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Influence of the deposition time and temperature on the
texture of InN thin films grown by RF-magnetron

sputtering
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Indium nitride is an attractive semiconductor material for optoelectronic applications, high-speed electronics and solar cells.
We report successful deposition of polycrystalline InN thin films onto un-etched plain (100) Si substrates by reactive RF
magnetron sputtering method. The crystallographic characterization data and band-gap values are presented in relation

with the films' growth temperature and deposition time.
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1. Introduction

The fundamental parameters of InN films, including
the band-gap and lattice constants exhibit values spanning
a wide range, which are not yet fully understood. From the
report of Tansley and Foley [1], the fundamental band gap
energy of hexagonal InN was assigned to be around 1.9
eV, till recently, when the corroborate photoluminescence
(PL) and optical absorption measurement [2]-[4] pointed
for the revision of bandgap energy from ~ 1.9 eV to the
lower value ~ 0.7 eV.

Besides the hexagonal III-V nitrides (gallium nitride
GaN, aluminum nitride AIN), also indium nitride (InN)
has been extensively studied in the recent period due to its
wide applications in optoelectronic devices, including low-
cost solar cells with high efficiency, optical coatings, and
various types of sensors [5]. Due to its lower band gap, as
compared to GaN and AIN, the resulting alloys may be the
key for the fabrication of InGaAIN based short-
wavelength semiconductor laser diodes [6]-[8]. Also,
recent studies showed that InN and other III-V nitrides are
promising materials for Terahertz radiation generation [9]-
[12]. The emerging application of InN in microwave
transistor devices, depends on its band-gap, with higher
values being preferable. Alternately, if the band-gap of
InN is smaller, then the applications in full spectrum solar
cells based on InGaN hold considerable promise. So, it is
necessary to have reproductible methods for the
production of each type of InN film, as specific
applications are readily available.

One early observed characteristic of InN is its lattice
mismatch with the commonly used monocrystalline
substrates, so that for high quality films a buffer layer is
necessary, hexagonal AIN or GaN being usually used [13].
Even if the growth mode of most semiconductor thin
films, and hence their properties, are determined by the
characteristics of the substrate, InN seems to also display

its unique and valuable properties in unusual conditions,
when grown whitout any buffer layer, directly on Si [14]
or flexible kapton [15] substrates. If cost-effective InN
based devices could be developed, using low cost
substrates, it would open interesting possibilities for many
applications.

In the reactive sputtering of semiconductor thin films,
a higher growth temperature improves the crystallinity by
increasing the ad-atoms energy and thus mobility. This
allows them to occupy positions of lower energy, increases
the surface and volume diffusion rates, and accelerates
island formation. However, at increased growth
temperature, the processes of re-evaporation, dissociation
and re-sputtering of atoms from the substrate are also
enhanced, resulting a degradation of the crystal quality.
Therefore, the surface condition of the substrates plays a
key role in the deposition of InN films, due to its low
dissociation temperature at the low pressures specific to
PVD processes.

The aim of this work is to study the influence of the
deposition time and growth temperature on InN films
deposition rate, crystallographic structure and band-gap,
when deposited by reactive magnetron sputtering on un-
etched (100) Si wafers, with no intermediate buffer layer.

2. Experimental

InN films were obtained in a magnetron sputtering
system (AJA-Int. ATC ORION), with a base pressure less
than 7x10°® Pa. The metallic In cathode (99.999% purity),
was sputtered in pure N, atmosphere, using a 13.56 MHz
RF generator, delivering 100 W to the cathode. The
pressure was measured in the deposition chamber with an
absolute MKS 626 Barocel capacitance manometer. The
substrates temperature was measured by a thermocouple
and was maintained constant at a certain value in the range
350°-550 °C, with an accuracy of £5 °C.
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(100) Si wafers used as substrates were chemically
cleaned in an ultrasonic bath with isopropyl alcohol. No
HF etching for removing the native oxide layer on Si
wafer was done. Before starting films deposition, the
metallic target surface was pre-sputtered for 10 min in Ar
atmosphere. The substrates were biased at - 1 kV to be
cleaned by Ar" bombardment, for additional 10 minutes,
while the shutter of the magnetron was closed, to avoid
any impurification.

Two sets of samples were deposited in N, atmosphere,
for 30 and 60 minutes respectively, at a constant total
pressure of 0.2 Pa, while the substrates temperature was
varied the range 350 °C — 550 °C. In Table 1 are presented
the deposition conditions: deposition time t and the
substrate temperature Ts at which the film growth takes
place.

The XRD measurements have been performed using a
Bruker-D8 Advance type X-ray diffractometer, equipped
with a Cu target X-ray tube, and a scintillation detector.
For thin film accurate measurements, a parallel beam
geometry at grazing incidence a = 2° in 26/ 0 scan mode
was used, with a G6bel mirror in the incident beam. An
asymmetric channel cut installed after the mirror provided
a strictly monochromatic CuK,, primary X-ray beam.
Band-gap values were determined at room temperature by
photoluminescence (PL), using a Horiba Jobin-Yvon HR-
800 Raman spectrophotometer equipped with an excitation
632 nm HeNe laser in normal incidence mode. Film
thickness was measured with a Veeco’s Dektak 150
surface.

Table 1. Deposition conditions for InN films.

Sample T (min) Ts [°C]
S1 30 350
S2 60 350
S3 30 450
S4 60 450
S5 30 500
S6 60 500
S7 30 550
S8 60 550

3. Results and discussion

The first observation was that for a substrate
temperature higher than 550°C no film was practically
deposited, due to the dissociation of InN at low pressures.
The temperature threshhold value for this to hapen is
pressure dependent, accordingly to literature data [16].

Fig. 1 shows the variation of the deposition rate with
the substrate temperature, for the two deposition durations
7. The deposition rate can be clearly seen to increase with
the substrate temperature — at which film growth takes
place, a maximum being reached at 500°C, with the same
trend for either 30 min or 60 min deposition time, as it has
also been reported in the literature [17]-[18].

From Fig. 1 it clearly results that for temperatures not
exceeding 500 °C, the deposition rate is higher for the
shorter deposition period. This fact is due to the
progressive coverage of the In target with the synthesis

product InN, which has a lower sputtering yield, as
compared to metallic In [19]. A further increase of the
deposition temperature, from 500 °C to 550 °C,
determines an abrupt decrease of the deposition rate, as
InN dissociation starts to compete with film growth [18].
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Fig. 1. Variation of the deposition rate with the deposition
temperature, for different deposition periods t.

For 550 °C substrate temperature, in contrast with the
data obtained at lower temperatures, the higher deposition
rate was obtained for t = 60 min, and was probably due to
the relatively low thermal conductivity of InN films [20],
exhibiting values comparable to alumina [21], which, in
the longer term, is lowering the average temperature at the
film surface below that of the substrate, decreasing the
dissociation rate and favoring the film growth processes.

The X-ray diffraction profiles of the investigated InN
samples deposited at different temperatures in the range
350 °C - 550 °C, for different time periods T are shown in
Fig. 3 The XRD maxima were identified according to
JCPDS card no. 050-1239 for the hexagonal InN phase
(P63mc group), corresponding to the following planes:
(100) at 29.14°, (002) at 31.4°, (102) at 33.1°, (101) at
43.3°, (110) at 51.6° and (103) at 57°. The shape of the
diffraction lines is typical for the hexagonal structure of
InN. There are evidenced sharp and symmetric reflections
at 31.4° for the basal plane, accompanied by broad and
asymmetric reflections for the non-basal planes (100),
(101), (103) and (110). This clearly indicates a
polycristalline film, with the c-axis oriented perpendicular
to the surface for all cristalline domanins. [22].

From the presented XRD patterns it also results that
only the hexagonal InN phase is formed, with no trace of
cubic phase (JCPDS card no. 01-070-2563). The line
width was corrected for instrumental broadening using a
corundum reference sample. The calculated lattice
parameter values, presented in Table 2, are in good
agreement with the reference data for the hexagonal
structure  of InN  (aycpps-0s0-123=3-5378A;  ciepps.oso-
1239=5.7033 A). Table 2 are also shows the mean crystallite
size (D) determined via the Scherrer formula from the
(002) line, with peak broadening being attributed only to
the crystallite size effect. In Table 2 are also presented the
FWHM values, as measured from the (002) line,



Influence of the deposition time and temperature on the morphology and texture of InN thin films ... 2015

illustrating the direct proportionality between the films'
crystallinity and their deposition time, even on Si
substrates, compatible with current microelectronics
manufacturing facilities.
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Fig. 2. XRD pattern of InN films deposited at different
substrate temperatures, for =30 min.

From Figs. 2 and 3 it can be observed that the films'
crystallographic structure is changing, the films becoming
more textured along the basal plane, as the deposition
time increases. This may be due to the rearrangements
taking place during growth, as the films become thicker. It
is easily observed that the films grown at 500 °C for 60
minutes present a crystallographic structure exhibiting
only one maximum corresponding to the diffraction on the
basal plane. We note that the other deposition
temperatures determine the apparition of multiple
diffraction lines, but their intensity tends to decrease as the
films thickened. This indicates that, as expected, for
thicker films the characteristics of the substrate seems to
have a smaller influence on the films crystalline structure.
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Fig. 3. XRD pattern of InN films deposited at different
substrate temperatures, for = 60 min.

Figs. 4 show the variation of the crystallite size with
the deposition temperature. The crystallites size is
continuously increasing with the growth temperature till
500 °C, followed by a sudden decrease. This behavior is
clearly observed for both growth durations, and is ascribed
to InN dissociation process taking place at this
temperature.

Table 2. Lattice parameters of the deposited InN and FWHM
values, as derived from (002) X-ray diffraction line.

Sample <a>[A] <c>[A] FWHM

[20 deg.]
S1-30 |[3.5577+0.0075| 5.7218+0.0100 0.511
S2 -4 |3.5435+0.0011] 5.7115+0.0021 0.640
S3-27 [3.55214+0.0033| 5.7307+0.0042 0.688
S4-13  |3.5409+0.0036{ 5.7278+0.0057 0.648
S5-37 [3.5080+0.0136/ 5.7590+0.0168 0.405
S6-38 |3.5290+0.0018 5.7673+0.0026 0.297
S7-29 |3.543440.0048 5.7252+0.0098 0.791
S8-16 |3.5352+0.0008 5.7084+ 0.0090 0.721

For all the deposition temperatures, except for 500°C,
the crystallites seem to be a little bit larger in thinner films.
However, for the highly crystalline films grown at 500°C,
a large difference in the size of the crystallites could be
observed, the larger crystallites being associated with the
highly textured (002) films deposited for 60 min. This
means that in these deposition conditions, the mobility of
the as deposited atoms/ions on the film surface is high
enough to allow the formation of large crystallites which
exhibit a preferred orientation perpendicular to the basal
plane of the hexagonal structure, as dictated by the
minimum surface energy. This deposition temperature
seems to be optimal for obtaining both a high deposition
rate and high crystallinity films.

For the highest growth temperature (550 °C), the
crystallites size is decreasing abruptly, even bellow the
initial values obtained for the films grown at 350 °C.
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Fig. 4. Variation of the crystallite size and deposition rate
with the deposition temperature.
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The small size of the crystallites developed in the films
grown at 550 °C could be explained by the formation of
larger, polycrystalline grains, between which the cohesion
would be weaker then between the crystalline domains
which they are composed of.

The overall trend of the observed variations with the
deposition temperature of the deposition rate and
crystallite size is similar for the two deposition durations,
being the result of the dynamic equilibrium between the
growth and dissociation processes taking place during InN
deposition.

All the samples exhibit a strong photoluminescence
(PL) effect at room temperature, around 1.6 eV, slightly
dependent on the deposition conditions. Figure 5 shows
the PL spectra of the sample S2 and S8. It has been
suggested [2] that the observed high values of the band-
gap may result from quantum confinement effects related
to the films polycrystalline nature. Although this
hypothesis cannot be dismissed, the presence of quantum
confinement effects hasn't been positively identified in
InN thin films. There are other plausible explanations for
low band-gap values (defects, non-stoichiometry, film
non-uniformity and Mie scattering), as well as for high
bang-gap values (strong Moss—Burstein effect, oxygen
inclusion, quantum size effects and stoichiometry
changes), but neither one can describe the wide range of
observed values. This might be an indication that they are
due to structural features, which are depending on the
growth method. The obtained bang-gap value is between
the 1.5-2.1 eV values reported for other films obtained by
the same method [1], [23]-[25], and the small, less the 1
eV, values obtained for MBE grown films [2], [26]-[27].
This shift toward smaller values is not surprising, given
the films aforementioned preferred orientation.
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Fig. 5. Photoluminescence spectra of S2 and S8 samples.

4. Summary and conclusions

Indium nitride thin films have been deposited directly
onto un-etched Si wafers without nucleation buffer by
reactive RF magnetron sputtering method in nitrogen
atmosphere. The films are polycrystalline with a
hexagonal structure, exhibiting a preferred (002)
orientation. At low deposition time multiple diffraction
lines appeared, but their intensity tends to decrease as the
deposition time increased. The band gap values derived
from PL measurement at room temperature were around
1.6 eV, practically independent of the substrate

temperature or deposition time, being in good agreement
with the values determined for other films obtained by the
same method. Using a highly reproducible method,
compatible with current microelectronics manufacturing
facilities, we obtained InN films with characteristics
suitable for use in various applications, from THz
generators to microwave devices.
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