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Abstract

In this research, the magnetron cathode for planar RF magnetron sputtering system was designed and
constructed. The constructed magnetron cathode was composed mainly of magnetic part, cooling system
and target support. Nickel-plated neodymium magnet with magnetic field of 4000 G was used instead of
conventional ferrite magnet. The magnet and the target were cooled by cooling water system. The
magnetron was designed to support a 3” standard circular target. The experiment showed that the plasma
discharge could be observed in argon, nitrogen or argon-nitrogen gas mixture atmosphere at the pressure
of 2.5 x 10" mbar with RF power of 200 W. Optical emission of plasma was studied by spectrometer
model HR4000 from Ocean Optics Company. The RF magnetron sputtering system was tested by the
deposition of Aluminium Nitride thin film. The AIN film was prepared by sputtering the Aluminium
target in Ar:N, gas mixture with ratio of 5:20 sccm at process pressure of 2.5 x 10° mbar. The RF power
of 200 W was used and the deposition time was 180 minutes. The FE-SEM cross-section image of the
film shows that the film thickness is 1.458 micron. The film is highly transparent. The crystal structure of

AIN film was characterized by XRD, Al-N bonding was confirmed by FTIR spectroscopy.
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Abstract

Aluninum nitride (AIN) thin films of different thickness were deposited on glass substrates using a
RF-reactive magnetron sputtering. Industrial grade alununum sputtering targets were sputtered in a gas
nuxture of Ar:‘N plasma. The thicknesses of the films at different deposition time were determined by
means of spectroscopic reflectrometry and the deposition rate could be carried out. The cross-section
views of the films by field emission scanning electron microscope (FE-SEM) were used to verify the
thickness. The Fourter transform infrared spectroscopy (FTIR) study confirmed the formation of AI-N
bonding occurring on a thin film layer. The structural properties of the films were deternuned using X-
ray diffraction (XRD). The optical band gap energy of AIN films on glass substrates was examined by
optical transmuttance measurement method. The film deposition rate of the system found to be 8.05
nm/minute with process pressure of 2.5 x 10° mbar, Ar:N, gas mixture of 5:20 sccm and RF power of
200 W. Peak corresponding to (002) plane of hexagonal wurtzite structure of AIN was observed in the
XRD data, indicating the perpendicular orientation of ¢ axis to the glass substrate surface. The FTIR
peak at position of 675 cm” indicated the occurrence of Al-N bonding. The optical band gap energy
calculation using Tauc’s relation was found to vary from 4.08 to 4.14 eV. AIN films were highly

transparent in the visible region with an average transmittance of more than 90%.

Keywords: Alumimum nitride, Optical properties, RF-reactive magnetron sputtering

Introduction

Aluminum mitride (AIN) having wurtzite crystal
structure 1s a wide band gap III-V semuconductor.
AIN films have received considerable interest due to
some important properties such as chemical stability.
high thermal conductivity (260 W m™ K™), wide
direct band gap of 59-62 eV, ligh electncal
resistivity (~10" Q cm) and high acoustic velocity.
Thus, AIN films are used for insulating layers. optical
sensors in the ultra violet (UV) spectral range and
surface acoustic wave devices [1-4].

Many techmques, such as sputtering CVD, PLD,
and MBE. have been used to prepare AIN films on
different substrates for different kinds of applications.
In most of the above said methods the preparation
temperature 1s very high which has the potential
disadvantage of degradation of the substrate and the
AIN thin film during deposition due to thermal
damage. Hence, room temperature preparation of AIN
15 attractive and very important. The radio-frequency
reactive magnetron sputtering 1s a quite effective and
mexpensive method for the fabrication of the AIN
thin films at low temperature.

In this work, we report on the deposition of AIN
thin films on glass substrates by RF reactive
magnetron sputtering. We report their structural
charactenzation by X-ray diffraction (XRD). the
formation of Al-N bonding by FTIR spectroscopy. the
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film thickness determination by spectroscopic
reflectometry method. In addition, we examuned the
optical transmission in wavelength range of 200 — 900
nm. Based on these results, the band gap is calculated
by using the Tauc model.

Materials and Methods

System Configuration

The AIN films were deposited in a RF-reactive
magnetron deposition system. A stainless steel
vacuum chamber equipped with a diffusion pump of
700 I's pumping speed was used as a deposition
chamber. The working pressure was controlled
manually via butterfly valve mounted on the mlet port
of the pump. Ultra-lhigh punty argon and mitrogen
gases were used as sputtering and reactive gases.
respectively. The flow rates and gas nmuxture ratios of
argon and nitrogen introduced into the chamber were
controlled separately by mass flow controllers
(SIERRA Model 810C MFC). The active inverted
magnetron gauge (Edwards Model AIM-X-NW25)
was used to monitor the pressure in the chamber. The
magnetron sputtering source with a 3 inch-diameter
industrial grade (purity: 99.9%) aluminum target was
operated by a 650 W, 13.56 MHz radio frequency
(RF) power supply.
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Substrate preparation

The mucroscope glass shide substrates were
cleaned in piranha solution. This solution was
composed of H,SO, and H,O, with a mixture ratio of
3:1. The cleaning process was carried out at a solution
temperature of 120 °C for 30 munutes followed by
nnsing with DI water for 5 munutes. Then the
substrates were ultrasonically cleaned in DI water for
30 munutes and dnied with nitrogen gas immediately.
Finally. the substrates were baked at temperature of
120 °C for 30 minute. After cleamng, a substrate was
placed at 80 mm along vertical axis from the
alununum target on an uncooled sample holder.

Deposition methods

Prior to any deposition. the sputtening chamber
was evacuated to below 2.0%10° mbar and then
performed a presputtering process to clean the target.
By this process the target was sputtered with a shutter
closed m argon atmosphere for 30 nunutes at argon
flow rate of 20 sccm, chamber pressure of 1.5x107
mbar and RF power of 200 W. After that, argon and
nitrogen gases were introduced mto chamber with
ArN; flow ratio of 5:20 sccm and a chamber pressure
was maintained at 2.5x107 mbar then sputtering was
continued m Ar/N; atmosphere 20 nunutes.

The AIN deposition process was carried out in
Ar/N, atmosphere under the same conditions as the
last presputtering but with shutter opened. To achieve
different thicknesses, the deposition time was vanied
while the other parameters, such as gas composition
(Ar and N3), pressure and RF power were kept
constant. After the deposition time was complete, the
film was kept in argon atmosphere at the chamber
pressure of 1.5x10™ mbar for 60 minute for cooling
down the substrate to room temperature.

Film characterization

The crystalline structure of the aluminum nitride
films was charactenized by X-ray diffraction (XRD;
Bruker: D8 Advanced). Also, the Fourer transform
mfrared spectroscopy (FTIR: IRPrestige-21 Shimadzu
Scientific Instruments) was used to identify the
chemical composition of the deposited films on glass
slide substrates. The thicknesses of the films were
determined by means of spectroscopic reflectrometry
(HR4000, Ocean optics) m the wavelength range of
400-800 nm with resolution of 02 nm This
reflectrometry i1s composed of a visible light source
and a spectrometer which 1s used to measure
uterference spectrum of the visible hight reflected at
front and rare surfaces of the film. The field emission
scanming electron microscope cross-section images
(FE-SEM, Hitachi S-4700) were used to venfy the
film thicknesses. To determine the optical properties
of the deposited films on glass substrates,
transmittance spectra at normmal incidence were
measured with a spectrophotometer (T90+ UV/VIS
Spectrometer PG Instruments Ltd) in the range of
200 — 900 nm with accuracy of 0.5 nm.
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Results and Discussion

Films Thickness and Deposition rate

The process parameters for deposition are listed
in Table 1. The thicknesses of AIN films with various
deposition times are obtained using spectroscopic
reflectrometry. These thicknesses obtained by
comparing the wavelengths at maximum interference
with a theoretical dataset are shown 1n Figure 1. It can
be seen that an increase in deposition time results in a
linearly mncrease in the AIN film thickness. Based on
this result, the deposition rate 1s found to be 8.05 nm
per minute.

Table 1: Process parameters for the deposition of AIN
deposition

Objects Specification
Target Al(99.9%)
Substrate Glass shide
Target to substrate distance 80 mm
Base pressure 2.0%10°° mbar
Working pressure 2.5%107 mbar
Sputtering gas (Ar:N,) 5:20 sccm
RF Power 200 W
Deposition time 15 — 240 min
2200" T T T T T T T T T T T
20:10" 4 .
1 810" 4 1
18u10" 4 1
E‘ 1 410’ = - 4
1 210" 4 1
E 1.0n10" 4 s 1
= soni0’ o 4
LEALE 1
-
4010 4 4
20m0°

o o |m150n'm|$o|mm2;|‘02\lﬂm
Deposited bme (min)

Figure 1 The film thickness as function of deposition
tiume.

The FE-SEM cross-section image of AIN with
deposition time of 180 minutes is shown i Figure 2.
The film exiubited lughly-onented columnar structure
perpendicular to the surface of glass substrate, where
the gramn boundaries among columns and good
cohesion between the AIN film and the glass substrate
were obviously observed. The cross-section image
depicts the films thickness of 1,458 nm. This value 1s
in the viciity of 1,428 nm which is obtamned from
reflectrometry method with an error of approximately

2%.
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Figure 2 FE-SEM cross-section image of Aluminum
nitride film with deposition time of 180 minutes.

Compositional and structural analyses

The XRD patterns of AIN films deposited on
glass substrates at different deposition time are shown
mn figure 3. Peaks corresponding to the (002) and
(103) planes AIN were observed at 26 values of 35.9°
and 66.0° respectively [5]. The other peak. centered
at 37.8°, represents the diffraction from the AIN (101)
plane. This peak has disappeared at deposition time of
30 munutes. All the peaks are indexed on the basis of
the hexagonal wurtzite structure. The AIN (002)
peaks are observed for all of films. This indicates the
preferential AIN growth orientation along the c-axis
perpendicular to the surface of substrate. The (103)
diffraction peak appears at deposition time of 120,
180 and 240 munutes. This peak confirms the
formation of polyerystalline AIN due to higher
substrate temperature as increasing in deposition time.

A 240 Min

(002) (103) 180 Min

| 120 Min

60 Min

Intensity (arb. wint)

45 Min

30 Min
15 Mn

20 (degrea)

Figure 3 XRD pattern of Aluminum nitride films on
glass substrate with different deposition time.

In order to confirm the formation of aluminum
nmitnde, the FTIR spectrometry preferred for
measurement. The spectra in Figure 4 exlubit a single
absorption peak at wavenumbers of 675 cm’
responding to the charactenistic of transverse optical
(T;) E; mode of alummum mtride [6].
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Figure 4 FTIR spectrum of Aluminum mitride films on
glass substrates.

Optical properties

The optical transmittance spectra of all AIN
films are represented in Figure 5. The results show
that films are highly transparent with corresponding to
transmittance of 80-100 % in the visible region.
Precipitous transmuission spectra are clearly observed
in the wavelength region of 290-335 nm reflecting the
excellent semuconductor behavior with direct optical
band gap. The corresponding optical band gap energy
of AIN films can be calculated by following equation:

ahv=A(hv—-E,)"? (1)

Where E, 1s optical band gap energy, hv 1s photon

energy, A 1s constant, «1s absorption coefficient
which 1s calculated from the following expression:

ey MW &
a & d°T

where d 1s the film thickness and T is transmiftance.
The corresponding optical band gap energies
interpreted from the interception of (ahv)’ versus
hv are depicted as shown in Figure 6. The results
indicate that the optical band gap energies of AIN
films are in the vicimty 4.08 — 4.14 eV.

Figure 5 Transnuttance spectrum of Aluminum nitride
films with different deposition time.
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Figure 6 Optical band energy of Aluminum nitride
films with different films thickness.

Conclusions

The alumunum mtnde films grown on glass
substrates by RF-reactive magnetron sputtering
method have been studied The film thickness
obtained by spectroscopic reflectrometry method 1s an
error approximately 2% in comparnison to thickness
from FE-SEM image. The deposition rate of the
sputtering system was 8.05 nm per minute. The XRD
peak corresponding to (002) plane of hexagonal
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wurtzite structure of AIN was observed m the XRD
data, indicating the perpendicular orientation of ¢ axis
to the glass substrate surface. The FTIR transnuttance
peak at position of 675 cm™ indicated the occurrence
of AI-N bonding. The films are highly transparent
with corresponding average transmittance of 90 % in
the visible region and the optical band gap energies
are i the range 4.08— 4.14 eV cormresponding to other
report [7].
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