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A phenomenon of transformation of sapphire surface layer with the formation of a new
cubic phase of spinel (AIAl,O,) structure as a result of high temperature reducing anneal-
ing has been revealed. The result of microscopic investigations and X-ray diffraction
analysis of the new phase layer on sapphire surface for two crystallographic planes (0001)

and (1072 ) are presented.

Ob6Hapy:keHO sABJIeHHe TpaHchOpMAIUU ITOBEPXHOCTHOTO cJos camdupa ¢ oOpasoBaHUeM
HOBOM (haser ¢ KyOmuecko# crpykrypoir mmuuenu (AlAl,O,) B pesymbrare BBICOKOTEMIIEpa-
TYPHOI'O BOCCTAHOBHUTEJBbHOI'O OTXUTA. HpI/IBe,Z[eHBI pPe3yJabpTaTbl MUKPOCKOIINYECKUX HCCJIIEen0-
BaHUI ¥ PEHTTEeHOBCKOTO (Da30BOTO aHAIM3a CJI0SA HOBOU (hasbl Ha MOBEPXHOCTHU camdupa AJIA
IBYX Kpucrajaorpapuueckux miaockocreit (0001) u (10T2).

It has been shown [1] that specific de-
fects (the light scattering centers) are
formed under certain conditions in sapphire
crystals grown by horizontal directional
crystallization method (HDC) in the media
contained reducing components (H,, CO)
due to a stoichiometry disturbance of the
Al,O5 melt. These defects are of 1 to 3-—
5 um size and are characterized often by
orthogonal (pseudo-cubic) faceting, thus,
those can be considered as inclusions of a
phase depleted of oxygen (admittedly
AlAI,O4) with the structure different from
that of a—Al,O5. Today, there are neither
direct data on the composition and struc-
ture of these defects, nor sufficient infor -
mation on the formation possibility of the
AIAI,O4 phase at a high degree of Al,O3 re-
duction. The only exception is the work [2]
where the investigation results are pre-
sented of the reduction products of the
high-alumina raw material for electro-co-
rundum by solid carbon. An isotropic phase
was discovered in the reduction products
having fcc structure of the spinel type with
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lattice parameter a = 7.915 A; it was iden-
tified as AlAI,Oy4.

Since it is assumed that that the micro-
inclusions formation in sapphire is due to
the melt critical supersaturation in oxygen
vacancies, it is necessary to determine an
opportunity of AlAl,O, phase formation dur-
ing Al,Og reduction with a gaseous reducing
agent (CO) without contact with carbon
(graphite). Before, it has been established
that the micro-inclusions resulting from
solid-phase reactions are not formed in
crystal even at near-melting temperatures
[1]. It has been assumed that at high super -
saturation degree in oxygen vacancies, the
reaction 8AlL,03+ V, 2 - 2AIAL,O, could
proceed in a thin surface layer contacting
immediately with reducing media. The
transformation of this layer has been stud -
ied during high temperature annealing in
the media having high reducing potential.
The results of these investigations are pre-
sented in this work.

The previously machined plane-parallel
sapphire samples with crystallographic ori-
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Fig. 1. Transmission microscopic images of
the (0001) sapphire surface after high-tem-
perature reducing annealing (~1800°C): (a)
etching traces on the sapphire surface; (b)
layer with the new phase content of about

97 % (¢~ 2.5 pm).

entation planes (0001) and (10T2) on the
surface were used in the experiments. The
experiments were carried out in a furnace
with carbon-graphite heat screens [3]. After
preliminary vacuum heat treatment at
900°C until the pressure range of <0.1 Torr

was attained, the chamber was filled with
Ar until the pressure range of the 800 Torr,
and samples were heated up to necessary
temperature. The sample temperature was
controlled by a W+ 5 % Re-W + 20 % Re
thermocouple, which preliminary was cali-
brated using reference points. The anneal -
ing time was 5 to 10 h. During the anneal -
ing, the gaseous media composition (CO and
H, content) was monitored using a GASO-
CHROM-3101 gas analyzer. The surface
morphology changes after the annealing
were investigated using a MIK-4 optical mi-
croscope. The X-ray investigations were
done using a DRON-1.5 diffractrometer in
CuKa 4 5 radiation (monochromator-(002) py -
rocarbon).

It was found that high temperature re-
ducing annealing in certain conditions
causes the changes in sapphire surface mor -
phology (Fig. 1,2) that are not typical of
the etching [3]. In these cases, a layer was
observed on the sapphire surface differing
in phase composition. The thickness of poly -
crystalline zone formed on the sapphire sub -
strate was determined as an approximation
of the homogeneous screen attenuating the
single crystal reflection [4] as well as from
intensity of its inherent interference lines
in symmetrical Bragg geometry [5]. As a
rule, the ¢ values (effective thickness of the
polycrystalline zone) obtained in both ge-
ometries were coincident, although it was

Fig. 2. Transmission microscopic images of the (10T2) sapphire surface after high temperature
(~1800°C) reducing annealing: (a) etching traces on the sapphire boundary surface; (b) the layer
having 90 % content of the <311> texture new phase (¢ ~ 10—-30 pum); (c), (d), areas of the (b) layer

having strongly pronounced texture.
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Fig. 8. X-ray diffraction pattern for AIAI,O,
at the (0001) sapphire substrate, CuKay ,
radiation.

observed non-uniformity of # value over the
crystal surface area. It has been established
that depending of experiment conditions
(temperature, the reducing medium compo -
sition, surface treatment conditions), the ¢
value varies from 2.5 to 40 pm.

X-ray phase analysis of the surface layer
was done in 6-20 geometry. It has been es-
tablished that polycrystalline phase synthe -
sized on sapphire Al,O3 substrate belongs to
cubic syngony Fd3m. All interference lines
of this zone shown in the schematic X-ray
diffraction pattern (Fig. 3) correspond to
spinel structure with lattice period
a,~7.92 A. If the intensities of the AlAIL,O,
phase interference lines are close to calcu-
lated kinematic values (Fig. 3), then the
acute <311> texture is observed on the sur-
face (1012) (Fig.2 b, ¢, d ). The analysis of

06—-20 diffraction patterns allows to deter-
mine that the pole density Pg;; is 25 times
higher than corresponding values for iso-
tropic polycrystal. The normalization has
been carried out by Morris method [6] using
thickness ¢ of the layer forming the pattern.

The evaluations of gaseous media compo -
sition in the experiments (using GAZO-
HROM-3101 gas analyzer) have shown that
the fraction of reductive component (CO +
H,) is about 20 %. The corresponding con-
centration of oxygen vacancies in the
boundary Al,O3 layer may attain 1019 cm™3
and higher [7]. Such oxygen loss from Al,O4
lattice cannot result in the complete trans-
formation Al,O3 layer in AIAI,O, layer.
However, it can be assumed that the high
vacancy concentration causes nucleation of
a new phase, which, being crystallized in
cubic syngony, may grow in part at the ex-
pense of gaseous component (Al, AIO,
Al5,0).This assumption is confirmed indi-
rectly by the results of experiments where
the sapphire surface was screened in part
against the gas influence during annealing.
In this case, traces of thermochemical etch -
ing were observed in the screened area (Fig.
la), while new phase layer was formed at
the "open” surface (Fig. 1b). In the transi-
tion area, objects can be observed changing
from etching figures in morphology; per-
haps those must be the islands of new phase
(Fig. 4).

o

Fig. 4. Transmission microscopic images of the (0001) sapphire surface after high-temperature
reducing annealing (~1800°C): (a), (b), (c), (d), different areas of the transition zone from

"screened” to "open” area.
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Thus, the transformation phenomenon of
sapphire surface layer with new phase for-
mation having cubic spinel AIAI,O4 struc-
tures has been revealed as a result of high-
temperature reducing annealing. The oppor -
tunity of (AIAI,O,4) phase formation under
high level of sapphire reducing (a-Al,03)
proved by experiments witches in favor of
the before-mentioned [1] assumptions about
formation causes and structure of light
scattering centers in sapphire grown in re-
ductive gaseous media. Perhaps the further
study of that phenomenon will contribute to
complete comprehension of defect formation
during crystal growth. In conclusion, it is
to note that investigation of the revealed
phenomenon as well as the structure and
physical properties of AIAI,O, phase is of
independent scientific interest.
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Functional

YrBopenHs ¢asu i3 crpykryporo mminexai (AlAl,O,)
Ha NMOBepXxHi camngipy

H.C.Cidenvnixoea, M.A.Pom, O.1./[anvko,
C.B.Hixcanroécvrui, I0.B.Cipix, C.I.Kpueonozoé

Busasneno aBuiie TpauchopmMallii moBepxXHeBOTo Iapy camngipy 3 yTBOpeHHAM HOBOI (dasu
3 KybiuHOIO0 cTpykTypolo mmineni (AIAl,O4) y pesynpTari BHCOKOTEMIIEPATYPHOTO BiZOymOB-
"Horo Bigmany. IIpuBeneHO pe3yabTaTH MiKPOCKOTIUHUX MOCTiMKeHb i PeHTTeHiBChKOTro (aso-
BOI'0 aHaJIi3y mIapy HOBOI (pasu Ha moBepXHi candipy [aa ABOX KpucTajorpadivyHmX MJIOIIUH

(0001) i (10T2).
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