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| *159159* A MATERIAL FOR USE IN A MEMS DEVI CE, A
METHOD OF MAKI NG THE MATERI AL AND A MEMS
I NCLUDI NG THE MATERI AL FI ELD OF THE | NVENTIDa“mmmmw |||||||||||||
invention relates to a material for use in a
m croel ectronmechani cal system!l( MEMS) device, antd¥¥8" a
MEMS devi ce including such a material. BACKGROUND TO
AHA ATRAENL POR USRS AMOMIMS DEVACE] R%E‘i‘ﬁon OF MAKING THE
el ectro-magnetic mcroactuators usually require
m cr SSATERIALeANDhAMEMS DEVICE MRGhEDING AIHEE MATERIAL
Thick filnms are necessary for the associated nmagnetic
fields set up therearound during operation to be of
FRID OF BHE [INWMENIDIN t o operate the microactuators. 15
An advantage of films of this kind is that materi al
formng the filmcan be rapidly deposited by
Tﬁﬂls ﬁ@s&@g‘l‘ ?eﬂét?sgto aﬂ%%‘%nglrfpr ﬁ%qé{%rné%rgoge%e%grpgegh 1cai system (MEMS)
dévidd, hmsicaaMwskighce ihbivdlirpesuich @ smltéridln del am nati on
and thus failure of filns during heat treatnent. 20 An
exanple of filnms of this kind is given in Singapore

BRt ofyah rertIRINNEN 03718- 8, which was filed
efo U d at the tine of filing the

pr esent speci fi cation. That earlier application

1\/&1‘3\3 | osed SI tion of copba)t-nickel-rhenium

ggﬁélﬁeﬁa‘ﬁ ‘En'ﬁ“(CCB‘a&PetﬁénW‘?ﬂft“laWé% usialy reguigs g by

mir8fRICAREPRSH Ha'v@ thi&l® nﬁ@ﬁglsga'%l@ﬁﬁﬁ‘setﬁh?ckfﬁlhﬁ%r@ﬁccl%ﬂ for the
vertical magnetic anisotropy suitab fro use In NS

agdecipted magnctlcdﬁtzldbm kp theoceeqend, dlmmgsmeltatlan tobpofssufficent strength

is that its magnetic properties may deteriorate
to operate e mlcroac ators.

An advantage of films of this kind is that material forming the film can be rapidly deposited
by electroplating. However, a drawback of such thick films is that in-plane film stresses are
intrinsically high. This can result in delamination and thus failure of films during heat

treatment.

An example of films of this kind is given in Singapore Patent Application No. 200403718-
8, which was filed before but not yet published at the time of filing the present
specification. That earlier application disclosed a composition of cobalt-nickel-rhenium-
tungsten-phosphorous (Co-Ni-Re-W-P) that was formed by electrodeposition as hard
magnetic films of high vertical magnetic anisotropy suitable fro use in MEMS devices. A
drawback, however, of such a composition is that its magnetic properties may deteriorate
under exposure to high temperatures. For example, it has been observed that the vertical
remnant magnetisation, Mr, and vertical coercivity, He, of the Co-Ni-Re-W-P composition
deteriorate markedly upon annealing at a temperature of 200C for 2 hours in ambient

atmosphere.
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under exposure to high tenperatures. For exanple, it

has been observed that the vertical remant

magneti sation, M, and vertical coercivity, Hc, of the

Co-Ni -Re-WP conposition deteriorate markedly upon

anneal ing at a tenperature of 2200C for 2 hours in

anbi ent 30 at nosphere. iii Il III [iii *000002* 2 It
It !issar%b ohiogst le5’§c @Ftalh @ﬁ%‘)dﬁ%ﬁsﬂ F i ?h 'ﬁ?ﬁfcﬁests I?k‘xe%e groblems of

|nven|ontoa resst ese probl ens am nat |
ddardinatigmand magmetip prépertyeleteriomtiani on.  SUMVARY OF THE

I NVENTION 5 According to a first aspect of this

invention, there is provided a nulti-layered materi al
SOMMARSEOFTHE M YERGIIO8L r omechani cal system ( MEMD)

device, the materral 1 ncluding a plurality of |ayers

of a magneti seable material conprising cobalt, nickel,

Ag&?@méﬁ& dljysgggéﬁ%[] %tZtlﬂlrs in eq?f?gg Wﬁér%gg p(%é/:o dﬁﬁl elWWﬁ,y%%q/ﬁnﬁ rial for

ustQn @ niiefRRGirbMecHaajcar S}@fenﬁ(MEMST@Eﬂeé itB&€alategial including a plurality
el ectrically-conductive material therebetween. By

ofdaysrs af agaangsiseatie rrtayer@lf cqmaprising ¢sbaltoniskel phenipm, t@gﬁen and
t . y
Pl BBt NP R B ey i oS YRl of CFNiReW- having
a feayajtl.ve Bsjefiof £664- ﬁmgﬁ&ﬁedﬁh&,telectrioauwceﬁidumt/e fia®drialifh@febetween.
not tend to suffer fromthe poor nechani cal properties
and thermal 15 i nstabi lity exhibited by the single
BY ¥iding 4 hﬁ"ﬁﬁ efsS&Tdd-NDLR e TRLF iRy i @ﬁ?%gnﬁﬁKerer the
teria elvrln hi gh and stable out-of-p
laperg néthecrnqztcmi@an eash beTthinget then thetsenglalthicls, layer. As a result, the multi-

| arl.y sui lLe far the manufacture
i i et BT B PR E Do eshirirg! BropeRfes and thermal
inbtaidiky ©ehibiRAIt3 the single layer. Instead, the resulting material is an improved

material delivering high and stable out-of-plane magnetic properties. Thus the material is
particularly suitable for the manufacture of MEMS devices and the low temperature

annealing often involved therein.

According to a second aspect of this invention, there is provided a multi-layered material
for use in a microelectromechanical system (MEMS) device, the material including a
plurality of layers of a magnetiseable material comprising cobalt, platinum and
phosphorous (Co-Pt-P), the or each adjacent pair of layers of Co-Pt-P having a respective

layer of a non-magnetiseable, electrically-conductive material therebetween.

Advantages that result from the first aspect of this invention are similarly advantages of the

second aspect.

Preferably the multi-layered material includes at least five layers of the magnetiseable
material, each such layer being spaced from the or both adjacent layers of magnetiseable

material by a respective layer of the non-magnetiseable, electrically-conductive material
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20 According to a second aspect of this invention,
there is provided a nulti-layered material for use in
a m croel ectronechani cal system (MEMS) device, the
material including a plurality of layers of a
magneti seabl e material conpris$ing cobalt, platinumand
phosphorous (Co-Pt-P), the or each adjacent pair of
FvERs 2
e YR L e h af SR Ao TPy s of
napestseableumeterial Foketwamplegtherd thay be fsellsix, evam ¢ipght, iine o ten such
a%gect of this invention are simlarly advantages of
second aspect. Preferably the nulti-Iayered
material includes at |east five |layers of the
magneti seabl e 30 material, each such layer being
Irs@at@mmbqﬁmmmte, tb¢ miudti- layanqdam;cmalllmyeds adfase layer of the, or of

RO L bl S SROE A Ty e s

1atylsnetroe bﬁntii&@ane rdﬁﬁtﬁﬁde}? b€ fRmaltiylaydré®materiaBtoledubeedte fA Ver of
and ten of layers of the nmagnetiseable material . For

chQuiisn éCr)tm?éfb;e prayided betwgen th base layereand the gibstratgi Heusoin these
e&r}ﬁﬂuﬁféﬁﬂ eacﬁ%? i I%fer apf ﬁgﬁeﬁé&bﬂmgtghgﬁptﬁag t Qﬁ a r%sgectlve layer

ayere €S a base

ofd n@f-magieistable, eteticatigrondiwead hterial.
el ectrically-conductive material. The base | ayer nay
be a seed I|ayer for binding the renmai nder of the

I Al.
P R TES DAL B CRU ABNEES Pyt otum
ar&mietemﬂ;s leesthaaaum Thyferablly] chéles€the ﬁyefscbﬂmdghause@m@hnatenal has
of the Iaﬁ/ers of magnetiseable material is a |layer on

aﬁlwl@ﬁﬁﬁel@tt wngw’é@ 51@1éfura Rroferabdyreach sbthpllayers of magnetiseable
rica conguct i ve m?%?rl al. Preferably, each of

mfl Eafw t CSHRGARPXIAGE [WR-eri al has a thi ckness

of at least 0.1m and preferably less than 2 m

Preferably, each of the |ayers of nagnetiseabl e -
Prefarahly sdach dayer of thh inok-nmseﬁis&ablh,eelccanwlyecfonﬁuaiweanaﬂteﬁal that is

m_Pref erabl e ayers, of etlse Ie 15,
s Pafepa e Rerbe eeiectmapira Sheledrs PEpES Rble falefal has o
thidkabaraFht Kast@RL iml zfi‘ﬁd%fref@ifabhhl%ssntﬁgn U%q,ﬂﬁtEa%ﬁqp}e? of the non-

el ectrically-conductive materi al that
magnetiseable, electrically-conductive material may have a thlckness of approximately 1

um.

Preferably the base layer is of a lesser thickness, and may be approximately 200 nm thick.
The Cr layer may have a thickness of approximately 20 nm.

The non-magnetiseable, electrically-conductive material may be, for example, gold (Au) or
copper (Cu). Preferably, where the layers of magnetiseable material are of Co-Ni-Re-W-P,
the non-magnetiseable, electrically-conductive material that is between adjacent pairs of
layers of Co-Ni-Re-W-P is Cu. Preferably, where the layers of magnetiseable material are
of Co-Pt-P, the non-magnetiseable, electrically-conductive material that is between

adjacent pairs of layers of Co-Pt-P is Au. Preferably the seed layer is of Au.
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di sposed between a respective adjacent pair of the
| ayers of magneti seable material has a thickness of
at least 0.1 mand preferably less than 0.5 m Each
| ayer of the non 20 magneti seabl e,
el ectrically-conductive materi4al may have a thickness
of approximately 1 m Preferably the base layer is of
a |l esser thickness, and nmay be approxi mately 200 nm
thick. The C layer may have a thickness of
Aaqz;pdmgitor&tiel asp@@ ofi this in¥Entidme theomis I]Dmgvri&d asﬁaichw including the multi-

el ectrical uctiv ter r exanpl e,
1oGEIR kL G BReR. AP prshisitib SRl e

| ayers of magneti seabl e materl al are of Co Ni - Re- W P,
t he non- neti seabl e, electrically-conductive
Prefarably she su%atratcsﬁa)@lam@hstmﬂq acent pairs of |ayers of
Co-Ni-Re-WP is Cu. Preferably, where the I ayers of
magneti seable material are 30 of Co-Pt-P, the

ABEutding a0 & fhseedipect ofkias tniviestadd, ﬂre@@i@‘iiﬂ@\hdétﬁa ﬂmrsabafomechamcal
that i s between adjacent pairs of |ayers of Co-Pt

systenn(MEMD1dsyigp ineludieg testustyteadetingd ghovggnd/pr A@davlatrlﬁgered

mhRebDidiledsheet of this invention, there is provided a
structure including the multi- Iayered mat eri al

defi ned above, and further including the substrate. 5

Preferably he subtrate is a_glass substrate .
g 1 hity sapgco i s Rypsion, @Freﬂﬁ provi hilayetgd pgterial for

I ] -
A SEAPIYEN 5, LR B
of lagersnf magﬂleil,s%’oée:lmamab theadr eddi ad]ard:ntabmr/ef lagérs of magnetiseable

co di n to ect of this ntio th
mRGRR Pt aPortive | DPE B Gt Raptnagble Sleotsg-ehndpctive material
thetebEQRIR OVRRBMGIP fALIGRE 1a5¥8 I0f Magh&deIb16 @Ak RI afelST a thickness in the
material including a plurality of |ayers of

rapggnll.l sediind material, the or each adjacent pair of
| ayers of mmgneti seable material having a respective
| ayer of a non-nagneti seable, electrically-conductive

Th&naheMseable MmARHEDAMYARNde WENERR-WLP. |’[%§ﬁagtn@§selaﬁbé%a?temal may
o{ dn%gngztll)seabl e material are of a thickness in
include Co-Pt

Optional features of the aspects of the invention defined above may also be optional

features of this fifth aspect of the invention.

According to a sixth aspect of this invention, there is provided a method of manufacturing a
multi-layered material for use in a microelectromechanical system (MEMS) device, the
method including the steps of forming a plurality of layers of magnetiseable material, and a
plurality of layers of non-magnetiseable, electrically-conductive material, the various layers
formed one on top of another and alternately, with the or each adjacent pair of layers of
magnetiseable material having a respective layer of non-magnetiseable, electrically-

conductive material formed therebetween.
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range of 0.1 to 2 m The magneti seable material may

i nclude Co-N -Re-WP. The magneti seable material may

i nclude Co-Pt-P. 20 Optional features of the aspects

of the invention defined above may al so be optional

features of this fifth aspect 5Sof the invention.

According to a sixth aspect of this invention, there

Thé] 519%&'%%0?5@?519 Afht a} FRYBERELBF £ e, CPNi-Re-W-P or Co-Pt-P.
mul T1-1ayered material Tor“use in a

Preiferatdlg) Abofi therbayhmnif nzdgnstystelmn{auEMb predefithe samd inaterial.

nmet hod i ncluding the steps of formng a plurality of

| ayers of magneti seable material, and a plurality of
TheRihdd Phay ISR ERIpSTIBIEng 8IfRGI1A e AF the-R@ARARGIrbY Raterial onto
material , the various layers formed one on top of

a guhstrater Tamtrshlayer is areferablews sepd tayer.or  each adj acent

pair of layers of magnetiseable nmaterial having a
respective |layer of non-magneti seable, electrically 30
Thomdthot invg iftluas thalstdpriTelnihp eHedbpirvvemagtetiteudld AYRFiG] and/or the
of magnetiseable material may be of, for exanple,. ,

lageys f npgemagpetisealtie, qhectyicall ymoagegtiyg materigl by gfectrplytic plating.

PRAYENT S mR R e A Tplime t Saflors bP o AlfEnctibe.
eleetrisdlly-eyrenctdfe hineriahbyt dledt@yess ptitinptRefeedblRnkioplafingis conducted

substrate. The first Jayer is eferapl e_a seed | ayer,
by cwgt?hlf'oalbﬁta%ﬁe e PR _c%wéwgwggatﬁn 351 e foEpLTY, e g includes
stbs RG] i §EbNLG B pRick@n QAL Vatt PRrehBiXGhSbath is at a temperature

non- magneti seabl e, electrically-conductive materi al by
badbwd0Cobytithay b atta tagpperafire bEbetivegn tdoe temiphmtire aod LORES Preferably

t he  step formn he | ayers of non-nmagneti seabl e,
thf(yaglls}éaé?rpﬁ%ﬁqr)?%ﬁ%rgtt ive material by electroless

plating. Preferably, the plating is conducted by

pl aci ngmt he substrate into an el ectrochem cal bath, o
Featierepelethe fiag ity theHifthasphesel of this indensiongnaspadsa be {rhtueds afiteis sixth
as@g strate is placed in such a bath. Preferably the

ath is at a tenperature below 30C, but nay be at a

tenperature of between roomtenperature and | 00C

Pr ef er abl the bath has a IIIJ\IH at or bel ow 5.0.
BRIEF DESCRIPTION OF THE DRAWINGS

Specific embodiments of the present invention will now be described with reference to the

accompanying drawings, in which:

Figure 1 is a diagrammatic cross-sectional representation of a multi-layered material that

embodies this invention;

Figure 2 is a graph of the thickness of a deposited Co-Ni-Re-W-P layer of the material,
against the duration of electrolytic plating operation bringing about the formation of that

layer;
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15 Features of the first to the fifth aspects of this
invention may al so be features of this sixth aspect.
BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Specific
enbodi nents of the present invention will now be
described wth reference to tlee acconpanying
drawi ngs, in which: Figure 1 is a diagrammtic
~ t i . . . _ | = .
T R I R RahRaaA Biowp e Byl blhod Y8 HRRurl, the curve
beinga ajst o6 fhetdue of-hlapk mesationfin absdyte siageetis@bomMbf fRe nvatdrial with
| ayer of,the terial agali nst .t dur ation of
vafebges B ¢ PEerigrL et hgeaiser SEbTPnler st ssgdal e
formation of that |ayer; 30 6 Figure 3 shows a
hysterisis curve for a thick, single-layer, conparison
Fignree4 shows a hpstegigis\earverfer aithin, spigbe-layr, companigonghaterialnthe curve

variation.,n absal.ute net i sati.op. of the nmateri al
ot Blas 3F i B AP s ORI s digned ¢ 1ol d

applied froman external source; 5 Figure 4 shows a

hysterisis curve for a thin, single-Ilayer, conparison

Fightee} shows a hystegigisearverder trp mulii-biyerse maigialyihat embody this

DS PPN B R B, o

Fenteotdly this invention, the curve being a plot of the
same vari abl es as those shown in Figure 3 and 10
Figure 4; Figure 6 is a reproduction of an inage from

F r KOG A _&h&f&&&%%ﬁ%@ﬁt&}ﬁ&e&%&ﬁ b Bdcfon microscoge showing a

oss-section through the I n singre-layer conparison
cnost-sactiah thradghRhe thie sifigleslagerrcoppedsoot materiaf an i mage
froma scanning el ectron m croscope show ng a
cross-section through the thick single-|ayer

FigQfeRisi ax@prodBétfinl Han image from a scanning electron microscope showing a

cross-section through the thick single-layer comparison material.

Figure 8 is a reproduction of an image from a scanning electron microscope showing a
cross-section through a first one of the multi-layered materials in which non-magnetiseable

layers were deposited by electrolytic plating; and

Figure 9 is a reproduction of an image from a scanning electron microscope showing a
cross-section through a second one of the multi-layered materials in which non-

magnetiseable layers were deposited by electroless plating.
SPECIFIC DESCRIPTION OF CERTAIN EXEMPLARY EMBODIMENTS
This specific description begins with a description of a structure that embodies this

invention and then describes a method, also embodying the invention, by which that

structure can be made.
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Figure 8 is a reproduction of an image from a scanni ng
el ectron m croscope showing a cross-section through a
first one of the nulti-layered materials in which

non- magnet i seabl e 20 | ayers were deposited by

el ectrolytic plating; and Figdre 9 is a reproduction
of an image froma scanning el ectron mcroscope

%Efé"\f 3G s%herﬁ%tﬁsé{n%@&{t tih Jfl'&rs%igﬁreal FHEORGARE, Hlft%tf-tb?ered

[t - ayere eri a S I n whi non- nmagneti sea
teyiel 20. e strdgpeslittie fortnse &l & MEMB elssicp (it ishawn)2Fhe structure 10

e Bl RS 2D P Do L ORIl 40 GEa B o gment, he

camsy&mmis lébﬁro&ﬁﬂétel?@@% ﬁﬁcE h ﬁucldef‘ ?&t SOy Soned fBHﬁé’Hbon the Cr

descri bes a nethod, also enb he i nvention, by
laygr 49andrests as3Geed layer for dnecramainéermfdhe mipltFlayered natérial 20. In this

o TR o GERER a5 Epobrmafmble S g B semainger ofthe

mifi-layerfe@mdiseal R0 iclidelalt6lRNie I8y NGt mSHRIEBable [ Ni-Re-W-P 60 and
structure 10 includes a glass substrate 30 that has a

ofinanrmpgnetiseable, byt dertrierdiyeondugtives G 20.chhsdirtiayar ontthe Au seed

la% r J0R¥ %‘lfﬁr‘]tcbcggl p?&’o?‘ rﬁgI Yt{lﬁ%g&ﬂ@%gﬁéﬁi@%%% mtaterial

1nah1des s éayetsafeaio- NDRetWeP 6@ mathritlerlaydrs 6ﬁ@u ol Thuisl thy éayetlof the
B B e PR on eh R s e gl 6 oo kR P ayer 60

rrultl -layered material 20 includes alternate |ayers of
magnet i seabl e Co-N -Re-WP 60 and of

Inrrdentagnatics exdrhples biithe efrextureisbavh yn Eignrbuls thevfe]lo@ingAfiethod was
%goe farst | ayer on the Au seed l|ayer 50 is a first

p ‘Re-WP layer. In this enbodi nent, the
multi-layered material 10 includes six |ayers of
Co-Ni -Re-WP 60 with five layers of Cu 70. Thus, the

Apugpu bath sphwionsywerei prepayed fou thesuepases of electraplativgithd layens of Co-

o—rﬁg-e‘gl P85 ar‘?&’g (IJLE 3. eTh%%ahfc’fo? %}%o%(l)\l INsl %@u&l Erlaeyey eé%aﬁ %(Jrrrllposed of
0.FiM lB(eH;h, Otfhlel Iﬁ@(lill 0)0t5 ™ CEEI /6, OVas05 PENTCY.6H4D, 01607 M NH4ReO,,
0.001 M Na,W0,4.2H,0 and 0.017 M NaH,P03.2.5H,0. The bath for the Cu layers 70 was
made up of 0.315 M CuS0,.5H,0, 0.2 M NasP,0,.10H,0 and 1.6 M H,SO,. All solutions
were prepared with pure deionised water. The pH of the bath solution for Co-Ni-Re-W-P
layers 60 was adjusted to approximately 4.5 by using NaOH and H,SO,. The Cu bath

solution for the non-magnetiseable layers of Cu was acidic with a pH of approximately 0.1.

Clean glass substrates, each substantially the same as that 30, were sputtered first with
chromium (Cr) to a thickness of approximately 20 nm to form the Cr layer 40 thereon;
followed by gold (Au) to a thickness of approximately 200 nm to form the seed layer 50
thereon. The surface of the seed layer 50 on each substrate 30 was cleaned and activated

using sulfuric acid.
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Agqueous bath solutions were prepared for the purposes
of electroplating the |ayers of Co- N -Re-WP 60 and
of Cu 70. The bath for the Co-N -Re-WP |ayers 60 was
conposed of 0.4 MB(OH) 3, 0.4 MNaCl, 0.05 M
CoCl2.6H20 , 0.05 M N Cl2.6H30, 0.007 M NH4AReO4,

0. 001 M Na2wHA. 2H20 and 0.017 M NaH2PQGB. 2. 5H20. The

PR D S R Syl -

P $0land o668 70weare formeg aorech fiar the thnreomlmpmf ticetedvidyer 50 by

clggobEmite) (etion Sl Phetme Bogs ed iy e EF R NEER Spcirotes

pl’ﬁﬁ% tthG/aQ&h@ﬁ{ulfh la?@ie‘dhhét@nil@fo WdigoRRGt. magnet i seabl e
| ayers of was acidic wwth a pH of approxi mately

0.1. 25 ean gl ass substrates, each substantially the

TS A SBAMEIERaIA! 5 B SPGIg o

disk eledty@le RDR)Rg5EMMNL a dirett covesh dsnsiPbe2 M) crhdatdoom temperature.
t hi ckness of approximately 200 nmto formthe seed

Platipen vate westised o thepnedas for platiag sach lagers Aach o/ Agel referenee

elg&ﬁhe%‘ﬁs&f’%ﬁhg 86%&%? %18&%%@ ?ﬁ %a@%&lm %Ieﬁ% tl%sﬁlﬁ%g solution via

rc acl OW n ecleann
a salt bridpei @ectdoplatiag sae dartriey ent ﬁ&, roaﬂtlbﬁill’spécei dfpPOrsn of the

s&@ell\t%q ﬁémvgrggep{ tg gﬁl?‘lgv?e gc;pél %t(jggn}tgy Fhfegéyrgggdep%rsll(teedatfhgggn

el ectrochem cal deposition nethods. The nethods used

were electrolytic and electroless plating. In this
Itwagnvisaged that the - Qualpyere d0 meatydiei chpos;i@dwashef magmatisedbleTGe-Ni-Re-W-P

| a of . Co- Ni P.6 r os ite y ..
a8 3D Bishrice ol in prolichgless Pafias g Clrleka@sohsige When
elécﬁ@@tlc‘éﬂ?bﬁ@cﬁb dive€ll duereht dankt ot 251RNSEhY af a %@atmﬁépsrﬁéed of 500

room errperature Platinumw re was used as the
IpahBEe vsed irpdrder md:e@acﬁstbwwh tharcongjtingior elsteprlatirg the Co-Ni-

AP USRS S LRl S5 9B

uriiet el@en tebmpRedtire phauking pmuﬁﬁdsrth@ﬁhdd@t T AR/ Agltl défefsnaé electrode
speed of 500rpmof the substrates 30 in order to

wartsadyeseg @b theurforaicictoptrede andevasgoanecterbiodhe Cyplating solution via
a SdMEERRR:

To investigate a simplification of the present multi-layer plating procedure, electroless
plating of Cu on Co-Ni-Re-W-P was carried out for comparison study. The process
procedure for electroless plating was much simpler in comparison to the electrolytic plating
of Cu since no current source was required. After electroplating of each Co-Ni-Re-W-P
layer 60, the relevant substrate 30 was simply immersed in the Cu electrolyte solution for a

controlled duration to have Cu electrolessly plated on the Co-Ni-Re-W-P.

The multi-layered material resulting from the electrolytic plating of the Cu layers 70 will

hereinafter be referred to as “multi-layer 1 or “ML1”; and the multi-layered material
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It is envisaged that the Cu layers 70 may be deposited
on the nmagneti seable Co-N -Re-WP |ayers 60 by either
el ectrolytic or electroless plating from Cu

el ectrolyte solution. Wien 15 electrolytically plated,
a direct current density of 29 mdMcnR2 and a

rotati onal speed of 500 rpmwere used in order to be
re@@lﬁﬁF $lofhe Wdcholebepl htth©n 15 REs B0 Al 6ORKATdANG ab PRwlti-layer
Co- Re- WP as described above. Thus, this
‘eoeMERT.yti c plating was carried out using a RDE

under room tenperature and using platinumas the
anode. The Ag/ AgCl reference electrode was again

THS giickassstdTRadiehegiRfticéabs) €6INi FUEWAPAaya 60 R @@ﬁl&t@ﬂ by Qontrolling
the Cu plating solution via 20 a salt brid

ge
theplesroplgting timesFigitei % is agranhrofghe ralasiopphip datween the thickness of a
oAb X LR BRSO B LR S0P
alstvegpainkhithe pluntion of cletwslgttipRtihgbriegifg abalt eiss la@leﬁtAsftgtn be seen
was_nuch si ler in coagrl son to the el ectrol

frgmdiigig 2ptheshiclapss Pfﬂé’é NeBer¥rR varggpiaosidigesg: \\,ﬂth glgctroplating
tlt%t fot tl'ré Sk eRRbB, l'aﬁ cfgt‘ﬁﬁllg Wabeﬁ?veW that dt g%ﬁﬁe&%ensny of 25
wa. In the

e rel evant sub tr S SInp nmer se
m@Acm? st agitatioe speed of smm rCcaNl-&eﬁWFE) ivae depbsited atarateof

SRR TIE L, DA SHTHEN O PP g RN o BE EeErgRlfine
é@ ?ﬁdnnga Fthﬁékﬁesgéopﬂ%reﬁmg)p dffplohed :ﬁ%ﬁg @ﬁ&\bﬁ]ﬂf ’f&z?di?]?ethe Co-Ni-Re-

erfed to as ti-la
Wiillayerd Gy eeeclentroplateall foﬂthleessmh turagiof o620 kBeonds regardless of

wﬁéﬁg&gﬁ?ﬁ%s \léfg;ehg?elrg In| tgg S/FLCIU er 1@[@ rrr?%{rgajlmfnl-éq]éer words, regardless of
whéthekd1a8 tHefasgRedle @8 [h%l%fssﬂ)axpér@ e@@er'ythﬁthEteh 3Y Blect®lessly

was adj usted by control'ling he el'ectropl ating
pPletedeAs Firggultethe Tily thickmesphf @ﬁchm@nﬂedeablp dm@h 1) oti@t)vbélelhe W-P was

SR HOT e Sosh RO S o SE R B s

ofbBdtRer oot Mete Wére elbetralytiodl A\gﬁlaﬁﬂ e5lerOt Vé 1 MLPloakleb@olessly plated
brin about that |ayer. can be seen fromFigure

lazerSp%MIt iFox preBparispnainGHngle layer v Go-NirResW-Blang stseparate thick

siléél aﬁ{ opf @'{)tl\ﬂ I@é AEp! v?é% @fsecﬁ]%%lat%h %nblta% sslgﬁct)ra n%A/cm and

ing condi Serve
5@0rpmefot 120easi 120 (0. 128 x A)Gecoids nddpectbiely. a‘gestea;ﬁnglmla?ﬁe@ﬂnpanson

materlal% are got refo?red to 1nel‘aﬁ P/ was deposited at a rate of
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approximately 0.45 gnimin . Hence, by controlling the
duration of the electroplating operation, |ayer

t hi ckness coul d be easily controlled. As is shown in
Table 1, the Co-Ni -Re- WP layers 60 were

el ectropl ated for the sane dut@&tion of 120 seconds,
regardl ess of whether or not these were layers in the
M.1 or M.2 material; in other words, regardless of 15
whet her or not the associated Cu | ayers 70 were

el ectrolytically plated or electrolessly plated. As a
result, the filmthickness of each magneti seabl e | ayer

60 of Co- Ni he—sane—Each—
Cu interlayer 70 yas plated forEI%’6°/§€?f‘E9‘?Efg’,la“éﬁgﬁl“ﬁfs)

regardl ess of whéther or nddulfllyese(Migye  Multilayer 2 (ML2)

el ectrol yﬁ—cﬁ—&?ﬁw t—tayers—7f—gf— 1ot

el ectrolessly p at e FI ayers of f%\%@ For corrpalrng%n, a
thin single | ayeCudf Co- N - Re- WP(End a separ #0EDhi ck
20 single | ayetonstevdoz Ni - Re- W P1ageEe el ectropl@bag
frombath soluti 891 at  25mA/ cnk g&ge 500r pm flé:)qr%éZO
and 720 (i.e. 12 ug 6) seconds £ ectively. &
single | ayer comeWldn materi t0$E)are not refi@ffiyd to
in Table 1. 10 Layhl ectro/ El ectgglggss Pl ating ghigg (s)

{
s yerMultil aye ) Multilayer_2 (M2)
CoNi ReWP- 1120 %‘ﬁ%ﬁ%‘%a Cu- 160}/2?@)60 ( EL) 120 (E)
CoN ReWP- 2120 (EX®A0 (E) Cu-260608)60 (EL) 60 (EL)
CoNi ReWP- 3120 ¢RidA@»£E) Cu- 36012(0?)60 (EL) 120 (B)

CoNi ReWP- 4120 (E) 120 (E) Cu- 460 SE))GO (EL)
CoNi ReWP- 5120 (Ef¥20 (E) 60 ( 60 (EL)
CoNiReWP-6 120 (E) 120 (E)

Table 1: Plating time for Co-Ni-Re-W-P/Cu multi-layers.
(Electroplating at 25mA/cm” and 500rpm is denoted as E, Electroless plating is denoted as EL).

Magnetic properties of samples were measured by using a vibrating sample magnetometer
(VSM). Table 2 summarizes the absolute saturation magnetization Ms, absolute remanent
magnetization Mr, coercivity Hc, and squareness S (Ms/Mr) in the out-of-plane (vertical)
direction, both before and after annealing in ambient atmosphere at 200°C for 2 hours. It
was observed that while Ms, Mr, Hc and S for the thin Co-Ni-Re-W-P single layer
comparison material were slightly improved after annealing, the thick single layer
comparison material exhibited a drastic drop in Mr, Hc and S after annealing at the same
temperature. This was accompanied by a narrowing of the out-of-plane hysteresis curve as
shown in the M-H plots of Figure 3, wherein M is the out-of-plane absolute magnetisation
of the material and H is the strength of a magnetic field applied from an external source. In
contrast, such drastic narrowing of hysteresis curve after annealing was not observed for the
thin single layer comparison material. This is clear from the M-H curve shown in Figure 4.

The same is true of the multi-layered materials 20, as is shown by the M-H curves in Figure
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Cu-560 (E)60 (EL) CoN ReW,-6120 (E)120 (E) 5 Table 1:
Plating time for Co-N -Re-WP/Cu nulti-I|ayers.
(Electroplating at 25mA/cm 2 and 500rpm is denoted as
E, Electroless plating is denoted as EL). Magnetic
properties of sanples were nellsured by using a
vi brating sanple nmagnetoneter 10 (VSM. Table 2
5 SHPUREERS, W nBRSRILE A QRIAREI LA B e g s e
arsgalangthes dldShé ththmgle tayeheomprrisoh npitariad I isdretiewal that the

{ t h d aft | [ ' {
gL eBRY bebevarics Ffid koG rckness ot e ConssReal b A
MaBhtR ﬂ\@per%s deeficdndd dud & anh@ﬁufgmll{hn(;ﬁe Hlm R%‘s YHlE’k at approximately

single l'ayer conparison material were slight

5.l o ey e waf indii gure M e@h ithegptherttand inagnetic pgipertieaylai ndtSleteriorate but
C arison er| exhi Lted a drast rop in M,

SIREY Grtoves e i lﬂbwast Thes aga%lm%ts#de‘? amﬁsesﬂowmlg Fiaure 6.

ROUPRA Y %HCWNPRQWID &9 i lholdilti AforOf aploBAR thin at

hysfﬁge& S cuarve as shown l eeM HlpF%etrs rg |gur1éla
approxitmatety hudvlas Shdwe iroFigaes 8|@|nd Qetmbﬁa’ildegmdatlon of magnetic
magnetisation  of the material and His the strength
properiieneaaaveidede| d applied from an external source.

In contrast, such drastic narrowi ng of hysteresis

curve after anneali ng was not observed for the 20 thin
single | ayer conparison material. This is clear from

the MH curveSaslpman In Fi gureMéf(memThe Me(memu)s trmeoaf S

t he—t y &—n y
curves im" l)jre 1175 fndot her6vvords '
mul ti-| éryéme@l st r uctAmeadednai nt af2fed a MUER hi ghé?lOMS 0.26

He a"[‘ﬂlct?slﬂglé Edyer a””ﬁﬁ‘br{néh%dl Tar gE i the tf¥iCK ST 0.23
| ayer conparison material. It is believed that the

di Ff er et litmer mal beMusaldur is ¥2Fated tB2he 53831 0.06
thi CmﬁiSISaycﬂi (MINg LOUrNhngEEdW P TRONS. | VEGRST 1 C 1999f80| 0.26
propeLties riora ue to ealin en t i1m

was t fe%t lﬁ?gé'gproméfﬁ\eéﬁ @ggpm as gﬁ%g&n |nql'%f7q0l5re 0.24
7. OMuttHeyot (VER2) hanur;-amai@netl C 2#0.0perti e8.4di d ndes7.57 0.25
det RELRHoRLBIRH b S! '%Edle)é i mproged when gghe il myyas 0.26

hin_at approxinat el Vi 4 mas shown in Fi gure 6

Hencg, by keepl ng each Co-Ni-Re-WP | ayers in the
mul ti - +a%}/e%r SS-OHBEI%rMa@JIC%C Habeptlegsf Co-Ni-Re-W-P single and multi-layers.

A comparison between magnetic properties after annealing of, on the one hand, the ML1
material containing the electrolytically plated Cu layers and, on the other hand, the ML2
material containing the electrolessly plated Cu layers shows that the ML2 material
exhibited better thermal stability. There was a slight drop in Mr and Hc of the ML1
material with Cu layers that were electrolytically plated, whilst there was a slight
improvement in the same properties of the ML2 material in which the Cu layers were
electrolessly plated. These differences could be due to the differences in the thickness of
the Cu layers in the ML1 material formed as a result of electrolytic plating and the of the
Cu layers in the ML2 material formed as a result of the electroless plating. This difference

of thickness is apparent from the SEM images shown in Figures 8 and 9. Even though the
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approximately 1 gmas shown in Figures 8 and 9,

thermal degradati on of magnetic properties can be

avoi ded. 10 SanplesMs (nenu) M (nenu)He (Ce)S Thin

Si ngl e- Layer Un- anneal ed60. 714. 32066. 770. 24 (-1.4

gm Anneal ed62. 415. 92210. 080. 28 Thi ck

Si ngl e- Layer Un- anneal ed376. 588. 02191. 820. 23 (-5.1
ddhAGERE @Q%&g@@ﬁlaﬁﬁ% BuedkB 196 Mehidr ey el ei(sl\ﬂ‘rgle ML1 material

1) Un- anneal ed280. 472.51999. 800. 26 (El ectropl ate
wauthAsame he the 1Br865. of ieddtedibdes? plaking sed iaythe ML2 material (60

M - | ed270..068. 41957. 570 El ectral .
S PR SR BRI BRI Y95 G078 §1096T A51opiisd 1t much thinner
CPUyerf il iRAE RGP BletBalRiANRY thaSdi@ thel@edolyiR-d Ssition.

single and nulti-layers. 15 A conparison between
magneti c properties after annealing of, on the one

11300 5sphE el g R} SR ShP R SelO8 onemasmstiseaple
elb@ricallyt-tundivkidve 18%dre6f Al nEd Hedubititgtel i tRORWIICY i@3Bd first

pl ated Cu | ayers shows that the M.2 material exhibited
erglpdiment; deseried hereamaboye.y. There was a slight drop in

M and He of the M1 material with Cu | ayers that

were electrolytically plated, whilst there was a
Insd fugther éfibadimeniweniein invientio) an aitemativeomelti-lagsred mattdial (not shown)

. M2 ial in. which the | ayers were,
isgrerde &_@gé ts}nﬁl‘aetreal.tl-lﬂﬁ%g@ H&F%E}Séﬁéﬁgnt@gmﬂae Penecpgdhat
d%sﬁnl%éﬁféab%lk_lél (ethebRRScE ) l?)i ﬁnrgfjlh bGKMERR iﬁ}cs%lbst(t)i?ﬁin@inég’i’ﬁ‘ﬁ&%ble layers

mat eri al as a resu

ofeCelt-Pdbythe maghetisealge daydrs ¢feCNi-RieeW -Rand ay substituting nen-

M2 material far s aresult o he el ectrgl.ess . .
OIS I b B BR B TORETETHoARALSET & G Bfgh Au is usedin
this MAdaiOe FfabdrialBOSBoERaARetisBatTe BiyELBetRed ilaShetif4BIE layers of Co-

t hough the 12 duration of the eléctrolytic plating

PR .dbe plserstianemede bireinalkoveun relgtégnstojetectrabyticgnd electroless plating of

i al ] t. e . .
P16 5 TEud R ARl W o s ot
embodiment. It is envisaged that the Co-Pt-P material may be the material whose
composition and manufacture is described in Singapore Patent Application No. 20050044 5-
2.
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seconds), the electrol ess deposition of Cu was nuch
slower and resulted in nuch thinner Cu |ayers and
hence better thermal stability than did the

el ectrolytic deposition. 51t is envisaged that in
anot her enbodi ment of this inVention,

non- magneti seable, electrically-conductive |ayers of

Au may be substituted for REviRf Cu in the first
enmbodi ment descri bed hereig§%6V€? 10 In a further

enbodi nent of this invention, an alternative

|t d material .(not. sh i i ded :
L e e L e TigtaRtbre Bl iateit NS device
the iater@dIenchedibfaplursles of ied TAGNAmetiidableehAE84 %Srnﬁnﬁsing cobalt,
Fiqure 1, but differs in substltutlngbnagnetlseab e

nickglefhgniugy, tungstop.apd phesphawusHgerdtiiReeWbPh thexgreaagh adjacent pair of
525 Ty 0¥ EARS L BE e PR iy

candubiineghatétialitherobgtdetn 15 this alternative material as

a non-magneti seabl e | ayer between nagneti seabl e | ayers
of Co- Pt-P, the observati ons made herei nabove in

2 BhA A0 LB Bl B PRy v
the meaterial énohating & phuedléy ioéilayefs df hinsagnetienbleandiedtil membprising cobalt,

i S envi ed that th -Pt-P material may_pe th )
o S o B Tk pE s B8 Conpep aving
a %@g&ﬁ:ﬂvg ct Of ShAIARGh&isEAIE ré‘lecﬁi&ll?t%hd%v%aterial therebetween.

200500445- 20 2. 13 CLAIMS 1. A nulti-layered nmateri al

for use in a mcroel ectronmechani cal system ( MEMS)

devi t he.mat er;ial cincludiyng, a plurality of |ayers.
3 08 Pt pesBFAUBRIT IR o Flts 2ot i PoliblanBrodgPaEHa inctudes
atlesk Ve 1af/BQ 1 tHB mAtHRESEB: BAeriMNecBRAEIIATer bein% spaced from the or
(Co-N -Re-WP), the or each adjacent pair of ayers

eagh adigeoqt layer o¥ the aagnpidseable argterial by @ respgetivedyer of the non-
d ' 1 cald ive materi al
m? %%Flg%%%e \Atglggﬁfj&giﬁxoﬁﬂ%ﬁ |% +n§§eé'l P gtgllefr:?%? tg%%é\'l for use in a
m croel ect romechani cal system (MEMS) device, 10 the
[ [ i I [ i fol f
4.:2%}%&11& %clépgtr: Ilng,lg{ %@i?rhf, Vgl;ﬁ%lpitt rg @rectga; \géef’n five aarlld ten of the layers of

magnetiseable material.

5. A material according to any preceding claim, wherein the material includes a base layer
of the, or of another, non-magnetiseable, electrically-conductive material, the base layer

acting as a seed layer for binding the remainder of the multi-layered material to a substrate

6. A material according to claim 5, wherein a layer of Cr is be provided between the base

layer and the substrate.

7. A material according to claim 6, wherein the Cr layer has a thickness of approximately

20 nm.
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pl ati num and phosphorous (Co-Pt-P), the or each
adj acent pair of layers of Co-Pt-P having a
respective |ayer of a non-nmagneti seabl e,
el ectrically-conductive material therebetween. 3. A
material according to claim1llor claim?2, wherein the
multi-layered material includes 15 at least five
8] Ryt &riad hedob@inFRINRL dn‘éQﬁféla@mEmttS I7I @herei@@ﬁ@b@s’é ‘H‘y& ?sya"i)‘brommately
bei ng spaced fromthe or each adjacent |ayer of
20mdhickeabl e material by a respective |ayer of the
non magneti seable, electrically-conductive materi al
t herebetween. 4. A material according to claim 3,
9V @idrin] b&REEn@ECar3Aire@Ahgf d1¥ifh, aMerdi Bachfoftielal @y 8F S
of 20 magnetiseable material. 5. A material according
magnefisgable metediahlpsal thickpesafiretheirangernd Onfpmrtp Zlpnunc| udes
a base layer of the, or of another,
non- magneti seabl e, electrically- conductive materi al,
10.henaesil hayRling &Cd14iR00,aheeif @8h dfalelaybRlof mdgﬂéﬁ&aﬁlb @naterial
remai nder of the multi-| ayered material to a substrate
hagsm hicknessan dheirangesrfdot Binrtg ltoUm) ai m 5, wherein a | ayer
of Cr is be provided between the base |ayer and the
substrate. 7. A material according to claim®6, wherein

11, hﬁenﬁedaﬁa’@br(ﬁ toPanyiPrédeaRB 14, MABFeRXERRR Bl of B ndfh-

nm ) eri al accordi ng to any one of clains 4
t

Hlaﬁnellseml\%ﬁéﬁCWOaHECbMtWay@teria happrdosppsmittwlt\yeenmsmwe
o shbpyor s TR acGERAB PR B e PGS, AR 0.1 i

tomsakd.al has a thickness in the range of 0.1 mto 2
gm 10. A material according to claim9, wherein each
of the layers of magneti seable rrateri al has a

hi ckness in e ran e 10 11.
13 EPPRERT ade Bt 1o eesying, BBt S An predissable
ele@fibally2ycidueve steRslis AlRGTRL | seable,
el ectrically-conductive material that is disposed

between a respective adJ acent pair of the layers of
lﬁ&%ﬁﬁn%[eg&o?dlﬁrga { claxm lo z?nyaprgche ?nkgnc?alm wﬁer% cli]e%exrlgerﬁg Sn %faim 1,
wherein the non-magnetiseable, electrically-conductive material that is between adjacent

pairs of layers of Co-Ni-Re-W-P is Cu.

14. A material according to claim 2 or any one of claims 3 to 11 when dependent on claim
2 wherein, the non-magnetiseable, electrically-conductive material that is between adjacent

pairs of layers of Co-Pt-P is Au.

15. A microelectromechanical system (MEMS) device including a multi-layer material

according to any preceding claim.

16. A multi-layered material for use in a microelectromechanical system (MEMS) device,
the material including a plurality of layers of magnetiseable material, the or each adjacent

pair of layers of magnetiseable material having a respective layer of a non-magnetiseable,
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to 0.5 gm 15 12. A material according to any

precedi ng claim wherein the non-nagneti seabl e,

el ectrically-conductive material is Au or Cu. 13. A

material according to claim1l of any preceding claim

when dependent on claiml1l, wherein the

non- magneti seabl e, electrically-conductive materi al
elEBﬁEallysc&ﬁW@\?e' lnﬁghﬁocﬁé%bet%@erp Q\‘Heﬁen‘i’ﬁt Te&ky @l{esla?érs of magnet1seable

Ni -Re-WP is . . A matérial according I a

mﬁteual ampfmﬂaclofess:bféﬂ tran<$2lum 11 when dependent on cl a| m

2 wherein, the non-nagneti seabl e,

el ectrically-conductive material that is between
1PN ﬁ‘fé?e?ital a&@hﬁﬁ%ﬁf cléuﬁy 8, SviateifRictha eh§ea§h‘: m&éne?l%grr@rises cobalt,

m cr oel ect ronechani cal System (MVE device 1 nc g
nigketptheniuhg yergsteataed phdsphawas (Co-MNg-ReeWaly precedi ng

claim 16. A multi-layered naterial for use in a

m croel ect romechani cal system (MEMS) device, 30 the
18784 Biatedlal hd&%fdi'ﬁ’g k18Pl 6) rv@{elfélﬂ tHRfmAi @¥aseabRimaterial comprises cobalt,

magneti seabl e material, the or each adjacent pair o
plptiguen gnd phosaferens §exBr-B).mat eri al having a respecti ve

| ayer of a non-magnetiseable, 15

el ectrically-conductive material therebetween, wherein

191A nagsial ddterdisy & shy@hne BiglGhs $6 601 8 whabdie fhe«’:lhye@i 6f Bignetiseable
a thickness of 0.1 and 2 m 17. A material according

matgrigl Hp of 2 thickussy iaithe range ehBAdeils'aébl e materi al
conprises cobalt, 5 nickel, rhenium tungsten and
phosphor ous ( Co- Ni -Re-WP). 18. A material according

20.Q\ fletHod o tnanubiefieing atheltinagered haeaal foried frd al
conprises cobalt, platinumand phosphorous (Co-Pt-

mmoe_lgctromq?a%@%lavsta@&MWﬁbdqveceaﬂv rgethodmcldmanthe mp% of forming
re
o Qe B By CF YR IC oD Sl 3R oy TR F g
magrdtisehbld, eleatrichHy-comducyvamaterial, theyzeions layatsefbimdd éreron top of
ar{l@gerl n{i a]é ?tﬁ]ré,oel E]téer %@%@ ?&bge%l(gpg}r/ g% Exlyﬁré Mi:'magnedtls\éétglg material
having a respective layer of non-magnetiseable, electrically-conductive material formed

therebetween.

21. A method according to claim 20, wherein the layers of magnetiseable material are of

cobalt, nickel, rhenium, tungsten and phosphorous (Co-Ni-Re-W-P).

22. A method according to claim 20, wherein the layers of magnetiseable material are of

cobalt, platinum and phosphorous (Co-Pt-P).

23. A method according to any one of claims 20 to 22, wherein the method includes the

step of forming the layers of magnetiseable material by electrolytic plating.
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15 a plurality of layers of nagnetiseable material,
and a plurality of |ayers of non- nagneti seabl e,

el ectrically-conductive material, the various |ayers
fornmed one on top of another and alternately, with
the or each adjacent pair of l@ayers of nagneti seabl e
material having a respective |ayer of

? & Wed%}éorcrrg@gtts anﬁ Bﬁ&%if d&ﬁlﬁls &3() tG QE g\gﬁ%ﬂgl‘éﬁpgﬁiﬁﬁ{ddq{lcludes the

step af fordihg thi tayersrofinor-nappetisabik, dagneallysmuhalwahaenalby
ar e of cobalt ni ckel, rhenium tungsten and

elSHEUBMBIE (Co- Ni - Re-WP). 22. A nethod according to
clai m 20, wherein the |layers of nmagneti seable materia
are of 25 cobalt, platinumand phosphorous (Co-Pt-P).

2231\ mathedtasertdingdo pay Ae oﬁ;clangs 20rte 241 whéraintbe g@thod iadpdes the

SR eCigk * Sul ot Yt Bre S5 p Busc Blen ectnemical

bﬁh&bhdi&;y h9erd 4re riied HPtheaGBAFatd. Ny to any one Of
clains 20 to 23, wherein the nethod includes the step

of form ng the layers of non-nmagneti seabl e,
I

26 Sl GaRIINEHR S, FRLCEIAL OB o SFAGEOERey 51,
20 to 24 wherei n the nethod |ncludes t he step of

$|a0|g1 a substrate on which the |ayers are
odfeePTdneds By Pek Peitaims 20 tp aéhwh%@rtbwerwéa@udes

2 SETRAePU LB SHIRIS A AREIESRILIPO 4 um
10 27. A nethod according to any one of clains 20 to

26, wherein the nethod includes form ng each |ayer of
magnet i seable material to a thickness in the range of

0.1to2 m




