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TI TLE OF THE | NVENTI ON: Process Sol uti ons Contai ni ng

Surfact ants 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 disclosures of

whi ch are incorporated herein by reference inits 5

entirety. BACKGROUND OF THE | NVENTI ON [ 0002] The 06293P3USA

present invention relates generally to nmethods for the

manuf acture of sem conductor devices. Mre

specifically, the pfEd&EPF THENVMENIEBE ates to a

met hod for 10 reducing defects, particularly pattern

col | apse and pHYPerEssPavtians{eontainipe feefactants

sem conduct or devices incurred during the

manuf act uri ng process w thout sacrificing throughput.

[0003] Defects area major limting factor for

product i on GRS REFE pEdCr BE%?%‘H,APPM{\T@JN%H y

when the device sizes are reduced and wafer sizes are
[0@Qi1 ] ar fisiapriicatig ism contimuatina-in-parof U Satent Apglicaljg flos.

herein, relates to defects that may reduce the vyield,
104318075 Bled HE Augest 202, 1 H838.2AP Jikerhi® dawary| 8003 @nd (18P 18562

the col | apse of the photoresist pattern on the o
filesh Hsdulyn 200 e diselosyrgs ghwbisk arsinerpopstiest logrel byt refarence in its

such as "line width roughness”™ or "line edge
entieafiyyhness", particul ates introduced onto the substrate

resulting from processing such as |ithography,

etching, stripping, and chem cal mechanical 20

pl anarization (CWMP) residues; particul ates either

i ndi genous to or BA@KQRQM@D@%EHEMHENJ@M i ng

processes; pattern inperfections such as cl osed or
[09021t | Eiel nreegid invention refgtes aeneralyrie aeatgods forthegnanufagure of

wi dth variations; and defects resulting from poor
sepi¢nrsiuictor dexficash Vieresipseificallyt the pserest inuertioneliasdo a method for

[0004] The drive to reduce defects -thereby inproving
regucingidefpete sparticularwvpatien tallagesand phatpresishing rougbnessgin

steps within the production of the sem conductor o
segregandectondevi¢as, incBradrduring i manplagturiag ercags without sacrificing

stripping, and chem cal - mechani cal planarizati on (CMVP)
thipugbeigses. The |ithography process generally invol ves

coating a substrate with a _ _
[0003] Defects are a major limiting factor for preduction 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 photoresist 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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positive or negative photoresist, exposing the
substrate to a radiation source to provide an inmage,
and devel oping the substrate to forma patterned
photoresi st |ayer on the substrate. This patterned

| ayer acts as a mask for subsequent substrate
patterning 10 processes such as etching, doping,

blcﬁﬁé’é Qdintﬁ&élbf Vids; Vﬁnﬁm:&iﬁtv%héuorgt ngtf d 8Bk FeNMHeLFRIm poor adhesion

materi a or 1nsulating nateri The et chi ng

of QS§§@oQﬁé‘§£@tﬂaiééd}Pé%Ves removing the surface of

e substrate that 1s not protected by the patterned

[omZt FheHive td'Sidlle ﬁefeEtlgefﬁeFéH lﬁbrﬁ%@d chrebant new chafllenges

reby exposing the underl ylng sur for further

to e &RFAGHN T&Spsswtﬁlﬁ mégoeﬁ&%%? t!&be&ﬁ'ﬁl%ﬂdﬁcldﬂ\ﬂ@h&@ Shamely,

r enovi ng th cross- 11 nke 15 photoresi st pattern from

théalgﬁ?%ﬁﬁir'é?éhﬁ\%ﬁugpﬁgeid %@Hﬂé?ﬂlnﬁ’é’chgﬁfﬁgleﬂarﬁﬂrﬁé CMP)

'y 1 nvol'ves polis |ng

3 Sk g y g st
pokitil 8@!’1%9%1:[ htYrelis 'eQESmn?fl*%%u‘thrét@@%‘?a@QtYon source to prowde

particu terla S generated from or 1Is

an %Fgé %H%v&ggangqlk@%%%%ﬁﬁa pgﬁer[ngg %ﬁ&to}%&ﬁ]& &yBr on the

apse |I's becdm ng an energi ng prob

subStR! Ci’ﬁlgpaﬁérneé %FQ&Q UE LhadEsE Sisse ﬁH%ﬂttsﬂbéth% Bérlﬁil'ﬁfng

aspect ratios In € new generation o evi ces

pr&cﬁ-}ot S SURh o réﬁiaﬁﬁ%ﬁ?lnbaﬁﬁﬁoﬁo&lﬁ&wﬁﬁmﬁé@ ecﬁlhef\r semiconductor

irrpor ant - paraneters

ma?&%ﬁ?%lr’ Llaﬂhgn}eﬁérr e o &Ehll‘lb Eﬂﬁggé‘ggﬂemlﬁt inbdifeslrehalify the

e as or a si st “layer havi ng

T DA 8 1R e o o
AR i
e
At e s,
R g e B b i e
f|a?lﬁgg)8l9rﬁ']q[ﬁ E@sp'l C%Itc;f vva@éerrﬁ%t |roﬂ%§ bfq%:@s&e%l th AR5 dnploy a rinse

e ca rce o
ste%%étr rgﬁ\\/eg%ln oﬁ&éuslé%iﬁﬁ rt@ tll?éﬁs ?%ﬁ%téé“ﬂghg?r iba bfﬁroﬂhct of,

Process", Jpn. J. Appl Phys Vol . 32
th%é;%&&%@és 6059- 64. Redum ng or elim nat| ng the

[O(gﬁjlf Pafelr c%bsﬂla%aé |9 eE&% (ﬁnérj ﬂ@ e[g?lﬂfa%% tr%axfrbgucﬁl n of

eIo men use O re e capl ary orce

se%%%du&oﬁm&eg%ug% E%%.Bﬁér a%BQ&%th%% %eeﬁév?beneratlon of devices.

The thickness and aspect ratio of the patterned photoresist layer are important
parameters for subsequent etch steps after lithography. At the 130 nm node, the aspect
ratio for a photoresist layer having a 500nm thickness may reach the value of 4. This
value may be the point where the capillary force of the developer and/or rinse solution

may lead to the collapse of the patterned photoresist layer. Besides capillary forces, the
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10 layer. Two common approaches, to reduce or
elimnate the surface tension of the rinse |iquid,
may be to freeze-dry the patterned photoresist
features or enploy supercritical fluids to dry the
patterned photoresist |layer after devel opment. Both of
t hese approaches may require extra manufacturing

pa‘itb?rpéollﬂﬁéje 5iBfenfna %H'f@-‘ggé?ﬁnfhgﬁ% ecPhyPohief ac&: |3 the

I'n sem conduc rication. 0007] A

mga{aﬁ.cspgﬁtrﬁmﬁ ?é"shsttébp‘iné‘&{ %fbﬁ\%r%Hz?trQ dé eémii-r%ﬂe&%

surfactant to the rinse

coﬁ{‘?ﬁdééﬁu‘k )oaﬁcﬁfﬂg%zilg‘ﬁfp%ugfaéﬁ& RATLRMYal We%rduﬂh?‘slﬂg-on

air ITquidinte iI's of great I'nportance

ap ﬁéétﬂ')"f%ﬁ*?ﬁf &Qtté s because decreased surface
pen3| on genera Fy re)?g}t es to increased wetting of
[oﬂ\?fgerA Riir &ﬁ\tﬁ:}m&tf&aﬁﬁtér‘r’&él%%% is thY'c B@ﬁé??trfr@é 'of)\W/ ter durmg the

uction 1n water-based ens 1s Iy achieved
bf
P H Rl BT Ls%%&%%s'??‘? ?&‘a"é‘ﬂ“ien%“%%” FicgeTpattem

Ccﬁ%?%&m)bﬁ’n evdicder ﬁr&&% HeJ @h A tyofn@olr §§'“F9?3 bp, 6050-64.

ace tension unde

Réo‘TEan (R RGRirlaf &Fh%' s',d?l%é ?é?%uo‘?ﬂﬁrtﬁe e q%Héffé‘?%aﬁérﬁ%‘e‘leBpment

rat e are use . e., Sp |n coatlng I ng,

8 T s B Bl oo
Ia e?‘é‘ﬁ@vo%mn%?%;?pgg Hég l%r}gd ! e‘ﬂﬁuﬁ% i rfé@gféns%‘ﬁ of the rinse

speed ap I'oh conditi ons In certal

B 411 5 4 e SRS By v
ﬂuh%r{é aRNth8%ha Eal%ed gjgpﬁb? t?éa)eggpérrh olUBRRAL é&ﬂ‘c?f these

mnim=zes ation an

52 o RSO O bl v
wﬁ@%wﬂgségﬁﬁbsé@ﬁo%%a B S
A i 1 B A1 AR P B

nium per e or pe uor o

T 0 A A 0§ v

anﬁ%bﬁiﬂ%t@ﬁg esllécorf‘ 9?6% mmerlaH ﬂﬁé’%ﬁeﬁ%@f‘%ﬁ@%lo@ls%@%@m decreased

e Rar nd 't
suﬁg&@%\‘éloﬁ %eﬁérl(aa¥ (%I'a;tﬁg tJe ?@J‘ylvgﬁ‘lg{; %F’ r |t°§ rt?é(‘?urﬁ%ﬁr%te surface.

NTEAR i e .
adé%éﬂ%%ﬁ%fg%gs ( E@)ﬁq&%&n‘f@r’%cg%nsicﬁoﬁeﬁomtanCAEEQmpgﬁgr%’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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descri bes addi ng surfactants to the devel oper sol ution
to reduce the possibility of pattern collapse of
acrylic and cycl ool efin-mal ei ¢ anhydri de resists. The
"surfactant” added to 15 devel oper solution was the
sol vent, isopropyl al cohol . According to Donke, the
addition of the "surfactant” in the devel oper

ol R a et rebRiiner MRS bR P R fiEnlioaming
Fo%ﬂ'ﬁﬁd&gnci m&@&%@%@ﬁtmenﬁgﬂ It Hbfel:lgug%s%ﬁleﬁﬁv %o?fl&é}able efforts

ei oni zed rrnse an eve per an

ha@@ Bb¥h HadkReiRe n%gcﬁﬁtnhgétﬁfﬁ)w%m%t i fbé’h’lr‘ug (?{3?'9""

mnimze or e |mna € pos opnen e ects

[06@3 a%ﬁﬁn{& vﬁéntﬁp@ﬁﬁ?ﬂéﬂ‘dé&r@%g&ﬁﬁg’)’gﬁlg&i’r@ b%%ﬁ surfactant

or gani ¢ so
suéH %
ern

t
b PRSI SR BE BT B3R IO BIER o sevloper
somﬂﬂ LPR&L 13] PCT appl i cation 87/ 03387 descri bes
protectlng otore3|st i mages agalnst 25 distortion

[00cfsﬂdfi9r L) eb%szh&%td S Atk %D%HP?I s gnd

er pr 0CEsSes ying a erma y st Z1 ng,

il éL%P‘Wﬁ’e |%§gﬁﬁé®ﬁe4'ﬁ by Tofgblog b an
aclsbh 03 AcHlcH BB 14 H8ARSONROR A 4 bRahAE Y Sfen

rom um su or oac
and sal ts thereof [ 00141 The
d|§£§tﬁ$‘ﬁH&%}ﬁ%aﬁgﬂ %“Pet al., "A Study of a Single

OB e o 1 AR U P o ooy
s P R S S LR S,
delgﬂ ?ﬂ ﬂf#cta?ﬁs]t? g%t %@Seﬁgﬁ ﬁltlc?ﬁ tgn rédudeqaé QS%JAHH P@ i pattern

m na oresi st ‘resi

co?éfﬂglo? aE@ﬁé Srqd 8 ?ecf}h ,ﬂ§|e%%i?§,yd,/}§ec,%§g{ﬁn OrHe™ s&tﬁdfééé}q” ?dded to

sur rinse sol ution

degélgéé}ds%ﬁﬂﬁma‘%% S&%ent |go;%r8§§15a]lcpol %\CC@?&II’I BoDomke the addition

escri es a pos r1ppl aqu rinse

of ﬁ'n% gbh@ a thﬂ V%? g%@éé%f%(?%f)@ﬁéﬁ ?Qd é\qg\gqe % cél% égigb]tteff%gxﬁrpbgnern

face actlve agents include oligo(ethyl ene oxide)
c nﬁounds having at | east one acetylenic alcoho

[0(91r ﬁ‘p gi’scl:'lg 5@%@ tho\{'\ﬁl\l 4%5’?%% dje%éﬁkg%s rﬁedsc&nfgr tﬁgr pﬁgﬁtém ammonium
Ialﬁgls\(:ﬁ' b iABhLaS i AS AN bl B! Bnd BEcRTFY Tha ok AT to o

nges
patterned photoresist to minimize or eliminate post-development defects.

[0012] Japanese Patent Application JP 36008163A describes adding hot water, an
organic solvent, and a surfactant to a post-development rinse to prevent pattern
collapse. No specific surfactants were mentioned.

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

applying a thermally stabilizing, protective film to the substrate prior to the post-
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99.9 weight percent of the total conposition and the
anount of surfactant ranges from about 0. 1 to about
30 wei ght percent of the total conposition. [0017]

U S. Patent Application No. 2002/ 0115022 descri bes a
devel oper and a rinse solution that each contains an
ani oni ¢ surfactant such as anmoni um perfl uoral kyl 20

deSe\bhRBAL KR of mmﬁbe MvRREAI Gl fY IheGRh TEea HBorotB®RA

solutions are applied in a consecutive sequence to
suﬁgﬁﬂﬁtg ﬂﬁtfbﬁﬁlﬂg 68!13/411%%3 %hrcfnqgr%%lfgtﬁetn@ﬁlbfd“dcétlc 464, chRSiRotropic
Behavi or of Singlée Layer 193 and 157 nm Resi sts: Use
achfl anPLhifsarb@BESs in the Rinse to Realize the Sub 130 nm
Nodes:, H en at al., Advances in Resist Tech. And

[0@[4?0 m'dﬂﬂcié@ﬁe&xﬁg@ eadi. nga?s@ﬁr oP% BingoLios88 %n(a%@fb?b 18

. 254-261 25 i en"), applying a rlnse sol ution of

mugr%ﬂ %ﬂllt@gﬁégﬁgrﬁéﬁsfsaﬂc@ngP@Fil\tV@Ceb ECEr@[ SO0 t7381721, 2000

a ter pment to reduce pattern co apse

CHGRRG Y, diStidees T flse SQUtaplanic/kticn s URHPANT haiRh Bt BARfyiates

apse behavior. [00 Yet anot her

sueﬁfsg FRIMEONGORY AAN-Tod, '3@4$>ra<a9%ﬁs Rt nr?s%rgoﬁﬁﬁﬁlt@émﬁmate the

devices 1Is phot or esi st roug ness such as in one ed ge

pthor&lﬁ'r&% MBO&IS%IS%Io%Ed l:bﬁlSctVHyfﬁ% ' ﬁcdo?%lﬁg? [c?éhefi_hgt fhe use of

hereirn as |1 ne edge roug ness ed ges of

suﬁggéﬁrlﬁﬁ'iesﬁnsle's%ﬁj %ﬁhdt%réﬁé&e sﬁ&eﬁ@r ein as line

roughness Li'ne wi roughness is

[0(? | Gald Yot TRASY: %4?36&9%%84 n%(?stt 'sﬁﬁ)plﬁg C@@u‘%‘g@&@ solutlon that

mits reqwre critical nsi o

indidte8 WAL 90ter Iﬁm%r@%ﬁlc geﬂdﬁﬁtﬁaﬂeé%q?@&ﬁ%%&%rcﬁve agent.

requires that t 8% of

Thféi)%ﬂﬁﬁujip? acﬂvg%%:lem@ mcﬁn?ﬁ%@l%%lf&ﬁﬁer@’ okidld c%%p\ﬁﬁﬁﬂ@ﬁéﬂ?g Sfleast one

hin 3 nm'for

acgg&h[b%&g%g annd wthin 2.0 for the 65 nm node. A

rrety o that may contri bute to photoresi st

[0 eﬁe WY §’de§&Fb|eQ %estn o CO'%PBﬂPé'ﬁhaPec h see§'a§tadrnlxture of

mul at1 on .,rmec ar we ar V\Blg

a vt Hs | IS?H %{t%ﬁ'le?éln o] é(rﬁSunt%tf EAGE M rERgesRRAL 964RISD to about

generators process and t ool ated factors

Qgg]déﬁvgig?t ;?e%%t di f‘hfeLlét'aP&m;gc%!}%lnoa‘?ﬁrth@?%%lgéf s@@actﬁﬁ%nges from

roughness, he quality

bR B o R Sp e Elcen GG BYE PO e o 1y

or esi I'ncl’'ude nodifying

08, 1 B AR, Ay AR 5 004 e
soﬂﬂﬁﬁ‘tf&?%‘%&ﬁt&ﬁ?gn aﬁmﬂm&%ﬁgctqﬁtvﬁc %@Sﬁm&ﬁlﬁﬁgy%ﬁhuoralkyl

ution ese sol utions may not ectiv

sulfGHHE bR SmidRiuiHp LGS alkGinErMBky iR ©f hese solutions are appiied in a
consecutive sequence 1o 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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20 dynam c conditions. Further, these solutions may
have the undesirable side effect of foam generation.
Because of these issues, the rinse solution using

typi cal surfactants wused in the art nmay not be
effective in reducing all of the defects, particularly
pattern collapse defects, in the sem conductor

aftdeNd Ve nié?u@ﬁdﬁéé At LRSS, ﬁi:éd’r&'in?% Rk, 85fe of the -

I ncorporate erelin Dy rererence In hei r entirety.

ﬂub:%s&%ﬁnéuwcs%ecﬂﬂé dol}%@ldﬁlbfmﬂ] The present

I nvention sati sfies sone, of the needs of

{0(?‘{)9? ek apé’thepérﬂéﬁjgg\'gglﬂ?tﬂeﬁrhﬁ fHeSSrodRLtihioP Qelﬂﬂgn@%iws is

usi ng sane. I cally, in one aspect o

ph?{g '%oﬁdﬁYuEgg %Lﬂ:ﬂzastin E)é@ ﬁg e ?g %%‘ibg%cbgﬁg?&i&ciﬁefmﬂéch is referred

uci ng defects int sem conduct or
o SBUEIeTIRE RS S B0 o S i

t i aLi t 0 .OF
ref?ﬁgéic% RerEintd ife rv@&hg{n?%ég E.L\O?S? n[gnéa A evg?@géég i8 tffically

hotoresi st co

m%%h%tdi A Qaﬁé?fé{li%ﬁ Eﬁé %v%l?rfgélgliﬁggéﬁﬂi%dﬁ?ﬁiﬁﬁrdﬂﬁ& ion (CD"). The

ot or st coa I nsing the subst

20%. Eﬂeﬂﬁh&@! %8(91nﬁ@gﬁrﬁoaﬂﬂ%g%%éﬁfcm&ct&? ?ecﬁ{ilgg mjafl’ir% LWR be

a process tiron conprising a solve
wil{8 S)f ﬁﬁé&tﬁb Hr %ﬁ@é{’tﬁ%’ FY\@ﬁ a?heh%ﬁ?é& tﬁgtﬁe%%{\{?@ﬁ&%f line
iyl byl e B 03 5 o
node. R%aﬁ)etg oﬂ%‘cﬁg’s,%at(rgéi 6ontﬁguté‘ toqpl"gﬂ:@sist line roughness, include, for
example, photoresist formulation (i.e., molecular weight, molecular weight distribution,
resist polymer structures, photo-acid generators) and process and tool-related factors
(i.e., acid diffusion, developer percolation, shot noise, mask roughness, and the quality of
the latent image profile). Previous attempts to reduce photoresist line roughness defects
include modifying the photoresist formulation and adjusting the contrast of the latent
image.
[0020] Although surfactants have been commonly used as a post-development rinse
solution, these solutions may not be effective in reducing the surface tension under
dynamic conditions. Further, these soiutions 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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RL R5 15 (OCH2CH2)tOH 11 (CH2)r

HN-R4 IVa /(Cr RL-NH NHR4 | VbV RL
R7 R3( OCH2CH2) nOH

R2(CHz)j (OCH2CH2) nOH - +- - NI
ROZRS R4 VIVII 5

BRIEF SUMMARY OF THE INVENTION
[0022] The present invention satisfies some, if not all, of the needs of the art by
providing a process solution and methods for using same. Specifically, in one aspect of
the present invention, there is provided a method for reducing defects in the manufacture
of semiconductor devices. The method comprises: providing a subsirate comprising a
photoresist coating; exposing the substrate to a radiation source to form a pattern on the
photoresist coating; applying a developer solution to the substrate to form a patterned
photoresist coating; optionally rinsing the substrate with deionized water; and contacting
the substrate with a process solution comprising a solvent and 10 ppm to about 10,000

ppm of at least one surfactant having the formuia (1), (11}, (111}, (IVa), (IVb), (V), {VI}, (VID),

(VIII), (1Xa), (IXb), (IXc), (Xa), (Xb), (Xc), or (Xd):

R4

Ry

™ e s

Rs (OCH,CH,)OH

I\ / R-NHN

G
o o A
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Rio "NL(CH2) (CH2)-N r | Rn OH 10 15 R10 k10
R-NH2 R -NR4 R12 | Xa | Xb | Xc R1- NH( CH2CH20) nH
RL-N(CH2CH20O)mH R1I-N-R2 | | (CH2CH20), H (CH2CH20) nH
Xa Xb Xc (CH2ZCH2ZO m H CH2CH2N (CH2CH20O)iH Xd wherein
R, Rl, R4, and R12 are each independently a straight,
a branched, or a cyclicalkyl 5 group having from2 to
250, or from3 to 10 carbon atons; R2 and 3 are each
i ndependently a hydrogen atom or anal kyl oup havi ng
froml to 10 or from1l to 5 carbon atons;||R5 is
straight, a branched, or a cyclic I ba«/'%ng
froml to 10 carbon atons; R6 is a stYaight,Ca
branched, or a cyclic alkyl group havipg from4 to 16
carbon atons; R7, R8, and RO are each lndependently a
strai ght, a branched, or a cyclic y ™~

D¢

(CHa)r
R——NH NH—R, 6
Vb \Y
Ry
R m——(OCH,CHz)mOH
Te (CHy)
RT_N|+'_‘R9 z R3 ———(OCH,CH,nCH
Rs R4
Vi Vil
Rio \ O—Ri
N CH NN
/ | x \ OH
R10 R
R1o 10
Vil
R; — NH, Ri—N—R4 Ri—N—R,
|
R12
IXa IXb IXc
R4-NH(CHzCH,0)H R-N{CH,CH,0)H Ri-N-R;
| I
(CH,CH.O),H (CHCHO)mH
Xa Xb Xc
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10 al kyl group having from1 to 6 carbon atons; R16 is
i ndependently H or a group represented by the
following formula OH; Rl1 is a straight, a branched,
or a cyclic alkyl group having from4 to 22 carbon
atonms; Wis a hydrogen atomor an al kynyl group; X
and Y are each independently a hydrogen atomor a
hydr qeulcigioap; Z is a halide atom a hydroxyl group,
an agetate group, or a carboxylate 15 group; i, m n,
rA—ANd q are each independently a nunber that ranges

fromoO to 20, FHLi®ORH ar e each i ndependently 2 or 3;
t ig‘% Wthat ranges fromO to 2; | is a nunber
bet wech? 1 0Ng; 2 is a number that ranges from1
to 6. [0023] ﬁcyﬁ'é'ﬁurther aspect of the present
i nventi onX there is provided a nethod for avoiding a
col | apse of a devel oped pattern on the surface of a

whersih &, IR, YROfana U85 bfedd R imdtpendéhilfy@rstrdighl, PBRhER&S bbb cyclicalkyl

l'ine roughness conprising: providing a first substrate

grE@TRAVISY R8M BBLOAERIN B 183 cBfIdN GRS IRGHdR e Bgh

surface; preparing a process solution conprising from

t Rom Ul tha®tdom 1 to 5
.naég\?pggm{yﬁeeﬁ,?jg?aﬂlﬁgaw a‘Pnfalk?l g;rb@@ﬁéwﬁtﬁ ?r?a% cﬂz cﬁ) fom 1 to

cafbdrldtoms Rrx@a'ﬁraf%(‘t’ae) braﬁ&ﬁé@ or é\l%'cllc(a\ﬂy) groﬁE'hla)nng from 1 to 10
V1), () | XC) or - ( Xd)
caﬂﬁﬁ%tblb@dRs |Q%r§|*aﬂght C@%ﬁaﬁédﬂ or b Recliciangd ?a%us%mag fowi 4 b 16

the process solution; determning a surface tension

ca?d% ﬁoﬁ@nﬁﬁ‘ﬁg éﬂ!ﬂhgear‘éfeakh fhdeper&sntly 2Qitiaign®h IBnEMRY, or a cyclic
first substrate; nultiplying the surface tension by

aIIM' ﬁrdﬂﬁsﬁaﬂiﬁg(?rforﬁ N 6 @BidAatdRs) IR, lsAndipent&siyt i 8r a group
esion ténsion value 5 of the process solution;

prOV|d|ng the plurality of substr
substrate wthin the plur t
phot oresi st pattern devel dped uRon the surface; and
contacting the plurality of substrates with the

represented by theifollawing fortrtua adhesi on @tnsi on  val Be iné straight, a
process solution is 30 or below. [0024] In yet a

brénohed eor sasyslic alkgif grobe havieg Eom 4 0\22tarkon atomer W i & hydrogen
provided a process rinse 10 solution to reduce

atgrator anmlkyoyll grpee Xoeefde¥ aaire eachtinderendéntlyea fdregesudtomrartae
that has been patterned and devel oped conprising at

hyHesxgt grongs Zisrar hatide atsoh, eningledot grodp f aroacatéte gyoupupr a carboxylate
consi sting of an aqueous solvent or a non-aqueous

greup; v.anin,andndt dreasth independentica annbestbbbrenges fror® tol29; r and
group of surfactants having the formula (1), (I1),

s qrelelkh independently 2or 3; { 19)a number that ranges from 0 to 2; j is a number

wher ei n each
onpr Qs R

between 1 to 5; and x is a number that ranges from 1 to 6.

[0023] In yet a further aspect of the present invention, there is provided a method for
avoiding a collapse of a developed pattern on the surface of a plurality of substrates and
reducing photoresist line roughness comprising: providing a first substrate comprising a
photoresist pattern developed upon the surface; preparing a process solution comprising

from 10 ppm to about 10,000 of at least one surfactant having the formulas (1), (11}, (llf),
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(M), (M), (MI1), (IXa), (IXb), (IXc), (Xa), (Xb),
(Xc), or (Xd) described herein. 15 [0025] These and
ot her aspects of the invention will becone apparent
fromthe follow ng detail ed description. BRI EF
DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS [ 0026]
FIG |a provides a cross-sectional scanning el ectron

BT SR, ABAROZ el ok RS
he%iri;%agta it fhe fi%égagtﬁéér?@ﬁtp}g@ b,f[ag%g%f;ﬁo@% @?Eﬁniﬁihsgﬁﬁace

el oni ze prOV|des

terBich 2% &k aRBle PR HEBAS utn bhdng P ARl fltoling the
suﬁééeﬁlgnsiﬁﬁ' g{ thedcobme TGRS Eorp?ét lag feh@?r 1§ %Bhegi&?@hgﬂn value
Wth a protess solution of the present invention. 2
L. Go.e - i t
o e AR Ao BTy
B R TS S RO 7 o

co@%?ﬁr@h@%&gﬁ\[ﬂﬂgﬂé{b@éﬁ? With tf p?&s&%mioﬁﬂﬂﬁthé adREQ6E Rhsion

utt on I'nvention contalning a

valte o R P lion BB Y et 1 nvention 16
[Oﬁﬁlemﬁg ati%rt?érﬁéés?ététt&%@%ﬂe@@ﬁtéﬁ%ﬁi?ﬁgﬁ?lﬁzg Hro(/faeﬁ %%Bgess rinse

er o S It ncurre

solgﬁ&ﬂ{o%EHéé B&te% F&I!&?ségﬁeﬁﬁ%%ﬁ% %{Irf%?evé)f%esub@ﬂgl?qgéthﬁg%een

sing sane. | eved eat ment o

paﬁéoméﬁ LA ?e%%l%o; &E? @%@ﬁeﬁ ?%as% 81{1% E&rRBr Hggigﬁgsﬁa%b@%o?{g%T the group

re surrta r anoun

cong%sstln_ﬁgaztan ljagu&ﬂfs scglveitn%ll QW%@-QFQ%&E@O‘V%E %]lgod%!/\{g%tislt qne syrfactant

vel opnent” def ects rovi ng

sk 35 A 955 B PRG0S, v, (v ),

or esi st

(AL P EIIROIREE PR (RTTGLS BRY et 1 ©
104255 TR SOHRES e, Bl %0 et il b B g R ne

ctiyvely. ln.dypnam c rinse situations with
fou(ratévf@tcl}é\}%@g drﬁsgrbpﬁ%ﬂ‘w f oam generation conpared to ot her
surfactants presently used in the art. [0030] The

process solution of the present invention can be used

N a 3 R lE Qb I GRESE SBVE it\ﬂ%}r\fé’o%hﬁ-l%ﬁ%“vﬂﬁdge
as

of a sem conductor gew ce suc or ~exanpl e,
o0 955 Y R 5o ey A ord o) 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 2¢ 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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coating (ARC) solutions; post-etching process

solutions, i.e., sidewall film stripper, post 20
strip/ash rinse solutions; wafer cleaning process
solutions, i.e., additives to RCA or other standard

cl eani ng sol utions, super-critical CO2 cleaning
sol utions; and process solutions for critical

thEI ?%%h{‘uﬂvéﬁt|oﬂrc%ﬁiaﬁhr9g[‘a £bRAlA %Jr@%taﬂ?éﬁ’@?@ﬁr%la Il surfactant; and a

cations. In certain preferre enbodi nment s,

pr@ééé%%% élﬁn‘?lo’f‘fh'e e%t‘rﬂ@ntﬁfﬁ&ﬁ%mh@‘é%ﬂngﬁ \ﬂméuh’&:tant
enpl oyed as a ography rinse 3ol ution in addition

reE;S’emQél in place of, a deionized water rinse. The 25
Rirfactant within the process solution may allow for
t he reducti on of equilibriumand dynamc surface
tension while mnimzing foam ng. -11 [0031] The
process sol “H%l@éoﬁﬂﬁdﬁﬁﬁﬁw an"I"IthINVEﬁ'i“R'YN have as
a carrier phase or um an aqueous-based sol vent

[0828Y °fn sé}ﬂm foPRYrdcRaly ngcgsJ g@uﬁ@%gh?%%‘ﬁgé@to reduce

as ‘use ereln eSCTI es a s nt or

thd hﬁﬁ%&?bﬁb%fé@?lnﬁ@?re&‘g%ﬁ%etﬁg %ﬂu?a%ﬁ.nrﬁ(b dfﬂ?es enﬁgorv&hg%evice

per cent I ght perc

arﬂrrﬁ%t%é@ fyu3| Hmd SR b de? {h@{fre ﬁ?&ta f‘rﬁte Wi {hethfz process

prererre eous-base ven elonlz wat er

scRBA%L0R toﬁegf?ﬂfo‘?é Qurtf%bgs s g:g%f&t ?ﬁjntt% ?ﬁ‘llobﬁts may provide at least

agueous- ase east o

orreocff )o@vu{g t'ié”eﬂfég Had?jcé EB&%@M}@%FE’&@&% %&n ?r%vmﬁ 'iﬁéﬂav@tting of

sur ensi on ynes

th& gglﬁﬁ&i BI‘?{Heogbrt%Ee lo?&%f%ﬁ@ghﬁ : P‘S@)‘a‘%ﬁtg ggcrgﬁ%&hc% g?%rllaré forces
o T AT L T
thé fxﬁot%ﬁ%:st s %Fb@%éﬂr}ggéﬁ%rngto?ﬁme%@ﬂ & trk?é/ Iei:r{ez;o%bﬁﬁbcsg iMlrther, the
prgg&s%gaw%BHﬁvoﬁ&l ?l%teffe&l\%@ﬁq dgﬂaﬁlﬂ:dﬂ rfse uét%ng fhr}eﬁh\?e%e minor

an aqueous sol vent e non-aqueous

fodf rg?éﬁ@?atu?sﬁ |°8'%h$a dth glqeﬂ %rféc‘?é\ﬁé gf dféiétﬁl @Ee%é %rmfﬂ] one

tant co erein,

b, YRR Erh oot on ke Sierh Fﬁgﬁﬁ%ﬂe‘méﬁ apgriety o
pr?é(grsgg ?@8@ Yo ﬁ]%é;lg'\ uf%’cﬁ{é\tregdf? s%%léb(??&ﬂgtﬁ? f’ vth%l Qﬁ:?é%ggexample
Iltﬁoﬁéﬁ'@yﬁ% lé flé%&‘;{r Il_lgt hmf'g t F%%tf&?%@ﬁ%éﬁomr@&o QFI& Qﬁ i-reflective
oéﬁ?%gﬂt& r%ﬁ%?opgggos?é@ﬁ% ;}? %%g@?fﬁgg@sﬁp? 35 rdewa‘l f|Im stnpper post-
stllsrﬂg l%fssls%‘ﬁh Egs\mafgy élgyrﬁﬁefﬁrocg{&d rﬁq'ft%léét 632 dﬁﬂﬁég to RCA or other

I nC ude

st&mfé %ﬁﬂ SO|iIJtI§nS Fﬁﬁ(é}lc?lﬁ %ﬁ’%@ @foﬁs and nprocess solutions

exan 'ano

for( %i c@aﬂﬂ'nd@rt J?¥J:|S|Sﬂ I3Péa1mng for aerospace appllcatlons In certain preferred

embodiments, the process solution of the present invention may be employed as a
fithography 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 -
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ket one. O her solvents, include dinethylformam de,
di net hyl acetam de, N-nethyl pyrrolidone, ethylene
carbonat e, propyl ene carbonate, glycerol and
derivatives, naphthal ene and substituted versions,
acetic acid anyhydride, propionic acid and 25

propi oni c acid anhydride, dinethyl sulfone,

OBF=oRk9SEe SUBHFR e 0REEERS Ty e 6 65r s r

méc? it an%c{u%%&ﬁ Hée olv%gg%%lsnon %‘ﬁ" PQ' ano?emfl FHE term
C}l ot QQPAG I‘?ehr Hé@cnﬂl%s ﬁ §8I§/@ﬁ't(3r liqQid 'E’ép@yélngzmgﬁlﬁﬁ'p Qhich

exano

cogr}pﬁ’ g?é g@% |803:¥W pﬁ&F%ﬁJ ﬁr\ﬁel ty &él?é%ﬂg‘r?% +1ore preferably
at ﬁé_a%??@ }'v gbﬁégmfra&&%t ergé F%Fmd%ﬁag%ﬁ Zt?}%eglséﬁlghtt IR dFIOEIZGd

i 2 ebw*%*ace%ce%i%&eg%% i DR gt
th&léﬁe%lst {E& E)th &l lﬂ%’bugﬂ- Suft8 ﬂ@é?r?&%trafés\ée@n ng‘llc sn.{rface tension

enuner a ove nm USG one or 1n

of an‘% 'irééﬁ"ﬁ’s ?)éne'gf’c{]n‘?ats l;e/r?c%ﬁatu{ Or??fggs thdn 8reéc§] 1 5w weight percent in

rocess So I1on nmay contaln a

waggrﬁaetgﬁ%gc ggﬁqeb%ﬁﬁle%@ﬁﬁgg?éé?&hg gosthg]rﬁg)lujﬂbl% %L@g(%na%ssure method
o s PR MRl IPOAISENE ZOUATE Wi

in%?p(%ég\ﬁ h\@?éugggo%%éelﬁcé Eheltsb&llt e of the solvent wthin

€ process On conpri srng an aqueous sol vent .

[Ofﬁr‘@rﬂé grchb%{:l ano whgf'eS Cllu?ri gqtfb%'ﬂls %gll\JISRHé cﬁ a%%i%a tq_fgﬁ:m place

BCHan 1 Soprop

of %8%@@%0&%@%“%{1??@?{ eas‘lflt% rtllgé] g(l%r? ggu%oﬁgt%o v%ﬁtrge]r&téoownl not react

an represent ed

Wim’thé Ité Lgn%l u&l%%@'ﬂ cgoﬁ\t%néffh%ﬁgﬁ c}ﬁ'ler éﬁ?ltﬁé‘é W|th|n the %rocess

sur S ex

soligh, 16V s oh gt %L,Lmﬁ{e gengatg hpxtdgrsmﬂ%.?eaats

S possess a

ERERARE (4.5 Dot &%ﬁf}’a’ﬁ%@%é& Y P SR o
ot BHAERE o fé'ﬁw@&ﬂfanﬁ“ﬁfe S Gt I then AR o or
mé&ﬁ%ﬁ@%ﬁ?@fh?ﬁ@ﬁfﬂ%ﬁ iisdere Sugale e ?%“g%”r"@éé

oo B A0, SHRAEISRRTE) Ehias TueTBb ek oA nd s

Th%% éi%ﬁt¥‘ﬁisc1ud£hﬁlét C?Srg of‘lﬁ%?g’l{) Ié’ée éﬁbeﬂr siorap H%-cﬁ&idlé}{?e ethyl

represeh g fbrnu
acfe%rté%baotl\éxanone acetone, 1-methyl-2-pyrodidianone (NMP), and methyl ethyl

ketone. Other solvents, include dimethylformamide, dimethylacetamide, N-methyl
pyrrolidone, ethylene carbonate, propylene carbonate, glycerol and derivatives,
naphthalene and substituted versions, acetic acid anyhydride, propionic acid and
propionic acid anhydride, dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-

cresol, dimethyi sulfoxide, diphenyl ether, terphenyl, and the like. Still further solvents

12 -
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25 -13RBOH OMMI R HR R R 0'POHiIiq OHI
Il 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 atom or an al kyI chai n having from1l to 5

carbon atons; and i, p, and q are each
isle F‘t?{b oherftanol Emethyi-1-
'"s‘brf@‘g’F g%ﬁébgg%l%cr ga y avail a rrg’rlni% nol S=metiyt:

peﬁ%H%—rﬁetﬂP%—ﬁEﬁd’ﬂoF%' ﬁexal‘nBlCz Ftaﬁb' f% #H I, {’f‘dm‘iélﬁyl -3-pentanol,

assi gnee o present |nvent trade
i R A L5858 g e o,
ﬁgér 4pr£§,5&|faﬂ§ Hg,ké‘isn -butflethér (PBBE)M Eut%x§r ol drap&iol B mathyl-3-

pe%ta'?‘rc)f3 Q%et‘n@{(})lf A g@é(t'afe g%%«?yﬁ%na 8t etgglhfcetoaceta

acetylenic errve actahts ma repare

pe'Pghrn%I %H%pﬁne%%l @er{gpgthglg fﬂ@n%?é&]%ggs gﬁ@&@é%ﬁgmerated
ab%%&ﬁ%ﬁ%]us\@ﬂ'a%eadﬁn blggf?c% Wwith Péwgae% rﬂér%'sg) ﬁ of the

I nventl on and | ncor por at ereln reference

[Obfflut W& cbrtSR b%ﬁ:l%nerﬁé thd pr%@lasé §bllfltg:{51rpg£?c(‘c%ﬁ|ﬁ&§ |e|ast M]fnon-

y ene oxi e noi e epresen

aq(JBOITS igé"é?r‘g!‘ thisElieSh %\ﬁ'a{%ﬂgo@é&%@%)ﬁé%usw&!é I these

eties represen are the

ﬂﬁéﬁfgqﬁé éﬁ%uﬁ; &%lneébgne&fé vérﬁ’ ghpmbg'brd&%% Solu r{l‘"?may range

it nge pretera

fr 9 13to taBP&lESO %Q%)\wngﬁ vﬂ{hethg rb?f%ln}fe Bf ?I@S%Blénlt \Qlthlr}ﬁ'le process

val u

SOR&ISI‘I %Br‘?'lB ig né 6R @q&e&% s]o%enﬁn@xe‘m:};lgs of water-miscible non-aqueous

solvents include methanol, ethanol, isopropyl alcohol, and THF.

[0034] The present solution comprises from 10 to 10,000 ppm of at least one surfactant
represented by structural formulas | through X. Typical surfactants exhibit an amphiphilic
nature, meaning that they can be both hydrophilic and hydrophobic at the same time.
Amphiphillic surfactants possess a hydrophilic head group or groups, which have a
strong affinity for water and a long hydrophobic tail, which is organophilic and repels
water. The at least one formula | through X surfactant used in the presént invention may
be ionic (i.e., anionic, cationic) or nonionic. |
[0035] In certain embodiments of the present invention, the process solution may
contain one or more nonionic surfactants that are acetylenic diol derivatives. The
surfactants of the present invention may be represented by the following formula | or

formula Il

-13 -
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20 preferably from1 to 2. [0037] In certain preferred
enbodi nents of the present invention, the process
solution contains from110 to 10,000 ppm of at | east
one surfactant represented by the followi ng fornmnulas
(111) through (X): RS WR1L (OCH2CH2)tOH (CH2)r (CH2)s
RLI-NH HN HN-R4 IVa 10 /(C\r RI-NH NHR4 1VbV RL H
CHOH2 R2)m(OC (CH2)1 - H+ CH-OHR7 2

Rq

Re
_(_ ON; on Ry —eo/\/); 5 OH

Ry

| I M
R;——(-O/\Jn/ > Ry (oNf q OH
Ry Ry

| Il
wherein R, and R, are each independently a straight or a branched alkyl chain having
from 3 to 10 carbon atoms; R, and R; are each independentiy a hydrogen atom or an
alkyl chain having from 1 to 5 carbon atoms; and i, m, n, p, and g are each independently
a number that ranges from 0 to 20. The surfactants are commercially available from Air
Products and Chemicals, Inc. of Allentown, PA, the assignee of the present invention,
under the trade names SURFYNOL® and DYNOL®. In certain preferred embodiments,
the acetylenic diol portion of the molecule of formulas | or ll 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.
[0036] Informulal and Il, the alkylene oxide moieties represented by (OC;H,) are the
(n + m) polymerized ethylene oxide (EQ) molar units and the moieties represented by
(OC3Hg) are the (p + q) polymerized propylene oxide (PO) molar units. The value of (n +
m) may range from 0 fo 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

preferably from 1 to 2.

-14 -



| R32)n RO Z(OC RBR4 V1VII Rio /[/+CH2)r_ +CH2)s Rio

Rio -R11 -15 RI-NH2 RI-NR4 RI-NR4 | Rl12 5 1Xa I Xb

I Xc 10 R-N R1- NH( CH2CH20) nH R1- N( CH2CH20) mH R1- N- R2

I (CH2CH2O) nH (CH2CH2O nH Xa Xb Xc (CH2CH20) nH

CH2CH2N (CH2CH2O)iH Xd 15 [0038] In each of the above

formulas, R, Rl, R4, and Rl12 are each independently a

al . Y . .

[08371211A Bbriaift PEBREA B nodineRisdfdhd ﬁ%egg@hv%.g&%é pRIBeSs solution

carbon ato

B9 o UGB AR sy 8 ol

ranc : group
f 5 carbon atons; R5 is a straight, a
oty A f
R4
Rs (OCH,CH,),OH (CHa)r  (CHgp)s
R NH/ N \HN
W ! H Ra
5 1l Va
O
X Ry
o
O
™~
(CHp)r Y Ra
Ri——NH NH—R,
Vb \'
R4
R2 _(OCHchz)mOH
TG (CHp);
R7_l\i+—R9 7 Rs ———(QCH,CH-nOH
Rg Ry
Vi Vi
10
R10\ O—Ru
R
S/ | X \ OH
R1g =3
. ' R1o 10
Vil
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or a cyclic alkyl group wth 1 to 10 carbon atons; R6
is a straight or branched al kyl group 20 with 4 to 16
carbon atons; R7, R8 and RO are each independently a
straight, a branched, or a cyclic alkyl group having
from1l to 6 carbon atons; R10 is independently Hor a
group represented by the fornula OH; Rll is a
srraigj,, a brancheg, olagyclic alkyl groughawngr,
from4 to 22 carbon atons; Wis a hydrogen atomor an
al kynyl group; X and Y are either a hydrogen atombr a
hydroxyl group; Z- is 25 either a halide atom a R,
hydr oxyl group, an acetate group, or a carboxylate
group; i, m n, p, q are each independently a nunber
rpaging fromO to 20; r gpd s are each /(CH2CH2O) pid
ORl1 / 11-~C -16 independently 2 or 3; t is a nunber
ranging fromO to 2; Ll is a nunber ranging from1l to
R15\,IH(g(él'ﬂ\a83HeOi)rd-|a nunmbBrNiGigith@)dlom 1 to 6. BfariiRes of
Formula 111 surfactantls include, but are not |lmted
to, 3,5-dinethyl - 1- hefGhCsl0)Hand (CH2CH;0)H
2, 6-di met hyl - 4-heptanol. An exanple of a Fornula |IVa
sur f%&tant includes, butXbs not linmted to, Xc
N, N -bi s(1, 3-di net hyl butyl) 5 ethylene diam ne. An
exangFlzez2CamHor nul a vV surfactant includes, but is not
RIirri,t/ed to, diisopentyl tartrate. An exanple of a
Forwul a VI surkg nH ncludes, but is not limted to,
dodesyl tri m;t/h(yl a%nlf?gbtr)li um chl oride. An exanple of a
For muCHGHiIN.sur f act ant i ncludes, but is not limted
to, 2,4,7,9-tetcyorl,0)- 4, 7-decane diol. An exanple of
a Formul gxgVl Il surfactant includes, but is not
limted to, an adduct of diethylenetriamne and

[0038)Uti) lead ofth¥ Gheve faphlRE; RMRY, RY! ahd K3 .aré Eheh RElepeidently a

e
surfactants are primary, secondary, or tertiary alkyl

stralghl @Sbrafbhe?X 8PR teciiefalkgl Grolpom 2 125 ffatk 3aB1Q carbon atoms; R,
includes, but is not Iimted to, octylam ne. Fornula

andR, af8 eade ind@beﬁ@énﬁf éﬁ'ﬂ@k@@h St 8r AkirXigheBIognched, or a cyclic
et hoxyl ates. [0039] The process sol ution may

alPhiRPHalving 3R Akd1@ HIFSRET BN barbdh &tdhi® Wtis 8ktraight, a branched,
I Spersant "'that is added to the process sol ution

I | i R , 4R2iBR1Br branched alkyl
AP SRTAN 11718 S e 8 MR ancnd o v

wilt £IETEEABoh HRMsAROW, A R CaredaeH indbpBiRienh B strbiit, lrBhched,
di spersant, as used herein, describes conmpounds that

or SUYRMCAIY Poul TSR 135 BRAFBICAEMs SR Ils Maesiddently H or a
processing residue, hydrocarbons, netal oxides,

pi gnment or other contam nants wthin the process
solution. Dispersants 11

group represented by the formula OH : Rqq 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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suitable for the present invention preferably have a
nunber average nol ecul ar weight 20 that ranges from
about 10 to about 10, 000. [0040] The di spersant may be
an ionic or a nonionic conpound. The ionic or nonionic
compound may further conprise a copolyner, an

ol i goner, or a surfactant, alone or in conbination.

md%@naé{tﬁ‘zc&@lt humBer Héﬁ@l:‘% Shed f 2:f & @E%Rér@aﬁgmg from 1 to 5;

['ymer conpou consi st of noré’than

an89(| i/ B%uhibe? m 150 62 E:8hPids of Fofthula A s@fatdrie inéRide, but
Fyfuroet R i

copoly es Oof a nonitonic copolyner

PRI ABEASR ORIy S [ pomoe o
#cﬁ?nula vh%s uké&anhéaéd@sn@uf:%%% s to, NIP- b)s(g1 ’é*b‘?m&ﬁuwﬁhtw

ol 1 goner, as use eréin ates to a

etl@éﬁéoqfée@ %]? rA?\'Oe;){aHbgef &a Pé‘ﬂrﬁﬁlé‘vfs%Wa&EHﬂﬂa[udéﬁn bgﬁs oot (5.;ted to,

I gonmer dispersants In

dii Ap‘éﬂtﬁ%rgtgzinoé%%g?&sa E&dudNA Qﬁﬂz%fgnt mL:QIQé&]but is not limited to,
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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-EO co-polymers PLURONIC® L121, L123, L31,
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enbodi nents where one or nore additional surfactants
are added to the process solution, the surfactant may
be any of the surfactants di scl osed herein or provided
in the reference McCutcheon's Emulsifiers and
Detergents. 25 [0043] In certain enbodi nents, the
process solution of the present invention nay be used
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embodiments where one or more additional surfactants are added to the process
solution, the surfactant may be any of the surfactants disclosed herein or provided in the
reference McCuicheon’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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25 10 to 10,000 ppm of at l|least one forrmula | through
X surfactant; and less than 1 weight percent of other
addi tives such as crosslinker(s), surfactant(s), dye
conmpounds, and the _19 like. In general, the solids
content of the process solution may vary from about
0.5 to about 40, preferably 0.5 to about 20, and nore
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[0045] The process solution of the present invention may also be used as an anti-
reflective coating for the top or bottom surface of the substrate. In this embodiment, the
process solution preferably comprises from 60 to 99 weight percent non-aqueous
solvent; from 1 to 40 weight percent, preferably 1 to 20 weight percent of a polymer; from

10 to 10,000 ppm of at least one formula | through X surfactant; and iess than 1 weight

percent of other additives such as crosslinker(s), surfactant(s), dye compounds, and the
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dilute H; from 10 to 10,000 ppm of at |east one
formula | through X surfactant; and water. In a
further enbodi ment, the process solution conprises an
acid such as sulfuric acid or HCl and an oxi di zi ng
agent such as H202 wherein the ratio of the acid to
the oxidizing agent is 1:1; optionally a chelating
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ethylenediaminetetrapropionic acid, ethylenediaminetetrapropionic acid,
{hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N,N,N’ N’-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP), citric acid, tartaric acid,
phtalic acid, gluconic acid, saccharic acid, cathechol, gallic acid, pyrogallol, propyl

gallate, and cysteine. in an altemative embodiment, the process solution comprises
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may be conducted prior to the exposure step to renove
any solvents contained therein. 5 This pre-bake or
soft bake step may be conducted, for exanple, at a
tenperature ranging from90*C to 150'C for a tine of
from30 to 120 seconds on a hot plate. [0050]
Dependi ng upon whether the photoresist coating is
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crystalline 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 appiied to a substrate

having a photoresist coating applied thereto. The photoresist-coated substrate is then
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surfactant may be added to the substrate after
application of the process solution. In this case,
the process solution nmay be fornmed in nmultiple steps
during the processing of the 10 substrate. In stil

ot her enbodi nents of the present invention, the at
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[0051] After the patterned photoresist image is developed, the substrate is baked to
harden the polymer contained within the photoresist. The bake step may be conducted,
for example, at a temperature ranging from 70°C to 150°C for a time duration of from 30

to 120 seconds.
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sprayed onto the surface and allowed to remain there
in a static nethod. In certain preferred enbodi nents,
the contacting step is conducted in a static method.
The duration of the contacting step, or tine of
contact of the process solution to the substrate
surface, can vary froma fractlon of a second to
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water and/or non-agueous 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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tension, of the process solution my be determ ned
according to the maxi num bubbl e 15 pressure nethod as
described herein. The contact angle of the process
solution, which is the angle between the baseline of
a droplet of process solution on the surface of the
substrate and the tangent at the droplet base is then
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the development of the photoresist layer. In this connection, the photoresist-coated

substrate is developed via a developer solution. After developing, the process solution is
applied to the substrate surface as a rinse in addition to, or in place of, a deionized water
rinse. While the substrate is still wet with developer solution and/or deionized water, the
process solution may be applied in 2 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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2,4,7,9-tetramet hyl - 5-decyne4, 7-di ol (exanples 1
through 3) or 2,5,8,11 -tetranethyl -6-
dodecyne-5, 8-di ol (exanples 4 and 5) were prepared by
adding 0.1 wei ght percent of the 20 surfactant to
dei oni zed wat er under continuous stirring. [0060] The
dynam c surface tension (DST) data for each process

S S SR AEBELPE HRA o groe
388 3T Bt LBE! B0 SR e e

s S EES AR, SRR TSR, or
o fl FARE 0 e R SEPUR OB A o e
oA LS5 L g W LA B S B

SR PSP, S Sy 8 55 e o
o 3 RSB o BSBRTT 83 BBD o
g h SRS o B FBEAE PR urtions
O T
coflehPaunee. [nfrbdud: 5 MfndFdnyleR leHfinina e sifpeg tonsion
o 55} s 0 o804 Sy S5 B SO o o0
oM R R, Gl FSBHE09h fY Brepyrce o
o B3B8 e W, B i s
ok, B SRYARL 61T 35 e L SRl e RS -bucble-
pressure method as described herein. The contact angle of the process solution, which
is the angle between the baseline of a droplet of process solution on the surface of the
substrate and the tangent at the droplet base, is then measured. In certain preferred
embodiments, a high-speed camera may be used to capture the spreading of the droplet
at a speed of 2 frames per 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 multiplied by the cosine of the contact angle measurement to
provide a certain value referred to herein as an "adhesion tension value”. Lower
adhesion tension values for the process solution correlate to a greater reduction in

pattern collapse defects. Adhesion tension values of 30 or less indicate, preferably 25 or

less, or more preferably 20 or less indicate that the process solution may be more
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PO (dyne/cm (dyne/cm) (dyne/cm (dyne/cm (dyne/cm
(m+ (p + g)0.1 b/s1 b/s6 b/sl5 b/s20 b/s n)

15234. 035. 337. 641. 544. 3 25035. 135. 238. 142. 044. 4
30032. 133. 134. 236. 140. 3 40034. 143. 658. 168. 369. 8
54026. 826. 831. 535.939.1 15 Exanples 5 through 7:
Foam ng Properties [0062] Three process sol utions
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best.lééﬁ 6 4 E%u&fon%‘lr f tc%%ént eﬁloﬁ gf‘ﬁﬁérfﬁr%tgé %ﬂﬂoug-ﬁt)@surfactant is

oanm ng propérties of exanple oug

ST 08 RPN 5B S B rrins

fo@é&h@u%bﬂﬁpeagﬁﬁglnl ‘?efjallred b\%bb@ih‘%niseﬂ opd'g%gs%%of[]tlon reduced the

Ity O cess solutiron 1$ a rom an

Lﬁw ggs%érggghgge%#e%ts 75 %O@Brraﬁaq&e pikrab Y02, rar Bfbater, and

same solutio om tenperatu

ma_l]% r&@?a}]% 230 Pre?ﬂl % 34888 watdr e R p%ﬁ!élrnieﬂ%nd

I qul vessel contalning't

de?@ﬂ% %Eﬁ&h?esnsmgaté& §H$sgr%t(?sr ﬁ\/ﬂ{gvaqﬁa%ﬂécﬁ%% o 3. b orEhaeatéroand a

I'S neasure e Cco et on O

plt@ﬁjgﬂ '10410#% &bh o‘?fla rﬁ?’rﬁ?ﬁfé‘g @éct)r t’?’J‘&Jf dt Mast 6.8 1fr1|'nr.

Ted oam |pa e 1S recor

[Og%(:]gs [ aﬁ}grﬂlgh Wil ﬁlﬁ%t&te@%b%ﬁétﬁmt h Fe?&@%é@% tl‘?gf%lowmg

( ecause de ects due to t
ex%ﬁ'lpllééf But it should be understood that the present invention is not deemed to be

limited thereto.

EXAMPLES
Examnples 1 through 5: Dynamic Surface Tension (DST)
[0059] Five process solutions containing acetylenic diol surfactants derived from
2,47 9-tetramethyl-5-decyne-4,7-diol (examples 1 through 3) or 2,5,8,11-tetramethyl-6-
dodecyne-5,8-diol (examples 4 and 5) were prepared by adding 0.1 weight percent of the
surfactant to deionized water under continuous stirring.
[0060] The dynamic surface tension (DST) data for each procéss solution was
collected via the maximum bubble pressure method described in Langmuir 1986, 2, pp.
428-432. The data was coliected at bubble rates that range from 0.1 bubbies/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 EQ and PO for each example and dynamic

surface tension data is provided in Table I.
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to adequately coat the surface of the substrate. As
Table Il indicates, the tinme to reach zero foamis
approximately one mnute or |less. 15 [0064] The
process solution of Exanple 5 was al so conpared to
process solutions containing 0.1 weight percent of a
fluorosurfactant (perfluoroal kyl ethoxylate) and an

[OgéggL?Tl\l]%lLHggaﬁ'ﬁcaéUﬁa_%ﬁ cHsiR d A4 bidvided liffdinSatiod Bt thB Berformance

test. e results of this conparison are

of B'<RHLAGH ét'&oﬁtﬁeﬁm)rﬁ frdrh -neﬁ?s—?iﬁlmriﬁn" {ol1 I§/QPfU§elaﬁ\9ﬂl*‘ﬁiigﬂ Brface

contalning t uor osur ctant and i'onic surtactant

crez%iobgaﬁé '&’bﬁsﬁdfoﬁi@giiéaﬁsa&uérpggﬁge%ic&ﬁm{ov 3t fC PlocBsMig, high

ut es. m conduct or processi ng

bugﬁl | bfe@lh rr%BﬁnaogfofaZf;agfet? SQEstl%itégFUtétioﬁ%Eeé Bﬁérhgmic spense

esirabl’e a an I ncrease in procéssing
S o 0 0B gt B e i o
BrAVI R
prﬁ(ﬁ% 2’1{’% %1’ bg%]ﬁﬁv}tegmgf gﬁ&%gh}&ﬁ%ﬁ?&%&& b @bstERATERRILN in the
S RSB ST WAASR, pre
o AR B gy o
L AN
at %u%fn%qgé §urﬁ‘éc%%ﬁ§ié>m water.

Table |: Dynamic Surface Tension

Example | Moles | Moles | DST DST DST DST DST
EO PO (dynefcm) | (dynefem) | (dyne/cm) | (dynefcm) | (dyne/cm)
(m+ |(p+q) [01b/s |1b/s 6 bis 15 bfs 20 b/s
n)

1 5 2 34.0 35.3 37.6 41.5 443

2 5 0 35.1 35.2 38.1 42.0 44.4

3 0 0 32.1 331 342 36.1 40.3

4 0 0 34.1 43.6 58.1 1 68.3 69.8

5 4 0 26.8 26.8 315 35.9 39.1

Examples 5 through 7: Foaming Properties
[0062] Three process solutions containing acetylenic diol surfactants derived from

2,4,7 9-tetramethyl-5-decyne-4,7-diol (examples 5 and 6) or 2,5,8,11-tetramethyl-6-
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Fats: the Sul fonation of Tallow Al cohols”, J. Am Q|
Chem Soc. 31, p. 444-47 5 (1954). Exanples 8 through
9: Contact Angle Data [0065] The wetting properties of
process sol utions containing varying anounts of
surfactants derived from
2,4,7,9-tetranet hyl - 5-decyne-4, 7-di ol (exanples 8a and

Bl o A Y g Bt ac
su&ﬁ%ﬁf;‘t@ 'io‘h?ze%ﬂeg’gﬂ Gkt F&ﬁﬁﬁuﬂﬁé‘%ﬁﬁ on the G 1 0/DSAL

rop s e analyzer provided by Kruss USA of

O o 4R 55 5 5 g o
foérﬁ@?%?%%hiésh& &H{nfp%;s?se@f-%@h PRFe UG Lfsgﬁ]f grocedure based

e are estl measuri ng e ct angle

up?ﬁtA ) ﬂe{33b53. %Slséaélsr—‘l@l{l%e te?lalﬂé@le ,ear{ftiﬂﬁ 2&53.@% %fee ?rovided in

evel oper solution and n

TR i fisdbdtng 20550 GRARRY 8L SRR HOARS BRNGR IATeE Srofan
el a'ﬂég f%gm?foﬁ%t{eng aCfBQ%al@&ei?é}%ogﬁ%ﬁbgagﬁg%fs&thé ngﬁé ]solution at

rocess I ons OT surrtac

odrierpdt i MEEA MIEE IR Arfadeie filnctonron s iy o
o it PRI dad, ) MBI b a1y, o
oSl PRl Sy Bl AT SRR an e
o Ry WPl eI R HETER € E B, e
orPURLE ofr e T E oA e ¥, 50 0 BB g e
o SRR 5 LR ol 2 B LR, st oo
e e ST

B A i BB Sl AR o
Y 559 S B B o RO v or
o S S R0 0L A . e £
cHRPTSS AVRARET Tl 5Tl A,y i
nPRSAR S8 e SRR e B B AR o or v
mifitrr]%lg{ zr({js ﬁi?ﬁn{ﬂ%?orcp?gée%gikg %Bglllc%tigl];s, E#eeprgggﬁc%ro§%‘g%}ficant foam
may be undesirable and may lead to an increase in processing defects.

Table Il: Foaming Properties

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

5 5 2 0.6 6

6 0 0 2.0 3

7 4 0 2.5 60

-28-




10

15

20

wat er. Further, higher anounts of surfactant within

the process solution may lead to nore surfactant

adsorption and i nproved wetting. Table IV Ant Cont act

Cont act Contact Contact Exanpl eSurfactant Angl e Angle

Amgle Angle (0 sec)(5 seclO sec)(30 sec) Conp. Ex. 1 -
--61.861. 761.561.1 water Ex. 8al25

7 3
A S R R e

NG BBEmOT T Eoham i A Fé&ﬁ Height at
Heidh i .S;%egfecqer&% TR R

gpnent—ae STOm a sugptrate was [ g
t+reatt g tire—stirstt wHth—a i of
< gﬁ’gar ative ggnspl e 2) vs. Vg} rinse 20 1335
H- 116 pPro6€€SS salptt+oen—of—the Pt esent
ion §lée qt gg@rrpl e 10). ?? g process Zﬁs?%l ution N/A
N Pﬂéﬁrﬁed :O ppm of a
"'6)')120111- LI nnnnn ,-.I; } An;v§-_fa0
i I ratur
%;%Z%% ei ﬁ h%:&ﬁg%e lg eq”égn% j rgAnimaI
I nagion g PNi W'?Pds |I . 444-47
phot 1st coat ed

Examples 8 through 9: Contact Angle Data

[0065] The wetting properties of process solutions containing varying amounts of
surfactants derived from 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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substrate was exposed to a 365 nmlight, heated to a
tenperature of approximately 110C for a tinme of about
1 mnute and then devel oped to forma patterned
photoresist 5 with a dilute TMAH sol uti on. The TMAH
sol ution was applied by dynam cally dispensing a 0.21
N TMAH sol ution onto the substrate for a period of 100

- [oeeﬁorsiﬁcon[@é?zglprwd&oowwa@érhaﬁn@a%%ae Ca. s %oated with a

taining DI water started 15 seconds before the
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perl od o m nut substrate was | nspected for
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counte e results of e |nspect|on are prOVId ed

of IPsdhtakt ahg\g?aﬂ thd BRoce¥P SHILAIR é?ﬁﬁ:)lﬂ«?éléﬁ&éﬁmﬂaidﬁvé Bﬁamme 1)

sane nmanner as 1 n conparative exanple usi n

; condi ti ons. Hovvever after
dlﬁgﬁsﬁ%ﬁg %’?é%e\?@{%ﬁﬁg a process sol ut| on
10664]P h $eReraf BoREEL ok & ot 20 ok beEliby LBIAPAndel weting

ofﬁ'\ér gtﬁx%ﬁatemﬁaeg eAb 3BRIEMY iIREIAERY, %Egvfaeﬁan VETRRAY i gsveloper

same as I n conparative exanp fter

onstﬁsgﬂstowsﬂsi%ogcep %usﬁtﬁate ﬁétrééibalw.tﬂ he fro %sé"&tltﬁfons of the

rrnse was use anot m nut es. he substrate

ufiggﬁtgaﬁncéc{ggnia‘ﬂér_ fsh ﬁ‘ﬁat éon't‘e?dt QH?IE J‘Ee%f%%%§'$f t}eated with DI

ect inspection too
3 L e bl
er%%luﬁa(\,fbnt' édsuﬁ}tbﬁ"aﬁa’lmg @e@mﬁiﬂg.s sol ution of the
resent 1 nvention was able to onpl etely renove the
photore3|st residues fromthe patterned photoresi st
surface. By contrast, Table V shows that were many

Tdef€cts resulting fromresidual photoresist and other
sources after r|nS| ng with DI water. Therefore,

E A Té 'y l. IIU %l‘lﬁibl. I d.l. C& t E[t l IIU EB tUbUb b | OT1 egntact
){h‘fbpr essnt %ygg&hpn}qﬁ i ect | v oIS F gﬁ % Al Angle
nunber of pest- el & 0 sec

t—31—Tab] . T
w:.{g BI [P/Et er Rinse ?‘)s ect Type1s mal | I\/bdl um 11
revalt |l ar a1 Tt o1 Dot + ok MNaf At N 120104

A NN TSN AN AR L HA G E LY

Ex. 8b 00 ppm | 47.3 42.6 40.6 36.4

Ex. 9a 100 ppm_| 50.0 46.8 45.0 416

Ex. 9b 350 ppm | 40.0 29.4 25.3 17.2

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

[0069] The number of post-deveiopment 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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Def ect Types |Small | MediunliargeExtra |arge | Total
Pattern Defect 10 10000 Pi nhol es/ Dot sO000 10 Tot al 0000
10 Tabl e VI: Post-Devel opnment Defects after Process
solution Rinse 5 Exanple 11: Conparison of Equilibrium
Surface Tensi on and Dynam c Surface Tension of

Process solution vs. Sol utions Contai ni ng

S (A STl AP MK M0 SRy e
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PRI AR BBy o oD e AEclortd o Rl o PR photoresist
withEdilitd FRAL Sldid, M adan réo%tio%%‘é%%pa%ﬁ t@}ﬁ}{?\laﬁ'nicall?l dispensing

pressure tensioneter manufacture russ, nc. o

a 6994 lT‘MAﬁ solmi(ﬁjontg I g&%-gtrgf;ebfgf‘ge B%Iﬁ’éedsjéfﬁﬁ)g s%%%ﬁé on was

measured vi a e nmaxl num od used

[ngsb}e)ﬁﬂ@hlsgra%w% Eﬁé?’”&gfa rihB& c#@%ﬁk@@fl%ﬁt&{%% 4T1 28&konds

tests are provi ded In

beﬁ%& I‘PI*E)({ ?é\%}i&pl‘%r E@glﬁg%(é burnddibie gnél P@nt{nklé@ F RS drRe R Himinutes. The

ower conmpar e € process sol ut1on

sulﬁgtr 8 %a@riﬁ%%g{edif@ﬁ@fﬁté’ Usin Lﬂ% 'Férgg{aﬁ'@g@%-ﬁléné&%?ecﬁgpection

ndi cat es uorosurtactan bi'ts poor

to@ﬁ@{?&& &Pkmjﬁg%&ﬁﬁé.%?séﬁﬂpg fa3:\ a?iB ithd bfectE Were classified and

cati'ons require surtace creation rates

cotHfeR. GmgS%%?o%%hﬁ%%c%r?&%ﬁ&?ﬂg&ginuﬁa%qje N

sem con turing rocess sol ution of

[Ogﬁﬁ pfh%%gtrétgwg}ﬂgg%sﬁw HJ tﬂe Q?m@%gnn%‘ gg ﬂpl:&nﬁa?gﬁ\ie example 2

utions contain uorosurfactants due to 1
o5 0 O Tl 3 P s o
oo BBy APAEN: i Ui e 10 vas
usgd §9|’|H§é tﬂ@%aﬁérn%g %hgfo?ecsm-tcoét%%ﬂ%&m 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 results of the inspection are provided in Table
VI.
[0072] As Table Vlillustrates, 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-

deveiopment defects and improved the process yield.
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[ 0075] Seven process solutions containing surfactants
having the fornmulas | through VIII were prepared by
addi ng I ess than 1 weight percent of the surfactant to
dei oni zed water under continuous stirring. The
concentration of surfactant within each process
solution is provided in Table VIIlI and is determ ned

Teﬁ%’e Vhﬁosﬁfﬁﬂvhﬁﬁheﬁﬂb@@bﬁ%ﬁ?D?W?ﬂerﬂné’@l ue cal cul at ed

ferent concentrations for each surfactant.
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en artr Foroula 111)., .Examl e 16
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surfactant (Formula 11). Exanples 19, 20, and 21 each
cont ai ned 1: 3 adduct (0,05 wt 9% concentration)
Examwplr 1 1:(@rronrispp obfaw m&wﬁe%ﬁsnSlquwaa@a §b‘ffa°e Tension
0.03 wt % concentrati on? respectively, of
of Freaer§ salyten v mohtiops Sentaineg K BWW@‘F"?% dyl ether
Formula VII11). 20 [0076] The dynam c surface tension
IOéﬁéT)Preang W"J@%E‘Pﬂtﬂ'ﬂ@@@slﬁ, weightipersanipl @ supfgrteatdestyed from
he maxi num bubbl e pressure net hod described in
2 iﬁﬁd ﬁatramstyslaﬁ-dgdeqypeﬁ £Q‘8iaﬂ!95§ fluprrsugactantyastagsiiMect ed
at bubble rates that range from 0.1 bubbl es/second
PEUBMQOW%HEP@'%PWM?Hg’y@M@@tBF@J'%dW@FQWW%@QﬁF@r@d in
t ensi onet er manuf actured by Kruss Inc. of Char]otte,
orderdo compar the gguilibrim sufacgdpivien (ST andslypamicssusiass ignsion
for each 25 process solution are provided in Table
(DGiT).| The BST fordooth selpfionsovpsmeasued Hgog waﬂs}ewpﬁfq@@thod ona
Inc. of San Jose, Ca. were coated with 300 nmth
Krm@%@@sbmg:preﬁwrmwt@w@r@giegm%mqﬁgd BY Kysgetncpof G"@E_kp&e N.C.
Kogy Ltd. of Tokyo, Japan. The cont act
Th&r@@%@ﬁ“ﬁ%ﬁ%@@%% maathﬁﬁUEﬁﬁi W%ﬂ“%‘ﬁ@f“@#@%@'&b'e pressure
surface was neasured on the GLO/ DSA10 Kruss dr
metheghesethialeyaewias olfrans Soyrhe esults g ESE a@ﬁé?srTo{Deﬁ@ are
N.C. using the Sessile drop nethod. Table VIII
Previded inels Eh\é"cont act angl e for each process sol ution
neasured at a age of 10 seconds. [0078] The
[0Q&/] e Feferripg rﬁ%T@He\VéII w@&e therfluerenripetapleadibils ja pwemE Sk sompared
calculated by nultiplying the surface tension and the
to hespragessisoluiion @b eavresent glvention ehe eignifigaptly fowarilST indicates that
calculation are provided in Table VIII. As Table VIII
the fluqresyripctant exhibitsop oqrﬁgn@m@csé:g‘gce 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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10 sol uti ons have an adhesi on tension val ue bel ow 25.
Exanpl es 13, 14, 16, 19, 20, and 21 each had an
adhesi on val ue bel ow 20. This indicates that these
process solutions may reduce the nunber of pattern
col | apse defects to a greater degree than a process
sol ution having one or nore surfactants with a higher
Eﬁﬂ?@ﬁion tension value. Table VIII: Adhesion Tension
Val ues Exanpl es12131415161718192021

RS PRI, 1%} 20 B Oy ey 0°0. 007 B B>
&r"ﬁ(blalﬁ 1I (IJL;‘E:)L U4 1. '-I-\I) L D00, 40D, OV 28\4I TOJ.
S e A Sl z:;‘:*:;; r5oc0_och724

IYr ©JJ. UTVU. TI99.71L7FJ T IV - L JJI.

L
S@%ﬁgbfwé%%ew“%ﬁv&g %pé? RS- d et hyl -1 - hexyn il -
103l BeBaPiaeas ol BMidgRY st e feviag theformutas | through
ol AT 'aﬁméﬁﬁﬁévﬁ%‘ﬁwﬁpéﬁéé@pf’w%%ﬁ 18 dbionized
wal Lf%ﬁ%ﬁ'ﬁ?%@ﬁﬁiZﬁhww@?emof PRl R sactiprocess
solfhg? '@3%@%%%%%? ﬁw@% sPleghRe ey %amﬁﬁe%%sﬁ%m{%nsm
valueiiglefion s peamralbar ﬁ%f%@gﬁ iy ERaRge G Fhpained
3 SRR eOtoes| ot | 8 B PechiBriindis b ¥y« hevtano
Pf%ﬁ%e? RERHISEUSoRR i Pl 18 st -8t pimathybuy)
etyieneden &8 bl Vin vl 55 rarifogs P@ssopféﬁ@ﬁéﬂéa‘éﬂﬁﬁmla .
Bbat Sﬁ%’éérg%t 69Ap A S ety tafrhoium Shiorids ot 1Va), Exiniple 17
contained 2,4,7,9-tetramethyl-4,7-decane diol (Formula V). Example 18 contained
2,5,8,11-tetramethyi-6-dodecyne-5,8-diol-derived surfactant (Formula Il). 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
diethylenetriamine (x=2) and n-buyl glycidyl ether (Formula VIIi}.
[0076] The dynamic surface tension (DST) data for each process solution was
collected via the maximum bubble pressure method described in Langmuir 1986, 2, pp.
428-432. The data was collected at bubbie 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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di stribute the solution on the substrate surface. The
di spense process |lasted for a period of 15 seconds.
Afterwards, the substrate was spun at 3,500 rpmto
dry. 10 [0080] In a conparative exanple, a deionized
water rinse solution was applied the substrate
surface after the devel opnent of the patterned

ﬁf’@t OifHInWafeARFbded'by WalerndMAE! a4l RRE EC)I(:§ QAI#E 'c?%ted with 300

er the sane process’ con thﬂS as the

nn]rﬁ'nck PR 65% §§%ﬁ§§h038|]eg {&ﬁﬁln rovitied t?f Q@H@fk%r o Co., Ltd.

treated vv|t a post-deve oprren e proce

of%iq% 'Jgga@f Thelé fh& a%peso%%e brovesy go%i.om e gﬁbera'srs% durface

water post dev opnen rrnse were conpare

waRCAEAL My Bh 86t ??@%A%%ﬁé’é’éfr PFbgﬁ .kggvag &m&fwmﬁs USA of

Cr.oss-secti on I mges o nes "wt

Cri'a'rﬂ: B A& gﬁg rﬂl%(ée?&fﬂb%?éﬁﬁgtﬁ%t Yaple ‘ﬂf' %r&fkﬁjesathé 'tBritGct angle for

oyln rocess solu

earcﬁgrP@éetsé \égl:lﬁf?n B%Egl;r%lf'l %gatdpo(f é%%t of % secgl%g oying the

cess so I nvention as a

678! HRV&l fsﬁ%nsf.améafru{&oﬁeém brBEeds ottt W baldiid by

e| oni zed m ni'm zes or ces

m‘&“@?‘“ﬁt. Co g Bt B BRRE of 1 BRERERISS. [hf fosgps of i

caﬁ%ﬂ%ﬁ%éé@f%%@%ﬁ if ?El%n 57)& by \{)@?lﬁmyg Qs "Mutotﬁ J1e§)ro s
so@%bb?ﬂg\?e %ﬂ@éqﬁéﬁ’dﬁ%h%ﬁ Qﬁlﬁé‘ﬁ%ﬁ)w i@ dﬂéglzblé§? tﬁp’lﬁloi@ 20, and

Safe

21dé’a%ﬂaq%§ q‘iﬁ%h%zgﬂfvaﬂ:g b%lcfw é& ”%als y}fcé’t%slllb‘l%{ tﬂf:g(é pﬁoggss soiutions

VI SUu servatl ons are provi

mapRore 05 A o Bl e i P aieT Bobikb M Jprocess
flioh 35 By il SoA A5 AESHRE R BSRERI (CAUR LA 2

rinsi ng

Téﬂ;eoﬁﬁisﬁdﬁé’sl,&-ﬁg&@{véln present I nventi on rather than
er e

deroni zed ectlvely reduced the pattern

EXaRbleaPSe e PR ',ud"U ORI eIReCt M8 9 9 T 20 | 24

T {11 e 41 dp\ LIS)
Cont Ileif":g.ﬁPsop'ngelct %a%vl gA) Si 1 tégsvvl t4h col%l aps ;bndgsD) 505 | 0012 | 0.03

SMBEET 3 09 T36iKanpl £ L350 3185 FXAUPEE | 583 435BXJqMBEE | 379 | 356
Tehdion élsfr)

(dynesicm)

Contact Angle | 55.0 [70.7 [531 |455 |627 |561 |28.1 59 | 59.2 | 597
(€)

Adhesion 21.0 13.6 19.2 (248 (190 (214 |228 19.9 19.4 17.8
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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Reduction in Line Wdth Roughness 10 [0084] Exenpl ary
process solutions 22 and 23 were prepared by addi ng
0.05 weight % of N, N -bis(1, 3-di nethyl butyl)

et hyl enedi am ne (Fornmula V surfactant) and 0.05 wei ght
% of 2,6-dinethyl-4-heptanol (Fornula 111
surfactant); and adding 0.1 weight %of 1:5 adduct of

re% %Wé/ c?eﬂ@b (R BoBfed (\Réutr?% TR0t h%t%i&)@t Rl Bﬁﬁose toa

sur act an respectiv e| oni ze

19‘5@%‘?“ '&gﬂ% "i@ﬁ‘t s $§qq?i1dor éc%ﬂnerAhéé{QéH Q?e%ﬂ@ﬁtun? of

pr OCG oW ng manher: a sillcon wa

anBnalEl U8 eé\ﬁé{ e ol fier d2anUR:pRENEH RRbbes S
P%@%%& ettty & e TMAPERTERY e AR SBePer Sluon vas
< e R K o
AP LSS B B Bhondnd RSB Ral D éﬁ?\’aﬁih%néymm'ca"y
cigfract Bhiodhn SHhsTEleCTGer ahu€ Leater Sihedele A8kl splip gt 500 rom to
iy he S NEAEL R SO S{TAFR e RO P FESRPD et Ftee period
o e oo Sa4SEhl Sk o SLo BT BRIt 3o
l°@§hoﬁb§”cgg§vraf%'&§ ﬁ%”f% eldé%ﬁfgg’@?% riw%af‘stolf%fm %%%@ﬁglé%d the

ense 11 n n._oe
R D S i
T"@c&# plcloger dolufih L50& 155 3R BYodHE CpaTens fadne ESPEPI 12, 14,

%tures of ubstrates treated with DI water al one
ang 95??%935#0 I9RS-st andi ng waves. However, upon

robdi” e e s ‘é'p%‘géevgéepéﬁa?éase%%&%E%E?%g;uﬁon of
the RESERLIRATIG A0 @ SeeA IR DRpt dot EARRITES® Dire, g ed

unbp@ﬁu@@gﬁ%@é?mér%g&p?\@&-au‘[e} ) dzérO%Ir(]j% c%gss—sec?onal SEM
1, 3 F

e oA feBsRe Sy U PAG AGelaEe JRg S A g finse
elﬁ%@f?@?{h@ﬁ@mnﬁéh Pecks ﬁfﬁ@t?ocnﬁxhevﬁaéﬁ“@fvoﬂ%fg%f‘é3%5@95%,

sol ut i prepared as 15 previous

%rpg d:roa@pngémuﬁan \cl\)?t%e present invention as a post- develogment rinse
sohlmon in a édl tloeﬁ t‘(?)‘?)rrniant IP | t%l’clite orP z%tdh ltgrnrﬁ%%n?i%sn gr r%ﬁSées 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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surfactant) to deionized water alone. [0087] A
substrate was processed in the follow ng nmanner: a
silicon oxynitride wafer was coated with a 193 nm
phot oresi st. The coated wafer was exposed to a 193 nm
light with a ASML PAS 5500/ 950 scanner, heated to a
tenperature of approximately 115C 20 for a tine of

[Oeﬁsgugﬁrtséss R%rlg fhged??éjee&\‘r%hﬁﬂg%&fqm&%eVig]%ntt@\ rﬂ&ﬂjced

th%%hg%}f%%ﬁ*ﬁéégﬁﬂgﬁ%‘h‘i’% REReSDee i iaialar 23

TRl hndng 1 s 35 Ao s S RPN cer

il GGk Rt SReniBeBlieiidihE el Sl uiesTagefing high
waf er was then still and puddle

aség@érnegf’@%ﬁe process solution for 5 seconds.

Afterwards, the substrate was spun at 3,500 rpmto
dry. -37 [0088] The top-down SEM was used to col | ect

ach process sol ution are provided

Ta%ijtl_ # E)%?g.)trataéoo nm |ines/space at 1:1 pitch

Tabl oo Ny Ay +hp [TaalilaVaYalalalV]

T T T UVI u\,Q C II\, I\I TTOUTTT
R"lr-,ﬂ\s\& iLQﬂ raod .t + h Aﬁgﬁ cﬁRaﬁpf Inn| H—cal 1S % Kylth CO']aLHSIng
DI 1 t PH LEAYA Y] LY LY l.o‘:\l UUUUU

do¥Phose of patterhid resist features—an the
Example.beondi ng nini A CD as well as 5 48 paxinum
E%@\'r‘rr i 3%  Mpan CD and LVWR ksult s Maxinum
dm.CD l\/hyi munt 38y ocess Sol utionEne @y (nr‘r) Aspect

Rati oLWR (3a, nm ml/cn2 Ex. 1423.25103.62.905.5 Ex.

2425.592. 53. 245. 4 Ex. 2524.7594.33.184.8 10 CLAI M5
Reduction in Line Width Roughness

[0084] Exemplary process solutions 22 and 23 were prepared by adding 0.05 weight %
of N,N'-bis(1,3-dimethylbutyl) ethylenediamine (Formula V surfactant) and 0.05 weight %
of 2,6-dimethyl-4-heptancl (Formula Ill surfactant); and adding 0.1 weight % of 1:5
adduct of diethylenetriamine (x=2) and n-buty! glycidyl ether (Formula VI surfactant),
respectively, to deionized water under continuous stirring. A substrate was processed in
the foliowing 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
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W claim 1. A nethod for reducing the nunber of
defects during the manufacture of 5 sem conductor
devi ces, the method conprising: providing a substrate
conprising a photoresist coating; exposing the
substrate to a radiation source to forma pattern on
the photoresist coating; applying a devel oper

%(ﬁelsgtsb@ﬁoﬁ Qr HREESIARSE Qgtp?oéegf EOLRfoP a5 S8EAHRMA anbiGhen dried.

otoresi st coating; optionally rinsing the substrate

Craléét Ee&%hé’l@éi\ﬁ?w‘f@&@&hovﬁﬂ 166¥Hth At AHbelings Wehs{akah Before and

a proces sol ution onpri sing at | east one

anﬁ‘Hﬂ%P%_t%%'lﬁ‘@rﬁtproc%%sl east one non-aqueous sol vent that

I's mscible inan aqueous solvent, and about 10 ppm

[oéﬂsga?gé% g% ﬁhurgg&z F§’ B“ro% deaéroé(sf%%‘)ho | \%‘{rﬁ%%\%/g;;ﬁhé‘%é(fe@ FIG. 2a
sh%\% }hat Qr}é ;%%E g)rl(e\él %E%feé{gﬁ%%of éﬂbgﬁpﬂtﬁ]s Er)é%ﬁ%%mﬁ‘u@)waté&%ne

exhibhER %htsgﬂd% Wie® HERVEIUBEh traatnfént witd pfdde&d solutions 22 or

23, such as the substrates shown in FIGs. 2b and 2c, respectively, the patterned resist

features are much smoother and the standing wave is eliminated.

Examples 24 and 25

[0086] Exemplary process solutions 24 and 25 were prepared by adding 0.12 weight %
of N,N’bis(1,3-demethylbutyl)ethylenediamine (Formula V surfactant) and 5 weight % of
the non-aqueous solvent ethanol and methanol, respectively to deionized water under
continuous stirring. An additional process solutioh Example 14 was prepared as
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 3

seconds. Afterwards, the substrate was spun at 3,500 rpm to dry.
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| 1 /(C\r /(Cs RL-NHNH\NR4 [Va -39 RL-NH NH R4
IVbO R6 | 10 R7-N+-R9 Z- R8 VI Ro RoRiol r s - X
RiojN(CH) }(CH) R-N2 R-NR4 R R3
(OCH2CH2) mOH (CH2) |~ R4

[0088] The top-down SEM was used to coliect the LWR measures at 100 nm

lines/space at 1:1 pitch and the results for each process solution are provided in Table X.

Table X also provides the maximum energy dose applied to the wafer without causing

the collapse of patterned resist features and the corresponding minimum CD as well as

the maximum aspect ratio.

Table X: Mean CD and LWR results

Process Solution | Maximum Minimum CD Maximum LWR (30, nm)
Energy {nm} Aspect Ratio
(mJicm2)

Ex. 14 23.25 103.6 2.90 5.5

Ex. 24 25.5 92.5 3.24 54

Ex. 25 24.75 94.3 3.18 4.8
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VIl (OCH2CH2)nOH -R' R -NR4 R12 | Xa | Xb | Xc 15
R1- NH( CH2CH20O) nH R, - N(CH2CH20O)nH R1-N-R2 | |
(CH2CH20) " H (CH2CH20)nmH Xa Xb Xc 20 -40 (CH2CH20) nH
RN/ ( CHCH2N (CH2CH20)iH Xd wherein R Rl, R4,
and R12 are each independently a straight, a branched,
or a cyclic alkyl group having from3 to 25 carbon
atoms; R2 and R3 are each i-pdgpgndently a 5 hydrogen
atom or an al kyl group haV|ng ron11 to 5 carbon
atons; RS is a straight,r a branched, or a cyclic
al kyl group having from1l to 10 carbon atons; R6 is a
i.ght, a branched, or a cyclic al kyl group having
rom4 to 16 carbon atons; R7, R8, and R9 are each

' qdepeg‘qﬁ%[) it r%&dc?ﬂggtme fuﬁ'ug%apcar%s dflfi @#%W{Léi.gacftgre of

al’kyl group aV| on a

[ ndepeggﬁ%hwé%ﬁ%rtﬂgpnéﬁwg&ﬁms%: by the formula

O R11
providing a substrate comprising a photoresist coating;

exposing the substrate to a radiation source to form a pattern on the
photoresist coating;

applying a developer solution to the substrate to form a patterned
photoresist coating;

optionally rinsing the substrate with deionized water; and

contacting the substrate with a process solution comprising at least one
aqueous solvent, at ieast one non-aqueous solvent that is miscible in an aqueous
solvent, and about 10 ppm to about 10,000 ppm of at least one surfactant having the

formula (1), (1), (111}, (IVa), (IVb), (V), (VI), (VII), (VIII), {IXa), {IXb), (IXc), (Xa), (Xb),

|
N1

(Xc), or (Xd):

Ra
OH
Ry— —(— O/\%/m Ry

OH
Rz——(~o/\’)n/ Rz

R4
Ry (OCHLCHZ)OH (CHz)r  {CHJ)s
R NH/ \N \HN
W ! H Rs
1] Va
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; RI1 is a straight, a branched, or a cyclic alkyl
group having from4 to 22 carbon atons; Wis a
hydrogen atom or an al kynyl group; X and Y are each

i ndependently 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 g are each

i ndependently a nunber that ranges fromOgo 20; r and
s are each independently 2 or 3; 151t is nunber that
ranges fromO to 2; j is a nunber that es from1l
to 5; and xis a nunber that range§

conprises a dynamic rinse. 3. The nmethod of claiml
wherein the contacting step conprises statig_rinse.
20 4. The nmethod of claim1l whereig ace t he
substratdCH@rthe contacting step is wet th the
develo& swlution. -41 5. The method of dlaim1
wReTer Nt he 8HFTaRe of the substrate in tHhe contacting
step iy ¥et with the deionized water yfinse. 6. The

nmet hod of claim 1l wherein the process streamis forned
by injecting 10 to 10,000 ppm of fhe at |east one
surfactant into the solvent. 5 7. The nethod of claim
1 wherein the process stream g focHpabwiory 10
to 10,000 ppmof the at |east one qurfactant onto the

surface ofs the substrate and applHy the solvent to
t he subst ate surface. 8. The nethqd of claim1

cgss streamis g, (cRRs8HNgokhe
oug cartridge conprl i ng the at | east

solvent t r

one surfattant. 10 9. The nethod ofl claim 1 wherein a
time of t contacting step rangesRFron11 to 200
secopds. 10. The nethod of claim9ypherein the tinme of

the contacting step ranges from1l to 150 seconds. 11.
The nethod of claim 10 wherein igwe—ek,,t he

contacting step ranges fr 15 to 40 seconds. 12.
The f%ﬁ Si—Rlacm,)40

4 erei n\an at |east one
t enpef ature of|th contaetlng

whergj

P ranges from10 to

1 y
& Rio R1g
Vil
R; — NH; Ri—N—R, Ri—N—R,
|
R12
1Xa IXb IXc
R-NH(CH,CH,0),H R4-N(CH,CH,0)H Ri-N-R»
! I
(CH;CH:0),H (CHCH.0)yH
Xa ' Xb Xc
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13. A nethod for avoiding a collapse of a devel oped
pattern on the surface of a plurality of substrates,
the nethod conprising: 20 providing a first substrate
conprising a photoresist pattern devel oped wupon the
surface; preparing a process solution conprising from
10 ppmto about 10,000 of at |east one surfactant

hawqgv%dj}ﬁpzd,qmmla(l), (rr), (rer)y, (rva), (1vb),
2VII) (MI11), (1Xa), (I1Xb), (IXc), (Xa),
R(_x.bal (XC) or (xczcqu -42 R3 11l 5RR RS RA OH OmH
31 M\r RI-NHNHR4 IVb RR2 P OH
(O' p,(glquq O—|R 11 (CH2)r (CH2)s [ \ [/

(CHchzo)lH
Xd

wherein R, Ry, Ry, and Ry, 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 an alkyl group having from 1 to 5 carbon atoms; Rs is a straight,ra
branched, or a cyclic alkyl group having from 1 to 10 carbon atoms; Rg is a straight, a
branched, or a cyclic alkyl group having from 4 to 16 carbon atoms; R;, Rs, and R are
each independently a straight, a branched, or a cyclic alkyl group having from 1 to 6

carbon atoms; Ry is independently H or a group represented by the formula

OH : Rq1 is a straight, a branched, or a cyclic alkyl group
having from 4 to 22 carbon atoms; W is a hydrogen atom or an alkynyl group; X and Y
are each independently a hydrogen atom or a hydroxyl group; Z is a halide atom, a
hydroxyl group, an acetate group, or a carboxylate group; i, m, n, p, and q are each
independently a number that ranges from 0 to 20; r and s are each independently 2 or 3;
tis a number that ranges from 0 to 2; j is a number that ranges from 1 to 5; and xis a

number that ranges from 1 to 6.

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

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

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

step is wet with the developer soiution.
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RI-NH HN HNVR4 Va 0 R2 (CH2)j R7-N+-Ry R8 VI Z R3
R4 VI (OCH2CH2) mOH (OCH2CH2) nOH - R17 10 -43 R, - NH2
RI-N-R4 RI-N-R4 R12 5 10 Na R-N I Xb | Xc

R1- NH( CH2CH20) mH R1- N(CH2CH2O)mH RI-N-R2 | |
(CH2CH2O) nH (CH2CH2O) nH  Xa Xb Xc  ( CH2CH2O) nH

5.

10.

1.

12.

13.

The method of claim 1 wherein the surface of the substrate in the contacting
step is wet with the deionized water rinse.

The method of claim 1 wherein the process stream is formed by injecting 10
to 10,000 ppm of the at least one surfactant into the solvent.

The method of claim 1 wherein the process stream is formed by applying 10
to 10,000 ppm of the at least one surfactant onto the surface of the substrate
and applying the solvent to the substrate surface.

The method of claim 1 wherein the process stream is formed by passing the
solvent through a cartridge comprising the at least one surfactant.

The method of claim 1 wherein a time of the contacting step ranges from 1 to
200 seconds.

The method of claim 9 wherein the time of the contacting step ranges from 1
to 150 seconds.

The method of claim 10 wherein the time of the contacting step ranges from 1
to 40 seconds.

The method of claim 40 wherein an at least one temperature of the contacting
step ranges from 10 to 100°C.

A method for avoiding a collapse of a developed pattern on the surface of a
plurality of substrates, the method 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 formula (I}, (11}, (1l1), (IVa), (IVb}, (V), (M1}, (VII),

(VIII), (IXa), (IXb), (IXc), (Xa), (Xb), (Xc), or (Xd):

-42 -



10

CH2CH2N (CH2CH2O)i H 15 Xd wherein R, R, R4, and R12
are each i ndependently a straight, a branched, or a
cyclic 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
froml to 5 carbon atons; R5 is a straight or a
branched al kyl group having from1l to 10 carfbon 20
atong, R6 is a straight or branched aIkyI roup

havi ng ,fr 4. 1 16 carbon RO are
each—rﬁdégg%ﬁﬁitly a strfgHt gf/;\gagnched a?%

groug having from1l to 6 c Ebon atons; Riois

i ndef ndently a H atomor ajgroup represented by the

form R 1 is a straignht, branched, of cyclic
alkyl_é% i ng fron14 tlo 2 R 'myVis a
hydrdg at omror an al ky 1 group 25t X and are each

I ndegendent |y a hydrogen at or a hydroxyl group; Z
is g halide atom a hydroxyl group, an acetate group,
or a carboxylate group; i, m n, p, and q are each

i ndependently a nunber that ranges fromO to 20; r and
s are @gch / (CH2CH20) nH -44 independently 2 or 3; t is
a nunbgr that ranges fromO to 2; j is a nunber that

r fro and x is a nunber th

frédm1l]to Ek%i&ﬁggilng the first substr ?QH ﬁgs H%
procesg solution; determning a surfacen en5|g angNea—rR,
contac¥W angl e of the process solution 5 on tHe first
subsjjrate; nmultiplying the surface tenshgﬂ by the

cosi ne of the contact angle to provide the adhesion
tensi on value of the process solution; prqgviding the

the adhesion tension value of the progess solution is
30 or below. 14. The process of clai wh th\the

preparlnqCpre first contacting, tMie Ra
Ri——NH NH——R, o)
Vb \'
Ry
R, ——(OCH,CH,)mOH
Ts {CHo);
R7_N|+—R9 y4 Rs _(OCHchz)nOH
Rs R4
Vi VI
O0—R
R10 1
N e —NFHeH—N
X OH
Rig

Rio R1o
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determining, and the nmultiplying steps are repeated
until the adhesion tension value is 30 or below 15
15. The process of claim 13 wherein the surface of the
plurality of substrates in the second contacting step
is wet with a deionized water rinse. 16. The process
of claim 13 wherein the surface of the plurality of
subsypates is wet with a devel oper solution. 17. A
process rinse solution to reduce at | east one defect
s@ectNkth from patter Ri—2MN eoRl apse and |ine wRit-h N—R4
roughness on the surface of a substrate that has bﬁen
patterned and devel oped, the solution conprising a
aqueous sol vent, a non- aqueous solvent, and at | eBRst
one surfactant selected fromthe group of surfactants
having the formula (1), (I1), (i), (1va), (IVb),

(Wa (M), (VI1), (MI11)Xb (IXa), (IXb), (Iﬁ» (K@

(Xb), (Xc), or (Xd): -45 R& OH R3 O- , OH O~ ~f n
R@H@l&%ﬁiﬁw)tqﬁ'-ﬁ&:ﬁ%@b PyOH R 11 (CH2§ N_q:g—lz)s
|
(CHECHEO) (CH>CH,0)H
Xa Xb Xc
(CH,CH,0)mH
R—N (CH,CH,0)nH
CH,CHoN.
\(CHZCHzo)iH
Xd

wherein R, R4, Ry, and Ry, 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 1o 5
carbon atoms; R is a straight or a branched alkyl group having from 1 to 10 carbon
atoms; Rg is a straight or a branched alkyl group having from 4 to 16 carbon atoms;
Ry, Rs, and Ry are each independently a straight or a branched alkyl group having

from 1 to 6 carbon atoms; Ry is independently a H atom or a group represented by

~0—Ry4

the formuia OH ; Ry1 is a straight, branched, or cyclic alkyl
group having from 4 to 22 carbon atoms; W is a hydrogen atom or an alkynyl group;
X and Y are each independently a hydrogen atom or a hydroxyl group; Z is a halide

atom, a hydroxyl group, an acetate group, or a carboxylate group; i, m, n, p, and q

are each independently a number that ranges from 0 to 20; r and s are each
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IVa 0 /(C\)r RL-NHN+R4 Vb I+-Rg Z- Rs VI R2 R3 V
RL R4 VII R4 (OCH2CH2) mOH (OCH2CH2) nOH 10 -R11 R 10
PRI-NH2 R-NR4 5 RI12 I Xa 10 15 I Xb I Xc

R1- NH( CH2CH2O) mH R1- N( CH2CH20) H

independently 2 or 3; t is a number that ranges from 0 to 2; j is a number that ranges

from 1 to 5; and x is a number that ranges from 1 to 6;

contacting the first substrate with the process solution,

determining a surface tension and a contact angle of the process solution

on the first substrate;

multiplying the surface tension by the cosine of the contact angle to

provide the adhesion tension value of the process solution;

providing the plurality of substrates wherein each substrate within the

piurality comprises a photoresist pattern developed upon the surface; and

contacting the plurality of substrates with the process solution if the

adhesion tension value of the process solution is 30 or below.

14.

15.

16.

17.

The process of claim 13 wherein the preparing, the first contacting, the
determining, and the multiplying steps are repeated until the adhesion tension
value is 30 or below.

The process of claim 13 wherein the surface of the plurality of substrates in
the second contacting step is wet with a deionized water rinse.

The process of claim 13 wherein the surface of the plurality of substrates is
wet with a developer solution.

A process rinse solution to reduce at least one defect selected from pattern
collapse and line width roughness on the surface of a substrate that has been
patterned and developed, the solution comprising an aqgueous solvent, a non-
aqueous solvent, and at least one surfactant selected from the group of
surfactants having the formula (1}, (1), (1}, (IVa), (IVb}, (V), (VI), (VI1), (VIII),

(IXa), (IXb), (IXc), {Xa), (Xb), (Xc), or (Xd):
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(CH2CH2O) nH Xa  (CH2CH20) mH R-N\ / (CH2CH2O) nH  CH2CH2N

(CH2CH2O)iH Xd R1I-N-R2 (CH2CH20O)nH Xb Xc wherein R
R1, R4, and R12 are each independently a straight, a
branched, or a cyclic alkyl group having from3 to 25
carbon atons; R2 and R3 are each independently a
hydrogen atomor a straight, a branched, or a cyclic
al kyl group 20 having from1l to 5 carbon atgns; R5 is
a straight, a branched, or d%cycllc al kyl roup
havinjg ,fr @& 10 carb? k Lght, a
b ; or cyclic kyl| group hawing from4 to 16
carbogn atons; R7, R8, and Ra are each independently a

strailght, a branched, or a qyclic alkyl groyp having
fromil to 6 carbon at ons; Ois a hydroge
group ree, @d by theRfornuﬂ
st¥ai ght’, a btanched or 'a cyclic al 9I
groupﬁhaV|ng from4 to 22 catbon atons; Wis a
hydrpgen atom or an al kynyl groupj)i X and Y are each
i ndependently a hydrogen atom or a hydroxyl group; Z
ide atom a hydroxyl group, an acetate group,
'boxyl ate group; i, m and n are each
I ndepenidently a nunber that ranges fromO to 20; r and
{©dHGEp@ttiently 2 or 3; t is a( EwmbeNCHmat
ranges [fromO to 2; j is a nunber _that r ndhs

; d x is a nunber that range§iTToM™ to 6 1§N
The process solution of claim17 wherein the
non-#Mqueous solvent is niscible in thel¥ueous
solvent. 19. The process solution of claiml7 wherein
the at |east one surfactant is a

X R
o
0
Y Sr
(CHy)r ¢
s
R——NH NH—R, o
Vb \'
Ry
Rz_'_"' e (QOCH, CH5)mOH
Ta (CHz),
R-(_l\i"'_Rg 7 R3 —(OCH;CH2)nOH
Rg Rq
Vi vil
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10 surfactant having the following formula (I1l): R5

R, OCH2CH2)tOH WIIl wherein R is a straight or a
branched al kyl group having from 3 to 25 carbon atons;
R5 is a straight or a branched al kyl group having from
1 to 10 carbon atons; Wis a 15 hydrogen atom or an
al kynyl group; and t is a nunber that ranges fromO to
2. 20. The process solution of clal 17 wherein the at
| &g t one surfactant is asurfdctant Omavittlg t he

foI forrrula(IVa) (CH2 (CH2)s R1-NH H HN-R4
20 Y 'F\Kﬁ'ér)er'g CHa}aU'NM are exch independently-a

ght or a Branched \kyl grdp having from3 to 25
car‘bon atoms apg, r and s Rwe each independently 2 or
3. -48 21. The process solution of claim17 wherein
the ¥l | east one surfactant is a surfactant having the
fallo g formula (IO M(G\)r RLI-NH NHR4R5 |
\Aﬁere}Mr'ﬂ]R and R4 arzébeac Fﬁ?}lependently a st r%u ghliVb_R1
a branched al kyl group having from3 to 25 carbon
atoms and r is 2 or 3. 22. The process solution ofpg,
claim 17 wherein the at |east one surfactant is a
surfactant having the following formula (V): 10 V

ein R and R4 are ea i ndependently a strai gig, or
branched al kyl group having 15 from 3 to 25 carbon
atons and X and Y are each independently a hydrogen

RAVARIYUCH,O). R1-N{CH,CH,0).H R1-N-R;
| |
(CH,CH.O)H (CH2CHZO)H
Xa Xb Xc
(CH,CH,0)mH
R——N

(CH,CH,0)nH
CHZCHgN/\

(CH,CH,0O)H

Xd

wherein R, R4, Ry, and Ry; 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; Rs is a straight, a branched, or a cyclic alky!
group having from 1 to 10 carbon atoms; R; is a straight, a branched, or a cyclic
alkyi group having from 4 to 16 carbon atoms; R;, Rg, and Rq are each
independently a straight, a branched, or a cyclic alkyi group having from 1 to 6

carbon atoms; Ry is a hydrogen atom or a group represented by the formula

O—Ry1

OH : Ry is a straight, a branched, or a cyclic alkyl
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a hydroxyl group. 23. The process solution of claim17
wherein the at | east one surfactant is a surfactant
having the following formula (VM): 16 R7- I+-R9 R38 20
VI Z -49 wherein R6 is a straight or a branched al kyl
group having from4 to 16 carbon atons; R7, R8, and
RO are each independently a straight or a branched

al kydrodh AEPng %h—ﬂtgto 32 &dFbdn hnf3; W%W&d%g{@i‘ﬁatorﬂrﬂi' af: dI§my!

a halide atom a hydroxyl group, an acet group, or

a CagBaEW ah@ YHr& ehch ﬁaépen-géﬁtlgpé h9&r%§§n afIniby é’ﬂyc%xyl group; Z

claim 1% wherein the at | east one surfactant iIs

S UE flé%tr?a%e By, Q%p@?&yf %h%&eﬁ&é%&%&% Ic%rb\f\:h?ﬂlé?tgl group; i, m,

a%h‘? eh&ﬁg@%ﬂﬂﬁﬂ%dhﬁ rah é’é'fEH?ﬁ 095 20; rand s are

branched a yl gr ving 10 from car bon

a gn;r@agp%éﬁ%ﬂpgﬁﬁ& £4 hamseﬁngﬁ%bas ﬁorhxo%% PR & number

group aV| ng from1°to 5 carb

at N rghgé@fr&nair 5e§ |§9ﬁ9ﬁﬁgﬁfﬂﬁLﬁén§e?}ﬂHﬂbl%é hat

ranges Oto I'S a nunber "t ranges
fragm 1@ tﬁﬁ_’ocegé SO|T{?(§'I BF QS5REE7 WL A8 nBh- aﬁhé‘él.;g QoTvent is miscible
wherein the at | east one surfactant Is surfact ant

havi ngid e Jq@lleb&g"écf‘\genft.or mula (M 11):

19. The process solution of claim 17 wherein the at least one surfactant is a
surfactant having the following formula (H1}):

Ry
Rs (OCH,CH,)OH

w
i
wherein R, is a straight or a branched alkyl group having from 3 to 25 carbon atoms;

Rs is a straight or a branched alkyl group having from 1 to 10 carbon atoms; W is a
hydrogen atom or an alkynyl group; and t is a number that ranges from 0 to 2.
20. The process solution of claim 17 wherein the at least one surfactant is a

surfactant having the following formula (IVa):

(CHa)r  (CHo)s
/ N
Ry——NH N HN—R,

IVa
wherein R, and R, are each independently a straight or a branched alkyl group

having from 3 to 25 carbon atoms and r and s are each independently 2 or 3.
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15 Ro / N-(CH)r-1 f(CH2)s RIO x Ro OR1 VII
wherein Rio is a hydrogen atomor a group represented
by the formula ORl1 OH; Rl11 is independently a
strai ght, branched, or cyclic -50 al kyl group having
from4 to 22 carbon atons; r and s are each
independently 2 or 3; 5 and x is a nunber that ranges

V\E@m 11he tﬁﬁoc:e%@ sRITﬁé’m B QGRSF7 wherdin' ¢ ﬁ@ aPleakt cﬁ‘ie‘"ﬁulf?actant is a

erein the at the at |east one surfactant 1s
Sur  acLabcdbAVaORig e IBWB oA RUBH @ (1X3): R -
NH2 | Xa ﬁﬂergkn m?s a Q? éﬁgh f B}'Ibranched or a
cyclic al kyl group having from3 to 25 carbon atons.
10 27. The process solution of claim1l7 wherein the at
t he at I § )rone surfactant is a surfactant having
R?? forg&la (IXb): R-NR4 [ Xb 15 wherein
and 4 are each i ndependently a straight, a
5 branchegh or a cycllc al kyl group having from3 to 25
car bon rocess sol utiaon of c
CREPEI Ry RRT Ry 2fd achingessopstives StRer Srtranded gk aroup

SHE&S‘E rglrwlltS E:azé na%bénhgto%%lalm%\/\rdlng or%.r mila (1Xe): R-N-R4

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

surfactant having the following formula (V):

10
0
X R,
o
0
Y g,
O
V
wherein R, and R, are each independently a straight or branched alkyl group having
15 from 3 to 25 carbon atoms and X and Y are each independently a hydrogen atom or
a hydroxyl group.
23. The process solution of claim 17 wherein the at least one surfactant is a
surfactant having the foliowing formula (VI):
Te
Ry—N+—Ry 7
Re
20 A
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15

20 R12 I Xc wherein Rl, R4, and Rl12 are each

i ndependently a straight, a branched, or a cyclic 25

al kyl group having from3 to 25 carbon atons. 29. The
process solution of claim17 wherein the at the at

| east one surfactant is a surfactant having the

followng fornmula (Xa): -51 RL-NH(CH2CH20O) nH Xa 5

V"Wﬁbféiﬁ‘ REis 4 ﬁtré}gﬁtcfr | 35 ohed aﬁlé/@&r%ﬁﬁ@llaviﬁ fdnfY ’163cargon atoms;

al kyl group having from3 to 25710 carbon atonms; and m

| R, R[] %Hi?@gg ag{ 8he iR &?éndfaﬁﬁiﬂ% tglﬁéiﬁht?d? R anchBdSaR)i §ffPhaving

solution o ~clarm 17 wher el e at iahe at Iefast one
 REREF LAt e LSl W e L ot

[ each i ndependently a straight, a
\Q@QCL hghsc%r}%e?%%ﬁ@'al kyl 15 group having from3 to

24 car 'E?'I-\E gf’ééé% solgfiéh &f &%H\t ’Q? @%&e@?ﬁ@_?“égﬁp&{édﬁl‘ﬁabﬁénﬁs a

nunber ranges from € process
sol uti =T b orintlfia the at | east one
surfac?gﬁ%t?@ r%gmgﬁﬁ?gggts‘gﬁpq%aw ng’[phe foll ow ng
forrrulm(Xc): RI-NR2 20 1 (CH2CH20O)nH Xc 25

whereirf Rl and R2 are each independently a straight, a
branchgqd, or a Céd ic alkyl group having from3 to 25
c&ebon [at on®CHaHE2®As a nunber t hat ranges fromO to
20.
{GHa);
R ———(OCH,CH,)nOH
R4

Vil
wherein R; and R, are each independently a straight or branched alkyl group having

from 3 to 25 carbon atoms; R; and Rj are each independently a hydrogen atom or an
alkyl group having from 1 to 5 carbon atoms; m and n are each independently a
number that ranges from 0 to 20; and j is a number that ranges from 1 to 5.

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

surfactant having the following formula (Viil):

R O—Ry4

10\
N4=(CHg)y—N+(CHz)s—N
10/ + ’ |-]_x ’ \ OH

R
R1q Rig

Vil
wherein Ry, is a hydrogen atom or a group represented by the formula

O""""‘R11

CH . Ry, is independently a straight, branched, or cyclic
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32. The process solution of claim17 wherein the at
the at |l east one surfactant is a surfactant having
the following fornmula (Xd): (CH2ZCH2ZOmH RN

[/ (CH2CH20) nH CH2CH2N \ 30 Xd (CH2CH2O) i H -52 wherein R
I's independently a straight, a branched, or a cyclic

al kyl group having from 3 to 25 carbon atons; and i,

T3l fng A4 BSPEMISTHIONGE: BUTRSR SAANNAR 6Oy 201
I8ha &S a inbRPuR IR By gt Ler ned and © deve) oped
substrate conprising: contacting the substrate with a

Lt - _
B8 oo S R B Y STy oAy G podsurectnt s
havi t L ) estl VA), (1 Vb),
(. "Corre G Re it aieirisy ), Vi,
(Xb), (Xc), or (Xd): R4 OH RS_Q@:,RZ co_ " /OHR
101 RS R R RL 11 (ocHeaBj TN B(C 2)T /(C\)s

IXa
wherein R, is a straight, a branched, or a cyclic alkyl group having from 3 to 25
carbon atoms. |
27. The process solution of claim 17 wherein the at the at least one surfactant is
a surfactant having the following formula (IXb):

Ri—N—R;,

IXb
wherein R, and R, are each independently a straight, a branched, or a cyclic alkyl

group having from 3 to 25 carbon atoms.
28. The process solution of claim 17 wherein the at the at least one surfactant is
a surfactant having the following formula {IXc):

Ri—N—R4

Riz2

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

alkyl group having from 3 to 25 carbon atoms.
29. The process solution of claim 17 wherein the at the at least one surfactant is

a surfactant having the foliowing formula (Xa):
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RI-NH NHN-R4 HIVa O /(C\)r NH NHR4 15 1Vb R1

R1-
V -53 Rl R2 (OCH2CH2) nOH (CH2)1 R2- i+-R9 Z- R8 VI Rio
/+CH2)r i }-(CH2)s- Rlo Rio VII1 5 Rl - NH2 R1-N R4

IXa | Xo 10 R3 R4 VI (OCH2CH2) nOH

R+-NH({CH,CH;0),H

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

a surfactant having the following formuta (Xb):
R4-N{CH,CH,O)H
(([}HZCHZO)nH

Xb
wherein R; and R; are each independently a straight, a branched, or a cyclic alkyl

group having from 3 to 25 carbon atoms; and m and n are each independently a
number that ranges from O to 20.
31.  The process solution of claim 17 wherein the at the at least one surfactant is
a surfactant having the following formula (Xc):
R4-N-R;

(CltHchZO)mH

Xc
wherein R, and R; are each independently 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.
32. The process solution of claim 17 wherein the at the at least one surfactant is

a surfactant having the foliowing formula (Xd):

(CH,CH,0)mH
R—N (CH,CH,O)nH
CH,CH,N
(CH,CH,O)iH
Xd
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-R11 RI-N-R4 R12 | Xc R1- NH(CH2CH20) nmH R1- N(CH2CH20O m H
RI-NR2 I I (CH2ZCH20O ,H (CH2CH20O) nH 15 Xa Xb Xc
(CH2CH20)nH R-N CH2CH2N \ (CH2CH2O)i H Xd 20 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 and R3 are each i ndependently a

h : (=1 , c i i
VHERGER @ftﬁgﬂéﬁdﬁgﬂf% sﬂ’h%ﬂﬁ, 2 tgaﬁ’d'h%ﬂ S8y RE al@y%ﬁ#:% ﬁ%vmg from

al kyl group om car bon at ons;

18 o TR, LA, b i g o

splgbght, a branched, or a cyclic alkyl group having
from4 to 16 carbon atons; R7, R8, and R9 are each

;lﬁgﬁ?m&%@uﬁg é‘ét&tﬁ’i Eolfég@%ﬂ@fé'a%don tHE sﬁrf’;éé%m‘i(?cllaasttegned and

group havi n rom carbpbon atons
USG50 RSPy PR SRAET 8  PI  lher
SEOMBIY R DAB i 2 FPATRRFAAT ) 3 o
BSERTIEER 1 ORI AR SO RS, 0

0 I roup; i, m and n are each
i%@bgﬁ%’g‘z{i&xf§gﬁ”gnbef that ranges fromO to 20; r and

s are each independently 2 or 3; t is a nugber that
ranges fromO to 2; | is a munber that rangg¢s 10 from

1 tol5;, apnd X, jo§ a nunber tHat r e MOG. 34.
Arsret] Muci ng Iin%’_vm"atgﬁ’/rag?\gar/mess defe¥ts on

the qurface of a patterned

|
PN ——L/\«)/“‘(\/L%

Ry R1
| |
Ry
Ry {OCH,CH5)OH (CHa)r  (CHa)s
R NI'{ N \HN
W ! H Ra
I IVa
O
X R
o
@]
N
{CHa)r Y R
R——NH NH——R o
Vb V
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and devel oped substrate conprising: contacting the
substrate with a process solution conprising an
aqueous sol vent, a non-agqueous solvent, and at | east
one surfactant having the formula (1), (Il), (I1Il1),
(Iva), (I1vb), (V), (M), (M), (MI11), (IXa), (IXb),
(I Xc), 15 (Xa), (Xb), (Xc), or (Xd): R3 OH O mRa Rg
RCPOHIII /\ OHRZ O n Rz -44 ORRl ~O ~. g HR

RL R5 (OCH2CH2) 10H (CH2)r (CH2)s / \'/ Ri-NH N HN\-R4
| V. i - NH NH R4 |
ao/(ar R Vb5 Ry———F——(OCH,CH,)mOH
Ta (CHz),
R7_r\i+—Rg zZ Ry— T (OCH,CH,)nOH
Re R4
VI Vil
R1o\ O—Rus
NtHHa —NFHCH—N
/ | \ OH
R1g R
R1o 10
il
Ry — NH; Ri—N—Rq Ry —N-—Ry
|
IR12
IXa IXb IXc
R:-NH(CH,CH,0)H Ry-N(CH,CH,0)H Ry-N-R;
| I
(CH,CH,0)H (CH,CH,O)-H
Xa Xb Xc
RN (CH,CH,O)nH
CH,CH,N
\(CHZCHZO)iH

Xd
wherein R, Ry, R4, and R,; are each independentiy 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; Rs is a straight, a branched, or a cyclic alkyl group having from 1 to 10
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15

V RL R2 (OCH2CH2) nOH (CH2)| R7-N+-R9 Z- R VI R3 R4
VIl (OCH2CH2)nOH -R11 R.,. ~10 VII1 10 R1- NH2
RI-N-R4 OH RI-N-R4 R12 I Xa 15 I Xb I Xc -56

R1- NH( CH2CH20) nH R1- N(CH2CH2Om H RL-N-R2 | |
(CH2CH20)"H (CH2CH2OmH 5 Xa Xb Xc (CH2CH20) nH

carbon atoms; Rg is a straight, a branched, or a cyclic alkyl group having from 4 to 16
carbon atoms; Ry, Rs, and Ry are each independently a straight, a branched, or a cyclic

alkyl group having from 1 to 6 carbon atoms; Ry is a hydrogen atom or a group

O—Ryy

represented by the formula CH ; 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 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, and n
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 that ranges
from 1 to 5; and x is a number that ranges from 1 to 6.
34. A method of reducing line width roughness defects on the surface of a patterned
and developed substrate comprising: contacting the substrate with a process solution
comprising an agueous solvent, a non-aqueous solvent, and at least one surfactant
having the formula (1), (11}, (ll), (IVa), (IVb), (V), (VI), (VII), (VIII}, (IXa), (IXb), (IXc),

(Xa), (Xb), (Xc), or (Xd):

R
f OH ‘_G /\,)/ OKA
Re—] _('0/\{., Ry ; m o OH

o
Rz——-(-o/\’}: o Rz——'('O/\’}: 3 OH

2y Ry
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R-N CH2CH2N (CH2CH2O)iH Xd 10 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 and R3 are each independently a hydrogen
atomor a straight, a branched, or a cyclic alkyl
group having from1l to 5 carbon atons; R5 is a
straiglg, a branched, or a cyclic alkyl group having
from1 o 10 carbon atons; R6 is a straight, a
branchgd, or_a EMC|IC aIkyI group having from4 to
18scar Hon attis Re, and RO are each |9 @bdﬂg ﬁFIy
a strailght, a branched or a cyclk% P AN— R,
havingWrom 1l to 6 carbon at ons; i's a hdeogen
atom,or a group represented by the formyla OH; Rl1 is

a straight, a branched, or a cyclic al group

having from4 to 22 carbon atons; Wis a drogen at om

or an al kynyl group; X and Y are each in pendently a
hydrogen atom or a hydroxyl group; yZ 20 i
atom a hydroxyl group, an acetate g
carboxylate group; i, m and n are ea h i nde endently
a nunber that ranges fromO to 20; r apd s are each

I ndependently 2 or 3; t is a nunber t

to 2; j i nunber that ranges f IS
anwma/ ranges from1l to 6. On HORI1L1
/IR =C—NH NH—R, 0
Vb V
R4
R2 (OCHQCHQ)ITIOH
Ts (CHy);
RT_IT"_RQ z Ry {OCH5CH3)nOH
Re R4
WV VIl
O—Ry1
N{—(CHz)r +(CH2)5
X \ OH
R R
R10 10
VIl
Ri —NH; Ri—N-—R, Ri—N—Ry
|
R12
IXa IXb IXc
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R-NH(CH,CH;O),H R-N{CH.CH;0),H R1-N-R2

I |
(CH.CH.0).H (CH,CH,0)H

Xa Xb Xc
R—N (CH,CH,0)nH
CH,CH,N
\(CHchZO)iH
Xd

wherein R, Ry, Ry, and Ry 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; Rs is a straight, a branched, or a cyclic alkyl group having from 1 10 10
carbon atoms; Rs is a straight, a branched, or a cyclic alkyl group having from 4 to 16
carbon atems; Ry, Ry, and Ry are each independently a straight, a branched, or a cyclic

alkyl group having from 1 to 6 carbon atoms; R,y is a hydrogen atom or a group

O—Ry4

represented by the formula OH : Rq4 is a straight, a branched,
or a cyclic alkyl group having from 4 to 22 carbon atoms; W is a hydrogen atom or an
alkynyl group; X and Y are each independently a hydrogen atom or a hydroxyl group; Z
is a halide atom, a hydroxyl group, an acetate group, or a carboxylate group; i, m, and n
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 that ranges

from 1 to 5; and x is a number that ranges from 1 to 6.
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