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Abstract

Thermally stable tungsten nitride (W2N) thin films with thickness ∼ 0.9 µm were successfully deposited on Si and
graphite substrates by reactive magnetron sputtering. The produced layers show no phase change or nitrogen release up
to 1300 K. These novel layers survived annealing at 1200 K for 50 hrs without any measurable nitrogen loss or a phase
transition from W2N to bcc W . X-ray diffraction, thermal desorption spectroscopy and Rutherford back scattering were
utilized to characterize these layers and investigate the nitrogen release mechanism. The micro-structure of the layers
was dominated by a grainy structure with porosity less than 16% and a strong texture in (200) orientation in contrast
to the common (111) orientation. For annealing temperatures higher than 1200 K nitrogen release was observed, but
this was attributed to a chemical reaction of W2N with the substrate material(s).
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1. Introduction

Tungsten nitride (WNx) has attracted quite some in-
terest in the past years due to its unique set of proper-
ties, such as excellent hardness, chemical stability, good
thermal stability and high electrical and thermal conduc-
tivity [1, 2]. That made it a candidate for many poten-
tial applications such as Cu diffusion barrier into Si in
semiconductor applications [3], wear resistance protective
coatings on mechanical components [4], catalyst for ni-
trogen monoxide dissociation and reduction with hydro-
gen [5], photoelectrochemical hydrogen production [6] or
deuterium diffusion barrier for plasma-facing components
in nuclear fusion devices [7]. WNx thin films have fre-
quently been prepared by reactive magnetron sputtering
[4, 7, 8, 9, 10, 11, 12]. The formation of WNx is thermody-
namically unfavorable, especially at atmospheric pressure.
Consequently, most of the produced WNx was in the form
of thin films via nonequilibrium processes. The produced
layers possessed poor crystallinity, high residual stress and
high porosity. Moreover, the reproducibility of such layers
was very limited as many parameters can alter the overall
properties.

Previous work focused extensively on studying the ef-
fects of deposition conditions on mechanical and electrical
properties, micro-structure and chemical state configura-
tion of the films. To date, very little is known about the
thermal stability and the decomposition behavior of WNx.
Most applications of WNx often require not only good
properties at room temperature, but also stability and
functionality at elevated temperatures. Although ther-
modynamical predictions reported a thermal stability of
W2N up to 2100 K [13], experimental investigations re-
sulted in much lower N2 release temperatures [10, 11, 12].
Shen et al. [12] reported N2 release for their films start-
ing at about 1090 K and being fully released at 1170 K.
W :N films deposited by Gao et al. [11] showed an onset
of N2 desorption at 850 to 900 K and a release peak at
960 to 970 K. Finally, Zhang et al. [10] reported an onset
of N2 release of their magnetron-sputter-deposited W2N
layers at about 600 K continuously increasing and reach-
ing a maximum release rate at about 1200 K. For higher
temperatures the release rate dropped strongly to very low
values. Obviously the layer decomposed at 1200 K. Fur-
thermore, a dramatic degradation of the layers properties
happened at temperatures of about 900 K [4]. So in sum-
mary, reported experimental values for the thermal sta-
bility of W :N layer range from about 900 to 1200 K. On
the other hand, high uncertainties in quantifying the nitro-
gen amount in the deposited films made the study of the
correlation of the films composition (stoichiometry), struc-
tural details, micro-structure evolution and decomposition
behavior ambiguous. That is because of the low cross sec-
tion of nitrogen in all spectroscopic methods, namely, X-
ray photoelectron spectroscopy (XPS) and parallel elec-
tron energy-loss spectroscopy (PEELS) .

In this work we show that fabrication of thermally sta-

ble thin films by reactive magnetron sputtering is possible
by optimizing the deposition parameters. The W2N layers
produced in this work are long term stable for annealing at
1200 K for more than 50 hours. It will further be shown
that the observed decomposition at higher temperatures
is due to a reaction of the layer with the chosen substrate
and not a property of the W2N layer itself.

2. Experimental

WNx layers were deposited on single crystal 10×10mm2

Si(100) and 12 × 15 × 1.5 mm3 pyrolytic graphite sub-
strates by reactive magnetron sputtering. Graphite sub-
strates were cut in parallel to the graphite planes and
were polished mechanically to achieve surface roughness
∼ 0.1 µm. The substrates were then cut and labeled using
a laser cutting machine. In case of Si, initial cleaning of
the substrates was done using a neutral soap solution fol-
lowed by washing in a flow of deionized water for 2 min.
Soft wiping with dirt-free tissue was applied to fully clean
and dry the surface. Finally all the substrates were rinsed
vertically in high purity isopropanol in an ultrasonic bath
for 10 min and were let to dry out, also vertically.

Depositions were carried out in a commercial Denton
Vacuum Discovery-18 device. Prior to deposition, the sys-
tem was pumped down to a pressure of 4.5×10−5 Pa then
a cold trap was filled with liquid nitrogen to minimize the
water vapor pressure background. The substrate heater
was turned on with a heating rate of 20 K/min. The
samples were sputter-cleaned for 5 min by Ar plasma of
pressure of 1.2 Pa created by applying 100 W RF power
to the substrate holder which resulted in a DC self-bias
voltage of −500 V .

DC current was applied to a tungsten target with pu-
rity of 99.98%. The sputtering process was carried out in
a mixture of Ar − N2 atmosphere. Prior to starting the
deposition process the sputtering target was also sputter-
cleaned for 5 min, with the same gas mixture as used for
the deposition. We observed that the W2N phase could
be produced using a wide range of the deposition param-
eters, however the layers had different properties. There-
fore, a series of optimization of the deposition parameters
was carried out (not discussed here) to produce the layers
explained in this article. The best deposition parameters
were found to be: 400 W from power-regulated DC power
supply resulted in a target current of 819 ± 5 mA and a
sputtering voltage of 420 ± 3 V ; the flow rates of Ar and
N2 were set by independent mass flow controllers to be 60
and 15 sccm, respectively (sccm stands for cubic centime-
ter per minute at STP), yielding a total pressure of 2.0 Pa.
In the course of the deposition the pressure gradually in-
creased to 2.4 Pa. The distance between the cathode and
the substrate holder was fixed at 10 cm (center to cen-
ter) and the target had an inclination of 25 ◦ since it is a
multiple-cathode sputtering system. The deposition time
to produce a thickness of 900 ± 20 nm was 40 min.
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Independent experiments have shown for layers deposited
at low sample temperatures (no substrate heating) nitro-
gen release sets in at relatively low temperatures (∼ 750K)
[10] . We believe that this release is due to decomposition
of some amorphous structures. Therefore, a sufficiently
high substrate temperature was chosen for film deposition,
aiming to reduce, or prevent, the formation of such amor-
phous structures with low decomposition temperatures. In
the experiments reported here, the substrate temperature
was set to be ∼ 800 K. The temperature was measured
in a separate identical deposition run using a thermocou-
ple pressed against a Si sample while the substrate holder
was not rotating, since it was not possible to monitor the
sample surface during the rotation of the substrate holder.
Layers deposited under the here described conditions with
a deposition temperature of ∼ 800 K will be called ’stable
layers’ in the remainder of this manuscript.

The crystallographic structure and preferred orienta-
tion were evaluated by X-ray diffraction (XRD) using a
BraggBrentano diffractometer (Philips) in θ-2θ configura-
tion. The X-ray source used the Cu Kα line at 0.15418 nm.
In front of the source a Ni filter to remove Cu Kβ and
a 1.0 mm collimator were used. The diffractometer θ-2θ
range was calibrated prior to the measurements with accu-
racy of 0.0001 ◦. The samples were scanned in the range of
20−150◦ with a step of 0.01◦ and counting time of 10 s to
enhance the signal-to-noise ratio. Texture measurements
were done within χ range of 0− 70◦ with step of 5◦ and φ
range of 0 − 360◦ with a step of 10◦.

The surface morphology and the micro-structure were
evaluated using a scanning electron microscope (SEM, He-
lios NanoLab 600 from FEI) combined with a focused ion
beam (FIB) for cross-section imaging. The residual stress
in the deposited films was evaluated by measuring the
change of the substrate curvature due to film deposition
using a Brukers Dektak stylus profilometer. Annealing up
to 1300 K was performed in a full-molybdenum vacuum
oven at a pressure of 2.7 × 10−5 Pa with a heating and
cooling rate of 1 K/min.

Thermal desorption spectroscopy measurements were
carried out in a temperature programmed desorption de-
vice (explained elsewhere [14]). The sample is placed in
a quartz tube inside an external, tubular oven. The oven
heating ramp was 15 K/min. Sample temperature cali-
bration was performed separately with a thermocouple at-
tached to the surface of an identical Si sample. The mea-
sured sample temperature showed a slight non-linearity up
to ∼ 800 K. Above ∼ 800 K the sample temperature was
linear and about ∼ 20 K lower than the set oven tempera-
ture. The base pressure in the TDS system was better than
2×10−8 Pa. Prior to the measurements an identical ramp
was performed without sample to desorb molecules which
were adsorbed to the quartz tube walls during samples in-
sertion. In addition, the background signal was then mea-
sured as a function of temperature and later subtracted
from the measured data. The quadrupole mass spectrom-
eter (QMS) was calibrated using two independent meth-

ods for D2 and N2 gases, namely, by a LACO leak-bottle
[15] (D2 only) and a self-made MINICAN-orifice system
described in [16].

Rutherford backscattering spectroscopy (RBS) was car-
ried out using the 3.0 MeV tandem accelerator at IPP
Garching, Germany. 3.0−5 MeV 4He ion beam was used
normal to the surface while the backscattering detector
was at 165◦. Quantifying the nitrogen content in the lay-
ers using RBS is of particular importance for the results
presented here. However, quantifying light elements in a
heavy matrix is not always straight forward. Because the
cross section for detection of N is much smaller than that
for W , and because the N -related RBS signal for our layer
system appears on top of the Si-RBS signal from the Si
substrate, the N content cannot be determined directly
from the N -RBS signal. But it is possible to determine
the N content in the W :N layer from the decrease of the
W -RBS signal compared with the W signal of a pure W
layer or bulk W if we can assume that N is the only el-
ement in the W :N layer that leads to the decrease of the
W signal.

Si-Substrate 

WNx-layer 

Pure W-layer 

Figure 1: Schematics of the layer-system used to obtain accurate
RBS measurements by depositing a thin pure-tungsten layer on top
of WNx.

This method depends on an accurate measure of the
absolute W signal height which varies on a day to day ba-
sis by about 5 to 10 % due to uncertainties in the ion beam
current measurement. Therefore, the such-determined N
concentration in the layer has a relatively high uncertainty
(of the order of 20-25 % of the determined value). Sepa-
rate analyses by XPS had shown that the oxygen content
in the W :N and pure W layers which are deposited using
our setup is negligible. Consequently, we can safely assume
that the layers contained only nitrogen. The uncertainty
of the N concentration can be significantly reduced, if the
W-RBS signal of a pure W layer can be measured simul-
taneously with the W :N layer. Therefore, we deposited a
pure tungsten layer (about 300 nm) on top of the W :N
layer as schematically shown in Fig. 1. This pure tungsten
layer was deposited in a separate deposition run prior to
RBS analysis. The additional pure tungsten layer guar-
antees that the pure W signal is measured for the iden-
tical conditions as the W :N signal, thus decreasing the
uncertainty for the determination of the N concentration
to about 2 % (of the determined value). For quantitative
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Figure 2: SEM images of stable layers: (a) the surface morphology shows the grainy structure, (b) cross-section made by FIB (vertical scale
is 79% of the horizontal scale due to surface tilting), and (c) cross-section image of a crack that occurred after heat treatment shows the
columnary structure more clearly.

analysis RBS spectra were evaluated using the SIMNRA
code [17].

3. Results

3.1. Film composition and micro-structure

Fig. 2 shows SEM images of the surface morphol-
ogy of the deposited layers. The structure is dominated
by densely packed fibrous grains with structure size >
100 nm. The FIB cross-section image (Fig. 2b) shows
the films thickness and a residual minor porosity mainly
at the grain boundaries. A further cross-section image of a
crack which has developed after heat treatment (Fig. 2c)
shows the columnar structure more clearly. Comparison
of different surface and cross section images before and af-
ter heat treatment did not show a visible change of the
columnar microstructure.
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Figure 3: XRD θ − 2θ scan of stable W2N indexed with the refer-
ence values (red lines) showing the peak positions and the relative
intensities ICDD PDF-2 card 25-1257 [18].

Fig. 3 shows the XRD pattern of the W2N layers com-
pared with the reference peak-positions and relative inten-
sities from ICDD PDF-2 card 25-1257 [18]. The spectrum
shows clearly higher intensities for the (200) and (220)
orientation and a strong relative suppression of the (111)
orientation compared with the reference spectrum. This
means, the layers have a preferential (200) and (220) tex-
ture compared with the previously reported preferential
(111) texture [9, 10]. In addition, the peaks show a shift
towards lower angles (larger lattice plane distance) which
indicates a possible tensile residual stress.

Some further information on the films texture is re-
vealed by the pole figures presented in Fig. 4. Shown are
pole figures for the three strongest peaks of the diffrac-
togram presented in Fig. 3, namely the (111), (200) and
(220) peak. The intensity color scale for the three sub-
figures is the same. The (200) and (220) peaks shown a
fibre texture perpendicular to the sample surface. The
mosaic spread of these two diffraction peaks is about 10◦.
A weak ring at about 45◦ in the (200) pole figure is a
diffraction spot that belongs to the planes with (220) ori-
entation of the (200) grains. A corresponding structure in
the (220) pole figure is not well visible. The (111) pole
figure shows maximum intensity for a ring at about 27◦.
This is a diffraction spot that belongs to the grains with
(111) orientation tilted by about 27◦ to the surface nor-
mal. The corresponding (111)-plane of the preferential
(220)-orientation on the surface texture should appear at
35◦. The asymmetry in the intensity distribution for the
(111) pole figure is probably due to a non-perfect mounting
of the sample on the XRD sample holder.

Furthermore, we calculated the value of the residual
stress in the film by measuring the change of the sub-
strate curvature. The such-determined measured stress is
found to be tensile and amounts to ∼ 0.35 GPa. We be-
lieve that the residual stress in this film was mainly due
to the thermal stress since the film was deposited at el-
evated temperatures and the measurements were done at
room-temperature. The measured value of the residual
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Figure 4: Pole figures showing the crystallographic texture of the layers. The individual figures present the intensities (color maps) of the
first three peaks, (111), (200) and (220), as a function of the tilting angle χ and the rotation angle φ.

stress was low and in opposite direction compared with
the strain needed to shift the positions of the XRD peaks.
The stress required to explain the observed peak shift that
results in a change in the lattice parameter of 0.016 Å is
∼ 9.0 GPa calculated as sum of the principal stresses using
[19].

As described in Sec. 2, the N content in the layers
was determined by the decrease of the W signal of the
W :N layer in comparison with the W signal of a pure
W layer. Fig. 5 shows the measured RBS spectrum of
an stable W2N layer and the corresponding simulation re-
sult from the SIMNRA fit [17]. The areal densities deter-
mined for this W :N layer are 3.81 × 1018 W atoms/m2

and 2.51 × 1018 N atoms/m2. This results in an N con-
centration of 40 ± 2%. The anticipated N concentration
for stoichiometric W2N is 33%. Therefore, the experimen-
tally determined N content is about 7 percent points too
high which is significantly higher than the experimental
uncertainty. We believe that this additional N amount
is bonded in amorphous W :N phases with higher N con-
centration. With other words, that also means that about
17% of the total incorporated N amount in this W :N layer
is retained in a non crystalline phase.
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Figure 5: RBS spectrum of the W2N (red circles) coated with pure-
tungsten layer. The blue line represents the SIMNRA simulation
result [17].

We estimated the the porosity of the layers from the
areal density determined by RBS and the thicknesses de-
termined by SEM on a FIB cross section. The areal densi-
ties are given above and the SEM-determined layer thick-
ness for this layer is 900±20 nm. This results in an exper-
imentally determined density of 14.8 g/cm3. The theoret-
ical value for the W2N density calculated from the lattice
parameters [18] is 17.8 g/cm3 . The comparison of these
two density values results in an average porosity of ∼ 16%.

3.2. Thermal stability and nitrogen-release characteristics

Fig. 6 shows a comparison of N2 desorption rates from
two W2N layers produced in the frame of this work. As
mentioned before, the W2N layer produced applying the
deposition conditions described in Sec. 2, in particular the
high sample temperature of 800 K during deposition will
be called ’stable layer’. The rational for that is the result
presented in Fig. 6. The other layer will in the following
be named ’common W :N layer’. The deposition condi-
tions for this common W :N layer are: N2/Ar flow ratio
= 30:40 (sccm), total pressure of 2.0 Pa, DC power of
300 W resulting in a bias voltage of ∼ 500 V and sample
temperature of about 300 K. In general, these deposition
conditions are rather similar to reported work [10, 11] and
to the conditions for deposition of the stable layer. The
main difference for the deposition of the stable layer is the
depositon temperature of 800 K instead of 300 K. Al-
though both layers are characterized to be W2N by XRD,
they exhibited completely different thermal stability. The
common W :N layer starts to decompose at about 750 to
800 K. The main release peak is at about 970 K and the
N2 release signal has not yet decreased to zero when the
maximum temperature for the TDS run has been reached
(1323 K).

Unfortunately, we were not able to measure a possible
remaining amount of N in the layers after TDS because
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the samples were either damaged by peeling off or or suf-
fered from Si diffusion into the layer. However, the integral
of the released N amount is in good agreement with the
total N amount determined from the RBS analysis prior
to TDS. We are, therefore, convinced that the vast ma-
jority of the N in the common W :N layer was released
during the TDS measurement. On the other hand, the
stable layer shows almost no N2 release in this tempera-
ture range. Only a very minor signal becomes apparent
above about 1000 K. The thermal stability of this stable
layer is further investigated in the following.
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Figure 6: Comparison of the nitrogen release (recorded by the QMS
28 amu signal) behavior of the stable layer (red line) vs. a common
W :N layer (blue line) as a function of temperature. The released
amount is negligible up to 1250 K (only 2.3% of the total amount)
whereas almost all the nitrogen from the common W :N layer is re-
leased.

Fig. 7 shows the nitrogen release behavior from an ap-
proximately 900 nm thick stable W2N layer deposited on
Si as a function of time. Also shown (dashed blue line)
is the oven temperature as a function of time. N2 re-
lease sets in at about 1000 K. The release rate increases
steeply, resulting in a first peak at about ∼ 1250 K and
then strongly decreases. This first desorption peak occurs
slightly before the maximum temperature in this experi-
ment was reached. After reaching Tmax (= 1300 K), the
sample was held at Tmax for 3 hours. Surprisingly, during
this holding time 2 additional, broad N2 release peaks oc-
curred. Two points are remarkable: First, the onset of N2

release as well as the first desorption peak are well above
previously reported [10, 11] W :N decomposition temper-
atures. And second, integrating the N2 amount released
during the ramp up to Tmax and comparing it with the to-
tal released amount we find that the former corresponds to
2.3% only. That means, the vast majority on N2 released
from the sample is released during the holding phase at
1300 K.

As mentioned before in the discussion of the RBS re-
sults, the N amount determined by RBS is about 17%

higher than anticipated for a pure W2N phase. We as-
sume that the small amount of N released before reaching
Tmax in Fig. 7 is N released from this non-stoichiometric
fraction of N .
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Figure 7: Desorption behavior of H, Ar, H2O and O2 from the
W2N sample as a function of time recorded by QMS. One sharp
peak visible on the left hand side represents the overstoichiometric
nitrogen which is most probably retained in an amorphous phase.
It is followed by two overlapping peaks which represent the main
nitrogen-release. The dashed blue line shows the oven temperature.
The sample temperature is about 20 K lower (see Sect. 2).

In addition to the release of N2, Fig. 7 shows the des-
orption behavior of other volatile species. We observed
that the sum of all other species was less than 0.5% of
the N2 signal integral. Since all the nitrogen release hap-
pened at constant temperature in a relatively slow process
of more than two hours, we do not consider that to be a
thermal decomposition process.
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Figure 8: RBS spectrum of the as-deposited W2N layer in compari-
son with the RBS spectrum after after TDS to 1300 K and annealing
at 1300 K for 3 hours as shown in Fig. 7.

We suggest that the nitrogen release leading to the two
broad peaks in Fig. 7 (from about 90 to 180 min) is caused
by a diffusion of the substrate material Si into the W2N
layer and a corresponding replacement of N by Si. Fig. 8
shows the RBS spectrum of the layer after the release of
all nitrogen during TDS in comparison to the as-deposited
spectrum by thermal treatment shown in Fig. 7. The RBS
spectrum after annealing changed dramatically: Si is now
visible at the surface and simultaneously the W peak be-
came broader while the peak height became lower. Inte-
gration over the W peak shows that the total W amount
remained constant. The change of the W peak can be ex-
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plained by diffusion of Si into the W2N layer. The weak
N peak which is visible in the region around 1500 keV has
disappeared after annealing. Together with the observa-
tion that the released N amount during the experiment
shown in Fig. 7 roughly agrees with the initial N amount
measured by RBS prior to annealing we conclude that the
layer after annealing contains no significant amount of N .
Assuming that the broadening of the W peak is merely
due to the diffusion of Si into the W2N layer - implicitly
this also means that N is completely replaced by Si - the
W concentration in this layer is 34± 0.5% o. That fits the
stoichiometry of WSi2.
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Figure 9: XRD θ − 2θ scans of W2N after TDS and the release of
the nitrogen from the as-deposited film (a) and from the annealed
film at 1200 K for 50 h (b).

Fig. 9 (top) shows that our XRD scan of the layer after
performing TDS (after N is released) fits exactly the WSi2
from ICDD PDF-2 card 81-165 [18]. The scan is indexed
with the peak positions of tungsten to show that no peaks
from a pure tungsten phase appeared. Fig. 9 (bottom)
shows the XRD pattern, after TDS, of the annealed sample
at 1200 K for 50 h. The XRD pattern fits the tungsten
siliside phase W5Si3 ICDD PDF-2 card 81-165 [18].

The here presented RBS and XRD results consistently
show that Si diffuses into the W2N films and replaces N .
The diffusion and replacement is finished after about 3 h
annealing at 1300 K. The N from the film is released in
form of N2. This also means that the here observed N
release is not due to thermal decomposition of the W2N
film but due to a chemical reaction of the diffused substrate
material with the film. We can, therefore, speculate that
the thermal stability of the film itself is even higher than
1300 K. Nevertheless, is the here found thermal stability
limit of the film-substrate system 300 K higher than the
up to now highest reported stability limit.

A comparison was made between theN2 (mass 28 amu)
release signal from TDS measurements of identical layers
deposited on Si and graphite substrates. We observed
that the nitrogen release from the layer deposited on the

graphite substrate was much faster than from the layer
deposited on Si. We attribute that to the difference in the
diffusion coefficient of Si and C into W [20].

3.3. Annealing effects

In literature, annealing of WNx showed contradicting
results. Some researchers reported crystallization of the
amorphous films at temperatures ∼ 873 K [9]. However,
that was not observed in the course of this study. Since
we managed to minimize, to some extend, the amorphous
fraction in the films the layers showed higher thermal sta-
bility. We performed annealing at 1200 K for 50 h in
order to verify the stability of the layers beyond the re-
ported values and to study the heat treatment effects in
more detail. Our RBS analysis of the layers after annealing
showed a negligible nitrogen loss (∼ 0.6%). The results of
our XRD measurements showed neither formation of pure
W phase nor a significant change of the crystallinity. How-
ever, this annealing had a clear effect on the peak position
and we also observed a slight change on the film texture
(see Fig. 10). After annealing, the peaks shifted towards
the nominal peak position for W2N and the (200) peak
gained strongly in intensity. The former is interpreted as
a release of stress and the latter as a change in the film
texture. We noticed that a slow heating and cooling ramp
(1 K/min in our case) was necessary to relieve the stress
without damaging of the film (peeling) as a consequence
of a thermal expansion.
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Figure 10: XRD θ − 2θ scans of W2N layers indexed with the refer-
ence values. Red lines show the peak positions with relative intensi-
ties. Blue line is after annealing at 1200 K for 50 h in comparison
with the as deposited layer (black line).

Fig. 11 shows RBS comparison of the layers after heat
treatment. We did not notice any change on the layer
homogeneity.
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Figure 11: RBS spectra (smoothed raw data) of the W2N layer as-
deposited (red line) and two annealed samples: at 1170 K for 50 h
(green line) and at 1320 K for 10 minutes (blue line).
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Figure 12: Desorption behaviors of nitrogen as a function of time
recorded by QMS for the comparison of two W2N samples. Black
line represents the desorption of the annealed sample in comparison
with the desorption of the as-deposited sample.

In order to study the micro-structure changes due to
annealing on the nitrogen release behavior, TDS, with the
same conditions, was performed on an annealed film. Fig.
12 shows the desorption behavior of nitrogen from the an-
nealed film compared with the desorption from the as-
deposited layer. We observed a total delay of the main
release of ∼ 30 min, in addition to a different release
behavior. The interpretation of such observations is not
straightforward, however our suggestion is that diffusion
of silicon into the film was slower. The observed shift of
the XRD peaks (Fig. 10) towards higher angles means
that the volume of W2N lattice was decreased. Together
with the enhancement of the crystallinity through the min-

imization of crystal defects, this might influence the diffu-
sion of silicon into W2N . Our XRD scan of the annealed
film after TDS (Fig. 9 bottom) supports our claim. The
XRD peaks show the formation of a tungsten silicide phase
W5Si3 which has a lower concentration of silicon. In addi-
tion, we also observed existence of bcc α-W . That agrees
with the phase diagram of Si-W system.

4. Discussion

The thermally stableW2N layers deposited in this work
applying a deposition temperature of 800 K are dense lay-
ers with a columnar microstructure (see Fig. ??). XRD
analysis reveals that the layers have a W2N phase with a
preferential (200) and (220) texture (Fig. 3). RBS results
are in a reasonable agreement with the predicted atomic
concentrations for W2N stoichiometry which should yield
33% nitrogen. The nitrogen concentration found by RBS is
about 40 ± 2%. This additional N concentration of about
7 percent points corresponds to about 17% of the total
N amount in the film. The integral over the first release
peak at about 1250 K shown in the TDS results in Fig.
7 corresponds to about 15% of the total released nitrogen
amount. This value is in a good agreement with the over-
stoichiometric nitrogen amount measured by RBS. Taking
further into account that the total released N amount is
in good agreement with the total N amount measured by
RBS, we, therefore, attribute this peak to the release of
nitrogen which is either bonded at grain boundaries or in
an amorphous phase.

The films exhibit superior thermal stability compared
with films deposited at about 300 K (see Fig. 6) and
reports from literature [10, 11, 12]. They show no mea-
surable N release for temperature up to 1000 K and only
a fraction of about 15% is released up to 1300 K. The in-
fluence of long term annealing was investigated at 1200 K
for up to 50 h. The N loss measured by RBS (0.6%) was
negligible (Fig. 11) and XRD did not show the appearance
of another phase (Fig. 9). The only observable effect in
the XRD spectrum was a slight peak shift and an increase
of the (200) intensity (Fig. 10).

5. Conclusion

Thermally stable W2N thin films were deposited on
Si and C substrates by reactive magnetron sputtering. It
is possible to improve the layer properties, especially the
thermal stability, by optimizing the deposition conditions.
The important deposition parameter identified in our ex-
periments is the sample temperature during deposition.
At the here used deposition temperature of 800 K the
W2N films possess superior thermal stability at least up
to 1200 K. A release of about 15% of the bonded nitrogen
for temperatures after annealing to 1300 K was attributed
to a small fraction of N bonded not in the W2N phase but
possibly on grain boundaries or in an amorphous phase.

8



The observed N release for extended annealing at 1300 K
was attributed to a chemical reaction of the here used sub-
strate material (silicon and graphite) into the W2N layer
which leads to a nitrogen release due to a chemical reac-
tion of the substrate material with tungsten. This nour-
ishes the expectation that the decomposition of the W2N
phase occurs at even higher temperatures than 1300 K.
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