Annex 5

General Discussion

In this annex a generd and compardive discusson of the effects of FM-AFM
exchange interactions induced by bal milling in Co + NiO, SmCos + NiO and SmCos + CoO
will be given. The am of this anex is to emphasze the differences in the structurd and
magnetic behaviors of the three sysems studied and dso in the processng routes that have
been used to induce the FM-AFM coupling in each of them.

In anex 3 it has been shown that bal milling of FM (Co or SmCos) with AFM (NiO
or CoO) powders creates a microstructure condsting of composites of severd nmm in which
the FM grans are embedded in an AFM or PM (in CoO) matrix [1-4]. Within these
composites many interfaces are created between the FM and the AFM grains, where FM-
AFM exchange interactions mainly take place. The amount of FM-AFM interfaces is
expected to be larger for larger FM-AFM composites. To study this effect the 20 h bal milled
Co-NiO compodites were separated into different particle szes, F, by means of different
deves and the influence of the particle sze on the coercivity enhancement was andyzed [1].
From the morphological description given in annex 3 it is dear tha the largest particles will
have a larger FM-AFM interface area, since they are agglomerates of Co grains embedded in
the NiO matrix, while the smaler paticles are mainly Co or NiO grains ill not soldered
together. In table 5.1 the dependence of Hc on the paticle sze, before and after a fied
cooling process from Tany = 600 K, isgiven.

Size (mm) F>100 |[50<F <100 |25<F<50 |F<25
Hc (= 3 Oe), 303 306 301 291
asmilled
Hc (= 3 Oe), 353 355 343 330
fidd-cooled

Table 5.1. Dependence of the coercivity, Hc, on the particle size, F, for Co ball milled with NiO
for20hinaweight ratio of 1:1 and field cooled from Tayy =600 K inH =5kOe

The coercivity of as-milled powders is amilar for dl szes and only dightly lower for
the smalest particles. However, after annedling a Tany = 600 K for 0.5 h and field cooling to
room temperature, Hc is found to depend markedly on F. The highest vaues of Hc were
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obtaned for F > 50 mm, as expected from ther microgtructure, i.e. fine Co lamelae
embedded in the NiO matrix.

Although in the three systems gudied (i.e. Co + NiO, SmCos + NiO and SmCos +
CoO) the microgtructure of as-milled powders is very smilar, the magnetic properties vary a
lot depending on the FM and the AFM that are being processed. For instance, when milling
with NiO, the effects of these interactions can be observed at room temperature since the Nédl
temperature of NiO is above room temperature (Ty (NiO) = 590 K). On the contrary, as has
been described in annex 4, for SmCos + CoO, a coercivity enhancement (with respect to the
maximum of SmCos milled done) is only observed after fidd cooling to beow room
temperature, since Ty (CoO) = 290 K [5].

The different structurd and magnetic behaviors of Co and SmCos during bal milling
or heat trestments, make it adso necessary to adapt in each case the processing route to
optimize the effects of the coupling. As has been described in annex 1, a field cooling process
from above Ty is usudly required in order to induce FM-AFM exchange interactions [6].
Therefore as-milled Co + NiO composites were annedled and field cooled from above Ty and,
as expected, this resulted in an enhancement of the room temperature coercivity and a shift of
the hyseress loop. Furthermore, since no dgnificant structural changes occur in Co when
heated a intermediate temperatures (i.e. from room temperature to Ty), Severd
heeting/cooling experiments could be caried out in this sysem to study the therma dtability
of the FM-AFM coupling (see sections 4.1.5 and 4.1.6). However, in SmCos + AFM (NiO or
CoO) powders, heating results in a rapid deterioration of the hard FM properties, mainly due
to the formation, a intermediate temperatures, of non-magnetic or softer phases (SmCo; or
Sm,Co;7), which leads to a loss of the magnetic anisotropy [7]. Moreover, anneding of
SmCos + NiO has aso shown to result in Sm oxidation, Snce Sm is more reective to oxygen
than Ni or Co. Therefore, in SmCos + NiO, the induction of FM-AFM exchange interactions
by heeting and fidld cooling the as-milled powders seems very difficult if not impossble.

Nevertheless, as has been discussed in annex 4 (see figure 4.16), a comparative sudy
of the milling time dependences of Hc for SmCos milled done, with CoO and with NiO (i.e.
an enhancement of Hc is observed in SmCos + NiO with respect to SmCos done or SmCos +
CoO) reveds that, to some extent, FM-AFM exchange interactions are likely to be induced
during the milling of SmCos with AFM NiO powders. Actudly, severa factors have to be
taken into account in order to explain the milling time dependence of Hc in bdl milled SmCos
+ CoO and SmCos + NiO powders. As has been noted in annex 4, Hc increases for short
milling times in SMCos either when it is milled done or with NiO or CoO. This can be mainly
atributed to the particle Sze reduction associated with the milling process. It should be
recdled that the unmilled SmCos particles are severd mm in sze (see figure 3.2 ().
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Therefore, they are mainly in a multidomain sate. However, as the milling time increases, the
FM particles fracture and become smaler. Thus, many of them resch Szes of around 1 mm
(see figure 3.2 (b)). Therefore, after intermediate milling times, a fraction of SmCos particles
may be in a monodomain date. This can be the reason for the increase of Hc during the firg
dages of the mechanicd milling process (see figure 4.16), dthough smal defects acting as
pinning Stes could adso play some role However, for longer milling times He of SmCos
milled done is found to dgnificantly reduce. We have atributed this reduction to the high
degree of dructural disorder generated in SmCos after long-term milling (see for example the
andl cryddlite Sze and the large microdrains after milling SmCos for 32 h in figure 3.15),
which may result in a decrease of its magnetic anisotropy and, thus, of its coercivity [7,8].
Neverthdess, Hc of SmCos + CoO or SmCos + NiO is not found to reduce when the milling
time is progressvely increased. Actudly, in anex 3 (see figures 3.18, 3.20 and 3.21) it has
been emphasized that both NiO and CoO dow down SmCos sructurd changes during the
milling. Thisis one of the factors that avoids the Hc reduction after long-term milling.

To check the relationship between SmCos sructurd evolution and Hc, we have plotted
in figure 5.1 Hc as a function of SmCos cryddlite sze, <D>gncos, for SmCos milled done,
with NiO and with CoO in aweight ratio of 1:1.
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Figure 5.1: Dependence of the coercivity, Hc, on SmCos crystalite size, <D> gy, for SmCos milled
aone (%34 ), with CoO (¥2D%)and NiO (34 0%) in the weight ratio 1:1. The lines are a guide to the

eye.
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It can be seen tha, in the three cases, the maximum Hc is obtained for <D> gncos Of
the order of 10-15 nm, much smdler than the dngle doman sze (i.e der = 0.8 mm) [9], In
agreement with other dudies deding with the magnetic properties of bdl milled SmCos
powders [8,10,11]. The figure shows that Hc apparently only reduces for <D>gncos lower
than 10 nm, which, combined with the large microstrains observed in long-teem milled
powders (see figure 3.21) indicates that when SmCos structure deteriorates the hard magnetic
properties of SmCos tend to be dgnificantly lost. Therefore, it is not surprising that in SmCos
+ CoO and SmCos + NiO milled in the raio 1:1 Hc remans congant even when the milling
time is increased to severd hours, since in these two systems <D>gncos does not reduce
enough, i.e. bedlow 10 nm, even after long-term milling. Moreover, figure 5.1 dso shows tha
for a fixed crysdlite szes, Hc remans higher in SmCos + CoO than for SmCos milled done.
This behavior can be understood in terms of the role tha the PM CoO matrix plays in
isolaing the different SmCos grains. This isolation brings about a decrease of the interparticle
FM-FM exchange interactions, which are known to reduce Hc due to the cooperative reversa
of severd interacting FM paticles [12-14]. Neverthdess, the fact that, for a fixed SmCos
cyddlite sze, Hc is even higher when it is milled with NiO can be taken as a confirmation
that FM-AFM exchange interactions are actudly present in the asmilled SmCos + NiO
powders.

Furthermore, figure 5.2 shows the dependence of Hc on SmCos cryddlite Sze,
<D>gncos, for savera SmCos:NiO weight ratios 1.0, 3:1, 3:2 and 1:1. For al compostions,
the maximum Hc is again obtained for <D>gnces around 10 — 15 nm. Moreover, in spite of
the presence of NiO, Hc is found to decrease for exceedingly smal <D>gncos VAues, i.e. after
long-term milling of FM with AFM powders in the ratios 1.0, 3:1 and 3:2 (see ds0 figure
4.21). Figure 5.2 also shows that, for a fixed SmCos cryddlite sze, the Hc enhancement is
larger for larger AFM contents.
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Figure 5.2 Dependence of the coercivity, Hc, on SmCos crystallite size, <D> gy, for SmCos milled
with NiO in the weight ratios SmCos (1):(0) NiO (- O --), SmCos (3):(1) NiO (34 ® 34), SmCos (3):(2)
NiO (% A%¥%) and SmCos (1):(1) NiO (32 <>%). Note that the error bars are smaller than the symbols.
Thelines are aguide to the eye.

The induction of FM-AFM exchange interactions during the milling implies tha,
somehow, a process analogous to a fidd cooling, must take place during the milling. It is well
known that, during the milling, due to the impacts between powders and bdls temperature
can be locdly raised to above the Ty (NIO) (or grictly, to above the blocking temperature,
which is dways lower than Ty). Actudly, Miller et d. have caculated the loca temperaure
rise in a planetary bal mill apparatus to be in excess of 600 K, well above the Ty of NiO (i.e.
590 K) [15]. Since the temperature rise is only effective during a few ns, the loca hesting
may induce some FM-AFM exchange coupling, but may not be enough to drive diffuson
processes, which might lead to deterioration of SmCos properties. Furthermore, snce SmCos
paticles have a large magnetocrystdline anisotropy, they can reman single-doman to very
large sSzes i.e the citicd dze for sngle-doman paticles in SmCos is der = 0.8 nm [9].
Therefore, they can creste consderably large microscopic magnetic fields to neighboring NiO
grans during the milling. Hence, fidd cooling could actudly be thought to take place during
bal milling. This effect can be consdered gmilar to the creation of domans by locd flash
anneding in FM-AFM bilayers [16]. Figure 5.3 illustrates a possble spin configuration that
might be generated in SmCos + NiO composites during the milling.
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Figure 5.3: Intuitive illustration of the morphology and spin configuration of SmCos + NiO
powders ball milled together. In (a) the morphology after short-term milling is illustrated, i.e. the
FM and AFM particles are still not soldered together. In particular, one FM and two AFM particles
are represented, each of them containing a few magnetic domains, which, at the sametime, include
several crystalites. Note that in (a) the spins in the FM and the AFM do not interact with each
other and, consequently, the magnetization directions in the different domains are at random. Fig.
(b) represents the morphology generated after long-term milling. In this case, two FM particles
have soldered with AFM powders to form one FM-AFM agglomerate. For simplicity, only the
crystallites in the AFM located at the interfaces with the FM particles have been represented. The
figure showsthat, if one assumes that some FM-AFM exchange interactions are induced during the
milling, the spins of the AFM grains located near the interfaces with the FM particles will tend to
align towards the directions of the neighboring FM domains. This coupling at the interface will
result in the local exchange bias effects, i.e. an enhancement of coercivity.
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In figure 5.3 (&), which corresponds to SmCos milled for short times with NiO, the
FM-AFM agglomerates have not been formed yet and, therefore, basicdly there are no
interactions between the FM and AFM grains. Both SmCos and NiO particles are so0 large that
they are composed of severd crydadlites and are in a multidomain sate. Since there are no
interactions and the powders have not been digned, their domains remain oriented a random.
However, as it is shown in figure 53 (b), after long-term milling, when some FM-AFM
agglomerates are aready created, it is possble that many of the SmCos grains embedded in
the AFM matrix remain sngle-doman or jus include a few magnetic domains, dthough they
ae composed of a lage number of smdl cryddlites This is because the sngle-doman
paticle sze of SmCos is quite large. Therefore, these FM particles can generate reasonable
microscopic  fidds to the neighboring AFM grains, which, during the impacts between
powders and balls, may become exchange coupled to the FM. Hence, as shown in the figure,
due to FM-AFM exchange interactions, the spins in AFM surrounding the FM  particles may
become digned in the magnetization directions of neighboring FM domains. Therefore, as has
been described in section 1.3.3, during the hysteress loop, these AFM spins may exert a
microscopic torque to the FM spins, thus resulting in the observed enhancement of He [6].

Contrary to SmCos, the criticd sze for sngle-domain behavior in Co is much smdler,
eg. dor = 34 nm [9]. Therefore, snce the Co particle sze, both when milled done or with
NiO, is in the range of a few mm, Co paticles remain, in fact, in a multidoman state during
the milling. Consequently, the net microscopic magnetic field that each Co particle creates to
neighboring NiO grains during the milling is averaged out and becomes much smdler than for
SmCos. Neverthdess, it is worthwhile mentioning that even in Co bal milled with NiO it is
possble that some FM-AFM exchange interactions are induced during the milling, i.e. before
the fidd cooling experiments. This can be seen from the reaults in table 4.1, where dready in
the as-milled date, Hc is found to be sgnificantly higher for the Co:NiO weight retios of 3:2
and 1:1 (Hc = 302 and 297 Oe, respectively) than for Co bal milled done (Hc = 288 Oe).

Neverthdess, essentidly no loop shifts are observed in as-milled Co + NiO or SmCos
+ NiO and smdl loop shifts are only induced in Co + NiO after a fidd cooling process from
above Ty. This is due to the random character of FM-AFM exchange interactions induced
during the milling. Namdy, in the asmilled state probably each FM particle induces He in a
different direction and, thus, the effects average out to He = 0. Moreover, as has been noted in
annex 4, the low magnetic anisotropy of NiO is aso partly responsible for the low He vaues
observed [6]. However, in spite of the difficulty of directly demondrating the existence of
FM-AFM exchange interactions in as-milled SmCos + NiO particles (i.e., as described in the
preceding paragraphs, their existence can only be proved indirectly, by comparison with ball
milled SmCos + CoO powders), we have recently caried out some prdiminary torque
experiments in oriented SmCos + NiO particles, where the obtained curves for SmCos + NiO
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require the presence of a “A sin (Q” term in order to be fitted, which is a possble sgn of
exchange hias effects (see section 1.3.2). Note that by orienting the particles, the randomness
of the as-milled powders is reduced, hence dlowing the exchange bias effects to be partidly
observable.

Another remarkable effect that has been observed a room temperature in both Co +
NiO and SmCos + NiO composgtes is the enhancement of the squareness ratio. As has been
discussed in annex 4, this effect is usudly attributed mainly to exchange interactions between
FM grains [12-14]. However, our results indicate that also part of this enhancement can be
due to FM-AFM exchange interactions. This is a complex effect. However, an intuitive
model, depicted in figure 54, can be developed to explain, a least quditatively, how FM-
AFM exchange interactions could affect the vaues of Mgr/Ms.

For smplicity, let us assume that the as-milled powders condst of monodomain FM
particles, surrounded by polycrysdline AFM shls. If the FM particles were not in a sngle-
doman dae, the following interpretation would be amilar dthough only those grains located
a the interfaces with the AFM would contribute to the Mgr/Ms enhancement. As shown in
figure 5.4 (a), a room temperature (i.e. for T < Tg), if the gpplied fidd is zero and the sample
has not been previoudy magnetized, the spins in the FM grains are oriented aong the easy
axis of eech FM patide. Smilaly, for T < Ty, the spins in the AFM are oriented dong the
severd AFM easy axes. Therefore, averaging for dl particles, the spontaneous magnetization
will be approximately zero. If, however, the sample is subsequently heated to Tc > Tann > T
and a large enough megnetic fiedd, H = Hj, is applied, the spins in the FM will rotate and
dign towards the direction of the fidd, while the spins in the AFM will be a random (see fig.
5.4(b)). When the sample is fidd cooled (gpplying H = Hj) to room temperature, it is likey
that, due to the exchange coupling between the FM and the AFM, the spins in the AFM orient
in the same direction as those in the FM, i.e. towards the direction of H; (see fig. 5.4(c)).
Once a room temperaure, if the magnetic fied is removed, the mgority of soins in the FM
will orient towards the easy axis of the corresponding FM grain (as in figure 5.4(a). In
addition, due to the coupling with the AFM, some spins in the FM, 4ill remain digned in the
direction of the previous magnetizing fidd (H = Hy), i.e. in the same direction as the spins in
the AFM. This would result in an increase of the remanent magnetization as a result of FM-
AFM exchange interactions. If the FM partides were multi-domain one would adso have to
add the effect of FM-FM exchange interactions (eg. among the severad FM crydadlites) to
FM-AFM exchange interactions, making this intuitive picture increesngly complex. Actudly,
exchange interactions between soft and hard FM grains ae the origin of remanence
enhancement in the so-cdled spring-magnets [17,18], as has been described in annex 1.

130



General Discussion

(b)

(d)

Figure 5.4: Schematic spin configurations used to explain qualitatively the Mg/Ms enhancement due to
FM-AFM exchange interactions. In (a) the particles are at room temperature and the applied field is
zero. The spinsin the FM are oriented along the easy-axis of each FM grain, thus giving an almost zero
net magnetization. In the AFM shells the spins are also aligned towards the easy axes. In (b) a large
magnetic field (H = H,) is applied at a temperature above Ty but below Tc. As a result the FM spins
align with the field (assuming saturation of the FM) while the spinsin the AFM are at random since T >
Tn. In (€) the particles are field cooled (H = H;) to room temperature. If FM-AFM coupling is induced
during the cooling, the spinsin the AFM will orient in the same direction as the spins in the FM, i.e.
along the direction of H;. Finally, in (d) the field is removed and, therefore, the spins in the FM return
to the easy-axes directions. However, if some exchange interactions are present, those spins in the FM
located near FM-AFM interfaces can keep aligned in the direction of the previous magnetizing field,
thusincreasing Mg/Ms.
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As is wdl known, the figure of meit of a hard magnetic materid is its maximum
energy product, (BH)max, wWhich is roughly proportiona to the tota area enclosed by the
hysteresis loop and is related to the amount of energy that can be stored in the magnet [9,18].
As has been dready described in annex 1, large vaues of the energy product require large
coercivities (to make the loop as wide as possble), high saturation magnetizations (to make
the loop as long in the M-axis as possible) and a squareness ratio close to 1 (to make the loop
as guare as possble). It has been shown in annex 4 that in bal milled FM-AFM powders
both Hc and Mgr/Ms can be enhanced due to FM-AFM and FM-FM exchange interactions.
Moreover, it has been demonsrated that for AFM contents ranging from 0 to 50 % (weight
percent) FM-AFM exchange interactions increase with increasng the AFM content. This is
wel evidenced in figure 5.5, which shows the dependence of Hg, DHc and D{BH)uax on the
FM:AFM rdtio for Co bdl milled with NiO during the milling times that give maximum [CHc,
denoted as tuax iN annex 4. These curves directly show the effect that FM-AFM exchange
interactions have on the improvement of the magnetic properties of the Co-NiO system. For
example, it is remarkable that, dthough the largest vaues of (BH)wax for Co + NiO are
observed for the FM:AFM weight ratio of 3:2 (see fig. 4.10), OBH)max (i.e. the enhancement
of (BH)vwax achieved after the fidd cooling procedure, which is mainly due to the FM-AFM
exchange interactions) is larger for the 1.1 ratio. Actudly, the three magnitudes plotted in
figure 5.5 reved that for Co + NiO, FM-AFM exchange interactions are maximum for the 1.1
ratio but they tend to decrease for larger AFM concentrations. This is smilar to the
dependence of He and He on the AFM thickness that has been observed in some FM-AFM
bilayers, where a decrease of exchange bias effects for large AFM thicknesses has been
reported [6,19]. This effect has been dtributed to changes in the microstructure or domain
sructurein the AFM for large thicknesses.

Moreover, as discused in annex 4, when the AFM content becomes exceedingly high,
the maximum energy product of the FM-AFM composites decreases, for both Co + NiO and
SmCos + NIO [4,20]. This is eadly seen in figure 5.6, which summarizes the maximum
vaues of Hc and (BH)wmax achieved in the Co-NiO (fig. 5.6 (8)) and SmCos-NiO (fig. 5.6 (b))
sysems after optimization of the FM:AFM raio and milling time (note that the vaues plotted
are the corresponding to the milling time that gives maximum Hc and (BH)max, respectively,
for each compostion).
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Figure 55: Dependence of the loop shift, [Hg|, the coercivity enhancement, CH¢, and the energy
product enhancement, ¥BH)uax, 0N the Co weight percentage (FM:AFM weight ratio), for Co ball
milled with NiO during times that give maximum values of DHc,. The as-milled powders were annealed
at Tanny =600 K for 0.5 h and field cooled (H = 5 kOe) to room temperature.

This figure summarizes the two-fold role of NiO in the magnetic hardening induced by
FM-AFM exchange coupling. As seen in the figure, in both sysems the optimum
composition for enhancing Hc is not the same as for increasing (BH)wax. This is because, on
the one hand, increasing the AFM content mainly brings about an increase of the FM-AFM
exchange interactions and, consequently, an increase of Hc and Mg/Ms. However, on the
other hand, the presence of the AFM aso brings about a reduction of Ms of the composites,
snce an AFM has a zero net magnetization. As a consequence, a decrease of (BH)wax iS
obsarved when the amount of AFM is exceedingly large Therefore, milling time and
composition need to be optimized depending on the desred properties of the magnetic
composites.

133



Annex 5

Figure 5.3: (a) Dependence of the coercivity, Hc, and maximum energy product, (BH)umax, On the Co
weight percentage, after field cooling (FC) the as-milled powders from Tayn = 600 K to room
temperature in H = 5 kOe. The values plotted belong to the milling times that give maximum Hc and
(BH)max for each composition. (b) Dependence of the coercivity, He, and energy product, (BH)max, ON
the SmCos weight percentage. The values plotted correspond to the milling times that give maximum
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General Discussion

Findly, it should be noted that exchange bias effects in bilayers composed of FM-
AFM thin films, with very large FM anisotropy (as in the case of SmCos), have not been
dudied, neither theoreticaly or experimentdly. Namely, mos modds deding with exchange
bias consdered so far, neglect the role of the FM anisotropy [6,21]. Moreover, there is very
little experimentd work in which the effect of the FM anisotropy on exchange bias is
congdered [22]. However, preiminay results from Dr. Zhou's group imply that the
coercivity enhancement in FM-AFM  hilayers gopears to be directly linked with the
anisotropy of the FM materials [22].

Therefore, the lack of experimentd work in hard magnetic — AFRM thin film form and
theoreticad models taking into account the role of the FM anisotropy, especidly in the case of
kKem >> kapm, makes the quantitative analysis of our results rather complicated. Moreover, the
experimentd  difficulty in independently controlling crucid parameters affecting  exchange
bias, such as the AFM and FM particle sizes, interface roughness or the FM and AFM domain
dructures, dso results in the complexity of the interpretation of our results.

135



Annex 5

References

[1]

[2]

3]

[4]

[3]

[6]
[7]
[8]

[9]

[10]

[11]
[12]

[13]

136

J. Sort, J. Nogués, X. Amils, S. Surifiach, JS. Mufioz, M.D. Bar6, Mat. Sci. Forum
343-346 (2000) 812.

J. Sort, J. Nogués, X. Amils, S. Surifiach, JS. Mufioz, M.D. Bar6, Mat. Res. Soc.
Symp. Proc. 581 (2000) 641.

J. Sort, J. Nogués, S. Surifiach, J.S. Mufioz, E. Chappel, F. Dupont, G. Chouteau, M.D.
Bard, Mat. Sci. Forum 386-388 (2002) 4665.

J. Sort, S. Surifiach, J.S. Mufioz, M.D. Bar6, J. Nogués, G. Chouteau, V. Skumryev,
G.C. Hadjipanayis, Phys. Rev. B 65 (2002) 174420.

J. Sort, J. Nogués, S. Surifiach, J.S. Mufioz, M.D. Bar6, E. Chappd, F. Dupont, G.
Chouteau, Appl. Phys. Lett. 79 (2001) 1142.

J. Nogués, I. K. Schuller, J. Magn. Magn. Mater. 192 (1999) 203.
K. J. Strnat and R. M. W. Strnat, J. Magn. Magn. Mater. 100 (1991) 38.

D. L. Ledie-Pdecky, E. M. Kirkpatrick, and R. L. Schalek, Nanostruct. Mater. 12
(1999) 887; D. L. Ledie-Pelecky and R. L. Schalek, Phys. Rev. B 59 (1999) 457.

R. Skomski, J. M. D. Coey, Permanent Magnetism (Inditute of Physcs Publishing,
Bristol, 1999).

A. Y. Yemakov, V. V. Seaikov, V. A. Barinov, Y. S. Shur, Fiz. Met. Metaloved. 42
(1976) 408.

Z. Chen, X. Meng-Burany, G. C. Hadjipanayis, Appl. Phys. Lett. 75 (1999) 3165.
A. Hernando, |. Navarro, J. M. Gonzaez, Europhys. Lett. 20 (1992) 175.

W. Rave, K. Ramstock, J. Magn. Magn. Mater. 171 (1997) 69.



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

General Discussion

T. Schrefl, J. Fidler, H. Kronmdiller, Phys. Rev. B 49 (1994) 6100; T. Schrefl, H. F.
Schmidts, J. Fidler, H. Kronmdiller, J. Magn. Magn. Mater. 124 (1993) 21; R. Fischer,
T. Schrefl, H. Kronmdiller, J. Fidler, J. Magn. Magn. Mater. 153 (1996) 35.

P. J. Miller, C. S. Coffey, V. F. Devost, J. Appl. Phys. 59 (1986) 913.

N. M. Sdanskii, V. A. Serédkin, V. A. Burmakin, A. V. Nabatov, Sov. Phys. JEPT 38
(1974) 1011.

E.F. Kneler, R. Hawig, |[EEE Trans. Magn. 27 (1991) 3588.

G.C. Hadjipanayis, J. Magn. Magn. Mater. 200 (1999) 373.

C. Tsang, N. Heiman, K. Lee, J Appl. Phys. 52 (1981) 2471; K. T. Y. Kung, L. K.
Louie, J. Appl. Phys. 69 (1991) 5634; R. Jungblut, R. Coehoorn, M. T. Johnson, J. aan
de Stegge, A. Reinders, J. Appl. Phys. 75 (1994) 6659.

J. Sort, J. Nogués, X. Amils, S. Surifiach, J.S. Mufioz, M.D. Bar6é, J. Magn. Magn.
Mater. 219 (2000) 53.

R. L. Stamps, J. Phys. D: Appl. Phys. 33 (2000) R247.

L. Wang, B. You, S. J Yuan, J Du, W. Q. Zou, A. Hu, S. M. Zhou (private
communication).

137





