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METHODS FOR PREPARI NG WAFERS 5 BACKGROUND OF THE | NVENTI ON 1 t he

I nvention 10 The present invention relates generally to sem conductor wafer
preparation systens and nethod for preparing wafers, nore particularly, the
present invention relates to the cleanijng and drylng of sem conduct or

waf ers usi ng space and process eff|C|ent systens. 2. Description of the

Rel ated Art 15 In the fabrication of sem conductor devices, there is a need

to perform chem cal nech 'cal O|IShI erations and waf er

cl eaning. Typically, inte fhﬁiﬁngEﬁ$éup% the form of

mul ti-level structures ) tr st or devi ces having
di ffusion regions are forAM'a pngfdgﬁgﬁ@ﬁﬁﬁng@ﬁ%erconnect
metallization lines are patterned and electrically connected to the

transi stor devices to define the desired 20 functional device. As is well
known, _patterned conductive |layers are insulated fromother conductive

| ayers "by dielectric materials, such as silicon dioxide. As nore

nmetal lization | evel s and aﬁ?‘%iéﬁﬁﬁ}?ﬂ&%%ﬁwﬁ are formed, the need
to planarize the dielectri Ianarlzatlon
fabrication of further netallization layers becomes substantially nore
difficult due to the higher variations in the surface topography. |In other
25 appllcatlons netalljzation line patterns (e.g., copper netal) are
fornmed i A Figld of hedaventionrgt e | al, and then, netal CMP operations are
pert orfed 10 MREBYR:AGEaRioNTEAlds ﬁggéeaﬂg SihRbndilor SR (Y |[

i S necessary t pl anarize eaned to reno partlcu at es
and cont and magthad fdrnpltepmqgr wafcr:armorev\m‘rmrularl)eathw rpgesslytstnenmanymlaiw toy the

i npl ement. brush statio % V|n alcoh & rushes are
uobd' o Skrtige et AU emReo el RsthRls DY RN gur ed
to be soft enough to prevent damage to the wafer's deli cate surface, yet

can provi de good mechani cal contact with the wafer surface to dislodge
resi dues 2. Bh@mmmhslf.ihdprmdécﬂ ates. Each of the brushes are typically

Cha b s thecthisaian of SEEDRdRtE, GvieREIER R £ Rl BhritiR Rhehish®r o

brushes, mecienasal polﬁdhﬂlgamMP apératiorRf andh@are € dlesnihg) 1oan |Siteptadd Gifcuand Dl
water in the other. This dua rush station approach een shown to

i mprove t #RViges @thimibe form of muiddeval sifdiuren s Alt the arbsisate Hmhgm@lﬁtor daweices
h |
Ponor ¢ aci NN iplkighEiGheT e, Lol el ARARGACmBLAMRAGS) hbne

brush st airk opattemet hazndnel;gtmadﬂgngomeemﬂvmylhegtrﬁmsm nf:leviaa@ ao tdefinvaherdekiasd been
processed_in boLg hrush st at Lﬁ@ﬁ the wafer is h%n conveyed tcﬁ a next
t o/

stati off | GHTReh dpYHEe-wasds We epatiezned ronduqiiv layersare insilated; frpm eifey)
Oper at i ONgoniER TaFerd Byl ﬁEl@&ﬁc'rﬂat@ﬁa@%@cﬁ%@%ilﬁﬂn Aioxdie e?&s%@ﬁ:'rﬁ&alh}@%ﬁﬁpse
these stations are arranged horizontally, the 10 machi ne necessari

occupi es lavw‘:laragld asseciated abetedtuotlpydrs tare |f<pms:drmhesys¢detm phsirize ds Idmtﬁgtriacs 6-7
f eet by3f wi de. ot.h wafer cle Lng t ewaf r cleanin
System amaenuEeR lndintiinatEnsl. SraRECen b Rl Bt marantse
wafer in aib¥entislbamor diffitudlduene tmlgm v@ﬁﬁm{s% tKeORPfacd BpeRALhEULEGhEOC
handl e the wafers and transport them between each cleaning station 15 and

t he dr%ﬁeram'ﬂ@{ﬂéms metallizatipn d e npatterns legh owppee metad) @mtforrneftlnealm diglestricer s

in vertic t | .ean a.
adat 1 onaieab 5l therd Becal GBS OB RIS Horinel! SR DAE Heication,
each st agAftef abhauglr ()IMB S)per'ﬁhan itds rebmsarolihit 1hs p‘laﬂllmué(ﬁdvam by iclandtafer s

into and out of eac ni nglpstatl on and also into and out of the dryer.
Thi s | evel*MHVePATHER PﬁslaB COLAMIBASh configured to be as clean as possibl e,

can introduce 1pae hisot! AL, Q@af@roclé’d?) @y@teﬁls 1@8W1rﬁ;§l@1n9ﬂt% statldhs Vh SWi@f the

foregoing, there is a need for wa repg?atlon systems that are nore
conpac? poltvipy! alaehol éPVA) éaﬁhﬂoajmumd)tomcnrbt Isth amids QheIWaéc:r allwalP¥A Hrogim

excessi v emta{e%gf R Ocrogﬁg&e‘? A 'Rg ggfﬁ gﬁ%%etp IpE%\Se crlaar;[lallg%nto ek RS Surface, © h

as cl eani ng, hi"ng;
yet can provide good mechanical contact with the wafer surface to dislodge residues,

it

chemicals and particulates. Each of the brushes are typically configured to deliver



19 August 2004 3 SUMVARY OF THE | NVENTI ON Broadl y speaki ng, thaupidtoemd
invention fills these needs by providing a wafer preparation system

i ncorporating a scrubber and a dryer that are vertically oriented and 5
configured to acconplish essential wafer processing while mnimzing system
footprint, mnimzing wafer transport @perations, and thereby m nim zing
auxiliary systens such as robots for end effectors. It should be

appr eci at g@niidadd aidher Pl egeert thiowghrihé dbrusb {iTBe iComireonlpt &b brushstationugreways,

i ncl udi . t t i hod.
Sever al | ¥varAaEb B TG DS o e e SURicE i Br emis & ol SRR oBe o
1 o In ong a5PQdeilthe Oﬁlgwifrﬁ{s dﬂﬁﬁ@/ggelf&tht% eﬁ%‘:ﬁ; AhbSb&inSabRE 86l imgreee MRS er

|2
preparation systemincludes a scr uni t he‘?t is configured to receive a
waf er f orcleangigapérfamanay asowell esiviongise Ardsghpnt. uBing physi¢ab dayoatobithe deaning

bb it tical ientati . TIh ) it fl t
ocoi g (BT i (ATES B SV BaRotso ey daflly R nBubagtalsh s e ©
cl eani ng, yhaRehrt REVeId RNt e WRlsR statib th Th@ A&k NEEngeirooRlieyRRL sysRmreDRE tHef

waf er preparation is disclosed. The wafer preparation method includes
r ecei vi ngwafenhdsdreen progessed irbboth yrush stations, theneafaeisilnn donveyedito pmeyt diont he

lifting of th fer. from.the scrubbi.ng stati a drying.statli at is
arr anged Wevf'qlfﬁlgl‘lv%lvgﬂfg\}wl%?‘%edst(? PuBBb Hagesf“é‘la‘it"é’ﬂ.gl‘bﬁ PE ﬁ#ﬁé‘ﬁ‘ﬁ%ﬁ@ﬁ@%&? e@ent ,
a waf er sgr4bORDOst@Rh 6 YiyBOsARAAr Bebifusé Shede Salioneare ath@gdD huddoptallye thebbi ng
and drying apparatus includes a scrubber unit that has scrub brushes

ori ent Bd maching nasessariyraccupies & layger dleanrodripeiptiat ibspmesygieinsibeing as lpng as

posi tionegd 1 region of the scrubber unit, and the dryer unit is
confi gur e%ﬁ%&rbg?ef%%gmtdg’e waf er fromthe scrubber unit. The wafer is

recei ved in alyethet dakeraldatitigadysemshlic Waterdigaaimgf syewimd aatlaf diyer §jsent afe
regi on of the scrubber unit, 25 In still a further epbodi nent, a
sem conduds®Arrdrged hopizenaliy brichandlsihe srafyr nsa yerledl guatatione Albpnd eieriRt or

waf er pr eﬁg@@fsi é%ﬂfig%t@gg@ﬁah&?dlé Pﬁg&%&e@dﬁﬁo& LRADb &G e @éf}ﬁgd?%ag\l}%n atfy1 N9

station t 'S no over I ng station. ages of
t he presentd ihavenr systear eThisnyraaganeitibdthangt efficiehb&t cleading wafers e vertichli cal

orientation of the wafer preparation systemsignificantly reduces system
f oot pri ntOFWt@@S’rté]EFGi‘}Peﬂ‘% E%ﬂ% Cie@BrFP? 62 s%é%@?n‘*ﬁﬁeﬂ\}% neemegt fegE e i on

repr esent §,omg kGl hh&dlE the wafer at each stage of the process. That s, the robot is required to
bring wafers into and out of each cleaning station and also into and out of the dryer. This
level of interaction, although configured to be as clean as possible, can introduce particulates

20 and can slow down the process.

In view of the foregoing, there is a need for wafer preparation systems that are more
compact, occupy smaller clean room footprints, and shelter a wafer from excessive transport
operations between preparation operations (e.g., such as cleaning, etching, drying and the
like).



advancenent over prior art that extends preparation systens pygigat beo4ge
fl oor space area and requires repeated robot wafer handling to transport
waf ers from one preparation station or unit to the next. The present

i nvention not only mnimzes required floor space, but 19 August 2004 4
mnimzes the need for repeated robot handling, reducing both the cost of
operation and the potential for contam nation. Another advantage of the
present invention is the enSplivRARY ORAHEPIOVENERON ncreased flexibility in
waf er preparati on processes Dby acconnodatl ng both chem cal cleans or
etching 5 processes and DI water rinses in both scrubber and dryer units

The verti cal orlentatlon of the wafer prepartat mincorporate
dual brush seBraadly aReaking, she Presamt “\)Oﬁ‘i[i)tm gg h?%p‘é%éﬁ%gopﬁové(ﬁ cé’lvlaserand
vat er Cﬂ gk?ali%}ﬁhe fenpg.ﬂé% pdb?étir@na SBEbya £id Pﬂ%?stﬁat%éitv%hﬁzﬁily hiened @l uni t
0 ens

|s al so |gure e both chemcals 'and DI water, and in the
vertical ntigmedttb cm:pompleshv\es[semab rveaﬁar mpcasmng yhitenmigimizing ébf%!@?laftoétpawt

envi ronnent _t hat S 10 ressive ner. as. the fer | gher
in the Syg{ngmzmnggfer t"ﬁ‘@s er@@p&bar%l @ng Y SHOUERA B u‘g{’\ﬁgryn%ﬁsge%\?/sl gor ous and
successi Vigh&hCfdr énkiCafecistsl rItnﬁl%uRIpBé aaz)bﬂ:@ﬁtéaa[hab%é Prése@anfentiomdad ibens,
t he successive operations being | ocated higher in the verti calai)aq3 oriented

system anﬁrhqntecbmmuafemuse’chye,nbdddlng As a PIOCEYSATDRNPIEIIMS, B AYEGTR] FEVERIBAds a

nore efficien oces wi th j.ncreased thr au h ve i . A

si ngl e r dBeif® @a ‘é‘? %mli’?fit"gelftﬁgf@&pﬁ%% gveﬁl% g © &{bcﬂ) B
prepargfion sygp BmxﬂB&dlﬁl@hpa%M@f ﬁé?axﬁt[dﬂ'@ykl@ﬁl drdigtosedli The hafa pregaratival
orientation, nultiple wafer preparation systems can be inplenented to share

r esour cesystem dnchidesra sarahber ypis dleat s é@glwdn@xreﬁqlﬁ%atwefs@h% nifa] scrub
ff hi d t ti
11 becBliangna S yibR o RRAGE0Pe AR AR Frofel BrBiRar mhebiger | o

conj unct uam iMcbhfigdied &r RBRaNnyd RGfdr faorh nbs scnubbm&tmtaﬁﬂtmghbynamhwlcdl senﬂmpl e
the principles of the present invention. 19 August 2004 5 BRI EF
DESCRI PTrlerpiae, apdgheprgay\thgcater.

15 In another embodiment, a method of wafer preparation is disclosed. The wafer

preparation method includes receiving a wafer in a scrubbing station. The method further
provides the lifting of the wafer from the scrubbing station to a drying station that is arranged
vertically over the scrubbing station.

In yet another embodiment, a wafer scrubbing and drying apparatus is disclosed. The

20 wafer scrubbing and drying apparatus includes a scrubber unit that has scrub brushes oriented
to scrub a wafer in a vertical orientation. A dryer unit is positioned over a top region of the
scrubber unit, and the dryer unit is configured to receive the wafer from the scrubber unit.
The wafer is received in a vertical orientation by the dryer from a slot in the top region of the
scrubber unit.

25 In still a further embodiment, a semiconductor wafer preparation apparatus is
disclosed. The semiconductor wafer preparation apparatus includes a wafer cleaning station
and a drying station that is mounted over the wafer cleaning station.

The advantages of the present invention are many and substantial. Most notably, the
vertical orientation of the wafer preparation system significantly reduces system footprint and

30 required clean room floor space. The wvertical orientation represents a significant
advancement over prior art that extends preparation systems over a large floor space area and
requires repeated robot wafer handling to transport wafers from one preparation station or

unit to the next. The present invention not only minimizes required floor space, but



The present invention will Dbe readily understood by the foll®WwWagnsti200si | ed
description in conjunction with the acconpanying drawings. To facilitate
this description, like reference 5 nunerals designate |ike structural

el enents. Fignre | A shows a vertically oriented wafer scrubber-dryer unit
in accordance with one enbodi nent of the present invention. Figure 1B
illustrates the | oad/unload position of the dryer unit in accordance wth
one enboglidimides tliec fided fonwpestedrobot barfdliggy reddding hathghe best of pperatign and et he
cl osed position in accordance with one enbodi nent of the present invention.
Fi gure 2poteMiphEor£oniaBRati®Ad si de perspective view of the scrubber unit in

accordance Wi tﬂE‘leaa‘f%HPtQ 'gﬁﬁ% pfé%eﬂt hevehR¥eRithOBmbddisiehahABroviliessincreised t he
transition of the wafer out of the scrubber unit in accordance 15 with an

enbodi mefiéxibility hew gieepreparaiion procésses. byriagomamogating baik chemissl dleras 9k pighiBE!

brush assenbly i ccordance.with o enbodi ment.. o 1.V i ihgur e
3B Shoas PROSVATOda GHELHBES I B HSRO O R LT YP e Ph A Eplaln of bl

embodi Megh 0ot figatidhy §tdnP tncodforited 4r Guad Gredtove inheheverhesbebainowhichted i n
accordance wi't h one enbodi nent of the present invention. Figures 4A - 4C

show a silidpenst dathothemtiealsiayb D1 writar inwhaseygr epmbination the v el Process Jickptes; a

detail of the waf.er positi.on in the . [yl , sed
posi t i on&h? Hryﬁ{:ﬂ?)lflfaﬁ%?ec igpred fo gﬁ%%lggﬁg%lt&%&éta ﬁ:aqfl Ej\)e%ﬁ%b%ﬁpg‘gh%?gﬁrhg 5is
a_graphi gaknth®Ry, €B€Nwater OprephraflomaySiemp e aindérpOratep ranC essirdnmeac cthatd gatse

wi th one enbodi nent of the present invention. Figure 6A _E{\ows a_detail ed

vi ew ofo ptogressiyely ¢leangt @6 rtbemeadervpropeeds highspdn i ysigm nEhysy ghepfifst scru

o A L B R RE B S B SRS o i ser 11
cleaner conditions, the successive operations being located higher in the vertically oriented
system.

Finally, a preferred embodiment of the present invention affords a more efficient

15 process with increased throughput over prior art. A single robot can load wafers into the

scrubber unit of the wafer preparation system and unload wafers from the dryer unit. In a

vertical orientation, multiple wafer preparation systems can be implemented to share
resources in smaller floor space areas to maximize the savings and efficiency achieved.

Other aspects and advantages of the present invention will become apparent from the

20 following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention.



19 August 2004 6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MEbst 2004

i nvention for wafer processing equi pnent, nanely, wafer scrubbing,

cl eaning, etching, rinsing, and drying is disclosed. In preferred

enbodi nents, a wafer preparation 5 systemincludes a wafer scrubbing unit
that is configured to receive a wafer gnd then transfer the wafer
internally to a dryer unit. The dryer unit, in this preferred enbodi nent,
is positioned over the \BRIEF DBESCRIPTIONOFTHE BPRAWINGS | owi ng descri pti on,
nunmer ous specific details are set forth in order to provide a thorough
under standi ng of the present invention. It wll be understood, however, to
one skilled inp.the art I i : r i

wi t hout sone g'pe grﬁcnéﬁnvteh{g@%wglggc&% @@ﬁ‘gﬁe‘{eﬁﬁ?‘?ﬁ?w tﬁ{:’l(f)t erlgg(rilést?i éér?ljc%g‘?ﬁﬁv@ﬁl
known pr aresigurRies Mithhs adtemaiihg beeingie S fabitichtd thisldeseriptionnlilr théeremet t o
unnecessarily obscure the present invention. Figure | A shows a vertically
ori ent édnwmerals desisnyp dike sirycdyral glementy, accor dance with one enmbodi nent of the
present inventgj i i T ;

Cer ubber uni  FELF MAGHSAS Eoerftafl Xetond] st rirbe P Bl SPRUE Bplo vithe
mount i ngofd erhb@ligheyest thepreseh®hveméon. t he scrubber unit 102 can be done in
any nunber of ways. By way of ex le, the dryer unit 104 can be hglted to
a portion of FHATGER &ﬁw&ra%am%bﬂ@oq‘ip%&wn% hrodHelethit g agCqTdnce Hﬁ&s‘{}‘ﬁport,
it can be athiafhesk hoifel@ld . or it can be suspended over the scrubber unit
102 using appropriate supports. In either case, the dryer unit 104 is

posi ti®ned 20Figuner 1Cheheswes thiebdryeuninit 0Phes oloss positiery én \asbardiioe withagner oom
space and Lo.ach'e ot her .advant ages as will be di scussed below. In one
enbodineﬁW,OWﬁﬁnhqéﬁ?pﬁﬁ?F“Pﬁelﬂhes a noveabl e dryer housing 104a
configured toFRYE2AQNGKEE fRNMarMEYe Hdr@¥eavd Vivw Gf @ieyRiubberenint addidahe@

define positions of open, closed, and |'oad/unl oad which are described in
great er clathaine epwodimenFphihe énventighows 25 the dryer unit 104 of the wafer

preparati on syste I n e n. oL The fi x r .. hous] 04b
is secured to¥s¥u§€2%gﬁ?sgﬁ§%)ghett%3ﬁm§g%b’ﬁee ‘%‘Er ?lﬂg}f tl!éepsg:gusb%gﬁgﬁ“s&p%?r)@gn ot h
t he drysekvithinterdfddiraéid of 1R presentiBedntionl t 102 of the system 100. A support
nount 106a, in one enbodinment, is positioned between the scrubber unit 102

and the fixedFigwe3Abistaiss thecwembber kiasheassemiply i acerisiapctite ppsemboimgnty o p
unit 104 EQEqH&%-gnsecond sl ot opening 102c 30 in the scrubber unit 102.

Fi ngers i , 1L gc'are configured to support the wafer 110 in the dryer

uni t 104, andFigupt \AB showged db@ilad i dewoof itipuredge tlmlder vimt atcrddnee ewigle «f t he
wafer 110 to secure the wafer 110 in its nmounting. In one enbodi nent, the
waf er 116mpgdiment aifthe IVERER-t he 19 August 2004 7 scrubber unit 102 by an
edge hej der L0132 dolik he GAfk: bhing iR Moahdel kth ohPnfbRBinieal bPinel08.
The wafer 110 enters the scrubber unit 102 through a first slot opening
102g | oc presentiinveattibnont panel door 102a. The first slot opening 102g is

fi dt d cl osed 5 f .a slider.d 102b th
o T dea | 't he FRERRTPRG A ot S5 TeBist o Sbprcini i atibF o H¥%s Ptk gty
openi ng 40&dail lof tBe W@ postidtR e theldflnt Ghdd RaBfAERTS BRU e CIOEEP PUGEGNS T O

t he waf er preparation system 100 through the first slot opening 102g, and
the sl i dafcaguice Patmnembodineny of hglinyeRlotyst em The wafer 110 is scrubbed

ol dor 2114 mod G oo e PP AR, e riioh o ol Brebhakfon fchsq WEadralfe S0,

uni t 102 withr eegimtiddanae obthd psdsont iapmtibng 102c and transitions into the

dryer unit 104 when it is ipt open_position as shown in Figure | A The
waf er 110 is A&“eﬁ}ﬁ% 3& %iiﬁ&fs @e%?ﬂ@ﬁ vi Pﬁgheofi%rmmqrd&m Wih dmgmBedimeat of
fingers 1Q5heschPRfvend®dd the pivot finger 105a. The wafer 110 is dried in
the dryer unit 104, and a clean and dry wafer 110 is renoved fromthe wafer
prepar ati on syéguen AB@nd AE showda paspsctiye dyhdadrviewd of iandyye Ho wkcbrance with
unders ne nunber of possible operations, such as, spinning a
mafer,Bfgﬂgkﬁﬁ%énﬁgﬁgpﬁeQBBPVPhg chemcals to a wafer and then rinsing the
wafer (e.g., in order to performetching with chem cals such as HF), and
also sinmply drying. Therefore, the terns "dry," "drying," "dryer," "dryer
unit," and "drying systent are used and should be interpreted to include
any one or a conbination of the operations defined herein and those having
simlar applications. 20 Figure 1B illustrates the | oad/ unload position of
the dryer unit 104 in accordance with one enbodi nent of the invention. As
can be seen, the noveabl e dryer housing 104a noves in the direction of the
fixed dryer housing 104b. The wafer 110, conpletely within the dryer unit
104, is supported by fingers 105b, and 105c. Pivot finger 105a pivots from
a raised and unl ocked position and downward to attach to the edge of the

Y A A PN Lo



25 wafer in a nmounting by the fingers 105b, 105c and the pivab Adgngen00405a.
I n one enbodi nent, the | oad/unload position is a two stage position. In a
first stage of the |oad position, the wafer 110 is lifted into the dryer
unit 104 by the edge holder 114 to a position in which the bottom edge of
the wafer 110 is slightly above the finmgers 105b and 105c. The noveabl e
housing 104a is then positioned such that the fingers 105b and 105c are 30
| ocat ed under t HAEDPAILEMNDERGRIFTION©OFEHEPREKERRED EMBODIMENTS hol d t he
waf er 110 by the edge when | owered. In the second stage of the | oad
position, the wafer 110 is then | owered onto the fingers 105b and 105c and

the pivot fi , i AL . t f
110 and compl ik PATTeD ok reh AUEEAL buBRE Subs, WARks bR, (hanti O
19 Augustetchipd rihsin@4 and ldeyirgl ge dRoloste) Il Aref@rddhanbodifnbts aavivaferoprepdiaticlr yer

unit 104 so that the noveabl e dryer housing 104a can contjnue_to the closed
posi ti oh.SY§sgundudes askgiscryhbing yrat thatyis configyred torrpeeive »water ped thep dransipr
accordan i i 1 h r o i e e.dryer
nousi ng 1l BEATIRCL ER: R P URRE i, Bk APrentl AR LY
dryer hoypesingneDdver ahel waéal ssrubbmgduniter Inuthet follOwting Tdescripaioa) nidhérous spdvifien

i nsi de the seal ed flr er unit 104, uri!lt ed on the f(i,ngefélﬁl%b and 105c and
secur ed Wtaﬁﬁmﬂ ‘Hé’e‘P OF g5 40 PRQViftfr BthoIQUER YRReTSARGiRg T e Preserieinptioedt i ve
vi ew of i RCuMRRSod Holwe 2 1d Bn@SENEH NG Wit ﬁxapﬂﬁ grem?'im%omnagh@e _

i nvention. The front panel door 102a is shown 1 n the 1o open position which
al | ows 1apeatised withdg some iooeld of thegeoapecifis dethils. him cloar wirtecess sedrknbwn prdwesd i r st
sl ot openi ng,.10 IS l cated in thg f.liont an(ﬁl door 102a. . Duri rllg scr ubbi ng
oper at i oPESTAR Favg Rt Beeneiesabse 11 94l imsordrr Rgfdo Bm:sﬁ&ﬂﬁ'asqbf%ﬁt RIC¥RE
waf er 11Qpdemtibmserted into the scrubber unit 102 through the first slot

openi ng 102g. The second sl ot opening 102c is shown in the top plate 102f
on the top of Higwse dév shomesra ygticallyt orieded wafen peraldhsr-d1ye2 dnit Sn shewdanice vdth open

osition wt [ i | _arrows indicati a directi. f mov t of the
Ito op door ‘%fﬂ“’? 81“%}%% Og;ghgenp rosrengfnggrétéo npolg% ISF 2 é'I‘I’f‘ér ?IBET%‘Egrm%‘ggFF%OW a
i |1 ust atsedbbanigc1Eatdintegpsied b anvdTgr Prapardiildesyishial 10®NThHe Infountigg HP igTENT

of the top door 102d in accordance with one enbodi ment of the invention. In
anot her dinehid oven thepsrtbbeiopnib a0 man bo dongoidranygpinbies of says- o By edaygf
pins, br 1R i ' Talirg

noveabl e%gzrﬁgélr%’ H%udsr?tthrg H%%Earglg% B?@";d F’XyB B@%?ﬁqﬁg‘? S%ﬁ?egq}ﬁ%tsnggn&t%ﬁ%e top
door 102ondumtesictocr bizusing suppdrt,tih earplxs bitdched af a Wht, ool eahbe sdipghded@res ithg

104a. In grei) anot hlz‘r% epbodi ment, the top door 102d is |located within the

scrubber St ber 3t L2 PSPSAPPIBRl WIPX oA CHBE AR, 4R dryprewnt 1Qhis papitianad ¢ he
scrubbgy oy the lRAbbECHAIt RDPSHER (b ZAv@klugthO WUk rbgfnn%)taa? nd 'id’ggﬁéveu&'hrar 102
configured symretrically 25 such that there are two rusﬁes 1 on opposite
si des of advantagss e will be disensecdtbedovbr ushes 120 on opposite sides of the wafer

110. The two Rrushes 120. cl osest .to the to | ate 102f. define an. up set

of brushes 120" (znr?d CF‘#SQW%’bﬁﬁsHQ’SY Aol Bléq?‘bql%/st?]emﬁﬁﬁgk g@‘(er o#ouﬁmﬁsﬁ@ia 120

define acbhafi@ired i move Pivasand hay foaPY ﬁx&ﬁ&?eﬂ%dﬁ%ﬂgh@@b it&de?’hﬁ%sﬁioﬂ?@f fol d
0

containing multiple nozzl e heads configured e sprayers 122 ‘above each
brush 120Pemlasd.iang leadédwrond which ate descriheddn igraaten detail beloay. eFigoref 14yshas t 0

of brushabe 3 SHERR O i ARk Trdrali sl DN S T Db PR o T G e

oper at i orhoosing Ae4wisf ecurkd Go atshsempppors studdire 1083he Spadkindrwpp@iy Bh ek anay
fromthe dWaf er., ]]bg ghg scg%)bber, 1185 i.s configured to then position the
upper set" ¥ Unit{1§44nd, 18 scplper gnis 10 108 ther Distesy 190h o suRROTL BiowAt 1962, ir one
brushes %afhoaintent s fOVMGHH bbividen ARARBHEQIN 12 Ad B 1 ' { he
waf er 110 and the Igwé( set ofc g_r usﬁes 120 are T g?%%%ggﬂggvr\g%h@?%% e
waf er 110. A Sewair 13Qisshews enz2ing sheadryorcimt HY thicngh e aedondrsios opdiify 202t

i Ny fj i ' h 120. The fi ]
< abore T e clllel B2 TRREL UK i0Be SREGnR] 13 Seinort e Wl 0B e
scr ubbi ngryspenati0éyandfd pivet fier ¢ORARICOANgWREd fol pibét tb Me &igs VEME Bafef SRV €d-

I n accordance with one enbodi nent of the present invention, the vertical
ori ent at iSgyre the water 110 in its mounting. In one embodiment, the wafer 110 is lifted through the



of the scrubbing operation pronotes a dirty-to-clean progresg@pmﬁmmzmmﬁ
scrubbing process. In a dirty-to-clean progression, the higher the
scrubbi ng operation of the wafer progresses in the 10 scrubber 102, the

cl eaner the operation. By way of exanple, the |lower set of brushes begins
the operation by perform ng a scrubbing process and using, for exanple,
sone chem cal /D water solution (e.g., hydrofluoric acid (HF) or other such
chemi cal sdrubier paitfl0e hyam ddge hbhler $04 abkilifgr opkt B driven basa Hiscrodmedtreliisy e,

t he upper set of brushes 120 is retracted away fromthe wafer 110 while the
| ower sed0%.s in contact with the wafer 110 and perforning a scrubbing 15
oper ati on. ThendRLAY 1 chéR ihkAERbES FROND thifighkUBleRot tning a0k Masduce

DI water or chemcals into the process. Alternatively, the chemcals or D
wat er cain déronrpaneicdooe d02:rBhegfirst shet dpevisp 102¢ iseonfigired &1 besepened aprbelasedon

using the | ower s of b hes 0. s, conpl et he per s f1hr es
130" Hove oY 308 St ape O hdbanbarsdadse R Fise ORI Blorsbe S B RS g
20 the UBRED Sfihg qm%.r U R AerdR @ wifeP 220N6! bs Girbkeseeis dhireduce@intbahp evdfar med.
By way o exgnple, the second scrub operation can include the use of

aRot hﬁr plwlmatian systery 100 tlfhaughrths/ﬁtﬁéskgé@meélil)g WRgpmndiihe slider dogreltiBh €lasesio of
hesi ot R oSt anpe SRt 0iis ShuARSlh B sor bl SRL VY B BRI ROBR

the trangiyer ARt 04 by unRILe holitP1 DiinoBiitel b8 aSficibb 1 12UNThe ®AReri N0 2its the
accordance wth an enbodinent of the present invention. The fer 110 is

i f t ed1Q Keroblegs unitd 02 ehrarglethe sefond slopoprping 26 ape transitiqns inte AhedryetidlWo ¢ he

lifter rod 112. The t 0Qf,: 10 t. ' e hhis | t he
i er 1108 1635 1 i SR BRI S hHPUEin e A REPaBP 10 (O BARR 0
top pl at geckdedf in tHe Ayee>tiniti G Byhera OF uiEbBnigerni 0561 A0S, tand theapivot fingersiOSaons
to the d%er unit 104 as, discussed in greater detail below ,L30 Fi géj%e 3A

i |1 ust r aflée walies @i Briedt inghe drven yais Abd.yand arlsan 2nd doy wakes 4 10iis mowed from

enbodi ne [ ' e . i 4
brushes ?@%&%%%Bﬁﬁﬁgﬁgﬂﬁﬁﬁg%1§gp£§q§§?9§%‘ Pﬁ?ﬁggaﬁgﬂggﬁﬁﬁggig@%%ﬁgngBf
brushes h2nasnuieter o posditsly @pertlioisngudhha, srinnibyiangafep einsing anwafeh epplyiehes
120 are configured to rotate to_prodLI!‘ce tthe 19 August 2004 10 desir.ed
scr ubbi nghemicals o aavadsand ten TisERethe o¥fsr (h&- i FEFer J8Peglorp  (igHRg “Tgb or

the | ovelehsiticaRl sph USNAR), 14R o IsinfOUrIfly, WihbteRiel BETERATHAG &G THbDI NY
operation on a wafer 110"at any one tine. "Wien the | ower set of_ br ushes is
per f or m ridryar,8 Eduybbimiy” epd ‘dryingrsystemé atqowred agéshaild be ind¢rpeetddstoriaelnde anyd

away fromthe wafer 110. en the er, . set. of brushes 120.is 5.performng
"% ubbioRt SbpErabeton b pernaters dPREH et BoUSRF g S itenOS RS 1 o
the waper 110 Fidii€ 1BARhsta@R ithdload)dnlo®d pésitidh ¢ifthd BEebiinif (®@Binl @cs@iceatitled by
the brush control assenbly 202. The wafer 110 is sugported in place during
t he scr utpnesmbadimsnt bf thgdhesntign Ve ces b seen, swaaoverbBryerHwusiag dP4amoyes

rollers 2 ) (o] 4 ; pLiLon to
the scru 69 g% edruézie't3 ?gl}]g{)ele ng g@?@%ﬁiﬁﬁsé%egﬁﬁb)y %:hggvar%%flgp i %ﬁn@F ‘CM}E‘]‘@P u@ﬂ%@k’q 20
agai nst tuag Maf Brsuppdied tbyefingaiscl05H) andel 050 Pvos fin@ad 052 pbltsditonia raisedimd i on
of the wafer 110. During the scrubbing operation, the ed?e hol der 114 is
ret ract edIakEd PRSiFivR AR VRN 8 atasnia e iz Of e Pafer G DesaecusnBihe

SUppor bs thg. V3t e 89 %he AideYSTDBY 13Tl e PR fingPf RisG. the wafer 110. The
waf er ?10 c%n ealll s(())"g“tl)-le‘(“lr’m?vee Lﬁ)e or bvvncto ace onpl } gﬁlt ofsg-center scrubbi ng
15 by rai si ng Ioront ewbodingnt,lthe toalueltoad positied oy tvxDdthge pifseont hie asBrstbtbgang

tion.i | eted,. th . hal 14 | i int iti th

PPrter o teagRestcn: s sehiEiy Mtef e bl DF oel P SR Toldee O s

rod cont rgysiieh i Qhict thet ol édg%tdf&h@dzaquiimnghtiysa@vsqne/ﬁngen Q05b BAd 1N
u

ot her enbodi nents it can be pneumatic, hydraulic, a |inear actuator, or any
sui t abl e ¥eenhdhe amvedidy hewsingl 34a i ten positigridsuch thae therfingerndiSbrand 1 0bgfaee 110

o S0 he i GHRD T 0L 10 B Pt B ER st o e TRER 914 85 e
accor dancigwiwtien asweshoth thentcmid stdpe of mvelobd positidit) ehedgrer oD dethed letvdred

attached to an end of %he lifter rod, 112, and is_ configured to support the
waf er 110°%9 the fingsrs 1058apd 5o and the péeny &ingsr 1038 pivptedownward 3¢ seyee thader i or

of the e j . j | ' ' .ed in
o\ shange DR 0RO BRI OB iaRS BB e w1 B REBYLPUE
the surface of the wafer 110 (e.g., the active region) while providing

anpl e support to lift the wafer 110 through the scrubber unit 102 and
position it in the dryer unit 104 as descri bed above. Figure 3C shows the
waf er 110 being lifted in accordance with one enbodi nent of 30 the present
invention. At the end of the scrub operation, the edge holder 114 is lifted

LR A A~ - o, o o o N A NS



11 resulting in the wafer 110 rising through the scrubber brqsuu%ggambhy
200 in direction 210b. As the wafer 110 rises, support of the wafer 110 is
transferred fromthe wafer drive rollers 206a, 206b to the edge hol der 114,
and in this manner, the wafer is lifted through the scrubber unit 102 to
the dryer unit 104 above. 5 As described above in reference to Figures | A -
| C, one enbodi nent of the dryer unit 104 has 3 positions: open,

| p
| oad/ unl d8d, Bhecdgt bokldr 11 iputhes withdrawadrerhdbe dryst deit M4 o dhat theemgrgable uni t
104 in eahch Zlf t.he %ﬂa]ree gots'titoi}% @/ith aidet ail of the wafer position in
t he open, YR OP%%} BAFTERNG ¢ Cqsgggﬂs %%“Si tions in accordance wth an
enbodi ment of Figige 10V stidiwsOe dryer FUn@UICR h/the tdtBed pysition! i cdddance with bt

open position, The noveable dryer 10 housing 104a is at the greatest

separ at | ¢mbgrnenk ebthe pesperf)inyrptionpTee mogeablhdryes havgingrlPds ispasiioned sobpt The
only di i ryer [ ve f Al jtion
(o 5. o §FHcE sha By PRERA ol e BOuHAGaE 108 SBF S8 e STl RO
nmovenent wafer EIOY @ SBowe dnside e sedéd dryat ugit 10VmodaRted Dacthwvingérs 106b afd 3088w i Nn
t he side view supported by edge holder 114 on the end of lifter rod 112.

Pi vot fi ﬁﬂ@lsecfﬁgbﬂ@"%‘ﬁ&ﬁri % he rai sed or 15 unl ocked position. Fingers

105b, 105c ar g r b | Ngl r r h de. Th er
detail of Fi ﬁ#@%ﬁ%@%ﬂahﬁ?ﬁt ﬁdecp \%ggéjr% }Sﬁ‘gwsﬁg‘gtﬁg} y&(fl (?S'g ha ﬁe I ngers
105b, 10%ccastiarch wathooneeptbedimmine df the imehtowrTiz fpbm tpenel 266k 1(2adssHolwinsin the
position, the npveabl ryer housi 104a can proceed to the | oad/unload
posi ti &h.OPER B%‘%Olhﬁggcﬁéﬁ@ §H%C3P%T£dﬁgﬁfl‘f&%‘a CRBRPRGNEOL the, SCTHRREE 2bsembly. y Ehe
housi ng Ll t Berifid ¥&6h hedisi ng
104D, T natd utReAng TOUER bOUA! AR ToBbAbRRE 102 DRTAS KGthiihy Ghediis, 0

| oad/ unl dbd frpots parebdport hg2amsvieah¢ eloded) positiousid thel@4dfar d 3 iH ensemeck thi@ithcher

away from or.towar he fjxed dryer housinhg 104b as represented by
bi di r ect iSBWQPeTé&ﬁJa}?é%’&PgI} h‘e?’ﬁ%‘ S[%QH?‘HW g‘?& position, the wafer 110 is
positioned on ThHaQeddnBGR apé;f?&gnozlqugmanq the Bp PlatO@10ZrIoRGRE top QP PheRicMbsr f rom

a raised, unlock position, dowward to 25 attach to the edge of the wafer
110, sérwnitd§2t Hetopedoor 1024 i showntin ag opsn pdsiion; wige disectiosl, arpe5 dndinatingtre

i fi .10 i f d il ) f i d
P secur BRCgr ShofioGi b it B ok 020 PR 15k 5° 1Bkt pety ol P8 on
250. The 1024 ieillustededldohntdied o £pssiidiing be 10d¢ thah 0biiRls the mded¥nf 60Me kdje

wafer 110 and out of the dryer unit 104. Figure 4C shows the dryer unit 104
in the cldesetdoniaceasdancypdthrangeadodingny ef theanvestiennlp apther embadimsat, the t he

fixed dr " i j C: the. . [ uni 4. wi.l | be

descri be?glglﬁlgglrdgg[%g[f) Eyglé{?ramﬂdglgIcgl\%v?dlﬁﬁg}v%%éﬁﬁgsﬁ (gsr Dgt %&P@??“Jvﬁ%ﬁ&d{‘%@t% t he
pl at en2@5@ thybdttven pf thotndviestde drytDheusiipd 1044) Giguses105b 1 C ae watld pukitibh fhd he
fixed dryer houg)izir(]g 104b portiqn of the seal ed dr};er unit 104. 19 August
2004 12 FPRyEPY B2ddn aceqrdance with the pogidian ohthcomowtadle diaerchousingpifiat il yet
process b eSS ERn SN 1 Fpe=tane | il The
waf er 11%@]?21 b{]‘%ni pul g]?églg(ug %&r qro}%%ggp étag(:!dor(f1 1Irlg{n@l %g&b?%@ﬁgi(yszi a{lﬁﬂéﬁg]&m%}i an
end ef f edydmog0anechanical lppenatidms witlsin slecagrubliet wnit 2. end ef f ect or 304 by way

of vacuum hol 306 or her such appar.at us.or pr.o ses.to b secure a
wafer to an e%??u%g]fué@fsofi%ﬁﬁ Sﬁ?wﬁt“ﬁg’ﬁn ifﬁb'i?f‘ibgera H E@i copfigradosyopmeteically | y
transpes tsustdher theihird BydTBustea 100 BY oFpRAL sidLOHR tBE FALANIS 26RE rvBloRghEd Y20 The
wafer 110 is inserted 302a into the scrubber unit 102, and positioned 302b
in the sdnpBesiteaddespbithe walgr bHL Ermoovn brushes 130 closest ¢ the teplategl 02f defamrs es
are acconpl.j et r | | he,waf er beceni ng c ner
and ol cantriPPRr feu b BB PR BGAS LG ML LT B0 Bt Bofl B O Briies” 7

transiti clefde 30@wer( $et ofrbnishés 120 hAbsws edehesrushniZ0 isGRywh i Makifd dox@iningi t
104 overhe an sitioned 302d for the _drying process. In one

d d
enbodi mﬁ?‘ﬁtl?]ﬁéloﬁ?lggmég"fb%’ﬁiﬂo@t &Piaﬁefﬁﬂézagﬂyéreaghblﬂlsh@)@-i ncl ude spi nni ng
t he waker 110,pyrin3Sd i tieRi fear 0 v
waf er 110, and 1{riﬁ1§5d| fulilég BgetrX‘(ﬁ]rg ﬂ(l:%gnigfhee?ilgg ao? C%@U\é@y@n%a%br?}) gélgé Ei? %ste&ewaf er
110 i s exhe wafeed1Boppaitspuchdarasdhelioves sarof B0dhedEIOnge pesitiored ik corthie vétid
ef f ect ot yvacuum hol ds 15 306 or, ot her. such securing apparatus or nethods
as descri égelg rg\l/lggals?fuﬁﬁgeréiﬁr%a? fp(?ﬁ‘fa?ertlr@’ &ﬁdlpg?'fséb?fg?r“ 3 19Q angrretiagiedy 1 o
the sanme awapdtonashe \safehe_l@anheﬁéreme@rloﬁ%céﬂi@hrejd%%érﬁgos%ﬂ)%%é gg datepe 110
at the beginning of the illustrated wafer préparation process %
Alternatively, two or nore end effectors can be used. Figure 6A shows a
detailed view of the dryer 104 in accordance wth an enbodi nent 20 of the
present invention. As described above, the dryer 104 includes a noveabl e
dryer housing 104a and a fixed dryer housing 104b. In one enbodi nent, the
noveabl e dryer housing 104a is nechanically positioned to one of an open, a
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13 devices fabricated thereon) of the wafer 110 is positi oneggjﬁgﬁsrt\gg@me
noveabl e dryer housing 104a, and once the wafer 110 is nounted

noveabl e dryer housing 104a is noved again to nate with the fixed dryer
housi ng 104b and seal the dryer 104 in a closed position. In the closed
position, the dryer 104 is configured 4o performany of a spin, rinse, s
etch, or drying operation of the wafer 110. Figures 6B and 6C show a

per spect bM@h&VEZOI"@&ﬂatVﬂhe\uppér sat off hrashed Q20 iare momtmawah awd pphrfomeng atsodibnent
of the invention. gure 6B shows the dry t he | oad/ unl oad

posi tion OP%I'ﬁGOIFP@lﬁlPeeWG@T%Q\@dt‘H% lQpyeyetet ?ghr‘is % Erlco@gﬁ"t‘if{)?f"ﬂ grrqm M one
enbodi ne er I mdand
cont ol 5 s BS A Re T hayliy L8 RERHELL Fn g BRI 120 abl ik o

| oad/ unl dadtigo sélhtivento( dach bresh6B20, The fiwed docalidi0 is sbove eacke birush 112ﬂea@d &teen
2S0 using finger descr.i bed above, fin

ied 6 oS IR o therRei: 5 EhfoScrUIS RO i BV s D T Tor °

posi ti On%Eih Strﬁgmegge hol der 114 (see Figure 3A - 3B) is vvithdravvn from

t he dryer servo notor 359 drives the noveabl e housing 104a to the
fixed hou5| nglliemordaamde with ane esbddiposit of the. pradest inSeisink thei vgeticah otierdationr er
110|sth Sld hat faces the fix 104h, and is_rinsed set
of nosz! & eSS biRg opeGoR PrTUr S St sean Ppreseseicn TR e Rrlb MRl il o

si de of fahﬁrt aeaxitgmgieaﬁﬁ thd BigRbrah® SoratHin @Bt rhtfon! d FIREW afeO progidaiidn the
foll owed by a rinse nozzl es 3S8 directing a fluid at that side of the
waf er 1d (Scruﬁi)egtlﬂésthsﬂean@@h@ hpﬁmtmnr dpy wapnf exdmpde,ribe lawer €I drysbes beging he
fluid at the active si r 110| acco

embodi me e ORsHUARPYRY r@é"%%%“lf&ﬁn%@mﬁgsﬁl% JheE foﬁ%%r%p sul(?mgpﬁenf"ga(‘:la b on
or i n anyy.3dH dofiftlof (@gnfﬁyﬂwm{oh@rhcidn(mn)carr@lﬁércglcmdhbmidm) e peidorad ah higitial
desired process and the ‘si ze of the wafer 110. A drain 360 is shown in

Fi gures 68ubbisgoperatien by a¢schbed abgvel the epper prs ofi PashesdR0s retractedaypy frams g0

i S necessar r rred
enbodi e ? %fifter 1{&?89 %1[ q‘%“éee‘\r}ug g]{l]%ﬁcé&n&grﬁ%gﬁ fclag%bp resr%g{r:l ﬂ%}’e&gg{ ﬂggr ain
360 woud @pbatid® ikt s;ﬁ:i)femlllm/elomm abo&i the dneshes 120hearl medncepDi twater of t he
dryer 104 Once a wafer 110 is processed t hrou the preparatjon syste

100, t he chemialscialp He PROsEsE s sSRHCTPA U HD® (chemichis| ¢ ﬁhm It Gl P dptqgce
operati oqﬁmu@ﬁ.@%rmer ations include, as is well known, deposition or
sputtering of oxide materials and conductive materials (e.g., alum num
copper, m xt urAder adirst schid dpckedipn using tivr loees set of baxshdsniris asmblleteetltaaq)psﬁ de"

30 process Iso i ncl udes etch eratjons. The chj operati are
desi gned St d’é?slhﬁ%(f#%’é'oﬁ"ef%i #‘é’ aéld“i i}ﬁ’tef ?sﬁ‘é& f\?’lﬁgg CAH Yot

geonet bi GhLPALHET RE o AEIREMPO] @ séséﬂdnecrﬁmpeﬂah&{ AN R CherfirmbE! UBE vﬂafy éf‘
integrated circuit device. In between these operations, sone chen cal

mechani caxapplej theisagondGump Qmeitlamcemsnc‘éu@ th¢ vee olcangtingr Fbellplt@lr(a@ Abatithay

f bl e f. f f
of such onerskey DIkatCR by AR, B IR Befiicay bbb Al T L atiio b ™

proceedi R@ralyersd 20 ¥ aloP a¥sitt immomnrgmﬂ RhafRsS afd/oNpdtiitigatad) l nt egr at ed
circuit device. Once conplete, er is cut into dies,

representing GRgHP @Pe’(j]r“éttffé%ﬁ @Prttatl}ﬁlfm% of phe wakst A9 gyt af Ehetsﬁ@ﬁ’b%ﬂ %béloz Ht 0
sui tabhe a%?tﬁﬁ?&gﬁﬁqﬁpﬂl dﬁﬁo;%gxg@ﬁt%‘i‘ tl%ﬁ scﬂ vARRNL! G GR%rAqYi %ﬁftecﬁ% cgﬁ%e din

CONSUNEr e c en uct i'S I nvention has been
terns of ssmwberalnipl@s by Itl&de@ﬁfﬂtf(hr rmntaﬁacheﬂ tevthd lifier mﬂplrléCI ”Elteeldrptdmat 102tbse

skilled in the art upon readl the precedi n eC|f| tions in
The. clr awi T DGt e, Bar POt TAOLRE et 11918 chath scramer b FLMsRete aud
equi val e%§ sfob mtoﬁ] thd fopl platk h@mef@ﬁ&l xR @e deubidr vnfteLoR! B8 Slifer (FASIOhON

i ncl udes such alterations, 10 additions, pernutations, and equi val ents

as fall vipthd tiry@ﬂmllltmfiassigﬁcnswd argie@i@cﬁ;éalkhelqvhe invention. Wat is clained
s %8 AUQUSPt g\?rgoflA 1"‘i_’lustrates the scrubber brush assembly 200 in accordance with one

embodiment of the invention. The scrubber brush assembly 200 includes 4 brushes 120
configured in an upper set of brushes 120 and a lower set of brushes 120 as defined above.

During the scrubbing operation, the brushes 120 are configured to rotate to produce the



WHAT IS CLAIMED IS: 1. A wafer preparation system (100), conpgp@§@@20@4
scrubber unit (102) configured to receive a wafer (110) for mechani cal
scrub 5 cleaning; and a dryer unit (104) arranged vertically above the
scrubber unit and configured to receive and dry the wafer after the
mechani cal scrub cl eaning, wherein thejgcrubber unit includes a first slot
opening (102g) fromwhich the wafer is received and a second sl ot opening

(102c) t hadirell %cxdb&hg etdn. T AOfastiised dbosé, oalyothe apgarisaigofamashe© 12(eadthe iawdrhe
dryer unit er preparation systemas recited in claiml ein

the dryesetmﬂubtushmlmsan Fpntagt vnﬁwdr@rfgna@g(ammlweaat@a@Bﬁdwalfeﬂ@ﬁ@} si de
(104b), the fd & o @91&&%@&'& 1EQRIBePidBthe!chibihg bkl cthe fppetd

housi ng &g |n a o osition arate rom 15 t second housi ng
side in Qetpﬁibrlhsh@mlstﬂaﬁhcted?awh}hﬁbmt tharwadférel 10l oWaeln ﬁmsuppﬁosnt of brushesm12(} is

preparation systemas recited in claim2 er housi ng..si de
i s posi’ PeReHIng ascrbpug Qﬂefel%‘r?f‘a[}ﬁedﬂw?re?eét(’%éusgﬁs { ﬁﬁ‘gﬁgf* %r[ Irgﬂjcf’ t he
first NOYSEAGL D) Ofhd BodUAY SndHdillidreHPEE lorbdhed mc&%gaai byaus bﬂﬁhscbﬂﬁ!ol 20
4. A wafer preparatidn systemas recited in claim3, wherein the first

housi ng assﬂmblysZOﬁ)vabl ein adi rectlon that is perpendi cuI ar to a vertical
di rection. vvaf er

arati m as, reci.ted in erein the
scrubber uni t “faﬁ"crl ]Jﬁé ‘éPPPftF‘gfn @¥ ‘6‘5‘83“%@“‘[’? 8?%‘6%“ \%We PH&S
recei ved »gpgd 2@65 eqtnedva%roc!mﬁa%nér@@ogbaz@ﬁb SrddinbhReg rd‘nrepmnwﬂ)zifal DE4b. Sinot
openi ng and ''eads to the dryer unit and the wafer is configured to be

transi 10 additiof toothe\seuhioperatien being bosomplishad hyhthe nefptiarhef the beskessi28tagaieini ng
i m 1, Bpeled T e el oty 2 PR RS R 3 M O S
second emgh s@bing operation, the edge holder 114 is retracted away from the wafer 110. The
wafer drive rollers 206a, 206b, support the wafer 110 and, driven by a motor 208, rotate the
wafer 110. The wafer 110 can also be moved up or down to accomplish off-center scrubbing
15 by raising or lowering the roller arms 204a, 204b.

When the scrubbing operation is completed, the edge holder 114 is raised into
position by the lifter rod 112 which is driven by lifter rod controller 108'. The lifter rod
controller 108' in the illustrated embodiment is a servo motor, but in other embodiments it
can be pneumatic, hydraulic, a linear actuator, or any suitable mechanical device to

20 controllably raise and lower the wafer 110 through the scrubber unit 102 and to the dryer unit
104 overhead (see Figures 1).

Figure 3B shows a detailed view of the edge holder 114 in accordance with an
embodiment of the invention. The edge holder 114 is attached to an end of the lifter rod 112,
and is configured to support the wafer 110 by a small portion of the edge of the wafer 110.

25 The interior of the edge holder 114 as seen in the cross sectional view is configured in a "V"
shape. This design is configured to minimize the contact area with the surface of the wafer
110 (e.g., the active region) while providing ample support to lift the wafer 110 through the
scrubber unit 102 and position it in the dryer unit 104 as described above.

Figure 3C shows the wafer 110 being lifted in accordance with one embodiment of

30 the present invention. At the end of the scrub operation, the edge holder 114 is lifted by the
lifter rod 112 which is driven by the lifter rod controller 108' or 108. When the edge holder is
positioned to support the wafer 110, the brushes 120 are retracted by the brush control
assembly 202. The lifter rod 112 proceeds to lift the edge holder 114 in direction 210a



19 August 2004 16 an edge hol der (114), the edge hol der bei ngg Aupasthegh t o
the lifter rod at the first end, and the edge hol der being configured to
support the wafer in a vertical orientation. 7. A wafer preparation system
as recited in claim6, wherein the lifter rod is 5 configured to transition
the wafer fromthe scrubber unit to thgidryer unit. 8. A wafer preparation
systemas recited in claim®6, further conprising: a lifter rod controller
(108) f oresoiinigrig thehwafer 1 1@rising throbglothg lscruhker Srushizseamhin 200 mdirection 23004 yer
unit. to 9. A wafer pteparation stem recited in claim er ein. .t he
lifter réd tE%N\iQ?%Illlgr“ﬁeg SyReerhPL &Pés"éﬁ%?ﬁ%{sﬁ ans rrﬁﬁgw%ﬁecw%rs&rg\lgﬁ l%;yefsi near
act uat or >8¥StRFy BNMhe deddy Hodtk i 1045 ¥Ad MNthiS miries | tE vdTer {sOUREd Migobgietei f t er
rod. 15 10. A nethod for preparing a wafer, conprising: receiving a wafer

(110) i nserubloar winlsilAg tethatdryem uait 94 abdvieough a first sl ot opening (1029);

closing the fi,rst slot ening 4o seal..th r ubhpi k.n. [
secondg'r’sl ot op¥n eﬁ‘(‘;flt(eﬁcfg’@)’? 1128:f?rleﬁei tHgF Sl S\ivg‘f"élrief r%g%%{n%éa@gép b glﬁ{r%g&g?gt i on
through 4,48 192699 éfahiﬁbn@mhp@amn@ad;rayluwssa.apigms(@ozmctgmaw d side view
vertically arranged over the scrubbing station. 11. A nethaod for preparing

a waf er @ theedryereunii H4inagach 06 thoyfhese dionitione Wit @edelaingf tbe Wofts RRsIER 18 Micough
stati on. 0pEdbe TGy Sad PREUERARoshldiin bbRRAGRE K0} BF SECURRALS he
wher ei n ti@ntiod.t TNEFigire 4A, the dryer unit 104 is in the open position. The moveable dryer
10 housing 104a is at the greatest separation distance (Dgpen) possible from the fixed dryer
housing 104b. The only direction the moveable dryer housing 104a can move from this
position {(e.g., during operation) is toward the fixed dryer housing 104b and this movement is
represented by directional arrow 252. The wafer 110 is shown in the side view supported by
edge holder 114 on the end of lifter rod 112. Pivot finger 105a is shown in the raised or
15 unlocked position. Fingers 105b, 105¢ are represented by a single structure from the side.
The wafer detail of Figure 4A shows that the wafer 110 is actually above the fingers
105b, 105¢ which are represented as dots on a platen 250. From this position, the moveable
dryer housing 104a can proceed to the load/unload position.
Figure 4B shows the load/unload position. The moveable dryer housing 104a has
20 moved to a position closer to the fixed dryer housing 104b, the distance between the housings
now represented by Dy,y. From the load/unload position, the moveable dryer housing 104a
can be moved either away from or towards the fixed dryer housing 104b as represented by bi-
directional arrow 254. In the load/unload position, the wafer 110 is positioned on the fingers
105b, 105¢, and the pivot finger 105a pivots from a raised, unlock position, downward to
25 attach to the edge of the wafer 110, securing the wafer in a mounting by the fingers 105b,
105¢ and the pivot finger 105a. As can be seen in the wafer detail, the wafer is mounted and
secured by the pivot finger 105a and fingers 105b, 105c to the platen 250. The lifter rod 112
then retracts the edge holder 114 away from the wafer 110 and out of the dryer unit 104,
Figure 4C shows the dryer unit 104 in the closed position. The moveable dryer
3¢ housing 104a is mated to the fixed dryer housing 104b which seals the dryer unit 104, As
will be described in greater detail below, the wafer 110 is securely mounted on the platen 250
by the pivot finger 105a and fingers 105b, 105¢ and within the fixed dryer housing 104b
portion of the sealed dryer unit 104.



the wafer is fromw thin and out from above the scrubbing stgngngfstzoé@
August 2004 17 13. A nethod for preparing a wafer as recited In aiml
wherein the wafer is received in the drying station fromthe scrubbing
station. 14. A nethod for preparing a wafer as recited in claim 10, further
conprising: 5 transitioning the wafer cligt of the drying station. 15. A

waf er scrubbi ng and dryi ng apparatus ( conprising: a scrubber unit
(102) having Fedued &ﬁy&hgﬁam)ﬂcaﬂ)remeie@mhed (bfo aswafth prepaition @idxﬁ&s Bb&t ins a
vertical orientation to a dr%q?1 unit (104) pasitio e& l3ver éf

regi on oRCEORIANSE Mithhee embQdimeRieo 9§F6SEIHI lﬂ“’%oﬁg %nW?%ﬁ L4 15 mapippliede ¢ he

wafer fr Uk anﬁ»kz&g to(ér%)l gleg}ﬁgtbgflﬁsg 9@5%%%&&6@3@4: @H@pﬁ wé:f@x' fs sb&xréchf%

verti cal fentatlion, unit is configured
transiti ce ¢mi cﬂﬁa:tmf30&trb}0wayn oﬁwsd:ltuinoholda 3D(ma;d/odrck cach gppmrdtasoor prrmdesaescloos ed

osition. t5 16. A wafer ubbi ratus as..reci.t in claim
O LR iestires B AT A, end TCPAB 307 g et SO P REREEE Lt SEEicalli FonsROE o
end; an gdgg, tmhﬁ g{au&%}% @éaha}sélﬁ%ahearamld infe3ting nﬁlcqbaﬁ:hﬂd lls flﬁs%fted %lzaand
configured to ho t he in a vertical orientation; fter

control | éwto( b@8jcrtdef i wulr éﬂZ,t end giositiondtke 3026 tlar theodcrulhheoufghemlbicé sdn udrizer
17...A sem conduct or paration a rat us

t toth
(100) . cERBPHEIRY M e Erivbeprg S i ot R FRIEbi s FRRGE I on
(104) nDlt'h’H RefeP BE&IontiNE clWah& and | RAREMN JA fidratht Qtub process is completed, the wafer is

10 transitioned 302c (from within the scrubber unit 102} into the dryer unit 104 overhead, and
positioned 302d for the drying process. In one embodiment, the processes completed in the
dryer unit 104 include spinning the wafer 110, rinsing the wafer 110, etching the wafer 110,
drying the wafer 110, and the like. At the completion of the drying process, the wafer 110 is
extracted 302e by the end effector 304, being secured to the end effector by vacuum holds

15 306 or other such securing apparatus or methods as described above. In one embodiment, the
end effector 304 is attached to the same robot as is the end effector 304 that inserted 302a the
wafer 110 at the beginning of the illustrated wafer preparation process 300. Alternatively,
two or more end effectors can be used.

Figure 6A shows a detailed view of the dryer 104 in accordance with an embodiment

20 of the present invention. As described above, the dryer 104 includes a moveable dryer
housing 104a and a fixed dryer housing 104b. In one embodiment, the moveable dryer
housing 104a is mechanically positioned to one of an open, a load/unload, or a closed
position. The wafer 110 is transitioned into the dryer 104 as described above, and is mounted
on the platen 250 and secured with fingers 105. The platen 250 is attached to a spin motor

25 352 using a mounting block 354, and is configured to spin with the wafer 110 secured
thereon. As shown in Figure 64, a set of nozzles 350 is provided to direct rinsing fluid at the
back side of the wafer 110.

In one embodiment, the wafer 110 is transitioned to the dryer 104 when the dryer 104
is in the open position. The wafer 110 is lifted through the scrubber 102 (see Figure 1A) after

30 completion of the scrub operation, and enters the dryer 104 configured above the scrubber
102 while the dryer 104 is in the open position. The moveable dryer housing 104a is moved
to the load/unload position, and the wafer 110 is mounted on the platen 250 using fingers 105

as described above in reference to Figures 1A — 1C. The active side (c.g., the side having



wherein the wafer cleaning station is configured to be seal edgangastobosed
system and the drying station is configured to be sealed as a cl 0osed
system 18. A sem conductor wafer preparation apparatus as recited in claim
17, further 30 conprising: 19 August 2004 18 a lifter rod (112) having a
first end and a second end; and an edgqzhol der (114) being connected to the
first end of the |lifter rod. 19. A sem conductor wafer preparation

appar at ugevises' fabiidagdll therech)eofithd &afeni &9 & poshiohbe faethgehé alosteablé dryeohdusingr ed

to support a wafer in a vertical orientation, 20. A sem conductor wafer

pr epar at ilBf# Appanes ths veder B is gppuntpde | i‘ﬁ?_@@f,’le\ﬂﬁ)éerréﬁoﬂmf‘&é{g‘?q Beevedagaing

conf i gur gl it the'rked BHOP nBRIACIOABURR LA RS 049 E LIOEH @isifont he vial er

1o
cl eaning station and to t'he dryrrhg station. 10 A sem conduct or waf er
prepar ati on abpareatlosedagositen theddryer td4isncohfigunstl do gierfotrmany rof iangpis tratse.on i s

i in r rin nd a chem cal
o | QU et & RS 08 oPle Wk 19h, @ SPIN. @ dry, & rinse. ‘a

I'NE:/NEOVM / NifiirdsNy IVt ShgthN &lsﬂj\ﬂcﬁ(r%\/érh@@l/ Wew/ difaYdpy M4y inNEcoidaiide/ NF vw
/[ Nf / N\v2-JLhqt *, 5t P2} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

U] c”a] caModi eng] @ahqcﬁra]awaqfct’a_? (iraz]eg?t}mafiﬁ[q Bsbewh dhe] draes) EGd in the load/unload
U c”a] Ca%&ﬁ%,ca%cﬁgu% [6?3 gh%%}sztiné dr%@tﬁﬁﬁt %% E%Wgé%@p\égi'tigﬂ.zﬂ %%n]: %%Sgi]n%e%t, a

Ul c”a] c
U c”a] cakembaadienbsplsciataed ealigadieabe tleca}&ajadmadonabiahe absiabsiag oaliga] ca]

ca] cal ca! ~%BECRNE&&E&<" | """ (8((~)) *T*k*****++&+h. O\ 1?25N5P5" <@ xsni d_ZU] ca] ca]
ca] ca] tameerpalds dayay ovsipgAlf§4a. “In the load/unload position (Figure 6B), the wafef 110 is
mounted to the platen 250 using fingers 105b, 105¢c. As described above, a pivot finger 105a
is used to secure the wafer 110 in the mounting. Once the wafer 110 is positioned and the
edge holder 114 (see Figure 3A — 3B) is withdrawn from the dryer 104, the servo motor 359
drives the moveable housing 104a to the fixed housing 104b and the closed position. The
15 back side of the wafer 110 is the side that faces the fixed housing 104b, and is rinsed by a set
of nozzles 350 directing a rinsing fluid or process chemical. The active side of the wafer 110
faces the platen 250 and is rinsed (or etched followed by a rinse) by nozzles 358 directing a
fluid at that side of the wafer 110. Figures 6B — 6C show a representative nozzle 358
directing the fluid at the active side of the wafer 110 in accordance with one embodiment,
20 and nozzles 358 can be positioned in any suitable location or in any suitable configuration in
accordance with the needs of the desired process and the size of the wafer 110.

A drain 360 is shown in Figures 6B — 6C for removal of fluid from the dryer unit 104.
A drain 360 is necessary in the drying environment to remove fluids, but in a preferred
embodiment, it would not be visible from an overhead perspective as a drain 360 would be

25 most effective when positioned in the lowest portion of the dryer 104,

Once a wafer 110 is processed through the preparation system 100, the wafer can be
processed through other well known fabrication operations. These operations include, as is
well known, deposition or sputtering of oxide materials and conductive materials (e.g.,
aluminum, copper, mixtures, and the like). The process, also known as “the backside”

30 process also includes etching operations. These etching operations are designed to define the
network of metallization lines, vias, and other geometric patterns necessary to define the
interconnect structure of an integrated circuit device. In between these operations, some

chemical mechanical polishing (CMP) operations are also needed to planarize the surface to
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a dryer unit (104) arranged vertically above the scrubber unit and configured to

receive and dry the wafer after the mechanical scrub cleaning,
wherein the scrubber unit includes a first slot opening (102g) from which the wafer is
received and a second slot opening (102c) that is different from the first slot opening and

10 leads to the dryer unit.

2. A wafer preparation system as recited in claim 1, wherein the dryer unit
having a first housing side (104a) and a second housing side (104b), the first housing side
being configured to join with the second housing side in a closed position and separate from

15 the second housing side in a position that is other than the closed position.

3. A wafer preparation system as recited in claim 2, wherein the second housing
side is positioned in a fixed orientation relative to the scrubber unit and the first housing side
is movable with respect to the second housing side.

20
4. A wafer preparation system as recited in claim 3, wherein the first housing

side is movable in a direction that is perpendicular to a vertical direction.

5. A wafer preparation system as recited in claim 4, wherein the scrubber unit

25 includes a first slot opening from which the wafer is received and a second slot opening that
is different from the first slot opening and leads to the dryer unit and the wafer is configured

to be transitioned from within the scrubber unit through the second slot opening and into the

dryer unit.

30 6. A wafer preparation system as recited in claim 1, further comprising;

a lifter rod (112) having a first end and a second end, and
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: $109R&& () - = A water preparation system as recited in claim 6, further comprising:
a lifter rod controller (108) for moving the lifter rod through the scrubber unit and to the
dryer unit.
10
9. A wafer preparation system as recited in claim 8, wherein the lifter rod
controller is one of a servo motor, a pneumatic system, a linear actuator system, and a

hydraulic system for raising and lowering the lifter rod.

15 10. A method for preparing a wafer, comprising:
receiving a wafer (110) in a scrubbing station (102) through a first slot opening
(102g);
closing the first slot opening to seal the scrubbing station;
opening a second slot opening (102c);
20 lifting the wafer from the scrubbing station through the second slot opening to a

drying station (104) that is vertically arranged over the scrubbing station.

11. A method for preparing a wafer as recited in claim 10, wherein the receiving
of the wafer through the first slot opening is located at other than above the scrubbing station.

25
12, A method for preparing a wafer as recited in claim 11, wherein the lifting of

the wafer is from within and out from above the scrubbing station.
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15. A wafer scrubbing and drying apparatus (100), comprising:
a scrubber unit (102) having scrub brushes (120) oriented to scrub a wafer (110) that
is a vertical orientation; and
10 a dryer unit (104) positioned over a top region of the scrubber unit, the dryer unit
being configured to receive the wafer from a slot (102c) in the top region of the scrubber unit
in the vertical orientation, and wherein the dryer unit is configured to transition to one of an

open position, a load/unload position and a closed position.

15 16. A wafer scrubbing and drying apparatus as recited in claim 15, further
comprising:
a lifter rod (112} having a first end and a second end,;
an edge holder (114) attached to the first end of the lifter rod and configured to hold
the wafer in a vertical orientation; and
20 a lifter controller (108) configured to raise the lifter rod through the scrubber unit to
the dryer unit.

17. A semiconductor wafer preparation apparatus (100), comprising:
a wafer cleaning station (102); and
25 a drying station (104) mounted over the wafer cleaning station,
wherein the wafer cleaning station is configured to be sealed as a closed system and

the drying station is configured to be sealed as a closed system.

18. A semiconductor wafer preparation apparatus as recited in claim 17, further

30 comprising:
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20. A semiconductor wafer preparation apparatus as recited in claim 19, wherein
the lifter rod is configured to lift the edge holder supporting the wafer through the wafer
cleaning station and to the drying station.
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21. A semiconductor wafer preparation apparatus as recited in claim 17, wherein
the drying station is configured to petform one or more of a spin, a dry, a rinse, and a

chemical application.



