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Abstract. We analyze isotropic and anisotropic acoustooptic interactions in Tl;AsS,
crystals in the principal crystallographic planes under the condition that the optical
and acoustic waves propagate close to the crystallographic axes. We find that the
maximal acoustooptic figures of merit are equal to 2181x10"°s’/kg and
199010 '* s*/kg for the cases of isotropic and anisotropic diffractions, respectively.

Keywords: acoustooptic figure of merit, anisotropy, fangite minerals, TI;AsS,
crystals

PACS: 42.70.Nq, 42.25.Fx
UDC: 535.42

1. Introduction

Thallium arsenic sulfosalt crystals, Tl;AsS,, are representatives of a family of fangite minerals [1].
They belong to the point symmetry group mmm under normal conditions. Their unit-cell
parameters are equal to a =8.98 A, b=10.8 A and c=8.86 A [2, 3] (i.e., we have the inequality
¢ <a<b [4]) and the unit cell contains four formula units (Z=4) [5]. T1;AsS, is transparent in a
long-wavelength part of the visible spectral range and in a wide part of the infrared range (from
0.6 to 12 um) [2]. The crystal is optically biaxial and has the refractive indices n,=2.829,
ny=2.774 and n.= 2.825 at the light wavelength A =632.8 nm [2]. The acute angle between the

optic axes determined experimentally is equal to 28.46+0.1deg at the same wavelength, which
agrees well with the angle 29.76 deg calculated basing on the refractive indices [2].

Thallium arsenic sulfosalt is interesting from the viewpoint of its applications in the working
cells of acoustooptic (AO) devices. It has been efficiently used in tunable AO filters for the far
infrared range. Moreover, TI3AsS, is a promising material for thermal imaging [6]. Recently, we
have determined the complete matrices of piezooptic and elastooptic coefficients (EOCs) [7] for
the Tl3AsS, crystals, together with the complete matrices of elastic stiffness and compliance
coefficients [8]. It has been found that the piezooptic coefficients are very high, being 10~ N/m?
in the order of magnitude. This implies that Tl;AsS, can be regarded as one of the best piezooptic
materials. The same concerns the EOCs, of which modules belong to the region of 0.28-0.54. We
have also shown [8] that the anisotropic and isotropic AO interactions of light with the slowest
transverse (v, = vo3 = 630 m/s) and longitudinal (v =2077 m/s) acoustic waves result in extremely
high AO figures of merit (AOFMs), respectively 1.99x10"%s’/kg and 9.45x10 " s’/kg. These

facts allow one to consider the TI3AsS, crystals as one of the best AO materials for the visible and
infrared ranges.

Ukr. J. Phys. Opt. 2018, Volume 19, Issue 2 99



Mys O. et al

Notice that the other geometries of AO interactions, even those at which the acoustic waves
propagate along the principal crystallographic axes, have not yet been scrutinized. The only
exception is the work [2] where the absolute values of several EOCs and the corresponding
AOFMs have been determined for the case of isotropic diffraction. These parameters are
respectively equal to p;;~0.27, p3»~032 and p;3~039 (at A=632.8nm), and

453x107°s’ /kg, 555.7x107°s’/kg and 792.8x107"°s’/kg. The above AOFMs have been

determined under the conditions of isotropic interactions of the optical waves polarized along the
crystallographic axis ¢ with the longitudinal acoustic waves propagating along the crystallographic
axes. It would be worthwhile to remind in this respect that the velocity of the quasi-longitudinal
wave does not manifest essential anisotropy, varying from 2077 to 2369 m/s [7]. On the other
hand, the so-called principal EOCs lie in the region 0.28-0.54 and so can change almost twice.
Hence, the AOFM can sufficiently differ for different interaction geometries, even in the simplest
case of isotropic diffraction at the quasi-longitudinal wave. In addition, the efficiency of the
anisotropic AO diffraction can vary within the crystallographic planes. In the present work we
analyze anisotropy of the AOFM in T1;AsS, for the cases when the acoustic waves propagate close
to the crystallographic axes and the interaction planes coincide with the crystallographic planes.

2. Results and discussion

Let us consider the isotropic AO diffraction at the longitudinal acoustic waves. We have analyzed
searately the three crystallographic planes, which represent now the planes of AO interactions. As
menioned before, the incident and diffracted optical waves propagate close by the crystallographic
axes, while the acoustic wave propagates along one of these axes. Taking the optical birefringence
into account, one can consider four types of isotropic interactions for each of the interaction
planes.

Let us start with the crystallographic plane ab. As seen from Fig. la, four types of
interactions can be realized in this case under the conditions mentioned above. Two of them
correspond to diffractions at the acoustic wave propagating along the b axis (i.e., the types (1) and
(2)) and the other two, the types (3) and (4), refer to the acoustic wave propagating along the a
axis. The most efficient is the interaction geometry (2) when the longitudinal acoustic wave
propagates along the b axis, while the incident and diffracted optical waves propagate close to the
a axis, being polarized parallel to the b axis. Then the AOFM, which is determined as

M, = n® pezf / pv;. (with n being the refractive index, p., the effective EOC, v; the acoustic wave

velocity, p the material density, and i and j denoting the directions of propagation and

polarization, respectively), is extremely high. As seen from Table 1, it reaches the value
M,=2181x10""s*/kg. This AOFM is achieved due to large magnitude of the appropriate EOC.
The type (3) of the interactions is also very efficient (see Fig. 1a and Table 1), with the AOFM
amounting to 1374x10 " s’/kg.

Now we consider the interaction plane bc. Here the most efficient are the AO interactions of
the type (4), with the AOFM being equal to 2181x10 " s’/kg (see Fig. 1b). It is almost the same
interactions as those of the type (2) in the plane ab, with the only difference that the optical waves
propagate close to the @ axis in the plane ab in the former case and close to the ¢ axis in the
plane bc in the latter case. The interaction types (1), (2) and (4) are the most efficient in
the ac interaction plane (see Fig. 1¢). In particular, the type (1) is characterized by the
AOFM equal to 1374x107"°s*/kg. As seen from Table 1, only a slightly lower AOFM,
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Fig. 1. Isotropic AO diffraction in crystallographic planes ab (a), bc (b) and ac (c).
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Table 1. Constitutive parameters and AOFMs of TI3AsS, calculated for the case of isotropic
diffraction at A =632.8 nm .*

Type of interaction

€)) (2) 3) “)
Effective EOC (p) and p32:0.28, p22:0.54, P1 1:0.44, p31:0.28,
.5 S refractive index (n) p3220832%5** n,=2.774 n,;=2.829 p31:202.g2275**
o n3=~4=. n3=4~.
gé Acoustic wave velocity, m/s v2r=2142 v2r=2142 v1=2267  v;=2267
29 M, 654 2181 1374 552
107 s’ /kg 555.7%* 453%*
Effective EOC (p) and p3=0.31, p33=0.43, p12=0.32,  p»n=0.54,
g . refractive index (n) 1n,=2.829 p33=0.39%*  n,=2.829 n,=2.774
5 “3 n;=2.825
%g Acoustic wave velocity, m/s v33=2829 v33=2829 v=2142  v,,=2142
2% M, 598 1140 861 2181
10 s’/kg 792.8%%*
Effective EOC (p) and p;;=0.44, Pp21=0.45, p23=0.36, p33=0.43,
.5 2 refractive index (n) 1n,=2.829 n,=2.774 ny=2.774  p33=0.39%*
‘g 2 . . n;=2.825
8 8 Acoustic wave velocity, m/s v11=2267 v11=2267 v33=2829  v3;=2829
= 2 M, 1374 1277 715 1140
10" s*/kg 792.8%*

* EOC and acoustic-wave velocities are determined in our works [6, 7], whereas the refractive indices and the density
(620040 kg/m®) are taken from Ref. [2].

** EOCs and AOFM determined experimentally with the Dixon—Cohen technique [9, 10] in Ref. [2] are presented for
comparison.

1277x10 " s’/kg and 1140x10"° s’/kg, are peculiar for the types (2) and (4), respectively. Again,
these huge values are due to large magnitudes of the EOC. Thus, the maximal AOFM which can
be reached in the case of AO interactions with the longitudinal acoustic wave in the crystal-logra—
phic planes under the conditions mentioned above is equal to 2181x107"°s¥/kg. In general, the
AOFM values calculated by us agree fairly well with the parameters obtained experimentally using
the Dixon—Cohen method [2]. The only difference is somewhat higher calculated values, if com—
pared with the experimental ones. At the same time, the EOCs determined in Ref. [6] and Ref. [2]
do not reveal such a correlation. We assume that the authors of the work [2] have not taken into
account the light absorption and the internal reflection, when calculating the AOFMs and the
EOCs. Nonetheless, the both parameters agree quite well if one accounts for the EOC errors.

Let us proceed with considering the anisotropic diffraction in Tl;AsS,;, when the light
interacts with the shear acoustic waves in the crystallographic planes. We assume for simplicity
that the incident optical wave propagates along one of the crystallographic axes (see Fig. 2). Let
the incident optical wave polarized parallel to the » axis propagates along the a axis, and the
acoustic wave polarized parallel to the ¢ axis propagates along the b axis in the interaction plane
ab. Here we deal with the interaction type (1), i.e. the anisotropic diffraction occurs with
appearance of the diffracted optical wave polarized along the ¢ axis. As seen from Fig. 2a and
Table 2, then the AOFM becomes very high (1990x107"° s*/kg). In case of the AO interaction type
(2) and the same interaction plane, the acoustic wave propagates with the velocity vi;= 1176 m/s
along the a axis, while the incident and diffracted optical waves have their polarizations parallel to
the ¢ and a axes, respectively. The AOFM for this case is equal only to 81x107"° s*/kg.
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Fig. 2. Anisotropic AO diffraction in crystallographic planes ab (a), bc (b) and ac (c).
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Table 2. Constitutive parameters and AOFMs of Tl3AsS, calculated for the case of anisotropic
diffraction at A =632.8 nm.

Interaction ab bc ac
plane
Type  of | (1) ) 6 @) M @)
interaction
Effective p44=0.08, | pss=0.04, | pss=0.04, P66~0.00, P66~0.00, p44=0.08,
EOC (p) and | n,=2.774, | n;=2.829, | n;=2.829, | n=2.829, | n;=2.829, | n,=2.774,
refractive n:=2.825 n:=2.825 n:=2.825 n,=2.774 n,=2.774 n;=2.825
indices ()

Acoustic V23:630 V13:1 176 V31:1 176 V21:1 196 V21:1 196 V32:630
wave

velocity, m/s

M,, 1990 81 81 ~0 ~0 1990
10" s*/kg

Let us consider the AO interaction type (1) and the interaction plane bc. Then the anisotropic
diffraction is possible for the case of interactions with the acoustic wave, of which velocity is
equal to v3; = 1176 m/s. The corresponding AOFM amounts to 81x107"°s*/kg. The AOFM is close
to zero in case of the interaction type (2) and the same interaction plane, since the appropriate
effective EOC is very small (pgs = 0.000.03). For the same reason the AOFM is also close to zero
for the AO interactions of the type (1) in the plane ac. However, the AOFM becomes very high,
1990x107 s’/kg, in case of the interaction type (3) (see Fig.2c). Finally, we stress that the
collinear AO diffraction cannot be implemented whenever the optical and acoustic waves
propagate along the crystallographic axes. This is caused by the fact that the corresponding EOCs
D54, Ps6> Pod» Pos» Ped» Pas and pys are equal to zero for the crystals of the symmetry group mmm.

3. Conclusions

In the present work we have analyzed both the isotropic and anisotropic AO interactions in the
T13AsS, crystals. The additional conditions include the AO interactions in the crystallographic
planes and propagation of the optical and acoustic waves close by the crystallographic axes. We
have found that the maximal AOFM value is equal to 2181x107°s’/kg in case of the isotropic
diffraction. This AOFM can be reached for the following two interaction geometries: (i) the AO
interaction occurs in the crystallographic plane ab; the longitudinal acoustic wave propagates
along the b axis, while the incident and diffracted optical waves polarized along the b axis
propagate close to the a axis; (ii) the AO interaction occurs in the crystallographic plane bc; the
longitudinal acoustic wave propagates along the b axis, and the optical waves polarized along the b
axis propagate close to the c axis.

The maximal AOFM for the case of anisotropic diffraction is equal to 1990x10"° s’/kg. It is
reached for the following two interaction geometries: (i) the AO interaction occurs in the ab plane;
the incident wave polarized parallel to the b axis propagates along the a axis, while the acoustic
wave polarized parallel to the ¢ axis propagates along the b axis, with appearance of the diffracted
optical wave polarized along the ¢ axis; (ii) the AO interaction occurs in the ac plane; the acoustic
wave polarized parallel to the b axis propagates along the c axis, while the incident optical wave
polarized parallel to the b axis propagates along the a axis, with appearance of the diffracted wave
polarized parallel to the ¢ axis.
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Anomayia. Ilpoananizoeano i30mponHy ma aHI30MPONHY AKYCMOONMUYHI 83AEMOOii 8
kpucmanax TI3AsS; y kpucmanozpagiunux nAOWUHAX 3G YMOBU, WO ONMUYHI | AKYCTMUYHI X6Ui
NOWUPIOIOMBCA 8 HANPAMKAX, OIU3bKUX 00 Kpucmanozpagiunux oceu. Buseneno, wo o0n4
i30mponHoi ma anizomponHoi OuGpPaxyii MaKcuMaibhi 3HA4eH s Koeiyichma aKycmoonmuirol
sKkocmi dopienioloms 8ionoeiono 2181x107"° ¢/ke i 1990x1077 ¢ /ke.
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