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Abstract

In the present work is studied synthesis of galium nitride (GaN) and aluminum nitride (AIN) by DC Reactive Magnetron
Sputtering technology. As a sputtering target was used high purity (99.9999%) Gallium and Aluminum materials and as a
reagent gas was used high purity (99.9999%) Nitrogen. Magnetron sputtering system with strong magnets (1450 mT) allows
to make plasma at a low preasure 3 x 10 Pa and deposition process was carried out at high vacuum conditions. Deposited
layers of GaN and AIN on the sappire substrate was analysed by X-ray diffraction (XRD) and revealed the crystalline nature
highly oriented with the (0002) for both nitrides. For chemical composition was measured X-ray Photoelectron Spectroscopy
(XPS) and it was found out the ratios of Ga:N and AL:N to be 1.07 and 1.04 respectively. For surface analysis was made
Scanning Electron Microscopy (SEM). Optic transmission spectra showed band gaps to be 3.43 eV and 6.13 eV for GaN and
AIN respectively.
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Introduction
In the recent years, the III nitride (GaN, AIN) materials have attracted a lot of attention due to their potential for high-power,

high-frequency, high electron mobility, wide energy bandgap and high temperature applications [1-5]. For formation III nitride
semiconductor materials have been proposed many technologies such as atomic layer deposition (ALD), molecular beam epitaxy
(MBE), metalo organic chemical vapor deposition (MOCVD) and others. Some of them are high temperature tecnologies, others
require expensive technological equipment and laboratory enviroments and so on. All this circumstances effect on the price of the
fabricated material and devices based on it.

In the present work, we have studied Reactive Magnetron Sputtering technology [6] for synthesis of GaN and AIN. The main
essence of this technology is to use pure gallium (Ga) for a sputtering target instead of GaN target (usually used in the deposition
systems) [7-10] and updated magnetron sputtering system with strong magnetic field, which allows currying out the process of
sputtering in a high vacuum. Moreover, gas inlet system is set up so that gas line enters directly inside magnetron and creates local
pressure, which is higher than in outside space of the vacuum chamber. Because of this, the stream of the nitrogen molecules is
directed from the magnetron toward outside space and prevents entering some unwanted impurities from chamber and other side of
the vacuum system to the plasma area. Thus, as a result we get high purity GaN and AIN deposited layers.

Experimental
In the experiment was used 2 inch sapphire wafers 400pm thickness and surface orientation (0006). Prior to the experiment

substrate surface was chemically cleaned using standard techniques. Rotary and turbo pump combination was used to get the
desired vacuum. The base pressure of the system was less than 1.3 x 10-4 Pa. Sputtering target was made by 50mm diameter Ga
and Al materials. The distance between the target and sapphire substrates was kept at 70mm and the substrate temperature during
the deposition was 6000C. In the vacuum system was entered pure nitrogen (6N) by high precision needle valve. At a base voltage
about 400 V was applied to the cathode and was formed the nitrogen plasma with plasma current 100mA. All depositions were
carried out at a total pressure of 3 x 10-2 Pa. Received layers thicknesses were 0.8um and 0.6um for GaN and AIN respectively.

After deposition, final structures were a) Al1203 + GaN; b) AI1203 + AIN; c¢) AI203 + AIN + GaN. These structures were
investigated by X-ray diffraction (XRD), X-ray Photoelectron Spectroscopy (XPS), Scanning Electron Microscopy (SEM) and
Optic Transmission Spectra Analysis.
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Results and Discussion
X-Ray Diffraction
Figure 1 shows XRD patterns for structures A1203 + GaN (a line), A1203 + AIN (b line) and AI203 + AIN + GaN (c line).
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Fig. 1. XRD graphs of GaN and AIN

The X-ray diffraction measurements were carried out on the conventional X-ray diffractometer ,,DRON-4-07° in the following
modes: acceleration voltage — 19 kV, current — 15 mA, radiation source CoKai with wavelength A = 1.7889 A, diffractometer
recording speed 2 deg/min. The crystalline quality of the nitrides was evaluated using symmetric x-ray scans. The Y axis scale
corresponds to relative intensity (1000 imp/s to be 5 units). The GaN (0002) 1a peak is clearly seen at 39.84° and full width half
maximum (FWHM) is 2000 s, while GaN (0002) 3¢ peak is seen at 39.89° and FWHM is 878s. The reason is that, la peak
corresponds to the deposition of GaN on sapphire and it is known lattice mismatch between GaN and sapphire is 16% [11]. Such a
large mismatch induces stresses in the first few layers of GaN grown on sapphire and XRD peak is small and wide.

In the case 3¢ peak GaN is grown on the AIN buffer layer. AIN has a good match to GaN but a bad match to sapphire [11]. Thin
layer of AIN on sapphire helps the crystal quality of subsequently grown GaN and 3c peak is higher and sharper, than 1a peak. The
2b and 4c peaks correspond to the AIN grown on sapphire. The 4c peak has a FWHM 966 s and 2b has a FWHM 960 s and
diffraction angles are 41.70° and 41.66° respectively.

X-Ray Photoelectron Spectroscopy — XPS
For the chemical analysis of the GaN and AIN layers, XPS was carried out using monochromatic high-performance XPS

spectrometer with a monochromatic Al Ka x-ray source (hv = 1486.71 eV). XPS acquisition parameters are: total acquisition time is
2 min 16.1 s, source type Al Ka, spot size 400 um, lens mode- standard, analyser mode CAE : pass energy 200.0 eV, energy step
size 1.000 eV, etch time = 150.008 s

GaN Surface AIN Surface Cls peak: (28 13.42)
Nls peak: (31 3.93)

Ols Ols peak: (531.08; 164428 28)

Ex10’ =

2.5x10°
710"

i’ = 210

sxln’ o

1.5x10° <
4x10" =

Counts {a. u.)

Lm0’

Counts (a.u.)

5.0x10°

0.0

=Ix 10 T T T T

T T T T T T T T T T T
=200 o 200 400 00 800 1000 1200 1400 =200 0 2000 400 00 800 1000 200 1400

Binding Energy (eV) Binding Energy (eV)

(a) (b)
Fig. 2. a) XPS survey scan of GaN, b) XPS survey scan of AIN.
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Figure 2 show the survey scan of XPS spectra for the GaN and AIN layers, where all the peaks of Ga, N, Al, C and O can be
seen. The Ga2d peak and Al2p corresponds to the binding energies 22.15 eV and 73.97 eV, other peaks attributed to Cls, N1s, Ols
and data from XPS reports are shown in Table 1 and Table 2. As shown from the Table 1, the ratio Ga:N is 1.07 which is in good
accordance with chemical formula of GaN. From Table 2 seems the ratio Al:N to be 1.04.

Tab. 1. XPS reports and elemental analysis of GaN layer received by Magnetron Sputtering

Peak . FWHM Area (P) Area (N) o PP Height PP Hgt PP At.
Name Height CPS oy CPS.eV  KEA.6 07 CPS ™) %

BE
Ga3d  22.15  151177.95 3.33 572845 6655.63  29.65 167400.08 194.49  33.35
Nls 397.45  209824.36 4.38 950740 795277 3542 215756.4 180.48  30.95
Cls 286.87  95646.42 3.09 362694 5153.16 2295 104710.71 148.77  25.51
Ols 532.31  99605.18 3.85 483381 2689.01 11.98 106819.69 59.42 10.19

Tab. 2. XPS reports and elemental analysis of AIN layer received by Magnetron Sputtering

Ve T wagecrs T Ba® Ay o, P P T
Ols 531.08 164428.28 3.31 599895 333459 12.82 177148.2 98.47 11.39
Cls 284.78 129593.42 2.89 462734 6567.66 35.82 140531.2 199.46  34.09
Al2p 73.97 53381.8 2.92 169954 4076.85 25.46 58825.76 141.11 27.79
Nls 396.26 73593.93 2.93 243361 2034.33  25.90 82210.28 68.72  26.73
SEM Analysis

Figure 3 indicates the cross-section SEM image of GaN. It is clearly observed the interface between sapphire and GaN. The
thickness of GaN is about 0.8pm.
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Fig. 3. SEM cross-section image of GaN

Transmission Spectrum

For study optic properties of GaN and AIN materials received by reactive magnetron sputtering were analysed by UV/VIS
2800 transmission spectra analyser. Figure 4 shows transmission spectra both materials in the range 190-1100 nm wavelength.
From the data of transmission spectra seems that for GaN transmittance starts at 361 nm and for AIN starts at 202 nm. Intensive
transmittance (~90%) happens at 540nm and 410nm. for GaN and AIN respectively. Calculated band gaps at these wavelengths
are 3.43 eV and 6.13 eV for GaN and AIN respectively, which are in good accordance with their theoretical values of band gaps.
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Fig. 4. a) Transmission spectra of GaN, b) Transmission spectra of AIN

Conclusion

We have studied the reactive magnetron sputtering technic for receiving III nitrides. In the updated magnetron sputtering system
with strong magnetic field and with Ga and Al targets were deposited thin layers of GaN and AIN on the sapphire wafers. Was have
analysed X-ray diffraction and revealed the crystalline nature highly oriented with the (0002) for both nitrides. For chemical
composition was measured X-ray Photoelectron Spectroscopy and it was found out the ratios of Ga:N and AL:N to be 1.07 and 1.04
respectively. Scanning Electron Microscopy showed morphology and thickness of GaN. Optic transmission spectra showed band
gaps to be 3.43 ¢V and 6.13 eV for GaN and AIN respectively. As a result from this research we can assume that magnetron
sputtering technology is suitable for growing wide band gap materials such as GaN and AIN. In the process of growing GaN it is
possible to dope it from alternative magnetron sputtering system and make p-n junction, quantum wells, high efficiency solar cells
using InGaN/GaN heterojunction and other optoelectronic devices.
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