I STENCI L MANUFACTURE In accordance with a first

aspect of the present invention, there is provided a

met hod of forming a screen-printing stencil for use in
the electronic substrate fabrication and el ectroni c
assenbly industries, thermsetindMovOPRscerRg

el ectrofornming the stenciT USTng a br-porar electrical
signal that conprises a plurality of bi-polar

wavef or n¥, ageastance ity a fust asphat qﬁuﬂhes pr@’mht mventiod) there is
puI éﬁo de{?inggﬁ %%Fwnéh ggr%grﬁ ggrjn eépca 1 ushIS the electronic
s c r edsirplei fabmoagors 21500 @Idctrtbmid: rAssgnisly Sirtdﬁ@méﬁ] gthe WaéhRod comprising

e prEaRori e Sl s i i) it omages pluraity

c onpiiti-polagvaveionms, éa@h halieg & reaicaid pise a%ﬂ%ﬁ%n@&@ pard by
the nould using a bi-polar current or voltage signal

that conprises a plurality of bi-polar waveforns that *
each conpf hé&®rdarcdt Wi & sB

In accordance with a thi Fd%ﬁggﬁﬁﬁéﬁfé}g@g%}gﬁﬁon there
i nviént Pigiidedhepe soseenmriolinglestencihefamingofsystem  that uses a

scr prizAti ng n tr

scr'g@ﬂdprlbﬁtl %g ??enm':rﬁ‘:J ugleﬁ%‘S% b%epolqh?&gurpngngor exposed

v o I ara@oﬁihg reahductingl surfeicegthetdystesT camisipg! fﬁéaﬁg fcﬁteﬁhﬁbﬂ)latlng

ad Sb”@ld rrat rial. Ln accordance wt

fou %6’38& el ?HBOLH &ISIg; 2 BhvERlEr GHITeRthe téoltéig§ signal that

pr wontiFides amplarality of BIddid Weavefliiis ARat Uack 26K pAS Qrcaﬁkodrc pulse

C|r it board, such as a printed circuit board
rﬂ?@&@?"ﬁpﬁlaeby electroforming a stencil using a

b| pol ar current or voltage signal, and using the

stencil to print a desi red materi aI In accordance

vvithafiftha ect 3 ({)resent i nvention, there is

provi ded "R PHAMREE rbo% Irq ggpedt of Hmjer%@nh@vantron there is

st epmvilddd‘lata | snéthbd i coft edcrebM—pﬁhﬁﬁg} r Qf(ﬁ%ﬂkﬁ@ Ugleofdrming

prl ﬁ ﬁe&nsqn&qﬁgfsgen&épgﬁtg%gb ‘% &“Hem PHVEER sgrgﬂl,qu using

on th&s(xemmnhtmgﬂst&atlBtd @’intlaﬁd@’ iedtadtekiar,ough the
open areas of the stencil, so that the printed
deposits match approxi mtely those open areas.

Scr een- plhi addofdance with a fourth aspect of the present invention, there
is provided a micro-electronic device or package or circuit board,
such as a printed circuit board, that is manufactured by electroforming a

stencil using a bi-po!ar current or voltage signal, and using the stencil to
print a desired material.

in accordance with a fifth aspect of the present invention, there is
provided a printed product that is made using a stencil that is fabricated
by electroforming using a bi-polar current or voltage signal.
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stencils have a nunber of uses in the electronic
substrate fabrication and el ectronic assenbly

i ndustries. 10 These includg; but are not limted to
the printing of printed circuit boards, depositing
sol der paste and conductive adhesive for electronic

'packagi rr‘éc%?@ntpelnpmngt istierdilondacfine ancdEiseésh Ofith open

cir rive ta.make electrqnlc devi ces
er ?hg Vf? ngid 1 i ght BRtegdalad & Herinkedt thsough the

vv| tdﬂpdfn ghEéan RfCOLHY Sstef@s 1, eadh t Pt 9
advanced packagi ng technlques ' mhlcﬁ eE?%$H§£1H§%E deposits
us &HCh e gBPTPEAmatelar cShoset sopesi ey emivancelcreen-printing
packaqidia d echpigues- qgﬁl an.i ncrease .in t

nunber of connec(?l ons an eeiéo Qhcr BSER i Hha %&"ge electronic
S|§@b&§ﬁaﬁﬁ)ﬁﬂbr1mztfmm andpéQ%@&Qodﬁafé&é@ﬁ&%yaﬂﬁdﬁstrles.

prod ion,cost. One of the fastest an
cos egttrja]&?f\'ié CoptWnsats paekaddmidiestt konithe printing of

COpRORERYS iciAcuiICr ashh PAE Nt HgﬁonE?ﬁﬁon%%%} &% hRaste and

mat eri al through the apertures o cil
25CBpRERSE VEhe 2dbrpdvent sfcabccﬂlchatgiqnld-b\mmtaglng and the

cupkentily HEeLenRlerBiaGll e AL TS 1S

because I OCES r
aI | ow tPee ﬁamvecabl aRld 616PELbSL M &Bvﬁl@é@e%haller, faster
pitch. For spall features (e . g

es | ne
%ﬁﬁ % g?’én) ufy at the Fane chime hwith hblghenrc ipin counts,
aaﬁg ur @gaadr e yer f get I%grgg nMegs \Mst_l%é;w %‘é{{% nc%sackaglng

to enabl e the sane paste volune to

r dieehiskayesm ebfbhchperelllmlaa’depr ithieed. uéfenve;rﬂl omahds for
meit /4l can bricated i vari ous ways. '
afi resltsrI nom%wésrret hotzse%’ﬁgm cH %?Eﬁang Wﬁ@@&P@G?SG@CthUES‘
PEHEH2E04400 3 e s S1iuSethe ThhﬁnbleEVQif’e%ofnhre%Ltlﬂbnsi and a

fa a resist sk by, applying a resist. to a net

f(g{qcr op’H’CEFF’ age - 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 thén
package the components acéordingly. Howewver, currently
there are practical limitations. This is 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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patterning the resist through a mask. The resist is
| oped | eaving the pattern of the maskcpriB6s/000318
“&oﬁawgﬁ#ﬁe foil with its regist mask is then cHe
subnerged in a chemcal etchant. The areas covered by
t hesr asiesit. neRikis atnvplvescfédsany Scominige areresishi mask by

bei t ched . trast, _t d ‘
CRRBLILEY 1 o rEerASt ok e BEERBG didy (e epyprically

gol?é'{ﬁgrﬁﬁ?ﬁbt ¢hes rbBi geghnkudie dBiadk f Oi tTh@nges@st is then
e

Ining a Stencil. A disadvantage of chenical etched .
stdeveleped tlemvimgeythanmstisrn refi dhe maskf o8 uklke foil.

with small. apertures_and f.ine pitech .. d 0 .
un'ﬁi'é?cnﬁﬁqlr]hg ﬁ‘p%’cejs%S c %sgélfq:oyglgts%hijﬁ%;. eltns Eggxrr]terged n o a
CagsSmpEabl epchaen t hehst en@ids i Gowerdd bgcalse #ésist mask
paste can get trapped in the undercut_sidewa]l.

|
Theref pretested smehaitap ' bhe Betpludalk deing ggFched awvay.

L35 o R S IEBC b oAl e sesiat

i'nvol ves ‘mounti hg a meta
f ra®k Strer esttthed aR@ysonpheresby s farddng faperthwes through

- PharartaL Bodll BRdopenER LIt BHMTLL- of A\ AYSadvantage

CUPUt SlemPch BSCELERSGESsPEACL NS 15MERaADI @hERT @Rglhot be
aperture sequentially. However, the |laser cuttin

g_, .
prozkbbablyrmanufactusetdowith smaddn aperitarres japfngine pitch

SIS0 L8, 830 s R g beckaa L 0L LR B, tdfing. s

apsdn Urcawsd | provliems cahepauBRepastenctl adlesused,0 because

. get trapped in the apertures duri nglagri nting. Anot her

BT ietn | $3hat IBhe PrcIR cantbe te uf ¢ Stdewall.
3%Jpé£§f&§fe, SREWhNGHENd s MBLal Hpndskhe faReriytger pitch
an often

causi ng an undesirable |i"p around the edge
offezomeresmpertures. Furthernore, inconplete renoval of

metal cAn  Geoied CRduibd! AKES ARGIES MO, mhis

probl e a
- inveolves 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 laser cuts rough

aperture walls, which can cause paste or adhesive to get

.trapped in the “apertures during printing. Another
problem is 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. PFurthermore, incomplete removal of metal can

occur leaving blocked apertures. Another problem is that



ot

10

15

20

25

30

WD 2004/ 067806 PCT/ GB2004/ 000318 3 the di anmeter of
wpenbsmeesuccan vary by +/- 10 mcrons at fine Ricigdem04/600318
Yet another nmethod for manufacturing stencils uses DC _
el ectroform ng. This process starts with a properly 5

pr &b cdilameirel of t ppecEurgsa Garai Vegsbyt del- shkehicrons at
whi I S inated with a dry filmphoto resist. The

resfiglglte ?’%lt%@g%ged to a collimated UV Iight source

throughyea r@asdthamndmeft@dddesst opQahurbedurigg? PRACITs uses
of the apertures. Once this is done, the patterned

nmaRdr gleqirafpmrifieer geFhils PEOCED| starsst midimt angroperly
SO ' nd ed [ el .ri-cal current,
anPepPaRedl naRURRTET kORRChITY % \eRRIAIERs SPLEET sheet,

starts t plati proc

 depbsched sar dandnahed phiilp mesdsy Folihepltesd r edsist.  The

stenci,l . thickness. The next _step is to strig away the
a

pol§iertsés FHEPSSPedit i #tlipmatrd Wechagheappyrce through
regovgadifie 9id - théh %@i@%@ga él.zggviilggc floégn&gm%lg&g of the

process is described in US r ob
DGRpestRresor nidnre ethihsl dgy done hathei patderoted mandrel- is

reLj prodyce a stengil .at sub-150 njcron pitgches.. -
I—Ie#é%%%(ggéesggl egel g,u:'t%ﬁg’lfper‘? -5 £ing 2%o£1ix§:eon and
vasypbsedn voeat highoDielelet3q cdl aslidietdl Wich starts the
el ectrof ormi ng does not plate unifornmy across a

SRS BFE%eescur réfRtat owgingg areeddeposiied usspsmd the
WHSY denskty {AUsKs | ﬁ@.s%}%\ﬁfenstfét?éiafgt{-&%ﬁnggg. The next
of plated neta

C
hence J an overall variation across
t Rtep epsi I1to 26rip alwsy tthes pod weussearl gphtd @esist and

R RS s LR, LB SR o & oc
| redasdt oY drniny Protals als | dRserasked "Bl hedl §0859, 028,

~fabricating stencils and an inproved

A problem with DC electroforming technology is that
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 ovéral‘l variation of plated metal across the stencil.
It also tends to cause a gaskéf or lip arocund the
aperture, which can cause bleeding during the printing
process.
| An objéct of the invention is to provi.de an improved
method for fabricating stencils and an improved
resolui:ion stencil. |

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

comprising electroforming the stencil using a bi-polar
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30 resolution stencil. According to one aspect of the

Wb 8GRk 7gopvention there is. provided. a ' nmet hg@érzo04/000318

form ng. a stencil conprisigg. electroformng the

stencil using a bi-polar WO 2004/ 067806

PCElLEB2RD4AN0GILRa14 Ehart comprisegna phataTbupr bfedi-polar
a gl urgl ity of bi-polar waveforns. Using bi-polar

el BBYPLPEM™Mir ng has several inherent advantages over

tradi ti g8ahgD LlRetd A QEdG 0 M ing Hggabé%( etdl inherent
allows the material distribution to be contro Yed

t hadebyptagegi veovar evenadétabndépodiQ i omleatrofermhng. Most
st engi whi ¢ch neans that, .t he edge definitiopn,. of,

7 eBPEPRYYY or fBd BLLRYS hit o LET S5 by Ut PERIDSRIER, to be
meESAtAblREAPCEhEEEbFANtBEe gaRkl Obhedevhar axdEll edeldbsition
hardness, intrinsic stress, brittleness, ductility,
angcresysthe sttepeidre. wikiehhaeanee thate the redge definition
ef f Cj ' ' ved,; 1,Gh [ S. hy

ot Eat FBEUEEE SOTRERL B D AR i PR e mLso,
r efateelabt rpsspettieaddidaron,be N @gsmetdThed s EGrt hiskample,
nmet hod reduces or, 15 elim nates the need for organjc

adiRITRRSS . By BiPSG REFEFSrmbTitiienesm fuctility, and
WVelEdl SORSESLEEY @'Eﬁ:%h%%otﬂe\ﬁeﬂﬂéS@uffgnﬁeefficiency is

hO
negdti ve pul se. When the positive pul se of t

biimmtewedavewbichi s deppeaedsdurbydrogen formation, thus

el.ectrof ormn rocess,, nmetal_is .20 deposited. This
S Ead g B Rl s TG pithes.  In
PHEB LM tite negRitMee puUl 8€1h§ aPRLsedmetABHAl re8uces or
renoved. This negative pulse will be referred to as

t Fd igHAR T e D e newd e apPygarhe *AdhbdVesSpul se has a

't_gggggt Og?%ig%&fls%éi Saa%etf'a%nenodif Pykse mffl €730l Yaveform
consisting of a 'positive pulse and a negative pulse.
- When the positive pulse of the b_i—polar waveform is
'appliéd .during the electroforming -process, metal is
'depoéited. 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.A The anodic pulse height may be

substantially 1.5 times the cathodic pulse height. The

P
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at least twce the duration of the anodic pulse. The
woébtbeywhsogat hodi ¢ pul se duration to anodi c pul
duration may be in the rangg of 2:1 to 100: 1.%1‘/(;32004/00031?

Preferably, the cathodic pulse has a | ower peak 30

vaPiRdt faPHRe aR§dPRTpUNRYE . brhesplstansiaddyhodd c times the
putse i L£ pul se height may be in the

T angehggfbg%%ﬁ%glﬁg?ghfb 1: 20. The anodi c pul se hei ght

may be Thebstwritical | ymby5 timeslvee ceibpihe pwhee bi-polar
hei ght . The WO 2004/ 067806 PCT/ GB2004/000318 5 anodic
pu‘f%@eﬁ‘%"ﬁ&ﬁt nmay°he SAAWLGTt | APEFiad Ly nds bingolar waveform

cathedi €spahse abaieghto ﬂf@vi@éhgﬂoﬁgﬁ 'sr{:\é%c\%% ;%dévpeglls may

the bi-polar waveforns. For exanp initra

" bibgol asedavesndm sBbshguentlyyi t dlowands prihd deend of the

S engl [ dewal | s may. be_used,, and .
Sty She i ni R heo raEed b qudder (b provide a
vaveight nuppgrbeswpfdes, i N THOer mh) BEViERea by O¥8Rying the
upper surface. This may be done by varying the
fr“gﬁﬁ%wlérﬂﬂ o Heh@udurabhensf ofh&heatdrddicglizhcend anodic

anfiges 10n@Mbs e naN Y Yn g LRIk ‘ﬁ‘jiﬁ? 8 tl{ic{a“@%cwa&phsaﬁodic

cathodi ¢ and anodic pulses and/or the réra

- ofpullsescaghddor arhe aedaditdveul etdthsd/ of the rehehodec and

i {.ude f the__cathodi¢c and/ qr anodic pul ses. The :
\I/'{%g%f& :ém- E sGHS E%r tg"ﬁ kAt iFe yAadEitudes; of the
geathaldiict ahgl/@rekaodad Phalsdd,- pol ar waveformis a
ccurrent waveform In. this case, the voltage is
cont r offP&d WaNg form maghbec gqueme hratspiskadhkiedindsoidal.

coursegpt Rir=R0l4 \V I ual.ly be a : .
ol tage” Snorply ¥ SEEFRERH Prgl Birlgifs vavesom 15
waveforment vaeveforf0 witlnreshdet aseyrrehie WodrRige is

t gSnQL‘bETegr a\l/\@cy efi%r nilss t%ecu[:{lggten\é/avgtflg{: mié. varied. Of

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

Where the bi-polar ‘waveform is a current waveform,
it may have a pulse width in the millisecond range lms-

- 999ms. In this case; the voltage range depends on the
size of the substrate. _

 The average current density of the anodic pulse is
less than the average current densityl 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 fnay 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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it ray have a pulse wdth in the mllisecond range

w’lcﬂ%-o_ug%%&s. In this case, the voltage range de?@’i‘féﬁsz@dlmoosls
€ sSize of the substrate. t

t 5 The average curren

density of the anodic pulse I1s |less than the average
currentTgdensitey o t BeccttbpsifingaveleOrdtentia Gy eBbmprise
may have a peak density in the range of from 1Am dnP

t PEON AR whemouwldin®n= Aneplichbeg nuifagp the mould

S ed. and eci meter is.10 . e regpt, .
ITEHEM AR B Pakle S o e, N Bhrtaces
avafiges £HE! &lie dABGLEY drfl atondactgag duifuceuinenin ionic
across one waveform WO 2004/067806 PCT/ GB2004/ 000318

6 SPukiep ANR| edecsrePARR4NIhALRRRCITXAMBEL oY ithe mould
pr.oyi di u _ cLln Cex nmoul d

GrtHi g BEChELAE BuEPRLCL M0qT kRt Sughdl o

i mer siTiget uiell| mapnbec gndidtdend enr faaceintrezmediary layer

5 solutign and el ectropl ati_ng areas exposed by the

nothRE u%@ng.??ﬁ?%ﬁépp Xr enfo%?u9gFF§geééﬁﬁ%%ef The
Then tBuhea By yPa Vi f8Y e ap | SheriBdEesY |R-off layer
that 1s carried by the conducting surface. The

i ffaxr neall hoyingyeeasyy Wemevedcriof cithe | isteneil| afeem the

10_f.or, allowm ng easy renoval of the stencil fromthe

sﬂﬁﬁﬁ%%ﬁ%feﬂccording to anot her aspect of the present

" invent ixfcérdif@r ol anpthdirdadpacty denthierpfesentginavention

stencil conprising a mask on a conducting surface, the

rddierels d8f i RERyieasose oF¥EseBf £RE ¢ Nchg @ stencil
S%J.rﬁﬁ%usﬁgf' e 0lore! 6Ct EBRLAUMG AT §aT r@HR0Selhe mask
by the mask™ usi ng

defining exposed areas of the conducting surface, and

" means for electroplating areas exposed by the mask using

a bi-polar current or voltage signal that comprises a
'plufality of waveformé 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 wéveform -preferably has a greater
anodic -to cathodic pulse ratio, and a shorter anodic

pulse time than cathodic pulse time.

“a
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a bi-polar current or voltage signal that conprises a

woOro@dostsoeof wavef orns each having a cathodi ¢ pgrags2004/000318
and a anodic pulse. 20 Preferably, the cathodic pul se

has a | onger duration than the anodic pul se.

Pr ef er aBP§, vaNefeamnaayc b§u|sg@a|r§ ot spd&ed ton edniiseidal.
duratio f [ m rati o_ of cath di ¢

pul se dgpgtl%ge?gfggo |c pu <o g‘glyatlsén % {ﬂﬁgeform.
r aBdeeohafively, 10the. biZSpBﬁ.aﬁ:erwﬁaalesﬁorttmecaalﬁodjeC a voltage
pul se Eas a |l ower peak value than the anodic pul se.

Th@arv& P&™of cathodic pul se height to anod| c pul se

hei ght b €p

The anoglﬁgnpﬁclﬂsé]e %E-I g%? %%y'g%vefgﬁgst ant | alé&%erép wavetorm,
ti hbe t Averaghodcurpahte Henglity Thé SGhenodnodmul spulse is

puPERERERY TR LR T Ehb, B  BREreREL PR, of the

greatnbdlanﬁgvéfbgmgat hodi ¢ pul se ratio, and a shorter
anodic pulse tine than cathodic pulse tine. WO

2004/ 06WineR rké:fﬁ dBQOBQl@GOS'!LEBVefZOIFhel\ﬁav@f @unent beaveforn,
GURL 2P 2@l kel BLnf ! BUAGLEQ! nay THE. Bl RAILALMBLCHONEn /an.

e a cu wavef orm i Vel y,
bIT]p@l ewawﬁmfrmrma;oullﬂv@ amohtregegewav:afr@bm Sd¥hsity of

h.gz? -0l ar vef ormis h%aent wavef or m t he
FErcufr e e(%‘}%’rci cﬂ' HGHimes bul s |§ath°dlc pulse
Prafed ey 6?555&Qaatt h@AWagsnauaheandiﬁ%% e[%u‘(lﬁ duration

the_cathodic vvavezorm fhe bi - pol ar wavetrormis
a Surienah@QR s, 10 the average current denS|ty

‘may be gt he,d 815‘ §1&9 A‘Jgggforﬁqhismvﬁuogrrgnq:a waveform, it

an average curren enS|t
may have a pulse w1dth in the millisecond range I1ms-

999%ms. In this case, the voltage range depends on the
size of the wafer.

| When the bi-polar waveform is a c¢urrent 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 Jmay 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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7A/ dnR2, a frequency of 20Hz(50ns), a cathodic pul se

:0%09f 45ns at 10A/ dnR2, and an anodi C pul $81/GB2004/000318
%?@H on of 5ns at 20A/ dnR.gl15 When the bi-pol ar

- waveformis'a current waveform it may have a pul se

W dibfenehbeim diffecentd margs HerfHAns.THis tiesns that in
case, the iolta e range d\?\gends on the sjze of the
waFRe. SREAYt hetaFePolBf WalSf OPRPFESEl cubpentpulse can De
¢ 40 the re Ve A Raak densideh i Ngidewall
}Aﬁ(\ésﬁgng%l%f téiﬂ%yvvhcéegre Poﬁmﬁ% tg g A/?%E Whergl ewa
A deRixifnps, pdut deti neher Ishitaredséndea, demoet glatsing is
100c2. | A contrgalle y provi ded for controllin
w PP areRtia Dy EReiSheshi aFhs GREAMeRR LoRpRO die | thanged
MBYo PEha5tARCERBHE1 I On¥E Y PSR S FeOf stiPEadd : POPRbViding
signal at different stages in the eléectroformn
pracessagiThaippe aswrdascamyaists t e f tbguencynbtaligor process,

the duratiops of__the tathodi,c _and odi,c puls _
i 61 8% Rognttettes; Lea il o Wik dibfre onte the
Pusisen@ill/ or Hakengelsadotth WsilEBRa3@sofkikdie maildothg, because
and anodi c pul ses and/or the relative nmagnitudes of

t HeE NI RIS Dt den ke plnleselepseaf jPRgtifReapertures.
signal r?ﬂf%r?%s i) g}é‘g er%g%]tﬁéfgeés%%@tt N6 the present

el ectrofo roces t he ysi cal aracteristics
ofinventsienctheranibe poausiated oa bmeWhod0 @ona7Zsdilg: Lforming

PCT/ GB2004/ 000318 8 different i.n, different areas
R oRioh Bogkor ding TR Ronrd or , &t g surtace,
PRYRES ol P Sth RN bexp6eBH Ollre@sS0 B tthdr O¥bfEucting

very snooth sidewall definition, but at the latter
stsagdaconceepratraglasinasubshant i eXpgsedni straps t hef the
P

Rl Ol fggecgira%%?% ﬁzobihﬁblépe AlSL R3S @oltage

rough upper® surface.

signal, thereby to form a stencil 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 is 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 is a perspective view of the substrate of

Figure 2, to whic;h 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 is a schematic representation of a system
for electroforming a stencil;
Figure 6 is a perspective view of an electroformed

stencil on the substra_te;
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a rough upper surface aids in the printing procafs,

o inmproves rolling of the paste onto 0
‘E?ggﬂglﬁjﬁ?doﬁavi ng snmooth sidewglls aids printi ng,tp T/GB2004 00318
because 10 it encourages better material release from
the apeFigues. 7Acshodsngaho getmpnet hee agpept-gbibke pulse
present igvention theie IS provided a nethod
coﬁBP?%?ﬂg.uFb?ﬁiﬁﬁe §leFEREPLabyNgr BYPERAG a nngld on
a condupi sy f age, efining p ( ,
ar eas o?i?ﬁgecg]dﬁgt iangb%gsggﬁlfgg%e;+£+bgct°$%p?§§| nsgtenCll of
t hBigwpesed afeas vémovel foomuthengubstiace,usihdg a
bi#polaﬁ.curre t,or voltage .signal, thereby to forma

stenci | © 8¢ UsT nySt Re PEESRGALL W%QWH?#E%R%rﬁéné%tétenCil-
a_boar drigé StAStiAgCnateseBR InhYhe Vﬁl{%we%gfgmgw process

20, Vari ous aspects of the invention .
destr Phet it e ofl Oexefipl ool gxaiphes eigdamsce a8 tdlown in
aqg&ﬂﬂgpy'ng ' f whjche, Figure 1 is a
perspecti%é v?%@y%ﬁggsguﬁﬁﬁwi%P?BrsuﬁgébhﬁfﬁHQﬁFEF%F could
stencidsed®5 Haureanple per sppsidverivd emPfetD81  such  as
substrate of Figure 1, on which resist is deposited, .

i O3 | 8% 2 S5 ti véhA efiBstrakesdifst tat ¢lened using
Fi esvi [ SkalS 1d; Ej,aur IS A .

o et e IR ko PRI S SheHeEstreS fmersions
afifermpbharehi ng@cetdndevahdprentantf sbkutéshstand Fhen de-
Fis QU i chenptjc representation of a systemfor )
ellg)gltlr 5’? or‘%@ﬁ%ﬁa st ncég??lugl{zﬁb'?e ségelcg laperspdcirekal 12 is
viteenodepo sditect raf anBippét e86+Faf8 bRethdbynale walldr 10.
2004/ 067806 PCT/ GB2004/ 000318 9 Figure 7 shows an
e&gﬁ§|gagf £ Sqqﬁﬂgﬁl&ﬁ“%% electron beam evaporator or any

other suitable technique, such as sputtering or thermal

.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 wvariety 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 a8 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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applied during the electroplating process; Figure Bis

Wﬁeﬁﬁ{,‘iﬁ% tive view of the stencil of Figure Pcﬁ&h%muooosls

romthe substrate, !?ndSFlgure9|s
perspective view of the final stencil The starting

ma e | stenciyl ., f B9tBHO0GESSany S sditable manner
l?@jg)t rc’gjteé‘g:"%d“t o$4 fL“?l eé%n%%gb gl ass, asa% own ll n ’

Fifgt exhnge cspirs ecaayingher Taubtdbke tsulssitvente Rhmiteresist
be used, for exanple a di

t
S EHpass cof AAPETOFRBELEbY: PO SR CFREnERifeisged maY
any SYd i 8346y %gno Erexannte, SUECeI/ R, this could be

i mmersions 1n net acetone and piranha ‘sol ution -
angtikeh deecopdiagd Vit erth¢\ cohdgdmiess seef | e ostencil

osaviiady, 1bICTERRRITelEn BRI R oo PE R et a8

bearp AR a\ﬁé)jﬂn@raaHMct@Ehﬁﬂ.a&ﬂhbahﬂa%hh@ﬁ]nIaqlum mmm as a
as sputtering or thermal evaporation. The netal

12
mksnﬂea\ﬁe:aa:etnu Kaesseshat Fevesgds |gé13§fﬁ wafed(wipyirate is
¢ 160 Bk, 1 do-GIERECHBY PR bl sahdeUe S0 fadlc, for

”é& @ | agéc, I¢h eiat hrotalpleter oxs puenh dofom between one
bi - rretal lic or tri-_netallic Iayergghstructure

HIORER, A8danteRanpPBES -t | { P unt bbbl PBe BRBHSCHRted, the

C re | t Al r/t ni a t th
%gggc %@%?Sgp@ drlcfN Lifhb 8y Mtk StaEpEHAE @n  the

B ome/ 6o d I ayered structure. Wen -using
at@h.a:ﬁmesnaubsbfat ethe |splm1e¢1e¢$m’ct hat t F&epasEhpekgr the

layer is ,titani or, chrone. Th e these
8I FOLGS 3@ Z{E’F SBHEGH Jtthe 5] és?l-fgﬁggﬂis
alter n@Jﬂt\é& ¥1%é hphotias sl My aigl &%k@wbsﬁtatles tmtterned-

is coated with netal, a _30 netal u‘ﬁ%iilt ﬁgggg eras shown

14, Sla%?f’é’sbt ed 9Rel lphSBomAPNN iisN &1 G¥rRme-NMglass mask,

surta

although a mask made on a high-resolution photoplotter:

could alsoc 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?. However, it will be appreciated that
the wavelength and energy used will depend on the
sensitivity of the resist. The patterned resist 14 -is
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.
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photoresi st 14 could be used, but a preferred exanple
wo 2086F806AS IS well known, th| s is a negative g
The WO 2004/ 067806 PCT/ GB200gy 000318 10 photor£1?§§£004l000318
14 can be deposited in any suitable manner, for
exanpl e Adjlier cbakiing, Ihher gehotaresiet a Jp!.hotler edeseloped in
t hi ckness af ly 50 mcrons the spin s

L SROERE R OGO TEIE 1oF AGHATE cProdikcothRTs Suitable
CO%'o‘iv*é%t5 Vabé%@l@%ﬁ@h@' N Opéh@idnd Cﬂf_{?e%%mﬁfleﬁ:ge :meers:Lon
stencil required ternatively, the resist coul
appﬂae@has selikliener withg scwectagibahiiong h@ehemﬁ, or by
al so ife coater. The re |st co
ol SPE02MG R ottt et e Bk aliEieth | fffiria Mieroposit

lnEt:heScha;faet,of the- e £QkedO teXanete188CLNRN YediDdét is of
pl ate or oven for between one mnute and two hours.

| Ast%iel | oBElegpprdci 2t edO t Be miBddiafie taiderugtur eﬂ'andflll be

The PE%EEa@% enghgﬂotﬂﬁs t tﬂtlﬁ%ze?fﬁ rox];]a{% pl@i%b%ﬁ won the

er t toresis
bakieveprAhgercHénaqﬂiotmml st Ot Stl’ﬂaikedsa.st u.s developed

tt t h hot k 16
BESRPL Pt Lt e srerguBas, vere pHBPsRESEemain,

| SaAdCRIAMRyONc KK a8EhE8RS kesidkt NQUMeRoPESK ”?H@s@nﬁ%tterned
hi gh-resol ution photoplotter could also be used

resesist4 megsagpod8d dmfdngh the 20peatkres wbapgsa for the

hi [ t having a suitable
magg%%%g?h.égg §B¥8gg ﬁigmé Féngth is typically in

a rangeonteabrid Iy t 4840808 foahed Ablbhe 3€3B@troforming
The energy of ,th ht used js in the _range of

100E%eBD nﬂPcﬂﬁ‘Pil%ﬁg\Féﬁd,- i tFhFRTepbe SNOWTiat B9 Eemt that 1is
25sh Peappy el gt erand enepgysusgelyhhbsdepend,QRdiRe current

sensitivity of the resist. The patterned resist 14 is
t ReuERRed-halt nds f opesrbdpl etoa tatphht e obiapadaen. current

signal; 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 1litre), boric acid (30g per
litre) and nickel chloride (15g per litre}. In this
- case, a 939.99% pure nickel anode is used. The solution
should be at 50°C. The wafer is submerged in the
solptibn'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 is square

and consists of a cathodic pulse 22 and an anodic pulse
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~sol ution, but

The baking tenperature is in the range 50-130C,

W@Eﬁ{r 56q§6y 90C. The duration of baking is depepgﬁ@hzmmons

e pnhotoresi st thicknesg,but may be anywhere

between 1 mnute and 2 hours. O course, it wll be

apf ech@t edihbbal HHlssdOsitpakt eleunty tedee paytnaoif behe bi-
necessary for other types of resist. WO 2004/067806 .
PERIEB2 Gy @bomLsthat ARUSEShARPISItInE SHomptal stBY4ancdic
is developed in _M_croposi | vent €] r
amP-oifrer IEpLgui *%bf“ga%g:ol ggkﬁ% li%ex\/%gl égnei:r]t?é cg% %)gia%gﬁewavefom
byt Hed Tt £l S d NPERSTED ofnmichalsolInt ithre adgd abnbhe waveform
agitation thereof, or bé 5 sprayi,ncg thi sol,ution onto ted b
t lehasin f e Floaitsy M c£BBoFALhAE SPYehE, 1eheF IFHREENTEC DY
t gken Si i f 0{ s2rbprésented
il RSSEFH TR Bl PE 227 R, hel ancdiR: Bine Ple e

t e e Inegatyivepenbsag2én the devel oping cheni cal

used. Once the resist is.develpped, 10 nes 1 f .
resi st ?qﬁthﬁagﬁ‘éé&ct hBULES e €% polad r@rra?];c,mg%%d gppation,

of, fd¥e QUIEF £€Sh8hstS dRIBIEd. tHASehpabhedied pulse 24 and
rési st nesas 18 define the aperture shapes for, the

 stmwia, loseshpeaki FRvwaR® qurreek. | FRengaeslifg pipkse 24 is

forned, the, el ectyroformn 1 I §.4 0l e

FRTe SPORGAETa RPs: dMY g TSEAEEFRTy Bidl HUN CGurrent.
Thine | #¢btslgs euraenabl degsitgnbf dthe ceathadits pulse 22 is
operabl e to output a bi-polar rreni SE nal ; an

angRatard hatutihatorot n %I%‘&‘P‘ﬁgﬁlﬁ‘t‘ A gm ution.

El ect I gl bD0p6 28 DBEIOBALIEHEY Wil il albed20is typically
preferred option is a solution made .
wiith the okisl 1 sseptradarenge3dasydd s, ejithhor | grgakgr anodic

_ s 0 _ .
|0 fnoghe Bt 88" aduitly R choPPoxbad Mot Bpee tine

S@Mhal OFathodic pulse time. The voltage range depends on

'the size of the wafer. For example, for an eight-inch-

wafer, the voltage used was 12V, but between 1 to i00
volts is possible. It should be noted that in general it
is preferred that voltage is controlled and it is the

current that is varied, although of course, it is

- Ipossible also to vary the voltage waveform with respect

to current. The current typically ranges anywhere from
1Am/dm* to 50A/dm?, where A/dm’® = Amps 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 78/dm?, a frequency of
20Hz (50ms), a cathodic pulse duration of 45ms at 10A/dm?,

and an anodic pulse duration of Sms at 20A/dm’.

Once the desired thickness of the material has been

reached, the electroplating process is stopped and the
wafer with its electro-formed stencil 20 is removed from

the 'solution. The stencil 20 is then removed from the

v
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shoul d be at 50C. The wafer is subnerged in the 25

vﬁl%dwo@ﬁo& n the plating bath. once this is don?ﬁp\';‘z&bi%&moosls

-polar current is applied Qetween the conduc
seed layer 12 and the anode. This causes the
f oguimdit e ®f 10Ne . THERCi banapeShdmle | byFi AHER1S- peeling the
Figure 7 shows an exanple of the bi-polar AC current

3R br APusdd thef epiprysubRbrbtepol ahtsitdsl stage, the
Ialrf %’%sgﬁ rgé?QQPltlﬁgsli%Lfngs.Lt r%\ph??é%{-{ll‘f?gsm‘é%f UBn in Figure

ari ng no cufrent 7S
appl | ekhe cardsti e used rémovedl Wieinglesar eguiffible solvent,

wavef orm of Fi gure 7 is square and consists of a

catHIRRY phPEFIRY Jhle atansdilc p8t s@snoshoway obrsdigure 9.
PEJCB24H44 00034 8 p%%fg%‘_reﬁy lgatl'i}%ﬂltc RW S&ygii1) S which is

meant that part of "the bi- polar waveformthat causes

deppssi tdkare off noat aMilBgrandtiegheps| sEyrporasiomantUsA. The
t hat paryt t he_ bi - pol.ar_ waveform that causes ,
RSB ot &7 e’ Gt X FRROTR o i s itk M-113
| tarfd BU-8.7, THEs C8ARN0BECABHESBY BH1CWMATRS AP REY stdfcil  in
positive pulse 22 and the anodiC pulse i's represented

b ittHeIREyat | veepskenNGl FRe tharhoarunsgdselp2ahfgape (not
I d t 1 t [ t ha ,
o) USRS leon PRS00 VBt ERS | (ERAMIEMtbd (Fhat 1t
cmamerﬁhenTlihe ﬁmeldicf@nl peifiding imchheh&leartrdndc hesbstrate
a | ativye [ jeak current. e average current

o S o i e DU B sty ook I EHatE IRy

of theyaned Ca puhispoldr e GhrPOREr tAC EVEELRSform a metal

waveformused is typically 15 in the mllisecond
r 8%§8Chds-DooWEded 1gred gmeiedr dapdsétics cuerhbdrmity, and

DUIREEaNth, b PORLLELen000ke MLERATT o Porgipo che
spnédsef pemamestfers, Fot dsappissibiler oy ebgbreollndhe material
properties of the stencil, such as 'the hardness and
surface roughness. This is becaﬁse,- 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 is 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 variéd.

The bi-polar electro-forming stencil manufacture

technique in which the invention is embodied provides



10

15

20

25

30

WO ™5Y

waf er, the voltage used was 12V, but between 1 to 100
20 volts js possible. It should be noted that j

ét is preferred thf}& voltage is contr%ﬁlggmmmoﬂsls
and it is the current that Ts varied, although of

CQULSOud ! AGvaROs§ed! e al spoio \exaympliee void ageontrast to
waveformw th respect to current. The current

mpirlcraiﬂ/tﬁ-qraigei)canmw 25themy R RB T ARKESes  are
N N L

wayefQrdahDe BHALtAgeBUrin Nthkeleltat ropladdarageath.  These
current” density of 7A/dnR, a frequency of 20Hz(50ms d
aadgiifdaies parse @@sitlivon agid 45HeCBowiy i, mas’d“'a%%"‘r an

ggg?q%grgirﬁqfﬁﬁeﬁl dﬂg'fni Oppaf . E%c@Eﬁzofégggnsmﬁﬁet hgeed for

ness of the nateri al as been reached,
t henateatitep| égiitgnerioctes monittcappete aaddibive wafiges. The

T atis LSS G £ 0L Bt SRRt mec
028y Q%gég%céaﬂﬁ?’zo@ﬂ/ QQQ@%ﬁonﬁ itURHovdldesla mechanism

TAI'S "can ne by nmerely peeling the “stencil 20 off

 t ferwatentsabiinat eaterial s pepprtien stshst ageshardness,

18 infill, the apertures, _as 0 ' LQure hi

r eBELEnSIG u%’i’ﬁgcﬁl(ssﬁ‘lsa{lab eJI'-Lg% 1%/% ,ngts herebyles the
|%_B\éisﬂ.ﬂ>it]fi€ty5t@flcb|ro%@.di&ﬁ; showbigh Fugpee Surfface for the
SU-8 the preferred solvent is M5111, which i

~o5ERgBlic Y9 omiil INEDELRHNONS CoF pbPat | TRe UsATerREoviding

A8 oty | Bunephaaied 4o o oy sty revease

spasetkl.- i nFiftheimogen. thee oumrent effipdansyudifecimproved,

I t _.Sh ' tional ting.s e
 ubh g i Teas e o ds  EBRER LR h R, Ak ing pitting
I AnlihBeeredlion ¢esiduanatsress.,

A skilled person will appreciate that va'riat‘ions of -

the disclosed arrangements are possible without departing
“from the invention. For example, whilst the stencil is
desbribed as being formed using a negativé photo-resist,
a positive resist could equally be used. In addition,
although the stencil is described above as being peeled

awvay from the substrate other options are possible. For

 example, the mould may be provided on an- intermediary

layer that is 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 1ift

off layer (not' shown) could be deposited between the

"metal seed layer ahd 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
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fabrication and el ectronic assenbly line industries.

1?789& -polar AC current to electroforma 'T?F?}GBzillé 1000318
stenci | provides good netal ;deposition uniformty, i)
allows very fine features to be defined. By varying

t hei npst Ba DakavBESERs idrd SaP96SishlieableCOomddrditiyly, the
material properties of the stencil, such as the

harlepes sdes@r Liriuiomcelr gugpeeddicTimbodi meadquise nagy by way
congr j t 0 e m e L.LS ssk bl :

tdgél?g%hgg%ogﬁgﬁbﬁﬂ@%fkgﬁe.s eﬁgﬁ% gﬁrgﬁgg oﬁgg Piflifation.
| exel .willle @ seclpsmneter sthéhaskibbetle parsef that minor

i ncl ude, the frequency and/or relative wdths of the
c FRPOHF ECHP B OBRY Jeadenyibhopt| glopd Ligangnhtehapaes to

t ég%? : é§§¥§ ulses. In practice, 25 it has
bggﬁgﬁsun .§ﬂ%?q%t |gﬁg?'frequencies surface

snoot hness i s inproved, whereas at |ower frequencies,
surface roughness is increased. As an exanple, for the
specific stencil form ng process described above, it
was found that using a frequency of 100Hz provided a
smoot h 30 surface, whereas using 4Hz or DC produced a
rougher surface. Hence, by varying the frequency
surface properties can be varied. The bi-polar

el ectro-form ng stencil manufacture technique in

whi ch the invention is enbodi ed provides WO

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

t echni ques, when bi-polar pulses 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
renmovi ng themfromthe process | essens the need for
nonitoring equi pnent to nonitor the additive m xes.
The
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met hod al so provides a very even distribution of netal ;..

across the stencil. In addition, it provides a
mechani sm 10 for controlling mat er i al 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, which decreases

hydr ogen formation, thus lowering pitting and
decreasing residual stress. A skilled person wl|l
appi@dMate that variations of the disclosed
arrangenments are possible wthout departing 20 from
the invention. For exanple, whilst the stencil is

descri bgdpashdrei g fd&dﬁﬁblé“é&%é%dﬂﬁfyﬂﬁiﬁg stencil for use
photo-resist, a positive resist could equally be

used. the atRFETQENLC swhHowie tiwbrdcatdion paddedectbedic
abgygeas1 eiﬂkﬂjsglﬁg[@éj '%'Ir’@grg HYA 'i:% p§ﬁ%§hﬁgfe?88§:9858mlng

exanpl e
pr B¢ deeeronl lanisiing er iddiparlpr kdpetribal sigual ruzlmt by

th rediar | ayer
 SEEPEHE RIS i e Y e B 85 in o
awa&thcpdinscr gbyli® ald oam easydirenmmiae. of the stencil

fromthe substrate. The sacrificial lift 30 off |ayer
(not shown) could be deposited between the netal seed

| ager andméhﬁo@tgﬁcélaiﬁﬁwﬁhllAiléﬂmﬁﬂi\Mﬂékerh the cathodic
sacr f|C|aI bstrate that can_ be dlssolved away coul

al BB e L%%da Hegied 1ofhithen the aR9eiermpalse

descri bed above are all square, spike waveforns and WO
2004/ 067806 - PCT/ GB2004/ 000318 15 si nusoi dal _
watref orhBleieh as0 F@meshile cAedsr di-nghgretine thgbeashodic

degGisPtn o Plaa-SPeH firgrenhodimeat (i s fede PY WYration of

the anodic pulse.

4. A method as claimed in claim 3, wherein a ratio of the

durations of the cathodic and anodic pulses is in 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,



of exanple only and not for the purposes of
limtation. It will be clear to the skilled person
that minor 5 nodifications may be nade w t hout
significant changes to the operation described. 16 -
CLAIMS: 1. A nethod of formng a screen-printing
stencil for use in the electronic substrate
fabrication and el ectronic assenbly industries, the
met hod conprising electrofernaiyng the stencil using a
bi - pol ar, el ectrical signal that conprises a plurality
of 'BiegsoitalthRaPéropisr shghrhals mmmreathstiikegubse
andssapangdic pulse. 2. A nmethod as clained in claim
1, wherein the cathodic pulse has a | onger duration
than the anodic pulse. 3. A nethod as clanmed in claim
wher gi cathog e d fion t hat
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raﬁ&ggeo % B5100: 1, for exanple 3:1. 5. A nethod
as clainmed in any of clains 1 to 4, wherein the
cabhodlé gulse has(gglomer .peak value than the anodic
puPse igesh ABdany ef abhe sorsgrskaion cdaims,
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current density of the cathodic pulse.

11. A method as claimed in claim 9 or claim 10, wherein

peak current density is in the range from 1Am/dm’ to 50
B/dm 2,

12. A method as claimed in claim 9 or claim 10 or claim

11, wherein the average current density is in the range 3-
10A/dt .

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. A 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



claims, wherein the bi-polar waveform has a pul se

width in range Ins-999ns. 9. A nethod as clained in

any of the preceding clains, wherein the bi-polar
waveformis a current waveform 10. A nethod as

claimed in claim9, wherein an average current

density of the anodic pulse is | ess than an average

current density of the cathodic pulse. 11. A nethod as
claimed in claim9 or clai m1@g8 wherein peak current
density is in the range fromlAnMdn2 to 50 A/dn 2.
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of clains 1 to 8, wherein the bi-polar waveformis a
vol.tage waveform 14. A nethod as clained in anpy of_ .
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varying any one of signal frequency, the durations of
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the nould defining exposed areas of the conducting
surface; imersing the nould and conducting surface
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by the noul d using ,the bi- polar current_ or voltage
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t hate S QF a&he conducting surface, the system comprising:
means for electroplating areas exposed by the mould using a
bi—polar current or voltage signal that comprises a
plurality of bi-polar waveforms that each comprise a

cathodic pulse and an anodic pulse.

18. A system as claimed in claim 17, wherein the cathodic

pulse has a longer duration than the anodic pulse.

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 is in the
range of 2:1 to 100:1.

21. A system as claimed in any of claims 15 to 20, wherein



nmoul d on a conducting surface, the nould defining
exposed areas of the conducting surface, the system
conprising: means for electroplating areas exposed by
the nmould using a bi-polar current or voltage signa
that conprises a plurality of bi-polar waveforns that
each conprise a cathodic pul se and an anodi ¢ pul se.
18. A systemas clained in claim17, wherein the
cathodic pulse has a | onger gdygration than the anodic
pul se. 19. A systemas clanmed in claim 18, wherein the
catthedicethpdisephbse chaluratliorer pakk sadtel ehsh tid cenodic

h§qu ation of the anodic pulse. 20. A system as

imed in claim19, wherein a ratio of the durations

of the cathodic and anodic pul ses is in the range of

2: to 00:1, 21. f! g1as clajmed in _any of clains
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anodic pulse is in the range of 1:1.5 to 1:20. 23. A
systemas clained in any of clainms 15 to 22, wherein
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weSAFeFm 25, A systen1as clained in claim24, wherein
an average current density of the anodic pulse is
| ess than an average current density of the cathodic
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25, wherein the peak current density is in the range
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25. A system as claimed in claim 24, wherein an average
current density of the anodic pulse is less than an average

current density of the cathodic pulse.

26. A system as claimed in claim 24 or claim 25, wherein

the peak current density is in the range of from 1Am/dm® to
50A/dn?.

27. A system as claimed in any of claims 15 to 26, further
comprising means for varying the bi-polar 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



50A/dnR. 27. A systemas clained in any of clainms 15

to 26, further conprising neans for varying the

bi - pol ar waveform so that different waveforns are
applied at different stages in the electroformng
process. 28. A systemas clained in claim27, wherein
the nmeans for varying the bi-polar waveform are
operable to vary one or nore of the follow ng: signa
frequency, the durations of,the cathodic and anodic

pul ses, magnitudes of the 20 " cathodi c and anodic
pukséhodit abnd eao &t iors«f ndieticvet Hodatiand afothe
pul_s nd relative magni tudes of the. cathodic and

P nGAT ORI <ted ST SEHSER. FCnEPABCSTBRFTOL ST OF, the
pr eduBbdod dme areiioguokeany of clains 1 to 16 or the
systemof any of clains 17 to 28. 30. Use of a
screen-printing stencil as claimed in claim?29 in a

SCP @ENE PEd A4 PIRELSS - sBdnc i PFIRJUCE S 0f HREIREOCESSthe
of claim30. 32. A nethod of screen-printin

corpEied rf edeteofdraiingg 1 dosddedd- fheneya§est ehcpany of
usingiAs bi7 RYJ 3 current or voltage signal, and using
the screen-printing stencil to print a desired
material. 33. A mcro-electronic device or package or
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i sTmanuf actured by efFéCtrordrmng @ stencil USINng a
biirpa acreenremnt naingvpkbagessi gnal, and using the
stencil to print a desired material. 34. A printed
product that is nade using a stencil that is

f abr.i cat ed-dayncl et rbkopiongsySbAgcdabh- Pol ar current

or voltage signal.

32. A method of screen-printing comprising electroforming
a screen-printing stencil using a bi-polar current or

voltage signal, and using the screen-printing stencil to

print a desired material.

33. A micro—electronic device or package or circuit board,
such as a printed circuit board, that is manufactured by
electroforming a stencil using a bi-polar current or
voltage signal, and using the stencil to print a desired

material.

34. A printed product that is made using a stencil that
is fabricated by electroforming using a bi-polar current

or voltage signal.



