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‘Iates to sem conductor processing, and nore particularly to an appar at us
and net hod Mﬁ m&ﬂﬁm nmetal s and/or alloys on resistive substrates.
BACKGROUND | ON El ectroplating of netals on a substrate is an
i nportant procesmsotn the manufacture of sem conductor devices.
conventional plating apparatus, known Yhthe art as a fou
is shown schematically in Figure 1. A seniconductor me.mmm@ ﬂﬁm %mFected to
a cathode 2 by contact pieces 3, which hold the edge o and
partially cover the front of the wafer near the edge. The W&f'®f and a
consunabl e anode 4 are imersed in a plating solution. Typically, a fluid
flowis established in the plating solution fromthe anode to the cathode.
An el ectrical circCUlELEQUROFLAT NG \AHRARFETIEO LANIE MEBH@D carryi ng a current |
(al so shown schenmati cal UgING Ei gOMERESSIBLEsCANIrASTed bet ween the cat hode
and anode. In addition, the cathode and wafer rotate with respect to the
anode, to provide inproved nmass transport to the wafer surface. In the
sem conductor industry, there is a continuing trend to reduce the size of
features on a wafer which nust be plated. This in turn requires thinner
-seed layers, particularly iprgLb &2 ByE €nxeR21dnProcesses such as the
"dual damascene" process. A reduced seed | ayer thickness causes the
substrate to becone nore resistive, and furthernore causes greater
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| ocat i end/om tahie ayaf ern) nesxa&nx&t&ﬂ&&tmﬁﬁﬂsthln pl ated deposits are

requi red. Excess netal, deposited on field regions of the wafer and not in
the features where plating is desired, is renoved in a subsequent process.
An increase in nonuniformty in the plating process requires an increase in
excess netal deposition, peaghReui® dONgEr apdEMPrencost!ly post-plating
processi ng. The use of plating contacts, covering portions of the front of
the wafer, results in a nunber of processing problens. The plating contacts
have netal ddpositagolanitherf serdbetesn pasthesuraréyisnathémportace 3a
exposeq, Lo dde | umefrtgmté@mt@eoﬁ@g&cgﬁ §uBE5BSq0h Lbe vaker covered by
the contacts are not ated, so that an s including those areas are
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as shown in rs“a‘resistive elenent in 'ng circuit. In
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desired)s tmy1 Pen&Hhar act gel F@Qteﬁgasaetw@ak @Eoﬁt%hét anegs i WheLh the
currents are not necessari equal so that the p atin current denS|ty is
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cathode and wafer rotate with respect to the anode, to provide

improved mass transport to the wafer surface.
In the semiconductor industry, there is a continuing trend
to reduce the size of features on a wafer which must be plated.

This in turn requires thinner seed layers, particularly in



number of pl ati ng contacts inproves the uniformty of the cur bEf’jG fbé
but wth the undesirable effects noted above. O her types of 1p a f

contacts are well known in the art. For exanple, U S. Patent No. 1,739, 657
describes a plating apparatus in which a porous material, soaked with a

pl ating solution, makes contact with a cathodi c workpiece. U S Patent
5,277,785 describes applying a platifdg solution to the surface of a

wor kpi ece using a plastic brush. In these references, only a portion of the

wor kpi i contacted at 20V i e, and the rob em of .non-.uni f orm
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In part| cul ar, here i1s need”for a plating c arrangerrent
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absorbs t D E C 240Z 4 solution and transmts the plating

| at}J
sol uti &9 Js’tfgsltlf%‘f%ssﬁ"ﬁ‘é surface of the substrate to be plated
typicall y comnr ses @f sle:ea:ttiageccnthetcpnpbesstblgepmentt)ensl sfi mhel ectrical
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I s contg(ld &d, ({.07y exanphe, st?yfgew Bg tlaaogeaptesehel @m@aberlowt G o mi t
novenent of the substrate with resgect npr essi bl e nber during a

pl at i nd I on whirt e*Hafht af nFh E?EEFr Fea?rESnPXCFhFhEPQ%aFI’fS are
Speci f ircal Ipylateed hi sio| ayet afhypthtpagisolutiiog tray)seeameatseatdee lwasfter from
the co e t g f e to the
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t he pIatlng grocess S |nproveg usi ng pIatln% ditive which inhibits
pl ati nF&tactert afRifoéht FBﬁ“oﬁaPﬁgsv\éf E’Pl AP LLoFEETSS WA la ¥epat@t i on
di st anceddpet veepst heocanductmeesumh@cesoffftehre fc@m)veawﬂmeatermﬁrrmd t he
waf er at that Lgcatct1 Ly (S ges aetr)ll e,et Iaa/tedt t%esce(‘)qrr%rr%sm bl &, JT8 have
vents for- venlnga Fﬁath pIatlng SO0t on “&an a&it Ve relably
fromthe conptessibl eerrepbe‘lecnettewe thatethe wafegor danc@r\faatdt onictlaspleet of
the '“V@:E‘Ehé’ﬁe LBesRbahl 79 poRALAL 4 'aclau%%l%tqavteh%ct%mve NG, & yeat hode

potential In electrica conta with the substrate, and the conductive

surfacePbRting edipudssi bll@ rﬁaeﬁaﬁethlerat thife S@Rch ddy PotXhtting . syRtace

accor daggetMbt RazBet heh asRes pafatiifey 1iRVenRidignd )t i f UBrasst & € FEABEr 1S
a passive elenent in the circuit carrying the pl at| ng current. According to

an addi 8% oRaPehypE&t Obf TeRd SEWERS dil “tHE IS fg apptraraie inet udes an
a_noﬁe hﬁedesbarmwee;slaubl em&m&r e aalraaslmg/e:\%lﬂe}m tdjﬂ{ﬁlfﬁjl atigd n?cﬁnlt act
with the a ano may have a pJura of hol es
f or med ?ﬂé?gfﬁ‘ Pb’e(?orfrgt? e é‘cﬁ étﬁ hcg“ %ol %on ¢ ttﬁe ot e%t %h% menber .
Accor di ﬁgatorasf trot fver pasxpt@a;t aofd tiiee ithvieTknesrs cf netehoskad phyer nigotrbt al
on a su St VA ab e | ati ng
appar at{%él %pem fltglglgllt/‘ %r{lsfoq{“ﬁidc}ﬁlei%cl Sgcside%gt éeleqjste(|;ﬁsfrﬁf) ee%r?{)‘]\l/ dlgtng a
conpressi bl e nenber having a conductive surface covering substantially all
of the surface of the substrate, the nenber being porous so as to absorb
the plating solution; transmtting the plating current fromthe

conpressi ble nenber to the surface of the substrate through the conductive
surface; and allowing the plating solution to be transmtted fromthe
conpressi bl e nenber to the substrate. r



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic ill sg:ﬁgigygzma
conventional arrangenent of a plating cell, including platinglc

hol ding the wafer to the cathode. Figure 2 is a schematic illustration of a
plating cell according to a first enbodi nent of the present invention,
wherein a sponge in contact with the wafer is used to deliver the plating
.solution and electrical current to the wafer. Figure 2A is a detail view
showi ng surface features of the wafer ¥illed with the plating solution and
in proximty to the sponge. Figures 3A, 3B and 3C show possi bl e variations

in the 0S|t t he, (.0, sept. J npventi on.
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i rst enbodi nent. of, the present.inventipn is sho
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1. The °ondporgedrtimieobftha workpbeee b? pohyaetedant 4By suppent edmpy a

non- congef itk (Browh e®! GBTAEH - SHMPPOFh SdrbheNaéss EOPNgsLsdst enkhe anode
assenbl yﬂ 5. Alternatively, the current-carrying wire 24 (shown

schenat "CIMBA GG Fyutet 239985 9%d confi gured as a wire nesh (preferably
either Ti or ™atalessa sieed )néed pfovi dephechadi sppasappsr infwnithethponge
21. In this enbodinment, the head 22.and er 1 rotate with_respect to.the
sponge 9re ( RaprovR rebdf PERCr ore 80 p 8L Eh e ol Rk Fe e "R GRRE] " AR
sol uti orthd turvi fdrrivet wppf echatpbat hag poopeasi hg fakesvetacelon the surface
of the t he. bac r e,o LS+ P gom
pl ati ng%%y. teceugé;lghu%ﬂ%c% ]F%?Hcéﬁ%a%‘i %%a%?grﬁ&g{;gﬁﬁééga‘éﬁ}gﬁ%?ggé of the
waf er i MY éhikes pirvent @eourst nele a¥oF 8854 VENRT ABPEE12S SpoRhe 21 and
anode 4 @y inawes seshd Ny Nénh Pheth DOs SOl Lt Phcal heosPaBEEW2Ehi 8nki bhedrwi th

pl ati ng solution. _ The gap 25, between the sponge and the wafer (also filled
with pl ﬁuiln%%%l%{i‘gl’?\‘?g‘i’gré%f%%‘?ed to permt relative notion between the

wafer 1 and sponge 21, while maintaining electrical contact between the
seed layer on the front surface if of the wafer and the back surface 21b of

SUMMARY OF THE INVENTION

The present invention addresses the above-described need
by providing a plating apparatus for plating metal on a
substrate (typically a semiconductor wafer), in which the
electrical current density within the metal layer (including
the seed layer and the plated metal) is more uniformly
distributed across the wafer. In accordance with the present
invention, this is done by providing a porous, compressible
member between the wafer and the anode. The compressible
member has a conductive surface covering substantially all of
the substrate surface to be plated, so that the electrical
plating current is thereby transmitted to the substrate. Since

the compressible member is porous, it absorbs the plating



~ 3'D E C 200Z sponge 21. The sponge nay easily be adjusted r Iaghgﬁ hﬁ
the wafer by noving the support 23 up or down relative to the 02
assenbly. The sponge is maintained in full plating contact (discussed in
nore detail below) with the wafer while at a distance fromthe wafer such
that the sponge can hydropl ane on the surface if of the wafer as the wafer
rotates. The plating fluid in the gap 25 may thus be characterized as a
hydr odynam c | ayer, whose thickness depends upon the topography of the

waf er surface. For exanple, as shown in Figure 2A, trench structures in the
wafer filled with the plating solution and would therefore be locally thick
portions 26 of the hydrodynam c |ayer. As can be seen in Figure 2, the
surface 21b of the sponge is at cathode potential, which is applied to the
full surface area of the seed |ayer on the surface if of the wafer. The

sur f aces Sl wdridr dndft ndrsmiat erthade spbhge Aajubéoni snethassabségiagei.ve

layer andrn £laddoact Ve COMbactatayes, bée§P§EEhV€&¥1cﬁﬂi9 dBRH2I Se@ns, or
cavities in the resistive layer filled with plating Solution. Accordingly,

el ect r on$ %5k 1ardict i Whe f?wee%%ab%ﬁttsetherséed1na9éectgeceﬁaf:0ﬁrt§tctng

proceeds wafth Ghddantidl shoal d be bRéedetbalaypeih tihe abhangenwet, the
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0 dependi ng t he application; fqor exanple, a pulsed
bl at 1 ng. Focbel GERer af Ty a8 doEar FohE LEne EE5 BPasaae” tRan Fio Wi cue. 1t
is al so iimgoraeed bhatsiheg eppmgelbg edgablizeoivhieht iimdpidiit shydlsiténg Hie
sponge my &g oI $63pedoSoANPH |BEELIULR AcckedaRieieqien he surface
area not covered by t e sponge may al so be fabrlcated wi th hol es
or grooveieRIrEhpheflialaneg t)ﬁ‘éweensutae éégéuéttlﬁ’ﬁeselﬁcf@@@ ohdhe it can

be vent ed:dd eegengpéem?ﬂse,shem kReFlgdee aﬁl tWaer QOetartaloght grooves 31
run acr oss t ac urfac onge te at|ve e sponge nay
have cavities Eg b?igﬁ?eﬁagh hb $a§5§|%8hP§8FFd a?e %quﬁ

The nechafwcavegcohhgcaibet we_emhbhepstpmrigg %blautdotrhe:amfh@r dk lciare el
contr ol et DYafPYl B00RT hOXLAG LIS SAONGESROT LAl g e fie di stance
bet ween wiaf ef - and sponge can control mechani cal I'y ‘noving the
sponge suppor t I23aggosdadesnwithe ofwongeerdy Oafl ddepd nusgtafircal Yhe f | exed,

for exanpl g, Pyngi QBbﬁBhfﬂgsOﬁn'cq%%@ RO RAtHRR HLUMY (D& LI HSITT 8 eneei o1
t he sponge 21 or surrounding the support 23. The sponge can al so be nmade to

flex by ihereidsrhyicaé EP@§§&FeWﬁtWI§9ﬁ SRty Biditiivh FeRHTheY @node

to the cathpdecel Brcehkaic r@s‘sﬁgalaaom{eln&ﬂiﬁ ans dd ﬁteey é)ﬁctdﬁﬁé redtentpal.
control t?e distribution an cyrr one by

e be
al tering tRe®SEPUEPHrE &ﬁt@bﬁ&ﬂﬁ q(ﬂ?%ﬂe%ql Qﬁﬂhbéjﬁfg%éb"ekgm%le as
shown scheompreakliylien meimpperre i3Ca tges ssipengd endrid: OE h@WWixr&uay be
conmposed af 29? g tm%rg %egtloQ$1 n4 having different porosity, or the
sponge may be¥s Rbr icat %ha ch por05|ty vari es continuously in the
radi al directi édacooddngr treoraen gt itt iormed 1 @Uﬁdﬂ@tuﬂ@ t ey ek mv S5t hay, behadded

to the sp i Qﬂﬂﬂ#f Y

| ocati on. ﬁ?ﬁgl@ gﬁ%&%ﬁéﬁiﬁﬁéxgg%macontro 19 EE%M?P ré%%g% %tor 36
at the edgempert ne PGS L VEheC lusai i el 5prigel n rp@romeetwmhhtbﬁeaeﬁet%re
seed layer - on the front surface of the wafer also permts concentrated
plating additives to be introduced at the wafer surface, as shown
schematically in Figure 4. This is also referred to as "point-of-use dopant
spiking." A punp 41 causes the plating additive to flow froma reservoir 42
through a feed tube 43 to one or nore |nject|on potnts 44 and into the
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sponge. The plating additives may be used to enhance the plating rate on
areas of the wafer where netal is desired, and to suppress pl atqr‘B;DECth)ﬂQ
areas. For exanple, Figure 2A shows trench or via areas where plating is
desired, separated by field areas. The hydrodynam c | ayer between the
sponge surface 21b and the wafer surface if is thicker in the trench/via
areas of the wafer than in the field areas. A plating additive designed to
inhibit plating would tend to be transported nore slowy in the thicker

area 26 Nl h hnner .ar " iS¢t ﬁ%& tiher
enhanced&‘ﬂg éégﬁ‘tﬁgﬁ\% hrs‘]:‘t]"r%f gcgqg]f%aoﬁtq]hczf srg{)l%;%t ] adcc}ﬂegrréi(gl%peci es
whi ch i nappflustplthe mg aitidide satdgande dite viFmRregssihle mabemnt i mat e
contact, namehy @t-dlifg felad medineis ffpddie sefafe Avaididd onalmemhodi ment
of the invention is shown in Figure 5. 1n this enbodinent, the sponge 21 is
a passi vefcPlaginde ekt Bernddi fare & iRt ansuPevided n ¥Htng
first embpdi aBBe-dReEAYEE PhdindelphbdrtalLct rdmadi Siandiact, this 3 DEC
2002 to w R t.he e(r#\lic{e front surfac ofot.hcgivvafer and er.rgais di ffusion of
the plat i“ﬁs 861 dt© arﬁ&ﬁbensttﬁé’snoodi ROV HE Uh Gh SRS Tt T AT Uit i on
in the ghpvigbet wesriudtd weafserr facanddaver ppgeAarftoradsl ya dhl nof the

hydr odynapni.¢ .l.ayer. e ] t ky i e
_sponge. %H\%gflic%t ?’gn\lgglfe &%%%a%’u@%\?{t I?ésloeg o@f %Jnlfdl% ésl(ﬁoé\rl/\ﬁ('ﬂl) tlt’ﬁ Fi gure
6. | n thhbsarbatdemanitat inge saiwrion; datael X ingdire Phathg agedeedtar e
hel d togetBRr tihd & HafdVi LM 1 taine e v @k | Surt FHES SO dKe tHep oL ALE BT
solution. The cathode 2 and wafer 1 nmay rotate with res}Pect to the sponge
21 (a hy8h&ayeanitdq SRS NG FHNRE Det WL A Y iRd el 8bbhge, as
descri bedopuevioaud/ )be Thea isgioingee L 1f e f eiabd omp ned siiese andalyer 06 the
conducting %%IFy niline in contact with the wafer, as in the foregoing
enmbodi mefEE® “Fi&Smode has a nmultiplicity of small holes 61 to permit the
plating solution to reach the sponge and then the wafer. The fluid pressure
and flowrate of the plating solution nmay be controlled by varying (for
exanpl e) the sponge material, the sponge thickness, or the speed of wafer
rotation. Plating addi tiﬂféEE%dm%c%f%T)?% 1) BEE RRAWIVGE he sponge as
descri bed above with reference to Figure 4. The use of a conpressible,
electrically conductive, plati contact.permits.delivery of the.plating
solution to tﬁ'glgr"r%%tl S faac%&g?m?'ﬁlecmb%g?s%?ﬁl%n u%%%%?‘é%”?éﬁ{‘?% | ed

di stri butiro@nganeento femsplaytindi ¢el hyoinchgdihe plablieasconfgsbei 4ved
with con P I ' cont S i t he invention has been descri bed
in ter m%;%ptdslg{elgit%r%a‘géwg%%i%n?}g% ??M}Fg&g\?i dent in view of the foregoing
description tHEt9wEee? ols al sehaBatiesilhBarrpEhPPons anBlabingt F6AS will
be appar etcdiik@Seoski Fiedti smbb@imeht AECOndi pgbyentheniaMenbhon is

i ntended to enconpass all such agte nat %ve? m)d%]fi cations agd vari.ations
whi ch faMh&igH it t FROBEB L anANERFFi FL6F ERE YATSRt F8nU8RE £Re PILV6W ng
clains. thHeS &t {hd@A1dtive aehdi aledtrAcplatingeapparatbs wusifleg.a pl ating
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sponge.

Figures 3A, 3B and 3C show possible variations in the
shape and composition of the sponge used in the present
invention.

Figure 4 shows a variation of the arrangement of Figure 2,
wherein a plating additive is injected into the sponge.

Figure 5 is a schematic illustration of an additional

embodiment of the present invention, in which a sponge is a



conbressible menber havi ng a conductive surface covering said surface of
the substrate and thereby transmtting the plating current the‘[@t@EChgogz
conpr essi bl e nenber being porous so as to absorb the plating solution an
transmt the plating solution to the substrate, the plating solution and

t he conpressi bl e nenber being arranged so as to avoid danage to netal

pl ated on the surface of the substrate, 2. A plating apparatus according to
claiml, wherein the surface of the suBstrate conprises a seed | ayer on
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rotating head 22 using a vacuum chuck (not shown). A porous,
compressible, electrically conductive member 21 (hereinafter
simply called a sponge) is held close to the wafer 1. The
sponge is made of an elastomer or polymer, and is supported by
a non-conductive (e.g. plastic) support 23 which is connected
to the anode assembly 5. Alternatively, the current-carrying
wire 24 (shown schematically in Figure 2) may be configured as
a wire mesh (preferably either Ti or stainless steel) to
provide mechanical support for the sponge 21. 1In this
embodiment, the head 22 and wafer 1 rotate with respect to the
sponge 21, to improve mass transport of species within the
plating solution.

It will be appreciated that no plating takes place on the
surface of the sponge, and that the back surface of the wafer
is protected from plating by the vacuum chuck. Metal
contamination of the back surface of the wafer is thereby
prevented.

Since at least the wafer 1, sponge 21 and anode 4 are
immersed in the plating solution, the sponge 21 is filled with
plating solution. The gap 25 between the sponge and the wafer
(also filled with plating solution) is adjusted to permit
relative motion between the wafer 1 and sponge 21, while
maintaining electrical contact between the seed layer on the

front surface 1f of the wafer and the back surface 21b of



A\ plating apparatus according to claim1, wherein the conpr [
menber has vents for venting air therefrom 8. A plating appariiﬁiﬂé@ 2002

according to claim1, wherein the plating current is in an electrical
circuit, and the conpressible nmenber is not at the cathode potential in
t hat circuit 9. A plating apparatus according to claim1, wherein the

pl ati ng apparatus includes an anode, and the conpressible nenber is in
contact wth the anode. 10. A plating apparatus according to claim9,
wherein the anode has plurality of holes fornmed therein_to, conduct the
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surface. For example, as shown in Figure 2A, trench structures
in the wafer filled with the plating solution and would
therefore be locally thick portions 26 of the hydrodynamic
layer.

As can be seen in Figure 2, the surface 21b of the sponge
is at cathode potential, which is applied to the full surface
area of the seed layer on the surface 1f of the wafer. The
surfaces 1f and 21b of the wafer and sponge may be viewed as a
resistive layer and an electroactive contact layer,
respectively, with depressions or cavities in the resistive
layer filled with plating solution. Accordingly, electrons are
effectively injected into the seed layer, so that plating
proceeds efficiently. It should be noted that with this
arrangement, the entire seed layer is in contact with a surface
at cathodic potential, as opposed to selected areas at the
wafer edge as in the arrangement of Figure 1.

As indicated above, it is vital that the material of the
back surface 21b of the sponge (1) be capable of carrying DC
(or AC) current, and (2) be able to move relative to the wafer
while in contact therewith, without damaging the seed layer or
plated layer; the latter requirement is especially stringent
when a soft metal such as copper is being plated. One suitable
material is ORMECON Incofilm G300-D9, available from Ormecon
Chemie GmbH, Ammersbek, Germany (a subsidiary of Zipperling

Kessler & Co.). This material is a polyester film coated with



to the substrate, so as to avoid danage to netal plated on the snr$aﬁg(gf2001
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t he substrate conprises a seed | ayer on which the plating is perforned, and
t he conpressible nenber is in electrical contact with the seed | ayer. 13
0 E C 2002 13 14. A nethod according to claim 12, further conprising the
step of providing a cathode having a cgt hode potential in electrical

contact with the substrate, wherein the conductive surface of the

conpressi ble nenber is at the cathode potential. 15. A method according to
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process generally has a current density greater than 100
mA/cm?.

It is also important that the sponge be capable of venting
air bubbles. The sponge may be dome-shaped as shown in Figure
2, to increase the surface area not covered by the wafer. The
sponge may also be fabricated with holes or grooves to channel
air to the outside edge of the sponge, where it can be vented
(for example, as shown in Figure 3A, where straight grooves 31
run across the back surface of the sponge). Alternatively, the
sponge may have cavities 32 oriented in the radial direction,
as shown in Figure 3B.

The mechanical contact between the sponge 21 and the wafer
1 can be controlled by moving or flexing the sponge.
Specifically, the distance between wafer and sponge can be
controlled by mechanically moving the sponge support 23 up or
down. The sponge may also be mechanically flexed, for example
by tightening or loosening a ring around the circumference of
the sponge 21 or surrounding the support 23. The sponge can
also be made to flex by increasing the pressure or flow of
plating solution from the anode to the cathode.

In certain plating applications it may be desirable to
control the distribution and density of current. This may be
done by altering the structure or composition of the sponge 21.

For example, as shown schematically in Figure 3C, the sponge



circuit. 20. A nethod according to claim 12, wherein the platin

performed using an anode, and further conprising the step of contacting the
conpressi bl e nenber to the anode. 21. A nethod according to claim 20,
further conprising the step of providing a plurality of holes in the anode
to conduct the plating solution to theéponpressible menber. 22. A net hod
according to claim 12, wherein the conductive surface is forned of a
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one or more injection points 44 and into the sponge 21. The
additive may be injected directly into the body of the sponge,
or alternatively may be fed into a manifold imbedded in the
sponge.

The plating additives may be used to enhance the plating
rate on areas of the wafer where metal is desired, and to
suppress plating in other areas. For example, Figure 2A shows
trench or via areas where plating is desired, separated by
field areas. The hydrodynamic layer between the sponge surface
21b and the wafer surface 1lf is thicker in the trench/via areas
of the wafer than in the field areas. A plating additive
designed to inhibit plating would tend to be transported more
Sslowly in the thicker area 26 than in the thinner area 27.

This tendency could be further enhanced by doping the surface
21b of the sponge with a chemical species which inhibits
plating where the sponge and wafer are in more intimate
contact, namely at the field regions of the wafer.

An additional embodiment of the invention is shown in
Figure 5. 1In this embodiment, the sponge 21 is a passive
circuit element between the cathode 2 and anode 4. As in the

first embodiment, the sponge 21 is held in electrical contact
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with the entire front surface of the wafer and permits
diffusion of the plating solution through the body of the
sponge. The plating solution in the gap 50 between the wafer 1
and the sponge 21 forms a thin hydrodynamic layer which permits
the wafer to rotate relative to the sponge.

A variation of the structure of this embodiment is shown
in Figure 6. 1In this arrangement, the wafer 1, cathode 2,
sponge 21 and anode 4 are held together in a sandwich structure
which is immersed in the plating solution. The cathode 2 and
wafer 1 may rotate with respect to the sponge 21 (a
hydrodynamic layer being formed between the wafer and sponge,
as described previously). The sponge 21 preferably includes a
layer of conducting polyaniline in contact with the wafer, as
in the foregoing embodiments. The anode has a multiplicity of
small holes 61 to permit the plating solution to reach the
sponge and then the wafer. The fluid pressure and flow rate of
the plating solution may be controlled by varying (for example)
the sponge material, the sponge thickness, or the speed of
wafer rotation. Plating additives could also be injected into
the sponge as described above with reference to Figure 4.

The use of a compressible, electrically conductive plating
contact permits delivery of the plating solution to the front
surface of the wafer with a uniform (or controlled
distribution) current density, while avoiding the problems
associated with conventional plating contacts.

While the invention has been described in terms of
specific embodiments, it is evident in view of the foregoing
description that numerocus alternatives, modifications and
variations will be apparent to those skilled in the art.
Accordingly, the invention is intended to encompass all such
alternatives, modifications and variations which fall within

the scope and spirit of the invention and the following claims.
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plating metal on a surface of a substrate, the apparatus comprising:

a plating solution,

a compressible member and a substrate immersed in said plating solution, said
compressible member having a conductive surface covering said surface of the
substrate and thereby transmitting the plating current thereto,

the compressible member being porous so as to absorb the plating solution and
transmit the plating solution to the substrate,

the plating solution and the compressible member being arranged so as to

avoid damage to metal plated on the surface of the substrate.

2. A plating apparatus according to claim 1, wherein the surface of the substrate
comprises a seed layer on which the plating is performed, and the compressible

member is in electrical contact with the seed layer.

3. A plating apparatus according to claim 1, wherein the plating apparatus includes a
cathode having a cathode potential in electrical contact with the substrate, and the

conductive surface of the compressible member is at the cathode potential.

4. A plating apparatus according to claim 1, further comprising means for controlling
a separation distance between the substrate and the compressible member, to permit
movement of the substrate with respect to the compressible member during a plating

operation while maintaining electrical contact therewith.

5. A plating apparatus according to claim 1, further comprising means for injecting a

plating additive into the compressible member.

6. A plating apparatus according to claim 5, wherein the plating additive inhibits
plating at a location on the substrate, in accordance with a separation distance

between the conductive surface of the compressible member and said location.
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electrical circuit, and the compressible member is not at the cathode potential in that

circuit.

9. A plating apparatus according to claim 1, wherein the plating apparatus includes an

anode, and the compressible member is in contact with the anode.

10. A plating apparatus according to claim 9, wherein the anode has a plurality of

holes formed therein to conduct the plating solution to the compressible member.

11. A plating apparatus according to claim 1, wherein the conductive surface is

formed of a polyaniline material.

12. A method of plating metal on a surface of a substrate, the plating being performed
using a plating solution and an electrical plating current, the method comprising the
steps of:

i)roviding a plating solution,

providing a compressible member having a conductive surface covering said
surface of the substrate, the compressible member being porous so as to absorb the
plating solution;

immersing said compressible member and said substrate in said plating
solution,

transmitting the plating current from the compressible member to said surface
of the substrate through the conductive surface; and

allowing the plating solution to be transmitted from the compressible member

to the substrate, so as to avoid damage to metal plated on the surface of the substrate.

13. A method according to claim 12, wherein the surface of the substrate comprises a
seed layer on which the plating is performed, and the compressible member is in

electrical contact with the seed layer.
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16. A method according to claim 12, further comprising the step of injecting a plating

additive into the compressible member.

17. A method according to claim 16, wherein the plating additive inhibits plating at a
location on the substrate, in accordance with a separation distance between the

conductive surface of the compressible member and said location.

18. A method according to claim 12, wherein the step of providing the compressible
member further comprises providing vents in the compressible member for venting air

therefrom.

19. A method according to claim 12, further comprising the steps of providing an
electrical circuit for the plating current, and wherein the compressible member does

not actively apply potential to said surface of the substrate in that circuit.

20. A method according to claim 12, wherein the plating is performed using an anode,

and further comprising the step of contacting the compressible member to the anode.

21. A method according to claim 20, further comprising the step of providing a
plurality of holes in the anode to conduct the plating solution to the compressible

member,

22. A method according to claim 12, wherein the conductive surface is formed of a

polyaniline material.



