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Manufacture of sapphire ribbons
with low dislocation density
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Uniform thermal field with the axial temperature gradient of 11.6 K/cm was formed
in a cylindrical heater. There were obtained 15x85x300 mm3 sapphire ribbons with dislo-
cation density up to 10% em™2. The dislocation density of sapphire ribbons at the axial
temperature gradient of 11.6 K/cm was found to be comparable with the one in the
crystals obtained by the Czochralski and Kyropoulos methods.
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B nmununapudyeckoM Harpesaresie c)OPMUPOBAHO PABHOMEPHOE TEIJIOBOE T0JIe C OCEeBBIM
rpagveHToMm TeMmmnepaTypsl 11,6 K/cm. Ilomyuensl candupoBble JeHTHI pPasMepoM
15x85x300 mMmM3 ¢ mioTHOCTBIO gucaokanuit o 103 em2. VeraHOBIEHO, UTO OPH OCEBOM
rpaguenTe TemmepaTypsl 11,6 K/cM TIOTHOCTL AUCIOKAIUIT caml(pMpOBBIX JIEHT COIOCTABUMA C
TIJIOTHOCTBIO AUCIOKAIUI B KPUCTAJIAX, MOJydaeMblXx MeTogaMu Kupomnymaoca u HoxpaabCcKoro.

OtpumManHa MajJoguciaokaniiiHux camdipoBux crpiuok. P.I.Capponos, JI.AJlumeuHos,
O.B.Boarowun, B.®.Boukos.

¥ nuninapwuynomy HarpiBaui cdopmoBaHO piBHOMipHe TemJoBe TII0Je 3 OCHOBUM
rpaxgientom Temneparypu 11,6 K/cm. Orpumano camndipoei crpiuku poamipom
15x85x300 mm3 i3 mimpHicTo gmenoramiii mo 103 em 2. BeTaHOBIEHO, IO IPU OCHOBOMY
rpagienTi Temnepatypu 11,6 K/cMm mrigbpHicTs amcaokrariit candiposux crpiuokr sicTaBHa i3
HUTJTBHICTIO AMCIOKAIill Y KpucTajgax, 10 oTpUMYyTsL Metogamu Kipomymoca i HoxpanancbKoro.

© 2016 — STC "Institute for Single Crystals”

1. Introduction

As experimentally shown, the strength of
sapphire considerably exceeds that of the
standard materials used for protection of
objects against extremely high impact loads
[1, 2]. The mentioned characteristic is con-
nected with the sapphire structure perfec-
tion. As a rule, protective products are ob-
tained from sapphire by the Stepanov
method (EFG) which is the most efficient,
but not providing the high structure perfec-
tion of manufactured articles.

While studying the temperature field
and calculating the thermoelastic stresses
the authors of [3] assumed that in sapphire
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ribbons with thickness of ~ 5 mm and more
the value of maximal tangential stresses be-
comes sufficient for activation of the basic
slip system which promotes the stress relief
in the growing crystal. In relatively thick
ribbons the dislocations which belong to the
rigid prismatic system are not generated,
and characteristic block structure is not
formed. Nevertheless, the problem of crys-
tals obtaining in the form of ribbons with
the large thickness and width has not been
solved so far.

Sapphire is obtained by different meth-
ods which may be divided into two groups.
The first of them includes the Verneuil and
Stepanov methods in which crystal grows
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Fig. 1. Scheme of thermal zone of the growth setup: I — initial shielding; 2 — vertical shields; 3

— combination of vertical and horizontal shields.

from the melt film. These technologies are
distinguished by the high growth rates,
high temperature gradients in the growth
zone and, consequently, high dislocation
concentration. The Czochrakski, Kyropoulos
and HDS methods belonging to the second
group make it possible to obtain the crystals
with the low dislocation density, but at the
low growth rate.

The aim of the present work is to combine
advantages of the both groups of the methods
in order to use the Stepanov method for ob-
taining the sapphire ribbons with dislocation
density comparable with the one in the crys-
tals grown by the Kyropoulos and HDS meth-
ods at the high growth rates.

2. Experimental

Sapphire ribbons with (11-20) plane on the
wide side and direction <10-10> along the
growth axis, 85 mm of wide, 15 mm of thick
and 300 mm of long were grown by the EFG
method [4] by means of a setup of "SPECTR”
type under redundant (0.12—-0.15 bar) pres-
sure of argon in a chamber. There was used
the "standard”™ thermal zone (Fig. 1) with
carbon graphite shields and graphite heater,
which is compatible with the crucible diame-
ter equal to 120 mm. There was chosen the
hybrid design of the crucible [5, 6] with
capillary system mounted into the crucible
and a shaper manufactured as a removable
facility.

Temperature gradient was measured by
moving of tungsten-rhenium thermocouple.
The temperature gradient (AT,) along the cru-
cible height did not exceed 2 deg/cm to pro-
vide the minimal overheating of the melt.
However, the rate of heat removal above
the shaper was high enough (AT, =40,
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Fig. 2. Temperature distributions within the
thermal zone along the pulling axis. I — initial
shielding AT, ~ 36 K/cm; 2 — vertical shields,
AT, ~ 16 K/cm; 3 — combination of vertical
and horizontal shields, AT, ~ 11.6 K/cm.

AT, =50 K/ecm), and this could favour oc-
currence of the essential thermoelastic
stresses in the growing crystal. The system
of flat and cylindrical molybdenum shields
placed around the shaper made it possible to
diminish AT, and AT, in the growth zone and
essentially reduce the temperature difference
in the zone of plastic deformation (down to
AT, =10, AT, =12 K/cm).

Crystal structure perfection is usually re-
lated to the crystal growth conditions [7, 8].
The dislocations were revealed by the
method of chemical etching. The surfaces
(0001) of the ribbons which were not sub-
jected to additional grinding and polishing
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Fig. 8. Distribution of dislocations over cross-section of 15x85 mm? ribbon perpendicular to the

growth axis.

were etched during 2 h in an annealing fur-
nace in vacuum at 1925°C. The revealed
etch patterns were calculated on the sec-
tions with area of ~ 1 mm?2 along the ribbon
thickness at different distances from the
seed. The dislocation distribution (p) was esti-
mated with respect to the basic surface of the
ribbon.

3. Results and discussion

As it is known, in coaxial growth process
the crystal located inside the coaxial grows
under more comfort thermal conditions (at
the temperature gradient lower than the ex-
terior one) [4]. For the crystals of different
shape the components of the stress tensor
may be expressed in certain approximation
using the second derivatives of the tempera-
ture with respect to z. The crystal growth

at the low AT, promotes the structure perfec-
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tion, but impedes the process of seeding and
maintenance of the crystal shape stability.

Based on the mentioned above we worked
out a shielding which imitates the coaxial
growth (Fig. 1). Thereat, the external shield
is meant for compensation of non-uniform
thermal field of the cylindrical heater,
whereas the internal shield forms the axial
temperature gradient and sets a rectangular
shape of the thermal field. The clearance A
(Fig. 1) creates the elevated temperature
gradient above the shaper in a narrow zone
of the crystal plasticity, that is necessary
for facilitation of the process of seeding and
maintenance of stability of the crystal shape
during the growth.

As seen from the graph presented in
Fig. 2, the vertical shields diminish the
axial AT, to 16 K/em. The additional hori-

zontal shields reduce AT, to 11.6 K/cm.
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Calculation of dislocations on the basic
crystal face shows that at AT, ~ 36 K/cm
(Fig. 8) p <10% em 2 for thermal zone with
AT, ~11.6 K/cm the dislocation density is
103 ¢m-2.

In the direction <11-20> (Fig. 3) the
dislocations are distributed non-uniformly.
At scanning the plate from the center to the
edge there is observed the major decrease of
the dislocation density from 600-900 to
250 cm 2. In the narrow region neighbour-
ing to the wide side of the plate the disloca-
tion density rises sharply to 4000 cm™2.
This is bound up with the defect layer and
local stresses related to it. Thereat, the
width of the layer with elevated dislocation
concentration coincides with the width of
the surface-adjacent layer and it does not
exceed 0.6 mm. In the surface-adjacent
layer zone the dislocation density is lower
than the critical one that is insufficient for
the formation of micro-blocks.

X-ray diffractometric analysis confirmed
absence of the micro-blocks along the length
for the plates grown in the thermal zone with
AT, =11.6 K/cm, as well as for the plates
obtained in the zone with AT, =16 K/cm at
a pulling rate up to 30 mm/h. The rise of
the pulling rate up to 40 mm/hour led to the
growth of the dislocation concentration to
103 em2 in the central part at AT, =
11.6 K/cm without formation of the micro-
blocks, and to 4.10% em 2 at AT = 16 K/cm.
In the case of the shielding with AT, =
16 K/cm we observed formation of the
micro-blocks with disorientation angles
from 2” to 10” in the central part, while in
the vicinity of the surface (11-20) the dis-
location density remained practically un-
changed. This fact confirms the assumption
about connection of the elevated dislocation
concentration at the growth surface (11-20)
with the surface-adjacent defect layer.
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4. Conclusions

Influence of constructional and thermal
parameters on the formation of dislocation
structures in sapphire ribbons with the
large thickness and width was studied. In a
cylindrical heater there was formed the uni-
form rectangular thermal field with the
axial temperature gradient of 11.6 K/cm.
There was solved the problem of seeding
and maintenance of the stability of the
growing crystal shape at the low tempera-
ture gradient, by creating the elevated tem-
perature gradient in a narrow plasticity
zone above the shaper. In the thermal zone
with the axial temperature gradient of
11.6 K/cm there were obtained the sapphire
ribbons with dimension 15x85x300 mm3 and
dislocation density up to 103 em™2 in the
marketable part of the crystal (~ 90 %).
The dislocation density of the sapphire rib-
bons at the axial temperature gradient of
11.6 K/em was found to be comparable with
the one in the crystals obtained by the Czo-
chralski and Kyropoulos methods.
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