WAFER ELECTROPLATING APPARATUS FOR REDUCING EDGE DEFECTS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This application claims the benefit
under 35 U.S.C. 119(e) of US Serial Number 5 61/121,460, entitled: "WAFER ELECTROPLATING
APPARATUS FOR REDUCING EDGE DEFECTS", filed December 10, 2008, which is incorporated
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may be performed in 10 "clamshell" apparatuses. The two main components of a clamshell, such as
Novellus Systems' Sabre(r) tool, are a "cup” and a "cone" that form an assembly. Generally, the cup
and cone assembly holds,pReitionspankeReny qiotesa watan durno preeessiag A lipseal on the lip of
the cup may contain embedded contacts for delivering plating current to a seed layer on a wafer, The
clamshell p@@@ﬁﬁédg@@h@hb@@kﬁmi@qnﬁm&éﬁmﬁtt@ﬁha \B/aféIrSlri o§her9(5)vm®rdIS Ske@nralyteusr
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ions in acidic or basic aqueous media. For example, electrolyte may include copper sulfate dissolved
in dilute sulfuric acid, During 70 processing, glagticakeentasts, which deliver plating and / or polishing
currents to the wafer and are generally intended to be kept dry by the cuplcone/lipseal hardware
combination ti_ﬁcome contamlnat d wi h elect olyt thelr performance degraded after multiple
plated Waferm(@gb EIERBE ic?ﬁt% Pg?ege?i ‘61§ d&rﬁé‘b‘iﬁé\’ £ REWere? P EEmple,
causing partbcleeﬁmmarpmeéuws oniblewafer edgeod004} Nevicapperatisresand eethdosnaic ineeded

to rEdLiCOe plact:&g%s%%lhmoa%pg%%%glnaﬁ%‘l & fdc' emngllrtllvgogr!g(r)rr]lsegt%”gto a c?ams ell, such as Novellus

Systems’ Sabre® tool, are a “cup” and a “cone” that form an assembly. Generally, the cup
and cone assembly holds, positions, and often rotates a wafer during processing. A lipseal on
the lip of the cup may contain embedded contacts for delivering plating current to a seed layer
on a wafer. The clamshell provides edge and backside protection to the wafer. In other
15 words, electrolyte is prevented from contacting an edge and backside of a wafer when it is
immmersed during a plating process. Edge and backside protection is afforded by fluid-

resistant seals that are formed when the cup and cone engage one another to hold a wafer.

[0003] A plating solution typically includes metal ions in acidic or basic aqueous media. For
example, electrolyte may include copper sulfate dissolved in dilute sulfuric acid. During
20 processing, electrical contacts, which deliver plating and / or polishing currents to the wafer
and are generally intended to be kept dry by the cup/cone/lipseal hardware combination, can
become contaminated with electrolyte and their performance degraded after multiple plated
wafer cycles. Electrolyte in the contact area can also be damaging to the wafer, for example,

causing particle contamination on the wafer edge.

25 [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

30 of the clamshell. Less wicking helps to reduce wafer defects, in particular edge effects, and
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SUMMARY 100051 A base plate with a hydrophobic coating covering at least a portion of the plate
exposed to electrolyte is used to minimize rin.sate and electrolyte wicking into the contact area 300f
the clamshell. Less wicking helps to reduce wafer defects, in particular edge effects, and reduce

maintenance frequency. In some implementations, a hydrophobic coating includes polyamide-imide

(PAI) and, in.ggstain gabedinenis,&lse includes Relyistaflugsasthylgne Ri&E)kJias Reghdound

that defect rates are more than 80% lower for the inventive base plate compared with conventional
base platesRAamissaniditn(hel ipdedls SHEBoPREDEIRY teinsl ipsealztagilyonst)istertain

embodimentsTaase plae isiaasMincuprsoniigured fohols.a semicandustanyaiehayingse
electroplating and to exclude electroplating solution from reachin‘%electrical contacts. The base plate

may include®§ g BRASENHE ) B L RMIRASHRAPEY PO UETOTeRERGIHG L FBRTIHE PidEshaped
body arsd canfigtireditecsisppert an 10 elastomeric lipseal. The eiastomeric seal can engage the
semiconductor wafer and exclude the electroplating solution from reaching the electrical contacts.

[0007] The ?ﬁﬁ% te may alsq.include.a hydrophabic coating,covering at least the knife- shaped
protrusion. The cgia?%in%elﬁ%%/ i%%ﬁﬂ?é%%ﬁ%r% ea,sf%nﬁ eFe(F},%\dsg%lyl/r\l/in%/Ii%é)nec ?Puﬁo%?é%i(ﬁ?/%?i? 2
polytetraflu_@méﬂﬁyléﬁré@m@), simifcg @Wmhsgtm@dﬂnmkﬂdﬂlﬁﬁﬁmboﬂimmw@mh@om
hydrophobic geatig ucldes pavamIdedmide  BA. e mete RATRR embodenis, foe
coating also includes polytetrafluomethylene (PTFE). The coating may be applied using a spray

coating tecHiiise. IFerestampicnatiadsiere Tayehsragahaped bodrorat leadiatiedkitifeusheped
protrugign. Buither.onelaver ehXylan 04 may e srayed ovsr:the daver afavian Rkl hg:

thickness of the coating may be between about 20 20 um and 35 urn. In certain embodiments, Inc
coating can PEERIGNE SpCEOTHE XM HifiEFHisel €88 EF absorb a detectable amount of the

electrolyte solution. 100081 In certain embodiments, the ring-shaped body and the knife shaped
protrusion cfiio@TisEleneis: piokematatialsmdldeted fibopibei graupigonsisting of istainlesksikel,

taniam, ang etelin The radshaped bod may be confaure 0 removaly aadh o sl

structure of %n%ﬁe roplating apparatus: rnng-s y may ve coniigu edto
engage with(@&\idge oposytipsdhioath Keife-strdped, protdisionapaybercofifigered tasuppoitidbieast
about 200 paynds; af force, Fyriher,ihe base Rlate.mav.be,soafigurad far usg in a dlavellus Sabre()
electroplating system. .

particular embodiments, the coating also includes polytetrafluoroethylene (PTFE). The

coating may be applied using a spray coating technique. For example, at least one layer of

Xylan P-92 onto at least the knife-shaped protrusion. Further, one layer of Xylan 1010 may

be sprayed over the layer of Xylan P-92. The thickness of the coating may be between about

20 20 pm and 35 pm. In certain embodiments, the coating can pass a 90V spark test. The

coating may not leach or absorb a detectable amount of the electrolyte solution.

[0008] In certain embodiments, the ring-shaped body and the knife shaped protrusion
comprise one or more materials selected from the group consisting of stainless steel, titanium,
and tantalum. The ring-shaped body may be configured to removably attach to a shield
25  structure of an electroplating apparatus. The ring-shaped body may include a groove
configured to engage with a ridge on a lipseal. The knife-shaped protrusion may be
configured to support at least about 200 pounds of force. Further, the base plate may be

configured for use in a Novellus Sabre® electroplating system.

[0009] In certain embodiments, a contact ring that can be used in a cup includes a unitary
30 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

2




[0009] In certain embodiments, a contact ring that can be used in a cup includes a unitary
30ring-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 can be
angularly disposed apart from one another. Each contact finger can be oriented to contact the

semiconductgr wafebalAPaishiess Ran aboubd-mmdiiem an.enteledeeRidhewafet R o

ring-shaped body and the plurality of conta.ct fingers may be made from Pahney 7. The contact fingers
can have a gWTalle VeaHEpRIBKENUHE dOWRMRREIRP S8t prathd JETnEMbIHEIGHRAE Ahgshaped
body and therrgointing upwaichira distal prinkionaentacting the:semisendustar wafgladthgg,may be
at least about 300 contact fingers. The contact fingers may be configured to bend under a force

exerted by e 88Yricoht CBRRRIE TR SRt gerf A rshdra Bt dre dem Rrgel miEgiba coated

with one or prare eifpelytetrafiumeatiyane (TabeEhsthylenedetpafiuproatndane (Edikk) ppalywaylidene
fluoride 10(PVDF2,, angk co olymars thereqf 10010] In certain;mbo iments, a lipscal and contact ring
assembly m&y BE USRI ARG ART N AGE a HIGESHARSS BldSHS ﬂEtIi%%%ﬁp%?céﬁlé’éiﬁfﬁg s
semiconduciottweafen g excludiamthepthtingeadlutios a petpkesakiegian ofdhesemmicondutior
wa.fer and t@e.cont Cc rin%t.'l'r;e rj@tgish?ped retla omgri{: Ii%)seal has an ipr%er c%{'ameter_definin a
perimeter for exciuding the 15 plating Solitidh from the peripheral region of the sE8Ric8nddtior wafer

during electroptatinglufdtwhtontacPiiig hasalemitatyafing:stthped b GUFaEndpa phunglitjeod cootakt fingers

attach%i to tengfin iqwardéy fromfthe ring-shaped body and angularly disposed apart from one
ana . copolymers’thereof, . .
another. Each contact m%per may be oriented to engage the semiconductor wafer at a point at least

about 1 mm from the lipseal inner diameter. In certain embodiments, the contact fingers 70 each ha.s
have a gend PP MisRgiaesrbrifgcabwhliRsdl RO FP A pIaHE CenFal byrtebsritaf tiag8h#sed body
and then pojptingcupwrditodistal Roint above APlaneNhare e iipgishaped elastomericlipseal
engaging the semiconductor wafer. The ring-shagped elastomeric lipseal ma.ét;ave a hydrophobic
coating, FurtheP $HBSHYMRAFeRr BRITGMER NOSLAF 7Ry HATELG e 8 HECARHHOddEng 4
distribution biug.-Adpettienedihei fingshnped.25eiastemasedipseahengagingthersemisomdycter wafer
may c?gnpreﬁs during the engagement. [00111 In ce E?&i)n embpodiments, an electroplating apparatus is
e

confighred B HEIE S0 SEHTES R ERS ATAREF LR RIS RS ISTRE APt S iR G SR IABPEfrom
contacting CErtatopactswktheselestraplaiingsapparatus; dhicagpaiatusioaytiaciigera aupifed to

supporting the semiconductor wafer including a base plate with a ring-shaped body and a
knife-shapeanéloeé?% r%ré fex \egrgdi%}?n\%gr osr%laﬁg:g%ﬁégsﬁ%pé‘a%%é%, %?%Jooﬁggfé%{g z(%:Iit(erﬁ]ﬁngCf%erce on

the semiconaudthber. wiadeln amd gateSsgey i bemiconducten yugfehagainstainciastarfiericspahtand a
shaft The base.plates canfiguied,to suppafh e slasiamericnseal for enoaging. b seriggnductor
wafer and excluding the electroplating solution from reaching the electrica
20 each has have a generally V-shape extending downwardly from a plane defined by the unitary
ring-shaped body and then pointing upward to a distal point above a plane where the ring-
shaped elastomeric lipseal engaging the semiconductor wafer. The ring-shaped elastomeric
lipseal may have a hydrophobic coating. Further, the ring-shaped elastomeric lipseal may

have a groove for accommodating a distribution bus. A portion of the ring-shaped

25 elastomeric lipseal engaging the semiconductor wafer may compress during the engagement.

[0011] In certain embodiments, an electroplating apparatus is configured to hold a
semiconductor wafer during electroplating and to exclude plating solution from contacting
certain parts of the electroplating apparatus. The apparatus may include a cup for supporting
the semiconductor wafer including a base plate with a ring-shaped body and a knife-shaped
30 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 fromﬁtreaching the electrical

~
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contacts. The base plate may have a hydrophobic coating covering at least the knife-shaped
protrusion. The shah may be configured to move the cone relative to the cup and to exert a force on
the semiconductor wafer 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. 5[0012] in certain embodiments the

aparatus s acludes 3. oalshWILSICANRIRNPOSINADION th Semiaanduclaralesan the

cup, lowering the cone onto the semiconductor wafer to exert a‘force on the back side of t
semicondu®ioFwaeer i bedBrionestdssiiknE el be fvesh thoipyeatditte leupamdtheifioskstuace of

the wafer, syhmerging atdgasiaportionofthe fiant sudaceofthe wales into am risritepating solution

and electroplating on the front 10surface of the wafer, and lifting the cone to release the force from the
back side ot$HELdnsicEIHTRESF Water WhergiAnfingatsdhorHd et @period of at least 2 seconds.
[00131 In certain embodiments, a method for electroplating a semiconductor wafer in an apparatus
containing #0e1 andeatconanhaludespositioningdhe semiconductosonatercon theicumdawering the
cone onto the stemicor)cﬂuctorwafgr 0 exerf a fort%e on tr:f back side of the 15 %gmicondugtog wafer in
order to establish & Seal between a |(|5rsé7"a ot the cfipC Hhd E WP SUPAE S B evﬁg%lﬁogu%?noérging at
least a portioatef thexfegre Surface bf theckvsifer inthascelzctidptatingasel itionianc eteditaplating on the

front surfac he wafer, an Fftin the.cone.to release the force from the back side of the _.
semiconduc?t%??tv\%v%ﬁéarg W égﬁégtlﬁiﬁ%ignggﬁgﬁgnogé %‘{}g?cg Be%oed“é at Igélggfeégéré gﬁn?fsa.s(zl%gorrﬁlé%od may
also includeofébatingntrardoseshidonddctonwalie clortaiatst abbuiod setolwdsqriatite diftihg flrmtcone.

BRIER DESGRIETIOMOR, THE RRAWINGR. [0Q181E1G hds &9%?9??&% Yﬁ%‘_"kg&?s ey helder
assembly for electrochemically treating semiconductor wafers in accordance with an embodiment of
this inventiggmiconductor wafer, wherein lifting is performed over a period of at least 2 seconds.

[0013] In certain embodiments, a method for electroplating a semiconductor wafer in an
apparatus containing a cup and a cone includes positioning the semiconductor wafer on the
cup, lowering the cone onto the semiconductor wafer to exert a force on the back side of the
15 semiconductor wafer in order to establish a seal between a lipseal of the cup and the front
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. The method may also include rotating the

20 semiconductor wafer for at least about 3 seconds prior to lifting the cone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a perspective view of a wafer holder assembly for electrochemically treating

semiconductor wafers in accordance with an embodiment of this invention.

25 [0015] FIG. 2A illustrates a cut-out view of clamshell components used to establish an
electrical connection with a wafer and to seal the wafer from plating solution contained in the

electrolyte bath.

[0016] FIG. 2B 1s a perspective view of a portion of a contact member in accordance with

certain embodiments.




100151 FIG. 2A illustrates a cut-out view of clamshell components used to establish an electrical
connection with a wafer and to seal the wafer from plating solution contained in the electrolyte bath.
[00161 FIG. 2B is a perspectiveof a portion of a contact member in accordance with certain
embodiments 10017) FIG. 3A illustrates a part of the clamshell and a wafer before closing the

clamshell ang paiahlishinga.seatbelisen the walsrang.ine clam sellinaseoance with geftain
embodiments. 100181 FIG. 3B illustrates a part of he clamshell and a wafer after closing the
clamshell agfticbbshamlishingrh seaydsatvweenthswarier tad theciel shelkiveerdsordantd withiabertain
embodiments;, 430134 FIG. 4 is an illustrative flowchart of the electroplating process in accordance
with certain embodiments. 100201 FIGS. SA-G illustrate examples of different stages and relative
positions of the 10clam shell components and electrcl_)‘gyie residue during the clamshell openin

operation. 180X 1 F1G &5 ARETRiGS f A b APE STAMSI G ATSh R IMaEi gt eh & ety sk etation

where somestingatenesidyerhascanianipategitheisontiact asea and aicosrespRrAINg plotefithe

voltage in the iféerent components and positions of the clamshell during electroplating process in
accordance With“C&Talf embodiments. 15[00221 FIG. 7A illustrates the enlarge photograph of the

Paryiene coating on the cup bottom
[0019] FIG. 4 is an illustrative flowchart of the electroplating process in accordance with

certain embodiments.

[0020] FIGS. 5A-C illustrate examples of different stages and relative positions of the

10 clamshell components and electrolyte residue during the clamshell opening operation.

[0021] FIGS. 6A-B illustrate a part of the clamshell during the electroplating operation where
some rinsate residue has contaminated the contact area and a corresponding plot of the voltage
in the different components and positions of the clamshell during electroplating process in

accordance with certain embodiments.

15 [0022] FIG. 7A illustrates the enlarge photograph of the Parylene coating on the cup bottom
that has undergone between about 5,000-6,000 electroplating cycles.

[0023] FIGS. 7B-C illustrate a part of the clamshell and a wafer before (FIG. 7B) and after
(FIG. 7C) opening the clamshell and breaking the seal between the wafer and the clam shell,

wherein the cup bottom is uncoated or coated with a moderately hydrophobic material.

20 [0024] FIGS. 7D-E illustrate a part of the clamshell and a wafer before and then after opening
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

25 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.

h




that has undergone between about 5,000-6,000 electroplating cycles. 10023] FIGS. 78-C illustrate a
part of the clamshell and a wafer before (FIG. 7B) and after (FIG. 7C) opening the clamshell and
breaking the seal between the wafer and the clam shell, wherein the cup bottom is uncoated or coated
with a moderately hydrophobic material 20[0024] FIGS. 7D-E illustrate a part of the clamshell and a

wafer beforgygny thers afieropeningdthe;clamshelhand.preakinotherseal-hetweanthewaferand the
clam shell, wherein the cup bottom is coated with a highly hydrophobic material. 100251 FIG. 8A is a

plot compafig BHIBIREoPhEWEEh kG YofGtor FHHIRd A the s hrarmttes dsitshell for

two differenteQatings@hthe up-betiem #eb batl-themawsghlipseal and a lipseal that has been used for
about 60,000 electroplating cycles. 100261 FIG. 8B is a plot comparing numbers of defects on the

wafers as a i f number of electroplatin cles: whereip. the wafers have been
electroptateb A he KBl ALt L (A o Rt LStaH AP he s
materidls. P00RPRIFIG B BE Drarbéllugiratitesrepraseitationdaidhe wafed ovirkaysvbatififcticeate
defect distriQ}tA{ie%%pn the front sides of the waters electroplated in the clamshell apparatuses using
the cup bottoms coated with the two different materials 100281 FIG. SE is a plot comparing defect

densities for different segments of the wafers electroplated in the clamshell apparatuses using the cup

bottoms codt¥dWikHGRe Wy dieriis: IHAETERT PRI IR 2O ALB st sumarRBesrEpie Sntations

of the clamshathapRaatvses withhe-coniastsHositioneddn differentdosatinnawithrespastieiother
components of the clamshell and the wafer. 10100301 FIGS. 10A-B are illustrative representations of

the wafer o¥BAAYR Wiiindicate defect
10 [0030] FIGS. 10A-B are illustrative representations of the wafer overlays that indicate defect
distributions on the front sides of the wafers electroplated in the clamshell apparatuses using
contacts positioned in different locations with respect to other components of the clamshell

and the wafer.

[0031] FIGS. 11A-B provide schematic representations of the clamshell apparatus design
15 shown in a closed and open states, wherein the electrical contacts are removed away from the

front surface of the wafer before breaking the seal.

[0032] FIGS. 12A-B provide comparative schematic representations of the two clamshell
apparatus designs, wherein the design shown in FIG. 11B has a hydrophobic coating on the
electrical contacts to prevent excessive wicking of the electroplating solution into the contact

20 area after breaking the seal.

[0033] FIG. 13 illustrates a schematic representation of the clamshell with a cone lifting and a

clamshell spinning mechanisms.

[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

o]
W

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.




distributions on the front sides of the wafers electroplated in the clamshell apparatuses using contacts
positioned in different locations with respect to other components of the clamshell and the wafer.

100311 FIGS. 11A-B provide schematic representations of the clamshell apparatus design shown in a
closed and open states, wherein the electrical contacts are removed away from the front surface of the

wafer beforgobseaiFgsthe seRla 0032 oS b2AB AreVids cRmpdéativersshematiciieprasgedations of
the two clamshell apparatys designs, wherein the design shown in Fla 11B has a hydrophobic coating
on the electfiCHI VOIS (D HEE M B Qe VBTG CIRHECE I BLPS Y SORRRYF HES tHE Fontact
20area aftediireakingodhesseakifiofd31 FIG. 13 illustrates a schematic representation of the clamshell
with a cone lifting and a clamshell spinning mechanisms. 100341 FIG. 14A illustrate a plot of the

normalized yyuicki lume-of the electroplati olytion into t t area. function of the
opering speis e corahaior s L et Sty dcranrs SRS G tate o
comparativesigiitopt atiee nistirializ eefovibkingniatupeacfoth didieentoplatisg sohdiicenintndhdaseriidtt area
for different grogess conditions and clamshell designs. [0036] FIGS. 15.4.-13 are illustrative
representations of the wafer overlays that indicate defect distributions on the front sides of the wafers

electroplated in the clamshell apﬁgratuses usin%\Xdiff rent process conditions, _[OOS?ﬁLHIFIG. 16
illustrates a QR drstie ot ST nIARRALVIRKINY VSluthe I BSd HESIREn Y WItioh fHto the

contact arealtandiffeieptprosessaondiiensandhelamshelffeesiopsfbss conditions and clamshell

designs.

10 [0039] FIGS. 18A-B illustrate comparative plots of the normalized wicking volume of the
electroplating solution into the contact area as a function of number of processed wafers for

different process conditions and clamshell designs.

[6040] FIG. 19 is a comparative plot of the normalized wicked rinsate volume for different

lipseal designs.
15 DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0041] In the following description, numerous details are set forth in order to provide a
thorough understanding of the present invention. The present invention may be practiced
without some or all of these details. In other instances, well known process operations have
not been described in detail to not unnecessarily obscure the present invention. While the
20 invention will be described in conjunction with the specific embodiments, it will be

understood that it is not intended to imit the invention to the embodiments.

Introduction

[6042] 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

b
I

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




[0038] FIGS. 17A-13 illustrate comparative plots of the normalized wicking volume of the electroplating
solution into the contact area for different process conditions and clamshell designs. 10100391 FIGS.
18A-B illustrate comparative plots of the normalized wicking volume of the electroplating solution into
the contact area as a function of number of processed wafers for different process conditions and
clamshell desj lume for

%ﬂdﬁeﬂ‘?%f%%eﬁ.' G iR %8&?9@%%‘1\(&%8&8{% - NoMaliged wicked ”é%Tgéeri‘éF d

different lipseal designs. DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS [0041] In the
following deseniptiograifumierdls dutkits areasatifertpin brdevtagsroviden thidebtighluiderstaniaing of

the present inysntion The presenlRyantion may he Rracticed.withaut seme.arall ot ineseidetails. In

other instances, well known process operations have not been described in detail to not unnecessarily
obscure thesphs&asiginvesiorWHIle tHEldpmh it withiseteesetibedhivi cohfumesels Wity tRespecific

embodiments.fyullheyodersiped thatdtispolintendrd e limit e ouentiondn.thergmbodiments.

Introduction [0042] Electroplating and other processes using a clamshell usually involve submerging at
least a bott ion of the clamshe]] into the electroplating solution. After plating is completed. the
platect waten 1A ichTy SRS TUOvE Bt BFIRe bRt b R dtecl MOLTBIE &R Sifsed with
deionized watenaedrfaihetirnsingliguida Hieckamshell riaybeltten spuikr.agaifféaie mevaresidual

rinsatc (i.e., ane ectroglatngg gol t{on dléuted n;t}?e rwl%&{‘e%"\f%‘fl';g&[-eH%%"t%Eh%%@?iﬁ% VteeS ma
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accumulate and remain I'OUI‘]C?? eqlnsegir.“?ﬁ Ipseal Is used 1o prevent an IC]UId rom ge ﬁng Into

the contactskanewipt tlae: s&atec dlaivished When, théitel Smghell isdcidsed. X\iwpnitbé seRinsbbrizken
onsion Relot e & T e e e
migration le&tiigdotbulssterthadripeate andouits wiekingidtd the oghtaxts aseseaTidere athwidheate may
fowl particle, gesiroy thE GoOackARCLIRBETALYIRAHP NATINS £gS delates RlatNg SRIGCT: the
contact area. The resulting solution is then sampled and analyzed (e.g., measuring
conductivity of the sample, analyzing its composition using mass spectroscopy, or any other

15 suitable analytic techniques) to determine the rinsate amount in the sample and, as a result, in

the contact area.

10044] The wicked volume has been found to correlate with the number of defects located
proximate the wafer edge, e.g., the number of defects located in the outermost 10 mm of the
wafer. This area 1s particularly important in semiconductor manufacturing because of the
20 large edge die population close to the edge. Certain embodiments of the present invention led

to a substantial (sometimes tenfold) reduction in the number of wafer edge defects.

[0045] Some embodiments described in this document are specific to individual parts of the
clamshell apparatus, such as a cup bottom, an electrical contact, and a lipseal. These parts

may be supplied together as an integrated part of a clamshell plating apparatus or they may be

b2
W

supplied as separate components used to replace broken or worn parts in deployed systems, or
to retrofit such systems. In some cases, a part or parts of the clamshell apparatus may be

replaced during routine maintenance.

Apparatus

[0046] FIG. 1 presents a perspective view of a wafer holding and positioning apparatus 100
30  for electrochemically treating semiconductor wafers. The apparatus 100 includes wafer-

engaging components, which are sometimes referred to as “clamshell” components, a
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[0043J The "wicked volume" is a. measure of the rinsate amount (e.g., volume, weight, etc.) extracted
from the contact area after a typical electroplating cycle. Different measuring techniques may he used
to determine the wicked volume. One technique involves using a Kimwipe (e.g., Kimetch Science

Wipes, White Single Ply 4.5" x 8.5" supplied by Kimberley- 10 Clark) or other similar highly absorbent

cloth to wipe e, ee contact area-of e, damshiell, Sueh. ot s eidhed before and after yiping

and the weight gain is treated as a "wicked volume". Another technique uses a. controlled amount of

solvent to ditate tHe ‘riﬁssht@mnhﬁéh@mﬂé@tsabé%guafﬁégeg@ﬂtiﬁ@ soutioh iskiren safmpled dndanalyzed
(e.g., measygRg coRGUEEY iWa‘?&th%éﬂQ%P)'% analyzing %%9(@885&%8“083@% 55 BRGGHPILERY: Of

any other 15suitable analytic techniques.) to determine the rinsate amount in the sample and, as a
result, in theResHaet 1R (o0 Ay T r ickisd vélisiaThers fseerefsunentotberalate witttithaagimnber of

defects Jocafed praxdmaterthecwaieredge fdnatheumbrrafdefecisdagated in theauigymest 10 mm

of the wafer. This area is particularly important in semiconductor manufacturing because of die 20large
edge die po Ig.%o (égs to th 2%%6 .Certain e bogi ents of the present invention led to a .
substantial (@Lci))m tﬁ}] 1%%’1‘8}8 BT iaﬁ%c%ﬂ% g BYWRRYY E85& tetdlidnd B8PSRk
embodimentsescidbied smthis Gouhientiareoapecific 1o indivigual pests Dﬁﬁﬂ@s%{ﬂ@heﬂb&pp@atus,
such as a cyppolieh Anslecica) Soniact, And 2 tseal THEse RALRDBYRe SHoRieq oogher as an
integrated part of a clamshell plating apparatus or they may be
motor 107 is attached to a mounting bracket (not shown). The spindle 106 transmits torque
10 (from the motor 107) to the clamshell assembly causing rotation of a wafer (not shown in this
figure) held therein during plating. An air cylinder (not shown) within the spindle 106 also
provides a vertical force for engaging the cup 101 with the cone 103. When the clamshell is
disengaged (not shown), a robot with an end effector arm can insert a wafer in between the
cup 101 and the cone 103. After a wafer is inserted, the cone 103 is engaged with the cup
15 101, which immobilizes the wafer within apparatus 100 leaving only the wafer front side

(work surface) exposed to electrolyte.

[0048] In certain embodiments, the clamshell includes a spray skirt 109 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

20 separation between the spray skirt 109 and the cone 103.

[0049] For the purposes of this discussion, the assembly including components 101-110 is
collectively referred to as a “wafer holder” 111. Note however, that the concept of a “wafer
holder” extends generally to various combinations and sub-combinations of components that

engage a wafer and allow its movement and positioning.

25 [0050] A tilting assembly (not shown) may be connected to the wafer holder to 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 [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
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25 supplied as separate components used to replace broken or worn parts in deployed systems, or to
retrofit such systems. In sonic cases, a part or parts of the clamshell apparatus may be replaced
during routine maintenance. Apparatus [0046] FIG. 1 presents a perspective view of a wafer holding
and positioning apparatus 100 30for electrochemically treating semiconductor wafers. The apparatus

100 includas,yalalpSHNgIRGRRMRONEBLRaNRICh,BIedS0 HEtiMmes tefeRlstbIReAS aRMshlcctory
components, a "clamshell" assemﬁly, or a "clamshell.". The clamshell assembly comprises a cup 101

and a conePETSPAISHA Fe Eh SRRSO SEGREM Ty ar8 I8 e 1ont RYEiA Pa fF8cene 103
clamps the walenaecsreitinothe UppRiher eumandbeepsWesignshayontthoge: Sﬁﬁgifé@aeugféiepicted

here can be used. A common feature is a cup that has an interior region in which the wafer resides
and a cone THRERER S8R Wafer against the cup to hold it in place. [0047] In the depicted
embodiment, the clamshell assembly (the cup 101 and the cone 103) is supported by struts 104, which
are corinectédtty &copthiateel@&eT hiddsdainilysionith @3 404, anid! 10 Bpisngrivelntny atmoter 107 via

I eNaCiedi Lo P e e MAARL D ARG AMEIBo iRCE (o
shown). The spindle 106 transmits torque 10 (from the'motor 1 7) 1o the clamshell assem ?y causing
rotation of @méfe}%&.gh@wmrﬁsd@ reYineld thehein Wanitgptatingtisn aipagindeegnoeshown)
within the spindie, ] 06 alse.Proyides; aveticalilares fr engaginghe cup 1Lt ihe,cong, 103. When
the clamshell is disengaged (not shown), a robot with an end effector arm can insert a watfer in

between th&&IOEHNd thetepréenosdarspadivager ig Witk 13é donempddvisl efigadeertiith the
cup 150101 whiskdmmebilizes the wafsrwithip-apnaratus 400 eaving.anly.the.walarfont side (work

surface) exposed to electrolyte. [0048] In certain embodiments, the clamshell includes a spray skirt

109 that préte¥difieseoiie e FeniiaprisHifG eredo A8 A imétre pibteh e mBdarhefcliRdispray skirt
109 includesravertgabcicumterental slaevs andiaCiicuasCanRBEIOR. A SpaRINg, tember kLo
maintains dimensional small holes (0.01 to 005 inch in diameter) and connected to the cathode chamber
above the plate. The total cross-section area of the holes is less than about 5 percent of the
15 total projected area, and, therefore, introduces substantial flow resistance in the plating cell
helping to improve the plating uniformity of the system. Additional description of a high
resistance virtual anode plate and a corresponding apparatus for electrochemically treating
semiconductor wafers is provided in US Application Number 12/291,356 filed on 11/07/2008,
incorporated herein, in its entirety, by reference. The plating cell may also include a separate
20 membrane for controlling and creating separate electrolyte flow patterns. In another

embodiment, a membrane is employed to define an anode chamber, which contains electroiyte

that is substantially free of suppressors, accelerators, or other organic plating additives.

[0053] The plating cell may also include plumbing or plumbing contacts for circulating
electrolyte through the plating cell — and against the work piece being plated. For example,
25 the 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 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 151 includes outlet nozzles on both sides (the anode side and the cathode side) of
30 the membrane 153. This arrangement delivers electrolyte to both the anode chamber and the
cathode chamber. In other embodiments, the anode and cathode chamber are separated by a

flow resistant membrane 153, and each chamber has a separate flow cycle of separated
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20separation between the spray skirt 109 and the cone 103. [0049] For the purposes of this
discussion, the assembly including components 101-110 is collectively referred to as a "wafer holder"
111, Note however, that the concept of a "wafer holder" extends generally to various combinations and
sub-combinations of components that engage a wafer and allow its movement and positioning. [0050]
A tilting assgmbly, (Rt shaws,mavhe.sannssied io e water helder io pesmit,angledjpmarsion (as
opposed to flat hofizontal immersion) of the wafer into a plating solution. A drive mechanism and
arrangemerit tiplatsis-sitg pivoejoimscalédused 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 aggesaply). 31005131 &uithes) thesenfiredvaternadderail Lids liftedayerticaty eitbetpror down
to immerse the proximal end of wafer holder into a plating solution via an actuator (not shown%. Thus, a
9 two-compSHERTBESIROrTAY HREHEHISHISOVIdR SRV FEATHBVEMent Sfohg B Haféeton
perpendiculagltosandeiestrelytt stirface andaditiag aavemenicajaing deviationdramm rerizental
orientation (i.e., parallel to the electrolyte surface) for t fer (angled-wafer immersion capability).
510059] Not HEE e ALY HBas 01t TSGR, piati B S FHG A B RAr 117
which houséslEncantdeichambeét 1ot mddsanplatingrvsdlutid nfoT henthgmibeiochSétholdedaanoee 119
(e.g., a copper.a and may include membranes or other.separators designed to maintain different
closiroe QEaed e e g B M R A
embodimentcdidiffubes t58dsvelhpityed fondiceonhg 10 glectrolyte upward toward the rotating wafer in
a uniform front. In certain embodiments, the flow diffuser is a high resistance virtual anode (HRVA)
plate, whichjigsaade ota1sQlibRIESS A iskialing nateral(eauRrlastie)eNaying ardargaumies (e.9.
4,000-15,000) of one dimensional small holes (0.01 to 005 inch in diameter) and connected to the
cathode chaftibéhabBYE A Etd! TREAGIEIROSSSREHOITAFERSPIRE ROIFS ReRISE4HAR A55GRSS

p;erce nt (|)||f :}qﬁlowd@faf @[@i@&t%dg%ri@%-m@ dn%ﬂﬁﬁﬂf?rﬁ?dr:%&ﬁ&@e&%g?@%&lhg@w E@ﬁ%t?@dgetue
plating ¢ ping to improve the plating uniformity of the system. Additional description of a hi
resistance vittlaFAHBHE piate Hrid %Bélrf’é% ?ﬁ‘i%gré{ﬁﬁfﬁréﬁfgrfgieél&&%’c%@%%ﬁﬁi&}‘%é‘&ﬁd&m?
semiconductebwlafesmis grovided mmUS Application Number 12/293{35G filegkambil/PHR2008 he

ncorppated hereln, s Nt BYLEISTEee e RIAT0a Gell mey g nglyde A peparate
also includes a contact element 208 for establishing electrical connection with conductive
elements of the wafer. The cup and its components may have an annular shape and be sized

to engage wafer’s periphery (e.g., a 200-mm wafer, a 300-mm wafer, a 450-mm wafer).

[0056] The cup assembly includes a cup bottom 210, which is also referred to as a “disk™ or a
20 “base plate” and which may be attached to a shield structure 202 with a set of screws or other
fastening means. The cup bottom 210 may be removed (i.e., detached from the shield
structure 202) to allow replacing various components of the cup assembly 200, such as a seal
212, a current distribution bus 214 (a curved electrical bus bar), an electrical contact member

strip 208, and / or the cup bottom 210 itself. A portion (generally, the outermost portion) of

b2
(o

the contact strip 208 may be in contact with a continuous metal strip 204. The cup
bottom 210 may have a tapered edge 216 at its innermost periphery, which 1s shaped in such
ways as to improve flow characteristic of electrolyte / rinsate around the edge and improve
bubble rejection characteristics. The cup bottom 210 may be made of a stiff, corrosive
resistant material, such as stainless steel, titanium, and tantalum. During closing, the cup
30  bottom 210 supports the lipseal 212 when the force 1s 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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20 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 plating additives. [0053] The plating cell may also
include plumbing or plumbing contacts for circulating electrolyte through the plating cell - and against

the work pieegbgipg blrieduiarBxample; thriaelkdds Welures.a elestlyteiniaitubebdlihat

extends vertically into the center of anode chamber 157 through a hole in the center of anode 119. In
other embotirente] the BeIFiRfiaks S eideiBiRe it PREHOR thaCThtrBHmESHERB Tt tHE Cathode
chamber belamethadiffiiser/HRVA plate at the peripheral wall of the chamber (not shown). in some
cases, the inlet tube 151 includes outlet nozzles on both sides (the anode side and the cathode side)
of 0 the megplorane, 162, Jhis anangement.delivers lectiolyle fo ol he angde chamber-and the
cathode chamber. In other emboalments, the anode and cathode chamber are separateé y a flow
resistarft meleiprand t83handwactecHdnberias Aseparate flowsyitle wlisdparatedad|ectrobyte. As

shown in the gmpadiment éf ﬁ@m%exaé‘fiﬁ’ﬁ'&%%%'&pi’ré%tFﬁf?é/égs?;?z%'%&E&l%{&etéoatpo%ﬁﬁ'@oq;%'ﬁlgﬁlof

membrane 153. (0054j in addition, plating cell 115 includes a rinse drain lind a Mating solution return
line 161, eaghizdifectedatittecntbotia gittinbectrampemnempenikls asrinademar 21 Ddv aehvalev&ionized

rinse water {9 Gleaq thewalgrandianeHm during hagmel operation. Elaag.Raltion.aamiatlyfils much

of the chamber 117. To mitigate splashing and generation of bubbles, the chamber 117 includes an

inner weir 188%EHPIStHE SOTRSH Faourn BRdCaRBitErmeR 187 feATinsdspratebratuit indhddapicted
embodimentthesenneiis are ciemigiantialvarical slota.in thewall of dhe-plating.chanperthl7.

10[00551 The following description presents additional features and examples of cup assemblies that
may be emplByeH ireleRAInCEnHEHBAE ERHATEasPETIS BTt dRHCIE LU EREgn SV for
greater edgeopatingeuniferraity.andoregucaeheldom eaftiets due tevimproveehpegetiow shasagteristics of
residual electrolyte / rinsate, controlled wafer ent tting, and iipseal bubble removal. FIG. 2A is an
hostrative cCUBUL S BE KIS ABr P00 b 16 B Mg B0 HRIEB.C b 26 218 o
protecting cértainparfsief ihecua froafielectralyte. diaalsaindiudesid bomntact ehessehiROBrfotwill

establishing alectical connection wih conductive slements of the water, The cup andts components
may have an AaNnuiar shapd ant be Sized 16 endage water's periphery (e.g., a 208%tith Wafer, a

300-mm wafdgendbFiam2aafénrt @056 kHheadchp msse nblytircluges a Buprbditeini@ 10 whiclds also
referred to ag a "disk" or a 20 "base plate” and which,ma %q ttached.to a shield structure 202 with a
set of screwgu(%] e(;.clltr?é)rw agghitr?é” %Cga%g& eerecuég%%ﬁ%%%li r%lgywﬁlé% ?éﬁc%%(zeéi '(i%?feetrggi%éé rom the
shield structtirego2Pfb mitowireplacing vaities corapbiierts ofthmelipiageesiiilyveo, sychiassa seal

212, a currept distilgition Bis 414 (8 curyedielegifcalbushan, AR.aIerRIIGAL CRIRGHMEMDS Strip

208, and / or the cup bottom 210 itself. A portion (generally, the outermost portion) of the contact strip

208 may be thecorict With & contiFRpbiReHBtAl 3tri to4latie Boproticrcsides mry Agviera thfsred

edge 216 at ffginnebmost paripharyiwhishdeshaneshimsyehmaysias o dnpoue-fAoweharaaigristic of
electrolyte / rinsate around the edge and improve bubble rejection characteristics. The cup bottom 210

may be made! 3 alBtff @8 rgeRas g ta theimieriar <l e taskishrs dhadls franiabne WhdRdRe um.

During closingethR&YR position when the wafer is places into the cup 200. In other words, the wafer is
supported by the tips of the fingers 220 and not the lip 212b. In other embodiments, the

25  fingers 220 and/or the lip 212b seal bend or compress when the wafer is introduced into the

cup 2000 and both the tips 220 and the lip 212b are in the contact with the wafer. For

example, the lip 212b may initially extend higher than the tips and then be compressed and

the fingers 220 deflected and compressed to form contact with the wafer. Therefore, to avoid

ambiguity the dimensions described herein for the contact member 208 are provided when a

30 seal is established between the wafer and the 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




30 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 least about 200
pounds force. The closing force, which is also referred to as closing pressure, is exerted by the

clamshell "cone;, assambly, dhe Rertian Hpngh hatdnakes.ermagtie the walerhagkside, 100571 AL

electrical contact member 208 provides electrical contact conductive materials deposited on the front
side of the WiaférisadispacsmmimGs: salald deisedyhatt el 20 hclddss sittje kimBer of

individual cqgjg@g%gmg@;sfgaag(gt@g)hggd&@ continuous metal strip 218. In certain embodiments, the
contact member 208 is made out of Paliney 7 alloy. However, other suitable materials can be used. In

certain emb%&igﬁlg corregop,)ogdig%to 300,—mrr%wafer configurations, the coptact member 208 has at
least about 350 At ContAE iR SOMRDISE e\ I spEded STy $HE B e pLtiHRRR - HEfiRed by
the wafér. Thatfingensi 22ednaydoemneatad fhy distiivg(engbutaiserXutting)y;, dadbiniog bstabapihigd,
precision foli%IiQ llbeﬂdi&q or any Pgh%rrrsuitablg{thltvgodgt.eg@(gont%clt member ZHQSdm%yJ]orm a
continuous ring, Whetein the metal s%rlp(ﬂ(gl&e INEs the outer drMEtars tsneeeriﬁga, an éuﬁleé tips of
the finger 226atkefinglthetinnepadiametepnit shouldibemotéd ek ldiameter Sovill <5 waryweygending on

the cross-sectional profile of the. act me Qe% 0 r.example shown in FIG. 2A, Further, it
should be ng(‘?tégs%%eaﬁi t%e%ggé}i@ggggré ﬁlex‘}ﬂblé a%d%%%@l %Jplrjg;br}ulcéﬁtzllj %FSWr\IIY |.e{?1,eto?/e\1/r§lredso g[h%egtlgfpered
edge 216) wiernthie swtfeihis dosideldmrambexafiple chadrigets 220 hsovrufrombadrebtpositivhthe a

differenp intermediaie RASIHOR,Yheka V&'}?Jr&ﬁg,'%ﬁg ditisnihe.clamshell fo yetanatber different

position when the cone exerts pressure onto 20 the wafer. During operation, the hp 212b of the elastic
lipseal 212 resiiBgone ardisbshps Ditradirigesiocmspedanspiaors wspTreepestibaihatigers 220
may extend highelthan g mRkeby L1 SNRAEIMENS 06, s ttedQ extendnighenihan the

lip 212b even in their intermediate position when the wafer is places into the cup 200. In other words,

the wafer is ¥iB8REABT thatihe OB G e RF HROLFREIAP PLOB. SHIGREFEMBHaIER NS, the

fingers 220 ghg/on thadipnkzh seabbend arcempress when the wafer is introduced into the cup 2000
and both the tips 220 and the lip 212b are in the contact with the wafer. For example, the lip 212b may

initially, exte I e tips and thep be compressed and.the fingers 220 deflected a
compréésedwgggﬂrhnﬁrg}orr?tgé h\}\%ﬁ%ﬁ%é \?v%r?é)r,ﬂ?ﬁgae osgee, t6 avoid am ?éw fotrheec %nénlg%ﬁsaraséﬂs%]ribed
herein for thendosstaklishembee2 08t ptovidedviié ruad30s &akislestabliskhed betmveemtbeswater and

the lipseal 2&%%9%@&?%&”&&%%%c%%ta@%%?e%%&%ié ﬁ%‘%@’@;a%%ﬁ%%%%%&%l'&ﬁ?ﬂtc g ridge

212a configured to engage with a groove in the cup bottom 210 and t | eseal212ina
desired locatidisrmiEoiibitatiorof e maysimhdome brooveoriast halp positionigpdse séd o1Pdn a

correct locatign dyrng @&@Hﬁg?%@%ﬁ%@a&ﬁ@@%@fﬂ&e ReakZdnandaisomayhelniie restile
displacement of the seal 212 uring normal usc and cleaning. Other suitable keying (e_ngaghem.ent)

feature@maﬁ%@%@e%% of the wafer 304 before the wafer 304 goes down into the final position that it

maintains during the electroplating. In other words, the contact tips 220 experiences some

deflection during clamshell closing, which results in some force between the front side 306

and the tips 220 that helps the electrical contact between the two. It should be noted defection

may happen either when the front surface 306 first contacts the tips 220 or when it first

25 contacts the lip 212b. The front side 306 normally contains some conductive material, such as

copper, ruthenium, or copper over ruthenium that may be in a form of a seed layer or other

forms. The degree of deflection (or force between the tips and the front side) may be adjusted

to provide adequate conductivity between the material on the front surface and the tips.

[0061] FIG. 3B illustrates a part of the clamshell and the wafer 304 after closing the clamshell
30  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




[0059] The seal 212 further comprises feature, such as a groove formed in its upper surface that is
configured to accommodate the distribution bus bar 214. The distribution bus bat 214 is typically
composed of a corrosion resistant material (e.g., stainless steel grade 316) and is seated within the
groove. In some embodiments, the seal 212 may be bonded (e.g. using an adhesive) to the

distribution pus 2 ig-facaaditional rakyainess R Hesamers piberembgdiments.he contash member

208 is connected to the distribution bus 214 around the 10 continuous metal strip 21.8. Generally, the
distribution BRis221 41! iftfcFreinekef thanirsohtih Bl niBtarehirR RSB BarftRBiEsfesFRvide for

more uniforeasyreeab aistrikulian Ry enabliagAminimal Qhmicvoltage.drop betweemthe Ipcation
where the bus bar makes contact with the power lead (not shown) and any azimuthal location where

current exitSSARSHGH ThEQE24% 416 ¢ gﬁ%ﬁ&éfﬂ@‘frﬁﬁ s arerieasor rrea s afidtbstes a

pan. of the clamshafiacavafesidid belore slosingibewiarashaland establishing a seal between the
wafer 304 and the lipseal 212. In sonic embodiments, the wafer 304 may first touch the contact

member 20 re, specifically the contact tips 220.. Alternatively, the wafer 304 may first come in the
contact Withﬁ%gé%éli%%%%a%ei ésls%l%%tﬁeogggl“i 1%% G é}rge%m,gt?mé gcegn?gc? %3%8%7 c%?eréggpl% the contact
with the frorysiele éapﬂ_iﬁedzw%]@f@é@)s 308tonthénwafeS304defdré thelwalen8d4igoes dowmirto the
final position ikl MAIAIAS dHfing, e RIRRIORIRINGLOIRANAIIR. 0P LRGBS ARNnpic
experiences some deflection during clamshell closing, which results in some™force between the front
side 306 antiedtipeione thatshefosntraeicetir aheviaetdsemeeardthe Web. 3¢ shudtiechotadg
defectien mayhappen eithenwbeniterentsuface.396 first.oopiacts thedipe-220 grwhen i first

contacts the lip 212b. The front side 30 normally contains some conductive material, such as copper,

ruthenium, 6PESFpECBveFfutRsEtifIthaliResrbe i wIeis srobkereaiiayeibputitae fisterss Thesdegree
of deflectiondenifnsae etmaenihe; ivsancithedionksidel.maybaiedivsied e proyide.adgayate

conductivity between the material on the front surface and the tips. 100611 FIG. 3B illustrates a part of
the clamshelFARtFHE AN re Fratrcane F@S%%@H%@H@Iﬁ@@éﬁﬁ BRI H e HIBANEEA the
wafer 304 agidiheetlamsheleimane:specifically hetmeerthawales3Q4rapdsthe insaalidd2qdihe
closin%operation involves Iowering_aéaip SQB%End ressin wit{uéathe cup 308 onto the hack side of the
wafer 304. K&'EFeEH B tHaHPEsSire TRE ALtiVE SRTRRE 308 U5 ML T ecbitaatiditdtideip 212b
of the lipseald@t2iaiedithe sealing lip 212 and the region of the lipseal 212 below the contact point may
experience some compression. The compression also ensures that the entire perimeter of the lip 212b

is in the co ifqdropt; ¥ ally. if ther ' tigns in surfaces. of either
Sone. A Ipeca %*%éﬁiﬁgfa%@?%%%%%ﬁ%%%é@%i L iy

shown in FIGSTBB! #iaY dritpRaiihe(Hpetatshrantiyisystern bapspliashby Naveiiabsysdms, Inc.
in San JosegGA. tmplamenation gthe rqgotégl{c@msgﬁll ARsembly;inpevesaealingand reduges
ale

minimal wafer-edge entrapped-bubble related defects. It is also permits easy manual cleaning and as

well a LautGREHE ETRBPHHECTE rilisiAgP&Tl CRsaninG &R HiARPsp ratRIRRS (Rh Wi etdinu fredntachtinse,
CCR and autersatic sgnpiaedetehihCleperationsrRecadilyad specificnahlem.of "salichparticle

defects" was identifie ithout b?ing resgl[zic ed to any particular theoretical principle or mechanism, it
f

is believed & Re transter 6f the BdGRBMFA NS diRH dHBR RSP 28 AP lge B esP o thie
clamshell cupwantact aeakcavledouionthehforonaiion efpatttlesde:gnrtyiag Aibically deflected.

Further, the bottom corners of the contacts may be force down against the elastic lipseal base,

o
W

which results in additional force between the tips and the front side of the wafer. The sealing
lip may be slightly compressed to ensure the seal around the entire perimeter. In some
embodiments, when the wafer 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 1s established during compression of the sealing lip.

30 [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

14




15 crystallization, reacting with clamshell components), which eventually cause solid particle edge
defects. [0063] FIG. 4 is an illustrative flowchart of the electroplating process in accordance with
certain embodiments. Initially, the lipseal and contact area of the clamshell may be clean and dry. The
clamshell is opened (block 402) and the Wafer is loaded into the clamshell. hi 20 certain embodiments,

the contact {ips,5itslighihabaygiheplang; of the.sealing kiR a1 e walar isssupgerigd, in,this case,

by the array of contact tips around the wafer periphery as shown in FIG. 3A, The clamshell is then
closed and $¥418erBY ahaling the Kbaé-308! dommReidseekaDBt Bathdthis TriSuredopdisiion, the
contacts argtypically.defleciesh brdhss the baioncomnsis £f ihe soatacissnay Beferes,down against

the elastic iipseai base, 95 which results in additional force between the tips and the front side of the

wafer. The §&¥AHY HPray e &llgrify Coivpresddd Medihsuranthdigatdfosridtine eiiadipetitibter, In
some embosiiments, whendthewafesistinitialipresiionagdyint the, st ey ihe sealing lipdseontact

with the front surface. In this example. the electrical contact between the tips and the front surface is

established Huffy compPreliion of thBEUEing/ ip PRSToBEAT & REAE AU ENEF tHu DdttricaileBhtact is
established vi:gperationdad NeeTclamsbell Ganiying theawaler fotmmensed intagheapiatingWath and is
plated in the bath while being held .in the clamshell (block 408). A typical composition of a copper
Biating Sol Ul iad Inth s AT OB b PR AHE S B A RROn YENGE BF bt 0.5 -
80 g/L, moreaspecifically 8kabplsk Sof alhgi, andatvan moréspécilicallyhatabeuild &- BS ¢hieand

sulfuric acid,at a concentrati fahout Q.1 - 4 ow-acid copper plating solutions typically
contai?}OZbo{}P %}fﬁl& %\E 'zlulﬁ?tg}?%’zggd&‘l\cﬁe ?u}nggﬁ%!hlﬁé_h%}éé slsolllﬁlt%) soca(%% g%}r%{géﬂtlgoe%%eéﬂ and
150480 g/L fsmI1hh|eicpaq_idsresbehﬁvklwljmegcphﬁegtmioﬁs:hI@_mte i@nspma'ygb's &bmnﬂdfteﬁO@uhg/L. A
number of C%%P%:%‘t%“ ROBRIE AAYVES, o%%oaénﬁﬁé@&f?g\tq'ﬁ;%@&f torm Ngx . Yiajorm, Extreme

(available fr one Corporation in West Haven, CT), or other accelerators, suppressors and
levelers knownaecthosenohskilletinthdadkt, ceire heafsesdeslamieds afepiatingeorsaratio nsredéscribed in

more detail%g&& a@&%hfte on the clamshell surfaces remaining there due to the surface tensions. The
1

93]

clamshell is then rinsed while continued to be spun to dilute and flush as much of the
entrained fluid as possible from clamshell and wafer surfaces (block 410). The wafer is then
spun with rinsing liquid turned off for some time, usually at least about 2 seconds to remove

some remaining rinsate (block 412).

[0065] However, some rinsate 502 remains on the wafer’s front side 306 and clamshell (the
20 lipseal 212 and the tapered edge 216) surfaces 508 as, for example, shown in FIG 5A.
Rinsate is held by surface tension forces which may exceed forces created by spinning the
clamshell. Even after prolonged spinning of the clamshell some rinsate may remain in the
corner where the sealed between the front surface 306 of the wafer and the sealing lip 212(b)

is established. Generally, a period of time that is allowed for spinning and drying is limited

o
i

by the overall process throughput.

[0066] FIGS. SA-C illustrate different stages and relative positions of the clamshell
components and rinsate residue 502 during the clamshell opening operation 404. The rinsate
residue 502 forms a “wicked” bead near the interface of the front surface 306 and the lipseal
212 as a result of centrifuge forces from clamshell spinning and surface tension forces.
30 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 forces 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




10 Application No. 11/564,222 filed or 11/28/2006, which is incorporated herein in its entirety for the

purpose of the describing plating operations. Once the plating is completed and appropriate amount of
material is deposited on the front surface of the wafer, the wafer is then removed from the plating bath.
The wafer and clamshell are spun to remove most of the residual electrolyte on the clamshell surfaces

remaining these: duer e sudace ensiansicthe 13 elamafiel s terinsesuhile sontiuedio be

spun to dilute and flush as much of the entrained fluid as possible from clamshell and wafer surfaces

(block 410) SiFfESREFERRY the FrEeh Wvith HERSh §TRsUE Qi isidscie i, valsalsTicesdt about 2

seconds to patAMe tHEMA LNy singatefbiackd kdl HO06Rtowrverosomearinsate sgdemains
on the wafer's front side 306 and clamshell (the 20 lipseal 212 and the tapered edge 216) surfaces 508

as, for examiPIEISAGRTIPIERESS AP Rirnd BtV HE GaSP i AIC s At as v MER ) aitedd forces
createdsby spimaing the(slamshellcdzven afierrolongedspinng, fithe elamshel-aomedtagaie may
remain in the cor%(ér where tt;he sealed be ween the front S#Jbrfacg 302} f the waf%r]aand the scaling lip
212(b) is etBBREREA E SRSy U AHOE ST it th B 4 HSWaa $br é)n‘ilﬁl‘ﬁ@r‘ésn ri8 fsAifed 250y

the overall process thsaughpLiip[ 00661 MGEe hACsiliesttate differaritstages andvrelatile pagitions of
the clamshell.componepts.and rinsate residue 502 during the clamshell opening, operation 404. The
rinsate resi?&é Q% f‘gﬁr%é %%'gw%%é S%é’&ﬁ#&%?? e i e??‘e?tué% ﬂ%lf)r%nusﬁl% Q%U%G\)Vzé?dcﬁ%uﬁpseal
212 as a resuiteoflcawirifp gedonpestfromidiamshed, Spinningaird surtacevte nsites foroesci3Rkintate
accumllélatiogg at this interfage is_highly undesir it leads tq spme rinsate getting intg the contact
area.During o%&%asthgnﬁa%n%ﬁ%?’&gs#rﬁ% one %@% %%rggtlg%ev@holg Vreme e§a§ lggv%g%vg}%st%?ces
applied to thetwedertBo4cahnicthie Séad(wdye 21 fninsatd édfodxiractafre pPdcedselewatsl 8@4rfrom the

clamshell agsambly,,Ehisdyaamic. pRracess greates a number of interrelated causes and effects. As
the cone 308 moves upwards, a slight pressure differential may be created (i.e., higher pressure on

the front side 306 of the wafer (effectiveI% pushing the wafer 306 off of the lip 212(b) and the contact

tips 220. Futti&r ! thBSHFEY SOME i B E ST ES S Tis P PR b iy BevereRstts - the SaeF 306
may spring upwards) offoaf taenlip2:kd () arerihe-caatactiins2d0o thacaiasts 20Bkdichharat

deflected and exert an u warg force on the wafer periphery, m ve the wafer 304 ds and
create's g BB BBty RS SIoH6) SREMVE Ht it H8 08 Brire ARG 1 4B i FIGS.
5B-5C. Thesvafer 30# hayialso be lifididdrom ipscotigindl fiasitian duriaghplading vtk ecestaimwafer
handiing eayipment, Which I8 5edhlgr SXAMBIe I EMKE MHRTeIT oM SIENEN i on may draw

fluid by, for example, exposing more of the wafer front side 306 that was previously sealed

off.

20 [0068] As the rinsate propagates through the gap, it may come into the contact area and wet
the contact tips 220 as shown in FIG. 5C.  The contacts are typically made of highly
hydrophilic (and mater is the main component of the rinsate) materials, such as Paliney 7,
which may have been subsequently coated with hydrophilic plated copper. As a result more,
rinsate is drawn through the gap by these new surface tension forces and a small rinsate pool

25 506 may form around contacts. This rinsate pool 506 may later redistribute in the contact area
and dry out forming solid particles resulting from electrolyte residues in the rinsate. While
each rinsate pool 506 added into the contact area during the opening operation 414 may be
small, the opening operating is repeated for each new wafer resulting in substantial build ups

of rinsate and resulting particles in the contact area.

30 [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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10 assembilies. In either case, at some point during the clamshell opening operation 404 the seal
between the sealing lip 212(b) and the front side 306 of the wafer 304 is broken and a gap between
these two elements is created. 100671 The upward movement of the wafer 304 coupled with a change
in shape of the sealing lip 212(b) (from compressed to uncompressed) is believed to create a pumping
like action that, diams,se ringats Kddniecie aandeimeanheoliont side 308 and teasealing lip
212(b) as shown in FIG 5B. In addition to pressure differential on each side of the seal that is
described dBEHRIEHER PSR AnTRSBEIREEEARH) MH!94h), surface tension may draw fluid by, for

example, exposing more of the wafer front side 306 that was previously sealed off. 20100681 As the
rinsate profagatesitirdieghrthé&gapuitethay corae inth¢heweritachadped ahdtwetithettontactxtips 220 as

shown in FI Cl,Th tacts are typically magde of highly hydrophilic .(and mater js, themain
Component A e F e e B e e
with hy@ropthitictiatetidepperF ks @ fesliitstridee, zimsateols rawanbhollighuting ghp bicthepkitaw

surface tension foiges Ad a sialldnsateianolioqoumay fom.atonad caniaciy, THiS fasale.pqol 506

may later re ute In the contact area and dry out forming solid particles resulting from electrolyte
residues in teEeimeaten e dadls Nakage Podhs08saIEFompoRRaiSoMtdle aMtEH ahf PENEIOFening

operation 414.may.be smallithe,oRening ARaiRIndisiereated. foh BRGNS YRIer I esHEing in

substantial build ups of rinsate an resultlng?sgartlcles in the contact area. 30[00691 Returning to FIG.

4, the clam<méIissanplies periberdomeswiret i fetfivs thomafise damandicsridres 16) 2 Sherdfons 404

through416,pay de 1epcatedmultinle dimes.fonnewwalerainths 6oaiact iagion tharelare gy
continuously collect additional rinsate with each new plating cycle. The rinsate collected in the

contacts reGit Y dhy SV i RESEIfh i SreeRsiat o BEdias o R Tt RSSO Ad CASHS

buildups. 10g¢0}AnetbsrRoRigmusabad by Rsatainthy contachaleR(andilkisisaied inihegontext
of FIGS. 6A and 6B) is gradual destruction of the contact tips by depositing metals etched from the
front surfacd HETBA uLarsb s SHAEGAINE ETAMEHINGTInG 1S SRS TSR Spera it iRere some
rinsatc residue: isignaseninpnitheagdiaat arepoibl Gf GRhiliustraiesvafeotaspandingrplstakthe taltage in

the difﬁgentfgorp 0 ~ent%%f the sysete aagrd positions within the clamshell during electroplating
process. The CUrtent'i§ proviad%’dabsﬁ &'¢Bntact 212 and is applied to the front surface 306 around the

wafer edge by the contact tip 220, The 10 voltage within the contact is substantially constant (line 610)
exhibiting ot Hinithalcarapredigsed byhecsrzatiicnsistanedhsigmsacoraien 2atha susdat rSuhie
voltage drops§d 2,06ehIs,Aue {QihR Fantactirsistancs hewaes sheqontagt fipiel2bo) apgtheawafer

edge seed layer on the front side 306. The voltage then gradually increases (becomes more anodic as
shown by lif&% 12 FHEGFIRNHAEFGH THEWOINY e RER! & She trRfdr KsAtdoaLE fo Yé&Etdhce of

the 15front syr@ceid306&dy ASeHIBYAN(b) resulting in metal ions released into the rinsate 506. The
20 ionic current passes though the rinsate residue 506 from the front surface 306 to the contact

tips 220 caused by the voltage gradient 616. The ionic current carries with it the metal 10ons

that are plated as metal particles 620 onto the contacts 212.  The oxidation / deposition

process may become more severe as more rinsate accumulates in the contact area due to the

higher voltage gradient 616 and larger front surface 306 exposed to the rinsate 506.

25 [0072] The particles 620 deposited onto the contact 212 typically have poor adhesion to the
contacts and may be powderous or dendritic depending on the concentration of the electrolyte
and the rate of deposition. For example, high ionic current combined with a dilute 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

30  flow, motions of the clamshell and other processes), loose particles 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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100711 The combination of a voltage gradient 616 in the contact region and the rinsate residue 506,
which contains some ions, creates an internal corrosion cell. The residue 506 completes the
"electrochemical corrosion circuit" where metal (e.g., copper seed from the wafer) is oxidized right
near the seal lip 212(b) resulting in metal ions released into the rinsate 506. The 70 ionic current

passes though the| fesidueo08dromiNe frantsiacemobdo the contactiips d2R caused by the

voltage gradient 616. The ionic current carries with it the metal ions that are plated as metal particles

620 onto thECEYHESCHEr 2 SPramastiskigtatidh TOHR FOSRISTHHIGE cRY Ty BRESR R 1 Bie sdvidee addmore

rinsate accygpiates indhe.ceatachareA U IR theshighenvaliaos.gradient A& anddagelfrent surface
306 exposed to the rinsate 506. 25100721 The particles 620 deposited onto the contact 212 ta/pically

have poor fHFESIh TR EEREaER GHE TR B FoWdR B YR HE B8 SERdMB WA thigrme
concentratianhdherelectipvia andithevaie of depasition: fer axaniplel Righ iosieguargetaambined
with a dilute solution typically results.in less adherent deposits %%,flake of as frge pfrticles. With
various actibn&€ fi'fhe ¢ diitd fa&%‘g .%. F&Sﬁéﬁ@@%%ﬁl%fc&{é%nﬁ tHERANTC8s S FESSIBNCET thé sealing
lip, fluid 30 Hewy,impetionB«hile itlgnsbeltandathesipiotetsda)Habse gariictescesrvigiaiedeast the
seal edge 310 resulting in various edge defects on the wafer. Also, copper igns that are formed during
oxidation 031:11 &réh Ig)t%cr g‘clg%n% nen‘fh%élrr?a %%%rglsr%?? ‘?:ltzz{ﬁesde?f1 red%f/% the Finsate poocﬂ1 af%or‘?ﬁ cuprous
tons, i.e., Cdesératheplhammcuprienibnshé@mEma@t Javercuprous ions can combine (or disproportionate)
to form copper metal particles/powders in the solution and a cupric ion. Such reduction of cuprous ions

to elementajrABPaniS &53RILRI9¢6SR1BL CORQCEHUN QR ARY: SYRstrate(melaticisondyctiveor,
non-conductive) giving rise to poor%formed non-adherent copper deposits. More andﬂgzigger, particles
t

are formed GHEROBIGeRHEEtidN s GRraftioms2idsulticndmihidialset opraing cuprostdnai thinner
front surfaceJaygfsne: & prepilavers:Becalserbigheteuwisis:aie. desiable fer-high throughput

processes while seed layers are becoming thinner in smaller circuit lines, edge defects resulting from
the above dRScHBEH HAB ST 118 2EEBmMEHicHE sdVere 401 GO THARNB IBHOR BT may be
coated with @ndnerbmatieda, soiebhasPamdcnes npeaiept Kawesioband Patiasgon theleuphaitom
210. Generally, Parylene proyides a good ipitial coating that is pinhole fre d has adherent to the
cup bottom PSATEE DRRAAHE sy KEaP bIPQEIART LG LA A D SaiTig AP EORETSOIIE. 7A is
a photograplupbtheRarylaent caaditig otathe clp dbttontd0hthathag prdeligioe hitvweenabout
5,000-6,000 cycles. The iS photograph s he.inner edge of the cup bottom (nearest the wafer).
Some portih T TR A1 BattoR SR e ol Ottt oty ey S lhe R Rbhan by los
adhesion anghis nowhpsrmeablejsuthoasvaaregionit087 Yepimlethercaréas) the soéting isapargially or

completely %?egé‘%q%s‘%ﬁ@yalseiﬁ %“?8%9&%9%{"‘@%%%2‘3% 7%ﬁd°?&19t%é'2§ﬁ'§ ﬁg’gaéh%xi:%g%c%e%maged

coating may o corrosion of the cup bottom a r plating on the exposed met surfaces.

Both cah resuitiacodulpemictesliand dptgeasecktreandknof @y thdefdces chertheiord urthepiesie. is
relatively hydropbilic;and goes ROLRISMERLIR MAHAD Of 2. 1arge Hnerte head neanthe sealing i In

certain embodiments, a coating of cup bottom is adherent, tough, wear resistant, pin hole free, and
highly hydrofpiotsiinsolife eRaififES SR BofA)hyH O)3HBBIE nTEte FiellThdfutih pisRiafRitLinikRie (PAO,

polyvinylidepgfiugridsi{ RV RMA-anshpalyigiafivataitnleng (RTREI PRI srixtresant fners.
100741 In certain embodiments, the cug'rti)ot,tom is coated with a ponamme-imideé}PAT iim. PAT is a

thermoplastR¥eiier AL tobgraeiesHiRiR réBistant, Roharthdifsany duprideaqdindry, BAls

generally hays upenis-bydroghabiciropesties iouathen Pedymenserd he table below compares PAT to
Parylenc for typical electroplating solution showing that P.A.l is

[0074] In certain embodiments, the cup bottom is coated with a polyamide-imide (PAI) film.
PAJ is a thermoplastic polymer that is tough, chemically resistant, and thermally stable.
Additionally, PAls generally have superior hydrophobic properties to other polymers. The
table below compares PAI to Parylene for typical electroplating solution showing that PAT is
30 substantially more hydrophobic (has larger contact angles) with both deionized water and a

virgin make-up solution (VMS).

Table 1
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30substantially more hydrophobic (has larger contact angles) with both deionized water and a virgin
make-up solution (VMS). 'T able 1 Liquid Paryelene Contact AnglePA1 Contact Angle De ionized
Water 62' 88 Virgin Make-up Solution 56" 2720 / L

Liquid Paryelene Contact Angle PAI Contact Angle
Deionized Water 62° 88°
Virgin Make-up Solution 56° 72°

[6075] In specific embodiments, the cup bottom 210 is coated with two layers of Xylan P-92
and then two additional layers of Xylan 1010. In other embodiments, the cup bottom is
coated with two layers of Xylan P-92 and then three additional layers of Xylan 1010. Both of
5  these materials are supplied by Whitford Corporation in Elverson, PA. Xylan P-92 is
primarily a PAI polymer, while Xylan-1010 1s about 70% PAI and about 30% PTFE. PTFE
1s a very hydrophobic polymer in its pure form but have marginal adhesion and ware
resistance. A composite or co-polymeric film containing some PTFE in the outer-layer and
predominantly PAI in the inner layer provides good hydrophobic, adhesion, and wear
10 resistance characteristics. Even, a uniform film coated using Xylan P-92 may have

appropriate hydrophobicity as evidenced in the table below.

[0076] In certain embodiments, a target thickness of the cup coating is between about 20 um
and 35 pm. Deposition may involve dissolving suitable polymers in a solvent, which may be
heated to improve solubility. For example, n-methyl pyrrolidone (NMP) or
15 dimethlyformamide (DMF) can be used for PTFE and PAL Further, perfluorokerosene heated
to at least about 350°C may be used for PTFE. The dissolved polymers can be brushed on,

spun on, or air spayed followed by high temperature curing. Other suitable coating techniques

may also be used to form a film with above mentioned properties.

[0677] The coated cup plate may be inspected for pin holes using a spark test. This test may
20 involve application of 90V voltage across the coating. Additionally, the coating thickness
may be verified for each cup bottom to ensure adequate coverage. Other tests may include: an
appearance test, where the PAI coating is inspected visually and under microscope 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

b
o

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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100751 hi specific embodiments, the cup bottom 210 is coated with two layers of Xylan P-92 and then
two additional layers of Xylan 1010. In other embodiments, the cup bottom is coated with two layers of
Xylan P-92 and then three additional layers of Xylan 1010. Both of these materials: are supplied by
Whitford Corporation in Elverson, PA. Xylan P-92 is primarily a PAT polymer, while Xylan-1010 is
about 70% RAkianthabat AR ETREIERIS Aveinysiaphokic RolyRerdn,its pevedgumLput have

marginal adhesion and ware resistance. A composite or co-polymeric film containing some PTFE in

the outer-la/@rahel FsaBRinERERF PMCRIERE RrfelerayBidpadis gabeydrsprapie, aansion, and

wear 10resigfancashayacierisiing. By ence. Wiferm itmicaaischusipg.XwWanP 93 .may dayssppropriate
hydrophobicity as evidenced. in the table below. 100761 In certain embodiments, a target thickness of

the cup coatfig € BtweiShottsd P BPas i tBpBshith My Ty SRA B BENIFE Suttibte

polymegs inrsedvientivhich may be beated toriyarave salubllityFos examples Nemethhddavglidone
(NIMP) or 15 imjihlyfor_ ami%%(l?NlF can be used for PTFE and PAT, Further, perfiuorokerosene
SUTEEGC sy

heated to af¥=&t"8% PS5 AEG I PR THs TLLS A B hSers Bsh BE HAtsHE on,
spu.n on, oisaipspayedstoliawedby Highiteriperattre e iingiber buitable-coatingdachpigues may

sso be sl 1 fom g i ity poye meptoned propel e (00771 The coated e plae ray be

. area. ' b
inspected for pin holes USingra’spark t68t This t8st May 20 RVSIVE
the coatingnAdeditimgallty, thackaatingthiciness! haydeddridied! fopeaehigupublttonerid @nsotes

adequgie caveragR, QNS Iests gk INCUdS: AnAPSaIRNRedesh Whers (e B coaing 18 Inspected
visually an under micr scope to chetk for various film characteristics, an adhesion te te(e.g., tape
test), a pin holeaestiachasenall electrochemical test cell using coupons with the PAI coating as a

cathode and a copper strip as 25an anode and ramping voltage from OV to 75V and observing the
open circuitjyolteerd 00481 SyitchingsaamarebydraniehicGasingnoningisHRReltehmay.help to
reduce the contact area of the clamshell for two different coatings of the cup bottom for a new lipseal and
a lipseal that has undergone about 60,000 electroplating cycles. The plot indicates that using
15 the PAI coated cup bottom (bars 802 and 806) results in less rinsate wicking into the contact
region than using the Parylene coated cup bottom (bars 804 and 808). The PAI coating is
more effective when used in combinations with both a new lipseal (bar 802 v. bar 804) and an

aged lipseal (bar 806 v. bar 808).

[0080] Comparing different coatings in combination with differently aged lipseals allows
20 eliminating any bias attributable to lipseals. Repeated cycling of the clamshell causes for a
lipseal to deform, relax, wear, and loose any surface finish, such as a hydrophobic coating.
As a result, more rinsate may wick into the contact region over time as the lipseal ages. In
FIG. 8A, the amount of rinsdte that wicked into the contact area with a new lipseal and a

Parylene coating on the cup bottom is set to be 100%. After about 60,000 cycles, the same

[\
|94}

Iipseal (but now aged) allowed additional 75% rinsate to wick into the contact region. When
switching to the PAI coating results and a new lipseal, the initial wicking of only about 10%.
For an aged lipseal, the rinsate wicking drifted towards 90%, which is still better than initial
performance of the brand new lipseal in a combination with the Parylene coated cup bottom.
Further, this experiment demonstrated that no peeling was observed on the PAI coating after
30 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
20




size of the rinsate bead thimed near the sealing lip and the amounts of rinsate transferring into the
contact area during opening as evidenced in FIGS. 73-7E. In certain embodiments, substantially no
rinsate is transferred into the contact area. FIGS. 7B and 7C represent a clamshell assembly where no
coating or a less hydrophobic coating is used on the cup bottom and generally correspond to FIGS. 5A

and SC desgribes afinee \Wogn2 mars hvdraphabicieraling 7 2 eaised.on e up hotamas shown

in FIG. 7D, this coating may repel some rinsate leading to a smaller béad 714 Ruined near the sealing
lip. For exaffsléngion Beaiprizgitend at the interface of the lipseal and the tapered edge illustrated as
716. When the clamshell is opened as shown in FIG. 7E, much less rinsate is available for transferring

into the confagg grea dhsensgh-tbergant/ 1% Incedain siuationsd the risaieheacdmaypextendisto the
gap but not enough to reach the contacts (and heing additign pulled by surface tension forces

S obreatodt U COHECL BRI K& PR T PRt ARG St i SOt i the
contactiareaf B0 PP klGtipais! @il 0d compaE iy aimotniseftthe dectropladisghgotutionditket into the
contact area of the clamshel fqr t ifferent coatings of the cup bottom for g new lipseal and a lipseal
(et has un g0 BHE ABOIPEO B0 CRtEh Ring DCETTIRS BT Al GG as e B
coated. cuptbpitaindpsss BZnandi806) estlisi essrinsampavickingl Mt therentasilfegioncthan using
the Parylen.e g% ted cu 1bo&tom (Sbilfgs §§J4 and 808). The PYAI cotatcjn .iﬁlgnor effective \évhe%gsed in
combinatior§ Wwith Bth© ﬂgweﬁﬁrslea (%arl%?ﬁ Ve Iér%b%n Ahdan ‘?atgetlut ip%@faf?ﬁgfagd%ev.' bar 808),
[0080] Comparipigsdiffere nt < gatih@siinrcambinfatiosonkithed iffarehtiyrajed dipscalsalldiysi@0 eliminating
any bias attributable to lipseals. Re ted cyclin the clamshell causes for a hpseal.to deform,
o e, SR e g St e Y O R S R IR
may wick intortketegimtacti regicieoteraime asitbalipeairagekatn RiGheAnthéharndunowf rindate that

wicked into the,contact area yith Anewslinsealanda.Landene Gealing;an the cupROttom,is et to be
100%. After abou%’ 60,000 cycles, the same lipseal (but'now aged) allowed additional 75% rinsate to
wick into thesieoktaetirsgiony When s w10 oerpixel Ruvating pestins afdch prevripsedle shehitial
wicking of ogly, ahowt1 0%, Fosan aged,inseal. dedinzate wicking driftes, lowards 8% whigh is stil
better than initial performance of the brand new lipseal in a'combination with the Paryiene coated cup
bottoml.qzurth@%ttﬁ@@%}féWﬁ@WFa%%honstrated that no peeling was observed on the PAT coating after

[6082] FIG. 8B is a plot comparing numbers of wafer defects as a function of the number of
electroplating cycles performed in two clamshell apparatuses with different cup bottom
coatings. Line 810 corresponds to the Parylene coating of the cup bottom, while line 812
represents the PAI coating. Wafers processed using the Parylene coated cup bottom started
20 showing a substantial increase in the defect rate after about 1000 cycles. Without being
restricted to any particular theory, it is believed that the Parylene coated cup bottom allowed
more rinsate to wick into the contact region because of Parylene’s lower hydrophobicity
resulting in defect excursion after much fewer cycles than the PAI coated cup bottom. Also,

the Parylene coating might have lost its integrity to some extent during this cycling leading to

]
W

more rinsate wicking into the contact region and causing the defects. Regardless of the cause,
the PAI coating showed substantial improvements in performance. Many more wafers can be
processed in the clamshell where the cup bottom is Parylene coated before contacts need to be

cleaned or otherwise refurbished.

[0083] FIGS. 8C-D are illustrative representations of two wafer overlays that show defect
30  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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30 about 60,000 cycles, which considerable improvement over results with the Parylene coating

shown in FIG. 7A. Overall, switching to the PA1 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 typical clamshell can be

performed af lease PUFEJGST BEANRIINY Ruawishingdo theRA pgﬁgm eRut0e GHP,BRIAM £100811 In

another experiment, the PAI coating was tested ibr leaching and adsorption in the electrolyte

environmenf Tt e SE3aFapIesHie AelgissH OB TIPS G P IW 3Ty FEaRWE PRyE rE B e P9XEGHting and
one layer of the; Xylan]01Qceating. Jibgisecand sample ipaludeshaplyiwalayars:of theylanr,P92

coating. Both samples were soaked for 16 days at 20C in a typical copf erplatin solution containing
40 g/L coppetifshseodh by ekt SiHitac Seidant S0 CATETE . i’nﬂéf’d%i’ﬁéilﬁ?ﬁ ereiatin)
sample oateglwith Racylens wamuseswAftsamplesovarenweigheshheleresandwatter spakiRgsity
Additionally, all soaking liquids were 10 analyzed using a Cunent-Voltage (cyclic voltammetry) analysis
for changes‘f’rﬂ‘?%%gg&ﬁfze and for detection of any electro-active materials that may have leached into
the solutions. After soaking, the PAT coating did not demonstrate any detectable leaching or
adsorption. THig4dik Ansiaificantlinvprdvernént Iidcopedison bekerthgi fdeylenécoaithginvhictage
experienced.a.slight weight gai I r identifie IG.VO t een at
very L5 e OB B T o marer ects as

a function ofitére measbesddfekectrbplREfycyEibe peropimettin ao-clahssketl lsparatusésswith different
cup boftom coatings. Ling 8 10,.corespoadste the Rarylensseating:oiihe currhotiomwhilg.line 812

represents the PAT coating. Wafers processed using the Parylene coated ﬁ@@ bottom started 20

showing a seBstheinifeaYese 4 Brerdetedtinstecaittr abdbtol buoteydiey. Withotdwsirresibeed to
any particulgptheenndtis pelieves thattbgBarlenercaatesheurbatiomaaliewad moie sinsate te wick

into the contact region because of Parylene's lower hydrophobicity resulting in defect excursion after
much fewer £CREHARThE PR FESHREBRER BBHEM. Also, the Paryiene coating might have lost its
integrity to some extent during this cycling leading to more rinsate wicking into the contact region and
causing the piggitsF Redgdidleaspidithercpusey iiedeAdeoocaiingehdiffectsulbgtartial i phoveaients in
performance. Man re wafers can.be processed in the clainshell where the.cup bottom s Parylene
Coated efor S e o B O SR i e
representationseoieiwo Thafdefovedaystthatishow defectB80distribatiefsiotisthddront sidesakthgewafers
etectroplated, i {1 clagarhell pRatatseanaung (e cuahetioms copted it gdya difsieot

materials. images of six wa were used construct each overlay image. FIG. 8C represents defect
distribution drthee wafer srenessesisddoywifth fhet PIToehated enisetmrcwitil eI, Bendinthe)

Parylene cogfgd Gup baitera, a0k dat (€:9- <827ERIESEN IS BARIECHOM OB’ OLiRe Sswalgrdvhich

images were used to create overlay. The two figures clearly show that the PAT coating corresponds to

much féver HBXECH tar it P aifasier chatigmpurirdic ihe Hstec@nairaspomdihg WiFeP4rone

coating tenddQ cRnsentatearexadihenwalet edoe @30y skehas Rueemeraies 8d6rwherechim density
is also higher.
g and the outer diameter of 150 mm. Defects corresponding to wafers processed with the PAI
coated cup bottom are shown as white bars, while defects corresponding to wafers processed

with the Parylene coated cup bottom are shown as black bars. Similar to overlays in FIGS.

o
|94

8C and 8D, this plot illustrates that wafers processed with the Parylene coated cup bottom has
more defects in each segment and particularly high increase around the edge (i.e., edge
defects) as indicated by bar 830 corresponding to the segment defined by the distance from

the center of between 140 and150 mm.

[0086] Described earlier in the context of FIGS. 5A-5C, during opening of the clamshell
30  some rinsate migrates through the gap between 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

22




[0084] Another test showed that the PAT coated cup bottom yielded wafers with an average defect
count of only 9.5 counts per wafer during 2,000 non-stop wafer cycles. The defects were measured by
an AIT Defect analyzer supplied by a KLA-Tencor, Inc. in San Jose, CA, 10 which is capable of
measuring defects that at least about 0.9 nin in size.. The Parylene coated CU p bottom showed an

average defegtcoyniRidA. brfaxtheditslaloR axelas duringithe sinllanon stoRdeshiune Hhareafter,
the defect count went up dramatically to an average of 23'7 defects per wafer for subsequent cycles.

10085) FIGYBETRS A"idh Eenpasiy der QCHERs HES TS QiferE S EhaRits Bt alfers P5act
electroplateghin:ihe sdamshelhapparatuserousing tbaiaupipattons coatetiwitithe dmadifferant
materials. The defect density, which is also referred to as defect djstribution, is an average number of
defects per SHUAFHCAPEHTR ShMESapthEnt: A{‘gecé)t’?\%ﬁtt ?§’38efi2§(§5 gs %g}’?ﬁg%?ﬁg\e/iﬁg‘%ﬁ‘haélr“
(representegkiydhgaticstsnimbe )i achauipn(sepiespateaday dnesedenchanimbepediasnetets ttkor
example, the first segment <0-20> specified .on the plot corresponds to the 20 inner circle with the
diameter of 256" ﬁn%l}%vﬁﬂtsel YREhR&t §ééeﬁ1eé1§g é{%&f.@f gmcc%?essep%ﬁ § £S5 the” Sﬁ%%ﬁrr%ds% ?iﬁan 3%)und the
edge of Soaémm}mfefs)ﬂl\ﬁih%aﬁmﬁmﬁhﬁammErﬁn‘rﬂm pamhian tipt frey dmncﬁdbﬂeﬁ}mndm%mm_.
Defects corfespanding.(o-afess Pracesaed i, e PAT sated.eup hogom,arg shgun as yite bars,
while defects corresponding to wafers processeé with the arylene coated cup bottom are shown as
black bars. Sisflandd ovedaisin Dﬂd&@@andg@@,f Ehiis\m&riﬂQétréléﬂh@WﬁéthQ&@s@éddNith the
Paryiee C%&%Qg&}épé@m% has mare delertsingach seamentandbparticularly Dighiineregse around

the edge (i.e., edge defects) as indicated by bar 830 corresponding to the segment defined by the

distance fromotisssessificrlbf beitasarrat AAcnEsd v 100862 D ek crite Beedaticttls thkeantekt of
FIGS. 5A-5G; dhring.opening i heclamshel.30memaringale;migaiesBeavol the aapbetyeen the

sealing lip and the wafer and can touch the contacts resulting in additional surface tension forces that

pull more rif8&tE i IhevEBIsEaRt BreWaFh i taeR R it tatlt Bifsudh e ghp B8pends

on the beadc»sa{uw%@ﬂd3@9&@}5&9&@%%@@&&6@ suresndiRgomatedalsds additionite erdngead of
reducing the bead volume and/or changing the cup bottom coating to. more hydrophobic materials, the

contacttips PREVEER H R P AN AT Fron e SRR P bPASHHRASiEFWRiNgG BritHe Tohtacts
and further spreadingteé thedinsaluie the comactaiaa: (S 98-Bprovidedsehaematit contact

representations of two dijfferent clamshel] apparatuses during th ening operation with the contact
e postioncu AFHEVEH: BUBNEA T e BEANRGATSE SHRCn ARy e CEACL e SHEMn FIG.
9B are furthefsavey Hfiromidtstseabngdip by distaneaeiBD4ltpamnithe: contatictips Slevaws snckl6.:Heeln both
illustrations the outeimost edge 901 of the lipseal.212.is pgsitigne jstance Di from t ge of
the wafer 302 .18??&%Pés%‘h%%%%ﬁ%%?&é%ét%‘% S EB eel}g%%;‘% qu“hus%;llgﬁeéacrge%da})%ﬁgnﬁgﬁ P (?regdgeg/ices.
D1 majthe betwees abcutikihand3.@-oninthmonecspesificghyobetwebn dbeat 20 andi2h0mmbe
Generally, itymay.be desiraple fo. keep this distance,as sbartas aossible withaulsagilicing,ne.
electrical contact between the contact tips and the front surfa.ce of the wafer and contamination of
contacts in theoagbaréthRiG cokminstcotralf point Jo2vichosiiast 2 distehoet DRdhordhecoitermost

edge 901, which, may,he Peiween ahout B.damm and O.8mmd bisdistansemay: Rokhesuificient (as

shown in FIG 9A) to prevent the Trinsate residue 502 from traveling through the gap 504 and wetting
the contact 208%sulting in a droplet formed around the contact 506. It should be noted that the
minimal distance at which the contacts may remain dry depends on a. number of factors, such as a
size ofyemajpiygrinEate beadkanthsnatertals ofthrpsedtaty. HeftG d8BiheceontacthpoinifBn?2

electroplated in the clamshell with contact tips positioned at different distances with respect to
the lipseals. In one clamshell, the contact tips were positioned at 0.6 mm from the lipseal
edge (distance D2 as in FIGS. 9A-B). The overlay shown in FIG. 10A corresponds to the
wafers processed in this clamshell. In another clamshell, the contact tips were positioned at
30 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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70 is posited at a distance D3 from the outermost edge 901 of the lipseal 212, which may be between
about 0.8 mm and 1.6 mm. in this example, the contact 208 is sufficiently far enough from the
outermost edge 901 and the wicked rinsate 504 does not reach and wet the contacts during opening of
the clamshell. As a result, no droplets around the contacts 208 are formed. 100871 FIGS. 10A-B
ilustrate twg,gyedaysqingicating.defaet distibutions qoithe waters slegiopigieddn thg.clamehell with
contact tips positioned at different distances with respect to the lipseals. In one clams%ell, the contact
tips were p&gitioifal ardvenamthoatiee catssersedy® tHistaPt@ D2 stFIG Bligaspp Tieasverlay
shown in Flgzs;108icaresnonda.te thewaisrainrosessedria thisslamshg!l W-anether flamshell, the
contact tips were positioned at 30 1.4 mm from the lipseal edge. The overlay shown in FIG. 10B
correspondBASI¢HE #p4fars Hkdbcessed in this second clamshell. It should be noted that the wafer
position relative to the iipseal edge (distance Di in FIGS. 9A-B) was the same (1,75 Tim) for both
clamshglls. (D88 plkvaafess Precassed i tha clamshelt with theccaniacisepasitioned tlosentathe lipseal
show signifi zimtl motrefedl%etgefec S ang h%i er delf(e(:(ty oncentrati nnear ted%els. T}peastaﬁl tical
analysis of e defed é)atlég(%rlersneé\é well as ce%rrﬁ%guiflec?r%lrr] Rﬁﬁ:?osc%ﬁgnir%cageessslnglcrg 24 triat the
defects correspdadingrts, tvd dal Gand © Broverleppsheseuptimachysstidfaca paitjcles amnetnotdpitsf40088]
Even though some ri e may,propagate into the.con area, and touch the contacts, this.amount of
rinsate mayeﬁéé%gga%%%% f/%la t|Qng it3 ége srhgr1 ag%% 8t eelé%o%(l:;[%ectcs() é%%[ ﬁﬁﬁoyp%ﬁl}jcé..l 2 %%ﬁgtre\(}ggrl s, when
some rinsate rediohbshanpolvochesatiesconthetspthdcasdociatby surf20& BrerGsfiepéls thetinsate. In

certain @mbadi syl Ragially Wi s [ ting, such
o pol ot T R AE B pasal
Polyimide-afifidé (A XPsisilyaia IR o rids P VIDR), the diebiiatharesqlision lddd Befeetish of
rinsate from:the,comtact &gl aprelafaBoREQVER, COMRARTINS schamalic [erRrgseRiationsaffwo

clamshell apparatus desi?é:g[, wherein the design shown in FIG. 12B has a hydrophobic coating on the
electrical comasitbipreviht BatadsidemieRing Gt WIdbeBlSrTinY seNitth infeHeLerast Yea after

breaking theys@ahFd&hd 28R gansralbreiesrondsiaiGroCateseringd arve-and-presented as a

reference. The design illustrated in this figure does not include a hydrophobic coating on the contacts
and, ab'a reBUIET FOPSRTERY Mgl oLt OF O BORCHUSD T (He ST, IEISSI2E, the
entire surfageuefthel Gantiact out-theceontacitipude thatisphesideshiaestablish esaotachwiththe front
side of the wafer is shown CLIaj[ed with a Egld.rogphoﬁ'ﬂ%npo%mer 1202. Examples of 2 meg;) Odf of
forming such &' CoR et SHFhctiTe ARG, ot TS 18, Firdt e sAistE e toating $he Cortdct
element (e.gntacantact fifiger);danexampie,doytaip thoatinghin & melted pobgmigision MmN the
contacts with a polymer djssolved in a solvent and allowing the solvent.to dry, The coating, is then
selectively rglr% (]?\?é% Sflr%en*(l) ﬁ%ec%%%eéc Sn% Area %%%gbvtgle ec%f\{/rg pp %é?c%‘flgglr%{s%ro]a Or(:s%‘i%%lﬁ\l/%s é)gposure
of the 2 to axslvéntf|fouenaiswinbodimentstthetzrennbidi usttatedo thiengetire cintactmayttie coated
with & condygliye PalvGH £oaling. 10980 1 \Whendhe.seal inPLokenduing hs

pening.operation, the
rinsate may be drawn into the contact area usually du surface forces create bff theahygrophilic
front side ofibmefer PorepREniptecahadronRtiSide rypiceilydmassedoppessbedtiayerafavisavétted by

the

solvent to dry. The coating 1s then selectively removed from the contact tip area 302 by
selective physical abrasion or selective exposure of the tip to a solvent.  In certain
25  embodiments that are not illustrated, the entire contact may be coated with a conductive

polymer coating.

[0089] When the seal is broken during the opening operation, the rinsate may be drawn into
the contact area usually due to surface forces created by the hydrophilic front side of the
wafer. For example, the front side typically has a copper seed layer that is wetted by the
30  rinsate causing it to spread over the front surface. As shown in the context of FIGS. 5B and
5C, the ninsate 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 may

remain in contact with the front surface after the seal is broken). If the contact tips are
24




30 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 may remain in contact with the
front surface after the seal is broken). If the contact tips are 24 separated from the front surface before
the seal is Realen.arahieast bl shileisitamounh of dsate ArapRaasd nie eLqniagh area. then
wetting of the tips may be avoided or minimized. FIGS. LA-B provide schematic representations of a.
clamshell appatatifs deapgasisdvinkh e cortactips drenrerdbinad Ffotetiiesrony side siitiseaduring
the opening,qfthe, apPaigiys; TReS.Aoues s PaicHiRIRXAIPIe oA MEadWhersin the

contact tips position relative to the wafer front surface are dynamically movable during the opening and
closing of tHB BlaikisHEI caEctIng Migsiphtescth& GrathsHemapiisratabcs auelesderstataingilelmG. 118

illustrates thesape clamshell Appatatiis Intheanens@aigiinthe preR staietle alecticaleentacts are

removed away from the front surface of the wafer before or at some 10 point during breaking the seal

between thé TPLeRr R h & bR GiFaEeN nS R S I ERAY P ATE R o dng AP SHRsIiE #dntact

points 302 afesfescesipwardsdy thesactioninhidhecome 38isthe Hexareul 194 indhe santaghz08 and a
fulcrum 11%§f hhf‘?iiﬁfeal 212, The force exerted on the contact 208 by the cone 308 causes he to
[cru

deflection. The f WSS S8 SRS ot AR e P WRTC AP RS te d tHEBRTHWHE M6tion of

the cone at thetfiexttertacpoint tdhdvintathe ipwateniotionetibe ConBekipsH2RR. \Whanthe:
clamsrftgll opens as itis I§ho n in FIG. 11B, the con 08 |?2refra%ted§remow$?% its pressure on the

, e
contact 208" The COMECT 508 18I dke SEh P HE EShtALt PBIF2I8 MBvel AP IS thes AR s (tace.

306. The contact tip 22hnaysmbvaibeaibldowraway frontsthe2vwadeh sufaper 306 tasishamiobyl
o oo B SHEAAPALLIGS SR AN URXTTOM o SHRIMAN PO lr JPooal 22 s

20 shown by distan In some embodiments, the contact tip may only move in
one of thesduiectiots! Rethovingahe ¢dhtattdips2 20 $romstieir torigifiedtpositiGhenfidyretiminéie

wetting of thetUng 1ihyioe fnsata and minimizedargininaialinsale ascumnlatgne g e sonract
area. 100901 FIG. 13'illustrates a schematic representation of the clamshell apparatus 1 n
accordancennitt tEvtainteihbadivrehinThenap phraesastoTay). hien theotbn o7 foprotating ithe

clamshell (elgmgnts PRZ. 204, #4Q0ad 3081¢ 308308206 QENE" ARd,A SHafl190 withan arcylinder

for lifting a cone 308 inside the apparatus. The motor 107 and the shaft 106 are further described in

the context 89T, L0SOBBRSEGHS dfStHEABIAR TS ZAh s anE)ifeer MayBecartestet! by Baystem
controller 13924 68rtaineMRiNEHts davwysiem contraller 301302 4s sippiyedWa sonkelpLocess

conditions during copper deposition, insertion and removal of wafers, etc. The controller 1302 may

include one of M MeMbRI BV IRESEFTICha ISR BroclsSBS it e P BredBriplter falog

and/orxigitahinpubeuipienreetions, Stepperimetaicontalierheards, Bigacl 09922 dneertan
embodiments, the controlfler 1302 controls all of the activities of the depositign apparatus. The system
controller 138" &xB e S sPSEN LRI s Or‘éni‘ﬁc%ﬁ% WG EEBY fretrlieRolhS ot LRI IIRRG Wining,
rotational speeysiiiftingrspesdsgant htheipprodéssiparamete mdOtliemtamputalipiogramsang
instruction stored ‘%n memory (ilf%v?iﬁ%%%ssociated with the controller may be employed in some

y

embodimenflsc,C i gtﬁnﬁ'ilrblcg iere will be a user interface associated with controller 1301 The user

interface maAy include a display screen, graphical software displays of the apparatus and/or process

conditions, AMPALEIGhplit dBYEEES LS PEistIFRPEeHEE koY b arasmehath apneens, hi¢dopphones,

etC. 25  accordance with certain embodiment. The apparatus 1300 may have a motor 107 for rotating
the clamshell (elements 202, 204, 210, 212, 214, 306, 308 and other) and a shaft 106 with an

air cylinder for lifting a cone 308 inside the apparatus. The motor 107 and the shaft 106 are

further described in the context of FIG. 1. Operations of the motor 107 and the air cylinder

may be controlled by a system controller 1302. In certain embodiments, a system controller

30 1302 is employed to control process conditions during copper deposition, insertion and
removal of wafers, etc. The controller 1302 may include one or more memory devices and

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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10100931 The computer program code for controlling electroplating processes can be written in any
conventional computer readable programming language: for example, assembly language, C, C++,
Pascal, FORTRAN, or others. Compiled object code or script is executed by the processor to perform
the tasks identified in the program. Signals for monitoring the process may be provided by analog

and/or digitghdoppiconngations,sithesysiem cantller13he signals for contiplling;thepraeeass are
output on the analog and digital output connections of the deposition apparatus. 100941 The system

software m&§Ios e ipRIEBIScortigtieen ARy difd PerfrGrlies REtakamprl, spatios Wepuiatus
component SbERUHRESRECOR ALahials MAYHRE WHtE Rl st ol AREr atiea Oh e AP MSs

components necessary to carry out the inventive 20 electroplating processes. Examples of programs
or sections BIARSGFEMS I THSTRORSS SEGHEATR SRTRTSHAD SHATIRT: SpeBar e SIHSFR a0 %ty speed

control godeyianghOtaicReeslMmeRmpIRAdIMRA: titeanitalier 1302 includes instructions for
electroplating conductive lines in a. partially fabricated integrated circuit. 100951 It has been

determined[@@z:ﬂ clamshell opening speed (i.e,, the speed at which the 75 cone js moved away from
the cup bot e S S e e e A R e e s 48 eater
from the cuplcofreclamsiallvasse ishyhas e effevhonl rivsaterovibking/intd the cortattsared/and edge

defects. Withaut heipguiimtted,hy ay Rarticiaty madel or tagny, I is-beligysd nal Hloyer.apening

speeds cause less suction in the contact area resulting in reduced wicked amounts. However, further
reducing thégpeninga08iseeds 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

volumeowvickedomta theceomiact preaas sotunlivvatdisopening speedsdusdifferept spinring
durations. In both tests, a fixed spin rotation speed of 600 rpm was, used foE either t]\ﬁo feconds (line
1402) or fou PSSR THBAYFAE CHTAR G HRRLT HHEAF e S AR ebora kPRI
d.eionized waterfroruscdar Spray ANz zie ddcatedhetmpilancbiecthe sider theiprate eandBowinghat a rate

of 1.5 liters per minute i(é:lt?tal delivered volume .of about 50 ml)Si-Ig;x?glsv?St m?#l%r)'lr%of the rinsatc is

spun off the Wafer %rntc? Giret et et(t)agfssléiggrlé €(’adclgn ainment areasto avoid d mg%hﬂelep‘i)éﬂ%egssbath

located belowatheanaferdSomme fuith gemdins g thenpafercsndacaand icthgsedgeaegitiarof The

clamshall negrle ipses) asihines Sxplanedn s conRSLFIC SRS ALoRgLaRINRe tme
the deposition apparatus.

[0094] The system software may be designed or configured in many different ways. For
example, various apparatus component subroutines or control objects may be written to
control operation of the apparatus components necessary to carry out the inventive
20 electroplating processes. Examples of programs or sections of programs for this purpose
include wafer code, spinning speed control code, lifting speed control code, and other codes.
In one embodiment, the controller 1302 includes instructions for electroplating conductive

lines in a partially fabricated integrated circuit.

[0095] It has been determined that the clamshell opening speed (i.e., the speed at which the
25  cone is moved away from the cup bottom, the action of which is one step in a sequence
required for the extraction of the wafer from the cup/cone clamshell assembly) has an effect
on rinsate wicking into the contact area and edge defects. Without being limited by any
particularly model or theory, it is believed that slower opening speeds cause less suction in the
contact area resulting in reduced wicked amounts. However, further reducing the opening
30 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 1s a plot of the normalized rinsate
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10 wicked from the front side and lipseal interface into the contact area The four seconds spinning
(line 1404), which potentially has a somewhat smaller amount volume available for wicking at the
peripheral edge at the lipscal, appears to desensitize wicking to opening speed and also minimizes
impact from hardware variability. However, longer spinning time reduces product throughput and,
therefore, a shorler sRilime Wit an.apiMized QpesRest Mavbeha Rt f%g%%qs 08 Rigtdndicates
that the optimal opening speed is between about 3 and 4 seconds. It should be noted that all opening
speeds are SPBBIfled¥EFRRaVEl BIEEBHE 2 I5 s AT RaeinesRS Xnwhives, iseceieaipither
embodiments,cgsRATdS ta@) vasalitayvekdistianasof the.consdiwring Qravingotihe clamshell.

Therefore, an opening speed expressed as 1.7 seconds correspond to an actual speed of 3.3

centimeters 6P SEESH NIhifts R BeNE pted 50 sRpre 888dalosard debn srbiredisoidis thp actual

speed of 1.6:cetimeRss Per5ecandsang 5R:RMF oSN MG DY SeWIAG, HERPENIBE 902D
seconds to 3 seconds, the amount of rinsate wicked into the contact area may be reduced by about

20%. While SISt B A opeiiioh AL HEG SV ARPATHIaE thioBgA e B s
believed to heless severdithan foe erampledncieasiabHiesspianingedusationiiacbiemasthe same
effect, 251009%]316 14E is. a %om arative plot of the ?f%raliz d wicking rinsate volume for different
process condriohe ARG AAHRrRT FESiErRoT R G RERASSHhEE BT U5 A SsCARE PRo RS

adjustmentscoateanutifiizesaicking. Foi@xamplanby slowiiigdhe®@peadngsprbeassoiomkhé seconds to

4 seconds and by.increasing.spin drying.from 2 secopds to 3 seconds, wicking.may.be reduced by
about 30% (‘é%cr%%ia%r?én b%resgqﬁ 685(%3&0%3? 21u nsttearmat?gl 1%%%\%?%}1 435 %\'/er?lgbfé)él?vséeﬁ n)ﬁ? %oupling
the new prosessipgramefer®{siolner ppenindaheslongercdhanghaith thecupybbttormcoatad fvith PA!
(bar 1410). The wicked rinsate amount degreased, by an additional 50%. Even more effective was
replacing conver% ﬁa go%tagtsr\fa\llllt% %ew coentlig%g bxs?t?grr?e% urt nes}tla%\(/av%} for tt%gps%lgﬁgg?e 414
[0097] FIGSankbasB nihnstraes waeetdver dysdstrooving abefiect ldistdbertidmzonsthenmgfenscalabireplated

using differeptaiReass caniane. (veriay S bl S SIRPRCS iR epagass,ulinihe gpening

duration of about 2.5 seconds and drying duration of about 2 seconds at 600 RPM. Overlays in FIG. 1

5B cortéspopigéctirthd i déeisadistictidas Pening aurarionns @selitsherseen ableuaAdihvinecaudation of
about 4 seconds,ai6RAREMnAhe seaand setef mesgyaﬂ@af%&@%% Sthstaptally fewer deteats,

which indicate that wafer quality can be improved with these new process parameters. These results

correspond fGTHESHRE s oA APFTes A BB ErER 6 G PADE) . rorosY #rE, s 5t Hstsirpardbive plot
of the nomiadizedanicking sinsater velume faridifferertdo, prossss:ogslitions andclamshell designs.

The first bar 1602 corresponds to g test performed with the PAT coated cup bottom where the

clamshell w&SSERRTOr o sBESAUSHE oY openfif PRI S RfbitRER8 of HpraveRENEs AR the

best result wiilpihgedieked amouat abealydds ah theweorpaldsampleddharnkéd8hahae theRarndene
coated cup bottom was spun for only two seconds. Further, comparing results for the PAT coated cup
W TS ERD G A P e PEIIEhe Caatetr Bl tf

bottom spun’tr w8 15 Eeesnds B 1081t el 2oatSe R ButBRPEPURfor four
seconds, it becomesiekident thattihercoatingaohtie ioupddotiairbhasam Stitie elhadisenisg algreater

effect than spinning time. Overall, the graph indicates that the PAI coated cu ttom, in combination
Wit the four B B O B e T S R P el Roratves.
20[0099] FIGevTAtizua foomparpitveqiosio: e sronmalizedafiiokingdirsatthystumeffoctdifferent

25 [0096] FIG. 14B is a comparative plot of the normalized wicking rinsate volume for different
process conditions and clamshell designs. The plot indicates that both apparatus and process
adjustments can minimize wicking. For example, by slowing the opening process from
1.7 seconds to 4 seconds and by increasing spin drying from 2 seconds to 3 seconds, wicking
may be reduced by about 30% (comparing bars 1406 and 1408). Substantial improvements

30 were observed by coupling the new process parameters (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 replacing conventional contacts with new contacts

positioned further away from the seal (bar 1412).
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process conditions and clamshell designs. In all tests, the same design of the lipseal was used in
which the edge of Inc sealing lip is configured to be at about 1.75 mm from the wafer edge (i.e.,
distance Dl is 1.75 mm as shown in FIGS. 9A-B), i.e., "a 1.75 mm These lipseals were matched with
two different contact types. One type, 1.75 min contacts (bars 1702, 1704, and 1706), was designed to
be used witiyfvgdasign of a ipgralmth 1:45 SR SRaGHAY &S dReKibadahaNs)k Whasrombination with

this lipseal, the tips of the 1.75 mm contacts were separated from the edge of the sealing lip (distance
D2 in FIGS Syatspleansinodiizant Anereis: (peditontattdarson M chtacts esiadt 70gknd
1710), was gegigaedite be usedinithadipsedthabhas & sealing lRsRRRd AbidoA0mindiam the

edge of the wafer. 30 As a result, a 1,00 mm contact has its contact tips positioned closer to the edge

of the wafersffaA% £ 79MRT MontRLEr Rl & o0 Tnf USHBYE B WIeFESL Winthy WBFRRShe tips

of the 1500 mirugeRtaCiHWErS Sepasate ko e ellgaiohtbe seating lidRR distancrivFIGSE: 9A-B)
by about 1,4 mm, which is about 1.0 mm further away than in a 1.75 contact /.1,75 mm lipseal
combinatio, 0RO e RO San e ar EAG5Y FUf SRS 5 oot artaRial M SiaNicHel with
a 1.75 mm cpatagtdmihighptoedryiity thesatien wasaseenndsand Theso penlngedtitationiwasb 1.7

seconds. Incre %I(I;l thelg[%eql meig(c)?.r?nng%s while keeping all other parameters the same

resulted in a 259 decrease of Wic ar 1704). Another slight decrease (oar 1706) was a

result of increasing drying time. When a 1.00 mm contact was used in a combination with a 3.5

seconds dryitiP&h&l§edredse wapuwer 80t (Dt 7osnaistleverkintrEwsing duratisn tiswey

secongg allowed desieasing ihe wickedivalumeseven furthes: 1609 wsrall,a.a0mbinalion of e slower
opening speed, a lon gédrygér%%duratlon, and a contact with tips further away from the sealing lip
s

allowed achi&¥hdh esP\RRiie o satimdtereh dli chrasBraife Rt CSREABEUISSISH seem

to more domypat thamptherssiceitain SYRsreiRm WRiRIRRSEIVES RGeRRINING YRNPUERAIRMEters,
such as increasing df?/ing time in a combination with a 1-mm contact (e.g., comparing bars 1704 and

176 to bars 2788 RAd L7185 PBF DETHRE EDeL. 19 BS i etsrisak ARSI 60 BEHHE M BPH I R Wikking

rinsate volumg fanditierendayingeikationsmne v heitoriconingsathesotehsapiplesthanl712)
corresggnds to tegts erf%r edina ?Ia srgﬁsl?l [%Iith a Pag/le e coated cup bot omfan‘d em goying az2
second dryif§ IR REnk e Bty HuliBIf to B SRR e SRS I B BUE 2854 045 S Fite4te icked

into the conf@&ﬁo&[&gefjlgmewﬁr,ﬂsmnﬁnimgdﬁtmwmmmwmmﬁmmﬂ&aml@ﬁ, segeadrdiffieg time
defocts 25 2 FACHBIN F & Hnber of Silce ted ABHCIA It Serintbracs s ChSaRs ShA Hmanel
designs. Lineot80Ratorresohdsdo actors mmmoontactdesigiirhas 1izSeasmwedprandlipseatasg
ex_pla@ned a‘%@é%%d(%ﬁen%%e%:75 nut and D2 = 0.4mm in the context of FIGS. 9A-B) and 2 second
spinning
20 [0099] FIG. 17A is a comparative plot of the normalized wicking rinsate volume for different
process conditions and clamshell designs. In all tests, the same design of the lipseal was used
in which the edge of the sealing lip is configured to be at about 1.75 mm from the wafer edge
(i.e., distance D1 is 1.75 mm as shown in FIGS. 9A-B), 1.e., “a 1.75 mm lipseal”. These
lipseals were matched with two different contact types. One type, 1.75 mm contacts (bars
25 1702, 1704, and 1706), was designed to be used with this design of a lipseal (with 1.75 mm
spacing as described above). In a combination with this lipseal, the tips of the 1.75 mm
contacts were separated from the edge of the sealing lip (distance D2 in FIGS. 9A-B) by about
0.4 mm. Another type of contacts, 1.00 mm contacts (bars 1708 and 1710), was designed to
be used with a lipseal that has a sealing lip spaced only 1.00 mm from the edge of the wafer.
30 As aresult, a 1.00 mm contact has its contact tips positioned closer 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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75 and 1.7 second opening. Line 1804 corresponds to a 1.00 mm contact design in a 1.75 mm cup
and lipscal (i.e., DI= 1.75 mm and D2 = 1.4 mm), 4 second spinning, and 3.5 second opening. The
later clamshell design 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 cygles 30IPOKA3L Atomatici comact eiahinaAGENR Aptesess whesehy periadically and
in a triggered and controlled fashion, the clamshell cup bottom configured in a cup/cone open
configuratiohﬂ?ﬁlrﬁﬂ@@é&lﬁﬁo the plating bath of the tool. In this way the contacts are exposed to the
electrolyte and any plated metal is "etched' away. After the etching, the clamshell, still in the open

configuratiofoisosprayecvith rinsaie: while Ispinning sepmmonettis plecsialyteiforithessap vattam and
the rest of t%eg?ssembl . This a I%mgg% r.oce(?ure. IS foun% to be effective in maintaining and restoring
the cup bottorT édge’tt ?8?11?0"%#‘ SRR I BT BRSO e ProEKSRERES B8R @SN add
undesiréd watesdatide. platirgsbathhsoritidngsemd thes AGEcapBratior kegdde e ckedpapatiagty.
[00104] Ling, 1806 and 1.808 coyrespond to coptinuous electroplati cling without.vs. without
intermediatghgustac)nrlﬁgﬁ%u]([:fgntlgcat e%é??ﬁ}eﬁrfﬂ%?lg)?%? a I&J{E)(%} Saée%glé?a?ﬁ 't ﬁ\g&\%g %]éggcg%aaslce:ed only
imm from thésedlig Wredges(Blodistance) guhijenthedistanide doetwe@hrthne contackhpsiaridihe
Seaing b cqamibR danee Jaa R B W subdesion. et o) oA e edoe
of the wafer 0 move the contacts out a des reé’value away from the -Unse Iafe.g., reater than about
1..3 mm as in%%@n&ﬁa@i@ndﬁmﬁt@@ W@éﬁ}d&ﬂ%ﬂ]@@?@ﬂgﬁhﬁps'@éb@le@umeobmﬁ@)hm this
case, iie waigts shawe sistanuaLinEiease e defeet counlafeR00MAIRT WIED
intermediate ACE was not employed (line 1806). However, wheh an ACE was introduced after every -
200th cycle Wistdithafitheoewpafeepldhngeaysiedwalio pedraeednsithshestbetakitiaMihdeemsecin
particle count{ine:1808) T heretarecontagteiching eriames dhinanauiRmatic.andigpetitivg fashion

can reduce defects even in cases where there is insufficient room for contact tips to move or stay
away from tRERHEEAI SRRSO TSR B4 N S IBORRFABAIE Sasiie® 18 ceas dnitned Byrdfophobic

coating to mipiAvzawsicking o1 Hpsateniate the centastames:A1 hydrarhohiccoatingovay e applied to
an entire lipseal surface or only around the sealing hp. A hydrophobic coating may minimize rinsate

accumuylatio the sealing lip after drying and reducing rinsate propagation into the, 25 contact
area dl%ﬁ]g [)b[?(fr%g G?Q iS a: com %1¥aa?|9\7e%pf%){'[ of t 5n8?riﬁ%hzz%ad‘v%?§<%ﬁ r'rilr%%l%e ‘\//%lllllj%ee%%r

different lipsédfaesighsiihelbaselineafivarci®06)tconrespangds to ‘Bhelasnstiell withpan (mcodiéd)lipscal.
Bars 1902 and,1904,607230009,rGIAMBNE!3 Wik CRaIe e Aa SN ges s icted
volumes by at ea%t 80%. Conclusion

employing a 2 second drying. Increasing the drying duration to 4 seconds resulted in about

25% less rinsate wicked into the contact area. However, switching to a PAI coated cup bottom

20 and a 4 second drying time helped to reducing wicking by about 85%.

[00102] FIG. 18A-B are comparative plots of the process defects as a function of a number
of processed wafers for different process conditions and clamshell designs. Line 1802
corresponds to a 1.75 mm contact design in a 1.75 mm cup and lipseal as explained above
(i.e., D1 = 1.75 mm and D2 = (.4mm in the context of FIGS. 9A-B) and 2 second spinning
25 and 1.7 second opening. Line 1804 corresponds to a 1.00 mm contact design in a 1.75 mm
cup and lipseal (i.e., D1= 1.75 mm and D2 = 1.4 mm), 4 second spinning, and 3.5 second
opening. The later clamshell design 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.

30 [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

29




30[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 practiced within
the scope of the appended claims, it should be noted that there are many alternative ways of
implementing the processes, systems and apparatus of the present invention. Accordingly, the present

embodiment3 aig,19:hG ¢onsidered: a.dllustrative Apdinolrasirigive. angithg igvention ispetfo be

limited to the defails given herein. 100107]All references cited herein are incorporated by reference for
all purposesxqsq ®LRAVISArRktiGs etdiriad ntatad mefabaspigtebfsl usein a/elip donfigthiad. téhhold a

semiconductorwadgr guringiRelgctropiaing:.and fo Sxelude.sieciroplaing sqintien fromieaching
electrical contacts, the ‘ _ _ ‘
electrolyte for the cup bottom and the rest of the assembly. 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 time 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 electroplating cycling without vs.
without intermediate automatic contact etching (ACE) for a cup with a lipseal that had its
10 edge spaced only Imm from the sealing lip edge (D1 distance) while the distance between the
contact tips and the sealing lip edge (D2 distance ) was 0.75 mm. In this cup design, there is
insufficient room at the edge of the wafer to move the contacts out a desired value away from
the lipseal (e.g., greater than about 1.3 mm as in a combination of a 1.00 mm contact with a
1.75 mm lipseal described above). In this case, the wafers showed substantial increase in the
15 defect count after 500 wafers when an intermediate ACE was not employed (line 1806).
However, when an ACE was introduced after every 200" cycle more than 3,000 wafer plating
cycles were performed without substantial increase in particle count (line 1808). Therefore,
contact etching performed in an automatic and repetitive fashion can reduce defects even in

cases where there is insufficient room for contact tips to move or stay away from the lipseal

20 area.

[00105] In certain embodiments, a lipseal 1s coated with a hydrophobic coating to minimize
wicking of rinsate into the contact area. A hydrophobic coating may be applied to an entire
lipseal surface or only around the sealing lip. A hydrophobic coating may minimize rinsate

accumulation near the sealing lip after drying and reducing rinsate propagation into the

b2
n

contact area during opening. FIG. 19 1s a comparative plot of the normalized wicked rinsate
volume for different lipseal designs. The baseline (bar 1906) corresponds to a clamshell with
an uncoated lipseal.  Bars 1902 and 1904 correspond to clamshells with coated lipseals

showing reduction in wicked volumes by at least 80%.
Conclusion

30 [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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base plate comprising: a disk-shaped body configured to removably attach to a shield structure or the
cup; a knife-shaped protrusion extending inward from the disk-shaped body and configured to
support an elastomeric lipseal for engaging the semiconductor wafer and 10excluding the
electroplating solution from reaching the electrical contacts; wherein in use the disk-shaped body and
the knife-s a%pa%ﬁm@r@c@gp%m@ frpondbe slastticat captacts: apdadydiprbobic.caating
covering at least the knife-shaped protrusion. 152. The base plate of claim 1, wherein the hydrophobic
coating coniHREEE ne'ay ot el EraId e Gty FEFthesyitsTY cBifsi SRR p Ol dhsidesimiie (PAT),
polyvinylidepe dhuarde: (RM BRI pahdetabinoraathyigre{RIHE)» 20chsrpRlYmensthertlf and i The
base plate of claim 1, wherein the hydrophobic coating comprises polyamide-imide 20 (PAL. 4. The
base plate SFLIHYS A EreiR ARG SphBLRE EH&?&%‘?&%@%’&%Y%@%SE&VEU&Iuoroethylene
(PTFE). 255. The base plate of claim 1, wherein the hydrophobic coating is applied using a spray
coatingitecHAfg®@]  All references cited herein are incorporated by reference for all purposes.
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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. 30 MCSLLP 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. 8. The base plate of claim 1 wherein the hydrophobic coating has éﬂl@lMss_of
between 5 about 20 pin and 35 pm. 9. The base plate of claim 1, wherein the hydroph(_)blc coating can
pass a 90V spark test. 10. The base plate of claim 1, wherein the hydrophobic coating dpes not
leach or absorb a 10detectable amount of the elgefrafpssolution. 11. The base plate of claim 1,
wherein the disk-shaped body and the knife shaped protrusion comprise one or more materials
selected from the group consisting of stainless steel, titanium, and tantalum. 15 12. The base plate of
claim 1, wherein th dLi?g-shaped body is configured to removably attach to a shield structure of an
electroplat éaébgp%{epé’fn *15°13. The base plate of claim 1, wherein the knife-shaped protrusion is
[ f force.
Conﬂguredlt.oASggs%%rlta?et %Cglgéaes%nag 81&% ggr?ﬁ%%ye t% %or a semiconductor wafer during
5 electroplating and to exclude electroplating solution from reaching electrical contacts, the
base plate comprising:
a disk-shaped body configured to removably attach to a shield structure of the cup;
a knife-shaped protrusion extending inward from the disk-shaped body and
configured to support an elastomeric lipseal for engaging the semiconductor wafer and
10 excluding the electroplating solution from reaching the electrical contacts; wherein in
use the disk-shaped body and the knife-shaped protrusion are separated from the
electrical contacts; and

a hydrophobic coating covering at least the knife-shaped protrusion.

15 2. The base plate of claim 1, wherein the hydrophobic coating comprises one or more
materials selected from the group consisting of polyamide-imide (PAI), polyvinylidene

fluoride (PVDF), polytetrafluoroethylene (PTFE), and copolymers thereof.

3. The base plate of claim 1, wherein the hydrophobic coating comprises polyamide-imide
20 (PAID).

4. The base plate of claim 3, wherein the hydrophobic coating further comprises

polytetrafluoroethylene (PTFE).

25 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.
30
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14. The base plate of claim 1, wherein the base plate is configured for use in a Novellus Sabre(r)
electroplating system. 2515. The base plate of claim 1, wherein the disk-shaped body comprises a
groove configured to engage with a ridge on a lipseal. 16. The base plate of claim 1, wherein the
disk-shaped body comprises a groove for engaging with a capture ridge of the lipsg&iSLLP

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.

8. The base plate of claim 1, wherein the hydrophobic coating has a thickness of between

5 about 20 um and 35 pum.

9. The base plate of claim 1, wherein the hydrophobic coating can pass a 90V spark test.

10. The base plate of claim 1, wherein the hydrophobic coating does not leach or absorb a

10 detectable amount of the electrolyte solution.

11. The base plate of claim 1, wherein the disk-shaped body and the knife shaped protrusion
comprise one or more materials selected from the group consisting of stainless steel, titanium,
and tantalum.

IS5
12. The base plate of claim 1, wherein the disk-shaped body is configured to removably attach

to a shield structure of an electroplating apparatus.

13. The base plate of claim 1, wherein the knife-shaped protrusion is configured to support at

20 least about 200 pounds of force.

14. The base plate of claim 1, wherein the base plate is configured for use in a Novellus

Sabre® electroplating system.

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

engage with a ridge on a lipseal.

16. The base plate of claim 1, wherein the disk-shaped body comprises a groove for engaging

with a capture ridge of the lipseal.
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