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We report the results of the current-assisted magnetization switching in submicron permalloy
S-shape wires with narrow junctiorisr notches Domain walls were initially formed and pinned

in the vicinity of the notches. Two distinct behaviors are observed in the current-assisted
magnetization reversal process. When the applied field is near switching(4ielek 7 Oe), the
injected current directly switched the wire magnetization, and the needed critical current varied
linearly and significantly with the field intensity. In contrast, when the field is relatively far from the
switching field(AH >7 Osg), the current only moves the domain wall to a local stable state, and the
critical current varied slightly with the field. Moreover, two resistance jumps during current
scanning are observed in the cases with magnetization reversals. These results reveal that the current
driven effect is closely related to the initial domain states, and are explained by a theoretical model
based on spin transfer effect. 05 American Institute of PhysidDOI: 10.1063/1.1850254

I. INTRODUCTION nigues. Both the ferromagnetic films and leads were depos-
ited by dc magnetron sputtering with a base pressure of 5

The control of magnetization switching by injecting 7 o . .
electric current instead of applying magnetic field has re.< 107" Torr. As shown in Fig. 1, the wire consists of seven

cently become one of the key topics in spintronics. The in—'dem_'c""I half-ring l_1n|ts,_wh|ch have {im Imew@th and 5
fluence of a high current density on the magnetic state of Am diameter. The film thickness for all the examined samples

ferromagnet was proposed theoretichﬁ;and subsequently v_va? z?[_bout tzﬁ nm. fT % _eff(icgvtely trap tthf‘ don;gm wta Irl] I?
demonstrated in experiments, especially in the muItipIayePp' 0-tip notch was tabricated 1o connect two adjacent har-

nanopillar structuré&:® The current-driven domain wall mo- ""9S: During the measurement, the field was applied in the

tion is first theoretically predicted by Berger, who argues tha{n—plane longitudinal directioniFig. 1). The resistance was .
easured by four-channel measurement system at 77 K with

the electric current exerts a force on the domain wall bfn lied tic field up to 4 kOe. Th tizati
exchange couplifgand a spin-polarized current applies a 2Pplied magnetic ield up 1o €. The magnetization rever-

torque on the magnetization of the wilRublished experi- sal processes and domain structures in the films were inves-

mental results in single layer film are mainly based on thetlgatecj byin situ magnetic force microscopyMFM, DI

observations of current-driven pinning or depinning of a3100 and numerical simulation using object oriented micro-
single domain wall at a neck formed by two adjacent pads
with different geometrical ratios:*? In this study, we study

the current-induced magnetization reversals in an S-shape H m
patterned permalloy wire with notches, where the domain , : , :
wall can be initially induced by adjusting the direction of u U U

magnetic field. The interesting behaviors of the current-
driven effect in this multidomain wire are also investigated.

Il. EXPERIMENT

S-patterned NpFe, narrow wires with Ti/Au leads for
magnetoresistancéMR) measurement were prepared by
electron-beam lithographgHitachi 4200 and lift-off tech-

FIG. 1. Schematic representation of the series-connected S-shapEe;Ni
wire. The inset shows the AFM image of a single S-shaped wire section. The
dElectronic mail: ycchen93@mail.ncku.edu.tw arrows show the initial field direction to saturate the sample.
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FIG. 3. The variation of magnetoresistance jumps after injecting a polarized
dc current at different magnetic fields.

domain wall even exists at the corners after the magnetiza-
tion in the wire completely switched, namely, the domain
% wall is locally stable and pinned at the corners. Similar be-
J havior is also obtained in the MFM image, which is distin-
¥ ‘ guished from the contrast at the wire edges of the notch.
g Therefore, in our S-shaped pattern wire, there are two stable
© domain walls symmetrically existing in one half ring near the
switching field. Both domain walls play key roles during the
current-driven experiment.

The current-assisted domain wall motion is investigated
by applying a high dc at the fields around domain wall trap-
ping states. As shown in Fig. 3, we inject the current at the

4 S fields with magnitude slightly smaller than the switching
field, i.e., the initial domain structures in the wires are the
= g g ? states between those in FiggaRand Zb). The original MR
curve which has a switching fieldl;~-110 Oe was mea-
i, sured under small d€20 pA) for comparison. During the
current-driven experiment, the applied magnetic field was
FIG. 2. MFM images and micromagnetic simulations of the domain struc-first scanned from the positive saturation and then fixed at
tures(a) before, (b) near, andc) after magnetic switching. The arrow shows e qesired field, with injecting current which negatively in-
the instant field direction. . .
creased from 0 te-8 mA. Figure 3 also shows the continu-
. . ing scanned MR curves after applying dc. It is observed that
mggnetlc frameworkOOMMF, code from the Nathnal In- thg MR behaviors can be classi[?irt)acsj/ inqco two kinds. When the
stitute of $tandards and Tgchnolt)gWhen performmg the field is fixed in the range of-83 Oe t0—92 Oe, i.e.,AH
currgnt—drlwen effgct experiment, we use Kiethly 6430 0~ 7 Oe from the switching field, the MR decreased slightly
provide high density dc. after injecting dc and the switching field remained un-
changed; When the field is fixed in the range-e84 Oe to
—99 Oe, i.e.,AH< Oe from the switching field, the inject-
The magnetization reversal processes in the wires arimg current directly switches the wire magnetization, which
clearly revealed in the MFM images and computer simuladis revealed by the abrupt jump in the MR curve after the high
tion results. Figure 2 illustrates the domain structures duringic is removed, and no switching behavior is further observed
switching. The phase shiftA¢) of the MFM probe is pro- when the applied magnetic field keeps increasing in negative
portional to the force gradient of the vertical stray field, anddirection. These results imply that faH >7 Oe, the current
the magnetic configuration in MFM images is found to cor-only moves the domain wall to a local stable state while for
respond to the simulation results well. Figut@2Xhows that AH <7 Oe, the current effectively de-pins the domain wall
the magnetization direction is mainly along the wire; Fig.and assists the magnetization reversals. It is interesting to
2(b) corresponds to the multidomain structures before thanotice that when the field is fixed at93 Oe(AH=7 Osg,
switching field. The intense contrast in MFM images fromthe MR value jumps partially after applying the dc, and then
the stray field near the notch shows the existence of the dabruptly increases again at the switching fiekdk~
main walls; Fig. Zc) illustrates that most magnetic moments —110 Oe. The most probable explanation is that at the critical
are along the wire and already switched. It should be notefield H=-93 Oe, the magnetization in some half rings
that domain walls were initially formed at the corners con-switched by the current successfully while that in the remain-
necting the wire and the notch, where the transverse compang half rings finished switching at the field;=-100 Oe.
nent of the demagnetizing field occurs to initiate the nucle-  The critical current to drive the domain wall motion is
ation. The micromagnetic simulation in Fig(c2 shows the obtained from the abrupt change of resistance during dc

lll. RESULTS AND DISCUSSION
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12 T T T T Fig. 4(c) also possesses two kinds of tendencies separated by
(@) |H=850e ., the line atH=93 Oe. In the field range ofl <93 Oe, the
§2450 critical current varied insignificantly with the field. On the
8} . ] other hand, the critical current varied linearly and substan-
g I tially with the field intensity in the rangél>93 Oe. Both
o Injecting current (mA) behaviors are similar to that of weak pinning domain wall
. predicted by the published theory of domain wall dynamics
based on spin moment transtéwe try to further explain
our results with the theory. FakH>7 Oe, the transferred
1 spin is absorbed by the magnetization rotating in the domain
-8.0 -6.0 -4.0 -2.0 0.0 wall and the energy is dissipated during the propagation due
Curmsnti{ma) to the transverse anisotropy of the film. Therefore, the do-
07 O "0 T T main wall is only driven to a finite displacement, and only
12 (b) H=97 Oe 2% 1 one domain wall(one spike, which moves to wider wire
e section following the electric current direction, is driven. For
_ 8} 2100 i AH <7 Oe, the dispassion by the anisotropy is no longer
<} W0 55 55 50 45 able to support the transferred spin, and the domain wall
£ Sipcibgiommsaiing) keeps moving until the magnetization reversal is finished. In
ar ] these cases, both domain waltsvo spike$ are driven to
finish the magnetization switching in the wire.
° L . . 1 IV. CONCLUSION
-8.0 -6.0 -4.0 2.0 0.0
Current (mA) The current-assisted magnetization reversals in the
S-patterned wire with narrow junctions are carefully investi-
_ TSF() ] gated. Near the switching field, two trapped domain walls are
g 70 " = n 'I'_ found at the corners of the connecting notches. Two distinct
5 sl - steps are observed in the current—a;sisted magnetization re-
= ) : versal processes, which are theoretically explained. The re-
e 6.0r : . sults reveal that the current-assisted effect is mainly from the
3 ss5t 1 ] spin moment transfer from conduction electron to magnetic
] . N domain wall.
.g 5.0F | ™ 1
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