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Abstract We demonstratahe fabrication of compositionaliynodulated NjFe;, nanowires
using templated growth electrodeposition techniques. The composition Wf Hrel Fein a

grown magnetic layer wamodulated by varyinghe deposition potential during growth.
Periodic constrictionswere created along theNisFe;, nanowiresvia diluted nitric acid
etching Concepually, the constrigbns createélongnanowiresmayinduce a low energy well
which has an advantage as a potential barrier to trap domain iwategnetic storage
application

1. Introduction

Magnetic nanowires have received strong interest recently because it has prgquoisimgal for
application inmagneticsolid state memory devicesFor instance, IBMhas proposed thmagnetic
domainwall based “racetrack memdryhat usesplanarand cylindrical magnetic nanowires as the
storage mediunfor horizontal and vertical memory design, respectfveihe \ertical “racetrack
memory” design has the advantage of higher density but the implementation is extremely challenging.
Generally, a magnetic domaivall based memorgeviceworks ky controlling the movementof the

domain wall When a nanosecond pulsed currisnapplied the domainwall propagées along the
nanowire until it meets an obstacle where it requiigher energy to overcome the barri@éhe
movement of domain wall enakléinary datastored in the ferromagnetic nanowlve retrieved or

written by a magneticecording head.To precisely control the movement of the domain wall
intentionaldefecs®is usuallycreatedalong the nanowiresSuch defecacts asa low energy welthat

is readilyto trap the movingdomain wall Systematic creatioof such intentional defectso that
domain wall can be effectively trapped at this region for planar nanowires is considered established;
howevecr},1 the technique required for making similar defects in cylindrical nanowire is still to be
explored-.

A significant number ofdry and wet chemical depositionethods of producing magnetic hanowires
have been reported in literaturBemplde-assistedelectrodeposition i®ne widelyusedtechnique
because of its simplicityand flexibility, specifically in makingmultilayered structures Here, we
demonstrate théabrication ofconstrictedcylindrical NixFe;.x hanowires which consistof alternate
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layers ofNiyFe « with two differentof x values. Theconstrictionsarecreatedalong the nanowires by
etchingthe asdeposited nanowires in diluted HNO

2. Experimental

Compositionallymodulated NiFe;.x nanowires were falwated by usingemplated growth pulse
electrodepositiortechnique The deposition cell consists 6f5 M nickel sulfdge, 0.01M iron sulfate

and 0.5M boric acid. Figure 1 shows the stlep-stepfabrication processf the constrictedNiyFe; 4
nanowires A 200-nmzthick aluminiumlayerwasfirst deposited omne sideof ananodized aluminum
oxide (AAO) template (Anodisc 13, Whatman). TRgFe;., nanowires were alternately deposited
between-1.0 V and —-1.4 Ws SCE fora period of 50 sec using similpulse potentialas shown in
Figure 2. The pH and temperature during the growth were maintained at 4 @dd€pectively. The
length of the alternating segmeig determined by the electrodeposition time. Upon the completion of
growth the nanowires were released from the AAO templtatedissolvingthem into 3M NaOH
solutionfor 30 minute Then, the nanowires were thoroughly cleaned fromAth® template by using
deionized waterwith the assisanceof ultrasonic agitationThe NiFe., hanowires segment that
grownat potential —1.0 V (highdfe composition were then selectively etched by 1% HNfor 40
sec.The segment deposited ateduction potential of —1.0 V has a higher etching rate compared to
thatof the segment deposited at potential4 V. Thus, the depth of the constrictian be controlled

by altering the concentration of the Hil@nhd the etching time.
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Figure 1.Schematic diagraiflustrating the fabrication process of notchidigFe;
nanowires
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Figure 2.The pulsepotentialapplied during the growth @ompositionallymodulated
NiyFe;x nanowires.

3. Resultsand Discussion

Field emission scanning electron microscopy-&HEM) imaging was carried out by using a JEOL
JSM-6700F operated at 10kV. FiguresBows the bamboo like feature of tNéFe .« cylindrical
nanowires with alternateonstrictiors along the nanowires. The constrictimigainedat potential —

1.0V are well defined and uniform in shape and size. The constrictions arg distnguishable and
orderly formed along the nanowires. In addition, the bath containardi Fé ions in a single bath

which produced the multilayered nanowires in an ordered fashion when compared with separate bath
deposition A closeup view of the image (Figuré) revealed that the segments gnoat potentiat

1.4V have a length of 1.5p and diameer of 350 nm, while segmesgrowth at potential of —1.0V

have a length of 100 nm andlemeterof 150 nm. The above multilayered nanowires with optichize
diameterof 150 nmwhich produces the constrictioeasily and mechanically stable. Fig&reshows
transmission electron microscope (TEM) image okleasedNi,Fe.x hanowirewith constrictions

The Ni and Fe composition along the two different potential segments were determined by elemental
analysisby using energy dispersive-Ray spectroscgp (EDX). EDX result shown in Figure6
indicates that higher atomic percentage of Fe (13%) was obtained in the congrictiess trace of

Fe (5%) was analysed in the moonstrictionregion. The variation in the measured Ni and Fe
compositions confirmghe modulation of the compositian the NiFe;, nanowires.
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Figure 3. SEM image otompositionally Figure 4. A closeup view of well defined
modulated NjFe; , nanowireswith notches along notchesstructure along the Mre;
the nanowires nanowires.

Figure 5.TEM image of single notchddi,Fe; 4 Figure 6. TEM elemental line scanning of Ni
nanowires. and Fe elements (Ni red, Fe blue) along the
compositionallymodulaed NiFe, nanowires.

The manetic properties of the notchd&ti,Fe;« nanowires with alternately different composition
were measured using an alternating gradient force magneto(d&FM). The hysteresis loagf the
released NiFe, x nanowiressample is shown in Figurg where Hland H- represent the applied field,

H being parallel and perpendicular to the nanowire, agispectively. The coercivity §f/) and ratio

of the remnance to the saturation magnetizatityiMs)(//) are 77 Oe and 0.27, respectively compared
to He(4) at 118 Oe and (M,/Mg)(L) at 0.10. The squareness ratio in the parallel direction is higher than

the perpendicular direction which indicatbat the easy axis is parallel to the orientation of nanowire
direction The hysteesis measurement indicates the fabricatedF#i, nanowiresare of soft
ferromagnetic material due tibs high magnetic saturation and low coercivity. The magnetization
contributionsfrom the contrictedegments could have been negligible as the length of the confriction
is insignificant comparetb the other segment.
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Figure 7. Hysteresis loofor the compositionalymodulated NjFe;., nanowireswith notches
at room temperature.

4. Conclusion

We have successfully fabricated constrididFe,.« nanowires with differentomposition of Ni and
Fe by usingoulse electrodepositiotechniquesBYy selectivelychemical etchingthe diameter of the
NisFe.x nanowiresat constriction regionreduces from 350im to 150 nm EDX measurement
confirmsthe variation percentage of Fe along the compositiomadigulatedNixFe;.« nanowiresThe
constrictedNi Fe,., nanowireshave an easymagnetizatioraxis parallel to the nanowirexis. This
constricted nanowire Bahe potentialto be used as the storage mediumf@gnetic domainvall
memory device
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