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Role of stacking faults in the structural and magnetic properties of ball-milled cobalt
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Stacking faults are found to play a crucial role in the evolution of the structural and magnetic properties of
cobalt subjected to ball milling. This has been evidenced by using complementary techniques, i.e., magnetom-
etry and torque measurements, nuclear magnetic resonance~NMR! and x-ray diffraction~XRD!. After short
milling times a stacking-fault driven transformation from fcc to hcp cobalt is observed, which is accompanied
by an increase of the effective magnetic anisotropy, the NMR restoring field and the coercivity. The results
suggest that small amounts of stacking faults can be beneficial to enhance the coercivity in hexagonal Co. For
longer milling times, both XRD and NMR results show that the hcp phase becomes heavily distorted because
of the large amount of stacking faults accumulated. This induces a decrease of the magnetic anisotropy, which
leads to the overall softening of the material.

DOI: 10.1103/PhysRevB.68.014421 PACS number~s!: 75.50.Tt, 82.56.2b, 61.72.Nn, 67.80.Jd
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INTRODUCTION

The cobalt allotropic phase transformations between h
agonal close packed~hcp! and face centered cubic~fcc! have
been extensively studied both from the theoretical1 and ex-
perimental points of view.2 In particular, these transforma
tions can be induced in Co by ball milling.3,4 Recently, it has
been demonstrated that the milling induced hcp-fcc trans
mation is governed by a process of stacking fa
accumulation.4 However, the magnetic changes in Co a
companying the structural transitions induced during
milling have not been systematically studied. Stacking fau
are known to play a crucial role in the magnetic properties
Co-based hexagonal alloys~e.g., longitudinal and perpen
dicular recording media! and are usually considered to brin
about a magnetic softening of this kind of materials.5,6 How-
ever, small amounts of defects seem to improve some of
magnetic properties of other hexagonal Co alloys, e.g.,
milled SmCo5.7 Thus, a better understanding of the corre
tion between the structural and magnetic properties
Co based alloys is important for the advancement of th
applications.

It is well known that mechanical milling is a widesprea
technique for the production of nonequilibrium states.8 In
particular, ball milling has been shown to be an excell
process to introduce large amounts of defects in metals
controlled way, by adjusting the milling conditions, e.g., t
milling energy ~milling frequency, ball-to-powder ratio!,
milling atmosphere or milling time.9

It is also noteworthy that although nuclear magnetic re
nance~NMR! is particularly suited to study the structural an
magnetic properties of Co and Co-based alloys,10 it has not
been used to investigate the structural and magnetic tran
mations induced in Co by ball milling. Since NMR rende
information about the local environment of the atoms it oft
complements the results obtained from macroscopic st
0163-1829/2003/68~1!/014421~7!/$20.00 68 0144
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tural or magnetic techniques such as x-ray diffraction
magnetization.

In the present work we correlate the milling induce
structural transformations with the evolution of the magne
properties in Co from a microscopic~i.e., NMR! and macro-
scopic points of views. The results indicate that the milli
induced stacking faults determine the structural and magn
properties of Co, hence the appropriate control of the sta
ing faults can lead to the improvement of the magne
properties.

EXPERIMENTAL PROCEDURE

Cobalt powders~99.5%,2325 mesh, from Alfa-Aesar ®!
were mechanically milled in a planetary ball mill~Fritsch
Pulverissette 7!, at 500 rpm, during times ranging from 0.1 t
20 h, using agate vials (V520 ml) and six agate balls~with
diameterf510 mm) in a ball-to-powder weight ratio of 2:1
To avoid oxidation, the vials were previously sealed und
argon atmosphere. The as-milled powders were structur
characterized by x-ray diffraction~XRD!, using Cu-Ka ra-
diation, and nuclear magnetic resonance. From the XRD
terns, microstructural parameters, such as crystallite si
microstrains or stacking faults were quantified by means o
data analysis program based on a full pattern fitting pro
dure ~Rietveld method!.11,12 In particular, crystallite sizes
^D&, and microstrains,̂ «2&1/2, were determined using th
Delft model,11 while stacking fault probabilities were evalu
ated according to the Warren formulas.13 59Co NMR spectra
were recorded in a zero external dc field, at room tempe
ture, every 1 MHz, in the frequency range 205–230 MHz,
means of an automated, frequency swept spin-echo s
trometer. Prior to NMR experiments, the as-milled powd
were embedded in a polymeric resin and aligned during
resin hardening under a magnetic field (H58 kOe). All
magnetic measurements were performed in oriented p
ders. For each sample, several NMR spectra were taken
©2003 The American Physical Society21-1
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ing different values of the excitation rf field,h1 , applied
parallel to the particle alignment direction. The details of t
NMR experimental procedure have been described in R
14. This procedure provides a twofold information about
studied samples. On the one hand, it gives a NMR spect
that has been corrected for the intrinsic NMR enhancem
factor and thus reflects a true number of nuclei resonatin
a given frequency. The59Co NMR frequency can be readil
interpreted as fingerprints of different structural compone
~fcc, hcp, and stacking faults!, consequently the structura
information can be extracted in a straightforward way.10,14

On the other hand, the applied experimental procedure
vides a distribution of local restoring fields acting on t
electronic magnetization in different structural compone
present in a sample. In this way a microscopicmag-
netic information is obtained in addition to thestructural
information.

Coercivity values were determined by means of vibrat
sample magnetometry~VSM!, using a maximum field ofH
511 kOe. The hysteresis loops were measured at room
perature along the easy axis of the oriented samples.

Finally, to evaluate the effective magnetic anisotro
torque curves were recorded at room temperature in a c
pensated torque balance, applying magnetic fields up tH
511 kOe, on disk-shaped oriented samples. The magn
anisotropy constant,KU , was determined from the torqu
curve slope method. This method of determiningKU is es-
pecially useful when complete saturation of the disks can
be guaranteed.15

RESULTS AND DISCUSSION

Structural

Shown in Fig. 1~a! are the XRD patterns of cobalt pow
ders before milling and after milling for 0.1, 0.5, 2, and 20
Figure 1~b! shows the XRD pattern of a cobalt ball milled fo
20 h, together with the curve generated from the full patt
fitting procedure and the corresponding difference betw
the calculated and the experimental profiles. Also indica
in the figure are the Miller indexes~hkl! of the different
diffraction peaks, where the subscriptsC and H denote the
fcc and hcp phases, respectively.

As can be seen in Fig. 1~a!, the unmilled powders are
mixture of hcp and fcc cobalt. However, the amount of f
rapidly reduces with milling time, as evidenced by the d
crease in intensity of the fcc peaks, for example of
(200)C peak@indicated by an arrow in Fig. 1~a!#. Note that
this peak disappears almost completely after milling for
h. Actually, the amount of fcc decreases from about 3
~wt %! in the unmilled state to about 5% after milling for 0
h. Remarkably, after long-term milling, a small hump is o
served at the position of this peak. Moreover, XRD patte
reveal that the hcp peaks satisfying the conditionh2k53n
11 ~wheren is an integer! andlÞ0 @for example the (102)H
or (103)H peaks# are extra broadened with respect to t
other peaks@see Fig. 1~b!#. This is an indication of the exis
tence of stacking faults.13 At the same time, Fig. 1~a! shows
that as milling time increases, all the XRD peaks progr
sively broaden. This results from the crystallite size refin
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ment and the increase of the microstrains. Actually, from
widths of the hcp peaks it is possible to obtain the milli
time dependence of both the hcp crystallite size,^D&H , and
the microstrains in the hcp crystals,^«2&H

1/2. However, for
the fcc phase, reliable values of^D&C and^«2&C

1/2 can be only
determined for short milling times, due to the exceeding
small amount of fcc phase present for longer milling time
Thus, in unmilled Co, the crystallite sizes are of abo
^D&H567.6 nm and^D&C580.4 nm for the hcp and fcc
phases, respectively, while after milling for 20 h their si

FIG. 1. ~a! X-ray diffraction patterns of Co particles before an
after milling for 0.1, 0.5, 2, and 20 h. The symbols* ands denote
the peaks corresponding to hcp and fcc-Co, respectively.~b! X-ray
diffraction pattern of 20-h ball milled Co, together with the curv
generated from the Rietveld refinement and the corresponding
ference between the experimental and calculated profiles.
Miller indexes of the different peaks are also indicated, whereH
andC subindexes denote hcp and fcc phases, respectively.
1-2
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ROLE OF STACKING FAULTS IN THE STRUCTURAL . . . PHYSICAL REVIEW B 68, 014421 ~2003!
becomê D&H516.1 nm and̂ D&C;3 nm. The milling time
dependence of̂D&H and the overall stacking fault probabi
ity in the hcp phase, (s.f.p.)H , in as-milled cobalt are shown
in Fig. 2~a!. According to Warren’s formulas, 1/(s.f.p.)H in-
dicates the average number of compact atomic planes~in the
hcp sequence ...ABABAB...! between two consecutive stac
ing faults.13 For example, s.f.p.50.05~i.e. 1/s.f.p.520) indi-
cates that between two stacking faults there are, in aver
20 ordered planes. Actually two different types of stacki
faults, deformation,a, and twin,b, faults, are created both i
the hcp and fcc phases during the milling, which are rela
to the slip and twin mechanisms of plastic deformatio
respectively.16,17 These two types of faults bring about di
ferent alterations of the hcp and fcc stacking sequen
Thus, in the hcp phase, twin faults result in the ...ABAB-
CBCB... sequence, i.e., locally a single fcc stacking ord
~ABC! is generated. This new sequence can be denote
(...hhchh...), where h and c indicate hcp and fcc loca
stacking sequence, respectively. On the contrary, defor
tion faults in hcp phase result in two consecutive alterati
of the hcp stacking order. In this case the sequence gene
is (...ABABCACA...), i.e., (...hhcchh...). These two

FIG. 2. Milling time dependence of~a! the overall stacking fault
probability (s.f.p.)H , and the crystallite size,^D&H , of the majority
hcp phase and~b! the deformation-type,aH , and twin-type,bH ,
stacking fault probabilities for hcp-Co. Note that (s.f.p.)H5aH

1bH . The lines are guides to the eye.
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types of faults can be quantified using the Rietveld meth
since they have different effects on the XRD patterns.13

Shown in the Fig. 2~b! are the milling time dependence
of deformation,aH , and twin,bH , faults in the hcp struc-
ture. It is important to stress that in the hcp phase of
unmilled Co some stacking faults, s.f.p.;0.03, are already
present, while they are found to be negligible in the f
phase. Note that the stacking fault probability, (s.f.p.)H , in
Fig. 2~a! corresponds to the sum of both types of stack
faults in hcp-Co, (s.f.p.)H5aH1bH . The stacking faults in
fcc-Co also increase after short-term milling~e.g.,aC1bC

;0.04 after milling for 0.5 h!. Nevertheless, since for thes
milling times the percentage of the remaining fcc-Co is ve
small ~e.g., 5% after milling for 0.5 h! their contribution to
the overall amount of stacking faults is negligible. As can
seen in Fig. 2~b!, twin-type stacking faults are found to pre
dominate, especially after long-term milling, indicating th
twinning, rather than simple slip, is the main mechani
governing plastic deformation of the Co crystallites duri
the milling.4 This is probably because in hcp metals, due
the limited number of slip systems, the yield stress for tw
ning becomes lower than the yield stress for slip under c
ditions of rapid rate of loading, such as ball milling.16

In addition, ^«2&H
1/2 increases with milling time. In the

starting material,̂«2&1/2 is found to be approximately zero i
both hcp and fcc phases. However, for hcp,^«2&H

1/2 increases
steeply during the first 2 h of milling, followed by a
smoother increase for longer milling times, reaching a ma
mum value of about 0.0064 after long-term milling. Simil
values of ^«2&C

1/2 are found for fcc-Co after long-term
milling.4 The high values of̂«2&H

1/2 and^«2&C
1/2 are probably

due to the high density of dislocations and grain bounda
developed during the milling process.

Figure 3 shows the NMR spectra for unmilled Co, and
milled for 0.1, 0.5, 2, and 20 h. As can be seen in the figu
the NMR spectrum for the initial material exhibits pea
corresponding to fcc-Co, hcp-Co, and different types
stacking faults (sf1 , sf2 , sf3 , sf4 , and sf5).10,14The different
stacking fault frequencies are usually assigned as follows~i!
sf1 and sf2—one stacking error in the fcc sequence, i.e.,
twin faults or, alternatively, two consecutive stacking erro
in the hcp sequence, i.e., deformation faults in hcp;~ii ! sf3
and sf4 , corresponding to one stacking error in hcp, i.e., tw
faults in hcp, or two stacking faults in fcc, i.e., deformatio
faults in fcc; and~iii ! sf5 is not unambiguously assigned t
any stacking error sequence, although these sequence
often related to stacking faults in hcp.18 The spectrum for the
unmilled material~Fig. 3! seems to indicate an excess of f
phase, compared to the results of the XRD analysis. H
ever, taking into account that in the unmilled Co the h
phase is already intrinsically highly faulted, contrary to t
fcc phase, the observed NMR intensity at the frequency c
responding to undistorted hcp Co should be smaller. Mo
over, one should bear in mind that since the penetra
depth of the r.f. field used in the NMR experiment is limite
and that fcc-Co tends to be retained at the surface of
particles during a thermally-induced fcc→hcp transition,19 a
reduced intensity for the unfaulted hcp-Co should also
1-3
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expected. As the milling time increases, the peak correspo
ing to fcc-Co quickly disappears, becoming almost ind
cernible after 0.5 h of milling, similar to what is observed
XRD. In addition, the relative integral intensity of the pea
corresponding to the different types of stacking faults rapi
increases with milling time. In particular, for short millin
times the sf1 and sf2 peaks increase, in agreement with t
XRD results @Fig. 2~b!#, where for short milling times an
increase of deformation faults in hcp-Co~i.e., two stacking
errors in the hcp sequence! is observed, while maintaining
the amounts of twin faults in hcp almost constant. For lo
milling times, sf31sf4 appear to be predominant, i.e., su
gesting that single stacking error in the hcp becomes do
nant, as observed for XRD, where twinning,bH , is the pre-
vailing mechanism for plastic deformation. Also notewort
is the enhancement of the low frequency tail, correspond
to grain boundaries, with increasing milling time, in acco
dance with the decreased crystallite size and increase of
crostrains observed in XRD. Although a quantitative analy
of the different phases is, in principle, possible, due to
broadening and the concomitant severe overlap of som
the peaks, after 0.5 h of milling such analysis becomes
creasingly unreliable. Hence, it has not been attempted.

When comparing XRD and NMR structural results, o
can see there is a clear qualitative agreement between
techniques. Namely, there is an obvious transformation of
initial fcc-Co into stacking faults and an increase of disord
i.e., overall increase of stacking faults or grain boundary
gions ~e.g., microstrains in XRD!, with milling time. How-
ever, a more quantitative comparison between NMR a

FIG. 3. Room-temperature NMR spectra of unmilled Co and
milled for 0.1, 0.5, 2, and 20 h. Indicated in the figure are the pe
corresponding to fcc-Co, hcp-Co, and the different types of stack
faults (sf1 , sf2 , sf3 , sf4 , and sf5). The long tail at low frequencies
originates from the grain boundaries contribution. Note that
different spectra have been shifted for clarity.
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XRD becomes difficult. For instance, although the gene
trends are the same, there is not necessarily a one-to
correspondence as to the exact amount of the different st
tural phases with milling time between the results obtain
by NMR and XRD. These discrepancies have several orig
First, a fundamental one is that while NMR is a microscop
technique giving information about the local environment
the atoms, XRD is a more macroscopic technique rende
more long-range information. Stemming from this fund
mental distinction it is not surprising that a given stacki
sequence could be considered differently in NMR or XR
One clear example of this is the apparent increase of fcc
content observed in XRD after long term milling, e.g.,
increase of the (200)C XRD peak@see Fig. 1~a!#. When look-
ing at the 20-h NMR spectrum, there is no indication
fcc-Co, instead an increase of stacking faults is observ
Thus, taking into account both results and the rather sm
XRD crystallite size of the fcc-Co,̂D&C(20 h);3 nm, the
new state created after long-term milling should be cons
ered as a pseudo-random sequence of stacking faults,
maintaining an overall hcp character, rather than two w
differentiated hcp and fcc phases.

Magnetic properties

Since the saturation magnetization of hcp and fcc Co
almost the same,20 there is virtually no change in the satur
tion magnetization,MS , with milling time. However, the
bulk anisotropies of hcp and fcc Co are rather differe
@K1 (hcp)55•106 erg/cm3 ~Ref. 21! and K1 (fcc)50.8
•106erg/cm3 ~Ref. 22!#. As can be seen in Fig. 4~a! the
uniaxial anisotropy,KU ~Ref. 23! and the coercivity,HC ,
exhibit an increase for short milling times reaching a ma
mum for 0.5 h of milling and slowly decreasing for longe
milling times. The initial increase of anisotropy with millin
time can be understood qualitatively by the stacking-fa
driven transformation of fcc Co~low anisotropy! into hcp Co
~high anisotropy!. Moreover, the microstrains induced durin
the milling could also influence the anisotropy~e.g., stress
induced anisotropy24!. It is noteworthy that the maximum
anisotropy observed in the milled powders is slightly larg
than that of bulk hcp Co, which is probably related to t
crystallite size refinement induced during the milling, sin
in Co the surface anisotropy effects could also
significant.25 However, the decrease inKU observed for
longer milling times is exceedingly large to be related sol
to the reverse hcp-fcc transformation. For milling tim
longer than 1 h large amounts of stacking faults are accum
lated in the material. Hence, since stacking faults are kno
to decrease the anisotropy in Co-based hexagonal mate
it seems plausible to correlate theKU reduction for long
milling times with the increasing amounts of stacking fau
and the concomitant disorder. Although the samples h
been embedded in resin and oriented, the oriented part
are always composed of several misoriented crystalli
Therefore, the effect of averaging the anisotropy of the d
ferent crystallites over the effective exchange length~i.e.,
random anisotropy model! ~Ref. 26! could also be reflected
in the reduction of the anisotropy, especially for small cry
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ROLE OF STACKING FAULTS IN THE STRUCTURAL . . . PHYSICAL REVIEW B 68, 014421 ~2003!
tallite sizes~i.e., long milling times!. Actually, the random
anisotropy model predicts a reduction of the anisotropy,KU ,
by a factorN1/2, N being the number of grains in a volum
(,ex)

3, where,ex denotes the exchange length, which is d
fined as (A/KU)1/2 ~whereA is the exchange stiffness!. This
would lead to an effective anisotropy^K&5KU /N1/2. How-
ever, in Co the exchange length is about,ex;4.5 nm~when
using bulkKU values!, thus smaller than the observed h
crystallite sizes, even if the smallest measured effective
isotropy is used to obtain,ex . Hence, the averaging effec
should be small. As can be seen in Fig. 4~b!, the measured
KU does not follow the expected dependence with^D&H ~i.e.,
KU}^D&H

6 for ^D&H,,ex and KU}^D&21 for ^D&H.,ex

~Ref. 26! from the random anisotropy model.
It is well known that coercivity and anisotropy are close

related. For example, if the reversal of the magnetizat
takes place by coherent rotation, coercivity and anisotr
should be proportional to each other, i.e.,HC52KU /MS .27

However, as it can be inferred from Fig. 4~a!, while the total
increase of anisotropy after 0.5 h of milling is merely 13
the enhancement of the coercivity is almost 100%. Thus,
increase of coercivity cannot be explained only by the
crease of anisotropy. One possibility for the anomalous
crease ofHC could be a strong exchange coupling betwe
the fcc and hcp phases.28 Namely, due to the strong exchang

FIG. 4. ~a! Milling time dependence of the coercivity,HC , and
uniaxial effective anisotropy,KU . ~b! Dependence ofHC and KU

on the hcp crystallite size,^D&H . Note that the lines in~a! are just
guides to the eye, while in~b! they indicate^D&6 and ^D&21

dependencies.
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coupling, when the low coercivity~i.e., low KU) fcc grains
reversed their magnetization, they would also induce the
versal of the high coercivity~i.e., high KU) hcp grains at
lower fields, thus reducing the measuredHC . Therefore, as
the amount of fcc phase decreased this effect should be
significant and the hcp grains would reverse at their intrins
higher, coercivity. Exploring other possibilities one is led
take into account the pinning of the domain walls by sta
ing faults and other defects, which would bring about
increase ofHC .29 This mechanism would be most effectiv
when the average distance between different stacking fa
is larger than the domain wall thickness. Consequently, w
the amount of stacking faults surpasses a certain limit,
role of the stacking faults or other defects would merely
to reduce the anisotropy, by creating structural inhomoge
ities. Hence, the decrease ofHC for long milling times ap-
pears to be related to the reduction ofKU , since for long
milling times the reduction of both properties is of the sam
order of magnitude. Finally, the random anisotropy mo
effects could also influence the behavior of the coerciv
with milling time due to the crystallite size reduction. How
ever, similarly to KU , although these effects should b
present they are probably not significant. Consequently,
dependence ofHC on ^D& is not the one expected from th
random anisotropy model26 @Fig. 4~b!#, as observed forKU .

NMR provides local magnetic information complemen
tary to macroscopic magnetization and torque measureme
As can be seen in Fig. 5, for the unmilled material, ea
structural feature identified by NMR~i.e., fcc, hcp, stacking
faults, or grain boundaries! has its specific restoring field
This indicates that thelocal magnetic stiffness, i.e., to a ce
tain extent the difficulty for magnetization reversal, is diffe
ent at different parts of the Co particles. In particular, t
restoring field appears to be largest at different kinds of
fects, stacking faults or grain boundaries than at the orde
phases. Moreover, the evolution of the restoring field w
milling time, shown in Fig. 6, indicates that for the firs
milling stages the restoring field curves shift upwards, in
cating an overall increase of the magnetic stiffness of

FIG. 5. NMR spectrum of unmilled Co~dotted line! together
with the frequency dependence of the normalized restoring fi
~continuous line!. The signal ranges corresponding to the differe
structural features~undistorted fcc and hcp phases, stacking fau
and grain boundaries! have also been indicated.
1-5
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J. SORTet al. PHYSICAL REVIEW B 68, 014421 ~2003!
powders. Interestingly, the stacking faults remain the stiff
structural element of the samples. However, for longer m
ing times the restoring field curve decreases and broad
out, hence the overall magnetic stiffness decreases, while
difference in magnetic stiffness between the different str
tural elements smoothens. Finally, for the longest milli
time, 20 h, the restoring field becomes virtually featurele

These results agree well with the anisotropy and coer
ity values. As the milling starts, the restoring field increas
significantly, in agreement with the coercivity~rather than
the anisotropy!. Moreover, the fact that the stacking faul
are the stiffest part of the restoring field spectrum impl
that stacking faults play an important role in the magne
hardening of the material, probably as domain wall pinn
sites. For longer milling times, the smoothing of the restor
field spectrum implies that the stacking faults tend to ha
less influence in the magnetization reversal, i.e., the incr
ing amount of stacking faults limits their role as pining site
It is noteworthy that occasionally, in Co-based hexago
systems slight increases of coercivity have been observe
small amounts of stacking faults, even though they were
studied in detail.6 Our study indicates that these coercivi
enhancements may be relevant and that small amount
stacking faults may be beneficial for the improvement
performance in Co-based longitudinal and perpendicular
cording media.

To carry out a more quantitative comparison between
microscopic~restoring field! and macroscopic (HC andKU)
we have integrated the convolution of the spin echo inten
and restoring field curve,30 which renders a ‘‘weighted’’ re-

FIG. 6. Frequency dependence of the restoring field of unmi
Co and Co milled for 0.1, 0.5, 2, and 20 h. The frequency ran
corresponding to the different structural features~undistorted fcc
and hcp phases, stacking faults and grain boundaries! have also
been indicated.
F

.
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storing field, i.e., the average magnetic stiffness of the wh
sample, hence somewhat equivalent to the macroscopic
ercivity. As can be seen in Fig. 7, the weighted restoring fi
corresponds closely to the coercivity values~Fig. 4!.

Finally, it is important to stress that the results from m
croscopic~NMR! and macroscopic~XRD and magnetom-
etry! studies have been proven to be rather complement
This fact helps to better understand the correlation betw
the structural and magnetic effects in this system.

CONCLUSION

The evolution of the structural and magnetic properties
Co when subject to ball milling have been studied us
local ~NMR! and macroscopic averaging~XRD, VSM, and
torque magnetometry! techniques. The results indicate th
both the structural~allotropic phase transformations! and
magnetic ~evolution of the anisotropy and the coercivity!
properties of Co are mainly dominated by the stacking fau
induced during the milling. In particular, the results sho
that small amounts of stacking faults can be used to enha
the coercivity of Co-based hexagonal alloys. Finally, th
study evidences the complementariety of the NMR, XR
and magnetometry techniques to fully understand the role
stacking faults in the properties of ball milled Co.
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FIG. 7. Milling time dependence of the coercivity,HC , and the
weighted restoring field~W.R.F.!, obtained by convoluting the spin
echo intensity with the restoring field curve. Note that the lines
guides to the eye.
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S. Suriñach, M. D. Baro´, and M. A. Muñoz-Morris, Int. J. Non-
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