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[0002] This invention relates generally to semiconductor processing apparatus and methods, and

more particularly to electropolishing and/or electroplating apparatus and methods for
electropolishing and/or electroplating conductive layers on semiconductor devices.

2. Description of the Related Art:

[0003] Semiconductor devices are manufactured or fabricated on semiconductor wafers using a
number of different processing steps to create transistor and interconnection elements. To
electrically connect transistor terminals associated with the semiconductor wafer, conductive (e.g.,
metal) trenches, vias, and the like are formed in dielectric materials as part of the semiconductor
device. The trenches and vias couple electrical signals and power between transistors, internal
circuit of the semiconductor devices, and circuits external to the semiconductor device.

[0004] In forming the interconnection elements the semiconductor wafer may undergo, for
example, masking, etching, and deposition processes to form the desired electronic circuitry of the.
semiconductor devices. In particular, multiple masking and etching steps can be performed to form
a pattern of recessed areas in a dielectric layer on a semiconductor wafer that serve as trenches and

vias for the interconnections. A deposition process may then be performed to deposit a metal layer
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1 WD 03/087436 PCT/ US03/ 10725 over the sem conductor wafer thereby
depositing netal both in the trenches and vias and al so on the

non-r eceswod3msaas of the sem conductor wafer. To isol at e PCHAIS03/10725

i nt erconnections, such as patterned trenches and vias, the netal deposited
on the non-recessed areas of the sem conductor wafer is renoved. [0005]

Convent i opak tHEREARESIuh: WeBDHErel) depesitiiinddtal obihih the preschéLehd @fds blitalso on the
non-recessed areas of he dielectri rliger on the sem conduct or waf er
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non-reces¥8¥Véteas of the dielectric | ayer to forminterconnection |ines.
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and bel owpollshRE ECR)) EMP Sletiddd @ GRleHi Knbeh ent@ed RahdReohRtoreaanit6al
properties of the conductive materials, for exanple copper and the | ow k

( | npl ¢
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vaf er depeiaie s@bss idlfed @fddts nehLRADBRIRRP bt REhrd BatiR@udorit BininatRb, Ehipt/MVARY
OF THE | NVENTI ON [ 0008] One aspect of the present invention relates to an

exenpl ar y SR8 % R iltingntraidhingodf tholke: e ect ropol i shing and/ or el ectropl ati ng

a conduct ifoo87f | INBwOgtoessias @paraﬁh@d&&ﬂmgh@raye tB@PRfeAlebifed tb MpbbiEi@E p¥idhi OUS
processi ng nmodul es such as ¢ ul es, processing nodul es, alignnent

| eani ng
modul es, #§tfper Ser vamp‘a&m%tb@%m%ngq TSmo¥ss o JeRogited fion wa%rr%e’égges of the
di f f er encglefmpdliBngon glbctrog&ﬁﬁg)p@&ésg SIn geehl gh heelb@opolishing U Electtplatigy ¥

systens, and the like. [000 Anot her aspect. of the present invention
i ncl udes VEFFBHE PRPI9A PLME Y a%LH’ B5P8 %‘5‘% Pfrfgate {rpyggrsed vahin %Fé‘?‘iﬁ?'éﬁ%}*"éfjgpar at us
i ncl udes goleticant AgelbRALEHRrdd aVippliedao R fvRifer © WB8e Edr@daidns result in copper being

deposited or removed from the wafer depending on the relative charge applied to the wafer.

BRIEF SUMMARY OF THE INVENTION
[0008] One aspect of the present invention relates to an exemplary apparatus and method for
electropolishing and/or electroplating a conductive film on a wafer. The exemplary apparatus
includes various processing modules such as cleaning modules, processing modules, alignment
modules, as well as various apparatus for carrying out the processes of the difference modules such
as robotics, end effectors, liquid delivery systems, and the like.
[0009] Another aspect of the present invention includes various apparatus and processing
methods. One exemplary apparatus includes a cleaning module having a wafer edge clean
assembly to remove metal residue on the bevel or outer portion of a major surface of a wafer. The
edge cleaning apparatus includes a nozzle head configured to supply a liquid and a gas to a major

surface of the wafer. The nozzle supplies the liquid in a region adjacent an outer edge of the major
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assenbly to renove netal residue on the bevel or outer portion of a major
surface of a wafer. The edge cl eaning apparatus includes a nozzle head
confi gur ewotososupply a liquid and a gas to a najor surfaeerTafSovig2saf er .
The nozzle supplies the liquid in a region adjacent an outer edge of the
maj or 2 WD 03/087436 PCT/US03/10725 surface of the wafer, and supplies the

gas radi akhryack BIVaE Hafel had dupplids theldaEraiRipinwar ﬂ'eiaﬁvatbqucah@n thé H@Rd ised.
Directing th cf;as tQ the wafer surface at a locatjon ra dially inward of the

| ocation t#RRledjldirreting the g35ip e apterayriace ahpdecatipradiglln inpiasd of e 1?%@011 theui d
flow ng r aghiald s)appuawafayl r&dicd MEpaHiar oftiR 1Ruid Mivahg @My inhrd iR ehd VEER0R -

[0010] The S vent| on is better understood upon consideration of the
detail ed H@&ﬁ?"ﬁt P‘Hﬁ’ theE%8Bw i n conj unction with the acconpanying draw ngs
and cl ai mpo01BR! Efhe PRSGHRIMIIHON isHettdriadd2ROWN 1%@5c&@%ﬂahofbﬁheldétdﬂk&l%&%tfoﬁ an

exenpl ary sem conductor processing assenbly that may be used

el ectropol?gwnh?ﬂi’}”(?i:t‘%‘l"é‘ tP%iHC%}P%an%’é‘ﬁldE?%‘éﬁﬁé{“@)‘fla‘Wéfers [0012] Flg. 2
illustrates a robot incl udRIgF dESEXEMOROF e RAwN@y for transferring
sem conduct or waf ers; 140013 FI 3 illustrates a plan view of an exenplary
end ef f ec{O1! [ dtieAyillystrates aryexery Rary.semicppdisior BOespng psenily abyaay beaised tonal
views of SRepBiM i @likofhashRhiducb 0Bk Fig. 5 111 ustrates a plan view
of an exe | ary end effector; [0016] Fig. illustrates a plan view of an
exenpl ar y (W] offig2iillystrates %)rﬂz?t]mqiﬁlcgng apquﬂ%ttwea@ elfector frgiansfereing of an

exenpl arys&mgorﬁflét@,q;,mm [0018] Fig. 8 illustrates a side view of an

exenpl ary vacuum cup E{OOlQ] Fig. 9Aillustrates an exenplary cleaning
chanber mb¥dfk \E‘%ﬁ‘g‘ls étﬁ%aﬁlé‘&‘@?wo roewplag ggd efester) | ustrates a parti al
interior yooau OfFlg% @A@ﬁfﬂﬁ‘ﬂuﬁh@éﬁﬁf andREHL- ?ectlcger@é\Ls gf’aﬁex%ldr& bisdfeabes an
expl oded vi ew of cl eaning chamber nodule with details of cleaning /ndzzles;
[0022] Fi §W015h o Xig3dllustyafes 2 plaview obanexemplay wdeHerdorsi de vi ew of an

exenpl ary [@dee qil?%ﬁllusﬁﬁt@@ﬂﬂhﬁwe\bQ@%ﬁéxeﬁbﬁﬁlené%ﬁbc’torllH illustrate various
vi ews of an_exe H nozzle head included 'as a part of a bevel clean
assenbl y; [{03@241Fig7df “Sﬂte“i4P16%Y1F‘31°§§1ea‘ﬁm3%}3’leéi‘ééﬁe°\§?rew of an exenpl ary chuck
not or ass@usy IMEBUNRHaBSa sidNibw 6f anxEhS1aR VA uENAP nodul e; [0025] Fig.

13 illust rat es an expl oded view of a cleaning cha er WI ndow i ncluded in a
cl eani ng 1904 21 g Ispﬁudu\psgates an exemplary cleaning chamber module with a dome cover;

[0020] Fig. 9B illustrates a partial interior view of a cleaning chamber module;

[0021]  Fig. 9C illustrates an exploded view of cleaning chamber module with details of cleaning
nozzles;

[0022]  Figs. 10A and 10B illustrate a top view and side view of an exemplary edge clean
assembly;

[0023]  Figs. 11A — 11H illustrate various views of an exemplary nozzle head included as a part
of a bevel clean assembly;

[0024] Fig. 12 illustrates an exploded view of an exemplary chuck motor assembly included as
part of a cleaning chamber module;

[0025]  Fig. 13 illustrates an exploded view of a cleaning chamber window included in a cleaning
chamber module;

[0026] Fig. 14 illustrates an exploded view of an exemplary optical sensor included in a cleaning
chamber module;

[0027]  Fig. 15 illustrates an exemplary method for determining proper placement of a wafer in a
chuck;

[0028]  Figs. 16A-16C and 17A-17C illustrate exemplary wafer cleaning processes;

[0029] Fig. 18 illustrates an exploded view of an exemplary process chamber assembly;



[0026] Fig. 14 illustrates an expl oded view of an exenplary optical sensor
included in a cleaning chanber nodule; [0027] Fig. 15 illustrates an
exenpl ar ywowslogmd3é or det ermi ni ng proper placenent of a wafPem/usn3/a72ghuck;
[0028] Figs. 16A-16C and 17A-17C illustrate exenplary wafer cleaning
processes; [0029] Fig. 18 illustrates an expl oded view of an exenplary

process C@ﬂﬁﬁer F@Zf@gﬂ splates afl e %@&%Q@%ﬁ?ef%’l %’3@%6%931%% thQ%QllchFdngrbew

illustrat Vi ew an exe ess drive system Wwhich
may be |mclludﬁdlenltherprQCh@cpatrd@esfﬁembianmw igglgg Fﬁaﬂ§ enbodied in Fig. 18;

[0031] Fi 9%13 ivlgtk'&hfugtga%ésﬁ &@?ﬂph@{z& vﬂfﬁzﬁé effer gymaﬁeam@mmen@nhancewent

el enent ; ates an expl oded view of an exénpl ary
el ect ropI W032]g &igoat divstsates hEOBSIed Fiey, szQeXeImPlPSY elagteoplating appedied vi ew of

t he eXGWpLQ@%%Sp by §%g%@\¥/ll @/@%g@ﬁcmyex?rﬁggx‘% dtl'ﬂg EtoWver Kehd as[sgrgﬁ§] Fig.

23 illust exp an exenpl a at| ng shower head for 300
mm Waferw;owp(m)BE]ZlFi g. 24 illustrates an expl oded view of an exenpl ary

plating s r i - ate
vari ous vFﬁﬁj ?f %ag t(r)%/\%(r%n d‘ygﬁ E%\%Oflalrllg I sa.rglzggﬁqg %ﬁﬁer %10%)}7%602{1183 26A
and 26B i whiastrat e a top vi ew and cross-sectional view of an exenplary

| evel i ng t‘ﬁ%ﬁal tr;ﬁé}%ﬁlé %ﬁ%ﬁﬂw JFlafl exg'rg)%é%vhllafﬁagt ﬂlg@\;v&‘chegd for 200 0 mm,,

Cross-sec ew o an ‘exer nplary sensor I gs. 26A
and [ 0039yafeisg. 27 illustrates an exenplary view of a software panel for a

| evel i ng I r r nor e

t hor ough L g@rs%ﬁAaﬂﬁﬁg@p‘rﬁﬁl V%goéglﬁtslhgﬁé?h %@ﬂhlﬁ%’ng? g%scrl ption
sets fort [P0Alne FagssZ(rs#)mdlZﬁBolth@taa kap, viyuaid %S-sfp‘e@maﬂ viewefiereexemplary

par amet er%veﬂnqootl nd\!v% .t should be recogni zed, however, that the
descriptioni '€ “not ’as a limtation on the scope of the present

i nvent i on[00B8it Fg Bﬁ@ulhadatpﬂrmos%@tmml eieabif en excyplaresense sovingt Figs: 26 t he
exenpl ar Y el o] nents. 1. Exenpl ary El ectropolishing and/ or El ectropl ating
Assenbl y: lﬂ[ 1] A first aspect of the invention includes an exenpl ary

el ect r opolG03%i nFigAAilnstrates apckenaplaratviewpfasefomise pankblor plevliag tdohg

sem conduct or wafers. In one exanple, an apparatus for processing one or

nore sem conductor wafers may include a nodule for storing wafers, two or
DETAILED DESCRIPTION

[0040] In order to provide a more thorough understanding of the present invention, the following
description sets forth numerous specific details, such as specific materials, parameters, and the like.
It should be recognized, however, that the description is not intended as a limitation on the scope of
the present invention, but is instead provided to enable a better description of the exemplary

embodiments.

1. Exemplary Electropolishing and/or Electroplating Assembly:
[0041] A first aspect of the invention includes an exemplary electropolishing and/or
electroplating assembly for processing semiconductor wafers. In one example, an apparatus for
processing one or more semiconductor wafers may include a module for storing wafers, two or
more vertically stacked processing modules for electropolishing the wafer or electroplating the
wafer, a cleaning module, and a robot (with an end effector or the like) for transferring the wafer.
The apparatus may be divided into two or more sections characterized by separate frames. In
general the robot transfers the wafer between the module for storing the wafer, the processing
module, and the cleaning module to perform a desired process on the wafer. Additionally, various
other modules and features may be included for the processing of semiconductor wafers as will be

described.



nore vertically stacked processing nodul es for el ectropolishing the wafer
or electroplating the wafer, a cleaning nodule, and a robot (wth an end
ef fect or Wp 0Blog74Bé ke) for transferring the wafer. The apparaisoyiarey be
divided into two or nore sections characterized by separate franmes. In
general the robot transfers the wafer between the nodule for storing the

waf er, thepoagpcassiintusublRiM &plcatflvitier &1 e&@rﬂblﬂ@ el'@ﬁlbﬂoﬁsﬁlﬁ)g mroi @lééﬂc?laqf?@ ired
process on the wafer. Additionally, various er nodul es d features may

be i ncl udawemply 199 cinghis E?@wil%aw@fse@ébhl% H’Gh‘é%s&rm%%ff"él?%(b%ew i BER408 and
descri bed frofitfiifRe 03¢08 14t3PacBCFPYIIB M AGRR thd KAABly F00Gnay beidlvidéd i@ tc@er &N

expl oded view of an exenplary el ectropolishing and/or el ectropl ating
assenbly IR Sefipiehi s exanpl e, the assenbly 100 includes a nai nframe

(backend, (085 ) THeBEvd mafyrﬂb'MdE fafl %ctﬁlé@@ﬁﬁlyasbdﬁ{lﬂ’i {@C Beanifgl drdin/pdésss hovever ,
t he assenbly 100 may be divided into fewer or re sections. [0043] The BE

108 may i feiaysd 0% slcaniag mpdyle pssembly 496 A&s“é’é%laVelilblz 110, ligaisi deliveay &FMpr ocess
exhaust 1@19193)01&2%'5 Bé&ht ﬁ(@@@?ml yroée%dmﬁ@wgﬂ Gcggkndasﬁ@% RipYesdokO118! 1 qui d

delivery system , gas_contro ﬁstenl 114 rocess drain

116, purrp§abafffﬁ§le’§’él"5§é2& wﬁ?%wbrl% ligwid filters 24, digui Wﬁﬂgmenfzrey 1265 endedoyble ank

122, |'qu'c&tilhth&ﬁ'éu%a1%prdcbs@¥ﬂoqulﬁg§§éﬁbl9mt tray 126 and doubl e
cont ai nment area rocess nodul e assewbgé 130. [0044] The FI 132 may

i ncl ude al%Mtkr Tﬂ\eéléﬁ yHeipclyden walee-aligagel 34, frage parejsdaé, lightiawer13s, rO'PQSbot

frame asseghkYssdith 1&@19950t ebIG UL emb hgens Bhttta 124, fironBhing
button 144, fr?nt gEFnln uni fi ed deégméfﬁ? 146, Y%ﬂggfan fil'ter unit 152

[0045] As&8ifisf poi@OURRYA @“H@Qﬁﬁﬁéﬁ“ﬂ?ﬁo two sections, i.e., the FI 132 and

the BE 108045l | QM (61Pmby'R &%ﬁéa@ﬂét&&se@@onfsrlénaﬁ@itlgﬁamm]@w y and be
reassenmbled on site into a single unit. Furthernore, the robot frame

assenbl y aleyving i swo sestions i b irasiopBd terarateliape e eassembied orsiig e p sipgls pnit.1 48,
wet end efFﬁﬁﬁe&ﬁ&e%ﬂ&obaﬂﬂs&n(e%&tnbrymhrm&%n%de et AN 147 weﬁ@@lfféc%l

out of the FI 13 uring transit or for_ maintenance, for exanple. Assenbly

100 may t Aé$, é‘fe&)ﬁ”@ eﬁféct J el rohogcasrollenilg?. ansy dptaeholrerm prdyigl outerd thiedhd32 o

assi st i nghh@NSRKL b D%maifleRRAR, M&hexATRIO T £RBAGS 10PA8Yy thBRFdré KEmodufPd& orAS
shown in Fig. 1, FOUP 146 may include one or nore pods for storing wafers.

The dry &iificdifteyarions $agons foassisldn Hanspoiipg cleamie, magsnansp. wdhediket he pods to

the waf er [gyagr al AREWn H¥e. 1, FOBPWAE Bhy &em@&ﬂesw ﬁfore]p%ﬂs B k@hs; Watsr TiaeoO
before the wet end effector 149 retrieves the wafer and transfers it to

t he procedy spdgtiectordds tansfays awefer 130 fiommny gupef therady i thewralenere-2ligeet3450 may
be transpgshved: feh 915mﬂfghse§af&ylsotb9@fe tAEHAQAS efBRfbr d@/feﬁ%ses thdAL and he

process nodul e assenbly i nclude one or nore_ra

el ect r opolffPa¥irhtyto ta%gr@ﬁ%ﬁf me%ul? 6%8%‘83/ 130 Ihhoyld pe Fesosnized s}aéwef%lémw@
assenbl i esrafPbrtddl REWBH Mo 185ty olRt methB& and devices.

[0047]  The process module assembly 130 may include one or more racks of electropolishing
assemblies for polishing wafers, or electroplating assemblies for plating wafers 131. The
electropolishing assemblies or electroplating assemblies 131 may be stacked vertically to reduce the
footprint of the process module assembly 130. The cleaning module assembly 106 can include
racks of cleaning chamber modules 107 for cleaning wafers. Similarly, cleaning chamber modules
107 may be stacked vertically. After wafer 150 has been processed for electropolishing or
electroplating, the wet end effector 149 transfers wafer 150 to the cleaning chamber module 107.
Dry end effector 148 retrieves wafer 150 from cleaning chamber 107 and returns wafer 150 to its
pod in FOUP 146. Generally, the “dry” end effector 148 is used when retrieving wafer 150 from
and returning to a pod in FOUP 146, or from the cleaning chamber module 107. The “wet” end
effector 149 is generally used to retrieve wafer 150 after processing because wafer 150 may have

residue from the processing. Limiting the retrieval of processed wafers with the wet end effector



el ectropolishing assenblies or electroplating assenblies 131 may be stacked
vertically to reduce the footprint of the process nodul e assenbly 130. The
cl eani ng wodalog74acsenbly 106 can i nclude racks of cleani egTaisasrbEes nodul es
107 for cleaning wafers. Simlarly, cleaning chanber nodules 107 nay be

stacked vertically. After wafer 150 has been processed for electropolishing

or el ect ngpkalfefie ﬂteq@teﬁﬁal f&raebsewn%{lﬁuho&ﬂ&wtaémss Er FreWvof Bf8 addWetdadt he
cl eani ng chanber nodule X end effector 148 retrieves wafer 150 from

cl eani ng €HerWdA9 Wh%.waferélﬂquhﬁ% I pddransfefovithin aspemblp b i n Foup 146.

Gener al | 'y {od4BE &{éxemglaﬁy &é&@ﬁ@ﬁ%&«&m@y thsefayhiaRed i@ lcbhi@cHBO whHR bREmBIHO0
from and returnln or fromthe cleang%g?chanber

Todul e 10400 tndeseingh in B3 Hatenichpiceion Nos BT UsgaeR: s ehE PR ARG

vaf er 150 ARKERIBIY ANDNE THODS FORSEL NG RRIPGITSHINY COARICTIVE WAEERSY, @itdtohe
processin Llnltlngathe retrieval of Processed wafers with the wet end
S

ef fect or DOVMiEsiHEPASavhistts DSHRIated DS entirgty jy referepgg et he pot enti al f or

cross conygybnatAQRoRE inVIBEeN, o hjoriRcbreld deetrRhl chAPmamds mgeﬁﬁ@lemimct or 149
and the wafers they handl & and transfer within assenbl 0048] An

exenpl ar y patigdiniyp Wl?Whﬁl3§§§éﬁ?@Pb’ 107 and ool paserbly il‘b §1ggndyghe y

assenbly gk01145:08206daRAG0 1B BEGHg Pat ent Appl i cati on No. PCT/U802/36567
entitled ELECTROPCLI SHI NG ASSEMBLY AND METHODS FOR ELECTRQPCLI SHI NG

CONDUCTI VPSRl ERSe L0 13 camincings suppf finedor Dipgger, i verioys shemie ppierat ed i n

its entir fe¥udlyte NE{IS VARGENLE/S) iR cor[qQQﬂ%L déﬁn@ih%%th’e Bat’t: biflar applicBtidiBdn@r i ty of
the el ectrical eqU|pnent is house ticularly, in

el ect ri calProspuingmodplesiapigsd in eszelalmj I%Té%ﬁpﬁdﬂ“ H3Y élﬁ%myluiemﬂoww% 112
and the %seslgeﬂsd% %n@iu%ﬁ 5' 1136h 8htioNaddEonBEr deSe B@%i@]ls cheRickiPendlddacan

i ncl ude su&gﬂy i nes wat er, and various chem cal and/or electrolyte
f1 ui ds, rmRPW&PS‘/d surgeéapﬁsefg?rﬁ L Bpugwgewipergs kimid fiem i prqeesstapk 122

applicati %ceéa%odmre ASLRBIYNG0. npﬂulheﬁteﬂs 184 HELEk nBludIASETH |51Yppi§Dl@nes Hiees 114
may al so include various control valves, sensors, and s ﬁ%y lines to

control amEPCASHIRE befge it goss {p the Proeest Badicaremmbtin 1. aﬁ«fﬁr ‘f"Pfﬁ’f is PPERess ey thpunpss

and sur ge ,33¢BR1§%id Ha9,bd &&1&& 'iH’t’o b Ero@és@ %8R 324 thetizel Joﬁ@mﬂaiaqmr AELERed apk 122
to process nodul e aSse ey |qU|d filters 15 be included in the
T

suppl y | i metsniiably hpmfialgages onppr@e%@oqiq aﬁfﬁﬁn%ma@d.c%ea@%@o@%e spranbhy Hloess

nodul e as @ik ¥xihdfed sl poeds@ExhdnP1045 TRE ClASSLHaintplRess RXIAGHI04 l:dn%!ab Be
maybe dralned into the process tank 122 through process drain 116.

gases, e. ¢sedtoprigagsby ‘aqttfrwrrsa%ﬁﬁ%fheg%%g mpGuiassbe LS. Fhe eab éneé@@é%l 130

and cl eanicagbdMeitogelass gﬁgbgeyeral%resemnm R @BEs108d Ft 120k NndNiRGERSHRXhaust
104. The cl eani ng drai n/process exhaust 104 can also be wused to release D

wat er or g@%1?4@&WPH@fgﬁﬁﬁﬁkﬁbmﬁﬁ&ﬁﬂgzassenbly 106. The cabi net exhaust 120
can be usg f P "BleSSSASHRS 08 RRNAL liYuid QSBRthent B8 T 4l dbiibe: BRak@Rnt dda 132
e a

may inelu 128. Thealﬂlufdl cloht?nrnmerlftq}ag/ 1%65 gantb(e) uEerfl(J)I\{rll ga%e fofI alntoelgr%gw%rloxenqcﬂe grlocr:es; tr;nllczl 132.

122, or leaks in the supply lines. The liquid containment tray 126 may further include leak sensors

( to detect leaks. The double containment area 128 can contain leaks from supply lines that are
already insulated by external tubing.
[0053]  The supply lines, pumps and surge suppressors 118, liquid filters 124, liquid containment
tray 126, and double containment area 128 may generally include materials resistant to acid and
corrosion.
[0054] BE 108, FI 132, and robot frame assembly 140 can be made of stainless steel, preferably
grade 316 stainless steel. The robot assembly 147 can be made of aluminum, stainless steel, or the
like. If robot assembly 147 includes aluminum or other materials susceptible to corrosion, the
surface of the aluminum portions may be anodized and coated with Teflon or the like to protect

them from corrosion. Cleaning module assembly 106 can be made of stainless steel, plastic, PVC,

PVDF, polyurethane, Teflon, and the like, preferably grade 316 stainless steel. GCS 114 and liquid
6



[ 0052] The BE 108 may al so include liquid containnment tray 126 and doubl e
contai nnment area 128. The liquid containnent tray 126 can be useful in
case of awowmsesfBoOw fromthe process tank 122, or |eaks POTIUSe3/s0IRDI Y
lines. The liquid containment tray 126 may further include | eak sensors to
detect | eaks. The doubl e contai nnent area 128 can contain | eaks from supply

lines t hatzorﬂﬁlﬁng@lr{if%ycaﬁ B Hliéaet cﬁﬁglaQth ﬁﬁ‘t&fﬁ{lg" gJefetréElp}’ - fldnBRRg] plzigﬁgs S!’%Qisy

| i nes, punps an rge suppresso d fi'lters 124,

cont ai nnekank 127 epp be pgde efimdastien mytheasddist, é?%ﬁ%ﬂoar g tllezlgemyfe@blﬁg’r\’ém Wit

i ncl ude o%[d lﬁlrécogrﬁ?i)dsﬁ%velt ﬂlaﬂﬁ sﬁ&gle nﬁ@errfag%'r Q&ﬂn&sqgn'su% 1% 1983andE)|r Fﬂ'32’
and robot franme as can be made of stainless steel, preferab
grade 3161&@r¢ﬁ¢1?é@1@1§@<bel The robot assenbly 147 can be made of al umi num
stainl ess L@:ngs Arfbe Bﬁryb;{rbééss-foﬂ éleahfag fshlﬁgaeémwplmds@&kcumm@m num or

ot her sce e to corrosion, surface of the al um num
porti ons h%}nmtlmmlczletdmmﬁdva&nmlmdm IE(RUPI'MG orhe @pd,tohdodrtkihe P@i properedto

them oM A8F F85:38ns0 GRNLAG, DGk L,B026HRL Yo SRACPRTRIG AlsebR ) 058

steel, plastic ane er ably

gr ade 316aud &y ahdefEcior 48 tran@@s;vqusg mrdwafpuupﬂh@ex/@ﬁgﬁ@mie lﬁquruso 3/ 107 25

cont ai nn"e

non-fl a {)Icgegs%gaétﬁgcvgﬁé}lgp@a%%%emgfah@ ?% e'r(is b%{ Asgéélgo l}(l)? 73{1%%? I(‘?)séfeg a% as

PVC, PVDF{roefdferpre-aipgen13d ubing the wet eid@ffacmnyMP’\ADFt trapsfers whigul the r ecogni zed,

however, gs for use in BE 108 and/or

FI. 132 a%fé%@t%:o g%@ﬁ{ wae%itpolb? gaggs]rsaﬂﬂﬁlgle%?lg?%&%gocess for el ectropolishing

or el ectr &956t i nﬁteatls@twf@mﬁslmgm elgatfaplating prgeess iswotpleted poboteesamblyiithg

wafers pl g%g? f ‘? ngrqgﬁ)béﬁgn Q%/epé?lq eff8&to Q,ranh ob!%eth@&& r1*n§> ct uu@gha al I ow
a wafer with en

robot ass acc er elnto pic i48
Robot assewidily 107 7Afteatl clhaying prpcesk fse,c@tno}etenl@y endaifobior 148aficks un%fet lﬁﬂwaﬂer
pre-align i Ssi ng. After wafer pre-aligner
134 ali gnglrél\}\% sw&i%sgmﬂ twe Odéﬁgﬁ)ﬁpﬂgﬂ s§1u waf er 150 from wafer
pre-al i gné@05TB4 Imsmqﬂg:rtekﬁamlvey propeds eifcfuémg owltzplbgwafaﬁanctmdnslﬁelegtrqpah@mgpso to
el ectropol, r

A tor theclsr manRhs AL ARE A SRt ChaPhORBRA D o e
assenbl y simultagsioudtssimganstepe are 2pdied yo M@PW@ wates, agbird wafgr.efcf ect or 149, and
noves the I 1

process | WS VPl GBARDrapbG 100 FEM ReckBly iRt ab QBRI RNMn
transfers tlwa@pcenplara@lebmlmlmgtmé/opdelctnonlammms hasrbegredesiribpdyvith [eo@stp | n
anot her e e I

el ect ropoiél |%%g?ﬁegfeél %%t ?%glag‘?lﬂ%m cd%?élslée'it%ﬁgi‘@ﬁpﬁ egttg%ﬁr%%ﬁ ﬁeldm%)@ggréghsat
descri bed VM@OF@Q%MS m‘mhﬁr@ds mnay bﬁmﬂdeﬂlthﬂlatfdéparmg fragp ﬁaﬂllftVaﬁwusl y simlar
steps are applied to a second wafer, a third wafer, etc.

II. End Effector Seal

h.

[0059] In one aspect of a semiconductor aésembly, an exemplary end effector apparatus and
method are described. End effectors are commonly used in wafer fabrication processes for
transferring wafers, for example, from one processing module to another for further processing,
cleaning, storage, and the like. An exemplary end effector according to one embodiment includes a
vacuum cup seal to securely hold and transfer a semiconductor wafer. The exemplary end effector
may be included within a semiconductor processing assembly, and more specifically, a robot
assembly of a semiconductor assembly. The exemplary end effector may enable a more secure hold
of a semiconductor wafer surface and in turn may transfer the wafer more accurately and reliably to
its destination.

[0060] Fig. 2 illustrates an exemplary robot assembly for transferring semiconductor wafers in a
processing assembly. Robot assembly includes exemplary end effector 206 associated with the

robot for picking up and transferring wafer 216. End effector 206 creates a vacuum on the
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[ 0058] Various conponents of assenbly 100 will be described in greater
detail below. Although the exenplary electropolishing and/or .

el ect r oplwDion@sAppar at us has been described with respect POT/USes/1ERH

enbodi nents, exanples, and applications, it will be apparent to those
skilled in the art that various nodifications and changes may be nade

Wi t hout depdertidenef chd effectdr 206 r\sedtird wafer 216 theEd%dlfoEf:rflﬁb@ééer?rfSQﬂé mb&5Bandtherone g
aspect of ucto ass . ar nd effector apparatus an
net hod ar ga 8§§ Ctt(i‘r%@ MagR cee‘?’ﬁ‘r 8?38%&5?@ ég E‘%G"“i“?i‘ FAEPSREHP i cat i on
pr ocesses ptasure fuchthaf fe fareep R Ry Sverdoies s 38D bl wifE P16 @dl@lg@sreﬁﬁellﬁ%t@g modul e
t o anot her r .f ocessj.ng, | eapi.n ge the like

exenpl ary g%goreq}? %‘P@Florﬁ@& eP@F%%&“@W&Y %g’a ‘W‘i‘?ﬁf‘g‘? ?fé’}’%ﬂéé‘s glth%f'éfﬁﬁﬁli’cup

seal to semulie |p§es§iﬁ thaathd edvidnsét to IS REwWaRAYLEhektoWadifd vibidien ax&mRitary end

ef fector ncl W thin a sem conductor processing assenbl y, and
nor e spemdfni%gatﬁnf/%er 3“#%5@‘6 assenbly of a seniconductor assembly. The

exenpl ary [ﬂmd] ef]flg(ﬂltllﬁstﬂmy o Hde of aRexERIpRINS&RAWIRctHB0G in Sbatar BRI A9 BHLIRT
more accurately and

waf er sur d rn e ransfer the wafe

reliably tFa 5, Ei”g 6{8%1? 85 HE le‘% BeBsuuE yurce c‘i”}t’iohg‘l ?Ya‘tae%m%ﬁal%ﬁﬁméwh # obot
assenbl y fpﬁfss&é’daﬁtscfgeﬁ Edudg coRIA1RE B bitbem Wkt 320? WherPvacilir® ¢265320Gs @S8O, Y -
Robot asseﬁiﬁ éfl ncl udes exe Iar end fect 06 associated with the

robot for UGSl e &G VR P r""1 Tlucihe PrersEsdp Sicuppcur3Bdpes a

vacuum on hbldevafer 4% {630 8fFda 3WWU5Q@CM Zdive 3Mdehusied ©FPfang Rtoghhvart 850 206
transfers from one nodul e to anot her. End

to secure.wafe 6 r et

ef fect or r“ﬁé? pf‘réijtc%t%ﬁtf’r ?"él“é1 tdegigyvafer @férOHyV%FWW%WﬁéthFH@SW%Iﬁum or

i ncr easi ngnckdased withasaupr3e2.such that the force of gravity ovelrf:orres ;he seal
and waf er r.el sed fromend effector 206, Additiona . €en

ef f ect or i@%%rraat Hﬁdeﬂsﬁ g]rﬂ%‘it Bk alsplulgeor Bgar sbsgluff Yapuum ‘rsé‘P%fF‘i‘Wé‘ii yatherng| | er

pressure tréﬁa&dtph@s@a Wl OO T prb&sh@é dlvtr&ﬁnéﬁﬁéxﬂﬁclé%ﬁﬁ) Kd&ﬁirﬂts@cu%ﬁ{ifé}&%
eleratjon durin nsfer, and the |ike. [0061] Fig.

vi brati on,

i || ustrat 8" ‘bsﬁﬁrag‘fydtglb&“o’égna%ﬁlé ?‘h ying Ff@l“sé‘?’faé‘etﬂlﬁ’rhkSG)s@“ffW‘e@F Jé‘ftéﬁ"r %Péf’@?’l As
shown i n tiah@itrogen, G éxBhp1E air@Ff thd like may Bipd RUntddude 349 GHLIALSAY Here@id I ol | ed
by vacuum éal ve 322 and with a pressured nitrogen source controlled by

ni trogen VArve 8782 2 ¥WH€h vacuum val ve 322 is turned ON, the vacuum source

is coupl e(ﬂo%a] endtregeﬁlezaltvem(ﬁﬁ@ el ON Wheh QAHAER id 108 b LRI 618 rahFerVeAGH LS UP
302 to 306. Wien vacuum val ve 322 i s turned

OFF and mp ? 8I§Sear?%<?ép§?§e‘§ ?‘Bg dstg? {‘fﬁ%’d‘{ RETINg NacuapcuR P07 orbeVagiy PasEAse as e

waf er 216 “ﬁmmwﬂaﬁwbmoaby a&ataaumgtthsepresrsaeslwr@r bRateBAEBS Qrovhdikd N cup 302.
[0062] It should und er tood that_an absolute or near absolute vacuumis

not requi F%Vdmn?jglftl%eissur%w‘ 1 4379eg pr &% ure rel ative to the processing
envi r onmeioesuf fRigsl #Atnd 4B hiaktehtdslarb@em bl seds8Ectidddl view of one exemplary end

effector 406, which includes vacuum cup 402, mushroom cap 404, groove 405, cut out portions 408
(to reduce weight of end effector), vacuum passage 412, and screws 416 (for attachment to a robot
or the like). End effector 406 may include any suitable material in its construction, such as stainless
steel, aluminum, various alloys or metals, ceramics, plastics, and the like.

[0065] As shown in Figs. 3 and 4A, a vacuum source removes gas through vacuum passage 412
and aperture 414 located on a major side and near the distal end of end effector 406. Vacuum
passage 412 may be formed integral or within end effector 406 (as shown) or through a separate
passage located adjacent to end effector 406, e.g., on the opposite surface of end effector 406.
[0066] With the vacuum or reduced pressure created in vacuum passage 412 a wafer positioned
adjacent end effector 406 is pulled or forced compliant against the vacuum cup 402 to create a
temporary seal between the opposing major surface of the wafer and the vacuum cup 402 of end
effector 406. Vacuum cup 402 may have any suitable shape such as elliptical, elongated circle,

square, and the like. Vacuum cup 402 fits over the rim of a mushroom cap 404 and extends above
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against gravity, vibrations, acceleration during transfer, and the like is
sufficient. Further, gas other than nitrogen, for exanple, air or the like
may be uswo 0808748¢ r oduce gas and increase the pressure wren/uses/&dgss ng a
wafer. [0063] N trogen valve 320 may be left ON when a wafer is not being
held or transferred to purge particles and/or prevent acid and the |ike

f rom ent erthaxyrfucaifiend efito3 . OFactilhe cOpRADU Wikl PRHRIBAR elatbhdl Ni@AGuRES 6CHR, 306
by mai nt ai reater than the surroundl ng

n sure
envir onnenfutab%en%%?ﬁaiﬁ\ﬂflf ﬁ?‘ﬁra\rﬁéglﬁﬁ‘ﬁ{eegbm%‘?m P BrSHA 1 t9ERgERLY seal ‘&‘Htia wider
illustrat ewﬁlopdcmusmg &Wagd’ld tig voer-sG&Cdsis@ahiny bedtackingone exenpl ary end
ef fector wh i ncl va 402, rrushroom cap 404, groove 405,
cut out pi&ﬁm)ns‘&%%’@ W g? gé‘u @J\ﬂgi’aglﬂ{‘)' FHoVa AN Biqmed aryss theqpushivpaeB age
412, and o4 ﬁwsncﬁe’hﬁng the holdtof the RERADIN, 6.9, @ pidveRtithe Wifer 418 ﬂohﬁﬂﬂggu@lﬂer&fré ector
such

406 may | e tabl e terial Lnits construction,

st ai nl essq(ﬂé?‘g]éel gro VFﬁf# FeRRrAtes e tpplang iof Byshrenm saedlf ito terhalficigles. p'ﬂhastl cs,
and the | Iskz&l.ow[@ﬂﬁ’éhO?ﬁa)Sh% fornektia@ 8 cross-@MGh q?ar\éaéﬁ‘élé”&l%%éf §ifttal1€ SR @S
gas through vacuumt{% 412f%1?{feg€8aperture ocated on a nmjor side

and near th&PEPSEES “‘8?18 15409 gyt re%?é ﬂl?rﬂ“eﬁ%@%g‘ée@lezﬂﬂsfgpnbe
formed i nlbe@)hﬁlhg lﬂdSck‘M chihr@iﬁdca@féﬂ)fﬁ{aQBe & duRSf SN maArial LAY SRR IGPT at €

passage Ioc %g%a(fent Oﬁgo end e fector 406, e.g., on the opposite surface

of end ef f'éc aSFne ¢ plaspl @PeWaP’rﬁ’ehﬁ‘@Sl\’i%h‘iﬁﬁ’ﬁ@f‘ israb @ pielar hisighs as thedigtpleead ed i n

vacuum passagiefdar 41)6\6@E$‘ig RB}; isiich @ e th&%ﬁpﬁghue%ng veb BB U0 A0 why RUI | €d
to Create a tenporary seal

or forced t the vacuum cup 40

bet ween tHgl?egpﬁﬁ?igﬁqhﬁt%&?tﬁfengﬁ?‘fde{h%‘nb%rqoﬁ’ecaﬁéf)‘ér and the vacuum cup 402 of

end ef f e¢a068] 4QBg. SVBGKIHIE £ tHEssAQRioNBiew S adiivh eﬁy&ﬁaala%/@béa@le&edﬁfﬂ&h as
acuum cup 402 fits

elliptical, elon are, and the |ik

over the PTFRPHY %‘aiﬁ%gﬁt%d?ﬁ s@ﬁ?ﬂ“ K'gl‘tj!g - HPe SQUERFEP ifEshsally aneviaiopream@ne

PCT/ US03/ #0%250f daens effécts maoﬁlayamdlu@é 4 BtoR ot 81¥ BEd LBl B2 ¢ At B¥nd %) Ude
an el astorrer siljicon rubber %t her, suitable material that 1s genéerally

flexible Brl8SHpASC Py eribetaces ¢ I8 derress deraading gp the partigrlrrepplicationh out
causi ng dpw&gﬂ)lﬁ itk ded Swal 80 d&eh aa@m@ﬁer;ﬁéf&lablpgpﬁsx@ﬁ@&l@o%gree[so%ZJva1P§zoShOW”
in Figs. %ﬁ EHJ()Q[IT groo 405 is forned across nmushr oom cap
404 for |H18¥8’é‘§’} 8athﬁ‘8t fhgvethe syrtace githeRd eéfeaormtbécmé%frﬁndtfm asatleyithd 16
from pl uggwafpr.aWéh tddionalirkferenddi FagsOPN,LIBIOR] § SRASRLES 46&%11%@%03?6&9&&{1

mushr oom ircles. The shallow roove 405 may al so be

&ap 4{944 i6nto two half .

formed as 4 ¥HYAMOKaNEs in fopiaet Wgﬁﬂ’ﬁﬁége fisidgvall 829ps gasrie raygpgtgmr@apgmpém to

i mprove sthedugh Iﬂaeafadxumbuaga 0. Hﬁév&hﬁxﬁ@ﬁpmz%ﬂ paM and IR Sl 118 b?%%éduﬁll for
aperture 41 4 Qm Lg‘ bl ocgﬁclEl NUshro m cap 404 may be nade out of a
sinmilar nAterta™e C§V1§'n‘gfm8‘f BB A © PERiRIRe e’i‘?ﬁ‘fed}“ll@?eaﬁﬁlaégﬂ'ﬁc@nt fprige tie
exanpl e, mumtmoﬂmlmgafoﬁ%nm&f@uuagrsatmthaarthmfo@ ¥ grdfityt dHandivetalTogBghse Of end

effector 40 th as the wafer is pulled by vacuum cu
402 the WoFEL {(ﬁg?rom tHe h(ﬁ? ?)f enﬁ Pf ctor 4%% gas (e.g. nitrogen or the 11kg) may be 1nt%duced P

through vacuum passage 410 and through aperture 414 to increase the pressure within the aperture
414 such that the holding force is overcome by gravity.

[0069]  Fig. 5illustrates a plan view of another exemplary end effector 506. End effector 506
illustrated in Fig. 5 is similar to that of Figs. 3, 4A, and 4B except that end effector 506 includes
three apertures 514 and three vacuum cups 502. The apertures 514 and vacuum cups 502 may be
located in various positions on the end effector 506, depending on the design and particular
application of the end effector 506. Further, the shape of an end effector may include any suitable
shape, such as horseshoe, rectangular, circular, pronged including one or more prongs, and the like.
[0070]  Fig. 6 illustrates a plan view of another exemplary end effector 606. End effector 606 is
similar to that of Figs. 4A and 4B except that end effector 606 has a plurality of vacuum cups 602,
in this instance five vacuum cups 602, each including an elongated (i.e., not circular) mushroom

caps 604. Further, end effector 606 includes a common vacuum passage positioned adjacent the
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pul | ed against the to distal ends and the nmushroom cap 404. [0068] Fig. 8
illustrates a cross-section view of a vacuum cup that may be included in an
exenpl ar ywendogfsBect or. As shown in Fig. 8, the vacuum cupcCrasgegngeal |y a
cavity fornmed on one surface of an end effector that may include a bottom
portion 818 and sidewall 820 slanted generally at angle a. Angle a may

vary bet wepertdesiiBd adapoadso Bigps hidhOndditiel Feuia hhdshddk Brran@@@h;iaﬁt%ﬂ dafh
pr ef er abl yeb?efté’\eeeﬁg ?Qd 50 degrees, and nore preferably approxi mtely 30
degr ees. SRS 55 may extend to a height H above the surface of the

end ef f ect{@071} o He. Titinptaica afplad Ribw Pafdtier Sdplat AU effectoRf ol Th¥¥dderagd) ti onal

ref erence 19SS, . 4A,.. 4B, fecto 406 w Il be_positioned such
t hat waf erﬂ)gi@‘ g%nlégm?l %&th gg}“lg%3&ang§ eé‘ifﬁtet Yrone Vasayma cyp FRondudegas s
drawn out piura:my afrpeitures? 14 Hereit. 'V Qugh i POMECHS R PP RSB Gapdd Bee aHIBMRE WM CUP
402 w || ! ?d hol.d évafer 416 l@/ t he vaﬁdum created in the cavity of
vacuum cup Fenilarfinctionaliy a5 xacyjip cug 402 and gefudes seyespl slongatert myskrosmycapsitde t o
mai nt ai n avhhuhladasngxléromﬂleﬁm@hmaﬁeips%w greater than the force of gravity on
t he waf er rel.eas waf er 1016 fromthe hold of end effector 406, gas
(e.g. ni tr[oggln 4%0;@1 the REomPIARY e Tiertph ssait bayg beqnlessiged Wik esnerijaserisie 410
and throu gimnﬁﬂkfsrahdl E}ﬁ)hdélt{bnﬁ @ will ©& @ffent tB@hd@é S8INAIL thelatt Mabv4ridEs ﬁ@cﬁfi&a‘tﬂ)ﬁs 414
such t hat t }hol force i S %@ercoge %/ﬁ gravity. [0069] Fig.
i |lustrat8%¢ afﬁeéﬁla?f &imads Witheyt freprting Eamith i veatien. dior example, spBUS EﬂféO@fOIf ect or
506 ill usteataigedvablmni:wghmﬁlelvacﬁmmubafe dofteinpRited @ whil BSvarisus oftfRr sid &Q ftP except
ee apertures 514 and three vacuum cups

t hat end ef ? 50g6 i ncl udes r\H

502. The ap TP 8 YorUUR FURSARE TS gTR cans 3o ¢eafe tral Whes picking andtrapsierrings
posi ti onswafert he end effector 506, depending on the design and particul ar
application of the end effector 506. Further, the shape of an end effector
may i nclude any suitable shape, such as horseshoe, rectangul ar, circular,

pronged i ncl udi A0. ovetiod 2ADAGpaR4tefasWaRdlchiigg | | ke. [0070] Fig. 6
illustrat er exenpl ary end effector 606. End effector

f{ﬁl?}pl an vi ew of anott}_ C
606 i s ar 19 8RS FEPPIRTY a8pegkot aspmichpAugiar dsseehly. ap puampkiny walkr detnie 606 has
a plural i mgthod amkmppumcuﬁﬂesﬁﬁ&d Thé edehipfary ﬁ&feﬁd’l&ﬁm@ néEhol @RdAHIFLEHE B 02
each i ncl uld ag\fv off Ob% at ed %l not ci rcu{}l mushroom caps 604.
Furt her, 8 GPOTR g Prigles Relce 2 esinpslisliag Ol aRati g qsEsias Wéﬂlé‘d
adj ace nt bllam tBe Wile DR D& é<hdfy lﬁ@ﬁ/afﬂﬁ%/eﬂe@t?@a%hslﬂr%&frtelé&@@la@%é pReesARP RS Kok O
Fig. 5 whi ch1 I 8%’? e]?—‘f vacuum Eassagias branched apart for each separate
aperture 5T4°°% tppokshing pracess thegdssor rﬂ“‘ﬁ‘fﬁre&i"@\ﬂf e maite syitee ehtbaelar y
end ef f ectaften Mfﬁ’rechh& teetbeed] k@iin0y mayiRBud¥ cofped resiflué. STt fsidBditale td Qclf ;R% of
Figs. 3A d SBr(;es@e%hO qittm]fﬁge vacugr? utﬁ 702 includes a plurality of
apertures 7T14°%H R LIPS Clgan e vateryithayt damagige élﬁélﬂéaletai‘ erg
hor seshoein thuihnerwegidn ofitire weer. fluareforedMank bipe@rd ckakiHE MoGHPindRdesaR dddentdatides
several e] 0@1906} ed_nushr 99m cApS 704, which are simlar_to the nushroom
caps 604. 0remove metal residue on the outer or edge portion of a wafer. The edge cleaning
apparatus includes a nozzle head configured to supply a liquid and a gas to a major surface of the
wafer. The nozzle supplies the liquid in the edge region and supplies the gas at the inner edge of
the edge to reduce the potential of the liquid flowing radially inward on the wafer to the metal film.
[0074]  Figs. 9A —9C illustrate various views of an exemplary cleaning chamber module for
cleaning a wafer. As shown in Figs. 9A — 9C, the exemplary cleaning chamber module may
include a dome cover 902, cleaning chamber window 904, cylinder cover 906, leak sensor 908, drip
pan drain line 910, base block 912, drip pan clamp 914, drip pan 916, bottom chamber 918, cutout
for chuck motor assembly wiring 920, two DI water nozzles 922 (backside) and 926 (top), two
nitrogen nozzles 924 (backside) and 928 (top), edge clean assembly 930, optical sensor 932, nozzle
for wafer front side chemical 934, chuck 936, drain plate 938, top chamber 940, exhaust and drain

tube 942, nitrogen line 944, edge clean cover 946, nozzle for wafer backside chemical 948, and

10



[0072] Although the exenplary end effector seals have been described wth
respect to certain exanples and applications, it wll be apparent to those
skill ed iwotohes®asé that various nodifications and change®Crasober7ande

wi t hout departing fromthe invention. For exanple, various nethods of
creating a vacuumw thin the vacuum cup are contenplated as well as various
ot her shaphgkantor aseniblypso aln addisionto tiacneuitrAe RS ciRficalDEd) h eRMIAREmb& Create

seal V\hennp(jdclkic?rgja%?etransferri fgrr wafer. I[11. Method and Apparatus for

Vaf er O edani ng 798 OHMEredEHE 1 PenieBlict of a semi conductor assembly,

an exenpl d0075Ihaf WafecdManiyrtg posiedndd ih e dleanpashahbis bgalefmféaiomf@-or Ma]gik%. o
exenpl ar fer.c ning nmethod and apparatus, may ean a wafer o ebris
of part1 NESiarE oBP GRS B PP a5E rivt Psr SR PR o hreueE pieshel |
as cl eantltevbuskafi@or asfenibiyodSOSan rogatd ¢hgtlk QBGaarnH Wafe?ﬂOledr&ﬁlHﬁllﬁM{islp‘é@bili@mﬁd} to
el ectropl atin I gcessl st ep, For xa , ter an el ectropolishing
process IOt ?1115’ néagod ; u'g?ce%ﬁétg“?w?%‘b il}frfﬁﬁ(fk %ﬁ é“‘ﬂ&]ﬁg? 90315‘? QL1 ArpatRpesd of (of ten
referred tboua30 tphe theliBwetter negies 922 a6 cACduyple sEQARRRF DI Rateidehe thi addS
desirabl e t

bac%

etch hj residye fromthe quter region and cl ean
the waf er "W lﬁ%ﬁfa%?%gﬁgbb@hgﬂ%ﬁﬁwﬁeéfﬁ? H?V&%*F the edgeiof wafer ARL OV argithsrivalk ¢ he
waf e Lb | Thef #@é olesjing m?na afd ﬁl@(ﬂ;ﬂﬂnﬁu@ t?ﬁﬂliaihg)gdié;)ﬁbgraﬁg ggée:dhg gﬁaiusg Encggigig t%ﬁgp
sidue pon the o :
The edgy SRaRiRye iRl bEEtom et SRl frusMeoh eguhE et s uppl v a
li qui d anthcaeagetbe fomtian FREdfo Malw()frlﬂﬁ,ﬁt nmmﬁm. Tﬁ@-fli@’;’)gq[nﬁﬁ&_l&@a Ia@dd@tsrz&]g ih@l?h; he
iquid i h d i ies the gas e inner edge o
cdge to r EURIBETENG HGTIRET GF o SRS FUP d PN Rgc PR PR B FEben 1 he
wafer to rdmz)verlm %Feffrblﬁlther:g&ﬂm%(al&}@sfg% %ollgg : Inl u;t \rNg]E grva,rb\!sogﬁowqe},\ﬁ of
22" °GR Tl G4 BB el G e Rt Sl bsne s oo
cover 902¢dge|c&amssgnmyam)@rdewnmm&gfbr e(%‘(g)ég:aegﬁiﬁ% mgmoAQQlﬁB ilhﬁgiitz aﬁgfpr san
i dr aj i 910, ocC [ an cl anp , ip
016, bot { SIEISHEEET SiEBTRLEED T VERGER HELeF DhEeBaBP DR rPhH020. | b
DI water ndipteted 1908 bfdoks k&lg»dﬁ:}evslébrl@laaﬁ tz(bﬂd)@lin%erég@m, ﬁtitj@siéa%eseremaié,g%fm
backsi de n t op e C n se y ,. optical sensor ,
hossl et ety LF, ‘g"é‘ﬁf‘lséﬁd&gg‘@’ﬁew%é‘l’da é@@@‘bﬁ%% f@%ﬁe‘?’Z@rn&r%%ﬁua% L2838, top
chanber 94@yledwrdkil0s0, raddipar HI3D, nifratee nS4R, 10B4,1an@FQRd hdzbR 1936}, THR AGSthUraRN
cover 946, ,nazzle far 948, and 10 WD 03/ 087436

er backsi chem cal !
PCT/ US03/ 477 7152 SRUTGY At gy bg@é%‘ﬁﬁ& §>r gepvith ?ﬂ)oaﬁmvef% A4 moppderg othepsizd e f or
cheni cal BB#iding ot keavinggdapina ndiE1008 N DR beRer 16 lopGE WARLIEN anlicGithREL| €S

by an end fF aBtErnabin B Fpecht [ fo MinBh sadiheabicere it e redions! be | n
an accept aovethpedgetarar10dn chuck 936 for a cleaning process, the chuck
gg; g; ngls iﬁ){aﬁ]y t %ng% ﬁ%n— il% ﬁ’l&lseira%ehptfgnlf siggz gnda Egnt\elﬁe];vg rresgg:%ve?}t gfueggmlglgrg n%;(zlles

head 1030 included with an edge clean assembly. As shown in Figs. 11A — 11C, nitrogen nozzle

1034 produces a nitrogen curtain 1102 of nitrogen gas near the edge of wafer 901. In an exemplary
edge cleaning process, wafer 901 may rotate at a rotation speed of approximately 50 ~ 500 rpm,
preferably at 200 rpm. Liquid nozzle 1036 supplies a stream of chemical to form a thin layer of
about 10 mm in width on the outer major surface of wafer 901 or edge areca 1004. The chemical
removes the metal layer or metal residue, but the chemical may accidentally spread toward the
center of wafer 901, which may have deleterious effects on the metal layer. A variety of chemicals
can be used to etch the metal residue in edge area 1004. For instance, H,SO, at 10% concentration
and H,O, at 20% concentration can be used to etch copper metal from edge area 1004. Also, for
increasing etch rates, the chemical solution can be heated to the range of 25°C to 80°C.

[0078]  To reduce the potential for the chemical spreading inward from the edge, nitrogen nozzle

1034 supplies or directs a stream of gas, e.g., nitrogen, to create nitrogen curtain 1102 at the inside
11



the major surfaces of the wafer. As chuck 936 and wafer 901 are rotating at
a rotation speed of about 30 rpm the DI water nozzles 922 and 926 can
supply stwean®smbé DI water to the top and backsi de surfaees/ush3/water 901.
The DI water can flow past the edge of wafer 901 toward the wall of the
cl eani ng chanber and drain through the drain plate 938 and into the exhaust

and dr ai n etigeos thegsdge ara'muoe I@M@vehh@ aDleaSﬁ@édeSe thé paRmACbrite HEMicHBER] S%A@lm the

chuck m)t?r ‘iﬁjg % g n% r ase t rotation speed to 2,

1,000 rpm HREOR CErD gL R sH2 e aa L S&‘S?Peflﬂélﬁld@a%l‘g%ﬁrreaw of

ni trogen qumd(j)ett he04 S DI vatk & (gﬁﬁe)anti/@r filte offale BklichPEdhs WaRr 901 ek &4 egaQeL tO
nd backsi de of wafer 901.

further Lg \ﬁddql ter fromthe tolgen%

After wafdl s Fetite S¥rley PRY DeRget H?W%GWGﬁdIQ@@%WVCWhl s
st opped, tihag be pelfemed BaubirgINeEMrhoLEQ 99t hrdmslt@&@annﬂgsﬂof, h&flbat;l%'ide%@' Qfafer

cl eani ng gs. 10A - 10B illustrate an exenplary wafer edge clean

assenbly whi ch may include DI water tube 1006, rod 1010, adapter rod

1008, br a([:O(Hf)] 108 Ren tB@éc@%le&ﬂig‘lpro@ksr is Fidiohed, hubit AGRF asidhlfly ofFtiak %ﬁ‘m& Crew
essed ir tube 1022, rod cla acid

1018, flo

t ube 1026%‘}‘?;‘?%& é’g% gec 6‘2%5@“ L3P cppshide l?aﬁlélfrﬁﬁnﬁ@red&@@@nm& trogen

nozzl e 10§émt1cmrtdakdsqpmiﬂnomozzl e 1036. The length of the edge clean assenbly

930 may beu Sgir u%gefd or e]\ wi th 200mm waf er, 300 nm wafer, or other size

by addi ng®P% e ri})—aﬁ%t Wtrate eprippnae wsTaf @nethss ehunRlgE Roxdrcheah 38+ Theaf er

901 and tla;emmletmmnnmoxm aeiﬁﬂﬂr@alﬁhtbﬁmg@ 118€ 11eng&pf hAhSnithodeR ndRdm
osi tioned above tfgu)e edge area 10 6

and the | i.d zzIe 036 n be
[0077] Fi 3@' ‘mﬂ PRY Pa’ftendgf‘ fm thg npazle 5 fap hopigental ypaaig34hempenedty el y

of exenpl anyrog@zaxhem 3hwmatmaeﬂf@ﬁmyd@evemstdae@ﬁa@ﬂgﬁ QL ERDZIBPERTRY - AS
shown in Fi Ozzﬁéft@ffce I‘O uces a nitrogen curtain

1102 of n FPE%?&@% 1‘835@%}%%%““6{ %’l’e""%ﬁg()équ h @@I"eeq the borizentakmpangltj4h enipe

cl eani ng Mﬁﬁﬂﬂ&urﬂd@f@preﬁ%lyﬁﬁﬁlerrﬁigabf—‘apﬁoxﬁneft&§f 8linatoSREEY 204 maRPr oxi mat el y
50 - 500 rn P}a&)l ref er qtqllg/}.[?t 200 rpm Liquid nozzle 1036 supplies a stream

of cheni cHBP° HPHyEn ™er of about 10 nmin width on the outer

maj or sur foasy OfFlgsaﬂGT—IQGJﬂhQEra@ @Goud R¥s dPABthe H8mPRBHSAL heall ROBY €F1ct N

nmetal |ayer %m,afflg# . but the hem cal nay accidentally spread

toward t h&? “}?L%{‘TE olf1 is igpilar (et El'ﬁ%/ IHBVéIEéF@PEtP@téwoeiqfe%E@non t he

net al Iayms4hA>s ex&hd@ltﬂbnoﬁoth‘,Ei&éﬁldfﬂieﬂowé‘r@ﬂrtlbﬁoﬂt%@ﬂoztzlé etch the netal residue
I nst anc at 10% concentration and H202 at

in edge a r (

20% conce[?ﬁgzd %hg (l,glﬂﬂb‘é Iresege geéf@ﬂa‘é’é‘ﬁ%er A2 1930. e pragmisen Hige AIH 50 4.
Al so, f or similaxao &ﬁSd)ﬂngseth llB(E efceptitha ithAERIAR{IdSRL A 1086, 68E TP el Sl t O
t he rangean% E # %‘? (jl @JITO reduce .the potential for the chem cal
spreadi ng" | HsRTg ?VSW{t B gaz eﬁlntaP’Bffé(Hleh‘BEreréi Peﬁe'mngqulﬁmg aBl yptegfinsect s a
st ream of fogesmampie. g., nitrogen, to create nitrogen curtain 1102 at the
i nsi de 0 CT/ US03/ 10725 edge of the_edge area 1004 to
prevent oﬂm% g ?Zﬁlgﬂ[?&eé ap ﬁ’éemg?(’ﬁ‘%ﬂ}“f’]émog‘f assably falhihetamayrhe deluspd indlt ng

wafer cleaning apparatus. In this example, chuck motor assembly 950 includes chuck 936, top
motor plate 1202, optical sensor 1204, shaft sleeve 1206, motor 1208, flag 1210, spacer 1212,
centrifugal block shaft 1214, centrifugal block 1216, and plug 1218.

[0084]  With reference again to Figs. 9A, 9B and 10A, to place a wafer 901 on chuck 936 an end
effector 903 takes wafer 901 from a process chamber or the pre-aligner (see Fig. 1) and moves it to
the cleaning chamber module through the cleaning chamber window 904 for cleaning. Fig. 13
illustrates an exemplary cleaning chamber window 904 that includes inner plate 1302, outer plate
1304, bracket 1306, flow controller 1308, cylinder 1310, cylinder cover 906, and limit sensor 1312.
The end effector 903 loads wafer 901 in chuck 936. The cylinder 1310 can raise the outer plate
1304 and close the cleaning chamber window 904 to begin a wafer cleaning process.

[0085]  As shown in Fig. 12, exemplary chuck 936 includes base 1220 and three positioners

1222. Chuck 936 may be modified for 200mm wafer, 300 mm wafer, or any other wafer size.
12



toward the center of wafer 901. After edge area 1004 is cleaned, liquid
nozzl e 1036 can supply |liquid jet 1104 of DI water to dilute and/or rinse
of f the cwermosi43é rom wafer 901 at the edge area 1004. Aadirtisonsai7ey, in
one exanple, after the edge cleaning process an additional DI water wash
may be perfornmed by using DI water nozzles 922 and 926 to clean the top and

backsi de (Whéﬁ&ﬁeeénd efiBckor 908 R4S wMbEID1 i ek 9ss, %ﬁ@mﬂgp&ﬁtﬂﬁ%sﬁ tﬁéchflél@s%hed
chuck m)t% rrbly 950 can stop rotating chuck 936 and waf er

edge cl ea PSPitieners d247- gV it fasex aqiomiigted b 86 entisalspnser 933 «’ﬂqt@h to

a rest poshdposifion bOVEE] 90l iiDhucid 938. -Td bedklthd ok ﬁlt\@af élﬁ&h?ﬂll:g/ bl Rhsoposy her
exenpl ary nozzle head 1030. The exanple in Fi are simlar to

that of FidiJectsaheam e ihe ton fage ofpppfer Phbasshowi gn‘léziﬂeed effeptnr 9phrositions

hor i zont alw:52901 d0&4 bpaxiraRded pdsitRmet thZ ARZEeh & will N6t AR leAQR btk (SRABctHO34h
may create a nitrogen curtain 3002 that nore effectively prevents

cheni cal s SFE8MI32dgé Chitck PP @ rofabessthe peflestivity max ghange ecsondingly. tfuehermpreesinegthenaf er

901. The disthadBwRatWRE001 Nl rBIRCliveoRbR) 9§2pc§‘1Qng139 %@Hlﬁé}gme W%‘?ﬁnc%(?l}th% urface
is preferably in the range of loroxwratel immto 3. and nore
W

pr ef er abl yef}fﬁ‘b‘f@ﬁ%‘é’t@éﬁ%ﬂ iq veyi 981 js Pliﬂcg‘taccﬁl‘ﬂﬁly Oﬂf@qkl PBagud the thregar | ous

views of aBalidRks 1@%239410@%0993;&&1@141%& ‘%&é@mTs%curaé@ﬁml&ode&'offrﬂék 936l by - 11G
is simlar to that_ of Fi 1E except that the horizontal span }_,L034h
i s ext enddlf thiee pesiinners é?g’eﬂwﬁﬂee%\étyuwﬁ basweeniapproxmatelye Ot avhilg 9882] Fi g.

11H i || ustch@ikeSronRg, méw@éﬁmab@wfemqé ot B@%nwgtgurafgﬂﬁthgmk&yhﬂeg 9. 11H
Is simlar to that of Flgfé%/ - 11C except that it “has two

nozzl es 108Eeemppraxgnatelyd Arigisplaged thar mfight mpye MPE@hﬂCIS&ﬁaV@n@hMZZI es
May provi 886 isTaeeed high sHeRQATRALE nilY Eéd@gwﬁfe@m"i@i)f%ﬁk fnbi0S 86 the élQJnm %aﬁ}}é

[0083] Fig. 12 illustrates an exenplary chuck notor assenpbly 9 at may
be incl ud&®Ils- t he wafer cleani ng apparatus. In this exanple, chuck not or

assenbly m6 ncApd@mpasiical 36hsor 938 i 1s s‘ﬁQ\tvf?fn ﬁ%%&%n&%@?mcfﬁﬁééﬁﬁ’xh bl
1204, shaft eeve 1206, notor 1208, spacer entri ugal

bl ock s hafﬁe-‘tmf?lfmg 188t oefectivpsensor BH0G, lm‘a?M%umecrglgﬂﬂ@ ang ygden Flanget1412.
ref er ence rg&k1Mbé féc%:gnﬂ?féd th%tbethe? ﬁnﬁaﬁﬂ 0%9@11 sdnSorPaF 6 lﬂ'sec?f'\@fd%{em%gél-;;gl%?t?I rchuck 936

an end effector t akes froma process chamber o

pre- al i gn@psifieing qfpgvaferyn r&ﬁﬂ"ffﬁﬁ\%@kl%G b other exagiplesrApiiepl svaends? map el e
through t heplfebERn Re-dphsdTBG Kb RdLNMeIRA sl e FHaSRir BEbh aFh Qroxﬁﬁ?ity skisbH! %&J tes
an exenpl ary cl eani ng chanber w ndow 904 that includes inner plate’13

out er pl aC®Teny sEnsor, a5pustg esnsoramnd therliksw control | er 1308, cylinder 1310,
cylinder geuser 9prevancvdrbnol fr%ﬁ%ﬁfﬂﬁm%%ﬂt%fchﬁEl@@S@B'}dth@fnfoﬁ&lt &Ifrelgc%lyl RS
wafer 901 in chuck 936. The cyI I nder can raise the outer plate 1304
and cl ose CEaugl dorpas dyringvaniBRs cleaning BURCeRSes sieh Begrangcyalsrad the Ihb?aﬁhlr?éj

process. pOGREbr 222 $AQWMRIIdD 2 Bbiirifudad bloSK EX18] ahy ckhbtitdal 36 1216 LatRSudase 1220

and three positioners
lower element (i.e., a weight) that is heavier than the top portion, which is approximate to the

centrifugal block shaft 1214. When chuck 936 is rotating at a rotation speed of about 1,000 rpm or
higher, the centrifugal force will cause the weights in centrifugal blocks 1216 to rotate outward.
Consequently, the upper portion of centrifugal block 1216 moves inward to hold and secure wafer
901 to chuck 936. The weight, length, and the like of positioner 1222 and centrifugal block 1216
may be varied to change the speed at which the positioner 1222 moves to secure the wafer. When
the chuck motor assembly 950 decelerates or stops, centrifugal block 1216 will return to its upright
position due to reduced or zero centrifugal force. In order to secure the wafer, the chuck rotation
speed is set in the range of approximately 200 ~ 3,000 rpm, preferably at 2,000 rpm.

[0088]  Figs. 16A-16C illustrate an exemplary backside wafer cleaning process and the wafer in
relation to positioners 1222 and wafer backside chemical 948. In an exemplary wafer backside
cleaning process, motor 1208 oscillates chuck 936 to face the nozzle for wafer backside chemical

948 such that the chemicals can be delivered to the backside of wafer 901 without splashing the
13



1222. Chuck 936 may be nodified for 200mm wafer, 300 mm wafer, or any other
waf er size. 12 WO 03/087436 PCT/US03/10725 Wen the end effector 903

| oads wafwp 090474860 chuck 936, wafer 901 is positioned in Pog/usShsok2936 by
the three positioners 1222. Wth reference again to Figs. 9A - 9C, optical

sensor 932 can detect the position of wafer 901 in chuck 936. To check the

error in watewafpgmbitiband nzgz @ﬁémleza,& th&JaHaEt ket podHidnecin? %8@%&3&&@438 top
OosI il ons

surface of, waf as sh I f end effector

waf er 901 CB?{mE*ﬁfé e{"g %“estal? § Waéef;?ﬂgu"f% ichiagy cpyss lefeptp i tb%%tmcwels pnchgvioey| | y

refl ect baalnet on tvafet 901t IThe ba&@ﬂéﬂfenﬂﬁ?%%ﬁay%lp@iﬁl&%@ bét%ﬁ‘l}}t% :pg&ﬂ%ers 1222
since the i stance

bot vieon v Lr gt B mebeh Al kY e el Bl as FHE ey SRS
vari antc el ibeydnt @nglés%fdgg gtﬂ byldcﬁ?ﬁmgxba@@du Slﬁﬁnéag)%ﬂadﬂ‘ éemtftz t2>y2 Melieg be{%QQ:cllé s placed
accurate y on a e ositioners or no n one
exanpl e, éﬁ/@?@?eﬁ@?ﬁ‘af‘ esda{@H‘ilﬁﬁ%‘ﬁf}sﬁgglntf'gﬁé@dﬁcchuck 936, by the
t hree pos|[ausoperlslemaﬁﬁcama@efeafb&@ﬁénmwws Wil rE&ﬁ%ehﬁERv’é/ﬁﬁ@f%Qﬂaf o4l JRtRl Yy 70 -
75 % while the .chuck is rotatlfgg ﬂHowe er, when wafer 901 is not

T

posi t i onedAURE Mt ean\pe i the rangg p Q) segonds, Pregespbly O wwesondsaJibe eleanieg el y 30 -

60% A ni @ﬂicas@esdhméwatew&mﬁcmv%lmﬂft&fbaémwe lor Fa@r 9ien chuck 936 is
i may cause wafer 901 to break inside of the

rotatin j peeds
cl eani ng ﬁ?gﬁtg} g %F%CVY?”G%%THO r exeBRInahagksifstyat cleguipg process JThes  shown

in Fig. 14roeed issaildr RSthbtdRscibbd itk féﬂerédé@t% Bg026A-16€ Lidepnf chicR93d #04,
reflective senso 14ogéﬁg0|de 1408, viton o-ring 1410, and hol der flange

1412. |tC%‘ﬁ'8&<P‘B{Y6%ta‘F backsids %lﬁakca@f‘ﬁérpwa# ?fétweéi tpr TonAbetyemsosionrsy be

used to derEra H@ffmﬁﬁh%re&&ﬁéttpb%daﬁ 1032, aslméﬁs Fi%e 1r6ﬁLﬁ9‘d ﬁ&zk%aa@}at%k 9|36
aced a non-opti ca

In other e t| sensor 932 may

sensor to® ﬁ?@g&ﬁ@ “E“ﬁp °S§UPﬁeé&(¥€“’6‘Tg the DiQFsst- /%SLF@HW&@ Elgsp%&plpﬁlﬁ? se¢hagl 936eddy
current seRsey couErksdkivise HEIRSIAE cheﬂf"éil d43editebts Bquid Q)Ocﬁe? JvafIxOurﬁ[ ﬁl\éﬁsrhtl Wik §is 901
fromsplnnl y the motion of relatively high

of . chuck 936
centri fug&mq%d’%ééq“&hﬁaﬁ?dn G‘éficfeéﬂéthép%%fﬁ%@f thy weferdanglaych” as a drying cycle

and t he | [dos1] Chﬂ%thep%h{ﬁl@f&ﬂﬂeaﬁa%%omﬁ of ke bé@ﬁd@oﬁ@ﬂérr%i #oRhtabl gk 1216.
The centrifu lggck 1216 c include a | ower el enent e., a weight)
opr 137 B%ﬁ"

that is h8 Aqterel 208 pillgsnerais g rotaEnakmevemery sritha tceent level pB

centrif ug&itatbhﬂakce&m;‘bh suloR Ikt wWéEQUlel(ai% RSO drd its &ﬁ%?ﬁdl P&kithh. bRl | On
speed of about 1 B m or er, the centrifugal force will calse the

wei ght's i AReEBgAlsde 05%}%3” I"?%Sb‘t"@is‘ii%‘ihﬁwwlo?ﬁ\%‘r gach theoppstéeniithel v, t he

upper por bao@mdmfveawmm fhagiak bbdnas konxa%mltmpasaﬁmémz b aabidagd secure
wafer 901 to chu h i k

g The wei g q%%g and the e of positioner

1222 and BEKFOF PjR%the satise S‘ﬁéﬁe b oaplsiy of Wa@h%%l?l AT 1yzde 822 villvhi ch

the PrgISi t b@p@rstraﬁr&%fmm&r toQrirse Y cRertibis M?B@Ealcks\ﬂkf‘dfbl l\(zvai]“_eg g%P hulclk ot or

assenbl y rates or_ staps, centrifuga oc Wi return to
E@gzlpo *’fﬂi’rc()’ﬁE

its uprig Qs tBropgitpnedmalsleaniag gycles ysrohpekdRp andweter 901 greor der t o
secure t hetang efra rofalién G abQit 30 kM) the DI water nozzles 922 and 926 can supply streams

of DI water to the top and backside of wafer 901 simultaneously. To remove the DI water from and
to dry wafer 901, the chuck rotation speed can be increased to 2,000 rpm, + 1,000 rpm. The
nitrogen nozzles 924 and 928 can then supply streams of nitrogen to the top and backside of wafer
901 to remove DI water film from the top and backside of wafer 901.
[0093] In light of the above description of exemplary apparatus and methods, exemplary
cleaning recipes or sequences may proceed as follows.
[0094] Initiate Cleaning:

a. Home chuck.

b.Open outer plate 1302.

c. Place wafer 901 on chuck 936.

d. Close outer plate 1302.
14



speed is set in the range of approximately 200 - 3,000 rpm preferably at
2,000 rpm [0088] Figs. 16A-16C illustrate an exenplary backsi de waf er
cl eani ng wowsmsa3@nd the wafer in relation to positioner ®CIARE3/aTes waf er
backsi de chem cal 948. In an exenplary wafer backside cleaning process,
nmot or 1208 oscillates chuck 936 to face the nozzle for wafer backside
chem cal [98] suttntisidaCldahiagchem cal s can be delivered to the backside of

waf er 901 wi t hout_ spl ashi t he 03/ 087436, PCT/ US03/ 10725 three wafer
posi tioners 1252.R‘l§ﬁt8§ﬁ‘ifglr326 PR GBWQG Oﬁﬁ?’ﬂefﬁﬁgﬁﬁ Iriem- 1222 may spl ash
onto and chenifcabéiweebrWatbi ok DDWSt@fﬁO&@l@(t@[B) 928 tEihe GOt sidMF RPN, cause
defects in the s ur es an devi ces on wafer. 901. The backsi de
chemi cal 948 n& t?Pg]S]:) %ti’rtffoélh WB%‘E%@FI“P&(?NE&?W‘P‘S??@? ghugl sosation speed i | | at ed
bet ween angl es 1j§oancioooﬁ)m'5h°@erba§m)0@i@nghem cals may cover an area of wafer
901 beyond angll%az1 0 and - by directing backside chem cal 948 off center

by movi ng backi Verdﬁté‘?ﬁe’énggllfg’gﬁ‘é’E%@ﬁmE)r?&lsé%dwﬁ dARsyiasoiafEdft-at ed in
Figs. 16A-16C. 1[0@819]11&3;15*@5&19@%@8&0@@{1@4%@@11 by chem cal 948 will reach the
backsi de E@ g{nggéP and the cleaning tine can be in the range of 5 -
100 secon V\ﬁ FSBPYn 10 seconds. The cleaning process is then
repeated for eachveneht bigedleafing &‘seenhﬂy:m felin 0 reyt?kﬁﬁo@@%dge{ QQRL phlitdsh

17A-17C il lustrate apother backsi de cl eaning process. The
process i s Si YB?W‘TrBIgtﬂF‘Feﬁl”H%s“g’BP‘%éi 0Mith reference to Figs. 16A-16C except
that chuck 936 kiRotat€ @ikt 91U Yothtithapsd oﬁrmb bﬁﬂ)"irﬁxhdﬁef%ﬁﬁma@ 840 rp8adliSerPul sed
or timed to be et ween positioners when directed at

posi ti oners 122§T°g§}$‘?nl‘3¥tr°g%“ﬁz gel %élﬂo‘i%’c‘?‘tr%‘i%bél?)@ckm de chenical 948

may oscillate y dulivegedobSledimtdsSicalFonSiqiindzRe K0S throbdBadddbliRe. as chuck
936 rotates coug{ggr cl OCéWI se backside chem cal 948 directs liquid to the

waf er until an§le&§r hgrstel ondhe edee gren HI04 lscﬁt‘fhed PV ptap flddivaring sdeeslpasinged t o
the backsi de othdnieaivaf er at angle a2. [0091] In another exanple, to clean

t he portion of hgi backsi d? of wafer 901 in contact with 2{)ositi oner 1222,
not or 1208 wi | Pk[?f Nervetes tiogy the ligytpozals $83pehtough Phwaertibes 4086-ent | evel of

rotational acceJAﬁfeabheﬁﬁcMmdF&ﬁEa 1B e rAELH Al | st SRV AGBtrédnPm 1 ts ori gi nal
posi tion. Thererpoeﬁ chenjcals delivered bgré’nozzl e for wafer backside

cheni cal 948 cBIPHXSraehRITyB pftfoger wrzle {834 throughaitieeep fubgdf2t 901 t hat had

been in cont actq smﬁdhu@@stahbroﬁﬂrmobzBé’gelz%ﬁxhgagsaﬁoly 98BbadcR Rithe rBOGABNT . Af ter
cl eani ng @g |re face of the backside of wafer 901, DI water nozzle
Bl peci

922 will e DI water to rinse the chemicals on the backsi de
of wafer 901. [0Q93Ye Ml@ssg@ﬂacﬁﬁab @@nmg@@shm nNand ﬂ)d@ﬁion‘i\lheﬁlﬂleﬂﬁktaﬁﬁé@ e. As

cpuck, 936 and Jelel, 8083 % LU AL S I leLion GRSTSloabolt 50, P
and backsi de ofs eg@dleMotd 1268 dﬂﬂs&@ﬁb@ﬂl@ﬁ |cHuck_§96 @ BRMEe hd¥RleRbr Wi @hcibiaem and
to dry wafer ggl%emlcal h['fle oscﬂ atclgﬁ !ar? Ii]e 8 lg ge lce?snthal?ne%l :QQSE’ e%?eergi tlg fi 2 Otge? rpm
1,000 rpm The g ozzle for wa

backside chemical 948 then delivers chemicals to the backside of wafer 901.

s. Repeat step r for the second and third sections of wafer 901. Alternatively, wafer 901

may be rotated continuously in one direction and backside chemical 948 is pulsed avoid

positioners 1222,

[0098]  Shift Turn Cleaning:

t. To shift wafer 901 from its position by using high acceleration speed during a swift turn.

u.Repeat step s.

v.Repeat steps s through u for the second one-third of wafer 901.

w. Repeat steps s through « for the last one-third of wafer 901.

x.Deliver DI water through DI water nozzle (backside) 922 to the backside of wafer 901

and to the front side of wafer 901 through DI water nozzle (top) 926, with wafer rotating at

a rotation speed of about 50 rpm.
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nitrogen nozzles 924 and 928 can then supply streanms of nitrogen to the top
and backside of wafer 901 to renove DI water filmfromthe top and

backsi de wb oda@sms6 901. [0093] In |ight of the above descr iPpmiusnd/of725

exenpl ary apparatus and net hods, exenplary cleaning recipes or sequences
may proceed as follows. [0094] Initiate Ceaning: a. Honme chuck. b. Open

outer plate 13 Pl f
1302. 14 WO os%g’ﬁiléybggﬁ‘fé%‘s? o (E%%gg?lﬁ S asfugtat“gcﬁg S8 PGl 1 .%ant ate
chuck 936 at sp8#ao win, beferably @F.008 mym.phesfdskeds nijrogen tghothdrpnt gide @g|b@c\kélde
water from DI &q; Ig;M)zzle (top) 926 to the front side of wafer 901. g.
Stop DI water from wat er nozzle (top) 926, then increase chuck rotation
speed to 1, 008 Siop2ielhing pirgammi efteeeitying sipp ok 93en Openiths ¢leasing shambsgen from
ni trogen nozzl @m(ig })48 ﬁ)vxleﬂn%gﬂﬁ( oﬁtg%lété)ﬁﬂi%lfh%?ﬁn&rf 1319 §hd Qﬁe]etor 903 witt OP
ni trogen strean1an stop chuck rotation Cleaning: J. Mve the
gdge cl eani ng tilssenbulngfe09ﬂlra®m0mSaIKb‘MfelﬁG@etstqlmgP@d @ghy®owvheani ng position
y poweri he rotation
apeod of MBS 18h e NRuEKL USRS b BBk b o RLET el k1S, 101
nitrogen mtendédgo beﬁmlttnlgr dheh ariveriog @herna!ilbenmtmz@ to EleaIDéﬁﬁeK/@rl ipeRgerdanceani ng
chem cal | t he
nmetal on %ﬁﬂn}gggﬁg%égaéﬁéﬁﬂégﬁga&ER%HQH P&h&m&%@%gé&%@ﬁf% lgg%% %Ieanlng
cheni cal sinclidesDellawing stéjis avtaorgh 4 asclescribed dbprsodnitivy the eleagesprotess ijlewed bywat er

wat or ot r gy WRlefeg (PG R S ERRR R o LuR BT IS R e

ngBr ggeE ‘sldt)mtliDlz@ateqand&m:C_ggemm:Sck rotation and nove edge cl eani ng assenbly
ac . k 936

t o backsi L@ ﬁeéﬁgﬁl&r &%%Habp@mpe lkaggez]f()ﬁ%hg%t%% on wﬁéurygs s Pés)%ﬁg}’\%%uc

bet ween t igtiatethe tleanﬁrrgprmﬁse followedeyi &ﬂ@SNheQ‘ngb qlforgdge cdmnxgh@ntlwgawla%mt

POST L1 0N} 304146 Blead e BEBHe witPLiRfnichE WRpSd Afdudn F @ oRAFhild B e HHHacIRAg A" OUIN

t he nozzl e or war
DI water and n1trogen gas; and steps ¢ through z to clean and dry the backside with DI water and

nitrogen gas. Additionally, during a backside cleaning process, DI water may be supplied to the top
of the wafer to protect the top surface from any of the chemical used during the backside etch.
Accordingly, it should be apparent to those skilled in the art that various processes are contemplated
for cleaning semiconductor wafers with the exemplary apparatus and methods.
[00101] Although the apparatus and methods for cleaning wafers have been described with
respect to certain embodiments, examples, and applications, it will be apparent to those skilled in
the art that various modifications and changes may be made without departing from the invention.
IV. Process Chamber
[00102] In another aspect of a semiconductor assembly, a processing chamber is included for
electropolishing and/or electroplating semiconductor wafers. The exemplary processing chamber is
interchangeable with electropolishing apparatus and electroplating apparatus.
[00103] In one exemplary process, a wafer is rotated while a stream of process fluid is directed to
a relatively small portion of a major surface of the wafer. A nozzle or the like directing the stream
of fluid is translated along a linear direction parallel to the major surface of the wafer, e.g., from the
inner to outer radius of the wafer. To increase the uniformity of plating or polishing a metal layer
on the wafer, the rotation of the wafer may be varied to create a constant linear velocity of the wafer
surface with respect to the incident stream of fluid. Additionally, various exemplary methods for
determining a thin film profile and electropolishing or electroplating process are described.
[00104] Fig. 18 includes an exploded view of an exemplary process chamber assembly according

to one embodiment. Exemplary process chamber assembly can include dynamic shroud 1802,
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chem cal 948. The oscillation angle should be less than 45 5. The nozzle

for wafer backside chem cal 948 then delivers chem cals to the backside of
waf er 90Iwov3/08apeat step r for the second and third sectipemassod/ioas er 901.
Alternatively, wafer 901 may be rotated continuously in one direction and
backsi de chem cal 948 is pul sed avoid positioners 1222. [0098] Shift Turn

d eani ng: %ﬁn{e coﬁg\la{jfsowasiﬁ 139)‘8%5&%% ﬁ1§urfﬁ9§ bﬁaﬁ(l@()@léglh@g&wd 0$18Mube 1812,

accel erat| speed durin turn. V. Repeat steps

s t hr oughchambeytray h&%b@@ﬁ&h@ﬁbﬁrﬂﬁlﬁ éeeéﬁhrw@é?r Q‘PGial sengpr 1&&%@5‘85 {2ps s
t hrough I)&E cthlga‘?g rQ§i2 ff&lb 'léﬁl Qézz}é’%ia?é’ 1896 Jend iSom%'téctb@ i 828] ndsaik Block hr ough

DI vvater nozz ack SI backside of wafer 901 and to the

front si dk830fsidgapflate 18§®,10h€11|11b‘1§ G@WOIYM lsﬁébthé}f meen shamber 133, Bytrehuck; 1338784 er

rotating Rhgtisey speed of about 50 rpm 15 WO 03/ 087436
PCT/ USOS/%%‘?% %op delivering streamof D water. Rotate chuck 936 at a

rotation OPHSH Fhe aiowplarylchanbers Bapbousederually welbfos plegirogplisping@nd/Phm ¢ hen
deliver néléc'irgglg{hrﬁt B*tQ%t&sgr{bg@éengﬂéﬂfwﬁgf!eg%%‘@lbéix%polﬁﬁm‘é@?o@ésse%o $Whe# usis OP

del i vering st trogen- an Open t he cl eani ng chanber
wi ndow 90de px;esdnomemmng faristsctonplasing,plozalebleckOB3 \inorrle pipte A 8RS mpnifqdd 1§24 @nd

ef fect or }rgokulou%ifhﬁ)r}m@' £ é)gja & o1 O bp i iin PAEEesS A HrHHEN, e hldeve

storing p ove sequence descri bes oné exenpl ary
reci pe f oreplagerithal congentriy cireld estrcmblﬁlng PR e AN E¥eIRary FoAcenthgCirckher e ar e

vari ous aéléc%ro?ﬁ&l%’r a?){)%%p R%SschibedCih ©24 PARAAN % 9435 i 52, @1991@5 faneoDYALD ot her

vari ous aspec esent | nvention. exa , a second exenpl ary
reci pe |AEPM&§USEDWE@F§IP@QSHIN%WQ\W WTﬁgcﬁgE‘Hﬁqm@Hszﬂ%ve toinitiate

the cl eanéﬁﬂ{(ﬁﬁﬁ?ﬁé?@ﬁlﬁ%ﬂ@ﬁ@dﬁ@a on RlPPS089, Ll @%giﬂatéht gre padgos Gheadd ng, and

finishing w eps e rough front side with DI

wat er andWHW@@@PA[WIMOREbEﬁﬁROBQbWHWE%L PETERPNYESTIONS
fol | ow ”QQOlmcg»{) ﬁﬁé@%ﬁ&afd@%ﬁ:ﬁ@@@o@%ﬁ Hiiidd £ bBGp&LERMN NY

process; y steps | through or “edge cl eaning: continuing with
steps r thauleiretips by edeverch derbiac iE‘Bllﬂl% emmmarzz ﬁ@h@@&lls}ll%taég@e@mﬁ%ﬂ%gh i to

clean and,di.d g de£c9§&d IS MRk oot DhihNLPCRIboNBEAgARERS; and steps

t hr ough 2P Téan an wat er and nitrogen gas.
Addi ti onaELBCTEIQP(i)H@f@\IGa%SS@i\@?éJ%A@WEEHQP(S@%ELWTW@PISW be suppli ed

to the tousggfu TWE%S@!R%%I&%H‘N%%@&% Lo, MfP@féﬁ‘tI\fJ 8y A, Sfittde

chem cal urin acksi de etch Accor it shoul d be apparent
to those BkATH‘KﬂMMM@UéﬁNE NETHOD, |f@ﬁd§nﬁﬂf6’é§’sl§eg99§!r?éld@ G thatept Arndigation

No. PCT/US99/15506, entitled METHODS AND APPARATUS FOR ELECTROPOLISHING
METAL INTERCONNECTIONS ON SEMICONDEUCTOR DEVICES, filed on August 7, 1999,
all of which are hereby incorporated by reference in their entirety.

[00106] Further, an exemplary end-point detector and methods are described in U.S. Patent No.
6,447,668 entitled METHODS AND APPARATUS FOR END-POINT DETECTION, filed on
September 10, 2002, and is hereby incorporated by reference in its entirety.

[00107] As shown in Fig. 19, the power drive system, which can be included in the process
chamber assembly, can include x-axis flag 1902, x-axis drive assembly 1904, coupling 1906, motor
1908, bracket for z-axis mount 1910, theta drive belt and pulley 1912, theta y-axis reflective sensor
1914, x-axis sensor 1916, theta mount 1918, z-axis universal ball joints 1920, z-drive table
assembly 1922, bracket for z-motion mount 1924, theta motor 1926, theta drive pulley 1928, chuck
assembly 1930, lid back cover assembly 1932, x-axis linear bearing 1934, y-axis adjustment thumb
screw 1936, z-axis plate 1938, top lid 1940, z-axis linear bearings 1942, shafts 1944, x-axis magnet
1946, magnetic disconnect plate 1948, y-axis stage 1950, magnets 1952, and bracket for magnet
mount 1954.
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for cleaning sem conductor wafers with the exenplary apparatus and nethods.
[ 00101] Al though the apparatus and nethods for cleaning wafers have been

descri bedwwiosls74se€spect to certain enbodi nents, exanpl es, pama@sappi7exati ons,
it wll be apparent to those skilled in the art that various nodifications
and changes nmay be nmade wi thout departing fromthe invention. 1|V. Process

Chanber ;0821 ah B ARGl ERREIY RlucrBEITLEORAYS! Riie Ko MRz B1PT OCESSI Ng

chanber i's inclu ectropolishing a el ectroplating
seni conduwotityd METEPD AN & PRABATIUSRORHOEDENG gV AaRg PN i nt er changeabl e

Wi th el ecliPONITIETIOR IRMRKABEES BURRAaOR AoNgHARp ANOR. [ 00103] 1 n
ary process, a waler

one exenp I's rotate Ile a streamof process fluid
i s di r ectRIEGTROPLATENGIOR/BHE VEORIKPIEGEB1 filethoro$eptembay brl 92U Lk fateSetiidNanaf er .

ﬁ%@ﬁ@ SPBAR SR ;@k HoubRld AnbEssTRNatcal ong a
o the f the waf

A nozzl e fr | i }
| i near di@égé)@ilgg?i e%ég?eglﬁvllée maj or surface o er, e.g., fromthe

i nner t o SEMIGONDAIC TER SYORKBIERES FURING ElRG BHROLIBEING ANY ARt y of pl ati ng
or poli S%L’]%ﬁgdﬁfﬁﬂmbﬁﬁlfm W%ﬁﬁﬁm@%‘r;%ed LSafcRE33d0? n@ U & BateideRik NRY be
varied to Create a constant |1 near velocity of the water surface with
respect ta9/856855,rotittd MEBIORSANGT APPARTUS BQBiHOIGHAIG ANDEQASTHONINGe npl ar y

nmet hods f el F@C% fd i @ngk n&RPbRrshi ng or

el ectropl a@r@ﬁ%@%@%%@esc?i%@g. i%%’% i glgh%gél ncl gges_ an expl oded
vi ew of BLECEROMIATINGrRICEHE WORKPECES shledrt Y and b GO0, al threepfghécharmodi ment .
Exenpl ary. process. cha [, . ncl ude dynam c shroud 1802, 16 WO
03/ 087436“%&?%@@%%;‘% re“%:‘é’%%%e%:{ceg%%b'er 1804, shaft 1806, bracket for
mount i ng [OOE] ASERwnSpFies My theerptoce® thamben 822181 include i dyrsanic shyaug 1802that
bottom chanber 1 j f ol lekBdl
process Et ﬁaglglﬁtgsf WE% %fc k %E%?l%lg:i%)j{)%gg%?Igl?\sglg%rcg%ﬁoz(?g&l%é%%‘,%é%%%&woﬁt de?ogct or
1828, nozthliéwithiodhe chi:830 aregi de opticat sensb8ble aah heriystelled thepogh the®ad-thiseligh noon
chanber ate.c J i VAR he
exenpl ar 3]/-&? go%%gf) ncr?gslég%é%‘gdg%g p@gﬁﬁtﬁ%p\?\gg f Sﬁdéﬁé?g%%%%g%ﬁc%g %ﬁ%lsatgd/ or

el ect r opl detdchigaksbuthe hotpnddsmbel8dé grthechamber tyiy 1814- edylditipnelplugs d830mapydiei shi ng
rocesses, e Sl resent invention for electroplating, nozzle

p ed Tog furftigt t%%i— h};le% P P g

bl ock 1838 16271'e P atte 193926, mani fold 1824 and dynam c shroud 1802 may
al so be u@etilo] n Theexemplbty appohius b1 Figs. 8 arsickdgnclyies magnstsi 1982 {p coppeiiio fpyx- be
replaced wi.th.a con ¢ Clgue!l & & ' r g% eI Al Y
concentri %Xlsccli}lrvg eagnegﬁ’ghlﬁtrp gapt) iagt“?'nghea%lgggraggﬁﬁs@% isg}’gggrg@?%ezéd&%ﬁh#é Pat e}ﬁt No.
6, 395, 152glidénytantshefts IMEAHODEH HRBD-axBPRERATBS FOR- BV RO TRCPERPBH RS METARO

| NTERCONNECT O ifol d Us.
Pat ent Not B0 5o BN P et hapeee arp s ek et
METAL | NTEROONNEGTIONSro@iss SEvb@aBUSTORIBRVIPeE Sl foffean ifarnperiendn (hea;

2000, bot &i&ériv‘é@és@ﬁb@ﬁ%i QGRERRRY Lol fbve forward along the x-direction. The same or

new process drive assembly may dock with the process chamber assembly in the same fashion.

One example includes a safety measure such that if there is an object between the process drive
system and the chamber, or something preventing the x-axis drive assembly 1904 from moving
forward or backward, the magnets 1952 or 1946 will disengage from the x-axis disconnect plate
1948. The x-axis drive 1904 and motor 1908 will not be able to move the chuck assembly and top
lid further; at which point, the x-axis sensor 1916 will recognize the disengagement of x-axis from
the rest of the process drive system and motor 1908 will power down.

[00111] During the installation or periodic maintenance of the exemplary apparatus, y-axis
adjustment thumb-screw 1936 can adjust the position of chuck assembly 1930 over the dynamic
shroud 1802 and nozzle plate 1826 along the y-direction.

[00112] With reference to both Figs. 18 and 19, when the exemplary process chamber is used in a
process application, the process drive system will be docked in the process chamber assembly by

connecting magnets 1952 on the process drive system to magnetic coupler 1804 on the process
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their entireties by reference herein. Further, exenplary electropolishing
and el ectroplating processes are described in PCT Patent Application No.
PCT/ US02/\86538/88748h1t i t | ed ELECTROPCLI SHI NG ASSEMBLY AND MECTH@BSH3/HOBS
ELECTROPCOLI SHI NG CONDUCTI VE LAYERS, filed on Novenber 13, 2002, U.S.

Pat ent No. 6,391,166, entitled PLATI NG APPARATUS AND METHOD, fil ed on ' od
January  15pa@9dsedfly. RELIGREARErARRY £a58L b chubO1838 GhHR Plddet! e
VETHODS AND APPAI%ZTU% FOR ELEﬁCTReCPC]_I S R TaN | NTERG R eer B

SEM CONDEUZTERe BERneaig in the Fisgnbeivindejud#347 A rpbaidsee Fig. 1) why wristehwafeeld9dr eby

i ncor por atfRgh PyrchRERE BBSPig! 1) thib hfthee&fain[)é‘rw deQPs%QG]w FHTBOEE 10afdM i K21y
end- poi nt detag%:(r'?gréjgngS neg 2 ds §%e describ ln In US. aPa t ent SK% 2%35%!668
entitled m@z@%@@rmﬁm@ghmmm@@mwr@ml ON, filed on Sept enmber
10, 2002, 16n43) Wﬁﬁﬁ%ué%%@ﬁ%@@o&%hg Egﬁéﬁﬁ%ﬁbﬂtlér}tg a%B&lﬂl({ [00107]
As shown in Fig. 19, the power ‘drive system I ch can I nc ed in the
process clesienslishingsenelscioplatiag, thm@pfad@ zxdriyg tablef dsspnblyol922 tuxnsdssiingengalishaft
assenbl y ]a%QélblyQQH)QJ& i z]aglg @latenﬂt”@ ?romjt%p ofthe ! Iﬁ)%% Pﬁéﬁf béati 1§4i@1ﬂp?§%§3‘0’

theta drive belt pu 2, theta y-axis reflective sensor
X-axi s seﬁﬁ‘@ﬁeeriglﬂ61< asrsmhlal uind thzgqmof npzzipdhleck §3 G isris thie rangt bf jppioninmtel 9.6,

z-drive tabj @mﬂisﬁrﬂ?éﬁéral]fl?%%mm bﬁ\ﬁﬁrﬁ@t efyoff tl?eng%ﬁl%g :gg&gﬁgtcga]r@gef}{(s ubdigh@ motor

1926, theta drive pul 1928 asse cover
assenbl y f@S@Opl%tmaﬂhﬁsmPﬁoh@dreré tablerpgsemdbA1 92y Cfabdpweratblq ustinglate 1938ufindm thecr ew

1936, z- a’%}ﬁof@llleazt-ﬁlsll%ﬁﬁ beLx‘ﬂ%allQ& L&lﬁﬂfﬁ g% @¥%hein lu’afé?i"éﬂl 18}@1&&%?%&1%@21’9%& hafts

1944, x-axi's magnet gnetic onnect plate - axi age
1950, magied the fgpf cor&ﬁ@rlbma&«@para@s isrvn e eange pbapproxingely 0.5 7o mlmsmsmse

0s “32?2#%%”5%0@“’%%%@ oty BT FRRT I bR T e

AND PCSI Tllmm@allch@mm@aqu§®E®rMN@ BOEGT REM@IaSHtNG AND/ OR

Ser al No 108 el oAgh VAT Y0 Eichne bl B AR AR e i el

POSI T ONI RepPesEARC AU fom IMADRIRI EEES LDbRA T i SETREReS it AN ORent

Serial No--=DerERega MR ot 8 Tk P RE ket e B R ot "

POSI TI ONI RigeesSEntidBDbICPOR timpEEmss DURMRGIEIOHETREPGINGHNGANDEOR
EL EC—rRODLﬁa-ﬂeh@nggn EB@EaW bﬁg;t?bn stlere%fﬂéh xlggdlre%l:!ants %9%‘% nncfud% 8% ?B@Fer%fg whi ch

ar e I ncor por ated in‘their entireties rence shown
in Fig. 18unsferdargs smesals,dheanpellargex sual rnwlewe thickiyss afithe cepedlakrsit®802 t hat

remain on the wafers. Typically, a wafer measurement metrology tool measures the thickness

fe.

profile of the copper plating on a sampling of wafers. The measurements will help generate a
current ratio table that can include the current ratio to be used in the polishing process at a given
set-point on the wafers. The data and the resulting ratio table create a metal film thickness profile,
which can be further modified by user-defined requirements to formulate the profiled thickness of
the wafers, and the recipe for electrical current density and flow rate during a polishing process.
[00115] The electrical current density applied to wafer 1801 may vary depending on the type of
removals. For example, to remove a thick metal film on wafer 1801, a higher current will generally
be used. To remove a thin metal film a smaller current will generally be used to enable a more
controlled and precise removal process.

[00116] An exemplary process, or recipe, for electropolishing a wafer including a relatively thick
layer of metal will now be described. The exemplary recipe generally entails four or more steps of
processing. First, a removal of a large portion of the thick layer of the metal, e.g., copper, is
performed. Second, the end point detector 1828 measures the reflectivity of the remaining copper
layer to determine set-points for further polishing at a given location on wafer 1801. This process

recalculates the film thickness profile based on the reflectivity readings. Third, the process removes
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translates with chuck assenbly 1930 and a spl ashguard 1810 to contain
process liquid or electrolyte fluid within the chanber area. An optical
sensor cawbe3osm3be installed through the feed-through 18C8/1iSes/1@ms opti cal
sensor and end point detector 1828, or other conponents such as sensors to
detect | eaks in the bottom chanber 1816 or the chanber tray 1814.

Addi ti onaleltvdgshih &%@rs r@-iﬁe Q@ppeﬂﬁ%@cofr&'hcef VUftﬁ ﬁi@ hevt R8AL filH tﬂiéﬁﬁ'b?s bl 1%9t]rthTh e
exenpl ary apparat us i ncl udes nagnets 5o connect to
the x- axiths e poigt 4?&‘@%1134%6%?“61 the @ﬂq_@wey offthecopn 3wees§g é?fﬁlﬂynel@%fetbﬁol nove

al ong thepys &bl{i/\ﬁ&fshmo e degfeu %aaemn%@ﬁrme 198 nbb L ueh ol ;k}scegseéfﬁhﬁ bd | near
bearing 1934 en th enpl ary apparatus is not in operation, €.9., to

change pr 6ds¥eq vyl a’ﬁﬁéi%ﬁld%lf’%‘ﬁh@lﬁ? he gesvi Hidness eed/onmsefilpr ocess drive system
can undockog1igMmit §Luidte 9&8&@'&61{6%%%&%%& ¥nd M?Ht QEteJt&Ql%Z%étérm‘i&g HafroB N

internal screwin the x- axis drive assenbly countercl ockw se to nove
forward al¥Rgcenper platigas ramayed frora waferd8Ws e.2; nmﬂlwmb@@oml prpeesadkaaiteient may

dock Wi t hitvaRrich @@@ﬁaum@r@eﬁsp%%@me@é wihBrefd\@riSia AR ad aﬁm oA %erée

i ncludes a safety neasure such if there is an object between t
process df§-blated &ith cenpen nihetelstrorating erocess cansigpladeri meghgstaf yevisrsing gher vofage-farxi s

drive ass %{mioyzlé-%(%ﬂe ﬁd’z@l@bﬂ;@l\/lm withQf R4 QLctBREMART Sien LG IMINEKRS, 18R OF

1946 wi |l di sengage fromthe x-axis disconnect plate 1948. "The X- axi s
drive 19048r tadk lb@xem@sv ¢pdtoplang apparatys @%r@ethﬁﬁv@dqsw@eémjéﬁ RaseeNbl y and

top lid fuoj ﬁ‘@dmteébre%hé]?a&ﬂh&'ﬁrpor&t&?he%elﬁx' s sensor 1916 will recogni ze the
di sengagenent’ of x-axis from the rest of the process drive system and

nmot or 1908004181 Exsmelerydyesess Reerr11] During the installation or periodic

mai nt enanggpaf &aeﬂas%mvaliaye@ep&w&%wyerayoﬁthea%d«eatﬁmotakéalemksCr ew 1936
can adj ust Phe position of Chuck assenbly 30 over the ;nanlc shr oud

1802 and nozzl @sspiblyd 93BG capsianglindgaevejacity P%@F Flsiek agserotily 2930anevss plefigthence to
both Figs. 18 apghibR, THYRRD BEncSAE BiBLieTsh0 A9 URSS Pfob%ghga koswd}férelgﬂ B2

process application, the process drive systemw I'n the process
chanber assean?“BWiﬂ%ﬁﬁﬁé@@PﬁﬁﬁWﬁgﬁ@ﬂ9f@9@2K@ﬁ1PHbmpb®€E§bh@HPﬁ@H@ygﬂen1to

magneti ¢ coupl @enskPOdk tﬁ@llﬁéﬁﬁrﬁ@pﬁﬁﬁe g&ﬁro%@@!‘[u@l@%%%@%y gyOUEfﬂg’él%cQg&@

chanber assenbly. nd om/ci i nder 1840 rai ses gate 1838 om hal f
noon chanber 18%went fago ¢hapig @naapnhsémw‘?éerulﬁmema@haqb@pdmﬁhdmﬁran@lau A robot

(see Fig. 1) maycinbRnedeae adﬁ@lgé?fdeﬁ&ajrequflr@ﬂgﬁt@ "ﬂ{e%xéﬁ 1&9%01;%%5?00% ou;%

t hrough the chanber w ndow 1834. fer 01l is loaded into chuc
1930 for an el &¥farelginespmet dﬁﬁﬁbbetweic%d@swémmgelpcrlwé@sch qa@@ms?nthe m)ve

chuck assenbly j;4&3Qadl Qmoiahf?% étﬁ@lgas%mth?mop 98 feb PO cén%e%lﬁféﬂet’:dl&paté n‘bnlg

el ectropol i shing or electroplating he notor in z-drive table asse
1922 turns i tsﬂleﬁ{eéfrcﬁlﬁnté*}’ﬁlﬁfaﬁd II%FS"‘SWW Procespdiive sysiem moxssithe @P%@S@%B from

the top of the 193(ﬂasblstolth@§a{ pd3fRh | hiog %thé%%ew&w | the gap between chuck

assenbly 1930 and the top of nozzle block 1830 is in the range of

appr oxi mats@Pﬁ gnd point detector 1828 measures the reflectivity of copper plated surface of wafer 1801, as
theta motor 1926 rotates chuck assembly 1930 again in a constant linear velocity as the
chuck assembly moves back and forth along the x-direction. The present example records
the reflectivity of wafer 1801 and the corresponding linear distance of the chuck assembly,
at a user defined intervals. The present example extrapolates the new data into part of the
metal film thickness profile.

Step 3. Repeat Step 1 except the current flow will be adjusted based upon the reflectivity of end
point detector 1828 to wafer 1801 at a given wafer location of linear distance. A smaller
nozzle in nozzle block 1830 can be used to achieve a more controlled polishing of the
copper plated surface. '

Step 4. Repeat Step 2. If the new reflectivity measurements from the end point detector 1828 are

larger than a pre-set value, repeat Step 3.
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to 10 nm and preferably 5 mm Alternatively, if the exenplary process
chanber is used for electroplating, the notor in z-drive table assenbly
1922 can wowansube z-axis plate 1938 fromthe top of thePeTaNOIF1ATRTear
bearings 1942 until the gap between wafer 1801 on chuck assenbly 1930 and
the top of concentric circle apparatus is in the range of approximately 0.5
to 20 mm {@1@9] Qﬁlﬁfng'éﬁ@lllﬁfarg SiBhin® bt dREssés, EHuER hssmdiR 19306 be rStatBd ﬁlttg on
waf er 1801, z-axis plate 1 38 may nove up Increnentally 1n accordance with
a process liegiiggshepmodete waf er 1801 for additional plating. [00114] To

pol i sh wafig12§1803, cdnbiEnGHENRLBEY RELCess chamber renpves copper fromthe

pl ated copper wafer 1801 uniformy and increnentally by applying

el ectrical currgntCat a different current density for different |ocations
on the wafer 180I5,%he recipe for electrical current and flow of prédkess
liquid will be based on the profile of said wafer and other user-defined
requi rements  JEsenBiinthe bprizontal ¢istance befivaen gk prdwafersentels er - def i ned

requi rements mght, doRGlddgqt he nunber of runs for |arge renovals, the use
of larger or snaller nozzles, or thickness of the copper layers to remain
on the wafers. STythemtdiyn sgedvaf er measurement netrol ogy tool neasures the

t hi ckness file of the co r. pl.ati.ng on a sanpling of wafers. The
measur enme MGEE% P pﬁétllcﬁ} Yotk g’tggg‘é{gs ‘Eﬁ‘?lﬁgﬁtﬁt“?”ﬁ]t 3PeFds ﬁ’ﬁ‘leg’r?’ Raatienyed) Favdicude t he
current rakpressédnsbgllonsed in the polishing process at a given set-point on
the wafers. The data and the resulting ratio table create a netal film
t hi ckness profige Wwhi ch can be further nodified by user-defined
requi [ [ 0(2)[
quirements to forRltate the profiled thickness of the wafers, and™ he
recipe for electrical current density and flow rate during a polishing
process. [ 00115¥VheThe: isheonstantset accondmge thd parsieutly appapdtiseaid applisatforr 1801 may
vary depersh . Of als. For exanple, to renove a thick
metal fil ngﬂﬁﬁeéﬁ%g%%&%é&ﬁ %eﬁglﬁgag'urrent will generally be used. To
remove a thin getd, filma smaller current will generally be used tqzgnable
a nore controlled and precise renoval process. [00116] An exenpl ary
process, or reciVpkere €ois agbustant ssployt prodeisigeipe.waf er i ncluding a rel atively
thick la (ﬁﬁzgf R Ak ML ROW 6. fEgCr i bed. The exenplary reci pe general |y
entails four or re steps o processing. First, a renoval of a l|large
portion of thethick |layer of the netal, e.g., copper, is perforned.
Second, the endzpoi = GrfidBgabforeg28 neasures the reflectivity of thdd)
remai ni ng copper layer to determ ne set-points for further polishing at a
gi ven | ocati on OMhengfVess the8dar vadlocity, Rrivihe berizontebdidtaet bdt@sentroezld andriwafdti ckness

profile b er Vi readings., Third, the process renoves 19
WO 03/ 0873%%eqﬁ%ﬁi)§f)%€§f) ﬁ%gfgge a?cé)fd\zg?% t\%e ef altglﬁ}ﬂﬁr P gsﬁlfaet}l%an £2P théltl%bpper in
accor dancgowed]h Bqhigion @4y AR bdewtittbd Byt Ringlness. sppof i  e. Fourth, the end
poi nt detector 1828 neasures the reflectivity of the copper |ayers to

deternine if wafer,/ €801 has been polished to the desired thickness and/or
profile. The tMT fourth processes may be repeated until wafer5)1801
is polished to th & ired thickness and/or profile.

Again, R=0 gives infinite rotational speed, 9,in practical, formula (5) can be written as:

,__ G
9=— N4
2n\[R+C, ©

Where Cs is a constant set according to the particular apparatus and application.

[00125] Horizontal direction or x-direction movement of chuck can be written as:
Ce

R= |
2nR @

Where R is the speed of chuck assembly 1930 in x-direction and R=0 gives infinite R , in

practical, formula (7) can be written as:
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[00117] It should be recognized, however, that if the end point detector
1828 determ nes that too much copper plating was renoved from wafer 1801,
e.g., in wbe3josi4sé al renoval process, the present i nventipca/usay1i7exl ude a
el ectropl ati ng process wherein certain areas on the surface of the wafer
are re-plated with copper. The el ectroplating process can include a nethod
of reversing the voltage for the nozzle in the nozzle block 1830 with a
sui tabl e eIectUbkypefgluLd such as CuSO4 + H(err)SO4 +H(err)O or th@)like.
An exenpl ary el ect¥dfa€ihg apparatus and method is described in U.S.

e oo o e 0B ot LAy G P IRS 8L g . LS,

| Tnear verttardly Ausihictien 8L BLEhERprore6rivE DRERaD Yhih dire ek remuB 1.

The nozzl enoves at@gzhex-ireibn, t8BEUIdByrecighized thay SRS S plobesiihd nbxleRie 1826601 at
el ati on PncHe S bRt Pt eRag b S EEEPGARE B at  ng
chuck ass eidpapticli9S4pplidien.el ectrical current ratio that is being applied to
Lot U S5 Bl o T B Bl o

ext r apol atchaniteiassehibleNThetRamplhly ndLASEISA inchides enhircOifél entedyQmit2y8@ihat each

data point on the inear travel of rotatin k assenbly 1930.. The
reci pe cat‘flaﬁge WFP?@IE‘?‘ “}eglﬁa&fcé chuplgd Wstﬁ%ﬁozz?%gg‘{lgﬁ)eé ‘é‘?ﬁ‘en{%{‘ﬂgéﬂ ugih 4080 near
vel oci ty. nfdyeaiesce tHE hai@tiGysleROMIrSPNK E5idi2081 SRbCKetAIFHAZD0Y surth&30 phatds at 0 t he
start pos 2. End point detector 1828

itiLon along the x-direction. Ste
measur es t mﬁ@1#@%%?WﬁvaﬁPﬁ%ﬁﬂ%€$mﬁﬁﬁg@ irface of wafer 1801, as theta
not or 192600128]at Rsone bitalplas ﬁ@lgbhﬁszﬂ.&g e?eag,aénnaﬂcanan Gn(ri]blﬂ@l Lalgttzobti ﬁi@l@ﬂes\é_ﬁl_ |l ocity
as the chuck assenbl noves ,back _an of t, ong.the x-directio e
o coont oMl SRgrtene MRy ol G 2N be Py e g st 32000
cor r espondbad 2050 Bl febqaémn 6|Earﬂfltr£sblﬁc ﬁrfimﬂtkceﬁﬁlﬁ}elﬁﬁlhﬂle Jali'gb ol 135es toded 'l\/?gﬁj )
interval s.. The .present. . e e extrapol at es ne ata into part. qof the
metal fil Fﬁztt‘h?&i&%ﬁé@%ﬁ‘ﬂ?-oﬁﬁﬁg&mﬁa&iﬁ“ T e a‘ffﬁe‘a%‘fegf @H%Ye%?‘b“e?ﬁm‘fsrﬁé‘gl&ﬁt}aeh@ f1ow
will be adjaust ddTIOS ehduipmate] b1 ZiRbla®s hidvhé NkeOThestaver PRINMMtrAQTi€Eineducd:828 t o
waf er 1801 at a given Qﬁéoggﬁatjon of linear distance. A smaller nozzle

in nozzl e "BY 8ER 1B8H% §"to achi eve a nore controlled polishing of
the coppgooipdatie dnche bamele, Hie@perdy erffemembntShapy dnit 1080 A ifdeide & @kére®bi Vi ty

roour UL SR IE SRS AL delcel oL 1028, e, SLgCT LASh & oo
exenpl ary efeetdpslishiig ppécesse The hser Gluyt Ok, 635,301 ytatd H3@ stdyas bebyabaNagldss t he
laser, or Nd:YAG (yttrium aluminum garnet, Y3Al;01,) laser, gas laser such as He-Ne laser, CO2
laser, HF laser, or the like. The average power of the laser may be in the range of 1 watt to 100
watt/cm” for continuous mode. In another example, the laser can be operated in pulse mode. The
pulse mode laser power can be much higher than the average mode power as will be recognized by
those skilled in the art.
[00130] The laser may also detect film thickness of the metal film on wafer 1004. In this
example, a laser directed to the metal film stimulates ultrasonic waves on metal film. The metal
film 2004 thickness may be measured through the detected ultrasonic wave during an
electropolishing process. The thickness of metal film 2004 may be used to control the polishing
rate by changing the current, the nozzle speed in the radius direction, and the like.
[00131] In another example, the energy enhancement energy unit 2080 may include an infrared
light source to anneal the metal film 2004 during a polishing process. The infrared light source can
provide additional options to control surface temperature of the metal film during polishing. The

power of the infrared source may be in the range of 1w to 100 w/cm®. An infrared source may also
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follow ng three nodes: [00120] 1) Constant linear velocity node: C, 27rR
(1) Wiere, Ris the horizontal distance between nozzle and wafer center,
Cl is a cwoysas36 and 6 is the rotation speed. [00121] | nPprASDI/CERS

control, R=0 gives infinite rotational speed; therefore, equation (1) can
be expressed as follows: O (2) 2't (R+ C2) Were C2 is a constant set

accordi ngpk esem@arﬁealttne%@tﬁrﬁ1ﬁmeﬁﬁgaé PpolisiBREpBRRY. TR klafbize 2h@Qhkrle #d vérpnst ant

rotation speed node: =C3 (3) Wiere C3 is a constant set by process tecipe.
[00123] 3)messtsatfgndetemining the eppperfipfercennsgiglectro-perption perfounagesand FessHEEY- f or ce

(4) \\er @eca¥sd the teh@eﬂatua@@a faeedr qpaettefmm%gl the L@ sheLhZ@nt@te diRtang @ay@ﬁsﬂveen
nozzl e and wafer center constant set according to th

parti cul arnfEgsseaseuen i lb%bi?Fl T%‘éqtqcbﬁSur?@@i@ﬂiratﬁ‘fd’ﬁhe@iiﬁﬁ{li‘}m ‘éﬁﬂ%’d’oiléwg tten
by using VYrgesdf CR C4 = 27c (5) Agal n, R=0 gives infini te rot ati onal

Speed, - i n_practical, forrrulag can be witten as: 7&%’ 2rr
+ C5 \Wer é00é§21| Anpinfraned poaser nagyalsg e Bredithgptermineties tsrapqrmwomeab@m ds and

appl i cat i abnitoi}AkeRIn H@fuke% qm\ﬁé ad s&%ﬁ%s'o@ﬂxe%mﬁéra‘éﬂré @&iﬂg‘lrboﬁﬁx‘{rfgrﬂ?&resmxthc huck
&% R

can be witten as: Wiere h is the speed of chuck assenbly
1930 in x~vavmgdrirasul sarge P@Wrgqhmsn& the uaretedersity, gnd thejikget i cal , formula (7)

can be W i@d18%) a8 ancler example, the energy enhancement energy unit 2080 may include a magnetic
field to focus the polishing current on the metal film 2004 during a polishing process. Focusing the
polishing current allows for increased control of the polishing rate profile of the nozzle, which is
increasingly important for relatively large diameter nozzles. The magnetic field may be generated
in the direction of electrolyte flow, i.e., vertical direction to the metal film surface. A magnet and
electric magnet, superconductor coil driving magnet or the like may be used to create and focus the
magnetic field.
[00134] It should be recognized that other energy sources such as ultraviolet, X-ray, microwave
sources, and the like may also be used to enhance the performance of an electropolishing process as
generally described above.
[00135] Although the exemplary chamber modules and processes have been described with
respect to certain embodiments, examples, and applications, it will be apparent to those skilled in
the art that various modifications and changes may be made without departing from the invention.

V.  Electroplating Apparatus and Process

[00136] In another aspect of a semiconductor assembly, an electroplating apparatus and method is
included for electroplating semiconductor wafers. In a plating apparatus and process it is generally
desired for process fluid to be distributed evenly over the surface of the wafer to plate a metal film
of uniform thickness. In one exemplary process a shower head for plating apparatus is described
that includes a filter block that impedes an immediate stream of electrolyte fluid and distributes the
process fluid more uniformly through a channel of the shower head prior to emerging from the
shower head. Distributing the fluid through the channel more uniformly leads to equal or nearly
equal flow rates of electrolyte fluid from each orifice of the shower head assembly to increase the
uniformity of the plating process.
[00137] Fig. 21 illustrates an exploded view of an exemplary electroplating apparatus for plating
semiconductor wafers 2102. The electroplating apparatus can include half-moon chamber 2104,
stationary shroud 2106, plating shower head assembly 2108, exhaust 2110, liquid inlets 2112,
electrolyte fit through 2114, liquid fit through 2116, chamber tray 2118, bottom chamber window

2120, bottom chamber 2122, process chamber 2124, chamber window 2126, top lid assembly 2130,
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WO 03/087436 PCT/US03/10725 _ C6 R 27t (R+tC7) (8) \Where C7 is a constant
set according to the particul ar apparatus and application. [00126] Although
Fi gs. 18 wod3a974shiow a process drive systemin which the eomaksoasyesbly
1930 noves along the x-direction, it should be recognized that during a
process the nozzle plate 1826 or both the chuck assenbly 1930 and nozzl e

pl ate 182%&&1 le@’ﬂl\éﬁl Q'l?i‘%lehlf'&ie%aﬁé SRt én‘&@he[%ﬁ@?%“l‘%%lﬁ'&sseﬁx@fj’ 2036 bt ar

appllcatlo 00127 ki g shows an” exenplary nozzle hat may be

i ncl uded fuactidrallesieylite tlyv epsmd@“s $op lighpaseibly aevdary C&}SCUSFP@fé‘ﬁréhﬁbhﬁﬂlyg nozzl e
2054 i ncl uee s a8 AHRAN GRE SRk orGR SR §m6tco%9§ﬁle WRRE chufR¥hoPSho@h) t%‘i;&%imo r

mechani cally coupled to the nozzle 2054 he enhancenent energy ‘unit 2080
may enhanelectroiyde e spleshing avt oféhfe@tambf#r@éng the plgetrppBtingandtspia dgeprasess, ifirm 2004
surface t Qvide a higher polishing rate, better surface finishing, and

quality. oofb I n one exenplary nozzle 2054 the energy enhancenent energy
unit 2080[00438]u @Pé§h<afm inffig. 24 swater210? isdendehistortheeleqirapletingcapparates dequgbhalf e

fluid 208&1082?&12191%&119&' to the %i*exsélﬂgkebﬂh&flc}]ég%’olypilson%é %%9}%:@:40n H(ﬁquagcy

of an ultrasonic trans ucer e ran
to agit at tptidassembly@13Umill bwewmfertmahwiu@eltmt fwaker mgﬂl@mpfce”rpia@eg é@wm

ceram cs, RSfsERnBa b bt LARRLEy bl aink SafluiddNgbalPadogkspgnat e

and the |1 e power trasonic tra ucer eln e range of
0.01 to 1pavarmed whiOhe gdp hehveamwﬁezl()é)aawmng Shh\éerén@#eggpn@ﬁhuﬁémnrar@ﬂer gy

uni t 2080 o1 d (ChHTS afouk 30 Rl afAlrerelal B IRERGY A1SH G| gl above,

a |laser can be irradiate he netaPﬁsur ce du I ng an %%ctropo i shi ng
process. Whier RHRan additjoriab? me1. fg 5 mp ardh sedonsitlaperddpasition mayche pefonmed whergger |

Nd- gl ass hﬂi&%ﬁl%%er(lé\% o'b'gér\ff@p%%%ia Whakym num garnet, Y3A15012) |aser, gas

| aser suc aser, HF laser, or the |like. The average
power of {08d3%adeemplay eﬂ)@trpmattnlg@rqcaﬂﬁ@eanéﬁeqyem are fieserit@g in Vit Patentof or

contin U°U§,3ggf€6éedt91§@?{3£@ﬁ\f(} ﬁ%@ﬁﬁk‘mstﬁg\ﬁb ivn%gﬁf dt?)‘ﬁ Jﬁrﬁgﬁfaltﬁefb% nyRul se

node. The aser power can er t aver age node
power as Witeiht Application §eriat M. 09983719%9@1@@%@&\1@ APPABAéﬂs ATFIOM@GJ}OHrféed aser

may al so g&fqgﬁltlsf baoT) 1A SRR gﬁprlrfg?cgonrﬁ‘féﬁ%'l\lof b4/88 721 1 Véfifdd PiQOYng! n thi s

exarrpl e, ser directed to t m st1nuf"at’es ultrasonic waves on
met al fi | APPARATHStAND METHORJUAH erderdd 8200 hvithe dptirerpentents efovhithraseigh t he

detected ggm&.wq)qjggﬁgng an el ectropolishing process. The thickness
of net al Fﬁ?@’ m W e uséﬁ to control the polishing rate by changing

the curr e [ﬂ014Q] hé*‘lm é2 zl L@tr@pse@@xplﬁdqdrv@w efdn gxemilare ghowgnhead axgemblz 2103der a
[00131] Rlaﬁﬁ%)[%rgc%rss ES)ﬁ]@WQII Hfead ng&nﬁ?ﬁ(ﬁ%a?m %U@P&haﬁ{éﬁ@%’ 2'65' s‘ho@&%@admy

i ncl ude a ared source’ to anneal the net m 2004 during a
pol i shi ngtopr2384 98d stppyer liquﬂ PUI6e Figsi rand 3 ilhusteateexploded views of exemplary shower

heads configured for electroplating 300 mm wafer and 200 mm wafer respectively. For use with
200 mm wafers, simply replace the 300 mm outer channel ring 2302 with the 200 mm outer channel
ring 2402, and the 300 mm shower head top 2304 with the 200 mm shower head top 2404. Thus,
shower head 2006 can be used for both 300 mm and 200 mm wafers. With reference to Fig. 24, as
the size of wafer decreases from 300 mm to 200 mm, the shower head top 2404 may include fewer
rings and the outer channel ring 2402 may be smaller in diameter. It should be recognized,
however, that the exemplary shower head may be configured for any size wafer.

[00141] Fig. 25A illustrates an exploded view of an exemplary shower head. As shown in Fig.
25A, shower head 2206 may include electrode rings 2502, nuts 2504, electrode connectors 2506,
electrode outer connectors 2508, small inlet flare fittings 2510, inlet flare fittings 2512, plate filter
blocks 2514, shower head base 2516, filter spacers 2518, and plate filter rings 2520. Each electrode
ring 2502 is fitted on top of a matching plate filter ring 2520 and locked into place on the shower
head base 2516 by fastening the electrode of electrode ring 2502 with nuts 2504, electrode

connector 2506 and electrode outer connector 2508. Each electrode is attached with an electrode
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provi de additional options to control surface tenperature of the netal film
during polishing. The power of the infrared source nay be in the range of
| wto 100W@/0s/®743An i nfrared source may al so 22 WO 03/ 087286/URCY¥113S03/ 10725
be used to anneal the netal filmduring a polishing process. The grain size
and structure are very inportant for determ ning the copper interconnect
el ectro- m.gyasi Ao PREFRE H@t@xcc%nﬁe@%r BEWRI a8 biloGinliY Fig. BECAMSRIE Hﬁ’g IR B HIR 1S
a factor in determ ni ng the grain size and structure of the nmetal |ayer, an
i nfrared Sépisprresiye mataponadloyss augh applafimuag titapium sogted with 9%@@%@@# @e gke.t he
metal il mygyginagy BsPrieS4lil Behe cﬁalﬁe@%&ﬂeho&;éahwmm lﬁfef ﬁ&@ﬁﬁg@ﬁm afiRY al so
be used to determne the tenperature of netal Monr'toring the
t enper at urfeom salldolet fipdg 6ingr3e of the terrperature durl ng a pol i shing
process W'[bdl421[V aAé’quHer RN 1@Fl’gﬂ2§9 Uh Gffet I?l‘af/éﬁfftmng%@f‘ dn'H lérgéf e Emdgasi ty,
and the |ike I'n another exa he energ g enhancenment energy
uni t 2080 chanpel lnehmeh@drbasgﬁélﬁ and the ip etjﬂatr@ﬁirt@mnmqﬁ e fasten ehthg gareapasisinn  on
the netal f{nl M- gpﬁﬂm&’ggr G t&ﬁgﬂeﬁhﬂerﬂetmaf%ctﬁﬁr?%s tmwéﬂ 4 m@zsﬁ%aw ng
current al I ncreased control of the polishing rate profile of the
nozzl e, mrv@w digtribyte thedension gm@/wmalﬁm the nings; g\ferw @hegsingldinjet Iflalie@étmgu?!éh%@rer
nozzl es. i Iy

Txlﬂgt f’mow 'tﬁﬁé QSITZ aﬁél g%l i r@ﬁ)@ﬁﬁ?ﬁecﬁje pds oﬁ&ﬁmda ??({sité)ﬁhhogf the

el ectrolyte f |rect|ontot m surf ace.
magnet an@lrclel(mtshq“@ fm@mblocbdéb‘%)coﬂxmu@tt@mlqﬁﬂﬁﬂe ﬁct:tmg\lishb clelgndering 2SA2HEs | i ke

may be us g;%t at&ﬁﬁﬁtrﬁg 355h JarHs: tﬁé‘é?ectrﬁ@&iﬁ ﬁ&élt?onéd & e o&@%ﬁﬂ“ ihebirSDRithd be

recogni ze er ~energy sources such as ultraviolet, X-ray, m crowave
sources, a&mMelypier ¢ledredeming. al so be used to enhance the perfornance of an

el ect r opol (b5 I zs%qﬁés rgserq nad vivw Qpasﬁaeem@t Ehggﬁf’% glgg)?%%g%erﬁohgough

t he exerrpl ary cha segér ocesses have ]
respect t @Stejoingil tpgetnhbrdm fﬂ@mpgcer Rt ferm a lineid Spysiblock pisemily, Wwith anjeldetrede

appar ent U bagsRakbld il igh ﬂ%a%l&r(tass%mk] YR ERMBIaHATtuld 8 i80Ssand b ating

changes may b e artin In
Appar at us vaH @e mms%al{mmwpr hend bars@gﬁérvvlﬁlsq@e@l@t ftgre Giting 2312 baepathtapd center

assenbl y, @B flf6 HRPLALL A143AMAR B zaftﬂ(ngﬁ;@m 'Eich PIAE iHASHhe2830 has

el ectropl ati ng sem conduct or wafers. ting apparatus and process it
i s gener alorifices@832 wishia hagrovpanstiurs én the ednier pheagleordfiost Withreferenesnom tp betadtigs: he

surface ohshhaq9es et tﬁeqﬁgﬂd%@ @ocﬁ%&s@ﬁabl@z'ah&% el A 380b e RS S0 sh&vé? ne

exenpl ary process l'ating apparatus is described that

i ncl udes detq fPatS@?Slﬁl %@@mteh}itform%éﬁé’@enaﬂat? ding 22205nd Eherpotiem ef e shagieyt e

fluid and h@é@ﬁa’éé %{E&%l}kélﬁmd REIPES = ffdnﬁnﬂzt H%?itdﬁ@'z%fb! Pt ekbﬁ&%g Qtre%mcsbiﬁ““e'
of the shower pri‘or to errerigllrclgﬁromt e Shower stributing
Qs

the fluid ﬁrﬁm&@wevm@ofélmﬂﬁ@ﬁltw 4abpye the inkhapsl hedlsérdmﬂd thgpugheuirthe,

gggg'ﬁb}‘ ! Oggg@%rg ?Aesggee aéc%fy&oﬂwr& fisel i thdcah R, BRERAIIHE WALART olilde ofiQWBS2 head
y uniformly and reach the electrode rings 2502. The electrolyte fluid passes the electrode ring 2502,

and flows uniformly to the surface of wafer 2102 through apertures 2524 in nozzle head 2004.
[00144] Fig. 25C illustrates the relationship between orifices 2522 and the nozzle head’s
apertures 2524 on the bottom of shower head 2006. As shown in Fig. 25C and Fig. 22, the shower
head top 2004 is stacked over shower head 2006 such that the apertures 2524 are positioned in
between two orifices 2522. This staggered positioning allows the flow of electrolyte discussed in
above to flow more uniformly through each recess on the liquid block flow assembly. As
illustrated in the top view of the shower head in Fig. 25D, the apertures 2524 are disposed around
the outer ring on shower head top 2204 (or 2304 or 2404). These apertures 2524, also inside of the
enclosing rings on the shower head top 2204, may be formed in any shape, such as circle,
elongated, and the like depending on the particular application. With reference to Fig. 24, apertures

2524 may be formed in an elongated circular shape created by forming three round holes.
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uniformty of the plating process. [00137] Fig. 21 illustrates an expl oded
view of an exenplary el ectropl ating apparatus for plating sem conductor
waf ers 21WP.03/08m3el ectropl ati ng apparatus can i ncl ude hal feCrasn3/oiTasrber
2104, stationary shroud 2106, plating shower head assenbly 2108, exhaust
2110, liquid inlets 2112, electrolyte fit through 2114, liquid fit through
2116, cha 8. QRIS DATG aWirReRws1 2420 delRel 4QMR Heg! 2122
process cﬁhﬁ%é w@%laé& ha n%er vvlndovala top |id gs%enbly 2 30

03/ 087436thr@Eh U80B/MPT ABTtuies ghovelthe mrc@tmwuthﬁglnlz&%@e fidingceydrge cabl e 2134
and shaf t ﬁls%gr&?nca{g thtrjiﬂiltl@x?m{rbﬁy%]tﬁg déﬁ%ﬂt tREchafhdl! Cglh%@éckr%lﬁ' i§fidvahg L O the

exenplary assenb (y previ ously cussed under the héading  "Process

Chanber . frtrm@ns puttef, Srediapidsiessiuelofeiggolynsen ke difficulids eontrely Hslogthedididdlonh) t o
prevent gl QPJISE&J] ?hefegcgtgkﬁre/l ?ﬂgétﬂﬂn%roﬂae fopﬁet@p@dﬁggfof@léﬁﬂr@ﬁe td¥®netal

electroplatlng and ‘spin ess, for exanple shown in Fig.
21, waf er dgpbsifion, s.gl, oeppeds bccmw@ plateeilér bloek 2 aill ﬁgpeépﬁlarname ate ﬁ‘i’?ﬁﬂ’gﬁf hal f

noon cha a pl at e
copper o gp@\NaPi;J[Q §1f (gstxtlﬁﬁ?e éﬂ@%l@(%roysi' < ir‘(r)tl)lgltlou%@lg 8112%,1\1”%1 ﬁ%{r\,\%}rtl}{%\gé égctrc;[ﬁe i

posi tion thiengheftgre cammvleallpweeqt@bor@fearm eapal rglugispwedlectrplyiedo ﬂgw@mfya@los I'n
one exenpl, a‘;lé{a 5P ﬁﬁaﬁlﬁte ?ﬁtg{pﬁl%e 2558 Afshuvfl # Flﬁﬂl elb@¥ffte Bids bl of GRARRILL T ON 1S

per f or med et and’ plati'ng shower head assenbly
2108 i s i nuter goamaytors ms,amugh tbe shopway hegd hm @5161and piefe THieriripg 2528, then gorwout 2

mm Top | fl ARSGURckode il 288 addBong outBRlapahf 2384 B0ICHole Al 0 20, L O 5 mm

and a sec ayer deposition nmay per where a thicker |ayer of
copper i s[WdpelsiAlbdugivthe w@mn)aneqhow{emq@@pmme ksl beenydaserihed With regpgchty certain

processes

ne 4 ed BRRREA BRI L8 ARERpRCE oo M shiled ntneipind Sficus
Pat ent Appioidifmtiomﬂar@eqhmesN@ybmmwth@mziepmg frore gheppyRTHNNG APPARATUS AND
METHOD, filed onr,April 0) lication Serial No.
09/ 837, 911, ent ir\{ll ed %ﬁ?@%ﬁ%ﬂ&%ﬁé%&%g%ﬁw IOfi_| ed on April 18,
2001, the [@M#7lr eAccodingie snosfer ashiatn metkod and epnapsisderdaveling & pamiegpdycigrataisic e
[00140] F'ﬁ%&}g/g?o A&h&%& @8®I%C§Mn%%g??6ﬁl%%gr ei’e@tr@;ﬁﬁfri;lg |a§;5a\’au§h@éﬁé alfjgad

assenbly or a ting process ead asse |nclude
out er chanhde pmmgng@vyzfer # fsolreirediilesd the veagnp be lrgded aly th@hfbmm OR w‘@c Fi gs.

23 and 24\%%&{ %%eﬁ&&l@o%m%ﬂgﬁgev}ﬁ' sﬁ}’ﬁce%ffaﬁff)%gpilngleyanyapc‘ﬁqéol P&@%}%&Qhéﬂhﬁ ed
for el ectropl ating er and respecti vel use with
200 nm wafterwaferdn thp pyocessink apnaratisdncagesriin wniformityctfdipnolishing Ry PEYOPPIRFSIESt he
200 mm ou A 2eldeW th

t he 200 ni?ﬁ4§hgﬁ£ﬁ Eﬁdﬁkﬁ%ﬁgganéﬂﬂg&ﬂ&gagﬁé?ﬂ%gg@%@%g%§?gﬁkbe used efor
bot h 300 rﬂtnmrﬂdielmmfmﬁqxéﬁ@r\glthlwpwoi inch relative to the Fogessipgappa@tus, e.g., a

processing chamber. As shown in Figs. 26A and 26B, the leveling apparatus generally includes

Jeveling tool 2604, ground line 2610, signal lines 1612, control system 2614, and chuck 2616.
[00149] An exemplary chuck is described in U.S. Patent No. 6,248,222 B1, entitled METHOD
AND APPARATUS FOR HOLDING AND POSITIONING SEMICONDUCTOR WORKPIECES
DURING ELECTROPOLISHING AND/OR ELECTROPLATING OF THE WORKPIECES, filed
on September 7, 1999, and U.S. Patent No. 6,495,007, entitled METHODS AND APPARATUS
FOR HOLDING AND POSITIONING SEMICONDUCTOR WORKPIECES DURING
ELECTROPOLISHING AND/OR ELECTROPLATING OF THE WORKPIECES, filed on March
7, 2001, both of which are incorporated in their entireties by reference herein.

[00150] With reference to Figs. 26A and 26B, chuck 2616 holds wafer 2602 during a
semiconductor electropolishing and/or electroplating process. In order to provide for a more
uniform process of the electropolishing and/or electroplating process, wafer 2602 is positioned

parallel or nearly parallel to processing chamber 2630, and in particular with the plating head or
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the size of wafer decreases from300 mmto 200 mm the shower head top 2404
may include fewer rings and the outer channel ring 2402 nmay be smaller in
di anet er .wDto3s8maé d be recogni zed, however, that the exemplrarsyi/sitesver head
may be configured for any size wafer. [00141] Fig. 25A illustrates an

expl oded view of an exenplary shower head. As shown in Fig. 25A, shower
head 2206 s'i?s}ﬁng%izié@%no%kﬁo% Bife 5ﬂo%§n§%§pam@umeﬁég%ol R0 fhy B85oshRARECt Or S
2506, el 8ctrode outer connectors flare fittings 2510,

i nl et fl| amdthinjthe progess hgmper Zﬁ%mrwdev@qreasm %kgk@erzeme wafss Rl head base

2516, fil p hgee
i ng’ 2502 0P %@ﬂﬁ%@56"4%&19%%3%?“‘%%&“?;%‘*3@gﬁd o e e ek

i nto pl ac&hsn lavelinedhe 2604 gm@a@ ‘ﬁlégféh%ﬁél yndrthes elar 3092 ﬂsﬁé‘)‘éﬂh’b‘&“ﬁ’d@e of
el ectrode gif : 3@2@%“”“51 o Eués%iéaﬁmugl s%ﬁstofs%%) pwm%wcn&m BhedBfkrdt! ect r ode

out er connect h electrode is attached with an el ectrode 24 WO
03/ 087436 sPET 2680 iroqzh23hin eaetdl tayorifguned on ghesarfpcg 9 the (adar 26@n fegewid 1808 as

shown i n Ky 4 con'ﬁlo sgsﬂéfﬁ(i%li IR0 tR Whte: mﬂﬁletapfa¥§nws @é}{s&@mse met al s

or alloys, suc tinum titaniumcoated wt i num and the |iKke.
Shower heaehtisathe thzs m@taWaWr atpirowt ig hgmietpcébanéheeS@@aOtﬂ 2pP@ artd thengrpynsitine n| et

flare fi ttzkﬂﬁtﬁat%%%%e%%g'&rédrbﬁ/%})%‘?@fe} fylﬁgg}ngk fjlare fittings 2510. [00142] As

further seen in are |tt|n 2512 can be | arger than
t he wi dt h [@¥152] A@ddacmelly, ayshowpicFig 6B leweling tos 3€04amry inghedeispprotts 208 fer use

fittings mga%n&ﬁhé pﬁ{lﬁns pfmsr F05% QS 36168 nd ti]Qfmlghllng fi52286 aslQell 4sngs. 1N

order to asten t are fittings to shower head base 2516 and to
evenl y di posifithelevéling taoha¢dmeanite snefpesiod water 262. r i ngs, every ot her smal |

inlet fl azﬁnﬁs t tmg%%ﬁﬂ&t Qs a &raés%%ctfoharv?wf e,ftah'eiaanpﬁa‘}}gen@&ﬁ&s@@mﬁgd?gada Aaher

bl ock 251 i oned on an opposite half of circle (not shown for
filter bl duksle hﬁlﬂer)ZQGnSﬁISPIQWS 2¢18; PirlédJu#’ﬂlnélrté@Q, FQﬂt%SCZﬂ%ﬁZZeqﬂé@tW%é ring

2502 fit qu' %\éﬁf Ek@fﬁc&nh&t% to s%r{l %gﬁlr@iﬁ Qoﬁtmgcréxb%ﬁl %ﬁcfepgﬁ@ pin

posi tione e ot e Clr every ot her el ectrode
ring. [OOM}UHEN@&(B@@ plnﬂﬁ%‘tqaafoegla@srpfmlweﬂom aigh af stainlpgssteel, fitagipwy i ng
2520 and :?ag g;g bl ock 2514 joined together by filter spacers 2518 to
forma liqui ’| 1 ock assenbly, with an electrode ring 2502 fitting
over the I[0Q]&#ld hiooaersmpkky pre  jreastpring thsaligpmantypr pargligligmof Bafen? 682 kn

assenbly Xl’htﬁdn z’tg%g Bﬁgﬁ% E&E %ﬂu&%Y@de%mw{owgﬁqg/eﬁ@t%olzﬁaﬁ il b p@H‘ZdZ@ bet

flareflttlng and center each gate filter bllock 2514 with
an o-ri ng oR&aesarst2686 enntarts tigondystivg %ﬂ’fﬁ@el of avafer 261 Tho gorfpssconyllqigsiages 2522

with a nar f [ el Ri£NRE NOW to
both Fig cled CQQEE %ﬁ ll?dhéi%ptﬁ%&mﬁeeﬁlg gr&ﬁ&hn&idl& aglgggﬁrflboq E;}Isgnd an el ectrode

ring 2502 pameiefs asmqi édcoll'@01§m§% P614h dhel copirgbsystem@61pdeieminsd the idistapes framy
bet ween pl; l?etcﬁgidai (thgﬁle)rﬂ ﬁﬁo@é@c@u%l& Rﬁh@{ﬁh*s%%@én 4 R nSANess thék%ﬂflctbas e.

El ectroly owin frominle I"are fitting 2512
el ectrol yt[@O1§5]r ééhwkmlw coptinuey itsflesceptatikthp saspndgensop 2606 mdéherthlm @m% PG«

2514 above,fhg ey §lce dpHafErdh S EbiPbiiithel dMN ARG ottt §2Bsor contacts are taken and

the measurement process ends.

[00156] As shown in Fig. 27, the exemplary process may include a software interface, which
displays the measured distance in the moment of contact for each sensor 2606. The interface can
also display the location of sensors 2606. The smaller in the difference between a maximum and
minimum distance of the measured distances the closer the wafer 2602 is to being aligned or in a
parallel relationship. The data can be used to make adjustment to chuck 2616 and consequently,
position of wafer 2602. After the adjustment is made, the measurement cycle can be repeated until
the difference between the maximum and minimum of the measured distances is within design

specification such as = 0.001 inch or the like depending on the particular application.
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channel. As the electrolyte fluid rises in the channels, the electrolyte
will flow out of orifice 2522 wuniformy and reach the el ectrode rings
2502. Theweloaosmed yte flui d passes the el ectrode ring 250PCT/tsnsl1d7RDWS
uniformy to the surface of wafer 2102 through apertures-2524-in nozzle
head 2004. [00144] Fig. 25Cillustrates the relationship between orifices

2522 and o] h d
2006, As RYISAR FE el B2 5udoni R Glek HRgERR, Wiy RE AL Blen b pRta R
stacked awspectshanein ehlbatﬂn@ﬂ@@xmldﬁ, aﬂdappludaéorﬁp‘éwﬂtheeﬂgpéz%@ fgf”@ skided Mj oned

0 ob oot il 980 R ERARAE and (lafec WADBCTEEk PARUS dPRNiRr St @ chitgh. T | OW
of electro qeusSe ove § ow nore unif t hrough each
recess or[001}58] | TigLiibdvebletilkd ddsovptias sbvaibys depises, methads ms&ﬁemws PI¥idedtP vi ew
of the sh head |10 Fi nd the
out er i i Brtesra e by BRALL TS AR, N AR pe
al so i nsistdledin thérat themhmmuslglodlﬁngmnmdtvmat@hmvéhm ﬁ@aepppgﬁthz PNt ppy be
formed in_an sha uc @Qﬂﬁ ng on
the part |18‘(ﬁné 53 °Fsé§‘ |€°ﬁ%§ﬁ41§1%ee(¥fg?r§{r§ge toﬁge]e%g()lqsnglgg{rlé(%?%g %4 may
be for medievites such lamhg alteadng:ahambérathe siteplesctosathe qub? dﬂUPImShigema lspdpoipbund

hol es. 03/ 0874 6 P 7 I ock
L e e
one or rrubenlameerdlwrepohallumg/mdfdneleprqpiatmg ypteoks anm@etthetACWr@%n@y,ft ¢ pregent
causi ng di spr.o ort i t dlstrl t

channel . ng%égggld é‘feg% apPend?(fcg%{in%gn GO%hPlghﬁgtr%%gﬁéﬁb% {ﬁé? ﬁsgnﬂég&yaﬁlpr essur e
of electrolyte can be dlfflcult to control. Using the liquid flow bl ock
assenbly, the exenplary apparatus nay provide for better control of

el ectrolyte for netal deposition, e.g., copper, because plate filter block
2514 will inpede the inmmedi ate streamof electrolyte and distribute the

el ectrol yte throughout the channel. Distributing the electrolyte

t hroughout the channel allows equal or nearly equal volunmes of electrolyte
to flow out of each orifice 2522 on plate filter ring 2520. As shown in
Fig. 25E, electrolyte cones out of electrode outer connectors 2508,

t hrough the shower head base 2516 and plate filter ring 2520, then around
the sides of electrode ring 2502 and flows out of the apertures 2524 on
shower head top 2004. [00146] Although the exenplary shower head apparatus
has been described with respect to certain enbodi nents, exanples, and
applications, it will be apparent to those skilled in the art that various
nodi ficati ons and changes may be nade w t hout departing fromthe invention.
VI. Method and Apparatus for Leveling Wafer [00147] According to another
aspect, a nethod and apparatus for |eveling a sem conductor wafer relative
to a processing nodul e such as an el ectropolishing or electroplating
apparatus. Cenerally, while processing a wafer it is desired that the

waf er be |evel ed such that the major surface of the wafer is generally
parallel to a |level surface of a processing chanber or tool. For exanple,

al i gni ng
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the wafer in the processing apparatus increases the uniformty of the
polishing or plating processes. [00148] Figs. 26A and 26B show an

exenpl ar ywbes®8i46¢) t ool 2604 that nay be used to neasure PCha@SpaIER3 el ism
of wafer 2602 within 0.001 inch relative to the processing appar at us,
e.g., a processing chanber. As shown in Figs. 26A and 26B, the leveling
apparatus generally includes |eveli r@h 2604, ground |ine 2610, signal
lines 1612, control system 2614, and chuck 2616. [00149] An exenplary
chuck i s Hedwrappaaus for poSssipmonsror nidee sedicRudicp yrafets, campristniged METHOD  AND
APPARATUS OSI TI ONI NG SEM CONDUCTOR WORKPI ECES  DURI NG
ELECT R@Cﬂﬁ@l{@r%{%‘%ﬁu‘gﬁgﬂ ROPLATI NG OF THE WORKPI ECES, filed on

Sept enber a plprality G yerticedly stagked Peoicessing Nodulss 098 1g6tone ehelpatiopelisMEg fremsieaND
APPARATUS FE | TI ONI NG SEM CONDUCTOR WORKPI ECES DURI NG
ELECTROPQOLI §Wﬁ%Wﬁ%§R@LATI NG OF THE WORKPI ECES, filed on March

7, 2001, dHdedningfmodnlecimdare i ncorporated in their entireties by reference
herein. [0015 W r i 0S. , q I waf er
2602 dur 1 1478 PulpbEnhE LR SE B h e bORadh A B AR EPURE HRIR, RS
process. | n clagieg mbdulpr ovi de for a nore uni form process of the

el ectropol i shing and/ or cLr i . i idd.l.apned
paral |l el or ne‘é‘{g rf/m %‘é:'ragy‘ﬁéetﬁs 1% SR/B&F g%:ng(g%ileﬁl%tqgﬁgg%gr %%g&@%ﬁg& ?erﬁ) Bgtgrfftalhlggl ar
with the plating head or 26 WD 03/087436 PCT/ US03/ 10725 polishing nozzles
(not shown) of the. pr S| ' L i

bosi t1 onetl Wi AP S0 CRs L 2 Re B EhY 2 LRtk AR B o
of the waf erprk68idg. [ 00151] Leveling tool 2604 may include three sensors
2606 and corresponding signal lines 2612. Wen leveling tool 2604 is

pl aced under chuck 2616 and the wafer 2602 is brought down to |eveling

t ool 26043. Siihgapgardtisid sla6 1, Avhetelr theigphotsecisdss snXB@B)e prdeffiecters éamiskingianh t o
t he control traS%St'tel 261, erthrough a thin metal layer formed on the surface
of the wafer 26028 ground line 2610 fromcontrol system 2614 is
connected to the wafer 2602 netal |ayer. As sensors 2606 contact the thin

nmetal | ayer circuit .is. . e e, & ound
ne 2010 (hsePrEies Rl Bl REIE AR, AERARLS: ShHR B0y

Addi t i onal | ythe adeasttrowsectionski g. 26B, | eveling tool 2604 nmay include supports
2608 for use in nmeasuring the parallelismof wafer 2602 in chuck 2616 and

the polishing nozzles as well as position the |eveling tool 2604 near the
surface of. idibeppaPB@f clald 1,53 ereki the rd6iin¢lhdenst r at es a cross-sectional view

of an exenpl a br%,(t ﬁﬁg g?é&:gotr @%@nsﬁ%ﬁﬁ?ﬁg w?:@% tﬁ@ﬂocésﬁ%:%@léé?%qe r 2626, set

screws 2618, contact screw 2, and pin 2624. Signal
line 2602 i s scomdend efftctonfos gamstarrimabewetar borg theporsessing mpdplew 2622, Hol der
2626, pin adjustnment 2620, and pin 2624 can be made of netals or alloys,

such as stainless steel, titanium
6. The apparatus of claim 1, further including a liquid delivery system for delivering process

liquid to the processing modules.
7. The apparatus of claim 6, wherein the liquid delivery system includes a surge suppressor.

8. The apparatus of claim 6, wherein the liquid delivery system includes a controller to modulate a

flow rate of the process liquid.
9. The apparatus of claim 6, wherein the liquid delivery system is housed in a containment tray.

10. The apparatus of claim 1, wherein the apparatus includes an exhaust to remove gases from the

processing modules.
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tantalum or gold. [00154] In one exenplary process for nmeasuring the
alignnment or parallelismof wafer 2602 in relation to the process tool,
chuck 261wodesgrpels toward | eveling tool 2604 until the piPeTAGAH1WDES one of
sensors 2606 contacts the conductive surface of wafer 2602. The contact
conpletes an electrical circuit that includes signal line 2612, ground
line 2610,11286heR0 6k 168 She&HR 2R ddholi an@reg\ﬂr(q%ﬁing agérgi@ﬁlduétgr WABLA Q!
system 2614. The control system 2614 determ nes the distance from the
ori gi nal ( hoffeyesHB&mbly §oMprisiMick 2616 to the pin's position at the noment
of the cont agdnsferrlnd QIR 1CHACIE a PRI UG Rode s IERERD it Dk of ond
sensor 2606, and the third senggr 2606 con?%%tftﬁe surfaée JF &é?%ﬁaggoz.
Cor r espondi ngedfiorelishiag er glestroplating thewafer indherreretsinganeduleaken and  the
measur ement @PimeREMS tRN\GFer APHS BlocdSing BRWRe tdh didaling Aodule Ritn S sETRb Bl
process may include a software interface, ich displays the neasured
di stance in ?ﬁﬁmﬁﬁﬁﬁnt.of contact for each sensor 2606. The interface can
al so di spl a%lédﬂ%g|tmfé&ﬂt}féfcle§ﬁg§fﬂ6§ulg, Greinthepro Rt AELmtisteffucliifid i 1036 ©
bet ween a maxi num and m ni mum di stance of the neasured di stances the
cl oser the vi@Paectiopychafagterigedhyisengraid fragiesd or in a parallel relationship.
The data can be used to make adjustnent to chuck 2616 and consequently,
position of wafer 2602. After the adjustnent is made, the measurenent cycle
can be repéathsdniindiof claimp bl, dirtheevhaseis trprsfepbegthe waferiaslodaswsiag alrabprdndum of
the measur edygirsih BREQ IsSoffiduliaNo SRS bBFdI APGGhS bk h as 0.001 inch
or the |ike deéending oﬁ ?hé&par?icufar ébplicé?goﬁyggyﬁ 03/ 087436
PCT/ US03/ 10725 [00157] Although the exenplary wafer alignnment nethods and
syst ens hayerfaesmddeschinP e AMePinc h&RPEG ek 1REIA R EPRM les,
and applications, it mf!l be appg?entgto fﬁ%§§ sk?FF@HQB%QgEﬁg&gpy&éﬁg?
various nodiPRiEting wbeshic YFESeRPEespaiys aseociated ovithithewypply diepar ti ng from the
invention. [00158] The above' detail ed description of various devices,
met hods, and systens is provided to illustrate exenplary enbodi nents and
i s not i nténtednathodéclpingd L ifysther ineluding temgeing ppsas fom thepredessing maslilelthrewghi n
the art thataRupREQYsePdi fications and variations within the scope of the
present inventions are possible. For exanple, the different exenplary
el ectropol i shing and el ectroplating devices, such as the cleaning chanber,
t he OPt i cak. LEippHatus erhl@ldtdquéblgicgﬂubt_\G%XfeéX&Eﬁmn ?nd' point detectors, and
the like may be used together in a single process assenbly or may be used
separ at el §* 2ReBUREHIFaLSE en erctidere popidsiferor merdbesr el ectropl ating systens and
et hods. Apg&eisdichgied to E@%F&fﬁ@ﬁgévgcﬁapﬁﬁga{é'f% S aftilitelifd DY the appended

e e

claims and shquld not b imte y escription herein. 28 WO 03/ 087436

PCT/ US03/ 2 84pxdispoged arquud the aperture configured to create a temporary seal between the end effector

and the semiconductor wafer when gas is evacuated from the aperture.

16. The apparatus of claim 15, further including a cap having a groove formed therein, the cap

being disposed over the aperture.
17. The apparatus of claim 16, wherein the cap is shaped as a circle.

18. The apparatus of claim 15, further including two or more apertures coupled to the vacuum

passage.

19. The apparatus of claim 15, further including two or more apertures coupled to the vacuum

passage and within a single cup.

20. The apparatus of claim 15, wherein the cup includes a flexible material.
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1. An apparatus for processing one or nore sem conductor wafers,
conprising: a nodule for storing a wafer; a plurality of vertically

st acked pwooe®si4sg nodul es for at | east one of el ectropol iPEriUsg3AdTes waf er
and el ectroplating the wafer; a cleaning nodul e; and a robot for
transferring the wafer between the nodule for storing, the processing
nodul e, and the cl eaning nodul e, wherein the apparatus is divided into at
| east two sections characterized by separate frames. 2. The apparatus of
claimi, #2urTheappiraius ofchlaig 15, wheeeimihe gumaeltdeyen glasiomer mdtérigh t he wafer prior
to processing. 3. The apparatus of claim1, wherein the robot includes one
or nore end effectors for picking and transferring the wafer. 4. The

appar at us 2&f Thel anparatas ofiglaind b rivherren the lben exitends away\feol Ge pyrfaco pf thewpdeffeeidr di ng
out from one,gf,..the at least two sections. 5. The apparatus of claim1l
wherein the robot includes, a first end effector for transferring the wafer
to the processing nodules, and a second end effector for transferring the
waf er fromyt i T r.at of claim1, further
includinggg'P?H§F%8§%®¥%%Pg§§§%%%%$1gw)%gyﬁgggfﬁéggiocess liquid to the
processi ng nodul es. 7. The apparatus of claim®6, wherein the liquid

del i very I . . : . tus of claim®é6
wher ei n t%)e{' %%F%&hg i \?aé@ﬁ’gg%?eél?n{ﬁlgEﬁ%g%ée%gcag-rggﬁéﬁhgﬁ{ct%b modul ate a
flowrate of the process liquid. 9. The apparatus of claim6, wherein the
liquid delkv } | I . 10. The apparat us
of claim 12.5 %%a#’ é{%f%&l%%@e&%%gg’%g%ﬁ ?lﬁgrilggﬁsaggyngg%ghgs@xt 0 renove gases from
the processing nodules. 29 WO 03/087436 PCT/US03/10725 11. A nethod for
at | east Qg.erl%faggirﬁl%% 52115 NGB ofd SREGPRIAEAAZ R, SHB1ed ?o’h%ﬁ&tgﬁd 4@ er
in a process asSenbly, conprising: transterring a er ' to one of a
plurality ofcuptindkweednt odistobéndypf hednd effectort h a first end effector;

el ectropolishing or electroplating the wafer in the processi ng nodul e;
transferring the wafer fromthe processing nodule to a cleaning nodule with
a second @hdThespparatpef,clamds.oilesain adistehend whithe end effectoris dbwseshvnshapeddul e,
wherein the process assenbly is divided into at | east

28. The apparatus of claim 15, wherein the vacuum passage is formed integral with the body of the

end effector.
29. The apparatus of claim 15, wherein the vacuum passage is coupled to a vacuum source.

30. The apparatus of claim 29, wherein the vacuum passage is further coupled to a gas source for

introducing gas into the vacuum passage.

31. A method for holding a semiconductor wafer, comprising:

positioning an end effector in proximity to a major surface of a wafer;

evacuating a flexible cup disposed on a major surface of the end effector opposite the major surface
of the wafer; and

creating a temporary seal between the vacuum cup and the wafer.

32. The method of claim 31, wherein the flexible cup is adjacent an upper major surface of the

wafer and is evacuated sufficiently to hold the wafer against gravity.

33. The method of claim 31, wherein the flexible cup is adjacent a lower major surface of the wafer

and is evacuated to a lower pressure relative to a surrounding environment.
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two sections characterized by separate franmes. 12. The nethod of claim 11,
further wherein transferring the wafer includes using a robot and wherein
t he robotwbDa3mgmté gured to slide or roll out of the procepsTase®niyey. 13.
The nethod of claim 11, further including delivering liquid to the
processi ng nodul e through a supply line, wherein a surge suppressor is
associated with the supply line. 14. The nethod of claim 11, further

i ncluding renoving gases fromthe processing nodul e through an exhaust
system 134 e mgibrdroiclain § brvhesindghe §exable e ie eirratlae inthangaf er, conprising: an
aperture |l ocated on one side of an end effector nenber; a passage coupl ed
to the aperture for evacuating gas fromthe aperture; and a cup disposed
around t hé>aprnethed of slaim gl dedher ipclpdiag iniroducingrggdinta the Sexdble pattoesdense the end
effector ang,ithe sem conductor wafer when gas is evacuated fromthe
aperture. 16. The apparatus of claim 15, further including a cap having a
groove forned therein, the cap being disposed over the aperture. 17. The
appar at us 30 Tird Al f8dl c1a 81, SitBrefid 16 HaRb1E é‘utpsigI @\Q@lgate%%hl‘@u%ll Jn%h&ture']‘&)rméq‘ﬁ
apparatus of claim15, further |ncTu ing two or nore apertures coupled to
the vacuum has®yiée. 19. The apparatus of claim 15, further including two
or nore apertures coupled to the vacuum passage and within a single cup.
20. The apgaratus of claim 15, wherein the cup includes a flexible

mat eri al . 373bhensting)digirasl, pdtyeinsbafladiegp indudeTh eapaliypasedous tief apettiae.thel 5,
wherein the I I .omer material. 22. The apparatus of claim
15, wherein %ﬁgw%ﬂ%égggﬁﬁggmgﬁgiégron1the surface of the end effector
menber. 23. The apparatus of claim 15, wherein the cup is shaped as a
circle. 2 i i .cup i s shaped as an
eIongatedé%iEgﬁggﬁggg?;#%gggggg?g?%%égfw@%%?%ﬂ%gyﬁwherein the cup i s shaped
as a hor sésafe edgeglearpwsemblp a}cgtdulg agpzzl¢ keadreadigunaf torsupply & hiquid antl edak et or i s

mechani cal | yaeupled JrQ ward MRterfnd the cup is disposed at a distal end of
the end effector. 27. The apparatus of claim 15, wherein a distal end of

the end efliedignidris supplirdradiestnbibic shiairdde ofxBe mjeesuafperenf sheuwafaf and| ai m 15,
uherein thg HAEIHIPIARARNLinvA QRGO AOTigli Wibfhibhie body of the “end

effector. 29. The "apparatus of claim 15, rein € vacuum passage i s
coupl ed to a vacuum source.

39. The apparatus of claim 38, wherein the gas and liquid are supplied from adjacent nozzles.

40. The apparatus of claim 38, wherein the gas is nitrogen gas and the liquid includes a metal

etching chemical.

41. The apparatus of claim 38, wherein the nozzle is configured to supply the gas to prevent the

liquid from spreading radially inward on the major surface of the wafer.

42. The apparatus of claim 38, wherein the nozzle is configured to supply the gas in the form of a

curtain of gas to prevent the liquid from traversing the gas.

43. The apparatus of claim 38, wherein the nozzle includes a horizontal span parallel to the major
surface of the wafer to create a gas barrier between the horizontal span and the opposing major

surface of the wafer.

44. The apparatus of claim 43, wherein the distance between the horizontal span and the major

surface of the wafer is approximately .1 mm to 2.0 mm.
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30. The apparatus of claim?29, wherein the vacuum passage is further
coupled to a gas source for introducing gas into the vacuum passage. 31. A
nmet hod f owohilogli4ag a sem conductor wafer, conprising: po®CTiusad/ng2an end
effector in proximty to a nmgjor surface of a wafer; evacuating a flexible
cup di sposed on a major surface of the end effector opposite the major
surface f r i uum cup
and the uaPer Bgn ol LR B TR R phe Nl RN R i PG BB

adj acent an upfses ofiilg wafersis pfpaesdmaiely didenmpaf er and i s evacuated suffi CI ently
to hold the wafer against gravity. 33. The nethod of claim 31, wherein the
flexible cup is adjacent a | ower major surface of the wafer and is

evacuat ed 4oTke appetatus pﬁfé@@dﬁefuﬁ@ranqluﬂelgtadhwkstg ratefe divager edipéentthereerele. 31 WO
03/ 087436 PCT/ US03/10725 34. The nethod of claim 31, wherein the flexible
cup is circular in shape. 35. The method of claim31, further including

i ntroduci rid- das apnatatrsioh elait 4 wbereindhgrhuek asedmbdwsiacivtics posidduers. cogigurefiie et hod

of claim 31, ;Jphekeivhel e af! hlis.gup is evacuated through an aperture
formed in the caV|tyr ecglﬁhe( rrete%od of claim 31, wherein the flexible cup

i ncl udes a cap di sposed over the aperture, the cap having a groove fornmed

therein. 31% 5}91%5 %{iﬁm‘c@r @r&ﬂﬁfeggsiﬁon%{’s%ﬁ g m‘AﬁL L se Sl ﬁ%b”g a

waf er edge c asse y inc udlng nozz |gure to's
liquid and amgei@nlﬁailyaouma}@ﬂﬂmfnﬁav@élooﬂla%ﬁ Wt@maSMQ@ﬁneconmEOﬂmwpldthats

suppl i ed adj ggeRtotk f d

the gas is supglgl (gcfhﬁ ﬁpfﬁ?%?\%o?g 5@“%&8%&?&%?%& T‘%@gj}“%{dggéeﬁg’gl i ed.
39. The appathatarof cl a| m 38, wherein the gas and liquid are supplied from
adj acent nozzles. 40. The apparatus of claim38, wherein the gas is

nitrogen gas and the liquid includes a netal etching chemcal. 41. The
appar at us 48f Ted appare@gof alpimrdd wherdie the pesitianeisdnclusiafan gxis eﬂombomehwfusme gas

to prevent t E'&tlorl ik %ﬁéét%gl%% g%\? Bl G& ?'of' taﬁ&g%@' thy el:&}’&rogl ﬁns ﬁo@féﬁgf%j aBoveHl face ’

of the wafer. us o arm whereimn 1

confi gured t@?ﬂ%‘nfpﬁihfyort he gas in the formof a curtain of gas to pr event
the liquid fromtraversing the gas. 43. The apparatus of claim 38, wherein
the nozzle includes a horizontal span parallel to the major surface of the
waf er to dPeétmethpdderscldgning sepicindueierereierheomnprisiviont al span and t he opposi ng
maj or an edge clean process including,

rotating a wafer about a central axis;

directing a fluid to a major surface of the wafer; and

directing a gas to the major surface of the wafer located adjacent to and radially inward of the
location the etching fluid is directed.

51. The method of claim 50, wherein the gas reduces the potential for fluid to flow radially inward

on the semiconductor wafer.
52. The method of claim 50, wherein the gas and liquid are supplied simultaneously.

53. The method of claim 50, wherein the gas is directed to the wafer prior to and during the process

of directing the fluid to the wafer.

54. The method of claim 50, wherein the gas is directed to the wafer during and after the process of

directing the fluid to the wafer.
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surface of the wafer. 44. The apparatus of claim 43, wherein the distance
bet ween the horizontal span and the major surface of the wafer is

appr oxi mewelog/os7u3érm to 2.0 nm 32 WO 03/ 087436 PCT/ US03/ 1@C¢28)S03H725The
apparatus of claim43, wherein the distance between the horizontal span and
the major surface of the wafer is approximately 1.5 nm 46. The apparatus
of claim 38, Tﬁé‘ﬁnétﬁ&i of M 4d! Pikrén ﬁltzg&shna&deg mu%g@n %and’@nf: ulé%ﬁg{s%ﬁ&ﬁe
nozzle. 47. The apparatus of clalm46, wherein e ch uc asse y 1 ncludes
posi tioners é%ﬁ$$@ﬁ$@@lto secure the wafer as the chuck rotates. 48. The
apparatus of claim47, wherein the positioners include a first portion and
a second portion nechanlcally coupled and the first portion has a greater
mass t han Yh&hemetbediofsdrimiS8whgreimthe Hawid ishupplisg ta pbeyel region prethe maior sysides ¢fon
nmoves out war g.ang.t he second portion noves inward to secure the wafer. 49.
The apparatus of claim 48, wherein the positioners include an axis of
rotation and the first portion is positioned below the axis of rotation
and the segongeRRHolQRclhith ﬂsosvhyefa d%aémwphwﬁoth@fshal Aiad &%@Mtﬁ@ el A

met hod for cleaning sem conduct or ers, conprising dge c ean
process incl tRgiolg, rotating a wafer about a central aX|s, directing a fluid
to a major surface of the wafer; and directing a gas to the major surface

of the wafer |ocated adjacent to and radlalk% inward of the location the
et chi ng f 138 dh¢ methpd efolaig 50, 1wiBtein the gasie suppliedon a cégadnadBoent tedocetion théiquids

reduces the pqQ V\g{ﬁ%& ahe Ifegi'bn fléwlxﬂr% Jvﬁ’gl fik Pl\é’r Idﬂgé(slxn et 8 ﬁi%h Qﬁhé QR umtfere éltxfil qui d

sem conduct or alm e gas an

are suppl i eddisicion IOeYP@GﬂﬁlIePOte@IBﬂ for Hguigtst finyoiradially. insiard BGhe whfer: ei n t he gas is
directed to the wafer prior to and during the process of dlredtlng t he
fluid to the wafer. 54. The nethod of claimb50, wherein the gas is directed
to the waf¥r Thamicthgd ahelaigr 10ewherpia therchuekgstatsh thedvafeasb@mwngi appreoxfohatalyl5¢ andt he

waf er. 33 VE%&%%Q&%%%QmE@H&%ﬁQg %Q;;S 55. The nethod of claim50, wherein

t he gas includes nitrogen gas e liquid includes a netal

60. The method of claim 50, wherein the chuck rotates the wafer approximately 350 rpm during the

edge clean process.

61. The method of claim 50, further including supplying DI water to both major surfaces of the

wafer.

62. The method of claim 50, further including drying the wafer by rotating the wafer between
approximately 1,000 and 3,000 rpm and supplying streams of gas to the major surface of the

wafer.

63. The method of claim 50, further including directing a liquid to the backside of the wafer in one-
third intervals while oscillating the wafer such that the liquid does not directly contact

positioners holding the wafer.

64. The method of claim 50, further including directing a liquid to the backside of the wafer in

pulses such that the liquid does not directly contact positioners holding the wafer.

65. The method of claim 50, further including rotating a chuck holding the wafer with a sufficient

acceleration such that the wafer shifts relative to the chuck and repeating a cleaning process.
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etching chem cal. 56. The nethod of claimb50, wherein the liquid is
supplied to a bevel region on the nmajor surface of the wafer. 57. The
met hod ofwoloaiosnd36, wherein the gas is supplied to the radicalusosisi7zee edge
of the bevel region. 58. The nethod of claim50, wherein the gas is
supplied in a region adjacent the location the liquid 1is supplied, the

regi on hawien@, dethdddbidekdiminite; tﬁé’ﬂjsﬁilomq% bESHAR o Whud, L&A sthel N the
circunferential_ direction to reduce the potential for 1iqiid to flow

radi al |y i nwetidinga voffe pogiieaed omychugkie et hod of cl ai m 50, wherein the chuck
rotates the wal@finPSIMRRRGRIIFkiafRbG Ne HONARGer witDa SR8 ik Waret RGoeGe

cl ean process. 60. The nethod of claimb50, wherein the chuck rotates the
waf er approx@#htely 350 rpmduring the edge clean process. 61. The method
of clai m 50, gdwdiiRy irkHRGh e iidishs ol BirBdly BhseWoh Be rddsudQf dhafiBbicSur f aces of
the wafer. 62. The nethod of clai m50, yurther including drying the wafer
by rotating the wafer between approximtely 1,000 and 3,000 rpm and

suppl yi ng 63t TRARBHA] ofdRm68, iR MnsSiis {AGRcAberdshBhat Wk&ies 1f t hod
of clain150,_furtheroincludlng éirec{?ng éﬁﬁﬁaui% to %ﬁ%éﬁéﬁksﬁggigﬁbgﬁé
waf er in onelightihiopghe srfaescfithe Wiert e oscill ating the wafer such that the

| iquid does not directly contact positioners holding the wafer. 64. The
met hod of claimb50, further including directing a liquid to the backsi de of

t he waf er 68nTheuptsedofclpim 66 veieraimid thejreflfctvityoegeshsiovgs theeshald vausrieteomining

posi tioners hﬁiﬂwgfei#a@.oaf@fsﬁaned@émcﬁg%n%tcm. of claim50, further

including rotating a chuc olding the wafer with a sufficient

accel eration such that the wafer shifts relative to the chuck and repeating
a cl eani nGoprRCHSHod ofdthitleb AieRRy the Genblr 1 HB3mKY Earor tHE meAsulB bR ELT
determning the positioning of a wafer on a chuCk, conprising: rotating a
waf er positi byteerndhe senson ardthe ywalgeswfaery a characteristic of a major surface
of the wafer with a sensor as the wafer is rotated; and determning if the
wafer is positioned correctly based on the neasured characteristic. 67. The
nmet hod of 781 Ahsngbod eff¢laim 6f, Wheeeinsihp sepporiisanpgoustie sesadr. sensor t hat measur es
the reflectivity of light fromthe surface of the wafer. 68. The nethod of

claim66, wherein if the reflectivity varies below a threshold val ue
det ermi ni nd- The method of claim 66, wherein the sensor is an eddy current sensor.

72. A process chamber for an electropolishing process or an electroplating process of a
semiconductor wafer, comprising:

a chuck assembly for positioning a wafer opposite a processing nozzle that is configured to
dispense a processing liquid to a major surface of the wafer, wherein the chuck assembly
translates in a first direction relative to the processing nozzle when processing a wafer; and

a shroud mechanically coupled to the chuck assembly such that the shroud translates with the chuck

assembly.

73. The apparatus of claim 72, wherein the shroud is magnetically coupled to the chuck assembly.

74. The apparatus of claim 72, wherein the chuck assembly translates in a second direction
perpendicular to the first direction to adjust the location that the liquid is dispensed on the

wafer.

75. The apparatus of claim 72, wherein during an electropolishing process the chuck assembly
positions the major surface of the wafer a distance of approximately 0.5 mm to 10 mm from the

nozzle.
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that the wafer is not positioned correctly on the chuck. 69. The nethod of
claim66, wherein the sensor is a proximty sensor that neasures a di stance
bet ween tWe osesmeé and the wafer surface. 70. The nethod @CTAISAl/M76H,
wherein the sensor is an acoustic sensor. 71. The nethod of claim 66,
wherein the sensor is an eddy current sensor. 72. A process chanber for an
el ectropol i shing process or an el ectroplating process of a sem conductor
waf er, conprising: a chuck assenbly for positioning a wafer opposite a'
processing%ngy%ﬂ@mFWéPfﬂ@mééhWWﬁﬂP66dﬁﬁm“ﬁ$§ﬁ@ﬁg@mﬁWéﬂ@@essing liquid to a
maj or surface of the wafer, wherein the chuck assenbly translates in a
first direction relative to the processing nozzl e when processing a wafer;
and a shr didTherraaiue of qlaimIgupheasin dyingga eghmatlas BroAdsh the shiedls assamblyt he
shroud transpaiRes i hhjdr Reredstke waesSLaRh : |4 72,
wherein the ghroud IS %agnetically coupléﬁefga?ﬁghgﬁﬁgggggégﬁ%ﬁ§QQk%Q£éThe
appar at us of 1%l m 72, wherein the chuck assenbly translates in a second
direction perpendicular to the first direction to adjust the | ocation that
the liquid is dispensed on the wafer, 75. The apparatus of claim72,

wher ei n du/fi hip apRaratug ek dlaimdi7i whereig the distaaessis eppsoxinately Sammsenbl y  positi ons
the major surface of the wafer a distance of approximately 0.5 nmto 10 nm
fromthe nozzle. 35 WD 03/087436 PCT/US03/10725 76. The apparatus of

cl ai m 75, MhEheApparatgollaimgR carthes inghidingyen watical sen®r pad anznd-pPinkdetasioar at us of
clai m 72, whes@bitedihddgurdh melafhldr ORURIALG sHERE §Be WA Chuck assenbly
positions the major surface of the wafer a distance of approximtely 0.5 nm
to 20 nmfromthe nozzle. 78. The apparatus of claim 77, wherein the

di stance g, ARPIPALITEL RN T2 WherefPthe Iﬂﬁk%_&@ﬁﬁ@qéﬁﬁa%ﬁfeti&l@k fed ’witfhgﬁet her
including an optical sensor and an end-point detector <configured to
neasure a mePafess dp@beton t he maj or surface of the wafer. 80. The apparatus
of claim 72, wherein the chuck assenbly is magnetically coupled with the
process chanber. 81. The apparatus of claim 80, wherein the chuck assenbly
may di sendagbhagppiatinel ghimSBokheraimbpblaick agomblxmay|disengegpwvith tha grogess

el ectropol i siipger@appar atus, conprising: a nozzle for directing a stream of
processing |iquid,

82. An electroplating or electropolishing apparatus, comprising:

a nozzle for directing a stream of processing liquid,

an energy element configured to enhance the agitation of process fluid at a metal film surface.
83. The apparatus of claim 82, wherein the energy element is mechanically coupled to the nozzle.

84. The apparatus of claim 82, wherein the energy element includes at least one of an ultrasonic
transducer, magnasonic transducer, laser source, infrared heat source, microwave source, and
magnet source.

i
85. The apparatus of claim 82, wherein energy element includes an ultrasonic transducer

configured to operate in a range of 15 KHz and 100 Mega Hz.

86. The apparatus of claim 82, wherein energy element includes a laser configured to operate in a

range of 1 to 100 W/em?, wherein the laser is directed to a surface of a metal film on a wafer.

87. The apparatus of claim 82, further including determining the metal film thickness by

stimulating ultra sonic waves with a laser.
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an energy elenment configured to enhance the agitation of process fluid at a
nmetal filmsurface. 83. The apparatus of claim 82, wherein the energy

el enent iwoOrmBoO8mBé cal | y coupled to the nozzle. 84. The apparsous7ed claim
82, wherein the energy elenent includes at | east one of an ultrasonic
transducer, magnasoni c transducer, |aser source, infrared heat source,

m crowave source, and magnet source. 85. The apparatus of claim 82,
wherein enerq¥ el enent i ncludes an ultrasonic transducer configured to
oper at e i rP3a lParparas of a2, wherein guermpejemens inclydes anrafrasgsirantse cenfighred ki m
82, wherein epeigih LI td DI WRES, hetddS a8 i
range of 1 ET?B?OO Wcmerr), wherein the Iaglgr gédé&gigiﬁgeg%egé&%)ﬁﬁggi%ﬂra?%%% of
a netal filnfiBMoBaWalcer. 87. The apparatus of claim82, further including
determining the netal filmthickness by stimulating ultra sonic waves with
a laser. 36 WO 03/087436 PCT/US03/ 10725 88. The apparatus of claim 82,
wher ei n erfér §ie @Parwn ol slae Sgvgheringlydingandpfrases fenser trondapye thedurfase oper at e i n
a range of lichperhiBe WikdBetalWiGlsGitkel Nfrared source is directed to a surface
of a netal filmon a wafer. 89. The apparatus of claim82, further
including an infrared sensor to neasure the surface tenperature of the
metal fil mosghd @?&amggf clARB22PRAER bR ey lerfdn® inthuB& a LR BuRD @Y urEh RTENt

i ncludes a magnetic source configured to focus an el’ectric currént In the
process fl ui fpcuyanslesiicreyment g theyprepesa fluifljat ayvafaceofnaatal filg on a wafest hod f or

el ectropolishing or electroplating a netal |ayer on a sem conductor wafer,
conpri si ng) the acts of: rotating a wafer chuck holding a wafer; directing a
stream of “pr 6dekhaddey slactiprpliskingonplscpplitingamesa layeser 4 ssmisonducter wafear ;

transl ating tdigprdREeHe a4sbh respect to the stream of processing fluid; and
translating a shroud with the wafer, wherein the shroud and wafer chuck are
nmechani cal"P§tingafeshuckdpldingpewafer hod of clai m 91, wherein the shroud and
vafer chudieding o RGRRIAPFRLh CRAL Bt fhyeCARABER:QE g ONNeCt I ng. 93, The
met hod of claim 91, wherein the wafer is"translated in a’direction parallel
to the najtBpslatingthegyader yfithirpspeciis e steagar of progessise Avidaandonst ant | i near

vel oci ty. _t@ﬂslati-ﬁgﬁ shh W 8k vﬁlfe‘?;'\me%n tht %Hr&nﬁernd'vﬁ@r U@Jcﬁgremﬁéﬁﬁd IcSbpled.
reflectivity of the netal layer wth an end-point detector and creg{lng a
metal filmthickness profile. 95. The nmethod of claim91, further including
adj ust i ng ob NenCHERAINYT clalP M, RAS R ROsRoEhE WateP &fick Qi%tn?a%né(tfchm ctbnﬁlgcl(ﬂﬁss

profile. . :
capable of disconnecting.

93. The method of claim 91, wherein the wafer is translated in a direction parallel to the major

surface of the wafer and rotated at a constant linear velocity.

94. The method of claim 91, further including measuring a reflectivity of the metal layer with an

end-point detector and creating a metal film thickness profile.

95. The method of claim 91, further including adjusting the current flow based on a determined

metal film thickness profile.

96. The method of claim 91, wherein an electropolishing process includes

a) determining a desired thickness of a metal film on the wafer,

b) removing a portion of the metal film on the wafer,

c) measuring the thickness of the metal film, and

d) if the metal film thickness is greater than the desired thickness repeating b), c), and d) until the

desired thickness is measured.
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96. The nethod of claim 91, wherein an el ectropolishing process includes
a) determning a desired thickness of a netal filmon the wafer, b)

renovi ng Wopamngisee of the netal filmon the wafer, c¢) ne®€arisagda7de

t hi ckness of the netal film and d) if the netal filmthickness is greater
than the desired thickness repeating b), c), and d) until the desired

t hi ckness is neasured. 37 WO 03/087436 PCT/US03/10725 97. The nethod of
claim96, wherein the nmetal filmthickness is measured with an end- poi nt
det ect or . Y8 Themethodeficdam 86, whexginihg metahflsr ticknesp is massuied with #n endivelahess i s
determ ned byeiggasuri ng ultrasoni c waves produced by directing a laser to
the nmetal filmsurface. 99. The nethod of claim96, further including

el ectroplating the wafer if it is determned in c) that the netal film

t hi ckness ggs Thometht d¥.clakf 96, WikeeiBE AR Bfm fﬁhcﬁhé@k %Jdete}’fﬂﬁéc%}ﬂnéagur
electropollshlng process, the rotation speed chucK 1s varied in

relation to Ht‘WOﬁ@éYaV?SrBIQ‘BHCCQﬁ’SS‘P%?ﬁ% Paseniodhe Itlﬁél fi/lmfsélffacand a nozzle
parallel to the major surface of the wafer. 101. The nethod of claim 91,

wherein in an electro oI,ishifg%hprocess the rotation speed of the chuck is
vari ed i n Peilbg pefhod of clpim 9p rfugiper mh@lngyleetmpéqﬁmgﬂ@o’fafqypfgt is Setemmngdrio Oethat

l'iquid. 102. hEhewiBihestkalss &w@d mO1l, wherein in an el ectropolishing
process, the rotation speed of the <chuck is varied in relation to the

measured nmetal filmthickness profile, the desired thickness profile, and

a | ocationopf e msaheor Dgkie, RAkbahes eléc% ohﬂﬁﬁ Fé«%lg%eoljotaﬁ!)ﬂggédgo]lf{sh

wherein the chuck is rotated in a constant |nea ocit

met hod of cl &liusk GrariedHa rddationtmeliedatiere] distanse hetegen the ‘Hafetmsltaamzlfr meakelton
node. 105. The nfifk baehcObrihd @bt 91, wherein the chuck is rotated in a
constant centrifugal force node. 106. An apparatus for electroplating a
waf er, conprising: a shower head for dispensing a process |iquid,

i ncl udi Ng:101.an e hftholl OF c1k [ i at ed
with the inlet and dlospogelﬁp%e?(’hm)ée}glﬁtn?ﬁle&%c%ggaﬁh&%wogesf 3}%6313?‘?9% oritices,

and a filterchckiyyated lm@t@nﬁo%ﬁérem4ep%?yo§pre#eqmop¢1§hmg9m§eéiqmd the channel
to distribute the process fluid entering the inlet throughout the channel

and to flow fromthe plurality of orifices wuniformy. 38
102.  The method of claim 91, wherein in an electropolishing process, the rotation speed of the

chuck is varied in relation to the measured metal film thickness profile, the desired thickness

profile, and a location of the wafer being polished.
103.  The method of claim 91, wherein the chuck is rotated in a constant linear velocity mode.
104.  The method of claim 91, wherein the chuck is rotated in a constant rotation mode.
105.  The method of claim 91, wherein the chuck is rotated in a constant centrifugal force mode.

106.  An apparatus for electroplating a wafer, comprising:
a shower head for dispensing a process liquid, including:
an inlet for receiving the process fluid,
a channel associated with the inlet and disposed between the inlet and a plurality of orifices,
and
a filter element, wherein the filter element is disposed in the channel to distribute the
process fluid entering the inlet throughout the channel and to flow from the plurality of orifices

uniformly.
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WO 03/087436 PCT/US03/10725 107. The apparatus of claim 106, further
including a plurality of channels di sposed between a plurality of inlets
and a pl uwelowg4eé orifices with at | east one inlet associparasosid7ds each
channel, and a plurality of filter elements to distribute the processing
fluid throughout each channel. 108. The apparatus of claim 106, wherein
the filterjoel emBRbphSaEN i . j ) AP of

cl ai m 106, mhereinp%hﬁg??ﬁggﬁqgﬁgﬁgﬁi&?g%gg%#@%ﬁ%?ﬁéﬁg?ggg§(boseé%%g%osite
the inlet. 1ngralitynd indefmanda pluralily of prifiaes Witk at Igdsteaneiimettabrociated with etpbabianngl,
configured fggg a 300mm wafer or a 200mm wafer. 111. The apparatus of claim
106, further including el ectrode rings disposed adjacent the plurality of
orifices and®Bladipy fiilterelementstn dishibpte theppocessing fhihtaroaghamt esich chaangh 111,
wherein the el ectrode rings include anticorrosive netals or alloys 113.
The apparatus of claim 111, further including a nozzle head with a
plural ity 188 nobhglapparaiysenticlaine $06 whereindheefilten element frcdispherd@ppdsisathe diletct r ode
rings. 114. The apparatus of claim 112, wherein the plurality of nozzle
apertures are offset with respect to the plurality of orifices. 115. A

net hod f orl0@1 eclthe apragatusy claing &0f, wbereinchediltenelement iscomepkesilatg disprsecarpssief :
receiving a geaggss liquid through an inlet in a channel, wherein the
channel includes a plurality of apertures for dispensing the process
liquid; and distributing the process liquid received through the inlet

t hr oughoutyip he ' 3 r ! foorifices
ani formi y. 116, THRErR ghibfiod knian T pborHRHEN et bt Rarg oL
process |iquf®@mae wafepl urality of channels di sposed between a plurality of
inlets and a plurality of orifices with at |east one inlet associated with
each channel, and distributing the process liquid received throughout each
channel . 13b whhespmssase ?Qﬁs@@thrdmingld@mdéh@gﬁéistimdd ofjaceitahierplirdlfy
wherein the grpgR&Snk betbid b Gie ShBfLr 0l Yte fluid. 118. The nethod of claim
115, wherein the process liquid is distributed by a filter el enent

di sposed opposite the inlet. 119. The nmethod of claim 118, wherein the
filter el am®nt kg aihallnf %k@lﬁigg%ﬁg @'her%ié(rale emgod%g%g%ﬂcﬁﬁe $511iRBsithd Retal Uy t DET

i ncluding electroplating a nm wa or
alloys

113.  The apparatus of claim 111, further including a nozzle head with a plurality of nozzle

apertures positioned over the shower head electrode rings.

114.  The apparatus of claim 112, wherein the plurality of nozzle apertures are offset with respect

to the plurality of orifices.

115. A method for electroplating a semiconductor wafer, comprising the acts of:
receiving a process liquid through an inlet in a channel, wherein the channel includes a plurality

of apertures for dispensing the process liquid; and
distributing the process liquid received through the inlet throughout the channel so that it passes

through the plurality of orifices uniformly.

116.  The method of claim 115, further including receiving a process liquid at a plurality of

channels disposed between a plurality of inlets and a plurality of orifices with at least one inlet

associated with each channel, and

distributing the process liquid received throughout each channel.
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wafer. 121. The nethod of claim 115, further including passing the process
fluid over electrode rings after the process fluid has been di spensed from
t he pl ur awvotog/ogfs3eorifices. 122. The nmethod of claim 121, WReErGSOH1t7hE

el ectrode rings include anticorrosive netals or alloys. 123. The nethod of
claim 121, further including passing the process fluid through a nozzle
head i ncludi norR nRkida@r b Of , head positioned
over the el ectrode rings. 1pw.Qg%éhgg?ﬁgggg%gglz%n1f§§%%¥§rther i ncl udi ng
offsetting the plurality of nozzle apertures with respect to the plurality
of orificeass. 12%he mbhRdFRER f T d flow
is distributed within a ch%ﬂ%%iWﬁ&ahqk%%ﬁe%?gﬁﬂgﬁQﬂ%ﬁﬁaﬂ?pgaggﬁﬁ# grn1y
from the pl ufispesedonppsisthsinlebs past the el ectrode rings, and through the
nozzl e apertures to the surface of a wafer. 126. An apparatus for |eveling
a sem conductor_wafer in a processing device, conprising: three sensors
posi t i oned 1&ubskhsmefher of clpim H 8pwhgsrin thyfdferelemhant s adinskérglated to hol d a waf er
opposite the three sensors, wherein the three sensors are configured to
measure di stances of the M@fer surface relative to the sensors. 127. The
appar at us 18P c|Tar methed of glpiey K rfurthes insluding elestrepdatinis la@POmintweafer ope2@Unom of t he
processing @gt ce. 128. The apparatus of claim 126, wherein the plane is
associated with a processing nozzle. 40 WO 03/087436 PCT/US03/10725 129.
The apparatus of claim 126, wherein the sensors includes a conductive pin
whi ch commbet eghe n

netal |ayer on thglegfﬁgf% gé(::ﬁgm\(’)\ffl%[fu ghe\?\g&ﬂﬂlngghsgﬁlgq&éﬂ J())cﬁ%dfi 11?? IP\%(;?:%% elah%so t he
wafer. 130. Akethgppesesatlyid hes been dispensebiront thetpheality pldrifidésng a control system
that nmeasures the distance offset of the wafer based on a signal created
when the circuit is conpleted. 131. The apparatus of claim 130, wherein the
contr ol sQ%%en1éiPﬁ%@énFﬂ@mdﬁécﬂwﬁasﬁﬂebﬁﬂﬁhGngﬁn@mkmmwxmwasummwbmrs 132.
A met hod forglogyeling a wafer in a processing device, conprising:

determ ning a desired alignment plane of a wafer; determ ning the position
of a wafer at three | ocations relative to the desired al i gnnment plane of

t he waf er jj2and 1adinedbi Bﬂclélﬂeﬁ\f‘@{u@ﬁer pﬁﬁﬁﬁlg (Bstan ﬁleq)%cggsrﬂu%tﬂrogﬁé L4905 the

waf er and desired alignnment ?
including a plurality of nozzle apertures the nozzle head positioned over the electrode rings.

124. The method of claim 123, further including offsetting the plurality of nozzle apertures with

respect to the plurality of orifices.

125. The method of claim 123, wherein the process fluid flow is distributed within a channel by
the filter element, flows uniformly from the plurality of orifices past the electrode rings, and

through the nozzle apertures to the surface of a wafer.

126.  An apparatus for leveling a semiconductor wafer in a processing device, comprising;:
three sensors positioned substantially in a plane; and
a chuck configured to hold a wafer opposite the three sensors, wherein the three sensors are

configured to measure distances of the wafer surface relative to the sensors.

127.  The apparatus of claim 126, wherein the plane is parallel with a portion of the processing

device.

128.  The apparatus of claim 126, wherein the plane is associated with a processing nozzle.
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133. The nethod of claim 132, wherein the plane is parallel with a portion
of the processing device. 134. The nethod of claim 132, wherein the plane
I s associwDed/osdsshr a processing nozzle. 135. The nethod @CTAlSa/M7232,
wherein deternmining the position of the wafer includes neasuring distances
with three sensors, each having a conductive pin that conpletes a circuit

with a signal |’Iih@§p15%9dﬁ|%| RSP, %l%rsen%r Wéal. eskéé{rﬁihftf{]@ g&lgﬁlia}f%éﬁ?%gf

the wafer, and a _ground |ine coupled to the er neta _
met hod of cl &fiFAuit34th aggaplding ceuniedrie thelsensgns & ewtahiaser ondls sutfecedf the avabe, apf hset

fromthe plagendaRedudl B uRivipg! created when the circuit is conpleted.
137. The apparatus of claim 136, wherein adjusts the wafer includes noving

a chuck holding the wafer based on the distance neasurenents. 41
130.  The apparatus of claim 129, further including a control system that measures the distance

offset of the wafer based on a signal created when the circuit is completed.

131.  The apparatus of claim 130, wherein the control system adjusts the chuck based on the

distance measurements.

132. A method for leveling a wafer in a processing device, comprising:
determining a desired alignment plane of a wafer;
determining the position of a wafer at three locations relative to the desired alignment plane
of the wafer; and
adjusting the wafer based on the determined positions of the wafer and desired alignment

plane.

133. The method of claim 132, wherein the plane is parallel with a portion of the processing

device.

134. The method of claim 132, wherein the plane is associated with a processing nozzle.

135.  The method of claim 132, wherein determining the position of the wafer includes
measuring distances with three sensors, each having a conductive pin that completes a circuit
with a signal line coupled to the sensor, a metal layer on the surface of the wafer, and a ground

line coupled to the wafer metal layer.

136.  The method of claim 135, wherein a control system measures the distance offset from the

plane based on a signal created when the circuit is completed.

137.  The apparatus of claim 136, wherein adjusts the wafer includes moving a chuck holding the

wafer based on the distance measurements.
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