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The results of studying the mechanism of AIN film formation on sapphire substrates
with the orientation relations at (0001)AIN//(0001)Al,0,, (0001)AIN//(1120)Al 503,
(1013)AIN//1010)Al ,05 and (1120)AIN//(1012)Al 503 at the thermochemical nitridization of
sapphire in N, + (CO, H,) reducing atmospheres are presented. It is shown that the main
defects in the obtained films are predominantly related to with the presence of elevated
concentration of oxygen in these films. A possible mechanism of nitridization which
comprises reducing and diffusion processes, is discussed.

TIpeacraBieHbl pe3yJbTaThl MccjeqoBaHuil Mexaunusma (opmupoBanusa rreHok AIN ma cam-
(pupPOBBIX MOAJOMKKAX ¢ opumeHTanuoHHEIME cooTHomenuamu (0001)AIN//(0001)AL,O4,
(0001)A|N//(1120)AI203, (1013)AIN//(1010) AlLO; u (1120)A|N//(1012)AIZO3 [IPA TEPMOXUMHU-
JecKOll HUTPHIM3AIWK camndupa B BoccTaHOBUTeNbHBIX cpegax N, + (CO, H,). IToxasamo, uTo
OCHOBHBIE [Je(PeKTHI B IOJIyYEHHBIX IJIEHKAX IPENMYII[eCTBEeHHO CBasaHm C HaJIMYUeM B HUX
MOBBINIEHHOM KOHIEHTpanuu Kucaopopa. O0cykmaeTcs BOBMOKHBIN MeXaHU3M HUTPUIUSAIUN,

BRJIIO‘IaIOH_II/If;I BOCCTaHOBUTEJIbHbIE U HHq)q)yBI/IOHHI)Ie IIPOIIeCChI.

1. Introduction

Combined AIN/AI,O5 substrates (tem-
plates) are an alternative for expensive
crystalline aluminum nitride substrates
used for epitaxy of AlGaN/GaN heterostruc-
tures to be applied as a base for creation of
light emitting diodes (LED), laser diodes
and elements of SHF electronics. By now,
there have been developed many physico-
chemical methods for the obtaining of
AIN/Al,O5 templates. AIN films on sapphire
surface are produced by the methods of mag-
netron sputtering, molecular beam epitaxy
(MBE), metallorganic chemical vapor deposi-
tion (MOCVD) and hydride vapor phase epi-
taxy (HVPE).
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Establishment of the main regularities in
the transformation of sapphire into the
phases in the system AIN-A,O5; at nitridiza-
tion of sapphire using gaseous reducing
agents (CO, H,) [1] made it possible to pro-
pose a new method of sapphire nitridization
and of the obtaining of aluminum nitride
films by annealing sapphire substrate in a gas
mixture N, + (CO, H,) [2]. Thereat, in con-
trast to the above-mentioned methods, alumi-
num nitride film is formed on the surface of
sapphire due to dissolution of nitrogen in
anion-deficient corundum and subsequent
crystallochemical transformations in a sur-
face-adjacent layer of sapphire substrate [2].

In the present work, we consider the
mechanism of the formation of aluminum
nitride film in the process of annealing of
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Fig. 1. §chemes of_orientation relations f_or: (0001):5IN/(0001)AI203 — (a), (0001)AIN/(1 1EO)AIZO3 —
(b), (1013)AIN/(1010)Al,05 — (c) and (1020)AIN/(1012)Al,0; — (d); (c'), (d') is the position of (1013)
plane in AIN lattice and of (1012) plane in Al,O5 lattice, respectively.

sapphire substrate in nitrogen-containing
reducing atmosphere, and establish the de-
pendence of the optical and luminescent
characteristics of this film on the condi-
tions of its obtaining.

2. Objects and methods of
investigation

To obtain AIN films we used 1 mm thick
polished plane-parallel sapphire substrates
with a diameter of 25.4 mm and (0001),
(1010), (1120) and (1012) crystallographic
orientations of the surface. The surface
roughness (R,) was ~2 nm, the deviation of
the crystallographic axis from the normal to
the surface ranged between 15" and 1°. The
process of annealing was realized in a fur-
nace with carbon-graphite thermal screens
which provided creation of reducing condi-
tions at temperatures of 1300-1850°C. The
furnace was preliminarily heated up to
1100°C under the conditions of forevacuum
pumping. At a residual pressure of ~10-—
30 Pa the chamber was filled with nitrogen
or CO, + N, mixture to achieve a pressure
of 1.05-1.25 atm, and then the furnace
temperature was raised up to the required
value. The concentration of CO and H, in
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the gaseous medium was controlled by
means of a gas chromatograph "Crystal
2000M"”. The temperature was measured
using an integral infrared pyrometer Mara-
thon MRISCSF. The process of annealing
lasted from 10-20 min. to 24 h. X-ray
phase analysis was realized on a diffrac-
tometer DRON-1.5 in CuKa, 5 radiation
(monochromator — pyrographite (002)) ac-
cording to the scheme 6-26. The thickness
of the crystalline film (x) was determined
both in the approximation of homogeneous
screen attenuating the crystal reflections
[3], and from the intensity of their inter-
ference lines in the symmetric Bragg geome-
try [4]. At the measurement of the rocking
curves the angles o were found to be 1-8°
(DRON-3 diffractometer, CuKoa, radiation,
Ge (111) monochromator, (n, —m) scheme).

3. Discussion of results

Studies of the process of substrate ni-
tridization show that the thickness, the pro-
file of the distribution of the elements in
the film, as well as its structure perfection
depend on the temperature, annealing time
and partial pressure of the components in

Functional materials, 18, 1, 2011
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Table 1. Characteristics of lattices mismatch Al,O; and AIN

Orientation (film//sub- | Directions Equivalent elements dan— %410
strate) in Al,O4 AIN (A ALO. (A M=——22.100, %
lattice ) 203 (A) dALZO3
(0001)AIN//(0001)Al,0, | [110]" d(100) (2.6942) | d(110) (2.8791) 13.24
[1107" 3d(120) (4.6665) | d(110) (4.1207 ) 18.24
[0017*" d(002) (2.4895) d (2.1652) 14.98
(0001)AIN//(1120)Al,0, | [110] 3d (120) (4.6665) | d(110) (4.1207) 13.24
[001] d(100) (2.6942) | d(006) (2.1652) 24.43
[1107*" d(002) (2.4895) | d(110) (2.3791) 4.64
(1013)AIN//(1000)A,0, | [001]" | L(103) (9.4931 ) | 4d(006) (8.6607) 9.61
[120] 2d(120) (3.111) | d(12 (2.8791) 30.76
[100T* | 3d(103) (4.2387) | d(100) (4.1207) 2.86
(1120)AIN//(1012)Al,0, | [211] d(110) (2.6942) |(102)/6 (2.5641) 5.07
[120]* d(001) (4.979) |2d (120) (4.7582) 4.64
[1052]" | 8d(110) (4.6665) | d(102) (3.4795) 34.11
¥ _ in the film surface, “* — in the direction of the transformed layer growth.
I, imp/s I, a.u. Eg(A|203) -
4000 F a) E“(AIN) b)
(002)
3000 |-
2000 [
1000 [
5
0 1 TI 1 :1 1 1 ]
20 30 40 50 60 600 | 630 660 690
20, deg Raman shift, cm™’

Fig. 2. (a) — X-ray pattern (Cu KOL1 o radiation) for 250 nm thick AIN/Al,O; with the texture (001).
(b) — Raman spectra of the samples (0001)AIN(250 nm)/(0001)Al,05 — 1, (0001)AIN(25 nm)/(1020)

Al,O; — 2, (0001)AIN(30 nm)/(1020)Al,0, —
the mixture. The film surface roughness
(R,) does not exceed 5 nm.

The orientation relations AIN//Al,O5 deter-
mined by the method of X-ray diffractometry
are the following: (0001)AIN//(0001)Al,Os,
(0001)AIN//(1120)Al,05, (1013)AIN//(1010)AlL,04
(1120)AIN//(1012)Al,05 (Fig. 1). It should be
noted that the relations we obtained for AIN
on (0001), (11 (1120), (1012) sapphire sub-
strates are also characteristic of other meth-
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3, ALO, _

4 and of the massive sample AIN [9] — 5.

ods and coincide with the results reported
in [5, 6]. Moreover, in the literature there
are also available the data on other orienta-
tion relations such as (1010)AIN/ /(1010)A203
[5], AIN(1122)//(1100)A203 [7]-

It has been established that for the ob-
taining of (0001)AIN/AI,O3, the orientation
(1120) of the initial substrate is preferable,
in spite of more essential discrepancy of the
lattices in the substrate plane. In this case
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Table 2. Frequency position and half-width of AlTO, E'2high, ElTO phonon lines

Bulk AIN (0001)AIN (0001)AIN (0001)AIN
[8] (250 nm)/(0001)Al,04 (30 nm)/(1120)Al,0, (25 nm)/(1120)Al,0,
Energy, Energy, FWHM, Energy, FWHM, Energy, cm™! FWHM,
cm~! cm~! cm™! cm~! cm™! cm™!
A;TO | 608.5 615.5 16.8 — — — —
E Migh | 655.5 659.5 7.3 659.2 ~15.8 659.7 ~12.2
ElTo 669.3 669.8 14.1 669.4 ~11.1 669.7 ~11.3
the diffraction patterns show the presence AIN layer. For the sample

of the peak AIN(002) only. If there are used
the substrates of the orientation (0001),
the diffraction patterns contain, besides
the peak AIN(002), the peaks (100), (101),
(110) with intensities lower than 0.01 of
that of the main peak (Fig. 2a), which tes-
tifies to the presence of crystallites of an-
other orientation in the layer.

Fig. 2a presents the X-ray pattern (Cu
Koy 9 radiation) of 250 nm thick AN film with
the texture (001) (RWHM p~1.1°, the reflec-
tion (002), Cu Ko, radiation) obtained on
(0001)Al,04 and annealed in CO + N, mixture
(CO<0.1 vol.%) at 1400°C during 10 h. The
Raman spectrum of this sample and those of
the samples (0001)AIN/(1120)Al,0, with a
thickness of 25 and 30 nm (B~0.65°) obtained
under similar conditions on the substrates are
shown in Fig. 2b. Presented there for com-
parison are the Raman spectra of unstrained
massive AIN sample [8] and Al,O5 (substrate).

The Raman scattering studies were car-
ried out in the geometry of back scattering
at scanning along the wurtzite axis (Z-direc-
tion). The spectra were measured by means
of a spectrometer T64000 Jobin Yvons. As
an excitation source, there was used the
488.0 nm line of Ar*/Kr* laser Spectra
Physics Stability 2018-RM. The beam power
varied within 0.25-25 mWt range. The
samples were placed on a surface which al-
lowed positioning of the excitation in the
plane XY. The exciting beam was focused in
the depth of the structure by a piezoelectric
controller to an accuracy of 0.1 um. A mi-
croscope of Olympus BX41 type with 100X
magnification (the aperture NA = 0.90) was
used for laser beam focusing and scattered
light collection. The frequency positions and
the values of the phonon line half-widths
are presented in Table 2.

In the spectra there are registered the
phonon line E,"&" of AIN with hexagonal
structure, as well as a weak scattering line
EITO (AIN) forbidden by the selection rules
and testifying to structure distortions in
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(0001)AIN(250 nm)/(0001)Al,O5 the shift of
the phonon line E 8" by Av =4 cm!
(WE,€hy = 659.5 cm™1) towards higher fre-
quencies is due to compression strains in
the film plane [9, 10].

The presence of compression strains in
ALN film is also confirmed by the measure-
ment of the lattice constants performed on
a DRON-38 diffractometer (Cu Ko; radiation)
by the Bond method from the reflections
(006) and (114) in the film with a thickness
of ~50 pum. The obtained values
a = 3.0993+0.0004 A, ¢ = 4.989+0.0006 A
(¢/a = 1.6097) differ from the correspond-
ing parameters a = 3.111 A, c = 4.979A
(¢/a = 1.60045) characteristic of the AIN
film produced by nitridization of highly dis-
persed AlL,O; powders [1]. As is known,
similar changes of the lattice constants also
occur at other methods of the obtaining of
AIN films, and are connected with compression
strains in the film plane and stretching strains
in the perpendicular direction [11, 12].

The samples (0001)AIN/(1120)Al,045 with
25 and 30 nm thick AIN films show not only
the shift of the maximum towards higher fre-
quencies, but also the broadening of the pho-
non line Ezhigh up to 12-16 cm™! (Table 2).
This seems to be caused by structure distor-
tions, in particular, by an elevated content
of oxygen in the lattice of AIN [10, 13]. It
should be noted that though the FWHM val-
ues of the line Ezhigh typical of the investi-
gated films (=7-16 cm™1) exceed the corre-
sponding value for massive defect-free AIN
single crystal (8 em 1) [14], they are consid-
erably lower than the one observed in the
crystals with a high content of defects
(~-50 em™1) [15].

As mentioned above, the thickness of the
obtained films depends on the partial pres-
sure of the components in the annealing at-
mosphere, the annealing temperature and
duration. The film which has the crystal
lattice of AIN is formed after 10—15 min of
the annealing. The minimum annealing du-

Functional materials, 18, 1, 2011
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Fig. 3.(a) Dependence of the maximum film thickness on the annealing temperature (the annealing

duration is 10 h): experimental data (points) and the calculated dependence x = \D-T, (D =
5-108.exp(-6.591/ &-T) cm2c71). (b) — Relative distribution of the elements in the depth: 1, 1’, 3 —
CN/Cpps 2, 2', 4 — Co/Cypp, 1, 2 — in the sample (0001)AIN(72 nm)/(0001)Al,04, 1', 2 — in the
sample (0001)AIN(50 um)/(0001)Al,O; (at a distance of ~2 um from the surface), 3, 4 — in the

reference sapphire sample.

ration is limited by the response time of the
furnace. When the composition of the mix-
ture (N5, CO, CO,, H,, H,O) and the tem-
perature are fixed, with the increase of the
annealing time from 10-15 minutes to
~10 hours the dependence of the film thick-
ness (x) on the annealing duration (¢) is
parabolic [2]. This testifies to the fact that
the film growth mechanism is predomi-
nantly diffusive (x=\D - t). If the annealing
lasts 10 h, the maximum film thickness
rises with the temperature from less than
1 ym at 1300-1400°C up to ~50 pm at
1850°C (Fig. 3a). The minimum x values ob-
tained by changing the composition of the
annealing atmosphere essentially (up to an
order of magnitude) differ from the maxi-
mum values. The annealing longer than
10 h is not accompanied with further no-
ticeable rise of the film thickness [2]. For
the investigated temperature interval, the
values of effective diffusion coefficient
obtained on the base of the maximum experi-
mental x values (determined by X-ray diffrac-

tion method) and t obtained for
(0001)AIN/(0001)Al,04 to a sufficient accuracy
(Fig. 3a, Table 3), are described by the relation:

Dypp~5-100 . exp(-6.591/k - T), (1)
D, value is intermediate between those of
the diffusion coefficient of anionic vacan-
cies [16, 17] and oxygen [18, 19] in Al,O5
lattice (Table 3).

In [20] the effective diffusion coefficient
at sapphire nitridization in NH5 atmosphere
at 1100°C is estimated using the method of
X-ray photoelectron spectroscopy. The ob-
tained value (210716 cm?2s71) exceeds the
one determined by means of relation (1)
more than by an order of magnitude.

The diffusion character of the film for-
mation is also confirmed by the components
distribution profile in the depth of the film
(Fig. 3b). The composition of the surface
layer of the sapphire substrate subjected to
nitridization was determined by the method
of X-ray photoelectron spectroscopy using a

Table 3. Diffusion coefficients (cm2-s71) for anionic and oxygen vacancies (literature data) and

Deff values (experimental data)

T, °C Dy, = Dy = D,y = D,,, = ¥*/t
430-exp(-80/R-T) [17] | 6.8-exp(—6.1/k-T) [19] | 5-105-exp(—6.591/k-T)
1300 3.25.1079 1.9-10-19 3.82.10-15 2.78.10-15
1400 1.5.1078 2.86-10-18 6.99.1071¢ 3.4.10714
1500 5.84.1078 3.11.10°17 9.21.10718 3.6.10712
1550 1.09-1077 9.31.10°17 3.01.10712 5.63.10712
1600 1.96.1077 2.63-10716 9.21.10712 5.88.10712
1850 2.47.1076 2.25.10714 1.13.107° 6.94.10710
Functional materials, 18, 1, 2011 45
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XSAM-800 Kratos spectrometer. The vac-
uum in its chamber was of about 107° Pa.
Photoelectrons were excited by MgK, radia-
tion (hv = 1253.6 eV). The sample surface
composition was established form the area
ratio for the O1s, Al2p, N1s lines of the
skeleton shells taking into account the sen-
sitivity coefficients. The depth of the ana-
lyzed layer was ~5 nm. The profile of the
elements distribution in the film depth was
determined by means of layer-by-layer analy-
sis with ionic etching (Art, E = 1.5 keV,
the etching rate = 1 nm/min). The spectra
were calibrated with respect to the C1s line
(E;,, = 285 eV) of the hydrocarbons ad-
sorbed by the surface. The bonding energy
values observed for the main lines of the
skeleton shells of the elements (O1s:E,,,; =
531.8 eV, AI2p:Ebond = 74.0 eV, N1S:Eb0nd =
397.2 eV) testify to the presence of the
chemical bonds Al-N, Al-O. One can distin-
guish a minor non-uniformity for the N1s
line (Ep,,q = 399.2 eV) with an intensity not
exceeding 10 % of that of the main peak,
which may be caused by the bonds Al-O-N.
Fig. 3b presents the results of layer-by-
layer analysis of the samples with films of
different thickness. Before examining the
sample with ~50 um thick film (curves 1’, 2'),
a portion of the film with a thickness of ~2 um
was removed by chemico-mechanical polish.
As seen from Fig. 3b, the film composi-
tion quietly approaches an equilibrium level
at the boundary between the film and the
matrix. Moreover, at a depth essentially ex-
ceeding the film thickness the concentration
of nitrogen is higher and the concentration
of oxygen is lower in comparison with those
of the reference sapphire sample. On the
other hand, the formed film contains rela-
tively high oxygen concentration which de-
pends on the distance from the phase bound-
ary, and has practically linear distribution
of the ratios of the components’ concentrations
in its depth (curves 1, 2). Formally, the film
may be considered a solid solution of varying
composition (AIN),(AlLO3); . (with AIN struc-
ture), where x = 0.8-0.9 in the vicinity of the
surface and linearly decreases to 0.3 at the
wurtzite-corundum phase boundary. It is to be
noted that, according to the phase diagram of
the system AIN-Al,O5, the composition with
x~0.3 corresponds to the oxynitride phase of
the spinel v-AION. Obviously, such a distribu-
tion of the components is equilibrium for the
AIN films obtained by sapphire nitridization.
Analysis of the above data makes it pos-
sible to assume the presence of two main
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stages in the process of film formation. In
our opinion, at the initial stage limited by
the mobility of anionic vacancies, the compo-
sition of the surface layer becomes non-
stoichiometric, and nitrogen starts diffusing
into the bulk of sapphire. This process is ac-
companied with the formation of Al,O5; s'N
solid solution with corundum structure in
the diffusion region. When a certain critical
composition of the solution is achieved in a
local volume, the oversaturated solution de-
composes in the layer which depth is essen-
tially less than the one of the diffusion re-
gion. This is followed by the formation of
the nuclei of the phases AION, AIN which
are equilibrium for such conditions; then
they grow irreversibly by absorbing the in-
itial phase molecules. Thereat, we assume
that the oxygen excessive for the equilib-
rium composition of the formed phase is
rejected by the growing phase boundary,
and penetrates, in particular, into the bulk
of the Al,O; matrix. Inside the matrix, it
forms a barrier layer (with an elevated oxy-
gen concentration) which limits the rate of
the growth of the nitride layer into the bulk
of sapphire. The distance between the bar-
rier layer and the surface depends on the
extent of Al,O3 non-stoichiometry and, con-
sequently, on the reducing properties of the
annealing atmosphere. An indirect evidence
of the appearance of the barrier layer is an
elevated content of oxygen near the phase
boundary (Fig. 8b, curve 2).

Thus, we assume that the fastest process
of nucleation limited by the mobility of an-
ionic vacancies lasts several minutes after
the beginning of the annealing; then the
thickness of the film increases at a lower
rate which is limited mainly by the rate of
oxygen diffusion from the barrier layer.

It is obvious that the formation of AIN
film also depends on the choice of the an-
nealing atmosphere composition (partial
pressures of N,, CO, CO,, Hy and H,O in
the mixture) which provides the conditions
for realization of the reactions:

Al,O5(s) + 8CO(g) + Ny(9) > (2)
— 2AINGs) + 3CO(g),

Al,O5(s) + 8Hy(g) + No(g) — (3)
— 2AINs) + 8H,0(g),
i.e. stability of the phase formed.
According to this mechanism, the con-

centration of oxygen in the film essentially
depends on the extent of Al,O; non-

Functional materials, 18, 1, 2011



Kh.Sh-ogly Kaltaev et al. /| Mechanism of ...

T 9 200 250300 400 600 1100
) - x

T L IVI T T T T

80

60

40}

20+

200 250300 400 A, nm
T .

T T T T T TTITrmmm

|

Fig. 4. Optical transmission spectra for (0001) AIN/(0001)Al,O,. The curve denotations correspond
to the order numbers of the investigated samples (Table 4).

Table 4. Production conditions and structure characteristics of (0001)AIN/(0001)Al,O obtained at

annealing in CO + N, gaseous mixture

No. | T, °C | Annealing |CO concentration in Film FWHM B, deg. (reflection (002),
time, h the mixture, vol.% | thickness, nm Cu Ka, radiation)
1 1400 10 <0.1 72 1.1
2 1400 10 0.23" 70 2.5
3 1500 10 <0.1 500 2
4 1500 10 <0.1* 600 3.5
5 1400 10 <0.1 270 0.6
6 1400 10 0.15 240 1.1
7 | 1400™ 10™ 0.1 130 1.1
8 1850 10 3.2 ~5-104 0.4

* while obtaining the 2nd and 4th

screening,

samples, the regeneration ability of graphite was reduced by partial

* while obtaining the 7" sample, at the end of annealing the temperature was raised by 150°, and

additional annealing was realized during 1 hour under the same conditions

stoichiometry at the initial stage of the film
formation. As known from the literature,
the presence of oxygen in the lattice of AIN
considerably influences its structure perfec-
tion, thermal conductivity, electrophysical, op-
tical and other properties [21-24]. Therefore,
the reducing properties of the medium belong
to the main parameters which define the func-
tional properties of the produced films.

Fig. 4 presents the transmission spectra
T(A) of (0001)AIN/(0001)Al,O3 obtained at
the annealing of the films in a gaseous mix-
ture CO + N, under different conditions.
The conditions of the obtaining of AIN films
and their structural characteristics are
shown in Table 4. The optical density of the
samples was measured on a Perkin-Elmer
Lambda-35 spectrophotometer at 190-—
1100 nm wavelengths.

According to the data reported in [24—
26], the absorption bands in the ~250—

Functional materials, 18, 1, 2011

600 nm range (#5.2-2.5 eV) are connected
with the presence of structure defects in the
AIN lattice. The band with a maximum at
2.8-2.9 eV is referred to nitrogen vacan-
cies, whereas the 3.5—5.2 eV absorption re-
gion is defined by the presence of oxygen in
the lattice. The maximum of this band is
shifted from ~4.3 eV at low oxygen concen-
trations to ~4.8 eV at high concentrations.
These defects and the luminescent charac-
teristics of AIN are being actively investi-
gated nowadays in view of the use of such
crystals in thermoluminescent detectors of
ionizing radiation, on a level with Al,O5:C
crystals (anion-deficient corundum which main
dosimetric peak is observed within the same
temperature interval [27]). As reported in the
mentioned paper, the luminescence peak with a
maximum at 2.58 eV (480 nm — blue light
emission) is caused by the inherent defects, i.e.
nitrogen vacancies, whereas the peak at
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Fig. 5. Spectra of X-ray luminescence (a) and thermoluminescence (heating rate is 5 deg./min) (b).
The curve denotations correspond to the order numbers of the investigated samples (Table 1).

~3.09 eV (400 nm — violet light emission)
is due to the complexes V5~OnN—3N and Vp-
20N—2N (O denotes oxygen in the position of
nitrogen, Vj is aluminum vacancy).

For the films with a thickness less than
1 pm a correlation is observed between the
structure perfection, absorption intensity in
the region of the said defects and the reduc-
tion potential of the medium used for the
obtaining of the films. Taking into account
the film thickness, the maximum transmis-
sion value in the 2.5-5.2 eV range is ob-
served for the 15t and the 5'h samples
formed at the minimum concentration of
CO in the gaseous mixture. As this concen-
tration rises, the transmission in the said
region of the spectrum diminishes. The
same effect also takes place at forced de-
crease of the regeneration ability of graph-
ite which leads to the increase of the ratio
Pco,/Pco in the annealing medium (curves

1, 2 and 3, 4). It is interesting to compare
the characteristics of the 6'h and the 7th
samples obtained under identical conditions
with = 1.1°. However, the film thickness
of the latter sample subjected to additional
annealing at higher temperatures decreases,
and the transmission in the 2.5-5.2 eV
range essentially lowers. This may be
caused by the fact that the additional an-
nealing at a temperature of 1550°C has
given rise to more intense dissolution of the
barrier layer created at the initial stage of
the formation of the film, and to oxygen
diffusion from the matrix into the film.

It should be also noted that, taking into
account the thickness (%50 pm), the 8t sample
is characterized by rather high transmission in
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the 3.5-5.2 eV range, which correlates with
the content of oxygen in it (Fig. 8b).

The peaks bound up with the presence of
structure defects are also observed in the
spectra of X-ray- and thermoluminescence
(Fig. b) measured at excitation with an X-ray
tube REIS (U = 30 kV, I = 50 pA, Cu-anti-
cathode), FEU-100 photomultiplier used as
a radiation receiver. The intensity of the
X-ray luminescence peaks correlates with
the one of the corresponding absorption
bands in the spectra T(A) (Fig. 4).

4. Conclusions

The method of sapphire nitridization in
nitrogen-containing reducing atmosphere al-
lows the obtaining of AIN films with a thick-
ness ranging between 20-30 nm to =50 um on
sapphire substrates with the orientations
(0001)AIN//(0001)Al,05, (0001)AIN//(1120)AlL,0;,
(1013)AIN//(1010)Al,04, (1120)AIN//(1012)Al,05).

The nature of the main defects in the
obtained films is defined mainly by the
presence of elevated oxygen concentrations.
The optical transmission spectra T()) of the
films contain the absorption bands in ~250-

600 nm range (#5.2—2.5 eV), bound up with
the presence of structure defects in the lat-
tice of AIN (nitrogen vacancies and vacan-
cies of oxygen in the position of nitrogen).
There is established a correlation between
the absorption intensity in the region of the
said defects and the reduction potential of
the medium used for the obtaining of the
film. The peaks bound up with the presence
of structure defects are also observed in the
X-ray and thermoluminescence spectra.

The proposed model of the process of the
formation of AIN film at thermochemical ni-
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tridization of sapphire consists of several
stages. The first stage which lasts several
minutes after the beginning of the anneal-
ing, is characterized by a violation of the
surface layer stoichiometry, and nitrogen
diffusion into the bulk of sapphire with
consequent formation of Al,O3 5N solid so-
lution with the structure of corundum in
the diffusion area. Then in the region of the
solid solution (with a thickness considerably
less than the diffusion length) the process
of nucleation followed by the formation and
growth of AIN film with elevated concentra-
tion of oxygen develops at the boundary
AIN-matrix (barrier layer). At the next
stage, further annealing leads to the in-
crease of the film thickness at a lower rate
limited by the rate of the diffusion from
the barrier layer.
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Mexanizm ¢opmysanaa miaisox AIN
IpU TepMOXiMiuHIM HiTpUAU3aNii canupy

X.l.-o2au Kanmaes, C.B.Hincanrxoeécovruii, H.C.Cideavrnurxosa,
M.A.Pom, O.4.Janvko, M.B./[o6poméopcovka,
A.€.Benses, B.B.Cmpenvuyx, A.@.Konomuc

IIpencrasaeni pesynbraTtu mociaimkeHp mexaHismy gopmyBanHs miaiBok AIN ma camndipo-

BUX IIAKJIaZUHKAX 3 OpieHTaniiinumMu

(0001)AIN//(1120)Al,0,,

€] CIiBBiHOMIEHHAMNU 0
(1013)AIN//(1010)AL,05 i (1120)AIN//(1012)Al,0; mpu Tep-

(0001)AIN//(0001)Al,05,

mMoximiumiit mirpigusanii candipy y BizmoBHuX cepemosumax N, + (CO, H,). ITokasano, mo
OCHOBHIi Je()eKTH B OTPUMAHUX ILIIBKAX II€PEBAKHO IIOB’A3aHI 3 IPUCYTHICTIO Y HUX IiJBU-
meHol KoumeHTpamnii kucHioo. OOroBopoETLCA MOMKIMBUYN MeXaHisMmM HiTpupaisamii, o BKJIIO-

yae BigHOBHI Ta mudysiiiai nporecu.
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