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SUBSTRATE PREPARATI ON | MPLEMENTI NG A SURFACE TENSI ON REDUCI NG PROCESS  by(p’ )
| nvent or sygwoesgoopher M Wel sh and Jack T. Mat sunpt o BACKEBROUSIR/ 16 7THE e
I NVENTION 1. Field of the Invention The present invention relates generally
to substrate and sem conduct or wafer prf]parati on systens and net hods, and
nore particularly, the present invention relates to the cleaning and drying

of substrates _and sem condu r wafers. | i t i

Ceduci ng pASRRARAKUSHHNG: MEIHI0D HeaRnotHEST Ra Bk FIARARON

Description of the Related Art In the fabrication of sem conductor devices,

there | s aINgpEEOIENTING ASURFACE T ENSION REPUCING PROTESS0eS of

the fabrication process. Typica , Integrated circuit devices are in the
formof nufti-level structures. At the substrate |evel, transistor devices
havi nngmmwmwmm gions are formed over and into silicon substrates. In

" subseq Wi nt er connect rret@],zivz,abir,;@n | ines are patterned and

el ectri cal I"oo®nnected to the transi stor devices to define the desired

functional device. As i sChistophendbriVelgnendiackd. dbraneeiove | ayers are

i nsul ated from ot her conductive layers by dielectric materials, such as

silicon dioxide. At each netallization level there is a neeﬁ”ﬂ"ﬂl'lmmmmmmme

netal or associated diel ecy '(ﬁ{(ﬁ%)ﬁ POF THE DeVENRIGR2T | zat ion

of additional netallizati mﬁm@@nemﬁml |y nore dijfdscul t due

to the higher variations in the surface topography. In sone applications,
met al | i aFiebd of thecinyentien ns are forned in the dielectric material, and then

metal CMP opgrations .are perfornmed tq, remove excess netal lizatj .
Fol | owi ng ea& ?WWFSEYCQPBB felatgs Wrﬁ]y&gﬁ&%ﬁra%%:s&%?q@%mf @5%2B¥°8Prﬁgap
The wet (&l &8aad S nflGRiag gl ﬁBre"‘%ﬁﬂcﬂW tﬁé‘éréﬁé’ﬁtﬁﬁ@&ﬂﬁhsre&ftesttb(ihé akhhigataban
process,”’ renove contaninants, and to ‘achi éve and maintain the necessary
degr ee dfyind efsubstr@ssambsatitomiucton wafore eplementingsaihatagea densionabducieg propess

operation. As transistor device_structures becone smaller and nore conpl ex)
the preéndpBRloyER APACEANdPTAcass BFCIERhEYSI St ai n structure definition demands

exactin . ingss be maintained in all process operations.
If a wef= egm%—M%&Q 2 PCT/ US02/ 15997 i nconpl ete or

i nef fecti ve, I®khd fabAcqatofvemicndactorldericeg, therd is comgaidetd epediorm rvesft ickeaning enf
t hen unacceptabl e residue or contami nants are_intr duCEdaiFF;:O the, .
pr ocessiSweptiatesiat yameust stagss of ther faricatininsecess bl yRISRH Y Antserated, GreHit deviges ¥,

pl anari zat,i and cl.egni ti ' ' £ 8 d
oot n o Ui TopRaY BTNV SrGieS; A28 AFrARRERE (iR telich R edIngtn | |
the fabrigatd e bt dvéli aks intodsilibhesubaiitees It subsequent develd, ainterconnect
substrates is |ikew se unacceptable. Rinsing and dryi ng, techni ques,

met hods metaltizatinpdines aee pattermetand ﬁieeﬂﬂcalmcm(ﬁﬁd fcc_htl{eﬁganai,sgqr dgyiges tﬁ_@&ﬁb‘?ﬁh&t e
Soch 0% A1 R A0 AT SFL KBS RS SR 38,

t her mal I soni c energy and
remove QinhdlichRiRETe 18ereb ichdeticdtelill, Sudasdsrsilicon dbkide. sanech aeillizatibn
rinse operations may ‘enploy acids or bases for vigorous interactjon w.th

f abri catleweh theye jsraonkedite platerionmetad onesseciatedidigieqtdc msarishl W ithoutiplaBarizaHeRr m
R e R S R e R S
mechani rfsth SRS Ibpb@aptyd tnhgorse! Bplicatiens matalliedtidaylirppaeiig

t he subg‘ltqéha'l3 ggﬁ%t?(ls y g?}%}e S15 Xn gl&%a%|£ar at us P@%i cally includes a substrate
nmount i nguefaiedi thd dickctiowhaterial, anlithen dnesal GMPherferationa tare perfmed de FaBoeo
rotate and thus spin the substrate. The substrate is typically attached to
the subsqxﬁﬁﬁén%l}ﬁﬁ% plate or spin chuck with mounting pins configured to
maintaln the wipshibkicd CMp BRELAG R ePblefR (G the Bubdtalt i pétforinean Tie Wbe
spin chuck therefore spins the substrate and forces the water fromthe
surface ddant he dosipptd atoe wash \\awsy tanyi baiprgd’s off s hen faticationm RIOPRSS:z IFRMQNT ch
'is positioned over the suhstrate and connected to,a DI Ws .V. The

process @atENpans| 3d e Péﬂ%‘?_ F’}ﬁ“ﬁ_@m[ﬁih&/%ﬁfsw i ﬂ?ﬁrﬁeg\é\f ﬁzeoagt\%essf FAte ﬁaﬁP i
The dr y'ré}gce%ﬁ%baes ?glgﬂﬁ?f’ab%ﬁtrbnt &%rétﬂ;nf AdUFdnsRibr UevRR sitefulesdRBomE Gihallsr

Ni trogert Of an i ner as vapor to displace any water that is not conpletely
renoved 4 rGoicokripdex, Asipretisivonlrequitedad iachisvd and maiatdie structgretdsEnitionydemaagds ng
the SRD environnment, heating the inert gas, ﬂﬂd the |ike. 25 ﬁnot hﬁr1 con
drying texepiing standardy ebwieapiness DermagTed; Woith PERFESS RBFEARYSni Ldt YrhG et
typically includes using a chemcal drying fluid or solvent such as

i sopropyl al cohol (IPA) to introduce favorable surface tension gradients
facilitating renoval of water fromthe surface of a substrate. Variations
of the Marangoni technique also include the introduction of an inert gas

o r P T P —




WO 02/ 095809 3 PCT/ US02/ 15997 force drives water fromthe surface of the
substrate, and Marangoni drying nmaxi m zes renoval of water fromthe surface
of the swastz@ssowhi | e m ni m zi ng resi due or contam nant sSPCT/USO2I5P8T at i on
of the conbi nation of SRD and Marangoni techniques is that the typical
prior art SRD provides for single-sided rinsing and drying of a wafer or
substrate. A substrate ' S nounted on azspi n chuck has only one surface

exposed. for rinsin nd drying, In orde o} eve . anc Nt ai . el
ot Por et helele" 3k dfeeBR ey 3L aiB-PEE Flea ArBRE S R ARRLARLM RS hEYC
dual - si glededpdbié Rdide br oithMthanfs AERERBucddntd tﬁd\/ﬂﬂkeésh% doiBaRbmg, there is
a need for substrate preparation systens and nethods that naxim ze the

* ¢l eani ng andSigilarkyg i fthentsbdeasioanef o disksdrives plararizafion pad cleaBingeperaiins 10
exceed the eyer nor.e stripgent . cleanli.nes equid enents for fabrication
process® .neca/ 6’2?18‘3’5‘86@{“"%“ SM&@%@S{IR%E%S@E ﬁ&f?'ﬁéﬁ’?}af T8l y
- speaki ng, ohiGafE S8 i %Hh:éggﬁfd 8P hid! disks! HRESECEEGRYutitz e divilr Sulssassriagt

preparation system enents a surface tension reducing process to
ef f ect i Midwiseamthcceéleci ently provi de cl eaning, drying, etching, or other

desired processing of a substrate, and that 5 perforns the prqcessing on
both top or Bwlr@ea%@ryﬂgpﬁegbra@ueéuwgeégv d app Bgst%f%@lfn&?‘m“g;ﬂ%v&ﬂ%ﬁe The
present .k YAk L PPoGRkulR oé%{i&iﬁ%trﬁ{iid\%rhnﬁ%eﬁwiﬁ%, ionNehd /e f&gg tdn of
process, ‘an apparatus, a system a device, or a method. Sever al odi nent s
of the peaa@nindchaeedlj clivnditsl, dkstichkhed sbeik @nerglyrandribe dikbddiremnte on dispticem
for rinsing and drying a substrate is disclosed. The system 10 incl udes a

chublk hwatengnd Arygdie subsirate (Wilg sppeiseiybiand rifgh QPGTAQNS MAeCIRPIQY RCids or bases

configuged.to ratate the subst.r - t i SmAT

di spensgoravrlgﬂrﬁlbss qraod %lhﬁ%éﬁﬁgaqyﬁﬁggﬁéiggﬁ#at eérsu st)lrigtge, aﬁg a d

| ower dispafem Hfinal RRSé béforefle dediRd dryiba tdcthidae ipetfaeged§ the substrate.

The upper di spense armis capable of noving between a center region_and a

peri phery of Onhecomempw alrging fledhmiqfe ishenosubes spine ringh dnd Hisy |(SREY- dPBPehsss
armis capabl e of Vi 15 bet n a,.center region and [ r f,. 4 he
backs, dBREtSH Bt TER ey RS trudbriral SpehEs by PRTRethE Rt it by
pai f50f ASURBH Yinhi Eigasd ' (itafn 4 Bewhsid meusted bace
andi? heA?)lac ks%Bgélgﬁl?ftg@galgﬁhtb%g&sﬂEbhst{s{rrgﬂtegﬁo@ﬁgégﬁ? e;rgﬁf anl so incl udeg a
connect iaoghaftothpd isngoriftpmradb pe rotdiesaeh thes aspin tliet subsivete] oWhe substrata i typigallyo

that as the upper dispense arm and the | ower dl S‘Bense arm nove beéiweeg tt he
center PEYNSR tnle HOSEURi PRUIPEOPIath e SPPs gk oY lﬂjt’ HEOWHSRE, P1BE QPHER S Par m
and the txﬂa?ﬁ\fﬁ'ﬁ ik %Hﬁﬂﬁl’?e %nglroﬁggﬁtﬂl SidrgfiRAl, ORARBROBLISE of el @i Th@dk thegefore
substrate. Tn another enbodinent, a systemfor rinsing and'drying a

subst r atsgink Shalbststrateshd Tdreessthe tveateri framutie sueacshefc thecwhstrajerr AW as typically

t he substrate and having fingers for edge gripping the substrat The
sys28m fispered fHome p naede whighig Po%lf‘%rﬁéld%"gr %\%ﬁl‘\g‘g’?ﬁ ?“&ﬁ@&n%?(g@earﬁ IV supply-
active surfa { R, - ' i 3e - Pt

2] acent to- 26N el Rllef paARARTIN SREIAL MARSOURT The |
i s capaldirfin®tanT¥ ieRBareed watNthe ifteoduztion ofianrinerh dasasyokras Nienogeén edge it gdse

active surface of the substrate, and includes a %gi r, of sg‘g%\é | i.nes. for
del i ver ivaporftodisplacs\esy water that isviet semplgtely smaved by spinnng oggl VgHgtions

cdge of R eREERE R TSRO LRt Waffe HEHALEAI I AuRTIEP ! 2

edge of surface e su S apalr o

suppky |ines Afthéteddnvinbn M@yihg uedniqueds Knbenback Nistengomi fechaique. t Mar@goni
substrate. The systemal so includes a spray_shield surrounding the
subst r atdzying typiealbhinckudey neingps shemisaledmyingstlaigrgy spliveat sugh as asoprqnyi alpohdlor .

nen e L ABER! e AR RSB R b SHE B oo el o

surface of a substrate. Variations of the Marangoni technique also include the introduction of

an inert gas such as Nitrogen as a carrier gas for IPA vapor delivery.
30 Prior art drying also includes the combination of the Marangoni technique with an SRD
apparatus. This method has included the introduction of IPA or IPA vapor to a surface of a

substrate which is mounted on a spin chuck. As the spin chuck rotates the substrate, centrifugal



WO 02/ 095809 5 PCT/US02/ 15997 1n still a further enbodi nent, a systemfor

preparing a substrate is disclosed. The systemincludes a chuck which has

fingers Wwayoxdgmogri ppi ng the substrate, and which is cop€Tase2d9470 rot at e

the substrate. In the system a first dispense armis positioned beside an

active surface of the substrate. The figst dispense armis capabl e of

novi ng between, a center 5 region and a peripheral edge of the active

sur f acepople d:l'f‘%S Rt fFth $he J{?ﬁc@ of 8tfe SbSPASSHINIRahboi MYink MdiHOSs erhdvapt

pair of supply lines for delivering fluids over the active surface of the

subst r asfevatdinfeorhitliessurfzae of the sabgiHte whileesnianizing megideet arcontatiinants. i on t owar d
t he peripheral edge. The system furth i ngl.udes a ,second di.spense arm

* posi tioned béslilﬂ’égémb‘éfc@i%’@bé'éﬁnfo&c%f §§Dtaﬁ'§ g?’&ttﬁ&r‘?%ss}%gllﬂﬁdgﬁf@bc@hse
armis a8 gaﬁf ' [ SRk Gha ARFhOBE 8hid SuBSFAENAr fbsiehge

of the ac%gé & Sur gggﬂggﬁéﬁgﬁgﬁ g??a e. 9ﬁg gecon dispgnse arn1fu?ther

" i ncludemoantsé @andl spiai chuok hasipply ohé w@fackaexpdsdd foerrimsingf ind dgyingyein oider to

backsi de surface of the substrate. The second pair of supply lines are

angl ed thl%[Qomde@lalrﬁﬁnt'bﬁdP@thfedE@?llnﬁﬁﬁeflﬁﬂﬂeéoéé.C“’Fﬁ%t g?&&l&%ﬂ%@%\'%ﬂm%’

present .inyentio r e, NUIEr ous. o] benefit and advantage of the

i nvent i B tgnet%«%agﬁﬁﬁﬁlet%arﬂ% %%Sr(&glgé{)é%?&gf both top or active and

backsi de 15 ﬁpﬁiﬁﬁf&&h@foré%cﬁhl%&hé&tiﬁa n_Ié@fdithMtdgﬁjpm_tiﬁﬁ sydiems pidhethodn d
chuck provides access to both the active and the backside surfaces of a

subst r athet frexiroize dhé elpanihgyindgdrying of weafexs sad wiles svbstrajes herdeeto pegeémand | s
th i th which the, t i tion i figured f lurality of
subkE T aroted theesete Rl Fmiipe b Bntals BRSO AR sierBal e “Chuci o

another is fast and efficient providing for nultiple applications and

m ni rum down tinme for integrated process 20 systens. Additionally, the

desi gn provides for ease of belt changing or tensioning by adjustnent of
the spindle notor position. An additional benefit is the ability to
integrate the systeminto existing process equipnment resulting in increased
quality and quantity of product with fewer defects or scrap due to

contam nation. The low profile of the spray shield and spray shield door is
desirable for 25 many systens, and the pneunmatic door is sinply forned and
does not generate particles within the system . Oher advantages of the
invention wll become apparent fromthe follow ng detail ed description,
taken in conjunction with the acconpanying draw ngs, illustrating by way of
exanpl e the principles of the invention. 30 WO 02/ 095809 6 BRI EF
DESCRI PTI ON OF THE DRAW NGS PCT/ US02/ 15997 The present invention wll be
readi |y understood by the follow ng detailed description in conjunction
with the acconpanyi ng drawi ngs, wherein |like reference nunerals designate

| i ke structural elenents.




5 Figure 1 shows a substrate drying systemin accordance with one

enbodi nent of the present invention. Figure 2 illustrates a substrate

dryi ng sy @m9ssevaccor dance with one enbodi nent of the prREBUSIVISI¥Nti ON.
Figure 3A shows a detailed view of the di spense arm assenbly in accordance
wi th one 10 enbodi nent of the invention, Figure 3B shows a detail of upper
di spense nozzles and | ower dispense nozzles in accordance with one

enbodi nent of the inventi onwmphﬁw chuck in accordance
wi th one enbodi nrent of the . strates the chuck arid
spray shield of a substrate drying systemin 15 accordance with one

enbodi ment oBrdadly spesling, che pEesgut énvea@ion |fillst these needsrby eprbviding agwbstrate

actuator in accordance w.th, one enbgg} megt of t%ia inventi ont ijfﬁL{rel4D d

shows aPTEPRTRROSYHCR (hat dFrpjiERanty GnSHitach JPRsan Fefustingo PERSRRS: Wy eHIHCLYSlY an
enmbodi : y ] : j +n0f i

- atoor arekicfily pRRASVERKHE tryif, STHEHE r o BTG of BMMErald) and that

bot tSom perfatmg e thes iptiecesding ebistth atop dr yictige sast dnacksideacnofadasnoé av subsivate

enbodi nent _of the invention. Figure 7 illustrates the cleaning. a d,drgi ng
pr oces sSIyliaReossyarbile Pesent GRVenERD Gan Re ADiERegied IR AUMETAN: VRYS, inelyling aga
shows | dj e ar e . res r g TgN T

G sponsB G o AEREE0 T Eifuhnt Bticd, &) £ AR SO R mENe of AR Bresent,
of the iR¥R¥N @8 dedckiBbd Beldwshows a substrate processing station in
accordance wi th one enbodi nent of the invention. 30 WO 02/ 095809

PCT/ US02/ 159Bvore epatisimens, pEyseRn B aNingranpyiprarsphstrats svBetpsetnThe Aystem

i nvention, for substrate eparation i i n f i ts,
R e g e S A e T
i mpl emeRiAtRGh@ sEbifaRC e ThERTHER fulMeCindfides af AfppefBp@tise\varti pesiticiiedtdVer an
rinsing and drying of wafers or other substrates 5 on both top or active

and bot aaivesnribecdfshd sulsstnafea aed a Sowarldisparssasmypositioned bplowcs basikside swifacs|afed
process, The substrate rinsing and drying apparatu in _one enbodi.nent, is
"l erreHIEcHDRAAE SUSSYPBEE AIpeRstn Ry SLfAPaey T O IS P9t SR PR LA Bne
or nore e ’ & BsS AR {sTcap IS by RbSingn
accordaﬂ%{eﬂ%&ﬁﬂgﬁgg%l ment gegﬁm?ﬁg&égrﬁteeggﬁ% t[Plieg?/"gnrtci{r?r? ?or risns?ng and dlrngli ng
subg3 r abetsvetw blcemience givnuatl bperiphencefdbe bapksitle sirfacend the buhswateg Faek dispenseon,

nuner ous specific details afre set forth . in order .to provide t har ou

under st BFRIHPes ANGIHEeS B%‘éﬁf S?Hﬁ%HP?SOthF d?].tweﬁng%ilgés Vi ERER 8’6&‘,6 %ﬁﬁ%é‘g%}cet 0
one ski Hufﬁw' l?ac%ﬂﬁe Sidace! dtathe Sl RleCSAR sa/'sﬂéifﬁ{ﬂ&é AR1GTRY aRRnRERhI oRpliNY fhaout
sone or a 0 ese specific detalls. In other instances, well known

pr ocess uppe didpenstsarhawith et lobvee dispase afnh eal tHanhagidie aippen dispensearmmartd the lower

unnecessarily obscure the present inventi oaﬁ 15 Figure 1 shows a sHbstrate
dryi ng Sispenst arppmoye hebwecdatecanter Hegar B hePrERTery of (the Sphsbels, the upper

i nvgati T AV . i L 3to
uni 20 1 et B RY YleRh ke i SR A b e b A o
which is di spoagethw efbédiadent] 2048tend fatrminding ad d3thg dJeplsstrath spkstdesedr Mhe10
is positioned over a top surface of the substrate 128, and | qwer dispense
ar m 112 systerp dadludasrrechuck eanfigyred ke (otasp teswdstrate apgd baving figgers dorsedas gHippis
and beneat h.a bottom or b e o ' e
rm 110 bt o8 Byl apliRe Rk £RG: Aol Sk Tiubndy pHRRRH b RARE
nmechani gadfhos SFARSSEHsREte( ARl a Sérond dispense adinSieeitivaedbdincbnt wea dlkkide(sarfhce of
shown) di sposed within a dispense armdrive shaft housing 118. Lovwyer

di sB&nséheasvhstnte. | The djrplodispensp yarmoisegapable f ToaVIAE rheblienso? (CePEs fegion gndyd ch

i ti.cal | ted.. t .sh t Is . 4
114 95 petibierr e RN doure Piestrery oMottt aud ISR FRFioPBRQY e th
~Hol | ow QiaHGéﬁn?ﬁuihé o$@tht Getivedutface Ot @b Sublrale The sécha dispenef ariok kawible of
spindle 123 to which hollow chuck 122 is attached. Spindle notor 120 is

conf i gumeavingbeiween deenter aegianand e peripheraliedgt of thedpgkside) syrbace of (tamsubgiratal e
"123 with qri belt 132, which,spi | | indle 123,
subst  arkud BESHR arpae of uRe BT Shvemt BRI for E rERYEK spRecBF e

30 substrate. The system also includes a spray shield surrounding the substrate in the chuck. The

spray shield is configured with a sliding door. When the sliding door is in an open position

access is provided to insert and remove the substrate from the fingers of the chuck.



30 Surroundi ng holl ow chuck 122, fingers 126, and substrate 128 is spray
shield 124. Spray shield 124 is configured to contain any liquid fromthe
ri nsi ng wa2dw580mg process to the regi on around hol | ow chREKUIRASIY'N one
enbodi ment of the invention, spray shield 124 is WO 02/ 095809 8

PCT/ US02/ 15997 configured with a sliding door (see Figures 4A, 4B and 4D)
that is nmagnetically coupled to a sem -circular pneumati c systemto provide

| ateral accegsgiip al RthbPmBYInEAE s dvderh Gor tpi’e%)ahﬁgeigﬁtsa&a@nﬂ digIeneal Phe

substrates 128. The configuration and operation of spray shield 124 and
door i ssysteac indhedksi s chuelatwdrickdbhaifingérs| fow eidge rgeippimgnthe $ubstatgu ped 4vkicts id n
one enbodi nent, wafer ser@or arg‘\l].]ﬂ%Oa i s positioned between | i

|

upper, di. spense
ar m supefiguisddp rotpie Hepubsirals: ysteny aaﬁirdt é@ﬁ?ﬁsﬁﬁf'é‘dstmswg‘?‘{ Pesife Rt er
sensor t Bt ngﬁnlg%) i
~confi gu%cglgptsgl\fg‘%nésﬁ;&te %gg%?dgege‘r?\fé%ﬁg? L&E%Eét&r ate %fgmgﬁg et1 frﬁtg\vggl?ﬁgénter
cor rect repioni dridofipegipheidl eddecof dici ativefsuifhiee oflitimt subkwatd 28Tk fipsd skxpense arm
fingers 126. |In one enbodi ment, substrate 128 nust be precisely positioned
i n or defurther ingludes @ first/Bain PE sepphy dpes oy deliwaing Guide overnthe aptive, prtace)of hey

it or - sualite: S0 A8 Gul TRAPTLAR bR ARRAH S b VRO IR e

sures a Icevel orientation a ura
posi ti oMheglysim Purlied Fidlede ol séBortl dioydned afnh posBYReRidel IgRksille fuifarel ofahe t he
substrate in place, and proceed with rinsing, drying, or other substrate
pr epar asubstmate] nThmseeomdodispanse aom is heaphtle crit MEWNEabAAVIIE Gegtentregion 4961 3 ed

to e active.surfa and .15.to the Ksi ur face of bstrate 128

et eBETiPeGH e 5 ghcechie Sutals ot ahe Sl o rReerimd dRBIE) fyntiter,
ot her 'iﬁ%fu‘degﬁss%@&d)Pai_i‘%@%ﬁbﬁl?%rﬁ@?ﬁi 8alverinSABdL bydrtlie IAECKNiGe AIrRRYGE the
by-products or result in exceSs vapors that can becorme trapped within drip
tray | 3gibstateeThasetond pdiriof syppdy linkscaré angledhia a dirastion tawardithdpariphershedgecal s
or vapors, and a drain 136 is provigded to drain _any liquid residue of both
cl eani ng andlilg‘? ﬁdﬁﬁnt%"én?‘g _thezgpqgﬁlﬁe}nvm%ﬁr;engmﬁ{%io g)r‘i‘ﬁ ?%5@? q%ﬁ“g%eﬁg
arm 112, pi.giied iy B iP}g‘?f‘r ' |55 loP Geti R arfef BiRksid
agent s Ecl)dr},rd o]l gfﬂgil eg?(rﬁg%p%hﬁﬁgﬁlg g%g r |%%%ﬂn2€b%tgzg?es ?Llllaa and |SOIV\%I’
di spenssurfmesy bes subkiditet A Helmllawt design i tiecspindiendnd chuckepréveidéssicdesssobbthdbe
respectively, of a substrate 128 positioned in fingers 126 on the holl ow

chuck 13ctivejand ghecbaskeide purtaces of aibsipe forfleanines drfgnof PHICEMEE PHRCCSHige r

di spense arm d, € i it i .
substanti al | 0npheF béhelt e chiEROHRE wRchiRE Preghl hvenBBR 14 A AiRfrels Tor 2 plppatcy
Fi gur e gf ddbstigtt ke SThe proesdurateswip/on®ns ¥zt ofsdlidfraierchack fordaother sifadt andie

enbodi nent of the present invention., The perspective shown in Fi tgur e 2
shows aeffigient pioadipsdpr myndple;applcations jand mingpum ovey, Hme fof dntggraicd Pracest em

100,, An_openi ng, iL@..t pkay i e ( desgri i . det aj N
r ef %Q en %sPe(n?)s. Fi 63‘?}8(’E§5}§’ a*’?oc\}\is[hgc b gosyss&tg ol%irr n%ggtéfg P&E g&n%%ng &V\ggg P Rﬁ@gwgg
from chuglstidt of #BB 8pintiesRE0s positish. 110 supported by upper dispense arm
support post 114 is positioned over wafer 128. Drip tray 138 havi ng exhaust

134 encl oses Anhedditimeal benefigrissthef abiliy touiriegratee ther pysiei sipée &isting process

illustrated in Figure. 2 02{.095809 9. PCT/ 7 Fi a
det ai | eaquwtotps'.ﬁﬁgg t é‘ﬁ’«?ﬁ\%@g %aﬁ%a@gg%ﬁ%l y%@%ﬁ%ﬁt‘%@@ ?%%c‘%wﬁgtﬁégﬁg%%
embodi mMenkorthmidaBion NVER! lo@Nprofile bh the éﬂr%ys §Hieldeshdedpead SHTEt doot iy idegrablrefol
supply 109a and cl eani ng agent supply 109b are routed al ong upper di spense

ar n24 10 ntany spsiems,dindghe preunaticl deor islsimplyfosmed and Heesrtion gengyeiatpagistesaVidtiyi ng
agent are ag |ied to an active surface of a substrate 5 (not shown in

Fi gure ﬁ)@)ﬁy i ng agent supply 113a and cl eani ng agent supply 113b are
routed al ong dtHaiB%leh%gé‘{'éﬁ tRY Hivédifort Rill BRI bFPROREOAZES F6lIdwbE gl 2
*cl eaning agent and a drying agent are applied to a backsi de surface of a
subst r atlescfiption,stedrem inncdrjunction 2with the aotdmepangimgodiamingss illestrating diyr wdy of
agent, vapor, or other fluid is routed through supply 109a, 109b, 1134,
"113b, aff¥ P@ﬁ’%@é‘&?lﬁﬁ? B{J@‘ﬁlﬂ‘fe’gﬁ%se nozzl es 11la, 111b. 10 In one

enbggli ment, positioning of the upper dispense arm 110 and the | ower

di spense arm 112 across the active surface and across the backside surface
of a substrate is controlled by a dispense armcontroller (not shown) and a
di spense armdrive shaft (not shown) contained within a dispense armdrive
shaft housing 118. Electrical connector 119 |ocated on the exterior of the
di spense armdrive shaft housing 118 provides for electrical power
connection to the 15 dispense armcontroller disposed wthin. In one

enbodi ment, the dispense armdrive shaft is mechanically connected to the

upper




di spense arm support post 114 providing a direct nechani cal connection
between the drive shaft and the upper dispense arm 110 to position the
upper di woenoessapm 110. The upper di spense arm 110 i s conf¢us@dsesy pi vot
about the upper dispense arm support post 114 to nove the 20 upper dispense
arm 110 and position the upper di spenseg nozzles 1l1la across an active (top)
surface of a substrate. In one enbodi nent of the invention, the rinsing and
dryi ng process di spensegg@ghsé\ﬂjﬁﬁ@gg tTI-ﬁ*E'i!) N @Si ng agent along a
radi us of a spinning su regromor the substrate to a
peri pheral region of the substrate. The upper di spense arm 110 is therefore
moved al ong Theepresant inventién wilkbe riadily nedessiped bythe foHowingtdstailed degcripign on 25

outward to a.peri.npheral region. The.l ower dispense. arm 112 i onfigured to

Subst kAR ORiwiHG e fogomBbiig, Aragingsy e ke Aef tmce nmerals desieals, ke, o
as the éfﬁgﬁﬁ-alcgl gise arm 110 noves along the surface of the spinning

" substrate Tr the center region outward to a peripheral region, the |ower

di spense ar nFigh2 1 shpwes iatsubstexle sining aystéralih yacoppasie nwith loae wpbedinting wé nlse

arm 110 on the opposite or 30 backside surface of the substrate, noving

from t HFe¥BhENYHYi on to the outer region of the substrate with the upper

di spense ar . ) aeerelol ool J ]ﬁg@g

mechani cal | ;;F | onnzei:l{bg@?@?ﬁgmevera féeé}gmgﬁgﬁg#gigg%%dgﬂa?%%@ﬁﬁ €I{eenas a l.hént%e

02/ 0958f8sehPirRediid#f02/ 15997 I n one enbodi nent of the invention, the |ower

di spense arm 112 is nagnetically connected to the upper dispense arm 110

t hr ough uppeFigitespdrbewap detailed yiew pbthe dispenserarm asemblycin ageerdancssvidh ane

su rt st 116...The netic connection provides for positive nechani cal
co rolergé)ocing&tlﬂ%g ! E’E‘g‘ghse arm|10 which is mrrored by the | ower
di spense ar nFjpukel 2B dnowang detshosk ,disfeRsd RS Enc DeApds ﬂliE%dnSe \Wob:Aled in

t

magnet which provides control of the degree of -novenent of e | owner
di spens#cardandel with Bye empoditneak ahthe énventien.| ower di spense arm 112 can be

hal ted near a. perjphery o substrate as it approaches. an interior wall of
the. hol I ow spiel 44 shopvs Ehef’ RERaRatecafancd yaRind EiRicnty of PRJBEEER: e
periphery of pish IB0AIYsBhRs Wk Gutevad sPrap ARl M LbBstt fig SdySlehO Rl ¥
near a periphery region of the 10 backside of the substrate 128 can be
appt¥eci atcediaficowitkioge embadiaredt 6f haireenddn.and 6 descri bed bel ow, novenent of
t he upper dispens m 110 can continue to fingers 126 while | ower. di nse
arm 110 15 | PIRTSAC AUt ARV AP EHITESE ASORBRAT frecragics N 5Gp eBoLisRmap
123. Fi &Eriﬁve:ﬁﬁoﬁhov"s a detail of upper dispense nozzles 111 a and | ower

di spense nozzles 111b in accordance with one enbodi nent of the invention.

I n the il | usFigateedDestowld mectiuck 1withippenafdi pesiticned nthewbe sinldctoalancec watdie am
nozzle fromthe drgi ng agent supply 109a and a nozzle fromthe cleaning
agent s¢BPPdimenoRf the itYSRURN-t 0 an upper di spense arm head 140a and directed
gengyal ly do  ohl [ sl el ' zl e
T o the” dry! Tt st reBbual of (RUEK i hRERREe SIATLRS chbdulel ol UF Fofiie
supply ih¥ehtidd tached to a | ower di spense arm head 140b and directed

general |y upward. 20 In one enbodi ment of the invention, a substrate is
mount ed on aFigsre 6whews ébotiom qtunderade pha subibiafeodiyng sysies ipoagcopdange wish

rotated. Upper.dis e.nozz|les 111 a are directed at a top or active
surfaceo%‘?gr?ﬁ%dllglﬁﬁlg&ﬁg?énv l}té(,gn'and | ower di spense nozzles are directed at a

bottom or bapisidl ilhustrates ehéledriB antbddyinpt@odesSin Adtofdaace with dnsenibodiummer
di spense nozzles 1lla and | ower di spense nozzles 111b are each angled in a
di r&xt i ehthedneentionhe periphery region of 25 substrate 128. As the upper

di spense arm.110 and | ower di spense ar ar e, hoved f . he
substrate 128'&f% géﬁ%%s @V‘s&gal’?‘ﬁfm@éj&vﬁi %tﬁa ?lﬁ'edc, Atc dlpg)%m %’éf @yﬁgéﬁsg%géy
“region gfm hGwsdddonhEe 4] ifacdbidatdd With ddeemBodihRaboMBe adeffiod.s appl i ed

t hrough the nozzle fromthe cleaning agent supply 109b on upper dispense

arm head 140Fjguanf showsagibstiats processing sladon irhaccetdened Yith ggeambadipsnyofithgh
“on | ower_ di spense arm head 140b to the active and to the backsi de 30
surface® 6 ¢he substrate 128. As will be described in greater detai

bel gyv, in one enbodi nent, the cleaning agent is followed i medi ately by the
drying agent which is applied through the nozzle fromdrying agent supply
109a on upper dispense arm head 140a, and through the nozzle




WO 02/ 095809 11 PCT/ US02/ 15997 from dryi ng agent supply 113 a on | ower

di spense arm head 140b. Therefore, as the upper dispense arm 110 and the

| ower di Bjoeeeas&®mM 112 are noved across the surface of a BUDES2K5097 n
direction 142, a cleaning agent and a drying agent are applied to both top
and bottom surfaces of a rotating subst.;ate attached to the chuck 122. 5

Fi gure 4A shows a hol |l ow chuck 122 in accordance with one enbodi nent of the
i nvention. Th_e A(i : ' ﬁg.r:llt' ") W =Ta ]ilgkﬁﬁ ?JI?I?»’I}E§ he
substrate dryi mg=sy e 6 ,
rotation, and access to a top or active surface and to a backside of a
substrat e. | AnFinyenttornd Aor tdubstiate | pepacitionk ig ZHsdlesedhovin  prefarredv embedichentsy

Lot ho. SRRAG 4 mPeds 535 o SohuREFRTE apf Aok Earard VRS § BEAEE. as

. descri bedqbel Qe LR afildl bEdVidihg PAURK rihdfg 88! dryih b Wagerk Br SibleP sibstrat
substrat e81128 atc!tnggtﬁgd tg the hoI%ow ChlI:IICk %22. C&I[:}(]le°cyl I n%ri f:al h?)l lsg\a}ves
spi rid| eorl Zdth 2o corf agtiveednd doftpmy brl éhatlovidea tstfadeesimulthnepudlyi withba| gredisly

see Figure 1) tq provide the rotational force. In one enbodi nent,

§ﬁ'eg'h’o| Rl RIPESSE23 Tha cuaeais rinsing 2B 95y108a APPASRY S ) (95C f FROOHMER #Ent

at t achrioepetpE ' iR SC AT A o/ Fulhl Ml 0 B80ue BhOUL fBdork bEX
and a bmm:eﬂiﬁ appirdtas andbné of uleé selisratt2Byeralih @védrdarice rwitth embpdifientdi siixhese

arm 110 and the | ower dispense arm 112 to_simultaneously supply cl eaning,
dr yi ng, Presenditysntiemyarrinsing apd dpying sybstrates flloyvingbrish hgx prassssing e 128. I n

nbodi t . Shi 124 ' . . iel. 24
s B cont 1 gt 28 TRSWigR AeRubuls b Bl g R d st R PSP i &
ot her pPHREREH vndeBtahBMEOI \Whd prebent Rfvef@od. t it will HeaindeRebddNBowler, a9/ onp iskitlee
123 and attached chuck 122. ‘As cl eani ng, drying, or other a?ents are

appl i edint thezart; thait thatprestnt invgniper ey Sienpractiged withpitegome: omall ofhase spegition

f t he spi nni bst r at bl ocked by th hield 124 s
cont | nede i ni RSt RAR R P koTe PR olbraids HBFY dor bef deaoba df i i
attache d@Ph@tKo%ﬁ&ce%&ﬁWo&Pﬁﬁ'tHe éen€ BiveRGore® constructed of PET, plastic,

pol yur et hane, or any suitable |Iight weight material to provide strength and
forth is easFigyrecl slaovesia substtate dirying bysteinn § 0@ inczocordaoen wish lone ambodiment of thae

enmbodi rent of the inyentipn, a.sliding s hj el oor 152 i s.configqgured
o v ptrgens drvsator o IPAupH i s 0 inchiles o helorraptadie 173 fe Hpich 1e
spi ndl e g‘,a‘g@lg . 8ihadi i dJi:ng: shiel d
door 153&?%§e€§§??8ur e gsﬁg%ggfé%l?%% té)pdg;% %y 30 s{ﬁﬁlgg%néi v%é%ﬁgﬁ%sﬁ Qﬁreia elgmapen
t 0 provaste oe@ce sisipt hayt 188.i rifer aispergi am @10 daposiyipnahdved a deys sufaseaf the

create a substantiall ﬁw?ol i.d spray shield 124 encircli n%ﬁﬁhe‘ hol | ow sgi ndl e
123 andS@hstiaR 125 angplower dispeprapmantld) ¢ peBonethsymmeically oppetedpi9s FPRGN,

a SﬂPSt =3(§15&%§mglﬁlﬁ fg’?_ ﬂcﬁﬁ%ﬁﬁta%tﬁm 8 Qﬁck(sjlgg\ggggéeo%ﬁl%gtr&% 18@%@126115 Areé

renoved ffom chu € access provi y opening the sliding spray

shiel d 699110 &supbbavsbRuspddispahe atdGupporb postriddrwiddh ymechanizally (oraiected
shown) at a proper position and orientation to be received in fingers, 126.
Once t hénosshewnrhtooa idispensseame driyg shadt (net shewRbdispesgd withing disprase; pymjdyiye

spray shi door 2. can. bhe cl d TRI 0t al i I an
FPuf s S P 1 CLE PR AGpcied 60 4P s Rl 15 1654, BlynBRE ot B0y Bosn
enbodi NBNé whithias ifagh&tich§ cosnecitagnstatlown} © ppegeispense Grm aiishovefa’t 1BENSOr
130b senses and assures proper orientation and positioni n%‘.k) Once proper

ori2htation &nbstpitesil28 dnaffiged o hobow chucknd 2 atithelingag d264 Holloyeeh 2eis4A)

| ock bstrate 128 i [tion. Th bot t is Wit hd , -
' i ng amegE EnatecnBi ot 5o 8E noPT whRle 437 T i SR ERER AT
“rotatingisdhe@k SpirdianHotbP 170U BRI SIHES td pisvide fotatidhal BRergyadEN BN hppHedt tae

invention, actuation to position the sliding spray shield door 152 in an
open or hollow espingths i 123 owith sdipweobélti 32 b whichp spinsrdiollewaspingle ok23¢ sbucks Addwrand

P ti b 50.is. t | j~2h f ti f hi el d
Ta . SR Wik ein Rafod shudC A Binee i 2 Che enbods ment ¢
pneggatic t U@%n%éﬁ’dlhg HoPal SicRA1 M, tihgBrsM s edddCsytRlrhteOT28l & Ry isRi@laMiddi n

the tube. The pneumalic actuator noves the magnetic ball along the interior
of pneudptaycshiaiitd24 5Oconfiguredatiorcoptairs anyr kquid fromp the dabingand dryingt precass &4 the

o ot b g S 2" B PSR e ARl gecee
pneumati c tube 150 along a path of pressure to exhaust (venting) or vacuum

I n one enbodi nent, the pneumatic actuator is configurable to supply
pressure to both 20 the first end and the second end, and to provide for

exhaust or vacuumto both the first end and the second end of pneunmatic

A ™~



25 the magnetic |latch attaches sliding spray shield door 152 to the
magnetic ball and opens or closes the sliding spray shield door 152,
slidi ng WO e9s8090pen position or a closed position coupl PATAUSOY1¥897POSI ti ON
of the magnetic ball w thin pneumatic tube 150. In one enbodi nent, door
position sensors 158 are provided to ingicate the state of sliding spray
shield door 152., Figure 4B illustrates the chuck 122 and spray shield 124
of a SuRsHakd Wi g {30rel ki |
he' i nvanieaidd U aNEORKLON (it Hdbieh 0P Er HFIDT o 1 uRRRe( RO ChE) Loh
spray s$enstairculaorpnebatis system © preiteplsdrali acvesc tonthieehellyw eshatk 22 nfpr tthe
WO 021 0958Q9 13 PCT/%SO%/l 997 interjor cavity of the chuck 122 and_spindle
* (not vi@sgpen apd gergayal of substeaies 14§ nThe eaniiguration; and cperation o spray %’11(&324
shivel d dftucds R aohilen RTARGRS HeD tefs Arer R (S FigiDgasPr ay shiel d door 152
~is in the open position,” access is provided to irsert or renove a substrate
128.5 Fi nger sinléfe amBodinishi, guifetseheor’ £6L1300 i8pdsitioREDbétwaes uPpdr’ diRnde’ B
over hollow spindle 123 and chuck 122. |In one enbodi nent, noveabl e finger

127 i s Ppeoitdest 1 ard spray shigléh 524 andecantigured {91 pasttionywaler sensobd30meeer1thg i s

inserte j nger, 26_af. igured tg receive the substrate
123, pcvtateEh gL ERGbutE 108, RIS, HA%n 300 P PR eSS i o TbSe
shown) , 128)\waddeterfriifg etie d@fect pokifioRing CNoXntAINOGK theOsiibkirate - 1 29V@Epdsbe in
substrate 128 is _properly positioned in fingers 126, noveable finger 127

pi vot s fimgess 3420.edigonefembodiment.suibsirate 1188 1mest the frecisely pesitiomesk inaerderi@8lock

pl ace. A propetl i.tiqned supst.rat 8, ,therefore, 1s supported at. the
BaglS” ppoPtRichnder Ja7 iea Hies R M (ing ) bd pricied R sHbSER ERbare ot e
126 andgyweiyfaRlrfink! YoM 1600 W Her WHsbO 868! st AR biQies?a ﬁé&gf bﬁ@ﬁﬁué@gnd
slightly off-center "froman axis of rotation of hollow spindle 123 an

chuck l1&2urafehposstionging 0f/a mftistrate 128 mllpwiig the mavgabls fiagerfli2quo éatkithe Substriterin
i and mnim ze pressure agai nst

secure substrate 128 ainst fingers 126, .
T movehlares ahd Ripsred oih JOARAIRE o her SRS BIFBRINBT | 0w oo ndl e G251 n

one enbodi { : Ei {. i IS
| ocat ed adrg%e%%@%}gﬁﬁig@ﬁgﬁ t?)lgvﬁls‘%lﬁﬁg?’ed %{ﬁ %‘r%t 1z?tt E) g@%?@%% éﬁa&%t?%tc %%ﬁ%r y
parl5 of tot the backsidersisfaica dif suistidte F28JuErariples lof dsfinghgntaineinde dBAe IF A rvgpor,

actuator_ 125 in accordance wi th one enbodi ment of the invention. The

mov eab| Nitfagan §MN2).gasyandhpthenigest gasssh of Yepasied shopisglenSomednyingtagents PERAEF on
f 20 i . I [ . I i 27
'S in o5y Bioghets, HeheRRE ln Frodl B b S phecipd e RS GER Gl 1iford

and t heexnau@atd4eist progiled ¥ar teagldass be dirbbiie Shbflidali 6r vipdds,as@, a dhRen TOEaab! e
finger actuator is configured to allow novenent and rotation of the

r ot at i nBfopied todraimanyhléquid vesidyie o bethiclepningrangrdsyiagiseenttrent , rotation of the

hol [ s furt d. unti L 158
ndiat oo 51 VAP Aok P RGNS UBBeitE 11U RS REREBIN T 1St

t her ef om'@pﬁnﬁﬂ?pbr bhefl afdhtd 65 fhids Us deSHEY thrdughtiisel Aispehe ¥z ahd oM
the hol | ow spindlle 123 and chuck 122. Figure 4D shows a chuck 122 with a

waf er 1pgvepdispensemoazies éi Bote the activeowdfaee andyot the hacksidosuifaes respéctiviely, of a
i tion.. | nmbodj ment ilJystrated. in Fi D, fer 128 has b
bos 11 ot 128 ReSaneLd gty 120 ROUOH sbudk 1. (5 ond stiBbfinerf, b bors
Vaf er 1di8pdnSe 8fn 11@4Rd HeSoWwet Bispehs® e §1DdrelrhiRro? HA8ss ?F chdHARS pdefiforrA%n

noveabl e finger 127. In accordance with one enbodi nent of the ihvention,
oncZ$ nowbatahtally thgeamé dcationdan opposite id&s ofia gbstrae 428 waf er sensor 130b

ndi cates (N B o BGe AN REORET O SULAL 0B iR ol e WA ond ol Y

the present invention. The perspective shown in Figure 2 shows a wafer 128 positioned in a

chuck 122 of the substrate drying system 100. An opening in the spray shield (described in
greater detail below in reference to Figure 4A) allows access to insert or remove a wafer 128
30  from chuck 122. Upper dispense arm 110 supported by upper dispense arm support post 114 is
positioned over wafer 128. Drip tray 138 having exhaust 134 encloses the lower features of the

substrate drying system 100 illustrated in Figure 2.



door 152 is permtted to close and provide a continuous spray shield 124
around the spindle (not visible), chuck 122, and wafer 128. In one

enbodi memwQ 02498809posi ti on sensor 158 senses position of sPCTURE/BSEI7AY
shield door 152 as one of closed or not closed. Figure 5 shows renoval of
chuck 122 in accordance with one enbodigent of the 5 present invention. In
one enbodi nent of the invention, chuck 122 is exchangeable to accombdate a
plurality of i ; ; i akous, | :

i ncludes a rgt%g{%?%‘égrﬁﬁfh?ﬁ%‘%@%ﬂf?ﬁﬂr}n’g?@&ﬁart. &SE%EB?\%Q ﬁg@%‘gdﬁs‘“{%
and novesxmebalimedtaf the inventiom uingble tinstrated embbdintdnt, drpingtaigerg sppply 16Pa hod | ow

spindl e _so.that rotati of the hoJlow spindl e 123 {ns the chuck 122 and
- obibet r coEAni agsnt Sty Db snted RlogR PRI RE A 10 oo dRece gores

i nvent i pfy, % ' Npical ' ' :
_plasti cmgo‘f%gét anggs%éeﬁg%(g?%P?g%%é%m@glﬁ aﬁﬁﬁﬁfén%ﬁ“gég?gisﬁis’s{%

and Srov@abiiowai in Higaref20y). Dagmig\aigag sapplylidB4 addcleasngegdnt aspphy 1 BBHure pduted

points 156 (see Figure 4A) for attaching the chuck 122 to a ring or bearing
wi t hi n alAee hsverglispspseame 11230 dpwer dispenspmogelped] thy wheteat eleaning ggent and a

enbodi chuc 22.15 canf | for Lflc Strate.si So that
confi Igur {qgoargegtf Jﬁ? %Bgléét?ﬁtg ta?tgatcgﬁgé g‘?"ﬁa& g S )f/él[% gﬁs:tttfgeo(nﬁgﬁp&n 1&%{%‘%‘% ??\I)'c?n Oﬁler
subst r agib&digRnis ety desired dgént vapst) B8 Hthedffidil s ¢outed SRt BeppHUosa, 1RDL] or

the desired substrate size.” By way of exanple, common semni conductor wafer
si zes i hdautB3tr ondrdispensed doawghispense nazalesdddbadildbnt of the present

i i on inglud 00 fi. ' .a_ 300 fi i on,. and
o hn § qur o B eppodnebenPay e the bl Gdenie il DR Pl Toup weie
chuck lg PV Gér8&ARE a6tV \rfabS artd Webss He badkeide siidadd At AW Yb P (4 &n&aﬁe@t&y 20

attachnment points 156, and replacenent with a chuck 122 for the desire
subst r aa dispense. arfi gentelir fins\shownband ardispensenaten develshaft (wotshowh) edmaidedi ng

system 100. i n_accordance Wi th one. e dient, of the invention., In the .

1T ust r $11BiS SHSRRASHBRT ,dnffﬁéhai}hwsrr&"ﬁ%dr@?%cgfgwaﬁqadsﬁ%atﬁﬁe%ﬁ% exisHen
over, . I . :

Cover okt isSehlsd abufivk ShalSou e ISHHBYRES A dbidiel Rdwer Bnflorh B3kt

beelb 25dispemsw arn camteblieh disgosedevitieht 132 is shown configured around the

hol | ow spindle 123, and arqund a pulley attached to the bottom of the
spi ndl e not ofn anecembedimen, he diwnepss wm?frgwéla@,ls mschamicallsapnascicd:to dhe ynpsr

i nventi j ! [

mvent | ekl St 1 RS BBl Skt Bl FRARG e
rotati omgl theQipper Hidp&ie rihEl 0l prdition1tBE uppet dbpensd &t ¢O.C KThe ppeivdispdise i n
Figure 6). Stationary gart_lZSb of the spindle 30 123 is al so shown

at t achedm d 19 He configiired @ pinojiaheutsiis tupper diSPensa apm: SPReN st 14 thgave the
actyator._125.attached ereto... ust 13 [ OVI vent i fr . ce
ooctbs st b & 0E 410 568 Bt B o b8y hoGTes b Do AANE (RRF
Fi gure &irfacEQf PoitRBERS Bf ohd bmbbdigienOBf tReOMRENHNS PG Sisiak Mnd J&g!ﬂgswb@e%@
renoved from | ower dispense arm support post 116. Referring to kigures 1 -

6, one @wpaesithetcleshinghagenhindethe drying agendlonge radivs of atspingng swystsate friom 400
provi des an inventiye hod for cleaning and.dryi a bstrate 128. The 5
ol r eq TIREDIINEE SERUBEAR SPTRIGH FOPOR HECHPUTHS e iRRiLfistengs v
substral gy 1@ hdréiRte niove QP&{%C tRafiRthca Ml tHe 's?ﬁnin-@/mﬂé&ht{eyﬁrmﬁathé hestep fred@on
single size of substrate 128 are processed for efficient inplenmentation,
but 23 heoetswsied tf a pariphierpliregioron provi des for the processing of a plurality of

bstr at [ Slidi hiel d, d 152 is. iti d i
posi t1 on by APE ARUIPREISE HEAALY 5 PTsF oA R D St th g moyeehy 1
_ pneunat G, dr G edlarts 1 fE SPhdbREL, 2P PMupptR 8idBénsE alRt19D Rves laldhisBe SRERY of
shi el d door 152 nmagnetically couples sliding spray shield door 152 to the

magnet i thetspinningsubstrstetfiom thegreater cegial buttvard/®l ssperipheral tegidme thenlewendispertsabe
150, the sliding spray,shield door 152 slides i.nto an op osition. As the
Vb di ng R idy 18 g bsiesalhe e DiectPren CEPee Gt Wb BR he AEPGe 5
cl oggd” i n%gnlg% bat.~(met Q‘é’%‘bi ts
a s?ﬁst Pgétkg{c%z%ﬁg?\%&?ﬁg% 8%‘?3%‘13% StIJ trfrrogft5 ghel%eglt?%s{e egetiovﬂgg 0iufléilfi ggréﬁ%&
and nov sebistratef witly dre dgpér dspamssiatmdiéd I yne embadintent, 2he lowen tdispetseaannh 11@cik
the substrate 128 _into position on chugk 122, the Sl}llgfsrtrate 128 being held
at the 8flgBechenicallygennectedshomfyerntQ eiaislispensegyay drveahatthe robot s

wi t hdrawn, and sliding spray shield door 152 slides into a closed position.
The cl osed state is sensed by door sensor 158.




20 Wafer sensor 130b, attached to wafer sensor arm 130a senses the presence
and orientation of a substrate 128. |If a substrate 128 is present and
correct | woouzegsmoed (e.g., level), hollow spindle 123 w t hPEr/UsSW7Chuck
|22 is permtted to spin. The holl ow spindle 123 can be configured to
rotate at 300 RPM or less, and up to 3980 RPM dependi ng on desired
application. Hollow spindle 123 rotation is generated by spindle notor 120

whi ch rotateg bhe e%ﬁol drie VoS e Nt Entich3 tHféimmgms\ssn&aeh&n 133, is! MaBiRically

enbodi ment, the spindle notor 120 is configured tO provide tension

adj ust nemneciéd tchihe dipperedibgense 432 11Byhromgh whpee disppise, armhsuppors ipbstol] 4cindtthe

spi ndl e notor, 132 can be adj ust e?%ow&&d or away from hol |l ow spindle 123 to
d
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spi ndl 33 [ Falall i 30
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100. Additionally, attachnment of the noveabl e finger actuator 125 is

provi dedpesse elhmoverment 9idhs 1qyardispense epm hbe. By way phipxample, the lowerdispessgoo
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substrate drying system 100 i n accordance with an enbodi nent of the present
i nvent i lomer dppense diméA selimited tolDoververt ovithin thespafises aiithe hdllbvasping@led28i oned

at appr oxi el center of spjnning,.substrate 128. Upper di,spense arm 110
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the rotating substrate 128. | n one enbodi nent, the upper dispense arm head
140a di dispense app heashOband slinested geperplbisup™arde so t hat the cl eani ng agent
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agent isre whi ¢ aclilitates the renov
the cleaning agent is followed immediately by the drying agent which is applied through the

nozzle from drying agent supply 109a on upper dispense arm head 140a, and through the nozzle



liquid by noving it outward towards the edge of the spinning substrate.
Figure 7 illustrates the cleaning and drying process in accordance with one
enbodi neEWO @2f098862 i nvention. A cleaning agent is applied etEush2abso® dryi ng
agent to a top surface and to a 5 backside surface of a spinning substrate
while noving froma center region of a iubstrate towards a periphery region
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enbodi nemktrAé 12he i nvention. In one enbodi ment, anot her brake or governor
is configured for upper dispense arm 110 defining the limt of travel of
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Figures 1 and 2, litquid residue is collected in drip tray 138, arid drained
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agents and in the event .of accunulated.funmes 10 or ses, exhaust 134 is
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on top of a brush box 202 to mnim ze transfer distance and to m nim ze
systemor tool foot print. Further, in a clean room environnment the
filtration systemcan maintain an increasing |level of cleanliness with
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mechani cal planarization (CWP) process nodul e. An enbodi nent of the present

I nvention is WO 02/ 09S809 19 PCT/ US02/ 15997 integrated into the cluster

nodul e av@ox09s809 process nodul e capabl e of handling post PCMBSad/sasr and

post-etch clean operations. Al though the foregoing invention has been

described in some detail for purposes of, clarity of understanding, it will

be apparent that certain changes and m)(%fications may be 5 practiced
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sur niefsu e; and (d) a spray shield surrounding the substrate

in the chucky bACeRBE@MeRN b iRFntiGn CABRAHDHE Poliibh tRe Slididk Bstaf SReld door
wherein when the sliding door is in an open position access iI's provided to

i nsert afir anopen arhadosedhpesitimnds providetdity f pregeratic attuntoe (odtishewn® . Padumatic
connect f 18BaprauiiG HfeS § PrATI ShbHEHOnOHARY HitHd 24 8 Teer apRRSEEN Moo
L1t 29 sl 1 DS LR oA G50} ARG A KBl e
CubStrate. 5 The Syst ol or preparing & Subotrale prclaim 2. wheral o he

connect PatmRasigptuba g One Whenseir iresswiesis supRlicql i a st sad o Prapmpin debeat i s
2 TR0 BERREND vl N PEERR ol BTGE BBl P AR

sl i di ngoflemagnetic ball within pneumatic tube 150 along a path of pressure to exhaust (venting) or

vacuum. In one embodiment, the pneumatic actuator is configurable to supply pressure to both

20 the first end and the second end, and to provide for exhaust or vacuum to both the first end and

the second end of pneumatic tube 150. In this manner, the magnetic ball is configured for travel

within the length of pneumatic tube in either direction as shown by directional arrow 154.

Sliding spray shield door 152 is configured with a magnetic latch (not shown) to magnetically

attach to the magnetic ball. As the magnetic ball travels along and within pneumatic tube 150,

25 the magnetic latch attaches sliding spray shield door 152 to the magnetic ball and opens or

closes the sliding spray shield door 152, sliding it to an open position or a closed position

coupled to the position of the magnetic ball within pneumatic tube 150. In one embodiment,

door position sensors 158 are provided to indicate the state of sliding spray shield door 152..
Figure 4B illustrates the chuck 122 and spray shield 124 of a substrate drying system

30 100 in accordance with one embodiment of the invention. In the perspective illustrated in

Figure 4B, the sliding spray shield door 152 is in a closed position, completely encircling the



a magnetic ball disposed within the pneumatic tube; and a nmagnetic | atch
configured to the sliding door, WO 021 095809 21 PCT/ US02115997 wherein

t he magnwto &2/d9sgoeh i s configured to slideably attach the BCT/USZYSEI0Or to
the pneumatic tube so that novenent of the magnetic ball within the
pneumatic tube slides the sliding door to position the sliding door in one
of the open position or a closed positi1 n. 5. The system for prepari ng a
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t he chuck. stem for preparing a substrate of claim 1, wher
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the secpigard mBeHE: BAger llas afe wmg{uedcdd) peﬁﬁ@dats@wmracb Imngaay %ffctfkn&u filoRc e
of the substrate and angl ed toward the i?e“ her al e of the substrate.
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claim1l, e stem i ated t b h b
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substrate processing C uster ule i ncluding a wafer handling system a
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invention. The moveable finger actuator 125 is configured to prevent movement or rotation of

20  the rotating part of hollow spindle 123 when the moveable finger 127 is in an open or unlocked
position. Once a substrate has been positioned and the moveable finger 127 has locked the
substrate in place, the moveable finger actuator is configured to allow movement and rotation of
the rotating part of the hollow spindle 123. In one embodiment, rofation of the hollow spindle
123 is further prevented until door position sensor 158 indicates sliding spray shield door 152 is

25  in a closed position, and therefore any robot used to insert or remove a substrate is withdrawn
from the hollow spindle 123 and chuck 122.

Figure 4D shows a chuck 122 with a wafer 128 positioned thereon in accordance with
an embodiment of the invention. In the embodiment illustrated in Figure 4D, a wafer 128 has
been positioned in fingers 126 and locked into position by moveable finger 127. Wafer 128 is

30 therefore held in place by the edges at fingers 126 and moveable finger 127. In accordance with
one embodiment of the invention, once moveable finger 127 locks wafer 128 in place and wafer

sensor 130b indicates the presence and proper orientation of wafer 128, sliding spray shield



15. The system for preparing a substrate of claim 12, wherein the systemis
integrated with a substrate processing cluster nodule including a wafer
handl i ngwaye¥messo9a | oad and unl oad nodul e, an etch procesBCTiSe/B997and
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!:Lgoe/bFégoo/%%% §Qeit9%§;é%ﬁlé%/@€%aiﬁ%g0%§é&%§1_t5\1{§e ls&}bstrate drying system 100 has been

25  removed, and the drive belt 132 is shown configured around the hollow spindle 123, and around

a pulley attached to the bottom of the spindle motor 120. As can be seen in Figure 6, in one
embodiment of the invention, the drive belt 132 wraps around the rotating part 123a of the
spindle 123 and is driven by the spindle motor 120 to provide the rotational force to spin the
spindle 123 and attached chuck (not visible in Figure 6). Stationary part 123b of the spindle
30 123 is also shown attached to the substrate drying system 100 and with moveable finger
actuator 125 attached thereto. Exhaust 134 provides venting from the space enclosed by the
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drying system 100 provides an inventive method for cleaning and drying a substrate 128. The

5  desired chuck 122 is selected and configured according to the size of the substrate 128 that is to
be cleaned and dried. Typically, batches of a single size of substrate 128 are processed for
efficient implementation, but the ease of configuration provides for the processing of a plurality
of substrate sizes.

Sliding spray shield door 152 is positioned in an open position by a pneumatic actuator

10 moving a magnetic ball or bearing in pneumatic tube 150 as described above. Magnetic latch
on sliding spray shield door 152 magnetically couples sliding spray shield door 152 to the
magnetic ball, and as the magnetic ball travels through the pneumatic tube 150, the sliding
spray shield door 152 slides into an open position. As the sliding spray shield door 152 is
positioned into an open position, a “not closed” state is sensed by door sensor 158.

15 A robot (not shown) inserts a substrate 128 on to chuck 122. Substrate 128 is received
in fingers 126, and moveable finger 127 is positioned by actuator 125 to attach and lock the
substrate 128 into position on chuck 122, the substrate 128 being held at the edges at fingers
126 and moveable finger 127. The robot is withdrawn, and sliding spray shield door 152 slides
into a closed position. The closed state is sensed by door sensor 158.

20 Wafer sensor 130b, attached to wafer sensor arm 130a senses the presence and
orientation of a substrate 128. If a substrate 128 is present and correctly oriented (e.g., level),
hollow spindle 123 with attached chuck 122 is permitted to spin. The hollow spindle 123 can
be configured to rotate at 300 RPM or less, and up to 3000 RPM, depending on desired
application. Hollow spindle 123 rotation is generated by spindle motor 120 which rotates the

25 hollow spindle 123 using drive belt 132. In one embodiment, the spindle motor 120 is
configured to provide tension adjustment of the drive belt 132. By way of example, the position
of the spindle motor 132 can be adjusted toward or away from hollow spindle 123 to decrease
or increase tension of the drive belt 132 respectively.

Hollow spindle 123 is configured to have a freely spinning, rotating part 123a

30  configured to rotate and provide attachment for the chuck 122, and a fixed, stationary part 123b
providing attachment to the substrate drying system 100. Additionally, attachment of the
moveable finger actuator 125 is provided on the stationary part 123b of hollow spindle 123.
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chuck 122 to accept a plurality of substrate sizes.

With a substrate 128 positioned in a substrate drying system 100 in accordance with an
embodiment of the present invention, upper dispense arm 110 and lower dispense arm 112 are
positioned at approximately a center of spinning substrate 128. Upper dispense arm 110 directs

10  upper dispense nozzles 111a at a top or active surface of substrate 128, and lower dispense arm
112 directs lower dispense nozzles 111b at bottom or backside surface of substrate 128.
Magnetically coupled upper dispense arm 110 and lower dispense arm 112 are positioned at
substantially the same location on opposite sides of substrate 128.

In one embodiment, a cleaning agent is dispensed through cleaning agent supply 109b

15 and 113b to the active surface and to the backside surface of the rotating substrate 128. A
drying agent is dispensed through drying agent supply 109a and 113b to the active surface and
to the backside surface of the rotating substrate 128. In one embodiment, the upper dispense
arm head 140a directs the upper dispense nozzles 111a so that the cleaning agent precedes the
drying agent as the upper dispense arm 110 travels over the active surface of substrate 128 from

20 a center region to a periphery of the rotating substrate 128. Similarly, the lower dispense arm
head 140b directs the lower dispense nozzles 111b so that the cleaning agent precedes the
drying agent as the lower dispense arm 112 travels across the backside surface of substrate 128
from a center region to a periphery of the rotating substrate. In one embodiment, upper
dispense nozzles 111a and lower dispense nozzles 111b are oriented to be angled away from the

25 center and toward the edge of the substrate, in the general direction of nozzle travel during
substrate processing. Cleaning agents are selected from a plurality of chemicals or DIW
according to the desired application. The present invention includes embodiments for cleaning,
etching, and rinsing of substrates. Examples of cleaning agents include DIW, solutions of HF,
NH;OH, H>0,, or any of acids such as HCl, HNOs;, H;CO3, HBr, H3PO4, H,SO4, and the like.

30 Examples of drying agents include IPA, diacetone, ethyllactate, ethylglycol, methylpyrrolidon,
and the like. As described above, when the drying agent is dispensed following the cleaning
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10 The upper dispense arm 110 is magnetically coupled to the lower dispense arm 112
through the upper dispense arm support post 114 and the lower dispense arm support post 116,
and the upper dispense arm is mechanically connected to the dispense arm drive shaft contained
within the dispense arm drive shaft housing 118. In one embodiment, the movement of upper
dispense arm 110 across the top surface of the spinning substrate 128 from a center region to a
15  periphery is directed by a dispense arm controller contained within the dispense arm drive shaft
housing 118. The dispense arm controller directs the dispense arm drive shaft which positions
the upper dispense arm 110. The magnetically coupled lower dispense arm 112 mirrors the
movement of the upper dispense arm 110, traveling from a center;region to a periphery of
spinning substrate 128 across the backside. This provides for simultaneous top and backside
20 cleaning and drying.

In one embodiment of the invention, a brake or governor is configured to the lower
dispense arm 112 to prevent contact between the lower dispense nozzles 111b and an interior
surface of the hollow spindle 123. Substrate processing proceeds as described from a center of
a rotating substrate towards a periphery of the rotating substrate. Upper dispense arm 110 and

25 lower dispense arm 112 synchronously travel across the active and backside surfaces of the
rotating substrate until a pre-determined point at or near the substrate edge. At the pre-
determined point, the lower dispense arm 112 is stopped while the upper dispense arm 110
continues fravel, moving the upper dispense nozzles 111a up to or across the substrate edge as
desired. Figure 8 shows lower dispense arm 112 halted at a pre-determined point, and upper

30 dispense arm 110 allowed to continue travel in accordance with one embodiment of the
invention. In one embodiment, another brake or governor is configured for upper dispense arm

110 defining the limit of travel of the upper dispense arm 110 within spindle 123 and chuck 122
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© 10s5810%&" ()ExcesSHAUE ffom the SibAMES Glent%hHOME drying agent is blocked from dispersal
over the substrate drying system 100 by spray shield 124, and is substantially contained within
the hollow cavity of the spindle 123 and chuck 122. As described above in reference to Figures
1 and 2, liquid residue is collected in drip tray 138, and drained through drain 136. In some
embodiments, vaporized gases are used as drying agents and in the event of accumulated fumes

~ 10 or gases, exhaust 134 is provided to release such fumes or gases from within the confines of the
drip tray 138.

Figure 9 shows a substrate processing station 200 in accordance with one embodiment
of the invention. In one embodiment, at least one substrate drying system 100 is integrated with
at least one brush box scrubber 202 to create a substrate processing station for efficient

15  processing that minimizes substrate transfer and exposure, as well as minimizing clean room
floor space requirements. In this embodiment, at least one substrate drying system 100 is
configured with at least one brush box 202 such that a substrate is first processed through one
or more operations in the at least one brush box 202, and then transferred to the at least one
substrate drying system 100 for a rinsing, drying, or other process. By way of example, a

20  substrate drying system 100 may be mounted on top of a brush box 202 to minimize transfer
distance and to minimize system or tool foot print. Further, in a clean room environment the
filtration system can maintain an increasing level of cleanliness with elevation. Thus, the dirtier
process of scrubbing is performed at a lower level, and the increasingly cleaner operation of
substrate rinsing and drying is performed at a higher level.

25 In another embodiment, the substrate processing station 200 is integrated into a cluster
of substrate processing tools, also known as a cluster tool or an integrated substrate processing
cluster module, to maximize efficient use of clean room floor space, and to exploit economical
and efficient implementation of substrate processing methods and systems. In just one
example, one embodiment of the present invention is integrated into an integrated substrate

30 processing cluster module including, by way of example, a wafer handling system, a load and
unload module, an etch process module with a coupled etch load lock, and a chemical

mechanical planarization (CMP) process module. An embodiment of the present invention is
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\ 5 practiced within the scope of the appended claims. Accordingly, the present embodiments are

to be considered as illustrative and not restrictive, and the invention is not to be limited to the

details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:
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rotate the substrate;

(b) a first dispense arm positioned adjacent to an active surface of the substrate, the first
dispense arm being capable of moving between a center region and a peripheral edge of the
active surface of the substrate, the first dispense arm further having a pair of supply lines for
delivering fluids over the active surface of the substrate;

(c) a second dispense arm positioned adjacent to a backside surface of the substrate, the
second dispense arm being capable of moving between a center region and a peripheral edge of
the backside surface of the substrate, the second dispense arm further having a pair of supply
lines for delivering fluids over the backside surface of the substrate; and

(d) a spray shield surrounding the substrate in the chuck, the spray shield being
configured with a sliding door, wherein when the sliding door is in an open position access is

provided to insert and remove the substrate from the fingers of the chuck.

2. The system for preparing a substrate of claim 1, further comprising:

a connection coupling the first dispense arm with the second dispense arm so that as the
first dispense arm and the second dispense arm move between the center region and the
peripheral edge of the substrate, the first dispense arm and the second dispense arm remain

aligned on opposite surfaces of the substrate.

3. The system for preparing a substrate of claim 2, wherein the connection coupling

the first dispense arm with the second dispense arm is a magnetic connection.

4. The system for preparing a substrate of claim 2, further comprising:
a pneumatic tube along a base of the spray shield and sliding door;
a magnetic ball disposed within the pneumatic tube; and

a magnetic latch configured to the sliding door,
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to be exchangeable with a chuck of a particular size for each of a plurality of substrate sizes

6. The system for preparing a substrate of claim 1, wherein the chuck is a hollow
chuck providing simultaneous access to both the active surface and the backside surface of the

substrate.

7. The system for preparing a substrate of claim 1, wherein each of the pair of
supply lines of the first dispense arm and each of the pair of supply lines of the second dispense

arm is configured to supply one of an etching fluid, a cleaning fluid, a rinsing fluid, and a

drying agent.

8. The system for preparing a substrate of claim 7, wherein the cleaning fluid
includes HF, NH,OH, H,0,, HC1, HNO;, H,CO3, HBr, H3;POy4, and HySOy4,

9. The system for preparing a substrate of claim 7, wherein the drying agent

includes isopropyl alcohol, diacetone, ethyllactate, ethylglycol, and methylpyrrolidon.

10.  The system for preparing a substrate of claim 1, further comprising a substrate

sensor configured to determine accurate positioning of a substrate in fingers of the chuck.

11.  The system for preparing a substrate of claim 1, wherein each of the pair of
supply lines of the first dispense arm has a nozzle directed toward the active surface of the
substrate and angled toward the peripheral edge of the substrate, and each of the pair of supply
lines of the second dispense arm has a nozzle directed toward the backside surface of the

substrate and angled toward the peripheral edge of the substrate.
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| integrated with a substrate processing cluster module including a wafer handling system, a load

and unload module, and an etch process module.

14.  The system for preparing a substrate of claim 12, wherein the system is
integrated with a substrate processing cluster module including a wafer handling system, a load

and unload module, and chemical mechanical planarization process module.

15. The system for preparing a substrate of claim 12, wherein the system is
integrated with a substrate processing cluster module including a wafer handling system, a load
and unload module, an etch process module, and chemical mechanical planarization process

module.



