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1 Formation of magnetic elements on a substrate, and MEMS devices
including such elements Field of the Invention 5The present invention
relates to the formation of magnetic elements on a substrate, such as a
silicon (Si) substrate. It further relates to MEMS devices incorporating
such a substrate. Background of the ihvention 10 Nowadays MEMS
devices aftract much mterest Many researchers are developing magnetic

R \ﬁ@gg‘%éludrn

{sjalel : : o
patterned permanent magnet cﬁ;ﬂéﬂsﬂ@ﬂﬂ&f_@uch as Siis 15reqU|red One
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.

Fiedhsfiyhadnmantion has very good magnetic properties in terms of Hc or

TM% ﬁg%ﬁt%% NSl Iuce LA IAES S rlﬂtrﬁblgﬁé%f&t 9t AdnRIBRYS

vrce cause the force depends upon thevolume of magnetic

snra*eﬁ’a; an@htae diffitennd Sie sosisHaten/ tiiheragietastitriMiywigrdees
.,{g@ﬁﬁ%fﬂgtw negling. S'[jpgﬁ%qgrred thickness is several tens of micrometers.

Anodic Alumlnrum Oxide (AAO) 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

B lisRateHal e fud achieve very good magnetic properties in
termis of HC or Mr because of the magnetic anisotropy of the magnetic
material in the pores. Moreover the magnetic material can be

NUGEIERR/2 IR N d3¢ipatesANd HischORersliav maka dareneiaiche
because the structure of AAO prevents breakage of the plated material.
developing magnetic MEMS devices, which are MEMS devices such as
actuators or sensors operated using magnetic force. To produce magnetic
MEMS devices, a patterned permanent magnet on a substrate such as Siis

required.

One 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 He 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 Aiuminium Oxide (AAQ) 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 make it very thick because the structure of AAQ prevents

breakage of the plated material.
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However, in order to realize such a thick AAO layer on a substrate, an Al
film having a thickness of several 10,a m has to be deposited on a
substrate first, and it is difficult to deposit such a thick Al on a substrate.
5Summary of the Invention In order to address this, the present inventors
once contemplated forming such a thigk Al layer by Al foil bonding on the
substrate. Firstly Al foil would be bonded on the substrate by the same
techniques used in wafer bonding 10methods, The Al foil would have a_ .
AR SIS A A T e UGG IR
heeifmesickméze boadedrAl, and theémihe peresfitetadtbrmagniesicate first,
material by electroplating using the seed layer. However, this method
aﬂ%dﬂ@s@fé‘#?é%%é&ﬁé%‘rﬁa@é@? S PisaeUPRitiiRes that the pores
in the AAO are through-holes, which reach the seed layer for the
electroplating of the magnetic material. In order to make through-holes,
AEHYSOh AR HAVERRIRANd reach the bottom of Al foil, and once the pores
reach the bottom, the anodization process must be stopped immediately.
Otherwise the AAO structure will be broken by generation of the 20gas

oy QAR SOBESSSithNTe 2P PSRRI IBKRNAGP ARG RUYREIRIGRALARNIDY

sise: Busdtas difiewy titelliwvkenrithe sotee raask the bptteniy: Al &acRbdM be
the thickness of the AAQ de%'%ends on the thickness of the Al, which means

bpiEeRe o BER IR0 2R RREYR BE YR ERUSFEH phedRieRpNAINg

RSOISIes. TPHR G ANANH avRewdtR gth iﬁW%QHWQ@M%@ A ﬂiiisfacing
ﬂ\é/t'\%agé#ve have to bond Al foil with a thickness of several 10m onto the

S ENd "R 101 WRUGPRITPIB Re il 2a8Rnagd Al and then the

pores filled with magnetic material by electroplating using the seed layer.

However, this method would suffer from two disadvantages.

Firstly, it requires that the pores in the AAO are through-holes, which reach
the seed layer for the electroplating of the magnetic material. In order to make
through-holes, the pores have to grow and reach the bottom of Al foil, and
once the pores reach the bottom, the anodization process must be stopped
immediately. Otherwise the AAQ 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 controlied very precisely. in

order to make an AAO layer with a thickness of several 10 zm in this way, we
have to bond Al foil with a thickness of several 10 4 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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In general terms the present invention proposes that one or more
magnetic elements are formed on the surface of a substrate by (i) treating
a first surface of an aluminium foil to form a treated region containing
elongate pores, the pores extending in the thickness direction of the foil,
(H) fixing the aluminium 5foil to a sulsstrate with the first surface of the foil
facing the substrate, (iii) etching away at least a portion of the remaining

R R B U SR B U G A PR Rt

eleratarial avhittrisedepo #ite dwifette cubstudte istirodd oltiby thédangifale
res, an >t the ma tic material may be firmly fixed to the

o B L e e e N R G5 R s e,

paies gatstediaguim e thidinersydieotienepityeidlidridig the slimstrite;

' r , i terial i
S B e e S S e Gy
eighife ausstritepsttheadivsspidheuRRsine Mistafonaleas! ittitially
aRAYBIIP RN eI ctINGE i ARHGRAJES HRRRASRARY RAStXIedigrthe

portion furthest from the first surface of the 20 foil) are etched away. In
MEBRPUGIRRLCTIR: thickness of the magnetic material can be controlled
independently from the initial thickness of the aluminium foil. Thus, in
odiments of the inventjon, the foil is initially thicker than the

ertain em , ) ; .
Ty a0 AT CH Y B Gt > B R P A RS 5P '
firheiasd %rﬂlmm/, theeggtaltdém ﬁcﬁmh_ h,awqﬂeal $kt£é4imno iéﬂaytrr%&%@dﬁﬁy be
.25produ agnetic elements whi re less mm.thi n
e o s A1 e Y R iR e Al & g o
thepatritided it dbetioddtedorboeisuwhichi foays firecstongétclpoachcsbnt eithe

i h j I | hi
SR eIl P L BT A e T T ARt AR A0
figplydr alrre pro deedreaiasi chalee medtsiaregidehohtheralamakLifinrdy i the

sGOSYRILes, 9,4 ARrRaciHging the elongate pores. 4 Prior to the step of filling
the pores with magnetic material, there may be a step of forming openings

in the pores, through which the magnetic material can be inserted. Thus
Fiirisoneessstmabingbledsmaving #doasbrarteiihgiAAGWBIFhIsy case
aré“&%hfé?e%ié%ogomgég S(itesz u {gaécgo(r)’{iéhneftf%he-rsql?rgr%r}tfg fiorfc.'} 2% rface of the
foil) are etched away. In other words, the thickness of the magnetic material
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 foit 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 foll is converted to AAQ including the elongate

pores.
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5 AAO is called a barrier layer and may act as a layer, preventing entry of
the magnetic material. Optionally, there may be patterning step, in which
one or more portions of the treated region of the foil, at different respective
areas of the first surface, are 10 etched away. Preferably, the portions of
the treated foil which are to be remowved are not filled with magnetic
material. For example, this may be achieved by forming a patterned mask
pQver éh%a%oseg \;\t)'eateis reﬁ)ion; filling the treated region with 15 magnetic
MAdPAl h ArES WA FePRET R PG B TR RiR Ak JBe g ay be 2
smtebgmmla@mpmmmd' imgtﬁmmmhahcbtl@ Wﬁ’iﬁﬂ;tﬂf@ m@g@ti\t%@y@?l )
the mask:; then removing the portigns of the treated region whijc
o T R g PR YT b s e
Al vihsitigie fposthiermingtstep 2@ Tinetstegarfdaiiied dhe ratemeidmetkés
f f formi nings in the pores. For
e e ey ey e BRI
MRENRIR BYREeHRbtographic process, and removing uncured portions, the
step of forming openings in the 25pores is preferably performed after the
uncured portions of the photoresist are removed. This means that
GicrdkishrizEia BeeSHBtinesidi JoMsitheagse Metsapesitayef the
triolerees risg ienter. Hdheipbotaresistatpiatiyeas Hato AarRsfiitissdificd! 10a
emove completely later and its residue may degrade the magnetic
ei%%%,%‘é’é%f the completed device. 30 The step of filling the pores with
magnetic material may be performed by an electroplating process, using a

I t the t d regjan.pf the alumjnium foil and th
R e B PR A S AR rades B o

fiﬁﬂiﬂfw&tmmdgihpﬁibmaniais@ eixadiyelen thith eraly mnicmides dobineorming a
PR e 58 00 AR IS AR AL AR
MGV 6 sNBlprelid e EEMENE devr e pictadirig dblets oresknagpetiding a
pgﬁr;?éevi/ﬁl%sf?é%@fti@%é%@%@%ﬂﬁgﬂ%ﬂ@F}?é% LORIISS BeRSHRIN & 08,
the masg; 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.

The step of forming the pattemed mask is preferably petformed before the
step of forming openings in the pores. For example, 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 comptetely 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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An embodiment of the invention will now be described for the sake of
example only with reference to the following drawings, in which: FIG.
1 is composed of Fig. 1(a) to 10) which are cross-sectional views
15illustrating the steps of a process which is an embodiment of the
invention to form patterned magneticxlements on a substrate. FIG. 2
is a schematic diagram of the anodization setup used in the process of
Fig. 1. 20Detajled.description of the embodiments Referring firstly to Fig.
S R Bl B e B R Rt m o to
thevastidrale 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
2599.999%. A layer 2 of AAO is grown in a central portion of the foil 1.
Astrelthaligierstbe anbytgte. hadpertbis omtretspizomatesofitheurface, is
uapRlieation Dukisypsedeiably 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

Thigs, 163 is0ehigsHe fosnowstherschamalissnbthe AR HigaliaRsaIR-se o

to grow the layer 2 into the foil 1. The foil 1 is held in a support mechanism
?f&n%’fﬁ@%@@@’gﬁ’%éfﬁﬂ@gﬂ‘é‘ﬁ%ﬂ%@&%Wg acidic solution 6.

We performed a 6 trial in which 1.7wt% H2SO4 was used as the acidic

B?E%'PB%% 6ri 'glioﬂﬁgigfe ofnthe Al foil 1 touches the acidic solution 6. The
t¥S a Pt wire 4. An electrochemical reaction is

performed in which a DC voltage (we used 25V) was applied between the
A%'é% % C?g%e e.E wire 4 as the ca riod : Thl' roduced

the Ial?/%@%'o %‘ , én\?%ét%)t it Ine%vgeggr?éfeosﬁ:enc? %é/ e a%ggl?ﬁgﬁ%r? %%QEP'E
oThyeniibr ecfeosviber dodheaks fowinttd leavitgsutd @vinichr under these

conditieas PG Hdbs3 LRk 3 AQYLS Y Ak QLigkaArsR
_about 20 m to be p?(é)’duced. The zg%)%#iea Qjoﬁgééefgrga}é%s% %ecgugna VIeWs
ilustrating the steps of a process which is an embodiment of the invention to
form patterned magnetic elements on a substrate.

FIG. 2 is a schematic diagram of the anodization 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
99.899%. 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 zm, and may be highet. 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
tayer 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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the kind of acid and the concentration of acid can all be selected to obtain
a 10desired pore size. Once the AAO layer 2 has been produced (i.e.
giving the structure shown in Fig. 1(a)), a thin Cu film 3 is deposited on the
surface of the AAO layer 2, e.g. by sputtering. As explained below, this
layer will subsequently be used as &15seed layer in an electroplating
process. Instead of Cu, another metal such as Au, Ti which can be used

tri8FiR RARY lﬁ%&tﬁ%r@%@é&%@i[’g@@% B UGt séF&‘?iBHﬁ .@%ﬁ%}one side

deposition, the Al foil 1 including the AAQ 2 and the metal layer 3, is
of §aR e dodntdoveies Hag s dw arniPusinghetuvidingpatigndugzo(which

cdmsiRstBickRaes 8 ARBIERhERGINR QR A foilib sALYiRg e AR

layer 2 and the metal layer 3 faces the surface of the Si wafer 7. This is

valiFaRA%E ERE A i)V rHE D SRAlIRS etasndhe fifsild. asribie Meosisnamg
thpalymBe 4 issspin-camiede0 T e pbuiaiet thahapdhe & AaldL isalaichonto

o B S e S

towafebdubn Quhictinalfoddr ibdendeddiisnaksdiie 10aWEXHIGUEH2 IUtORer
and the residual Al above the AAQ layer 2 is etched awai[é‘This etching

A FHEEIBYE MRS NIRRT BROWAS Alivhe soareeerdde srpistipitage,
RG2S GHGHeselL i dbig stehing a@&%%%rammeyeaﬁ@gmn a

can etch Al., 7 As shown in Figure 1(d), a photoresist layer 9 is then
dERUSEREE 57 the AAO layer 2 and the remaining portions of the upper
surface of the Al foil 1. The photoresist layer 9 is patterned. This may be

done by depositing the photoresist by spin-coating, exposing it to UV light
Oﬂ%ﬁ&%ﬁi@%%%%ﬁ&ﬁw&%@%%m%méh&ﬁ}faféq%@ﬁbﬁm in
FigaveajothpenCuiéch B/ithedddslightoN ote thairthe wppes nadaaybt2 0k g.

the AAQ layer 2 (i.e. the portion furthest from the substra , which was
OBy DA S AL B of o Besban Scbeesuenty Bs lssd o%
seed layer in an electroplating process. Instead of Cu, another metal such as

Au, Ti which can be used as a seed layer for electroplating, may be used.

After the metal deposition, the Al foil 1 including the AAO 2 and the metal
layer 3, is bonded onto a Si substrate (wafer) 7 using a bonding polymer 5
(which has a thickness of about 1 zm). The side of the Al foil 1 carrying the

AAQ 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
poiymer 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 foif 1 is bonded is
soaked in 10 wt % CuCly soiution, and the residual Al above the AAQ tayer 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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1012, still remains, so that at this stage the ends of the pores 12 which are
furthest from the substrate 7 are closed. That is, the upper surface of the
AAO acts as a barrier layer 112. This is valuable because it means that
the photoresist material 9 cannot enter the pores 12. If the barrier layer
112 were not there, the photoresist 9 would enter the pores 12, and it
would be very 15 difficult to remove the photoresist 9 completely later. Its

residues.inside th res 12 might then degrage the magnetic properties
AP B S Euri8 RS Ry S ot 1 G R W (ha0
laparrieatayiverttafioiDratrtios 2 0fuheenmreissof theepuires 14 foithe A0 2
' 1l I int eas not protected by, the photoresist 9, b

e e T T B e e R roceas

e '?ﬁé%?ocess
phaiyresisthatirly eeatioge Hypasing dthidy tighhtuosgbheas deh, mitiihiden

AR RSV T B4R aRatis natsrigldl &%PA@%{@@%@@

_into thé pores 12, through their open ends. In this process, the ayer 3

lidts as a seed layer. As shown in Figure 1(g), an layer 13 of inert metal
such as Ti, Au, etc. or 30oxide material such as SiOx, AlOx, etc. is
deposited onto the surface of the AAO 2 and the photoresist 9. This layer

Neteihpldbed RS ERBTIPOIddARE BR AfPIAYE g Retiherhatiinariythast
fréne ta@rﬁéanam;]tM)Madw@aQﬁl@%ﬁdm/:Pmm ﬁg@%@%ﬁﬁ% Bf o8 ores
teps. 8 As showp in Fijgure 1(h), the photoresist 9 is etched away using
15 RS SEONE RIS GBS HiB R O b MR a7 et ey o
futBeehithrovhdisubstahodresisioSsis Thawis,thieigiprss 1 8)thecpsitians ad
e layer hi re.not.cavere the metal or metal oxide layer
o R ) T S A R s o A
photetesist MaRDA! 9 sansidamian frigurerds)] 2héf tembarineg pares of theedkb

' ti ; is efching
S B S e )
difficult to remove the photoresist 9 completely later. Its residues inside the

pores 12 might then degrade the magnetic properiies of the product of the

method.

Subsequently, as shown in Figure 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% HzPO.
solution. This etching process may altematively be done by a dry etching

method, such as ion milling.

Then, as shown in Figure 1 (f), magnetic material 11 is eiectroplated 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, efc. or
oxide material such as SiOx, AlOx, eic. is deposited onto the surface of the
AAQO 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.



10

15

20

25

30

As shown in Figure 1(k), the now unnecessary Cu seed layer 3 is etched
away using FeClI3 solution. This etching process may alternatively be
done by 15a dry etching method, such as ion milling. As shown in Figure
1(1), the now unnecessary bonding polymer 5 is etched away using 02
plasma. Finally, we obtain element 18 which are substantially patterned
AAQ, filled with magnetic materials, and securely joined to the Si 20 wafer

. tk is methaod, we can control th O 2 thickness ,
A o R R R A B e g A
alRsl reafyedroopaodlafstied theotietion precessdake legsy .125:Alittougbrlie
tHNbn 8t5iaglg embodiment of the invention has been described in detall,

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

ASANCENHRNIRE @fiﬁtﬁr@ﬁﬁﬁﬁé% r!ﬂ?ﬁ@ﬁ(ﬁ@@a}?ﬁ@ﬁ% WOICRAE covered

30disclosed above, M CS L L P 9 Claims 1.A process for forming one or

by bR RrigHetRelahoxiie fveie Srscatehersubay armedtiprsiys iylone

usiegtingautiest siniksce ofaralyninipm foil to form a treated region
containing pores which are elongate in the thickness direction of the foll,

(i) fixing the aluminium foil to a substrate with the first surface of the foil
Afashuythénstipsteatsj), the remaining parts of the Al layer 1 are etched away

using a 10wt% solution of CuCl,. This etching process may alternatively be
performed using acid which can etch Al

As shown in Figure 1(k}, the now unnecessary Cu seed layer 3 is stched
away using FeCls solution. This etching process may alternatively be done by

a dry etching method, such as ion milling.

As shown in Figure 1(l), the now unnecessary bonding polymer 5 is 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 AAQ 2 thickness separately from
the Al foil 1 thickness. Therefore, both the handling of Al foil 1 and the control

of the anodization process are easy.

Although only a single embodiment of the invention has been describad in
detall, 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 restricied to those which are

disclosed above.
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(iii) etching away at least a portion of the remaining metal material of
10the aluminium foil to expose the treated region, and (iv) filling the
pores with magnetic material. 2.A process according to claim 1 in which
the aluminium foil is fixed to the substrate by adhesion using bonding
polymer. 15 3.A method according td’claim 1 or claim 2 in which the foil is
Aluminium and step (i) is an anodization process in which the treated
ggipn of the Aluminium foil is converted to AAO including the elongate
~pores. 204.A method according to claim 1, claim 2 or claim 3 further
comprising a step, performed between steps (iii) and (iv), of forming

: openm%eégﬁe%ﬁnﬁ@e% wer@r?ﬁa%%?@&mt@nrﬂ?%e&ﬁﬂ%e of

inserted in step (iv). 5. A method according to any preceding claim in
2\3HRF B ROFITBIENNS), a 25seed layer is deposited on the first surface of

the algrmisiumdallirndsier4ivr BarImes Ry, I sleriplatiag RIPrssen
using the seed layer. 6. A method according to any preceding claim

QIR GRRET I PRGSO DA HiBRe TSRS SF P 98 e Felgion of
the faiik) ikiffeneniiBnrespectbictareassiaefiisthsiéone: durfhreethask: foil

f accor%ing tB ?Iajim 6 in which the one or more portions of the treated
acm%t & supstraie .
regrons are removed by:

(i) etching away at least a portion of the remaining metai materiai of

the aiuminium foil to expose the treated region, and

(iv} filling the pores with magnetic material.

2. A process according to claim 1 in which the aluminium foil is fixed to

the substrate by adhesion using bonding polymer.

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, ¢laim 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).

3. 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 fail, at different

respeclive areas of the first surface.

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

freated regions are removed by:

MCSLLP



MCSLLP 10 (a) between steps (iii) and (iv), forming a patterned mask

over the exposed treated region; (b) in step (iv), filling the treated

region with magnetic material in areas which are not covered by the mask; Mcgy | p
(c) depositing a protective layer; (d) removing the mask and the part

of the protective layer over the mask; drid (e) removing portions of the

treated region which are not covered by the ‘ﬁrotective IEéyer. 8. A method
accorcﬁﬁ?ggfi)“ﬁ'%% FERaHIRE pauliBmadetsiad pankewss the
edepesitngatelategasist material, curing the photoresist material

selectiyely by a phatographic process, and removing uncured portions of
the pr RS Vi B SES Mg e Ko GRa areas
vileipendenistrcolained bin thbiehale step (a) of forming the patterned mask
is performed before the step of forming openings in the pores. 10. A
methog%ge?c?r?rﬁwg%w %C(yg@i(i%y&gmprising: forming one or more
magnétis eleroeints e thhe skdiacetof sdlisfithte oy tedctiethryacoouditigstmask;
any of claim 1 to 9; and using the substrate in the fabrication of a MEMS
and . S
device. 11. A structure comprising:

{e) removing portions of the treated region which are not covered by the

protective layer.

8. A method according to claim 7 in which the patterned mask layer is
formed by:

depositing a photoresist material,

curing the photoresist material selectively by a photographic process,
and

removing uncured portions of the photoresist material.

9. A method according fo 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,
one or more magnetic elements adhered to the surface of the substrate,

the magnetic elements comprising an Al matrix including elongate pores



a substrate having a surface, one or more magnetic elements

adhered to the surface of the substrate, the magnetic elements comprising, .
an Al matrix including elongate pores IVICSLLP 11 extending transverdg S-LP
to the surface of the substrate and filled with magnetic material, and a

layer of inert metal deposited on a surf te of the matrix which faces away

f h bstrate t tect t ti ts. 12, A struct )
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npaterid3.aAMEMS device comprising at least one element having a

asfélgj/%tru ) %%?Pﬂq'qultge%%gl e1 on % 2s'urface of the matrix which faces away

from the substrate to protect the magnetic elements.

12. A structure according to claim 11 in which the pores have a length of at

least about 10 um.

13. A MEMS device comprising at least one element having a structure
according to claim 11 or 12. |



