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Microscopic origin of the macroscopic magnetic properties of TbFeCoN amorphous thin films
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The magnetic properties of TbFeCoN amorphous thin films, made by reactive plasma sputtering, were
studied on both the macroscopic and microscopic scales, as a function of nitrogen content. Magnetization
measurements showed a very important decrease of the compensation temperature for increasing nitrogen
concentrations. The element selectivity of x-ray magnetic circular dichroism and Mo¨ssbauer spectroscopy
enabled the rare earth~RE! magnetic contribution to be discriminated from the transition-metal~TM! contri-
bution. The macroscopic effect of nitrogen insertion in TbFeCo amorphous thin films was found to be mainly
due to a progressive opening of the mean angle of the conical distribution of the Tb moments. Mean-field
calculations confirm the prominent role of the RE-TM exchange interactions in the magnetic behavior of this
system.@S0163-1829~97!01637-8#
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I. INTRODUCTION

TbFeCo amorphous alloys are sperimagnetic mater
used as magneto-optical recording media since most of
required properties1 can be fulfilled by using the appropriat
concentration of each element. The key points are the sta
ity of the written domains at room temperature~compensa-
tion temperature around 300 K!, the possibility to reach the
writing temperature by laser heating~Curie temperature
around 500 K!, and the good magnetic and spatial definitio
of the domains~perpendicular uniaxial anisotropy and amo
phous structure!. The recording properties can be improv
by using a multilayer system composed of several exchan
coupled layers with different compensation and Cu
temperatures,2,3 which enables one to act on an individu
layer by temperature and field modulations. The compen
tion temperature is an extremely important parameter
ensures the stability of the stored information, since the
ercive field is high around this temperature. As alrea
observed,4,5 this temperature can be decreased by introduc
nitrogen. In this way, it is possible to obtain a wide range
compensation temperatures by simply varying the nitroge
tion rate. A multilayer-based magneto-optical recording m
dium could therefore be made from a reduced numbe
targets.

The decrease of the compensation temperature (Tcomp), as
well as that of the Curie temperature (Tc), upon nitrogena-
tion of TbFeCo films has been observed by magnetiza
and magneto-optical measurements. As the Tb subla
magnetization is dominant belowTcomp, the decrease o
Tcomp must originate either from the enhancement of the
sublattice magnetization and/or from the decrease of the
sublattice magnetization.

The aim of this work is to present macroscopic magne
properties obtained for a series of TbFeCoNx samples and to
560163-1829/97/56~13!/8149~7!/$10.00
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understand the microscopic origin of the macroscopic ob
vations related to nitrogen insertion. Its originality lies in th
use of x-ray magnetic circular dichroism~XMCD! and Möss-
bauer spectroscopy as local experimental techniques.
complementarity of these techniques is essential for
study of this sperimagnetic system, in which both the Tb a
Fe magnetic moments form noncollinear structures.

XMCD measures the absorption dependence of a fe
magnetic~or ferrimagnetic! material on the helicity of the
incoming photons. Since the early experiments of Ch
et al.6 at theL2,3 edges of Ni, soft x-ray magnetic dichroism
has been widely developed and is now a very well est
lished tool to study local magnetic properties.

The selectivity of x-ray-absorption spectroscopy allow
for each atomic species of the probed material, the magn
polarization of the electronic states of selected symmetry
be investigated. XMCD at theM4,5 edges of the rare earth
~RE’s! can be modeled within the atomic multiple
approach7,8 and allows 4f magnetic moments to be ex
tracted. TheL2,3 edges of the transition metals~TM’s! are
still more difficult to be interpreted. A very important deve
opment of this spectroscopy has been the formulation of
sum rules9 which relate the intensities of the total absorpti
and XMCD spectra to the spin and orbital magnetic 3d mo-
ments in the ground state.

Previous studies10,11 showed that XMCD is highly suited
for the investigation of the magnetic properties of interm
tallic amorphous alloys, as the chemical selectivity of th
technique enables the RE and TM sublattices to be indep
dently probed. Note that in amorphous RE-TM alloys, whi
can form noncollinear magnetic structures, XMCD enab
only the mean projected moments~on the total magnetization
direction! to be determined. Since the 4f magnetic moments
can be assumed to have their atomic value, XMCD at
M4,5 edges of Tb can give us information about the angu
8149 © 1997 The American Physical Society
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8150 56C. BORDELet al.
distribution of the Tb magnetic moments with respect to
total magnetization direction. On the contrary, the TM 3d
moments are strongly sample dependent, and no simila
formation can be deduced for the Fe magnetic sublat
from XMCD at theL2,3 edges.

For this reason, conversion electron Mo¨ssbauer spectros
copy ~CEMS! was also performed. This local techniqu
based on the resonant absorption ofg rays by a Mo¨ssbauer
nucleus, is known to be a very efficient tool in the study
Fe-based alloys. Among the characteristic parameters
can be deduced from the Fe spectra, the hyperfine field
isomer shift, and the Mo¨ssbauer angle are, respectively, r
lated to the intrinsic Fe magnetic moment, thes-electron
density at the nucleus, and the angle between the hype
field and the incidentg-ray beam. This probe was then us
to obtain the mean magnetic structure of the Fe sublattic

The validity of the assumption coming from the interpr
tation of the experimental results was tested by usin
mean-field analysis.

II. SAMPLE PREPARATION AND CHARACTERIZATION

We have investigated several Tb1002y~Fe,Co! yN x alloy
thin films, with a constant TbFeCo composition (y is con-
stant! and various nitrogen concentrationsx. The films were
sputtered on SiO2 substrates from two Tb24Fe68Co8 facing
targets, and covered with 3 nm Al. As nitrogen and arg
are cointroduced in the sputtering chamber, the alloy is
trided during the deposition process. The nitrogen concen
tion in the sputtering gas is monitored and controlled
modifying the ratio of the nitrogen flow~variable! over the
total flow ~fixed!.

The amorphous structure was checked by x-ray diffr
tion in a conventionalu-2u diffractometer. The two peak
detectable on the spectra were identified as~400!-Si and
~111!-Al, and so the magnetic alloys do not present any lo
range order.

The thickness and RE-TM composition were determin
by Rutherford backscattering spectroscopy, with a norm
incident beam of 2-MeVa particles. The RE-TM alloy com-
position was deduced, with an accuracy of 1%, from
relative intensity of the RE and TM peaks~Fe and Co canno
be separated by this technique because of their close mas!,
and found to be Tb25~Fe,Co! 75. The thickness, which is re
lated to the width of the peaks, is determined with a 3
accuracy, and is close to 100 nm for all the samples.

Electron probe microanalysis enabled the Co concen
tion to be estimated at~7 6 1!%, and the nitrogen concen
tration was obtained by nuclear reaction analysis from
number ofa particles generated by the reaction of a n
mally incident beam of 1.15-MeV2H 1 particles with the
sample (14N 1 2H 1→ 4He1 1 12C!. The nitrogen concen
tration x of the Tb25Fe68Co7N x samples presented in th
paper ranges between 0 and 6.

III. MAGNETIZATION MEASUREMENTS

The macroscopic magnetization measurements were
formed in a vibrating sample magnetometer~VSM! between
10 K and 300 K, with the applied magnetic field perpendic
lar to the film plane. The temperature dependences of
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total magnetization (Ms) and coercive field (Hc) were de-
duced from the hysteresis loops obtained at various temp
tures.

Typical magnetization curves at 10 K are presented
Fig. 1 for Tb25 Fe68Co7 and Tb25Fe68Co7N 5,4. The square-
ness of the hysteresis loops of the nitrided samples indic
that the easy axis of Tb25Fe68Co7N x thin films remains per-
pendicular to the film plane in this composition ran
(x<6!. However, the thermal variation of the coercive fie
is changed by nitrogenation. Instead of decreasing mon
nously with increasing temperature between 10 and 300 K
for x50, the coercivity of the nitrided samples starts incre
ing again, at lower and lower temperature, asx increases
~Fig. 2!. In addition, the saturation magnetization at all te
peratures is decreased by nitrogen insertion, as shown in
3. These changes in the magnetic behavior of the nitri
samples suggest that the compensation temperature is
creased by nitrogenation. The compensation and Curie t
peratures (Tcomp andTc), experimentally determined by po
lar magneto-optical Kerr effect~PMOKE!, are both found to
decrease linearly as a function ofx , but Tc is much less
affected thanTcomp. Tc and Tcomp are presented in Fig. 4
together with the saturation magnetization (Ms) at 10 K, as a
function of the nitrogen concentrationx. We notice that the
relative variation of the low-temperature magnetization is

FIG. 1. Hysteresis loops of Tb25Fe68Co7 and
Tb25Fe68Co7N5.4 films at 10 K with the external field applied per
pendicularly to the film plane.

FIG. 2. Temperature dependence of the coercive field
Tb25 Fe68Co7N x films for various nitrogen concentrationsx. The
lines are only a guide for the eye.
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56 8151MICROSCOPIC ORIGIN OF THE MACROSCOPIC . . .
the same order of magnitude as for TbFeN.5

In order to determine the exact source~s! of these macro-
scopic phenomena, atom-specific techniques are nee
XMCD was performed on Tb and Fe, and Mo¨ssbauer spec
troscopy on Fe.

IV. XMCD MEASUREMENTS

XMCD measurements at the TbM4,5 (3d→4 f transi-
tions! and at the FeL2,3 edges (2p→3d transitions! were
carried out in total electron yield~TEY! detection on the
Dragon beam line~ID12b! at the ESRF.12 These absorption
edges directly probe the electronic shells responsible for
magnetism, i.e., the RE 4f shell and the TM 3d shell. Three
samples with nitrogen concentrationsx50, x53.5, andx55
were investigated at 20 K with a perpendicular applied fi
of 5 T. The FeL2,3-edge spectra were also measured in a fi
of 0.2 T. The samples were positioned in the UHV cham
~pressure,1029 Torr! of a superconducting magnet syste
with the sample surface oriented perpendicular to the li
propagation direction. In this geometry, XMCD probes t
average Fe 3d and Tb 4f magnetic moments projected alon
the anisotropy axis~perpendicular to the film plane!. It has
been proved that the angular saturation effects intrinsic to

FIG. 3. Temperature dependence of the saturation magnetiz
of Tb25Fe68Co7N x films for various nitrogen concentrationsx. The
lines are only a guide for the eye.

FIG. 4. Curie temperature, compensation temperature, and
ration magnetization at 10 K of Tb25Fe68Co7N x films are plotted as
a function of the nitrogen concentrationx. The lines are linear fits to
the data.
ed.
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TEY detection are negligible in this experiment
configuration.13–15

XMCD spectra were obtained as the difference betwe
two absorption spectra measured with opposite x-ray-be
helicities (s1 ands2) and a fixed magnetic field direction
The helicity of the x-ray beam was changed by reversing
phase of the helical undulator. The measured rate of circ
polarization is (8465)% at the Fe edges16 and about 90% at
the Tb edges. The value of the polarization rate for the
L2,3 edges is measured, while the one for TbM4,5 has been
extrapolated using these data. This extrapolated value ag
well with calculations.

A. Fe L 2,3 edges

The FeL2,3-edges1 and s2 spectra measured for th
non-nitrided sample with an applied magnetic field of 5 T are
shown in Fig. 5, together with the corresponding XMC
signal. The spectra measured for the other samples are
similar. In order to extract from the XMCD signals an a
proximate value of the Fe 3d moments, we have compare
the asymmetry ratio (s1 2s2) / (s1 1 s2) at theL3-edge
white line maximum with the asymmetry ratio obtained
Chen et al.17 for an Fe thin film measured in transmissio
geometry with comparable resolution. Taking into accou
the circular polarization rate of 84%, the asymmetry ra
obtained for the spectra measured under 5 T is of theorder of
23% for the sample withx50 andx53.5, and 24% for that
with x55, instead of 28% for metallic Fe. By scaling the
values to the magnetic moment of bulk Fe~2.2mB), the pro-
jected Fe moment (mFe

' ) is approximately 1.81mB for x50
and x53.5, and 1.84mB for that with x55. The moments
obtained under a magnetic field of 0.2 T are very simil
This is not surprising because the molecular field acting
the Fe moments is of the order of 600 T. The results
summarized in Table I.

on

tu-

FIG. 5. FeL2,3 XAS spectra and XMCD spectrum measured f
the nitrogen-free Tb25Fe68Co7 sample at 20 K under an applie
magnetic field of 5 T.
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8152 56C. BORDELet al.
Another way of estimating the 3d magnetic moments
from the XMCD data consists in the use of the sum rul
introduced by Tholeet al.9 Although the error bar on the
magnetic moments calculated by this method is rather la
(; 20%!, the Fe moment that we evaluate for the sam
with x50 is around~1.8 60.3)mB , which is consistent with
the first method.

Whatever the method, the XMCD measurements sh
that the Fe moment projection hardly varies with nitrog
concentration. The main macroscopic effect of nitrogen d
ing — the decrease of the compensation temperature —
not therefore be attributed to an important modification
the Fe sublattice magnetization.

B. Tb M 4,5 edges

The Tb M4,5-edges1 and s2 spectra measured for th
non-nitrided sample with an applied magnetic field of 5 T are
shown in Fig. 6, as well as the XMCD signal. The signs
the Tb and Fe XMCD signals are in agreement with
antiparallel alignment of the RE and TM magnetic mome
in the case of heavy RE’s. The amplitude of the XMC
signal for theM5 edge is strongly reduced as the nitrog
content is increased~Fig. 7!.

In order to extract the Tb 4f moment from the XMCD
signals, theoretical spectra were fitted to the experime
ones using the procedure described in Ref. 15. The ato
absorption spectra were calculated using the atomic multi
program.7,8,18To simulate lifetime broadening, the line spe
tra of the atomic calculation were convoluted with a Lore
zian with a full width at half maximum~FWHM! 5 0.4 eV
at theM5 edge and a Fano-like line shape with asymme
parameterq59 and FWHM5 0.8 eV for theM4 edge. The
whole spectrum was convoluted with a Gaussian line sh
with a standard deviation of 0.4 eV to account for expe
mental resolution. The result of the best fit obtained forx50
is also shown in Fig. 6.

For the TbM5-edge spectra measured on the non-nitrid
sample, the best fit gives a projected magnetic momen
6.9mB , taking into account the circular polarization rate
90%. The Tb 4f magnetic moments obtained by this proc
dure for the three samples are summarized in Table I.

Because of the noncollinear structure of these amorph
alloys, the maximum value found for the Tb moment
smaller than the saturation value~9mB). If we assume a ran
dom distribution of the Tb moments around the field dire

TABLE I. The projections along the normal to the film plan
~total magnetization direction! of the Fe 3d and Tb 4f magnetic
moments obtained by XMCD at 20 K under an applied magn
field B0 are presented for various nitrogen concentrations toge
with the mean opening angle of the cone formed by the Tb m
ments with respect to the total magnetization direction.

B0 5 0.2 T B0 5 5 T B0 5 5 T

x mFe
' (mB) mFe

' (mB) mTb
' (mB) uTb ~deg!

0 1.776 0.1 1.816 0.1 6.96 0.3 406 2
3.5 1.74 1.81 6.2 46
5.0 - 1.84 5.4 53
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tion, the average configuration can be seen as a cone, wit
the moments displayed on this cone surface. The open
angle of the cone,uTb , is deduced from the projected T
moment, and is indicated in Table I for each sample. O
results are consistent with those found by Vogelet al.15 for a
series of TbxFe12x amorphous alloys.

c
er
-

FIG. 6. TbM5 XAS spectra and XMCD spectrum measured f
the nitrogen-free Tb25Fe68Co7 sample at 20 K under an applie
magnetic field of 5 T. Bottom: experimental spectra;~solid squares!
right circular polarization;~open squares! left circular polarization;
~circles! XMCD; Top: corresponding atomic multiplet simulation

FIG. 7. Tb M5 XMCD spectra measured forx50 ~solid line!,
x53.5 ~dotted line!, andx55 ~short dotted line! at 20 K under an
applied magnetic field of 5 T.
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56 8153MICROSCOPIC ORIGIN OF THE MACROSCOPIC . . .
V. MÖSSBAUER SPECTROSCOPY MEASUREMENTS

Conversion electron Mo¨ssbauer spectroscopy~CEMS!
was performed at 20 K on magnetized Tb75Fe68Co7N x
samples withx50 andx55.4, without an applied magneti
field. The radiation source was57Co in a Rh matrix, and the
incident g-ray beam was oriented perpendicular to the fi
plane. The spectra were fitted with a least-squares techn
Given the amorphous structure of the samples, the hype
field (Bhf) distributions were determined using the histogra
method, which imposes the width of each elementary sp
trum to be the same. The Mo¨ssbauer angle between the i
comingg ray andBhf was considered to be identical for ea
of the elementary spectra of theBhf distribution. This angle,
uFe, representing the mean angle between the Fe magn
moments and the normal to the film plane, was deduced f
the relative intensities of the second and fifth Mo¨ssbauer
lines. The isomer shift~IS!, proportional to thes-electron
density at the nucleus, is given relatively toa-Fe at 300 K.

The best fit to the experimental spectra~Fig. 8! was ob-
tained using a linear correlation betweenBhf and the IS. As
can be seen in Fig. 9, the distribution profile ofBhf is hardly

FIG. 8. CEMS spectra of Tb25Fe68Co7 and Tb25Fe68Co7N5.4

films obtained on Fe at 20 K. The solid line is a fit to the data.
e.
ne

c-

tic
m

broadened by the presence of nitrogen, but mainly shif
towards higher values~1 2 T for x55.4). The magnetic field
Bhf acting on the Fe nucleus is considered to be proportio
to the intrinsic Fe moment (mFe) carried by the 3d electrons.
Considering the conversion factor 14.5 T/mB , normally used
for RE-TM amorphous alloys,19 the Fe intrinsic moment a
20 K is 1.83mB for x50 and 1.97mB for x55.4. The angle
uFe was found to be 14° forx50 and 24° forx55.4. These
results, together with the Fe moment projected along the
pendicular to the film plane (mFe

' ), the hyperfine field (Bhf),
the isomer shift~IS!, and the width of these distribution
(sBhf

ands IS , respectively!, are summarized in Table II. We
notice that the presence of nitrogen significantly increa
Bhf , only slightly increases the IS, and does almost not aff
sBhf

and s IS . An increase in the IS is associated with

decrease in thes-electron density at the nucleus, and cou
be correlated either to a ‘‘lattice’’ expansion or to ans→d
electronic transfer, but anyway in our case the change is
small to be significant.

VI. MEAN-FIELD ANALYSIS

In order to further give substance to this study, we ha
used a two-sublattice model to calculate the temperature
pendence of the magnetization of Tb~Fe,Co!N alloys. As the
Co concentration is low and its intrinsic moment~Co mo-
ments are collinear in RE-Co amorphous alloys! is compa-
rable with the Fe-projected moment, Co was assimilated
Fe in the mean-field calculations. The Tb sublattice was c
sidered in the framework of the classical HPZ model.20 This
means that to each Tb site is attributed the free-ionJ value,
a random anisotropy direction with a constant energyD, and

FIG. 9. Fe hyperfine field distributions obtained by CEMS f
Tb25Fe68Co7 and Tb25Fe68Co7N5.4 films at 20 K.
e
TABLE II. The hyperfine field (Bhf) and the isomer shift~IS! obtained by CEMS on Fe at 20 K ar
presented for two nitrogen concentrations, together with their respective FWHM (sBhf

ands IS). The Möss-
bauer angleuFe is also presented, as well as the intrinsic Fe magnetic moment (mFe) deduced fromBhf , and
its projection (mFe

' ) along the normal to the film plane.

x Bhf ~T! sBhf
~T! mFe(mB) uFe ~deg! mFe

' (mB) IS ~mm s 21) s IS ~mm s21)

0 26.56 0.1 11.5 1.836 0.05 146 2 1.776 0.1 10.0606 0.002 0.019
5.4 28.6 12.6 1.97 24 1.80 10.066 0.019
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8154 56C. BORDELet al.
a uniform molecular field coming from the Fe sublattice a
the mean magnetization of the Tb sublattice. The Fe sub
tice magnetization is described by a Brillouin function
which the molecular field arises from the Fe-Fe interactio
and also the mean Tb sublattice magnetization. The ang
dispersion of the Fe moments was not modeled in the ab
calculations as the HPZ model is relevant only for the co
petition between exchange energy and local random unia
anisotropy energy. The Fe moment values used in the ca
lations are those obtained from XMCD. The use of a sim
Brillouin function to describe the temperature dependenc
the Fe sublattice magnetization is therefore questiona
However, the discrepancy between calculations and exp
mental data is small in the case of GdFe alloys.1 The ex-
change and anisotropy parameters used in the program
x50 (JTb-Tb'2310223J, JTb-Fe'222310223 J, JFe-Fe
'47310223 J, and D'21310223 J) are close to those
found elsewhere in the literature.1,21 A 17% decrease of the
Tb-Fe exchange interactions and 5% increase of the m
Fe-Fe exchange interactions enabled the experimentally
served variations ofTc andTcomp betweenx50 andx55.4
to be reproduced. The anisotropy energy constantD was
kept fixed, whatever the nitrogen concentration, as it is
ficult to imagine a radical change in the local RE enviro
ment due to such low levels of nitrogenation. The compa
son between calculated and measured curves is shown in
10. The calculated values are in quite good agreement
the measurements, given the large error bars on the ex
mental points.

VII. DISCUSSION

The macroscopic results, summarized in Fig. 4, consis
the decrease ofTc , Tcomp, andMs as a function of the ni-
trogen concentration. XMCD and CEMS allowed these o
servations to be correlated with the local effect of nitrog
insertion on each magnetic sublattice. We stress that the
cussion is focused on the relative variations of the vari
relevant parameters as a function of the nitrogen concen
tion, but not on their absolute values.

XMCD measurements at the TbM4,5 and the FeL2,3
edges clearly show a different behavior of the Tb and

FIG. 10. Experimental temperature dependence of the satura
magnetization of Tb25Fe68Co7 and Tb25Fe68Co7N5.4 films and
mean-field calculations~dotted lines!.
t-

s
lar
ve
-
ial
u-
e
of
le.
ri-

for

an
b-

-
-
i-
ig.
th
ri-

in

-
n
is-
s
a-

e

sublattice magnetization as a function of nitrogen conte
The low values of the projected 4f magnetic moment poin
out the existence of a noncollinear distribution of the
moments. The large differences observed between
XMCD signals of the three samples show that the Tb m
netic sublattice is extremely sensitive to the presence of
trogen. The main effect of nitrogen insertion on the Tb su
lattice is a decrease of its projected magnetization, whic
interpreted as a modification of the noncollinear distributi
of the Tb magnetic moments. As the nitrogen concentrat
is increased, the average opening of the conical distribu
of the 4f Tb moments increases.

The XMCD measurements reveal that the Fe moment p
jected perpendicular to the film plane depends only v
weakly on the nitrogen content. Unlike for Tb, we cann
assume that the intrinsic Fe moment is sample indepen
and thus deduce information on the angular distribution
the Fe moments. For that reason, Mo¨ssbauer spectroscop
was necessary to study the effect of nitrogen insertion on
Fe sublattice. The enhancement of the intrinsic Fe mom
and the opening of the mean cone angle of the Fe mom
distribution upon nitrogenation were both clearly shown
CEMS. The two effects are such that the projected Fe m
ment is almost constant, as also observed with the XM
measurements. The Fe moment projections obtained
XMCD and CEMS are in very good agreement, within t
experimental errors, and we stress that the field depend
between 0 and 5 T is negligible, given the order of magni
tude of the molecular field acting on Fe (; 600 T!.

The modification upon nitrogenation of the angular dist
bution of the Tb and Fe moments can be discussed in te
of variation of the exchange interactions. Since the Tb-
exchange interactions are small compared to the Tb-Fe
change interactions, the fan structure of the Tb mome
mainly results from the competition between the Tb-Fe
change interactions and the Tb local anisotropy. As the la
is intrinsic to the RE ion, the cone opening with nitroge
insertion must therefore originate from an important decre
in the Tb-Fe exchange interactions. This effect may ar
from a modification of the 3d-5d orbitals overlap by nitro-
gen insertion.

As far as the Fe sublattice is concerned, the distribution
Fe-Fe exchange interactions gives rise, in the case
a-YFe2, to a concentrated spin-glass behavior.19 When Y is
replaced by a magnetic RE like Tb, the presence of RE
interactions reduces the effect of frustration at the differ
Fe sites and results in a reduced angular dispersion of th
moments.21 It is thus clear that the decrease of the Tb-
exchange interactions upon nitrogenation, competing w
the weak negative Fe-Fe interactions, will give rise to
opening of the Fe sublattice cone, as experimentally
served. The reinforcement of the intrinsic Fe moment co
be the result, as for bulk intermetallic compounds, of a sm
lattice expansion.22 This volume change, compatible with th
slight increase of isomer shift observed by Mo¨ssbauer spec
troscopy, could be small enough to be undetectable by c
ventional x-ray diffraction, but sufficient to lead to an in
crease of the Fe moment and the averageJFe-Fe value. This
assumption has to be checked, for example, by exten
x-ray-absorption fine-structure~EXAFS! measurements, on
highly nitrided samples.

on
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56 8155MICROSCOPIC ORIGIN OF THE MACROSCOPIC . . .
Although the mean-field analysis does not attempt
model precisely the magnetic behavior of these nitrid
sperimagnetic alloys, the importance of the role played
the various parameters was clearly illustrated. The fact
most of the salient features of the measured data are ca
lated with the correct order of magnitude by simply introdu
ing a significant decrease ofJTb-Fe and a slight increase o
JFe-Fegives credence to the hypotheses used.

VIII. CONCLUSIONS

The study of sputtered TbFeCoN amorphous thin fil
shows that nitrogen insertion during deposition leads t
drastic change in the magnetic properties of the alloy,
particular the decrease of its compensation temperature.
use of element-specific probes allows us to separate the
played by nitrogen insertion on each magnetic sublattice,
tte
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mean field calculations enables us to corroborate the in
pretation of the experimental data. All these techniques
veal that TbFeCo nitrogenation mainly reduces the Tb
exchange interactions, slightly increases the Fe-Fe excha
interactions, and strongly enhances the Fe atomic mome

Moreover, the flexibility of the deposition process mak
it very interesting for future applications in the field o
magneto-optical recording.

ACKNOWLEDGMENTS

We want to thank Y. Souche and J. F. Guillaud for th
helpful contribution to the PMOKE experiments and t
LETI for use of their sputtering machine. C.B. acknowledg
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