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Propagation of a magnetic domain wall in magnetic wires
with asymmetric notches
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The propagation of a magnetic domain wdllW) in a submicron magnetic wire consisting of a
magnetic/nonmagnetic/magnetic trilayered structure with asymmetric notches was investigated by
utilizing the giant magnetoresistance effect. The propagation direction of a DW was controlled by
a pulsed local magnetic field, which nucleates the DW at one of the two ends of the wire. It
was found that the depinning field of the DW from the notch depends on the propagation direction
of the DW. ©2005 American Institute of PhysidDOI: 10.1063/1.1861505

The magnetic domain structure and the magnetizatiorran generate local magnetic fields,, Hy,, or Hg, which acts
reversal process in magnetic nanostructures are controllabe the left end, the main part with notches, or the right end of
by modifying the sample shape. In a magnetic wire withthe magnetic wire, respectivelyd, (Hg) can trigger the
submicron width, the magnetization is restricted to be paralnucleation of a DW at the leftright) end of the magnetic
lel to the wire axis due to the magnetic shape anisotropy, anglire. Thus, the propagation direction of a DW can be con-
the magnetization rever.sal takgs place by nucleation angp|ied by H, (Hg). The resistance was measured by using a
propagation of a magnetic domain wellW). Therefore, the  ¢4,r_point dc technique, and an external magnetic fielgl,)
magnetic wire is a simple model system to investigate th%vas applied along the wire axis. All magnetoresistaiMR)

propagation of a magnet|c_ DW. Several atte_:mpts have beer':ﬁeasurements were performed at room temperature.
reported to control nucleation and propagation of a bhv.

We present a study on the propagation of a magnetic
DW in a submicron magnetic wire with asymmetric notches. Il
The propagation of the DW was detected by utilizing the l <F:J>Hu
[ [

giant magnetoresistance effédive show that the depinning !

field of the DW from the asymmetric notch depends on the ‘

propagation direction of the DW. We also show that the DW H, Ve 20 um V- Hg

moves notch by notch by applying a pulsed local magnetic 7

field. I
The samples were fabricated onto thermally oxidized )

Si substrates by means @ beam lithography and lift- sio,

off method. Figure 1 shows a schematic illustration of a top

view of the whole sample. A magnetic wire has a tri-

layered structure consisting of dFe;o(5 nm)/Cu(20 nm/

NigiFeo(20 nm. The main body of the magnetic wire has Cu

four notches with asymmetric shape. The sample has foul o

current-voltage probes made of a nonmagnetic material, Cu Nig,Fe,g(5 nm)/Cu(20 nm)/Nig Fe 9(20 nm)

Further, it has two narrow Cu wires crossing the ends of the

magnetic wire and a wide Cu wire covering the notched part - H > +

of the magnetic wire. These Cu wires are electrically insu- oxt

lated from the magnetic wire by SiJayers of 50 nm in  FIG. 1. Schematic illustration of a top view of the whole sample. The

thickness. A flow of a pulsed electric current in each Cu wireblack part is a trilayered magnetic wire consisting of NB-em)/

Cu(20 nm/NiFe(20 nm). The main body of the magnetic wire has four

asymmetric notches. A flow of an electric current in the Cu wire crossing the

dAuthor to whom correspondence should be addressed; FA8¢-774-38- magnetic wire generates a local magnetic field, which is used to nucleate a
3109; electronic mail: himeno@sscl.kuicr.kyoto-u.ac.jp magnetic DW.
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(b) H_ (200 Oe, 100 ns) FIG. 3. Resistance change of the MR measurement of the trilayered mag-
4200F T T i —— netic wire with asymmetric notches as a function of the elapsed time. The
magnetic domain structures of the N{26 nm layer inferred from the re-
_ 4215} ) sistance change are schematically shown.
c
o 421.0f 1
o .
S 4205! the largest value to the smallest value, which corresponds to
§ 200l the overall magnetization reversal of the NiE@ nm) layer.
o ettt Thus, the magnetic DW was not pinned by asymmetric
4195 notches during the magnetization reversals of X2Benm)
-200-150-100 50 0 50 100 150 200 layer because of its large nucleation field.
External magnetic field [Oe] In order to nucleate a DW in the NiE20 nm) layer at
smallerHg, and to pin the DW at the notch, we utilized the
(© Hg (200 ole, 100 ns) method generating a pulsed local magnetic field at an end of
- v the magnetic wiré.Figure 2b) shows the result of the DW
injection into the NiF€20 nm) layer of the magnetic wire by
& St H.. The measurement procedure is the same as that of the
g 4210 . measurement shown in Fig(&2, except applyingd, when
£ 4005l Heyx=60 Oe. The magnitude and the duration of the pulsed
(72} . 4
K =t Lo H, were 200 Oe and 100 ns, respectively. The resistance
T 4200f — L espe y
abruptly decreased after the applicatiorHpfand stayed at a
419.5¢ value between the largest and the smallest values. The value

-200-150-100 -50 0 50 100 150 200

of the resistance indicates that a DW injected from the left by
External magnetic field [Oe]

H, was pinned at the first notch. By increasidg,; after the
FIG. 2. Resistance change of the trilayered magnetic wire with asymmetriénjec’[Ion of the DW, the resistance abruptly decreased to the
notches as a function of the external magnetic field. The magnetic domaifMmallest value at 98 Oe, which indicates that the DW propa-
structures inferred from the resistance measurement are schematicallyated to the right end of the wire through the asymmetric
shown.(a) Typical MR curve of the trilayered systerth) The magnetic DW — otehes, Thus, the depinning field for the rightward propaga-
was injected into the NiK@0 nm) layer from the left end of the magnetic . .
wire by the pulsedH, . (¢) The DW was injected into the Nif20 nm layer  tion of the DW can be determined to be 98 Oe. On the other
from the right end of the magnetic wire by the puldeg hand, the depinning field for the leftward propagation of the
DW can be determined from the result shown in Fi¢g)2
) . i which shows the MR measurement when the DW was in-

Figure 2a) shows a typical resistance change of thejecied from the right end of the wire by In this case, the
trilayerd magnetic wire with asymmetric notches as a func'depinning field was 54 Oe. Thus, the depinning field for the
tion of He,. Before the measuremertiy, of ~200 Oe was rightward propagation is much larger than that for the right-
applied in order to align the magnetizations of two NiFeward propagation. This result indicates that the asymmetric
layers of the trilayered wire in the same direction. Then, MRpotch in the magnetic wire works as an asymmetric pinning
measurement was performed whitg,, was swept up to potential against the DW propagation.
+200 Oe. WherH,,, was negative, the resistance showed the  As seen in Figs. () and Zc), when Hex €Xceeds the
smallest value due to the parallel magnetization alignment obinning field of the first notch, the DW propagates to the end
two NiFe layers. Then, the resistance suddenly increased arg the wire and cannot be pinned at the successive notches.
showed the largest value witH,,; between 10 and 162 Oe. This indicates that all notches are identical from the view-
We have an evidence from a previous study on NiFe wires opoint of the pinning potential. Here, we demonstrate that a
various thicknesses that a thicker NiFe layer has a largesombination ofH., and pulsecH,, can move the DW from
coercive force than the thinner ofielherefore, this resis- one notch to the neighboring one. This is shown in Fig. 3.
tance increase corresponds to the magnetization reversal ®he horizontal and the vertical axes show the elapsed time
the NiF€5 nm) layer, and an antiparallel magnetization from the measurement start and the resistance of the sample,
alignment was realized while the resistance showed the largespectively. In the beginning of the measureméty,; of
est value. At 162 Oe, the resistance abruptly decreased from200 Oe was applied, and thét,,; was swept up to 30 Oe
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and kept at 30 Oe until the measurement finished. WHgp  investigated by utilizing the giant magnetoresista(@#R)

reached 30 Oe, the resistance showed the largest value asffect. The DW was nucleated and injected from an end of
the magnetizations of two NiFe layers became antiparallelthe magnetic wire by a pulsed local magnetic field. The de-
By the application of the pulselds, a DW was injected into  pinning field of the DW from the notch depends on the
the NiFg20 nm layer and it was pinned at the first notch, propagation direction of the DW. This indicates that the
which results in the first abrupt decrease in resistance. TheBgymmetric structures constructed into the magnetic wire

a pul;edHM was applied tp the same direction ldg,. The 0k as asymmetric pinning potential against the DW propa-
magnitude and the duration of the pulseg, were 20 Oe gation

and 50 ns, respectively. Eadh,, triggered an abrupt de-

crease in resistance. The value of each resistance change The present work was partly supported by the Ministry

corresponded to the length between the notches. Thus, thg Education, Culture, Sports, Science and Technology of

DW moved notch by notch by the pulset};. We also con-  japanMEXT) through the Grants-in-Aid for COE Research

firmed that the DW moved notch by notch to the rlghtward(Gram Nos. 10CE2004 and 12CE20G&d MEXT Special

direction by the pulsedty with the opposite polarity. Coordination Funds for Promoting Science and Technology
The interpretation why the depinning field depends On(Nanospintronics Design and Realization, ND&d by the

the propagaﬂon .d”ec“oﬂ is the following. Smce th'e. DV.V 21st Century COE Program by Japan Society for the Promo-
energy is proportional to its area, the DW at wider position mtion of Science

the wire has larger energy. This change in the DW energy
along the wire axis produces the pinning potenyal_for_ the 1T, Ono, H. Miyajima, K. Shigeto, and T. Shinjo, Appl. Phys. LeR2,
DW. The force to move the DW against the potential is given ;1161993
by the derivative of the DW energy with respect to the DW 21, ono, H. Miyajima, K. Shigeto, K. Mibu, N. Hosoito, and T. Shinjo,
position, which is proportional to the slope of the notch. In 3Science284, 468(1999.
our magnetic wire shown in Fig. 1, the slope of the notch is X- Sh'gﬁtov Tclj Shinjo, and T. Ono, Appl. Phys. '—keﬁﬂ 2815(1999-
; ; ; ; D. A. Allwood, N. Vernier, G. Xiong, M. D. Cooke, D. Atkinson, C. C.

Ztegpe_r fOI’f.tI’;(ej ;Ighttr\]/var.d r;])tropadgatlon, reiultlng in the Iarger Faulkner, and R. P. Cowburn, Appl. Phys. Le#tl, 4005(2002.

epinning ne . or . e .”g war pr_OD?ga lon. . °A. Himeno, T. Ono, S. Nasu, K. Shigeto, K. Mibu, and T. Shinjo, J. Appl.

In conclusion, pinning and depinning of a magnetic DW  phys. 93, 8430(2003.

in a submicron magnetic wire with asymmetric notches were®y. Sugita, T. Ono, and T. Shinjunpublisheg
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