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Propagation of the magnetic domain wall in submicron magnetic wire
investigated by using giant magnetoresistance effect
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The magnetization reversal phenomenon in a submicron magnetic wire with a trilayer structure
consisting of NiF&400 A)/Cu(200 A)/NiFe(50 A) was investigated by measuring the electric
resistance in external magnetic fields. It is shown that the magnetization reversal can be very
sensitively investigated by utilizing the giant magnetoresistance effect. The time variation of
resistance during the magnetization reversal was also measured and the velocity of the magnetic
domain wall propagating in the wire was determined at 77 K. 1@99 American Institute of
Physics[S0021-897699)69808-3

INTRODUCTION magnetization measurement of magnetic wires, however, is
difficult because the volume is very small.

Recent developments of nanolithography techniques In this article, we present the study of the magnetization
make it possible to prepare well-defined dots and wires, angeversal in a single submicron magnetic wire based on a
magnetism in mesoscopic systems has become an updatedncoupled type giant magnetoresistaf@#IR) effect. The
topic both from scientific and technological viewpoints. Thevelocity of the magnetic domain wall in a bulk wire of NiFe
process of magnetization reversal in a single-domain ferroalloy was first measured by Sixtus and Tohkddere, we
magnetic structure is a key issue in magnetism after the piaeport the velocity of the magnetic domain wall in a submi-
neering work of Nel.! An understanding of this problem is cron wire of NiFe alloy. The GMR is the electrical resistance
of fundamental importance for the magnetization reversal irthange caused by the change of the magnetic structure in
complex systems, such as fine particles, wires, and thin filmsnultilayers'? This means that the magnetic structure of the
Furthermore, it may be also relevant to current problemsystem can be detected by resistivity measurements. Espe-
such as macroscopic quantum tunneliMQT) and macro- cially in the case of wire, the GMR change is directly pro-
scopic quantum coherend®QC).2 The understanding of portional to the magnitude of the switching layer magnetiza-
magnetization reversal is also very important for recordingtion. As we have reported in a previous artitfeit is
media applications. As recording densities increase, the thepossible to detect a very small magnetization change in a
mal agitated magnetization switching dominates in a recordsingle NiF&€200 A)/Cu(100 A)/NiFe(50 A) trilayer wire with
ing bit. On the other hand, the magnetization measurements5 um width by the GMR effect. Here, we present the time
were in general limited to samples consisting of a huge numvariation of the resistance during the magnetization reversal.
ber of presumably identical particles because of their smalThis reveals how the magnetic domain wall propagates in the
volume. As a result, the magnetic properties of a single parwire.
ticle or single wire were hidden behind the distribution of
size or shape. Experimental studies of an individual magnetic
particle in a submicron range became possible with the tectEXPERIMENT
niques such as magnetic force microscdpglectron The samples were prepared by using lift-off techniques
holography, and microsuperconducting quantum interfer-as follows. First, 0.lum-thick ZEP520 resist was spin
ence device magnetometty’ coated on a $100 substrate. After the pattern of wire ex-

In very narrow ferromagnetic wires, the magnetization isposed by an electron-beam writer, the resist was developed.
restricted to direct parallel to the wire axis due to the magNiFe(400 A)/Cu(200 A)/NiFe(50 A) trilayer film was depos-
netic shape anisotropy. Normally, it is considered that magited on the patterned mask by electron-beam evaporation in a
netization reversal takes place by nucleation and propagatiopacuum of 2x 108 Torr. The wire with trilayered structure
of the magnetic domain wall which lies in a plane perpen-was obtained after the resist mask was removed. Due to the
dicular to the wire axis. The process of magnetization revertarge Cu-layer thickness, the interlayer exchange coupling
sal attracts interests especially at low temperatures where thgtween NiFe layers is negligible. As seen in Fig. 1, the
MQT process may be dominant. The MQT of a domain wallwidth of the wire is 0.5um and the sample has four current—
in a ferromagnetic metal wire has been recently investigatedoltage terminals where the voltage is probed over a distance
from both experimentfland theoretical viewpoints.The  of 2 mm.

A block diagram for the time variation measurements of
3Author to whom correspondence should be addressed; electronic maif'€ resistance during the magnetization reversal is shown in
teruo@phys.keio.ac.jp Fig. 2. The magnetic field was applied along the wire axis.
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FIG. 1. Schematic illustration of sample structure. The width of the wire is % 7.44 | .
0.5 um and the sample has four current—voltage terminals where the voltage = r | ]
is probed over a distance of 2 mm. g 742 | 77 K
=} 3 .
.4 F [ ] ]
5 740 ¢ ! .
The resistivity was determined using a four-point direct cur- 738 [ o | b
rent(dc) technique. An electrical current flowing in a sample ; ]
( ) . q . g . P 7.36 'P."*‘..... PR PR .‘Q.’.Qq..
was supplied by using a battef{.5 V) to minimize the s w46 E5 Ei 164 168
noise from a current source. The magnitude of the electrical H (06)

current was adjusted by using proper resistance in the circuit.
The typical current was 7gA with the resistance of 15(k, FIG. 3. Resistance as a function of the external magnetic field at 77 K
since the resistance of sample was 4@ &t 77 K. The Qetermined by afou!'-point dc technique. The magneti(_: domain structures
voltage across two voltage probes was monitored by a difl_nferred from the resistance measurement are schematically shown.
ferential preamplifie(LeCroy DA1855 and a digital oscil-

loscope(LeCroy 9310 which is 8 bits, x 10°/s sampling

rate and 400 MHz bandwidth. The differential preamplifier is

necessary to obtain good resolution, since the resistancgired with sweeping the field towards the counter direction
change during the magnetization reversal is only 1.5% at 7at the sweeping rate of 50 Oe/s. As far as the counterfield is
K. The magnet power was supplied by a power amplifiersmaller than the critical field, both magnetizations in two
which amplifies the triangular wave generated using a lowNiFe layers are aligned in parallel and the resistance takes
frequency oscillator so as to control both the magnitude anthe smallest value. When the applied magnetic field exceeds
frequency of the applied magnetic field. The current passin@8 Oe, the resistance abruptly rises and stays at the largest
through the magnet was also monitored by the digital oscilvalue until the field reaches 84 Oe, and then the resistance
loscope. To obtain both the resistance and the applied maghruptly decreases to the smallest value. The result indicates
netic field during the magnetization reversal simultaneouslythat the antiparallel magnetization alignment is realized in
the internal trigger level was set the value between the maxithe field range between 38 and 84 Oe where the resistance
mum and minimum resistances. All measurements were cashows the largest value. Resulting from a preliminary study

ried out at 77 K. on NiFe wire arrays deposited onto V-groove substrates, it
was clarified that the thicker NiFe layer has a larger coercive
RESULTS AND DISCUSSION force than the thinner ond.Therefore, the change in resis-

Figure 3 shows a resistance change of the trilayer systertr?nce at 38 and 84 Oe is attributed to the magnetization

as a function of the applied field. Prior to the measurement, (rieversals of NiFé50 A) and NiF¢400 A) layers, respec-

o S : tively.
magnetic field of 500 Oe was applied in order to align the Figures 4a) and 4b) show the experimental results on

magnetization in one direction. Then the resistance was mea- .. o . ) N
g ‘?he time variation of the resistance during the magnetization

reversal in the 400-A-thick and 50-A-thick NiFe layers, re-
x 10 spectively. The resistance linearly decreases with time dur-
ing the magnetization reversal of the 400-A-thick NiFe layer,
while the resistance change is much slower and has some
structures during the magnetization reversal of the 50-A-
thick NiFe layer.
The linear variation of resistance with time in Figa®
indicates that the propagation velocity of the magnetic do-
Q) propag y g
5 lt main wall is constant during the magnetization reversal of
the 400-A-thick NiFe layer. This implies that the magnetiza-
Digital tion reversal takes place by the propagation of a single mag-
Oscilloscope . . . . .
netic domain wall. The propagation velocity of the magnetic
domain wall at the applied field of 88 Oe is estimated to be
182 m/s from the time intervdlll us) of the wall traveling
Power Low freq. across the two voltage probé mm). As the sweeping rate
Amplifier Oscillator . L -
of the applied magnetic field was 5 Oe/s, the variation of the
applied magnetic field during magnetization reversal is less

_5 . . .
FIG. 2. Block diagram for the time variation measurements of the resistancgh@n 5<10 _ Oe, namely, the applied field is regarded as
during the magnetization reversal. constant during the measurements.
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Finally, we compare the method described above with

ﬂ the other methods, such as Kerr microsc8pand Lorenz

microscopy'® Lorenz and Kerr microscopy have an advan-
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S . : e tage to directly observe the magnetic domain structure, but
7.46 | | ] the time resolution is about 18 s as far as an ordinary
e : [ video system is used. Comparing with methods described
g MHE ' above, the method reported in this article has the following
S 742 F . advantage. That is, the method corresponds to a very high
‘3 E (@) : sensitive magnetization measurement. For the sample
2 74P 77K | NiFe(200 A)/Cu(100 A)/NiFe(50 A) trilayer wire 0.5um in
& 738 £ 50els | width and 20um in length, the sensitivity is as high as 7§
: . emu (10’ sping.!? The method, in principle, can be applied
7'36_15 . 5 0 5 to smaller samples as far as the resistance of the samples can

be measured and the relative sensitivity increases with de-
creasing sample volume.

48 T T T T RS TR T In summary, the magnetoresistance measurements of a
: submicron magnetic wire based on the GMR effect were
presented. The magnetic domain wall propagation can be
very sensitively observed. The velocity of the magnetic do-
main wall propagating in the NiFe wire O/&m in width and
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