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lon-beam modifications in Fe-N thin films
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Thin films of transition metal nitrides are interesting systems due to their important properties such as high hardness and
chemical inertness. An amorphous iron nitride thin film was deposited onto glass and silicon substrate using reactive ion-
beam sputtering of iron in nitrogen atmosphere. The structural and magnetic properties of the film have been studied using
grazing incidence x-ray diffraction, x-ray photoelectron spectroscopy, elastic recoil detection analysis, and magneto-optic
Kerr-effect measurements. lon-beam induced effects on thin films were observed using Au ions of 100 MeV energy at
1x10™ ions/cm? fluence. GIXRD of irradiated thin film samples shows a broad maximum around 26 = 43° showing no
change in the nature of film. The film is found to transform into a mixture of e- FesN and a- Fe phases at 568 K. MOKE

results show increase in coercivity after irradiation.
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1. Introduction

Iron nitride has been extensively investigated due to
their excellent magnetic properties, which make them
suitable for applications in high-density magnetic
recording media. It plays an important role in the technical
applications concerning the iron-based materials. It has a
very complex phase diagram and can exist in many
different phases such as o" - Fe;gNy, v* -FeyN, € -Fe;N, € -
Fe,N and FeN.

Irradiation of thin films with ion beams can
improve the optical, chemical and electrical properties [1-
2]. The ion beam technique, in various forms, has been
applied to semiconductors, metals, ceramics, polymers and
glasses in producing stable, metastable or even non-
equilibrium phases [3-10]. A large number of studies on
ion-beam induced effects in various bilayers [11-16] have
been carried out. These investigations include (i)
production of stable and metastable alloys (ii)
improvements of the structural, optical and electrical
properties.

In the present work, we have discussed irradiation
effects on FeN/Glass system Phase formations in as
deposited and irradiated samples have been studied using
GIXRD. Nitrogen content in iron nitride thin film has been
determined using X-ray photoelectron spectroscopy (XPS)
and elastic recoil detection analysis (ERDA). Magnetic
properties have been studied by magneto optic kerr effect
(MOKE).

2. Experimental work

The experimental processes can be discussed in the
following sections.

2.1 Deposition of thin films
The iron nitride thin film (80 nm) was deposited on

silicon and glass substrate by reactive ion beam sputtering.
Iron plates of purity 99.999% have been used as target.

Nitrogen and argon gases were used in the ion gun for
sputtering. The ion gun used was a broad beam Kaufman-
type hot cathode gun (3 cm Commonwealth Scientific
Corporation). The vacuum chamber was flushed with
argon gas to remove contamination of other gases. Total
gas flow rate was kept 3 sccm and the ratio of argon and
nitrogen gas was kept 2.4:0.6. Ultimate vacuum of
chamber was maintained at 2.2x107 torr. During the
deposition overall pressure of argon and nitrogen was
1.2x10* torr. Sputtering was performed at room
temperature with current 18 mA.

2.2 Irradiation

In order to see irradiation induced effects in near
surface region, Fe-N thin film samples were irradiated by
Au'® at 1 pna (particle nanoampere) current with 100 MeV
energy from the Pelletron accelerator of Inter University
Accelerator Centre, New Delhi at 1x10' jon/cm? fluence.
The irradiation was carried out over an area of 1x1 cm? of
samples. The irradiation induced compositional changes
were monitored by GIXRD, XPS, ERDA and MOKE.

3. Results and discussion
3.1 Grazing incidence X-ray diffraction

The crystalline structure of as-deposited and irradiated
Fe-N thin films deposited onto glass was confirmed by
Grazing Incidence X-Ray Diffraction (GIXRD) using
CuKa (A = 1.5406A) radiation at IUAC, New Delhi. These
measurements were carried out in the 20 range of 30° to
60°. Fig. 1 shows the diffraction pattern of pristine Fe-N
thin film sample indicating amorphous nature of iron
nitride thin film. After the irradiation of this system at
1x10" ions/cm® fluence a broad maximum is obtained
around 20 ~ 43° showing no change in the nature of film
(Fig. 2). It was difficult to determine the phase formation
in iron nitride thin film by X-ray diffraction experiment,
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because the diffraction peak was very broad, Fe-N as-
deposited sample was annealed in 1x10°° torr vacuum for
one hour at University of Rajasthan. It is observed that as-
deposited system gets crystallized at 568 K into a mixture
of a- Fe and stoichiometric - FesN phases as shown in
Fig. 3.
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550
FeN/G 1x10'" ions/cm®
500 -
450
400
2z
Z
5
E

100 . T . T .
30 40 50 60

20
Fig. 2. GIXRD of irradiated Fe-N thin film at
1x10* jon/cm? fluence.
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Fig. 3. GIXRD of annealed Fe-N thin film.

3.2 X-ray photoelectron spectroscopy

XPS measurements of iron nitride thin film onto glass
substrate were used to determine the film composition and
to analyze chemical shift. The AlKa (A = 1486.6A) line
was used as the X-ray source to investigate chemical
composition of as-deposited and irradiated samples.
Fe2p;,, and N-1s levels of pristine FeN thin film are shown
in Figs. 4 & 5. After normalizing the areas under the peaks
corresponding to iron and nitrogen by their cross sections,
the stochiometric ratio of iron and nitrogen was found to
be 1 : 0.243, i.e. at. % of nitrogen is approximately
19.54 %.
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Fig. 4. Fe 2p3/2 core level spectrum of pristine Fe-N surface.
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Fig. 5. N-1s core level spectrum of pristine Fe-N surface.

3.3 Elastic recoil detection analysis

The areal concentration of nitrogen has been
confirmed for iron nitride thin film sample deposited on
silicon substrate using elastic recoil detection analysis. In
the ERD analysis, 100 MeV Au'® ions were delivered by
15UD Pelletron accelerator at Inter University Accelerator
Centre, New Delhi, India. On-line ERDA technique with a
large area AE-E detector telescope was employed to
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monitor the change of nitrogen content of the films. Total
accumulated fluence of projectile ions for FeN/Si system
was of the order of 1x10" ions/cm’. After the irradiation
beam spot area was manually measured to 3.8 mm”. Tons
recoiling from the sample during ERD analysis were
detected using large area AE-E detector telescope with a
detection solid angle AQ = 5.5 msr, where the detector was
fixed to a 45° port of a high vacuum chamber. Isobutane
gas was passed through the detector at a pressure 26 mbar.
Figs. 6 & 7 show areal concentration of iron and nitrogen
respectively.

1.10E+018

Fe content
1.05E+018 —
1.00E+018
—  9.50E+017
£
5
Z
£ 9.00E+017 —
£
!
8 850E+017
H
8 8.00E+017 o
§
3
§  7.50E+017
< B
7.00E+017
6.50E+017 T T T T T
2.00E+012 4.00E+012 6.00E+012 8.00E+012 1.00E+013
Fluence (ions/em’)
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Fig. 7. Nitrogen content versus fluence of Au ions.

The concentration of sample atoms N; (in atoms/cm?)
is determined by the following relation:

Ni= Ysino/N,Qdo/dQ (1)

Where Y is the number of recoils detected in the
detector subtending a solid angle of Q, N, is the number
of incident ions, o is the sample tilt angle and do/d Q
is the Rutherford recoil cross section. For iron and
nitrogen atom Rutherford recoil cross section is 126 barn
and 101 barn respectively. From above equation we found

the ratio of N/Fe equal to 0.208, i.e. atm% of nitrogen is
approximately 17.2 %.

3.4 MOKE measurements

The magnetic properties of the samples were
characterized by MOKE at room temperature.
Measurements in the longitudinal geometry were
performed with the magnetic field applied in the sample
plane in the plane of incidence (parallel magnetization).
Fig. 8 shows the magnetization measurements carried out
using MOKE technique for as-deposited Fe-N thin film.
The coercivity of as-deposited sample is found to be 14.28
Oe. After irradiation coercivity of Fe-N thin film sample is
obtained 22.32 Oe as shown in Fig. 9. Hysteresis loop,
measurements have been characterized by the coercivity
H. which can be defined as the displacement and the half-
width of the loop. From recorded hysteresis loops, it has
been observed clearly that all the samples show well-
saturated magnetization with applied magnetic field.
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Fig. 8. Longitudinal Kerr signal versus applied magnetic
field of Fe-N pristine system.
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Fig. 9. Longitudinal Kerr signal versus applied magnetic
field of Fe-N irradiated system.
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Increase in coercivity after irradiation shows the
formation of nanocrystalline grains [17- 19]. However, the
type of the formed iron nitride phase is not clear due to
amorphous nature. Phase diagram [20] of iron nitride
describes that a- Fe and stochiometric - FesN phases
should co-exist in given conditions.

4. Conclusion

We have investigated the structural, magnetic and
optical properties of iron nitride film containing both
amorphous and nanocrystalline grains. It has been
observed that diffraction pattern of pristine and irradiated
Fe-N thin film samples indicates amorphous nature of iron
nitride thin film and after annealing, as-deposited system
gets crystallized into a mixture of - Fe and stochiometric
e- Fe;N phases. X-ray photoelectron spectroscopy and
elastic recoil detection analysis gives nitrogen
concentration in iron nitride thin films for glass and silicon
substrate respectively. It has been concluded that substrate
affects the concentration of nitrogen. For glass substrate
the concentration of nitrogen is found to be higher than
silicon substrate. Increase in coercivity in irradiated
samples is upon nanocrystallization.
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