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Growing of Ga,In,_,Sb single crystals
by Czochralski technique
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The effective distribution coefficients for Ga in Ga,In, ,Sb single crystals (x <0.2)
have been calculated according the Ostrogorsky-Mueller model taking into account the
experimental data. The growing procedure of Ga,In,_ ,Sb single crystals using the Czo-
chralski technique has been developed and the crystals up to 18 mm in diameter have been
grown. The influence of annealing on the crack formation in Ga,ln,  Sb single crystals
after cutting thereof has been studied. The crystal annealing at 170°C for 10-12 h has
been found to reduce the number of cracks longer than 0.2 mm.

Onpepencupl sddexTuBHbIe KoapPuumenTsl pacupenenceaus Ga corsacHo mozenu OcTpo-
ropcroro-MroJiepa ¢ yuyeTOM OSKCIEPUMEHTAJNLHBIX [JaHHBIX [IJSI COCTABOB KPHCTAJJIOB
Ga,In,_,Sb c cogepxannem Ga xo 0,2. PaspaGoran mero] BeIpamuBaHua I0 JoxpanbcKomy,
BEIPaIeHsl MoHOKpucTamnel Ga,ln,  Sb xnamerpom zo 18 mm. HMsydeHo BIUAHNE OTKUIA HA
obpasoBaHMe TPEIIWH IIOCIe pPaspesaHus MoHokpucrawnos Ga,ln,  Sb. ITokasawo, uTo oTsKuUT
Kpucrayiaop upu remueparype 170°C B reuenme 10—-12 uyacos ymMeHbIIAET KOJHYECTBO TPE-
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muH gauHol Gomee 0,2 mMM.

Ga,In;_,Sb solid solutions have the
band gap width of 0.17 to 0.7 eV within
the hole composition range from InSb to
GaSb. This band gap corresponds to the
IR spectrum region from 1.7 to 7 um
wavelength [1]. The crystal lattice pa-
rameter for those solid solutions varies
from 0.648 to 0.610 nm. The Ga,In,_,Sb
single crystals can be used in manufactur-
ing of high-sensitivity photodetectors,
light emittimg diodes, and lasers. The con-
siderable difference in the lattice parame-
ters, a significant distance between the
liquidus and solidus in the InSb—GaSb
phase diagram, and difference in the dis-
tribution coefficients of components favor
the concentration overcooling that influ-
ences negatively the growth process of
perfect single crystals. The Czochralski
technique has some advantages over other
directional crystallization methods due to
the crystal rotation and absence of any
contact between the crystal being pulled
and the container wall. This is an impor-
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tant advantage in manufacturing the materials
that increase the volume in the course of crys-
tallization. To obtain the crystals of Ga,In,_Sb
solid solutions, the effective distribution coef-
ficients for the components are to be known.
Of practical importance are Ga,ln,_ Sb single
crystals where x amounts up to 0.2.

The equilibrium distribution coefficients
for gallium have been determined from the
INSb—-GaSh phase diagram using the rela-
tionship [2]

— S/l
K=C>/C, a)
where K is the equilibrium distribution coefficient
for gallium; CS is gallium concentration in solid
phase; C', that in liquid phase at the interface.

The effective distribution coefficient for
gallium, keGa, was calculated in the frame of
Ostrogorsky-Mueller model [3]:
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Table. Melt parameters

Parameter Value
Melt kinematic viscosity v, m2/s 3.41077
Experimental KeGa values for
Ga,In,_,Sb crystals:
at x = 0.03 2.625
at x = 0.09 2.57
Calculated diffusion coefficient 4.52.10710
D, m2/s
Schmidt number, Sc 752

where n is a coefficient selected from the
condition 1/2 < n <1/3 at the Schmidt num-
ber Sc =v/D in the range 1<Sc <x; b, a
constant varying from 1/4.6 to 1/7.2 depend-
ing on the growth surface profile. In calcula-
tions of the effective distribution coefficients
for gallium, the parameters presented in
Table were used. Fig. 1 shows the depencences
of the equilibrium and effective distribution
coefficients for Ga in the solid solutions area
with Ga content up to 0.2. The effective distri-
bution coefficient for Ga rises from 2 to 2.9 as
the Ga content increases.

Ga,In,_,Sb solid solutions single crys-
tals up to 18 mm in diameter were grown
by Czochralski technique. A InSb was used
as a seed for growing Ga,In,_Sb single
crystals with x < 0.03. Ga,In,_,Sb seed single
crystals were used for growing the crystals with
x > 0.03. These seeds had the composition x =
0.01 difference to these to be grown. The pull-
ing and rotation rates of the crystals were
from 2 to 8 mm/h and 10 rpm, respectively.
The crucible with melt was not rotated during
the growing. Special purity gallium, indium, and
stibium (99.9999 mass %) were used as source
materials. The crystals were grown in high-pu-
rity argon atmosphere with an excess pressure of
0.4 atm.

The crystals were cut along the pulling
direction. The cut surfaces were etched in the
acid mixture (HNO5;:CH;COOH:HF, 5:3:3) for
5 to 20 s at room temperature. The etched
surface was examined by optical micros-
copy. All the crystals have surface and
inner cracks of various lengths and orienta-
tions. The number of the cracks depends on
thermal conditions of the growing process and
increases with rising diameter of the crystal.
At the surface of a 18 mm diameter crystal,
some cracks are formed in the course of growth
(Fig. 2), perhaps due to a considerable difference
between the axial and radial temperature gradi-
ents in the growing crystal [4]. In the crystals
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Fig. 1. Ga distribution coefficients: equilib-
rium (1) and effective according to the Ostro-
gorsky-Mueller model (2).
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Fig. 2. A Ga,In,_,Sb crystal with x = 0.03. A
surface crack is seen (I).

of less than 10 mm diameter, the cracks are
smaller and not observed on the side surface.

Before, it was proposed to anneal the
Ga,In,_,Sb single crystals at 150°C for 12 h [5].
This made it possible to reduce the number
of cracks. In this connection, the effect of
the annealing temperature and duration on
the reduction of the crack number in the
grown crystals has been studied in more
detail. The reliability of these results has
been estimated by comparing the annealed
and unannealed surfaces of one and the
same crystal. This estimation method where
one part of the crystal is cut prior to the
annealing while another thereafter provides
the most reliable information, since both
crystal parts have been grown in identical
conditions. The Ga,ln,_Sb single crystal was
cut using an electrospark lathe. The crystal
cutting scheme prior to and after the annealing
is shown in Fig. 3.

The crystals were annealed at 170°C for
8—-12 h in air. The surface of the crystals
cut prior to annealing exhibits numerous
cracks up to 6 mm in length, as is seen in
Fig. 4. After the crystal annealing at 170°C
for 10-12 h, no the cracks longer than
1 mm were formed at an electrospark lathe
cutting. Only several cracks of less than
0.2 mm have been found (Fig. 5). The anneal-
ing at the above-mentioned temperature for
8 h does not provide elimination of the cracks
up to 1 mm length. Perhaps, the cracks are
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Fig. 4. A Ga,In,_ Sb crystal prior to anneal-
ing. The cracks are seen (1).

Fig. 8. Cutting scheme of Ga,lIn,_,Sb crystal
to be annealed. 1, the crystal part cut prior
to annealing; 2, that cut after the annealing;

3, the surface studied prior to annealing; 4, 2
that studied after the annealing.

due to high internal stresses caused by con-

siderable temperature gradients in the crys- 3

tals being pulled. It is to note that the
cracks formed in the course of the growth
and extending from the surface to the crys-
tal depth cannot be eliminated by annealing.

Thus, the developed procedure for
Ga,In,_,Sb single crystal growing by Czo-
chralski technique has made it possible to
obtain the crystals of up to 18 mm diame-
ter. It has Dbeen established that, when
Ga,In,_,Sb single crystals of a diameter
larger than 10 mm are grown, the cracks may be
formed on the side surface thereof. This may be
due to large axial and radial temperature gradi-
ents in the solid phase. The crystal annealing at
170°C for 8-12 h provides a considerable relaxa-
tion of internal stresses and thus a reduced
crack number after the crystal cutting.
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BupoimyBaHHA MOHOKPHCTAJIB TBEepPANX PO3YHHIB
Ga,In,_,Sb meromom Yoxpaanschkoro

I''M.Koxemsaxin, P.B.Py6an

Busnaueno ederxtusHi KoedimicaTn posmoziny Ga srizpo momeni Octporopebkoro-Mroa-
Jepa 3 ypaxXyBaHHAM eKCIePUMeHTANhHUX [JaHUX IJIA cKJaagis kpucraris Ga,n, ,Sb is
smictom Ga mo 0,2. PospobiieHo MeTof BHPOITYBaHHS 3a JOXpalbChbKUM, BHUPOIIEHO MOHOKPIC-
ramn Ga,ln,_,Sb miamerpom mo 18 mm. BubueHo BHIMEB Bifllaqy Ha YTBOPEHHS TPINIWH micis
pospisanna MoHOKpucranis Ga,ln,_,Sb. IToxasawno, mo sBinman kpucranis nmpu Temmeparypi 170°C
nporarom 10—12 rogus nomeHnrye KiabkicTs TpimuH xoBKuHOM Olabmn Hix 0,2 mm.
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