23 March 2006 WD 03/ 030228 PCTI | JS02/ 31459 METHOD AND APPARATUS FOR
M Tl GATI NG CROSS- CONTAM NATI ON BETWEEN LI QUI D DI SPENSI NG JET43 | Margh2006
PROXIM TY TO A SURFACE 5 BACKGROUND OF THE INVENTION 1.. Field of the

| nvent i onwdbwmsbzayention rel ates generally to the fiel §cgfysid/fikfe!l ectronic
fabrication. Mre particularly, the invention relates to nethods and

apparatus for inproving the-yield and line width performance of liquid

pol yrers. 10 2. MBTHOS 4N APPARMIURFORMIALATINGCRORRYY Process i s one of

the major drivers of sem conductor industry in its relentless progress in

achi evi ng SIGNTAMINAZIONSEFWEENLIQUID BISPHNSEN G B THsIN €bO8Es peci fi cal | y,
i nproved critical di nensilgﬁbkﬁﬁi,{fq?gm%reduced process-i nduced
eed 1o be

defect and particle counts n satrstfied 15 sinmultaneously. The
devel op fluid nodule process plays a significant role in the patterning of
increasingly smaller Iine widths. Regions of high and | ow dissolution

rates are g¢reat i J as a result of the sequence of
photolﬁfit hogﬁgﬁéﬂf}?’@e@@m&t‘gﬁ ng the devel op process. During a 20
devel op pr ocessFEicldmage svishtgnsf erred to the resists filmare devel oped into

three dinensiaonal, structures by a wet process. The subsequent etch process
(nostly dry) tFigdevyetion reigios geneked tothe feldnémicielectrgrie whi ch may formed of

Si, SiQ2 pelivatioS MoRlipartichRY, WheihPerlBAYel @t AbindiSalhpfrgaed devel op
process which generally 25 Consists of two main partg. I'n the first part,

a devel opefor fmproving the giekdand dioe wilile perfoament of ligypd polymers.at a | ow rpm f ol | owed

by agtatig pu : i a long static or oscillating step at

whi chﬁ)r eqgi %ns %g%f%ﬁ{%éslgﬁa&@%ﬁ rate are etched away to create

t hr ee- di mensi origthoj odesh i bige dfithethajdiRiverd af sdmicodfiugd@t t erned i mages, the
i ]

val ue of sjde wal] angles, and the CD control, are al] strongly 30 affected
by this mﬂg'empfalﬂis %ggﬂﬁépf&g@%ﬁ%ﬁc%?%%%ileflfﬁﬁt?fﬁém%se‘(f’@hd part of the

geyel op_PrBgASRd yRIdE RISk o Ely Sipkbvid EitichSaimBIBRA (@1 k¥idop! | owed by a
eionized (D) water rinse step'that is nmainly Intended to wash away
di ssol ved and reduced process-induced defect and particle counts need to be satisfied
15 simulfaneously.
The develop fluid module process plays a significant role in the
patterning of increasingly smaller line widths. Regions of high and low
dissolution rafes 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 {ransferred to the resists film are developed into three
dimensional structures by a wet process. The subsequent eich process (mostly
dry) transfers this image onto the substrate which may formed of Si, SiO,, poly
Si, ete.
There are many varations 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 af a low 1pm 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 thres-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

dejonized (DI) water rinse step that is mainly intended to wash away dissolved
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m xture wwth mninmumparticle and defect count on the patter 2006e
rinse step is thus an extrenely crucial process in inproving the resulting
yi el d of wo binstagr aphy process. Heretofore, the requi rggfRRES3 1@ | NProved
critical dinmension control, 5 reduced process-induced defect counts and
reduced process-induced particle counts referred to above have not been
fully met. rWi‘siEnd@evél f6idi xRSk ilRfum bRdble sadaiReR@Atsd Y addresses al |
of these and ot her ated requirenments. SUVMARY. OF THE | NVENTI ON 10 The

i nvention peoratigagd F’h Jhs rinseciepp g pyexiemely crisial preerse it on of
cross‘cont ing the devel op process in

| i t hogr aphy ys%gﬁ%r&%ﬁﬂgﬁﬁ%ry ggg#ﬁﬁ?gﬁﬁg%gnventlon is to inprove yield
resultlng fron1HhmhﬁgndphympmnmassésmnwwﬁbHMmd¢mmmﬂnchmwﬂ of the invention

IS of fer roved cri di nen can ability. Solutions
are th s 1§dﬂ)]l° TREEFP ‘%ﬂ%@c ¢ ﬁ%ﬂcéiéﬂr%ﬁe %FS‘%)Paéﬁ@ encountered in
convent i onabuntdRke@Rbovd mdndﬂbdeﬂ Rby ft, AV isGlcedod aCKsdl@Ph system It
shal | be understood that the ]Eal‘tl cul ar features of the described

enbodi ment $hat Finugnepsy addiesrss als plibeseiphetheselpad regeireuesili der ed i ndi vi dual |y
or in conbination with other variations and aspects of the invention. 20 A
first aspect of the invention is inplenmented in an enbodi nent that is

based on a nethod for mnim zi n?@glr eci pitation of devel opi ng reactant by

| oweri ng aSW%QEH‘QEIWW i d method conprising: devel oping at | east
a pojgion of e of devel oper
flui dféthen ngm %H%n éesélg%%h@ds ?Spﬁjon o %lgeiq cﬁgi?%tg of devel oper
fluid to dw;bé—cammnﬁmdn aﬁdmxahgemqmﬂmdmmgm deoslby rbéeabiny nini mi ze a
subsequent .sudden change, i n t.hen . rinsi n sai d_polymer with a
char ge of Qﬁ’@%@lﬁysﬁ”fﬁff‘ Agnggg&qglncgék&éyfengqmg FRY@rﬂell‘gn i's inplenmented in
an enbodi ”?é%ﬁltlh%'ﬁ&m lith®giey BseB. ﬁﬁ&thaq)nhﬁfy g&mmezmﬂgmsﬁ pcipitation of
devel opi ng react ant owering a sudden change in pH, said nethod
conpri si ngto ¢f&y angs Yeﬁ ritigal flispension (G Dﬁfftllcmblbgy S ¢thvayer on a

np e} pYeRg ® W y _
ol yry ui Pach Relitd b RlAR e B AR n chibfaf V201 006°

developer ﬂllld modules of a wafer track tool system. It shall be understood

that the particular features of the described embodiments in the following

specification may be considered individlially 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 fo 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 sndden change in pH, said method comprising: developing at least a

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

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



WO 03/ 030228 PCT/ US02131459 fluid so as to controllably mni nbé\?Ma
subsequent sudden change in pH, and then rinsing said polyne arch 2006
charge of another fluid. Athird aspect of the invention is inplenented in
an enbodiweainbiat is based on a nethod for m ni m zi ngAfeHi Mt at i on of
devel opi ng reactant by 5 | owering a sudden change in pH, said nmethod
conprising: developing at least a portion of a polyner |ayer on a
substrat e hiduods eIy HRHFLOPGIbsdbl GidbllBng SABHAGI] N0 sal d substrate
with a charge of buffer, thereby mxing at [|east & goftlon of said

devel oper fHQirasing sHd pelymervsith achargeof awthef flgidi d charge of buffer, so as to

control |l ably m pijn .sudden change i.n.pH d then rinsing 10
sai d polymer w ?ﬁmé&%ﬁgcrt ggﬁgﬁqglﬁ%bﬁsépp%%d% _G_Bf&’r" e&?ﬁ%&% of the

i nvent i on ibsseil bph e ﬁmmMMngpﬁeaﬁitmﬂhfadwamg&amw on an apparat us
for mpim |negnflu'|é%gl in .eg&r:tﬁaé‘&orée on a, polynmer ~layer to be devel oped
on ? stbst r4f ggﬁ %&jﬁ%{“ » PR 7P pCoRyising; V?PEPE}{E?%HWI old 18
per T or manc gortis bfla BortPdtB5tatd With a Shardedf Jfn @ MANITO

adapt ed to@supp_l y a ftluid; % plurality %f a?%%i 5?"5%@5{1. tfs’r%%gupl ed to said
mani f ol d; CHIRFUAZ patdsulstraie with 2 ehergel i bufferstbercy tixingtabthastiat hi n said plurality
of fluid cgpeyi ; ' (o he. inyenti,on is, idpl emented in an
enbodi ment Bt hgj{lslﬁsgldbdggéelb e%?u@?ﬂ%g%éeﬁ%taégﬁ %P}l‘?ﬁ nﬁhﬁfg%oﬁ%uﬁlf?d i npi ngenent
for f:g ondalaqjglcymméltalﬁlly%ﬂfnﬁz? sh‘fsedm?dﬁﬂ@rhhmgempngi@ﬂﬂ&heifsih@er eby inproving
yi e n i ne W control perf.Qrmance, sald apparatus conprising: a
noz_zlleoai ncP %P%&Pefa”lﬂ‘e%ﬁ%e a“c’ﬁ%ﬁh‘.f“& d adapted to supply a devel oper
fluid; a plural Afyur@fasstersinasrentibits Snplehbd £t an cabRISeLt iRt Sai d devel oper
mani f ol d; afb;iliease mani f%% adapt ed Eﬂg@s_upply afrl nse fob;]gi; and a
plurality 8§ 98 @0 APRFFAS3PY ITRIEREINg r@gngemend fogcedanagd mani f ol d,
wher ei n saj g4 fala; o j i .S nifold.are 25 staggered to
reduce an 1eﬁl treﬂ%é W gﬁ@g&g%@tg?%g?gfg&rﬁl%ﬁ?lﬁaa%%fb%ecv{“dﬁlf the invention is
“i mpl enment ecbuirpl penfonmdnoe isaid appatdastcomprisihg aadzanineindiagpanaifor’l for ni ni m zi ng

fluid:nmpipgenent force or I .. layer to be deyel oped on a substrate,
t her esy N ”%g%t\gﬁgogmg? ¥P?W£ﬂag\“?aﬂi&y%%°°ﬂ§‘8{§ﬁmled&8F?l ?,183, sai d appar at us
conpri si nganda phadlity of ubehiidécnts locate @RI AHE byl Plrdagart ed to supply a
devel oper fl ui plurality of devel oper fl ui orifices coupled to said

devel oper nani f%ﬁal? aspeRtioh e myeRficnds imiereqpteddn awershndishent thatis i nse fluid; a

plurality pkeddmisemnhdrithdroPhib Fil!lﬂ%‘% %g# ' | nifold, and said
plurality ofe ri nsep{ﬁixui dfoofénlh Ice %?@g g%%ﬁjgg?%%ggﬁm%ast one rinse
fluid layer to be developed on a substrate, thereby improving yield and line width

- 20 contro] 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
a rinse 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 fiuid

3
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connected to a bracket adapted to raise and | ower said nozzI33\MﬁIﬁChe'Z;f%\9@
to said substrate and reposition said at | east one rinse axis so as to be

subst ant iygbbyosgp! anar with a normal to a center of sag g aphaidate. 5 .
Addi ti onal aspects of the invention include nethods .and apparatus for
mtigating cross-contam nation between |iquid dispensing jets in close

proximty tg; £ ac %‘Pé‘i? It vi ded t he invention

i ncl udes th%@ggﬁ{gﬂ;ni%%ﬁng dg%gelgtgb?gﬁgﬁ%%& a%p?%ééof%sgaﬂ@;}&%p process of a
li qui d pol yemogdewith regard10 saihaubsttaie and gepmpinyn sdieat [&yt @ephayi Ng new

mul ti-port l ] rat.us wth_ .multi-dispense pozzles. An inportant
aspect of t%% S%ﬁ%%@?&“ﬁ@&ﬂ?%@%ﬁﬂ?ﬂ@ E%‘?“@Fﬂpqa@zt heir ability to
reduce drophkdraienpact. This apparatus allows for the significant reduction
of the_defect d ' due to_its superior rinsing action. In addition,

1L
this ml ti -port 1?.2%;% 28prep e@ﬁi%nwmngwdsmeﬂwﬁ%mﬁiappmtm@r 15 devel oper
flui d chemugiigiag cosfodllibdiBRbLG o ARG RS B T dod0 be Support ed
| Of.

wi t hout any or reduced cross-contam se systens for delivering
bot h develPspFantty tod sirfaged dei oni zed water or other material can reduce the

| f _ oni zed vat ! reduce the
my ot hervi so. Caear Er BRRE bAKIGRY Bhh S EnTtuSH e BRaBReME For appl i cat | ons

cal ling 20demtdsnaitylduﬁngmaﬂerempmesslsﬂaﬁgnﬂag@uyﬁwrﬁsh&m%el i very systemns
ide in the devel oper fluid nodul e of

her ei j, may Jncorporated into or re . .

a waf trgﬁéoh %?@%SFQH%WEIHY‘%P‘F%FW&I'W deliveryiapparatepWwith el d exi sts as a
prerequi Si bfyli-Hi8pdnkd Sozzdd Phd j ' gl e classified as

I nvol vi ng severla cgn.czgpt. S ?%%Ih%gi%a%{%é@ﬁ%ﬁﬁ{afi&% t nozzle system which
supports t RePatusdsreireis feiraiditop racadppletinphar Ehis aptevesdsafiews f | ui d f 1 ui ds

Simiar genrEroRisdieakady & LRI oo BRBEREE TFghot ner |1 quid such
as dei oni zedionalreaddition] thig maulti-porseozale Spstenf AllbwsIvo of MPleABRdH NG €i t her _
s el - astBpat e PR R o o T Gt chegang Bseppored
without any or reduced cross-contamination. These systems for delivering both
developer fluid and deionized water or other material can reduce the impact
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 multi-
port nozzle system of same ot similar geomeiry which may be used for the
dispense of another lignid such as deionized water during a rinse step; and 3)
implémenting 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

4



t hroughout the overall devel op process. The invention further_pnclude
reducing possible critical dinmension (CD) variation which n‘e@é%arc 3006
attributed to the developer fluid nodule by distributing the devel oper

fluid ovayoadnseposed wafer uniformy. This inproves ghgiseygial | CD
control capability of a wafer 4 23 March 2006 WO 03/ 030228 PCT/ 1JS02131459

track system when such steps and apparatus as provided herein are

| ncor por at @ghck bfbdn with S8 AR BRI abhidhid afHiSVIdE: heifaBlcBhokidck system The
ed to and o ﬁ

track systemcan be further coup a stepper er conventi onal
waf er pr ocds@ithgdavplapsr dyidonodyleof & mefer rackstysiein. Fbe tmifeystmoca t hat the term

coupl ed as Hé?@x‘&wp%@:[éato éatﬁﬁ\érnagl?fom?gon%ntfoﬁ@%%:ed as. between nultiple

syst em conponent s, t hou necessarl é’g{cwl,ngand not necessarily
nmechani cal Inyodules ensyistents hErshallGehedergoal hatdindtemdvapled geiedhicréie i nvention

ill be better eci ated, and under.st ood when consi dered in conjunction
With the U SHERG BEORIFEH PR R SECBORAYITHS UheEings. Wi | o t he

fol | owi Ng desicbsidioBireRy, H@RbHebsdkoiPREHahiAlA§ bath bfedescr i bi ng particul ar
enbodi nents of the ?nvée(ﬁ]?l on, this sh%ul d notyqbe congtrued as limtations

to the scope of th?ég?%/@ﬁtaﬂ@ﬁtamwf atieentiomwidrbe bettezappiréciateat i on of
pref er abl e o} SRR Wien 5‘%‘3?‘3?@ ct%ﬁ]gﬁ&{on%i%ttﬂgfo'ﬂg%ﬁgF;Il%sg%‘pt@flmny variations

are possi bl e as suggeste are known ordi nary skill
in the art andvhapconpagdng draingo Wiilcdht follnwingalyschiptionadsy cohfai N 15 t he scope

of the,inventi it hout. .departin romthe. spirit, thereof, and the

i nven? 9 on F%eéﬁf?giggﬂa%“%‘ﬂ%&ﬁﬁa|a¥ %Béchouﬂﬁgs. ofps prentipm g hepldN OF THE

DRAW NGS  Anél igabnstané silimitiiofto e Qeaped bR iHeaBRAIGH Wit faftRf 4412§S constituting the
20 invention, including the conponents_and operation of nodel systens

provi ded FKEIPlifRRIonof Biefarabl crapdimeniec Sareanbaspedt ofilE inyentiopar ent by
AR e S
speci f i cat prdinary skilbindhd arh Manyrebienget mdanddifidationsnidyae node wWithia ref er ence
T mole "t s oEekE of e apteyRPE Eperhy fomate Betasroh o ca that the
feat ures i inveriondiohelies 11 fobmddidvdtidogs are not necessarily drawn to scale.
FIG | illustrates a bottom perspective view of a multi-port nozzle,
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, Tt 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. ¥ should
- be further noted that the features illustrated in the drawings are not necessarily
drawn to scale,
FIG. 1 iilustrates 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 an enbodi nrent of the invention. 30 FIG 2 illustpates atq
perspective view of a nulti-port nozzle, representing anot heégéﬁﬁéahrﬁms

of the invention. FIG 3 illustrates a sectional view of the nulti-port
nozzl e shwomsmanzkl G 2. 5 23 March 2006 WO 03/ 030228 Righidelz1459 FIG 4
illustrates a top view of a nulti port nozzle, representing yet another
enbodi nent of the invention. FIG 5 illustrates an end view of the nulti
port nozzl e showdlG.® ifhisfatesla top Fletp.of @ nivld-Pért kR SrefteRBG]d yepal view of the
mul ti-port no(éﬁle haw in FIG 5 4 takegégl ong aﬁﬁaﬁﬁgo)%d formed within
the nozzl e, EEFFHRO ofthaInveytegn. 7 | | ustrates a bottom view of the

mul ti-port nozzl BICs B oMRirhbs dilet yibw oF HBmufi Py per spect i ve
view of the nultj-port nozzle _shova/r_? In @?E}ﬁﬁ@ﬁ%@ﬁ%‘%%@ﬁl ustrates a
sectional view oflG: Adlusmates aspesiopalvemydfshemultirportmoAl€Ghowdn Fidken al ong

sectiong |i ng B %?i 18 tr.ate sectional view of the nmulti-port
nozzl e shomﬁtiﬁﬁ&d&? ﬁ)zli#é)lﬁﬁlea Vgﬁﬁn@giﬁzﬁ%sqcﬁ?@l ‘AC “FIG 11 illustrates a
sectional view OFIGt fiélusttésia bototh vivazatiie: mEIEWOrtnbzz1ckBowh & F&, t aken al ong

section ling DD. FIG 12A illustrates an end view of a nozzle or tubular

i nsert, re‘g'r esenting an enbodi nent of the invention. FIG 12B illustrates
a sectional "vi ewiafs iRa:AGRTlhelBaRE vERMIIMELG ndAR ofd F1C 13A
illustrates an _end view of another nozzle or tubdlar i1'nsert, representing
anot her enb®dildeht of the invention. FIG 13B illustrates a sectional view
of thggnozzle i rg: [y . FlG. 14 illustrat a perspective
secti grqal Vi ew oﬁei%}%ﬁgﬁ%@iaf%gﬁa?ﬁ%%z (taher?%?ﬂ’gmzeﬁﬁ%n Gt aken al ong
secti on | i retakenmlongis@tiof iné BIRUst r at es devel op rate as a function of the

di stance fromt %G. 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 Jine A-A. '
' FIG. 15 illustrates develop rate as a fimction 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.



center of the substrate for a devel oper axis offset of 0O nmm égq@es nt | %
an enbodi nent of the invention. FIG 16 illustrates devel op thda 0
function of the distance fromthe 30 center of the substrate for a

devel operwasidionsfset of 5 nm representing another giggadiiRiMe of the
invention. 6 23 March 2006 WD 03/030228 PCT/ US02/31459 FIG 17 illustrates
devel op rate as a function of the distance fromthe center of the

substrate for afd@.\/ﬂ'iﬂﬁ)@%te@&»%} ‘}Eti%talﬁfmﬁ%go?med{sgmz GiteNg yet  anot her
eve

enbodi nent of the invention. illustrates op rate as a function

of the di st&HEECFthomMbsire fora desisloper agsis offis of Uibey, sepessénting getdevel oper axi s
of fset of 20, ng&m@g@h@gﬁv%on.addi tional enbodi ment of the invention.
eve

FI GS. 19A-19D | tTustrate op rate as a function of spatial position on
t he substrate fdlGaidinbthippdevelanirde ofdf fandtionbf Dadistahedf@s@pt i ng an

enbodi gent of i nyention. 10 FI GS. A- illustrate develop rate as a
functi gﬁ ofc(g%tfi%‘%ﬁléﬁs%%?%‘i%f)ﬁdw lopgraXis o %PE&B@W@PT%GI’@B&@} oper axis of fset
of 5nm r epdéisiond! emBodinaiiRehe ieRQAl ment of the invention. FIGS. 21A-21D
illustrate develﬁsrate as_a function of spatial position on the substrate

for a devel oper Fi3-49611PDalusypic sovriap rrie ss @ Swationmy syasial positioher 15
enbodi ment oﬁfthééﬁﬁst!a{bvi‘éﬁé&é?)@}opé:ﬂa@oﬁ?e?@f Q?fg%xlg@gégaéne develop rate as a

function of spatial position on the subs a devel oper axis offset

of 20mm r eépwbediment ofghecinveatidi.t i onal  enbodi ment of the invention. FIG 23

is a bgttomvie ti port npzzle formed with gas aorifices 20 that
eni t lg(‘r?essuri zegkfcggag&%%wgs}gﬁlsg@efiﬁve Op datp éﬁj@PFtEﬂ’i‘ o £p 888%Hnt ani nati on of
di spensed ih tietkabsat furwdevtioper adk bkt bS] refrbsthie MombNe nozzl e bottom
surface. FI % 24-25 are top views of nulti-port nozzles having three inlet
openi ngs f H’é"ﬁ‘@ﬁh@hrface of the nozzle for processing of

different sizeghomdes »$8b%isk-atL 8 {?Sﬁ” - o si.de views of another
mul ti port nozzle that my SFror n%’gloé?%tgg or e%‘%ﬁ?%‘%é‘%p?flﬁ?% openi ngs at an
end sur f acen 8t shsiatedortaalgyeloper axis offset of 10mm, representing yet another

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-contanination of
dispensed fluids and unwanted collection of fluids on the nozzle botfom 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.

7



whi ch may be capped or plugged for channeling dispensed |iqui
conpressed gas. FIGS. 27-31 are cross-sectional views of the

nozzle showmn in 30 FIG 23 taken along section lines A-A through E-E,

33 NiAtch 2006

respecti webyssbhés 32 is a perspective view of the nozghgisedmye in FIG 23.
FIG 33 is asinplified side view of a robot arm assenbly that may.

or novenent and support of the various nozzles provided herein. 7
23 March 2006 WO 03/ 030228 PCT/ US02/ 31459 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The various.features and advantages of the invention are

expl ai ned rAFBAILED DESERIBRION OF THE ENEEMIION the il lustrative enmbodi nents

sel ected f

shown in t

he 5 a I i NQsS. al l,. be under st ood t hat
descri ptions of %ﬁéf’%ﬁ%@%&# Sg{(;)%%&gﬁeﬁﬂgéé)%tﬂégﬁ?n&%@?leﬁaﬁ{n@iﬁ‘flﬁeques are
onitted so felly whdw tith taferee 3 the illugtratiod sabodmémestioneniieon in detail. FIG 1
illustgates an enhodi nent of t i nyention that provides a liquid dispense
5 g okt ) e e

nozzl e

100 FEFPETEN
have a maxicompanshdahd fRGYhERANQR fe bl sb 0%t IRmbQs@ri

taeidhat gescripfiqus offwell k¥Rl e 100 10 may

ck face equal to

the radius of a sem conductor substrate wafer receiving the dispensed
fluid As whicHredhsiavenjigpindetadhs of the invention described herein, the

ot hetd Qs 8l JRRILANPo Yo NGO R St RS modi fi ed for

wi dt h and
parti cul ar

appl 1 cations. € nozz Ry I'nc

main arm 110

“having a 18ispénse adzzieyt 00 forclispehsings salgleghanisay find. Thyssdzieqad axis with
respe% to_a bottom face é‘ﬁS of td nogzlg 1%8. An inlet manifold 130
recei ves aff ¥ AR PIIRE, VEREPHE FrLd ontdage . A 143 Back {356t ed ¢ hr ough the
nozzl e andcqil @ the f8ubf N@mdednBictorsdhsRate Mkt Alcbit o e B4tded s 101. In this
,. the outlets 101 are shown to align Iinearly across the wi dth

enbodi nent

of the mai Auidr dys ity othes yargligrs el dre inveationodepgribed berempthe widtwandt he di spensed

waf er. As

fluid ' i 4l | i f.th
suglh, Eﬁecﬁﬁg%rffgb%wg%\eﬁf?kg D%Zr%?@rl%}aﬂr?dn é@é&tfafo@ﬁ% a%)t ieon of the

fluid, whi

spplitaionsl eTlel roazle §OF tey asodpdbdecahiinasn i B) imvinguci al

requi renent for

i mproyed criti.cal. dipmension.(CD) control.. Jt shall he understood that the
cont eﬁf orpflu'f%fya%fcfﬁf“‘taéém?%]ﬁ %W@&#%SW?S%WO& Eom &5 odi ment s of the
25 inventi o1f drale tezia ppd.i A6l inld Glabittas 130 RcdA bR kit IR RIMtnPT Ocessi ng of

m cr o-

20

25

30

fluid is then distributed through the nozzle and onfo a rotating wafer via a
plurality of outlets 101. In this embodiment, the outlets 101 are shown to align
lincarly across the width of the main arm 110. The width of the nozzle 100
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
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
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 inferconnected hardware elements or subsystems to perform



structures or microel ectronic structures. These structures ar yp| caII
etched and formed whereby deposited pol yners of interest na Mareh2
masks to shield portions of the structures that are to remain at | east

| argel y uwpabiieeied by the etchant. The pol ymers t hat P@@msmlm devel oped
can be negative and/or 30 positive photoresists. The invention can al so
utilize data processing net hods that transform signals that characterize

the state qtentjﬁmataswha@r iRPHS B0 A% or bl B WA Rof ﬂ%‘d% ete

i nt erconnect ed hardware el e nts syst ens per 23 March 2006
WD 03/ 030228ePCT/ US02/ 31459 certain functions such as rep05| tioning the

nozzl e or chang sho anot her enbodi nent
of the present :Fﬁe%gtﬂsvg%%?v?me %n&@f‘n&f{ﬁﬁﬂb %Tef‘?ﬂﬁnlve%? Bzzl e 200 having an
i nt ake manipiatidbs E&ﬁllti-port nexzkzi 200 gy @hﬁtﬁlﬂimﬁiﬂﬁl@ﬁﬁfﬁﬁe&eﬁw&igds havi ng

dlstlnt ch stries intake manifold 230  may be formed with an intake
partit §§g@ PBG%WQ%‘%I’BY’H@ W@hﬁﬁﬁm%cmﬁ&mﬂa@f 0 ean(s) entering

"nto the fb@'f&imeﬁ‘ﬁtﬁ'aﬁ(ﬁ{tﬂ&pfaﬂtﬂblgﬁsrtggégagbge r'difilie théfg%mgd maybe thus

distri buted between a first arm 210 and ond arm Each arm 210 and
220 nmay havidstrgamés) ﬁmnn@ﬁntpd@rmand@lﬂ araemgdzﬂmdt&ouﬁh@mdt ets 10 301 (as

shown in F mﬁh%@,@,@@%ﬁgﬁ%ﬁ lﬁrstat' %?P. V\/m ch t?g%nozzl e 200 is

sel ect ed. he noz ave a W nt face 205 and

a back fac@afétmmlmt)(andwlda)dtwbedlsmfctﬁl&ﬂhﬁﬂraﬁ*a@gemﬁtﬁifouﬂe&er eby al | owi ng
ole_wafer.in one full rotation of the

th f d
vvat? er. % Isér)gg&gtjaf @OQU‘IWE&%S\égeP &P the aRplisptiander wsytheneraly 280 owi ng t he i nl et
15 mani f ol & s2BEedeTiRohosiIY DotEslay Asofadd @ﬁﬁiﬁh b{ett«é‘e?;]ed ﬁlcglt i’a\éé;zﬁg'aﬂa ds which may

ui

have distinct chem stries such as devel opin el oni zed wat er
(D). The 2pakipqeicgpal iaibe diapetseef asibstatepyafers Pl@bmdlqwmgﬂne inl et manifold

230. FIG g & | in ne fluid streaminto a
first inlet Sc anne‘1I 8%}1: We 1£| r‘gst?lJ ﬁg,ﬁluq (%ﬂge‘ﬁaf?hcl udes a bend 342
t hat nerges w tEiGaBtsas@ss{sedtiohzﬂwie%ftmsmzﬂemo showihigithe i3S in the first arm
210. T ni. 30 fluid str nto a second inlet
channgl 36 ﬁcﬁ‘égzé@%g’ﬁgy lﬂtitt’??ﬁ%% eCaEIW qfﬁ’é‘ist}’glé@lﬁayﬁ@ﬁ?j 362 that merges
with a SeCdlﬁtthctcﬁwhwﬁeslsﬁ&ﬂd{sfde&@%mgﬂtﬁdﬁd&ﬁfb&&@dWﬁt'éf'i!Da?%ePr eferably, the
bottom face 380 of the nozzle 200 are aligned linearly

outlets 301 o
across th ep%ﬁltﬂ’t‘ﬁ 3grdrvidea thedhnd dreorppin she inlstiopanifld 2300 FGdeshows
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 gnides 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, Prefterably, 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 duting 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.



25 arrangenents are possible and will be further described hetein. Th
configuration of the nozzle 200 thus accommpdates the use of égdﬂaﬂﬂﬂgiumﬁ
devel oper fluid chem stries with tenperature control w thout any cross
cont am navo esmnsohzs i ng di spensi ng. The nozzl e 200 may bechaweysRiseadapted to
all ow for deionized water dispensing together with or separately from 30
devel oping fluid dispensing. It shall be understood that the nozzle 200 or
simlar variati gnipsieefealiR)eRiS o B dspiceof @t ﬁﬁeﬂﬂ&ﬁ% fatgidgl e or dual
chem stry version of the developer flurd. 9 23 March 2006 WO 03/ 030228
PCT/ US02/ 3 1apoeapen fagesracaerated with thea@ozzlds dpteings signifibangly seslpesdtas of t he
invention i t | 103 ith the nozzles herein
is signifié%%%@gﬁ$%%ﬁlgﬂﬂgg&g%gﬁg%?%%&ggpgﬁgﬁég%@gﬂﬁﬁe nozzl e due at | east
in part to charscterislic brmabme. Tiehradweed ismhc tforce Bmotablydmportafhfer r educed i npact

force ks naotahl y.{ nport ant r 5 smaller CDsizes that tend to have high

faspectsrat i° aﬁegm%?eﬁmag{éﬁ%{?g@vﬂf@ﬁw _WQF&B?EQEESRB%Q“@M col | apse due to
i npact of thkefabld kdlpatBHRATAHRE Bicto Bhpachifshe iy CBhbARnERYorRiSO Si mul t aneousl y
reduce inpact forces for the devel oper fluids and the deionized water. The

i npi ngenentlvesenduaygio SupyHBRtously eedbesimpens forpgsdersbe davalppisdluidser ef or e
mnimzed i A al-eld.a -mﬁﬁ; pahd i | ler feature sizes
with rel at ?{i}gflﬁsaﬂlgngl edrvwﬁr'e?hgt argg@%gg&gr ovi gé@hﬁ@eé%ﬁgo s alternatives
known i n t peecess may bn Gictedore siigmized emsntingatretistlamethod of fagterminlst i - port  nozzl es
el S e Rt 45 PG AR AR PR B S PO | ove
liquid del eNeunaivesichoth i the bt ABhé aipaifichrt bitvaafagd BBESmAMIJot POrt nozzl es

ensure 15 bet L?eé overal | pr.ocess conpliance for mechani cal process
vari abl es QIS hereinp that theyducreasmproggssiatitnde whenusedrbelie. Yet anot her added

advant age gispubkide devadnd Hisd ad ' ' Dot ent. i o reduce the total
devel op prqgﬁé?sﬂs _?i me \l/j\%q_e #&%%%W%Sé&gg%%q}%lg%@%&e | as good defect
and parti cheuipdelverymaddisibmia capability afthesatmedti-porohiveles entredi nent of t he

i nvenid on I lti-..20 port nozz] e 400 di spense either one or
t wo eslvel otp’)éi&ﬁé\@fe ?Jll}ipg%cgysé:ﬁﬂlpg?me g‘)éf’%?ﬁ‘il%ai RXB‘F@%‘@%@S WG}EQSI SB400 preferably
di spenses #peed efliddispegsifd tated Yet @pthetRidodidvattay@ireFiddytdigt al | di spensing

may be acconpl.i shed by positioning the nozzle 400 in just one position
over a sub@¥ILeRISag pateniial tg gedycsbptofy devglop process time while

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. Tt shall be understood that the inlets need not
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nozzl e 400 includes a top surface 425 having three inlets or ielet
mani fol ds for 25. receiving dispensing fluids and/ or deioni zed eh 2Q06
shown in FIG 4, one preferred nozzle arrangenent includes a first inlet
405 for awbiossiozevel oping fluid, a second inlet 410 j@fyddesQy zed water,
and a third inlet 415 for a second developing fluid. Preferably, two or
nore of the inlets are staggered with respect to the top surface 425 to
conserve spaegorabdinaMtgeaed BshiRM@ticH dnd Y i f the nozzle 400.
The first inlet 4?5 may_ be staggered g\rﬁdg?h%?ﬁég&?ﬁ?rgﬁgb%ﬁrgt 415, with the
second i nl et®8s et HE peZzleocat ed and/ or of fset between the first inlet 405

and the third inget s 4Ry k [ d.that the inlets need not 10
23 March 2006 WO 03 ospfzagteﬁ%%l?‘ﬂg%%ﬁg’ggle%fe%é’fhﬁ%hm%begf°‘§‘%e&ggered
confi gur at i @fthantematappdolipshonu sabaradchambérs et conegirtdse Wih &he nozzle. FIG 5
shows an en face 520.0f .the head 420 whi ch maybe formed w th internal
mani f ol ds sg%%diﬁoggg%%af:éaf@ﬁg#g%%w? c indavidassiSgh or 5 correspond to
each of thepiefirablysinctintee firft nfahiBold 405 FBReERdn SHHAGERAGimRe! er abl y

505 nerged _or in comunication wth the first

includesafir‘?lf?r%nif@lg ! . _

inlet 405 f gt st ipxihe fest drvslopimg fnidys spcond radfohts IPamiybel d 510 may be

mer ged W t hplefagd RS Rded : 11QNk 7€, ter. and a.third manifold
515 may bemnllegr&bed Wi ?ﬁdo%%ﬁt%?@%}?%?@%H%ﬁagg%ée%%ﬁﬁdﬁéel opi ng fl uid.
Each of 10 mARbaraeresdowidstherthirdiinlel 414 dora ss@nil develtpirpuid rERRee t ubul ar

i nser ti 6504001, G qE SR liguid fromea espective nanifold. To

furt her redt&%\@a]t%%éds |n§ﬂ§%oansgg%sf°c%t°ﬂ%°rﬁ%°ﬁ }la{%gerﬁrﬁﬂﬁ’h@hof t he mani f ol ds
may be st agdjspeass ligiid Hronr @8k fspective RALHORN TblTafhapdanssimt he end surface 520.
Preferably, .the.fir 0 510 is centrally located on the end face

manj fol d
520, with tfiEeEny ?r’é???ifeoﬁ"@ o Jprepfdhemmanidelds snardaistaggetedstith synnnet rical |y
di str i but echepor®d bbbl ik B bbb BRI, ORI Rdcangul ar fashion
£ 0 e 1 men

as shown. Accordingly, another aspect ion tes to the
st agger i ng -Bf 1§9sairgdlydecateriop thefenddack P with thecdsiecond infanifold 510 B@ st aggeri ng t he

wor Ki 1 uheh FBRk . Pkl nci.pl.e, axes of, t ni folds can be
br ougE'tg cl (L;d%%r toggfilgriwgﬁlc%}uﬁ%n@}?%mﬁg Stls Qgg}e%ftf@ﬂlfﬂfl a non 20
st agger ed, b trimgsias Gshivngs howhi gudordingdy) a@bthérhepdctidhe Section of their

radi al bores. .The overall width of the nulti-port nozzle thus becomnes
smal | er or ™% 5’5?%%@ S%ﬁ%ﬁ@%@?ﬂffﬁﬁﬂwpﬁwm%ﬁmmul even if there

are only t\BY staggering the working fluid manifolds, the principle axes of the manifolds

| can be brought closer together than would otherwise be permitted by anon-
20 staggered, non-infersecting configuration of the inner section of their radial
bores. The overall width of the multi-port nozzle thus becomes smaller or

- Darrower. 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 515 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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mani f ol ds, especially where the volunme defined by the extent of the
manifold is increased due to the functional requirenents of £8aMarch 2006
pressure equalization 25 anong the ports. FIG 6 is a cross-sectional view

of the nowoplogodeersd 420 showmn in FIG 4 that is cut alﬂpgustﬂggzuggongitudi nal
| ength 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 680oahanivlial Bidds 68 et hivingHnSlobHoh BEFafan WhchldferdiNi 1 d_mani fol d

515 is preferably identical tot I rst and/or secon mani f ol ds 505 and
510, and wi$%. Beelerehly, thajnidrriahend 668 pbeachimbulat ingest G50 priemdsnt at i ve of t hese

mani fold e | Liiled Wt pect .to the third manifold
515, each [H?&t cg%fgltée? 6@?@%@@#%@@?@@@%@%3@8%@ ude one 11 23
March 2006 will @3mG802FRidRaftbisMR tididhaifld 315 mell hetlkdintnltRser t s 650 each
havi ng-.an internal ~end 660 .and.an externgl end 655. Preferably, the
i nt er nal e&aveg%’gtg%ﬂmgﬁ@ﬂplfe&lm&'ﬁ’rtﬂ?ﬁ’é’éﬁ%amé‘@és&%’@ﬁ%ﬂ?hetﬂh@?fance or hei ght
i nternal |y theingrdaDendidaor ds B@:ﬂitﬁ@in@enﬁléncﬁ}@@%%alg%ﬂr{e{a%s@ﬁ:@' fold wall or

W

surface. Fluid entering the third manifold not drain unless the 5

| evel of tAevirg adepte defised Semihainiemal ¢nd 660 pf the tvhmliaf inbealt 650%0 exceeds t he

hei ght of N . the internal.e 660 may define
a reservoir Hﬁ%w ng&gg‘g—éaﬁﬁ“gg?lthﬁé%@?%%ethﬁl@gﬁ(’rﬁﬁéerlﬁgfm ??gd%%o of the

t ubul ar i ngrAytalse He uted tamaintirt thestatioprésshrd withinftRe®ir 6bnifdla 61Hi s manner, the
hei ght, of the.internal .end 6 may al sqQ. be used to _maintain the static
pregstore vmcfnhslt%p?rhe@uﬁﬁ‘f“ﬁaeﬁ%ﬁ?%f%? TEFIRPIGIRE Bt 0. dbtial with respect to
the corr espoiatdalgds 635 of tHeGhsdHinibed £50 md) Bewdt bOEAPbe ¢655 of the insert

t ubes 650 rr% Il i kewi se extend beyond tthe bottom surface 680 of the nozzle

400. The t GpftAm, pur et theggzzled®. n maybe formed to provide_a very snooth
internal surfacepd arrﬁ‘xs@ft%%%%reﬂ{lpgﬂe% dﬁog%rf%%§§;y§%v$QM| ch may

otherwise 15 msdirect a stream of “devel opin i oni zed wat er.
The snoot hinamdl gengact thet winbmizes oricliméntesuffad flawy which eagotietvisdie sucki ng back

of b l es_si.nce the liquid-aig interface within the tubular inserts may
be cgfr?? rol fnzgg@gfﬁég?agb?ﬁdgﬁloP]l?gé‘ﬂflﬁ‘g iepized wier, 1hg sgeoth g adi al  edges
bot h i nsi dehetiktmlambisérts@sd smag o @vtis itd Bucky bhéleomaBRbEimiseh reduce the area
of the tub Iaé jnserts that may contact the 20 fluids passing through.

Thi's enabl 8814-AE IigAs¢ within dhe tbular dnsgripmesphecestrolled. The tubular
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 streams 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 sireams being pulled fogether on the bottom surface 680.

25 As with other embodiments described herein, this single multi-port
nozzle may thus dispense two develop fiuids 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 chernistry rows are preferably placed 5 mm offset

because process data discussed further below indicates that 2 5 mm develop
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associated wth fluid streans of devel oping fluids and/or deiqnized

that contact conduits, such as fluid clinging or other probl g%’sﬁﬁ{ﬁr}'ﬁéﬁé@e
streans to pull of center. The external ends 655 al so extend sufficiently
beyond t hwonsemk:m 400 to hel p avoid streans being pul p@tydoeather on the
bottom surface 680. 25 As with other enbodi nents described herein, this
single multi port nozzle may thus di spense two devel op fluids having

di stinct cnﬂemfstrzbﬁ%t' Ses Prosks PRl IFRhGBIALCHS Aisp&Ge MRds@hn (D) chenistry
through rows of holes that are strategically placed so that all dispensing

can be donéndpderpressst-in dibgs ik sualbidingeads. Fhesewe ey larskiwgauelities Thi s al | ows the
use of a r%g{defﬁﬁés'tﬁb[‘?gfo LUARA O ARG edﬁ?#xio%efrélﬁ{% drain |ocation
on. ng  co

to a single dispense catl sefvo position ntrol is further
requi red. THosucetlmbwoild hiddves liqed teclingr Ady fiquid clingge avthisHottoment i re waf er.

The deyel oper, chemistry rows are pr.eferabl | ace mm of f.set because
procesgs/ daﬁ&‘@ﬁ‘*&%ﬁ%é‘g@?@?ﬂ@?mﬁ%nB’REF‘ﬁ%}”ég‘[‘%é’“ﬁﬁ‘g?éae%ﬁ Hevel op 12 23
Mar ch 2006 MOkASWH HRA 2SI BOTGEN 13 békIn EREFHEsiMacldr §RtnokAMDT OVES process.
results. Furthernore, the dispense holes can include pressed-in tubes with

smal | radi 87 EREWOPHEARS tajdn B0 enesdetivelilagerarameShis gt behese tubes t hat
provide benglebiafly plohlefihtic B io bAala y 8 ishlo Qukilid flelyghy  no surface

that would allow tquidto cling. I qul Inglng a his bottom5
surface of therdifferentchemistzies erdibsheadi Sprond,ifompisg the tus tipowitteragial | ed of f center.

It isq,alsq.known that.residuyal Liquid on the bgttom harizontal surface of
the nbzzl e%d%ezsiﬁr %’%{dﬁ’saég”tl fe&?eﬁa%%l%’e% gﬁﬁvﬁ HEnTge q,rgyr%cp y |arger
stream Thissbstaatialyelimbitie abatativnsihia blag@aist Guidelingihg, Tngesdrdll i cal that there
is no cont am_?ﬂa}g on bea&;;ween the different. chemistries on the head. Second,
formng t &3S e aReratiopsan gpuse sireaig dasbegpisdipreted. BUgh t h pressed-in

t ubes, alIaﬁ@masaﬁ&ué%ﬁwn&??ﬁnmﬁﬁﬁggggmp%ﬁaﬁﬂt%tcaaﬁi& ly elimnates

aberrations that may cause _ n general, ni scul e surface
aber r at i ondrymgrand soniemivationa The tlmnpeofisiddigback sbubbRdstiies surfaces al so cause

unco ol | 1. O N alelNy] igh can lead t hem,st drying and

cont gfnil’ nat ﬁ%rr]‘lfas%%& 8@&% @%gr%egﬁf%%a%ealéwegc%ﬁr@@é%p}eﬁﬂy 15 decreased

si nce t hi sbbregusitlerBiniaybatiagdetedeo siaps ninsoffiRt df devslbgeptdird. The pl enum bore
positions ed to, allow 5 nm of fset, of devel oper to be

maybe st agger
mai nt ai nedmﬁﬁ’g‘f”ﬁi‘il% f‘W‘f CERAPEY oS B fd -Sdh Wdahed; Allliglege head. Al hol es
may be Str ek Sihdgikaly ARGH aBh RSy RASLRIR fesl SPERARB Nead. 1t shal | 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 stag;gered 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 dejonized 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

geomeﬁ'y of outlets that are arranged to provide an optimal spatial liquid flow
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understood that these configurations and dinensions may be nodifijed fo
particul ar applications in accordance with the invention. Fl G§37|\/|%"‘3L éo&g
illustrates a preferred arrangenent of outlets formed along the bottom
surface 680 oah30tdse nozzl e 400. The outlets nmay be arran@aekoksngarly as
shown or staggered to reduce the anount of space occupied or to conserve
real estate. As shown it this enbodi nent of the invention, a center row
710 of 25 outdvettik mifkhidi inBY T i i nds may be
connected to_or, |ead f%drin@?hg sgg%%’?ﬁkgwgﬁ%ﬁg%&%%cglﬁ@tgé?fgute dei oni zed
wat er over &$FVElARGdesist plrushireer simetuves byitedvoing impads fives ofiteslihid Addi ti onal rows

705 and 71 : fi i.f old 505 and th
t hi rgnmani %gﬁge g%hﬁ% @g]pg%ﬁlgg%lgﬁ}%gkngﬁlg%g?‘%g%ﬁhﬁr%&%@ﬁ%h@gﬂ%nd pr gper ;b?y

ijo, _devgl dpiahlgast pngiod sioreAsf pas i]:mmeﬂ_ imultearolzﬁgrbm@i Tﬁ@ﬁﬁerf%fcaﬁbéﬁ_ i nvengi I0_n
escri be i, t esiagn ,of this ti-port nozzle achieves delivery
of bot de\%{%gg?‘mf'l{éﬁidg]%h% a&%\”(‘fﬂ%‘é‘&”ﬁﬁ@@’?é@m&hb% ymer |ayer to be

devel oped alynanis)wish regieet.to ﬁ&@vdﬂﬁﬁ%ﬂ@id@f&!h&lﬁh %ddﬂfoﬁﬂw, {h%s of outlets that
spatial liquid flow 13 23 March 2006 WO

are arranged to praqvide an optinmg .

03/ 030228 ﬁeﬁ%’gﬁgﬁvbﬁmtqfélﬁeenwwnﬁiudw@@m@rtahamg'ex@pndame i nvention

further helypg; - resjst-structure or
pBRioR BB e ARMSEy Aleer i BYEh BRF e IE31a3 | 1R

structures b% reddci ng 1 nmpact n e film The

mul ti - port SKigesi¢recaphgotisenvedigiternadiy mherebythe irsartscextend it M6 mit@sgrts in at

| eastypne - r arts red in.the nozzl e body. The inserts can be 5
nmade of a ?Téﬁl%giogﬁhghqgttmﬂfghg Tﬁ%\ﬁf%’ﬁé"f“ﬁ P 506?"031%‘%/%@"??%113{1& ther static or
dynani c) wiihbrebptip éstristentchiBeyond tHem@iidh Uf e BddyloftieMBZAs €An Addi ti onal Iy,

this descr%bed enbodi nﬁl of the invention includes such inserts having
extended POPFRERY ¢ @Vgﬁ?ﬁ ¢ Heetigntemally brypndiidie Beazle boilnisimi ch t hey are

| ocat ed. Thérmit tRX@RB] QMhifoto MEnBBS & a}{l%?heig{{hﬁi%%dl}t%geryoirys@%%gby the inserts

extend into the interior 10 regions o Tani d. " The extensions
can be al s#fyctinpgrigpdiraion ofstatié prpssumhethabspettiiethic sy t4t thxt end beyond t he

bottgm of [ he zle. An. advantage. of extending the inserts
internally a%geyt%gégx? %J(‘a’mfﬁ'zq?g}és%cg?ﬁfﬁgmﬁfge @F\%ﬁ?st“h@w?’??@ ernal manifold to
functi on asccemulation e qesalnblradking Sietd\ithe dxbtaebottontdul8&d dofge an equal i zati on
of static pressure with respect to the ports. At the 15 sane tinme, an

Sspea Gof e i
advant age B¥#ExPY ri‘?:ﬁ\?c??ﬁjhsfaﬁ HEperatianal altempty tp mikgatesugh ovidmal  accunul at i on
of resi duadccumilitioddyrévietstheQRe % B tha! HedsuB®) IRV S Mk 358 of the

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. Fach of the first, second,
and third plurality of tubular inserts 650A-C preferably extend inwards into the

14



nozzl e body notw t hstandi ng any operational attenpts to mti such
residual accumul ation by reversing the working fluid pressu%ﬁéa’a&hm

suck-back. FIG 8 illustrates a perspective view of the nozzle 400

I ncor por avo mep30229 st aggered or offset inlets 405, 410 paiaiséelassoThe nozzl e
400 may al so be configured to be received by a pivotable nmounting brackets
on a first longitudinal end 820 for securing the nozzle to an armor stand

above a sutespecicfirapdeesnd, iiﬂ&hi@&&rhﬁ:lds%@,'ﬁ@aﬁ@ﬂl@fsb‘ﬂﬁ#ﬁleﬁ{%ﬁﬁgcf‘ﬁ wth a

preferred vertical height extending fromthe top surface 5 to the bottom
surface of TIESIORLPROS-C oneach grogpef thbufw lipdedefinoateserieit withéher espect i ve

di mensi ons gj eBﬂE:h' &indRdniphner ' . lLnvent. may vary in
accordance V\nn:t h thegsel ec‘%yeagheggg@g’gg&lac%%g&&é%é%@%ﬁ’?ﬁﬂ G 9is a
cr oss- sect i Hirabl0and i bmay breindiviindity séOfy thakegth of thegspdctiesinkardB of FIG 4.

The nozzle wh_incl udes the first. manjfold 505 coupled to a 30
first plur a&?ét%f/ﬁo éﬁltag% Sadrésﬁr}rﬂ’g‘i’r“t e%@ﬂ?aﬂmtm&%gﬂf“ﬂl d 510 is

| i kewi se cogiHGSt2-B).second plurality of tubular inserts 650B, and the
third manifold E‘i(?l IS c%ggl ed to,a third plurali t(%/ of tubular inserts
650C. Each of t K si0igquothererasscpections] yiavnelites noede 400 talpencflongubul ar i nsert s
650A- C pr efigieabl(yofPit:ef dedch g Gy P - DtARQ6 WO 03/030228
PCT/ US02131454 respect i ve f rs?%ygeg%ﬁga%%%%aﬁﬁqlw%ﬁaggl ds 505, 510 and

515 so t hat¥SEgeng ehapareichampersassocinted 660 AoBmaticatinn wilrep famee 4 ubul ar inserts

defingga r LY Q) ] the . rrespondi I fol ds. The height of each
reserS%i r Wt ﬁ?ﬁic%ﬁe\gﬁe%g‘fﬁx{%%}l%g& %%?W%Tﬁgnﬁ‘?glf@mﬂﬁ@ #ndi vi dual |y set by
the | engt h colipltdie thedigamhifvid Sonwethd figst e1éteRSAHRPTBERA e @Eg descri bed in the

acconpanyi ng text an I gures. below (see FIGS, 12-13). FIG 10 is another
cross-secti ‘ﬁtéil%ﬁcgyﬁ t0?¢f‘£ﬁ%§lﬂ@@é Withethird indat gharen#@15C- C of FIG 4.

Each inl et mchbﬁi]ﬁgﬁtﬂaiclﬁiotlﬁhy%sm ilmﬁﬂd%édte#%i}@# %ﬁ%ﬁﬁfth%y ng one or nore

chanbers associ ated or in cofmmunicati g a 10 part of each
respect i ve pEAH Yody 81 beieen padwubstantiallyparaly] totthefissi matifoldh$0stand05 i s coupl ed

to t i1 gle RN 5 Wik D L Fst Jdnl et chanmber, 1005, and the third

i nl e?§415 ?ﬁse coup'Lg%ﬁtsggt ﬁéﬂlﬁﬁ(&&%ﬁﬁ%ﬁ@éﬁ%&“ M4y B8 %8HAr d i nl et chanber
1015.  Thepesitioadinthrrckzk Hodytd provideal i fattived fsiEe 1R termned length of
11 p patiwag S Qe

dispensed liquids leading from their respective manifolds and out of the nozzle
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 comnected 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 strears 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. 124, the tubular insert 650A. may include a
substantially round cross-section 1210A, Other embodiments of the invention
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nozzl e body in between and substantially parallel to the fi rs& %nif@ﬂla 385
and 15 the third manifold 515. A plurality of tubular inserts 8gyar

again positioned in the nozzle body to provide a fluid pathway for the

del i very wbos/diospensed |iquids | eading fromtheir respaghigygsgani fol ds and
out of the nozzle 400. FIG 11 is yet another cross-sectional view of the
nozzl e 400 taken along 20 lines DD of FIG 4. As with the other inlets

and mani f ol bsveveBaFeconted vﬂ{habnéﬂv&ﬂﬂ&Yosgl@ecﬁeﬁwlneﬂdﬁ%s Wl gsecond mani fol d
510 as shown vvitg a second inlet chanber 1010. It shall be understood

however t haPl¥fopalecametses. daserishayinethese andpikaeconfigurationsicac beide addi ti onal

i nl ets coupdef@iel : ] ]H&Q_-q' ' sim | ar
configurations .eas ﬁ%ﬁn%&%@%ﬁ&%@% gmay g{e&%’g‘fscoﬁ%@%@&gggai n wth

cor r espondi #rgY intetativelyi parslel streafis of higvidwhieh dasotwilistntiliyanterfstt ews of this
enbodi ent g | bon, F . S ovi de not her  perspective of

t he tugﬁl ar&ﬁhn%gg?gl@%%%“g%Q‘ﬁegfl%oﬁhjg??ﬂf“ﬁ?énﬁﬁ‘?? Berhesse 680 of the
nozzl e 400 byeitherahelverticibpatitiog of e nhi&dd Gt feiathditkh bulLSEet oF €NMMing from the

rows of tubtglglrﬁ%g erts for each of the different manifolds. 30 FIGS. 12A-B
i 11 ustrate BrdeE Hestithegeseor defined by thpsiaienabeg #60kofthe may be used with

the mul ti - pdlar MeeA! BRG.11PBAERREANESarth, | ‘ﬁ%ﬁ 9 the invention. As
shown by FIG 12A, the tubular insera%r 6%%%%3% E}el%f g?%lly substantial ly

round cr osshertcs height formapifoldsihnbare clobm dlicrhotivm sufface 680 ofmpazle on 15 23 Mar ch

2006 03/ gﬁ( 1/ h ver. na f d w th non-circular
cr ossygect @ﬁg&ﬁ%ﬁg} udi %’%{s@ég?i“ro%%%eo%‘éﬁﬁﬂﬂ?ﬁ%éwwFhés. I nserts having
these and owrel heigitfor fropthtof tirsulada ilsert 65@4 By 8ehid Arp&pbaiAp t he function

del i vering nifold fluids oyt of the nozz|e ody inrelatively parallel
streans of Og?a(f |r§13%ia§:h:h eﬁﬂf““&‘ﬂﬁi@‘ﬂ%ﬁq ngiehtofithpmezale the dssivgdt h each ot her .

Fur t her nor exteinliRexi@iiah bf BF inkQeleidddvaY HoRSEE bothaPAr set by either

the vertical position of the manifold’that retains eftu ular insert or
the desir e@o%pend e desired haight pithe fornied iesrmrviitsywithirea paniomtanal end 660A of the

t ubul I N$EhA1aF . lar .insert 650A having a relatively
shortg{ he?rg(%l%m?blrr&n%%%% o]?%g[\g?%%& %gfpgac?%sseglto ?%65810{6 face 680 of a
nozzl e 10 #B@veinwfthms thiméfoldrelstvelypither boapRbmatic @za0bsthen t hi rd manifol d

515. But the. overall height q gth of this tubular insert 650A may
agai n vary Slggiﬁ%ﬂ%{#l%{he secog(? mam{'olcl E IQJ.

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 relatix}ely longer length than
the insert 650A shown in FIGS. 12A-B. A longer insert may be preferred for 2
25 wmanifold 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 6508 is preferred for a
manifold such as the second manifold 510. The tubular insert 6508 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 tespectively by FIGS.
12B and 13B.
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on factors such as: the overall dinensions and height of the e
desired external extension of the insert |eading away from tﬁgﬁﬁf@ﬁrﬁbm;
surface of the nozzle, and the desired height of the formed reservoirs

w thin awaodaserkar 15 mani fold. The tubul ar insert 69Mvuseysipe al so used
to define a nore shallow reservoir within a manifold relatively further
away fromthe nozzle bottom surface such as the second manifold 510. FIGS.

13A-B i |l ustrat ges 1@5‘%&%@0&0&&&%@&0&1@@%@%o‘f"fhbﬁbzz[@f"w{)b?he' ncorporated into
t he di spense nozzl e heads herein. wi th previous described 20

‘embodi nent SirgfinletdSiand ta sécond mkhélot%woafﬂl in prseff-centB oBstrgEgredine | ude a
substanti a'a%rﬁneé %iéﬁfjoncthé’t%g S‘%?ﬁg.é hﬁnofjfl?ejl%%lﬁﬁ M tnf faG sop3A but may al so be

formed of o apes a mani f o I'nserts descri bed herein.
Furt her nor eucludeb&letﬂmmiaalfolﬂ ﬁ@mﬂtﬁ%&r@ymﬂelﬁleoﬁmmﬂ with a relatively

Ionger | engt h. th |nse t 650 A-B. A longer insert
maybe r ef g‘?@giaﬁf%gf’ Ff[?sﬁ‘iﬁmlf Ao %A@hffr @%ﬂ‘lﬁ@ the nozzl e body that
is relativehpoamiest, dzhcﬁmrbte descHuAN 4 BrRatePAdAIN The kécdrEmPaRbiS10t he bottom
surface of the nozzle with respect to_ the other manifolds therein. As

such, the w&ﬁﬂeaammaﬁdtchasmslm e eelargsd chamber] 410mergepwidh 8uch as t he
second man, g&lﬂe et e a it @fma&a%f&ftﬁé&&nﬂﬁaﬁﬂa%m ”glmf' G 1313 may

al so be use tive eeper reservoir wthin the first 30
mani f ol d 56&oond irfdtehanidier wlnum;ﬂmslseboﬁd'ﬁﬂetMQWahtlmpsbuondhlamcﬁﬂdI e having a

dept h 1.5 in a erts be formed with a

| engt horang‘rﬁlﬁgﬁefq" éﬁﬁﬁa@n@%ﬂ?@ﬁl@ oﬁﬁl’lfﬂ %’ﬁwﬁgﬂﬁ’g as shown
respect i velyd 635 dxkdads bey&zaﬁh@witoﬂrﬁﬁﬁaaeﬁssa?» SiviIa19, tﬁ@ﬁ&nm:ﬁ%@?m 28

PCTI US02/ 31459 FIG 14 is a cross-sectional gerspectlve vi ew of the nozzle

400. The formgp heighti434 gbpve prpventhe seephmanifld botloxpsugiace 66a8whH i n an of f

t th | 400.
The. ond.f asetRgg ek ot ASGRTERm bR pf nsbcBR Rl Slo. 10 HO% Tt ol
510. The sewxeinds Huidal this wdy, bt smalyamionﬁwdﬂ&a,teamajemmimdy for other
mani fpl ds i,n th e ri be eater detail. The
secl)n mnﬁ%q%l%ﬁc%ﬁ%F%Q@da‘ﬁav h%luélégl ¢ bR %glaneﬂtd]f{gﬂo & enl ar gedI

chanber 14iQon®mgeisolds1oh Paior todliccidves efiie Atidk42Rdihg thetimegrt héightr emai nder of the
second manifold 510, The second .inl et chanber 1010 couRll es second inl et

410 with t i30sthedivid forms #1ssegroir within the second manifold 510. Once
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 fo 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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10 510. The tubular inserts 650B extend through the conduits ig hat ﬁ@ﬁJ
exterior end 655 extends beyond the bottom surface 680. Sim [ch 6
interior end 660 forms a height 1430 above or over the second manifold
bott om suwd apee£65 that defines a depth of the reserweirfushpsiged t herein
when the second manifold 510 receives fluid. In this way, fluid such as
dei oni zed water nmay be received 15 through the second inlet 410 and travel

t hr ough th%n&ﬁér%diﬁmage%&{é BfeldpReiuia 85 8NG AR Bitdflo oPr i or to the

| evel of the fluid exceedi he insert height 1430, the fluid fornms a
reservoir #tspAuent iddensbangd mrdhi Thsi el mapsigdlatne rifsedwdh bevel exceeds or

passes abo | -hegl ght 3%l . epter the tubular

i nserts 65%%1%{:&0438%9{%@%9&3?%@ en g%ﬁté}ﬁ%er%ﬁﬁ%nn@ pass through 20 and
out of t he nenitrézingpreeipichtiolbf deee dpingreastant bf lowearihp e suddardbangednf | ui d | et

strea t onar d waf er substrate., The resulti out f| ow,of the nozzle 400
may di spe ﬁﬁ{hﬁ%}mﬂ%ﬁ%@ﬁm&%ﬁ%@%ﬁzm %%‘éﬂmﬁ%?agf‘t&}ﬂo&@flé’ff‘i ne di sbur senent
of  ri nsi ngoliyhnet HyerAAQlshiRiratd GREGlchAke bMRvEANE ALIHAD) échtiii@né ed to met hods
of dispensing 25 develop fluids to mnimze precipitation of devel oping

reactant . THSEatgagthisshargeeidues ey witing steestanortionpdthe nozzl es provi ded
herein. FOP%&;%% d with at 19%! ib]fofﬁﬁ@c\é{?%%gfﬁﬁfe?bdhsftgr mnim zi ng

preci pitat evel opi ng react ant oweri ng a sudden change in pH A
portion of centptklylyeiniinizg e subsequetncsuddenichaimk in/pHteud (3 pédequently substrate with

a ch e of. devel oper fl.yid., The.char 0.of devel.gper fl.uid may be

per mi 0'?ed PBS%@F Pgléfwert‘??ﬁj HEERof aréoghegguﬁo Tg]éé‘fﬂﬂ?tc?lf ﬂ%ﬂ?‘ﬂ?ﬂ Thi i ze a
subsequent nEyHels Hrevbm fdeollipsPbt 2 Jelofd rvdid Eirithie oflshast@aét er be rinsed with
a charge of another fluid. I n another enbodi ment of _the invention, the

initial ch¥Pigt nae bgdyeingpdat leastbireduginges fuldeadange thpReThetymp3 MVar ch 2006 WO
03/ 030228 R . Lt Ifrﬁﬁr devel oper fluid
so as to coﬁéﬁ%ﬁ%%ﬁ%&ﬁﬂ%%%nﬁ%@%%t s'(}%gﬁﬁ%ﬁ%ge in pH The

pol %/nrer rraghaﬁgennn?iw?th?@ecﬁtmmtw tm:cUdes wpaqf@_enqupommnepmt_a{ll ;J! d. | P yet

anot her enpodi ne ipvention far. mininzi recipitation o

dovel Bpi ng Y CRFARE iy of Brdragrie Benler Derant et B Bt e’ 701 P owi ng
steps may grésembioed sefohll, e viRdrOprieftgrbal leds@Rmtapgrofiiatayomopf a pol yner

| ayer on a substrate with a charge of devel oper fluid; (2) contacting the
substrat e §ceHisa TapagaHE c@ErUsHTgoairensh el B yoliepbqnigini capdest a portion of the

termed a step function.
The multi-port nozzle apparatus and systems described herein may be

20 incorporated info 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 fo
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.

18



devel oper fluid with at |east a portion of the charge of buff 0_3as
controllably mnimze a subsequent sudden change in pH, and (%5’ Iﬁaréh 2t0?)6
subsequently 10 rinsing the polymer with a charge of another fluid. This
aspect ofwohmesonwenti on may hel p prevent the col | apse pefrigostasel oped resi st
structure or structures, which may be due in part at |east by reducing a
sudden change in pH The term "sudden" as used herein to characterize a

change in pH nayid® 1998 phRicasuRs ofalHRRIS) ol oR Mol Vit fEPRCt to tine that
i ncludes two inflection points separated 15 by a period of tine of |ess

than appr ot ef § 5110nnd a6 gweiat the same tiasiwhile sersing rerspinadypindxi mat el y 0. 1
second, an%sgg]%?b%g%n% h%sdoerﬁ .“Ilﬂ?%feffgrgl{docﬁit%sﬂie}’%tqg}as seconds. The

nearly congr ence of "two i'on porn anh be terned a step
function. TErat s mn-hadns advere inspaaipmateatlogumienisy sresthed@der i bed herei n may

be 20.incqrporated into, a varjiety.of develop fluid nodules to perform
sel ected %F%B%%él?’ﬁﬂozfz rgffl%wgﬁaﬁlgﬁfﬁe{eoﬁo?mﬁéreﬁ%g@?l PPE@Yo any particul ar
per f or manc develdpdio ahifrmiity a€iha g&ds of tie et Af idlepoi@bBwein 44 preferred
enmbodi nrents_of the invention can be studied ané) identified one at a tine

by testi nglfBrmhid norlergsnwess thsenfera horvenieriand fgrelonittions wetrellel op rate across
the surfaceufhested\theipin 136 S9! wally ihRfack MIHRASHROGEBn. bt ant Lal |y

uni form develop rate be carried out hout™ undue experi nmentati on by
t he use of isthest gppayshiat thednaginaleffsétofh) miPEC  Awnap rate map or spi nni ng

rate st. A spinni.ng .rate.test s perfar to .determne how nuch of f set
bet vvefeoﬁ the cent@F d?@ﬁ%ﬁ?ﬁé%‘%ﬁ%ﬁ%&anﬁ‘éta}’%‘f?%a V&l op stream
coul d be t adserilddemretti aving tideviORBowe bSRARSE a b D nSR 1oy Bat @ Used was to

i ncrease of fset .until e develop uniformty suffered. 1is is inportant
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ts Egu\(\ﬁf ﬁ{)i regggggsso%qv%ﬂh)hu% iQ %%ééngedq e’[‘%lcalge?org,m 0}112 ogen se? ]:)1]; Ifoelés cga]; be5 mm or | ess
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 tob 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 tha 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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devel op non-uniformty at the center of the wafer. At some pojipt, bet
and 10 nm fluid no |longer wets the center of the wafer and gg\MPB@%é
is greatly suppressed. The spin speed of the wafer interacts with the
of f set somewdmdbzzsand i s nost apparent at the margi nalpcafidsegiigef 10 mm 10
A preferred enbodi mrent of the invention includes a nmulti port nozzle as
descri bed herein having three parallel rows of holes in a bar or nozzle

body that ing dbRiIGPARWeB abB Ul foPRE tﬂeseff;é&l{ﬁ'lt}rete&%v 2 d‘Q Lgtely one

substrate wafer radius long. This single nozz C us di spense both
dei oni zed (YDRch mere deminant conpared ol cobirbirdra/b inalp ratesodi dsitleni ng of t he

nozzle. Singe | i t.Ioni .15 a..nozzle a over, the wafer is
typically acc%%%ééﬁfe%%%ﬁﬁ%&mb’n‘@bpﬂépﬁ'ﬁ B%yﬂfﬂa’éty’,‘%f h‘gsrr%e’{ﬁﬁlﬁq be only one
pl acement dilmtapproacize benypletk asprotection, det@opt@dn frends REAFOA §85le0f which fluid is
di spenged.ee'r[heref ore, only one set of holes can be exactly over the center

of the’waf PPt is expected that D di spense should take precedence

| n which di spensedididontd nghitde RRablATSTr hilnhi GLGIRRA 20 nearest the

waf er center. Myreover, the typical develop proces ispenses fluid on a
spi nni ng waradr afigrdeyelapmentuesist removelalifférercepaosase fite wiafariwdref r om r eachi ng t he

center if it.J L Qut. Tests re refore perforned to
determ ne k%%@ggl‘%@ﬁ?%g%‘tcer%tt&%h és\/nel?aggeﬁe%tﬁ\gﬁ%' %ﬁﬁq"ﬁﬁﬁ’és bef ore devel op
rate unif deakinegsuasribisknessag 1 wa dtervidsacedss mmﬁtmmf@r@mmahi cal ly,

ensed at fixed,offsets of 0, 5, 10 and 20 mm

devel goper fh)pé 125.W6)S di s . _
from the cé ‘ocptinng), 83 2 prachics] mpttes gnly the thicknessahbecomes of1Ho varied, as the
di f f er ence ekds@@Holds WegRlsed OF A8 calGRatlotls iMhRhah. ‘Ph%ﬁhs&lﬂa centering offset

to affect devel oper reaching the center of the wafer. Speeds of 60, 600,
1200 ( st an@bgEstry, JR¥K 92 swipreqsss wise wsed & dbe tResf Ehe davelop ek @8s  19A- 22D, a

sub- devel op,hehn Vg@ﬁlIﬁ%\%?]%ﬁttﬁﬁgg?%vg@pEalg‘?érfrl\g%eg%e&dgveI op quality for

several reasons i nc}&ﬁdl ng: line width
measur enmenpsferied pobodinast oftheaorsswisuisédfor idvelopldispensyi Biwhs or E  neasur enent,

and i Iessd.s bj egtﬁfi:ve t han F[ nmeasur rrent;ﬂg_S) the entire wafer area can
be used, af 3'6%%&055’ ¢gtermygsh e EIY’E%?VQ’E@GF@E% Hlsgvateg math 0 offeet h exposures 19
23 March 2808 46 435030 288pRAB JIA0R oA WA APYELAPyAt e vel | above

ec nuc

those for B, the ef of the devel op process Is nore dom nant
compar ed t Sortpreddime 9.5 ta B seconsis.d Ehedxppsuredase used olas 2mlbdre (BSWi ng cur ve,

Mcroscan yat %Ho&nﬂzﬂél{r 8"‘5[13l .dﬂf/mﬁ?%hg H‘i:‘}‘ef%gg ﬂc)@me%r%as se tc;[ he resi st
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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fil mapproaches conpl ete deprotection, devel opnent trends tow&gﬂwa i 5
etch process. In addition to the qualitative nmeasure of col or A

across the wafer after devel opnment, resist renoval differences across the
waf er wergy ofigelsi fied with | PEC Acumap thi ckness neasighRigBiHi4pyst em

Al t hough this tool neasures thickness at 1 mmintervals across the entire
wafer (greater than 10 30,000 | ocations), as a practical nmatter only the

t hi ckness | for the

cal cul ati o?n%ecg’%ﬁtﬂ%i%gﬁ (%é%%hs.%h%&g@mlﬁgg a%h@%ﬂ“@?&@ﬁ%’%@& and process
wer e used fagross the wagtwas Tden onlewery waler. cbiiigie uswdid as apeiriciofrelative r enove arm
novenent dufin evel op .and .DI di spenses., A .preferr.e nbedi nent of the
nozzl e was ‘{?3@3“38’?&%%‘53}36@%@83 %Papffsm%al%sﬂogﬁgjﬂ&%?%gass ®the cent er nost
hol e was ovikirdbeprEfdilyRIf béthg iligendhedt thié dReldp Proodsk.set  in the arm program
The puddl e portion of the devel opnent process was shortened from®60.5 to
5.5 seéonds. Th@méﬁﬁﬁﬁﬁﬂﬁﬂﬂﬁggﬁﬁ§§ﬁw%ﬁ§iﬁ?ﬁ%ﬁﬁ%? (E dose is approximately
6.5-7.0m)/ cn) . fevel S pproxi mately 3.8, and
al t hough vol ) QP gﬁ%&ﬁ%ﬁy p%setea(ery(%; e K i his mater | s 1 hat
it should be abdpin 50 M . AlD waf er 60-2&#k procd<X¥ed at one tinme through
PEB, then s rately into t devel ope wheregparanmeters were varied for
each waf er ﬁﬁﬂﬁoﬁgm Rz ed orggr. Devé%g%irates &%?% determ ned by first

subt ract i ngDeVtop Bispeibe t hi cBpess at  2he 121 | pamd i ons after devel op from
t he thickness asured on two of the 25 wafers_after PEB, just prior to
devel op. In thi 8P¥yproach, ff was asslned that S¥&fer-wafer differences in
pre-devel op thigkpess were pel ativel yogpegl i gi bkgye and a representative
waf er could be the "before” wafer for all rate cal cul ations. The resist
removed was divided by the develop tinme (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
devel op rate cal cul ati ons have been done using the thickness before
exposure. Since the thickness | oss was about 1000. from the original
8500A, this should be a nore accurate estimate of the develop rate. 20 23
March 2006 WD 03/ 030228 PCT/[ TS02/ 31459 Second, the exposed areas were
clearly visible, and a characteristic pattern
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across the wafer was seen on every wafer. This is useful as a _petric of
rel ative deprotection across the wafer, and sone papers havézgﬁﬂﬁﬂﬂbégpa
this. It has the desirable property of being i ndependent of the devel op

process. el op portion of the recipe used is a R}'sbzgﬂ’%sv
Oper at i orﬁ(ﬁrrazm%g%c. ) Speed (rpm) Arm X (nm Spi nl. 060- 2?830- 20 Devel op
D spensel. 0SaneSane Devel op Di spense2. 020Sanme Spi n6. 50Sane Spi n0. 51200Sane

21 23 March 200 /1030228 Results.f i s test are sunmarized in the
t abl e bel ow PC%%@E%%?%&S@?%?W@&@@%%%HB%]P@ Stdev. %unif %unif Max.

M n. Rate RandgeX MmSegmailRgec. siRat e ¥wi avemif( ngMaw elinRat e Mimec. Rate
Al sec. Al set. Alrsec wkachiscow below@ey r egpeands & | ddivi duat | wafers 0 60
610.9 28.2 #1.6% 20.5% 679. 8 55456 125.2 0 600 £39.3 2406 3sBP6 16. 6% 698. 7
592.6 106.1] O 1200 608.9 Zinrd sdw &Vaporko itkianolss7 572.8 87.9 0 1200 611. 2
24.1 3.9% 1f. 6%0677. 0056961@% 107284 042600 2646. 6626. 4 4.61% 2826% 728. 3 595.1
133.2 5 60§610.90 315® 5. &% 20.8% 68384 560%3 18874 B660018L2R.7 28.9 4. 6%
20. 8% 707. 1| 577.98 | 2903 §8220021838. 8504, 4443, 896616. 8%B98. ®75P0. 8 107.2 5
2500 647.7 P3.4 9. 69547, 194%711. 9160038 11176% 16760 58%. 6 2942 5. 0% 2I. 1%
656. 3 533.6( 122.%7 1°6009839. 9225, 9*¥ 0oFPY. 290724, 3895, 1*4p9. 2 10 1200’
606.3 30.7 b.1%:42. 090 6905% 43579 25275 Egﬁf25og§j%39.§§’-;32. 5] 1% 46. 7%
., 50 0 . o I~
712.4 413 4} 299.0 0%306%759_5 .086%0. i/olg;;z. o8fb8e.H0. 7.%86.1 20 600
' ' ' 40 5 0 4T 2!3.4 6% 17.1% 7119 600.8 111.1
10 60 5826 20.2 30% 211% 656.3 5336 1227
10 600 639.9 25.9 4.0% 20.2% 7243 595.1 1292
10 1200 606.3 30.7 5.1% 42.0% 690.4 4359 2545
10 2500 639.8 327 51% 46.7% 712.4 4134 299.0
20 60 607.9 63.8 10.5% 112.9% 686.8 0.7 686.1
20 500 593.3 60.0 10.1% 113.4% 672.5 -1.0 6734
20 1200 6204 66.6 10.6% 114.9% 723.1 -0.3 723.4
20 2560 639.0 64.9 10.2% 112.0% 7171 12 716.0
rows below grovup previous daia by either arm position or spin speed
All 60 602.8 42.4 70% 113.8% 686.8 0.7 686.1
All 600 623.9 421 6.7% 1162% T24.3 -1.0 7252
All 1200 618.9 355 64% 116.9% 7231 0.3 7234
Al 2500 643.3 40.4 6.3% 113.0% 728.3 12 7212
0 all 6234 29.8 4.8% 27.9% 7283 554.6 173.7
5 all 629.8 36.7 4.9% 24.1% 711.9 560.3 . 15Le
10 all 617.2 3383 6.2% 50.4% 7243 4134 310.9
20 all 6175 66.1 10.7% 117.2% 7231 -1.0 T24.1
Rows below are groniped as in previous section, but with center deta point removed
All 60 604.1 3z4 54% 30.1% 686.6 505.0 1818
All 600 6251 30.8 4.9% 37.8% 7243 487.7 2366
All 1200 620.3 296 4.8% 13.7% 723.1 513.9 209.2
All 2500 645.1 2690 4.0% 33.2% 7283 514.0 2143
0 all 6234 299 4.8% 27.9% 7283 5546 173.7
3 alf 629.9 308 4.9% 24.1% e 560.3 1516
10 all 617.9 359 5.8% 30.9% 724.3 5336 190.7
20 all 622.7 34.6 5.6% 37.8% 723.1 487.7 2354
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20 1200 629.4 66.6 10.6% 114.9% 723.1 -0.3 723.4 20 2500 639 &I\ﬂll%l 5%0?6%
112. 0% 717.1 1.2 716.0 rows belowgrorip previous data by ei t% ar
position or spin speed Al 60 602.8 42.4 7.0% 113.8%686.8 0.7 686.1 All
600 623. %5633/0]30298 7% 116.2% 724.3 -1.0 725.2 Al 1200 fg¥fiisth/iased 6. 4%
116.9% 723.1 -0.3 723.4 Al 2500 643.3 40.4 6.3% 113.0% 728.3 1.2 721.2 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 1519§T#Q]iq?lei?§g&{clgq%gﬁg?gth%gf&égb@{’@ezgﬁ.aﬁi Hhldn4 310.9 20 all

617.5 66.1 10.7 Rows bel ow are grouped as in
previ ous se@gkdtORive biak baklidhtly dettee thaal 61 29 ipthie mtorst.e Floauitimaty ¢ffegbis604. 1 32. 4 5. 4%

30. 1% 686. 6 505.0 .181,8 _All. 600, 625. 1. 30. 8 4.9% 37. 8% 487.7 236.6
Al 1200 6?@.@29?16%?’85}61%@“7%6%%3 é‘f%ﬁné"' ‘?B@?ﬁeenﬁ?&"?%ﬁg’f%%. 1 26.0 4.0%
33. 2% 7283 g3l Am ddet3 PRdtdbly0 %3 sifigid Poidt # 118%6eRier 18 Yesg@BibR 654. 6 173.7 5 al |
629.9 30.8 4.9% 24.19% 711.9 560.3 151.6 10 all 617.9 35.9 5. 8% 30. 9%

724. 3 $33. guebof the nowurifqrmigy sspycially for ) amd 28 mmpodgeapiue the7 7 235 4 22 23
Mar ch 2006Vmﬁggﬁwégéggﬂ%ﬁcg@gg%ﬁ%‘%,gj_elmngglfged,ﬁ@rga&gﬁmel y clear break
et weeén an mnm  of

in the data i's of fset. Five may be slightly better
than 0; 20 nieastidref unbbsnity Henethar is sandarddefvition, ivdierettheothari2®osi ti on, but the
spin speed during di.spense can be seen, particularly for the 10 nm offset.
Pr edi ct abl POHsH ﬁaﬁ?“sﬂ]&?ﬁw at the center is responsible for 5 much of

the non-uni f or matyir@SREGIoRMoMid Biie id Brtedroagh thedatito @apt ure the variation
between the center and the rest of the wafer, the ra{lﬂ%e i.S .a nore useful
measui@ of comparspwbetyeomdhediffispt spispeads s e 1§80 S e the ot her 120

poi nt s, t NG B0l IFIES OLs! AR b redts sl il iRias: ROpiRAThas 11ne s T11ted

t hrough the data to eas nmpari1 son between the different spin speeds,
as there i snifuitity isbddiwtendhe cotat andrthd mst of the detatfer theigher sppsdsi® confirm the

trends see rs‘m& 9 mtn? gretc egll'l)(ra ?nbreturﬁl%o rtlhsrirnatlilg m%ﬁé}-offsets, and at 10 mm there
is an interaction between offset and 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 mum offset than for 0, but it is probably not
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uniformty is between the center and the rest of the data for hi
speeds, 0 and 5 nmare clearly nore uni formthan the higher %?N@f%ﬁ@%ﬁ
at 10 mmthere 1is an interaction between offset and speed. 15 FIGS.

19A- 22D shewdsiies | PEC maps for all the wafers, except dcaruspmsasser epetition.
The resolution of these | PEC maps reproduced herein nmay be noticeably
better on a conputer nonitor. View ng such nmaps on a nonitor also provides
an advant age.af: | | ) ity oPfes@r ti cul ar

i nt er est wg%ﬁ%ﬁ%%{e&%g%mé}ﬁgﬁsrﬁg%dg%%ﬂsqgﬁ‘%fﬁﬁﬁg}ytat%iggﬁi fferent colors shown
is 20 hel d indinge that ths noxzteatesigeshanidwet qmefcgrwm sptecnon-updoradiigs 8 ed bet ween

wafers. The r d ite,ar re Q . be seen here in
t he | PEC nal 5geng%8€ﬁ’88vg?ﬂ§%h%§sﬁ%%§'ﬁﬂem{)gt\slqr%g]a ﬁgﬂngoﬁe{h%neg% ers thensel ves

as well, th@gém tetcasitet. Nng With 10 nmoffset, a "hole" fornms in the center
where little or no _ devel OP fluid contact tﬂ?f‘g wafer, and which has a nuch
| ower devel op r dinetherpspestaf the mventiog oo StffEse Sohfess & fromthe center
i s tol erabl g GikpedSUShORRE andlixfhRNSzledlirfice AfdifibRidnd tousél¥hin At SOMe poi nt
between 5 and 10 nmoffset from the center and the nearest devel op stream
flui d ceasebe reduciiontomss-cortiaminaion betwoen disneaseddinpids. Jn@mghes ng in an area with
greatly sup S r - LAt phic yield loss on a
cust oner vva(f@(ésr%".cgﬁéﬁlglgﬁg% egé)?és& n}g;a/a@ g 3%1?%%?1% esihg:c(g)rssgblga?e the effect. It
shoul d be ngiasiitick batiqtith disgenied fanradjadernt norrlecnayamgmictiiereleundspi n speed used

as the fluid first .touches the wafer, show ng u inly. at. the apparently
mar gi &l cdABIPEIEB ﬁfB‘iﬂs%ﬁ%aﬁwgﬁ?%%ﬂowgﬁ%@?%&ﬁmeé?% ured were
actual I'y sl igiis! shdly éx\/\%no@&{ﬁtiwlﬁmwsgéﬁsé@ﬁoﬁamamzﬂ@mayﬂalsdout it is probably

not 23 23 March’ 200 /030228 PCT/ US02131459 a significant difference
in this tesebensdaniraplet form subseqyentirimpinging wos a vafy syrfeg hatdnay ndi cat e t hat

Lhe 10221 ¢ (3L A0 D pROIEAYR oMUl it BERBPMRICEN] L o at | the

center of the centernost streamis not nore than 5 nm
fromt he cemizee ins&t maphetitend bapgd the wtiommezilesusfacd. oo mitigate por at es t he use

of pressurized gas w th dispensin ozzl es, and ext er nal zzl e surface
modi f ileat i oEN FIBsssRoTAEEnhgN, VQ‘F]%‘S F@g?fﬁ?“?%ﬁoitp%glgﬁ%ﬁfngm%ﬁg@?on bet ween
di spensed | u@etinfliBlly béhch¥ers uhdifating SUrRS&s)eObhtakifset rqiono bl laidccur s by at
| east two nechani sis: (1%]@§mal | “quantities of | i'qa']” d .di spensed from
adj acent nolsneasingmezzies. gFheseconeave puifacss IycRst as physical barriers of

trenches between adjacent nozzle 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 fo 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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10 the action of pressure gradients derived from surface tens;} of t
particular liquids; and (2) small quantities of |iquid di spezggwar?lams
nozzle may also rebound in droplet form subsequent to inpinging upon a
waf er sunf@omosbiet may be in relatively close proxi micgalsezA40902zl e exit
pl ane defined by the distance a nozzle insert may be extend beyond the
bottom nozzl e surface. To mtigate 15 such cross-contam nation, various
enbodi ment s digfentiREnéa216€ (¥, ¢ CTFORRY inl IGE U €1), %‘d*ﬁ%ésﬁﬂ,tth@ﬁdtﬂd concave or

undul ati ng surface(s) about different regions of liquid dispensing

nozzl es. Th%é@“%’é%l%%@W?é@é@am;felwlyasolﬁﬁi@fm@ﬂchbﬂmblers or trenches

bet ween adj 34 Bn':f}g?&é ks ng erally mgrating
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di spensi ng vanez 2k eayd includidg 06 réciaFofRiialeekohRifl the basB §B@e and ot her

advant ages a&ﬁoci at eg%s W th these aspects of the 1nvention nmay described in

further det 4PYaRseHs 25028 themesriebody it tiderfto frmvitisgehydkhese ption and fi gures.
As with ot hafysibdl ghkﬁérs‘ilﬁagﬁﬁ%gf {éféthQ'Qﬁ&)ﬂ RESAPLRufdin %&ous
rdin e

nodi fi cation$ can be made acco tot 1'ze of sem conductor wafers
wi th whi chedding opfeibd asearmgrowalinggbelbaséof theinserisvérichanadi slpentke nozzl e 2300 may

be ifie . .00\ 3 m_conduct or. syb ate wafers as
shomnqgo in&ﬁ{aghe]%gg een%(z)%/l‘é\?% Ianﬁqgaﬁgﬂ??ﬁlf’“f Az Igsea%,%ronay be up to 6
in. or greater, Thanczzle2300hithisn i BYG. D8 isfpriied illus@atbdwitR pas@tifadser . The

ext er nal b%é&g}?sur ace . of the nozzle 2300 may be forned or include a

series of t 3rg fosated,yithip and/orarqund fhefarmegiivershepihus prayiding

Cr 0S5~ Cont 3k DA AP MEA Tr I RN ispkhibi b HheMBrAIAORS WO 03/ 030228
PCT1US02131459 di s%ensi ng nozzl es (eépla.%GS(%A- Czll%r?l}@?rf . 9-11). As a

resul t, theomegiad & a spuesefpiessyrizad £a¢ sick adxioRB50r, nmanytoher el at | vel y i sol at ed
from gach Qth&h 9y imBekahbor] e tubes by a trench-]ike grid 2500.
Many g?her%hozz}]%iy]%}%}g%%h??c H}&ﬁ%\ﬁg‘gééha%gﬁg?;lﬁgémg%yg?rﬁéea*egteI y apparent to
t he skil | edntpérsorl&2i08shdesh aebtibutednles and b diradghae gk dfifideer nore, the grid
2500 maybe dina varigty of i n¢cludj ng the renoval of materi al
sur r oundi n&g&w@%fg‘%"?ﬁma@ﬂ@foﬁg’ﬂﬁﬁgﬁ%@%ﬁ@sé@%tbﬁﬂ”ﬂ% nozzl e body in
order to f @ifacaof theneAle IBOGSeiuding 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, Tt 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 varions 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 Jeast 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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physi cal barriers may be also forned by other techni ques SUChZSMﬂ?Ui I 2@
up or . adding onto the area surroundi ng the base of the inser T‘E'P]

add to the 10 overall height of the nozzle 2300 and | ength of the tubular

nozzl e i REGHHB02%$°0. The nozzle 2300 shown in FIG 23%grashisisser
illustrated with gas orifices 2360 that are |located within and/or around
the formed trenches thus providing one or nore gas curtains for the liquid

di Spenst N9 AREEl i aclltdbrdVRAi T Bt ISRV mitGare SYIMREHEL Hhtad AHEEE OF pressuri zed

t
gas such as nitroden, r, or any ot ere 15 substantially 1 nert gas.
| ncomi ng gasbdunding towasdsttley moakie fomrthewafensutfaced ity shell beundensicod t he nozzl e 2300
t hrough one,qr .mor.e..nlets and.out through th as.orifices, 2360. Gas
orifices rrat?&lg@% Bbre 't’ftrg'ieg S@F%W?’&S }reg%%{q%%rﬁgragelngqgaﬂ{aﬁgneoagﬁcgm surface of
the nozzl e d¥inventiohUibizrles Bntheso fbraRa wiB tréndhes everigd onyna end regi on  of
the nozzle, tqQ channel the streans of dispensed fluids. Typically, the gas
20 sup§| y ﬁ%@%ﬁ?@eﬂm opshersefAn(/ar naly $3§°{]‘§°€t36°‘§5‘8&t 100 PSI G or greater,

and typi Caéub%ﬁaﬂyoﬂhb'@ﬁiréhﬂi@réi&to?ﬁae%ﬁzlé'ﬁbd&o 100 I'/mn. It was found that
cross- contam nati'on may be substantially elimnated at a

waf er/1i qui d- di EFehenrg araiop views ebipermulti-pot mizgleuvideh dowlgeem at spin speeds
(wafer rel q%‘l;et\é?o %crl %@gg%@;ﬁiﬁ@&%ﬂﬂ&o&%zﬁm &Bg;%gab%ﬁ}ngl%m% pm The nozzle

2300 maybe SO To vari ous openi ngs {0 accommodat e
fast eners wiihehnventiod, aifitst indet 24050hayt beafomedtal elicvayin FOER 24 eihichng novenent and

t he separatiqgn di stances. bet he nqz and a supstrate wafer. The

pl uraﬁBty d‘F”%@Qsa ‘ES’W?HOH@E‘gH‘@\‘!\@ﬁa Wﬁ?ﬂ@‘?ﬁ’rﬁﬁozﬁﬁ“‘gﬂdﬁ?ﬁ ed network of
gas bl anketigiei1 6 whd A8 i1 2413 Rifiohdionl dppuYite Sided ST ®&dnled | qui ds to reduce
cross-contam nation. The rmrrentumgenerat ed by these gas 30 curtai ns may

have at | e3485 ¢agb ipfwp pymmeniration itk e separaty menifold fopmed vidiimtevel y | at er al
. . 4 g St - R o
mgration gf, gl t%%fég?igggcld?sg&lsgd ﬂlﬁgsastucﬂ %‘?%iﬂ e%&ﬁ%ﬁ@edeg%}%%ﬁtﬁe I mnate

entirely, "since m grating away fromthe
nozzl e bodyhdibe fultier gbsrveSeted ndtismayt becfogzed afroarions positeubdorgenti al |y normal to

a nearby fer 25.23 rch éo 6 . 3/ 030228 PCT/ US02/ 31459 surface may act
to préggnt toléfmfaé%g’%\{ﬁﬁ?%z 58?561%{%19 aydre RysdoRPaate dr opl et s

reboundi ng phA¥EidHidtdhBe MAZE kdatvElQ MirdHRLaWBSif tefSiide 8¢ £nozkle efdpal | be
understood’ that while the illustrated enbodi nents herein incorporate nore

than one agfelwd ae relstivelyicantehicgion of the zerdasfonprpossEngpirelafitled with
trenches C?&gér%rgﬁigc}{aéso%rﬁﬁr&a?ér@u!&!&&ﬂeé?e&sdﬂ%h!inoﬂé.éﬂ%ﬁ{épf and/or include

gas orificés“cover
embodiments of the invention may include a multi-port nozzle 2500 configuired

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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substantially the entire underside of the nozzle body. FIGS. 24-25 are to
views of the multi-port nozzles which show three inlets forﬁﬁﬂh&ﬂﬁﬂ92£KE§
top surface of the nozzle. As with other enbodinments of the invention, a
first inkgdoxdfss may be formed as shown in FIG 24 whighlfd ggds to a
correspondi ng mani fol d. The nozzle 2300 may al so include a second inlet
2410 and a third inlet 2415 positioned on opposite sides of the first inlet

2405 each i i kiSRRI Gt oSEPREFUE ATIAL Bt for med wi Chin the

nozzle to al so direct pense urds such as Yer and
devel oper . iilystraisp aiahiflds hay beteredals slwre if shdildte unddrad s thamyhelead f or med at

vari ous posj.ti | on the t surface of the nozzles herein. The
inlets nay%tgiédog %ﬁgﬁ? gﬁaﬁg‘%&é{l&y}e Sﬁ&&%‘ﬁ%@ﬁse PLPIERed terlY s rel ativel y
further awajlowingflafddndnioentothfonde el tspirbive dfbtndRsbapd thdufie! atively central

region_of the nozzle for processing of relativel | 'ar ger "wafers such as
300 m waf &k %&W%%.Wl&é’ﬂ?ﬁqu?‘# desaribedbpreipt gmhenmm@m etents of the

| nvent i on e bShaISIER2800 iy RSB 0EAL&IZRARARA LBUESA, 20 For operation

with relatively smaller structures such as Substrates. This
rel ati vel y g8Hgcragte thoblankets25 96 whigh bisky educredsthiemendmtiover al | | engt h of

about 4.3 ib&weé’ﬁﬂisliegﬂtdqfqnidgﬁoﬁ% %Eegﬂ?%afarﬁﬁg@%@ﬁﬂ of inlets 2505, 2510

and 2515 may be a ormed as des WS pense various fl uids.
The i nl et s nianifeltis 2600mayde iafdd canhodimen il e aanwmds aifeedef i ned di stance

t hat | 25.rel ativel | poser in reference to a nozzle end 2520 and are
subst L@t i al't ﬁr‘?é“’é{r"eiﬂ%m@ﬁ ng te Opitam gitaceef thepozrle 23¢bincludinga over al |

di mensi ons séfes bhedRE24sSS 698 Bbwn e BAS1 A4 e inlets may be
nodi fied in accordance with selected appli cdgltﬁno égéﬁa%ﬂ 26A- B show t he

opposi t e eRlFSH8pLTE s bettom nagale surfacsrsuroindirigdhe 186c f3nogslee FI G 23). As
shown in F 2 ' .ol ds 2605, 2610  and 5 may be forned
along a suk&rgsnzt@ #%F@{}ﬁ?%dnggf u%?oﬁg&%ee%sﬁpﬁs 1° %3?%8“’??39%@62300 as with

ot her enbotdiprevidesa ddgraetoé physicelnepavation dswicbbme ildertseind theAiquiges | es of tubul ar

i nser 2350..na iti.oned.in the nQzzle 2300 to provide 26 23 March
2006 03 %Wé@ggﬁ?ﬁ%ﬁﬁ@ﬁﬂw OF PLoenbEeiam with oneangiherg ther om t he nani f ol ds
out away fHeRhésPE40 Lz a@bldﬂl&dﬁnﬁé&%oﬂn&hﬂ%éﬁéﬁ%rﬁ%&iisft@ ds maybe bored as
shown, it shall be understood that the end portions of the manifol ds may

be subsequRT§HLE FIeSRntsIRsioRadsplastbadiraused by fluid rebounding

from the surface of 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 confraction 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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allowng fluid only to enter through their respective inlets esga
through 5 the nozzle inserts as with other manifol ds descri bezg%é?gﬁhgﬁos

Furthernore, one or nore gas mani folds 2600 may be forned for receiving

i ncom ng wo esswrs zed gas to create the bl ankets of gascwusedsidsel p reduce
cross-contam nati on between di spensed |iquids from adjacent nozzle inserts
2350. The gas manifolds 2600 may be in fluid comuni cation with the
various gasnoeri thembs cibtting the desiditederotrd dtBEbeaalHeReh, tHRn Ratigp sur face of the
nozzl e 2300 i,[hn lugi ggﬂa series of end orifices 2362 as shown in FIG 26B.
Addi ti onal 18} PedWs bR Btating metheqses expesie b a tekaivel maomeresmetabre ur f ace

sur roundi nghd MK RASAAIE ﬂ@@; : figured to
provi de a s,erdjags of on_gof)ﬂraﬁnndgr tser?%lntzz1 e %%Egggg%“[%ﬁggﬁgﬁgydegree of
pﬂysi ](c:al séﬁaﬂé@hbwrlb@ﬂv@emmhéodmmgmmgmﬂabmqmegtﬁtﬁ@ 15 Ee di spenﬁed
t heref gom . nation one another, the trenches
2640 a§1d gaegibtﬁﬁig%ﬁgtogﬁﬁ gg’rﬁ%“}é’ﬂasr%%g;%%rﬁgﬁgs %@Ef’&%&‘@?’ﬁé"@g%i st in

prevent i ng sewrawding drettasd ofithd mazlatp 2350 arh babkitaaws sghdywhy 4 d r eboundi ng
waf er substrate. As shown 1n FIG 27, a

fromthe surlcr,face .of%sai nggm s

cross- sect i ohat > e "SRHAH P PAIERY} § desissd el obgspargting betweRn G, 23 t aken

al ong the kjeties lidvidstrdahi® ahd foSap bR Hui i ially along the

| ength of the_ n ?tzll e 2300.. X pPl_JraI i ty%?ﬁ%’eﬁ%{[‘%ﬁ#ﬁ%@ﬁ% or nozzle tips
2350 may béo%%l‘r‘stgﬁ‘ttaéfoifoﬂmddvﬂilfﬁﬁm@@sﬂ%ﬁomhe%clmoghleﬁpsmﬂe, bottom surface of
the nogzl ey anf) foﬁin%:ef%ﬁ he invention is.directed to the

nmanuf acturihﬁlggg%t hog‘io |nstaﬁ%ﬁ%@ﬁ@@eﬁgg{?rgedtqrﬁowlnr"i‘?v&ySﬁe nozzl e body.
25 These t thepre@gsiedigas réleastiihrongh B ofifices BErdndd362. OTReg asar i ety of material s
that pref lv.pr.ovide relatively snmooth surfaces such as Teflon, and -
under go ﬁﬁlfgﬁﬁqﬁbdg&?ﬁnqugﬁ peerein Ay esibus fhnked o sugpundednper at ures.  These

and ot her withzal @ifichaindistbsERall)RohdaPZ ARt vAASAa hwdk¢f ficiently col d
tenperature undergo thermal contraction prior to insertion into

S e : . T
t he nozzl etr?ﬂﬁg‘i’ﬁ %szﬁé%lmsﬁréd?%@b@ asdindieidual precesani f ol ds. A predefi ned
eri of | ' : [ - re be .sel ect ed dependin
peri og SRPohBs %'H&%oﬁefte&'%tﬁ ﬂlteﬁlgz Sgt'#)d ’tlg Mﬁ&%ﬁ the pending

upon various factors including e e Fhd degree of
desi 1, comiletieomiativens asi saiialyblls mes satidtiolpes cadi |y positi on
them wi t [. e epth.within the rc

PCTI C\I'MSO 5 'f@)fglggft%ﬁsmns thus Q‘omnﬁg a unitary plece or by s?ngle-piece construction.

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 preferabie to form the
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nozzl e thereby creating the desired reservoirs described hereig.
P20

warmng of the tips by heating nmethods or exposure to a rel

tenperature, the tips nmay undergo thermal expansion thereby creating a
snug fit woonsbagi vely liquid tight seal with the nozxirarstslyso
Furthernore, as with other described 5 enbodi nents of the invention,

sel ected regions of the bottom nozzle surface surrounding the base of the
nozzl & {1 peaZinBrolPtidfeIPblold: i Bitofl IR FtbokAe, WhETThE Ser | es of
trenches 2640 to naintainh a desired | evel of separation between ejected
liquid str dapensamdnifelds 268p, 2610 ad2aheare piraiggd ivsgielstively iigugWai ons of t he

nozzl e that e f.ormed w . rlfl e I zle tips 2350,
10 liquid & '%hgﬁ%mﬁahegﬁ@ﬁtﬁa%%ggﬁ?@% n]éfgp%g&%h?eggf%ced or bl own

away by t he gas easifild 2600 dag arelbtalyedic br @lggregidnef theinbzaedt 2360 and 2362.
These and other |iquid dispensing nozzle tips herei.n may be thus flanked
or sur?ouné@gbwgﬁ&@@gh vritgaé@egﬂ%u%%qflﬁt{)gagma?%@g%ﬁg surfaces which
forma net %@érgd@pen&iﬁ%%]ﬁﬁ%%wﬂﬁhﬂh@reta?@zﬁﬂtﬁ@tbf’ahﬁmﬁﬂe%fcﬂip@ns@escri bed as

i ndi vi dual pieces or con@onents to be connected with the nozzle body, it

shal | be undeifeldpesipcted odin theepzale bobtin @rcoskBerViothd herein may be
integrally-f i the body as nozzle extensions thus formng a
uni tary pi grggg&ﬁglg%\ﬁogﬂ%lgqvé- pl ece construction. FIGS. 28-29 are

cross- sect i onal Fid. 8lvprovides trvthenarassisectid8d Gievhofithe norzlE 2880 shown t aken al ong

| ongi tudinal_ljnes B-B and C-C res ively.. These. figures 20 illustrate a
pluraktfty B’fFIﬁ}Ia%ﬁaBP‘H o nl@?@“%@"llgmgﬁéﬁz%%‘%&ﬂ]ﬁ BHINE inlets 2405,
2410 and 24dacwbf B8 irdeRioniahd deplbted OFdrteEGple aBCHlalY Iftmgiudinah seri es of
relatively lFonger and shorter tubular inserts are ? itigned within nozzle

) ert 0
2300 to dmevifelds 2005,2010and26f arejiilusiratedvhich pekide gt ‘Hﬁ%‘t?éﬂ%ed. Addi tional |y,
gas nmanifgl | : Bqﬁl\é s illustrated. It
shal | be ngs%ﬁsd%.?g?%rg{ £ ﬂ%@gﬁgﬁ@g@@ Wg1 égssémng%%?g%%@ea_re iulal ustrated,
nozzl es naytrdamsaMameoven fhremerianinof trenolms R 64hare elso dhnvleated wighessparetai f ol ds
t hroughout the nozzle bo whi ch.may al so, run al relatively
| ongi tudi n%wsloéﬁlﬁﬁie %@géﬁqﬁoéﬁ’ﬁc@thﬁlgragﬁ gpdtog ﬁlgg%ria@bense mani f ol ds or

across thedﬁﬁ&i&d&lﬂﬁsﬁé&ted/ﬁ@ﬁimﬁﬁozﬂe.osasamtaimymmmewoﬂccpﬂ ovided in FIG
30 which is taken 30 al ong | ongi t udi n@l line D-D | | ustrated

f the.i
enbodi nment vozglemricepZB60 Y SRR PR _"@@EG" ngé"d%ﬁ“?? illustrated as
running al ﬁ?ﬂg%@@?&gﬁ&k%&%‘i@f&%&s&% sur¥ick N'TRe $rB@uiRa i dy. In order to
el at1ve di stance he

reduce the etween the gas nanifold 2600 and gas
orifices obetontedrmnd dtlivered through thvegap mehifnid2 680 mihichamay, copsist ofa

20 lattice network of channels formed between some or all of the nozzle inserts -

[re
et

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 biankets 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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23 March 2006 WO 03/030228 PCT/ US02131459 gas manifold rel atiyglyy.cl,0 o]
the bottom surface of the nozzle. When the dispense nanifol ggi%@?*‘?ﬁﬂé
and 2615 are arranged in a relatively triangular configuration as

i1l ustratve@oiesenzdi s diagram it may be further prefer@bplrastmiisorm the gas
mani fol d 2600 along a relatively outer or edge region of the nozzle. It 5
shal | be understood however that the positioning of the gas manifolds may
be al t er edhatependAngitt pther debydirens of ferisreatich, AR dtilhembe@l nunber of

di spense mani fol ds sgl ected. within the nozzle body in accordance with

other enbdFHRIELIHNC thelr spacingmayyALY aesqiing o sglegfod applicaliget her
cross- sect imaﬁonm@v%ﬁaﬁfmgmh& a'%%%ﬂﬁém%n Qrgfdrﬁecﬂl&f #3 taken along

| ongi tudinal Iine Fromthis illustration, severa spects of the

i nvent i on &uEer gefice ottie ngzgle 28binplnding rdgonpvithialthe tyendfes fnongi t udi nal

mani f ok ds 1 re 11 ustr whi.ch.include nultiple nozzle
I nser tg 23%8&%81} &nlgc}itg%ﬁ&v%r [ b%s‘?l %ngﬁrgotfﬁggnfn&gglgégp%ﬁg%o @%&‘&i%% relatively
paral l el  shoedrsdgevbgiomuithe ndzble 238 foewhieh fisteners bapaRGiQuai®e al so
illustrated wth, se ate 15 rows_ of nozzle inserts 2350 to space them
apart and FBnIt?ﬁtghWé&z e 49 Fabr} 3ym Vbl qckﬁyséﬁnﬂi%@@fe@cfufﬁh@mthe nozzl e.
Gas emanat iad@gvdisomid RRdmet wor k of  nozzle orifices 2360 may thereafter
create a |l ayer of %as to_push back such 1iquid and splashback froma wafer
substrate surfadll ol thsaoprlespsqyided inpegerdansa yithgais inyention maybe del i ver ed t hr ough
the g manj g Yal.ch: ' f \a.: [ et wor k of

channel s f(%okegdg E%ttg\%ggbr? sonﬂlﬂgﬁlxgﬁﬁ?%a{tﬂ@' #%%z‘gggt%\%er@sﬁ 23 50. The gas
mani f ol d méyt desd to ecatehethe nozzier38 0@may be fabiexsdontocrsapmdt brack&i N rel ativel y

deeper port,i of the nozzle_.trenche o,create ro pressured gas to
generat e ré?@%nﬁ%’wsk}eﬁmaﬁ_aY“rf&a‘{aﬁeéF&SﬁQﬁEQOs SE}%&’Q“%&%%':S{??% educe cross-
cont am nat g in fufh Fcdbdntedrontol16bdA afin B3IV thaliFkotibiy et Gnto@ ati vely

shal | ower 25 gortlons of the nozzle trenches to create colums of

pressur i zeBOYaAh Jheapraret300 gy Buabemaw avenTricumoiepthef gas 3200 al ong
CrOSSI§ECtWﬁf&%ﬁo%n&t@%ﬂg%seen%ﬁmd?a]agFQYélél@tﬁ'rBu Vs@fe&{e& perspective view
ozzle 2 . e plurality of ga

of the multi-port n mani fol ds 2300 and
di spensed pontjoischitipaniozde dver 2 2805 ply26diea] migtbndE s veafer sitistratat Afit ed again with

further clarity...Each of t 30 nozzle jpserts 2350 ar ositioned within
the nozzl e%l‘?g eglge’ttﬁ%\?upg‘)%@fi%(ﬁ%@’o&ep@‘{sagﬁ aﬁ"ﬁ‘g Fé%?nvgg'lzgﬂg%tobeyond t he
ext ernal  segrielte dfstahbebenoses R nd200andAndeyigswtr B3peNTes 2640 are formed

al ong the rows %nd colums of nozzle inserts 2300 )
' 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 nozz]e to receive various liquid materials such as develop fluid and

30 deionized water. Aliernatively, the lines may be fed through another series of
channels within the support bracket which in tum 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 info the gas manifold within the nozzle. Alternatively,
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to provide additional physical separation between the |iquid 23 amcde2008
23 March 2006 WD 03/030228 PCTI US02/ 31459 therefrom As with ot her

enbodi nents of the . invention, the total number of nozzle inserts and their
spaci ng weyoswaszs according to sel ected applications. PSEYPYEBRAI Iy a
plurality of gas orifices as described herein are forned along the outer
surface of the nozzle 2300 including regions within the trenches in 5

bet ween t hethspaahle: insiey fos direbilnintdibe sofmarpibldi of g n280E(marBo’nso formed al ong
t he outer edge region of .the ngfizl e 2%8% for which fasteners can pass

t hrough to 2scissribed mother figyrsy a0 ACHPYOISI® S mwithin a wafer track system

subsyst em such agqdifndie®oithchls Uf the fveliion inchlde agbzAldiRnk drmeds provi ded in
accordance with this invention may be 10 npunted onto a ro(Eot armwithin a
waf er t r ackofiagokzle halved ingdwe adiesgnt sgotiepesvhersin epghsectigh B ¥8% cal e), t he

nozzl e ;3300 (RY Bfical ABIFISH Y BedBlRRABY arlit8khor SBEGh agr suspensi on

over a“wafer subs e support bracket .y in turn be
nmount ed ont sctonrmagit may disBR8Oatidasitont §quid rad mby g mayet walvdhd o a  post 3340,

The nozzl e 3300, nm hu noved qver, vari i he 15 wafer
3320 so tha#®® gq%gsh&e r@’ﬁ&ﬁ%‘?ﬁ ﬁsﬁl?%%e]n%@n%ng#?rlgﬁge%é{ggﬂ?ﬁ@gagh sel ected
porti ons of fhe] Bepwddn ShetW sedtionisah &yt vangel fione @ it J68ldegresyi Ais vath t he waf er
substrate. At the sane tinme, the support brace\l%g@?naﬁ bﬁ a‘gj ustabl e along a
rel ativel y gthepembodigenis 9hthe s1vertips, TE‘FEB?@NE@SB%‘E CEHEE82%1 e and

under |y ng %@Eeﬁ@gégﬁ&naﬂb% KEADIE! dnd HARKAL bABABy B Mnckited her i ncl ude a

col l ar "portion surtounding the 20 various inlets forned along the top
surface of teltivelpztatienaBB0Q rehot atasey Wijdit iynaeuated or jtmay karqtatthly under st ood

that the collar 3350 portion and other portions of the support bracket nmay
be construcP8¥¥% om mul tipl e conponents or formed as a unitary body. The
col lar 3350 nayhg vaidpofenitesduer wafeaproossiigmethadskaty 18360 whi ch circul ates
a liquid mediumto provide hegt transfer and.tenperature %1? control of

i qui'd traveqmpigied Wit gRPRRTESYS feRi Fyporordape it aner e 8ROt Phes 3305, 3310
and 3345 Coﬁgé’ﬂtfaﬁdv\h{h et to PRbichIGRShc privigediietit], o stemdd tgidi acket 3360 may
be positioned wthin a hollow’portion of the robot arm 3330 as illustrated.
The |iquid disgpeing aodzleriebronghy trea Height pfapprogimately SMPAbPESHect i ve inlets
formed in the nozzle tQ.r i rd i Gl g isuch as devel o
: i 94/ bGsclBhHh 1ighid i p
fluid and SUa%Ef"%ﬁ%a}%ﬁldaB?éa%.?loﬁl??%%nslgﬁpégwy,g the Ilneslamay be fed through
anot her ser figgengdd. First, the wafer surface is wetted by deionized water (D) for 0-10
sec while spinning between 0-2000 1pm. Then, afier a delay of 0-5 sec, develop
20 dispense may begin @ 0-1000 tpm for -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. 1t shail
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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channel's within the support bracket which in turn lead to theRaaateh 2006
inlets. An external gas source may be fed into a passageway forned in the
support bracket which in turn may lead into the gas manifold within the
nozzl e. AV¢evmes vely, 30 23 March 2006 WO 03/ 030228 PCTIUSEAP45831459 t he gas
inlet may be fed directly into the gas manifold of the nozzle (not shown)
as described in other figures and description herein. Additional

enbodi ment supof: atviriety ofcendition ahdedriables. aVarons edifieaiions mrfmsdandof a nozzl e

hal ved into dj acent sectjions erei n.each sectlon extend 5 froma
central regqeg’m’cg re0R %@8# g%@%ﬁtaé“feg\ﬁﬁ? e’i‘fa'éla?)oéalsf)g%éry. Each hal f
secti on nozzi&pmywillbs Apas: 18k pkeasdkilaen ik giiuporaefirdibytodtic may not incl ude
a gas curtain as described herein. In such enpbodi t he angl e which

nt.s,
may be f orpyesentsbscloses. #H@h@ﬁ@“§@€FW@H§d#ﬁWﬂWéH§@¢¥E3%W®S 360 degrees. As
W th t her [ : | ' | ati ve di stance between
nozzIegandE*%q§g?§g?§%gg?@g%éﬁﬁgﬁMggkggﬁﬁ}h%%%@? and the nozzl e bank may be
nounted relatively stationary to a robot armon which it is nounted or it
may be rotatably nounted. A variety of sem conductor wafer processing
met hods may be conpleted with the apparatus herein in accordance with
anot her aspect of the 15 invention. Wth respect to a typical nethod
provi ded herein, a selected liquid dispensing nozzle is brought to a height
of approximately 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 deionized water (D) for 0-10 sec while spinning between
0-2000 rpm Then, after a delay of 0-5 sec, develop 20 di spense may 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 devel oper
fluid puddle is fornmed. The devel op 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 rpmfor 0-100 sec to rinse
the 25 dissolved resist effectively w thout causing precipitates and
spl ashbacks. Finally, the wafers is dried at 1000-3000 rpm for 5-30 sec.
It shall be understood that other dispense and rinse nethodol ogi es naybe
i npl ement ed
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wi th the apparatus and net hods provided herein. Wile the inw i
been described with reference to the 30 af orenenti oned speci fﬁﬂgwﬁ%

descriptions and illustrations of the preferable enbodinents herein are
not neantw@ /e8¢ onstrued in a limting sense. It shalpcT/obe/susssder st ood t hat
all aspects of the invention are not Iimted to the specific depictions,
configurations or relative proportions set forth herein which depend 31 23
Mar ch 2006 WiGSdiin@:A38 PCTIl 11S02/ 31459 upon a variety of conditions and
vari abl es. Various nodifications in formand detail of the enbodi nents of
the invention, as well as other variations of the invention, wll be
apparent tq. a pAnHah-psk hddzRdor dispeidniiidsin@@evelipatdmedile the present
disclosure. It is therefore contenplated that the appended clains shall 5
al so cover camyI¥EL nodi fications, variations or equivalents. 32 23 March
2006 03/ 0302 %AQ@(;H S ?ﬁh{%@ A®uial. A nmulti-port

nozzl \gpfor di sp%ﬁ%ﬁ%gb%?ﬁ%é%?iﬁ%l evele:l)lsul? ul ?ﬁl)l%:lﬁllug conprising: 5 a
nozzl e bodyofmunipationivtith abteadt enesfiuid indet] and ai Idashenti gasivgnifold il ui d

comruni cat i wth at .l eaa{ one fl Uisdmli t[l| ef, and at | east one gas nmanifold
in fluid éﬁlﬁﬁ&’m%“éﬁﬁa%‘ﬂl% I PR ESSHE Gas inlet: and a plurality of
tubul ar nozzl e i preiityoftbiledhenRidengiol Higpatsing faids thagare posi tioned within

the nozzl e baody, wherejn at |east_ a portion of each nhozzJe 10 insert
ext ends t h@P%‘F?D&%W@Hdh%ﬁ?éﬂ@L?ﬁ’egéﬁelﬁéﬁlﬁséaP?f’%‘%‘i‘ ?fc‘iagh 1922} ui d communi cati on

Wi th jde 'hﬁ&‘t%@iﬁﬂkﬂe@ﬁ@nﬁ Rt edcl BoPDASRRAs Al spensed  fluids _
t her et hr ough; erein the nozzle body includes a network of gas orifices in
fluid comeominoaication withithe liguisl gandfoldeln pérotitthe pastage pbditnspsedd substantial |y
adj acent t?]].lrr}??egllge]g ed nozzle inserts to thereby provide bl ankets of gas
for mtiga ”’rﬁlﬁ ontam nati on of dispensed fluids released fromthe
nozzl e inserts. wRereillite: nowdlé bodydtidludepz Adtworkof pasirifiees indflul ai m 1, wherein the

AR MR AT ST SRS - AR

15 selected 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 infet, 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 fop surface of the

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

connected 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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fluid inlet, and a second liquid manifold that is in fluid copgyp [
wth a 20 second fluid inlet. 3. The nmulti-port nozzle as remtegﬁlﬁ?] clzgm
2, wherein the first fluid inlet and the second fluid inlet are formed on
a top suMYQE3HR8t he nozzle body. 4. The nulti-port nELEUS2BE4SPecited in
claim3, 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
mul ti-port sprond flaidisletipeqnpedied ta agpeendfiaveloppreluid sourcs &ordispensing| uid inlet is
connect ed Jqr : i e for dispensing the first

devel oper %f%idod\?{éerlﬂ)gyﬁv\%?g?&%elbs rastﬁgéﬁ\r/a\n&f hin the develop fluid nodul e,

and wherein the 33 23 March 2006 WO 03/030228 PCTI US02/ 31459 second fluid

inlet is connected to a second devel.oper fluid. spurce for dispensing the
second deval operit PTG frass aroigt e Bk SEet T hort "nozz! e
as recited okificsy faipm drid pafiemaitndeRRniet MRk iermaf suffac of Heinbigl€s forma grid

pattern arrangenent on an external surface of the_nozzle 5 body, and

wher eih t héofh 284 wherpia themezzle Wsqres e laeptes witliththe gad palted e that n” such t hat
gas emanat i bl i | 1 el blankets of
Gas Tor r EaCar A B e AT e 9, e

mul ti - port feraedicmgass-eantangdation of dispemseg, finidser ei n t he ext ernal surface
defines a bottom surface of the nozzle body to be positioned over a wafer
10 substrate within the develop fluid nodule. 8. The nmulti-port nozzle as
recited in7cl ai ThmuNipori@bizld eedied i @ailnad] Whirsin theodxieeth] Wirfaoe an end surf ace,

and wherein pair of develogper fluid inlets are forned thereon to
facilitat e 6@ pbpiomysuriges, of bpaezq hady tq bangsifoned overdstleli ng pair  of 1iquid

- mani f o ds tasnate SRERTAORVEIDS nGBYRJaaRer fluid 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 delivery of a rinse fluid into

a correspodi ngr |J QUi %gh | d. i-spepsi i .uid through a
sel ected sg'condT%ér oup pg]ft noefz%rgelm{e%élec%%ploﬁlﬁ %‘&gﬁ%l\{ﬁaﬁgk&@dgst rate. 9. A
nozzl e for fatinsd etk iat ndderadepmdiwerddn apar ciieostopee fuidddles agonpri sing: 20 a

nozzl e body formed wt lurality of manifqlds within. the, nozzle
¥ormed erreon to tgciflitag delivery oty developer u{d?nto a corresponding pair
of liquid manifolds 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 predeiermined group of nozzle extensions to channel laterally moving fluids

released from the nozzle extensions.
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body wherein each is in fluid communication with a separate fdalipn

formed along a top surface of the nozzle body; and a plural i%%l\g?k{Hugglogr
nozzl e extensions formed al ong a bottom surface of the nozzle body which
are in f NQ®®BYAhuni cation with at | east one nanif ol dPCPEHSRFE5LI n t he
nozzl e body includes a.grid network oftrenches formed along a selected
regi on of tgﬁ bottom surface of the nozzle body and in between a

predet er mi ned gr SAHREFE Aesifed e lem i vdissin ibe noraledelly aralithe al | y novi ng fl ui ds
rel eased fr @mpr %A L reh, 2006 WO 03/ 030228

PCTI US02/ 31 5951?%? i B2} %@gﬁﬁggi%ﬁg%ﬁ%%}gﬁ ',chv\,her ein the nozzle
body and t h&onsgheftoal ity of tubul ar nozzle extension are formed from a
singl e-piece construction. 11. The nozzle as recited in claim9, wherein
the grid network of trenches 5 include relatively deeper trenches forned

along a fir$t. pr'ﬂmhafoiazieﬂ;rﬁﬁfeﬂimcﬂaiﬁﬂ,%@reintt@éérﬂrﬁe%rfcaﬁ?ﬁéﬂfmt he nozzl e body,
r trenches formed along a second predefined portion

and relatively .shall

of the“bott M@ﬁFﬁ%@%ﬁe‘?g tengfies Surmsd alopg ¢ fitst predefied portion ofgharul ti pl e
processi ng bbttintlsirasd i d te comprising: 10 a
nozzl e body fornmed vvidtyhﬂﬁﬁoﬁﬂﬁ%ﬁgﬁgﬁﬁﬁi&@gﬁﬁ*%ﬁﬂnﬁani.foI ds and gas
mani f ol ds, %%&Meﬁoweﬁilﬂémoniomﬁlﬁe(bbﬂbmwﬁosi tioned within the nozzle
body and in fluid conmuni cation with a separate corresponding fluid inlet
formed in the nozzle body for receiving processing fluids to be dispensed;
and a plurald.ty Adispeagaioezlt fp deliveringiniRplophiteRingPRNRSHJ4 qui ds that are 15
positioned within the pozzle body, and wherein at |east a portion of each
tip extendss@mé@?@f? J "E’BF'{ Faie eoPRISEEf t he nozzl e body and into at |east a

portiad of a | iagdkAe 65D SR withboien : , ein the bottom
surface includes _a_ net wg_r Kk Sf ot (mﬂletggﬁgr éhiar%ggﬁ)eﬁ?a\%@@%%‘g plurality of
nozzl e ti psE3 Magifelds, wheraineathdiquidmanifolit ie positioned withintiidaoafle 20 trenches
further inglgg ; ' rifices in flyfd communication with
the gas manif gl%ghtﬁgmg;&ég%ﬂéﬁ%%t?%la‘?flsﬁ%%pggg COIRSeRIRdiRe |tiple processing
fluids ontforndden thembaziertadg fuvrecsbirgyprodeisder R thbd MspeRElAC R

cross-cont am nati pn.an . e e
a pﬁlrah%r cﬂ? 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 swrface 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. '

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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spl ashback fromthe wafer substrate. 13. The di spense nozzl e 2% M&fdH 200
claim 12, wherein the nozzle tips are 25 separately forned inserts
positioned within preformed openings within the nozzle body 14. The

di spense 'HOPMUA8s recited in claim12, wherein the nBEFUSE3HBE are forned
froma material that allows thermal contraction of the tips upon exposure
to a relati erature for positioning wthin a nozzle body, 35
23 March ZOégdm%g%%é’f&@%PﬁW/eﬁ%%t‘éﬁﬁﬁﬁﬁ%@yr’?ﬁ’mgxpansi on of the tips
upon exposutenpemtude thereaficr prlvidingar sibdtanti d AgHdfe thereafter providing a
substantially fluid tight fit. 15. The di spense nozzle as recited in claim
12, wherein the nozzle body includes two devel oper manifolds for

di spensi ng_devel fipafsphlsthéls1omidhaheyin| SR @b Ablalog, o oser to the
bottom surface of the nozzle body, and a rinse manitol {or di spensing a
rinse fl ui dinghfesiwp developersganifelds fondispensingrdeveboper flwds whieh ateot t om sur f ace of
t he nozzl e i | e.as . recit in claim15, wherein

t he no?zl e ?)?lggdre?aﬁgﬁlgﬂgs:eggstgfgoﬁg 0 rceelogﬁ\e\% e%q%ig'ﬁn i"&° f or di spensi ng

t he devel opmenifdldifoddisfensing 4 findelfinid whicldis\ferhe eolativelyi fintlet GofnliRd are formed
relatively ,‘gl osesgl{ftooiﬁlg bottom surface of the nozzle body; and a group of
rel atively PORE SFHE MFEYMEi ng the rinse fluid fromthe rinse

mani fold that is forned relatively further fromthe bottom surface of the

nozzl e body, 36 i Lo
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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