1 Wafer Support Apparatus for Electroplating Process and Method for Using the Same S
BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The present invention relates to
semiconductor fabrication. 2. Description of the Related Art 10[0002] In the fabrication of
semiconductor devices such as integrated circuits, mellnory 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 substr%@yjﬁgﬁgﬁﬁio}ﬁ \Qfgwi%giﬁiémag Lﬂ!?ﬁ re formed. In
f

subsequent levels, interconnectsrﬁ t gl S zajé)aﬁmed nd glectricdlly connected to the
transistor devices to define a de Eﬂ(fﬁ?ég?& R te N8, HEE conductive layers are

insulated from other conductive layers by dielectric materials. [0003] The series of manufacturing
operations for defining features on the semiconductor 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 alldd€ KGR ENRGF THREN VENEFERCtroplated. 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 occutrifitel tiehtdRyettitice cause material to be deposited on the wafer

[0001] The present invention relates to semiconductor fabrication.

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 semiconductor
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.



25surface. 2 [0004] Material deposition characteristics across the wafer surface are dependent on
many parameters associated with the particular electroplating system and process. For example,
parameters affecting the electrical current profile across the wafer can influence the material
deposition characteristics. Also, parameters related to stablishment of electrical 5contact with the

wafe_r can i”ﬂL[@ﬂ@@_]t%@@&?ﬂ%&%ﬁ@ﬁ@%é&&ﬁ@ﬁ&%%ﬁ&% {999\5(5]%? éﬂﬁ‘é’c@faﬂaedé%@ﬂ@_iﬂ%ﬂfﬁ%ﬁﬁs a
continuing need to improve electroplating technology as applicable to material deposition during

semiconductop\yales EAPHCIOR PWIMMARYAAEuT B1dbHdpM G 2 Ny APARE IR QRS #HbpadimpRt: a

multi-layered wafer handling system for use in an electroplating process is disclosed. The

multi-layered wafer bapdipg. sysiemdnaludasa Rarem HBdaysrand aHonyir ayar ifighastem film

layer includes a wafer placement area and a sacrificial anode surrounding the wafer placement area.

The top film layer 45, 4efined; (o O RIACRHYE! REHOFITUTYEANE RRHTHAYA! B}Cé'tlk%‘?ﬁcﬂi‘

open region 15 to be positioned over a surface of the wafer to be processed, i.e., electroplated. The

top film layer i%o%?im%t‘f?tﬁé%%r%Alﬁf}f-!ﬂfe%%k?ﬁé"ﬁ%‘%&ﬂfd&@sﬂﬂmn'%}{g\[a%{égié ggwafer, about a
periphery of the open region. The top film layer further includes first and second electrical circuits
defined to e'erjgfqgo%ﬂyn‘%ovr}%aa&Rﬁé‘r}%‘%‘gga&tﬁ’ shuface of t%%w%ﬁ%%aggggmgtﬂg?}{yvgpqug@g logatons.
20[0007] In another embodiment, a wafer support apparatus for uSe In an electroplating process-is
disclosed. The wafer support atus inclu a first material layer having an area for receiving a
water o be pri e R o B e B e o TSR E e the
first material layer. The wafer support apparatus further includes a second material layer configured to
overlie both a peripheral region of the wafer

SUMMARY OF THE INVENTION

10 [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  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 electroplating
process 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
sacrificial 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



3 and the first material layer outside the peripheral region of the wafer. The second material layer
includes a cutout to expose a surface of the wafer to be processed, i.e., electroplated. The second
material layer is further configured to form a seal between the second material layer and the peripheral
region of the wafer. Additionally, the wafer support apparatus 5 includes a pair of circuits integrated

within the secqpd matgriahlanelalb @ﬁ@éiﬂé@h@%&@ﬁ&ﬁp 8 sraldesamp gieciieahgoniagial
defined to electrically connect with the surface of the wafer to be processed. Furthermore, the pair of

circuits is electricaliyispuated Jﬁ%ﬁt@%ﬁ%@%@%@hﬁﬁ@%f ORI ethsb&mkadineRieadiatad for

supporting a wafer in an electroplating 10 process is disclosed. The method includes placing a wafer

between a botign J fayR4EAG R T IaNE T JHRGIRIY ASHITACE QLINRIWRIST IR RE-BHAGRERG IS

exposed through an opening in thetop film layer. The method also includes establishing a liquid seal

between the top fim [3Vg{.a0d 3iReHPReN PLING WG ddliRnaln g gHIed Wslies srtaRlishing

an electrical corinection between a first electrical circuit and a first péripheral 15 location of the wafer.

The first efectrigal dreyt s niparalie. b don I ayer. Abemstosiurheninslydes exiafishing. an

electrical connectio een a secon ctrical circuit and a second peripheral location of the wafer.

The second perphgralincatiansclamsirically eppased.aheutnaalento dng. s nalipherglagation.
Also, the sec electrical circuit Is integral to the top film layer. The bottom and top film layers having

the 20 wafer plaged therebetween are itigned on a,platen of an electroplatin ste
operation is (1o Beou ek o ol Chae e A e S S S S R stem.
Traversal of t éolate.r% cayses the surface of the wafer exposed through the opening in the top film

layer to be eleC ro%féhaigll.a £ 'f8889] Other aspects and advantages of the invention will become more
apparent from llowing detailed description, taken in conjunction with the accompanying drawings,
strating by MRS B LI IO HER T SR TR OF FhE HAVAES
[0010] The invention, together with further advantages thereof, may best be understood by reference
to the fo|]r§win8r88§%§r?ﬁt Mrigieh e srtinciti m&C&&BMgé‘iﬁ;}?ﬁBVHF&ﬁihﬁngm Elgle 1A is

an illustration showin(]g an apparatus for electroplating a .
a top film layer, wherein a surface of the wafer to be processed is exposed 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
further 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.



10semiconductor 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 {ith one embodiment of the present invention;
15 Figure 2B ing0g|lesitalinn showiacthavearRss:seftianah vianoal Wig R [a¥R! 95 iRsRaRdingto
callouts A-A in Figure 2A, in accordance with one embodiment of the present invention; Figure 2C
is an illustration SHOWD A HIeSSISESHON ,,Vtgleéﬂfﬁb%&guﬁéﬂéﬁy@w&fﬁsem{w i@\ BB in
Figure 2A, in accordance with one embodiment of the 20present invention; Figure 3A Is an illustration
showing a bot}gmtygﬁ\p{go&avpgg (l)@)é%ﬁfp?e%QIB@E{%m[gﬁ_support apparatus, in accordance with
one embodiment of the present invention; S Figure 3B is an illustration showing a cross-sectional
view of the top layer corresponding to callouts C-C in Figure 3A, in accordance with one embodiment
of the present invention;

5 BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying
drawings in which:

Figure 1A 1is 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;



Figure 3C is an illustration showing a cross-sectional view of the top layer 5 corresponding to callouts
D-D in Figure 3A, in accordance with one embodiment of the present invention; Figure 4Ais an
illustration showing an assembly of the multi-layered wafer support apparatus, in accordance with one
embodiment of the present invention; Figure 4B7s an illustration showing an assembly of the
m_ultl-layered wafer spppest éﬁaﬁ)soaaﬁﬂtﬂﬁls'ﬁa@i%%rﬁﬁ%ﬁg’\’ﬁh&l@%%@&%ﬁﬂiﬂQ{E@\f?f SrerRsergnt yention;
Figures 5A through 5D represent a sequence of illustrations showing operation of the electroplating
apparatus, as iguipdalifesciRaguith e SReEtAa Figuren Avcithmse elihenmutidayeies: Walek
support apparatus, In accordance with one embodiment of the present invention; and 15Figure 6 is an
illustration Sh%&@&q@iﬂ@%ﬂﬂﬂt of a method for supporting a wafer in an electroplating process, in
accordance with one embodiment of the present invention. DETAILED DESCRIPTION [0011] In the
following description paymerges spegifig detals AR SehIarth RLELIRAA PIRIASE HOTRHT, ver
understanding of the present invention. It will be apparent, however, to one skilled in the art that the
present inyentig (g A raclead hod some.er shofiness sRrclfc A gl dnilsidisianges
well known process operations have not been d scribed in detail in order not to unnecessarily obscure
the present inv?ggi Pin@e@?oan] Figure IA is an illustration showing an apparatus for electroplating a
semiconductof wa er, In accordance with one embodiment of the present invention. The apparatus
includes a platen 109.configured to securely hqgld a wafer 107. The platen Ogtis movabhle in a
orzontal plane as Lo by Aol T P G gt S A LR bt cion

104a for connectlé%a power source 106 to them\%%yir 107 ?ttﬁ%flrst Iocfatlon. The apparatus further

. a us, 11 accordance. wit ment. resent invention
includes a secOnd SlectricAr ENABEHOA L 84 F01°CShRee ing power source 106 to the wafer 107 at

d location. The first tion.gn the.wafer 107 ' the first electri ti
045 1 located at  SIBAIRARol HAEAFCAN DRBALE A oCROR P hE CAENE TELATOR opbort

correspopding to the second , , , ,
P ﬂ) gapparatus, in accordance with one embodiment of the present invention;

Figures SA 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.

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.



10 electrical connection 104b, with respect to a diameter of the wafer 107. Each of the first and second
electrical connections 104a1104b includes a respective switch 108a1108b. The switches 108a1108b
allow the first and second electrical connections 104a1104b to be controlled independently from each
other. In one embodiment, either the first electrical corfhection 104a or the second electrical
connection 10¢fyingtrgiaetheat fram & Proceasinth13R8AGnL03S SrRM:atR0IVER H0padB013] The
processing head 103 is secured to a rigid member 101. The platen 109 having the wafer 107 disposed

thereon is posifigneshHRdemMe e RECGRERINOWRADAOniERAL BiealptLAY s shisiantally

parallel with and in close proximity to a lower surface of the processing head 103. The processing

head 103 inc'%?ﬁﬁré{ﬂl@ﬂféﬂﬁiésog ﬁﬁf@ﬂ@@d@@&ﬁl@@ Ut RN NG RIAGE SRINIJIE % PR dQWRIcSHITace

that is proximate to the wafer 107. [0014] In one 'embodiment, & horizontal surface of the anode 102

facing the waff( A7 is definsel 1ave. & subsalialy FectanoHa” HCAgR AIEE A R FDSIggTADY

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

dimension; thatjs. gl spst aaalie 108 ARMEIGLAL e YRIRIL Q7 WINJESSRLIGING Yigy, T Shipyn in

Figure 1A, the first dimension of the rectangular surface area of the anode 102 extends into the page.

The rectangular surface . area of the anode 102 also includes a second dimension,that is defined to be
oae than 1 dheURCRAERELNS ANACE HON AR MEME RS RETIOANADT At SARIGRAY

less than the djameter of the r 107. With . ect 5 to the view shown.in Figqure 1A, the segcond
irmoneion of (18 POk eie B the Wil IEPPRCE T RoRAre AR iR Teion oy the wefsrc,
discussed first. dimension and parallel tq.the platen 109. [0015 n the anode 102 is disposed over
e arer 107 T S S e the A CRR e NE H aRes 108 Syabiet
anode 102 ext%ndsta.loPrl a first chord 10 defined across the wafer 107, such tcrllat the 2 ode 10
extends compfBiEiFHERYSs BRBINE TP HR dif et oRe ot TR HrdP i, RISERARILE. JRAUFmiERLRSh, i.e.,
the short dimension, of the rectangular surface area of the anode 102 extends jn a directjon of a
second cfiord @8?%&161%%%%}?8 \%§1%r TP GRRid e iausicd 8%15%8 %aﬁgrjgﬁd]%?ﬂgrotgot egﬁ%t
chord. Additionally, the wafer 107 is positioned on the ‘g)laten 109 such that the second chord is 15
substantially p%ﬂ‘él?éF?é‘%??ﬁ‘é“é?&éﬁBﬂﬁ‘ﬁ%’él%e]éﬁ%]é)ﬁ stneedss s 6‘?‘?%@%@1‘%‘7@@%&9&%3% to
connection 104a and the second location on the wafer 107 corresponding to connection 104b. It

should be und®¥étdisd thA¥d §aPiRLYbReBEsidh S fiede b ravartrniv ikt B e ode

102 will not completely extend across the wafer 107 in the direction of the second chord. '
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

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

processing 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



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 theplatennlP2ud IMmanptherembeainenbithe sthatantialivuniderrdistance.heiween the

platen 109 and the anode 102 is maintained to have a variation of less than 0.002 inch over the entire

traversal distape Rfsig PRGOS HE Shkid he-anRiReiates dhatdhR MR nLRiRIM distance

maintained between the platen 109 and the anode 102 corresponds to an equally uniform 5 distance

maintained begysenihie waterdkaiang heaneds 02aAdslitionave hewaler 10543 prpiensgon the

platen 109 such that as t_he pIgten_lOQ is moved l_Jnderneath the processing heao! 103, the anode 102
traverses the yyaler. LG/ A GG A GRLERRARAING 1R ehecEARd ChoFthas.Rreyiys MAgseped-

Therefore, the anode 102 is capable of traversing over an entirety of the top surface of the wafer 107

as the plagen 1095 pavedoragnally INORLIThE disiace helpaenite iepiangilatulacs area

of the anode 102 and the wafer 107 icient to allow a meniscus 105 of electroplating solution to

be maintained ﬁ)etw an ggez n?de 19)% ng i;lhe}l surface (%f‘;hqlvy fgr 107 as th ‘%Y%fl r 107 trayels
t t

undermeath i 0 G AR A el e T SRR A8 JRC

below the anode leej.tgt%ntai]nme g)f the meniscus 105 can be 15accomplished in a variety of ways.

[0018] In one Bibodimen : aéegno e 102 is defined as a virtual anode represented as a porous

isti ter i bodi , [ 105 of el [ luti .b lied t
the volume crbl bOIG (A AHUH 208 SOB By RO aH e e Dot uagn Hfougn
the porous virt};JaI ode 102. In one embodiment, the 20 p?r us virfual anode 102 can be defined by a
coramic such RO RIS SOt B A VBT HOETp, B OEr W BRIS TSIV it 1S ey

Figure 110 thelHBER K62 MMRFOHAS1 e AHEL ARl OEA B Al BONFREITE LR SO are
in the direction of the first chord. Also, the second dimension, 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
corresponding 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 the
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.



9 electrically connected to a power supply such that a voltage potential exists therebetween. Thus,
when the meniscus 105 of electroplating solution is present between the anode 102 and the wafer
107, and either the first or second electrical connection 104a1104b is powered, an electric current will
flow between the anode 102 and the powered electricdl 5 connection 104a1104b. This electric current

enables electraplaiing-reavtion i Oere s abRartians ofifagion siitaeafdbe waiandh 7 doahrrene

exposed to the meniscus 105 of electroplating solution. [0020] Figure 1B is an illustration showing a
top view of the,pracessing hgachid Acharadad Qo reiaive 1dhe pieR-A QR andveaiat HeAS!

previously depicted in Figure 1A. 10 As previously discussed, the anode 102 extends completely

across the wafgr 0% ipthe dracHanel Hsisnm 12 Jus ARERGVAIRTH) L HRYRISER thce

direction 111 underneath the anode 102, the entire top surface of the wafer 107 will be exposed to the

meniscus 105,gf slectianlating.akiion RIESE0tARIN: theanads 197 Adsionally it ShRHIHRSm

apparent from Figure 1B that the anode 102 traverses the wafer 107 in'a 15 direction corresponding

to the second Ghojd @S AIENAUSIKARSEHRRO.Ror VS ATRCUAE! 105 RAIMASIAD ghthegrode

102 rectangular surface area that Is facing the top surface of the wafer 107. Fu more, It should be

apparent fromisF‘ﬁ&{Ri%Beéh %}”a%sgﬁ%@ld "G St%g?t%”téﬁ‘f';'g%Pa%%"?bB’ i%ﬁﬂgv%gtﬁ?l‘aﬁge%ﬁ%"‘ﬁﬁgn the
e i t

first location on the wafer 107 corresponding to the electrical connection a and the second location

on the waler 107 20cgusepandingo the eepuical connaetiond o4k (2024} Durin he eleciioplating

process, a uniformity of the deposited material is governed by & current distibution at an areaof the

Wader 107, ThOS SO ATaT S e A B BHD DIStec e s Semiy HIBACEd by % BraRimity of
Current citrb R e GHOLTEc By WA BT N Sl B I TRA b win
e e R PR i S eoeston gL e cogpit

connections 104a1104b. Additionally, exposure of the electrical connections 104a1104b to the

electroplating {81t EE Rt Jauriaafergivaer Hbn UnfsHrRRIA RS ALUbRL (U bremaitiingd

deposition results.
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

volume 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,O;. It should be

appreciated, however, that other porous resistive materials can be used to define the anode

102.

[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



[0022] In view of the foregoing, it is desirable to support the wafer 107 during the electroplating
process with the following considerations addressed: 10 establishing independently controllable
electrical connections 104a1104b such that the electrical connection 104a1104b farthest from the
anode 102 can be powered while the electrical connection 104a1104b closest to the anode 102 is

de-powered, BreMARANG LbRmRIRGH R PRIREGISRS LAdR1AA4D IR Wil tha wafas HIRRReIRGn.

exposed to the electroplating solution, and 15 ensuring that the physical characteristics of the electrical

connections 144gd 10Ab RdmUHRL e WAlRT e oI LomVARHRWATBEIAAAIhI R RIEFENL

invention provides a wafer support apparatus and assocliated method of use that addresses the above

considerations, geneering:thegsleqioniatins pOGESs- Maie sRecficallvathe WRlersurpesy APRATatUS of

the present invention uses embedded contact 20 circuitry in a multi-layered thin film configuration to

address the abgys considerations. Aa kb futhsLdieRed 0N I hPTRERbIA g uiERAMZC

and 3A-3C, each layer of the multi-layered thin film includes the following components: a separate

copper cirguit é%ﬁﬁ&ﬁ?ﬁ”%ﬁ&'/szﬁ)m?ﬁ{jsd&@wf%"&%&& RN acrssiaiRlg PAUAThOfCaRARSlPN o

a power supply,

portions of the top surface of the wafer 107 that are exposed to the meniscus 105 of
electroplating solution.
[0020] Figure 1B is an illustration showing a top view of the processing head 103 and
anode 102 relative to the platen 109 and wafer 107, as previously depicted in Figure 1A.
10 As previously discussed, the anode 102 extends completely across the wafer 107 in the
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



an open area for exposing the wafer, a masked area (either conductive or non-conductive) for
providing a liquid seal to prevent corruption of electrode connections to the wafer by the electroplating
solution, and 5 index points, i.e., tooling targets, to facilitate proper wafer and film placement. [0024]
Figure 2A is an illustration showing a top view of a bottdm layer 201 of a multi-layered wafer support

apparatus, in apoofslanceyitrne&mRadfBrt @idha (reeenbinvRRIR TiE Ralam dayen9las
defined primarily by a thin film 205. In various embodiments, the thin film 205 is defined by an

amorphous filg, ateHakSHERRAS AW ARVISITEX iR, BOMEIBREMIGE (BRSNS V),

or polyphenylsulfide (PPS). In one embodiment, the thin film 205 is formed using a thermoplastic

process. [0023] ThehfamJaysr kP Bl iaemut- YIS e HRRALAERMASHS ARPAIBSA

continuous member including a circular cutout 211 having a diameter that is slightly less than a

diameter of the,waler J Q08 'IRIRIFaR ARME Rt AIOL NG MATEN i‘x@&ﬁ&"%&r%f@a@%ﬂ G2Aas

a dashed line. A lower mask region 214 is defined around the periphery of the cutout 211 an

extendingsradigfly o, aoyt g, ﬁgé?t@&%%§t8§1§1?dﬂ%fﬁ&goo7, &ﬁiﬁ@ﬁ‘%ﬁ?‘be NG JPhlOWeL magk

region 214 radial thickness is about 2 mm. In another embodiment, the fower mask region 214 radial

thickness is defin ithin extending from t mm to about.5.0 mm, herein, the
o abour roae B BRSSO R W R

bottom layer 21% fi(p aj 18s5i5iv?t?b§éjb§tc?rt'(t)i?}|1| ce tr%rl?geoger .t(;lnergytﬂlsjt 211. Therefore, the lower mask
region 214 serves {0 Mask a botton perip eraFreglo o?lﬂwe water 107. Additionally, the lower mask

[ﬁgiolnzzm 'S TRIEESTdE0,35: YARE RGSEment area- Lo RISYent slecioPiting Siuigs Tom,eniering
electroplating process with the following considerations addressed:

10 e establishing independently controllable electrical connections 104a/104b such that
the electrical connection 104a/104b farthest from the anode 102 can be powered
while the electrical connection 104a/104b closest to the anode 102 is de-powered,

e preventing the electrical connections 104a/104b made with the wafer from being
exposed to the electroplating solution, and

15 e 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,



region between the film layers of the multi-layered wafer support apparatus, the lower mask region 214
includes a sealant region 213. The sealant region 213 can include an adhesive that is properly
formulated to be chemically compatible with the wafer 107 and electroplating solution. In one
embodiment, the adhesive is also formulated to enablé! 5 removal/cleaning of the adhesive from the
wafer 107 following thg, %&g&{r&g%g%gﬁﬁgqhmgﬂjhe bottom layer 201 includes index points
203a-203d for ensuring proper placement of the multi-layered wafer support and wafer 107 with
e 0 e DroGess MRS e e rieU spANGIAReRS, The SRAAINeR) AL FGlTE A
shows four index points (203a-203d). However, the number and location o[% index points can be 10
defined as necessary t qgie r itioning o -l d r r s and
walor 107 o e piatee D, R e e S
one end of the bottorgé?l;/t%nzgrll and one index point is provided on the opposite end of the bottom
layer 201. Index points can a1so%e provided to assist in proper placement of the wafer 107 on the
bottom Iaéer 201, i..e., v&ithin thetz Iowert 15 mask rtegior#?2]]4. It should beffurth(ﬁ.ﬁgpﬁeciated that
tooling pins can be pr%lw%f(egocl)% %hleerjla%rl]nfdér & Hhatc Cthléaiﬁé)ergp&r)i%vflsecgfat%e b6 tBr%CFér;ll%I}t201.
[0028] As the wafer. 107 trayerses u\r’ﬁﬁéneath the anode 102, portigns of the anode 102 will be .
disposed outs B bEHAHery b TS AR AHONGUEr P A S hBRI TRy dF I 2t et ayer

201 is not maintained at a voltage potential near that of the wafer 107, 20 electrical current emanating
from the porti&ﬁ%e&?‘riod@%fﬂ%gé’t?%?éﬁe {ReASERIFARES O e War&MEEA KRG OhifBE &S the

wafer 107, thus causing a non-uniformity, i.e., excess, in electrical current to exist near the edge of the
wafer 107. Th&"¥RRELR eldtctrkatietiriaden Al it deiiredrRAEiaeerbY0? (R rHsit IR extesgU8 Sopper
deposition near the edge of the wafer 107, i.e., a fringing effect. Consequently, the material deposition
across the entif8PeSIREE: (i @@ﬁ&ﬁl&ﬂ%ﬁﬂefﬁﬁ%%é@%ﬁ@m?&@%ﬁﬁ@%ﬁ@%?érS‘i@?ai%"%d%i‘h‘fﬁfined
at or near the same potential as the wafer 107, the electrical current emanating from the anode 102

will be dit8cted s PRAa PRYEheTEWATSPERY fedviadionesUivdln@hgahi@hvardrukhde hihiting the

fringing effect. 5[0029] To combat the fringing effect, the electrical current needs to be attracted to the
bottom layer 20% sahsdisegpdURelitnthiénnAians Prpdarsnsre theenudeticlayedesn further includes a
sacrificial anode (207a1207b) defined as a patterned copper layer disposed on the bottom layer 201.
The sacrificial [#888k Tho batteor biyir defineddlzs multsiporidnvabrseprbe spponthpattibhizel bste allow

for separation from other electrical circuits to be
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
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



10 disposed over the bottom layer 201, as will be discussed with respect to Figure 3A. In one
embodiment, the sacrificial anode portions 207a1207b 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 207a1207b from the wafer 107 within tHe lower mask region 214 such that the
sacrificial anoggsRaTtie A7 ab2A1R taRRXIFNALIRIAK NS AR ReiRPeIR)RA0ERhFIR VAR BWer The

sacrificial anode portions 207a1207b should extend sufficiently beyond the periphery of the lower
mask region 244do rIsMENALIRLIECE Qé!ﬂfeﬁfﬂtﬂégi@f@itx ITmRalaianedBrivesn s anadal g and

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

embodiment, %éﬁ%ifiﬁi&"i@%@feﬁ?rm?ﬁgé‘%?@zQﬁéﬁﬁ@ﬁl?v&fnﬁ}%ﬁ%t%ﬂ%@rv@ﬁérbl‘%i’f"%&‘

locations 20where the anode 102 resides at the beginning and’the end of the electroplating process.

[0030] In one gmbpdiment. hfA8AMHHIYRNCHSAAMANS AR/ adirQ1R ate delinsiidan adhesive

backed copper tape secured to the bottom layer 201. In another embodiment, the sacrificial anode

portions 297a1b.adRHICH HINIBIR BAHPIRMEL AP AN R0 gg@%ﬁ%&gggﬁ%gg}m@ef

201. In another embodiment,t ottom layer 201 Is 14 form ayers o hous film

material, whergj acrificial anode ions 207a1207b are defi S%bgb er laver disposed
B D A R 1 s

between the S of amorphgﬁes material. In'yet a e

formed from a _copper clad amorphqus film, wherein the amorphous film is impregnpated with a.
suffcient amob B GO B L et A S HRR A ARty ey TS Simzana
208b are provjded f lying power to the sacrificial agode portions 207a_and 2Q7b, respectively.
These saritclirand SEACHE R SR DA oo B LAGICAL iy BBk oh s S
periphery of the pottom layer 20 eguired to coordinate with other features of the multi-layeyed
Walor support AHAr BRI oA SIECH S atHE S e GUSE] L LA CIaD 2 RECHc o Rtacts
208a1208b are defined to be connected with a common, sacrificial anode power supply 209. It should
be appretiated ﬁfgeaﬁaPﬁfésﬁ%Weﬁosﬁ 16§ EAPSe B%%H%l%rﬂgo%ﬁ&té@%eﬁ&e\&iﬁ%ﬁfoﬂﬂ%‘m
sacrificial anode (207a1207b) and the wafer 107, resBectively. Therefare, the voltage potential of the
sacrificial anodBRIB¥L 138y BjaEsh 1 Bhihs 8PS APtelP SFA TRy IRy PsTe RO T AN 107.
Thus, 15 the fringing effect can be controlled through independent control of the sacrificial anode

(207a1207b) VBHSHLPBIE TSI PEMINR i8NG AR 20 Thgohal b dt¥etil 106891 98% irderBReiBhis

illustration showing a cross-sectional view of the bottom layer 201 corresponding to callouts A-A in
Figure 2A, in d4e¥idrther RRRRISIETBINRIBAbOI R Bssatinldatideinthgan rlgRRe pENdded to

cross-sectional view corresponding to a plane ' o
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.
[0028] As the wafer 107 traverses underneath the anode 102, portions of the anode 102
will 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 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 dods not introduce non-uniformities in the

positioning of thgravafar dO AN IRREQE fadhesibh Rracaaaing headhiQ3 enckanadehod -Bscatige the
lower mask region 214 introduces a separation thickness between the wafer 107 and the platen 109,

the platen 109cag.h¢ griigathiodituitiardhe @iraHiae cuiALhicd R0 AARNSh SNe RO UM Ab dBe wafer

107. In one embodiment, the platen 109 includes a number of height-adjustable pins that can be

raised 5 to engage,thg; Retom afiReyafRr 894 %@d&%@%t&gi?@g%gmﬁmﬁg WRIRL ALY s

another embodiment, the platen 109 can include a raised island region defined to Ttit within the circular

cutout 211 an%ﬁggﬁ%éﬁﬁe@g%m%og%&wafer 107. [0033] Figure 2C is an illustration showing a

cross-sectional view of the bottom Tayer 201 corresponding to callouts B-B in Figure 2A, in accordance

with one ambagisss6 il MESEILINeOeN. THUSIEIRUE 26 5e AIoRs BeplanaLy

_ ﬂfcyvto the
corresponding to a plane extending verfically thro e cente ar cutout

and
perpendicularly jg.3,short seipc.ofhe, RUBTBYEL ks ovd bk ApRredisied hat eanh e
components o ? eIB ?lyom ayergé811 as Illustrate S ?1 :

(V]
in Figure 2C is the same as previously described

wit respect to Ffayte 24, 15/0034] Figuis A 30 ustiation showing,a botlom wiew o(a ton layer

301 of a multi- layered Waler SUpport apparatus, in’accordance oné em present
Fim 303 5 coriNeq By A Aitbria L RV EN i 20 e S Rk B Cih e
formed sing ATchriBH AR S ABead T3] e o oD EH 0 B B IREHEIESCHER SATRH ek
STy 1405 AT EATHELF BPHGURNET 201 ot b SR TRL LHAPEGF21E NG WP 0% o

shown in Figure 3A as a dashed line. In one embodiment, the diameter of the cutout 311 is
embodiment, the sacrificial anode portions 207a/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 207a/207b can extend under the
15  peripheral edge of the wafer 107. The sacrificial anode portions 207a/207b should extend
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  where 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



16 defined to have a tolerance of +0.0025 inch and minus zero. An upper mask region 314 is defined
around the periphery of the cutout 311 and extending radially to about the diameter 215 of the wafer
107. In one embodiment, the upper mask region 314 radial thickness is defined to cover between
about 0.5 mm and about 5.0 mm of the periphery of the'wafer 5 107, i.e., within an exclusion

boundary definggRECHDh tironeyis eeladeh ol IR aiRe 9036 eig tap Javeh dRlaisir bemigeed

over the wafer 107 such that the cutout 311 is substantially centered over the wafer 107. Thus, the top

surface of the yalgbdHy IR RREXRPBGhIIHSF 'ﬁ}EﬁOHi%K@d’ RERREISIBANS asrasRIaHupHERthe

cutout 311. Therefore, the upper mask region 314 serves to mask a top peripheral region of the wafer

107. To 10 preyenteleqHomAYad seMipPefosiaia! N tBE&iIoR Bebyean f@ﬁa‘ém}ams&@@
n 313. The

multi-layered wafer support apparatus, the upper mask region 314°includes a sealant regio

sealant region g1, GannG(Hde AN @ARSHVA DA SRRRE IR %@gﬂa@mﬁb%ﬂ%ﬁﬂmmle

with the wafer 107 and electroplating solution. In one embodim e adhesive is also formulated to

enable re@ov%lf%' P%,‘B‘et@%&ﬂ??gg’@oﬁé?&@@. ‘Kﬂ‘ﬁﬁﬁc}fo ,é?é@WéQﬂc@lﬁa%l@%%Q'Qﬂ&‘Q(ﬁﬁg?és-

[0037] The top layer 301 includes indéx points 303a-303 ensuring proper placement o

multi-layered w%‘grdg [ nlqé.w fer 107 with r 2 t}oltlh [gges i Jpe durin P |
erllectropltc)stting Brtl)cleég,@ﬁ%h_g% 0 i%ogrﬁrc}?vl\iﬁge usrgeilgﬁé%%c?wgﬁfeggrﬁn(&%:%oi%t%g i;%@gg&%é ﬁgv_z:evgr,
the number angd location of.index points can be defin necessary to.achieve proper positjoning
of the mul-ay 1 ST L o A S e B g oy B Ram e

embodiment, tyo index points.are provided o e end of the top layer 301, and one index point is
rovided o OB ol Rt e 301 S e e Bor e R ner R BT

placement of the top layer 301 over the wafer 107, i.e., within the upper mask region 314. It should be
17 further appPRU B TE, VAL BRRE ARR TS A0 oA BESST00 o mateh the index points of

the top layer 301. [Q038] The top Jayer 301 also jncludes a first electrical circyit 307a and a second
electrica%ircd%%ﬁb?%?? lcé‘fiéﬂ?éjﬁl ol W&%ﬁéﬂ?@@ﬁ?'&&ﬁ? H t@pbgﬁﬁaﬁﬁcﬁrih”éﬂ‘s
wafer 107 at a first location 310a that is outside the sealant region 313 and within the upper mask
region 314. THeSOBUBAR WELtisidh ArdsiPoty b SURRLYiAgd- 1 Httdcbereres SRttt SEREN ARV T 7 at

a second location 310b that is outside the sealant region 313 and within the upper mask Elee?ion 314.
|

Each of the firStBRIFSEEBMRE ersctrieaAikQlitd¢tampotenthy intihgearrdigectvedeisetiedEdhtact

(308a and 308b). The electrical contacts 308a1308b . o
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  the 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 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



10 can be located at any position around the periphery of the top layer 301 as required to coordinate
with other features of the multi-layered wafer support apparatus and electroplating system. Each 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 independ]éntly controllable, such that 15 power can be

independentlysyaRlige thradahothafisiand seponskelestrianl sreuitsiihewaieneontassdasadians

310a and 310b. During the electroplating process, electrical current being applied to the wafer 107

edge at the capiaghiREAIRIRRIODANLHL AR CRRBE RPNURIGHERIADIRD aRATISURT BIeCUicHe

current profile across the wafer 107. For example, as the wafer 107 traverses underneath the anode

102, the contagtdaeatigs;Qhdtians LR R G 5aM Hie aade d O SEhPERRG e Wi eriNshe

contact location (310a1310b) closest to the anode 102 is de-powered. [0040] In one embodiment, the

first and secong gleqtrical e 3076 ARTRIRLS Sefingd Using.An.AanasiNe Hackas capRe"aRe

secured to the top layer 301. In another embodiment, the first and second electrical circuits 307a1307b

are definegl wihig,{he 1R Jaust 0% (LACWIRG mpnuyfactyse. oL he sapiayer ot aaienor. n

embodiment, the top Tayer 301 is formed from two layers of amorp material, wherein the first

and second e'&%ﬂ?&%‘%ﬁ&éfﬁn%gt? %ﬁr%g?a*%e%r?q%ecfh%el cgga% A 1REG '%Yael{ddr%?ﬁ&?ec%f’? é?“’?oeﬂtt%‘v%‘{‘ﬁo.

layers of amorphous film material et another em Iment, the first and secon ectrical circuits 5

307a1307b arﬁ}forme%ﬁro a.cARper clad amt%%é)tys fiIO tﬁ/gherFiplw amorphous film is
[ 0

. Circu cutqut and engage (0) ale ., .. .
impregnated with a sufficien armount oFc%pgper e elec ncaﬁg/ conductive. Additionally, in one

embodiment,i& rtions o%tie first.an secor%g electrical circuits 307a1307b that contact the wafer
707 ot the cort o0 B A G ST oS AR S R Bt favica 0
ensures proper electrical contact js achj

: rl eyed and majntained with 10 thie wafer %{%7 The co(;}dtlflctive

adhesive can S HE USRS (8 SASGPSva c%%%ﬂérﬁt I dﬁl@ﬁf%%& 1% g’sf)a{]r?hg GBI ©

Wafer-to-l\%afe%resent invention. Thus, Figure 2C is a cross-sectional view corresponding to a plane
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  one 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



[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 be 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 alﬁarticular electrical circuit and the top surface of

the wafer can hgilg@es ahamallaerdhsbo lﬂ(ﬁﬁ)@ﬁ’@ﬁ@ﬁiﬁﬁ%@ﬁhﬁis@@r@ﬂﬂ]@@%ﬁr%lﬁ%ﬁi?@éiﬁi{ cHisis

contacting the wafer 107, and the contact area size between each electrical circuit and the wafer 107,

will have a coriggReNDERMAE A SHE S IGCHICL U SN RIS RRHPSS ﬁlﬁa‘l‘l?@a%%t@l@ﬁ‘i’ﬁﬂ&épe 20

anode 102. Therefore, the number and characteristics of the electrical circuits can be optimized to

achieve a desked slagiricalguientargfile AeaHh % Waleh 2 Feldtivedo R givendagalianalde

anode 102 over the wafer 107. For example, as the wafer 107 moves relative to the anode 102,

ciferent clectieeh i ap i AsIaizs ancAreREalese 49, Abenalciglmasiariale {hfe

electrical current profile across the wafer 107 relative to the anode 102. [004 re 3B is an

llustration; shoyng & SiaasPReIoNALYIRH AT IR AR RUET AN ENISRRRINY I8 callays, G Fioure

3A, in accordance with one embodiment o present invention. s, Figure 3B Is a

cross-secton3bfs SASSRANNIPAH & Mefe sencinaacal smal g senler e ot

cutout 311 an to ashorte e top layer t should be appreciate at each

of the cOmpOnGS 115 OB IRYEY 308 SR Isatsrin il 385 Liesams g leigunly deseribec

. . €
with respect to Figure ijgure IS an’illustration s Ing a cross-secﬁona view oFthe

top layer 301 corres onqglg o callouts D-D in Figure 3A, in accordance with one odiment of the
o et on oD e D CpfRe s B R et SR RS e S e d et

vertically through the center of the circular cutout 311 and perpendicularly.to a long edge of top
fayer 301 1t SHBULPRE PSSR 1Lt GH oI iHE Ebrp SRamRaL tion of The SRS TS
10 prevent electroplating solution from entering the region between the film layers of the
multi-layered wafer 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
chemically 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
15 107 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



15top layer 301 as illustrated in Figure 3C is the same as previously described with respect to 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 31416rior to 20 placement of the top layer 301 over

the wafer107/paiiedp dyRic#dd e eRnapakiedarpeanbe nealedrayI 19w eI HRmAaX

layers to expose the lower/upper mask regions. It should be appreciated that the consumable layer
protecting the 15’(99%@1“@&'%%9&3}@% provides protection for the electrical circuits 307a1307b in the
upper mask region prior to 20 contacting the wafer 107. The consumable layers can be defined by an

amorphous filpyagieAl SRR RLNSSAI NG e ki ims 208 395 RR4GLEIga A4 isRn
illustration showing an assembly of the multi-layered wafer support
circuit 307b. The first electrical circuit 307a is defined to contact the top surface of the
5 wafer 107 at a first location 310a that is outside the sealant region 313 and within the upper
mask region 314. The second electrical circuit 307b is defined to contact the top surface of
the wafer 107 at a second location 310b that is outside the sealant region 313 and within
the upper mask region 314. Each of the first and second electrical circuits (307a and 307b)
include a respective electrical contact (308a and 308b). The electrical contacts 308a/308b
10 can be located at any position around the periphery of the top layer 301 as required to
coordinate with other features of the multi-layered wafer support apparatus and
electroplating system. Each 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 the
wafer contact locations 310a and 310b. During the electroplating process, electrical current
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. For
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 307a/307b are defined

using an adhesive backed copper tape secured to the top layer 301. In another embodiment,

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



apparatus, in accordance with one embodiment of the present invention. The view depicted 5 in Figure
4A corresponds to View A-A of the bottom layer 201 as previously shown in Figure 2B and View C-C
of the top layer 301 as previously shown in Figure 3B. It should be appreciated that each of the
components of the bottom layer 201 and top layer 301, s illustrated in Figure 4A, is the same as
previously desgrigd WihuIeSRECIIP thid s S AR B0 3An rEsRest@bodhsnalale1p if.5h0vm ag being
sandwiched between the bottom layer 10 201 and the top layer 301. It should be appreciated that the

bottom and top jayers: 2R R A NdERERFRDLY MAsiiaRahle WildfsmRgQ sRER-otRr Fkithgrmore,

as previously discussed, each of the bottom and top layers 201/301 include a number of index points

to facilitate theif, prapes@ignmentwith fesnes) g the wafer Lo TiRBAMe RIARELAL RAMGlaone

embodiment, each layer of the multi-layered wafer support apparatus has a 15 thickness within a

range eXte”di'&&Hx?iﬂbﬂ?ﬁ%%‘?@riﬁi?ﬂf?e@?lﬂb%@r%@o&ﬁﬁwﬁg‘?Hé%%@%n@?e?&{lp&k@{%%%lﬁ%“

have a different thickness than the top layer 301. In one embodiment, a total thickness of the wafer

107 and tge ?#a@é@%ﬁ%&ﬂﬁﬁég‘E’l%%ﬁtaag%?gé}“dfaﬂﬁ%?ﬁ;ﬁ@%Qiﬁd“%é{éf?l IHERet e aRRdimgNY, the

total thickness o multi-layered wafer support apparat ess than or equal to the thickness of the

wafer 107. Th?ng(i)‘g%%glﬁr?%%% 1 "ffé’iﬁﬁ{%%q‘é"lﬁ@%ﬁ;ﬁ’p%&t (R té{r"hccaeﬂé/ %‘8 fned R P sgAfyigd- It

[
should be appreci owever, that the top layer [ ined to have sufficient flexibility to allow

o subtanil s RARREIN DRSSO At sk omon gt sl

flush engagerrllentn\?vi%n e ayer beyond the perip

48 Is an "'“Stré‘é&%’&c%ﬁﬁ‘év'g‘v%fé{‘ RpPemalY ?Eﬁ?e@‘é'c%‘é%g“iﬁ?ow ffdbSF%PepEféﬁ?éBHaJ?%?'éfé el
with one embaodiment of the present invention. The View depicted in Figure 4B corfresponds 10 View
B-B of the bottom layer 201 as previously shown in Figure 2C and View. D-D of the top layer. 301 as
oroviously snIN ESHaTSe TR CHOERIUE b AR SR Rr L0 BRAA oF HEYESr M RRLHIA Bbtom
layer 201 and top layer 3 s illustrated in Figure 4B, js the same as previpusly described with
rompect S FigleaSIE Y SK0e SSBULHER M OEHE] NS BATD G BEe LBl R aRr i S tise et
illustrations showing operation of the electroplating apparatus, as previously described with respect to
Figure 1A, with Y& bE 50 sheiaPeradelidretdtbport apparatus, in accordance with one
embodiment of the present invention. Figure 5A shows the apparatus shortly after initiation of the

electroplating HEEsEhfempodinsat i igars1o B ishesiRd araviide M elsrtacthake dh d82x9¥in the

direction 111. The meniscus 105 is established below the anode 102. As shown in Figure 5A, the

sealant region>815- dithectigpdl whesidsicpegiaisr dbafoampotatnhss of electrical circuits can be

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 electrical 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, and
the contact area size between each electrical circuit and the wafer 107, will have a
corresponding 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 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



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 anode 102 and meniscus 105 traverses over the
electrical contact location 310b. Furthermore, the first Blectrical circuit 307a is electrically connected to
its power supply3pRiallyusaipEiactiice 2REHEEN IsEaUBRSIe flowsthirtghthe enigaHslRp@ad
across the top surface of the wafer 107 between the anode 102 and the electrical contact location
310a. [0049] Fjgiuie fi® 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[}i]hﬂﬂqqg{ﬁ@' serach!ofaUEN; T URSNANE S G- =2d0ad hewRds L85, 19,0PS01

embodiment, the second electrical circuit 307b is maintained in the disconnected state unfil the anode

102 ana me”i%‘éﬁ%éop%ﬁ&ﬁlg Pyiligentdistance Ay fi_%%h“&%?&&ﬁ%@'&ﬁﬁ%ﬁ&'Qﬁ%%aﬂi%%?%%ql@sure

that the electrical contact [ocation 310b is not in'the vicinity of electroplating solution. 5[0050] Also,

powering gt the (st 2 SREANAIGE AR SHIS.307aA 307 FIAALe 10 COINIRS AUl e

distribution present at the portion of the top surface of the wafer 107 that is in contact

meniscus 105, In one embodiment, it i sirable to maintain.a substantially uniform current density at
an mtertace bSO E

anode 102. It should be reciated hat maintaining the anode 102 a suyfficient distance away
SEOLtI afof?’le tot%fepzlér f ﬁgs%gl;cﬁt%%&)rem %C(? L C%Cl”l g?ﬂle com nts Oﬁ}llve

from the powerearengﬁl%a con ocation , 1.6., the cathode, allows thePelrrent density at

the interface between tg#ﬁme jscus 105 and the wafer 107 to be more uniform...Thus,. in one
embodiment, {NGRUH o SUREANG the TRt na ST SBI 5 H S Pt AL BuresteGrican
circuit 307b occurs vr%hen the anode 102 is substantially near a centerline 15 of the top surface of the
wafer 107, wheteih‘t é'centerline Is oriented to be perpendicular to the direction 111. [0051] During

transition from Eowering the first electrical circuit 307a to powering the = .
10 [0043] Figure 3C 1s an illustration showing a cross-sectional view of the top layer 301

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
extending 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 layer 301 as illustrated in Figure 3C is the same as previously described with respect to
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  placement of the top layer 301 over the wafer107/bottom layer 201. The consumable layers
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



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 supply 309. Maintaining power
to at least one electrical circuit 307a1307b serves to mihimize a potential for gaps or deviations in

material depogiiaadaind used bisth 2lesiEORANBE RCES s 2 N0RS AL i e p enShowp Rde svaier 107

continuing to traverse underneath the anode 102, following transition from powering the first electrical

circuit 307a topoweringinerss¢and.slastigal sl vt BR/BmlNeusenpnd electrical circuit 307b is shown
connected to its power supply 317. The first electrical circuit 307a is shown disconnected from its

power supply 156333.13 d@i%‘i@‘lrp}{lﬁﬁ%ép&omﬁgeéﬁ%L%&‘Bﬁf@ Jﬂ%"ﬁﬁﬂh@iﬁ%&ﬁ‘@dﬁ?@%@%

and across the top surface of the wafer 107 betweenthe anode 102 and the eléctrical conn n 310b

10 the second SIRSILIER B SULARAL. MR S atmef ull plfri AL GOR"THINAR Hatrss

underneath the anode 102 as the electroplating process nears completion. The sealant region 313 of

the upperymasi; AQ.[eoion 304381 18 RIRECAUAS aloRUGRl SANIACtIoRAUon AR s mepiscus

105 of electroplating solution as the anode 102 traverses therea Also, the first e al circuit

307ais di its. ly 309, as indicated b 503, as th 102 and
als 'Scorif‘eﬁt%%ﬁ%md”t‘hBS’v(‘;\(g_cs[gg% fxﬁiai‘g?'%icgste re[\_zo?lrsgfg\s/gx\ygd?i 1 %raer?]%i.elt 81%]?1'&

. 1gUT
meniscus 105 traverses thereab erence to Figur multi-layered wafer

support appargus is 15 denlcled a5 being placed and eld.op (e platen 100 duying e elagroplating

process. The P ave a surface with vacuum por oints. T
Boparatu, walll 0% S G A SR TS S BT R DIHEIe 0 ZAr B
the platen 10076k VETE TSR L A iy 2o ool E s S E R AR M 4GS
Dl 108 10 OLMEHE YA R el e U IR EH o o RN Holh BeSt e
multi-layered wafer support apparatus is anticiE)ated to be flexible, it is important that the vacuum ports
be configured %epm;iaeendent y 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
apparatus 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.



24 a uniformly distributed securing force to avoid having unevenly distributed portions of the
multi-layered wafer support apparatus. [0056] Following the electroplating process, the top layer 301
can be peeled away from the wafer 107 to enable handling of the wafer 107 for further processing. In
one embodiment, a 5rinse/dry bar can be disposed ad%écent to the processing head. In this

embodiment, {feR4iSe/Eine A {VARIANSIRIEIRYR HEMSRIABHTOPIRINL AR IR Qi Yerfer

107, and dry the wafer 107. Additionally, it is conceivable that the multi-layered wafer support

apparatus can,Be,reRNEHIRRJRIIMNMNG; e RlesHORIAHES BIARE TR ANARIS fBRERIRA SR dfaéh

Figure 6 is an illustration showing a flowchart of a method for supporting a wafer 10 in an

electroplating prgess, ikACREdARGR Wivens ambedimersaliiargsen! InVeRtan.4p Graration 601

is provided for placing a wafer between a bottom film layer and a top film layer, wherein a surface of

ihe wafer 0 b pRESRSSly e RISABIANEo 7 SIOS6F D 10UGIN. AR, RBURGHAG LR IRy I

one embodiment, each of the bottom and top i efined d@s an amorphous film. In an

operation 603, ighid pal 5 SsLablisnsflc LS HERNGRL 1SOR MNILANEL AN ARG RRGIY.PHe wfer.

An operation 605 SO provi r establishihg an electrical connection between a first electrical

circuit and afirﬁt er{ heraé.locatiéfﬁl of tﬁle wafer. In.gne e odiment tQﬁ first e[e[ctﬁcal cir%&it iS

) t .

integral to thelto%g)ﬁﬁmg ayer.qn an operation 607, ﬁeéiS‘éEr%;gf%%hﬁgé‘t’%n IS BEtaBlIshed befivean a
second electriggl c]::ircuittelx@q a second peripheral location of the wafer. The second 20 peripheral

location is diametn%%ﬁFyCop%%sed about the wafer to the first peripheral location. In one embodiment,
e e o S R S v AR SR St e
electiopating Sysitn, THER. N L ORETaon SLL 1 IRten s URYSisse PRI AR PRSI Lo ©
10 the multi-layered wafer support apparatus, in accordance with one embodiment of the
present invention. Figure 5A shows the apparatus shortly after initiation of the
electroplating process. In Figure 5A, the wafer 107 is being traversed underneath the anode
102 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 the
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 anode 102 and
meniscus 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 current is caused to flow through the meniscus 105 and across the top surface of the wafer
107 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



traversing of the platen causes the surface of the wafer exposed through the opening in the top film
layer to be electroplated. In one embodiment, the method for supporting the wafer in the
electroplating process can further include the following operations: 5 supplying power to the first
electrical circuit when a portion of the wafer away fro the first peripheral location is being processed,

disconnecting poyeRdrapdbedisiebectisdbaiigeinhe R ARrigr et ieiwales oparthadiiatRarigheral
location is being processed, supplying power to the second electrical circuit when a portion of the

wafer away 1Qfron)dhshreGeadRer RharaldosRien iR RN gRIACESSASS idISCARMSERNERANE' ftem the

second electrical circuit when a portion of the wafer near the second peripheral location is being

processed, ang,,SHRPALYIRG PAWEHIQ- A1 SARESIC T @NRAGITP ISR LI @ LAXBR U TOLRAIRG 106

wafer to maintain a uniform current density at a peripheral edge of the wafer, 15wherein the sacrificial

anode is integjal,tp fH%QQﬁ@H}t@Hﬁ @/&ﬁ)g@gﬁfé 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

al er . ciated thet those Skiled in the art upon ceding
cvalen i e e B R R R B ons,

additions, peruiafions; aNdaHUNARIR AS IRl TINIDS SR SRIFHRNE S QPG HeHONEALP07

that is in contact with the meniscus 105. In one embodiment, it is desirable to maintain a
substantially uniform current density at an interface between the meniscus 105 and the
wafer 107 as the wafer 107 traverses underneath the anode 102. It should be appreciated,
10  that maintaining the anode 102 a sufficient distance away from the powered electrical
contact location 310a/310b, i.e., the cathode, 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 the
second electrical circuit 307b occurs when the anode 102 is substantially near a centerline
15  of the top surface of the wafer 107, wherein the centerline is oriented to be perpendicular to
the 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
supply 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.



26 CLAIMS 1.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 5of 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; establishina3an electrical connection between a first

electrical circuipgsi FfiatrRRRSW lacalionof thecwianiNdhereivhiecfirsusiaciicahSifadlids iegral
to the top film layer; 10establishing an electrical connection between a second electrical circuit and a

second periphgjiph Ingatiesh atihe Meieso G HeaRR Y ReIrEFRLIAGAtIAN et e JiBmstHeally opRpRed

about the wafer to the first peripheral location, wherein the second electrical circuit is Integral to the top

film layer: | pogifioniRg;thf potipm andiar i ayers having the waleh RaRRd thershetymen on

15a platen of an electroplating system; and

supply 317. The first electrical circuit 307a is shown disconnected from its power supply
S 309, as indicated by arrow 503. The electric current flows through the meniscus 105 and
across the top surface of the wafer 107 between the anode 102 and the electrical connection
310b to the second electrical circuit 307b.
[0053] Figure 5D shows the wafer 107 continuing to traverse underneath the anode 102 as
the electroplating process nears completion. The sealant region 313 of the upper mask
10  region 314 serves to protect the electrical contact location 310a from the meniscus 105 of
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 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 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



traversing the platen below a processing head of the electroplating system, the traversing causing the
surface of the wafer exposed through the opening in the top film layer to be electroplated. 202.The
method for supporting a wafer in an electroplating process as recited in claim 1, further comprising:
supplying power to the first electrical circuit when a po?rf'ion of the wafer away from the first peripheral

location is being,RiRFRESEMstrduted HSGAMNESHRIPAVURY HAThhentihelefligahRacsiMdiRHARertoN

of the wafer near the first peripheral location is being processed,; supplying power to the second

electrical circuif yhama-eieRfihowalphaway from the second peripheral location is being
processed; and 5disconnecting power from the second electrical circuit when a portion of the wafer

neat the seconguggipORRIACAODIASINGIREAEEEERd e BRI PPUEHE sutelStis Blhetibe frs

electrical circuit or the second electrical circuit at a given time. 103.The method for supporting a wafer

in an eIectropI@t&@& @fﬁ%sélgﬁé%%%ﬂﬁg 8% Jvafgftmf ﬁﬁ'ﬁﬁ{.ﬁ:&ipgfocessing. In one embodiment, a

5  rinse/dry bar can be disposed adjacent to the processing head. In this embodiment, the
rinse/dry bar functions to remove the used electroplating solution, clean the wafer 107, and
dry the wafer 107. Additionally, it is conceivable that the multi-layered wafer support
apparatus can be recondition following the electroplating process to enable repeated use.
[0057] Figure 6 is an illustration showing a flowchart of a method for supporting a wafer

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



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 sacrificial anode is integral to the
bottom film layer. 15 4. The method for supporting_a wafer in an electroplating process as recited
in claim 1, wherein each of the bottom and top film Iay%srs is defined as an amorphous film. 5. The

method for supREEINERWaIEHIAER QIR ARl REQFaRS @%F&@F%é@d&%@ﬁé@ tﬁe\Ug@ﬂﬁig‘ thene
amorphous film is either Ajedium Victrex PEEK, polyetherimide (PEI), polysulfone (PSU),

polyphenylsuliige {RF B),prapy atthegfesgmentioned amorphous films clad or impregnated with
copper. 28 6.The method for supporting a wafer in an electroplating process as recited in claim 1,

further comprising: 1, ipdeRERGIRAHNFORINGIRAVES SURRIisHe eRehafthe firstkand seqmnsh

electrical circuits. 5 7. The method for supporting a wafer in an electroplating process as recited in

claim 1, wher%;bg&%ig'ggmgggiggﬁggwtﬁ\@ﬁ)}wm? A@Xgﬁolﬁg..ving the wafer placed therebetween on

the platen includes alignment of the top film layer {0 a number of index points. 10

5 * supplying power to the first electrical circuit when a portion of the wafer away
from the first peripheral location is being processed,
¢ disconnecting power from the first electrical circuit when a portion of the wafer
near the first peripheral location is being processed,
¢ supplying power to the second electrical circuit when a portion of the wafer away
10 from the second peripheral location is being processed,
e disconnecting power from the second electrical circuit when a portion of the wafer
near the second peripheral location is being processed, and
® 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.



8. The method for supporting a wafer in an electroplating process as recited in claim 1, wherein a
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, wherein a mask region is defined about an edge of the circular
open area, the mask region including a 15sealant regi%% defined to form a liquid seal between the
bottom film layer and the wafer to be processed. %&&&Eﬂhw for electroplating a wafer,
comprising: placing a top film layer over a wafer surface of the wafer to be 20 processed is
exposed through an opening in the top film layer, and such that the top film layer is sealed to the wafer
around the opening in the top film layer, and such that an electrical connection is made between a
circuit within the top film layer and the wafer; supplying power to the circuit within the top film layer;
and 29 traversing.the wafercthitd fhe sappfittmiayergitace ditirircnvelabefopvaansel eorgplsitigg head,
the traversing causing the surface of the wafer exposed through the opening in the top film layer to be
electroplated. 510.Thaaviethaodviderdbe ctrapl atihgtanw &ler kyeeeitéd torclaim Qyéurthbereomprisince
flowing electroplating solution through the electroplating head as the wafer and the top film layer
placed théreowditiareviriay esdecpbaloweth e elgeisop hiiogeheadttefipin dicatgefibplhiyeg solution
forming a meniscus of electroplating solution on the surface of the
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;

10 establishing an electrical connection between a second electrical circuit and a
second peripheral location of the wafer, the second peripheral location being diametrically
opposed about the wafer to the first peripheral location, wherein the second electrical
circuit is integral to the top film layer;

positioning the bottom and top film layers having the wafer placed therebetween on
15  aplaten of an electroplating system; and
traversing the platen below a processing head of the electroplating system, the

traversing causing the surface of the wafer exposed through the opening in the top film

layer to be electroplated.

20 2. The method for supporting a wafer in an electroplating process as recited in
claim 1, further comprising:
supplying power to the first electrical circuit when a portion of the wafer away from

the first peripheral location is being processed;



10wafer to be processed. 11. The method for electroplating a wafer as recited in claim 10, further
comprising: establishing an electric potential between an anode in the electroplating head and
15the circuit within the top film layer, such that cations _in the electroplating solution are attracted to the
surface of the wafer to be processed. 12. The méthod for electroplating a wafer as recited in

claim 11, wherein theygiEeHieMithingbe OB S day 8iie SRBHRUARIGSHCH RBALPPVELRA hEeSHARled to
the 20circuit at isolated and distinct locations about the opening in the top film layer. 30 13. The
method for elegtipRiatfg »WAIRG ASISESHSR INHRiARRelyEther comprising:
supplying power to the second electrical circuit when a portion of the wafer away
from the second peripheral location is being processed; and
5 disconnecting power from the second electrical circuit when a portion of the wafer
near 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.

10 3. The method for supporting a wafer in an electroplating process as recited in
claim 1, 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
sacrificial anode is integral to the bottom film layer.
15
4. The method for supporting a wafer in an electroplating process as recited in

claim 1, wherein each of the bottom and top film layers is defined as an amorphous film.

5. The method for supporting a wafer in an electroplating process as recited in
20  claim 4, wherein the amorphous film is either Ajedium Victrex PEEK, polyetherimide
(PEI), polysulfone (PSU), polyphenylsulfide (PPS), or any of the aforementioned

amorphous films clad or impregnated with copper.



supplying power to the circuit within the top film layer at locations about the opening in the top film
layer that are not exposed to the meniscus of electroplating solution 5as the wafer and the top film
layer placed thereover are traversed below the electr(r)é)lating head. 14. The method for
electroplating a wafer as recited in claim 9, further comprising: 10disposing the wafer and the top film
layer placed thereovey on abitemfilenigyarsseieh ihatiiewaler in-posjianed hetagen teidapifiim
layer and the bottom film layer, and such that the bottom film layer is sealed to the wafer; disposing the
bottom film layes;ania RIRERP 8MPrising: traversing the platen below the electroplating head to cause
traversal of the wafer 15below the electroplating head. 15. The method for electroplating a wafer

as recited in claim 14,wheteinagch ok fiE-RoRM.ARE tRRSIR Javett indefineshasanamaehirys film.

circuits.
5
7. The method for supporting a wafer in an electroplating process as recited in
claim 1, wherein positioning the bottom and top film layers having the wafer placed
therebetween on the platen includes alignment of the top film layer to a number of index
points.
10

8. The method for supporting a wafer in an electroplating process as recited in
claim 1, wherein a 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, wherein a mask
region is defined about an edge of the circular open area, the mask region including a

15  sealant region defined to form a liquid seal between the bottom film layer and the wafer to

be processed.

9. A method for electroplating a wafer, comprising:
placing a top film layer over a wafer such that a surface of the wafer to be
20  processed is exposed through an opening in the top film layer, and such that the top film
layer is sealed to the wafer around the opening in the top film layer, and such that an
electrical connection is made between a circuit within the top film layer and the wafer;

supplying power to the circuit within the top film layer; and
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traversing the wafer with the top film layer placed thereover below an
electroplating head, the traversing causing the surface of the wafer exposed through the

opening in the top film layer to be electroplated.

10. The method for electroplating a wafer as recited in claim 9, further
comprising:

flowing electroplating solution through the electroplating head as the wafer and the
top film layer placed thereover are traversed below the electroplating head, the flow of
electroplating solution forming a meniscus of electroplating solution on the surface of the

wafer to be processed.

11.  The method for electroplating a wafer as recited in claim 10, further
comprising:

establishing an electric potential between an anode in the electroplating head and
the circuit within the top film layer, such that cations in the electroplating solution are

attracted to the surface of the wafer to be processed.

12. The method for electroplating a wafer as recited in claim 11, wherein the
circuit within the top film layer is controllable such that power can be supplied to the

circuit at isolated and distinct locations about the opening in the top film layer.
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13. The method for electroplating a wafer as recited in claim 12, further
comprising:

supplying power to the circuit within the top film layer at locations about the
opening in the top film layer that are not exposed to the meniscus of electroplating solution
as the wafer and the top film layer placed thereover are traversed below the electroplating

head.

14. The method for electroplating a wafer as recited in claim 9, further
comprising:

disposing the wafer and the top film layer placed thereover on a bottom film layer,
such that the wafer is positioned between the top film layer and the bottom film layer, and
such that the bottom film layer is sealed to the wafer;

disposing the bottom film layer on a platen; and

traversing the platen below the electroplating head to cause traversal of the wafer

below the electroplating head.

15. The method for electroplating a wafer as recited in claim 14, wherein each

of the bottom and top film layers is defined as an amorphous film.



