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Magnetoresistance due to domain walls in an epitaxial microfabricated
Fe wire
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The domain walDW) contribution to magnetoresistance has been investigated using an epitaxial
microfabricated bc€110) Fe wires of 2um linewidth. A strong in-plane uniaxial component to the
magnetic anisotropy perpendicular to the wire axis causes a regular stripe domain pattern with
closure domains. The stripe domain width in zero-applied magnetic field is strongly affected by the
magnetic history and can be continuously varied from 0.45 tquin8 This enables a measurement

of the resistivity as a function of DW density in a single wire. Clear evidence is presented that the
resistivity is reduced in the presence of DWs at low temperatu

The miniaturization of magnetoelectronic devices re-wires of 2.0um linewidth were fabricated with the magnetic
guires controlling domain configurations in small ferromag-easy axis perpendicular to the wire axis.
netic elements and understanding the effect of domain walls The competing magnetostatic, magnetocrystalline, and
(DWs) and sample boundaries on electronic transport irexchange interactions result in a regularly spaced stripe do-
these elements. Of particular recent interest is the possibilitjnain configuration with closure domaitBy minimizing
that DWs can have a significant effect on spin-dependerthe free energy of this configuration it is easily seen that the
electron transport.* However, the study of DW resistivity domain width should depend on the square root of the wire
requires isolating this effect from ordinary anisotropic mag-Width.!® However, magnetic force microscog¥FM) im-
netoresistancéAMR) in which the resistivity depends on the @ges at room temperature reveal the presence of metastable
relative orientation of the curreptand magnetizatioM and ~ domain configurations. The MFM images of au wire
the anisotropy of the Lorentz magnetoresistar@R), Shown in Figs. (a)-1(d) demonstrate a strong influence of
which generally depends on the angle of the curjeand th_e prior saturathn field dlrecyon_ on the stripe domain
internal magnetic-field. Since applying a magnetic field to Width. Here, by using a magnetic tip with a remanent mag-
a multidomain sample changes the domain configuration8€tization perpendicular to the wire surface, the MFM im-
and orientations, this is a source of MR and can be a largB9€S highlight the out-of-plane component of the wire mag-
effect>® Here, an approach is employed to isolate a pw.netization, i.e., Bloch yvalls and magnet!c poles at t.he wire
related contribution to the resistivity of a single microfabri- edges_. Before performmg a MFM 'mage in zero—qpplled field
cated Fe wire in which the magnetic stripe domain com‘igu—the owwe was ma%neuzed © s?turatlﬁm) longitudinal (©
ration and DW density can be continuously varied. =0°), (b) ©=60°, (c) ®=72°, and(d) transverse @

) : : . =90°) to the wire axis. Figure 2 shows a continuous in-
Important to these experiments is controlling magnetlccrease of the stripe domain width from 0.45 to 18 as
interactions in a microfabricated wire. First, b€t10) Fe P )

. . . . function of the angle® between the applied field and the
films were grown ora-axis sapphire substrates using ultra-

high-vacuum e-beam evaporation technig{i€sA 10 nm WIre axis.
thick (110) Mo seed layer was deposited at 900 K at a rate of
0.2 nm/s followed by a 100 nm thiqd 10) Fe layer grown at
510 K at a rate of 0.5 nm/s. Longitudinal Kerr-hysteresis
measurements indicate a strong uniaxial magnetocrystalline
component to the anisotropy with an in-plane easy axis along
the[001]direction. X-ray®/20 scans indicate a fully110)
orientation of the Fe films and x-ray pole figures show that
the in-plang[111] axis of the films is parallel to thE0001]
direction of the sapphire substrate. The residual resistivity
ratio of 30 and the residual resistivity @f=0.2 . cm
confirm the high crystalline quality of the films. Using opti-

cal projection lithography techniques and ion milling, FeFIG. 1. The MFM images of the stripe domain pattern of a2 Fe wire in
zero-applied field show a strong dependence of the previous saturation di-
rection. Before performing the MFM images the wire was magnetized to
2Electronic mail: ulrich.ruediger@nyu.edu saturation(a) longitudinal ®=0°), (b) ®=60°, (c) ®=72°, and(d) trans-
PElectronic mail: andy.kent@nyu.edu verse @ =90°), with respect to the wire axis.
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2 ——— ‘ tocrystalline easy axis. However, in the transverse case they
18f  sx10 T=65.5K ] are perpendicular to the magnetocrystalline easy axis. Thus,
—_ L5 oot gualitatively, the lower DW density in the transverse case is
§ 1.6 i}; 1 due to the larger magnetocrystalline energy density associ-
T o14f¥ 10t 1 ated with the magnetic state after DW nucleation.
S 2x10% MR measurements were performed in a high-field vari-
2 120 o T A 1 able temperature cryostat with sample rotation capabilities.
% 10 ©(deg) ] The applied field was in-plane and oriented either longitudi-
g ; nal (Il) or transversél ) to the wire axis. The resistivity was
o 08p 1 measured using a four-probe ae 10 Hz) bridge technique
06t ] with low currents(10 uA). In previous experiments we ex-
04; | amined the DW contribution to the MR by measuring the

low-field MR as a function of temperature, angle of the ap-
0 20 40 60 80 100 . i S i 3 i .
plied field, and wire linewidtH:® In this prior work the DW
© (deg) density was varied by varying the wire linewidth. Here, the
FIG. 2. The domain width in zero-applied field determined from MFM depgndence on DW.de_nS'ty s studled.more e!egantly by
images increases continuously as function of the previous saturation direa/arying the DW density in a single 2m wire. In this man-
inset shows the reduction of resistivitypy/p(H=0) due to the presence . . . o .
of DWs as a function ob. impurity cor_wcentra'qon can deflnlt_|vely _be isolated from
those associated with domain configurations and DWs.
The resistivity of a ferromagnetic metal in general de-
ends on the relative orientation of the magnetization and

MEM t ied out in fields iust below th current(as well as the direction of current in crystalline met-
measurements were carried out in ields Just below the Is). Since atH=0 these wires contain domains oriented

saturation fields for these configurations. In the Iongitudina@Oth parallel(closure domainsand perpendiculastripe do-
case .ShOWT‘ in Fig. @), b§5|d_es the trlangle-shaped_clos_uremains)to the current direction, the observed MR can result
domains with the magnetization parallel to the applied fleldfrom both resistivity anisotropyLorentz MR and AMR as
(H=0.013T), stripe domains of alternating magnetization

well as the erasure of DWs. MR measurements at room tem-

direction perpendicular to the field are nucleated. A further . . o cotrk
reduction of the applied field does not lead to a change of th erature can be entirely explained by resistivity anisotropy.
t H=0 the MR in transverse and longitudinal geometry is

stripe domain width, only a contraction of closure domains

occurs via DW movement. In contrast, the transverse Casgovern:::d b¥ Ithe .:eZ'.St'\I/'iy ?msotropy an r(.—:‘flectshyhﬁ vol-
just below the saturation fieldH=0.03 T) shown in Fig. UMe€ rato ot longitudinal to transverse domains, which was

3(b) is dominated by a stripe domain configuration of alter_detgrmmeq by MFM mea;uremerﬁsee F|g§._ (&) and 1@)]'.
nating magnetization direction, where the antiparallel Ori_Bes|des this resistivity anisotropy, no additional contribution
ented domain is smaller in volume. As in the longitudinal could be detectelThis result on Fe wires is in contrast to
case, a further reduction of the field leads to a DW move-CO_anq N_i films, where at room temperature an increased
ment but not further nucleation of DWSs. In both instances thd©SiStivity in the presence of DW was observed.

nucleation of DWs is associated with the formation of do- Ve have found, however, that at lower temperatures the
mains oriented perpendicular to the applied magnetic field€SiStivity anisotropy[p;(H=0, Teomp = p. (H=0, Tcomp ]

In the longitudinal case, these domains are along the magn¥anishes. This is due to the increasing importance of the
resistivity anisotropy associated with the Lorentz MR which

is opposite in sign to the AMR At this so-called compen-
sation temperaturé ., the effect of domain configurations
on the MR also vanishes and the DW contribution to the MR
can be isolated. Figure 4 shows the low- and high-field MR
in transverse and longitudinal geometry at the compensation
temperature o =65.5 K. The absence of resistivity anisot-
ropy atH=0 at this temperature is suggested by extrapola-
tion from the high-field resistivity above magnetic saturation
for transversdsolid line) and longitudinal(dotted line)ap-
plied fields. The field dependence above magnetic saturation
is due to the ordinary Lorentz MRNevertheless, the mea-
sured resistivities in both field geometriesbt 0 are lower
than the extrapolated value and the differences to the ex-
1um trapolated value are correlated with the DW densities after
longitudinal[Fig. 1(a)]and transversfFig. 1(d)]saturation.

) ) ) ) o Here, the higher DW density state gives rise twaer re-
FIG. 3. MFM images of the domain configurations of i Fe wire inthe - qieivivy To show that this effect depends systematically on
presence ofa) a longitudinal field ofH=0.013 T andb) a transverse field . . o .
of H=0.03 T, which are both just below the saturation field of the given the DW density, different DW densities were established by
orientation. saturating the wires in an in-plane direction tilted By

In order to examine the large difference in stripe domain
width between the longitudinal and transverse geometr




1300

3x107° e A . — In conclusion, using an epitaxigl10) Fe wire of 2um
gjﬁfmm transverse _ linewidth, the DW density was varied continuously from
‘ 1 0.45 to 1.8um. In the presence of DWs a reduced resistivity
was observed with a magnitude which depends on the DW
density. This observation cannot be understood by means of
a recently proposed mechanism in which spin-dependent
electron scattering within a DW leads to a mixing of the
minority- and majority-spin channels as in giant
magnetoresistance. This mechanism would lead to an en-
—0=30° | hanced resistivity in the presence of DWs. More recently,
———e ©=10° weak localization has been proposed to explain such
— 6=0° 8 phenomend? but is not applicable in the observed tempera-
= . : ' ture range at which electron—phonon scattering would de-
04 -03 02 01 0 01 02 03 04 stroy such coherence effects. It is possible that the interplay
H(T) of orbital effects associated with spatially modulated internal
FIG. 4. Low-field MR of a 2m Fe wire[ p(T—65.5 K)— 1.6 1 cm] magnetic fields in stripe and closure domains and in DWs
measured at the compensation point temperature of 65.5 K. Extrapolation 3¥ith surface scattering may also be important. The internal
the high-field MR data in transvergeolid line) and longitudinal(dotted ~ magnetic-field direction within a DW, which is directed per-
line) geometry shows the equality op,(H=0,Tcm) and py(H pendicular to the surface of the wire, may lead to a reduced
=0, Teomp - AlS0 included are the MR data measured in transverse geoms, , face scattering of the carriers within the DW, and hence,
etry from H=0 to saturation after magnetizing the wire transver@e ( A
—90°), ®=30°, 9=10°, and longitudinal ¢=0°), with respect to the to an enhanced conductivity in the presence of DWs. Never-
wire axis. theless, at present the microscopic origin of this effect is
unclear and further theoretical and experimental work is war-
ranted.
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0x10°|

=10° and ®=30° with respect to the wire axis. As dis-
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