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« | MPROVED YI ELD AND LI NE W DTH PERFORMANCE FOR LI QUI D POLYV=ZRS FARDRIGY HER
MATERI ALS BACKGROUND OF THE I NVENTION 1. Field of the Invention The
invention remadesiégenerally to the field of mcroel ectronic fEbVUSBRIOA.

" More particularly, the invention relates to inproving the yield and Iine
w dth performance of |iquid polyners. 2. Discussion of the Related Art 10
Litho mﬂ“s is one of the major drivers of sem conductor industry
ini tam%\jwm\m progress in achieving snaller feature sizes with inproved
yi el ds. I pecifically, inproved critical dinension (CD) control and

reduced process-induced defect and particle counts need to be satisfied

simul taneously. 15 ThmPEROYED YiELDIANDAUIE WISPAPERPORMARNCINI fi cant
role in the patterning of increasingly smaller line w dths. Regions of high

and | ow di ssol ution r Q@R IHQUH) BEX § AXD OFHER MATERIALSr esul t of the
sequence of photolithography process steps preceding the devel op process.
During a devel op process, imges transferred to the resists filmare —
devel oped into three 20 dinmensional structures by a wet process. The
subsequent etch process (nostly dry) transfers this inmage onto the
substrate (Si, Si 2, poly SiBACKGROUND ORTHEBWENXIION i ons of a good
devel op prqcess. In gener I,da {I# icaI. devel op process has two main parts.
In the first part, dével 03&1 Pf B dYeRUAR spensed over a wafer spinning at a
llow rpm fol | oned by qhgaxaxehﬁorpfm&se%e%é;ahgrtmlf&w SMflicRocl@beniet atic or
oscillating step at which regions ot high dissolution rate are etched away,
creating 3-di medghirisaaen. i Matpepardenlarhe tifd inventionatlatey taoimpening theedeld pages,

val ue of side wa | I and CD.contrQq are all strongly affected by the
first part of }Aﬁléled\ga\}glpggop a&lggggﬁ&ufﬂgobmeﬁ%'cal wet etch step is

imedi ately foll owed2by aDigiusdionefthé Rle)atstbdgr rinse step whose 2 4 FEB
2003 WO 001 16163 PCTNS99120115 2 main function i s to wash away di ssol ved
resi st andl%evel oper LﬂIhegr&plmthoafr'Sélwqwf&h%Wﬁ&?rﬁpéﬁe@ua%a@fect count
on the patterne . I Ll i r crucial in

i nproving yiel dq%q@g?ﬁq 1tt oggérﬁlialg%]sﬁ %%%%ggsabmgl—gpg%lgﬁl (l)érrgfﬁ%gﬁesagggﬁtlhrenent s of

i nproved criti campdiveggpidsn Maomtspadificallyr mmiroed qritivgledisiensichu(ie) abafrekt

counts and reduce ocess-i nduced ticle counts refe dt ove have
ot been 1 ul |y B4 FiReH Prpecsantien Paey By pafiiEnlieg Infeafieliie) y
addresses all ofgifihieseouspgui renents. SUMVARY OF THE | NVENTION A primary
goal of the invention is to inprove yield. Another primary 10 goal of the
i nvention 15 i npr ovedheDevdep fluid raedudprocess playsiasigniiieant toominghovi des a
solution for bot f.th I [Ny . e o ui le of a
waf er track toolpgn%nmgrog? I?cégs)aﬁgl(%kﬂﬁall (lal%?ﬁv\}%ﬁ%/’i%%q?és ?Hr?gg%hgar?gﬁ gd in an
enbodi ment t hat disolwise thtexurecreetct od thoresist fintraezd regulpofthe péduandeat of

devel opi ng reactant by 15 | oweri n% a sudden change in pH, said nethod
conpri sing: devahSlpeEAPhY PERESSSIERPreSAINGthedgyBlopREPCesHIINgR 5 substrate
with a charge of .o o Lot t i of

sai d charge of ee\qlg}‘ghg)?’@ SI ﬁ%‘e?gar}ﬁéﬁdﬂ%gﬁ@sgﬁéf@g}é yaﬁ%;?é\%gopggﬂﬁgmré’@
control | ab2yy m niimezsoral stulkseguens wsupideessc Aha gebsequeptktclapwcedsémostlynsi ng
said polymer with a charge.af another fluid. on spect of the 20

i nvention is in %}féﬁ{lﬁ%&g&ﬁ lﬁﬁg%%%dﬁwtr?tﬁéé’ S‘E&ba é%“gf’ﬁ")a met hod for

m ni m zi ng precipi t atfRe A& naY 9LORIdAI of 83668 8veldp (rodE.I MGedegudden change
in pH said nmethod conprising: devel oping at |east ‘a portion of a polyner

| ayer on a substtypical deivelhp arecessihas tvo olaéy ppstsofin thedustepagpdgvelopar duidtihien
rinsing said polynper wth apn _addi.tion har ge sal I r fluid so

as to controllab ’§Peﬁlse iO%e%%Wﬁgefap‘%%‘éggﬁﬁ%‘Y r@'ﬁggfeorvlvegﬁgr?gsga{ﬁﬁ%g&l;e and t hen
rinsing sasl polfprRationiant adohascordfscitlanhstep bd which refidnliof Higaspect of the
invention is inplenented in an enbodi ment that is based on a nmethod for

i ni ni zi ng pr eci PFOBIOB Fate pregiched gpianreangadimensiond wppgssgndhafilgen change
in pH said net j.Sing: e i . i f ol yner

| ayer on a subst %1@9\%}3 é%é%gémcﬁééfgﬁg%?&dﬁgkggﬁ l°ﬁrﬁﬂfa’? C?ﬁreo(r?l’ acr(é;‘% acting

sai d substrat e witiohgly affeated®dy olie finsf paet of thiadevaddyp proxdsng The chaaghl wetporti on

of said devel oper fluid wth, at | east .4 FEB 2003 WD 00/ 16163

PCT/ US99/ 20115 (fd¢h ftemisdmme Iaaelxﬁg@g@dfw aofﬁwrré%e, @i) Watef BnesiaPruasabl y

m nimze a subsequent sudden change in pH, and then rinsing said polyner
with a charge of another fluid. A fourth aspect of the inventi

i npl emented in an enbodinent that 5 is based on an apparat us fgmmmlﬂ"wm,m""m
fluid inpingement force on a polymer |ayer to be devel oped on a suhgjgate,

t hereby inmproving yield and Iine width control performance, said apparatus
conprising: a nozzle including: a manifold adapted to supply a fluid; a N

v .



WO 00/ 161 63 PCT/ US99/ 20115 4 description and the acconpanyi ng drawi ngs. It
shoul d be understood, however, that the follow ng descriptp@npgahpghe

i ndi cating preferred enbodi nents of the invention and nunerous specific
detai |l s t her weXq0/1683gi ven by way of illustration and not of | PETAUSIYIENS
Many changes and nodifications may be made within the 5 scope of the

i nvention without departing fromthe spirit thereof, and the invention

i ncludes all such nodifications. BRI EF DESCRI PTI ON OF THE DRAW NGS A cl ear
conception of the advantages and features Zonstituting the invention, and
O e, CoMponent g fo@RES  bath S/ RSl AEhE TR REQILAT Bl hiked@ ke
invention, wll“becone nore readily apparen y referring to e exenpl ary,
and therefore nxgm]!imm j)m'g'cleantbddfe?tedmﬁ_ﬁt or ihe@_ht}tq’meﬂwhf&r.t ﬁm@wgwqag?se
acconpanyi ng an orm ng part of this specification, erein |like
reference char a@ﬁ%rssexelieme&ﬂyme‘c@dmprqwm@dtoﬁaﬁ%&a YRRCd®si gnat e t he
same parts. It shoul gelifoBQl ifl kilenlddfs dGABHNES clilibdf BhaisRsh doRubll®

drawi ngs are not necessarily 1 ~"drawn to scale. Fig. ITustratés a—
bot t om per $pect redeced pocest-imluced défparcounts 2ad rducaipresmrindugediparticibodi nent

of the invention. Fi 2 illustrates to ers ive view,of mul ti port
nozzl e, | r\épr elseﬁ‘?‘]nﬁslg‘%gﬁreélhﬁtgﬁ?mve B?&%@%lﬁv‘@ﬁ{)%%ﬂv‘?ﬁ&aeg}s %Sqell‘l’tf‘ﬁ’st Ir gt es
a sectional Vi ewap§indultandBukllyi da@fcksed QA 2if eheSORWiréMems 9. 2. Fig. 4

illustrates a top view of a nultiport nozzle, representing an enbodi nent of
the invention. Fig. 5 illustrates an end view of the nultiport nozzle shown

in Fig. 4. 25 Fig. 6 illustraSEMMARY¥QBAHE IN¥ENFIOMe nul tiport nozzle
show in Fig. 4 taken i ipe: A-A El ARy r pottom
view of the multipor {\aélrg{z}gz}y}%g&%ﬁﬂe %nk@%dgn lé}lo. lﬁ}fga\./e }é’%lldl P?J]%sottl?egﬁ glgﬁg top

per specti \® vi epoafof tHeanmedtion pointproesizCP cohwsirapabitygThid invdtibi provRies
illustrates a sectiqnal view t he | tiport nozzle shown in_Fi 4 taken
al ong section I?ﬁ%‘uBQ‘Bfor\%Oﬁ‘Uﬁg?ﬁé’i ergsgnlge #@@?%gﬁuiﬂ@p@éggfw%% Fig. 10
illustrates a sggfii@gpl view of the nultiport nozzle shown in Fig. 4 taken
along section litne GC. Fig. 11 illustrates a sectional view of the

mul tiport nozzle shownfiishaspee.of she iakentioalinimpleeettedm dn enebddimdentShatiiy, 12A
illustrates an Ei?dd\/i ew OtF‘ ‘ﬁ nozzl e insert,. r.eﬁrgaenlii ng an e odi ment of
the invention. B9 ORFanFippq, & uipizing precipiiion of eNFIONg IFaCtA Y o i nsert
shown in Risg. 1%Avérils@sudi@éhafgsin g shidBethodeormbribingt JbvAlbpiHg b l@hs an end
view of a nozzle insert, representing an 10 enbodi ment of the_invention.
Fig. 13B il | ust pefities of apebimesiasier on anbtrateneitihe gharge phdavelopenibuid; then Fi g.

13A, taken al on i.0 Lnhe E:. i i r . .ye
sectional view g?aﬁﬁ@grﬁ@ﬂ alg{;;ao?&lﬁ%(z)}z:%agd %%ag%éfli#§épg$rﬁlg%£§gﬁpgf%gﬁ% section
line A-A 15 Fi golyhfer b haistooatrolatde uthinfize adudbsagent fuddead ¢clamgon pHveandi st ance

fromthe center of the supstrate for a deve| oper axjs offset of OQr}nb
representing anthenpBdingsad Rplymerawvithhg gharge af another flypl. A seropd ginsst fdbel op
rate as a +puncti J I f f}nhzg te for a
devel oper "zgxi S ?)r?}férslgén %)Sp E@%nﬁé“?éggﬁéégﬁ{%g%gﬁ&%gé’#g%‘ I rrelr?té H’?? tf('lélﬁe

i nvention. Fig. niidimikingyrecatitsiod ey dévepoping wacantbyflowetinga swfdet hkkange st ance
fromthe center of the substrate. for a, devel gper axi.s of.fset of |Omm
representing anPBﬂ%ﬁmmdsﬁnﬂrﬁH‘gi' ﬂ%h‘%ﬂ%%‘? Sh2 Pagiop |ofﬁ§p\t,ygteégayalé%| op
rate as a funct hQ@bstfatd WRh dh HifAfNCRarge 0 dBR]per BBRY; Beninsili@aRyRihat e for
a devel oper axis offset of 20mm representing an enbodi ment” of 'the

i nvention. Fi gswithomadditiangl ehargesafsaidalestloperihidsaas ta conmeliabyhmirfimizgsat i al

osition t he substrate r ev.el r.axi s offset, o mm...reqresentin
P embodi ant | of SHRRheY G, et pPR Bha Bk Bndh: 38 Rl Rint SRERSTL | 29
Fi gs. 20A-20D i bF usdthétftuidley eliabaspedt of dfe iavdntibe is @ipletheri@biniaal position on
the substrate for a devel oper axis offset of 5nm representing an

embodi nent of t EBWbpdigeant thehis hasesson pmephod fomninimizing preeipHaian dp rate as a
function of spaty [ n / r f.qr r axis offset
of T 1 epr oeSsioHRg KBl BMowding YR Rbfad Biptf BRIGREE, 521

il lustrate develcomptiging: devepingw ldastre pdrtispaf a polymeslayeosh Dsublsiiste suithst r at e
for a deve| oper axis offset of Iﬂé%r epresenting an enmhodi nent of the

i nvention.3%0 DRS@RIEEPf ARV tepep [SORiopRs Jpfch\substrate with a charge of

buffer, thereby mixing at least a portion of said developer fluid with at least a



The .invention and the various features and advantageous details thereof are
explained nore fully with reference to the nonlimting enb% @3t hat are
illustrated in the acconpanying drawi ngs and detailed in Iomnng 15
descri ption wo qnefeerred enbodi ments. Descriptions of well knummusmnmmments
and processing techniques are omtted so as not to unnecessarily obscure
the invention in detail. The context of the invention includes

phot ol i t hography processing of mcro structures (e.g., mcroelectronic
structures). These structures are 20 typigally etched and the pol ynmers of

interest function, as%g’ra toé)?higtldgortions f .the structures that are to
remai n at | eastPoteTy FEPEHER 5O BRI OPER thy B2 %};}Hjéfiqé‘e? hat are
bei ng devel oped,aas danHEMPH\eod BRGY s d JolEmBNOEIPE 8fdrsd 8F andih@r | Nventi on

can also utilize data processing nethods that transform signals that
characterize tHtidtate of the pol yrrer processing so as to 25 actuate

i nt erconnect ed di scret.e hard e ements for ex Le on the
nozzl e or change thfg%‘i‘ﬂ‘ %@O?Ilbﬁén\/wgﬂ lg?Pl?rﬂ%ﬂ %gigsahregﬁaglinﬂefﬁé* ect_
density duging it Besed@viehQppfaQe EsSmPimizidg Ul énpiabyAEt fors€6n h folrmer

phot ol i t hography step by enploying a new Trul t port delivery apparatus
(nozzl e). An inpuitaRe devshened oafa subgrat tharghyyimpsevipgyieldand lmg padtht us i s

reduci ng dropl mJ. el r fluid
rodul e n'why choRE T pael sHE sonkeiks SRR SRS ichaibo ARG (!
WD 00/ 16163 PCTNeped tdaiply/a finids glurdity of ﬂiﬁldleanappabaplustoadaﬁcDMnlﬁdlgni ficant

reduction of the defec Slt due to its super.ior rinsi actian
addition, this %ﬁiﬁﬁlmﬁl{y dyoy! ‘B%lséﬂ‘iaéﬂdl‘m“tsﬂﬂp r?‘f‘ét"éﬂg’d&@(}@’ﬁper f1uid
chem stries (inaagdids br «aomeamrenﬂaﬁlscahﬁjmén&ea)mtaﬁ e%oampfhtaeg pddghout any
cross contam nation. This delivery 5 systemfor both devel oper fluid and
dei oni zed wat eror @dappewatyster vammg tnidempingement ﬁocmlouist)mﬁ)l‘mg lgpeatent i ng

Poature oi zoo. i pipehin Batteles bERRY bR ineBOBRARER wREF LT e of o

waf er track tooperformaide] Sai@BpdakRad ¢prisind ainB¥AO icidinp2n dbelgleassi fi ed as
involving 1 ) 10 nmultiport nozzle q)éstem whi ch supf‘)orts t he di spense of two
M

di fferent devel®pafold pdanted tosuprly widenelaper shd; errdurslitynfidevedgpes iyl ond

mul ti port gnozzl S for the
di spense o? the&dﬁc ?égtr:l&gBe %%ta{g‘r?d Eloﬁé%%ﬁ%k?%%g%gs agmfd?aﬁlﬁt?%bl Sglﬁ'gld/tl ng
either parts 1 gringe fRjidtandsymality dfuaise fbrrordicey calpledltopsid devalopgras wel | as
| ow i npi ngenen i,rement throughout th evel op. 15 process. The

t
i nvention incl ﬁ@@%@dﬁwﬂg seMalesopsT auanita) apghrinse)aniigldi agt i on
contri but | on of i e d9ueLapetn kisidh WRAMbGRINALE! W Bhkfgcl ndevel oper
fluid over the exposed wafer uniformy. This inproves the overall CD
control capabi Ilmmynt@m lalrmalf:mpntcd acdm @ym@mmﬁ‘tbat i$ basgchonh awlagpasarehfoan
appar at us,jn its. i eve oper entnp The track sg%ﬂgenle (2 be coupl ed
to a stepper. fﬁé ”?bz?% W dgﬁﬂggldl Srcﬁsoéldaﬁloe\“gfrdayﬁréo TEE“48" Bonnect ed,
al t hough not nesipsefe,thytredly embling yad afdlind WiIEs sctiol erfRaiaady, sad | y. The
i nvention includes hel ping prevent col| apse of developed resist . structure
or structures afRP2raLS GPEMNIGER: R BERAS H@luélr@uaéewlmamgewﬁaéwtedme term
sudden, as used c e s a 25
change in pr%‘%%gAs%eé}éfb p,té gﬁ%‘?h%s{“@?y. nc%@g%gr ?‘\%BFQ Sec((:)tg ?1 n%p%ll%ts
separated by a gaeloper mbniféldpea ﬁﬁselr&mfoﬂdladapmdpoelxppfhyaaﬁhse fluidecpiorhlity
preferably_| ess han i mat el econd, re prefera | ess
t han appréﬁi mat ﬂg‘ %‘éé‘ifﬁd%ul’é‘%’rﬁa %@gﬂvlfggﬂ@%gﬂplayéﬁx?g of two
i nflection poi nﬂad%mc@@a&a{ BBt deritl &P IR ki 1 oI Sndreiaaid RPzlencl udes
many designs for a nufti -port nozzl e that can be used iver
devel oper fl ui dissodnettidaniateatkaiadaptedveraise qudllgwerrsaldapzele woth re@ard 4o  2D33.
WO 00/ 16163 PCT/ US99/ 20115 .8 be. n a _substrate. no e
brovi des o geontT SHUSEAE AR ESRO SRR SEId AL A D3R St O 1P HE SRR
spatial Iiquid Edppmar di@ arbirngl tﬁ‘arﬂeme%bf'ﬂndjéddgﬁhteg The invention includes

hel ping to prevent coll apse of devel oped resist structure or structures by
reduci ng BRpact f or cEhesk, Qﬂﬁ!@tmrqgﬁaébmqsh@twﬂm inpRetich withbsriettem i ncl udes

ports. The' i neertcsdBEE oot Indtehlifered TG lRath TR SOPRIY oni o

friction (either static or dynanlc) Wi th respect to the working fluid of
the nozzle. The invention includes extending the inserts beyond the
material in 10 which they are |ocated. This extension can be internal,
whereby the inserts extend into the input manifold. The extensions can be
external, whereby the inserts extend beyond the bottom of the body of the
nozzle An advantage of extendlng the |nserts |s to pernlt t he |nternal

o I Y T o B Y Y T



2 4 FEB-2L1L13 WD 00/ 16163 PCT/US99/201 15 Il its mufti-port nature. The
reduced i npact force is inportant for snmaller CD sizes tha?oﬁte':gg @83 have
hi gh aspect ratios. This makes them vul nerable to pattern I"aps€edue to
i npact of thwofdons@da Enbodi nents of this invention reduce inpactu$wreAas for
t he devel oper fluids and the deionized water. This as such, the 5

i npi ngenent forces throughout the devel op process, may be mnim zed thus
ensuring a reliable method of patterning smaller feature sizes wth higher
yield than that provided by the know art.4Anot her significant advantage of
the mul tiport %zzl e for. use with bot hd devel OFeF‘ f!jléi d gnd d@i\}g’ni’zed wat er
is that it increswliopapd heactompanyig dragings {tshapd be padsriigp Vfqui d
delivery and 1Qngigd fdll'@bb‘iﬂg)dbs&%ﬁﬁ' whily id&ﬁca%iﬁ@pf@fér?éd%?ﬁﬁodﬂﬁ@rﬁk §f @ASUr €s
better overal| process conpliance for mechani¢al process variabl es such as
spi n speed and ifiyenkidn dhd penstongspesifis. detile tdrenfeis gaventbyewayaefdBustwtieant age
provided by this.inventign.is.,the potential to.reduce the tqtal  deyel op

D ocess time whibr ol ipdftiam e SehRond modfdeRont Ry Bhrisds Suptg
particle perforsosicst -thdmvbhtibn Withdut degarad LHoRNR §8#it MeRedian@ e of the
invention in which a nultjport nozzle 400 may di spense either one or two
devel opi ng f| uiltentignénchrdesall spehymadifigations. pref erably, the nozzl e 400

di spenses two devel opi ng } Mﬁq i &RITHR t all dispensing
may be acconplished by pol'ism}g?l ng t eI%zl e %Oﬁﬁﬁg?ﬂg?'gone position. A
head 420 of the nozzA eledDébncemioncd sheadvamafdd and fémmres dafstihmwp tige t hr ee

inlets or inlet. mani folds for receiving, di spensi ui ds and/ qr ,dej oni zed
water In Fiq. TNeRORE R U RRFn GO GRS Piters PVed Fither 405
for a firgs devgl 91%&%1{ il gecoﬁaeﬁ%é&ﬁ@adil :a'fpbzaéﬂ{ooyf r‘éferﬁ'@% ?%hé@ﬁ’exﬁ‘ﬁlﬁﬁ%;ea”d a

third inlet 415 for a second devel oping fluld. Preferably, two or of
the inlets are astshygeformnanlinhting spbotiments igstratgd ipthd drawin®5 t o conserve

space and 25 reduce the overall. size of. the ngzz].e 400. .In. Fig. 4 the
FPrst fier a0somypa g A5 Brund pramAr ALY SaeeRiahch avbetein Beidiredtte cecond
inlet central | whhasraGf Begovur Bf meRtthitteasw) d&idnatethe bahepark0Ft and t he
third inlet 415, Fig. 5 shows an end surface 520 of the head 420 with
internal manif @ha\sld%qmdébattsm featuessdHueratediip she drayvings pesmpt necesspsily nl et s.
Pr ef er abl ?/5 t hey L04 os%r ace 520 includes a first 30 mani fold 505 nerged
with the tirst 1nl e% 65 for the first devel oping fluid, a second nmanifold
510 nerged with the Fgcbillistrawbsed betidn perspedave©nienadd anntleport anzkle, r2 ~ FEB.
2(nB WO 00/16163 PCT/US99/ 2 1@5 12 a third manifold 515 nmerged with the
third inlet 415°P§enyngapsRGodset siPagYeNu™. To further reduce the

di nensions of the nazgl EinukitRed to¥PefiplliiveREewiBNA fitlidbdriRY-Re Stagger ed

Wi th respect to one aRother across thé end surface. Preferably, the first
mani f ol d 510 i gepresentiag lay emboditedt ofthe lrventioh.f ace 520, with 5 the second
mani fol d 0 and thig.d ifold 515 symmetrical ly.distriputed on_either
Side of A first miHEroNEdE? ecRpRa Y o B mulliRsrtnderl havp & B
cross-section cut along line A-A of Fig. 4, showing as an exanple the third
mani fold 515 to include a plurality of conduits 670 which bore vertically

t hr ough the bott om digfhilseges alopridevaof/e multngrt npezls, representipegnr uct ure of
the third manif i re rably identical to the first and/or second
mani f ol ds 505, %ﬁ%dgﬁ%tﬁ?f}%lﬁg&&ggbri bed in greater detail as a
representation of tHegehiliusratesipetidnet of A% rexteipert hdizxdsHomn ih Feg. tahi rd

mani fold 515, each of the conduits 670 pmay i nclude a tubular insert 650
havi ng an‘i nternal &fi& @gb's'éfﬁﬁﬁ RFECHQRA MiFaY ofthg mpsitpornazele sapvyin Fig 4
internal end 6 f 1 Lar insert 6S0 extends a height internally
into the thi rdqrgrkaér%%l%%d&gﬁ@flﬁjﬁi% entering the third manifold 515 will not
drai n unl ess the | evég. Dillustnated & bottbne viTpi dfebe miuttigort riokele tshownl imBigi 4.0l d 515
exceeds the height . tgg i nternal end 660. .As fg%h the internal ends 660
may define a reservdi® hEVFSEYCH BRREFPaRHYSAR OF By EPep hogmdneeo of
the tubul ar insgptyg 650 to a bottom nmanifold 20 surface 665. In this manner,
the height of thée internal end 660 may al so be used to maintain the static
pressure Wthin the Kigi 9 dlusaates abattiond viomnef thamudtipastpezzieshownieEjgedt t o
the corresponding fl.uid conduit %0. Li kewi se, the external ends 655 of the
i nsert tubes 658 %}orég&eéﬁ ﬁ'é % the bottom surface 680 of the nozzle
400. 25 The tubular inserts 6SO nay be fornmed to provide a very snooth
internal surface that mnimzes or elimnate surface flaws which may
otherwi se m sdirect a stream of devel oping fluids or deionized water. The
snoot h surface the tubular inserts 650 al so avoid the sucking back of

bubbl es, since the liquidair interface within the tubular inserts 650 may
be controlled. The tubular 30 inserts 650 also provide thin radial edges

g, o " . 1 . o o



25 mani fold 515. Alternatively, the tubular insert of Fig. 12A may be used
to define a shallow reservoir within the second manifold 519, #gg9313A and
13B illustrate another enbodi nent for tubular inserts. As wmth the previous
enbodi ment, woaotielsdl ar insert of Fig. 13A includes a roundedCT/US99/20115

~ cross-section. The longer length of the tubular insert shown-in Fig. 13Bis
30 preferred for a manifold that is distanced fromthe bottom surface 680
with respect to the other nmanifolds. As such, the tubular insert 650 of

Fig. 13Ais 2 ~ FEB 2003 WD 001 16163 PCPNS99/ 20115 15 preferred for the
second mani fold 510. ..The,t,ubul ar _insert. of Fig. 13B may al so be.used to
create a deeper r ese{S \ﬁo?? llblds#ﬂf"%a feﬁglg?z}lrvéetw ﬂgﬁF F&‘T’tépog(%)zgﬂ; Sﬁﬂ‘é’nf'hﬁgd

mani fold S 1 S.4 EkenalbngRédtizalline@ze| e having a depth of 1.S inches, the
tubul ar insert 650 nay range between 0.3S2 inches and 0.66S i nches, as
shown by Figs. 5 12BFignd! ilBmtrates gsectignglyiey plthg pudipayenazzisshovast Fign of the
nozzl e 400. They{jr 0l.get: 4Q: the second inlet 410 are shown in an
of f center or s?%%ﬁg%gﬁgég%gﬁggﬁgﬁ ‘on the top surface 42S of the nozzle
400. The efd face S2Big. hzA illiestatehen End siewrddnirfoetld ifSEX repdsdritiag ascond

mani fol d 510. The, second 10 manifold S 10 may, for this enbodi nent, be

vi ewed as exenp@BP?ﬁFGPt ttAeVERHAY ol ds in this embodiment, and will be
described in greatergget s lijyskhes §‘§€dﬁeﬁalf@éwEP!h@_n&AQiIE&@EM%in%g.enl ar ged
chanmber 1410. The enl arged chanmber 1410 nerges wth a bored segment 1420
form ng the renb?adakenaliongisectwadomad-Fani fold S 10. The second inlet chanber
1010 coupl es second %pl?§A4&%11tS m%t% t he secoqd.nagifoldé? 10. The
tubul ar inserts 650b' &xtend %ﬁ?gﬂaﬂ t @386ﬁ&JPF§°€¥6 JOPYERAT"EAR exteri or
end 6S S gyt endsmbeyiaied: dfiike POEAYA, surface 680. Simlarly, the interior end
660 forns a height 1430 over the second mani fold bottom surface 66S that
defines a depth of tHig 1&Bdiushnptes psectipnalviewef denorde aeit slven BI02r ecei ves
fluid. In this ol L Ll ironi zed water 20 nmay be received

t hrough t he secg%%’?&%g?gﬁi%ﬁgﬁgﬁgggéﬁd t hrough the bored segnent 1420 of

t he second mani fol d Bigl04 ilRsirates & perspeztive vetiond] vidveof the nthltparemdizieg t he

hei ght 1430, the fl uj .fqiﬁgﬁa &Fservoir,mjtgén the second _ manifold S 10.
Once the fluid w ige# ke along aegiondingiArAent ers the tubul ar insert 650b
through the interior pgnds §fluamddprRipaatel QUi AYE tRUWistRiceltiin & exterior
end 655. The resulting outflow of the nozzle 400 may, I n the case of

dei oni zed wat er senserofithiesudstiate éordi developenaxistoffkt of tneyugpfeserntihg awhi | e not
being limted tog snéapakghgul%r‘Eerfornance i ndi cator or diagnostic
identifier, preP@ PR Lhbodt HER'E f the invention can be identified one at
a time by testing fofFid heilpisesendeveldp Rtcdibstiaditonafthe ditbiqriromieneel op rate
30 across the surface of a wafer. The test for the presence of a
substantial |y center offthpsubsigaie {qn agtsreloperRxicoffaeobimp resresentingianor m devel op
rate can carpj ; undue experinmentation by the use of the

si npl e angﬁkonvégﬁg%ﬁgit&géggﬁéﬁgggrate map or spinning rate test. A
spinning rate test wég d&ilhoumesdevelaetaer aviafandtivn ofuiehdisthhcedtorh&iereen t he

center of a spinning fer and_t he, nearest  deyel op stream could be 5

tol erated duri ngeraamf@%wsw?tsﬁws@yebﬁ@ 45 ‘fféﬁ 1foa, REIESEIDERRr ease

of fset until the deqgAdAPotdRL iiReidy suffered. This is inportant to know as
such an offsét is inherent in nost of the dispense nozzle designs being
consi dered for the ddisll8pliustrdigh develdmmite &% fuBctpmmfitibkedistasasl fram tfie a devel op

test on ers with z| 0 offsets of 0. 5 0 d 20 nm at the sane
e i | @S ar y o ARE st on b yPloRer Bt SbatAten BRibuRs8 Som The
test found that emodimken®bf @k ilveasdén.as great as 5mm had no adverse inpact on
devel op uniformty across the wafer. Presunmably a nozzle design with an

of fset of 5 nm or | eddsss hduildDrlusteasgdevelppratedp adnrtioniof spatink positiontaye
center of the er I t d fl i | onger
wets the cent e\rNﬁE) gﬁbﬁ@ts\gtgeq?dcgﬁég%gggsl °\§§S§€%§4@RI rg%be?%xé%ﬁ%] S ump?B}rf%lgeél ggf The
spi n speed of tkise iw&étfonl Nteracts with the offset somewhat, and is nost
apparent at the margi nal offset of 10 nm A preferred enbodi nent of the
invention includes three parallel rows of holes in a bar one wafer radius

| ong. This single nozzle would di spense both 20 deionized (D) water and
devel oper. Since the radial position of the armover the wafer is done with
a pneumatic cylinder, there will be only one placenent of the nozzle
relative to the wafer, regardless of which fluid is dispensed. Therefore,
only one set of holes can be exactly over the center of the wafer, and it
is expected that DI di spense should take precedence in which fluid gets to
be 25 closest to the wafer center. The typical devel op process di spenses
fluid on a spinning wafer, so centrifugal force will prevent fluid from

e o o . o - b B Y Y, 1



A third:-order polynomal line is fitted through the data to ease 10

~ conparison between the different spin speeds, as there is qUQQGEEBQUGS of
scatter in the data. Figures 15-18 confirmthe trends seen in the tables:

the primary monewisiearmity is between the center and the rest o€Tiusey/mdatsa

" for the higher speeds, 0 and 5 mmare clearly nore uniformthan the higher

offsets, and at 10 mmthere is an interaction between offset and speed. 15

Fi gures 19A-22D show the | PEC maps for all the wafers, except for one

repetition. (The maps | ook rmuch better on @ nonitor that a printout. The

it | so has the_ad af bei bl e t in,). The rat
oanning’ e a1 er SO Bl AR R e R b b el i 1
can be conpar edgRaipaee M hletelopdtxt GHscBHEMRI tRrabRg Aldntlilmédier scal e.

It can be 20 see here, as was apparent visually on the wafers as well, that
starting wth 1thennvatioset, a "hole" forns in the center where little or no

devel op fluid contacts._t e. and ich _has ch l.ower devel op rate.
The test confirned tkéﬁs' 2@\”}3@ @fl?“slgfat? ?%({pﬁggcaéﬁffgwiog Otf SP\A%PEB?S@I?“O& -
devel oper 4 spemgasub@taté RRatdevplop dxigBlfsefof NN, RPicténtiganeaibolingrd 10 mMm

25 offset fromthe center and the nearest develop stream fluid ceases to
contact the cenPEtednventgnyafer, resulting in an area with greatly

suppressed develop r , 7RG i i el 2 st oner
waf er. Larger offset giggké%gr'%%lelqtgﬁzé %‘?‘%ﬁeﬁ’%{e%ﬁgrign%{?ﬁgq%#?P%?té(?la(%?i on
with the spin spectbsteefaa delelopenaxd dffsesdt 20munjrepresdpingah embodingent ng up
mainly at the apparently marginal 30 condition of a | Om offset. The
uniformties neagﬁwéavmépa- actually slightly 2 4 FES 2003 WO 00/ 16163
PCT/ US99/ 2115 21 better for the 5 mnmoffset than for 0, but it is probably
not a significant difference in this test. These results indicate that said
nozzl e desi gn shoul d noDES&RIPTION OfpP REFERRED EVIBOINMMERNS Sat t he center
of the wafer so |long-as.the.centernost. stream.is . not re than mm.f rom
the center. Advantag @e SFVepfign ?rhcgt@ﬁ tVFB%USA{eﬁtP% aod a&ﬁ#‘%? OWOJ}%IIQ ?hereof
representing an agndxpthimgithoreffully evithivfefdnce b the aABnRAItRG TMbRHeSH thet and
advant ageous for _at |east the foll ow ng reasons. This invention inproves
the CD control éddysamicHiin thegecompanyingdrapaies apd defailedinitee following s i nventi on
reduces defgcts | g; : [ 56 r ' ovi ng
t he vyiel delos;cs thgg#lqiﬁg?ﬁ gg&%%?ﬂ%%@%@%ﬁ??%ﬁ@%’%m nezﬁ?’tg\?ﬁ c?r)pg?bﬁgéemn%nt
force nozzl e fomndptdeedimgabcmiqued ard oyaitep ao esnatfto theecpssarnyssbseurd the ni m zes
t he inpinging force . on, t(ge? I eatures which are being devel oped, which in
turn, mnimzes PREUNRINEIH col | apsi ng, thus inproving device yields. 15
This invention has wyelg -BAREENShS RivbAtEIEinaNdes SHIMNRRb RSN frbdksdivg b Process
vari ables. This invention includes inproved rinsing action which reduces
the total devel ogcrstuesisest(ega mictoglecirauic stra¢tnegs). Hehesdstowsyhrpaare The

d f the.nozzl e include th bl f |1-insone design:
hr ee. rowstbr ey ana el ieS B rET adioafandils bW hoved f or

dei oni zed wat er pdfligabefiRistiiciufesah&iafOloteaimht ldakt laReHAthaffitied 8¢vant ages of
the nozzle include a conpact design, for exanple, a nozzle wi dth of only

1-1/ 2 inches f ortchanty The@oliargss thpharehgingdexglopedean hmegetive aad{onppsitiee | ow
cost. The advan . | . I tgn that is
easy to manuf ac#’grgtg).?es%#étrgg\‘}g%ﬁ giérggancf}g éctjﬁgn%gg{zalepégée%ﬁ%ggﬂﬁéﬁlggﬁ:t nserts with
snmoot h i nner sunfaasferin kighald Shdt charamedzgodhe iatd of thepblomeBmoeessigkotabe

di scl osed enbodi nents of the inyention descrjbed herein can be realized and
practiced 4 t hodftuaisdnEroRpetehestraieinar wase elsmgats: for exasarle, trEeROsBONCar ryi ng
out the inventi : i nventors is disclosed above,
practice of the%n@%%%emh%&ﬂgqul??@?éd thereto. Accordingly, it will be
30 appreciated by thdde istentibedndwles sluamg defeat dedsay davmnthedaveley be
practiced otherw se than.as,specifical.ly described, herein. 2 ~ | =E8 203
WO 00/ 161 63 PCT/RERSSSS Snligid polgler i 2P SihgBERRhY St LY THIPERBANE Y need

not be formed i nyflhgor LA PP BbaPtaP@Dz21e). AT HadpBetlofehethikipeg ed
configuration, but could be provided in virtually any shape, and assenbl ed
i n virtual 3¢ anylebwveryiapparatus énredwing Heoplet ihpact.n@hisiddliredry systano nestdes imeed not
be fabricated from.the di.scl ased 5. mater.}al but caqul f.abricated from
virtually any SLﬁ%Y%}BPeé ‘ﬂﬁ‘f&”ﬁaﬁ P%n%%hmj?‘?‘%&aﬁ?lpwgﬁeﬁi%‘? 88 nozzle
descri bed herein can be a physically separate nodule, it will be nmanifest
that the nultiport nozzle may be integrated into the apparatus with which
it is associated. Furthernore, all the disclosed el enents and features of
each di scl osed enbodi nent can be conmbined with, or substituted 10 for, the
di scl osed el enents and features of every other disclosed enbodi nent except
where such el enents or featuies are nmutually exclusive. It will be manifest

o, e Y M . o



2 4 FEB'2003-24 3. An apparatus for mnimzing fluid inpingement force on a
- poI ymer layer to be devel oped on a substrate, thereby |rrpr£>g|ﬂ§3 yagg! d and
line width control performance, said apparatus conprising: nozzl e

i ncl udi ng: 5W@ ®8¢BBoper mani fol d adapted to supply a devel oRGT/EIRYIS a
plurality of developer fluid conduits coupled to said devel oper mani fold; a
rinse manifold adapted to supply a rinse fluid; a plurality of rinse fluid
conduits coupled to said devel oper manifol d, wherein said devel oper

mani fold and said rinse manrfol d are staggéred so as to reduce 10 an
external w dth n I rn Ldt h of said
nozzl e achi evabl ergﬁﬂte %ZIJ er |raratll§rq’§ S%tn?ﬁcagt%g nrpﬁ §1 narfﬁc 8?“5Hénd said

anot her mani f ol dueto isd ag:gﬁrnr thgpirgedction.| Lﬂiﬂdntﬁ:fml, fhod duarpdnsmde ayspdnher
mani fold; and a plurality_ of tubular inserts |ocated within at |east one of
i) said plural i eylows tuedidfesd develanes fluis fhemistric{imn 44‘5)‘1@&@& HSErality of

rinse fluid con dy S are
external ly ext eggéﬁggewq%%a ((ﬁ)trae!tdo&rrlrmo?!l E %3’ %{Xshs(;'cfglefaﬂmﬂiﬂﬁq agp%zlrgé us for

M ni mi zi ng ¥ | ui dystempifoigentie develapec Buiirand dpminweérwatemyaiucénhbandmﬁiroqoeﬁ on a
substrate, thereb n ield and I| control performance, said
appar at us corrprllé‘%/]r‘@‘ngébt\f‘a ﬁ@%&'*}t@q%ﬁ&cﬁo steang\/’élaé&’é]‘ iGAghYieSl d adapt ed
to supply a devehfREImddt prdblerd fot sealll fedrtreQfizedevel oper fluid conduits
coupled to said devel oper manifold;, a rinse manifold adapted to supply a

rinse fluid; a pl urallibeynyentipn pancbe pagf Qfac@vdlloptrsﬂlud)mldeht af@ waderdragsvel oper
mani f ol d, 25wh i 0 i,d r|n ifold are
staggered S0 as cg' ?neﬁﬁécge]pp%%é{t? g‘%na enﬂ ’dfq'%n %?ansa} {fdr%i vmg?nj;ar ed to a

noni nal exteer nalmuiiipdrhnoizlssistnmeiizh eup&}ﬂﬂﬂsehhach&;ﬁnw sthomatdifferehdeveloper
i ntersecting said I ui d n&gr fold and sai d anot her mani fol d or staggering
said fluid mani fﬂd‘I1 flyidy vathoyt A srosartal ket seend mpldipart praiasystam of samgpul ar

inserts |ocat ed | Ia{? %mk@f‘%xcﬁ“?us%ﬁ f{;x)théﬂlsg rg]ew el deYornPled & QAR

fluid conduits an sal d pIurartyo rens conduits, mhere‘iEn sai d
plurality of tulthd ransersmpeﬁl ﬂmrﬂcmemmgerthed paytsé)(brelr)deduppumdtmachbnﬁbtm d

mani fold so as to efl rvoi r. adapted ' to mai ntially
equi val ent stat |d€"% aWF asrlé?@‘dml?gn?af ﬁqbllr?}?%ﬂtr?'ir é}fo"r %G%BV Shdui t s.
- A8l % AS. Ays A. Abrodd3sS. Pile ilvéntidh im@dds red3ih &Qﬁé §1t&al dlmensron (CD) variation

Y A3y. A3f . A3Ye. A3Y9. AFY. A3Y. Af 2. A3. A. AS9. XGCX@ N7 8 < > e

{vgl ga\ W ca] caUcearibajieraf dbadevdlensy é‘la]dcxap@dgz bufistjtesipe él]ec@]ve'@]?@ra]%é] calca]c

2]8Eg] c(:}a]x(cg]oga]y}c)eg]sv %?%S%Fé S%g] ca rglg]lﬂ“%?ca] caﬁ lgla)]ocvaef ch§]°V§ al (]D g nm] ca] ca] ca] ca
] {:/?] ﬁ':l] ga] Ca] gz]ﬁgiﬁlggghﬁﬁfeﬁ}ﬁhkyﬂ&rﬁ&}}Qﬁ]lcrallﬁaés\éhch an apparatus in its
&* &s& wr mhc” Y] ] d&yel areé]tﬁip@épks’a]TesFedwemaqn&ﬂ@apk@a]te apeRpgaflba] cal cal ca

] cal cal cal 5@l cakedl Cpi, 68 &BERME N Eftint as Yrhkditd Jaliiough not Récetditily

) Z 0. K/ { vql gb]dietity]and hotharajsenlyandohahical]c a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca

]Ca%gE]A%”aC%]SWC%%C%} R gt vea clPps ééréavﬂdcraretad cal caUl

ca] cal] ca] ca] ca]sgralepd sradnteheddha #lisablicabardid GrRlieaE Fa] ¢ad ca ca
W XgXXYDZZ[ [ 4] ] ] 0" ~#_b" " aaaa2aj b$dyhhRj _j sss.t At | wr nhc’\ ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] defe sijddgn)] asaehbarein daplmdceriasa) changsah o, du da] za] ca] ca] ca

| ca] oa] oa] 25 ca2apieale AL TP Chink thasiacudea YA ?“é%ﬂ%reé]sé $8E3 cal ca
] cal] ca! ) CSXZg\wby a period of time of less than approximately 1 second, preferabl less than

o [ Seseeroleal s ool sl e Col el oo ol o

ot / mib* | mhc
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11f(10% & ()-z8!'f(10983& ()-z8!df (1090NN&' ()-z8!" f(lOO/(Z3Z3& ()-z8!'f(10%& ()
-z8!| f (109 () - 9gend into the fipyt manifolfgdkie extensipps can be external, whereby the
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15 static pressure with respect to the ports. An advantage of extending the inserts
externally is to prevent accumulation of residual working fluid on the bottom
surface of the body of the nozzle, notwithstanding any operational attempts to
mitigate such residual accumulation by reversing the working fluid pressure to
achieve suck-back.

20 The invention includes staggering the working fluid manifolds. By
staggering the working fluid manifolds, the principle axes of the manifolds can
be brought closer together than would otherwise be permitted by a non-
staggered, non-intersecting configuration of the inner section of radial bores.
An advantage of staggering the manifolds is that the overall width of the

25 multiport nozzle becomes narrower. Staggering the manifolds is 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 among the ports.

The invention includes a single nozzle head that dispenses two develop

30 fluids having distinct chemistries, and one rinsing deionized water (DI)

chemistry through rows of holes that are strategically placed so that all
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15 allows a very smooth inner surface and eliminates aberrations that cause fluid
clinging. Miniscule surface aberrations can cause streams to be misdirected.
Rough surfaces cause uncontrolled liquid clinging which can lead to chemistry
drying and contamination. The chance of sucking back a bubble is decreased
since liquid-air interface shape is well controlled. The *“‘plenum” bore positions
20 are staggered to allow 5 mm offset of developer to be maintained and allow
three chemistry rows on a 1.5” wide head. All holes are strategically placed so
that the dispense head is one piece.
Fig. 1 illustrates an embodiment of a multipart nozzle 100 for dispensing
a single chemistry fluid. The nozzle 100 may have a maximum width
25 measured from a front face 105 to a back face equal to the radius of the wafer
receiving the fluid. The nozzle 100 includes a main arm 110 having a plurality
of conduits aligned along a vertical axis with respect to a bottom face 115 of the
nozzle 100. An inlet manifold 130 receives an intake fluid, and the fluid is then
distributed through the nozzle and onto a rotating wafer via a plurality of outlets
30 101. In this embodiment, the outlets 101 are shown to align linearly across the

width of the main arm 110. The width of the nozzle 100 allows the dispensed
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Fig. 2 shows another embodiment of the present invention where a
5 multipart nozzle 200 includes an intake manifold 230 for receiving either one
fluid or two fluids having distinct chemistries. The fluid from the inlet manifold
may be distributed between a first arm 210 and a second arm 220. Each arm
210, 220 may have distinct or identical arrangement of outlets 301 (shown in
Fig. 3) depending on the application of the nozzle 200. The nozzle 200 may also
10 have a width between a front face 205 and a back face equal to the diameter of
the wafer, thereby allowing the dispensed fluid to cover the whole wafer in one
full rotation of the wafer
Fig. 3 is a cross-sectional view of the nozzle 200, showing the inlet
manifold 230 being divided to preferably receive two fluids having distinct
15 chemistries, such as developing fluid and deionized water. A partition 335
divides the fluid streams in the inlet manifold 230. Fig. 2 shows 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 conduit 345 in the first
arm 210. The manifold guides another fluid stream into a second inlet channel
20 360. The second inlet channel 360 includes a bend 362 that merges with a
second tubular insert 365 in the second arm 220. Preferably, the outlets 301 on -
a bottom face 380 of the nozzle 200 are aligned linearly across the width of the
nozzle 200, although alternative arrangements are possible and will be further
described. The configuration of the nozzle 200 accommodates the use of two
25 different developer fluid chemistries with temperature control without any cross
contamination during dispensing. The nozzle 200 may be adapted to allow for
deionized water dispensing, with or separately from developing fluid
dispensing. However, the nozzle 200 of or a similar variation thereto, may also
be integrated into a single or dual chemistry version of the developer fluid.
30 Another important feature of this invention is that the impingement force

of this nozzle is significantly reduced as compared to a single hole nozzle due to
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its multi-port nature. The reduced impact force is important for smaller CD
sizes that tend to have high aspect ratios. This makes them vulnerable to pattern
collapse due to impact of the fluid. Embodiments of this invention reduce
impact forces for the developer fluids and the deionized water. This as such, the
5 impingement forces throughout the develop process, may be minimized thus -
ensuring a reliable method of patterning smaller feature sizes with higher yield
than that provided by the know art. Another significant advantage of the
multiport nozzle for use with both developer fluid and deionized water is that it
increases process latitude. In addition, the improved liquid delivery and
10 distribution capability of the multiport nozzle ensures better overall process
compliance for mechanical process variables such as spin speed and fluid
dispensing rate. Therefore, another added advantage provided by this invention
is the potential to reduce the total develop process time while maintaining CD
control as well as good defect and particle performance.
15 Fig. 4 illustrates another embodiment of the invention in which a
multiport nozzle 400 may dispense either one or two developing fluids, and/or
deionized water. Preferably, the nozzle 400 dispenses two developing fluids
and deionized water so that all dispensing may be accomplished by positioning
the nozzle 400 in just one position. A head 420 of the nozzle 400 includes a top
20 surface 425 having three inlets or inlet manifolds for receiving dispensing fluids
and/or deionized water. In Fig. 4, one preferred arrangement provides for 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
25 reduce the overall size of the nozzle 400. In Fig. 4, 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. Fig. 5 shows an end
surface 520 of the head 420 with internal manifolds shown as bored chambers
that correspond to the inlets. Preferably, the end surface 520 includes a first
30 manifold 505 merged with the first inlet 405 for the first developing fluid, a

second manifold 510 merged with the second inlet 410 for deionized water, and
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a third manifold 515 merged with the third inlet 415 for a second developing

fluid. To further reduce the dimensions of the nozzle, two or more of the

manifolds may be staggered with respect to one another across the end surface.

Preferably, the first manifold 510 is centrally located on the end face 520, with

5 the second manifold 510 and third manifold 515 symmetrically distributed on

either side of the first manifold 505 in triangular fashion.

Fig. 6 is a cross-section cut along line A-A of Fig. 4, showing as an
example the third manifold 515 to include a plurality of conduits 670 which
bore vertically through the bottom surface 680 along a vertical axis. The

10 structure of the third manifold 515 is preferably identical to the first and/or
second manifolds 505, 510 and will be described in greater detail as a
representation of the entire embodiment. As exemplified for the third manifold
515, each of the conduits 670 may include a tubular insert 650 having an
internal end 660 and an external end 655. Preferably, the internal end 660 of

15 each tubular insert 650 extends a height internally into the third manifold 515.
Fluid entering the third manifold 515 will not drain unless the level of the fluid
compiled within the third manifold 515 exceeds the height of the internal end
660. As such, the internal ends 660 may define a reservoir having a depth
defined from the internal end 660 of the tubular insert 650 to a bottom manifold

20 surface 665. In this manner, the height of the internal end 660 may also be used
to maintain the static pressure within the third manifold 615 constant or equal
with respect to the corresponding fluid conduit 670. Likewise, the external ends
655 of the insert tubes 650 may extend beyond the bottom surface 680 of the
nozzle 400.

25 The tubular inserts 650 may be formed to provide a very smooth internal
surface that minimizes or eliminate surface flaws which may otherwise
misdirect a stream of developing fluids or deionized water. The smooth surface
the tubular inserts 650 also avoid the sucking back of bubbles, since the liquid-
air interface within the tubular inserts 650 may be controlled. The tubular

30 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
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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 other problems that cause streams to
pull of center. In addition, the external ends 655 extend sufficiently beyond the
5 nozzle 400 to avoid streams being pulled together on the bottom surface 680. -
Fig. 7 illustrates a preferred arrangement of outlets on the bottom
surface 680 of the nozzle 400. The outlets may be arranged linearly as shown,
or staggered to conserve real estate. In an embodiment. a center row 705 of
outlets 701 distributes deionized water so that the entire wafer being treated
10 may be rinsed. A second and third row 710 and 715 of outlets 701 may be
coupled to the second manifold 510 and the third manifold 515 respectively to
dispense at least one, and preferably two, developing fluids.
Fig. 8 illustrates a perspective view of the nozzle 400 incorporating
staggered or offset inlets 405, 410, 415. The nozzle 400 may include pivotable
15 mounting brackets 810 on a first longitudinal end 820 for securing the nozzle to
an arm or stand above a wafer. The nozzle is also compact, with a preferred
vertical height extending from the top surface 425 to the bottom surface 680 of
1.5 inches. The nozzle 400 may include pivotable mounting brackets 810 on a
first longitudinal end 820 for securing the nozzle to an arm or stand above a
20 wafer. The nozzle is also compact, with a preferred vertical height extending
from the top surface 425 to the bottom surface 680 of 1.5 inches.
Fig. 9 is a cross-section of the nozzle 400 taken along lines B-B of Fig.
4. The nozzle 400 is shown in Fig. 9 to include the first manifold 505 coupled
to a first plurality of tubular inserts 650a. Likewise, the second manifold 510 is
25 coupled to a second plurality of tubular inserts 650b, and the third manifold 515
is coupled to a third plurality of tubular inserts 650c. Each of the first, second,
and third tubular inserts 650a, 650b, 650c preferably extend inwards into the
respective first, second, and third manifold 505, 510, 515 so that the inward
extensions 660a, 660b, 660c of each tubular inserts define a reservoir with the
30 corresponding manifolds. The height of each reservoir within the manifolds

505, 510, and 515 may be individually set by the length of the respective inward
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extensions 660 a, 660b, 660c, as described in Fig. 12 & 13 and the

accompanying text.

Fig. 10 is a cross-section of the nozzle 400 taken along lines B-B of Fig.
4. As shown by Fig. 10, each inlet may be coupled to a manifold using one or

S more chambers associated with or forming a part of the manifold. In particular,
Fig. 10 shows the first inlet 405 is coupled to the first manifold 505 with a first
inlet chamber 1005, and the third inlet is coupled to the third manifold 515 with
a third inlet chamber 1015. Fig. 11 is a cross-section of the nozzle 400 taken
along lines B-B of Fig. 4. As with the other inlets and manifolds, Fig. 11 shows

10 the second inlet 410 may couple to the second manifold 510 with a second inlet
chamber 1110. In other embodiments, additional inlets may couple to
corresponding manifolds using similar configurations, including chambers.
Figs. 10 and 11 also provide another perspective of the tubular inserts 650a,
650b, 650 extending from the bottom surface 680 of the nozzle 400 to avoid

15 combining streams stemming from different manifolds.

Figs. 12A and 12B illustrate one embodiment for a tubular inserts 650
for use with this invention. As shown by Fig. 124, the tubular inserts may
include a round cross-section 1210. However, other embodiments of the
invention may use non-circular cross-sections, including square or polygonal

20 geometries. The height of the tubular insert 650 may be set by either the
vertical position of the manifold that retains the tubular insert, or the desired
depth of the reservoir defined by the internal end 660 of the tubular insert. Fig.
12A shows the tubular insert 650 having a shorter height for manifolds that are
closer the bottom surface 680, such as the first manifold 505 or the third

25 manifold 515. Alternatively, the tubular insert of Fig. 12A may be used to
define a shallow reservoir within the second manifold 510.

Figs. 13A and 13B illustrate another embodiment for tubular inserts. As
with the previous embodiment, the tubular insert of Fig. 13A includes a rounded
cross-section. The longer length of the tubular insert shown in Fig. 13B is

30 preferred for a manifold that is distanced from the bottom surface 680 with

respect to the other manifolds. As such, the tubular insert 650 of Fig. 13A is
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preferred for the second manifold 510. The tubular insert of Fig. 13B may also

be used to create a deeper reservoir within the first manifold 505 or the third

manifold 515. For an optimal nozzle having a depth of 1.5 inches. the tubular

insert 650 may range between 0.352 inches and 0.665 inches, as shown by Figs.
5 12B and 13B.

—

Fig. 14 is a perspective cross-section of the nozzle 400. The first inlet

405 and the second inlet 410 are shown in an off-center or staggered
arrangement on the top surface 425 of the nozzle 400. The end face 520
includes the first manifold 505 and the second manifold 510. The second

10 manifold 510 may, for this embodiment, be viewed as exemplary for other
manifolds in this embodiment, and will be described in greater detail. The
second manifold 510 includes an enlarged chamber 1410. The enlarged
chamber 1410 merges with a bored segment 1420 forming the remainder of the
second manifold 510. The second inlet chamber 1010 couples second inlet 410

15 with the second manifold 510. The tubular inserts 650b extend through the
conduits 670 so that the exterior end 655 extends beyond the bottom surface
680. Similarly, the interior end 660 forms a height 1430 over the second
manifold bottom surface 665 that defines a depth of the reservoir for when the
second manifold 510 receives fluid. In this way, fluid such as deionized water

20 may be received through the second inlet 410 and expand through the bored
segment 1420 of the second manifold 510. Prior to the level of the fluid
exceeding the height 1430, the fluid forms a reservoir within the second
manifold 510. Once the fluid passes the height 1430, fluid enters the tubular
insert 650b through the interior end 660 and passes through and out of the

25 exterior end 655. The resulting outflow of the nozzle 400 may, in the case of
deionized water, provide a fine disbursement of rinsing fluid.

While not being limited to any particular performance indicator or

diagnostic identifier, preferred embodiments of the invention can be identified
one at a time by testing for the'presence of a substantially uniform develop rate

30 across the surface of a wafer. The test for the presence of a substantially
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uniform develop rate can be carried out without undue experimentation by the
use of the simple and conventional [IPEC Awmap rate map or spinning rate test.
A spinning rate test was performed to determine how much offset
between the center of a spinning wafer and the nearest develop stream could be
5 tolerated during developer dispense. The criteria used was to increase offset N
until the develop uniformity suffered. This is important to know as such an
offset is inherent in most of the dispense nozzle designs being considered for
the develop module.
Figs. 15-18 provide results of a develop test on wafers with nozzle
10 offsets of 0, 5, 10 and 20 mm at the same time while varying the spin during
dispense between 60 and 2500 rpm. The test found that an offset at least as
great as 5 mm had no adverse impact on develop uniformity across the wafer.
Presumably a nozzle design with an offset of 5 mm or less should not cause
develop non-uniformity at the center of the wafer. At some point between 5 and
15 10 mm, fluid no longer wets the center of the wafer and develop there is greatly
suppressed. The spin speed of the wafer interacts with the offset somewhat, and
is most apparent at the marginal offset of 10 mm.
A preferred embodiment of the invention includes three parallel rows of
holes in a bar one wafer radius long. This single nozzle would dispense both
20 deionized (DI) water and developer. Since the radial position of the arm over
the wafer is done with a pneumatic cylinder, there will be only one placement of
the nozzle relative to the wafer, regardless of which fluid is dispensed.
Therefore, only one set of holes can be exactly over the center of the wafer, and
it is expected that DI dispense should take precedence in which fluid gets to be
25 closest to the wafer center. The typical develop process dispenses fluid on a
spinning wafer, so centrifugal force will prevent fluid from reaching the center
if it is dispensed too far out. This test was performed to determine how far off-
center the develop dispense could be before develop rate uniformity across the
wafer was affected.
30 Developer 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
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centrifugal force could interact with the centering offset to affect developer

$'A

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

n

measure of develop quality for several reasons, including: (1) sub-develop

technique is fast relative to line width measurements; (2) sub-develop technique

has more resolution that line width or E® measurement, and is less subjective

than E° measurement; (3) the entire wafer area can be used, as opposed to a

few discrete locations; and (4) with exposures and develop rates well above

10 those for E°, the effect of the develop process is much more dominant compared
to the contributors to develop rate, such as the swing curve, Microscan intensity
uniformity, PEB uniformity, etc. As the resist film approaches complete
deprotection, development trends toward a simple etch process. In addition to
the qualitative measure of color uniformity across the wafer after development,

15 resist removal differences across the wafer were quantified with IPEC Acumap
thickness measurement system. Although this tool measures thickness at 1 mm
intervals across the entire wafer (greater than 30,000 locations), as a practical
matter only the thickness at the center of 121 exposure fields were used for the
calculations in this report.

20 The baseline chemistry, TOK9, and process were used for the test. The
develop recipe was modified to remove arm movement during develop and DI
dispenses. A preferred embodiment of the nozzle was used for develop
dispense. It was adjusted so the centermost hole was over the center of the
wafer with 0 offset in the arm program. The puddle portion of the development

25 process was shortened from 60.5 to 5.5 seconds. The exposure dose used was

12mJ/em. (E° dose is approximately 6.5-7.0mJ/cm). The developer flowmeter

was set to approximately 3.8, and although volume was not checked, past
experience with 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

30 parameters were varied for each wafer in randomized order.
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Develop rates were determined by first subtracting the resist thickness at
the 121 locations after develop from the thickness measured on two of the
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
5 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.
Measuring initial thickness between PEB and develop is notable for two
reasons. First, many of the prior develop rate calculations have been done using
10 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.
Second, the exposed areas were clearly visible, and a characteristic pattern
across the wafer was seen on every wafer. This is useful as a metric of relative
deprotection across the wafer, and some papers have also noted this. It has the

15 desirable property of being independent of the develop process.

The develop portion of the recipe used is as follows:

Operation Time (sec.) Speed (rpm) Arm X (mm)

Spin 1.0 60-2500 0-20
Develop Dispense 1.0 Same Same
Develop Dispense 2.0 20 Same

Spin 6.5 0 Same

Spin 0.5 1200 Same

i/

"

20 1
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Results for this test are summarized in the table below:
Arm X Speed  Ave. Rate Stdev % unif % unif Max  Mm Rate Range
Mm pm Alsec Rate (c/ave)  (mg/ave) Rate Assec Rate
Assec Assec Adsec
Each row below corresponds to individual wafers

0 60 6109 28.2 4 6% 20.5% 6798 554 6 1252 | —
0 600 6393 2406 3.8% 16 6% 698 7 5926 106 1
0 1200 608.9 219 36% 14.4% 6607 572.8 87.9
0 1200 6112 241 3.9% 17.6% 677.0 569.6 1074
0 2500 646.6 264 4.1% 20.6% 7283 595 1332
5 60 6100 31.1 5.1% 20 6% 6857 560.3 1254
5 600 622.7 289 4.6% 20.8% 707 1 577.8 1293
5 1200 638 8 24 4 3 8% 16 8% 698 0 590 8 1072
5 2500 647.7 234 36% 17.1% 7119 600 8 111.1
10 60 5826 292 5.0% 21 1% 6563 5336 1227
10 600 6399 259 40% 202% 724.3 5951 1292
10 1200 606.3 307 5.1% 42 0% 690 4 4359 254 5
10 2500 6398 327 5.1% 46 7% 7124 4134 2990
20 60 607.9 638 10 5% 112 9% 686 8 0.7 686 1
20 600 593.8 600 10 1% 113.4% 6725 -10 6734
20 1200 629.4 66 6 10.6% 114.9% 7231 -03 7234
20 2500 6390 649 10.2% 112.0% 7171 1.2 7160

rows below group previous data by either arm position or spin speed
All 60 602.8 424 7.0% 113.8% 686.8 07 686 1
All 600 623.9 421 6.7% 116.2% 724.3 -10 725.2
All 1200 618.9 395 64% 116.9% 7231 0.3 7234
All 2500 6433 404 63% 113.0% 7283 1.2 727.2
0 all 6234 298 4 8% 27.9% 7283 5346 173.7
5 all 629.8 307 4 9% 241% 7119 560.3 151.6
10 all 617.2 383 6.2% 50.4% 724.3 4134 3109
20 all 6175 66.1 10.7% 117.2% 723 1 ~1.0 724 1
Rows below are grouped as in previous section, but with center data point removed

All 60 604.1 324 54% 30.1% 686 6 5050 181.8
All 600 625.1 308 4.9% 37.8% 7243 487.7 236.6
All 1200 620.3 296 48% 337% 7231 5139 2092
All 2500 6451 260 40% 332% 7283 5140 2143
0 all 623.4 299 4.8% 27.9% 7283 554.6 173.7
5 all 629.9 30.8 4.9% 24.1% 7119 560.3 1531.6
10 all 617.9 359 5.8% 309% 7243 533.6 190.7
20 all 622.7 34.6 5.6% 37.8% 7231 4877 2354
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Overall, the clear break in the data is between 5 and 10 mm offset. Five
may be slightly better than 0; 20 is the worst. The primary effect is the arm
position, but the spin speed during dispense can be seen, particularly for the 10
mm offset. Predictably, the single point at the center is responsible for much of
5 the non-uniformity especially for 10 and 20 mm. To capture the variation
between the center and the rest of the wafer, the range is a more useful measure
of uniformity here than is standard deviation, where the other 120 points tend to
dilute the center.
A third order polynomial line is fitted through the data to ease
10 comparison between the different spin speeds, as there is quite a bit of scatter in
the data. Figures 15-18 confirm the trends seen in the tables: the primary non-
uniformity is between the center and the rest of the data for the higher speeds, 0
and 5 mm are clearly more uniform than the higher offsets, and at 10 mm there
is an interaction between offset and speed.
15 Figures 19A-22D show the IPEC maps for all the wafers. except for one
repetition. (The maps look much better on a monitor that a printout. The
monitor also has the advantage of being able to zoom in.). The rate range
spanning the different colors is held constant so that relative uniformity can be
compared between wafers. The gray and white areas are off the scale. It can be
20 see here, as was apparent visually on the wafers 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 test 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
25 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
exacerbate the effect. There is a mild interaction with the spin speed used as the

fluid first touches the wafer, showing up mainly at the apparently marginal

30 condition of a 10mm offset. The uniformities measured were actually slightly
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better for time 5 mm offset than for 0, but it is probably not a significant
difference in this test.
These results indicate that said nozzle design should not cause develop
rate non-uniformities at the center of the wafer so long as the centermost stream
5 is not more than 5 mm from the center.
Advantages of the Invention
A process and/or nozzle, representing an embodiment of the invention,
can be cost effective and advantageous for at least the following reasons. This
invention improves the CD control capability of the developer fluid module.

10 This invention reduces defects and particles during the develop process thereby
improving the yield of the final devices. This invention combines low
impingement force nozzle for both develop and rinse parts of the process and
minimizes the impinging force on the features which are being developed,
which in turn, minimizes the pattern collapsing, thus improving device yields.

15 This invention has wide process latitude and reduced sensitivity to process
variables. This invention includes improved rinsing action which reduces the
total develop process time, thus increasing the throughput. The advantages of
the nozzle include the enablement of an all-in-one design: three rows of holes
for two developer chemistries and one row of holes for deionized water

20 chemistry in a single head, if needed. The advantages of the nozzle include a
compact design, for example, a nozzle width of only 1-1/2 inches for a triple
head. The advantages of the nozzle include low cost. The advantages of the
nozzle include a one piece body design that is easy to manufacture. The
advantages of the nozzle include tube inserts with smooth inner surfaces for

25 improved particle performance.

All the disclosed embodiments of the invention described herein can be
realized and practiced without undue experimentation. Although the best mode
of carrying out the invention contemplated by the inventors is disclosed above,
practice of the invention is not limited thereto. Accordingly, it will be

30 appreciated by those skilled in the art that the invention may be practiced

otherwise than as specifically described herein.
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For example, the individual components need not be formed in the
disclosed shapes, or assembled in the disclosed configuration, but could be
provided in virtually any shépe, and assembled in virtually any configuration.
Further, the individual components need not be fabricated from the disclosed
5 materials, but could be fabricated from virtually any suitable materials. Further,
although the multiport nozzle described herein can be a physically separate
module, it will be manifest that the multiport nozzle may be integrated into the
apparatus with which it is associated. Furthermore, all the disclosed elements
and features of each disclosed embodiment can be combined with, or substituted
10 for, the disclosed elements and features of every other disclosed embodiment
except where such elements or features are mutually exclusive.
It will be manifest that various additions, modifications and
rearrangements of the features of the invention may be made without deviating
from the spirit and scope of the underlying inventive concept. It is intended that
15 the scope of the invention as defined by the appended claims and their
equivalents cover all such additions, modifications, and rearrangements. The
appended claims are not to be interpreted as including means-plus-function
limitations, unless such a limitation is explicitly recited in a given claim using
the phrase "means-for." Expedient embodiments of the invention are

20 differentiated by the appended subclaims.
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CLAIMS
What is claimed is:

5 1. 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 manifold adapted to supply a fluid and a second manifold, wherein the fluid
10  manifold and the second manifold are staggered so as to reduce an external width of the
nozzle compared to a nominal external width of the nozzle achievable without either inter-
secting the fluid manifold and the second manifold or staggering the fluid manifold and
the second manifold;
a plurality of fluid conduits coupled to said fluid manifold; and

15 a plurality of tubular inserts located within said plurality of fluid conduits.

2. 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:

20 anozzle including:

a developer manifold adapted to supply a developer fluid;

a plurality of developer fluid conduits coupled to said developer manifold;
a rinse manifold adapted to supply a rinse fluid;

a plurality of rinse fluid conduits coupled to said developer manifold,

25 wherein said developer manifold and said rinse manifold are staggered so as to reduce
an external width of said nozzle compared to a nominal external width of said nozzle
achievable without either intersecting said fluid manifold and said another manifold or
staggering said fluid manifold and said another manifold; and

a plurality of tubular inserts located within at least one of i) said plurality of developer

30  fluid conduits and ii) said plurality of rinse fluid conduits.
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15  inserts are externally extended beyond a bottom of said nozzle.

4. 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:

20 anozzle including:

a developer manifold adapted to supply a developer fluid;

a plurality of developer fluid conduits coupled to said developer manifold,;
a rinse manifold adapted to supply a rinse fluid,;

a plurality of rinse fluid conduits coupled to said developer manifold,

25 wherein said developer manifold and said rinse manifold are staggered so as to reduce
an external width of said nozzle compared to a nominal external width of said nozzle
achievable without either intersecting said fluid manifold and said another manifold or
staggering said fluid manifold and said another manifold; and

a plurality of tubular inserts located within at least one of i) said plurality of developer

30  fluid conduits and ii) said plurality of rinse fluid conduits, wherein said plurality of tubular
inserts are internally extended into said fluid manifold so as to define a reservoir adapted °
to maintain a substantially equivalent static pressure with regard to said plurality of fluid

conduits.



