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Acousto-Optics and Applications
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Generation of acoustic shear waves in crystals is one of the main problem of acousto-optics. Launching of the
shear waves is much more di�cult than the longitudinal modes because of di�culties related to acoustic contact
and also because of problems arising from matching of acoustic and electric parameters of piezoelectric transducer.
We obtained the transverse waves as a result of longitudinal-shear modes re�ection in a crystal. Crystals having
the required e�ect should possess a strong anisotropy of their elastic properties to realize the e�ective acoustic
mode transformation. In this paper, one of the important cases of the acoustic waves re�ection is investigated
theoretically and experimentally. The research was carried out in the crystal of paratellurite.
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1. Introduction

Tellurium dioxide TeO2 (paratellurite) crystals are
widely used in modern acousto-optic applications as the
media of light and sound interaction [1�7]. This uniax-
ial crystal has gained the increasing popularity due to
its unique combination of elastic and photoelastic prop-
erties [8�10]. For particular directions of acoustic prop-
agation, the acousto-optic e�ect is exceptionally strong
due to the considerably low phase velocity value [1, 2].
The e�ect is the strongest for a speci�c polarization of
the acoustic mode, while a direct generation of the par-
ticular mode is technically challenging.

In paratellurite a shear elastic wave propagating close
to the [110] direction is most attractive for the appli-
cations. The phase velocity for this mode is quite low,
V = 616 m/s. E�ciency of light and sound interaction
is determined by the acousto-optic �gure of merit M2,
which is inversely proportional to the third power of the
phase velocity value [1, 4, 6, 7]. It is known, neverthe-
less, that there are technical issues related to genera-
tion of the shear waves in paratellurite [6, 7]. Since the
piezoelectric transducer is resonant, its fundamental fre-
quency is related to the width of the piezoelectric plate
d = V/2f , where V � sound velocity and f � frequency.
The higher the ultrasound frequency, the thinner is the
transducer plate and in turn the larger the static capacity
c = εS/4πd, where ε � permittivity, S � square of the
plate. This capacity usually determines technical compli-
cations in electric matching of the transducer and a high-
frequency generator. Additional di�culties arise from the
di�erence of acoustic impedances of the transducer and
the TeO2 crystal. For example, acoustic wave transfer
through a contact between LiNbO3 and TeO2 is inef-
�cient due to the di�erence in the acoustic impedances
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by 5 times [11]. The above complications may be avoided
if one induces longitudinal acoustic (L) waves, which are
subsequently transformed into shear (S) waves upon the
re�ection from a crystal�vacuum boundary.

2. Re�ection of plane acoustic waves

at crystal�vacuum boundary

Figure 1 shows general view of the used acousto-optic
cell and schematics of transformation of the pure lon-
gitudinal wave L to the slow quasi-shear wave (QSS).
As found, the re�ection at the boundary results in
as much as three waves (shown in Fig. 1): quasi-
longitudinal (QL) wave and two quasi-shear waves.
One of the waves is slow QSS while the other one is
fast quasi-shear wave (QFS) [12]. Therefore part of
the energy of the initial wave (L) is transformed to the
modes QL and QFS, which are of no use for the majority
applications.

Fig. 1. Acoustic modes transformation scheme at
acoustic re�ection.

We consider the case when the L wave is generated
along [11̄0] direction and the (QSS) wave travels in (1̄10)
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plane at an angle α to the [110] axis (Fig. 2). The L wave
is generated without any acoustic walk-o� while the re-
quired transducer is thicker and therefore it possesses a
smaller static capacity. We showed that a proper incli-
nation of the crystal boundary relative to [100] and [001]
provides an e�cient transformation of the major part of
energy in the L wave to QSS wave [12, 13].

Fig. 2. L into QSS acoustic wave transformation out
of the basic plane.

Results of numerical calculations related to the energy
re�ection coe�cient R as a function of the angle α for
the three re�ected acoustic waves are shown in Fig. 3 [14].
One can see that the transformation e�ciency grows with
the increase of α and comes close to 100% when α = 90◦.
The experimentally obtained value of the re�ection co-
e�cient is somewhat below the theoretical estimate due
to scattering of acoustic energy on the imperfect crystal
boundary, absorption of ultrasound and divergence of the
acoustic beam.

Fig. 3. Energy re�ection coe�cient R versus the angle
α between the re�ected wave and direction [110].

It is known that acousto-optic applications are usually
based on the waves propagating at the α angle included
in the range 0 < α ≤ αcr [1, 6], where the critical angle
is αcr = 18◦ in paratellurite. Calculations show that at
the critical angle α = αcr the energy re�ection coe�cient

for the QSS is equal to 93%. As proved in Fig. 3 the
QFS mode may practically be neglected for the angles α
below 50◦.

3. Experimental setup and results

Ratio of incident and re�ected acoustic wave in-
tensities was measured in the experiment in order to
check the validity of the theoretical predictions. Tradi-
tional acousto-optic visualization technique was also em-
ployed [2, 12, 15�17] to control the waves in the paratel-
lurite acousto-optic cell (Fig. 4). The piezoelectric trans-
ducer was located on top of the left side of the crystal.
The tilt of the upper crystal facet was rather small taking
into account the large di�erence between the velocities of
the longitudinal and the shear acoustic modes. The longi-
tudinal wave L was transformed into the slow quasi-shear
wave (QSS) at the re�ection and then propagated verti-
cally down. To the left of the crystal, one can see in the
picture the electrical matching network.

Fig. 4. Acousto-optic cell on basis of tellurium dioxide
crystal.

The cell was specially cut with the purpose to direct
the wave vector of the re�ected slow quasi-shear wave at
the angle α = 7◦ to the [110] direction in the (1̄10) plane.
The frequency of ultrasound was equal to f = 92 MHz.
Intensity of the di�racted light provided by the two re-
�ected, i.e., the QL and the QSS waves was measured
by acousto-optic methods. The ratio of di�racted waves
intensities was then recalculated into the ratio of inten-
sities of the corresponding acoustic waves. In the cal-
culation, we used known values of the acousto-optic �g-
ure of merit for the two acoustic modes. The resulting
ratio for intensities of the QSS and the QL modes was
equal to PQS/PQL = 6.7±1.0, while the theory predicted
PQS/PQL = 9.0. According to the theoretical expecta-
tion, the QFS was not observed in the experiment at all.
Therefore the experimental result con�rmed results of
calculations of the re�ection coe�cient. It means that
generation of the slow shear acoustic wave by mode trans-
formation in paratellurite is really e�cient and may be
recommended for usage in new acoustic devices [10, 18].
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4. Conclusions

Transformation of the longitudinal acoustic wave in
paratellurite into the slow-shear wave is an e�cient tech-
nique for generating the slow-shear wave along the di-
rection [110] or close to it. Energy re�ection coe�cient
for such transformation continuously grows from 90% to
100% when direction of sound propagation changes from
[110] axis to [001] axis in the (1̄10) plane. As found,
main losses accompanying the modes transformation are
related to the quasi-longitudinal mode, which takes up
to 10% of the incident elastic energy while intensity of
the fast quasi-shear re�ected wave is negligible. Prin-
cipal conclusions con�rming e�ciency of the method
were proved experimentally in acousto-optic cell based on
paratellurite crystal. Consequently, the transformation
of acoustic modes may be recommended for development
of new modi�cations of acousto-optic modulators, de�ec-
tors and �lters based on the slow shear acoustic waves in
paratellurite crystal.
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