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The structure and features of thin GaN films deposited by means of the
radio-frequency (RF) ion-plasma sputtering are investigated. As shown,
thin GaN films are formed from nanocrystallites with average dimensions
of 14.3 nm and rather low crystal-lattice stresses. The influence of both
the working-gas N, pressure and the substrate temperature on the film
deposition rate is investigated.

Hocaig:xeHo CTPYKTYPY ¥ 0coGJIMBOCTI HaHeceHHs TOHKUX MIiBoK GaN cmo-
cobom BucorouactoTHoro (BY) itoHHO-mIadMo0BOTO po3mopolineHHs. Ilokasa-
HO, 110 TOHKI miaiBku GaN ¢opmMyooTbcA 3 HAHOKPUCTAIITIB, cepegHi po3mi-
pu SKUX CTAHOBJATL 14,3 HM i3 JOCTATHHO HM3LKUMHU 3HAUEHHSIMU HAIPY-
JKeHb KpucTajiunoi rpatHuiti. JociiisKkeHo BIJINB THUCKY pobouoro rasy N,
Ta TeMIepaTypu HNiAKJIaIUHKY Ha IIBUAKICTh HaHECEHHA IIJIiBOK.
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1. INTRODUCTION
Thin films of gallium nitrides and oxides are the objects of inten-

sive research due to the prospects of their use in the creation of ef-
fective sources of visible and near ultraviolet (UV) radiation, elec-
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troluminescent displays, and receivers of ionizing and UV radia-
tions [1-6]. In addition, possessing unique parameters such as a
large band gap, high charge-carrier drift velocity, high breakdown
voltage, and high chemical and thermal stability, GaN is one of the
most promising materials for creating new generation microelec-
tronic and nanoelectronic devices [7-9].

In general, the question of the physical properties of thin films is
complicated by the fact that films do not always have a perfect
structure and can be polycrystalline, amorphous, or contain inclu-
sions of other phases. Obtaining stable, reproducible properties of
polycrystalline films is further complicated by the presence of in-
tergranular boundaries (IGB). The physical properties of polycrys-
talline thin films are largely determined not only by the material
properties but also by the energy levels arising from the presence of
the IGB. Such levels are also determined by the size of the crystal-
lites that form the thin films. Therefore, the problem of analysing
the size of crystallites and the influence of IGB is an important
task, when investigating the possibility of using thin films in optoe-
lectronic devices, in particular, light-emitting structures, or study-
ing electrical conductivity processes. This has led to the structural
studies of thin GaN films reported in this paper. The films were ob-
tained by the method of RF ion-plasma sputtering, which is optimal
for obtaining homogeneous semiconductor and dielectric films [10].

2. EXPERIMENTAL TECHNIQUE

Thin GaN films with a thickness of 0.3—1 pm were obtained by RF
ion-plasma sputtering on sapphire substrates (Al,O;). The RF sput-
tering was carried out in a nitrogen atmosphere at pressures from
5-102 to 5:107% Torr. The target for sputtering was metallic Ga. The
temperature of the substrates during sputtering varied from 400 to
650°C, and the RF discharge power was from 100 to 150 W.

The structure and phase composition of the obtained films were
studied by x-ray diffraction analysis (Shimadzu XDR-600). X-ray
diffraction studies showed the presence of a polycrystalline struc-
ture with a predominant orientation in the (002) plane. The struc-
ture of the films is close to the ideal wurtzite structure. The thick-
nesses of the films were determined based on the interference pat-
tern in the transmission spectra according to the method [11, 12].

3. RESULTS AND DISCUSSION

One of the most reliable methods for determining the composition
and structure of the substance under study is x-ray phase analysis.
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The characteristic x-ray diffractograms of thin GaN films obtained
by RF ion-plasma sputtering in a nitrogen atmosphere are shown in
Fig. 1. The analysis of the diffractogram shows that it contains a
dominant, relatively wide reflection band in the region 20 ~ 33.5—
35.5°, which is caused by the reflection reflex from the (002) plane
in GaN with a hexagonal wurtzite structure. It should be noted that
this situation is in a good agreement with the results of some stud-
ies of GaN films obtained by RF sputtering [13, 14]. A similar situ-
ation is observed in the RF sputtering of oxide compounds [15].

For the ordered wurtzite structure, the maximum for the reflec-
tion from the (002) plane has a value of 20 ~ 34.4°. A precise com-
parison of the diffraction band due to reflection from the (002)
plane in the obtained GaN films and the ideal wurtzite structure
revealed some shifts of the 20 maximum that exceed the hardware
error of the experiment (A20 > 0.07°). The half-width of this band
also slightly increases. The shift of the maximum of this reflection
band toward lower values of 20 may be due to the partial increase
in interplanar distances in GaN films relative to single-crystal sam-
ples. This situation is in good agreement with the characteristic
lower packing density of thin films relative to single crystal sam-
ples [16]. In addition, during RF sputtering, the structure of the
resulting films depends on such factors as RF-radiation power, sub-
strate temperature, pressure in the working chamber, energy, and
composition of the bombarding ions. Considering that the sputter-
ing atmosphere consists of nitrogen, the formation of defects con-
taining excess nitrogen due to the reactivity of the sputtering and
the interaction of nitrogen contained in the plasma with the formed
GaN film is crucial for the formation of films.
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Fig. 1. X-ray diffractograms of thin GaN films obtained by RF sputtering in-
side the N, atmosphere (1) and ordered wurtzite structure (2) (reflex (002)).
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It is known that the width of the diffraction bands depends on
the size of the coherent scattering regions (the size of the nanocrys-
tallites) and the presence of defects and mechanical stresses in the
sample. Thus, the data on the widths of diffraction bands on x-ray
diffraction patterns can be used to determine the size of the parti-
cles, which form the sample and to analyse the mechanical stresses
in the samples [17].

According to Debye and Scherrer, the relationship between the
diffraction bandwidth and the crystallite size d is given by equation

~0.94
bcos®’

where A is the diffracting wavelength, which in our case is of
0.15418 nm (CuK,-radiation), B is the half-width of the band (width
at half height), and © is the diffraction angle.

The second reason for the broadening of the bands in the diffrac-
tograms may be imperfections in the crystallite structure and de-
fects that cause stresses in the crystals [18]. The band broadening
associated with stresses is described by equation

(1)

__B
£= g0’ (2)

where ¢ is the average stress value of the crystal lattice.

The calculations for the main characteristic diffraction band of
reflection from the (002) plane in thin GaN films show that the av-
erage size of nanocrystallites forming a thin film is d = 14.3 nm and
the average stress is €=0.0045. The obtained values of ¢ indicate
that GaN films obtained by RF sputtering in a nitrogen atmosphere
are characterized by rather low average lattice stresses. For compar-
ison, for example, when RF sputtering thin films based on Y,O0,,
depending on the sputtering atmosphere, the average stresses are
€=0.0125-0.0148 [19].

Our studies show a significant effect on the rate of deposition of
thin GaN films of the N, pressure in the sputtering chamber and
the temperature of the substrate, on which the films are deposited.

The dependence of the thin GaN film deposition rate on the pres-
sure of the working gas N, at different RF radiation powers is
shown in Fig. 2. As can be seen from the results, the sputtering
rate is decreased with increasing the N, pressure. At the same time,
for the same pressure values, an increase in power leads to an in-
crease in the speed of film deposition. For example, as can be seen
in Fig. 2, a, b, at an N, pressure of 0.01 Torr at a power of 100 W,
the film deposition rate averages to 9.2 nm/min, and at a power of
140 W, this value reaches 13 nm/min. In addition, it was found
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Fig. 2. Dependence of the deposition rate of thin GaN films during RF
sputtering on the pressure of the working gas (N,) at a power of 100 W (a)
and 140 W (b). The substrate temperature is 600°C.

that with a decrease in the power of RF radiation, the rate of depo-
sition of GaN films with increasing working gas pressure begins to
decrease more and more slowly.

The decrease in the sputtering coefficient, which is estimated by
the rate of deposition of GaN onto the sapphire substrate with the
increasing pressure of the working gas N,, can be explained based
on the phenomena of backward diffusion and backscattering.

During backward diffusion, the diffuse return of sputtered atoms
with an average kinetic energy E, approximately equal to the aver-
age kinetic energy of the working-gas atoms Ey (E, =~ Ey) falling on
the target is observed. In backscattering, the atoms, which have
been atomized, return to the target due to their scattering on the
working gas atoms. The observed phenomenon of a decrease in the
rate of deposition of thin GaN films depending on the substrate
temperature can also be explained based on the backward diffusion
phenomenon (Fig. 3).

As can be seen from the above results, with an increase in the
substrate temperature from 400 to 600°C, a rather noticeable de-
crease in the rate of deposition of thin GaN films is observed.
Within the temperature region around 600°C and higher, this de-
pendence reaches saturation. This may indicate that starting from a
substrate temperature of about 600°C and above, there is certain
equilibrium between the number of deposited atoms and the number
of diffusely returned atoms.

4. CONCLUSIONS

Our studies show that the RF ion-plasma sputtering in a nitrogen
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Fig. 3. Dependence of the deposition rate of thin GaN films during RF
sputtering on the substrate temperature at a power of 100 W and a cham-
ber pressure of 0.01 Torr.

atmosphere produces thin GaN films with average crystallite sizes
of 14.3 nm and rather low lattice stresses. The decrease in the film
deposition rate with increasing working gas pressure and increasing
substrate temperature, which are associated with the processes of
backward diffusion and backscattering, was found.
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