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PCT/ US98/ 06591 ARTI CLE METHOD, AND APPARATUS FOR ELECTROCHEM CAL

FABRI CATWWEds/assBackgr ound of the Invention The invention retawess/dsssrf or m ng
structures by el ectrochem cal deposition. Mcrofabrication processes (also
referred to as m cromachi ning) are bei ng devel oped and refined for eventual
application to the manufacture of conplex 10 devi ces incl udi ng machi nes
and instrunentation.,. s [ directed to the production
of machines of mini& Acyamiis e3s—+f the range of a few
mcrons and in sone CagEep(s : sprEaphimhipghneurrently exist on a
macroscopi ¢ scale. Mcrofabrication processes | nclude: bul k m cromachi ni ng,
in whfch 15 material is renoved fromregions of a substrate; surface

m cromachi ning, in which a Ehi n cor}f 8r£| structural |ayer and one or nore
sacrificial layers are depos? ! : i ate; and LIGA which
generates 2. 5‘I'Re%Nehﬂ@ﬁf%la?@ﬁ,@%rﬁﬂ%EE?lﬁﬁkQQbJ‘&E&fdcﬁérﬁicﬁFd};&BBQﬁS?%t al s

el ectrodeposited w thin openings I i ck synchrotron- processed
phot or esi st s. Mikesfebmeatior psaesses éalssrefertad tpraschicemschuming) resbaohg si npl e 20

geonetries (e.q., .th an be defined .by 1.4 diff.erent cross sections), and
are usgaﬁFV(i%Rth%ffﬁ#ffw e@ﬁﬂﬁ&ﬁ&l"?agﬁgf%ﬂ":e ’%ﬁfﬁct‘fﬁcé’&% ®abricati on,

whi chg i s 4@4isss ihefuligatladifin@Snt FNtRInRnOkihY AhB&b prbfest&afe béinganuf act ure
macroscopi ¢ parts from hundreds of |ayers by generating one’|layer at a

time. Théuectpd trihepoadystion of mathineuefaniniatprizesl deyioge baring featerss §0- 100 um 25
in wdth,using | rs_typicall. reater than 50-150 um.thi ck. These

b ocess e B pREe o $ mistPh B % ol Rl shalfoo sime ot i Sl o

st ruct ur egisf o a stHeRREEHIBPcdIbe part being manufactured. The support
structures are often custom zed to the part. WD 98/.45504

PCT/ US98/ 0659 MiSiefbmcation proressasvrahedes hulkimissemephines, inprach nvent i on

featyges ' t [ s at-act.| a first
cust o S PN AR B Bl Rt i R AL W

conf or malalteinreakortial posegkal ayer fdtdneof nfte bdveifividd $dyent e dpostteé@ct r opl ati ng
a first netal froma source of netal ions onto ctih,e first supstrate in a
first paChE q.ﬁuthﬁétef and LIGA, which generates 2.5-D extru

ed shapes by molding
materials around metals electrodeposited within openings in thick synchrotron-

processed photoresists. These processes are used to produce structures of simple
20  geometries (e.g., they can be defined by 1-4 different cross sections), and are
usually customized for each application.

Solid freeform fabrication, which is also referred to as rapid prototyping, is
used to manufacture macroscopic parts from hundreds of layers by generating one
layer at a time. These processes produce features typically greater than 50-100 um

25  in width using layers typically greater than 50-150 um thick. These processes
typically generate a layer serially. These processes employ structures for
supporting the part being manufactured. The support structures are often

customized to the part.



pattern corresponding to the conplement of the confornmable mask pattern;

and c) rwyélﬁgoé he first article fromthe first substrat ecrnisoRigdogr red
enbodi ments, the nmethod further includes electroplating a second 10 nmet al

froma second netal ion source onto the first substrate. In one enbodi nent,
the step of electroplating the second netal includes: a) contacting the
first substrate wth a second article including a substrate and a

confornmabl e mask di sposed in attern qn f he substrate; b) electroplating
a second netal onto the fi rst%@%ﬂ?—f—hﬂ&g@”'“ econd pattern, the second
pattern correspphd RPed Qhé BRKVITLATRD bn Okctidpating M HJmRBAEndREdS: 45

pattern of the second article; and c) renovin the second articie fromthe
first subsentatiog afivs snestiateovidam fifsy axtiolsy whieb i epasuiAlg axdai ti onal | ayers.

I n one_enbodi neR the..invention features.an el roplatin t hod t hat
ol udbe FEREREY TR g e PE e S R BN or b e
mask; el egletpBbat 4 firdd dfinididl ioMtoato the e sutkebie¢La Gfst baftsn, @R Brst he substrate
in a pattern, the 20 pattern correspondi ng to the coqlr}gil enent of the

conf or mabpatermeTgsaendiegito thpepmplementied thetre ROIE gk pHETE #BeC ate. I n

anot her enbodi. ment he. i nventi on features a nmethod for manufacturing an

el enent t IFARCH ﬁgéststa'ﬁ{fher#?{ahﬁe%ﬁusgtfaé?er structure by repeatedly formng
| ayers accor di pgpletericienbaventetemdied Ritbeatifichidea ticogoptetinpodisecord

I n anot her aspect, the_invention features an_electroplating article that

i ncl udles el Bony atcsoRbariahion sPRIFe PrindpolistubiEte [amde SmbedmsPhdl e mask
Srirere”) bR BRI Reodd ol APUEL, BlohASE e SRS, | e

article is ng a pattern nplenmentary to
t he patt esBedohd ehizlciathéhgaklestarsdadaoafonnalie entk didgosatiena pdrerarticle is

pl aced in contact with the electrode in the presence of a 30 metal ion
sour ce anfn &ifsrBtTaly Sleé‘FPpiart’é‘étarsFﬁonfii Tagtef ono the %W‘gﬁffﬁ@%ﬂ second

PCT/ US98/ Bgﬁeg,g, théserb att%ﬁp&ﬁfeggonﬁp'%ttb ﬁyﬁ%&?ﬁe@%@f%%ﬁﬂnmlgﬁfﬁpl ating

appar at us I ncludes an electro e, udes 1ons o irst
met al 15indpatoms obthe aead artitlayetdt) removiag dussetondcotitlaiomthe first he el ectrol yt e,

a cathode in contact with the_elecfro , and.a fjrst article (e.g., the
above desS&iBsHEE: gﬁsa C&P"Hﬁleéinff‘@rﬂi?%ﬁﬁsﬂg %‘?&1%“3%{??‘ with the
el ectrolyte. | gACeRRRRAEAERE invehSortletttds QR leRbIOatBRAERbA Al NCl udes a

first electroplating reservoir that includes an electrolyte, which includes
a first mchides mpeatedls gontactingi a subsirate with a patterned conformable mask;

electroplating 2 first metal form a source of ions onto the substrate in a pattemn, the
20  pattern corresponding to the complement of the conformable mask pattern; and
removing the mask from the substrate.
In another embodiment, the invention features a method for manufacturing an
element that includes forming a multi-layer structure by repeatedly forming layers

according to the above-described electroplating methods.

N
w

In another aspect, the invention features an electroplating article that includes
a substrate having a first major surface and a conformable mask disposed in a pattern
on the first major surface of the substrate. The article is capable of electroplating a
pattern of metal complementary to the pattern of the conformable mask onto an
electrode when the article is placed in contact with the electrode in the presence of a

30  metal ion source and subjected to an electric field.



the first reservoir, an anode in contact with the electrolyte, a cathode in
cont act WP P#415A¢ el ectrolyte, and an article (e.g., an ar F%Pfﬂémﬁféﬁéﬁ'i bed
above) in contact with the 10 el ectrolyte; a second el ectropl ating
reservoir that includes an electrolyte, which includes ions of a second
metal , di sposedn Wi ahdcROiRARHch SSRILOM cleafShiAtheARER I hEONt act Wi th
the electrolyte. In another aspect, the invention features a nethod for
manuf act uinahegdesrmnaletiotyoe vdiich nchudes idne of Tiestmettilcddiiond efesscoa) appl ying a

f bl K t 15 ticl i Si first t d
patt or ned T &1 “EIBERRaG e r BRI RE A B W ng . Second
substrat e efRdfRhé HARIREIBALE (BS hesbole BoREbED AP MBI Ble)BSK Obtains a

pattern conplerentary to the reSist pattern; c) separating the first
subst r at e chnteot Wik theoslédralytl e nask (the conformabl e mask renmai ni ng adhered
to the article); and renpying the resist. 20 . | n_one. embodi ment,
the et hod 1 or AR FREPGPIHG e eraaprBppaeG arpiss et EraaeESBeovi di ng a
porous nNegkdsdrauhtibcladds ahslectitad GRichihcitidRatfirftGn&al ifn, Ripokéd wEklihum t o
Create one or nore nonporous regions; c) apglg’kgg afilmto said first

O

surface oftheBistrepgvensnhngdein cogiachth By appthpda s coplagitwita pat t er ned
mask; and é@g elémﬁk,%g%ta@?éé?%e%%@élf ﬁees.&gt?éecﬁ%o%ﬁn QiR REPOT OUS

regi ons. sent “invention 1s directed to

t he cabculepctrolte; atsecondelttplegid esaradir Miat BERES Setdcroltgeadisi ry of a three
di nrensi onal object for generation of patterned nasks reflecting_ that

geonet ry arcjudesdonsd ajsacang mgteledispasedivithia the saser res9iEoiaADE a8 RO I o

processes c%ta{:%tﬂx&‘é%’f@cit@@tecan be inplenmented by a software application
program executed 1 n a general purpose conputing system 30 The

data and contr ¢h apstheespes, thé invesionesties ametiand hemenifactudae &n an

el ectropl ati ng nethod jnplenented via the application 8rogram and also in
an 3 Volesgoplgtpgarticle. The method includes: a) applying a conformable mask to an

PCT/ USg8/ Qsﬁ?c?&ccﬁﬁﬁzjiéﬁ'x%% ??st E‘[?d%‘it@%&’ﬁ?attéxﬁbdt §stfd9sge}>é33m%gﬁ¥s@ storage

medi um that stores a I cation progfam code arranged to carry out that
met hod upa@nbsivats; b) cartadipg & speond agistrate td baid ebefotmaidd mbslknapchgandets and

articles allow fabricatjon of devices, fromthipn | ayers of teri.al s such
as) ShBtORPable Sk RRiRS 3 pafierieATPIeRIaATS I tREFRINERAITS ©) SHATAIREAl o The

el ectropl ahd ft SWhAE Frold Q6 UERORRAE IMA! (hd\IRGRABIRYSask r&RARRR! C €l enents
(e.g., devices) without interlayer junctions. The el ectropl ating nethods

can be perafibertp e aftivle) andpb remening therenist. al | owi ng substrates such as
I nt egrzgt ed cir Cllljliotng embodiment, the method for manufacturing an electroplating article

includes providing a porous medium having a first surface; b) treating said porous

medium to create one or more nonporous regions; ¢} applying a film to said first

surface of said porous medium,; d) patterning the film to create a patterned mask; and

e) removing at least a portion of the one or more nonporous regions.

25 In other aspects, the present invention is directed to the calculation, storage
and retrieval of cross section geometry of a three dimensional object for generation
of patterned masks reflecting that geometry and for use in an electroplating
method: The data and control processes of the invention can be implemented by a
software applicatioﬁ program executed in a general purpose computing system.

30 The data and control processes of the invention can be embodied in an

electroplating method implemented via the application program and also in an

3 -



and silicon wafers to be used as plating substrates. The el ectropl ating

met hods wad og/d3804 nventi on can be used to fabricate devi cespchOusosmbsshir eef or m
geonetry including high aspect ratio devices, hollow devices with internal
features, devices with cantilevered and "chandelier"” geonetries, and
functional. assenblies of.interconpected, stationary or novi arts (i.e.,
devi ces. FHISIG SLEHIATEEniTDE W%ﬂeé%ﬁf@ﬁgew@w ﬁfr%%qeaﬁ?ﬂ%agwi cles,
apparatu jg@ﬁg ¢S Qard SRSt G HE R selitdh s 1 gf oducti on of
devi ces. ﬁlio B8 %g%eﬁg ?@étsﬂﬁgé&%%gé) a%;\%lnt agés nof}n%gge?sr?venti on wll be
appar ent fr omThhelebtbpletmgimettiedsanidpttiodes aib wifhmricatiet ef detbes ibodthinent s
thereof, and fromthe c]ains. Brief scription of ,the. Drgvm'%gs Fig. 1is
vi ew t ak YIS TRISHCE A3 - S SIS QORI ST Y 281 SPEIGRAUELT di ng to 20
one embogiABnts Ofhd & tloBMBRE HRModEhBduck mﬁtiadyh@fﬁ/g%é%esﬁs, tsQer6pies S section of
an electroplating article according to a second enbodi ment of the

i nvent i onlend@hty.(e.8., deviees)l waihpuetrintoflaygr frinctense Fbo dicnionlatufg methedstrad f or
formng an_el.ectroplating article;, 25 . Fig. 4 is a.diagramof a
second e REBEEITEIRE: b ot e dris el gutnras i medrRg RIS o0 kg, s
is a di agﬁ@mieénﬁa&mtbge@m?x@ﬂg-s%sﬁtew hod for formng an
electroplating article; Fig. is a diagramof a fourth enbodi nent of a

met hod for forlkeslgcheplaiing metheds ofdie inveniigngan behsed to fabricyiedgdr 5504

PCT/ US98/ 065 Fig. 7.is a.diagramof a. fjifth odi.nent of, a nethod for
For nithg. Shreriaze eardr hyRameliomb i glioglertl, BERGY b e £ Ko

enbodi NeRiterdb] fRatiFksdiside® vith @i ieEre ar@l Sdndeidrabéoigetded, bd €, 5

Fig. 9 is a diagramof a_ seventh enbodi ment of a method for formng an

el ect r opfenctinpal assemblies ofintgrconpedtas, siatignagy enmeringpais (heddevesest ormi ng a

a0 agr a2 e PR el Sl P AL IR Mo PRy A e O T 1

also are particularty useful in mass production of devices.

15 Other features and advantages of the invention will be apparent from the

following description of the preferred embodiments thereof, and from the claims.

Brief Description of the Drawings

Fig. 1 1s view taken in cross section of an electroplating article according to
20  one embodiment of the invention;
Fig. 2 is a view taken in cross section of an electroplating article according
to a second embodiment of the invention;
Fig. 3 is a diagram of a first embodiment of a method for forming an
electroplating article;
25 Fig. 4 is a diagram of a second embodiment of a method for forming an
el.ectroplating article;
Fig. 5 is a diagram of a third embodiment of a method for forming an
electroplating article;
Fig. 6 is a diagram of a fourth embodiment of a method for forming an

30 electroplating article;



10 electroplating nmethod of the invention; Fig. 12 is a diagramof a

met hod aw@BdEsHY t o a second enbodi ment of the el ectropl athRUIEOMRIA of the
invention; Fig. 13 is a diagramof a method for fabricating an el enent on
an integrated circuit; 15 Fig. 14 is a diagramof a nethod for
assenbling ele - |.cat Fels g - oY i '| ﬁgra of an el enment
manuf act ur ed atﬁc%?sdlfﬁgﬁ%%%gr?gqer 0 |@n°§¥?e§¢&taﬁéégpgg rfgp algi“%]g nmet hod of
the inventieefopibtiggartitea-d are views taken in cross section of elenments
manuf actured 20_ according to one enbodi mrent of the invention; Fig. 17 is
an el ectropl at g Sispaiesrad dechiapmgotisnghal amsEwdFanorsing #: present
inventiong; Fl.Q.i.48:LS:.f.View taken in cross section of a substrate in

cont act vvie{elgﬁg%‘a’éﬁ%%:rt%rcgepl ating article; 25 Fig. 19 is a top view of
a portjon of aFigloestardigdratiofg sappall ambsdiafent bfa methedtfoformbigen 20 is a top
view of a Portion of @1 el ectropl ati ng apparatus according to a third
enbodi mentlesioplRBNR RIS opl at i ng apparatus of present invention; Fig. 21 is
a top view of g;pofi Qi ffare nakhd PRk Ml FRBASRMEoREEALGANY to 30 2
fourth enbodi rrerll of1 thé&fé?‘ectrop atf%g%ppa%atg‘s&sof t%e present invention;
5 WO 98ledtibfildting method of the invention;

PCT/ US98/ 06591 Fig. .22 j.s a view taken in_ cross_.sectjon of o enbodi nent
of an el ectropl é%'ig’r}glsé geE B of grerthodeepiiing o first B@h@@meflb?ﬁgﬁ g. 23 is a

Vi ew t1@ke@1écﬁoﬂ&8§§nﬁﬁﬁ§di&Qhé’fnv@nt?o%cond enbodi ment of an el ectroplating
apparatus of the present invention; '5 Fig. 24 is a highly enl arged
view taken i n digs iseclidgramof aangbdabiacarding w0 psesond embodimeheof the

el ectropl ati ng apparat,us Fig. 23, Fig. 25 is a view taken in cross
section oneaﬁgvﬁagﬁ@B}?h}?&i%m mantéPnporti on of an electroplating apparat us

of the inventi (Fﬂ% 13119 a R&rind o@a)ﬁk&ﬂ%&%&‘%ﬂcﬂtiﬁ% S SleMREL biPih &Eeg@ﬂ@& her
portion of the 1 el ectropl ati ng apparatus of Fig. 25;
circuit;

15 Fig. 14 is a diagram of a method for assembling elements fabricated
together;
Fig. 15 is a diagram of an element manufactured according to one
embodiment of the electroplating method of the invention;
Figs. 16a-d are views taken in cross section of elements manufactured
20 according to one embodiment of the invention;
Fig. 17 is an electroplating apparatus according to one embodiment of the
present invention;
Fig. 18 is a view taken in cross section of a substrate in contact with an
electroplating article;
25 Fig. 19 is a top view of a portion of an electroplating apparatus of the
invention;
Fig. 20 1s a top view of a portion of an electroplating apparatus according to
a third embodiment of the electroplating apparatus of present invention;
Fig. 21 is a top view of a portion of an electroplating apparatus according to

30 a fourth embodiment of the electroplating apparatus of the present invention;



Fig. 27 is a diagramof a three dinensional object (shown in two

di mensi Qg ps/Mdsb cross section lines indicated; Fig. 28 iscausssnesdional

bl ock di agram of a conputing system configured for cal cul ati on of cross
sections of a three dinensional structure and for driving an 15

el ectropl ati ng apparatus of the present invention; Fig. 29 is a flow

di agram i | | ust¥Figt £hip aviewtthlon i orosgeentioatof nye embedipwnt efan fi | es and
apparatus .control files; Fig..30 is a.flowdiagramillustrating a method
For - manurSETTTRIp S Belar HERE PisReRt YNGR, 20 Flg 3l (s a view
taken in crossrgegs iOdviel taitengh @edsk QERBARI la GedtDH@hibolifent 32ahs a di agram of
an el ectropl ati ng net hod enpl oying nore than one article according to a
third enbdestrapatingfappiratus|od ghawpseat inygnemi cl e of the invention.
Description ofihg, Preferyed: Eobodi) . : e lnvention features
el ect ropl at i ngFlrgé?%%)S gl,n%é%p%}aég%é;\15%35};;?&1%?{05% S?Cﬁgfl Oggg tljs{g[21 ¥ léq manuf act ure
of el errerkg@jmﬁlvihnge ledidratindt dppetatiiseF Fid 1p8; el ectropl ati ng net hods i ncl ude
sel ective electroplating of 7 ayers that may include_both structural

material s (e.ghis Adisd Cpwinkensinsess seqtionef a thisd emppdimeny ohwpetival s; and
subsequent. re . i ng, nelting, or electrolytically

di ssol vi n%‘)ino(?&\t{ﬁ%la(snu5%8??}3%&%2}}}"5?{375&{?&19 structural material remaining
after renoval Big. 26és svippaekeninicesss atctidafafaestharpetienefithe6 WO 98/ 45504
PCT/ US98/ 06591 such as a m _¢croscopi ¢ or nmesoscopi ¢ device. The

el ect Fopl HestHRplaREPRa28HRI8YS-@Pect ropl ating articles that include a

pat t erned conf pr.mabke, RSk O ARl AGHA LB GnéwSHPRRS t Such as an

el ectrode or a porous medium In general, the I nvention features
el ect r opl diniengioas)with ess$ sactios &nesinbicated] ect r opl ati ng nmet hods. The

el ectropl ati ng_nmetphod gccurs i .el ectropl ati ng appar at th i ncl udes
an el ectropl at F’rgg5géﬁ%&?T’?%%%C?%’@T%Pfélcm?mg%ﬁ HH%O,HLF%BC‘Q}%M hode.
The el ect £LQbyfhiGorC Mt 8dsiEcHls & 2 HINRS dARhsioRRE dRRAN ¥nd Rk RBRIARAM tives. The
anode can be part of the electroplating article, as described bel ow, or can

be | otsat edeettopdatitigsappawsusiaf ¢ priegentiinvientien; Thr oughout this application, the
substrate to 1, Jbs. Phatesl JUNGhln5,23 AR Doty Sak Shier W oe
files and apparatus control files;

Fig. 30 is a flow diagram illustrating a method for manufacturing a three
dimensional object;
20 Fig. 31 is a view taken in cross section of an electromagnetic motor;
Fig. 32 is a diagram of an electroplating method employing more than one

article according to a third embodiment of the electroplating article of the

invention.
Description of the Preferred Embodiments
25 The invention features electroplating methods, apparatus and articles that
enable the

manufacture of elements having complex structures. The electroplating methods

include selective electroplating of layers that may include both structural materials

(e.g., metals) and support (i.e., sacrificial) materials; and subsequent removal (e.g., by
30  etching, melting, or electrolytically dissolving) of the support materials. The

structural material remaining after removal of the support material defines an element

6



description, the materials are referred to as netals and simlar features
are i ndivoab®g4bsod t h t he sane reference nuneral s. El ectropl BET/H§I8A6EY1c| e 7
WD 98/ 45504

PCT/ US98/ 06591 Referring to Fig. 1, electroplating articles 4, of the

i nvention _jnclude. at.t erned conf or.mabl S dher to support 8.
The el ect P HisTarPorE PLABEaR B0R s e 0BkPE apfeT nock.  The
support capcheplati bies tRdinglidé 8 ptiemad donfdr@edle ndidk asptidBallyadiflee@nbi nat i ons
thereof. The article can include a 5 plurality of different mask patterns
on a si ngiteasigpedrsich Fhan dedtiode ene peraukmpditer ns can be contacted by a
substrate in a;predeterm.ned se nce to_seguenti-al ate a plurality of
netal |ayers V\/ﬁglggn‘gﬁg er%&Y%ﬂ“"ngaé eﬁgfsecgolg%flf%rHgé’(g)%‘orrgdssﬁghdi ng to the
conpl epentkieRiropAingafekhdds! ThE BiceRBblagiEhethbd obaursiatleétroplitaier ed el ement.
Referring to Fig. 2, electroplating article 4 caninclude one or 10 nor e

edge maskgpparaiys thes inpledes a5 giaciepladrg bath fdled vatheleqtplyteoaf angidpendne net al
bei ng pl a c t oplsat i.n0g _art | substrate
o be pl ottt Ebn R AT B b e, BB Sl e
usi ng a wehbdeamnteqiarist thelsletospiatiipeaticle cas debaitadbelpy,icdleen Baski ng pressure
wll prevent flas i the 15 deposition of netal in the area covered

h )
by the nadeoptedaia dﬁﬁ(tmc%ﬁr%v&ﬁmml§t"5hrpvsiwu6fhi% #plicaten thasupskatadel by t he
. . . : ! oS Y

Subst it o D pleEh koMb, BARRS Lt chierh RURIESRCd IR BT 1 "¢

vari ety ofdesteiphionsthe aratdrinlsisedeferred mpisonetaisend aseilaffeittes sk from t he

substr at eé%i) be ‘g’lgfgt ed so ag to prevent del am nation of the mask fromthe
support ; 1cated Withahe SARKSISTRRFeINEE et r opl ating article (if flexible)
iRk

of f of thWh the aid of a dull blade; adding a

non-sti ck/Tubricating conpound to the electrolyte; coating the nask surface
with a non-stick conposition (e.g., sputtered polytetrafl uoroethyl ene); and
vibration (e.g., ultrasound). Patterned Confornmable Mask 25 The
patterned conformable mask is sufficiently deformable (e.g., elastically
deformable) to permt conformance of the mask to the surface of a substrate
to be plated to nmaxin ze contact between the nmask and the substrate, and to

mnimze (preferably elimnate) the presence of gaps between the mask and
t he substrate.



Maxi m zi ng contact between the mask and the substrate m nimzes the

pot ent i &0 &Msso€ or flash formation. The nmask is al so suf fRaI/Essslogssdur abl e
to enabl e repeated use (i.e., contacting with and renoving from a
substrate). The mask is sufficiently 8 WO 98/ 45504

PCT/ US98/ 0659 id.and thin to prevent dist I’tJOI’l of t mask features
(i.e., the po etf? g4f 1519‘@;5*?‘\"/@51;‘)3%36?%‘%5 %’cﬂf kg 'F’u?‘?tﬁ)é‘?’ﬁé‘“%flosed and open
features gﬁteﬁhgc%h%&h%ﬁéraﬁﬁ%ﬂd y &l rttBV Tﬂéeelé@a%bléﬁg. Q&eé"éure The
mask preferably is relatively thick red to its peak and val | ey

r oughnessanalbottiee mpmtiwpefomamlhe%lg bShe sppotteahbed porgusanetivmThe mask

pr ef er abl I{s ve h v ectrical resistivity (e.g., 10[err]
chm e (gr§ gjﬂ Q’?nlaf} %@%&PF?VS JB %ésﬁﬁ ﬁ?ﬁ%cﬂl&?{uﬁ%l‘ayte sol uti on,
and i C%Eﬂaﬁﬁ,*éﬂﬁlﬁ&&nfﬁéﬂé}'ﬁ{@nw&nm difde Bhiorn iR REtrepd Mbgs at the

tenperatures at which the gl ating operation is conducted. The mask can be

hydr ophi Ipatiems cambe cortacted Ie)bls’@bStwetm atpyertetpmiingdcsenesneg tpreferred. In the

f h d t t
can be i MEPUABALY Rt EpErul BomstL B S s iabe ATBYB Re AoalB et o al
The mask preéunabighoitte @@ﬂ@einenmfzﬁ@mmm@r&&mms@wﬂarﬁﬁa Buiti-a chemi cal
or nechani cal bon to the support, such that small (e.g., 15x15 [err]m

i sol at ed lawred plesient. \Refesmgde - 3 éeﬁmplamgaaﬁlﬁaﬁéanwlwmr&mk fabrication

T T L

subst ant ipddtkd. pl anar and snooth to enabl e conformance to the substrate to
be plate The_mask i s capabl e of being patterned 20 with negative and

posi tive feat [reragbedusepithge! 8?%4“6@1‘(1%1@‘1thefBb%@t‘hﬁOrPﬁ‘d-ﬂa@% ler, such

as subm t tive

Featu T Ry RS Ak 0. ISl RN MR L SR K ReRt Ve
(i.e., neglafonnq:réssmteuﬂéﬁ)appmeaﬂimudgrme@hret\m pra\sént flasicfiresise and defi ned
by one or, nor.e SIP }'/@ of the ma k. The s atures preferably have a
substiant i9gPpsjtion ot mstal iyihe REga) coNpIs | Véheaﬁ‘?a's‘ﬁ'a%f‘ ‘ rgvent g g*i‘ﬁm%P angl e
(8.9 . SlthRbbiteioRIAB hi RURK Cwhias 1R ISoBldRink Arihe RIrBhgddd figmeont act i ng -

the mask to the substr e presence of an-existing deposit. The mask
can be cooptwheithshasibstatertbe oiek ommaing adheres tb dlyeelscindplatmigeriict.,

A variety of methods can be used to improve release of the mask from the

substrate to be plated so as to prevent delamination of the mask from the support;
20  gradually peeling the electroplating article (if flexibie) off of the substrate with the
aid of a dull blade; adding a non-stick/Iubricating compound to the electrolyte;
coating the mask surface with a non-stick composition (e.g., sputtered
polytetrafluoroethylene); and vibration (e.g., ultrasound).
Patterned Conformable Mask
25 The patterned conformable mask is sufficiently deformable (e.g., elastically
deformable) to permit conformance of the mask to the surface of a substrate to be
plated to maximize contact between the mask and the substrate, and to minimize
(preferat;ly eliminate) the presence of gaps between the mask and the substrate.
Maximizing contact between the mask and the substrate minimizes the potential
30  for flash formation. The mask is also sufficiently durable to enable repeated use

(i-e., contacting with and removing from a substrate). The mask is sufficiently

8



e.g., arelatively rigid layer (i.e., a high aspect ratio photoresist,
e.g., SW®IMSS04 WD 98/ 45504 PCT/USI8/06551
PCT/ US98/ 06591 commerci ally avail able from M croChem Cor porati on and
synchrotron- processed pol ynet hyl net hacryl ate), and a conformabl e | ayer.

Anot her @E%!%ﬂ Mol a | ST sist such as
d ari ant 4620, %\Aﬁ?%ﬁ§§;§#%%&lg%tg {glr“ %‘Z%kgjé/atgrxeg ééi"ntgg??aggé lg}fé[?r avi ol et |ight
t hr ough hbgatppetitaiersdonstithiinigwhblcRsed and gyearfeathreamptiranadk pastefrul naski ng
conposi tions include el asfoners such as, ol ydj net hy| si | oxane (i.e.,

silicone T‘T’SuHB‘Bé‘fe}Y)&Yn‘F_ﬁP&S&‘F’SW%‘&“Fi rglbq@?s}g?%:fc:m )ﬁé\serrel*l‘félyttLgﬁe desi gnati on
Syl gard Egﬁ%ﬁ%%'b?m%dﬁlgg go%%%d%ﬁ@cﬁ@ﬁuﬂ@é‘ﬁme Mtr%qsrfst he trade

desi gnation rom Ge e maski ng conpositions can i ncl ude
ot her sadgidtédces, e.g., photoinitiators, fillers, and hydrogen getters.
Por ous Medi um The porous nedi um has interconnected pores and is perneable

to ions and adgeldy, refeﬁa%%nfxﬂimse&eggh{o@ﬁa@&ngmaﬂﬂeag&dg@%,porous

medi um can have one or nore [ayers varying porosity. Thé pofous medium
pr ef er abll9 h@kmacmhrhes 8 ivery 10% pecmealiidirtalidns ifithesledttedyte shlationdndum negat i ve

the. open e GTBLP SR T B AT IS e n et R RS et ant 1o 156
Par ti cul ftish #e9fiatingdPePionTe SbndiBted VRN mdSi€chnase Hyldkd il onave a particle

retention rating of 0.3-3[err]m For those porous nediuns that include
mul t i1pl e hydrophsbicayithdydmpbhicisingrefeagdr I the oase of ivdrqpdwobisi ty and pore 20

si ze, vm'thtthq pOfa?u§ gﬁ%{yumintclfseﬁt proxti n‘itX tol‘gﬁg.s bstrate to be
pl at ed eXift Bid f’ﬁa heY D AREPE Ot EFEE A8V S TR %mc]I cadn t he porous
medi um t RedctroBAé ACénstiew s oSthewhatkheatedlf i ciently flat and smooth to
ensure that the surface of the adhered mask that contacts the substrate to

be plated is - 1 ou i I |y
non-reactive \;a\#kfsehc}n%gﬁkgj‘eﬁeg%tlfg%%%%é_?gotrﬁlgé‘? ‘zé‘.rc;%ddo}%ﬁgé%bg:lg i ﬁ%ht enperature
of the elbeaidchhnita ato the SlpporeshichInRismaladicMBx 85 An)yediaedhi i c. The
porous nedium preferably is perneable to %as to allow venting of gas

bubblies gesitivafeadurgs piermyt dblametagat ryothle anaskdabrination propessf aemmdly t he por ous
mediumisg _free from sheddin i.e. .,does,not releasg portions .of itself
"o sur Paudiireof PP pRaE O b thridvalof e SR o AR BeBRPLA &

wi t hst anghiared.ti pl e el ectropl ating operations. Exanples of suitable porous
medi um

The patterned mask is preferably substantially planar and smooth to enable

conformance to the substrate to be plated. The mask is capable of being patterned

20  with negative and positive features of varying dimensions (e.g., 10-25 um or
smaller, such as submicron), preferably with no mask residue blocking the negative
features of the mask pattern. The pattern of the mask includes apertures (i.e.,
negative features) extending through the mask thickness and defined by one or
more side walls of the mask. The mask features preferably have a substantially

25  planar wall profile and may have a slight wall angle (e.g., slightly divergent toward
the substrate to be plated) re-contacting the mask to the substrate in the presence of

an existiﬁg deposit.

The mask can be compound so as to include one or more layers of material,

e.g., arelatively rigid layer (i.e., a high aspect ratio photoresist, e.g., SU-8



10 WD 98/ 45504

PCT/ USQ&(,g@@/ggsogmt erials include rigid, hydrophilic, slippepgtoggam c di sk
porous nediuns (conmercially available from Coors Ceram cs) and

hydr ophi | i zed nenbrane porous nediuns nmade from e.g., polypropylene
(comrercially avail abl e under_the trade designation GH from Cel man),

pol yvi nylcPengfasiplip pyakeblecsemelMisraChom Sorparaiomidsyashreronpeoaessede

desi gnat i G N X I J | e

(commer cPanror sRRpEhaRE) fat s oRifofhalR oy AEEAR P H SR 1 por ).
Ri gi d ponripié layes wisitive pRoRvesite sharsdsi T1gr st @s54608, whieh csupport ed by their
edges alone. Particularly useful highly perneabl e, porous nediuns include
rel ati velppttamed prierposingik thplEaviest dight %ﬁhﬂ@hé@f’e@aﬁep@d@egfw%kanes can be
conbi edI#Lh a nore rigid porous medium which serves as a backing to
provi de the requisite pressure for nasking applications. The porous

menbr ane can he sandw ched between the nore riq?iggqp%orous medi um and t he

mask and the PORBINSSRIGHEH BRFBE CoBerisIUpls clatiemed Uk #% €-&vaski ng
pressure : , . OPEk: J o r i um can
have a rg}co tdllﬁ\}gﬁglghrrg;r(%d}géigf gﬁel@éx}qubb:;? g?%@? 3cg%§%gé%1gﬁgtepﬁgh%5ﬁsef ul for
di rect corntladesignationtSyégard slom Powelaningr(bizabytgacdhh8band B4garelt ed with t he

mask conpositjon (or, transfaqr Lnto sk),.. To. assist handling, porous
menbr anes™® arﬁkg b aig?lg?%gnra@&]’_l %ﬁ\qg%é!-” (rﬂl?"éfhﬁéggt :‘? h&%’l‘%‘”@é‘a"&?ﬂoﬁ’é’&% EFdw, or
tenpapar i duddhBeCHdl R ed, é.g.gbﬁqtéihﬁtat&yngjee&}faﬁd h§adgen getids. Silicone wafer,

glass) with an adhesi ve conposition (e. dry film pRotoresist). Porous

menbr anes can @Q@%wd whil e adhered to the substrate and, after
processi ng, renoved by dissolving the adhesive. Masking pressure can be

appl i ed to thélhsmoners medibmare igrcohrectedpomsiand of pamesabledeniansjapt of

el ectrol yt.e. i npingin the, nenbrane fram 25 behind, optionally in
conbi nat FET et et O e R G o i Sotops PR e B P PR Y o "and

i ncreasi ngoreNgyeyd So@svihy pefosthe TRE 86f009hitiRum hefer@NAMBY & pofR)sidche addition
of a polyner. Masking pressure can also be applied to the nmenbrane by
seal ilfg tcResiAeAbY fHeT Hipaithe minipunyagaat ve featuse of hemmask. {The peresers opl at i ng

system and eSSUri zi t he el.ectrolyte, cauwsing the rane to be
puahed agirebty BERSEHN el drehy €ar P RS SSAL RS ER TP o can be
used whemnddi@m S4Esisistdre td 0%D Pkl R, isSfuf BBIJuS ineldlil, When RS¥oas nediumto

prevent the nenbrane from bul ging.
filters, have a particle retention rating of 0.3-3um. For those porous mediums that

include multiple porous layers, each porous layer can vary in porosity and pore

20 size, with the porous medium in closest proximity to the substrate to be plated
exhibiting the above characteristics. The surfaces of the pofous medium that
contact the mask should be sufficiently flat and smooth to ensure that the surface
of the adhered mask that contacts the substrate to be plated is also flat and smooth.

The porous medium is chemically non-reactive with the electrolyte solution

o
W

at the operating temperature of the electrolyte bath. Preferred porous mediums are
hydrophilic. The porous medium preferably is permeable to gas to allow venting
of gas bubbles generated during the electroplating method. _
Preferably the porous medium is free from shedding (i.e., does not release
portions of itself into surrounding fluid), and is sufficiently durable so as to

30 withstand multiple electroplating operations. Examples of snitable porous medium

10
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PCT/ US98/ W6594ssme exanpl e of an el ectropl ati ng met hod t hatPCaAfH89&9R
porous nenbrane includes pressing a relatively nore rigid porous medi um
agai nst the nenbrane, applying current, depositing a nmetal for a period,

renoving the current, withdrawipng the rigid poroys nmediumfromcontact with
t he rren%raﬁ’@?er@iﬁ @ﬁ@ﬂ?“@lg}gﬁg@ﬁgﬂﬁ a@’ qaﬁtgce]rgg]gtql . Vowg&%i d porous
medi umin ( M%iaﬂ&%@ﬁi}eﬁﬁe fom ¢ ré‘@epa?ﬁ]bé)%d@iﬁrd} AfBEd kRsiura . and

repeating e cycle’ Displacing the relati'vely'nore rigid porous nedium
duri ng eachomyshedairhomsdafrdint &.gr, @otyppapyiéner{cahmetveall giadalpenods: thredi um t o

make contact wi.th the rang.. Preferabl y. 1 he, mask/ menbrane, separates from
the substr ge¢e @ﬁI%tlﬁpﬁ‘ggm éfﬂ@’aﬁl é’oﬁﬂl@ﬁ}‘{?ﬁ@u‘?ﬁ?%c%mefqhaiyd por ous

medi um § s BRedIBiIoA ShrafrdTronP Al aghange of 1 ui ds
bet meen'thggér?nﬁg?%%eaﬂngr%gﬁd gu K gﬁect rgcl) yte. Anotpﬁer) menbr ane pl ating

met hod i nchoiyesrafivessiyiers (grmametcallynadilabie unienthe phds dssignetion 80Rer s

agai nst the nmepbrane. usi.ng, e.qg. rigid screen...The tin heres and,
rollers ca%pol%)@‘Pﬁf%d 'g?gé’oﬁﬂgt“%‘?nﬁmf‘%gad‘.Pmﬁldlei“ff‘éélrngﬁé‘fsf% r?vstgeﬁ ng linear 15
novenent oguﬁ,oggeg«g ltR¢ir Bddek @loheUsi Ng an orbital novenent) on the nenbrane
continuously or intermttently so as to average the | ocal non-uniformties

in pore struct uPertishlarlyeseBil highly pemerlels, parees mediymg indledeelativelyde of
movenent ig.equal. to (nore preferaply several fti [ than) the

di amet &f o?m?ﬂ@e’%?}n&%%%msﬁ?*haﬁ’&%?‘.pmﬁ?-‘e?‘sﬂﬁwg the %%H’g@;ég‘; %t:ﬁ?ander s are
rel ati vel y pigtiki Apttol i@ edia ) kdikh debvds @b atbavighy to?provideitbkreqhizae
spheres/cylinders can be nade of the netal being plated. Anode The

el ect r opl apresgprader mpskingepptispimst Toe parqrammeantiene paace BRdwiFhekode. The
A s Bfeeh W Bof rigiB 38t ifedlth Sh8 ¥ mbou e thEno Bl AT APTPOT 0US,

and can in € dn ero |"ayer) supported by a

conduct i vebsak&l foalipply the Fealisile @masking pedseate foethe platipkapertisedThet ani um) .
The anode can be of any dinensiqgn including a thin f) exible sheet of netal.
A sol ubf e EWEHEEG PIToREREduR eanduxe agelrely ore GoAESe{h 6o RIS PREOSIY edr essed”

ber i odi cal Ly e/ @Y 56D Eorhith Aihiche Bk H2rARGMEBALLPLANEN metal back

onto the anode throug e negative features o e mas he excess net al
is 30 suppitegdtedywiththeehasktconipptition (ordeansfomned arto winkdskanot her anode

acoording 10, "e.0 i akiLoughe tmsk bl at) ng. P OSSSREmAS Tl Brghiegh o oo

fixture described below, or temporarily adhered to a rigid flat substrate (e.g., a

20 silicone wafer, glass) with an adhesive composition (e.g., dry film photoresist).
Porous membranes can be processed while adhered to the substrate and, after
processing, removed by dissolving the adhesive.

Masking pressure can be applied to the porous membrane by the

momentum of a stream or jet of electrolyte impinging on the membrane from

25 behind, optionally in combination with dense particles incorporated into the
electrolyte, and increasing the viscosity of the electrolyte, for example, by the
addition of a polymer. Masking pressure can also be applied to the membrane by
sealing the membrane against the walls of the tank of the electroplating system and
then pressurizing the electrolyte, causing the membrane to be pushed against the

30  substrate to be plated. A dummy substrate can be used when the substrate to be

plated is smaller than the porous medium to prevent the membrane from bulging.
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whi ch t hgoveaksoss physically supported by and attached torarmsssssorredi um
and an anode is |ocated directly behind the nmenbrane, noving the anode wil|l
prevent |ocalized erosion of the anode. 5 Form ng Electroplating Articles

In general, methods for formng el ectroplating articles include applying a
solid mask or Pmaaxﬁnhlﬁgfiaﬁglf@gﬁmgmsms ofl $haf eE{pRISA POTPUSINEMBFANEnode, a

por ous nedi : Loaki B I, pe patterned

i or or - DeisBee BsGRE 2R AP buck RER Hopouk el aliROke BRI

conposi t i sppdyiegrubrent] Gepasitinigermetdl fona @eried) raoodug tisadstengt e (e. g., inert
material, or a material that can, be_dissolved.or nelted (e.;( substrates
of pl ast i Bithfrgsirgethe nigid pergusEleriung fipw) soptagt Y*'Hg)“)“’: meaﬁéaal(e( sifEatly

crosslg nk )ﬂg@é{ i Bl 86its 86h Lede (2Rd;£070i nati ons

t her eo%‘) ,&gglg&gkt ac %%R?g] ‘gaiegg%gg?“%?}ﬂﬁaﬁ erned ang sgl(i ar %Ilped directly on
t he suppoorbitellér linear fashioB}, @pd reteaiong the cytle. Bigpbaming the relstipelptrerabl e to

pl anari ze .the surface of . the s ort that w.ll receive the.mgsk, so as to
P v de. a7 BRRSFRSITEH UG AFHBEH bR S GEA i SR REGIED SN TGRpl ¥i ng ¢ he
mask to agoxéﬂé’ﬂz%diu'rﬁ td S1aR¢ ERERBG Et%(%m“e%ﬂh%éne}?l%%@éﬁﬁftﬂ@ anode surface so as

to maxi m ze adhesion to the nask. npl es of useful anode surface

pr epar at i masktembnastengparates dtomlthe shbstiateatio beipdatod wibkie tlgs; relatiypliymgore

sandbl asti.ng, and sintering a thin |ayer of powder opto the surface. A
chom Lo HaRARES BrEEisroh Bu gl tow P Henterf ol E s indEobe ed. A
vari ety ofluidebbReten tamieowsietie kAd FRIkHetdlyge. | nprove adhesion of the mask
to a porous nmedium These nethods include nelting the nmask while pressing

25 it into thénpthepmenihrenapietinesmethpd inclydes praseing gigganularpedivwcki ng of the

Compost 11 1 BPRER! e acklL R THD AR b, st PR, SR BB The sk 10

t he por ougph#bsti anreddts akis be RtatedivnpatnblE. £PlifsH: pettén weilipdiiene that is a
neltable material (e.g., glass), which can be dr degeosi ted (e.g.,
sput t & edmopAmEN i@ citeiias Pattern using ap orbital mayemgsl ondle mMESFNGsi ng an

adhesi ve ganRAshd| 8PintbriniliSn & K180 Gad e WaPHo B IIT LI B0t

structure of the rollers/spheres. Preferably the amplitude of movement is equal to

(more preferably several times greater than) the diameter of the sphere or cylinder.
Preferably the spheres/cylinders are relatively small and the membrane is relatively
20  thick. The spheres/cylinders can be made of the metal being plated.
Anode
The electroplating article can consist of a patterned mask on an anode. The
anode can be soluble or insoluble, rigid or flexible, porous or nonporous, and can
include an erodable layer (e.g., 2 metal layer) supported by a conductive material
25  that does not erode (e.g., platinized titanium). The anode can be of any dimension
including a thin flexible sheet of metal.
A soluble anode will tend to erode during use. The anode can be
“redressed” periodically by reversing the polarity of the anode and plating metal
back onto the anode through the negative features of the mask. The excess metal is
30  supplied by the electrolyte in conjunction with another anode according to, e.g.,

through-mask plating processes used in electronics manufacturing. For a system in

12



WD 98/ 45504
PCT/ US98W0@84350éonf i ne t he adhesi ve conposition to the ar &&I/Y[ER8Y
bet ween the mask and the support (i.e., preventing the adhesive from
bridging a negative feature that is only a few mcrons wide). Liquid
masking. Co/ERdSihk i 1eshyRidAY dasHcl Oy SRRt b prousTmaEANLI! | aDI y
absorb into) the pores porous nedium A vari e? met hods can be
enpl oyed aman@i:hnséoéats@‘ah*acﬂybﬁ}mndel@ mnmbtﬁnetmgvlpgrthn@q@dvmmrwmt are to
remain po E%‘ﬁx ng $,,0f Sy itabl e methods for preventing soak in include:
suppl yi ng EEFPH B°arft“t“8 Bbne side of the porous nedium treating the
porous nediumwith a tenporary filler conposition that soaks in and fills
the pores and 10 then SO|IdIerS to forma barrier to penetration of the
3 ptoopilatingnArtivied treating the porous mediumwth a tenporary
filler corrp05|t|on that is immscible with and denser than the liquid
maski ng corrpos|Inlg9mran'n@ﬂmsﬂstch’emmgtdh@ﬂp9h@us artsdiisunsludmenpdyiagraded af ter

infiltrati es Wi t osition to expo uncoat ed and
unt 11 ed. sod e BEh B basRine soposBRRLS B st bE. FEREAPES  he Support.
The fill ekLaiRa8H Eb@BiMaabnPBebs SThe/@idGhaskidAs beipagerhedBMOord r om t he
porous nedi um after the |iquid maski ngscorrposml on has been cured to a

sol i d. Ex&awnpseagensfio até@ﬂ:manf 10 the pupportp ddquid apaskingcouwesisiens eanebss ol ubl e waxes

ol ubis s grernefal 8ot Rt e PSRN, SRh Rt B A ane

phase- chaﬂﬁs@oma of im2ltsed (eg. gsubstréltes ofplesid, tiches| @I@lbﬁrahelhhwpdﬁx\x Referring to
Fig. 3, one exanple of a nethod for rendering a porous nedi um tenporarily

nonpor ous 2HeYMgrused (ije. erossinrdspelymricets ﬂl@@@@ed spidifichgeted. g | ayer of a
| d fi ,
o5 G 1 SYTUERERS ot el 2L iy bibnBhe o Bullerhodbn UialiR drkhyl S, B @

l ayer is afljthssigpgposto as to fi II the pores of the porous nediumto a
predet erm ned height); contacting a first surface 136 of porous nmedi um 130

t o t hesspun- on HregdratiorcefitheSuppoatn 132 (Fig. 3a), allow ng filler
conposition 132 1o s t he ores of orou um.to a
predet er m ned ééﬁtme‘ﬁﬁ%&t 3’33““%‘6 ecﬁ“f@?‘h@‘['gﬁé BROFY ¢ ?“Z‘, gVe then 132; 30
and appl yifig (& & to phvidPh BRbEG PR durfactUbs beebiShis (RERIABE. When & @gﬁtgﬁask! ng

conposition 134 to a second surface 138 of the porous medium pposite
the 14 the mask to an anode, it is preferable to first prepare the anode surface so as to

maximize adhesion to the mask. Examples of useful anode surface preparation
20 methods include chemical microetching, lapping, sandblasting, and sintering a thin
layer of powder onto the surface. A chemical adhesion promoter (e.g., Sylgard
Prime Coat) can also be used.
A variety of methods can be used to maintain or improve adhesion of the
mask to a porous medium. These methods include melting the mask while pressing
25 it into the porous medium resulting in a mechanical interlocking of the mask with
the porosity of the porous medium, and applying an adhesive composition between
the masl; and the porous medium. Adhesion of the mask to the porous medium can
also be enhanced by employing an adhesive that is a meltable material (e.g., glass),
which can be dry deposited (e.g., sputtered) onto the surface of the patterned mask.

30  When using an adhesive composition, it is preferable to employ methods that
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first suwbagmasdolar ough which filler conposition 132 enter eHCTSogessous

medi um 130. Liquid masking conposition 134 is applied so as to produce a

| ayer of masking conposition of desired thickness on the surface of the
porous nedi ym The remai nder of the masking ¢ osition 134 can seep into
t he poro@nﬁﬁﬁf‘}{ﬁﬁd@FﬁYG ?mm%@éh%ﬂcéﬁﬁé%?ﬁﬁ%%&ﬁql %%%a%if?é‘déh?f ace of the
sol i di fiedlpfidk bt Jh3fentifBen F] el ds hitBSe Gilihirddhd ReoATHSK Ng
CONpoSi tﬁgﬁﬁﬁéﬁé’r}%m\ﬁ 1ng séﬁlglg?? Ee‘gfv%llt}f&:fgér" 1% St c‘ﬁll ng t%%e cﬁ‘ggati ve

f eat ur es fetv ihleeormseiklel hr ough the | ayer of porous nedium 130 that is

saturated w th maski ng.conposition 134 to at | east a depth at which the
solidified fi hr{éle IS?%%&R%@SFFI .383466}406%‘/?050_%““"@&% met hods for
prevent i ngBhwbiidbiy h%%ﬂ%?@és thé‘%bﬂiaggf'?go{oﬁ%feﬁﬁx%.”% Yoy of Bk | i quid

maski ng conposition that 1S appl the porous nmediumto only a fraction
of the paree becmpiwyddrto réducp Ssalidn’rindiegions afithe pgravs enddivuitiht aee tonl y

tially fill th : uch _net hod. i ncl ud: i li quid
Paski g CEMEELPIPEN BT IE R HOFOE SRRt PRk DE SAPERPRG Eont rol | i ng ¢ he
flow rat & 3pRiddpresheies St td HR S 94hOpbiodS hed MR ithGfinfBlHRFouNVOl ves spin

coating the I'iquid masking conposition onto a non-absorbing sheet to obtain
a uni f or rmedinm widly a tempgrarypiilasicagprsiton thabserkaiinghilliythe pares@ndwi t h t he

spun agn |iqui d. fgski composition.  Wen e..por.ous, medi um i s. peel ed away
FFom Bhe btetigPe a0 B3RS W PRicsrhEtoLhe R R P lich g o1
nmaski ng cednestihg ¢ povols meditRIwiglla tangdrgryAlier pompostioetatiy (i . e., the
maski ng conposition remai ns adhered to the porous medium. The |iquid

maski ng dowpseibie with erchdenserciher thegiquist megkiog compesatipre the serfacsrmfval of the
sheet . A%%ngrou??ﬁe fc%bé%ber!&&itéfgﬁ?glﬁfﬁ%ﬂkﬁix}% 'te%é%ls\(\%al fiRg! ying the Iigurd

maski ng conposition 10 a porous ne porous medi um i s spinning

at 25  hi@hppiiog;to kRpose @ntsaiddigrl uifiled §8rfades @lewinalirmsidhagos @POSi ti on
into a thin Ia%er before it has had tine to soak in _excessively. Another

appr odch the maek iR Heisappab dibeifiler pomporidon gmetliSsalvBaof PEETWMGer at or near
the surfagg9ba h@ﬁ}tﬂghgflﬁxs mam§éf¢r,§ﬁiq&h%m§g%prﬁoﬁﬁio 3L bed, | ayer (and .
of t Fu om t

optionally, sone € porous ne I'S renov e negative
f eat ur es aufred3® a goid. nask, so as to expose the porosity of the porous

[ [ | | 1 .
medi um - Cpti Onﬁxalxlilest of us%ful filler compositions include acetone-soluble waxes and

lacquers, soluble waxes used for investment casting cores, water soluble salts, gels,
20 Crystal Bond 509, soluble thermoplastics, and phase-change materials (e.g., ice,
electrorheological fluids).
Referring to Fig. 3, one example of a method for rendering a porous
medium temporarily nonporous using a filler composition includes: spinning a thin
layer of a liquid filler composition 132 onto a relatively flat surface 131 (e.g., a
25 silicon wafer) (preferably the thickness of the filler composition layer is adjusted
so as to fill the pores of the porous medium to a predetermined height); contacting
a first surface 136 of porous medium 130 to the spun-on filler composition 132
(Fig. 3a), allowing filler composition 132 to seep into the pores of the porous
medium to a predetermined depth (Fig. 3b); solidifying the filler composition 132;
30  and applying (e.g., by spinning on) a sufficient amount of liquid masking

composition 134 to a second surface 138 of the porous medium 130 opposite the
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PCT/ US98w0GisAssosnmpr ove adhesi on of the mask to the supportecTibs®sneyi ons of

the barrier layer that will correspond to the positive features of the mask
can be rem)ved prior to appl ication of the mask. The barrier |ayer can be
renmoved u arious te igues incluydin e.d.,, chem cal etch| ng, dry

et chi ng, Shtreck thgugh fﬂﬁ’eﬁpwpﬂam%h%z snter%ﬁém%adwee

t her nopl aﬁhhfdxpﬁﬁxg%gﬁgas%&hsﬂb B@ rgoearsté MRhcER D @fépxg%iﬁ rm%‘d by

appl yi ng arot her to the s ace of the porous substrate, e.g.,
| am nat i rrgmapdsuiom uﬁoemrezbﬂmaknmtomrtbahmlmoﬁﬂwodms thediompHidteor esi st ont o

the porous ne ap ing a ligui arrier |layer, preferably_ of high
Vi Scosi tyrex*@g}ciq@r%ﬁg “5?5 ’cqgepc‘f@(?ﬁ’rﬁ"&l}ég cam seendRiedhe BorPEs MedRm B 1 i ct

soak-isn volies ofga{esﬂﬁw bhg te%@éﬁfawogth@‘ighcﬂﬁh&“ﬁh@r £ Py el of powder

and nelti'ng the powd layér so as to forma non-porous coatl ng; depositing
a barri erﬁlﬁhb*rmblgadvammngthvafmsklagmompospm i 24;iregovi@yBplidificd fitler pr ocess;
and conb soak ..n can be

prevent e fr(?fgma’ g%&%tve&atwﬁ Hg@@ Lé@f"ﬁ@tﬁ‘ﬁﬁ@gﬂ?%aﬂﬂ“ﬁ WBnpor ous

layer to FB’@QhEME kaaatef whﬂ%ﬁﬁfn%%n%51t1§ﬂ‘?§§tcﬁﬁ%asﬁﬁ UepthReWhEdHhBY the
mask, removing the nonporous |ayer in the negative areas of the mask to

expose t eolid lfdeﬁllﬁsllﬁﬁémstﬁ@ (Higad).| y- conpact ed powder in a nold, patterning

t he mask, and inmmersing the structure in an etchant that attacks the netal
of thé anode, @u@nmqﬂmdStfh@rom@mgmhnpmmwkllamuwresmnum@d anode

mator i ol Iy SPRAdL LS D IRaed i SRR i IRALAGCANG surfgce of the

anode 20 ane,” or Ari | y

filling tdfracionfEfahe poreadlshé ih the BBIRE hiddiung cghsing'®e diquid te@hlypdeposi t ed
onto the porous surface; and by applying a nonporous barrier |ayer between

the mask RAvdRIHEL Hhoepres. @msgpha\m@&oénacmé%r&pwm%hwé T SKENgr opI ating

Article t Iatlng
article. Abé%%dsgi eo%frt? %%F{b?&%ﬁ%ﬁ& Wﬂﬁg? ﬁ%gﬂlg gctbk mn};% glr’l\%g% opI ating
arti cise I&pesdhoﬂ\the siﬁfag preteimo Anothel ndandfinvdlieigpin maungmﬂ Kquid 0 by coating
e.g. spi.nning) a.layer of resist 142 g g hotoreS|st commercially
aval | abl é“&?a‘d%% CQW$W%@tﬂé§°§ﬁ§§WTBWo9@@Ct o gbtein PSR ESr p. ) onto a
substr at S, of photoresi st
has a t hleﬂ%ﬁfe}%cgﬁéa% é’v?/(ilo rr‘1IQS| cr{r'%dr\}g&g%grt?%%t w‘ﬁgﬁiet% hgr?h%fﬁgpﬁe&sll redd 30  thickness
of the flqw’npasasm WIHaatbhpomnemeshmcamebked[amayénoneﬂletsheetgarahqodmwnnsk and,

in the cas hot o ernabl e resist conpositions, ht squrce (e.g.,
a W 16 %1ssolv€d or m%ﬂeé tgm coating of maskin rTEomposmon 18 trans eg- éto 81 (e.g.
20  porous medium (i.e., the masking composition remains adhered to the porous
medium). The liquid masking composition can be cured prior to or subsequent to

removal of the sheet.

Another method for preventing soak in involves applying the liquid
masking composition to a porous medium while the porous medium is spinning at
25 high speed; the centrifugal forces spread the masking composition into a thin layer

before it has had time to soak in excessively.

Another approach to preventing soak in involves forming a barrier layer at
or near the surface of the porous medium. After processing, the barrier layer (and
optionally, some of the porous medium) is removed from the negative features of

30  the mask, so as to expose the porosity of the porous medium. Optionally, to
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PCT/ US9G/P&pRded 1 ght source). A positive feature of the rsirgdosedpi esponds
to a negative feature of the mask. Optionally, the mcronold can be nade
froma non-stick material such as, e.g., polytetrafluoroethyl ene or

pol ypropyl ene, and can include a pattern fornmed, e.g.,_b reactive ion

et chi ng vwprexe pehasioabifake wask ortherbunportotbgaeionorh the amerréymeﬁhahnl d
according.to processes _sim.lar to pracesses used in the.faprication of
compact BB PesBRE AT BBl P AR B RS R REPEPER! ot "and t e
subst r at gylRBLOE o PRS ThALR! Tisk birriad lhpek cag b Removednmp wiribos teheiypesed to
vapors of, e.g., (tridecafluoro-1,1,2,2-tetrahydroocty]l)-1-trichlorosilane
( conmer cingludjng ¢ed-| cdismécal etchingoday\atehingl iohaHiag,) lases arcbiéng. 89 . A i qui d

maski nhg ¢ Sit] 46 | V. Tl rn defined by
t he p%t t E(r%&g% %ﬁd&grr é%?g{;g”‘laid&gnpgwgrsfSﬁhﬁea?nﬁ%rilggezggn g‘gsgitb(rg\st m cronol d
140. Uni fmed BeSSliiss drotivd phdt€rdh] S8/t shitade dﬂtﬁu'ﬁ&onﬁs%s&gtep@gposition 148
is forced out of the area 150 | ocated between the raised portions (i.e.,

posi t i velemingtingeaiilngpf ¢ selid watesiel, sush asrdsy Sifa phporesist padhe POYPport 148. 15

Preferably.. |i.qui,; q gﬁ;’g} jLi | & AR d out of

t he ar ea&?@@’%@k’%’%gﬁéﬁ%g 0 '([i) %’g&,ﬁgéﬁefaﬁgleéif}gg?%é@sﬁt fxsrnzgﬁrge[eéﬁﬂ. The
entire agmastinyqukSZiscessed aboverthithesricmichingn vellmie] cousihp pheupdroks t he | i qui d
maski ng conposition has cured. For a heat-curab) e maski ng conposition, the
assehbl y“@gﬁmb?l?‘raafﬁg\‘ Y PoYdgians\iapiting thapawaepdpyer so asto fogm gy cyre,
excess C 8 th&inel aénoti; l)c?:?ll.]" SHAP L kAR abSrafi .Jon the case of
a mask t atp as beenn°cu§pe0§ |{nr$%t e %}\%‘gn, g hge asserarl% ;@g’@gﬁﬁ% r%

di sassentiV&Y drother provegs aod témbinatiors|théreef. mal contracti on between support
and the nold. The support and cured mask 156 is pulled away from nold 140
such that cur étheaske d56patetnaivds, forkim cindregprolahtdhGsing/evanatyraf ns adher ed

t t .2 148. k 156 hi bi t tt ' to that of _
i or ool ety Wi bebre PP ReA npap Sl 1 fie Bt e bR ool d 140 can
be chganggbdetndeieySafiBsing 88 h%ﬁ-rex@&@in@%ﬁ@ﬂé@oﬁﬁus@a&knﬁiﬁf tHe nebAtiveone

cl eaning conposition is a silicone stripper, e.g., ex CCR (comercially
avai | abl ereps ehihamask tormase e odp. Sjnteripg/a patlydesirattad ppweer imsski ng '
conposi t| r in _pegat.i ve f.eat,ur . 158 .of 156 can be
renoved }t}%ﬁ]driéﬁggfmén%ﬁi%aﬁﬂ’(%%% Iég \E/lﬁetsﬁ&ﬁt%%’ %aﬁlregdl S t @géﬁﬁ‘:ﬁ%nd CF4 gas),
whi ch nmasheahetal sfatle asode) sudhhhgtkhessephon-peronoRyéd ofaidtert uhese of the 17

material is dissolved (in the unmasked regions); melting the surface of the anode

20 (e.g., by flame, or contact with a hot surface); temporarily filling the surface pores
with a material, e.g., metal electrodeposited onto the porous surface; and by
applying a nonporous barrier layer between the mask and the anode.

Patterning and Fabricating the Electroplati icle

A variety of methods can be used to pattern the electroplating article.

25 Referring to Fig. 4, a method for forming an electroplating article is shown. The
method includes forming a micromold 140 by coating (e.g., by spinning) a layer of
resist 14% (e.g., photoresist commercially available under the trade designation SU-
8 5 from MicroChem Corp.) onto a substrate 144 (e.g., a silicon wafer). Preferably
the layer of photoresist has a thickness a few microns greater than that the desired

30  thickness of the final mask. The photoresist can be patterned using a photomask

and, in the case of photopatternable resist compositions, a light source (e.g., a UV
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PCT/ US98WO®848350dask. Uni form etching extending to the edg@BfUSRESLpport
can be acconplished by surrounding the support with a "dumy" substrate
preferably of simlar conmposition, such that non-uniformties due to edge
effects f At sk is adhered
to a porg{éxt 96{% é(;} Aé}ﬁxtﬂfeﬁ‘@%&% dfr?%pelr"'g%{n%?rgeﬁ%m SoR8 )gveafgy arrier |layer
present ithe hiaek. p@pﬁumlrv&md:ﬁicfdr@ﬂdtcb@baﬁgﬁb iffoen 4 aet-utidsmaferiahsuchiask and nmay
be conti nued unt|I orous portion of the porous substrate is renoved. If
pores in 3 P8 EIE HavEn Pl YRIPPEgNG Ang £an ishde@gadiednt , the pores
are re-e d i CLJ 1 10

Anot her %ﬁﬂod%&%’r b?%?a%ﬁkgmn é%ﬁ%%?ree& mf'b%lg a?‘tlg gcr{)rgﬂ Gﬁgﬁl&w% Fig. 5.
The ngt hqdasiterahoﬂd@&cqnatﬁgetbmmms phmuam@pm:tsséﬂﬁsednn theafabrippiontof148 (i . e.,
t he porous ITEdlélm or the prepared anode) to the approximte thickness
desired fSOPAREAFFSMal mask. The areas of support 148 occupi ed by resist 142
correspond to 203 can be
deposi ted. Wen paEdt Ee"?’ﬁf“ﬁﬁ’“éw Cﬂ%éé%ﬁs%rre fétf%%w&e%% des avbarrl er, the
por ous n&r&smmteéhylaﬁowirrghhelnncromfrdamd)ddx@okrairtmvaporlsa:j?e:rgfromthose areas of
t he porous ned] umthfk ar e not cov§red The . hod{aﬁogrther

i ncl udes EHRCH ‘ﬁ‘b"c’al’ duliedamELes iy R quelSI S%fﬁ@ni%c"s‘ 48, and

opt i opal |ﬂoxﬂ%€éﬂ‘(§%ﬁ§ﬁ'”@%ﬂﬁ§%g@s K 116018 ARRBL b osifich '1@8 is hEROL h,
non-stick (e , PTFE) sheet 1 I's then pressed against resist 142, and 20

liquid nmmomrﬂm&edgaﬁdm@eﬁm@by thle nattematﬂ)pmwrems Suaport pAdssure is

applied tp squeeze the |iquid Ki 03| ti.on et ween
ool st 1S S e e T Y, (OGS PG BT Y SHEh B Y sheet 160
i's renovadaskdmitcdiBsdsitig 14819&§|fér693 SQBTS drb N5 OMREA Ve e f28813St 1S
renoved, e.g., by etchi ngﬁ , reactive ionization etching using a

a

m xt ure @Of@{)@r(ﬂ > 2psiticF of thegesst petterm andithesurfise of evppeedl4fo ex pose

ar eas, of 4h I |ousl QECU atterning a
por ouls e PR BeEg Fopa P ST R s tan iy SO e ™ et ir o5 o
the mask drefnIoeiogebsundig Ak posvievd RatutiseT résit 142, TI‘B@BMQ@ aBsenglghi ng both
mask and porous nediumto the required depth. If pores of the porous nedi um

have beent i remainsgn this matipg rdationshipruntyd the lypidmasking pempasiten hashed or re-
est ab Y\Q %
PCT / USQSIJ&gi‘geﬁﬁeaf}éﬁar'l ngg( f)%é%gg{g cé) e OS%IIOH fhe Aet 0(121y ?or %?n%fenrr = to

el ect r oplatoveg tactsec! e

20 After cure, excess mask material 154 surrounding support 148 is removed.
In the case of a mask that has been cured in the oven, the assembly is quickly
disassembled to minimize differential thermal contraction between support and the
mold. The support and cured mask 156 is pulled away from mold 140 such that
cured mask 156 detaches from micromeld 140, yet remains adhered to support

25  148. Mask 156 exhibits a pattern inverse to that of micromold 140. Micromold
140 can be reused. If necessary, micromold 140 can be cleaned to remove mask
residue. One example of a useful silicone cleaning composition is a silicone

stripper, e.g., Amtex CCR (commercially available from Amtex Chemical Corp.).

Any residual layer of masking composition remaining in negative features
30 158 of mask 156 can be removed using dry etching (e.g., RIE with a mixture of O,
and CF, gas), which may also reduce the thickness of the positive features of the
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i ncl udes applying (e.g., by spinning on) a |layer of photopatternable |iquid
maski ng worpasdoi on 146, e.g., RMS-033 (commerci ally avai pebhmsodiesm Cel est)
in conbination with a photoinitiator (e.g., 2,2-dinmethoxy-2-phenyl

acet ophenone 5 (comrercially avail able from Pol ysciences, Inc.)), to
support 148. Liquid nmaski ng cqonposition 146 can be covered with a thin,

oxygen- i ns@skredpiterm pichingexpndingip the edgg of thersgpport sal Rearse@PHslsd from
tact w i i1 j d t tt d
ot (e 57 SoofpHk bR opOn 0BT AR Syl holchiBly SIBBERE 12 Pact [ vely

cure the caspositiomesdt thatmonhindidkintiiesidse idedgeredfror ack autcdfittecarea of

phot opat t er nabl e masking conposition is developed (e.g., by dissolving with
xyl ene) r®#B%tng uncured maski ng conposition 146. |f a nonporous barrier

| ayer exists, it is renmoved (e.g., by dry etching) fromthe negative
features of ma¥khehibe miask ssadaered ésé atitous rediun, theetels srwyy\be deotintdiose

phot opat t er nabl e magki.n conpositions that are n%%at ih\ée wor ki ng the porous
15 medi QFERINS BBY BHRST 8T Kreseat [ 1he RArals M dHm KORYhESFBRIYEL i on unti |
there | S fafhtd @Gfe LNRinPhalBE Ehilhuea RALA borBls FA¥LAGE IS T ed

t hi ckness. After photopatterhing, the unexposed haski ng conposition

mat eri al fubsghteds regnaviedt If poretia apmres)mediua lmso beadfilied drreee devel oper. When

atterning. or,ous nedi u t.he r ou dium can be tinted, a.dark 20
Phade or " oideRio RorPEste dh ks el S S B B e e BB roant of
light scattereq fromthe textured surface, Referring,to Fig. 7, another
me'? hof f or mk%@%ﬁ%@tﬁ%&%ﬁ%ﬁl %1?‘% og}aémigﬁéql'%{ﬁ%hoyﬁén ﬁéﬁ I'7?od i ncl udes
appl yi ng #hé hidthod ifBialéshteAnROs phdtoresibd X éito @ s& drﬂld@%'é), thed support 148;
curing liquid masking conposition to forma solidified 2 mask 156;

coati ng npeRUIBEdNM Ar Geprenares anfeko theipproxigateghicknessdasiredsfos thedi sposed
on a thi ”ﬁrqfltrﬁ‘isk'. %M@Ereéé‘g.f]se@ggw);é o&gx

. ' _ .
of a nmetaf Tayer, Usin erne E’Ee%rﬂyljggg{%'c% egp60 dﬁBgﬁ%%ta.et e case

resi’st to pattern e I~ | ayer
(e.g., byie%ttﬁéd dsﬂlhemalsir:]ﬂtrﬁugﬁMxi;chlr@m\d(aﬂ@gﬁepcgit\lad.\lmhereﬁueﬁtfctmidgyi et)ch, or ion
mll) mask 156 usjng thick resist 164 (and netal layer if present) as a
mask; andPPrque Mednud thajinciudes pbaighdhe peraus megdiugncanpe giched ip aempeye

f bl [ ' 19 VO
gg/e 42[38 A the BRR 10 1 {HR3Be ARYEST BE pbidGs RRERMS tHIPL WRt E&e?é&ﬁ%d US98/ 06591

por es; anrksiseriheimethoe figther yehsles aggiying a lignéd meskin heorgpositiorsi4blieod (and
metal | aygurppio;t 1‘2%?9.3& optionally vacuum degassing the masking composition. A flat,
smooth, non-stick (e.g., PTFE) sheet 160 is then pressed against resist 142, and
20 liquid masking composition 146 parallel to support 148, and pressure is applied to
squeeze the liquid masking composition 146 out from between resist 142 and sheet
160. Masking composition 146 is then cured, sheet 160 is removed, and residual
masking composition overlaying the resist is removed, e.g., by etching (e.g.,
reactive ionization etching using a mixture of O, and CF, gas). Resist 142 is then
25  removed to expose areas of the support previously occupied by the resist. When
patterning a porous medium, mask material that has seeped into the negative
features-of the mask from neighboring positive features can be removed by etching
both mask and porous medium to the required depth. If pores of the porous

medium have been filled or are non-existent, the pores can be established or re-

30  established.
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Referring to Fig. 8 a nethod for formng an electroplating article is
shown WW@PB/45584 udes: applying a |iquid nmaski ng conpositi BRIV a sol id
mask) to 5 support 148 to the desired thickness; curing (if liquid) the
maski ng conposition to formsolidified mask 156; exposing solid mask 156 to

atterned ul t AW | ght | i syl tapl e for
gbl ating tﬁe nfge‘girﬂgggo E{Fgg’o?lgthn%?’?aeﬁgéa# ?&5@?@%@@%?tn@$’b‘f“gger beam
abl at i ngiﬁﬁiﬁd@d sh{ﬁgllyiﬂg Gelg.,sh;pmmb i rtin;;;téﬁ) dhywoqf?mfetbpamrdabl‘)Mhi@gmw]:l@mgloi ng a
porous nedium, ablating barrier |ayer 17 i resen and, if 1
necessar FOMPABLLRYA40. 5By RMS-PEé (%?%G@l%'cﬂ"ﬁﬂ‘?tﬁﬁ gSBbée%%‘S &5, Met hods

simlar sae@, i P Aty b 3hs fabricate

el ect ropkgﬁ%aggﬁlgﬁ e .dtgnretﬁg(&g%ﬁ[’ez ’%?i%%%ﬁ‘@ g%féﬁ’égg?tﬁéﬁlggg: applying a
|'i qui 8 mésdehmegretilyayvailttile fronoPalysetices, Ipa))t tr supputiildB. Miqid nfaskingoduced by
patterning a high_aspect ratio, photoresist such as 4620, or SU-8; pressing
the 15 pempem@atlflép%n%%eﬁﬁi\g%ﬁé@m%}gﬁgwawgﬁ H 63> a support such

that the i 9&?9@ L. QN r by s‘?&%rem)vi ng the
relief pé\@%brﬁsgrfcﬁe or‘LFre ef@é@%@?ﬁ@%@ﬁ%& itl\‘ril% udes a support having
a mask pabmposicdn W6 e thbe exposed Repatiatrtedrlighofe.g. Ne Vrlgdht éfngaittedr n.  Anot her
exanpl e of such a nmethod includes: creating g relief.patfern on the 20
support W"Egéﬁp gfo Eirﬁ@é)stﬁﬁglﬁf’tf‘fe%fm%}bq ; oénfiﬂﬂt%ijg‘r élt esist, e.g.,
SU- 8;10 COdrhHecParkiltBE ph&tBPiInNERhsihE Qoxﬁ?éﬁlﬂic_?h is\devd18pn de?gyﬁ,eay of liquid
maski ng conposition; stahping the support/resi st agaihst the coated sheet
(i.e., | idksolring with xsiede) rekpaiie unsurpdinsaskngnmimpoamidn udaifa t he

support/resi st d .t he maski ng conpositjion ef er ab t he support and the
shoot ar GoRPuSATHET Br TSR ARG e oV SRR 5 composi &1 on.
Ref er ri ngepRivel flatufds o Bk 196l FRés dreikmekhed iftleedshgP R kingearticle is
shown in which a surface |ayer of porous nmedium 148 is saturated with a

i qui d mebricrattesape siaskies comppidonhibekare ssgafvettrekigadhe paroraisk. Liquid

1480 U BB A PO SR AT B g0 i 15

or abl at isngfaceslhpartcfimakigsconfposition MatingXhé destred @timesd. Afeest equal to the
depth of the matrix "layer", to form 20 MO 98/ 45504

PCT/ US98 phetopattaming ths3ingkpesgd maskiag eompesitiop mafesial dpgludingdhatée hod can
i ncl ude ?ﬁéfrﬁr@égitié‘aisgﬁ%c?ﬂxt&xéﬂﬁ@é%&?? mediumwi th Iiquid masking '
p e lq

conposi tion, tern curing t ui d
When patterning a porous medium, the porous medium can be tinted a dark
20 shade or coated with an antireflection composition to reduce the amount of light

scattered from the textured surface.

Referring to Fig. 7, another method for making an electroplating article is
shown. The method includes applying a liquid masking composition 146 (or a
solid mask) to support 148; curing liquid masking composition to form a solidified
25  mask 156; coating mask 156 with either a thick resist 164 or a thin resist disposed
on a thin metal layer (not shown); patterning resist 164 and, in the case of a metal
layer, using the patterned resist to pattern the metal layer (e.g., by etching or lift-
off); removing (e.g., wet etch, dry etch, or ion mill) mask 156 using thick resist
164 (and metal layer if present) as a mask; and in the case where the substrate is a

30 porous medium, preferably removing the top layer of the porous medium to open
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maski ng conmposition, and renoving the uncured masking conposition. O her

met hods afobgtdsopg el ectroplating articles include, e.g., pEPUNISHEsA
maski ng conmposition selectively to a support by such processes as screen

printing, stencil printing and inkjet printing; and for porous nedi uns,
melting a surface |ayer of the porous nmedium and form ng negative features
i n the surfoaes apd ramRViRg realisbyristpRing Bhie eamedining resit 64 Gapdhetalighertiie nel t ed
| ayer to _ell% &se t he pores of the porous nmedium and generate a relief
pattern. € ‘et hods for formng 10 el ectroplating articles can al so

I ncl ude et chi ngRéfeginpaOR S\ 2 heakdd @S fdrinis an WelePMHngOrtitiRgs SRSk, pattern
to increase the anpunt of relief on the electroplating article. In the case

of a por ouEhifk#clideamPrlyipe B higeid miskingneenneaiion 166 ¢on msplidanaskd toonduct ed by

an oxygen I r ing Method 1 . In general, the
i nvent igon 9?%2{?1-3?%85 ?—J(;@g?tersg% tgﬁxﬁégssh%mgéﬁqﬁ@ theRpsiine E(Bﬂﬁ%f&tf‘?%@ a
subst r at e fonm lselidifiad echskil 56 ﬁ?oﬁh@@difcﬂﬁhﬁIﬂwo%ﬁitérﬁbﬁuﬁrfavidl'& lighygpt i on;
sel ectivel, i rst netal a support or sacrificial

el.ectroplating a, al, e.g. )
net al ; andX@P%lEt %\Bé‘fql?f@w%ébrfer phipting the mysk and supponttoatatialiegal . The

step of el r | g . I: l. I vel.

el ect ropl 5?%’??@?%%6%8&%&%‘“@% lgﬁ%?gpﬂpﬁﬁﬁg?&f%%%%gﬁ icle of the
present i rwiemtpatterning & baroke mediposiblating bufiizr &80 070 (IBbRbent)THAYL, if :

el ectropl ati‘gsg rre&)god fan %e used to plate a single layer of netal or the
met hod®caleheFSpap HgeRy [AYGE A the RPTORS BIcAIUEM i OngBPAFeSi s pl ated onto previ ously
pl ated netal | ayesdps; ' I3 t a

pr edet er mi ned nunber %?g%g?eh%?gogﬁg%?g l%g%%?gﬁgﬁe%%ﬁa#gﬁ%eeage&gé portion of

t he supporfebriratealeczopl8ingaidee dOn@&ampde of suchy meéthdd ingludErexpplyinict ur al

met al that ren;gi ns, .defines . m'cro?lgf%)i C or soscopi ¢ device. The net hod

can al so &M DE CREPPYPPAI0 digigh Ratiers svhich might Be graduped BY | ayer of one
metal . RefpRiteinitg 4 Bighiadpect fatiotbiblorsist BRAAs AB4RIA AU klpRsihd fle PALLErN

230, the sanme netal is then plated in second pattern rm pl at ed
net al 1f ay éelicfpatterpgnaskge-enmpositionestmct2Boagainst @vuppoasuth thet theat t ern 230. 21

WD 98/ 45504, .- . i . .

PCT/ US98/ 8%4§§ng%11 peo%ﬁlr(r)f)llaéih%rf3 s 19 the punport AR ey ineoR s il pattera- Thivention i s
shown i n Fognedlelectidplatitigtaitisle inttildes e Susport R&id g WmasispRetiAl Wit fhebe plated 2
with first article 4, which includes nask 6 and support 8, in the presence

of a firstnYeieRatieghokiba relief pattern.

Another example of such a method includes: creating a relief pattern on the
20 support by etching of the support, or applying a durable photoresist, e.g., SU-8;
coating a flat, smooth sheet with a thin, uniform layer of liquid masking
composition; stamping the support/resist against the coated sheet (i.e., like a stamp
and inkpad) to quickly mate and unmate the support/resist and the masking
composition (preferably the support and the sheet are kept parallel); and curing the
25 hiquid masking composition.

Referring to Fig. 9, a method for forming an electroplating article is shown
in which a surface layer of porous medium 148 is saturated with a liquid masking
composifion to the thickness of the desired mask. Liquid masking composition is
solidified producing a matrix 174 of solid mask 156 and porous medium 148.

30 Matrix 174 is then patterned, e.g., by etching or ablating selected areas of the
matrix to a depth at least equal to the depth of the matrix “layer”, to form

20



(i.e., electrolyte and anode 10), depositing a first netal 12, e.g a
sacrifi oval8/Ag®4l , 5 contacting substrate 2 with a seconﬂcﬁﬂFP%W§9H4
whi ch incl udes mask 16 and a support 18, depositing a second netal 20,
e.g., a structural netal, in the presence of a second netal i on source

(i.e., el d t r, and
repeatl ng‘gg‘%{ogﬁ%fmﬁlgho&a ﬁg?ﬁ Al &ﬂmryéﬁ} IR&I%% %ﬁhgﬁgé{é % %lﬁ%gartl cles
4a, 4b, Ifaouslshbdium wmdxquﬁi wbdking &@yﬁsﬁmnspmem Utlixﬁngtﬁs liqhidc h, after
etching 10 al | of sacr|f|C| al nmetal 12, becones el enment 26. The second

article carskipgPHROSHIGH SRd Fomeving heapeied Medkisg SPEPPELPBat ur es such t hat
the surface area of one or nore positive features of the mask extends
beyond t he cor@&%ﬁh@i%’@ %@%@%eﬁﬁé@lﬁfn&%dﬁ fgluds) ageaPMRIEl . The

The sbstTarE b b ARAT RIE B O] B T EcH Mode e o L BRI, Covi ng

the el enméndllrmhwﬂg&nﬁhﬁtgemrmng &gl fol pyreus afedBupp oreltinggd anfaak onto t he
substrate such that etching renpves the sougce of attac rrent of the el enent
to the suB¥soithe PUTRYE MEiug ard Youp) rra&raes@h REEsiint gatths Fig. 12. The
el ectropl ;,ng! : £d 2 with
an el ect r%(%{)atl % artic ét@ﬁh%ﬁﬁtx?%%ﬁﬁg{h@%étsegﬁﬁé\%} I&@&;&&g%}@%ﬁg a first
netal 12 the perquseiddian ah&gemaramatralneﬂpanemt WhesngthadstformBdraing bl anket
depositin cond taI (Fig., 1 nd rrech ni cal pl.anari zing the
depost® eo‘eqfs"?ﬂpe?(lf t‘t“@aﬁ‘& PRI & S‘T’inﬁg‘des??gé’ig ?89@?“’6 eaﬂfré%bsee ‘Y‘HB‘&‘K?}’ess (Fig.
12b) . The,mhanmkk poteri ¥ frﬁ?e?as&ﬁf& Bfount 85RMef sh ﬂh@%%&oﬁl‘éﬁﬁg ‘ru‘{i%laoalﬁt' cles
present on the surface. Preferably the support netal is selectively plated
and the 2Be cagstafirareed madivel anids: frirderk sticatspoaskt eidhinExampt eendsictags ef ul
planariz ion ne%goﬂs i ncl ude nechani cal (e.g., dianond | apping and silicon
car bi de | p?ﬂ?\’&‘jg Cal mechani cal , and non- nechanical (e.g.,

el ectric s ing), planarization processes. Dianond | apping

is a partT im S pl anari zation process. Dianond 30 | apping can

be persf or med UR gigherh] She Hhveniispftan®és éléoﬁ%@[h@m@%s’ﬂﬁddé&haﬁmﬂude about 1-6
micron, or di anond abrasives of various grades. Lapping with different
grades ofcompacting peubsiyaiswoe plated with an electroplating article of the invention;

PCT/ US98/ f pRi.ng pl ates, or
in differ egﬁt%? g’%g%?oﬁ%tlgg g |ﬂr%gtlr8&£lll ata. dsll—’gﬁérpgr ga%ﬁﬁgﬁa%g%%rés%g di anond

abr asi ve dledirdpiatingnd seechnd metalle: g)wt gttuchagl xﬁBtanT}& S¢ ofelegropldigiglaar | appi ng

plate, and a fine_dianmond abrasive can be, .
second metal can include selectively electroplating the second metal using an

20  electroplating article of the present invention or blanket depositing the second
metal. The electroplating method can be used to plate a single layer of metal or the
method can be repeated such that additional metal is plated onto previously plated
metal layers producing a multi-layered structure. After a predetermined number of
layer(s) have been plated, at least a portion of the support metal can be removed,

25 e.g., by etching. The structural meta] that remains defines a microscopic or
mesoscopic device.

’I:ha method can also employ two electroplating articles to plate a single
layer of one metal. Referring to Fig. 10, a first metal is plated in a first pattern
230, the same metal is then plated in second pattern 232, to form plated metal layer

30 234, Second pattern 232 may overlap first pattern 230.



applied to the inner region. A renovable circular wall can be provided

bet ween Qo oghk@4i NNer and outer regions to increase segregati@ogoskhe | ayer
to be planarized first contacts the outer region of the plate, is
optionally rinsed to renove coarse abrasive, and then is noved to the inner
region of the plate. The planarized surface can then be rinsed using a

sol ution, e.g.Oneaxamplpas ey clsetreplaiing wkippd ob thedavandibnid shewn i Fignove bot h

st B R R R
t hi cknessyhiRhanatidsymarsd mb?dwsﬁnquﬁ%m OF & Brfehet i8n soutsé N an
opti cal encoder, wear resistant stops, and by mating the |ayer under a

known pr edsurctectiphite andneode 3 Obdepesitingnafiest meiadd 2 wdrda pasaidigial metalhe

resistance acr.os Le-|a ' t.i,on, . Thi Gl fict.he pl ated net al
can ?![520 %EZ%@S%}E{%%% glcl)tglfasé’ (ﬁi\dgfrfﬁg lffj‘;gﬁ%ﬂ%?;}fe?;f;\%%ﬁ ag& mask havi ng
a patter nsuppatt 1854 n@st@idymét .40 gt talp&i the pese: gfeasuri ng
the displacenent. One exanple of a preferred Eé)snar_i zation process includes
al | owi ng 2 sreon metgileeourse @.e;, elerao amode BA Ppidpnaly plangezingo be

pl anari ze r 1.5 b y RPN~ WeTo M pPi ng pl ate.
Lappi ng c%ﬁ 1%&5,0&%1315%% %?hnggl%gjfﬁ%g{g %%%eﬁ%' gétm%idgél]%@%}iér@ﬁnd the surface
of a | appartiglepkat4d, U84, Mngbth erodiye molt-tiyedagastund 24, ki, efitrr @phiagi ng
apparatus w thout rotating or releasing the workpjece. In this way,
t angeht i adll posacEHcie metd 1% becemes ?1ﬁmPB‘g%ﬁec?thGCQQ¢eﬁr§%}5§W eBided at es
t hr ough 3 ) ks | nized to
he ot o e e b A o B e pl e
Mov Ie mé nt prfsiu?&t feaﬂﬁsesm rﬂkqameﬂeemmdg d)leymrdbt_hcta cqn]?es%rﬁndi?g] surfadeasma[:ds frth? | ar

i ncl udi ng_a avjng a sinusoidal orbit o e formr =r[err] +

Asi nB[errﬁir.Stgﬁée ‘E)tﬁit'rate to be plated can include a conductive surface or
a_nonconduct | VersW AR ik defle thd fed EMIEIGHING LMeainheaybstrate to
be plated can be planar or nonp %nar. The substrate to be plated can al so
be a X3 to tds@straR@Lan be removed from the substrate. One method for removing

PCT/ US98/ 06591 previously el ectrqgpl ated or deposite tal or a layer that

i ncl udes e’?eé%%%t“ & eﬁ@?"‘é‘l"%é)%’“‘rﬁ T %éﬁlfpro&ﬁ‘gtf??’}gong%{fﬁgaij%? B¥%er f or med,’
e.g., On gat ¢tohig retheeksGhe Sotirée ofAMACIEN TR Ehetflerdeht 8 BelsubgtAa.i ng met hod
performed on an integrated circuit is 5 shown in Fig. 13. To permt

el ectrical conéastherelertrepling meiyod isdepitedindiign J3adie electroplating

method includes: contacting a substrate to be plated 2 with an electroplating article

t he

20 (not shown); selectively depositing a first metal 12 (i.e., either the structural or the
support metal); blanket depositing a second metal 20 (Fig. 12a), and mechanically
planarizing the deposited layer to achieve a flat, smooth layer of precise thickness
(Fig. 12b). The planarized surface can be rinsed to remove abrasive particles
present on the surface. Preferably the support metal is selectively plated and the

25  structural metal is blanket deposited.

Examples of useful planarization methods include mechanical (e.g.,
diamonq lapping and silicon carbide lapping), chemical-mechanical, and non-
mechanical (e.g., electrical discharge machining), planarization processes.
Diamond lapping is a particularly preferred planarization process. Diamond

30  lapping can be performed using a single grade of diamond abrasive, e.g., about 1-6

micron, or diamond abrasives of various grades. Lapping with different grades of

22



can be connected to conductors that term nate at di stant contact pads,
whi ch caMOBy84%8dporarily tied together by a bus. Referri né’CfTGJSﬁW@‘%”_L&

el ectropl ati ng method i ncludes: spin coating a | ayer of polyimde 34 onto
thin copper disk 36; adhering copper disk 36 to bottom surface of silicon

waf er 38, I L I; a : cont act
pad 41, an%gésc%g# Pgﬁﬁ aydéﬁglﬁ%%gp%%ﬁ%g%q Pégisaée\%n’ %‘éﬁﬁ?g%gﬁ%g‘?’é‘ﬁﬁs to

assi st sephgit plate. Bbr &lampde, @ ohtsedigmiociabsdsing; cas berapphied tontje phitet osensi ti ve
polyim de 35 on_the top surface of wafer 38 to_protect alum num pads 40 and
41 duri ngr%ai%eaﬁémf’m@galﬁ%{ir e plate) and e di OE‘E?brﬁ%}ﬂ’Fé‘i“hP%g pol yi i de

4 " i : 5 41;
égg?é ggis ﬁ Sﬂggéd fond funkl Alehish. 40 raAG BEAShRE vBlIRGh "b'egﬁ%\/ﬁ&pﬁ&%&

fer; Iimrersing the structure I n zincat at1 ng solution;
appl yi ag pioinoeesidsiutendgioas teemnieasy segregetat. €1 ke loyes, tojbeiphinagzebfitsact pads
41 by sputtering of copper to forma bus éif that is in contact with pads 41
for the eCeRRFSIICPHRTeROnRIdhe plate, SraptiRgalPednset o [R—ROYS O t o prevent

nickel T aBiARR0SId thBRiORoRkPo4f: ik Alkkg JT RN THE Slamt B sithid! NumM pad

40 to allow plaharization; renoving resi st 35; making electrical
cont act wictmthendepimsed dsinghablutiopid.g.ewategbasedlcaetactrobsebasbdaohbtiphat i ng a

ol anar | zat? GO APRS cad Aratel nasheles Buw e BRaRiat ufelis opl at ng ¢ he
| ayer g of abiﬁiv@sﬁﬁ?%ﬂe%i&&&@s’e&ﬂ??&rﬂ@va@ﬂ:g @, waterddthide. Ligdrudi ng bus 48 and

B
copper di sk 36; an S_tl’i@gé)l ng polyimde 34 thereby defining mcrostructure
devi ce 54 tipsknessrduteedy eud sBeAngGs cin bemonttered; sg-eusing edoptisadui t) (Fi g.

13i). The el ectropl at . t hods, ,can_g oy..cvelic plating to inprove
ani For m ¢ 6FEnE0 e Bipeict Dy S B bR nR ot sl eibethery
briefly i ntRedisiph faomet:e pliy sfitheaRiht 8@ refsthii® RIQSHOFItel Byer
synchroni zati on with renoving the mask fromthe substrate to be pl at ed,

whi ch si mitncaigsodgigknpssiidhe Blated metel c3p alsodegnseswic}by canurting®s, vents any

o or ovdl Lk SR 4T AR (AR Rl u R RSR AR AL MR 2 ™ wo

98/ 45504 metal pattern and measuring the displacement.
PCT/ US98/ 06591 and the mask. Current is then re-applied in synchronization

wi th contactingy,d 1 E‘d‘r@%} Stor¥irh Eﬂ‘x’clx?déﬁ%h& f Jhis nethod
can be repeate unet [ tie d s???’eeéltf{?ﬁag?neé‘? olftbsrret al has ﬁe%nthdeposi ted.
The wal | s vafrk pphese e khe awbstratediaveny the Hyegiotbetpdpmrized, tdrethte withira, negati ve
features defined .by the sk_ar.e sl i ly.large op the side of the
mask cont aﬁ?rf‘ﬁrgj"%% ngg bgg?}éFtk]éW?mg Bxaffgzﬁ%n%% ‘@g@&ﬁi&%{é&’@ﬁ&%t of a
20  moving a workpiece around the surface of a lapping plate using the X/Y motion

stages of the electroplating apparatus without rotating or releasing the workpiece.

In this way, the tangential motion of the plate with respect to the substrate rotates

through 360 degrees. The timing of slurry delivery may be synchronized to the

motion of the substrate such that the slurry is delivered to the plate. Movement of

25 the workpiece can occur in paths other than circular including a path having a

sinusoidal orbit of the form r =1y + AsinB6.

The substrate to be plated can include a conductive surface or a
nonconductive surface provided with a conductive layer. The substrate to be

plated can be planar or nonplanar. The substrate to be plated can also be a



mask with a substrate in the presence of a deposit of inconplete thickness.
Uni f or myy oQlisdolne pl ated nmetal |ayer can be inproved by cpotmwsbdsessgn current
density and adjusting current density on a feature-by-feature basis by
controlling the I ocal thickness, and optionally the |local porosity, of the
support of the 10 electroplating article. Uniformplating can al so be
achi eved ppviesalyplecsigplabed orleppsics Imasaleor aranrs thedinoheges at lepsi dngyer of a

sol ubl e coa%i‘ ? having a thickness cal culated to provide the desired

t hi ckness™§ a‘(g'at ed netal on the substrate. Once the finite anmount of ions

in the vol une The eleeépiating Betholl BEMbé Pefarhird, €gf bned ilyghihd ciresl, the
coating and the substrate are plated, plating ceases. As |ong as the 15

coati ng i OnarxamEplmof gn eleckrplating methed pedfpeaedhast an injgerated sirelif Bor m i n
t hi ckness, ar | : -.1.Qn I be. mi pi M ze: | oyi ng a
| ow ¢ rre?ﬁOW elﬁlgiqg'gl 3tbgp %%F%ﬁéslg&‘téﬁaﬁr" 8%?&5@1“?’%%%@ iﬁ'l g}:ﬁg’s%a%ggnpgr atg ure

and/ or pregssy dohneged fecapldasbfsahatttemiinateut Bistadt ¢oitdce pads, Whechsah®Ri | ity of
hydrogen in the_electrolyte; enploying a mask material that is inperneable

k
to the el‘camortly depaeethyr by ghuspRefesarg © Kis. k. clegtreplavindmeBiod ni cr opor ous
material); .QLm ng.: o ' t : 3 , L hat gas
bubbl es Zfrné’ﬂlgé%%ég} %%P}lg? lgﬁg(&%%%n?igg? 8ro g@ﬂ%ﬁp#@%iecﬁawgérz# :dgllat 7 ng aggnt )
(e.g., SNARpkndiski36kebotsath fsarfadefallizoh faifytta8s Which intlodes atemiuen f or mati on of

pits by reducing the attachpent of the gas, bubbles to the substrate;
i ncr elSi nBpd H NAEER] OGRS centagihagif 1pand passiNatiqlayent4 nettisiy e

el ect ol VifuBE BSSUEIPWINE ob o LRMCa-onlcoel dFBn b asipl fypst abl | oh large

pressures on efectrolyte In al'l zed areas pi ng rogen in
sol ut i on; caatitigiphowseroitate podvimidy dHemttgdop eurfatg odgafidr 3i8rtb prdtee nmask mat eri al

o b T 2 . et s : o
Sl oo it srasd il Sins bbby ete Bl & &TRRopi ng topper 30
from ni ckglephibl pbHfiRie t8 CkpélR pa8Plolld fed @b 2ANPRY fuPb BB dofiecand copper

sul fate, solutions of amoni um hydroxide and sodi umchlorite, w th amonium
25 150 $B/desB@aing wafer; immersing the structure in zincate plating solution; applying

PCT/ US98/ 06591 hydroxi.de-.copper .sulfat.e. sol ution_bei referred.for

et chi ng S&Lﬁgxiealrsg%ndggatttg%?qp%e T u&éepg&gong%gprgﬁsﬁ{i%)gsg u_ g't:8§r‘msr cially
avai | abl ecdgpepidfota s @Y thatht Ghioitact Mthdado4 Deorfls électidlating t he presence

of vibrations, e.g., ultrasound afgl led to the electrolyte or the substrate

bei ng pl atediodppaBemmenssisy etes bes 4&toararant gickeldsem deposaeng erebwet&l to be
etched, aﬂﬂtiﬁé’ Eﬁ&%qﬂékel Eb3as Qhﬂﬁiﬁﬁﬁq}adﬁﬁ th Qﬁov%&)ﬁﬂl%%@n; removing the

20  resist 35; making electrical contact with the plated metal; sputtering a planar base
51 and plating a sufficient amount of copper 52 over the entire wafer surface to
allow planarization; planarizing surface to expose nickel 50; electroplating the
layers of the microstructure; etching copper 51 and 52 including bus 48 and copper
disk 36; and stripping polyimide 34 thereby defining microstructure device 54

25  attached to wafer 38 (i.e., the integrated circuit) (Fig. 13i).

The electroplating methods can employ cyclic plating to improve
uniformity of the deposited metal layer. Cyclic plating includes very briefly
interrupting the current applied to the electrode in synchronization with removing

* the mask from the substrate to be plated, which simultaneously replenishes the
30  electrolyte additives, vents any gases, and discharges particulates and broken-down

additives from the microvolume defined by the support, the substrate to be plated,
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nmetal, e.g., in the formof thin projections extending fromthe surface of
t he struc‘gﬂﬁ’%ssﬁét al, can be rempved, e.g., by acid etchi ngcwrussswssst

el ectropolishing. The el ectropl ati ng nmet hodes can be used to manuf acturte
el ements having conpl ex mcrostructure and cl ose tol erances between parts.

I . h ) f.act urin | enent s havjng, parts that
fOR '? \?\AX? hnpcai%ggfée tﬁglglgrgﬁlggét,‘ggl.eé?,g ag@%sld Iﬁém@é?fﬂ?ﬁ@nﬁw eonfaclinget-gyeen about

- . . . . . d
- i nveineesg,dhenrsopitatthagubshaie Darkis methddhen 86 Yéeatdingngenassenbl ed,
érg?renraiolng .re-gl.i ned,m;t te?p Once manuf act ur ed, trfpgﬁl ndi vi c#&al parts can
be noved |dr‘?g eq)%é‘?@ﬁso?fé?et?lé}aétbFﬁhdmoﬁﬁecbgélﬁ willn of thepaiskraanibg giverFi g. 14, a

met hod of argw ' Vi { ' 5 egr. 190 and.15 shaft 192
havi ng retaargfq rr%ﬁﬁlgﬁ%:ﬁﬂpds}g%ggé/’l r&%ﬁﬁ%@h{&ﬁ%‘%ﬁ&% EQ)S}C{J{P? ﬁg]t‘é&}'sla’éﬁeé E:Ihosggr
above. 5Asoartht 5ide iof therreaskbntasting tHeadbitrute), B Reifitd9nedated t%ﬁﬁth&;b gg‘nbl g

190. Chuck 126 .%g.g%trel ectror;agnetlc 3r via%%gtim) secgg}g}a L e atChi D y oar
fixture pirEcesivd §i?df36}?ecp FEcDES Pht dapsit ROOBIPES }:}n ﬂgl e redg g

190 may fall iQ?}% cont aoglt vvltah Sn?%f%ltl 192.*1,Chuck 1ggb| smtlmgg _gﬁ\i\m/e 00
causi ng assenbl f‘?’?ﬁlﬂg i&l tfé_; prasar gga’ﬁpmg 2 Ve e agq ucf;(p 196pi .

ft i | i hi; L QW . : _
?Ee?\h?ai sggﬂsrlgﬁ\c}idgﬁg&gsggnb?gqﬁu urea%éﬁﬁfrgﬁn};e%tﬁrgbc %vec[oggo I ce 188, as

. : 5 . n d tO
shown in Frejecalthigkaess;mnd cptionalivoth dddahporoeity) e tieamppbis of bR USE .
manuf ag¢t u nts._i i.ch at. lL.east a portion of the support netal is
encl oggd \%VIE{: ﬁ%’ﬁgﬁ?éggﬁcpeu\ﬁﬂfw plafing TRt b aciryRd briase @T?ggglsﬂaoség?er g
st r uct ur ainsohibdd aﬂo‘demﬁﬁingtaQH&Cia?é%Ya‘gH%xbﬂﬂ:otaﬁﬁ ngg%é’ﬂﬁi&ﬂg:\% . whi oh
to Fig. 15, a cross section of abjplate el enen I's™S [

C

support nellgplateddo PETdmthe dagzgdah %}J@d oxﬁp?m&w;zt?k mftsm?g'r)rst)% ad)l_—ll_(ﬁeéelo after
ol ot r opl Sl okt Bt 10r8 1R BERSRin S e G AR HoruaRaioeilbNghe or 30
ol di ng (mask, the oatinigiand theXBiiae argiated ] gl ﬁfgtg é%sﬁﬂgﬂgﬂg as {h%aCt i on

i nj | ' t her nof or mi ng, bl ow nol di ng, and asting). Mmld
:zggﬂ%ogﬁ%gllg ’ifomv\ig thigknessothe plated metal will be uniform in thickness.

: : ) . h
PCT/ US98/ 06591 ‘?eﬁ%g??l‘é?oﬂan%'c?ﬂ%s{u‘%e{:ﬁﬁi@éﬁ@ﬂ?%%p nserts so that the

ej ection axis of the 'S paral BIo% he | ayers

peurrenth essityfta dcredse cheemalrficibntyd @edfodsitendetaife ha$h, | aYer
and the g I’atho,(izlls ggn be g%ceitd o formparts that

?ﬁgf’ﬁggeﬂ?ggé&%&{el’?elgtg E@E{ls&t}ﬁqux% bg'ﬁbt_o mcrgase the sqlabilibpefysiregentio the draft as 5
shown i n de@rolHebempidels kM aREISHY it %Hém%ra] &'t§ teselgc%l)\rltme Enqt draft by
20 gas permeable (e.g., a hydrophobic microporous material); performing the
electroplating method under vacuum so that gas bubbles are pulled out of the mask
features; employing antipitting agents (e.g., SNAP for nickel sulfamate

electrolytes) to minimize the formation of pits by reducing the attachment of the

gas bubbles to the substrate; increasing the masking pressure, which
25 can locally increase electrolyte pressure due to reduced microvolume, which will
establish large pressures on the electrolyte in localized areas keeping hydro gen in
solution; and incorporating hydrogen gettering agent into the mask material (e.g.,
by mixir{g a fine powder into the liquid masking composition)
Examples of useful etching compositions for selectively stripping copper
30 from nickel structures include: solutions of ammonium hydroxide and copper

sulfate, solutions of ammonium hydroxide and sodium chlorite, with ammonium

25 -



depositing layers of structural material where each subsequently plated

| ayer ofwetgdedosir al netal lies entirely within the boundapgtaked/duss:

previ ously deposited |layer (e.g., layers 801-805) of structural netal, as
shown in Figs. 16¢c and d, optionally w thout the use of support material.

Referring_ to Fi,qg. 16¢c, |l ayer 800 is deposited 10, before layer 801, and so
on. El ect PydioziderryPRppaiiisie solutioa beingrelsyed donfichieg siBieterss atiechgdid or ned in
a variety I . RQ: r | r appar at us
for car ryi(%%oguﬁgg‘%ggﬁln g(?fnr@ % %g%l% n%h@e?rﬁ%?Fgmsam)emcﬁjn&?nk#gﬁg?%l'Appar atus 56
i ncl udes ErehiptdsaibBbe péridrmed.in the preweked oflbbratiphstigntltbadoanéand a copper
plating bath), and an i r‘igpect ion station 62. Fach bath 58, 60 is

const r uct 8BPlics Bdhe elseiplyicr thy wdsralp baing hipied. aressurasAdctyef sichattach bath
58, 60:in ; {é]'%j& - pl ati ng
article 4%%%&2@ g%ﬁﬁgggﬁgﬁ%ﬁd@dg ] acgg'rngr;Da% ré%ﬂg"@?heg ugl%{s‘{ts@st rate to be
pl at ed 2. mieta, app ar diederm afithne projetsions ettetiitprancbhevwodaeethd t i pl e
substrates to b | at ed .and 20 nmultiple electroplating articles. Each
article 4,str&9ruﬁa§_efeffge%an£e IPREYE: Grke Hyaﬁcecﬁ?tﬁ@ageﬁﬁlﬁﬁr_ BNgask 6,16 and is
capabl e of Qqugdete'lé&&o?IaB?Etnfertﬁb gcﬁi’?ﬁ?‘{lsed}-@ﬁqaﬁﬁfi%fg éiéﬁleﬁ'@qilavintg

el ectrochem cal control of "the el ectroplating nmethod can be controlled by
conput er s coSplstmigtastmotupeang cdosdoRrirses bewspoparsd One gremplseim not i on
stages _64x, 64 64z, ~equi pped wi.th DC seryv tars,, stepper notors or 25
combi i SirsRader Brspe i i it G MR C R irg S thng 0. 60
and rinsi gapshetive@nthRpartSuRsictrtd Hoit FBERIRNoRRs Elabekp88nLiteastsf i rst bath
58, positions itself over mask 6, contacts mask 6, and undergoes plating.
After a poéthsdevigeriaannpsskmbled, pefarshly prenalignedeaitatpl GnasdnanfectagBst rat e 2,

substrate 2 is.L ved fram bath .58, rinsed a rapnsferred to second
pl ati ng bgﬁl B’@&?@P g’qﬁ ?an%f Igo‘éeghrffxgjc?pser 1o§glcr8ﬁs§ox&rgg efgk,lo ter goes pl ating
to a pred®egsting esiFighil g khgsthol PF afzatAbhying devisanes ilehehnessarabothe first

deposi ted net al is rinsed, and is 27 WD 98/ 45504 i
PCT/ Us8/ ebad19% having etainingfalips 206 ichndss thejalesiepleting methads gischmed i ncl udi ng

a high-re i [ ' 2 yst.em am Rlgr, can be _
used in c%ﬁ#ﬁic@%ﬁ%{b&? ?ﬁ@:%%ﬁlgﬁ&z%f%\%a&g} EW%UIF %ﬁ%&l ica géﬁr‘leggbr d i mages of
t he deposiChudk 18§ ¢&.8., tlecteothagiitidios kacuklfre) fsesuady tiie aggpmbhit fistubdpiesesencl osed in
a seal ed chanber and equi pped with a 5, vacuum system)}gudie as the mask.

194 as support material 198 1s etched. During etching gear' 190 ma nfo

contact with shaft 192. Chuck 196 is then lowered, causing assembly fixture 194
20 to press gear 190 over retaining clips 200 on shaft 192 and into final position, as
shown in Fig. 14c. Chuck 196 is then raised removing assembly fixture 194 from
the completed device 188, as shown in Figs. 14d-e.
The electroplating method can also be used to manufacture elements in
which at least a portion of the support metal is enclosed within the structural
25  material such that the enclosed structural metal is not etched away during the
removal process. Referring to Fig. 15, a cross section of a plated element 236 is
shown in which support metal 238 remains encapsulated within structural metal
240 after support metal 238, that is accessible by etchant, is removed.
The electroplating processes can also be used to manufacture tooling for
30  molding (e.g., injection molding, metal injection molding, reaction injection

molding, thermoforming, blow molding, and die casting). Mold inserts can be
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Usef ul nechanisns for applying controlled, uniformpressure to the

subst r atwOi9sig$sade applying a fluid pressure (e.g., througRCEFUSA¥UGHAL i c or
hydraulic cylinder). One particularly preferred nethod for applying uniform
pressure across a circular substrate includes applying pressure at the

center of th ubst.r at e. a Il LOlpt (e.q.. || sandw ched
ot vieen « MRATRITRETS b B HE bk Spota Tuchft bo b il 1 SRS BT
retai ned hQyparablelatibe stadling Axi€ a€ihk. laybiCariptht pating warfhdeofahosimt ed Be t 0 il t

as needed to conformto the mask surface and to find an equilibcrium

posi ti on wnelHEdisdhE dast yesdapeaitads Theidlestroplating smethqsiscan be whrd 9UBBEr at e can
be hel d against, .t |1, by sur | t 1 jght-fitting
flexible o' %té&‘?%%ﬁ‘dds“pc\e{fﬁsc osilg\gﬂg%?%éggﬁ§¥@§%§%n%%gﬁéﬁer. A very

stiff, spregab@han FiEaBBdrkab foim g@ldsewihout and@ahaahdaithehiftiey t hat
i ncorporates crossed roller bearings) can be used to provide repeatabl e

posi t i oni rigpetiting taysetStryciyml matelal whereseagh subseqiantlpplated lyemet pl ane of

t he deposi | Y. . C. i i i : s (e.qg.,
b el corr SagmeRARll il kol ABGRni A0 bBGndely St b Brd FARY) ShoR-LIATS 10
carries tRe.gsubsdrs 80180%) digtpttata thetsinas sheldde Figss1 6oindyd, iopdohaly ng t ube
that noves into position as netal |ayers are. added to _the substrate.

Ref er ri ng Wiéhaut gke usepf sppporigmaterialyFegerring be Kig- A§C.tiaxse 889 1§ <epepidtth i n cross

secti gy irbf%a}gg%%% 8@&%;)%%9%? mask 244 on support 14 and surroundi ng

Substrate ate | ayers 250. 25 The el ectropl ating

appar at us ElastrdydatinpdAppazatus 0 i ncl ude a devi ce capable of directing a spray
of electrolyte jntq the volunme defined by the, negative_.features of the
T ele e £ Sy

article just pri GrophHmedpst EHED R LT "I’f_ée%ﬁsgltef‘%?@aftui‘ﬁ be pl at ed.
The el ect rophablNaxRApRAAAS GaRIBLYAR (8 bl ap RYBbEAIHE contro

particulate contam nation within t apparatus. "After the electropl ating
articl es 30ethnd isshostriatfég.dlf7. aAppdretad 60 inaludes twe bathe 68y @pleeg.i myickgpar at us,

T e e N

PCT/ US98/ (4ipi3 koagtthctdd thbalchpible a_flﬁeé%fip_léﬁntgm difftfest MBRA Fabls be@Isshbe cl eaned
by a filtration system e.g., a HEPA filtration system The air and

el ectr ol yt@ includesien elactiplicessanpde 8, Oband e cleshepiatiematiglehidugiout t he
ncor por ar BN negRethe 58 PRt ARt byl 9 Be BERLE FRD. o0
ci rcul at e ppdrands dintbeeoftifrtddab it sorhiBof@e Rivitiple BA¥OERE €OYSplated and
20  multiple electroplating articles. Each article 4, 14 includes at least one patterned
conformable mask 6,16 and is capable of depositing a pattern of metal.

The mechanical and electrochemical control of the electroplating method
can be controlled by computers. Substrate to be plated 2 is transported by precision
motion stages 64x, 64y, 64z, equipped with DC servo motors, stepper motors or

25  combinations thereof, and precision encoders, between plating baths 58, 60 and
rinsing station 66. Substrate 2 suspended on chuck 68 enters first bath 58,
positions itself over mask 6, contacts mask 6, and undergoes plating. Aftera
predetérmined thickness of metal has been plated onto substrate 2, substrate 2 is
removed from bath 58, rinsed and transferred to second plating bath 60 where it

30  contacts a second mask 16, undergoes plating to a predetermined thickness

(preferably the same thickness of the first deposited metal), is rinsed, and is
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concentration and constant tenperature. The thickness of the plated netal

and pl ategogfpisgd | ayer can be controlled, e.g., by nmeasurpdguidsmesbe@posi tion
rates of the netals and plating for a predeterm ned period; nonitoring the
integrated current, with adjustnents for 10 pl ati ng efficiency,

normal i zi.ng for cal cul ated mask area and cal cul ati ng}bgé ating thickness; and

t hrough clT&8Eked tedstiasile krelnspecsion ststion $hdneluding @ highpeselpdior wdesc| udes

i nputin . j :plat:i ng: . (N0 the
softvars cHsfoEbiRsRrerP BE0 B FRABHE B6h OFLEY iR LML B el R0 L€,
| ess t han soltevatteni auesnitivatik recssd invages of thg depesited bslerstoa lagdtinkt a second

el ectroplating article, such that_the nmask _of the electroplating article
contacts tiyefershiy apparaiie g6 peenglosed By zsedlpdichambenrndequwred vilhde away from

t he sugpor‘;ac?%rf@gstgﬁqgg gﬁqﬂghaglg the thickness of the plated | ayer;

readi ng the ckness of “the rst plated netal using a high resolution
(e.g., 0.1 um Bsfoldaechahisnsddr applyihe canthidled atrgfoctnyokssurertp it Ng t hi s data
into the software to, update the stored rate value for the first netal;

pl ating tHYbSHERLE M iﬂﬁpﬁ@n& %5&%&%%(etghéhrppslgﬁ PREABIHG OfWAravlifi s process

and its co%gxhggfz.nbnég,anﬁﬁ%wrmfrt:@ﬁmmoatfw&gg@%lﬁﬁﬁa‘én peshiieagigond plat ed

nmetal can eated every'few layers as a ration. e position and
ori ent at i cnciofuldrisebsteékinofudeheppdyiag prespiratt thg cemter of the entistratedhpagh t o t he

substrate and, notion axeg of,the electroplating a ratus_(descrjbed 25

bl ow Lo ark BALLGBIEGF A ACALISS o Rever op PG PLOTHIROT E0T Bbrved_ ar eas
on the subgtcsBrateOpORUHN AtAe@PH a Bbudt&RBk ik WY $haBhl YiiswPdeat ed masks,
each bearing an alignnent pattern. To align the mask to the substrate, a

t hi n | ayersubftratetcatilt asnegdad ¢elcarfomn tothe alask sunface apdte Endanf the substrate,

the rotational, and translational. msalignnment of .th sk.with respect to
the subst 1S marEHRoRE Y hin hion Biediiye & Wigfom{y dacionfed, qeespRrng
correcti ongn bAlHeUNdmRMst BeMAllas susBindlSg HRsubdtffe With 4%ight-HWRA PB4 04

PCT/ US98/ 06591 stripping the plated patterns and re-plating new patterns.
Al i gnmént ‘éb%ﬂﬁéisr?éﬁg@? &t enpr dgn Samoviag areattt-opl ati ng net hod as

necessary. Anot ?-Frgl . 3 i %g}?l] yS a vernier
pattern in whi c‘ﬂq’%‘% ’ r%u%%nﬁeﬁ% %él}l%@eh(g\r%ﬁag 5@%{%&hpl tc% is deposited
over a sedaotstppatdserosséd rollef bedrings) du\bengeditodirblide esfeatableqbsitibaghgpi t ch

spaci ng of the deposited pattern conpared to the existing pattern provides
an i ndi cat9idhe Wtqd}f@bgrqt@n’ﬁgﬁﬁtagﬁsrtgqt_move in the plane of the deposited layer,

X/Y stages, can be fixed in location by clamps (e.g., an electromagnetic brake).

20 The device (e.g., the chuck) that carries the substrate to be plated can
include a sliding insulating tube that moves into position as metal layers are added
to the substrate. Referring to Figs. 17 and 18, sliding insulating tube 67 is shown
in cross seéction in contact with edge mask 244 on support 14 and surrounding
substrate 2 and plated metal layers 250.

25 The electroplating apparatus can be modified to include a device capable of
directing a spray of electrolyte into the volume defined by the negative features of
the article just prior to contacting the article to the substrate to be plated.

The electroplating apparatus can include a filtration system to control
particulate contamination within the apparatus. After the electroplating articles

30  and substrate(s) are loaded into the electroplating apparatus, the apparatus can

execute a self-cleaning cycle that includes pressurized rising, ultrasonic agitation,
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Referring to Fig. 19, a portion of another electroplating apparatus 66 that
i ncl udes Wwetbk4&84containing ions of a first netal, e.g., aPGrEKER/OEPALI ng
bath, bath 70 containing ions of a second netal, e.g., a copper plating
bath, and multiple 10 el ectroplating articles 72a-f and 74a-f, is shown.

Each substrate to.be _plated 2 (| abel ed 2a- nte tu at the

| eft end 7@“@%%%&051' e@HﬁY‘gBPgheaﬁpP SR cgege%@gﬁl?tg{tgs& S%%”fi r st
metal in the patiEeAERaibRSyHBRK THE adfahll ¢le@trdfds filuaflbs bescesdeoclrat h 70 after
rinse (not shown contacts  article 70a, becones plated with a second net al

in the pat toperatotontinsonsiy khrongkwout thelebecnoplating medtads he glegielyid e 74b af ter
15 rinse ot .shown), in bath 68 and so, on. As.depicte upstrate 2a has
recei ved d 8§‘i191§sy(§fe)ﬁ_l’ FP bg ’rng?rpﬁﬁatt%qm%?dh?aﬁlé’_gsagggﬁ plrﬁagcsgllste?n _oér% the first
three |ayergn@hudisy Qs hid/hih thedlbbtiolRe td fsintdfRhamopedouon of the
fourth layer. Substrate 2b is one | ayer behind substrate 2a, substrate 2c
is two | ayeoscddhiing andfenst@d tereparatufRor el enents (e.g., devices) that

require dozens hundr eds of depqsited 20 b ating
system can be a?‘ﬁ%‘é@mm hh%&ﬁﬁﬁé?etgé]&aé’rkat?dn%\/\%‘ %ﬁe{%‘g‘ bg% Lgog]tttrﬁogg%"ati ng
articles argy apy AREaHIHNghE HBgsitRMdGates oMbecRetiisand ptitingdored el ectropl ating
articles are replaced after having contacted each qof the substrates to be

pl at ed. Oneredeserpiinechperins; mepitering therintestriasscusient Fathieitmerts do0 at ed

structures is.sh - 1n. Fig. . i Ss 24

ei ght - ifch p&?t%%ggmﬂés" n°su6§$¥‘%f%§%z‘afax%‘p‘§?%ﬁ% %gi%én&g%dnr% n%‘t?ﬂ%% i n design
and i ncl udegicknessOaticethrdighgSos30 lodphithelesa cortnéllr Athedicsied Sebp Putear ri ng 80
includes electrolyte bath 84 and el ectroplating articl|es gno.t shown) for

sel ecti vel yingindes ingutng i eytimate, desed ypeameasiigd et platigdatesintq Bet rol yt e
bath 86 for z | . ner, dd ' de

el ect ropl atslo%dkﬁgé;ﬁa}:{?%@dg %glegé}ﬁ?@ E%‘:ﬁ\% ﬁé‘%‘%&éf }éﬁggtahfgﬁi}ggtgﬁgqén%ttglﬁ?{%o

Rot ati ng | ajueired)thitlatess, Presfing thespbitratd pgaihcira sptanilectiopiptingaripdiat ed net al

e S R A D fe et QL APRALRLY I BLSSREGE (¢! oot ve
PCT/ US98/ O%Q%ng ﬁle%ﬁteakﬁfﬁa EH ﬁx‘bbg Iﬁk@gﬂom%& L ARRH B arPdAO\BT eg@diitome Occur

during a single’cyc on rent substrates 2. At the end of the
cycl e, the thidknessatfale plattdrlgyergaging therthickoess of thet finst platedanstalsisingna i n

t, b ows. Fight, | b d ited after hayi | et ed
B of "t he gt resoR e Ll nl Fikeaea i figBe R Fhel SRR g ©
poi nt. Pri ofatf fitd bR doffwe BIRSafeahE stBfdd rafen@lRapk iRt firkhaetl; pidtinglthé | ng

article, the first plating article can be replaced by a new plating
articl e20 Liteawining Hfickness pbthe first metal layer. This process and its complement for

measuring the plating thickness of the second plated metal can be repeated every
few layers as a calibration.
The position and orientation of the mask of the electroplating article with
respect to the substrate and motion axes of the electroplating apparatus (described
25  below) can be determined by an alignment procedure that uses reserved areas on
the substrate to be plated and at least two distantly separated masks, each bearing
an alignment pattern. To align the mask to the substrate, a thin layer of metal is
plated onto the alignment pattern of the substrate, the rotational and translational
misalignment of the mask with respect to the substrate is measured, €.g., using a

30 video microscope, and corrections. Alignment accuracy can be verified by
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other plating articles have contacted each of the substrates they can be
repl acedypagdsssybstrates 2 can continue around apparatus ¥8r/usss@sMi ng as
many | ayers as are required for the device being made. Rinsing stations are
not shown but can be 10 |ocated in the spaces between the plating
articles. Such an apparatus would permt the sinultaneous manufacture about
2.5 mlli oﬂna@vgé@spla@aéﬁﬁg@@am &ﬁﬁ%ﬂ&wap@f%gﬁ ZdEnmeBt eavb al |, in a 8

hour perio e;{g@g‘?&g‘%%ﬁg&#&gpﬁgﬁgﬁg ﬁdg%QCéL%@tl nclude a single bath

cont ai ning " PEHE ts bath with added

copper sul phat ejnothenetangle dba ﬁmful%llgﬁmbnmbt&lodiemmy‘sian@rrhwipmf*ﬁ:lns froma

common plati ng bath of their ions is described in H Yahal omand O Zadok
" For mat i onWh¥E ofi fyredines hapag p AT EPUER FOIRPOBHEIRVSE £ SERIBE Fatteon, " J.

nes ¥8bin

Material Sy Sittfrentiifnl S8 Ohren IR G0 B ARk b - des at |east

two el ectropfat I'ng Btic each of ating one of
t he net al Scorﬂjim:(htotthe Ieﬁrstmgpattambmdmeaashmgd:amom khepadigherent extor20 mul tiple

mask patterns i si de hy side arra nt on the surface o he support.
In the case of gﬁg r%m’gshb%.a@@*t aﬁP eﬁ%t‘ﬁ@%%’tf@r%a‘af%&%s%ﬁstrate can

contact otk 61185 BRalniRRIHEONS okl pikl oL SIIELAMSPOMS

alternatlng w t tern on t dcor U|Ida
t hree di nmtmtmmg iets efct secend ﬁetfahrerg ,rtgcdppeﬂ:plgurxgz&ath,aamdehldupleopl ating

appar at us 88t i ncl. a_si h 90_con |n|n s of two
rret al si0 . gectr ‘?ﬂ%& # 2%?;) %‘PWPCE@%SF% }??1%13‘(53 first netal
arti C' ﬁ?oeﬂé&f 2L Pdnitd}d aﬁﬁ@atﬁ?@@ﬂﬂhg?éf@én@% oﬁﬂi@h §819§:{t5@$ BSickar®, 1S

shovvn Each substrate 2 enters apparatus 88 at the |left end 96 of bath 90,
contacts etb@@meepiaé@d wghimtumeté 192@ préteoneishp masle df siticle 7t4lae»rms$@'s metal in

the pattern .of mas k el ect Q atin rticle 92a, ers to and
contacts a tqagf Z@@anrbsg ?{‘esbo ’ tfl‘atfé"gm ﬂ? JPﬁcéméeécP(l)ar“i We & inthe
pattern of sdcbgd fREH iPthe a&@xﬁ'xrdf%@mhﬂgorﬂiﬁxb@7@39&&5{&{, aatieleF4b Qfter

el ectroplating article 92b, and so on. As depicted, substrate 2a has 31
WO 98/ Y5504nse (not shown) in bath 68 and so on. As depicted, substrate 2a has received

PCT/ USO8/ 08581t Bl VS M1SROSIYE: Lol L EStnIBHRn Al LG pacond et al

for the fir ayerso e mcrostructure a nmet al

portion of midresthrture And ehecfrst hofabhdrtibe oRthei fourdnizybaySubstatbi2bds sppst rat e 2a,
substrate 20 is two |layers behind substrate 2a, and so on. 5 A

variety of laxetbibind slstHe 2acwlstae Pairiypdaysebelinpwpicddaddttion rate in a
common bath el eghr QBlghds R0 SUSEE) HAE tAdiD Gozdhs Fr hufttbd SepbGiR! at i ng

current,
20 layers, the electroplating system can be arranged in an annular design in which the

electroplating articles are arranged in rings and in which the individual
electroplating articles are replaced after having contacted each of the substrates to
be plated. One example of an apparatus for mass producing electroplated structures
is shown in Fig. 20. Apparatus 78 is designed to process 24 eight-inch diameter

25  substrates 2. Apparatus 78 is concentric in design and includes two outer rings 80,
82 and a central disk 84. Outer ring 80 includes electrolyte bath 84 and
electroplating articles (not shown) for selectively plating a first metal. Inner ring
82 includes an electrolyte bath 86 for blanket-plating a second metal. Inner ring 82
can include electroplating articles for selectively plating the second metal.

30  Rotating lapping plate 85 (if required), for planarizing the plated metal layers, is
located at the center of apparatus 78. All processes (selective plating, blanket or
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I ncreasing tenperature (e.g., laser enhanced plating), punping electrolyte
t hr ough WRI846Mdort of the el ectroplating article, ult rasg%'ré‘?%sﬂﬁfé’tli on,
and increasing the copper content in the vicinity of the copper disk. One
met hod for locally 10 increasing the concentration of copper includes

gal vanost atdiLride tan@NoRfonbfME PRRIRSAH) 08 UKL E 2Rl BRIQBUPoR durmy
substrate. By 1apgfé§iin%g a %Iﬁrornefr;f’pgu se a@?a dénsi tgaofv,@egg:. ,’%aggﬁt 20-50
mA/ cnf er r ] diffecint substdatds 2anst theo ppbof the eydetbs sthsttzeatinddrpeind phatingsubst r at e

until sufficient copper to forma |ayer out, 1-2um thick) is generated in
the el ect rBRYEE 16SRREE WOTRBPAnE HHOUS TN leFa® BRinteencErossd” A this

int th ' | | t red € and the
porn e Q&lﬂ{f‘ﬂévﬁfgtb%grf];ﬁ&t%d LB o?flﬁi%rbigg?r?@ég‘g%%%n,aﬂﬁ affBahg gh@é&tt@%

anode is replaced ™w a ni cke o} ) i's then deposi

pot ent ionsstattinggloint, PAwotdthe firsttshbsiratoamivorgaidcy at the fiastglating drticle,
concentratjon. of .copper. j ncl udes .enpl oyi n el ectroplating article hol der
08 a5 shovieHHHIG DS ickiten DEFaes gy Ao BRGEE FUSIALARG ar E1El B hol der 08
contai ns copBeplafihg BriRlRUaV Lot St@NEhch SIS duBSTatbythey g ¥tdracd§0 of a
cylinder, a porous support 102 having a conformabl & mask 104, and anode 106
(e.g., an amboibgtyates plcan contimud ardundapparatis J8eleceiFingas magslydeyeng anarei cl e

hol der 98 inclu fs knl et. d_ outl etggﬁrtstftor trana‘ﬁﬁr ri H el %ct rol yte.
This el ect YOBY HghafrYies g Rgr- TS TR AT RPTHT AP Ri%kel pl ating
bath, 2b 10eRfchoneld s;sa@@nﬁfvaésadh@maanm%aﬁrc;&r Subi v eppardthewohlagsmst rat e
can intermttently pass. In general en there is a risk of spontaneous
deposi t i onthgsimulianegns maguiectirn shouhdo midlierodrviess, sich A0 mierons squspe at i ng
article, t 1PEE ig biased at a nore positive potenti al

t han t hat @?2%@%‘%@%&%}“%g@‘ﬁ%ﬁ%‘ﬁﬁmm d occur until 30 the substrate has

contacted the cOppelecgbgiatifp@ipatinidcaardidotineluded sinigley it chrasinhigepnappl i ed.
Simlarly, when current is renpved, the substrate preferably is again 32
WO 98/ 45504@f at least two metals (e.g., a Watts bath with added copper sulphate). A meigr/ US98/ 06591

bi d t] . te i . liedt

oot et ar i SPSELRP SE g o HERK bnl h ORI et bl Bpirdbpatnl | €4 1O

appar it ;JS ?esscﬂbed/\in HﬂYEhagomzﬁd A ;Z]aaohlat“ﬁsnﬁﬁgbﬂ ofcCamssithakiig MaRilated4 (e. g.,
[ ti t ) ti , | ti

tat on 268Tounty Bltsmongpstioty o vsBia Setry Bh ek a3 (R ThEBRbRELCt ed 1 o0

be capabl epgh 1£166ds 0 Padl td1eetidblakink GRicI SR b of stfikh RUehicafRd 1o 264

plating one of the metals. The articles can include a single mask pattern or

20 multiple mask patterns in a side by side arrangement on the surface of the support.
In the case of an article having multiple mask patterns, the substrate can contact the
different mask patterns in a predetermined sequence, altemating with the mask
pattern(s) on the second article, to build a three dimensional structure. Referring to
Fig. 21, an electroplating apparatus 88 that includes a single bath 90 containing

25 ions of two metals, e.g., nickel and copper ions, articles for plating the first metal
92, articles for plating the second metal 94, and substrates 2a-e, is shown.

Each substrate 2 enters apparatus 88 at the left end 96 of bath 90, contacts
electroplating article 92a becomes plated with the first metal in the pattern of the
mask of electroplating article 92a, transfers to and contacts article 94a, becomes

30  plated with the second metal in the pattern of the mask on electroplating article
94a, transfers to electroplating article 92b, and so on. As depicted, substrate 2a has
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includes an electrolyte and an anode 270, 272. Bath 264 al so includes an
el ectropyglogmcsoarticle 274 for selectively depositing a fpesiusegaisads. Bath
262 is used for blanket depositing a second netal. Bath 262 includes a nask
276 for insulating 10 the sides of elenent being fabricat ed on substrate 2

to prevent netal, from plat] on the sides of either one ferr| gto Fig.
24, a por FeeEIvegcppsiis ‘J?a‘tg? 12} anchibg serongd seetalfordhe drstdhise ?55{%"{[21 s

positione " art, by
mask 276 |dhs'w'f~:1 &6%%?%2{(?2{”2& tr}?ﬁgﬂaﬁ%‘e%pgf@g edgt% 1\h/eTy g%gasf??g | ayer 278
and a bl apkelayeepsiand eubsiratgdn 2B6tratd Sc is two layerRbétend sutgirhie Za) gnd 25, an
exanpl e of an electroplating apparatus that includes an el ectroplating
article tRBt includes a porous nmenbrane is shown. Elect ropI ating article
108, ichis i % ﬁﬂpes‘r I

rel at :N\g]/el y nor éA[]?”I gl dagg‘lﬁ}g‘tﬁ’ggﬁedl ul?ne%(gn{}ﬁvpﬁﬂg 0%?&% d%P éy;ll%%‘?g‘ a(?f:loar se
porosity, camchoneiagt el\mtqplatmgesysﬂemnclﬂlﬁmg; hgepplsmguhe matrhg ameeiitl2 having a

20 rel ati,vel nore fine porosit ned nas hered to

menbr ane 1 %?@Pﬁ’@ﬂ“ﬁg iai??yqng d@gaﬁ 2o PP éﬁ‘ﬂ%"t‘ﬁ&t %3l nd anode
116 is di mos%@gmb%m%w&fog%n il ddoni6 B, dR@BREachint s formed in
the opening (i.e., a negative feature) defined by mask 114. “Referring to
Fig. 26, aqpndneﬂntenemﬁhevmfnleszellmcrtppomxsk|@ge mﬂmﬂ@nbcm 25 that

| m 112 112 t ed
TR o e T Ao R ariar o oD e lads R e T Seiirof Bemy m s s

posi tion @bppR k@ Rhild Blatih n%hntroﬁhsdl%h g@bsttﬂae %ﬂ\qhgacﬁﬂgn di@ns pressure

to be exerted on porous nenbrane 112 through i'gi'd porous nedium 110
cont act i ngt peewsify qm; abmxt 2850 R fcois beth minkehendicoppersare Hepgsitad bet ween
concent ! Sat tf durky bedad unid RULL AL ALY (OHPE e (8btk PIEAUS e um

or, as shown

PCT/ US98/ QﬁSB)hs Igellxér@mﬂ ub&fere@écfrolbaéld@yteﬁIbeﬂ%ieeﬂltl&@.rﬁ)dé ené thkdBbsttfie.a barrel is
used, rig orous nmedium 110 is placed within barrel 126 so _as to nake

cont adf vw“etﬁ 16 paing ﬂ%?ediﬁﬁmbfé%ﬁfféﬁe\s ﬂ%zstmwhwhghes@bls%uba’we andthet acts t he

ot her sid npliant material (not

shown) e. gn&ie1@9{:}9&'@3%%@&?&%31%@&%@@%%@@ gg(ﬁet ween porous menbrane
112 and rlpgtednpﬁmatmllgredi um 110 to provide a rmre uni form contact pressure

bet ween t he mask strate, 2. Automated Processi.n
o%h rgetgoci ino% locaﬂy tincrf:asmg the concentratgon of copper 1ncgudes

employing a electroplating article holder 98 as shown in Fig. 22. The volume of

20  electroplating article holder 98 contains copper rich electrolyte and is defined by
side walls 100 of a cylinder, a porous support 102 having a conformable mask 104,
and anode 106 (e.g., an insoluble platinized titanium anode). Electroplating article
holder 98 includes inlet and outlet ports for transferring electrolyte. This
electroplating article holder can be immersed within a nickel plating bath,

25  optionally separated by a barrier through which the substrate can intermittently
pass.

In general when there is a risk of spontaneous deposition onto a substrate
while not in contact with an electroplating article, the substrate preferably is biased
at a more positive potential than that at which copper reduction would occur until

30  the substrate has contacted the copper electroplating article and current has been

applied. Similarly, when current is removed, the substrate preferably is again
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The invention al so features a nethod for generating a nmask patter ns of very
thin crd¥Q%/#¥04on for a three dinensional structure and BC 'Ejé’ts

automated 10 electroplating that includes contacting el ectropl atl ng
articles having the generated mask patterns in a predeterm ned sequence to
formthe Bﬂes&lﬂumﬂa@&aﬂe i$ Fmted Hom Hag14BRbLRAE oeqp;!v;aasto%ﬂomomt' c mask
mnimzation algorithmfor optimzing the nunber of masks for a given
geonetry. aﬁmﬂmdmmmtxsfagaimeapp’ecdlod to a valve |ike device 602, shown in

Fig. 27, can be des d w.th ref er enc to.1 orated,l.jjnes A-D which
i ndi cate cross @T lf§88?1m%%aw ‘c%‘ség%“m@g@szg ‘%‘ BHam Ezghd C are

I denti cal jamghes beads 26814498, %xﬁ&&l?laﬁhgbh@x%ﬁla%bpeﬁxﬁ@liﬁh jyegk can be
used for cross sections B and C and anofher can be used fof cross

secti ohs An &rsgeddionTationl 23561; andiappiogstitien 26&eEm@u%ayd1 ¢é2,cokas ed cross

sections with t evio al cul at ed 0SS, Sec n, f.or me devi ce
or 20 pS%uBF{}ﬁttﬁégga Z%I‘Yﬁ Lauf’ﬁé Wé?t IB‘ét\?]t clgaschzfﬁgl éé;)mg% tal. A new
mask is g%ﬁi@&%ﬂexefctrbneem&%aem@eme%ﬁm£anfehm%§a§ectI ons exceeds
some predeterm ned (e.g., user speci fied) tol erance. This allows the number

of masks tlectyeplating artizkel74abr enifatiyely dppesiting 2 finstinestaloBatlad el & used be

Bppar at us (e SRR PRoBemel, ahosZ o IS ARER A B ROuHERE I & Che

el ect P! & fdesHTRBLMNY Heitit Fhbridaat oiBeksirad 2 tSFleaitetbthNran PlAHRL er m ned
sequence correspondl%‘gl to mask location within the el ectroplating apparatus

and the | ayé&ie Bégsmf oither ene. Referrisgde Eig- 242 porgen ekpleetromating out f| | eII .
o G e B ERRERES LR Rork IR e obibdhi 291 84 2L 0o

can 30 aisiaslbep) m}paetabjzuiaak 2w Brshs®ns Substauis?2 nxlides awskttitady al | ow error
checking. 34 ., WD 98/

PCT/ US98/ Semwitetiayer %@8 ﬁ%d %bﬁaﬂh%tdﬁﬁ?ﬁa‘led%w%%g% agram of an exenpl ary

conput i ng syst m.f ar tion of . crpss.s t ns of a three dinensi onal
structire in a O?rE‘Bﬁ b %Fxémgu‘i’for?é‘rﬁl cgr[o &gﬁP%aé'@WFr}faﬁventl on.

shown in KGuds an%ye%heﬁ}aﬁﬁg afRYe thaﬁh%se@a ﬁér@ﬁ@ﬁxéﬁibra@%gs s WEMI Y 614
(e.g., a random access nenory (RAM, nd a program nenory (for

exarrpl e, Elwppbbne artsém%lvglndemnym(tmmswﬁ@ts tabg platsd ROM) ), i nput

devi ces 616 e ce 618. Pr.oce SN central
pr ocessi nbnc{ljlﬁefa( %b@mﬂqw(lg Orﬁlésr?leglfmaf@qﬁ “a%a%é']ﬂ%pgp orrputer such
as a PC, Wh&kéh&obity, hd WelbKedi il opd thidVETER e Hdrdusinefr®sarii 1AQAMngode for

20  relatively more fine porosity, and patterned mask 114 adhered to membrane 112.

D.

Patterned mask 114 is in contact with substrate 2 and anode 116 is disposed
beyond porous medium 110. A metal deposit 118 is formed in the opening (i.e., a
negative feature) defined by mask 114.

Referring to Fig. 26, another example of an electroplating apparatus 120
25 that employs a porous membrane 112 is shown. Porous membrane 112 is mounted
on drumhead 122 in a way that allows for handing and processing, maintains
position of membrane 112 with respect to the substrate, and allows pressure to be
exerted on porous membrane 112 through rigid porous medium 110 contacting
porous membrane 112. Porous membrane 112 is clamped between concentric O-

30 rings 124, and pulled taut over a rigid porous medium, or, as shown, a cylindrical,



execution by processor 612 including operating system code and application

10 progy@beeR6ee, and generally represents a magnetic hargcgusssmess ot her
storage device in conbination with a random access nenory accessed by

processor 612. As one exanple, nenory 614 could be realized in part by a
storage drive contacti n%yr enovabl e storage nedia carrying the application
progr am cdg8ow ‘el d@fi ydightereng seeewalB28. dp abarreldp asddorigaipargunf user

i nput, such as eybpard, . se and the |ike. t put .devi.ces 618
ol ude dirtesto B0V BREES wilRinhs I anh o e roiRsy Wit BY SHEYE aon c
out put, e.rflembané&RI2.0Platihgbulpaarl2 combictthe othePEidBbEporots thembRarilesk top

printer, an inkjet printer, a laser printer, a photoplotter, and the |ike),
the el ect ridgl £n ingprasgisiecamplisnt maripk @ebsown) $eirtanaen FOT4 196885 oni ¢ pri nt er

and the lik j i fl i agr i4 tEati ;

gener ati nd Spafesed Helvdn o Rl ARGER | 10 Bl AN bR RN IDRS

fabri cati grovitie a nidie @@iftimenshapissabetidthehe Masnaddatisesubstraes t he
application program as, indicated by reference nuneral 620, processor 612
receives #&W&é&%@ﬂﬂﬂput correspondi ng to the three dinensional

eonmetry of a t kQne : i | CeS..616 as
igndi cat gd by bF%%#B%%fonﬁ?%ogg%@%g%gﬁéﬁ‘g%%‘og%rﬁgﬁé{sﬂ%gﬁg%:(l %tge?%s{g :‘\ﬁ ﬁrgyer pl ane
25 of t hbinembssrsectimpioe tithyree timdmionblr emctlireremnta arrdodsor abmetedas 1 ndi cat ed

by bl ock 623. Processor 12 sets M the nunper of |ayers_ (including one or

mor e dposséI%Cérepfa&ﬁg)t?atéﬁgﬁestntfc%la%W@faémg%wﬁ'g&@?5ﬁ%erﬁfafi the Mh

layer, as 0l Gaked iRy pp%ﬂfe'ﬁn%ﬁ'sef e%é’ﬁﬁahnq thﬁ@eaﬂﬁxehﬂegél%trﬁ&h?e‘{am to
g., scaling of the three di

each nmask geortetry including, e.qg., nmensi onal
geonetry, | ayerTherethodsmplopmsk adiometisingass midlnizatmdigerithin oopi es and

spaci ng, and t.ol erance for .mask mni m zation as indicat b | qck 625.
B ocessor BHHIREAESTTNG o SNt By e ety y aspbftiy i Feede “Vo
98/ 45504 {5 a valve like device 602, shown in Fig. 27, can be described with refereféehoUS98/ 06591
Mh layer, as indicated by block 616, wites the geometry of the cross

secti oA t ezforaiekiipes AdP whidh indicata grasasentiopy obthecksice£82.a0ts630, and wites
mask identjficatdon. punbers.for _the Mh.layer a chine control file, as
i ndi cat ed_sﬁ'f/n?ﬂs c_%réd gfﬁe 5{?8“%32?& Rfé’ﬁ%?eﬁu%ﬁ%ﬁgf‘é?)e?eﬁ%&cgaﬁ @Pﬁfe’l n the mask
pattern firhask cad benlded &ir@fosdbedtions Bl HAIC SiDandWesrorisk @4 be heydesr | ocat i on
information in machine control file, as indicated at bl ock 632. Processor

612 quer i eossiseefipnsth arhP. chesdgosidlanicompares haravdy galclaidimiPst e t he
geometry Qlchfifs Wit 8R SVIBIY OAaliakh tHEE Wcbion 35 hPYkfidh&dc8by P ock 634,

20  possibly those used to make the other devices and same metal. A new mask is
generated if the difference between the two cross sections exceeds some
predetermined (e.g., user specified) tolerance. This allows the number of masks to
be minimized, allowing a greater number of layers to be produced from fewer
electroplating articles. The program alsc generates an apparatus control file which

25  directs the software that controls the electroplating apparatus such that masks are
selected in a predetermined sequence corresponding to mask location within the
electroplating apparatus and the layer being plated. The system can also export a
layout file representing the first cross section of the part to be fabricated, allowing
pad design for CMOS interfacing using a standard layout editor. The system can

30  also display calculated cross sections to the user to allow error checking.
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I f so, processor 612 increnents Mby 1 and generates a cross section for 10
M h | ayewoass/i4ss0di cat ed at bl ock 636. Processor 612 creat ePCr/gsdsmesony of

masks for Mh layer and sets Nto zero, as indicated by bl ocks 638 and 640.
Processor 612 queries whether the geonetry of the mask for the Mh layer is

the same as or simdlar wthin edeterm.ned tol.erance yalue to that of
mske for the Mg AF A/ reosl Pl Bkt B S PRu S 0RhulPa st s

I f so, propessaailafidiof @BsseeSortsT atRek daaemsiay stefctirben Mdordaiewind t h that
of the MNth | ayer as indicated at bl ock 648. Processor 612 wites a mask

i denti fi ceani embadimpetrofithe prebent inKeation] B8 shovn maltigi2esystame p&P nfayl e (as

i ndi cat ed .bé QI ocks 650 and 652}3 a§1d4 dtes é&r}g mgkm%eom o0 the nmask
pattern filPaudf f PRSESSOP O n A REORT Ol 45 AREn R ARETS TACRIOTE ¢ er than or
equal 50 lpyds ;ﬁ@grakrﬂﬁ'ﬂeﬁx%b%foﬂéxﬁ%;ﬂ@)‘a Wb ea B OnlyPRABESIROM Y sudhnar enent s N

by 1 and conpares the geonetry of mask for Mh |ayer wth that of mask for
M Nt h | ayexr flashsROND), dapw dedicenh s knd aptput deviges 68 s Brocgsser 612 tngludess t hat

t he geonetyr f Y, en co red t onetry of each
o ev o TR oMol d R P UV BT FRIRA el phiisadEngBIEY, O, S2°7
geonetry afuch B¢a P& MdchrtodH) er Wotkstaaial MéSory 54 Gadrerbrabratd osde H©56.
Processor 612 then wites the geonetry for the Mh I@éﬂﬁ/er to the mask

pattern figxecytipn bprogessert iR inpluging cpseting suviers cafe aut gapliceliomask pattern
file, as indi , b i.tes. ld | {Lcat] nunmber for
the M 1| BHRARE e ARt e B YRR e oSl 0650 and
652). 30 device in cBmbiaasisnwithlragdefiaeSespheiliey acddicdibymabeadsarssi2sect i ons

are required to be de of the three dipensional object (as indicated by
bl ock 634)AS Qs ex GRS Y 4 could be realized in part by a storage drive

T LSS0 SR Bl B3RO AR AR B ol A s 11
i Il ustrat i deyices 626 hmdudeanpwti reedia fyrleatriy o userrintia) suoh ko a keghdasd, madweseysi ng
pal L er god Mooks sLheb RepLesenl s Srose Sserion SlLse ol atiee s
i ndi cat ed gy ﬁr@@ﬁé@@ﬁ?hﬁ%ﬁﬁﬁ,‘ e.4.28 CRA QCR5 $hel Sdcidr, Wi rted @2 he
el ectropl ating appafratus to performmachiné initialization and sets M the
nunber of desk topagmmtsr, ph dniget prptex) a taserguinger, aphotapliottan, end ie likedake 722.
Processor eQéLc%rcjpTaQ{n%rE%}%rsétuMol%){helprgge%t inr\]rgxiﬁ?gx{, %qing%om'c printer and the like.
Fig. 29 is a flow diagram illustrating a method for generating mask
20  geometries and machine control parameters for fabrication of a three dimensional
structure. When the user starts the application program, as indicated by reference
numeral 620, processor 612 receives and processes input corresponding to the
three dimensional geometry of a structure to be cross sectioned from input devices
616 as indicated by block 622, Processor 612 determines the extents in layer plane
25  of the entire geometry of the three dimensional structure as indicated by block 623.
Processor 612 sets M, the number of layers (including one or more cross sections),
equal to 1 and generates cross sections for the Mth layer, as indicated by block
624. Processor 612 reads inputs relevant to each mask geometry including, e.g.,
scaling of the three dimensional geometry, layer thickness, mask dimensions,
30  number of copies and spacing, and tolerance for mask minimization, as indicated

by block 625. Processor 612 creates the geometry of mask corresponding to the
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bl ock 724), sets P (i.e., the nunber of different netals to be plated)

equal to 0 optionally biases the substrate to pr RisoShQBt aneous
depositig#%fqg?%e nmetal (as indicated by block 726). Proc?ggor 6/1 reads

machi ne control file (indicated by block 730 to determine which |ayer is to
be plated, and reads mask location file (indicated by block 732) to
cal cul at e Mhelayer; as indrratsfd tyhdockalo, paitesstha geemetey pf the erbsé sentiopdt ed by bl ock

728). Processor 612.directs the.ele oplating.apparatus.to.15 . align the
Subbi r at o PG T B e G0 2P GR it R B Bk A BHASAiaR ¢ o

contact t Rfinfiebsfor AEMER 1dvB BB Kehil¥ Q%S Ale, B MidRRtddMYAbksBRRSMEES | ayer
t hi ckness, if necessary, as indicated by block 734. Processor 612 receives

i nput t hat632héviembrt 6 1k shoties miask paftera it thaimask phtterndide aamtlicajechat of f

substrate .hias (i f,turne s _i.ndi cated. by bl ock 736. ,Pr,ocessor 612

i nstructs tﬁ?)%‘d?édf e{nt?ndgbéggﬁes g‘ffa_ O?TH&@W ]Ioné’ F@F&Pﬁﬁg?trq\‘/ltﬁ%sasi ndi cated by
bl ock 738.inBce8a5Block 622 1 PAREMES61 N@ikict FlddItRYEN crbdSeDefR feposi ted and
applies a bias to the substrate, if required, as indicated at bl ock 740.

Processor Gtded iosompiets thpgrometiyo it theseslimensienal gtyectumgt as indisated@tt act with
t he mask (}ﬂs ._i{%'cated at block 740), and to planarize |ayer Mto
predet er m Y thi ckness (if necessary), as indicated at bl ock 744.

Processor 25  1ug presesubredindfcrBmesits M BRtiemdigiAdtateb e crasgBedtioafforet al s of
| ayer M as indicated by block 746. |If so, processor 612 increnents P by 1

(as i ndi caviEulapgr as|ipdirated 84 blogk 636 r Prpeessenfol Zareates bpRomatiyPiapsdsat us to

align the k i f 1.1, j | nOf er M as
i ndi cat ed féyp/%f'é@f??%gaﬁﬁ&ggggof‘é)@f;agé ib&ebslo% 6§§)edf1&er§%€'o% At %sﬁé appar at us
t o cont actslRhgiesbwhekhbetheigebmetie offthg knaskior tht dithhapee igtheemas as 6r r epeat ed
until P is equal.to the nunber of netals on |ayer M 37 . 98/ 45504
PCT/ US98/ C¥9an Withinfopredqiprpiaed olergnes vaﬁ&srtp &t \Rﬁwﬁéﬂrfoweﬁﬁ@ final |ayer
(as indic nBlc9&H af BR ks 42 S s4gr 0Ocessor 612 ends the el ectropl ating
process aégfﬁa?%lé‘?ég bfzn%Lnesra 752.4%'5 | f not, processor 612

i ncrenents M bylflsoggocesdorfdRadplbyesithomasky gebmeiryb fphobHl $aer 6412 thati ves t he

oot OP! o PR B Akl el Bl st 1500 P, T 9ot
digital eljgetifiation alunber dof Yhe 185eriM 6 BRERHARINRNEYRAR (ad nkIBARADY
blocks 650 and 652) and writes the mask geometry to the mask pattern file.
If not, processor 612 queries whether M-N is greater than or equal to 1 as
20 indicated at block 654.

If so, processor 612 increments N by 1 and compares the geometry of mask
for Mth layer with that of mask for M-Nth layer, as indicated at block 642. If
processor 612 calculates that the geometry of the Mth layer has been compared to
the geometry of each previous mask and no geometry matches, then processor 612

25  creates a geometry of the mask for the Mth layer, as indicated at block 656.
Processor 612 then writes the geometry for the Mth layer to the mask pattern file
(as indicated by block 658), sends an output to mask pattern file, as indicated by
block 660, and writes mask identification number for the Mth layer to the machine
control file (as indicated by blocks 650 and 652).

30 Processor 612 queries whether additional cross sections are required to be

made of the three dimensional object (as indicated by block 634).
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software, or in conbinations thereof. The data process and control process
of the 19O MBH#§¥ti on can be inplemented in a conputer proddYPPEeRIct

tangi bly enbodi ed i n a nmachi ne-readabl e storage device for execution by a
programmuabl e processor; and nethod steps of the invention can be perforned

by a progr ambif‘%pP;\S/x%Eé‘s_%éPS 1 50EfeHehRAVByP! S SMiftes tﬁégfdéﬁésj Lo perform

functions of the invention by operating on I nput data and gerierati ng
out put. The dat Hnot,chepmesssamds.control 15 processes of the invention can

advant ageously he iLnpl egented in.gne qr nore computfer prograns. that are
execut abl e on a*Q‘& 3@?% \Reeuy ‘ﬁﬁfﬁaﬂegam%@a&%a%’?ﬁa PP ammabl e
processor oQyRlGostife 1868 bY TR RadRGndtRSIEAGT & BF08s §<{c€1€h sAEb Pyt Lansm t

data and instructions to, a data storage 'system at |east one Input device,
and at J eadimensienaludbpedt. Hérwendke udtastarts thepappicatipngyegramg anirdecadd by

i npl enented_.in a high-level proce al_or object-oriented programm ng

| anguage, ’i?fefF‘}‘Peé&‘élgﬁ%ﬁ %oProﬁﬁ%ﬂfggﬁlﬁ?Pgﬁfg‘gg Fﬁ‘%‘é@??’&fppégﬁ“ﬁgﬁ? any case,
the | anguagerhaimbéhife HRERNIZLE6h Hd deid 0T Bletfulthet BNGHeABRrs Pldtddalahgl @Br ocessors
i ncl ude, by way of exanple, both general and special “purpose

m cr opr ocezsoras indioted at bipck 222 r Rroesssorr 6 13 intremsotsiMbyi In@s indicdtehby and dat a

f -an ne . and/ or 25. ...andom access ry. Staora devi ces
Ui t bl e THPOE 24 B XS Ap et R R P B e P B he LY dat o
incl udgy al bpticaIlp bifsed P8 SRRt tb%ré%ﬁﬂ?bntdn@@ﬁ pBEtiBY oV rétalepsdnpl e
sem conduct'or nenory devices, such as EPROM EEP and flash nenory

devi ces; niagirateddydilers72lc Fresssionbé? rrads macking cemtsoldHel (indieptedbiye di sks;
t o- i i X di . f 30, .f i b
mupt ementgh 30 s EtermARe TR 1 B et R i RBERARIEY, R et e

circuits).(iB8cated ¥ObRILABIPH calculate the location of the mask pattern to be plated
PCT/ US98/ 06591 To_ provide for interaction with a user, the data process and

control préedsaed byblackd28hRiveesser elarlifsts thp Fleponlatinmapparateniout er system
navi N2 dAinh Y s T HarAP AR TRIMLOL it PYTIRRr WPLn B PP Y1 NG
on a rd an

i nformati o the user an eyboa a pointing -“device such as a
nouse or acdntat Kizedubstpate thihemdsk! Peodessatr 6¢20pfamaily decasmeslayiep t he conput er

i ert ace VORI EN S8 bR GRS RIR aRtel T P ASTOTALL FES R dnbR hor
enbodi Ment §aafhe sibdthdlistif ofttadt il tHE' AR UAA tirlEo AR EraHESiGE PRI
on), as indicated by block 736. Processor 612 instructs apparatusto deposit
20  material P for layer M, as indicated by block 738. Processor 612 receives input
that layer has been deposited and applies a bias to the substrate, if required, as
indicated at block 740. Processor 612 instructs apparatus to remove the substrate
from contact with the mask (as indicated at block 740), and to planarize layer M to
predetermined thickness (if necessary), as indicated at block 744. Processor
25  queries whether P is greater than the number of metals of layer M, as indicated by
block 746.

If so, processor 612 increments P by 1 (as indicated by block 748), and
drives the electroplating apparatus to align the substrate with a mask for P (i.e., Pi
+1) metal of layer M, as indicated by block 728. Processor 612 drives

30 electroplating apparatus to contact the substrate with the mask, and the above

process is repeated until P is equal to the number of metals on layer M.
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is directed to planar substrates, the substrate could be non-planar. In
such 10 woeghe@sments, the electroplating article can be sgiAces@siil vy
flexible to conformto the shape of the substrate surface, or shaped to

mat ch the surface. For exanple, the electroplating article could be wapped
around a cylindrical substrate. Msking pressure _can be applied to

nonpl anar substf aeteRrocpsseL g2 %%M@P@rﬁﬁéi@ﬁﬁ@ﬂ&yeé&ﬁﬂ p#ed BYt he mask.
15 bidc AEY ition, although the electroplating nmethodes have been
descri bed 'abové Wth respect to two netals, a variety of materials, e.g.,
pol ymers, cer aff st paowdssoe 6iL2 endbuthe elrfecm@ﬂeumga;bmcesaadzrﬂmatedwmﬁhnﬁtl met al s
can be deposited either by the el ectroplating nmethodes descri bed above, or
in separat7é2processes that occur throughout the el ectroplating nethod. A
thin pLating b c L r--ng ver a
dep05|% t hat |g?§%téﬁ#bf P%lmcejﬁ 1y {:eg% bsc %y %Qﬂalcp%d%?%?\ésc&’}ézta i %\ndol ayer) so as
t o enabl e pesuebdon 362 devecthe eRkatplaghg pobisspint! the fmal fayereiae beal ﬂatean be

i ncluded i n the_el ect ropl ated el errent al | owi,ng sel.ective renoval of the
support materi dibe dataproggss and eHtep! PrRFESHSS Hb%l%‘fe‘flﬂ’éciuh@“entl on can be used

in conbi n%g%ﬁ%@d mvc‘l'léﬁl Qfegi%mgf?g ﬁ'g,;ao? in E:@zfngﬁtrel' R abAr Egmwﬁxje for

exanpl e, nety c notor udi ng armat ure dings” 180

connect ed sbfiware, onirﬂgmmnmjxouh thersof. a“hedh*aamrmes Mntmlpmb%roaﬂ& 182, can
beforrredb i.nterr the electroplatin od an etching . portion
of thdfsy eotion S0 be o Bmenigd i CompeT B PEARS S DY SFRRRaed oo £y 184
(i.e., the, E%é&hrﬁ%@da@ie §t&§gé'@év%9fo§'€{écﬁlﬁ9n By afbrr dga‘%ﬁfaﬁiﬂ prBédbo30 186
serving as an etch stop. Cavity 184 is then w th a nmagnetic powder

(e.g., NeapénBthodsienstofitke mb@mmntbiepesfpnn@? @da aredraremalie iprasgssor f
necessary,

i 9
hoT Usos! GERSRE Ao Brm et AL Ot re i IRioRe T Be SVGIEPT PY ost abl i sh

plating b@?@raﬁﬁé oh et ldefatan@ ReRdrbties SRPMO T HeAtahRo RSB cofisih cavities
can be filled wth solids, fluids or evacuated to forma vacuum Where

mul ti pbe mBecEsses &f @qmvmoa@pbgdv@@gep\nﬁéy mraﬂgm@aﬁdmorsfew@@ﬁevel y 5

Aepost t &0 cRphlE pARBLL B o IBR) 00 AUk YerkRoBUISLER! Sora G 1ot 21 bl ng

sel ectively e su |te e previously

deposi t ed 1ewt ahesprofidnanatdapiocedsot dstﬁxpmwlre‘ceﬁwmdaaa gid\/lﬂﬁmicﬁmm fbas been
deposited, or nore frequentl the layer is planarized to the desired
t hi ckness andte EARSERif Japyand pﬁéﬂm to, & data storage system, at least one input

device, and at least one output device. Each computer program can be

20  implemented in a high-level procedural or object-oriented programming language,
or in assembly or machine language if desired; and in any case, the language can
be a compiled or interpreted language. Suitable processors include, by way of
example, both general and special purpose microprocessors. Generally, a
processor will receive instructions and data from a read-only memory and/or a

25 random access memory. Storage devices suitable for tangibly embodying
computer program instructions and data include all forms of non-volatile memory,
including by way of example semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard disks
and removable disks; magneto-optical disks; and CD-ROM disks. Any of the

30 foregoing can be supplemented by, or incorporated in, ASICs (application-specific

integrated circuits).
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can cover all of the previously deposited netals. The mask can al so be
st epped WR 98§55% hi ckness to accormodat e the topography of P&TREPEPePIy
pl at ed substrate. Another enbodi ment of the electroplating nmethod invol ves
manufacturing a structure well defined in shape and position according to

the fol | ow ng rEfhadidelbeRedrtdbnavill &ﬁser%eahﬁln%cegwmé&mmgth materi al
with an interconnected porosity (e. g. partly-sintered ceranic); shaping

one sur f apeoaskses loif $hepneendionueeh be mapi e:1entwd$mm®1mﬁter symvaﬂmru(a @ the nold

ki to, that of th d d . th
T o T R P RRE P b BBt 8 LD e A Pkt BB Bdaé (1" ©°°
desired p%éﬂdrﬁrhl&fybbﬁﬁ afnura%nﬁﬁ@czﬁwke%u&ﬁ ACLmoasthi Mb@mbsmqﬁ on the

other side of it; plating netal onto the substrate while noving the piece
(cont i Auouisd yseocaxpmtﬂmmautltg)hwaompuwfsystcmerﬁhefcor'm@teamylstem csnbh a way that
its surface still ns 20 ched to that of the desired deposit (for
a pl anar §’ﬂ?5r3@815dr¥8\%°“ eﬁﬂaﬁpﬁ?fgr migee %8}’&5‘”&@19‘?&3“&% surface, move
it axiall yro@hs InterhbewtRusHENt can be a vi bration sufficient| y large to
shear and renove any portion of the deposit that extends into the pores of

t he piece); cor@thengmbpdyingnisiae withinithe hblmhtAlﬁ@dgbﬂmﬁémbeﬂmnthe

substrate and t he, pi.ece is.f 05|t at .whi ch point the 25

deposi t Wlﬂi 2\ tor?&?"&?éau}fstﬁggqsf&gl\%sﬁfét E)%g or{,ﬁlgn%rr eLBé Chl'he pi ece can be

di sposed @fnbo@imfs, ltﬁ@'él@@id@laﬁ@%ﬁ&hEh&B@@hfﬂmeﬁhﬁﬂ'eﬁ%lét\b dohfbyhi 189 the piece

with fluid, dissolving the clogging material or placi n% t he cl ogged surface
at

in cont actheshepe aftherfoberaanairdep) entsheed to Teptchothe sgxfm examplerthe

ariicle | eesopeRhE PR Suld B el hfa SOGR TR wle, Mo hoherea Lo

and coext @ﬂédsme cahbh afplied to\fﬂnﬁﬁhﬁ‘iﬁeﬂrates through a powdered medium that
PCT/ US98/ 06591 a patterned, rigid substrate (e.g., polynethyl nethacrylate).

Dur i ng t h&orfogas fHRIEdRdKg met hod a deposit is formed in the wi ndow(s)
(1S asnogat | van HRSHoh A B8 e iBIALE i foachBe: SRGGILLARNI Y substrate

204 |s contacte patter I'ectroplating art| e 200, as
shown in Iébgve @ﬁh;re@e{:ntosmomak adepesi of R6ridls, egspd’slylmfm;lcemnﬂc§hape

defi ned by ern 202 .in first electr in icle first
article 268 |S °ﬁ8 uGtenTBgtETals Fny any spgmbeg ng‘FV;?‘@gi’GAitGP%S‘ ETOW acted in
al i gnment il &Beido ﬁﬁ%’ﬂeﬂﬁ@&éﬁe@&%eﬁl 8% Q:P'lﬁéé Behtprob£dss A &E+ g. 32¢),
deposit 210 | sC Jﬁ and second aratl c‘f pl S E?lém)vg ?% 32d). The
pl at ed nethdougkout hle?nelpcttmpéartmgedethmﬂ Ahhmr}ﬂathrg:balsepaabeadbmmmd egn, el ement of
suffi % entb t hi kness
y spu ering, dver & dep051t that is insufficiently conductive (e.g., an insulating
layer) so as to enable continued electroplating. Multiple support materials can be
included in the electroplated element allowing selective removal of the support

materials.

The electroplating methods of the invention can be used in combination
25  with other processes. Referring to Fig. 31, for example, electromagnetic motor
178 including armature windings 180 connected to an integrated circuit at
aluminum pads on substrate 182, can be formed by interrupting the electroplating
method and etching a portion of the support metal (e.g., using a patterned resist) to
produce cavity 184 (i.e., the rotor core of the motor) defined by structural metal
30 186 serving as an etch stop. Cavity 184 is then filled with a magnetic powder (e.g.,

Ne-Fe-B), which is subséquently sintered and magnetized. If necessary, metal is

39 .



10 di rensi on has been achi eved. The el ectroplating articles can include a

regi on 210 @fssqmer ! appi ng plated netal, which will have apegfris9gmesi ng
greater thickness. The overl apping region can be planarized to create a

pl anar | ayer of deposited netal. Masking pressure can be applied by

pressi ng an anode or porous nedi um agai nst the electroplating article. The
mask can beputetks oo tHesintosedimagnetis pongddrite establishtatilatinpebase ad theough t he

el ectropl atjn t hodes have, been desgribed.with respect .to contacting a
cat hode wi EHOSRPEITY OFRod RAS BF SePREConvE: ik fgbs FRES FatafBl ol ot od ¢ ha
t he el ect r gpidator egackkidiah €orgiviaupl. aced in contact with a substrate
functioning as an anode such that nmetal is selectively renoved fromthe

anode in a patt avierdhultisle mapards BE dtsositbe tRaiklycrbelseRegl ot r opl ati ng
article. Such a grocess can be engil oyed to sel ectively etch, engrave, and
pol i sh & sdepasited en the sybstraie py apgking wnht the substratenddie metal bein \What i s

clainmed: 1. An. el.ect.ropl ati | ocess .conpr i sing; . act.ing a first
substrat e SesALFPRE B fdtoBles BBB (6P et Bultths Brvin S NBG0
mask di sposfhli.NAGePSichfthedeBRi fBr & iveh lfeLhastheen depdtibd, ateR®ei ting a
first material froman electrodepositing source onto said first substrate

in a first fsaeendlynthedayes is planarizsd te Beslesiond Bisknerdi Myllergayvedy.donpiegient of
- f _ . A g
sl 11rss AT R E Rk Rty bRl meb MM Il oliolct bl © 1o

conpri $6 ngthielkness focdcobmenodateithe iopbgnaphy of & partillyephtedrsepastedl y f or m ng

| ayers, said step of formng said |ayers conprising: 1) contacting a
first substrat e Amotheranbbdstenapf iheletectropiating method isulistsrmbmafastoring

conf or mabl 2 s%grﬁred&rgl?gg ngedi ins ap%az}n%%rogxtigg agc%irdc.img lilobﬁlterfgltloe\i/ing method:

preparing a piece of rigid, high strength material with an interconnected porosity
(e.g., partly-sintered ceramic); shaping one surface of this piece such that it has the

15  inverse (in the mold making sense) shape to that of the desired deposit; positioning
the piece so that its surface lies opposite the substrate to be plated, at the desired
position of the final deposit surface, and place an anode on the other side of it;
plating metal onto the substrate while moving the piece (continuously or
periodically) with sufficient force and in such a way that its surface still remains

20 matched to that of the desired deposit (for a planar surface, move it within the
plane, for a cylindrical surface, move it axially, etc.) (The movement can be a
vibration sufficiently large to shear and remove any portion of the deposit that
extends into the pores of the piece); continuing plating until the entire volume
between the substrate and the piece is filled with the deposit, at which point the

25 deposit will have molded itself to the shape of the piece. The piece can be
disposed of, or periodically reconditioned by chemically flushing the piece with
fluid, dissolving the clogging material or placing the clogged surface in contact

with an anode and deplating it onto a substrate in an electrolyte.

Referring to Fig. 32, another embodiment of an electroplating article is

30  shown. Electroplating article 200 includes a mask adhered to and coextensive with
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i) electrodepositing a first material froma first el ectrodepositing
source | W@9gKBs0ern onto said first substrate, said patter PCHOFSHUNdI ng
43 to the conpl enment of said conformable nask pattern, iii) renoving said
article fromsaid first substrate, and iv) el ectrodepositing a second

material fr : i ' S ai( fir substrate; and
b) r emovt ﬁ@%’?%@gys‘fa@%%? t@%’hbg&ngwh@g@g g%%é‘%b?ﬂ g’éﬁgcfﬁ%mt erials from
sai d mul tielbayplatbietethod & deposiOs foraiedeh enewindew{s) s, Mpafveidagk of said
materials. 3. An el ectrodepositing article conprising: a) a substrate
havi ng a fieisreskaf Bic auelpaboro spReBALLY, subsire SphinsoBtasiadiovdh s fased | n a
pattern on L.d J or { | d-.Subst , 1 d _artihgle being
capabl e ofpagfiegge[dre(])%ﬁ%tgp %gém Ecg% %@?’%S gl?oﬁrg{ngll"@t%sr%égﬁn%rw %‘?&“ §£é%§% pattern

of sai ¢ conffommaiine sfapkdefitied b3hepeedri Q02 ik Nelsatrdhi&ird aticlei290pl aced i n
contact with the electrode in the presence of a netal ion source and
subj ect ed fixst anticks 200 is thenfrempyed (Fig.42b) substptedcisilagn eangacted isal patt er ni ng

‘ bi S ] . T
corpr i oi g ig il i LG bkl deRohinE ufite WS el Bsiong
pat terned igysiesk and ssvohé drticle 368 id ratpnal (Fig GRE). OThe pladd hestilrigtirRnsecond

planarized and the method repeated until an element of sufficient thickness and

10  dimension has been achieved. The electroplating articles can include a region 210
of overlapping plated metal, which will have a corresponding greater thickness.
The overlapping region can be planarized to create a planar layer of deposited
metal. Masking pressure can be applied by pressing an anode or porous medium
against the electroplating article. The mask can be made stiffer by increasing its
thickness.

Although the electroplating methodes have been described with respect to

[
n

contacting a cathode with an article and plating onto a cathode, it is contemplated
that the electroplating article can be placed in contact with a substrate functioning
as an anode such that metal is selectively removed from the anode in a pattern

20  corresponding to the pattern on the electroplating article. Such a process can be
employed to selectively etch, engrave, and polish a substrate, e.g., a plaque.

‘What is claimed:



patterned surface, adapted to press against an object, said second surface
being c f488al e sucj ‘uftuﬁ surface can presycagaiogsésosai d

obj ect ??%e pat t er ne ‘!' c” Hmmngubstanti ally prevents any liquid

| eaki ng between said second Surface and said object into an area on such
object to be patterned which is covered by said second surface, said second
patterned surflce dahiehictrgplatingpm@aessicempobingl ectrical patterning on said

obj ect to be patterged. ?Onfacﬁﬁ%gﬁg%fg%ssa‘?ﬁ@@haiﬂi’g&r{g’gg%é@bﬂsiﬁg%d patterned

portion includes an“el astoneri I'n¢lai m 4,

wherein said support rtiqn is a porous support, of a type which allows a
desired |iqui gmﬁ% U B}eéf‘%g&&?@ﬂxﬂlga@%mf?Onszﬂdﬁé%?a% in claim4,

wherein said support portion includes an el ectrode made of insoluble
material and a soluble netal |ayer within each aperture of the pattern. 8.
A mask as in claim4, wherein said support is a patterned insulator. 9. A
mask s in clai m4,bwher eettreptitlg adBit nealfrons € sourcpdinethi ibys @fto smal | er
masks, each |ocated on a sane surface. 10. A nethod of electrically

patterni ng an 9y 86t subSeAP Y SHiROparRh] %H?Mp@ﬁe?ﬁ'@&%s?&iﬁiﬁ?&kth@hi chis
separate fromthe object, having a frrst support portion, and a second

patterned port ] i e attern tl having a first surface
connected to s%%[é’l?‘?‘g%%fgﬁgggfg?g%%ﬁﬁ?%%,dpag% ’gx%;econd surface which is
conformabl e and can change in shape when pressed. agaj nst sai d object to
conformto a surfac® of &R ?taﬁ?‘éggpﬁ’gsaédaﬁrét &% gai nst sai d obj ect
d

in an electrically active fluid; an

10 2. The method of claim 1, further comprising electroplating a second

metal from a second metal ion source onto said first substrate.

3. The method of claim 2, wherein said step of electroplating said second
metal comprises:

15 a) contacting said first substrate with a second article, said
second article comprising a substrate, and a conformable mask disposed in a
pattern on said substrate;

b) electroplating a second metal onto said first substrate in a
second pattern, said second pattern corresponding to the complement of said

20 conformable mask pattern of said second article; and

c) removing said second article from said first substrate.

4, The method of claim 3, further comprising building additional layers.
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after said pressing, pas ough said electrically active
fluid, tWOPBMENEN said o IHE ] E'ﬂ" m“ Ii 6 | ocati ons whePETAEP#ISEoNd
patterned portion is not alnst= said object. 11. A nethod as in
claim 10, wherein said second surface is formed froman elastomer. 12. A
met hod as |nc im1l | ort conprises an electrode formng
one term nal |’ sa.fg“S%"é’n%‘ﬂ‘gfgetg‘)ﬂS%&?%SH‘gas in claim12, wherein said
support is forned at Ieas& in part of a material that is sol ubl e and erodes
during said passing Revegfedlont . 14. A nethod as in claim 13, further

conpri sing repl enishing soluble material in said support portion by
reversing its polaridy, aewdtagtpossutishgtevitherjatiermod conformaple teskupport . 15.
A nmethod as in claim 10, wherein said patterning conprises form ng features
of a first material, and further conprising form ng features of a second
materi al between said features of said first material 47 16. A net hod

as in gl aim 15, furtyker c gg&ro %Fl?ga@i,ai%mlﬁ% &Jdﬁﬁétal@?&&ﬁ&ond

materials to forma Snoot da5|nc m 15, further

b k f
S ol 2ot A %ff%t’?ﬁsaaﬁa%% ?%%P%?F&lg%fﬂ%w%faﬁ?ﬂnp B3 LoD as

in claim10, wherein_sai d obt le(u ning a mask conpri ses obtaining a porous

medi um and f orsAdfgniogmgble mask pattern; and
c) removing said mask from said substrate.
10 6. A method for manufacturing an element comprising:
a) forming a multi-layer structure by repeatedly forming layers,

said step of forming said layers comprising

1) contacting a first substrate with a first article

comprising a substrate and a conformable mask disposed in a pattern
15 on said substrate,

ii) electroplating a first metal from a first metal ion source
in a pattern onto said first substrate, said pattern corresponding to the
complement of said conformable mask pattern,

1ii) removing said article from said first substrate, and

20 iv) electroplating a second metal from a second metal ion

source onto said first substrate; and
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patterned portion on said porous medium 19. A nethod of formng a

st ruct ULe, &745R64 Si ng: obtai n mﬂmm ﬁ atterned maggriNosiedsng sai d
mask into contact with a sub (W &an el ectrical current across a
conductive fluid in the pr esence of* sdi trate, said conductive fluid
having a property to pattern said substrate in the presence of said

el ectrical current Wher erspeaving s dastiparariionef abieasting ofisaid metals flom pr essi ng
agai nst said substrate; renoving said nmask from pressi ng agai nst said
substrat e; andsaidmehi-lapg ssatwrdavifog agelemantdeingl by aagtheanfisasdii d r enovi ng,
to forma structure. 48 20. A nmethod as in claim19, wherein said
pattern is el egtizpdeposited. 21. A nethod as in claim 20, further
conprising formng a second material into spaces between the first

material. 22. A nethod as in claim21l, wherein one of said materials is a
sacrificial material and the other of said materials is a structural
material. 23. A nethod as in _claim?22, further conprising renovjng at | east
a portsion of s%u d shbsmethed gf claim @*W@Telnéﬁdsﬁpﬁgfﬂﬁﬁfﬁo%ﬂ%ﬁsﬁ%ﬂ% 19,

wherein said nask has a patterning surface which presses against said
subst r at epetsbéadnmes:er ni ng surface being conformable to said substrate to
prevent said conductive fluid fromleaking to portions under said
patterning surface.a)25. éonmiingdaid$irdt Sulttraiewiit(s seborid drdicle comprisiag ng

snoot hi ng deposited material to forma snoot her surface.

a substrate and a conformable mask disposed in a pattern on said substrate,
b) electroplating said second metal from a second metal ion |
10 source onto said first substrate in a second pattern, said second pattern
corresponding to the complement of said conformable mask pattern of said

second article, and

c) removing said second article from said first substrate.
15 8. An electroplating article comprising:
a) a substrate having a first major surface; and
b) a conformable mask disposed in a pattern on said first major

surface of said substrate, said article being capable of electroplating a pattern
of metal complementary to said pattern of said conformable mask onto an
20 electrode when said article is placed in contact with the electrode in the

presence of a metal ion source and subjected to an electric field.

9. An electroplating apparatus comprising:
a) an electrolyte comprising:
44 )
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49 26. A nethod as in claim I gl second material is applied by
bl anket We@P84Filton, fol | owe ﬂ“‘lﬁﬂﬁjﬁhﬁﬁgﬁ‘mortl on of at [PETSISIYAESIHf t he
materials. 27. A nmethod as i c , erein said sacrificial material
is copper. 28. A nmethod as in claim 10, wherein said patterning conprises
el ectrodeposition. 29. (New) A net | aim 21, further conprising
processi ng sai d deposi te'(;lsand Ogrgﬁggd)ﬂrnsgfrlgwéﬁé so that no material renains
overlying any ot her materi.il \(ljﬁglos%teq or f‘%ﬁ‘mad since said | ast bringing.
30. A nethod as in claimb®?A4, F O ASERRG WC¥5e a plurality of deposited
materials, one of which is applied by blanket depositing, followed by
renoving a portion of) at Rearadedheongdct with spigelactralyte; 31. An apparat us
for fabricating a multiple-layer structure over a surface of a substrate,
conprising: a hol derdyf or acshpjeantcentactadih dahitleateiyteemnda portion of a | ayer
of said nmulti-layer structure to receive a material provided by

el ectrgdeposition, agd WhgwredtBxiclln cBSta&atith QlEAERURRASIdIA@)e Sai d hol der
urges said supported ‘mask agai nst said surface of sal d substrate; neans for
provi ding an el £ gr%posi tion fluid; and an electrical circuit coupling
said substrate asan el'ectrode for el ectrodeposition. 32. The apparatus of
Claim 31, further conprising an aligner provjded.for ccurgt ely positioning
said substrate relative t8 sai aﬂﬁbégﬁteh@@ng? SLAPAA SYFGES @PA O ai m 31,

further conprising a control processor, said control processor controlling
sai d el ectrodeposition andé) posktomfaimaplomagadispased tex patieireen sped finst

major surface of said substrate, said article being capable of

10 electroplating a pattern of metal complementary to said pattern of said
conformable mask onto an electrode when said article is placed in
contact with the electrode in the presence of a metal ion source and

subjected to an electric field.

15 10.  An electroplating apparatus comprising:
a) a first electroplating reservoir comprising
1) an electrolyte disposed within said first reservoir, said

electrolyte comprising ions of a first metal,
ii) an anode in contact with said electrolyte,
20 1ii) a cathode in contact with said electrolyte, and
. iv) an article in contact with said electrolyte, said article
comprising: |

1) a substrate having a first major surface; and
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said substrate. 34. The app further conprising neans for
renoval Wb ogrsaui al, said Iim’m"l “!E U!KI perati ng to achiusyR0s391
pr edet er mi ned hei ght relative to sal st)rate of said nmulti-I|ayer
structure. 51 35. The apparatus of C aim 31, wherein said apparatus
accommodates nultiple masks a mul ti pI e sg@str tes, uch t hat each of said
masks is urged agai nst a corredpond LB dHH?ﬁ dHEQP‘?Fmon

el ectrodeposition. 36. A nethod for fabricating a nmulti-layer 3-dinensional
(3-D) structure accor di ngatddirst r32jpr thakees ¢izaidonbstrstarprifl gitivde beirdcessi ng sai d
3-D description to obtain a plurality of 2-dinensional (2-D) descriptions
of cross sections of sai cagatl 6f dlettloplating & phrtdrs of inBY] curspiamenatyaosel ecti ve
el ectrodeposition masks each corresponding to one of said 2-D descriptions

and using said sel ective gl€£ckEAIERAT LB K%sk&lt@&ﬁé@&'@&&%ﬁdnng one or

nore materials to formstructures corresponding to said D descriptions in
succes§| on over a SUbStrat%arﬁclelsplacedm contact with the electrode in the

presence of a metal ion source and subjected to an electric

field; and
a) a second electroplating reservoir comprising
i) an electrolyte disposed within said second reservoir, said
10 electrolyte comprising ions of a second metal, and
iii) i) an anode in contact with said electrolyte.
11. A method for manufacturing an electroplating article, said method
comprising:
15 a) applying a conformable mask to an article comprising a first

substrate and a patterned resist disposed on said first substrate;

b) contacting a second substrate to said conformable mask such
that said conformable mask obtains a pattern complementary to said pattern of
said resist;

20 c) separating said first substrate from said conformable mask,
said conformable mask remaining adhered to said article; and

d) removing said resist,
said article being capable of electroplating a pattern of metal corresponding to

the complement of said pattern of said conformable mask onto an electrode when said

46 ) .
Sheet Has Been Replaced

R



vomess | NI
* C L M S *

article is placed in contact with the elecirode in the presence of an electrolyte solution

and subjected to an electric field.

12. A method for manufacturing an electroplating article, said method

5 comprising:

a) providing a porous medium having a first surface;
b) treating said porous medium to create one or more nONPoOrous
regions;
c) applying a film to said first surface of said porous medium;
10 d) patterning said film to create a patterned mask; and
e) removing at least a portion of said one or more nonporous
regions,

said article being capable of electroplating a pattern of metal corresponding to
the complement of said pattemn of said conformable mask onto an electrode when said
15 article is placed in contact with the electrode in the presence of an electrolyte solution

and subjected to an electric field.
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