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DRI ¥ EAHeRoUND, O THE L AVENTL N 100021 The

invention relates generally to nethods for the

sooi@puf acture of  sem eaETEEANVERTIORS. More
specifically, the present invention relates to a
met hod for  HoderdSdiitnd eoptdising Bafidians arly pattern
col | apse and photoresist |ine roughness, in
sem conduct or devices incurred during the
manuf acturi ng process w thout sacrificing throughput.

[0003] DeResisSREFERENGH PO REIATHNAPPECIAIONST
production yield and device function, particularly

[ooo1ph ¢ﬂ.stda>gn<%uh €a SbmPRafbRin Rftsassap &kewﬁfiﬁfuc%&ﬁ%@r e

enlarged to 300 nm 15 The term "defects"™, as used

10/218088) filed @kaé@s& 2b62, 0RY/ S8 Fod. ARE ITRMUES YOS, AdtE1 0?6196 §62

or cause the loss, of the sem conductor device such
filed 1bf3%|yczdobam§%.§&fosh% SN Selifdorphte8 HereMby Ftrence in its

su strate surface; roughness in the photoresist |ines

entire§uch as "line wi dth roughness® or "line edge
roughness", particulates introduced onto the substrate

resulting from processing such as |ithography,
etching, stripping, and chenical nechanical 20

pl anari zat i on gh@MAROBNFOL FHEPRVENTHYORL €s ei t her

i ndi genous to or resulting from manufacturing

[0002PT PHESEENt iMAINtSH PorhteR %EF‘&%W RNReth&FoRtheThARRE Ol of
partially open or -1 blocked contacts or vias; line

semicOdiictor wavited. | 8@ spReficART Bfelpreddt HvEAtG: Ela88 BROhethod for
adhesion of the resist to the substrate surface.

reducuB&Q%hs%‘&ﬂéﬁlér}&ﬁpéﬁérﬁ %ﬂé‘ﬁ)ge dRé BRbtBresishRicERYghmBASOMI Ng

yi el d- presents new chal [ enges
semiconductor devices incurred during the manufacturing process without sacrificing

throughput.

[0003] Defects are a major limiting factor for production yield and device function,
particularly when the device sizes are reduced and wafer sizes are enlarged to 300 mm.
The term “defects”, as used herein, relates to defects that may reduce the yield, or cause
the loss, of the semiconductor device such as the collépse of the photorésist pattern on
the substrate surface; roughness in the photoresist lines such as “line width roughness”
or “line edge roughness”, particulates introduced onto the substrate resulting from
processing such as lithography, etching, stripping, and chemical mechanical
planarization (CMP) residues; particulates either indigenous to or resulting from

manufacturing processes; pattern imperfections such as closed or partiaily open or
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to the manufacturing steps within the production of
the sem conduct or device, nanely, 5 the |ithography,
etching, stripping, and cheni cal - mechani cal
pl anarization (CWMP) processes. The |ithography process
“generally involves coating a substrate with a
positive or negative photoresist, exposing the
blocked santpets er vigs:dineaddthatvirgationsuandcedefectp resulting froanpearmgiaesion
and devel oping the substrate to forma patterned
of thegreislipdie substralpesurigaet he substrate. This patterned
| ayer acts as a mask for subsequent substrate

' y
- [0004patThedrivertp redugs defec!s elherbylimproviegofeitrgprestmts meyy challenges

and/ or coating with netals, other sem conductor

to thermparafaciuring steps within Hiei prgduntipe of thiesenidomdactohdevice, namely,
process generally involves renoving the surface of

the lithagsaghyb stchiagesttipging.iandrabemitabtmechanical planhezgtiat MR d
photoresi st using a chem cal or plasma etchant

processesr dibg lithogeaphy gradess gaderallyinngvesedatiog afsobstfate witbia
processi ng. The stripping process generally involves

positiveerroegaliyet frotaresists expasingdhe $Gbgbitats toraesiditiopavyree to progide
the substrate via wet stripping or oxygen plasnma

an imagshiand devEhepingitie subsicale $o fpemer ptleynddrpholtoresistpayer ohitng
the surface of the substrate to maintain flatness

substrelter i Trins pattecessiayey.achd 4s afmask éorslibsexuent substate patterdrge s
typically enploy a rinse step to renove any

processas sucduaseiehingt dopird, ahfVat coatingevitermagteld, dthensentsiconductor
by- product of, these processes. 20 [0005] Pattern

materigis| draipsdating rbateoals nTha etabingrpgocess geobdadyrinvolvéhemoving the
production of sem conductor devices due to the higher

surfaca spthetsubsitate ghat is ndi erotested bn thegpdtiemen phaéoresistaisinglane
t hi ckness and aspect ratio of the patterned

chemiggh ot plrema etchaat/tbereby expoging thennderhang swfazedorfforther
subsequent etch steps after |ithography. At the 130 nm

procesginde Thelstrippingenrocess generally invalveh snoevirgg the chaspdinkédivi ng
a 500nm t hi ckness may reach the value of 4. This 25

photorgsistpattemfrdve thehsubstratetviavwet srippimg capiygem plasarasbingf The
t he devel oper and/or rinse solution nmay lead to the

CMP prasiesapsrerally inhalvegsapaliehing thephiotaoe e thetsubstyate to Basitales
capillary forces, the -2 pattern coll apse probl em may

flatnesy duffing prieessingt | Allerf dleelaforernértiened processesdypitaligempiay a rinse
mechani cal strength of the resist, application of

step toseheve amapartigdate imaterjal &t iis gaferated fram, ocie atbyrredydder;) ,
and the nozzle type, position, and centrifugal forces

these pereisags. spi n- on

[0005] Pattern coliapse is becoming an emerging problem in the production of
semiconductor devices due to the higher aspect ratios in the new generation of devices.
The thickness and aspect ratio of the patterned photoresist layer are important
parameters for subsequent etch steps after lithography. At the 130 nm node, the aspect
ratio for a photoresist layer having a 500nm thickness may reach the value of 4. This
value may be the point where the capillary force of the developer and/or rinse solution

may lead to the collapse of the patterned photoresist layer. Besides capillary forces, the
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application of the photoresist layer. 5 [0006] A main
contributor for pattern collapse is the capillary
force of water during the post-devel opnent drying
stage, see Tanaka, T., et al., "Mechani smof Resi st
Pattern Col | apsed During Devel oper Process", Jpn. J.
Appl . Phys., Vol. 32, 1993, pp. 6059-64. Reducing or
pattegh cotiapae proflennmay beffatieertrfluehcsd bf othbefations sudhi aithd
~ after pattern devel opnent may be used to reduce the
meclempal $teangth ofrtbe rasisht appticatioardf ethed Boatings piad. tatineflective
photoresist 10 |ayer. Two common approaches, to reduce
coatings @RG)i aad thetrivezle tydeapesiti@n ahd rentifugarfordessairing isgiridh,
may be to freeze-dry the patterned photoresist

appli¢adiat of the motaegistdyyesupercritical fluids to dry the
patterned photoresist |ayer after devel opnent. Both of

[0006] he's mairaqmitricadrésr patter esllapseisahé EapiNaRy frés blwateBduring the
steps and speci al equi pnent that are not comonly

post-dmsetbphrens eyirgastale; soe Tdeatis; €., fedlr | “Srichaiism b ReR0Rttein
nmore conmon approach to reduce the surface tension may

Collapsedt DurimgDeveloper Packsstt Jor Jt Agpll PRES, Vdl.(B2, 4993 1vp. 6059-64.
ability to reduce the surface tension of water at the

Redueing or eliminkiirgthd sutia@ teasien osthefringe @gdid afPOsdtRAT 8evelbpient
variety of applications because decreased surface

may Hearsed do rgitice tad dapillad) ft@sthbOs eR6itaPGEthe\ittbindd phbtoresist
water on the substrate surface. Surface tension

layer. r Bwiel corn@on iappiiatieds, iaridics ¥e EiRBalehd S| thysigt Bi tBY Biflse
through the 20 addition of surfactants. Equilibrium

liquid, Snayf lbec @ fradzeidoyitheeyatterEatetdresistToRliaHr eWpRIY dupBrcritical
systemis at rest, though the ability to reduce

fluids toudrl #eepdtRnsddphotatgsist 18ydtaittef dSRISHMRNBoth & tiifsed! eat
i nportance in applications where high surface creation

approadies snayf requiseektra manufactaphdistep@hhd Ipedid ehLipfhenbPatire not
coating, and the like. Dynanmi c surface tension

commpnipuses semit@RIFIOE deicd fadrigdtioni ty of the solution to
| oner surface tension and provide wetting under 25

[0007]hi AmcEe eetir@pRIppRaIch BRretiabd tid QUttace HsidNGhay b&tESId & N
appl i cations such as during spray application, it is

surfactaditerthe gesaiquid)arhd iiits W feaatdHe SURRIBE BRisloRf Satdras the air
tension of the -3 formulation in a manner that

and liqoidrintetfaesistdfi great ipcraneé irka DiMety 6raRlicdtions baBslise decreased
foam ng. Foam ng and bubbl e generation may lead to

surfaceltehsioh gefonte tplsts lo/increassd Wetting bewsief 6f trie sUtdiSteleface.
made in the sem conductor industry towards solving the
Surfacé emsiongeguatibh @Mvater-based systems is generally achieved through the
addition of surfactants. Equilibrium surface tension performance is important when the
system is at rest, though the ability to reduce surface tension under dynamic conditions
is of great importance in applications where high surface creation rates are used, i.e.,
spin coating, rolling, spray coating, and the like. Dynamic surface tension provides a
measure of the ability of the solution to lower surface tension and provide wetting under

high speed application conditions. Further, in certain applications such as during spray

application, it is advantageous that the surfactant reduces the surface tension of the
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[ 0008] Japanese patent JP 95142349A descri bes adding a
fluori ne-based surfactant 5 such as ammoni um
per fl uoroal kyl sul fonate or perfl uoroal kyl ethoxyl ate
to the devel oper solution or rinse liquid. [0009] U.
S. Pat. No. 6,152,148 descri bes addi ng a surfactant
such as a fluorosurfactant and a tetra al kyl
formuiatentie a maampeatimbminimizhy theopriotiiencafubbledyeneration aad fieamiag.
solution used to clean sem conductor wafers having a
Foaming gridabubbengeretdtionmayliadi teetiefetts i Corselqnemtlyatonsiieadtiie efforts
CwP. [0010] The article, Donke, W D et al., "Pattern
have Ge¢n expde in the ldegitoAdpatart infadtiyctoWbls salvihgtBd foaniiag paibiem.
Proc. SPIE-Int. Soc. Opt. Eng. 3999, 313-321, 2000
[0008] " Depdress patethédie 85 b4x3494 desgritsas ddairigaanfivorine-tHased surfactant
devel oper solution to reduce the possibility of
such amameoniuncpérflagreakyi$ulfoniatd orpeaicbrealiol ethogylate-toehedeveloper
anhydri de resists. The "surfactant” added to 15
solutiateorainspdiquidol uti on was the sol vent, isopropyl al cohol.
According to Donke, the addition of the "surfactant"
[0009] nUt BePaieMel ®p62,14®Heddribss ddding atsuifastanesuensiast ent
effect on pattern collapse. [0011] PCT application WO

fluorofltfa2Bind8ndle satra dlies qagtkrigryt dhemshilasidrikideadBimptiunaito an
| auryl sulfate into the deionized (D) water rinse and

aqueote selutireuseaintd cipplsgirigbridnetat vafers haindapbl(amdene ether)
photoresist to mnimze or elimnate post-devel opnent

dielectlieffies toatingQfttRCMPapanese Patent Application JP
96008163A descri bes adding hot water, an organic

[0010]s oT veeatticle pDOMRe, ST D @¢ bR TPatterneCHIRpEe Matigh ABPER Ratib TR E/-
to prevent pattern collapse. No specific surfactants

and 1982eReSIst, Preg SAIRM 30Ot apid. 13989, 313-394/ 08GBFDomke”),
descri bes protecting photoresist inages against 25

descrilsbssdduirg sumfaotantetg tisseladvetsped golnter togetedethe Podsibilitf@f pattern
etching and other processes by applying a thermally

collapsst aflzichiliz ang cygoafdeinblet dritlytride@rdsibes. STHS budd@amtr added to
the post -4 devel opnent bake of the image. Materials

developsesbldtion vdsahé sblentnisbprdpgl didahor. o&eiobdiy toSisrhike; tianaddition
filmform ng polyners, chrom um sulfate,

of the ‘suifadibrtt dahe develerir dolutibr GiITIct BAVE a camdistentafécBa pitern
t her eof .
collapse.

[0011] PCT application WO 02/23598 describes adding the surfactant ammonium
lauryl sulfate into the deionized (DI) water rinse and developer and applying them to a
patterned photoresist to minimize or eliminate post-development defects.

[0012] Japanese Patent Application JP 96008163A describes adding hot water, an
organic solvent, and a surfactant to a post-development rinse to prevent pattern
collapse. No specific surfactants were mentioned.

[0013] PCT application 87/03387 describes protecting photoresist images against
distortion or degradation by heat generated during etching and other processes by

applying a thermally stabilizing, protective film to the substrate prior to the post-
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[0014] The article, Cheung, C et al., "A Study of a
Single Closed Contact for 0.18 5 mcron
Phot ol i t hogr aphy Process” Proc. SPIE-Int. Soc. Opt.
Eng. 3998, 738-741, 2000 ("Cheung"), discloses the
use of surfactants such as octyl and nonyl phenol
et hoxyl ates such as TRITON(r) X-114, X-102, X-45, and
develprbBnt hake htherimpge Batarialsouseddorethe filnm eickides Buorocarbon
phot oresi st residue and single closed contact defects.
surfagigutey fdinrigrnting higwag, chriomiuws sulfdte, tachlbraatetittacid) chioenotropic
rinse solution did not provide nuch success. 10 [0015]
acid, 8hd SaitsRagreofNo. 5, 977, 041 descri bes a post-stri pping,
aqueous rinse solution that includes water, a water
[00143 o[Thb ladicter, Ghr g, & ietl al. dAStadyaft £Ginglel Clbserd Contact for 0.18
surface-active agent. The surface-active agents
micron Rhbtatithoglaphy Peddeys”drrec. o3P idteht. SoopOptn Hag.[E8BND3&T41, 2000
| east one acetylenic alcohol group. [0016] WO
(“Che(iy")) IAtBsde theruseer sarfsdtamtppech soogigsandinenyltghghol ethoxylates
conprises an adm xture of 15 a solvent and a
such sUTREONSK-MEeX€ioR, X4s, andMAts5, if the ahye séluticngesinfinaiathe
about 50 to about 99.9 weight percent of the total
photoesispasidue @nd 3indld disscainmintdct éfestd! faachraing to Dmgang,ftheose of
about 0.1 to about 30 wei ght percent of the total
surfactamtproiie rings sol i 1did nbk providPaiueRtsubgydki cat i on No.
2002/ 0115022 descri bes a devel oper and a rinse
[0015F0UUS] Rat. NO.28,9EACA S&uttiBeda past-Anppa, @qaeddsatfHsasbiutius that
as ammoni um perfl uoral kyl 20 sul fonate or anmoni um
includ@ewhier|er wtksy solasis bayeniocdcid, aht @50ate0$dNibIO BSrfitetadtipd biétt.
in a consecutive sequence to reduce pattern coll apse.
The surf2@é3-tivEBagentd incllée oligd(bthpiere BabaVidipRihdShaghg atid¥&tone
193 and 157 nm Resi sts: Use of Surfactants in the
acetyldtiinaleotiad gieml i ze the Sub 130 nm Nodes:, Hien et al.,
Advances in Resist Tech. And Processing Xl X,
[0016]PrWCeeai03898 dekciiiiélst stiipper cbhiPpasiidd) ha) comprised hr athdixtake of
("Hien"), applying a rinse solution of. 10 % of a
a solvdrit and asurfhctattavtierain dhenaineunttad salventlrandest fom aboadf80et6 about
devel opnent to reduce pattern collapse. According to
99.9 weightipersattef the tbfabcorhpasitiopsandf the banust sfsadastantsangsk fréa
col | apse behavior. [0019] Yet another energi ng problem
about 0.1 té oyt 30 dwetgiit PBroehit 6fehe enaldbaripasitievi ces s
phot or esi st roughness such as in one edge of a single
[0017] phntS Pasdrs ApplicatomNobc P00 230 11602 Hestribes a developer and a rinse

solution that each contains an anionic surfactant such as ammonium perfiuoralkyl
sulfonate or ammonium perfluoralkyl carboxylate. These solutions are applied in a
consecutive sequence to reduce pattern collapse.

[0018] The article “Collapse Behavior of Single Layer 193 and 157 nm Resists: Use of
Surfactants in the Rinse to Realize the Sub 130 nm Nodes:, Hien et al., Advances in
Resist Tech. And Processing XIX, Proceedings of SPIE, Vol. 4690 (2002), pp. 254-261

("Hien”), applying a rinse solution of .10 % of a fluorosurfactant and water to a substrate
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5 to herein as line edge roughness (LER), or both
edges of photoresist line which is referred to herein
as |ine width roughness (LWR). Line wi dth roughness is
typically neasured by the variation of line width
fromits required critical dinmension ("CD'). The 2003
I nternational Technol ogy Roadmap for Sem conductors
after degplopmesnt tdretiutehpatieiRediiapsavi AbdondiB§d@Henhsort®of ther
exanpl e, the LMR, as neasured by the 3Q variation of
fluorolsunfactdrils usedt orsened the lwellagsthiehadonm for the 90 nm
technol ogy node and within 2.0 for the 65 nm node. A
[0019} aMet biyothér énaartying protildratin theypreduttion biisemitondquatir deeisesis
I i ne roughness, include, for exanple, photoresist
photofesistubugthness duichas,in omd edud éfra siRglg iphotoraist tind avhiches gifdrred
di stribution, resist polyner structures, photo-acid
to hergiarey lime@dge rauyinps OLERS, adti edgesrof babdterksist tite@which is
(i.e., acid diffusion, devel oper percol ation, shot
referrédiosteereinas king adidih regdnessdWR)E Linsaidtiyroaghrdsstidgpically
| atent image profile). Previous attenpts to reduce
measired by rtiesvaiatibh BElineOMatATEDS itsl &@ires crificactind@sion didy ).nThe
the photoresist fornulation and adjusting the contrast -
2003 WierhtionbEteshhologyRe&dMAP 2 Semitdridatighs ryuitecthanths LR ee
been comonly used as a post-devel opnent rinse
within 894 o theITD. the $Ramplell tHeQVBR "By maasurb@ b tHee8d Vartatibh of line
reduci ng the surface tension under 20 dynam c
width, et beé Rittsin 3 fdnee 90 ARSEcHBIdGYIneas araWithR\VED fdiehe 65 nm
undesirabl e side effect of foam generation. Because

node. f variedyp &f fa&tGieC that ila§ cbhtiB6te3o beﬂo%iéﬂﬁh@@aL?Mﬁé@alnc!ude, for
surfactants wused in the art may not be effective in

exampl& Photongsidt formlatioh €. ¢l eheletflar Weight, frdlediulay weaiht Bistiibution,
col |l apse defects, in the sem conductor device. [0021]

resist polymecstRicRIRGS photiot il GirlefAtbrsRBAd procesPaidlobFreirREE faatdry
reference in their entirety. 25 10 -6 BRI EF SUVMARY

(i.e., a6l diftdsion NYENTOPEND£@BIZEIN, BR6t iies atiskirduediksNaind the quality of
satisfies sonme, If not all, of the needs of the art by

the lat@itovibge pofile). PPRVRYS aBemplsito fediitd phBidiexist 1ihe FoudhhBgs defects
sanme. Specifically, in one aspect of the present '

includd imeeiffingthe phbRF&sidt SorfiLitibe eeld adfiRtifPthefdhtraf & tHeNtent
defects in the manufacture

image.

[0020] Although surfactants have been commonly used as a post-development rinse

solution, these solutions may not be effective in reducing the surface tension under

dynamic conditions. Further, these solutions may have the undesirable side effect of

foam generation. Because of these issues, the rinse solution using typical surfactants

used in the art may not be effective in reducing all of the defects, particularly pattern

collapse defects, in the semiconductor device.

[0021] All references cited herein are incorporated herein by reference in their entirety.
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5 of sem conductor devices. The nethod conpri ses:

provi ding a substrate conprising a photoresist

coating; exposing the substrate to a radiation source

to forma pattern on the photoresist coating;

appl ying a devel oper solution to the substrate to form

a patterned photoresist coating; optionally rinsing

the substrate with deioni zed water; and contacting

the substrate wi tgrigr BURRESSY OPITHEIIRVERTION i Sing a
solvent and 10 ppmto about 10,000 10 ppm of at | east
orpeo Ry TRE prasdnt invdentiog satiskesfsomeLif aot @ll,)of thelrields ¢fithd Jrt by
(I'va), (Ivb), (V), (M), (MI1), MI1l), (I1Xa), (IXb),

( |P)@l)dln9(a>@')’¢esé Xdiytion @Xe nethods (OXUS)mg Rme |Spe€1ﬂ>a®’ FIBO@ ER’BeCt of
O'mP~ Il 1l /\ HOR O .

| Ithe fREseRbINYEDURE ther smvrdevtanetho@@!zzq@'najdemw m "m?“fa"‘“fe
15 WH 1Il Iva70 XR

of semiconductor devices. The method compnses pro%ldlng a subst:a ate comgl?su% a
photoresist coating; exposing the substrate to a radiation source to form a pattern on the
'—photoresist coating; applying a developer solution to the substrate to form a pattemed
photoresist coating; optionally rinsing the substrate with deionized water; and cohtacting
the substrate with a process solution comprising a solvent and 10 ppm to about 10,000
ppm of at least one surfactant having the formula (1), (I1), (I11), (IVa), (IVb), (V), Vi), (vil),
Vi), (IXa), (IXb), (IXc), (Xa), (Xb), (Xc), or (Xd): |

PN

Ry——

Y
.
0/\’).;/OH R,———(-o/\’)i(o\)gq\o”

Ry

R4
OCH,CH,),OH (CHy)r (CHy)s
Rs (OCH,CHo) / \2 e
R—NA N HN—R,
w H
i IVa



R R2 (OCH2CH2)mOH | CH2)j R7 i+-R9 Z- R3
(OCH2CH2)nOH R8 R4 VI VI R o\ N-( ORI,
CH2)r-NfccH2) NRLI x\ OH 5 Ro Ro VIII R -NH2
R-NRA R-NR4 10 R12 [Xa I Xb I Xc R -NH CH2CH20O) nH
R1-N(CH2CH2OnH R -N-R2 15 1 1 ((-;H2CHRO"H
(CH2CH2O) mH Xa Xb Xc -8 (CH2CH2O)mH  Ry-N

/| (CH2CH20) nH CH2CH2N (CH2CH2O)i H  Xd whfirein R R1,

R4, and R12 are each independently a st{laight, a
branched, or a cyclicalkyl 5 gr¥ M2 to
250, or from3 to 10 carbon atons; are each
N
(CHy)r Y Ra
/
Ry——NH NH—R, 0
Vb \Y
Ry
R, ———(OCH,CH,)mOH
Te (CHy);
R7——N|+—Rg 7 Rs ———(OCH,CH,)nOH
Rg R4
Vi Vil
R10\ O—Rus
NFCH —N-CHo)—N
. / | X \ OH
R1o R
5 R1o 10
VIl
Ry — NH, Ri—N—R, Ri—N—Ry
| |
10 Ri2
IXa IXb IXc
R-NH(CH,CH,0)H R4-N(CH,CH,0),H R;-N-R,
15 | |
(CH,CH,0).H (CH,CH,0)H
Xa Xb Xc
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i ndependently a hydrogen atom or anal kyl group havi ng
from1l to 10 or from1l to 5 carbon atons; RS is a
straight, a branched, or a cyclic alkyl group having
from1l to 10 carbon atons; R6 is a straight, a
branched, or a cyclic alkyl group having from4 to 16
carbon atons; R7, R8, and R9 are each independently a
st {@ightO)mH br anched, or a cyclic 10 al kyl group
ha@ing from1l to 6 carbon atons; R10 is independently
R—Nor a grouph,em,®kl represented by the following
foxmul a QA; lis a straight, a branched, or a
cycChi€HaNkyl group having from4 to 22 carbon atons; W
I s a hydrogygH,@lmyHor an al kynyl group; X and Y are
each i ggependently a hydrogen atomor a hydroxyl
group; Zis a halide atom a hydroxyl group, an
acetate group, or a carboxylate 15 group; i, m n, p, .
whereithig, i+ feandhRts oo\ aegicinderaridenty 2 sti@ight, abanchedgua gyctigalky!
O to 20; r and s are each independently 2 or 3; t is
group hayingiem 2 ipa250: ehtjes ¥ toohd erbaen atoms; Rgand Ruatgegach
) between 1 to 5; and x is a nunber that ranges froml
indepgngeptly a bggrapen atoprer apafkyt gredp hawpe fromot to Heonfram drie 5
invention, there is provided a nethod for avoiding a
carbor glomsp e iss straighdya beanshied £r aayalicatkl Beouplhaviagdropt 140 10
plurality of substrates and 20 reducing photoresi st
carbon aieens; B i§heteaight ompransherd or raydicdling gepupinaving dighs 4 tal @
conprising a photoresist pattern devel oped upon the
carbors glomgc By '%r éfr!ngb A eachrirdapesderdly @ staight.anranghes or & ciehic
10 ppmto about 10,000 of at |east one surfactant
alky! grup; yingtfeor terfiicadopiatoms: R4y is independentlydH pr &gyoup
(1Vvb), (V), (M), (MI1), (MI11), (IXa), (IXb), (IXc),
(Xa), (Xb), (Xc), or (Xd) descri —hegein;
contacting the first s e wth the process
solution; determ ningZa surface tension and a contact
- sol ution the first,substrate,
repres i By e RSy G AL o SEALIEE

ace tension by the co
branchE by B IR B Forh PGo R R RS AR VAT rY§eBer
atom of USIGRY SFedl oo 2 b Rbarshuy & bt gpac
nyarox BBl s 3 Sion o8Il AT R S efbaryte
group; f %‘SH B,nanc}/ (?la}'éeea%fh irﬁ&e%e%grﬁﬁlsasnusrr?tl)eb}ttha r}arilgs’es roon”? 6 tg S ;orvgnd
s are each independently 2 or 3; t is a number that ranges from 0 to 2; j is a number
between 1 to 5; and x is a number that ranges from 1 to 6.
[0023] In yet a further aspect of the present invention, there is provided a method for
avoiding a collapse of a developed pattern on the surface of a plurality of substrates and
reducing photoresist line roughness comprising: providing a first substrate comprising a
photoresist pattern developed upon the surface; preparing a process solution comprising

from 10 ppm to about 10,000 of at least one surfactant having the formulas (1), (11), (Il1),
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[0024] In yet a further aspect of the present
i nvention, there is provided a process rinse 10
solution to reduce pattern coll apse defects on the
surface of a substrate that has been patterned and
devel oped conprising at |east one carrier nmedium
sel ected fromthe group consisting of an aqueous
(IVa),dBib).eip. (¥, &/IThdMlIBoidueXBlo(1%eh {Xain Ktat (Xch axs (Xdrdescribed
surfactant selected fromthe group of surfactants
hereiry a:pntﬁgthgqtéef st gubbsdrate with thel procegsisisoutiof;l dgggrmiriihdy/b surface
(V), (V), (ML), (MIl), (I1Xa), (I1Xb), (I1Xc), (Xa),
tensionyad,a ‘(OXkbi)Ct apgle (Oﬁ@)e niecassisbledion en dienfi rsuﬁlbp@@@Sﬂnurt‘hlgs‘g the
and ot her aspects of the invention will becone
surfacgdpnrgiemby themesingof theaiontast anglel & priovidd tikeadiresiani temsion value
BRI EF DESCRI PTI ON OF SEVERAL VI EW5 OF THE DRAW NGS
of the poB26$ sPUEN; peovisting/thd plurality pbaubsretes ivdteatin secmsiibsyate
el ectron mcrograph (SEM inmage 20 of a 193 nm
within greopluradityi compriees @ ghstotesist paiterh alevelgp@Dupon the sadadd; aed,
a l:1 pitch, and a 3.75 aspect ratio that has been
contagting shecplusalitylof subkdiates witdthearesess isnlsition [f @23dheBio.teridion
provi des a cross-sectional SEMimage of a 193 nm
value piibe prasess solgtimatie 80 os bblewr at e havi ng 80 nm dense
lines, a 1:1 pitch, and a 3.75 aspect ratio that has
[0024]hderyet a fustiiee dspeict bf the preseesiavartdiont there isfprdvitedr preeeds rinse
i nvention. 25 [0028] FIGs. 2a through 2c provide
solutiop te sasiuse paiten abllpEk defentreen thie sarfa@Sohasutbsiatethashatbeen
coated substrate after treatnent wth deioni zed water;
patterredmndciessioped atrnprisingf at ledsd ohb eapieesedium selestéd from the group
containing a Fornula V surfactant and Forrula 111
consisting éfznt amuepusasulvent opa nopagusalsiidhvent afid dteagiions enifactant
i nvention containing a Fornmula VIII surfactant,
selectadégmmei welyof SirDETRAIS HERINGEBCRIMTIAN, @, (THE(VAYENS), (),
0029] The present invention is directed to process
(VI), (VbI(MHH).ohea)t (), @Ke), (6B0(Xbd, (Kel oc ¢Xd)tdescribenthereinf
defects incurred during the manufacturing of the
[0025] s divespantlicther asteetsod thaindentenivil beafmaisppagerstdien thet | s
bel i eved that treatnent of a substrate with the
followingrasdaited desgriplibhon havi ng one or nore
surfactants-present in mnor anounts- may provide at
| east 10 one of follow ng benefits: reduce
post - devel opnent defects by inproving the wetting of
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0026] FIG. 1a provides a cross-sectional scanning electron micrograph (SEM) image
of a 193 nm photoresist coated substrate having 80 nm dense lines, a 1:1 pitch, and a
3.75 aspect ratio that has been treated with a deionized water rinse.

[0027] FIG. 1b provides a cross-sectional SEM image of a 193 nm photoresist coated
substrate having 80 nm dense lines, a 1:1 pitch, and a 3.75 aspect ratio that has been
treated with a process solution of the present invention.

[0028] FIGs. 2a through 2c provide cross-sectional SEM images of a 193 nm

photoresist coated substrate after treatment with deionized water: a process solution of

-10 -
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the solution on the surface of the patterned
phot oresi st | ayer; reduce the capillary forces
exerted on the patterned |ines thereby contributing to
pattern col |l apse defects; inprove the photoresist
i ne roughness regardless of the origin of the |line
roughness. Further, the process solution works nore
the pé?sPEE'PYWPS) CPﬂtaHSVPQa?rF ermyla Yesugaetant anshisorjuianlll surfactant; and a
relatively mnor 15 foam generation conpared to ot her
proc%@y@p%ﬁ{@ew @@@ﬁvw?ntwec@ntwm Farrpula il serfactand.
process solution of the present invention can be used
reSP‘?“HV%.Yvarlety of processes related to the nmanufacture
of a sem conductor device such as for exanple,
|'i thography process solutions, i.e., rinse, resist,
edge bead renover, and anti-reflective coating (ARC)
sol uti ons; DFSAMLER PRSERIBFIGNESE T INVRIWEON | e
si dewal | f|In1 stripper, post 20 strip/ash rinse
[0029] | Tiheipsepent inyeetiondp éaﬁﬁtﬁ@ reeess$oltipns thahare ysed to reduce
additives to RCA or other standard cl eani ng )
the nyBbertaf datectsgugsrededuring diag mangfaetudng pHbe seminonducior dayige
process solutions for critical cleaning or precision
and mthedsi af gsingrsamer dbip delieved ihatdrgatnoend of g subsirateiwith the process
preferred enbodinents, the process solution of the
solutien badna onmvremoviecﬁurﬁaﬁgan@ep@spmtoy ginaigmounts- IRYrrapvYige at least
rinse solution in addition to, or in place of, a
one ofitsllewing denefits:gedvienmast-dayriopmsnt dafectsddyamprovingtha weliing of
process solution may allow for the reduction of
the salujion|dnidhé awnfaaedof tig paitroedspiicteresist layer mauoh eecapillary forces
mnimzing foamng. -11 [0031] The process sol ution of
exerteden He @atierned livehthesapyreeptribaiing tapatiewesallapse geiects improve
medi um an aqueous- based sol vent and/ or
the phetatesisflies iieudimess regardjess of treneriginphthe ling (rughaessad-uiber the
herei n, describes a solvent or |iquid dispersing
procesegnlution witke more: effgntiveli ¢ dinamicidnsegutuakonshwithyelatively minor
preferably 90 weight percent, and nore preferably 5 at
foam gengsatiogTompiagit topiheranfaiants Presenty psesf inrtheart.
aqueous-based solvent is deionized water. In
[0030k nhlriPiosassssalitionedf the presentdevestiorsednipe vsed is a variety of
aqueous-based, it is desirable that at |east one
procegsgs riglatgd to thermapuifagtum pffaasamieanddelep detieeswsh as fayexampte,
surface tension of less than 45 dynes/cmat a
lithograpmcrracesatsiobtions. ilesdinse irapisio edgribedd nregoyen@ang hnti-reflective
ercent in water at 23C and 1 bubbl e/ second according
coating (ARGksaketionaipastetobing-pipeass soltions, hed sidedabfinysttippet. pgst-
surface tension described in Langmuir 1986, 2,
strip/astpgnsessplutigh,cmafescleaning process solutions, i.e., additives to RCA or other

standard- cleaning solutions, super-critical CO, cleaning solutions; and process solutions
for critical cleaning or precision cleaning for aerospace applications. In certain preferred
embodiments, the process solution of the present invention may be employed as a
lithography rinse solution in addition to, or in place of, a deionized water rinse. The
surfactant within the process solution may allow for the reduction of equilibrium and

dynamic surface tension while minimizing foaming.
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i ncorporated herein by reference in its entirety.
[0032] In enbodi nents where a non-aqueous solvent is
used in addition to or in place of an aqueous sol vent
such as water, the non-aqueous solvent. selected wll
not react wth the at |east one surfactant contained
he ein, other additives within the process 15
[0034,) [lts RIRoesSYSAHiRN f Bsthratent invetign may,  heveaea §er|r%ma§e or
clude but are not Iimted to, hydrocarbons
me%@meevs Hmvenhawewmeees gsedsdvnt. 11'36; ter
et hers . et hyl ether (Et20), tetrahydrofura
‘aqugousi s ysede'quelneﬁcgp%e oINS OREAYY IisRerRiNg meﬁi'u'@ which
nethoxyetg%l ether (digly %? nitriles (e. Cw)
compgisespldragt BgrEst. (Déefgra Y yeight Farerit eméi)morstnnv prably
further exenplary sol vents include | act ates,
at leas(, 9%, waigbkperseRt wites I hemefered aquenusdiassd salventdedeippized
are not |limted to, acetone, 1, 4-di oxane,
watery Inegbgdiglentewhereinthe prrcesasaution is e@h%e@md ibie slesifable
1- et hyl - 2- pyrodldlanone(%NNE) and neth et hyl
that of leagtene ferpida | fispuainX surfagient dgmoastizien ¢l aamrﬁudece tension
di met hyl acet am de, N-nethyl pyrrolidone, ethylene
of lesg M&%Qy@es/ﬁﬁwﬁ @meeritation whtess tfgqnycy@qul tarpgwveight percent in
derivatives, naphthal ene and substituted versions,
water gt g8 1Ccang @uamﬁ?mndoﬁscowrmotoam maximum-sHbbleressure method
propi oni ¢ aci d anhydride, dinmethyl sulfone,
of meguKgSHEARMENsian WrEerpeddn L argieuir H36n 8| 426833 whigh! is
di met hyl sul f oxi de, di phenyl ether, terphenyl, and the
incorporated hegiein by fefgreneerindlslentiiets - 12 i ncl ude propyl ene
col propyl ether (PGPE), nethanol, ethano
[0032E ribwb%'mentz vrmrmlnomﬁqpemwent B-used wyaddztlcnetmﬁm place
3- hexanol , 2-heptano, 2-hexano
of an aqupoys FRIVeRtISUSh ge MEiRTothe NopragHePuEnEoleny é@ectﬁéwﬂwot react
et her acetate gPGWEA) et hyl ene gl ycol, isopropy
with ”}ﬂ %&ﬁ?ﬁ ope piafactan ceeﬁewed éhaenelm otbequ'wé withipcilbe process
et her (PGBE), 1-butoxy-2-propanol, 2-nethyl-3
SO'U“@ ee'i'??éﬁewateﬂ?@& mtfelerﬁﬂlveatﬁseﬂ%lvee bat gtk jwitechisol |
2- et hoxyet hyl acetoacetate, 1- pentanol, and propylene
hydrogargensi (er@treptanstar bexanechalearbansdeus Rsedn éhdsethers (e. g.
enuner ated above be used al one or in conbination
ethyletfef f?tﬂ%oteénahmw@r@bﬁ'éﬁ”t)sethyler%slycqlrﬁnczf@meéh% ether, or 2-
enbodi nents, the process solution may contain at | east
methoyyeényh gtner (dighenal): Risilascler 9+ GHACN)somareaRle eompounds (e.g.
agueous solvent or is water-mscible. In these 10
benzotgfyesienertikfurtherexemplary seivents inciugiedaciates opyrevatessant diels.
t he process sol ution may range

These solver?ts include, but are not limited to, acetone, 1,4-dioxane, 1,3-dioxolane, ethyl
acetate, cyclohexanone, acetone, 1-methyl-2-pyrodidianone (NMP), and methyl ethyl
ketone. Other solvents, include dimethylformamide, dimethylacetamide, N-methyl
pyrrolidone, ethylene carbonate, propylene carbonate, glycerol and derivatives,
naphthalene and substituted versions, acetic acid anyhydride, propionic acid and

propionic acid anhydride, dimethyl! sulfone, benzophenone, diphenyl sulfone, phenol, m-

cresol, dimethyl sulfoxide, diphenyl ether, terphenyl, and the like. Still further solvents
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fromabout 1 to about 50 % by weight with the bal ance
of the solvent within the process solution conprising
an aqueous sol vent. Exanples of water-niscible

non- aqueous solvents include nethanol, ethanol,

i sopropyl al cohol, and THF. [0034] The present

ncu g by S FrSRe EOPE) BtBpo0 R BRR SinePlasph 3 ey
pentaggh ArBsi ZhexahBl, Sdhexaibly 2REARNE FhThapol, 2 ety pentanol,
PfPPYTé%%?ﬂqph' | ety P et dtalR O et Ena e ihproev plsghol (PA)
n-but)a%?tge{? r ou&ﬁ@ol W)g ﬁﬂ%ngﬁgshrl? 2 ];)Ircgoakgl E-ongethyI-S-
pentaﬂs'gﬁﬂrgéﬁéxly%ﬁw@%étﬁp%e hiosataano. L?s%taomtwgg%?%%‘@%? 1-
pentafh PPV 867 etbe At ThABBRRRKAD:S SarimeT ey

i nventi on t he Br ocess sol ution may contai n one or

abovemak b HEed AloRe Sliinreostbifiation Mthtwg PEMeER BYVMHS-c di ol

fmrl vatives, The surfactants of the present invention
[0033]pin pretain.pipbediments. the Areress sPiubion H*@YfCBPWLﬂ 3t Ipagh Pne non-
formula Il: 25 -13 R4 OHWR3I OmPOH Il Il OHRz
aququs(fobept t@t @mlwbl? in gn agyeous |sp|lvq1t of water-grgcible.c o these
i ndependently a_straight or a branched al kyl chain
embogiggn the@"f“?%\"é“‘?’ba%@%@ﬁB'dﬁ“td‘l"B’VfttheF@‘)%é spiytign may range

each independently a hydrogen atom or an
from about 1 to about 50 % by weight with the balance of the solvent within the process

solution comprising an aqueous solvent. Examples of water-miscible non-aqueous
solvents include methanol, ethanol, isopropyl alcohol, and THF.

[0034] The present solution comprises from 10 to 10,000 ppm of at least one surfactant
represented by structural formulas | through X. Typical surfactants exhibit an amphiphilic
nature, meaning that they can be both hydrophilic and hydrophobic at the same time.
Amphiphillic surfactants possess a hydrophilic head group or groups, which have a
strong affinity for water and a long hydrophobic tail, which is organophilic and repels.
water. The at least one formula | through X surfactant used in the present invention may
be ionic (i.e., anionic, cationic) or nonionic.

[0035] In certain embodiments of the present invention, the process solution may
contain one or more nonionic surfactants that are acetylenic diol derivatives. The

surfactants of the present invention may be represented by the following formula | or

formula 1l:

-13-



al kyl chain having froml to 5 carbon atons; and i, m
n, p, and q are each independently a nunber that
ranges fromO to 20. The surfactants are comercially
avai l able fromAir Products and Chemicals, Inc. of
Al'l entown, PA, the assignee of the present invention,
under the trade nanes SURFYNOLO and DYNOL(r). In
certain preferred enbodi ments, 10 the acetyl enic diol
portion of the nolecule of formulas | or Il is
2,4,5,9-tetranmet hyl -5- decyne-4, 7-di ol or
2,5,8,11-tetranet hyl - 6- dodecyne-5, 8-di ol . The
acetylenic diol derived surfactants may be prepared
in a nunber of ways including the nethods descri bed,
for exanple, in U S Pat. No. 6,313,182 and EP
1115035A1 which are assigned to the assignee of the

present invention and incorporatgd herel n by reference
in their tirety. 15 [0036] In fo (ﬁggfﬁ%m t he

al kyl eng ge”ﬂnzéﬁles repres e the
ri zéd ethyl ene oxi

(n + m pqlyne e(EO) nmol ar units.
and the i eties represented by , (OC3H6) are the (p +
q) pol yne hzed pr.opyl ene oxi de (PO nol ar un|t The
val ue of (n;+ - y range fro

from1¥ Mrmre preferalyfrom“ {3‘

The val uegof (p + q) may range fAom O to 30,
preferably frpm1 to 10, and nore 20 prefjerably from1
to 2. 14 [0037] In certain preferred enbodi nents of
the present invention, the process solution contains
from10 to 10,000 ppm of at |east one surfactant
represented by the followng fornulas (I11) through

(%) whiRdin FRand ROHR@2) IiBeber B Ta diGIgR) & a\WHRcnblai ERbiHeving |
511 IVa 0 XR OC\)ryYy '
5 from 3 to 10 carbon atoms; R, and R;are each independently a hydrogen atom or an
alkyl chain having from 1 to § carbon atoms; and i, m, n, p, and q are each independently
a number that ranges from 0 to 20. The surfactants are commercially available from Air
Products and Chemiicals, Inc. of Allentown, PA, the a_ssignee of the present invention,
under the trade names SURFYNOL® and DYNOL®. In certain preferred embodiments,
10  the acetylenic diol portion of the molecule of formulas | or Il is 2,4,5,9-tetramethyl-5-
decyne-4,7-diol or 2,5,8,11-tetramethyl-6-dodecyne-5,8-diol. The acetylenic diol derived
surfactants may be prepared in a number of ways including the methods described, for
* example, in U. S. Pat. No. 6,313,182 and EP 1115035A1 which are assigned to the
assignee of the present invention and incorporated herein by reference in their entirety.
16 [0036] Informula | and I, the alkylene oxide moieties represented by (OC,H,) are the
(n + m) polymerized ethylene oxide (EO) molar units and the moieties represented by
(OC;3Hg) are the (p + q) polymerized propylene oxide (PO) molar units. The value of (n+
m) may range from 0 to 30, preferably from 1.3 to 15, and more preferably from 1.3 to
- 10. The value of (p + q) may range from O to 30, preferably from 1 to 10, and more

20  preferably from 1 to 2.
14



RR NHNHR4A O IVbV R (OCCH2CH2))nOH (CH2)) R7 i+-R9

Z- R3 (OCH2CH2)nOH R8 R4 VI VII 10 R10 N-( O Rai

CH2)r-N~(CH2)s NI x \ OH R10 RI0O RIO VIl -15

R-NH2 R-NR4A R-NR4A | Rl12 5 1Xa | Xb I Xc

R -NH CH2ZCHRO R H R, - N(CH2ZCH2ZO R HR -NR2 | |

SCHZCHZO)"H(CHZCHZO)mﬂ 10 Xa Xb Xc (CH2CH20O) nH R -N
[0037] ( tn-pemtaiQyreferredrenaiigriiinents of the present invention, the process solution

contains from 10 to 10,000 ppm of at least one surfactant represented by the following

formulas (111} through (X):

Ry
Rs (OCH,CH,),OH (CHy)r  (CHp)s
/ AN
R1—NH N HN—R4
w H
1l IVa
O
X R,
o
O
N
(CHo)r Y R
R——NH  NH—R, o
Vb VvV
R4
R, (OCH,CH,)mOH
Te (CHy);
Ry N|+—R9 7 Ry————(OCH,CH,)nOH
Rg R4
Vi Vi
10
Rw\ O R
N CH =N CHo)—N
R / l X OH
10 R1o R10
Vil
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(CH2CH20)iH Xd 15 [0038] In each of the above
formulas, R, Rl, R4, and R12 are each independently a
straight, a branched, or a cyclic alkyl group from2
to 25 or from3 to 10 carbon atons; R2 and R3 are
each i ndependently a hydrogen atomor a straight, a
branched, or a cyclic alkyl group having from1 to
Rio-Nst from 1 to SRearMomrRstoms: R5 is a st Rarght— R
branched, or a cyclic alkyl group with 1 to 10 jcarbon
atons; R6 is a straight or branched al kyl group 20
with 4 to 16 carbon atons; R7, R8 and RO are ea

i ndependently a straight, a branched, or a cyclic

al kyl group having from1 to 6 car bon atons; R10 is
I¥andependently H or a &XbR11 /---C group repres&ated
by the formula OH; Rll1 is a straight, a branched or

R:-N C%@H%‘ﬂ Kyl ngPLN’(dPPEHr@ fHrom4 to 22 carReg atorrs

7dr ogen m or an "al kynyl group; Y are
either a hydr ogen A hydr oxyl gr oup
ei ther a halide at 3m naanﬁ))a}'oxyl group, ‘an 260),,,
gnaup, or a carboxyl atg group; i, m n, p, gcare each

i ndependently a nunber ranging fromO to 20; r and s
ar ecig@toyd® | ndependently 2 or 3; t is a nunber
rangl ng fromO to 2; j is a nunber ranging from1l to
rR— and x is a nunber ranging from1l to 6. Exanples of
For nul a | 1 J(@0kFHAPENt s include, but are not linmted
to,C,_gm'; { met hyl - 1- hexyn- 3- ol and
th)Q 4- hept anoI An exanple of a Fornula |IVa
surfact ant i (fEPUEH but is not limited to,
N |\r ng(l 3-dimethyl butyl) 5 ethylene diamine. An
le of a Fornula V surfactant includes, but is not
[0038] i 'm qash of ¢he abgvp dpuiasy R, RarRur ateR e erainidepeidestly a
Forrmula VI surfactant includes, but is not limted to,
straighy o3| BEPRed. 96 1Y Flisrth BTaP ERMo? {5 ONﬁor@%ﬁﬁloecaa?ona?toms Ra
Formula VIl surfactant includes, but is not limted
and Ry gfe epclh inflependantiy adiveingen ataryecastaighb . brapehed o0fs @/
a Formula VII1 surfactant includes, but is not
alkyl grqug ngtf@m érﬁo ADATEONDT Lo 6RRYN GRS iRari Astraight, a branched,
n- buty yci d ether. Formula Na, |IXb, or |IXc
ora C)@lﬁ ?'hﬂtgé?ﬂpswm d th?(@ GaIPON alomss R i 9 strajght asbranghed alkykgrpup
An anpl e of a Fornula | Xa surfactant
with 4 tqﬂ-ﬁ %ggn apms e Feand Revare each @,dependentlya straight, a branched,

or a cyclic alkyl group having from 1 to 6 carbon atoms; Ry is independently H or a

O—R11

group represented by the formula OH : Ry1 is a straight, a
branched, or a cyclic alkyl group having from 4 to 22 carbon atoms; W is a hydrogen
atom or an alkynyl group; X and Y are either a hydrogen atom or a hydroxyl group; Z is
either a halide atom, a hydroxyl group, an acetate group, ar a carboxylate group; i, m, n,

p. q are each independently a number ranging from 0 to 20; r and s are each
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octylam ne. Formula Xa, Xb, Xc, or Xd surfactants are
al kyl am ne et hoxylates. [0039] The process solution
may optionally contain a dispersant. The anount of
di spersant that is added to the process solution
ranges from about 10 to about 10,000 15 ppm
) preferably about 10 to about 5,000 ppm and nore
indepgpdertlyabons; f ischiwbbertrangng Gomgbiowd; j 5, D0@Mbenrangihg fromr hio 5;
di spersant, as used herein, describes conpounds that
and xdp pAwiEwer rangnodeen dite . Gxamalesiof Fesnwadhsurfacthnts include, but
processi ng residue, hydrocarbons, netal oxides,
are ng) lggiiedtto.ct. S-dimeathyldomeanidneliand 26-dimathyH4ehgptarsb sAn example of
solution. Dispersants suitable for the present
a FormyladNeisyriagiantfirsledsisy butds eotdinitedider N Al-bistty3-dimoethy bty
wei ght 20 that ranges from about 10 to about 10, 000.
ethylgngaismpingh Angxapiplesefiat Fareplan'é samadtantiinclwtesabutannatrimited to,
conpound. The ionic or nonionic conpound may further
diisopgatyplertsate.aAn epanpleasf a Faimola \Jeudactaotincgludes; batis ant ljmited to,
al one or in conbination. The term copol yner, as used
dodeaylriaeihylameheniuss chloride.pah gremple@fp donduladd hsrkactanginoludes,
nore than one pol yneric conpound such as bl ock, star,
but is opt lypitefditeR,2.3, Llepemetim-4.7-decanpdies Af ezampleiobaiFormula VIiI
copol ynmer di spersant include polyneric conpounds such
surfaciant irtedudes.i bub isouk liedef®, BO addugtalf diethiyde rfltridRahe 60d h-buty!
L121, L2123, L31, -17 L81, L101 and P123 (BASF, Inc.).
glycidiiiregheare Forroula déandXb, adXc setadmteane, privedrat essondarg, or tertiary
pol ymer conpound consisting of only a few nononer
alkyl amines . Aresxample sf @fF ormowla dXa@burtpohest inchlidep,crs st limited togle
SMA(r) 1440 and 2625 oligoners (EIf Alfochen). [0041]
octylaminee rireamiskaeday Xbt Ke, atiXhenrteatantaey atyhamineetizoxylates.
surfactant. |If the dispersant 5 conprises. a
[0039)s uF eaprogess, solutieon snaf epdioaalty comjaibe dispeisant.i The amount of
anionic, cationic) or nonionic. Further exanples of
dispersant that issaridedite Heuptecass| Sobudine ranges dotraatiayt 10 to about 10,000
pol y(al kyl ene oxide) surfactants, and fl uorochem cal
ppm, psefefabiyt abous 10 Buabicat 5O0O@pM, and e e pfaietblytfont aouti$e té n
the process solution include, but are not Iimted to,
about 680§ ppandhadery dipbesait, as heed/thaatie sdescdbes esngdRNGOM(at )
X-1 14, X-102, X-45, X-15 and al cohol ethoxyl ates such
enhanegsthBRlispersjortd phftioes1814B 3 QUBE GHR e iOMhes(duel hydr@firddrs)
58 (Cl6H33(OCH2CH2) 200H) (1Cl). Still further
metal axidasppigmentendtbertcantaninants witbingdhe plooksy golutionr \Dispedsants
secondary) ethoxyl ates, am ne
suitable for the present invention preferably have a number average molecular weight

that ranges from about 10 to about 10,000.

[0040] The dispersant may be an ionic or a nonionic compound. The ionic or nonionic
compound may further comprise a copolymer, an oligomer, or a surfactant, alone or in
combination. The term copolymer, as used herein, relates to a polymer compound
consisting of more than one polymeric compound such as block, star, or grafted
copolymers. Examples of a nonionic copolymer dispersant include polymeric

compounds such as the tri-block EO-PO-EOQ co-polymers PLURONIC® L121, L123, L31,
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et hoxyl ates, gl ucosides, glucam des, polyethylene
gl ycol s, poly(ethyl ene glycol-co- propyl ene glycol),
or other surfactants provided in the reference
McCut cheon's Enmulsifiers and Detergents, North
American Edition for the Year 2000 published by 15
Manuf act urers Confectioners Publishing Co. of den
L81, RiEkand\P 123 (BAGk2|ncVarlingdemp phigomesdrs useddsreipyrelgtes to a
optional |y added to the process solution depending
po'ymtﬁﬁ&ﬁmpﬁké”%ﬁ?ﬂs!sﬁa@ Poenly FHew enangdier Loits RpnAlercofieric oligamer
are not limted to, stabilizers, dissolving aids,
d'SPeé'i?Nﬁ"ﬁ‘H't‘%e SWAE 1449 angie26i25, oligemersdBHevfechasu f er i ng
ts, and other additional surfactants. Cenerally,
[0041& n N@@a&v% b dispersantanay comaprgerusiirfagtant al hegdisgsant
t hese additives woul d be about 0.0001 to 1 percent by
Compv&FeﬁSgaﬁurfafftﬁﬂé the apréaciantynay. lgoigniciee., anidnip eatienie) dsyronionic.
i ght, based upon the total weight of the process
Fuﬂh%f(ﬁxamp&ﬁ of prrfaciai® tichisetsiicane sefastants oly(aliylengdxidenal
surfactants are added to the process solution, the
surfaciants. apdderoshgmisal surfactents. hRuieblefnootionic suactaite fasdise in the
herein or provided in the reference McCutcheon's
processgnlutioninglydes byt Metnot ipiied to, 26ty yEURINY! phepek athpxylates such
enbodi nents, the process solution of the present
as TRITQNG - bH:. Fa|02 X-45,eth asd alcokn ctiyuweies spbivas BRLI® 66
In this connection, the process solution preferably
(CreHaa AR HQEE(IEY RIS 58 (OaHPEHTHMOH) (16 Rill fiwrthen
wei ght percent non-aqueous solvent; from5 to 40
exemplgry gHifagiants dnvludemiehet (vimary amag@ndary)zethwl@hs amine
percent resist polynmer; from 0.5 to about 2 weight
ethoxyﬁﬁi@% @hicosifles, ghrnamices; pokveﬂ:wiepe glydols 1bly(ethyien@ @l cplsn- of
at least one formula I through X surfactant; and |ess
pr OPY"F’FFHQI'YQO'M@T gher patactants pyovided ér tha defleteinge ¢S ueahenn ss
ynmerization inhibitors, dyes, plasticizers,

- Emu/s‘&%w&f lstergentsr Hprﬂa@gmr@an Eeltion frs the Y ear. 20PA@ublishediyt y

of the photoresist can be adjusted by varying the
ManUf?ﬁSPWh‘%@o"@f@d&ﬂl&(ﬁeﬁﬂbhsh'ag|Q9 of Gles RdckoMidng resists to be
ornmul ated for coating a variety of filmthickness.
[0042] Bbéﬁf'ﬁuégtf@f addjlivesonay be aptianady addesidb henprocesst dulutionhe
hot oresi st process solution include any of the
dependjeg yeon the@pntcatinrd Thesacadditivie mayi ingluden gubaramol bvited toa
resi st polynmer 10 include novolac resin or polyvinyl
stablllzgﬁeﬁléﬁolwagg|d§n¢glorank§nw]ettqmgtagagtseamqfq:anws dfuffaring agents, and
hot oacti ve conpounds i ncl ude di azonapht hoqui none or
other afditiornl suifactednetanenally, (UnleSp otherwise stated, the amount of each of

these additives would be about 0.0001 to 1 percent by weight, more preferably 0.0001 to
0.1 percent by weight, based upon the total weight of the process solution. In
embodiments where one or more additional surfactants are added to the process
solution, the surfactant may be any of the surfactants disclosed herein or provided in the
reference McCutcheon'’s Emulsifiers and Detergents.

[0043] in certain embodiments, the process solution of the present invention may be

used as a non-aqueous photoresist. In this connection, the process solution preferably
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[ 0044] The process solution of the present invention

may al so be used as a non- aqueous edge bead renpver.
Edge bead renovers may be applied prior to baking the
patterned photoresist |ayer to cross-link the polymner

therein or prior to lithography. In 15 this

compFiBBOHLIRIY to fggﬁre@rgﬂ? FomsR Btéoqpelgﬁt?eﬁ%gg L\gré %ﬁl’fggu% %S_ELISnt'

from99 to percent no

from 50 48 Mggb(%tt pedk Iglf P%?ergﬁggrhmgwm}gré%ﬂaéﬁ Ceééh‘{h‘i P%%'? P%ﬁémer from

sur fact ess

0.5 tP4leut ! Q Egt%gmbcﬂsa er é%{l}\éc?%rﬁpmla 1@91”?(? ﬁ@on Srls)rh \é)FQt O,éast

W t hi n r'ocess so

one f@rﬂ% 2f thr‘ h %&!J)é%&tn% a(ﬁg'?%e tg%ﬁi \1/ Ig\%rg%wgercgﬂt (%8) I{E@%@Eﬂtwes

pre erre nt's

such 5% Bglkmleﬁfétf% %hlﬁfor?%@? ?astlglggrlégx]gs%g% gérﬁpoigg%§°| i 'tR A

e present 1nve

like. 'f w? 'it¥ {ﬁg%ﬁ'\k){bg?% rcaFIB oé‘ e%rbyt{/o“r(?gn}&?egog&/ﬁeer t5 fsolvent _

I'S e

ratio, %gjrg %2%‘?‘“8 95&&? 'idagé Yorhl) EF{/ Fﬁf 804(!?1@ E v%(r)l?@ oﬁ%ﬁg\ﬁfc&ﬂ?s&

on- aqueous
Exam BEF §)ﬁ€‘?“ab BRI SR ot ekt dipion
. ) t
I T e T
o T e
oot K ?{??q’a‘ﬁtzﬂ"eré%°q@Péﬁgww Ly %ﬁ@ﬂ@%m Ze
to04se 1 BoeSis dfior S arbie Soreler SBy BEREE el e e
aq“e°&Rg?§%( B Rokleh E R 'egactfléiq‘ﬁvgfg%?%fbe% HuSdpliSap hakig the
paterdel R EHIr i ol RedionMokloop i BuSpmibhe.

cry,

o Rl Ay B 5
porcorye agqusMiven ﬁi?i‘@@%@%%#%m%%sg B X

such

T e

aqueo%?éé)%ﬁng@%m H@ Se%Htre#ngyzae}l})tréc%gs rg'aﬁfxtlon mcﬁjge any omf er
solvents contained herein. In certain preferred embodiments, the solvent may be
PGMEA, ethyl lactate, or anisole.

[0045] The process solution of the present invention may also be used as an anti-
reflective coating for the top or bottom surface of the substrate. In this embodiment, the
process solution preferably comprises from 60 to 99 weight percent non-aqueous
solvent; from 1 to 40 weight percent, preferably 1 to 20 weight percent of a polymer; from
10 tol 10,000 ppm of at least one formula | through X surfactant; and less than 1 weight

percent of other additives such as crosslinker(s), surfactant(s), dye compounds, and the
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met hods, such as RCA-type cl eaning, perforned after
t he devel opnent step. In this enbodi nent, the
substrate nay be treated with the process sol ution
after the stripping, OCM, ash cleaning, and/or
etchlng steps have been conpleted. In one enbodi nent

like. %%r%rél htﬂe EBE&e%téH?éPme' p?gcesg %8|uﬂ&9 ﬁ%g%aﬁp rc% %OHI] 0.5to

abouhz‘l((fj Q&ZEEB&% Ky%&{q?gﬁla ynﬂér% egez%l% gg ﬁ«fjelgﬂt B%rﬁ]el%dnlﬂhe

total \R/&Pﬂ‘to Lof anQrggggsoéohﬂtonl %lenp%@eof fsglggfé ’ﬁlol ?tgﬁz]éo%%%ﬁ%/ents within

ueous 'solven

the AE@r}frB&é&n tsbﬂgor‘? ?ﬁ%ma g)f‘ E’Qn %%I@Eis?&g}é&%&q %%rgl%r jp {:grff‘au} 0

or gani

prefeﬁ&! Q%b&ﬂﬁl@h@ hre Jo?)ehgrtng?%g C@ERCIE%JE%@% eExamples of

[ 'enedi ait net’e

suutabng é?lﬂr'n?r@nvg i heoRRe FC b ' cgutio%lmflaéf ¥ not imited to, acrylate
poriy ene@:c@maﬂnﬁm@ SRS o . v
6-4101%%%%?@0%'% B A %&v@?&%@bﬂoéﬂﬁﬂ.‘%)
me‘“@%%q(’%@%“g%ﬁ%%‘l‘fPO Rt shBL 6 hose nshsed S %IQL ﬁ:ﬁ

|l ol , propyl gallate, and cysteine.
&zseaﬁ?%P%§¥%§g%gnbodlnent, the process solutlon CO?DYISES
ea one

et A B A e e
S

f h
emboﬁrqgntt th%usgllggtla%ta X d,e g re artgq_gva n’gep?rosl?]s% :?ocyut%n(’aﬁtgr gfl &)plmg
o, PSS S A T L
s sol ution

the preBhBhverkin 8 bist S5 @%%?Wp@&é R beedigh o anyiies andior

nprises ‘an
el R ag%'?ﬁl?%%?n g BacoizRb oget Sin SEAED:
option 30 i P agets %ﬁﬂq@Sﬂﬁé}?ﬁ' ?ptphﬁaé"’e%&?% gL e fivoicn

ndvva waf er cIe nin

ur f
surfactgﬁpﬁ ighe] qugé &r 8’@ ngelﬂqnolﬁm e{@:}@gga ¢hsla |ng
as spra
agents %'ré F\%rfollmgpsgr%laﬁuc%rcl sea%%ltt% |som<-:(?rgt glng %alt S pray
applicatiorm
(ethylenedinitrilo)tetraacetic acid (EDTA), butylenediaminetetraacetic acid, cyclohexane-
1,2-diaminetetraacetic acid (CyDTA), diethylenetriaminepentaacetic acid (DETPA),
ethylenediaminetetrapropionic acid, ethylenediaminetetrapropionic acid,
(hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N,N,N’,N'-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP), citric acid, tartaric acid,
phtalic acid, gluconic acid, saccharic acid, cathechol, gallic acid, pyrogallol, propyl

gallate, and cysteine. In an alternative embodiment, the process solution comprises

-20 -



10

15

20

25

[0047] The process solution of the present invention
may be prepared by mxing the at |east one fornula I
through X surfactant with an aqueous and/or _
non-aqueous solvents and any additional additives. In
-certain enbodi nents, the m xing my be done at a 15

e TR 16 TPy A4 0 BI04 Rt
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tronis
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I'con um hu
o £ S0 e B SRR TER R RO R 52 i
ot ARRL! 58 LASEE BTG PIRIEET B S5 P a0eR B il
e TS, e proren ot
oo R M o B S8 B2 e
st P BRI SN Shi o o S SOE2
and angs 9""“?‘*3‘1’ Bidey te'“%%’?é % iv%rd%‘ﬁ%wtﬁjh? PIRHS68Y ps Dot or
onoegh B AT 1R RISD 0 iRl
theremI %‘ hggéél}ld \é§>r&§ sgggﬂbv%a%/ pggnadla qﬁeqﬁtér%%ﬁo 5emove any

ases ecrease

I I
oSSR LS AT > *
d t i um .
fooas] | hE B0y SATTIL WRR rAu ifkd th e Ucelt S Potale auring

u

or aﬂer?ﬁ@@e@%n‘%‘% en S'S@R%@gssgé%}‘a{tgsnﬁclluge bu gret r? (ﬁlmltgd ?VI ded
materials such as gallium arsenide (“GaAs”"), silicon, tantalum, copper, ceramics,
aluminum/copper alloys, polyimides, and compositions containing silicon such as
crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, silicon dioxide (“SiOZ"),
silicon nitride, doped silicon dioxide, and the like. Further exemplary substrates include
silicon, aluminum, or polymeric resins.

[0049] In certain preferred embodiments, the_ process solution is applied to a substrate

having a photoresist coating applied thereto. The photoresist-coated substrate is then
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6, 268, 115; 6, 238, 849; 6,127,101; and 6,120,978. In a
positive photoresist coating, the areas masked from
radi ation remain after devel opnment while the exposed
areas are dissolved away. In a negative photoresist
coatlng the opposite occurs. The process 15 sol ution

expoééd t |F§d| ro?lst Foﬁd%vaeﬁ% e tHA s |&%o§éﬂ oc?otH ffie ?ﬁottol:e%?stt coating.

substra Vln er posi

ExamEIaEQt ?Féaozétl%h ol gjs. ggﬁ mayly‘:é L%%%it il Iﬂ]%ﬂ.l ?Qgékgtr <§§)n§§t erg%:gr%n

vel ope a’varie

beamI 9%3}“' %s@:g op%ng%%rﬁs' '??1 Is?rq te%b%ﬁln?eﬁw(f?e '?ago% lﬂ’?g‘g‘é{g S:‘]%fg Qake step

deve ment

may b@eéo?ﬁgcteé gﬁoH t§ t%?lért% ésg \lj{r%:‘ g@-@(/%égy gc{gl' é)n'?s 8§nt%| eg?ln.

e R AL AR Bl
fang'”‘#?éﬁ%gaﬁs%‘%ﬁp@@ﬂ*ﬁ? ol @é%ﬁ?@’ iy aﬁ&%?@@%t
toosof ;B8R AR te TR lin i BRAGR S Pegrin e
s S R e T BB SRR
s I Priheciin iiofd ?eﬁesﬂiﬁsfﬁﬁ%'ﬁt@kﬁ“m
ol PR SHButloR snfuf iRl STpEddReh Bitdier
examrorlelSBo g o kel e niduy £ 5 Bl ks 254"
o208 i Padeladd odan AL GRS E0 B R ool Boiprtsiisicoatnee s
areas (ol i | yaﬂd 4B BRESHE LT &3’"%’815’957%?%%5@
dm‘%?%&% EReR Sl B R R e piFoces
s el I o L L phee g oot
or "eg?!%ﬂﬁﬂhsf°ée%§éséﬂ®§? .Tﬁra%%ﬁ%ms?&eg (k) Thpoq Fey B Bevelbed by
a varie it metls e oG bY B ERRG, tRirerenaighioR. shiov. o
posdo BT RFAEN ¥ R o0 FEERRElbEGR Ale G 360
appned“t?rl;]tiré?p% Ll dtateLurfat 80 AHBY 2 QLriald: i sufiSant &5 develop
the pattern, a rinse is then applied to the substrate surface. Development time and

temperatures will vary depending upon the method used.
[0051] After the patterned photoresist image is developed, the substrate is baked to
harden the polymer contained within the photoresist. The bake step may be conducted,

for example, at a temperature ranging from 70°C to 150°C for a time duration of from 30

to 120 seconds.
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additives). A stream of water and/or non-aqueous
sol vent then passes through the cartridge or filter
thereby form ng the process solution. In still another
enbodi nent of the 15 present invention, the process
solution is prepared during the contacting step. In

oo, oy SRR LI, Sl 85 P B TR B e

I'S

preokfa SRS P8 Gl Sedir T LS FeePBtsacaion ebe

non-aqueous S

oIS TR BT b e

one ornu

For g5k QSC%@"’%&%@ ko & BB damita e 'élz SHpBRDgn be
rising at |east one

injecfbg BB FIGES RAR A bl el er:‘?an%aBF% i gwedwaythsg
o S KRR AR 1o

emb GBS of B iy &erhuVeritbcn ppaih of e g0 Bruis thialn x
sotaB A% b BB BRI M oA BF%%&%?@SH@m ot
case;he e@ﬁ?mﬁw&m@ b BbEd repliyble ean dugnetes o e”%ere%cefethe
T o B e
thfou%“fgwaaﬁgeéca?%@ SRR n o FOTBIop e TAErALA!
sote@ of RHE sty ey BogBrbbR eh gt o

strate urf et c. The contact step can

a3 Bt CGIT RERCS MO A LREEDh €0 RSHES tican e
I —
S i R i e
3 B BRI i A S50
o SRR i
o BRI 5B A A SR
| throudh X duralBhl Sf'the Riface of the substrate thereby forming the process
solution.

[0053] In an alternative embodiment of the invention, a concentrated composition
comprising at least one formuta | through X surfactant is provided that may be diluted in
water and/or non-aqueous solvents to provide the process solution. A concentrated

composition of the invention, or “concentrate” aliows one to dilute the concentrate to the

desired strength and pH. A concentrate also permits longer shelf life and easier shipping
and storage of the product.
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duration of the contacting step, or tinme of contact of
the process solution to the substrate surface, can
vary froma fraction of a second to hundreds of
seconds. Preferably, the 15 duration can range from1
to 200 seconds, preferably from1l to 150 seconds, and

005 £ oA EREB Bk e S56R08 o TR i v

range
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one embSt mewg’r?t, fso? le%rlnglg. fh% pfrclacressg sglpjﬁér{ Fszden%p?oyterc]%ssaurﬁr]:s%cs%lu%on after

the development of the photoresist layer. In this connection, the photoresist-coated

substrate is developed via a developer solution. After developing, the process solution is
applied to the substrate surface as a rinse in addition to, or in place of, a deionized water
rinse. While the substrate is still wet with developer solution and/or deionized water, the

process solution may be applied in a dynamic manner or in a static manner such as by

puddling it onto the surface of the substrate. During dispensing, the substrate is spun
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a sanpl e photoresist-coated substrate. The surface
tensi on, preferably dynam c surface tension, of the
process solution nmay be determ ned according to the
maxi mum bubbl e 15 pressure nethod as descri bed herein.
The contact angle of the process solution, which is

stowly 3 S IR ERATPR, b T RIS P%fé Uﬁ%l?? e sguphbieie
proces33gfHion %erﬁfger s MRl uaBE o rol 3 d;gmaﬁm% ﬁ%g%gsegh%%}pgpgte is
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measured orPtﬁ ﬁntoglra%yl%%llagg 's not deemed to be

[0057] Once the surface tension and contact angle for the process solution is obtained,
the surface tension is then multiplied by the cosine of the contact angle measurement to
provide a certain value referred to herein as an "adhesion tension value”. Lower
adhesion tension values for the process solution correlate to a greater reduction in
pattern collapse defects. Adhesion tension values of 30 or less indicate, preferably 25 or

less, or more preferably 20 or less indicate that the process solution may be more
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limted thereto. 15 EXAMPLES Exanples 1 through 5:
Dynam ¢ Surface Tension (DST) [0059] Five process
sol utions containing acetylenic diol surfactants
derived from 2,4,7,9-tetranethyl-5-decyne-4, 7-di ol
(examples 1 through 3) or 2,5,8,11-tetranet hyl - 6-

effectgg ﬂwe‘fééﬂgni the rguéﬁr.{er {1%%[{&1%?%21%%(55 Scivj\)ﬁ % g?iﬁp caqodnze%yrmse
s 5 k0 U 'Bf?é’%’%'%f?% Ol el PRta i 1
AT a#"@éﬁ@ﬁ%ﬁ#ﬁ“ r&“@géss Sﬁutw may then
o s Ty B BRI el 3
cetermEa Y & sols netP BrioeTis et g@ﬂid' féqa}n%%"e@'ons
for ea LGSR ot el A ST o B A7 PROMERS 11 5‘%5‘%8%[8@8@'@ figed the
et oR Rt 20lRe Geliehay 2ot o tbptpheteiorebl0h R plPisrand
more ReEIRRE TS 2 dirp o AT %66'8/%?5 Sl i i bt anc
dovelop Q0B RES A P4 B AUFAr o4 "o Paorepenians ol 40P oy and a
pitch o 1 ‘ﬂorpqrs%lsg??%‘ﬁp‘?me aReRpsrela i Rl Sy%imr@”em
l°°581ﬁiu"g*wa"‘éfﬁsb?@%lﬁteee@%(tfat%ddlﬁ‘:ﬁ%e%%' Atz ré?e{ce%’% U efowips
exempfio by Eanoubl i utisestentt et B orvenh Berion s Rordpsmesnber
limited f defects, and prevention of pattern coll apse. As

BPC- | illustrat es, all of the process solutions

exhi bi ted dynam c surface tensi ons at hi gh bubbl e
rates below that of 10 water. This indicates that the

process sol utions of W%e%? i nvention may be

effective at reducin face tension of water.
ExampTabl %?F’ B%E)am cﬁ%;lrfagg?egggﬁl(g& Exanpl e Mol es Mol es
[0059] Five process solutions containing acetylenic diol surfactants derived from
2,4,7,9-tetramethyl-5-decyne-4,7-diol (examples 1 through 3) or 2,5,8,11-tetramethyi-6-
dodecyne-5,8-diol (examples 4 and 5) were prepared by adding 0.1 weight percent of the
surfactant to deionized water under continuous stirring.
[0060] The dynamic surface tension (DST) data for each process solution was
collected via the maximum bubble pressure method described in Langmuir 1986, 2, pp.
428-432. The data was collected at bubble rates that range from 0.1 bubbles/second
(b/s) to 20 b/s using the Kruss BP3 bubble pressure tensiometer manufactured by Kruss,
inc. of Charlotte, N.C. The molar units of EO and PO for each example and dynamic

surface tension data is provided in Table I.
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EO PO (dyne/cn) (dyne/cm (dyne/cnm (dyne/cm
(dyne/cm) (m+ (p +q) 0.1 b/s 1 b/ls 6 b/ls 15 b/s 20

b/sn) 152 34.035.337.641.544.3 250 35.1
35.2 38.1 42.0 44.4 3 00 32.1 33.1 34.2 36.1 40.3 4
0 034.143.6 58.168.369.8 540 26.8 26.8 31.5

. 39.1 .15 | h : Foa
100675, 3%%%%5@%38@?&%% PIRAES iomat oA DA LG Pefipance
di pl f act,ants, d
of a %"@C‘?nggkﬁ‘f’?{?&? fﬁ@)ﬁ rnégfz%%w'f%'um (P-b/s) torelativgly B@héuﬁ?ﬁF
1-t th -6- - dod 5, 8-d
Cfeatto)é‘ia{?ﬁ%%os 9§ QF@PE %355%& W%%fd?'ﬁa"@C%?ﬂgﬁg qocwrzgemgh
ach surfact go dei oni zed wat er unde
b“bbﬁeo'ﬁf S muerEspond {C}ga af@oé%ﬁstf@&amta{@n.see%omem%siseense

g ct of surfactants i.n rinse solution. The

ina 908 *E%Vﬁ[fpmﬂé‘bafﬁ%% RISCRSS- é%éﬁﬁ?'@?'%th@h%@gﬂa“?'cv%'ﬁéce tension by
d b d _5

reducE S BRI al iR ian BEbleTaion 4t 30,72 e ol 2 2esinte

I‘OVI ded in Table Il. In this test, a 200
PFOV"%%{H? i g, B‘F“eééf’@ﬁ'“ﬁr%é'&%h%‘?fﬁﬁ'ﬂ eratedsuhsiate. ferde'ﬁvoaﬁn the

el evated fo pette to a foamreceiver containi
numb@hgf%@ 90 PG el pIRPR- A GNP { DHplenER A the
ss-M | es nmethaod stimulates the action of pourin
Pfoceas P‘?'amr@ qubaed QYRAPIE sHFRCEAPngeRs @Y highbubhisfates Rejew thal of
The results are given in Table Il. The 10
waters Jh ?T% 'ﬂﬂa?%jﬁ% thad thenscass goktionsef the REssent iBvendion fmay be effective
addi t |onn§a Initial Foam Height") and the tine
at redpgipg theckyriage tlensionf Male'o di ssipate is recorded ("Tine
to O Foant). In certain applications, foam my be
undesirabl e because it my lead to def ects due to the

failu tg adequately coat the surface of the
Tab'eé%‘@apﬁ‘fﬁu 99 |1 indicates, the time to reach

zero foam i lv gne mnute or less 1
Examplg{ddglesrh MBP&C(E@TSOI uti®® of EKBRFl e 5[ R8T al sq DST
corrpar ed to progess sol ytions
PO (dyne/cm) | (dyne/cm) | (dyne/cm) | (dyne/cm) | (dyne/cm)
(m+ (p+q) | 0.1b/s 1b/s 6 b/s 15 b/s 20 b/s
n)
1 5 2 34.0 35.3 37.6 41.5 443
2 5 0 35.1 35.2 38.1 42.0 44.4
3 0 0 321 33.1 34.2 36.1 40.3
4 0 0 34.1 43.6 58.1 68.3 69.8
5 4 0 26.8 26.8 31.5 35.9 39.1

Examples 5 through 7: Foaming Properties

[0062] Three process solutions containing acetylenic diol surfactants derived from

2,4,7,9-tetramethyl-5-decyne-4,7-diol (examples 5 and 6) or 2,5,8,11-tetramethyl-6-
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containing 0.1 weight percent of a fluorosurfactant
(perfluoroal kyl ethoxylate) and an ionic surfactant
(sodium lauryl sulfate) using the Ross-Mles test. The
results of this conparison are provided in Table II1.
As Table Il shows, solutions containing the

ot s | el 106k 98505 S95R301 TiphpEad 459

surfabiBnét8 Hefe AR GAkr JHARFESTInIG.SRPhASAl | ons, Lhe presence
of significant foam may be undesirable and may | ead

o064 FAAgS SAShobOSEE BN SRSy T bl Ty
BB & 5 gt iyt 5B B AT o
oo SSTHRD 4785 EORRATELL ol S WL LA S ey
Tableﬁz lg htfﬂtis %h@o@ﬁsﬁgb%ﬁw er'e:hgﬁm(og%sggéhﬁntﬁ)tﬁ\ if %ﬁ@@ékgr o
sl FPRAEE ek gy gy b
o g S A i TR R o
2 oriiba SR SO e s ey e AFERIRR birape . e
foam @é%%g%&%gg %.Eih’gsc%@dtlfgﬂogagé Lhegaha%@gﬂﬁlglpalﬁarrgHﬁgﬁtg) a4n7d the
time required for the foam to dissipate is recorded (“Time to 0 Foam”). In certain
applications, foam may be undesirable because it may lead to defects due to the failure
to adequately coat the surface of the substrate. As Table !l indicates, the time to reach
zero foam is approximately one minute or less.

[0064] The process solution of Example 5 was also compared to process solutions
containing 0.1 weight percent of a fluorosurfactant (perfluoroalky! ethoxylate) and an
ionic surfactant (sodium lauryl sulfate) using the Ross-Miles test. The results of this
comparison are provided in Table lil. As Table Il shows, solutions containing the
fluorosurfactant and ionic surfactant still exhibited significant foam at intervals of 5 or 10
minutes. In semiconductor processing applications, the presence of significant foam

may be undesirable and may lead to an increase in processing defects.

Table II: Foaming Properties

Example Moles EO Moles PO Initial Foam Time to Zero
(m +n) (p+q) Height (cm) Foam (sec)

5 5 2 0.6 6

6 0 0 2.0 3

7 4 0 2.5 60
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[ 0065] The wetting properties of process sol utions
containing varying anounts of surfactants derived
from2,4,7,9-tetramet hyl -5-decyne-4, 7-di ol (exanpl es
8a and 8b) or 10 2,5,8,11 -tetra

nmet hyl - 6- dodecyne-5, 8-di ol (exanples 9a and 9b) and DI

Tablewtt EbmParisonCSTAAM Fropertied WRASNUtWAS 8XRERING olher®iBfactants
nmeasured on the GLO/DSA10 Kruss drop shape anal yzer

Rinsér ovI ded]| MitidlFdasn USAFebmUHaghtt & oath HelgHﬁétn,?:ch?ﬁ Height at
Compsitvhl € HHaRht (Bf)hod ] slsaci@hf Metipgdin (chg et 5%(cm)

Exan{y]@pertl L§. 601 a local bzed region i@y tne Surtdcg of

FluorB4lRlelaRt| $4 scoated SURgErare are [gghi mated b _
(0.1 WEGRYE N the contacf angl e betwgen the 15 baseei I ne of

lonic SurdcEHt€F 29 aqueous etoper—sgiggtion—and—tjf
8n2IZ-, nt pt the dropl =?§¥J)ase A hzghd speed can}g/ﬁa

Sy)(Z) captured|the spreadl ng of the drogpl et at a speed of 2

Eg:gall?ﬁ'atfd btaires .gé ﬁ Oﬁt ZbNYL@% f%'télil’g rgtﬂ@i ?;%an“w €
(2 ormEt a; (15 o nt ts fri imal
916 )y’ Ke)

% 5 raorPefT%'&gWgé ecyne- Xﬂ jev\séoregbrépéﬁ
|¥1 t 23 foIIovm ng manner. A 20 volumetric flask was
charged with varying amounts of the surfactant and D

r a | ev 100 M at room tenperature.
Exam)?%g%thrtoﬂ ’ég %g%tg%t ﬁrlg?‘% D%Iaunti I the surfactant was

A e R e R e R
S”ffaC?%@%?{%? A P ERGIPR eer@e%@?&@s#a@?%%%’ b e oo
2.5 TERoRBy-EonBE R festirblontin 4 Sdho PR R &
come R o Bl SRRP A R Pl RO G ?&?EA%KM e
T
methoB h?n fﬂ sot‘ﬁ%ﬁﬁd St% We &g}e%q'l tocegllzéé reﬁ?@%ﬁj qe Surface of a

op ageés

o8R0 858 0 BEDGEAb1 FRDLOR 1905 g e
basleluﬁeurg%sat érgblgt M@@S?s q@%ﬁ%%& lc}{1 éru tlflm ?rr%;tg%ts at tﬁe groplet base.

contact’ angle evel opet
it bl e
seconcﬁf&ﬁblnﬁéutgggﬁd B{@ contdtt Qﬁéle W e lrddre photoresi st

t reat
[0066] Process solutions of surfactant based on 2,4,7,9-tetramethyl-5-decyne-4,7-diol

and 2,5,8,11-tetramethyl-6-dodecyne-5,8-diol were prepared in the following manner. A
volumetric flask was charged with varying amounts of the surfactant and DI water to
reach a level of 100 ml at room temperature. The mixture was agitated until the
surfactant was dissolved therein to form the process solution. The amounts of surfactant

in the process solutions of examples 8a, 8b, 9a and 9b are provided in Table IV.
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wat er. Further, higher anounts of surfactant within
the process solution may lead to nore surfactant
adsorption and i nproved wetting. Table |V Exanple Ant
Contact Contact Contact Contact Surfactant Angle
Angl e Angle Angle (0 sec) (5 sec) 10 sec (30 sec)

OouE oo AP e, 4 iy
R e T W

0 29.4 25.
, - f j
T et e T AL

. f 1]
proct?s%f&muén OR tie ﬁH&?rtﬁrsigf %ln*r%igg \Aga%qﬁ)?és\%g?cgﬁ%{l% In\'}p éllf)gl%ﬂlsg gwe value

e substrate w

of thtg ét%ng%ff&f‘lﬂe Brddels g?la@or&oé?}td%lru/ grx {;:prrgﬁpgfa%gg ??alrﬂ%le 1) at

ol ution e presen I nventi on
o BRRS7Sqe5 BB CORALESS, 20 PP O 3 25,511 et o
o003y 88, b ARl o2 0, YAl s
ool By P 00 RO TIRRRS s BISH SLERL g BRELE Ty g

on th%ﬁﬁ&%Fe%‘sV—Egacrgé ﬁ@tﬁﬁ%?&ihgg\%g%yt{%a}%g \ﬁ%ﬁ g{e ﬂg%s%ﬁsgﬁﬁioﬁ? 81Uthe

m nute an eve

i i t il TMAH sol ution, .The TNAH
preseRl MPHER 2 shabls tafirg R MK oF Peithefieast it ity
N ' rate for a riod_ of 0
vt LR AR B B TR Lo BEiaRY RO oIt ead @
more SRS R9oBlioN B FimptbRld fstidg, Seconds
Table IV
Example Amt Contact Contact Contact Contact
Surfactant | Angle Angle Angle Angle
(0 sec) (5 sec) (10 sec) (30 sec)
Comp. Ex. 1-DI | -- 61.8 61.7 61.5 61.1
water
Ex. 8a 125 ppm | 47.3 46.9 46.5 45.4
Ex. 8b 600 ppm | 47.3 42.6 40.6 36.4
Ex. 9a 100 ppm | 50.0 46.8 45.0 41.6
Ex. 9b 350 ppm | 40.0 29.4 25.3 17.2

Example 10: Number of Post-Development Defects after DI Rinse vs. Process solution
Rinse

[0069] The number of post-development defects on a substrate was compared after
treating the substrate with a rinse of DI water (comparative example 2) vs. a rinse
containing the process solution of the present invention (example 10). The process

solution contained 50 ppm of a 2,5,8,11-tetramethyl-6-dodecyne-5,8-diol-derived
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bef ore the devel oper nozzle was turned off and
continued for a period of 7 mnutes. The substrate
was i nspected for defects using the TereStar(r)

KLA- Tencor defect inspection 10 tool provided by

KLA- Tencor Inc. of San Jose, CA. and the defects were

g o RO KRR bR

are provid

Alfo@Ef?lg Sl?m%gsgjpﬁt%té %s%ﬁé@g?%ﬂgm%e %@ok&gﬁrﬁ%@n%&:gatn iat?{c%“:“tlorge)ﬁ(%@éageq

e sane er and p

subsgr%ﬁ@ﬁ/yal%gexpggéoeﬁoi alg&gﬁr%(ﬁgntdﬁ?é)}{s% oldg Yegt:ng rgtglge% ?Q%ﬁ)gé)ﬁrggt%ly

n-conprising an-ace

11 w%%%& oﬂ%{%ou‘f\@%iéétgu%?@glaén?d%gosp%\gtéé] Fog S:?t ég&egﬁgq %faotoresist

hot oresi st-coate
i S 3By S0Pl MR NGB BBl T B
= 0 23R Pl 35 SRR PO T
oo o S5 ) s TSN ASRUEH Pt
ot 2B DO G4 A U BB . e
LA IS, RN —
oo RS BT/ EBIGH T A B Bt RIS e A anc
coum B TR o oP i R MG LS T 1,
oor1f SHE R AR i i 250 il B erhe e
using SRR Rl RS BRRakt Eorliinp HPP QKT ories 100 oBRARY
coveDNRE S AP Nt BT 5 2Pt Foo T8 10 vos
e 53084 3G b L A5 BB A s v o
deVelo%@Was %déal#nné gg{ngc%m%xgrétﬂ/eleig %leTQt géter a 120 second rinse with the
process solution, a DI water rinse was used for another 7 minutes. The substrate was
inspected for defects using the TereStar® KLA-Tencor defect inspection tool and the
defects were classified and counted. The results of the inspection are provided in Table
VL.
[0072] As Table Vi illustrates, the process solution of the present invention was able to
completely remove the photoresist residues from the patterned photoresist surface. By
contrast, Table V shows that were many defects resulting from residual photoresist and
other sources after rinsing with DI water. Therefore, rinsing the substrate with the
process solution of the present invention effectively eliminated the number of post-

development defects and improved the process yield.
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Pattern Defect 0 0 0 0 O Pinholes/Dots 0 0 0 0 O
Total 0 0 0 0O 0 5 Exanple 11: Conparison of
Equi | i brium Surface Tension and Dynamic Surface
Tension of Process solution vs. Solutions Containing
Fl uorosurfactant [0073] Process sol utions c?nt ai ni ng
t t derived from
Tablgvlpggtjl[? ea?llr?rg)teﬁ:&ﬁ %1 (ﬁ%l&%jﬁraﬁ'@ 8- di oI and a

nor f | Hotro6
U

N Au- An-uu ant ANt nat-acal
NN AR A L = e B N
Paﬁ":f'% »Iv:p Eguor de 59 é vupma_p_ésf hp Qﬂll I1| bri-um 91
Pint 10les g@@ t ufgsi on {( EQﬁM%md rlCn' @c surfabB tension 150
T0t$|n¢r\ TheOEST for b8 sol util@fs was nbAsured ush 24

ate nethod on a Kruss BP3 bubbl e

|
Table\VLE@ﬁFQer&/mpm ctyaftriPie¢qss sglution Ringes | nc.  of

Defef{ ypes t o] Smalt  ThpMesiunmot ed&Rrgsr oceshExim larger Tetel

PattgpnRefeald 0a t he mak® mum bubbll ® pressur B0 net hod L&ed

PinholeséDefep| €9 1 thro%gg? 5. The i @sults of|®@he EST g
TotahST tests|@re 15 prio¥ided in Table ViI.|00074] 0

Referring to Table VII, while the fluorosurfactant
exhibits a | ower EST conpared to the process solution

Exanmple 1 heCqmpesison of BqwlitirivonSurfdve Ringiohfand Dynbmid SuveacedEhsion
i ndicates that the fluorosurfactant exhibits poor

of Prabgas molutiguvst SokitibenContainirgdElcdrosunfautariti ty. For
applications that require high surface creation rates

[00733 u ¢inocess dylationsceanitaisiag Proweigsigserdht o & duiifactant derived from

sem conductor manufacturing, the process solution of
2,5,8,1 ntetpmeatibyH6-dadeeyrid-6,8-diotond d filberosirfastant) goddsturh han

sol utions containing fluorosurfactants due to its
perflubroaetan®8arboxyiateqrovidst] Byadlef Bt.ILoRisnMssCaiaesd piepared.id

wt % EST (dyne/cnm) DST (cmicn) Exanple 11 25.8 28.4
order K} conpese teaguilibriudils 2face tehsioBXB8P) arsd dyhahiic surtdtel8nsion

Det ermi nati on of the Adhesion Tension Value of Process
(DST). The EST for both solutions was measured using the Wilhemy plate method on a
Kruss BP3 bubble pressure tensiometer manufactured by Kruss, Inc. of Charlotte, N.C.
The DST of each process solution was measured via the maximum bubble pressure
method used in examples 1 through 5. The results of the EST and DST tests are
provided in Table VII.
[0074] Referring to Table VI, while the fluorosurfactant exhibits a lower EST compared
to the process solution of the present invention, the significantly lower DST indicates that
the fluorosurfactant exhibits poor dynamic surface tension reduction ability. For
applications that require high surface creation rates such as dynamic rinse processes

used in semiconductor manufacturing, the process solution of the present invention

would be more suitable than solutions containing fluorosurfactants due to its lower DST

value.
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5 Solutions of the Present Invention [0075] Seven
process sol utions containing surfactants having the
formulas | through WVIIl were prepared by adding | ess
than 1 wei ght percent of the surfactant to deionized
wat er under continuous stirring. The concentration of
TabIéVﬁfaCt ant within each process solution is provided
Table VI1I and is deterni ned by the small est

ot A n+ d £ f

R R T £ ey ated Ay e een

LCEATUT a UTTS TUI SOl avtarrt— 178
Exa}hbé 1 2 A %kﬁ 1 havyhl 3 n| / 2 l4‘|l| a |||\

L J, J- UT Plrrt y = = U T o T T
FIUOZ& rf “@nt;'o cont-aln '2 ‘; 6-dihet h\/l 4- hn )Z -_‘n! pr n\/l ded

[ (For Ia I e. 14 contained
Exa"NY%&A' Zgﬂ'i‘gwhé Bt ag'e%wf he &]f)*}%?loé‘anlS% \rlug efdirRess
Soluti Fﬁ%@ }@cotalned diisopentyl tartrate (Fornula
olutippp ot the ﬁ?ﬁﬂ VEBU¥bnt ai ned dodecyl tri met hyl ammoni um
hl ori de F | a IVa Exanpl e 17 15 cont ai ned
[00753 peyen by ytfﬂﬂs cg BinRgSIKRCHNS having theifarmylas 1 through
t ai ned

vil W?f%Pn;gPa'fg’?bé g pe e then aa\@w RerosnBofdhe purdRgtan dydeionized

facoﬁg For mula I1) nples 19, 20, and 21 each
Wate’d’&ﬂ? guqu %ﬁ“é(éf@u the(@"e@tw'oﬂ/pé §w&qtﬂf}f &t'thtﬁ‘rﬁ)ach progess
% concentrati on% :5 adduct

solutiitS FEONHETIGREE a8 rgtomTiaesh e e ammglesiadnesion fension
di et hyl enetyi am ne (x=2) and n-buyl glycidyl ether
value CE A Olfer Tt copreryBReys 19heach SN e i (18 sanigined
35di‘s/’D§'Tz gata for each process solution was coll ected
-dipeRvE hrderek? ﬁh@ﬁosuwsﬂ'@ gresvin &3 rettaibad désdimeadr4iheptancl

_Lan ? . 428-432. The data was col | ected
providgd b@%nc@ (Pairis et Examele hcomiainad B b pisto Bsirpeihbuty)
% gr}u 20 b/s using the Kruss BP3 bubbl e pressure
ethyleped B‘ﬁéfeﬁm%%f Exaiple dopniringgdiisopenty! tatrate{fpimeula 81)-

E l. 5:6 er%g ce tension values at 0.1 bubbl es/ second

xamile, 16 £360I4 SRBOUET T ART SRR SCBA(F R v oTa Brampie 17
‘?dcé @ 0077] Si licon wafers provided by Wafernet

contaifggt2,4 {39-telra ﬁHyé*‘ Tcdecape diol Fstwln Vil txammie 18 aeRtainet

TOK 606 haot or esi st coating provided by Toky
2,5.8,1£§ga%§vﬂ;3 éedec P, 8-digkderiyry @urfaataa&Fonfﬁ@a él&»nééamples 19,
| e of the ocess sol uti on on t he phot oresi st
20, and 37 pela containefl 1 akadduat G0 W PO RN sadciupb.012 wt %
yzer provided by Kruss USA of 5 Charlotte,

concerf{ B, B 4 #ouBLE s e rdnriedon) saerbedn

. vi des the contact an
dlethylgne%lamme x—2% and n-buyl glycxgyl ether (Formula VIH).

[0076] The dynamic surface tension (DST) data for each process solution was
collected via the maximum bubble pressure method described in Langmuir 1986, 2, pp.
428-432. The data was collected at bubble rates that range from 0.1 bubbles/second
(b/s) to 20 b/s using the Kruss BP3 bubble pressure tensiometer manufactured by Kruss,
Inc. of Charlotte, N.C. The surface tension values at 0.1 bubbles/second for each

process solution are provided in Table VIII.
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each process solution neasured at a drop age of 10
seconds. [0078] The adhesi on tension values for each
process solution was calculated by rmultiplying the
surface tension and the cosine of the contact angle.
The results of this calculation are provided in Table

[007f! | Silicohswaalkl foWidd b d;Lt/\lawérhétaqhsSof 8%|n|Jo§§ é@ Q/véié e&ﬁé& wif 300

sol uti ons have an adhesi on tension val ue bel ow

nm tHRIETOK 8863 393 Afh phldferedi8t cotiing ARFlided byerik Po a %gyo Co., Ltd.

adhesi on val ue bel ow 20. Thi s i ndi cates that theSe
of ToRY) 084N, S EdrPatt an§B)bf ff@éf@@es%@%ld?x%ﬁ’%ﬁﬁh@ﬁh&%&%f Surface

col | apse defects to a greater degree than a process

was ri@dgdrédéh VG TWDSAG) %ugmirsp S P& PP piividad By rGEEDSA of
adhesi on tension value. Table VIII: ‘Adhesi on Ténsi on

Charlfié, Y. EifgMHeESeskde él%glrﬂetiaéd.lq’aﬂlz Vi Bﬂo%gi%g tlg%cson(t)acé 5angle for

Concentration 0.9 0
each Qrdééé’s &I&%n rﬂé%’u&:ﬂ 5t3é3§ro§§39§ Fhodedendd. 35. 4 41.5 38.4

.8 38.7 37. . Tensi on (ST) (dynes/cn) . Contact
[0078’]\n g"h@ a@ﬁerr? fén&oﬁ%aﬂdeé%rﬁea@g p?oc%@s %ol%ﬁoﬁl-wgg cégulgteé%ﬂ
e Adhesion 21. .2 24,8 19.0 21.4 22.8 .

multlplﬁnéthééuﬁacér féﬂ§l'oﬁ %nyft‘ihé"@os]rnré &ahd ebma&d fbﬁs’fhea‘égﬁl&tdf *ls

Exanple 12, 14, and 17 process s tions were

9
calculaﬁcﬁpﬁfe?é?\ﬁ%dalﬁ%?@%y\gﬂls A\gefm Vlélg/ﬂ@sftr.atehs all /of tPe process

solutlcmsl\ﬁavg laf GHhasidh T@?’H?)Y‘nl RHlebeiow 85 hﬁxﬁﬁ?%ﬁ"ﬁ? e 16a'i‘§i, d200 ?nd

wei ght percent of 2,4,7,9-tetranet decane

21 eadPhaESP S dsYSR Valud Qel&@?@n 'T?\?Sqnéf@ét%é thHt %sg??&e%? g%ﬂﬁons

stlrrlng A substrate was process

may ré@]&@@ﬁe n@mBér df ‘b‘éﬁer\l’ﬁfoﬁ%pé%r predsth g&re%r?feﬁ?ée’ thd MG pr@d&gs

coated wth an anti -
solution having one or more surfactants with a higher adhesion tension value.

Table Vill: Adhesion Tension Values

Examples 12 13 14 15 16 17 18 19 20 21
Concentration | 0.9 012 {0095 (005 |4 0.05 |0.045| 0.05 ) 0.012 ] 0.03
(Wt%)

Surface 366 |414 320 354 |415 384 258 387 | 379 | 356
Tension (ST)

(dynes/cm)

Contact Angle | 55.0 70.7 53.1 455 | 627 56.1 28.1 59 59.2 | 597
(6)

Adhesion 21.0 13.6 19.2 | 248 19.0 214 | 228 19.9 19.4 17.9
Tension Value

Pattern Collapse Reduction

[0079] Example 12, 14, and 17 process solutions were prepared by adding 0.9 weight
% of 3,5-dimethyl-1-hexyn-3-ol, 0.095 weight % of N,N"-bis(1,3-dimethylbutyl)
ethylenediamine, and .05 weight percent of 2,4,7,9-tetramethyl-4,7-decane diol,
respectively, to deionized water under continuous stirring. A substrate was processed in

the following manner: a silicon wafer provided by Wafernet, Inc. and coated with an anti-
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refelective coating was coated with a TOK 6063 193 nm
phot oresi st and exposed to a 193 nmlight with a ASM.
PAS 5500/ 1100 scanner, heated to a tenperature of
approximately 115C for a tine of about 1 m nute, and
then developed to forma patterned photoresist with a

refeléBtlbé'E@at-ﬁg]%s%aigd With a ToK ddd¥ gtevR |pﬁ@t%Fes%‘P%H8 'e'gpbéé@sto a

appl i ed by dynam cally di spensing a O.

193 SR lightivath LPASAILIAIES ST I G ScaRRst, h@étla&"ﬁ?g ténQpérSﬁJ 8( a

period of 45 seconds. The process solution was t

appréié/rﬂ@t@lyqq|5l’(¥ fordl HRE Eﬁ%d’?qtrﬁ B@eaﬁdjm% rd@kﬁg;gég{ lfoaf&?n a

the wafer substrate s

patte Ieggrfhbg%s‘?stm asgflu% 'TQI'A ll‘itn)% Sf%gi@ﬁﬂllﬁ ieggéegg u&gn ?Nas

ense process asted or a peri

e e

aon et R8s Gl pﬁfi"ﬁtpf%%%% FeoE ¥} i snomiat

Frace af
RE! sol u

dlspeﬂgbgf ﬁ{t(? ﬁ'leséubgf?gtte'sﬂgfax\é ev |l '\gg rsu gte ?t% & %!%ﬁ%lllr’éa@O rpm to

Salre process CO
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employing the process solution of the present invention as a post-development rinse

solution in addition to or in lieu of deionized water minimizes or reduces the incidence of

pattern collapse and preserves line definition.

[0082] The critical dimensions (“CD") of the features of each wafer were measured with

a Hitachi CD-SEM tool on 37 sites per wafer, and pattern collapse was visually observed

through the top-down SEM images. The wafers were exposed under the same dose

energy of 16.5 mJ/cm?. The results of the visual observations are provided in Table [X.
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the collapsed sites by at least half while increasing
the aspect ratio from3 to 3.3. Therefore, rinsing
the substrate with the process solution of the present
invention rather than with deionized water

effectively reduced the pattern coll apse vvl;eg
a
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aspec/f’raﬁg i€ tur andyaddi nng. 1 weight %of 1.5 adduct of
di et hyl enet riam ne (x=2) and n-butyl glycidyl ether
(Formula VIl surfactant), respectively, to deionized
I con? nuous stirring. A substrate was

t und
Table\g?(o?eaggé'de?lﬁ PS§3%e 1ol | owi ng manner: a silicon wafer

avi-ged—bv—\Waf-ernet ne—and having an anti

Rinse SO0 | o coat | APILEANG tod Lher eurlch Sitas with sellagsing

TOK. 6063188 nm phot ar esj st e coated wafer

s1%xposed to 2383 nmlight with a |48V PAS
Examgient?h 1100 scannek3-2heated to a t enperla ure of

Examplent/oxi mately 11681t or a time of abod6 1 minute, and

then devel oped to forma patterned photoresist with a
dilute TMAH 20 sol ution. The TMAH devel oper sol ution

Reducios inbippViidthdyoun/ness cal | y di spensing a 0.26N  TMVAH
solution onto the substrate and allowed to set for a

[0084be|5?<%piéfy rrecesssohtions A2 and 23 Svers prepadsi lyf adaling 0.0&8veight %
nse, the substrate was spun at 3,500 rpmto dry. The

of N NNQ\Séﬂr 3-digasthylpiet) ét@@@e@amaxlzgrranula St susiaetaet), andrn@s weight %
nto either deionized water, Exanple 22 -36 process

of 2,6- %Mhyldnhe%anod Hrormulanifisarfaciant);andssidingl At imeight & of 1155

seconds and then dri ed.

adduct of diethylenetriamine (x=2) and n-butyl glycidyl ether (Formula VI surfactant),

respectively, to deionized water under continuous stirring. A substrate was processed in

the following manner: a silicon wafer provided by Wafernet, Inc. and having an anti-

refelective coating deposited thereupon was coated with a TOK 6063 193 nm

photoresist. The coated wafer was exposed to a 193 nm light with a ASML PAS

5500/1100 scanner, heated to a temperature of approximately 115°C for a time of about

1 minute, and then developed to form a patterned photoresist with a dilute TMAH

solution. The TMAH developer solution was applied by dynamically dispensing a 0.26N

TMAH solution onto the substrate and allowed to set for a period of 45 seconds. After 15

seconds of a DI water rinse, the substrate was spun at 3,500 rom to dry. The wafer was

then cleaved into smaller pieces, immersed into either deionized water, Example 22
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Cross-sectional SEM pictures showi ng 100nm 1:1 dense
lines were taken before and and after the treatnent
process. [0085] FIGs 2a through 2c provide
cross-sectional SEMimges of the wafers. FIG 2a 5
shows that the patterned resist features of substrates
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te was processe
silicon oxynltrlde wafer was coated with a 193 nm

phot oresi st. The coated wafer was exposed to a 193 nm

a ASML PAS 5500/ 950 scanner, heated to a
Exa"{pie%raawuéri of approxi mately 115C 20 for atime of

B A ik
or 1S AR PP R Rl . AR PP o o
the noﬁweéqu.{ g[xs Q?thg{t eﬂ%nﬂ dgfnsp%ﬁglggﬁsgngtpvee{ é %%ﬁsz ? a\{\{ager unﬁer
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erneat odess solution
surfach] "‘ye“%[?“ﬁsg%%%f B op- down SEM was used 1o tol | ect
toos7}, 8 spESHAE 3L pieBiecl thd Rhowbd TRl ufonunRisbivheer
was c&ﬂe&r %er\ § 153 nm photoresist. The coated wafer was exposed to a 193 nm light
with a ASML PAS 5500/950 scanner, heated to a temperature of approximately 115°C
for a time of about 1 minute, and then developed to form a patterned photoresist with a

dilute TMAH. The TMAH developer solution was applied by dynamically dispensing a

0.26N TMAH solution onto the substrate and allowed to set for a period of 45 seconds.

- The process solution was then dynamically dispensed onto the substrate surface while

the wafer substrate spun slowly at 500 rpm to distribute the solution on the substrate
surface. The wafer was then still and puddle underneath the process solution for 5
seconds. Afterwards, the substrate was spun at 3,500 rpm to dry.
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R, R5 (OCH2CH2)tOH (CH2)r (CH2)s WR| NH N HN R4 H
Il IVa 390 X O -YK RL (CH)r NH 4 0

| , R
IVb V. RL R2 (OCH2CH2)mOH () R6 (CH2)j R7- i+-R9 Z-
R3 (OCH2CH2)nOH R8 R4 VI VI R

CLAIMS

1. We claim: A method for reducing line edge roughness and/ or line width roughness
on a substrate, the method comprising:
providing a substrate comprising a photoresist coating;
exposing the substrate to a radiation source to form a pattern on the
photoresist coating;
applying a developer solution to the substrate to form a patterned
photoresist coating;
optionally rinsing the substrate with deionized water; and
contacting the substrate with a process solution comprising at least one
aqueous solvent, at least one non-aqueous solvent that is miscible in an aqueous
solvent, and about 10 ppm to about 10,000 ppm of at least one surfactant having the
formula (1), (I1), (1), (1Va), (IVb), (V), (VI), (VII), (VIII), (IXa), (IXb), (IXc), (Xa), (Xb),
(Xc), or (Xd):

R4
T oH | ( /\/)/0{\/Ly
Rs-——(—o/\ﬁ; Re— O m b OH

I |

Ry

R¢ Ry
| Il
R4
Rs (OCH,CH,)OH (CHo)r  (CHy)s
/ AN
R{—NH N HN——
W 1 N R4
]| IVa
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+CH2)1-+CH2) .-\ OR, =---c -/ I x OH R o Rlo RO
VIIl R-NH2 R-NR4A R-NR4 RL2 [Xa | Xb | Xc

R1- NH( CH2CH20) nH R1- N(CH2CH20)nmH R, -N-R2 |
(CH2CH2O) "H (CH2CH2O)mH Xa Xb Xc 40 (CH2CH20)nH R -N
/| (CH2CH20) nH CH2CH2N (CH2CH20O)iH Xd wherein R, R1,

R4, and R12 are each independently a straight, a
branched, or a cyclic alkyl group having from3 to 25
carbon atons; R2 and R3 are each independgntly a
hydrogen atom or an al kyl group having fripm1 to 5
carbon atons; R5 is a straight,r
cyclic alkyl group having from1 t 0 r n,a’(%‘rrs;
R6 is a straight, a branched, or a cyclic aIQ<yI group
having from4 to 16 carbon atons; R7, |R8, and RO are
each independently a straight, a bra a cyclic
al kyl group having from1l1l to 6 carbon a ; ), 1S

i ndepend 'Z@F H or a group represented by||the fornmul a

Ry——NH NH——R, (o)
IVb \'
Ry
Ry——F——(OCH,CH,)mOH
TG (CHz)J
R7—N|+—R9 7 Ry————(OCH,CH,)nOH
R8 R4
Vi Vil
Rqo \ O_R11
N-FCH —N-(CHo)—N
/ | X \ OH
R1g R
R1o 10
VIH
R{ — NH, Ri—N—R, Ry—N—R;
|
R12
IXa IXb IXc
R4-NH(CH,CH,0)H R4-N(CH,CH;0)H R+-N-R;
l |
(CH,CH,0),H (CH,CH,0),H
Xa Xb Xc
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O-R11 /---COH; R11 is a straight, a branched, or a
cyclic alkyl group having from4 to 22 carbon atons; W
is a hydrogen atomor an al kynyl group; X and Y are
each i ndependently a hydrogen atom or a hydroxyl
group; Zis a halide atom a hydroxyl group, an
acetate group, or a carboxylate group; i, m n, p, and
g are each O i ndependently a nunber that ranges fromO
to 20;ch,@e)ysnare each independently 2 or 3; t is a
nunbe ﬂat ranges fromO to 2; j is a nunber that
ranggs from1l to 5 and x is a nunber that ranges
from\ to 6. (2( HetB2 M8 hod of claim 1 wherein the
cont acghftgh,RE ep conprl ses a dynanmic rinse. 3. The
met hod of ¢l a %rlgl n the contacting step
conpr i sest@ st a((l ¢ rinse. 4. The method of claim1
wherein t surface of the substrate in the contacting
wheegin iIRs Ry, and Rq:tane ealidnindapeodergip lawstraight, adtariched,loe a cyclic
met hod of claim1 wherein the surface of the substrate
alky! gioup bavinatrom 3o 2§tcerpon aitams Raiandh Ry hee eheh dndepentently a
water rinse. 6. The method of claim1l wherein the
Wﬂ@se@ gtogt eraanmlkyd gropp aving fromr te Stgampniaioms;dRsi9a gaight,r a
pmof the at |east one surfactant into the sol vent.
bYa"C'Fﬁ@ rstmels Ayl grodp hevingfiendita 10 sarbep géamss Rs fsr8ifaight, a
formed by appl ¥| ng 10 to 10,000 E pm of the at | east
branehedsor 3y aliciallyheioup Haviag,frera ddo 4P camben atames; RatRs, anghBe are

yin ? solvent to the substrate surface, 8. The
ER IBPSeE I SIS PNFIaC & B P SEY SH sV ogt hiaep
cBhoR o ot S GEP AL e ST FRESHUFR DU ORI m 1

wherein a tinme of the contacting step ranges fron11 to

200_secgAds.—206—Rhe net hod of claim9 wherein the

t ¥me the contacting step ranges from1l to 150

econds.
OH ; Ryy is a straight, a branched, or a cyclic alkyl group

having from 4 to 22 carbon atoms; W is a hydrogen atom or an alkynyl group; X and Y
are each independently a hydrogen atom or a hydroxyl group; Z is a halide atom, a
hydroxyl group, an acetate group, or a carboxylate group; i, m, n, p, and q are each
independently a number that ranges from 0 to 20; r and s are each independently 2 or 3;

tis a number that ranges from 0 to 2; j is a number that ranges from 1 to 5; and x is a

number that ranges from 1 to 6.

2. The method of claim 1 wherein the contacting step comprises a dynamic
rinse.

3. The method of claim 1 wherein the contacting step comprises a static rinse.

4. The method of claim 1 wherein the surface of the substrate in the contacting

step is wet with the developer solution.
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11. The nmethod of claim 10 wherein the tinme of the
contacting step ranges from1l to 40 seconds. 12. The
nmet hod of claim 10 wherein an at | east one tenperature
of the contacting step ranges from 10 to 100C. 13. A
met hod for avoiding a collapse of a devel oped pattern
on the surface of a plurality of substrates, the

nmet hod conprising: providing a first substrate

COBPI i SITAE nRtHYAYT RS h HheRM the SOrARVE IR MstratB AtheRBntacting
surface; preparing a process solution conprising from

10 ppm btep aRskwithh®88ofiked witet @l one surfact ant
having the formula (IXa), (IXb), (IXc), (Xa), (Xb),

(X6), OThé p@jhiod of 2laim 1 NHereld thAlpRsteBs sthéadntis foiined¥y injedting 10
I Xc R -NH(CH2CH20 nmH R1- N(CH2ZCH20)nH R, - N-R2 |
( CH2CH219) 10, 000 ipri2 6HRE IRt $ae Kbrfaétant (idedwentd R - N
[ (CH2CH20 nH CH2CH2N '"*' ~ (CH2CH20)i H Xd wherein R
R17. R4, ThenohefRbE oficlaime heheieitolbp prodesd styeam isforaieg vy applying 10
branched, or a cyclic alkyl group having from3 to 25
car bon ®txR00 fRen pighenatipakt oge suréaatamt ontodhes surtacg lof thegubstrate
branched, or a cyclic alkyl group having from1l to 5
car bon andarplying thesolyent tothersaibsteate bufasdependent |y a
nunber that ranges fromO to 20;
The method of claim 1 wherein the process stream is formed by passing the
solvent through a cartridge comprising the at least one surfactant.
9. The method of claim 1 wherein a time of the contacting step ranges from 1 to
200 seconds.
10. The method of claim 9 wherein the time of the contacting step ranges from 1
to 150 seconds.
11. The method of claim 10 wherein the time of the contacting step ranges from 1
to 40 seconds.
12. The method of claim 10 wherein an at least one temperature of the contacting
step ranges from 10 to 100°C.
13. A method for avdiding a collapse of a developed pattern on the surface of a
plurality of substrates, the method comprising:
providing a first substrate comprising a photoresist pattérn developed
upon the surface;

preparing a process solution comprising from 10 ppm to about 10,000 of

at least one surfactant having the formula (IXa), (IXb), (IXc), (Xa), (Xb), (Xc), or (Xd):
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contacting the first substrate wth the process
solution; determning a surface tension and a contact
angl e of the process solution on the first substrate;
mul tiplying the surface tension by the cosine of the
contact angle to provide the adhesion tension val ue
of the process solution; providing the plurality of
substrates wherein each substrate within the

plurality conprises a photoresist pattern devel oped
upon the surface; and contacting the plurality of
suBstTBHes with the pfbceds—sR ution if the adResiMm Rs
tensi on value of the process solution is 30 or bel pw.
43 14. The process of claim 13 wherein the preparing,
the first contacting, the determning, and the R
mul tiplying steps are repeated until the adhesion
tepnsion value is 30 or $§Iomn 15. The process of

cl 4®m 13 wherein the surf&e of the plurality of X¢
substrates in the second contacting step is wet wth
Ra-N(CbhCHgD)at er r RpBIECHOH,OTe process of Ri-d-R3 13
wherein the surface of the plurality of substrates is|
wet with a devel oper sdCukCH0)H7. A process ri (&&CH,0)H
sol ution conprising an aqueous sol vent, a non-aqueous
solv&at, and at |east o surfactant selected frX¥mthe
group of surfactants having the fornula (I Xc), (Xa),
or ( XéHCRO0MH CH2CH20) nH Xa (CH2CH20)mH R N\

/| (CHZCH2O nH CH2CH2N (CH2CH2O) i H  Xd

R—N (CH,CH,O)nH

CH,CH,N

\(CHZCHZO)iH

Xd
wherein R, Ry, R4, and Ry, are each independently a straight, a branched, or a cyclic

alkyl group having from 3 to 25 carbon atoms; R; is a hydrogen atom or a straight, a
branched, or a cyclic alkyl group having from 1 to 5 carbon atoms; i, m, and n are
each independently a number that ranges from 0 to 20;

contacting the first substrate with the process solution;

determining a surface tension and a contact angle of the process solution
on the first substrate;

multiplying the surface tension by the cosine of the contact angle to
provide the adhesion tension value of the process solution;

providing thewplurality of substrates wherein each substrate within the
plurality comprises a photoresist pattern developed upon the surface; and

contacting the plurality of substrates with the process solution if the

adhesion tension value of the process solution is 30 or below.
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wherein R, Rl, R4, and R12 are each independently a
straight, a branched, or a «cyclic alkyl group having
from3 to 25 carbon atons; R2 is a hydrogen atomor a
straight, a branched, or a cyclic alkyl group having
froml to 5 carbon atons; i, m and n are each

i ndependently a nunber that ranges fromO to 20. 18.
The process solution of claim17 wherein the

NORzaqUGRY Hrozeby/Eitiaih S g'ﬂg{%%.@lh“é préfhrihB8h@BEQBRacting, the

sol vent . ereln R an are each 1 nhdependently a

st rai ghijetefimiBingNgitadle nﬁﬁtip@ir%yéfédscaré“‘éﬁélated%ﬁﬂme Bandsita tension
from3 to 25 carbon atons.” 44 19. The process sol ution

of cl ai paidd isdedrdeldwt he at the at | east one surfactant
iIs a surfactant having the followng fornmula (I Xc):

R, 1Bt RATh&pdceds’sF claih @B ehardi theRtiface st tilAurii® of agtibtrates in
i ndependently a straight, a branched, or a cyclic

al kyl gtrewectad/contacting step ist wet2bthcaddianizedtvaater. rindd. The
process solution of claim17 wherein the at the at
| ed8t ofMbe procéssodfzizim i18 wharehuthbaatface of tae/plaglity loé substrates is
following fornmula (Xa): RL-NH(CH2CH2O nmH Xa wherein
R, i s awstwith gtevelgpebsalutidned, or a cyclic al kyl group
having from3 to 25 carbon atons; and mis a nunber
t hAT. r afAdgesrebs ansedsalutiop Gomprsingréveaquegus selvent| ameroaguebus
claim 17 wherein the at the at |east one surfactant is
a sur f aselaft, ang\at legst ane sudactanii selpctedfiom the grapp: of surfactants
(CH2CH2O) MH (r) R -N/(CH2CH20 nH CH2CH2N

having the formula (IXc), (Xa), or (Xd):

R-NH(CH,CH,0).H

Xa
(CH,CH,0)mH

R—N (CH,CH,0)nH

CH,CH,N

\(CHZCHZO)iH

Xd

wherein R, R,, Ry, and Ry, are each independently a straight, a branched, or a
cyclic alkyl group having from 3 to 25 carbon atoms; R; is a hydrogen atom or a
straight, a branched, or a cyclic alkyl group having from 1 to 5 carbon atoms; i,
m, and n are each independently a number that ranges from 0 to 20.

18. The process solution of claim 17 wherein the non-aqueous solvent is miscible

in the aqueous solvent.
wherein Ry and R, are each independently a straight, a branched, or a cyclic alkyi

group having from 3 to 25 carbon atoms.
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\(CH2CH20)i H Xd wherein R is independently a
'straight, a branched, or a cyclic alkyl group having
from 3 to 25 carbon atons; and i, m and n are each
i ndependently a nunber ranging from O to 20. 45

19. The process solution of claim 17 wherein the at the at least one surfactant is

a surfactant having the following formula (Xc):

Ri—N—Ry

R12

IXc
wherein Ry, R4, and R, are each independently a straight, a branched, or a cyclic

alky! group having from 3 to 25 carbon atoms.
20. The process solution of claim 17 wherein the at the at least one surfactant is
a surfactant having the following formula (Xa):
R{-NH(CH,CH,0),H
Xa

wherein R, is a straight, a branched, or a cyclic alkyl group having from 3 to 25
carbon atoms; and m is a number that ranges from 0 to 20.
21.  The process solution of claim 17 wherein the at the at least one surfactant is

a surfactant having the following formula (Xd):

(CH,CH,0)mH
R—™N (CH,CH,O)nH
CH,CH,N
(CH,CH,O)iH
Xd

wherein Ris independently a straight, a branched, or a cyclic alkyt group having from

3 to 25 carbon atoms; and i, m, and n are each independently a number ranging from

0 to 20.
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