spot positions were ob-

dence angle with the polarization of the diracted light

served at dierent angles of the light incidence, and the

being normal to that of the incident light. This implies

measured angle values were much lower than those cal-

the anisotropic diraction, in contrast to the isotropic

culated above from the phase-matching condition (1).

diraction by the Rayleigh wave observed in the reec-

The dependence of the light incidence angle as a func-

tion mode at any light incidence angle and with no change

tion of diraction point position is plotted in Fig. 5.

in the light polarization.

Curve 1 corresponds to the free sample surface.

As

The light incidence angle for the anisotropic diraction

the light spot moved away from the IDT, the inci-

must satisfy the phase matching condition, which is de-

dence angle corresponding to the diraction maximum

picted in Fig. 3 for the extraordinary light beam incident

increased, but did not reach the calculated value over

at the angle

Θi .

From the conguration of the interacting

wave vectors, one obtains

the distance of 13 mm. Our observations cannot be explained on the basis of conguration depicted in Fig. 3.
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Clearly, the diraction measurements could not be performed in the strip region, which blocked the light transmission. After the SAW passes the strip, the maximumdiraction light incidence angle remained practically constant.

Its value was much less than that measured on

the sample surface without the strip (curve 1 of Fig. 5).
Figures 4 and 5 represent results obtained at the SH SAW
wavelength of 60
at the 50

µm

µm.

A similar behavior was observed

wavelength.
4. Conclusion

In conclusion, we have observed peculiarities of the
light diraction by SH SAWs in

36◦

rotated

YX

LiTaO3

that cannot be explained by the simple model on the ba-

Fig. 4. Dependences of diracted light intensity on
light incidence angle measured at dierent distances of
light spot from IDT (indicated at the curves) on the
crystal surface without (1, 2) and with Cu-lm strip (3).

sis of Fig. 3. According to [810], the surface skimming
bulk wave (SSBW) is the dominant propagation mode on
the free surface of

36◦

rotated

YX

LiTaO3 , whereas the

leaky surface acoustic wave (LSAW) prevails on the metallized surface. We attribute the observed dierences in
maximum-diraction incidence angle values to the conversion processes between the LSAW and SSBW induced
by the metal lm strip.

However, the relationship be-

tween SSBWs and LSAWs on

36◦

rotated

has not been suciently elucidated.

YX

LiTaO3

The velocities of

both waves are very similar making their separation difcult. Further studies of acousto-optic eects involving
both of these waves are required.
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Fig. 5. Light incidence angle corresponding to maximum light diraction as a function of light spot distance
from IDT on the crystal surface without (1) and with (2)
Cu-lm strip.
A more sophisticated model, beyond the scope of the
present work, should account for possible variations in
the acoustic wave vector direction.

3.3. Eect of metallm strip
Our experiments revealed that the diracted light signal was strongly aected by a thin copper (Cu) lm strip
deposited on the LiTaO3 plate surface at some distance
from the diraction point. Curve 3 of Fig. 4 represents
the dependence of diracted light intensity on the light
incidence angle for the diraction point located on the
free sample surface behind the Cu lm strip.

Curve 2

of Fig. 4 was measured at the same point of the sample
surface in the absence of the Cu strip. As seen, the presence of the strip dramatically reduces the light incidence
angle and increases the diraction eciency. Curve 2 of
Fig. 5 shows the dependence of the light incidence angle (corresponding to the diraction maximum) versus
the light spot position measured in the presence of the
Cu strip.

In the region, where the SAW travels from

the IDT to the strip, the latter introduces no changes.
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