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Magnetoresistance anomaly in DyFeCo thin films
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Microstructured rare-earth—transition-metal DyFeCo films have been investigated using
magnetoresistance and extraordinary Hall-effect measurements. The Hall loops reveal variation of
coercive fields depending on the linewidth and the composition of the films. The magnetoresistance
curves, with changes up to as high as 1.3%, show positive/negative magnetoresistance peaks
centered on the coercive fields depending on the linewidth of the films only. The variation of the
coercivity can be attributed to the magnetic moment canting between the Dy and FeCo
subcomponents and the existence of the diverged magnetization on the edges, and the anomalous
magnetoresistance peaks observed are discussed with the existing theorig801@merican

Institute of Physics.[DOI: 10.1063/1.135711]6

I. INTRODUCTION tone. In this study, two different compositions of amorphous

MO materials, DygdFe30C0s0)79.4 and Dys(F&30C0s0) 74,

Magneto-optica[MO) thin films have been under exten- : > X
sive investigation due to their superior magnetic perpendicu\-Nere m‘ff‘de' Notice thf_ﬂ in order to ge_t WeII-def_lned edge_s on
the devices made using the sputtering technique, a bilayer

lar anisotropic properties and extensive applications in ultra- .
pic prop PP lectron-beam-resist system was employed for a better un-

high-density data storage recording. Recently, people hav .
even started to study microstructured MO films using the%ercut profile in the developed trenches of the electron-beam

MOKE technique and magnetic-force microscdpg.How- resist. Details of the fabrication process can be found in our

. . . -5 _
ever, the information extracted from the electrical measureP'V10US publications: Room temperature MR and EHE
measurements were carried out with 1 mA dc-sensing current

ments on these MO films is always a valuable way of know- o . .
ing their magnetic properties. Herein, we present a series ﬁ]ned fﬁ;dg[ailegfrsﬁer:ggﬁ;f;i'gﬁfﬁ’:eggpelrpendlcmar 0

magnetoresistance(MR) and extraordinary Hall-effect
(EHE) measurements on patterned amorphous rare-earth
(RE) tra_n_S|t|on—meta[_TM) I_DyFe_Co films haylng d|fferept IIl. RESULTS AND DISCUSSION
compositions and various linewidths. Attention was paid to

the MR changes, MR peaks, and the coercivity variation. The experimental data are shown in Figs. 2 and 3 for
Dy20.6 F&0C020) 79.4 @and Dyse(Fe30C0,0) 74 devices, respec-
Il. EXPERIMENT tively. Figure 2a) shows the MR curve of a Zm-wide de-

) ] ~vice, while Figs. 2b) and Zc) show the MR curve and EHE
Microstructured DngCo films were made combining loop of a 10um-wide device. Figures(@) and 3b) show the

standard electron-beam lithography and dc-magnetron spufar curve and EHE loop of a 1@m-wide device, respec-
tering through a lift-off technique. First, Hall bar-shaped yely, while Fig. 3c) shows the EHE loop of a zm-wide

trenches were exposed in electron-beam resist using a Corfjayice. Some distinct phenomena need to be addregBed:
mercial scanning electron microsco®EM) modified for

direct writing® After the sample was developed in a 1:3 mix-
ture of methyl isobutyl keytone and 2-propanol, a dc-
magnetron cosputtering system was used for amorphous l /
DyFeCo film deposition, in which the thickness was fixed at 5

50 nm for all of the films studied. The film was protected
using a subsequent dc-sputtered SiN film from oxidation.
During the MO sputtering, the substrate temperature was
kept at room temperature and no external magnetic field was
present. The four-terminal shape of films, having a fixed ac-
tive length of 30um and widths of 10 and Zm, respec-
tively, were then completed after a lift-off process in ace-

FIG. 1. Schematic setup drawing for the MR curves and EHE loop mea-
3Electronic mail: phjcwu@cc.ncue.edu.tw surements.

0021-8979/2001/89(11)/7209/3/$18.00 7209 © 2001 American Institute of Physics
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FIG. 2. MR curves and EHE loops measured on,JFe;C00)794

samples(a) shows the MR curve of a 2m-wide device, whilgb) and(c)
show the MR curve and EHE loop, respectively, of a,ii-wide device.
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Notice that the MR peaks are centered at the coercive fields identified by the

EHE loop measurement and the coercive field is lower on then2wide
device.

FIG. 3. MR curves and EHE loops measured ondlyesCo,0) 74 Samples.

(a and (b) show the MR curve and EHE loop of a 10m-wide device,
while (c) shows the EHE loop of a gim-wide device. Notice that the MR
peaks are centered at the coercive fields identified by the EHE loop mea-
surement and the coercive field is lower on the if-wide device.

Good squareness in the EHE loops indicates a strong perpen-
dicular anisotropy in these film$2) Sharp MR peaks occur
and are centered on the coercive fields. The width of th&-um-wide devices on Dy, { Fe;(C0,0) 79.4 devices. This co-

peaks corresponds to the transition region in the vicinity ofercivity change is reversed on RyFe;(Co,g) 74 devices.

the coercive fields in the EHE loop$3) On both com-

In our previous studies, we have shown that the variation

pounds, the MR peaks always point in the same direction oin coercivity in patterned DyFeCo films with different hole

2-um-wide devices(referred to as positive MR peaks
whereas they point in the opposite directions onutf-wide
devices(referred to as positive/negative MR pepkg) The
coercivity becomes larger on the 10n-wide devices than

shapes and depths is mainly due to the canting behavior be-
tween the RE and TM antiparallel subcomponents and the
existence of magnetization perpendicular to the sidefvall.

In this study, the finite width of the film causes the magne-
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tization to diverge on the edges, which is similar to our pre-IlV. CONCLUSION
vious findings. Therefore, the present result can be explained
with the same argument.

Usually, the resistance changes of MO films exhibit
positive or negative magnetoresistance at high magneti
field, which can be interpreted ks~d scattering™® and the

In summary, we have performed magnetoresistance and
extraordinary Hall-effect measurements on two different
Eompositions of DyFeCo MO films with linewidths of 10
and 2 um for each compound, respectively. The coercivity

dispersion of submagnetic moment comporiii the low- WS higher in the wider TM-dominated device, whereas the

magnetic-field regions, magnetoresistance peaks occurr&@ercivity was lower in the wider RE-dominated device. The

that are attributed to the anisotropic magnetoresistanc\éariation in coercivity is believed to result from the magnetic

effect*2j.e., that conduction electrons, scattered from thg"oment canting between the RE and TM subcomponents
magnetization within the domain walls, cause the resistancBNd the existence of the diverged magnetization on the
to increase. Consequently, positive MR peaks take pIaC8dges. The magr_1_etore5|sta_nce curves reveal changes as high
around the coercive field, during which the magnetic thinds 1.3% and positive/negative MR peaks centered around the

film is in a demagnetized state. On the contrary, the second0€rcive fields for both RE- and TM-dominated films de-
ary Hall effect studied by Hajjar gives negative MR pe&ks. pending on the linewidths. This MR peak anomaly cannot be

However, our results, show positive and negative MR peakgxplained by existing t.heories. Howeyer, adopting this high
depending on the linewidth of the films. Both TM- and RE- MR chang_e a'nd lowering the coercwlty' may lead to aprac-
dominated films exhibit the same one positive and one nega{'-Cal application for making a sensitive magnetic-field
tive MR peaks on wider devices but only positive MR peakssensor.

on narrower devices. Sheet films of both compositions reveal

one positive and one negative MR peaks as well, not shown.
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