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It was found experimentally that on the initial part of crystal the fluctuations with amplitude more
than 1 mm leads to break of the capillary column melt and close of growth. The physical significance of this
functional relationship for this probably lies in the different orientation of surface tension forces. Regard-
less of the direction of stretching and an amplitude -frequency characteristics of development process of the
power of the octahedral facets increased with increasing growth rate. Accidents on existing ideas are the
result of periodic growth, due, for example, the rotation of the crystal in an asymmetric thermal field.
When carrying out the method of crystal growth with perturbations at the interface it to a solid phase, the
lateral surface is also composed of corrugations distinguishable to the naked eye.In general, the study of
structural defects in the crystals obtained in exacting heat conditions, showed that in this case, low-
frequency disturbance of the melt at the interface reduces the average density of dislocations due to the
periodic melting of crystallization and partially “heal" the defective portions of the crystals.
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1. INTRODUCTION

One way to improve the uniformity of single crys-
tals grown by the Czochralski method is the use of arti-
ficial vibrations introduced into a melt in various ways.
The goal of this work was to determine the possibility
of increasing the homogeneity of gallium arsenide sin-
gle crystals. A standard "Astra"design used for the ex-
periments.The technology is described in [1-7]. Seeding
was performed by the Dash method, i.e. formed under
the seed single crystal with a diameter less than the
seed, after which it increased to the proper diameter at
a certain angle.

2. EXPERIMENTAL AND RESULTS

It was found experimentally that at the beginning
of the process including fluctuations controlled led to
the breakdown of the single-crystal growth. On the
initial part of crystal, when the diameter was less than
3 mm, the fluctuations with amplitude more than 1
mm leads to break of the capillary column melt and
close of growth. The failure of the melt column beneath
the chip held by capillary forces did not occur during
vibration with amplitude of up to 2 mm and frequen-
cies up to 20 min—1!. At high frequencies of melt prom-
ised by capillary forces, and the growth of single crystal
burst was stop. Different resistance at the same col-
umn, depending on the diameter of the crystal expands
or contracts. It determines the fact that the equilibrium
is a function of elevation angle of the melt to meet with
the crystal. The physical significance of this functional
relationship for this probably lies in the different orien-
tation of surface tension forces. When vibrations of the
melt due to accelerations, in addition to this there are
gravity and inertial forces which reduce the height of
the column so critical that any diameter of the crystals
to grow at a sweep oscillation 3 mm could not be in a
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frequency range of 3-100 min-1.The equilibrium height
of the crystal for gallium arsenide diameter greater
than 50 mm is almost insensitive to changes and it is
4-6 mm. It is twice the maximum acceptable under the
conditions of our experiments, the oscillation ampli-
tude. In the frequency range of 3-80 min-! and range
0.5-2.4 mm oscillations at all speeds used in the
8-10 mm/h, stable, with good geometry grew crystals
up to 100 mm from the crucible diameter of 200 mm,
increased to 15-20 degrees per centimeter of tempera-
ture gradients in the melt area under the crystal.
Orientation experiments clarify the relationship uni-
formity crystals with parameters of low-energy im-
pacts, determined the choice of the following tactics
conducting the experiments: grown quite long (up to
130 mm) crystals in the formation of which alters the
oscillation frequency. Thus crystal represented himself
as a few samples, typically 20-25 mm in height, ob-
tained in the same process with different parameters
and divided by its control regions corresponding stand-
ard conditions of the process.

During crystal growth in the [110] directiontheir ap-
parent symmetry group responsible 2m. This symmetry is
determined mainly by {111} faces, four of which are paral-
lel to the growth direction, while the other two were with
this direction angle of 35°16'. In the future, these two va-
rieties of faces will be called parallel (II) and oblique (I).
During crystal growth in the [111] apparent symmetry
3 m also determined primarily by {111} facets, located on
the periphery of the front at an angle of 19°28' to the axis
of growth and generators when pulling the so-called track
explicit faces (oblique faces). At the front of growth can
present a face perpendicular to the axis of the crystal (I).
Crystals oriented along the [110] mirror are parallel to the
{111}, and crystals with [111] orientation - perpendicular
to the face. Oblique faces were always primed straight or
rounded layers.
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Regardless of the direction of stretching and an am-
plitude -frequency characteristics of development pro-
cess of the power of the octahedral facets increased
with increasing growth rate. This is clearly seen in the
direct observation of crystal growth. Watching features
morphology of crystals grown at different rates showed
that the oblique faces on the surface of the crystals
grown at higher rates were better developed. Almost all
over the slowly growing crystal parallel faces out at all,
they replaced the jog. In a system with small gradients
on all geometrically possible crystal face {111} devel-
oped well in some places they intersect in straight edg-
es, and in the crystal containing a rounded surface lim-
itations clearly identify bottlenecks octahedral faces
parallel to the axis of the crystal. Accidents on existing
ideas are the result of periodic growth, due the rotation
of the crystal in an asymmetric thermal field. When
carrying out the method of crystal growth with pertur-
bations at the interface it to a solid phase, the lateral
surface is also composed of corrugations distinguisha-
ble to the naked eye. Clarity of their manifestations
increased with the average growth rate (pullingspeed)
and spans vibrations of the crucible with the melt and
decreased with increasing frequency.

Investigation of the side surface of the crystals ob-
tained standard method showed that these crystals had
a more explicit discrete structure thin compared to the
lateral surface of the ingot formed at fluctuations of the
melt. Microscopic observation showed that such relief
integral uniformity was determined that the "big" cor-
rugations, each crest and trough which were repeated,
not the case, as a general phenomenon for crystals
grown at fluctuations of the melt at the solidification
front. This phenomenon indicating apparently, a reduc-
tion of stress and a kind of "cover", which would be con-
cluded as the cooling after the formation of the crystal.

Observation of many paintings etched with all the
nuances that are difficult to convey when photo-
graphing samples, suggesting that the ability to detect
the impurity inhomogeneity in large measure deter-
mined by the stress fields in the crystal. These residual
stresses are correlated with the density of dislocations
in crystals, but compliance is ambiguous, since the na-
ture of the dislocation " preserved the " thermomechan-
ical situation in which the crystals were at sufficiently
high temperatures during their formation.

3. INFLUENCE OF AMPLITUDE-FREQUENCY
CHARACTERISTICS OF CRYSTAL GROWTH
PROCESSES TO CHANNEL HETEROGENEI-
TY AND BANDED STRUCTURE

In the experiments started from the hypothesis that
all fluctuations with macroscopic amplitudes melt dur-
ing crystal formation will lead to the emergence of a
well-defined layers of it. The bases for these assump-
tions were theoretical work on the effect of vibrations
on the crystallization front entry of impurities into the
growing crystals from the melt, as well as the few pub-
lished experimental materials. In ourexperiments the-
se«labels» are identified in crystals only in rare cases,
when the oscillation frequency of the crucible with the
melt were small (approximately 10 min-1), and the
amplitudes are sufficiently large ( more than 1 mm
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scale). If these conditions on the detected diameter of
the crystals of any banding in increments equal to the
growth rate with respect to the frequency fluctuations
in the relatively small diameter crystals (up to 10 mm),
it can clearly be seen on the entire cross-section on the
large-diameter portions crystal clear bands were de-
tected with a pitch, usually at the periphery of the
crystal. The nature and intensity of these bands de-
pended on the magnitude of oscillations, as well as
growth rate and shape of the growing crystal — in the
case of restrictions of the crystal bands were detected
clearly. In a reflow stripes are observed only at a pe-
ripheral portion of small diameter of the crystal when
the scale exceeds 1.5 mm. In the field of fusion crystal
dramatically change the curvature of the front, and
occasionally found etched strongly related areas, ap-
parently with the rapid crystallization of some of the
peripheral regions of the crystals and, as a conse-
quence, increased capture impurities.

For all crystals, regardless of the amplitude- fre-
quency characteristics of impact, so-called rotational
formed striations (Fig. 1).

Fig. 1 — Strips at the periphery of the ingot growth associated
with the rotation of the crystal

Their step determines the rotational speed and
crystal pulling. The reasons for these irregularities
have been found in a number of papers, the asymmetry
of the thermal field of the melt. When low-frequency
perturbations melt these bands easily viewed against
the background of longer-wavelength vibrational
bands. The upper inside portion of the single crystal
stripes with a pitch of about 450 microns rotational
bands were visible with 65 microns pitch and the lower
portion etched only these rotational bands. All viewed
crystals intensity and vibrational and rotational bands
first decreased from the periphery to the center of the
crystal, and then increased. Band channels in real
crystals oriented with growth in the [111]. They have a
more complicated structure is often interrupted as the
standard for crystal formation and growth vibration.

As described above, large diameter crystals are often
not able to identify the banded structure. One of the pos-
sible reasons for this in our opinion can be antiphase
addition of rotational and vibrational bands . In no case
it has not been possible to identify pure vibrational
bands, if the frequency of vibrations of the crucible to
melt below 20 min~-1. Most often in these cases, there is
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a kind of bitmap pictures — set of vibrational and rota-
tional bands gave superposition picture with antinodes,
a step which was sometimes very large (more than
1.5 mm). Within these antinodes only struggled to find
strong diffuse bands with smaller increments.

Duct heterogeneity are the most significant impurity
inhomogeneity, one of the main causes of faults in the
production of semiconductor crystals vintage. It is known
that the occurrence of irregularities of this type is due to
the crystallization yield at the front portions of the macro-
scopic plane of the {111}, capture the impurities which are
usually much higher than the adjacent surface portions of
the rounded section. The flat portions of the {111} can
arise only on bumps crystallization front. If concave front
macroscopically perpendicular to the growth direction
(111) face may show only at the periphery of the frontl-
talways isat least portion of the microscopic size of posi-
tive curvature. Such a face when pulling forms peripheral
channel. When microscopically direction perpendicular
convex front face octahedral growth leads to the formation
of the central channel. All oblique face {111} for purely
geometrical reasons, usually permanently growing crys-
tals are present only at the periphery of the crystal. They
also form the channels that we have repeatedly observed
in the present work on crystals oriented with growth on
[110]. In some works, the authors recommended to create
such conditions during the growth of the crystal in which
the (111) evenly filled to the entire front of crystallization.
Within the verge of impurity distribution is sufficiently
homogeneous and therefore crystal folded only peculiar
pyramid rise (111) — channel would have the perfect radi-
al distribution of impurities. Other possible ways of deal-
ing with the heterogeneity of the channel while maintain-
ing a sufficient accuracy on the crystal orientation [111] is
to reduce the size of the channel on the chip , which helps
increase the temperature gradients in the system melt —
crystal at their interface and enhanced smoothing effect
impurity capture face, aided reduction in growth rate.
This technique from a practical standpoint is disadvanta-
geous because it reduces the efficiency of the process of
growing.

The experiments were identified conditions under
which face steadily filled the front and formed a homo-
geneous single crystal, but when the crystals were grown
in a wide range of changing conditions , varied and uni-
formity. Depending on the impact of fluctuations in the
drawing speed of the melt on channel size was different.
When pulling speed of 0.1 mm/min change from the
standard method to vibrational mode always led to the
expansion of the central and peripheral narrowing
channel. Opposite situation was observed in crystals
elongated at a higher rate. Effect of amplitude and fre-
quency of vibrations on channel size, apparently, not
very much, although the above-noted trend is more
clearly manifested at large values of these parameters.
Changing the crystal diameter from 10 mm to 80 mm
was also not significantly influenced this trend, though
reflected in a more subtle banded structure.

4. STRUCTURAL DEFECTS AND LOW-
FREQUENCY VIBRATIONAL EFFECTS

The studies of crystal growth in the conditions of
low frequency vibrational effects were directed to find
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possibilities to increase the stability of single crystal
growth and ensure uniform dopant distribution in the
cross section of the single crystal.

By means of selective etching of the longitudinal
sections of the dislocation distribution patterns of crys-
tals, which when grown performed by multiple transi-
tions from the "standard" method for drawing a differ-
ent vibrational frequencies has been determined that
portions of a length of 20-25 mm crystal grown in the
oscillation mode, the melt crucible, separated smooth
belts length of 5-15 mm, in the process of education
which the melt is not perturbed (Fig. 2)
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Fig. 2 — The transition from the oscillatory mode of growth
(large band) to the standard (small growth bands)

In most cases, the transition from the standard to
the oscillatory regime leads to a decrease in the density
of dislocations. The degree of this reduction is depend-
ent on the amplitude of the oscillations (large swings
reduced dislocation density more efficiently) and the
direction of stretching. When pulling the crystals in the
[111] in the vibrational mode frequencies of 5-20 min -1
managed to reduce the dislocation density is approxi-
mately 2-3 times. Relative dislocations identified in
cross sections of the crystals obtained in a series of ex-
periments to study the dependence of the effective dis-
tribution coefficients of impurities on the amplitude
and frequency parameters of the drawing process for
the [100], it was noted that the standard processes of
growing density of dislocations in crystals was general-
ly higher than in conducted at the same rates "vibra-
tional" processes. In standard cultivation, moreover,
frequently observed in the macroscopic inhomogeneity
of distribution of the dislocation pits character in cross-
section and length of the crystal. Typical heterogeneity
encountered in building dislocations in the bands
(lines) and slip in low-angle boundaries.

It is known that slip dislocation occurs most rapidly
over the vertical system {111} parallel to the growth
direction so that a diamond-shaped pattern of etch pit,
wherein 2 mm symmetry corresponds sided symmetry
stretching direction. The maximum dislocation density
in this case was observed "at the apices" of the diamond
at the intersection of the individual systems of slip
lines and areas on the periphery of the crystal, adjacent
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to the "parallel" {111} faces on the lateral surfaces con-
tain little dislocations. This provision applies to those
cases where dislocations are arranged in explicit slip
lines, and a crystal in the cross section is almost a per-
fect circle.

In general, the study of structural defects in the
crystals obtained in harsh heat conditions, showed that
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