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06293P3USA TI TLE OF THE | NVENTI ON: Process Sol utions
Cont ai ning Surfactants CROSS- REFERENCE TO RELATED

APPLI CATI ONS [0001] This application is a
continuation-in-part of U S. Patent Application Nos.

10/ 218,087, filed 12 August 2002, 10/339,709, filed 9
January 2003, and 10/616,662 filed 10 July 2003, the

di scl osures of which are incorporated herein by gg203P3USA
reference inits 5 entirety. BACKGROUND OF THE

I NVENTI ON [ 0002] The present invention relates

general ly to net huWsLE QF THE INVBNTEIN:.Ur e of
sem conduct or devices. Mre specifically, the present

i nvention rel Ricesss Somtioms Doftaing Sufackaéici ng
defects, particularly pattern collapse and phot oresi st
i ne roughness, in sem conductor devices incurred
during the manufacturing process w thout sacrificing

t hr oughp @RO$SGAHERENEETO REEATER APPLICATIONS fact or
for production yield and device function,

[000 M) arTtii€ ap@ichtion 16 @rconfifustRvkia Palticf €55 aweﬁerﬁtevq;pﬁ@éhom%s
waf er sizes are enlarged to 300 mm 15 The term

1072180870 file@ 12 ARuESEEHN2030,7005fed 9Yahgard ©Des.tandt 103616862
reduce the yield, or cause the loss, of the

filed FENOIE 2008 G HisE6MIrES of Whith 2Fe H&@rp@ﬁ&té@ ReRirPhy fefdtence in its
phot ofesi st pattern on the substrate surface;

entirehpughness in the photoresist lines such as "line width
roughness” or "line edge roughness", particul ates
i ntroduced onto the substrate resulting from
processi ng such as |ithography, etching, stripping,

and cheni cal NBAORGRBUNBOPTARINVERTION (CVP)
resi dues; particul ates either indigenous to or

[0002] e%b?ﬂr@ﬁenﬁ frﬁé?\tudm’@zlbft@é?%;éﬂéré]@ tB MRRRSESSr thBdhdrRIffkture of
I nperfections such as closed or partially open or -1

semudéh@@d‘t@tddéiﬁé%aﬂo"re Spedifi@dHy, thk PPeséhfibemdhi rafaledns a rAdfod for
defects resulting trom poor adhesion of the resist to
reduclnig®iefetds tapical=sy phREM collapse and photoresist line roughness, in
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 collapse 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 partially open or
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[0004] The drive to reduce defects -thereby inproving
yi el d- presents new challenges to the manufacturing
steps within the production of the sem conduct or
device, nanely, 5 the lithography, etching,
stripping, and chem cal - nechani cal planarization (CW)
processes. The |ithography grocess enerally involves .
blocked £pniagtsLriass ineavidifyanatigns: aad Eﬁsuwggffpwor adhesion
hot or esi st, exposing the substrate to a radiation
of theyresist o e sgbeiialesurtage. i mage, and devel opi ng t he

suhstrate to forma patterned photoresjist |ayer on the

- [0004], )& dive to Terluce defacts Aherebyimprovpg yield Presegsinavwshallenges

subsequent substrate patterning 10 processes such as
to thednanifrgiurigs piepy Withindhe predustiome the samigendidor davicey namely,
.sem conductor materials, or insulating materials. The
the "tE?Q‘ﬁ‘PHb %‘F*U&§§ inginge pRY chemisabnoehanicahBlaparizatine (CMP)
surface of the substrate that is not protected by the
processes: et hrciihpmapir eroress gaNeryjlydnvalyasrogting a substzaleith a
..etchant thereby exposing the underlying surface for )
positiye, pf prgativg pRelesisheXPPRIBd dhe sylstrate teradediabonselieR kg provide
i nvol ves renoving the cross-linked, 15 photoresi st

an imgge.1addevelgringriae susirataiaform a naliemedinhgiaremstdayes epdes

pl asma ashing. The CWMP process generally involves
substigie.i This pgtiemed daver aets agfa mask B pukseguant ybaEstapattaming
flatness during processing. Al of the aforenentioned
procepsescushas aighing aﬁpgmgeﬁw@ycce@ﬂﬂg with mefalspother sesmisndugloy
particulate material_that is generated from or is a
matengls., oF ingytating materigie s Eherplshiag Peacess genergtisinvalyes @mpving the
col | apse is becom ng an energing problemin the
surfagerQf dle sphsiratss thatie miok Bigtrate by the\naftlemnedpbotasesistaisiiiogher
aspect ratios in the new generation of devices. The
chemical ripipsie glgbanidprreby expasingthe uRderhéng eyrinsg for further
photoresi st |ayer are inportant paranmeters for
processing e fioR AiIPRING IRranesp geagrally invelvestpmagying, thacrassdinkgd nm
node, the aspect ratio for a photoresist |ayer havin
photoeesisd palerd Mopkesubsigate vigawet stippingeriaxyeen plasmaiashipg. The
val ue may be the point where the capillary force of
CMP presesrcgerienlyrinvaigsiolishing thessiriace ehthermapsiraia ép meintaia
col | apse of the patterned photoresist |ayer. Besides
flatnessaghiringairgeessinge Al of e aforementiceedposkssesdnigally gmpleyayinse
be further influenced by other factors such as the
step to remove any particulate material that is generated from, or is a by-product of,

these processes.

[0005] Pattern collapse 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
vaiue 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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mechani cal strength of the resist, application of
ot her coatings, i.e., anti-reflective coatings (ARC),
and the nozzle type, position, and centrifugal forces
during spin-on application of the photoresist |ayer.
5 [0006] A main contributor for pattern collapse is
the capillary force of water during the
patteso sollagee ralern maydre/iurthesinfiygnced dy otherdaciorsBuch es the . |
"Mechani sm of Resist Pattern Collapsed During
mech@anjesl sisengtiPpbibesesist, appiication sfxther ¢elajings, i. 9o lanti-3eflective
1993, pp. 6059-64. Reducing or elimnating the
coatipgs (AR(e), aod Heomzale type pasiiicon, sndeandrifugaldercpatutngispin-on
devel opnent rmay be used to reduce the capillary force
application df $heeplaoioredisblayehe patterned photoresist 10 | ayer.
Two comon approaches, to reduce or elimnate the
[000&]ur A anain cantdbgor fof pattern coliapse i$ thepudagjllaryefprdecoftveater during the
freeze-dry the patterned photoresist features or
post-deyslopmentpieying stage.asdee TanakdsT.t et alr, yMethmnizm bERasist Pattern
phot oresi st | ayer after devel opnent. Both of these

- Collappegxt DutdheBevealgpardyacess”™ elpnr & ApphHhyst, Wol. 138, $9%3) ppabab9-64.

speci al equi prment that are not conmonly used in

Redusingi ar @flichirettiog thibesurtage ftermiorceftthe rinsd iqUid afdat] pattemodevelopment
comon approach to reduce the surface tension nay be

may be useltitoaeduae thacapilarytforce tieatnis assrtdd authd palfemed Iphbtdrgsist
to reduce the surface tension of water at the air and

layer| iTgwoiabmmdreapmoaches, freduexntr élimpoate drecsurfacedension eftthie rinse
of applications because decreased surface tension

liquidgenag beltb freezd-ditydbe pattemed phsiadcesist fédtngs of employrsuperdritieal
substrate surface. Surface tension reduction in

fluids\ta tley thb patdmsy phetusesist [ayen aftert devetopimiest eBothiuf thugle t he
20 addition of surfactants. Equilibrium surface

apprdaehss may pequireraxira eeariusadtunig stepd anvdspecidh equipyehetmat are not
at rest, though the ability to reduce surface tension

commontieusedhin asmicoadnctot device fabdcatibngr eat 1 nportance in
applications where high surface creation rates are

[0007) s édmote @xmmos ppproaciatd reduce tie dunface sy mapbé igaddad
the like. Dynami c surface tension provides a mneasure

surfacianttio ¢heatindel liquido fTHelebilitw tdutedace the Judiaeds tehiglohast evater at the air
tensi on and provide wetting under 25 high speed

and liquip lintedddens of great impantancd i 4 harsty bhappiicstRing because decreased
appl i cations such as during spray application, it is

surfacedieasibageosraliy feldted ldnsreaéadivatiihg beddRe 8n tesisbistrbRCSurface.
tension of the -3

Surface tension reduction in water-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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e formulation in a manner that mnimzes the problem
of bubbl e generation and foam ng. Foam ng and bubbl e
generation may |lead to defects Consequently,
consi derabl e efforts have been nade in the
sem conductor industry towards solving the foam ng
problem [0008] Japanese patent JP 95142349A
formdaticer in laaparerda! ithed nenifizesrthe erdidare af bublile geaeratidn aod Foaawng.
amoni um per f 1l uor oal kyl sul fonate or perfl uoroal kyl
Foaméndnang baltkde gendratiordmay legddo defmits) tGomsequently nemsidecalile efforts
[0009] U S. Pat. No. 6,152,148 describes adding a
have beeh acdernit tteussmieenductadr industy towWwaxds aolving iiak Batmétg problem.
al kyl quarternary amoni um hydr oxi de conpound to an
[0008] quiapaseseqiai¢ntdF AEIdA349A desaibes adiiogadluctioe-baséd surfactant
having a poly(arylene ether) 10 dielectric film
such as atrinmaniurh perfluchdaiky|siidigte Tn pediubroaligt ethoxgiate tt\theRieneloper
al., "Pattern Collapse in H gh Aspect Ratio DUV- and
solutia® 3nrimdedligjukt. s”, Proc. SPIE-Int. Soc. Opt. Eng. 3999,
313-321, 2000 ("Donke"), describes adding surfactants
[0009]0 U.I%: Rt W, G2, Bi@ ddsicobed addisgla sarfadtantsossiabiad i ty of
pattern collapse of acrylic and cycl ool efin-maleic
fluorosotiyctantémdrasietra bikyl qletetisany Barharion hydaeidetcomipound to an
devel oper solution was the solvent, isopropyl alcohol.
aqued\ecspgtionqised tddeke sermitenadidod wallers iedvirige pdig(anflend ethel)
in the devel oper solution did not have a consi stent
dielectiid flet coating aftéreaCiP. col | apse. [0011] PCT application WD
02/ 23598 descri bes addi ng the surfactant amoni um
[0010] athhyglartidid, fldnekd, IW.@ thal., deaterh Tilagdd in High Bspedt Ratio AUV-
devel oper and applying themto a 20 patterned
and 1pBOhReBLS| Plog. SPIH-I.ZS00 Optl Bny. B89% J16s321¢ 2060 (pomke”),
defects. [0012] Japanese Patent Application JP
described @3ding Audadarits ie theadisleRpeh odlutic ©reddde the passibility of pattern
solvent, and a surfactant to a post-devel opnent rinse
collapk@ opagyRNand@iciodldlin-ralkbicaptgdridéoreSBRe | THeC satfddtantt addes] to
were nentioned. [0013] PCT application 87/03387
devel6iRs GHiUIeS wak Hiesddrd, iphrbpyietdohbl. | AagRRnPRADGRKe, tRS addition
di stortion or degradation by heat generated during
of thees@hichtht'an theodd@loplef 86lafiGiedidmot have a consistent effect on pattern

collapse.

[0011] PCT appiication WO 02/23598 describes adding the surfactant ammonium
lauryi 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 fo 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 o the post-
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applying a thermally stabilizing, protective filmto
the substrate prior to the post -4 devel opnent bake of
the i mage. Materials used for the filmincludes
fluorocarbon surfactants, filmform ng pol yners,
chrom um sul fate, trichloroacetic acid, chronotropic
acid, and salts thereof. [0014] The article, Cheung,

deveigpment bdke, of thie Bragey MaterialSiuagd tor dhefildincludesiiworpearbon
0.18 5 mcron Photolithography Process"” Proc.

surfa@Bht; filnt forBing .poHmers,EingomBeogyifaks richicrpacatio@cid, chromotropic
("Cheung"), discloses the use of surfactants such as

acid, aod ghltsathdraobnyl phenol et hoxyl ates such as TRI TON(r)
X-114, X-102, X-45, and X-15, in the rinse solution to

[0014]| i Theraaticle t Glieungh©Gt ebrads I'A Studysif duingla Clesedglentattdexd 18
contact defects. According to Cheung, the use of

micropRHoddlitlrography Rrbeess?” Reec. SbllcintoSoal i@ptniong. (3988 T8-ndit 12000
success. 10 [0015] U. S. Pat. No. 5,977,041 describes

(“Cheainpt) sdisclosasithe nge obspréctants sucheassatityl and nobylahenol ethoxylates
i ncl udes water, a water soluble organic acid, and a

such aa TRITGNRUGH #4,941 03 0e45,caridVé-18giarthe rinsehgplution to eliminate the
surface-active agents include oligo(ethyl ene oxide)

photoresigioesidiee il single atoskd ashtachdefects e Agtarding talCbebng, the use of
group. [0016] WD 00/03306 describes a stripper

surfactantdo she rircse dohuion dichpotiseddamuabdsucdesse of 15 a
solvent and a surfactant wherein the anmpbunt of sol vent

[0015] a3 Plat. dNo. SR T 043 dsoritedsoa postSrippinge agheoysaimsersolutibn that
the total conposition and the anount of surfactant

includesvgter, Bvaater sohdild o@adictazichbod & vdllenvariiuiie syréaceeadtive igent.
the total conmposition. [0017] U S. Patent Application

The shifac28€Re GihEbRAAcialirs aligofethylanalexidé )oqpenpoands having atleast one
solution that each contains an anionic surfactant such

acetylesicagiaamial giouper f | uor al kyl 20 sul fonate or anmoni um
perfluoral kyl carboxylate. These solutions are applied

[0016] N WO 0003366 disaribes apidppee compositiore thap edrhgrisescnl ddupisere of
[0018] The article "Collapse Behavior of Single Layer

a solvéfABaraha sdfattamtwResais thes arisentalf solertirandesftan abodt & to about
Rinse to Realize the Sub 130 nm Nodes:, H en et al.,

99.9 viglghtpeecent bf thRestabdomimsition/smd this aseast afguthetant ranges from
Proceedi ngs of SPIE, Vol. 4690 (2002), pp. 254-261

about 0.1 to about 30 weight percent of the total composition.

[0017] U. S. Patent Application No. 2002/0115022 describes a developer and a rinse
solution that each contains an anionic surfactant such as ammonium perfluoralkyl
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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25 ("H en"), applying a rinse solution of .10 % of a
fluorosurfactant and water to a substrate -5 after
devel opnent to reduce pattern collapse. According to
Hein, some of the fluorosurfactants used worsened the
col | apse behavior. [0019] Yet another energing problem
in the production of sem conductor devices is

after pvaticpreait $6 redaog bathas callagsea Adcordimetoddige, soimenofthagl e
photoresist line which is referred 5 to herein as

fluordsurfactactg @ised worseeed thd tdRhpseobetimdr. edges of
photoresist line which is referred to herein as |ine

[0019})i difdt anothgheressyind MBplenlinnke piodiubtioroefgiendasdustor devices is
typically neasured by the variation of line width |

photoregistrotighness) siicheal iarontiedge oflaziryts photére€Bt ine Whieh is2@@3red
I nternational Technol ogy Roadmap for Sem conductors

to heretrogs Niresedgeabughirest YWEER)E or both lidge8 &6 phiotbresisOine wAtich is
exanpl e, the LMR, as neasured by the 3a variation of

referréd Behdréinvasding, witkbubaghress(tWRR  Binewidithrotidhe89 istypically
technol ogy node and within 2.0 for the 65 nm node. A

measuid I8 thie QaridtRntad life widiairomels requited &itical dimepsion (10E8).SThe
I i ne roughness, include, for exanple, photoresist

2003 fra¢mutioral Techrolayy, RomhepUibaSemiogtlictoRequitdsahatiee QWR be
di stribution, resist polyner structures, photo-acid

within(B20 F tHeaTB) Fanéekaniphe ahe LAIR] dsanbasupddibethel 3aciapiation of line
(i.e., acid diffusion, devel oper percol ation, shot

width, \ebiA@ be Withla 3 BradbiNgie 90 riw techhslogy Abdd dnditdih 2A0r the 65 nm
| atent image profile). Previous attenpts to reduce

node. PAGLABIYDF fctdrs, tRat AagEsIRHsUtE & Bifdteresishindibaghmdstsf ncihide, for
t he photoresist fornulation and adjusting the contrast

examplk, pioresisERMUlBTIRDE ., MilddarAldifinuablesulal aeighbdistribalicen,
been commonly used as a post-devel opnent rinse

resist pOlyHier 8ftuctliiee Sghdi®bbitiigeRsrataiy) A procesf dribbMelatéd factors
reduci ng the surface tension under 20 dynam c

(i.e., sepn@lifbdion HevéibpérRircolititRs Sht Polsel AABK FRIGhhes; ahll the quality of
undesirabl e side effect of foam generation. Because

the lateht iR DroMSN FrevibiiCattdmMRts t& fldute PRoterdsid lihe Rdughhess defects
surfactants wused in the art may not be effective in

includé @Sbtifying td phatbresReforAliRESS andaafubHHY tAE lc¥niPadt befhe latent
col | apse defects, in the sem conductor device. [0021]

imageAl | references cited herein are incorporated herein by
reference in their entirety.

[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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25 -6 BRI EF SUMVARY OF THE | NVENTI ON [ 0022] The

present invention satisfies sone, if not all, of the

needs of the art by providing a process solution and

nmet hods for using sane. Specifically, in one aspect of

the present invention, there is provided a nethod for

reduci ng defects in the manufacture 5 of sem conduct or

devi ces. The method conprises: providing a substrate

conprising a phopRIMSHIFMMARTIOMBHE BNENTION t he

substrate to a radiation source to forma pattern on
fboz fhatrapeskatinveAitn sagsfied ey, Nt all, dethe Inopdsrof the art by

ution to the substrate to forma patterned

ph@wa.a@amocessasbmga argrnétbods foyusiigremeg Spheificalih 41 eng aspect of

wi th deioni zed water and contacting the substrate

Wi thi peesentdnvestionstbinetis pravideshd metiod dor sedising ggtecly l‘fﬂmf(ﬁ"a”“fac“‘re

ppm to about 10, 000_10 @I%;Lnﬁ#;%pﬁ}( "%gﬁesstf {.;g%or%ﬂnsmga
)

Rtk ot ho by radfR gy oo e

: HNI’-hﬂ resisécxeﬁ% ing lap*al@ég g%@%gl‘g@n(@he{s&érﬂ% Brohith Hattemed

10

15

photoresist coating; optionally rinsing the substrate with deionized water; and contacting
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), (it}, (U, (va), (Ivb), (V), (VI), (Vil),

(VINl), (1Xa), (IXb), {IXc), (Xa).-Ob), (Xc), or (Xd):
o [ 0\.)\)

e &_ﬁ*‘c’/\%ﬁ N

Re'““”_('o/\’}n/o " Rz'——('o/\%(o \/l;qo"

Ry Ry
i I
Ry
| CH.)r  (CHy)s
Rs (OCH,CHz)OH /( \2) S
R{——NH N HN—R,4
w H
i IVa



YRa (C\r RLNHNHRA O IVbV R R2 (OCH2CH2) nOH
(CH2)| R7- i+ Ry Z- R3 (OCH2CH2)nOH R8 R4 VI M|
Rio\N(CH)r-N(CH2 OR' )s-N R/ | x\ OH5 Ro
Ro VIIIl R-NH2 R-NR4 R-NRA 10 R2 IXa IXb I Xc

Py,

.- NH(CH2CH2O) mH R, - N(CH2CH2OmH R -N-R2 15 1 1
CH2CH20) " H ((; H2CHR2OmH  Xa Xb Xc -8 ($H2CHROH R
N\ / ( CH2CH20) nH

| N

X R,
o
o
™~
(CHz)l' Y R4
Ry——NH NH—R, 0
IVb Y,
R4
Ry—————(OCH,CHo)mOH
Te (CHy);
Ry—N+—Ry 7- Ra L (OCH,CH,)nOH
Rsg R4
Vi Vil
Ry 0 R
N-FCHo)—NFCHo),—N
x \ OH
R10 R
5 Rio 10
Vil
Ry — NH, R, —N—R, R,—N—R,
10 Ri2
IXa IXb iXc
Ry-NH(CH,CH,0)H R;-N(CH,CH,0).H R-N-R,
15 | !
(CHoCH,0),H (CH,CH;0)mH
Xa Xb Xc
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CH2CH2N " (CH2CH2O)iH Xd wherein R, Rl, R4, and R12
are each i ndependently a straight, a branched, or a
cyclicalkyl 5 group having from2 to 250, or from3
to 10 carbon atons; R2 and R3 are each independently
a hydrogen atom or anal kyl group having from1 to 10
or froml to 5 <carbon atons; R5 is a straight, a
br RO a cyclic alkyl group having from1 to 10
bon atons; R6 is a straight, a branched, or a
R““‘t‘:’&icl ic al kyl(cggm),t]aw ng from4 to 16 carbon atons;
R7\ R8, aljd RO are each independently a straight, a
braﬁUiQﬂiN or a cyclic 10 al kyl group having from1l to
6 carbon a\[@"gCR%@)II‘HS i ndependently H or a group
O R11 xgepresented by the followng fornula OH; R11
is a straight, a branched, or a cyclic alkyl group
g from4 to 22 carbon atons; Wis hydr oge

Whel’%lﬂ Mngﬁngﬂq@{ﬂ eagh dngependenity apt@lgpte%gf@ncheg ora cychca!kyl-

i ndep endentl a hydrogen atom or a h droxyl group;
groupy fsavmqféemaéo Qrﬁrf@ﬂh é‘PéQ)‘Fﬁr e Q&Pgup
or a carboxylate 15 grou g are each
'"depﬁmﬁ!}ﬁ'é@déﬁﬁ’f‘?%ﬁﬂa?‘%r%éf‘a'!(ﬂaﬁmh‘%hw f"?‘b‘rﬁ ‘9 1lod3fi(§’m ﬂ t‘&ﬁd
s are each independently 2 or 3; is a nunber th

carbop a’tﬁ{j’@% Resri® sty algbt Z be"‘P'?daOh%l FydiE a"TYbQWé‘E haying grom 1 o

X is a nunber that ranges from1l to 6. [0023] In yet a
carbon giarTeReds PEbRIGHI. atiangheds ene cydlo iyl oieup PRMRG frogi 4 to 16

provided a nethod for avoiding a collapse of a .

carboa ANy fdRpanddrapre gach independendy @fStrﬁ'qulﬁ@PP@f}Pd@PF a cyclic

substrates and 20 reducing photoresist |ine roughness
alky! greup hadng ffompt 9.4 earpen atoms; ﬁ 10 1§ isiapepdently dhpr @ SIP a

phot oresi st pattern devel oped upon the surface;

preparing a process solution c j-hg-r,from 10 ppm

to about 10,000 of at | e surfactant having the

formulas (1), (I1), ( ), (1Vva), (IVb) (V),
I V| I X I , (I'X
repregebled b N bt s hor 6i & cont act | g e FIPEY 2
brancﬁ’éﬁ) T%? g%&falc\’\éllt(yl gFou% i v%%q‘?om i% % 'cg%onda%rﬁg 'Wné Q%y&rogen

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; 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), (i), (Hl),
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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
adhesi on tension value 5 of the process sol ution;
providing the plurality of substrates wherein each
substrate wthin the plurality conprises a
(IVa),dh6y) oV sV (\ht i (laeﬁ mwmmmx@) 4¥e) areXd) dascribed

contacting the plurality of substrates with the

- herein; coptasting e irstaubsirate mith Al pricess selutions deteymining @ surface

process solution is 30 or below. [0024] In yet a
tensidn andre eondagt@npleqs! thenprogessssatutidnureteifiost subsieate; mugltiplying the
provided a process rinse 10 solution to reduce
surfagectension by the cosine ofdhe cordadanglectoquevide thegddhesion liensiar alue
t hat has been patterned and devel oped conpri si ng at
of the|psegstss sakitiorirprovddingthis plalityl of substrates whetedn gachugubstrate
consi sting of an aqueous solvent or a non-aqueous
withindloé plemalitaeeprises éaptotarasisispatieat developesialpootthel stifane; ahd
group of surfactants having the formula (1), (Il),
contagtingl the pluralidy of gubwirdtes With the phickss $alution if {helddhisiof ketsjon
(I Xb), (I1Xc), (Xa), (Xb), (Xc), or (Xd) described
value pbtheiprocess sption s Iherdelamd ot her aspects of the
invention will becone apparent fromthe follow ng
[0024]i e traydt efudearasppttiaf the BREER IMDEGORN,RITCENs provBIEdERbcess rinse
VIEWS OF THE DRAW NGS [0026] FIG 1 a provides a
solutian togsdweemidtienatoliepse defegtsaindbe sorface afraogptarhte(tB&W)as been
image 20 of a 193 nm photoresist coated substrate
patterhexy amdyd@lopeddompeisingrad sashorie dampiet mediuemsklecte®irdin the group
aspect ratio that has been treated with a dei oni zed
consistiag of an ageenus[spi2i] o Bn-bhuenus\sobleat andatdeast vae sudactant
SEM i mage of a 193 nm photoresi st coated substrate
selected fromgh 8 groum af endacthnta daying te tbrmpukadh, (1BAEN)a(1\B3a)7 8Vb), (V),
aspect ratio that has been treated with a process
(V1), (&bl tHipiXa), (g, (BXa)s@da), (Xby €XE), on(Xd} Sepfihedlhefdifiss. 2a
t hrough 2c provi de cross-sectional SEMimges of a 193
[0025 nT hgsectrol atbersspectatoé thesorsttioa tvall bédomie Hppeaentdmim thiet h
dei oni zed water; a process solution of -10 the
followipg dstailed desaziptiomn cont ai ning a Fornul a V surfact ant
and Formula Il surfactant; and a process solution of
the present invention containing a Formula VIII
sur f act ant,
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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respectively. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON
[ 0029] The present invention is directed to process
solutions that are used to reduce the nunber of
defects incurred during the manufacturing of the
sem conduct or device and nethods of using same. It is
believed that treatnment of a substrate with the
the pﬁqsgeggagentgqm qpntaining, gqu@u[@n\ésgfaqmt@nd Formula i surfactant and a
surfactants-present in _mnor apounts- PrOVIde at
procgsssolutiop obthe RresenlinveRtian %ﬁ'@ﬂgt%’:mﬂédﬁjg’ﬂ urfactant,
post - devel opment defects by inproving the wetting of
respgqtielyol uti on on the surface of the patterned
phot oresi st |ayer; reduce the capillary forces
exerted on the patterned |ines thereby contributing to
- pattern col | apse_defects: inprove the photoresist
line roughmEAILEBRESCRIPTIONIOR THE IV ﬁWONhe li ne
roughness. Further, the process solution works nore
[0029 Rresent m‘ﬁ?nﬂ‘}"h lﬁrﬁ'@cfﬂcﬁ@@r@qeﬁﬁ selutiers thiat are used to reduce
relatively mnor 15 foam generation conpared to other
the nymbeeefideieds ncoged dugingthednamifagiering of the serpgpndusor device
process solution of the present invention can be used
and methadsyelrising/same. [iobelioved thagfreataent of & Rebsimirville therprocess
of a sem conductor device such as for exanple,
soluttpn thﬁmgﬁ SR pr prose sudaciantatpresent in minor amjoysts; maygirevide at least
%e bead renover, and anti-reflective coating (ARQ
one C§ énligwminarenefitss redsice ircpldgyelopment d@fegtsmn@prqwf@ the wetting of
sidewall film stripper, post 20 strip/ash rinse
the selglion ¢rothe; surfate of meemﬁeﬁ@dmmmstéwam nedues the capilfary forces
additives to RCA or other standard cl eaning
exertedpotheopaiternagplinesdhereby gontdinpting| te pattery cobikpas dafects; Angrove
process solutions for critical cleaning or precision
the photerpsishineg wugheessypgadiesp of thearrigionef the linewmughness. Further, the
preferred enbodinments, the process solution of the
process eglgtion iwntksindrerefiesijivaheinalyphoicginsgssituatidnstwithgelagivgly minor
rinse solution in addition to, or in place of, a
foam generaticredompared to pitee surfantaris peasenthcusedtin Wi #it.n t he
process solution may allow for the reduction of
[00303  Jihei foodasmsahudion of thermresant infvagiéon eandbeousedtin lagvariety of
mnimzing foam ng. -11 [0031] The process sol ution of
procestes 1etatedtnt the mamfacirernfip semiendyctar dewied such@sderexample,
medi um an aqueous- based sol vent and/ or
lithography ppeess solubionsd i.eorinemtresiSthedgechaad remover, and anti-reflective

coating (ARC) solutions; post-etching process solutions, i.e., sidewall film, stripper, post-
strip/ash rinse solutions; wafer cleaning 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 cieaning 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.

-11 -



10

15

20

25

"agueous" as used herein, describes a solvent or
[iquid dispersing nedium which conprises at |east 80
wei ght percent, preferably 90 wei ght percent, and nore
preferably 5 at | east 95 wei ght percent water. The
preferred aqueous-based solvent is deionized water.
I.n enbodi nents wherein the process solution is

[003Yy uEstRropessepiution qfih%@ﬁ?'abdn\éentw maydiaveégst cPHe phase or
formula | through X surfactant denonstrates a dynam c

medagmrwepgﬁg)pgﬁgs@yeqt@gg!q RaPragueqipriased solven te\ e term
concentration of less than or equal to 5 weig

aquwcgﬁps%her% desqibes asoluet ar fﬁﬂﬁkﬂ"%ﬂ%‘é’&ﬁﬁ@d&‘ﬁo‘f"&!%g
to the maxi mum bubbl e- pressure method 10 of neasuring

Com@aw aleastwvaighiReseent guraferaply 80 weight pewgat, apd more preferably

432, which is incorporated herein by reference in

at qus{ gs yﬁtgh; gerpent wafsp] Thehprefastd aauepds-hasadsalvent is deionized
non- aqueous solvent is used in addition to or in place

watelg fin gmbggimsnis whereirethe pfoeasssolufian & aquentshaped diie 69@" able
solvent selected will not react wth the at |east one

that af lnesheneaiormular tiaongl Xtsvefpetant destenstrataicn dynasic aHifage-tension
the process 15 solution, or the substrate itself.

of lesgffansdy dynesiameat %C@WF@PUQEO" eflessathan apeayal e B apighs percent in
hydr ocar bons & . pentane or hexane); hal ocarbons

water(q; 2390 apd ddwb Ip@ecogql re¢aidipg to the m@glﬁyrrglptpmle—pasg@ method
t et rahydr of ur an (THF"% et hyl ene col nononet h

of meéﬁwmg sustace tengiandgegaben;in @E@W’fﬂgﬁél 3.rf2fy432a whi I'%s

] CH3CN); or aromatic conpounds (e.g.

'nCOfFlféﬂtf therein by refaeence &t its entirelyt her exenpl ary sol vents
i nclude | actates, pyruvates, and diols. 20 These

[0032} o iy erbedimants weerelsoraguasys spivantiegsedbin adsiiioore or in place
1, 4-di oxane, 1, 3-di oxol ane, ethyl acetate,

of an ég@%ﬁ@;@%@h@m@%ﬁ@iﬁé ,thein%em;aoug Spb'ﬁ@tﬁ&iﬁtéﬁbwﬂi not react
(NWP), and nethyl ethyl ketone. O her solvents,

with theral lgast oferpetfastanigrantatnetbihediinvitivgr | asiditivesrvitlein the pRochsA
pyrrolidone, ethylene carbonate, propyl ene carbonate,

solutiey), p& thegsubshiatediselfv Suitable solvents inchideebiet ata dobliritad tout ed
versions, acetic acid anyhydri de, propionic acid and

hydroggrbpns(si. anbentans dr kerapd): ihalocadione (¢ Feadnf i, ethers (e. g.
benzophenone, di phenyl sul fone, phenol, m cresol,

ethyletherdEb§). teteatydrafgran (dibiifip m}ﬂylenermol tr@npmeﬂwl ethan@r ehe
like. Still further solvents -12 include propylene

methaxylygtbpl etherddiglynes) h eitriePGRE). CHENyawairomaticheompounds (e.g.
3-heptanol, 2-nethyl-1-

benzotrifluoride). Still further exemplary solvents include lactates, pyruvates, and diols.

These solvents include, but are not limited to, acetone, 1,4-dioxane, 1,3-dioxolane, ethyl
acetate, cyclohexanone, acetone, 1-methyl-2-pyrodidianone (NMP), and methyl ethy!
ketone. Other solvents, include dimethylformamide, dimethylacetamide, N-methyi
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, terphenyt, and the like. Still further solvents

-12-
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pent anol , 5-nethyl - 2- hexanol, 3-hexanol, 2-heptano,
2- hexanol , 2, 3-di net hyl -3-pentanol, propyl ene glyco
net hyl ether acetate (PGVEA), ethylene glycol,
i sopropyl alcohol (I1PA), n-butyl ether, propylene
glycol n- butyl ether (PGBE), 1-butoxy-2- propano
-methyl -3 5 pentangl, 2-nethoxyethyl aceta
mclu@ g‘gpgg%gh@ﬂl(ﬁmpg gg'teﬁ &P@gghweté | gthamnol %-hegtanol 2-methyl-1-
pent anol , and propyl ene gl ycol nethyl ether.
pentdioh ST BGHE NEEHAL L BB PPIARD. 2N ehug, S Buk-pentanol
al one or in conbination with two or nore sol vents.
prom['mm mediy ?H]eﬁ agsiptePRRIVIEA), ethylens alycol dsapspri plgahol (IPA),
contain at |east one non- a ueous solvent that is
n- butnh %’e@rbp@pvlﬁna diysalnebulyl afber ERBESr 1butayyapropprel methyl-3-
In these 10 enbodi nents, the anobunt of non-aqueous
pentadg|. gaRetharysiny acelate, Pduiayetignok Prihqrypthybagpioaceiale, 1-
about | to about 50 % by weight with the bal ance of
pentangk agé prrpylengidiyrohmekwy! phet cEhe najhpqHeays selyRpls umspratrd
aqueous sol vent. Exanples of water-m scible
abovqe]may guised sloneqinjre AeEbINARINWEN QR PraRBTe SAlYeRbTol |
sopropyl al cohol, and THF. [0034] The present
[0033§ ol Iy £RIN @m?ﬁﬂl%@ﬁs fthe Riocesy gpldtipnonay pemtpinrat igast eag pon-
one surfactant 15 represented by structural formulas
aquegus spiveng thakis migpibledn asaquaeyssRient ohispvategmiscible. In these
' amphi philic nature, nmeaning that they can be both
emboﬂy@ﬁnﬁa Khe pRoHAPTNParasEeLs 80 ‘éﬁntwibmstaﬁ@queﬁ‘e’ solution may range
phillic surfactants possess a h |I|p_head
from @be’uﬁ t@ BbeutdiP%s bywreight withibe halagee eﬁ m within #ye process
wat er and a | ong hydrophobic tail, which is
solution RMBHRNG A aguePUsEobest. earenles ghwatge-miscible neraqueous
formula | through X surfactant used in the present
solventsnatiidednethapol2ethbeo; isapropyiialeohol, apd diife, cationic) or
noni oni c. £0035] I'n certain embodi nents of the pr esent
[0034] nVentpresent seletiqn earaprises font 1ot HRY00 prMhRHeas@ngrsurfactant
nore noni onic surfactants that are acetyl enic diol
repregpnted /by stiuciuraliioemuigs |t thaeudinX.s Twtical isurfactants exhibitwaramriphilic
may be represented by the followng formula |I or

naturg, opganing that theyg can Be Rath 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

formuia Ii:

-13 -



wa OHR POH Ry Il O HR2 Ry off R R | 11
wherein R, and R4 are each independently a straight or
a branched al kyl chain having 5 from3 to 10 carbon
atons; R2 and R3 are each independently a hydrogen
atomor an al kyl chain having from1 to 5 carbon
atons; and i, m n, p, and g are each independently a
nunber that ranges fromO to 20. The surfactants are
commercially available fromAir Products and
Chemcals, Inc. of Allentown, PA the assignee of the
present invention, wunder the trade names SURFYNOL(r)
and DYNOL(r). In certain preferred enbodi nents, 10 the
acetylenic diol portion of the nolecule of formulas I
or Il is 2,4,5 9-tetranethyl-5- decyne-4,7-diol or
2,5,8,11-tetranet hyl - 6- dodecyne-5, 8-di ol . The
acetylenic diol derived surfactagts may be prepared

in a nunbef of ways including the t hads scrilbed,
for exg o °S. Pat. Nd% EP/pon
1115035A1 ich aré€ assigned to the assignee of the.
present inyention and incorporat herein by reference
in their tirety. 15 [0036] In flornula I GQS}EEL t he
al kyl ene okKi yebw es repre t he
(n + M™po ﬁ%??géﬁbethylene oxi de (EO) ndl ar un??g
and the ,eties represented by R OC3H6) are the (p +

gq) polynerized propyl ene oxide (PO nolar tiunits. The
value of (n + n) may range fromO to 30, preferably
from1l.3 to 15, and nore preferably from1l.3 to 10.
The value of (p + gq) nay range fromO to 30,
preferably from1l to 10, and nore 20 preferably from1
t o 2whetein R, and R, are each independently a straight or a branched alkyl chain having
5 from 3 to 10 carbon atoms; Rz‘and Rj are each independently a hydrogen atom or an
alkyl chain having from 1 to 5 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®. [n certain preferred embodiments,
10  the acetylenic diol portion of the molecule of formulas | or 1l 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.
15 [0036] Informulal and Il, the alkyiene oxide moieties represented by (OC;H,) are the
(n + m) polymerized ethylene oxide (EO) molar units and the moieties represented by
(OC3Hg) are the (p + q) polymetized propylene oxide (PO) molar units. The value of (n +
m) may rahge from O to 30, preferably from 1.3 to 15, and more preferably from 1.3 to
10. The value of (p + q) may range from 0 to 30, preferably from 1 to 10, and more

20 preferably from 1 {o 2.
14



[0037] In certain preferred enbodi nents of the present
i nvention, the process solution contains from10 to
10, 000 ppm of at |east one surfactant represented by
the followng formulas (111) through (X): RL RS
(OCHZCHZ)t(}I (CH2)r (C 2)s WRI -NH N HN-R4 5 III | Va
O/(C2)r YRA RL NHNHR4 OIlVb V
[0037@ O@HE@!FIE? P[?fﬁ" ?@PIZ'PQC"F@PJ‘F@MF@E E’Eﬁ?"t WEGHQV‘R(BEPC‘?% SRJution
Vi 10 ORl ~ Rio -N CHZ) 1- N x (t H |
contains fm 10 to 10,000 ppm of at least one su actant represen ed by the following

formulas (1l) through (X):

R4
RS (OCHchz)loH (CHz)f (C Hz)S
R Nl'{ N \HN
W 1 H Re
i iVa
O
X R,
o
O
~
(CHa)r Y R
yd
R——NH  NH—R,
Vb A"
Ry
Rz _(OCHQCHz)mOH
Tﬁ (CHy);
R —N|+-——R9 7 Rq—————(OCH,CH,)nOH
Rg Ry
Vi VI
—R
Rqo\ © i
N-F(CHa),—N-(Cta)—N
/ X OH
Rio

R1o Rio
VIl
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Rro Ro VIII -15 RI-NH2 RI-NR4 RI-N-R4 | R12 5 | Xa
I Xb | Xc R1- NH(CH2CH20) mH R1- N(CH2CH20O) mH R1-N-R2 | |
(CH2CH20), H (CH2CH2O) 1H 10 Xa Xb Xc (CH2CH20)mH R
-\ / (CH2CH20) nH CH2CH2N \ (CH2CH20O)iH Xd 15 [0038]
In each of the above fornmulas, R Rl, R4, and Rl2 are
each independently a straight, a branched, or a
ReycIiNH: al kyl group Rroff2-Re 25 or from 3 toRi16- Martfén
atons; R2 and R3 are each independently a hydrogen
atomor a straight, a branched, or a cyclic alkyl
group having from1 to 10, or from1l to 5 carbon R
atons; R5 is a straight, a branched, or a cyclic

al kyl group with 1 to 10 carbon atons; Re is a

P& rai ght or branched alPfyl group 20 with 4 to 1dXc
carbon atons; R, R8 and RO are each independently a

RAGIAHIDLE DRGNS SRR

car bon a I s i ndependent or a
OR11 /--~C group r 2@_@6)“@ by the formul a(éﬁzéHz@)},H

is a straight, a
Xa Xb Xc
(CH,CH,O)mH
R—N (CH,CH,O)nH

CH,CH,N

\(CH2CH20)iH

Xd
[0038] In each of the above formulas, R, Ry, R4, and Ry; are each independently a
straight, a branched, or a cyclic alky! group from 2 to 25 or from 3 to 10 carbon atoms; R;
and R; are each independently a hydrogen atom or a straight, a branched, or a cyclic
alkyl group having from 1 to 10, or from 1 to 5 carbon atoms; R is a straight, a branched,
or a cyclic alkyl group with 1 to 10 carbon atoms; R; is a straight or branched alkyl group
with 4 to 16 carbon atoms; Ry, Rg and Ry are each independently a straight, a branched,

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

O—Ry1

group represented by the formuia OH : Ry 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, or 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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branched, or a cyclic al kyl group having from4 to 22
carbon atons; Wis a hydrogen atom or an al kynyl
group; X and Y are either a hydrogen atomor a
hydroxyl group; Z-is 25 either a halide atom a
hydr oxyl group, an acetate group, or a carboxylate
group; i, m n, p, q are each independently a nunber
indepeadghthp2 oF Srhiva numper rangingadrem 8rte 2piHe la nuneber ranging from 1 to 5;
i ndependently 2 or 3; t is a nunber ranging fromO to
and xis g nyrebey rangihg: fromahnigi thgExarapied of iordula Birsyrfactagitsdnclude, but
nunber ranging from1 to 6. Exanples of Fornula Il
are notiirhigest tand S-dimethybi&helyn-3-chaed Adtdimetiyi-ddeptanol. An example of
3, 5-di net hyl - 1- hexyn-3-0l and 2, 6-di net hyl - 4- hept anol .
a Formgula Menpuiractant inglupies.rhuit s noydimitad taa dN, lihbis{ 1n-HimersBylbugul
is not limted to, N,N -bis(1, 3-dinethylbutyl) 5
ethylenehgibmine. dinexameple aha Examplee/ siffagtand ineludas \bul ig fietdimited to,
includes, but is not limted to, diisopentyl
diisopentyl tartrate. An exampié of afommila Mislidaciantdneldidast buttis not limited to,
i ncludes, but is not limted to,
dodecdidesithiarimeniog ehionxte. ukn eXxdnapie dba Farmga Mipsusfagtanbincludes,
Formula VIl surfactant includes, but is not Iimted
but istrwt lidjtad 10, 24, & O+einanéthyl-4, 7 dedanadicl. dhroexample ok a fprpulafVill
a Formula VII1 surfactant includes, but is not
surfattant ingddeso pbutia natitiloided tof adiaddimtob diethylenetriamins dnd n-butyl
n-butyl 10 glycidyl ether. Formula I Xa, |Xb, or IXc
glycidyliethac t EortraiicaliXa, Pth, wa X sutctamttaang priovary,esetodayy, anitériiary
am nes. An exanple of a Fornula | Xa surfactant
alkyl aminead &a,exbonple of anBormitilar Xaeslirtaotant mchuges, tiut &s. ndtkimited &o,
Xa, Xb, Xc, or Xd surfactants are al kyl am ne
octylamihex fbatda Xa, K6,089 Jor Rdesupiactasissare alkyt arinerafhyoxylates.
optionally contain a dispersant. The anount of
[0039)i Sihermsagess tshintion saydgdidnally dohtairpa dispessast| Tha amount of
ranges from about 10 to about 10,000 15 ppm '
dispesaef thabislagded tuthe Jodass sbhutibn Sariges fropnaban dO teakout 10,000
preferably fromabout 10 to about 1,000 ppm The term
ppm, dredgrablyaabbut Hstoustadt 5808ippm, ded ardrd peferablydrondabduid 0 to
enhance the di spersion of particles such as dust,
aboutpl, @@kegrn N Fhe ésimddisperbatid acasdahvesein, desicabesomipminds that
pi gnent or other contam nants within the process
enharsel thé dispersidinsy @astiidsssuck wistdabl, prdcessihdn eesfrfues hydrocarbons,
i nvention preferably have a nunber average nol ecul ar
metalweidgb} pigiiént drattherapgsnihartswithiouhe pibcess adlotidn. Mistdiants
[ 0040] The dispersant may be an ionic or a nonionic
suitableofop thengtesertt énvieptivre p@ferablginané @ number average molecular weight

that ranges from about 10 tc 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-EQO co-polymers PLURONIC® L121, L123, L31,
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conmpound may further conprise a copolyner, an
ol i goner, or a surfactant, alone or in conbination.
The term copol yner, as used herein, relates to a
pol ymer compound consisting of nore than one
pol yrreri c conpound such as bl ock, star, or grafted 25
copol yners. Exanples of a nonionic copol
L1, GIERI RIS (BASH, o0 ool e ermenoaner aaaed berein, seiterndo a
tri-block EO PO EO co-polynmers PLURONI C(r) L121, L123,
polymesg compoynd cansisting @f oaly @ R monEaEnits n Exampipsof fanigypligomer
__oligoner, as used herein, relates to a polyner
dlspe jnelade SW& i 44{Yyand 2624 gligemiessuFoMrRbEMini  s.
npl es of ionic oligonmer dispersants include SMA(T)
1004114:43@}6%\@3256 drapgmgmay@mmw ashdagtant dlthedispersant
Alternatively, the dispersant may conprise a
compygsges a syrfaetant| me@héa@aabaax heiorg Genphiosiss calionic) or nonionic.
surfactant, the surfactant may be ionic (i.e.,
Furthefraxgmples @f@urfaetaut)s lmludmﬁllme@uﬁaaantShmiy(@ﬂwiepe@sadeﬂ
surfactants include silicone surfactants,
surfagianty,(andditoserbeaysal syrfaciants. o Sudahie nordwhid $urtactrokesior yse in the
surfactants. Suitable non-ionic surfactants for use in
processgoluiiproipeiude Juit ara et limiteduod.coctt and apayl pbendliathewthtesosuch
octyl and nonyl phenol ethoxylates such as TRI TON(r)
as TRITON®A-13d,20202,X-45, XAS5Ehdaiebhal etbhxiiates RechyaBBEI&SE h
as BRIJ(r) 56 10 (Cl6H33(OCH2CH2) 100H) (I1Cl), BRI J(r)
(CrHSOTHBHI BOBTASHHBRATIB (O} (OCBIIOH. )6k} (leh). Stil further
exenpl ary surfactants include al cohol (primary and
exemglatycnufaciznptsgndioty blaokd (pamarysandetehonddre)t atboxylates, amine
gl ucosi des, gl ucam des, polyethyl ene glycols,
ethoxylaley, slu¢nsideseglytyides cunlyqtingdend giveols) ipplyéethylens glytdleo-
surfactants provided in the reference MCutcheon's
propylene Blycol).ar othensulettantgentddedNothereference MaCatbhedos f or
t he Year 2000 published by 15 Manufacturers

- Emulstiens erd Deteegeni®Nsirihshmeagcadotditidn i6F the Reae IR00DIpablished 3]

Various other additives may be optionally added to the

Manufpclocers Confsictioners PublisiemglCngofiplem Roble Nadpl i cat i on.
These additives may include, but are not limted to,

[0042) t Waiiduszeher, addiityes mayrig eptideallycardded do the, proeddsi sofption
agents, antifoanmers, buffering agents, and ot her
depengdifigiupooria applichtiont. dffiese MBditeeamay inainleg bst art met inised to,
stated, the amount of each of 20 these additives woul d
stabilizess, atissotvirg) 404 otaparits peetting bgdnts varitiffamersydiuéfering agents, and
preferably 0.0001 to
other additional surfactants. Generally, unless 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 cne 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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0.1 percent by weight, based upon the total weight of
the process solution. In enbodi nents where one or
nore additional surfactants are added to the process
solution, the surfactant nay be any of the surfactants
di scl osed hereln or provided in the reference

compMsEX FrBhEaR éﬁ%féﬂai)lﬁ on 20% Qﬁ% i onﬂﬁr[—&ﬂfé%hs LkBivent:
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such S8 PO A bn Bl S, BRCHKT: ATRSH Grirthed s sl the
like. ?‘I‘E?éi vﬂs@ésﬁ ci? é\?d@@ﬂegﬁf cef?ﬁ%&%&){.tstgfi b93§§5 gaﬁjl? gg) ¥&S t@solvent

such as zatlon ors, C|zers
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toresi st can

con BTy il t@w%gs Akl
o 5 0 00O ST St o oo
mcfud%cﬂa‘(/S{yiﬁ %iﬂ o ?bi%ﬂylﬁﬁeﬁ@%gé&ﬂ]egc WPL} SI’||Prﬁh quﬂip%\% oﬁy
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aquecﬂnlg;é(i‘@g b%%g ?8M§v§d %%g% rr%ﬂB q%getu{b % gé&r{B Y)Sf(‘?-g the

pr|o

patterﬁa?t? éﬁ&t?iésfstt {aiﬁ}é?);%hgs-ﬁ{kotﬁé go{yﬁr}% i iﬁgrﬁ,eﬂgrr to llp’h %p%yor
this e} Bg&ﬁ}%ﬁt Str?é gltocggsn%;r%& é’ ﬁ% S,}S/abq “%rfsseess{f@rré)gé %)1 (ﬁgg\ﬁelgﬁtm
percell‘?tfno?\t ?c#%%ﬁ sSInSBt g; g&q E%r Oggﬂig%(st %lél‘ff?%@ltgél Iﬂﬂroughcg(
curacE PRSP e LB o EHBP e ol i ron
aqueoé%%)é&ghen Q.”& ﬁ? £ dgglb\%gﬁ{erﬂg\%,e@@g&gsg 'sOIubon fn%{uagqany of the
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 {o 99 weight percent non-aqueous
solvent; from 1 to 40 weight percent, preferably 1 to 20 weight percent of a polymer; from
10 to 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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20 PQVEA, ethyl lactate, or anisole. [0045] The
process solution of the present invention nmay al so be
used as an anti- reflective coating for the top or
bottom surface of the substrate. In this enbodi nment,
the process solution preferably conprlses from60 to

like. vve?&ﬁét thhe%%ﬁ&@&nt "ﬂ‘g%‘@l%ﬁéss vver}f]a E/érg'ﬁ'o}n 5?06’(9 5to

percent pre era ercen

abou? bU (ﬂ@t@ QR&% 0P ad® i PFé%Pagﬂv i(ﬁﬁé hhpﬁ@cent of the

roug surfacta l'ess

total \Q@ g@:tgéri? P@%g?%otg@o%%méys l@é%ﬂ% S%cgléiﬁﬁi gél)«lents within
“‘e’*ﬁ ooy spllfich Hchit GRBAIG shorey Sqpfltsaiersil M bt
e s B8, I SR TR i 308 s
swtalﬁ%@:mg}n%?s \%hlﬁ éﬂﬁb rg%'sg%gﬁgﬁncﬁ@ Vﬁ[}{ érevﬂo'i nlinﬁed hgcrylate

rocess SO ution i e solven

poly %B@%lfb%gl-lgk?rﬁ&hﬁg gog,&%‘sa&ma;ﬁ&%s{dgsg; o%gdﬂﬂgxanp NS
6410728t b 8*)6%%%*%*#9“%*‘%@5% hPSRRRE” Gl yrer s o
R S e N

thyIS|onane nethyIS|Isequ|oxane and
6268%%9%83%;%2 éy?mars such as those disclosed in U S. Pat.

o 500 e B AT
el BT R TS R e e
e
oue S5l AL oL A AR B ot
v BT TTOERL Y SR BPARTIERE 2 R0 B PP
ammciof HrdhgbEc e’ﬂ'tF"Pﬁu%%?BWff 66 0o B apeatPozs-Bre
o A G S Mg SN
surfactant; in an aqueous solvent or water. Some non-limiting examples of chelating
agents are the following organic acids and its isomers and salts:
{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, pyrogafiol, propyl

gallate, and cysteine. In an alternative embodiment, the process solution comprises
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agents are the followng organic acids and its isoners
and salts: 20 (ethylenedinitrilo)tetraacetic acid
(EDTA), butyl enedi am netetraacetic acid, cyclohexane-
1, 2-di am netetraacetic acid (CyDTA),

di et hyl enetri am nepent aaceti c acid (DETPA),

dlluteﬁlllh yftcﬁ"ﬁ‘ 3613 b BS&? EPﬁ‘lacRra? Ra@0be l%%gl’a I through X surfactant; and

enedi am ne rapropionic ac

watel( hx 9_!, ﬁﬁm@t cfgﬁ-bgm ﬁ@g;?nb%gsgﬁl.gn% %?ﬁbﬁséascérﬂa&ysgglfé? sulfuric

enédi enephosp
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|'uconi ¢ sacc
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formu e AN sttt WBich s st 8NaREP Rt i 'aﬁﬁfht
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|on|ztegﬁ£{Er Mﬁorﬁ% o'#@% OWB%rgﬂ'hgf étl? %}1}9 Lla ﬂg@@g?ﬁ ﬂﬁfactant

oxI di zi ng ageht |ona

e Sl %@%ﬁ%ﬁﬁ%&l%%@rggs%%eaﬁo M0 oo
ppm (W?:ﬁ ?e:ast &{é t%ﬂ%lgﬂhrogéigg%{/en&agh ﬁg xféie& Z—‘qu ngf) rd eéxmng

I'ses an aqueou
cons SN 9150 A0 0 AR i
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[0048]0 a{-ﬁé Srlo%gsstsb ttlo%oulsJ lppefgrabl?( use ltr!) X‘eat%e su ace Uf%Ssturb%Erate during
or after the development step. Suitable substrates include, but are not limited to,
materials such as gallium arsenide (“GaAs"), silicon, tantalum, copper, ceramics,
aluminum/copper alloys, polyimides, and compositions containing silicon such as
crystaliine silicon, polysilicon, amorphous silicon, epitaxial silicon, silicon dioxide (*SiO;"),
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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[0048] The process solution is preferably used to
‘treat the surface of a substrate during or after the
devel opnent step. Suitable substrates include, but are
not limted to, 20 materials such as gallium arsenide
( GaAs"), silicon, tantalum copper, ceramcs,

exposd B rA4iTiiG Eﬁﬁ'&w@é lagz\éﬁﬁnﬂﬂéﬁ/ﬂs i G the Fné}gﬁsis? BSating.
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appheg@/ thtéeexggél S eprat%ysurface and after a period of time sufficient to 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.

-2



10

15

20

25

a variety of different neans, including by not limted
to qui escence, imersion, spray, or puddle
devel opnent. In the quiescence nethod, for instance, a

devel oper solution is applied to the exposed
substrate surface and after a period of tine

10053 hé hftdbss RolfifiFe Brareoh HaphEd It suftale BP el stpbPi 25 -
Pfep%%%ﬁu%kﬁ{ pafichaykHnhddTRENE, ihenBf dpd hf?&%% h@”f'fynsceﬁ" be
prepfRR e (g€ sTEARI<t ot R 93’@@?%?@%‘?8 ithe's)ptgate surface.
For %ﬁ@'engyﬁep@ %@“W%%&' ?'rgf*? PRI gl 5 SRRl ein be
injectid i & &g SBRE G wal e ichadieab BRESR el B4
optiofig e tbe dMs ey Rofinbdhe 3}50% g{s‘b fat Tt
embm%cﬂr%eéts L&? ﬁ}eaérgg%rﬂ] Ijr#vge raI ?ﬂrrt { og%? gp fegs 81t'rﬁgifa I\Mrough X
surtag{fifina} Yo Boa8d o Bk sLBf e St Priibasiall IR pirtse saytiam dn thi
wat er _and/.or no ueous s medi.u
case e BRikabr SOLNG e JOHER B aline Serf ALy "b*erwpﬁ?sr?@g of the
SU'JS%?”ES B e nastoari of tE G PRENL (et lasiene formula
throuf é@“"r%fteném?eqa'sgﬂﬁs”rﬁeaﬁfpgﬁ? of fahpics: Beandsidl giioh
surfaf piep e '%@asﬁaaaﬁﬁﬁa 60 THRE UL Ry o el graice clher
additifo 4 Sisam phgt awdé%sr?o%é?@%ﬁ? %ﬁﬁé‘ﬁtﬁhgé R SsesRrRuGH the
cartridg éf?f‘ft fihers Yogind “iefﬁrgg 2 % Pl Aot Sgagiment o the

e, or ter not i ncl ude

preseg? ixen tn%gdmetqrgré'ss? soly Iglil fsepgﬁp#d \%épgg he cpniacting step. In this
R
N A aﬁﬁsﬁ"ﬁs:&ag kg
o e AL S S AreEmbo SN Bl S g ol
I through X surfactant on the surface of the substrate thereby forming the process
solution.

[0053] [n an altemative embodiment of the invention, a concentrated composition
comprising at least one formula | 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” allows 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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other nmeans to the surface of the substrate. Water
and/ or non-agqueous solvent nmedium is then introduced
to the surface of the substrate and m xes with the at
| east one formula | through X surfactant on the
surface of the substrate thereby form ng the process

oS At B o534 BB AR FERPLEBE oy gn e
suvfbi ik O3 Pl el AR Jpporar, e,
o QSTAENET Vi S Tl SRR Sh oAl o
ccorf ISR PP IE 49l A S B SREER BP % r o
oo o RGP e S R ey B e
o AT o S Pk SR 55 e
e SRS e RS W B e e o
o SRS 5 o YA G e S Ve st v
ot e e SRS e L5 FRLSRb S oo
SR XN AN T
Bl B SPGB i S 57 Bl
o oA R Sl e
P AR MRLE T OR -
e R AP 95ERS S SRS S St 6 e
ook PRI L TP el LS o 5t g mor
SRR M I W RN -

fractiqgn of a second, to hundreds of seconds.
fromﬁlr’tﬂ@oagleﬂ’/‘,d rpgre PIEferRbIY- 9B A0daAGnge from 1 to 200

econds spreferabl from1l to 150 seconds, and nore
[0055] ~ Regardiess of whether the contacting step is stafic or dynamic, it is preferred

that the process solution or concentrate be applied to a still-wet substrate surface. In
one embodiment, for example, the process solution is employed as a rinse solution 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 io 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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preferably from1l to 40 seconds. The tenperature range
for the contacting step can vary from 10 to 100C and
nore preferably from10 to 40C. [0055] Regardl ess of
whet her the contacting step is static or dynamc, it
iIs preferred that the process solution or concentrate

slowlgg%lggﬁgn%cg?c,)ll%aﬁm@é Iz?lrfrlp") PW&- oﬁ@%ﬁf r at e gwge { rl:?fl?e’&? qlgtnguter{ﬁe
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statlcfp? égs%ﬂclgga tlfeo;g%dféj pllogFési Eh L&J@h’ f:s a ovge];qat%rfﬁgt‘;fara brief
periofFoE xarthC o stPhie h@?r fﬁg ﬁﬁ%%ﬁ 865 ot ¢ brocefhaodlon’s
compf 868 FaSet Wieh PR e 36 e nic upy .?Hg %ﬁ? gL .
[00se] 1A §665 Blner Empdiiehfoting piésefinter R fer lérpf%‘s&%%? method
for el T Bk A BB bl G b ihﬁa“ X shgactant
that @h@fﬂ%@&i@@“@%ﬁ%& o Rt SRR At srvRifeker AL
coatef] SRS, RS shaarls P Rl SiRiress e?é*t"t"f%w%éuajﬁf:%?enswn
and ti @saww S @@P%ﬁ@iﬂ S RS & ﬂoé\?ﬁﬁ Gisi o0 To 10,000
ppm Oés% 7 iled oo st Bagpt it 5‘?’6@%%3 i i Scanied Fafhe surace o
a samp %@?ﬁ'ﬁgef&gfs{%a%@?\é%ﬂe?@nf SfeuSBiar, PreTahy dmamic Siiface
tensicfp 0t Ik Drcens PGB R Do TR SRt 1 o e babble-
press@fyBehap a8 defened hgf%'%g%%%g-{tﬁ%' %ﬁﬁ%ﬁ@}ﬁggﬁ&utm which
is the 335!{3 nbbvedtidnt BGsSie ol Gisadotes Piocean SeliikmpR eceuriags i e
substigfh A B dandihl Bihe dtmiSkhasa dn inemeesrerh e eriinpTeemed
embod ARl A MG SRR BT R A o6 1 SeRlire Be SPEAINGR! fhadroplet

roc sol ution may_be detern ned according to the
ata SF?ﬁf)gi cﬁ%ﬂw&g second for a 2 minute interval and the contact angle can be

measured on the photographic image.

[0057] Once the surface tension and contact angle for the process solution is obtained,
the surface tension is then muitiplied 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 mare preferably 20 or less indicate that the process solution may be more
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15 pressure nethod as descri bed herein. The contact
angl e of the process solution, which is the angle
bet ween the baseline of a droplet of process solution
on the surface of the substrate and the tangent at
the droplet base, is then neasured. In certain

ot 545 RIS TR iz v
soutBRE50 et MRS BTSN At B g o
v BB el R Srcb O 5, RS S0 iy
S e N TR
st <RI SR o L B B fprcanvotions
oo BB e e BRSPS BBk e
PP e SR P B oA B By e o
mors PSOBBRCTE R SRR PR P o o
sovo S B BT b I el 3B g i s
e Y251 e o hoshEpASEA Pl TR BB 48, o
oosof A ar B ol e o
o TR 5SRO ST Rl P
imiaf ST | ceriain preferred enbodiments, the

col | apse defects by 25 % or greater, preferably 50 %

or greater, and nore preferably 75 % or greater

Gevel oped phot or et st CXMWRLES bat rat 65 having an
ceam B8t B s e S SR i el PLeh O
tooss] | PiYe Panesn sPIURE T b RCTbIENG B SHEREN S e from
2:0.7 R SO0 (PaamBleS bl G b 6.4 ratsemeiyto-
dodecgrrr\]ee—%%t—&bl (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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15 EXAMPLES Exanples 1 through 5: Dynam c Surface
Tensi on (DST) [0059] Five process solutions containing
acetylenic diol surfactants derived from
2,4,7,9-tetramet hyl - 5-decyne-4, 7-diol (exanples 1
through 3) or 2,5,8,11-tetranethyl -6-
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provide, inter alia, better wetting of the

phot or esi st-coat ed substrate, reduction in the nunber
def ects lr]igﬁ)r.eventi on of pattern collapse. As

¢
Tab'#ﬁBY'@W'Cﬁuﬁag‘? 3" all of the process solutions

exhi-bit-ed-dynam-c >-tensions _at high _bubble
Exampley OIS | b Maiesat]| B8 10 whDST.  ThilDSs hdi caf 85Tt hat |0
prog'g s solutions of thejpresent ji nventi opn may be

ive| P& r ddd¥neigm hiavasicmld ddyrsiembn(dype/say ¢ (dyne/cm)

ef f

Tabll e |: Pynam d Surface| Tensi on |[Exanpl e Mol es Molies

psT Bt D dstbrs | 1brs 6 b/s 15 b/s 20 bfs

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 32.1 331 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 31.5 359 391

Exampies 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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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

ot B i S
surfa&’tbﬁﬂ to%éfgn?z%ti%térhlgfﬂ Hhrflfoﬁ%tu]}lngl ol (examples 5 and

9-tetranet ec ne-

[0063?) %nﬁng’sl??hnjﬂn&egﬁétﬂggd%f%@f ofﬁ?fa&%ﬁéﬁ% Hﬁsc?ﬁ@uf?dno' The

wer e pr epare ercent

foamiﬂ% ﬁﬁ)‘é?hessd*refxﬁ& piils EF%L@ZIS?W e&aﬂﬁr‘i&{ u alﬁjjgh rpcedurg hased

tlnuous stir |ng oamng 1's eslira
upon ?\Sg'm %&Hg??&g&[ DHOSER h%{aer%tp oEn%Edr t?\glrgéd}@rbre yb%!ded in
T Sl 00 e I e
S i A rfn
oom FHEHEHEFS DR ILPBALE iy QREE TR on SRR Pl o
o oS Soeh i WPhesd [ “Fe e ARG, ATBA e
foam ﬁgigﬁt % g?ééﬁﬁred Jﬁ‘hé S&Hé%ﬁofgaﬁﬁg IBMSIPOIII n tﬁak? hfg? %gm an% the

I's measur e con‘pl

tme f@%ﬂ*efd'rfgﬂm% 2 lesmBETs W R  TRY tiﬁ% el it
sprichoh, %gwav S0 B 31 BT
to adésqggiew&tat {h% ﬁﬁﬁgg E'H/su%g@%\ ?\ 1Salﬂ> ehf’f‘f:r{%u:ﬁges gﬂe tgg% F]o reach

zero f64th % g&ﬁg}(i}n%teﬁpgﬁé)él AL Gl sQne m nute or |ess.

[0064] The process solution of Example 5 was also compared to process solutions
containing 0.1 weight percent of a fluorosurfactant {perfluoroalkyl ethoxylate) and an
ionic surfactant (sodium lauryl sulfate) using the Ross-Miles test. The resuits of this
comparison are provided in Table Hl. As Table Ill 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 ll: Foaming Properties

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

5 5 2 106 6

6 0 0 2.0 3

7 4 0 2.5 60
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15 [0064] The process solution of Exanple 5 was al so
conpared to process solutions containing 0.1 weight
percent of a fluorosurfactant (perfluoroalkyl

et hoxyl ate) and an ionic surfactant (sodium |l auryl
sul fate) using the Ross-Mles test. The results of

Tabld i EonfpRABE YA PRpeHRS ARASHiltidrdopitdinihg ofver Salb&tants

1l shows, solutions containing the fluorosurfactant

Rinséd 1T ONI § |GH&IFeaRANT [Fddr Height Bi | FHamitEigAt at 3 Foan? ABIght at
Comﬁésstidht er Y @lefgHcm) O [ 1@sed(ci)NUt €55 nhifl (GRTN C O HRkPfem)

|OEESSI NG gpp! I carf grs, the presgpee oT signijfg cant

1Qq-) urdesi Tt anmd—Tay | R t0 am T qREIsE

Fl ;
uor tptc $sing defectd. Table Il: fFoam ng PI‘OpE’I‘tI es
V‘Q‘ESFEO Mot gs5R0 T tTat M T et U gRT O
1 ight (cm ('J%Jm sec 5 Egﬁo 6 6 6 8&5 2.0
2.5 60 -28 TabI e lll: orrparl son of Foam
Hﬂt}’ﬁ,h ﬁdnt ﬁ tiH i) I c[bl Cllll S
nd '%B&)ﬁf \Béﬁ“ b PR al
ulfo &I u TaCt an44'47

. 45N/A 135(01weht0/<( ) lonic surfactant 22.0
22 0 20.0 VA (O 25 weight %9(2) (1) Information

BB A 9@;& (£}, arketing, I terature
1006} P iy RS R SIS coniaRlids WfeAmRunis,el
surfag?&nts %enélecflfrom 2,4,7 9-tetramethyl-5-decyne-4,7-diol (examples 8a and 8b) or
2,5,8,11-tetramethyl-6-dodecyne-5,8-diol (examples 9a and 9b) and DI water as a
comparison (comparative example 1) was measured on the G10/DSA10 Kruss drop
shape analyzer provided by Kruss USA of Charlotte, N.C. using the Sessile drop
method. In this method, the wetting properties of a localized region on the surface of a
photoresist-coated substrate are estimated by measuring the contact angle between the
baseline of a droplet of aqueous developer solution and the tangent at the droplet base.
A high-speed camera captured the spreading of the droplet at a speed of 2 frames per
second for 2 minutes and the contact angle was measured.

[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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5 (1954). Exanples 8 through 9: Contact Angle Data

[ 0065] The wetting properties of process sol utions
cont ai ni ng varying anounts of surfactants derived
from2,4,7,9-tetranet hyl -5-decyne-4, 7-di ol (exanples
8a and 8b) or 10 2,5,8,11 -tetra nethyl - 6- dodecyne-5,

[006?% g%fglr:?l{s %ﬁ@g@ En%%ld%a b9 WardMet ﬁfl:d o%iaw%&{ & wiktre coated with a

mpar at ve exanpl e was rneasured on

A 4515 B GRA Po BT S SR B N0 Bk s
usinﬁ%gﬁ%oa{tﬁl‘? éll?icésﬁt ﬁﬂn sé%}% x gog?gg'np RN aﬂéfe ?f the

i zed gl on on
proo@é%ogomtﬁﬁ'oﬁt g ﬂgétﬁfesﬁf ggﬁ% tﬁ%é{n\%gg nr%%:l ?% #Q’ﬁ) \fldes the value
of th?gﬁﬁtgﬁlta%g e%kﬁgﬁ&’l%g @é@é’s}]%ﬁﬁﬁb}éh&rg gg\ﬂee example 1) at

d;ﬁe,%ﬁpérgé%geg Qgp,g.gg@gfs . the dropl et at a speed of 2

er 'secon i nutes and the contact angl e

oo o AR 09380 B 46752058 A B ot
or e TS SR oV R o
o th&%”%ﬁﬁé%&%%@%&?@%&%H%ehhﬁmr 45 AT b
preseg\q hs‘gﬁ?agieﬁ&' B?@%?orﬁ{% ngle O<§f o Hﬁétﬁ%s?st bredfB3 with DI
watela%tels h?%‘ne? %@{9‘3&&% Hﬁéggﬁt%gp é) %&?rg%%%l sﬁ‘u@gln%a%flg/ad to
"'Ofeé%?fa%'%@ﬁfﬂsei*%h 3P RS B 2 A% 4315 phot or ogi st

coating provided by Sumtono Chem cal Co., Ltd. of
OCsaka, Japan wusing a spin coating process at a spin

TabielQ/eed of 3200 rpm The contact angle of the process
sol ution on the photore3|st surface mas measur ed.

T || L. 1y Avsl a FaVWal f v
J1 C TV r T le UUQ ” t A, ul Iu 1 T
Exampie, proces é é‘{'ol"%{" g}g%tgutd ( coLﬂ gF EggECt
exanple 1 f dr o gia; ex 1 d.in
Tj.u 10068}—tn o3 =§S N et up ;’: abb L{R0 Sl_ﬁj:)
Com%;E' qray i ndi caﬁsscorrpl et 1\‘/(lett| ng 31"5 61.1
E)(. 88 125 ppm | 47.3 46.9 46.5 454
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 | 40.0 294 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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of the substrate surface. As Table IV illustrates, the
contact angles of TMAH devel oper on the

phot or esi st-coat ed substrate that were treated with
the process solutions of the 10 present invention are
smal I er than the contact angle of the photoresist

surfatc'i g@? g.)#t) banm[aklt?]é(vta r%?rocé;e Ps.%rnt I on naeﬁg%g b?’ i
Ao, 4 0 ey B T el
S“bss'?ééefﬁ%o@@%’é@%% BRI ol 8 cieoBii o 2P Raryaily
110743055 5%t 3ot Py et € UpbRofed Ry S patighgl HhoBresist
v e 5 S50, TS Bt i 2y IR g
a0. 2|?N0ﬁﬁ;§ﬁ softtidh bﬂ{c}) tag'fs e{tg %@%] %8 o?lf{ﬂ@gécéﬁds

post - devel opnen s o & FBUDSLT at e was conpar ed

[oo76y { {filoo g[a?a%b %Qaﬁgﬁ f%bﬁﬁsreaéoﬁta‘% Fr@:)?yg{é?%%lr&d 18 sd had

onparati ve exa al ning
befor%éﬁ& ﬁé_ﬁelé;%rr g.é%éé‘ \«% {IH?P %ﬁeazig nhrgr;l}ée?}ébg geﬁé}‘a‘gﬁ I'n“?nutes The
sutaséﬁt?f@acsaérﬁe%w@%ﬁ@%ws B85 305 o el il nBhcion
tool p\?ﬁg@&%}r b C es A éf%f'lgglj lﬂg dof%\é'nﬁgse,ré\ r%ﬂ?'? de%c?s @ggsélas%sf%d and

o T L o BRI THIREET 7,5 ™
[0071] The substrate was processed in the same manner as in comparative example 2
using the same developer and process conditions. However, after 100 seconds of
developing, a process solution comprising an acetylenic diol surfactant (example 10) was
used to rinse the patterned photoresist-coated surface. The overlapping period with the
developer was the same as in comparative example 2. After 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 resulis of the inspection are provided in Table
VI

[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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110C for a tinme of about 1 m nute and then devel oped
to forma patterned photoresist 5 with a dilute TMAH
solution. The TMAH sol ution was applied by dynam cally
di spensing a 0.21 N TMAH solution onto the substrate
for a period of 100 seconds. [0070] In conparative

Tabagg@gggﬁogﬁ@rééem;ﬁef&gg OB IRE s e o

f Aor nor ad £ m- it Ao

Def w’:t“l‘w ™ 'l‘%?ﬁa't :LM,Mqﬂlqnj', kL é'r'p_'e':;;_;glix{[ajlarge Total
gatﬁ; ! ggfegt (C*‘)O !c/’\LIA”oTz: f'szde:ec:w i%pecti o4 E)“;oo! 1

in eSHats | KLA~-Fendédr2lne of Q;A and fh‘]ar’o
Totdl ot oot s waiBe classi il and o o THa ¢ ool ts AT

the |ns ection are provided in Table [0071] The

Tablf-aML BgveAmmmwathaaﬂ%Pmessqwlqwﬁm as in
Defegt H@%fl\(sn'@uarml e | Mediym ng rquargeme de\etiadaiges nd otal
Pattﬁrthafeet cdPditions. | BPowever f er 100 sdtonds of | O
P""fm&@@!&m_gﬁ a_proces8 solutjon @onprisifd an 0
Totalcet vl enj ¢0di ol surffctant (exdhple 10) [Was 15 uséd to

rinse the patterned photoresist-coated surface. The
over | apping period with the devel oper was the same as
Exampte ¢ brpemparises of Equiibrurg SuAbtce Tessidi? 8nd ByoardicrSurfaee Tension
wWth the process solution, a DI water rinse was used
of Précgss snlutibre vs. Baldtions Sontalieg Sliostsudfactanbs | nspect ed
for defects using the TereStar(r) KLA-Tencor defect
[0073}nFrecedsmolutioos camtdininye). 1 shesight percenat & acéuatastanit derivaddrom
counted. The results of the inspection are provided in
2,5,8 T1adetwametbyhi-dod&gtals, Adiolkmld| fludrosuriactant, pbassiuthe
process solution of the present invention was able to
perfluoorptareatayboeiatey provided by GvbolSt kbuis ddisdoleswéieprepdred in
patterned photoresist surface. By contrast, Table V
order 4t oomparedhe aquitibrivem guifedectension RSN tandgiyhamin suekicd Wansion
phot oresi st and other sources after rinsing with DI
(DSTwather ESTharbettosdytiorisneasmgeaized using that Wilkerhip platenmzthod on a
process solution of the present invention effectively
KrusséBP3rbuiatile gresherertendiemetef nansfactuled by Epnsnincdeff Gedrinttand.C.
i nproved the process yield. -31 Table V:
The [Bisof-d2eh@ragese sblubed eas sneastiad vl théahadmbBinmtadbRepressure
Types Small Medium Large Extra | arge Total
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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Pattern Defect O 55 35 1 91 Pinholes/Dots 0 148 2 0O
150 Total 0 203 37 1 241 Table VI: Post-Devel opnent
Defects after Process solution Rinse Defect Types
Smal | Medium Lanme Extra |large Total Pattern Defect O
000O0 Pinholes/Dots 0 0 0O OO Total 000O0O0S5
TabidygmPl e 11: Conparison of Equilibrium Surface Tension
nd Dynami ¢ Surface TenS| on of Process sol ution vs.

o Ant [ aYatwZe )| Dy Aacocce
Rins‘é”('.‘.“n oslition 10, Mﬂ‘}quf ' EﬁT t‘d&nﬁfo rl)l a:f,f",,'fmk ST {cm/cmy =~
Exalzlé%:‘l.‘j :J"V‘It yéler Ia.:vllcl\"jl ‘251%\ VALY LY HC' OCOITIL 2‘8-4(.‘-

A Larf a fI uo ooqt e
Exa"@iﬁ%{a’iév i Qﬁﬁta&af aﬁgp LA REE LSS PasionA/alusf Progsiss
order to conpare the equilibrium
So'“@ﬂ??’ﬁﬁ'@dprgﬁ%q][g% ) and dynami ¢ surface tension
[007* E%%@p -I’Ii-’g‘%fgg -FI;QI];J wb o h&ﬁ!l?lglgl létall'fg&;ﬁéglségpng a%% E%an od giilass’ [ I?I(’ngrough
ressure tens onet er uf gctured by Krus | nc,
VIl wegg, pregated byngading '%thea% wroaLRaroRt ot theststsetant inpnized
% Vi a i mum bubbl e %r essure nethod used
Wate’i‘ﬁ' 8&3‘?!381"89”513’%'?% gonceRkationy Iwaﬁtﬁnt ‘H@"ES?C’&HHJCGSS
tests ar rOVI ded in_Table VII
30'““%%9’?1"113‘1 V apd is dgjerminedihy FP&M%M"B@%‘%!‘*“S‘O"
F it wer EST conpared to the process solution
value ga W%éed;?léﬁéﬁﬁanﬁ qwe?ntraé'ﬁﬂs {9 &agh @Hﬁ@@@@ntﬁ@mp&%@ cqséqmed
I ndi inz%t es that the fluorosurfactant exhibits P
35*“'6&?&&" theXyp-BL Ferawda W Exaelei Bronkaineq 9.6-dige hyr4-heptanol
oGl 8RR By e 00 01 Fnd

cond@:ct or manuf acturing, the process solution

ethyleps apinesEormplaan Examplat fentaipedgiisorsaiv mr@et(ﬁ@rmula Hi).

sol uti ons containing fluorosurfactants_ due t
Examplg, 16, contained dodegyitrimethylammonium chloride (Formula lVa) Examp[e 17

contained 2,4,7,9-tetramethyl-4,7-decane diol (Formula V). Example 18 contained
2,5,8, 11-tetramethyl-6-dodecyne-5,8-diol-derived surfactant (Formula ll). Examples 19,
20, and 21 each contained 1:3 adduct (0.05 wt % concentration), 1:5 adduct (0.012 wt %
concentration), and 1:5 adduct (0.03 wt % concentration), respectively, of
diethytenetriamine (x=2) and n-buyl glycidyl ether (Formuia VIH).

[0076] The dynamic surface tension {DST) data for each process solution was
collected via the maximum bubble pressure method described in Langmuir 19886, 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 VI,
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-32 Table VII Rinse Conposition O0.lw % EST d ne/ cm DST
(cmcm Exanple 11 25.8 28.4 Fluorosurfactant 21.2
72.4 Exanples 12 through 18: Determ nation of the
Adhesi on Tensi on Val ue of Process 5 Solutions of the
Present Invention [0075] Seven process sol utions

{oorgonéuﬁédii \nafeﬁéiﬁﬁo@faﬁa %g%%l ng c,I BPSEHJB@E &, \Neﬁ@fz&ﬂg@with 300

Wer e prepare ess than 1 wei g

nm A& $OR60BB 1@591@ ﬁ&ﬁ bABL4 B To é'Rgg%o Co., Ltd.
continuous stirr n e con entratio sur KT
hyi
of Toyfé YaPa rga?"ge S&% QHthé Pﬁ:g:eéés gésfl‘tl gtz gh ﬁho}—&%gt surface

was h@é‘&]r@&‘ onthe/ahd )?)%O‘erugg a hagbfafng[gggltr%rfmdﬂ by Kruss USA of

concentrations for each sur

oA 5y AT AR SEPUEL e
oo R By RO et
ourf, S A S S Y
multlﬁfﬂbr& y'lég&{rfg{c::rg gérﬂegt'cﬁ‘ + %-%é@gn%e ﬁwdelgc?n}%q %a'ﬂ%)qesults of this
el TR T YBETI 4 7ok s Ay
solutighs ﬁ%ﬂéiﬂ%ﬂfnﬁ%hﬁ?ﬁ }%&ug?éﬁﬁp%/ée SE%%I? %;jlazig ?ﬁc Bnd

cont al ned conce

21 ea?ﬁﬂggtan(a%&géan %iué"b ﬁ:‘?@% nﬂ:l@tlljlcﬁ es %gth&? p?c%g_-gg Eoiunons

concen respec

o AL G O T A e s

so!utiérﬂ?g\%uﬁaﬁ@oi &Bree%ﬁ'%ggn% SRR a%?ih%tr a?ﬁeéﬁ@‘? teng%l %glt

ressur degRPMyE
[ Qﬁtq,r 428-432. The data was col | ect ed
Tab’e;\?nbum)ﬁrs' esgj%t\ﬁé?'{?erange from 0.1 bubbl es/ second

2N kbl o DR, II\II\I’\ B-eSStH-2

ExamfIt] >) 195207135 Using Fiie s PR byigre press

OTrglgeT It I | Yy OS$ 1 1 ;
?‘f&cﬁ\]lﬂgbhﬂ]gggurfﬁg ﬁ'é?% onO{’/}a hu\es at0 '08. b04 o] es?s 0?01‘23 003

n
SurfaceOT €atBge | 414 | 320 |354 |415 | 384 | 258 38.7 | 379 | 356
Tension (ST)
(dynes/cm)

Contact Angle | 55.0 [70.7 [53.1 [455 [627 |56.1 |28.1 59 | 69.2 | 59.7
()

Adhesion 21.0 13.6 19.2 248 190 1214 22.8 19.9 194 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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25 process solution are provided in Table VITl1. -33
[0077] Silicon wafers provided by Wafernet Inc. of San
Jose, Ca. were coated with 300 nmthick TOK 6063 193
nm phot oresi st coati ng provided by Tokyo Onhka Kogyo
Co., Ltd. of Tokyo, Japan. The contact angle of the

e OSE ALY L8 BT OR RS 158t MG ACH iBposca oo
' u f . [
193 et ASKILRS $500103 sk Heofoo £ Hemiirded 37
) o -0r .
arer L1 15 CT0EH B 5800 S BB B eglo it
patef e R REPGES oo R0 i TR TGP o spp s
. t nal e The.resyl f.this, cal at i re
appig? B BaareR s ierd O AR Blapf oot Bnfath b Btel® Say
f.th rocess ol uti.ons _have an adhesi on. tension.
aow§ i 8531 SGFE O Ine BipCedE s WY g icaly
asoef ] DRI kT 186 \Bll Poeil Sk bR oggom o
oA VSR GPFE URLERE ol B e 70585 B8 oy g oo
or 15 g BTGB e PRl 43 85 of 3508 i e S S
oond 555 e e S e e i e e
cors BB o S B3 ARl S50 R
TMAH gé%]«ﬁéér%&u%én gspé% t%g%%@% racds conditions a5 (e Example 12, 14,
and 17 process solutions.
[0081] Silicon wafers treated with a post-development rinse of the process solution of
the present invention and a deionized water post-development rinse were compared
under scanning electron microscopy. FIGs. 1a and 1b provide cross-sectional SEM
images of 80 nm dense lines with 1:1 pitch using a deionized water rinse and a rinse
employing the Example 14 process solution, respectively. Referring to FIG. 1b,
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 IX.
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15 Pattern Col | apse Reduction [0079] Exanple 12, 14,
and 17 process solutions were prepared by adding 0.9
wei ght % of 3, 5-di nethyl-I-hexyn-3-o0l, 0.095 weight %
of N, N -bis(1, 3- dinethylbutyl) et hyl enedi am ne, and
.05 wei ght percent of 2,4,7,9-tetranethyl -4, 7-decane
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e eI oped to forma patterned photoresist with a
aspeéf%ﬁ?g BH sol ution. The TMAH devel oper solution was

5 applied by dynam cally dispensing a 0. 26N TMAH
solution onto the substrate and allowed to set for a

ds. The process solution was then
Tabl&%air%q? P)?ﬁa‘lfie flsed onto the substrate surface
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Q
Di Wﬁfezn Ase Process Iasgt ed for a periaod & 15 seconds
s, the ¢¥hktrate was spun at 48500 rpmto

Exampl 14 10 [ 0030] IFﬁWﬁQ_@. a_dei oni zed
Examplg 7 ri nse sol ul Beh_vas applied the |8Substrate

surface after the developnent of the patterned
photoresi st coating with a TMAH devel oper sol ution
Redugtinndp LineeWidihRopglyesss condi ti ons as the Exanple 12,

14, and 17 process solutions. [0081] Silicon mafers
[0084]  Exemwlany procaspeviutions\ad aphahwers preparefi bty el djpo @5 weight %
solution of 15 the present invention and a dei oni zed
of N.Nihisé . Spimethuibuti)hyenediamise (Remwila Wrsnefaetdnt) and €05 weight %
scanni ng el ectron mcroscopy. FIGs. 1la and | b provide
of 2 chiragﬁwbgtnept@nau (Femnula llhagréactartt); 86d advidg Oskwkight% ofi 1t5)

itch using a deionized water rinse and a rinse
addUCé ﬁbﬂl@?\vlﬁgetfhm@(éﬁﬁ) and A-hptyb glysidylssthert (Formula VIl surfactant),

respectively. Referring to FIG 1b,
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 rpm to dry. The wafer was

then cleaved into smaller pieces, immersed into either deionized water, Example 22

- 36 -




10

15

20

25

enpl oyi ng the process solution of the present

i nvention as a post-devel opnent rinse 20 solution in
addition to or in lieu of deionized water mninizes or
reduces the incidence of pattern collapse and
preserves line definition. [0082] The critica

ros SRR e byl 2 kS AR G 15360085 5 e

neasur e
crosf 3P SEO AR BRI 93 MR S s o

% ame dose 25 energy of 16.5 ml/cnR.
and eqﬁe:gﬁ sﬂg?go?%essfvi sual observations are provided in
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tier | ' Sol ut.i on Aspect Ratio %
foatufgt ArE liamAfing ol Sanafig e it 8haRET 0 12 3 5
48 Exanple 14 3.2 3 Exanple 17 3.1 6 Reduction in
Li ne Wdth Roughness 10 [0084] Exenplary process

' 2 and 23 were prepared by adding 0.05
Exa ?‘%’5;%‘{8'5?2%1‘ N, N - bi s( 1, 3-di met hyl butyl )
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consfp 8 SRR PR PSS LRl B SR
previously described by adding N,N'bis(1,3-demethylbutyl)ethylenediamine (Formula V
surfactant) to deionized water alone.

[0087] A substrate was processed in the following manner: a silicon oxynitride wafer
was coated with a 193 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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refel ective coating deposited thereupon was coated
wth a TOK 6063 193 nm photoresist. The coated wafer
was exposed to a 193 nmlight with a ASM. PAS

5500/ 1100 scanner, heated to a tenperature of

approxi mately 115C for a tine of about 1 mnute, and
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he Exanpl e 23 process solutlon for 15
then%%@@%h%@gﬁg en dried. Cross-sectional SEM pictures

showi ng 100nm 1: 1 dense lines were taken before and
and after the treatnent process. [0085] FIGs 2a

TaMe gncéfefh Q?éi oss sectional SEM i mages of the

mafer %ms that the patterned resi st
ho ate treat arL wi-th— DL w

L AL U . a—Le—La—L—Q—n—e—_
Proceéifﬁcx"ftlogd Nt andi Hg_g ,‘%p_on LWR (3a, nm)
treatnent E ocess$ lutlons Zﬂpﬁpaﬁ tiogych as
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Ex. 14, o anfe _,{Q%\_sureq arel A0 smoot B and

Ex. 2”*\“’ ot ar ve is eP2Rinated. 1034l es 284nd 25

Ex. prnngm Ex Vﬁr\/ proce84:3sol uti ons 848and 25 \hWdre

D

prepared by addlng 0.12 weight % of

N, N bi s(1, 3-denet hyl butyl ) et hyl enedi am ne (Fornula V
surfactant) and 5 wei ght % of - the non-aqueous sol vent
et hanol and net hanol, respectively to deionized water
under continuous stirring. An additional process

sol ution Exanple 14 was prepared as 15 previously
descri bed by addi ng

N, N bi s(1, 3-denet hyl butyl ) et hyl enedi am ne (Fornula V
surfactant) to deionized water alone. [0087] A
substrate was processed in the follow ng manner. a
silicon oxynitride wafer was coated with a 193 nm
phot oresi st. The coated wafer was exposed to a 193 nm

i ght
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with a ASML PAS 5500/ 950 scanner, heated to a
tenperature of approxi mately 115C 20 for a tine of
about 1 mnute, and then devel oped to forma patterned
photoresist with a dilute TMAH. The TMAH devel oper
sol ution was applied by dynam cally di spensing a
0. 26N TMAH sol ution onto the substrate and allowed to
set for a period of 45 seconds. The process sol ution
was then dynam cally dispegéggﬁgnto the substrate
surface while the wafer s ate spun slowy at 500
rpmto distribute the solution on the substrate 25
surface. The wafer was then still and puddle
VM?? Lpeath the process solution for 5 seconds.
ermards the substrate was spun at 3,500 rpmto

dry. L\/\g r[oggﬁﬁ]ns-erl%augt%gé&mﬂg i nes%ﬁo&’ss&%etn? aCrQJnl aﬁﬁﬁeous

t he asures at space at 1:
and t h%ow%ﬁy hhé ae‘ 955t @AE QUi 4R $8lestRY froiQRe BFdRipRA Qﬁ{rféé?éi'\ts
in Table X~ Table X al so provides the maximum ener gy

dose aﬂ@vin?@héfbrﬁﬂlﬁ (9@, ?Xa\’\br‘ichgw? causing the

col | apse of patterned resist f ures and the
corresponding m ninmum CD as well as 5 the nmaxi mum
aspect ratio. Table X Man CD and LWR results Process
Sol uti on Maxi mumRvANTIRCD Maxi mum LWR (3a, nm
Energy (nm) Aspect IRetio (mJ/cnR) Ex. 14 23.25 103.6
2.90 5.5 Ex. 24 25.5 92.5 3.24 5.4 Ex. 25 24.75 94.3
3.18 4.8 10 -38 CLAIMS W claim 1 A process rinse
Rs-®NH(CHe@HpKr i si ng an aqueous sol vent; a non-aqueous

Xa
(CHyCHO)mH
R—N (CH,CH,0)nH
CH,CH,N
(CH,CH,0)iH
Xd

wherein R, R4, 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; and
i, m, and n are each independently a number that ranges from 0 to 20, wherein
the non-aqueous solvent is at least one seleced from the group consisting of:
ethylether, ethylene glycol monomethyl ether, 2-methoxyethyl ether, a nitrile,
lactates, pyruvates, diols, tetrahydrofuran, acetone, 1,4-dioxane, 1,3-dioxolane,
ethyl acetate, cyclohexanone, acetone, 1-methyl-2-pyrodidianone, methyl ethyl

ketone, dimethylformamide, dimethylacetamide, N-methyl pyrrolidone, ethylene
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solvent; and at |east one surfactant selected fromthe
group of surfactants having the formula (I Xc), (Xa),
and (Xd): R-NR4 |1Xc R -NH CH2CH20) nH Xa
(CHR2CH20)nH RN\ /(CH2CH20) nH CH2CH2N\  ( CH2CH2O)i H
Xd 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

st r acgibbnatd, RopYEHRaArboPated glyyerbl ahdadekiyatives,aicetibasid agyhydride,
froml to 5 carbon atons; and i, m and n are each

i ndepapiteitdcid andpropiofic abidtanhydtige sdifnethy gulfore, 2@nzophenone,
wherein the non-aqueous solvent is at |east one

sel edpteriyl eulfdnkeeptanolm-cres) ditnethygl sadfoxide tdipheey! ledrer, propylene
et hyl ene gl ycol nononet hyl ether, 2-nethoxyethyl

et heglyca propyt ether, meltterbh ethanol p§-heptana s2-methyl-$-pentanol, 5-

t et rahydr of uran, acetone, 1, 4-di oxane, 1, 3-di oxol ane,

et hy methykE-desanat dehaxaesatrbarianelczhexasol, 2,3-dimethyl-3-pentanct,
1-net hyl - 2- pyrodi di anone, nethyl ethyl Kketone,

di mePrepyieae gleeldesthyl ether Agatate cathvieneeglyeq!, igaprgAy! alcohol, n-butyl
pyrrol i done, ethylene 39 carbonate, propyl ene

car bethar @rorylepe alvspl nabityleihary lrbutexs2-pEanapple 2 atiyl-3-pentanol,
anyhédri de, propionic acid and g_r opi oni ¢ aci d

anhy drnefeoxygihyeageiate. opyteryathapeln SEW%M ?CetH?‘fﬂﬁ%tﬁy1‘

sul fone, phenol, mcresol, dinmethyl sulfoxide,

di ph@ﬁ@/"?“‘ﬁt?f@r",mwwh@ﬁbme@b’wmr' propyl et her,

met hanol , ethanol, 3-heptanol, 2-nethyl-1-pentanol, 5-

nmet hyl - 2- hexanol , 3-hexanol, 2-heptanol, 2-hexanol,

2’£ - di rﬁehﬁ{'tlaée?éé Fs’.&%@n”&'daim 1 wherein the non-aqueous solvent is miscible

in the aqueous solvent.

3. The process solution of claim 1 wherein the at the at least one surfactant is a
surfactant having the following formula (IXc):

Ri—N—R,

Rz

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

alkyl group having from 3 to 25 carbon atoms.

4, The process solution of claim 1 wherein the at least one surfactant is a
surfactant having the following formula (Xa):
R4+-NH(CH,CH,0),,H

Xa
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propyl ene glycol nmethyl ether acetate, ethylene

gl ycol, isopropyl alcohol, n-butyl ether, propylene
gl ycol n-butyl ether, 1-butoxy-2-propanol,
2-nmet hyl - 3-pentanol, 2-nmethoxyethyl acetate,

2- but oxyet hanol , 2-ethoxyethyl acetoacetate, 1-

pent anol, and propyl ene glycol nethyl ether. 2. The

process solution of claiml wherein the non-aqueous

solvent is mscible in the agueous solvent. 3. The

prvassesia R aibirsightpd bednehav, dr sbpdlie alkytdreumphavirgefrart 3 to 25

| east one surfactant is a surfactant having the

f adarioon atgmé;miiuh &  hofober tiet ranged froR1®to 20Xc  wher ei n

R1, R4, and R12 are each independently a straight, a

branched, or a cyclic alkyl group having from3 to 25

carbon atons. 4. The process solution of claim1l

wher ei riTheprocetss Iselation ofrokai Urwhesein the atdhexat leapt Pae surfactant is a

having the following fornmula (Xa): R1-NH CH2CH20O) nH

Xa 40 swrfectanthamingitke @pllewinag fagiula (¥dbr anched, or a

cyclic al k%/l g%oup having from3 to 25 carbon atons;

and mis alGRbdemHhat ranges fromo0 to 20. 5. The

process sdf ution of claiml wherein the at the at

| easRond sur f act antHieH@)nksUr f act ant havi ng t he

foll ow ng\{orrml a/(Xd): (CH2CH20O mMH R-N / (CH2CHZO) nH

CmqﬂNumm%akﬂ
(CHoCH,0)iH

Xd

wherein Ris independently a straight, a branched, or a cyclic alkyl group having from
3 to 25 carbon atoms; and i, m, and n are each independently a number ranging from

0 to 20.

6. A process rinse solution comprising an agueous solvent; a non-aqueous
solvent; at least one surfactant selected from the group of surfactants having the

formula (IXc), (Xa), and (Xd):

Ri—N—R,
1Xc

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

Xa

(CH2CH20)mH
R—N (CH,CH,0)nH

CH,CHoN

\(CHZCHZO)iH

41



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 independently a numnber
ranging from O to 20. 6. A process rinse solution
conprising an aqueous solvent; a non-aqueous solvent;
at | east one surfactant selected fromthe group of
surfactants having the formula (I1Xc), (Xa), and (Xd):
R-NR4 [ Xc R -NHCH2CH2ZO nH Xa (CH2CH2OnH R-N

/| (CH2CH2OxaH CH2CH2N (CH2CH20O)iH 41 Xd and at | east
one surfactant selected fromthe group consisting of
formula (1) and (Il1): R » ~0o HR3 OmP OH R3 O- (H
RendRat 1€astjofidsurfactant seledtéd fravh ¢hreegroufrcorRistingrdf foemala R). and (11):
are each independently a straight, a branched, or

a
cyclic
Ry
Re ( o
Ry 0 o pOH

/\/YOH
Ry —(—o m

H

Ry R

Ry

7.

wherein R, Ry, R4, and R,; are each independently a straight, a branched, or a cyclic
alkyl group having from 3 to 25 carbon atoms; R; and R; are each independently a
hydrogen atom or a straight, a branched, or a cyclic alkyl group having from 1 to 5
carbon atoms; and i, m, n, p, and q are each independently a number that ranges

from G to 20.

The process solution of claim 6 wherein the non-agueous solvent is miscible in

the aqueous solvent.

8.

The process solution of claim 6 wherein the at the at least one surfactant is a

surfactant having the following formula (IXc):

Ri—N—R,

Riz
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al kyl group having from3 to 25 carbon atons; R2 and
R3 are each independently a hydrogen atomor a
straight, a branched, or a cyclic alkyl group having
froml1l to 5 carbon atonms; and i, m n, p, and g are
each independently a nunber that ranges fromO to 20.
7. The process solution of claim®6 wherein the

non- aqueous solvent is mscible in the aqueous

sol vent. 8. The process solunkon of claim®6 wherein

el R B S A A0 S, A
Sﬁ]}gj é@ggﬁg%&m%ﬁ Q:grb%?'l?atcﬁ'fse each independently a

el al kyl group having
from3 to 25 carbon atons 9. The process sol ution of
claim6 wherein the at | east one surfactant is a

sy f aCtgH@m% 8H2$%¥.b Qﬂuﬁdﬁeoff \% BWHATkih a3t st o0 surfactant is a

R1- NH( erein RL 1s a straight,

branCh%@ﬁa&ént%a@Mﬁ‘tHé’mﬁévﬁb{é forh@eRx&@avi ng from 3 to 25
carbon atons; and " mis a nunber that ranges fromO to

20. 10. The process sqkWH@MH.LH,6}. /M M 6 wherein the at
the at |east one surfactant is a surfactant havi ng
the followng fornula (Xd): X CH2CH20O nH R-N
[ (CH2CH20)nH CH2CH2N \ (CH2CH20) i H

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.

10.  The process solution of claim 6 wherein the at the at least one surfactant is a

surfactant having the following formula (Xd):
{CH,CH,0)mH

R—N (CH,CH,0)nH

CHoCH,N

\(CHchZO)iH

Xd
wherein R is independently a straight, a branched, or a cyclic alkyl group having from
3 to 25 carbon atoms; and i, m, and n are each independently a number ranging from

0 to 20.

11.  The process solution of cfaim 6 wherein the non-aquecus solvent is at least one
seleced from the group consisting of: ethylether, ethylene glycol monomethyl ether, 2-
methoxyethyl ether, a nitrile, lactates, pyruvates, diols, tetrahydrofuran, acetone, 1,4-
dioxane, 1,3-dioxolane, ethyl acetate, cyclohexanone, acetone, 1-methyl-2-

pyrodidianone, methyl ethyl ketone, dimathylformamide, dimethylacetamide, N-methyl
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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 independently a nunber
ranging from O to 20. 11. The process sol ution of
claim6 wherein the non-aqueous solvent is at |east
one seleced fromthe group consisting of: ethylether,
et hyl ene gl ycol nononethyl ether, 2- methoxyethyl
patdlidbne, 2tHyidnkichtbonhiecprabdene arbonstd, efycedl amdsderivatives, acetic
t et rahydrofuran, acetone, 1,4- dioxane, 1, 3-dioxol ane,
aait Aplhyared, prapiorty adid bed propioaic aaietnbpdride] dimettiyy sulne,
pyr odi di anone, nethyl ethyl ketone, dinethylformm de,
behzophéndnacdipleenytisllfohe, pbiehgl] m-ci@soh wimethyl dolfxides tiphemyh ether,
carbonat e, propyl ene carbonate, glycerol and
pubpyienaiyos propytetherc mett@indl, ethphglo3-heftanglr pietivl-t-pasiadol, 5-
and propionic acid anhydride, dinethyl sulfone,
msthyk-ghiexaneh S-haxapele2rheptang! f Hhexanph @ Fclimetiylc3- peanol, propylene
dlnethz sul f oxi de, di phenyl ether, propylene glyco
gkmi YAt eter aceietenathvene glydehrisapropsl alehiohmidhutyl ether, propylene
-nmet hyl - 1- pentanol, 5- nethyl-2-hexanol, 3-hexa
gwn @m%ﬂ gther,-bugg: n%PrOPEn@»%N?HIYh%PE’@taB@ng m%'roxvethvi acetate,
ropyl ene et her acetate, eth

2@um?thawo§o%?%aweﬂm EHRRCSIIR HEpIargt fbs Brogyisng Sveel methy
% Kg n- butyl ether, 1-butoxy-2-propano

t hyl - 3- pent anol , 2-net hoxyet hyl acetate,
2- but oxyet hanol , 2-et hoxyet hyl acetoacet at e,
1- pentanol, and propylene glycol nethyl ether. 44
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