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Fabrication and uniaxial magnetic anisotropy of Co nanowires
on a Pd(110) surface
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We have fabricated Co atomic chains and nanowires on(&lBdsurface oriented along thé&-10]
direction. This is possible due to high diffusion anisotropy of the Co adatom on thé@®durface.
The Co nanowires on R#L0) exhibit a strong uniaxial in-plane magnetic anisotropy, in which the
easy axis is alondg1-10], i.e., nanowire direction. ©2005 American Institute of Physics
[DOI: 10.1063/1.1870127

In the last decade, nanoscale magnetic materials haveealed in an oxygen atmosphere ok 10°® mbar at 600 K
been widely discussed due to the current development db eliminate C and S contaminants on the(Bd) surface.
electronic devices and data storage media. Thus it has beenThe cleanliness of the surface was confirmed by LEED,
particularly attractive topic to investigate the fabrication andAES, and STM. According to STM, the average terrace
magnetic properties of nanoscale, even atomic scale magyidth is about 15 nm. Co films were prepared by thermal
netic materials, such as nanowires or nanostrfpesano-  deposition from a Knudsen cell. In order to suppress gas
particles or nanodofs*° and nanopillars*? adsorption and interdiffusion of Co and @d0 substrate,

With the development of ultrahigh vacuuf@HV) and  the films were prepared at room temperat(iR&), and then
molecular beam epitaxy techniques, a rich variety of farimmediately transferred to the cooled sample stage of the
from-equilibrium nanostructures can be created dependinylOKE chamber. STM data were recorded in constant cur-
on the atomic nature of the adlayer—substrate system, dep&ent mode at RT.
sition temperature, and rates. Among them, the symmetry of Figures 1 and 2 display a series of STM images charac-
the substrate is an important factor. In this respect, théerizing the growth of submonolayer Co on PA.0 at RT.
Pd110) surface is an attractive examplfél.“ The Pd110 At the coverage of 0.15 ML, Co monatomic chains are
surface is one of the few unreconstructed(td€) surfaces formed and oriented along tH&-10] direction as shown in
which consist of close-packed atomic rows alongfthet0]  Fig. 1(a). At this coverage, the Co atomic chains have an
direction separated by deep chanrlélat not too high tem- ~ average length of 6.9 nm, corresponding to 25 Co atoms
peratures, preferential diffusion of incoming adatoms takegTanged along1-10]; and the average distance between Co
place along these channels, i.e., ftie10] direction, result- atomic chains is 2.7-3.1 nm, corresponding to 7-8 close-
ing in the island elongation, even formation of linear onePacked atomic rows. A zoom-in picture of an arbitrary cho-
dimensional1D) chains along th¢1-10] channelg® In fact,
Rdderet al. have obtained Cu monatomic wires on(P1D)
substrate which are oriented along tfe10] direction®’
Thus 1D Co wire growth on Rd10) could be expected.

properties of monatomic Co wires on @d0), such as per- N
pendicular magnetic anisotropy, the magnetic moment of ar
isolated supported wire, induced spin-polarization in the Pd" ¢
atoms close to the Co wire and the magnetic interaction be

tween adjacent wire®:° NN

In this letter we demonstrate that Co monatomic chainsv‘
are indeed formed on a PO substrate. Moreover, the ‘
magnetic anisotropy of Co nanowires on the(Hd) sub-
strate shows in-plane uniaxial anisotropy.

The experiments were performed in a multichamber
UHV system equipped with a molecular beam epitaxy
(MBE) setup, scanning tunneling microscof§TM), Auger
electron spectroscogAES), low-energy electron diffraction
(LEED), andin situ magneto-optical Kerr effectMOKE). 0.00
The base pressure is better thaxi 80! mbar. The PL10) position [nm]
crystal was cleaned by cycles of Asputtering and subse-

guent annealing at 950 K. The sample was occasionally arf=G. 1. (a) STM image(50 nmx 50 nm of 0.15 ML of Co deposited at RT

on Pd110 surface. Co atomic chains are oriented aldaglO] as it is

identified by the arrow(b) Zoom-in (20 nmx 20 nm of the STM image

dauthor to whom correspondence should be addressed. Telephd®e345 shown in(a). STM line profile is taken along the black arrow which indi-
5582969; Fax:+49 345 5511223. Electronic mail: mprzybyl@mpi- cates that the distance between the first and third chain is 1.6 nm, and that
halle.de the second chain as well as two blanks exist in between.

©
=
o

0.05¢

height [nm]

0003-6951/2005/86(10)/102503/3/$22.50 86, 102503-1 © 2005 American Institute of Physics
Downloaded 24 Mar 2005 to 195.37.184.165. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp


http://dx.doi.org/10.1063/1.1870127

102503-2  Yan et al. Appl. Phys. Lett. 86, 102503 (2005)

_ s et [1-10] H
3 (@) PD i
— W" ;
S [001]
:t'g' (b) p—um
g M". $ =45 (e)
&
x ()
§ | TS
‘g $=75
S [ ()
K]
H/[001]

-0.10  -0.05 0.00 0.05 0.10
Magnetic field [T]

FIG. 3. Hysteresis loops of 0.5 ML Co on @40 surface measured at the
magnetic field applied along thil-10] direction (a), under the anglep
=45° (b), $=75° (c), and along thg001] direction (d). The loops were
measured at 55 K. The orientation of magnetic field with respect to the main
crystallographic directions is schematically showr(én

individual Co chains can span a whole terrace ler{gte

Fig. 2(a)]. Moreover, some short Co atomic chains are ag-
gregated to the long Co chains. At the coverage of 0.5 ML,
as shown in Fig. @), Co atomic chains grow up to two-
dimensional nanoislands which are preferentially elongated
along the/1-10] direction with a width of 1.2—-2.0 nm. More-
over, the STM images clearly show the role of substrate step
edges as heterogeneous nucleation centers. Both Co atomic

_ chains and nanowires easily grow outward from substrate

E steps though Co nanowires are not aligned along the steps.

= When the coverage exceeds 0.6 [Aee Fig. Z)], the gaps

§ 0.1 between some Co islands are filled up, and the second layer
i nucleation is observed on top of the first Co layer. As dem-

0 3 6 9 12 onstrated by the line profile of the inset, the height of the
position [nm] second partially completed layer of the Co islands has almost
FIG. 2. STM imageg50 nmx 50 nnj at different Co coverage on P.0) the same height as the first .Iayer, i.e., one Co atomic layer.
surfaces(a) 0.3 ML, (b) 0.5 ML, and(c) 0.65 ML. Both Co atomic chaign ~ Moreover, the two layers thick Co islands are also exclu-
(@] and Co nanowiregin (b) and (c)] are oriented along1-10] as it is sively oriented along thgl-10] direction. We also analyzed
@dentiﬁed by the_arrow _ir(b). STM Iine profile taken glon_g the black armow the structure of submonolayer Co On(lPID) by LEED. The
:zv(ecl) ;;P;oz\gt |g;h;0|nmsigtia|;e\r/.vhlch the dashed line indicates the helghtO-bS-er-VEd I__EED patt_e_rr(smt ShOWh h_er)e_show(lx 1) pe- |
riodicity without additional spots indicating that the Co is-
lands grow pseudomaorphically onto the(PH0) substrate. In
sen area from the STM image of Figial, and the line pro- addition to this, lines of diffracted intensity are observed
file perpendicular to three neighboring chains, are shown iperpendicular to th¢1-10] direction. This is caused by the
Fig. 1(b). The profile shows discrete maxima at multiples of pronounced ordering of the Co atoms only along [thel 0]
an elementary distanca=(0.4+0.05 nm. The separation direction and a not well defined periodicity along ff@91]
distance between the peak of the first chain and the peak dafirection. This, according to diffraction theory, leads to one-
the third chain is about 1.6 nm which corresponds to fourdimensional features in the LEED patterns along [ib@1]
multiples of the distance between two neighboring Pd atomidirection.
rows on the(110 surface. Moreover, blank spaces between  Animportant issue for the investigation of Co nanostruc-
the neighboring chains are visible. A blank space indicatesures on P@L10) is their uniaxial magnetic anisotropy. Here
one elementary distance though the width of a blank space ise demonstrate that Co nanowires or{Hd) substrate have
smaller than that of the chains. Within the distance of 1.6 nna strong uniaxial in-plane magnetic anisotropy. Figures
between the first and the third chain, the second Co chai(a)—3(d) show a series of representative MOKE hysteresis
and two blank spaces are visible. This arrangement corrdeops of 0.5 ML Co on PA.10) with the magnetic field ap-
sponds to four elementary distances only in the case wheplied along the different in-plane directions of (Rii0) sur-
the width of the second chain is exactly one atom, i.e., if it isface. The magnetization is always probed along the field di-
actually a monatomic chain. This means that we can measurection. The measurement temperature is 55 K. The square
the lateral island separation down to two elementary dishysteresis loop with the magnetic field applied al¢tglO]
tances and show that the chains do not consist of doubledirection displays minimum coercivity and maximum Kerr
rows of atoms. signal[see Fig. 8a)]. When the magnetic field is applied in
With increasing coverage to 0.3 ML, the average dis-the sample plane under a variable angle ffdri0] direction

tance between Co atomic chains becomes 1.6 nm, and sorfeee Figs. @) and 3c)], we found the intensities of the
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surface that the shape anisotropy favors the easy magnetiza-
tion direction along elongated island directibn.

Moreover, contradictory to some theoretical and experi-
mental reports on the perpendicular anisotropy in the Co—Pd
systeml,g' 223no Kerr signal is observed in polar geometry
within the thickness range of 0.5-6.0 ML even at an applied
magnetic field of 0.8 T. More precisely, for the Co films
grown on P@110) at RT we do not detect any polar signal for
any Co thickness when the MOKE experiment is performed
immediately after the sample deposition. Only aftdy: The
FIG. 4. Longitudinal Kerr rotation in remanence as a functiompf.e., of ~ Sample is exposed to the residual atmosphere at low tempera-
the direction of magnetic field with respect f&-10], normalized to the  tures a sufficiently long time, ai2) the sample is annealed,
value measured alond-10]. A cog¢) function is plotted(solid line) for or (3) the sample is covered e.g. with Au, the polar signal is
comparison. detected. The details will be published elsewtére.

In conclusion, we have fabricated Co atomic chains and
measured Kerr signals decreasing with increasing deviationanowires taking profit of the Co adatom diffusion aniso-
angle of the magnetic field from thé-10] direction. This  tropy on Pd110). The Co nanowires exhibit a strong uniaxial
fact indicates that the magnetization is not saturated alongh-plane magnetic anisotropy with the easy axis along the
the direction of the applied magnetic field, and the measurefl -10] direction, i.e., along the nanowires.

Kerr signal is due to a projection of the magnetization ori-

ented along the easy axise., [1-10]) to the magnetic field The authors would like to thank Dr. Z. Y. Liu and Pro-
direction_zo Moreover, the shapes of the Kerr loops are allfessor G. H. Yu for their discussions, and Mr. G. Kroder for
almost square. This indicates that magnetization direction i¢echnical support.
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