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ANISOTROPY OF ACOUSTO OPTICAL PROPERTIES IN PbM0O, CRYSTALS WITH NEODYMIUM
ADMIXTURE
Annotation

The anisotropy of the efficiency of Bragg diffraction of light by longitudinal acoustic waves propagating along the [100] and
[001] directions in pure and neodymium-doped lead molybdate crystals has been studied. The Nd impurity concentration was
approximately 0.2 mol%. The Dixon method was used to determine the effective photoelasticity constants (pes) and the
corresponding acousto-optical quality factors (M,) for various directions of polarization of incident light. The velocity of
acoustic waves was determined by measurement the angle of Bragg diffraction on these waves. It is shown that in pure and
doped lead molybdate crystals there is a dependence of the pes and M,on the direction of propagation of the acoustic wave
and the polarization of the incident light.

Keywords: Bragg light diffraction, coefficient of acousto-optical quality, lead molybdate crystals, neodymium impurity,
photoelastic constants.

AHHU30TPONUA AKYCTOONTHYECKHAX CBOMCTB B KPUCTAJJIAX PbMoO, C TPUMECBIO
HEOJUMA
AuHOTanUA
HccenenoBana anu3zotponusi 3(GeKkTHBHOCTH BparroBckoil nudpakuuu cBeTa Ha IPOAOJIBHBIX aKyCTHYECKHX BOJIHAX,
pactpoctpasstomuxcs Baonb HamnpasieHuit [100] u [001], B YHCTBIX W JETHPOBaHHBIX HEOAWMOM KPHCTaUIaX MOJIHOIATa
ceuHna. Konnentpamusa npumecu Nd cocrasmsna npumepro 0,2 mon %. Merogom Jlukcona ompeneneHs! 3¢ ¢eKTHBHbIE
KOHCTAHTBl (D OTOYIPYTOCTH M COOTBETCTBYIOLIME M,/uisi pasiMYHBIX HANpaBICHUH MNOSIPHU3AIMY TAJAlONIEro CBeTa.
CKOpOCTBh aKyCTHUECKHX BOJIH OIpeessuIach IyTeM U3MepeHust yriaa bparrosckoit audpakuuu Ha 3TUX BojiHaX. [lokazaHo,
YTO B YMCTBIX U JIETHPOBAHHBIX KPHCTAlIaX MONMOJATa CBUHIA CYIIECTBYET 3aBUCHUMOCTb Ph4p M My OT HampapieHus
pacipoCTpaHeHUsl aKyCTHUECKOW BOJIHBI 1 MOJISIPH3AIHN 11aIAfOIIET0 CBETa.
KutoueBble cioBa: bparrosckas audpakumst cBera, KO3(Q(HIHEHT aKyCTOONTHYECKOTO KayecTBa, KPUCTAUIBI MONUOIaTa
CBHHIIA, IPUMECH HEOUMa, (HOTOYIPYrue KOHCTAHTHI.

NEODIMIY ARALASHMALI PbM0oO, KRISTALLARIDA AKUSTO-OPTIK XUSUSIYATLARNING
ANIZOTROPIYASI
Annotatsiya

Sof va neodimiy qo‘shilgan qo‘rg‘oshin molibdati kristallarida [100] va [001] yo‘nalishlar bo‘ylab tarqaladigan bo’ylama
akustik to‘lginlar orqali Bragg yorug‘lik difraksiyasi samaradorligining anizotropiyasi o‘rganildi. Nd konsentratsiyasi
taxminan 0,2 mol% edi. Fotoelastiklikning doimiylari va tushayotgan yorug'lik qutblanishining turli yo'nalishlari uchun mos
keladigan akusto-optik sifat koeffitsientini aniglash uchun Dikson usuli ishlatilgan. Akustik to'lginlarning tezligi ushbu
to'lginlardagi Bragg difraksiyasining burchagini o'lchash orqali aniglandi. Sof va aralashmali qo'rg'oshin molibdat
kristallarida perva Moning akustik to'lginning targalish yo'nalishiga va tushayotgan yorug'likning qutblanishiga bog'ligligi
ko'rsatilgan.

Kalit so‘zlar:Bragg yorug'lik difraksiyasi, akusto-optik sifat koeffitsienti, qo'rg'oshin molibdat kristallari, neodimiy
aralashma, fotoelastik konstantalar.

Introduction. The study of the photoelastic characteristics of crystals and the anisotropy of their acousto-optic
properties, in addition to being of fundamental interest, is important for determining the most efficient crystal cuts used as
working media and optimizing the parameters of acousto-optic devices. According to the generalized theory of the
photoelastic effect [1, 2], the experimental determination of the values and signs of the components of the photoelastic tensor
in gyrotropic crystals is a rather difficult task, since the contribution of the asymmetric part of the photoelastic tensor due to
spatial dispersion can be significant.

As shown in [1, 2], even within the framework of the Pockels model, to find directions in a crystal that provide the
maximum value of the pe, it is necessary to solve a system of 21 nonlinear equations of the fourth, third, and second order
with high-rank tensors. In this regard, the photoelastic properties of crystals are usually considered for a specific geometry of
the acousto-optic interaction and certain cross sections of crystals [3-7]. The symmetry of the crystal can simplify the
problem. As found in [4], for cubic crystals the ant symmetric parts pjj; of the photoelastic tensor are equal to zero and the
expressions for the components of the photoelastic tensor are simplified.

To describe the photoelastic properties of materials in addition to the photoelastic coefficients pjy, the coefficient of
acousto-optical quality of the material M, introduced by Dixon [8] is used as a characteristic of the efficiency of Bragg
diffraction by acoustic waves. This quality factor determines the intensity of diffracted light in a given material, regardless of
the size of the piezoelectric transducer and acoustic power.

The expression for this quality coefficient in the case of an anisotropic medium can be written in the form [2, 4]:
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where n; and n, are the refractive indices of the incident and diffracted light, respectively, p is the density, V is the velocity of
the acoustic wave, pegis the effective photoelastic constant, that is the convolution of the components of the photoelasticity
tensor pj of the crystal under consideration by the normalized polarization vectors of the incident and diffracted lighta, B
and the propagation direction and polarization vector of the acoustic wave k and y, respectively [2, 5]:

Pett = Pijai B;74K )

As can be seen from formulas (1) and (2), the coefficient M, depends on the chosen geometry of light diffraction on
sound and allows a comparative assessment of the acousto-optic properties of different materials. In particular, by changing
the direction of the polarization of the incident light relative to the wave vector and the polarization of the acoustic wave, one
can influence the value of the effective photoelastic constant and, ultimately, control the efficiency of the Bragg light
diffraction. Such experiments also make it possible to identify the most optimal geometries for obtaining the highest intensity
of diffracted light with help of some crystals.

Using various geometries of the acousto-optic interaction, it is possible to obtain directly from the experiment a set of
absolute values of pg, Which, according to expression (2), will be equal to certain combinations of the components of the
Pockels photoelastic tensor. With the help of several such combinations, one can also determine the independent components
of the photoelastic tensor in the matrix notation p,g [2, 5]. In this work, the photoelastic properties of pure and impurity
PbMoO, crystals, which are widely used as a working active medium in acousto-optic devices [3-7] have been studied. In
particular, the influence of the neodymium impurity in these crystals on the acousto-optic quality factor M, was studied.

Materials and Methods.

The experiments were carried out on pure and neodymium-doped PbMoO, samples. The Nd impurity concentration
was approximately 0.2 mol%. The samples were oriented along the [100] and [001] crystallographic axes. The measurements
were carried out by the Bragg light diffraction on longitudinal acoustic waves [9]. X-cut quartz piezoelectric transducers were
used to excite the acoustic waves in frequency range from 0.4 up to 1.6 GHz. The light source was a helium-neon laser
(%0=632.8 nm). The direction of polarization of the light beam incident on the sample relative to the wave vector and
polarization of the acoustic wave was determined using a polarization analyzer [9].

Pulses of diffracted light were received using a photomultiplier, which reliably registers signals in the case of
observation of light diffraction in samples having a sufficiently large length. This is due to the fact that in such samples the
time interval between the received signals is quite large and the photomultiplier has time to recover to receive the next optical
signal due to Bragg light diffraction. In this case, the relative intensities are determined, which is equivalent to measuring the
amplitudes of electrical signals at the output of the photomultiplier, which are proportional to the intensity of the diffracted
light at its input.

To determine the effective photoelastic constants, a modified Dixon-Cohen method was used, which consists in
comparing the intensity of light diffracted by an acoustic wave in the sample under study and in the reference sample, the
photoelastic constants of which are known [8]. The circuit is shown in Figure 1. In this method, piezoelectric transducers (3)
are glued to both the reference sample (1) and the studied sample (2).

Figure 1. Scheme for determining photoelastic constants by modified Dixon method.

When acoustic waves were excited from the reference side, the values of the intensity of light diffracted in the
reference ;5 and the studied sample 1;x were measured. Then, acoustic waves were excited from the side of the sample, and
again the light intensities were measured in the sample, 1,4, and in the reference sample I,5.A sample of fused quartz was
used as a reference sample, for which the coefficient of acousto-optical quality M, upon light diffraction on a longitudinal
acoustic wave was taken equal to 1.56-10™ s¥%/kg [4]. Acoustic contact of the sample with the reference sample was carried
out using epoxy resin.

The value of the effective photoelastic constant for each studied geometry of the Bragg light diffraction was
determined from the relation [8]:
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where p is the density of the crystal; n is the refractive index of light; V is the velocity of the acoustic wave, 1;x and
I35 are the intensities of light diffracted, respectively, in the studied sample and the standard reference sample, during the
propagation of an acoustic wave from the reference to the studied sample; while 1,x and 1,s are the corresponding intensities
of diffracted light during the propagation of an acoustic wave from the sample to the standard sample.

The Dixon method is a dynamic method for measuring photoelastic constants and, therefore, allows only the absolute
value of these constants to be determined. However, if measurements are carried out for different directions of propagation of
acoustic waves and for different polarizations of light, then in some cases it is possible to determine the relative sign of the
photoelastic constants.

In equation (3) the designations "s" and "x" indicate, respectively, characteristics of the standard reference or studied
samples. The accuracy of determining the effective photoelastic constants was approximately 20%. The values of density and
refractive index required for the calculation for lead molybdate crystals were used from [6]. The accuracy of determining the
value of M, with respect to the standard reference sample was approximately 20%. Note that in expressions (2) and (3), it is
assumed that light propagates perpendicular to the wave vector of elastic waves, which is performed with sufficient accuracy



in the case of Bragg light diffraction at not very high frequencies of acoustic waves (approximately no more than 1 GHz). For
diffraction with rotation of the plane of polarization in optically anisotropic crystals, this condition, strictly speaking, is not
satisfied.

The velocity of acoustic waves along the [100] and [001] crystallographic axes required for calculation was
determined from the Bragg light diffraction angle on these waves [2, 8]:
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where v is the linear frequency of the acoustic wave, and 65 is the outer angle of Bragg diffraction. The accuracy of

determining the velocity of the acoustic wave depends on the accuracy of the angle measurement and was about 0.2%.

Results and discussion.

Based on the measured intensities of diffracted light in pure and neodymium-doped lead molybdate samples, the
effective photoelastic constants peff and the acousto-optical quality factor M, were calculated for various directions and
polarizations of light and acoustic waves. Calculations were carried out using experimentally obtained values of the velocity
of longitudinal acoustic waves, relationships (1) and (3), as well as data on the density and refractive indices of lead
molybdate from [5, 6]. Two geometries of Bragg light diffraction were considered. In the first case, the polarization of the
light incident on the crystal was parallel to the wave vector of the acoustic wave, and in the second, it was perpendicular to it.
The calculation results are presented in table. 1.

Table 1. Acousto-optic quality factor and photoelastic constants of pure and neodymium-doped PbMoO, crystals
(A=632.8 nm), k || [010]

M

Crystal q ¥ B Pefr 1018 éé/kg
[100] [0.98 0.18 0] [001] 0.18 95
[100] [0.98 0.18 0] [100] 0.26 27.3
PbMoO,

[001] [001] [100] 0.27 38.8
[001] [001] [001] 0.29 325
[100] [0.98 0.18 0] [001] 0,12 44

PbMoOy:

oo [100] [0.98 0.18 0] [100] 0,19 15.2
[001] [001] [100] 0,21 229
[001] [001] [001] 0.24 217

In the tablel the wave vectors g and k indicate the crystallographic direction of propagation of the acoustic and light
waves, respectively, y and B are the direction of polarization of the acoustic and incident light waves, respectively.From the
table 1 it can be seen that in both pure and doped PbMoO, crystals there is a dependence of the effective photoelastic
constant and acousto-optical quality factor on the direction of propagation of the acoustic wave and the polarization of the
incident light. Moreover, for all considered geometries of Bragg light diffraction, the values of the acoustooptic
characteristics in lead molybdate crystals with neodymium impurity are noticeably lower than in nominally pure crystals. In
lead molybdate crystals doped with neodymium, the acousto-optical quality factor during light diffraction on longitudinal
acoustic waves along the [001] axis becomes approximately five times greater than for the same waves along the [100] axis if
the polarization of the incident light is perpendicular to the vector of the acoustic wave.

The observed difference is related to the difference in the polarization of the light interacting with the acoustic waves
and, hence, to the difference in the effective photoelastic constants pe;. The rest of the quantities included in relation (2)
practically do not differ from each other in all crystals. In particular, doping of crystals practically does not change the
propagation velocity of acoustic waves along the crystallographic axes. On Fig. 2 the dependence of the effective
photoelastic constant on the direction of polarization of light incident on a PoM00,4:0.2Nd sample along the crystallographic
axis [010] is shown.
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Figure.2.Dependence of the acousto-optical quality coefficient on the direction of light polarization in the (010) plane in the
PbMo004:0.2Nd crystal. The curved line is the calculation, the dots are the experiment.
It can be seen that the experimental values are in good agreement with the theoretical curve calculated from the
expression:
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Wherey is the angle between the light polarization vector and the [100] axis in the (010) plane.

As can be seen from Figure 2, by changing the direction of polarization of the incident light, it is can control the
value of the acousto-optical quality coefficient and, accordingly, the efficiency of Bragg diffraction of light. In this case, the
intensity of the diffracted light changes approximately four times.

Conclusions.



According to the results obtained, doping of lead molybdate crystals with neodymium impurity noticeably reduces

the effective photoelastic constant pe, especially in the case of diffraction of light polarized along the [001] axis by
longitudinal acoustic waves along the [100] axis. The results obtained can be explained if we assume that neodymium ions
have a high mobility in the PbMoO, crystal lattice and their motion is quasi-one-dimensional predominantly along the [001]
acoustic axis [10]. Such movement of neodymium ions can partially suppress the photoelastic effect during the interaction of
acoustic waves with light polarized in the same direction.

For comparison, in crystals of paratellurite, which is most widely used in acousto-optics, the values of the acousto-

optic Q-factor are almost the same as in lead molybdate, except for the anomalously large value of A, for a slow transverse
wave along [110] direction [11, 12].
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