WO 03/ 030228 PCT/ US02/ 31459 METHOD AND APPARATUS FOR M Tl GATI NG CRCSS
CONTAM NATI ON BETWEEN LI QUI D DI SPENSI NG JETS IN CLOSE PROXIM TY TO A
SURFACE 5wBAGHKSIRRC®ND OF THE I NVENTION 1. Field of the |nremtusoz3ilife
invention relates generally to the field of mcroelectronic fabrication.
More particularly, the invention relates to nethods and apparatus for

i nproving the yi METAOH ANTEAPPARA PES FORMEEGXTINGWROSSL yners. 10 2.
Di scussion of the Related Art thhog&aﬁﬁéﬁrocess is one of the major

drivers of SONEANBDAIION BFXIWEEN L4Q ISPENSING JBESINSEQSE achi evi ng

smal | er feature sizes wthypg N ; specifically, inproved
critical dinmension (CD) corﬁ%‘gﬁiﬁgﬁgﬂgd{g?&ﬂﬂgess-i nduced defect and
particle counts need to be satisfied 15 sinultaneously. The develop fluid
nodul e process plays a significant role in the patterning of increasingly
smal ler line widths. Regions of hjiqgh and |ow dissolution rates are created
on t he’r esi BAGRGROIN %PEQFHEUHVMquence of photolithography process
steps precefling fhg deNelQRndocess. During a 20 devel op process, inages
transferred to the resists filmare devel oped into three dinmensional
structures by a Vet inpersioagslateFigenaalhy todhe ficldetf oficypelecrasic( nost |y dry)
transfers this image,onto the substrate which nma ornmed of Si, Si2, Poly
s etc. TrBpacHPRT RS PurGrToRE HRhEod SR Reth R el on

general ly 2% isphsintihe pkld M 1R WidREsdrformbitetof@iqhid folyRast . a devel oper
fluid is dispensed over a wafer spinning at a low rpmfollowed by a static
puddl &0f or n&t i onDisaess@n|odilee Reletgdist or oscillating step at which regions of
hi gh di ssol uti on t e_et - di si onal i nmages
on’the fi1m el Ry BofetE oA haal iR ol iR RSt ol 1

angl es, andindtianGR ieéltiittdss progeesalid agdiligvamenyalBO faatifresizedwhy this first part
of the devel op process. In the second part of the devel op process, a

cheni cal wednREpYH ¥eldy Mors spepidicaklviipprayed sidenl 9?“@151%‘6@5§i CPOBEOK DI ) wat er

rinse step LRakqhcaPRdcabyindflaniedt b Yaible QWas HieaBv¥&dishied

15 simultaneously.

The develop fluid module process plays a significant role in the
patterning of increasingly smaller line widths. Regions of high and low
dissolution rates are created on the resist film as a result of the sequence of
photolithography process steps preceding the develop process. During a

20 develop process, images transferred to the resists film are developed into three
dimensional structures by a wet process. The subsequent etch process (mostly
dry) transfers this image onto the substrate which may formed of Si, SiO;, poly
Si, etc.

There are many variations of a good develop process which generally

25 consists of two main parts. In the first part, a developer fluid is dispensed over
a wafer spinning at a low rpm followed by a static puddle formation and a long
static or oscillating step at which regions of high dissolution rate are etched
away to create three-dimensional images on the film. The quality of patterned
images, the value of side wall angles, and the CD control, are all strongly

30 affected by this first part of the develop process. In the second part of the
develop process, a chemical wet etch step is immediately followed by a

deionized (DI) water rinse step that is mainly intended to wash away dissolved



WO 03/030228 PCT/ US02/ 31459 resist and developer fluid mxture with

m ni mum particle and defect count on the patterned wafer. The rinse step is
t hus an ewoDrosfsi2gs cruci al process in inproving the resul trcagsyge/aldd of a

| it hography process. Heretofore, the requirenents of inproved critical

di mrension control, 5 reduced process-induced defect counts and reduced
process- i ndeRtambddveidber fluid uiiksire @itk hiigtim patiolcentaefechotunbeen ful |y net.
What is needed is a solution  that si Itane%léé}y addr esses, all of these
and ot her r tepetanedyafer.ehbmiiase st e %S98 The i nvention

provi des ne : b td@n of cross-contam nation of
di spensed |1 |2glgg%rll%ﬁgﬁlﬁ§gfé§1e§/%%% %ra%ce S ?Sn it hography systens. A

primary goal of Heeetofonegthieirequitesaent dfrimpooned yiigdall dimesidntdongok,r om

| 'i t hography processes. . Anot her. pri mar oal of the inventionis to offer
i mpr _ovéd crfqdil%%ﬁpra?%ﬂfgu ?f{]&%ﬁﬁ CSBn%f)f/‘B‘?r%ﬁﬁeé]tﬁrP‘felS@'mng? P S are thus 15
provi ded fop,fReseARdo MR hakEhe en REIBPHEIBWRRGOHEIIRE 8 sdlug@nvent i onal
devel oper fluid nodules of a wafer track tool system It shall be

under st ood thahsimultaecopsly aildugkses all @ftheseanddtherrelatedgequiteseenébodi nents in
the followng specification may be considered individually or in
conbination with other variations and aspects of the invention. 20 A first
aspect of the invention is inplenented in an enbodi nent that is based on a
met hod for RUMMARYOPTEE INVENTIONT devel oping reactant by |owering a
sudden change in BH, said nethod cqonprising: devel opi ng at I?ast a portion
of a pBlyner | aydpe Biyerflosyeyidss wethodnand gparagis f%thééé‘g]CBB’éP fluid; then
perm tting alosl Ea3hmMaRB & Al MolfEoRRE uf I Ui d to duel I on
said 25 polyner so as to contro Ta y mnimze a subsequent sudden change
in pH, and litHography Bysitengs. SQipinfaoy goat of Wictihventioh & tgémpfovanddlder fluid. A

oo aspect L ee [enthon LS L\ et o0 L 3 Srpod e nat 1S
lovering a gledgNnpRABE Erifichl BitnerRRInd CTRIRAIGAPRILS! *IutdaY 8lcaRbNY at | east
a 30 portion of a polyner layer on a substrate with an initial charge of a
devel dper pravidbd fortbeserand oithey red atied ppdllgmeencpimthred mn getdientionmsdl char ge of
said devel Oggxyelgper ul 3&9&962820% aP\.VC'c;rerU t%gc%{/tgo sglss;tem. It shall be understood
that the particular features of the described embodiments in the following
specification may be considered individually or in combination with other
variations and aspects of the invention.
20 A first aspect of the invention is implemented in an embodiment that is
based on a method for minimizing precipitation of developing reactant by
lowering a sudden change in pH, said method comprising: developing at least a
portion of a polymer layer on a substrate with a charge of developer fluid; then
permitting at least a portion of said charge of developer fluid to dwell on said
25 polymer so as to controllably minimize a subsequent sudden change in pH; and
then rinsing said polymer with a charge of another fluid.
A second aspect of the invention is implemented in an embodiment that
is based on a method for minimizing precipitation of developing reactant by
lowering a sudden change in pH, said method comprising: developing at least a

30 portion of a polymer layer on a substrate with an initial charge of a developer

fluid; then rinsing said polymer with an additional charge of said developer



fluid so as to controllably mnimze a subsequent sudden change in pH and
then rinsing said polymer with a charge of another fluid. A third aspect of
t he i nverwDoa/08®28 npl emrented i n an enbodi nent that is ba®ed/usn2/a4set hod
for mnimzing precipitation of devel oping reactant by 5 |l owering a sudden
change in pH, said nethod conprising: developing at |least a portion of a

pol yner | ayguid@s ad tediollahl§ mihinkizéla Shegeen® buddied ShaRe in VA t hen
contacting said substrate with a charge of buffer, thereby m xing at | east

a portion b Easiasqudeobpesr withd chavgeraf anetherflsid. a portion of said charge
of buffer, so a 1. N . .change in
pH, and then ri néitfrlllgd %@J@gg&éﬂ%@%n%g& " q\%m%ﬁl%%%%%g?%glgglg%adﬁ%[léﬁ%g&flﬁui d. A
fourth aspélgtseddn bheethovnhiigimizifg breelpeaaoh efldéveloptheasheditbpnt that s
based on an, appar at ugdfor m ni m _zi n,g fluid inpingenent force on a polyner
| ayer fo beloW&yag 8puddesthangsipobs s11d mahnd comprisng: doveieping @lershad | i ne

w dth contgQl: j -4S aﬁﬁer 1.0Q; i ncl udi ng:
a manifold }gl(gh%rggf)% gg&?{ggg&%@@ﬁ%ﬁ?ﬁ% ;JdllaaL p a+%68&8?&ﬂﬁ3¢§h%ondui ts

coupl ed t o saiadtingraifl clibktrateamith aclrge af hifferphetebb wigihg ianleesttas | ocat ed
within said plurality.of flupd . canduits, A fifth aspect of the invention
s 1 ol ementeBtoh At sl fisieneh B St Pt bagin SN Saf R LR

m ni m zi ng {8 cOntrAMILRSRNERMze 016808 3uldHBhge 1 %ﬁﬁran& thehgidfgel oped on a
substrate, thereby inproving yield and Iine w d%h 0 control performance,
sai d &ppar asiskpalpmmer withagharge nbandteerithid.udi ng: a devel oper mani fol d

dapt ed t | | f.l ui d; lurality.of devel. fluid

ori Ti ces. coupl e B anipeaaydrdpirisa Pormeb it SHFABR I saapt ed o

supply a ris Bﬁ@dfdeFglawSQOmyﬁ@iﬂiﬁgﬂﬂﬁ iﬂilpﬁﬁg@m%ﬂbﬂ:e%idcﬂcﬁﬁﬁeﬁoum ed to
) e

sai d devel oper manifo wherein said developer manifold and said rinse
mani f ol d arlayezso be dgvaierad ang subsitate therelexinampyingwiald mdlineseidth nozzl e. A

21 eopechfhy MR BET T B ATRLE A AT AR G0 1
| ayer 15 0 beaddpiedlto pgiplyn flaids ubhirility of flulieconldyitd cqupledito aill nentfornd | i ne
width contrql performance, said _apparatus conprising:;. a nozzle including:
a devel opera“§_(5l Ihlﬁlf?ih%? bapinstsecad ‘ﬁﬂ"néa@é%}‘é‘labiyé}% fridpendugs.pl ural ity of
Gorel P b AT PO R, Sl A BT B 11
orifices cowptddn tagmiraus fonsenimening dlud] ingridgenaind fgrteioma polynet rinse fluid
orifices arlg}ger}qg (lj)e td(cajve ggeidno% aaé[ublst?a g,tthgre ey {rrilpnrg\?infg lyyeiléj and line width
20 control performance, said apparatus comprising: a nozzle including: a developer
manifold adapted to supply a developer fluid; a plurality of developer fluid
orifices coupled to said developer manifold; a rinse manifold adapted to supply
arinse fluid; and a plurality of rinse fluid orifices coupled to said developer
manifold, wherein said developer manifold and said rinse manifold are
25 staggered to reduce an exterior width of said nozzle.
A sixth aspect of the invention is implemented in an embodiment that is
based on an apparatus for minimizing fluid impingement force on a polymer
layer to be developed on a substrate, thereby improving yield and line width
control performance, said apparatus comprising: a nozzle including: a developer
30 manifold adapted to supply a developer fluid; a plurality of developer fluid
orifices coupled to said developer manifold; a rinse manifold adapted to supply
arinse fluid; a plurality of rinse fluid orifices coupled to said rinse manifold,

and said plurality of rinse fluid orifices arranged to define at least one rinse fluid
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3 WO 03/030228 PCT/ US02/ 31459 axis, wherein said nozzle is connected to a
bracket adapted to raise and |lower said nozzle with regard to said
substr at ewerd/oseposi tion said at | east one rinse axis SoPaI/USO2/BHESI
substantially coplanar with a normal to a center of said substrate. 5 .
Addi ti onal aspects of the invention include nethods and apparatus for

mtigating exieSehéeintsaid doaklic ¥ cdABbMEED d biabitdl a8istRERShIg ah oSk N Cl 0se
proximty to a surface. Some of the benefits provided by the invention
i ncl udes’ t heaid segrde With regard iesaisbsubdisaie prq rapopitioy saifl et ldesy ehopinger ocess of a

milti-port Ger £ U Badt RbRebde OB PRI IR e RA® A2 o tant

aspect of téubstrateti-port delivery apparatus hereinis their ability to
reduce_dropl et iggla,c,t. Thi s aptpar atus . allows for the significant reduction
of the’defect deAdripnalaspects olithe mygatinsinchidametiepds sed prparatysfoaddi ti on,
this multi-peddasn NS G r; ' r 15 devel oper
fluid chem st r%agg@ﬁdﬁ?é:g%l t onlgitlggeg&ﬁln %ﬂcdﬁ%}r%lhg{lg!/e;gﬁﬁ%é support ed

wi t hout anyproximigyltoceshrtacess- cont ami nati on. These systens for delivering

both devel oper {luid.and deioni zed water.or other material can reduce the
i npact force of H‘ingﬁéﬁée LS BRoyE qyﬁﬁ%“’d@éww&esptﬁ?f@ﬂlﬁ“%?ﬁ apse which

may ot her WisrectGRHSS dilrfiithd §aRIopYirsieds TP BGEETR for applications
calling 20 for smalf%/feature Si zg?.r Fu?ther?r‘%gg), y%%gée Ivery systens

her ei A0 nay Photolithegeploy sterbly employing neasmuli-port délevedeapparpesrwith ui d nodul e of

a wafer track.. systemin,which. uniformlam.nar ajr f| field exists as a
prer equi si ,?1%151’[1—%%?%}8% nozglesy ils_t,l’a]tl’?pé)ﬁt_,an{aﬁge(%r‘?\;g?ﬁm‘d R‘%‘? ®®l assified as

i nvol ving sgiparadhs K6l ePthsir abilie) téteBite drdplefiniPabl I THROSIpaRREZdIRwIY St €M Whi ch
supports the dispense of two or 25 nore different developer fluid fluids

wi t hout anyfog fhessignifipant redpption efdbe dafepudonsity des to issupérior sipsingm of same or
simlar geo %ﬁyﬂ\@%ﬁgmggpﬁs Hﬁﬂtﬂﬁ&qg%%%? E}E}g%n?g?s‘gseﬁfﬁeﬂrgﬁ%%ﬁ %g‘réti i quid such

as dei oni zed wat er duri arinse t her
concepfs ( IdevelopeRfluidwhsmspidst(incideftimsb Aginds BherREM 18 the ¥uppheta! oper fl uid
as well as sa.%i sfyi ng the ] ow i npi ngenent requirenment 30 throughout the
overal | devEIBY SRy eEiuCergossHpatAnIB#ion, rkhess sysicams faedelivedng bl  possi bl e

critical di qReRpEIEEN ifohRbd At} GihelB¥telial Sl R EA Rt he

force of dispensed liquid(s) thus preventing pattern collapse which may
otherwise cause significant yield management problems for applications calling

20 for small feature sizes. Furthermore, the delivery systems herein may be
incorporated into or reside in the developer fluid module of a wafer track
system in which uniform laminar air flow field exists as a prerequisite. In this
application, the invention can be classified as involving several concepts
including: (1) a multi-port nozzle system which supports the dispense of two or

25 more different developer fluid fluids without any cross-talk; (2) a second multj-
port nozzle system of same or similar geometry which may be used for the
dispense of another liquid such as deionized water during a rinse step; and (3)
implementing either concepts (1) or (2) to support dispensing dual-chemistry
developer fluid as well as satisfying the low impingement requirement

30 throughout the overall develop process. The invention further includes reducing
possible critical dimension (CD) variation which may be attributed to the
developer fluid module by distributing the developer fluid over an exposed

wafer uniformly. This improves the overall CD control capability of a wafer
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devel oper fluid nodule by distributing the devel oper fluid over an exposed
wafer uniformy. This inproves the overall CD control capability of a wafer
4 WO 03/ 0802383Ra8/ US02/ 31459 track system when such stepsTarsd2/appar at us
as provided herein are incorporated into the devel oper fluid nodule of a
waf er track system The track systemcan be further coupled to a stepper

and ot her conesstodndhenicdlstdds QA€ BSjaRGus SV ASd RéreBys3é BitBrpotdteshal | be
understood that the termcoupled as used herein 5 may defined as connected

as between HP thegleveloper b madplernd arveaferiracksusem. fde tsek system c4y direct |y,
d not i i cal | | d advant
of Ct he i nvens Fter KouBET B ey st b et v e 8 O O ler 2

i n conj unct inedules bhsyshand. dit bl tegmd esod pht dire tefrh dotigled ac@edrhaein ng

drawi ngs. Wi l he, foll ow ng description may contain 10 specific details
descri Bi ng B’&V%F'[éﬁ?%?s ‘éﬁ%%?ﬁ%ﬁhﬁg"%ﬁp mylplesyalse ompongits, alherahd not be

S o e R AR

exenplification of prefe of the
i nvention, manyOdmrigatlsend advaptagessi tht vastisngibse beltehap@ediatehat are known

to those of rdjnary. skill in the art.. ny .changes and nodi fi cations may
be rmde.w t TSR &l eostleten BirbiadtoBil BR SCo BB AFEHAGOT r om ¢ he
spi rit ther gef theabébrhpiByinghi Sffnk© "Whie kAR S o # ' hiy &atdiens. BRI EF
DESCRI PTI ON OF '?’HE DR%?’INgM A c?_ear concept ?%ﬂgo%f@{%%%}n@gdg and

f eat ul@s cospseificdataily depesibios pastiavar esrhodiments af thg investion tusslenidd and
operation o t .nr.Qvi d ithe.tthe invention. will becone nore
readi |y appllzallorte%rlr%;L %giﬁezlfag?l?ﬂnﬁ%l&tl%tot eesc\gigggﬁ%ﬂedp‘{lenﬁﬂatbyﬁr@%f BB non-1imiting

enbodi ment seddnplifichfibiedf prafeidbte erabMMBASY Fofethavpdeast mbisbnd@,m a part of
this specification. It shall_be wunderstood that simlar or |ike reference

numer al s an@aBY¥aAaitoas greRospibleds suggeated Bershnihabare kngwn frathose adhen t hey occur
i th L i | . ted.that th
Foat or os. 11 TaRrL ARt Ble gt M crabodNl b REUE MATHEIRE MR, o' ot o

features il necessa
FI G 150 | | uthesedpesofdhdoiventiompeitismue dépaviengyfreny thé spirimhkiebf, pad thenozzl e,

representing an.enbodi ne OE the invention. 30 FIG 2 illustrates a top
per spect i vel%wlg%ndfmé‘d?ﬁﬁﬁ fuc B'P“glfﬁ‘éﬁlﬁme,

BRIEF DESCRIPTION OF THE DRAWINGS
A clear conception of the advantages and features constituting the
20 invention, including the components and operation of model systems provided
with the invention, will become more readily apparent by referring to the
exemplary and therefore non-limiting embodiments illustrated in the
accompanying drawings which form a part of this specification. It shall be
understood that similar or like reference numerals and characters designate the
25 same or like parts when they occur in more than one view or figure. It should
be further noted that the features illustrated in the drawings are not necessarily
drawn to scale.
FIG. 1 illustrates a bottom perspective view of a multi-port nozzle,
representing an embodiment of the invention.
30 FIG. 2 illustrates a top perspective view of a multi-port nozzle,
representing another embodiment of the invention.

FIG. 3 illustrates a sectional view of the multi-port nozzle shown in FIG.



representing anot her enbodi nent of the invention. FIG 3 illustrates a
sectional view of the nmulti-port nozzle shown in FIG 2. 5 WD 03/030228
PCT/ US02/ 8043030288 G. 4 illustrates a top view of a multi - paTtusanzabe,
representing yet another enbodi nent of the invention. FIG 5 illustrates an
end view of the nmulti-port nozzle shown in FIG 4. FIG 6 illustrates a

sectional view OfFIG”le ihustiatespacp viewzdlaanslkiowri IﬁszIeGrepr&elﬁlr%,%‘éﬁn along a
mani fold forne nthe%t? zzle, section line A-A. FIG illustrates a
bot t om vi ew %P T’l%m ipentef the HysBHaR shown in FIG 4. FIG 8 illustrates a

top perspective \FI@’VSQflusttﬂ?es%feM Vi%glr(;ftﬁ'@ﬁl%lit? no%le vl 11?‘1316 Allzlo Fl G 9

illustrates a sectional view o tl -por e shown
taken al ong sect ild@. biikestBicB.a sEdtIGnaIl\ﬁewlolfdmtmaIMe;mran&eletslhowaﬂl FI/GGW of the
rrult|-§)rt oz | e shovvnl nalopg section line CGC FIG 11

i 11 ust rat es ‘225 lPRG A Ay BWHB’FmeEdh‘@l it nogste secbionfise ddwn in 15 FIG 4
taken al ong sectimg. |7'1M'|%t1@te@ab6it§nvie%é\ofih%lﬂﬁ&lﬁ%?ﬁmgﬂle%ﬂ?wxﬂﬁ%@f a nozzle

or tubular insert, representl ng an enbodi ment "o e invention. FIG 12B
i | lustrates4a sectional view of the nozzle insert shown in FIG 12A 20

FIG 13A illustr S vi.ew of anot her zl e or ubu i nsert,
representing ano'?tr@r 88@%?%‘8%&6&‘%1’ %qrsqeﬁﬁ ?Y‘}V%’r#%i Sithwgt rates a
secti onal VviieWIGf4.t he nozzle insert shown in Fl G 13A. FI G 14 illustrates

a perspective sectional view of the nulti-port nozzle 25 shown in FIG 4
taken ® ong sect ifdf- Pillustratepa setignalndgew pf thstmeltiepordrozeleshowmieFis a

function of 4t the center of the substrate for a devel oper
4't S é'F . . .
axis offset o %pdléﬁ rgg?ﬁege |}§]ng an enbodi nent of the invention.

FIG. 10 illustrates a sectional view of the multi-port nozzle shown in
FIG. 4 taken along section line C-C.

FIG. 11 illustrates a sectional view of the multi-port nozzle shown in

15 FIG. 4 taken along section line D-D.

FIG. 12A illustrates an end view of a nozzle or tubular insert,
representing an embodiment of the invention.

FIG. 12B illustrates a sectional view of the nozzle insert shown in FIG.
12A.

20 FIG. 13A illustrates an end view of another nozzle or tubular insert,
representing another embodiment of the invention.

FIG. 13B illustrates a sectional view of the nozzle insert shown in FIG.
13A.

FIG. 14 illustrates a perspective sectional view of the multi-port nozzle

25 shown in FIG. 4 taken along section line A-A.

FIG. 15 illustrates develop rate as a function of the distance from the
center of the substrate for a developer axis offset of 0 mm, representing an
embodiment of the invention.

FIG. 16 illustrates develop rate as a function of the distance from the

30 center of the substrate for a developer axis offset of 5 mm, representing another

embodiment of the invention.



FIG 16 illustrates develop rate as a function of the distance fromthe 30
center of the substrate for a devel oper axis offset of 5 mm representing
anot her woplodsmesit of the invention. 6 WO 03/030228 PCT/ P6@Aa/S8L4ES9 FlI G
17 illustrates develop rate as a function of the distance fromthe center
of the substrate for a devel oper axis offset of 10 mn, representing yet

anot her enbodi meMIGo17 fifetrhiey eseidpiateb @ fuddioh|dfiisd dikhAsk BaYRlOP rate as a
function of the distance fromthe 5 center of the substrate for a

devel oper afPehPithe pubsiratedonglevelqperaan oifprg ofh0 mpadepicsmding gefoodi ment of
the inventi Qﬂothglleqﬁoodﬁéitlof%f-n%ﬁfﬁ)y ate develop rate as a function of

spatial position on e substrate tor a devel oper axis offset of Omm
representing an F@GbMlillsniteodevelop riteueatfivmntion b tid EHanc2Gm2fe i | | ustrate
devel op. rate as afgunqqtﬁi on of spatial posjtion on the substrate for a
devel o%er asPEepking fubsirats {1 2 devstopsas AlSelAH2A BN, TepRsEAtiABAR of t he

invention. E4&8onALtAibddithdd beserias ﬁtigxﬁvel op rate as a function of spati al
h b f

position on the substrate for a devel oper axis offset of 10mm
representing yet Fa@dt Hxx-19D51lesthdievelop ratk as héunotive of smtial fdsiEon 22A- 22D

illustrate de a%@ r%tﬁ as.a ]fPuncti.or} O{)é atial position on the substrate
for a devel SP&Fe HPFLAy faradevglopsids otfsspe FRGESERIE ti onal  embodi nent
of the invesimbedimdnt & thdnveptign bottom view of a nulti-port nozzle forned
with gas orifices 20 that emt pressurized gas to assist in the reduction
of crols- cont ani AEEP o AR0DdIleysatestssielpp uatd 8s afichotinnefspptiabmisitioot i on of
fluids on t 0, ttomsurface. FI 24-25 are.to i ews of

nul ti-port Elg%z %‘ég %%?Or{ga %Ffeé eﬁ%fsequeg??'esﬂnﬁggepfﬁFm %‘r‘?ﬁ’tehe top surface
of the nozzkmbbdimednt oS shvegtion. di fferent sized wafer substrates. 25 FIGS.

26A-B are side views of another nulti-port nozzle that may formed with
bored through fl| Gl@S-Henehgdllugiratelexelap saie pae Sanstion of spagialpsgifionnhi ch may be

capped or pLyggedpkiiic %}aarﬁé%gfoﬂgr AiSRRESSH dxﬁrﬂ}'ﬁeﬂ?esé}ﬂ%g yePiRuRES ed gas.

15 embodiment of the invention.

FIGS. 22A-22D illustrate develop rate as a function of spatial position
on the substrate for a developer axis offset of 20mm, representing an additional
embodiment of the invention.

FIG. 23 is a bottom view of a multi-port nozzle formed with gas orifices

20 that emit pressurized gas to assist in the reduction of cross-contamination of
dispensed fluids and unwanted collection of fluids on the nozzle bottom surface.

FIGS. 24-25 are top views of multi~port nozzles having three inlet
openings formed on the top surface of the nozzle for processing of different
sized wafer substrates.

25 FIGS. 26A-B are side views of another multi-port nozzle that may
formed with bored through fluid openings at an end surface of nozzle body
which may be capped or plugged for channeling dispensed liquids and
compressed gas.

FIGS. 27-31 are cross-sectional views of the multi-port nozzle shown in

30 FIG. 23 taken along section lines A-A through E-E, respectively.

FIG. 32 is a perspective view of the nozzle shown in FIG. 23.

FIG. 33 is a simplified side view of a robot arm assembly that may

selected for movement and support of the various nozzles provided herein.
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FI GS. 27-31 are cross-sectional views of the nmulti-port nozzle shown in 30
FIG 23 taken along section lines A-A through E-E, respectively. FIG 32 is
a perspecwbwa/osi2esv of the nozzle shown in FIG 23. FIG 32crasaz/sidnplified
side view of a robot armassenbly that may selected for novenent and
support of the various nozzles provided herein. 7 WO 03/030228

PCT/ USO02/ 31459 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The various features
and advantages of the i.nvention are explained nore fully belowwth

ref erence t DEILED DESGRIFEIQGNKIITHENNVENIION n t he 5 acconpanyi ng
drawings. It sha . t. descriptions of well. known
conponents and pjrﬂ(%%gg%?q%gg{tﬁ%g%q%%%@mgg%s%rﬁjﬁné’gm%o&l 4ec I?mF‘gm(?ﬁ%ecessari |y

obscur e t hefillk\weldw enthirefefigicaitd thefllistraflvd drhbedifmah®shéwn arpedi ment of the
invention that provides a Ili ﬂlgi d dispense nozzle 100 for dispensing a

si ngl e Schenfeerpanyigg dravpgs. nip shallbepmderstpgd baj dessrwtignhrakwetmonmt h
measured fr : jus of a

sem conduct ggrﬂlgour{?éﬁggfl E)?&V%F %1?5’ trerg%élﬁl\l/élg%gé<?r&fe}&§lsg%gﬁé%%wp(%f%ﬁ As wi th ot her
vari ati ons olfsctufeahé mventioroin dbeslri bed herein, the width and other rel evant

di mensions of th ozzl e 100 maybe nodified for particular applications.
The nozzl e 100 ngyﬂall @BSti“HE&] bpdineny of the Wyentionthagravides ajiqudy i ty of

condui ts al ggnede abo8160 ¥R didpeAdin §il_§L ngn'chanfsiﬁg@ﬁ&&. T foRLlgpm face 115

of the nozzle 100. An inlet nanifold recei ves an intake fluid, and the
fluidl0s thmaytihee 2 imeyineen idibugéastree foorz frentfade b0 ® abacktfaki ng waf er vi a

a plurality of. outlets 1. I.n this enbodinent, the outlets 1Q1 are shown
to align I%{%LH @eéaéf‘%ss iﬁ?@lﬁﬁrﬁ?ﬁ%ﬂ%%ﬁ%e Wi?‘?{ rﬁ?etwlﬂg}e "¥%dth of the
nozzl e 100 BRidalAoxeh biker dirfapions 6ckht invkeatidiPdsenssd AdieinAehadmahgr in one
full rotation of the wafer. As such, the nozzle 100 provides a uniform and

fast di striofliel stevent dimensipnspighe periziehl 00anayies miodisieddoff paxiiehlarppl i cations is

a crucial r I ntfor i v i gl | mensj CD) control. It
e 1 ba R SRk Aotk T8 6 Q155 bl glsn%ﬂlg’rc}}?&%ﬂg)oagy to which this
and otiser epladityrontcdofts blighed 2ldng\eeriticanainwithaegepl to@dbottoal fagles t he
phot ol it hogr%h processing of mcro- structures or mcroelectronic

structures. 1 ° gprale 1O eAn aplet mypfoldl 3Qregeizeean intky thid: reditheher eby
deposi ted pRLUTE RN WistitEd BRoudiiie hOR! drdbrdS 2 PREKS: & Qfer via a

plurality of outlets 101. In this embodiment, the outlets 101 are shown to align
linearly across the width of the main arm 110. The width of the nozzle 100

20 allows the dispensed fluid to cover the whole wafer in one full rotation of the
wafer. As such, the nozzle 100 provides a uniform and fast distribution of the
fluid, which for developing fluid applications is a crucial requirement for
improved critical dimension (CD) control. It shall be understood that the
context or fields of technology to which this and other embodiments of the

25 invention may be applied includes the photolithography processing of micro-
structures or microelectronic structures. These structures are typically etched
and formed whereby deposited polymers of interest may function as masks to
shield portions of the structures that are to remain at least largely unaffected by
the etchant. The polymers that are being developed can be negative and/or

30 positive photoresists. The invention can also utilize data processing methods
that transform signals that characterize the state of the polymer processing so as

to actuate discrete interconnected hardware elements or subsystems to perform



shield portions of the structures that are to remain at |east |largely
unaffected by the etchant. The polyners that are being devel oped can be
negat i ve wWod3080239 positive photoresists. The invention caacTalsen3use|ize
data processing nethods that transform signals that characterize the state
of the polymer processing so as to actuate discrete interconnected

hardwar e el edrRit furRtioRdHaS 3§ &ipbsitiBniR® iedo¥1e®r WM D30 A8&rlGlinUS02/ 31459

certain functions such as repositioning the nozzle or changing the desired
spin rate. F&%. 2 shows anot her enbodi nent of the present invention which

provides a nulti r I 1N i ntake. mani.f ol d. 230 for
receiving 5 ei tﬁfeai' éosr@%sﬁan? %P%pﬁ?&égeﬁté)?{ﬁhegprgiseg? ?Ihvc?flﬁ%lhgﬂicﬁt ries. The
i nt ake mani povitle? 3@nutaypobiendzolePOd havihh af ihthltd ke fRanso fdrabeet to separate

or divide the incomng _fluid _str.earr(sg entering into the manifold. A
sel ect &d f | Gihsr profs tyRfluids bavingdising chemmsiyios e Tha infaly manifdd22Q bet ween a

11, R AR I S PR O R,

di stinct or entical arrangene as s n FlIG 3)
dependi ng ofluidséeap() entating ntd die minifolhd.t Aeclroizd flwi2R0m thsirge! ect ed. The

nozzl e 200 may._.al.so have a_w dth hetween front face 205 and a back face
equal to thE?@ ‘glﬂélﬂaé’r eo‘?‘“%@@ﬁg’é‘ﬁdg{"g”% frst ares IOARdA seed 28 di spensed
fluid to copgdh 4rhe MR 0hES hdvd 2 S; | ' r. FIG 3 is
a cross-sectional view of th%r noz_zalé ?g%gréﬁ%@mfcﬁg t g%ﬁ‘?trebﬁo%grmni fold 230
bei ng 18i vi d&@l (as shovet sy kL. \3) deprsiding onte dgiplicet$onmor ethichehie heazde 260 st i nct

hemi stries, such | opi,ng f1ujd and dejonized wat D), T
par i ¢ on 335CaToaate FRef PP e hERAE s W RBeFrR A Tolhiords 930 Fic s
shows the jpdgifas@etublotthe 30mer & B Quihatel WAtk ﬂ%réﬂ%ﬁdﬂoi\xﬂﬁgth@ first inlet

channel 340. The first inlet channel 340 includes a bend 342 that nerges
with a firstispansed Bridzo cpygdhe wheleawietin pngfigl jotationef the wafemr m 210. The

mani f ol d 230 qui the i.d .stream.int second i nl channel 360.

The second i nl etﬁﬁgﬁﬁgIcp%géﬁegtlloﬁlgﬁﬂg\%so%gleﬁgﬁélgggg Sﬁ?]‘gpgrrrh?lé‘ge with a second
t ubul 46 i nsekif@6230 beingalisdedtbreffably2d0eiveved £l hicl gy Ravkl ets 301 on a
bottom face 380 g{l t he, nozzle 200 are aligned linearly across the w dth of

the nozzle ‘é‘ét(lﬁcé_ %HB??SQP?@SWPLQ@%@P&?r&jrf&‘éﬁ’%?ﬁdsw%tﬁre(%s@h%l e and will
be further el Sefapteehi nil Sirc @R it hRfidla 3900 11823 Lfa00 thus

accommodat es the use o
the inlet manifold 230 guiding one fluid stream into a first inlet channel 340.

The first inlet channel 340 includes a bend 342 that merges with a first tubular

20 insert or conduit 345 in the first arm 210. The manifold 230 guides another
fluid stream into a second inlet channel 360. The second inlet channel 360
includes a bend 362 that merges with a second tubular insert 365 in the second
arm 220. Preférably, the outlets 301 on a bottom face 380 of the nozzle 200 are
aligned linearly across the width of the nozzle 200 although alternative

25 arrangements are possible and will be further described herein. The
configuration of the nozzle 200 thus accommodates the use of two different
developer fluid chemistries with temperature control without any cross
contamination during dispensing. The nozzle 200 may be however adapted to
allow for deionized water dispensing together with or separately from

30 developing fluid dispensing. It shall be understood that the nozzle 200 or
similar variation thereof may also be integrated into a single or dual chemistry

version of the developer fluid.



devel oper fluid chem stries with tenperature control w thout any cross
contam nation during dispensing. The nozzle 200 may be however adapted to
al | ow f orwoaBosi22zed wat er di spensi ng together with or sepacatsbhy3fssom 30
devel oping fluid dispensing. It shall be understood that the nozzle 200 or
simlar variation thereof may al so be integrated into a single or dual

cher stry  versi o igfpohfi (B8R OR8N [J istopdt WAL ARAGEE, RETHLISO2/ 31459

An inmportant feature relating to this aspect of the invention is that the
i mpi ngenent IMpingEnes dercagerkraied withike muyzieh bereheis slgnificanty gediueédcasnt | y

duced d t. i nal_e, hol I [ [
mai i por s CORARRb e 1BiRpSl el & HRE S EufkSiTImbERH o7 6™l ¢ notabi y

i mport ant  f elarfctéristiclog hatGE. STiagdidRa impantrtoishavabiPigforaaPRet rati os since
this makes them vulnerable to pattern collapse due to inpact of the fluid.

Enbodi Rent ssfller il sizesihatfendie hayy highsspect mios aiee s joakestben i npact for ces
for the dev%%]lﬁagﬁleft%) ght‘?e?n cBfighst e f&nggg%tﬁog?%%"gﬁi r En}ﬂb%imggé DEgENt forces

t hr oughout the devel 6p process nay re mnimczed ensuring a
reli abl e neidventicf mppblksesinulgnddhshrediceimpeatforces fir Fesdavieloper fkias i vel y

hi gher yield than that provided, by other alternatives known in the art.
Anot her si g?ﬁ‘# fhg aﬁPngﬁqg’ﬁf"ég&%Sfm ’ﬁgelﬂeiﬂti‘?m%ﬁhfougﬁﬁ‘itzthéée‘f?&pei nis that

they incr eaﬁx%c&rsgxg%ﬁ% thalekdrt deniiied éi'l%%%@feligﬂlte I?netﬁ&@mhﬁe@ﬂlfg evel oper

fluid and dei oni water. In addition, the Inprove livery and
di st rilBut i osmelkg dgstiresizenvithivelgtvely higheppgeld tharthhigsoridsd be ohérsbet t er

overal | process conpliance,for nechani.cal. process variables.such as spin
speed and fi?‘_ﬁﬁfﬂataﬁgg’é%? Wgthfe&_ftewg}er gﬁ%’lﬂﬁgrﬁt a@ﬁ@gﬁgea?ﬁ}ﬁ?l PP ovi ded by
this invenhbBmsiherdilR tRAUBA) indleadcprb@Ey RENIdR v HAtALI BRWBIOP process tine
while mintaining CD control as well as good defect and particle

per f or mancedispnging4ley¢lppertiiuad erd deioninest waiat o additionpthetimpravedent i on i n

whi ch a mul {j - . zzl.e..400 . dispense either one or two devel opi ng
f1 ui ds, andﬁ%?ld%gléﬁpe%g%%ggﬁ%btug?? Cﬁﬂ%gﬂl%% @85%81’3&' %F%?Z&Eqsfnﬁﬁr% penses two
devel api ng bétter 8eraBPebcesy cvniptRecoRE BeciEmida Bfocads vadiablBe Aifhng spay be

acconpl i shed ba positioning the nozzle 400 1 n just one position over a
substrat e wiicsd andflpiddispepgngrate.n¥et apgther addedadyvaningrarevided bypthitur f ace 425

Lot 00 L0y SR L T oy A sy zpent o 1 i
maintaining CD control as well as good defect and particle performance.
FIG. 4 illustrates another embodiment of the invention in which a multi-

20 port nozzle 400 may dispense either one or two developing fluids, and/or
deionized water. The nozzle 400 preferably dispenses two developing fluids
and deionized water so that all dispensing may be accomplished by positioning
the nozzle 400 in just one position over a substrate wafer. A head 420 of the
nozzle 400 includes a top surface 425 having three inlets or inlet manifolds for

25 receiving dispensing fluids and/or deionized water. As shown in FIG. 4, one
preferred nozzle arrangement includes a first inlet 405 for a first developing
fluid, a second inlet 410 for deionized water, and a third inlet 415 for a second
developing fluid. Preferably, two or more of the inlets are staggered with
respect to the top surface 425 to conserve space and reduce the overall width

30 and size of the nozzle 400. The first inlet 405 may be staggered from the third
inlet 415, with the second inlet centrally located and/or offset between the first

inlet 405 and the third inlet 415. It shall be understood that the inlets need not

10



preferred nozzle arrangenment includes a first inlet 405 for a first

devel oping fluid, a second inlet 410 for deionized water, and a third

i nl et 415wba/oan2second devel oping fluid. Preferably, twoprom/usorgi4ed the
inlets are staggered with respect to the top surface 425 to conserve space
and reduce the overall width 30 and size of the nozzle 400. The first inlet

405 may be Yeaugeidas af stdFeici @ohAinirttion Mdehayddforikd Blohp®agegond inlet
centrally located and/or offset between the first inlét 405 and the third

inlet 415. 'esienyefithgypozzider st ood that the inlets need not 10 WD 03/ 030228

PCT/ US02/ 31459 f ][]1;?9 I onf i.ounatd:en_an e formed
al ong vari ous re%?ghggo %@eﬁoﬁﬁgg%ﬁ%tﬁ%ﬁ%ﬁov@ %ﬁ&éﬁﬁygﬁg‘?ﬁe@ 520 of the
head 420 whiveith inteyndd endndfords dhowh abibored elidamdberstat fhelanishiewithas bor ed

chanberss t hat comﬂdmi cate with or 5 carrespond to each of the inlets shown
in FIG> 4. FRECERAC &Qurachod ipigletysherara Bl 4 nkrq endsustaes $20 mani fol d 505

nmerged or | %%Hiﬂﬂ' i A i i fal: . f4 rst
devel opi ng ?Jlrui , ahglgg%s%ﬁfr%‘[ﬁ%ﬁg?%@g 58%8{ er%e;l dgéﬁk%ﬁ%glg{dﬂébo% E{%P ktlfég second
inlet 410 f dirstdeleb#izfod thedfirst devaloging fluid, radsecmni hahitbl® 550 nimgpebe nerged with

the third inlet 41 or a secon el oping fluid. Each of .10 the manifol ds
may i ni:l udia néer%?éjr\"'g]%h@fsef)‘ﬁ@ 18]%‘ grb(?g’\éldﬁ]l? ’Irzﬁﬁ?wiaﬁgulﬁqua %58 nyifold 513 spense

liquid frommeade hashewith\ke aaihef ghs fSPaEwoha%vélgﬂﬂgﬂuﬁ 165acflofENSI ONs  of
the nozzle, two or nore of the manifolds nay be staggéred wt respect to

one an her themesfoldhmay intlulers sgties Qe opnwie tublulay insetie 650 whichmani fol d 510
is centrally.|ocated. t he .end face 52 i the seco mani fold 510 and

15 third mdipEid R Ao g e magﬁ?%dﬂﬁ%’?anﬂﬂrsﬁwﬁﬁesi de of the first
mani fol d  5Q@Eménkidnk oft@toaslef mm@%f&ﬁ%if&@@£ﬁb@&h¥germftﬁer aspect

of the invention relates to the staggering of the plurality of working

fluid mani f desct to pye anothgsaerasy therpad witadedd0+ Praferablyntfedirstsnanifodd pri nci pl e

axes of the al ggigfg 0 uld ot herw se
be perm ttegrigii/E (;eﬁ{ﬁglay 5’3@9%&@% ) Jéleoéﬁnd-of ?1"? é}%éé%%%)ﬁcgﬁ]@}&@ﬁgég@ﬁ?on of the
i nner Kect i dinrdmatifidd 515 aghaletridatly d&tribline] dvedthal bidewoflthe a6t hdigforaul ti - port
nozzl e thus 58 cones smaller or narrower. Staggering the panifolds may be

useful even™ “iWé‘F‘%Lﬁ%rr skypm gs ?1?796"“' %P?W&i&,al’é%ééﬁngﬂ%ft%ere the vol une
defined by thgngst fRMteOh tﬁ@gawggggﬁemﬁgﬁg%ﬂg%d hQnihgs f uncti onal

requi renents of static pressure
By staggering the working fluid manifolds, the principle axes of the manifolds
can be brought closer together than would otherwise be permitted by a non-

20 staggered, non-intersecting configuration of the inner section of their radial
bores. The overall width of the multi-port nozzle thus becomes smaller or
narrower. Staggering the manifolds may be useful even if there are only two
manifolds, especially where the volume defined by the extent of the manifold is
increased due to the functional requirements of static pressure equalization

25 among the ports.

FIG. 6 is a cross-sectional view of the nozzle head 420 shown in FIG. 4
that is cut along the longitudinal length A-A of the third manifold 515. The
third manifold 515 may include a plurality of conduits 670 that are bored
vertically through the bottom surface 680 along a vertical axis. The structure of

30 the third manifold 5135 is preferably identical to the first and/or second
manifolds 505 and 510, and will be described in greater detail as representative

of these manifold embodiments. As exemplified with respect to the third

manifold 515, each of the conduits 670 formed in the manifold may include one
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25 anong the ports. FIG 6 is a cross-sectional view of the nozzle head 420
shown in FIG 4 that is cut along the longitudinal Iength A-A of the third
mani f ol d WO3/03d2es third mani fold 515 may include a pl uralpicryusot/3mendui ts
670 that are bored vertically through the bottom surface 680 along a
vertical axis. The structure of 30 the third manifold 515 is preferably

i denti cal tgrhbe thbiilat ingd@/G30 BECRNGng ARidkdrAd1dad 5P amsh &dBmabdid W | | be

described in greater detail as representative of these manifold
enbodi ment sO3AsPrefashdy.ithe wternaliend 668 pé eachttabuliranseri ¢59 expdb fol d 515, each

of the condyi 6 [ eIA LA e i § ol d. J8y-l 0 1. 03/ 030228
oCT! beos) 31 ditfo @bl Hitknafly LSl H@g{;ﬂ@as(;ﬁﬁhgg&%én e it 0 ond 660
and an ext ewabibor enthceSSluiPebengibk third fenifoitien palill astd@luméssemech t ubul ar

insert 650 extends a . distance. or height internally into the third manifold

515 awdy f r5iekHdhedpdrcemgiledaihmghe durdmanioldply sreerdethe hgighhel t hird
ifold 515w i , i iled withi
The. thi rd nieiemal Biotn AL sibh A58 i Miafbali RS iy abiife L dlhofiOMR o0 0! 11 1

such, the imveagabepthdsfifedGromyhedefermd ead 666 ef the tubuldravderigSa tdlept h def i ned

fromthe internal e 660. of the tubular insert 650 to a ottom nmani f ol d
sur f ace 665.°tfc’|1infr}?|“[§}° Hlf’f%‘fe,&{‘shgnﬁlﬁgﬁ’fm‘?ff&?ﬁ’@lgihh‘? R Ete@AEsH®0 nay al so

be used to p@i AiBiba u’ééhlpto%ﬁﬁtiaﬁl 1BE SRAY bResWirt Wiﬂﬂi&dﬂétﬁiﬂ 131?13?@18%39! d 615 10

constant or equal with respect to the correspondi ng conduit 670. The

ext er h@l encmsBBEogquaheith respedt ta sesrreHOndmy fluikennidsd 6@%t dhd beyond t he

bott om surfa)%cge 680 .of éh i 0O herein may be

e ,400...Th bul 5
formed to p? Vims engs\% §’/F tgﬁg%s[zeﬁ%ul?%%gp ﬁéﬁ’@%ﬁ%ﬁe&te{‘ﬂ e%ﬁs%' i zes or

el i m nat e swéifons gurfdca\wso whinehorEY 40bherwi se 15 misdirect a stream of
devel oping fluids or deionized water. The snmooth surface the tubul ar

inserts 650 may ahewbulapingertneSOhrswinmepydeckmosd lowbbyide 2 yerycwnaotie

liquid-air j f i.f.hi.n. i t . cont.rolled. The
tubal a1 a8 b e SR SRS R e
mani f 05 ds amikdiretisd eameif devidopiog finkiswhidelonizedwarr.t The aheahairfhdee t ubul ar

inserts that %cqnt act the 20 flujds passing through. This enables the
nozzl e 400 6 tuRrderdnssFie 8@ mey alsosyeidite suckingback of Bublesswupse the devel opi ng

fluids and/ p;@859RAe0 WRkiRT hd ABhlar ﬁﬂ%%&%@?ﬂﬂoﬁﬁd. §HE Autgy f | Ui d

clinging or Other problens that cause strea
inserts 650 also provide thin radial edges both inside the manifolds and outside

of the nozzle which reduce the area of the tubular inserts that may contact the

20 fluids passing through. This enables the nozzle 400 to avoid problems
associated with fluid sireams of developing fluids and/or deionized water that
contact conduits, such as fluid clinging or othér problems that cause streams to
pull of center. The external ends 655 also extend sufficiently beyond the nozzle
400 to help avoid streams being pulled together on the bottom surface 680.

25 As with other embodiments described herein, this single multi-port
nozzle may thus dispense two develop fluids having distinct chemistries, and
also one rinsing deionized water (DI) chemistry through rows of holes that are
strategically placed so that all dispensing can be done with one head position
over a substrate wafer. This allows the use of a rotary cylinder actuator for head

30 motion from a drain location to a single dispense location. No servo positioning
control is further required. The DI row of holes is centered for rinse of the
entire wafer. The developer chemistry rows are preferably placed 5 mm offset

because process data discussed further below indicates that a 5 mm develop
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pull of center. The external ends 655 al so extend sufficiently beyond the
nozzle 400 to help avoid streans being pulled together on the bottom
surface 680.0383022& with ot her enbodi nents descri bed herei PCTIUSOF3BIENG| €
mul ti-port nozzle may thus di spense two devel op fluids having distinct
chem stries, and also one rinsing deionized water (D) chem stry through

rows of hO'ﬁx%nﬁé’c?}I ofdBimmbi ReéEatdsulip| Reglnsere] fhadispbhsediosgeasi ng can be
done with one head position over a substrate wafer. This allows the use of

a rotary Cylﬁlclrudepreamddatt@esm‘rh smealradius gnds. Skhere waakleastAva PaEEsi on to a
l e di i ;
Cequi red. - rrange AR Prste SECHE, IR ol s GREENie BIAERTEL

The devel opgs sieheetist Wpuldei®wed Bquided eligh| Anypliquid difgingnuiohissettombecause
process data discussed further bel ow | ndi cates that elop 12 WO

5.mm de
03/ 030228 FaHeesobihg perde C@h@aﬁbﬁ%@#syer@mssg@ammmlegpmgﬂ ﬁém ts.
Furtherm)re th small
radi us ends- &I'%gor‘%{g@g&%?u qqg‘?d&%wf&g %n;iﬂ)gig&’g t eg%thﬂl}Eggéz'tl t provi de
benefits. FRahsdausestiml dtreamdtmpnemdsomﬂ'mlaudelyrlm‘gatstmemy Thiocaubref ace t hat
would allow a liquid to cling. Any id clingi is bottom 5
surface of %He! ‘IOQICE%C gdt 1§ gB@aﬂglpaﬁéhegﬂsglgrfgnfagng ?‘?é Uoff center.
It is also |paWRtidhehRRidUaR! iht hodd. Kelbnd, th@%@ﬁﬁsz\@mﬁmurface of
the nozzle can cause two streans to join into one relatively |arger
streah® Thisigeanr s, asm&cplabsegi—lprtw,e&ibmscamﬁnwthllmletsmltfacgandt hat there
IS no conta nat cip‘g nee %lfgrent ch Hlstlrnl es \(/;Hq t he head Second,
form ng t heSWRBBUHD MRS ?t?;\e d PnS_L na% sy Luid dinglie. tgﬁn%?’essed in
tubes, all oMigutEstfaseBdfatioNGh Gusd Afamafsibe middsieand.i Rbligh el i m nat es
aberrations that may cause fluid clinging. In general, mnjscule surface
aberrat i onssmﬁinemlaps@ausq vegomollesd b@lﬁﬁbﬁﬁlﬁé caplfagho chebtes al so cause
uncontrol l ed i i r. ryi ng and
cont am natl‘glﬁﬂ gcoﬁ ﬂcet%?‘ g&c%ﬁ%&%ggéﬁ%éo&bgpg)%gfet élng decr eased

sincelshis ddciddisel sihée thistiRfuli daie uﬁbmnm shspe/welvdellmomrasldnéd érhe pleranpl enum  bor e
positions may be staggered to allow 5 nm of f (fpel oper to be
mai nt ai ned BoTE PAFikigH mHYE"eStéB@WHOra}bWO@\B’% fﬁt? @e"e PERIHRE head. All hol es

may be str a{n%g)'ttéiﬂ%]d éﬁdpill@)%etﬂrt%lcﬂt&%g%gfw%s Bg 898 fi sReNREdheathodd shall be

under st ood ese configura i mensions nmay be nodified for 20
particul ar appbecaiteginglyi placxicdompamare-pictddisfease madntlf siall be

understood that these configurations and dimensions may be modified for

20 particular applications in accordance with the invention.

FIG. 7 illustrates a preferred arrangement of outlets formed along the
bottom surface 680 of the nozzle 400. The outlets may be arranged linearly as
shown or staggered to reduce the amount of space occupied or to conserve real
estate. As shown it this embodiment of the invention, a center row 710 of

25 outlets 701 formed by the extended tubular insert ends may be connected to or
lead from the second manifold 510 to distribute deionized water over an entire
treated wafer substrate to be rinsed. Additional rows 705 and 715 of outlets
may be coupled to the first manifold 505 and the third manifold 515
respectively to dispense at least one, and preferably two, developing fluids. As

30 with other embodiments of the invention described herein, the design of this
multi-port nozzle achieves delivery of both developer fluid and deionized water
over a polymer layer to be developed on a substrate. The nozzle provides a

geometry of outlets that are arranged to provide an optimal spatial liquid flow
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FIG 7 illustrates a preferred arrangenent of outlets formed al ong the
bottom surface 680 of the nozzle 400. The outlets may be arranged linearly
as showworosss@ggyiered to reduce the anount of space occupCEdSoz/31469
conserve real estate. As shown it this enbodi nent of the invention, a
center row 710 of 25 outlets 701 forned by the extended tubular insert ends

may be connged RHilé Mikhizih@a8ppihe WB@&V@MﬂMei&'ﬁe@%@cél?&pgé stribute

dei oni zed water over an entire treated wafer substrate to be rinsed.
Addi tional #éeeslaes r@ﬁlﬂﬂ stmcsumfor@txtwtmes bymedncing impagsifexgetof theHauiid r st

i fold 50 h rd fold |
one. and pr 3t B Tob b fabR Rt o el TREE 35l P B e FRERS ool et <o

the inventi mmtd@smnebﬁdldiebepétts fohaediBsthgRoffe bdtlys Thlhdekts R be N0ZZI €
achleves dellve6¥ of both devel oper fluid and deionized water over a
b

pol yme? | ay®ade of pmatgaokthaihag adew goeifisient of Gictigmeithersiatic g ovi des a

P ow 15 w0 SEEBIERSI e EiuPYRgE ul othP N A% MRadBbMIR aiPELI ng | The
i nvention fdeasthiesd dahqaimaitef g incaltioapsdudds sﬁclﬁlﬁyﬁ'tsQﬁ@ngfeﬁﬁnaéd structure or

structures b reducm i npact _force of the |i on the film The
mul ti-port onybeyy F}%?é]loﬁ%i@bﬁg&ﬂa@qah@e‘?’lﬂlghg}eylatf’o]@%t? i FBErts in at

| east one 0 can be 5
made of a neyor ) ApaRbiTy ORGP BE o Bl IR IRENST S0 0 or
dynamni@) W|lteglomesbélcnnmmmahefoldor"ﬂheragteﬁlbmndcznfbddhﬂ) woagized eAdatndliyonal |y,
this descri enbodi nt o t he i nhv. on des.such inserts having
ext ended pore ‘?ll&’ﬁg‘b ﬂx?ﬂ b?‘?’(??glﬂée‘?)‘g{??’ ﬂ%ﬁlﬁﬁp‘ﬁf ﬁs‘il?e%ﬂ?%ﬁ ey are

| ocat ed. Thidvan®y é@f@dt&mu%ameh@eﬂbﬁﬂérﬁﬁ@ hedyboRd ﬂféldo!zl\%ﬁaff@/tot he inserts
extend into the Interior regi ons of t'he’input manifold. The extensions
can be al sdnqr@efdgmlaz@nalémmfohhtq fynctigneaseipirn dqualized eesesvoiixtherstiy beyond t he

ntornal |y BRGc R liaSisnsRbRy oy VRTEARE BnS R A e rani fora 1o

functi®n assadie t@hé, 20QdAdNtZRbILRAENGITe ﬁab@fsaaQYemaaM@@d%ﬂagexﬁn equal i zation
of static pressure with respect to the ports. At the 15 sane tinme, an

advant age ciccusulatign Afrosidaal werkingsfluid oa r'fll‘f?a@qt%fn@léoﬂgmfﬂuéf%m@f theccunul ati on
of residual C nozzl e
body notw t%%%nmﬁpgagéﬁ*hq%a%@r g X%E ﬁ%@@é%@%@gt?o m % é’ﬁsﬁscg:ﬂu%} esi dual
accunul at i cavchmulative by revgrsimethaordrking flfuidllbrdsspree(s&uhlevé mokdchxlcﬁve suck- back.

FIG. 8 illustrates a perspective view of the nozzle 400 incorporating
20 staggered or offset inlets 405, 410 and 415. The nozzle 400 may also be
configured to be received by a pivotable mounting brackets on a first
longitudinal end 820 for securing the nozzle to an arm or stand above a
substrate wafer. The nozzle is also relatively compact with a preferred vertical
height extending from the top surface 425 to the bottom surface of 1.5 inches.
25 It shall be understood that the respective dimensions of this and other
embodiments of the invention may vary in accordance with the selected
processing or applications.
FIG. 9 is a cross-sectional view of the nozzle 400 taken along lines B-B
of FIG. 4. The nozzle 400 as shown includes the first manifold 505 coupled to a
30 first plurality of tubular inserts 650A. The second manifold 510 is likewise
coupled to a second plurality of tubular inserts 650B, and the third manifold 515
is coupled to a third plurality of tubular inserts 650C. Each of the first, second,
and third plurality of tubular inserts 650A-C preferably extend inwards into the

14



FIG 8 illustrates a perspective view of the nozzle 400 incorporating 20
staggered or offset inlets 405, 410 and 415. The nozzle 400 may al so be
conf i gur eaotos/obe22s ecei ved by a pivotabl e nmounti ng bracket carusaz/Bidsst

| ongi tudi nal end 820 for securing the nozzle to an armor stand above a
substrate wafer. The nozzle is also relatively conpact wwth a preferred

vertical heeghttiexin)gédded aarhidmah#lds 805,316 aA&514 so iHaphBehyaw sur face
of 1.5 inches. 25 It shall_ be understood that the respective di nensions of

this and ot F¥fensiopheirbrieach stonp of tbakt insartadgfingarpsdrvoiawithrtbance wit h

t he selecte ing. appl.i ' a1 E I.S..8,.Crosszsectional view
of the nozzIcttg-,mg%g)%t8 gl%enl?nzg1 é‘?ag)dﬁg%ier}]%%hgg%%c%F S%V&?r %ﬁ“ﬁ’ﬁé“ﬂ%f?@ 400 as shown
i ncl udes t hes06j 5Kt amiefisfondyche5i@Gividuafiy eet tyaheleng dfithestespctiv@iniviayd of t ubul ar
i nserts. 650A.  The sggong: nadgi%%?dﬁlo is |likewse coupled to a second
plural ity of*{59rsPO Sasidesgistin disaceomapanyinedestand fighepsdebw i s coupl ed
to a third glarmlist y298) tubul ar inserts 650C. Each of the first, second,
and third plurality of tubular inserts 650A-C preferably extend inwards
into the 14 WO (300303280RET¢r0S0RcHddB Yiew ebthe adizle4(0 tagén alsggond, and

third manifol ds 505 0 d, 515 so t hat e i nwar, ext ensi ons 660A- C of
each group of*t Gb(gpgfﬁ%#séﬂfg 1rélgtfrp%é%cqu§ t9 gitpanpioldyas iflstratest r espondi ng
mani f ol ds. Temglvak ohinodS ciAabrs RERIMEA br Wchitn ok T Be8isninP3. 510 and
515 may be individual ly set by the length of g&ﬁgspécté}vfg&lnﬁ -

ext ensifons GEUAL eachireenssiaye manifald. Aleherwe onil&hyDythe fiest inlatDsfis gur es bel ow

(see FIGs. - Q i ther cross-sectio vi ew, of .the nozzle
400 taken aIJC(g)]rﬁégl;lg,a & tﬁé@ S&M$I%Wﬁ}}a§5%ﬁaF%q%8P Ha Oéemkqm)/@ﬁﬂéﬁpto a
mani fol d as inled 41$tis abwpded t9Shahi@iBardfold®I Swahanked mlaARRbA9d50r N
communi catign with or forming a 10 part of each respective manifold. As

shown in FI dhesecondpantipld31 Gmpeplsqnm aleng ¢ pigdetennined tehgthfdftlss mani f ol d 505

with a first,i haERed I inlet 4 i.S- coupled to the
Chi v e £ o a0 CRHER e 48 R MY Rl g A Shot S8 B e o
510 ndy al stherthird ahamifgldes 151 edphuealiny oeaibliangisbtofsonhe mibﬂBez%%iﬂ)C’dy in

bet ween and sutbst ntially pargllel to the first manifold 5 and 15 the
third mani f 8PFILX .mﬂlep‘T%F]ﬁ%OgW(mef’lﬁ?lﬂ@Fd pabway orgbodelvenagf be agai n

posi ti oned  rpbied ARk falRirdn? uRi:Wiei & hbithslPRMRYr okl delivery
400.
FIG. 11 is yet another cross-sectional view of the nozzle 400 taken along
20 lines D-D of FIG. 4. As with the other inlets and manifolds, the second inlet
410 may be coupled to the second manifold 510 as shown with a second inlet
chamber 1010. It shall be understood however that other embodiments of the
invention may include additional inlets coupled to more corresponding
manifolds using similar configurations as shown herein which may be
25 connected again with corresponding inlet chambers. Furthermore, as with other
views of this embodiment of the invention, FIG. 11 also provides another
perspective of the tubular inserts 650A-C extending from the bottom surface
680 of the nozzle 400 to avoid combining the ejected liquid streams stemming
from the rows of tubular inserts for each of the different manifolds.
30 FIGS. 12A-B illustrate an embodiment of a tubular insert 650A which
may be used with the multi-port nozzles in accordance with this aspect of the
invention. As shown by FIG. 12A, the tubular insert 650A may include a

substantially round cross-section 1210A. Other embodiments of the invention
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di spensed liquids leading fromtheir respective manifolds and out of the
nozzle 400. FIG 11 is yet another cross-sectional view of the nozzle 400
t aken al owQ 03880228 nes D-D of FIG 4. As with the other i nlpersssazsii4s9
mani f ol ds, the second inlet 410 nay be coupled to the second manifold 510
as shown with a second inlet chanber 1010. It shall be understood however

that other aowedrigatse Rtmbd&ithinbieftileNcroBysdchehs Rkl dguaalr i nl ets
coupled to nore corresponding manifolds using simlar configurations as

shown her ei ROWEPRA geemprchies 2 Biseivhavinedhossgar wihr configwrationp ertibarg i nl et
chanbers. F ! . g . J i t of the

i nventi on, E‘f@&@%ﬁ%ﬁ Elrl%v\k}%ngté%{ geﬁ{)"teﬁ}éé ﬁl\g%%@@p%@ﬁ%@@& %tl}:égz ubul ar

i nserts 650Bedy mxeltiselypataliehstichrs bolitimitvetic a6 Bot saBQartifalll hgtesforzzl e 400 to
avoi d %onbi nit?% t.he ej gﬁted liquid stre nmming fromthe rows of

Cubul an | e Biteart piighc Fgierpa, b PFEMCAL D e liedr GOAmebe ShA B
Il1ustrate 8y cRidIqHE VEREalYosifioh UPHeMan BREML: LRFA KO lff)g)far Elﬁért%? used w th

the multi-port nozzles in accordance with this aspect I nvention. As
shown by FI (e degited dépgh piithereservioirsiefinedbY thermternah ehdi6Ed Anof thabst anti al | y

round cross:section 1 her dj ment he. i nvent.iqn 15 WO

03/ 030228 P&%P%é&?ﬁ%‘l _gﬁﬁWértﬁ%ukéHﬁSﬁ ﬁgéAbaaYlﬁ‘gﬁaﬁl?EYﬁzul ar .
cross-sect i gitstter hBight'fr AmSELB it BFe c1L! HEYIRbmILPABL 68@&@:}9&%@ ts having
these and other configurations can be selected to performthe function

del i vdfi ng Aehsuchlag the fiistimanifeld 305 ohelsedezhisd nipoifpld 55r Buatlievel y paral | el

Fur thor mor e ERLARERLE0eRn DRl SHRTREPSFladh HRS S RuGoutnthdfey “Ci ther e

vertical posh fdcwis efict &zethrrvedallldénémadnsa08 Akixst e ho &e dd3geIt or the
desired depth of the reservoir defined by the internal end 660A of the
t ubul ar i ns@¥termalextensioppidtheipser kadingsuay fian derbottemonrfaesofithe a rel ati vel y

shorter hei la?erH' . r t.0 ace 680 of a
nozzl e 10 48%925{3%d as te%fgéﬁer@?%?rgﬁei t?%ﬁ%fp%gé—véﬂr?&g g%l atéw%é (‘;{{%%rr d mani fol d
515. BGt t hmanideldr dlte thinilghihsepr630Angahbofilsd bl thdofih@s morsgiallo®50A may

agai n vary depending. on factors suc s: the overal |l dinmensions and hei ght
of the nozzPEVPHAVIHES I O@Fé‘flﬁéb’meéﬁ&%rﬁ%‘?thFWQfolﬁ?%ﬁt?mI eadi ng away

fromthe bokioresuéd /G8e UcohdGian?9@z16; and the desired height of the
formed reservoirs wthin a particular
FIGS. 13A-B illustrate yet another tubular insert which may be
incorporated into the dispense nozzle heads herein. As with previous described
20 embodiments of the invention, the tubular insert 650B may include a
substantially round cross-section 1210B shown in FIG. 13A but may also be
formed of other shapes as other manifold inserts described herein. Furthermore,
the tubular insert 650B may be also formed with a relatively longer length than
the insert 650A shown in FIGS. 12A-B. A longer insert may be preferred for a
25 manifold that is formed along the nozzle body that is relatively more distant
from the bottom surface 680 of the bottom surface of the nozzle with respect to
the other manifolds therein. As such, the tubular insert 650B is preferred for a
manifold such as the second manifold 510. The tubular insert 650B as shown in
FIG. 13B may also be used to create a relatively deeper reservoir within the first
30 manifold 505 or the third manifold 515. For an optimal nozzle having a depth
or height of 1.5 inches, the tubular inserts may be formed with a length ranging
from between 0.352 inches and 0.665 inches as shown respectively by FIGS.
12B and 13B.
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15 mani fol d. The tubular insert 650A may be al so used to define a nore
shallow reservoir within a manifold relatively further away fromthe

nozzl e bowooaio3ees f ace such as the second nmanifold 510. FIPGB/USEBAHED
illustrate yet another tubular insert which may be incorporated into the
di spense nozzl e heads herein. As wth previous described 20 enbodi nents of

the invention, tiegtubihatoskRefiohalGRaBetiye viowlofde rdzslddsdamheal |y round
cross-section 1210B shown in FIG 13A but may al so be forned of other

shapes as ofirseinleteddSfanr dhg sesend inle 44@ preshawnan ap atf-oepier oestagseeed  t he

tubul ar insert 650B f ' e LV ger length than
the insert @%ﬂ%eg}%}%@ﬁﬁqﬁ %Eagiﬁ% ?ﬂlﬁ\%(&)ﬂagw'i #siléeér: deéan%%/glfgg preferred for
a 25 mani f olp@dhideathel st raaniRdd s0ngl thhsedond ahamifottlyl 0 Mete secorkdel at i vel y nore

distant fromthe bottom surface 680p§)f t he Eottom r,farﬁe of the nozzle
With réspechapbold 8 mas vigsed s @upang e giher saandfolds in {3 t upul ar i nsert

650B is pr egﬁ?&%%&ﬁranﬁ‘wiﬂ@@ﬁésgﬁg%f%%qi%?rsdé?ﬁl. %ﬂ&%&ﬂiﬁh&'s?@o- The

t ubul ar inser as shown In may al so be used to create a
rel ativel y ihehyges an eslergedichanabdr Aidh0.t Tikee énlmgped 8hamtpanilf 00 thefgS voth ¢ he t hird

mani fol d 515. For an aptjnmal .nozzl e haying a dept ar. .hei ght .of 1.5

i nches, theg?rﬁﬂﬁf:%?lemﬂééb @%&%ée@%}fl&@%\mﬁ chn‘{]@ﬁlafﬂd s!\ﬁgm’ﬁ from
bet ween 0. 3%011@9;1@[5&%&@6101(ﬁ@%o%%l@@%%oﬁ&ilﬁ&%’o WitSthe Sddod & mankiyiaF! GS.  12B
and 13B. 16 WO 03/030228 PCT/ US02/ 31459 FIG 14 is a cross-sectional

per spdbt i ve5N.eRhofubtlae insoty$d OBIOGendTtheouish tlat candiids suibat thadxtener second

inlet 410 are in.an off-center or geered r rapgenen the top
surface 425%% gﬁ%"”%‘{}ﬁe@%&%? %ﬁ%méﬁr acfezﬁizg 'g‘%ﬁari%?ileul eglo{ ﬁ%& ?@?st

mani f ol d 50fraRG Hoicht 850 AbvERA b & tHe SetBnd HagifSRGREMSuRRL 663 Hao10 nay be
viewed as exenplary for other manifolds in this enbodinment, and wll be

descri bed i Aefgresatdepthoetiths reservpis ferared dbergiaivies the seeond magifeldedOan enl ar ged
chanber 1410, . I r..44 d i HT;,’;\‘: : segnent 1420
form ng thepercgl-r(r%lgﬁg@f %%gﬁép’g%@gﬁ%&ﬁ%%eﬁﬁﬁ%aéﬁ#} e el%géclg%% i nl et chanber

1010 qgupl ethrs@eoihd séddnetinléld) Ovint hral lleghsoagb itk tored Seghnd 04291dF.theThe t ubul ar
inserts 650B extend. through the cogduit sou;crat the exteriqr. end 655
ext ends bey&ane manggld Hhp Sutor fn-thedas! olghgitiug expeedingthedpssrtihsisténg 660

forms a hei ghio, HARuRATGMS: Ples@VEE Wik BESEAMTRAifoR] SR WBARIMSUr Face 665
fluid level exceeds or passes above the insert height 1430, fluid may then enter
the tubular inserts 650B through the interior ends 660 thereof and pass through

20 and out of the exterior end 655 leading away from the nozzle as fluid jet streams
towards a wafer substrate. The resulting outflow of the nozzle 400 may
dispense liquid such as deionized water to provide a fine disbursement of
rinsing fluid.

Another aspect of the invention is directed to methods of dispensing

25 develop fluids to minimize precipitation of developing reactant. This may be
accomplished with the multi-port nozzles provided herein. For example, a
method is provided herein for minimizing precipitation of developing reactant
by lowering a sudden change in pH. A portion of a polymer layer may be
initially developed on a substrate with a charge of developer fluid. The charge

30 of developer fluid may be permitted to dwell on the polymer so as to
controllably minimize a subsequent sudden change in pH. The polymer may

thereafter be rinsed with a charge of another fluid. In another embodiment of

the invention, the initial charge of developer fluid may be rinsed with yet
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defines a depth of the reservoir forned therein when the second manifold
510 receives fluid. In this way, fluid such as deionized water nay be
recei ved wb shsaagh t he second inlet 410 and travel througlaTitse2based
segnent 1420 of the second manifold 510. Prior to the level of the fluid
exceeding the insert height 1430, the fluid forns a reservoir within the
second nmani i&k}f&r%&@moﬁmﬁmtge%fthfeldélv@loig&\mild 6X 5ERIBNOGIIDRSMEEMARAVEe t he

i nsert height 1430, fluid hen en the tubul ar inserts 650B through
the interi mubmnﬁﬁﬂdcmdtaem ingpfll Phepolymennighi siailaakydeginsedithide ext eri or

Cubstrat e, cpesy SR eeh 8%, dF B EI S RRORMARL G HE ™ bt pence 1 quid -

such as dei @ftigmesn¥ptcaipitaoéisyeiepgireditart b Dotk &@iFRINud@én cahpsinng 1 ui d.
Anot her aspect of the invention is directed to nethods of dispensing 25

devel op f| uptdisthe dollawingsiens merbe frlloxtdotl) develeriag aileas apertmaie. This may

be accorrpl a%ﬁ@ r exanpl e,
a, nmet hod rg{)wly%ﬂ‘hd‘f J'F:glrbgalﬂ %[E?V ltli)10‘1rrr%hn| 2|d§gd§§ée}\§“g‘feg%)r&élﬁd°§?g %vel opi ng
react ant bsubls@melwlﬂga ¢hasgedeidnffer) alngeby mixihg atAen@aboMn@Et}m pol yner | ayer
may be initially devel oped on a su ra charge of devel oper
fluid. The avglogsr gEIdlet}H%t\}%ﬁsb%B?mPPl?&glerfg‘Wgﬁé’q frg sorasdo t o dvvel | on the

pol ymrer so &ﬁltlroﬁablﬁ%hﬁ bizk 3Rdkclfld Sdin BnlRSROHCAI @Y delRenihagoe TN pH
The pol yner erea |nsed wth a charge o anot luid. In
anot héo enbxmbm@ﬁte polymériveth m&anga ofignothige fliudi tThad asobsztlogéleahv@mml oper fluid
may be rinsed 03/ / US02/ 31459 ot her addi ti onal
charge of t’ﬁéyg%ﬁ?é:l%‘ffélfghlﬁlc\é\ﬁ@sgf? eYegoR?g{Tfﬁlglsfgr&f)‘PV% HP subsequent
sudden changgichin®be &&qn?%xmastmxe@cmg @ﬁddﬂe@%ﬁgﬂﬁﬁﬂ{"\ﬂhgtﬁn charge of

another fluid. In‘yet another enbodi ment of the invention for m nim zing
precipitati (‘_Sﬁd@in”d?@\péﬁbmrﬁlg tp ebmcafmzewha@%m mMymay badabreddsange in 5 pH,

(e Tl 0% 8, 1585 T 05, 4Py g SUF AEbR ol bty 0" O 2

contagsi ng bgpessbst tidb QfI%étha@aﬁﬂTailﬁﬁt&?IMHeE@{Q pielfieiislpYesaihanng at | east
a portion of ﬁe devel oper fluid with at |least a portion of the charge of

buffer so a@Ptf@Xm@éﬁtidlﬂe@QﬂdyafFﬁﬁpmﬁf@feéﬁb&ulﬁ%@ﬁ%ﬁﬁprgmygi@énge in pH

d (3 b t ‘ A
? PUI ((j ) T?“u Séegglgcgsg t’l‘ﬁ’e ne%ﬁg cbxﬁﬁéﬁ? oEaﬁreHQfl: &0 ihERiod p%ﬂfﬂ g4 another

termed a step function.

The multi-port nozzle apparatus and systems described herein may be

20 incorporated into a variety of develop fluid modules to perform selected
processing functions. While not being limited to any particular performance
indicator or diagnostic identifier, some of the preferred embodiments of the
invention can be studied and identified one at a time by testing for the presence
of a substantially uniform develop rate across the surface of a wafer. The test

25 for the presence of a substantially uniform develop rate can be carried out
without undue experimentation by the use of the simple and conventional IPEC
Awmap rate map or spinning rate test. A spinning rate test was performed to
determine how much offset between the center of a spinning wafer and the
nearest develop stream could be tolerated during developer dispense. The

30 criteria used was to increase offset until the develop uniformity suffered. This
is important limitation to know as such an offset is inherent in most of the
dispense nozzle designs including those herein which may be considered for use

with a variety of develop modules.
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may help prevent the coll apse of a devel oped resist structure or
structures, which nay be due in part at |east by reducing a sudden change
in pH Theotosos228 sudden” as used herein to characterize @cahaoygidsn pH may
be defined as a change in pHwth respect to tinme that includes two
inflection points separated 15 by a period of tinme of |ess than

approxi mately 1. @1GSCO0LR pBiAE 8salth ¥f 4 8SwldB& ondPaTER Witk 0. 1 second,
and nore preferably |ess 1%han approximately 0.01 seconds. The nearly

congruent oeidsaty efe&, 40 and0 it atcthe bare pioe vethileyaryimgthe spinrdyging st ep
function. The nulti-port . .no a at.u nd te cribed herein may
be 20 inco %gg?.bah&ﬁ{lgogﬁ@éé@e@%g#heégéﬁ%rbd &‘gﬁnuo%gﬁﬁ%@ o perform

sel ected pgReE&ESS Meh hadwd ddR8Se idpad: 6n deteleiufiGorhiityiacRds tHR vy, par ti cul ar
performance indicator or diagnostic identifier, sone of the preferred

enbodi frent sPissumpkly ainegalsdpsen with apetisetndiSaamagidess ghonld nptetusme at a tine

by testing Ehg kal l ] ate across
t he surfaceeciéé{é31 V\é’fpﬁer?%m&g a% @Etcg%éuﬁpg%gépf%g@ﬂ%g&%&%%éﬁg?%&nti ally

uni f or m deved o, rfatié no dongbeweR thd e@ted uf thewvdflxoankd deneluge tiexPRIorémipt at i on by

t he use of the sinple and conyentional .| PEC Awrap rggte map, or s(ﬁLnni ng

rate test. WPEES -r;EPerSQ%DeS.PP .?f Yapzintsragis gvitiythe gEs e spmsehdlo@idruch of f set
bet ween theiS%&%f&P%@m%%@%%@ Walesr ngint he nearest devel op stream

could be tolerate uring oper dispense. The 30 criteria used was to
i ncredB8e of fset Amreferrel embedielenpoiithe inventityinslufibes malti-pdit sozzlesas mpor t ant

limtati K . h ffset. 1s | t o t . of th di
novzl 6 desi SRSPHLIGaR T e dSEs RuRLT 1o TAPERSTRAP et CoRAEray Tk use w th
a variety ofs fdeN& &1 RREHKSS is eh%alvi@agﬁfo?ﬁﬁ@cg@_cﬁggﬁﬁéﬁ@%/ wagPRdik! GS. 15-18

provide results of a develop test on wafers with nozzle offsets of 0, 5, 10
and 20 nm alonghdhisesigle horzlagonldthuadispenge bt deginizedyPnygateddnspense bet ween
60 and ZSOOQeerin T e i ef;ﬁo Loeund .ghat @fi _ofofzzsle.t fs;atc Iﬂeas&iﬁgso Lar eat as 5 mm
had no advef¥& PThatte BN TRPEHOURE POFRICFZ S PESE HHBNARPSHIOME D, o5 ymabl y
a nozzbe desf YhRomid dinbdved teSmiferok t@iﬁﬂ?@ccérﬁﬁl&h&@@zﬁh@ﬁ&hmﬁﬁélse devel op

non-uniformty at the center of the wafer. At sone point between 5 and 10
mm fluid nevlindggéherowtld be prely capplacergentiof dhepzale reladveliovee vigfethere i s

oreat|y SUPOLasSRtewHIf MRk I ARRALITHESMRERY ohdLEbRRLSS Wirldh the of fset

somewhat ,
exactly over the center of the wafer, and it is expected that DI dispense should

take precedence in which dispensed fluid gets to be closest to or released

20 nearest the wafer center. Moreover, the typical develop process dispenses fluid
on a spinning wafer, so centrifugal force will prevent fluid from reaching the
center if it is dispensed too far out. Tests were therefore performed to
determine how far off-center the develop dispense could be before develop rate
uniformity across the wafer was affected. More specifically, developer fluid

25 was dispensed at fixed offsets of 0, 5, 10 and 20 mm from the center. Initial
spin during the dispense was also varied, as the difference in centrifugal force
could interact with the centering offset to affect developer reaching the center of
the wafer. Speeds of 60, 600, 1200 (standard), and 2500 rpm were used.

Referring to FIGS. 19A-22D, a sub-develop technique was chosen as a

30 measure of develop quality for several reasons including: (1) it is fast relative to
line width measurements; (2) it has more resolution that line width or E°
measurement, and is less subjective than E° measurement; (3) the entire wafer

area can be used, as opposed to a few discrete locations; and (4) with exposures
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is nost apparent at the marginal offset of 10 nm 10 A preferred enbodi nment
of the invention includes a multi-port nozzle as described herein having

t hree parwbloslosizesvws of holes in a bar or nozzl e body that pCrasshosed of a
|l ength that is equal to approxi mately one substrate wafer radius | ong.
This single nozzle could thus dispense both deionized (D) water and

devel oper flad dewdidgiRis waPMDYE HR8E RFF FOf th%@?feﬁ%%@dev@lop%oée@lsr adi al
positioning 15 of a nozzle arm over the’wafer is typica acconpl i shed

wi th a pneumsichenoreyloimmubet cornperedtothé boriebuintsto dieeelm H.’(t@,lsm‘lt asthe t he nozzle

relative to _the wafe re ard es of. .whi.c i s. di spensed. Therefore,
only Io\rﬁe setswgllg%SYeeimE% ‘H’e‘n 68§<1 I@Wé’?l)l%ém% i5p e‘ES'IfO AxfBegesistr , and it

i s expect ed fithabpfdackbisToaPERe SpRotbstion, AKRIPSGE deAER ol BrdMNisP1di spensed
fluid ets to be closest to or released 20 nearest the wafer center.

Mor eover, t Bish Pyesaceal devel op process di spenses fluid on a spinning wafer,

SO centrlfugal f Levent.. fluid fr eac t he enter if it is
di spensed too faf%gg 1Wﬁl‘es sql\}\%lrt%mfeﬁ%?a@fugr CB HIB{% 35705 8% i ne how f ar

of f-center whérdéieetiorldbntperesst eQubweh] BETREI0s ScroQ@vBE fRfdrdlege UNi formty
across the wafer, was _affected. Mdre specifically, developer fluid 25 was
di spensed afvtified vty PRCAgymep thipknesy mgaguipmienhsysicom Aleoughtier . | niti al

D ool b AR A% k2R iBLR hor @2 i NRA LB PGS o ont 11 U02!

force could interact wt erin set
reachil@g t h20,0edimatiofs), ashanmmfcelrmatfmeﬁlistheihlﬁlﬁles@ﬂ%e o209 of $Qandar d), and
J19A: 22D, a sub-devel op techni que was

2500 r mvvere used eferring.tq Fl
chosenpas a%* @e@fusﬁg@éﬁ&ﬁaﬁéﬂtWVW@FS 1gRerer Bpe basglingns i ncl udi ng:
(1) it is f@l%rm%@i/ afd)l@ aﬁﬁ prodeBewWedisby f@%ﬁé‘{e %ev%lé%réc&sper@?s nor e

resolution that line wd or E neasurenent, ubj ective than E
measur enent mOQQ)edttheemmﬂmmm@nentdum dmldpemdébldhsmssaspmosed to a few
di screte | oca posur e / 030228 PCT/ US02/ 31459
and devel opprrg %‘?q%%géé\f’émwggfefw “ﬁeg{oﬁgegé\?‘?% SPEECt H&8fevel op process

i s mugl nor gdjdasd Bafte c@ﬁﬂéﬁﬁés@ﬁok%sfm@pmefcém%m@wtafér%‘t\hﬂi @BfEQt e, such as
the swing curve, Mcroscan intensity uniformty, PEB uniformty, etc. As

the resist infthe ﬁﬂa;ﬁ’m%ﬁ@hgbe @m*ﬁée E@léloﬁéﬁﬂm@@@hopmenfdﬁv@ssmnt trends

E:g\ll\gll: dUﬁl fS:)ISI:g‘)TO]I i}g%g't OSSdaé ﬁC§§ seconds aﬂgel etXIp(())EIUI'tC é[ehuese %%L Il&m&/lcm (ggasur e of

dose is approximately 6.5-7.0mJ/cm). The developer flowmeter was set to
approximately 3.8, and although volume was not checked, past experience with

20 this meter is that it should be about 50 ml. All wafers were processed at one
time through PEB, then separately into the developer, where parameters were
varied for each wafer in randomized order.

Develop rates were determined by first subtracting the resist thickness at

the 121 locations after develop from the thickness measured on two of the

25 wafers after PEB, just prior to develop. In this approach, it was assumed that
wafer-wafer differences in pre-develop thickness were relatively negligible, and
a representative wafer could be the “before” wafer for all rate calculations. The
resist removed was divided by the develop time (dispense + puddle + refresh),
10 seconds for all wafers in this test.

30 Measuring initial thickness between PEB and develop is notable for two
reasons. First, many of the prior develop rate calculations have been done using
the thickness before exposure. Since the thickness loss was about 1000A from

the original 85004, this should be a more accurate estimate of the develop rate.
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waf er after devel opnment, resist renoval differences across the wafer were
quantified with I PEC Acumap thi ckness neasurenent system Although this

t ool measwoas/osizegkness at 1 mMminterval s across the enti PeTweshEB146Yr eat er
than 10 30,000 |l ocations), as a practical matter only the thickness at the
center of 121 exposure fields were used for the calculations in this
report. TheSbésgl, tHeexpodtdnkdk ére JIEXH; visibth, BROS eBFaEiSic pafeinf or the test.
The develop recipe was nodified to renove arm novenent during devel op and
DI di spensedcrogs theafer wasceameibencie weless Thisds nepfyl as apeitio obeeldtve devel op
di spense. | ! I . t he center of
the vt or wieRopeloh AHolhEraRe, %o EhEETRate R TS BBt HE. 51 the
devel opnent dgsimbisgopaty ofifenrg indedndsm ot 6@.devilop prézesseconds. The exposure
dose used was 12mJ/cm (E dose_is approximately 6.5-7.0mJ/cn). The
develoéer fIomneﬁ%?dﬁHQS%ERKW%OfgﬁﬂﬁﬁR?“%?é??S@¥8Wshnd al t hough vol une was
not checked, p erien I 20 J eral it shoul d be about
50 m. Al mafgﬁgﬂﬁg@é proggggg%agt §ﬁ§”§P¥ﬁ% tﬁ?ﬁﬁaﬁﬁ B, then separately
into the devel opépin where parhfiet ers WOr2500vari ed G-20 each wafer in

random zed deg. vel op ratf§ wer e d%ternined b% first subtracting the
resist thi cknesParPYHE 121 tdcati ons & ¥Fer develP8l¥®f rom t he thi ckness
measur ed on hR1dH Dispensdd wafgps after BEB, just gpjer to develop. In this
approach, it was assunmed that wafer-wafer differences in pre-devel op

thi ckness were réb#tively negbfgible, afd a repr&smatati ve wafer coul d be
the "before" mafgéifor all r s calculqb’an. The . resi st renoved was

di vi ded by the de glop time (dispense + Buddle + F@PFesh), 10 seconds for
all wafers in this test. 30 Measuring initial thickness between PEB and
develop is notable for two reasons. First, many of the prior develop rate
cal cul ati ons have been done using the thickness before exposure. Since the
t hi ckness | oss was about 1 OO0OA from the original 8500A, this should be a
nore accurate estimate of the develop rate. 20 WO 03/030228 PCT/ US02/ 31459
Second, the exposed areas were clearly visible, and a characteristic
pattern across the wafer was seen on every wafer. This is useful as a
metric of relative deprotection across the wafer, and sone papers have
also noted this. It has the desirable property of being independent of the
devel op process.
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5 The devel op portion of the recipe used is as foll ows: _
Spin 1.0 60-2500 0-20 Devel op Dispense 1.0

(sec.)

Speed (rpm Arm X (nm

Oper ati on

Ti me

Same Sanewobemwsilep Di spense 2.0 20 Same Spin 6.5 0 Same PEPIUSIDILSL200
Same 21 WD 03/030228 PCT/ US02/ 31459 Results for this test are summari zed

in the table below. Arm X Speed Ave.

Rate Stdev. % uni f

Rat e

% uni f Max.

M n.
Al sec.

7 592.6
24.1
95.1
8.9 4.6%
107.2 5
% 21. 1%
10 1200
6. 7%
20 600
0114. 9%
I OWsS
60 602.8

Rate Range M r RsAhSRE thiRRkeart Shan@lizddm/BY ableRRi&y-A sec.
Al sec. Alse Each row bel ow caorresponds to jndividual wafers Q0 60 610.9
28.2 4.6% 20. 5057679, 8PE54M8 05 S9vy gHENB39 %3 406MS. 895 k6. 694694 .
106.1 0 1200 6008 9 21 3.46% 14. B% 66029 57228 87, 8t 0 A3G0 617D
3.9% 17.6% G77.0 569.6 107.4 0 2500 646.6 26.4 4. ¥9:20. 6% 728.48<«5
133.2 5 60 610.0 31.1 5. 1% R2@.r6%p&eifond 6wigdudidgerd S 600 622.7 2
20.8% 707.1 |577.8 129. 9 5 61200 638. 8 24%4 328% 16.89% 698543 59023
2500 647.7 23.4 3. 6% PP 1%67%1. 9 BE0. 8 3B¥1. 1166%0 609582, 69229. 2 18.1(C
656. 3 533.6 (122. ? 10800 68Y. 9 2899 4.0% 20196 72463 595728 129872
606.3 30.7 5. 1% 42. 0%2%090. £1835 92954 B9%10 IB500 6308 3365 5. 1%
712.4 413.4(299.Q 20 %"o 607% 6378 10.8% 1120% 6876838 0.5%1686.132
593, 8 60.0 10.19%.113. 0 6726 B -1.07673.24% 20°%%00 629.4 6826 102989
723.1 -0.3 723. 4, 20 639 0 629 1d:7% 115700 77 1 78 71629
bel ow group |previy ous got a bﬁé;{e' t h%r ar r’glépom ﬁ;lén ormsgpl n ?6eed ﬂl
42 4 7. 0% 1]3 8%0686 600 7 29.2 5.0% 21.1% 656.3 533.6 122.7
10 600 639.9 25.9 4.0% 20.2% 724.3 595.1 129.2
10 1200 606.3 30.7 51% 42.0% 690.4 4359 254.5
10 2500 639.8 32.7 51% 46.7% 712.4 4134 299.0
20 60 607.9 63.8 10.5% 112.9% 686.8 0.7 636.1
20 600 593.8 60.0 10.1% 113.4% 672.5 -1.0 673.4
20 1200 6294 66.6 10.6% 114.9% 723.1 -0.3 723.4
20 2500 639.0 64.9 10.2% 112.0% 717.1 1.2 716.0
rows below group previous data by either arm position or spin speed
All 60 602.8 42.4 7.0% 113.8% 686.8 0.7 686.1
All 600 623.9 42.1 6.7% 116.2% 724.3 -1.0 7252
All 1200 618.9 39.5 6.4% 116.9% 723.1 -0.3 723.4
All 2500 643.3 40.4 6.3% 113.0% 728.3 12 727.2
0 all 623.4 29.8 4.8% 27.9% 728.3 554.6 173.7
5 all 629.8 30.7 4.9% 24.1% 711.9 560.3 151.6
10 all 617.2 383 6.2% 50.4% 7243 4134 310.9
20 all 617.5 66.1 10.7% 117.2% 723.1 -1.0 724.1
Rows below are grouped as in previous section, but with center data point removed
All 60 604.1 324 5.4% 30.1% 686.6 505.0 181.8
All 600 625.1 30.8 4.9% 37.8% 7243 487.7 236.6
All 1200 620.3 29.6 4.8% 33.7% 723.1 5139 209.2
All 2500 645.1 26.0 4.0% 33.2% 728.3 514.0 214.3
0 all 6234 29.9 4.8% 27.9% 728.3 554.6 173.7
5 all 629.9 30.8 4.9% 24.1% 711.9 560.3 151.6
10 all 617.9 359 5.8% 30.9% 7243 533.6 190.7
20 all 622.7 34.6 5.6% 37.8% 723.1 487.7 2354
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All 600 623.9 42.1 6.7% 116.2% 724.3 -1.0 725.2 Al 1200 618.9 39.5 6.4%
116.9% 723.1 -0.3 723.4 Al 2500 643.3 40.4 6.3% 113.0%728.3 1.2 727.2 0
all 623. 4wDW383¢228% 27. 9% 728.3 554.6 173.7 5 all 629.8 ITUSH2/945P4. 1%
711.9 560.3 151.6 10 all 617.2 38.3 6.2%50.4% 724.3 413.4 310.9 20 all
617.5 66.1 10. 7% 117.2% 723.1 -1.0 724.1 Rows below are grouped as in

previ ous sectiongybyf ik tda &Eardﬁéa%lﬁ%éﬂatiﬁrﬁémn@ dnd6@ HW4. 1 32. 4 5. 4%
30.1%686.6 505.0 1818 Al 600 625.1 30.8 4.9% 37.8% 724.3 487.7 236.6

Al 1200 626fgt. 2&@@3@9@@@@%@@3@@130% thogvazst. Ahk ppiswoy €48t is 26. 0 4. 0%

33, 2% 728. 3 514.0 21 623. 4,29 9..4. 8% 27..9% 728. 73.7 5
all 629.9 3%e8mpesi 223“1 hfl %Spé%‘gd‘?r@ﬂs@n 56 G Seg aélcﬁgﬁéf(}%‘lea% 30. 9%
724. 3 533. 6th390 nfm offtel| Bre@Eibif, B sthefe ffiatdf {180ehRB islredfbhsiBleXdb. 4 22 WO

03/ 030228 PCT/ US02/ 31459 Overall, the relativel y clear break in the data
i s bet %een mudantilgnﬁmu@ffpggﬁy esuamléllshﬁ)y 19and 20 gnpy Jowepiuegthe han 0; 20 is

the worst. The.pp W@x{)e%n‘%ﬁé &%Eer aﬁ o st%FfﬂeQJQaSFert 'tlﬁﬂali% mn&,gcg gg%f@ speed

during dlspense can |cu y for

Pr edi ct abl ymeddnee 6f Lﬁgfcﬁ}mﬁtglhete taén iskendsdtdeviation, vaspotisiotiee 120r 5 nuch of
the non-uniformty especially for 10 and 20 mm To capture the variation
bet ween t heP@BtEteid e filuis e ceHer of the wafer, the range is a nore useful

measure of uni foqu}l%f Hﬁe C@H&ﬂm’lﬁn@fsa}ﬂ%r’cﬂmg I‘ }%tda% e‘ﬁ&ﬁre the other 120

points tend to di ter. Athi polynomal line is fitted
througb t hecaaaisbobetasen i diffaqaalrspﬂospeb@, wetherd iheude A bdoéstattspinn speeds,

th t i tt the.data,. FIGS. 15-18 confirmth
T ends. seen et d IGRo 45 cPRG: e ERgs ORI O P SPTS b BeSoen (he.
center and phe,hgslis Bétvateeﬁﬂféaéeﬁtef fid dqéeeshbﬂﬂh@rdaﬁneﬁﬂé,m@er gdaH omm are

clearly nore uniféormthan the higher offsets, and at 10 mmthere is an
i nt eract i onarskd mareaﬂéasb'tmemdmgp@@dlanﬂ& IREiBs offbels, ZEiptdAswn these | PEC maps

For all the, val eSS BSR%keh S 3a speed.

15 FIGS. 19A-22D show the IPEC maps for all the wafers, except for one

repetition. The resolution of these IPEC maps reproduced herein may be
noticeably better on a computer monitor. Viewing such maps on a monitor also
provides an advantage of being able to zoom in on certain areas of particular
interest within the map. The rate range spanning the different colors shown is
20 held constant so that relative uniformity can be compared between wafers. The
gray and white areas are off the scale. It can be seen here in the IPEC maps
provided, as was apparent visually on the wafers themselves as well, that
starting with 10 mm offset, a “hole” forms in the center where little or no
develop fluid contacts the wafer, and which has a much lower develop rate. The
25 tests confirmed that some offset from the center is tolerable for developer
dispense, at least up to 5 mm. At some point between 5 and 10 mm offset from
the center and the nearest develop stream, fluid ceases to contact the center of
the wafer, resulting in an area with greatly suppressed develop rate, and no
doubt catastrophic yield loss on a customer wafer. Larger offsets may further
30 exacerbate the effect. It should be noted that there is a mild interaction with the
spin speed used as the fluid first touches the wafer, showing up mainly at the
apparently marginal condition of a 10 mm offset. The uniformities measured

were actually slightly better for the 5 mm offset than for 0, but it is probably not
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repetition. The resolution of these | PEC maps reproduced herein nmay be
noti ceably better on a conputer nonitor. View ng such nmaps on a nonitor

al so prowpdes3@aes advant age of being able to zoomin on cectraisn2/areas of
particular interest within the map. The rate range spanning the different
colors shown is 20 held constant so that relative uniformty can be

conpar ed behwRRNiWaE @iferentd e thik'tedt ad Behdibietie Ik aasad), thidfd of Reuikcal e. |t
can be seen here in the | PEC rovi ded, as was apparent visually on

the wafers ﬁn@mﬂmb@emzmmggﬁl{ﬁmﬁi not aruseigvelPR FRtg notiRisTRaiEes ata " hol e
forms In thgréecc%ﬂ%e?gﬁ%‘}{%%efeﬁ %)gér'g%sgh? ggger%ﬁ]égétge%m[ ilg%'[o{’m‘&%%ﬁ% he warer,

and which h a nmu ower sts confirned that sone
of f set fromftohetheeshter. i s tol erabl e for devel oper dispense, at least up to
5 mm At sonme point between 5 and 10 nmm offset from the center and the
near est devel op Smothgrpsectoidhewyswionigcupoiates the we of prasaiized 228 he waf er,

resul ting i i@kl aanthhDi0f Sl ABEAS SRl SRk MAHA Basdlidy N0 douDt

catastrophic yie 0SS on a custoner wa . Larger sets may further 30
exacer bat e theeredddt®atcrodsicontantihatioh detvatca disphaded fitgerds. Iispractidel d | nt er acti on

with the spin speed.used as the fluid first tquches the fer, show ng up
mai nly at t FEPSSEYFARERRICY O%tﬁ]i‘ grH& byczgﬂgqs{ mmﬁ&aﬁlsf@: iﬁ)ﬁm\éﬁf set. The

uni form ti CuiRaRY Bfﬁqui\i*%i'is%eﬁ‘&ﬁlﬁ%lﬂ Xd'%&gﬁﬁﬂzl/es%fﬁ%rét@[atérﬁl%/ wndgn of f set
than for 0, but it is probably not 23 WO 03/030228 PCT/ US02/°31459 a

si gni fli0cant tht dctien ehpressure gradentsalstived froorsdufece@nsiom ofihamartignlat hi s set  of
results indicate t t nozzl e design shou not_cause develop rate
non- uni f or 'IﬂP@@ agg@ignggﬂgaéﬁﬁgsfo Wé“(g?yf%?ns %gP@r?gnoggfétlﬂaé' Eht er nost
streamis nedboiRd th ddpLet HoriiBubidq@mtith enpi@Bin@rupoh aANIENRfagsBgChapf t he

i nvention incorporates the use of pressurized gas. w th di spensing nozzles

and ext er nabefweittielifloseauoRipaivitd e aorgnsxit plaas delinedhy the Aistanediuct i on
cross-conta rﬁ'o%% 120kt prabl\@%eegite% %Qﬁ&%}ecg? ia{)tglgf% 9§%zh1: E'ur?z{cﬁ.c b ?rﬁtigat? 1)

Cross-contantnation often Occurs WO nechani Sis smal |
quant i1tsi es @ficH droiss-cbntinsipen@e datdus rhivdmcsid ofithz alvesticramayinghaice | ateral |y
under 10 the action of pressure %,radi ents deri vdgg fromsurface.tension of
the parti cupabstantiafycorcave gyugdpa ‘élﬁﬁWlfa‘ﬁ’Z%\ﬁpP‘Eti crght 1egIqDs Whensed from

7oL, AR PRI Sk s e At P 10 uoon
pl ane def i nésnthes bhoveth stianes nazzle tubes to trap or confine laterally migrating
liquid. Additionally, other embodiments may also include one or more gas
20 orifices flanking or surrounding various regions about a liquid dispensing
nozzle. These gas orifices may provide or generate a “gas curtain” around the
liquid jets emanating from the various dispensing tubes of liquid dispensing
nozzles including those provided herein. These and other advantages associated
with these aspects of the invention may described in further detail with
25 reference to the following description and figures.

As with other liquid dispense nozzles described herein, various
modifications can be made according to the size of semiconductor wafers with
which the nozzle may be used. For example, a dispense nozzle 2300 may be
modified for operation with 300 mm semiconductor substrate wafers as shown

30 in FIG. 23. The overall length of the nozzle 2300 may be up to 6 in. or greater,
and its width may be up to 1.5 in. or greater. The external bottom surface of the
nozzle 2300 may be formed or include a series of one or more physical

structures which mitigate cross-contamination between adjacent liquid
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nozzl e insert may be extend beyond the bottom nozzle surface. To mtigate
15 such cross-contam nation, various enbodi nents of the invention nmay
i ncl ude wolsianes al |y concave or undul ating surface(s) alromtusde/Bfsey ent
regions of liquid dispensing nozzles. These concave surfaces nay act as
physical barriers or trenches between adjacent nozzle tubes to trap or
confine | at eligehsingth@izddsi(8g., 650ALT th FItsdbtingnaklayesudt, HRMNiRAPOdi nent s may
al so include . one or nore gas 20 orifices flanking or surrounding various
regi ons abo@ﬂsPénﬂ“il%]m@l peskiOngay bﬁ)@hﬂltl@elym%t@(? fam exchpthsesr may provi de
or generate ' g J manat | 109 fromthe
various di sp?gl SI ng gﬂ%egétg eﬁ%ﬁ%’ gfhg(ﬁ gﬂiéé)g 1}1\@ I 2‘% |nr?(7:% Gidi ng those
provi ded herdépensitheembangeonidiges aeiantdigrs @@mﬁ @l 86 skilted Per&&lﬁse aspects
of the %nveg n esc bed. in further detail wth 25 reference to the
?S;ﬁfﬂ%ﬂ

f ol | ow 8“@4}1%‘5 Fupthergiore, thy &g 230¢mpubefapeddranozzl es
descr i bed haiafitt) of Wakh itk fittdl BPRa kRl BFrolBERHLOLIL! O the Size
of sem conductof waférs wt t he nozz e my g used. ° or exanple, a

di spense nozethuar 2860t 2850 bicthe mozhilé baty ihordeo pcefm atmenwht Th3&k0 nmm

sem conduct g trate wa i . The overall length
of the nozzP é Sé%aggalf?%s%‘@y B %8%%“9&:4% cﬂthegltg%p@ues sua?ﬁdis-gllg digg 4P KT rray bg up
to 1.5 in. QAdigs! Sﬁﬁoeche arEB%uﬁasﬁrﬁﬁﬁg’v\ihe %Qéetmhéﬁhﬁéﬁs%m%n{ dd9arl € 2300

maybe forned or include a series one or nore physical” structures which
mti gat® cr e¥eald baighhohthe mozrzlbamem lentjtiaotie thhudan rbz2le wmzzsmaozzs

PCT/ US02/ 31459 | 6 OA El
result, the i qu?lggzll gﬁp%ggﬁ)&nggzo% Fg& %Zofg I : ‘?%f% ?cﬁs i soI at ed

from each 0BV that arenedagitbeIthinGnioE Hlognd tliéﬁfénﬂéd t@eﬂch@mﬁs bfol@ﬂl i d 2500.
Many ot her nozzle dispensj n? menber geonetries are i med atel y apparent to
&

the skilled Oﬁ'é?fsl@ﬁr%%éWal@é the/Bemia dispensingiazales ofhe pogddmanbe e, the grid
2500 may be i Ldi he rempval of materi al
sur roundi ng {)Iﬁgg%gstdégsgnt%afbﬁ%g%uﬁgd g\i?srfgcéli %ggﬁlggg%ggir’ THEYOLZ ! e body in

order 15 fmsubs&mtiaﬁymi@rt ghbe Scontiny gdsdedm bl extemiabsdiye B8y Bt 8Redied med by
ot her technl S sucﬂtga bui | ding up or . adding onto the area surroundi ng

the base of "TRECHLE (uthrone %d%or’?é)nl?tﬁénqeu‘btb%hlt \hEasgRificeT t he
nozzl e 230029{‘56i GENG e imd: ﬁﬂﬁéﬁ@t g&%& c%ah&?seil&fgr&g%gttom-rhe nozzl e 2300

shown in FIG 23 is furthe ustrate gas oritices
surface of the nozzle 23 00 including end orifices 2362 formed at an end region

of the nozzle, to channel the streams of dispensed fluids. Typically, the gas

20 supply pressure into the nozzle 2300 is up to about 100 PSIG or greater, and
typical gas volume flow rates are up to 100 I/min. It was found that cross-
contamination may be substantially eliminated at a wafer/liquid-dispensing
nozzle separation distance of 13 mm at spin speeds (wafer relative to liquid-
dispensing nozzles) up to 2000 rpm. The nozzle 2300 may be also formed with

25 various openings 2305 to accommodate fasteners which mount it to a robot arm
thereby controlling movement and the separation distances between the nozzle
and a substrate wafer. The plurality of gas orifices as shown may thus form an
organized network of gas blankets or curtains to direct the flow of dispensed
liquids to reduce cross-contamination. The momentum generated by these gas

30 curtains may have at least two prophylactic effects. Firstly, the relatively lateral
migration of dispensed liquid is at least mitigated, if not eliminated entirely,
since laterally migrating liquid would be swept away from the nozzle body by

the gas. Secondly, the gas momentum substantially normal to a nearby wafer
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2360 that are |ocated wthin and/or around the fornmed trenches thus
providing one or nore gas curtains for the liquid dispensing nozzles. The
nozzl e mayole/o3mefinected to a source of pressurized gas s®ch/se2/8i459 ogen,
air, or any other 15 substantially inert gas. Incom ng gas from an external
source may be directed into the nozzle 2300 through one or nore inlets and

out t hroughsiriRe Gasy R td predsat ogﬁﬁ@astﬁﬁiﬁ%a(?é el agRuniBYiRAd beddpEisat sel ect ed
| ocations along the bottom surface of the nozzle 2300, including end

orifices 23&Ponpegingtpveardatheaonzle Sigiothe waferishefaseo Af shall egindersiond! t he

streans of dj . i Typi.cal.l the gas. 20 suppl ressure into the
nozzl e 23009#%&5{3@?% 1gg%¥ﬂa§§c&%¥%@t8¥er8 eat ?raa% Ore{)@ﬁlg’%‘l 338%? vol une
flow rates af@isipvémichDAdZ-A8sinayl e asfofraethoith idhclds @5 GeringUlypdri nat i on may

be subgt antially elimnated at a wafer/liquid-di spensing nozzle separation
di stance of ca¥@ithdetinedgorionsbergel angior inclyds a6 pulicescovedng d-  di spensi ng
nozzl es) Upg R4l : | & 13N fgqﬁ e also fornmed with 25 vari ous
openi ngs 23(S)5 taé g@}égr%m%ggé}gn as eogérs \%ﬁl C dﬁbunt it to a robot arm

t her eby cont r ol | FHGS. fsv2iremtiomnews bétheemdtiatoriarozdies aivheshowakreeen t he

nozzle and, a substrate fer. The rali of s orifices as shown may
thus form aw?et%fﬁﬁwﬁfl%ja\frﬁ? B erigee @Jé C BPZE e@%wg OEII‘?_F £mbAdmeBtsdi r ect t he
flow of di spensaentibAU Gst ﬁ%t@@@#&%gé Boifiicd A8 SROWH B F1ef) -24%?%h”0”9“t um

generated by these gas 30 curtains have at | east two prophylactic
ef f ectld. Fi fesdd tp a eomespariding menifolil afhe abvzzle P0anipalsoinclidspeasad | iquid is

at least mtigated, if not.elimpated entirely, since_ lateral]ly mgrating
l'i qui d woul 8‘1%243@/8’5‘??%@‘n‘f%ﬁ}fﬂ%ﬂ’%@fgf’& b8 tetﬂ/iesf’ﬁg’e §§t.1g]€Econdl y, the
gas noment upa@idash anliil doyni@sie@on vthPa @parRyYmuali§ll fordRdWRHRS{H30228

PCT/ USO02/ 31459  surface may act to prevent or at |east mtigate the anmount

of |iquid ohozgeelatosdireck dispensrhBuidssiohcs deipaized 2vates ahd davalonsr.whif er
P ol R G 84 900l Bb el LB oI BR: SRod, Tt o

herei n i ncorporate no hi's™inv A2zl es may be

al so fl16r medtheitéhsurfzaolfiése meyks haginormhy islefs B8 beathis fefiedeth porti ons
thereof and/or include gas qrifices covering substantially the entire
under si de oPreflefinsdgbstprecibrtys rofatively fabermawaydn refgrepreips wzzieked mul ti - port

roze) 20 w0 shosbrh sty Sy ARSI BB (1S,
be fornmed akrshowaters sudh 48 30R4nmiwafer substrates. As shown in FIG. 25, other
embodiments of the invention may include a multi-port nozzle 2500 configured
20 for operation with relatively smaller structures such as 200 mm wafer
substrates. This relatively shorter nozzle 2500 may be formed have an overall
| length of about 4.3 in. and a width of about 1.5 in. A series of inlets 2505, 2510
and 2515 may be also formed as described herein to dispense various fluids.
The inlets in this illustrated embodiment are formed a predefined distance that is
| 25 relatively closer in reference to a nozzle end 2520 and are substantially near an
end portion of the nozzle 2500. The overall dimensions of the nozzles herein
and positioning of nozzle inlets may be modified in accordance with selected
applications.
FIGS. 26A-B show the opposite end portions of a multi-port nozzle
30 2300 (see FIG. 23). As shown in FIG. 26A, a series of manifolds 2605, 2610
and 2615 may be formed along a substantially longitudinal length along the
nozzle 2300 as with other embodiments of the invention described herein. A

series of tubular inserts 2350 may be positioned in the nozzle 2300 to provide
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10 |l eads to a correspondi ng mani fold. The nozzle 2300 may al so include a
second inlet 2410 and a third inlet 2415 positioned on opposite sides of

t he firstworBmeso222405 each in fluid comuni cation with a eeparsat/gi4smni fol d
formed within the nozzle to also direct dispensed fluids such as deionized
wat er and devel oper. It shall be further observed that inlets may be

formed at valulddBnpels idadpsréth @tnABidldieou: @ias BohABe nefz18.hwnneaw es herein.

The inlets may be thus forned at a predefined distance that is relatively

further awajlyshatedmegnatolds may be hryed rseshemwa, it shalbbewmilesstoad thefithe ¢ndel y cent r al

regi on of t for. . ' [ Lyel ar ger fers such as
500 nm waf ef o 2iaepF eRini B RGRETA e Biaub SO KB ol e Blerdnt S OF Lo

i nvent i on mallowing|fludé oalyrtulehier fhosughribedztespathiod ilets hhd bdcap Rbulhr oper ati on
with relatively smpaller stryctures such as 200 nmm waf er substrates. This
relatively Q’r?d?\/“tzé IRS5Fts 128 Wit her@ianHalds desrsi et higtsin F usthermagre, oned¥igt h of
about 4.3 i i bR s | ' - 505, 2510
and 2515 ma;!/h Otr)iggsl %ﬂ%ﬁ%@%@%@#g%g&ﬁgéﬁlﬁé %Igég]?l{sgpﬁer Eéssgltl?/eéirz i ous fluids.
The inl ets gas tolwirgate tHeddankatsed gesrwbidh irelptreduce drasswoedtamiptiedef i ned di st ance

that is 25,relativel oser .in reference, to a |l e end 2520 and are
subst ant i al P?}Wﬁgﬁfhsgfﬂseghﬂuﬁéf?%ﬁ%mth*?&%%%éﬁh% overal |
di mensi ons gfantfbRis 2688 hg bReh ﬁ:uﬂl cofifuROtioh ivAR Rg v%?:ll{&%é bgg&éé' ets may be

nodi fied in accordance with sel ected applications. A-B show t he

opposille en¥hisdrmapbe fasmed alangithe hostom svofaee ef theo22003(Gmelufinga 23) . As

shown in FIG.. i f ni f.ol 5, 10 . and 2615 may be forned
al ong a sub3 nfﬁt% ?8‘?‘?9%#&3%6 g&? gr%wnllgﬁgéhggg‘oﬁ&agwgalbﬁgﬁﬁtfogvn?éioo as with
ot her enbodFIGRHAB, tHeookioreiizi e RubdeeGuBeHiNE iR vase Y the86dAS Of tubul ar

inserts 2350 may be positioned in the nozzle 2300 to provide 26 WO
03/ 030228 Pl 0Iearbe configurpddn arvidese sesigaohgng pronetetieenehesi2b60 ds out

away fromt o474 i i StF j .he,pbored as
Shoun, it iy RE alep Rt B s R R IR B TARRU R o1 2y
be sub$Sequebt¢ Higpeldsed dbrefrompl Bherdldneer ébyorabihamémngith bié shoftik thé 0 ent er

through thejr res tive inlets and escape fhrough 5 the nozzle inserts as
with ot her HERfPFS géo @@s@smetﬁz?@}eﬂ.ar%ﬂttt\%P ISFRASHPt M pr e gas

T S e pLoRBp e AN, ORI OO SRS 052 1
from the surface ogf a spinning wafer substrate.
As shown in FIG. 27, a cross-sectional view of the multi-port nozzle

20 2300 of FIG. 23 taken along the lines A-A, the first manifold may run
substantially along the length of the nozzle 2300. A plurality of tubular inserts
or nozzle tips 2350 may be inserted into openings formed throughout the bottom
surface of the nozzle 2300. Another aspect of the invention is directed to the
manufacturing method of installing these nozzle tips into the nozzle body.

25 These tips 2350 may be formed of or selected from a variety of materials that
preferably provide relatively smooth surfaces such as Teflon, and undergo
shrinkage or contraction upon exposure to cold temperatures. These and other
nozzles herein may be frozen or exposed to a sufficiently cold temperature so
they undergo thermal contraction prior to insertion into the nozzle openings

30 leading to there respective manifolds. A predefined period of cooling time of
up to 48 hours or more may be selected depending upon various factors

including the selected temperature and degree of desired contraction. The tips

can be thus pressed-in to readily position them within a desired depth within the
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bet ween di spensed |iquids from adjacent nozzle inserts 2350. The gas

mani fol ds 2600 nay be in fluid conmunication with the various gas orifices
10 whi ch waybe3des ned al ong the bottom surface of the nozaelcan&spdissncl udi ng
a series of end orifices 2362 as shown in FIG 26B. Additionally, as shown
in FIGS. 26A-B, the bottom nozzle surface surrounding the base of the
nozzl e i nseotze Risbédbyronnting toddsirelifegevbivs @dseMbatEharein € UpBs watmpBfge or nore
trenches 264? to provide a degﬁree of physical separation betweéen the
inserts and® Wétmsgmmamgmsthe o Xpense a fedaterlyorarneEr taveperadiiene or i n
combi nat i onyu AR r and bl ankets forned
around t he E\ngﬁzdlgéﬂ I nser?%ohtgl{seré?éls? ’%?ar?g“’g?@e t%%%% rao%lg-gg%ﬂf?%twgtyi on and

spl ashback taquidéiphbyeal withdhe advalertaidpg Fufth@mokd)@s Swthf ake defcriBedpi Nni ng waf er
substr%te. As sélown i%\glﬁ 27, a_cross-sectional view of the nulti-port
nozzl e> 20 $8BBABeNEs o themventidanselgctictregiqas pf thedostom nogple syrifacst mani f ol d
may run _SUQ&I’&HM{@th¥b§§emh4ﬁlﬁzfe€ff659t2§5@%1agf%% bRAEAD br gt?l?e%’a\xé Rhurality of
tubul ar inserts or nozzle tips 2350 may be”insert I nt 0 openihgs fornmed

t hr oughout fare dhesries of trennhesn2edabd nydietaimorddsire® RY61 ofAnpdrhtion eswest of t he

invention is _direct to the nuf act uri ng. net hod of installing these
nozzle ti ps%F%ttegﬁﬁH@dsﬁrg??F angopp %@P&Lﬂgﬁqﬁ?%%rm‘gfﬁﬁm nmed of or
sel ect ed fr@spze thaf ire Rl Wik Sfsiomieed I80 inMeRi&haBbe BpOYisge rel ativel y
snmoot h surfaces such as Teflon, and undergo shrinkage or contraction upon

exposuPe t oligyfghemnelrs within dhe trenthese64A anayt reeaiso foocedicebldver mvay tyay be

frozen or e . I.Cheantl old.te at t hey. undergo

t her mal con?lfeg)z%ﬁg%%gegfgag?&%%%{i ﬁ]g%u itg?loflﬂ?eérzgﬁé aﬂ‘ié?@% &hHMys 30 | eading
to there restherkiduié dispansing eezlcAipp hedaf mae8e paisifeke ocatbimdti me of  up
to 48 hours or nore_may be sel ect ed dependi ng upon various factors

i ncl udi ng t WEh&as erfiess and spestantighy concaveiafases whichdeim adetwori ofict i on. The

tips can 2 : i . Lt . ithin a desired
degt h wt hibﬁe%d%gss 2%\?1\%%8%? 56%%%%}5%%%1 %ngééé%g&&n%ggﬁee tHer eby creating
the ddSir edcarepeentsito be desecicdedththe avrrle biphnitwaslrbe gndestédiethbdeds by
Tay under goEHAH AP SRBANEA DerRiriany Do et Hglodm A GO R bosh 6ol at [ vel y
liquid tightosaadxtéMstdhs iR Mﬁé@uﬁﬁﬁ&g}l&ﬁ@ P?%lgﬁggf%?ie@esco%&&gﬁbher

described 5 enbodi nents of the Tnventl selec egi ons of the bottom
nozzl e surface FIGS.28-29 are cross-sectional views of the nozzle 2300 shown in FIG.

24 taken along longitudinal lines B-B and C-C respectively. These figures

20 illustrate a plurality .of manifolds 2605, 2610 and 2615 and respective inlets
2405, 2410 and 2415 which are similar to those described herein. A series of
relatively longer and shorter tubular inserts are positioned within nozzle 2300 to
direct the variety of fluids which may be dispensed. Additionally, gas
manifolds 2600 are also provided in the nozzle body as illustrated. It shall be

25 understood that while two gas manifolds are illustrated, nozzles may be also
formed with only one or several gas manifolds throughout the nozzle body
which may also run along a relatively longitudinal length substantially parallel
to the dispense manifolds or across the nozzle width.

Another cross-sectional view is provided in FIG. 30 which is taken

30 along longitudinal line D-D of the illustrated embodiment in FIG. 27. The gas
manifolds 2600 are again illustrated as running along a predetermined location
within the nozzle body. In order to reduce the relative distance between the gas

manifold 2600 and gas orifices of the nozzle, it may be preferable to form the
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surroundi ng the base of the nozzle tips 2350 may be built-up or etched away
to forma series of trenches 2640 to maintain a desired |evel of

separ at i owolmawseesr ejected liquid streans and to trap or pclrarsamBi469 ui d
therein. In regions of the nozzle that are fornmed with gas orifices 2360
in between nozzle tips 2350, 10 liquid channeled within the trenches 2640
may be als 16308% Ry bortdiE sRERS DihARHzBaSWESI B@sed through
the orifi c%sg%a%gg 313215;8%% %hese an(()j otsher l'i quid (ZZII spensi n nozzI e tips
herei n may digpehsrmanhifeldk 2605 26 banrdfidede avingad dms redativielclsign

subst anti al | concave rfac h forma et hes VWi | e

t hese nozzl"é’}/lf1 tigp as ﬁﬁ’ég?tfa‘gght\ﬁ/gfsdc fi‘%‘i%i%“&l?é{ %%?r%me%?E%gg?FB‘bnents to be
connected whi Qastl%m@&a%@o BRAY o rélhtiveipblitché: 438 e6Hb00ht hesge. nd al | ot her
enbodi ments herein may be integrally Tormed wth the body as nozzle

ext ensfons sthhlllbeﬁlodmmgd hownvar dlray thei nesibiogingtayf th sagireanii ®dst ructi on.

FI GS. 28-29 . ar -sectl nal in FIG 24
t aken al ongahi %g(f lﬂgpp?q %‘gngnﬁﬁlg?%g& éﬁhe&%é%bﬁlgé%g&cﬁ%g%% figures 20
il lustrate @affdldsddldctedobithibihd Alzdk bdGH M a&6ﬂdﬁne@d'1tﬁﬁ>ﬂﬁarand respective
inlets 2405, 2410 and 2415 which are simlar to those described herein. A
series of amehosimouts ¢l fheriBemtiaAd shorter tubular inserts are positioned

wi thin nozzle 23&% C 3 (TR di spensed.
Addi tionally, gas maﬁ)r& P‘% atﬂﬁgjggcré%reéeg lé%ﬁg%%?%egn}g%lg e nozzle body as

i |l ustipat edn HIG. Bbadldenlamng%ngmdéma]tlnmdi Ehdiromﬁthisellmmtigmsemail folds are

illustrated, nozzles . may be al d wth ne several gas
mani f ol ds tasPefigAbe 11?‘??@“%2‘%‘%?’8 leﬁég K‘?ﬁlt}’ Bﬁ{(’&g]g‘ﬁgn% relatively
| ongi t udi ”%aﬁl gt %@U?@I@Md féﬂsxérm&@dra{t@d whic8 ihdl8dnERPISRZERN f ol ds_or

across the noz Anot her cross-sectional viewis provided in FIG
30 which i ansatseZiSSB(fomhe:dr@ vaongs engthsml disfiense fuids of relatively paradlet at ed

enbodi nent in FI ni f ol 600, ar. IIust ated as
runni ng al o2& %E?W@ﬁgﬁlqs(?@??‘%ﬁ géﬂ(fﬁfeﬁls?ﬁﬁu%g??l‘ h SeB?aq n order to
reducgst he Iro%)sqifw@zlelu@%@ygﬁsmw&@rehérﬂapaam f¥Rdhi ] tht@BP and gas
orifices of the nozzle, it may preferable to formthe 28 WD 03/030228

PCT/ US02/ 31disgrsayaiuidneicstod ﬁromethanwéq YO emaneting fropethp seterk lir f ace of the
le. Wen t d
P et e BSRT S LRRO S S Bl 1 or0ed, 11 2

be further pqedarabplesiback Boma wafer substrate surface. The pressurized gas may

be routed and delivered through the gas manifolds 2600 which may consist of a
20 lattice network of channels formed between some or all of the nozzle inserts
2350. The gas manifold may lead to one or more gas orifices located within
relatively deeper portions of the nozzle trenches to create rows of pressured gas
to generate relatively longitudinal blankets of gas 3100 to reduce cross-
contamination. In addition, the gas manifold may lead to relatively shallower
25 portions of the nozzle trenches to create columns of pressurized gas to further
| generate additional blankets of gas 3200 along cross-sections of the nozzle.
FIG. 32 provides an overall perspective view of the multi-port nozzle
2300. The plurality of gas manifolds 2300 and dispensed liquid manifolds
2605, 2610 and 2615 are illustrated again with further clarity. Each of the
30 nozzle inserts 2350 are positioned within the nozzle body so that a selected
portion thereof extends beyond the external surface of the nozzle 2300. A series
of trenches 2640 are formed along the rows and columns of nozzle inserts 2300

to provide additional physical separation between the liquid dispensed
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the gas manifold 2600 along a relatively outer or edge region of the
nozzle. It 5 shall be understood however that the positioning of the gas
mani f ol dswoeghs22@l t er ed dependi ng upon how nmany there ar@cansor/bese ot al
nunber of dispense nmanifolds selected within the nozzle body in accordance
wi th other enbodi nents of the invention. FIG 31 provides another

cross-sect i giepdfronh.eWs Aith itBer a0\ dRnehsdOr th @Wentidd) thdtobdl GumBe dfaken al ong
longitudinal line E-FE. Fromthis illustration, several aspects of the

i nventi on anezziginsertseind their spackgphaey varyacqordipalte sejectad anphigationsli nal
ifolds 2 . d iy : i.ch | tipl |
T o 05 o A7 s BUGa 5o S 0O MRS b REUO B P o o2 e

paral | el  sbiteas@fachorf @Rvrizzle2BO0 Srludass ehiohs entbiete 26Acheaire al so
illustrated with separate 15 rows of nozzle inserts 2350 to space them

apart and t Bet¥eshRwinozgledpsertsy A st pERenNgsiZd8e- ajcaltocgrmedairge nozzl e.
Gas enmanat i g i, fd f&g after
Create a Ia@%rJug%%ggggigg&{)%@th%ke %@Wﬁ%ﬁlﬁ %%r sp&’ﬁé%ﬁ?ﬁ;lgﬁ?fom a waf er
substrat e scorfnactahe fihezlptes st aedwikis aeafer trackr systeadsubsidtadesichesed t hr ough
t he gas mani f ol (ils 600 i.ch may consist of a 20 lattice network of

channel s f of AEYFIRRHEEROWSe or al| of the nozzle inserts 2350. The gas

mani fol d may | eadft&r (A8 8o R esREAILRR a@édrﬁé&%&vik@%iﬁ%ﬁﬂoﬁ%a@ bef €l atively
deeper portions of the nozzle trenches to create rows of préssured gas to

gener dle r elmuiiediontd arapot amhh withint walketrackabolyaks Blus@atedinHGudd cross-

contam nation. .In addition, the mani fol.d may |ead to | atively

ahal Tover 26 grDficestef the mHegS SR Ran bRy pE ubisl Bt of

pressur i zed3gessfor udpentibe bverdengenduBstasde 3520 Mahe Hlppoik Btskaf33gas 3200 al ong
cross-sections of the nozzle. FIG 32 grovi des an overall|l perspective view

of the nul t magén turp dg apempgionto FHbopamgt 331G fhabis refalsblyapeytdaytio 300 and

di spensed | | qui i 2] r again with
further cl ab?#igllgghg g#&?%%%ggayn%@% %ﬁ‘pg%‘g%’z %@(‘)é I%Jrréefé%sggitﬂﬁdoned wi thin
t he nozl e haty 3300 bhdiat aerseh dispaded Hoids noiy beheleawt teeotignskdeckeelyond t he

external surface of the nozzle 2300. A series of threnches 2640 are fornmed

al ong the rBoEioaHa thsIngrHs oyer %f@ka_ill‘"él_}’icﬁ%t_é%ltr%gl%eﬁt eI SBOTIEE- aidi ti onal
R R
t ot al nunbecomifol the distance between the nozzle and underlying wafer 3320. The
support bracket 3303 may further include a collar portion 3350 surrounding the
20 various inlets formed along the top surface of the nozzle 3300 as described
herein. It shall be understood that the collar 3350 portion and other portions of
the support bracket may be constructed from multiple components or formed as
a unitary body. The collar 3350 may be also connected to a cooling jacket 3360
which circulates a liquid medium to provide heat transfer and temperature
25 control of liquid traveling through a plurality of liquid dispense lines 3305,
3310 and 3315 contained therein. Portions of the liquid cooling jacket 3360
may be positioned within a hollow portion of the robot arm 3330 as illustrated.
The liquid dispense lines may be further connected to respective inlets formed
in the nozzle to receive various liquid materials such as develop fluid and
30 deionized water. Alternatively, the lines may be fed through another series of
channels within the support bracket which in turn lead to the nozzle inlets. An
external gas source may be fed into a passageway formed in the support bracket

which in turn may lead into the gas manifold within the nozzle. Alternatively,
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nozzle inserts and their spacing may vary according to sel ected
applications. Additionally a plurality of gas orifices as described herein
are fornmeaoaBos2t he outer surface of the nozzle 2300 i necadiSoy3reyi ons
within the trenches in 5 between the nozzle inserts. A nunber of openings
2305 are also fornmed along the outer edge region of the nozzle 2300 for

whi ch f ast enigs gasGalet RAT e fl @r@hy o t}fecghelﬁmfol@oﬂﬁéﬁ&mé@o@sﬁo%w arm
within a wafer track system subsystem such as a develop fluid nodule. All

of the nozzla&desstibed deetherfigieessnd dee@ipiipn herei.s i nvention naybe 10 nount ed

onto a robot armw {hi er tr . . i llustrated i.n FI.G 33 (not
drawn to scale), Af%élemﬁﬂé% g’ing@%%ﬁts ﬁggﬁﬁy)ﬁ%&g Pgﬁcé%leo%‘cgzg béﬂ%ﬁ‘medbr acket
3303 for susfiensizlehalved irto Wed stjacttibsectioisowBden eadsechbpR@y exiphacket 3303
may in turn be nounted onto a robot arm 3330 that is rotatably nounted onto

a post 334dromrdEcE) segaomaysy heayalentibstiric teyard ifs weripheay.i Bash s t i ons of

the 15 waf er.3: : | i I sed t hrough
sel ected pgﬁ(ﬁf%gglg%glf %dl%ggzﬁé%gg%%g@gcfﬁ(%@g §r f(i:%%fl ?@fl&rﬁgg?on of the
waf er subst gas eurtads as déseribaierdin.nd suchembofjmsrnts, tresalgktwiiely nfag badj ust abl e
along a relatively Z-axis to control the_distanc etween the nozzle and
under | yi ng 3&? Ibe}% gren Ew%iFﬁB%IFSth’Ei‘Bﬁ%ﬁOSB §’_ eRIRes-hes Withc| ude a

col lar port ioefer 33BOIMMECHMEE MYeritlds, theQeluhd ﬁgﬁn&%e@@ﬁeél{rﬁrzg%%n&l ong the top

1
surface of the nozzle 3300 as described herein. It s under st ood
t hat tWe coMafr seB8mipmay beadjastablot ndrthpuezzlobmkanay bdreosugport bracket may
be constructed.from pultiple conponents. or. forned as. a unitary body. The
col | ar SSSOI%%%)G 511351{5'1135%2%@8? 8{;&%{1’001%1""@]8 '} lﬁéflﬁuélgqgeotr liggHoe Wﬁ‘?%tﬂyci rcul at es
a liquid nmeeidumtddo provi de heat transfer and tenperature 25 control of
liquid traveling through a plurality of liquid dispense |ines 3305, 3310
and 3315 cont ai nédvasy ef semiendpetonwatst prasessinguethodoohy by j acket 3360 may

be position it i 0- 0 [¥o) r 33 illustrated.
The |iquid S?rg)élghés&e‘p}t?ﬁ%s ph%%gg%g} aggorg%ﬁcﬁe‘@?g%%?%eg}a%seﬁgocﬁﬁ?/e inlets
formed5 i n fihentiozzWath respeecigiaugpivairmethsd piogided herdie aisalested lighidas devel op
fluid and 30, deionized water. Alternativyely, the lines may be fed through
anot her ser [(SBeRHNE BOzRIFTS PEOUgNt tRjaheight ok epiperimatsly sk gym apaverhs n turn | ead

0, L roeehalelo PR enpl RSP, TGRS (8 ik paseagerey,
wi t hin the dipeised. Rirstetheardferstuyface B0vetted by deionized water (DI) for 0-10
sec while spinning between 0-2000 rpm. Then, after a delay of 0-5 sec, develop
20 dispense may begin @ 0-1000 rpm for 0-5 sec. The objective here is to have
full coverage over the wafer surface without any de-wetting taking place. Then,
a developer fluid puddle is formed. The develop process continues for 2-100
sec while the wafer is either at rest or oscillating. Following this procedure, the
DI dispense starts while spinning between 0-2000 rpm for 0-100 sec to rinse the
25 dissolved resist effectively without causing precipitates and splashbacks.
Finally, the wafers is dried at 1000-3000 rpm for 5-30 sec. It shall be
understood that other dispense and rinse methodologies may be implemented
with the apparatus and methods provided herein.
While the invention has been described with reference to the
30 aforementioned specification, the descriptions and illustrations of the preferable
embodiments herein are not meant to be construed in a limiting sense. It shall

be understood that all aspects of the invention are not limited to the specific

depictions, configurations or relative proportions set forth herein which depend
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WO 03/ 030228 PCT/ US02/ 31459 the gas inlet may be fed directly into the gas
mani fol d of the nozzle (not shown) as described in other figures and

descri ptiwo od@seesr. Additi onal enbodi ments of the inventi @aTiuvot/smde9 a
nozzl e bank formed of a nozzle halved into two adjacent sections wherein
each section may extend 5 froma central region over the wafer substrate
toward its ppon phetisty oFeaiditivak fing eaitidbdes. NO#BE A EliSRENTemabnd €ast one
liquid and y.or. may not include a gas curtain as described herein. In
such enbodiH%ﬁﬂ§fﬂﬁﬁﬁm%ﬁﬁn@ﬁ%h“@ﬁHﬁﬁyﬂﬁbaSM@ﬂﬁé@ﬂE®YME§WHSﬁ§umo sections
may range f : kit I ' s, of the

i nzenti gn, 'Erﬁ}e&r%lf’g?ﬁ&g a@?@%@?@ép%?%%@%%@?é“?ﬁ?%%ﬁ#%ﬁ%%bst rate
maybe adj uspedsts, disiubuteh dt is tireréfordamkennEytel ehatthenppehdet @laadk Vielly st ati onary

to a rqbot mon which it |.s npunted qr it may be rotatably nounted. A
variety of g@ﬂ?@ﬂﬁ@ﬂZFWﬁ”ﬁﬁkgFM%W@€@§§PW§“H§HHBE§mWay be conpleted with
the apparatus herein in accordance with another aspect of the 15
invention. Wth respect to a typical method provided herein, a selected

| i quid di spensing nozzle is brought to a height of approximtely 15 nm
above the wafer substrate and the gas flowrate is set to about 20 cc/sec.
when liquid is dispensed. First, the wafer surface is wetted by dei oni zed
water (DI) for 0-10 sec while spinning between 0-2000 rpm Then, after a
delay of 0-5 sec, devel op 20 di spense nay begin @0-1000 rpmfor 0-5 sec.
The objective here is to have full coverage over the wafer surface w thout
any de-wetting taking place. Then, a developer fluid puddle is forned. The
devel op process continues for 2-100 sec while the wafer is either at rest
or oscillating. Following this procedure, the D dispense starts while

spi nni ng between 0-2000 rpmfor 0-100 sec to rinse the 25 di ssol ved resi st
effectively w thout causing precipitates and spl ashbacks. Finally, the
wafers is dried at 1000-3000 rpmfor 5-30 sec. It shall be wunderstood that
ot her di spense and rinse nethodol ogies may be inplenmented wth the
apparatus and net hods provided herein. While the invention has been
described with reference to the 30 af orenentioned specification, the
descriptions and illustrations of the preferable enbodinents herein are
not nmeant to be construed in a limting sense. It shall be understood that
all aspects of the invention are not Iimted to the specific
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depictions, configurations or relative proportions set forth herein which
depend 31 WD 03/030228 PCT/ US02/ 31459 wupon a variety of conditions and
vari abl eswovansmes nodi fications in formand detail of tireTarsbopslissent s of
the invention, as well as other variations of the invention, wll be
apparent to a person skilled in the art upon reference to the present

di scl osur e. Whatlis$ claliféeisor e contenpl ated that the appended clains shall 5
al so cover any such nodifications, variations or equivalents. 32 WO

03/ 030228 PCT/ US02/ 31459 What is clainmed is: 1. Anulti-port nozzle for

di spensing fl uidg Ipga Wl N hS| nozzl e body
formed wt hi'at I e§\a11§1 t e 1?{0:%(%%&8; %&Pgﬁ%ﬁlﬁ 1]p %%élbggl%%?%gf ion with at

| east one ftathpriding:et, and at | east one gas manifold in fluid

comrunication with at | east on s jnlet; and a al ity of tubul ar
nozzl e3inserts fépoéﬁl%b‘éh’sfpﬁﬁ?‘fWﬂﬁ&E{eﬁﬁé’PeQﬂ@%%%Eéorc{’@n%ﬂgw thin the nozzle
body, wher eb(?l}gﬁ&l)}]ﬂcgﬁéﬁ whth Qﬁl"eéét Qe AliidERfR AAQZZI8st ohP ghd®ehitold¥h ends

therefrom a erein each nozzle i nsert is in flurd communi cation with
the liquid flaildoodruticatiparwiilt atti¢est pesgradgeleobndli spensed  fl ui ds

t her et hrough; wherein.th ozzl e hody inglydes a net. k. of gas orifices in
fluid comuni ca?ipg‘ﬁ%\'rytoﬁt@ﬂérag‘?? P OBH{SR%HSl% H Sotrlillr%a ®subst antial 'y
adj acent t opodforil iRt theHRZZle Boli) Stidréin bPlchfi@pbionsfeatigol@nket s of gas
for mtigating cross contam nation of dispensed fluids released fromthe

nozzl d0i nseitssit egtendhiberefipmi, apdbwhergisreach nazzle et sdniflid| aj m 1, wherein the

le body is_forped with @ £irst.diqui i f s ip fluid
Communi cat | SRR o 13t Ry i LN bEPe el Oipdal L ola ¢ na

is in fluidpgRmadbeadigen With a 20 second fluid inlet. 3. The nulti-port
nozzle as recited in claim2, wherein the first_fluid inlet .  and the second
fluid inlet are Merirthsmoazle bpdwinchudera BEWOREOHES It Cﬁﬁﬂﬁ.m%. The

mul ti - port i i 3ol B 84 ot anisi R bt BB v eCONC
fluid inlet g&éﬁéﬁ C%ﬁﬂlég&\}}m&lﬁ%dﬁ@% re?athi’évaer y cent lrlal reaglglonjaon the top
surfaqe of télected nozzle inserts to thereby provide blankets of gas for mitigating cross-

contamination of dispensed fluids released from the nozzle inserts.

2. The multi-port nozzle as recited in claim 1, wherein the nozzle body is
formed with a first liquid manifold that is in fluid communication with a first
fluid inlet, and a second liquid manifold that is in fluid communication with a

20 second fluid inlet.

3. The multi-port nozzle as recited in claim 2, wherein the first fluid inlet

and the second fluid inlet are formed on a top surface of the nozzle body.

4. The multi-port nozzle as recited in claim 3, wherein the first and second
fluid inlets are formed within a relatively central region on the top surface of the

25 nozzle body.
5. The multi-port nozzle as recited in claim 1, wherein the first fluid inlet is

comnected to a first developer fluid source for dispensing the first developer

fluid over a wafer substrate within the develop fluid module, and wherein the
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25 nozzl e body. 5. The nulti-port nozzle as recited in claim1, wherein the
first fluid inlet is connected to a first devel oper fluid source for

di spensi ngotohm3f2es st devel oper fluid over a wafer substr @ca/usor/bi4ng t he
devel op fluid nodule, and wherein the 33 WD 03/030228 PCT/ US02/ 31459
second fluid inlet is connected to a second devel oper fluid source for

di spensi ng tdrené Eaanidled R\ohogdd tlaiedoavdsveloper fivid sourseifistdispeasing. The

mul ti-port nozzle as recited in claim1, wherein the network of gas
orifices fotwsseend devplaperdid averdhe watsnsulstakn ext ernal surface of the
nozzl e 5 body, and wherein the nozzle inserts are |located within the grid
pattern such that gas emanating fromthe gas orifices formsubstantially
paral | el bl énket Theinufi#ort hozzle esirecitedinasst, sdwtamibeatciworkaff gdé spensed
fluids. 7. The nu|ti-port nozzle as recited | ai.m 6 mhere n the

external suPFHEs °H§@|&ﬁ‘é§’ag@15‘&f'ﬁaﬁﬁ?r§?ﬂtf’8€8 eé?er‘%a‘rieurifﬂ???#g‘eﬁ?&ﬁ to be

posi tigned BU&', aﬁd‘@@ifef'e'in 8 nS RS setts arei1bdhdn Wﬂﬂﬁn%vgi tletisidhedul e. 8.
The nulti-port''nozzle as recited in claim1, wherein the nozzle body is
formed wi t hganersmuhiting fibactbe gamhmrfemmswswatlallmardkﬁlbl@betﬁ ofgafid inlets

are forned theéeon to fach‘ %ﬁ qeilveky developer fluid into a

cor r espondi (Y TRHFTRS FPSSrGORATIARGR FRReny S Wil% pensi ng the devel oper fl uid
through a selected first 15 group of nozzle inserts onto a wafer substrate,
and wherein a rinse fluid inlet is also fornmed thereon to facilitate

del i very of 7a ri fde nfulifpartinazade as wesitedipdaint hgvherqig theexiapalisyriace or

di spensi ng | S8 f|UId o] I r nozzle inserts
onto the mggﬁne&fb Otttomtsur é xgr{r-léoﬁzaozzﬁf% b?’ﬁﬁ’?"g‘?i%"gsﬁisb?lﬁg ogéeﬂ[}1 ‘ngerfl uid and

dei oniiped wamtramamnsher@velogmuadmaalee body formed with a plurality of
mani folds within the nozzle body wherein each is in fluid conmunication
with a separate fluid inlet formed along a top surface of the nozzle body;

and a pluralgity f e%&ggﬁn%%é'ae KEERPIAES1 MAAEA Rl RIcboagtd om sur face

of the nozzle bo are in communi cation wth at feast one
mani f ol d, 2$orwmae1rventmaﬁ el smn“azé endbedlryeralma baid e develppedfluidtimetslaref tr enches
f or med aI ong a sel ected r of t he. bot t OrZTt]Il (llll’ face of t h& nozzl e body
and in bet wé@medd ?fF%‘H@tfé‘Pl E{F@O‘b‘e‘k‘f’elﬁ AR mle &Geir Bt gE LAt nnel
lateral 'y myiipgidfch4Hif%ds for dispensing the developer fluid through a selected first

15 group of nozzle inserts onto a wafer substrate, and wherein a rinse fluid inlet is

also formed thereon to facilitate delivery of a rinse fluid into a corresponding
liquid manifold for dispensing a rinse fluid through a selected second group of

nozzle inserts onto the wafer substrate.

9. A nozzle for dispensing develop fluid and deionized water comprising:
20 a nozzle body formed with a plurality of manifolds within the nozzle
body wherein each is in fluid communication with a separate fluid inlet formed
along a top surface of the nozzle body; and
a plurality of tubular nozzle extensions formed along a bottom surface of
the nozzle body which are in fluid communication with at least one manifold,
25 wherein the nozzle body includes a grid network of trenches formed
along a selected region of the bottom surface of the nozzle body and in between
a predetermined group of nozzle extensions to channel laterally moving fluids

released from the nozzle extensions.
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rel eased fromthe nozzle extensions. 34 WO 03/030228 PCT/ US02/ 31459 10.
The nozzle as recited in claim9, wherein the nozzle body and the plurality
of tubul aworemad2es ext ensi on are formed from a singl e- pi ec@CTABNYTBHBTL i ON
11. The nozzle as recited in claim9, wherein the grid network of trenches
5 include relatively deeper trenches formed along a first predefined
portion of the bdhtamzdessecieeddh cldig 9)adetein hed¥zz1886dy M@tkvel y shal | ower
trenches fornged .. al ng second predefined portion of the bottom surface.
12. A di spengﬁﬂﬂl}i??@ F@fn%ll?%?nsw%quﬁ@%@é@glﬁmgcer| ui ds onto a
semn conduct ogo@hiefiorsubstrate conprising: 10 a nozzle body fornmed with
plurality of longitudinal liquid manifolds and gas nmanifolds, wherein each
liquid manifold is positioned within the nozzle body and in fluid
connunicatio?bmjtgya seﬁgrate arresponding. fluid_ inlet formed in the

rr

nozzl e body BIAATASIPOEELR cHgN), Whgsin the gad getyek oEtrenchssl a
pluralifsy ofindhwrlrafivadpddePer QédcRES Mﬁev\h@?g?ﬁﬁg tpk%&lﬁhg@%(gr%%h offg 1o

positioned within the nozzle body, and east portion of each
tip extendsbeitsremefaseobthemozglabbdyandfrelatiecinsipilowebuelychantbrivetio at | east a

portion of aaléég%‘%n%ﬁéﬁ%%I%M‘}IQEIEEE@QE’SB%@J& bpdy; wherein the bottom

surface inclu a ne ® between the plurality of
nozzle tips in a grid pattern, and wherein the network of 20 trenches
further includes dJlurality of gas orifices in fluid communication with
the gas mani fol d felipergmozslefordaliveringamultiph pocessingdtuidandito pl e processi ng

fluids ont oséﬁgoﬁﬁg@ogg,gﬁg%‘ﬁ%grﬁﬂogl{ Sl strate with reduced

Cross-contam nati on an romthe wafer substrate. 13. The

di spen&® nozzl e asnozid tioelg fbmedl\aithfp&ﬁalit%/@ﬁfoﬁgﬁudiﬁ@ lgﬁﬂﬂlﬁnﬂf&%arﬁf e 25
separately for rre%i‘n%er S positi.oned wi thin prefornmed openings wthin the
nozzl e body &M i WhEREkeagh ligyid manitold ispesitipred-withimthonozgler ei n t he

Thetips upon St TR bR e s ity e R o0 0 T oning
wi thi n a nozprmedodye n@%le body for receiving processing fluids to be dispensed; and
a plurality of nozzle tips for directing dispensed liquids that are
15 positioned within the nozzle body, and wherein at least a portion of each tip
extends beyond a bottom surface of the nozzle body and into at least a portion
of a liquid manifold within the nozzle body;
wherein the bottom surface includes a network of trenches formed in
between the plurality of nozzle tips in a grid pattern, and wherein the network of
20 trenches further includes a plurality of gas orifices in fluid communication with
the gas manifold to create streams of gas which direct multiple processing fluids
onto the semiconductor wafer substrate with reduced cross-contamination and

splashback from the wafer substrate. f

13.  The dispense nozzle as recited in claim 12, wherein the nozzle tips are
25 separately formed inserts positioned within preformed openings within the

nozzle body

14.  The dispense nozzle as recited in claim 12, wherein the nozzle tips are

formed from a material that allows thermal contraction of the tips upon

exposure to a relatively cold temperature for positioning within a nozzle body,
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WO 03/ 030228 PCT/ US02/ 31459 and thermal expansion of the tips upon
exposure to a relatively warnmer tenperature thereafter providing a

subst ant iwblog/oBd2es d tight fit. 15. The di spense nozzl e asPpPcaaiSvysi4sn cl ai m
12, wherein the nozzle body includes two devel oper manifolds for

di spensi ng devel oper fluids which are 5 fornmed relatively closer to the
bot t om sur f agsl thermadh exprosioh of Bedips wpnu espasirede amelaiivady wafroer di spensi ng a

rinse fluid which.is . forned relativel.y, further. fr the bottom surface of
the nozzle bGHPHE® ﬂ“leﬁ?rfrtgfgrﬁé’ﬁ@%g %B%Tagggliy ﬁ‘él it]tggﬂhﬁ'n clai m 15, wherein

the nozzle tips include: a group of relatively short tips for dispensing
the devel oper fluids from 10 the two devel oper manifolds that are forned
relatively clbser Thodigprashanzziaassesitedde claimtlBewheyginlthe hortle badyd a group of

relatively | ' ' i - rinse fluid f.romthe rinse
man; ol d { hategs B bR RENRIA HBpel G R DT TRE 1 ace of ¢ e
nozzl e Hody. fodfied relatively closer to the bottom surface of the nozzle body, and a rinse

manifold for dispensing a rinse fluid which is formed relatively further from the

bottom surface of the nozzle body.

16.  The dispense nozzle as recited in claim 15, wherein the nozzle tips
include: a group of relatively short tips for dispensing the developer fluids from
10 the two developer manifolds that are formed relatively closer to the bottom
surface of the nozzle body; and a group of relatively long tips for dispensing the
rinse fluid from the rinse manifold that is formed relatively further from the

bottom surface of the nozzle body.
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