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The 0.45-0.5 um thick AIN films on silicon single crystal n—-Si(111) substrates with
specific resistance (2-3)-1078 Q.cm have been obtained by evaporation of an aluminium
target in Ar/N, (1/3.5) gas mix using high-frequency magnetron sputtering. The surface
morphology and optical properties of AIN/n—Si(111) films have been studied (reflection
spectra in 200-750 nm range and in 1.4-25 um one). The refractive index of the films in
the 505-675 nm wavelength range is 2.13. The films obtained have been shown to be
polycrystalline. The difference in the reflection band arrangement between films and
crystal in IR region have been explained by the presence of mechanical tensile stresses and
influence of heavily doped n—Si(111) substrates on IR reflection of AIN films.

MeTogoM BBICOKOYACTOTHOIO PEAKTUBHOI'O MACHETPOHHOI'O PACIBLICHUS AJTIOMUHUEBOM
mumenn B rasosoil cmecu Ar u N, (coorBercrBenHO 1:3,5) moJyueHB! MOJUKPUCTAIIHIECKLE
mwireaku AIN tonmumuoit 0,45-0,5 MKM Ha MOAJOMKKAX M3 MOHOKPUCTAJIJINYECKOTrO KDPEMHUS
n-Si(111) ¢ ymexpubIM comporuBienwem (2+3)-1073 Om-cm. HceregoBano MOp(OIOrHWo MO-
BepxHOCTU U onTuyeckue cBoiicrBa miaeHok AIN/N—Si(111) (crmeKTpsl OTpasKeHUs B JUATA30HE
200-750 HM, creKTpHI oTpasKeHUs B auamasoHe 1,4—25 mim). ITosyueHHOe 3HaUeHUE IIOKA-
sarenss mnpenomuaeHusa miaeHok AIN/n-Si(111) B gumanasone maua Boad 505—675 mHm paBHO
2,13. Pasuuna B pasMeIeHHM II0JOChl OTPAMEHMs ILJIEHOK u Kpucraaina B WK ob6aactu
crieKTpa O0'bsICHEHA HAJIWUYMEM MEeXaHWYECKUX HAIPSKEeHUN PACTSKEHUS U BIUSHUEM CUJIb-
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HOJlerupoBaHHBIX moaioxkek N—Si(111) ma UK orpaxkenus maenox AIN.

1. Introduction

The wideband aluminum nitride (AIN) has
the bandgap value (E; =6.28 eV) exceeding
considerably those for germanium, silicon,
gallium arsenide, silicon carbide, gallium
nitride and solid solutions of aluminum and
gallium nitrides. Besides, AIN shows high
values of the break-down critical electric
field, high radiation stability, mechanical
and thermal strength. The development of
light emitting devices for visible spectral
range is possible on its base. Up to now,
there are no intrinsic substrates for AIN and
its growth is realized by heteroepitaxy
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using substrates of other materials, includ-
ing silicon [1-7].

In this work, AIN films were obtained on
the heavily doped n-Si(111) substrates and
the influence of such substrates on film
growth and optical properties (because the dop-
ing is a method to control a device charac-
teristics) was investigated.

2. Experimental
The AIN films were obtained by HF mag-
netron sputtering of aluminum target in

Ar/N, gas mixture (1:3.5, respectively)
using a modernized "Cathode 1M" installa-
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Fig. 1. Surface image of AIN film on n-Si(111)

tion (13.56 MHz frequency was used). The
pressure value Prior to the process onset,
the chamber was evacuated down to
1.83-1073 Pa by a TM-1000 oil-free turbo-
molecular pump. The total pressure in
chamber during the process amounted
5.6 Pa. In order to obtain a more structured
film, high-frequency discharge power
amounted about 700 W (target diameter
16 cm). The film thickness was controlled
during deposition onto the substrate by
deposition rate which amounted 1.5 to
3 nm/min. The obtained AIN films were
0.45-0.5 um thick. After the deposition
completion, the thickness was controlled
using an interferometer (MII-4). Silicon of
electron type n—-Si(111) with the resistivity
of (2-8)-1073 Q - cm (electron concentration
2.5-1019 em™3) was used as a substrate.
Prior to the film deposition, the substrates
were chemically etched. Chemical analysis
of film composition were performed by sec-
ondary ion mass-spectrometry. The sub-
strate surface and film morphology was in-
vestigated using an ACM Nanoscope IIla Di-
mention 3000 (Digital Instruments, U.S.A.)
in the periodic contact mode. The measure-
ments were carried out in the central zone
of the sample using commercial silicon
probes (NT-MDT, Russia).

3. Experimental results

The surface morphology studies of
n-Si(111) substrates have shown that the
silicon surface is typical of the polished sin-
gle crystal plates. The surface of AIN film is
formed by separate homogeneously arranged
islands of 40 to 80 nm in diameter and from
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substrate with specific resistance (2-3)-1073 Q-cm.

10 to 20 height, respectively. Among those,
larger islands can be seen (100 to 150 nm
diameter and 45 nm average height) at a
density up to 10 per pm? (Fig. 1).

To obtain information on optical proper-
ties of the prepared films, the reflection spec-
tra were measured in the 200-750 nm spec-
tral range (MDR-28 diffraction grating mono-
chromator) for the n—Si(111) substrate and
AIN/n-Si(111) film (Fig. 2a, b). An interfer-
ence pattern is observed for the reflection
curve of AIN/n-Si(111) film (Fig. 2a,b, curve 2).
The well-known relations [8] can be used to
estimate the values of optical parameters:

m7\1 = 2n1(k1)d, 1)

(m + 1)7x2 = 2n2(k2) - d, (2)

where m is the order of interference pattern;
A; and Ay, wavelengths corresponding to the
neighboring minima or maxima, respectively;
d, the film thickness; n(\), refractive index
of the film. From (1) and (2), it is possible to
obtain interrelation between the film thick-
ness d and refractive index of the film n:

_ M -y . (3)
2[n2(x2) A - nl(kl)kz]

Neglecting the refractive index disper-
sion in the 2; and Ay wavelengths interval,
it is possible to write

I I 4)
2d(hy — ho)’
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Fig. 2. Reflection spectra for n-Si(111) substrate (1) and AIN/n-Si(111) film (2).
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Fig. 3.(a) Frequency dependence of reflection for n-Si(111) substrate (1) and AIN/n-Si(111) film (2);
(b) difference reflection spectrum of film and substrate.

The refractive index wvalue for AIN/n—
Si(111) film in the wavelength range 505—
675 nm (neighboring maxima) obtained accord-
ing to Eq.(4) and Fig. 2b is 2.13. As is seen from
Fig. 2a, in the area close to 200 nm the reflec-
tance coefficient increases (long-wavelength ab-
sorption edge for AIN is near A = 200 nm).

The reflection spectra of n-Si(111) sub-
strates (Fig. 3a, curve 1) and AIN/n-Si(111)
films (Fig. 3a, curve 2) in the 1.4-25 pm
range (Spectrum BXII IR Fourier spec-
trometer) have shown that a characteristic
absorption band is observed in the film IR
spectrum which is due to the TO-vibrations
of the Al-N bonds. The position of the ab-
sorption band minimum corresponds to
547 em™1 frequency (for crystals, this fre-
quency is 610 cm™! [9]). The difference in
the absorption minima for the given film is
explained by the distribution of the bonds
and angles between them characteristic for
this film, presence of mechanical tensile
stresses (lattice constant of Si ¢ = 0.543 nm
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and AIN, ¢ = 0.311 nm, ¢ = 0.498 nm, [1] are
different, thus, at the onset of AIN film
growth on the n-Si(111) substrate, mechanical
stresses at the substrate/film interface arise,
which are relaxed as the growth proceeds) and
influence of the heavily doped n-Si(111) sub-
strate on the IR-reflectance of AIN film.

In the spectrum of n-Si(111) substrate —
(Fig. 3a, curve 1), plasma frequency is observed

1/2
(©, = [e2N/880mZth , where &=11.9 [1],
SmH m,
go — 8.854-107120/m, mj, = ——_——, where
ml+2m||

m{|1= 0.92m, [10]),
which amounts 855 cm It can be seen
from Fig. 8a, curve I, that the reflectance
minimum of n-Si(111) substrate is near
975 ecm~l. If we take specific resistance p
equal to 2.5-1078 Q- cm, it is possible to
estimate the electron mobility p, as
109.85 em?2/V-c. The phenomenological pa-
rameter of reflectance spectrum broadening
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for substrate (F=e7i(p.emzpt)’1 [11]) is

4.085-102 eV. Because the main mechanism
of the free charge carrier scattering is the
scattering on the charged impurities, then

relaxation time t; (1; = #/T) is 1.611-.10714 s
It is to note that relaxation time on impulse Ty
estimated from data on reflectance spectrum
of n-Si(111) substrate (Fig. 3a, curve 1) using
the Drude formula is of the same order.

In Fig. 3b, the difference reflectance
spectrum (Ry—R;, where R; is reflection of
n-Si(111); Ry, reflection of AIN/n-Si(111)
film), that evidences the predominant con-
tribution from the substrate into total re-
flection capability of the external medium-
film-substrate system.

4. Conclusions

Thus, the investigations of the surface
morphology and optical properties of AIN/n—
Si(111) films (reflectance spectra in 200-
750 nm range and in 1.4-25 um one) have
shown that obtained films using HF magne-
tron sputtering are polycrystalline. The re-
fractive index of the films in the 505—
675 nm wavelength range is 2.13. The ar-
rangement difference of reflection band
between films and crystal in IR region are
explained by the presence of mechanical
tensile stresses and influence of heavily
doped n-Si(111) substrates on IR reflection
of AIN films.
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OnTuuni BaacruBocrti maisoxk AIN/n-Si(111),
OTPMMAHHUX METOZOM BHCOKOYACTOTHOTO PEAKTHBHOIO
MATHETPOHHOTO PO3NMUJICHHI

M.C.3aayw, B.I'.Boiixo, I1.0.'enyapv, M.B.Byiiuwuk,
0.C.Jlumeun, O.B.Cmponcvruil

MeTo0M BHCOKOUYACTOTHOI'O PEAKTHBHOI'O MATrHETPOHHOIO PO3MUJIEHHS aJIoMiHieBOi
mimeni y rasosiit cymimi Ar i N, (Bignmosigmo 1:8,5) orpumano moxikpucraniuai mrisku AIN
topmuHo 0,45-0,5 MKM Ha migxgagkax i3 MoHoKpucramiunoro kpemuio nN-Si(111) 3 muro-
MHM OIIOPOM (2+)~10’3 Om-cm. Hocaimxeno mopdoJiorito moBepxHi Ta ONTHYHI BIACTHBOCTL
mriBok AIN/n-Si(111) (cuexTpu BigOusanus y piamasonmax 200-750 mm ta 1.4-25 MEM).
Orpumane 3HAYeHHs [OKasHuMKA sasomueHHa IriBok AIN/n-Si(111) y gpiamasoni noB:KuH
xBuab 5056—675 um gopiBuHioe 2.13. PisuHumio y posmimienHi mimiMmymy cmyrm BigzOuBaHHS
mwriBok Ta Kpucrama B [Y obsacTti clieKTpy MHOSICHEHO HAABHICTIO MeXaHIUYHMX HAMIPYKEeHb
POBTArY Ta BIJIUBOM cuJjbHOJeroBanoi migraagku N—Si(111) ma IY Big6buBamusa miaisox AIN.

212

Functional materials, 17, 2, 2010



