Waf er Support Apparatus for Electroplating Process and Method for Using the
Sanme by Inventor Carl Wods BACKGROUNDOF THE I NVENTION 1. Field of the

| nvent i orwpQO@ljessehe present invention relates to seni cENWMS2ENS/044047
fabrication. 2. Description of the Relatéd Art [0002] In the fabrication of
sem conductor devices such as integrated circuits, nenory cells, and the
like, a series of nanuMafer SupportApparatus-forgéléciraptatingdefi ne features
on semi conduct or vef er s. PRRes¢AnAMIMRDAToIUSIT HAE Syiige Nt eor at ed
circuit devices in the formof nulti-level structures defined on a silicon
substrate. At a substrate level, transistor devices with diffusion regions
are formed. In subsequent |evels, int88¥4WeEt netal lization |ines are
patterned and el ectrically connected to the transistor devices to define a
desiredsintegrated circuit device. Al €al Waddserned conductive layers are
|nsylate? fron}other conductive layers by dielectric materials. [0003] The
series of manufacturing ope i ¢ (BN s on the

sem conductor wafers can ingiééﬁggkﬁq?ﬂgg?{ggEggvﬁgﬂgggfess for addi ng
material to the surface of the sem conductor wafer. In the electroplating

process, a .66t i i sposed between an anode and the wafer surface
to be el ec'lti'r ?Iﬁ?qgtog@yi{ﬁ&hﬁ?gnal ly, the wafer surface to be electroplated is

Cur ront 11 G9T] (8 BRIV GRERETIEY Ko SHEPRE SRGHBITh { he vl er sur f ace,
el ectropl ating
2. Description of the Related Art
10  [0002] In the fabrication of semiconductor devices such as integrated circuits, memory
cells, and the like, a series of manufacturing operations are performed to define features on
.+ semiconductor wafers. The semiconductor wafers include integrated circuit devices in the
form of multi-level structures defined on a silicon substrate. At a substrate level, transistor
devices with diffusion regions are formed. In subsequent levels; interconnect metallization
15 lines are patterned and electrically connected to the transistor devices to define a desired
integrated circuit device. Also, patterned conductive layers are insulated from other
conductive layers by dielectric materials.
[0003] The series of manufacturing operations for defining features on the semiconductér
wafers can include an electroplating process for adding material to the surface of the
20 semiconductor wafer. In the electroplating process, an electrolyte is disposed between an
anode and the wafer surface to be electroplated. Additionally, the wafer surface to be
electroplated is maintained at a lower voltage potential than the anode. As an electric
current flows through the electrolyte from the anode to the wafer surface, electroplating

reactions occurring at the wafer surface cause material to be deposited on the wafer

25  surface.



reactions occurring at the wafer surface cause material to be deposited on
the wafer surface.[0004] Material deposition characteristics across the
waf er surWwaceossessdependent on nmany paraneters associ at @dTwiSeevsoins47
particul ar el ectroplating system and pro2ess. For exanple, paraneters
affecting the electrical current profile across the fer can influence the
mat eri al  dEMO4] Maserial fgpesitien sharacieristigs agossihp Fraksr \é&;eefxrgt genggnt on many
establishment of electrical contact with the wafer can influence the

materi al dep@sictdroassobiatedoviel itet particul ir0dEG oplatingisgsterf andreroess el axgmpicher e
is a continuing need to inprove electroplating technology as applicable to

materi al dgpos efrérgrhfféeﬁﬁmhé QIECERANCGHERt PRIFEE abRRE ithatwars: RYNYNRYCE theE
| NVENTI ON [0006] Tn one enbodinent, a multi-layered wafer handling system

for use in _an electropl atin [ s§. LS. disclas The ti-lay er
handl i ng sV dFReY CHAgRHST r s, ?ag%?“"%nrgﬁéedt %pesﬁﬁplﬁg‘?’é@e‘?ﬁ%ﬁ‘\g@aﬁ
bottomfilmlayer includes a wafer placenment area and a sacrificial anode
sur r oundi ngotlth@t‘mh&e%f%d@ﬁé?ﬂueé?"eﬁle ma{erial glsPesiiion FRAGCTSECYHef i ned to be
pl aced over the bottomfilmlayer. The top filmlayer includes an open
regi on to Ip@003)3h tviemes theeforezoingy fthere iofa témimmafgeneadotdémprove edentplating . |
el ectroplated. The top filmlayer is defined to provide a |iquid seal

bet ween th ' ' iti HE séniR6fiduehRwate fabReatieaen
regi on. Thgec{hgglog}’%%élg%gléle{wuﬁltaﬁ%@ ?%I@lﬁlgg?%iést and second el ectrical
circuits defined to electrically contact a peripheral top surface of the
wafer at dianetrically opposed |ocations. [0007] In another enbodinent, a
waf er support apparatus for use in an electroplating process is disclosed.

The wafer support apparatus | BUMMARYZOF{THEE INKENTIGON | ayer having an area

for receiving a wafer to be processed. The wafer support apparatus also
I ncludgg a [0006] In one embodiment, a multi-layered wafer handling system for use in an

electroplating process is disclosed. The multi-layered wafer handling system includes a
bottom film layer and a top film layer. The bottom film layer includes a wafer placement
area and a sacrificial anode surrounding the wafer placement area. The top film layer is
defined to be placed over the bottom film layer. The top film layer includes an open region

15 £o be positioned over a surface of the wafer to be processed, i.e., electroplated. The top film
layer is defined to provide a liquid seal between the top film layer and the wafer, about a
periphery of the open region. The top film layer further includes first and second electrical
circuits defined to electrically contact a peripheral top surface of the wafer at diametrically
opposed locations.

20 [0007] In another embodiment, a wafer support apparatus for use in an electroplatiné
pfocess is disclosed. The wafer support apparatus includes a first material layer having an
area for receiving a wafer to be processed. The wafer support apparatus also includes a
s’e;crificial anode defined over the first material layer. The wafer support apparatus furthef

includes a second material layer configured to overlie both a peripheral region of the wafer



sacrificial anode defined over the first material |ayer. The wafer support
apparatus further includes a second material |ayer configured to overlie
bot h a pewophevmbssnegi on of the waferand the first natepcalush@gensoout si de
the peripheral region of the wafer. The 3econd material |ayer includes a
cutout to expose a surface of the wafer. fo pbe processed. i.ge., .

el ect r opl atedithetiifst Batesiabilayes ‘%Ht?lg? theeR?E‘P{“?r@P?eﬁ%nkfgrtﬁ% WﬁfqrgEE%BCCPBd ek
seal between the second material |ayer and the peripheral region of the
waf er . Addidyephaludgs atchmueed evposauppanfaceafplag wafes 10 be prpgessed, igai elecgroplated.
circuits integrated within the second material layer. Each circuit in the

pair of ci pgiistontineASAIaRR iShemtr édnfiigufednd d6im debiletvdon tht swond aaitdrial
connect with the surface of the wafer to be processed. Furthernore, the
pair of circuits,i | ri;cal IS f ~ SARS IWhict t

o008] 1 n et i B B Reloh OPRed At 'AMIANAL AR Wil bp Gt apfcaus

el ectropl ating process_is disclosed. The t hod i ncl udes pl aci.ng a.wafer
bet wee ng a insludsmar painpf giyeuits dﬂ@gré‘tetdowtﬁlpl tHﬁ‘? |Sggp§ﬁ,m%%$glﬁ¥ﬁeaﬁgﬂlr %ﬁcélét lgftg? he
wafer to be processed is exposed through an opening in the top filmlayer.
The net hod pair o6 circuitsiidelsdessnafdttidal nontact |dbﬁmc§t0§é@m@élvm@wct Wéthtthpsurfacen

| ayer and a periphery of the wafer. Additionally, the nethod includes

est abl i shi gg yRwele£€d bé ?ﬁicegs@mrmﬂieﬁﬂo@,ethmn of diicui$ issdlemticillyalsolaied dtim
and a first peripheral [ocation of the wafer. The first electrical circuit

is integral, to t. ilmlayer. The method further includes establishing
an el ectri (Ehéﬁ Sa&%ﬁ%&t@@gg' bet ween a second electrical circuit and a second
peri pheral |ocation of the wafer. The sgcfgnd eri.gheral | ocation i

het

: S . ..
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Al'so, the second electrical circuit is integral to the tog filmlayer. The
bot t omi@nd ptapsd iis IdisclasyérEhenasthodyinchslesvalaging sl wafexibatveered betigra dileylayer and
positioned on a platen of an electroplating system An operation is then
provided tq {hpaval e, Rendtiat £eurhRt OF the WabGensbdgrosesed o exfused through an
opening in the top film layer. The method also includes establishing a liquid seal between
the top film layer and a periphery of the wafer. Additionally, the method includes
establishing an electrical connection between a first electrical circuit and a first peripheral
15 location of the wafer. The first electrical circuit is integral to the top film layer. The method
fﬁrther includes establishing an electrical connection between a second electrical circuit
and a second peripheral location of the wafer. The second peripheral location is
diametrically opposed about the wafer to the first peripheral location. Also, the second
electrical circuit is integral to the top film layer. The bottom and top film layers having the
20  wafer placed therebetween are positioned on a platen of an electroplating system. An
operation is then provided to traverse the platen below a processing head of the

electroplating system. Traversal of the platen causes the surface of the wafer exposed

through the opening in the top film layer to be electroplated.



el ectropl ating system Traversal of the platen causes the surface of the
waf er exposed through the opening in the top filmlayer to be

el ect r oplwbeadod@8®8] O her aspects and advant ages of thecCirmsessioswsw | |
become nore apparent fromthe foll ow ng 4etailed description, taken in
conjunction with the acconpanying draw ngs, jllustrati ng by way of. ex |l e
the preseni0009)l/QHter aspecBRERIMALERYS PfF@Q%@ﬂtWQV@WN@%‘T% @EB%eﬁ{lféom e’
invention, together with further advantages thereof, may best be understood
by ref er engsiotving ldetafled Idevériptiods saken rihi conjunatiem with dlamjacensnpapping dBwines,
acconpanying drawings in which: Figure Ais an illustration show ng an
appar at us i i wedn@bnwaf er, in accordance with one
enbodi manticngl trf%%%@?eﬁ#@%&%n@?%@%ﬁgure IBis an illustration showing a
top view of the processing head and anode relative to the platen and wafer,
as previously depicted in Figure IA;, Figure 2Ais an illustration show ng a
top view of a bottomlayer of a nulti-layered wafer support apparatus, in

accordance with one embodpgginh HfsIPIRORIMHIMRAWRNGS Fi gure 2B s an
illustration showing a cr = ottom | ayer
corresponding to callouts A-Ain Figure 2A, in accordance with one

embodi ment [0910} Tike prveseon, thgevkartishfurtpragventages thergal, imay fast be PeAerLeRlPhg a
cross-sectional view of the bottom | ayer corresponding to callouts B-B in

Fi gure 2A, rdffreAGC % dBOCRIVIWIAY desriibedakentin afonfinetipn esint the nacenmparying

Figure 3Ais an illustration show ng a bottomview of a top |ayer of a
mul ti-1| ayerned .waf.er port apparatus, in accordance with one enbodi nent of
t he presenﬁ%ﬁ%ﬁﬁi%@%ﬁi gure 3Bis an illustration showi ng a

cross-sectional Filgluggv 1& tip eartl Oﬂluls?rXt%n showing an apparatus for electroplating a

10  semiconductor wafer, in accordance with one embodiment of the present invention;

Figure 1B is an illustration showing a top view of the processing head and anode
relative to the platen and wafer, as previously depicted in Figure 1A;

Figure 2A is an illustration showing a top view of a bottom layer of a multi-layered
wafer support apparatus, in accordance with one embodiment of the present invention;

15 Figure 2B is an illustration showing a cross-sectional view of the bottom layer
corresponding to callouts A-A in Figure 2A, in accordance with one embodiment of the
present invention;

Figure 2C is an illustration showing a cross-sectional view of the bottom layer
corresponding to callouts B-B in Figure 2A, in accordance with one embodiment of the

20 pfesent invention;

Figure 3A is an illustration showing a bottom view of a top layer of a multi-layered

wafer support apparatus, in accordance with one embodiment of the present invention;



corresponding to callouts GCin Figure 3A, in accordance with one

enbodi nent of the present invention; Figure 3Cis an illustration show ng a
cr oss- secwpan@loesisew of the top | ayer correspondi ng to ealriusaas/ oDy i n
Figure 3A, in accordance with one enbodifrent of the present invention;

Figure 4Ais an illustration _showing an assenbly of the nulti-I|ayered wafer
support appar at Higuré 13Badt gndisEatign ShOHESeriFERNSFEFHONSE e of e fftp layer
invention; Figure 4B is an illustration showi ng an assenbly of the

mul ti - | ayetggespahiding $o/pplivuts @pPdndtipae 34 iacccodameewith tine embodithediafdéht  of
the present invention; Figures 5A through 5D represent a sequence of

illustrati h'EP‘{’)@.n operation of the electropl ating apparatus, as
previ ousl yB%geé@rll e([}gl\}\iith respect to Figure A, with use of the

lti-]| d waf ' | ' f
The present i nvEHEFBRC andnenparece stokie f efrafion el o B R TBRE 0

of a nethod for supporting a wafer_in an el ectropl ati ng process, in

accor dahce ceiresponding dersaliauie B-Doin Figareptbsiaracepidgrss: Woh one embodiment of the
DETAI LEDDESCRI PTI ON [ 0011] In the follow ng description, numerous specific
detail s ar greséit ihitibnj N order to provide a thorough understandi ng of the
present invention. It will be apparent, however, to one skilled in the art

that the presengdpy @Rti%]%ilﬁﬁﬁ‘aﬂ?&l RHoAGhd 5 EEsuhbRthS MiRi-Riyerdlwatr suppsre
specific details.”In other Instances, well known process operations have

not been described in detail .in order .not .t - I .obscure th
pr esent in@BPﬁr%‘tBﬁ.lf’lé anf—"%&'ﬁ e R Qd%enitlof)g%&r?%t% ﬁ@ﬁ%s tijo\\{ml’ ng aﬁ appa(raat us

for electroplating a sem conductor wafer, in accordance vvilth (()ine enbodi rent
of the present Figree 4B g an fthistration showing an assembly of the multi-layered wafer support

10  apparatus, in accordance with one embodiment of the present invention;

Figures 5A through 5D represent a sequence of illustrations showing operation of
the electroplating apparatus, as previously described with respect to Figure 1A, with use of
the multi-layered wafer support apparatus, in accordance with one embodiment of the
present invention; and

15 Figure 6 is an illustration showing a flowchart of a method for supporting a wafér

in an electroplating process, in accordance with one embodiment of the present invention.

t

DETAILED DESCRIPTION

[0011] In the following description, numerous specific details are set forth in order to
20  provide a thorough understanding of the present invention. It will be apparent, however, ‘to
one skilled in the art that the present invention may be practiced without some or all of
these specific details. In other instances, well known process operations have not been

described in detail in order not to unnecessarily obscure the present invention.



apparatus includes a platen 109 configured to securely hold a wafer 107.
The platen 109 is novable in a horizontal plane as indicated by arrow 111.
The apparwbusocalsszsoi ncl udes a first electrical connecti @oTAG4@SH0a047
connecting a power source 106 to the waf@r 107 at a first |ocation. The

apparatus further includes a second electrical connection 104 for1 )
connect i ngl0082] Fisnes Aurt ean OBlUsEAIRe SRAVEIE 1377 PRI OR dele P HE arhe

first location on the wafer 107 corresponding to the first electrical
connect i onggh@idendistdrogafee dn atcadaeb sritn bha kpodinent of iteapteyens gpossign. The
position fromthe second | ocation corresponding to the second el ectri cal

connect | On%égﬁﬁgs Hﬁcid?ié §§>P1%H 10PcAFGLRARD @.écd?élg‘hbﬁl ek 100./Thdplatendlotihe
cond e a

first and ectri connections 104a/104b includes a respective

switch 108a/108b. The.sw.t.ches 108 f : :

el ectri cal MOSAMELN PE‘REZ%%;P}%&B "%“34%%“8'?%%‘%@? ie'gﬂ}endgggltgﬁ%ggstoﬁ;ﬁ/& ?%jsrﬁ férgf:h
other. In one enbodinment, either the first electri ﬁ@l cqﬂne%gé o) 1384a.0

the secdndelepaistl sammpctionm H¥atfopsonnsgng gRoWeE spuice HOS 0 fhe ¥ fpﬁ’gc Afits
head 103 is powered at a given tinme. [0013] The processing head 103 is
secur ed t olaatidgiThersppiratus Farther Tidudsis atseconticdedtasal agniekntomd@4r for gonuecERBsed
thereon i s positioned underneath the processing head 103, such that the

wafer 107 g tsBtcl 3bb Yo MRl 07t talseddill loBatinOFTRe fifspXodatiby oh cheawhiomer

surface of the processing head 103. The processing head 103 incl udes an
anode 102 ining a . najor .noktion of S&j4RY; 403 4 ansidhy ace
that is pr g@? r?ﬁfrggqogdméep%}%eﬁs&ﬁc(&{l%%?Pf?{cﬁggn@‘%%%gﬁ?%gnt , a%r% zont al
surface of the anode 102 facing the wafer 107 is defined tq. have a d
subst ant i adiametmacallynernospd POifIgR dTofR fhe taend Location iCQEFSRPRIINS 10 feefecPBd  he
waf er 107. This rectangul ar surface area of the anode 102 is defined to
have aldi r slecticalbosinectidrh#4bi, svitht refpeat to e girmheteroott the veriferntd%e Eagh of fee {igst er
107. Wth respect to the viewshown in Figure |A the first dinmension of .the
rect angul ap, $Wdoaa 126831 ebndebEorRNA8/109% includes a respective switch 108a/108b. The

switches 108a/108b allow the first and second electrical connections 104a/104b to be

controlled independently from each other. In one embodiment, either the first electrical

connection 104a or the second electrical connection 104b that is farthest from a processing

15 head 103 is powered at a given time.

[0013] The processing head 103 is secured to a rigid member 101. The platen 109 having

thé wafer 107 disposed thereon is positioned underneath the processing head 103, such that

the wafer 107 is substantially parallel with and in close proximity to a lower surface of the

pf’ocessing head 103. The processing head 103 includes an anode 102 defining a major

20  portion of the processing head 103 lower surface that is proximate to the wafer 107,
[0014] In one embodiment, a horizontal surface of the anode 102 facing the wafer 107 is
defined to have a substantially rectangular surface area that is considerably parallel to the

wafer 107. This rectangular surface area of the anode 102 is defined to have a first

dimension that is at least equal to the diameter of the wafer 107. With respect to the view



extends into the page. The rectangul ar surface area of the anode 102 al so

i ncl udes a second dinension that is defined to be |less than the dianeter of
t he waf erw®Qéo6/d6pssone enbodi nent, this second di nensi onPCS/usadmsoadoui al |y

| ess than the dianeter of the wafer 107.7Wth respect to the view shown in
Figure IA the second dinension of the rectangg%&g{surface ar ?pOf %h?oz
anode 102 ebavenisFigurealA; et finghdimensignof dhe)res §urfpcs e efjthei angge

di rension and parallel to the platen 109. [0015] Wen the anode 102 is

di sposed ovgenddigtondt pagd Ihe redtendular surfatiereeesoihe anods. 102t Aep includesid sasABY on,
of the rectangul ar surface area of the anode 102 extends along a first

chord defi Bﬁﬂaﬁﬁ{n%ﬁt ik H@ffu‘f@if B 'be 1&5¢€ thanupd diahiRter o eheangfde 130 In 6% @fblsdiment,
er

conpl etely across the wa in the direction of the first chord. Al so, the

d di i i..e.,.th h el i t :
rea of |t nEnSaaad disSersicnl sEPiptighl FREef e BpmbRE of B ARG ol igRe
across the wafer 107, wherein the second chord. is r pendi ¢ Iarrfto t he
first chor o theddevisbawn ip Figye larths second dynensiqn ?@ﬁ&d"%ﬁ& SYrtagc#c4 68

such that the second chord is substantially parallel to a line extendin
bet ween t hehd iicgle 102cattends atna tright wadleto 10 poytouskypdisclisser fisst cimaesion i
104a and the second | ocation on the wafer 107 correspondi ng to connection

104b. It s?%hgltgqhygqgehslmpd that regardless of the position of the anode
102 over the wafer 107, the anode 102 will not canpletely extend across the

cont 1 gur o {UESb3Vi B8 4R fb2 i isBERAANEIRRyeet 0% he FRG Skhiipn, 1 8

confi gured oril “direction 111 underneat ‘
i nt i ned 1o erensionco sharesinguar BRsct s ah iscnedo 0} FGHE TAREARTAOR he
substantially uniformdi stance between the platen 109 and the anode 102 is
mai nt ail@ed defined across the wafer 107, such that the anode 102 extends completely across the wafer
in the direction of the first chord. Also, the second dimension, i.e., the short dimension, 6f
;che rectangular surface area of the anode 102 extends in a direction of a second chord
defined across the wafer 107, wherein the second chord is perpendicular to the first chord.
Additionally, the wafer 107 is positioned on the platen 109 such that the second chord is -
15 substantially parallel to a line extending between the first location on the wafer 107
coﬁesponding to connection 104a and the second location on the wafer 107 corresponding
to connection 104b. It should be understood that regardless of the position of the anode 102
over the wafer 107, the anode 102 will not completely extend across the wafer 107 in thg
direction of the second chord.
20 [0016] The platen 109 is configured to be moved in the horizontal direction 111
underneath the processing head 103 such that a substantially uniform distance is
maintained between the platen 109 and the anode 102. In one embodiment, the

substantially uniform distance between the platen 109 and the anode 102 is maintained to

have a variation of less than 0.200 inch over the entire traversal distance of the platen 109.



have a variation of |ess than 0.200 inch over the entire traversal distance
of the platen 109.1n another enbodi nent, the substantially uniformdistance
bet ween twe 2pdcatsss30109 and t he anode 102 is nmi ntai ned PoThEI@s@a440ari ati on
of less than 0.002 inch over the entire&raversal distance of the platen

109. It should be appreciated that the substantially uniformdi nc
mai nt ai nednbbther ambhdiment tthersubsGnEAY FW@%@&@“@L@%WSW %Fig]ﬁa% Sibg aﬁ‘ﬁthe
equal 'y uni form di stance nai ntai ned between the wafer 107 and t he anode

102. Addi tjpaahbyis hhiataeidan hhod a ivarigimsi dfiles ethndh0@hiachloatwthe eodredrayprselhat
as the platen 109 is noved underneath the processing head 103, the anode

102 (ravergas, (g M8 Lfifen A0, 1siibufl BEAIHBRaS@t6 RROMERGHAIY bilforpasntte

chord as previously descr Therefore, the anode 102 is capabl e of
traversing over an entirety of t surf Q fer Aifem

pl at en 109mptaiRRAbrtET g’ﬁrﬂlﬁtf’? 968 [aﬁg?hf\] ngq??scioglﬁg@n\ggtt%g #ﬂgzhlgﬁu '
rectangul ar surface area of the anode 102 and the fer 107 js_sufficjent
to al | dw adiseniemantaGs! hetwedndbe vy igd sbs 4]!056 102 Adutinatly, theaienifneen
t he anode 102 and the top surface of the wafer 107 as the wafer 107 travels

under neat hjst hiRitasied eonl (hé. plagdi 109 sadh hat tak ethermphiterc 169 1i§5movel bedesarsttnithfed
within a volunme directly lBel ow t he anode 102. Contai nnent of the neniscus

105 can be 1%3%3@#83@?63396 Qndﬁ%r]{@tt}ﬁvﬁfsem SvafdO@Y8h aldireefién Esrasgotding to t he

anode 102 P _ as ‘a virtual anode represented as a porous resistive
T e oot G oot DB ROl RO R SRl e
anode 100 oter aowatsibadhAE SaFkes PO BIe 107 a8 hec§8R 1401 BRIF R HBFE by
a ceram c such-as Al 233. It should be appreciated, however, that other '
por ous|( esjgll 7y Theraistmcelbstvean the racemgulho subéics mecat dfethamodde 102and the wafer
107 is sufficient to allow a meniscus 105 of electroplating solution to be maintained
between the anode 102 and the top surface of the wafer 107 as the wafer 107 travels
underneath the anode 102. Additionally, the meniscus 105 can be contained within a
Vblume directly below the anode 102. Containment of the meniscus 105 can Be
15  accomplished in a variety of ways.
[0018] In one embodiment, the anode 102 is defined as a virtual anode represented és a
porous resistive material. In this embodiment, the meniscus 105 of electroplating solution
can be applied to the volume directly below the virtual anode 102 by flowing cation laden
electroplating solution through the porous virtual anode 102. In one embodiment the
20 porous virtual anode 102 can be defined by a ceramic such as Al;Os. It should be
appreciated, however, that other porous resistive materials can be used to define the anodé
10;’2.
[0019] Tt should be appreciated that during operation of the apparatus of Figure 1A, the

anode 102 and one of the first and second electrical connections 104a and 104b are



[0019] It should be appreciated that during operation of the apparatus of
Figure I A, the anode 102 and one of the first and second el ectri cal
connect i onNe 20@4m530nd 104b areel ectrically connected to aCpasesossuwppty such
that a voltage potential exists therebetfeen. Thus, when the neniscus 105

of electroplating solution is present betwee e anode 102 and t
107, and ekelestrically eonnected tora RS SHPRIY 864y fhagp Vgléf?ﬁ? W&fé/t&@g%e%en
povvered an electric current will flow between the anode 102 and the

pover ed el &tius, whdn thennediduen 0104 alet@dplatinthsclutédreistpresent hetwean thenanode 402
el ectroplating reactions to occur at portions of the top surface of the

waf er 107 Lhatha BaBXR09ednd Qith&e tHEE fitst Co#SsebBid @lecaidat cbapdctioh NIN43MI04bi isn.
[0020] Figure IBis an illustration showing a top view of the processing

head 103 and _anade 1 2.relative

previ ous| y PAYSTCh 88 51 ghiree W@W%‘F@S%% y 2 scussedﬁﬂétp%g%gengea%wi%al
extends conpletely across the wafer 107 in t rection of its

di mensi &n. conrestion sl Odd Od s Bhis plpptrc gyt saa s (? cagplating ﬂ%tlﬁﬂ%é? Hg%ﬂrl"ﬁtt he
anode 102, the entire top surface of the wafer 107 will be exposed to the
Meni scus 1@5rtufnsecbfethbrtoplsarﬁawg of theutviater I¥7etheharchexnosed fie tha owaiscep 105 of
Additionally, it should be apparent fromFigure |IB that the anode 102
traverses thewdplfhe g(qaud,lp a direction corresponding to the second chord as
previ ously descrlbed i.e : in the direction of the short dinmension of the

de 102 I i t
varer 107, 16GGEE Y o BfslREsh Sk ?ae%?‘:iﬂ?%né‘f‘&? J’*Bce%%*l%%%?d oy e
second chord is substantially parallel to a_lj exten bet we
first |ocatanede 02 ralativedpdhe phiverc S andowiafsr 497+ "t‘)g Erﬁ%loé‘i‘ P’icﬁeéll m?ﬂ%‘ﬁ&?ﬁ on

104a and the 'second | ocation on the wafer 107 corresponding to the
el ectriloal Awpreixusiyndidddied, He02ide Y2 m@endae:ommclzycmr@slt g WafercHYsin @ile
uniformty of the deposited material is
direction of its long dimension. Thus, as the wafer 107 traverses in direction 111
underneath the anode 102, the entire top surface of the wafer 107 will be exposed to the
meniscus 105 of electroplating solution present below the anode 102. Additionally, it
should be apparent from Figure 1B that the anode 102 traverses the wafer 107 in a
15  direction conespondiﬁg to the second chord as previously described, i.e., in the direction of
the short dimension of the anode 102 rectangular surface area that is facing the top surface
c;f the wafer 107. Furthermore, it should be apparent from Figure 1B that the second chord
is substantiaily parallel to a line extending between the first location on the wafer 107
cofresponding to the electrical connection 104a and the secoﬁd location on the wafer 107
20 corresponding to the electrical connection 104b.
[0021] During the electroplating process, a uniformity of the deposited material is
governed by a current distribution at an area of the wafer being plated, i.e., the interface

between the meniscus 105 of electroplating solution and the wafer 107. The current

distribution at the area being plated can be strongly influenced by a proximity of the anode



governed by a current distribution at an area of the wafer being plated,
i.e., the interface between the neniscus 105 of el ectroplating solution and
t he waf erw®Qéo6/06B8ocurrent distribution at the area bei rgTpiS2t0804man be
strongly influenced by a proxinity of thé)anodel02 to the powered

el ectrical [ 4 4 de w th t waf er 107. Al so, the current
di stributi ol(r?@ggﬁtﬁgé’%g“regegc‘?ée%‘q%@ “ léec&ﬁaﬂi%t“fz}]@?b © &yith: thei wafier d8hnalsei thes
104a/ 104b made with the wafer 107. Furthernore, exposure of the electrical
connect i onSUEEAGHisEREtIeY Cithbe glfeqied by tha quaitys of tieielestacah comestons MAaAl04bf

material fromthe wafer surface in a vicinity of the electrical connections

104a/ 104b. maflsiwitlothelwafer WpBeuhieemofe, ekgosatestithé elatiricnvanédns 1004 804524b
to the electroplating solution can introduce wafer-to-wafer nonuniformties

Wi th respeche electrblatid e6luAbn ¢8RQRNEd HhdvaS W lifated; i ew of. t he
foregoing, it is J(\ijgsﬂiiﬁri}éabl e to support the waf erai%goﬁﬁéll drtllg@ ‘&%er sitface Th a

el ectropl at S L fol | qw onsi der ati ons addressed:

ostabl i ohi tﬁig&‘??ggﬁg}%déﬁ %xﬁc‘%’ﬂ sctips A g?@”ct“?‘?‘ﬁ%‘?m@éfnﬁ’é&%%n%f the £Agotiiend
such that the el.ectrbéfazt) onntglcti on 104a/ 104b farthest fromthe anode 102
can be pownSPEECHARY L 48| tecthe | deptroplating solusion 1@ dntroducecafee sa-wafer triva-
anode 102 is de-powered, preventing the electrical connections 104a/104b
made wit h BAdogRities with ssspbssitotheanpasadiepositidrereglilect r opl ati ng sol ution, and
ensuring that the physical characteristics of the electrical connections

1042/ 104b_[0022] Wi il ey W8ffBregBl, Yid QEMMBOM WahSAt 1 WARS' 107 ORARL e

present invention provides a wafer support appa and associa

of use thag é\&l(ggl iderations concerning the

el ectropl at ieng pr o%gég§£ﬁb%q§%%g®%%?qr§fd fqﬁlgn@\ﬁc?‘ﬁ?ssg‘ixpport appar at us of
the prgsent inventi ,OP, uses enbedded contact circuitry in a nulti-layered
thin f19 m corffi Glirtiishing indepsadantly contrellahle vlsceisakcatmeations ri94a/A84b such that

the electrical connection 104a/104b farthest from the anode 102 can be poweréd
while the electrical connection 104a/104b closest to the anodel 102 is de-powered, |
® preventing the electrical connections 104a/104b made with the wafer from being
exposed to the electroplating solution, and
15 * ensuring that the physical characteristics of the electrical connections 104a/104b
made with the wafer are uniform from wafer-to-wafer.
[0023] The present invention provides a wafer support apparatus and associated method of
use that addresses the above considerations concerning the electroplating process. More
specifically, the wafer support apparatus of the present invention uses embedded contacf
20  circuitry in a multi-layered thin film configuration to address the above considerations. As
will be further discussed below with respect to Figures 2A-2C and 3A-3C, each layer of the
multi-layered thin film includes the following components:
¢ a separate copper circuit (either exposed or embedded) having an externally

accessible portion for connection to a power supply,



will be further discussed below with respect to Figures 2A-2C and 3A-3C,
each layer of the nulti-layered thin filmincludes the follow ng
conponentwo 20&/0s833ar at e copper circuit (either exposed ecTarsbeddesd)’ havi ng
an externally accessible portion for codhection to a power supply, an open
area for exposing the wafer, a nmasked area (either conductive or

non- conduct i ve) a‘h(ﬂpe@a@alfdﬁmf@oaﬂgmﬁw&fe%eal to prevent corruption of

el ectrode connections to the wafer by the electroplating solution, and

i ndex points, ei .a8maske@kda@ith@r@atisctive @r hanicbhdwtiee)pfon pesvidiaf arllcpmisefail kan
pl acenent . [0024] Figure 2Ais an illustration showing a top view of a

bottom | ayer EPE en?fc%éﬁ&%? Rl ufBd SonRiABRY to I HAMUBy the) cRRGOPIIRHL

wi th one enbodi resent 1 nvention. The bottom layer 201 is
defined primarily by a thin film 205. In various enbodinents, the thin film
205 is defined HPIURNE3RSk phous filn1naterial such as Aiediun1V'ctrex PEEK,
pol yet heri m de (PEl), polysul fone (PSU), pol yphenyl sul fide (PPS). In one
enbodi nent, t ke ihddxnpdintse206oling thrgetsetd f@gﬂlwge prophew asprad fing placeraeys |

[0025] The bottom layer 201 of the nulti-layered wafer support apparatus is

defined asygy 2QPFIguBéJQA51s rﬁmnagtrduaﬁlsuawﬂ@ Atopi view! ddra attomulayed 20haf b mult-
di aneter t Is slightly less than a dianmeter of the wafer 107. For

L5 R il g il (e e

on I'ned around the peri phery of t he

tout 211 d t endi di al | t.he . 2
(1:870ul n on@%’gﬂ%@glrﬁglg llgiga:y%v@ éiggP"églpﬁlff?a?ﬁ P’a?ﬁé]ln fﬁvﬁ?ﬁet}g b3 a%out

2 mMm | n another enbodinent, the | ower mask regi on 214 radial thickness is
defined wi tbodienenes)de thirt find ROGistdetimediby an amosphens fibm apenal sueh andledBnysed
herein, the term "about" neans v
10  Victrex PEEK, polyetherimide (PEI), polysulfone (PSU), or polyphenylsulfide (PPS). In
one embodiment, the thin film 205 is formed using a thermoplastic process.
[0025] The bottom layer 201 of the multi-layered wafer support apparatus is defined as a
continuous member including a circular cutout 211 having a diameter that is slightly less
than a diameter of the wafer 107. For reference, a diameter 215 of the wafer 107 is shown
15 in.Figure 2A as a dashed line. A lower mask region 214 is defined around the periphery of
the cutout 211 and extending radially to about the diameter 215 of the wafer 107. In one
eﬁbodiment, the lower mask region 214 radial thickness is about 2 mm. In anothef
embodiment, the lower mask region 214 radial thickness is defined within a rangé
extending from about 0.5 mm to about 5.0 mm. As used herein, the term “about” means
20  within + 10% of a specified value.
[0026] The wafer 107 is to be placed over the bottom layer 201 in a position substantially
céﬁtered over the cutout 211. Therefore, the lower mask region 214 serves to mask a

bottom peripheral region of the wafer 107. Additionally, the lower mask region 214 is

referred to as a wafer placement area. To prevent electroplating solution from entering the



within 10% of a specified value. [0026] The wafer 107 is to be placed over
the bottomlayer 201 in a position substantially centered over the cutout
211. Therwbanes/o6s33e | ower mask region 214 serves to nasRCA/USM05OMA047

peri pheral region of the wafer 107. Addil€i onally, the lower mask region 214

is referred to as a wafer_placenent area..To prevent electroplati
sol uti on f ragienehetsiesgha RERJYEH éb%éféﬁﬁtl%r WHFGF a?i}BP%‘% SPPTAES; {hd lower
mul ti-layered wafer support apparatus, the |ower mask region 214 includes a

seal ant T egiasin r@idn 2THhencleddsanisealayi rogion 124 3¢ e sealanideceion dbhean yaclideatn i s
properly formulated to be chemcally conpatible with the wafer 107 and

el ect ropl apingive Fhatik Propetly fBRBuILFEAS bERAEmIdallg conipasble avitts tel wafef 00Truhdt ed
to enabl e renoval /cl eaning of the adhesive fromthe wafer 107 follow ng the

el ect' opl at g, br.ecess ik 00R7L, TURRGLIAM h2Yihea0d it ASbUBSIAGIEt: BAIUN S

203a-203d f g proper placenen the nulti-layered wafer support

and wafer 107 with respect to the processin 103 ..durin e

el ect r opl atemeyafiiganiag of ﬂ?%édé?%ﬁdﬁfg%ﬁltle WP%eF?%ﬂf@doé"An%H’S\Bie"ffgaiagfl%a‘é"fespsoi nts
(203a-203d) . However, the nunmber and |ocation of index points can be

def i ned as[0027¢Thar ottom dayere2@l pndpdes puleit p@intSnQO%Z@ﬁb fedy lenpuringy EFRPET
waf er support apparatus and wafer 107 on the platen 109. For exanple, in

anot her enmbpdiMBRtof thoVRultNHEErel Al dTESsuppit BA@ Wiatte d 08 witnesperd tothetphaceksing om
| ayer 201,nJgand one i ndex pga?]nt is pr (;J?Ipded on t he opposi tgmejnd ofﬁnt he :

o e 1 AR USSR A O R et
orovi deq. omdecboinia: @SEB s HaRR-«He Turek 96 leearey of RuiepopPalh riBe
201. [0028] As-the wafer 107 traverses underneath the anode 102, portions
of t hel@nodefiddR asvinkteskery dbspbizad wopesi pisitiongreg phitky ywi-layseed artsr sppRohnd
over the platen bottom | ayer 201.
apparatus and wafer 107 on the platen 109. For example, in another embodiment, two
iﬁdex points are provided on one end of the bottom layer 201, and one index point is
provided on the opposite end of the bottom layer 201. Index points can also be provided to
assist in proper placement of the wafer 107 on the bottom layer 201, i.e., within the lowef
15 mask region 214. It should be further appreciated that tooling pins can be pfovided on the
platen 109 to match the index points of the bottom layer 201.
[6028] As the wafer 107 traverses underneath the anode 102, portions of the anode IOé
wiil be disposed outside a periphery of the wafer 107 and over the platen bottom layer 201.
If i[he, bottom layer 201 is not maintained at a voltage potential near that of the wafer 107,
20  electrical current emanating from the portions anode 102 disposed outside the periphery of
the wafer 107 will be directed to the wafer 107, thus causing a non-uniformity, i.e., excess,
in electrical current to exist near the edge of the wafer 107. The excess electrical current

near the edge of the wafer 107 can result in excessive copper deposition near the edge of

the wafer 107, i.e., a fringing effect. Consequently, the material deposition across the entire



If the bottomlayer 201 is not maintained at a voltage potential near that
of the wafer 107, electrical current emanating fromthe portions anode 102
di sposed woteiciwsishe peri phery of the wafer 107 wi || bePpdirrusetsa440a7 t he
waf er 107, thus causing a non-uniformty3 i.e., excess, in electrical

current to exist near the edge of the wafer. 107. TFe 1§zcess. el.ectri calealr
current newafet Wil belgen-ohiferme ke spsian surropndingdhe wajes 184 dswainfaingd 3 oL o
deposition near the edge of the wafer 107, i.e., a fringing effect.

Consequentthy sahb oreatiar isadhe desfes1a7, dne electvisal aumsnepmprasingfieomhe pnase 102
non-uniform |f the region surrounding the wafer 107 is maintai ned at or

near the s . d Wefhethe Mafer dddethe lregibi ise@burclinig gietwafomtlaisi ng
fromthe a&gﬁg@%g&é&i ﬁler@gt Irected evenly tovvarggbot h the wafer and the

regi on surrpundi,ng tﬁe waf e{f tt hus m nim zing the fringing effect. [0029]
To combat MHEMZNGRe gnEPE & P the el ectrical current needs to be attracted

to the bottom | ayer 201 region surrounding the wafer 1Q7. heref(%r Ehe
e so bEsnsedg i

bot t om3 ayi@0290To foemblk thej ingeeffegt e (§l§Gtagal CUE Ry RES P A I'ned

as a patterned copper |ayer disposed on the bottomlayer 201. The
sacrifi ci abotan@Ugef 20 7@Lidn Ehromsiinethievederal) 7aThérefore, oy botinm Ropu2Ginfyrther
second portion 207b to allow for separation fromother electrical circuits

to be di Spglgﬁfaf%%acﬁﬁ@ngbﬁoae POAYRITbP AdfincdSasd thtdi@edib@peﬁ $8er dispbsedespect
. (0]

to Figure n one e dinment, the sacrificial anode portions 207a/207b

h w t hi bout 0. 005.1 ngh f b ;
Con 3PP oo S SR 8 85yl g9 Bl sl oo

, “to separate the sacrificial
214 Suth timal atseeomhopnciE gk fof SHBFLOSOTPIRRE EIRhTGH DR Brliel t he
peri pheral edge of the wafer 107. The sacrificial anode portions 207a/207b
shoul diext erfosetidvecihetiottymdayar2d]s sewkbd diserssecowith riespeehie Figrig RAr &yPoh
214 to ensure that electrical current uniformty is maintained between the
anode 102 god &ifRenPaht Rh&REiAfanbhe poicak 2004/207b can approach within about 0.005
inch of the edge of the wafer. In another embodiment, a dielectric material can be used to
separate the sacrificial anode portions 207a/207b from the wafer 107 within the lower .
mask region 214 such that the sacrificial anode portions 2072a/207b can extend under the
15  peripheral edge of the wafer 107. The sacrificial anode portions 207a/207b should exteﬁd
sufficiently beyond the periphery of the lower mask region 214 to ensure that electn'cﬂ
current uniformity is maintained between the anode 102 and the periphery of the wafer 107
during traversal of the wafer 107 underneath the anode 102. In one embodiment, the
sacrificial anode portions 207a/207b extend over the bottom layer 201 between locations
20 Wﬁere the anode 102 resides at the beginning and the end of the electroplating process.
[0030] In one embodiment, the sacrificial anode portions 207a/207b are defined using an
adhesive backed copper tape secured to the bottom layer 201. In another embodiment, the

sacrificial anode portions 207a/207b are defined within the bottom layer 201 during

manufacture of the bottom layer 201. In another embodiment, the bottom layer 201 is



during traversal of the wafer 107 underneath the anode 102. In one

enbodi nent, the sacrificial anode portions 207a/207b extend over the bottom
| ayer 20Iwbebsswssshocati ons where the anode 102 resi des patr/ush@shbegisnni ng
and the end of the electroplating procebs. [0030] In one enbodinent, the

sacrificial anode portions 207a/207b_are defined usi an.adhesi ve ed
copper t afermestfip@mdwodaygie ohame W‘Sa@}’gﬁl n@@f‘f‘.all’ eéﬂgttﬁ%,acgﬁgggﬁ%qg@o ? ﬁe
sacrificial anode portions 207a/207b are defined within the bottom /| ayer

a
201 duri noTanofiaete defimd the chpper dayer aljsposczobetween et laYeTRS AMRIARCUS he
bottom | ayer 201 isfornmed fromtwo | ayers of anorphous filmmaterial,

wherein thg,s gﬁgérfai.%a}let anGHe GaBddiaBE, ARTRHRAT hyar 80Hés fanmdd Hxona 2acoppar
| ayer di spose etweenn the two |ayers of anorphous filmmaterial. In yet

anot her enhodi nent, t bot t '- fNith & QRIPRIent hddunt
amor phous r@?ﬂfﬁ@%ﬁ?@%ﬁﬁ“w‘ﬁ er%?éﬁr‘eg%‘gé?ﬁ% %ﬁ? issqih‘%ggé{g?nat ed with a sufficient
anount of copper to be electrically c uctive.. Additiopall I i cal
cont actss 2gfg@pperdooaheckically ﬁ@W%ﬂe-f‘g‘ﬁlggmyy?lﬁémﬁ?}vﬁ@P PatC% %%E g%p:é‘? ?%i al
anode portions 207a and 207b, respectively. These sacrificial anode

el ect ri cal prooided ehissuppBmgRste: cathetectfitaltmadaportiags Bk a7 hr ERAGUYHE
peri phery of the bottomlayer 201 as required to coordinate with other

features Ofgﬁ?%a | i d1-2h By S 186k WA TBhtask PO8H/LOSHpeaT et losatade wiyemisitiopl asoundg
system [O The sacrificial anode electrical contacts 208a/208b are

defi ned 0,0 LONNSG ' 6 it6 CBbraARRitR QRS FoAtBRE BT 2Q9.
It shoul d B§ P&BBH%&"&?@%%'%‘Q?Eil%’%g%@%%@&%@ tsupprl ies can be used to
control the voltage paotential of the sa(fr i fici.al artlode (207a/ 207b) and the
waf er 107, mpbilegered vealsr suppet amsrats aeIcrliopelne S¥idhvi al  of the .
sacrificial anode (207a/207b) can be controll ed separately fromthe vqltage
pot entical 031 hEhevedeeificibd Fnoderelssiricaheorftadtngddai2Osbrase defings 1o Be eomperisA Vath
t hrough i ndependent control of the sacrificial anode (207a/207b) voltage
potential [ ebatioh&atridieanvdd sowdlippl9l20adie spailébe appreciated that separate power
supplies can be used to control the voltage potential of the sacrificial anode (207a/207b)
and the wafer 107, respectively. Therefore, the voltage potential of the sacrificial anode
(207a/207b) can be controlled separately from the voltage potential of the wafer 107. Thus,
15 tﬁé fringing effect can be controlled through independent control of the sacrificial anode
(207a/207b) voltage potential relative to the wafer 107 voltage potential.
[0632] Figure 2B is an illustration showing a cross-sectional view of the bottom layer 201
corresponding to callouts A-A in Figure 2A, in accordance with one embodiment of the
present invention. Thus, Figure 2B is a cross-sectional view corresponding to a plane
20 extending vertically through the center of the circular cutout 211 and perpendicularly to a
long edge of the bottom layer 201. The circular cutout 211 below the wafer 107 allows the
wafer 107 to be held directly on the platen 109 (not shown). Holding the wafer 107 directly

on the platen 109 avoids issues associated with ensuring that the bottom layer 201 does not

introduce non-uniformities in the positioning of the wafer 107 with respect to the



[0032] Figure 2B is an illustration showi ng a cross-sectional view of the
bottom | ayer 201 corresponding to callouts A-Ain Figure 2A, in accordance
wi t h one wotroaiosesst of the present invention. Thus, Fi geCe/URBIOSHIE47
cross-sectional view corresponding to alplane extending vertically through
the center of the circular cutout 211 and perpendicul arly. t | ong _edge of
Lhe bott orpivesssingand e Aeal 0% BGatSDE ITBFbIMTRoHEP e BHOTES i
the wafer 107 to be held directly on the platen 109 énot shown). Hol di ng

the wafer garadbn ahickyessrbetwheenpthateafen 007 audithe plaeud89.athe dlpigh d@9vganndbe
ensuring that the bottom | ayer 201 does not introduce non-uniformties in

the positi agid (9 Fit WAGINRE Rircdidy cotbt!D 11 @8R @E4intahd bepym of i wefeh Ed I 0@ and
anode 102. Because the | ower mask.region 214 introduces a separation

t hi ckness befween the wafer, 107 t Diudise PhALER L DeGaBede
defi ned t o &ﬁﬁf?%pﬁaﬁﬁtné@%éﬁﬂgggéﬂggﬂg&giﬁggﬁg 5%ain§? the bottom of the
wafer 107. In one enbodinent, the platen 109 includes a nu r o

hei ght -3dj tesengsge ths britomn of theayyafss 1P$ia§§d°%feé 2@&&8“%%%8 Iﬁ%@”ﬁﬁw&ffﬂtwg  Whf er
107 and |l owered to disengage fromthe wafer 107. In another enbodi ment, the
pl at en 109as@heriensHoditrerd, thaipbaeh 189 eandnelode amaisrskisland region defingdiin fis withen
circular cutout 211 and engage the bottom of the wafer 107. [0033] Figure

2Cis an i} el{%&ﬁﬁ} E&Butsiquﬂnﬂgsn%a tR6 Botb@s bf ealafe HW. of the bottom | ayer
201 corresponding to callouts B-B in Figure 2A, in accordance with one

enbodi ment !;‘8;8?{51 Ff%‘% 5858 %s? g lysggﬁjt)rpgh&wygga ’crdgis-gg{tﬁ)rllgﬁ]ii?@ JF thE BSteor et 20R

Vi ew corre e exten vertic rough the center of
the circular cutout 211 and perpendi cu

end larly to short, edge Qf .the. bgtiom

| ayer 201. comresppding thealigHss Bd@éﬁg‘f’fﬁa?t%"éé&‘ic‘?f anGeWihy r?f}g r?é‘ﬁ’t"gl%‘?mt‘ﬁetﬁé)
bottom | ayer 201 as illustrated in Figure 2Cis the sane as previousl
descri b@d ypidséntrias@eion. (Thuk; Higue 26. is[0084§-seitigualevigy Feresponding 4@ faPidbh
showi ng a bottomview of a top layer 301 of a nultilayered

extending vertically through the center of the circular cutout 211 and perpendicularly to a

short edge of the bottom layer 201. It should be appreciated that each of the components of ;

the bottom layer 201 as illustrated in Figure 2C is the same as previously described with

respect to Figure 2A.

15  [0034] Figure 3A is an illustration showing a bottom view of a top layer 301 of a multi-
layered wafer support apparatus, in accordance with one embodiment of the present
invention. The top layer 301 is defined primarily by a thin film 305. In various
embodiments, the thin film 305 is defined by an amorphous film material such as Ajedium
Victrex PEEK, polyetherimide (PEI), polysulfone (PSU), or polyphenylsulfide (PPS). In

20 lor'le‘ embodiment, the thin film 305 is formed using a thermoplastic process.

[0035] The top layer 301 of the multi-layered wafer support apparatus is defined as a
continuous member including a circular cutout 311 having a diameter that is slightly less

than the diameter of the wafer 107. For reference, the diameter 215 of the wafer 107 is

shown in Figure 3A as a dashed line. In one embodiment, the diameter of the cutout 311 is



waf er support apparatus, in accordance wth one enbodi nent of the present
invention. The top layer 301 is defined primarily by a thin film305. In
vari ous ewbadiemesiss, the thin film 305 is defined by anpramuspéiswog4ofii | m

mat eri al such as Aj edium Victrex PEEK, polyetherimide (PElI), polysulfone
(PSU), or polyphenylsulfide (PPS). In one enbodi nent, the thin fil IS
f or med usidefined thbaveoplolesaice 9 ﬁg)c@;e?é In %m’mﬁﬁ &0 X1 URPSF nyélgr%ao n%%{)%

mul ti-1layered wafer support apparatus is defined as a_continuous nenber

i ncl udi ng @figkd atduad tielgesiphery f theaaitons 3d 1 dind exteading fadialistosaboghthe yligmale
than the dianeter of the wafer 107. For reference, the dianmeter 215 of the

vaf er 107 45 Gy fiz94 Gndbrdddinéhashe dpbén@asil mgimeslanadil miioknesd fse
(0] e

di anet er cutout 311 isdefined to have a tol erance of +0.0025 inch
and m nus zero. An upper mask regqion 3 j T AfRuAng; Heihe RhgEy of
the cut out‘%‘glilfdé?lﬁo‘é B’«?ﬁﬁ?ﬁ %nglgglﬁg?%néﬂ g@o&gﬁqﬁgﬂgl arrekg erpthz 5 of the
wafer 107. I n one enbodinent, the upper sk region.314 radi al ,thi ess is
defi ned t ol®oi.es wmtétmmchmmbqynéarwgﬁ%a% 8 g™ r‘gfe%lgﬁﬁ B’gr“(ag%{]ery of
the wafer 107, i.e., within an exclusion boundary defined around the

per i pher al [088gETRS tdphaysyedr is thR3Thcehever dipe Wafesrl03cuch shatghe eutoraébhisver
the wafer 107 such that the cutout 311 is substantially centered over the

waf er’ 107. o ToiSiarhEerk@Pd SYE ARSwater 1DR TRlsCthelp duptabe ofxipn safbrt 07t tocbe
el ectropl ati ng process Is made accessible through the cutout 311.

Ther of o ¢, L1C SOREL RSN R AL4, SEAYES-LSTRRb.g hERURRI s PheMBletére0l on

of the waf etPos . ctrop I ng solution fromentering the
e oo e amapgenk e S5 e e S RAELSE MR R 7
seal ant region 313 can include an adhesive that is properly fornulated to
be cherg capleyemostpatophitiagviolutionhfromaénseringD thearsgionl eatwerp st filg léﬁfﬁf’%é}?ﬁ I'n
one enbodi nent, the adhesive is also formulated to enabl e renoval / cl eani ng
of the ad hﬁﬁﬁﬂ’-@aytefeﬁ%éf&%u%& hpparatus, the upper mask region 314 includes a sealant region
313. The sealant region 313 can include an adhesive that is properly formulated to be
cﬂemically compatible with the wafer 107 and electroplating solution. In one embodiment,
the adhesive is also formulated to enable removal/cleaning of the adhesive from the wafer
15 ]:07 following the electroplating process.
'[0037] The top layer 301 includes index points 303a-303d for ensuring proper placement
of the multi-layered wafer support and wafer 107 with respect to the processing head 103
during the electroplating process. The embodiment of Figure 3A shows four index points
(303a-303d). However, the number and location of index points can be defined as
20 nécessary to achieve proper positioning of the multi-layered wafer support apparatus and
Wafef 107 on the platen 109. For example, in another embodiment, two index points are
provided on one end of the top layer 301, and one index point is provided on the opposite

end of the top layer 301. Index points can also be provided to assist in proper placement of

the top layer 301 over the wafer 107, i.e., within the upper mask region 314. It should be



107 followi ng the el ectroplating process. [0037] The top layer 301 in

i ndex points 303a-303d for ensuring proper[plac£nent ofptheynulti-layglrgges
waf er supponbocasssseaf er 107 with respect to the processipog/useed/odd37 during
the el ectropl ating process. The enbodi néht of Figure 3A shows four index
poi nts (303a-303d). However, the nunber and |ocation of 'Qdex ipts n be
defi ned adurtbereappaecjatedthat iodins PHISHIB e[%%Ylfi?(gﬂli‘ 5 l?r;lf‘tefl t]ftlg ﬁ%mf\%ﬁ @f/é‘?‘g"%

waf er support apparatus and wafer 107 on the platen 109. For exanple, in
anot her ernfagts GEtHe, top Wyet BBlEx points are provided on one end of the top

| ayer 301, and one index point is provided on the opposite end of the top

| ayer 301 b[opgg‘jgir‘heggi?% 3B aBb ISR i sleskit cassit 3074 sndpa speend pleaitieaent

824t hlettghoul T ot 0 er the vvaferd107, i.e., within the upper mask region
. ) u I appreciated. . | i i

the pl at erfiReg 40 bmperice egel gty 1028 4f OftuloRtoR e Ak 65 REGK BPter]
top layer 301 also includes a first electrical circuit 7a,and.a.sec 1d

el ect r i5cal wafer ¢07 at BfimblocTtien 350adhatds etpide thy see]iapthgglpnggémflgv lg‘érf X 8?0

contact the top surface of the wafer 107 at a first |ocation 310a that is
out si de t hgagemlint314eThe secdid ckendtical ditvuit 20k isigefnedia santpeighe ppFiaiacerple
second electrical circuit 307b is defined to contact the top surface of the

waf er 107 fh RS FON % rr% g bl 28L2B4RB 106 Bat S o@bids iesdalidt S@admBL3 aedyivithir313

2ch¥1FhiP he up|toer(307 reglon 314. Each of the first and second

ical circuits /a 307h)., 1 Bcl L 3 i

(3062 and B9EPe: ik ee B e 1B EReent G T GRY 07 o
position around the periphery of the top |ayer 3 as required t

coor di nat einsludn aotehactive glegirissl esmtach @%I@ﬂ-ﬁ%@e&iﬁ ‘RT\%:F%‘%T SOPpYP ?’ 08339801 us
and el ectroplating system Each of the electrical contacts 308a and 308b is
connect@d &£ Be PEBARId Sy posROH andnd 11w, periphpecof thsl tpp layer 301 as required to

coordinate with other features of the multi-layered wafer support apparatus and
electroplating system. Bach of the electrical contacts 308a and 308b is connected to a
power supply 309 and 317, respectively.
[0039] Each of the power supplies 309 and 317 are independently controllable, such that
15 'power can be independently supplied through the first and second electrical circuits to t};e
wafer contact locations 310a and 310b. During the electroplating process, electrical currenf
béing applied to the wafer 107 edge at the contact locations 310a and 310b can be
coﬁtrolled to establish a particular electrical current profile across the wafer 107. Fo£
.example, as the wafer 107 traverses underneath the anode 102, the contact locatibn
20 (3102/310b) farthest from the anode 102 can be powered while the contact location
(3102/310b) closest to the anode 102 is de-powered.
[0040] In one embodiment, the first and second electrical circuits 307a/307b are defined
us;ing an adhesive backed copper tape secured to the top layer 301. In another embodimel;t;

the first and second electrical circuits 3072/307b are defined within the top layer 301



[ 0039] Each of the power supplies 309 and 317 are independently
control | abl e, such that power can be independently supplied through the
first andweeocwmdssbectrical circuits to the wafer contaeCTluscasioeng7 310a
and 310b. During the el ectroplating prod&ss, electrical current being
applied to the wafer 107 edge at_ the_contact |ocatiaons 310a and 310h,can be
contr ol | edduringemenwfastare af g fapclayery S da3noler e&ﬁ"%&ﬂ?ﬂ?{pﬂ}ﬁ %pglag%rr g()sls t he
waf er 107. For exanple, as the wafer 107 traverses underneath the anode
102, the Crmhad frolowat lagers 08 dbatBoohfilth aratdrisdt wiareim therirsh Aod eecond elegiticple
powered while the contact |ocation (310a/310b) closest to the anode 102 is

de- power ed 5%9%&‘3079 NGe QEBAGH HHNE coppiee Thjersdispusdd devwset tlesta layats of
circuits 38 a/ 307b are defined using an adhesi ve backed copper tape secured

to the top layer 301. |n _angth ' - 2B PEEQRALAI circuit

el ectrical a@?‘%ﬁﬁ%@%ﬁ‘?ﬁ%g%yga@%g%?%ggd& v}{nle{l Hagei{nlﬁfe%dop I acflgr 301dur linnsg
manuf acture of the top layer 301. In ot her enbodi nent. he top | 301
i s forrfed 30WRATRere frEred THIm 4FOPPH %m?rﬁfl%ﬁ ’a"Ynl?erﬂﬂé %f‘lﬁo’fpﬁgu‘??{ﬁétléand
second el ectrical circuits 307a/307b are defined by a copper, |a en,di?gosed
bet ween t hgnpragnataleits achffiion phoust ¢f dopperdo deickictriqally ger %ﬁa@-r@dlﬂonal ,

enbodi nent, the first and second electrical circuits 307a/307b are forned
froma COpgﬁénézﬁrﬁgo(ﬁﬂi@ﬁ@ lIRUSortibhdTor BETEY hdt deeomdreleptnosiscifduiten30ga/307b that

i npregnated with a sufficient anount of copper to be electrically
conductive. Additionall [ n ' 3100810004k @8yt fie efebtizhil@nd
second el eﬁ?qt?fgébe&al?%ru?/wsagﬁafﬁﬁ%q%gtgﬁ%gmact the wafer 107 at theyél
contact |ocations 310a/310b are defined b n electricall Q i .
adhesi ve t hendughvgpdigsiye dind enBIreTPiPPEA ecé%‘ﬁ’?ﬁe?ta?tsls 3%%?‘@6\%%1%a1ﬁ%}{%§a46§%ﬁﬂhed
wth the wafer 107. The conductive adhesive can al so be used to enfure ihat

consi si@nt el vesfer 187 The condictive sdhesivaishn slse de tisashiowasee tha CopFEEent Cf5
The enbodi nent of Figure 3Ais shown to include two electrical circuits

307a and  contact is established from wafer-to-wafer.

[6041] The embodiment of Figure 3A is shown to include two electrical circuits 307a and
307b. However, it should be appreciated that any number of electrical circuits can bé
defined to electrically contact the wafer 107 at a number of locations around the periphery
15 of the wafer 107. Also, in other embodiments, the contact area established between a
particular electricai circuit and the top surface of the wafer can be larger or smaller. It
should be appreciated that the number of electrical circuits contacting the wafer 107, aﬁd
Ithe; contact area size between each electrical circuit and the wafer 107, will have a
co'rrlesponding effect on the electrical current profile across the wafer 107 relative to the]
720 anode 102. Therefore, the number and characteristics of the electrical circuits can be
optimized to achieve a desired electrical current profile across the wafer 102 relative to‘ a

given location of the anode 102 over the wafer 107. For example, as the wafer 107 moves

relative to the anode 102, different electrical circuits can be energized and de-energized to



307b. However, it should be appreciated that any nunber of electrical
circuits can be defined to electrically contact the wafer 107 at a nunber
of | ocatiwooevmwsssd t he peri phery of the wafer 107. Al secTius2@ses047

enbodi nents, the contact area establishédf between a particular electrical
circuit and the top surface of the wafer can _be larger of snaller. |t

shoul d be bemeficiellnmemipuiate the,elerisalesurEt Prfile AFEOSH %Eq Wé‘fﬂft@cfsﬁf%{% £ H§ t he
waf er 107, and the contact area size between each electrical circuit and
the wafer gddde 102! 1 have a corresponding effect on the electrical current
profile across the wafer 107 relative to the anode 102. Therefore, the

number and@gﬁ BGhES B8 4L G BlisttRRneieGind §akossiseaitiniab vieah obeheofip iyeresD1 o

achi eve a ectrical current protfile across the wafer 102 rel ative

to a given location of the apode 2. over .t h .

the waf er QWSH?}WE%E F%F%l{]qu\tlseag(g ? éguéﬁ%\e 1116‘%?0\9@%1-% e“glg%to né;?fen(l:)t% 2rﬁlqllcq:gaﬂllt of R
circuits can be energized and de-energized tob,encifi.ci a‘[(PIé%/ manj. pul at e .t he
el ect rial present dnventions Thus, daigwes3B He angiost-sertionaloYigy| SASTespoRde i 4d¥@%D2.
[0042] Figure 3B is an illustration showing a cross-sectional view of the

top |ayer @@dndifg vesipsndibeughcthe abhtoribfthe-clcilar Fitgutr 3l 13d parpensiaatinoa
wi th one enbodi nent of the present invention. Thus, Figure 3Bis a

Cross-sect L@?&t%\éio‘m&%ﬁ) 8%P 08I T shdul Be gi@&ﬁ‘at% HRndidhd\Bs térapdrentstdfitineigh
(0]

the center e circurar cutout 311 and perpendicularly to a short edge
of the t optapdyer 303 ibisriede ity TBHY BR e pRFlo BRIl P REBREES 0
described with respect to Figure 3A. [0043] Figure 3Cis an illustration
showi ng a Fravss348ectional view of the top |ayer 301 corresponding to
callouts DD in Figure 3A, in accordance with one enbodi ment of the present
i P\éﬁ gt i®n. (00483 FigurgBCeis3@ ilRsaatiomosiovarg i @nsscoiienel oeaw @f fon Em pyeb3@l
i corresponding to callouts D-D in Figure 3A, in accordance with one embodiment of the
present invention. Thus, Figure 3C is a cross-sectional view corresponding to a plane
eitending vertically through the center of the circular cutout 311 and perpendicularly to a
long edge of the top layer 301. It should be appreciated that each of the components of the
15 top vlayer 301 és illustrated in Figure 3C is the same as previously described with respect fo
Figure 3A.
[0044] In one embodiment, a throw-away film (consumable layer) is provided to protect
the lower mask region 214 prior to placement of the wafer 107 on the bottom layer 201. A
consumable layer can also be provided to protect the upper mask region 314 prior to
20 piacement of the top layer 301 over the wafer107/bottom layer 201. The consumable laye;s
can be peeled away from the bottom/top layers to expose the lower/upper mask regions. It

should be appreciated that the consumable layer protecting the upper mask region 314

provides protection for the electrical circuits 307a/307b in the upper mask region prior to



extending vertically through the center of the circular cutout 311 and
perpendicularly to a long edge of the top layer 301. It should be

appr eci atwo wiévassach of the conponents of the top | ayerc3aBs2as/oudokust rat ed
in Figure 3Cis the same as previously @8scribed with respect to Figure 3A

[0044] In one enbodinment, a throwaway film (consu | e | ayer) i r.qul.ded
to protectcantasting\iae Wasarkl (/e Jihg ponsumahle yef%c%n@ecg%@ By ?W@Q’@PO&S qﬁbj?eon
the bottom | ayer 201. A consumable | ayer can al so be provided to protect

t he upper nE&lkarggilantodhd yed tr defimepheathimtilvs 235/30% t op | ayer 301 over the
waf erl 07/ bottom | ayer 201. The consumabl e | ayers can be peeled away from

the bot t onfgoaB) FRKRY £A tCaPNRESAchBoWaIET 4spnesly vhtie meli-lapered Wafes hoppat be
appr eci at rer(?bt ﬁ]at&tﬁere consunabl e | ayer protecti né t he upperyﬁask regi%[?l 314

provi des protection for.th i . C] i i WURDET
regi on pri BPPAZLHM ﬁ%qof%ac‘?ewgt \e/(\)/g‘% %@%?Wén%ﬁgh{g?ﬁégﬁﬁg%ﬁgbgﬁ bi(zean be tedTaSk
defi ned by an anorphous film materi al

. ( ~an . sinmlar to,tha sed to defi

thin fiJ nein2BgusosA qoomamndrigiew 4x4 8f EF? botfqny davat ?8#1 ag rPSWﬂ‘bS?%ﬁﬁ%éi gﬁm y
of the multi-layered wafer support apparatus, in accordance with one

enbodi ment Figfurd P8 apd a&emtC-Crofethe taplaydiiid lvisquedeysly: shawn i Figyier 3. Anshould
corresponds to View A-A of the bottom | ayer 201 as previously shown in

Figure 2B EWeGtfatQhack BE tHednhptyietits 39 theabotfone Viyet 30y asd apnlayer Flgas e
3B. It shog'?gp%% appreci ated t hat elg)glh of the corrpor?gnts of the %ottogf

oL e R B TR MR sy i g
op. | ayer 361 respectsnbullge Btelpfir e FOB8 SIMIE HECHSTEO R ET L Gpo g rger e
201/ 301 are.independently positionable with respect to each other.
Fur t her@ror 01 asd freerep dayet $OHils shemdbbic apprediated thah éhedenttommrivachtoplayers AGLAAL
201/ 301 include a nunber of index points to
are independently positionable with respect to each other. Furthermore, as previously
discussed, each of the bottom and top layers 201/301 include a number of index points to
facilitate their proper alignment with respect to the wafer 107 and the platen 109.
[0046] In one embodiment, each layer of the multi-layered wafer support apparatus has a
15 thickness within a range extending from about 0.002 inch to about 0.030 inch.
Aciditiénally, the bottom layer 201 can have a different thickness than the top layer 301. In
one embodiment, a total thickness of the wafer 107 and the multi-layered wafer suppc;rt
af;pafatus is less than 0.5 mm. In a further embodiment, the total thickness of the multi;
layered wafer support apparatus is less than or equal to the thickness of the wafer 107. The
20  assembled multi-layered wafer support apparatus can be defined to be semi-rigid. It should
be appreciated, however, that the top layer 301 is defined to have sufficient flexibility to
allow for substantially flush engagement with the wafer 107 in the upper mask region 314,

and substantially flush engagement with the bottom layer 201 beyond the periphery of the

wafer 107.



facilitate their proper alignnment with respect to the wafer 107 and the
pl aten 109. [0046] In one enbodi nent, each |ayer of the nmulti-Ilayered wafer
support appanetsssshas a thickness within a range extendipog/use@sioaveut 0. 002
inch to about 0.030 inch. Additionally, 2dhe bottom | ayer 201 can have a

different thickness than the top |ayer 301. In one enmbodi ment, a.tot
t hi ckness W047hEigyes €7 131@1711]&%“&‘?@%%“(& an a&%?nléléf Oﬁ/g?e ulliigyapd v, 5653?@06% i's
less than 0.5 mm In a further enbodi ment, the total thickness of the

mul ti | ayer gshavmfiiin acvopdinte sjithamaemdoilisndné of thetpaesent ingeption. The view damicdkhess
of the wafer 107. The assenbled nulti-Ilayered wafer support apparatus can

be defined {0 $8Morfekstinds td tVisWBUBoh theatiitfore iaeed0] howeamesysly bladwr fre
top | ayer 51018195 defi ned@to have sufficient fl exizgliel ity to all OV\SIthI’

substanti a‘h}% efa## ?‘gﬁi ﬁ?}&?fﬁ%ﬁgg thwttggagla Q%dﬂs?r%\ﬁggslil BhdALinUp ?fe JRIKsHgRd on

?ﬁg pgp?pﬁ e f 10(;”?80 ]nt W t e bottom Il ay 201 beyond
ery of the wafer . 47] Figure 4B is.an LlJustratio ow
an assehbl he éPPr?‘Fiéteﬁﬁh%ti eachy b theCOpRROBPNtS g’ﬁﬁ‘&‘r‘?‘%%l\aryﬁ{ Béi a?cﬁ]{ogcf%e'#d’?%é\éﬁ "
wi th one enbodi nent of the present invention. The view depicted in Figure
4B corr espildgated in/Faywd4B isthe fametpstproviousty describad with gsecetde ?ig}lr‘*sgr?d%vgn‘ii n
Figure 2C and View D-D of the top |layer 301 as previously shown in Figure

3C. It shogAgretggecﬁpglryeci ated that each of the conponents of the bottom
| ayer 201 and top layer 301, as illustrated in Figure 4B, is the sane as

previ ousl yﬂﬂ@?f Eiﬂgbul%%r %gﬁrog,}%? %ﬁc}egfegelﬁiagéérgﬁénc%%ﬂﬂgsn%ﬁlorllg SRRARE lop&laden of

E)ggfg]{ i gingof AR 20 represen equence of illustratrons show ng
RGN A I TR I,
apparatus, in accordance with one enbodinent of the present invention. k
Fi gur e16A seowmlti-teyerdpwnatet wspsib appayatas.t sr adcardaneg Motk ere embodiment of the
égesent invention. Figure S5A shows the apparatus shortly after initiation of tﬁé
, ;
electroplating process. In Figure 5A, the wafer 107 is being traversed underneath the anode
162 in the direction 111. The meniscus 105 is established below the anode 102. As shown
in Figure 5A, the sealant region 313 of the upper mask region 314 serves to protect tﬁe
15 electrical contact location 310b from the meniscus 105 6f electroplating solution as the
anode 102 traverses thereabove. Also, the second electrical circuit 307b is electrically
disconnected from its power supply 317, as indicated by arrow 501, as the anode 102 aﬂd
m;niscus 105 traverses over the electrical contact location 310b. Furthermore, the firét‘
electrical circuit 307a is electrically connected to its power supply 309. Thus, an electric
20 éﬁrrent is caused to flow through the meniscus 105 and across the top surface of the wafer
i07 between the anode 102 and the electrical contact location 310a.
[0049] Figure 5B shows the wafer 107 continuing to traverse underneath the anode 102

from the position depicted in Figure 5A. The second electrical circuit 307b remains

disconnected from its power supply 317 as the electrical contact location 310b moves away



el ectroplating process. In Figure 5A, the wafer 107 is being traversed
underneath the anode 102 in the direction 111. The neniscus 105 is

est abl i shwo 2b@lesssbhe anode 102. As shown in Figure 5A PCmaiSs@aloadut7 r egi on
313 of the upper mask region 314 serves2£o protect the electrical contact

| ocation 310b fromthe nmeniscus, 105 of el ectroplating. so jan_as th ode
102 traver fem thpaneden®ze In opesgnbodimentathg ﬁﬁcoé‘fjee%fc?l?cc?gglr%ql{‘ %‘Eﬁbtls %Ibta]ingd il
electrically disconnected fromits power supply 317, as indicated by arrow
501, as t heheahadand®al s umtih thecanodg 082 endwenisess s @ piffigient disiapeg away
contact | ocation 310b. Furthernore, the first electrical circuit 307a is

el ectrical h&snﬂﬂe REeHRE! Eéhthdi Sodd@BR 3168 RPénsuR0Bat thekectrivn]l edreat ddoation Bi@nt
is caused to flow through the nmeniscus 105 and across the top surface of

the wafer 107 between .th n he el ectrical contact |ocation
310a. [0048)M%{Y é’l%ﬁg%ﬁfo%g&&i’é&@éfg@ﬂ%7 continuing to traverse
underneath the anode 102 fromthe position depicted inEi S5A. Th
second %! etQ050L Ailsos ppweting 3bths ﬁ“@ﬁﬁ‘iqigecﬁil glsrinisel Gt 3’51]7%3 @ﬁf)%?na§§%;tﬁ y
317 as the electrical contact location 310b noves awayfrom the anode 102.
In one embogiimizeta curkent skistibuticnl present ehtheqiarden of §E7iepisyriaeg at tienusfer K0T he
di sconnected state until the anode 102 and neni scus 105 is a sufficient

di stance ayay if BntdRe withast mhéidcus 005,36 tonk @@dtioldimen?,1Bbs desimbleutp endihtatn 4 he
el ectrical contact |location 310b is not in the vicinity of electroplating

sol uti on. %&%ﬁ%ﬁg@@ﬁ%ﬁﬁ‘gﬁ%ﬂﬁdéﬁgng NE ahi ihtaB) BeGREAMHe FAARCHL 405 ARy S

307a/ 307b optim ze urrent distribution present at the.

portion of the top surface of the wafer 10 hat i,S i ont i

heni scus. 10%fer 1 7cdhe NG I fraverses P%‘E%?IZI} rapofig 102, 1 fhipyld tgevgpi’&“fa&%’
substantially uniformcurrent density at an interface between the neniscus
105 and0t hehavahaintalidng e aimlentiZn S ient odjsrRAsS & B10R e PRWERCA SURSETIORD 2
It should be appreciated, that maintaining the anode 102 a sufficient

di stance awg¥aéi 10Batidnes RYEI0Bdi.6l €ed citBede, allows the current density at the interface

between the meniscus 105 ‘and the wafer 107 to be more uniform. Thus, in one
embodiment, transition from powering the first electrical circuit 307a to powering tﬁe’
séconﬂ electrical circuit 307b occurs when the anode 102 is substantially near a centerline
15 o% ;he top surface of the wafer 107, wherein the centerline is oriented to be perpendicular to
th'e’direction 111. |
[0051] During transition from powering the first electrical circuit 307a to powering the
second electrical circuit 307b, the power to the first electrical circuit 307a is maintained
until power to the second electrical circuit 307b is established. Once the second electrical
20 circuit 307b is powered, the first electrical circuit 307a is disconnected from its powér
;ﬁpply 309. Maintaining power to at least one electrical circuit 307a/307b serves to

minimize a potential for gaps or deviations in material deposition produced by the

electroplating process.



contact |ocation 310a/310b, i.e., the cathode, allows the current density
at the interface between the neniscus 105 and the wafer 107 to be nore
uni f orm Wbusgé/iesssone embodi ment, transition from power Pog/ush@siusogt
electrical circuit 307a to powering the28econd electrical circuit 307b
occurs when the anode 102 is substantially near a centerli

- : e
surface of [00F2] Rigner SG ohowis wa 1l cOBRRERE |91gaYe§S%P?‘iW%gh ?}{? %g)%etl%a’
perpendi cular to the direction 111. [0051] During transition from powerjng
the first gilesitd ealsitnr fraitpd@Tagttbe fivneltechisal ¢iecuiciliado aoweting s scePitui t
307b, the power to the first electrical circuit 307a is maintained until

pover to the seqnduR3eeh, Thdecohd ektiicalliRuitB0db iaktidvaheshnetled go ith@owecond
electrical circuit 307b is powered, the first electrical circuit 307a is

di sconnect ed piy(r: gﬁ i%@%@@%gﬁgﬁpéi%uﬁ%h VeLifvit BishnBOYE Frdn? itdtholWeRSipphNe

: S i
el ectri cal S serves to mnimze a potential for gaps or

deviations in material deposition produced by the elect | at i

processd [ 088%]asngigited By age¥R03- H%‘%vﬁg?cé?c %‘73/”6 Wsnth{%é{lﬁ © ?lﬁrelg%g}’lss 105 and
underneath the anode 102, following transition frompowering the first

el ect ri cal a@bsscie topaiFiace of thewetemig)7thetvesndamanode d62 end the deqtdeal comsPROn The
second electrical circuit 307b is shown connected to its power supply 317.

The first |@ftythelcofill BleMircalR3taitizp78hown di sconnected fromits power
supply 309, as indicated by arrow 503. The electric current flows through

anode. 102 HMES] RiSter SErPPRA oS RoT SRt o R BBt TiRE on oe
Cndor neat heheleRRLIngOMORS e PEBRIF U eI tF D EGRE e s MBVEL FBHE
The seal ant regi on 313 of the upper mask region 314 serves to protect the
el ectrigal repadit Ab4 sdroesabiprotediiibe electivat erntant hbaation 310sfrgm the meniscus 105 of
electroplating solution as the anode 102 traverses thereabove. Also, the first electn'céi
circuit 307a is disconnected from its power supply 309, as indicated by arrow 503, as thé
anode 102 and meniscus 105 traverses thereabove.
[0054] With reference to Figures 5A-5D, the multi-layered wafer support apparatus is
15  depicted as being placed and held on the platen 109 during the electroplating process. The
platen 109 is defined to have a flat surface with vacuum ports and index points. The plate;n
109 is formed from material that is chemically compatible with the multi-layered wafef
éuppoﬂ apparatus, wafer 107, and electroplating solution. In various embodiments, the
platen 109 can be defined by stainless steel or engineering plastics such as PET and PVDF.
20 [0055] Vacuum ports in the platen 109 serve to hold the multi-layered wafer suppoﬁ
apparatus flat against the platen 109 during the electroplating process. In one embodiment,
the vacuum ports are evenly spaced across the platen 109 to enable the multi-layered wafér

support apparatus to be uniformly held. Because the multi-layered wafer support apparatus

is anticipated to be flexible, it is important that the vacuum ports be configured to provide



el ectropl ating solution as the anode 102 traverses thereabove. Al so, the
first electrical circuit 307a is disconnected fromits power supply 309, as
i ndi cat edwbyo@vrsss®o503, as the anode 102 _and neni scus 1PETIUSaMSNSBIT

t her eabove. [0054] Wth reference to Fig@ﬂes 5A-5D, the multi-Ilayered wafer

dur ng t no CraRt e s oAt S BoRfEREoe Enl PabiCaoRicod bt o

surface with vacuum ports and index points. The platen 109 is formed from
mat eri al t Havlti-leyerné wataispppabpatattl. e with the mul ti-1ayered wafer support
apparatus, wafer 107, and electroplating solution. In various enbodi nents,
t he pl at en [D0S6]cEslldweng efel eledroplatiap proviesss shesvp tdyenB0 lecay eegrel sdgavilyaadn dee
such as PET and PVDF. [0055] Vacuum ports in the platen 109 serve to hold

the multi- |\§¥1‘3f 6Y WRinGble HARAH S oietHPl@vraPctr 487 ?&ﬁhﬂﬁ&%r@&%%ﬁﬁ%qn%@%%o&ﬂ%nt, a

during the electroplating process. In one enbodi nent, vacuum ports are

I d th .at 109 t ble th | ti -l qy: f
Suppor t S atich D5 ot e ihore JHerd. S Mht atRSE T TR 11 T 5y e e
support apparatus_is anticipated to be flexible, it is inportant that the
vacuum por tEnssalry: barrfugeiiaag te semewhelasedpleatiopleting apletipn.mleandhe sefarilfg. #¢r ce

to avoi d having unevenly distributed portions of the nulti-Ilayered wafer
support appayahe svaf¢iO0Gh] A&ditibmaliyngt isheorebizable aphtathengubi-hyesd , wifle sapport
| ayer 301 can be peeled away fromthe wafer 107 to enabl e handling of the

vafer 107 fopafaistddfbe PEBREFDh ri‘Sl_-lovlliﬂ% U] ST IAB Phocess fol dnable FepeaRR@lussan be
di sposed adjacent to the processing head. In thisS enbodi nent, the rinse/dry

b et it YR RSP S0h A5 g

mul ti-|ayered wafer support apparatus can be recondition follow ng the
el ect r P atinrig ghecioplting praaessh ik agedpdance Withswme qugpgipentqfihepesens imyention.
illustration showing a flowhart of a nethod for supporting a wafer :
An operation 601 is provided for placing a wafer between a bottom film layer and a top
film layer, wherein a surface of the wafer to be processed, i.e., electroplated, is exposeci
tflfbugh an opening in the top film layer. In one embodiment, each of the bottom and top
film layers is defined as an amorphous film. In an operation 603, a liquid seal is established
15 between the top film layer and a periphery of the wafer. An operation 605 is also provided
for establishing an electrical connection between a first electrical circuit and a first
peripheral location of the wafer. In one embodiment, the first electrical circuit is integral to
the top film layer. In an operation 607, an electrical connection is established between ‘a
selco’nd electrical circuit and a second peripheral location of the wafer. The second
20 péﬁpheral location is diametrically opposed about the wafer to the first peripheral location.
In‘ ’one embodiment, the second electrical circuit is integral to the top film layer. An
operation 609 is fﬁﬂher provided for positioning the bottom and top film layers having the.

wafer placed therebetween on a platen of an electroplating system. Then, in an operation

611, the platen is traversed below a processing head of the electroplating system. The



in an electroplating process, in accordance with one enbodi nent of the
present invention. An operation 601 is provided for placing a wafer between
a bott omwolzmdmmysso and a top filmlayer, wherein a surfatasedosom@inaf er to
be processed, i.e., electroplated, is ex%%sed t hrough an opening in the top
filmlayer. In one odi ment ch of t bottom and.t,op filmlayers |s
defined as t%’@’&?’ﬂﬁ‘gﬁg}gggﬁr’i %us‘?sﬁﬁ%ﬁurg%S rogﬁl?eowa%ﬁgy’(pogecli thﬁ'i‘@ \bg gperige In thé
establ i shed between the top filmlayer and a periphery of the wafer. An
oper ati on 60pfilr lajes to b Jedtenplntedbr est abl i shing an el ectrical connection
between a first electrical circuit and a first peripheral |ocation of the
wafer. In one enpoghiarembodibfeat,fthe Shethbd dor sagorting ¢the twafes innthegeladtrdpiatinige
top filmlayer. In an operation 607, an electrical connection is

est abl | Shedprgtgeéwv\gpfg?t.hé@&@lﬂ% fe flé\&/ﬁ@lorgﬁfa'fiﬁh%:t and a second peri pheral

| ocation of e second peripheral lTocation is dianmetrically

opposed _about the fer to the first peripheral. |ocation, In_.one

ohbod Nt o b SwRHAE gt to i et elhich] St wfle Rtiondr 1B wafar ey
| ayer. An operation 609 is further provided for positioning the bottom and
top filmlayers fimwm thg firstoeripheral lotatipads beiag pmsewwedn on a pl aten of an

el ectroplating system Then, in an operation 611, the platen is traversed

bel ow a processi Qgch@retiRd pbwer AbRCHE IRbEéEdAEcA YsicainNwhehed paridhsiinbe afafdrhe
pl aten causes the surface of the wafer exposed through the opening in the

top filmlayer tg?%ﬁh?eﬁ&?hée@e%?&aﬁ H%S%%ggﬁpgggsisgaant, t he met hod for

supporting the wa ectroplating cess’can further include the
foll ow ng operations: supplying power to the first electric circuit when

a portion of theSYREERE RREET Fo B seemdrslecsiicab gitpHhwhsH 2 POELRD Hribe valei angy
processed, ' disconnecting power fromthe first electrical circuit when a
portiorOof the wdfoer thasegontilperiphersltlogaionphbeing ptasesseidlon i s bei ng processed,
e disconnecting power from the second electrical circuit when a portion of the wafer
near the second peripheral location is being processed, and
e supplying power to a sacrificial anode disposed within a region surrounding the
wafer to maintain a uniform current density at a peripheral edge of the wafer,
15 wherein the sacrificial anode is integral to the bottom film layer.
[0058] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. Therefore, it is intended that the present invention includes all such
20  alterations, additions, permutations, and equivalents as fall within the true spirit and scope

of the invention.

What is claimed is:



supplying power to the second electrical circuit when a portion of the
waf er away fromthe second peripheral |ocation is being processed,

di sconnecwODngogued®sn from t he second el ectrical circuit waEsSaoosoustoudn of
t he wafer near the second peripheral |o@ation is being processed, and

supplying power to a sacrificial anode_dj iggsed Wi thin a region surrounding
the wafer to maintain a uniform curreft ity at a peripheral edge of the
waf er, wherein the sacrificial anode is integral to the bottomfilmlayer.

[0058] While this i nxgn%g%%ﬂ}g& “}gl?eg-']}aﬂglﬁfg{ %fé% kot JsE AT Qfecﬁgﬁ(l@ﬁﬁ’é process,

enbodi nents, it wll eci ate se skilled in the art” upon
readi ng the precedi ng specifications and studying the drawings will realize
vari ous al ¢@PRISIREs, additions, permutations and equival ents thereof.
Therefore, it is intended that the present invention includes all such

al terations, addilidtons filpelayert aciukng aawdfee qiadgateahrecaaand & sactificisl ek
true spirit and scope of the invention. What is clained is:CLAIMS 1. A

mul ti -1ayegadhWale hbdaskt peesuatees had use in an el ectroplating process,
conprising: a bottomfilmlayer including a wafer placenent area and a

sacrifici al a”°d‘?<g,§ﬁhﬁi%yze§ hg@%eﬁdh&ghgégqgg edpév%f thoﬂ{ £ifin 18RE tRe tQPfiloh d¥er

| ayer defined t8 tom ayer, tHe top filmlayer
i ncludi ng an_open region to be posjtioned over_.a surface of the f be
pr ocessed, inchelingpn PPEMTERLNLP %SQOH’&OB PHEF Tt 8t/|fhﬁew al qulﬂﬁ Hm\é\%gf&’ the
between the top filmlayer and the wafer to be processed about a peri pﬂery
of the opetoprfilph dayer bhimgt dyfined ftonprewds ailm@mj@ﬁahg)etween the top film layer and the
wafer to be processed about a periphery of the open region, the top film layer including
10  first and second electrical circuits defined to electrically contact a peripheral top surface of

vk

the wafer to be processed at diametrically opposed locations.

2. The multi-layered wafer handling system of claim 1, wherein each of the
first and second electrical circuits is independently controllable and isolated from the

15  sacrificial anode of the bottom film layer.

3. The multi-layered wafer handling system of claim 1, wherein each of the
sacrificial anode, the first electrical circuit, and the second electrical circuit is configured to
connect with a respective power supply via a respective externally accessible electrical

20  contact.

4. The multi-layered wafer handling system of claim 1, wherein the wafer
placement area of the bottom film layer is defined by a circular open area having a

diameter less than that of the wafer to be processed, and a mask region defined about an



first and second electrical circuits defined to electrically contact a
peripheral top surface of the wafer to be processed at dianetrically
opposed |Iwoaniwssso2. The nulti-|ayered wafer handling fgstusashH4miai m 1,
wherein each of the first and second el @trical circuits is independently
control |l able and i sol at ed fromthi sacrificial anodf g t he b ttomﬁf

layer. 3. algs ofbeiopenyegion, hafess Hﬁ&‘&Pllﬂﬂu@?gtaé‘rﬁeé an F?ﬁ“?ﬂ? NG oﬁm each
of the sacrificial anode, the first electrical circuit, and the second

el ectri cal liqiid sedl heiveeenand bgtaneflir tayeoamitbe walertio ge P@S@@ﬂi ve power supply
via a respective externally accessible electrical contact. 4. The

mul ti-layered wafer handling systemof claim1l, wherein the wafer placenent
area of the bottomfilmlayer is defined by a circular open area having a
di ameter |l ess than that of .th t n Qhe
defi ned about anedge nE“HEI eé%i”é%?&%“&ﬁﬁogﬂ&?‘ﬁ%fgbﬁ‘%ng.‘ﬁléaﬁi?.%ﬁ%

seal ant glon deflnedtoformall qui d sea é en the bottomfilmlayer
and the’5vva etforn gne popfilgrlayets is dejmee}ﬁ%awp{p ay f‘\ﬁd waf er handl i ng system
of claim1, wherein each of the bottomand top filmlayers is defined as an
anor phous film 6. The nmulti-layered wafer handling systemof claimb5,
wherei n the anorphous filmis either A ediumVictrex PEEK, polyetherimde

(PEl), polysul fgne (RGEL) mulliagehanyiaget fhaddidgPRStemorofaniaimf 5 heherein the

af orenenti oned anor phous filnms clad or inpr egnat ed W th copper. 7. The

mul ti-|ayered ‘fﬁfgﬁe;ﬁlfnﬂ@?'eﬁﬁ& %%&dg e%ot lxalpI Bk, 5 ini@RCIPEY), SdIpsulBhé om

andtophF‘W‘n |ndex p0|nstofaC|I|tate

glnac ement ?IQSdU)F,) %Sollygplhgrrll}lllgu flgé (1t>1?se) rcT)lrJ 'a5§ -olf a”Xee raﬁ)(ljrer\r/lvgr];tfeornecrl] %rﬁ{jcjrf)l{]o%s sf}llﬁ{seéﬁd\‘o} hin

10  impregnated with copper.

7. The multi-layered wafer handling system of claim 1, wherein each of the
bottom and top film layers includes a number of aligned index points to facilitate
placement and positioning of the multi-layered wafer handling system within an

15  electroplating system.

8. A wafer support apparatus for use in an electroplating process, comprising:
a first material layer having an area for receiving a wafer to be processed;
a sacrificial anode defined over the first material layer;

20 a second materiai layer configured to overlie a peripheral region of the wafer and
thc; first material layer outside the peripheral region of the wafer, the second material layer
iﬁcluding a cutout to expose a surface of the wafer to be processed, the second material
layer being further configured to form a seal between the second material layer and the

peripheral region of the wafer; and



el ectroplating system 8. A wafer support apparatus for use in an

el ectropl ating process, conprising: a first material |ayer having an area
for receiwDngocesmsher to be processed; a sacrificial anede/usedosoemipver the
first material layer; a second material 28ayer configured to overlie a

peripheral region of the wafer and the first teri | ayer, autsi.de th
peri pheral regi dpaispf Pﬁ@llfﬁdﬂ@ﬂr,a“t%@t@@é%?ﬁcﬂﬁgaa‘/’?%aﬂaé'% Eath AL IR eapﬁr
cutout to expose a surface of the wafer to be processed, the_ second
material | afercubteiinguding tinelectical ¢agptace defingdito electiceBy Fomechwith thewairkage 8hd
material |ayer and the peripheral region of the wafer; anda pair of
circuits i peagimet ﬁdoe}qirbéﬁsébd, e Wvﬂmm Beihgblebigelly isohoddl feomahs gactificiahe

pair of circuits including an electrical contact defined to electrically
connect with the surface of the wafer to be processed, the pair of circuits
bei ng el ecf?9%€ally isolated fromthe sacrificial anode. 9. The wafer
support apparatus of claim8, wherein the sacrificial anode is enbedded
within2he first material layer. 10. The wafer support apparatus of claim
8, further conprising: an adhesive defined to formthe seal between the
second nat eri al 9] ayeThanwhafeheupperti aiperatls elglaim Sfwherein\ihe spcrifirigeanode is
processed. 11. The wafer support apparatus of claim8, wherein the first

and second cgRb&Icdalithif VRS Srsi MaletidElagdri gned i ndex points to facilitate
pl acenent and positioning of the first and second material |layers within an

el ectroplating system 12. The wafer support apparatus of claim8, wherein
each circuit in the pair of circuits is defined to connect with the surface

of the wafer to 18.e prT ge\';vsa%grdsuglgor(tj Iaﬁga?a{tﬁsl gt"j}:llelli& 8, further comprising:

10 an adhesive defined to form the seal between the second material layer and the

[

peripheral region of the wafer to be processed.

11.  The wafer support apparatus of claim 8, wherein the first and second
material layers include aligned index points to facilitate placement and positioning of the

15  first and second material layers within an electroplating system.

12.  The wafer support apparatus of claim 8, wherein each circuit in the pair of
circuits is defined to connect with the surface of the wafer to be processed at diametrically
opposed locations about a periphery of the wafer.

20

13. The wafer support épparatus of claim 8, wherein the sacrificial anode is
cdnfigured to connect with a first power supply, the pair of circuits being configured to
connect with a second power supply, and the first and second power supplies being

independently controllable.



opposed | ocations about a periphery of the wafer. 13. The wafer support
apparatus of claim@8, wherein the sacrificial anode is configured to
connect wwOho@/des388t power supply, the pair of circuitsPogiusgoosomfougured to
connect with a second power supply, and2®he first and second power supplies
bei ng i ndependently controll able.14. The wafer support apparatus of claim
8, wherein the first material l|ayer further includes, a circular cutout
having a dianeter |less than a dianeter of a wafer to be processed, and a
mask region defified Thowatert suppemtapparatushef elaisk 8 sdiesin Bbe figstampierialylayer

bet ween an edge of the cutout and an edge of the wafer to be placed in a
centered pﬂﬁ% i r the cutout, the nmask region including an adhesive
defined to o%%@gmgégl between first material |layer and the wafer. 15. The
waf er support apparatus.of .cl ai i Lokt gsead
mat erial | ayer sgggc'gﬁrf UL hégl%%nrg ﬁ%&%ﬁ%ﬁ% n}a:ﬁfbcnﬁﬁa@%te ' b}ﬁaewv%/gef%écr) %g %;r)%?)r t
apparatus of claim 15, wherein the anorphous filmis either A ediumVictrex
PEEK, pol y&ittherinide (PEl), pol ysul fone (PSU), pol yphenyl sul fide (PPS), or
any of the aforementioned anorphous filns clad or inpregnated with copger.
17. A net hod f op nsashpeidi definedwedfuad thncuiputetheanasksegion hging detivedsbetween an
conprising: placing a wafer between a bottomfilmlayer and a top film

| ayer, W_heé&g] Nofeths Yh{RE n®hin lehge WRERS whier kebephrees sed desteeedppiiibrt weptgh an
opening in the top filmlayer; establishing a liquid seal between the top

filmlayer and eriphery.of t.h : . i shi ;. .
et one BB HAREEY il AR <350t 20 RhRET el
layer and the wafer.

10

15.  The wafer support apparatus of claim 8, wherein each of the first and

second material layers is defined as an amorphous film.

16.  The wafer support apparatus of claim 15, wherein the amorphous film is
15 either Ajedium Victrex PEEK, polyetherimide (PEI), polysulfone (PSU), polyphenylsulfide

(PPS), or any of the aforementioned amorphous films clad or impregnated with copper.

17. A method for supporting a wafer in an electroplating process, comprising:
placing a wafer between a bottom film layer and a top film‘layer, wherein a surface
20 of the wafer to be processed is exposed through an opening in the top film layer;
establishing a liquid seal between the top film layer and a periphery of the wafer;
establishing an electrical connection between a first electrical circuit and a first

peripheral location of the wafer, wherein the first electrical circuit is integral to the top film

laYer;



peri pheral |ocation of the wafer, wherein the first electrical circuit is
integral to the top filmlayer;establishing an electrical connection

bet ween awveeocwngssbectrical circuit and a second peri phecalusc@sasjoan of the
waf er, the second peripheral |ocation b8dng dianetrically opposed about the
wafer to the first peripheral |ocation, vw?)erei n the second el ecIri.caId a
circuit is inteeptablishingt ane clesisicnl conmesiien -Delygen: # SRFMG elseirisel FEAL AR top
filmlayers having the wafer placed therebetween on a platen of an |

el ect r opl agecog parsiherl lanaton pftherwafey theescpndperiphse] dogatiop beimeshiametirdhy of
the el ectroplating system the traversing causing the surface of the wafer

exposed t héﬁ&gﬂ LHSuORE N a¥er kd (R Brdk GRribhé Iateon,t whéreinethecderond ateetticall 8.
The net hod Tor supporting a wafer in an el ectroplating process as recited
prpl ying power to the first electrical

inclaim17, further conprijsing:
circuit V\/r\"éFf’ué“E)H{}?grS togﬁe {o%ﬁgm}al]azer, away fromthe first peripheral Iocation

is being processed; disconnecting power fromthe first electrical circuit
when a Yortion WSI‘tl%ng\Hﬁé}Ottﬁ@aqn%ttﬁ% fi m#@feri)l%ar"il%%fa & atfefr é%\ctefl%era%et%é{nn%ﬂ
processed; supplying power to the second electrical circuit when a portion
of the waf gplaseneyf dhredsrtioplatisgswten;padi pheral | ocation is being processed;
and di sconnecting power fromthe second electrical circuit when a portion

of the wafer neghydhige S8E PilerPBEIORhEIbcdssiagitiead dfsthbeilegroptatiogsyetdm, the
wherein power is supp%ied to either the first electrical circuit or the

second. e eRLdGRE cGiRY e Mhrie O YAD whldxpdeca TRUIR A0 Bplitfic SRR Méh 2

I'Ng Process as reci

layer to be electroplated.

10
18.  The method for supporting a wafer in an electroplating process as recited in
ciaim 17, further comprising:
supplying power to the first electrical circuit when a portion of the wafer away from
the first peripheral location is being processed;
15 disconnecting power from the first electrical circuit when a portion of the wafef

near the first peripheral location is being processed;

supplying power to the second electrical circuit when a portion of the wafer away

from the second peripheral location is being processed; and

disconnecting power from the second electrical circuit when a portion of the wafer

20 ﬁear the second peripheral location is being processed,

wherein power is supplied to either the first electrical circuit or the second electrical

circuit at a given time.



claim17, further conprising: supplying power to a sacrificial anode

di sposed within a region surrounding the wafer to maintain a uniform
current deoepaceassoa peri pheral edge of the wafer, wherecm/ush@ssamnificial
anode is integral to the bottomfilmlay2k. 20. The nmethod for supporting a

wafer in an electroplating process as recited in claim17, wherein each of
the bottom and t!8p fiThe mehed fon Wppetingaqdvafer 1&&“&%‘?%&&%’?‘?‘3&?3 as recited in

claim 17, further comprising:
supplying power to a sacrificial anode disposed within a region surrounding the
wafer to maintain a uniform current density at a peripheral edge of the wafer, wherein the

5 sacrificial anode is integral to the bottom film layer.

20.  The method for supporting a wafer in an electroplating process as recited in

claim 17, wherein each of the bottom and top film layers is defined as an amorphous film.



