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Influence of ultrasound on the growth
striations in Ga,In,_,Sb single crystals
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The results of investigation experiments of the growth striations in Ga,ln,,Sb single
crystals with x=0.03 grown by Czochralski method with ultrasound field at a frequency of
1.44 MHz have been presented. It was noted that ultrasound eliminate the growth stria-
tions generated by the convection in the melt in the central part of the crystals and at the
crystals periphery. The experimental results have been confirmed by the modeling experi-
ments of the convection in the liquid phase in the conditions similar to growth conditions
of Gay g3lng 97Sb single crystals.

ITpuBengens! pe3ynbTaThl DKCIEPUMEHTOB II0 HCCJAEJOBAHMWIO CIOUCTON HEOTHOPOTHOCTU B
MOHOKPHCTaJIaX TBepgoro pacrsopa Gayln, Sb c cogepixamumem rammua x = 0.08, BvIpa-
HIeHHBIX MeTOoA0oM YoXpaJbCKOro MPU BO3AeHCTBUM YJILTPA3BYKOBOTO TOJS C YacTOTOH 10
1,44 MT'ni. YeraHoBJeHO, UTO YJIbTPa3BYK YCTPaHsAeT B IeHTPaJbHOHN uacTu M Ha nepudepun
KPUCTAJJIOB CJIOW, UMENIe KOHBEKTUBHYI0 IPpUpPoay. Pe3ynabTaThl JaHHBIX DKCIEPUMEHTOB
pocTa OBIIN TOATBEDPKAEHBI SKCIIEPUMEHTAMM MOJEJVPOBAHUA KOHBEKIIUM B JKUAKOI drasze B
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VCIOBUAX, OIMBKMX K YCIOBHAM pocra MOHOKpHcranmnoB Gay oslng g7Sb.

Growth method of semiconductor single
crystals in ultrasound field draws more and
more attention due to its high efficiency
and low energy consumption. In the several
works the positive effect of ultrasound on
the growth of indium antimonide, gallium
arsenide, bismuth-stibium solid solutions
single crystals was revealed [1-7]. So ultra-
sound field at a frequency of about 1 MHz
provides a considerable lowering of stria-
tion that is among the main component dis-
tribution inhomogeneities in the single crys-
tals mentioned and affects negatively the
crystal electrophysical properties. However,
in growth experiments of Ga,ln,,Sb crys-
tals, the use of ultrasound at a frequency of
10 kHz and power of 120 W did not pro-
vides high-quality single crystals due to ap-
pearance of cavitation in the melt [8].
Therefore the study of influence of mega-
hertz range ultrasonic waves on the growth
striation in Ga,ln,,Sb single crystals is a
new and promising field of research. Also
these investigations are of practical impor-
tance, since Ga,In,; ,Sb single crystals are a
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material of promise for optoelectronic de-
vices due to a wide variation range of the
band gap (from 0.17 to 0.7 eV [9, 10]) and
the lattice parameter (from 6.48 to 6.1 nm
[11]) in those crystals.

In order to obtain Ga,In;,Sb single crys-
tals with x=0.03, an experimental setup for
crystal growing by Czochralski technique
was used. The arrangement made it possible
to introduce the ultrasound into the melt
from a piezotransducer through a quartz
waveguide. InSb single crystal was used as
the seed and oriented so that the pulling
direction was parallel to the <111>. The
melt mass did not exceed 80 g. The pulling
and rotation rates of crystals were 3 mm/h
and from 1 to 10 rpm, respectively. The
crucible was not rotated during the grow-
ing. The direction of ultrasonic waves at
frequencies from 0.69 to 1.44 MHz was par-
allel to the pulling axis. Indium, stibium
and gallium of high purity (6N) were used
as source materials.The crystals were pulled
in high-purity argon atmosphere with an
excess pressure of 0.4 atm.
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Fig. 1. Pulled single crystals of Gag y3Ing o;Sb
solid solution.

The diameter and length of grown single
crystals were 12 mm and 22 mm, re-
specti vely (Fig. 1). The crystal mass was
less than 4 % of the melt mass, thus pro-
viding only insignificant decrease of gal-
lium content in the final part of the ingot.
Besides, each crystal had regions of 3 to 4
mm length pulled with and without ultra-
sound, thus providing reliable observations
of striation changes in the crystals. In order
to study the striation, the grown
Gag g3lng g7Sb single crystals were cut into
1.5 to 2 mm thick plates along the growth
axis parallel to (211) plane. The plate sur-
faces were ground, polished, and etched
with CP-4A(HNO3;:CH;COOH:HF=5:3:8) for
5 s at room temperature. The investigation
of striation was carried out using a MIM-8
microscope.

In the single crystals grown without ul-
trasound field, there are rotational stria-
tions with period of 7-110 um, which revealed
growth interfaces (Fig. 2a). The separation
between striations was increased with the de-
crease in rotation rate of crystal (Fig. 2b).
The striation width is about 1 um. Moreover,
in Gag g3lng g7Sb single crystals facet was
not found. One is clearly pronounced in
InSb crystals pulled in the <111> direction
[12]. A specific feature of gallium-enriched
striations revealed in Gag g3lng 97Sb crystals
grown under periodic switching on and
switching off the ultrasound is the absence
of large period (exceeding 50 um) striations.
Simultaneocusly, in a crystal grown in the
ultrasound field at a frequency of 0.72 MHz
with convex shape of S/L interface, the
striations with periods of 20-27 and 12-14 ym
are absent in the central part and at the
periphery crystal. However, striations of
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Fig. 2. Growth striation in Gag y3lng 9;Sb sin-
gle crystals grown without of ultrasound: (a),
gallium-enriched striation; (b), the depend-
ence of striations period on the crystal rota-
tion rate.

about 7 um period are observed in all crys-
tal regions. A possible explanation of the
revealed phenomenon consists in that the
formation of those striations is connected
not with convection in the melt assumed to
be one of reasons for occurrence of the
growth striation in crystals [13] but with
asymmetric position of crystal to the melt
surface in the laboratory setup used in this
work. To confirm this assumption several
Gag g3lNg 97Sb single crystals with large de-
flection of the pulling axis from the vertical
position were grown. In the crystal pulled
with deflection of the crystal axis from the
vertical of 1.7 mm period of striations de-
creased by a factor of 2 to 38 in the central
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Fig. 8. Gagg3lng ;Sb single crystal grown with ultrasound field at a frequency of 1.42 MHz

gallium-enriched striations.

part and by 1.5 times at the periphery after
switching on the ultrasound at a frequency
of 1.42 MHz (Fig. 3). However, in the crystal
grown with deflection of the crystal axis
from vertical of 1.8 mm under ultrasound at
a frequency of 1.44 MHz the positive effect
of the ultrasonic waves on the striation was
observed only in the central part of all crys-
tal regions and consisted in the reduction
the striation period by a factor of 1.5 to 2.
The striations of 7um period have been re-
vealed in all regions of the crystal, whereas
the period of striation rises from 7 to 14
pm with increasing deflection of the crystal
axis from vertical. This evidences the above
assumption. In other words, the deflection of
the crystal axis from vertical result in forma-
tion of striation with period from 7 to 14 um
period. This can explain also the fact that the
ultrasonic field eliminates the striation with
period exceeding 14 um caused by convective
flows in the melt but does not influence the
striation with period of 7 to 14 um of other
origins.

These statements have been confirmed by
experiments on the liquid phase convection
modeling in conditions similar to those of
Gag g3lng g7Sb single crystal growth. In the
experiments, a setup was used consisted of
ebonite crucible with a spherical form the
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bottom and two glass windows, a copper rod
that servers as a crystal dummy, a circular
resistance heater, and a digital video cam-
era. Ultrasonic waves were introduced into
the fluids from a piezotransducer through a
fused silica waveguide in the direction par-
allel to the copper rod axis. The solution of
water and glycerine having the Rayleigh
number similar to that of the Ga-In-Sb melt
as well as acetone with the mixed convectional
parameter similar to that of the Ga-In-Sb
melt used as transparent modeling fluids.
The impurities in the solution of water and
glycerine were modeled by textolite parti-
cles while in acetone, by aluminum particles
of up to 50 pm maximum dimension and

5 pm thickness. In the course of experi-
ments, the fluid depth, the temperature
gradient, and the copper rod rotation rate
were varied independently, thus making it
possible to study the influence of those pa-
rameters on the liquid phase convection.
The convection flow patterns with and with-
out ultrasound were obtained using the
digital video camera and computerized proc-
essing of the video images.

In the model experiments, axially non-
symmetric convective flows of spherical
shape have been revealed without ultra-
sound at the vertical temperature gradient
exceeding 1 K/cm (Fig. 4a) in the solution
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Fig. 4. Convective flows in the solution of water and glycerine mixture containing textolite parti-
cles at h/d = 0.56, AT/x = 1.55 K/cm, R, = 0.43-10%: a, without ultrasound; b, under ultrasound at

frequency 0.69 MHz.

of water and glycerine and at 0.1 K/em in
acetone. The copper rod rotation and cool-
ing generated axisymmetric flows. The flow
velocity in the solution of water and glycer-
ine did not exceed 3 mm/s while the convec-
tive flows in acetone rotated at a velocity
up to 10 mm/s.

The introduction of ultrasound at a fre-
quency of 0.69 MHz in the solution of water
and glycerine resulted in stabilization of
convection due to formation of ultrasonic
standing waves in the central part of the
crucible. The textolite particles oscillate in
the wave antinodes (Fig. 4b).The standing
waves were formed during 2 s after switch-
ing on ultrasound and were destroyed by
the convective flows during 4 s after
switching off ultrasound. The ultrasonic
waves applied to acetone eliminated the con-
vection in the central part of the crucible,
but create the illusion of the disappearing
aluminum particles due to the known phe-
nomenon of Rayleigh disc. The standing
waves were formed during 1 s after switch-
ing on ultrasound and were destroyed dur-
ing 4-5 s after switching off ultrasound.

The ultrasonic action efficiency was re-
duced as the temperature gradient was in-
creased from 0.3 to 3 K/cm and the copper
rod rotation rate from 1 to 10 rpm. The
fluid depth change from 19 to 14.5 mm did
not influence the standing wave formation.
This was revealed in experiments where ace-
tone was evaporated under constant action
of ultrasound at a frequency of 0.72 MHz.
Thus, the introduction of ultrasound field
in the modeling fluid provides the convec-
tion stabilization even when the fluid depth
is reduced by 20 %. The experimental re-
sults obtained allow to conclude that the
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ultrasound eliminates the striations gener-
ated by the convection in the single crystal
central part and at its periphery as well as
halves the period of striations formed due
to the deflection of crystal axis from verti-
cal. Probably the reduction striation in
Gag g3lNg 97Sb single crystals is associated
with the convection stabilization under ul-
trasound. This is confirmed by the results
of modeling experiments.
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Bnaue yasTpasByKy Ha IIapyBaTicTh
y moHokpucraiaax Ga,ln,_,Sb

J.B.3onkina, I'' M.Koxcemarin

Haseneno pesyiabTaTyu €KCHEPUMEHTIB MOCHIIMKeHHS IIIapPOBOl HEOJHOPimZHOCTI y MOHO-
KpucTanax TBepaux posuunis Galn,_,Sb 3 Bmictom ramito x = 0,08, Bupomenux meTogoM
YoxpalbChbKOT0 IPYW BIJAUBI YJILTPA3BYKOBOT'O MIOJIA 3 yacToTolo a0 1,44 MI'ni. Beranosieno,
110 YAbLTPA3BYK YCYBa€ B IEHTPAJLHOI YacTHHI Ta Ha mepudepil KpucTaaiB mapu, o0 MawTh
KOHBEKTUBHY NPUPOAY. Pe3yabTaTu BKABAHUX €KCIEepUMEHTIB BUPOIIYBAHHS IIiATBEPIKEHO
eKCcIlepUMeHTaMi MOJeJIOBAHHSA KOHBeKIil y piakifi ¢asi B ymoBax, OGJIUBBKHUX J0 YMOB
POCTY MOHOKPUCTAJIB Gao,03|”0,973b-
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