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06293P3USA TITLE OF THE | NVENTI ON: Process Sol utions
Containing Surfactants CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0001] This application is a -
continuation-in-part of U S. Patent Application Not
10/ 218,087, filed 12 August 2002, 10/339;709, filed 9
January 2003, and 10/616,662 filed 10 July 2003, the
di scl osures of which are incorporated herein by 06293P3USA
reference inits 5 entirety. BACKGROUND OF THE

I NVENTI ON [ 0002] The present invention relates

general |l y to net hodHITLEIOF TRIETNVENTCON! e of

sem conduct or devices. Mre specifically, the present
i nvention rel atPescdse Sviutiohb Gbntaing SOrfactantsi ng
defects, particularly pattern collapse and phot oresi st
i ne roughness, in sem conductor devices incurred
during the manufacturing process w thout sacrificing

t hr oughput CROZOREFERERUETORELATE®APPLICATIONS act or
for production yield and device function,

r[oom¥ t Thigl applidatioh &a Eotindalos-m-FarZ 6. 8! PateftApSikaddtiNos.

waf er sizes are enlarged to 300 mm 15 The term

10/248,08T fBed 12Augst 2002 FI/3B9, 709, filedD Janudsf 20035 aid 80/618.562
reduce the yield, or cause the |loss, of the

file@ QUG EDOG! the dik¥dstifesSofWhidkbarelifcorgdraBTRréln by éference in its
photoresi st pattern on the substrate surface;

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

and cheni cal MEENOKGROURD OFHE INVENTION C\P)
resi dues; particul ates either indigenous to or

[0002F UThé P@sEAGRVentiBA véialek Yeh 8@ tPREmHDEas for RS mahifacture of
i mperfections such as closed or partially open or -1

serfitOdiRbraRUicas t Blof spdcizally, tHEprabéithventibrfdiftes to #Rtdthod for
defects resulting from poor adhesion of the resist to

redbfiRg Sefests! phdicRbfy patforn CORIPAE ahb Phetorestst life FRGHABSS, in
defects -thereby T nproving yield- presents new
senfiBenduR I @dvices incurred during the manufacturing process without sacrificing
throughput.
[0003] Defects are a major limiting factor for production yield and device function,
particularly when the device sizes are reduced and wafer sizes are enlarged to 300 mm.
The term “defects”, as used herein, relates to defects that may reduce the yield, or cause
the loss, of the semiconductor device such as the collapse of the 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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to the manufacturing steps within the production of

t he sem conduct or device, nanely, 5 the |ithography,

etching, stripping, and cheni cal - mechani cal

pl anarization (CWP) processes. The |ithography process

generally involves coating a substrate with a

positive or negative photoresist, exposi .
b'°§b%% Fonfags PbV'as-r"&Sl"‘A@tF'd’ﬁnétdﬁﬂse and gef Pﬁiﬁﬂg"ngaffpm ﬁg@@dhes:on

and devel opi ng the substrate to form a patterned
°f$ﬁ6P%P@Q|ﬂ!,QSL!b,§§F@tef‘dﬁfaPﬂe substrate. This patterned

acts as a mask for subsequent substrate

3 IO%'&Y t dhaCHYe fo pdue dhleete stheseby imRrayinasieif prgsents pewghallenges

and/ or coatln% with netals, other sem conductor
to thenagnuiaciuringystepeswithin F’Tﬁj’fﬁﬁ'ﬂ@loﬂélf the sarpicenduston device, namely,
process generally involves renovi the surface of
thetlirogsaphy; plehing: $EPPING, angkcl e@gawaltm@qﬂm% (&24P)
photoresi st using a chem cal or plasma etchant _
Dfopﬂéﬁeébﬂ' heifhegraphy Precegh geperally, @VQQ% geating @ subgtratgavith a
processin The stripping proces enerally involves
positaierrinega Vecphateresist, ENRQsing the syhsﬁr%e &xq !ﬁdf@i@ﬂts@pfﬁeﬂpm‘"de
the substrate via wet stripping or oxy pl asnma
an jaages gnd TR elopingtherssibstiatede frrrsd pgﬂernetgpwgreﬁ@t layer epythe
the surface of the substrate to maintain flatness
substraten gThis @@ttﬁg@d]@yer,@qts a3 amaskderorubsequant Aekptiptepatteseing
typically enploy a rinse step to renove any
progesses surtae elehingr feping. iand/ar soglingowith mgtals, giher semjopnguctor
by-product of, these processes. 20 [0005] Pattern
mategia Sapv'slesulatirtgematwalg aﬂe@mrg; prgcessadanerally involwes removing the
roduction of sem conductor devices due to the higher
&¢ thersybpigateithat is potrnsoiegied diydbe patternediphoteresist using a
thlckness and aspect ratio of the patterned
cheprieal or plasma atehast therebyi exposing the unsieriyingsurfacy for further
- subsequent etch steps after |ithography. At the 130 nm
propessing. tThe sirkpring process genemllydnysives semoving theagress-linkeidng
a 500nm t hi ckness may reach the value of 4. This 25
phojeresiet patierméomitke puhistnatanyia wet stipping or okygep mlasmmeastfing. The
t he devel oper and/or rinse solution nmay lead to the
CMPBairoegss @eneérally invplxes polisbingthe surfacs oftthé syhstrateBognalatain
capillary forces, the -2 pattern coll apse probl em may
flatnrssduring erocessingicAl etithp pfarementidrediprecesses typissiiyt ¢roploy a rinse
mechani cal strength of the resist, application of
steptaremoye any pgdiculateonatesial thatis eeerateddrom, or is a by-product of,

these processes.

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

may lead to the collapse of the pattermned photoresist layer. Besides capillary forces, the
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coatings (ARC), and the nozzle type, position, and
centrifugal forces during spin-on application of the
photoresi st layer. 5 [0006] A main contributor for
pattern collapse is the capillary force of water
during the post-devel opnent drying stage, see Tanaka,
T., et al., "Mechanismof Resist Pattern Coll apsed
paberm culjapse/problear mBy be darttier influenced by pihkr fabtoys such\ad the
32, 1993, pp. 6059-64. Reducing or elimnating the
mexhahigaksttength afithefesishaapplication| of gthet cadtings, ifa! drdkreflective
devel opnent nmay be used to reduce the capillary force
coblirgs (ARQC) xarid thd nonzlé bygep position) aed pbatrifugakfosdesIduring \spin-on
Two common approaches, to reduce or elimnate the
appiicatias ef therphiotonesidt Iayee. rinse liquid, may be to
freeze-dry the patterned photoresist features or
[0006)| Gymainontributdr éor patternicsliapseisdhy chpitarp férce bhwedter during the
phot oresi st |ayer after devel opment. Both of these
postguvelophent dningrstagd, see Tahalka, et bh CMechagis®iof (Resit Pattern
speci al equi pnent that are not comonly used in
Collapsed naingt Dveltpet ProcessT Upratli Appl. Phyd. 0061732, A49098) sp. 6059-64.
common approach to reduce the surface tension may be
Retiociagldr alimipatingibe s0ifatotehbion of teerirdsediguid. afteh patédrh ldelslopment
to reduce the surface tension of water at the air and
mayibguisdditd reduca tite Eapiliry fbr€athat iIIEXxEHEd 6A thepatterted sHdtoresist
of applications because decreased surface tension
layge MBiE bbiyimionl spbfsaches, itd eédie & elminate e GLrfAes ®hsidA of ik rinse
substrate surface. Surface tension reduction in
liquidtrady b BrResrssirg e pattepnrppitibrésieriebRiveor dmslog Bupdreritical
20 addition of surfactants. Equilibrium surface

fluite esdrg thepatternempiicoresist Bper AftordeVWISimbRe Botly 5f 1A8é S
at rest, though the ability to reduce surface tension

approdétesthiapreqairs exteh iaflRacturing efeps =paispbEaSduipitént itiat are not

appl i cations where high surface creation rates are

cori@@fly use in serfiBbriduefitidelige falsticktidl), spray coating, and
the I'ike. Dynam c surface tension provides a neasure

[000F] t Aen@BicbiimbrPdpprdsthSieirédilc@ithé SuifAeREnsioh Fi2¢De to add a
tensi on and provide wetting under 25 hi gh speed

surfient EPthie OsE AQEH ! TRE abilifylib rédice thé sGeidedbRsion of water at the air
applications such as during spray application, it is

andEfHURNINGIRRY $s dfitéatliBolaridean Eaafaﬁetygﬂ wppicalitfs Betaliaé Becreased

tension of the -3 formulation in manner t hat
surficB itéisic?Sgdriefalp reBted b fHerdn s Vot Ewtérh e %ugstrate surface.

foam ng. ~ Foam ng and bubbl e generation may lead to
SurfiRleashgior RIBBBEBHER thater- 156388 IsYSto AR i€ g 8AdraN schieved through the
addition of surfactants. Equilibrium surface tension performance is important when the
system is at rest, though the ability to reduce surface tension under dynamic conditions
is of great importance in applications where high surface creation rates are used, i.e.,
spin coating, rolling, spray coating, and the like. Dynamic surface tension provides a
measure of the ability of the solution to lower surface tension and provide wetting under

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

application, it is advantageous that the surfactant reduces the surface tension of the
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have been made in the sem conductor industry towards
sol ving the foam ng problem [0008] Japanese patent
JP 95142349A descri bes adding a fluorine-based
surfactant 5 such as amoni um perfl uoroal kyl sul f onat e
or pertluoroal kyl ethoxylate to the devel oper
solution or rinse liquid. [0009] U S. Pat. No.
forg\ukegion ima mirwer thetwininiities theaproblefrack bubblesgarierationzand foaming.
fluorosurfactant and a tetra al kyl quartemary ammoni um
Foapihgmarddmbblenganeration snaynlead tpidefasts sCongeiquantlys ednsiderable efforts
cl ean sem conduct or wafers having a pol y(aryl ene
hag bear) mad®indthe Isemicondudton indgster towgrdsfsobving ke fodroidg@roblem.
The article, Donke, W D et al., "Pattern Collapse in
[0068} h Japarese pRient dP DBNA23494 deseribes mkiing 3 flyorirediased surfactant
SPIE-Int. Soc. Opt. Eng. 3999, 313-321, 2000
such' @oakeiohium perfleoroblkyisalttsateorsperfiuaroallyl sthoxylatecto the developer
devel oper solution to reduce the possibility of
solptiont enrinsediqidapse of acrylic and cycl ool efin-nal ei ¢
anhydride resists. The "surfactant"” added to 15
[0008) e UoBePats blou6,168, 148 desdribes alddingta surfactanbsydh ad @ohol .
According to Donke, the addition of the "surfactant"
fluorosurfactaohband apetra alkyl quaderndndamoioniseyeydroxidensorapaunrtd to an
effect on pattern collapse. [0011] PCT application WO
aquiEu2 368onl eset foluieancbthicandustor suafdra bhving agolyianylene ether)
| auryl sulfate into the deionized (D) water rinse and
dieldetrielfirp epatingobftep @MRP.Nng themto a 20 patterned
photoresist to mnimze or elimnate post-devel opnent
[00d@f eThe article) D3nké AVaDest @l PHRattetn Golfpse il High AEpect Ratio DUV-
96008163A descri bes addi ng hot water, an organic
andst93remResiaist] Fros BFIBEdhiaSbe.t Opta Epg.s3999e 3 13- M2000 1{1Dwsrke”),
to prevent pattern collapse. No specific surfactants
descrbes aking surfsdtaniOR1Re dBHopgrsolutioh toredadé (ie3ibésibility of pattern
descri bes protecting photoresist inmges against 25
colldpse ofrdangic and cyelgolefiairiatsic Ayhyteidé resister The thuskatiant added to
etching and ot her processes by applying a thermally
developbr soldtionowagihetseivienty ésobrdpyl alcolidie Ascdrding 3 Bopkiepihetadidition
the post -4 devel opnent bake of the inage. Materials
of thes stirfactant’ irethkidelbped sollgonididiastaese Rasdnsisient eféat bh pattern
filmformng polyners, chromumsulfate,
collapsgechl or oacetic acid, chronotropic

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

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

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

applying a thermally stabilizing, protective film to the substrate prior to the post-
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acid, and salts thereof. [0014] The article, Cheung,
C. at at., "A Study of a Single O osed Contact for
0.18 5 m cron Photolithography Process" Proc.
SPIE-Int. Soc. Opt. Eng. 3998, 738-741, 2000
(" Cheung"), discloses the use of surfactants such as
octyl and nonyl phenol ethoxylates such as TRITON(r)
deyelapment bake obthelmage. Materialsigsed;far thrdilm ineluges fuaracgrbon
to elimnate the photoresist residue and single dosed
surantanis,tfiln doroning polywets; dhnomiwn salfaianigchlorpacelicacid, chromotropic
surfactant in the rinse solution did not provide nuch
acid arbsalts th@epf015]) U. S. Pat. No. 5,977,041 descri bes
a post-stripping, aqueous rinse solution that
[0014} | Tbe artisle, Sheung,htet al. '@l Sty oba GinglecClased Contagt for 0.18
wat er sol ubl e surface-active agent. The
microm Photelithogiapby Brpmess” Proc) SIAE-lot. iSps( ©ph Engn3098 788741, 2000
conmpounds havi ng at | east one acetylenic al cohol
(“Cheung’), dissos63 tharsef sedamsante suct be octyl and ngnybphenol ethoxyiates
conposition that conprises an adm xture of 15 a
suchods/HRITON®I Xel 19uKi 2t X5, ahe Xeld in the rinse solution taselimipate the
ranges from about 50 to about 99.9 wei ght percent of
phatbresisbtesidue amd s#igle dosathebntdmt defeotsntAasbrding todcheung, the use of
ranges from about 0.1 to about 30 wei ght percent of
surfdetant ot the rioserpastian did nof p@Lide eichSucBegsent Appl i cati on
No. 2002/ 0115022 descri bes a devel oper and a rinse
[0045] uUi 8nPathiib. B8¢H04 bdesdribes apoatistopping saqueaus enge solation that
as ammoni um perfl uoral kyl 20 sul fonate or anmoni um
incipdes water,2d Wwaler saluble oydartieacid rslea walen solable sarfacexpgiviecent.
in a consecutive sequence to reduce pattern coll apse.
The Sift-athiee agdnts ineludE€aligalpthylicBelxided compoBidsdiasingaat ézast one
193 and 157 nm Resi sts: Use of Surfactants in the
acelRrlersie alcohdtgmbupze t he Sub 130 nm Nodes:, Hien et at.,
Advances in Resist Tech. And Processing Xl X,
[00P6)o CERDOYOS3C deSietifes &/elrippdic@intc3lion thatwpmpises &b adbture of
("Hien"), applying a rinse solution of .10 %of a
a sbiverdrand ar Surfatiant wherdinihé amduat of soluaat rames frol akioues0 to about
devel opnent to reduce pattern collapse. According to
99.8leieight percentadf thdtotal cbmposition sad therdnsount efisudfacknh exhgeb dom
col | apse behavior. [0019] Yet another energi ng problem
abouti 011ite apoatdBoieight peircers of thertotabtampabitionces i s

[0017] U. S. Patent Application No. 2002/0115022 describes a developer and a rinse
solution that each contains an anionic surfactant such as ammonium perfluoralkyl
sulfonate or ammonium perfluoralkyl carboxylate. These solutions are applied in a
consecutive sequence to reduce pattemn 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. 264-261

(‘Hien™), applying a rinse solution of .10 % of a fluorosurfactant and water to a substrate
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phot or esi st roughness such as in one edge of a single
photoresist line which is referred 5 to herein as
| i ne edge roughness (LER), or both edges of
photoresist line which is referred to herein as line
wi dt h roughness (LWR). Line wi dth roughness is
typically neasured by the variation of line width
aftérrdenveiopmientiguedusd patietn callapse. nbecsirding (o Bein) some of the003
I nternational Technol ogy Roadmap for Sem conductors
fluaresprfactants Used wdreensdRhe eoljapsetbiehavigts of t he CD. For
exanpl e, the LWR, as neasured by the 3a variation of
[00119]h e Y etlénotiietteimerging Ipcbbiam v thieiproduation bbsernicendi@tardevices is
technol ogy node and within 2.0 for the 65 nm node. A ,
photenesist noughndsscioh as int dre edgeyofeosingle photerasist line whichds sferred
i ne roughness, include, for exanple, photoresist
to Hepeimals dine edge roughnessolLER) axbotteedges, of phbecasist linevwhightis
di stribution, resist polynmer structures, photo-acid _
refeyasadodieceis ps imelwititho oeghnessd LWR)L -Lind widddroughnessds typically
(i.e., acid diffusion, devel oper percolation, shot
measiiree by thesvariatiom biliresyidthrfobn He required critical dibfensioa (‘CD"). The
| atent image profile). Previous attenpts to reduce
20031 nteonationalt Tdchnelogy Rgadmesps fal Seanitanducioes redeiresthiaf therlVR be
the photoresist formnmulation and adj usting the contrast
withoh 8%hef tha CEntForiexampie, {He02UR, 4¢ measyred by the 80 satatiohaf éne
been commonly used as a post-devel opnent rinse
widthy waulddre withie 3ewns for thie @hsmrteshnoldgylnede fand atithine2.0 for the 65 nm
reduci ng the surface tension under 20 dynam c
nodeo idvarietnsf. fadtors! that malylteateibsie! tophototesist ind sotghnbss, include, for
undesirabl e side effect of foam generation. Because
exanipld, Iphetorésist farmuldtion (iLe.)vhelesolatweight, wolegildrwsightidistribution,
surfactants wused in the art nay not be effective in
resistsblprhacstaictured, phbie-abid gerietators) ahd process wng tidl-eslated factors
col | apse defects, in the sem conductor device. [0021]
(i.e Aktid diffusionNd@Rlapet parcbiation,shat soise) adgkavagiadsh canel the uality of
reference in their entirety. 25 -6 BRI EF SUMWWARY OF
the Htént litvsg@\ptofild).( PARGus Hitempisteasiiudepridresist ihetroagtiness defects
sonme, if not all, of the needs of the art by
incliidedmodifyity thelphofresistformillation smachdiosting twe damtrastsof tige latent
sane. Specifically, in one aspect of the present
imaggvention, there is provided a nmethod for reducing
defects in the manufacture
[0020] Although surfactants have been commonly used as a post-development rinse

solution, these solutions may not be effective in reducing the surface tension under
dynamic conditions. Further, these solutions may have the undesirable side effect of
foam generation. Because of these issues, the rinse solution using typical surfactants
used in the art may not be effective in reducing all of the defects, particularly pattern
collapse defects, in the semiconductor device.

[0021] All references cited herein are incorporated herein by reference in their entirety.



5 of sem conductor devices. The nethod conpri ses:

provi ding a substrate conprising a photoresist
coating; exposing the substrate to a radiation source
to forma pattern on the photoresist coating;

appl yi ng a devel oper solution to the substrate to form
a patterned photoresist coating; optionally rinsing
the substrate with deioni zed water; and contacting

the substrate with ‘g# EJW%E’WWNV@WUW ng a

sol vent and 10 ppm O 10 ppm of at | east

¢ ofl itb
?ln\e/ { ?&Es%?ﬂ%é?ﬂoﬁ Bftishi é?slrs%lﬂea:{ é/clbt?alu)df h—l(e?n;gg (ﬁr? g s y

(1 X&)ovndfnﬁ%) prodeXP3olutiorGhd n'léfhoﬁé%} usifly sdmer -Spetifically ih bne aspect of
7, Wn g R | Il R R5 (OCH2CH2)t CH

( CH@hel prédahiPingentidrRihelNi-s lNrdvidled afdethdBot feduciniyidefegts inthexmanufacture

~RLO O (C2)r YRA R-NHNHR4 O I1Vb V

5  of semiconductor devices. The method comprises: providing a substrate comprising a
photoresist coating; exposing the substrate to a radiation source to form a paitern on the
"photoresist coating; applying a developer solution to the substrate to form a pattemed
photoresist coating; optionally rinsing the substrate with deionized water; and contacting
the substrate with a process solution comprising a solvent and 10 ppm to about 10,000

" 10  ppm of at least one surfactant having the formuta (1), (n, @), (1va), (Ivb), (V), (V1), (VII},

(VIN), (Xa), (IXb), (IXc), (Xa). (Xb), (Xc), or (Xd):

Ry ’ R °\)9\
PPN PN e o
o TN > Re—-—‘(-o/\’)&\)%""

Ry

Ry
[ |

| CH C
Rs (OCHZCH)OH /( \2)l‘ /( H\z)s
R——NH H HN——R,

M IVa




Rl RZ (OCH2CH2) mMOH R~- i+-R9 Z R3 (OCH2CH2) nOH R8 R4
VI Vil Ro\Nf (CH)r-Nf (CH2)s NOR, R / x OH
51 ROR o VIII RI-NH2 RI-N-R4 RI-N-R4 10 R12 | Xa
I Xb | Xc R1- NH(CH2CH20) mH R1- N(CH2ZCH2O mH R1-N-R2 15 1
1 (CH2CHR0O nH (CHRCH20) mH Xa Xb Xc -8 (CH2CH2O nmH R
-N / (CH2CH20) nH CH2CH2N (CH2CH20O)i H Xd wherein R R1,
R4, and R12 are each independently a strafpght, _
branched, or a cyclicalkyl 5 group havingJ from2 to

250, or from3 to 10 carbon atons;X
i ndependently a hydrogen atom or ana
froml to 10 or from1l to 5 carbon atljons; Rs is a

straight, a branched, or a cyclic alkyl groupohavi ng:

from1l to 10
% \R4
(CHa)r
R;——NH NH—R, o
Vb Y
R4
Ry=———t———(OCH,CH,)mOH
() Re (CHy),
R,—N+—Ry 7 Rg——t———(OCH,CH,)nOH
Re R4
Vi Vil
S
R, 0\ 0O 11
NFrcH —N]-eHa—N
yd | x \ OH
Ry Rio
5 R1o
Vil
R, — NH, R{—N—R, R{—N—R,
|
10 Riz
IXa IXb IXc
R4-NH(CH,CH,0)nH R-N(CH,CH0).H R-N-R,
15 | |
(CH.CH,0).H (CH,CH,0)H
Xb Xc
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carbon atonms; R6 is a straight, a branched, or a
cyclic alkyl group having from4 to 16 carbon atons;
'R7, R3, and R9 are each independently a straight, a
branched, or a cyclic 10 al kyl group having from1l to
6 carbon atons; R10 is independently H or a group
OR1l represented by the following fornmula OH; R11
i s al@LHe@MH a branched, or a cyclic alkyl group
R hav%g from4 to 22 carbon atons; Wis a hydrogen
Wor an al vH.OnAup; X-and Y are each
i nde endentwt%’tﬁhya%gen atomor a hydroxyl group; Z
i s aGthCHeM. at om a hydroxyl group, an acetate group,
or a carboxylgca,a8,0)Houp; i, m n, p, and q are each
I ndependggtly a nunber that ranges fromO to 20; r and
s are each independently 2 or 3; t is a nunber that
ranges fromO to 2; j is . a nunber between 1 tho 5; and, -
wherelnsReRn faifid Rizae pagtyiedepsnsiently a strajoht, adsaiiched. gra cyglicalkyl
further aspect of the present invention, there is
grogp Having from 2da 2RM of fiem Hipol Grarbonatemss Beaad fs atp each
~ devel oped pattern on the surface of a plurality of
mdgteﬂmenﬁx abydregen atem eganalkyd aravethaviegifiom f {10 P%E@’Hﬁ'e@ss
conprising; providing a first substrate conprising a
carbem aiomss Re is palraightna Beanshegha a gyslic alkyd ggeur having from 1 to 10
reparing a process solution conprising from 10 ppm
carpen alonis %w, Doloaight, abransaed, o5 cyslin sl Csoup havingfierp Hdo 16
formulas (1), (1), (I11), -9 (lva), (IVb) (Vz], .
carpay) gtomsyRy,)Rs. adl Rb pre eackdderansiaytly 4 stsaight. @ Reanchedqsy a cyslic
(Xc), or (Xd) described herein; contacting the first
alky @Ry havingfram 1tia 8 garkancaiemsRwis iBeependestivii gr apraup

surface tension and a contact angle of the process
solution on the first substrate,; op¥Rpg the
surface tension by the co#l the contact angle to
provi de the adhesion tepSion vaue 5 of the process
Lugi,on I di pl ural i tyyyof substrages :
rep%%gﬁf&dﬁ)@etggLo%éw%g{}glﬁlgg W thin t%e pluralit yh&1dsﬁ€rﬁtrgg1 La
SikSt t [ X
orasfebblt REREROF bR ReR(Y BREER GHub FioBle: Wl s nythSten
rocess,..soj ution, if. th esi tensi e
atoffyf G RBoRS} bV s 5P BEEPYSeroBHB) S Byardder Sight of 4
further aspect of the esent jnventi t here i
ekl SR 2R bl Ao, ERTHSEN ol P pORgrel i o  carvonyiate
gro ;?Té,t n%[]lgspc %lglg %pasl"g egglfn %%teﬁer%énw § nﬁ%rb]:e?ﬁw%t %fnggs ﬁ'&%‘cﬁ {oaﬁo? rand
s are each independently 2 or 3; tis a number that ranges from 0 to 2; j is a number
between 1 to 5; and x is a number that ranges from 1 to 6.
{0023] In yet a further aspect of the present invention, there is provided a method for
avoiding a coliapse 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), (1),
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patterned and devel oped conprising at | east one
carrier nmediumselected fromthe group consisting of
an aqueous solvent or a non-aqueous solvent and at

| east one surfactant selected fromthe group of
surfactants havi ng the forrrula (I) (11), (11t1),
(Iva), (1Vb),

I X | Xb)
- (IVa) gvh), (xéyD), (WbXV'"QX%a) (&Eb)( ﬂgi):) cfxmeé(chgféx deﬁsﬂbed

[ 0025] These and ot her aspects of the invention wll
herpint condactipgdhe first substratenwith thel proogssgolition) determining a surface
descri ption. BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE
tengivandiasohEeLangle bGhe progess wokidien an theolrst substraienauiltiplying the
scanni ng el ectron mcrograph (SEM inmage 20 of a 193 _
surface persiony ysthe tcosine ok thesigbisact angle kapionigedie adhasionstension value
lines, a 1:1 pitch, and a 3.75 aspect ratio that has
of thee processesalatibnprdvidingitbie phirakiyl of\etibstratesivhereip @aely sulptate
1 b provides a cross-sectional SEMinmage of a 193 nm
withirh heqplerslitytcorpaisesia phatosssisi pettéradengloped nponithessurface; and
lines, a 1:1 pitch, and a 3.75 aspect ratio that has
contasting the plaiality ofistibsteates withethe protassisolution ifitheaghasioartension
invention. 25 [0028] FIGs. 2a through 2c provide
valuerafdbe pecesoscitictbiy3Dmondelowof a 193 nm phot or esi st
coated substrate after treatnent wth deioni zed water;
[0024]prin et s figthienasmect of the-pidsenbinventiese there isvproviidetha process rinse
~containing a Formula V surfactant and Fornula |11
solution ft@ cddace pattert aliapsecisfads e thet suwface fof & isobgirates that has been
i nvention containing a Formula VI surfactant,
pattesredearidi devElpped cOinprdihd-Bt IE&S @REeRaIEN niddioihBelebted KOMONe group
[0029] The present invention is directed to process
consisfing of@rsaqueats soleented rico-agpeouesolvérd and mbleasidne surfactant
defects incurred during the manufacturing of the
selested foon thecgroup desuréztantsibiaving thedsrmudla (1% i(i)g (16 #va), [(tVH)S(V),
bel i eved that treatnent of a substrate with the
(VI)pivaig,e(wtil), @xan (IXb)) (IXay,i(Xg), OXis), Ofc),arr(¥d) described herein.
surfactants-present in mnor anounts- may provide at
[0025) asThe$® and othadr abpédtood thg ihventién will: becenie @apparent from the
post - devel opnent defects by inproving the wetting of
followivey dethildd descaptidnhe surface of the patterned
phot oresi st |layer; reduce the capillary forces
exerted on the patterned |ines thereby contributing to
pattern col | apse defects; inprove
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

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

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

[0028]) FIGs. 2a through 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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the photoresist |ine roughness regardl ess of the
origin of the line roughness. Further, the process
sol ution works nore effectively in dynamc rinse
situations with relatively mnor 15 foam generation
conpared to other surfactants presently used in the
art. [QOSO&@;he process solution of the present

the presentiinyentiom containingp Fermula, ¥ sudactagtandjrorpuilasilisurfactant; and a
related to the manufacture of a_sem _conductor device

prosgasselutianoef the praseat invention sghiaiing a Fetrada ibpvrfackand,
i.e., rinse, resist, edge bead renover, and

respacivelyef | ective coating (ARC) sol utions; 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 RETAKED BEEERIRTION @EITHEONVENHRMg
sol utions; and process solutions for critical

[062P} a Ahe grasenbinuentionds diceatedhionyoeass selitions thad are used to reduce
applications. In certain preferred enbodinents, the

thepupliss of defleatsiingurisd duning Breementfactytiag of tha serjcapductor device
enpl oyed as a |ithography rinse solution in addition

and methndsiof upingsemef |t is bakgved ithal dreatinent of psubstrate with the process
surfactant within the process solution may allow for

solution havihgooneoer rodrecufaciapisi-presantdn miperamaeunismayprovide at least
tension while mnimzing foamng. - 11 [0031] The .

ongoifoliowing benefitredice: pust-gewiepment detacts kyimpagvingthe weaiting of
a carrier phase or nedium an aqueous-based sol vent

thezaoliftion ondine aurfrne.of timpattersed phatoresishlayere reduce tha eapiliery forces
as used herein, describes a solvent or liquid

exattedmav tbe pgitenndd lings thierably coptribptingstopalitern exliepsadefaetsgimprove
percent, preferably 90 wei ght percent, and nore

themhefaresist|ine Soughness gaiesscif dive onigin otihe linareughn@sm Further, the
preferred aqueous-based solvent is deionized water.

protessestidtibiniveorks moreefféativeli én gynaois snssosituations with relatively minor
aqueous-based, it is desirable that at |east one

foafmogengration comparerhtoXotherrsudectants presently tised intha adynami c
surface tension of less than 45 dynes/cmat a

[0080)hcEe: pmcesssalfitidnenfthe presentrinvention cambé used i variety of
percent in water at 23C and 1 bubbl e/ second accordi ng

protessieh eelatexditathee inabifactupr ofsssemiconstuctod detite siichasifon ekample,
surface tension described in Langnmuir 1986, 2,

litheigt8pHBarpceds stihutions, irec,ainser msist] edge bead mmaver eandranti-reflective
its entirety. [0032] In enbodi nents where a

coating {ARCpsalstions| pestietching redessrsohudions,iien sidewall fiim, gitippee, post-

strip/ash rinse solutions; wafer cleaning process soiutions, i.e., additives to RCA or other
standard cleaning solutions, super-critical CO; cleaning solutions; and process solutions
for critical cleaning or precision cleaning for aerospace applications. In certain preferred
embodiments, the process solution of the present invention may be employed as a
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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of an aqueous solvent such as water, the non-aqueous
solvent selected will not react wth the at | east one
surfactant contai ned therein, other additives wthin
the process 15 solution, or the substrate itself.
Sui t abl e sol vents include, but are not limted to,
hydr ocar bons ent ane or hexane); hal ocarbgns
[0033] Jhe pracsss ﬂ'95'°" the presegt inyentiopgy kaveeas 3 EFEEJJ phase or
t et rahydr of ur an THF et hyl ene gl ycol nononeth
megdiufean agyeous- éQWéBgﬁﬂd/@tﬂ@EraqﬂJBP'éﬁ Qﬂ‘iﬁd) solygnt.; %germ
(e. g. CHICN); aromati c conpounds (
“aqyeeus asiusPd ber%)desgibqsm $Qiyant ef l!%ﬁﬁpgnsmgéaﬁ%mt which
i nclude lactates, pyruvates, and diols. 20 These
coramaﬁ@r&t ipash@0 weight Bercent; Brefierably;9@;waightinsrcent @ngifaore preferably
4- di oxane, 1, 3-di oxol ane, ethyl acetate,
at legen%metglﬂmécenawatasn &he prefered aqueoysthaged selMentds deionized
(NWP), and nethyl ethyl ketone. O her solvents,
walenc Iwebqqm@nﬁwmmmﬁ precess saliitiop)is agqueauschased ihigdegirable
yrrolidone, ethylene carbonate, propyl ene carbonate,
thagavgaﬁt@nemwaa%mh\)égurfamHemn@rﬁe&ﬁ@yam@taw@%@nsm
versions, acetic acid anyhydride, propionic acid and
of less thro ﬁﬁ@wneslamaﬂ agengentiation Oﬂieﬁ%thﬁyil orggualdad, weight percent in
benzophenone, diphenyl sul fone, phenol, m cresol,
waigr ﬁb2£ PP ansLil buhblefsecanidssepringdriae maxmtp‘nbnpble-mwm@ethod
like. Still further solvents -12 include fyl ene
of raeaaswing suidacs tepsine deseribpe)n LangmsidntR8s, 8t which is
3-heptanol, 2-nethyl-1- pentanol, 5-nethyl-2- hexanol ,
inc@phwiechhgreincbvreferenns, in is ieptirgho| |,
2, 3-di net hyl - 3- pent anol , propylene gl ycol net hyl
[0032heln enchadiments PRFAR noemye@raesc@\reylé tsl usef 4 pedifign to or in place
al cohol (1 PA), n-butyl ether, propylene glycol
of am-anuepus solvent s(u;hi;a.'z)»v;atearr mammaqaewaﬁ;&vmt.:selgctﬁdwilynotseact
5 pentanol, 2-nethoxyethyl acetate, 2-butoxyethanol,
witipthetd isaptomey Surfactant acetained thereinpethetadditives ivdthisy 1bp preaess
gl ycol nethyl ether. The non-aqueous sol vents
solutionner the substeite itsslireSuitablesolwents intluden ibut arecatiimited fan
with two or nore solvents. [0033] In certain
hydesdachlinsset G pentenemr hegare) shialotaroonsriayg.doeomil h3)aetheesHet 9.
one non- aqueous solvent that is mscible in an
sthylethen(E.Qyotetrahydrofurars (“THEFYr ethyisoe lyeol monanethy etlier, or 2-
enbodi nents, the anpunt of non-aqueous solvent wthin
methbryetin ethes (diglyoe))pnitrikes/(er gngH;CNl); onarbwatic compoundsoetg.
50 % by weight with the bal ance of the solvent within
benzbiiflporiled s Still fnthat exempanysoiventsdncdudedlgotatass pgrovatesitand diols.
Exanpl es of water-m sci bl e non-aqueous
These solvents include, but are not limited to, acetone, 1,4-dioxane, 1,3-dioxolane, ethyl

acetate, cyclohexanone, acetone, 1-methyl-2-pyrodidianone (NMP), and methyl ethyl
ketone. Other solvents, include dimethylformamide, dimethylacetamide, N-methyl
pyrrolidone, ethylene carbanate, propylene carbonate, glycerol and derivatives,
naphthalene and substituted versions, acetic acid anyhydride, propionic acid and
propionic acid anhydride, dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-

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

-12-
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sol vents include nethanol, ethanol, isopropyl alcohol,
and THF. [0034] The present solution conprises from 10
to 10,000 ppm of at |east one surfactant 15
represented by structural formulas | through X
Typi cal surfactants exhibit an anphiphilic nature,
meani ng that they can be both hydrophilic and
inchye Pepnviasiecalyeol pregykether (PGRE), mathanph ethanpk 3-heptanol, 2-methyl-1-
surfactants possess a hydrophilic head group or
perAtalpS meliti2hhexandl, & hexanalAhentane 2 bexasel, ax kSt pentanol,
| ong hydrophobic tail, which is organophilic an :
propidene glycolmetby! etireracetate RGMESDsthyensiolice!, ltsnpr@leraloohol (IPA),
surfactant used in the present invention may 20 be
n-butyh the(, iprepylensrglygal o;bubd ethen(RGBE), Inkiipan2-erofanok gimethyl-3-
certain enbodi nents of the present invention, the
penjane cZ-methhyethyiacetgte, 2-buloxyethancd Jethowyalhyl aneloaceate, 1-
surfactants that are acetylenic diol derivatives. The
persandl sandspropyleiie giveol pnetby etheérn Thanooraguagushgolvents enumerated
represented by the following formula | or fornula Il:
abave maysbewsedéionel obinfzombination with4waiar nire palvents! | |
wherein R, and R4 are each independently a straight or
[0033]r bizeintaih ethkgdimehtsi thetpaodasg sobition orayTontain ot leastisme non-
atons; R2 and R3 are each independently a hydrogen
aqueussoivertrihal ik yisciileimamaguenysfsolyant ortie wateramibeible. in these
atons; and I, m n, p, and q are each independently a
embuditnentst thetameund ef nén-aquedus solvent Within ther fracessraciutisnenay range
comercially available fromAir Products and
fror@laboichtossbouh 50 Y%oby welghtwithvihe xancerof thes solvend avitbin the process
present invention,
solution comprising an aqueous solvent. Examples of water-miscible non-aqueous

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

[0034] The present solution comprises from 10 to 10,000 ppm of at least one surfactant
represented by structural formulas | through X. Typical surfactants exhibit an amphiphilic
nature, meaning that they can be both hydrophilic and hydrophaobic 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 pi'esént invehtion may
be ionic (i.e., anionic, cationic) or nonionic.

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

formula 1l;

-13-



under the trade nanmes SURFYNOL(r) and DYNOL(r). In
certain preferred enbodi nents, 10 the acetylenic did:
portion of the nolecule of formulas | or Il is

2,4,5, 9-tetranet hyl -5- decyne-4,7-did or
2,5,8,11-tetranet hyl - 6- dodecyne-5, 8-di ol . The
acetylenic diol derived surfactants nay be prepared
in a nunber of ways Including the nethods descri bed,

for

exanple, in U S Pat. No. 6,313,182 and EP

1115035A1 which are assigned to the assignee of the
present invention and |Incorporated herein by reference
in their entirety. 15 (0036] In formula I and IIl, the
al kyl ene oxi de noieties represented by (OC2H4) are the
(n + m polynerized ethylene oxide (EOQ nolar units
and the noieties represented by (OC3He) are the (p +

gq) polynerized propyl ene oxide (PO),‘ nmol ar units. [The
value of (n®% n) may range from Oft }Q\I%fer ly
¥ om to .

from1.3
The val ue of
preferably
to 2. 14 [OW37] In .certain preferr
the present |i

from 10
representedﬂpy

(X):

o a re prefer®
p + qJ®"may range fro
m1l to 10, and nore

0 to 30,

ro Opreferablyfroml

A oS
ne surfactant

the following forralas (111) through
R5 (OCH2CHR)tOH /(C 2)r /(C 2)s w R1-NH N HN- R4

H 5111 IVa0 XSR O(C2r YR R-NHNHRE O
IVb V. R2 (OCH2CH2) moH

10

15

wherein R, and Ry are each independently a straight or a branched alkyl chain having |
from 3 to 10 carbon atoms; R; -and Rsare each independently a hydrogen atom or an
alkyl chain having from 1 tc & carbon atoms; and i, m, n, p, and q are each independently
a number that ranges from 0 to 20. The surfactants are commercially availqble 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 Il is 2,4,5,9-tetramethyl-5-
decyne-4,7-diol or 2,5,8,11-tetramethyl-6-dodecyne-5,8-diol. The acetyienic diol derived
surfactants may be prepared in a number of ways including the methods described, for
example, in U. 8. 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] Informula | and Il, the alkylene oxide moleties represented by (OC;Hy4) are the
(n + m) polymerized ethylene oxide (EQ) molar units and the moieties represented by
{OC3He) are the (p + q) polymerized propylene oxide (PO) molar units. The value of (n +
m) may raﬁg‘e from O to 30, preferably from 1.3 to 15, and more preferably from 1.3 to
10. The value of (p + q) may range from 0 to 30, preferably from 1 to 10, and more

preferably from 1 to 2.
14



| (CH2)1 R7- i+-R9 Z- R3 (OCH2CH2)nOH R3 R4 VI VI |
10 RRo R/ I x\ OR11 \N-(CH2)CN(CH2)CN OH RO
RoWVlIIIl -15 R-NH2 R-NNR4A R-NR4 Rl12 5 1 Xa | Xb -Xc
R, - NH(CH2CH20O) nH R, - N(CH2CH20)mH R, -N-R2  (CH2CH20) "H
(CHZCHZO)nH 10 Xa Xb Xc (CH2CH20O)mH R N / (CH2CH20) nH
CH20iH Xd 15 [0038] In_ each of the
[0035])\,151 q;qghlﬁjprggerr en}r@dlrp@nts therpresent invegtion, the process solution

i nde endentl%l)(Qcm straig a branched, or a cyclic

containg frogy H e oo 6 Shjodst onp sitTaciast represarsy by dbe fallowing
R2
formuias (Ill) through (X):
Ry
Rs —— (OCH,CH,)OH R __NH/(CHZ); (CH\:::_
W ! H Ra
5 i IVa
o)
X R
O/
o
~
(Chr Y R
R—NH  NH—R,
Vb Y
Ry
Ry (OCH,CHg)mOH
Te (CHo)
R —N|+-——R9 7 Ry————(OCH,CH2)nOH
Rg R4
v Vi
10
Rw\ O——Ry;
NF-CH—NFHCHA—N
o yd | \ OH
10 R10 R1O
Vil
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and R3 are each independently a hydrogen atomor a
straight, a branched, or a cyclic- alkyl group having
froml to 10, or from1l to 5 carbon atons; R5 is a
straight, a branched, or a cyclic alkyl group with 1
to 10 carbon atons; R6 is a straight or branched al kyl
group 20 with 4 to 16 carbon atons; R7, Rg and R9 are
edch NHeependent | y aRstr Nigifts, a branched, omRia~N—Rs
cyclic al kyl group having from1l to 6 carbon at ons;

R10 is independently Hor a OR' group represent elr'al by
the formula OH; R' is a straight, a branched, orRe
cyclic alkyl group having from4 to 22 carbon atons; W
is a hydrogen atomor an al kynyl group; X and Y are
dXaher a hydrogen atom dKba hydroxyl group; Z" isiXe5
either a halide atom a hydroxyl group an acetate

ar box each
ir%-gep %@é(r)ﬁ' a nuisd ép_f glznlﬁ"l-*rom 0to 20 ﬁ‘ﬂfaﬁ
are each -16 i ndepen r 3; t is a nunb
ranging fromO to 2; bM%\ Ilg}rr‘oer rangi ng fro@%cﬁéo)“ﬁ
5; ndxisanurrberr ing froml to 6. Exarpl es of
Fornula [l surfactants‘include, but are not lNimted

yl - 1- hexyn-3-o0l and
2 6 Hf’ecﬁﬁaﬁijl hept anol . An exanple of a Fornula |Va

surfactant includes, but is not linmted to,

NN-Ri s( 1, 3-di fﬁﬂizﬁiﬂz@nﬂyl) 5 et hyl ene di am ne. An

exalr CF' N Formula V surfact ant includes, but is not

[imt élelsopent tartrate. An exanple of a
Formul a VI surfhe®&@H ncl udes, but is not linmted to,
dodecyl t Kdnet hyl ammoni um chl ori de. An exanpl e of a
Formula VIl surfactant includes, but is not limted

[0088] In ench of thecabovedomiast Ry Rdddaaod Ripare eachdndapendently a
a Fornmula VIIl surfactant includes, but is not

straighti a brancbed, an acxydiccalkyl ratipdtany Rde 6or freimdtoaHticarbon atoms; Ry
n-butyl 10 glycidyl ether. Formula I Xa, |Xb, or IXc

angRs arecsachtindepesdentlyrehydrogancaloniaor , staight.cr brianciyed, af & gyclic
am nes. An exanple of a Fornula Ma surfactant

alkyl igedupdavingdfioem i1do 116t or from 11 dd Stcarboncatoryk s is@, strightaa branched,
Xa, Xb, Xc, or Xd surfactants are al kyl am ne

or acyolix alkyk greup With 036 10 Tadhapralares, Resis lawgtiaipht oalranched alkyl group
optionally contain a dispersant. The anount of

withi# $p 46 sanbon takexns; iRy, Rsldrdi Ry eret dachpndepesdenttyl aistraight, a branched,
ranges from about 10 to about 10,000 15 ppm

or epeyefie alikipl groegd batind Homnal eltocarbdern alotnsp Pag is independantly H or a

preferably fromabout 10 to

R~

O—Ryq

group represented by the formula OH : Ry4 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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about 1,000 ppm The term di spersant, as used herein,
descri bes conpounds that enhance the dispersion of
particles such as dust, processing residue,
hydr ocar bons, netal oxides, pignment or other
contam nants within the process solution. D spersants
suitable for the present invention preferably have a
indapensientiy ¢&r 3gbis orusahar sangirg Gem 0 to@; | isa nurabéfaengipg from 1 to 5;
about 10 to about 10,000. [0040] The dispersant nmay be
anch) i @ AUmMbes ranging ioshi & 6o Ep@'!)ﬁ'@s Oﬁ'ﬁ@fmldﬁ FbSlﬂfacﬁﬁm’r waiude, but
conpound may_ further conprise a copoly
areg1at gjeited to, 3¢S-dimathyi-dhexin-3-ollaod 2, Gadimemyl-édmtaml i & example of
The term copol yner, as used herein, relates to a
a Fpanyladya swiastant incluslessbigttis Aot ligtitede.dN.Nrhis( b adimethylbutyl)
pol ymeric conpound such as bl ock, star, or grafted 25
ethylepe diamine . AFexamplef afFaimulany gunfaptam mqlqmgr but is not limited to,
di spersant include polyneric conpounds such as the
diisppéntyl tadrate=GApexaraple of pdioymulasy! rudmdantdieiydest byt isinoptimited to,
L31, -17 L81, L101 and P123 (BASF, Inc.). The term
dOdﬂcvlgbnethylammqmﬂm chieride.nAn example ©f ad-oamulad!ll/swrfactant includes,
compound consi sting of only a few nononer units.
butfisaotdimited 46, 2,47 tetraingthyk4, 7-dficape divhnAs exaropledd a Formula VIl
SMA(r) 1440 and 2625 oligoners (EIf Al fochem. [0041]
surfaictast maludes| byt ist vt lichite &0, saradduelyof distindénstriamine and n-butyl
surfactant. If the dispersant 5 conprises a
glycidyl ether.a Rormula 6Xas 1Xb,aor e sunfacjariteateqiinaary. sesondary, or tertiary
anionic, cationic) or nonionic. Further exanples of
alky anfinast st exampié¢ otia Feirila d¥a swiactant irmhudes, but is not limited to,
pol y(al kyl ene oxide) surfactants, and fl uorochem cal
octyamingc tFamula Y&y iXba Kt cornthsurtactaptssarefaliyt amine dtboxylates.i n
the process solution include, but are not limted to,
[0039]: yThespracessrapiutiohenay optiohalkytetais asiispersant TR 20bUmt)of
X-1 14, X-102, X-45, X-15 and al cohol ethoxyl ates such
dispessaBiRthit is) adsied 10 teQiro b3 OGiipOirges Didm abdiit)10 t@Rbatr10,000
58 (Cl6H33(OCH2CH2) 200H) (1Cl). Still further
ppre peefptailyabout 181t amdut 5,000 ppde ant eadre Ipreéferablydrom about 10 to
secondary) ethoxyl ates, am ne ethoxyl ates,
aboyt 1,608 ppms , Theltemadisgersantp as ysedipdreingdegdcyibes sompounds that
pol y(et hyl ene gl ycol -co- propyl ene glycol), or other
enhancd thetdiapessiqm ofipatticles suchres dust, pravessind/télidue) bpdrosarbons,
Emul sifiers and Detergents, North Anmerican Edition for
metahuxidésa pighe@0ompathén aimtamingnts wvithbrthé podcese selution. Dispersants
Confectioners Publishing Co. of den Rock, N J.
suitable for the present invention preferably have a number average molecular weight

that ranges from about 10 to about 10,000.

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

compounds such as the tri-block EO-PO-EO co-polymers PLURONIC® L121, L123, L31,

-17 -



10

15

20

25

[0042] Various other additives nmay be optionally added
to the process solution depending upon the
application. These additives may include, but are not
limted to, stabilizers, dissolving aids, colorants,
wetting agents, antifoaners, buffering agents, and
ot her additional surfactants. Generally, unless
L8bdHen wnd £1284BASF, inpd. dhe term oligomesasised(her¢insiglates to a
addi tives woul d be about 0.0001 to 1 percent by
PolyiepteRMPoHsdcoppisting efinnly a fewn opnpmer gnits. Joxamepies phjionic oligomer
_weight, based upon the total weight of the process
dispgseents ineluderSMARHWED and 2628 inligemensd Elf Alfeghem)addi t i onal
surfactants are added to the process solution, the
[0041] 1 Alternativelk $hepdispargantimasheoraprisec suifactanti B heodisplersant
herein or provided in the reference MCutcheon's
comprises iarsusiastaph theDatrtactpnt may tegonio (iaes] anionic, eatianio) or nonionic.
enbodi nents, the process solution of the present
Furthey examplgs ehgurfastanis inglude siliconmsurtactants: polydalioylens exide)
In this connection, the process solution preferably
surtag@ntso apd fluerochervicalclirfactants, Juitablerntiptipnit surfactants ora@e in the
wei ght percent non-aqueous solvent; fromb5 to 40
proogsisfielution inglutle, bytrare etilimifed oo octylCandonahy! pieinghethoxylates such
. percent resist polynmer; from 0.5 to about 2 weight
as TRITON® Xof14aXplit XaA5, Mvth sndhplooiml ethicdylates soch @6 BRIW® &6
at least one forrmula I through X surfactant; and |ess
(Crathd @ CH L@ H)RC K. BRIJOF 56 GeHaa(0HCHAZ06) (i Stil further
pol yneri zation inhibitors, dyes, plasticizers,
exemipiary sunfactards inchidesigapk(priemady amdksedankliary) #thexylates caming
of the photoresi st can be adjusted by varying the
ethqyylajese glucosides, \olutamides:, polysthilene glyicolei paly(ethylenegiycol-be
formul ated for coating a variety of filmthickness.
propyenegiycol)obr sther surfastamtspravided irsthe vbfeesrice MéGuicedntse
phot oresi st process solution include any of the

. Emusifiersang Dasergantselotiie Amienica&ditibn fortthe ¥ eax2000| mblisiiedby

resist polynmer 10 include novol ac resin or polyvinyl
ManvfestwerscOpriestioaers RablishingiQd. nfGiendRqudkeN.Jof a
phot oacti ve conpounds i ncl ude di azonapht hoqui none or
[0042) ot\ariaus dthge additiesrmay Bé\Gptionallp @dddd (bHhe prosess solution
sol ution of the present invention nmay al so be used as
dependimgupargihe applicatige. Thesk additivesmaybedadd datl areomat Vimited to,
may be applied prior to baking the patterned
stabjiizertspdiesoleing hitlsecolbrants; aettingi agentshantfoamiens| buffeding iageots, and
prior to lithography. In 15 this enbodi nent, the
othep a_ddigemlsoﬁanta'mua. Geabmiliphinfesswtipsrivisestated, th® amioonfléf&ach of
wei ght
these additives would be about 0.0001 to 1 percent by weight, more preferably 0.0001 to

0.1 percent by weight, based upon the total weight of the process solution. [n
embodiments where one or more additional surfactants are added to the process
solution, the surfactant may be any of the surfactants disclosed herein or provided in the
reference McCutcheon’s Emulsifiers and Detergents.

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

used as a non-aqueous photoresist. In this connection, the process solution preferably
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percent non-aqueous solvent; 10 to 10,000 ppm of at
| east one fornmula | through X surfactant; and |ess

- than 1 weight percent of other additives. Exanples of
sui tabl e non- aqueous solvents within the edge bead
remover process solution include any of the solvents

corfnﬁ@éé}'offlﬁnq p% 80 r}%)rel‘egﬁp‘iw t@{@fﬁéiéﬁg{e?{%? ﬂéﬂsnﬂéc'ws solvent;
froffk & ‘f‘%’%‘g'na"&?"@ﬁﬁe L o al#éa?ow'%tr e[ Botymer: from
0.5383bbis ‘é’.g{gf‘{n&?’ i %b"é@?éﬁéﬁ\f@, E4thpdting; 30 14 16900 g gt st
°"é§@§”;‘§[? Jbubh KBk 2RISR e Tl tceBES i saaiives
s“‘?‘e? @@ﬁé%ﬁaéﬁ““ﬁ’&?i‘?f@% oENEER, Boe i GoiFy %Pﬁﬂgt%fénw the
ke JH B RSRLb 118 Botofit oo e Bttty v K mghmef g Sotvent
’a"§ SBEHRps Pkieth e tmullaiios poilg Xy ts'f?fgfﬂ@ﬁ' s
Exaipiled P98k noiraRils S0P wlom e pRORIPs 3%%8%@4’]0 "
noiis 27 pEBR S BnGerhloiiinardn. Ne g PACRRES ol reistpolymer
il pAfeS i Gr bR AT Rhenei 1 rg'awbmxamé]e%@f a

PO RO "b‘?%‘i%é‘@z‘éfl?Pﬁ{'T'BSH'%‘Pﬁ% Pr3eto B aehrais (PAG)
roog it ol SioPiel PSR bl My s nﬁs%sn non-
a0l 90 et Rmver e e LreT NP AREDS BARlied Ariof baking the
patBhelrptoreiilest 12 50sa Nk focarbyerBerginsrarer o iiRgrany. In
this ﬁﬂ%q’?gggi 'S %ﬁ%@%ﬂ '?Eetﬁré%gﬁn.c‘ﬂ@mﬁ%? g o8 103 BIGht

d
perga; 0ph (i @" b Alizp 4B BB e @t&%éeg%f%w@t' thyAugh X
ni ng,_and/ or

ft t
surBeteft: A es et Byelitestcein i othes a00R Ve EABMIGR o suiiable non-
nt |nvent|on t he process, sol utjon

aq Uggl}ﬁpwl\zeggs g{tlﬁg he edga bead remoxss By ion include any of the

solvents contained herein. In certain preferred embodiments, the solvent may be
PGMEA, ethyl lactate, or anisole.

[0045] The process solution of the present invention may also be used as an anti-
reflective coating for the top or bottom surface of the substrate. In this embodiment, the
process solution preferably comprises from 60 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 less than 1 weight

percent of other additives such as crosslinker(s), surfactant(s), dye compounds, and the
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amoni um hydr oxi de, al kyl ammoni um hydr oxi de; an

oxi di zi ng agent such as H202; optionally a chelating
agent; from 10 to 10,000 ppm of at |east one formula I
through X surfactant; in an aqueous solvent or water.
Some non-limting exanples of chelating agents are

SRy 09 e AR o8l o
ab(ldftf)()d ﬁg @y gﬁ%:%p@?fg& ga&% ﬁ%ﬁjpﬁ%ya%lf 5 BT %e:ght percent of the
tot%' e f}ﬁﬁg eeééﬁaﬂaegsgst% gf;: 2%%% fgs%g ta(bPEt:l—gr‘lA .)s\queous solvents within
the S PRt ROt ApBR el o MocioR Baftsontaingd berpie i gpriin
el e PR Fm%ﬁb??@éﬁib?éh%@%? oriis o
sulgfle porfysaaim e ﬂﬂ?%%%%‘é?%‘%é'ﬁﬁhgaﬂ%ﬂ& g?e?&'ﬁéwﬁﬁeﬂ Ky porviate
mwwé%%?%ﬁaﬁﬁe@wq@”ﬁa%m@ o Mapsadh L8 Pen 88°
6.4 @%ﬁﬁ l@ﬁd éﬂltﬂ?ﬂrﬂgﬁg‘?ﬁ maf ana Sﬁ%ﬁ@é“%@%ﬂl mé’?%l?rrlprl 2 es an
el exdibane, Wl adimere tuch g 1Eee ek {1 at Nos
624857 34 3&%5’%@’"2625 000 ppi of i Teadt one 5 for nul a
ol TP e AU om0 B4 g oo

onpris eous sol vent suc el ect rol

meffgpih.2Gh as i ARG Saa5ie BoTRmAY %@aﬁ&p oot e tn this

0 la l throu surf el a
emGoHima iR SUbsirale b e tsﬁmatf'a biogpPe s q‘%zﬂwest"ppmg,

0 to 10, Ot 1 m of | east on ornul
CM[’hf"gjhéﬁa'){"%Lﬁ”F‘ 4G SIRES ey nrfern%tﬁir e PRRFIhesImgnt of
P%?I cations, the process sol ut| on rmg/ Hsed f or
the greseat Invenfiosothepr Sqltigh cempdsas R basg rych s %kﬁ'%\'{)e and/or
| i cat| on. [0047] The process sol ut| on of the
am'aPE%'amvdr oxide afkyla oniym hydegyides an gridiang ?ﬂf"ﬁ Aigehgs Hz0z;
st one formula_ | through X surf ctant wth an

°Pt'aa@@cﬂ1§h%ﬂ'ﬂcﬁgeﬁbﬁ°ﬁhl%@u Q) RRIM PEat lgag %ﬁﬁ"““'a | through X

addi tional additives. In certain enhodi nents, 02
surtactanh dn %9%@"&@9&’9% oryvater. ¥R PQ’P'!W‘@'"B&’F@E‘PW sBefating

40 to 60C to affect dissolution of the ingredients
agenlsargithesfellowing organic acids and its isomers and salts.
{ethylenedinitrilo)tetraacetic acid (EDTA), butylenediaminetetraacetic acid, cyclohexane-
1,2-diaminetetraacetic acid (CyDTA), diethylenetriaminepentaacetic acid (DETPA),
ethylenediaminetetrapropionic acid, ethylenediaminetetrapropionic acid,
(hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N,N,N’,N'-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP}), citric acid, tartaric acid,
phtalic acid, gluconic acid, saccharic acid, cathechol, gallic acid, pyrogallol, propyl

gallate, and cysteine. In an alternative embodiment, the process solution comprises
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therein. The resulting process solution may optionally
be filtered to renove any undissolved particles that
could potentially harmthe substrate. [0048] The
process solution is preferably used to treat the
surface of a substrate during or after the

ST SR to5io g plth R 2 B8 oL L RGN surbittort e
wagﬁ';'%'fll)rﬁheﬁ %@gﬁ&ﬁﬁng?@é QJE%%SI grr(lg jor [co sgg]an%%cid such S’as sulfuric

'um_nu_ copper a onposition
aci 3181 Bhd Hn Sl biE SudtPas F01 Wibrell e R e acid to the

iz 38fin{H 354 GBCrBS et ab B 10 3o, dUPEEh o ot east one
for8TBLGE X DfTRRR: a0l b E8Psof el Bl dlor ot e
o8B 15 Pl b PR il MR L o R
oo\ S T 0 9 ol Rt
o B g R 5t 82 101 1000
o el e PR s AT il A B g
oA, 6Bl b RORAD ol a5 B coanng
ake step may. be conducted, for exanple, at a
sucﬁm&rﬁgﬂpgcgtlpgngi ng from90C to 150C for a tine of
100 CTR e iRt ek e @ReShiiienPorthy beploate py mixing the a
ool B e B LR L Bt i e S oy s saivents
ey B VS CEBIn b mEso e MR e, i arare
tempiyreisae Srppiad o St 15 aeSGHsplRYE 5 BF aieuBhs pontained
therghy cHieTostiing pigasasssilinnay apfionalyfe Blersd iy puioveiamy
uncR Bl PERIBRE it FOUB sterbCFarm R cuBRIE. (ho exposed
ooy helFroesss Shflot M lkedly uSedialeht IneSuf3eg ofs Ribsiste during
or aﬁ%b@{;l%g%lg&%gay sh%y ggﬁi%?e %r?f@i#&lt et,J let érg ntoE ﬁr%ntted to,

materials such as gallium arsenide ("GaAs”), silicon, tantalum, copper, ceramics,

aluminum/copper alloys, polyimides, and compositions containing silicon such as

crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, silicon dioxide (*SiO."),
silicon nitride, doped silicon dioxide, and the like. Further exemplary substrates include
silicon, aluminum, or polymeric resins.

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

having a photoresist coating applied thereto. The phbtoresist-coated substrate is then
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or negative photoresist coatings. The patterned

phot oresi st i mage nay be -devel oped by a variety of
di fferent neans, including by not limted to

qui escence, immersion, spray, or puddle devel opnent.
In the quiescence nethod, for instance, a devel oper

R0 5 Pl (PRAR(y betor Bl RS eF Upar 18 hoRibosf oating
Exifip8 2t Fion SolicBt ol MRl el iy o T Govon
oo TR Bie s REPo a8y WY bt Sbogkiioisla oo U Softbake step
e BPREh S dled R o, oo 4611 Sch@ SHEEIEAR cBhaRHod therein.
i BREpa etk S el e Sondlt R RS BRHE, P S rierg "
e YT P KRG K 050 B 35D 10 sl foialR. |
100361, Bl @i it el k& pOBAENTRB0gi 1P ROFHE o1 A, the
raoip B iirePie s CieBhed il polfaRIT 25k oaicSnilntg.

o RS e BBO AR Sy o 28433 sbABl S iEh A BB Eminonium
RO TR pORe BRI RGHE0 bl ARG B bk Bt Fitner

excl e ey FBRESITIshS iluds Fodt FaiiBho W VTS Sl B 455204
o288 117 G A% 107 817 G e d28 870, HOFbOMSE e Spsist contng. e
arel RT3 bl BT st Bty bk SRR are
cisqEhaBravBiY, 7 o ol bol Bl B0, b HiealS sty PG propess
so iR 3L o4t G TRl S St B s e ol otner posiove
or b bbbl ot eaRRwpe ipe veiped by
a vashCef e ol meRSBety oL bl TR RO Sora. or
Pl e eB el JH R R oLEE pURR? it s, R et Sofe Bt i
appliﬁecgt%a&h% gg%%?gﬁ@é satra!te %nr[fé)c%gg]n&(aﬂsel# r'afpae%tcr.\ r& tiring slu%tc{egfj t%cc%%elop
the pattern, a rinse is then applied to the substrate surface. Development time and
temperatures will vary depending upon the method used.

[0051] After the patterned photoresist image is developed, the substrate is baked to
harden the polymer contained within the photoresist. The bake step may be conducted,

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

to 120 seconds.
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other nmeans to the surface of the substrate. Water
and/ or non-agqueous solvent nmedium is then introduced
to the surface of the substrate and m xes with the at
| east one formula | through X surfactant on the
surface of the substrate thereby form ng the process

roq5R)  Thi kit sOi i BPon PRk o R SR8 oE s Bhigpe =0 2
orebprsf dnofindo e omboliBiit Fogelet g RifogsS solton can be
or B8P ATY i e b Pl S S BRI R bt surace.
For GRHK. L rin Al 08 s oot [ R BP IR Fufffefnls Ban e
il 6P RS Aivam o \ﬁf%ségﬁqf%ra%ne-éqfﬁw?ép&%a% et
ontiipl PriEB B8 phded Ibg Shu Pt B plesE shlhen ﬁsome
emh:)@ %@%%P%%E}@EVE{(M 4%?{5@00 tur fe@sg alg\q through X
suw"q en{t‘%%'a‘fib&"aqd%shinﬁ% fis a&t%%%n?é'%aﬁ TP asmgas Bilution. I tris
e bl 1 G R A ARG oo
SoSERHE o BB o -
o SR8 M 5 2 B ol Bl
ey e A s o
oS T s g LSRR S ot P L in e
i L R
B
corG B B i P xR Tl B grr
o b33 15 S W B i v saiovs s o
second @referabl from 1 to 150 seconds, and nore

s tnﬁ"é'f' g thgsLifage,othe suesirate andAxaseniidne @k least enpfermula

e contacting step can v
! through 5( surfactant on tl'uszgsurfaceIO of the substr%te thereby forming the process

solution.

[0053] In an alternative embodiment of the invention, a concentrated composition
comprising at least one formula | through X surfactant is provided that may be diluted in
water and/or non-aqueous solvents to provide the process solution. A concentrated
composition of the invention, or “concentrate” allows one to dilute the concentrate to the
desired strength and pH. A concentrate also permits longer shelf life and easier shipping

and storage of the product.
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from10 to 100C and nore preferably from 10 to 40C.

[ 0055] Regardl ess of whether the contacting step is
static or dynamc, it is preferred that the process
sol ution or concentrate be applied to a still-wet
substrate surface. In 20 one ‘enbodi nent, for exanple,

todgpf . X HEREe el e Bt i fipotnd (s ) 8B witn the
sulflyl SRR 8 Rt Eo RS o Pkt Piep it oty time,
and e el 1§ Yoot il fabn B e asnashl BBy By vagety o
racip St A oL b mute e Falirsiabe SpSURirRdus bl sutace of e
subslatean 8RR bBatiy SRRAELTR e Sy athieiy ofe, e
oo T8 LSRGl Wi BRI B,
suGHBR nes oL e praaRa PR, Dl Toe aliple i substate o
Sl e o 7 el SE e B0 st i
o AR ek SRR, i ol By S o oo
el b bl la F e B 5 90%e o
iR, o a3 S e it il W B
prefa R ARE 10R conBFInECHBR 4 SpuHEt i 6 SBUE miethrt 1
S 960 e e A S 4 S
surkiGhCaaEChol 7 Faq1en L3Pt RUAHIEHS O SeTpRe Broferably,the
ool Ay AP o e BB B4l e
prefaraie FOm Liobtl BHropds { TH IeTBSFAECTopas (o e Gagbu e Gan very
rors e A0 L] DPLAPTPTRIGEIPE LLIABG. 1 onsi on, of ¢ he

100R5; Bcanriiens pheihen toe coriacing e talec SYnBals | 3 Befemed
o B8 e e B 553153 b o e
onesgrlnggc}irggnt?fnortegaemgllg Ihaecperogefsstsgﬁltion is employed as a rinse solution after
the development of the photoresist layer. In this connection, the photoresist-coated
substrate is developed via a developer solution. After developing, the process solution is
applied to the substrate surface as a rinse in addition to, or in place of, a deionized water
rinse. While the substrate is still wet with developer solution and/or deionized water, the

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

puddling it ontoc the surface of the substrate. During dispensing, the substrate is spun
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substrate and the tangent at the droplet base, is then
nmeasured. In certain preferred enbodinents, a '

hi gh- speed canmera may be used to capture the spreading
of the droplet at a speed of 2 frames per second for
a 2 mnute interval and the contact angle can be 20

oot 5 R SEABhSb RSy AR il
bt b Wt A LSO b St

- solfERRMYUiené BrocRiE oot ERpRTA RHEUSRLA bubBigte. Fora

sl BB KO BB5eRLh 08 iRl BN Pl 4

po LT S5 3b3peofl el et ok TS0k o

con PRl B8 4458, SSRGS  B om.
o0 B SRS SO M e R Bided a ot
o SSBHA 8 e Sl bt b e S8 oo
ol G BeF T e B3 o S e
ol A T i e e
oo A 30 S5 SRR P 1010 1000
o S5t 5 Pl Bk B Bl oo o
o R Ll o A b, RS Gl e
S RN N R —
o5 P R, TR o,
e M
w4 e s b o ARt
emggcpirtngktgi, g %igﬁgs%tegtlj ?:Qringradring)lr bg lfl[sf % c%?:ttusre %'?er si;yrggdif'né 8Pt1he 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 vaiue”. Lower
adhesion tension values for the process solution correlate to a greater reduction in

pattern collapse defects. Adhesion tensibn 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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2,4,7,9-tetramet hyl -5-decyne-4, 7-di ol (exanples 1
through 3) or 2,5,8,1 1-tetranethyl -

dodecyne-5, 8-diol (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

oA i L AR B e 1S Bbocod e
ol érﬁo%%“s%@wgﬁéééﬂt?@w d uﬁ“&emﬁ g
f 0.1 .bubbl 20
o R A EROBBRTTE. P4 B o e
be gped ot Hpromistphlot. dba iéarieby aling o eon  practant i
d Tab
celafiin &y 46} PrpleF o obtian %?%s.ca@'a?% b onvatns
BB R3] B G B PSR e
b/
nuhbe Sxte] apRarars By 2B o Blster; proferabny 8 % B Greater, and
mogﬁaen@ie%%%% HFe@'?d.rél‘é@?%@a% iz wgk?bﬁﬁéq%tsﬁa@wed and
dexaioed AR RERLpatsy! Sibatieled fovan il SSReRt Fc O 0" greater, and a
pich ok B & praels 5(5%' 5%%%%?3%! fﬁ**ﬁ%’f S leasg O i, | ©
tooRf,2hS Senisroed B iiraieras e R i?f@'a”mte'igmeafa@wng
excne B o LS Rioe Bt R it PR o e
gegel ow t hat of 10 water. This indicates that the
I'm'ﬁﬁ"‘{)‘gg O-sol utions of the present invention nay be
effective at reducing the surface tension of water.
Table I: Dynami c Surface Tension Exanpl e Ml es Ml es

DST DST DST DST DST EO PO 5dFyne/crr) (dyne/cm

(dyne/cm) (dyne/cm (dyng + ) 0.1 b/s 1
b/s 6 b/s 15 b/s 20 b Cg 340353376415
Examplas 1 through 5: Dynamic Surfa Tensnon (DST)

[0059] Five process solutions containing acetylenic diol surfactants derived from

2,4,7 9-tetramethyl-5-decyne-4,7-diol (examples 1 through 3) or 2,5,8,11-tetramethyl-6-
dodecyne-5,8-dioi (examples 4 and 5) were prepared by adding 0.1 weight percent of the
surfactant to deionized water under continuous stirring.

[0060] The dynamic surface tension (DST) data for each process solution was
collected via the maximum bubble pressure method described in Langmuir 1986, 2, pp.
428-432. The data was collected at bubble rates that range from 0.1 bubbles/second
(b/s) to 20 b/s using the Kruss BP3 bubble pressure tensiometer manufactured by Kruss,
Inc. of Charlotte, N.C. The molar units of EO and PO for each example and dynamic

surface tension data is provided in Table |.
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250351352 38.142.044.4 3 00 32.133.134.2
36.1 40.3 4 00 34.1 43.6 58.1 68.369.8 540 26.8
26.8 31.535.9 39.1 15 Exanples 5 through 7: Foam ng
Properties [0062] Three process sol utions containing
acetyl eni c diol surfactants derived from

[0@31%’ hg c@ntgr ilcnsﬁ}r{qaé? %{]5 ﬁdmecgﬁqae rovides lﬂ‘gﬁéﬁ!xmaga%gegthglpgﬂonnance
of LRGPt ot ?'re%g?%ﬁlbﬁﬂ% G 8/ qTalVey RS |

sirab

;ﬁ?gessmg, high

crcEEh T {20 b} Kbl Syt T pdoarbibr

RS BBl M ke o
n %P%éaseae'm@&" e spess, 15 He?'Fﬁthe et gddﬁg%&r%eu%g tersion by

Ion |1

e 28 Ee kA0 RS to

re@eé‘%%lei’y Fosion tﬁ&tﬁﬁ%@
tgrg%.g%.%ecgggsgﬁ%ggé@g{ﬁq ighe

proyie. Bl linpesler m?ﬁws&f

I t nd I
nudgeiste ﬁqsa'ts’& SR pEeveBY pLaieen HoioRse.s RS Tabed lll?:%tratmalllqs the
foam sured at the conpletion of th
ProGRER 1GHoNe e BRPS foAg S IEng OBt mmbulznlwtes below that of

equj red, for the foamto djssipate is recorded ("Tine
walef §hie ieioafos 1nat tnerrasase salyBoRE ok e ReesenbavanTigy TRy bs effective
esi r.abl e because |t may |l ead to defects due to the
atrf?’a'i"f"ﬂﬁﬁ‘ e sufage rnsionafwal®iat the surface of the
substrate. As Table Il indicates, the tinme to reach
zero foamis approximately one mnute or |ess. 15
Tat&%i:g l The rocess sol ution of Exanple 5 was al so

fhig 3 ESI0o| ut i ons containing 0.1 weight
percent of fl uorosurfactant (perfl uoroal kyl
Exaroie f Moles) Mﬁlﬂ’sa DSToni ¢ [R¥F act ahPSTsodi g3 Tur yI | DST
sulfcltEd) us n Ross-M|l es test} The regqults of
this AMe{R [(Bne/emrptsivaeicm) | (dynefemn) [(dyne/cm)
[ shows soI ut| ns contdgining the fluorgsurfactant
and i{ Wit siéPragk 481 BfSi | 1| EEi bi t PADE gni fi18dMs £ oJa?A bs
at intervalg of 5for 10 :
n)
1 5 2 34.0 35.3 37.6 41.5 44.3
2 5 0 35.1 35.2 38.1 42.0 44.4
3 0 0 32.1 33.1 342 36.1 40.3
4 0 0 34.1 43.6 58.1 68.3 69.8
5 4 0 26.8 26.8 31.5 35.9 39.1

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

2,4,7,9-tetramethyl-5-decyne-4,7-diol (examples 5 and 6) or 2,5,8,11-tetramethyl-6-
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20 m nutes. In sem conductor processing applications,
the presence of significant foam may be undesirable
and may lead to an increase in processing defects.
Table I1: Foam ng Properties Exanple Ml es EO Ml es PO
Initial FoamTine to Zero m+ n) + Height cm Foam

do&é@ﬁ Sﬁ-fiﬁl %())(ng o\ﬁer%fpgea?a gygé%lfi B, 12wg’ ﬁgpergéﬂ of each
5“%#%‘39%&@?%?{%& 8 Sffunibiq Qﬁ'@oam el ght At -
T4 ol O )
fosfyt 2\95"‘?’3‘%?%* Bl 5 hRbA 7 e Boliba st £1abediis Basea
Rgﬂll g%ﬁ'éé%}ﬁfﬁégtm%gt%bﬁ%t od, a?lg)}‘h% Leg#ﬁ%glrerﬁ%wggd in

t ai ned

Ta‘%@?'regﬁﬂﬁ% sh a0l By Bon oS00, s Wo8 gom e
<R A A Sl e
oo a9, i3 R PR IG5 B SRR g
a PGy Bonsaif tre same g, Ihe BT LT e
oot 8o S B R AR i ana e
time required for the foam to dissipate i is recorded (“Time to 0 Foam”). In certain
applications, foam may be undesirable because it may lead to defects due to the failure
to adequately coat the surface of the substrate. As Table II indicates, the time to reach
zero foam is approximately one minute or less.

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

Table lI: Foaming Properties

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

5 5 2 { 0.6 6

6 0 0 2.0 3

7 4 0 2.5 60
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shape anal yzer provided by Kruss USA of Charlotte,
N.C. using the Sessile drop nethod. In this nethod,
the wetting properties of a |localized region on the
surface of a photoresist-coated substrate are

esti mated by nmeasuring the contact angle between the

Tabe Aﬁﬁﬁﬁhfé}é}%oﬂfof %9&%&%{1@& rﬁlﬂ l;.‘»g)glsigng Sﬂﬁh FothéH Slirtdfants

angent at t he spee

ersﬁ”e'd Capl HRPEGaR  SPT Fodh Neght at [ danHelght At Height at
céﬁ&%@ﬂoaf 2| HbRREGMI®” | 8502n] 0" 2%%&5’ S & W (o

hcs.l all Vde Ilb‘db IbEU [ YUOU] rﬁ UCLCSS bUI u OUIID
i —based—on
Flu +° %’gi‘f ﬁr‘ta‘rjmt hyI Jleé?ne 4, 7-di (NIA 13.5
""n’ELn_yl ecyne 5 q ‘v"v'erc
Ion 31“& I%%\png manne ‘22‘ 20 vol LI‘@I ic flask

th varyl ng amunts of the surfactant jand DI

\nn r\r rhnmfnnﬂnr\r af 8 rr\

P 4% E (?NVP@ ?farﬂre s
%@5 4 pmﬁa\'ow cﬁet s astr

8a, 8b, 9a and 9b are prOV|ded |n Table I V.
-29 [0067] Silicon wafers provided by Wafenet Inc. of

oa th a AX 4318 phot oresi st
E"%B&??gah"wgﬁ’}\?dégmwﬁlﬂt‘ﬁ%f% Chenical Co., Ltd. of
usin I N ocess af a n
100§f s Fre, 188 promad %ﬁﬁf» Sligpdeifing werv"meg%s of
t he 0 reS| urface asure
suralants agva o2 8. A PRy %cmﬁéw@ﬂ(@&ma'ﬁg 8 ang,8b) or
t he C tlons wat er 0 ratjyv
2.5 8l mff“!fk@Oﬁ s Bl (Granhieod 45 By i ater as a
second 068 neral, contact angles of about 20
Congarn KemREF M XBEDE Do BegsHIe on is et K dror
substrate surface, As Table IV illustrates
shapg anglygernrgyided y K Wﬁ#%?gﬁ e, Bf-wsing the 5assile rop
hot or esi st -coat ed substrate that were treated with
"‘eﬁ‘ﬁ@ Ht tisJustheg, the |“f§#§‘9d?f°i’?@e§9 Hilosalized regioR An ity sulface of a
smal |l er than the contact angle of the photoresist
phofgresiplecpalitd sbsirate e estimpigdibydpeasyripg ‘éﬂ%ﬂﬁﬁ?@gleibe“‘"ee" the
surfactant within the process solution may | ead t

basglijje.ofq droplet aiAqueges Pﬁ‘ﬁ"@ﬁ?f SRlytionapd thetangant ﬁh@e dramiﬁfebase

| V Exanpl e Ant Contact Contact Contact Contact
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 mi 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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Surfactant Angle Angle Angle Angle (0 sec (5 sec (10
sec) (30 sec Conp. Ex. 1 - D -- 61.8 61.7 61.5 61.1
wat er Ex. Ba 125 m 47.3 46.9 46.5 45.4 Ex. 8b 600 m
47.3 42.6 40.6 36.4 Ex. 9a 100 m50.0 46.8 45.0 41.6"
Ex. 9b 350 m40.0 29.4 25.3 17.2 15 Exanple 10:

0TS A BB B i

ORI E 5l /SRR B L5, TIPSl s
ue oS Bl oFRE o R sPeed ol SARafy, S (ilaafgh ¥t e
ol PO hor B e AR VRSP R s g v
of QepREE o B 1 EroBRE Ehlon e A (e PBRR hragmote 1) o
diﬁé’_ﬁ%‘% gf@?@ﬁ%@;&é@&%@?b&% ggwan?ngi;)é)sgq to a 365 nm
oo "l oA B BURF B & BB A RS vt
or o8 bete ST PP [ Mg, Yog Sotall angled f st pplover
on S Gsa 0y S e B b e
oS5 S D O B BT e win

* walGho i, PR ariunte BEnirBR e bERasy tiiuion may lead to

TereStar(r), KLA- Tencor defect..inspection 10 tool

mober%{,'ﬁa&%@{ B@S%E,EE IgIProved Weltings, 1\ 35se, CA. and the
defects were classified and counted. The results of
the inspection are provided in Table V.

Table IV
Example Amt Contact Contact Contact Contact
Surfactant | Angle Angle Angle Angle

(0 sec) (5 sec) (10 sec) (30 sec)

Comp.Ex. 1-DI |- 61.8 61.7 61.5 61.1

water

Ex. 8a 125 ppm | 47.3 46.9 46.5 45.4

Ex. 8b 600 ppm | 47.3 42.6 40.6 36.4

Ex. 9a 100 ppm | 50.0 46.8 45.0 41.6

Ex. 8b 350 ppm | 40.0 29.4 25.3 17.2

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

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

solution contained 50 ppm of a 2,5,8,11-tetramethyl-6-dodecyne-5,8-diol-derived
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[0071] The substrate was processed in the sane manner
as in conparative exanple 2 wusing the sane devel oper
and process conditions. However, after 100 seconds of
devel opi ng, a process solution conprising an
acetylenic diol surfactant (exanple 10) was 15 used to

 sulioBB S BT OE congl @Sneiia SIGY 1340 bFRIeg EN

An*'thﬂﬂ TRAE QEﬁéﬁ%tée%Qggl'&egseﬁmﬁ% oﬂovllflg R b é\adgﬁﬁgg(tj-coateq

the Focess utron rrinse

subdifar6 A5 dRboseals 3 4a¥m Jo 1450 () fonttanuto SAEErS mately
11 b‘rts fb‘? Q c}in@%lléb%gt ﬁﬁimﬁtg%nfﬂ %ne(?évﬁé fo &JI’I@ISHS %%ﬁe‘?g%@gﬁotoremst

on are

wntiq%balﬁlte ?ﬂA I@IJt%W%FAﬁAAIQQBIﬁn% wbé Lx HE%IIy dtspensmg

cess so resen |nve

pfﬂ?lf%dé’ i oo e u‘BQﬁ’ét%rfSPé @énorde&'ﬁﬁ%g?&,{(%mbt he

TESISt sur tras

70T bt EHe £ ﬁﬁé&&%&gﬁ@%ﬁ&%&&s gy%oms

er - sources a r rirnsing W

bei\g?é file dewl% |]c r?cfzgre \%és{]t;l'rﬁb%r %@%}ﬁ%ﬁ %{ \#ptePl]pé I&f? putes The

process solfutron o

sul%tlla?a Wk ﬁ‘%ﬂé&& %ﬂ‘@?%ct §|lgqo ﬁiteél'fg%lg{'dé q{ﬁﬁ'eu?&wfr Betedt f'ﬁggectlon

nproved € proc

oSBT St R R Y s o
oo P30S o oo B A b 0, 150

roogf, Th sfiarata wog BEkBssed e Sort HRPnBEes Eropmiiiaive sgamole 2
usng %eosa%epbgv%%peé /ar[:)g tp?ocgsso concptlons. II%wever, aRer 1 (R) seconds of
developing, a process solution comprising an acetyienic diol surfactant (example 10) was
used fo rinse the patterned photoresist-coated surface. The overlapping period with the
developer was the same as in comparative example 2. After a 120 second rinse with the
process solution, a DI water rinse was used for another 7 minutes. The substrate was
inspected for defects using the TereStar® KLA-Tencor defect inspebtion tool and the
defects were classified and counted. The results of the inspection are provided in Table
Vi

[0072] As Table Vi illustrates, the process solution of the present invention was able to
completely remove the photoresist residues from the patterned photoresist surface. By
contrast, Table V shows that were many defects resulting from residual photoresist and
other sources after rinsing with Dl water. Therefore, rinsing the substrate with the
process solution of the present invention effectively eliminated the number of post-

development defects and improved the process yield.
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5 Exanpl e 11: Conparison of Equilibrium Surface

Tensi on and Dynam ¢ Surface Tension of Process
solution vs. Solutions Containing Fluorosurfactant
[0073] Process solutions containing 0.1 weight percent
of a surfactant derived from

Ta?*leﬁ\é?%%%ﬁe‘e’%'eéﬁ?”%%sgts%ﬂsﬁ@%t Wfoct ane-
g

ot o [»] W, P2N 3 (@l o ooy (VW oY oY
DR s T SRRl e e o TEatme, oty L ERra e T Total
Pa eng €E\’Ie":’te'r*.:gon ESH d f*‘r;mm BBsurfﬂace ension—|{ 9
P D T ff\ar blt ol 'J'f' nné was neaklred usinjg!0
T net on - a I(ﬁ?cc BP3 nﬁlhhl e 241
ressure tensionmeter nmanufactured by Kr uss, Inc. of
Tabig /1] BeshDevelopmentRefestsatier P geltienRINS8| 11t on was
DatestTynes vi x:Smak nnxiliedivmnnl o] hawesur e | tal
PatteraBafeates| @ t hrqugH &, _The reflits of the EST and 0
Pi @ 15 proviled in TabPe VI1. [0®74] 0
Tetef erring tid Table VIJIQ while th@ fl uorosu®factant |0

exhibits a | ower EST conpared to the process solution
of the present invention, the significantly | ower DST
Exampiectdt €entpatson oftEquilibiiomaSurfacafension @l iDynamigp8unface Tension
dynam c surface tension reduction ability. For
of Byopesscealutinmovst Balutioresgontainmigdflucrosdriectantr eat i on rat es
such as dynamic rinse processes 20 used in
{0078} Poess salntioresrnohteining Drigweighipegrcant ef s serfdatantaerioéd from
the present invention would be nore suitable than
2,5¢hH1 Utetrametieyd-6tdudecyre-5, Budiolarsda flacroamfactaht epdtassiurs
| oner DST value. -32 Table VII Rinse Conposition

perfudrabéiafs tartborylaten pvidddeiny’ 3ijof SEXLa0M, Miskbu? wefle Pédpdred in
Fl uorosurfactant 21.2 72.4 Exanples 12 through 18:

ordBetoscrompagé thenequilibtibm stefaes temsiohg BSTpand/ayriaenio surficectension
5 Sol utions of the Present Invention [0075] Seven

(D§¥) 0 Gbe £ 0lon bothrssiutions was mezsaredfiuaitigethé Wilharydate insethod on a
formulas | through WVIII1 were prepared by addi ng |ess
Krush 8P 3bubblegiresques tedislonzitertrhanufactiiedtbyKruss) iste obCGharsite, N.C.
The DST of each process solution was measured via the maximum bubbie pressure
method used in examples 1 through 5. The results of the EST and DST tests are
provided in Table VII.
[0074] Referring to Table VII, while the fluorosurfactant exhibits a lower EST compared
to the process solution of the present invention, the significantly lower DST indicates that
the fluorosurfactant exhibits poor dynamic surface tension reduction ability. For
appilications 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

vaiue.
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wat er under continuous stirring. The concentration of
surfactant within each process solution is provided
in Table VIIl and is determ ned by the snall est
adhesi on tension 10 val ue cal cul at ed at different
concentrations for each surfactant. Exanple 12

ined 3,5-di methyl -1 -hexyn-3-ol (Formula I11).
Ta@)@('vlfal e 13 cont ai ned , 6- d| met hyl - 4- hept anol  provi ded

Al Al

ok (CAe L \/n\ o 14 coon
Rﬁgeﬁ nposifioh (Qwi%} ., E‘$’F(dyne‘7 Phc ) orod aLDST (Emigm, |
¢t

TN, TN O\ VY T TT l] ] Ty
n

Edepl&:j!wn! e—15 cont LY ?5 rl: L sepent

T To U 1=

9

chl ori 17 15 cont ai ned
E"""Z“B,'esﬂg%?’ '&Egt ﬁ’\ﬂe@'"ﬂ“a’é% ‘%ﬂf@ﬁm(‘ H&ngign Yalye of Process
Ef ? cont ai ned
Solyt ‘?FSSfo'ie erseghipveRtions - dodecyne 5, 8-di ol -deri ved
ormula 11). nmpl es 19, 20, and 21 each

ct ant
I°°i§ht PYR!UP’PS’%"‘Sa%ﬂM@PS eente-s"n& SUsfagtanisining thg igrmufasy through
adduct (0.012 wt % concentration), and 1:5 adduct
Vil verg @rwafe/a' by Adding fessithan 1 welahb pefcepiafhe gyrfactant to deionized

di et hyl enetri am ne (x=2) and n-buyl glycidyl ether
Wat??H?‘i‘gﬂ C&’"quuf St'Q‘l'J'Q[ d @?6?"%'3&% sheurtactant withinreagh ipcess
(DST) data for each process solution was coll ected
solition i¢ peovided 'ﬂﬁ-ﬁpﬁdﬂ"b pRd js-dajempined by fhesrprllest adhegionension
Langmuir 1986, 2 . 428-432. The data was coll ected
valug calciiated at diffeeent ﬁ@icmﬁﬁw&fpm@' surfgaiant. cerarepie g contained
(b/s) to 20 b/s using the Kruss BP3 bubbl e pressure
3,5 cimathyshermial Faumadl. karpla 3 conaped 31& dimeinb dieptano
N.C. The surface tension values at 0.1 bubbl es/second
provieﬁed by Afdrish (heruta b/ad o Example 14reontainrd NeN-bist1, 3=dimethylbutyl)
-33_[0077] Silicon wafers provided by Wafenet
ethsr!med'amnséﬁorm -daxarpple d Scontained diisapentyl tantrate (Fpamula ).
TOK 6063 193 nm phot oresi st coating provided by Tokyo
Example, 1&sgytained dodewﬂmettwlamywum@tgme (Faenua halc Example 17
angl e of the process sol ution on the photoresi st
contaifetad 4. 7. Srtetramelivind dadengne idio! (Faroulsciil (Example 18 coptained
shape anal yzer provided by Kruss USA of 5 Charlotte,
25 &1¢-tetﬁ§mﬁtjwwrdo®@§e+5e8-d ninedirfactanbiFermulall). Examples 19,
provi des the contact angle for each process solution
20, prach 1) eagh gentaingd 33 adsisichi0. 0wt boemngentratioo) 935 aaduct (0.012 wt %
adhesi on tension val ues for each process solution was
conegqteatipa), @nd Bib adduct (O3 W% coneendratipa) cespentivelya ohnd t he

. cosine of the contact angle. The results of this
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 bubble rates that range from 0.1 bubbles/second
(b/s) to 20 b/s using the Kruss BP3 bubble pressure tensiometer manufactured by Kruss,
Inc. of Charlotte, N.C. The surface tension values at 0.1 bubbles/second for each

process solution are provided in Tabie VIil.
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1} calculation are provided in Table VIII. As Table
VIII illustrates, all of the process 10 sol utions have
an adhesi on tension val ue bel ow 25. Exanples 13, 14,
16, 19, 20, and 21 each had an adhesi on val ue bel ow
20. This indicates that these process solutions nay

[0679i SRichA v w@éd W\Wta?érﬂeﬁ% lq?%%ﬁ %e(% Swérg cgated with 300

ater Eegree an a process avi ng one

BRIk 1K B3 783 Aty %‘%‘5‘. %%ﬁﬁ%?%EE’%dE’S/J‘#E‘Pe?*ﬁ‘a@§V§2° Ltd,
of oy yafare i sl ApalSBP B r s Wyon o 3¢ plotdeRist surface
wa? éﬁésﬁt(?egoo lZuPAanD]fD%ﬁﬁ 53'{5%,5&{@? gﬁ%qf %13})% 38@3« dfgj)gﬁ{grugs USA of
chgfottp. REC b theSpedie drof Tding. S8 X Rrired i’ pdntd ahgle for
alffbibBid *@%ﬁﬁ?ﬁ%ﬁ%ﬁkﬂ@%ﬁ%’ggé’?ha S ng 0.9
10fBi e 2 é%%{ia*? RS PR B oSl Piies Bolyich WS sacufRg o
mugip@rng SPQ ﬁsﬁ?n{gg%{qd%@ c%sér?eor:zﬁé n@g?tyeqn i 7‘IéI?eer%guE?s of this
cal iR itk P e (T A i &Y B the rocesd
solfiing e aaveadﬁsa'?? %@’@tsva@ef?ew%ﬁt Brampisk o4 119,20, and
21 BAR! Bah 3nd i EiReseiow, tif&"stiﬁg'aa”@ahq?g?éﬁsve”rp&gﬁ%s solv'ﬁons

maf gg@oggg,gﬁ% g,%pgmapse ofStts 53 Grester’Serae thaf & process

solution having one or more surfactants with a higher adhesion tension value.

Table VIll: Adhesion Tension Values

Examples 12 13 14 15 16 17 18 19 20 21
Concenfration | 0.9 012 (0095 |0.05 |4 0.05 |0.045 ) 0.05 | 0.012 ]| 0.03
(wt)

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

(dynes/cm)

Contact Angle | 55.0 |70.7 | 53.1 455 | 62.7 | 56.1 28.1 59 592 | 59.7
)]

Adhesion 210 | 136 1.2 (248 |19.0 |21.4 [228 199 | 194 | 179
Tension Value

Pattern Collapse Reduction

[0079] Exampie 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-dimethylbuty)
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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patterned photoresist with a dilute TMAH sol ution. The
TMAH devel oper solution was 5 applied by dynam cally
di spensing a 0.26N TMAH sol ution onto the substrate
and allowed to set for a period of 45 seconds. The
process solution was then dynamcally dispensed onto

rofglaGRLA BB his BUteR Win TOR 4088, 13 piGtaREIsT oy Bigftteli o 2
105 HAIh Pl A Bas K00M 0B 3Bl Fefiad o Rberadife &,
ansfhely 15 % ek Rliretornbu f s k1 e BVl G la
e A, SRR b, ARLARITBRby n vo
ol RS AR 8t
o oo ek B ST b i
oo B B S e 5 Bt s o
BB B G S SR B o055 e i
o LR Al e i D
ey e A T -
oS e o S T 558
T telBsqulon ttdaf et RamieppopsLcoBRanE Ae HeTorarh 42. 14,
sured with a Hitachi CD-SEMtool on 37 sites per
and i RPcessRPIUIONSer n col | apse was visual |y observed

rough the top-down SEM inages. The wafers were
lﬂoéﬂp oSileprypafers tepted with ambd%@'qamyn%ﬁ ofthe progess gplution of
The results of the visual observations are provided in
the pegsent inyention and rqﬁ%g]lz%wglﬁ[,mtﬂ@vqlggmgnﬁ pseiwrre compared
process sol utions of the present inventjon reduced
undep, gcanpingglecliondnicescory. Ff1Gse1a ang Ab propde @ossregclionsl EM
. the aspect ratio from3 to 3.3. Therefore, rinsing _
'maﬂ%OfsQFE@F depse (Raswith L1 itsk usieg agleianized watet rins fiase
i nyention rather than with deionized water
empleying: me\/%#awnl% & peareps solybign, pspestivaln fRefeqing o FIG. 1b,

patterning high ) . .
employing the process solution of the present invention as a post-development rinse

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

pattern collapse and preserves line definition.

[0082] The critical dimensions (“CD") of the features of each wafer were measured with
a Hitachi CD-SEM tool on 37 sites per wafer, and pattern collapse was visually observed
through the top-down SEM images. The wafers were exposed under the same dose

energy of 16.5 mJfem?® The results of the visual observations are provided in Table IX.
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5 aspect ratio features. Table I X: Pattern Col |l apse
Data Ri nse Solution Aspect Ratio %sites with
collapsing DI Water 3.0 97 Exanple 12 3.3 48
-Exanple 14 3.2 3 Exanple 17 3.1 6 Reduction in Line
W dt h Roughness 10 [0084] Exenpl ary process sol utions

[ogé31,” A5, Dpuh 3?@8?%%%@{ agﬁ“@%ﬁﬁ%m Aipyaniiin sedyced
“‘%?%'?@?C%t@i'% ¥ e Bt PP B erRas o the asnert atio 43 3 033
Thg R ik P 3%@(‘% ﬁfﬁaiheawa%%&aﬁ%on@fm Rgpendinyention rather

t o _dei oni zed

they ey Bichiehed el PAENEY btducef 13 Pl Gellpsp g gatoring high

&3 q n15thefo||ovv|ng manner : aS|I|con waf er
as‘g&f:g(ﬂ 83%3 BV Waf enet, Inc. and having an anti -
refel ective coating deposited thereupon was coated
with a TOK 6063 193 nm photo resist. The coated wafer

o8 B A el DoBent e Lo a tenperature of

oravinmt al v 11'—:(‘ 'Fmr of ahﬂllf 1. _mnut 91 and‘
Ring SRR o1 oned 1o [ASPREERANA t o ned nhof b sleswith coliapsing

DI Waker: « TavpH 20 sol n?rOnn The TMAH devell@fer sol ution

_Eﬁlw_iapu_e_d_by_dﬂ i i 48 26N __TMAH
Exapppleffon _onto the |[Adstrate and all owedi3to set for a
Exaepledd of 45 secornds! After 15 seconds6of a DI water

rinse, the substrate was spun at 3,500 rpmto dry. The
wafer was then cleaved into snaller pieces, imrersed
Reduetien in kineWidthiRawighnessnat er, Exanpl e 22 -36 process
solution, or the Exanple 23 process solution for 15
[0084]c Frtempiany pronsss dolutions 22and 23 vecd prepared By ddingt 0108 weight %
showi ng 100nm 1: 1 dense lines were taken before and

of NalNebis(ft tledimethylhutdpethgetegianesEornla 5jurfatiat) 2nd 0.05 weight %
t hrough 2c provide cross-sectional SEM inmages of the
of 2\Gdimethyl-#h@ptanal (Formula Il surfactant); and adding 0.1 weight % of 1:5
adduct of diethylenetriamine (x=2) and n-butyl glycidyl ether (Formula VIl surfactant),
respectively, to deionized water under continuous stirring. A substrate was processed in
the following manner: a silicon wafer provided by Wafemet, 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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5 shows that the patterned resist features of
substrates treated with DI water alone exhibited
rough standi ng waves. However, upon treatment with
process solutions 22 or 23, such as the substrates
shown in FIGs. 2b and 2c, respectively, the patterned

pch§§§ §5Iuticfnle Sén b‘in Zl:}%(aﬁ\rp?elgy EE’&?%? g@ﬂ@w @ﬁ 5t AN %gﬁ theh dried.

Cr %ﬁ%&@f ?%W\Aé&gﬁ%ss ;)% |OJP &n‘:?'f'l‘l alndje;%g ;M&f v%e A Eerlt ggf\tjlbé/ and
ané\'a %gr%?‘]}' iﬁér%ge%e. ;th%/ ?)/c,egfy the Ingnm gguéoggngo?vent
OB, B oot AR AR ER LS. .2
shd?f@ tHL tﬁg &Eﬁ% fe\;/\@ureg ?gt?bs?r%te%strél %ecp wﬁh b? waléf alone

escr

ottt ?%sn A B B L 2
25 30576 B SO, S S0 e T e e

resi tedvvaer was .exposed to a 193 nm
feaﬁ'?‘g% re Wi’ﬁs"éoo 3 @B@V‘nggé%ﬁ'ﬁ'é'f’ afleated to a
tenperature of approxi mately 115C 20 for a tine of
about 1 mnute, and then devel oped to forma patterned
to%lgsi% with a dilute TMAH. The TMAH devel oper
§ appl i ed by dynam cally dispensing a

b B P B S 5 28V G B oo
°“‘§@?#Si£§%ﬁ¥eﬂgm &ﬁ b d|5ﬁ§§ ont 0 \t{)gﬁ SUbSt%r?(ig Lo of
e DTSl uﬁ?ﬁﬁ%gamfﬁvmrﬁﬁegﬁnemm%@ VBir ncer
nder neat h the rocess sol utjon for seconds.
confiiods giipg. Araddtinnalaratess s tign Eﬁa'aplesﬂs\@@s P'iﬁ’ﬁﬁi%" as
38 he t EM dt
oo st b AR S el alrbari B v

results for each process solution are provided
surf?ﬂaqtgg;]%e@@z PEaIRNG| o provi des the maxi mum ener gy

|edtothe waf er W|thout causi ng_. the
[ooagr& %@3 Bl W Rrerensad inbedellowing papeer;a $iipfe oxynitride wafer
corres | m ni mum CD_as well as 5 the nmaxi mum
wasggﬁés ‘% ?%?nm photoresist. The coated wafer was exposed to a 193 nm light
with a ASML PAS 5500/950 scanner, heated to a temperature of approximately 115°C
for a time of about 1 minute, and then developed to form a patterned photoresist with a

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

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

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

the wafer substrate spun slowly at 500 rpm to distribute the solution on the substrate
surface. The wafer was then still and puddle underneath the process solution for 5
seconds. Afterwards, the substrate was spun at 3,500 rpm to dry.
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Table X Mean CD and LWR results Process Sol ution

Maxi mum M ni rum CD Maxi nrum LVWR (3a, nm Energy (nm
Aspect Ratio (mJ/cnmR) Ex. 14 23.25 103.6 2.90 5.5

Ex. 24 25.5 92.5 3.24 5.4 Ex. 25 24.75 94.3 3.18 4.8
10 -38 CLAIMS 1. W claim A nethod for reducing |line

A el
"ne?sﬂs%%é%%ﬁ’faiﬁgﬁ o e R B e T
T e BB O R e bt cmr

ol s 9 s S ot S P S v

th a proc sol ution conprising at | east one
?&‘T}%’B é'ﬂ't' at | east one non-aqueous sol vent that

IS m Sci bI e in an aqueous solvent, and about 10 ppm
to about 10,000 ppm of at |east one surfactant having

TetioR; MO SR (st ) () (i), ) (),

(X ~ mmanmlﬂ—lﬂ B=_p~
Proéas@otqtgqn\ Mﬁxmurpq~~ A,,K{Ilmmum CD Maximum | LWR'(3g, nm)
Energy (nm) Aspect Ratio
{mJ/cm2)
Ex. 14 23.25 103.6 2.90 5.5
Ex. 24 25.5 92.5 3.24 5.4
Ex. 25 24.75 94.3 3.18 4.8
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R R I Il R5 (OCH2CH2XOH (CH2)r (CH2)s WR1-NH N
HN-R4 111l Na 39 O XR O C2)r YRA R-NHNHR4
OlVb V R2 (OCH2CH2)mOH H2)j R7- i+-Rs Z R3
(CCH2CH2)nOH RB R4 VI VI Ro OR j N
f(CH2)r-N-(CHz)s-Nx OH Ra RRo Ro VIII R -NH2
R-NRA R-NR4 R12 I Xa I Xb | Xc R -NH(CH2CH20), , H
R -N(CH2CH20O) nH R, - N- R2

CLAIMS

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

(Xc), or (Xd):

Ry— _,e 0/\%; o Ra‘_’—(-o/\%; pOH

I |
T TN

N R4

R4
Rs {OCH»CH2),OH (CHo)r (CHy)s
/ N
W Ry—NH ll‘:ll HN—Ry
i IVa

39



(CH2CH20) nH (CH2CH20), nH Xa Xb Xc 40 (CH2CH2OnmH R
-N / (CH2CH20) nH CH2CH2N (CH2CH20O)i H Xd wherein R, Rili
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

hydr ogen atom or an al kyl group having from1 to 5
carbon atons; R5 is a straight,r a branched, or a
cyclic alkyl group having from1 to 10 cabon atons;

Re is a straight, a branched, or a cyclig¢ al kyl group
having from4 to 16 carbon atoms; R7, R8, Jland R9gare
each i ndependently a straight, a bra a’cyclic

al kyl group having from1 to 6 carbon atons; R10 is

i ndependently H or a group represented by the fornmul a
ORIl OH; Rll1is a straight, a bra d, Og_cyclic
al kyl gro Javing from4 to 22 cdrbon aypons; kS a
hydr ogen,at®m or an al kynyl group; X and are each

i nBependdnt | \WH—3Rlr ogen at om or a hydroxgl group; Z
is a hali atom a hydroxyl group, an acepate gr oup,
or a carboxylate group; i, m n, p, and q are each

i ndependently a nunber that rangesfromO to 20; r and
s are each independently 2 or 3; tJis a nunber that
ranges from0O to 2; j is a nu &ﬁg@ m 1
to 5; and x is a nunber thatqﬁhng s from 8$%$29 2.
The netho?sof claim1 wherein the ggg%acting step
conprises|a dynamc rinse. 3. The |method of claiml
wher gy,p—t tgcting step ¢ ' I j nse.
4. Thé met{hod of%EIain11 wherei'n the suP?geféﬁdﬁhe
substratelin the contacting

Ra R4

Vi VI

Rio N O—Rus
NHCH ) —N-CH ) —N
R / | X \ OH
10 R
Rio 10

Vil

R; — NH, Ri—N—R, Ri—N-—R,
R12
IXa IXb IXe
R4-NH(CH,CH,0),H R1-N(CH,CH,0).H R:+-N-R;
I I
(CH,CH,0)H (CH,CH,0)H
Xa Xb Xc
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step is wet with the devel oper solution. 41 5. The

nmet hod of claim 1l wherein the surface of the substrate
in the contacting step is wet with the deionized
water rinse. 6. The nethod of claim 1l wherein the
process streamis fornmed by injecting 10 to 10,000
ppm of the at | east one surfactant into the sol vent.

7. The nmethod of claim1l wherein the process streamis
f or medCHyCHePPlYi Nng 10 to 10,000 ppm of the at |east
one sArfactant onto the surface of the substrate and

Rpptdi ng the sgi- zew% ohA the substrate surface. 8. The
nmet hot| of cl erein the process streamis forned
by pas@ﬁxﬁ-‘g‘lzN sol vent through a cartridge conprising
the at |east oneHsewjosist ant. 9. The nethod of claim1l
wherein axXd ne of the contacting step ranges froml to

Rt B RO 0 Ractt REUOUPeRdpBia Sl brevshedoar a cyci
BFGRE b 0T 45 €0 a8 R AUAERst e g B iesaed apsieaiy a
*%&nﬁg'?g oS08, gL Budd T T G s e Rl Bieiottr =
dev opeg ng@wﬁ&rgﬁgb ﬁ\ﬂX@’r% nggfcgl l a@?‘ﬁr?gh"ﬁ/a giraight, a
SRR Sy SRy M TR R RoD 3035 pagi‘é?%ﬁ%ﬁelééﬁ Ry are
eHePRabithaBity| 2 EFaiatit #BRANG, & PEAIETRUIIE Mg from 110 6

conprising from ppmto about

caiben %tHrrfsaRt.ﬁ(ngg)ﬁﬁé’ﬁdéﬁtl&h Sr E%ﬁ%ﬂﬂ Rg?pf(e’%éﬁ%ﬁ b&fé&brﬂ}ﬁ XC)

(Xa), (Xb)

/\‘(\ O Ry

OH ; Ryq 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 1to 5; and x is a

number that ranges from 1 to 6.

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

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

4, The method of claim 1 whersin the surface of the substrate in the contacting

step is wet with the developer solution.
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R12 IXa | Xb | Xc Rl- NH(CH2CH20) nH R1- N( CH2CH20) nH
RI-NR2 I I (CH2ZCH2O "H (CH2CH20O),H Xa Xb Xc
(CH2CH20nMH RN\ / (CH2CH20) nH CH2CH2N (CH2CH2O)i H

Xd wherein R, Rl, R4, and R12 are each independently a
straight, a branched, or a cyclic alkyl group having
from3 to 25 carbon atons; R2 is a hydrogen atomor a
straight, a branched, or a cyclic al kyl group having
friom 1 The rbethad bfaskimt owmerein thesurtage oNthalsabsteae i the contacting
I ndependently a nunber that ranges fromO to 20;

cont actsitepgs webwith thetdesonizet vaiter rivsé.h t he process

solution; determ ning a surface tension and a cont act

arfgl e dhetrhather ofclaim iswhareindive procesststreaimris forrmad 8y injcting 10
mul tiplying the surface tension by the cosine of the

cont actto éﬂgﬂ@ ppw of fheatilahst erecsunfabtant ioto thessivent. val ue

of the _process solution; providing the plurality of

subst r dihednethed efidaimdovhesein she proeesaistraam is fegmed by applying 10
pl urali t¥ conpri ses a photoresist pattern devel orped
upon t KR 190P% Bem.of et leashenecsuriagtantente thersurfags/ofghe substrate
substratss with the vprocess solution if the adhesion

t ensi oG ZPAIng the $alvest todbe subshrtasUFACe-s 30 or bel ow.

43 14. _The process.of clai.m 13 wherein the preparing,
(Re i b ?ﬂfﬁ@@%ﬁ "ffr?ée'"&!amﬁsms;fgeméﬁ]@?mﬁ@by passing the

{rglng: g:;‘fXI'vgngt tﬁrtoﬁ Sa%&f"?ﬁc:rg%%%farrtpﬁgtng mei a!t Ietars]te onaedshu%saictgﬂt.

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

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

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

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

13. A method for avoiding a collapse of a developed pattem 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 (IXa), (IXb), (IXc), (Xa), (Xb), (Xc), or (Xd):
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value is 30 or below 15. The process of claim13
wherein the surface of the plurality of substrates in
the second contacting step is wet with a deioni zed
water rinse. 16. The process of claim 13 wherein the
surface of the plurality of substrates is wet with a
devel oper solution. 17. A process rinse solution
conpri sing an aqueous solvent, a non-aqueous solvent,
and at | east one surfactant selected fromthe group of

sy faglants having the fgr a (I Xc), (Xa), xXd) :
R RO H | Xa ’cﬁz'&?gg)‘m R- M /(CHzc%c%r?E%R‘
CH2CH2N (CH2CH20O)iH Xd wherein R, Rl, R4, and R1J are
each i ndependently a straight, a branched, or a

cyclic alkyl group having from3 to 25 carbon atoms?
R2 is a hydrogen atomor a straight, a branched, or a
cygsic alkyl group havinpg,froml to 5 carbon atopg i,
m and n are each independently a nunber that ranges
fromO to 20. 18. The process solution of claim17
RyNEK P HzRanthon- aqs | 6H i s mscible RiNRzhe
aqueous sol vent. wherei nd R4 are each

i ndependently a strai gﬁ&'ﬁ" a)'é'hched, or a cyclccé"chﬂo)mH
al kyl,  group having fromg 3 to 25 carbon atons. 44 109.
The é‘?ocess sol uti on of aim 17 wherein the at the at
| east,.on rfactant is a surfactant having the

foll %ﬂaﬁ'@ﬁmﬁma (I Xc): R1-N-R4

R=N (CHyCH,O)H

CH,CH;N
(CH,CHL0)iH
Xd

wherein R, Ry, R4, and R, are each independently a straight, a branched, or a cyclic
alkyl group having from 3 to 25 carbon atoms; R; is a hydrogen atom or a straight, a
branched, or a cyclic alkyl group having from 1 to 5 carbon atoms; i, m, and n are
each independently a number that ranges from 0 to 20;

contacting the first substrate with the process solution;

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

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

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

contacting the plurality of substrates with the process solution if the

adhesion tension value of the process solution is 30 or below.
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R12 | Xc wherein Rl, R4, and R12 are each

i ndependently a straight, a branched, or a cyclic

al kyl group having from3 to 25 carbon atons. 20. The
process solution of claim17 wherein the at the at

| east one surfactant is a surfactant having the
followng fornmula (Xa): Rl-NH(CH2CH2O) nH Xa wherein

R, is a straight, a branched, or a cyclic al kyl group
havidng fhepragdeswoftaimcdiereiati@imepaaing, th fifst domudtipg! the
that ranges fromO to 20. 21. The process sol ution of

cl ai m 1detetminingnaridtae atultiplyingedtepsesrs repaateduntif the tadhésidrstension
a surfactant having the following formula (Xd):

( CH2CH2 @lédis 3 ad\belofpCH2CH20) nH  CH2CH2N ~( CH2CH2O) i H

Xd wherein R is independently a straight, a branched,

or 18. cydhe pragess/sf cpiro g whewimthefsudace & the pRElityofisubstrates in
atons; and i, m and n are each independently a number

r angi ngtfersespndcantactiog step is Wetevitraydelendzegovater dnseof

claim 17 wherein the non-aqueous solvent is at |east
ond6se| &b proceeswfciaim J8wherein theisytfacaofdhe plueaiitnaf substiates is
et hyl ene gl ycol nononet hyl ether, 2-methoxyethyl

et her, ‘é{eﬁ‘f" h 8 develgpeE gelulian. pyruvates, diol s,
tetrahydrofuran, 45 acetone, 1,4-di oxane,

1, 37:di oRAAFES NRTESAUIQP SPRPHSING. JR AGHAROUS SPIMENt, 3 PeA-gReoUS
1- nethyl -2-pyrodi di anone, neth et hyl ket one,

di ot hy PO TRRCCRL oot SHEL ek et Hom i of surtactants
pyrroli ﬁ vgf%thg%gﬂu%nﬁxc‘if% ,%?E)?d): propyl ene car bonat e,

gl ycero

R-NH(CH;CH,0)H

Xa
(CH,CH,0)mH

R—N (CH,CH,O)nH

/s

CH,CHoN
(CH,CH,O)iH
Xd

wherein R, R,, Ry, and R, are each independently a straight, a branched, or a
cyclic alkyl group having from 3 to 25 carbon atoms; R; is a hydrogen atom or a
straight, a branched, or a cyclic alkyl group having from 1 to 5 carbon atoms; i,
m, and n are each independently a number that ranges from 0 to 20.
18.  The process solution of claim 17 wherein the non-aqueous solvent is miscible
in the aqueous solvent.
wherein R, and R, are each independently a straight, a branched, or a cyclic alkyl

group having from 3 to 25 carbon atoms.
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derivatives, acetic acid anyhydride, propionic acid

and propionic acid anhydride, dinethyl sulfone,
benzophenone, di phenyl sul fone, phenol, mcresol,

di met hyl sul foxi de, di phenyl ether, propylene glyco
propyl ether, nethanol, ethanol, 3- heptanol,

2-nmet hyl -1 - pentanol, 5-nethyl-2-hexanol, 3-hexanol,

2- heptanol, 2-hexanol, 2, 3-dinethyl-3-pentanol,

pr dfy| eifibe gtogesd saimtioh vf clainh €7 whereinahe at e By lke@8tene surfactant is
gl ycol, isopropyl alcohol, n-butyl ether, propylene

gl ycol asbdagiantdavieg theHolmwingdpraulp (IXpRnol |

2-met hyl - 3- pent anol , 2-net hoxyet hyl acet at e,

2- but oxyet hanol , 2-et hoxyeRmHN -aBgt oacet at e,

1- pentanol, and propyl ene glycpl nethyl ether. 23. The
process solution of claim17 further conprising at

| east one surfactant sel ecteBifromthe group

consisting of formula (1) and (Il): o OHRs O- OH R3
QMHO RROR2-40y ™H '"---~-n R R 11

wherein p and q are each indeP&nhdently a nunber fromoO

t owRérein ROR,, and R, are each independently a straight, a branched, or a cyclic

alkyl group having from 3 to 25 carbon atoms.
20. The process solution of claim 17 wherein the at the at least one surfactant is
a surfactant having the following formula (Xa):
R{-NH(CH,CH,0)H
Xa
wherein R, is a straight, a branched, or a cyclic alkyl group having from 3 to 25
carbon atoms; and m is a number that ranges from 0 to 20.
21.  The process solution of claim 17 wherein the at the at Ieast one surfactant is

a surfactant having the following formula (Xd):

(CHoCH,0)mMH
R—N (CH2CH,O)nH
CHoCH,N
(CH,CH,O)iH
Xd

wherein Ris independently a straight, a branched, or a cyclic alky! group having from
3 to 25 carbon atoms; and i, m, and n are each independently a number ranging from
0 to 20.

22.  The process solution of claim 17 wherein the non-agueous solvent is at least
one seleced from the group consisting of: ethylether, ethylene glycol monomethyl
ether, 2-methoxyethyl ether, a nitrile, lactates, pyruvates, diols, tetrahydrofuran,
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acetone, 1,4-dioxane, 1,3-dioxolane, ethyl acetate, cyclohexanone, acetone, 1-
methyl-2-pyrodidianone, methyl ethyl ketone, dimethylformamide, dimethylacetamide,
N-methyl pyrrolidone, ethylene carbonate, propylene carbonate, glycerol and
derivatives, acetic acid anyhydride, propionic acid and propionic acid anhydride,
dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-cresol, dimethyl
sulfoxide, diphenyl ether, propylene glycol propyi ether, methanol, ethanol, 3-
heptanol, 2-methyl-1-pentanol, 5-methyl-2-hexanol, 3-hexanol, 2-heptanol, 2-hexanol,
2,3-dimethyl-3-pentanol, propylene glycol methy! ether acetate, ethylene glycol,
isopropyl alcohol, n-butyl ether, propylene glycol n-butyl ether, 1-butoxy-2-propanol,
2-methyl-3-pentanol, 2-methoxyethyl acetate, 2-butoxyethanol, 2-ethoxyethyl

acetoacetate, 1-pentanol, and propylene glycol methyl ether.

23. The process solution of claim 17 further comprising at least one

surfactant selected from the group consisting of formula (1) and (li):

R‘_@o/\,)f” Ry R;Go/\»)j_€°\/L);OH
|
H—L/\%/ __4/\*(\/l>\

Ry F

Ra

wherein p and q are each independently a number from 0 to 20.
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