WD 2006/ 065580 PCT/ U52005/ 044047 1 Wafer Support Apparatus for
El ectroplating Process and Method for Using the Sane by Inventor 5 Carl
Wods BACKGROUND OF THE INVENTION 1. Field of the Invention [00011 The

present i n.\gBhidRedsel ates to sem conductor fabrication.perusbRRsliPti on of
the Related Art 10 [0002] In the fabricati on of sem conductor devices such

as integrated circuits, nenory cells, and the |like, a series of
manuf act uri ng oper at i onsvafer SapportAppaeatisifordleettoplatingn  seni conduct or

waf ers. The sem conduct or Pi%fc%ssa#&‘ﬁ}wﬂﬁ)dﬂ)tre@ i eSApei t devices in the
formof multi-level structures defined on a silicon substrate. At a

substrate level, transistor devices with diffusion regions are fornmed. In
subsequent |evels, interconnect netal myz’%t‘teFtBﬁ 15 lines are patterned and
electrically connected to the transistor devices to define a desired
integrate8l circuit device. Al so, patté&edd¥oadsnductive |ayers are insul ated
fromother conductive |ayers by dielectric materials. [00031 The series of
manuf act uri ng operations for BledkeRrROUNDeE THEINVENTIGNS eni conduct or  waf ers
can include an electroplating process for adding naterial to the surface of
the 20 sem conductor wafer. In the electroplating process, an electrol yte
i s di sposed beFickbef theInvevtienand t he wafer surface to be el ectropl at ed.
Additionally, the wafer surface to be electroplated is naintained at a

| ower vol t agE0pbk Bt predent ineemtibh eclaesad eemidsndactoefabd¢atios. current fl ows

t hrough the electrolyte fromthe anode to the wafer surface, electroplating
[ﬁgcs\;ggf ch.uf)res'cgﬂ:ti%}ao%ﬂ%ﬂ\ﬁgt%ﬁAsrwface cause material to be deposited on

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 semiconductcl)r
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.



25 surface. WD 2006/ 065580 PCTI uS2005/ 044047 2 [0004] Material deposition
characteristics across the wafer surface are dependent on nmany paraneters
associated with the particular electroplating systemand process. For

exanpl e, P%H%Fo@srs% affecting the electrical current p@Ehidesaehess the

waf er can intluence the material deposityon characteristics. Al so,
parameters rel ated to establishnent of electrical 5 contact with the wafer
can i nf | uenc gOOOHEMzeetriel depbsitiepdsiactegistias aaroscthe miafet sersace prodpppndent 4 BHfYof t he
foregoing, there is a continuing need to inprove el ectroplating technol ogy
as appli cabl ?aﬁa@eﬁﬁt@gdcﬁtedd@mometpaamumueka@m cyatde end propesserorfedppleat i on.
SUMMARY OF TILE I NVENTION 10 [0006] In one enbodinent, a multi-I|layered wafer

handl i ng sysggﬂng@fs H3&tih A eleBirieslt 5@%@1?@@ ra&ms:seﬂm wvafedi can | io8emice Thee
mul ti-| ayere waf er handl1ng systemincludes a bottomfilmlayer and a top

filmlayer. 5}3 {?%E%Bﬁ L@k REic. mdou gﬁ&naemé@fedpb asebiRhientiofetecaitdl a
sacrificial anode roundi ng the wafer placenent area. The top filmlayer

is defined 18 g rg%% ﬁtlh%ﬁeenggy(faﬁ %ﬁlﬁn&%é ﬁgﬂeﬁ%l dgg(gsﬁib@lrcha{g&gngtgp filmlayer

i ncl udes osl t1 one er a surface of the wafer to

be processed pl at ed I i ovi de
a liquid seaio%’éﬁ%&ﬁ o%ﬁrergf”lnﬁ‘i §fe’l’S Eg (mtm @ng ,@5 o lﬁlgg(ﬁ% é;&gfﬁgrgﬁl ery
of the open regl on. The 'go fllmlg er furt({;‘ |nc u es fi ts Endtsnec

el ectrical ralpgyees @aplicallg (@ Batsrial depestion dyripg sHTg e ECtBIéW? Shigpagaup

surface of the wafer at dianetrically opposed |ocations. 20 [0007] In

anot her enbodi nent, a wafer support apparatus for use in an el ectroplating
process is disclosed. The wafer support apparatus includes a first material

| ayer having an area for receSUuMMARYOHEIE INVENTIONCessed. The waf er
support apparatus also includes a sacrificial anode defined over the first

materi al 1bay%006]-r € o\ﬁ@f &ﬁbo%lﬂﬁ&ﬁ’,r ta ﬁﬂﬂﬁfa?éréﬁs vfld:fért ﬂ%{dﬁng 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  to 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 materjal layer having an
area for receiving a wafer to be processed. The wafer support apparatus also includes a
s.a;crificial anode defined over the first material layer. The wafer support apparatus further

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



i ncludes a second material |ayer configured to overlie both a peripheral
regi on of the wafer WO 2006/ 065580 PCT/ US2005/ 044047 3 and the first
material | ayer outside the peripheral region of the wafer. The second

mat eri al I@,}s%odogﬁggdjdes a cutout to expose a surface ofcthRods@ifl; to be
processed, I1.e., electroplated. The secgnd material |ayer is further
configured to forma seal between the second material |ayer and the .

peri pheral r egl e fiot nhderiahdsyer quisidcthe perinhibtal region©f et wfess Thp svond BisHEk us 5
includes a pair of circuits integrated within the second material |ayer.
Each circuit 1dysr infledespadutond o eiposti tsfabmaf thelwafente el protassedal.e. caentigplefedtef | ned
to electrically connect with the surface of the wafer to be processed.

Fur t her nor e, ThhgcBRd maRkialClayes ¥ fusthérsorfigedd fodadn ¥ sézb bétaeerthe semond tatgrial
sacrificial anode. [0008] In another enbodi nent, a method for supporting a

wafer in an faégﬁéﬁfmeg]ehggﬁallﬁ%ﬁﬁ QR 4BS whfer.dA &Gl GREY, th&'%fél’eéu?p@h apykangies

pl aci ng a wa et we ottomfilmlayer and a top filmlayer, wherein a

surface og the uvgg{]gg,%g)ﬁggcg{sgggﬁgg l};}é&iﬁﬁg% da Q1O lhyB) EaGPSiRiultdn itk t he

top film ayér}c? es establishing a’liquid seal between

the top filmlayer. and. eriphe f e ) L ot od

i ncl udes esP%b E‘é}ﬁf‘ﬁﬁmglr‘l‘g%ﬁ aé‘c%rc% fcog%%ndggﬁ%@h ebdgtg{\%/%%%%;ﬁ%%ﬂr@sltth t%esgg? é;e:qcal
circuit and a_first peripheral ocatign of the fer j

el ectrical cPftgitaferdo ibﬁtpé‘ﬁF%d'nglﬁi‘ﬁgmfeogmfRaluanlcgﬁl\é\{r?s. 1§fﬁ8{¥f}nglg;{]fgél§tteg o er

i ncludes establishing an electrical connection between a second el ectri cal
circuit andthe seef apedei pheral |ocation of the wafer. The second

peri pheral location is dianetrically opposed about the wafer to the first
peri pheral | (@088] bnanotherogmbddimens,camaethas] fostsuppaating iar Wafet 1§ €1 HecEgPaI& o t he
top filmlayer. The bottomand top filmlayers having the 20 wafer placed

t her ebet wen pajcess ROSibél b eTheanetBodineldss pidcingra vedfetetwyshattiotigmdietleyer ath
operation is then provided to traverse the platen bel ow a processi ng head of

the el ectroplg}ighg 15)s! RMreihl DYRfEALS e WdTer fol iRt gocessdsie expbved shiofigican of
t he waf er exposed \
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
further includes establishing an electrical connection between a second electrical circuit
and a second peripheral location of the wafer. The second peripheral location is
dliametrically 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.



t hrough the opening in the top filmlayer to be electroplated. WO

2006/ 0655RO PCT/ US2005/ 044047 4 [0009] O her aspects and advantages of the
invention will beconme nore apparent fromthe follow ng detailed

descriptio k0 conjunction with the acconpanyin '

illustrati %Ogg‘%&gsﬁhd;f exanpl e the presept invention. %%I%Q%Eﬁg&l PTI ON OF
THE DRAW NGS [0010] The invention, together with further advantages thereof,
may best be Wo0ErGhecdphys andekieartageeof the irtventios) Wid\epmei@ets aDprEHi ¥EKEN i n
conjunction wth the acconpanying drawi ngs in which: Figure 1A is an

i 'l ustrati onghRwen@tARdaRR&ipibl S ke irebegmctph atithn theaaccodpawingc&rRdizes: or
wafer, in accordance with one enbodi nent of the present invention; Figure 1B
is an illustsatd ' ;@.n-%p%th'@Wnﬂfnvéﬂﬁﬁnprocessi ng head and anode
relative to ?ﬁgetkagpg?gﬁ)ﬁgggem er, gs previously depicted in Figure 1A
Figure 2A is an illustration showng a top view of a bottom | ayer of a
multi-layered wafer support apparatus, in accordance with one enbodi nent of
the present invention; 15 Figure 2B is an illustration show ng a
cross-sectional view of thBrepf DESCRIDE ANINGSt 0 cal | outs A-Ain
Figure 2A, in accordance wth one enbodi nent of the present invention;
Figure 2C is i]J ustrati I i haV b&ivb® findehfodddiyt om

| ayer corr eg@EWdhﬁg‘nY%’?iglé’l P%%{ibgwé@guﬁ?? é%ﬁ?ag&g%é@?}% a%:lcor dance wi tﬁiyone
enbodi nent of the 20 _present invention: Figur I i WeU '

showi ng a botfdFG; Bnt fﬁlzlo%rl? e taggﬁrrg#t‘%y ﬁ{aﬁflﬂé@e hwg%‘eeﬁ&gﬁg?otgirhtg
apparatus, in accordance with one enbodi nent of the present invention; WO
2006/ 065590 fEViNgsIOGhIch14047

Figure 1A is an illustration 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 present 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;



5 Figure 3Bis an illustration showi ng a cross-sectional view of the top
| ayer corresponding to callouts CGCin Figure 3A, in accordance wth one
enbodi ment of the present invention; Figure 3Cis an illustration showing a

Cross-secti of the top layer 5 correspondi ng g/ Gabispidoss D-D in
Fi gure 3A, ‘?ga}gogéloérg%sance wi th one enbodi gent of the present invention;

Figure 4Ais an illustration show ng an assenbly of the multi-layered vvafer
support appar at UsiguieN3Bde amdsteationt showirg e msesdiseationalofiewhef Bree Eapniayer
invention; Figure 4B is an illustration showi ng an assenbly of the

mul ti-I|ayer egory@{,ﬁ{dl@tamanéuts 0C ap Fasuad 818, ini Rcadane ddticenevemipdonat efsdi ment
of the present invention; Figures 5A through 5D represent a sequence of
illustrati oné §Qx?¥¥ glg[ i@peration of the electroplating apparatus, as

previ ously descri be th respect to Figure IA wth use of the

mul ti-layered waf ﬁitrg}“Sn %Zﬁ@@@fﬁ oﬂsstlgkwﬂtsgaﬁccq5ﬁq%9&f%nw L3woBe tRmRpdiag@nt  of

the present inve Fgure an Il lustration showing a

flowchart of a nethod for fer e cess,
in accor dénc60%5P‘I’Pd8}$et°e‘ﬁ'ﬂ‘o‘tf?ﬂeﬁtm§gg‘trh p}l’e%cg?ll{aa'?cgvvgn ?%{I%%%Iﬂ I?E%E

DESCRI PTI ON [0011] In the followi ng description, numerous specific details
are set fortﬁfeﬁwtm"’%tonto 20 provide a thorough under st andi ng of the
present invention. It will be apparent, howeveg) é{tﬁl elskl | J e OE‘ art
that the present Flﬁv@ﬁﬁléﬁnﬂﬁ-wfﬁi@“rﬁh%mgéeas K&k hedy ‘@ferezﬂ ese
specific details. In other instances, well known process operati ons have not
been descri bemiritws, thetcadrtaricn vithdae embediment o the Peaseninyeptioscur e t he present
i nvention. WO 2006/ 065580 PCTI US2005/ 044047 6

Figure 4B is an illustration 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 wafer

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.



[0012] Figure 1A is an illustration showi ng an apparatus for el ectroplating
a sem conductor wafer, in accordance with one enbodi nent of the present
invention. The apparatus includes a platen 109 configured to securely hold

a wafer 107, O-Eﬁ}ﬁ/O%S% en 109 is novable in a horizontal pg,@fsAskNdi cat ed
by arrow 11‘1]. e apparatus also includeg a first 5 electrical connection

104a for connecting a power source 106 to the wafer 1.07 at a first

| ocati on. Thpoappeipaeud Al Ust ber ilsictionl e showisg: con dppirels r f@aleles@PMEBE én 104b
for connecting the power source 106 to the wafer 107 at a second | ocation.
The first | ogalibdMau@Br Wakr \¥afa8¢ordshtd withrone epbodimegt ofothe peestitrigvengbechei cal
connection 104a is located at a substantially dianetrically opposed

posi tion f roggf%gﬁm%ﬁ 88 o gat 10toRREEEsRARElrEY hbld d WeesHIOTHe fldter 162 ts i cal
connection 104b, with respect to a dianeter of the wafer 107. Each of the

first and s %g%qe %@&{&ﬁﬁ%&g@g%&@a% 1841110 4me apgdratdess@intiadgadinsty e

switch 108a/ sw tches 108a/108b allow the first and second

ol Pah e BectO 0P cdhelifie LOSHA el 100 EPAE AR o7 dadtmeach

other. In’on ectrical connection 104a or

t he second el ectrical connection.104b th ' ong 15
head 103 15 GiPedbe PG ey tu ol Grial ARt toh A0 (R CaERaRe
secured to a rigid nenber 101. The aten 109 havi f er 7. 4l.sposed
thereon is pé@ipp}véﬁwf%ﬂ@ért?l@ﬁt"f?fﬁrﬂg By %@ég%qglﬂ@a%ﬁg'gﬂwlft&gﬁoé%gﬁ T %Wgﬁe

waf er 107 is substantially parallel with and in close proximty .t 1ower
surface of the7 cpmespesdingido eabirst elctrivplecqpnession sildy 1ﬁé¢§@te§0§ %ﬁ%ﬁsﬁaﬁ%‘ Yan
anode 102 defining a major 20 portion of the processing head 103 | ower,
surface t hat diamepicabty wppased qositien imire thel g7ond d@atin porraspendang, iy ilgetsrondy

hori zontal surface of the anode 102 facing the wafer 107 is defined to have

a subst ampi ableyribACoan@tibmn 04y ithaespactaa atdiaetérsofcon wiafte 18B| Bach &f #iel st t o
the wafer 107. This rectangul ar surface area of the anode 102 is defined to

have a first g flidBRBbedritdl @bnrestichs 108ARIbanMIades aaedpbeivdisaiteh d085F08bHEBhenaf er
107. Wth respect to the view WD 2006/ 065580 PCT/ US2005/ 044047
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 haviné
the 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
pr'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



7 shown in Figure 1A, the first dinension of the rectangul ar surface area of
the anode 102 extends into the page. The rectangul ar surface area of the
anode 102 also includes a second dinension that is defined to be |less than

the di anmet waf er 107. In one enbodi nent, thispéﬁﬁﬁgﬂngMQpnsion i's
subst anti al 99Fg§§%ghan the dianeter of Hhe wafer 107. Wth respect 5 to the

view shown in Figure 1A the second di nension of the rectangul ar surface
area of thegapadia HeRe an, drdirsadimensiomblt themegtangelar $ustace pree iobthsl apod Lussed
first dinension and parallel to the platen 109. 100151 Wen the anode 102

i s di sposed Querdstiig iNE5RE. THRFectielaf surfate stearefthe amdeil02 also frivkded asegond
di mensi on, of the rectangul ar surface area of the anode 102 extends along a

first chord ;iQ.dehhner RRROSS bbis Wah i diibierspts valtet107 18 casedeodioan,
ete e

ext ends conp y across t wafer in the direction of the first chord.

N OB e B Ay ke A o

surface area X In a direction of a second chord
defined across the fer 107, rein th 0 i gl gr to
the first3chétte Vl%mgi“t"frb lg‘ff\,é\q%hg’evﬁg‘foélﬁ cﬁ%%“slﬂ)gl %gg% ?elc%?llggg{)ﬁﬂ?ﬂée pl at en
109 such that the second chord is 15 substanti al | aral | f b6nd
ext endi ng bethge®gde H82 fexicads Ptoﬁélﬁpfoﬂlgg’ntot %‘é p\’i@’f%ﬂs%lﬁyussggﬁ%ts%g%ﬁélﬂg to
connection 104a and the second | ocation on the wafer 107 corresponding to

connecti on 1@4illelte theipaierdld®e understood that regardl ess of the position of
t he anode 102 over the wafer 107, the anode 102 will_ not SD l.et el xt end
across the wji0ds] Wiignithe ervde 102 iedispased over theewaler §0y thandrsy dt Slf”éydf%]t The
platen 109 is configured to be noved in the horizontal direction 111

under neat h t hengliesm; ofthbertngila sifate adaat the anodstQRretanrs glongy fist ghord

di stance is naintained between the platen 109 and the anode 102. In one
enbodi meny, 4BEnedSHRES BBt 107 Wich Manihe asddan 62 ehendssempldialy pirasséhe wafor and

t he anode 102 is nmaintained to have a variation of |ess than 0.200 inch
over the entir g tfaUehSR st HReE Ao, iHeReddhaldBhentdd, i.e., the short dimension, of
the 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. Tt 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 the
direction of the second chord.
20 [(;016] 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.



WO 2006/ 065580 PCTI US2005/ 044047 8 In another enbodi ment, the substantially
uni form di stance between the platen 109 and the anode 102 is maintained to
have a variation of |ess than 0.002 inch over the entire traversal distance

of the plat J should be appreciated that the sufstadbisaldoy; uni form
di st ance I’Y\&pl’%gr‘%l%g%% bet ween the platen ¢09 and the anode 102 3corresponds to

an equally uniform5 distance naintai ned between the wafer 107 and the anode
102. Addi ti opalbiter st dnadR, thd Bibstahsallyomifoinp disdnesrbetwieenghe pleten 169 g f t hat
as the platen 109 is noved underneath the processing head 103, the anode

102 traverseg kb ??mgﬁﬁméaggd iohade flvirEbh oNleahaebRIRidingyer the antie teaersi d
chord as previously described. Therefore, the anode 102 is capabl e of

traversing aver ' Gf sHoliR BeORpetibfaditut ee subgtamiilgunii@ih digatche
pl aten 109 i(gmtﬁnoc\?gogt%géllbt%%%?%ﬁ{? 10 F%Bl?] The di stance between the

t I , /ed wfiformi ent
o all ow & nEHREETER ST0ae el A0 R Al ned bt w

ctrop Ing solution to be nmaintai ned between

t he anode 102 and the top. surface o : Wil to7avel s
under neath t Higtangedemntyy _b%&’a?n[alﬁgﬁv q;&ﬁ%q\@ﬂ%nﬁ? ggg%%&gg%ggﬁi?ee cont ai ned

within a volune directly bel ow the anpde 102. Nt a4 1R f leSCUS
105 can be E@%@@%Pﬂﬁf‘eﬁmeﬁ' %Wﬁe’ﬁ% %?ftgﬁéﬂ}as%n Fg%i%%ﬁ@gﬁg&%ﬁb{%g%enent,
the anode 102 is defined as a virtual anode represented as a _por ‘
resistive mapmecéssing h¢ad 108; @eéﬁ%dioﬁéfﬁ‘(e,mﬁﬂ'@‘?‘?g i@?d’%a%%‘%cﬁ’fl c@ngg?]?&g% Bting
solution can be applied to the volune directly below the virtual anode 102
by flowi ng caeisarond althed as plegiotslp pesatibedg Thesefote; ba apofledQgas %RéblE)B*ra%‘tYstB’igrt ual
anode 102. In one enbodi ment the 20 porous virtual anode 102 can be ?efined
by a ceram copiehemief\b20i3.top durfabmofl thie wafer s éwi pateni10%e moved horizaaillnt her
porous resistive materials can be used to define the anode 102. [0019] It
shoul d bey apRjyg#i PeMlsthitRtbetivbieh T8 RPEAGIIrQufak ddusofaipandicUd2ohd Hiegiale | A,

t he

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 as 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;O3. Tt should be
appreciated, however, that other porous resistive materials can be used to define the anode
162.
[0019] It 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



anode 102 and one of the first and second el ectrical connections 104a and
104b are WD 2006/ 065580 PCT/ US2005/ 044047 9 electrically connected to a
power supply such that a voltage potential exists therebetween. Thus, when

t he nenrscqsoagglg£&plectroplatrng solution is present]Qg%mgggmkmg7anode 102
and t he wafer 9 and either the first @ second el ectrical connection

104a/ 104b is powered, an electric current will flow between the anode 102
and the powetkectrieilcdanhesdd b agoweestppbyrsudinthay a alinge Pricatial jexiststhearebeiyeBnt
enabl es el ectroplating reactions to occur at portions of the top surface of
the waf er 10Thid)aheatie RuHaaedos of ¢lberopkiing saletion(s prrsent detien i a0 fien 02
solution. [0020] Figure 1B is an illustration showing a top view of the

processi ng hgafl 103 .80 072RRE ith&2the eirst orv eectnd Ehetriphlatameddd HAd/104f & 107,
as previously depicted in Figure A 10 As previously discussed, the anode

102 extends SOFBE! S ARl Offenl U 1B% Horvldd thdariobe 103 60 tHeQiowefedi detricang
er

di nensi on. as t traverses in direction 111 underneath the

ﬁgg?gc322%;“@@6@@0'@1;@4&&%45 UERGROL dlienB8ke 02 dngBadiBRORE Bechpaf he

ing Sof |on pr esent e anode 102.

Addi t Iy, houl d b f
(raver Sea. t heows At H7ops %Eaéﬁre%%fr DT I B8 ABelelot AP RAGEEIINEL o1 o

as previously described e., inthe direction of the short di mensi on of

t he anode 102h?@@ﬂ§ﬁ@GPEP°%urface area that is facing the top surface of

the wafer 107. Furthernore, it should be ap E?rent fromFigure 1B iﬂ? (ihe
dEAL AW e

second chor d [0026] Eigvst Hhtis an ifustratica sheyinged kop| ViR of o REPERS™S
first location on the wafer 1.07 corresponding to the electrjcal connection
104a and t he as&kor0d iativd focthe phitenhi®9wad arafer 097, BEredeusbsHPirdg Hge r'ré
el ectrical connectron 104b. [0021] During the electroplating process,
uni f orm ty ofast frevidepp distusskdetiecdniodt 103 exteniserompibtdly agrogauthe e/mferdmgtlplt%t i on
at an area of the wafer being plated, i.e., the interface _
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 corresponding 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
of the wafer 107. Furthermore, it should be apparent from Figure 1B that the second chord
is substantially parallel to a line extending between the first location on the wafer 107
corresponding to the electrical connection 104a and the second 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



bet ween the neni scus 105 of electroplating solution and the wafer 107, The
current distribution at the area being plated can be strongly influenced by
a proximty of the anode WD 2006/ 065580 PCT/ US2005/ 044047 10 102 to the

power ed el e\%rz'%og,%ssguonnecti on 104a/104b nmade with the vWai@is:ddd/Gsa0f SO, the

current distribution can be effected by tthe quality of the electrical

connecti ons ﬁﬁia/ 04b made wi,th the wafer 107. Furthernore, exposure of the
c

el ectri cal @ theopRyvereshelpotioph comectiqnel Wpd 04t Badawith ghes wefer iloh Alam thause
renoval of material fromthe wafer surface in a 5 vicinity of the electrical
connect i ons Fodet dstnibuting @it boefiicted bycthe qealityeofthe eleetriehlamhndctiahs 10daitdict i ons
104a/ 104b to the el ectroplating solution can introduce wafer-to-wafer non-
uni f or mi t i es meide withélspeater 105. Firthermdérey dxpbsucteqgfake dleaical esrnkétfons | R2DUb t Vi ew
of the foregoing, it is desirable to support the wafer 107 during the

el ectropl ati Hg geavpisingisbhtionead ohiseWemevat @ ShAQTA RN Sher e 3585 120
establ i shing i ndependently controllable electrical connections 104a/104b

such thats thiimlyasttihé eRbtricARAEICHOH ﬂ&éﬂ@d@%aﬁtﬁﬁhﬁ@%ﬁ%mf i€ cpepfle 102

can be powered while the electrical connection 104a/104b cl osest to the

anode 102 i Sclfrane108s/1048" ﬁvtﬁ@%ieeacé‘g%&fggéo bohid 'int?é?iﬂpegtﬂ%{a}e‘i’-?&w%%f%/c&-04b

made with the wafer from being expo the electrop ng so ion, and

15 ensuri nguﬁggwt%eﬁ%tﬁggﬁg‘?gémg%g&% ‘?{S’i?s?hﬁéfncl%s‘ﬁ{& the el ectrical connections

104a/104b  nad _ re uni romwafer-to-wafer. [0023] The
o ~use 1 hat (0AE SLRY' e JptBuRe R RO e SGuacA o A curg e
he. pr osent  TIKBRANBA DRSS "aeHatav o8 Remeraponeaddesiodt y | n & mul 11 -1 ayer ed
thin filmconfiguration to address the above considerations. As w | be
further Y scusgedsiblighingiindépendsnip conttalalle gleceisalnddctiand1 B 184, seachat! ayer
of the the electrical connection 104a/104b farthest from the anode 102 can be poweréd
while the electrical connection 104a/104b closest to the anode 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 contact
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,



mul ti-layered thin filmincludes the follow ng components: a separate
copper circuit (either exposed or embedded) having an externally accessible
portion for connection to a power supply, WD 2006/ 065580 PCT/ US2005!1 044047

11 an operw§r2§0%@§5%$0 exposing the wafer, a nasked areg,(giLiRlsfopnductive

or non-conductTve)Tor providing a |iquigd seal to prevent corruption of
el ectrode connections to the wafer by the electroplating solution, and 5

i ndex points, ie €anopcdQhdator &poges he waterf acilitate pro [
, _ | A per wafer and film
pl acenent. [0024] Figure 2Ais an illustration showing a top view of a

bottom layer 201 of, g ddlitd ceith@eh&mdtivediaionopdgtive)dppproaiding, a liqui
( ( D ,a liquicaseabtodance
w th one enbodi nent o]F t he %resent i nvention. The bot?jgm I ayerqu201 i's

defined primarily_b in.fil I bV tiRMRes i i
: : t , lathign fi |
205 i s defined byp%e&elgn‘%o?}ﬁﬁ%%% oﬂe%%éor?gtgebpyﬁlbsuchtas A ed@?ﬁfé&?fls%t reg>r<] o

PEEK, pol yetherimde,(PEl), polysulfone (PSU), or polyphenylsulfide (PPS
In one enbodi rrenf"‘?lufﬂci(’fba? infilm205 is forned using a thgrm)pl asti ((: )

process. [0025] The bottomlayer 201 of the nulti-|ayered.wafer ort
apparatusSis defi insex asints, 1-‘?3dﬁ?1i%d%t&%ts’r?%%?ﬁ’zﬁ‘at? ROPUdY %&r 2 gé%@ﬁﬁcgéé{g'gt out 211
havi ng a di ameter t hat is slightly less than a dianeter of th fer.107.
For ref er encf0024] Higawetleis @liBugfation shoxdnger topoviey ©f grhgitpmalayer ﬁoﬁf’ggf‘aﬂ% as a
dashed line. A lower mask region 214 is defined around the periphery of the
cutout 211 apgere&tvaieli RgpoAdipphiayst i atsowdendehwithi eageershodiment ot ‘]t%ﬁd’fm\“er
107. In one enbodiment, the |ower nask region 214 radial thickness is about
2 mm 1 n anoffigftione e doient layéhe0l avesfined ghinteeily bp 22 thin fdwi 205. thiveRAEss i s
defined within a range extending fromabout 0.5 nmto about 5.0 nm As used
herein, the LGrMimeoUhe tHEARS 2028 defitddity an kefihbuefiBpenictinleniclvad Ajedium
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 9 A 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
embodiment, the lower mask region 214 radial thickness is about 2 mm. In another
embodiment, the lower mask region 214 radial thickness is defined within a range
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
centered 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



[0026] The wafer 107 is to be placed over the bottomlayer 201 in a position
substantially centered over the cutout 211. Therefore, the |ower mask
region 214 serves to mask a bottom peripheral region of the wafer 107.
Q?ceigl _(I)_nal |‘¥026Jg}36%590\l\er mask region 214 is referred top@sydeisRifl; P! acenent
o prevent electroplating solutiomgfromentering the WO 2006/ 065580
PCTI US2005/ 044047 12 region between the filmlayers of the nulti-I ayered
waf er suppor fegrpPREwdensthe tfie lapaweof theasiltirlaygresnwates SPRROFiAPEraBs s e 1T
region 213. The seal ant region 213 can include an adhesive that is properly
fornul at ed _tglaggre?m_rmqaqlnbmd@om@dnb region 218. tThe seslfrérredio 2aBdan include an
el ectropl ating solution. In one enbodi nent, the adhesive is also fornul ated

to enable S fguhyalaliabhay Bimiited afifedionteally eombhibloaiirhel 8def 107 oi ng
the el ectroplating process. ™ [0027] The bottom | ayer 201 includes index

poi nts 203a- \%g%golp{a?%%%%ﬁf{lhﬁnﬂl BEORGhodiREAC BiREhedte IshBseNibriniuldicty & adhbleaf er

support and respect to the processing head 103 during the

el ectroplatin rocess. e i i o broeey i

( ggsﬁ-gosg) e iR ok U BB T e YarcE B feogh e)tg@%%ﬁﬁmlg%g ol R
i ned as necessary. to achi . i.tioni i - ar

waf er suppor {002%13% bettem 4 sﬁeer\\//\qugrrlg‘%%s gﬁ %‘Lé&gﬁsgg%%tzlogg?fogjc’)grngﬁe%dga Dma&d'

pl in
anot her enbodi ment, two index points are provid : ’
Tayer 201, anloowst pHOBTSHIHECA GG PR CRE ST 07 SRBGEPed (oHg P O
bottom | ayer 201. Index points can al so be provided to ssi st i.n _proper
pl acenent  of heddelOfadusing 17 %U@M@i%omfpw'l%é?mmeqt.@.P?gw ?ﬁl ﬂ‘of’vﬁefo Tower
15 mask region 214. |t should be further appreciated that tooling pins can
be provided aidek peintp(203e12034)9 Howenat ¢ turebeir rad Xlogasiontof gelex E@inﬁoqa?g?ﬁ | ayer
201. [0028] As the wafer 107 traverses underneath the anode 1.02, portions
of the angde d@2d i ddcedd@ytospared peupes postianinzeof fHeemyltislaydréde wakef supPPO7 and

over the platen bottomlayer 201. If the bottomlayer 201 is not naintained
at a vol t age pofant il wiRR107 RAlthOblatenel100aF6r exbihple, in another embodiment, two
ir;dex 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 lower
15  mask region 214. It should be further appreciated that tooling pins can be provided on the
platen 109 to match the index points of the bottom layer 201.
[(:)028] As the wafer 107 traverses underneath the anode 102, portions of the anode 10é
wiil be disposed outside a periphery of the wafer 107 and over the platen bottom layer 201.
If :the 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



20 electrical current emanating fromthe portions anode 102 di sposed outside
the periphery of the wafer 107 will be directed to the wafer 107, thus
causing a non-uniformty, i.e., excess, in electrical current to exist near
t he edge of bt}g%y(\@gsg({ 107. The excess el ectrical current . H&Safsoidds; edge of
the wafer 107 CAn Tesult in excessive cogpper deposition near the edge of

the wafer 107, i.e., a fringing effect. Consequently, the materi al

deposi ti on agLeswill heoaRinifoen. WOh2 GREmBE68 LRl wafeo 08 i 4epdnFined 2 OGAFEr Wi | |
be non-uniform If the region surrounding the wafer 107 is nmintai ned_at or
near the Sape Rt BALARE a@thetieETpthe Méimictheneheahamating fromrtheroderffifat i ng
fromthe anode 102" wll be directed evenly toward both the wafer art}glthe
regi on surroyndi ‘ h the Whfdt ghd e rbpgorf sirrghdigg efef wafer, tHHS[ 0029]
To combat th‘gﬁﬁ“‘?‘%é#%g e\gﬁlg&v&?'ﬁg el ectrical cuf?%nt needs to be attracted
to the bottom.layer. 201 reqi surroundi ng the wafer 107. Therefore, the
bot t om | ayer™SH i Il?rt%%ngmg%??él}des a sacrificial anode (207a/207b) defi ned

as a patterned _copper |ayer _.di sposed to the
sacrificidl [Qﬂ%%le'lp(( 9@‘72?/‘5}&?733“3"% %geﬁ’ gﬂe]ede%%ﬁ%ﬁ% F%@?dgg?stefoo%)%tg%gg@and a
second portion 207b to allow for separatjo m_ ot her j Lk Lui ts
o be 10 di hwetlusrap! FESSIEPBTNER 017 SRR TS Lo SaneE R G
respect to Figure 3A. In one enbodinent, the sacrifi.cial nOd%}sﬁ&reﬁio ns
207a/ 207b caimclagesr oactifigial #riode AHal2000)pisEned ach PEteriedLORRY 2¥F HREVd er . I n
anot her enbodi ment, a dielectric material can be used to separate #@e
sacrificial meddgompdayer 00k Tho Fadribiab aneds291eL200R) is definee 4% FSHPAH! £tfer
mask regi on 214 such that the sacrificial anode portions 207a/207b can
extend under gidg sddnpefortidie2ab wdgwofortsaparatishefromoother Tketiicat firgyiei g "Canode
portions 207a/ 207b shoul d extend sufficiently beyond the periphery of the
| over magk T @ghRBd Sy thebotBELIager DRtas Gl bE discussed with resprict tnfigwe At in one

mai nt ai ned betWween the anode 102 and the periphery of the wafer 107 during
traversal of .the:wafieq10Zklenpeabbiibie2@maa0e a2 apiroachneitiémiabalit 005, t he

inch of the edge of the wafer. In another embodiment, 2 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 207a/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 electrical
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 wilere 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



sacrificial anode portions 207a/207b extend over the bottom | ayer 201
bet ween | ocations 20 where the anode 102 resides at the beginning and the
end of the electroplating process. [0030] In one enbodi nent, the

sacrifici alwaqg(g%%g({ti ons 207a/207b are defined using girpydaiiRsicye backed
copper tape secured to the bottom | ayer 1201. In anot her enbodi nent, the

sacrificial anode portions 207a/207b are defined within the bo(%dt@omr& a%er 201
during rmanubasddfien ofo ldyers b amophousyidm maerial, whessin tssperiitial gn UPhe
bottom | ayer 201 is WD 2006/ 065580 PCT/ US2005/ 044047 14 fornmed fromtwo

| ayers of ampyphonsakidefmétebeh icapper yer disposechbetwaay theitwp d8YeEnefcringsBo ons
207a/ 207b are defined by a copper |ayer disposed between the two | ayers of

anor phous T MIRHAY il shihi iR the biiath inyet 01 dobiotifom papeaer 201 i s
formed froma copper clad anorphous film wherein the anorphous filmis

| mpr egnat ed c}g'%%?r}{;c?rgf?]%{s{ff}}ﬁ! \gﬁéreiﬂ M orphdR fifR H@iﬁ’f&g&g@atb& withexxsuffictmt hrpount

conducti ve. ectrical contacts 208a and 208b are provided

For supplyi ng Roel, LOkec GRS hARBAALPaEiBN S0ART20mtna A ar

respecti anode ectrical contacts 208a/208b can be

| ocated at any position_around  the petipher : a wtly. as
required to Ravfed ﬁ?éﬁ@?&w%wca‘feﬁé‘}'gfé%%“ E}ng;a%g%i © ?%rgg&?udﬁ'? %%(Fﬁa?/jg?% “Waf er

support apparatus and el ectroplating s e 10 [.0 1) {fl o6 anode
el ectrical cBissasacsficigbanodeglgcteral © ?‘it%z@a&gs%%ancbgﬂﬁ%%etde%%af?(%mo% ag%%l}mn

sacrificial anode power supply 209. It should be reci,ated 4 h rate
power suppl ihepedpheref he datterd laysh2dlors egEred Jp F&(&@ioﬂg%t“é‘ ?tg ' %%1@1%%219{?1@

sacrificial anode (207a/207b) and the wafer 107, respectively. Therefore,
the vol t age paltelydrad walkr supgors apperatis@hd PleelpipEing SY8°PA/ 207b) can be '
controll ed separately fromthe voltage potential of the wafer 107. Thus, 15

the fringjngopbijenic saamidag asaitcleotricaidontarts 6G8w/208U epredeliard tods FRISFed Vibhe
sacrificial anode (207a/207b) voltage potential relative to the wafer 107

vol tage potengh g, bABAH ﬁoﬂé’?@\w& Buppsy 209. itlsheidd bahppoevisdithatsgpagate power
cross-sectional view of the bottomlayer 201
supplies can be used to control the voltage potential of the sacrificial anode (2072/207b)
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 thé fringing effect can be controlled through independent control of the sacrificial anode
(207a/207b) voltage potential relative to the wafer 107 voltage potential.
[0032] 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 7B 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



corresponding to callouts A-Ain Figure 2A, in accordance with one
enbodi ment of the present invention. Thus, Figure 2B is a cross-sectional
vi ew corresponding to a plane 20 extending vertically through the center of

the circul ChifsRtdss 211 and perpendicularly t
Qs y toa long bot t om
| ayer 201.a#ﬁe circul ar cutout 211 bel owst he wafer 107 a oﬁggpﬁg@7mafer 107

to be held directly on the platen 109 (not shown). Holding the wafer 107
directly onphobssipk abeh10Dndumiddsli2s Bewusathederst BYski e kUIRE Chat the
bottom | ayer 201 does not introduce non-uniformties in the positioning of

the wafer 10Z,Watidh (EERER bdiRednhe WRR06/ £HE36EOIRATIISATD BlaBa 404 Tan b5
processi ng head 103 and anode 102. Because the |ower mask region 214

|t roduces aq RS Allifiin Y EARSa heoIea dditstied Bot0F tedakhe0lersn 109,
the platen 109 can be defined to fit within the circular cutout 211 and

agai nst the %ﬁ%}edg&%gf tHée pg.he‘tﬂalfog _rincl&%% 2 lhiimB&&f heigROLjWeble pihdi@atdan be Baidedd

i ncludes a n -adjustable pins that can be raised 5 to engage

the bottom of L8l Bhud b IOy BPRIT I BpeleB o aRBRadks ol e a7 7. I n

anot her e can i1 nclude a raised island region

defined to fit within, the_ circul cut out ' & ot the
waf er flot7h [g‘!?tﬁf?fe ?’%‘H?’Snt?@eipia%%ﬂfglﬁaﬁ&cﬁlgf %%%S%H%\?\AE @n%ggﬁcdreggegq gtg?:ti onal
view o e bottomlayer 201 correspondi ng .to callQuts B-B i i i
accor dance m}hei@ﬂ@ﬂ@icééﬁé%ﬂn%ﬂte“%gett Ott%“’g%’s‘%ﬁg 10 '\lje?lti on. | 'rll'htlj!sgulrfgﬁfe IZQ:

is a cross-sectional view corresponding to a plane extending vertic
t hrough the [938kFigak 2Che ag illustiption shoy B opast-seRtignyligye Hgﬁht? %Pi‘?‘? ;‘PYFf?daly
short edge of the bottomlayer 201. It should be appreciated that each of
t he conponentesrdspondirighe danbutoB-Bay EiguR02Aaie dckerdance aridgonenermhagipent ?gﬂ}es t he
same as previously described with respect to Figure 2A. 15 [0034] Figure 3A
is an illgst pRkd@mnwhEs. s, BihieoRT Vi @wra-sectivogl Viewy eror@gpbnding 4o mplafe.
| ayered wafer support apparatus, in accordance w th one enbodi nent of the
present 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 ldlne‘cmbodiment, the thin film 305 is formed using a thermoplastic process. o
[0035] The top layer 301 of the multi-layered wafer support apparatus is defined as Ia
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

H



invention. The top layer 301 is defined primarily by a thin film305. In
various enbodinents, the thin film 305 is defined by an anorphous film
mat erial such as Aj edium Victrex PEEK, polyetherimde (PEl), polysulfone

(PSU), or p&b%&ﬂ%@%h§“|fide (PPS). In 20 one enbodirmn$?régﬁ%§mamQ7filn1305

is formed usi'ng a thernoplastic process.jgl 0035] The top layer 301 of the
mul ti-layered wafer support apparatus is defined as a continuous nber

i ncl udi ng a gkikEdiodiave i talerancd o H0DOR R inch aud iy @ET0; ABIUPPY BAsKGegion 18 s
than the dianmeter of the wafer 107. For reference, the diameter 215 of the

wafer 107 i Syqs0oMBuldthEb&ipherydhtiascuudatihed ckiending tadialiydo ebrivo therdimeter t he
di ameter of the cutout 311 is WO 2006/ 065580 PCT/ US2005/ 044047 16 defi ned

to have a tolerance B bRBbaiARA:, HenipperZ@hisk. refibn BPpesdigalikknesgison 314
is defined %ﬁéﬁﬁ@aﬁﬁ%”gg?ﬁgﬁé?ﬁ of the cu?g%t 311 and extending radially to

about the di %3}5%(? {0[ ﬁq%%{fhe &/eetnhﬁjo\ﬁ‘?l{)? rml‘ill%%d abdlt STEmBITHOME Hefbhery bEtht ader mask

region 314 r nessis ‘defined to cover between about 0.5 nm and
boundary Hef I et arisinen Prona rophiry ezl abaddihy pbuftert Bhde e Ol
Subst ant | al I PUBEITerien e S0k fdoarred 0yt th Jarer 07 Spth B B e T <

{hr ough t he. brioatals semiessianer beaaor HE: GBpeA TR Rag oI AEae8 o sk
ol Ui b 11 oetgaaido fingplécheplatoe macdseisRich sedfeslp PP GMIER 101 3 peterrets

mul ti-layered wafer support apparatus, the upper mask region 314 i;@fliﬁdes a

seal ant T egi g8 upBdr3maskhegisr all antrvesyi mask31 ®periphardl rweien £h theqgwates at is
properly formulated to be, chemcally conpatible wwth the wafer 107 and
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g of the adhesive fromthe wafer 15 107 foll ow ng
the electr Opzlm%, ti-ﬂ?er@& QGfer Support apparatus, the upper mask region 314 includes a sealant region
313. The sealant region 313 can include an adhesive that is properly formulated to be;
cliemically 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 1207 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  necessary to achieve proper positioning of the multi-layered wafer support apparatus and
Wafer 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



[ 00371 The top layer 301 includes index points 303a-303d for en i
placenent of the nulti-layered wafer support and wafer 107 mﬁtﬁuigggeggoggr
gPerggfgsgéng headglOS _dgring the el ectroplating process. The enbodi nent
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positioning of the nulti-layered wafer support apparatus and wafer 107 on
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provided on one end of the top layer 301, and one index point is provided on
the_opp95|thmgpgnggukhgwig@Llayer 301. Index points can also be provided to
assi st in proper placenent of the top layer 301 over the wafer 107, i.e.
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outside the sealant region 313 and w.thin u '
second el ect mpgkakegion g -ﬂmeggmﬁdﬁ@daeﬂwﬂgat%@%é%ﬁgﬁ%?ﬁﬁﬁéuﬁﬁ%hg r gég(gpe t he
waf er 107 at a second |ocation 310b _that is outside the seal .4 i 313
and wi thin' Shoveudy sraskcond oaHoB i EchoB o e AL Sy S Al i

ical circuits 7a and 307b include ar [ '
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position around the periphery of the top layer 301 as required to Y
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and electroplating system Each of the electrical contacts 308a and 308b is
connect egy t Os4 pPRAREd %u&gy YosRAR @Bshd3ihd perigiepect ihvaby layp0BBORs BaskedoP t he
power supplies 309 and 317 are independently controllable, such that

coordinate with other features of the multi-layered wafer support apparatus and

electroplating system. Each of the electrical contacts 3082 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 tl;e
wafer contact locations 310a and 310b. During the electroplating process, electrical curren{
being applied to the wafer 107 edge at the contact locations 310a and 310b can be
controlled to establish a particular electrical current profile across the wafer 107. Fof
example, as the wafer 107 traverses underneath the anode 102, the contact location
20 (310a/310b) farthest from the anode 102 can be powered while the contact location
(310a/310b) closest to the anode 102 is de-powered.
[0040] In one embodiment, the first and second electrical circuits 3072/307b are defined
using an adhesive backed copper tape secured to the top layer 301. In another embodimel;t,

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



15 power can be independently supplied through the first and second
electrical circuits to the wafer contact |ocations 310a and 310b. During
the el ectroplating process, electrical current being applied to the wafer
107 edge atwbt}g%g)ggg%@ct | ocations 310a and 310b can be pERMLRlLHG t O
establish a particular electrical currengg profile across the wafer 107. For
exanpl e, as the wafer 107 traverses underneath the anode 102, the ntéct
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to ensure that consistent electrical contact is established from ‘
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[0041] 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, ai;d
;ché contact area size between each electrical circuit and the wafer 107, will have é
coﬁesponding effect on the electrical current profile across the wafer 107 relative to the
20 anode 102. Therefore, the number and characteristics of the electrical circuits can bé
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



defined to electrically contact the wafer 107 at a nunber of |ocations
around the periphery 15 of the wafer 107. Al so, in other enbodinents, the
fggt 2ﬁ:far ea fes{';da%bl [ s]tled bet Wel;en a particular electrical circuit and t he
acewghodshhessy@f er can be larger or smaller. It pghpy [
t hat the nunber of electrical ci rcu?ts cent acti ng the waf eréz%sb?)ﬁ‘mgﬂgreflhgt o
contact area size between each electrical circuit and the vvafer, 107, w |
have a cor respfidaiygaspileetthe alectisal cuaent irefile 2610st H15t VHFLIY] wlalivp &5 0et he
wafer 107 relative to the 20 anode 102. Therefore, the nunmber and
characteri stifege 2.t he el ectrical circuits can be optimnzed to achieve a
desired electrical current profile across the wafer 102 relative to a given
location of fjpgangse 3802 AVAlusttdtien Wabwing B0ofosskectionxlavipwenf the tathlayaed0dr 107
noves relative to the anode 102, different electrical circuits can be

ener o1 zed NG fleRRRE D <Rk o CUO AOROODSA QPRI RAMATMAS of the

beneficially e e electrical current profile across the wafer 107

relative o the anode 102 [ i i: SN 00 « i
Cr ous. sect | oirent ARG s { (e L3 1R fosectibnd Vicvl UBLEBAIRR S B0 2. |

Figure 3A, in accordanc i th one enbodi nen ” y i
Iguts., F: ?ur;a;@g‘di“f ‘f?:%ﬁa ¥ thrdugh, the, cepier ?ék\’/\e/ C%Pﬁlte%%gﬁcﬁlggaﬂgg)é]?g%ql%mrllég@g%agzdi ng
rtically rou the center of the circular, cutout 31 i
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the conponents of the top layer 301 as illustrated in Figur IS [he sane
as previ ous| fopdayst 3@loasdllvstnatedrie Eigaea 3R 1§ thepsapg 28 PEgyiously dﬁfg‘gﬁfwggﬂaﬁ?eg 8Cis
an illustration showi ng a cross-sectional view of the top layer 301
correspondi nBighe 3¢l | outs D-D in Figure 3A in accordance with one
enbodi ment of the present invention. Thus, Figure 3C is a cross-sectional
vi ew cor 1@sppedayEigie 3T p aniluseadoarsiowipgeesrbiscabtionat Wewugfhthe fiep byt W of
the circular cutout 311 and perpendicularly to a

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 plaﬁe
e;(tending 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 llayer 301 as illustrated in Figure 3C is the same as previously described with respect ‘éo
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 layexrs
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 3072a/307b in the upper mask region prior to



| ong edge of the top layer 301. It should be appreciated that each of the
conponents of the 15 top layer 301 as illustrated in Figure 3Cis the sane
as previously described with respect to Figure 3A. [00441 In one

embodi ment , wd hidlgeaway film (consunmable |ayer) is proyi-fgghosspaiiupt €Ct the
| ower mask region 214 prior to placenentapf the wafer 107 on the bottom

| ayer 201. A consumabl e | ayer can al so be provided to _protect the YpRer
mask regi on Qhacting dre wafe2 007 The eapsvmable layeas easpbq dsfised Ryranoyraerpiaqrs

waf er 107/ bottom | ayer 201. The consumabl e | ayers can be peel ed away from
t he bott onl t pptekidiyaniartothaxod @ ddfiee tewkn filppedS/3sk regions. It  shoul d be
appreci ated that the consunabl e | ayer protecting the upper nmask region 314
provi des pr Omas%guém it heilRk@stiohisB@ling b asserhisly 80 tha/mdOtHayieredtwader SpRIOF. mask
region prior to 2006/ 065580 PCTI US2005/ 044047 20 contacting the wafer

107. The Conﬁgﬁﬁms,ei | AYGHShcE ¥hRRe BRbbRENRY tiRpresemiptention.fThe miewndepistddal
simlar to that useélto define the thin filns 205/ 305. [0045] Figure 4A is

apparatusy | 1 BeRgraAare el ST A R B B o A Phvont  on.

appar at us; i odi nent of the present invention. The
view depicted 5 in Fjgure ryespon 0, Vi:EYY f; Do tipgAckRY er
201 as previ S@EE2R Fféilﬁle?vnc#‘&ﬁﬁ%{ofég%ﬁgé%s M’é&g Wen ?g%rl ayer 301 as
previously shown in Figure 313 It should . be reci 10fs the
conponent s obe gprEediRied g‘ﬁﬂ fagly Q?thfdrfnﬁﬂ’ﬂxenfso?f tﬁ%y‘gtfﬁ%%%raia@dmw%?? ?r?tbe’d' in
Figure 4A, is the same as previously described wth respec Fl gy es; 2A
and 3A, resplistratedinFigurp Ay fthe samgas P@V@Hﬂ%ﬁesﬁé\f’@e‘?’lﬁbmg%{i%%%uéﬁg e%\%een
the bottomlayer 10 201 and the top layer 301. It shoul d be ﬁggr eci ated t hat
the bottom a4, tespectiegtprEreda¢r37 is shavn prokaingndagviched orevesndna BPE YR
respect to each other. Furthernore, as previously discussed, each of the
bott om ang t opl hiyiae soplafier 301 Tt sholldde appreciatsd thas thei hottesa 3aditen kyery 201/301
facilitate their proper alignment with respect to the wafer 107 and the
platen 109. ae 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.

Additionally, 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 support

al:)paratus 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.



[ 0046] In one enbodi nent, each |ayer of the nulti-Ilayered wafer support
apparatus has a 15 thickness within a range extending from about 0.002 inch
to about 0.030 inch. Additionally, the bottomlayer 201 can have a

different t b%ﬁd%%%s%&ha” the top layer 301. In one enbgdiBeisosdai Ot al
t hi ckness or the water 107 and the nultia] ayered wafer support apparatus is

less than 0.5 mm |In a further enbodinment, the total thickness of the nulti-
| ayer ed waf e[o0dTiRigure 4Bopan dtussation shewsing e asserobly F the it laysed it SHRIOY of
the wafer 107. The 20 assenbled nulti-|ayered wafer support apparatus can be
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| ayer 301 is defined to have sufficient flexibility to allow for
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Figure 4B is ustration showi ng an assenbly of the nulti-Ilayered wafer
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i nvention e ure 4B corresponds to View B-B of the
bottom | ayer 201 as. pteviqusly sho 0. Fl BSd e Bo P Fir&f 24 fiRl t op
| ayer 301 asﬂ}%‘rﬁéﬁl}?‘gﬁgfl%urgaﬁ\’/\ﬁ){?ehsaﬁegEP%V]QE%@P%S%EI%UI d rS&{ADe gppreci ated that
each of the conponents of the bottomlayer 201 and top |ayer 301, as
i|lustrated B FRRPGHEINB is the same as previously described with respect
to Figures 2A and 3A, respectively. [0048] Figures 5A through 5D I sent
a sequence of0048] Hgtrea Sitohsough Ol 1sresspb zi?‘l“ﬁ’?f’ecﬁt% lﬁ‘fsﬂé ‘E}Sesh?‘?’ Iogf’ria%rlfgrp&e
apparatus, as previously described with reqsyigect to F%Cgure, 1A, Wi t[g use. of
10 the mul ti tHeajetroplating eppasinspomrevagskyrdssaubed with sespert daRigweliAy F1GYES ©
enbodi nent of the present invention. Figure 5A shows the apparatus shortly

after inijhi atieomuBitiaydied vafecupapt ararguspin eewsdanten withineecnhedinars ohdeer 107
is being traversed underneath the anode ’

present invention. Figure 5A shows the apparatus shortly after initiation of thél
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 of 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 anodp 102 and
m;:niscus 105 traverses over the electrical contact location 310b. Furthermore, the first
electrical circuit 307a is electrically connected to its power supply 309. Thus, an electric
20 <;1‘irrent 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



102 in the direction 111. The neniscus 105 is established bel ow the anode
102. As shown in Figure 5A, the sealant region 313 of the upper mask region
314 serves to protect the 15 electrical contact |ocation 310b fromthe
meni scus 1 ropl ating solution as the anode 1

t her eabove%xlqsoc??)%%ﬁ&e second electrical grcuit 307b i s%ﬁ@%?%@&g)ﬁy

di sconnected fromits power supply 317, as indicated by, arrow 501, as. the
anode 102 angommhairmde$02 06 ove eniedineent dhassecondeelestresat P BOZOBARAPEE | on
310b. Furthernore, the first electrical circuit 307a is electrically
connect ed t Oyjet@sch@beled StapPintil 3R%nodh 102, andmalissus F05cis 20suffiioné distapee BdYsed to
fl ow through the neni scus 105 and across the top surface of the wafer 107
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Fi gure 513 shows the wafer 107 continuing to traverse underneath the anode

102 fromthe position. FGbaRnAnEsdig. SA. The second el ectrical circuit
307b renuai nslsrp?glé{é%\%e%'ﬂggf%%mp?at ggpower supply 317 as the electrical
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TtYi Ca tact location 310b to
ensure that the electrical contact |ogation 310h. is.ngt. i. lighAidy of
el ectropl at i Ht isGn ¢eRiact. with thgdegscyy ﬁg; i"p%%e‘?’?%? nb‘?l?’tlﬂlg dfslglrpasbﬁehtgnné&second
electrical circuits 307a/307b is managed to oﬁ%i mze 2 curr ent glials“g Lioution
present at t kebspotiallyowniformt qusreniogensitiy plateinirtagt Bt fhe Benisqiy 40> jald ity
contact with the nmeniscus 105. In one enbodinment, it is desjrable to
maintain a substlangs diel wafeml Faraverses yndameate thsi anpde 0% it shepldrhezpprepitedeen
t he neni scus 105 and the wafer 107 as the wafer 107 traverses underneath
t he anodq102sat hiaikiiaikdhd anepIach atféidient distahet awayi fromi the pgwetd osbigal 102 a
sufficient distance away fromthe powered el ectrical contact |ocation
310a/ 310b, i (ytact1BG1ERBIOHSIOALL O dalids Uillo@ B tthal evrsdnt Yiewmsity tah ¢hel inteefaécace

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 the

s;cond electrical circuit 307b occurs when the anode 102 is substantially near a centerline

15 oi’ Ifhe top surface of the wafer 107, wherein the centerline is oriented to be perpendicular to

thé 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 power

‘s{Jpply 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.



bet ween the nmeni scus 105 and the wafer 107 to be [ [

_ cu: \ nore uni form Thus, in one
enbodi ment, transition frompowering the first electrical circuit 307a to
powering the second electrical circuit 307b occurs when the anode 102 is

subst anti al Ly ,heRkssgy centerline 15 of the top surface
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electrical circuit 307a is maintained until power to the second el ectrical
circuit 307bgswhgiabbitioneom faveeing e fistwebuotticel @tsuiti3eas topveiring o seqWih i s
powered, the first electrical circuit 307a is disconnected fromits power
supply 309. NBiBLALRLAB0I8VEEe dcBoid clé@as! ciene 307 it showalcomiecteditd it8PTUHI307h
serves to mnimze a potential for gaps or deviations in materi al

deposition prod , oGt r ; p |
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traverse undgineathy, t g anods, 402 mne babdi0 Wit tHodR Shibb Gk AeRiae0s aid t he
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: as
first electr s & powering the second electrical circuit

307b. The second el ectrical _ci i i 01l
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power supply 5 309, as indicated b row 503. The electric current flo
t hrough t he ﬁﬂﬁﬂgdW§m$@§e&ﬁH””é@FHéé@ﬁ%e top surface of the wafer 107
between the anode 102 and the el ectrical connection 310b t he .s nd
el ectrical c[0053] Fig@e BP. shp®s 58] wHrHli coninunefRdray ¢ee E’reatilgl?e e ?%?Sng to
traverse underneath the anode 102 as the electroplatin rocess near
conpl etion. tHeeeslenaplatig pregess medikXogipletine 'glppgqalaﬁhgqgionlglf @@Fhsr}lpgimmgfi& ves
to protect the electrical contact |ocation 310a fromthe meniscus 105 of
:3: fg: r 0}0*1@: i E&iol‘h@ 14tskRBs RSprofeet tae eldetrid) 2ontact lenatiers 3 tQadrasa Hovenisss 405 ehe
el ectrica L
electroplating solution as the anode 102 traverses thereabove. Also, the first electrical
circuit 307a is disconnected from its power supply 309, as indicated by arrow 503, as the
anode 102 and meniscus 1035 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 platen
109 is formed from material that is chemically compatible with the multi-layered wafer
support 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 support
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 wafer

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



circuit 307a is disconnected fromits power supply 309, as indicated by
arrow 503, as the anode 102 and neni scus 105 traverses thereabove. [0054]
Wth reference to Figures 5A-5D, the nulti-Ilayered wafer support apparatus

is 15 depighsthedsssbfi ng pl aced and hel d on the platen JOQugyisidafht he
el ectropl ating process. The platen 109 iz defined to have a flat surface

W th vacuum ports and index points. The platen 109 is formed fromnateri al
that i s chem xunifoymbyofisiebutpd eecyfingiorgsdo ayaid paying wicvenly distibuted nopinng of the
apparatus, wafer 107, and electroplating solution. In various enbodi nents,
the pl at en l@gltidayerddewafef suppait &pparatsi nl ess steel or engineering plastics
such as PET and PVDF. 20 [0055] Vacuum ports in the platen 109 serve to hold
the mul ti -1 ayje056] Fellbwingshipglientioplatipgproadssshd fopiayeg3(inmsh b ipeclgl atayrirobOihe
during the el ectroplating process. In one enbodinent, the vacuum ports are

evenly spacedyaef @5%0 Ex'ih%lemaﬂﬁﬁ#% QR WafeTOAEbEfutthe pladeésing. By&ieeehboditent, a
support apparatus to be uniformy held. Because the multi-I|ayered wafer

support appar ' theCdi iR-eRetof he prbQing feallSId MROEHBIHimdiathe t e
vaouLm ports ‘g&esu@%ynif’%g%?eﬂﬁ ‘%‘%?g@‘iﬁgcg (g € PhideBing feci ST MROEHEMmENTet D2

uniformy dis r%eﬂ\? [ : | [cTom Ehé“gkétl% jjed
portions of t néf’é ]? fl&?g%rtg%%ere &ssg%%%‘%&?gg%?‘glt&bésmfég‘g ] Fol Pd%iﬂng t he
el ectropl ati ng process,..t,he .tap |ayer. 301 capn he peel ed..away fr th waf er
107t o enabl &g 197 SLORa Y Lo Fopest APl BHERE sl BB AR, M
enbodi nent, a 5 rinse/dr Har he di sposed adjacent to. the prqcessing
head. In thi SPRHBYEF r,eé/ol“ ‘élof‘&‘ﬂgoé’?“&fr eﬁlgftrqp £ Eﬂ‘fgsstt%e?a@i%r@%é)a{eﬁéls%sed
el ectropl ati ng sol ution, clean the wafer 107, and dré t he wafer 107.
Addi ti onal | y,[0937] Figuse,f dsean, iiypteation showing a flomehart el amesthod deeuprBerfipn tvafer
apparatus can be recondition follow ng the electroplating process to enable
r epeat ed Ifse.in ah @BBTGplEingprecess, insacgardandeysithy enejembodinesnt agtha prasetdtigntionof a
nmet hod for supporting a wafer 10 in an el ectroplating process, in accordance
wi th one enbokh opstitionf60l He ppovided rfor plasieg b ivafer between a bottom film layer and a top

film layer, wherein a surface of the wafer to be processed, i.e., electroplated, is exposed

through 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

second electrical circuit and a second peripheral location of the wafer. The second

20  peripheral 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 further 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



An operation 601 is provided for placing a wafer between a bottomfilmlayer
and a top filmlayer, wherein a surface of the wafer to be processed, i.e.,
el ectropl ated, is exposed through an opening in the top filmlayer. In one
enbodi ment 1wﬁ%&{09§586 he bottomand top filmlayers is gefhdpskodpiAn

anor phous film 1n an operation 603, a |i2quid seal is established 15 between
the top filmlayer and a periphery of the wafer. An operation 605 is also
provi ded f ortraversiagiof #1si phajernprusqsdhe yurfagg ofcthe water F?S’RS%@SW@% the gpppigg In the
electrical circuit and a first peripheral |ocation of the wafer. In one
enbodi nent , tthyefifm tagér tebeclectrapddteci rcuit is integral to the top filmlayer.
In an operation 607, an electrical connection is established between a
second el ectri cal Igion€wnibodingkng the mmtitbdpfer isppmrtalg Hhecwefeni dfe elheroptting. The
second 20 peripheral location is dianetrically opposed about the wafer to

the first perjiaey@ah rhififefincRide thelfbllcWifg edeidhsrent, the second el ectri cal
circuit is integral to the top filmlayer. An operation 609 is further

provi ded for posjt éu?,gh/ﬂ% %{Qﬁ%{r ROt ORPREHER clrbliMvhay 8poriltAViinge Wakr away er

pl aced t her ebet ween en of an electroplating system Then, in an

operation 611, th |.at LS . el cessing head of the
el ectropl ating sys r%%tﬁeliﬁ%t @E{I@‘é%@ﬁggg’%ﬂyf‘%@é&/ 044047 25 traversing
of the platen causes the surface_of fh er. exposed.through t Lng in
the top film | dyefSEOHNgrEng Payey @B‘Pé&‘%ﬁ?dv?{‘?aﬁlﬁ% Cgr%lg&fhﬁ% ﬁtgog{%%eg}qn}é%ﬁ'g%}f or
supporting the wafer in the electroplating process can further include the
fol | owi ng oper at i orgar the firs| peripheral docainnds beips pigeestsd st el ectrical circuit
when a portion of the wafer away fromthe first peripheral |ocation is
bei ng processed,s stipplyorgrpesiter fgthp sevend tlearical lecyit when @pertion PERE wafer @WRY when
a portion of 'the wafer near the first peripheral |ocation is being
processed,o suppl yfrog tieossesnd peripheal deatmdis dkiag pracesséd,ci rcui t when a portion
of the wafer away

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:



10 fromthe second peripheral |ocation is being processed, disconnecting
power fromthe second electrical circuit when a portion of the wafer near
t he second peripheral location is being processed, and supplying power to a
sacri fi ci al wangsiasslkgposed within a region surroundi ng pEEusEiRI41 O
maintain a uniformcurrent density at a pgeripheral edge of the wafer, 15
wherein the sacrificial anode is integral to the bottomfilmlayer. (0058]
Wi le this invention has been descri beSLAMMBers of several enbodinments, it
will be appreciated that those skilled in the art upon reading the
precedi ng specifigatio A ' | ' e W ad 1afife WiRtdsOUS
alterations, addi f‘i ons‘i,(]%lp‘)‘lzt} %ﬁ%{l%ﬁ%'ﬂ%{%ﬂ@é&ﬁ‘g}ﬁts theelé('g% . T%grefore, it
is intended that, K the present invention includes all such 20 alterations,
addi tions, p&MRHSHE ons, and equivalents as fall within the true spirit and
scope of the invention. Wuat is ¢clainmed is: W 2006/ 065580 .. .
PCT/ US2005/ 0440478 botoray fimyiayer incjudfig # iwafer, Rl grg ﬁ%gnad spcgificial gpode ¢ o
use in an electroplating process, conprising: a bottomfilmlayer including
a waf er pfacemsundiag w veafer pdacementiardacddl anode 5 surrounding the waf er
pl acenment area; and a top filmlayer defined to be placed over the Fottom
filmlayer, the tompffillmiayeryefined tnbe piicedjoea thepesitomeiiimplayerothgdomBaR 14¥ehed
over a surface of the wafer to be processed, the top filmlayer being
defined to piRMidiR s dpeflwgtbnstedk positimedrovehesitrfape bf thewaferde beprpoessed, theaf er
to be processed about a periphery of the open region, the top filmlayer
i ncl udi ng 104y fiigd 1 SHEACATGe@hE pidvideal liquid eesl bstwded iirewp tidmelnpertand ¢l | y
contact a peripheral top surface of

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

vl

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



the wafer to be processed at dianetrically opposed |ocations. 2. The

mul ti-layered wafer handling systemof claiml1l, wherein each of the first
and second electrical circuits is independently controllable and isol ated
fromthe IpoSafhidici al anode of the bottom fil mlayerpcPys2iid®aqo47

mul ti-layered wafer handling systemof cl7aim 1, wherein each of the
sacrificial anode, the first electrical circuit, and the second el ectrical
circuit is cegkiofuledpenaregionnthe araskiregionaineladivg g sslaygRaiPn dglipndto\fPum 3
respective externally accessible electrical 20 contact. 4. The

nul ti -1 ayer egquidéeal bdtwedl thepotRysileniagdr and tiewafer tobepreressadne waf er pl acenent
area of the bottomfilmlayer is defined by a circular open area having a
di aneter less than that of the wafer to be processed, and a nmask region
defined about an WO 2006/ 065580 PCTI US2005/ 044047 27 edge of the open

region, the mesk 4 egi i RGLYULRA RiFeSRALRRY ?fs%ﬁi encld@f il netertin daol of e

liquid seal between the bottomfilmlayer and the wafer to be processed. 5.

The nulti:l ayered . LNeSYBleMatbrndbdd fimt, wherein each of the 5
bott om an‘%l t%‘%{omﬁngq{ﬁ%g?gag%%% ;ﬁ%(gc? as aﬁﬁam)rlphous film 6. The

mul ti-layered wafer handling systemof claimb5, wherein the anorphous film
is either Ajedium Victrex PEEK, polyetherimde (PEl), polysulfone (PSU),

pol yphenyl sul fide (PPS)., or _any of th f orenent i.one u kil MeheC! ad

or 10 inpregnat & wit ec%‘é‘?%’er?fl ‘T’ﬁ%r ?};@Pgl?n a %?Igdgaa%ﬁ%ngpélrﬁlg s;stem

of claim1, wherein each of the bottomand taop fjlmlayersdncl

nunber of al fgerebousnElEk 1p Sithers Ajesivam C 1F‘F‘T"a? g}% ngb'gﬁ’é’ﬂ?}/‘%nga%gsgo g%?n%g of

the nulti-layered wafer handling systemw thin an 15 el ec roptl atin slystem
(PSU), polyphenylsulfide (PPS), or any of the aforementioned amorphous films ciad o

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 material layer configured to overlie a peripheral region of the wafer and
thg 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



8. A wafer support apparatus for use in an el ectroplating process,
conprising: a first material |ayer having an area for receiving a wafer to
be processed; a sacrificial anode defined over the first material |ayer; 20

a second nefghh@lesdsdyer configured to overlie a periphep@adus8@ioenepf the

wafer and the first material |ayer outsi3e the peripheral region of the
wafer, the second material layer including a cutout. to expose . a surface of
the wafer to be prprieefsunyity integmtadorithinie s¢5oaf maFeﬁ‘;?-Llray‘He?aﬁ CHEHG iR he patt
configured to forma seal between the second naterial |ayer and the

peri pheral r efgignitoihchiingwaikctricalroniag) ios) oshsBIlbramast il thassiise g 5
pair of circuits integrated within the second material |ayer, each circuit
in the pair Rfwagritebe pockssed, i pay clnirefitebeing clabtricdht iadlated épmribeisacgficial
electrically connect wth the surface of the wafer to be processed, the
pair of circyidgs being electrically isolated fromthe sacrificial anode. 5
9. The wafer support apparatus of claim8, wherein the sacrificial anode is
enbedded ¥vithi n the first material |layer. 10. The wafer support apparatus of
claim@8, Turther conprising: 10 an adhesive defined to formthe seal between

the second mterigl | ayaryaad shlib BELkANSE ik a9hbrdl hAckAGA g he

processed. It. Theé wafer ratus of claim@8, wherein the first and

second materi g‘l‘c@%g%ﬁé%thﬁgﬁ%rgg?géh%’ged index points to facilitate placenent

and positionPR 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 wth the surface

of the wafer to be processed at dianetrically . .
10.  The wafer support apparatus of claim 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
configured 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. 20 13. The wafer support
apparatus of claim@8, wherein the sacrificial anode is configured 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
bei ng independently controllable. 29 149 The wafer support apparatus of
claim8, wherein the first material layer further includes, a circular
cutout having a dianeter |ess than a dianmeter of a wafer to be processed, 5
and a mask region defined around the cutout, the mask region being defined
bet ween an edge @f thensyhRbugost apaedgefafainh® waden the fie maeeedeEh a
centered position over the cutout, the nmask region including an adhesive
defined to f : between first material |ayer and the wafer. 10 15.
The waf er sug%%#?ngggg%atus of claim8, wherein each of the first and
second material |ayers.i e : Qusindetdr BT a ¥afer T watassed,
support apparatusagrmgﬁgﬁgﬁﬁé%nﬁgzéégﬁﬁﬁﬁgggﬁgrphous filmis 15m§ither

Aj edi um Vi ctrex PEEK, polyetherimde (PElI), polysulfone (PSU)
ponphenyPsu@P de (PPS), or any of the aforenentioned anorphous filns clad

or impregnated w ta rIlna%lcg Fr)epg?orn defined around the cutout, the mask region being defined between an

edge of the cutout and an edge of the watfer to be placed in a centered position over the
cutout, the mask region including an adhesive defined to form a seal between first material
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.



