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THE | NVENTI ON The present invention relates to a

mat eri al conprising cobalt (Co), platinum (Pt) and
phosphorus (P) and also to uses thereof. For exanple

e miery o my be veed Lnssences e == [N
m cr oel ectronechani cal system (MEMS) devi ces.

BACKGROUND TO THE | NVENTI ON Thin fil m cobalt-pl ati nunsoise
(Copt) and cobalt-plati num phosphorus (CoPtP) all oys

v besn k00 b e oo MMM

hi gh magnetocrystal |l i ne ani sotropy and magnetic *G00002*
saturation. Specifically, an ordered phase of CosoPtso
shows very high coercivities (> 10 kCe). Besides
application in the nagnetic recording industry,
Eﬂﬁéﬁﬁﬂiﬁﬂﬁﬂbﬁﬁﬂﬁggﬁinaterials have been assessed to
have huge potential for application in

m croel ectrornechani cal systenms (VMEMS) due to their
The gtesemienypptipn oclates tas matayial cerapisingreehrdt (Co), platmum (Pt) and
m croactuators. The energy-product indicates the
pBSEphens (PREnE alRB 96 @késCtheRbE IHodlexaraples thephytetial may be used in
external magnetic circuit when operating at any point
d%c%@ﬁcﬂ% ﬁ%dr@éle&rdilﬁésﬁgﬂgél's§§5ﬁ1QMEMS)’&ev1M§'VB

technol ogy has nade use of Sem conduct or nmanufacturing
technol ogy for the fabrication of mcro- and nano

devi ces. 2 Usually, thin films (sub-mcroneter) of

) | cated by vacuum deposition

: R e g@ﬁratlng cost of a vacuum
dep05|t|on process may be high. Recently,

electroplating is b&%ﬁ& used as an alternative nethgd.
Thirt &ilrpt epbabndatisean ( ang qoRpltipkatingmephasakerys (CoRE) alloys
usi ng el ectropl ating processes, 5 the thickness of the
hivd beensknaiwnyashpoténtigl perpendicutint recortlingamathiialk derswsedf hard disk
l ess than 10 ,u m Further, the thermal stability of

dtives fdub e ﬂh@ﬁ' Righ ﬁi@@fbtd&ﬁéﬁmﬁ@ lajtisb s tah@ ah 8ghetid heaturation.
thernmal stability of filns is essential in assessing

S&gaﬁgﬁgﬁ laﬁl ?&#\i}g@ Bﬂssetdﬁfq}dcséfttﬁsshb@s‘(@ s cg&‘éi\fiﬁe% (h 10 kOe).

Speci evi ces n-particul’ar;” the fil

0. be of fflClet t hi ckness t e :
}%ﬁmdleﬁ eamlg 19§ JP o e, tma[gge?c r6%0r81 ge%dutsai,o r?&%'tl& E%ﬁ -based
t he above considerations, there is a need tq dev eh .
mdeiaiat Bavea esh @ssopsedi Rt havRr hige sﬁ‘ﬁ?ﬂqallt §0rar?@p ﬁﬁwn in
which is capable of thick film deposition by a
1sigideldotremeshdnin] sastentsj JEMS) dee tpr tsenhighn gaergy-vrodust as
to address the problens set out above. 15 SUWARY OF
rédiErdd yERT gr{aNc Asicadiua@rd. Tha eherggipradipe atdicatdsehp erggnthat a
i nvention provides a material conprising

magnetic material can supply to an external magnetic circuit when operating at any

point on the material’s demagnetisation curve. MEMS technology has made use of
semiconductor manufacturing technology for the fabrication of micro- and nano-

devices.
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cobalt (Co), platinum (Pt) and phosphorus (P) having a
conposition of 94-98 wt Co, O0-1 w %Pt and 2-4 W %
P. At least certain enbodi nent of the present

i nvention provides a material which is 20 suitable for
el ectroplating on a m croel @ctronechani cal system

U@@%B.)chiﬁ q?ﬁi’x&e%ugﬂﬁcfgﬁfae?err} @E cTEt-Platifu B8 Fhbrfcated by vacuum

artic e composition nay have "a
0sition of

0

deponﬁmg PFRCESSRS gﬁwglveﬁ,régle %]ge?gtg% g #\'té) A acgﬁlﬁ e%ogltﬁ% tp{8cess
tenmperature between 100 and SO0 degrees Cel.sius. The
e & 8 & P le R EOHIAEL 1 Dping fseet 5 DrAHIAHSE BirLhod:

The anneal ed materi al may have enhanced per pendi cul ar
magnetic properties. Exanples of the enhanced
Atempts have deemuiadelto fahgcate Cortaged Slmengins elicetyoniating processes,
coercivity, remanent 5 nmagnetisation and/ or squareness
tief thidk@eszrifahé dlm vdaslby Havigg beeraliméed nal adbiskudss of hess than 10
present invention provides a substrate and a nateri al

;aﬁlc ?ﬁﬁh&?%EQh&ﬁ?dl fsﬂaf)ﬁf‘ty 88R a1 InRMhat R6t lbéé\dgﬁé\h@ﬁbly investigated.

erein e materi al rray be el ectroplated onto th e

ubstrate er t hereon. The thi. kness
Thrdnrmbranly SLEYS pRbrhilR jseng B pomiBSISF Bt i flms in
least 0.5 ,u m The substrates may be glass 10
veuitist desiess, evprsialioMEME edeviegy: be Papiioutasr B fim thag to be of
seed | ayer. The seed | ayer may conprise a |ayer of
safficien( Migkness ta theey ére refuirdmentrofithe MEMS devicsiihisde houead in.
as Cr/Au seed layer). The gold |ayer of the C/Au seed
| ayer may have a (111) crystallographic orientation.
I\Widw bamha gisovef cokidefationd, ahérods hheeed®d efevelbp iasndw atatértal of
of fers selective area deposition 15 in conparison to

sufflciit Aersiaf BhbilieP 3O IR WHIGP RSédphpe cm’thiékhi?ﬁn deposition by a

processes such as vacuum processes. Further,

tro ting has fast deposition rates |nvoI Vi ng
SBF??PB @‘Eﬁﬁr pment set-up and the control of process
paraneters is easier. According to a third aspect, the

resent invention provi des el ectropl ating
pRieet/of the presest a}‘%@tl%lstt #F%&E BL"E%S St ogtiARove.
i nvention, the nmethod conprising the 20 steps of (a)
provi ding an el ectrochem cal bath; (b) providing the
substrate; and (c) electroplating the material onto
the substrate in the el ectrocheni cal bath.

SUMMARY OF THE INVENTION

According to a first aspect, the present invention provides a material comprising
cobalt (Co), platinum (Pt) and phosphorus (P) having a composition of 94-98 wt %

Co, 0-1 wt % Pt and 2-4 wt % P.

At least certain embodiment of the present invention provides a material which is

suitable for electroplating on a microelectromechanical system (MEMS) device.

The material may be a magnetic material. In particular, the composition may have a

composition of 96.3 wt % Co, 0.6 wt % Pt and 3.1 wt % P.
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4 The substrate may conprise a seed |ayer conprising a

| ayer of gold (Au) on a layer of chromum (Cr) (herein
denoted as Cr/Au seed layer). The gold layer of the

Cr/ Au seed | ayer may have aé 111 ) crystall ographic
orientation. The electroplat$ng may be carried out at
"Ehecmetesialt mdyp bsisupjected e tanseating @t artemp@atirerBéteven 100 and 500
Preferably, the electroplating is carried out at 25

dodtcel L eldtne Bl Rhiealihf EmSH bE edatricie 681 bty am®iBAL R$mosphere. The
constant when the electroplating is taking place. This

@X%lﬁc? nﬁ‘fé?iaﬂé?ag/e}ﬁ%(zﬁ éﬁig%]%g@ 8?&'%( gfagn%féﬁagﬂ?%ﬁelgﬁ EX&ples

er conpri

al to annealin ratur ween 100 and
3¢ eiperCrRRneiy it wﬁ%ﬁf’aaewgyd%fabsoegserﬁVer&manent
out at arrbl ent terrperature The el ectrochem cal bath
RegneHsalon Ador sgArenesholth ﬁﬁ“famt":ﬂ g one, nore or all of:
0.01-0.10 nol/liter of Co2+ ions, 0.01-0.10 nol/liter
of PtCl6Z- ions and 0.01-0.50 rml /liter of H2PO3-
Acnosdin@rtef asedsing, asphet, e praserdhisvenimn provides sas sgbstrate and a

- conposition conprising one, nore or all of 0.025

letibl dcebrdirig foode firendpedd.odf e MEkhtior, @ heddin BidCnatrikbmay be
ions and 0.072 nol/liter of H2PO3' ions. The

ﬁé&&%[a@&f]gﬁbcﬁé st RYfolH d B9Er ferEBh! $Re MibiEesd 8f‘ﬁ1e layer
the formof any one or a coibination of boric acid

BRC T, ERRRbT Ry 154! RARLES @ﬁ:ge CHRALA, mayebe glass

bet ween 15 and 40 degrees Cel si us. artl cul ar,

sulsirases. dihesubetraies meyibe phttered detly @ége ol (he sepd lemqr may
of the 20 bath may be between 2.0 and 5.0. In

¢oagrise allayer of geldaAw)fontdaydraifichromyiuine(Ct) therdih@enoted as Cr/Au
el ectroplating may be carried out using a rotating

éée& l‘ay@ir)e’Pﬁé £d1t 3dyep ot (hREIAS ye%a%per RlaSfRveRl(V1 1)tchy%tano graphic
el ectroplating i's carried out under a rotational

It A@fohon of 5 between 100 and 1000 rpm Even nore
preterably, the electroplating is carried out under a
rotational agitation of 500 rpm The material nmay be

S ggalfnngg%]yo%r ehs E\/‘P chan ailjﬁaggfhgg}f%ﬁw@ti\geegfeg %?c:’position
el ectromagnetic interacti on for achieving
W QqreRaEisor e oHne-gEsight srpfenal @B?%lhoraéyé&ber prgeesses such as
i nvention provides a MEMS device conprising the
vegtiami prbcagedsi Fedhdre electnopl#tiong s £agsldepoditien S ndelyingesimple
may be a magnetic device. In particular, it may be a
Squipragitispp@r and the control of process parameters is easier.

According to a third aspect, the present invention provides a method of electroplating
a material according to the first aspect of the invention, the method comprising the

steps of:

(a) providing an electrochemical bath;

(b) providing the substrate; and

(c) electroplating the material onto the substrate in the electrochemical bath.
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According to a fifth aspect, the invention provides a

MEMS devi ce operable to grip 10 an object between

gri pping parts thereof, the device including field

generation nmeans operable to set up a nagnetic field

and the device arranged suc# that at |east one of the
Ti¢ sulptrag may tempssenoseedibyer comatising atlayatof| gokd tAwrma a layer

ot her of the gripping parts under the influence of

of Babmhirg (Or) (RbRid d&lotbdaRITH Al kewd 1a%a) STheegold ayepef thbGe/Au
to set up a nmagnetic field when a 15 potentia

e e B on T 0 011 o mec

froman electrical conductor. The field genereation

%%T%gggﬁggg H4PBe ré:taﬁijedocfht %t baog%{—[e‘?ift deB8VEMBedR%h 99 and 40

gripping parts may conprise a
magnetj seabl e material arranged to jnteract wt h
g P el o8 APt aPIaGRE & Tareedou Sy TaHaty gl e
part that 20 conprises the nagetiseable materjal to

cnoere denditytfemainseonstentavhanghe eleotepletingds takingplapgy Thig may be
The magneti seable material nmay forma coating on the

aflie PRIy SingdP palganvatat.. 6 The MEMB devi ce may

conprise two gripping parts, each gripping part

noveabl e with respect to the other and each gripping

TRRY hefHPHa§ figthtH R ofpeieetthe akdpe ol B hljectiiigettderangial to
may conprise two coils, each may be arranged to set up
a%néa%ﬁg GEh éattx*eeée?we&fe‘ﬁﬁ drla&od deglte%§ eishROTHE hihehfife may
nmagneti c naterial of a respective one of the gripping
parts., The device ma ave at | east one gripping part
bgcpied oyt i 8“38‘6‘9 18 % he MEMS device by a

resiliently flexible structure, for the novenent

relative thereto, In particular, . the at least one _
Tei glestioghesaical b@hénﬁbg%‘tee% CQIBPRSitiQ, CHRPTITING CBAHIPLS Yrif! of
10 spaced fromthe at |east one coil of the device.
OTOle0.1 8 shbllitat b Gof eidns) 8.04t0: L mol/diteregf M€l fongtand 0.01-0.50
torsion spring. The resiliently flexible structure may
ROReT bf EheOseRmecPiefaally [ elgctperthemival dattt hade composition
cantil evered fromthe body of the MEMS device. At

Joﬁfﬁfsin%%e%b%r@@l 4186 b2 S Bb1/AEr 608bEToMd, 028 rmeNIaY: SFEC™
wth amaterial arranged to pronote grip between the

90d BRI ! d e hs 911 t hy
5, R R PP, O ERAbBRE0R By Tt
c%cr:r?p?irsg Io?l’?er tic?nst ilglethg Ifcgr?ﬁ o? gx%? 811’:16. or a combination of boric acid, sodium

chloride, dodecyl sulphate and saccharin.

The electrochemical bath may be at a temperature of between 15 and 40 degrees
Celsius. In particular, it may be at a temperature of 20 degrees Celsius. The pH of the

bath may be between 2.0 and 5.0. In particular, the pH of the bath may be 4.5.

The electroplating may be carried out using a rotating disk electroplating (RDE)

system. Preferably, the electroplating is carried out under a rotational agitation of
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BRI EF DESCRI PTI ON OF THE DRAW NGS A specific

enbodi nent of the present invention is now descri bed
by way of exanple only and with reference to the
acconpanyi ng drawi ngs, in which: 20 Figure 1 is a
graph showi ng the X-ray difbraction (XRD) spectrum of

b&va&S 160 Rad 180E rpth ! BvéPmbieeprefbraly, ofie elbctreplhtiggéh getied out
(Au) seed | ayer; 7 Figure 2 is a graph show ng the

X I I: 4 pectrum of el ectropl ated
u%%eﬁg?é?tg‘(l@oa?gg&%&gtlilggﬁ)?%t) - phosphorus (P) filmon

gl ass substrate with sputtered chromum (Cr) and gold

Au) seed layer: Fgure 3 s, a sganni Chl; : .
The Shasgidomey derseh dhurigreledoBr S SRRl By RN URNS) devices
plated cobalt (Co) - platinum (Pt) - phosphorus (P) .. .
elerinly MigBelexioes that gokp He MRl srg AR E S EIGR g dhdchieving
hysteresis curves of electroplated cobalt (Co) -
npdraddtmiion( Pt ) - phosphorus (P) filmbefore and after
anneal ing at 200C for 2 hours in anbient atnosphere;
Figure 5 is a schematic diagram showi ng the top view
Aetording torofprinppeect, the ifiveaptior pbovidesaa MEMSalevice domgrising the
showi ng the side view of the mcrogripper; and Figure

nfatdri] BeffSdAaCERLih CFEH AGhHIE, SKONIEMS AePiRé SHBd ¥ thagh@itt dvice.
the mcrogripper. 15 S ECI FI C DESCRI PTI ON OF A

PREFERRE : foll owi ng experinments have
Ippahe gr%&%%@%%%&%ﬁ% X layer of a materi al
enmbodyi ng the invention was produced by el ectroplating

and then t ed. El ectroplating.occyr the pr .
APorginicto i GSpech o PRt RGBSR MEMY vl SIS b arto
of producing a coating, usually netallic, on a surface
anfobreat basiveen sunping partithereet, die dvics inclpding field gepgratiopmpeans
deposition of a netallic coating onto an object is

opefablevtedetoyp pmagnetic fieldegdithy dedtrmananged sudthethebpicleast ope of
be coated and imersing it 8 into a solution which

e Eﬁﬁﬁiﬁ? parts 3k imdleablbaelmvako an1dast ciepothiet of thd geppihpearts
object To be coated is nmade the cat hode of an

u‘ih&%é Hteh&e Shireidne solution is referred to as an

The field generation means may be operable to set up a magnetic field when a
potential difference is connected thereacross. The field generation means may
include at least one coil formed from an electrical conductor. The field genereation

means may be supported on a body of the MEMS device.

At least one of the gripping parts may comprise a magnetiseable material arranged to
interact with the magnetic field and to cause the at least one gripping part that
comprises the magetiseable material to move relative to the at least one other

gripping part. The magnetiseable material may form a coating on the or each

gripping part.
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el ectrolyte, also commonly ternmed an el ectrochem ca
bath. The el ectrochem cal bath is a specially designed
chem cal solution that contains the desired netal
ions. A 5 power source provides the necessary current
needed for the electroplati Ag process. Firstly, a
TEM MENIK &deficRGha P 6bvaptisatwd gtippihg pans esatlo pripping part moveable
el ectroplating a material was prepared by dissol ving
e ' ' i ide iArtdEdmpYiges tH@tBignetisable
W#Eefegl?ﬂ%ﬂ“éahé oei ) Shell Rirfhirs At Bt Y 8 kg
Chenj cal sChem cal Formnmul aeConcentration (nlV17Boric
MATI3R OH) 3400Sodi um Chl or i deNaCl 400Cobal t -

Chl ori deCod z. 6Hz025Sodi um Hexachl oropl ati nate (1V)
Hexahydr at eNa2Pt C16. 6H2025Sqdi um. Hydr ogenphosphi t e ;
The daKEe PRI PBOREISS SR B BDBITCTE & FEATES] SOAFLHR 2 respective

Sal t) C12H2sNa0OaS0. 035Sacchari n_( Sodi um )

fiblds eayhCHpldNKtragingHritiothe magagticemeterich efiacigppective one of the
conposition of electrolyte 9 Crcular glass

ghppiag pattes were then obtai ned. Each substrate was 12
mmin dianeter. The gl ass substrates were sputtered

with a seed | ayer conprising a |layer of gold (Au) (200
Thi kvied nehy! B8 at Wast B BliphThg Pant altdéhedrd thdr8oéy of the MEMS

denoted as C/Au seed |ayer). The sputtered substrates

dfBiEE gﬂﬂe% L%%igﬁfl&}i'déﬁbgé eANeHrd! o Ihd HhGRhRLOSLIBNYE Meereto. In

conducting silver paste was applied
ont o, t he back-side and. side-wal | I :
sl bt drat 0 appBLR & B hieeBad OF ' @ e pliagers, g and
of the electroplating %§§tenLnay be Q?nnfched
spaced dian el 3} least enrccqybpithe dpuice. ofhesaligntiyafledble fiugpeg may
on the substrates. The el ectroplating systemused was
ba arftdt atotsien shriig. Fhe cesilogolklxtilenipl¢ RDEure ywayesupppuithe easpective
the surface of the gold of the C/Au seed | ayer was
gBiphink PaftGo WS kdBe dfhtisevefdUiir tiechady ofies NIEDAS deties wer e
subsequently fixed to a cathode of the el ectroplating
system by neans of a hol der covering the rimof the

A4bst b ESpping ?ért Ri45bWich SedRgthUs HEovaded With amgderifl afranged to
the eleciroplating System An Ag/AgCl el ectrode was

P RES sl e ft BB E RS £ QK Ry FERBECE 2

electrode is an el ectrode that has a known and stabl e

uilibriumelectrode potential. It i.s US
T musatiassbls metcgannete e cih atpatiBa i B BR Bpscs,
el ectrodes (typically that of the working el ectrode or
nmeasuri ng el ectrode) can be neasured in an
el ectrochem cal cell. The exposed area of plating was
over a central circular area of 10 mmdi aneter. 20
El ectrochem cal deposition was carried out at room
BRIT CREPTERNQF PABDRAWINGS ectrical circuit which
applied a current density of 25 mA cn2 between the
anode and the cathode via a gal vanostat. A gal vanost at
Mapedifieambodiarestioftht ipatsentdnyendion is now elascribad biyrvea eferample
The pH of the el ectrochem cal bath was adjusted to 4.5
S8 884 SithRBRFdnee 8rihe adsvinsmgingraribyigpapin ddigri or to
el ectroplating. In order to ensure that 10 the
el ectropl ating was uni form and reproduci bl e, the
pl ati %}d’@g '§§F§Ea\ﬁ OsHRWling! REEX -rBy Ut EXRBY ispéttiuaiof glass

S 6 rpm ¥ a

spee or a period of 10 m nutes. As

é*%gﬂl#%ttﬁ Wﬁ{}‘(%ﬁp er%ld gﬁ%&%ﬁ%ﬁ@g% @e@@&)e&aggg?glr :Te <(j ng] ]

the gl ass substrates sputtered with the C/Au seed
| ayer.
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5 1n particular, the substrates (on which the CoPtP

| ayer was deposited) were rotated during the

el ectropl ati ng process. After the el ectroplating was
conpleted, an X-ray diffraction (XRD) was carried out
on the glass substrates witly the sputtered C/Au seed

| ayem;&lye0i o %?%gﬂ ¥idwWing thaY®hraP difEaktish [STdI@)?(Echtrum of

spectrum (Fi gur was conpared to the XRD spectrum

arried.10,out 0n the.plai I a i t
oElsor Efd e AGBT sl (P & BRSPS (GERES off i st
el ectroplated with the Ia%Eé of éJPPtF} (Figure 1). As
vaifrspyiered chramiup; (G} andigold [RsePE IRYRE y one prom nent

peak at 20 approxi mately equal to 38, corresponding to
the reflection fromAu (111) crystallographjc )
or i erftigire dris aFcaueg pleghomBlGASABY ($EM3 ahopiagithe cross-section
observed at 20 approximately equal to 15 44.5, which
of dher e ated walsalt () keplatefune®t) -ophgsphdrus (R)filithe hexagonal

cl ose-pack (hcp) Co (002) crystall ogrpahic

orientation. A scanning el ectron mcrograph (SEM of

the Q@8- 9€6d i Hng@pht Siwvwahecitheoplinbfplagd alswsteresis curves of
substrglfres was ta%gg. The SEM i s shoﬁv\ﬂ in llsgi&gure 3. It

A S AR 8 JRLES PPl o

an el ene nal.ysis of .the electroplated | ayer was
a@&?ﬁi%&t 2{%‘?4 Cb@“?ﬂ%’t}tstlfl\?@b%f’ga‘iﬁlbqs@efﬁ’l asma (1CP). It
reveal ed a conposition of 96.3 wt % Co, 0.6 wt

%t and3. | wt 9%6°. 11 The magnetic properties of the

| ayerFigrte 5S4 gschrapaticrfiggam @bowigﬁge topwiiel af p FYCIOERPIE;
magnet oneter (VSM. In particular, the properties of

the electroplated CoPtP | ayer was determ ned after .
subj dRigimed B & schematix diqgram showing thaibide vagve ofithenmidregripper;
| ayer thereon to annealing at 200C and subjecting a
amdcond exanpl e of the substrate with 5 the | ayer

thereon to annealing at 300C, each for 2 hours in

anbi ent at nosphere. The properties of each were al so

det erpibied 7Pid Qr stiRnfitl] Bfakia0 &B@/iﬂ%ﬁebe&ﬁe@%e@id\xﬂ%f the
Figure 4 shows the out-of plane M Hhysteresis curves

of PtP | ayer before and after being subjected to
%hcﬁe%?\T%p%. The properties neasured were perpendi cul ar
coercivity (Hc), remanent magnetisation (M),
saturation 10 nmagnetisation (Ms) and squareness (S) of
the layer. A summary of the properties neasured is
shown in Table 2.

SPECIFIC DESCRIPTION OF A PREFERRED EMBODIMENT

The following experiments have been performed in which a layer of a material

embodying the invention was produced by electroplating and then tested.

Electroplating occurs by the process of electrodeposition. Electrodeposition is the
process of producing a coating, usually metallic, on a surface of an object by the
action of electric current. The deposition of a metallic coating onto an object is

achieved by putting a negative charge on the object to be coated and immersing it
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Anneal ing Tenperature (C)Annealing Duration (b)M
(emu/cc)M  (enmu/cc)He (Ce)
SUnanneal edUnanneal ed1497. 09378. 782191. 770. 2520021394.
69479. 542595. 190. 3430021191. 94485. 893039. 510. 41 Tabl e
2: Perpendicul ar magnetic pBoperties of un-anneal ed

inf s isAlBidh Gofatsl sy fof 1k horl ©i ba depofitdd)(i.bsthe bbject to be
neasure of the strength of a nagnetic field. It is

co ?e‘d%% | YadBBRAS Yhithbad Bf Q?{ﬂ%&t?&igﬁc{ £8): The SOMIERH FdrtddVto as an
enotes that a material 1s easy to 12 nagnetise

and/ or demagnet i ile,a. high .coeragiw n
CIFRRISE, i ST deri o RO RNE e {hiyhls? B8l ical bah
~demagneti se, Remanent magnetisation . (M) refers to the
issa prasiplly designed chapvien iselution) that; spptains thesdesygd gyetgf ons. A
object after it has been exposed to a strong nagnetic
pdwerlsdurcAlptastidestthe neogssary cugrentinedsied ferithe elgetronlating process.
remanent magnetisation is a neasure of the ability of
a material to retain a magnetic field. Saturation
Frapnet bsitibleopletboheidcat dhaile ¥adusshfor electiapiatingse material was
magnetic field strength does not cause an increase in
pxtegﬁ‘e& Yy dR8619inFRARESHefitd)l UigledOM Thblk e imede@iniseld. wdRe The
saturat’i on magneti sation usually decreases with an
i NGI. ' . guareness (S) is defined
c@glgﬁ?i&%{éoﬁg% Qf%glgggé}gehg%ﬁﬂﬁggnet isation to the
saturation magneti sation of a material (i.e. M/M).

Chemical Concentration
Chemicals

Formulae (mM)
Boric Acid B(OH); 400
Sodium Chloride NaCl 400
Cobalt Chloride CoCl,.6H,0 25
Sodium Hexachloroplatinate (IV) | NayPtCls.6H,0 25
Hexahydrate

Sodium Hydrogenphosphite 2.5water | NaH;P0;.2.5H,0 72

Dodecyl Sulfate (Sodium Salt) C12H25NaO4S 0.035
Saccharin (Sodium based) C/HsNNaO3;S.2Hy | 4
@)

Table 1: Chemical composition of electrolyte
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The above-nentioned properties are related in that the
remanent nagnetisation is the pernmanent nmagnetisation
that remains after the external filed is renoved. If
the 15 external field is reduced further, the remanent
magneti sation will eventual By be renoved. The external
clrb@hdeth@rsupkit£6s Whe thenstisintd. Baghetbsiatd was thesn irndiameter.
zero is referred to as the coercivity. As can be seen
T; | h! 6r édinriteng a layer of gold (Au
T%% glgﬁesnsglp%:tgz}tgsr whiRahidréd AithiEEEASTEr édndling a layer of gold (Au)

, and wi th i ncreasing anneal i ng
{ t . [ b ' '
o T elen of R S D AT B RO PRl CPARGReq 15
T ot et e B e G S el AL and

| ayer shows high vertical magnetic anisotropy of |

ethendli ofalconductingl siecrarastg Mas7pplisdipaie thadagkrade and side-wall of
respectively. The |layer exhibits thermal stability

thehe Bssanbaadt@dattivot apposile3pdBBGoi thataarbelecttodet ofthp leactroplating
wWith an inprovenent in perpendicular M and He to

sfsi%?rllj ﬁ%ﬂ@:}yglﬁge&é@d@&ﬁ&lﬁo% 5S8Rk bF fle)Cr/ Al 66 layer on the

' ' | ate tre possibilTty of using such | ayers

i ! N
ARFER. B BRI, A [ b0
CoPt P t hat brj d I | ati .
O b SRt 2 ST B AR MRS st wsing

el ectromagnetic interaction to achi eve m croactuati on.
selphwpd agd.of MEMS devices in which the CoPtP | ayer may

be used include mcrogrippers, mcromrrors and

m cropunps. A possible structure of a mcrogripper

The \suberates vedrownbsequdritiyufixes! 16,2 Gittmdd of thevblectoplatingheystem by
the top, side and perpective views respectively. A

ridafié 895 hBRRF coveridgTBE HanbChk stifstiat. Plhthugrwis@s/as used as the
m croscopi ¢ objects. Essentially, it has two roles. It

atqﬁ%e g}]l%:eq%}n%ﬁ]la?lpg ?g%eﬁpﬁ?ﬁﬁggbﬁelat%&%ms@§ 8s He réference

ots. t her case, the

i crogripper has fingers t I as j octs :

A ShRRSt o ubb0TE SRR E R ER. agorencs
The device includes _a base 1 that cts.g)s. a blaseoc{{?or ol
efpckefe BomRieripds that hena kaawyp ead stehle qayUibripm glefrofe potential
and is rectangular. Two coils 2,3 are wound onto the
Ibasaisdd asi 4 hrefrranes rinti ogainsdi whibkithe neseritial Gieether electrodes
each end of the base 1. A gap exists between the coils
@Bpially thitethéldlogking eldagodmsemeasusing ebetrade)cantte measured in
ends thereof. A pedestal 4 is nmounted on the base 1 in

NG GRRLAEYERN. t he two coils 2,3. The 20 pedestal is
a right-rectangular block, with its major dinmension
ext endi ng across the surface of the base 1,

BE Q)Sﬂ)géd: Eﬂ'e@rot{;ﬁaﬁ&ewlag RYENa Ubnf1&iRAEE atea of 10 mm diameter.

Electrochemical deposition was carried out at room temperature (about 20°C) by an
electrical circuit which applied a current density of 25 mA/cm’ between the anode
and the cathode via a galvanostat. A galvanostat was used to ensure that constant
current was provided. The pH of the electrochemical bath was adjusted to 4.5 using

sulphuric acid and sodium hydroxide prior to electroplating. In order to ensure that
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A respective platform5,6 projects to each side of the
pedestal 4 and so as to |ie above a respective one 2,3
of the coils. The arrangenent is such that there is a
gap 14 between each platform5,6 and the coil 2,3
above which it projects. Th® platforns 5,6 are

thg eRetradhiind\vad ahiferad ahd Repkdiubibe, afbh@nas ciriet opt auder a
elng parallel to the plane of the base 1. The face of

B e Bt s apt szt ot 1

her ei nabove. 5 Each platform5,6 is joined to the

respectiy jacent side of .the st.al.. '
A} S3butondBe SRbERTRing o ln? of e BRES Aintud o' phosphorus
structure 7,8 is arranged to bend abouyt .an ax|s, that
(R){ChBiEayasitbrmmabom et mubtes souitarsd pith 1 Calihired laver.
its respective platform5,6 above the base 1 and the
Iir pafiedts, viee sujstietes (ot which2he Gebth thyehwee dapositad) Wers rotated
enbodi nent, each flexible structure takes the form of
d@ihgethe BiatreplaRiderocéssat has 10 the appearance of being
folded back on Itself repeatedly so as to have a
nunber of adjacent and concertinaed | ayers, all of
A}Pq%ié )?(x?:b %&@??&Ei@?%rco‘ﬁiﬁlaed,% ®lra¢ 8frAdtion, KXRIPAGAs carried out

ure has four |ayers; two |onger |ayers
o B Al Byl ROV L b i e
oR B be S b et 575 o i b Sl A e

t her ebet ween. For each flexible structure 7,8 one or
outen thi plaie glassgtbstates withthesnugered Grifky sreddayes be f%ﬁ'ay were
the other is attached to the respective adjacent
eletmdplatedwbithGhe Tdyer 6f €oRtBI(Bigate ctures 7,8 differ from
one anot her, however, by each being arranged with its
shorter |ayers adjacent a different end of the

MG YeAeeft in BifiRSAC Ay & SiIH@RE pkémikibnd Peakl étalﬁl?brbﬂmately

and projects froman end of each platform 20 5, 6,

t hgse S projecting in the sane direcgti S .
cBifst o Sne HONBIE 8 IR U ReRdren AP 10 15 re efeemeptic
of the base 1. The fingers 10,11 project away fromthe
opientafion. FigBe @ shows e \aégldgn&i pealaphservst at 3¢ approkimately sgual to
ends of the fingers are closer than their ends that

4315, Whit8@olresgonts B} thefrefldebion pbak ftb@ the aexagotalafioseqrbok (hep)
the finger 10,11 is oblique with respect to the

emalnde | 10,11 such that those 15
(For@bgﬂgitagé%{’%gé 8{1%@?&{% one anot her. Each free end

is coated with, or may otherwi se be provided with, a
mat erj al arranged to. p t rip between.the,fin
A FeanainEiel A o R SHUDGY Mo 16h oot S elclrOBled lass
Toget her, eacthIatfonn15,6 and the respective finger
substratesavasaekend The ST ds pray @ Hewsrs le @@aervef et ﬂ%ealayef of
respective gripping part. In operation, an electric
thel eleetndplated emtezmti hawarf dverage thiclawshs 66 #he coils 2, 3.
This results in a respective nmagnetic field being set
up around each coil 2,3. The magnetic fields interact
Wity t Be JBABRG %n!ﬂ?!:i@r blthd e?é&tx%?ﬁtdd' ﬁgég s Zaﬁie@n dut by

exert a force on each of the platforns

arrangenent . of .t he [ : lo
QR0 bl bt ACRY e olTBR Eliipdifh 540 30 Co, 0.6 w
novenent of the platfornms 5,6 about an axis
Yttgeddilct @Pto the plane of the base 1 such that the
free ends of the fingers 10,11 cone together and grip
an item placed therebetween. This rotational novenent
is against the action of the flexible nenbers 7,8. If
the electric currents cease to flowin the coils, the
associated fields are not |onger set up and so exert
no force on the 15 platfornms 5,6. The actions of the
flexible nmenbers 7,8 therefore result in the fingers

A PN A A o

N a
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application exanple, it wll be apparent that the
present invention nmay al so be used 10 in other devices
such as other m cro-devices. 17 CLAIM5 1. A materi al
conprising cobalt (Co), platinum (Pt) and phosphorus
(P) having a conposition of11994-98 wt % Co, 0-1 wt % Pt

T Hagn eﬁc:ﬁ% opérties o2 theaiag& vodsi do EREeANSHdY Ustngd sibratihg sample

wherein e material has a conposition of 96.3 5

mg %%n&epw %aﬁgﬁaﬂwlﬂ&%ﬁl v\%—gpéﬁ@@%?fﬂ@éleéﬁﬁ)@ﬁé’d gPiPOlayer

yoneo rein the material is

ected.tq, ann a enper 0
Wi deeaDie seo B irae it R oF ¢ sEAGT W& the layer
claim 3, vvhere| n the annealing is carried out un
thereon doenzaaing ph20®C and ssbjenting,pseqoad example:f hg &hssﬁte with
according to any one of clains 1 to 4, wherein the
tﬂgqgl?é'r' tBbrebs 162868410 At300°Onedchefos Qbisdura i ainbidnd atmasphere.
'ayer thereon. 6. A substrate accor di ng to claimb5,

}ﬂ? gpe it 'S¢ l@a¥§ whRs al@ot&lté‘r‘rﬁﬁéﬁ pPibr @b étﬁ)?e%hng e Myer to

substra e according to any one of clains 5 to

erein th strat
am;éim agqrg)ﬁev;ﬁo Itt:ttﬁc?v.ﬁ ﬁé)}aéleﬁ\g;@pyssc?r% gf%‘q’?g ; fﬂé%aPtP layer
| ayer of chrom um (Cr/Au seed | a
befobss tandt aftecbORA| JQCEPdc fniappealing, eTrhél Hrotpﬁ’é‘eﬁ oﬁnﬁaqué%pe pvere
of the Cr/Au seed layer has a (111) crystall ographic
perpestitults oroe@ivitk mtlpd remapénct moghedisating t {¥r), saturation
mat eri al according to any one of clains 1 to 8 20 onto
nﬁgﬁ&%ﬁ%@ms) taﬁ@ sieirbeds ¢O)Bf itfel lagert e sshrpsy of the pjoperties
provi di ng an el ectrochem cal bat h; 18 (b) providing

n{eﬁ rg(#lﬁssﬁj[, Bqnﬁmz (c) electroplating the materi al

e substrate in the el ectrochenical bath.

Annealing Annealing Duration | Ms ' Mr He

Temperature (°C) | (h) (emu/cc) | (emu/cc) | (Oe)

Unannealed Unannealed 1497.09 | 378.78 2191.77 | 0.25

200 2 1394.69 | 479.54 2595.19 | 0.34

300 2 1191.94 | 485.89 3039.51 | 0.41

Table 2: Perpendicular magnetic properties of un-annealed and annealed

CoPtP layer

Coercivity (Hc) is the measure of the strength of a magnetic field. It is usually

measured in Oersteds (Oe). A low coercivity denotes that a material is easy to
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10. A nethod according to claim9, further conprising
the step of: (d) subjecting the material to annealing
at a tenperature between 100 and 500 degrees Cel si us.
5 11. A nethod according to any one of clains 9 to 10,
wherein the el ectrochem cal12ath has a conposition

m%?% t%%@/gg %‘33%3%9"“359 Rl lal hi gﬁ &Ercg’i%ﬁ'détﬁﬁé‘s thadt @lmbtedif) is

I ons an .50 nol/liter of
PQ3- ions. .1 accordlngto claim 11,
h%%"é&%ﬂ?gpgtéseealné@trrgc m?lc%l bath has a conposition
conprising 0.025 nol/liter of Co2+ ions, 0.025
nmol /liter of ns and 0,07 f
RppeEst mageisaben (Mrhitwsdb e oUaeRy ‘f‘%%@“%@%ﬁe@ that is set
claims 9 to 12, wherein the el ectrochemcﬂi g‘&@?ﬂi
up by ehebjecbafiariihas hasnicspeser &0 2 SEEREMAEAIS i Hixply, it
sul phate and saccharin. 14. A nethod accordi n&to any
camiee eifid dlanithesrethanentiBagnetisation s & mecasire of it #hiliycefi a mgtenal

bath is at a tenperature of between 15 and 40 degrees
td@ta3h Hehaghétic flelget hod according to claim 14, wherein
the tenperature of the electrochem cal bath is 20

degrees Cel sius. 16. A nethod according to any one of

' L F ORh ahéke. irS néanbliedield
S&tlu?a{ tg? &a%ﬁert%g%?ry\gﬁs '1? yatcgfﬁvgdesﬁ}eegn&lighgﬁd €:40 cn® °

s%ﬂ-l,gfjt}é ﬁjtoea éwi hc[%?} qaégg%dﬁﬁ%ca& tﬁé qﬁtgh%g m%?eﬁlt% élhafon of the

according to any one of, clains ag]é{tag rein the QH .
mepterizhe THE cSHWISHAR nNAGICISAHOR usually, feRifdsss Owﬁﬁda%.lﬁ.cre s¢ I
19. A nmethod according to claim 18, wherein the pHis
tednpgerat@®@. A net hod according to any one of clains 9 to

19, wherein the substrate 5 conprises a seed |ayer,

the seed layer conprising a layer of gold (Au) on a
Sqayrenessf(S): tsr dufinednag Griati¢ Of tikuresmpeht| mygnejisatipn. to Ahe saturation
nmet hod according to claim 20, wherein the gold I ayer

i Eﬁ@u@ibwnﬁa@&fml&a{%ﬂﬁaﬁ a (111) crystall ographic

orl ent ation. A net hod according to any one of

cI ainms 9 to 21 wherein the electroplating is 10

%b&éjn%gﬁoﬁ&% ﬁg%ég&)ﬁr@trélgﬁd G Bt ﬁle%ﬁlﬁﬁéﬂt %dgﬁgtlsanon is the

according to claim?22, wherein
ptepmeaneeln %%arg(r)lgtllsaa 1|01r11 gthzlvltsre(r:naaril{sl glgeroﬁ!l% H@gﬁgl filed is removed. If the

external field is reduced further, the remanent magnetisation will eventually be
removed. The external field for which the remanent magnetisation goes to zero is

referred to as the coercivity.

As can be seen from Table 2, there is an increase in the perpendicular Mr, He and S
with increasing annealing temperature. It is observed that annealing induces a
decrease in Ms of the layer, leading to a lateral broadening of the hysteresis curve
and hence, a higher He is obtained. The unannealed electroplated CoPtP layer shows
high vertical magnetic anisotropy of vertical Mr and Hc at 378.78 emu/cc and

2191.77 Oe respectively. The layer exhibits thermal stability when annealed up to
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a rotational agitation of 100-1000 rpm 24. A nethod
according to claim23, wherein the electroplating is
carried out under a rotational agitation of 500 rpm
15 25. A microel ectronmechani cal system (MEMVS) device
conprising the material acctdding to any one of clains

330°COinSamiBnt A rél QNth ) iRfEOveang in PerpeadibuldbMr and He to
erein the ME evice is a magnetic M5 devi ce. 27.

d
VB devi [ aim 26, wherein the MEMS
g bl 33838?%8@@%5?5&’6%@‘?‘7 20 28. A MEMB devi ce
operable to grip an object between gripping parts

hereof , the deyice including field generati ans ...
Theeresils idicet hegosiniagnet pang padia pans By TgHoplating
arr;gged such that at |east one_ of the,grig ing parts
forgherfabriagsion ofdYIBMS deviessqin pagtieyiar.gnagnstip M 1§115 Gyices.
gri pping parts under the influence of that field. 5
29. A MEMS device according to claim 28, wherein the
The €laPtR) dayer shat ovasnfsbmeatet by ofpetraplhéng maydie appligable for many
magnetic field when a potential difference is
MEMBSE Cle®itet h@fag agiaks s us80of AelbfiMmaigiic eimeracticti @ tashieve
any one of clainms 28 to 29, wherein the field

n?@x%ﬁétﬁﬁﬁcg{? EXBABRs! JTVEIRSdRicek %ﬁglilﬁnlﬁe QIPHP 8/ Behy be used

rom an ectrical conductor. 10 MEMS dévi ce
.according to any.one.of claip 8 1o 30, wherein the
ltf‘ﬁ‘é‘%&mﬁéﬁwgﬂso TRARLT %“‘2‘&3%8‘? ¢ on a body of the
MEMS device. 32. A MEMS device according to any one of

cl ai 28 to 31, wherejn at l.east. one.of.the grippj :
Aot Be SR & G RIBEAB  REUPVRY gt D B T which
interact wwth the magnetic field and to cause the at
shess tthe rfepgsidspiang  papectivhayiews nisspeséiyelyheA 1 microgripper 1is a
magneti seable material to nove relative to the at
neehaticandevizehhat graspspinivgossapit .obBts. AshdariBligen ihae two roles. It
according to claim 32, wherein the magneti seabl e

n{@t&rmh ab Q1tH31 18 SERAHIOHhiGBmukEny or&dahe BidRIMBicRAbbots. In
34. A MEMS device according to any one of clains 32 to

eRRer, WE tg% {}Hfgc%&@é} fi&s BRI '333 Bhash ve&gﬂ-)&w BR 89 oBRELE o bring

each gri noveabf e ect to the

ther and ea i ppi n art conprising the
ey Dt oF thetingbRy " P RSN

The device includes a base 1 that acts as a base for other components of the device.

The base 1 is planar and is rectangular. Two coils 2,3 are wound onto the base 1,
with a respective coil being positioned at each end of the base 1. A gap exists
between the coils 2,3 in the middle of the base 1, and between the two ends thereof.
A pedestal 4 is mounted on the base 1 in the gap between the two coils 2,3. The
pedestal is a rigﬁt-rectangular block, with its major dimension extending across the

surface of the base 1, perpendicular to the length of the base 1.

A respective platform 5,6 projects to each side of the pedestal 4 and so as to lie

above a respective one 2,3 of the coils. The arrangement is such that there is a gap
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21 35. A MEMS device according to any one of clains 32
to 34, wherein the device conprises two coils, each
arranged to set up a respective field, each field
interacting with the magnetic material of a respective
one of the gripping parts. B6. A MEMS device according

of @hitBthe Loil 2, Bibovehaidh i piofiétsaTh paslords 5,6
b%ﬁlgﬁg%cgg%gﬁ%ﬂt S at?ached 0tvo t he 1bolttgl);i/kgtof thg VENVS

ST BT o Rt e
3
e il The e BESHH oty S8 S iR SpaBBuPHk BFobiel S

at |l east one coil. 38 A MEMS devi ce according to any
thereagnetic materigl Sescaibed hergimab@ien the resiliently 10
flexible structure is a flat, torsion spring. 39. A

MEMS devi ce according to any one of clainms 36 to 38,
Ewttephiforr He6 iegiihddetet the rebmexiivd edjseantstder of @am@dﬁt@l 4 by a
the respective gripping part so as to be cantil evered
rdsp&utive TRx Ibsitnturk 1. Mabibfledbicaeructatt 7,8 iMukdngdé v bend about
according to any one of clainms 28 to 39, wherein at

ah gf?i% tha? 'i'senc;'rﬁlagfd e :;Jh‘iie B&fHe HaSe £aR% &suppbit @rreﬂfe@wéj;ﬁgtfonn

a materia anged to pronote grip between t

5% R}%[\J/gntg%\%ar ! ?a%@gﬁhg Prﬁ%%%:fe \& a@ a&()ér%lg %g%ltf]f r\?&ﬁfd\/\@@{%m 4%1 this
gggﬁlﬁ'@g ,fq%?@@%@féé@%?@}: mt }ier {Logrlnzpfs an ¢ gnga?é ?nrem%er that has

. AHYy. AaS. AS?. ANy. AR A A@Qi@. A{. Au. A . A A@A A . A AS%
te Apestancaiof Being 29ld&bhack on itsel repeatedly so as to have a number of
=NXxzupke [ V] ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
ady G?ﬂt ?ﬁ%i @@iilmﬁ@ﬁhqa%@é\, ajlcsf] whikh alc Capapcajth ahe platfdoahs 5,6.
NalcTa]cal! x n

Eacp]IP BRkibld Mhfeturs 'Hagi‘&lrcﬁ%'é@] 2] l%ﬁ%é%ﬂ]ay“é‘i el Gad e &ﬁ%tﬁfﬂf the

cal ca] ca] ca] ca] ca] ca] ca] ca]caJca] ca] ca] ca] ca] cal ca]

@Jssg%"i‘g %]dc 8‘% G %laliﬁg'ni dﬁc% o5l ort la ers ﬁ:ag Ca?%par n‘jately
hégjt@trlegg]t}? ?’L}fesgh%?t]plg ai]yggglpgt% %%g%/;:y% t%]e qg ger aye S sallgwlched

&P&&&YH h @;lé | w mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca]

thereljetwitena Fonpeck] Bexikle sfruefjieea].8 ne a7 ¢he tl@}f@ra}ada![Scla]aEtaqh@d to

aljcalcalca]calcalcal( )))M))6***4+++; ,,,5----/

thd p&HRH64 rid Th3othet Gdtbdbhaiafocthad mape@jvea@dw}mia}laﬁ@maﬁ;ﬁ" The

a)J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]c

flid Sinahtdd ¢ 8o 18bri @90 A8 Rer, h&wever, by each being arranged with
T <F<<<<T===K>>>??? 2%@C@A AkAnAA} xsnhc"Y] ]]1ca] ca] caU] ca

agbral sakealsabealembcakaabeakoahaiaal cal cal cal cal ca

CCCCKDDDD' E| EE! Fr FFF6GGG. HHHHTI | 1 7333
f}%éﬁ‘?’)gérd Tt Ry G A RHoR SR AR ) R B p o
; 6, those ends projecting in the same direction as the ends of the pedestal 4 and
perpendicular to the ends of the base 1. The fingers 10,11 project away from the
platforms 5,6 and towards one another, such that free ends of the fingers are closer

than their ends that are fixed to the platforms 5,6. The free end of each the finger

10,11 is oblique with respect to the remainder of that finger 10,11 such that those
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c"X] ] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! aa
b" b} bbcf czccdi dodde5eeef =f gf j fff1g} ggh” hhh'i xii}xsnid_
Z]]]ca]ca] ca] ca] ca] ca] ca] calka] ca] ca] ca] ca] ca] ca] ca] ca

frééé}]d@ %&?&:ﬁﬂ&lqabﬁéhﬁ&héﬁ]i@dl frad ] Badoatelomills; af eadyi dtherwise
| m mmmm nnno- ozoooonV\ppquqq} xsnid_Z]]]ca

% tﬁﬁi\f&};%c’a‘] Bﬁ]}'c%}l ?ﬁ gﬂ g;l] caing’gé] { %g] cal at%ar: E?]rggﬂ]s%lg o
stittu7uyuvnvy XX yyzl zzz>{}xsnid _Z
lt%l?é%ﬁt&%t @WSL}] eﬁ] ca] ca] ca] cg] gg] ca] ]c]a] gg] gg] g

a] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]ca] ca! cE(10%& () - 10%m

fs109
nge%tger R ctr)n ﬁ_ﬁnilge é)%ﬁg‘v? )ﬁ}lgcirol)%kl Stac'hed thereto may be
10%& () - 38 10%r&' ()- 3S 10%& (
cdrBidesed(tp -forn® a oespect{ve- mgm%m @10% & ()-
10% & ()-3 S 10%& ()- S@10% & ()-- 10m 10m
10nmy510%r& ()->?  dEbCF 10%1 10% & ()- YnlO% & ()- Fz
Il &9k fichn) an EleGrit QY réht(i} cals8d 1OHHE if pactf of thO @ik 7,3 - This results
=NXdEbCF 10%n S 109%8& ()- ,f
inl® Wsfedtive tndghdQI4Eild(Dei 19 Wtin()each oil 20%U&: agh(Gic field
110%55%()- Xx@n : N(%; 1o§/m 10/6)6%/ 0110/ 310°/§ﬁ8?g}() o

141?%%:%%@141%@%@%@ ﬁge/i‘ieﬁ‘ S ori th%%lét@oﬁrfg‘ ié and &x&P ¥8tck on each

of the platforms 5,6. The arrangement of the flexible members 7,8 results in these

K[ KKLWLVLLNTNNOZOPR- U( WHAAKOZ\ r A A T Eaya| aa| wr nh

forces causing substantially rotational movement of the platforms 5,6 about an axis
perpendicular to the plane of the base 1 such that the free ends of the fingers 10,11
come together and grip an item placed therebetween. This rotational movement is
against the action of the flexible members 7,8. If the electric currents cease to flow in
the coils, the associated fields are not longer set up and so exert no force on the
platforms 5,6. The actions of the flexible members 7,8 therefore result in the fingers
10,11 moving back to their previous positions. Thus, each flexible structure 7,8 is a
flat spring that serves to support the respective adjacent platform 5,6 relative to the

pedestal 4 so as to be cantilevered.

As described above, the CoPtP layer has enhanced magnetic properties and therefore
only a thin layer may be needed to generate a magnetic field of sufficient strength to
interact with current in coils 2, 3 so as to create sufficient Lorenz force to move
platforms 5, 6 and hence cause the extension arms 10, 11 to act as grippers. The
CoPtP layer acts as a permanent magnet and is magnetised as a magnet before it is

used in the microgripper.
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b2IoB3 $0UUBEiuther, EithaBsie( ymbodiments describe a microgripper as an

application example, it will be apparent that the present invention may also be used

in other devices such as other micro-devices.
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2. A material according to claim 1, wherein the material has a composition of 96.3

wt % Co, 0.6 wt % Pt and 3.1 wt % P.

3. A material according to any one of claims 1 to 2, wherein the material is

subjected to annealing at a temperature between 100 and 500 degrees Celsius.

4. A material according to claim 3, wherein the annealing is carried out under

ambient atmosphere.

5. A substrate and a material according to any one of claims 1 to 4, wherein the

material is electroplated on the substrate to form a layer thereon.

6. A substrate according to claim 5, wherein the layer has a thickness of at least 0.5

pm,

7. A substrate according to any one of claims 5 to 6, wherein the substrate
comprises a seed layer, the seed layer comprising a layer of gold (Au) on a layer

of chromium (Cr) (Cr/Au seed layer).

8. A substrate according to claim 7, wherein the gold layer of the Cr/Au seed layer

has a (111) crystallographic orientation.

9. A method of electroplating the material according to any one of claims 1 to 8

onto a substrate, the method comprising the steps of:

(a) providing an electrochemical bath;
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10% &Y dtectroplating the @faldrihl 8% {ybsfrdie LOHe&ldciroctemical bath.
10. A method according to claim 9, further comprising the step of: (d) subjecting the

material to annealing at a temperature between 100 and 500 degrees Celsius.

11. A method according to any one of claims 9 to 10, wherein the electrochemical
bath has a composition comprising 0.01-0.10 mol/liter of Co?* jons, 0.01-0.10

mol/liter of PtCl¢> ions and 0.01-0.50 mol/liter of H,PO;  ions.

12. A method according to claim 11, wherein the electrochemical bath has a
composition comprising 0.025 mol/liter of Co®* ions, 0.025 mol/liter of PtCls>

ions and 0.072 moVliter of H,PO;5 ions.

13. A method according to any one of claims 9 to 12, wherein the electrochemical
bath further comprises boric acid, sodium chloride, dodecyl sulphate and

saccharin.

14. A method according to any one of claims 9 to 13, wherein the electrochemical

bath is at a temperature of between 15 and 40 degrees Celsius.

15. A method according to claim 14, wherein the temperature of the electrochemical

bath is 20 degrees Celsius.

16. A method according to any one of claims 9 to 15, wherein the electroplating .is

carried out at a current density of between 10 and 40 mA/cm?,

17. A method according to claim 16, wherein the current density is 25 mA/cm?.
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MEMS device.

27. A MEMS device according to claim 26, wherein the MEMS device is a

microgripper.
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the gripping parts comprises magentiseable material arranged to interact with the
magnetic field and to cause the at least one gripping part that comprises the

15 magnetiseable material to move relative to the at least one other gripping part.

33. A MEMS device according to claim 32, wherein the magnetiseable material

forms a coating on the or each gripping part.

34. A MEMS device according to any one of claims 32 to 33, wherein the device
comprises two gripping parts, each gripping part moveable with respect to the

20 other and each gripping part comprising the magentisable material.
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' S'ﬁem\gi(e StI{Ll Eure is a flat, torsion spring.

39. A MEMS device according to any one of claims 36 to 38, wherein the resiliently
flexible structure supports the respective gripping part so as to be cantilevered

from the body of the MEMS device.

40. A MEMS device according to any one of claims 28 to 39, wherein at least one
gripping part is coated with or provided with a material arranged to promote grip

between the gripping parts and an object gripped therebetween.

41. A MEMS device according to any one of claims 32 to 40, wherein the

magnetiseable material is the material defined in any one of claims 1 to 4.



