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Structure and magnetic properties
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All range of nanostructured films of nickel nitrides is synthesized by the method of
magnetron sputtering (from the phase of Ni and up to the phase of Ni)N) and was
investigated the change in the magnetic properties. We found out the globular structure
of paramagnetic phases of NigN and Ni,N, and also the ferromagnetic behavior of NiyN
phase is confirmed.

MeTomoM MArHETPOHHOI'O PACHLLIIEHHNS CUHTE3MPOBAH BeCh CIEKTP HAHOCTPYKTYPHEIX
miaeHok HuTpmaa Hukensa (ot daser Ni go daser NioN) u necregoBano msMeHeHHe MX MArHHUT-
HeIX cBoiicts. OGHapyeHa riobyiaapHas crpykrypa napamarsuTHeIXx ¢as NigN um NiyN,
IOATBeP:KAeHO deppoMarHuTHoe nosejenue daser NiyN.

Crpykrypa Ta marautHi Baactusocti manonuaiBox Ni—N. P.B.IITaxnaecs, A.M.IIpydnuros,
C.B.Kympoecvrka, B.H.Bapwoxun, A H.JTunnux, C.M.Aparxensn.

MerozoM MarHeTpOHHOIO POSIUICHHS CUHTE30BAHO BECh CIEKTD HAHOCTPYKTYPHUX ILIIBOK
HiTpuay mikemo (Big dasm Ni mo dasm NioN) i mocmimxeno sminy ix marmiTHHX BiacTmBOC-
Teil. Buspimeno rio6ynapHy cTpykTypy mnapamarmitEmx ¢as NigN i NioN, migrsepmsxeno

© 2014 — STC "Institute for Single Crystals”

depomarnmiTay moeezinky dasm NigN.

1. Introduction

In recent years, nitrides of transition
metals such as Fe, Co, Ni, attracted the
interest of researchers due to its unique
physical properties. These materials have a
high potential for practical applications in
the fields of science and technology, as
semiconductor technology, magneto-optics,
sensor devices and magnetic storage devices
[1]. As is well known, the implantation of
nitrogen into the structure of the transition
metals can actively manage their properties,
in particular, magnetic properties. But un-
fortunately nitrides of metals (such as Ni
and Co) often are metastable phases and not
all of them are clearly identified. This pri-
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marily refers to the nickel and nickel ni-
tride. Although they actively investigated
for more than 70 years, there is still no
confirmed data for some phases of Ni—N.

In this work, a number of nitride phases
of nickel (Ni solid solution with nitrogen,
Ni4N, NigN and NioN) were synthesized using
magnetron sputtering of nickel target,
which was confirmed by X-ray analysis, and
their magnetic properties were investigated.

2. Experimental

Nickel and nickel nitride films prepared
by magnetron sputtering of nickel target on
the substrate of quartz glass and the coat-
ing glass at a temperature of 180-350°C in
an Ar atmosphere, with the addition of Ny
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Fig. 1. XRD spectra of nickel nitride films
grown under nitrogen concentrations in the
growth atmosphere of above 20 vo0l.%.

(from 2 to 100 rpm.%). It was performed
X-ray diffraction analysis of the films using
a diffractometer DRON-3 CoK,-rays and
Bragg-Brentano diffractometer BRUKER
ADVANCE HR in CuK,-radiation. The sur-
face morphology of the films and their
thickness was analyzed by field emission
scanning electron microscopy (SEM) on the
instrument JEOL JSM-6490 LV, as well as
atomic force microscopy (AFM) probe with
nano-lab Ntegra Aura. Magnetic properties
of the films was investigated using induc-
tively frequency equipment [2].

3. Results and discussions

X-ray analysis of the obtained specimens
shows a gradual transition from the forma-
tion of pure metallic nickel (cubic phase)
and a solid solution of nitrogen in nickel to
the nitrides of nickel of varying
stoichiometry: NiyN, NigN, NioN when the
concentration of nitrogen gas in a growth
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atmosphere increases from 0 to 100 vol. %.
[3] (Fig. 1). At nitrogen concentrations in
the gas phase above 50 vol. %. predomi-
nance of the Nio,N phase observed in the film
structure (Fig. 1).

From the XRD spectra can be seen [3]
that the films are pure nickel phase or solid
solution of nitrogen in nickel at the nitro-
gen concentration in the gas phase up to
2 vol. % . Ferromagnetic phase of nickel ni-
tride NiyN (FCC) stable forms at concentra-
tions of nitrogen in the growth environment
is not more than 2-4 %, and at further
increase in the nitrogen content is replaced
by the phase NigN (HCP). At nitrogen con-
centrations in the gas phase from 6 to 27—
30 % only one phase NigN is observed in
the growing structure, which is uniquely
identified by the number of reflections.
With a further increase in the nitrogen con-
centration we seen the appearance of re-
flexes of a new phase (see Fig. 1), which
was identified by us as NipN (BCT) . This
phase is extremely rare [4, 5], and so far
little studied. The intensity of its reflexes
increases with further increase of the nitro-
gen concentration in the growth environ-
ment and has the maximum at 100 % No,.
The film still contains a small number of
NisN phases, as can be seen from the corre-
sponding X-ray diffraction. Thus, the het-
erophasic system NizN + Ni;N formed, when
the nitrogen concentration in the gas phase
above 30 vol. %, with advantage the last
phase when the concentration of nitrogen
increase.

The HR scanning electron microscope
datas show that films grown at nitrogen
concentrations below 6 vol. %. (solid solu-
tion of nitrogen in nickel and the phase
Ni4yN) consist of packed nanocolumns with
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Fig. 2. AFM-images of the surface of the Ni-N films, grown in a 100 % Ar (a) and 100 % N, (b)

atmosphere.
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Fig. 3. AFM 38D-images of the surface of the Ni-N films, grown in a 100 % Ar (a) and 100 % N,

(b) atmosphere.
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Fig. 4. A histogram of heights for AFM images of Ni-N films, grown in a 100 % Ar (a) and 100 %
N, (b) atmosphere. The abscissa is the height in nm and the ordinate is a number of points whose
values lie in the range of heights from % to A + h_step.

average diameter of ~50-70 nm [2]. With
increasing content of nitrogen in the gas
phase above 8 vol. % (films containing
phase NigN and Ni;N), there is a noticeable
change in the film structure. They have a
typical globular structure with an average
size of elements of ~20—40 nm, and the as-
sociation of individual globules into aggre-
gates of size up to 500 nm observed.

AFM-microscopy also shows the struc-
tural features of these samples in Fig. 2:
the columnar structure (a) of the film
grown at a nitrogen concentration about
0 % and globular structure (b) of the film
grown at 100 % nitrogen.

The complex morphology of the samples
surface of nickel nitride confirmed by 3D-
images of the surface obtained by AFM.
Figure 8 shows the 8D-image of the surface
of the films obtained in pure Ar-atmosphere
(a) and pure N, atmosphere (b). Figure 3 (a)
is a sample of pure nickel (with a small
amount of dissolved nitrogen). It is clearly
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seen “sharp” mneedle-shaped structure
formed by individual thin nanocolumns.
Such surface is characterized by a normal
(Gaussian) distribution of nanocolumns
heights on the selected area with an average
height about 50.9 nm. However, 80 % of
sudden changes in needle formations are en-
closed in a range of heights from 30 to
70 nm (Fig. 4a). Arithmetic average rough-
ness (according to ISO 4287/1) for this area
equals S, =8.6 nm. In this case, the
Fourier analysis of the structure revealed
no short-range order of the morphology.
Heterophase film NigN + Ni;N in Fig. 38
(b) has a more smooth surface topography,
characteristic for globules. This area is
characterized by an asymmetric distribution
of heights (see Fig. 4 (b)): a hollow leading
edge is dropped when the average height of
the relief =87.4 nm. Arithmetic average
roughness (according to ISO 4287/1) for the
area equals S, = 16.2 nm. This means that
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the globules base area decreases sharply
with increasing their height.

The magnetic properties of the films ob-
tained with the nitrogen content in the
growth atmosphere more than 6 vol. % (ni-
tride phases NigN and NioN) did not find
them in ferromagnetism, which confirms
the early findings [6].

As for the films obtained at low concen-
trations of nitrogen which exhibit ferro-
magnetism, the measurement of the satura-
tion magnetization 4nMS [2] shows that at
the nitrogen content increase in the films
and the phase transition from Ni (solid solu-
tion of nitrogen in nickel) to the Ni4ZN
phase, the magnetization at room tempera-
ture is reduced from ~3500 G to ~800 G.
The Curie temperature of NiyN phase was
estimated about 500 K.

4. Conclusions

We have thus shown that the magnetron
sputtering is an effective method for the
synthesis of a variety of nanostructured

236

nickel nitride films from phase Ni to NioN
phase (currently poorly studied). It has been
found that NigN and Ni,N films are not fer-
romagnetic and have a globular structure,
while the pure nickel films and solid solu-
tion of nitrogen in nickel with impurity of
Ni4yN phase are ferromagnetic and nanoco-
lumnar.

Work performed under the Ukr./Rus.
project No.02-02-12 (U).
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