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I NVENTION Field of the Invention [01] The present ‘

hnvwentiqn rel ate ner al . ] ' .
Methdyiang At drpaipactiihat Pl gkl Oy SoftiBopmect Lager Using

nmet hods and a i ctive

materials wt Eﬁgt{%%l??s;%idaﬁ g&??glzlgg)(\?\nﬁgﬁﬁn features

defined in a substrate, the features having w dely

different dinensions. Description of the Prior Art

[021 FIG 1 pBACKERQUNDIE THHE INVENFION partial |y

fabricated sem conductor device 100 including a

Field of¥hsidvehBod 02 and a conductive |ayer 104. The
—  substrate 102 is typically a dielectric material and

' i Sebrallahd QU Fiefl HERHI AU brREtion and
fo1 voxfl% %rgllétﬁgﬁen%ggqgﬁg %ar?aogv trzlr?ches 108. lIln addi t il%nnam more

particuy, omtt{)g}ne hogia?rlljé g]gpaga;ﬂlﬂ‘gg F Gt co%ﬂﬂctiid%%é’tgﬁalﬁ&lﬂﬁf)lanaﬂzed

vari ous dl nensi ons such as vi as

st s g ORI BT VA BBl Smensions

phot ol i t hogr aphy processes. The conductive |ayer 104
is typically a highly conductive netal such as copper
(Cu). After further processing, the conductive |ayer
Descrip€idn pfthedinimmedirtdiown to the | evel of the top surface of
the substrate 102 such that the conductive materia
[02] rEGai piovides a crdus-statonofi e partiBy fabfi8atad senaicoraiuctei divicerl00
. features are electrically separated by the substrate
includth@2 substiaftel 02 srd shefdwan Roadod! The gehstrae. 10p @3dpitilly a dielectric
conductive | ayer 104 is commonly fornmed through

materifll £8 CAPRLRUL BEnMMet Bf BRiouLiigiehtion dich AYwER] thtioT0d dhdtnarrow
contains the nmetal to be plated. Electroplating is

s, IPDEYRSFIEPekS, ARSI b Bt o
. electroplating,. ho LS .that ' f I

o 3P SRt BT 63 RGBS conmonty

f::lbricaltec',)d8 thro?lgg W]éll known photolithography processes. The conductive layer 104 is

typiéally a highly conductive metal such as copper (Cu). After further processing, the
conductive layer 104 is removed down to the level of the top surface of the substrate 102 such
that the conductive material remaining in the trenches 106, 108 anci other similar features are
electrically separated by the substrate 102 in the finished semiconductor device.

[03] The conductive layer 104 is commonly formed through electroplating with an
electroplating solution that contains the metal to be plated. Electroplating is desirable becaﬁse it
is a rapid method for depositing a metal on a surface. One of the drawbacks of electroplating,

however, is that voids frequently form in the more narrow features, such as trenches 108, and



WO 2004/ 088746 PCT/ US2004/ 008945 such voi ds can cause
failures in the finished sem conductor device. Certain
w@odwisnssres when added to the el ectropl ati ng sPCTIURIIN4/008945

can pronote rapid filling of the narromrfeatures and

: revent for Vi
such vEigR BT grorpu BB R B! Bhvar RE SR A0 L hen
areas_such as the surfaces bet nches 1
added frige SIeBRRPIRG BT OB FATDITOTRS P Tt ™ Per@zﬁs aid prevent
‘Accordingly, by the time the conductive |ayer
void farmatiom ey veri thess seme addifiyesiterddaaeimgdhe depgsi Oa&twwnmﬂy flat
. trench 106, a substantial thickness, or overburden .
areas stidiDas thovefses hreweenrtrinolizsr1065 108Had alonb sherbattom efthe wide trench
Further, since the additives to the electroplating
106. solution pronote rapid filling of the narrow features
~while retarding it in generally flat areas, an area of

[04] SH&%Hih% k thlike AR 1)) RAdudR¥ 2dyep 1GRYS1HES FIR Ve laﬁger fehtires,

op of e ‘over burden 110 over narrow features,

such a3 w?&@crén?]lg] lﬂ)é@a s nltltal chjkheslg eor%g ﬁﬁlbﬁ“l ?(9j CBO«%F tﬁeQ:emalnder of the

enove e don I ve | ayer own to th evel
substra,tee E%% Oﬁlﬁthlsﬁﬁ Fs{;lgg @i %l&lg?ﬁ t%lfﬁ Sél gégg 041&%4 }ér%ﬁqo e rapid fllling of
Unf .y I h k
e mo eSS Bl B °3ﬁ%§%{13‘@ 47 S i i

generall¥ cause di shing 200 over | arger features such,
develagpsabeviothn layekef thexiop of thedrveruidss 1A opyr Garrow featpiss, agghown in FIG.
solution is to electroplate further than is shown in
1. It villGe apprscieted thatito remeve theckndst vokayertlé dowertd thedevel ofithe top
is greater over the entire substrate 102. If carried
surfack 8f the REbighte 10D eequlitcicnesing thfee tifferanw dridkneskes oflthBtetieinds
to even out over the entire substrate 102. The
UnfOI‘RlYl%B’u fl’r@%nlﬁﬁtlﬁﬂ fechhif 88 10w fherafd aye PdcIyasuite@th sieh task, and
to the | evel of the top surface of the substrate 102.

generaﬂér cAuse cﬂéhlﬁjié[ %jg’ovgﬂ\éfgeéffeatdf@ss LRE a0BidR Rler BIREL tréhch '10@ in FIG. 2.

ore, what is desired Ts a nethod

[05] 1 e I.S(Hé% nrﬁrgg él%cr%r%ﬁfaé f:ﬁ%h%:ﬁ%/{gl{) s{]jslgo;vr/ﬁ’\fs ulir;l ap suc%ztﬁé%}ié gﬁrﬁness of

. the ov%r%%?c{egslslg ?s6gr5atce-|;/og§r2 %Q gﬁt?r%%glff ?rate 102. If carried far enough, the thickness

of the overburden 110 tends to even out over the entire substrate 102. The overburden 110 can
then be uniformly planarized down to the level of the top surface of the substrate 102. This
solution, however, wastes material and is time consuming.

[06] Therefore, what is desired is a method of forming a conductive layer 104 with an

overburden 110 that has an essentially planar surface.



SUMVARY [07] The invention provides a nethod for
produci ng a pl anarized surface including providing a
wagnssse, formng first and second | ayers, aPdI/US2004/008945
planarizing the first and second | ayers. The ~
substrate has a narrow nd a w de feature
deflned therein, and th§%?P¥%§“Fayer is formed above
e substrate, uch t s the narro fea
w1 bR Ron B i o bl PR teck S ppoviding
caV|ty defined therein that |s aligned with the
a substraietioRoeing firss agd essand faygrerant glapwa%gat eitstiang secops gyers The
" while the first layer is contenporaneously planarized.
substrafhieasfa nagrowallsaltusreandradvide feafuse dedined theagin rnd g fisselgyer is formed
together. [081 In sonme enbodi nents form ng the second
above ti@\sabstratei sueh Haaitdills thengribiWwdedtine sat 1éamy partialtyclilisdbs wide feature,
contacting a flexible material with the first |ayer,

and ha@ RdavifyldefeC iR LR hatis atigned witttRe aldenfohtuf) Thestouae Mybiie formed
flexible material and the first layer. -In sone of

in the éaﬂlﬁ? %gﬁ@%%ﬁ?ﬁ & it %téxﬁﬂo@&n’e&?ﬂy biah&iat. TRE fﬂ%Fand second layers

I nc rotati onal conponent’,” a vi brati onal

cQ nent or an orbital conponent. In those
mmtm@ﬁgpgngﬁi?%ﬁﬁ%FWM|ch the first Iayer conpletely fills

t wi de, f atu arizing th st .and cond .

o l'iysgang CBinIp T B et B L HBUF RlsTeang OE i e includes
her enbodi nent s planar|2|ngeihe first and

contacgés: B ﬂ@ﬂblﬁm%ﬂf&d@@ He St BET atddnifodusng arefatiye laterl gpepion

| ayer. In sone enbodi nents planarizing the first and
betweangbo feriblayeaterial nad thedisstdayst. rlaseme of ghesp embedimpnis fherelative

a chem cal - nechani cal planarization. In sone

lateral emdniod linvhudes apbtational zomyppnetiea Fibrasionalanethpeeeswhdloaye orbital

i ncl udes exposing the substrate between the narrow and
compohtste If #akdiémbodiiiefik infWRich thednttilgrr absplepliilEds wede feature,

nmet hod for producing a planarized surface that

planarizﬂ'ﬂgl tHIB St alt] Q¢bsd ﬁ?er@céﬁﬁ&ﬁd@(to%lplét@fy%ﬁ%ﬁg ﬁiers&t.ond layer. In
[ ayer, contacting a flexible naterla wth at |east "a

other %ﬁ%)td 119 Bnalxﬁ‘ﬁl% thé ﬁ st h@V&Eon fl@e nd Sﬁ0§§?@1&§fﬂﬁg¥rﬁ6w the

'zl ng Irst an

bstrate has, a,.narro eat eatu
secong iy dhsene P apRITENG Dlinu e tbf R Gng st ol 8ty ?m%tress-free

the substrate_such that it fills the narrgylfeaﬁ
planarg@tuprb(gﬂchﬁquq —éqlqc nfu;ail plangrizatiqg. zfg sp@glembg mgnts p anarlzmg the first

and second layers includes exposing the substrate between the narrow and wide features.

| [09] The in.vention also provides a method for producing a planarized surface that inéludes
providing a substrate, forming a first layer, contacting a flexible material with at least a portioﬁ
of the first layer, forming a second layer, and planarizing the first and second layers. The
substrate has a narrow feature and a wide feature defined therein, and the first layer is formed

above the substrate such that it fills the narrow feature, at least partially fills the wide feature,



WD 2004/ 088746 PCT/ US2004/ 008945 and has a cavity
defined therein that is aligned with the wi de feature.

wa\ecwangiTmg to the nethod, the flexible nateriBCT/US2004/008945
used to deliver a solution to the cavity and the

second e rned fro tian

and heg GERRMASTPE P BrUE AR UBeE (P Be Sl the methos

pl ati ng sol uti on and in sone of these enbodi

the FleKiglrmAlEial Hese® KSRV HARIEIGNS gy She qond fpyer is formed
el ectrol ess deposition of a conductive material,

from thagdiutions I meqdﬁngmﬁwéﬁb@em mmehides anleqtyoless plaag solution,
second |ayers 'are forned of .the sane conductive

and inBainebf tbse dnbodipmemtsfvbmitigikntesorsimondetive tpyehimchidesdnlestroless
material with at | east the portion of the first |ayer -

depositiBh obA EsnduittEre Gepasl tsuoh adfoppére I ssrembaiieents aeditst aad second
over burden of the first layer. [010] In sone

layers Qfgb'gﬂhéﬁf‘d'ftt& s‘ﬁfnetchh&lcmk Rfbrial. N8 sSMOSMbSdiBIcHR Qoht‘ﬁ@tﬁdgCiﬁ‘e flexible
dielectric material with a dielectric constant l|ess

materltcllhxgi?h & lgcis? 1€ Ghritiofi of B2 maye‘fﬁnh%ng%he #Egltléﬁ‘ of the second layer
ganosi |ca e glass. I'n sone nts e narr ow
b eat [&458 H ﬁ ﬁgllateral dlnenS|on of about 100nm or
a OVeIa‘é§¥e ‘éfﬂ‘&“ nt ©YBhtYEbodi ments the wide feature can
ve a |l ateral d| nmensi gn greater than, ut 100nm o
[010] okn SRS GmbodkstS Of FHis BirEioditye SitvERe €an in AGid G Fitggial with
| ayer includes formng a first conductive |ayer, and
a dieleciiconsians fless s e dislerstls penstast ¢fsHRs erhtaseorganosificate glass. In some
) conductive |l ayer includes an el ectrocheni cal
embodimpuis,i thé warrowf featusoradihave v Gateraltdeméension of abbutald)Opmmp dass, and in
In sone enbodi nents planarizing the first and second
some éray@kBentotk wddsfeapl gantgvaa didrgtménstn gredtersthamgbout 100nm or of
technique. [011] In sone enbodi nents of this nethod

about Sditﬁmﬁ | Bsbhie %mBB&ﬁ{ehi%' fdrﬂﬁg%ﬂ@ﬁrsﬂla?&ﬁﬁ%lﬁddﬁﬂﬁﬁlﬁ?ﬁ firdt U6diluctive
as pol yurethane. In sonme of these enbodi nents

e TR OB O SRR SRR P
e S5 RBBREV e S AE SO b g
t | at | at .
planalyyg e s A sg%?r&ﬂ?yq?gm% s i # 3ot Bt Pglﬁsélma tFchiishg:
of the enbodi nents that include introducing

(0111 r by spmeveanbogiments) of s msthoditheelloxdble malcrighi des 4 porgus membranc

such as polyurethane. In some of these embodiments the method further includes pressurizing a

reservoir containing the solution and adjoining the membrane on a side opposite a side
contacting the first layer. Also in some of these embodiments the method further includes
introducing a relative lateral motion between the porous membrane and the substrate. In some of

the embodiments that include introducing a relative lateral motion, the porous membrane is



WD 2004/ 088746 PCT/ US2004/ 008945 effective to polish
the portion of the first layer, for exanple, because

W0 b@4f0887a0is menbrane i ncludes an abrasive. [ ORCI/UB2004/008945
some enbodi ments. of this method the flexible material

effeCtlg nel u 113[@ ma §P S r%(rslla gfhrétr t gerrlrﬁ{ 8%;%1%@6 E:TFUS Ihe&)%ﬁ)%g membrane

cl osed-cell structure with open por es exposed at a
includes gy abEasi¥ener eof . I n some of these embodi nents the
met hod further includes wetting the poroneric
(0121 niatsememhitrentsaf thismstiiod e ssble mmplesighisclyfes Hpasameric material.
enbodi ments delivering the solution to the cavity can
In sonieruf [thede enhbudinepis tige remesmateri ddnalades atchasepoeslbstmciuge with open
' material and the first layer. In sonme of these
pores @:{ﬁ@@aj AenuFaddahével TMgrde theseehibotinientst themethed fyrtheaincludes
also include introducing a relative lateral notion

wetth %’ie‘éﬁﬁ&&ﬂ@mﬂéﬁﬁt%ﬁ{ e 3613 EARO KPP F thERE Bfnbédiments delivering
I'n sone enbodi nents of this nethod form ng the

the SO]EJ'té{a)I? Bor tjh,@\ég\;ltaz] dafi LadRs d‘é%ﬁ%gby n%dré i)ét@/gen &19 Pﬁ?g tmatenal and

Somne od |nents t

the firigj%/yg% d Osg)%geu ?H%g’/%%odé%x r%%) 8«321 gthe SQlL %to[‘% ?oaﬁmgr 1[}%%2} also
feature above . a | ev surface of

includg gtscheipg & TAREYS gL m%?ewvﬁ%@@e SHisBe B poromeric material

pl anarizing the first and second |ayers inc|udes
[013] r bragwierpnbasimenivefiibis method fomping thedfrstdayss dnchisis §orapletely filling
this nmethod formng the first layer includes filling

the witle faturd) and irsnendfithase wintlediments dhefirstlayeriformsemwveffill above the
t hese enbodi nents about 10%to about 30% of a depth

wide feftutehBatwixebd$ stRlut!I 8% ksabioud 2086 oby defti of thestidd fey@re abdlvs a level of
in some of these enbodi nents planarizing the first

a top NACSEGAL SubsBYE! Alsonk bHHHESE theFRYAHABirheR&SplAtadRing Mg first and
entire second | ayer. [014] The invention al so provides

se:con&1 g@r@ RR1Ade §erf16"gngot@19 géé%#)@ﬂt &. AhJRRE blﬁggdlﬁl@ﬁtg 8Eis hB®od forming

aratus I nc €S a war er support such as a vacuum
the flr%gﬂgrs Iéca ({es ﬁf gﬁesggheaﬁ% n%re ﬁ'%ﬁ: fgz%c]u%g prﬁfyb‘ﬁgom? %these embgodlments
s L A S T ARG B e

noti on between the workpiece and the wa The
of theggorpgsideaents planarirens the fuéé@d\ﬁswndclémr%anﬁwﬁ@s tgipoving less than the

el ectrol ess plating
entire second layer.

[014] The invention also provides an apparatus for producing a planarized surface. The
apparatus includes a wafer support, such as a vacuum chuck, for securing a wafer having an area,
a workpiece, an engagement mechanism capable of bringing the workpiece and the wafer into
contact with each other, and means for introducing a relative lateral motion between the

workpiece and the wafer. The workpiece includes a reservoir containing an electroless plating



5 WO 2004/ 088746 PCT/ US2004/ 008945 sol ution and
having a fl exi bl e and porous nenbrane spanning a side.
WO poogosg4enbodi nents the reservoir is pressurPEDE®4/008945
In sonme enbodi nents the porous nenbrane includes an
solutioft RhAFANE: a ﬂéﬁﬂn]%]an& goﬁﬁyﬁeﬁﬁﬁﬁg spHRRing £fidd. ITh SorB®B@bafiMents the
the porous nenbran as an area lesS than the area of
t.he wafer. .Ln.sone of, t [ :
reservdit 8 A o 1 S ol BERGRhEBR e RRE S (hsive.
for linearly transglating the workpiec and in_sqne.of
o151 oReame SRRt 08 his trotituls i A0 u e i o PeRdRR v the
| ateral motion further includes nmeans .for rotatiq% t he
area ofifhe wpiee cla samsh dhesnemiadimenty the grrangFAS dRfFAYRINg relpfeve lateral
means for introducing relative lateral notion can .
motioreinglodésmodansiBriwanty trawlating tewegkniers, oRe iersoma phthese embodiments
around an axis and/or vibrating the workpiece. [016]
the mehifs fopimerodudimhictazine fater] rhdétion fenphma imdludes tnkeanpfor ciging the
menbrane has an area equal to or |larger than the area
workpiete AB8ndNaf Kis. ThRoME BRbEdimee §R 1850 SorBRbducipeelaR@ 1ateral
for introducing relative |ateral notion includes
motio &AM iudeShéink A& rbfA8nd Ak KRR S8R Bind fax1&h@/or vibrating the
suppor.t around an axis. [0171 In some enbodi ments of
ka‘%gis appar atus the porous nenbrane can be
ppo?'yurethane, a fluorocarbon naterial, a sintered
ol yner i terial, or a ceramc. In sone. enbodi nent
o6l {ipetmg smbadentsir i paRof bt e REDE M e Fadalto or
. about 0.1mmto about 3.0mm In sone eq?odinepts tqe,
larger fhap esrretiihearaicr alf sPre of Hesefm enig e pygpglor introducing
structure. In sone enbodinents the porous menbrane
relative daterplmedtipdncludns mimens fof rofeinedhelvepkpinsd ander e mafy gepport around
Al'so in sone enbodi nents the porous nenbrane can
an axig.ncl ude an anount of porosity between about 5%to
about 50% and in sone of these enbodi ments the anount
[017] Ol sBRE embbdinichtsE tHie eparinGilihe pokbis hemadlae tar?poluddbdne, a
Anot her apparatus of the invention includes a wafer

fluoroSHRROhAtefiQ! 2 SREHIIPOY nRerid@hRdrial, r a ceramic. In some embodiments the
porous membrane can have a thickness between about 0.1mm to about 3.0mm. In some
embodiments the porous membrane can include an open-cell pore structure. In some
embodiments the porous membrane can inclqde anumber of holes disposed therethrough. Also
in some embodiments the porous membrane can include an amount of porosity between about
5% to about 50%, and in some of these embodiments the amount of porosity is between about
10% to about 20%.

[018] Another apparatus of the invention includes a wafer support for securing a wafer, a

flexible poromeric material wetted with an electroless plating solution, an engagement



flexible poromeric material wetted with an el ectrol ess

pl ati ng sol ution, an engagenent 6 WD 2004/ 088746
wWEAA482004/ 008945 nechani sm capabl e of bri ngP@yUS1ve4/008945

‘poroneric material into contact with the wafer, and

mecha@gﬁvn\czag%glg Efe lgrﬂfér%dcﬂgt&gm@nﬁ ?Aa?etrfa}’ﬁtd &R%E%nﬁrﬁ{e' Wiker, and means

c material and the wafer. I n sone

for ine SR e AT L roC i s DR B BteHE PRt e wafer. T some
r ri rial I I r r
e Al A SEL L 8, ELRECLS] g S i
enbodi ments the poroneric material is in a shape of a
the poroprericmieral insbiges aclareskcellsiruguyectittopsn éoremegapspﬁ atsptygtace. In
: enbodi nents the poroneric material includes a raised
some emtlgpelirhents the tpefomerit etariabistin olskaps of k gentingowsologp, aodisk, pr a
WO 2004/ 088746 PCT/ US2004/ 008945 BRI EF DESCRI PTI ON OF
rectan@ERAWIGE 56184 ShbddifGentd thegpoaomerizsmatera incbwdeo b raised edge to contain
partially fabricated sem conductor device according to
the eleEt'i‘&esstlhtﬁfg Blution.[ 020] FIG 2 is a cross-section of the
partially fabricated sem conductor device of FIG 1
after a pl anarizati on according to the prior art;
[021] FIG 3 is a cross-section of a partially
fabricated sem conductor device according to an
enbodi ment of the invention; [022] FIG 4 is a
cross-section of a substrate for fabricating a
sem conduct or device according to an enbodi nent of
the invention; [023] FIG 5 is a cross-section of the
partially fabricated sem conductor device of FIG 4
after one or nore optional |ayers have been forned
over the substrate according to an enbodi nent of the
i nvention;



[024] FIG 6A is a cross-section of the partially
fabricated sem conductor device of FIG 5 after a

wo poogiosszacduct i ve | ayer has been formed over tPET/US2004/008945
substrate according to an enbodi nent of the

i nventi on; ASPRIGEN of the
partially fabﬁﬁgﬁgﬁ%{gﬁﬂ@%@ or devi c%gof FIG 5
after a first conductl has. be fo
09 S 4 P B D Y S SR iR R RS0 i to the
i nvention; [026] FIG 7 IS a cross-section of the
prioragartial |y fabricated sem conductor device of FIG 6A
after a second conductive |layer 700 has been fornmed
[020] aRACOR i axgosseseatmoreefitbelpartially fobricatpd sermicomtdicor devicg 27FIG. 1 after a
FIG 8 is a cross-section of the partially fabricated
planarﬁ@tmmmidmgwtm@tioeertpf FIG 7 after further
pl anarization according to an enbodi ment of the

[021] | I‘“Me@‘id DF0ssheVRdOOAPRBAI) 4 8orIReibl R ROALAG W bice hidédng to an
is a cross-section of the partially fabricated

embod?lﬁgﬂ %@{hg%;eﬁ{loﬁ“lew ce of FIG 5 after a first

con uctlve ayer has been formed over the substrate
o1 FEOH S ol PR Lo B ERRCtoFRbcfing'd o bINAERY @lice accorcing
i cat sem conductor device of FIG 9 after a

to aneé@@ EQf(rjfB%B’tVWtéq ‘ayer has been forned according to
an enbodi ment of the invention; [030] FIG 11 is a

[023] Fl6k § isaerpssosciaen ke nglgliyaﬁapxsycafegbs,epg%néactor device of FIG. 4 after
sem conductor device of FIG 10 after further _

one orphan aptional layers havedregn fiyymed ovar thendvbeirate agcording teein embodiment of
invention; [031] FIG 12 is a cross-section of a

the inyeatiéri;al | y fabricated sem conductor device contacting a.
flexible material according to an enbodi nent of the

[024] 1 PIGEBRAION erobetiofr bGhe bartiaBy RibtNEGsehtictridactoplevide®f FIG. 5 after
partially fabricated sem conductor device of FIG 12

a first %ﬁcﬁfzu\% 1%%? ARCh LR REEI oVEr theYBktrita aciR&hg t@iﬂ@?’o&mn]lent of the

accord to an enbodi ment of the invention;
mvent{:l G 14 is a side elevation view of a partial
Cl'dss-section of an apparatus for producing a

(0251 FIG. 6B is a cross-section of the partially fabricated semiconductor device of FIG. 5 after
~ a first conductive layer has been formed over the substrate according to another embodiment of
the invention;

[026] FIG. 7 is a cross-section of the partially fabricated semiconductor device of FIG. 6A after
a second conductive layer 700 has been formed according to an embodiment of th;a invention;
[0271 FIG.8isa crosé-section of the partially fabricated semiconductor device of FIG. 7 after

further planarization according to an embodiment of the invention;



pre-planari zed surface according to an enbodi nent of
the invention; [034] FIG 15 is a top plan view of the
wappansites of FI G 14 according to an enbodi nePCT/U820041608945
invention; [035] FIG 16 is a top plan view of another
apat u 0 0 ' . = I
oo 3050 B 4 GopdlegROrbohfc P PR AR CRELIN deBEE of FIG. 5 after
i FIG, 17 is ,a.to | an vi ew of another..appar ol
first cBRHE gt BSpPet BTBRAPIS St Shp e et St Rl A es@igiment of tre
. enbodi ment of the invention; [037] FIG 18 is a side -
mventi®evat i on vi ew of a cross-section of another apparatus
for producing a pre-planarized surface according to
[029] SFfGeisch eresstseetfion ¢fdha payiéaily fabricatdeemirggiuctgrdevigg ofFIG. 9 after
si de el evation view of another apparatus for producing
a secod qumduqrlvaniayer haschesu fdrmeé accacdiog th angentwdiment nbibdiinmention;
of the invention. 9 WD 2004/ 088746 PCT/ US2004/ 008945
r030] DEGAL L EDR EESERETN DtheGFarildtly fabiitabé selNidodd@}or Beeice of FIG. 10
i nvention enploys two deposition processes in
after fLﬁ’H‘%P 24PN bPadcBF IR Bro GRRABEHIMERt bEHE InveMURE A
substrate that includes both narrow and w de features

[031] Sﬁ@j 15 I& cr‘b%l?sf&g#}g%fgﬁdai[tﬁll ?Xlﬁ{ca%g%g ooncméﬁ)rr léli:‘\;ég@%bn\f\é&ﬂg a

an éssenti a surface, wn i n
LJdnitially, first pracess such s el ectroplating is
ﬂex1blag‘@%en@Laq\é8fcﬁ9%tofapregf% 01%5%7“8?0 0 efrwg’%z%lhduct ive |ayer.
The first process is discontjnued after the narro
032 108k b 458 P BENE) et GERAID BB PNl vce O FIG. 12
process, .such as electroless deposition, is used to
after afseqomd gordusgFrilayerhes beantammedoasepidingdo pmemhedippRtaf thejipugntion;
associated wth the wide features. The second | ayer _
[033] i KG o4 iealsideelbvatioatviewt oftrgmrtial ttogss-seatibm obart dpparajus for producing a

essentially coplanar wwth a top surface of an

pre-planaairdilsugfate scotdie thiah sinbbdiyent off the fhivertions ome
enbodi nents a flexible material is brought into

[034] CPIR. 3§ ks MdppldnGed; bf b apgtitaits o BIG. NY atddediBE©AAEmbodiment of the

process to inhibit deposition on top surfaces of the
inventfORe" burden so that the

[0351 FIG. 16 is a top plan view of another apparatus for producing a pre-planarized surface
accordiﬂg to an embodiment of the invention;

[0361 FIG. 17 is a top plan view of another apparatus for producing a pre-planarized surface
according to an embodiment of the invention;

[0371 FIG. 18 is a side elevation view of a cross-section of another apparatus for producing a
pre-planarized surface according tc; an embodiment of the invention; and

[038) FIG. 19 a side elevation view of another apparatus for producing a pré—planarized surface

according to an embodiment of the invention.



t hi ckness of the overburden does not appreciably
i ncrease while deposition is occurring within

W@2004088336 i n the first |ayer such as a cavity RABHUSID4A08945
1) in first layer 104 that is aligned with w de

trench 1 ' i be
intr oducgﬁEg@&Eﬁbﬁgl#@@ giﬁfafflg:ingéﬁ he
first layer to further inhibit depositiqon on. top )
[039] 5The Mrentiopemplays Sy ASRASHION ProFsses W|SYEaession torlgrm @ conductive layer
notion between the flexible material and the first
over al sabsratecthat indludss bathgwrromrang gride feaiires sedsthatghe pendlyetivedayer has an
in the thickness of the overburden, for exanple,
overblirdeowith ap edsergiallp glandheurfabeas biosvn imi@r3. alnitedly, HErshpmbeess such
abrasive in order to enhance the rate of overburden
as eledtRIpRiiak is dseiblforth & firbtaxyeb bEtheBbiRtutitle 1aye30 Tha firss @rocesstio
del'i ver an el ectroless plating solution to the

discorfif¥bd A1RS the!nArSH Bt GED AL c@ﬁﬁﬁéel% RRed. IMasit 0 Rcomd SobAS, sidh as
a porous nenbrane through which the electroless
ting..sal Ut ' ' . LE , :
clectrfe de bR ¥ o b EnPASARHa LB SR o AT BB BB Bssociated
. oro nmenbr.ane. 1n.other. enbpdi men the flexibl .
with (R VER oA e Fae R Y55 5 SRt Lo OB e bt is
poronmeric material that is wetted with the el ectrol ess
essentigllycoplgnas gyt tam surface of Ay averhirdengf ﬂPﬁ)‘?‘isb Ye& hen can
bring the electroless plating solution to the .
[040] cHvsomeeasmbopigenys sHiaziblg mateial §dsoughiipiocontast with thedfrstdayer
substrate 102 for fabricating a sem conductor device.
duringfthe ssuobd proadse talidRibitsdepypiicradt tpp Sarfavetoithe pverbwatw so that the
(not shown), such as a silicon wafer, and can ,
thickn@skddfttheosnaldudeh o Didragpryiably piicesss©whily ddpabitiot & @durring within
device |l ayers (not shown). The substrate 102 can be a
cavitiél if HRCHE 15y fRichak @lcadite MASIS 02n fikhRySURELhAt€aliREd with wide
can also be a low diel’ectric constant™ ("low k")
r . . .
| trencl-{'ﬁjgfe 1% %haglv‘g%?er%l %%10212&1}1 A1sgbe Hlﬁﬂ%hﬁéeﬁ bERLRh @ ?4&2%? ’Irfaté?igl and

['uorosilicate gl ass
.or.ganosi| i cat.e Iass.%OSG or . hi ghl or.ous Si.Q2. . .
the flrétl}g%erl?%mnber&gkpg& Id?aﬁ)ossu mn eoni) tR% u aagics%)lg% ltlie (F)vae\r/%urré%l. i’lﬁne relative lateral
. sem conductor device fabrication as they inpart
motiog E’S‘é‘fe%%eéeé‘g{erm@%‘iﬁﬁ aa?al&efarﬁﬁ lager £gp acl??e"%‘% FE&‘B’E’F mstances, a
devi ces. One characteristic common to |ow k material s,
reductigrwa g thickaess phific guerdiden.fatexsawie. hseughmobighing. The flexible
properties such as reduced hardness and increased :
materiat tant Heanals @brasive in order to enhance the rate of overburden removal.
[041] The flexible material also can serve to deliver an electroless plating solution to the
cavities. In some embodiments the flexible material is a porous membrane through which the

electroless plating solution is passed, in some instances from a pressurized reservoir on the

opposite side of the porous membrane. In other embodiments the flexible material is a
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Al t hough the invention is not limted to using |ow k
materials for the substrate 102, it wll be
w@ppregi7ad ed that the present invention has adRerUsSZPeE008945
when the substrate 102 is forned of a low k material,
poromearfc‘c dbtgﬁ ﬁ&q I’vgt%dh%?h Jﬂ@ %ﬁ:h&oleg Oplie'ﬁln -Egﬁltiﬁfﬂbﬁilﬁﬂeelagegﬁ motion
|n8P eatures of vari ous § i ons suc
. tren n 08 Whi l e trenches
then Cai‘d’élngﬁlae ‘%ﬁﬁmé‘?sépﬁﬁ 5 %foé’ﬁ %1 Cav Y ust rati ve purposes,
[ w || be understood._that the tion i s equal .
[042] vﬁlﬁr 4 pravideg arcERss-€enben PhE & Sffﬁf&tloﬁﬁ%q fn*erecaweweﬁen% Sibor device.
features forned i nto sem conductor substrates, such as
The substeate 10%is tynigaly formed 9verircHalss (nohghovany speheatcehaliconogates, and can
some enbodi nents have | ateral di nensions of about
additiohflDne formed sger previviukly fabirtbatefdalayice dayers fodt shavwi ddse substrate 102
trench 106 in sone enbodi nents have | ateral di nensions
can be @ldeadctric ilamiabduokibs Si0QNThantbstipet102 adioaldo eQ0low dielectric constant
Features such as trenches 106, 108 can be fabricated

‘3 1 V31 leh Jf REWi BIBEEO LA RS 13D M¥n BHa06ESi08 Suck 4s M rosilicate
2004/ 088746 PCT/ US2004/ 008945 [044] FIG 5 provides a

glass (l-%(;vf %E%agggi%icgﬂe @fasst(b@(]g Qﬁrtlﬁ%ﬂ' }15101]‘0@:%)&'08 ak&Gh 1ow k materials are

evice ter one or nore

(“low

e i P 550 e B SR e K Bporsapn
prevent netal atons_from.a.later-depo tedl .
properfes 8 GPiE e ghces R BGLoF R HEoS ISY I Rorg Toygyer, i
barrier |layer can be forned of a material such' as Ta

low depsity apgipoor Becharispiirepertiss suple At regiced dpiipess apdiicrqagss brittleness.
(CvD). Another optional layer 500 is a seed |ayer

Although ¢lie ingersioQus s dichiled yewsifmlomekimafepinls éxthpsubstrayg 102, it will be
physi cal vapor deposition (PVD). The seed |ayer can

apprechfedtapOiié pesend tventidnchab advaneiged ah@r the wdbetatpn 62 asnformédof a low
pronot e adhesion, provide a conductive surface, and

k mateHaE bé ifs@lsSed ith@HIGAYEr growth of the subsequent
' l'ater - deposited.layer. [045] FIG 6A provides a

[043) Gflfé%b&gﬁé AT désl'}@at 5 bt \?zlrloYls El nblgﬁ'st §&Fh as w1de trench 106 and

sem conduct or devi ce o FI G ter a first

narrowctg%gﬁ % e tre %g%sellra%‘;uﬁg ?g@ {nfeq{sgqel%r? ¥ 8dr 11tll§kgr66ve purpgses, it
will becvﬁﬁlgﬁgc{d&gat 13{/6@8% hc,l e%ggﬁyeévgﬁ SUIlC% for subs te(s)fthagtl 1nc119£]3 other
common features formed into semiconductor substrates, such as vias. Narrow features such as
naﬁow trenches 108 in some embodiments have lateral dimensions of about 100nm or less,
while wide features such as wide trencﬁ 106 in some embodiments have lateral dimensions

greater than about 100nm and up to about 500pm. Features such as trenches 106, 108 can be

fabricated through well known photolithography processes.
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Cu. First conductive |ayer 600 can be forned by an

el ectrochem cal deposition techni que such as
web@anssypé ati ng. In an el ectropl ati ng process BCHURIa€@8945

to be plated is brought into contact with an

[044] %305 f)%g Lh 9H>é§ Qéf;%h Bf‘th%gﬁﬁﬁlliﬂfa!BﬂcdtQJ‘&nﬁiEoﬁdﬂ@toF&éﬁde of FIG. 4

osite he surface to be plated 1is then
after o%qum?gg 8%3%% R 306 nbld 8 fclgglga b5 R BRHai€ 8. OfiSopkiBnal
el ectraochem cal cell caus

Tayer igh BAERFORYELH PGVt &st?%ﬁiﬂé FedeBidsd et ip oty
the cathode. In order to Prevent oi d romfo

diffusingatare SumEe JRRS S86 IS IVeHegh by LEpropl AEMRGALOFRE Hho
can al so contain additives that |nh|b|t voi d .

TaN, féraxaepleoby chemiead veporaiepesitiardfVE)t Aaotiereptiangl layergo is a seed
sol ution contains three additives, an accelerator, a

layer she@viglaaly sead thyenformedyiftd exampleSbhicphysicelctapopdepositign (PVD). The
solutions are commonly referred to as 3-conponent

seed 1a§86H ddh Ib® A8positealibved Betoadridt ¢4ayRR MeBA Eﬁlsﬁﬁ,ttb @pbrabte Adhesion, provide a
Sol uti ons can be obtai ned from Shipl ey. Ronal

conducfuazé 9?:?&9 and A Ntatrekifdfh 2’8@? Fth/dtand %é&%ﬁe@@&%ﬂl@d layer.

I'n"sonme enbodi nents, the first conductive l|ayer

[045] 6&8 Bg o%&@ q ecz _glggét[b%toftt %ﬁ@lgﬁwyéﬁﬁéﬁgn%@ fdé’v?\lce: of FIG.

narrow rench are co I rst

nduct the wider, features.su :

ssneciy Sty S8 e el iy 42380 B b Soions
exa as shown in i de tren I S

layers 30fb lfSh aqTidugtive| layer @90 fs Rrgﬁeraélyrfeﬁ%ﬁtdi didfe 1gR]% FO‘&E‘G“V"-I Ijetal such as
some enbodi nents about 10%to about 30% of the depth

Cu. Figet comrdactivedeyari68f ean boBrmed by i electiophempisaldepegition technique such
conductive | ayer 600. Wen electroplating is used to

as electteplating. Inhe efectreplatmgotucdss ¥ eurfagy ey beGl@ed itrought into contact with
deposition can be stopped after the narrow features

an elecioplaGifgRdleiddl aonfainih@thnb uf thb efetd] & Behdposittell The earface @&sbe plated
are conpletely filled. In these enbodi nents, an

is then zﬁfe%‘ [‘)9 & @atﬁ(gh')e ih 2n RRBGmidAREEIL NS is Q¥R 'k*ﬁtﬁvﬂ &he dpflied voltage
and a superfill 604 over narrow trenches 108

across. tl’?e e%lpétx%@ﬁernuéﬁ %Eﬂ f:ztﬂﬁessfﬁg Eﬂeeftdé idns Tlhe efeb pl neg Joﬂltﬁﬂ W deposit as a

ances epOSI t| on o
n
metal 1%8% %Pqiea %rof(i]féq% Bllﬁg?slit Silfdts 8%]1@% rlllr{ %Wntlc;rg ngroe\g' features,
essentlall, el i m nat ed
the electroplating solution can also contain additives that inhibit void formation. In some
embodiments the electroplating solution contains three additives, an accelerator, a leveler, and an
inhibitor. Such electroplating solutions are commonly referred to as 3-component solutions.

Suitable 3-component electroplating solutions can be obtained from Shipley Ronal (Freeport,

NY).
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as illustrated in FIG 6B. It can be seen from Fl Gs.
6A and 6B that first conductive |layer 600 includes a
W@ 2wig87606 that is aligned with the w de trenktI/LI8B04/008945
[0471 FIG 7 provides a cross-section of the partially
[046] féﬁ"?or Eah I?Jlgltﬁ'ﬂs QHQﬁféP&QxﬁuQﬁ% h&Rr 800 FliGtmedBhicipthh&he Aarrow

econd con 700 been formed within the
606. . S d
featurebeug]L.l g%/ gV Fsﬁ%g ‘f%% grg @%rﬂ}é% f11 ¢IZ @gst h@qcﬁ}:t?\&}%%er 600 while
o 9 SRS B S50 e hovn i

conductive nmaterial. "Second conducti ve %e yer 700 can
FIG. 64¢h¢ wideetenisl 186 isetbenthalf|fitlsd by st spriusHve ay#nfi0qud somfc h
as electroless plating. In an el ectroless plating
embodjmentseboutal A%k tabous3afe pbihe depth bf e veide trencdiclOpd @é@l by the first
plating solution, but in contrast to el ectroplating
condudti®€ Pbﬂlﬂ)@s ,Whén ﬁ&!dtmplaahg s okddipalepassit thp fitst echduttinetlgmd 600, the
as electroless plating solution -including a netal ion

depos1§cﬁleééh &8 stoppéd 4ffes 1R ekowlfbdteg retcBmptetdly tile®Bt befoRethe wider
i's dep05|ted fromthe netal ion species by

feature gg?:%hh}ﬁ%g PdY A B@sg léié'fbﬁ&nféﬂﬁ Ny $¥ebttirdent 402 1§ A¥dnkY t:{lgﬁ) fhe

secon conduct1 ve ia er 700. Suitable

o PRSI LR OB S 0 PR,
ene R TR R RSy B

700 is being fornmed within the cavity 606
600 juss afierrthe narregp renghes dhase Giled; fhe yperil siigetrap e e%fF’étlaéliy§8nnnated
bei ng renmoved. This can cause the renoval of
as illustrated mFkG. A yIt adnl beoseert frem &l 64 41d @Gbihabfingt eandugtizve ayer 600
generally planar surface of the overburden 602.
includdsheneitp6@s thasis atigved with the @ide#renoimd@6.t he second
conductive layer 700 is conplete in these

[047] SHTBOTbARIES a chdte-s6@ivA 06 the Padidly Fateichlyl esmicOliub@s devidesT FIG.
surface that is essentially coplanar with a top

6A aft%“arsgé'&g S gﬁdﬁ&ﬁ?e QURF R0 1A BeAGErrid W itiin fihd éﬂ%tﬁ 606 Usekbive

Together the top surfaces of

consofRHE A0 SR AR o PR IS 0 o s

embocilmenté tlhg glrgtg%ddec%ng Icctn{ ugtlv%fla};e:?seG@? 986] are (())rrr]r(lje tf h\éesarlngxonductlve

material. Secend conductive layer 700 can be formed by an electroless deposition technique
such as electroless plating. In an electroless plating process a metal is deposited from an
electroless plating solution, but in contrast to electroplating techniques, no external voltage is
applied. Instead, as electroless plating solution including a metal ion species is circulated
through the cavity 606, the reetal is deposited from the metal ion species by reduction from a

reducing agent within the cavity 606 to form the second conductive layer 700. Suitable
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700 to the cavity 606 and for renoving the superfil
604 and overburden 602 are di scussed el sewhere
wheqaisg74¢ 049] FIG 8 provides a cross-secti onPOf/US1964/008945
partially fabricated sem conductor device of FIG 7
L Sl i PO prodRe®@by Shiple
cicctrftst B ETRR. el P CIRUBLA SERuE CptorD prtmedby Shipley
R l&l G %.’fN novi ng the conductive naterials between the
onal ¢4pdo enches 106, 108 selectively exposes the
: substrate 102 between the tops, of tren s .106,. 108, ...
(0451 R doBF CEPPIEEIE, NG s0ud PREERIREE 0 it folpg within he
remai ning within the trenches 106, 108. The conducti%ﬁ
cavity fi@@.drq superfill GOfiand soBe Gf de oveTBEFn 4¥%ste also Peipgreipoved. This can
el ectrical interconnect, for-exanple, in a conpleted
cause the miroontiofubstardially eB of Siersperfill P04 anbcrpase g igerasalyf planps surface of
first conductive layer 600 remaining in the narrow
the ovérbeidsh 662. IN&refal, dsohowe lieFEht7s ok taseaondayondf@Bb@layer 700 is
‘ Referring again to FIG 7, the pre-planarized surface
complet€4n fkdeQibodRhdnay &e@k@ﬁﬁ%oﬁ@lcﬁ%laz&ﬁlﬁb Mialb @ uefabethat is
successfully enployed to create the partially -
HADLL iBem : it W e a2 600.
essentlg.lﬂg E&I)[%lgﬁag 8!&5?{[1)15&%95 bPthe @9&’15%1%618{502 E(B;fl gﬁ%pfl&t W)I%d‘ﬂl@ﬁ‘\t e

strated in FI es o

Toget@@ﬁ%égﬁ%%g lggfilg '80%@% 1 Fgfn%r}dét;ﬁ/ee gé@lolﬁcp?(ﬁ{g.géﬁ%glgﬁr 700 form a
P TG T N T

pol i shing. Many CMP_techni ques are wel |l kno in.the

700 totha caviFpUG aial FrReying the sgsEl] G4 @%Fqbugi?fpgﬁa afeqfisqyesd
where the substrate 102 includes a weak or brittle

elsewhene keréial , such as OSG or porous OSG as these
techni ques produce little or no shear forces at the

[049] PFENBrprawdessilordsasectioBaftheSaridly dibicgiee setnivohdubtorpledseraf FIG. 7
etching. Some other SFP techni ques enploy a

after r&rA8VA2 BF he RRerbli@bRb0NghdOpdrtibi S adondSeiduetvetlngs @00. As can be
techniques rely on very |low applied pressures to

seen itE) gftlk{%? SRR thOEGRBcti v YhhBri fl B&KSertBe 1o bPEEN DS G 108

shing solutions, and still other techniques

s OB M S Sk i
iSOlateFS)%Ifl("i csorrllidlrll ivte?r?atc]er}{.aﬂurgr%m%%{]g \91 iR %l tPe%gﬁje’s 168,r108. The conductive
materials within the wide trench 106 can form an electﬁcal interconnect, for example, in a
completed semiconductor device. Simil;arly, the portions of the first conductive layer 600
remaining in the narrow trenches 108 can forrﬁ elements of an array.

[050] Referring again to FIG. 7, the pre-planarized surface 702 allows various planarization

techniques to be successfully employed to create the partially fabricated semiconductor device of

FIG. 8 without the dishing 200 illustrated in FIG. 2. Examples of planarization techniques that
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exanpl e, by applying a voltage across the substrate

102 through a conductive pad. [051] In other
weredssTent s, rather than having first conduct PUBUBZY€008945

600 only partially fill the wde trench 106 as in

can be 8[51%}/8? g &L greg%it étg\l(]}ﬁtl(y}q lqglu&é H&Hjc%pl@[e{:]hcatnjﬁgl:%&@ﬁiing (CMP), Stress-

accor ance w t

- i . h
R SR I R
A g M gl

" 500. First conductive layer 900 is preferably forned
weak cpbritilehajhtial, sish ds©SG\0s PRIOLSOSE: ehtbgse t@bm%lﬁapr@éwedéﬂe Or No
formed, for exanple, by an electrochenm cal deposition
shear fmeemtithwplasaﬂﬂad asfaek.e8ome FRtdchyiquésibhdergaseosighingy Some
FIG 9, the first conductive |layer 900 conpletely

other SIFPltédhnidi@s ¥nfRy kicefvantididb rotating [oisking pidd (S omendfshest keehniques
first conductive |ayer 900 fornms an overfill 902 that

rely ones?é}}eﬁqs fgﬂ@&' resskPof th fodabdNear¥ees  witlediRiruRfabialiee \Wrede

trench ove the |evel of the top surface of the

pohshlfiéJ Q&[Jtrl h%\'ilcp%ﬂl dther \f\écllé}rqu% c@%ﬁrfeclb@ta"ﬁehém ss@ﬂeﬁ@ﬂﬁqjﬂraswe—ﬁee

ive Ta 0 conpl et
polisip oy AddRicpety, ﬁYacﬁ%éhe Bty e s for
It will also be ap i at ed th me of thes
examplow b PTIERE & VOB ERSEIG SHRGEE 12 ug SuRHr S Pt
PCT/ US2004/ 008945 suff|C|entIy thick that a thickne
[051]1 dh oflies copbedimentserathgothan avingErshpendastive leyes 6QQprly @%ﬁaﬂy fill the
both narrow trenches 108 and over those surfaces
wide tleathnEnastin FlGo 64 aptl 6By twaotidstraitd, 106 dBinstaad eomphgiely dilled. In
FIG 9. [0531 FIG 10 provides a cross-section of the

accordp@detwitd fhysd eiisodondrey FEG.M mrovidecs aosseeiiaeofahe parally fabricated
after a second conductive |ayer 1000 has been forned

semcdﬂdﬁ&bﬁdévlik% FHGL Y af8P4 fheftlcbndiBlive RHSIVY hat BerdU6imadver the
l'layer 1000 is also preferably forned of a h|ghly

substr %T@%JI y S Eg;‘ @tloﬁﬂ ByeSsoBY Fidbnlifctive @ HIGALIS formed

econ conducti ve l'ayers OO 10 go are

ors et Ry oo PR BAF STRER o RERY P legrtomec

deposition technique such as electroplating.

[052] As shown in FIG. 9, the first conductive layer 900 completely fills the wide trench 106.
In some embodi‘ments, the first conductive layer 900 forms an overfill 902 that extends about
10% to about 20% of a depth of the wide trench 106 above the level of the top surface of the
substrate 102. It will be appreciated that although first conductive'layer 900 completely fills the
wide trench 106, a cavity 904 aligned with the wide trench 106 still exists in the first conductive

layer 900. It will also be appréciated that in some of these embodiments an overburden 906 is
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el ectrol ess deposition techni que such as el ectrol ess

plating. In sonme enbodi nents, as shown in FIG 10,
wokiokess7ine second conductive |ayer 1000 is bei pgr/iiszo0Eahs945

within the cavity 904, any renaining superfill and

8
SUfflClgﬁ@E‘tP k‘g}#% thic r u r d 60‘%%)316 n %(9 g lﬁ% BLI% (Y e ah ye rAHTeO(é)\%%&h
s R %ei %ioiég SHEFE PG ETRPa R OGFTR e 10, 108 B shown i

surface of the overburden 906. Together, the top
FIG.9surfaces of the overburden 906 and the second
conductive | ayer 1000 forma pre-planarized surface
[053] 1FIGR 10 pesiles FEmess-dectipn ofthd pertially fabsisatedsamigpndyftor fevice of FIG.
partially fabricated sem conductor device of FIG 10
9 afterafseesndreendicive lajert 1060 heebden faered Kthin the Cavil0904aFHG.#)| Second
of the second conductive |layer 1000 (FIG 10).. The

condud{ve-18)eR 1g00I i fl6o Hrefdratsle fdfed of A hichls coh@uctivi Nl WadH AW, and in
pl anari zation techni ques to be successfully enpl oyed

some O‘Eﬁrﬁé}ﬁ htt: ﬁiest Qfﬁf $dc8hd YorkifRIve 48 RD0OPETA0DARE B IRE of the same

evi ce wi t hout the “di shing 200 i1l ustrated

condu%tge I%a%na‘lq' Sﬁ%ﬁ@nﬁﬁc% 1R e?'iaéd %tbe? %gﬁcﬂ eg%ﬁﬁ’letﬁﬁatn

|
I nven ar

I squssed el sewhere. her .

clecticigsF GERoREPR %SEEE‘IH*FEWB § F@ftm&%% ipia?l%lﬁ ol wglep%bqﬁvaﬂﬁ% ps digvn in
surface 702 of 7. Specifically, FI.G. 12 provides

FIG. 19, whilgsthe sesend ledgq,tl\gg IW 490( s )},)C]f’l& SQIFI{?QN@HHH the cavity 904, any
sem conductor 16 WO 2004/ 088746 PCT/ US2004/ 008945

remaindeg/$upetfillsnd ko of thatovethoigan PRO mp Geing sgmewadnh Im thebeshlyidéments,
material 1200 contacting a first conductive |ayer

once ti2€@2ond dontctive hgeal)Peccab@ete thatecolrbconenbiing lalgs ¢ 00Mhied a top
wth reference to FIGs. 12 and 13 is equally

surfac@hat iseadhtally @oplaRGenieND@PistiEMeSf tel dvetbuadedd06i Thgether, the top
respect to FIGs. 9 and 10. Accordingly, first

surfacSTIHCS JelRirde@YB6 afd 8% skSoniBAEREM RYrVI®00 T olaPs Prefdismatized
conductive |ayers 600 and 900. [0561 Flexible material

mnﬁw%%&grcan serve several functions in the process of
ormng a pre- planarlzed surface such as

osa) B 80 B3 % Crobi o5 pf spltin iy ol e g 085 o G,

material 1200 is to éJ Qrt a mass_transpaort of
10 aft%§@pY%pf the) oy;rburden 90 (%IfG 10) and all of the second conductive layer 1000

(FIG. 10). The pre-planarized surface 1002 in FIG. 10 allows various planarization techniques to
be successfully employed to create the partially fabricated semiconductor device of FIG. 11
without the dishing 200 illustrated in FIG. 2. Examples of planarization techniques that can be
employed in the present invention are discussed elsewhere herein.

[055] FIGs. 12 and 13 illustrate one method for achieving the pre-planarized surface 702 of

FIG. 7. Specifically, FIG. 12 provides a cross-section of a partially fabricated semiconductor
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cavity that wll be filled by a second conductive

| ayer such as second conductive |layer 700 (FIG 7).
W®@R0wil0887e/, i n t hose enbodi nents in which the POF/D81000008945

of the second conductive |ayer wthin the cavity

e ste fl I .
device Sl $SIRE PR LD %%\oﬁ i e BP0 ok hab B conductive
wast e products awa cavijties
layer LHGndt WD RDITeRTEIhal el O dEocres Vith Q”mce o FIGs. 12 and 13 s
enbodi nents is to inhibit gromh of the _secaond _
equallycapplicabld toshossypatboglimeais dustrated yeith seppest 1400s-9e@d 18; #ycpordingly,
anot her function of flexible nmaterial 1200 in sone
first corddedel: ayat $202s tepresengdtioe of bethyfirstarpndestive lyens 00k Ars0GT
the first conductive |layer 1202 by renovi ng superfil
[056] Edx@sit satadll 1200 dahiseind segetahfunotiensin tiebeprocef O Aprrhing agne
enbodi ments, such as those described with respect to

planarifdd&irfadétsubhi as brespt irfakiged SuBbEY T (FIGOD o pRPslakHFized SRfse 1002

transport of naterlal to a cavity 1204 by providing

T e U e SR

cavity %Sg\?{l%ee’fgl&ﬁscﬁ%}% Q%Eo%d c%nc%ucﬁvé) gaé/ef &HJ%F la?g'ec de ?oe értgfg:ll%ﬁé Z\OO (FIG.
pressurized reservoir (r ne si

7). Sirpigyy B OTATIOCaTe 0 et nE STStion Bf S8 pespnd foncpst ¥ aygr
through the flexible material 1200 and into the cavity

within therayvity eregies Wagse progpite desiblsomatesal 1%?9 158 GEHIupetian tBISléPPOTt the
mat eri al 1200 shoul d have a sufficient stiffness over

mass trdhspertif diresw asterpraditd avaydron e aavidiest Atvthesdunation of flexible
cavity 1204 (this dinmension is comonly referred to as

materidl 1230 WR o020 EdIBehEs iPETihhiBRQDdW O dkbsecdral canducitizatayenin areas
 ength") such that the flexible material 1200 remnains

other tmT@0Hied! Sl hhctier Q¥Rfiod HEflexSw¥ nayerih? PZ00 1A S&B@6mBédiments is to
bowi ng into the cavity 1204. At the same tinme, the

selectl{f{ff‘e'dméath@'@ﬁl eegbj of k4 st R e B8y e PR tyARo e YaRLfill effects

IS a to conformto features having
: nenS|ons greater than the
andbygﬁgﬁgﬁ Y%%?r &hgth. In some enbodi ments the f1exible

on T8 S e P B R R LB 1, Mo

to scale inasmuch as the bend in the flexible materi al
materigl 4360 penngEs g maseiranspert 9of matgaldn g cgvity 1204 by providing for the mass

transport through its thickness. For instance, flexible material 1200 can be a porous membrane
so that a solution, such as an electroless plating solution, can be made to flow therethrough. A

" pressurized reservoir (not shown) on one side of the flexible material 1200 can cause the solution
to flow through the flexible material 1200 and into the cavity 1204. It will be appreciated that
any such flexible material 1200 should have a sufficient stiffness over dimensions comparable to

the widest dimension of the cavity 1204 (this dimension is commonly referred to as a
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superfill 1208 has been exaggerated. [0581 In those

enbodi nents in which flexible material 1200 supports a
wore®g/08g7adisport of nmaterial through its thi ckPEsES2004/008945

suitable materials for flexible material 1200 include

S5 08 R EIRG A 15P o 1T Sk H0 BN BBy Wor e
coty BB e LRI AE R EL S 82 B v 120

flexible material has a thickness between about 0.1mm
should be ceibpliant gncughrihat Xis alp Fogenfosmdo feaaephavingaeakitapeak200
for a particul ar-application should be one that is
dimensb@i3padatel khen whet platdrzation lengte.dInssometeimbodingmnts the Eexibleanaterial
~the flexible material 1200 should be chemcally
1200 pfcRiides b plinadiAtibh &ng el oftupas 500 migpey ldshoaldaguated thaF$G. 12 is not
transport of the solution through the flexible
to scaldBh&hichlas 42 Hend il @e fleiblthfei@ i 200 BdtwieDBe shatyl 1804 and a

I ncl ude a nunber of channels of sufficient dianeter.

. - tructure provides the channels in
ﬂmmﬁgg%ggggg%gé%g%géﬁgﬁials 1200, while other flexible

e 5L B OR RETE Rt RS ol AR

side to the other, In stil] .other enbodi s hol es
ey ORGSRl Sl S0 4 PR CORaRiegorovs
1200. Such hol es can be produced by | aser drilling,
membifngs foumesias pelyurathane rRorewstns ginfasst RolpericmpigHAS sich as
porosity, whether inherent or added, is between about
polyetisferteopaymopyl&@Yandifiidrecarpongniienial esvich dé Wefhors™t and ceramics. In
porosity is between about 10%to about 20% 18 WO
some e2HHATRRGARE 1800k WSRO hAOBMitEnesk B&9%en ab@t Admm to about 3.0mm.
enbodi nents, such as those described with respect to

te ASkiRB thateial 120040Ph PartibBi@ipbEdatidR QR8I BPENd tBatds
Anamﬁggglﬁraﬁspo?t gf natgriglltohgﬁgavity 1204 by

compaglgfe [\Ir%ll%h(r;tﬁe} ﬁl,t;egl?!a&‘ Ld1Qon, ¢ El"staﬂéeb% kil aleBas1 03k duldbe

I nst ance, exl ble material 1200 can be
oroneric, mat.eri al.such.

e Gy SR BRSO E D B v
the flepleaERe 1701 415 S P FagD gt e et gherngts of
sufficient diameter. An open-cell pore structure provides the channels in some flexible materials
1200, while other flexible materials 1200 are perforated with a number of holes disposed through
the flexible material 1200 from one side to the other. In still other embodiments holes are added
to an otherwise porous flexible material 1200. Such holes can be produced by laser drilling, for
example. In some embodiments the amount of porosity, whether inherent or added, is between
about 5% to about 50%, while in other embodiments the porosity is between about 10% to about

20%.
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deliver the solution to the cavity 1204. [060] Anot her
function of flexible material 1200 in sonme enbodi nents
w0 200u0887mhi bit grom h of the second conducti VECT/E§E04/008945
in areas other than cavities. It will be appreciated
hat wher e broad 0 burd 6

0591 OO0 PRPOdTOR S e e e N eat o e L e lexibl
material 1200 the presence the fl gle nmat er i

materia] 360D BERROFHAPISF IISWSCT TMORFIGO £ AEIGLURRY CBAS £ gution, such
| ayer directly or through inhibition of mass transport

as an e]entrolhmdatxwoﬁm@ Ferfingtinge, flenikle Materigl {209 capbe gPerpmasic
flexible material 1200 and the areas of the overburden

materidl 20¢h asenpaiyraerid mhkthal thad bgos closadlrcedfstri¢taresrdthoypgn pores exposed at
conductive layer. [061] Still another function of

a surfadd. exft& the BEtRE idhettd B9 thesohniva, wikioe iameinsotiod ctin then be used to
sel ectively reduce the thickness of the first

dellver(iﬁ’é"%-lﬁﬁénvt% th@¥Rity 1202 by renoving superfill effect s
th|nn|ng t he overburden 1206. In these

[060] f&?lgelb qﬁﬁkttl% af 1. 1@1&%83&9 (P sBRE 'eﬂx‘Bo?]ﬁfe &oli b1t owth of

e TRt er I a the areas e over
the SCCB%(? %%l‘tdilF :1?% GRu WF%{P&%CQ { aél Cgléllgle% if IJI%Q 9 recdt?c[]{hqgwﬁgrg broad

enbodi ment s [ teri 1200 !
arcas of R qFPEIER 3%041 gt {'ﬁ %&@é&o Fod Eh ngaetﬁ“ﬁhtﬁﬁ ?@eéﬁge material
of the abrasive is exposed at the surface in conta
1200 thei prasempe obthe ﬂb@bbéﬁﬁtqr@g 6200 ¢angnbibit depasision b e second onductive
polishing nedia such as a polishing pad, cloth, or
layer direqity drsthresghl irdbgbitidreoffohasx irbhsportan SrosaiegibRo ORelativeslatveal ofotion
t hese enbodi nents hol es can be added to the polishing
betwedkBBE flekibleah@ari4 120indithnabaspafitsoteybirden 1206 oam also inhibit
solution to be delivered therethrough. 19 WO

deposﬂgQrQGflfﬂg%g&ﬁdB%u‘s@%QQfUroosgde) [062] As noted herein,

arelative lateral notion can enhance the nethod of

[061] tglﬁl a!uﬂ) kFquﬁrﬁ:ﬂoﬁ Br f1dXR00Y mARY:3 1789 1@@6&4@ ethB3EMBts IAbIsOBctively

|near trans at1ons al ong one or two axes,

reduceéﬁeg{h?r ocatd %g]ilé fértsi ond uct eé }aé/o’? iéﬂ@xb% 8519%%@6&1? éi{tfé) and by
thmnuw i’)% E)?clergglgitellg ??(% m‘l @egq?%g@éqigﬁg g ggﬂ%’t‘%ﬁflaterap tlon gee{ween the

flexible material 1200 and the areas of the overburden 1206 is used to thin the overburden 1206.

Thinning can be accelerated through the use of abrasives. In some embodiments, the flexible
material 1200 includes an abrasive that is dispersed throughout such that some of the abrasive is
exposed at the surface in contact with the overburden 1206. In other embodiments,. polishing
media such as a polishing pad, cloth, or tape is used as the flexible material 1200. In some of
these embodiments holes can be added to the pblishing media to create additional porosity to

allow a solution to be delivered therethrough.
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in FIG. 14-19. [063] FIG 13 provides a cross-section

of the partially fabricated sem conductor device of
WO-2@B4/088726 aft er a second conductive | ayer 1300P¢1Hﬁsm4§m)8945

formed within the cavity 1204 (FIG 12). A

pre-pl anar.i zed 02 resylts from.for
62 it iogee (B ematgg st ke i pifon in
whi |l e contenporaneously thlnnln qe ove urden 1206
many waysGRelpiiye licaal e qa@l nghde @%gwaw pifons SmE He PR {0 axes,
first conductive |ayer 1202. The flexible materi al
reciprot @@, eibration, rotathoneubi taémc@pn,tmé ther conghtingiigns therpos Brampdes of
1302 has been conpl eted. Thereafter, additiona
telativlagmnd matahs oill bé distuseedfin figthendatais with mekpectrial thetembediments shown
| ayers 1202 and 1300 can be perfornmed to electrically
inFIGs.99l®t e the conductive nmaterials in the w de and
narrow features. In those enbodiments in which the -

[063] fFIGSb % ©REYS EiodE sdcavE Bf the B i IPLEbASAted %Hﬂb&{dﬁhﬂér devide of FIG.
e trench 106, planarizing the second

12 afte? 2 n&%ﬁ& Ldrd l:t?%/eelra%&%g% H%eogglgfbhn‘é@ N Xa\ﬁ?n@ﬁ@ (Ix'la.e12). A

con |"ayer and structu eis

pre-plz% rod _Ce ?]c,l'(ei%aa rwft%ﬁ‘olinﬁ NS ﬁm](g secogﬁ &8 uc’tlgcla F“izy 21%%@ E’ﬂﬁm the
ly fill th : .
P A MR Rt -

second conductive layer 1300 and a structure is

superfiplr 1208 obthe Singtigonductive layerel 20BoWpe flexilde apaterial 12¢{koan berengpved
14-19 further illustrate various apparatus enbodi nents

after thefpré-pRnarived stifaue. 130 &as teén cahplersd a Thérdafter) alditionalrplanagwation of
of a partial cross-section of one enbodi nent of an

the firf BRAERbMBcokdB&i vellaferr20duad ngpoacapbe ppifeaimadd ta ectrically isolate the
surface. The apparatus 1400 includes a wafer support

condudt¥ ZndedrfAls if rtﬁés\ﬁuﬁ%ﬁﬁ hPdw fe@fursie GH foRE edb¥@inBhts ik the first
Cross-section) during processing. The apparatus 20 WO

condu@R 844 [}Qe e/ %85%%%@?6%18 B8 Mowial 4’1%9%}?!1(%3 Rlaﬁ&ﬁiﬁqﬁtﬂe §econd

wor K ross-section
conduﬁ:e ﬁg?ygﬁ% Zé}(ss ngt coald)gcéel% ?esrfogv\éc usreé ricf5 @chl:}ﬂls ga ep Pﬁ)ﬁ) and a
structu\gg{sl})%d%geed su:cl:ﬁ %g threeolngtslllslwen 1tn (t}hg fNacLose em4bo£clhments in which the first
conductive layer 1202 does completely fill the wide trench 106, planarizing the second
conductive layer 1300 removes the entire second conductive l'ayer 1300 and a structure is
produced such as the one shown in FIG. 11.
[0641 FIGs 14-19 further illustrate various apparatus embodiments of the invention. FIG. 14
shows a side elevation view of a partial cross-section of one embodimént of an apparatus 1400
for producing a pre-planarized surface. The apparatus 1400 includes a wafer support 1402 (in

cross-section) for securing a wafer 1404 (in cross-section) during processing. The apparatus
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[0651 The wafer support 1402 secures the wafer 1404.
I n sonme enbodi nents the wafer support 1402 is a
wo amysazehiuck. 1 n sonme enbodi ments the wafer SPEPUS1004/008945
1402 is rotatable around an axis 1414 as shown in
|G .14, while i her enbodi ts the wafer support
1400 als el adtbrioiese Dol AR RS b B i RE B e B AREHS =
1402 is one nethod for introducing a relative |ateral
reservQip14Q§rAng @RAERY MeRPrans ik e ASURDUIBSEIGHE HEl254pRaris fhgworkpiece
[0661 The support structure 1412 supports the
1406 reletivepiodloewas0Bi el ative to the wafer 1404,
Accordingly, the support structure 1412 includes an
[065] eTigagsfarsuppore t42reanesltid 6/afaw 1404. ulitsome empadinregtstkd wefensupport
t he wor kpi ece 1406 and the wafer 1404. The engagenent
1402 iR ¢araninSdhudiéd 118 some veibsditnkatswey wple£ppdd 040218 rothtable@round an
porous nenbrane 1410 is in contact wth the wafer

axis 144404 shdwhh in20R 1.£ HHRE iNBRE SembJimERY 8 SR supfREN AN $Mon-
1416 continues to | ower the workpiece 1406 "until a

rotatabiel,4 b?gl[gtrl] (?ﬁdzéj\\%\v,a E?egsﬁlpﬁg% ?1% g(relp ?‘Eﬁé}%ﬁ g?lgﬂgi (ﬁ%g Ipdzxg%ﬁ ve lateral
i | ' 1416
oo L5 S R A S AP e S

Alternatively, rather than noving the workpi ece 1406,

[0661 - ahheaupRethefricie 1EdgapRarEthe WetmiRe 1R TRBHYS )Naﬁeaﬁ404-
be used to raise and | ower the wafer support 1402. )
Accordingly oths seprorstriess 1417 ingBides aroengageegyé mephaniane kil te grjust a

1416 are well known in the art and include, for
spacing betweke theavahpiadt! 1d0a ssktb | wafer| 1404.01ee engbgraieme meshanisne1416
support structure 1412 also includes neans for

Jowersi thé WoElpedcd 34@6 tirtd] eHei pofouls abeaiitahnea R0 éinlehasavit fhe wafer 1404. In
wor kpi ece 1406 and the wafer 1404 as will be

some eIRHMORS (i éﬂ%fléegrﬁsﬁ%&lfaﬁisﬂ @;6 coRtinkiés toltbwEBE workpiecg 1406

variations include placing the workpiece 1406 on th

ot 39 508 L 55 0GB S50 B kA s e

the workpiece 1406 .in this enmbaodi pent incl udes..a .

pre PTG A s SR BTSN Hs M 1 G010 R grgkpicce 1406
enbodi nents t he porous nepbrane 1410 is .repl aced )

off of G restes Ot APRRGH et RO 19 e(wrﬁgle%dﬁagmea%maﬂve
por ous nmenbrane 1410 spans an open side of the

engagement mechanism (not shown) can be used to raise and lower the wafer support 1402.

Various mechanisms suitable for engagement mechanism 1416 are well known in the art and
include, for example, a spindle assembly. In some embodiments, the support structure 1412 also
includes means for introducing a relative lateral motion between the workpiece 1406 and the
wafer 1404 as will be described with respect to FIGs. 15-17. Further variations include placing

the workpiece 1406 on the bottom and locating the wafer support 1402 on the top.
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wor kpi ece 1406 that faces the reservoir 1408.
Accordingly, the reservoir 1408 can be filled wwth a

W@ eioussTme and t hen pressurized to force the soPC/USI004/008945
out through the porous nenbrane 1410. In sone

epbodi pents the f| t hrough the porous nmenbra 41

0671 A5 Tty kP REL LSO B A g Gt DO 98 £ 2 porous
the reservoir 1408 is pressurized to about 5 to about

membmge K0, In oBBY CIBAEPEHS thedorms Frsrbranc1448)is replagrPy; sqme other
the art for pressurizing a reservoir and can be

flexibladatieldl 200 (FKe. 13).eTemporpysvagmhirane 1448 spenseanyipen sidholstbere
enbodi ments the reservoir 1408 is partially filled

workpistd TH06hieat $ales theavseavudr 1408n Aacardimglye twadsegasr {408 gan be filled with
air, N2, Ar, etc.) is introduced above the |evel of -

a solutidA@ind RleH trRBuriklith fdrlethel estitioncbup RS SAN e bro@Pindinb@de 1410. In
In other "enbodi nents a syringe punp delivers the

some oA the ﬂB{lfechfo;ﬁgl? fhl\é %bfogtg-ﬂlgﬁlb@inet 1280 feoliko about 500 ml/min.

pressure. Simlar her enbodi ments a di aphragm

u avi : . : f ' e
tn som g o e B R T A PR R ol R £ ok o
odi nents.the solytion i.s _delivered froma .
[068] Sﬁ@g%ravﬁ toeidyes ﬁifes‘f’éeﬁ koD (g R LHOR B P fdPseryor agg can be
wWith the solution. _As the canister is pressurized wth
adapteg] to e prrsed devenijan FerexppRisdD semaFmRPhiteRts thy tesrquqir 1408 1s
i ncreases, driving the solution out of the bl adder
partialbyrfelled vtith théeolndereandahen arpgressobgys (FigGairil:, shiosie) i inteysluced
pl an view of the apparatus of FIG 14. As can be seen
above fifed¢net bithe pelns@eaitil vie dekicatpréssureliGCobtamed.alnt dilgar ghbodiments a
wor kpi ece 1406 covers an area that is snmaller than an
syring@p@ap adliveRah¥adiefionld ke resedldat 1408 a eeadesired@bds@B. Similarly, in
bet ween t he wor kpi ece 1406 and the wafer 1404 can

other e?;i?&g{n%&sfha&iaﬁﬁlﬁgﬂ@ﬁﬁ@ h8GifRe ﬂ-?&@s 1R HelWetsthd®ition to

of the entire area of the water 1404 during

T . . . ‘
the res%g/?lr l%é".’allgul sﬁﬂroﬁerﬁorr@ﬁﬁnf%fg '&%Légﬁﬁgnﬁyﬁé&ﬁfgleeg ‘flljg)%?%%rﬁisunzed

ative late I on can I ntroduce

cunin G b R e OB Say8 s el B i o
PCT/ US2004/ 008945 = 1414 (FIG 14) can b% achi eved Eé

comprgseheasiipe RREsUiaY Ehindhrhledder ingrgoses Arayingihg aplatien oyt of e bladder
rotated by a drive nechani sm

and into the reservoir 1408.

[0691 FIG. 15 shows a top plan view of the apparatus of FIG. 14. As can be seen from the
perspective shown in FIG. 15, although the workpiece 1406 covers an area that is smaller than an
area of the wafer 1404, relative lateral motion between the workpiece 1406 and the wafer 1404
can assure that the workpiece 1406 makes contact with most or all of the eﬁtire area of the wafer
1404 during the formation of a pre-planarized surface. The relative lateral motion can be

introduced in many different ways. For example, rotation 1500 of the wafer 1404 around axis
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[070] Additional relative |lateral notions can be
i ntroduced through the workpi ece 1406, for exanple by

WO oi0anssme 1502 of the workpi ece 1406. Further PEI/ES$1004008945
| ateral notions can be introduced by laterally

1414 (G 2D Fen BRI By SRS TR T e A B (OB o2 SpES tatis rotated
reci procal translation 1504 and linear translation

by a dfixpgiechani®@ar  transl ati on 1506 can be achi eved, for
exanpl e, by extending an arm 1508 that supports the

[0701 wéddisiopelaelnd vlatgral atpdans casybegptrodusedhthtaugh tlzens pdpieng) 1406, for
the waf er 1404 beneath the workpiece 1406. The latter

exampla by batatharhl 2 ef thefvaorkpiast b6 e Fubiher pdlatcieriatetah enotiafieran be
support 1402 on a reciprocating assenbly having

introdhédtERf 1aeeaAlyithgdatinddbé tokpadce 180G Twetypad 6 laterdilahnd4tonal
can be introduced by vibrating either or both of the

motioWO4K P B&Re O NS rEaﬁro@@ft%%sllﬂ@ﬁliOhtanMihéar B&nslation 1506. Linear
appreci ated ‘that 'various conbinations of the several

o L5 ol B 53 0B LR A A s e
oSSR Lot SRR o RS e s

| ateral nption _between the workpi ece 1406 and the )

The lafjgr en beparpieveds Forarsiqnce. RyHAfciRgBe Wafeh 8ePpoTt I8¢ ep Agecdprocating
nlgre-pl‘anari.zed'surface'is agplied to the entire area

assemply havingdeearbearings. Additiomeliethtizie teryenationeean Yraintrpdnced by

these and ot her enbodinents relative |ateral notions
vibratingreithbisay bottpofabewobikpietd d406 akleho®afehbiOdoMuwvillose dppreoiagid that

t he porous nenbrane 1410 (FIG 14) and inprove nass
variodslcanbRRLbnsdftihd s veraMielati®s 1adalth@iche EandsCNEbeg irickRling orbital

| ayer is deposited. Specifically, relative |ateral
motiop®tion, such as vibration, can inprove circul ation

within cavities to help nove fresh solution to, and

[071] ”R\éioféﬁm:ef‘e'ir?%rse By jf'n%tﬁ%ﬁa%s w%f@&’éestﬁ?@my sfrﬁaglg} 27§l than

grow ng l'ayér of the second conductive matertra

I s - B OGRS

enbodi nent of the resent invention. The enmbodi ment
1404 ¢an aggyre Hrabthempiiadef Rergring 2 prenl iz supig is BRI tBahp entire arca

W th N
of the wafer 1404. It should also be noted that in these and other embodiments relative lateral

motions can also improve the flow rate of the éolutio'n through the porous membrane 1410 (FIG.
14) and‘improve mass transport within cavities as the second conductive layer is deposited.
Specifically, relative lateral motion, such as vibration, can improve circulation within cavities to
help move fresh solution to, and move depleted solution and waste products away from, a

growing layer of the second conductive material.
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respect to FIG 15, however in the enbodi nent of FIG
16 the workpiece 1600 has a |arger area than that of

wo b4wed7eé¢ 1404 and t herefore the workpi ece 16BOT/US2004/008945
contact the entire wafer area at any given tine.

a7 ﬁﬁfﬁﬁ‘éiﬁa'aoewsi‘%%%@%”ﬁ%%%?aﬁ%%&? AR CaFarg DE R of the
bot h of K f
presrf VAR The SRS UGRHBTLG. i Brirbage it @eacx%eéwith

15 such_as vibration can also be enployed. It will be

respech pilBe | Aithoweverdn thy emakoditpeat gf S 46 thehworkpierp il €l0chag 8 dryger area
is greater than the area of the wafer 1404, the

than thao pkipe srter 1800 anhihetefire the veligpesed6N@ can bantact the entire wafer area at
circular shape shown in FIG 16. [073] FIG 17 shows a

any giv@ptipé. aRelutieatal atbtiap pat iRt iugodiced betwegn the vedrkpitce 1600 and the
anot her enbodi nent of the present invention. The

wafer S0008) 1oBEhg klthetr bathed thewdrkfreceli6ODSng wikdranod. cothbaklative
described with respect to Gs. 15 and 16, however in

lateraltxﬂc?uoﬁm&g Wftﬂtre%fect';c;) (?1 tji]% sh&?as%xjﬁﬁbxﬁ 92%1 aﬁ%h = éﬁg?oytgﬁ.e It will be

area equa o o y smal ler t
404. ' 17 '
sppredflef har itk e Rh B & S %?é"d B RAIEF pf 6 s Pter 1404,
h b b
the weseifie 40 67 G145 00 Ak UEGCHOT NPE S AN Bk o

pre-planari zed surface across the entire area of the
[073] V\EItCe A7 slagps 2 PRk Yiew ebamipprdivsereadingde sl anegier embodiment of
descri bed el sewhere herein can al so be enpl oyed.
the prsemdiverti@. T8 ehbedmentiiiustrated ackliCor 7S siomilot toehat described with
enbodi nent of an apparatus 1800 for producing a

respecP toeFI0k Al 5adnid 260 hewvea rethe dilbodip@aof UG, IBMHO viodgided @ $0®has an
waf er support 1402 for securing a wafer 1404 “duri ng

area e@[a‘l’&re&sélfgﬁtl SHRNGNRA], Hat'sF tASRFeAL AR IWBEMURSarh of the workpiece
kpi ece 1%06 that in this enbodi nent includes a

1700 12 glglg\lm'[% Q}Lagltlgﬁto? rtﬁea\!vafé'?%rl d%n?éﬂqgﬁ% O%‘i lﬂ] Sdn s(lapﬁs tﬂ/ vibration or

er support ative to

orbita@é)srgﬁlgtiﬁ Sicéan ]a?%lé% %1” F%}llg t\x}o\M eﬁzg I'iﬁ n% Ia%(ie E%Qn%ué Fﬁu]gage fgrgss the

entive S5 51 B 37k TABH A ous e s RDGLT e st here herein

to the vvafer support 1402. Although t he wor kpi ece 1806
can alsasbesgiphpyeds

[074] FIG. 18 shows a cross-section of another embodiment of an apparatus 1800 for producing
a pre-planarized surface. The apparatus 1800 includes a wafex'” support 1402 for securing a
wafer 1404 during processing. The apparatus 1800 also includes a workpiece 1806 that in this
embodiment includes a poromeric material 1808. A support structure (not shown) holds the
wafer support 1402 relative to the workpiece 1806 and allows the workpiece 1806 to be brought

into contact with the wafer 1404, much as the support structure 1412 (FIG. 14) supports the
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bei ng bel ow the wafer 1404 in FIG 18, it will be

under st ood that the workpi ece 1806 can alternately be
weominssomed above the wafer 1404. [075] FI G 1BCHOSA84/608945

side el evation view of an apparatus 1900 that is one

L gvoﬁw g Bengn s
0 1904. A
i B3 A R 05, BT B e o

ZgFIG 18) to be brought into contact W|th t he

altern @ﬁtbiermﬁiﬂgnqd(ﬁé’ﬁwl@ewafeéﬂ 4% -ce-versa. A linear
relative lateral nption is achieved in this enbodi nent

[075] byI@ri%wshoys & kide clewdtion yavsof aogpPd0R 1980 thanid ond pogsiile variation of
of rollers 1904. Additional relative |ateral notion

apparabies] 800 (BIChi 18Y.elh dpyartint 2900) the fiexiblefraterialip payvided 493 cosnuous
shown. Further relative |ateral. notions can be

loop 1007 hRUHE 8 Paib¥f RPBIMDOY A QEHIRAt sMMELRNG 0t SolbRPalRithe wafer 1404
support 1402, such as vibration and orbital” notion,

(FIG. f@stﬁ ok %?(91 hﬁlnmgxfstewﬂ?fh@ lcBntirftlohd R)ldg Ii?(t)i] Or ?ig% %E[L%E ' %hhnear

material I's provi as a conti nuou odp

relativé 2%9% %H )i} 1sta%h1¥,\€/ed in E{‘:fs e%%) é er%tbgfjdl‘livgl%tt{l%%%l ng?urzf,elpop 1902

oromeric eri
In sone

wnd BT LR, L R e I

ges to contain the electroless solution. [076]
the Waﬁ#éulél?ﬂfbh‘}%?ﬁ shownoliw ther retateye 1atgrah motigus cag bs mtm@eedify applying
the poromeric material is  wetted by a solution 1906.
other mppféons ¢ thei waferlsgppori K0P hawh @avibrasionlayd bibétalrootiorg rs described
material to the wafer 1404 (FIG .18). Al though FIG

elsewhbge Bdreins Adthoughi the pdiBHerid eiateiatlisipppededars asphayds WoHdA902 in this
the continuous |oop 1902, other nethods for .

embodit@bhty B Will e bpiftediftdithhOR ol @mbeditfatsIh pRE&BeRE mﬁtenal can take
poroneric material can also be used. For exanple, one

other ﬁ)ﬁ'hi %{101’11%0&4(11%}' at}@ctbr}:gl@e ;Igl‘rasggfg I%ﬁ%odﬁ‘r?eﬁf‘srt}{é)%cfroﬁgné Fﬁtenal includes

solution. [077 specl f1 cat

ralsedé%eﬁgé l:&ﬂiuh%%{qu&l%kgs Li’é{ %h reference to specific

er eo hose skilled in the art wll

[076] rzlggﬁg ée th the | %X&f)&)%@ﬂ%bs arég%face o} tﬁeep%ronzlgnc mggnal is

wetted by a solution 1906. The solution 1906 is then carried by the poromeric material to the
wafer 1404 (FIG. 18). Although FIG. 19 shows éolution 1906 being dripped or sprayed onto the
continuous loop 1902, other methods for delivering the solution 1906 to the surface of a
poromeric material can also be used. For example, one roller 1904 can be immersed in a -
reservoir of the solution. |

[0771 In the foregoing specification, the invention is described with reference to specific

embodiments thereof, but those skilled in the art will recognize that the invention is not limited
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thereto. Various features and aspects of the
above-descri bed invention may be used individually or

WO 200a088746 Furt her, the invention can be util i zRCI/US20841§08945
nunber of environnents and applications beyond t hose

thereto Crol{,lsb ea alre%ra%d %etc (ﬁYhe a%gpcaﬁ%sﬁq&t 11’1‘9611t h?na? e %9 il individually

scope specitTl Ca

ecification and dr gs jare, ac ord e o
orJomﬁﬁ Bt e o0 B YRE%A3 fr R O Sibibts 8% angtcations
MD 2004/ 088746 PCT/ US2004/ 008945 MHAT IS CLAIMED | S:
beyond thoge deserhsd hersin Withers depagting f5ema disrhroadsr spirit apdescope of the
conprising: providing a substrate having a narrow
-specifitamnuiée spedifigaiprdand dravingeaigedceordinglyh & e¢ regardedasillngrative
first | ayer above the substrate, the first |ayer
rather fhiah kastigtivdhe narrow feature, at |east partially filling
the wide feature, and having a cavity defined therein
and aligned with the wide feature; formng a second
| ayer in the cavity while contenporaneously
pl anarizing the first layer; and planarizing the
first and second | ayers together. 2. The nethod of
claim1l wherein formng the second | ayer while
planarizing the first layer includes: contacting a
flexible material with the first |ayer, and
introducing a relative lateral notion between the
flexible material and the first layer. 3. The nethod
of claim1l wherein the first [ayer conpletely fills
the wi de feature and planarizing the first and second
| ayers includes conpletely renoving the second | ayer.
4. The method of claim 1 wherein planarizing the first
and second | ayers does not conpletely
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renmove the second |layer. 5. The nmethod of claiml
wherein planarizing the first and second | ayers
WO piigksse a stress-free planarization. 6. TherP@EUk®A4/008945
of claim1l wherein planarizing the first and second
j s a chem cal - nmechani cal pl anari zation.

wHASREEAMEINEES 18 For/ Usp004l 0o8oa5 7. PA Mot hod for

produci ng a planari zed surface, conprising: providing

a substrate including a narrow feature and a w de

1. A methad for prodpgingp plpngrized susfage SAPTIS e t he substrat e,
Lé}gviﬁin?%t sub;ﬁ)%% hewiﬁgna Aol RatBRY £ R ke ddinck 8R3Lin;
artially filling the wide feature, and Including a
clauhing adirsigaget abpterthe substmitel he Best layer, cont acting a
flexihle nﬁﬁgrialvﬁMtlw at least a portion of the first
| ayer; HIgg | gna{rﬁg Pi%%i bl e material to deliver a
sol ut im@MeabopdritdlyFaihd the widy fehtng:, angecond | ayer in the

cavity fromthe solution w thout appreciably formng
the dJe¥mgd qaxijedelified therginand pligued vathias widedeatWent act s
the £ i | Bhiagh ' ; .
i oo Bl RS o AL B G el e R R ayer
i ncluded an el ectrol ess plating solution. 9. The
t hod. of . cl.aim 7 wherein formng the first |ayer
{ﬁ%’}a&éﬁ t%%h&%t anq P EKe et 8Posi tion  of a
conductive material. 10. The nethod of claim7 wherein
the flexible material includes a porous nenbrane. 11.
2. Themathagd phelaind whergimiomuiggdhcssepondhlapsrighilerplangrizing thefigtlayer
nglLades conpletely filling the wide feature.

contacting a flexible material with the first layer, and

introducing a relative lateral motion between the flexible material and the first layer.

3. The method of claim 1 wherein the first layer completely fills the wide feature and

planarizing the first and second layers includes completely removing the second layer.

4. The method of claim 1 wherein planarizing the first and second layers does not completely

remove the second layer.

5. The method of claim 1 wherein planarizing the first and second layers includes a stress-free

planarization.

6. The method of claim 1 wherein planarizing the first and second layers includes a chemical-

mechanical planarization.

27



12. The nmethod of claim7 wherein formng the first
| ayer includes filling less than the entire w de
WO e@t088346 13. The net hod of claim 7 wherei n coPCHUS1004008945
the flexible material with at | east the portion of
the fi.rst |layer inhi.bifs the deposition of the second
7. Apg flf%ifkfg?fh“czﬂg SRPHELRNAES CORR YN 'st | ayer. 28 WO
2BRABSST 4G I1IBRARA! PR Ratuldan i AR RAKAEUS f or

produci ng a planarized surface, conprising: a wafer
sfspong a fiest layerabipyathe subkdietsy thadigstlyean area; a
wor Kpi [ ' eservoir containing an
el ect rgﬁgl§stﬁ%+ag%%%atgrcﬁr’ ution and having a flexible and
por ous atneasb patiglysfiling thegvide $datlee, aad engagenent
mechani sm . capabl e of bri ngi t wor kpi ece and t he
waf er fq‘f{‘qg”@g}ﬂag@ ﬁl%@ﬂ"@é@%wlf{gﬁ t“and means for
| BoritRHtGiaTRxbld Bhiadidl WatH Al&iAd psrRbl MNKOBLMBSR;t he
wor kpi ece and the wafer. 15. The apparatus of claim
1usipg Bed]exiblvaatpnal o delinenp pelpbon tedheebeilya ceranic. 16.
TREmiAP - ' b0 ) . ane
| i ARE AeBhd By S u Aol ok ROl PR g e
about &0oad Ihyer wirreathp fleaiblesmétenial poatdets thedirst 1pyeanaidi zed
surface onprising: .a wafer support for securing a
\/\B#E?r,m%gt?‘lgg%tﬁ? eg?)‘}do]ﬁ?é‘?rﬁ'c material wetted with an
el ectrol ess plating solution; an engagenment mechani sm
capabl e of bringing the poroneric material into

8. The gethediof wlaim 7 wheeinhp splutigminchdenan dlentrolass plating soluticn.
relative lateral notion between the poroneric materi al

and the :
9. The method of claim 7 wherein forming the first layer includes an electrochemical deposition

of a conductive material.
10. The method of claim 7 wherein the flexible material includes a porous membrane.

11. The method of claim 7 wherein forming the first layer includes completely filling the wide

feature.

12. The method of claim 7 wherein forming the first layer includes filling less than the entire

wide feature.

13. The method of claim 7 wherein contacting the flexible material with at least the portion of
‘ the first layer inhibits the deposition of the second layer above an overburden of the first

layer.
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waf er. 18. The apparatus of claim 17 wherein the
poroneric material is in a shape of a continuous | oop.

wda 204/08854@ppar at us of claim 17 wherein the porPOEUSM04/008945
mat eri al includes a raised edge to contain the

L A o DB Ty B s e R e N e o
vi wafat suppait faroepomert waferd@ing an area;
a workpiece including
a reservoir containing an electroless plating solution and having a flexible and
porous ﬁiembrane spanning a side;
an engagement mechanism capable of bringing the workpiece and the wafer iﬁto contact

with each other; and

means for introducing a relative lateral motion between the workpiece and the wafer.
15. The apparatus of claim 14 wherein the porous membrane includes a ceramic.

16. The apparatus of claim 14 wherein the porous membrane includes an amount of porosity

between about 5% to about 50%.

17. An apparatus for producing a planarized surface, comprising:
a wafer support for securing a wafer;
a flexible poromeric material wetted with an electroless plating solution;
an engagement mechanism capable of bringing the poromeric material into contact with
the wafer; and
means for introducing a relative lateral motion between the poromeric material and the

wafer.
18. The apparatus of claim 17 wherein the poromeric material is in a shape of a continuous loop.

19. The apparatus of claim 17 wherein the poromeric material fncludes a raised edge to contain

the electroless plating solution.

20. The method of claim 2 wherein the relative lateral motion includes a vibrational component.
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