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Amorphous alloys present high electrical resistivity, good mechanical properties, improved
corrosion resistance, soft magnetic response, high magnetic moment and Curie temperatures,
and great ability to tailor their magnetic properties with continuous composition variations
over a broad range. Previous experiments performed in Fe-based primary alloys have
demonstrated the strong dependence of their magnetic properties on the Fe-partner
concentration. It is well known the dependence of the magnetic properties of amorphous
FexBioo-x [1-3] and of crystalline FeyNy [4-7] films on the boron and on the nitrogen
concentration, respectively. Moreover, some studies have been done in Fe-B-N ternary alloys
in which boron and nitrogen have been implanted in pure Fe films at different fluencies [8], in
amorphous Fe-B-N alloys grown by co-sputtering onto a BN and a pure Fe target [9] and in
crystalline Fe-B-N films prepared by reactive RF magnetron sputtering [10]. These studies
show the variation of structural, electrical and corrosion resistance properties as a function of
the nitrogen concentration for amorphous films, as well as, the dependence of the magnetic
properties on the nitrogen concentration for crystalline films with a concentration of Fe higher
than 80 at%.

The objective of this paper is to study the dependence of the magnetic and magnetoelastic
properties of Fe-B-N ternary alloys on the Nitrogen concentration. Fe-B-N amorphous films
have been grown by DC sputtering of a FegyBy target in a mixture of Argon and Nitrogen
atmospheres for different nitrogen partial pressures on glass and on <100>Si substrates. For
comparison an amorphous Fe-B film was also grown. It is demonstrated that nitrogen
incorporates into the amorphous lattice while preserving the amorphous structure, modifying
their composition and magnetic properties. The amount of nitrogen that incorporates into the
amorphous structure is measured to scale approximately linearly with the nitrogen partial
pressure during growth. X-Ray Diffraction data show that for low deposition times (t<10 min)
all the samples are amorphous while for longer deposition time a crystallization of the
structure is observed due to the heating during the deposition. XPS data reveal that N
preferentially bond to B, giving rise to ByNy and an iron-rich FegByo films. The atomic
percentage of BxNy increases with increasing the nitrogen concentrations.

A ~20% increase of both the saturation magnetization and the saturation magnetostriction
constant are found for the composition Feg74 Bois Nx, when x is around 7 to 9%, when
compared to pure FegoByo amorphous films. These films are grown at moderated ~2-3%
nitrogen partial pressures by triode DC sputtering.

Because their high magnetostriction coefficient and their magnetic softness, these materials

offer great potential for the incorporation into micro and nano magneto mechanical devices as
actuators.

TNT2006 04-08 September, 2006 Grenoble-France


mailto:Kramer@imm.cnm.csic.es

Poster
References:

[1] N. A. Blum, K. Moorjani, T. O. Poehler, and F. G. Satkiewicz, J. Appl. Phys. 53 (1982)
2074-2076

[2] A. S. Dehlinger, J. F. Pierson, A. Roman, P. Bauer, Surf. Coat. Techn. 174-175 (2003)
331-337

[3] C. L. Chien and D. Musser, E. M. Gyorgy, R. C. Sherwood, and H. S. Chen, F. E.
Luborsky and J. L. Walter, Phys. Rev. B 20 (1979) 283-295

[4] P. Schaaf, C. lligner, M. Niederdrenk, K. P. Lieb, Hyper. Inter. 95 (1995) 199-225

[5]E. Andrzejewska, R. Gonzalez-Arrabal, D. Borsa, and D. O. Boerma, Instr. Meth. B 249
(2006) 838-842

[6] C. Sanchez-Hanke, R. Gonzalez-Arrabal, J. E. Prieto, E. Andrzejewska, N. Gordillo, D. O.
Boerma, M. Mitra, J. Skuza and R.A Lukaszew , J. Appl. Phys. 99 (2006) 709-712

[7] J.L. Costa-Krédmer, D.M. Borsa, J.M. Garcia, M.S. Martin-Gonzélez, D.O. Boerma, and
F. Briones Phys. Rev. B. 69, 2004, 144402(1:8)

[8] V. V. Uglov, J. A. Fedotova, J. Stanek, Surf. Coat. Techn. 128-129 (2000) 351-357

[9] H. Karamon, T. Masumoto, Y. Makino, . Appl. Phys. 57 (1985) 3527-3532

[10] K. H. Kim, J. H. Jeong, J. Kim, S. H. Han, H. J. Kim, J. Magn Magn. Mater. 239 (2002)
487-489

Figures:
1500 o= INI=0% 1,2
—e— [N]=7% DCIoUCU0000 0\
1000 4 —o— [N]=9% SSESEEEEEEE5SE o o
7:7 {mrigz’ AADLLLDLANNNNNNNLLLY L1
—A—[N]=19%
~ 5004
S <
E 0 =
K 0,94
s ' —o— A(FeBNX)/x(FeB)
-500
AAAAAAAAAADANANDNLS 0,8 0\
1000 o 0cnocnno00000c00 o
o L 4 - 07
-1500 T T e 0 2 4 6 8 100 12 14 16 18
-2000 -1000 0 1000 2000 % N]

H (Oe)

Figure 1. Magnetization measurements Figure 2. Magnetostriction values for
using a SQUID magnetometer for a Fe-B Fe-B-N samples with different nitrogen
reference sample (open dots) and for Fe-B- concentration  normalized to the
N samples with different nitrogen magnetostriction value for a Fe-B film
concentration:  [N]=7% (filled dots), versus the nitrogen concentration in the
[N]=9% (open square), [N]=10% (filled samples.

square), [N]=19% (open triangles).
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