WO 2007/ 021654 PCT/ US2006/ 030773 1 Apparatus for

Devel opi ng Photoresi st and Method for Operating the
Same by Inventors John M Boyd, Fritz C Redeker,
Rtk gbigsiienker  BACKGROUND  [0001] During peryysaoosnsorra
e CORYGt or fabrication, integrated circuits are

created on a seniconductor whafer ("wafer") defined

froma materia e : he

i ntegrated ci r‘éBi’#gggﬁ% E? é‘&?@?“%i?ﬁét%ﬂﬁgg{essary to

fabricate a | anid Methe ?"e.%ﬁ!e?amlgmha me o
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first deposited onto the wafer. The photoresi st
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reticle. The reticle 1is generally a glass plate that
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[0002] In the photolithography process, a photoresist material is first deposited onto the
wafer. The photoresist material is then exposed to radiation filtered by a reticle. The reticle
is generally a glass plate that is patterned with exemplary feature geometries that block
some of the radiation from passing through the reticle. After passing through the reticle,
the radiation contacts the surface of the photoresist material and changes the chemical
composition of the exposed photoresist material. With a positive photoresist material,
exposure to the radiation causes the exposed photoresist material to become more soluble
in a developing solution. Conversely, with a negative photoresist material, exposure to the

radiation causes the exposed photoresist material to become less soluble in the developing

solution.



2 [0003] Follow ng exposure to the radiation, the

phot oresi st material is subjected to a devel oping
process. In the devel opi ng process, the photoresi st
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di ssol ve portions of the photoresist material that have
been made nore sol ubl e by e%posure to the radiation.
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the photoresist material that have been nodified by
pattermed phdtermsisirlayareHphewld bp @ppagiatchdwt il syiénient sxpashre to the
mat eri al has been devel oped to reveal the patterned
{evelbpingsileion| exeetually enpaftions ¢fshpplotesds thataial Gatthaze not been
deposit, or inplant materials in the wafer regions not
nedeemert lutild dypataimtine dngyhpdriallys disdolteayre the déveitopingr slution.
it should be appreciated that if the patterned
THRIFRELH 16 hede@MBS 1ol SonfOl a a&ldn@t @hy ofl@fd MedlopinBeoibein the
regi ons not covered by the patterned photoresist |ayer
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waf er processing using the patterned photoresist |ayer
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the resi

ence ti1nme of the devel opi ng solution on the
wafer to ensure that appropriate portions of the
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process to provide for an accurately defined patterned
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SUVWARY [0005] In one enbodi nent, an apparatus is
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material on a substrate. The apparatus includes a first

PR tiat NERKL patterned photoresist layer is not accurately defined, the wafer
regions not covered by the patterned photoresist layer will not be accurately defined, and
the subsequent wafer processing using the patterned photoresist layer will be inaccurate.
Thus, it is necessary to control the residence time of the developing solution on the wafer

to ensure that appropriate portions of the photoresist material are removed during the

developing process to provide for an accurately defined patterned photoresist layer.



configured to define a nmeniscus of a photoresist

devel oper solution on the substrate. The neniscus is

to be defined between a bottomof the first proximty

Qﬁ?ﬂmﬁ&% (sfhe substrate. The apparatus furtheprigRshsesess

a second proximty head confggured to define a rinsing

meni scus on the substrate and renove the rinsing

nmeni scus fromthe substra second proximty head

is positioned to fO||OMIt§gygig§¥ proxi mty head

relative to a traversal direction of the first and
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anot her enbodi nent, a systemis disclosed for
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substrate. The systemincludes a first proximty head
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devel oper solution on the substrate. The system al so

menikdid éstocbesdtinedibavest arbdtionheditle fiest progtnityhdadrnse tingibstrate.

dry the substrate. The second proximty head is
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between the first and second proximty heads. The
popélriat uwithetli ahsodirerbetawewent He disdatd fandleseloping an exposed
proximty heads is controlled to establish a desired
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substrate. [0007] In another enbodiment, an apparatus
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di sposed meni scus of otoreS|sé devel gper sol ution
ipplydsst 3, Brox bt ]E%peposmomng device defined to maintain a separation distance

between the first and second proximity heads. Additionally, the system includes a
proximity head positioning device controller defined to control the separation distance
between the first and second proximity heads. The separation distance between the first
and second proximity heads is controlled to establish a desired photoresist developer

solution residence time on the substrate.

[0007] In another embodiment, an apparatus is disclosed for developing an exposed
photoresist material on a substrate. The apparatus includes a proximity head configured to

define a meniscus of photoresist developer solution on the substrate. The proximity head is



[0008] In another enbodinment, a nmethod is disclosed for
controlling photoresist devel oper residence tine on a
substrate. The nethod includes defining a nmeniscus of a

APl Psdsst  devel oper solution on the substpat@sr0dddBo773

defi1 ned nmeni scus of photoresist devel oper solution is

then traversed over the subsf#ate. The net hod further
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apparent fromthe follow ng detailed description,
108683 rinianoth@rgmbndinent) awmetivdtin diselowd fpanyirslingplnbrads developer
il lustrating by way of exanple the present invention.
Bitidrice DR £ EhyotateTHeHetBRANCNGS Eétﬂﬁféea HbnikGus A a photoresist
illustration show ng an apparatus for devel oping an
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inventi an; WO 2?0,71021654 PCTI US2006/ 030773 5 Figure
pgioresist AevelpEoflieRon showi ng the apparatus of Figure

2A incorporating a rinse and dry operation, in
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invention; Figure 3 1s an illustration show ng a

%g&xéﬁgw (Le@a!'ile&i %\é&hge&ﬂ 9120 digx&ﬁﬁﬁgticﬁ.h%tﬂ MRS i@%ﬁgﬁﬁ% glawings,

ubst ra_t e, n_ accor nce_ Wt on_e enb ( _
b G A BB el 7t or st st dovel oper
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is an illustration showing an apparatus for developing an exposed
photoresist material on a substrate, in accordance with one embodiment of the present
invention;

Figure 1B is an illustration showing a top view of the apparatus of Figure 1A, in
accordance with one embodiment of the present invention;

Figure 2A is an illustration showing an apparatus for developing an exposed
photoresist material on a substrate, in accordance with another embodiment of the present

invention;



resi dence tinme on a substrate, in accordance with one
enbodi nent of the present invention. DETAILED
DESCRI PTI ON [ 0010] In the followi ng description,
NYBRhAMSssgPeci fic details are set forth in opgRisiosnzorrs
provi de a thorough understandi ng of the present

invention. It will be apparent, however, to one
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practiced w thout sonme or al t hese specific
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appar.at us r, devel opin n_expqgsed hot or esi st -

ARBEH P She e fiSe e o R el e b feeh iypgons and
enbodj,nent .of the present, inveptjon. The substrate 10
can BHE® 4dne o8 ShowiRg & meihed %ﬂican hing: photqiysish deyploper
panel , = or any other type of substrate upon which a _
ISHBMEP Hing oFrapbsrals B eatordance widh pus erhedineent efthe present invention.
features, e.g., circuits, thereon. The substrate 101 as

depicted in Figure j , on..l ayer of

phot or esi st matterialﬁ,krf kﬂ' ey oresi st materi al

has been exPosed to a patterned radi ation source. For
BN dhe folloping despravioReRHmCIoYsesPSEils tdetple anpset forth m order to
represents a sem conductor wafer upon which a

pordior toraigh mdestingding cdyherprésast ibesationidpwil eeparaunt, however, to
exposed in a stepping operation, In the stepping

amp eskdled dun ther &fthanthe pfestrh ényghiddnomey be tpractieddewitlait kayeor all of
are exposed to ultraviolet (UV) light filtered through
these @&bedifie detedld. 1Th Rtheh instiBsds, Wall kAbwn pYOeRO0shet AL bdve not been
PCT/ US2006/ 030773 6 [00121 For the present invention,
debrivRl ot QA5 DtdePBALRS hdlectMilPSOsBUrt ARprateRSIchiine

phot oresi st or a negative photoresist. In the case of

t he positive photoresist, the photoresist material

[PRLLD Figyse 1 ishan jilustrefiont showingapn eapareiug for deyelopiigt an pyposed
becom ng nore soluble in the presence of a devel oping
rhotomsisbmateTihluan a wibstrate HY, poasearianse phiibtcoe ewbedimentnd the present
pattern formed in the photoresist material |ayer
ientioniTihg stibsetratteldé cap beatenpicaciestsr wafeg quiqual @pdtaltdisplayganel,
mask pattern defined by the reticle through which the

ot alyy it ypeSof Edbkiedtedpon Whiche plasstitbdgriphg process is performed to

define features, e.g., circuits, thereon. The substrate 101 as depicted in Figure 1A includes
a top layer of photoresist material, wherein the photoresist material has been exposed to a
patterned radiation source. For example, in one embodiment, the substrate 101 represents a
semiconductor wafer upon which a photoresist material layer has been deposited and
exposed in a stepping operation. In the stepping operation, regions of the photoresist
material layer are exposed to ultraviolet (UV) light filtered through a reticle defining a

mask pattern.



negative photoresist, the photoresist material responds
to the incident radiation, e.g., W Ilight, by becom ng
| ess soluble in the presence of the devel opi ng

S #b4/B%kss Thus, with the negative photoresi sgruki6sosor73
pattern fornmed in the photoresist material |ayer
follow ng the devel opnment process is equivalent to the
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hrough which the radiation is filtered. The present
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first oximty he 1 a..second.praoximt ead, 105,
erserite S elanine XB0rEe v 3riarE B htfbistolf Bl frmed
process, the substrate 101 rests in a fixed nmanner on
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functions to nove the substrate 101 in a, linear

apskenatters slefiradetthe retiple throueliwhighdhe eadintian jsrigtered: Infheeaggiafl the
103 and 105, respectively, as indicated by arrow 123.
wegativei whotdresist, theheloresistymaterial despords to @l insidertfrpdiatipnt g, UV
mai ntain a substantially uniform distance between the
light, yfbettreingUbsstspiable id @k paesencetvd theodeveloping solngorf. iThes, with the
and second proximty heads 103/105, as the substrate
Adddtivter photoregs, henmati fofigedf inrthe photdresBt anckriaplageti folloying the
heads 103/105. It should be appreciated that in various

EOREBR HrSoeld i eqEPAMR YRS CevaRY of the Hikdk ?aausd@ BefilRll bpad reticle
as a tabl'e, a belt, or any other type of device capable

t\é\Rqu Qi 02 HRD fdReibh Y9 20RRMOIAL Thesertt RfvertioRPR! dstddthtddNRith the

subStrate 101 and noving the substrate in a |linear

| . I, . o .
APt I Bocorisbd i BT BRI G Jbi RO A nogative
o?fi% reg to define a nmeniscus 111 of a photoresi st
\PEFS 38?5?8SUtion on the substrate 101, as the
substrate 101 passes beneath the first proximty head
[(HOB3] Wh depeattediiguie FAQ theeaphdatut hecludeniasfinsisprbditniyfhead 103, a
phot oresi st devel oper solution is to be defined within
RcROPORINATEREML 10St waen chhRyhet tamce! 10Rh®uting She development
proximty head 103 and the substrate 101. The first

REG%E The ¥uliBad 193 edtD el HABRA InMRUCHPRRY colfbyai@' device 102. The

conveyance device 102 functions to move the substrate 101 in a linear direction beneath
the first and second proximity heads 103 and 105, respectively, as indicated by arrow 123.
Additionally, the conveyance device 102 is defined to maintain a substantially uniform
distance between the top of the substrate 101 and the bottom of the first and second
proximity heads 103/105, as the substrate 101 traverses beneath the first and second
proximity heads 103/105. It should be appreciated that in various embodiments the

conveyance device 102 can be defined as a table, a belt, or any other type of device capable



channel to enable provision of the photoresist

devel oper solution to the neniscus 111, as indicated

by arrow 109. Additionally, the first proximty head
HohobNphésdes first and second vacuum ret ur npeR@ERE 0773
as |ﬁg?cated by respective aryows 107a and 107b, to
support definition and confi’'nenent of the neniscus 111
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beneath the first proximty head 103. The vacuumreturn
VMR erated to confine a bul k of
?E@gﬁgﬁﬁgé%gﬁ%%%Q%Qﬁ%Z?ﬁugﬁe first proximty head 1083.
However, as the substrate 101 noves past the first
(0645 Hiet firsttpeerdmit® Beddnl 08 hecodfigwed foslefin@@meniacus il hof 4 photoresist
113 of photoresist devel oper solution remains on the
deveRberatcdutibilon fHR0O&bitrald0keasothd spbsdvateni @ly pineadbehBdih itlse first
configured to define a rinsing nmeniscus 121 on the

proRtitydtiead 104 A’ RPRYA ih Fesufd 118 tROmeBIBES AU$ of Blotbre@endetdoper
substrate 101, and dry the substrate 101. Thus, the
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first proximty head 103 relative to a traversal
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first and second vacyumreturn channel s, as indi cated
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definition and confinenment of the rinsing meni scus 121

deiinitice apgconfinermnt gisthe penjspisoid eYfoboteyesist devslapst soditien on the
101 beneath the second proximty head 105.

advetrate YHaiensath thiadirs eeexamitphesd i1A3.tHhe vaanm 050 Flrohdgyad 07b
drying fluid delivery channel to enable provision of

#rhepntpd tgcdilfing d Hudk of the neobetsr i et thadirstrpdedmtte Heddy103.
arrow 119, imedi ately follow ng renoval of the rinsing

Hbwénvdr, b the waistrade e OV acivepasthian fist prbdipdity hEbdI$03 iashd diection 123,
substrate 101 energes from beneath the second
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havi ng been rinsed and dried is present on the

substrate 101. [0016] It shoul d be appreciated that the
I9ABY] drhe speond gERrENE) BeadslOP dg pasvispred se Aefing) & fpsinggaetscus 121 on

the substrate 101, remove the rinsing meniscus 121 from the substrate 101, and dry the

substrate 101. Thus, the second proximity head 105 is positioned to follow the first
proximity head 103 relative to a traversal direction of the first and second proximity heads
103/105 over the substrate 101, as the substrate 101 moves in the direction 123. The
second proximity head 105 includes a rinsing fluid delivery channel to enable provision of
the rinsing meniscus 121, as indicated by arrow 117. The second proximity head 105 also
includes first and second vacuum return channels, as indicated by respective arrows 115a

and 115b, to support definition and confinement of the rinsing meniscus 121 on the



the meni scus 111 and the thin film 113 functions to

di ssol ve portions of the photoresist material present
on the substrate 101, wherein the portions of
gﬁp;o%ﬁggsg,t material that have been nmade nopers9lobds6rrs
through the previous irradiatj on process are nore
rapidly dissolved. Accurate devel opi ng of the
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\PE‘P%‘E pricli = Rl prtiemgth pheypresipifayet hisdng bep ripgee and dried
Therefore, considering a particular substrate novenent
ipgresentrop thesubstate Wilr ecti on 123, the positioning of the
first and second proximty heads 103/105 is configured
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usj ng, any suitab yhot oresi st. devel oper, sol ut.i on
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In exenplary enpodi nents, the photoresist WO .
bese o9 IS SO BSHO0GH o8 #7i0 gefeligp aross gt Bigrq Lepidly
TMAH (t etranet hyl anunoni umhydroxide), the rinsing fluid,
fligsolved; HeAupaseidsygloping of iy naHemert phofryesist laver is depengend on ensuring
m xture including isopropyl alcohol vapor. [0018 )
fhiatyithe eesidBnéestinamod the develaper siutionowi thyphwtaresist wateniabfs apprepriate
apparatus of Figure 1A, in accordance with one
wnieodierthetirrafiatbd poripe o photomsigmdterinl whbogradveérsely kgmoving non-
di scussed with respect to Figure 1 A the substrate

R diated SaHIER sfethe photddesist anat@ipdNBkthdide i appardfd@  of vifigwrh 1A, the
is configured to be noved in the linear direction 123
RefaeRle Nintd6r thi ldsvel el s§I8GANGh e B¥bstiatey101hie @dEinctOB/ the Juration
In the exenpl ary enbodi nent of Figure 1B, the first and

S6% YR hRo@hikYiscud 8 2 Snd @S0 RIMRT £3 SRR A1 S6lutidh i@ present on
rectangul ar, bar-I11ke manner. Mre specifically, an

the substrate 101, Therefore, considering a particular substrate movement velocity in the
direction 123, the positioning of the first and second proximity heads 103/105 is

configured to set a desired residence time for the photoresist developer solution on the

substrate 101.

[0017] Tt should be appreciated that the apparatus of Figure 1A, as previously described, is
capable of being operated using any suitable photoresist developer solution, any suitable

rinsing fluid, and any suitable drying fluid. In exemplary embodiments, the photoresist



extent of each of the first and second proximty heads
103/105 in a first direction 127 is at |east a
di aneter of the substrate 101. Al so, an extent of each
Wo JoBpnfidsi st and second proxinmity heads 103p&BBsiofs/@o773
second direction 129 is |less than the extent in the
first direction, wherein thg second direction 129 is
@@emﬁ&d kO id aMAE fréttstetididmanddiainyitkide), THRN ﬁﬁﬁﬁf fluid is
as the substrate noves beneath the first and secon
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solution traverses over the substrate 101 in a |inear
WAl iicwoil Bds de fiustition shphwingecton diei pfctbe apparatuspef, Figure 1A, in
[0019] Figure 113 also shows a proximty head
posrdarice nwithgorseanmbodinie@ b ofi the i pnaseintt ioventod. rAd praviossipdisatssednwith
di stance between the first proximty head 103 and the
Bsgeend RaexiAj thy sitease 1005 supporizd &yehdaaéi@nde, det/iee 102, which
proxi mty head positioning device 125 includes a first

i bopuEEIG0 BORBRLLH B 1Hnb& direéifin 128 YeRahARiniif MXisBdohy proximity
heads 103/105 at one end, and a second structure

AN RRYI08 Imith exdetipBly AREbARRGR B8 FRERIE eV RERAE Secb3 ?&Qﬁm"ty
at the other end. The structures of the proximty head
o . fi . St mer
R R T S B L
Im t 1 105, | th dj .. Ih .
RS TEY oRB BOP R bR 0o A AL AR g7 s

1"oning

single structyre 007/ 021654 PCT/ US2006/ 030773 0

BT B R eboh HEcHOTHE 1% 05ait SUbAR SHTo% ey heiseond
103/ 105. It should be appreciated that jn various,
ré%@&w@ﬁ%l%ﬁl@pmoww@ diveetign plgdiie ilessithag thevciaat dpfpe first
be defined in different ways and incorporate different
dusetien ivawrelr Bt sgpesl digschion 13%as papengicales to sy Byst direction 127.
belts, etc., so long as the proximty head positioning
Tewifare, dsshewmpsitrtemotes fpangathathe ifirn amd sederst preximaiy haadstlDHA 05 in
di stance between the first and second proximty heads

tA® 3irdofibn 122\dile hicaizeds| M1, dndethiar ik i3 §f pleddesdo slietdlgrt sgution
device provides for a substantially uniform separation
tehySib@neRr Bt svbanitd M il & Ghead RhnS@CRHEidBAOXIHITHeYsettdUBrection
103/105 in the first direction 127. Furthernore, the
pboxi mty head positioning device preferably enables
ei t her

[0019] Figure 1B also shows a proximity head positioning device 125 defined to control a
separation distance between the first proximity head 103 and the second proximity head
105. In one embodiment, the proximity head positioning device 125 includes a first
structure connecting the first and second proximity heads 103/105 at one end, and a second
structure connecting the first and second proximity heads 103/105 at the other end. The
structures of the proximity head position device 125 are defined to enable adjustment of
the separation distance between the first and second proximity heads 103/105. In another

embodiment, the proximity head positioning device is defined by a single structure



manual or automatic adjustnment of the separation

di stance between the first and second proximty heads
103/ 105. [0020] Figure 2Ais an illustration show ng an
%RP%&ﬂhﬁ%4for devel opi ng an exposed phot or est$iys2006/030773
material on a substrate, in cordance wi th anot her
enbodi nent of the present invention. As with the

appRAmat vty Rh thd B4l AR ddmlBroxifRy ﬁ%@ﬁ@s/w@s &f shbi18 WE Bpprbriated
shows the substrate 101. supported by the conveyance

fevi nC@arﬂogg,en%@lh?eFﬁ Hhé @&%\fﬂ@d&c osﬂﬁ)\ﬁh%o%éb ahsoe defined in

defined to |1 near the substrate
SR LER aa*%fﬁsﬁﬁﬁ%@%ﬁf?%%‘t 35t con% ?ééh?%ﬁag o s seupymotors,

Sgus 11 of hot er._sol ut .

QDo e 2 g R ot e i me\?i’eh%oafaa%@mg :

. Figure I A .the proxim:t ead 201 of H
‘1? ’6‘1"‘{1 g%ﬁ’rﬁ“ﬁé %Fé%qe ¥ eTe ey Eﬁ, 20f R PE %F"éls 103/105.
R@§V|S|on of the photoresist devel oper solutlon to the

fionlly, the proxjimity hepdpesibigning fevies Bipvidgs for gowmbstpmsiady upiform
the proximty head 201 includes first and second vacuum
separefion éintanerebgweensthe fiptcandeteopnd progiaitt heads 4P3/6%%s in Grrafirst
and 107b, to support definition and confinenment of the
diesniigcl?g. Hurfterodre ghopoxiasiydieadipasélonngrdesiot prefemblyomablbeeither
substrate 101 beneath the proximty head 201. The
paradf of sworhgidad?Biméntiof Her separati anddistamcedreywery thid fitstland second
delivery channel to enable provision of a drying fluid
proxiinte heddeqvs/ave 101, as indicated by WO 2007/021654
PCT/ US2006/ 030773 11 arrow 203. The drying fluid is
a&ﬁﬁled to the substrate 101 inmedi ately follow ng
(08P Fagure 3 ishan dlisiraions shopinge oo | PAERtUS 5Pruf1?V8]r?PtnBr%@¥P°Sed
t he vacuum channel 107b. Thus, as the substrate 101
rbioregiss metesial arom abstate e 2gspEsings with prosher sobodiment of the present
patterned photoresist |layer is present on the
igvengon. atsewitl) the dppO2L§ ofFitres ha-18p fwrapparstue bf Figguer2éh shaws the
the residence tinme of the photoresist devel oper
sshdtratei 10 sappoated &y thecoayance daticeold2 pwhdréie tisidoatayaice dédde 102
is equivalent to the tine that the neniscus 111 of
ip berined s lisdarld @wsb arRasibSAteUl] G tHeSditebtichOrB3aThe Mphiatik RE Figure
particul ar |location. Thus, the residence tinme of the

m%%sgrﬁﬁliu%s deyskiar hea@! a1l eshiRtred RABSARURE mbRSAL 11AD of
on e

photoresist developer solution on the substrate 101. Similar to the first proximity head 103
of Figure 1A, the proximity head 201 of Figure 2A includes the developer delivery channel
to enable provision of the photoresist developer solution to the meniscus 111, as indicated
by arrow 109. Additionally, the proximity head 201 includes first and second vacuum
return channels, as indicated by respective arrows 107a and 107b, to support definition and
confinement of the meniscus 111 of photoresist developer solution on the substrate 101
beneath the proximity head 201. The proximity head 201 further includes a drying fluid

delivery channel to enable provision of a drying fluid to the substrate 101, as indicated by



substrate 101 can be set by controlling the relative
velocity of the substrate 101 with respect to the
proximty head 201. It should be appreciated that in
gﬂeﬂ@p@ﬁg-tus of Figure 2A, the neniscus 11}c9fus2006030773
phot or esi st devel oper solut|? is used to both dissolve
the appropriate portions of ghotore3|st mat eri al and

SRS 0@ trha likying 8B Eagoli6s BiiRSobMatk 1RNRhesd P ?ollowmgﬁemoval

materials fromthe substrate 101, [0022] Fol l'owi ng t

Hpﬁl'e Bresist dbel tsgfu'ﬁt&:;] Vek %@&uﬁ? Qhéﬁn'ef Ro . t’[l?xus as the

atef exposure to ing fl eave a dry
%ttatq loen_:L% Q4 %org‘cble ea hdﬁ\g/ ? %R)%uggl%eﬁg ?H%‘jr o@aﬁgﬂed %Ho%oresmttlayer

be adver el affe ted by the presence of the dry
lrsé’§qsﬁﬂ8ngte%h rst devel opi ng sol ution on the

resul ting patterned phot oresi st |layer. Therefore, with
fogl] Wah g dppRranfadti FEurd RAS 88 SeSdentd Bme Of WM FHoBStesist developer
photoresi st material can be devel oped using the

SRRN 3k USpdHicutdrdBERioR/ '%nW’hé B@4krate OIS lehivalbhi®o RAO GRS Sthat the
over head ‘associated with a separate rinsing and drying

ﬁ‘thgl’ﬁgcﬁg h F’F of cW@Pé?iEtl' dévfelo%ér@ M &rinfcBRbitCatd 8R 4 %;&1%15 Hcation.

at W timately us e patterned photor

Jg@)éét?t% %eﬁlrc]iaf?cgg% ! efvtﬁe Igh%’totr&gst gé%loh?’ssloﬂlﬁgn Qtf r}%@lgau% ?o%ht’f’(;n on the

5 Sttﬁ?t 500 S 7T A R ged) it

ure 2B is. an ill showi n e, appar at us of
e 6 PR FAT hd o b SaTE e SRR Afiets Gt Figure
accordance with one enbodi ment of the present
2vbatmeayscusidl of photresig derlonss églutlﬂe ihesd 16 bothlssglve the
210 of Figure 2A. In addition, the apparatus of Figure
FBraprigk upstionsh ef sdetsnesishreaterial tapd hukglaniply remove the dissolved
previously described with respect to Figures |IA and
dibBreskhmaseels ficdhnpthe subsirsty iflead 105 is configured to
di spose a rinsing fluid on the substrate 101 through

luid.deli h : i ndicat ed.by. .
sy oayne ﬁg’lﬂ%‘t%%‘%% 4 Ered aRr o saiTonss pERYT G mmediae
f d. t he di s dri fl
FREE 4T SpREII0 ity SHgh ERESUSE A GG ¥ FgRE s Hion on
as indicated by arrows 115a and 115b. As previous
e sehgBae d Ol Jomie walse brigaorprpgesecs) 1agy B¢ide raﬂﬁete#agafchéﬂ&y the

del i ver
presence ofythe dry residue of photoresist developing solution on the resulting patterned

photoresist layer. Therefore, with such wafer fabrication processes, the irradiated
photoresist material can be developed using the apparatus of Figure 2A without incurring
the process overhead associated with a separate rinsing and drying operation. However, if
the wafer fabrication process that will ultimately use the patterned photoresist layer is
sensitive to the dry residue of photoresist developing solution, a subsequent rinse and dry

operation can be performed using the apparatus of Figure 2B.



channel and the vacuumreturn channels work together to
define and confine the rinsing neniscus 121 beneath

the second proximty head 105. Additionally, the

MPrbTRi&s 101 is dried through application pfyy8806030773
dryi ng ? uid, as indicated by arrow 119. [00241

Al t hough the apparatus of Fiéﬁre 2B i ncludes the

PU0R3] Fibhr¥ 2|Bei%dan2@1%st@eft‘1@ntsﬂ§wm§%§eo aﬁﬁx@’gfrﬁé%f e P92\ dBketing a

the reS|dence time of the photoresist devel oper

Fifde I gg.grt (ﬂ)@raiﬁgﬁ mscxb%"f‘cﬁaﬁl % ﬂ'gr%eu%rﬁboﬁﬁﬁenb\ég%g&‘}{ E&t ﬂw%guori The

he I've vel ocity o e strate respec

% arbRaaR R oty héaodul 30" SRR Y r%%f%?%%?‘ys of
PR e eephd %rsv&ﬂ?f&%dl]sﬂgf RAFBROEG Sfflﬂaﬂﬁlwmb rgRect 0

the substrate_101. Thus, i.n_the enbodinent of Fig

Bigures & and (B The ssrons rpipmit hepdy \Je dspopfignreg mlﬁﬂ%eya lﬁ% fluid
201 and the second proximty head 105 does not affect
pimthe sehsirate 0L thrpygh tgv ripgies P delives denegbas ivgieted by arrow 117,
solution on the substrate 101. [0025] Figure 3 is an

The sesondaprovimityhipadl 1§5 ds elye cenfistusd to esmmdsptha glispased xpoing dluid
photoresist material on a substrate, in accordance

fwoth Hheosubstertd 00l themtghahe viveuprretsmnthanmelse s irolicateditby arrows 115a
system i ncorporates the photoresist devel opi ng

appesat AS pRsiopslgdiusky vdhisedpetrad Ridguird 1 AOHE0OTGI21168 4elivery
PCT/ US2006/ 030773 13 respect to Figures | A and 113.
Jhfiehed the vab@ih SetdmSIhemlst i@k $ﬁﬂfe¥ & @1iHe hin8 UBRRet B8 rinsing

by the conveyance device 102, erein the conveyance

Q@Méeﬁ? 1308Bedeshdfl sQBdd fbxm%i‘héaﬁ%s Sﬁ&ﬁﬁ&‘%iﬁ P sﬁﬁ%ﬁa‘te 101 is

direction 123 beneath the first and second proximty

G524t 0od Dene BRI ¥s RARGLROPLELPRI N0 devi ce

epi ¢ elﬁg con 0 control the
separation dlstance betmeen t he flrst and second
[9624 i Atihbyehh the depp @815 10 igrd @B6incidésothe tppodimityghead 201 and the
subj ected to the devel opnent process, the substrate 101
feeondpgoxity hedato) e reidenattiang @flthd shveiresikt desdldpetlsolution on the
thereon is irradiated in a stepper 401. In one

KRR T8N set 'bg Qo 2RRLhe Afdakive YBIGEityUTIhd SibEXAO$E1 RAR Respect to
die on the substrate 101 to a patterned radiation

tﬁ@Hx"oSEﬁmﬁz%Qd 301N hLie@ in IRBrabta8 R tehBBAiEREM GALIY 1A, the drying

nmodi fi es
fluid delivery through the proximity head 201 prevents the thin film 113 of photoresist

developer solution from forming on the substrate 101. Thus, in the embodiment of Figure
2B, the separation distance between the proximity head 201 and the second proximity head
105 does not affect the residence time of the photoresist developer solution on the substrate

101.

[0025] Figure 3 is an illustration showing a system for developing an exposed photoresist
material on a substrate, in accordance with one embodiment of the present invention. The

system incorporates the photoresist developing apparatus as previously described with




photoresist material to effect its solubility in the
devel opi ng solution. It should be understood, however,
that the systemof Figure 3 is not limted to having
Qﬂfﬂﬁﬁ@ﬁ&ﬁate 101 processed in a stepper 403cr/k85006/030773
exanpl e, the substrate 101 CZQ be irradiated in any
manner and in any type of device that is capable of

paslct b FRglrd ey RIIOMED MhSHefoke, FRARS T shbws BRABEHLR 103 kiyGort8Sby the

approprrate for the subsequent photoresist devel opi ng

hIBALAL &9 t l10bS;
BARERRE: JPIFS HACRRARLAE SLSBBIEE 10 et 10 move e

g@@@;té &l g%&ttgmm%s beﬂe%ggrhe%% 2&9?@ ;@5‘9 preogggl@r’géaﬁ@t H5105. The

i ndica y arrow
ect ures

I
EBEHbare: Hhi i reREe Je i Nt netouh et o g e
roxi.mty heads 10 / , he substrat 0 ex osed
e dibipnce a%reamﬁleﬁ“r%iaré oty Frdoa ab Bos P
phot oresi st devel oper solution. Wth a positive

Pﬂ@&]ql‘tﬁﬁ It& being By SURRA 1BIRS HSlloPRYER! PRREs, B dbktie 101 having the
nctions to dissolve portions of = the photoresi st

g%tttﬁ“éélﬁl mbfBR41 ?é&edﬁﬁ% HedTRRRHTE Cina @bl & BYsid %r 401. Tn one

revious Irradiatio Thus, as the substrate

Jd%ﬁ&tf{hg@tét%gé‘ﬁ%th ﬁox?se{{soéléra oft! 92611 r&l%]%nh[ﬁ Quﬁs%teatot to a

terned photoresis ayer exrsts e su stra

e substrate 1 erred

e B A5 O 488, 758 JRARIG S, mosifis, oo

The substrate WO 20 7/ 021654 P /USZOOG 1307 14
SRR PO 0, Crhop TR Rode 15 EBIRECP HOQeZt should be
condition of the substrate 101 _follow ng traversal of
FRersgoomeve farBs Py el Figie isp Iuted fuh haying hasY fate 101
heads 103/ 105. For example, the substrate exam nation
Rrevasesd ie asicpnes A h&op examnln shesubstigic YORsaphe irediad in any manner
phot oresi st |ayer on the substrate to ensure that the
pidoimraegi type dévédvingnthat ipreepabds ofiagodifyingn thre photoresigt material
accurately. In one enbodi nent, the substrate
éxrnieristics an aglespiraee B0 Thel ssbqueant pividmgstaleedodpiog process. Once the
m croscope (SEM and the exam nation includes capturing
Hoebresish SRRl AP afiedbiiAi®lg @ adifted, NBe RIstra@NR) 1439t isfide to the
patterned photoresist |layer. The characterization data
ARIRENE BeveloPBotaBFardif) 36 [AlcBe ¥ AR RREOPN s passed from
the substrate exam nation device 407 to a conputing

stem 411, as indicated by arrow 445.
{0 27] As prev1ously described with respect to Figures 1A-1B, as the substrate 101

traverses beneath the first and second proximity heads 103/105, the substrate 101 is
exposed to the meniscus and trailing thin film layer of photoresist developer solution. With
a positive photoresist, the photoresist developer solution functions to dissolve portions of
the photoresist material that have been made more soluble by the previous irradiation.
Thus, as the substrate 101 emerges from beneath the second proximity head 105 a
patterned photoresist layer exists on the substrate 101. The substrate 101 is then transferred

to a substrate examination device 407, as indicated by arrow 405. The substrate



[ 00281 The conputing system 411 is defined to

communi cate instructions to a proximty head
positioning device controller 413, as indicated by

A R 4 1he proximity head positioning degt/g§006030773
controller 413 is defined tolgontrol t he separation

di stance between the first gnd second proxi mty heads

k@Rnhfin tRvies t4ab! ik shrfifed &S ichadotoiRt HrR8diSbn dEVEL GRBdtrate 101
solution residence tinme on the substrate 101. Thus, the

fgfl&%iing:n%%rgh‘? A (R R YRGB TGS ang Q&Bﬁ@tlloﬁfmiﬂyk?eads 103/105.

commu ates control I nstructions to the proximty head

RSP0 B S on B bLFREG il 208 of B e
RS Bo VOB A® AU BBt hy S JETERIowEih oriekertal Porgs hes
bt el R s P agele St He Bl or

proximty heads 103/105 to increase the residence tjne
GhfTige cfskEeh TBETOSEOPEPEM D &R B (PPBINaEAR AU pSaPFRINg and
101. Conversely, if the results obtained fromthe
inypoctinga SEMe agen £ tha Doripne A0 efhihe patermshgthofasasislayey The
being overdevel oped, the conputing system can instruct
dhimectphicttion date obtatned domobe subsmate gxateivitvn is passed Goh dhe sphgrate
to decrease the separation between the first and second
drbifitiatiod Jevive A3 to A3iphObg tystenhedin padrditdiel byesioderiSe ti nme
of the photoresist devel oper solution on the WO
007/021654 PCT/ US2006/.03077 15 suhstrate 101. It -
[é%ﬁj |Tg‘e k?emabtmge%/?tﬁ’fle“g?t‘% ?ﬁjnfi & BYBRIHFAL 5EUGHons to a proximity
positioning device controller 413 can be configured,t%
head ppsiboming Agvicsasapirplier i 3sapmdicpted Y FEOWes - ke Proxijty head
and second proximty heads 103/105 based on the
posiiering devigaonpdar 443 é defiged wrrogteldhe saparafion distppes hpfveen the
the conputing system 411 fromthe substrate exam nation
fusvardese¢@® pfod02ig] hdpde 16dMPUte nefaldishteedesired phetorssisiodeveloper
defined to conmmunicate instructions to a devel oper
sehkivh reafienel tinneoly theanbstiatel 168, Thfs, tha prdxdity h¢adchobiyiosing device
433. The devel oper solution delivery controller 415 is

@ehdired1s eoriagutadseontrdllimrutiing t®thepheximhp heidambisibning device
devel oper solution froma devel oper solution reservoir

143.7ad Rafched bl aibwP U@ X i IMiHeYohR@aeriZ08n datd obtaidi GRdne theliyibstrate
arrow 431, based on instructions received fromthe

SARUGLDRIRYEL G e lahotoresist is being underdeveloped, the computing system
can instruct the photoresist head positioning device controller 413 to increase the
separation between the first and second proximity heads 103/105 to increase the residence
time of the photoresist developer solution on the substrate 101. Conversely, if the results
obtained from the substrate examination indicate that the photoresist is being
overdeveloped, the computing system can instruct the photoresist head positioning device

controller 413 to decrease the separation between the first and second groximity heads

103/105 to decrease the residence time of the photoresist developer solution on the



The instructions received by the devel oper sol ution
delivery controller 415 may be based on substrate 101
characterization data provided by the substrate

VP NRLdsen device 407. For exanple, if thepcrys206030773
photore3|st I's being underdngloped, t he conputi ng
system 411 can instruct the devel oper sol ution

eldsirmer d01C aAntsholll ede hypréciddeame thd@rddiony rahe ;m‘smbﬁﬁg device
devel oper solution through the first proximty head

43011608304 an! 12 &Bﬁgﬁé@%déd%ﬁtmaﬂw&l]% WLLBRBIn between the first

devel oper solution’is reclained follow ng" exposure t

%&fjse%&ﬁis Jo%q?&lt ﬂegdst TU3?1 0@@ ? &ﬁgﬂ{; suﬁsﬁ eeB?tcBJrgc%érﬁzg?%n data, as

el op ron 1s suppli € Meni scus w

hin a ran xt endi.ng from about
e Aot Y s Sl Pe vl AT R0 Bl BRI o
used photoresist devel oper solution is discarded as a
[DoRejeRs: canputimgbdyetem! M1t ki slserdsfitbdren tommusicate Ngs@btions to a
phot oresi st devel oper solution is supplied to form and
dScRbel Solete BBReSCHRbMmEer1s! Be itfdatddeby afbwt433. fiing Heveloper
proximty head 103. This enbodi nent is characterized as

ﬁ)MtR)W‘ dd19¥yPeRkbG MBL ROGfined 993dhiatdIG ASN DMLl mthéyﬁfoﬁﬂémst

411 is also defined to conmmuni cate instructions to

Xé%@féggp soft¥ish % %geve er s@ﬂﬁ&?fe?&vay 4 PF o Q% @%17 pro;]—llr'}ﬁ‘ty head 103,

vacuum syste ates to provide the

%01931]/@.'9%1 ?}5 ﬂéll‘%§%9 1&%&%0% Bejcgi of %g@stﬁ%%omp%ﬂfg Egls{e% 411.

econd proxim

it BEACETE MR e s
ment i oned above, an, enbodi nent eX|sts in which t

Phaosirasil 8t chriiirgpinn QP by @er%btw&t%@@lm%ﬁt figidoe 407.
vacuum reservoir and pl aced back into the devel oper

By arempls, iclbe phespresighliy being updarfievaloped. Bhe eerpiiing 3gstem 411 can
Because definition and confinenent of both the

ingtnics tha slevflogsh stlataagicEergeongb bgrde insudasrt the flowente af the tdbnesloper
first proximty head 103 and the rinsing neniscus

sohdien thrbneshstbe Grstlprorimiiyitesd/lBead 105 are affected by the
vacuum strength the conputing system 411 can adj ust

{ {
B3R oGttt e o) Aol PR G o2 ytovine
The conputing system 411 i s _al so ge |ned t o communi cat.e
KRS, &9 1R Sthshraty- :]J}f s ﬁ:&lbodunent the photoresist developer solution is

supplied to the meniscus with a flow rate within a range extending from about 400 mL/min

to about 2 L/min. In another embodiment, the used photoresist developer solution is
discarded as a process consumable. In this embodiment, just enough photoresist developer
solution is supplied to form and maintain the meniscus under the entirety of the first

proximity head 103. This embodiment is characterized as a low-flow pooling method.

[0031] The computing system 411 is also defined to communicate instructions to a vacuum

system 419, as indicated by arrow 437. The vacuum system 419 operates to provide the



fluid delivery controller 423, as indicated by arrow
443. The rinsing fluid delivery controller is defined
to regulate a flowrate of the rinsing fluid to the
W%Hﬁozﬁ’&sﬁ?x' mty head 105, as indicated by agt@Wefddsorrs
based on instructions recelvgg fromthe conmputing
system 411. The rinsing fluid control instructions

hee&heAckm® 8 B Eir&QRY Yol pBy it Meddsl1 033, RenBidfarbPitrow
the substrate characterlzatlon data received fromthe

YO SHE AL GEX YRR UL P HIS%)&@Q/ {6 & aBifned LA TR & vabidund Reervoir

substrate characterization data indicates that an

EXCE !m\éﬁtlo Hoé’b%(ff %,nt Qrg% e suE)StSd ﬁav {fxe @{g{’&ésﬁp developer

residue IS elng strate

G t%a;v%&u&n“%ﬁsér&é%se SHRESIEE 4 g

sin uid. tot ond d. .105. O 33

fanatheiod €17 fr indEeREBY o LHa HRstdbe AEERGED pigh fontincment of
controlllng phot oresi st devel oper _resjdence tine on
Btk Shermeniscup of ReleReBisirASEeIORer Folhen RAMsHhost BoXimiey head 103
present invention. The nethod includes an operation
githe Grsiniempripqyg uaderdlis sgeand pedximityhesd d08 sresaficgied by digepcuum
solution on the substrate. In one enbodi ment, the
stsngthe dise icomglutingnspsitny 4ldvean adjusir each nmismgi by exmamicating
inafirst direction that is at |east a dianmeter of the
gphprie@tvecuuhncdnhbkinsartold@ Ho OF¢RRIFS4m 419.
PCT/ US2006/ 030773 17 enbodi nent, the neniscus is

d to have an ent a econd direction.that i.s.
e 38 chiopie Pl A e ofed GeStrpbicelcdiior 29 # idsing
é cond dir ctlon is 5 $end|cular to the fir

V?ﬂﬁ CO*FH@ FetRods dPEeptyh Y 0¥ 43 ot &0FiB ﬂi‘;‘éfé delivery
for traversing the defi ned neniscus of photoresist
wairelle de definsd e iregilasg & flophiatesefiyhe riasiag vl tonike second proximity
enmbodi nent, the neniscus is traversed over the
e 07, s andicatesl bihawow Hél, dasadren insthistienst tecditedefiqro Swdbomputing
the neniscus in one pass of the neniscus over the
systbratdi &t Ehe ridsmpdfudd eqntrol intiructepaedeivied ffohethe atromaing system 411
enbodi nent in which the neniscus is defined to cover an
@ ®a besst ofl tiengbdtiatd dherabtetiBition dflreseieaifon ieaQbit@tSexarthittion
meni scus i s traversed over the substrate in a |inear
JRRBAD7. KR ieRarhsie Nt the substlbROhHBG oA HRE tihBhtes!that 30 bdeShive
be appreciate that traversal of the neniscus of

BPBP o?&reﬂ@cvd‘elv&eﬁ% s%ﬁhb‘ﬁ kégfélué’\{sef)elﬁé‘ GotB U o @b&raf2101, the

acco ving t
computing system 411 can instruct the rinsing fluid delivery controller 423 to increase the

flow rate of rinsing fluid to the second proximity head 105.

[0033] Figure 4 is an illustration showing a method for controlling photoresist developer
residence time on a substrate, in accordance with one embodiment of the present invention.
The method includes an operation 501 for defining a meniscus of a photoresist developer
solution on the substrate. In one embodiment, the meniscus is defined to cover an area

having an extent in a first direction that is at least a diameter of the substrate. In this same



substrate beneath a stationary neniscus of photoresist

devel oper solution. [0034] The nethod further includes

an operation 505 for controlling a residence tine of

¥Rﬁw9ﬂﬁh§565i5t devel oper sol ution on the supgtddssnsor73
he residence tine represent? a duration that a given

| ocati on on the substrate is Exposed to the photoresist

dRYALRRE! the HUNikLEOR. defifedidna RO Gk IRNE 2 LOSHI @lebidiOhih less
resi dence tinme of the photoresist devel oper solution

HIAE I A8 RnCANKE Bl IdectRn! Fhatih e ¥RbRCATKHOE INGEIniR ar to the
defi ned neniscus of photoresist devel oper sol ution and

r ihi+s :
T Rk PhEmA o T RASIIE L BRHEF S0 d8F nkEng figcgprned
in .a substantiall onpl et.e manner uch that an .anmpun
o RS A3 B e G YD e, Bl e SRR, he
substrate follow ng travers of the neniscus,
PRI e FrayeEsef] Ve the Bttt e thek hsceniio BRI 15 exposed to the
devel opnent of the photoresist material. An
BIRETUR AR o9 PRRSrof ARG Brnigtus N pisthe FksdRive hhereiRre Wity gensct to the
di sposal of a drying fluid, such as an isopropyl
ghoye Asbodimpryin mln@}t/l dhcemenispuptsrdefipgdsto 6pvear i arpalssierdipgin the first
i medi ately follow ng traversal of the neniscus of
phioteoomsis discetioksy dheopenisais | ig tripvasedtdver Gwvambsiral§Din a linear manner
2007/ 021654 PCTI U52006/ 030773 18 [0035] In anot her
enifnddbnteil the sanohd dirtdtiog. It sheulkidsiapgadaed thaetrofershlhe the meniscus
phot or esi st devel oper solution includes controlling a
Sfoptdtoadsist dewticpbnsulatidaes e &t sibgrattbdin Welcsthplphed By a®king the
devel oper solution and a neniscus of rinsing fluid
B85St b Hodi R 1601 SR HHBRr&RTst dVBRHE BRiSh.
devel oper solution across the substrate. In this
enbodi nent, a thin filmof photoresist devel oper )
K834t Ths inagthodafurtheidaclpdes ragrmPmtionh SQhor sapzelling @ residence time of
followi ng traversal of the neniscus of photoresist
Hevpbbiopesist dovalapcnolutien eovide sulidiate, Theerepldertcortémé gepresents a
material exposed to either the nmeniscus or thin film
dfratiphoharegivern labatiel opedlie subktdte dnespiobdd toethe sihbjoesise devietper
t he devel opnent process. Consequently, the devel opnent
PLOIGESIE 0ak lenbbBditnehe comemieethe tesfdeficeatigé VE thel phefldsBh d&Rloper
the substrate until the thin filmof photoresist

QaNish OREldesS BbriolIRNy hSrdlRND \VRIbclt) BB ER b AbfikienNiscus of

the neniscus of rinsing fluid that foll ows the
photoresist developer solution and the substrate. This embodiment assumes that the

meniscus of photoresist developer solution is confined in a substantially complete manner
such that an amount of photoresist developer solution present on the substrate following
traversal of the meniscus thereover is not sufficient to cause continued development of the
photoresist material. An alternative variation of this embodiment can include disposal of a
drying fluid, such as an isopropyl alcohol vapor mixture, on portions of the substrate
immediately following traversal of the meniscus of photoresist developer solution

thereover.



meni scus of photoresist devel oper solution. Thus, for a

given relative velocity between the substrate and the

meni scus of phot oresi st devel oper solution, the

Qgﬁoﬁﬁﬁﬁg tinme of the photoresist developerpég&gim@£0”3
e substrate is determ ned by the separation

di stance between the nenisct® of phot or esi st devel oper

f“*%% f]n%otﬂ&de daamtea& lc@ﬂ‘ffrcﬁ%né"ﬁ@ L &GHdReeAme b6t ngégmoieélw déveloper

I'n either of the above-described e I ment
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condition of the substrate, control of the residence
pPhatresitt devrlonshenlgionds alloweddy &vepR P & ubsiisie BHov e fraversal of
substrate can be adjusted to inprove a resultin . i
the rakniscen olophoforesis Isksue] ore sokytiers therpowert hyse they 1ey| material
beneat h the neni scus of photoresist devel oper

sgiosrdi oneithwOHRODFHiNRS 65 4hRCHIMUSL b ESS7 I cloper fQBA] will be
It should be appreciated that the proximty nethod of
fulbgectzd es ditdevelommindnt procéssr Compqletly) thet dveelppraém pesestwill not be
devel oper solution to the substrate enabl es achi evenent

&Smpl&sd for dBivieR etV el BRSIbsHaleWhtiOhe HES FHEBE FhdtdBBst developer
across the substrate. In one enbodi nent, the

RINRIoA§ $dridved @& R &bt @B Iﬁe%b&emstﬂg%@&haa follows the
given location on the substrate is controlled within a

EhE&s %}(f)}?o%}leé?g dEVPeR ionoT sSRE AR eh Pe18RRUEIoLAY between the

seconds.” However, IS s I d be appreciated that an

gx% %J ; I Eh% rg%}héc% ﬁ? k)%(?tg%?s ejieg é?rgsggirugg gﬁ‘xg trgéé%@lcé fime of the
t Wth t h

iy S%Vﬁl?ﬂ% B s AR B B e

|nvent|0n OSS e tqQ use copcentrati ons
Dy o dhealsenn & Ripapeet sV SPRip apBoT dtd . 1ofgpine Thestscds of

exanple, if the photoresist devel oper solutlon
ipdng s a hi gher concentration of active agents, the
phot or esi st devel oper residence tine can be controll ed

{08368n SAREL OF thABNRLREINbed | dmbBoBfnents for controlling the photoresist
developer residence time on the substrate, traversal of the meniscus (or meniscus and thin
film) of photoresist developer solution over the substrate can be followed by an operation
for evaluating a resulting condition of the substrate. Based on the evaluation of the
resulting condition of the substrate, control of the residence time of the photoresist
developer solution on the substrate can be adjusted to improve a resulting condition of a
subsequent substrate to be traversed beneath the meniscus of photoresist developer

solution.



phot or esi st devel oper solution includes a | ower
concentration of active agents, the photoresist

devel oper residence tinme can be controlled to be
I“qu,@{mn({SQOBS] VWi le this invention has beenpdeg§ihdeed 7
in ternms of several enbodlnegés it wll be

appreci ated that those skill in the art upon reading

tdmpn%sﬂa% DPREiafell GRAtI 18N Hroxiflity st id?Ghd BRsOf 3MeAESh for
realize various alterations,” additions,

t fg
4 n% glc? ?ﬁ&)féﬁg deRipEy 18 HnSto tH@ G@Rfrate -gﬁ'agxgésé a %venlxénh t b8 very

[ t at the present i1 nvention inclu
tera qui va
3*“% s B, R0 ér%ﬁhﬁegcé’%h. b Bt B gfk%e&%ﬁem the
vent.i on
; Os%rﬁ%ﬁtu%evﬂeperd%o&@1°8pﬁeﬁlge S Epes @dglﬁ%ﬁvs piy 8F the substrate i
nate on a substr a first proxi
IECﬁWfqﬂ@ P S A 6?9%% B anrct B iovever,
photore3|st devel oper solution on the substrate, the
Heshoulsh Ph grprerinted (fhatt 2 BePreRidls, @Botpiesisle developet ssidsiicotime is
the first proximty head and the substrate, and wherein
dopsndunt en thermbeiorsisi develager solution ehemisine Vil the esspésion shotasesist
of the photoresist devel oper solution on the substrate
flvielopwi regiderice divsr eoafrolodffarhest by thetpresewixinpdntipn,hie adpaesittle to use
devel opi ng nmeni scus over the substrate; a second
jipheti contenthigad cfomtivegugeds tio thteleweper sélwginn Fomeramplasif the
on the substrate and renove the rinsing neniscus from
pHiveorsdifisdavalbper §dnRtioneimolidesd a0Nichart sonb@R@tiRO DI tdcORe Agerttd) the
follow the first proximty head relative to a traversa

?lkﬁ&@shét URvAQbpet R&idehdsStimanRah $8 CBREbIIcR 9%k Khérter NE€aHRIBNEIF the
he substrate such that the film of photoresi st

AevaltoReleven éft L fiichS inc uﬁgp\aegwef Qhd A aial §F faea\?e ' ger%ts, the

conj uncti on rem)va of t rnsing neni scus

1%}12) ores?sg *a?‘}eﬁoigxereﬂ ﬁm@ | %{ﬁﬂo%%oﬁe%qg be Fo%%é i oni ng d evi ce

I ne a separa di st ance
bet ween t he flrst prOX|n1ty head and t he second
[00884i Whily/thixdakntion s been dwofitredlin terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. Therefore, it is intended that the present invention includes all such

alterations, additions, permutations, and equivalents as fall within the true spirit and scope

of the invention.

What is claimed is:



residence time for the filmof photoresist devel oper
solution on the substrate. 2. An apparatus for

devel opi ng an exposed photoresist material on a
substrate as recited in claim1, further conprising: a
conveyance device defined to transport the substrate
beneath the first and second proximty heads. 3. An
apparatus for devel opi ng an gxposed phot or esi st

material on a substrate as recited in claim1, wherein
the first proximty head kﬁghgﬁgs a phot oresi st

devel oper solution deliv nnel and vacuum channe
to support definition and confinenent of the neniscus

of t.he photoresist. deve] oper sol uti.on on the substrate.

21 2 hATepaRER e’ FOF cABger sarig! Ao Stpie Ga RN Elfbuuae,
co&@gyggesist material on a substrate as recited in claim

1, wherein the second proximty head includes a rinsjng |

f | uiadfirsteprpyignty heed sanfagurechtodeding i dSHelAMBE Meaisgusolyd phaigresist

' i h t A o (oY '
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bofibratod theesfiirst provsitretyi tehd emd the sulissateaanel, whegeinlrel faisingroximity head is
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traS 0 loff SHeSirstr6Xigiity Hel®ardd destlopih@Xieistys dieatheisabstrate;
configured to |eave a film of photoresist develogﬁr
sol ateemndonoxinbtyshaad cratiairedbiq SRUNGG THsieemeriscusion; fig substrate

ang ir{)rﬁ('ive thé ﬂﬁéiﬂ% énfi6Rdr G %@ﬁ%?ﬁh&?@ﬁﬁ@s&@m SoMniBVIRIad tpoSitioned

ubstrate; a Second proximty head defined to renove
to tfenéow iHenfiinsf prokimityr besidselaties & o praversad slingetiamef the firsthaad second

ey RBGAN RS datelsF G SRR B AGHP Buvion i

ref@6v@di fidrh YhRdstrate iratdnyenction avithrrameve alf tieh riesirig manisdustfiven the
first and second proximty heads over the substrate; a
subsiales M3t y head positioni ng device defined to adjustably

contr Oy ighifeRHdAbHbnifl SLANL BeRRUVBERjEdMbIY IcoRtolaR Geparation
second proXi mty heads,” wherein the separation distance
distande between the first proximity head and the second proximity head so as to control a

residence time for the film of photoresist developer solution on the substrate.

2. An apparatus for developing an exposed photoresist material on a substrate
as recited in claim 1, further comprising:
a conveyance device defined to transport the substrate beneath the first and second

proximity heads.

3. An apparatus for developing an exposed photoresist material on a substrate
as recited in claim 1, wherein the first proximity head includes a photoresist developer
solution delivery channel and vacuum channel to support definition and confinement of the

meniscus of the photoresist developer solution on the substrate.



a traversal velocity of the first and second proximty

heads over the substrate set a residence tine for the

filmof photoresist devel oper solution on the

substrate; and a proximty head positioning device

controller defined to control the separation distance

between the first and second proximty heads to

establish a desired photoresijst devel oper sol ution

resi dence tinme on the substrate. 6. A systemfor

devgl opi r.esi ' :

subet ot o @a R ARE e oL e TGRSt Bhal on g subste
assedited imtleine X awheatn tha seeni peoxioity hgath mdlutles © hiasing flord dedivery

a condition qf the ubstrate.fallowi ng traversal .of .
chfinil et P Sensloand ERung il SuihaAL kb bt fpsie and
drfie@66the s@itta@, conputing system defined to receive

characterization data fromthe substrate examn nation

device. 22 7. A system for devel opi ng an exposed

photsor esiySty Jat €51 @dveRPirg SHERId@ BhéSresiSCHaftial Bn Gl &ibSate,
6, %hereﬁhbﬁgg{c%npafl gééysggafisﬁdeffﬁed to Sro@ide e
compssingicti ons to the proximty head positioning device

control | er .regardin he separ.ation di stance. fhat. | .

pe iy e ooy oo ol SRRFE: b SR laBERER SR fydhsis
deN@@sts soltifiéh b Bielsubdtiat) SvhbRIMGe lfias @ebxdmity hbgl is configured to leave

characterization data received fron1tg§ substrate

a @j@hﬁf REQIPISRISHdMetaper fq-]@tlcrpr @l?(ithﬁ m]astrq,{% l%gg ttll'aﬁ?ﬁsﬂg‘_)f the first
pr?ﬁﬂéitgﬁeﬁ%ﬁrdgbﬂggggﬁfeﬁgcﬂ%fvéﬂﬁg stRiragt omati cal |y adj ust

roximty positioning device to achieve the
separtorin poixghian deadb alefiessin tor emdvier the Blind of edhotedesist developer
.0xi.m ty heads as instructed t he ti.ng .S
sofiS i P 04 T A0 S 6 BB P RRUCHOR Ml hoad

postbreditalfol v the itk édintty dsad fekeive eda iravetsahilimdion fofi ttelfest and
conprising; a photore%ist.developer sol ution delivery
seOBhPIIMIEY hefdp PHIdhe BOPEX%I ate a flow rate of the

phot, 95:68ihdly AGUE)RRRMIROUMEdOBeiRd tiBCadjistably REMXIIN kd¥paration
_head based’on instructions received fromthe conputing
distapse betweerhibeifingstand sedopd proxémiey besds.fwhengin e separpiien dgtance and
a t‘?’f}/vségs%fnvelocity of the first and second proximity heads over the substrate set a
residence time for the film of photoresist developer solution on the substrate; and
a proximity head positioning device controller defined to control the separation
distance between the first and second proximity heads to establish a desired photoresist

developer solution residence time on the substrate.

6. A system for developing an exposed photoresist material on a substrate as

recited in claim 5, further comprising:
a substrate examination device configured to characterize a condition of the

substrate following traversal of the substrate beneath the first and second proximity heads;

and

a computing system defined to receive characterization data from the substrate

examination device.



bei ng based on the characterization data received from
the substrate exam nation device. 9. A system for
devel opi ng an exposed photoresist material on a
substrate as recited in claim5, further conprising: a
rinsing fluid delivery controller defined to regulate a
flowrate of the rinsing fluid to the second proximty
head based on instructions received fromthe conputing
system the instructions received fromthe conputing
system bei ng based on the characterization data
received fromthe substrate exam nation devi ce.

7. A system for developing an exposed photoresist material on a substrate as

recited in claim 6, wherein the computing system is defined to provide instructions to the
proximity head positioning device controller regarding the separation distance that is to be
maintained between the first and second proximity heads, the instructions being based on
the characterization data received from the substrate examination device, the proximity
head positioning device controller being defined to automatically adjust the proximity head
positioning device to achieve the separation distance between the first and second

proximity heads as instructed by the computing system.

8. A system for developing an exposed photoresist material on a substrate as
recited in claim 5, further comprising:

a photoresist developer solution delivery controller defined to regulate a flow rate
of the photoresist developer solution to the first proximity head based on instructions
received from the computing system, the instructions received from the computing system

being based on the characterization data received from the substrate examination device.

9. A system for developing an exposed photoresist material on a substrate as
recited in claim 5, further comprising:

a rinsing fluid delivery controller defined to regulate a flow rate of the rinsing fluid
to the second proximity head based on instructions received from the computing system,
the instructions received from the computing system being based on the characterization

data received from the substrate examination device.



