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In this work studies of structure and superconducting properties of VN-SiO, films are reported. The films
were obtained through thermal nitridation (ammonolysis) of sol-gel derived V203-SiO2 coatings (in a proper
V203/Si02 ratio) at 1200°C. This process leads to the formation of disordered structure with VN metallic grains

dispersed in the insulating SiO» matrix.

The structural transformations occurring in the films as a result of

ammonolysis were studied using X-ray photoelectron spectroscopy (XPS). The critical superconducting parameters
are obtained. The magnetoresistance at high magnetic fields has been investigated.

PACS: 81.20.Fw, 74.78.-w

1. Introduction

Vanadium nitride is suitable for many uses due to its
extreme hardness, wear resistance, excellent oxidative
stability, corrosion resistance and high-temperature sta-
bility. From technological point of view, because of its
good selectivity and stability [1, 2], VN is an important
industrial catalyst. Moreover VN is a superconductor
with a transition temperature ~ 9 K [3, 4] and may be
used in several superconducting microelectronics appli-
cations.

Thin films consisting of VN are usually prepared
by magnetron sputtering method, physical or chemical
vapour deposition and by heating vanadium metal in
a nitrogen atmosphere at high temperature. Another
very promising method of the nitride and oxynitride films
preparation is a thermal nitridation (with ammonia) of
sol—gel derived metal-oxide films. The coatings obtained
by sol-gel method are especially suitable for the am-
monolysis because of their porosity. The microporous
structure allows both a significant incorporation of nitro-
gen and its distribution through the film. Homogeneous
distribution of nitrogen is very important, because the
presence of zone with nitrogen deficiency or excess can
change properties of the layer. An excellent precursor to
obtain VN using above method seems to be V2Ogs. The
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ammonolysis of sol—gel derived V203—-Si0O4 leads to the
formation of VN grains dispersed in SiO2 matrix. Such
granular systems are very interesting from the point of
view of the mechanisms of electrical conductivity, rela-
tionships between normal and superconducting state and
the interplay between local and global superconductivity.
This work is devoted to the structure and supercon-
ducting properties of £VN-(100-x)SiO2 (where x = 90,
80, 70, 60 and 50 mol%) films, prepared by thermal ni-
tridation of sol—gel derived V303—-SiO2 coatings.

2. Experimental

The films with a composition zVN-(100-z)SiOs
(where x = 90, 80, 70, 60 and 50 mol%) were ob-
tained by thermal nitridation of V503-SiO5 sol-gel de-
rived films (in a proper V4,03/SiO2 ratio) with am-
monia. The starting solution was prepared by mix-
ing tetraethoxysilane (TEOS, 98%) from Fluka and
vanadium (V) oxytripropoxide (98%) from Aldrich with
ethanol and acetyloacetone as the complexing agent. The
green colour of the as prepared solution was caused by
V3T species. The films were deposited on the silica glass
substrate by a spin coating technique at a rate of 100 rps,
then aged and heated at 250°C for 1 h. Repeating the
above procedure three times gave (after ammonolysis)
approximately 450 nm thick films. The thickness of the
samples was determined using profilometer. To obtain
VN-SiOs coatings, the resulting VoO3-SiO2 layers were
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subsequently nitrided by ammonia treatment at the tem-
perature 1200°C. The nitridation was carried out in a
silica glass tube under NH3 gas flow (4 1/h) at a heat-
ing rate of 1°C/minute from the room temperature to
1200°C and then held isothermally at this temperature
for 1 h. After that the samples were cooled under NHj

gas flux.
AFM images were taken with Bruker AFM-
NanoScope.

XPS spectra were recorded with a multipurpose elec-
tron spectrometer PHI 5700/660 from Physical Electron-
ics using monochromatized AlKa radiation. The anode
was operated at 15 kV and 225 W. Low and high resolu-
tion spectra were measured. The binding energies were
corrected using the background Cls line (285.0 €V) as
a reference [5]. MultiPak program was used to fit high-
resolution spectra. Mixed Gaussian and Lorentzian func-
tions and Shirley background were applied.

Magnetotransport measurements were performed in
the temperature range 1.4-300 K in a standard Oxford
Instruments helium cryostat equipped with the 14 T su-
perconducting solenoid. The temperature was stabilized
using Lake Shore 340 temperature controller with the ac-
curacy 0.001 Kat 7' < 10 K and 0.01 K at 7" > 10 K. The
resistance measurements were carried out using standard
four-probe technique. Both DC and AC (50 nA, 13 Hz)
measurements were made. The transport current I was
parallel to the plane of the sample with the condition
I 1 H. The transition temperature 7. and the upper
critical magnetic fields H.o were defined from the resis-
tive transitions by the criterion R = 0.5R,,.

3. Results and discussion

The AFM image of z = 70 sample is shown in Fig. 1.
This sample exhibits regularly shaped nanocrystals of the
same size about 30 nm. The structure of the other sam-
ples is less regular, with the different size of the grains.
As it was shown in XRD results [6] the main crystalline
phase formed in the samples is VN. No peaks arising from
crystalline SiO2 or silicon nitrates and oxynitrides were
observed. It may suggest, that the grains seen in Fig. 1
correspond to VN crystalline phase.

The exemplary XPS spectra of x = 70 sample after
ammonolysis at 1200°C are presented in Fig. 2a, b and
c. In V2p region (Fig. 2a), apart of the peaks in positions
513.79 €V and 521.39 eV attributed to VN (respectively
to V2p3/5 and V2p1/2), also the peaks close to those re-
ported for vanadium oxides (516.45 eV and 524.05 eV)
are present [7—11]. This suggests that the transition from
V203 to VN is not finished yet. Peaks in energy posi-
tions 530.29 eV and 532.28 €V correspond to Ols region.
If to compare V2p region of x = 70 with the same regions
of x = 50 and = = 90 films (Fig. 3a), it may be noticed
that in x = 70 sample VN phase is most significant. It
can be concluded that SiO2 addition to the samples may
influence on formation of the VN phase. It seems to be
possible, that microporous system, created before nitri-
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Fig. 1. The AFM image of z = 70 sample. The image
was taken in DMT modulus.

dation process, is more extended in the samples contain-
ing higher quantity of silica. The microporous structure
allows both a significant incorporation of nitrogen and its
distribution through the film. This finally leads to VN
phase increase in z = 70 sample. From the other side,
the largest number of vanadium oxide forms is present
in z = 50 sample. In this sample VO5, V503, and
V205 are observed [7, 8]. It may be also possible, that
too extended SiO2 micropourous system can block nitro-
gen transfer trough the film. Closing during ammonoly-
sis process porous trap ammonia molecules, what finally
makes V203 to VN transformation not possible. Despite
the fact that vanadium oxide phases are visible in XPS
results, their amount is not large. Only VN crystalline
phase was seen in XRD results of the films [6]. Si 2p
region of the spectrum is shown in Fig. 2b. The best
fit is reached for two different energy peaks correspond-
ing to SizNy [12] and SiO2 [7]. This indicates that at
1200°C some Si—-N bonds are formed. In Si 2p region of
energy H2O presence was also noticed. Comparison with
other samples indicates, that SiOo phase is most visible
in = 50 sample (Fig. 3b). In N1s region only two peaks
are present (Fig. 2¢). The peak at lower energy position
may be associated to VN and SiN, whereas the higher
energy peak may be identified as NHg [11]. NHj3 peak is
most significant in @ = 50 sample (Fig. 3c). Tt can be
caused by the sample preparation way.

Preliminary results of superconducting properties
studies were obtained on two samples with x = 60 and
x = 80. The critical temperatures T, are about 7 K for
both samples and are a little bit lower than reported in
the literature. It may be caused by the sample prepa-
ration method. Even small deviation from stoichiometry
or the presence of V-0 bonds in the system can decrease
critical temperature [13].

Magnetoresistance curves at different temperatures in
the perpendicular magnetic field H, for x = 80 sam-
ple and H) for x = 60 sample in the parallel magnetic
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Fig. 2. (a) V2p and Ols spectra of z = 70 sample; (b)
Si2p spectrum of z = 70 sample; (c) Nls spectrum of
x = 70 sample.

field are shown in Fig. 4 and Fig. 5 respectively. For
xz = 80 and x = 60 the superconductor—insulator tran-
sition is not observed in contrast to granular NbN-SiOq
films [14]. Also no broadening of the superconducting re-
sistive transitions is found even in high magnetic fields.

Figure 6 shows the upper critical field for x = 60 and
x = 80 samples. Upper critical fields were determined
from the R(H) curves. The H., (0) at T =0 K is about
14 T for a bulk material and determined from the lin-
ear (3D) segment extrapolation of the H., (T') curve for
x = 80 sample. The parallel critical field has no such
linearity. The parallel coherence length £(0) at 7' = 0
is equal to 6 nm. It was obtained from the H., (T') us-
ing Ginzburg-Landau equation. Details of the behavior
of magnetoresistance and critical magnetic fields will be
discussed in the next article.

4. Conclusions

Thermal nitridation of V203-SiOy sol-gel derived
films (in a proper Vo03/SiO2 ratio) with ammonia leads
to the formation of VN grains dispersed in SiOo matrix.
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Fig. 3. (a) Comparison of V2p and Ols regions of © =
50, 70 and 90 films; (b) Comparison of Si2p region of
x = 50, 70 and 90 films; (¢) Comparison of V2p region
of =50, 70 and 90 films.
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Fig. 4. Magnetoresistance of the sample = 80 in the
perpendicular magnetic field at different temperatures:
157K, 20K, 251K,294K, 334K, 381K, 422K,
49K,55K,60K,65K,7K,73K,8K.

Critical temperatures of prepared with this method su-
perconducting films are a little bit lower than reported
in the literature. It may be caused by the sample prepa-
ration method. Even small deviation from stoichiom-
etry or the presence of V-O bonds in the system can
decrease critical temperatures. Though there is a little
difference between the critical temperatures of supercon-
ducting transition of our films and the films prepared by
other methods, our method allows making films of any
shape and controlling the size of granules. Moreover,
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Fig. 5. Magnetoresistance of x = 60 sample in the par-
allel magnetic field at different temperatures: 1.49 K,
212 K, 353 K, 424 K, 4.7 K, 3.56 K, 5.3 K, 5.8 K,
63K,64K,67K,68K,69K,7K and7.1K.
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Fig. 6. Upper critical fields of z = 60 (circles) and z =
80 (squares) samples versus temperature.

these films have rather high critical magnetic fields for
low-temperature superconductors. Therefore, films pre-
pared with this method may be used in superconducting
microelectronics applications.
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