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Abstract

LilnSe, and mixed Liln(9 5Se) 5)2 crystals have been grown by vertical Bridgman—Stockbarger method. Optical properties of deep red
LilnSep and orange Liln(§5Se) 5)» crystals have been evaluated. The dispersion of refractive indices has been measured and the Sellmeier
coefficients have been calculated for LilpSend Liln(S 5Se) 5)2 crystals. Linear dependence of the refractive indices giiSSe Se) ratio
has been found in Liln(§,, Se;)> compounds. The ranges of phase matching possible in Lilp&, ), solid solutions for main crystal
planes have been calculated with using Sellmeier equations specified for the compounds.
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1. Introduction enables the growth of LilnSand LilnSe crystals with op-
tical quality and dimensions enough for determination of
Orthorhombic crystals Lilngand LilnSe are charac- linear and nonlinear optical propertigs4,8,9] This opens

terized by very wide transparency range 0.34-13.2 andthe possibility for experiments on frequency conversion in
0.45-14 um at zero level, relatively high nonlinear co- the material§10-14] Although several nonlinear optical
efficients d31 = 6.2, d3p = 5.4 and d31 = 122, d3p = processes have been effectively realized, many characteris-
10.8 pmyV, reasonable birefringence 0.044 and 0.053 and tics and limitations of Lilng and LilnSe crystals have not
are promising for effective nonlinear optical interactions been sufficiently explored. In some instances the equations
in visible—middle infrared (IR) rangdl-4]. The com- reported for refractive indices dispersion contradict with
pounds are semiconductors with energy band gap stronglyphase-matching conditions determined in frequency conver-
dependent on synthesis and growth conditions, for exam-sion experiments.
ple, the values reported in literature for LilnSscatter over In the recent time, for several solid solutions, for exam-
the range 1.1-2.87 eV according to crystal qudliyb—7] ple AgGaIn;_.Se and Hg_.Cd,GaS,, the pronounced
Great progress in growing technology during few last years ability has been demonstrated for tuning such properties as
phase matching, thermooptical properties, damage thresh-
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optimum condition with great benefit in frequency conver- reasonable promise for existence of a continuous set of the
sion efficiency. The solid solutions Liln{S.Se,), are also solid solutions Liln(%-;Se;)2, x = (0 = 1), without loss of
promising for such tuning effects because, for example, the optical quality for intermediate compositions.
refractive indices of the edge compounds are strongly dif-
ferent, the values are higher in Lilngeand the continu-
ous variation of phase matching conditions may be achieved
by changing SKS + Se) ratio in the crystal. In this work The single crystals Liln(8,Se,)2, x = 0.5, 1, have been
we intend to grow the representative compounds from the grown by vertical Bridgmen—Stockbarger method. The ele-
Liln(S1-. Se)2 family and define the dependence of refrac- mentary reagents were used for starting charge preparation.
tive indices as a function of $€5+ Se) ratio for the solu-  The purity of starting chemicals was 99.999% for S, Se and
tions. With using the results, the three-wave phase matching99.9% for In and Li. Elementary S and Se were initially pu-
will be calculated for several configurations and possible rified by distillation and metallic Li and In were purified by
tuning ranges will be estimated. directed crystallization. Weight ratios of the charges were
prepared with some difference from the stoichiometric com-
position. Excess quantity of Li was added into the charge to

3. Crystal growth and experimental methods

2. Crystal structuresof LilnS; and LilnSe; compensate losses of the element during subsequent post-
o growth annealing in Se vapor. The charges were capsulated
Only end members of the family Liln¢S.Se)2, x = into fused silica ampoules, protected by pyrolytic carbon

(0 + 1), LilnSz and LilnSe, had been synthesized and |ayer on the inner side to guard against the contact with the
observed up to now. Crystal structure of LilpSspace  melt. The crystals were grown in the ampoules 18 mm in di-
group P2nb, a = 647.1(1) pm, b = 6887(1) pm andc = ameter. During Liln(§5Se 5)2 growth the temperature gra-
8050(1) pm, has been determined by single crystal X-ray gient in the furnace was FZ,/cm and pulling rate was kept
study[21]. Structure refinement of LilnSehas been pro- 55 0.5 mnjiday. For LilnSe the parameters were 2G/cm
duced few later in Pna2space groupg = 7183(2) pm,  and 6 mnyday. Under the conditions the optical grade crys-
b =18398(3) pm andc = 6781 pm[22]. From the compari- |5 with the length up to 50 mm were yielded. The color

son of the results it is evident that the Lin&nd LilnSe of the resulted crystals was deep red for Lilp%ed light-
crystals are isostructural. As an example, the structure of orange for Liln($.5Se 5)2.

made of the chains of closely packed ir$Se;) and Lis has been evaluated with minimum deviation method in the
(LiSey) tetrahedrons that, seemingly, defines good chemical spectral range 0.5-12 3,24} The prisms with working
stabi_lity of the compounds. The In-S and Li—S bond lengths t3ces of 10« 10 mm and refractive angles 17-2ere used

are in the ranges 243.7(2)-246.3(2) pm and 237.3(2.5)~for the measurements. As a result, the Sellmeier equations
259.3(6.7) pm and In-Se and Li-Se bond lengths lie in the paye peen obtained for Lilng@nd mixed Liln($.5S& 5)2
ranges 255.5(3)-257.7(3) pm and 249.1(5.4)-262.2(3.6) pMcrystals. The dispersion of principle refractive indices was
in LilnS and LilnSe respectively. So, the complete sub-  fitted by the polynomiah? = A; + Y Agji1/(Agj — A2)
stitution of Se for S in the compounds results only in some (; — 1 2) wherex is a wavelength taken in micrometers.
swelling of the basic building units without principal trans-

formation of the crystal lattice framework. This feature gives

y

4. Resultsand discussion

Transparency spectrum of Lilngg§Seys)2 crystal is
shown in Fig. 2 The transparency range measured for
LilnSe, crystal has been reported earli@5]. The Sell-
meier parameters evaluated for Liln(SSe )2, x =0.5, 1,
together with available literature results are showrnTén
ble 1 Up to now three different sets of Sellmeier’s equations
has been defined for LilpSThe most accurate set seems be
reported in Ref[14], when two-pole dispersion equations
were refitted with accounting experimental phase matching
conditions. Also three different sets of Sellmeier's parame-
ters are presently known for Lilng€eThe reasonable source
of the difference may be small variations in stoichiometry
of the crystals grown by different manufacturers. This ef-
fect has been earlier detected and discussed for both-LilnS
and LilnSe [9,28]. To define the optimal set of dispersion
Fig. 1. Crystal structure of Lilng Alternating Ing and LiS; tetrahedrons equations for LilnSg it is reasonable to compare theoret-
are shown by light and dark colours. ical phase matching diagrams with available experimental
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