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In our contribution we investigate a high frequency (h.f.) electric field by
a nonlinear mixing of two, in opposite directions travelling, ultrasonic waves
in a Bi12GeOyq (BGO) single crystal. We report on the nonlinear mixing of
shear ultrasonic waves propagating in [1,0,0] directions of the BGO crystal.
Using experimental results we calculate the nonlinear elastoelectric coefficient
G = 0Ces/3E, . Data on velocity and attenuation measured at room temper-
ature are presented.

1. INTRODUCTION

The generation of high frequncy(h.f.) electric field by a nonlinear mixing of
two, in opposite direction travelling ultrasonic waves can be described as a two-
phonon photon process, where two annihilating phonons (¢,w) and (—¢,w) create
a photon (4,2w); { is the wavector of the ultrasonic wave, w it is the angular
frequency and ¥ is the wavector of the h.f. electric field. This interaction is also
known as the convolution of two signals and is mainly studied for two reasons :

1. The study of the two phonon-photon process yields information on elasto-
electric nonlinear properties of the investigated material [1,13,14].

9. 1t is used widely in order to produce microwave signal convolvers and
signal correlators [2].

In our contribution we shall deal with the generation of the h.f. electric field
by the nonlinear mixing of two in opposite directions travelling ultrasonic waves
in Bi;sGeOgo (BGO) single crystals. We report on the nonlinear mixing of shear
ultrasonic waves propagating in [1,0,0] directions of the BGO crystal. Using exper-
imental results we calculated the nonlinear elastoelectric coefficient G = dcge/IE.

1presented at The 13th conference on the utilization of ultrasonic methods for studying the
properties of condensed matter, Zilina, CSFR, August 1992
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The BGO single crystal was investigated with ultrasonic waves lop

E.»_ﬂ..wb_. Emnnwomno:mso two-pulse echo was also investigated (10 Hmﬂnwsa. ag
there is a lack of informations on the elastoelectric nonlinearity in t b3l but

his crysta)
II. THEORETICAL DISCUSSION

ry

First we present a theoretical discussion which is neces £ AT
experimental method and results. We choose the Cartesian nowwmms“aﬂwmmﬂﬂco
Zg, T) so that z, axis is perpendicular to the surface of the sam e
z, are so oriented on the surface that the transformation of all t
of the investigated sample from the basic crystalographic syste
(2, 25, ©y) may be as simple as possible.

. Then applying Christophel’s equation we calculated velocities and polariss
tions OM the acoustic modes propagated in [1,0,0] direction in the BGO single ez
tal, 27._&. belongs to the 2 3 cubic group of symmetry. From that we w:oim prn”.w..-..
{1,0,0] in direction of BGO there exist one purely longitudinal and two equj et
purely shear modes of ultrasonic waves. Auivalent

mmcn.o the BGO is piezoelectric the surface excitation can be used to ma:ﬂ.we“
ultrasonic modes. According to [6] the optimum direction of the external electric

mﬂ_ﬁ_ EG* for the excitation of the u.w. (q;,w;) is given by the direction cosines ng,
where .‘
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Here the modified piezoelectric constans mm... ¢ are
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The meaning of the symbols is: €}; - the components of the dielectric constants
tensor ma.m constant strain, &; - the components of the unit vector up/ug, o -
the amplitude of the excited ultrasonic wave.

The amplitude of the excited ultrasonic wave is

_ _mﬁmuv_ (ez) |
Ug = Py m.o Amv

with the following meaning of the symbols: g - mass density, v - velocity of the

ultrasonic wave, w - angular frequency, MMSV - the amplitude of the external
electric field.
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quation (1), where zqo is in the [1,0,0] direction of the BGO single

ing e
Usine he following statements:

crystal, we get b
|. The _osmzc&sw_ mode will not be excited.

e shear mode propagating in the [1,0,0] direction and polarized in

he pur : L
2. The P ited by the external electric field oriented in the [0,0,1] direction.

EL.S is exc
3. Similarly, the shear mode propagating along [1,0,0] and polarized in (001
._m. excited by the electric field oriented in [0,1,0].

The ultrasonic wave propagating in the piezoelectric crystal in the direction given
by the unit vector 7 is accompanied by an electric field with components

mi€; ki1
E = 2 Sjk- (6)
MpErs M

S:; are components of the strain tensor of the ultrasonic wave.
! According to relation (4) we conclude that only shear modes S5 and Sg are
electricaly active in the [1,0,0] direction of the BGO.

[II. EXPERIMENTAL PROCEDURE AND RESULTS

The sample of BGO had the shape of a parallelepiped whith edges L H.m. 99
em, Ly =L, =1cm oriented along the crystalographic axis £1, £, T3, respectively.
We provided our sample with electrodes according to Fig.1. The m_one.nommm L, U
serve for the aplication of the electric field along the axis zo to excite a shear
ultrasonic wave polarized along the axis z3. The electrodes 2, 2’ serve to generate
the shear mode polarized along the axis z3. The electrodes 3, 3’ and 4, 4’ have the
same function as the electrodes 1, 1’ and 2, 2. The electrodes 5, b’ serve to detect
an electric field generated by mixing the ultrasonic waves.The experimental setup
is shown in Fig.2.

The pulse generator generates, through the surface excitation, two ultrasonic
pulses which travel in opposite directions. The ultrasonic pulses interact in the
middle of the sample and generate an h.f. electric field which is received with
electrodes 5, 5’. The received 2w h.f. pulse has been amplified and then, after
detection, displayed on the screen of the synchroscope. The amplitude of the pulse
has been measured using the generator of gauge signals. Using this generator we
also measured the amplitude of the pulses that generated the ultrasonic wave. The
amplitude E5 of the electric field 2w is according to [5] equal to

L1, Guu}

_ kcindiind!) 7
Er = T ggcav? (7)
We have used these denotations: Iy, 1, - dimensions of the electrodes 5,5°, Iz -

their distance between them, co - the velocity of light in vacuum, G = Oces/OFE2
~ the nonlinear coefficient.

In order to evaluate the nonlinear coefficient G we need the value of the am-
plitude uq of the ultrasonic wave in the interaction volume. This value has been

obtained as follows: .
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Fig. 2. Block diagram of the experimental arrangement.

1. We measured the amplitude of the exciting electric field £y and then
according to relation (6) we calculated the amplitude of the ultrasonic wave
at the face surfaces of the sample. To calculate this, we used values of material
constants of the BGO obtained by Abrahams and Bernstein [12].

2. We measured the frequency dependence of the attenuation(Fig.3), which
shows the quadratic dependence of the attenuation coefficient, & = K .f2,
where K = 1,358.107!% dB cm~!s%. Then we measured velocity of the shear
ultrasonic wave [1,0,0], [0,1,0]. We have obtained v = (1,75 0,01) x 10°

ms™ ! which is in very good agrement with the calculated value v = 1, 754.10°
-1
Em.

3. Using the results for the attenuation we calculated the amplitude of the
ultrasonic wave in the middle of the sample.

4. Then we measured the amplitude of the 2w electric field. Performing the
. Then

ion of
dures given above we have got all values necessary for the evaluatio
procedure

the nonlinear coefficient G = 8Cee/0E-.
1 t has given the folloving data: o 0
o mxmﬂ\m%w: m.mmnmﬁwwonw 10).107* Vm~!, E;=(4%£1)Vm K G= Cwo._wn arw
ﬁH<l~moq = \H“rm ﬁoimn accuracy of the calculation results from maccuracy
wwmmcﬂwama of very low amplitudes of the electric field Ea.

log dBorf)
O\I
_on o
05-¢-
R B
o =kf?
¢ -6 -12
k = 1.358.10 dBcm.s
a5t
1

LI.
_ __on;ooz__s
7 75 8

m,-.m. 3. -®3=®=nv~ &mmvmmﬂnwmnuﬁm Oﬂ the Ppﬁ@——=90—0~— on mw—mw.n u.w. nn —H_0.0_ direction of

BGO.

IV.CONCLUSIONS

1. The frequency dependence of the shear mode w—.ovwmmewsw m;loam WMM ﬂ%t.mw
&wnonewos of BGO crystal shows that o= k.f?, where £ = 1, .
dBcm~1s?. o
i de in the [1,0,0] direction
Jue of the velocity of the shear mo .
w.m Wﬁ%mgcmmqﬂmﬂmwoos 103ms~"! is in a very good agreement with the
c = ? ! ’ - -
Mw_n:_maoa one. No significant dispersion Was observed in the region
10 - 100 MHz. H |
i i = 40) NV~'m™". obtained
linear coefficient G = (130 . !
: %MMMVNMM MMMMMMMM _,z;r the values of the :o:rcoww coefficient owawh-mﬁ“
Mom LiNbO3 by Thomson and Quatefl] who measured G in the range 1ro
or
to 77 NV~ 'm~'. | o
F thi int of view the BGO single crystal is also very suitable for fabrication
rom this po

of signal-processing acousto-electric devices.
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