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WAFER ELECTROPLATI NG APPARATUS FOR REDUCI NG Em lll“llll'l““ Mlm“m
DEFECTS CROSS- REFERENCE TO RELATED APPLI CATI ““

[0001] This appllcatlon clainms the.benefit under 35 .
US C. 119 of US Serial Number 5 61/1217460;7 -

- WARER(EIECT TENGGYREARAT WEFAR REDUSING-E RGR DERECTS
EDGE DEFECTS', filed Decenber 10, 2008, which is
incorporated herein in its entirety. BACKGROUND
(0002] Electroplating, electroless plating,
el ect r oSROSHRIGFEBENSE 310 REL AFER ABPLHRATIONSON  or
renoval processes enpl oyed in sem conductor device

[0001] s @Imﬂlp@irpm@lymmethpdaehoﬁmeﬂer 3510.S'€l anEB@E) lof US Serial Number
61128 BRA" SAHRER . WATERATTR-Pr OTRIIGR S\ SlaRa 8L A"SOH iepucivG

E| oS Sy St et OABT-€x
EDGEDEFECTSONEled DEaEmb&Y 10, 200 R $3HEEHOk Yncoﬁ?d?gt'é@lhk:ﬁém Hhhe eﬁHf%ty
and cone asserrbly hol ds, p05|t| ons, and often rotates
a wafer during processin AI| seal on the lip of
the cup may contain edbddK&R Ricts for delivering
plating current to a seed Iayer on a wafer. The

10002f E%Bﬁll {mi’ré?é/c'trg}:e%s ?%?igg,?ag?tgb%?p%}ﬁ% & Gh&CH L0 egléca Iaeposmon

I'n Ot her e 1S preven
or rerﬁ@@dnpmmmtqmgomd indgeiendubtac ldevide fabriativainesy Mﬂ@erformed- in
« s nmer se ng_a. platin rocess, Edge an
ClamBhecl,]ks?IHJI TpSsE: ec?ﬁ%ﬁwf’gmﬁF’PS?IHBﬂgﬁb‘gs PHd eiamse%i stughtas Novellus
Systei€ab oré®abol 258 o WuBEQnmerﬁ@’ethﬁyﬁ’)rﬁnﬂl &Q&ﬁbfgn %‘&%raq’f}]/, the cup
another to hold a wafer. [0003] A plating sol ut

and cqnefsgemhly hplde) mwnmnémﬁeo mstaten aaxafdi durpmg maensmng A lipseal on

e U, 8BSy L STRL A ety

on a @afer ngOcipisietispionidles @UEE bfid GatkstdRNpratdciion Witk wafer. In other
iver plating and / or polishing currents to the

Wordswﬁ girolytenig P&?‘@ﬂ&én@%ﬂ%ﬂ?%@@h@@dgq andbadkside afraywhfer when it is

ek SURLIG ) By, DA SO T ) o

resistaghe gpadsckbat i formedwitieh heecupl mﬂedne Wagé ofiyy @ﬂcﬁﬁer to hold a wafer.
El ectrolyte in the contact area can al so be danagi ng

[0003L% tlgtﬁqg\q\%{h%%)ﬁ t&ﬁlrciﬂ Xal{%ﬁllfig$ mgglg gpsnlsg% a%)lg{y&]ctla%@\ﬁqueous media. For
examplPPAEEIIHE SmAN sholRlehQpp e bR e AHeHvES ulli il Eeg Lﬁ}’u‘ﬁtc' 48, During

sol ution cont'am nati on of sensitive c
processiigp 6lgetmical. cogtagaRYtich] @f@ﬂ@] plAtlbgaed plapelistingcarents to the wafer

ot 5 QRGN SO CBOIS I e o RSl Rl ot ion, can
becon’rel dftﬁlainemaﬂédi vatteeitered] yieeandl tﬁ&k @Grﬂ)ﬂﬁd?lcE %Fﬁgéﬂ afibr ALRPle plated
of the clanshell. Less w cKi n% hel ps to reduce

wafer \Rﬁ?lgﬁ“ ]é]@f"té(?:ly@ injthe ‘f:fﬁ\tztcit aifr&an aljg dealamaging to élﬁfdwa-ﬁer Hbt example,
causinlg'pattidid fontdmihhdior dn the wdlr ed&éf *000002*

[0004] New apparatuses and methods are needed to reduce plating solution contamination of

sensitive clamshell components.

SUMMARY

[0005] A base plate with a hydrophobic coating covering at least a portion of the plate

exposed to electrolyte is used to minimize rinsate and electrolyte wicking into the contact area

of the clamshell. Less wicking helps to reduce wafer defects, in particular edge effects, and
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reduce mai ntenance frequency. In sone inplenentations,
a -hydr ophobi ¢ coating includes pol yam de-im de (PAl)
and, in certain enbodi nents, also includes
ol tetrafluoroethylene (PTFE It has_ been found
reduc? INGRANGE {TGIHPRAY - o fTe SOMBE dmpleatenitions. chlydrppiobitgoating includes

1 fnmeem hY ¢PR S§nd Rh 0 A Lonal

ro KL ERES o, B R ORI L USE AU AT A fonin

(PTFIS) | &vhers baen lfoqmdehdltsieéﬁ@e ratgOf© Ghork nhaze8(1%|1<|5Wer for the inventive base
| ate is.used jn a cup configured

plate GERBRA I cl ORI GEEOR SRR PO G THigh apwdpreaH and;Gegtinue being

1owm@@qp&gkgé$]ude el ectroplating solution from reaching
electrlca contacts. The base plate may include a

I ng- shaped body and a knife- shaped protrusion
[000633*11 G5HRtg eMvRAIEENtS; o ahe plate ngs hegsle dn tﬁ)d:}lp aehfigured to hold a

sSSP R TR1D e STFUAE PSS ion fom
reachiaptl&xiddall d:enﬁabte Eheebisequhathag isodhdét 4 Singfsh@ivdr BRENATa knife-

éhe el ectrical contacts 0007] .The base pl ate may

shaped |PEQSTYsiE) Grddanenipatash O eé@@tﬁhﬁ@eddwié/rmdgcoaﬁgur@dé@ support an
©

elastomﬁc lﬁquég F%ggﬁﬁgﬁg%&g% %{gﬁ%?ﬁlgégﬁs g%c?@%wﬁfnxcanu Skclude the

electr@;ﬂmbrg) solpwminyfrah redchingrtioe¢lbgttiesieohf@dsE) , and/ or
copolyners thereof. In particular 15 enmbodinents, the

o003 BRSO SR b Rk BBt A it
shapetl @@dtﬂdﬁﬁl FJITHeydoﬁhﬁglfﬂang'Qﬁélﬁ&JWél?i}ﬁld(ePﬁ—'F@ (PAING ol 1id2fe fluoride

e applied using ray coating techni'que. For

(PVDE)Qa@Q]yéetraé]por(@ggtle@néPIl"Egbr apdl/or thpmhyrpergzt}tmttqf at In particular
embohlﬁ?eis tﬂg féf?%?fpﬁogﬁg go%gn%rlgéhel SI o(glly gt-lheéé I(lgzgf) x%&ﬂ in more

part1cﬁ’l-a92:mb‘5ﬂﬁnéd1]$ Cﬂhﬂe&ﬁtlﬁﬁ di&e isdadds Ngol Rt a tdeorb@hVWesd (PTFE). The
about 20 20-mand 35 m In certain enbodi nents, the
coatingduey Re 2BRiFdpNng & spgy cggtmtepb@ﬂue THer exaatnle. i least one layer of

Xylannpt)zlo%ﬁf:!ﬂt 104t RSP R- ﬁlaﬁgdog%]'tﬁ 103 FIPHUBE QL ygle of Xtylan 1010 may

el ectrol yte sol uti on ncerta|ﬁe
be spna]yigi oven gheshpgredt Xgaly Pefi?d Theethlokhéss of tispedtipg atayisi eoween about

rise one or nore materials selected fromthe group
20- “"&ci’ﬁ it Mg g’r cgtan smbedimgnge|the £oatmg; ¢am PasyaPOV spark test. The

coatlntg%‘éyaxlldf MacH BE abdoRPa 3&@&%&6 lgglq%xg{]@fythp gle&%lweggfglﬁlgn.t 0

renovably attach to a s structure o
el ectropl ati ng apparatus. The ring-shaped body nmay
[0008] hclqm@inaelgbodimntsc dhé ilglg Ehapt:(b tedgagel \the ﬂtnﬁ‘e rshdped @otrusion
sea rotru3|on my

compilse T Aatre PRt B 40 8 SO BUBERS Giinless steel. titanium,
and tdm@d1G@. fFHE trfh%[sha}t)éiﬁb&ﬂs% |6 BolhrRP 1o FHVaBN £%hchOb a shield

use in a Novellus Sabre(r electroglatlng system
StruchrGOQ)fg]anlﬂe%@Piaéinﬁ e sTe nths, Tiags meécbocm mpyt fretudeam groove

[ S, hta r shape
Conﬂ%?ecjy%(g%? g%g ar‘?g H(g% ? Ig ezrilH g%é oir ﬁ% rkmfg n%%&éinf)%d?%liswn may be
conﬁg‘uln@i tbump@nﬂ mdéﬁsa@boﬁﬂmaﬁﬁmdﬁbf dgoed FortiendtheX388¢iAg may be
mthe unitar rlng shaped body. The
conﬁ f\ﬁa {9 ﬁagg?‘éellus Sabre® €lectroplating system.

[0009] In certain embodiments, a contact ring that can be used in a cup includes a unitary

ring-shaped body sized and shaped to engage other components of the cup and contact fingers

attached to and extending inwardly from the unitary ring-shaped body. The contact fingers
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2 can be angul arly di sposed apart from one anot her.
Each contact finger can be oriented to contact the
sem conductor wafer at a point |less than about 1 nm
froman outer edge of the wafer. The ring-shaped body

- can bggagylpdy gispeeedi apgrt foem cmetagethef.i nbeghscansget fimgamern e oriented to

Iney. 7. . The cantact fingers can have a general
comaAbt Wtk SHOLACH bR it g ARSI o or e
wafer! h&@huniidgshaped NYds hafde theb piliralandoft BaaOfifddrNIGndiPBardade from
. to a_distal point for contacting the sem conductor
Palingyat. o The poRipe fingpropeandiave cagsnerablyuY-sbaw exdendirg downwardly from a

fii _ - fi . i . .
n 088 s SRS S S 00 U g o o
contactingi thg seheohdwupbravafey. TAtrel mag be at frast abolit 80€ BodthetO@igers. The

be coated with one or nore aqf
conta%%%/rwa nay pg £ fW%Web?lﬁWéj’r, a_%)rce exerted by the semiconductor wafer

durin%efemf{rsﬂﬁﬁﬁﬁt et e r084 P €Aéh (ﬁ%y-;:ran’a ARl Youkday lvlltqed?? or more of
| uoride 0 (PVDF), and copol yrers ?hereof. [0010] In
polytegraflurgethl perisddiNFENt hyland-feprsBadrogthslleoo {EEEE), riohyyinylidene fluoride

senbly .ma used in a cup and include a :
(PVD?iﬁﬂggﬂéﬂgﬂggﬁg§?@ﬁeric li pseal for engaging the
sem conduct or wafer and excluding the plating

[0010§ Oh bértdin eRbPEicAREH fibsdab @hd Borhct ring aSeml P AthyHeQlsed in a cup and
. waf er and the contact ring. The ring-shaped '
include| sEngphappe clastemerr lipsaal if engemng tesamiconderien wiigpand excluding

_ . ' ; ' . . fom .
e IR 0D LRCEH 00, BE R ALL00 3L 100 DHRR . Th
ring-stigpadngastdreaia bpdealt hasgan infikediameteadefiningg pasnaerufor eaciMding the

MY e N T R
The cbAtdér SHERRG BARYy AL BRI RG] Yind . SRASER (?f%é}h(:f FREBr®Mached to

anot her. Each contact finger may be ori'ented to engage
and exteadwgrmverddy door theafieg-skedped hody rind anguladastisppbedibpatt from one

mmfiromthe Lipseal .inner dianmeter.. In certain o
anoth g RORE, MR iy Redgien o i ahees e eR oo Ria e ot a point a
least 4RNET drh Yro¥r SleaRBe iR didntt SO WR et Ah ¥mbb@if et HRN@ntact fingers

defined by the unitary. ring-shaped body and then
each hpsihav ¢ Agengoldir ¥-shapaexensting dpwnwiardbbisom azplpneadedingh by ¢he unitary

‘ i ol- i i i .en i ng.t he .
g DI AG wRRE G BIREYATRH b AT S0 S wiere e i
shapetli efesemh erftalypsealvengaginyg dhe peinlebadiwedt wiargr. FHE idd@lshapddeelastomeric
_ I ng- shape | ast oneric |ipseal may. have a groove for _
lipseah BG4 h%oahcdv%tcwrtm& i gwlbiast.hemlwhap%e ptoprigeic lipseal may

“have Tl I} '&Qa%daégm@F@HR ; id?sthﬂ)tﬁ%%aguée.ngﬂgipﬁlgio&lhgf the ring-shaped

sem conduct or wal conpress during
elastogregiadipaeah engagji@thd perhivondrctai wafermhaylcomepress duaing the engagement.
el ectroplating apparatus is configured to hold a
m copduct or waf er duri el.ectropl ating.and t.o
001E 5} SRR Tat ot elh o f o FoRRan RBETHY i GPRhRyed o hold a

semicBAdictorofvafeh @uth@ elecabiatih® nd@ P B ALES plalin® BRMBA S contacting
may include a cup for supporting the sem conductor

certaipgpes of telalrsiraplating aprarghat Ehoapraratuy may-ietedees cumofdy supporting
1.6 - 30 thusi ext endi ng i marg fro

e o0 S ORI RLHETR SRR LB R hve

protrusion extending inward from the ring-shaped body, a cone for exerting force on the

semiconductor wafer and pressing the semiconductor wafer against an elastomeric seal, and a

shaft. The base plate is configured to support the elastomeric lipseal for engaging the

semiconductor wafer and excluding the electroplating solution from reaching the electrical
3
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. . sem conductor wafer and pressing the sem conduct or
waf er agai nst an elastoneric seal, and a shaft. The
base plate is configured to support the elastoneric
i pseal for engaging the sem conductor wafer and _
conta@:tﬁclT@a ibagre plate mpe btl‘fﬁbfp hadionkobio oatingreofvemg atelaedtitimgknife-shaped
pmnnLn§ ect caI taqiﬁ) ghetbase Hate may have
F ophob ha c R aP‘f ﬁ%n S O IgO%T theeae TeIRliva e the Cup apdtp exert a
force Phah¢ behiepnduthe vedtal throtah the c6min GECE defl B \emiddRductor wafer
cone relative to the cup and to exert a force on the

againgdhs elaviomeriofeahaf e cup padithrotatethestp andithsradee. to seal
t he sem conductor wafer against the elastonerlc sea

[0012?’fln tO&ig %Hlb@@l%éﬂ?s ;t?r%%hﬁargtng afsy Qﬁag&jestahceo & S% 1nstruct10ns for

In certain’ e appara Ws¥a

positipmio} lllhﬁsermlccmhtctarl\bzefer on tthe cmtlﬁ\ueﬂingmﬁ: doae onto the semiconductor

wafer

positio n t he m ¢onduct or wafer on the cu

| 'BREFT ﬁg 8“&%%@*%?&% fﬁtge SER{CEBIRFRI vHRter Wé@r tp gstablish a seal

betwe@¥ Qllipséal Ptk c@Nadd @ Bk sirsle d?fthé Gﬁfe? es'ﬁ'bﬁf?:FQHg bOfeast a portion
wafer in order to establish a seal between a i

of theofrortt ﬁ@rf@quah@ wafes untp anteletroplatiag sélutlbleamhélectroplatmg on the front

portlon of the front syrfac

st QORI 2! 5 Be RO S BRSO Pt 858 e ot e
semicehdrtdropdfed whgredlifting i§ pefdrmbd ovbr £ &Rdalf at tk%stvpge%nds

and lifting the cone to release the force fromt

? ck side of the sem conductor wafer, wherein I|ft|n
[0013; ﬁg?@larq{;é@démglpts,aa ﬁ@?th@a oy elgt:trqqggfg’[g 2 ssmeesmductor wafer in an

' apparLtQQ l&ltaﬁﬁhgtc gﬁaﬂd %%99' ﬁﬁe% po%tggﬁgﬁﬁe ggllfllcgrﬁ%técr‘fcgtwu%fer on the

el ectr Op a sem Con uct or
cup, lgwmtlm thermgne ootepthanemaoaduton wafet thes epos foréOon 1@ Hable side of the

$1?ond tor fer o Wg arg | owerjng the cone :

semicgRIUSTOPRERIEE 1} RREIR CORO e PeH GoRiEER @ UpFer dletherfup tead the front

surfac*é&ff"?h§ W@eroguﬂn'i@gl%g a?@éHsPQrﬂ)gHﬁ}no(gf e ffﬁ{nt sﬁ‘rfﬁed(ﬁ{tge gvafer into an
establish a seal between a'l I pseal he cu

electroplafing Soélllmfnel?@lé etdfctroplatingbe the fsors werfaiend thad whfeasahd dilftmg the cone
he fro sur of the fer in

to rel@? {h?:g% a | R g @t ?l%r?"%na & e SPGB HTHg™BIt Wgerem lifting is

perforifedndves Wr feiod off attlbgt Pafedndsandhlei théthold n{aﬁealﬁpﬂx%ludk Qotating the
rel ease the force fromthe back side of

semicgRdHCcERs Teaien foF atlgtst pboupReeednds Ipripr forlifting thepwné.or med
over a period of at |east 2 seconds. The nethod may
al so include rotating the 20 sem conductor wafer for
at | east about 3 seconds prior to lifting the cone.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] FIG 1 is a
per spect i veBRIEWESGRIBTHONHOF THE BFRAWINGS or
eIectrochenicaIIy treating sem conductor wafers in

e f this invention
10014 §F 5 A &bkl f o ian wdBhofler e dir Oroichsmivally treating
semicoRdR@ReVHErs U &botdaneswvahlah ehbdBim&k 8£Mhid iadéntoAnnect i on
with a wafer and to seal the wafer fromplating
ution _contained in the electrolyte-bath. [0016]

'10015k%§ 28 illsizatpe ps et view | eurlamshelpeempenentst used to establish an

electricQMNURAREHERTRAR 2 WAfRGHE 16 A0F e WA from plating solution contained in the
elecfrelyte'bath.

[0016] FIG. 2B is a perspective view of a portion of a contact member in accordance with

certain embodiments.
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certain enbodi nents. 4 [00171 FIG 3A illustrates a
part of the clanshell and a wafer before closing the
clanshell and establishing a seal between the wafer

the.clamshell in accordance with certain
WO”E%E%%%‘?}{S&WGF a@atof thecglamshefland grwaferchefere shasingghe chamshell and
e e t S| ¢l anshell an )
xRl 0 Bl Bl SHERID R bt i conar

embodimants. i n accordance with certain enbodi nents. [0019]
FIG 4 is anillustrative flowhart of the

t ating proce in a rdance with certain
0018 2R SR Sl e bdclgmshel and
establtbhirfe€ b egal YOS A wakdrahdd/@nP Qi | QRE & abRSdardQ with certain

cl anshel | conponents and el ectrol yte residue during

embodimentst anshel | openi ng operation. [0021] FIGS. 6A-B
illustrate a part of the clanmshell during the
t | at.i perati on e .sone r.insate residue .
0019F RSP MIBARETEM A o0 SR ELY 0 8 B i
certaipkmbodimehtse voltage in the different conponents and
positions of the clanshell during electroplating

ss.ip ..accordance with certain enbodi ments. 15
100200 5§38y 31, il yamples el (el H9agB BMoTbMappOons of the
lamsh&lEcTRB AR UG QAL i ; ' i
© amsund((:errg%né3 betrl ween rg%%ﬁ%ﬁg?%%% %ggfagpé%q ?%%lu%ta(?pr? éatlon'

CﬁéCl es. [0023] FIGS. 7B-Cillustrate a part of the
[0021} F¥asHeA-B illneirate amb of tef darashcH| dgring B)e eedropldtiap operation where

e 5 BB AH S STBsP b
in thebdiffefsit cSmpocpad adi sitﬁ‘(ﬁ@t(ﬁ‘jthwicleii'ns%em%ﬁ%tefécﬂoplatin process in

hydr ophobic materjal. 20 [0024] FIGS. 7D-E illustrate
accordfinge, Mith Gertaig emlodi#és- | and a wafer before and then
after opening the clanshell and breaking the seal
: f rej.n the.cu
(022 E1GOER A0S i R REAT TIEL b S IPAR o b
that his0o@EtgoRt BetwdAn alsowd SEI00t6, einglentioptatiagoucies of t he
el ectroplating solution wicked into the contact area

I hel | for t different coatj ngs. of the_cup
100230 1S IF 6 TREHe e e st i SIen o p ot 7Rhnd aer
(FIG. 1a@$ obefiig Uiedlarth SHellad@Wre£kth OBQ sehiaftw QR RE WA%r Y8 i&Sclam shell,

[0026] FIG 8B is a plot conparing nunbers of defects
whereghthe 58P aftemn ds wreoatefl gneedtehwish atmhaleratel ribgdrophobic material.
el ectropl ating cycles, wherein the wafers have been

0024FFRES AR E[E k) ' ralyses using the .
[ Icezup of tons coat %E%Ofﬁggﬁéé?%‘ﬁ% a‘g‘lﬁ)g ?‘ éflr?eer%te%rrr%?%dr ﬁlgP §P[er5°pemng
the clamshell and breaking the seal between the wafer and the clam shell, wherein the cup

bottom is coated with a highly hydrophobic material.

[0025] FIG. 8A is a plot comparing amounts of the electroplating solution wicked into the
contact area of the clamshell for two different coatings of the cup bottom for both the new

lipseal and a lipseal that has been used for about 60,000 electroplating cycles.

[0026] FIG. 8B is a plot comparing numbers of defects on the wafers as a function of the
number of electroplating cycles, wherein the wafers have been electroplated in the clamshell

apparatuses using the cup bottoms coated with the two different materials.
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[0027] FIGS. 8C-D are illustrative representations of

the wafer overlays that indicate defect distributions

on the front sides of the wafers electroplated in the
anshel | apparatuses using the cup bottons coated

: [0027i\ﬂq%8t$%[% o6 iHngtrasive meprasentations of th[eowfslj owir@ys 8mt jindieate defect

dlStI’lellftl%{‘A%e vva eér{s}%l%g ?‘(t;lé \rzvg 3 tlec fop a{%ef'(},]gi the gia%?%@ﬁ agparatuses using

the cupbpabmt dssd with nige it“hﬁdiefmnbﬁabteﬁaﬁ. coated with the two

different materials. [0029] FIGS. 9A-B provide

icre resentati of the clanghell apparatuses
0028} HIE Mes £ taf@waﬁa%.d??e&ﬁ dgnsitiesdior fditagnt pegmentsopis the wafers
electré%lﬁt@d ﬁr‘?ﬁ)@%ﬁm%@ll %.![%%usé%'mi}@ii& éléﬂ)gotkﬁ'ﬁs &Ja?e]ﬁs\bﬁ}'x he, two different
he wafer. are | strati

IanV@presentations of the wafer overlays that |nd|cate

def ect distributions on the front sides of the wafers

he cl anshel

100298 R4 PR bt B e an PRI FERGnGH pRfararuses withthe

contadte @bﬁﬁbnddomodlffexrenﬁ ERRsRNG Bh eéspdiQo GiFeddfiponed @f tteclamshell
wafer. [0031] FIGS. 11A-B provide schematic

andﬂWéﬁ#@Sentations of the clanshell apparatus design 15
'shown in a closed and open states, wherein the

oo 5 LGRS G118 218y SR Y T L b il o

distritfiticss od - fBorgrsides & thnowp&rsa&lwmpdmdsdenﬁtﬂle @lamshell apparatuses using
representati of . the two. clanshel |l apparatus
°°nta‘ii%5f’ ﬁ%nedmiﬁe‘f Pt s, YD SrBEH 1P other sompenenth 9§ the clamshell
andﬂﬁyaﬁgphobic coating on the electrical contacts to
prevent excessive w cking of the electroplating
solution into the contact 20 area after breaking the
[0031F EXFS. | bydRpravids sdwmiatik rspresantasioas sxf Hberglangshell apparatus design

show, SFF 352 A4l s G LA it oGRSl W o e
front $urfaus bf the evaferbetire efeaking thi@femal i zed wi cking vol une of

the electroplating solution into the contact area as

ct of the opening speeds of the clanshell for
0032 IS8T & B C%‘gpi‘iﬁi‘igf'g SHUEF JRRreSIES} of e typplamshell
apparathé Hééérﬁt %/h@reﬁpfﬂ%q{e%tghvsﬁoah QL F‘i’é i hQQErB@hfog)ﬁgbw coating on the

wi cki ng vol ume of el ectroplating soldti
electrtChleccmtﬁo;tSatotprqreaancmsmh Wiakirenef the ekeeissplamngjsdimtmnsmwime contact
|gns 6 [0036] FIGS. 15A-B are

arca aft al‘ﬂ' el l
RS 5¥}W§ Fepresentations of the wafer overlays
that indicate defect distributions on the front sides

[0033piFI(G he Waktenss £dchemhb@ptepteehthtion dhe tRBA&I ith a cone lifting and a

Paratuses usi ng
clamshel spinning mechanisms.

o

[0034] FIG. 14A illustrate a plot of the normalized wicking volume of the electroplating
solution into the contact area as a function of the opening speeds of the clamshell for two

different spinning durations.

[0035] FIG. 14B illustrate' a comparative plot of .the normalized wicking volume of the
electroplating solution into the contact area for different process conditions and clamshell

designs.
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‘ [0036& f&ﬁ%hbﬁ ‘B yed

, different 'p_rocess conditions. [0037] FIG 16
illustrates a conparative plot of the normalized
vvi cki ng volune of the 5 electroplating solution into

cont act ar]:fa for different rocess conditio

§t1VT m}tntﬁl@é of {he\wa qI'MVE]g?\fSéB@ m(%cate defect
I _
sy ROTPEh 1 KRB ok LA OB A G BB i
differehtfpfercentonditeness condi ti ons and cl anshel |  desi gns.
10 [0039] FIGS. 18A-B illustrate conparat ive pI ots of

nq lized w cking vol f.the tro
100573 $iG BT AT AEE HPL4T e rmALE oGP hy R of the
electr@;ﬁlaﬁ»ﬁ%> co1aa6¢ iwafthE Toh@tt ardh ffbe AErerR 126886 c6AIEbAI SRB clamshell
anshel | designs. [0040] FIG 19 is a conparative

desigpd. ot of the normalized w cked rinsate volume for
different |ipseal designs. 15 DETAI LED DESCRI PTI ON OF
SEWEL Mﬁgl t
(003 escri |ﬁl§)2'i§ol\]%,ngsuma\r%%usFQd %etgv] A lgtsagr}gthégito %\frlztré% ‘fvﬁklo vo}ume of the
electrbplapim® woldeom intb hthe eogtactuade rfet difthrerg prﬁcd:sheeopdleemand clamshell
. invention. The present invention nmay be practiced
desig§-t hout some or all of these details. In other
i nstances, well known process operations have not

[003#?@08‘1@%[3 beckuatt EshstrhtivicOplBRL ofHABGREHERSdd! WicRIISCHI8me of the
the present invention. Wile the 20 invention will be

'electrgplgtjng beldtipmi mj@ Iti}qjq:mxtaqt) aregiasty funetigpelcnymber of processed wafers for

i ments nderst ood that it is not
dlffereﬁttpéﬂ%%%lC?Igltll(f%afld t?mslgﬁl\l/én Bh to the embodi nents.

Introduction [0042] Electroplating and ot her

[004()IKIGE S8 @S aldinpgradive Ipkarsdfeché nosnedizey wicked! MesatoTEn gifogdifferent
at least a bottomportion of the clanshell into the

lipsegl dgighsopl ating sol ution. After plating is 25
conpleted, the plated wafer is typically spun to

r envvwfp,giwﬁ DESCRIPTRONOF EXCHPL R EMBODIMAENPS YL €

and rinsed wth deionized water or another rinsing
gquid. The clanshell may be then spun again to
[004}]e1not\he folewmgadeseriptaei awereus, defpilseprscegt dprtatinrgyder to provide a
thoropglhgltg%leggt d(hmo gqhe {f)r%asgﬁtglﬂngzlenrqg)rr%a : Jgﬂal gf')ﬁﬁ Otl_l?l\olgryceorn mg%%g practiced

withollf €othk I@Samof itfese d8@s.t n pthev @Rtanaddy MellQ@bd'nfp’r&EBss operations have
getting into the contacts area of the_ seal ed clamshel]
not b AetcRbed 1 AptatR Aol UNBeceraE oD hE rucsBainvERlon. While the

1nve1R108 k%ﬂl r | 4ORrBEE rlh ndkiBf &/itﬁmﬁgeéﬂemfﬁzo %bﬁ&l%ﬂ{s, it will be

mgrate 1ntot ntact area driven b
undesttroﬁabz& it iemst mtend&iatodﬂmu e}hmnhmm phikHe embcrdarpﬁx&s
surfaces of the wafer's front side and the contacts

ol . . : :
Introsiitu'cg})]nat e this mgration leading to

[0042] Electroplating and other processes using a clamshell usually involve submerging at
least a bottom portion of the clamshell into the electroplating solution. After plating is
completed, the plated wafer is typically spun to remove most of the entrained concentrated
electrolyte and rinsed with deionized water or another rinsing liquid. The clamshell may be
then spun again to remove residual rinsate (i.e., an electroplating solution diluted in a rinsing
liquid). However, some rinsate may accumulate and remain around the lipseal. The lipseal is

used to prevent any liquid from getting into the contacts area of the sealed clamshell when the
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.toa sﬁ%@ E]E‘ s?lhgtlﬁgg%nﬁ)%quucgog b {he%limﬁ)gl: éﬁ wgffer ecb eud[eﬁlfects.

substantial rinsate anounts w cking into the contacts

area. There, the rinsate may form 5 particle, destroy

the contact, and generally lead to vari ous edge

rel ated pl at i ng defects. L0043 The "w cked vol ume" is
clamshelhagglgped. oWhepdhe peab it lero madnmng epaping obtheragmsheilg lsmne rinsate

N LT S G S AT p—

coppdirayribes usekk tvafedstfeintisidie atnhﬁthd\fc@r'ﬁ@as ‘s!@ﬂnﬂﬁfb thgh@ugratlon leading to
t echnj que invol ves usi l% Ki mv pe %l‘ Ki metch
substagtiap FRgatgygmasnta wigkanasime | the Ppytaqtssare@( hgre, sﬂ]@pimsetd may form

pri Y SRR Sl ARl 6 BT O g et
clanshell. Such cloth is weighed before and after

[004 3\ Tiie ri'gvi clred \tdhlenweisghmem'rmof thetrirsateeth@mit &8 \Wolked, weight, etc.)
vol unme" .. Anot her tec ue uses. a cqntrol |l ed amount of _

exradl] S8R Pt 4 RO ArigRicE PhorPRA T R aient measuring

technfﬁh@s hRFWe 0428 18 Wt R the Wik SRR ed()ﬁfpgacﬁﬁ'ia{lé/ #Rlves using a
measuring conductivity of the sarrp

Klm“ﬁﬂ%?eygi Kgmiﬁttﬂ@s S@@mﬁo‘éllnqsowhm |Smr$1¢rﬁbfs4 §He 6ty cepplbad byoKimberley-

Clarkgn%/ ot%%ﬁ sr%réul }élgir’llily b5 rgeatr@?}mte (\:avd}t_)efe ﬁmg g c?éltaghareaé)g th‘f clamshell.
Such Kchslulid welghed bbfore and afér @i aﬁ@@l@keﬁhﬁ W GK @fkade@! ad 'B“wicked
has been found to correlate with the nun%er of defects
volumeye Aretherfedfimqne uses peonaoliad ameunt of sglvent uqehhmﬁv@mmﬁte in the
contad€hEGL ST llleocr%u@ﬁjn Mo fulfion Ot ?ﬁéﬁo%%m#%d”%éi’f ana ef(ing ‘measuring
This area is particularly inportant in sem t%’r
condm:aniui at ther sanpld) enalyziag dfs dOh‘EpOgl(ﬂth anipg ey epeitdscopy, or any other
ulation cl ose tqo the edl . Certain enbodi nents_of
suitatfi g s B9 iy deehmima e g sie STURALBFRRIB Bk B esult in
the cdn€def flef) reduction in the nunber of wafer edge
def ects. [0045] Some enbodi ments described in this
ument are specific to individual parts of the
[0044& |Tézm1ék¢d plpmediag deew fiommdate corrsiage watht bmnuarber of defects located
rts

o S A5 S e W LGP o BEOR 250 B o

waferpl @hils I’Hje&i&pﬁdrﬁtmsﬂyaﬁmpé‘lﬂht R YeBeoRBuditPRlah@Hct@fing because of the
1 (gget rate conponents used to replace broken or WOT N
arge

die pppylatinosiate teyhe edes, Csrtainigmbasimerits pf tg@nesent invention led

appar at us 'ace ne

mai nt enance. Apparatus [0046] FIG 1 presents a
[0045p Sosywemmbodemente dessfibed wafhés déwminttinh greaspacifio 36 tindividog parts of the
aratus 100, 30 for, electro hem ally treating
clams B SRt B AT e. boFRE> 45 S9pct ARY aduSedlarBiese parts

may BRN8BElIo &H&%%ﬂtlﬁtegx\éﬁa‘dcﬂﬁrﬁff% éﬁﬂﬁkllmm g%%gélﬁﬁ]g f'?ney may be

as "clanshell" conponents, cl anshel ssenb
supplig aa separaipsPrapenents ushetmﬂea}ash btdkeassemm gartson'paplsgeﬂ systems, or

|l
o reR 208 AR o F 808 ERs Bafr mf el e mrlelsﬁapqrﬁes may be

repladé@ d@ring routine maintenance.

Apparatus

[0046] FIG. 1 presents a perspective view of a wafer holding and positioning apparatus 100

for electrochemically treating semiconductor wafers. The apparatus 100 includes wafer-

‘engaging components, which are sometimes referred to as “clamshell” components, a

8
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, 103 clanps the wafer securely in the cup. O her cup
and cone designs beyond those specifically depicted
here can be used. A common feature is a cup that has
an |nter|or region i n which the wafer reS|des and a
“clamghglk’ aspranbd bresasecéamwéllmfﬂ%e Agyaphdl aseebly spmpe et e 101 and a
cone ARG o B06F) Mot e it ke 3 s e cone
103 damppothee ovaly Rtunebs 111014¢ cij c@tlmrec@omde«:bmj dbmgms beja)nd those

.pl ate, 105.. This sse 101 104, and
SPeCl‘g‘rﬁ?]O’é’ﬁPWdaPeFFo?a&r el‘bs? VI %{“’?BP% Wreipa CEBﬂWéE?Se ‘E‘EF“‘” region
in whidh@hé RRfPIAIRs 20Pa cgﬁ@thaf@%&%s e Avdfer @ahﬁfiﬁ‘é @uf) ® Kold it in place.

~mounting bracket (not shown). The spindle 10

transmts torque 10 (fromthe notor 107) to the '
[0047¢ IIeﬁm@plct%@&mﬁme@taﬂ@ ahgnghetl @sseorblpfthe cymi @F ar(cwdw cone 103) is
o, ek 02 o P el 150 B0 Rk iy Mo 103

104, zﬂdeM]Sd @SdriveM @y ta maior flOV e 4 §findlegag Icﬁquchﬂ t6 ik tbP blate 105. The
with the cone 103. When the clanshell is disengaged

motoy Kt issHigeRey, o OIS RRK A AT IORRY. 0 3h Epiasi Wariransmits torque
Grom gL e AL SR i PAA RO U1 TSt i i
figure rightytirem tiringhplatop 16 40 tylinder ¢hotishmwb) Withiasthe lspindie 106 also

fer wi aratus 00 | vin only t er :

prov1 esoq,lyergfzagg rc? qngaging 4 eeyugsi(glo t{leoc%] ]&%r oV¢ithe clamshell is
disenf£Rd4&hot dhoGAS, taﬁfd?oo?mddnn&ﬂt @ffecw}earﬁll SBASIH 2 WARrUA®3tween the

a spray skirt 109 that protects the cone 103 from
cup lé)yblaadhhm goresi b(Bt r Aftgt e wafer ishesedtedi the edneiBd ﬂ'@agf;d Whtb the cup
101, g%éc ylénrg%%l %‘es %F Cuz?fJSUde%Bl 6%(%/21?5%5 ‘iﬁg lge{vircgu%le er front side
(workliRfad8) dxlpaiedSo cRorsigRar ati on between the spray sklrt

109 and the cone 103. [0049] For the purposes of this

scussion, the assemply .including conmponents 101-110
1004ﬂlsln cEtin SEOPYigIpts, étfeeqlﬁraﬁbeﬂldnegdes 2 gpaeskirs g 0f dhat PIfgCts the cone
r
103 {38 SpOSMRY Sleotrb., b kRBRERE fbodimell VY prdlPLERI09 includes o
verticall bmmnfe'ramahh des eandconpanantap. pdriiat. A spgagemambaf €10 maintains
allow its nove 03|t| nlng. 25 [0050] A

swpm?ﬁﬁq?%gf sawP¥S%W%Qb§W3ﬁh§ e connected to the

waf er holder to permt angled |nnersion (as opposed

[0049] | B¢ pliglobesOstt fls HivBRERNOthe Bkerhbl9 Meth@gi ddhipodents 101-110 is
plating solution. A drive nechani smand arrangenent

collequveb[ areddnds pi ‘weter lldars 141 e Nedebowevesghet the concept of a “wafer
holde‘ia"ngp? gh&e a?e%%r(a 18 to Y régu Wcaofn% nétb)%s I'Agh %1?1; F%r%%%n%{u%nsg%fa components. that

arce as a resu

engagHzDthéahnd gy 1§ mwaémntmﬂﬂq;emn&ﬂﬂag(l .e., the cup and
cone assenmbly). 30 [0051] Further, the entire wafer

ho r 111 |s lifted vertically ei t her up or. down t
IOOSQI tge asperRbly (agtis shavmLmay BF cpaaeicdH thsawaterbeldg to ‘pormit angled
i : ul A
i 55 AL LR AP e UG Ty o
driveveedhiagiain and wemegemek ofiglagestand jpamt grigts are used in some embodlments to
move wafer the holder 111 along an arced path (not shown) and, as a result, tilt the proximal

end of wafer holder 111 (i.e., the cup and cone assembly).

[0051] Further, the entire wafer holder 111 is lifted vertically either up or down to immerse
the proximal end of wafer holder into a plating solution via an actuator (not shown). Thus, a

9
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per pendi cular to an electrolyte surface and a tilting

nmovenent allow ng deviation froma horizonta

orientation (i.e., parallel to the electrolyte’

surface)- for the wafer (angled-.wafer inmersion
two-compesint ipe§ijioning [mephapismoprevidea bothheertiedl enovementalong ja trajectory

' it ' c 15 having a phating, - . E
perpehFelBEh ol PR B it B B PG eyiagion fom «
horizquitat dritgtaioh ulikQrparallke t¢ hisTblectrdiSie Sifads) Rt thaneder {ahBled-wafer
, %g.g., a..copper anode) and may include nenbranes or ‘
immegsiHesapaiitiat or s designed to maintain different

el ectrolyte chem stries in the anode conpartnent and a

2 I t . i i t’ .
R o Ly b P P R S TR B chamber
117 wipshahahseoam pubdehhambenat $ hapdrvabiating solatiomi The rkhéimbert 157 holds an

. In.certai n enbodi.nent the flowdiffuser is a high

anode, (G, A ehPpr 400P) oY PIRmeaIpReS Qihas SpRarigGiaiesiened to
maint®h Aiffebhtd eRic@68te Ghemisitiéatih NtheMBh&dd &lomp8rtBhent and a cathode

plastic), having a |arge nunber (e.g. 4,000-15, 000) of
compgfaentdi fndie odepictedregmbadonen, @oddtsero 1695isi employed for directing

' nn d t he cat hode .chanber. ahove
creon /S USRS, LOEpER A T BB BB nc e
flow disfubeeds a highresibatite Girtnelr awde (AR VIA)eIE, Whitklis Pae¢ 6€4 8slid piece
. area, and,.iherefore, i ntroduces substantial fl ow
of ingulating; gRiezial {eghPlashgh i hayinger largrenpmber (®2i H08VIS.Q08 of one
dimerRl Ak é_}ﬂal_}‘%l&&; B ®fs ikﬁ?insc%éﬁqgt@re) A Uhh Q0 1o {he cathode chamber
description of a high resistance virtual anode ﬁT&%e
abovegthd plate ohe s@ainctossgseapipanet us thoholed aclessotbheabaal d yercent of the

treatin sem conduct or fers is praovided in US .
otal Rl A o PG TP POR e UL QA EPiSRSD R he plating cel
helpiﬂ%nl‘éoi'irﬂﬁb@é ¢ PR Onifddhityt Sf BREERRY . ABMitoRACE&BSSion of a high
- The plating cell may alsd include a separate 20
resistapnspiyidyre anode phate rod lai ¢ogreapahdonge appiaraguss pasledt@chemically treating

.electrolyte.flow patterns. .l n.anpther ogli_ ment ,
s SRS L PSS Rl PR 20,
incorpoitt@hasirg ittt edtingtye by rbRfents THelsitaint dell thyy hlk@endide a separate

suppressors, accel erators, or other organic plating
membgapy; fory ggntrgling FAndTEEaprs tsepajaicetlectralyteaflew pattdrutie In another

[ ' [ at | .
embop 0 15 L A0, FOONBA ! Aogf MR coping ol
that issmbitayi dlyerdeqif Bgpprtabadacdelzrat e adiutieer orgid pletisehddithds.
i ncludes an electrolyte inlet tube 131 that extends

tically i.nto the center of anode chapber 157 i )
10033} g o’ Gl gnayi aindnelufis alurmbing S RIUmBRIE poftesndpr circulating

electr&F ROt ttfe Ftalﬂﬁ% ‘rE:@lll L and aiﬁgﬁﬁx_e%rﬁlp?é‘cterb%ir%% gf.ea.l %hr example,

mani fol d that inftroduces uid into the cat

the callhhitbincluses ew eldvtrolyté irfletsab¢ HIRVAhg| extandatvettivelly into the center of

riphe wal f .t he,chanber,. (not o I n . saome
anode B9 7.t flsh bt B SRR Rk | B Petmenspagos. th cel
include bl cRcl6igte(ih e mRARTHR thhtdBtrédifed NEIdGALIRIE B HehaRberdtiow the
menbr ane 153. This arrangenent delivers

th
difquéq/IgBtVrPopW%atttbe ptipharlewalhofiErcceharmber (nohghawi®. loaohsdeses, the
inlet @Eg%? fnclddds %ﬁ&rno‘%g%@é%}'@m ?iflg%ﬂﬂﬁe gﬁ]o%?:esi en%‘léiﬁ@tft gc%tg‘%de side) of

er are separat resistan

the médBBranand3 edal ataplaenthizivers shpasdBtetolJotmieytbeae ehamber and the
Separ %t ed . '
cathode chamber. In other embodiments, the anode and cathode chamber are separated by a

flow resistant membrane 153, and each chamber has a sepérate flow cycle of separated
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10 electrolyte. As shown in the enbodinent of FIG 1
an inlet nozzle 155 provides electrolyte to the
anode-si de of nenbrane 153. [0054] I n. addition,

plating cell 115 includes a rinse drain Iine 159 and a

elecmﬂb’@t i gy shoaynin; the embediment pf REG.16 B inlgt hozzbn hcprodides electrolyte
to the $hé glhé/%flget%glgie h34ing chanber 117. Also a rinse

noz ivers deionized rinse water to cl ean
the wafer and/or cup during normal operation. Plating

[00545 & wddicon,nplatimd eyl flil5 lisclndusha einsé ldeais Hawrbeo dnld7 a pTemno solution

o, ST FRA S ETELAST SO0 S e v
dehve?soJiéi&ﬂlQ&l ﬁ@k%ﬁeﬁ%l&ﬁ tﬁ’éﬂ\ Qfer alBbf c@%esr%r no'i‘fngfs(?pe\f)ﬁb%r Plating

return. epICte enmbodi nent welrs
solutiey ﬂ@ll!ililﬁlbrfél&ﬁt mlch of ¢het Clwabes|1d7s T mtitigatevaplashidig allrtb generation of

v L34 0 RIETE A 0 00%0] OB L O AR s an vt

weir 167 fotifing&sweiebldt@s. 1hhiad déPidted BmBOBIRME GhdsB wers laad E‘ircumferentlal
enbodi nents, Certain aspects of the deplcted cup

verticg]eslqtyHisthe pial\if dee rlafingghamber 1 Blige pl ating unifornity
and reduced edge defects due to inproved edge flow

[0055F IT'ﬂE ?tﬁfo%\rl dgc‘&gs;ég'pf? en %r%g’én‘{jsuﬂdn%n%? ne%ﬂ.{ré(s a%d/ ﬁxaﬂn[élse t ?Cup assemblies

cont r ol ry wetting, a I 'psea
that nrasll’im/ethploﬂcﬁn Retais embodinlenst Catthineaspedts 0fthevdepicted c@p designs

nbl Q. The. 15 ass 200 includes a .
providd Iog gRte £9t 8 a9 GIEETT Y 2R Feltrd ﬁ&ec <effts e @ ipproved edge
flow Jhﬁ&meﬁlsl%étdf%éﬁ@l elebtroleS Qinshte! LER18d GARE iy WeRHEMind lipseal
208 for establishing electrical connection MA¥

bubble geavali VEIG. elléner&nsﬂkufstrettfve owdfomt v1e'ﬁhe)f(}i,|pupalasiserrﬂa$y 200. The

assemgﬁlgﬁa%g)gmsnl\; es 4 gpsrgg’lr p‘?féf ?I%?eg)tlgé cgrgg & aand Rﬁg 051 elgctrolyte It
also iB&idd¥Ma \seitedt, elénéﬁj‘tozmdﬂﬂsfsﬁb)lshlﬁg Qﬁ:@]ncﬂ‘ @O&H@tl(ﬂ? Wﬂb&dﬁductwe
i ncl udes a c&g bottom 210, which is also referred

elemegts of thgywafer. e gup and tp ggr@p@}@fsemajah@{vqm Mu}myhm and be sized
I Wi t
o engf BERFCpb PRt 1., Ep00 S VRS, 300rhl BafriflaGiamoeren

may be renoved (i.e., detached fromthe shield
[0056F ffhcj cmm asseIﬁBB/)mtludal d o b‘oetthZ] Oy gvhiar is aise refeﬂ"ed) e £4disk” or a

a seal a
“base e[ﬂ‘? bk Fiay [Eg'%ﬁaﬁgéo zfﬁle Stpignye 0 REb e scbaf sopes or other
fastenf@’ Inea®) BleLelf ioRbmCOTG Rdy B@@ﬁl’bve&:’t(f ¢.p dgtgghedarl'gm/ the shield

or the cup bottom 210 itself. A portion (general
structurh é()amoeﬂ teppeingi vanpusEoponehts of ot auqt assembly 2D0Bsuchyes a seal

212, G RO B B YU e A0 Tt membes

strip ZOBDQfdm{thé’@ﬁp Bbedy 2 10xs&th 15 pﬁﬁﬁ)ﬂqgede@alﬁu% o&@iﬁ%sﬁﬁomon) of
to inmprove flow characteristic of electrolyte /

- the cqntas oft@dp a?r0§uﬁ’(§YthFéHe(fgétaatnéyﬂihrrprw@nuwbme@l rsepm@mton The cup

bottorfy IQ?? ?r&glq{akféta't Rsle‘redTchrs it ae??ttstrlrrgqegrno%lpen h%rH W 1CE is shaped in such

corrosi

ways 8¢ & imh@ese fib@ethardctaridtic biteleamolyteantiadatitarolbd tHededge and improve
cl osing, the cup 30 hottom 210 supports the |ipsea

bubble reiegintinchameteristics Theesusr bestpre hlSumRY theemads ef a Biff, corrosive

resista"fW%aQenal, such as stainless steel, titanium, and tantalum. During closing, the cup
bottom 210 supports the lipseal 212 when the force is exerted through the wafer to avoid
clamshell leakage during wafer immersion as further described in the context of FIGS. 3A and

3B. In certain embodiments, the force exerted on the lipseal 212 and the cup bottom 210 is at
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cl anshel | | eakage during wafer imrersion as further
described in the context of FIGS. 3A and 3B. In :
certain enbodi nents, the force exerted on the |ipsea
212 and the cup bottom 210 is at 11 |east about 200
least aouhd40 pede foreme The eloping forse.cehichvin @t tefereadgo as closing pressure,

is exegrﬁgﬁ{g{]eg clahsAsl L@ g e?ﬁb?? Stﬁg PortianofS wlgl]E:}tl d E%k%:g g?ntact to the

cone" ~asséenb e portion

waferrtakleddeont act to the wafer backside. [0057] An

el ectrical contact nenber 208 provides electrical

t ter] deposited on the front

0057 b B i Qe o ot matril
depositedoaGhe MBAPSHe o288 WiYet UASSHhEwh 3R g?(ﬁ@gﬁw%ﬁd 9B, a contact member

i ndi vi dual contact fingers 220 att
208 indwdes muletgs mupthgt of midiviguad tentadtniingerst Zﬂ()’]atmnlmﬂZluor“EMmuous metal

o 315, TG RS0 o80Re BT Rl e POrhASl IR 7 oy

Howeser, toahdt sRithisldini@eifds et besRendi NocdrRin 3RBodm ARl @Jrrespondmg to
conflguratlons t he contact nenber 208 has at | east
C

300-myB owipfen gonfigmatiangu e Q@t@éml%mberﬂ%gbﬁ%atzmste&k@m $00 individual

cons3PF55: 0N, U8 0L PO I B SBLRIEOR e ware e

ﬁngel(s eZZQ may zbse:freatw by mgbtmgr(a@wl Jakdt Qsuttfriod P dtgninpl @cﬁin?in%n precision
di.n /bendlnq or. any other suitable nmethods
foldm@&w R B O b@ss%pler BYethods. c&hq icAltgets membgr 208 may form a

contu’ﬁﬁﬁg ?1'11@ %vﬁ@refﬁeﬁlélmﬁalr §t$$ é*g (ﬁiﬁflésnﬁé tutt]e? d%&&ér gg%gergng, and the

of the“ring, and I pS O
free tighe foif thee filmger i2A0 elefing theaheer. didrhetsh OIllsHOII[ié bleoio&!dl thbesdameters will
15 var

di t he
vary SBEERE th Misnp“crebRraL TR e fotet ember 20bass fs example
showh & FEX.aamp! @uﬂﬁ@%hbﬁldﬁle@not&ﬁtha’f%@ ﬂ?%ers b30 %%x‘gblp @nd may be

noted that the fingers 220 are e and
pusheg fdomaq(i- g@m’wa(rds e tapersdendgs 24 ﬁ)ewhap@cemaf@dg k)aﬁedi) Fothexample, the

aded For. ex fin S
fingerk 20008 it o SEETNHHRun REMG! 1 Abuioroiep o water i
placep s tieodlambtedl ta yebirithdr i ffbacMitiontwhdnNBe ehskak bhrdsSure onto
yet anat her dlfferent%E?S|t|on when the cone exerts

the w?,ﬁeé sBuree gpgratian thenlip bt thgg]raptﬁghmg@lr?dfhrgmdestmr thiegips of the
ﬁngex% &é@ 2br L é)g od g{fg ﬂ‘éﬁﬁﬁ)@fﬁon% ﬁﬁge‘?é ?%ﬁmgf %tertus] ElgEleIp fan the lip

he fin exanpl e
212b. dos:ettamrr:rmﬂwluﬁemg ahs fin2érs 129 o€l rlﬁigﬁblr giarthe m@m [2B&ven in their

i 22
S T O TN R e A

suppdrtea efymaeltg%eom%lﬂn &R Methd A& wef 212% Pt a&%ér E&B&gments the

the Cu In ot er wor ds, the fer is
fingeryy22¢) hled/lor laf 2t Hesdal heet or @fprasscwinot the h;mfén 1p 1xﬁild%hnced into the

e A IR ENTED s TR A AR g B i o
examplB} the dipCBIPbi MaPirdifidly SUehdRBReragh BRL fhst b t‘hbxpﬁe %gtq)lpressed and .
and the |ip 212b aré in the contact with the waf

the fingss 220dstlsrted anghgomprgssed 2o formy contat iwathl the mafazn J hhlre@chreﬁo avoid

o 8 8 0 0T, SRR e R v

seal ismf&iishe'ﬂl‘lmrveéeﬂrtbe whfer andthe lipseal 212.

[0058] Returning to FIG. 2A, the seal 212 is shown to include a lipseal capture ridge 212a
configured to engage with a groove in the cup bottom 210 and thereby hold the seal 212 in a

desired location. A combination of the ridge and the groove may help positioning the seal
12
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anbi guity the di nensions -described herein for the
contact nenber 208 are provided when a 30 seal is
establ i shed between the wafer and the |ipseal 212.
[ 0058] Feturnln to FIG 2A, the seal 212 is shown t
2121 H} %@Eﬁ&é ogaliondwie insiadaiion and agrlacemeat otbemea) i &and 8150 may help
& n
to resﬁp ﬁggﬁﬁ%ﬁé@a ﬂ%?l_%g?/ nl iaauljgggg ot 1 Pocar@n&lgélng%a 8thep gﬁl?a%}/e keying
(engagondithizhiuoss nofy bdwsedi dge and t he groove may hel p
positioning-the seal 12 212 in a correct |ocation

oosof 8 5Lt Lo S0 L eplaceent of Lhe eil 212 e

- that 1s2&%f %Ufe'dﬁg aBEIRbAHS BhealIStribh R b bar S BEThs ldish%i%ti%_rll IFE)us bar 214

(engagenent) features may be used. [0059
i typy@ﬁy composed raf| hiecror@@wprrﬁsetgntﬁeatteuale(e ssuhinkgss aeejrgmice316) and is

' seate({?l \gétgﬁ‘ldth%: g}'oov?hgﬁ) Sihe i elgllt 5tlgeh%tg{, %%9 %ﬁ %%Bg'ed Ee g., using an

ISI'

adhestlie$ tto | thet distiibhticn DAE ﬂMforl 5dd115{<§11a¢ abbystEREPORLEhOkaBe or other
b éorr05|on reS|stant material (e. st ai nl ess stee
cmbo

s 5onkp membes 8y caprdrtesd tonthegligphation hussgifparound the
L he ngled, {£:9 L.N
con SRR HEE SRl 2R RRER P Sk T
contnmd»da; metalh amprZiBLmd ras sherdfore grevidaf@ moreatniferm current distribution by
enmbodi ment t he. con nmenmber 208.is connected to
enabl{ifa TSP G Icq BEE0DR ReBIES e PRBIOTGM GnaTe R ar makes contact

with thBtpRlves lcall Rndt IBowtE RGS &y ¥zimufig Hcatisd Wﬁ%ﬁe%rx@i‘ltse)ggsllthrough the

is much thicker than thé continuous netal strip 2
strip Hcind e fubgere?H) istpthowadler. f or more uni form current :
di stribution by enabllng a mniml Ohmc voltage drop

[0060&%@%@?& 1l'ilﬂﬁ"a e93$ 3)? c{fa(rg ehe %Sw cr 3%3?% tcﬁogitnagctfle clamshell

a8y azi

and ed;tﬁiﬂ&hirtgm s&blehsawew the N\taf@G(MSanﬂhh@liﬂsl'éaI e, &b edbddiments, the
and the fingers 220 into the wafer. 15 [0060] FIG 3A

wafer; J04 ey dirgstouchy et cagtact membien REBemprasmecHicaly die ggdact tips 220.

el t
B L R R e e
seal Hib oGIenmrmIﬂ)s th¢ lventavafipr303 Odbrrrmymf the sontaouclitht the front side (active
S Epier 9% one speclleal iy the caneet tipe T
mamtﬁiﬁ@ dﬁﬂﬂlf @53 elWbthdpi1dthe. Sebiag V&Qﬂl&e tl?él-grglt&ft tfpl 92ﬂ%§ﬁér1ences some

Geheral Iy, the contact tip 3 COmes I'n _
deﬂeczt@nt@émowlmshteh@lqsrrmwtwlsddeesqlaa:m m@ﬁargeubéta/ce) ti@0Bomfside 306

and t}%eqws%é g}éa[tgolg)ﬁ egfc%lfal V¥aﬁ \ﬁ%ﬁ é@c; VFICZ] dﬁ\/\fgoulc? Be noteg defection

may Rdpped le@Bt@ivh&Y thd Froft B@Faca30dstirst REntGQBHURE kipt 1206 #2Fhen it first
experiences sone deflection during cl anshel | cl osi ng,

contagip Fftfhhpr XA tTéleuferé oife 399 ﬂ@@l%‘éft%@mswﬁmerqooductls’p d@ta@eé such as
triGa
OPP egg{a \%léegﬁm% ‘he 1 vﬁé& C% s%lhto u#lg&bdégﬁlg? %ggaré]a edt™ a Sﬁa& layer or other

formshafheeirgek ol defleufien (éiferderbentectthé ApLandDfie ffﬂohﬁ§1de) may be adjusted
cts the tips 220 or when it first 25 contacts the
wrmih

gte qq?éuactrvawtbeéw?@ thogatisichan the e swiars agéghe tips.

conductive material, such as
[0061] FIG. 3B illustrates a part of the clamshell and the wafer 304 after closing the clamshell

and establishing a seal between the wafer 304 and the clamshell of more specifically between
the wafer 304 and the lipseal 212.  The closing operation involves lowering a cup 308 and

pressing with the cup 308 onto the back side of the wafer 304. As a result of this pressure, the

13



10

15

20

30

‘copper, ruthenium or copper over rutheniumthat nmay
be in a formof a seed |ayer or other forns. The
degree of deflectlon (or force between the tips and
the front side) be adjusted. to provide adequate

| actwecsarfaer‘c%%?wesuem@é ot Witk 81 ip 2b30 ke fipeal 244iand s scaling

lip 218Nghd ﬂ'ﬁl {égﬂﬁl o{‘ &])%6 V\g?eg 1r @é%j)%g#\{ the tc ﬂ%&s}éﬁ{lﬁg{a& gpeﬁ@nce some

cl ans and er closin
compeekaors h€hd corBpressich &isé adurashthagtha esti@l pebiaieve @ thidigp 212b is in the

contagiay GG HAC e e RS e ReF RS SPPETeEtThE surfaces of either
- KhRsiag® Iy Vi 308 and
o e AR on PSR AHE, o or the
- wafer 304. As a result of this pressure, the 13
[0062h ¢ plamswk ﬁmmbaoshcwm FlGt 3Bt ey cb@nltsadtonvw tJabiet®e e]eppoplatmg
212b .0 212 and the. seal.i,ng 212
systrg RS oo PRGBSl D1 39047 Gl the BBHPRERARSH At te novel

clamsH8lY a€Rbly 6AHEoVeO NBRalied HAE BRELER - miliRal GHkr %b OdhtidapSédl-bubble
ensures that the entire perineter of the |I£ 12b is

relateqd deferts. & dhpketpernith cagyomanual oleaesug, aseyp caisanlreynattc cleaning

nn51n%%§ae%%n%£§gﬁ gﬁgfa&%ﬁg FS g’Yri %fc%ﬁ%{%t npseelé&g rand automatic

contagtcatqiy, @63k bberatioispr ilhalcSntly[ @Q@E;ﬁﬁA pedtaem huefl “Isol&ks panidleydefects” was

.. ..sh in FIG 3B may be used. on a Sabre .

identifipd o Vi iHorhbsing resgry%%/de% %M%’éarﬁyeqxewf PURCIRIgOF apgghanism, it is

behevle@ Ghat kit tRRHRfel OF fhe e@@e eh%hmﬂfdaf‘férg @hé:)\fvaitehg 10 %ldge area into the
cl anshel | assenbly inproves seal i ng and Bces

clamshelhi avgl corth@r awdgearedeadappetiic bidoheon r@ partidledefeer sirying out,

s alsa. per s manual cl| eani and wel | :
erystalpol e SRR O SETIGeRal “UPE Ry GG Soid paricle
agedmﬁmgtlons (known as cup contact rinse, CCR and

automatic contact etch ACE operations). Recently, a
ecific probl em of solldfpartlcle def ects" was
[0063] %Eﬁt # i ea. illyytratiyatilayehay ofetbe ralectrenlatiog angeepain pewoirdance with

certaih Iaﬁ%[) e‘ﬁ%l IH{tffan?' tﬂl? ‘ﬁpgéal Eﬁ?dd:&ﬁﬂéc? Mea r?t(g (tjﬂef ?lalgglegleﬁ{%g?% clean and

t hat t e trans e entra
dry. Wat eldnhshpH 9o @perdg@®leske402)ind thbBevafed Rrislddd in€difhe clamshell. In

nt act are can lead to the formation of particles
certaip é“{}f i ERRtaCt Fips émﬁ;' hily pbolte; Bp Plang el tthe gealipg fip and  the

t RY S
SR PSR o 1y A B s

shown |ih U596k SA. veTlfd olauishelt ipfthanhelostabd cpiled itygmprvingess cone 308

do e SRR eSS L SRR TR bl e oo

Furthé&l 8@Mmbofbf coffidts offthe c6hi@bE hedyl bd HrRRRAGL %amspﬁlié 38 lipseal base,
e

and the wafer is |oaded into the clansh
whichcrepyltsiin @ﬁw@dalr@meéoetwm tho ﬁpaemd thep‘mnst, |Slde§lf |tlgﬁhwa§¢r The sealing

pI e of, the sealjn wafer |s
ip w7 Ry ey Refini L EndFE b et PR e "Gy Refimelch 1n some
emboallfrﬁzlnf!;d whbe theal gfer @Qﬁlkl@ﬂﬁﬁ%l@&ledﬁﬂl@m tdp dHl{Athe3Balidd ) is contact
anshell is then closed and seal ed by noving the cone

with t@eéi‘ona Viesr dn (thissrmplys the gheqtrier) contast katwsen te tips and the front
surfac%ﬁ?és%ﬂlfgﬂed &J}ﬁlgc&ﬂ{p?gsgﬁ)n%rf?hé s)éghr‘f@i]l!) y defl ected.

[0064] One the seal and the electrical contact is established in operation 406, the clamshell
carrying the wafer is immersed into the plating bath and is plated in the bath while being held

in the clamshell (block 408). A typical composition of a copper plating solution used in this
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Further, the bottom corners of the contacts may be
force down against the elastic |ipseal base, 25 which
results in additional force between the tips and the
front side of the wafer. The sealin '

I p, may be _
operatign grh(w ScEﬂP;HF%é%‘ésdaE& EPRCGRIEatGRe TAEE | O F‘Wdoghe 80 g/L, more

_spemf?(ﬂh#r laf al?(ﬁ.{t I5 me@(?g/L lRd %ngpmogé"giﬁgfﬂgglw a b%? E8€ Sad faﬁa sulfuric

nitrall'y poSitioned iInt e cup ont
acid at |ap:onsentmatlbm©1f abwtt(hl =D Of g/bntL(SM-Iaf:ldaE)ppd:n’pluthngsolutlons typlcally

e b B CHEEARLEL oD Betveen e i e,
50-90(§/L bLhe 156akb Ba édlﬁmc%gld[ QQedivépe TEQ BorRAtratARb fichRride ions may

ectrical contact is established in operation 406,
be abphie [l0Ameigdl.l A camber mf edppenatating | argamereddisiaes, ntugh t 4seEnthone
ated in th

anfoﬁlé,l ylzﬂglﬁ‘n i %(Tg{\glﬁtorsﬁrgﬂixt(%rpo éﬁvazllagl) bﬁ"é{gt %h%%ﬁ Eorpogatlon in West

Haver @PO6t bihenadklepat6@PaRpragbdt bnd lseler kivvru®adodenvftsRilbin the art,
14 operation includes copper ions at a concentration
can be Ji5g@ dixagpes opplBting gpeggtipns ﬁm@escgb@k iF MO |d9tad§ in US Patent

Apph%gﬁ)ﬂtlgg 1'1/%(94 ﬁgLﬁle NG £V I8, S RAER 1gb&gl)ﬂa¥edq{er§9 %'Tlnlts_ entirety

furlc acid at a concentrat
for thabmitpode. d.f thed@Bcxibihg plamgaopatatt@ppeOnpd did plgtlﬁg)lmtcbﬁmplkted and

typically ont ai.n about of sulf

approwagtr: amoaﬂboffw@tﬁn%ld? eSited %ﬂ»s%%w‘gf%e&é raéh@gwafer is then

remodLr&Mthd $PatthB0nh L THal f et Gn@Ciathshed Q?@E;Bu\ﬁeﬂoyremm@ most of the
concentration of chloride ions may be about 1-

residuaty¢lectralyteuomisbe c]@fnshdbpgfacpﬂ mnar[gng thyanies tadlk sgurfﬁeg tensions. The

h Ent hone Vi orn1hbe a m

clamsBiif Js e Bosd SHIE PrOAInih Bh BB GRS R (¥t much of the

entraifiey A0id 4s'possiBle B3 lantheR laf HaBdr SurfastRRHREIL A1 §). ANtk wafer is then
| evel ers known to those of skill in the art, 'can be

spun withdinspeaigliiresd off den samopaeausuahy ableast gbewr] srsandsrio remove
nor e d U, Ratent 10 Application No.

smneff?ggw f%ﬁlé(ﬁb8k§u811/28/2006 whi ch is incorporated
herein in its entirety for the purpose of the

[0065] éBovavet, rsgmel ratshfegS(npefrﬁtﬂsansthe viaferts froet gidaBO6and slamshell (the

. -compl eted and appropr.i nDunt of terial is

lipsea e?dngs‘i“tdeé}‘eoﬁp?ll’?é ?drgsn%mg JHAES S oh OfefFamPler FROYRBAFIG SA.

Rinsate is! KGA by’ KFAYE nbioRMoldes viicH hid ? el%&!a foTJé@ rak&r b}agﬁnnmg the
clanshel I are spun to renove nps resi du

clamsbleéct&vwhyafer prolotged cdpamede bf tlmmlarad@i;l somtammatagmnheeraam in the

comef WelscingAfy! Sf%%%%%rhhs?én@”sfga{e';@ﬁlq%ﬁ%a ? and, e lihlip 212(0)
is esté’cﬂlsﬂé@ hG@flerﬁ ddaéfftﬁﬁ'e tHlabiCalRsw OB Is;hhﬁng @Mdrying is limited
cl anshel | r surfaces (bl ock 410). The wafer T1s

byth@h@ﬁﬂlBﬁNQBWhﬂmghmﬁS|ng liquid turned off for sone
time, usually at |east about 2 seconds to rempve - sone

[0066:’] elﬁébm ﬂ% &; 1ﬂi§§xta?e ((ﬁ{‘fgr%ﬁqéga\%g? z{n(ao§$11t1\;_eb %Xlggl’l%%)gnglne d clamshell

remai ns on er s front “si
compohmlmed Hngatdeesida® 502 pasag tk&lﬂamﬂtélltdpenmgp@exadoe d04 The rinsate

resi w 2151; §°§§F@°S¢%§@px@a§3@5 st ”chs Rf f*&?‘%m@g'aaﬁEW%Vd the lipseal
212 £xgeesf Of %Sﬁn%g%a?o‘?gesbﬁoﬁxpklgﬁ'sﬁQI _tsﬁﬁnmg and surface tensmn forces.
Rinsate accumulation at this interface is highly. undesirable as it leads to some rinsate getting
into the contact area.  During opening the clamshell closing cone 308 is retracted, which
removes downward forceé applied to the wafer 304 and the seal edge 212(b) in order to

extract the processed wafer 304 from the clamshell assembly. This dynamic process creates a
15
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clanmshell. Even after prolonged spinning of the

clanshel|l sone rinsate may remain in the corner where

t he seal ed between the front surface 306 of the wafer

and the sealing lip 212(b) is established. Cenerally,
numb@r Hapteaglayid ¢quies andaffers. 19 thasang bQS sV eminveardna slight pressure

ot B8 A58, BReNeL R OV by BHESF e sty

pushnsg dgesafend06 IfabE te PP Libyngadahe Ebﬁtaét' @) | Further, the energy
nponents and rinsate residue 502 durlnggthe

Storedclpéirfiﬂmrfssss% ER2A &b Frawyiei 16l¢aspgand the wiafen 386 enayrspsingygwards off
f d t h

B e

upwamlefored dnglee fafe geripham mlagmbed theS\phﬁBﬂ 304 uvpndrdsudnidageate a gap

f nsate tion at this )
LS 1 M T W Wy
5C. Thdwalee 308thdy8so botigel rﬁ%n? Qgtoﬁgnaﬁf)%tlorpﬂﬁﬁﬂgmﬂﬂgﬁg Wi certain

the clanshel ' cl osing cone 308 i's retracted
wafer hagglieg eawmat, o ifiel esaysgb @bt expmplet werquverwaﬁazs fiom clamshell

ed n_order to act the

asson bl SR ey L S0R PP PAEE HeheRtid Peubappgration 404 the sa
betwedly MidTbealing GREBIS (DN HALBS fidnt dide BOBRATthOIvakddt 30U i€ bASIRH and a gap

causes and effects.. As the cone 308 noves upmards a
betwegn thee twse elemgnis is @ratedr enti al may be created (i.

hi gher pressure on the front side 306 of the mafer

f

[0067£?i21% E?gvgl\r?glln%f\lf]eenpégg Etf g%t&%}% 1z %p%ﬁ%lﬁ{}g C}inn§%tﬁ?sﬂagg of the sealing
lip 212¢bo (ﬁdlnlmnmrmmmdpiesﬁdﬁbﬂeh):vm cbate €pwasend 11&6 dction that

f f [
o T B B SRYEE e o o 2120
showih HiGase defl egdigen ap %r@s’é@fet d@f@renHQlW@ﬁ adiOL g (ﬁﬂth[i- N&al that is

waf er peri Ehery, may nove the wafer 4 upwar ds and

described gbeveaa shape whanges o€ t}see s¢aling Hpi ;)1 28R (sbdfagn@nsihe may draw
6,306 of the

f.er 304 _.as, sho i.n FI GS. 5B-
fuid B0k e Pofhe e 47 U wald FRRLSAF e Sesutirgy ety sealed
off. position during plating with certain wafer handling
equi prent, which is used, for exanple, to renove
wafers fromcl anshell 10 assenblies. In either case,
lOOﬁShﬁSéBﬁﬁnw REoPagAtENreusd the SABHEMAY SpEiiny thpepripstoimea and wet

the c&Qé]ct tﬂﬁ $RAkLS sﬁ%@%ﬁ%lbh %Cseaéf'kg gcoln a%tszgl%(tgﬁlggw ntlznl% of highly

front side 306 e wafer 3 roken
hydropleid ivve @md tlfaa’sss ttheomaire cenpenens of t}&axﬁmdte) [merTdls, Tdneh as Paliney 7,
nt of the fer 304 coupled with a change
whicty A s BegR mea G B M) IR0 < BIRSHCERRFE: cAS aaHanlt more,
rinsaté & HBWATRIOBSIS B gabDyRBLIBERsur RicE 8108 BrdeY %LQ gmlail Kfisate pool

action that 15 draws sone rinsate 504 into
506 migwtioee Arouheé contaats. Ehnel 6n306perl 06 eysewmt reldg;tﬂlblpie ihltﬁ(; byntact area
ress

and dlg??@er en%ngaﬁ()ﬁgr? QUi rf?@g %ro{nn%]e técg?'te rﬁ%{ijuqsén the rinsate. While
each g3y pdedoshaved aneies c&fﬁ@@%re%ﬂﬁﬁﬁ@sth@t)ra&ﬁhgg 85&5{1&9414 may be

lip 212(b), surface tension may draw
small eﬂ%ﬁﬁﬁ%ng BRyaIGIS TARAatedobr eanh e wafer resnitingiia @ulmzsmal build ups

of nn&%md"\@%lﬂﬁfﬂ&ﬂ&%& th tRE @J)rﬁgct area.

[0069] Returning to FIG. 4, the clamshell is now open and the wafer is removed from the
clamshell (block 416). Operations 404 through 416 may be repeated multiple times for new

wafers. The contact region, therefore, may continuously collect additional rinsate with each
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off. 20 [0068] As the rinsate“propagates t hrough the
gap, it may cone into the contact area and wet the
contact tips 220 as shown in FIG 5C. The contacts are

i cal]y _nmade of hjg hydrophilic (and mater is
new Pﬁ%@'gﬁ%]ﬁy Bﬁétﬁtco%ct?f%’@ th¢ penipely regaerempy ey, oven imeargsulting in

sequent |y coated
premﬂ:ﬁhhﬁ ﬁy%llrz%)é) éﬁf}#l%glp%m? }(;}{ié/r %tg@rﬁm gJa result nore,
rinsate is drawn through the gap by these new surface
[0070f mweothsn pfobiene satmndl by rigsat In the conthet qmemdan&ﬂllﬁﬁﬁteﬂ&ythe context of

nd c cts. .This rinsate pool 506 may | ater
FIGS, Gh it BBy e Arasiction fb e Pader tiprbYAgpositing mﬁ‘fﬂf fighed from
the 1901 kekfRAI t IPCh €S AT ARMIrkeNG B&@'Bfeﬂhgcélaxﬁk%‘iled& ﬂ}éeélebt?oplatmg
the rinsate. Wile each rinsate pool
operatipie WhGH Qe Hinsate dmduegxst presappenithg coptectaarem nFIGlzsmyustrates a

isre d for eac
corein B o 08 DRSHY PRoGDSRLAT aBfFRSLAE g 357 posiions
w1th11r thB&Bin&halm dulﬁ@élb&ttd]ﬁatm@rﬂrd)@dsﬁSThé"chFBi“xt Qb AGEd BY 8R-contact 212
[0069] Returning to FIG 4, the clanshell is how

and l%mwgﬁa ﬂ'tlfh Eonjafstuce 306 arnecthe gHer eriee &m@etak:t tip 220. The
voltagr%gxgglgx%ﬁ etﬂel@%ritaéms sﬁl‘ﬂlt%%ll? %I‘%‘E’[&%\%gé 6)6€x 1t1n on{ algltmlmal drop
caused dyithan smulh ecsm‘tmroe of ey cammits . p Ubusdtmat.msloﬁtéthvo&dg‘é Hiopn&ll2 occurs
le, T [ te
e 1 B BT RS0t Sohag U by 1 pefer e seed layer on
the fréRSWet 3089 THe vd?lra gﬂféhtfﬁdu‘an Rhcresss QJe}é&qE{'ﬁBPel ard@ld hown by
and crystal buil dups T Anot her probl em cause
line 6%4)rmmleg imm awﬁefr@mnheammmfmn(aamb thé madr cedterdduerto trémstance of the
& opt eXke Q 1 6A and 6B) is gradual destruction of
ont %lﬁ HeEon §i’5’r aﬁeﬁ BY"depositing netals etched from 5
the front surface. FIG 6A illustrates a part of the
[0071¢ Taesbtrabinatiot ofigvdltage @taednk 6P &t the GoRaeragibR BndMMR rhsate residue
sone rinsate residue is present in the contact area.
506, veligh crHaing pQIBE s g eaics FOINFERY SREORgGN m:kbt Thé reshiae 506 completes
f t e
e 40U 05D LR LR OEBRREL) 25 Lol BUE R Fherer
ox1d12pd (mghSBear Thessealuip 21(b) resyitiny indaetabipn f’@ea@émﬁlﬁﬁﬂhe Zihdate 506. The
IS a I|ed to the front Hrface 306 around the
BS b B

fonic kot SaSRE U5 bk BIceR e 305 5O techan SyHRGEaS (o the contact
tips 2%@ t4lisBd bl Qh&%lﬁa%@%d(ﬁerﬁ’ 8! %E'l@ﬁlk%uﬁgﬁsc%ﬁggs \“tﬂ ﬂqhe metal ions

{ exhibiting only mninmal drop cause
that apeep a@giaan;clgetgf ptttigles 20 amits tigl SomadteRi 2l . Bmaxldathchag deposition
cont act .resistance, betwe

proceft B8 BePritbleS ey s Rk Ao RE e o= Ea gL HEeea R yEF duc to th
hlgheloﬂ)ltagé‘l graflfdﬁﬂé 1 Garidela@bfrodtharfied 1 @OSpoBINo WAGHAald $06.

i ncreases (becomnes more anodic as shown by 1ine 614)
i hwards fromthe P0|nt of contact to the wafer

[0072} Eﬁ? ehriglss 620 depasiied snEusiconiet 2B BmicsHy hevt peweidbedon to the
conta&s Qnd may 592%11@&5% I &e%%fi% dg_&%d[}%ﬁ% tﬂ@c&?cent%ﬂ % Jhe electrolyte

vol tage gr adi ent 51 con region an
and thei meatfedepesiiolue For example, high ionic current combined w1th a dllute solution

typically results in less adherent deposits that flake off as free particles. With various actions
in the contact area (e.g., deflection of the contact tips and compression of the sealing lip, fluid
flow, motions of the clamshell and other processes), loose parti.cles can migrate past the seal
edge 310 resulting in various edge defects on the wafer. - Also, copper ions that are formed

during oxidation of the front surface in the internal corrosion cell defined by the rinsate pool
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506, which contains sone ions, creates an interna
corrosion cell. The residue 506 conpletes t he
"“el ectrochem cal corrosion circuit" where netal (e.g.,
copper seed fromthe wafer) is  oxidized right near
506 fore capraps 1qns, pa2Ch), (raélsqmtharh@lnrw igRs, ale-, iGR9 Hewcemaus ions can

t
R AL PP YR, AR gion o
cupriS@f. t Sudhheedaaivinactt cupkdussiodL® eleteedl byppehés HOh;tldgﬁocess that can

gradi ent 616. The ionic current carries wth it the
occur Rl 3y §ubsgate {matallig ongneivePraonnondyctiys) eivingsgpgpoorly formed

process econe nore se as nore rinsate
is greattuasutesilessfrom Hiple ekomd@etingacweentuand thidree frank gindace layers, e.g.,

volta nt 616 and | arger urface 306
seed @%ﬁésﬁe ? 31\ T icHE SRS a%"o%"s“g% ff%g‘@f’ thiguelniyt proqegsgs while seed
layer&2R 6IRBRATAd BENRRLR shiAfeCOhACTnd] edde/ BERAL r¥sultdie iBROMhe above
adhesion to the contacts and may be powder ous or

descriped ghe¢naneend égnalid baepranmoreseyeiscent r at i on of t he
electrolyte and the rate of dep05|t|on For exanpl e,

[007$;ﬁh ?lboﬁor%%lb%nay be ”’%{e'&exg 1neﬁ terLIIal Qlta%gifn%/?ﬁngkté) prevent

" non- agﬂérgntt&‘ﬁﬁgl;{ﬂ:&b)@ﬁ{ss Mdré-and IB%%Q %%El'e?gre/ fogﬁ&p\%héﬂ Pltage differential

Fesults 1°8ss a aren eposi
corroibfi aad ﬁlateg @rarhed alpesottont QhOva(GeMlya@larybm pronidieia good initial

~.contact area_(e.g., deflection of the contact tips and
coatingohat S PEINGHF Bee idiasa {‘?fﬁk}} tpithe cup katigmaotlowever: bvieanmay wear

off qﬁ’ifckltvhzﬁldcéaﬂr@z{fﬁglaelﬁ‘x daff& Qgﬁle Qfs@cﬁée§)\’ 1sI é}gé]ﬂ bp l%SParylene
can"m grate past e seal edge 310 resul

coatingapn thes cugd bettahe {762 tthat dras tundergafie betwaks abomcﬁdﬂm} 6,00hsycles. The
t ha re formed durj oxi.dation of the frant, surface

photqgFE A0 N {1 HAFT SC8F P UG CalPmBRFAR by iehle SHifsRATHons of the

cup bBA6h 702 4tii0avE MePostitY, O Dthe? I3§eas | th€ coatiag partfall§lIBRadhesion and is
than cupric ions, i.e., Cuet) Two cuprous ion$ can

now pasmishlie. steh agld sqgmpm& i oThan et)het yedsothe coatipeis pagtadlly or completely

gone, uch a%l Igsé/ Ieglwge'/r()? wﬁ]lelte t%esﬁ u%éf Beazf‘rhdback FHR" he sur?ac:eS damaged

UCtFOﬂ or " cuprous 1ons

coatifg eyl BadrtocRs®sibhalf ®ancupOsstdm @Ad asy plabisg roat the exposed metal
(netalllc/conductlve or . non- conductlve% iving rise_to

surfagrsoBpth qap respdt 15 lopsp pardislss 8Ad caissehe ieflge defeste Ryrghermore,
ParylgﬁégggElaH%lgl 'hgtsil%?hﬁirceanﬁ g?got\#ﬁ@ﬂen\’? rhfA86n gﬂiflﬁ'rég Bk bead near

I's greater; esults rom ectropla
the sealimgdiyt. s IIaIOd’tztlhleﬁﬁxBﬂmﬁGmIH’Jta &l.altlflgﬁ dupyteittem . zgihﬁrens eeﬂigh wear

. | ayers, Because ents are desirable for
resistpply By hpGt f%?ﬁe &e@@g@? WrEheRie Mg EXAMBIFE op st lshégdmphobw
mateﬁhhnﬂﬁélu&@ %Gﬁlahﬁdie ﬁﬁlBEU'(PA'IJ NeoiyBRdRIeHEl §RloSide (PVDF), and
resulting fromthe above descri bed phenormena tend to
polytpeaitnosoatinylenes@IEEg  theiOmixy0zs and hepoadyperdot t om 210 may
be coated with an inert material, such as Parylene, to
[007%61% em rd?nsllng?1 etﬁlep cu &H) 368 B cgo(r_'c}toet h\?lrt]}?u pgﬁl%r}u?e %mlée (PAI) film.

PAI idwatthemq@wsholml}fm@ethamk haghadheniesly teistdi€, 6D thermally stable.
tom However, Parylene may wear off QUICK|¥ and
Addl@‘al?ﬁ“é't RAds gensralhghaset Sélpemfnbydy@@obrq pxopgiaes §o gther polymers. The

tablei}%%ﬂfg%r?ﬂ%esohi B)er g fe}{L & &91%1 R@nB %glug&ig Sg(%ﬁlg%at PAL s

as un bet ween a
substaytidllysmorkhieydrophobic (has larger contact angles) with both deionized water and a

virgin make-up solution (VMS).

Table 1
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15 phot ograph shows the inner edge of the cup bottom
(nearest the wafer). Sonme portions of the cup bottom
702 still have the coating. In other areas, the

l1v |l ost adhesion—and-is now-permeable

TTOVY

——coatingpartial
Liquid\;ch a5 3 region 7()??“?@’?“6@9“&%%&“8?[ eas, t RAT Qgg,tlaptr{},ngle

DeionigedoWateral | y or clonpl et el y 62§one, suchjas in a r88i on

Virgid MakewtpeSctutidie fi| m 704 peajeed back from the surface,

danageéd coating nay lead to corrosion of the cup
bottomand /or plating on the exposed netal 20
surfaces. Both can result in | oose particles and
i ncrease the risk of edge defects. Furthernore,
[0075pdpn pbedic c@bwbtr@tlts\/@wumb@tt@wﬁ 10 ig casted Bokswiadayers of Xylan P-92
and tREr?Y\ggtadFiﬁ)loHBt fa%}s oJf llafi‘rl%?or | ASGthEr Qﬁggdtﬂ]%ﬂ{s tl*ehgu bottom is
ertain enbodi ments, a coat &

coateb@iilﬂptmd lﬁyéiﬂ BEK?ﬁh P-9Duighthenviiate additormsl wyt:rs (ffIXyliitDl@lO Both of -
free, and highly hydrophohic. Sone exanPIes of
theseoTRIcHBISy2Thy WPBIHoBY c W HARTET ¢ SIPETAIRB g Bverson, PA.  Xylan P-92 is
pnmﬂﬂgﬁﬂldﬁﬂ L, A6/ l?’%&an POI0Yi¥ 1B HBR @ Al lHEBbAR 30PVPIFE. PTFE
25 'po tetra oroet hyl ene (PTFE), thelir mxtures
is a amd/ hutrobl}umr $)ol}[n&®7lﬁlltst rpuoeerfcbm roué rhageli maging] aﬂh@mmpnd ware

m i s coated mn am de-im de ). f h
res1stp%qe C(gn?%étprﬂsﬁo ijrEerb Pnt[aﬁ)éteg pgme ﬁ'g:l? in the outer-layer and
predSHBAMEAPIAM eSS et  laphdploRRICEBIdor BYdbBpIRbic, adhesion, and wear
Addi ti'onal |y, PAl's genera ?Iy have superior h drophoblc
resistgnesp eharpeseristigs.ot hBrerpot ymfpgn frive cqamdl Bsipg| %ylan P-92 may have

P 0 Par | en i el ectropl ating
appr?&nfﬁa}fygjmpgﬁ%l\ﬂtﬁﬁs tHa ?nclgi iﬂ%g st antially nore
hydr ophobi ¢ (has | arger contact angles) with both

[007 6{EnCRHERCEnYRIdBherRf) G @rgeV tHigkinBssGikBe Wip S6dtinii9 BetwédBhbout 20 um
Table 1 18 Liquid Paryel ene Contact Angle PAI Contact

and 3nge Depesition mag invtles disso! B8 whitahlepainersup aSolvent, gyhich may be

6 72.100751 | ecific enbodl ment s ttom
heatcd 467 Im@ARedONPR t v | BGfer B Iy I PRt dS S Giof ofNMP) o
dimek oﬁgﬁjrhkl'eQDMF)'c@M BE S foXPITEB ah@ DAL |Fﬂrtﬂ&1h§érﬂuorokerosene heated
enbodi ments, the cup bottomis coated with two |ayers

to at déasKghauh 3502 mapidetused fornk BeE.addE dissplard t)akmess ofn be brushed on,

l an .1010. hese erlals
spun iy ST oSt BOPAER O Hh ErOEPRsR B GiFa BBl sSpu techniques
may Bsb B8 fubddyto Forif\h ﬁmlmmOvmanaoﬁedhﬂapépﬂa@ i s about 70%
PAI and about 30% PTFE. PTFE is a very hydrophobic

g ner inits pure form but have margi nal adhesion_
10072 Ehewegaged qupsnlate myebe insResRIST Pid hislescisingon sk fest. £ Thipntest may

mvo%?re]aggh&tl%g 531’% rdR86no %B%fnfl axaaiti%H% eys the c%atmg thickness

m nant PAI t e | nner er provi

" may by dedfdibior eachaﬁib&;@ttom to anchravedaquate cbe&‘iagct thher tests may include: an

characteristi ven,. a.uniformf.il
appe%?p%teg dhe @u H:‘zﬁ'i coating is mspected visually an u %er mlcrgscope to check
for various film characteristics, an adhesion test (e.g., tape test), a pin hole test in-a small
electrochemical test cell using coupons with the PAI coating as a cathode and a copper strip as

an anode and ramping voltage from 0V to 75V and observing the open circuit voltage.

[0078] Switching to a more hydrophobic coating on the cup bottom may help to reduce the
size of the rinsate bead formed near the sealing lip and the amounts of rinsate transferring into

the contact area during opening as evidenced in FIGS. 7B-7E. In certain embodiments,
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appropriate hydrophobicity as evidenced in the table
bel ow. [00761 In certain enbodi nents, a target
thickness of the cup coating is between about 20 m
and_ 35 m_  Depositign may involve dissolving suitable

subst%p&],héxpsmpsla}tealsstéqn‘;gﬂed R & pRfads earch dd68d TBoandpe ol\;tgresent a
r . done
clansl ML 05 RSRIR) G SRSMBUL P P RIREE M 2 oo
and géimrallchnrtdspmnd meF Iducroked 66 alescritedtabdve.t Whth d @@t hydrophobic
ut. 350C na sed for PTFE The dlssolved
Coatmﬁo miSrsed o e CBP fer Enshovapimih, 71yrthisi oapaygisy repel some
rinsaté @ahfﬁ‘fﬁg a%ahblglgkaﬁeﬁm%ﬂﬁéﬂ' freal lﬂ{é sréglénggnﬂ?ef:ms& Eﬁ)l?% §he bead may
coating techniques nmay also e use forma
end atihe mterbereef fenbpssaleahdphe ppetedasige jl0GHAEd Bh &1 6 oWled theigamshell
s onLE A RIS SE L ET B0, 2% S SR e e comc
area tohRgR @HrOSS ThhRrtedadifuBGonsAdR disaeaHchy matvr@(t&lgqmontge gap but
t hi ckness  may be verified for each cup boftomto

not erchighrte rgedythet eontasiefaagebeimn heditiprallysputted By surtiae: temsion forces
createﬁQiBﬁﬁrv %Qﬁﬁctbfg&ﬁ%%\mﬁg 5 retsﬁl% x%?‘l 1&&:3(% éggstarﬁlg:ll gﬂngﬁtg may end up

i suafl nlcroscop
1nﬂwkmhmmnharacter|st|cs an adhesion test (e.g., tape
test), a pin hole test in a small electrochen ca

I th the PAl coating as a
o 68 P Bl e i i o

contaéf%éaqg@hé‘ él%lgﬁ foPrwo iRt QD36 \{'opglﬁtcgﬁ bQﬁ&‘E f&] d ﬁ;é&/ ipseal and
vol ta 1 Swtching to a 0 iC

a lipsegad ghait %gs gmde( gmlecﬂbpuw @helpetrophaing dyoles eﬂl‘he: elot ivedicasészthat using

DIt A N N—
regiorBftRA Wit tﬁ' P@ﬁﬂéﬂeﬁ&)a@eﬁi iy BRREL Abdrd 864 G 868, 7fEhe IPAT coating is
certain enbodinents, 19 substantially no rinsate is

more ghfeghiy e shea ellsqrdwmcs:ombenaél@m with batteancwligS:al (Br 8021 v.7@r 804) and an
hel | assenbly where no coating or a
aged lfp%%?ﬁy r opho | %d@ [ [

oating is used on the cup bottom
and generally correspond to FIGS. 5A and 5C descri bed

[0080h Eomarﬂd!l elffferenmoceatingel o ponibiitios ORlth [gftdmdly sgdds ﬂﬁse@ﬁ allows
botto&;ﬁ§ shown in FIG 7D. this coating

climiniii B 57 STPHHCIE © HESHRnBORI e GisHnE of isolamsng douses for a
lipseafl & 8&BrmMeRIaxt RRas 88l 16Ge! dn suFﬁEe ﬁ dfch asPen a’tb‘e?r ) WRY coating.

end at the interface of th |psea the t
As a rgeitje méteudisatatreay wick7ibé thﬁhwntatchaegmnaamh ginle as tﬁe Gipsdaddges. In

ric. {5, Belupl eFiriet iy VRBeL 16 4t CSlp@arcaphfgnnen dvseal and a

Parylege QOZﬂ{ﬁg o FheC&ipt K‘Btfibms ist 4¢8td BOF00dN eAﬁérnfb@ﬁt%(b@@ﬁ cyBi, the same
extend into the not enough to reach’the

lipseak iyt a@wge@rﬁdlowg rﬁiédlé\l@diﬂt'ﬁ&m ainkafe puwiakdntoythe geritageegion. When

: sw1tc}hr?$§)st31? Pqurc%gt?ng reflt?lFsezgjlntdeéj ¢ Suilf)g%l %%P fr@tc &mq%lhé g? énl%ggout 10%.

For aremg:bdun)sealntliel’rﬁlsﬁemnakhoEﬂrﬂ“’&d tbRErd9100%4, hidhAisisElldeRbOthan initial
%ng anounts_of the electroplating solution

perforwagﬁ%a thgtbgandngew lipseal in a combination with the Parylene coated cup bottom.

Further, this experiment demonstrated that no peeling was observed on the PAI coating after

about 60,000 cycles, which considerable improvement over results with the Parylene coating

shown in FIG. 7A. Overall, switching to the PAI coating can allow smaller acceptable limits

for wicked rinsate amounts (and thereby reduce edge defects) and/or less frequent preventive

maintenance. For example, it has been preliminary estimated that preventive maintenance of a
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contact area of the clanshell for two different
coatlngs of the cup bottomfor a new |lipseal and a
| i pseal that has undergone about 60, 000 el ectropl ating
- cycl The pl ot |nd|cates that using 15 the PAI
typwﬁi 65@361& B0 B’@tﬁ%fﬁ”{“ﬁ@u‘i& BO2 tuitd l8B6frequeatly by switchingsto the PAI
[ g into the contact region than using :
COMHI(B%H&&J é%éhgoated cup bottom (bars 804 and 808). The
PAI coatlng is nore effective when used in
[0081F &nrimiatldri expsrimietith theoR Al aoaniag/ waspssed fdriasch@{y2and. adsasption in the

nd ed I| bar 8Q6 ar 808) 0080]
e S B, ot 06 . b ST TSGR
of the d"9ﬁfc8£tﬂfgt A G eEhelr bpﬁfé@t}%a@hd)ﬂ)"&)atlg@ ehd §909ﬁ(|§ édﬁgplgﬂtycﬁueded only

bias attributabl'e to |ipseals. Repeated cycling o
two layesnehdk| Xdau$Pe2 doating Bloﬂpsmmlest oentefoaked fO‘re] 6adays at 20°C in a
and. | oose. any surfac ni sh, such as

' typicangalgg%lpgaé'ng soiMion figntainiag §8r lj:ppperr}@pse lpl"/qqghp@lg{aéyulﬁmc acid,

and 50k dhirRetibas. @IQQ&(ﬁfi@)n r8n@8] Qhle bbdIEd @ﬁhtﬂa%/léﬂe%%al!lsed All
ages. In FIG 8A, the amount of rinsate that w cked

samplps tnsTe feeighsdt baforeapnds afier Roakingew Addpseallyanlll saaking liquids were

0
ot R P30 AP SR R B B O
for defe@tioR @€ dhy dlebeuadiadfibicliaRahat 1 haveSi@h@el Ontdith& sb10fiGns. After
the contact region. Wien switching to the PAl coating

Soak"rge% RAL eoating dwewtldep@earate aedstegtatileieaghiog ion gdsofptmml yThis is a

51gn1ﬁ3 é) x té(})nv%l{r: 81; ?%Qﬁﬂ %Qﬁg ?L ﬁtnP%Br I%I}ngza ?ﬁq %penexgzed a slight

welgh[ rglatnl and amﬂ[aﬂbramesenoﬁnlﬂhﬂlﬁﬁdaaﬁbhﬁ%lﬂaﬁ&ﬁ@yﬂpehﬁ Seen at a very
ombj nation with the Paryl ene coated cup bottom

nqﬁ“ﬁﬁF@W8VMlFﬁP§‘ xperi ment denonstrated that no peeling
was observed on the PAl coating after 30 about 60, 000

[0082FFI¢ &8 1sV\E‘bl%|ﬂ cERPiHehab&s bIMRLRY QBREL ég\éelknét%?}%fttﬁf number of

the Paryl ene coating shown in Fl
electrmtmgh PY@eSt Qeltf*i’il@quln twat ¢largstelinapiakatwses mwith efifferent cup bottom

coninff SRR b Bk (e AL ER' 5 BTATSRar Sote ne 512

represpiite \IBNPAY @oatifiyl MVRRRE Bocedsed uShg R Pary'léne%&e@%ﬁﬁ bottom started
reI|n1nary estimated that preventive nai ntenance of a

ShOWIQg) 3 Ws@aﬂa cingregsfeln theadefprd ey aftar rabguad 00k agdes wiveighout being

restncltflsl% }(){t?ct%yrrn%%%ﬁgﬁ l?ebleano{ te %,heg))?rp ene cofl (inu% olglg\}'n allowed

more ciosdte rlg wiak 1hesthedconaact lregichibechuae df &’dlSﬁéxﬁH § Osweérnhidiphobicity
1electr]{) te enV|ronneqi Two test sanples were used.
resultipg an dpfeplexcussigy after mryclidewct Gislasdhar the Plgpated cupgptiom. Also,

the Paffdd &ﬁtlﬁé‘ ﬂn gm%alvél/c%f 1t§’fnt$£‘ﬁv By gcﬁﬁkﬁy cxte g?lﬂﬂ% ltkﬁ%cycﬂﬂ% leading to

second sanpl & ‘i ncl uded onl
more P@RAtecwrkinggntoBbe horﬂamprbgen \mdr eausmgkb:ddéfecrts 1Keg1ﬁ&13ssadf the cause,

t atin | ution Conta|n|n
e G DA S SR e R 5501 B o
process€d o chhhéld @heRNEe cﬂlrﬂb(ﬁﬁﬁiﬁ i lf%fﬂ?fleﬁ’e &ﬁ&tdr%lfor% BRLEs need to be

coated wth Paryl ene was used sanpl es were
cleancgesir gfhwawisetefibished. af t er soaking. Additionally, al
soaking liquids were

[0083] FIGS. 8C-D are illustrative representations of two wafer overlays that show defect
distributions on the front sides of the wafers electroplated in the clamshell apparatuses having
the cup bottoms coated with the two different materials. Images of six wafers were used

construct each overlay image. FIG. 8C represents defect distribution on the wafers processed
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10 anal yzed using a Current-Voltage (cyclic

vol tametry) analysis for changes in resistance and
for detection of any electro-active materials that my
have | eached into the solutions. After _soakin

t he
with thaPAl sqeted Gupibatiom WhiderbHst8 e @ﬁéﬁk}e Ruwisag appied cup bottom. Each
dot (c! @pm) i3 rggengdasﬁ)éfgét'oﬂrbnem'tﬁe L% ngﬁ'cﬂ '11‘&@%!5 were used to create
rove I'n conparison over t e aryl ene toatl ng,
overlahi dlheetwmeﬁgmﬁs:e:thady&dhbgll‘lthat wed §Atl aatimg @odesposdatd much fewer

e GRS it FEpEX ol el et PSS 12880 coning

tend t%'c@nc&%atesar&nﬂi @k vReRALE B0 rb‘ﬁ@‘l? a¢ §g%?$m¥)ﬁf£ r328eHRGE Ship density
as a function of the nuniber 'of elettroplating cycles

is alspbigher nmed in two cl anshel |l apparatuses with different
cup bott om coatings Li ne 810 corresponds to the
Ien Q tin u whi | i ne
0087 STt PR s CHSe g by oo i PRy g avernae

defecPasuytt @fenboab abuits[peb atdf@ndisingr 2,800 A6h-slopWidfer ycles. The defects
substantial increase in the defect rate after about
were mpggiTed by @8 Al efseiangbreigsurplied by ettdle\tlengery Inc. in San Jose, CA,
rd, Y ) - Par
o AL 8o LSEEY s RSB b S YD e concs
cup ltdutenl:siluv&tclt arr agérage Hefeatusminofof Rardy fenthe sfidso w250 cycles during the

simil ;«I\.F:h 'R%ldr o¥ hob C%E}Zﬂ%é%% g%ltﬁq%ge#;ﬁ?c%ggé%’ggxcu S| o{lli:ag]ﬁaf to an average of

237 IRFRR per WAkr F6Y tbSRBemILINI M ght have lost its
integrity to some extent during this cycling |eading
to 25 nore rinsate wicking into the contact regi on and
(008 abKT.n3E tihe mlef e@nsarmae@fépfdl donsitigy ferhdifferans segmenie opAhe wafers
electro@ﬁ%eggﬁél?]eccg %b%u I%Euts:cvsgl sm% %g:\rlqls ”%RB%F S0 aetgdS %vathlt}rl]e tiv\g]oedlfferent
mateﬁil@.l’fmheuefdbh &Erﬁ;ﬂ&h@hﬁzh As ABbtrefericd t&as bRbEdiseidatiedl is an average
bef gre contacts need to be cleaned or otherw se
numbegof) Apfestidur Swefsg]c Areasin geh oea”fl@ntl 14 §eEReRtj1y gefined as a ring of

havu%gl%i&;(t?él}tr%ut ! on Qfle ﬁﬁgeﬂﬁlfbg{ a?xM% Ep}éggﬁteé B? ‘Pﬁed&fc{?&& number)

diametbsct]?copémhwbb ithe ﬁl‘se segraes hdl- ROEppm;rfmdu&eﬂxdmw n@Tespdsmis to the

botf ons .coated w th the i fferent eria
innerjG; Wit Efth%%%nwa?r ot Vémoé\éwa’ w&ﬁ%ﬂh d‘&ﬁsSFB’E‘EPt ok Hﬁ/e%r%?;wonds to
the oh@%st Fh$(ar8énd @RIB8E0E §o@iﬁfn¢waféib)s\kﬁh ket $nR8 &aamueﬁ of 140 mm
waf ers processed 21 with the PAl coated cup bottom

and thiphter fHa@etegOf 150u|nn1h tDﬁéf;@acqatﬁpenmn@tcewa&uqopmgcasmlth the PAI

coate; %@B &8%6%% islgow% 1t<F ﬁgr H V\g?fa cts gglgg%p(og@llng éo évafers processed
with meelrdrﬁwne dbeded Wb Mtgm efe shba@rdsxbléakqwrg h&imiiBetoPMerlays in FIGS.
coating corresponds to nuch fewer defects than the

8C amh8191 @irerleloiustrages therwafers presesederide ths Fasylenesqsindioug bottom has
t
more ﬁ et 0 i aefaXﬂ %Q&géﬁa& dng%rgcﬁlgln glfl%m &R0 a%E‘ aré%% g\{j%ﬁé‘é (i.e., edge

e waf er as a nera
defecﬁ:d)l R 1d@6&bd Yy bas 830 sorréspghding td (ﬂﬂﬁébhnﬁﬁoﬂé&fedtt@sﬁle distance from

wed that the PAI coated cup bottomyiel ded wafers
the th?Wf%tW@rlég @nd150 mm.
[0086] Described earlier in the context of FIGS. 5A-5C, during opening of the clamshell

some rinsate migrates through the gap Bétween the sealing lip and the wafer and can touch the

.contacts resulting in additional surface tension forces that pull more rinsate into the contact

area. The distance that rinsate can travel through the gap depends on the bead volume and
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defect count of only 9.5 counts per wafer during 2,000

non-stop wafer cycles. The defects were neasured by

an Al T Defect anal yzer supplied by a KLA-Tencor, Inc.

in San Jose, CA, 10 which |s capabl e of neasuring
surfacggrenertiesi o she g{rrqugggltg myeiils.ol rgadﬁquhtoSqrzgsteadqq{éeducmg the bead

volunfEt 6 PR T o 5f Rolph b SR AN mARHRE' the contac

tips n&iyﬂielrﬂdiveﬂ(fﬂrthér@vdye&tm thunsealihgtipah beter td heidl wfeemtg of the contacts
count went u anatlcally to an aver 0
fordhes spee &ag’@ MR Ly BSeindit aSpc 2%% (9(@8%] pejide schematic
represggtéihg%s?%ﬁgg} d]% forent « g?%hgl?faﬁﬁitrzétg?{égdﬁﬂagstgé Qg nqjxhé f)}%rgt%n with the
contag| talmmitionaqb padeffem@é slistgricng frohetheugsalieg tipns Spesafiedly, the contact

t rent teri . The def ect
tips sttt R0 o8 5% forir Bhiey FORCTt biog ol ity A Mhond e contac
tips sH&u@Y&F&Q@AnUTIHQfotlpflhﬁﬁﬁtﬁﬁlfs&h@%ﬁte&%@r&igb RO o&rtﬁéhb&aal 212 is
each segnent. A segnent is defined as a ring

positippgd g diptarge P} ér@rreﬁ@rﬂdél opthet wafer PPkt Dpy Jﬁﬂféi*e}ltsa"r‘]ﬂon plated and,
therefBf Su GEELEEAER I 183820} NYTRE R, L AELE By 5.0 mm,
more Bj)@iﬁ@ﬂy rbeemndﬁ;omol 0 h&d 2@) minNeGewdralty), ¢t mhy bBe bsdrable to keep this
- diameter of 200 % | e.the_ | ast segment <140- 150> ]
distancg ap ghqsbatRossigle WH MERTCER 155819ehPULHMA bERECR dRfecontact tips
and tf ﬁ&ggu%é’\@{f {RE Wafl Jnh ctohf%rﬂlﬁ‘zﬂﬁ)rn c@&ﬂﬁk@ in e 440 MFIG. 9A, the
and the outer dianeter of
contactopmmsmmm paited aWafchstanarIDZefsmedﬁm/\puthnnm eBPgd 90t osbiehl may be

bottpm are ite bars, ile defect .
betwee AP RG SHTRG B Mo IS e S8 TPt AR bR ghawe in FIG 9A)
to prévead tﬁg rintfle RQIduRM0 Fors %V/‘Ehr%&hﬁiu%ﬁ Kh@?JpSSMSArm Wwétfing ehe contact
overlays in FIGS. 25 8C and , t illustrates
208 resydiinginfaedreplpt thrwsd erpundl the Qdméacpéﬁ@l Bﬁbotdd@tseletedubat the minimal

def d .
s FEAIPs 5 TG S b FRaS BRATMlRgRF B ogtor. s  size
of rerﬁﬁﬁﬁx@trﬁ))sata%ehQ dﬂl(ﬂﬂia%ﬂlabs}bfbﬁd’ 1iSs2Ql 1. I &5 PR C§H1 ghé &bnttatbe point 902

ggrrent defined by the distance from the ce
is pogisdvi endittanceaRd| frgn thenouteoney]edge 01 i Behe élaﬁqai 212, whwh may be

X .. Fl A- n f
betwee R b byl o m” Boahif i REPURICP POLTIE suficiently far
enougieﬁmethe ohermestlddgg 901 pnatit hkedaiherte 04 doamdtcaa:ch and wet the
contacts_resulting in additional surface tensio
contep 3 Ayt ORENHAT thertmsheiln daaacrylt 50 LhRpI S AROREY hRBIACS 208 are
formedi€ di stance that rinsate can travel through the gap
depends on the bead volunme and 22 surface properties
of the surrounding materials. In addition to or
[0087] Hd8ad 08¢ B ridlustedte gwo heveplezsd indiedtingedefead/ &istribizongi ey the wafers
electrtoRl:ateé&uH tl‘peo(glgrg%ﬂeglgw%f}r}g g&t%c? tlg égsd % 5 rd?aﬁgg?egt\%\% I('ﬁa%aenrclesa\{vﬁh respect to

the lipgaald. NG briePclamskdllele tontaotaipd wert tposigionéd hth@6Qﬁ1ﬁht fr6ihSthe lipseal
and further spreading of the rinsate in the contact

edge fdistancerDegs in A1G Sy PdyBHe The wemday shoyy wpkFKs dfdaeeragsgonds to the
wafefd &)rl)(\,’@se@ ih s Sm $leR SR %hl)th@rpa%@txéﬂs §fe itdcp gipg BRre positioned at

eni ng operation wth
1.4 mm from the lipseal edge. The overlay shown in FIG. 10B corresponds to the wafers

processed in this second clamshell. It should be noted that the wafer position relative to the
lipseal edge (distance D1 in FIGS. 9A-B) was the same (1.75 mm) for both clamshells.

Overall, wafers processed in the clamshell with the contacts positioned closer to the lipseal
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contact tips positioned at different distances from

the sealing |lips. Specifically, the contact tips

shown in FIG 9B are further away fromits sealing lip
nce D4 shown in FI G

show gyﬁgn% aft Rorq F@@aagffeptgrél nfﬁl@ﬁ ufieﬁeﬁfig?ncgaﬁ@@oﬁeaaf edges. The

| statlst%é%g aﬁ%?s?@ @¥ fieldeféct calBids! RNGd] 8¢ starfify Efé@@op}dl@fo@m&e images

ge o he wafer~304. Dl represents a non-pl at
indicagedd thal Oh¢ hlefeefsoq:cerespmuig@ ke tlar EEG 0ofl OB hevevlay evert qrimarily surface
1 may be between about 1.0 and 5.0 nm nore
pamc&ﬁé‘@??m)tc% Sy betvveen about 1.0 and 2.0 nm Generally,
it may be desirable to keep this distance as short as
[OOSSE Eveh BloRigWsbie Winsfta eldyfirepdpdtel in @Bk @6htatiCaéa &RIM0AEH the contacts,
~ between the contact tips and the front surface of the
this amaﬂ@trofa?maf@ammbﬁ wéuctedrbyaflal@emlwc&usfapmf the cantests l¢sq hydrophilic.
t .
tn ot Sordé gl Serfiof A roBRR and6uts PRSHIAUGE 4 asocipsd surtuce
energd Beﬁeett\heansaabo Ui c€tadn BmmbadicheBtsSthmcontattsis dulbyi amngaetiaiBycoated with

a hydPe Bl @O D oo SO RSP R RTE 30l Gy b thylenc-
tetraﬂ%ﬂ%eﬂ%ﬁéﬂqueﬁgﬁw‘? ®Q o}fi'lﬁde-aa@i%e r(pﬁﬁl & hﬁlﬂmﬂ%@deﬂé @lﬂbﬁ&fﬁ(PVDF ), to

formed around thé contact 506. It s e noted
aid it e eipuilsierl andlirgtcivoeofatinsstd Glomt the cordcacre. Fa¢iSr éPAilh provide

comhybShente, on.a Tugber ol ectqrs, cueh 0c 2 Se ol
showr 32 F1G M fas agadrbﬂﬁ)bﬁowaﬁﬁg OBQh@Eleg@l%alz&nlta%tsot@%r&\%gt excessive

at a di stance fromthe outernost edge 901 of 'the
wwkmg pﬁém el%@plamgéﬁluﬁay e th%@lﬂl\ﬁ?@ﬁfeab’é@f bpakingithasrgl. FIG. 12A

I n.thi ex
eenerdly plitisghbi, 30 SE Bafio BeFEAAT Bl o« tfengiog The desin
illustraftd inh@iswfigkedioes AsaimhkR4a Ho@Sphslic cealy @rﬂdlé/\ectntzld’ﬂﬁ and, as a
contacts during opening of the clanshell. As a res
resultpg rejpathysl v a8 2q AE awy qfﬁ@%*@r?@é@pés PRI theeontagt #ew. 125°1g 12B, the
entire Apdd oS RonbEY 0 the SR S RaPi ool HED AR b Behtact wit
the frofesidd afrthk evdfervis tshoweo ndaed Mthplsh)mlmq}}iobmnﬁﬂylﬁér 1202. Examples of
ngfe ent di sLances with respect, to .the i_ip gals
meth CHREWeTUCT & FRRtAcH Atracihrer ‘nnﬁ]é‘d%e‘?‘lé iHast tmgifiedo: ﬁerC@npletdy
coatifBMhk! @ftabh8leheRS a 86W8ct (fHgeh)a
[gg\i- B). The overl g?/é shown in I—glé% ﬂﬁ%ﬁ%gﬁgg?éﬁggﬁ%ng in a melted
polyrmehreor mfaemg tbc corigstedvith at vl ynel dissthedd in & solvautt drekr allowmg the
contcttls ositioned at 30.1.4
soivefi Y Fam The PeR) Patgt et biuPREy R cPhactpigsartn 302 by
select@& @ﬁvsﬁ&aﬁ P&RESort @rt feRechod QkPosupé AFESSEHp 11D 4 NoRveRECONE certain
clanmshell. It should be noted that the wafer position
emboginents Vhat tase mak illysirpisdatheerniise canisetamas to1cqatedrpith a conductive
ngnsfgs the sane (1.75 mm for both clanshells.
eral'l5 wafers processed in the clanshell with the
contacts positioned closer to the |ipseal 23 show
[008% i Whed theasetll iy bnakes cmdigg thkebpmimg opematidi, g’raeninsdm‘ ey be drawn into

concentrati ar ed The tistical
the C?‘PféCto"éF%é’fuag]é(t @&ow Sethse Topsey C%?étegcbynmenfgvd@@@ﬁ %rﬁnt side of the
wafetV B6OSERRRe,| (RBGRAt side typically has a copper seed layer that is wetted by the

pol

rinsate causing it to spread over the front surface. As shown in the context of FIGS. 5B and
5C, the rinsate then may reach the electrical contact tips, which are in contact with the front
surface during opening (the contact tips typically extend higher than the lipseal and méy

remain in contact with the front surface after the seal is broken). If the contact tips are
24
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indicated that the defects corresponding to the FIG

10B overlay were primarily surface particles and not

pits. 5 [00881 Even though some rinsate may propagate

into the contact area and touch the contacts, this
separafeh {ram 1he fronhsifase bglorp the @ah@émoltﬁp mulmt bﬂferesvufﬁca@é amount
of nn%tewgg%wdaﬁl&? tl!'l &3t %tdgrgg héllel{l gwuet n htlié Cgﬁt Iga/ 'be av01ded or

nsate reaches an

mininiibel. aBEER: i1aNeB movillaschentitie reptesedptibss bh@ clahi3géall Qppalrz&us design
certain enbodi ments, the contact is fully or partially

in WWa@é&omaG%tlpSaarﬁyar@Woﬁpw the famé side suriperyduringcthe apening of the

on BV BB T S PR S ra,%.c)%%w

posmom rgdatiweviortié maderefrdnt worfheteare IHVE)E)ucaIljD ma¥iabllei durinB@he opening and

e LR LTS he LS oL ST BOPLELs o i
FIG. 'Iﬁﬂ?ﬁﬂu?’s%%e@tthé’@%nefcléﬂ\éi’ieﬁla@HﬁQﬁJs mqu%'bﬁrﬁ ls!tsatedeﬁi HH&Sopen state the

wherein the design shown in FIG
clectrippe@idrtbire remavehgwen fome thel &entrsucfake 06 ﬁteawa@r bofore or at some

vent excessive vvlckn 0 ati.n
point BFHE UL I NG ity g7 Lo o0 ¢ BB Aipiie Ao shown in
FIG. smlm thlel dosed 2fardshel BRE E tht podtts 86PaRIRrded ulﬁtv@dsﬁ@ the action of
descri bed above and presented as a reference. The

the capgF0§nthejflexyzet Fddan thacariacs 208 god e fulsayn A2 pﬁmedwéeaé 212. The
phohi t t t nd, qa
e DGO 400000 B SOFLAELE 0oyl E o 1102
acts at heugpomnt faﬁtheaém wH1<Eh trarglatediABe dbhﬁwaﬁlhl’lhbtﬁ(ﬁl Sfihé g&% #the flexure
. the contact but the cgontact tip 302 that is neee to o
point 40645 Uik spvetshmgion it Hs Conkist hpoatd. sIaen e ashidrastens as it s
showﬁ §n ﬁf@mBC‘ﬂ?et &heosNs ?etpa)é@f'dqgﬁgpin% iRPr¥édthfe 6'1?91% contact 208. The
|'es of 20 methods of formn a con
conta@t?.(l&cnelmes pmd itslGtel;ltabtqtomlSZMbmok/emWa}dﬁbm thﬁ:lwﬁér surface 306. The

comaSFPL L S B B L 0P S G S b s
L1 inMeGt e0B) 2l id RS dirQ¥iof RvAY iffdeh m%%u@é?ﬂlto@{céc%e%i IBf the lipseal 212 (as
pol ymer di ssolved in a solvent and allowng t

showss gy \desiance d-2dinyt 1GrHd Bg.oaln mnq embodiments| é@tqou@k:ytlps 220 may only

on act . a sel ecti ve. .
move lﬁmg%g tﬁesgrma{é‘lﬁor?%oiﬂ squ"%,gt {%\7 ogéﬁgtélﬂﬁr ?/O FrOIPht if ofj&ing! position
may alllﬁﬁia't/eemettldgnoﬁﬁlié aipd whh b adisaRNim thAtmid¢ §oN@liminate) rinsate

illustrated, the entire contact may be coated with a

| accunyllafinns in (A8 COBBFYATER- coating. 100891 When the seal is

broken during the opening operation, the rinsate my

orces create Ic fro
accorgwfice Mlthﬁartamxelmtpdchxnenth a hfer@params déoe yxmydaivé y nlnca6r E07 for rotating

e SRR A5 50 A A Y5, B S0 0 S with

air cylifddriter Hﬂﬂﬁ%%)@on@BOg lif3Rie B aﬁ?ﬁa‘m@c Tﬁe,hx%ofo'r n@@taﬁ‘d tHa&Raft 106 are
may reach the electrical contact tips, which are in

furtheg glascaibed w the qomeext PORIG. lsuﬂpara@onlsuof thg roptenil O arfd the air cylinder
may b o%)tnﬂ% led t)g a syyteﬁcc?olnlt 1er { Qd I C?ﬂglglfeﬁl‘b 1111:3'%&? lgl %stem controller

nin=co
1302 a teﬁfpldi)fbﬁ ®eadnticd ﬂ}béﬂé@rb)ondlkif)ni RRrifdoppér BEHRBItRAE insertion and

removal of wafers, etc. The controller 1302 may include one or more memory devices and

_'[0090?%1@r 1Lt fRe % ﬁﬂ!&Ly ¢ 6@5% ub‘é%’f“'thg hefl a%h&glfaﬂl%ewoo in

one or more processors with a CPU or computer, analog and/or digital input/output

connections, stepper motor controller boards, etc.
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24 separated fromthe front surface before the seal is
broken or at |east before sufficient anount of
rinsate propagated into the contact area, then wetting

of the tips may be avoided or mnimzed. FIGS 11 A-B
10091btrbxﬁea@ns%r%%ameet5r &b courrlleri G0 emiele plnghéq activities of the

<das| t _
oro BB AISAATch R MRS, 0P SEONES hFout et
sets ob ptstructg)rxsffot bentivllappamnatg, sotatidras epdeg Uifesg spueds, aind other process

arti ar exa le of a t hod wherein the cont
Paramt%Feﬁ% g‘&FPF‘@H SFOFTPDE apS ISHUCHAF HPTed, P ergry %Véceéraésocmed

with tgé’ B@{Hcﬁl"ét hﬁér%%ﬁﬁh@yeg% h(ﬁﬂe tRBoARRAIsNg and cl osing of

t e cl anmshe FI' G [ lustrates the cl anshel

aratus in a closed state while FIG 11 B

[0092t yg@tilﬂ}att@re il beaprusen interfase] assenirtechmath eontioHer 6p@h The user
1nterfz§cteartns% anclu e a filsﬁﬁ&t srsgftreae]tnre 81%?)&15(’:61?? acv\téz{rl?_) %al Contf%l% eslppaaraetus and/or
procesedontRions, a‘ﬂﬁ usaapdtQepivien buctiuss ipdthting lakiceyg kéﬁﬁ)aﬁd%atouch screens,

between the |ipseal and the front surface. As shown in
microphignesjefc.A i n the cl osed cl anshel | the contact points

302 are forces upwards by the action of the cone 308,
[0093'] 'T%e c'oﬁff)tife? pHgQﬁn'ché ﬁ?r oftbRnk e‘?&ﬁoﬁl@gn% plodbSEMENID R ritten in

he I'i pseal he force exerted t he contact

any cmannetl hernpmnerefadﬂﬂc avppesnmningtlangiefé:dot exampldlassembly language,

¢, Ct il EQRER A G iBed TOPRBICaf Testced oE it ieecuted by the

proce§§o§3>f<_‘>J perfdim BRI ’dﬁEksllli@ﬁ‘tlﬁdalt ia thé Qr%&ﬁr Shghmis 'me@fnt&rﬂ% the process
contact tips 220. Wien the clans opens as it

may kehpigyided 1B @alag gld/plhélg@@h@pgoson@cm@tsmfcthedyart@nmﬂntrgller The
sl 5 USRI P R SB35 F o e P TR o PR sopuscions of
the depasiebn appdratae 306. The contact tip 220 may nove both

down away frontthe waf er surface 306 (as shown by

i.stance n FIG 11B). and in e rection y
10094 i Do %gtlaveaaé bgneiopr eﬁﬁw%ghmaztﬂlf?%rgntzway& For

examPIROWR B gbﬁa}zﬁ{@ Qompohdht FuftoutiteBbr cbRrSIO8Bects may be written to
enbodi ment's, the contact tips 220 nmay only nove in

contrgneperhtiom e@”e thti rapparatuss corReontsn getdsmrz otot gairy t oys tg2 @nventive

fromtheir origlnal tion elimnate wetti
cloctrpys BEOQGr T, HHETIRIGaRS BB P FHDE® (Copreding (s purpose
includd WeRE Qoded 6pid Ml pb@NEontid] Lok, GifiMPGiee@tSitrol (O Qhd other codes.
FIG 13 illustrates a schematic representation of the

~ In ong|eaphodanentg fisagantigder] 3YQ ingludes insraetieianioe elctrpplating conductive

lines ﬁle;{ }gaq.{l%ggpgggtg@ ?girél{gg C]?ﬁﬂfar atus 1300 may have a

e clanshell (el enents 202,
204, 210, 212, 214, 306 308 and other) and a shaft
[0095] A6hasi lbd'a:naietermiixfedctyhti the etanfshell lopéiihggpaedqhae tid0eed at which the
i.nsi de the tus. The nmptor 107 ng,Lhe shaft 106
cone 1 BIOVEQ KB SRT (B POFAM: NS BiRedk WBiehp @epiep in & sequence

requn@ﬂeff)?"f'Hf:CH;&raQtfiont &ethwz%r A0 RO guﬂ/@&t@dlﬁmﬁﬁéﬁl'a@?&ﬁblﬂ"ﬁ% an effect

be controlled by a systemcontroller 1302. In certain
on rigsatyowickerg Bifo shes yattanhn acemendobdger dgeetd 30¥ithaut deplgoedted by any

partlcagaélgfonté gﬂr R{eﬁé&?’t{c‘l? peg(h I‘th%?slo%lélt-(l);?e%incgos%%g([sv cause less suction in the
contact area resulting in reduced wicked amounts. However, further reducing the opening
speeds causes the wicking volume to increase, which may be due to capillary action while

wafer is waiting to be picked out of the cup. FIG. 14A is a plot of the normalized rinsate
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removal of wafers, etc. The controller 1302 may
i nclude one or nore nenory devices and one or nore
processors with a CPU or computer, anal og and/ or

Volurrteo ﬁtzl%lm 10§ ﬁﬁg?%tg ct a(rga? %ggae ?%{98 qfs tthe p(?}{ee‘rxﬂngogp%reds two different
spinnSERRAIHREL $n bbil&eSOMN fifdd Gin ;&Qt?oncﬂfé%(ﬂ of 60@tdm @fastuded for either

~activities of the dep03|t|on apparatus. The system
two sceomtls didedﬂOZB@tzfoengn&(théﬂ% costspoiningovaspareormed after a two

ncl udi.ng, .sets, of struetions for.con
secont gy 0 s G it R T P AL BBHES bl g g the side the
waferPdndORSHing RE4 ATEHLI S 1iték per meQnP i ©fal Pegredisoland of about 50 ml).

instruction stored on menory devices associated 5
The viaptthajpriey ofdhe Finsateis spaty OB dhepfes gardisi diregisdo a separate containment

area 1:0 %v014 Hq{l]t thkoé)qaﬁlg J@ﬁ?' c% Jd %\?rtﬁe ngéd ZQ&?E fHR& remains on the

ace con l'er e user

' wafeﬂ sﬁlﬁ‘i@l‘:é ackiniyedgeatgide oﬁthdlchqnisayll searebnlipgalogshi wad explained in the

war e di spl a of the apparatus
e b0 S OB Rl SRR oo o
wwk&ﬁ\‘r'[ogxe bﬁ@é d8d 1@9&%@ NnRFM&ERRe thdTeEKRNRBLES THRt our seconds
093] e comput program code for controlling
spmmga@medgm whichppaoesd dias asoiewiati smadler amoularwolume available for

chklglgnra\t/ t | ongeraggcgﬁ%%v r%e,ls% 2b| % %rt&%e%@tﬁgw&” ﬁg %}quenmg speed

and AT RMNiZe® ImPdch 8o/ ha@&kﬂﬁ‘e'wﬁﬂalﬁhtve Howe e [dgesSsinfihg tifhe reduces
executed by the Processor to performthe tasks

prodiat éhwughpeld andy thre ops: Ggtharer iy Halesw it an PPHMEZSH] apgn sReed may be
r q/ [
et R TG B oAl AT g an 4 scconcs

onnec Ions o

It shduil@Behsted Giat 10Bpdrdnd dpegdd die spgcificdsier arreve vt pbidut Ar2Stihehes (or 5.7
anal og and digital OUE€Ut connecti ons of

h
centipgisssi Whtsh, WpysapHYy GBOOGINEYS] COTIFEPNPS (AP g&%fﬁﬁé%elnfaﬁtance of the
cone %nﬁ%%g&ﬁ@%op{he%‘?m%gﬂr Gl efeforB B ortinfdeSpel eMRYSed K917 seconds

rious apparatus conponent subroutines or
correspmtdr ol aobjat] sspeed dfe3.r ¢antigretdr pec @nccmdl, volpler an i apening speed

expIEL R P Sea e BEEROBIET AU RELCLLO SRORpIoELPhrsehtlR, and so

on. pF&gé)?aﬂﬂ)lé’rbysﬁﬁ‘tvh%nﬁneodzpeﬁfn@%&ﬂm § Qeconblt $o BWeB&SR, the amount of
i ncl ude ‘waf ér code, spinning speed control code,

nnsatq Mcrkm:g mp@em cotvict aFeacwd  bearpduerdnby abeee20%. | Whilgeslowing the

I
_ opf:nfr{§r o%elr'cggan %Eﬁ g?gaﬁéatgglﬁla)act tl% 911‘?1.1%?1 uy qges 1m€a%{ gsuﬁ lleggé3 to be less

Ive

seveteahiin forleRsmplotiRgéaingdheipignihg dufalO9 adhtevhase shﬁfm:ffect
deternmined that the clanshell opening speed (i.e., the

R L e 00 1 vl LM OUP v
procg:s§ h&lﬁgng i‘ﬁ{d &EﬁFkFe)fl;({Se@%hn%O'ThQEI& hetivaEEthat BMapiRatus and process

cone clans as an effect on rinsate
adjuymxektsn@m mnmnmimewmngxcﬂ:oareaama}ed bedgewihef thet apening process from
Wthout being |imted E%
1.7 seconds to 4 seconds and by 1ncreasing s\ﬁm drying from 2 seconds to 3 seconds, wicking
may be reduced by about 30% (comparing bars 1406 and 1408). Substantial improvements
were observed by coupling the new process parametéré (slower opening and longer drying)
with the cup bottom coated with PAI (bar 1410). The wicked rinsate amount decreased by an
additional 50%. Even more effective was réplacing conventional contacts with new contacts

positioned further away from the seal (bar 1412)..
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particularly nodel or theory, it is believed that
sl ower openi ng speeds cause | ess suction in the
contact area resulting in reduced wi cked anounts.

- ver, further reduci ng the opening.30 speeds causes |
[0097{%&% .é_‘k/l\-l%l . FBWEW_I"I riqygFl@gsél}opwg #f%ﬁ%@bﬁwgs {9 ﬁle wafers
eléctr%;a?tle{i) L@{l%e(ﬁ%fegﬂgl’géhésicon afRE. 1GveaLt inF160158 Jé@n‘éf}:gﬁds to the

1
cup. 4A is a plot of the nornalize

-processi witht the @@@ning| diretion okebtiontn2§ sdeendsomdadrying elaragiongof about 2
functjon.  of the openi eds two .different ) )
scconl RO RALT RS0 T ERG TS REE R4 4 U hres with th opening

duratibRtAtdb00: $PeRdonds £R0ANRD WasHss o aboit iskdtRdds at W00 RPM. The
seconds (line 1402) or four seconds (line 1404). The

second piehof ribe waierlgys rshomee ubstertrally fonsr deéectsnavhietn drdicgte ghat wafer
.deioni zed water.,.f _ r | g+.l.0C
o {50 B ) S SR PRrE A OES, S RATE, Lo o e
one sHovén ini RIEY. $4P €barsril 408 snd(B08pt al del i vered vol une of
about 50 m). The vast majority of the rinsate is

spun off the wafer and g directed to, a separat .
[0098] 310 af'h o ComBTRRYS BloR0b M Tk %gw Ch@gpqﬂgﬂmenﬁﬁ%? ffor different
proceL@@Hﬁ%nQ?h@WaﬁﬂﬁelW@és@ s. i Brd 602 BB oREs fohetest performed

wat er surface and 1 n the edge region of the clanshell
with theaPAl hveatel psipabottosn iwhena she xlaimshele dvdsnspunefor cfont esaonds before

.of G 5A.above...A | onger, spi nni t Lin 404
openifg BRI i mBIOVEE R TP BTl S A P eked amoun
of onfy PRtorShélgonddd sdrhfle @edr 1608 phaeahd Pigldnb@osed tas bottom was spun
area. The four seconds spinning (line 1404), which
for ofptrenseconty Furthes, cosmannaresyinfordhe Babgeated enpritom spun for two
vaj l a for | cKi e | phe :
Y AU 58 0 A bS] BP0 B KO econs,
becori e ddenatitdt tle0atiighbfithe esp botac had, innsonia¢riv@ii®ents, a greater effect
vari ability. However quﬁgr spi Nni tinme reduce

¢ ) [ in S _
than spigainet tokr ouhew . dhel erenheindhisites, that ¢Porhial °Qyi¢th opp rhottom in
combW}nattiBn %gﬁﬂg kdlr 4&Hnd Q?ﬁnﬁ%e(ﬁl?at%yl o8 h&éth@rlgjs?&{&%g vbkEne among
pl ot indicates that e optimal opening speed Is
testedbdteneivesbout 3 and 4 seconds. |t shoul d be noted

that all opening speeds are specified for a travel of

25 inches.. . ' S).. which, )
00035817032 SOERER P e SSTRAPRAT g SRl arrns

procedl S4iGEhs@hd hghshEIPaesighel I 1A G1IQRRY)itigsagfe ddRmAfaRESIRkhl was used
Therefore, an openi ng speed expressed as 1.7 seconds

in whidy the sgenfl the sealingdiruisicospaued & baatabernt. 7 irime frompde wafer edge
(i.e Sd(les(%a%%d 'D IV\'{{]SI i 9s %‘m%eﬂo(l% i plsll%% ?ﬁ\-§§.p'ree Ssag(ijﬂgs roh Rpseal”. These
"“seconds corresponds an actual speed’of 1. ceﬁFlne?ers

lipsedl€fves€ ashed avich 800 differeftaionexampes, (i tgpOW. Ty nioheontacts (bars
opening from 2.5 seconds to 3 seconds, the ampunt of ;

17027 | ks od W e tras ﬁ@%grtq#ew&erﬂssét\wéﬁég drsigntnd & Rpgeldeyity! 75 mm

spaciﬂg%gtdeg ed Whol &), Shpﬁn&l) HildRion QPRI NP 1PRES athe MhsBdiSe 1.75 mm
négatively inpacts the throughput, the inpact iIs

contdeesl weare separaieb fronabs edgenfahesdahing lip ddistememip? en FIGS. 9A-B) by about
i ncreasi ng the spinning duration to achieve .

04 B RRhE e Septgte 1 SRt cprmersBaS ddhEaRaffR. pegesiened t

be uell wiflfa NPLAPIhLZRE aMakhHap rsbﬁh%ato%l&yp.b@)'mnffﬂfm tHef dage ehthe wafer.

- . process conditions and cl anshell designs. The pl ot

As ajrpgtiltc atledd miyatonant ﬂnaappgpmaqgimmsbipogcbglgser to the edge of the wafer

than a 1.75 mm contact. When a 1.00 mm contact is used with a 1.75 mm wafer, the tips of

the 1.00 mm contacts were separated from the edge of the sealing lip (D2 distance in FIGS.
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adj ustnments can mnimze w cking. For exanple, by

sl owi ng the opening process from 1.7 seconds to 4

seconds and by increasing spin drying from2 seconds

to 3 seconds, wicking may be reduced by about 30%
9A-B) eyorhwait il ignimawichggebenid- m%@ﬂhm@ngﬁh@m #1a 1.75 contact / 1.75 mm
T seé. np olvetments 30 were observed by coupling the new -
P !:)?61& 143 (Blararreters (sl ower opening and | onger drying)

with the cup bottomcoated with PAl (bar 1410). The

[00109] ClRCcontrBB erﬁplaltbaiﬂﬂ(nﬁ%bﬁe@eddsb}b 9ts I&dﬂhﬁé@hﬁblaﬁﬁ%ll with a
Even nore effective was repl aci ng conventi aonal
IS

175 mBneqiéacs e %ﬁgéjé‘faélonp‘%ﬁ gregs g fccppegipg duration was
1.7 se{cF qy tltﬂgreﬁg m%%}(éjgﬁenﬁ%e tgéowl ngZ%segh@keépi% other parameters

ust rate er ove ect di ut-l ons
the saaie rehdtediad e25% ddcebe of)ﬂhat“ed(edmrrsgtedbirf léﬂéhtAnqnhcxm%ight decrease
conditions. Overlays in FIG. 15A. _corresponds to th
(bar lapg%&fg%amlﬁ qfﬁecrsﬁ%rﬁ A tauiRE onVBEn & Sl ms sordast dfagased in a
combfv}ﬁ’f.ioﬁj NG 3. A BhaO8rytfe, AROWEcrdase SREOOES 88, BRP 1RBY). However,
Overlays in FIG 15B corresponds to the process with
increastng dyredmyms tdut acdonds @Hmmbdccreasm@é@o\mkecw@llumeywr:g further.

ratign of ut. 4 seconds at RPM . The
Overdl s TR g § A7eveE ROVBDE SUEEY AnT AT P PG Sror and a contac
with 88 agihsr aWay Gronh Mk Sailigg tipadliovaddeschieyudl fHelbeg@resties. While some
i mproved with these new process paraneters. These

paranyesess| ush @6 rar didiseaid coplagthéesigan seah dquners dopant Algary phess. certain

synerérégglei’"encgjbsgfélgﬁ )32'6591%812%, Ezlr%us #grahrcétéfs Goep 1?1&%5?? h&r}ﬁ time in a

the norma ng rinsate vaol urre
combiftiph ©4SS] -amm dorthetns.gaeomphratgsbet [ 7@Hesidglvs.to b 1708 ahd 1710).
bar 1602 corresponds to a test performed wth the PAI

bott om where t he cl anshel l. S . n for
(001Gig S Ao A EBPE Bl . Rt AdeHEh Tpate volume for
differeAPURMRS RS HRONRA dipebhiest Jo%ﬁﬁgst erﬁe.h cfohﬁows&hgﬁ (bar 1712)

amount ~of only 5% of the control sanple (bar

~ correspvade to HestPareyfoemed doat ethnehpl] bwith cﬂnl\mée@pmatecf @bp bottom and

nds rther ari,ng..results
emplGRd aonesRT gD Bt P aaine SR O Y efecnd gfeifed in abou
25% 18OBhsabtdOwIckEd hts tHeOdontddearla Mydedier,coatchihgat p PRatcbad cup bottom
spun for four seconds, it becomes evident that the
and adgmonrbdrdrngttn@e bdpecb&mérﬁlr&ylckmg byorhoubfdadi nents, a

greater effect than spinning tinme. Overall, the graph

[0010.31('*. RRAURR- Bhﬁ‘é ﬁﬁ?ﬁr@f\% OBB?SI SEHE oc,k%_g’st 38@&5 gs a function of a number

_ Ilnatiron wt r seconda spinning uration
of prb6&Rechamférhefor ehifferent pkicag valdithensamshglantskat eldsigns. Line 1802

alternatiyv 009 FI.G IS a co rative 0
comeSIonghas Aok Tl CMAFCHENIAG 11 b dP Do ik Giog 4 wped above

(i.e., mo;qsg RANsid DQ”——SOQHﬁln G aEEhRldxt 4 FIG9S9A ) Aalll2 second spinning
tests, the sanme design of the |lipseal was used in

- and Mﬁrscdmnﬂr_rmeemgeLure 130é @mﬁpqmgs Itq> p 1.¢0 montorjacted¢sigo ipa 1.75 mm

at, about .1. N romthe ed di.st an c
cup B TR0 68 BT ani DR E? §5g Sord sty .5 sceond
openffi® | THeSI8RE clambR&I$ @esign and process conditions allows over 2,250 electroplating

cycles without a need for preventing maintenance, while the former showed a substantial

spike in a number of defects after about 500 cycles.

[00103] Automatic contact etching (ACE) is a process whereby periodically and in a

triggered and controlled fashion, the clamshell cup bottom configured in a cup/cone open
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| i pseals were matched with two different contact

types. One type, 1.75 mmcontacts (bars 25 1702, 1704,

and 1706), was designed to be used with this design of

alipseal (with 1.75 mm spacing as descri bed above).
conﬁgUﬁatwnc@mmrﬁ%errntwth% plating haaﬂpggahle tqohe Injthis why tthee contacts are

expos%d ﬁ? tmne egt%]l ﬁ% \r%%g%ﬂ)%%? %{e%%l Cg J B:ﬁmg Qﬁ/ y)? g ter thﬁhgchmg, the

clamshet, sﬁﬂdﬁ Iﬁ&roﬂeyi menﬁiurﬁt@cm acépayell. With fAiMatOwhike §[Sm(15§[($remove the
1708 and 1710% was designed to be used with a
electrolyfssfonfheraotam a&dé@emsh@f the pssephlve d ehpyfomatppregedure is found

~ to be Ef;f@éﬁvtenﬁ n@ﬂ&glnﬁﬁg 1€ YRESE thesg.lﬁ otfdnl 9(?#:' Ile%loﬁ tda 00 HH" particle

ntact has iIts contact tT tione Ser. to
free centljeof Théprovedseukes tinsnanal c’hn'éﬂd nndesined acter t(V\ﬂe:rplatm]g h, so the
act is used with a 1.75 mmwafer, the tips of
use O{rﬂ]%%%p%%}?? &‘lge s ep Y-ated fromthe edge of
the sealing.lip (D2 distance in FIGS. 28 9A-B) by
[00103PQlihe 1866 Y WO C@)rﬁe§p7(§ﬂ0td)t contRubil ElEdARaLRNSYcI B aRithout vs.

in a 1.75 contact / pseal conblnatlon
WlthOPbmmedmrfealﬁgm@h@Icostawmtehl(lgéACE(fQI) acgwpreigiperipseal ghat had its
edge §p%§%azorﬂﬁ | {rﬁn ﬁg% {hd sgacll ed&e:ﬁgtl %ts?%necg)owg é‘mﬁ dio %Etrgc%tbetween the

conta@ttfRiang thkiscalin® lip wdge (152 &s?anﬁ@ ¢ eads.75her dashid Si:u%| lesign, there is
opening tine to 3.5 seconds while keeping al

insufficiend feqre ok theredee ahtherveaden lodaoYefha comjogts b desirodtalupaway from
the 11]‘#8%1‘:(%%7 O%Qascélt t‘flax( Qf%utll@)ﬁ‘)r? aé‘rﬁp b r&gﬁlbﬁlla{lgxm)f gq(‘(fOeﬁﬁqecontact with a

a result I ncreasi ng dryl ng
1.75 r\mehipsaal]de@ﬁnbm] abond)adh thiasades dt wafeid showad suhstalnaml incrielise in the

a 3.5 sec t he decrease s over 80%
defect; o a%ﬁ%%ﬁsewaf%. it ?‘éé&ulﬂlfﬂaf‘ff iaiE: AEe Wﬁsen%emp%é(e@&a%e 1806).

Howe@lﬂl MRA HeCrE s ﬂgrc;dnged/\éf?éf %dergl@lOUm%yag &bré Hiah I?'Se(fOO vei¥er plating
Ovérall, a combination of a sl ower opening speed, a

cycle$ wng:eperﬂqrmed\ Wlﬂ@pgsummntldnmcrgammmde o (hmp$808) Therefore,

contact‘t eéc}Bgépg %T,ﬁcd[ 181@ ! h régtgl reé)gtf))té\ﬁe{a \qgrq cgrg E‘Hﬁéi% ggfects even in
cases WHek€THRRS isGRAITAGENAOSMAMdr cHRAED R tORAR AR Bd}2dWayt AGA the lipseal
others, certain synergies were observed by conbining

areavarlous paranmeters, such as increasing drying tine in
conbination wwth a 1-mmcontact (e.g., conparing

[0010‘3fl ' ok kA% @halhbit % ﬁ’;i?sf esl 1%7c9§teé‘%qthh]a7 ﬂgéro%%zﬁ) %ﬂi%]to minimize

Blsaconpara ot of t
wicking (DR ringate iints atieeconpddti aecaf ok hydtofph&hile rbatdrgyinag be uppliédodsan entire

cu b tomcoatin sanple (bar 1712)
ipseef GG RRILY B5PLLrS SRS W PROR OING BHEIE Ay NG ve rinste
accunlﬁﬁﬁt)’dne H@arcﬁ‘l@t &diif! mpb%éroﬂ?yﬁ{gd an® TRIRHNEn&t g?djﬁgzﬁg)n into the

drying. Increasing the drying duration to 4 s
contagteared thesing opcabut F1GQR23%ib essmrpamgat elopiof Keondrmiabzadneicked rinsate

volunB {g)lr g%&‘er%Qg)ﬁ%a \é\ﬁ\élgr E: liev\f)%g{}lf n@a{ &I@) E@qlr%%gr? setg) aC lfg)mshell with
an urcBste€iligeaM CkBdrg 1092 ahe utood58errekf¥hE0R) clinEhel ik BAtB BhtRd lipseals

conparative plots of the process defects as a function
showigg redustipp ét wicked volumes by at least 80%.

Conclusion -

[00106] Although the foregoing invention has been described in some detail for purposes

of clarity of understanding, it will be apparent that certain changes and modifications may be
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5

of processed wafers for different process conditions
and cl anshell designs. Line 1802 <corresponds to a
1.75 mmcontact design in a 1.75 nmmcup and |ipseal as

.expl aj ned above i.e., =.1.75 nd D2 = Q.4 in
practifqrb Wil BgrSCRre #f &_. ap@ﬂl%;i inse %gg%ﬁésdbgm%?ﬂ ﬁ@t i dre many
altem?_t‘.i]\gaolvrarl%s SSCRAfe gf?ﬂﬁigﬁ%e hkcg,%is]eg,oéys@é?ﬁg %ﬁ@oeﬂgw%raﬁn% ®f the present

contact design i 5 Tm cup and |1 psea
inven(ion.eA¢cdiliingll, e praseahdmb@dimettsrerty) be dorsateoatdas illustrative and not

.Spinning,.and.3.5 secand. ning. .The .l ater clanshell
restriiRe; ) i SR SOE G RGO an e et Bhro
el ectroplating cycles without a need for preventing
[00107RI NABRERERceict BetdCark AhidBRporstee b deferenbd foir all tpuddoses.
spi ke in a nunber of defects after about 500 cycles.
30 [00103] Automatic contact etching (ACE) is a
process whereby periodically and in a triggered and
controlled fashion, the clanshell cup bottom
configured in a cup/cone open 29 configuration is
imrersed into the plating bath of the tool. In this
way the contacts are exposed to the electrolyte,. and
any plated netal is "etched" away. After the etching,
the clanshell, still in the open configuration, is
sprayed with rinsate while spinning to renove the
el ectrolyte for the cup bottomand the rest of the
assenbly. This automatic procedure is found 5 to be
effective in maintaining and restoring the cup bottom
edge region to a "clean", particle free condition.
The process takes tinme and can add undesired water to
the plating bath, so the use of the ACE operation
need to be used sparingly. [00104] Line 1806 and 1808
correspond to continuous el ectroplating cycling
wi t hout vs. w thout internediate automatic contact
etching (ACE) for a cup with a lipseal that had its
10 edge spaced only Imnmfromthe sealing |ip edge (D
di stance) while the distance between the contact tips
and - the sealing |ip edge (D2 distance ) was 0.75 nm
In this cup design, there is insufficient roomat the
edge of the wafer to nove the contacts out a desired
value away from the |lipseal (e.g., greater than about
1.3 mqmmas in a conbination of a 1.00 nmcontact with a
1.75 mm lipseal described above). In this case, the
waf ers showed substantial increase in the 15 defect
count after 500 wafers when an internedi ate ACE was
not enployed (line 1806). However, when an ACE was
i ntroduced after every 200th cycle nore than 3,000
waf er plating cycles were perforned w thout
substantial increase in particle count (line 1808).
Therefore, contact etching perforned in an automatic
and repetitive fashion can reduce defects even in '
cases where there is insufficient roomfor contact
tips to nove or stay away fromthe |lipseal 20 area.
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[00105] In certain enbodinents, a lipseal is coated
Wi th a hydrophobic coating to mnimze w cking of
rinsate into the contact area. A hydrophobic coating
may be applied to an entire | i pseal surface or only
around the sealing lip. -Xﬁﬂgphobic coati ng may
mnimze rinsate accunuWQQ near the sealing lip
after drying and reducing rinsate propagation into the
25 contact area during opening. FIG 19 is a
conparative plot of the normalized w cked rinsate

What \sotlgimedfisr di fferent |ipseal designs. The baseline
(bar 1906) corresponds to a clanshell with  an

1LA hasﬂ:p)lateefdr hdeps @aiup cBaimirddhokhe sdBRdndtaresiantlring

nshells wth oate | i pseal s . show n reductlon in
cectr{p GRERdR SHEL05 § g Loy ff@&haaﬁlggeﬁect@@al[%%e the
baxqﬁ&%h@M@Hmh e foregoing invention has been described in

sonme detail for purposes of clarity of understanding,
it vit Tipg-Blapgdpedwnt that certain changes and

nodi t e 30, actice in.the s of
the SRECURRS, PRYE6n PRRARETEE it B PrkaleridPly 2
maoyfiguéd B sugpdry &n WaSmefic llﬁwaEdeE Bhgdpehd tE s@hRERERERST wafer and
systens and apparatus of the present invention.
Aeé%hd@liﬂﬁ@b%ﬁlethela&peéelﬁtweFre@onewéwt&tha.e&ectrwab@ntacts and
cons and
The | GphdRe ddatghs Ak R Roknir ShEd Gbtfpn
gi ven hereln. 5 [001071 Al references cited hereln
e i cor rated by referenc or al.l purposes. 31
2. Th EobdiR £ uperihes ekorhobik e ffrrawef BRe YsBOTen
mater?al§§épec?&lrﬁdrﬂ H@Q‘OE&CJ}QISQHaO§m%m qﬁltl&r E)'blyq'HNthne

5 el ectroplating and to exclude electrop ati
fluorido(RNPbR phlytamafioarhibytpne (REXE) ewd capotymaers merctotﬁe base
pl ate conprising: a ring-shaped body; a knife-shaped
protrusion extending inward fromthe ring-shaped body
3. Thé@bdbe ptad@1bf @it d, Wiker&it PiROt idréPhoBl Apb@i®EdifprideP pEIFhmIdRLimide
engagi ng the sem conductor wafer and ~ 10 excluding the
(PADe| ectropl ating solution fromreaching the electrica
contacts; and a hydrophobic coating covering at | east
the knife- shaped protrusion. 2. The base plate of
4. Th@baasleljmlale ofitigineB nwiidrein hydliyapbyshobi cwasihg figthepemnipries one
naterlals sel ected fromthe group consisting
poh“%Fﬁ$8FV§H4%@ K%k (PAIY, polyvinylidene 15 fluoride
(PVDF), polytetrafluoroethylene (PTFE), and copol yners
t her eof . '
5. The base plate of claim 1, wherein the hydrophobic coating is applied using a spray coating

technique.

6. The base plate of claim 5, wherein the hydrophobic coating is applied by spraying at least
one layer of Xylan P-92 onto at least the knife-shaped protrusion.

7. The base plate of claim 6, wherein the hydrophobic coating is applied by spraying at least
one layer of Xylan 1010 over the layer of Xylan P-92.
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3. The base plate of claim1, wherein the hydrophobic
coatiing conprises polyamde-imde (PAl). 20 4. The
base plate of claim 3, wherein the hydrophobic coating
further conprises polytetrafluoroethyl ene (PTFE). 5.
8. Therpase pladeoifiaimel.orhegsia the hydrephepis Goatiphasyathighpessiof between
- d k. pplied using a spray coating technique.
dxnﬂ%@%%ﬁggh%§5%%e plate of claim5, wherein the '
- hydrophobic coating is applied by spraying at | east
one |layer of Xylan P-92 onto at |east the knife-shaped
9. Theybase plase ofrclaim [, mhergip dhe hydzerhobic pingtas Paghe PRV sparkdest.
hydr ophobic coating is applied by spraying at |east
30 one layer of Xylan 1010 over the layer of Xylan
10. T 98¢ pRR: & claitnel, vdeeciptirtisdadphob@icouting ddee hei leadth@ absorb a
hydr ophobi ¢ coating has a thickness of between about
dete"té%lerﬁ%ﬁlat affheplegrolytgsohitior. pl ate of claim 1, wherein
t he hydrophobi c coating can pass a 90V spark test. 5
10. The base plate of claim1l, wherein the hydrophobic
11. Tixokase niptadoiadaimol, Wheeat therringsshaped bodydaddlt ket feeshapesipriotrusion

of the electrolyte solution., 11. The base plate of .
compipeihor iR SIS I TS HaeBau Sy SRg of Hangs plgel, dtaniu,
and taaktdpgd protrusion 10 conprise one or nore materials

sel ected fromthe group consisting of stainless steel,
titanium and tantalum 12. The base plate of claim

1,.wh i h I.Ng-shaped bady i onfigured, to
12. T}}eetﬁags §[ﬁ?ey gfac{le%lglc wieretn ’a{; rign(ﬁ_%%?dr ﬁ%(fyulrs gord ]ggué%d to removably attach
to a skiblEGtiuofad i aaglauppplatih g appatéiud 3. The base pl ate of

claim1, wherein the knife-shaped protrusion is

configured to support at |east about 200 pounds of

4 . .
2. THOERE ket TR 3 g SALNDOEE S Bkl Boor
least aHoat20Mopduatts nfyfosgest em 15, The base plate of claim 1,

wherei n the ring-shaped body conprises a groove
configured to engage with a ridge on a lipseal. 25

14. THSbasé pfDS BG4int 1,Rehet@h HESKst Plafe SUPnEARE] B LEDint ONDAIGs
a sem conductor wafer during
Sabre® electroplating system.

15. The base plate of claim 1, wherein the ring-shaped body comprises a groove configured to

engage with a ridge on a lipseal.

16. A contact ring for use in a cup configured to hold a semiconductor wafer during
electroplating and exclude plating solution from contacting the contact ring and for supplying
current to the semiconductor wafer during electroplating, the contact ring comprising:

a unitary ring-shaped body sized and shaped to engage other components of the cup;
and

a plurality of contact fingers attached to and extending inwardly from the unitary ring-
shaped body and angularly disposed apart from one another, each contact finger oriented to
contact the semiconductor wafer at a point less than about 1 mm from an outer edge of the

wafer.
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el ectropl ating and exclude plating solution from
contacting the contact ring and for supplying current
to the sem conductor wafer during electroplating, the
contact ring conprising: a unitary ring-shaped body

17 Tae senfadiapesh 410 100WarGHYEC snBsharediodsiend theqflutahity of contact

1y plurality of contact fingers attached
ﬁngertgg&gﬁla ex 1%% ?hg inwardly fromthe unitary ring-

shaped body and angularly di sposed apart from one

anot her, each contact finger oriented to_contact the
18. Thessoniashtine Ptgaa%i @rwhgrein thgopluraliteeiscontaghfingrsyhave awanerally V-

f - I ' - The. contagt
e KR gl et 2 BybE TSN GRIN) po er
pointipg upwhidtty aglistad@oirmdor contacteg thecenrangdeactBawafeey 7. 18.
The contact ring of claim 16, wherein the plurality of
contact fingers have a generally V- 5 shape extending
19. TIHOWRVRE Hhy of &1 86 RIRR&EN 46T progdHPyr ctohf%cyﬁfcljéé’i‘§ Yomprises at least
ri ng-shaped body and then ‘pointing upward to a di st a‘i
about 3@ gentpesfingerst act i ng t he semi conductor wafer. 19. The
contact ring of claim16. wherein the plurality of
contact fingers conprises at |east about 300 contact

20. THel dogeicsrind Of Aim Té)6v1eddih Aed plutaliy X conitadl fhde®s isWaRfSirBd to bend
the pluraljty of contact fingers is configured to bend

P (
under g{gEse exertest ethe sepicerdysjoriwaiesduringsinstrerBingar er
during electroplating. 21. The contact ring of claim
16, wherein at least a part of each finger in the
21. Thel aontlct tiyg of claitib]1 @ oviteacih af leagerparti of eaciafiggbr W thie pbitelitgTof
e hydrophobj c pol yner selected fromthe graoup
conta] BREEISH eor WIS Pl e mate NHdeRAPRPiF by TR ptectpd from the group
isihB Yk 8BS tdna AU PYE 6! i | '-ﬁﬁg;e -
ConSlfll gor ?dgt ('PVDF)e,hLF%k:?d%copo?ﬁhebglglfﬁg?g%ﬁ%%gl.eg%@| pseal
polyviatidensrituacide (PG Faswd ebpglymers thereofi n a cup confi gur ed

to hold a sem conductor 20 wafer during
el ectropl ating and exclude plating solution froma

22. A Pigsdap el @ntdcefih@BssenblyBr usS LAPAYAELire B81d ANEmEBhductor
plying current to the sem conductof wafer during

sup . . )
wafer duepg lspirenlating andieaciuidp plating selytion fromer pariphgrahsspemiifithe

- .S g | hg-sha stoneric |ipseal. for.
semicGRd St 160 MR AR RL B TeSndeeRE T Sre
electrqplatinign thediplsed] iand cortaenringaasgibipbentisin@gi on of t he

seni co duct?r waf er, wherein the ring- 25 shaped .
ef ggggﬁ@qqdce qsfoeeia linfsdl fanengagie thy wmieendugter wafes gnéd excluding

the plRETe SORERN o tHOPehiPRlrIGebfAf of et niBiHE LRy, Wl%ein the ring-
shaped elastomeric lipseal has an inner diameter defining a perimeter for excluding the
plating solution; and

a contact ring comprising a unitary ring-shaped body and a plurality of contact fingers
attached to and extending inwardly from the ring-shaped body and angularly disposed apart
from one anbther, each contact finger oriented to engage the semiconductor wafer at a point at

least about 1 mm from the lipseal inner diameter.

23. The lipseal and contact ring assembly of claim 22, wherein the contact fingers each has

have a generally V-shape extending downwardly from a plane defined by the unitary ring-
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a contact ring conprising a unitary ring-shaped body
and a plurality of contact fingers attached to and
extending inwardly fromthe ring-shaped body and

an alarl di sposed apart from one_another, each
shaped §a¢yand Flha@lntlag Pewerédowh%ﬂgwé appve 3Rl WheRgdhoFing-shaped -

~ elasto f€i F’é 02 r%th@geélgoﬁcg.%ﬁ}rfﬁag gut 1 mmfromthe

pse anet er I'i pseal and cont act
ring assenbly of claim 22, wherein the contact fingers

each has - have a gener V-sh pe. ext endi ng
24, Ty veala R FORAGHANE 5PN GHeY abelim byheE aringehened sistomeric
1ipsea3@or§%ﬁ§%§ghp@l%h§ﬂg cbhigfy pointing upward to a distal

poi n bové a plane whére the ring-shaped elastoneric
Iipseal engagi ng the sem conductor wafer. 24. The

| agnd cont act f cl |n122 erein
25. T %R ag Shfe i dsseo of 58 2y pBersi Bope sbwed gsiomeric
lipseal Y6th pide0 Rigo R Fbi tYomAddatlitea Hisﬁ'ﬁﬁl@bn aagl contact ring
assenbly of claim 22, wherein t he ri ng- shaped
el astoneric |ipseal conprises a groove for

2. TROGAIRARLL AR L SLENRL KO R2S 0% 0 Bk sopes

elastoﬁmhbllxp@eafbfan gdgelgr tha gerﬁi&aﬂﬁd:toreifzﬁ’Sﬁ o B fii garéd t[@&ﬁﬁipress during the
agi ng the sem conductor wafer is configured to
eng“@ *ess during the engagenent. - 27. An
el ectropl ati ng apparatus configured to hold a
sem conduct or wafer during 15 el ectroplating and
27. Aexbbtnd;ﬂam@appagatMOmﬁgmdfw baﬂdmmmlidngocwafeaﬂm'imr ts
electrgwﬁtég%éfrﬁis Eﬁl%% aglitn nglugog Erggq? %cpum%%qg:gg gpq?qlﬁ égr{tggtl tgg If:fe]:gtroplating
appar§t@§”tH@El@éthp%tm‘Q@fpﬁﬁrah@%b ?h@lg a base plate conprising;
a r|ng¢shape y: a knife-shaped protrusion
extcEn rrﬁgppcmvag éhef seonsanductot wgtes irpbatind o bigsephate e@mprising;
conflgHreg e sgfport an el astoneric |ipseal for
engaglﬁﬁ 38 ’conduct or wafer and excluding the
el ec k- atape@pmhsnbh eRrtchdiaminwadftorg tHelrthgedhapdd bsadl and
contacts; and a hydrophobic coating covering at | east
t ﬁenﬂwrﬁét%lap@a ap elgstpmsrio Hpserl £ eagtsing tivsemiqegdyaierowaler and
o%x&lﬁ@ln ‘?lq@ 89&%&62?91% smftlsﬁ fr%ﬂij e%lﬁﬁ%lch%%léclﬂ?cal cont?cts, ancé
sen1con uct or agal nst th stoneric seal; ’an
25 aa hyrhbphabmwmagug edvdrimgrao lastithe kaidershaped piotweiohp t he
to exert a force gon the seniconductor wafer

cup
¢ R8Eg Ao R TBB R A e ST V1S SOUAECORHRS Cemiconductor

wafervﬁfdi%ﬁttﬁgélagt%Blehb@ealezhﬁSt oneric seal of the cup and to
rotate the cup and the cone. 28. The el ectroplating

apparcesigiedioanoniic tond ekative ontheicap agd @ axeritarfotdeen the
semiclorqgtllcltlgrl wiafer through the cone in order to seal the semiconductor wafer against the

elastomeric seal of the cup and to rotate the cup and the cone.

28. The electroplating apparatus of claim 27 further comprising a controller including
instructions for:

positioning the semiconductor wafer on the cup;
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30 instructions for: positioning the sem conductor

waf er on the cup; 35 lowering the cone onto the

sem conductor wafer to exert a force on the back side
m conduct or waf in order to es b|IS

0 the se e .

AR 5E%affmla?n<{wrem§erawo@&eﬁea fegngrs he'back side of
the seﬁwofnaﬁ&op&'afepﬁl m&e{@ es%h@f?ﬁ Qkd1Ge@ech %elﬁkezﬁ‘ oP ﬂfetd ?Qm@fthe front

front surface of the wafer into an électroplating

mnﬁw50§dkuvﬂbm and el ectroplating on the front surface of

the wafer: and lifting the cone to rel ease the force

f submdrpmghbadéassa gortafn ¢ihthe Semt coifabeatfahe wa@rinto an electroplating

wherein |i tlng [ erformed over period of at |east
solution %r@c%?f‘a@p aigg Oﬂﬂﬁeeg%tos“ffge Bepelpi adi ng a

seni conductor wafer in an apparatus contalnlng acu

alifiing thg porg e release thefaree fioanfie kack gi ep@fsﬁhﬁusm%gdws@r wafer,

Whereﬁﬁ%lﬁg fgo C?@anﬁ&otdrb%a?%gstﬂﬁw ng the cone onto

er to exert a orce on the back
side of the sem conductor wafer in order to establish
a seal between a |ipseal of the cup and the front

29. A %?ertl{qilg{?ﬂ)f g{gﬁ{rgpgﬁtfml?g;q? éenbl]eoq(ﬁlu prrer 9l ng ﬁ{? tap}lgﬂ%z?nslg cc?ntglglrntgl aocqlp and a
cone, Ble@féth&PLehpiigng:sol ution and el ectroplating on the
front surface ot the wafer; and lifting the cone to

5&@&&%&%&&5& dh&8My mﬁﬁ?oﬁ’ﬂ{é‘% i de of the

n1con ctor wa erein i tlng is perforned

0 o%eirﬁlgﬂﬁé §8 { QBe SS%E)H(%JC?O%CVQ a%oi %&%rt?ahogorgygn R Qa%g side of

Rer® conprising ro

the seﬁmnndﬁadﬂwh&t 1IV\61fdef tdf @fablith b eed thetvaden utlipSesl &€ eieddip and the front

prior to lifting the cone. 36
surface of the wafer;

submerging at least a portion of the front surface of the wafer into an electroplating

solution and electroplating on the front surface of the wafer; and

lifting the cone to release the force from the back side of the semiconductor wafer,

wherein lifting is performed over a period of at least 2 seconds.

30. The method of claim 29 further comprising rotating the semiconductor wafer for at least

about 3 seconds prior to lifting the cone.
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