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Perpendicular magnetization and dipolar antiferromagnetism in double
layer nanostripe arrays of Fe (110) on W(110)
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Fe(110 nanostripe arrays, consisting of alternating monolayer and double layer stripes, have been
grown by step flow on vicinal \l 10) substrates. The magnetic easy axis switches from in-plane in
the monolayer to perpendicular in the double layer stripes. The data strongly suggest that
magnetostatic interactions induce antiferromagnetic order in the double layer nanostripe array. It can
be switched into a ferromagnetic arrangement by low external fields19€8 American Institute

of Physics[S0003-695098)03824-9

The progress in the field of epitaxial magnetic films, pared on smooth VW10, which consisted of DL islands in a
including the discovery of indirect exchange couplintand ML sea. Frustration of remanent magnetic order in the center
giant magnetoresistan¢&MR),** is based on techniques to of this range’® explained in terms of a quasi-
control perpendicular profiles—both of composition and ofantiferromagnetic interaction of unknown origin between DL
magnetic properties—on a nanoscale. Recently, there haslands, was alternatively interpreted in terms of magnetic
been increased interest in extending those concepts from peffeezing!*® Only recently it could be shown that the origin
pendicular to lateral magnetic nanostructures—that means ¥ this frustration is given by an unexpected perpendicular
two-dimensional arrays of magnetic nanowires or nanoanisotropy of the pseudomorphic DL islandsand that the
stripes—prepared either by lithographic technifues by  proposed quasi-antiferromagnetic interaction is of dipolar
self-organization on groovéd or on vicinal single crystal nature. Because both the pseudomorphic ML and films con-
substrates* A promising candidate for pronounced mag- sisting of two complete AL or more show easy plane anisot-
netoresistance would be given by a film containing an arrayspy the perpendicular anisotropy of the DL patches is sur-
of antiferromagnetically coupled magnetic nanowires, whichyising. Its theoretical explanation, supposedly as a result of
could be switched from antiferromagnetic towards ferromagi,e enormeoul0%) pseudomorphic strain, remains a chal-
netic order by low magnetic fields. For the case of PErPeNenge. The interplay between ML and DL components with
dicularly magnetized nanowires, the antiferromagnetic Cougqqonal anisotropies made the island system extremely
p!lng would be prowded_ by magnetostatic interaction. Thecomplicated, and disentangling the properties of the compo-
am of the present |etter is to S_hOW that arrays of pSt:‘\Udomorﬁents difficult. The goal of the present work was the prepa-
phic double-layc_e(DL) nanostripes of R10 on W(1.10), ration and magnetic investigation of similar films in a one-
prepared on vicinal WL10) substrates, present just this type dimensional(1D) stripe rather than in the previous island
of magnetic order. The DL stripe system then resembles aeometry
system of magnetic stripe domains in a homogeneous film of Fe filrﬁs were grown at 700 K by evaporation onto vici-
perpendicular anisotropy, which has been used recently as asI W(L10 substrat ith atomic st | 1 Th
giant magnetoresistance medidfrHowever, contrary to the nal W(110 substrates, wi atomic steps alof@n1]. ne
200 nm period in the stripe domain system, which is of puregrowth r_ate wasR=0.§l/6\L/m|n, the pressurep, durl_ng
magnetic origin, the magnetic ordering period in our Samplegrgparatlon below % 10" Torr. Because the perpendicular
is morphologically defined, and dramatically reduced to 1g2"Sotropy of the DL supposedly results from the pseudo-
nm only. morph'lc strain, we were |n.t'ereste'd only |n'ps.eu.dom0r.phlc

Our work is based on a previous experimental study oPL strl_pes.. Becal_Jse the prltlcal width for misfit dislocation
monolayer(ML) nanostripes of Ra10), prepared on vicinal formation in DL islands is about 9 nff,we chose aWw
W(110 surfaces! Their magnetic properties are dominated SUPstrate with 2 step distancewo§=9 nm, corresponding to
by a strong uniaxial magnetic anisotropy with an easy axis itYo=Wo/(aw/2 %) =40 atomic rows. This resulted in
the plane, but across the stripe axis, resulting in ferromagdislocation-free pseudomorphic DL stripes, as checked
netic interstripe coupling of magnetostatic origin, and in di-Situby STM. The morphology is shown in Fig. 1 for the case
polar superferromagnetism. In the present letter, we focus ofif @ sample with coverag® =1.8 AL. The sample consists
pseudomorphic R’&lO) nanostripes prepared on vicinal of dislocation-free alternating ML and DL Stripes, which
W(110) in the range between one and two pseudomorphidvere continuous, although with a considerable dispersion of
atomic layers(ALs). In this range, puzzling magnetic phe- stripe width.
nomena have been observed before for the case of films pre- After preparation, the samples were cooled down to 130

K, and then slowly warmed up to 165 K for Kerr magnetom-

ry (MOKE). Usin rate lasers, we m red in longi-
dAuthor to whom correspondence should be addressed; Present addregst:y( o ) Using separate lasers, we measu ed ong
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FIG. 1. STM image of® =1.8 AL Fg110), prepared at 700 K on stepped r % ]
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larger than the rotatiody), and in polar fields the rotation FIG. 2. MOKE loops for different Fe coverage8, taken atT=(165

0y of the polar effectlarger thaney in this casg Using a +10) K on a sample prepared as a wedge of continuously char@jng
tion techni L}éb th de di indicated by the horizontal position of the loop centey:longitudinal Kerr

compensation techniquéboth ex and f were measured in o ieie e (b) polar Kerr rotationd .

absolute units. Temperatures were measured with a relative

accuracy of 1 K, and an absolute accuracy of about 10 K,

using a thermocouple fixed to the sample holder. They could

be stabilized at 16510 K, which was used for all magnetic e

measurements of the present study. The residual gas expo 3, [ (a)

- ]
sure before completion of the magnetic measurements was i y a:e% ]
below 0.5 L. This is important, because exposures above 1 L i hd ) .

induce a rotation of the DL magnetization towards the film 20 | 3 .

plane!® The samples could be transferred to a separate stage
for STM, which was done at room temperature.

Figures Za) and Zb) show longitudinal and polar loops,
respectively, measured at 165 K, on a sample prepared as
wedge, with Fe coverage® increasing continuously from
0.8 to 2.4 AL (pseudomorphic layerover a distance of 3
mm. Parameters of all measured loops, giveriibyhe rem-

g, (urad)

anent valuessc , and 6y , and (ii) the extrapolation values 200 _-'
€k.e and Oy . as indicated in the insets, are shown in Figs. I
3(a) and 3b), respectively, versu®. 150 [

The main experimental result is given by the dominance
of perpendicular magnetization in the ranget@ <2 [see %\
Figs. 2b) and 3b)]. The linear rise 0By  with increasing® 3
indicates a perpendicularly magnetized core of the DL <
stripes. The data fo® <1 and®>2, in turn, confirm the 50 |
previously® established easy-plane anisotropy of both the _
ML and of films above 2 ML, which are structurally relaxed.
We conclude that the perpendicular magnetization in the
range 0 <2 must result from a perpendicular anisotropy
of this DL caused by its 10% in-plane strain previously in-

ferred from DL island data, but now clearly confirmed for FIG. 3. Loop parameters vs covera@efor the wedge sample of Fig. 2a)
the case of the DL strlpes Remanent and extrapolated Kerr ellipticitieg,, andey ., respectively, for

longitudinal loops like those in Fig.(d). (b) Remanent and extrapolated
The SWItChlng of the easy axis may be modified by Steg(err rotations,fy , and 6 ., respectively, for polar loops like those in Fig.

anisotropy contributions. Note, however, that even for thex(b).
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case of discontinuous anisotropy switching the magnetizafor the standard stripe domains they result from the interplay
tion direction changes continuously on a scale given by thef exchange and anisotropy, and change widely with the
exchange lengthA/K)'? (exchange constamt, anisotropy magnetic parameters.
constantK), which is of the order of 2 nm in both In conclusion, we prepared, on vicinal (820 sub-
component$® A micromagnetic model of this continuous strates, nanostripe arrays of pseudomorphid F@, consist-
rotation of magnetization as a result of discontinuous anisoting of periodically alternating ML and DL stripes. Using
ropy switching is given elsewhefOne result of this analy- MOKE, we observed magnetic ordering phenomena in those
sis is that a stripe of perpendicular anisotropy in a surroundnanostructures at 165 K. In the range between 1.4 and 1.8
ing of easy-plane anisotropy must reach a minimum width ofAL, where the pseudomorphic DL stripes dominate, the as-
the order A/K)Y? in order to show a perpendicular compo- Prepared nanostripe arrays show reversible polar loops with
nent of magnetization. The fact thé . in Fig. 3(b) is de- low saturation fields and neglectable remanence, giving clear
layed in comparison with the DL coverag® ¢ 1) may be evidence of perpendicular anisotropy of the DL stripes, with
connected with that result. antiferromagnetic interstripe interaction of magnetostatic ori-
A prominent feature of the central DL range £.® gin and antiferromagnetic ordering in the DL stripe system.
<1.8 is given by the absence of hysterdseversible loops It might be tempting to search for some nonvolatile coverage
in Fig. 2(b), disappearance df , in Fig. 3b)], in combina- which would preserve this perpendicular antiferromagnetic
tion with saturation in comparatively low fields. This in- order and then would make our system an interesting analog
cludes a demagnetized ground state which is a natural cofi@ the indirectly coupling multilayers. Recent techniques of
sequence of perpendicular magnetization and the resultin@r:epa””g W110 films by pulsed laser depositighoffer a
antiferromagnetic dipolar coupling between adjacent DLCh@nce to replace the bulk single crystal substrates by an
stripes. A potential ferromagnetic exchange coupling via thé!ltrathin film. This would make the system accessible for
ML stripes apparently can be neglected, either because tHBteresting 2D magnetoresistance studies.
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or because the magnetization becomes completely in-plan§iscussions.
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