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Abstract. The paper presents results of structural, morphological and elec-
trical investigations of AlN nanolayers prepared by Rapid Thermal Annealing
(RTA) processes. Al films (600 nm) deposited by a vacuum evaporation (at
5 × 10−5 Torr residual gas pressure) on sapphire are submitted to RTA in NH3

ambient at 400, 500, 600, 800 and 1000◦C for period of time of 15–300 s. The
results obtained show an increase of the sheet resistance of the initial Al films
with the increase of the RTA temperature (400 and 500◦C), and formation of
films with p-type conductivity for a temperature of 600◦C and an annealing
time of 300 s. Al–N bonds are found after RTA. The morphological investi-
gations show rough surface for the highest annealing temperature (1000◦C). A
correlation between the properties of the layers, and the technological processes
and parameters has been established.

PACS number: 73.61.-r; 81.40.Ef

1 Introduction

Aluminum nitride (AlN) films are widely used in numerous electronic applica-
tions and as a high temperature oxidation resistant coatings [1]. Thin solid films
can be easily produced by chemical vapor deposition [2]. In this case AlN films
are obtained in electron cyclotron resonance (ECR) system at temperature from
380 to 520◦C using as precursors AlCl3 and NH3, or nitrogen gas. High crys-
talline quality of AlN thin films was reported [3] when using AlCl3 or Al(CH3)3
in combination with NH3. Asifkham et al. [4] showed that temperature of 700◦C
was suitable for growing epitaxial AlN films from Al(C2H5)3 and NH3 precur-
sors in the conventional CVD reactors. In such systems the growing rate of
epitaxial AlN films is estimated as 1.0 Å/min [5]. Co-deposited (AlN-Si3N4)
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films grown in LPCVD reactor were investigated by Marti et al. [6]. Many ni-
tride ceramics, aluminum and silicon nitride films are of considerable interest
due to their potential use for high temperature and electronic applications [7-9].
The experimental system in the latter case was a vertical hot-wall reactor com-
posed of a graphite holder heated by high-frequency induction. The influence of
additional plasma treatment (NH3, N2O, O), substrate temperature and the UV
radiation on the structure, morphology and electrical properties (C-V and I-V
characteristics) of nitrides and carbides has been investigated [10-13]. The pos-
sibility of obtaining thin AlN films by nitridation of aluminum layer by Rapid
Thermal Annealing (RTA) at 400, 500, 600 and 800◦C in NH3 atmosphere for
period of time of 15 to 180 s has been studied in this paper.

2 Experimental Details

As a substrate we used c-face sapphire (Al2O3) of 300 μm thickness. Before
deposition, the surface was chemically cleaned as follows: 30 min in boiling
H2SO4:H2O2 (1:1); 10 s etching in HF:H2O (1:10), and then washing in de-
ionized water for 30 min. Immediately after the standard chemical cleaning
of the surface, we have evaporated 600 nm thick Al layer in vacuum system
at 5 × 10−5 Torr. The structures Al2O3/Al have undergone a rapid thermal
annealing in NH3 atmosphere as shown in Table 1. Characteristic feature of the
RTA system is that the temperature rises from room to the desired temperature
for about 2 s. The samples were investigated by Scanning Electron Microscopy
(SEM), Reflection High Energy Electron Diffraction (RHEED) and the sheet
resistance of the layers were monitored by four-point probe technique.

Table 1. Rapid thermal annealing conditions

Temperature [ ˚ C] 400, 500, 600, 800, 1000
Duration [s] 15, 30, 60, 180, 300
Pressure [Torr] 2 × 10−2

3 Results and Discussion

The sheet resistance measured right after the deposition of the aluminum layers
was about 470 mΩ/�. After the RTA process at 400 ˚ C for 15, 30, 60, 180,
and 300 s, we observed increase of the sheet resistance to 3, 3.75, 4.35, 4.50,
4.75 Ω/�, respectively. The same effect was also observed for the temperature
of 500 and 600 ˚ C: 3.2, 3.25, 3.46, 3.85, 4.87 Ω/� for 500 ˚ C and 5.75, 5.90,
6.00, 6.12 Ω/� for 600 ˚ C, respectively. This tendency is due to the increase of
the surface concentration of nitrogen. According to the XPS analysis, the nitro-
gen contents before the treatment is about 1 at.%, but after 30 s at 600 ˚ C RTA it
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Figure 1. EDX microprobe analysis of AlN layer at 1000◦C for 15 s.

grows up to 1.7 at.%. For a temperature of 600 ˚ C RTA and 300 s annealing time
the layer is p-type, which is connected to the beginning of formation of Al–N
bonds. Considerable increase of the resistance of the films was observed when
the RTA temperature was higher, e.g. 800 and 1000 ˚ C. Thus the annealing at
800 ˚ C RTA for 15, 30 and 60 s leads to an increase of the sheet resistance to
5.5 Ω/�, 146 Ω/�, and 170 Ω/�, respectively, while the 1000 ˚ C annealing
for 15 s leads to sheet resistance of 1.25 kΩ/�. At this temperature significant
morphological surface acquire grain structure with grain sizes ranging from 0.1
to 0.3 μm. This is connected to the possibility of particularly melting of the

Table 2. Resistivity [Ωm] of the layers before and after RTA (resistivity of the initial Al
film is 470 × 10−3 Ωm)

Annealing Temperature [◦C]
time [s] 400 500 600 800 1000

15 3 3.2 5.75 5.5 1250
30 3.75 3.25 5.90 146
60 4.35 3.46 6 170
180 4.50 3.85 6.12
300 4.75 4.87 2.03

p-AlN

Al film. The thicknesses determined ellipsometrically for RTA 600 ˚ C (300 s)
is 3 nm, and 25 and 37 nm for 800 ˚ C for 60 s and 1000 ˚ C for 15 s. Table 2
summarizes the results concerning the resistance measurements of the layers ob-
tained by RTA. Telbizova et al. [14] have found that AlN layers can be grown
in an N2 atmosphere at temperatures in the range of 800–1000 ˚ C by diffusion
of nitrogen into the bulk of Al. Chemical bonds are formed between the nitro-
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Figure 2. Morphology of as-deposited aluminum layer with thickness of 6000 Å.

gen and the aluminum. This is confirmed by Energy-Dispersive X-Ray (EDX)
analysis for Al films annealed at 1000 ˚ C for 15 s (Figure 1). For the samples
annealed at 600 ˚ C the nitrogen peak is very small. SEM investigations show
that as deposited Al films are smooth and homogeneous (Figure 2). We did not
observe change of the morphology of the samples annealed at 400, 500, and
600 ˚ C. But at 800 ˚ C for annealing times of 30, 60, 180, 300 s (Figure 3a),
some kind of grain structures appears, which is associated with the increasing of
the resistance. RTA at 1000 ˚ C for a short time of 15 s leads to random islands
(Figure 3b) formed directly on the Al2O3 surface due to the melting of Al and
forming of AlNx grains, which is confirmed by the high resistance of the films
(1.25 kΩ/�).

The structural investigations (RHEED) show that the as-deposited Al films have
a polycrystalline structure (Figure 4a). The increase of the temperature and the
annealing time, however, leads to amorphysation of the layers due to the nitri-

a) b)

Figure 3. Morphology of AlN films prepared by RTA: a) 800 ˚ C for 300 s, and b) 1000◦C
for 15 s.
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a)

b)

Figure 4. RHEED patterns of: a) as-deposited Al films with thickness 6000 Å, b) AlN
prepared by RTA at 1000◦C for 15 s.

dation of the surface and a formation of AlNx nanolayers. This is well demon-
strated in Figure 4b where the RHEED patterns of a layer obtained at 1000 ˚ C
for time annealing of 15 s are shown. The amorphysation of the Al film after
RTA due to nitridation of the aluminium and the formation of Al-N bonds are
clearly observed. The results are in a close agreement with the previous ones
[15] concerning the structure and morphology of Al layers deposited on quartz.

4 Conclusion

In this paper, we have shown that the rapid thermal annealing in a temperature
range of 400–600 ˚ C leads to an increase of the resistance of the Al films, due
to nitrogen absorption at the surface. A layer with p-type conductivity was ob-
tained by annealing at 600 ˚ C for 300 s. The higher temperatures of treatment
(800–1000 ˚ C), result into sharp increase of the resistance and presence of Al-
N bond directly observed by EDX. It was established that AlNx films could be
successfully produced by RTA for short period of time (15–300 s).
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