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The dependence of the effective anisotropy and of the magnetization reversal processes on the deposition
temperature of a series of epitaxial Fe/MgO/GaAs films, grown by a combination of laser ablation and
sputtering, has been discussed and correlated to their local morphology and crystallinity. The transverse sus-
ceptibility measurements have evidenced the presence of a fourfold effective anisotropy for all films, irrespec-
tive of their deposition temperature and local morphology, with a constant value very close to that of single-
crystalline iron. The magnetization processes evolve with increasing deposition temperature from a nucleation-
expansion-propagation mechanism, taking place in smooth continuous films, to pinning, occurring in self-
patterned films with homogeneous distributions of defects, and then to fully isotropic reversal, for tiled films
composed of rectangular elements.

DOI: 10.1103/PhysRevB.66.174410 PACS nunt§er75.75+a, 75.60.Jk, 75.76:i

. INTRODUCTION of novel recording medi&~*Interesting anisotropy energy
terms may appear such as the so-called configurational an-

Nanostructured magnetic materials have drawn a lot ofsotropy energy? a shape effect linked to the small pertur-
attention in recent years due to the new phenomenology theations from uniform magnetization taking place in nonellip-
exhibit and also due to their interest for technological appli-soidal nanomagnets. These local shape anisotropies, as well
cations, especially for the so-called magnetoelectroni@S the collective behavior due to dipolar interactions, bring
devicest—3 The ability to produce this type of device relies in about different magnetization configurations that are relevant
many cases in the design of semiconductor/ferromagnetif?r the magnet.ization reversal. Examples of this are the local
heterostructures with tailored magnetic behavior. and/or global inhomogeneous remanent stééeg., leaf or

The magnetization processes of nanostructured systenfi@wer states*®
depend on their intrinsic properties, which are mainly deter- Within this scope, the aim of this work is to follow the
mined by the crystal-chemical structure, and on extrinsicevolution of the magnetization processes of a series of epi-
characteristics such as the system size and morpholog{@xial Fe/MgO/GaAs heterostructures with morphologies
which influence the shofexchangg and longfdipolan  €volving from(i) a single-crystalline smooth continuous film
range interactions. The progress in the understanding dP (i) continuous films characterized by the presence of mor-
these processes has been impelled by the study of systerfBological featuresgeither pinholes or linear “defectg’ho-
with a high degree of structural and morphological control—mogenously distributed and, finally, i) tiled films formed
e.g., low roughness thin films, nanowires, nanoparticles, oPy Well separated plateletgither rounded or composed of
arrays of nanoelements—that can be prepared by a wide v&ectangular units We have analyzed the effective anisotropy
riety of growth and patterning techniques such as moleculaof all samples, by means of the transverse initial susceptibil-
beam epitaxy, sputtering, electrodeposition, or pulsed lasédly technique(hysteresis independentand the angular de-

depositiort pendence of the hysteresis processes.
In the case of continuous Fe films square hysteresis loops
with either one or two large magnetization switchings are Il EXPERIMENT

reported in most published works, depending on the relative
orientation of the applied field with respect to the magneto- Fe001) films were grown at different temperatures onto
crystalline easy axes, and on the existence of additional aiMgO buffered GaAs(001) substrates. The substrates were
isotropy contributions caused by surface or morphologicapreviously conditioned by growing a 2000-A-thick GaAs ep-
effects. The reversal mechanism of these films can be inteitaxial layer by molecular beam epitaXxi"BE) to planarize
preted on the basis of the occurrence of reversible rotationthe surface, and then transferred on to a chamber with a
and irreversible magnetization jumps, strongly dependent onombination of pulsed laser ablatigRLD) and triode sput-
the effective anisotropy energy. In this frame, several papertering systems. An 80-A-thick MgO buffer layer was subse-
present energetic considerations that account for most of thguently deposited by PLDArF excimer laser\ =193 nm,
observed features of the hysteresis lodps. 17-ns pulses, 10-Hz repetition ratat 400 °C and under a
On the other hand, magnetostatic energy and dipolar inpressure of X 10~ ° mbar, in order to avoid the intermixing
teractions play a fundamental role in the reversal mechaef the Fe and the GaAs and also to provide a proper symme-
nisms of patterned films and nanoelements of the type ofry and lattice match for the Fe layersThe F&001) films,
those being considered as candidates for the implementati®00 A thick, were deposited at temperatures ranging from
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FIG. 2. Sketch showing examples of channd@lsck lines and
domain walls(gray lines in the sample deposited at 400 1@);
simplified model of a bottleneck between two channels with a 90°
wall (b).

_ _ _ _ of neighboring channels are not usually parallel, which gives
FIG. 1. X-ray diffractions scans of asymmetric reflections for a rise to the existence of “bottlenecks” and broadenings in the
R/E;\;a! 200-A (er&lf;ygr onto I\/Ilqgoz-(t))uﬁerek(:l Gr?tA? S”bks)fr(’mf : Fe depositgsee the sketch in Fig)2The width of the bottle-
M Images (2.xz2oum each; 20 nm nheignt from black 10 - hacs(hroadeningscan be estimated as 100—150 (200—
\(’j\'h'te) .for aseres of Pt/Fe/MgO/Gafa01) samples with Fe layers 300 nn), while the distance from broadening to bottleneck is
eposited at different temperaturés. . . . .
about 250 nm. Higher deposition temperatures give rise to

room temperaturéRT) to 700 °C by triode sputtering under the percolation of the channels and, consequently, to the for-
4% 104 mbar Ar atmosphere. A 25-A-thick Pt capping layer Mation of Fe platelets; the sample deposited at 500 °C shows

was finally deposited, also by triode sputtering, to prevenfhe presence of irregular rounded islands with lateral dimen-
oxidation of the Fe layer. sions between 200 and 700 nm, separated by distances of
The structure and crystallinity of the samples was anaabout 20 nm, while that deposited at 700 °C exhibits well
lyzedin situ, by high-energy electron diffractioRHEED), separated plateleténterplatelet distances between 50 and
andex situby x-ray diffraction (XRD) using CuK, radia- 100 nm formed by rectangular aglomerates with lateral sur-
tion. The RHEED patterns evidenced the occurrence of théaces mostly parallel to thELOO] and[010] directions and
MgO(001)[100]|GaAg001)[100] and  sizes between 100 and 300 nm.
Fe(001)[110]|MgO(00D[100] epitaxial relations, indepen- The magnetic properties of the films were studied at RT
dently of the deposition temperature. Figui@lshows the by transverse magnetooptic Kerr efféBOKE) based on a
XRD ¢ scans of the R&@10, Mg0O(220), and GaA§220) semiconductor laser, colimated to about 1-mm diameter spot
peaks that confirm the epitaxial relations previously men-on the samples, and adapted to analyze the angular depen-
tioned and evidence the rotation of the Fe lattice with respeafence of the magnetization process and also to measure the
to those of MgO and GaAs. Details about the interplanatransverse initial susceptibility:*° This technique yields the
distances and lattice distortions, which were negligible ineffective anisotropy of a sample by means of a measurement
most cases and always below 0.4%, can be found in Ref. 11 an almost saturated state, i.e., independently of its magne-
The surface morphology of the samples was studied byization reversal mechanism, and basically consists of simul-
atomic force microscopyAFM). The sample deposited at taneously applying a higtsaturating dc field H4. along ei-
RT presents a continuous smooth surfacenvdt A mean ther an easy or hard axis of the sample and, perpendicular to
roughness, approximately, while increasing temperaturethe dc field, a small ac fieltl,. that induces low amplitude
lead to a gradual appearance of morphological features, ascillations of the magnetization around the saturation direc-
shown in Fig. 1b). The sample prepared at 315 °C exhibits ation. Since only reversible rotations take place, the amplitude
homogeneous distribution of pinholes, with diameters beof the oscillations, for a given ac field, depends just on the
tween 30 and 160 nm. The sample deposited at 400 °C préntensity of the dc field and on the magnitude of the anisot-
sents uncovered channels, usually running in zigzag, eitheppy. For a cubic single crystal, and assuming that the mag-
almost parallel to thg¢100] and [010] axes or forming an netization is confined within thé01) plane, the anisotropy
angle of approximately 45° with those directions. The sidesnergy to first order can be written as
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tion vector with respect to thel00] and[010] axes, respec-

tively, andK is the first-order anisotropy con.starjt. This can FIG. 4. Magnetization process of the RT samftensidering

be rEferred to the anglébetween the magnetization and the that the magnetization is initially in the negati{&00] direction.

[100] axis as When the field is applied very close to the positjt®0] direction

(a) the magnetization rotates to position A and, when the field

reaches the valueélg, switches irreversibly to B, from where it

rotates towards the applied field. If the applied field is closer to the

[110] than to the[100] direction (b) the magnetization jumps irre-
The total energy of the magnetization, whely, is ap- ~ versibly from C to position D—between thE110] and [010]

plied along an easy axj400] andh,, is applied perpendicu- directions—when the field reaches a valdg, ; then it rotates re-

lar to it, includes the anisotropy energy plus the Zeemaryersibly with increasing field intensity until a vality, is reached,
terms corresponding to both fields, for which a new irreversible jump takes place, from E to F; finally

it rotates towards the applied field. Graf#) shows the initial and
final angular positions of the magnetization corresponding to each

K
E= gl[l— c0946)]— uoMHy4.cos0— uoMgh,.Siné, irreversible jump, as a function of field directiggiven by 6,).
)

whereMg is the saturation magnetization of the sample. By
minimizing the total energy, and assuming low amplitude
oscilations (sirg=#), the transverse susceptibiligy can be
obtained as

E,=K,cog 6-sir? 0=%[1—cos{40)]. 2)

Ill. RESULTS AND DISCUSSION

We present in Fig. 3 the hysteresis loops of the sample
deposited at RT—i.e., the smooth continuous film—
corresponding to the field applied, respectively, along the
[100] (easy axis and to an in-plane direction slight{{0°)

M¢sing Mg out of the[110] axis. The reversal process along the easy axis
X=h o rn (49 takes place by means of a single step at a fielgl, about 10

a de 7K Oe, which produces the switching of the magnetization from

whereH=2K /Mg is the so-called effective anisotropy the[100] to the[100] direction with no intermediate orien-
field, which for Fe is about 530 G8.A similar expression, tation. The magnetization process along the almost-hard axis
but with a negative sign, can be easily obtained in case thehows two irreversible jumps at about 184;) and 130 Oe
saturating dc field is applied along an in-plane hard axis. ByH(,), respectively, and small magnetization rotations
plotting the reciprocal transverse susceptibiligy * as a  against the anisotropy field, which is characteristic of many
function of Hg, the anisotropy fieldHy can be evaluated films having fourfold anisotropy:® The magnetization pro-
from the linear extrapolation of; * to zero, by means of Eq. cess of this sample can be analyzed by studying the evolu-
(4). In our case theH . field was applied by using an elec- tion of its energy minima as a function of the field direction
tromagnet(1 T maximum field, the transverse ac field was and intensity. For a field applied at an anglg from the
applied by means of a pair of Helmholtz coils operated af100] easy axis(see Fig. 4, and assuming homogeneous
383 Hz andy, was measured by a sincronous detectionmagnetization configurations, the energy density of the film
method based on a EG&G DSP lock-in amplifier. is given by

174410-3



F. CEBOLLADA et al. PHYSICAL REVIEW B 66, 174410(2002

\ ———-H_ /H [100] | M’—_W?
1% 1 e Mrean [1 1“] '| f »

\
—_— ' .1/*
\ H's,/H - [ I
[ b X
I H's,/H N ;AT I
\ g ;i It
\‘ 5 PR R l‘;195- Hod
0.6 1 N 3 N E oo
N = H I - .
" . = ] =
x ).‘_' . L]

> H,(Oe) 3

.
L
’ N\
I’ \‘\
S L # : .. _/l - -
0.4+ °~. PP X! .. .
. - o 165

[} 45 90 135 180y

| \ L o (deg)

T

T T T T T T
0.2 . : : i -600 -400 -200 0 200 400 600 800 1000
0 15 30 45 H (Oe)

6_ (de
°( 9) FIG. 6. Hysteresis loops of the sample deposited at 400 °C,

FIG. 5. Switching field values of the RT sample as a function of Measured along thg00] and[110] directions; the dashed line rep-
resents the differential susceptibility of the demagnetization branch

the field directioné, . ) -
of the[110] loop. The inset shows the dependence of the coercivity
K on the measurement directioy( is the field direction measured
E— %[1—005{40)]—M0MSH cos 6 6y), (5) from the positive] 100] axis; the line is a guide to the eyes
reduced anisotropy, or local easy axes different from the glo-

where the first term corresponds to the anisotropy energy, thieal oneg could exist.

second to the Zeeman energy, ahis the angle between the ~ The samples characterized by the presence of a more or
magnetization and the positif&00] direction. The reversal €ss homogeneous distribution of morphological features
mechanism calculated from this expression is described ifPinholes and channelsi.e., those deposited at 315 and
Fig. 4. If the magnetization initially points in the negative 400 °C, respectively, exhibit a qualitatively similar hysteresis
sensq 100] and the field is applied less than 22.5° from the 2€havior. As an example, Fig. 6 shows the hysteresis loops of
[100] direction, the magnetization rotates reversibly out ofthe sample eroslted at 400°C, measured alo'ngilbé].

— L oy L " and [110] directions. They present a relatively high
the[l_OO]_dlrectlon W'th Increasing fleI@t_o a position Such remanence-to-saturation ratio, of about 0.9 and 0.8 for the
as Ain Fig. 4a] until the field valueHs, is reached, then it easy and(in-plane hard axis, respectively. The differential
switches to the positive senét® position B, and finally it . seenibility of the demagnetization branch evidences a
rotates slowly “’W""rS'S the f|e1d. If the field is applied at an 5 peak about 100 Oe wide, indicating a distribution of
angle b'etw'een.22.5 a}nd 45 frqm thH)Q] dlrect|on, the switching fields. The angular dependence of the coercive
magnetlzgtlon first carries out an |Irrever5|b!ejump from C 0s0rce (shown in the inset of Fig.)6has a maximum, about
D [see Fig. 40)] at a field valueHg, , then it rotates to E, 190 e, along thé110] axis, decreasing to values around
and finally Itjumps irreversibly to F—when the field reaches 150 oe close to the easy axis of the sample. If we take into
the valueH ;,—from where it rotates towards the field. Fig- account that the nucleation-propagation mechanism proposed
ure 4c) shows the angles corresponding to positions A—F, agor the previously analyzedow roughness sample yields
a function of the field direction, given bg,. The calculated coercivities about 10 Oe, the relatively high values obtained
values of the switching fieldsls;, Hg;, andHg, (reduced  for this sample must be clearly linked to the presence of the
to the anisotropy fieldHy) are presented in Fig. 5. Values above-mentioned morphological features. All experimental
close toHy and 0.3y (about 530 and 160 Qeshould be data are compatible with presence of domain walls: on the
measured foHg, andHg;, respectively, whileH, should  one hand the bottlenecks can act as pinning centers because
be about 250 Oe, instead of the measured 13(098e Fig. the total energy of a wall depends on its surface area, i.e., the
3(b)]. Although the main features of the switching mecha-sample thickness times the wall widfRig. 2(a) presents a
nism of this sample are accounted for in this mofele  sketch of two walls—grey lines—pinned at two bottlengcks
presence of either one or two jumps fég, respectively, on the other hand the angular dependence of the coercivity
below or above 22.57 the measured switching fields are can be explained as due to the decrease of the pressure ex-
more than one order of magnitude below the expected valerted by the field when it is applied out of the easy axis. A
ues. The high susceptibility associated to the jumps suggesssmplified model of the pinning at the bottlenecks allows an
that they take place through the propagation a few reverseestimation of the coercive force of this sample. Figute) 2
nuclei by means of wall displacements, as observed by sewshows a simplified scheme of a bottleneck between two sine-
eral authors=’ The dispersion of switching field values shaped channels. The wall tends to remain pinned at it be-
present in the literature for this type of film suggests that thecause in that position it has minimum area and, consequently,
nucleation-propagation process is triggered from small reminimum energy. By considering the typical dimensions of
gions in which specific conditionge.g., high stray fields, the structural featureg¢bottleneck and broadening widths,
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and distance from bottleneck to broadening, as specified in
Sec. ) a reasonable function for the wall widtl, as a M [010]
function of the distanca to the bottleneck, can be ;
s ER Tx
w(X)=A—B cog2mx/\) (6) U s
with A=180 nm,B=60 nm, and\ =500 nm. The energy of H '
a wall placed at position is
Ew= ytw(x), (7) FIG. 7. Top view of cylindrical void and of a 180° walwide

) . . ) gray line displaced a distancefrom its minimum energy position,
wherevy is the wall energy per unit area and the thickness gy to the pressure exerted by a field parallel to the magnetization
of the sample. The pinning forde, is minus the derivative  of the domain shown in the lower part of the figure.
of the wall energy with respect toand has a maximum, for

X=M\/4, given by which in this case corresponds to a cylindrical void running
from top to bottom of the film, can be calculated from the
_ 2myBt pinning forceF ag??3
Fp=— N (8)
F
When a field is applied along tH400] direction the do- HC_Z,uOM S’ (D

main at the left of the wall grows at the expense of that at the
right. The forceFy, exerted by the field on a 90° wall, such
as that shown in Fig.(®), is the derivative with respect to
of the Zeeman energy,

where S is the area of influence per pin, which can be ob-
tained as the intervoid distancktimes the film thickness
(the factor 2 in this expression corresponds to the presence of
180° walls and should be omitted for the calculations involv-
_ ing 90° wallg. F can be calculated as the derivative of the
Fw=soMsHtW(). © wall energy with respect to its position (see Fig. 7, al-
though we must be careful since the typical wall width of Fe
(of the order of 50 nm(Ref. 21 is non-negligible with re-
spect to the pinhole diameteBom 30 to 160 nm, as de-
scribed in Sec. )l We have taken a mean pinning force value
AE,, /R, whereAE,, is the increase in wall energy due to its

The coercive field is then calculated by equating the
(modulug of both expression&he position of the wall being
that corresponding to the maximum pinning forges \/4,
which yieldsw=A),

27yB increase in area when it moves fro;+ 0 to x=R:
He=—7n—. (10
© oMAA F=AE,/R=24t. (12)
By usingy=3.5x10"3 Jm 2 andu,M¢=2.17 T, which The factorB=F/8myb, where 4 is the interaction range

are typical values for F&, a coercivity of about 170 Oe is of the pinning sites, which is at least equal to the size of the
obtained, which is of the order of magnitude of that experi-pinning sites, allows us to distinguish between stroy (
mentally measured. We must mention, notwithstanding, thag-1) and weak <1) pinning, i.e., with or without wall
the y value we have employed corresponds to 180° Fe wallsgeformation, respectively, prior to the wall unpinnifigln
for 90° walls y is somewhat higher due to the tilting of the the case of the sample deposited at 315 °C this fact@ is
wall inside the film?! although this does not drastically alter =t/4b and, by taking into account its pinhole size distribu-
the order of magnltude of the coercivity. If this calculation is tion, we can conclude that we are in a weak pinning frame.
carried out for 180° walls a factor 2 appears fy that  The coercive force can then be calculated by introducing the
reduces the coercive force to about 85 Oe. Due to the fourvalue of the pinning force into expressi¢hl), which gives
fold symmetry of the anisotropy energy both 90° and 180°
walls should be expected, which, in addition to the distribu- Y
tion of the dimensions related to the structural features, gives HCZMoMsd :
rise to the switching field distribution of this sample. Regard-
ing the dipolar fields that may spring out from the poles at Values of a few hundred nanometers tband those pre-
the walls and channel shores, they are not expected to alteiously employed fory (3.5x10 2 Jm 2) and u,Mq (2.17
the coercive force significantly; in fact dipolar fields high T) yield again coercivities of the order of 125 Oe which also
enough to overcome the pinning forces would produce lowagree fairly well with the order of magnitude measured for
(semiclosedl flux configurations for low applied fields, this sample.
which, in turn, would lead to low remanence configurations, Regarding the magnetic anisotropy of these samples, Fig.
which is not the case. 8 shows the transverse susceptibility plots along the easy
In the case of the sample deposited at 315 °C, whose c4100] and (in plane hard [110] axes, respectively, for the

ercivity is of the same order of magnitude, about 250 Oe, sample deposited at 400 °C. The deviation from linearity of
basically similar mechanism accounts for it. The critical fieldthe [110] plot for fields below 2000 Oe, approximately, is

¢ required to unpin a wall from an individual pinning site, due to the fact that, contrarily to the case of fi€0Q] plot,

(13
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DC taken from positive saturation to point A and then back to positive

FIG. 8. Transverse susceptibili;e;(1 of the sample deposited at
400 °C, measured with the saturating fiefig,, applied along the

[100] and[110] axes, respectively.

the anisotropy field pulls the magnetization vector awa
from saturation and, consequently, relatively large applie
fields are required in order to remain in the small oscillationg
regime for which expressiof¥) is valid. From the extrapo-

saturation, the return path is given by the dotted line.

sured anisotropy constant is about 80% that of bulk. A de-
tailed description of the magnetization mechanism of this
sample would have to take into accountthe formation of
y'nhomogeneous magnetization states that are characteristic
f nanoelements in this range of siZe>1%(ii) the dipolar
nteractions between the nanoelements that form this sample,
which cannot be excluded due to the short interplatelet

. 71 . . .
lation of x, * to zero an anisotropy field of almost 500 O iS g4 atiort? and(iii ) the broad size distribution of the plate-

obtained, which as in the case of the RT sample yields ajbts from about 150 nm to almost,Am, which may allow
anisotropy constant value very close to that of bulk. ’ ’

the existence of domain walls in many of théhHowever,

'The hygteresis Ioops of the s.am'ple deposited at 500 “Gome features of the magnetization processes of this sample
(Fig. 9) evidence that its magnetization process takes placgyn pe readily analyzed: the field to saturate it can be under-
along a very broad field interval, as shown by the width 0fgiq4q a5 that required to overcome the demagnetizing field
the differential susceptibility peak of the demagnetizationgenerated by the almost saturated platelets, which have an
branch, which enters several hundred Oe into positive fieldgnect ratiglateral dimensions to thickness ratibetween
valugs. It is important to note that fields al_:)ove 1 kOe are; g and 20; as a comparison, the demagnetizing fields for
required in order to saturate this sample, i.e., fields mucliye,rateq oblate iron elipsoids with similar aspect ratios vary
higher than the anisotropy field of iron, although its mea-qm 0.8 to 1.4 kOe. This suggests that the internal magne-
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tostatic fields at the saturated state are probably much larger
than the interplatelet interaction dipolar fields. The coercivity
of this sample is somewhat lower than that of the samples
deposited at 315 and 400 °Eig. 10, and shows a similar
trend for its angular dependence, i.e., it increases when mea-
sured along the hard axisee inset in Fig. P this can be
understood as due to the pinning mechanism of the domain
walls present at the largest platelets combined with the rela-
tively large demagnetizing fields, which are also responsible
for the lower remanence of this sample.

The most striking feature of the sample deposited at
700 °C is its isotropic hysteresis behavior, no differences be-
ing observed for any in-plane measurement direction. As an
example, Fig. 10 shows the hysteresis loops corresponding to
the [100] and [110Q] directions, which are characterized by

FIG. 9. Hysteresis loops of the sample deposited at 500 °ctheir very low remanence, coercivity, and differential suscep-

measured along tHa.00] and[110] directions; the dashed line rep- tibility (compared to those of the previously described

resents the differential susceptibility of the demagnetization branc$amples and high field required to saturate the sample—

of the[100] loop. The inset shows the dependence of the coercivityabove 2 kOe—as well as by their constricted shape. By per-
on the measurement directiofy(is field direction measured from forming minor loops, coming down from th@ositive satu-

the positive[100] axis; the line is a guide to the eyes rated state to a still positive field valdpoint A in Fig. 10
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[100] and[110] axes, respectively. P -
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and then back to saturation it can be observed that the irre- %0 0 200 400 500 0

versibilities occur for very high applied fields. This suggests
the presence of strong negatiif@emagnetizinglocal fields.
The larger field value required to reach saturation, compared FIG. 12. CoercivityH.—measured along the respective easy
to that of the 500 °C sample, can be clearly associated to itgxes of the samples—and effective anisotropy con#taas a func-
smaller aspect ratio, between 5 and 15, approximately. Byion of the deposition temperaturea). Reduced remanence
taking into account that the islands are formed by well sepatMr/Ms) along the[100] and[110] directions and field required to
rated more or less square or rectangular units with latersjaturate the samples,, as a function of their respective deposi-
surfaces parallel to tHe.00] and[010] directions, some kind tion temperatureb).

of macroscopic anisotropy should in principle be expected.

In addition to the magnetocrystalline anisotropy, the configufaces which, presumably, results in a larger contribution of
rational anisotropy reflecting the particular morphology ofthe surface anisotropies; third, the possibility that the mag-
the islands—probably modulated by their distribution of netization comes out of plane during its measurement oscil-
orientation—could be presetftin our opinion, the isotropic lations due to the lower aspect ratio of the platelets.
hysteresis behavior of this sample indicates that the reversal
mechanism is fully controlled by the dipolar interactions be-
tween the nanoelements through the nucleation and expan-
sion of closed or semiclosed flux structures, probably involv- \We have analyzed in this paper the evolution of the mag-
ing sets of coupled islands. In fact, closed flux structuresetization reversal processes and of the effective anisotropy
grouping sets of islands tend to increase the uniformity of thef a series of epitaxial Fe/MgO/GaAs thin films deposited at
magnetization inside the individual platelets and, conseincreasing substrate temperatures, from RT to 700 °C, which
quently, to reduce the eventual existence of shape induceglves rise to a gradual variation of the morphology, from
configurational anisotropy. To clarify this point transversecontinuous single-crystalline films to tiled films composed of
susceptibility measurements were carried out because theyparated platelets.

are performed in a saturated state, i.e., the sample is uni- We have measured their effective anisotropy constant by
formly magnetized to a high degree. Figure 11 shows theneans of the transverse initial susceptibility method, which
x: ! versusH . plot for the[100] and[110] axes; from this  is carried out by keeping the samples at an almost saturated
figure it is evident that there is a clear anisotropy that is nostate, thus yielding results that are independent of their spe-
apparent in the hysteresis loops. The anisotropy constant faific reversal mechanisms. We have shown that the effective
this sample, calculated from the anisotropy field obtainedanisotropy is basically dominated by the bulk magnetocrys-
from the extrapolation ojx{l to zero and by using the satu- talline anisotropy of Fe, as shown in Fig. (&2 although a
ration magnetization bulk value, is about 3.00* Jm 3. small decrease in the measured values is observed for the
This reduction of the measured effective anisotropy constarplatelet formed sampleshose deposited at 500 and 700 °C,
with respect to that of bulk, about 34%, can be due to severakespectively that can be due to either structural or experi-
factors: first, the larger magnitude of the dipolar stray fieldsmental reasons already discussed. No other kind of anisot-
originated by the presence of edges and corners in the platespy, related either to the particular morphology of the
lets; second, the good crystalline quality of the lateral sursamples or to the eventual presence of stresses induced by

Deposition temperature (°C)
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lattice mismatches between the buffer layer and sampleshows a similar trend to that of the sample deposited at
was found to be relevant. 400 °C, suggests that the eventual presence of some walls
The specific mechanism of magnetization reversal of eachannot be disregarded. The magnetization process of the
sample is extremely dependent on its particular morphologysample deposited at 700 °C, which is composed of rectangu-
as expected; this leads to a wide variation of the typicalar nanoelements, shows a fully isotropic hysteresis behavior,
parameters involved in the hysteresis properties, as shown in spite of its effective anisotropy and of its well defined
Fig. 12. The continuous film exhibits square logpsduced crystalline order. Its very low remanence, aboutN0.] the
remanence close to 1 along the easy Jawibose reversal high field required to saturate {tmore than four times the
takes place by just one or two sharp magnetization jumpanisotropy field of Fg and the presence of high-field irre-
and reversible rotations against the anisotropy field. The lowersibilities suggest that the magnetization and demagnetiza-
coercive forces measured, as compared to those theoreticalipn process is almost fully controlled by the evolution of
expected, suggest that the switching mechanism is based @amhomogeneous magnetization configurations, probably in-
nucleation propagation of small reversed magnetization revolving groups of nanoelements, controlled by dipolar fields.
gions. In contrast with this, the hysteresis loops of the To summarize, we have shown that the growth of Fe/
samples deposited at 315 and 400 °C have lower remanencelgO/GaAs samples at different temperatures results in a
to-saturation ratio and wider distribution of switching fields, range of different local morphologies on the scale of the
with coercivities between 150 and 250 Oe, approximatelyhundreds of nm. At the saturated state, the magnetic behavior
All experimental evidences, including the dependence of thef these samples essentially corresponds to that of single-
coercivity on the measurement direction, indicate that therystalline bulk Fe, in good agreement with structural data.
reversal of the magnetization is hindered by the distributiorDifferently from this and due to their local morphology, the
of morphological defects present in these samples that act asagnetization reversal properties of the samples evolve from
pinning centers for the wall displacements. The sample coma nucleation-propagation mechanism, to pinning, and, finally,
posed of rounded islandgleposited at 500 °Cpresents a to a magnetostatically controlled process.
hysteresis loop with a lower remanence-to-saturation ratio
and a wider susceptibility peak; the field required to saturate
it, higher than the anisotropy field of iron, indicates the rel-
evance of dipolar fields in its magnetization process. At the The authors thank E. Navarro for the AFM measurements
same time, the angular dependence of the coercive force, thand the Spanish CICyT for financial support.
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