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ELECTROLESS PLATI NG METHOD AND APPARATUS by | nventors:
WIlliam Thie, John M Boyd, Yezdi Dordi, and Fritz C
wReaslesc4BACKGROUND [ 0001] El ectrol ess pl ati ngpCEYE2002878187
stringent control of the reaction chanber environnent
and the plating solution. Current electrol ess plating
systens either dispense electrolyte on a spinning
wafer or inmrerse the wafer in a bath of the
electrolyte fluid. Wth these systens, control of the
el ect ERIEC EROEESSi PEAEING (VIRTHOD A ND ARPARATYS
wafer, a fair anount of fluid is |lost as the wafer
spins. Wth the bath system the entire bath nust be
dunped and repl aced periodically. Thus, in either of
these cases relatively la vol umes of t he
el ectrolyte solution are %9% UHed for the processi ng
as conpapgiakOr’iBFoBAME BoyaCY eali Dordisa fray O Redeker
el ectrol ess platlng This results in significant
waste, not to nmention the control issues centered

around the chem cal bat t addi tion, the
attention required for gigéggﬁghgbﬂof the plating
[000;12{]3#&'&8[@3@?1%%1%@%? stf'lf? HEBthU%F gf(‘) %lg?éa%ﬁ%% %lgh?nﬁéa? Smugtiﬂment and

the platiry doheionu iChuerent elycatcﬂcm plz&nng lsgettemheﬂmt disperge bhamolrymscm a

be mai ntai ned at_ an Ieva er.a
SPINIg AP RS AN PRLeF b gl i Sy hEOREHGIVEE theldtyRtems,
contf:cﬁr Eﬂ*erkl&%!ﬁé 8\?\3?1111% 9 diffic@d qufPlga @%ﬁﬁﬁ%:waf%ﬁ Fhe[ﬁir%iﬂofﬁnt of fluid is

respect” to el ectroless plating techniques t
lost ertﬁlesxralfercspbml Wittatherbsth s[y@tﬁm;’,]helmtlm teaih mmsttmehmmeg@rld geplaced

NETTATR TR
are ¢tfASred QPWCJSQQQ 4 cBrpael ¥ tBe @tﬂlﬁhﬁi@wtubh?uﬁd&ﬁﬁtﬁb electroless

Invention fills théese needs by providing a nmethod and
platiap. pihatr@glltﬁ or mgm@gmtcwaéggsn@ tamienijonheLoBpkisTuss eoniaed @round the

e TR BB BT AR G rns soion

and iHéfheQd f5@Rtp hveplatOhecambel barpbestns thﬂ)ulghlmir ous
i ncluding as an apparatus, a net

[000§i/ é‘tﬂél’fhef Seaypbpel Wi‘th\?]éf‘n‘fqnlﬁét DiFtsa Fridiat gle@?attnﬁé)am@ggme maintained
at ane?[]r}éentcf n@gt[lr?grt%mgg Ir b?ﬁls%@vg at IngpeQar’[Lrel 18addN§ the degradation of

ess p systemis provide

certal8ddEd Sdseag), l’dﬂudﬁhgsagaltﬁ Ieslsdcmllaou&maslbﬂacto degddass phging technlques
first wafer and a second vacuum chuck supporting a
that denash gobalt layers.

[0003] In view of the forgoing, there is a need for an electroless plating method and system that
can achieve a high throughput with minimal waste.
SUMMARY
[0004] Broadly speaking, the present invention fills these needs by providing a method and
apparatus for electroless plating of a substrate using a minimal volume of plating solution and
without impacting throughput. It should be appreciated that the present invention can be
implemented in numerous ways, including as an apparatus, a method and a system. Several
inventive embodiments of the present invention are described below.
[0005] In one embodiment, an electroless plating system is provided. The system includes a
first vacuum chuck supporting a first wafer and a second vacuum chuck supporting a second

wafer such that a top surface of the second wafer is opposing a top surface of the first wafer.
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waf er such that a top surface of the second wafer is
opposing a top surface of the first wafer. The system
w@bk@s/ousas udes a fluid delivery system confi gup€rUSZH07/078187

deliver a plating solution to the top surface of the
first wafer, wherein in respohse to delivery of the
pl ating solution, the top surface of the second wafer
is brought proximate to the top surface of the first

The W @h aBe iidladestaMRidleivengsyseiidonfipuednd aelhsr bptding eplution to the
surfaces. [0006] In another enbodi nent, an el ectrol.ess

top swréaes pths )%%téwﬁ oW herspugirespaBseAo dglesty eﬂ?& Pf@t@a selupigp.ghe top

surfhc® RHRVOGH w%@?isﬁ%ﬁﬁﬁ 110519‘1&&{9 fothd t(gﬂjsrlﬁfacé/ BEME MG RUEK: so that the
supporting a ftirst ef and a seco vacuum chuck
platind pplatibn ogntacts bathnep svafaees. A top surface of the second
wafer is opposing at surface of the_ first. wafer,
[000hd psher O RRR SOl BT PEsRL o fepRsifis lgvgronto a
subsﬁg%:ik BEhVER GHR QRIEN IR b Sirst MASRL EIARE sWRSIHIAY & vt kvafer and a

s the second” wafer to a tenperature above a _
secohé wpanat cnektshpgoriimgla ssmeondiwpfeat Artgp swhaseiodhe stpend wafer is

system furt her.jngludes a fl ui el jvery, syste
Pt 1 reBtete b FOLR SEer i B GrsE 1 AP PR Py are capable of
heatfie OAEEH RAbinkReafbrs The ¥abd viduuhfaROR At thededdnderaferab a
the plating solution, the top surface of the second
tempeadtere abovbn bumgyeratprecRativeduses dplatieg reoptiauTha sxstep fyriper includes a
.first wafer throu a. dri '
R L

waf@®! & t3forse |tdlﬁélﬁﬂ&r)ﬁ@ﬂ1haﬁlaﬁn@ ed1tidrg phestup bades obfthd seeond wafer is
waf ers. [0007] In still another enbodi ne

t, t hod
broufgbt pr@p{fé@qt@ 51 88 dopuaiaphigf taﬁ ﬁ&st é@ﬁqrélgﬁa&l%g QFV% {ap‘gg]%nés?%coupled to
one Igﬁtg@r 1és\étlog seddI81 {%E@? dpbdl 4o BhGRe Watife bARGN S tddStoth top

ond semni co oF substrateS onto correspondi ng
surfddet 6f thamehfaecond support structures. The method

includes orienting first and_second support structures
10005 I Wil ancdh S pBRtRaRy RPBEL T SRR Gh OL BBSaRgor
subs%rtd%{i?ﬁlgo%ic?erd.e TARRAF RGN RARR Vﬂ%lﬂ%ﬁdiﬁg @r2RRA ¥dcdHd 8emiconductor

solution to an exposed surface of the first
subsharts oandueksrondingsirsznd . sedind snppdrosrughies. | Hisl melbed includes

A R Tt e R

substAle bt Rlks AR S8R s RASESnSNIaGBIyHg 4 fl8tind §o3lition to an exposed surface
sem conduct or 'subStrate and |n|t|atlgg ﬁmplatlng
&

of thedasttsemicandtatersubsinae plht ingthod glsating ngBHnERpossd gurface of

surfaces. The exposed.surfaces .are t
the P ef BatsPBer SRR GOosTS conan uh el TPl BB cxposed
surf¥el Jr thesenBnagnanent sfvsentctahe idigdtmpw matiteteattiodthetween the plating
description, taken in conjunction with the

solutior amrplatly iexippsad awifargs , Tha ¢wesedaturlagessye sl nyrved Ry frgm each

oﬂm%he principles of the invention.

[0008] Other aspects of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of
example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The present

invention will be readily understood by the follow ng

wa@ledoaiokssds descri ption in conjunction with the PCT/US2007/078187

acconmpanyi ng drawi ngs, and |i ke reference nuneral s

designate |ike structural el ehents.[0010] Figure 1 is

a sinplified schematic diagramillustrating a point of

use application for an el ectrol ess plating technique
[0010] FageoN dansanpiifidd ohensiddidgramnillusifatinge poirvtarftusoapplication for an

[0011] Figures 2A through 2D illustrate an_el ectrql ess
electsplass My inedethiigr i aeeprdange With apRiceRodimetghipg inveation.

[ e V. Lyi ; ;
(00 E PRI A0 At S R OlK! Bl g SLRRASHORgue in which
throughp@anisiincreade@@a@} vBlugner &f Sedtohae Griiptonsirhedsis manimiged eaccordance

..electrol ess plati.n rocess in terns of tenperature
‘W“héWSeﬂﬂﬁgﬂ?ﬁnﬁggﬁﬂﬂgﬁggnmﬁth one enbodi nent of the

. . |-G | BB rdcctd BOARY of temperature
{m"?rr s%#gpfﬁgggﬁghﬁg?ﬂ%g?ggégi??gﬁi9?%rEggrforning a P
and patin agpordmbaivib @nt embadimsatef thinmygggpput i n accor dance

i t.h one enbqdi ment of the.invention. TALLED. -
EOOl&E&aﬁr PT1oNd ng‘ﬁﬁm g Par i 8&%%?‘@ 8%“186?“55“ performing a
platitﬂ% Hhhigue uohBithscahRALhAILES Scddkdinb O ith E efbodimeanotthe invention.

be appreciated that while specific plating solutions
are descri bed her ei DETAH.EMIHSSRIFAYONe used for any
plating solution and is not linmted for us? with the
[0014péei invendionys dasetibashiona piekithieysuit lerapless Rlgting Sypteple It should be
obvi Qus g : [ Qs 4 thd Babn
appr e i RS RRUADD IR R it e ey be uscd
for 2@ pldtiegeompec kiid 5 ndetimited fdriusowitarthe sierdiveldy menedricd plating
known process operations havggﬁqi.b en dgs%hibed kn "
solubiensalt WilhboelieeusnBe W ™A ABE BES ST 1N tﬁe Bibs'Btfrtae pypacnt invention may
be p%rcﬁéi%%itﬂl({h\{g b 8Pl bPRIRIspEtife UERlI8 S dth@ihdighced, well known
cobal't on substrates requires precise control of both
proctdsepeetions baveaioabixerdeseriticd om detail inprder i te brraceshijlyebscure the
chem stry or solution. Current electroless plating
presgydiERECYt i | i ze a recircul ating chemistry bath that

[001%? Fa'fb%&&ék@pﬁﬁﬁ;?éf &8k bh LiYiated Redhit®P bitdise GoMBS f botdIthe reaction
allows a wafer to be inmmersed in the bath itself. In

chanebdrleaviramsm! anbtierelictrolyte ¢themustacarselupios. (HRERYdeqiiodess plating

g i.s difficult t . ' - .
oo St T Bk P SR 1 s
wafdrEGCHIRNE S wdler tb ®e $@hiskde@in feibath t@lflils poisalcaseanshiid o€ the

waste the electrolyte chem stry. Thus, the costs )
clectrolys] tompleratuet eves dnisds dif§enlbt Crient dedpiqupeidlizsysipas which tend to

I | : j -hi i Li.on: -
not e o Do Rl WaBlabX i IncABliloh Bitor I Bslsf, hitPn e 428 the

i
electrolyte chemistry. Thus, the costs involved increase because of the costliness of the

electrolyte chemistry. In addition, the plating process requires the plating temperature to be
maintained at an elevated temperature for the reaction to take place, which also leads to a
degradation of key additives within the electrolyte solution, such as the reducing agent used in
the cobalt electroless plating chemistry.

[0016] The embodiments described herein enable a minimal volume use of electrolyte per
wafer, point of use mixing of key components of the electrolyte chemistry, low temperature
storage and delivery of the plating chemical components, and increased throughput. As will be
described in more detail below, the wafers are loaded on corresponding heated vacuum chucks,

in a manner such that the surfaces of the wafer to have the plating solution applied are facing
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mai nt ai ned at an el evated tenperature for the reaction

to take place, which also leads to a degradati on of
wheysadditg i ves within the el ectrol yte sol uti onPCEHUSINOABTS187

t he reduci ng agent used in the cobalt electrol ess

plating chem stry. [0016] Thed4enbodi nents descri bed

herein enable a m nimal vol une use of electrolyte per

waf er, point of use m xing of key conmponents of the
cachedtat ritHayiseoheafieséxppsed sixy\fateaﬂ‘ﬁ'aﬁﬂg doven stewnaghenawalfer exposed

deljvery of the chem C ohent s, nd .
surfaqedpeing éﬂ Fhlﬂfbﬁdﬁ?ﬂﬁlspe dgn the %”é Q%f?ruwr tfhﬁmaé“er reaching the

pIatlﬁgtt@}hll)erQﬁEo“fhai [eneaifLSs REfed Badedp %tu?@ﬁél@v%rég%b&gture inducing

ated vacuum chucks, in a manner such that
a plfﬂmlgfrea:oelsno{n thheaseaffarcobat Hasteless @lgting st lmgos,dhastt¢roperature is below
eda f aci ngeach ot her., Tha one \waf er
abo 3 dleiireShr AL MR ge Tt et S hia s REa W grectrotyte
cherﬁ%ﬂ? $&dns bﬂ%étﬁﬂ@ssfpﬂ&inﬁg Ofe tHe! Uiid hhsbdeh Apeh A %Hﬁ)etﬂe @dte-up wafer,

face-up wafer prior to the wafer reaching the
the \pzhfatsu angmosaptogathar te. fomh anairew sapbetwgte theityolppnowvag suiages of the

ture. bel ow a r re_i Iatln
warE R e oo e isE iR HERFS T s et BB PRt Rl gyrstotd
platlﬁg kdripcRaturel Nh Sné eXaREslat hdolBndde| 0Mpalroast (kb 1@eglﬁleﬂ)$neters is used
C. It should be appreciated that the fluid di spensed
and ﬂ@ vohsneplalyid (§¢eréd ehelilys ggp lpqswe%@e eV 1afss isdess than 10
in
millphegs s PEF PR & BB 2 RO SRRRIERNa O S ohlBpena o
minindzd Mb@aﬁmbeﬁmﬁm Heasdtvaouump plamkm gla_s,'lbefnmhﬁledfto h;me a slight

wafers. This forces the disp ed fluid to fill
convgx SUptF Bat P@b%'éf%lﬂgo‘feé%g@ TR ﬁ?@% T i e FW@troiyte after gap

fomq%aﬁg}ri}eﬁig%yl%&r&jass XsSfﬁBl)ﬁ‘ d’i}(%@%ﬂ? hﬁ%‘ie mﬁltigéﬁnl?gnﬁ%ngc%%mercwlly

mcro IS use e vol une of
avaﬁabtq:tforrmdalﬁ@l sudh asttha)s‘s pyapddistwBethondlac t ooV vxﬂﬂ-&wsn i(Gonnecticut.

[0017 S : h PSI aéxgma 1gpi¥$x]eer S? aﬁganoﬁl}%ﬁ_ tﬁ)go a&%:lrg’nnteéﬁ als? @pphcatlon for an

elect%l@és lgtﬁlgbc%?ﬁhcﬁwflﬁ? ﬁé@%}da‘ﬁ@e W‘itﬁ%n@ SAbBInERE HEIM: GlaKSn. Chamber
e machi ned have a sl |ght convex curvature that

nmay
100 ewhideebeaied ¢huclo\lr@2 ayeopoff viduethwaket er subgiralad 86 rasis. traings 104 are

used S 560 ot DR AT B Bl REASRL B appr e waer
106 SRTRBS Qﬁéﬂtﬂoﬁalﬁv aid @hfe bofHM didpeded catl BB chSseh Ittoseeonly slightly
provi ded by Enthone Inc. of West Haven, Connecti cut.

morg (igu e volgne subteridsd fy éh%ﬁillfplf diaanctes Redhean forgechge anmimize overflow.
Flui TegusLtllarl %nl 109% 8)11'1‘¥ Prclhlg%eanaeﬁ)& ﬂo&@écglgl ditloufthe reducmg agent. In

ess ue in ance W
one ﬁﬁmmeﬂnﬂuﬂfreélhﬁldtmmecﬁﬁp pir. is Gﬁhﬁiﬁbmed A0M 3lﬂ€ﬂtadldeﬁlperature This
heat ed chuck 102 on taop of which wafer or substrate

elevatgbicmpstagure @ayuhsg@o‘imboa? $5 d%@@e&%%wt & RECTBRPRoFbodiment and
|
betw?ér?%oglgﬂg P?éfp%rC %IQcpaﬁor ?@?J e%u(? a%lg glé)ﬁzir#’ gﬂg iment. Fluid

recnrhh@t]om]loulﬁrél@feem mt(dddlwge]m%tﬂilc M1dhﬁllnlhla$brﬂdlwelbeh®ﬂhi}d to a top
s WP 1R SR RS, LU SUBL e, B LS VRIS o
downstream from fluid recirculation loop 110. It should be appreciated that as reducing agent
108 is a major cause of the instability of the electrolyte solution, adding the reducing agent at a
point of use will help stabilize the process. In addition, as the amount of reducing agent to be
added to the electrolyte solution through delivery line 112, is relatively small, the dilution will
not affect any temperature of the fluid if the fluid recirculation loop is held at an elevated

temperature. The electrolyte fluid, including reducing agent 108, is delivered to a top surface
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Fluid recirculation loop 110 will recirculate an

electrolyte fluid wthout the reducing agent hi one
weedvsdisasit, fluid recirculation |oop 110 i s neCHUSINEA 8187

at an el evated tenperature. This el evated tenperature

may be above about 45 degrees5C in another exenplary

enbodi nent and between about 50 degrees C and about 60

degrees C in one exenplary enbodi nent. Fluid

of waRe€il 06 shdthcaitctrolzps Jlilng eactioni taltes pliek ity disyoseiarfimldr a top surface
which ultimately delivers the fl ﬁl dto a top surface

of wafer 86 argEmiRsingItrige SYBit 2 aaibesefilay Pibis embodiment, the
port ﬁb;fﬁmaﬁﬁgﬂs%ﬂt}o% Bt fcméu ﬂtth@iecﬂaﬁat%gegﬁe Fn%%bfcw of 0.1 M

ecirculation loop 110 appr eCI
cobdlthalorade crredlfxme,r{gZ Mmthurﬂn(h&pmrﬂlosp}nm @p3 Msrs:bumﬁungamte O 5M

i nst abi | f.the el ectrolyte solution, ad
sodipEithg b RerIGHt & B AL HpUE §a RERERE ShaBrTIPS gf the plating
soluliEadeQGRER-poldt oRdSH ik 'aQEHucﬁ% doBf AP inRihyIBHHE bBGine (DMAB).
agent to be added to the el ectrolyte solution through

One dle:llhed ar ghelartrsdaoallizapprwateethmth Ip}atmblutlonﬂa ¢-editheseippevided by

Enthfop% kr&n ?%18? %ﬁ}%ém%g 4 ‘8/5)[5%? Ofgl%tg gescrl d fg?rgfa ats I?he above listed

solufiGREAFIsUId is Eﬁ@nﬁh@%ﬂ@b}/m@aﬁﬂt@béhmnﬁﬁé Udl ng reducing
agent 108, is delivered to a top surfaceof wafer 106

{001§h Higures 264 Beowdh 202 Hlustrate jan gleﬁﬁ‘d@ﬁ RIf ingaielKiop| teph@iqug in which
B

with@o @dibaBitient bhthcp@rdntion WhcuuechicRA 1) spbaoitts wafer A 124. Vacuum

recirculated in the recircul ati,on | oop maybe conposed
chuchfB 022 suppeBibRRfor Bhl 2y il ene pmBedimghle Vaguum sk dy {ff and vacuum

s EPEEON i S M I 8 Sl s

upngu pbaicbanThdbaigovicion chfick hengy tetinngtedaihd dispnsalddedvacuum

at the point of_ use |s redugi ent such as
chuc g Wyt %faﬁ%s Wovalrie (R WalshE BT Qepastgen gier. Tt will be
EhatdungcifiRk WdyiSuse@tddsupport th
appa?ﬂ‘gse provi g%%iargﬂﬁh%rﬁéﬁ?%ié@v )}lb((:e i ncor porzi?ed HPpOT e

corraspoindingeafend oﬁlrﬁermared‘éls sirigjert fhemzemingshe trsuapehack may be a

listed sol uti ), €0 ositio | ar n
criver RO A EHGEd POBRBT PSS "FHER By<atinE g Shin 8 hoving the
vacuubd HI%EE A §h§r’i‘zdﬁka@ ahd P&EES pRkifibh.NOns ekiUkd enthk @ahwillGipBreciate that a
I'n which throughput is increased and a vol une of

motalceupledlythe sﬁwmruarnbmmn@dldeghwqqumdz@awnelﬁé% BrgHeevacuum

B T
chuck@hBbeRobgld td B sﬁmﬁ)rteﬁ‘bmﬂlldﬂﬁﬂt vacuamw&tm:lcsmne kleréhI@ Aheinatively,

vacuum chuck B 122 nmaybe | oaded with corresponding
0neQﬁh@V@W¢®°bﬁ@ﬁY@éWﬁ%@%uck is in an upright

{Oﬂlgﬁg‘} Eﬂdﬂr})n V%l: QAR ek A }/ﬁ Hgﬁ'ség& Y2PGrel & gﬁﬂé@ applying heat

oSed over vacuum at surfaces o
to thhﬁva&eésp&lcﬂzﬁgmt‘dﬂs y@fpeftecBb)lﬂﬁ vacuaum) pipesis.nPne akiflcodirhie art will
It will be apparent to one gzkllle |nthe6ﬂat th

appregiate At B a0 PRliEk! Ftuateh brsybpaneble re BhialeR, c.g.

resistance heating, or other known techniques. Figure 2B illustrates an electrolyte fluid being
applied to a top surface of wafer B 126 which is supported on vacuum chuck B 122. As
mentioned above, the temperature of wafer B 126 is heated to a point that is below the
temperature inducing the reaction to cause the electroless plating. Thus, the electroless plating
will not take place upon the disposition of the electrolyte fluid on the top surface of wafer B

126. In addition, electrolyte 128 is maintained at room temperature as a small volume is only
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correspondi ng wafers. Furthernore, the structure for
inverting the vacuum chuck nmay be a driven support arm
w@oewgloesd4g o t he vacuum chuck, which is capabl ePCf/US2007/078187
inverting and noving the vacuum chuck in a horizontal
and vertical position. One skélled in the art wl|
appreciate that a notor coupled to the support arm may
provi de the required novenent to invert the vacuum
nece3buig ko Bengbplicdvo the toheurfhee bi waler Brid6t e ihetiarantedicing agent 130 is
translatign. In one enbodi nent, each vacuum chuck mg

addgsieat aop1t 04 Upcinp e epbyery Arapranislingba clrsERiin sohior Lo Hegop surface
of TR OE L, Lk g 08, 50 A AEHRER ke
holdamglelvamiyten] 2 .U kkthB ehﬂﬂ)daneltpthp ainhperastireanay b foghéreaduded to

t he cor.respondi n fers s rte the va
saTeEHiE RGBTSR ] BTt B S P B At L gk pce a reatively

smah%ﬁ‘fouﬂﬁyf A& 1AM 1s8fcd ﬁ)h&e‘é‘ﬁfb%ﬂlrﬁéﬁfsodé@ﬂiﬂ%ﬂ%m the temperature of

aval | abl e techni ques, e.g., resistance heating, or
the dedtelytk floidhhas emghgbbsmp@rtgmrtbe ERIpCrdters @p ﬁteesafanﬁ are pre-heated.

oo SRSl SO B B SR S B Sy

vacifdn PRIRKIORALIABAR ]IS bbeRE ﬂfktddjhesrﬁfndid@fsaffa&s b26vaifG A 124 and
heated to a point that is bel ow the tenperature

wafgrrdl 126, n@lt@m@nw@a@ww elpckdhiand vagaure (cBugk ngaydoth move towards

eacl‘tzcrtg%re '}% ptgér E%’I}i’bet gnp\grs | ﬂ&gaglldgfﬁ?x‘%e ?steljlegl%te\rﬁ“ol%dﬁl g&{fzrciégé &, the top

surfAide® fi@ifersAll P Ae@l l(hfs topdiefacBoflRBfer Bl 26t i comtact with the platmg
electrolgte 128 i s maj ntajined at room.tenperature a
solugrm Ga o} LFEs HRINMABEESLEPY thieciBand PRIE e R (gp!00
surf u
mictpiste e%; fn cg{%e\g\@%)?fnéglt Jcﬁgﬁ[}e 1@?@1‘{51&)}61 ?ﬁ{l%tat gngcg'gélégké Ebgfoﬁiliﬁlgetween the
corrés?@mhelg 8@ fidee oéivefet nol Mtaad salfert B 026.t Bhd dreounypf i;qmﬂa@éazed to form
wafer B 126. O cour se, the r cLﬂ % ent. 130 Y Tt
this Benisaeson P AP LM HE P AT IS PR ORI EPSHT BHEET br yraililicers on
a 308)%2111&1 ed WAfer rg&%’l‘d&@d@:twnﬁ &8 dresHIRhaktoT @hfﬁiﬁy@ﬁloﬁlu MhB&Y amounts

uce to sa eguard agal nst degradation of the
will eypeillyprortide a i tm oifi bags mab@nappﬂmmt@‘t@ldh@ perresppidieg wafer surfaces.

relatiyvel mal | .anmount, of tro te i d
In oR e eaAIEN e EHBE B e HarEIRG [ Te S BRAHER S onsumed
durl}l%ﬂleeelnﬁlcetr%éﬂtﬁbh%eﬁb@ k&lthgso @le&ﬁﬂ&ﬂeqluliﬂ B WA¥RAC In @thet Werds, the entire
erature as the wafers are pre-heated. [0020]

amoEntglfrcebﬂ(}adepQggued andke suiBicescang\tag regfaiping fipjd gpen completion of the

e T A% AP OB, O BRI s

temﬁe%tﬁé%oﬂf th%fa@hg RolhBén antwakf Brwd BEROy the reaction temperature, wafer
Al ternatively, vacuum chuck B and vacuum huck

A wwnqid AovVieMpeTiTe sbevecthe Eﬁaﬁ%‘r’ﬂ tepperafare yhn bwt%&%&d with the
Platmg rs(?lgltlx\i? ed’ccgrfd'at?cer \?1?1521 %p&%@eﬁﬁﬂfftﬁ&ﬁ%enﬂone Thel %lrﬂg%glutlon is

top surface of
thenhBted &rsughbathRi@min umtch A h20 pldatacngm sbiick B da2, tapgh32

corr@cﬁgg;cglgg \Swta%pggmg%getzrl tg %msfginlljlt Ip arge %hg%gﬁggpo%gggt$a%eg by gurt}/ 2D

illustrates the separation of corresponding vacuum chucks 120 and 122. Here again, one skilled
in the art will appreciate that known mechanical structures and techniques may achieve this
separation. After the reaction has completed, vacuum chuck A 120 and vacuum chuck B 122
are separated and wafer A 124 has a film 134 defined thereon. Similarly, wafer B 126 has a

film 136 disposed thereon. Upon separation of the corresponding wafers, the surfaces that have
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m croneters in one enbodi ment of the invention. Thus,
a thin nmeniscus is forned between the correspondi ng
waoBaewes of wafer A 124 and wafer B 126. The BODURL00DH78187
liquid utilized to formthis neniscus in gap 132 may
be two milliliters on a 200 nMfllineter wafer or 4 - 5
mlliliters on a 300 mllineter wafer i n accordance
w th one enbodi nent of the invention. These amounts
the filidsimiwi diadel yorguondhdé, tarough mfint sprag sr timapedon® a water bath in one

m|linmeter on the correspondi ng wafer rfaces. In one
embedigisgt Hethe InveRdon ¢ aﬁpsrpa@y Wen bomeve fﬁrtfﬁlrﬁtff PRAg5gsing as desired.
[OOZ'IEF}:%UP@_% i M%ﬁgﬁﬁ%s@&mfg{otﬂé BB 1ALHIA tgtﬂi‘@ce%nﬁl' tE@ns of temperature
6] a

n period so th no electrolyte fluidis
and ims tiee eecotdanot weh one eaibpdittvet eﬁ‘the rrs'eatnmu s lélﬁlstcaibiairt Figwre 3, at

deposited on. t.h urface remal ni n ui d_upo .
timecRBFEE o TP It S 1BARET Sronedgnto § Farealpides it opa3Rce Actme
T2 V\'/a?fer"@?st 1Bade@ o [l &sAspGfling ‘Pacﬁﬁhﬁ%hdcl@ eH@pPk £t Bli€the bottom wafer.

that as the tenperature of both the plating solution

At tiaredl Jnalicesled@rolgte silationistdiwpcnsed onitop of bape arlaeeof wafceB. As

a5 Db STRSRNY e LB MR Dy g

degrs&@ ©FdrQncobhlt Eﬁl@lﬁ% gﬂﬁ@@ WokrEvepReaferd (horg ot at oe plhgng temperature
i nventi on. ating solution is then heated thro

h
At st Fhweaderriscraiabt AowRgo S bamsniFenidhe Balbgap between the two
corr%géli?&légg SR &3RRn illggwyl\@; ;5 flﬁ? g& )&[ %%Ehédoché' fHaFt%rMe lperature but is

€ COorrespon ure 2D 1l lTustra
apprbﬁtﬁmﬁgetﬁatr tainperatued ambimrtﬁgholﬂmmglmgoﬂwafec BumMd svaf@0A ghrdugh the

122. Here again, one skille
e it TG00 RETDAE O I LBy e e itiated at tme T5 as
the co?r%%{?)nﬂfﬁ% el Peratif 'kﬁV@ e§RiiraRARAR %Fe' Mve Metp®dtidoNemperature. Once

has" conpl et ed, " vacuum chuck A 120 and vacuum
the mﬁumeﬁ;tlbﬂ%mph:tsemmm asregpavafed forfuiper pragessingi | m

[0023%1%%' gsgag]‘a(t)\pﬁ q?rg grsalg{anglﬁstgaéég tﬁ'aplgﬁ gfop%r%ggns for perf$m1ng a

waf Bfchichiii€n sdtbtBEeSwithahe Bavedihenf of the inventio
plauﬁg&rc&ﬁ]%?ﬁis@gre or qugné:her(lj t hr oug\r\{ a f?ne splr an or *

The mmﬁp)eldnutuates vathmpestiob 300 whereofrst andssennsetiaferstarg lpaded onto

I nvention t.he f
comespORBEE RS THBI Fedf CTURBT e g e SaPherPhnis b heated
vacuuH élﬁ&k@ésl d¥gididieatel e CThOhe S d Phadtthd@:sRo 0p@asor 02X ®hers the first
tenperature and tinme in accordance with one

and mbmﬂwa@m arefm@mted pothehearporaling ¢Xpesed-wilgrsyrirces yapaposing each
at tine i ' :

Othef oHE& 'Fn‘?%fe%mél 8{( réeps r%}(g%ﬁ% i v g?:ru%n%ﬁlck ﬁe‘{‘@kﬁfk z{ssﬂ]us_fré’t ted in

Figu@he-DB Th $nt eagedinent, thd {punarchessondi nge wat glatmoﬂhmccburvature on

Here, wafer B is the bottomwafer. At tine
the saffaed wmowae WL tiiso ThiSCOv S ey ayregs IppHteito ﬁh?ewefgbto improve

dlsn}iolfllﬁoﬁg? t dé@?r&fy ¢ Qerfie \]véiflefﬁﬁfa@é ok Alinibi ABbubBle ﬂ‘)ﬁﬁzﬁ[onA The

eac reaction plating tenperature, i.e
metl@datkin #4fatlegteeserLidnidavioobalkolupbats apglipd tﬁv@wposed surface of a
however, wafer

first W@Fﬁ?ﬁe‘f’]é‘il%‘rh@ tewer?tw?eor}%ﬁ }lwapvg%er Ehl?eég‘% Iaéﬂaﬂ?ra%wdk%ng aplating
reacti @ BREDE) HE BAIRESS ahdthk Rep SRBLLFARP TR 8AMEBFodiRent, YR solution is an

electrolyte solution for an electroless plating reaction that occurs at an elevated temperature,
e.g., a cobalt plating solution. In another embodiment, the solution may be applied where a
reducing agent is added at a point of use in order to enhance the stability of the process. The
method then proceeds to operation 306 where the exposed surface of the second wafer is moved

to contact the solution disposed on the exposed surface of the first wafer. It should be
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correspondi ng wafers. Here again, wafer B has not yet
reached the reaction tenperature but is approaching
W ba@s/oswaper at ure and t hrough the coupling of mef/E820B7/078187
and wafer A through the neniscus, the reaction
tenmperature is achieved efficBently. The plating is
initiated at tinme TS5 as the correspondi ng tenperatures
have equil i brated and are above the plating
appreeiated it s ehns @m}ang plcplcahtemporaaamisiyahe safjpt atésingtheated through
waf er s are se d for further cessing. [00 2 :
the qergFspndang ORI en g PHed?rg'@qdalﬁFlf 4§ %Eé?l}ll?ﬁgtﬁbe qfﬁé op wafer is at
an em%ﬂae derReERE egrféraﬁ@é toRRE A dGe 31 Eﬂe%'ttﬁﬁh WA @YRissed with
I ncrease throughput 1 n accordance with one
regaedmadagmerﬁ @icettheteimpesiturs oﬁthelﬁﬂmmgsblm@dn disposedtie thevgapltbetween

oper an 300 er con rs are.l oa .
the Qfvecleist dRBB e e plsdre FSEnEanG s efoRnahiRun AlFfegin
Thu@'ﬁ?%ﬁérﬁﬁ&{ 308 the rSiRRPbEcuSS ol ﬁtslbkfc@ﬁe ?eeloa QatifR. IRe WHihod then

chucks as depi cted above. The nethod then noves to

movep &r erteraienI0 P wikves dietspeontljvager lamvgb@\wdfrvmﬁb? §rsppafer.

AR O B PO BT GARRRE  BIf BE fpred o

corrédpyRAihe Fa@ined clarRs. Neropeatien 3¢hubkfias and dodsid dhfets drdrinsed, or
Fi gures 2A-D. In one enbodi nent, the vacuum chucks ma

quertsho@ inoTdpT [gHEMEFhyB CHarAE (e op RORipBING{Fs A8 W g#re then
v YE e bPissT 00 SRR THAEMPReD. ATRAEAEAR] Bove,

amoQMtQ)"f ddeeolyad elutiatr feposiedna the nirficez ef thlﬂbfbifa thay lmaafteﬂﬁaiﬂmnmg.
nmet hod then_advances to operation

he ere a. . .
t002§b Altoeh 7 Evappbpditments o thegpskrvsiiion a-se g’n Pegeptibeg in dotal
e SRl 0ok ORSERL R, L B LS o e
embbéiciiematin ethsnipatufm rforamsciw it hvent dm@ﬁsmﬁhaqnnhw sgnpe of the

enbodj men t.he solution.is ol uti.on
inveig ahEriots: M Ee hPRTIG e Re R Rt St Ui s
1]1us?rL1fWea§.rﬁqlott BREAARL Wnd th€indentich i§ AP e Mnditddne tisddeddiisProvided
I'n anot her enbodi ment, the solution may be applied

thersthgne mayrbe doedified anglegrractiosd adidéithascepeditre anpendagclaims.
order to enhance the stability of the process. The

Whanst dd@ghet/llen proceeds to operation 306 where the
exposed surface of the second wafer is noved to
contact the solution disposed on the exposed surface
of the first wafer. It should beappreciated that as
this is taking place, contenporaneously the wafers are
bei ng heated t hrough the correspondi ng vacuum chucks.
In one enbodi nent, the tenperature of the top wafer is
at an elevated tenperature as relative to the
tenperature of the bottomwafer as discussed with
regard to Figure 3. Once the tenperature of the
pl ati ng solution disposed in the gap between the two
wafers is above a threshold plating tenperature, the
el ectroless plating will begin. Thus, in operation 308
the reaction occurs for a specified period of tine.
The nmet hod t hen



noves to operation 310 where the second wafer is noved
away fromthe first wafer. Alternatively, both wafers
woreysloesenenoved from each ot her, accordi ng to BCT/VER07/078187
attached to the correspondi ng vacuum chucks. In
operation 312, the first and 9econd wafers are rinsed,
or quenched in order to renove any renmaining fluid or
contam nates. The wafers are then available for
further processing that may ake place downstream As
menti oned above, the anount | ectrol yte sol ution
deposited on the surface of the wafer may be
self-limting. [0023] Although few enbodi nents of
the predent ﬁﬁvéﬂﬁﬁ@ﬁsnﬁﬂégﬁﬁéwld@§@ﬂﬁﬁéd in detai
herein, _i hose of ordinary
skill, fﬁg%gﬁﬁhgF%%%ﬂpﬁﬁ%@%%?%gﬁQﬁg% be enbodied in

many ot hgeconpeatfunt clivekappirtihoa tecded aafdr ageH thatna topaurface of the
spirit or scope of the inventian. Thereforg t he

pr 8%6RE “ERAAHPRROSHAE BRBHR RO THFeVefeh BRd consi der ed

as illu t £
s ot 10 R e e R e 2RO S IR OFbp surfuce
butf ﬂiﬂ)ﬂrh&r&fﬂd wheth @ndsponactoi detderpiof Hierplating sshmma hE top surface

t he append What is clajned is:dai 1

¢ L e e e Ry entr s BPaytioce o e frs yelis e that the
Efé'ﬁn guRRRE bdtlacks bdth $p #Wefagss. @ second vacuum chuck

porting a second wafer such that a top surface of

the second wafer is opposing a top surface of the

first wafer; and a fluid delivery systemconfigured to

deliver a plating solution to the top surface of the

first wafer, TWOeys&ind of flain® $ PORSGEIn! Dc diddtianekdconll vadieim chuck are

plating solutlon the top surface of the second wafer

i scmftgllgﬂﬂttoghﬁ@mhﬁmréesp@n ingewWaEHs- surface of the first

wafer so that the plating solution contacts both top

surfaces. 2. The systemof claim1, wherein, the first

and second vageRGNUCKami € wittingihe did deliveat sysfam recirculates a

correspondlnq waf ers, 3. The systemof claiml1,

whBeion of thealating selwiioniay 91375‘%?%4 EHRPCEE I Fcul ates a

portion of the plating solution at an el evated

tenperature. 4. The systemof claim3, wherein the

fluid dglivelye sy;ssmenf adimis3,awhmrninitm fgdpietivéirgmysém tatids a

pl ati ng solutl re n1the rsplr ul at i

| obAMES PP}@OP t}0(51 Owglsmnﬁ B8 r%ﬁrcgﬂtlon loop and
t epeLahiify ﬂ?)%&i"{stnli‘zﬁnt@ln%ﬁ Al £EniRANGLBLIMEthe clevated temperature.

5. The system of claim 1, wherein a temperature of the second wafer 1s
heated above a temperature inducing a plating reaction and a temperature of the first

wafer is below the temperature inducing the plating reaction.

6. The system of claim 1, wherein the plating solution is configured to
deposit a cobalt layer onto the top surfaces of the wafers, and wherein top surfaces of

the first and the second vacuum chucks have a convex curvature.

7. An electroless plating system for depositing a layer onto a substrate,

comprising:



5 . The systemof claim1, wherein a tenperature of
the second wafer is heated above a tenperature

WO p@aoiegs a pl ating reaction and a tenperat ur ePOf/US1007/078187
first wafer is below the tenperature inducing the
pl ati ng reaction 6. The systdfh of claim1, wherein the
plating solution is configured to deposit a cobalt
| ayer onto the top surfaces of the wafers, and wherein
t op sur haes/aofunh beudkisupporangla ke wadapnd vacuum chucks
have a convex curvature. 7. An electroless platin
syst em PEFCUIEYESHR ﬁ@lcg SPRRREHNS K BE5ORd sife sy hat o Op surface of the
COURIONhS Wiberds B%Jo%fn g\éﬂﬁy £RWE kheSHPPRAE MheRir {HeSrst and second
watr er; a second vacuum chuck supporting a second wafer
suehcuunathueks ap capablaciheafing ferespowimyp wefkwranidghe second vacuum
opposi a top surface of the first wafer, erein. the
£ P BBFeitta® b G s EET e it Bbei S bodeh B e o
CopLTgapeadiing af ers and the second vacuum chuck heats

he second wafer to a tenperature above a tenperature

t hat i nddebdeivetyatykien qoadignicd o delivgr a plating soldaen (oethy top surface

system.configured to. deliver, a plati sQl.ution.to th

Cop B AR VBT e R e e W B b fop surfce
debf iers¥cadill vidie ipbaughgprsRinuiid @ithe tdpasutfage Slihé fife wafer through a
the second wafer is brought proximate to the to

suffizg meganisiecquplask togae 8F theHirg g ﬁh‘faseawd/@cmwgﬁ%w that the

coupl. ‘ ' d vacuum chuck
oo PRHEE RIS Forflost My ] B e PERETY, Fo,
surfaces of the wafers. 8. The systemof claim7,
wherein the fluid delivery_system

ecircul.ates a .
portiondof t Ale pYsy H@Clélé‘il it ‘i‘”&fﬁelgﬁéﬁ ﬁr’é‘idr‘ljleLW% system recirculates a
t eper.at - t ] j | ;
Ol P SRR el TRk O IR herOn ofthe plaing
sysdletieradds a remai ning portion of the plating
solution to the portion of the plating solution prior
to delivering the plating solution to the top surface
of the birst ThatRlem dPelaile, $NGERMONuElRIIR sydbif heda
the remaining portion of the plating solution Includes
a rexguing godpant thelplatingsehgiontte theapordpmphthy plajie selugon prior to

h | at i Lution.i fi d d ' bal
| agei e A o e dBlobPRE EFEr e fe "

tenperature that induces

10.  The system of claim 9, wherein the remaining portion of the plating

solution includes a reducing agent.

11.  The system of claim 7, wherein the plating solution is configured to
deposit a cobalt layer onto the top surfaces of the wafers at the temperature that induces

the plating reaction.

12. The system of claim 7, wherein the drive mechanism is configured to
invert the second vacuum chuck over the first vacuum chuck and lower the second

vacuum chuck towards the first vacuum chuck.

13. A method for electroless plating on a semiconductor substrate,

comprising method operations of:



the plating reaction. 12. The system of claim7,
wherein the drive nechanismis configured to invert
wo b@spessesd vacuum chuck over the first vacuunP€husioo7/078187
and | ower the second vacuum chuck towards the first
vacuum chuck. 13. A nethod fdrn el ectrol ess plating on
a sem conduct or substrate, conprising nethod
operations of:loading first and second sem conduct or
subst r at@Rlimfiet Adrseasdoashidgdiidiosdubstifmessete tstrapppting first and
structures; orienting first and second support
st BefOnd PERPOSISIUERY S or r espondi ng exposed seni conduct or

substr atoﬁeil’?tﬁr ﬁgtefhdas%@on%%ﬁgédrp mecﬂﬁgsc%t t@?tr céc)ﬁxgﬁﬂinmr{égaxﬁosed

pl ating so on to an exposed sur Tirs
seggraeoodictorsulsinast suafaecs doe opygisimg cach ethpgsed surf ace

of the second sem conductor substrate into. cantact.

Wi th t haPRPRERIASEIIIE W ERselkiELes oS ik dopiconductor

t he fdhgt sem conductor substrate; initiating a

pl ating feaction between the plating solution and both

ex pos ed beugihg ae sxpa@nd surface of thelsecardpemenpndurtémabstraigungo contact

from each ather...14. The nethod .of cl.ai 3,..wherein .
t nohabnBatp S ueTE i BF xRy RS Sk PR TS pgetrats
an ex po%ﬁﬂat?d-é]r 4 P6@nDfcadtitd Helw & tBeplaGRNEHIGHEH and both exposed

substrate includes, heating the exposed surface of the

f i pwfacsgrindonduct or substrate to a tenperature bel ow a

nduct or substra erper a
appr vi ngria B Epiede Qafisfs L8 AERERENELCG of ciaim

13, wherein the nethod operation of bringing an

exposed surface of the second sem conductor substrate .

into confract The methadeotislaimildgWerett the medipdansrasiop o6 aeplying 2
sur : I ' Aclud
LGP0 LTSS e sUbstARL IR,
subst r aheating the &gpet airfaceo ftho Viest acteopducadrsubstrate to a temperature

inducing a plating, reaction prior to bringin he, . .
e BUSB R PP ERES SRUERG SSUE R aAn POREIICPN b plaging solution.
into contact with the plating solution. 16. The net hod

of claim 13, wherein the method operation of o
initiatilfig aTpt atethvg afelcmi IGnwheteweiba mathodpipstatiog of bringing an

S ole)lillgoisg suar?accj:e % }hl?a sgé(&l%%gglic%%ﬁflc%gressubist?a% 'ijnqg 2ontact with the plating
solution on the exposed surface of the first semiconductor substrate includes,
heating the exposed surface of the first semiconductor substrate to a temperature
above a temperature inducing a plating reaction prior to bringing the exposed surface of

the second semiconductor substrate into contact with the plating solution.

16.  The method of claim 13, wherein the method operation of initiating a
plating reaction between the plating solution and both exposed surfaces includes,
heating the plating solution to a temperature inducing a plating reaction by

applying heat from the first and second vacuum chucks.

17.  The method of claim 13, wherein the method operation of bringing an
exposed surface of the second semiconductor substrate into contact with the plating

solution on the exposed surface of the first semiconductor substrate includes,



heating the plating solution to a tenperature inducing
a plating reaction by applying heat fromthe first and

wa e@dfdseymcuum chucks. 17. The net hod of cl ai nPABUS2007/078187
wherein the method operation of bringing an exposed
surface of the second sem corl@uctor substrate into
contact with the plating solution on the exposed
surface of the first sem conductor substrate
i ncl udedeﬁim'ﬁ'g aigag oBbgwperodbobef e anditaut 1G0mmn betdreen the exposed
about bet ween t he exposed sem conduct or
suﬁ%ﬁwg? Cif SPERELE SUiaCeSThe et hod of cl ai m 13,
further conprising: rinsing the exposed surfaces; and
drying the rinsed surfaces. 19. The nethod of claim
13, whed&in ﬂhenrcﬁtddadctaﬁrerlétﬂmlﬂlemonapﬁmg:ng a plating
solution to an ex urface of the first
sem condiRPSf ‘%F’lﬁ“l‘?gstel?1 Eécfeﬁtﬁ des, delivering an amount
of plathﬂﬂmggk@ﬁﬁggmﬁﬁ$&@en about 2 nL and about 5 ni,
wherein the plating solution is a cobalt based plating
solution. 20. The nethod of claim 13, wherein the

met hOd er afﬂ-‘? e ng L%m N9 erreﬁ)l (B Ly %lggltaitigﬂ of Spplying a

an expo sem COﬂ

S uBﬁhﬁglb@uhmiot%&ﬁcpo@fd%ff@ce&)ﬂtwﬁfst mma@ﬁimbtop etiistiare idéludes,
the plating solution to a renalnln% portion of

pl at i ngdeldicting en agwount Palangsplugien beiveen abjt atmlta gnd about 5 mL,
SO SR PR e
beIOM/a tenperature inducing a plating reaction.
20.  The method of claim 13, wherein the method operation of applying the
plating solution to an exposed surface of the first semiconductor substrate includes,
adding a reducing agent portion of the plating solution to a remaining portion of
the plating solution at a point of use of the plating solution, wherein the reducing agent

portion and the remaining portion are maintained at a temperature below a temperature

inducing a plating reaction.



