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Influence of crystalline structures on the domain configurations
in controlled mesoscopic ferromagnetic wire junctions
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A role of crystalline structures on domain wall formation is investigated by magnetic force
microscopy(MFM) using mesoscopic wire junctions of both epitaxial bcc Fe and polycrystalline
permalloy. Three sets of structures were fabricated with ferromagnetic Y@8esm thick, 0.2
sw=50um wide and 20Qum long); straight wires, two wires connected at the efldshapey

and crosses. Fe samples show complicated domain configurations due to magnetocrystalline
anisotropy, while permalloy samples show simple domain with shape anisotropy. These results show
that spin configurations at the junction can be precisely tuned by varying not only the shape and the
size but also the crystalline structures of the sample.2@2 American Institute of Physics.
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I. INTRODUCTION using spin-flip scatteringwhile negative resistivity has been
reported in Refs. 4 and 5 supported using weak localization
The fundamental goal of studying micro/nanometer scaleheory®
magnets is the precise control of a magnetic domain configu- In this study, we use both bcc ¥eand polycrystalline
ration (spin configuration which can be achieved in artifi- permalloy structures, which show a clear evolution of mag-
cially fabricated ferromagnets. In magnetic particles or patnetic domain configurations with size previously. In order to
terned nano-structurég,a single domain state analogous to control spin configurations precisely by varying shapes and
the “giant spin” can only be achieved when exchange inter-sizes as well as crystalline structures, the differences in the
actions dominate over dipole interactions, requiring ex-domain configurations are studied here for 30 nm thick wire
tremely small dimensions. In this case, experimental studiefginction structures: straight wires of fixed length.2<w
are prevented by challenges in fabrication and measuremert50 um wide and 20Qum long), a set of two wires of the
techniques. However, for an appropriately designed mesosame size connected perpendicularly at the éndhape,
copic structure, submicron/nanometer scale regions witlnd crosses with two wires of the same size connected per-
aligned spins can be induced. pendicularly at the center. The structures were observed as
The resistivity associated with spin-dependent electrof@rown (unmagnetized statgsising magnetic force micros-
scattering at magnetic domain walls has recently attracted gPY (MFM) (di Nanoscope ). With bce Fe single crystal
great deal of attentiofr.’ The spin configurations in such structures, the domain configurations are found to be much
regions have the same feature of noncollinearity found irmore complicated especially in the unmagnetized states.
antiferromagnetically coupled magnetic multilayers or mag-With the polycrystalline permalloy structures, on the other
netic granular systems, both of which display giant magnehand, for the case 0Rw=2um, a single domain is ob-
toresistance  effect. However, the experimentalserved in straight wires and a diagonal wall connected to one
observation” reported so far are controversial and cannotCOTner is seen at the cross junction.
prove the existence of such an effect. Namely, positive do-
main wall resistivity has been experimentally reported inll. EXPERIMENTAL PROCEDURES

Refs. 3, 6, and 7, which has been supported theoretically A high quality epitaxial bcc Fe and polycrystalline

NiggFey films (30 nm thick were grown by molecular beam
?Electronic mail: ah242@cam.ac.uk epitaxy on GaAg100 substrates at room temperature. For
YPresent address: Department of Electronics, University of York, Hesling—the Fe film. the cubic anisotropy was dominant in this film as
ton, York YO10 5DD, England. Lo T . .
9Author to whom correspondence should be addressed; electronic maindicated byin situ magneto-optical Kerr effect measure-

jacb1@phy.cam.ac.uk ments. Both films were then capped lwia 5 nmthick Au
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FIG. 2. MFM images and schematic diagrams of the domain configurations
of the mesoscopic L shape structut88 nm thick,w um wide and 20Qum
long) of both (a) Fe and(b) NiFe as grown(lunmagnetized states
10 um . . . .
" 1(b)], possess a single domain with the width range of 0.2
- sw=0.5um. In this width range, magnetic poles are ob-
SR j\ ‘ served at the ends of the wires. Abowe=1 um, the per-
. 7P . . . .
“’%‘, : malloy wires form magnetic domains at the ends of the wire

o to reduce the demagnetizing field. Upon increasinfyrther
[0 W [100] (w>10um), the permalloy wires create domain configura-

) p ) ) __tions (not shown in the middle of the wire, for which mag-
FIG. 1. MFM images and schematic diagrams of the domain configurations tizati l | th . ted by 180° s, It i
of the mesoscopic wire80 nm thick,w um wide and 20Qwm long) of both netizanon fies along the wireé separated by walls. 1t1s

(@) Fe and(b) NiFe as grownunmagnetized states important to mention that we observe qualitatively the same
domain configurations for both Fe and permalloy structures
in the remanent state@fter the magnetization saturated

layer to prevent oxidation before the removal from thealong the wire using an external field of 1. This confirms

growth chamber. The wire junctions were fabricated usinghat the domain configurations shown in Fig. 1 are very
e-beam lithography(JEOL JBX5D2U operated at 50 keV stable.

and ion-beam etching with an intermediate metallic mask of  In polycrystalline permalloy wires, only the shape an-

Al made by a lift-off process. The width of the wireswas  isotropy is present and is defined by the magnetostatic en-

varied from 0.2 to 5um and the length of them were fixed ergyU .4, Which is proportional to the demagnetizing factor

as 200um. Three sets of junctions were prepared: the first isof the sample shape. The epitaxial Fe wires, on the other

a set of straight wires, the second is a set of two wires of thé@and, possesses not only a shape anisotropy but also a cubic

same size connected perpendicularly at the éndhape, anisotropy, which is described by the cubic anisotropy en-

and the third is a set of crosses with two wires of the samergy U.,. As the hard axes of the Fe wires are along the

size connected perpendicularly at the center. For bcc Feires, preventing the magnetization pointing in the wire di-

samples, we expect to observe well-defined domain configuection, the cubic anisotropy is expected to be dominant in

rations at the wire junction using energy competition be-the Fe wires ..>U ;9. This is consistent with the MFM
tween the magnetocrystalline cubic anisotropy and the shapebservation, which clearly indicates that the magnetocrystal-
anisotropy as previously reported in Fe circular d8té.c- line anisotropy plays a very important role in forming mag-
cordingly, the Fe structures were positioned with the edgeetic domains.

parallel to the(110 directions, and had in plane cubic an- With connecting two straight wires perpendicularly at

isotropy indicating that the easy axes along the two cubidhe end to form L shape structures, a major diagonal wall is

directions,[100] and[010] as widely knownt? observed in both bcc Fe and polycrystalline permalloy as
shown in Fig. 2. Beloww=2 um, the permalloy L shapes
show only one diagonal 90° wall at the junction. The bcc Fe
samples, however, possess many walls both at the junction

Figure 1 shows MFM images and corresponding scheand the wire regions, which is consistent with the domain
matic diagrams of straight wires as groimnmagnetized configurations of straight wires. Abowg=10 um, permal-
state$. For bcec Fe wires, magnetic domains are seen even &by samples also show several walls but are much less com-
w=0.2um as shown in Fig. ). These domains form a plicated than Fe L shapes.

closure configuration with a 90° wall as clearly seen for the  For the case of crosses, MFM images and corresponding

case ofw=0.5um. It should be noted that the magnetiza- schematic magnetic domain configurations are shown in Fig.

tion direction in the domains are along the easy axes, i.e3. At the cross junctions, botw=0.2 and 0.5um samples
either [010] and [100]. With increasingw, the Fe straight possess submicron regions with spins aligned diagonally for
wires create complicated magnetic domain configuratfdns. both bcc Fe and polycrystalline permalloy. Aboue

Polycrystalline permalloy wires, on the other hdisée Fig. =2 um, new domain walls appear at the junction for both

Ill. RESULTS AND DISCUSSION
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(&) NiFe <50 um wide and 200um long); straight wires, two wires
_“L. connected at the end& shapeg and crosses. Fe samples
U S— show complicated domain configurations due to the magne-
EM— tocrystalline anisotropy, while permalloy samples show
simple domain configurations induced by the shape anisot-
“__FL ropy. These results show that the spin configuration around
- the junction can 'be precisely tuned by varying not only the
shape and the size but also the crystalline structures of the
| samples. The simple and well defined spin configurations in
submicron permalloy samples as compared with those in Fe
% indicate that permalloy is a suitable material to study quan-
/ tum magnetotransport, such as spin-dependent domain wall
scattering, in mesoscopic magnets. Epitaxial Fe could also be
W \( suitable depending upon the orientation of the easy axes.
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