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ELECTROFORMED COVPONENT MANUFACTURE The present
application relates to nethods of nmanufacturing an

web@coessor med conponent and al so to appar at usPGUGB2dbB04507

for producing eiectrofornmed conponents. The

el ectroform ng process is used in a range of
industries to form precision tonponents, such as
stencils. Currently in the eIectroforned stenC|

i ndust ry EAEGETROFORMER-COMRPG JUEACTURE

as the substrate material for the subsequent

manuf acturing steps. The mandrels are typically nade

out dfhespriseheapplidatieh relatestophettedesifshansfagfupingesh t o
t hem_ Usi ng I|thogra8hy t echni ques t he Bhotoresn St |s

%ﬁ@ff%fpﬁeed pemr:@@@@ta d pisonie anparassiaple fog ppRusin
patterned photoresist forma
%‘?{Z{F}dglaﬂﬁé@mg{&r?tbg%mm ch the stencil is el ectroforned.
The sthenelectroformimppratess amusedelrmzmn@ of mldeaines tarfiorm
mount ed in franme for

TP lPee Pt o enels. Cuarniy PLEnaprESHREd enci

inawsth) lergd nighl éhd&s sosfbl efiarttiraRehes useE bk lﬂlﬁe%u@étrate material
reduced pi t ches. nmponents havi ng apertures wt

far mee%@seaﬂenb@fenumummstﬁmf dihednangiels e mpw@dlygnade out
cPf'sttéﬁHle%E skl fa%gioa phoﬁ;fﬂé's@t %a?&é% éz?ﬂqefmé el @Is%qg&g@gpf%}hg

range catrons
tethmlhues ﬁtmpleohoeemstne@attbatedttbdeanportmns&jf the mandrel

Bprr 1061 nane e AR 30 PrPmEs el RISt o o Stenci mbuid onto

WiRieh mhél §%%011T§‘§Ie%fr6ﬁﬁ'ﬁwtedapMé %ﬁbﬂ’% FPhAIRBTr&M the mandrel,
apparatus and nethods which, at least in preferred

CéMrmdaMmum@Imarﬁ@nmfmmbl orate at | east sonme of
obl ens _associ a(tje Itr t ftecB ni_ques. Y ﬂ
from aTe is pn AONg ‘?’iﬁ‘@”ﬂ -5 ﬁ? FQIRHNEH SONYPPNSES, S as

ét@n@lls”@éﬂ%’&e‘@ff defihifiginalbrliffble? lapeifarfes BRAGBY pitches.
r|3|n§]the steps of: (a) formn?aconductlve seed

¢<a|§m§onerﬁis aymapewesw h @dtamaﬁeﬁ@ lesgdhae 198yt dai @xample
é@’ﬁ'ﬁ ét*bepﬁ&{‘gflgﬁu-‘éﬁoﬁ&?%nh Weh: su%D‘POO,um, are desirable in a range

of applications. However, forming apertures at this scale requires that the

photoresist is patterned at a sufficiently high resolution and this is difficult to
achieve reliably with known techniques.

The present application relates to apparatus and methods which, at least
in preferred embodiments, overcome or ameliorate at least some of the
problems associated with known techniques.

Viewed from a first aspect, the present application relates to a method of
forming an electroformed component comprising the steps of:

(a) forming a conductive seed layer on a substrate;

(b) providing a patterned resist over the conductive seed layer; and

(c) electroforming the component;
wherein the step of forming the conductive seed layer comprises spraying at

least a first solution onto the substrate to form a first conductive layer.
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(c) electroform ng the conponent; wherein the step of
form ng the conductive seed | ayer conprises spraying

wa@tonmessBl a first solution onto the substrate POI/GBRINGA04507

first conductive |ayer. A seed | ayer could be deposited
t hrough a vacuum deposition step (using, for exanple,
sputtering, thermal evaporati®n, or electron beam
evaporatigon) which creates_a highly snmooth and uniform

coat ./r\@eeq‘ﬂﬁ-y%ﬁ@yﬂ%heﬂepﬁsmhhnw%wﬁcwque@oalw step
(s, Fitexefifle; SRR SRR olairaBSn 5! AbEloltbedm,

empuraﬁmn)rv@mh ereajas privghly issnadtls @ndi Lg‘mforrﬁyccsannglert@ @roblem
bstrate to

¥F SeoBn lebosTonis i nidh st 341856 pistiessligaime BsBociated
wmh m.sp%aeganMﬁbNm@a@gtw&ha% éhafﬁﬁanﬁfaumhg%
is preferably a silvering solution and the resul tant

equimenbiscalse Mgh. | By spravingatdpasta first goluliparorde the substrate to

) DR LNETB 1A A0 AR BNl Bp B

eqyipement.ain silver nitrate (AgNG3) . The S|Iver| ng
npri se Refl ectasil

I f
§.° | 3@% ftrnsg @9@'3{3 é$e )B?ﬁ'}graiﬂxéa Shvering solutiangpddhe 6@%&'#9&% first
iy Teﬂje%!] eHlfeff bRPA F5/ek bRERers v%ﬁleﬁag %%E)@V’f/ﬁ)ﬂqwﬂblly

y roxi de resu ti ng ‘l ayer of si

' foem'ssaaiveefulanmdntthersabsﬁrateprow des a good base for the

| ater..step of electroformn st encj | A cand . .

bl ot T SReeing St g Tolibit St mibSte, N aec e sitvering

é&umﬁ heyf fdr%txaw!@ U&im;‘f{ﬁsé Réﬁéctaé'lh RATST srwlersql &1 Q0er nitrate
| e, be a reducing solution, such as a

m or exa
3:5111:03/0 emmeniacaiution miked with adufiergoncenyate, such as 10-30%

SRR, THSbUBbaR SRS AL Hl ARhudRe B rererore
poefdesabyood base ferthetidter biepsdf edactrafomming thelsmmlns
aren‘pl&ra yed onto the substrate sinultaneously.

exanph &econd splufien raawa%chﬁq%pr@w@pnm@%ws@@t%m foyeythe
TR PRSI T sPRARY el ol TOB7ES: hiin
sdhencrred;uch 1ag s nlixtureof Eeﬁmtahbﬂzhedacesr mn€5°b§dmm&tbhyde
'i'rrlmﬁrslt %%S s%cgnd solutlong %a}y !)g %p?arilte% onqo the substrate one after the
other. Preferably, however, the first and second solutions are sprayed onto the
substrate simultaneously. For example, the first and second solutions can be
sprayed simultaneously by a spray gun having two nozzles.

It will be appreciated that the silvering solution and the reducing solution
described herein could be mixed immediately prior to spraying onto the
substrate. Thus, only a single solution would have to be sprayed.

The method preferably includes the initial step of cleaning the substrate
before the conductive seed layer is formed. A sensitizer solution may be
applied to the cleaned substrate after it has been cleaned. The substrate is
preferably then rinsed to remove the sensitizer solution prior to forming the

conductive seed layer. The sensitizer solution may, for example, comprise 5-
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substrate. Thus, only a single solution would have to

be sprayed. The method preferably includes the initial
waee@p/oef33t| eani ng the substrate before the conPUGBI@G/004507

seed |ayer is formed. A sensitizer solution may be

applied to the cleaned substrate after it has been

cl eaned. The substrate is pBeferably then rinsed to

renmove th iti , . .
topsindns s, Sabthragseniorescinod 1 84 e frnous
isat . . 0 : .
ol s TR 16 pRidhpn e, uRi bRl TSeanaubstrate

( st ¢ i .- f .
: henﬂﬁg’gﬁj ehfdriitglhe Eenductive sdeddayer may perpesalspplying a

e s Bt T S LBt
Iayfegggﬁ %e‘i}ﬁ pﬂﬂ&&ﬂ the Jlré‘ty&fé'no%ﬁﬁ\i;e [ap@r pravided ondhie suligtrate. The

s seécond co t
oo bonuctuercyet o 1%%&%?%%&%%%@4 b rstpbfesince
ctiv : : .
eSS SRLEAAM B TSR, I St it
coRdLER/d ST 1f/BF Faydcansistlog 1wo (biemetalltc)vihirée Ke-metallic), or
appreci ated fhat the conductive seed | %yer e 9 e St
m«gfen%oamgtupbve llmaea$.| Pé%‘:er&;my,é@\/wﬁh sgedilayer ¢ nﬁi%?é‘f%
. I v,e s. Preferably, h ,
S'Qﬂiﬁgf’g?gdb\?e I?}g‘r‘ngl e con[jﬁctiyve I()\a/:/;\é?.r Tthgestsggdolf Ve
glro omrfgnfél@ga)g%g/iamtwlpamﬁned rpsiet preferaplycerpprises applying a
an '
subblatiend cophieds pueCeblesioguer it B fle Sael Faetland then
reﬁ{oﬁ &ng oF %rﬁ%e?é&éé fdad bahe eakist. . THG ecsisisis prefesably a
ably a photoresist. The resist is preferably.
pt?lﬁbnteﬁi‘es‘h.e ra‘ggsqr??@t is pneﬁegnabmgatteée% qugglthgw@pﬁmg%ﬂ{%%e&
. .case have 0 ' ; '
|1 ibae BpRriasair B PRt adFnaiEAREISENRE Rald g
|itg§§r§§hgﬁb%§ér testshrahachisvbaewiiacsUirstmte withchhigh surface

, b ' i
e bl e
rqu i o
oSLIGLAR PR ool B g aast
sEpHahtiAR DM ERdiBUP b thes surfaoseof thastibatate. nidsiap a substrate

mandr el , causes scattering,of t
with a rough surface, such as a megal mandlgeeL causes scattering of the

reflected light which results in a loss in imaging resolution. Any material
capable of providing a high degree of surface flatness may be used as the
substrate. The substrate is preferably made of glass or silicon.

The first solution is preferably at room temperature or at a temperature
less than 50°C, 75°C or 100°C when it is sprayed onto the substrate.

Viewed from a further aspect, the present application relates to a method
of forming an electroformed component, the method comprising the steps of:

(a) forming a layer of silver on a substrate; and

(b) providing a resist over the layer of silver.

The electroformed component may be an inkjet nozzle, a fuel injection

nozzle or any other microelectromechanical systems (MEMS) component.
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reflected light which results in a loss in inmaging

resolution. Any material capable of providing a high
waelewrmes3dsf surface flatness nmay be used as t hePCT/GB2006/004507

substrate. The substrate is preferably made of gl ass

or silicon. The first solution is preferably at room

tenperature or at a tenperatdure | ess than 500C, 75C or

1000C when it is sprayed onto the subst t
Hdwe)m Ahteledtforspe componenpisgyefarably é@a& *hﬁm?%l?fé‘és

met hod of .f n el ectrof ormed conponent, the
prﬁ@f asshpT QF'HE ﬁ%%scﬁeps of: (a) forming a | ayer of

si | ¥REn@IR [roaubsd iridecoraamcd wth ihepresiend invendohsire syrigally

t he | f I h
sultablarot ueg i @ WS FaomOf BBPICAHPRE 1 B HIEOUPaC Shosge

fa@%%ﬁlen”hﬁérﬁé@%“&rﬁaé?fif%?%%?fm'%%ﬁ%’n%m”‘?“:"“% Fr
expheglertablsyercilsman tiel suitabie for enioting PENiadefiETUIGArdS:

d%@éﬁﬁgéwrf,é{‘sﬂ c’&po%:ltlgge Stn%{ﬁ%'\t)\éﬁ F\%ﬁggcrgg&t é(fhductw?/ or

d|§|%bfri%%§tefri%s use in a wide range of applications in
el ectronic substrate fabrication,

packéigivag feord aclugber aapectathedEsnt Aol GafpaEefes 6 Frethod

ofpprrshoa Elstd SRer P meBndlt ey ledibliiphane steps of

depng foriiing @nsbiteluictiee edb@myeepnca sghsteatet i ve or
dielectric materials.

t he (& @g@ﬂdlng@ppaﬁqppg r{eﬁl@‘: cayeerg%n &%Q]aﬁétﬁ\lﬂggée%qs %?/%P and
D oS R ERG ebanRfleferponent . the et hod

conp form ng a conductive seed
whaieii, the candubtive seed |ayb) cpmmses ﬁdaﬁaerﬁéftadlé%ed resi st

he. Tonraon alblasBrol phe! il EraBheMuR. "9

ayer

b&?&ﬂ%“e‘ O r‘%léti’%ﬁf lo@f reSidtade, pTd)\ﬁdé@é@idddmsm‘foa thealaber
I'ver is rel’atively strai ghtforward and, because

elektrofosmirgd siiepvel y | ow resi stance, provides a good base

For ﬁ'ﬂg Ialyaetr%rf sq\lléerclgrp%%rréglg)%pﬁﬁ@@ using a silvering technique.

The silvering technique may comprise the step of pouring a silvering
solution over the substrate. For example, an ammoniacal silver solution, mixed
with Rochelle salt or with a nitric acid/cane sugar/alcohol mixture may be
poured over the substrate. Alternatively, the substrate may be immersed in a
silvering solution

Preferably, however, the silvering technique comprises the step of
spraying a silvering solution onto the substrate.

Any material capable of providing a high degree of surface flatness may
be used as the substrate. Preferably, however, the substrate is glass or silicon.

The step of providing a patterned resist preferably comprises applying a
substantially continuous layer of resist over the conductive seed layer and then
removing one or more selected areas of the resist. The resist is preferably a

photoresist. The resist is preferably patterned using lithography techniques.
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The layer of silver is preferably applied using a

silvering technique. The silvering technique may
we@ewpnesel t he step of pouring a silvering sol upCDOBRUNEI04507

the substrate. For exanple, an ammoniacal silver

solution, mxed with Rochelle salt or with a nitric

aci d/ cane sugar/al cohol m xtduxre may be poured over the

substrate. Alternatively, the substra e

i mfiewed iflonaadirtber aspechdhaireseTBRAP 'g%tﬂﬂ'ifekf%&ﬁé%r ,
oo, AL S PO EREEDAEBublc i pltoincapsauctae

utl e substrate. Any materi al
coﬁfgﬂﬂ:}éﬂ@a @bgauoﬁuegses@ Eyb'r ghd dguateened resist whereindbaess
y be used as the substrate. Preferab :
condustivenseed laygr sempEEes @ YT Stgr s %}SS‘FE%%& %fsﬁﬁgéqg
e ) . . .
P B e o e e ower e o
lagemaisilveve seed | ayer and then renoving one or nore

selected are of t esl ' i :
2 prito et e Frgt iy omHiBe il fle fapePbrafes!
Alg@srhggxtxéw{mhg&@aﬁhye ttaea hi@ih_ghley_e?éi reep thef providedfin théepnductive
) re
S@fi&@t’@ht leorf @?areglggﬁrlg%rclrﬁ%%tgbgp e‘%\%éﬁt@%{ﬁ%\?&aﬁ‘thg ﬁé‘fe‘ii of
s ihggt%tt%HPé& S B8 !H?év%ﬁé aQitab16 IBCMIE LR rERRSla lsBil.

terned resi s erein the conducti ve seed
| ay evieo@apiroraessiil fusther aspedti theepresahicapplicelipnsglates to a

el s B ROk o 2ol LprpHE e gopset
The CoMgMGhG osiRRftiaXesd IByerapsibstratal sntihe | ayer

of stTver. ternatively, one or nore additiaonal
| ayefly prayiding alayer obtedist aves thepenudtive sesddayelyer .

or .exanpl L f : i
whiteif dyepontudive e Bhe GsdiEn BB Bf el 0V e
sui t lﬂ\ebgntfagéo@émhé ndyer F Papist rade pootect tiedaperetrsirciure

still further aspect, the prese licati
whitstdt isranstiedber dufing H@napwg@ﬁ&%g{ féﬁ?%@% (E:??Eéswr{r@g)l‘rg: ﬁgd

conpri Si t : i ti
STETRIS LT E0To Wiyped Apnsuing oo
tdPPicilesOVRHUS, tiee layededs-struetuseethylinlfiatly be a generic item which is

subsequently tailored by a manufacturer to suit a particular application. The

resist is preferably a photoresist. The patterned substrate may be suitable for
electroforming a component, such as a stencil.

Viewed form a yet further aspect, the present application relates to a
method of forming a layered-structure, the method comprising the steps of:

(a) forming a conductive seed layer on a substrate; and

(b) providing a layer of photoresist over the conductive seed layer,
wherein the step of forming the conductive seed layer comprises spraying at
least a first solution onto the substrate to form a first conductive layer. The first
conductive layer preferably comprises silver.

Viewed from a still further aspect, the present application relates a
layered-structure comprising a substrate, a conductive seed layer and a layer of

photoresist; wherein the conductive seed layer comprises a layer of silver. The
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wherein the conductive seed |layer conprises a |ayer of
silver. Advantageously the |layer of resist nmay protect

W@ b@7ledpar ed- structure whilst it is handl ed orPAUGBRW6/004507
transportation. The | ayer of resist may subsequently
be patterned to forma patterned substrate using
I|thographylteghn|ques Thus® -t he | ayered-structure
may initia e a generic itemwhich i ubsegue

layer ofosivar wpréf%hhffagm“@fiéls'%aﬁlwflm@ ﬁ&&‘?‘f‘s eﬂ‘ Byt of

I?cﬁB defdtid ?begﬂ%ﬁ%é?ﬁl‘ieﬁ dl'réctR/rcﬁTtS rtﬁ@bé/e? oPQFNé?r THeSlayered-

e patte ate nay Sui t
stehctoter isfpyefaraigly a;udahlpcfnefurmlw 8 rpazﬁerr&ectsld@ﬂirate Vihewraiterned

legqrtrg?\t% eﬁ%b%%hé%lﬁ (jgrs &%g{g?fﬁgrrﬁgwia E§§‘&PQ§R§ tsyﬁ:@tdus?% stencil.
t he YRIWRRPréRMPiUriidt@shbet, meegﬁes@ht invahtiéo refates t® a method
conductive seed | ayer on a substrate; and (b

oﬂopr@dudnnggaraelleatr@formedmmmrwt§P”W'éfn9t the %@E\%{ QEti ve
Seed(e{)ié@ﬁlhg%&ﬁd%ﬂ(/gese%ﬁ‘?%/é)r orf ?%Ubé‘tga fhe conductive

seed riSes sprayi ast a first
sol ugh)roviding 4 patterriest regisé over meronnaiubtlvesseed)iaumww

llayer. The first conductive |ayer preferably conprises
si v@)eeﬁt@x@aﬂmedh?gomnqnen% 'urt her aspect, the

Pr esERErARRhE S GFToFrﬁln@‘t% c%nHaMWeegeéd Iayet Bbprises

conprising a substrate, "a conductive seed | ayer and a
sbmymg aifle psioa first soaductivedagemontadhe sHbsicateve seed

f
< rep i dgfys BYSete e et b Saior s hs o
sy Kiutdiet Aresiasielysa Bl %b?afylra?g)tédhﬁthﬁ meytdeyused. If a
ontothe layer of silver. The |ayeredstructure is

tr;armaésamwn@tﬁmam@ is @mplayed.rige Arsicondusiive layssmay ke
The %@tﬁ%ﬁ\%ﬂgﬁ "RAfor I)P& vﬁi‘é‘dﬂﬁ@ia‘fs bR'to the subsirate. The

corrponen such as a stencil
cbh@uf&tﬁ/eflayéhmyaw@&Emd@mqmmmelﬁoppw,emiuwmmurrebamekel which
to a method of producing, an elqeg%L?oforrre

ag ApAVH e Nee BURTIEABSINGeBALThTgY OEbRG fETTI G s chllovs,
QE‘P{ a5 (ﬂ(e‘? aﬁg)zsrﬁégta\%o tgc—lf-’)aPBﬁébV hghggn@rnﬁéltcbghﬁﬁ dedHffidds.

Ve the ¢én e seed layer el ecttof orm ng
the tteped&om awet fiethertdspest, Qpe presfedjt applg:atls)@ relates to a
ngeqcﬂgg tflB’r(e)da((:el(rel(\cjj a{nagl trg%n%ed component, the method comprising the
steps of:

(a) forming a conductive seed layer on a substrate;

(b) providing a patterned resist over the conductive seed layer; and

(c) electroforming the component;
wherein the component is electroformed to a thickness less than or equal to the
thickness of the patterned resist.

By ensuring that the component is not electroformed to a thickness
greater than that of the resist, apertures defined in the component do not suffer
from closure. If the electroforming continues after the component is thicker than
the resist, material may be deposited on a top surface of the photoresist
resulting in over plating (or mushroom plating). Accordingly, it is more difficult

to control the size and profile of the apertures. By controlling the process to
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spraying at least a first conductive |ayer onto the
substrate. The first conductive |layer may be sprayed
womoasem3sol ution, such as a silvering sol uti oPCT/GB2006/004507
Al ternatively, a thermal spraying technique may be
used. If a thermal spraying technique is enployed, the
first conductive |ayer nmay-Be forned by spraying ’
nolten and/or finely divided netals on to
en@.u’eStha’alhe thitheess of et ¢Qmp¢'3§férdQ$ﬁy‘°tle€5Pe%‘5< Qﬁ'ﬁﬂ% the resist,
thesmopens ams b 2R nf hERpBhEHroftaBl 1R a IERIESS n

thé tga%'@;@ 1B18A to AoLAY, $0pwtzfn1<a&:m; ¢®@hmdbl1@¢pnn;13r}g1£0$l@1 1503

pl'i ed th |
oai e oo, (ol cogk 110 | UL Ve MR {7
s0jfh fhidke: i9sh fle BEQFACLd péﬁbrﬂ'tﬁrékﬁ@§§rvﬁéi cenpopeatis,

onprising t estepso (a) formng a
préferabig bistensieed | ayer on a substrat e: (b) pI‘OVIng ng a

tt
P2t st v et S RS SBRER I fsb B pppgton oies o
m&ﬂ%%%%ct#&omhlﬁgtd Srapomshtion & phiterictesbstrats, thapatterned

qual to the thickness of the patterned, resis
subaisate camptising teneonstietve saed 1ayeR aNde E%ftt‘?r@fegrrﬁﬁ@?’%(%hed'em

the émq:tﬁggss rrﬁgtseeg%%crb‘?grr{u|ﬂgtth8fcoﬁ£b%{1%ﬁ§tosé thlél@r@éés%% than or

onen not er from cl osure.
dtUﬁﬂ thethrskhi e of Magattarntd nesist. af t er the conponent s

k h
o e 4 T
stgﬁ!)sfa tp @% rfn% o coéﬂ% Blh%?élﬁﬁefefﬁ’%? i@ bbi-polar wavefoen

the Si and profile of the

cotﬁlﬁﬁr?él?% @Scatlﬁbdlcmnﬂrm anmrgctphlgsep r'E}mgggthngc puise prafgrably has
a

o faveer Rk valUs aiate rRECPYRE LT DR perdd o 4R o fraRRen the
ceﬁﬂgggm@%% nﬁ;ﬂ%@% Hé;fn@ﬁal@%%ggféatésﬂ’tﬁaa the pehied rodriges Qﬁenwhlch

vmto 150 150
thaQfhodic iﬁhleepﬂ appliedi $hewavefarmeisal e@rgmm St%(rS‘ai% et1grrm

aéﬁwégﬁgﬁ{ Zqﬁ%e%%reﬂ%\;e%rﬁgﬁed%&ﬁﬁea ke i AbpRéhnt's
international patent application number PCT/GBZOO4/00031 8, which is

incorporated herein in its entirety by reference.

The present application also relates to an electroformed component
formed in accordance with the methods described herein.

The term cathodic pulse herein refers to that portion of the waveform that
causes deposition of metal. Conversely, the term anodic pulse refers to that
part of the waveform that causes removal of metal.

The term patterned substrate used herein refers generally to a frame,
mold or template on which a stengil is formed.

Viewed from a still further aspect, the present invention relates 10 a
method of forming an electroformed component comprising the steps of: (a)
forming a conductive seed layer on a substrate; (b) providing a resist over the
conductive seed layer; and (c) electroforming the component; wherein the

conductive seed layer is formed using a Physical Vapour Deposition technique.
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preferably a stencil. Viewed froma yet still further
aspect, the present application relates to a nethod of

WE@k@®eN6BBOr m ng a conmponent on a patterned sSubBCT/&@B2006/004507

the patterned substrate conprising a conductive seed
| ayer and a patterned resist; wherein the nethod
conprises el ectroformng thesconponent to a thickness

| ess_than or equal to the thi of .t he patterned
" esi 5e SIRGEOQIERT BPBPREENIS RESRERY PSIERGH or abl y a

st engy, Caﬁﬁﬁctﬁ)ee%é@%gémnﬁg h%t\/é%stl'ﬁtfkrfelég |88 the@sor equal to

descri erein preféerably utilise a bi-polar
thnee/ aeficnomsc Grpfarablygthe cmdwﬂv& saed layer hved thighness less than
ﬁ thodlcﬁfulse preferably has a | ower peak val ue
O'Eﬁ%'t'a RENGABEI ¥ pul se. The period of time over which

the TRékeAHGH §@ed f‘ayépﬁialyejbmmls@@fmrwiét)ofgﬂteatm or
than the period of time over whi ch he aBOdIC

Cﬁrﬁp‘neea' heTidlaganemsenwill apprasiate Aatt §dﬁ§’g gctlvlehgeeg ﬁayer may
bgz @frgﬁﬁotﬂéﬁﬂué}\prspo' ar current waveformis
SCr

1Nt plicant's international patent
appl Thetsubstratenis qrefeEabIEBREMEHG0EE 18 forwtatiom ¢fthe conductive
orated herein in its entirety by reference. The
S%‘?‘i?é}éf application also relates to an el ectrof orned

cormt?ﬂg ybsRafEd ﬂr@fé}‘éﬁl?ﬁﬁ'@d@@f Ylabs. HbReV®!, tadl be

descri bed herein. The téerm cat hodi c pul se her ei n
appfesiated thattthe spbstratenmey betisadepépiahneatgiialéauses

CopeThbisgReRbi BuPbres BRYAGE, i A EPRARRL B 86
phREPVabuwh foEhed pridhe fopmatipaof teneshdudtise saed lmd

T et L B o
BB PO A IS Wi Shgbgnon <

conp Pr@ﬁeﬂ@dt é‘mbed mtebf tKeapreSenimngnimrcwﬂUmmheedmlbed

| ayer on a substrat@? (fbeﬁT 3 I di n a_resi.st %

by oIk PATBIERNY Ayl reTafRceds taf AEeoBPARHIH PRings.
onent; wherein the conductive seed | ayer is fornmed

using a PhyS| cal Vapour Deposition technique. The
el ecFigfrerhstbws spoematically swsiraieliy agceidanee with the present

invention having a conductive seed layer formed thereon;

Figure 2 shows the substrate of Figure 1 with a layer of photoresist
applied on top of the conductive seed layer;

Figure 3 shows schematically the step of patterning the photoresist by
exposing selected regions to UV light;

Figure 4 shows schematically the patterned photoresist after it has been
developed;

Figure 5 shows the stencil being formed on the regions of the conductive
seed layer not covered by the photoresist;

Figure 6 shows the stencil separated from the substrate; and

Figure 7 shows the stencil once the remaining photoresist has been

removed.
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The conductive seed | ayer may have a thickness | ess
than or equal to three microns. Preferably, the
weondoeve seed |ayer has a thickness |ess theeir/eB2006/004507
equal to one mcron. The conductive seed [ayer may
conprise or consist of Titaniumor Chrome. The skilled
person will appreciate that9the conductive seed | ayer
may be f_orrred fromother netals. The substrate s
pr efgae alifforent stages ipttieomangfach el ia@réﬁ?tf?{ﬁémed component
_condyctive,seed | ayer oh i r
i ARSI IE e PEa IV fof AR SHENE ih FIUrep 2 1in the
pres2fit sHbS tthatefediRfolredraompohent iber steaciefl ibut & withpe

substrate is preferabl I [
ool dparvies Y B0 AR AT G PATRE on
I { eals g
S BFeF T Saafh o ons agoun n v
1. efectomdudieaseed dpyard: C@rnpris%atsﬂ\/@l’r\‘@)’%"r7-pﬁﬁ“§eﬁﬁﬂ"8§%?” of

depositio Pr ef d iTE
the RRATIR hiq B0 5 S BRERs Pl oy b Seselbes T o
onl yrh_evggé@s E6hSrABEisicRedrierl thoeauyhnyo iinatdt svireryef amndust
whi ch? Frgure 1 shows schematically a substrate in
orgpeasaafive caaring meyheBaferman BHIpg SREGRGIgICa pre-clean:
conducti ve seed f =
ey s RNy B G484y g Ffince e e
pazﬁd(!;.lvl\g%aférta‘nmﬁé wdtechemmidalgireraeareny, foreaxanmlguvse 8

schematically the_step,o atterni t
degengent.anehanp| 0eaERISNAg The %@@&aper gy GRS 'Bg F{%i@s'i‘?%rf? '
e%éﬁsﬂjig& SShgrat | cally the patterned photoresi st

_ as been devel oped; Figure 5 shows the
gte e gpl?% gleets rsgutbgtvataem iaaﬂnenrveett@gomfsitwntirﬁ@%%ﬁamﬂh Je
er Aty
sensitizer s%lutiorr}ocorr?é)r\l/s?rﬁge g-'ﬁ%/o tfgr(reniglg\%fo‘? PO hydrochloric acid and

1-5% Tin (i) Chloride (stannous chloride). The sensitizer solution is preferably

made by mixing 40 millilitres of Reflectasil S3 Sensitizer with 970 millilitres of
de-ionised water. The glass substrate 3 is then rinsed with de-ionised water.

The silver layer 7 is then formed by applying a silvering solution and a
reducing solution to the prepared surface of the glass substrate 3.

The silvering solution is a mixture of a silvering concentrate, a buffer
concentrate and deionised water. The silvering concentrate is preferably
Reflectasil RAG1 Silver; and the buffer concentrate is preferably Reflectasil B1
Buffer. A preferred silvering solution comprises Reflectasil B1 Buffer (10-30%
sodium hydroxide), Reflectasil RAg1 Silver (1.5% silver nitrate and 5-10%
Ammonia Solution), Reflectasil R2 Reducer (1-5% Formaldehyde), Reflectasil
S3 Sensitiser (5-10% Formic Acid, 5-10% Hydrochloric Acid and 1-5%
Stannous (Tin Il) Chloride.

The reducing solution is a mixture of a reducing concentrate, such as
Reflectasil R2 reducer, and deionised water. The reducing solution is made by

diluting 30 millilitres of the reducing concentrate to 1 litre with deionised water.
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Figure 6 shows the stencil separated fromthe
substrate; and Figure 7 shows the stencil once the

WO emwalo6d3ay phot oresi st has been renpved. B2006/ POHEBZ006/004507
9 - The different stages in the manufacture of an
el ectrof ormed conponent in accordance with the present
invention are shown in Figut@és 1 to 7. In the present
case, the electroforned component |s a stencil

} t dhel shlltverlag sokiipatand ’thﬁéedweg ﬁpwél@@sarﬁéy@éef{lﬁgtg’ttl"s
ok e ERORE By ApaHbatplang davinialo ooy
guﬁ({ﬁéﬂ%dl)\hlﬁ) tSH@@l sil\?yerﬁ Slatimmisissipplied §iohvene nggele gnd the

I catl on !
redutiag BRIOD TigM ﬂﬁ%ew%@%'a'@é?%t elé’é%ﬂ'@?‘ﬁéggﬁ ;g@‘@g R layer 7
th% b?a grfgfmée Qg %ggﬂ'{‘é]ﬁ/d e éﬂ?ﬁ?lngtls béntﬁmm Ohtllahg sdvextfllm
unﬁlet'mtylmewthqaeeu rel Wgr sy ﬁéﬁ@ pf Eﬁr @iggggﬂpgﬁ%‘%

cle

oot bE SR TR SRR s Hen dopastod on
thé%nlﬁéﬂ’(@ %e&@?eﬁSW@i@eﬁatmngsfﬂtmn mrFlgum Bnén thehe

substrate nmay so be pol i sh a
preeemMS@xth%negwegwiaﬁgr%ﬁf  evaiahls ThanMigpPiem. cor-
U@X%rqns;gs% e’f‘l@é %@B&%t&@gnd\’tﬁé“pﬁotéﬂiﬁéttg AR thefl Bikedron a

ormc acld, 5-10% hydrochloric acid

hczcﬁlétdi)ﬁ% an r@vlén ia} aGbhnperatare ei ricoustildhe ahotrrpsistRdas
ensitizer t

curprl e bk imectdtes uBith 2ubtitayAFRTEIRY offio dgghfess of the
p'@bt‘#‘éttgy es of de-ionised water. The gl ass substrate 3

en rinsed with de-ionised water. The silver | ayer
7 i sAtdtess plmmtnmaskyl Taisparovidgd over theephotgrasistd-i {Eh %e ofa

a reducin |on to
oigenebotaet Gre beSh i (oL pRRELERY HeaREsaetlus ihis
aﬁ;ﬁllc%tléhler?dé 1he IFPRERSY frahsmissidnusiflight through thepbotamaask
el oni sed water. The silvering cong

pmvaf&srmq/sn.@wa&&eggmonm@ie q)’gpé@sstaémﬁtqp@tlggf}?;e%s provided
oS W SRLIH &K P1 BRETPERoffileriré 8 5lin thelcoating 13 expose

predetermined regions of the photoresist 9 to a collimated light source. The
light source typically emits light at a wavelength in the range 350nm to 400nm
and having energy in the range 100-5000 mJ/cm?. The apertures 15 in the
coating on the photomask 11 pattern the photoresist 9. It will be appreciated
that the apertures 15 are configured to provide the desired pattern for a
particular application.

The glass substrate 3 and the patterned photoresist 11 are then
optionally baked for a second time, again at a temperature of 90°C for up to 2
hours. The photoresist 11 is then developed by immersing it in a solvent, such
as Microposit EC solvent, for 2-10 minutes. '

As shown in Figure 4, developing the photoresist 9 leaves a patterned
substrate for electroforming the stencil 1. The patterned substrate has a series

of projections 17 corresponding to the apertures 15 in the photomask 11. The
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Buffer. A preferred silvering solution conprises

Refl ectasil B 1 Buffer (10-30% sodi um hydroxi de),
woredo7@e3asi | RAgl Silver ( 1.5%silver nitrat eP@naB2006/004507

5-10% Ammoni a Sol ution), Reflectasil R2 Reducer (1-5%

For mal dehyde), Reflectasil S3 Sensitiser (5-10% Formc

Acid, 5-10% Hydrochl oric Aciid and 1-5% Stannous (Tin

I1) Chloride. The reduci ng solution is a mxture_qf a
surfashief the comaluetive aced layet %rqwﬂlr&ﬂwmlqnﬁoﬂégud%r ,

and dei oni sed water. The reducing solution is nmade by
expRIast: ng 30 mllilitres of the reducing concentrate to

1 | Tﬁﬁ?a‘eﬂeﬁ'ﬁbd@u@é’dﬁ@@ jwalier movedso lavieathraf eﬂ;@tttﬁfommg
reduci ng sol ution are spr.a

solstioh adhecslecfOgNAkPToRss edhen G et o2ngn it sthefion the
exggq;q\fﬂ Fe(%ngr%%zgﬁb%p{ ggti\/rb 5084 Ia%;@?‘mfv thd Bgttéfrle‘deéum.ate

Fom one'nozzl e and the reduci ng
Thes! el fenéir ¢ forheauingrtha qnzajbetlms éﬁ aad apestvresf 8s.

The silver | 7 1h d
T S LN TR | eVt
suggfbé@rfﬂb&lc@%" %é ? hOGII6E HERIKG BRS steweh ac T elbb’afo@irm:g

ayer of photoresis

soffomprcferkbly cormpriesipistSulR20rale B 500aa bers pecLBY/ and

s L AL HIR S

SO thiﬁ‘ %An‘?élﬁfét?ﬁéﬂ a?ﬁ?&gpe#é%ehcbf%(lg@d The SEbSt rate 3
- anbopor AC QuTeR R TaN o APBRSCS Y (e RetirBlofmig

prggﬁ%ﬁ :‘Eﬁe %Lsg‘gg@\?‘av%%rﬁfﬁorﬁpﬁ 5'0%91dd| us@aritan Bnbdic

I'ng on ness of he phot or esi st
pilse. ATHE &iﬁégrﬂtmieocbf&hk p]amklvaltm vathd@modemﬁﬁés preferably

oS Shed ST e RIS AR e
csﬁﬁS@céﬁ%ﬁ@pﬁgﬂ?%a@ dur’éﬂbﬁ‘é‘?%h’fsaéﬁdﬂaiﬁln@m dbnsitygbft

omask provi des good si dewal |
16k (inas per dbcimetretsnuesed) apd the gagéqcrfgﬂa_%ty%cally has a

provi ded on the hot sk 1 2ser| es of apertures
dll@tlpﬁofﬁé‘sc%%ﬁ'? B%'Q’eOfp?dﬂg ei ni ned regions of

the ROQhBHASHH: @retes? tRe eRidtiof@hidg s atitrailmdr siech thiagthe
i ght source t y%l cally emts |ight at a} Y1e¥ore PQ Fris

tHidimesa g ehes 5emeil tlas dessrthan the thickness of the pho

ensures that closure of the apertures 19 does not occur above the photoresist

9. In the present case, the stencil 1 has a thickness of less than 50um.

The stencil 1 is then removed from the glass substrate 3. The
projections 17 are typically detached from the conductive seed layer 5 along
with the stencil 1 and remain in the apertures 19, as shown in Figure 6. The
remaining photoresist 9 is then dissolved using a solvent such as NMP,
available from White Chemicals, USA, leaving the finished stencil 1, as shown
in Figure 7.

The stencil 1 is then cleaned by drying in nitrogen. A release agent,
such as parylene, may optionally be applied to the stencil 1. The stencil 1 is

then installed in a frame to enable it to be handled more readily.



10

15

20

25

30

and having energy in the range 100-5000 mJ/cnR. The

apertures 15 in the coating on the photonmask 11
WQEaioree333t he photoresist 9. It will be appreci BCEGBRWAN4507

the apertures 15 are configured to provide the desired

pattern for a particular application. The gl ass

substrate 3 and the pattermt photoresist 11 are then

optionally baked for a second tine, again

tﬁ"_ﬁﬁfoﬂthé@g@ﬁac@@ﬂmé eubsiyate @ ig sHptaer ﬂ'ﬁ@a(%gﬁfaypaﬁggql {petal
I S en devel L1 ' RO .
b e o1 1S o TR B ot g e
apSHAR 18isTeltESd 4Theare! oI gigss bhofumedske &6 fathey redagassthe

a patterned substrate f f ; -
exflosureef piae pboinsesisti ;f(plg'{cbt%ﬁ%;e%&géé ,'ﬂé 38 (ytg Hg r %%:cg%r‘@lnlg}yg the

17 corr ' . . ;
prdgeiichs L RS W It BRIG A BiRPIS gt artageplily Aopito
enSlifd MubtHagidehellpobitecaparsed 19iis tha gtanstl 1 greavell defined.

patterned substrate 3 .is.th ha
el edtthoreh@ Pl@f%%‘?‘i?m?k’%'r‘?ﬁ'gtn%c:‘{g\é%?%éeg}t%n ng %P giaess%e(?ns
de%EﬁlS‘ed Hb%iﬁ‘,t iﬁ@ilf Se hppradidied siatneiribud chanybs aexposditications
gions of the conductive seed layer 5 in the
capdid mededvitutisparing from the seare ot ggresentipyaRtian: Jif

h i ect | .
exepr bpite Snorerfo Bl ndREbotli R pAOCTESREREpIHe Asbyeg over
thB Zbh8fIERR §é&t§ﬁa¥ﬁt.eFﬁnn@tﬁmsamnatmsuwerrngteabﬂiqnea@ay

he stencil 1. e el ectrof : ,
seompissscromte ST o< act o7
and . i : .
pur 3\/'9_?6(9@(’ |g{q/g§tgé F\@Bteg:idégg %Igé'ttﬁﬁ% @gtgclzéuétsit%%)c;nsbéd 92r&8%6 not
Iirﬂiﬁ?c{“ﬂoﬁﬁxﬂw@?e&cﬂ@ nPhe progessohapbo@mploped i lactraiorm
r wavef orm i lied dus] o ol .
orisieomPRBe S, B Ao RIS Msrieso st 1eEi G hoPA 8% Bhd tner

M&M%ge%&g?an anodi ¢ pul se. The magni tude of the peak
0 he anodic pulse is preferably greater th

2o Ryttt g sl esfrrelttero o g ol
oL ol ARS8 ok I IRl yoa for
[RAEGhBEIhen@NA théBedasstion dfuhiseredin@nty has a

The stencil 1 is again formed on a glass substrate 3. However, rather
than form a layer of silver, a layer of titanium or chrome is formed using a
thermal evaporation process. Titanium and chrome have been found to adhere
well to the glass substrate 3, but it will be appreciated that other materials may
be used.

The glass substrate 3 is cleaned in accordance with the techniques
described herein and then placed in a holder in a vacuum chamber. Once a
suitable vacuum has been achieved in the vacuum chamber, the titanium or
chrome is heated in the vacuum chamber using an electric resistance heater to
melt the material and raise its vapour pressure. The titanium or chrome
evaporates onto the substrate above forming a thin film. The longer the
exposure, the thicker the film formed on the substrate. The film preferably has

a thickness of less than or equal to one (1) micron.
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duration of 5nms and a current density of 20A/dnR. As

shown in Figure 5, the electroformng is controlled
wGaomn/osizat the thi ckness of the stencil 1 is |BGEGBR@G/004507

the thickness of the photoresist 9. This ensures that

cl osure of the apertures 19 does not occur above the

photoresist 9. In the preser-case, the stencil 1 has

a thickness of |less than 50mm The stencil 1 s

ermoUaitherel eHaPGRLSR [SUBa% e DIEh VAR ALY i Yagur to
re%rcﬁlt%% ghgﬁ%ﬂé tvﬂg{og{f ?ggctfnrgcllmglri] EF‘ SCARGHL AyAnSERHet §¥&phase

. . enci remain-in the apertures
atbfhs iaths lthemben aRidgise idredlice the indonpergtiohf dmpytities om

is then dissol ved using a sol t h NVP.. .
thevigsidapl @A Fb‘i'?ﬁvﬁ%”u%'@ﬁ‘ﬁaﬁ- DbtV iy F?-?ggf'ﬂ's with & much
h@h@i SAssLirsIressirk than 8% RESWY elenfdrgiean be depdusitesitwtiiut

I's then cleaned by drying in nitrogen. A release
c?%enn?atwanfthe fimaryl ene, may optionally be applied to
e enci . The. iy ! '

e B i BB S B S ARG Arana
p&eaei fodn 3 AB{HROHEIBresist D. - SHitatle tedhmiqued fac applyindithe

substrate 3 is snpother than conv?nti.ona{ t al
PhelEriss tosba Aty Fosd Vet a8d TPTGRE hesfag pattern are
q ! ea?'d 9 surrounding the apertures 15 is reduced.

e use of a glass photomask 11 further reduces the
expo3he eladtrdfbrenipp grocess is tthen inittaied te fermfe steneis115he

eleenpladig tEhBidle SaprionA 28 4% Blagcitable RE g the stencil
18R SeE6rdahaé v&iﬁﬁh@i&@&@ﬁﬂcﬁnl@édih@t.&pertUreS 19 in the

stenci| 1 are well defined. Al though a preferred

ﬁn‘ooth’rmxghdhetSI@@Opd estndimanthas brem deseia wabdpfasaace to

oo Bupboralo bR S R L BRI AR L vapour
O o e P
lagep deeasigior mayke mmgﬁqd-v@%@aﬁp\%a%%?, MPE&‘HH?S wil
ooy PRRUREBARIIEC T dipe, Ty e o ved 1o

Electron beam evaporation utilises a high-energy beam from an electron
gun to boil a small spot of material; since the heating is not uniform, lower
vapour pressure materials can be deposited. The beam is usually bent through
an angle of 270° in order to ensure that the gun filament is not directly exposed
to the evaporant flux.

Sputtering relies on a plasma (usually a noble gas, such as Argon) to
knock material from a "target” a few atoms at a time. The target can be kept at a
relatively low temperature, since the process is not one of evaporation, making
this one of the most flexible deposition techniques. It is especially useful for
compounds or mixtures, where different components would otherwise tend to
evaporate at different rates. Sputtering's step coverage is substantially

conformal.



Moreover, it will be appreciated that the process

described herein is not limted to formng stencils.
wab@7p638ess may be enpl oyed to el ectrof orm prECI/€BRIV6/004507

conmponents, such as inkjet nozzles, fuel injection

nozzl es and ot her MEMS devices. A process for form ng

a stencil in accordance wtida second enbodi nent of

the present invention will now be described. Lik

r ef Ehusexkiser Hepositiors systems wcpnkebxt%mrﬁél?é'ﬁf‘somﬁe%ﬁn ePulses of

descy i t|o of thi
foqEea ot §Pabte SHELRRI Y thp ST et dnd forteit o
Iéé?ﬁfm thid }glﬁgmansuﬁlllyE@\rertsatol agas beforeiit maches the subsiraie.
is fornmed using a ther vapor ati on
Tt ATMSARANGRP GE TRAGECAIRTS 1Y 1808 07 PlRgesses and
ok eharppiFieahaisedpé béathe
ap%)% at%?r%té 8?51&?&6%@“@@09?{%6%“'“% ﬁtyongss sﬁbst rate % i's
presedtrimgentionaccor dance with the techni ques descri bed
herein and then placed in a holder in a vacuum
chanber. Once a suitable vacuum has been achieved in
t he vacuum chanber, the titaniumor chrone is heated
in the vacuum chanber using an electric resistance
heater to nelt the material and raise its vapour
pressure. The titanium or chrone evaporates onto the
substrate above formng a thin film The | onger the
exposure, the thicker the filmfornmed on the
substrate. The filmpreferably has a thickness of |ess
than or equal to one (1) mcron. The therm
evaporation is done in a high vacuumto allow the
vapour to reach the substrate wi thout reacting with or
scattering agai nst other gas-phase atons in the
chanber and al so to reduce the incorporation of
inmpurities fromthe residual gas in the vacuum
chanber. Qobviously, only materials with a nuch hi gher
vapour pressure than the heating el enent can be
deposited without contam nation of the film A |ayer
of photoresist 9 is applied to the titaniumor chrone
filmand a pattern fornmed in the photoresist 9.
Sui tabl e techni ques for applying the
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photoresist 9 to the conductive seed | ayer and form ng
the desired pattern are described above. The

WE@R®eNeBB0Or m ng process is then initiated to fRPCTGBR®6/004507
stencil 1. The el ectroform ng techni que descri bed
above is also suitable for formng the stencil 1 in
accordance with the present- Enbodi nent. Al though the
second enbodi nent has been described with reference to

2l evaporation techniques, it will be appreciated

that ot her physical vapour deposition techniques such
as el ectron beam evaporation; sputtering; or pulsed

11 aseA miefiusi of formingyarbelestrpfasined. caraponrastipihe: aathes]
t hese. tﬁ%hni uesf_vvi Il now be described in broad terms.
CARUSIGHNE SR 0% por at i on utilises a hi gh-energy beam
f r oma@forhRet 4 eondudtivesdedi lhyér sialsubsirate;of materi al ;
since the heating is not uniform |ower vapo

ur
pr es RRIoMiding A Matemad Insisl Qyes ecePndrcdve sqrdilayer; and
usual lyy . of 270 in order to
ensukée) %lggtféf?hﬁrngﬁﬁgfci%l% mentn%’i s not directly exposed
wher¢inghe stgmobiormingithe @Smauctive aged &yies sompriseplspsaying at

N e Ll
be kept at a relatively | ow tenperature, since the

process is not one of evaporation, making this one of |
2t he Aosethddeas blaimed po slaimnch whergin thaedisst salutian is a silvering

SPGB MRSt EvE BRRR IR TSIk “To evaparate

at different rates. Sputtering's step coverage is
substantially confornmal . Pul sed | aser deposi ti oln ) .

3syst énmelimdapglaimed i slaime. prhsredsthersiivedagd splufige ¢oatpins
a?qq- | Ot orize the surface of the target

Slpra er'$ré\1eq@|$dw(2§hvert it to plasma; this plasma usually
reverts to a gas before it reaches the substrate.

or oc AN HRPIR S A Lr Bon HEIeti PR (S P g 2
s8eBAY %bmofém% N‘tsﬂ@s%trdté t& PSS PR sPECALRLINE ay3H

I nventi on.

5. A method as cla}med in claim 4, wherein the second solution is a

reducing solution.

6. A method as claimed in claim 4 or claim 5, wherein the first and second

solutions are sprayed onto the substrate simultaneously.

7. A method as claimed in any one of the preceding claims, wherein the
step of forming the conductive seed layer further comprises applying a second

conductive layer over the first conductive layer.

8. A method as claimed in any one of the preceding claims, wherein the

substrate is made of glass.
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1. A nmethod of form ng an el ectrofornmed conponent, the

nmet hod conprising the steps of: (a) formng a
w@oemwdue3sve seed | ayer on a substrate; (b) prorCTGB08/004507

patterned resist over the conductive seed | ayer; and

(c) electroform ng the conponent; wherein the step of

form ng the conductive seed 16ayer conprises spraying

at least a first solution onto the substrate to for,mﬁl
9.f i r sh methad @si alaeimesisranyonenchibersgceding (caimsq Wherein the

[ai.m 1. wh ' i UL ' ' i
st8p 0 Froviciiic Pateef spsisbboBliste APnlyho® SoMBRERY
cdiitinuels |18yer of resisthorbralie coaduetivel sead layen 2nd ttre ennoving one

the silvering solution gontains silver nitrate (AgNOB)
or. mgre pelgetashareas A the RYSin claim 1, 2 or 3 further

conprising spraying a second solution onto the
substrate to formthe first conductive layer. 5. A
10ret hAadnethiod| as chaitnéchincany emet of thieeprecadingeclaigtse merein the

solution is a. Feduci ng solution. 6. A nethod as
resStisBPOPTEP S m 4 or claim 5, wherein the first and

second solutions are sprayed onto the substrate

simul taneously. 7. A nethod as clained in any one of
1fhe Aroetherkas Jalmedin AMEPBR A fepecepingrolaBHG Hhipreteine

SR e R MY Shrdery BEhRBE | S0° Chautt i ve.
| ayer. 8. A nethod as clained in any one of the

recedi ng cl ai ns,, wherein, the substrate i s, nmade,, of
1 4asé\.rg?%an‘iftfﬁEFB'”S@%P'&PW@%rWﬁ%%mW%fth?r{geth()d

cBﬁw?fi@ﬁjlhntge%ltéﬁéTéﬁ wherein the step of providing a
patterfied resist conprises applying a substantially
cont {a)Uforraingag eondictivesiesd layesron asubskidigct i ve seed

e foditeyidgha pRTRAE e otpe FRPrtRrs Sae g fl
pr ec&giéjgct%f@i-rmhg theeoBhpgbridhe, resist is a photoresist.

wherein the conductive seed layer comprises a layer of silver.

13. A method as claimed in claim 13, wherein the layer of silver is applied

using a silvering technique.

14. A method as claimed in claim 13, wherein the silvering technique

comprises the step of spraying a silvering solution onto the substrate.

15. A method as claimed in claim 13, wherein the silvering technique
comprises the step of pouring a silvering solution over the substrate; or

immersing the substrate in a silvering solution.

16. A method as claimed in any one of claims 12 to 15, wherein the

substrate is glass.
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11. A nethod as clained in any one of the preceding
clains, wherein the resist is patterned using

wo paohoea3aphy t echni ques. 12. A net hod of fornm PQI/&B2006/004507
el ectrof ormed conponent, the nethod conprising the
steps of: (a) formng a conductive seed | ayer on a
substrate; (b) providing a-patterned resist over the

conductive seed |ayer; and (c) el ectrofor 'ng@éhe
17c onponeihod ahiareing ah@lQQ‘BWmedléo@@@BeWa?ﬁ hed i ses
a layer of silver. 13. A nethod as claimed in claim
S steppo°

cofpr & ayer of silver is applied using a

si | V(%i‘drmhﬁ@éh@j'éhtﬁ-silﬁéronAammblstrdtaaandl aimed in claim
13, erein the silvering tech%i caue conprises the step
of dp) BRIV adiesist PvatedaYR” Jrel¥Rto t he substrate.
15. A nethod as clainmed in claim 13, wherein the

silvering techni que conprises the step of pouring a
1&i | v method asidaimedanenytane silibetpraceding claimse wiepgin the

the suhstrate i.n [ lyeri.n Ut | -
cqmapl # A SeneiniiaBle ey gnd BrlschEroutthoda Rt olisitty
s&?@%éﬁéﬁdé&)ﬁir@séorﬂdﬁcﬁ% aEhbsideobr hrimtmgepraductive or dielectric

el ectrof ormed conponent, the nethod conprising the
matesi@ds.of : (a) forming a |layer of silver on a

substrate; and (b) providing a resist over the | ayer

of silver. 18. A nethod as clainmed in any one of the
19r eCAh&od =i daimethiaraniyondef caimendat17, whereindhei |

e i R RSB A8 cBid s ARREERz fue jecton
ngé%pgsi ve; or printing conductive or dielectric
e

erials. 19. A nethod as clainmed in any one of
clainms 1 to 17, wherein the conponent is a MENMS

263?2 ?q%grtppqnsé{g F%r?r?eda 1 AU EEndiOkth Sh@etndd Blaimed in any one

of the preceding claims.

21. A patterned substrate for electroforming a component, the patterned
substrate comprising a conductive seed layer and a patterned resist; wherein

the conductive seed layer comprises a layer of silver.

29. A method of forming a layered-structure, the method comprising the
steps of:

(a) forming a conductive seed layer on a substrate; and

(b) providing a layer of resist over the conductive seed layer,

wherein the conductive seed layer comprises a layer of silver.

23. A method of forming a layered-structure, the method comprising the
steps of:
(a) forming a conductive seed layer on a substrate; and

(b) providing a layer of photoresist over the conductive seed layer,



10

15

20

25

30

20. A conponent formed in accordance with the nethod
clainmed in any one of the preceding clains. 2 1. A

w@aioreeazed substrate for electroform ng a conpRCEGB2006/004507

the patterned substrate conprising a conductive seed
| ayer and a patterned resist; wherein the conductive
seed | ayer conprises a |layer1®f silver. 22. A nethod
of fornin? a layered-structure, the nethod conprisin

h@éeiﬁtt%§ &% of foamincine: sppdachvnased javer §€€@r|sﬁ§épr@ﬂg% at
I sé\tffré"tt Woﬁ@th@r&‘()‘s%%oafohﬁyaeﬁrsPEoﬁ&%tﬁlb QY&

€ con |ve seed | ayer erein the conducti ve seed
| ayer conprlses a layer of silver. 23. A nethod of

form ng a | ayered-structure, t hod conprising,the

287 e p & By Srecky s M A bR ER JE oD e Girsg 1aV8H and
a9 Part 6fé}5tﬁ>tor@%%t (\RheRiPHdEaHLRtVe xeed Mdydrtongiriaissd layer of
over the conductive seed | ayer;wherein the step of

sile@mri ng the conductive seed | ayer conprises spraying
at least a first solution onto the substrate to forma
first conductive layer. 24. A | ayered-structure

250NPIA mietiibcofidasingae electoforchent corapseent, threymetizot a

| ayer , of photore i st; wherein the conductive seed
qoﬁ}@'ﬁ”@oﬁ"r‘ﬁrﬁ%@%" Iayer of silver. 25. A method of

form é‘ﬂfomlrtfdrﬁ‘&bh@{l@ﬁ\@%’eé?@?ﬁsma sUdeEra®t hod

conpri’si ng e steps of orm ng a conductive seed
| ayer(b)oproanohm@atpadteenec( be)susptrcwr mmgO@de;éweaaeddav@rs agd
over Txlij)uctlv seed Ia%ﬁ and (c) electroformng
t he é Sﬁ% Q‘Prpﬂ%n ep of formng the

condyidrim theflep a¥ RIrnHefiid SaRiLREUE%E8d |@fer coagbrises
first conductive |ayer onto the substrate. 26. A

speaYiog ableasbafirsigandustive taver eniccecamstiaint | t he

nmet hod conprising the steps of:

26. A method of forming an electroformed component, the method
comprising the steps of:

(a) forming a conductive seed layer on a substrate;

(b) providing a patterned resist over the conductive seed layer; and

(c) electroforming the component;
wherein the component is electroformed to a thickness less than or equal to the
thickness of the patterned resist.

27. A method of electroforming a component on a patterned substrate, the
patterned substrate comprising a conductive seed layer and a patterned resist;
wherein the component is electroformed to a thickness less than or equal to the

thickness of the patterned resist.

28. A component formed in accordance with the method recited in any one of
claims 25, 26 or 27.



(a) form ng a conductive seed |ayer on a substrate;
(b) providing a patterned resist over the conductive
waemd/obayer; and (c) el ectrofornm ng the conponkeit/GB2006/004507
wherein the conponent is electrofornmed to a thickness
| ess than or equal to the thickness of the patterned
resist. 27. A nethod of el ect9r-of ormi ng a conponent on
a patterned substrate, the patterned substrate,
2& onphinsethgd of fomaingtan.elesieaiarmagd spmpaneat sampaisingdthe steps
ﬁesist; wherein the conponent is electroforned to a
%% hi ckness | ess than or equal to the thickness of the
pat t @) fietnings séndiidBive Aeed tp@menta Bobsteatej n accor dance
with the nethod recited in(&&y %ne of glains 5, 26 or
27. 20) PrOYIgINGR restistroyehithgy CArUAt¥E SPEH d¥dd 2B8nponent
5 COMPId) drdiBifnAbIE cBfripohdht,f ormi ng a conduct i ve seed
| ayer “on a substrate; (b) providing a resist over the
whereinithe venduivel seperlayerrid formedusing rolP Bysicalg/ aprur
cOo nent: wherein the conductive seed layer is forned
D&Bgﬁgoﬁt?ﬂvgﬂ%%| Vapour Deposition technique. 30. A
nmet hod as cl ained claim 29, wherein the el ectroforned
conponent is a stencil. 3 1. A nethod a | ai ned in .
361 frTmethod a3 GRIMEE SlamAte OB 1B8 HT9ENeLegmbonent i
10 alﬁﬁﬁﬁ has a thickness |ess than or equal to one
croh. 32. A nethod as claimed in any one of clains
29, 30 or 3 1, wherein the conductive seed | ayer

conprises Titani um or rone. 33.. thod.as cl ai X
3 BAymEOdAS GRITRS oSS 25r et iR Mo tve
' ke haR (P duabtacdd Fitehonn any one
S}Ea’)?d c‘%%?n%gzgto 3§,§4eva132tr gﬁn %ﬁle Physi cal Vapour
Deposition technique is thermal evaporation.

15  32. A method as claimed in any one of claims 29, 30 or 31, wherein the

conductive seed layer comprises Titanium or Chrome.

33. A method as claimed in any one of claims 29 to 32, wherein the
substrate is made of glass.

20
34. A method as claimed in any one of claims 29 to 33, wherein the Physical

Vapour Deposition technique is thermal evaporation.



