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Abstract. We have studied experimentally the Faraday effect in monoclinic
TlIn(S;_,Se,), solid solutions with selenium concentrations x changing in the range
0<x<0.25. The Verdet constant V' and the effective Faraday coefficient Fj; are
determined at the light wavelength A = 632.8 nm under normal conditions. We show
that the both coefficients tend to increase when the Se concentration increases from
0 to 0.25. This behaviour is explained by dispersion of the Faraday coefficients and
a shift of the absorption edge towards long-wavelength spectral range, which occurs
with increasing amount of selenium.
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1. Introduction
S-TlInS, and TlInSe, are halcogenides that belong to a A"™B™C", group of semiconductors, with
A =TI, B=Gaand In, and C =S, Se and Te [1]. TIGaS,, TlInS, and T1GaSe, are monoclinic and
reveal a layered structure [2—4], while tetragonal TIGaTe,, TlInTe, and TlInSe, crystallize in a
chain structure [5]. Under ambient conditions, TlInS, belongs to the monoclinic point symmetry
group 2/m (the space group C2/c and Z = 16), with the two-fold symmetry axis being parallel to
the crystallographic axis ¢ [2]. The unit-cell parameters obtained from X-ray diffraction studies are
equal to a=10.90 A, b=10.94 A, c*=15.18 A and f=90.17 deg [6]. The cleavage plane in
TlInS, is perpendicular to the ¢ axis, while a small difference between the lattice parameters a and
b makes the unit cell of TIInS, close to tetragonal one [2]. At cooling, the crystal undergoes a
phase transition into a ferroelectric phase through an incommensurate one [2, 7, 8]. The main
peculiarity of the phase transitions in TlInS, is that different polytypes can coexist in a crystalline
matrix [9, 10], which are characterized by different lattice parameters c¢. This parameter can be
equal to ¢ = 2¢*, 4c*, 8c* and 16¢* for different polytypes, with ¢* = 15.18 A.

Studies of Raman scattering [11], infrared reflection spectra [12, 13], dielectric properties
[14, 15], X-ray diffraction, scanning electron microscopy and energy-dispersive X-ray
spectroscopy [16] have earlier been reported for the mixed crystals of TlIn(S,_,Se,), system. When
the Se concentration x increases, the crystal structure changes from monoclinic (C2/c) to tetragonal
({4/mcm) at the x level approximately equal to 0.7-0.75 [11, 14]. Basing on the dielectric
measurements, S—Se substitution in the TlIn(S;_Se,), crystals has been shown to result in
decreasing phase-transition temperatures. We have arrived at the same conclusion using the optical
anisotropy studies and the thermal expansion data derived with dilatometric methods [17, 18].
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In the work [17], the Faraday rotation in the pure TIInS, crystal has been studied
experimentally. The Verdet constant Vy=(112.4£1.5)rad/(Txm) and the effective Faraday
coefficient Fj; =1.296+0.018 pm/A have been determined under normal conditions. This

corresponds to the case when both the light beam and the magnetic field are directed along one of
the optic axes. We have shown that, among magnetically non-ordered substances, TIInS,
represents an efficient magneto-optic material.

Note that, since the angle between the optic axes in TlIn(S;_,Se,), is quite small [18], these
solid solutions are convenient for the studies of Faraday rotation in a longitudinal experimental
geometry. The latter implies the geometry when the magnetic field vector is parallel to the wave
vector of optical radiation and the both vectors are almost parallel to the ¢ axis. The appropriate
studies are the main goal of the present work.

2. Experimental procedures and results

At the normal conditions and the light wavelength 4 = 632.8 nm, the plane containing the optic
axes of all of the mixed TIIn(S;Se,), crystals with 0<x<0.25 coincides with the
crystallographic plane ca, where the ¢ axis represents the acute bisector of the angle 20 between
the optic axes. We have measured the angle ® between the optic axes and the ¢ axis at 1 = 632.8
nm for the TlIn(S;_,Se,), solid solutions. This angle is equal to 1.3, 1.7, 1.4, 1.3, 1.5 and 0.9 deg
respectively for the x =0, 0.02, 0.06, 0.10, 0.15 and 0.25.

Suppose that the light wave propagates along one of the optic axes and the magnetic field is
applied along the same direction. Then the Faraday effect manifests itself as a rotation of
polarization plane of linearly polarized light. Under these conditions, the magnetically perturbed
optical-frequency dielectric impermeability tensor components Bj, and the specific optical rotation
angle Ap, are defined by the relations

0 .
Bjk :Bjk +l€jle}mHm, (l)
3
n
Ap1= P F}mHm’ (2)

where B?k implies the components of the impermeability tensor in the absence of external

magnetic field H,, ey, are the Levi—Civita symbols, n the refractive index for the light propagation
direction, and F},, the Faraday tensor components. For the case of point group 2/m, the latter tensor
acquires the following form (in the coordinate system associated with the axes of Fresnel
ellipsoid):

fy By 0
F=\F, Fp 0| A3)

When the light wave vector and the magnetic field are directed along the optic axis, which is
tilted with respect to the ¢ axis (in the crystallographic plane ca) by the angle ©, the Faraday tensor
given by Eq. (3) has to be rewritten in the coordinate system of which Z' axis is parallel to the
optic axis:

Fjycos” ©+Fysin° @ F,c0s0  (Fyy—F)sin@cos©
F' = Fj,cos® F)y —F},sin® . 4)
(Fy3—F,)sin@cos® —F,sin® (1‘7330052 O+F, sin’ ®)
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Then the magnetically induced rotation of the polarization plane reduces to

3
nnp .,
Apz =TbF33HZ'a ®)
where Fj3=Fy;cos” ©+ Fj;sin”© denotes the effective Faraday coefficient corresponding to the
rotated coordinate system. Then we have

’ A Ap !
Fiy = —{ £ j (6)
wny, HZ’
Finally, the Verdet constant V- is given by the relation
1 ( Apy,
Vi =—(H—Zj, ()
Ho\ Hz

where uo = 47x10”" N/A? is the magnetic constant. Hence, one can determine the Verdet constant
Vi and the effective
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Fig. 1. Dependences of specific optical rotatory power on the magnetic field applied to TIIN(S1_,Se,), mixed
crystals (A =632.8 nm): (a) x=0 [19], (b) x=0.02, (c) x=0.06, (d) x=0.10, (e) x=0.15, and (f) x=0.25.
Circles correspond to experimental data and solid lines to linear fitting.
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Table 1. Experimental magneto-optical results obtained for the TlIn(S;_,Se,), solid solutions at
A=632.8 nm: (Ap/H) is the slope of dependence of the specific optical rotatory power on the
magnetic field, V» the Verdet constant, F3; the effective Faraday coefficient, ® the angle between

the optic axis and the c axis, and d the sample thickness.

X (Ap/H), mrad/A Vi, rad/(Txm) F;,, pm/A 0,deg d, mm
0 (Ref. [19])  141.25+1.88 112.4£1.5 1.296+0.018 13 1.92
0.02 127.76x1.67 101.7£1.3 1.172+0.015 1.7 0.91
0.06 189.64+3.03 150.9+2.4 1.740+0.028 1.4 1.35
0.10 179.04+3.41 142.5+£2.7 1.643+0.031 1.3 3.55
0.15 180.64+2.24 143.7+1.8 1.658+0.021 1.5 1.42
0.25 204.36+2.02 162.6+1.6 1.875+0.019 0.9 1.71

Faraday coefficient F3;, using a simple direct experimental measurement of optical rotatory

power for the light propagating along one of the optic axes. Note that the main measurement
procedures have been described in Ref. [19] for a particular case of pure TlInS, crystals.

The experimental dependences of specific optical rotation at the wavelength 1= 632.8 nm upon
the external magnetic field applied to the TlIn(S;_Se,), mixed crystals are presented in Fig. 1. These
dependences have been fitted using a standard linear regression procedure, resulting in the effective
Faraday coefficients F3; and the appropriate Verdet constants /7. Table 1 displays these megneto-
optical parameters, along with the sample thicknesses and the tilt angles ® of the optic axis.

Dependences of the effective Faraday coefficients F3; and the Verdet constants V' on the Se

concentration x are presented in Fig. 2. It is known from the compositional dependences of
bandgap E, determined in Ref. [20] for the TlIn(S,_,Se,), crystals that £, decreases from 2.27 eV
to 2.16 eV when the content of selenium atoms increases from x = 0 to 0.25. This means that the
absorption edge shifts from Aeqe = 548 nm (green region) at x = 0 to Aeqee = 575 nm (green-yellow
region) at x = 0.25, i.e. it approaches the light wavelength used in our experiments (1 = 632.8 nm).
Therefore the increase in the effective Faraday coefficient and the Verdet constant occurring with
increasing Se concentration, which is seen in Fig. 2, could be explained by impending absorption
edge and normal dispersion of the coefficients mentioned above. As follows from the conoscopic
observations [18], the solid solutions with x = 0.02 are somewhat inhomogeneous. This can lead to
higher errors of the Faraday coefficient and the Verdet constant found for this particular
compound, which can hardly be taken into account (see Fig. 2).

2,0

3 160 2
1,8 -
< 16 S $ E 140 / Foo ¥
E = /
Q he]
£
L 144 =120
LY [
129 ¥
100+
10 ; : ; ; : ; ; . , , . .
0 5 10 15 20 25 0 5 10 15 20 25
X, % X, %
a) b)

Fig. 2. Dependences of effective Faraday coefficient F3'3 (a) and Verdet constant Ve (b) on Se concentration x
for the TIIN(S1-_,Sey), solid solutions (A = 632.8 nm).
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Basing on the data presented in Ref. [19], we have recalculated the dependences depicted in
Fig. 2 into the dependences of magneto-optic parameters on the bandgap E, (see Fig. 3). It is quite
expected that both the effective Faraday coefficient and the Verdet constant increase with
decreasing bandgap.
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Fig. 3. Dependences of effective Faraday coefficient F3'3 (a) and Verdet constant Vg (b) on the bandgap
energy E, for the TlIn(S1_Sey). mixed crystals (A = 632.8 nm).

3. Conclusion

In the present work we have studied experimentally the Faraday effect in the monoclinic TlIn(S;_
Sey), solid solutions with the selenium concentration x ranging from 0 to 0.25. Five compounds
with x =0, 0.02, 0.06, 0.10, 0.15 and 0.25 have been used. The Verdet constant V and the

effective Faraday coefficient F3; have been determined at the light wavelength A= 632.8 nm

under normal conditions. We have shown that the both parameters tend to increase with increasing
Se concentration. This behaviour can be successfully explained by dispersion of the Faraday
coefficients and a shift of the absorption edge towards longer wavelengths, which occurs with
increasing selenium amount.
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Anomauin. Excnepumenmanvho susyeno egexm @apadesi 8 MOHOKIUHHUX MBEPOUX POFYUHAX
Tlin(S;Se.); i3 xonyenmpayismu ceneny x y meaxcax 0 <x <0,25. Ha ooexcuni xeuni ceimua
A =632,8 uM 3a HOPMANLHUX YMO8 GU3HAYeHO nocmiliny Bepoe Vi i epexmusnuil xoegiyienm
@apades Fy, . Tloxkasano, wo obudsa koepiyicnmu maroms menoenyito 00 30i1buenHs. 3a yMosu

spocmanns  kowyenmpayii Se 6i0 0 0o 0,25. Taxa nogedinka NOACHIOEMbCS OUCNEPCIEIO
koeghiyienmie Dapadesi ma 3cy8omM Kpaio NOAUHAHHA 6 OIK 006820X6UNbOBO2O CHEKMPATILHO2O0
oianasony, siKutl 6i00y8acmvCsi 3i 3POCMAHHAM 6MICIY CEJIeH).
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