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BACKGROUND

[0003] Electroplating is a common technique used in integrated circuit (IC)
fabrication to deposit one or more layers of conductive metal. In some fabrication
15  processes it is used to deposit single or multiple levels of copper interconnects
between various substrate features. An apparatus for electroplating typically includes
an electroplating. cell having a pool/bath of electrolyte and a clamshell designed to

hold a semiconductor substrate during electroplating.

[0004] During operation of the electroplating apparatus, a semiconductor substrate
20  is submerged into the electrolyte pool such that one surface of the substrate is exposed
to electrolyte. One or more electrical contacts established with the substrate surface
are employed to drive an electrical current through the electroplating cell and deposit
metal onto the substrate surface from metal ions available in the electrolyte.
Typically, the electrical contact elements are used to form an electrical connection
25  between the substrate and a bus bar acting as a current source. However, in some
configurations, a conductive seed layer on the substrate contacted by the electrical
connections may become thinner towards the edge of the substrate, making it more

difficult to establish an optimal electrical connection with the substrate.
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1 .[0005] Anot her issue arising in electroplating is the potentially

.corrosive properties of the electroplating solution. Therefore, in many

el ectropl ating apparatus a lipseal is used at the interface of the

cl anshell and substrate for the purpose of preventing | eakage of

el ectrolyte its,contact with.elenents. of,the el ectroplating Sapparatus
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[ 0006] Di scl osed herein are |ipseal assenblies for use in an electroplating

cl gms hel | f d lipssalatsi vigd ah dhes indenfacerf Br edapshell| andysybstatetfgr shes pwpesnefilict or
substrat 1 ] t [ ' | i .
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assenbly ma 0 pse or “engagl ng e sem

substrat e angpaats@theitliad e fistdd oftthe risetdplating selpphd thegsidd ef theisabdtraceur r ent
to the sem conductor substrate during electroplating. In sone enbodi nents,
upon engagerfiépignated, for elesaPRJABRg-c | i pseal substantially excl udes plating
solution froma peripheral region of the sem conductor 15substrate.

[ 0007] I n sone enbodi nent s, thaﬁgpgi r FmingTﬁb@pents are
structurally integrated mﬁ?h the e‘gé?gﬁE?Fg l'i'pseal "and include a first

exposed portion which contacts the peripheral region of the substrate upon
engagenent qboddle | DRsRREd Metdin t e HpdRal radéednblied foPNBseDRli RRRErSplatile one

or nore contact elenments may further
clamshell for engaging and supplying electrical current to a semiconductor substrate
10 during electroplating. In some embodiments, a lipseal assembly may include an
elastomeric lipseal for engaging the semiconductor substrate and one or more contact
elements for supplying electrical current to the semiconductor substrate during
electroplating. In some embodiments, upon engagement, the elastomeric lipseal

substantially excludes plating solution from a peripheral region of the semiconductor

15 substrate.

[0007] In some embodiments, the one or more contact elements are structurally
integrated with the elastomeric lipseal and include a first exposed portion which
contacts the peripheral region of the substrate upon engagement of the lipseal with the
substrate. In some embodiments, the one or more contact elements may further
20 include a second exposed portion for making an electrical connection with an
electrical current source. In certain such embodiments, the current source may be a
bus bar of the electroplating clamshell. In some embodiments, the one or more
contact elements may further include a third exposed portion connecting the first and
second exposed portions. In certain such embodiments, the third exposed portion may

25  be structurally integrated on a surface of the elastomeric lipseal.

[0008] In some embodiments, the one or more contact elements may include an
unexposed portion connecting the first and second exposed portions, and the
unexposed portion may be structurally integrated underneath a surface of the
elastomeric lipseal. In certain such embodiments, the elastomeric lipseal is molded

30  over the unexposed portion.



20.i.ncl ude a second exposed portion for making an el ectrical connection

M th an electrical current source. In certain such enbodi nents, the current
source nmay be a bus bar of the electroplating clanshell. In sone

enbodi nents, the one or nore contact elenents may further include a third

exposed porti conpectin he. first and second.exposed pqrtions. In
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portion may be structurally integrated underneath. a, surface pof e.
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the flexible contact el enments nay be configured to flex and forma
conformal colaxshle contact elements may be configured to flex and form a conformal contact
15 surface that interfaces with the semiconductor substrate. In certain such
embodiments, the conformal contact surface interfaces with a bevel edge of the

semiconductor substrate.

[0011] In some embodiments, the one or more flexible contact elements may have
a portion which is not configured to contact the substrate when the substrate is
20 engaged by the lipseal assembly. In certain such embodiments, the non-contacting
portion comprises a non-conformable material. In some embodiments, the conformal
contact surface forms a continuous interface with the semiconductor substrate,
whereas in some embodiments, the conformal contact surface forms a non-continuous
interface with the semiconductor substrate having gaps. In certain such later
25  embodiments, the one or more flexible contact elements may include multiple wire
tips or a wire mesh disposed on the surface of the elastomeric lipseal. In some
embodiments, the one or more flexible contact elements conformally positioned on
the upper surface of the elastomeric lipseal include conductive deposits formed using
one or more techniques selected from chemical vapor deposition, physical vapor
30  deposition, and electroplating. In some embodiments, the one or more flexible contact
elements conformally positioned on the upper surface of the elastomeric lipseal may

include an electrically conductive elastomeric material.
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. 15.surface that interfaces with the sem conductor substrate. In certain
.such enbodi nents, the conformal contact surface interfaces with a beve
edge of the sem conductor substrate. [0011]In sonme enbodi nents, the one or
nore flexi ble contact el enents may have a portion which is not configured

to contact t ubstr at en.the substrate.i 20, engaged b he |.i pseal
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enmbodi nents, the. lipseal i.ncludes a fl.exi bl | astoneri ¢ support .edge and a
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some. entar reiree RS srmrard bt TRl ltE o MR PR bR
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sem conduct b - [ foot b , 1Ly SOMe
crbodi ment s F5EHy Pat Pt el BIRLHER NS sehitbnlBRoP WHkARE op S selidl
conpr essi on pebtrishen hmp compiedsien of nhes ewpeswefdeediheEinhear, sidé enrfideeconeetslind
surface is not conpressed, the inner side surface is | pocated sufficiently

out war d 200 1SRN th thes smeIHHGIor SRR alighiag the pemic & RITFRG A e
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sem conductor substrate on the sealing protrusion and conpression of the
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embodiments, the methods include opening the clamshell, providing a substrate to the

25  clamshell, lowering the substrate through an upper portion of the lipseal and onto a

sealing protrusion of the lipseal, compressing a top surface of the upper portion of the

lipseal to align the substrate, and pressing on the substrate to form a seal between the

sealing protrusion and the substrate. In some embodiments, compressing the top

surface of the upper portion of the lipseal causes an inner side surface of the upper

30 portion of the lipseal to push on the substrate aligning it in the clamshell. In some
embodiments, compressing the top surface to align the substrate includes pressing on

the top surface with a first surface of the cone of the clamshell, and pressing on the
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. [0013] Al so disclosed herein are nethods of aligning and sealing a

.sem conductor substrate in an electroplating clanshell having an

el astoneric lipseal. In sonme enbodi nents, the nethods include opening the
clanshell, providing a substrate to the 25 clanshell | owering the

substrate through an.u ort on of. the eal ont o al i
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of the Iipsqghegpmgkkgﬁhgme substrate and pressing on the substrate to
forma seal between the sealing protrusion and the substrate. In sone
enbodi ments, conpressing the top surface of the upper portion of the
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conpr essi ng the top surface includes adjusting the pressing force exerted

by the first pressing conponent based 10 upon the dianeter of the
sem conduct or substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS [0015]FIG 1 is
a perspective view of a wafer hol ding and positioning apparatus for

el ectrochem cally treaty S '(?gﬁjg ﬁgj - ﬁ%\/ G 2is a
cross-secti onal schenaHI{cl%t}:‘ @% sﬁ&(ﬁﬁq sjﬁ@f‘ﬁ (g%nt act rings nmade
with nultiple flexible fingers. -

[0015] FIG. 1 is a perspective view of a wafer holding and positioning apparatus

for electrochemically treating semiconductor wafers.

15 [0016] FIG. 2 is a cross-sectional schematic of a clamshell assembly having

contact rings made with multiple flexible fingers.

[0017] FIG. 3A is a cross-sectional schematic of a clamshell assembly having a

lipseal assembly with integrated contact elements.

[0018] FIG. 3B is a cross-sectional schematic of another clamshell assembly

20  having a different lipseal assembly with integrated contact elements.

[0019] FIG. 4A is a cross-sectional schematic of a lipseal assembly having

flexible contact elements.

[0020] FIG. 4B is a cross-sectional schematic of the lipseal assembly of FIG. 4A

shown forming a conformal contact surface interfacing with a semiconductor

25  substrate.

[0021] FIG. 5A is a cross-sectional schematic of a lipseal assembly configured to

align a semiconductor substrate within a clamshell assembly.
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. [0017]FIG 3A is a cross-sectional schematic of a clanshell assenbly h
a |lipseal assenbly with integrated contact elenents. [0018]FIG 3B is
cross-sectional schematic of another clanmshell assenbly 20having a
different lipseal assembly with integrated contact elenents. [0019]FI G 4A
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interfacing with a sem conductor 25substrate. 21] G HAIs a

cross- sect i dhalipssehassambly. of a | i pseal assenbly configured to align a
sem conductor substrate within a clanmshell assenbly. 5 [0022]FIG 5B

Cross-secti
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aFusShirhgP '
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25

M(ﬁl ﬁ semiconductor substrate.

[0024] FIG. 6 is a flowchart illustrating a method of electroplating a

semiconductor substrate.

DETAILED DESCRIPTION

[0025] In the following description, numerous specific details are set forth in
order to provide a thorough understanding of the presented concepts. The presented
concepts may be practiced without some or all of these specific details. In other
instances, well known process operations have not been described in detail so as to not
unnecessarily obscure the described concepts. While some concepts will be described
in conjunction with specific embodiments, it will be understood that these

embodiments are not intended to be limiting.

[0026] An exemplary electroplating apparatus is presented in FIG. 1 in order to
provide some context for the various lipseal and contact element embodiments
disclosed herein. Specifically, 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,” or a “clamshell assembly,” or just as a
“clamshell.” The clamshell assembly comprises a cup 101 and a cone 103. As will be
shown in subsequent figures, the cup 101 holds a wafer and the cone 103 clamps the
wafer securely in the cup. Other cup and cone designs beyond those specifically
depicted here can be used. A common feature is that a cup that has an interior region
in which the wafer resides and a cone that presses the wafer against the cup to hold it

in place.

is a
rface
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upper surface of the lipseal and on the sem conductor substrate. [0024] FI G

6 is a flowhart illustrating a nmethod of el ectroplating a sem conduct or

substrate. 10DETAI LED DESCRI PTI ON [ 0025] I n the fol |l ow ng description,
nuner ous specific details are set forth in order to provide a thorough

under st andi ng _of the re ented c epts. The ente e
practiced wil Bﬂ%ﬂ]t sBhihegterited @Pg?‘ﬁg’ggt <he clap Eeelﬁéfsam by ?"?lﬁ Igﬂrff@'}n‘;agt
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enbodi mrents 20 di scl osed herein. Specifically, resents a

per specti ve climshetifasgemidy eaUShtg mtaﬂﬂgnaﬁd \mfsli Enobstiavg mﬁbarf@m@ hedhthersin
el ectrochem cal I y treatl n The s 100.incl udes
Erg)? g%ﬁa etfnn gﬁp?lgéa 2 dés

waf er - engag| So'pé? anshel |

conponents, vdaﬂicaafo&é a@fs&egagmgseermbwol With Jth@boresm " Wirssthe lclamishdlh és
cl anshel | assenbly conprises a cup 101 and a cgne 103. As will be 25 shown
in subsequerﬁlsqnlg%ﬂde@o'f tsSheWglp I@Pt et g0 sendaeidctom am (ean dpsset 3 0%fET Hhps

Lhe T ol Sl ik hup 01 AR L 168P AR £ B8 ShaNSA PEY Al 1695

speC|f|caIIy ere can be used. Feature I’s that a cup that
has an |nter¢mgagddegit1®the| dmp\Mﬁ)ilphhtcherrmvaibelnzeselm wefer wntﬂlraapparae;stma)tlemses

t he waf er against the_cup to hqld,it ace. JInt de |cte
enbodi ment , 3 HETGISFHERES pn geeE §them?mﬁvmtmg?%sxw$ Ro EoBAG e cone
103) is SUpptBEfef%gml}WtesstdﬁBﬁ. 104, which are connected to a top
[0028] In certain embodiments, the clamshell assembly includes a spray skirt 109
15  that protects the cone 103 from splashing electrolyte. In the depicted embodiment, the
spray skirt 109 includes a vertical circumferential sleeve and a circular cap portion. A

spacing member 110 maintains separation between the spray skirt 109 and the cone

103.

[0029] For the purposes of this discussion, the assembly including components
20 101-110 is collectively referred to as a “wafer holder” (or “substrate holder”) 111.
Note however, that the concept of a “wafer holder”/”substrate holder” extends
generally to various combinations and sub-combinations of components that engage a

wafer/substrate and allow its movement and positioning.

[0030] A tilting assembly (not shown) may be connected to the wafer holder to
25  permit angled immersion (as opposed to flat horizontal immersion) of the wafer into a
plating solution. A drive mechanism and arrangement of plates and pivot joints are
used in some embodiments 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).

30  [0031] 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
7



. plate 105. This assenbly (101, 103, 104, and 105) is driven by a notor 107
wvia a spindle 106 connected to the top plate 105. The notor 107 is attached
t-o a mounting 5 bracket (not shown). The spindle 106 transmts torque (from
the motor 107) to the clanshell assenbly causing rotation of a wafer (not

shown in this figur hel d therein during plating..An air. cylipder .(not
shown) wit hisﬁ?‘f' g s “ﬁdIaet‘ﬁ‘USOIHP%’l?nbrp8§1it‘ggg'gan{?gl? '%Ipré’ﬂp%%lb‘lf’@]r v 1% gi ng
the cup 101 Ydehhehl0n@NE trhfi3ioryBRfpehBiRulal a0Bhelectdlyld §§f&gé‘9ﬁé zﬁ gﬁglg

shown), a robot with an end effector armcan insert a wafer in et ween
t he cup 101 nzvémehe alowingl dgviatidn éromn anhp@zontal pmendationd(i.et,hpargdgietold® i s

engaged with,the cu 01, i ch ilizes.the wafer within apparatus 100
| eavi ng a mﬁ}elfgﬂlages%ﬂ’%ﬁéefome%%ﬂs a%ée%fv a? &R e f?ﬁwh&?'gt t he ot her)

exposed for contact with the electrolyte solution. [0028]In certain

enbodi mest s,[0d32¢ C| HoRhBhA thessefebhyldent] Liketsed Witk ayplating telll 095 ha%ing hat
protects the_cone_ 103 from spl ashi ng el ectr ol In the depicted

te,
enbodi nent , Platiegspampersidi/rwhichyoysse pp gaedechamber B and; & platigeiadifiona) Thel eeve
and a circul ! [ ' ' RAG AL
bet ween t he c@%?g%plsjl?%%lasi%ba@rﬁl gqu} ﬁe(g'gif) g&%{’g &%g%d%?& t gﬁ%ur posﬂg{s?&of
t hi s di scussrother béparassaelehigyed toahsidiang diffengnd eiotrsl yte2chehstrid<l i the anode

collectively referred to a "waf er hol der.” (or "substrate hqlgder")_ ,111.
Not e homve@?@ﬁ%e@t@d@pﬁ%@ﬁf COFPY R £ tseisiod org _ Pﬁz%gﬁgasafe 3
ext ends 1gengs ahbiyb@ Akt CRIRbRA 1S 0Srdab#aiUibe G8IXBh Y Hakf@NA Olniform
conponents that engage a wafer/substrate and allow its novenent and

posi ti oni ng.frn@030]cArtein| embaglimentsnthk ylovn diffushoiny haghyrdsistanon ngttabdneds t he

waf er hol der 5 perm.t .angl ed i rsi,on (as.opposed to flat harizontal
rer st ony GRRVH BNty B 5a8s A PAgadnee, ShinoRaGs Pesral s S
arrangement patinpl Alaese Andba (¢ 4 0D0NESS00) &f WnetimenSoHEe sfiAl GbldEeics o0 nmove
waf er the holder 111 along an arced path (not shown) and, as a result, tilt

t he proxi mal0-GMdnel imdiametasbanfbeonnegted fo ghe, cathpde chpmbercabose éheaplaienblle) |
30[ 0031],Eurthe the entir fer .hol 11 4s ldfted, venti | v.either up
or down IE o] itﬁt”}ﬁ{e?r%s'?eﬁgorbfu §§i°\@n§ﬁ’e fé?%ceis bsﬁ gé\;\sfat% er? Ootéeqer?en% ng?eﬁﬁ%l P 1)ré)glfcgeo ution

via an act uake and)@ierdfores idmidhces Babgantil flom-resistpioedn thepsstirtg cilibaipingewhani sm
provi des both vertical novengnt al ong a trajectory. perpendicul ar, to. an
el ectrol yt e BRFVacleplatng unfermy b hsrsisten) | Sidriprakdessiipben of gnbigh

vat er (angl o ua R iRl indBe pIAE AN, ol e g Bk bR S RERGaRLY ¢
hol der 111 itmatisgdemiddndactpt atvifay elptoviddd haviisSg Ratent Application Number
20 12/291,356, filed on 11/07/2008, which is hereby incorporated by reference herein in
its entirety for all purposes. The plating cell may also include a separate membrane
for controlling and creating separate electrolyte flow patterns. In another
embodiment, a membrane is employed to define an anode chamber, which contains

electrolyte that is substantially free of suppressors, accelerators, or other organic

25  plating additives.

[0033] The plating cell 115 may also include plumbing or plumbing contacts for
circulating electrolyte through the plating cell—and against the work piece being
plated. For example, the plating cell 115 includes an electrolyte inlet tube 131 that
extends vertically into the center of anode chamber 157 through a hole in the center of
30 anode 119. In other embodiments, the cell includes an electrolyte inlet manifold that
introduces fluid into the cathode chamber below the diffuser/HRVA plate at the

peripheral wall of the chamber (not shown). In some cases, the inlet tube 131 includes
8



. plating chanber 117 whi ch houses an anode chanber 157 and a plating
sol ution. The chanber 157 hol ds an anode 119 (e.g., a copper anode) and may
i-ncl ude nmenbranes or other separators designed to maintain different
el ectrolyte chem stries in the anode conpartnent and a cat hode conpartnent.

I n the depicted enbodi nent fuser 0 directing

el ectrol yt e WHRLPFAS R th ﬁlgief‘ (Stﬁ"ﬁtapﬂﬁe e &atgg‘% %ﬁ%} ‘Ptoéﬁtmeq‘ Yal%rt ai n
enmbodi nent s, 15t3herhf14 %bﬁq&ﬂd&l%ﬁvé@ eRcRbIgh tb%%uﬁhe@ﬁsae/a{amef arNBE athbiR/A)

pl at e, mhlch is made of a solid piece of insulating material (e.g

pl astic), hashamyen Inaotger erobrsiimerts, t€ge anommdlgatb@b)cl@mbgnereohem@ddwyaa

small holes (0.01 .t 05 |nc n nd.connect e ode
chanber aboVe*% HES 1Btlalétt 4 T ggl} &i‘)élmgsrclh%ﬁ SPER q%fﬁ)ot% E

| ess thang aQ@E&raﬁdF&é&@[}&e OfAstsfhgwthnathe Ritodsh&f ArEe:. laaﬁi,mlkhﬁé&i@ws

i ntroduces substantial flow resistance in the plating cel | hel ping to

i nprove t he ppudehejedralyte inibepnede-sideokmembrancAddi t i onal description of a
hi gh resi stance virtual anode plate and a correspondi ng apparatus for

el ect rochem t i: 1, Gonguct [ t ent
hppl 1 a1 on Wiiter | 153415, STERRR ol ih? iR e Bad Rautk)

i ncor por at ecsohytionet@rehse 16l reeélnconmwtbd demttiy &t the fpplatinglchampberpldde sAlsd) he
plating cell may als ude rate nenbrape for cgptr |'1i ng .and

a sep
creating sedarsatn@%l?ééi" {lw%dﬂpaw%awﬁ%mger tp Gleap shshwates apdiar ﬁ%fiun%g

menbrangi s ﬁ%ﬂﬂ'a%ﬁ afih. APidtiHE RMuRROAGHEMGTHRL md@ﬂ'é}hth@%faﬁﬁ'beﬁ 18y ectgol yte
that is substantially free of "suppressors, "accel erators, or other organic

25pl ati ng addlttgamlasllmg3ﬁd‘gh@r¢imofmbbbls,l thg thamber HﬂsmludmlmdengIM| ng
or plunbing ¢C for |rculat| el ectrol. hr ough t he atin

et P-and agaltiole: plingapktsh dtuihuffet srtt ot 167 Rl vwetisBing By cer
115 i ncl udesdepiti®l @RbsdM¥AE tHebd Geirs BREciodin felatial ekl slowahtth€ lallYofithd 0 t he
center of anode chanmber 157 through a hole in the center of 30 anode 119.

I n ot her entatingeehamber h&.cel | includes an electrolyte inlet manifold that
introduces fluid into the cathode chanber bel ow t he diffuser/HRVA pl ate at

t he peripher 1T AQf et

t ube 13f%|néﬁb%ﬂ§ g%tzﬁ%F%%ggﬁgghgﬁﬁg& ﬁg@ﬁﬂ)hd} gﬁlﬁg SI h¥anéhQL

cat hode si degneddr thbre cortior elsmedtS 3o pldviide E?erahﬁglgﬁdrehi:trdﬁl tormestictl fatti@lsyte to
bot h t he anode chanber and the cathode chanber. In other enbodinents, the

anode and caf hipew! B b &1ads fioms wpelpsipmgrinipateril. ofhe iaseal fares aesrbrithdhe 53,
and each chagbgr. B@ﬁleaseﬁl%aa@a& Ju'b%twﬁ{a SAEY: é@f&éﬁé‘lg%g%&-hes ér@h&fa As

shown in the e odlnen of FIG 1, an inlet nozz e 155 electrol yte
t o t he anodeegiodeofche mersbmt@neNd ¥8positi@Bdddurs mddhist paviphel atgiorgamdkit|is hod

includes,..a rin in | 159 and_a pl atin solutlo ret line. 161,
bach comdbctishd dof binfg 10 deviasorar fit, Fe548 18 Rgtet,parh of thisHOFkIRg | o
163 del i ver s d@LONE3RekihEd) s v&s&hsta@socﬂe%fedttbeas%feage B &R bediukng 10
normal operation. Plating solution normally fills nuch of the chanber 117.

To nmitigate tbplebshwlb@ iagcludadefrom ithymared. Bhbberipheral mgl@xharubed for suppaténgides

an inner weir 165 for plati | ution ret.urn and out er

s wat or P ortne) B APsHasT Sihé dMetiiteneS Vrlow" ol melfig, ebbicat”

ci rcunf er entdophedt®htwitiakheSdodtzt eRmich8. VEihte Rfis Tg&ﬁ:rﬂl}a&ésﬂﬂblé ham@easé e

15100351As stated above, an el ectroplating clanshell typically includes a

| i pseal 2&nd working surface, the peripheral region needs to be as small as possible while
maintaining the functions described above. In certain embodiments, the peripheral
region is between about 0.5 millimeters and 3 millimeters from the edge of the

substrate.

[0036] During installation, the lipseal and contact elements are assembled together
30  with other components of the clamshell. One having ordinary skilled in the art would
appreciated the difficultly of this operation, particularly, when the peripheral region is

small. An overall opening provided by this clamshell is comparable to the size of the
9



. one or nore contact elenents to provide sealing and el ectrical connection
functions. Alipseal may be made froman el astoneric material. The |ipseal
f-orms a seal with the surface of the sem conductor substrate and excl udes
the electrolyte froma peripheral regi on of the substrate No deposition

Gevi cos, i - GubsePRLIGE i 2 gRimpbaiie Boyam V3R b mReligotil ace.

Somet i Mes, Ui SyAfed] &8).1 Fuﬁhéﬂof@%@ﬁs&ﬁ@s%@v@ﬁleﬁf%vﬁﬂﬁﬁe RXGhRS e 26ED2
because the el ectr ol éte is excluded fromthe area. The peri phera1 re on is

used for suppidimetary fand tHpial ﬁgOtrwe w&ﬁ@stapmrélnadmthg %ﬂMI:@B@lﬁrng@)s as

or 7ok 79 ARG ORONIRE A Dol RISty PRSPl it

regi on ngedssifce baeh &6 nﬁaalﬁlonﬁﬁelmy ﬂpéxaowlmdtaqal@al Tﬁe@b EW(SI Borhpénehtéiifetd NS
descri bed above. In certain enbodinents, the peri pheral region i s between

about 0.5 nihave vemeprscisn eelativel loratina: eWhen raovpating edgryel B linseal and coptacte
100361Durin I n S | ed
Logether 30 SIS piechdsiibnch 6o APAFR, SRS AANbAE, ERERBICOARS SERRID)
skilled in tdeaneution nwouyl et faﬁpabbeta»tee:dtlteh@nchcfsfanduhbdn;at@ﬂuxﬁrfg gpeopmnalfithen,

particul arly, en the _peripheral region i . An.overal | eni
provi ded by el e e tuessnwé?rame scpling e s, posponefidos RBEe Mt o

(e.qg., o] r nm
e or 5, T o, o R e s IS SR i
(e.g., +/- Qegioni Fbi eratpis cbmsrenaonqlp‘bntabt 13@3 anero ket madawubﬂmlngetﬂ@xmlte SEM
specificatiq rtlcul arly. dif

o oot et & Whne R wrdled i [chrigetie '8 R s MBS Re 6, st3flish an

relatively fdigxidl @ofRic86h @5 Showh 88 ¢hd WRNRRAPARGHLE BEEIG! D (R&t¥ &uy Oy,
precise relative |ocation. Wen a sealing edge of the |lipseal and contact

el enents ar eCOpg§Di5,| mdel@pspdo?mar Nowaoplyr arsrthesgchexdhl dingens 208t ere diffieulbro no

el ectri nec e for bgt t he cont act nd_su

dur 1 ng. der ARt FERETly R HBHT 2 B ERL i Speiieeg, A WBBNRYS o e
i's positi On%dt@ﬁﬁcﬁﬂt&Sﬁeirﬂfhh@whé@el@:@ﬂ%lgfagexs ﬁxfwthe?&hﬁﬁﬁrdm,l nterfere
with the seal and cause | eakage into the peripheral region. For exanple,
conventional contact rings are often made with nultiple flexible "fingers”
that are pressed in a spring-like action onto the substrate to establish an

Cup 201, cond S08. AT AEar b 10) O INEESTR TS VRO TMENES 1 noer s

208 very difficult to 15 align with respect to the lipseal 212, they are
al so easily [@83HgedPowvidadghémst atd avvanlipsedl distmbbed thaving céamtart i dleraents when

NTECRAPED GAREREH BERBRT BT oI HoParTog B Blans ML e

assenbl i es fk%mhr{ggarﬁpaéaﬁkalaloﬁm%ﬂ&r&s (ézg aNipRedl ah8Q dontt ShafinotRe field, the
lipseals. Instead of installi ng and aligning two separate sealing and
I

el ectrical cwiopRomponsnts @regahgna anésretagra@doduamgcfhbla@tlon iofighe assembly. fibeg d,
the two conpqnents are all n and 'néﬁ%{ .at ed du df abri cat |tpr111 Q t1tlche
assenbly. TH 3Ry hsrréﬂ%‘nﬁag‘ ih%ﬂna% ned adrt ng i t% 1B RE* e P &

during oper %larﬁﬁheﬂf Ashﬁclﬁﬂtﬁéfﬁl@irﬁent Aseds 46 be sdthad alspgnedaily vaeds.cf, durl‘ih% set
and inspected only once, i.e., during 25fabrication of the assenbly.
100381FI25  3fAbmentign of Herpssaneb! Yepresentation of a portion of an clanshell
300

[0038] FIG. 3A is a schematic representation of a portion of an clamshell 300
having a lipseal assembly 302, in accordance with certain embodiments. Lipseal
assembly 302 includes an elastomeric lipseal 304 for engaging the semiconductor
substrate (not shown). Lipseal 304 forms a seal with the substrate and excludes a
30 plating solution from a peripheral region of the semiconductor substrate as described
in other parts of this document. Lipseal 304 may include protrusion 308 extending

upwards and towards the substrate. The protrusion may be compressed and to certain
10



. having a |lipseal assenbly 302, in accordance with certain enbodi nents.

Li pseal assenbly 302 includes an elastoneric |ipseal 304 for engaging the
sem conductor substrate (not shown). Lipseal 304 forns a seal with the
substrate and excludes a 30 plating solution froma peripheral regi on of
t he sem cond ctor

b3
i psoal 504 SREYSHSEITE 4 FORRLLI B e RIEha Bos i e JAARRE & he

substrate. Baﬁm@femrt&bmm@aue PRLAO SNBSS BEmARE péiibhes] tadligh. degree def or ned
to establish the seal. Lipseal 304 has an inner diameter defining a

perimeter for excludlng the plating solution fromthe peripheral region.
[ 0039] Li psedpﬂ%ﬂsenbupyeaécﬁgsem@b J03caleridncledes Qe ppmore sANMAct clemepsntld 310

struct ural L LOeAt el By Ra80,304: sARaSHALELoAN AenEanIaqt Blement

310 is used upp ng an ectrlca curren e senlcon

substratg duot ngipplydtd r @pl elettiigal QﬁﬁbﬁiCttOEHBEElémB:ﬂ:ﬁdudttﬁl udBsratn ém-mgsed
portion 312 deflnlng a second inner_dianeter that is, |arger th%n the first

i nner di ametedgetrgplatings e%?nt%‘éﬁl?‘ﬂe‘ﬁr%j]@r mclpdss aneFiPoset BPFOReR e AGHRIAS Bhe
seal ing prop %c;n'dEiﬁne?fdl &Rkt leisa?gé{gk A0%irst %a%&&%pgea%& geqagal |y

i ncl udes anot her expose portlon |ng an electr
connecti on vmtplnevansmtarfeeermé veﬂetlt:rsedaig pmpmem o$ dntplsleaasssmlbus?)%r Cafctof t he

| ectropl at | apshel | h t al
boet bio, ritehsnk 308 Benccany RS b SxpS i ie P Bt g e g e
di stri bypi onohhistisd dwithhi GRurRY oD R1HTAE Cuddnt %u&“sasbﬁ’-rbtﬁlﬁar B964 As

stated above, integration of one or nore contact elenents 310 into 15
| i pseal 304 qlq;:tlppltafmg plethshiell- i Hgweudsy gt conmegtiorn sqhg@&s agestlembespibdn2Femnd i s

preserved durln allatio d operation o

Pt egr at | on g PlseSFuR SRl A Raf B ilidsihedlog) it BRFHHLRa pye 14 yhich

el astonerlclﬂgt&rdo@heaaytobﬁsrm}ym over contact elenent 310. Clher

el enents, such as current distribution bus 314, may be also integrated into

t he assenbly to inprove rigidity, conductivity, and other 20functionalities

of assenbly 86401 [ 062 Stateke ab?\fﬁséatpgrag%r?& cylea@zmiorq GeRtAgit demenfs PlE inPA has
a cont agl e'lg,r .t30§%9§¥[\‘£6 gcgl{gg %H%ﬁ’q&@a‘?rﬁéeﬂﬁly 9eRALEH; ;gﬁae yeeny the

t wo exposed I ons onnectl ng t two exposed portions.
Thi s unexposiuging drstdliatior xhd dpksration of the assembly. This integration may be performed
in a variety of ways. For example, an elastomeric material may be molded over
contact element 310. Other elements, such as current distribution bus 314, may be
also integrated into the assembly to improve rigidity, conductivity, and other

20  functionalities of assembly 302.

[0041] The lipseal assembly 302 illustrated in FIG. 3A has a contact element 310
with a middle unexposed portion located between the two exposed portions 312 and
313 and connecting the two exposed portions. This unexposed portion extends
through the body of the elastomeric lipseal 304 and is fully enclosed by the
25  elastomeric lipseal 304 being structurally integrated underneath a surface of the
elastomeric lipseal. This type of lipseal assembly 302 may be formed, for example,
by molding the elastomeric lipseal 304 over the unexposed portion of contact element
310. Such a contact element may be particularly easy to clean since only small
portions of contact element 310 extend to the surface of lipseal assembly 302 and are

30  exposed.

11



. through the body of the elastoneric |lipseal 304 and is fully encl osed by
the 25 elastoneric |ipseal 304 being structurally integrated underneath a
surface of the elastoneric lipseal. This type of |ipseal assenbly 302 may
be formed, for exanple, by nolding the el astoneric |ipseal 304 over the

unexposed p |.on of. coptact el enment .310. Such a cqntact el enent be
particul arl j%‘ifgy t%lcgl ggn%b'}sﬁﬁtgs SOPEE oY THfCORBA gi“tme@%t 310
extend to thgpds hagke Qlrfdck RERRktofEsEe MHpkdal 302 aaBdors BoSRR%RORERe region
100421FI G 3B illustrates another enbodi nent where contact el enent 322

extends on tenelosedrpyathe ligisead |agsemble r [rcsdmeembodig@ntsath middls negioniravid be

m ddl e region_encl osed .by the |ipseal assenbly.. |n sone adi nent s....t he

T ddl e regi QEREL R it sited SRR, of GRS it TR OHTOR i U CRBTRGe

el ement whi Ghtelatedt dnug btk oy e d1at@Bérat Behedl) add SUbtAEEbEVeEN treeirgSEnTES i C
| i pseal, and is |ocated between the first two_exposed portions of the
contact el erfpesed PRrtigng o the conianh slement 31 ard 31 Juroppedting these TWp POEMISdi nent

may be assend). le, ' t . I nt.o e
surface, or rz%‘f?%*é@hlfgf( ' r‘lbt%oaS ﬁ%ﬁéﬁﬁﬁgggmﬁ@r@ ’ %%ﬁ%ﬁg& %ttagﬁg)leltnﬁ}ét %‘%ZPf ace,
or by ot her iht®ahatiréhj orgbyl folding inénts thef axtace, Redgrghhiag st wfthé ewfdcheordpnt act

el ements are 10 integrated into the elastongric Jipseal, a point or surface
of the cont £her¥ise hlﬁﬁp&ﬁfgﬂ&nsve'faée Hegard! rﬂfjefmébﬁ bepipfi I GnE: A

will prgper qﬁ&gﬁ%&édym@itﬂé R RionieRicAip@NMBNboiM ©bh LESBEGE the cbRiGcPQlefienr

surface of the lipseal making a seal wth the substrate. OQher portions of
t he cont act mdlemenn eledrikalpsemiectiy thahersubditate writlhprefgpecllyt maméah it her .
For exanpl e, ,.an exposed portion of.the caontact elenment that 15mak an

ol ectr; cal  CURHBER BHb CEPEHOTUS PRI Sl e (e LIPFLCPUBEE £ SSHNET (oeal
100431Ret ur nypgrak® Otfier pAviordsher thilShtabiBigmefli A 1ipscal &fayNRSmbbsbievitpher al
region while the second inner dianeter defines overlap between the contact

el ement and respset toagash otherc dior gxpmpleb anl cxrased porting ofpilaiconidet eJemeniethat
di f ference bet,ween ihe. first and.secand.i nner dianeters i out or | ess
Chan0- 855 RS ER etedfieh) ot o BRI pePRRL pit8 TBh e BBl ¢

contact elenent 310 is separated by about or less than 0.25mm fromthe

el ectrol yt e [8043)t i ORetuFtihg tRED.13 A elipefiat inaer dikmews défEndsnige perfphkrat feptony
smal | peripheral region while maintaining a sufficient electrical

connecti on thitehthessepend amer diameter defings oyerian heBenehe sontapfeclgmgnli tithe of

the di 11 er engeubed WagRelif: o 1RA0AwED P e iHIRLES Berher BRMArs "

| ess than O. or about
and second inner diameters is about or less than 0.5 millimeters (mm), which means

20  that exposed portion 312 of contact element 310 is separated by about or less than
0.25mm from the electrolyte solution. This small separation allows having a
relatively small peripheral region while maintaining a sufficient electrical connection
to the substrate. In certain such embodiments, the magnitude of the difference
between the first and second inner diameters is about or less than 0.4mm, or about or

25  less than 0.3mm, or about or less than 0.2mm, or about or less than 0.1lmm. In other
embodiments, the magnitude of the difference between these diameters may be about
or less than 0.6mm, or about or less than 0.7mm, or about or less than Ilmm. In
certain embodiments, the contact elements are configured to conduct at least about 30
Amperes or, more specifically, at least about 60 Amperes. A contact element may

30 include multiple fingers such that each contacting tip of these fingers is fixed with
respect to the edge of the lipseal. In the same or other embodiments, an exposed
portion of the one or more contact elements includes multiple contact points. These

contacts points may extend away from the surface of the elastomeric lipseal. In other
12



25 ess than 0.3mm or about or less than 0.2mm or about or |ess than
0.1mm In other enbodi nents, the magnitude of the difference between these
di ameters may be about or |ess than 0.6mm or about or |ess than 0.7nmm or
about or less than Imm In certain enbodi nents, the contact elenents are
configured to conduct at |east about Anperes or, nore specifically, at
'east about GEPORHRENEsD P Slfngr BTY REMEECCIRAFES fREuiTher s
such that eaghisaaihdg tip of these fingers is fixed with respect to the

edge of the lipseal. In the same or other embodi ments, an exposed portion

of the one or nore contact elenents includes nultiple contact points. These
contacts p 0i [NPSErdy ASREMRLIERH AMING FhEXIBLEaCONIAGCHhELHMENGfeWMHICH

cont act el oriRe » N EORREALTRITAST SUHRPREE " | poEaL ASSENBLIES HAVI NG
FLEXI BLE CONTACT ELEMENTS WHI CH FORM A CONFORMAL CONTACT SURFACE

5[ 0044] Elsect[0044]l cEhueatdal osnreotiéheo Shibsibsaue may bb%lg‘hﬁdi’dnﬂinl@{ﬁrb\yedi Bpr oved
by increasing the cgontact surface between the contact el enments and the
substrate duPPisgsing theswaiachgrbee bRevesnile cartact dempends andifshwbsiraig derps y and

t he SUbsequecﬂé @aﬁﬁ%r %ipl ﬂ% ' &@str&@ni‘ﬁerﬁlé Oagfnsﬁé?ptﬁgémlﬁ&fegﬁd“tﬁe( Sutide uenf

"fingers" shown iIn are desi gned ke onl point contact”™ with
t he subst r atededttoptatings Gonvedtamial ednyacs wbdnhenl{)(ecgmt‘ﬁngersi’r sawn\iheFIGa 2)iape of

the contact finger touches the substrate, e f] bepds t rovide a
force again esighes 1 Baks SHls 3 AT GORHF Wl&}&s %%9%%? Uhes edatbsbiomalh
contact jpesi hakesesOVRNAAL tip bhﬁ{eecoﬁfabﬁﬂh%éf%u&%k ke JuBSHRtEThe RARE ANt act
resi stance to create problenms during el ectroplating. Furthernoré, the

cont act fi ndgersovidy a mr@mhﬁwgeedbsim tWhike Bys lfruncymaefd@ﬂp td demscast the

bendi t 5 De [ i I h
o more 11 exioBies! RORTAET SEVEHEY CRaHRBPRAT Ry BRSFLT GROE:GRPR TOREPee

surface of ap @bastmoBlehs dirRpealectrdflase:. CORirARimee M contaste fiagdt igay ed to
fl ex upon engagenent wi th sem conduct or substrate and form a conf or nmal

cont act sur fhgseme damages ier Hme Hyvpany repriitivappEdsbgediag adigwst rat e when t he
substrate is supported, engaged, and sealed by the |ipseal assenbly. 20 The

conf or s coghgl SRR Ferlih ke ip WP Ll IRUBRLEAL Gpd S:PEE0S Silfgal NSt

the |ipséal manner srm i e manner 1n e seal i's created
bet ween t he oubst elamentaronfbireally pre#ined boweweper suifeceseaini dhzg;tdmérmrlﬁmeﬁ
surfaces shaqul d generall e di sti.ngui Sg%géf romthe confor cont act

b
surface even q%%ﬁawaﬁtrﬁée%%s argrqonfgurefdyd YPSR FRg2EsH Rt 84 SteB“Eﬂﬁ’é“%llﬁbt her .
25[ 0046] FI G gufi&rdid LS idAt @éon@oﬁﬁapé&ﬁbct%ﬁﬁsmhxt A%Qfab@svmg i sfehﬁagnlahaor

contact el ement 404 positioned on the upper surface of elastomeric [ipseal
402 prior tcupssit¢ when thg sabmlraseealsumrteﬂeengag@t aad &ﬁalfe(dﬁoydht bpseapaseehblg02, in

dange w.th cert b tes th | |
cconbl w0300 e FEROTTAL CoTle: PALEe ADSHIS BEEh Mot Pah ot Phtae Adett 0F ¢

the |ipseal lﬂggal ihM ﬁﬁﬁﬁ)érds%ﬂﬂ% W thl BRdepiin ﬁﬂ&ﬂ’ﬂféddeﬁﬁﬁt SeatSP BEIwWedes 3hd y,
flexible contact el enent 404 is shown to flex and forma confornal contact

surface at tdubstrat¢ and thedipsgal h Howesven it seating 1@ fagh snrfades skaidé gengrally be

distinguished from the conformal contact surface even though the two surfaces may

be formed adjacent to one another.

25  [0046] FIG. 4A illustrates a lipseal assembly 400 having a flexible contact
element 404 positioned on the upper surface of elastomeric lipseal 402 prior to
positioning and sealing the substrate 406 onto lipseal 402, in accordance with certain
embodiments. FIG. 4B illustrates the same lipseal assembly 400 after the substrate
406 has been positioned and sealed with the lipseal 402, in accordance with certain

30 embodiments. Specifically, flexible contact element 404 is shown to flex and form a

conformal contact surface at the interface with the substrate 406 when the substrate is
13



. hel d/ engaged by the |ipseal assenbly. The electrical interface between
flexible contact el enent 404 and substrate 406 nay extend over the (flat)
front surface of the substrate and/or the bevel ed edge surface of the
substrate. Overall, a larger contact interface area is formed by providing

a conformal _contact rface.of flexib]e ntact 5el enent 404 at the.
interface witelf ivased, Byt Stlépsﬁﬁ6?SSF’BgLI/7] 9 glceem%aﬁf%%?etwa%fgxw the
flexible cont,agk: aLaeRMo444 shﬁsda@g)@ﬂfj(f anly e?&entihﬁ/ef MeQNhES Tontistrifack € the

substrate, the remaining portion of exi bl e contact el ement 404 may al so
be conf or malsubittate amkqrethe beveled pdeaburfi@z. ofRbe sebstmist eOverklbxa trrger contagict

el ement 404 .may. conf or nal | xtend.al ong the surface of |lipgeal. |n other
T0° enbod: ol s e SR pETaRDE ronten R e pE APl il 404
nmay be made digRép: AbNEY thé trtéfaceRAlr e RhyaRd Jogmat eri al s and/ or have a
different (e.g., non-conformal) configuration. Therefore, in sone

enbodi nents, the one or nore flexible contact el epnents may have a portion

whi ch is notl0®Hfi gliftils the comformel pRBrestheadlexibiferrontiet simmant AW s
engaged by LPSoHLRSEAle ARIEEDIn AL Gdihtt, BRTAAMACLING BPRELBR chAalRY

conpri se a conforimabl'e na It may conpris€& a non-conforna
mat eri al . [ CidetBdntd04 hewyraiwoehe donmfarmaliivithhresprot tedipsted402] Fhoergimpde, dleribde mal

contact surface y forma contipuous interface between t fl exj bl

cont act el e_rﬁ@maCQ%_&mawr&%mawﬁa@ma y Etsadr e 26eTREe ?gﬁ?ﬁ??l'rb’hﬁ' Fed to
forma gentiRuidsmédi, Shd RERinif® portidn VF WP ExibleboRRBEIEMBRNOTBR Sbe Bade
conformal contact surface has gaps form ng a non-continuous interface with

t he seni condim ootheulfe gy, anan-caiypermial) aedternyals sandém- bavet ian diffesend ofef sy mah-

tact f be_ f or med f.1exi bl ntact el t 404 which
conpr i ses. e RHRDi BRI ¢ il Home FrPacH i PsE R e

surface of tdgtael Aehensmd HaveseRrtioEWaRch f nd Borfipkdd eQishtact 1he sabdifaed Nal
contact surface follows the 25shape of the |ipseal while the |ipseal is

bei ng def or mektndthe suhgtrateds engagehby gt linseal @ssamtiiil and thig 0awicrhtasting periéent act
el ement 1%04 I{L?Q’ clc))renp%tsctz ac Qgrqfo}nC%aglg “mafB& &Y i %a@ ggmﬁrrfs% a non-conformable

material.

[0048] Furthermore, it should be noted that although a conformal contact surface
may form a continuous interface between the flexible contact element 404 and
sem.iconductor substrate 406, it is not required to form a continuous interface. For
20  example, in some embodiments, a conformal contact surface has gaps forming a non-
continuous interface with the semiconductor substrate. Specifically, a non-continuous
conformal contact surface may be formed from a flexible contact element 404 which
comprises many multiple wire tips and/or a wire mesh disposed on the surface of the
elastomeric lipseal. Even if non-continuous, the conformal contact surface follows the
25  shape of the lipseal while the lipseal is being deformed during the closing of the

clamshell.

[0049] Flexible contact element 404 may be attached to the upper surface of the
elastomeric lipseal. For example, flexible contact element 404 may be pressed, glued,
molded, or otherwise attached to the surface, as described above with reference to
30 FIG. 3A and FIG. 3B (albeit not in the specific context of flexible contact elements
which form a conformal contact surface). In other embodiments, flexible contact

element 404 may be positioned over the upper surface of the elastomeric lipseal
14



~elastoneric |lipseal. For exanple, flexible contact el enent 404 nay be
.pressed, glued, nolded, or otherw se attached to the surface, as descri bed
above with reference to 30 FIG 3A and FIG 3B (albeit not in the specific
context of flexible contact el ements which form a conformal contact

surface). In other enhodinents, flexible cont el ement 404 may be
posi ti oned oViEout REOViHRS ANK (FPPefe tlﬁ‘f‘d‘tlﬁefeé‘i“‘éf’ét P thej e q'n e\‘ﬁ%‘t"rhfﬁﬁ'f’

provi di ng a%nﬁﬂﬁ&tit§'o‘f RRME RentheaLihEs RRL MESutD By ttWQ forcB eﬁe&éaetsy gRse,
conformality of fleXxible contact elenent 404 is ensure by t force
exerted by tshmicopductanshbstrate whdns theatlemsiedinist ¢lesedl afutidrnors atlﬂhosglfd.the

Furthernore, although th ortion .of th fI Xi bl e cont ac Nt 4 whi ch
interfaces ACFHPTt ‘I’tfug’tstﬁfé‘tettlgt%m&%elgmﬂt 16, 185’?#8‘?%’&?& éﬁ‘?ﬂsé%. A *Pace)
i's an exgosgghragf @%ﬁnfoﬁhﬂﬁﬁorﬁﬁt@uﬁﬂ&)qg ahh@{ bieaxiltRe CONERFrtiBhEBEMe 404

may be unexposed,” for exanple, being integrat ed underneath a surface of the
el ast oneric ﬂmﬁ%@@bntaptn elemeahréd molehshanexpased, afort exantple, h‘tlégrlateg@tedal bei t

non- conf or mal eal sse |y ust ra in_FEl G 3 e tal n
embodi nent s,* geqlf:ag 5] ctelaeskoemn%nnct %%l e riges anff%f&11 g‘]rrlpnq “ayer

of conducti \dﬂtegiaﬂﬁﬁalbat d@pe@nfbﬂﬂblplﬁpsetlasmmy ilhustrhied én BIGtI® el astoneric
| i pseal. The conductive | ayer of conductive deposits may be

f or med/ dep05| t ed usjng chem cal  vapor osition (CVD), physi cal
vapor deposil®3h ( PrDFertaRdFRPodigcaty rao) XéltFnﬁ)ntarCﬁ ﬂﬁﬁntegﬁ‘gdinﬁ]élﬁt% 2 the

flexi bl §gcont,aglctigh qué}t oft Q:%n('i‘@dl’lvpede%@g?s AbpRfte®! L (ﬁggérysﬁ%gu&ft thée

el astoneric material.” 15 SUBSTRATE ALI GNI N LI PSEALS | 1] As previously
expl ai ned, teltastqnmcphxps@l re@h@nca)fdut:th@ deyxst ot eorfdmotrlrva/\/rﬂeph51tsl anayngbe
solution is ech ed .needs to. be.s |ch re r ef recise
al i gnnent  offoRd ‘g‘:@ﬁ*?lt? nBties shenimghi F‘B‘t’ fﬁqstﬂ” gfgsgs?’ﬁiz Sé“é‘E ﬁ%} t he
clamshel | . Megeélﬁ&ﬂmm), RRY/of ?élé&rd);ﬂﬂdﬁlgggn Q5mt RE1bEAEN dHE) @tte ﬁague lcontact
unnecessary 0 coveri n% bl ocki ng of substrate working areas on the other.
Ti ght subst reimeentif@drmiag be mideod at elecmeglly eansluctavidtlastemeric wrtefiplcul ti es
during alignnent. Some alignnment may be provide by the transfer mechani sm
(e.q. pengi I@ﬁ?ﬁ‘{ robot handoff mechanism, and by

usi ng aﬂ?gn@n@%’g?g?gé suc (?%ps(sﬁn% ers positioned in the side walls of
t he clanshell cup. However, the transfer nmechani smneeds to be 25

pr eci sel y i qGOﬂI]I edAapeevidushnedplained, ﬂgp;beﬂ@haial fegicnofithe bubisesfeditdm tdidhhe cup
(i.e., taught about relatjve p05| tio conponent sél in_order to

t her
prOV| de pred&mgaipdrtionpist $xctudsd ﬁt?ﬁlst (% Fﬁ@”ﬁ wqHuey sl apdRreqiss of
teachi ng andahgt,fngﬁtme @Erﬂ?c%ﬁéudtér §u%§t*?§£ pihof td ewtltlétagdrgemtxfgrme digngh@fror

i ntensive I 'requires highly skilled péersonnel urthernore, the snubber
f eat ur es ar eMoaligringsnt t may | estsal Ile&mg temdtheo ¢orzevehdidg tand/er amprecessary

20  covering/blocking of substrate working areas on the other. Tight substrate diameter

o g

tolerances may cause additional difficulties during alignment. Some alignment may
be provide by the transfer mechanism (e.g., depending on the accuracy of a robot
handoff mechanism), and by using alignment features such as snubbers positioned in
the side walls of the clamshell cup. However, the transfer mechanism needs to be
25 prectsely installed and aligned during installation with respect to the cup (i.e., “taught”
about relative position of other components) in order to provide precise and repetitive
positioning of the substrates.  This robot teaching and alignment process is rather
difficult to perform, is labor intensive, and requires highly skilled personnel.
Furthermore, the snubber features are difficult to install and tend to have big tolerance

30  stack-ups because there are many parts positioned between the lipseal and snubbers.
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. 30st ack-ups because there are many parts positioned between the |ipseal and
snubbers. [0052] Accordingly, disclosed herein are |ipseals which are not
only used for supporting and sealing the substrate in the clanshell but
also for aligning the substrate in the clanmshell prior to sealing. Various
features of such lipseals wl] now he described wth reference to FIGS. 5A
through 5C. [80R&i i Asrergmety, (dfischgred herein rage dipsepls; ahichy Are nat o patspe for
representati infafid EBHE e RBLHHOR ROGRRYENBuBaILd BF ERnindtheSUPRRES | NY @
substrate 50%%%%? to con%r eessPng a pOI‘tll on o? ]Ili pseaf%ﬁ?gﬁlg accordance
wi t h cert ai rinehbatimshetlspridri fossealing 02V arimpis uftetsires 61 suchblipseels asilomewi be

support edge, 50 onprising a i rotrusion 5Q4. .Th eal i.n
protrusion Stﬁ’ﬂcrﬁ?ﬁc F%IEfFig‘ff tl"(s)ﬁ%ggget%fﬂ’eg%sgr‘n gBﬁ‘Hﬁ‘éacUé'r Eﬁ‘]b@% rat ¢ %0,
provi di ng suppRial saﬁ%a&i@r@ﬂw@n@mﬁﬁa&f-a tmzaal giaaid'ﬁr 9H( Ui aSlgkeaiesones a
perimeter for excluding a plating solution, and may have a Tirst inner

di anet er ( sesppirtng BAybsirafa H9myior becanxpriessiOn pertioh wélipseal 02, ghassbrilabes not ed
that the perineter .andlor. first inner,.dianeter slightly. chan ile
Seal i ng- t he lbGeTsit Egtiment | B R 307 GHENE 5 el ks SBPIT 8 on o
the seal i ng Je3Qokipsisiig Dé:aling ploBbidh 504 Fak sbdlihgdrs@udisicioudie Toafifirekidl e

el astoneri c upper portion 505 | ocated above the flexible el astoneric
support edgensas thensemicandusias BIbgiEde Y% Proyipag pwpeTtoanddomiag 3 fedlude a

t f fl t , . i ' f
506, e nraiaf ARSI e £RARNERE S, o 2 P15 Re bR YTl 70
seal i ng pr otHaus adiistoifder( div@sten (set FEG. SAedéfiting thel atelusionfpreimebdo It shoubrat ed

further 20 fromthe center of a sg}n'c nduct or_. substrat e bejng held by the
; i Lol Wi

el ast orer i c B¢ piehthat HAR Rep@elE Anfiog T5stoinngs digmateamay £ Ageiyied to
move | nvard ChanahdSubde e SMAL 1l AGRIBCRRUCS 1o SitithiafbR oP Bl Wl o)
when t he tops%u aceu507 eicgé}lcorrpreessed by ahot her ((:)orrpongnt 8f tehealﬁ%

el ect ropl at iprgtredi@an®®el | . | n sone enbodi nents, at |east a portion of the
inner side surface is configured to nove inward by at |east about 25 0.1mm

or at |east t 0,2 r. at | east ahout. 0.3 or at |east ahqut 0, 4mm
o ot 130 RSt oLENR e RS BT bl el wde pERR DS i
surface 506 Dbvé e eRBHRAklabOmeabsapport REge308. OTh flRRibid SRGURIAE pbst rat e
resting on the sealing protrusion 504, 8ush| ng the substrate towards the

center of tmertiopsdamagincledas tep sugiabn 07 conii mumedhtor brecasnpressedpindtalsngan
clamshel | . 1;n sort & : g5 e, in%;gesizgésﬁféfa%: gOé%&?lb\%ﬁ%)(gaﬁr%u(%\agﬁpr%faﬁgg dion

505 defines a secon nner diamet er reater an the
first inner tié agating préweser sGednabmgahat (1 éwner llesurfhecs065 fotasedfulrther
conpressed, the second inner dianeter is greater than the dianeter of the

sem conddct dFom disstenisr of s sgnicepductpssubsiatecRanehild by thy clatmusralirsesdhanmy be
| caded 16 it &Jﬁgg&@d@%@,% sg@m%ed QUESTI g@ewep&%etceﬁei bfexi ble

el astoneri ¢ upper rtion 57and pl aci It onto t al 1ng protrusion
504 of fl exisemicomdastbomebdtates bppgritelddgberb@®: top surface 507 is compressed by
another component of the electroplating clamshell. In some embodiments, at least a
portion of the inner side surface is configured to move inward by at least about
25  0.1mm, or at least about 0.2mm, or at least about 0.3mm, or at least about 0.4mm, or
at least about 0.5 mm. This inward motion may cause the inner side surface 506 of
the lipseal to contact the edge of a semiconductor substrate resting on the sealing
protrusion 504, pushing the substrate towards the center of the lipseal and thus
aligning it within the electroplating clamshell. In some embodiments, the flexible
30 elastomeric upper portion 505 defines a second inner diameter (see FIG. 5A) which is
greater than the first inner diameter (described above). When top surface 507 is not

compressed, the second inner diameter is greater than the diameter of the

semiconductor substrate 509, so that the semiconductor substrate 509 may be loaded
16



X [0054]Elaétoneric | i pseal 502 may al so have an integrated or otherw se
attached 5 contact el enent 508. |In other enbodi nents, contact elenent 508
may be a separate conponent. In any event, whether or not it is a separate
conponent, if contact elenent 508 is provided on inner side surface 506 of
| i pseal 502, then contact el ement 508 pay al so pbe involyed in the aligning
of the substipier the chpmshellj 3semplyedyeloprsingsit t}ﬂw dhg diextle flagiomenr aiperk. 508

s consi der gl B6s ANkl il SIS sIfirk b LAGG0R %4 JOAAIBRIGRIRRESS! On
of the top ?&ﬁ%cg %%’9 g‘? ctn%ele astorrggzlﬁlcn%ugger Borti on 5055% n order to
al i gn and seamppéhedgeeii3conduct or substrate within the el ectropl ating
clanshell) may be acconplished in a variety of ways. For instance, top

f 507 b d b t f th t
conmponant orlopkH o) SRR el Behet 48 nfis A PieeriE SLeRPERFOITERY he
same cl anshelohtaRPElkinet SIR0WR difer dntddimentd, tdHRA cRhRY 508 1 YeOa Barife

conpressed with cone 510, in accordance with certain enbodi nents. |If cone
510 i s used ¢ompoperis &hanpEveily Mhethes7 Rt itppar sqperats 6pMBOENL,nif groatact t o
def or m upper _;port.i . I to._nr 0 u r at i to sea
subst r at o S08egh 08 i el o s sRE 3 Ta 2R ks 302 el Bl Bl
surfaces 51150@ndaydldo bt isetvediih fther Aippagt oftthe edttrate! s, if thespakimplas,af way.
Specifically, first 20 surface 511 is configured to press top surface 507
of upper porRIEssAL SoBtact giement SB% isr@nyidened ¢eb&a part of waeE sidesuatce §06r ess on
substrate 509. Substrate 509 is generally aligned prior to sealing

subst ratg SGoagal n@on&;?&ki'oﬂ%fﬁﬁ@%dg”s%rﬁﬁe 504 .of TeLISliOmEric Lbpettpostidd se2 511

may .need to press on top surface 507 prior to second surface 512 pressing
on substrat gib@eder Av slignh anda sga ptheresgmesansinctioe tsubstrates e thimd tha eteatreplsti®z and

substrate 25, 5Q9 en first surface 511 contacts top surface 507, shown
R o Bp. MRS AryBRINE T adgEek Y WY b ihass CappeRce, 3T o

505 to proviggy aei &iERised 130263droRtdTethe el db8EhS , oth @ Pecohiisdndse 0P e and
substrate 509 ‘are pressed by different conponents of the clanshell that may

have i ndeperdanshell. FdGt $B iy asrhemati¢ teprespaigiion ohtha gamreclemshell pertiensharn may

allow far. i nd ndent | contrallj .the 30 def.or.nnti on.Qf. upper, port.,on 505
oot o5 dedhan S8 ol Rt 1 kit G g 318 i RE e " oy
have | arger shan@dihbag HdaE S10 Aldsed iRpresOén BYGarthar WIrofsiphet parties may

need and even require, in certain enbodinents, |ess deformation than
smal | er subst¥ainesdegee Aesum; ypee Ppiioy as gedl asHiornTass QPapibsEataS8h in REder i ger

substrat es i i 5441 i i
Fepr esont at 1 SFFe S8 ettt Bafng BrormlsfiH0L Wit Slic' ipPno@ R s
after the clsimshel 312 sffeeatithdespett tacach dehet én wiphficolar ivayn Spezifivatly it S.

Conpression of top surfage 507 of upper portjon 505 by first surface 511 of
cone 510 orSUERFRS bt ffeson S‘Fﬁﬁg &BTERY Oeéﬁﬁg?re%%?f PRGE BTG SOtk f‘o%?ca?ds upper

portion 505 gueR. § %’fétcioﬂﬁglfreé .{odﬁ'eé%nf 689 80IOYAktrh VRO GS éerfe?ﬂ%ﬁééi?n&g and

pushi ng on sem con or substrate 509, in order to align Semc ctor
subst r at e 50%idrro tseading| sabstatd 509 Wirinst sédlidg B@rudidnusSt4. aTheretore rfostssusiect | on
of a small pé) lrlt ring}rf] n%gd to press on top surface 507 prior to second surface 512 pressing on
substrate 509. As such, a gap may exist between second surface 512 and substrate
25 509 when first surface 511 contacts top surface 507, as shown in FIG. 5B. This gap

may depend on necessary deformation of upper portion 505 to provide alignment.

[0056] In other embodiments, top surface 507 and substrate 509 are pressed by
different components of the clamshell that may have independently controlled vertical
positioning.  This configuration may allow for independently controlling the
30 deformation of upper portion 505 prior to pressing onto the substrate 509. For
example, some substrates may have larger diameters than others. Alignment of such

larger substrates may need and even require, in certain embodiments, less deformation
17



10 the clanshell, one of ordinary skill in the art would appreciate that

this alignment process occurs sinultaneously around the entire perineter of
substrate 509. In certain enbodiments, a portion of the inner side surface
506 is configured to nove by at |east about 0.1mm or at |east about 0.2mm

or at |east about 0.3 or at |east .about 0.4 r at J,east about 0.5 mm
towards a cé ‘Pb?m%}&’r ?%ﬁfebggﬁusﬁﬁ‘gﬁ BH efSdﬂmé’gggfpaﬁeéwf%g*?q?@%%’%ﬁ?aé%ss ed.
METHODS OF Al hGVeNGaANRaEABENG A SUBSTRATE IN A CLAMSHELL [ 0058] Al so

di scl osed herein are nethods of aligning and sealing a sem conductor

substrate in an electroplating clanshell havi nfg an elastoneric |ipseal. The
flowchart ofl083% 6FIG 3G isusichematicarepresemiaionodl thesapec elampllsportien shoxgr ance,

sonme enbodi ne meg LBV i t. | hel | 6 :
provi ding a 133@&2 %ﬁt 3n$§?¢hgﬁe%e\étet ngﬁ{%%g 1?%&%% gﬁ’l g%gfdgg{ié)%}f) ?&%alély\eri ng
t he substr atenBdainmedd) aCompieedionof opanrfaée FoTeof wppee pbrtidn G0 by dirst shefatd Ng

protrusion of the lipseal (block_ 606), and conpressing a topeéurface gf t he
upper porti orlo®f e9ne P1(héxatome other SAMPFRSSIBE FOMPRPENtELFBERS Bef8TmatiqR Qhne

embodi nent s 11}p§,ggggrﬁi%§i§w 4uBf thRRnRY HAC Sudice! SR HBREY iRkdd, QBn@Etidd8nd?5

el astoneric uring operation 608 causes an I nner side surface of
t he upper pagrishing dnosemtindraiottot sebsmtd SOfhdincerder ullign sdnaicambhciyn shbsirate he

substrate aljgning it i he _cl hell.,. [[0059] After alignin he .
sem conduct o%'ogslﬂ ¢ F@F’éﬂﬂtrmegﬁg Sh IHHL%‘%%S, Fﬁ?sss'ﬁ‘??ﬁo’é??g(?cfg}?@rﬁ(’&m’i Rk
met hod pipoc aRE$1RYshBIl ESRI H¥0fthat 8kiBeR SRNFHWAld SpthediktetRati this3AighRRAAL i ON

610 to forma seal between the sealing protrusion and the sem conductor
substrate. Imocsss beduns Smbiatieously srovndthe entise pgrimpier obprbsiate 262 Eveariatiues

O s LSRRy eSSt SR S G SR e

senmi conduct OfbofU DI AL 6 AEléadiCubbel 0ok oYt 1oagt 4bolif eraith, stiaf Ragsabeht t he
cone of the clanmshell. Thus, a first surface of the cone may press on the

top surface Q-@nmﬂpﬁb@wia@;ﬂté}wanﬁn§‘é‘ﬁ%fﬁﬂ aggptenebthsipsenl vaiea ghetopegiridfess on
embodi mert o, XIgNSPBEEHE The top surface and pressing on he sem conduct or
substrate are performed i ndependently by two different conponents of the
cl anshel | . THMETEIQDS® QFr AEEINING YD SEALING AtBITRATEINIA SHAMGHELA | y
i ndependently novable with respect to one another, thus allow ng
compr essi on [%I)Sé]he EAS& gilsjglgs%g e;ecl)n gr% rrrllgtilggsdof aligning and sealing a semiconductor
substrate in an electroplating clamshell having an elastomeric lipseal. The flowchart
of FIG. 6 is illustrative of some of these methods. For instance, some embodiment
20 methods involve opening the clamshell (block 602), providing a substrate to the
electroplating clamshell (block 604), lowering the substrate through an upper portion
of the lipseal and onto a sealing protrusion of the lipseal (block 606), and compressing
a top surface of the upper portion of the lipseal to align the substrate (block 608). In
some embodiments, compressing the top surface of the upper portion of the
25  elastomeric lipseal during operation 608 causes an inner side surface of the upper
portion to contact the semiconductor substrate and push on the substrate aligning it in

the clamshell.

[0059] After aligning the semiconductor substrate during operation 608, in some
embodiments, the method proceeds by pressing on the semiconductor substrate in
30  operation 610 to form a seal between the sealing protrusion and the semiconductor

substrate. In certain embodiments, compressing the top surface continues during
18



10.once the substrate is pressed upon and seal ed against the |lipseal by the
.ot her pressing conponent. Furthernore, the conpression |evel of the top
surface may be adjusted based upon the dianmeter of the sem conductor
substrate by independently altering the pressing force exerted upon it by

its associated pressjng co nent .. [ 0060]. These erations be.part of a
oy ger ol eoPrOPPROM I STBCORB T RITAS HGaT g Cru SHh HR Bahar t o
FIG 6 and Qﬁfn?;éséinglffﬁé: b G TRR! M. ple@iRd lonNfhei Riridondh&8r kiear! mapde
contact area of the clanshell may be clean and dry. The clanshell 1s opened
(bl ock 602) parfdrméddebystansdiffatent surtacesnefettie comaof the clamshelheThus, a first sntfaden
enbodi nents, .the contact tips sit slightly above.fhe. plane of the al i ng
b and t he CSTRrRe Bresi B 074 8 UiTRcR 1y SOmEED it 4 Brigoanid wytass of Bt act
tips arognd chiemaypsdss Anehe QuikehieRbeHin a ke Witk @hdtothrid fipseal | Rs@Berand
seal ed by noving the cone downward. During this closure operation, the
el ectrical cobogmantianepmpgssingathe don syrfaehaadapiessieg my the wemiconductor
enbodi nment s i . 0 cts
sgﬁdsgr% d i %eﬁgﬁf%gﬁggeg}gﬁtg t}fﬁnéjﬁiféegé& %8&%1%.}25 bt ff %%a%%%ﬁ

may be force down ag pseal base, results 1n

addi tional fIhesetwaepressinp ¢dnepdnieps ofitict ¢larashdalloart tygiichdl yahddperdendly eovablee
sealing lip y 25 be slightly conpressed to ensu the seal ayound the
entire peri MEHEIESPLHIHFAE B&P%ﬁfogmg«ﬁ@ap&e_ﬁséorsaf@m& Q}r?age e halfady

posi tiongd iREOHeNGL&HRe APr¥ssbd pcifald fdichiaRains: the 'ﬁ%@&ﬂ by“tﬁekbtﬁé}g)résrsﬂlgt
surface. In this exanple, the electrical contact between the tips and the
front surfacempsnast dktheimeste,dihe icompossipn éssdl ofi thef tophsarfaeamiap el ddpsted

[ 0062] Once the seal and.the el.ectrical .contact is.established,  .the
Clamshel | oy B eimetes g e seracindri S B b ORI A e and
is plated i prédgiacIaich exditddapbg ity ikedssbdifted PiRsh A0t dend bl ock 612). A
typi cal conposition of a copper plating solution used in this operation

i ncl udes copper .ions at a concentration rangg of about 19 0.5 - 80 g/L,
nore speci fil8@40ly aThespcperagons gy Peipartaefoe &yger dentopiatias ipreaesd, Iwhich 1sabout
18 - 55.,9/L furi ' t . ad 0.1 - 400 g/L.
LomfaciégcoS%Q%cﬁkgﬁﬁh8%?%539F%ﬁ§%?§p?%%?&@ngﬁggg%ﬂgﬁgh' 5-10 g/L of

sul furic acid. Medium and high-acid solutions contain about 50-90 g/L and
150- 180 g/ L [6@d1fjur i mittalbcihd, lipses pad tontadt wrea D ¢hecadma shelIrmadyt wacledn ankdldey.i de
ions may be about 1-100 ng/L. A nunber of copper. plating organic addjtives
such as’ Ent H@ﬁéyéwséFBrl%ﬁPe‘VF‘é@P?h W She B it pwtee e Fapekelt o

Ent hone CorQﬁﬁﬁhkﬁﬂmhﬂn¥#§ﬁhJ@Wﬁﬁtﬁéﬁ&bd@%ﬂ?%ﬂ%&tﬁ@ﬁﬁh@%@&&%@dh&qﬂﬂhﬁssOr5’
and | evel ers known to those of skill in tthe art can be used. Exanpl es of

pl ati ng opertbd subsisataiesuppsited, rethid casedryshelatrai 6f dontadt Sps Pavrehthe Agpsirateat i on
10 No. /564,222 filed.on.11/.28/ 2006, .whi,ch is . herehy incorporated by

r ef eren%é i PP Ent }Heectl?‘nﬂ]@ &f 1" Fo O%Ianﬂlﬁe_ﬁléé’é' ,m Yl'gg ithe ﬁ‘ﬁ%‘ioé’mvﬁrgf or
the purpose MfridehénidlegédurdiperabAt kg eRRBIA! | BRGcts OME stdle Rt adstdblishedl
conpl eted and an appropriate anount of material has been deposited on the
front surfacecadingiie vaobus pabediments desershedaabeve.s Furtber, thambrttaan fpmarst ofe

plating bat I%he -E(r)]r?tacstlsjbrgatlyr 8L o%%ddo%naggﬂgitlthgre?as i@elppsgﬁutpasg,owfn% eSults in

additional force between the tips and the front side of the wafer. The sealing lip may

25  be slightly compressed to ensure the seal around the entire perimeter. In some
embodiments, when the substrate is initially positioned into the cup only the sealing
lip is contact with the front surface. In this example, the electrical contact between the

tips and the front surface is established during compression of the sealing lip.

[0062] Once the seal and the electrical contact is established, the clamshell
30  carrying the substrate is immersed into the plating bath and is plated in the bath while
being held in the clamshell (block 612). A typical composition of a copper plating

solution used in this operation includes copper ions at a concentration range of about
19
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ets 'of 1hstructions Contro
¢néfeow derird fart 4k pupasarbuteinspaticdap &urt the q:luaposp rod tbs slesobibimey

ogr ans, Scrl tS 50r |neS st or d n deVICeS ass
e ARy OB sy Batng, 15 SHEPLESD Brdh ah (Pr P BSS FRg Rl

he processi ng

i at ed
ly,

YSREridl %@5&&0 &%éaccsnaﬁl@%m thridersns gmae n&,egm&s%{ate is thehhe

ace may i nclud di splay screen, graphical software to display

dcmomdsfroranble gbleng bﬂqbutTh@t@ubme smthlamshqibmntthmgsp@le\m ceBove
trr(l)éjs e fesidual éll nt}o(i he clamstheIl surfaces which has remained there
due to surface tension and adhesive forces. The clamshell is then rinsed while
continued to be spun to dilute and flush as much of the entrained electrolytic fluid as
possible from clamshell and substrate surfaces. The substrate is then spun with
rinsing liquid turned off for some time, usually at least about 2 seconds to remove
some remaining rinsate. The process may proceed by opening the clamshell (block
614) and removing the processed substrate (block 616). Operational blocks 604
through 616 may be repeated multiple times for new wafer substrates, as indicated in

FIG. 6.

[0063] In certain embodiments, a system controller is used to control process
conditions during sealing the clamshell and/or during processing of the substrate. The
system controller will typically include one or more memory devices and one or more
processors. The processor may include a CPU or computer, analog and/or digital
input/output connections, stepper motor controller boards, etc. Instructions for
implementing appropriate control operations are executed on the processor. These
instructions may be stored on the memory devices associated with the controller or

they may be provided over a network.
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. [0066] The conputer program code for controlling the above operations can be
written in any conventional conputer readable programm ng | anguage: for
exanpl e, assenbly | anguage, C, C++, Pascal, Fortran or others. Conpiled
obj ect code or script is executed by the processor to performthe tasks

identified |n t he program 15[ Q067] Signal s for nitoripg.th processes may
be provi ded [B994nal ByCaize erbefigentss th%ﬁ%?f?mc‘iﬂ’?ﬂnﬁ?rl ‘Eﬂ‘i‘gog’fant‘i‘éthg PEEHes

controller. h(ﬁe y&ﬁ@él £ Qent OO O,Jsieﬂg céﬁ%l%%%ééﬁé‘sssy%{e‘ﬁn egﬁtm;tsoma;éﬂe
anal og and I git out t” connecti ons of the processirig system [0068] The

appar at uses/ipclodieg sets odfemtnucﬂwd fner:mtmlbmg/dlemmyldge)fube@rqcnsm@stcmsnlpamht ion
with |ithog ocesses,. .for

fhbri ot o8BV s At e S8 el B Ceaty P e Corip QBT B bran bt

phot ovol kai Corr;aaﬂﬁ{é st%P&l Jmexhbwevi&pb%kiayed \bfrﬂpﬂmoﬂesué}@ﬁ@ss@ém Myedsuch
t ool s/ processes w il be used or conducted together in a comon r| cation

facility. Lllnhmgpamhp@nmtSternl ng of a filmtypically conprises sorre or all
of the follow ng steps, each step enabled 25 with a nunber of possible

t O.Ol s: (1) Béé]cat 'Tgf leﬁq g%(sgr; infdtre WL pa't Gmh th& S%lstéﬂ%}x{r@ltleﬁ’o t

using a spl -on-or S curing of photoresist using a

pl ate or furmmﬁointdvﬁceufaymzlﬁdmd display sevepmpraghidaheofphat os dsphy pracess si bl e
or W or x-ray light with a tool, such as a wafer stepper; 4%0Pdevel opi ng
the resist sc@né%w% agd [uger INRHE IdGViLeniigh ap BRINEIDE SRTiCE ) EFERpT d% gh BeTPESysi ng
a tool Hchrg? h%‘és bench; (5) transferring 30the resist pattern into an
underlying filmor vvorkpl ece by using a dry or plasma- assisted etching
tool; and (6) renoving the resist using a tool such as an RF or microwave
pl asma resi 40068lr i pfbe coOPHERPEYBEDICHENTS @SN theabghe opéraomsacanviee

eTboc Tt A PRPLCR A% Bl Ml AL O 2GR URU AN IEREELP Y,

the concept ,as§noi§ landiskes Ol CiHt, PdscilNBortuia &5 lokis. @&ﬂ?ﬂéﬂe&ﬁedabd@&ﬂ@ﬂﬁt woul d
becone clear to those of ordi nary skill in the art after perusal of this

appl i cat i on.is pessytedibyghg propgssonte dsefprm é?ﬂié%lﬁsﬁémt@eéﬂléthecprwa@onm dered as
illustrative and not restrictive, and the invention is not to be limted to

the det gisl s n h Ut iLfi | L1
equi val ot s A6 SRR fef bl fRr b 4 bRk SEARE o
digital input connections of the system controller. The signals for controlling the
processes are output on the analog and digital output connections of the processing

system.

[0068] The apparatuses/processes described hereinabove may be used in
20  conjunction with lithographic patterning tools or processes, for example, for the
fabrication or manufacture of semiconductor devices, displays, LEDs, photovoltaic
panels and the like. Typically, though not necessarily, such tools/processes will be
used or conducted together in a common fabrication facility. Lithographic patterning
of a film typically comprises some or all of the following steps, each step enabled
25  with a number of possible tools: (1) application of photoresist on a workpiece, 1i.e.,
substrate, using a spin-on or spray-on tool; (2) curing of photoresist using a hot plate
or furnace or UV curing tool; (3) exposing the photoresist to visible or UV or x-ray
light with a tool such as a wafer stepper; (4) developing the resist so as to selectively
remove resist and thereby pattern it using a tool such as a wet bench; (5) transferring

30 theresist pattern into an underlying film or workpiece by using a dry or plasma-
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. L. .Alipseal assenbly for use in an electroplating clanshell for engaging
and supplying electrical current to a sem conductor substrate during

el ectroplating, the |lipseal assenbly conprising: 5an el astoneric |ipseal
for engagi ng the sem conductor substrate during el ectroplating, wherein
upon engagenent the el astonerigc |ipseal substanti.ally excludes plgtin

sol ution fr@ﬁlge‘i)éﬂhﬁ‘rgef'oé’ﬁ alnggé%%rf VFﬁeﬁ’Qerﬁ?létOHﬂB%t%Foo oS Iaét%l; ﬁi{n one
or nore contgietowahePRGha rést s&ippBY.Yi ng el ectrical current to the

10sem conductor substrate during electroplating, the one or nore contact
el ements structurally integrated with the el astoneric |ipseal and

conpri si ng @THEBtEl\&@@M@ tion which contacts the peripheral region of
t he substrate upon engagenent of the |lipseal with the substrate. 2. The
| i pseal ass of [ 0. el n ti r - T

15f urt her cgggérs’i‘{se éﬂégddgg]nl?ﬁluse%(%%%e pocc)ir F@ﬁ%grapﬁgiaﬁﬁgggﬁﬁg% éﬂeﬁﬁg%’%
connecti gn Wwhéohn and elesgibed dteig,uhaey tvasatiohs eind Bodifibationk pse possids eviidhy of
Claim 2, wherein the gtgrrent source is, a hus_.bar of the e tropl at.i ng

|.e
cl anshel | . Tamamppwithin fhe conceptesegps, Hd epigt /f Mhe {HYEREID, apﬁéﬁssﬁeva&aﬂﬂ% e

contact el enpnhs weQbHE taeh GOMRILSS Brdifiry dsIGXRASEE RPT AP H&RANGAT iR the
first and second exposed portions, the third exposed portion structurally

i nt egr at ed @ppbcasionf Aceordingtyh ¢heeprassnd embodinlenfsseato. be ®nsifkred af phrstrative
assenbly of Claim 2, . wherein the one or nor ont a | epent s .further
conpri se an XhESEIFINEr e AByFREER ilshﬁmttﬂgbefﬁflpg?‘fg’nﬁles%‘gagﬁc?‘é?p}be%&
25portiqgs, btuhﬁla?;‘ REXRIASRA Widhih itk scopé bied suddiontd Ot e bpdcRdedBidRiNeat h a
surface of the elastoneric |ipseal.
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, 6. -The |ipseal assenbly of Claimb5, wherein the elastonmeric |ipseal is

nol ded over the unexposed portion. 7. The |ipseal assenbly of daiml,
wherein the elastoneric |ipseal conprises a first inner dianeter defining a
substantially circular perineter for excluding the plating solution from

t he peripheral region, and wherein the first exposed portion of the one or
nore contact_elenents defines a second inner dianeter that is larger than
Sthe first i'Mh&f"i ameter. 8. The |ipseal assenbly of Claim7, wherein the
magni t ude of the difference between the first inner dianeter and the second
i nner di ametier i y\ BRRUL asmbl9ISr isB i aWeleBidplatinglant iRl foP&RALInges€Md! y of
C aim8, wherein the magnitude of the difference 10 between the first inner
di anet er andupmiging eleohiFal eurrant ti aseieonduston pehstratgrduriag clechoplatingthes 10, A
| i pseal assc?nbla}( forbié,sceo in.an. electroplating clanmshell for engagi ng and
suppl yi ng el'&H FESCUTTPERP ™™ a seni conductor substrate during

el ectroplating, the |ipseal assenbly conprising: 15an el astoneric |ipseal
for engagi ng the sen aartiyohoricdipbad fatengaging g seméandogbagubsigate dinengei n
upon engagenent the elastomeric |ipseal substantially . exclude | ati ng

sol ution froma ﬁ@ﬁﬂ%ﬂém’ %ﬁ‘?‘%ﬁp T R AR
or nore flexible SITRA , j . i nt 20to the
sem conduct or sugg(??g%?lgﬁl I ng fé)lﬁeﬁzchtﬁ? Sg%éﬁg?g%tgﬁﬁgg%f&gk%gﬁ%n of the
one or nore fl exisbbstragpabdict el enents conformal ly positioned on an upper
surface of the elastoneric |ipseal, and wherein upon engagenent with the

' duct bstr at he fl exi bl | er fi d
Flrex and form a cont oFAGP BGF SHEt IFRAAS 0rHPPRRLT FIRES R EH CHE

seni conggct or  25seBfbhdidor subdiratd Bididg AERRIplAHE BB bie 6f mbleAdontad, wherein

the conformal contact surface interfaces with a bevel edge of the
sem conduct or sulstemeatsestructupallyfigtegratesswith theselastamneriolipseplaanchcomprifingfei n t he
one or nore flexi . el ' wWhi i
configured to con %‘at%f( S‘?%g%(séh oglt‘rs}gﬁ?lgg%%ﬁyﬁﬁg’egﬁﬂéﬂ%gl\m ofthelstindife
upon engagement of the lipseal with the substrate.

2. The lipseal assembly of Claim 1, wherein the one or more contact elements
15  further comprise a second exposed portion for making an electrical connection with

an electrical current source.

3. The lipseal assembly of Claim 2, wherein the current source is a bus bar of the

electroplating clamshell.

4, The lipseal assembly of Claim 2, wherein the one or more contact elements
20  further comprise a third exposed portion connecting the first and second exposed
portions, the third exposed portion structurally integrated on a surface of the

elastomeric lipseal.

5. The lipseal assembly of Claim 2, wherein the one or more contact elements
further comprise an unexposed portion connecting the first and second exposed
25  portions, the unexposed portion structurally integrated underneath a surface of the

elastomeric lipseal.

6. The lipseal assembly of Claim 5, wherein the elastomeric lipseal is molded

over the unexposed portion.
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, Substrate is engaged by the |ipseal assenbly, and wherein the
“non-contacting portion conprises a non-conformable material. 13.The |i pseal
assenbly of Caim 10, wherein the conformal contact surface forms a
continuous interface with the sem conductor substrate. 514. The |i pseal

assenbly of O aim,1Q, erein the conforpal. contact surface forns a

non- cont i nudus | hreesed o Iy ?@Cle%ﬁcwﬂ%a@ttg? e@ﬁswpa&es%eﬁwsgags.

15. The i psegl ians@ikhdte e /BubsantiS/ Gichiak PerifBRr R eROL&ink iexi bl €
contact elenments conprise nmultiple wire'tips of a wire nmesh disposed on the
surface of tphatinglsabitiondront theipsaphdral ré¢g 08, aidevhargs did fimbewobdédpasfiorChai m 10,
wherein the pne or nore flexible. c act el enents .conforpal.l osi tioned on
the. upper s P SRETTGROE RN ERLUTRRT T BB aien A Ol e dheldt Br Bpos t s
formed ugi NnghOARRt BmePBiacicechni ques sel ected fromthe group consisting of:

chem cal vapor deposition, physical vapor deposition, and el ectropl ating.
1517. The |ipseal assenbly of Caim 10, wherein the one or nore flexible

contact el er?e_nt s %H%?%ﬁﬂ"?‘bﬂ%@ﬁ Qlﬁ@hgdwbﬁeinﬁée W@lﬂfﬁl&’c@fféﬁn%e
el ast oneri ¢ J.},Ps6ahe ﬁ&?ﬂﬁlhs&‘lﬁxl%@te? g'séédnth&e‘P 'agaﬁlr?f{tér\{gak%ul?ﬁ} e,

material. 18. An elastoneric psea r use in an electroplating clanshell
for supportifgnm. aligning, and sealing a sem conductor substrate in
the electroplating clanshell, the 20lipseal conprising:

9. The lipseal assembly of Claim 8, wherein the magnitude of the difference

10  between the first inner diameter and the second inner diameter is about or less than

0.3mm.

10. A lipseal assembly for use in an electroplating clamshell for engaging and
supplying electrical current to a semiconductor substrate during electroplating, the

lipseal assembly comprising:

15 an elastomeric lipseal for engaging the semiconductor substrate during
electroplating, wherein upon engagement the elastomeric lipseal substantially
excludes plating solution from a peripheral region of the semiconductor

substrate; and

one or more flexible contact elements for supplying electrical current
20 to the semiconductor substrate during electroplating, at least a portion of the
one or more flexible contact elements conformally positioned on an upper
surface of the elastomeric lipseal, and wherein upon engagement with the
semiconductor substrate the flexible contact elements are configured to flex
and form a conformal contact surface that interfaces with the semiconductor

25 substrate.

11. The lipseal assembly of Claim 10, wherein the conformal contact surface

interfaces with a bevel edge of the semiconductor substrate.

12.  The lipseal assembly of Claim 10, wherein the one or more flexible contact

elements have a portion which is not configured to contact the substrate when the
24



a,f.l exible elastoneric support edge conprising a sealing protrusion
configured to support and seal the sem conductor substrate wherein, upon
sealing the substrate, the sealing protrusion defines a perineter for
excluding plating solution; and 25a flexible el astoneric upper portion

| ocat ed above, the flexible el astoneric support edge, the flexible .

el ast orer i c MPHEAe E&PE?%?H%é’é]h%r‘li’%iﬂr?ém%blb’o@ds‘ﬁl?qf%}e@%’Eﬂ?ﬁ?‘@&%“é‘&gﬁ’eﬂ%

conpr essed; anfhries a non-confordfhbldMsErisi de surface located outward relative
to the sealing protrusion, the inner side surface configured to nove inward

and align the seni conductor substrate upon conpression of the top surface.
19. The el ast3omerThe lipspal estembly off Glaim 16, whtremghecatformesd sontactporfacoon of t he

upon compr esSitBrE G Hei Blsrat Filh e SBYCondtER: ruskeRer i c 11 pacal of Olaim
18, wherein when the top surface is not conpressed, the inner side surface

is |ocated suffi cTiRIlipsyal @stenidlytlof Claih | O\whéteinsBetaToEhi cofitastsashéat e to be
| owered through the flexible elastoneric upper. portion 10and pl aced onto
the seal i ng f8F®% # Dey-ePntiRewUgicriaghWib thewgmigendysios Fubsgateihgning#aps-wher ei n
upon pl acenent of the sem conductor substrate on the sealing protrusion and

conpressi on ©f t he,d19RSUELAGE of (Girh MRS hSLAGnSHEd GGBoLTNAAL SoRld Pushes

1

on the sem conductoribgﬁagst rat € %tlil gni ng tﬁe sem conductor substrate in the
el ect r opl at i sgmaitacsiygise miGple wiretgishood vaife mieslgdisprgedinal theeakfaogofahe

sem conductor substrate.in an el ectroplating clanshell having an

el ast omeri ¢ F4SHREAIC IRSFE- et hod conpri si ng: opening the cl anshel | ;

10 1e. The lipseal assembly of Claim 10, wherein the one or more flexible contact
elements conformally positioned on the upper surface of the elastomeric lipseal
comprise conductive deposits formed using one or more techniques selected from the
group consisting of: chemical vapor deposition, physical vapor deposition, and

electroplating.

15 17. The lipseal assembly of Claim 10, wherein the one or more flexible contact
elements conformally positioned on the upper surface of the elastomeric lipseal

comprise an electrically conductive elastomeric material.

18.  An elastomeric lipseal for use in an electroplating clamshell for supporting,
aligning, and sealing a semiconductor substrate in the electroplating clamshell, the

20  lipseal comprising:

a flexible elastomeric support edge comprising a sealing protrusion
configured to support and seal the semiconductor substrate wherein, upon
sealing the substrate, the sealing protrusion defines a perimeter for excluding

plating solution; and

25 a flexible elastomeric upper portion located above the flexible

elastomeric support edge, the flexible elastomeric upper portion comprising:

a top surface configured to be compressed; and

25



. proyiding a substrate to the clanshell; | owering the substrate
t hrough an upper portion of the |ipseal and onto a 20seal ing protrusion of
t-he |ipseal; conpressing a top surface of the upper portion of the
| i pseal to align the substrate; and pressing on the substrate to form

a seal between the sealing protrusion_.and the substrate. 25.22. The net hod
of Caim2l, wherein cprrpr@‘gélﬂ?és ﬁéuﬁf%cﬁqgfﬁl?da%%wﬁdﬁekgvﬁéop% Sf)%\ptgi on of
the |ipseal causes an pidiARIonSiHdamSd sideGarRée ddndighifRaes nRRE invoad @hd bilgh

| i pseal to push on thé substrate aligning it in the clanshell. 23.The

met hod of O aim 21, witks ssmicandupior saisiatetupen copprssipmebthedomsuripset he
substrate conprises pressing on the top surface wwth a first surface of the

cone of the gl amsfieldac At HISLA P REESY, Wheftih LEasP UBSHIGAP cinhg M @ seal

conprises préssing on S a second surface o e cone of

t he cl anshelside sarfade i$ kenfigirébod mdveGhaiard Ryl abouh er stileasc0Apmesgimng t he top
surface to align the substrate conprises pushing on the top surface with a
first pressiSBIPESHEBREHC top syrkagec| anshel |, and wher ein pressing on the
substrate to forma seal conprises pressing on the substrate with a second

pressing componentyeQiastdnferie!iIBA @k ClaifNes, SASRNIWRES 2115 s\ fI¥R YRt
i ndependently novable with réspect to the first pressing conponent. 10

25. The net hodmpresgidathninuer sidestiher is denpradsyifimenthyooutwarddo e éheconpri ses
RS IROR CEEE R EEER TR A T
10  and placed onto the sealing protrusion without contacting the upper portion, but
wherein upon placement of the semiconductor substrate on the sealing protrusion and
compression of the top surface, the inner side surface contacts and pushes on the
semiconductor substrate aligning the semiconductor substrate in the electroplating

clamshell.

15 21. A method of aligning and sealing a semiconductor substrate in an

electroplating clamshell having an elastomeric lipseal, the method comprising:
opening the clamshell;
providing a substrate to the clamshell;

lowering the substrate through an upper portion of the lipseal and onto a

20  sealing protrusion of the lipseal;

compressing a top surface of the upper portion of the lipseal to align the

substrate; and

pressing on the substrate to form a seal between the sealing protrusion and the

substrate.

25 22.  The method of Claim 21, wherein compressing the top surface of the upper
portion of the lipseal causes an inner side surface of the upper portion of the lipseal to

push on the substrate aligning it in the clamshell.
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23.  The method of Claim 21, wherein compressing the top surface to align the
substrate comprises pressing on the top surface with a first surface of the cone of the
clamshell, and wherein pressing on the substrate to form a seal comprises pressing on

the substrate with a second surface of the cone of the clamshell.

24.  The method of Claim 21, wherein compressing the top surface to align the

substrate comprises pushing on the top surface with a first pressing component of the
clamshell, and wherein pressing on the substrate to form a seal comprises pressing on
the substrate with a second pressing component of the clamshell, the second pressing

component independently movable with respect to the first pressing component.

25. The method of Claim 24, wherein compressing the top surface comprises
adjusting the pressing force exerted by the first pressing component based upon the

diameter of the semiconductor substrate.
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