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resi st oxidation in an atnosphere with oxygen,
3585muc@andmwan for ity FABRIGAIION t 0 t he
I nvention Oxidation is a serious problemin
conventional netallic magnets such as rare earth
magnet s of ni obi umiron-boron and samari um cobalt.

Betd ob theél hiventionn s domi nated by corrosion that occurs
at their surfaces. If no protective coating 15 is

prOV"ﬁﬂg’ln@fﬂlﬁﬁ%@téit&f%nédﬂeﬂcta'ﬁ%d%ﬁfa?&ﬁh §E with high

magnet causing a net ['urgical change 1n the surface
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resishonidation imran @atmosplyeretwith oxygen, laben elexated temperatere.
oxi di zed surface | ayer varies as a

Background to the Invention

Oxidation is a serious problem in conventional metallic magnets such as
rare earth magnets of niobium-iron-boron and samarium cobalt. Such oxidation
is dominated by corrosion that occurs at their surfaces. If no protective coating
is provided, oxygen diffuses into the surfaces of such a magnet, causing a
metallurgical change in the surface layer. The consequence of oxidation of the
surface layer is that the surface layer possesses a lower intrinsic coercivity. The
lower coercivity allows the surface layer to be more easily demagnetized. At the
same time, the formation of non-magnetic metallic oxides in the surface layer
will lead to a reduction in the absolute magnetic flux that can be obtained from
the magnet. It has been found that the oxidized surface layer varies as a
function of both temperature and time. The higher the temperature or the longer

the time, the greater will be the extent of oxidation.
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function of both tenperature and tinme. The higher the
tenperature or the longer the tine, the greater wl|l
be the extent of oxidation. *@0002* 2 Recently,

el ectrodeposited cobalt-plati num (CoPt) based all oys
have been studi ed as per manenj m cromagnets for
application in magnetic mcrosystens. Anong these, an

al l oy_of cobalt-platinumtyngsten-pho or us Pt \\P

is a 'ﬁﬁ?"eﬂqyaﬁl @dEBﬁﬂE?;H?M 'B‘P“Wfi"c(%% t) gqgeq(g?qyg ’t%’e
el ectrodeposited 5 to a high thickness - nore than
bermstudi pperNanent. migramagnets feranplisgtiomin meggetiei ¢
properties required for application in magnetic
micros)\dierns cAmohigtthesg hart alloyedfeztbatizplatinum-tongsteg+wphiosphorus
is nost often a roomtenperature process, the

{C&ipt‘/\ﬁa)t is@'materill i 86mpesition bf AmidhAIwWEiR t6be \elé&rbdeposited
enperature i o steps such as, for exanple, wafer-Ievel

t?ﬁa\éﬁi%n&hicﬁh@%- fidte TRat 200MBkirg paisible -NRIEHYiRainifEthe

magnetic properties and oxldation resistance o
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al | oys suffer magnetic degradation due to oxidation

after being subjected to tenperature treatnent in air.

The formati on of non 15 magnetic netallic oxides is an
obst ablithough theeleetrenjating ehmegneltsds Maessioflead rapmtemperature
in mcrodevices as it reduces the magnetic fl ux

precess,\thd éhbricatiablaf mitranlevicdes aftegrisvolvés eleyatethtemperature
per pendi cul ar remant magneti zation of a 5.4 umthick
stept $hclebeclor ebaipts| aferdalet bendiag. Phese2adfd mpstioften in air.
thermal treatnent at 212C.

Therefore, the thermomagnetic properties and oxidation resistance of the

electrodeposited micromagnets are of importance for the application of such
micromagnets. CoPtWP alloys suffer magnetic degradation due to oxidation
after being subjected to temperature treatment in air. The formation of non-
magnetic metallic oxides is an obstacle to the integration of electroplated
magnets in microdevices as it reduces the magnetic flux density deliverable
from the magnet. For example, the perpendicular remnant magnetization of a
5.4 um thick CoPtWP electroplated film decreases by ~22% upon thermal

treatment at 212°C.

To be able to achieve success in the application of electroplated
magnets in microdevices, the electroplated magnets must be able to resist

oxidation at elevated temperatures in air or other oxygen-rich atmosphere.



10

15

20

20 To be able to achi eve success in the application of
el ectroplated nmagnets in m crodevices, the

el ectropl ated nagnets nust be able to resi st

oxi dation at elevated tenperatures in air or other
oxygen-rich atnosphere. 3 Sun:gary of the Invention
According to a first preferred aspect there is
grow ded a magneti c anodi zed al um ni um oxi de

wimary ofthe InyeBtiod; anodi zed al umi ni um oxi de for ni ng
a housing for an array of nanow res of a magnetic
Aegasding| tofadfingtpreferred aspestdbers isprevided gymagaetic anodized
anodi zed al um ni um oxi de. The nanowi res nay have their
alunhiniumadRide eobylidand) a fayehef anodiped akiminiurhexideyfermirg a
anodi zed al um ni um oxi de for preventing oxidation of

Mlﬁslﬁg f&f aParrsy oﬁ@%ﬁké&oﬁé’nfhgfh%ﬁ@ 'ﬁ‘i’at@ﬁﬁlﬁ%%@g irPBARSHOres

there is provided a magnetic anodi zed o0 alum nium

|ﬂ)‘thﬁ?arfeﬁ'3?5hébﬁg %Iurﬂmmqmd@%'eﬁcﬁt% rﬂby Qé'ﬂq&r side

owmres O a magnetic mate avil ng t

e Batded I A hdroues PORCIhED Sriringess Gy @ﬁ m,gide for
t he sjde novmres may be in an array

PEVARNNG X APLS OESHR NS | ayor of anodi sed

al um ni um oxi de. 15 For bot h aspects the magnetic

anodi zed al um ni um oxi de nmay further conprise a seed

| ayer of an electrically conductive material. The
Azooming® asgctwed pfefarrediaspecttehers is fhovided rmemnagaeti@adodized
the layer of anodized al um nium oxide may be of a
AlDmiioesexi@é cobmphisiigod Fayer of anodized aluminium oxide with
nanowires of a magnetic material having their side walls embedded in
nanopores in the layer of anodized aluminium oxide for preventing oxidation of
the side walls. The nanowires may be in an array formed in micropores in the

layer of anodized aluminium oxide.

For both aspects the magnetic anodized aluminium oxide may further comprise
a seed layer of an electrically conductive material. The nanopores may be of a
diameter of 70 nanometers, and the layer of anodized aluminium oxide may be

of a thickness of 60 microns.

According to a third preferred aspect there is provided a method of forming a
layer of magnetic anodized aluminum oxide, the method comprising
electroplating a magnetic material into a layer of anodized aluminum oxide in an

electrochemical bath.
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20 According to a third preferred aspect there is
provided a nethod of formng a |ayer of magnetic

anodi zed al um num oxi de, the nethod conpri sing

el ectroplating a magnetic material into a | ayer of

anodi zed al um num oxide in an, electrochem cal bath. 4
The el ectrochem cal bath may %ave a conposition
conprising: Co2+ ions in the range 0.001 to 0.5
nmol/liter, PtCl62" ions in the range 0.001 to 0.5
mol/liter, WMX2- ions in the range 0.001 to 0.5

The electrocheminal bptiopay hvaveiancarhpositiony somplistgl Qs ®ns in the
nol/liter; and may have a pHin the range 4.0 to 5.0.
rahge t0.@( td 0.5gmoilitehdPtChf rionsl irthie rahga 00001 &n0.5aeoklitey,
in the range 1 to 1000 mA/cnR. The layer of magnetic
Wi i8R¢ irdheFaRg 810000 & 0BYmbRiteH RindHIPHO;0ions i &7 Fdige
inair in the range 100C to 400C. The el ectroplating

BY1 146 01 Frd1/) ,*%tﬁﬁ%@ﬁ\/éf AGn iRy 49184 ged
(gpum ni-um ox!l%é. The t oda Praynfurt f co%pr?se
depositing a seed |layer of an electrically conductive
mat erial before electroplating the magnetic material.

or,all three aspects, the magnetic, material may be o
EIRCUPPIaING arbubs PAmecktubiat > dlaran deehy i e BBYed tee1000
atom £% platinumin the range 0.5 to 50 atom c%
Mivg8t é'grhei lnyenef maggetioanodiged glumiprincoxide mpy be subjected to
phosphorus in the range 0.5 to 10 atomc% Brief
aerealingtin air inthe ranger 100°Cute 400°Cn The dadecttdpdatingmay be into
i nvention may be fully understood and readily put into

marsporésbf thef Iagsit of dritRlizzdaahiniaroxige dESE MdiBed Rayfayther
of non-limtative exanple only
comprise depositing a seed layer of an electrically conductive material before

electroplating the magnetic material.

For all three aspects the magnetic material may be of an alloy containing cobalt
in the range 45 to 95 atomic%, platinum in the range 0.5 to 50 atomic%,
tungsten in the range 0.5 to 20 atomic%, and phosphorus in the range 0.5 to 10

atomic%.

Brief Description of the Drawings

In order that the invention may be fully understood and readily put into practical
effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present invention, the description being by way of

example only, and being with reference to the accompanying drawings.
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preferred enbodi nents of the present invention, the
description being by way of exanple only, and being
with reference to the acconpanying drawings. 5 In the
drawi ngs: Figure 1 is a scanning electron m croscope
("SEM') inmage showi ng the topsview of an anodized

al um nium oxi de tenplate; Figure 2 is a SEM i mage

sq Wi n a cross-sectional view of the tenplate of 5
'ﬁigﬁ MAFj gure 3 is a SEM (back-scattered electron)
I mage shomnng a cross-sectional view of CoPt

rguen iea S§ﬁﬁ@'6§@ﬂe¢tfpfhlﬂ?|(§ﬂ§mp@e@35%)ﬂfﬂagﬁrﬁb&wm the top view
substrate; Figure 4 is a schematic diagram show ng
cfl acamagized alliminivonwokide tempéatej o anodi zed al um ni um
oxi de housing to forma magnetic anodi zed al um ni um

FigLEe2 P4 @Emhmaljégﬁbﬁn@ h eresOsadlional viBwsdfang sémplate of
curves of the material Figures 3 and 4 before and

ﬁéh@manneal ing at 320C for 2 hours in air; Figure 6
i$ a schematic diagram of the sarre mass of magnetic

%ﬁgﬁ% i? "f’éf g SEM éﬂ%ck-&éati’ér&& | 2%5@% sABwitPa B %Pc?s%t &ébtional

rm an arrayo

GPR o b RaaWiTee Stieddtlih 3 %ﬁ%@%ﬁéﬁm&m f¥0g g

saturation nmagnetization Ms as a function of

aleing tinme at 320Cin air for both a plane film
and nanowi res in anodi zed al um ni um oxi de. 20
Figure 4 is a schematic diagram showing electroplated nanowires in an

anodized aluminium oxide housing to form a magnetic anodized aluminium
oxide material;

Figure 5 is a graph of hysteresis curves of the material of Figures 3 and 4
before and after annealing at 320°C for 2hours in air;

Figure 6 is a schematic diagram of the same mass of magnetic materials in two
different forms: an unprotected planar film, and an array of nanowires within an
anodized aluminium oxide housing; and

Figure 7 is a plot showing the trend in remnant magnetization Mr and saturation
magnetization Ms as a function of annealing time at 320°C in air for both a

plane film and nanowires in anodized aluminium oxide.

Detailed Description of Preferred Embodiments
As shown in Figure 4, an array 10 of magnetic nanowires 14 was
embedded in anodized aluminum oxide 12 by electroplating into nanopores 22

in the anodized aluminum oxide 12 to form magnetic anodized aluminum oxide.
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Det ai | ed Description of Preferred Enbodi nents As shown
in Figure 4, an array 10 of nagnetic nanowi res 14 was
enbedded i n anodi zed al um num oxi de 12 by

el ectroplating into nanopores 22 in the anodi zed

al um num oxi de 12 to form magpeti c anodi zed al um num
oxide. 6 The nanowres 14 are the hard nagnetic phase

f an_al ] oy, of Pt WP., The all ofCoV\Prer I
PheBlndured adiarsThe b Mbgeliphtes sLanalpy ebESPIVE Yhe
pI atinumin the range 0.5 to 50 atom c% tungsten in

loy of LrrftVHP pref@r@tdy cantaincogbaiiio the sapgr A 4o O atamic%,
range 0.5 to 10 atomc% 5 The housing forned by the
piatinimdal the tangeudbdeiSfaatomi¢iootungsten inghetrangs 0. Shtar 20
magnetic material of the nanow res 14 agai nst thernal
atomici, and phobphorals i thel ednge0.6d0d0satdmdeadat i on of
magneti ¢ performance for applications at an el evated
tenperature in air. As shown in Figure 7, the rennant

10 magneti zati on, , saturation magneti zat i on, Ms,

and R hosing r‘{%'??‘.“ Qy‘tl’i‘éaﬁ&&uze&fahg‘hiﬂggm 9*1&8“1‘2 G¥3t&ts the

t he nagne alumnum o

h d_bef Qre and. anneal | at .32
i RBRE et malhalof s Boites) a%'eaf) gﬁgnaf‘ox'daﬂon
ﬁuratlon of. 10 hours under th? sane tenperat ure and
jdatiomausas degradatignqf magnetic O&W@"SG\X%W%OP“CE‘“O"S
-12 nmermu, 13 nmemu and 15 0. 94 resEectlver Anodi zed

afl amelevateshtemperaturg imaisbdsishawn i figuse &; $eparanant

di ameter and 60 mcron thickness was used as the
inagnétizationp Mresatatation magnetizatioanMsngnd eélgeater®ss, S, in the out-
m croscope ("SEM') inmges of the top and

SitRaRe areEfichaf the Rugnéic AM&dized aluminum oxide 12 were
unchanged before and after annealing at 320°C in air and were maintained up
to a minimum annealing duration of 10 hours under the same temperature and
atmosphere. The initial and final Mr, Ms and S were ~12 memu, 13 memu and

0.94 respectively.

Anodized aluminum oxide 12 with about 70 nanometers pore diameter
and 60 micron thickness was used as the template for electroplating. Scanning
electron microscope (“SEM”) images of the top and cross-sectional views of the

anodized aluminum oxide template are shown in Figures 1 and 2.

One side of the anodized aluminum oxide was sputtered with about 300
nm gold (Au) as a seed layer 16 for electroplating purposes. Another electrically

conductive material such as, for example, silver or copper, could be used, if
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20 anodi zed al um num oxi de tenplate are shown in

Figures 1 and 2. One side of the anodized al um num

oxi de was sputtered with about 300 nmgold (Au) as a
seed layer 16 for electroplating purposes. Another

el ectrically conductive mateyial such as, for

exanpl e, silver or copper, could be used, if 7

requi red or, d red. El ectrodeposition was carrjed out
BGHIR 81 SR ijeaaiePas tion Web eariegratising. 8 antaling disk
qa | va nostat/pote ntiostat. Ag/KCl was used as the
gleteadanCRDE " systemeviad galvanpstapatentiostetyiAciKphwagdised as
as the anode. The conposition of the electrolyte
thelreferemcd electrbde whilpl paire piatidaRt Wiewdsused be tihe anode. The
nanopores 22 of the anodi zed al um num oxi de 12

doPpositics of theddl¥étfolyte sbitich for eletir®pRAingt CEHPtWRSWithin the
adjusted to a pH of 4.5 using NaOH and/ or H2SO4.

fdrRipofepbaior ik SRoElEéd ARMIALINCOKAEND tE/pHtEY i$§iden in Table 1.
agitation speed are summarized 1n Table 1. In

| ' f Vel | at f 1 nGh WsHh ve of
TRESGAOT e allietbd o 21681 B S AGH BRAIGHLSDAT |
25038t 54 03 R e, A5 S5 Db B8 agpsummarized
Na2wp4. 2H20 NaH2P(O3. 2. 5H20 Sodi um Dodecyl Sul f ate )
in Table 1. In consideration of the overall plating area inclusive of the anodized

aluminum oxide regions, current density was about 884 mA/cm?.



Saccharin (Sodi um based) Current Density Pl ated
anodi zed al um num oxi de area Agitation (Rotation)
Speed Bath Tenperature Bath pH Table 1 Concentration
(COPt-WP) 0.4 nol/L 0.4 nol/L 0.01 nol/L 0.02
nmol /L 0.003 nol/L 2.5 g/L .0096 g/L 1.0 g/L

0. 25A 6mm di aneter circle 250 rpm Room Tenperature
4.5 5 During electroplating, CoPtWP nanow res started
growi ng fromthe

Concentration
Electrochemical Bath Composition

(Co-Pt-W-P)
B(OH); 0.4 mol/L
NaCl 0.4 mol/L
CoCl,.6H20 0.01 mol/L
Na,PtClg.6H,0 0.02 mol/L
Na,WQ,4.2H,0 0.003 mol/L
NaH,P03.2.5H,0 2.5g/L
Sodium Dodecyl Sulfate 0.0096 g/l
Saccharin (Sodium based) 1.0g/L
Current Density 0.25A

Plated anodized aluminum oxide area
Agitation (Rotation) Speed
Bath Temperature

Bath pH

6mm diameter circle
250 rpm
Room Temperature

45

Table 1

During electroplating, CoPtWP nanowires started growing from the
bottom of the pores i.e. from the Au seed layer 16 along the nanopore channels
22 of the anodized aluminum oxide. As a result, arrays 10 of CoPtWP
nanowires 14 are fabricated and embedded within the pores 22 of the anodized

aluminum oxide 12 as shown by the SEM image of the cross-section in Figure 3.
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bottom of the pores i.e. fromthe Au seed | ayer 16

al ong the nanopore channels 22 of the anodi zed

al um num oxi de. As a result, arrays 10 of CoPtW,

nanowi res 14 are fabricated and enbedded within the
pores 22 of the anodi zed al u5n num oxi de 12 as shown

by the SEMimage of the cross=section in Figure 3. 9
Thermal stability was carried out in anbient

at nosphere at 320C for 2 hours for each thernmal

cycle. However, other tinmes and tenperatures nmay be
used Bhenmajstatility was casriaehout in ambient arapsphere ahii,i’OBG for
in the range 100C to 5 400C. Cycling nay be for a

2wk fof eagh therrh@l cyclerdtiewénver; ethekigrest ared teémypérataes snay be
nmeasured in a direction parallel to the nanow res,

@ﬁ@é@ redjifiredl Fof exér'ﬂ?lef ithé terpératlire rRay BEie#d FthdeS100°C to

shown in Figure 5. Although the out-of-plane

FOTCE icHiclig iy o SRS i ot 6. fo #f?%ﬁaé’n?zfsné@‘@ﬁ%er
3
e dBis Rentsdih i Bl daniRe i aﬁéfe Aafolkted. dfergiogng atter
solttéﬁ%wat rat| Egrl? ngvtvrléﬁ'g ig%{r}{z {.')NRIthab Oh}?dout-of-plane
squareness, S, upon annealing wWth therrml cycles for

CREPCINLY i Mc.tdf@ppe@ frienyf. fakqaeéma 4 kPeadten theaficghanesaling of 2
housed wi t hi n anodi zed al um ni um oxi de, 15

hawseit maietajned at 3drkQeup bs 40\hedrs bﬁanm@lhnoatmo% in air.
dr opped by as nuch as 84-85% for the case of plane
filmwhile there were hardly any changes for the

nanowi res w thin an anodi zed al um ni um oxi de housi ng.

oS IR e B D
gaﬁ}é%?@g d“§9ﬁ%gﬁ?'u an, @((Si' éESOIE?eS%MarRWdHJtEEtlbﬁ, A coercivity,
Hc, and squareness, S, upon annealing with thermal cycles for CoPtWP in the
form of a plane film and nanowires housed within anodized aluminium oxide,
respectively. It can be observed that Ms and Mr dropped by as much as 84-85%
for the case of plane film while there were hardly any changes for the nanowires
within an anodized aluminium oxide housing. Although an improvement in He
was observed initially for the plane film upon annealing, it started to drop
beyond ~ 6 hours. For the case of nanowires in an anodized aluminium oxide
housing, though a drop in Hc was observed after the first thermal cycle, it

remained constant for up to 10 hours of annealing.



20 housing, though a drop in He was observed after the
first thermal cycle, it remined constant for up to
10 hours of annealing. 10 Annealing Tine Abs. M Abs.
M He (Ce)S (h)(rmemu) (menu) 015. 258. 383733. 270. 55

210. 377.184239. 170. 69 47.946. 244318. 450. 79

66. 055. 264508. 730. 87 83. 582. 713620. 400. 76

102. 301. 332313. 050. 58 Table 2 Annealing Tine Abs. M
Abs. M He (Qe)S (h)(menu) (nmemnu)

013.1112. 334549, 370.94 213.2612. 493432, 040, 94

413. 231 Arsepliag . Twne. %bs. Ms Abs. Mr Hc (OCe) S

(h) (memu) (memu)

0 15.25 8.38 3733.27 0.55
2 10.37 7.18 4239.17 0.69
4 7.94 6.24 4318.45 0.79
6 6.05 5.26 4508.73 0.87
8 3.58 2.71 3620.40 0.76
10 2.30 1.33 2313.05 0.58

Table 2

Annealing Time Abs. Ms Abs. Mr Hc (Oe) S
(h) (memu) (memu)

0 13.11 12.33 4549.37 0.94
2 13.26 12.49 3432.04 0.94
4 13.23 12.39 3414.55 0.94
6 13.28 12.50 3433.39 0.94
8 13.12 12.36 3436.21 0.94
10 12.99 12.21 3446.36 0.94

Table 3
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613.2812. 503433. 390. 94 813.1212. 363436. 210. 94
1012.9912.213446.360.94 5 Table 3 1 | As shown in

Figure 6, typically oxidation of netallic conponents
starts on the surface of materials. In the case of a
plane film 18, the surface-to-volunme ratio is high

due to the large surface area but a small thickness.

For the case of_ nanow res 10 enbedded in an anodi zed

al uni Ms shewriinEigisa . typiaally axidationgfipetadficzarapenents starts on
magnetic material 10 is only the top surface 20 of
hecrfagemfwaterials. In thegzasel efasplane filne 18: the udace-teevolume
nanowi res 10. The side walls of the nanowires 10 are
matibas iggh due tdthedamgt suetace anearbutiarsmall thickiieésanBorthe case of
t herefore not exposed to atnospheric oxygen,

RavidvifFed 0 b)htﬂa‘dfd'eﬂgn RNQERMEAY AlmifilifYe%i8€ housing 12, the
tenperatures. As the side walls constitute the

SkiHi¥e P'é}égblf?(h@ Blic niatSHAI #FR Hifthe %3? sﬁhrface 20 of each

signiticantly reduces the surface area

AR 9 mrlé’%fe@%%%% ind (BTEr Psaru P fs Thisie well of
RGeS L aiesaPRIHE LS AMGdRerGALIRIEY Sxe ead are
As a result of the reduced. surface area avail able for
iberefate bet expeseddg aémpsphgrirexydens particulaslyrgiying processes at
nanowi res 10 are significantly preserved during

tlevptedaemperatuess. esnthe side walié constitaigntbei sigrificahtlyegreater
al um ni um oxi de with high oxidation resistance is

gthkﬁ;ﬁt ArebeHiis bighificalatly esdudesaie 8LASY BRsLofMhemahonfss 10
exposed to atmospheric oxygen. In effect, the surface-to-volume ratio of the
nanowires 10 in the anodized aluminium oxide 12 is significantly smaller
compared to a plane film 18 of the same mass. As a result of the reduced

surface area available for oxidation, the magnetic properties of the magnetic

nanowires 10 are significantly preserved during temperature treatment.

As such, a magnetic anodized aluminium oxide with high oxidation
resistance is able to resist oxidation in an atmosphere with oxygen, at an
elevated temperature in a range such as, for example, 100°C to 400°C. It may
be about 320°C. The resistance to oxidation enables the magnetic component,
in the form of electroplated CoPtWP nanowires in an array housed within the
anodized aluminium oxide, to substantially maintain their original remnant

magnetization. Therefore, they are able to substantially deliver the original



10

el evated tenperature in a range such as, for exanple,
100C to 4000C. It nmay 20 be about 3200C. The

resi stance to oxi dation enabl es the magnetic
conmponent, in the formof electroplated CoPt W
nanowi res in an array housed Mithin the anodized

al um ni um oxi de, to substantially nmaintain their

riginal re t magnetization. Therefor t ar
Bl oft A f R Bl ig I aPoyt 2 ch the
absol ute magnetic flux even after heat treatnment up to
presanceobamesphesic Qxygednce of at nospheric oxygen.
Wi | st there has been described in the foregoing
description preferred 5 enbodi nents of the present
invention, it will be understood by those skilled in
Whilst therehas been aeseribedlirt thetforegoyng/descaiptionpreferred
nodi fications in details of design, construction or

6PBbAimetls BRIhDBreFRALINYEASHI it WA dhditsiooddy thdse skilled in
present invention. 10 13 The Cains: 1. A magnetic

RRAERTSody FHh&érHHB Pt aﬁfUBﬁétﬁid%% b&i?ﬁﬁéticﬂ{s in details of
anodil ze alum nium oxi de Tormng an housing for an
[r. of NEW I f .. net | erial, for in
B0 RosTRR P BogranBy PaNGA SeqHififrahah et e
2. AhFagnetic anodi zed al um nium oxide as clained in
RIESPR IIVeRil-ei n the nanowires have their side walls
enbedded in the nanopores in the |layer of anodized
al um ni um oxi de for preventing oxidation of the side
walls. 3. A magnetic anodi zed al um ni um oxi de
conprising a |layer of anodized
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al um ni um oxi de with nanowires of a nmagnetic materi al
having their side 10 walls enbedded in nanopores in
the | ayer of anodi zed al um ni um oxi de for preventing
oxi dation of the side walls. 4. A magnetic anodi zed
al um ni um oxi de as clainmed in,claim3, wherein the
nanowires are in an array foried in mcropores in the
_b?%glr .of anodi zed alum niumoxide. 15 5. A magnetic
13iB8:al urri ni um oxi de as claimed in any one of
claims Ito 4, wherein the magnetic material is of an
al F\dy\agawaamﬁge@ alyamniniuny oxide qoappyising a layeray anosizad
platinumin the range 0.5 to 50 atm % tungsten in the
r aa@niniund okideZorraing & haursing fersgrharrag of nahdbwiresiofja magnetic
0.5 to 10 atm% 6. A magnetic anodi zed al um ni um
OXnftfleRdl fotraedRTinaoFotEs M thedlbyét 6f dfodizédPafaminideh oxide.
further conprising a seed |ayer of an electrically

£0 _ﬁ%sgh&% Qﬁécﬁéé@blurﬁmlu’r\n oRidResd aaﬁ»ﬁ@aﬂlnzagmahum@wmthe

oxide as clainmed in any one of clains 1 6 wherein

t Rgaﬁ&ﬁﬂgg i’\?% %ﬁ%a?@gﬁﬁ“sﬁb%déﬂ m@e%‘&@ﬁ@g i th8M8yer of

um nium oxi

t hi ck 60 m crons. . tho

| agBodiged alniiE cidios otevantne fudasena the slleaq
conprising electroplating a magnetic material into_a

3. afenagnetiapedized alnirumm exiglel crmprising a layer of anodized

el ectrochem cal bath. 9. A nethod as clained in claim

8, alimeiniinm oxide witle oanowinesot aimagnetichmagtesiabhaving their side
conmposition conprising: Co2+ ions in the range 0.001

t owalls embdddeidein ,naoPdfes- initha tayen of haodized alémiMiimtoxide for

0.5 mol/liter, WD42- ions in the range 0.001 to 0.5

gﬁ%\}leingpg oithtioRdFihé Qi wad he range 0.001 to 0.5

4. A magnetic anodized aluminium oxide as claimed in claim 3, wherein the
nanowires are in an array formed in micropores in the layer of anodized
aluminium oxide.

5. A magnetic anodized aluminium oxide as claimed in any one of claims 1to 4,
wherein the magnetic material is of an alloy containing cobalt in the range 45
to 95 atm.%, platinum in the range 0.5 to 50 atm.%, tungsten in the range
0.5 to 20 atm.%, and phosphorus in the range 0.5 to 10 atm.%.

6. A magnetic anodized aluminium oxide as claimed in any one of claims 1 to 5,
further comprising a seed layer of an electrically conductive material.

7. A magnetic anodized aluminium oxide as claimed in any one of claims 1 to 6,

wherein the nanopores are of a diameter of 70 nanometers, and the layer of

anodized aluminium oxide is of a thickness of 60 microns.
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10. A nethod according to claim8 or claim9, wherein
the el ectrochem cal bath has a pHin the range 4.0 to
5.0. 10 11. A nethod according to any one of clains 8
to 10, wherein electroplating is carried out at a
current density in the range J to 1000 mNcn2. 12. A
nmet hod according to any one of clains 8 to 11, wherein
he | ayer, o magnet i c anodi zed al uni nym oxi de i s,
oy el GfoniGHs 1avgr DhTG el SnHAoH BB init exids. the
400C. 15 13. A nmethod as clained in any one of clains
8 teethod camprising elestroplating fadpagmetrcgmiazeruahtruo Baayeoefes
of the layer of anodized al um ni um oxi de. 14. A nethod
as anbdizeddlumiraumy ogide infancélectnectentioalliBathur t her
conprising depositing a seed | ayer of an electrically

godmethotbasrelaimedlin bl g whadreintthe gledttothehtieal bath has a
magnetic material. 20 15. A nmethod as clained in any

ongofipdsitRinGoriplisind:-Aco*hehLinthetang8 9ns31 © 0.88h8VIitat, PtCle>
is of an alloy containing cobalt in the range 45 to 95

BTy R B SR B0 B B et PRp o 05

' a’%%m?ér?aﬁé? %82?‘0?{% in the range 0.001 to 0.5 mollliter.

10. A method according to claim 8 or claim 9, wherein the electrochemical bath
has a pH in the range 4.0 to 5.0.

11. A method according to any one of claims 8 to 10, wherein electroplating is
carried out at a current density in the range 1 to 1000 mA/cm?.

12. A method according to any one of claims 8 to 11, wherein the layer of
magnetic anodized aluminum oxide is subjected to annealing in air in the
range 100°C to 400°C.

13. A method as claimed in any one of claims 8 to 12, wherein the
electroplating is into nanopores of the layer of anodized aluminium oxide.

14. A method as claimed in any one of claims 8 to 13 further comprising
depositing a seed layer of an electrically conductive material before
electroplating the magnetic material.

15. A method as claimed in any one of claims 8 to 14, wherein the magnetic
material is of an alloy containing cobalt in the range 45 to 95 atm.%,

platinum in the range 0.5 to 50 atm.%, tungsten in the range 0.5 to 20 atm.%,

and phosphorus in the range 0.5 to 10 atm.%.



