10

15

20

25

30

~111111211121121212 ML ~~L0b i e i

+ *159159* Formation of magnetic el ements

substrate, and MEMS devi ces incl udi ng tﬂﬂﬁmuﬁm‘mmﬁmm
Field of the Invention 5 The present in tes
to the formati on of magnetic el enments on a «1®ubstrate,
such as a silicon (Si) substrate. It further relates

attract rmuch interest. slmhﬁlemeetﬁ chers are
devel opi ng magnetic MEMS devi ces, which are NEMS
devi ces such as actuators or sensors operated using

FiaidBetHeOn{entich To produce magnetic MEMS devices, a

ﬁatterned per manent nmagnet on a substrate such as Si
The preset inupntios delateetakinevieormetion of madnetimeleérsents on a

SBReRb. TR RSbickl B AEBRRS. P il sl o TRERRS gfvices

ingeHidratihg guch Bisudbtrdtd. he thin film has very good
magneti c properties in ternms of He or M, 20 but the

magnetic force it generates is not sufficient for a
B Uhe o mvgﬁﬁbr‘fe because the force depends upon
%ﬁmﬁﬁm’gﬂﬂ ic material, and it is difficult
to deposit a very thick magnetic thin filmw thout
crackin r eelin The r U|red i ckness is
é‘@é@ 9‘4@\4@ V'?ﬁ‘%g‘é Q?fﬁﬂo YANESRAFGNGHS 818 de
dePéEbin gﬁngg% MEMS to%v‘ré%%%wﬁm arePQERAS dblices (?Wf%r] I%IS

abl et m a | ayer of on a substrate,
achaders pusensoist dparatpaeysiog magreticdbrcend ocwolddcao:magneéic

S AR i 47 o

diliRd. al in the pores. Moreover the magnetic materi al
can be el ectropl at ed into the pores, and it is

Ohe_known method to form the patterned magnet is by deposition. In this

method a thin film of magnetic material is deposited, e.g. by sputtering.

- Usually the thin film has very good magnetic properties in terms of Hc or Mr,

but the magnetic force it generates is not sufficient for a magnetic MEMS
device because the force depends upon the volume of magnetic material, and
it is difficult to deposit a very thick magnetic thin film without cracking or

peeling. The required thickness is several tens of micrometers.

Anodic Aluminium Oxide (AAOQ) is known for its very small pores. If we were
able to form a layer of AAO on a substrate, and fill those pores with magnetic
material, we could achieve very good magnetic properties in terms of Hc or Mr
because of the magnetic anisotropy of the magnetic material in the pores.
Moreover the magnetic material can be electroplated into the pores, and it is
possible to rhake it very thick because the structure of AAO prevents

breakage of the plated material.

T
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30 possible to make it very thick because the

- structure of AAO prevents breakage of the pl ated

material. X1121212 (000 Fvreer rever et ~~~~1

*co0002* 2 However, in order to realize such a thick

AAO | ayer on a substrate, arf Al film having a

t hi ckness of several 10u m has to be deposited on a

A=Y W4 b infaft ' :

HQUBRHL B B ekt o Vgl o Bl o APRRLL A
having mdtbickhessidtisessral h) g,m hias tp besdsposited @nt ssbsirate first,

contenplated forming such a thick Al |layer by Al foi
anditds ddfieuit tordepasiissuchtathigk Akem @ salbsiratd. woul d be

bonded on the substrate by the same techni ques used in

waf er bonding 10 nethods. The Al foil would have a

 Seapfalvafehe fivdntiensi de of the Al foil facing the

substrate. Then, AAO woul d be forned on the bonded Al,
and then the pores filled with nagnetic material by

AL B B 58 B S LS g

shieh atthigk Al layee dyi Aldsil bbadinghen ther substraté. Ferstif@l doiewould be
tha%hjgh- hol es, which reach the.seed | %y,er f or thg.
ban BAne sURRrate yHbernagR techniguesy yead in wafsr hepdipg

t . .
i TN gl 8 SRR B e DT ing
tHeosutmtrate. [iEhem cthQavowd berforeed omibe boadsdddpand then the
PBFERle oy ERanat e avatarial me g BRE R Asing el s aver

HowevaP| tRisl rABtHodewS LRGSR Frdk flo Bfsadbentigaset i
material any nore. But it is difficult to tell when

the pores reach the bottom Secondly, the thickness of

b Ck f [(C:
8 S BRSO 0 s DS B Bl et o
thossedlayeiorehy elsctaipiating oflthe sgrtidenatevialek order toAfake

GBI RDI4 i R T 10 GPHATE (gactiEdtom obabiol die
oHcé‘\HE‘B?résh%aﬁﬁ?% b8ftSm, BfansdicRidPplotelE Pndd®el ftbPped

to handl e easi
immediately. Otherwise the AAO structure will be broken by generation of the
gas and will not be suitable for the electroplating of the magnetic material any

more. But it is difficult to tell when the pores reach the bottom.

Secondly, the thickness of the AAO depends on the thickness of the Al, which
means that the thickness of the Al foil has to be controlled very precisely. In

order to make an AAOQ layer with a thickness of several 10 z m in this way, we
have to bond Al foil with a thickness of several 10 z m onto the substrate, and

such foils are too thin to handle easily.

For all of the above reasons, this method is not suitable for the production of

magnetic elements on a substrate.
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For all of the above reasons, this nethod is not

-suitable for the production of 30 magnetic el enents

on a substrate. 3 In general terns the present
i nvention proposes that one Qr more magnetic el enents
are formed on the surface of“a substrate by (i)
treating a first surface of an alumniumfoil to form

{.
s e e
eférmemtg arédomhedonithensGrfbce bf acubstatesby &) B'emm@atﬂna surface
irstI surface of the foil facing the substrate, Hliﬂ'
ot aR lyrgniya,foik fo farmsa trealns fegion geniaiing elRNgates goras:
pEPSLEXiBhd guhhﬁ t Ekﬂ@é@:‘dﬂ@hcfti%hl fttﬁe%ﬁpo(ﬁ?ﬂfuhﬁ él?(f:?ﬂfrﬁlﬂlum

reglon |II|n ores wth
forbitosa salbstrate W‘ t’ruthe flrbbswaaﬁmf thie for dasng mmantmﬂaé (ii)

ARt TR
alhRiura foilMYeXsosel the teatéd @oh OahdvPHiRed tad Soids \Mﬂ'?

treated region of the foil firmMy attached to
magnaticanater@he treat ed alun1n|un1f0|l may, for
exanpl e, be adhered to the substrate, such as by a
bondi ng pol ynmer. Thus, the magnetic material is held

Thusf theWoluine dﬂrﬂ@%’xéﬂc rBterial aicHlisras fdsite8 loprthalsubstrate is
which in turn is ld firmy to the substrate by the

ligutedanfy by e {angthef the porest { andl yabihe magneiic majenigl may be
flﬂﬁﬁﬁn}e‘a tB%)é‘asru)bserfenlf h°é lg_éﬁ’tte:qge [Dh GARE fol tsf]‘f(lerg}ly attached to

cessary portions ortion fur
thérsubbstrate. The ﬂl@aeed)ﬁluhhmun?fblfmay) forlexanmiptd) b adigred|to the

ot her. words, he knes gnetic materi al
sDlAiTate! Surt asibhe bPRASIERIERET. TS0 ik MEGRATE Material is held
flhhlyﬁlhr}:ﬁ§§e BY tﬁé‘ﬁeﬁléﬂf%@iéﬂ%ét@hhl th&HJF'rtu'rrﬁ] jscﬁélaffin‘?l to the
mbodi nents” of the invention, Is Init )),
Suhﬁtfkf@rb)tmdhqwmagnetl C Iayer which is to be

produced (e.g. an initial foil thickness of at |east
0.1 mm or even at |east 0.2mm such as 0.4nm nmay be

Fusteerinore) 3he feiluees RaUinRiallg halve e esveritisii §h@e ||r€§ﬁy case
than 0.1 nmthick), and therefore the foil

'téamn@peﬁiammws frer thepoRigndUrbasidromithe fitst rwcfagg of the
f&[)'afré%%héo%wﬁ? o' &hef # ?rc&r ?I?}%fl’ﬁcms‘\srbf éﬂé Wradrl&ic material

ongate pores; since | requl
can be controlled independently from the initial thickness of the aluminium foil.

Thus, in certain embodiments of the invention, the foil is initially thicker than
the magnetic layer which is to be produced (e.g. an initial foil thickness of at
least 0.1mm, or even at least 0.2mm, such as 0.4mm, may be used to
produce magnetic elements which are less than 0.1mm thick), and therefore
the foil may be easier to handle. For the same reason, it is not so critical to
control the process which forms the elongate pores, since it is not required
that the pores are formed with a length exactly as thick as the initial thickness
of the foil.

Preferably, the treatment process is an anodization process in which the
treated region of the aluminium foil is converted to AAO including the elongate

pores.



10

15

20

25

30

that the pores are fornmed with a length exactly as

- thick as the initial thickness of the foil. 30

Preferably, the treatnment process is an anodi zation
process in which the treatef(ii regi on of the al um nium
foil is converted to AAO i ncTuding the el ongate
pores. 4 Prior to the step of filling the pores with

FTRERS WL SR Pl 1585 Y Rl BR o SRGET oo o
steyd ef foaningcoperiiags imstbiet ste s Tthrsu g vbidhr theeRggmétic material
i nclude renmovi ng at |east part of the AAO which is

CRlMEEsRESE. Thuminisherocess Mmayiinchide rvmavirg ableast pait of the
A0 Wirfieh & fulhBrmodiforh Ihé At cBH th&foil, FHEY ?c?f‘ﬂgn 'Gt¥he
act as a layer, preventing entry of the mgnetic

AHQ és called Dpairardayer,artchmay ataskzelayat, tpeeventingséretp, of the
whi cr{. one, or ,nore portions of the treated region of
paqngtigimatelial it f erent respective areas of the first

surface, are 10 etched away. Preferably, the portions
of the treated foil which are to be renpved are not
Optianadly vihere mayris patterning step, irfwhichxamepdremotenpertiony of the

BB RS T Pl oL ooy PSS DR BB B e, ae

antHed éﬁag,agneti c material in areas which are not
covered by the mask; depositing a protective |ayer;
removi ng .the mask and the part of the protective |ayer

Ffr)é?er r?%lg hfrh g&?@ﬁbﬁpgﬁeﬁ?&téa TBY Wikt %@ t@iﬁe{ %zgrqgvecg are ot

rea are not - cover .

filled matht magnétiy mvateddt Boit dvetmplal, ﬁwi@h&@e@@ ?él?iévedj ey f@ﬁhh’\g a

a.single atterning step. 20 The step o ormng the
P&gﬁfﬁ%ﬁﬁ&yﬁf the @?F@sspéfﬁ%ﬁesm'enh@ﬁn%m%véatqeﬂereglqn with
rSAGHtRf MR MoarRBENHIGS ald) R tﬁr%g@

thsgr‘éégsrp Ia:ye'r?‘g?s ‘fo(?%rrgd B%hg%poéle?’iynggénp c’){a%k’gglng a
priglectivelayesuemaying theymasipaoddbe manti af the protective layer over
the mask; and then removing the portions of the treated region which are not
covered by the protective layer. Note that this process requires only a single

patterning step.

Thé step of forming the patterned mask is preferably performed before the
step of forming openings in the pores. For éxample, if the mask layer is
‘formed by depositing a photoresist material, curing it by a photographic
process, and removing uncured portions, the step of forming openings in the
pores is preferably performed after the uncured portions of the photoresist are
removed. This means that photoresist material does not enter the pores
because the barrier layer blocks its entry. If the photoresist material goes into
pores, it is difficult to remove completely later and its residue may degrade the

magnetic properties of the completed device.

The step of filling the pores with magnetic material may be performed by an
electroplating process, using a seed layer between the treated region of the
aluminium foil and the substrate. This seed layer may be formed on the first
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process, and renoving uncured portions, the step of

- form ng openings in the 25 pores is preferably

performed after the uncured portions of the
phot oresi st are renoved. Thés nmeans that photoresi st
mat eri al does not enter the pores because the barrier
| ayer blocks its entry. |f the photoresist material
SRS bR aIBRffEm ré,r% & Stk or -AnERAB Yo SRIMKRIT i to
ater and 1ts resi egrade the gnetic
the sylesttates of t he con‘pl et ed device. 30 The step of
filling the pores with nagnetic nmaterial nay be
performed by an electroplating process, using a seed
A%%’ﬁrﬁal@éﬁ\'ﬁtﬁé shB@tr&feeﬁbeﬂﬁrtﬁg'n%brﬁgtrctélémeﬁwahrl ‘éﬁﬁace is
foil and the substrate is seed |ayer or med
U@ﬁdfﬂhébffﬂ aMEMNS devi¢ace of the al unini um f0| | prior to
the step of adhering the aluminiumfoil to the
substrate. As a final step, the substrate, having the
THRgMeid ivehBoreAlGwS s itd prévidé AAREMS deﬁcé%@(ﬂu&lﬂgfd?'lé'ﬁa“ one
MEMS device. Thus, this invention allows us to provid
magnetic elrvepkexhikitingistignaimageeatic apertiasgnet i ¢ el errent
exhi biting strong nmagnetic properties. 10 Brief
Description of the drawi ngs An enbodi nent of the
Biriet Bescoption of theawmatwéngdescri bed for the sake of
exanple only with reference to the follow ng -
drawi ngs, in which: FIG 1 is conposed of Fig. 1(a) to
A%(ér}lb&‘ﬂlhght%ﬁﬂwéfn@éﬁf@ﬁﬁllﬁ 'bevéiéé’c‘ﬁlbeagof' He“scﬁ az%f'eg&mple
the steps of a process wh an enbodi nent he
onlyweith refarance tbdhenfllawieg deaiwunggnletwlmcbi enrents on a

b , G 2 f th
anoaFid FinuBbagedBehi {(ne 15 v dTarEprassyoctionalyiews
ildetratihg thelsiept idblal (Hacess WRRHEBRAHMBAdM R (ot tthd ﬁﬁ/entlon to

firstly to Fig. 1(a), the starting point of a nethod
foum patemedmagnatiseirmentsen ereubisiratart i on i s a | ami nar

body FHgWii€h scReAtiediBra5? th8'dnodlZAtion setup used in the

process of Fig. 1.

Detailed description of the embodiments

Referring firstly to Fig. 1(a), the starting point of a method which is an
embodiment of the invention is a laminar body 1 which is an aluminium foil. In
our experiments, the thickness of the Al foil 1 is 0.4mm and the purity of Al is
99.999%. A layer 2 of AAO is grown in a central portion of the foil 1. The
thickness of AAO layer 2 depends on the requirements of the application, but

is preferably at least about 10 £ m, and may be higher. It is typically not as

thick as 0.1mm. The AAO layer 2 defines a number of pores 12, which extend
longitudinally in the direction which is vertical in Fig. 1(a).

Figure 2 shows the schematics of the anodization setup used to grow the
layer 2 into the foil 1. The foil 1 is held in a support mechanism 10 extending

across an opening in a bath 8 containing acidic solution 6. We performed a
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our experinents, the thickness of the Al foil 1 is
- 0.4mm and the purity of Al is 25 99.999% A |ayer 2
of AAOis grown in a central portion of the foil 1.
The thickness of AAO | ayer 2 depends on the
requirenents of the application, but is preferably at
| east about 10 1u m and nmay be higher. It is

tnb]/ml WhichY . 7Wt% 36,50 hivaK udéd @sthBTEcidi %ol%ﬁ@n'@ﬁ‘ﬁly éne side
defines a nunber of pores 12, which extend

ofi thadl feilil feuches; thetasidigisphdiondh Wie @¢1d10§q}l¢tmn fuather n

Ei ics

N R R TR YOS

vilzige (e d8wrl 29V) was iapphied etwedn ﬂ\EDADfdiI TTE§ hﬁ?élaﬁéﬂelfhnd
extendlng across an _opening in a bath 8 containi ng

theFtwige 4 @asihesatisodand e prasused taeéayeerrz af AAR, haviag a
RGO 67 e EaBaal 1R 918 AR e By

totbe abeutal() dimthsohder thesé eonbitions obtheitrizd, so Ptook 2 @odrs for
An el ectrochem cal reaction is performed in which a DC
ary 6{&%@99'6( Reofdb@hngmbmszcapm tcede meodmﬂ iTie appliedivoltage,
as,t node, and as the cat hode
thig i BP Beidcaw tinﬁ@qngﬁerrampf Y ol bg Sglected iolaln a
d re&Gzdy the anodization time. The pore growh
?éaq\{gg%as foéu)nd to be about 10 u ni hr under these
conditions of the trial, so it took 2 hours for an

' 20, u
OfRe T WALy 95 PRsEoe, e e (67 dhei B dTflRe showin i

F?Smwtd i O filin 2% descyited dn b éﬁke&@ @ﬂhb%@@tléyéi Aeg.

desired pore size. Once the AAO | ayer 2 has been
by, spitering. (As explagined hglawehis layer willsulisequently beiuged as a

silalor  ANERSoldibd st ed TRAZRIS U, hdhrithe@E SN as

errng

AbgeTiomhich h:las beausnsd ab laI seadbiageuioniclectioplatiry nesy be Lbed.
seed layer in an electroplating process. Instead of
Cu, another netal such as Au, Ti V\,hi ch can be used as

u,
Aﬁeﬁﬁ\%%let%ﬁ( @éBBQihoﬁ| tﬁetmah %h@ ekﬁAG?%réd tuﬁée Fn%i%

the netal deposition, I ncl udi
lagenddisttomdedtarito al Suys.ubsﬁate éNafen)dédsngta)bandihg polymer 5

vﬁ%%% ragtaethgc\‘%%fegé %f Zlbggtl T /9 ma$ ti’%gdsllcri]eq oP 81ey HF {on 1 carrying the
AAOQ layer 2 and the metal layer 3 faces the surface of the Si wafer 7. This is
shown in Fig. 1(b). The bonding process is as follows. First, the bonding
polymer 5 is spin-coated on the Si wafer 7. Then the Al foil 1 is laid onto the
bonding. polymer 5. Then a pressure of 2 bar and a temperature of 160° C

were applied for 30 minutes.

Then, as shown in Figure 1(c), the Si wafer 7 on which Al foil 1 is bonded is
soaked in 10 wt % CuCl, solution, and the residual Al abové the AAO layer 2
is etched away. This etching process is continued until the AAO layer 2 is
uncovered completely. Instead of CuCl; solution, this etching process may use

any acid which can etch Al.
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20 (which has a thickness of about 1,u n). The side of
-the Al foil 1 carrying the AAO |layer 2 and the netal

| ayer 3 faces the surface of the Si wafer 7. This is

shown in Fig. 1(b). The bonding process is as follows.

First, the bonding polyner 5 is spin-coated on the Si

wafer 7. Then the Al foil 1 is laid onto the bonding.
AP Sh¥WR'in ?igzu?e andp appr?o‘ié#érs?st%ye?r PRthen %eeo&@é@so@ HESAAO

of 1600 C were applied for” 30 m nutes. Then,
la;eroﬁivandrthﬁirgmammg pprtionkeof She waper surface WntheIAIAbll ﬂ olrhe

honded J ked 10 o 2,501y d
Priaturesd a9 RpaRioen s ey babre sy ydstindlenay.
phidibfestst By SHin-RbAKES, Sexp@srr@m k) Uﬁﬁllgmtthﬂoubh% pﬁé&l @Ycethen

2 is 30 uncovered conpl et el I nstead of CuCl

reseving partionsicf tee @hpmjepsto g&éﬂ fhaue ru@téaee@rgurad by taailbh

“qqﬁm etch Al. 7 As shown in Figure 1(d), a photoresist
ayer 9 is then deposited over the AAO |ayer 2 and

t he rerrai ni ng portions of the upper surface of the A
foil phot or esi st | ayer IS patter ned. Thi

Nﬁ@ythﬁét%ﬂ%o%yp%%éﬂgmg‘q AAO ﬁﬁY@tr &rl é§1 he W'On furthest
fr&rﬂ C}He%%BEgQ 72 WARH Wes ki H%lllg\éé ot or téms ¢ \fkﬁsﬁ%res

hen v ng ort|
121,aandzl remalrhreesn that a!lcthtwstage tlhb’enbsgihthe pbrtes t2hwhichlrere

BB by Db B0 1A e P Ao
ad8ea BaFrfé? Iéy?strtﬁ 75 Thfs i VAIRMIE Becdlsel R me?iris' that the

remai ns, so that at this stage the ends of the pores
photordsisgtimatesial @ canaet eftedthe peresuti it thedarrier layet b2 were

n{fibrd, fne BHGIOIERE! o WS BGte] Iné BEre¥ B2 AL vbifpa verv

diffivalt tb RémolBahe pasidTbsiBRY ebhﬁilet% Aol pRli®lied iBide the
pores 12. |If the barrier |ayer 2 were not there,

P‘t"ﬁ’é T2 Bighit dher degragathg reagistiq h@psare@sofme PseRuGtof the
m be very 15 difficult to renove the photoresist 9

conpletely later. Its residues inside the pores 12

m ght then degrade the magnetic properties of the.

f th .

Sﬁéggquucetnﬂ?/, aé sﬁow:r'ﬁ‘rtn I%?gdure 1(e), the barrier layer 112 of AAO at the
upper ends of the pores 12 in the AAO 2 is selectively removed, in the areas
not protected by the photoresist 9, by an etching process using 10wt% H3PO,
solution. This etching process may alternatively be done by a dry etching

method, such as ion milling.

Then, as shown in Figure 1 (f), magnetic material 11 is electropliated into the
pores 12, through their open ends. In this process, the Cu layer 3 acts as a

seed layer.

As shown in Figure 1(g), an layer 13 of inert metal such as Ti, Au, etc. or
oxide material such as SiOx, AlOx, etc. is deposited onto the surface of the
AAO 2 and the photoresist 9. This layer 13 is placed there to protect the
electroplated magnetic material 11, and the portions of the AAO layer 2 close

to it, during subsequent process steps.
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Subsequently, as shown in Figure 1(e), the barrier

- layer 112 of AAO at the 20 upper ends of the pores 12

in the AAO 2 is selectively renoved, in the areas not
protected by the photoresistg9, by an etching process
usi ng 10wm % H3PO4 solution. This etching process nmay
alternatively be done by a dry etching nethod, such

A8ShoWh iﬁi#i@m@m(hfﬁ?é{ Pdtorasist Ba¥RtdHR A vy @siﬁg(éc)gg?neeé This

magnetic nmateria is electroplated intot .

alsp remaveadihe preionsgidihe errtal or metalioxidsr layes $3 whieh Gverlie
ts as a seed layer. As shown in Figure

trlf?%r)%toger??ﬁqayer 13 of inert netal such as Ti, Au, etc.

or 30 oxide material such as SiOx, AlOx, etc. is

deposi ted onto the surface of the AAO 2 and the
AgiebonesiFdgure. 1(hthe perjieps pf the ABulayar 2ivdiieh gee not covered

oY et nof) SFHE VML RSP OUREHSMI) Sl ARG one
usingsesplatibn whisteiss! Osttepst HSPOAs shown in Figure 1(h),

the photoresist 9 is etched away using acetone. This
al so renoves the portions of the netal or netal oxide

arwvnli i v i i ﬁéﬁ’é i gt i
A5 gu.rQ]1 ﬁ(i l,"%?h(@’ ﬁ?rie?%aa‘s‘"‘% theefpﬁgllﬂa{?/’éersr P eRhed dvay
uging a ddwi%e solulipntdf € uelh aThisretoling lpracassanap ptierridivalyee

et.ched, away completely. This is done using a solution
PRITPISY DS B StRAshown i n Fi gure 1(j), the
remai ning parts of the Al layer 1 are etched away 10
using a 10wt % sol ution of Cud 2. This etching process
Ageomin iarfrigiiey Hky the nopevmnecassansCogeadilayats shetched

oG48l 745300880’ 0 BB end R R ARRHTB e o

a Ty staHind) reghed, anebsagioy rillirgy, nat i vel y be done by 15
a dry etching nethod, such as ion mlling. As shown in
Figure 1(1), the now unnecessary bonding polynmer 5 is

ASIsHON inFBYreU R NEhePRoR i ' i |
el ementm15 \/\ﬁﬁei E(r? are subst gg?lsgz%rpyo'nﬁmd"ﬁol%’ﬁte?ﬂs etched
away using O plasma. Finally, we obtain element 15 which are substantially
patterned AAQ, filled with magnetic materials, and securely joined to the Si

wafer 7.

Note that by this method, we can control the AAO 2 thickness separately from
the Al foil 1 thickness. Therefore, both the handiing of Al foil 1 and the control
of the anodization process are easy.

Although only a single embodiment of the invention has been described in
detail, many variations are possible within the scope of the invention as
defined by the claims. For example, the etching method, the type of etchants
and the concentration of etchants, are not restricted to those which are

disclosed above.
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patterned AAO, filled with magnetic materials, and

- securely joined to the Si 20 wafer 7. Note that by

this nethod, we can control the AAO 2 thickness :
separately from the Al foilg1l thickness. Therefore,
both the handling of Al foil 1 and the control of the
anodi zation process are easy. 25 Although only a
Cwaingl e enbodi nent of the invention has been described
in detail, many variations are possible within the
scope of the invention as defined by the clains. For

exanpl L t
Ehe Bdagrief oAl IR dtifipre ABo¥E sk st o
atdubstrate)icompaising30 di scl osed above. 9 Cdains 1. A

s for fqQrm ng, one or nore magnetic el ements on

tp Lgcgi}rpgt&g gfirsts tqfﬁ@'UEBWﬁm gqilr{@ fommn €i tyeated region
cbhiaiHihg Bofes Whith atldI&datdlin Bt MidkHeRk YRekabh of fhd i%!l,m
a treated region contdl ning pores which are el ongate
i n t g fiximgtkeedemihivmdbil tm acfubstratd with thé¢ first sbifacegf the foil
the alumniumfoil to a substrate with the first
fasclﬂ'?q &FeSL&St'?ge]’e foil facing the substrate, (iii)

et chiimgeteripy sWay 8eiRhsPa PBFIArPS Bk rbhiniRgRh&tahalgit of
material of = 10 the alum niumfoil to expdse the
the alamiaiurelgilde exanse the jreated iegipr, li@dpor es wi t h

magnety £ Lal .. 2 according to claim1
ingmﬁ%’i:ﬁ"ﬁéh%;‘)@rﬁsn\%wngﬁsiﬁqtfa%lg to the substrate
by adhesi on using bondi ng polyner. 15 3. A nethod

according to claim1l or claim2 in which the foil is
2l unPrRIeResAecAdirlg tojglaims 1 im whirhuihealuginigmdied dssfixed to

' [ regi ; mniumfoil is
t%%%t{dggb&@%%@”nﬁh@?ﬁg&tnp éY'@lﬁ’};jat e pores.

3. A method according to claim 1 or claim 2 in which the foil is Aluminium
and step (i) is an anodization process in which the treated region of the
Aluminium foil is converted to AAO including the elongate pores.

4. A method according to claim 1, claim 2 or claim 3 further comprising a
step, performed between steps (iii) and (iv), of forming openings in the pores,
through which openings the magnetic material is inserted in step (iv).

5. A method according to any preceding claim in which, prior to step (ii), a
seed layer is deposited on the first surface of the aluminium foil, and step (iv)

performed by an electroplating process using the seed layer.

6. A method according to any preceding claim further comprising
removing one or more portions of the treated region of the foil, at different

respective areas of the first surface.

7. A method according to claim 6 in which the one or more portions of the

treated regions are removed by:
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20 4. A nethod according to claiml1, claim2 or claim

- 3 further conprising a step, perfornmed between steps

(ii1) and (iv), of form ng openings in the pores,
through whi ch openings the nggnetic material is
inserted in step (iv). 5. A nethod according to any
preceding claimin which, prior to step (ii), a 25

seed (Ay@ivech SEpSFiif & 9%_,#&%iﬁ'gfaf5§at§é+gég%&f ovetthe
alumniumfoil, and step (Tv) pérformne y an
expesed pated ®g'Process using the seed layer. 6. A

compifigeb MG PP FeoreA iinhcslis Mateial in areas
whictahednstegivenedbythe ekl , at different 30

respective areas of the first surface. 7. A nethod
accolelidRPaAsHing apretective AMeEh t he one or nore portions

f ' !
bt it o aRG fhe fRlsRadthE SRR crdteotve 1B awerine
nask; ahle exposed treated region; (b) in step (iv),

filli ng the treated rqe!gi on with magnetic material in
ar eas®) TRAIMING Partions of dhe Hreatad ragien whigk: arg nat covered by

tﬁi@ﬁﬂﬁééti\}éga?elpr otective layer; (d) renoving the mask
and the part of the protective |ayer over the nmask;

and (e) renoving portions of the treated region which

are not _gcovered hy .the .protective |layer. 10 8. A )
Biret R st 7 Vinigh oR Rademed mesk daver s
forasdd byayer is formed by: depositing a photoresist

material, curing the photoresist material selectively

by adpResiting &pphiajofasiserateriall5 and renoving uncur ed
port beﬁr?g e bﬂSto‘Pé‘é?ét%SPér% se%%ﬁ&e'l? Ib'y a photographic process,
and

removing uncured portions of the photoresist material.

9. A method according to claim 7 or 8 when dependent on claim 4, in
which the step (a) of forming the patterned mask is performed before the step
of forming openings in the pores.

10. A method of forming a MEMS device comprising:

forming one or more magnetic elements on the surface of a substrate
by a method according to any of claim 1 to 9; and

using the substrate in the fabrication of a MEMS device.

11. A structure comprising:

a substrate having a surface, and

one or more magnetic elements adhered to the surface of the substrate,
the magnetic elements comprising a matrix including elongate pores
extending transverse to the surface of the substrate and containing magnetic

material.



9.- A nethod according to claim7 or 8 when dependent
-on claim4, in which the step (a) of formng the
patterned mask is performed before the step 20 of
form ng openings in the porgg. 10. A nmethod of formng
a MEMS device conprising: formng one or nore magnetic
el ements on the surface of a substrate 25 by a nethod
12ccoAditngtire a@wmm%w &l i 1tip Whichiike paidithdtea Iength of at
substrate in the fabrication of a MEMS devi ce.
leagt 2RQul® #Bhpri sing: a substrate having a surface,
and 30 one or nore nmagnetic el enents adhered to the
surface of the substrate, the magnetic el enents
1Z0NPAINENMS devibé E:b?hdn@ﬁgl&' [BElsEHRBRINFerR Ha¥ihg a structure
extendi ng transverse to the surface of the substrate
acaegdipgio®laimny! eadBetic nmaterial. 11 12. A structure
according to claim11l in which the pores have a |l ength
of at |east about 10p m 13. A MEMS device conpri sing
at | east one elenent having a structure 5 according
to claim11l or 12.



