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Stress, microstructure, and magnetic softness of high saturation
magnetization (Bs) FeCoN films
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High saturation magnetization soft magnetic FeCoN films were deposited under different
conditions. Their soft magnetic properties and microstructures were characterized. Good magnetic
softness with a low coercivity of-240 A/m (3 Oe was achieved in FeCoN films on glass with a
thickness of up to 640 nm. A correlation was found to exist between the FeCoN film coercivities and
their compressive strains, with higher coercivities corresponding to larger compressive strains.
FeCoN film coercivities were lower for samples with larger grain sizes, exhibiting a typi€al 1/
relationship withD being the mean grain size, a mechanism that is different from the reported fine
grain size-induced magnetic softness in FeCo thin film2@®5 American Institute of Physics
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I. INTRODUCTION seedlayerg’.7 A low coercivity of 720 A/m(9 Og was re-

High saturation magnetization FeCoN and FeCo filmsported in a single-layer FeCo film, which was also attributed

with Co content in the range of 30—40 at. % show a High to a small mean gran size of 7.2 rﬁjn . )
of ~2.4 T and have been widely used in magnetic write . The mean grain size usually Increases with the fllm
heads. These FeCoN and FeCo alloys show a large saturatigHCkness’ which often causes deteriorated soft magnetic

magnetostriction constant in the range @0—65 x 10°° properties, as shown in the FeCo50 at. % fiFn&ripe do-

and a relatively high anisotropy consta of ~10 kJ/n?i main forms when the film thickness reaches a certain limit in
which make it difficult to achieve good magnetic softness in® softézrgggnetlc film Wh'(_:h degrades the magnepc
the FeCo and FeCoN allofs™ Consistent process control S°finess™ ™ Most of the published data on soft magnetic
of the soft magnetic FeCo and FeCoN alloy film deposition

FeCo and FeCoN films showed a thickness of

-8 . .
process has been challenging, particularly for the rf diodéo_100 nnt.® One exception s the recently reported
deposition processes.

200-nm-thick FeCo40 at. % soft magnetic filths.
Hard axis coercivities of~800 A/m (10 Oe or less

Achieving soft magnetic FeCo or FeCoN films with
were achieved in the deposited FeCoN and FeCo alloy ﬁlmgarge thicknesses, e.g., over 200 nm, can lead to improved
in several reporté:* A coercivity of 960 A/m(12 O8 was

overwrite if the thick soft magnetic FeCo films are incorpo-
achieved in a 30-nm-thick FeCo50 at. % alloy film seedeJated into magnetic write heads. This is important with the
with a thin CoO Iaye?. The soft magnetism in the CoO-

ever-increasing areal density in longitudinal magnetic re-
seeded FeCo film was believed to be due to the fine graiﬁord'ng‘ In this work, process condition variations for the
size induced by the CoO seedlaye” coercivity of

eCoN film deposition processes were explored. The FeCoN
400 A/m (5 08 was achieved in the 100-nm-thick FeCoN films soft magnetic properties and microstructures were ex-
(with ~30 at. % C9 films.* A very thin ~2.5-nm-thick Per-

amined. A good correlation was found between the coercivi-
malloy alloy film was used as a seedlayer for the FeCoN filmt'es of the FeCoN films, their strains, and mean grain sizes.
with a thickness of 100 nm, which resulted in a low coerciv-
ity of less than 80 A/m(1 08.*° Similar magnetic softness
was achieved in 50-nm-thick FeCo35 at. % alloy films| ExPERIMENT
seeded with a thin layer of NiFe, Cu, and Ru, which showed
a low coercivity of 80—-240 A/m{1-3 Og in the hard FeCoN films with the thicknesses of 150—650 nm were
axis®’ and in a thin NiFe- and NiFeCr-seeded 100-nm-thickdeposited onto bare glass coupons and onto metal seedlayers
FeCo25 at. % and FeCo30 at. % films which showed a coeby rf diode deposition under different conditions. Micro-
civity of 215 A/m (2.7 Oe).8 The mean grain sizes of the structures of the films were characterized with a four-circle
NiFe-, Cu-, and Ru-seeded 30-nm-thick FeCo35 at. % filmsliffractometer x-ray difractioiiXRD) system with a primary
were found to be in the range of 10 nm, which was in con-parallel-beam polycapillary optic and a secondary LiF mono-
trast to the mean grain size o#50 nm in the Ta-seeded chromator. The strains of the FeCoN films were measured
FeCo film that did not show good soft magnetic propertieswith the (310) peak using thed vs sirf ¢’ method with ¢
The magnetic softness in the FeCo films on NiFe, Cu, andilting from 0° to 88° with a step of 8°. Average in-plane
Ru was attributed to the fine grain sizes induced by thegrain sizes were measured with multiple diffraction peaks of
(110, (211, (220, and (222, with the assumption of a
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FIG. 1. Easy axis and hard axis hysteresis loops of a 640-nm-thick FeCoN !+ 3- Rocking curves of the FeCoN samples under conditions A and B.

films under condition A.
high two theta angles. The FeCoN samples with high coer-
Il. RESULTS AND DISCUSSION civities generally show shifte§220) and (310 diffraction
peaks to lower angles in the out-of-plane theta-2 theta XRD

FeCoN samples were deposited under different deposiscans. The shifted diffraction peaks indicate that there are
tion parameters and different substrates, which were desiglifferent levels of strains in these samples. The FeCoN films
nated as conditions A, B, C, and D. Excellent soft magnetictrains deduced from the lattice spacing at different tilt
properties were achieved in the FeCoN films under condiangles are shown in Fig. 4, exhibiting widely dispersed
tions A and D. As shown in th&-H loop in Fig. 1 for a strains for the same deposition condition. There is an inter-
640-nm-thick FeCoN film deposited under condition A, aesting correlation with the coercivities of the FeCoN films
low hard axis coercivity of 240 A/nt3 Og, an easy axis shown in Fig. 4, that is, high compressive strains correspond
coercivity of 640 A/m(8.5 Og, and a decent uniaxial aniso- to high coercivities, while a low compressive strain or a ten-
tropy were achieved. The hysteresis loop showMafMsof  sile strain corresponds to a low coercivity in the strain range
0.98 along the easy axis and 0.15 along the hard axis. Satwe studied. The FeCoN film strains range from
ration flux density of these films was determined by a cali-—1.2% —0.6%, corresponding to a stress in the range of
bratedB-H looper to be 2.4 T. FeCoN samples deposited-3—-1.5 GPa if a Young’'s modulus of 250 GPa is usdthe
under conditions B and C show widely dispersed hard axigoercivities of the FeCoN samples are shown in Fig. 5 as a
coercivities of 800—7200 A/n10—90 O¢. As shown in  function of the mean grain sizes of the FeCoN films depos-
Fig. 2 for the out-of-plane theta-2 theta XRD scans, the Feited under different conditions. Clearly the coercivity drops
CoN films from condition A show a much stronger and nar-with the increase of mean grain size for all the samples,
rower (110 diffraction peak but a weakegR11) peak com-  exhibiting a typical 1D like behavior withD being the mean
pared to the FeCoN samples from condition B. The typicalgrain size, similar to what is theoretically predict&d.
rocking curves of th€110) peak of these FeCoN films are It is notable that the coercivity versus strain, and coer-
shown in Fig. 3, indicating a strong peak at film plane nor-civity versus mean grain size trends, as shown in Figs. 4 and
mal direction for the samples produced under condition A5 for the FeCoN films, are also valid for FeCo films depos-
which contrasts the two small satellite peaks at £10°—20fted on different seedlayeilg,including a~3-nm-thin seed-
away from the film plane normal for the rocking curves for layer that is known to promote better magnetic softness in
samples from condition B. The double satellifi0) peaks the FeCoN and FeCo films, such as Permdiio§,cu’”’
in the rocking curves for samples from condition B indicateRu?’ NiFeCr? etc. FeCo films with a thickness of 150 nm
that they have les$110 fiber texture than condition A, deposited on suckh3-nm seedlayers show large mean grain
which is consistent with Fig. 1. sizes of 30+5nm and relatively low coercivities of

The FeCoN films deposited under the same process coi800 A/m (10 Og. A similar correlation between the coer-
dition usually show similar XRD patterns except one notablecivity and the macroscopic compressive stress was observed
difference, which is the shifted diffraction peak position at
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FIG. 2. Out-of-plane theta-2theta XRD scans of FeCoN films under condi-
tions A and B. FIG. 4. Coercivities vs strain for FeCoN films under different conditions.
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- magnetostriction constant af=45x 107° for FeCo and Fe-
CoN films with 30 at. % Cd/ the magnetoelastic anisotropy

T 40 term is K,=3/20\s=-95 kJ/n¥, which pushes magnetiza-
e tion out of plane and degrades the magnetic softness. The
§ " magnetoelastic anisotropy is an order of magnitude higher
T L. than K, and scales linearly with strain, which may be the
g reason why the FeCo and FeCoN film stresses or strains
2 10 correlate well with the coercivities when their film thick-

. nesses are high and their mean grain sizes are large.

0 150 300 450 500 In summary, excellent soft magnetic properties were
achieved in thick FeCoN film$150—-640 nm with large
grain sizes and optimized strains. The FeCoN film coercivity
FIG. 5. Coercivities as a function of mean grain sizes for FeCoN films withywvas found to correlate well with the strain of the FeCoN
different deposition conditions. films, and scales with TJ, with D being the mean grain size,
showing a mechanism that is different from what is observed

in FeCo films with a thickness of 200 nm, and the FeCofqyr the thin FeCo films when the thickness is 50 nm or less.
alloy films with larger grain sizes seemed to correlate with

lower coerc:i\{it.y‘!3 similar to the 1D correlation.we ob_servgd 'R. M. Borzorth,Ferromagnetism(IEEE, New York, 109%
for the coercivities of the FeCoN and FeCo films with thick- 2E. J. Yun, W. Win, and R. M. Walser, IEEE Trans. Mag®, 4535(1996.
nesses>150 nm. This is in contrast to the observed phenom-°C. L. Platt, A. E. Berkowitz, D. J. Smith, and M. R. McCarthy, J. Appl.
enon that these thin seedlayers, such as Permalloy, Cu, am’!i‘ h};'gﬁynzgrfj(szogoi/vang [EEE Trans. Mag86, 2506(2000
Ru, mduged fine grain sizes _@flO nm and good magnetic °S. X. Wang, N. X. Sun, M. Yamaguchi, and S. Yabukami, Nature
softne_ss in the FeCo films with a thlcknes§ of SQ hin. (London) 407, 150 (2000
It is predicted that when the mean grain sizes larger ®H. S. Jung and W. D. Doyle, IEEE Trans. Mag88, 2015(2002.

than the domain-wall width, which is abowt_,, the coer-  H. S. Jung, W. D. Doyle, and S. Mitsunama, J. Appl. Ph98, 6462
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_ 12_ 0 . . , T. i u, I , H. Mu , . ura,
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