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WD 2004/ 067806 PCT/ GB2004/ 000318 1 STENCI L
MANUFACTURE The present invention relates to a nethod

wo oro4t06i8061g a stencil for use in screen-printPEDGB2004/000318

Screen printing stencils define a pattern with open 5

areas on the stencil. A material is printed through
the open areas of thATENEAE] MANUEACEHREt he pri nt ed

depOSitﬁheg?fggbﬁprﬁ%éﬁgiﬁﬂyréf&%&soegngf%ggzgdi$qﬁuyaking

Screen-printing stenci ave a nurmber _
elecitoanicl Subsigatin fsdrdantgimand el ectronic

assenbly industries, 10 These_ include, but are not

li mit eaé/qlbe?rhepfﬂ'?m?%gSBFnCﬁfLPntd&fl_é’ier cui PabbaFdsyith open
depasdd | 69 enbdgtoRaste and naohduetive BAERLYCLEOLugh the
el ectroni c packaging and the printing of conductor
aritP§espEeaf Oifr dlia sstahelitri ve trhatakehe! petnoabc deposits

devi ler, faster,. 15 and lighter, but at the
ISP SHRLLE 2318 oA T OMLeL UL e dnting
ofstumicigl sadvieneed packagbsg GChNIQUES, inWhkEB  eclectronic
elimnate the use of |eads for interconnects. Using _
a(ﬁ}ggﬁf‘ret(ﬁ ey ieptethnredieslechaphes aAsenblyasedustries.

t hg, Juurb onnggat i a - rease.in package
sihlghe, angﬁggﬁg%'i ncr eaggéi ﬁ{%acﬁggéggger or rtréﬁcepléjhrg&ang of
drigpritredpr odustiign dostrdne oépodetifast esldand paste and

cost attractive.options to package electronic,
cocrsr%ncf'ﬁlecrﬁlsvel s atdcglegséTV@en fté’ﬁ nteiteﬁ ToRtSr cHANEEPIng  and  the
matreiritalng rfoughdue caperianes ief & $1iepeiilsand then

25 package the components accordingly. However,
currentiip Hele & dipfraceiearronhet devones Fmpiles, faster

Carmaa R, RIOSEESaS, | BETLAS SLERCH 358 BSh counts,

apert urbsadt &ofime premd. Bar SJlrmJtdrc]gaI eﬁ]ﬂéwrgfiﬁgl lgackaging

B HSIIG S SoBtgipetical Al e ghenci Lo, e,
interconnects. Using advanced packaging techniques-
enables an increase in the number of connections and a
decrease in package size, and so an increase in package
performance and a drop in production cost. One of the
fastest and most cost attractive options to package
electronic components is to screen print the interconnect
material through the apertures of a stencil and then
package the components accordingly. However, currently
there are practical limitations. This 1s because known
processes for making stencils do not allow the
fabrication of stencils with perfect apertures at a fine
pitch. For small features (e.g. sub 100 micron), it is
critical that the stencil apertures are perfectly formed,
with high tolerances to enable the same paste volume to
be effectively released from each aperture and printed.

Conventional metal stencils can be fabricated in

various ways. In a first known method chemical etching
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with high tol erances to enable the sanme paste vol une
to be effectively released fromeach aperture and

w@eionnemsos Conventi onal netal stencils can be fROF/GBa10#@00318

in various ways. In a first knovvn met hod chem cal

t chi 04/ 0678 CT 2 00318 2
Then il A DO T REE LR e p 13t mask by

appbyiyngga resisésisr a gt ala f ohétand gpticaldnd optically

patterning the resist through a mask. The resist is

t hehtegaiBpopla Featpitg tNFOUSE Pemp ot t M araiSbit the then

f8'be1§8§Be‘é§Jl t@hét%a%%@ﬁﬁ S%hésr& on
em cal “etchant. The areas covere

theerefosst mEsk are pretied edaakd ist ophthe sm:lmérc_fenil in a

bei ng et ched away In contrast, the exposed areas not
cEhEFd G2 by ettr?él%u st ThAadkease Cé%‘ﬁfﬂe‘ﬂi( % heh Syt mask

f oL@l RGARRELW edd hs!’&%tghth-g hbeametsal; of Qﬂélr@n%tséhed away.
defining a stencil. sadvant age of chem cal etched
sﬂan@drgna@tt,ha:thet r@spmmoar@:@s netl @@Wr@@n&fyacﬁhﬁ ehesist .
th.smal Qe res _and f| ne .o . lu { Jpcures thr h
uﬁlaglkcﬁ]ﬁ n8 5 ces&'aé’au ae%?/ 3étcﬁl Ir]?gngThlpse oug
cause nprabl ews Iwher the cfndidg i6 sUtS@fd;J_JbeCaAlS@lé5dvantage
paste can get tra ged in the undercut sidewall
TRér e?@?@lc§&che§t3 fei | stareidal ylaselhebr F]éﬂjercanm’t be

usegaabﬁgza&n%%%acltﬁr@epm%@l n&thad A@é@aufég tdd® ¥Bne pitch

eb foil.

I nvol ves nounting a netal foil in a frane.
Stoeedd rntle Q@d@mqnmzemglmacdasacﬁubedt gt etching. This
represents an ﬁ? aggrtureg that are required
t 6% or Hf AT 0%%? 5t &Nl BinderSRGht r of° ofSEhe

CeRRiker , can | ager tr@@@@p@@t tiki S theagemmhitng eaabwall.

aperture sequentially. However, the Iaser cut ting

pr BEeasLorer tHHER of HRRFbRS 0P LUk 2853 ||#f3|rnglarger pitch
¢S sal so has sonme drawbacks for formng fine

pltc apertures. Notably the laser cuts rough
In another method laser cutting is used. This

involves mounting a metal foil in a frame. Stored in a
computer is a data file that represents an image of the
apertures that are required to form the desired stencil.
Under control of the computer, a laser traces out this
image ablating each aperture sequentially. However, the
laser cutting process for the formation of screen-
printing stencils also has some drawbacks for forming
fine pitch apertures. Notably the 1laser cuts rough
aperture walls, which can cause paste or adhesive to get
trapped 1in the apertures during printing. Another
problem 1is that the process can be quite messy at fine
pitches, spewing molten metal around the aperture and
often causing an undesirable lip around the edge of some
apertures. Furthermore, incomplete removal of metal can

occur leaving blocked apertures. Another problem is that



10

15

20

25

30

aperture walls, which can cause paste or adhesive to
get trapped in the apertures during printing. Another

w@e@bloemnsné s t hat the process can be quite nmessSpCHGBRI0AO00318

30 pitches, spewing nolten hetal around the aperture
and often causing an undesirable |ip around the edge
ofP8oAd aMgHert fes2PELF LHRT NBRB, VidkdorRY et é-r dRoVEICTISMS at
cur | eaving bl ocked apertures. Another
g?%@%eﬁg?ghg at WO 2004/ 067806 PCT/ GB2004/ 000318 3
t he didset emadfheapenttnes darxr veayubyctiridd mitenonds uses
a{) fine pitches. Yet ot her nmet hod for manufacturi ng
sPEn&LFS TFOES TBE % | ec?gbf;oﬂﬁor‘?&.ssﬂﬁ%aﬁ%c@% starkeoperly
Wt BparBROPREhNreD, Prepaiedi pndiel st yRi£aL | Ys@eel sheet,
stainl ess steel sheet, whichis lamnated wth a dry
f vhirehhdtso tesisatedherithestsdriys Bkposedote aresist.  The
c i gat li_ght .source -t-hr S and then
dg%%#gﬂgegg %5\9?%3 g%pa tcgjrlr%qg)% LEt%lhae Lﬂ]ap;nlélrgtlﬁdutr essc?uﬁlecethrough
t Bi sndssk,doned t beepatderdiedhampndiebving 10 Hy®@edor the
in a suitable electroplating solution and exposed to )
a?RPGhUERS el edHGaFedr AEntdonRfi chh_t RptserRed mandrel- is

PLabhBggRHOCESS. MetRl; 91S ard Aapositad &y O%;Jhdeaeon and

photo résist to the desired stencil thickness
nexpossdepoi @ thdast M edwayt tilva lpatymmaritsedvtphgt ostarts the

resist_and 15 then hanjcally remove,the foil. _An
e?gﬁ%f%gofpraoﬁs'el ggl\t%(?‘g? rr}‘ior% p%%es%epfossjuteesécr Ppegnd the
| PhtlSo5,r3%9,s928: 0 Atpeolieaynnadd hs t¥n &l ecthobRhEEBY The next
technology is that it cannot reliably produce a .
sEERRI 1153t LQUFFFE® MW vnthepiRTh@er 155tk ePBptehessist and

| exehs mddheARGNUY e-Shape apd Zf%ﬁ]i Ze var yeia[ngﬁémsf a DC
to another. Also, “traditional DC electroformng does
neleptavéounifigr pkycassoss dessuboedaie d8e5td58uP2ent

: CrOMUiRg ef%ﬁ%&?wf}g{:Dgﬂg §§E5§¥5£%9£gd%%%h%%l%%§s%ﬁs that

an uneveR pPating
it cannot reliably produce a stencil at sub-150 micron-

pitches. Hence at these levels, the aperture shape and
size vary from one to another; Also, traditional DC
electroforming does not plate uniformly across . a
substrate due to current crowding effects. This uneven
current density causes an uneven plating rate and hence
an overall variation of plated metal across the stencil.
It also tends to <cause a gasket or 1lip around the
aperture, which can cause bleeding during the printing
process.

An object of the invention is to provide an improved
method for fabricating stencils and an improved
resolution stencil.

According to one aspect of the present invention
there 1is provided a method of forming a stencil

comprising electroforming the stencil using a bi-polar
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an overall variation of plated netal across the
stencil. 25 It also tends to cause a gasket or lip

w@e@dnersohe aperture, which can cause bl eedi nRCTHGBRGVG/000318

the printing process. An object of the invention is

to_provide an inproved nethod for fabricating _

sEeAEFF5Cahd SAANPAPIISASd CHPFLIRT uti BAUSPeAEY of bi-polar
Lpgsto one aspect of the present invention

fﬁg?ég?s %rovided a nethod of formng a stenci

conpr i 8bhgg eldctpadfeor nehgethefstrenopl hess ngeaehbilpol@rerent

WD 2004/ 067806 PCT/ GB2004/ 000318 electric si.gha
tﬂgYaEBﬁﬁ??se§V§erJ¥ﬁ %E&?ﬁa i-BglaF %ﬁ%ﬁggﬂﬁﬁé%g' Most
Usbagphi; pokar gheetisof e ngias-isaverdlsiaredn to  be

advant ages over traditional DC el ectroform ng. Mst 5
nopabkglled arhewsbyhetamt@ival @nstevodutidatab béeposition

caontroll t hereby. .to giwv n al_.deposi ti N
c2Pbeas; Rel MERRA L P M BHF e B EGRNE ' initdon

defi @ebianesofol-Ratiuied nboroEd wsithgpd hiss ewddiorkrts. Also,
excellent. Also, material properties can be
cBAEPBLREd, PFEPeEkARPI e COT0 ME drife¥E GG msiker example,

shhesfeshr i titdengas: c duetbkist V. pANnd: 1 &Ly al ductility, and
structure. Furthernore, the current efficiency is

i ppyeved, swmiachudecr dagedehydregert feorqmtier; ¢hikciency is
| owering .pitting.,and decreasing residual stress. .ln
aGBEEPORC | n It c8SCUSPAGt hi & ReTHad & daodesigR,  thus
15oekirithBat @5t £ heg needd f ale fgairg addistiidves. Byress. In
bi - pol ar waveform it is neant a waveform consisting
ofddifdenti vaipuPsachhica nk§affvetpifsemetiypedn Fpduces or

POSARLHRLN FAohoLlierhy- oo ghumuaiet L, agp! o

deposi Bgd. bikipelpasi tvarefniwe witl be rafermted & 0 wgvefornm
consisting of a positive pulse and a negative pulse.
When the positive pulse of the bi-polar waveform is
applied during the electroforming -process, metal is
deposited. This positive pulse will be referred to as
the cathodic pulse. When the negative pulse is applied;
metal is removed. This negative pulse will be referred
to as the anodic pulse.

Preferably, the cathodic pulse has a longer duration
than the anodic pulse. Preferably, the cathodic pulse is
at least twice the duration of the anodic pulse. The
ratio of cathodic pulse duration to anodic pulse duration
may be in the range of 2:1 to 100:1.

Preferably, the cathodic pulse has a lower peak
value than the anodic pulse. The ratio of cathodic pulse
height to anodic pulse height may be in the range of
about 1:1.5 to 1:20. The anodic pulse height may be
substantially 1.5 times the cathodic pulse height. The
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t he cat hodi c pul se. Wen the negative pulse is
applied; netal is renoved. This negative pul se wl|

wheooneémne ed to as the anodic pul se. Preferabb@l/GBh@®4/000318

cat hodi ¢ pul se has a | onger5 duration 25 than the

b C. pulse. P bl t C 1519% [
?%gcg%f% m#gg%teheﬁ§£®g?i g%]éyof Bt%he&t}:mo |rgt%jjl[l§g. 'Z?he@'eres the
redtioodfc cat hodilee jpyiitse duration to anodi c pul se

duration m e in the range of 2:1 to,100: 1. .
Prof erSibt y, TGCht MOV c pUFSe Yas JHHEE pobk® api-polar

Vigh Herd Rad, t heprapodiGppulese. 1 1€ 581 {0 HOf LeabhPdiC waveform
pul se height to anodic pul se height” may be in the
ramge o8 sabseble: L6 preVidw. sMpethnstevcpll sédewipghts may

be ubst anti al 1. Lmes the cathodic pul se
B gnisedne veo08uPbaTuat plr 368t Ro005mE TErihodt, the
Pt S€ehiej ghhie MayvOLosHbsbanbeakby 120 Ghmesdehe to provide a

cat hodi ¢ pul se height. The nethod may involve varying
tRRUBH - FOPEE Wt s, TS eRadplS FANEI AY yVATying the
bff@?%@ﬁcyﬁgﬁﬁpéf1tﬁetaaka£§o Wi Labhe ot Q RHAHIML and anodic
sSNDOo stenci| sidewalls may be used, anél

spbsegsiennkly ort dwer dsagietedes obft Hehe pcatlesdict hed anodic

wavef orm may, be varied .in .order .t rovide._a rough,.
u%lbg?e§uﬁfr¥§c// T Tﬁﬁ% ey D Vo%n%’lgghgar?/# nghtehecaglqmijc and
f £ ggeaCYp@nsé or I/ sttir aihOnsrOfat hee catdpditudy of the

anodi ¢ 10 pul ses and/or the magni tudes of the cathodic
Pt RABHE NP B eRNHHF FULBRSrel ative widths of the

cat hodd an Bﬁ”rﬁ %geg @é‘f’ or..the: I Ve i dal
magni t% es o e%ﬁe caa‘Tphodi cqand§ o(?r agrgld]l&%h S(%ﬁ s%lsr?usl%leda )
wavef ofm gayebelsfuare prespirked dhagi muis@odalr. wakeflarm is
general it is %)rejgerred that bj.- pol ar wavef.arm i

S a .
ctr r SRF TR ef 87 WT T t hi s Chsetthe AFFagets Voltage 1s
cephtpbleddanghd tits thetadr rentrdhat thstvals edrar@ed.  Of

course, the bi-polar waveform could equally be a voltage.
waveform. In this case, the voltage waveform is varied
with respect to current.

Where the bi-polar waveform 1s a current waveform,
it may have a pulse width in the millisecond range 1lms-
999ms. In this case, the voltage range depends on the
size of the substrate.

The average current density of the anodic pulse 1is
less than the average current density of the cathodic
waveform.

The current may have a peak density in the range of
from 1Am/dm® to 50A/dm?, where A/dm* = Amps per decimeter
squared and a decimeter is 100cm?.

The average current density may be in the range 3-
15A/dm?, where the average current density is an average

of the current across one waveform.
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course, the bi-polar waveformcould equally be a
voltage. waveform In this case, the voltage.

wowronelasne i s varied 20 with respect to curreneCT/GBe60a/000318

the bi-polar waveformis a @urrent waveform it may
have a ulse wwdth in the mlljsecond range 1lns-
999ns. TN Ehick fsesleder ik rshaes&@ﬁgﬁésrw t¢Rprise

S#ESK?&lﬁge 2U 13 €on22; 1T56§Hﬁ¥€%1 Ofy CWH8Rtcdenshly mould
of the anodic pulse is less thant average current.
deasihynof khgxnammodaceamaveﬁbrnthéhecmmﬁm@mun@ay Surface,

have a eak ensity_in the range of from g
561)3%% APARed= a&?psci}%ﬁgu‘a&??retsé’rr 55 sjqrbalaéld ionic
aBQlﬁtQSﬁ' raﬁﬂ&r euécw@gmgtlﬂae AV AgRxpHEEBNthHeRskt Ynould

may be in the range 3- 15A/dnR2, where the average
cusnagttH@ngutpOﬂQraﬂuQVang@r vpltagecaigeat - acr oss

one veygLorn, 0 20044054506, I GHZ004/ 000G TP 1aye:

step o electro or stenci |

ptaytdi i a ¢t tedn ayconﬂumtlagn@wéﬁam@ EthaaeLd The
defi ning exposed areas of the conducting, surface

i FREPETRELERE ﬁﬁ@ﬁﬂfaﬁéyc&ﬁﬂuétlﬁﬁcghﬁ¥%E§Llﬁlgﬁ Péhi claver
5f§9|u5ﬂ98wﬁﬂg eleaGlr oRlaiviad a&ﬁ?51ﬁﬁpo%§QHQﬁir“¥rom the

noul usi ng the bi-polar current or voltage-signal.
Thebﬁbuhdenay be provided on an internediary | ayer

that i d th d f
ot rBaPRFULRY, 2P RO ERIC IR S AP plane | ipyention

l@ntee alilsowiguheiasad r eaoval,seémt h€ost erfdmifngomd hestencil
substrate. According to anot her aspect of the present
i ROBRELEATNIt hdr 3K profyi ded CRTSPSHEMSF oFUFdPRENg BRe mask

SH%@%%éEgcogyﬁéééﬁgzﬁxﬂﬁ§k09” Bn&onduetidg 3Hr kd¢eace, and
means for electroplating areas exposed by the mask using
a bi-polar current or voltage signal that comprises a
plurality of waveforms each having a cathodic pulse and a
anodic pulse.

Preferably, the cathodic pulse has a longer duration
than the anodic pulse. Preferably, the cathodic pulse is
at least twice the duration of the anodic pulse. The
ratio of cathodic pulse duration to anodic pulse duration
may be in the range of 2:1 to 100:1.

Preferably, the cathodic pulse has a lower peak
value than the anodic pulse. The ratio of cathodic pulse
height to anodic pulse height may be in the range of
about 1:1.5 to 1:20. The anodic pulse height may be
substantially 1.5 times the cathodic pulse height. The
anodic pulse height may be substantially twenty times the
cathodic pulse height.

The bi-polar waveform -preferably has a greater
anodic to cathodic pulse ratio, and a shorter anodic

pulse time than cathodic pulse time.
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15 defining exposed areas of the conducting surface,
and neans for electroplating areas exposed by the

wore®k/0ersielg a bi-polar current or voltage si gpal/GBR@i/000318

conprises a plurality of wavefornms each having a

cathodic pul se_and a nodi ¢ pul se. 20, Preferably, th
cat hodF4° pUFEEERER B2V g ef U pon P ReM ©hes Huzptdal

pul se. riE efiarabl ih - t hevegihedi gapulise .S _catrk§8Styaveform.
twice the duration of the anodic pulse. The ratio of

calhednet puese, dibat iloirpolanodbvepakse chwlat i ba ammgoltage
b% infggg range of 2:1 to 100:1. 25 Preferably, the
cathoa?c pul se has a | ower peak value than the anodic

pul se. ke rald Ob@fpeathodifrdidse iBeightuk@eanodiLreform,
pul se height may be in the range of about 1:1.5 to .
1the. Fherawddi euptPse héeghitymyChe tRobstizedial IBnlse is

1 j h t ' S ight ... T k
B S her e oy pa il pE e n A e 0Ty of the
cathbdiltcpubsefbeinght. The bi-pol ar wavef orm

r ef er apl S reater anodic to,cathodic pulse
ot o, MaRD & 6hopePoAAGa VR Sh & F e ¢ ik TBHEn Ot € EoTT,
pPuhseat e ABge W 2004L 064896+ FGhA(BBE04A 0@951§an5eT$ﬁ10A/dm2 .
e

wavef orm may be square or spi ked or sinusoidal. '
bhfol @R VHELER oA Ym\NSEE a 3¢Ur PERTCaEvefBERENL density of

atively - polar could b .
621&? gge’ \/\ive%%%cﬂfergé%%e%@t h%ﬁlyi{;{%% A ma%ef(gar%?%l% pulse
cdureniomavéf dbms atthel Gh/ehdge acudr entardetisi tyulofe tderation

clfr o BbngPhIIBT the cal hodi ¢ wayef orm When the
bi - pol gheMAYREOLM-b% 18 rCUGhRFo MAME &f Burrkhd Waveform, it
average current density may be in the range 3-10A/ dn®.
may have a pulse width in the millisecond range 1lms-
999ms. In this case, the voltage range depends on the
size of the wafer.

When the bi-polar waveform 1s a current waveform,
the current may have a peak density in the range of
anywhere from 1Am/dm® to 50A/dm?, where A/dm® = Amps per
decimeter squared and a decimeter is 100cm®.

A controller may be provided for controlling
parameters of the bi-polar signal. The controller may be
operable to vary parameters of the bi-polar signal at
different stages in the electroforming process. The
parameters may be the frequency and/or the durations of
the cathodic and anodic pulses and/or the magnitudes of
the cathodic and anodic pulse and/or the relative widths
of the cathodic and anodic pulses and/or the relative
magnitudes of the cathodic and/or anodic pulses.

By varying the signal parameters at different stages
in the electroforming process, the physical

characteristics of the stencil can be caused to be
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‘beo pBappEhabpécnsiva

The waveform may have an average current density of
7A/ dn2, a frequency of 20Hz(50ns), a cathodic pul se

waleoansmsme of 45ms at 10A/ dn2, and an anodi ¢ puPGEGB2004/000318

duration of 5nms at 20A/ dn8 15 V\hen t he bi - pol ar

waveformis current waveform may have a pul se
wiytherant hénnﬁij‘rC%é%Bﬁdalrﬁﬁéeti?l%eo§99m?hllsn magans that in

C@ﬁ@ é@slyolé@s%eéa(r}?grdapgnd&@&ége @A@erghgéle can be

waf er. When I-p waveformis a curre

wavetoehied20sthe urrent mayoiaiee avepmak eteu@sithy isidewall
raneof wh romI| A dn2 to e ,

SRR S BEci T onathtr ataPES e dBlebeRtiag is

19@53£an£a§pnyrqhhqsh@@w bendr puirded tkes caNtI®l beNGthanged
paraneters of the bi- gol ar signal. The controller may

§Sparéwy@@r§pﬂenrﬁynﬁaqﬁﬂeuPrOV1dlng

shongbudh_diSJ&r ey SLages il Ngnel ehLr b oI N, orocess,

process par ameters ma req ncy
thecdusatlmns cbfnprbhescatcbdzdungandfanctduec pialstes onto the
and/ or . the ma nltudes of the cathodi ¢ and anodic

pBF&RCh 0/ oF RHET ABAT VR 7 GE¥Hal D BFOPheTeditadc because

angd anedifaHub S@ét@é‘ﬁ/z%téf@a;[ el &l dyse f@&ﬁ"ﬁﬂ@%@ftures
t he cat hodi ¢ and/ or anodic pulses. By varying t

si gnal Apapafbrer stat Yk f erepther agespedth tdie the present
#S?%EQI ﬂnkﬂ r@r%%gg%oéfga t%séé%bﬁgggg%%Ftegﬁ? (%%rming

enC| can cause

PETEEBRA4/ 0603dBov Bdthhd f ar erfulidn i f ferenduateas surface,
Pereof This neans that in the early stages of the

BRes¥ouifle PEFSBIBIN BEPOSEH: r 8EEE s@fas 6 prajAdeting

V§ﬁ¥f§8@0théﬁé@%%ﬁﬂlaﬂki?n'%h@n oddgthedatderye the
stages, once plating is substantially finished, the

p@mﬁ’e@bmgc@mrcfabr@ chabhged 2 sblthaitarhemm@m | ohasval tage
rSH@Hapr%ke§%B§aQ§> ESBX'Q'%&enc11 and using the stencil

to print features onto a board or substrate or some other:
suitable medium.

Various aspects of the invention will now be
described by way of example only with reference to the
accompanying drawing, of which:

Figure 1 1s a perspective view of a substrate for
use in forming a stencil;

Figure 2 is a perspective view of the. substrate of
Figure 1, on which resist is deposited;

Figure 3 1is a perspective view of the substrate of
Figure 2, to which a mask is applied;

Figure 4 is a perspective view of the substrate of
Figure 3 after patterning and development of the resist;

Figure 5 1is a schematic representation of a system
for electroforming a stencil;

Figure 6 is a perspective view of an electroformed

stencil on the substrate;
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a rough upper surface aids in the printing process,
because it inproves rolling of the paste onto the

W@ @®ao61806 Havi ng snoot h sidewal | s ai ds printi nBCT/GB2004/000318

because 10 it encourages better material release from

the apertures._ According to yet another aspect of the
present 9FGent i of'PHRr 6 s %%%W? d & m#t hgfi—polar  pulse

COPPL sdNdur {95 M RE eﬁeé"t‘iﬁé‘&iét@b{gp;?&\!éé‘éé‘g a mould on
a conducting surface, the nould defining exposed .
areas biguhe dondactd ngeispsarivee;vidwecbfopihat i Agenhal of

exposed areas, of the conducti sur.face usin
bﬁ%ﬁﬁw#%fﬁ%%%%mﬁ%a?%@ﬁw%&mma
stenci FigigdeUsi ig bheestpeeithvet @i Rf frerl WiemI1I0MHencil.
a board or substrate or sonme other. suitable medi um

20 VarTesShapeérg BREER&ain8nithen skismcidoqyaring process
descrd begdoby-ypy Gl CXAMPRONLyaub il T ehekence,d OshBin in
acconpanyi ng drawing, of which:” Figure I 1S &

pEigpeet ilve vOEwcohraesubst ratieef osuitisblen subsiiragea could

t il: .25 Fi 2 1 rspective, view of the.
S parer of of granle o F i CRLeGRTEy (RO { ich ~ as

FEQUi €08 ot acPRImDEct i vime/i 8ub8t rbhe subsigateehed using
Figure 2, to which a mask is applied; Figure 4 is a .

peR¥p&etitgd iy edebod he fogbst ¥zl ©f SIGCRisghve 3immersions
atte t nin evel.o .St _
b arg ey (et SR IR | SATF IS A epep oo
efieciseflomaitey .a shercindudtiigw es€ed s layper sffechevel 12 is

view of an e|lectroformed stencil on the substrate; WO
PGP 0878057 PEe/ CB20ATBBES18 176 4Py fite P ROVAS Smafer 10.

exaipl eaff ba BbonBOk@H nBULSE e 12RRM Yl GrdNE-ator or any
electroplatln% process;
itable technique, such as sputtering or thermal

other suit
evaporation. The metal 12 must have a thickness that is
sufficient to allow it to conduct. The thickness may be
in the range of 0.1 to 0.3 microns.

A variety of metals can be used for the seed layer

12 either alone or as part of a bi-metallic or tri-

metallic layered structure. However, as an example,
titanium could . be used, as could a
titanium/copper/titanium layered structure or a

chrome/copper/gold layered structure. When -using a glass
substrate it is preferred that the base metal layer is
titanium or chrome. This is because these metals promote
adhesion to the substrate. As an alternative, rather
than using a glass substrate that is coated with metal, a
metal substrate could be used.

Once the metal layer 12 is formed, photoresist 14 is
deposited on it, as shown in Figure 2. Any suitable
photoresist 14 could be used, but a preferred example is

SU-8. As is well known, this is a negative resist. The
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Figure 8 is a perspective view of the stencil of
Figure 7, after renoval fromthe substrate, and 5

WOo2@u0e7886 i s a perspective view of the final sPEnCGBR04/000318

The starting material in the stencil formng process
is a substrate 10 of, for exanple, glass, as shown in
Frgeterdsigk ddurc ahg oEePes1$gict afl eaBubsuidrd®leomanner,
be used, for exanple_a.dielectri terial. such . :
sfﬂC%ﬁa%f??%e?gﬁpcco?ﬁén%bs;itrnatogrd%% ietgo ?lé%negld E%icf%ogresmt
apyiskhéadl e rneidpadx ieit edxargll eni SHeCeS8h¥espin speed may
i mrersions in methanol, acetone and piranha sol ution
abg ehennde30PBnirsdg weteinAtEond(dt iGRISERd THyercytld be
tal 42 i Elgﬁ eposi t ed.0n @ URRA!s susfaceef t i1
gﬁasse%ﬁf &r 10 %@dTﬁ‘?é can be done u3|sng gfrfl el ectro‘i;r:@\erlcl
beagukvagor atrdrceomaanye lot,herthessur¢abse teuhdi fge,amicied as

as ttering or the I aparation. .The tal .12
st KBV 874 PEAPERoCo gt S Cat FIRIEA 1 G R i 25 2
t Qneendust e Fhe Thidi chnass mywdied iqrdde vange/ afvdkdate is
to 0.3 mcrons. 20 A variety of nmetals can be used for

t heasebdkpdyet alZegipchertugleodd® dheasranga ©f L-130°C, for
bi-nmetalli tri- talli er ct .

FB%A{%I\I}Er,e aéé‘o dgzrrf eQén‘p%nee,h%ttirg%\%?%moggu?ggge %&gd})e%een one
catthdta &ndantwel doppes/tit &si umilldyebed sppuetineedyr the

a 25 chrone/ copper/gold | ayered . structure. \Wien-ysin

226 aLL S BRI UTS s BAGT oLl  HATS he'BRERtNers the
| @y 8k khesstitepi umy chromBreIhks.i s becaise thesker the
metal s pronote adhesion to the substrate. As an
abhetpatkyel L4t hee lphdarustngakegl ASsbakiBstrat e t hat

IS coa with e al. te.coul

used. %{%ggrt htélene@g{)t?%/sefg ggltlls stzlrj]grr%%%ébhé;&o%esgi‘Qfgtterned
14nirsugteppsphedonaskt .1 aasushoywnphntbilguheg2apAgy as shown
suitabl e photoresjst 14 coukg( be used, but a

pr8f dr¥B exanpl et e temagdk s wa| |ChEim, O @SS mask,

agnegatighe 4 €Sk Mf€e on a high-resolution photoplotter

could also be used. The resist 14 is exposed through the
mask 16 using a highly collimated light source having a
suitable wavelength. For SU-8, the wavelength is
typically in a range of about 350nm to 400nm, preferably
365nm. The energy of the light used is in the range of
100-5000 mJ/cm?2. However, it will be appreciated that
the wavelength and energy used will depend on the
sensitivity of the resist. The patterned resist 14 1is
then baked using, for example, a hotplate or an oven.
The baking temperature is in the range 50-130°C,
preferably 90°C. The duration of baking is dependant on
the photoresist thickness but may be anywhere between 1
minute and 2 hours. Of course, it will be appreciated
that this post-patterning bake may not be necessary for

other types of resist.



10

15

20

25

30

WD 2004/ 067806 PCT/ GB2004/ 000318 10 photoresist 14
can be deposited in any suitable manner, for exanple

W@ pion/oemsed i Ng. I n order to give a photoresist PCT/GB2004/000318

t hi ckness of approxi matel y150 nmicrons the spin speed

may be around 3000 revs per mnute. O course, this .
coul d BELsTy&haletnaccdhd nghPbOFREIFhi ckheds oflePRéoped in
SME?%E%OS Eq%k¥esol€%£€rnﬂ;'X@éyenéh%rreéh t ¢@d H€itaple
applired as a filmor using a doctor bladinhg nachi ne,
aksdvknown aBeweldpmdmt coahebe Thene ebiystcampieted immersion

gl ass waf er/substrate | t han bake t at erature
i At hER? antfel $F1%®e 1 ,Shfogro“fo é%&%&%éoé‘oc,%ﬁgﬁe& hot °F PY

pE@EEy@ﬁ%O¥ﬁ@ e ukebrehne hadndiim and tywih@uscroposit
As"w 'l Dbe appreciated, the absolute tenperature and
t Bfe Svdreendepeiite oit iflge takerckhessleoelome Hrot spespEst is of

The thicker th hot gr esi st . e | 11 takes

bas. RECRFt ePTtnE pht ofeol S IT4 T Bapaqubh, (BESuleL be
pabbeenedtetinrangh ahihot ommsk W Wsivagy depending on the
phot ol i t hography, as shown in Figure 3. The

| SeycdRPoRE- Ggliasd - aPPRBudfica rr?a?sliétngjg‘gt ggggi("pe‘j'
highresal wd qn phqt op otfera r LoUlh A sPe b ¥888sedNBemain,

resist 14 is exposed through the 20 mask 16 using a
hiaghl ya1doldfi netedothght resiuste isaviempved.sui Tapse patterned

wavel,engt h. For 8,, the wavelength is_ _typi Ly |
ALPEHG8 o eaRgut LI5ONATA 40D BPeF ERABI Yo aRsRm T0F  the
The cerengy aef shbenl iahtriysed 4s in the range of

100-5000 mJ/cn2. However, it will be appreciated that ,
25 t he On@fel ERYt HIAFRE eddr g7 rBs P Y s dépéndSoRCtRBICTMING

sensitizwi ty of desist. Fk at terned & esi i '
t%en Cbas\l%edlxéugllmr%l@?oﬁianpggsug htgt |§I g’?’es ga? i%s%%%n?hat e
Tharibakileg fenpetlatsire | §hils t hectadge 50- ¥3gdable current

D gL 0 20C The durgtion gl BakL0g ig depapian ehiren:

befpen ;1 an anode and a bath for the electroplating:
solution. Electroplating can be done using any suitable
solution, but a preferred option is a solution made with
nickel sulphamate (330g per litre), boric acid (30g per
litre) and nickel chloride (15g per litre). In this
case, a 99.99% pure nickel anode is used. The solution
should be at 50°C. The wafer 1s submerged in the
solution in the plating bath. Once this is done, an AC
bi-polar current is applied between the conductive seed
layer 12 and the anode. This causes the formation of the
stencil, as shown in Figure 6.

Figure 7 shows an example of the bi-polar AC current
waveform used. Preferably, the bi-polar signal includes
a continuous stream of these waveforms, although off
times, during which no current is applied, could be used
if and when desired. The waveform of Figure 7 1s square

and consists of a cathodic pulse 22 and an anodic pulse
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mnute and 2 hours. Of course, it will be appreciated
that this post-patterni ng bake may not be necessary

w0 ooo4/06m8her types of resist. WO 2004/ 067806  PCT/GB2004/000318

PCT/ GB2004/ 000318 11 Aften2baki ng, the photoresist 14

Is developed in Mcroposit EC Sol vent or acetone or ,
aR{ - oBercadliadil Pukstveht. 1BeWadPneMataR2bE @éndhe Pi-
b | Lan . h Yoy, Qv t e i
B LR R ERGP o o0 By 6 S Ay g e SOl on ot o odte
t belsuy f ace. iksinmgpM citbposipartECoSol venmt bitpe leirmewaveform

taken to develop the resist is he order of, 2 to 3
m-AateS2USPENSE vraﬁ BT |me’§€l.a8%xret StEFS 1Y ?}Fﬁ' Sv(v)aveform

tiaBwW lih vieryu dependich@ ofk iy dleyel opi ne Cﬂ‘%ﬂ?é‘eﬁinted by
used. Once the resist is devel oped, 10 nesas 18 of
r ébespositiiie andss tAatanferid e xpusEie raies®, 15 aheprepented

of the other resist-is noved. These patterned
r 89 §F‘en8§g§ti§ed8%lllﬁg ?gé aperture shgpes for the
st enci theas ccshowiiion Fhgse 422 Onbest he mesasgdB aderation,
fornmed, the electroformng 15 grocg sisii
a’%uif“

| d
FRGEFE S SHORS o SYRR v ERbE | § SbPRRE (Hiise 24 and

Thig ialnclld@f@s Fe YRl £8Pl 8- GUELBRENt SOWREE ARlid Soulse 24 is
operable to output a bi-polar current signal; an
amod® asidoatémt h udr hhe e eceleopliaelig-hseh utdesk current.

El ectroplating can b one.usin sui 2 2 :
SO DI in e prerEr PRASAEY o MY HaHiBhE haee 22 1
W%h@at@&ckﬁbnsﬁh@ﬁaﬁﬁtQhéSQQ@dﬁerphﬂbéeﬁé.boriC aci d

(30g per litre) and_nickel chloride_ (159 per ljtre) .

In thi §hecdye; P a0, 869 PHETT ckayehnBle UP§usky. tgfﬁécally

D
ddne,carhalc hpupot aratuer eandi 8 aipldter buroken Phése time
conductive, seed Laxer (12.and Hhe 303485 hdiP 88 ends on
the size of the wafer. For example, for an eight-inch-
wafer, the voltage used was 12V, but between 1 to 100
volts is possible. It should be noted that in general it
is preferred that voltage is controlled and it is the
current that 1is varied, although of course, it is
possible also to vary the voltage waveform with respect
to current. The current typically ranges anywhere from
1Am/dm? to 50A/dm?, where A/dm? = BAmps per decimeter
squared. The average current density is usually from 3-
10a/dm?*. A typical waveform for plating pure nickel has
an average current density of 7A/dm?*, a frequency of
20Hz (50ms), a cathodic pulse duration of 45ms at 10A/dm?,
and an anodic pulse duration of 5ms at 20A/dm?.
Once the desired thickness of the material has been
reached, the electroplating process 1is stopped and the
wafer with its electro-formed stencil 20 is removed from

the solution. The stencil 20 is then removed from the
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stencil, as shown in Figure 6. Figure 7 shows an
exanpl e of the bi-polar AC current 30 waveform used.

woe@ieemd y, the bi-polar signal includes a cPCL/GB2®USH00318

stream of these waveforns, 1l t hough off tines, during
whi ch no current is applled coul d be used if and

V\h‘ékhS*él@%W ed0-The ThavefEin BF FIQiR ePY iMek&hiar BeSAhRY the

t an di ul
5005/ 0h5a08 BE capo0iPBa65 oo 13A5s et bl ¢ ot the
poésist i mebssmdéntintfhdtl pard afetrtherds . psl showaveforfagure
t hat causes deposition of ne anodi c lse, it
4 e R Har (b THESTRY o S aer GHH LA SoLvent.
C@H§§§b§GQQ%@1d§ Rt alstdrititihes gpse 0f shbenvamef efgude 9.
shown in Figure ™7, the cathodic pulse is represented

b?orthéUp&S|th9e puk§erzgdangotlienanodisc MAldd s which is
?refeaigas e tﬁ?lﬂ%%atéﬁggﬁgﬁge(ﬁﬁg%T qﬂ%§¥ho%b% The

ongéer dura | east
d@u@hellt han J_tsh&l'wmdfbeem,é@etéMreande h&yhasaaaduaﬂerMS—lll
peak forward current. The anodic pulse 24 is

h .
St 8P Ebut TRAG &2PePat APBry T Gt Pl Cl dte Semeil in

aM@E@QSeﬁurrEWHedgﬂéhEXloﬁjih@h&@tﬂgﬁhﬁeﬁuh§? gzﬂﬁéme (not
greater than that of the anodic pulse 24. The bi-polar

Ashownvenslmavebuwﬁnus@daﬂsmp%pt@@@lWecb@lmweﬁheso that it

n1II| con ran I 999 t.h eat e odi c

cg?ﬂo gﬁsgsggtfn% ard " $hor e?j%%o |égb séétsu6§%rate
thaﬁr@ahh@dhCaﬁaléEettﬁBnlah&syembageliﬂ@gEndEQEﬂﬁSSon

the size of the wafer. For exanpl e, for an eI%?t-l

vaf er, UERBIVE tRigPUed fas HveBut theBhEERT PEmlﬁonmmal
2gt¥9hﬁ§'§%d¥§§%§'%@&ﬂ ﬁ@@&id&%%dgﬂﬁﬁbﬁh@hlfarméty, and

gener a Is preferred that voltage is contro
andlbtvsi yetriye fiowr rimatutes te bar fedinabt hodgh ofrying the

CougFSrﬁ%ﬁ4ﬁ$t6222:é3;elgl585£1b¥gr¥ot%%ﬁ€yofn%ﬁe material

properties of the stencil, such as the hardness and
surface roughness. This is because, by controlling the
waveform parameters, it is possible to alter deposition
of the stencil at an atomic level. The pulse parameters
that can be varied include the frequency and/or relative
widths of the cathodic and anodic pulses and/or relative
heights of the cathodic and anodic pulses. In practice,
it has been found that at higher frequencies surface
smoothness is improved, whereas at lower frequencies,
surface roughness 1s increased. As an example, for the
specific stencil forming process described above, it was
found that using a frequency of 100Hz provided a smooth
surface, whereas using 4Hz or DC produced a rougher
surface. Hence, by varying the frequency surface
properties can be varied.

The bi-polar electro-forming stencil manufacture

technique in which the dinvention is embodied provides
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to current. The current typically ranges anywhere from
25 1AM dn2 to 50A/ dnR, where A/dn2 = Anps per

waelewisietses squared. The average current densiPgI/GB2004/000318

usual ly from 3- 10A dn2. Al#¢ypical waveformfor

plating pure nickel has an avera urrent densi 0
THHHPIS a PREDEABSS of ZOﬁﬁr(Sﬁﬁ%?pi Ca céFhodFBn%%Fgg

dur.atd,on of A5 aty JGA« 3Qrand an anadi LN
duraf%on of15ns at 20A/d gggadhce t he deS|red]fh?%ine§g are

aﬁs¢dh,e et eelatt hosl debng pea@hed depe sbéctegpiaei fge use

cess i s sto d and the Mﬁth its
T Ecorger P et BediEr] J0. FOoT Gusved i ohath:  These
s@hatt Des Therst enedd 1,20 drid t hﬁnfﬂleﬁmxaed g omdihe M, and
2004/ 067806 PCT/ GB2004/ 000318 13 substrate 10. This

ceen@el pnEIRn mErery (86l | R§OERES steptpPs20thf 9 for
r hi . resist.: nes
ORISR RUF pfat L8 AR e LERL PERARAE. e
rleétlscbdl s lsenpvety st ngaa mﬁy abkfensoimj,btﬁitdmr eby metal
| eavi ng t he stenci wn in . Figure. 9.

Sﬁ?%o?ﬁetﬁ?eFE??%ﬁisolggﬁ?d| %&gfll ray iidgs ' mechanism

avad| able fg10my |fﬂ§fe§i§@he§h§oﬁmsﬁ,ﬂ @lchUSAs THerdness,
stencil 20 is then cleaned to renove any residua

MerttinsandsSuess Fmds e irel d@h@u@;«um owlrhgsdepabhes the
sl eggikkl% t)%oo%l gém%?{]dlnge Stﬁﬂf nge%Meedfb? the

F7amé usrtn conven I onal nmountin
teﬁéﬂtﬂueio &Quihptlntlngannﬁheatb&hmseﬂmﬁ®rtpnmwnpnqyldlng

in the electronic._ su firate fabricati on and

eV8EYr oPPeO R sePt 53t hR i TRIusTTI®s. &Ri iPa HEpol dretease

A= SHET ente @ HRl eRiieof ariB achBtaht &5£steBAEY RIOViM®Soved,
good net al dep03|t|on uniformty, and allows very

fithéchedearesses beddepenedorBptiarnyi figushe oAy pitting
pg{lgng Jrféas#}lcgl ?egfééépl grtosgontr ol the material

proper 'és 0 he"stenci |, such as the hardness and

surface saughedsserHurs Wslbea]_apseclat@ythem rnaldiiatg.ons of -
tgl?le disclosed arrangements are possible without departing
from the invention. For example, whilst the stencil is
described as being formed using a negative photo-resist,
a positive resist could equally be used. In addition,
although the stencil is described above as being peeled
away from the substrate other options are possible. For
example, the mould may be provided on an- intermediary
layer that 1is carried by‘ the conducting surface. The
intermediary layer may be a sacrificial lift-off layer
that can be dissolved away, thereby to allow easy removal
of the stencil from the substrate. The sacrificial 1lift
off layer (not shown) could be deposited between the
metal seed layer and the stencil layer. Alternatively, a
sacrificial substrate that can be dissolved away could

also be used. Furthermore, whilst the waveforms

described above are all square, spike waveforms and



20 waveform paraneters, it is possible to alter

deposition of the stencil at an atomc |evel. The
w@eiogmeeses anet ers that can be varied incl ude PEEGB2004/000318

frequency and/or relative 1 dths of the cathodic and

anodi ¢ pul ses and/or relative heights of the cathodic

aptnapediel pHpgegorMs Frsct3 L0 951FePhas BeERdqNdY, the

that 2t qhLanen, [ LRIYENCT Ep pUIEl ACer-SARALRRCSS ihde by way

i Pr oved, ereas at |ower frequencies, surface

refgleres® lies driiot ems@dnoAs fanr exlampperpbeest g limitation.

specific_stencil_form ng process descri bed above,. it .
& ¥ohhd PRatCHehg %gfr%ﬁ%en%§lﬁfe%0dﬁﬁr?ﬁQnﬂQﬂﬁfzimlnor

SHBB%PiéQﬁHﬁEaﬁsy WREIRase Usk BHoGHZ s0gnPEipeadUGetindes to
rougher surface. Hence, by varying thé frequency
sthtaceerproperdeesrghedbe varied. The bi-pol ar

el ectro-form ng stencil manufacture technique in

whi ch the invention is enbodi ed provi des WO

2004/ 067806 PCT/ GB2004/ 000318 14 vari ous advant ages.
For exanple, in contrast to conventional DC

t echni ques, when bi-polar pul ses are used, the

el ectropl ati ng process does not require the use of
organic additives in the electroplating bath. These 5
additives are costly and difficult to maintain, and
removing themfromthe process | essens the need for
noni toring equi pnent to nonitor the additive m xes.
The method al so provides a very even distribution of

nmetal across the stencil. In addition, it provides a
mechani sm 10 for controlling nmaterial properties, such
as hardness, intrinsic stress and crystal structure.

This enables the possibility of providing a rough
upper surface for the stencil to aid printing but at
the sane tinme providing very snooth sidewalls in
order to perfectly release 15 paste. Furthernore, the
current efficiency is inproved,
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whi ch decreases hydrogen formation, thus | owering
pitting and decreasing residual stress. A skilled

w@engoerses | | appreciate that variations of thBCT/GB2004/000318

di scl osed arrangenents arelpossi bl e wi thout departing

the invention. For exanple, whilst the stenci
f&%m@

ri bed as being fornmed using a negative
photo-resist, a positive resist could equally be
used. _I n addition, Ithgg h,the stencil_is .described

abovePas BEHEDeel a P8m t Re sistiStle ot fapPrising

0p{ LEPS oAb EmPRSSI e skehcdd exaiphe.a t Be-pBULE N@YebErical
provided on an. |nterned|ar{ |l ayer that is carried g%

t hegoahdibeitngamifizss Thelurptekredifami 1R8l&T neyveEOTMS,
a sacrjficial _lift:off | [ t_.ca . g ed

aliay! bﬁg%ggyatSaéP?%ﬁFe§é§s?e%§§a?ﬁ %?g?hg é?g%%fl
fromthe substrate. The sacrificial lift 30 off |ayer

(not shown) could be deposited_between the net

( | seed: .
| dyer Pafg e sieretdineetn AleePnari VEISFSIA ¢he *Sathodic
S LEi gLal ;s t i sGa hSS amwayseoul d
PR s bR b oty fhasslyedornan.
descri bed above are all square, spike waveforns and WO

2Q04/ Q67806 PCT/ GB2004/ 000318 ., 15 sinusgi dal. efo .
a?e aPs"Sutthnfe. © 8?88dfﬁbl§%ayﬁe ’a§b$%e&QSC¥F%t%%ﬁhOdlc

Obuisépﬁﬂﬁiéi&ﬁﬁ&ﬁﬁ@@nthéﬁ medatby csay tofi@exaripd eduration
only and not for the purposes of limtation. It wll
befcltaar anedikePYkERl ed person that minor 5

nodi fi cati ons may be nade wi t hout significant changes

to the operation described. WO 2004/ 067806

PCT/ GR200H 1000348 clGiGleal nEn tlaAmnethodhefeior i ngplalo of

stenci| conprisi el ect.rof orm ng, t he stenci sin
bF%ﬁol a%ﬁ@@Frfggﬁhe cathoéﬂc aéh afodié pulses P9 2 the

range of 2:1 to 100:1, for example 3:1.

5. A method as claimed in any of claims 1 to 4, wherein
the cathodic pulse has a lower peak value than the anodic

pulse.

6. A method as claimed in claim 5, wherein a ratio of
the peak value of the cathodic pulse to the peak value of
the anodic pulse is in the range of 1:1.5 to 1:20.

7. A method as claimed in any of the preceding claims,
wherein the bi-polar signal is square or spiked or

sinusoidal.

8. A method as claimed in any one of the preceding
claims, wherein the bi-polar waveform has a pulse width

in range 1ms-999%ms.
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5 signal that conprises a plurality of bi-polar
wavefornms, each having a cathodic pulse and an anodic

w@eiogme6782 A nmethod as clained in claiml, wheP&i/GBR(V/000318

cathodic pul se has a | ongéd7 duration than the anodic

I sep #%&%odbx gﬂ_ft Qgﬁllﬂédchﬁ”%y el ahm %yre‘t‘,‘é%ﬁ%'gn claims,

e cat as a duration that is at | east
tMh@feihetderhifpolanfwa%efanmdls putserens vaveform.
nmethod as clained in claim3, wherein a ratio of the
durations of the cathodic and anodic pulses is in the

rapgenofynedinbd 0a3d0Q@1hinker exapphen3:d. whefei®t Bed @&ferage
claimed 1n any of clainms 1 to 4, wherein 20 the

catlht;dnt pieseitias of | sher peaiivalpielihana hdeafodthan an
¢l :
PavPEar cPRECheaR=0arbh o Fhe earied S Bt o the

peak val ue of 25 the anodic pulse is in the range of
1:1.5 to 1:20. 7. A nethod as clainmed in any of th ,
ptécedi metdiod ms chRdPednithe1iMpo? aPts Péﬁap‘ﬁ§ wherein

?BQ!’(G @ﬁr?&ﬂtlfe%e(?{31t%) nusoi dal .+130 8anfeMetROf aSim/dm? .

almed in any one of 'the preceding clainms, wherein
t ReABdmpol ar wavef orm has a pulse width in range
| ms-999ns. WO 2004/ 067806 PCT/ GB2004/000318 17 9. A
nmet hod as clainmed in any of the precedi ng clains,

wher einn ddiendu - P9l aravavef ermdisiia cursentlwameflor mr claim
10. A nmethod as clained in claim9, wherein an average
51ldur reIRTSdenst ey BVCEREC afddireNpuldRNTKEY ekt tlﬁart% range
ageaage gperrent density of the cathodic pulse. 11. A

as claimed in claim9 or claim10, wherein

13. A method as claimed in any of claims 1 to 8, wherein

the bi-polar waveform is a voltage waveform.

14. A method as claimed in any of the preceding claims

comprising varying the bi-polar signal.

15. & method as claimed in claim 14 comprising varying
any one of signal frequency, the durations of the
cathodic and anodic pulses, the magnitudes of the
cathodic and anodic pulse, relative durations of the
cathodic and anodic pulses and relative magnitudes of the

cathodic and anodic pulses.

16. A method as claimed in any of the preceding claims,
wherein the step of electroforming the stencil comprises
providing a mould on a conducting surface, the mould
defining exposed areas of the conducting surface;

immersing the mould and conducting surface in an ionic
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peak current density is in the range from 1AnfdnR2. to
10 50A/dn2. 12. A nethod as clained in claim?9 or

wW@b@uiws7806 or claim 11, wherein the average cupPCEGB2004/000318

density is in the range 3480A/dn2. 15 13. A nethod as

claimed in any of clai l.to 8 wherein the bi-polar
WEOEEBEAT £ VSFFSEéOaEGEfﬁgnT3%9ESA@ﬁQPﬁSG & BRe™mou1d

Ché&ﬁﬁdthg BOYp0f 2t heupregedbpgvel 8hgs s2Ongonpri sing
varyi ng the bi-polar signal. 15. A nethod as cl ai ned

in claim214 conprising varying any one of signa

frequenc the.durations aof the thodi ¢ _and anaqdi.c
pg?seg, %h%nﬁﬁbni UL Bf SEFE =55 %gﬁﬁod?%e%n&iaﬁgﬁﬁg' en 4
pubg8uctehat ing fuaat ions ebullbe demttiat Ceapdsanodireas of

pul ses and rel ative magni tudes of the cathodic and
ahbéi copusdsd nl UK FRRhodhas SYEREReFTRLafy NoF Mifens for

p%?%?gkgglgkﬁh 'arég%\mggpgggdth§§5tgﬂé oﬁouéd using a bi-
el'ectroformng the stenci conprises providing a
npulldron curenduct ong switage, tdiymamul dthdef i mongprises a

CLROSSt B eas Ol e IOl S TaCEL LIRS Mo o
ZQQQEQQZ%O?uESE/§E3094é989§é85u1§e$0|ution and

el ectropl ati ng areas exposed by the nould wusing the
bi - polar current or voltage signal. 17. A stenci

fogm ng sy t hat_ uses. . ul.d. on . 5 cpnduct .
SOPrace SRl duersm s Expobed Brdhs Bf (ratfein  the
ceaduotiing sulfaceé)ad ha syshgarcodpraisiog: theansther anodic
el ectropl ating areas exposed by the nould using a bi-
p8HM&FScurrent or vol tage signal that conprises a

plurality of bi-polar wavefornms that each conprise a

10 cathodic pul se and a anodic pul se. _
19. A system as clamed in claim 18, wherein the cathodic

pulse has a duration that is at least twice the duration

of the anodic pulse.

20. A system as claimed in claim 19, wherein a ratio of
the durations of the cathodic and anodic pulses 1is in the

range of 2:1 to 100:1.

21. A system as claimed in any of claims 15 to 20,
wherein the cathodic pulse has a lower peak value than

the anodic pulse.

22. A system as claimed in claim 21, wherein a ratio of
the peak value of the cathodic pulse to the peak value of
the anodic pulse is in the range of 1:1.5 to 1:20.

23. A system as claimed in any of claims 15 to 22,
wherein the bi-polar waveform has a pulse width in the

range 1lms-999ms.
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18. A systemas clainmed in claim17, wherein the
cat hodi ¢ pul se has a | onger duration than the anodic
wEeigee78td 19. A system as claned in clai m 18, Pei16B2004/000318

the cathodic pulse has a doiration that is at | east

twice the duration of the anodic pulse. 20 20. A
systemas clained in claim19, wherein a ratio of the

dei at AonSysrtEemh@s:atcﬁadmdandnanmyc @il sdsiims | A5t heo 23,
range of 2:1 to ?1 21. _A systemas clajned in any

O PErarhEChS bO-BoLoT JETHEPET LT nE CUFFBRE CVpUF E2 has

a | ower peak value than the anodic pulse. 22. A

systemas clainmed in claim2l, wherein a ratio of the
p2ak Ralamstca‘m tde caehodiic 1pu|csleaztm 2he wéake\lal @& ggverage
30 the ano ulse s.in th nge 5 t 2

23U ASRY st Ef‘ﬁlsa éjlfrre n %ﬁ?/d%f: T ar e ]115s t%gf%, fhan an
W@@é@h?etBﬁrbén@ohéﬁsmﬂyeéﬁrﬂh@asaah@disepmiﬁéh in the
range [nms-999ns. WO 2004/ 067806 PCT/ GB2004/000318 19

24. A systemas clained in any of clains 15 to 23,
\A:ggr e d y% & Rl -R0! & - e pf ”E:!Lélﬁ oUr SNt MRYETOf MyRerein

A systemas claimed 1n clalm?24, wherein an

aveeagea ke urrerntdetsi gyt of 16 hénarbei cangeseof sfrems 1Am/dm’
t han 8 ayerage current density of the cathodic

pEPsé Aggm” p systemas clained in claim?24 or claim

25, wherein 10 the peak current density is in the

range of from!|Amdn2 to 50A/dnR. 27. A system as
cPdi-mdd FHSHAR ofScl@iadders & 280y foft Hekabhpricsi hg 26~

it ?E%he%f @&éééf‘lgsltl{be b}negg%ar dfC,]IS Wayelong Sd habi —polar

erent waveformnms are app
waveform, so that different waveforms are applied at

different stages in the electroforming process.

28. A system as claimed in claim 27, wherein the means.
for varying the bi-polar waveform are operable to vary
one or more of the following: signal frequency, the
durations of the cathodic and anodic pulses, magnitudes
of the cathodic and anodic pulse, relative durations of
the cathodic and anodic pulses and relative magnitudes of

the cathodic and anodic pulses.

29. A stencil that is a product of the method of any of
claims 1 to 16 or the system of any of claims 17 to 28.

30. Use of a stencil as claimed in claim 29 in a screen-

printing process.

31. A product of the process of claim 30.
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different stages in the electroformng process. 28. A
systemas clained in claim?27, wherein the neans. for

wWQ 20044061306 he bi - pol ar wavef orm are operabl e t oOPUHGH2002000318
one or nore of the follow 12¢: signal frequency, the

dyrations,of the cat i . ' ! ;
i USR8t e Ao i o o, Sere farning
dyr st Eaps10fisihbe acatihedile ranthraredi oputcaesgndsignal, and
relative magnitudes of the cathodic and anodjc
pupieg. thy soenaidt bAcPFithat §€S&rBroBuEEr b1t he

met hod of any of <clains 1 to 16 or the system of any
of claims 17 to 28. 30. Use of a stencil as clained
i B3¢l A Mma e rioted esdreenc 3@epriiost | myr prossessge 31or A circuit
product of the process of .claim 30. WO 2004/ 067806 .
PEYREB2004 600318 26 3PTIALES hott BFskr eBROpHY nt ihGT 1S

CRARLESERArebeakh AGORMnBEhod Skensklingai g a1bimpabar
current or voltage signal, and wusing the stencil to

print a desired material. 5 33. A mcro-electronic
deyice ar . Lreyit ko S s a Qrddued +hat
crfeut oara T cragopE " EHak 437 diete LHFiRds Telo 05 the
deti methrinatleal MB2eleB84rofopning edspngductbi+mtlds current
made using a stenﬁil that 10 is fabricated by
eP&cVPoFBERI AgI0&iing a bi-polar current or voltage
si gnal .



