TITLE OF THE | NVENTI ON: Process Sol utions - Contai ni ng
Sur f act ant s .CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This applicationis a continuation-in-part of
U.S. Patent Application Nos. 10/218,087, filed 12
August 2002, 10/339,709, filed 9 January 2003, - and

10/ 616,662 filed 10 July 2003, the di.sclosures of

whi ch are incorporated herein by reference in its 5
entirety. BACKGROUND OF THE | NVENTI ON [ 0002] The
present invention relates.general] 6  met hods for the
manuf act.ure of sem cOHYE& o H%W%éé re

specifically, th resent. i nvent.i. s to a

* nmethod for 10r edﬁ@?ﬁ%@%@ﬁ (\_S‘:on'?%:gﬁﬂséﬁcgaﬁx y pattern
col | apse and photoresist - |ine roughness, in
sem conduct or devices incurred during the _
manuf act ur i NGREESFEFERENCEONS REBATED ARPLIGATIONSUghput .
[0003] Defects are a major limting factor for
PodYC tTHR appiictich i8 adostinvatom-ifk-pa bi WS, PylenttApplisaien Nos.

en the device sizes are reduced and wafer sizes are

efi/218,68a7, fled BDAugwRt 2008, TIS9TEP filedfbdanpany 2003, gnd, 4G/16.662

herein, relates to defects_that, may redquce, the yield. .
Oiied 30rdi 2008, 1o docionres sl AT BINIPE MHEDMY doiefes T i
the col |l apse of the photoresist pattern on the

5 seM&st-ate surface; roughness in the photoresist |ines
such as |ine wi dth roughness” or |ine edge roughness"”,
particul ates introduced onto the substrate resulting
from processing SHREKEROUNDORTREMVEEHIONI ng,
stripping, and chem cal mechani cal 20pl anari zation
(ObB)] reeipiisestinventidn rolteaigeseraliytth eretiiorsifogthe suanufagiugsyof
resulting from manufacturing processes; pattern
i seneicdnelottbraiesices dViora spesifisaliydthepresantinventian relgles oy method for

bl ocked contacts or vias; line wdth varhatiqﬂéé and
10 deetieaingsdatents pefielleriviogHierp SaIaPaRIARSPBIPTETS TR PRLFEY 't o

the substrate surface., .[0004] T ' wﬁ&ﬂ rifici

RGP B et 6‘9?’.['99‘93 H@PH‘QS‘B’?’{ P Seet Ot briticing
c&g}lﬁgges to the manufacturing steps within the
p_ogg I'on of the sem conductor device, nanely, 5 the
| ﬁb&ﬂg CRAYe arE b GiHidP Amithl TR kdd @rodaiifbn yield and device function,
chem cal - mechani cal planarization (CMP) processes. The
| pdrigingmiyn Pededsssigares elduyed andotalar sizepareienigragd to 300 mm.
substrate with a positive or negative photoresist,

15 eREosimtylefos”, 28 bsdd kerain.trefates taditents bat Bapdye iy vield, or cause
provi de an inmmge, and devel oping the suﬁgtréﬁe-tg f@éﬂbﬂ
athe loss.cf thecbepirenencios feyice sipb es Hie cliRPse 0h8e PRIYESISR?
patterned | ayer acts as a nask f.ar. su ; hness”
s segstiple SHE%/‘TBeFOHPWZfSiW tﬁ‘? B%og%rg%"% "g‘%sc agy @E % Wan g uanness
dopi g, an ogting . Lh SRtals, «Qldi8drate resulting from
§gnWE%%EﬁEq%$&%§f§%%g.?%Aogmfﬁ%ula?ing materials. The

ei66s88g BEGCRTEhogRPRY, Bldning] Ngingesnd @Ritangedhasical

20 planarization (CMP} residues; particulates either indigenous to or resulting from

manufacturing processes; pattern imperfections such as closed or partially open or

-



surface of the substrate that is not protected by the
patterned photoresist using a chem cal or- plasna.

et chant thereby exposing the underlying surface for
further processing. The stripping process generally

i nvol ves renoving the cross-Ilinked, 15 photoresi st

| f he_sub via L ARG Q8fbsio
- pPob iy A e ot d ot RPUR B ¥ absin
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p@tﬁé@sﬁﬂtg%ﬁ@s@%t@&ﬁfa%. the substrate to maintain
¢ . :

['at ness during processing. Al of the aforenentioned
P[0DO4S SBe driVdicGadicl defaRts ierdby iMPRRing lyRIY- bRsERBME cldliyhges
particul ate material that is generated from or is a
bip-the mendiciwing steipe sihip theqeshieton of he[sBoBbadURRr tevige, namely,
col | apse is becom ng an energing problemin the
pihe litiegraply, efching stipping.and cherdieslimasianicat pletpreationiCMRR

‘aspect ratiqQs in the new generation of,deviiggﬂelhﬁa

t HPEASRRS s nadiograpacirorest pEneAlly YRV eqaling R a1

OO 2D BiBlor L esBR BRI Slstgeh s ipprovce

NQfthagl MR BERRSing AL §usk Qb Pl bATRARIdTholoR%RE 12l h
a 500hm t hi ckness nmay reach the value of 4. This 25

Vel St te BphidEatlched Ryendcts e MasiTer subBédueatisyibdtateqsatt@ining

t he devel oper and/or rinse solution may lead to the
oqubdeapmasuch as dlehipg dbging) @dd/phatatinggithahethiayathar sBeivontiustor
capillary forces, the pattern col | apse probl em nay
treaterigls, peipsylaiing yratrriels. Ae eichipg pogess@egerglydpvolygs fangoving the
nechani cal strength of the resist, appl,jcation of

Goiae o G sehee fietls notayplpotcdy e betpbied PP St Yol0eE

A | iom .
R R e I A L ks R
Frd 0GR, ThelERipfing BRicbasYéhBrail iHionRdéfibiingiRe ErBRMILS,

the capillary wat er” during the

PAGored RV it AN the lsMbhBiteShaAgat strippifg bEOFEén pldsma &hingl The

- Mechanirsm of Resist Pattern Coll apsed During

i propass gPnasiiydevojved polishidg théysptfaceRi e subdiale toBiintain

1993, pp. 6059-64. Reducing or elimnating the surface

flatgssovripg Progessingn b of the glotemenfiened paroeases I e rinse
be used to reduce the capillary force that is

b 0 B ST A RS Y0 R PRt TR0 P 8 PY-PPRt o
ng£¥£oaches, to reduce or elimnate the surface

tensfon or the rinse liquid, my be to freeze-dry the

F"F""SF F BALPEREECSS b bmirigHnWnRsgit] prsgp.lnqyglhg HR)@L&?}‘ t cal

uids to dry the patterned photoresist |ayer after
davicbrifatNdevidBs e Bithd NIgHR agiiel REG6H IR hd Fw deardtidreof devices.
extra manufacturing steps and speci al equi pnent that
ahe thivkbess anthaspept raieof thaepatiemed pholoesist layke eieGmportant
fabrication. 15 [0007] A nore common approach to
pargmeters nesubspdugbieetehestensaifeniiijoomphy.oAtiiel 130 T pede: therpspect
to the rinse_liquid. The abiILtX to reducigéhgﬁ§¥rf?qe
falin & grpheierarist ayerdevipga S40nm Yycknass May deahihs eles! s Tp

eat i rtance in.a vari 0 | i [

58t B RE RBEFoerd 1R Bl oo RVl D FHE6 Wt
i8¢ 18 5 fle WBlabsd 6t 19 pati@HriRh pRBlofeliSt SHPSbESHES capliidnPforoes, the
Surface tension reduction in water-based systens is
general |l y achi eved through tye 20 addition of
surfactants. Equilibriumsurface tension perfornance
is inmportant when the systemis at rest, though the
ability to reduce surface tension under dynam c
conditions is of great inportance in applications
where high surface creation rates are used, i.e., spin
coating, rolling, spray coating, and the |ike. Dynamc
surface ‘tension provides a neasure of the ability of
the solution to |ower surface tension and provide
wetting under 25hi gh speed application conditions.

~Further, in-certain applications such as during spray -

application, it is advantageous that the surfattant';-
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[0011] PCT applicatidn WO 02/ 23598 descri bes addi ng
the surfactant amonium |l auryl sulfate into the

dei oni zed (DI) water rinse and devel oper and appl ying

themto a 20 patterned photoresist to mnimze or

' eIininate post - developnent def ect s. [0012] Japanese

Pat a% I|c '€9§% %Lﬁ@e”%ﬁlﬁ&ge§c i'b qkngsg%t'
ha?nﬁ%leétl@ Bfthk FdIRE aPﬂucQﬁo%\ﬁ?%en%Eﬁr?g%ni &, %lnh—@&ﬁ;‘é‘hve'\b
spec I C su actants wefle nenti oned [ 00

apdtihgABREY aBd tHehBAe §BS5,Gokies afd Qérﬁﬁ‘lllgdﬂ®r@h @hm’g%iilrﬁ&n '
i mages agal nst 25 distortion or degradation by heat

gappdicaibe df thel photoregistddyeng and ot her processes by
applying a thermally stabilizing, protective filmto
t [080&ju Psmaia centputesiorpetier eoliapas s thegrapiiany foreeef wattralugng the

- The i.ma Materials used for the filminclu
{PHDERPER deng S efr LA UG BURp AL Resist Pattem

CCHRP Ty PRiSonet Plsirts” B8 o 54y ol 198, BRfise o

gy e A A PSSR e ko

SAsy bdWed td1@BuceIRNS GapillddFortd that 2 QR&Hd drhikeipdiieined photoresist

di scl oses the use of surfactants. such as octyl and

nayeyl Twdesmarhorespgpooached, ésredurelor aliminde TENUfacé tedsign of the rinse

X-102, X-45, and X-15, in the rinse solution to N

diqpidi max ke tolireezshdy theanpitemed plaiergeistieniures arginepley wpergritical

contact defects. According to Cheun t he use of

sfla'fdrsé%%me RaffemAR Photoreeis et ees Aovamest %9?%% BR&enuch

success.

R e e s ot e Ber %%"? B R e o

Bfonly s it SbmiBhdllloP ahidlABbricafid 0, and a vater

€ surtace-active agent. e surface-active

qaam S Alrité BSHRmen hgiRdrh iy te8ie tﬁe(sldﬂhe PSP Hag Be kraddy

| east one acetylenic al cohol group. [0016] WO
&Oﬁm&w tHedeseiligeid. fhsabiltp poeduwe tposifacatengivracf water at the air
conprises an adm xture of 15 a solvent and a
<0 fiquid interfagshie pbgraatimportanorl ma ariety of anplieatipagRpsguserdspieased
about 50 to about 99.9 mel rcent of the t
éaﬁfﬁé?rtsloaﬁeaﬁa'mrﬁ@tea%mﬁe ‘E‘g‘f“ﬂé’é’("ﬁﬁf o @ﬁj@%sffﬁleo‘wffac&

%?fn%%esteﬁm&{ed\t% et SR e B e it b uon e
I SurfleY RnOBR perftflaritelid MiBriant when the

@utlon that eac contains an anionic surfactant such
Gﬁsté%mm resMRRIGh tHeQibtykd reddBe SuHatoRALIEN Ofiden B¢ EOnditions
perfluoral kyl carboxylate. These solutions are applied
isof greebum@ﬂceweamﬂcaﬁem\ehére high durtzee paatien ratcsard Epgd.e.,
[0018] The article "Collapse Behavior of Single Layer
$918 ceating. reling aprRe sealing.. anddke Ik Byamie suiacs tanpiop n@wdes a
Rinse to Realize the Sub 130 nm Nodes: _3 )
Aasie eihe bikheef e sqhutign o lowgr W@E%‘?&?‘ Bé Beovide wéltiig under

Eggsﬁe‘% ofialy & Ry Tt st agphicatBRe e 5 Bfitng spray
%evg{tﬁﬁ Ut i Q&Jaaeggeamhmﬁeeguﬁaem radURs! alsEriacaltbiion of the

opment to reduce pattern collapse According to
Hein, sone of the fluorosurfactants used worsened the
coIIapse behavi or. (0019) Yet another emerging problem
in the production of sem conductor devices is
phot or esi st roughness such as in one edge of a single
photoresist line which is referred 5 to herein as |ine

‘edge roughness (LER), or both edges of photoresi st

line which is
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referred to herein as Iine wdth roughness (LWR). Line

wi dth roughness is typically neasured by the variation
of line width fromits required critical dinension
("CD-). The 2003 International Technol ogy Roadmap for

‘Semi conduct or s reqU|res that the LVWR be within 8% of

VR IENop i S en e et RETR B b ool B pmins
! &g SR BB6E 99&?&;6& grgag%ea%ﬂg diebd! Congedlich cbiificfibic ¥Horts

that may cohtribute to
PR YeES ndde ih 'Mé%e?ﬂi#bﬁﬁtﬁh@&ﬁndu‘s?ﬁoﬂﬁﬁs sbifihg Bhedbarhigg problem.
photoresi st formulation (i.e., nolecular weight,
npbesjuliaganess giént P ©61443d0A describessidding pdlugrirexbased surfactant
structures, photo-acid generators) and process and
t sugh as etnmoeadmfpadmgwosikflsu!f@nate acberfieprdalkiybethoxylatpclp deyjspuploper
percol ati on, shot noise, mask roughness, and the
qﬁﬁﬂpﬁyrﬁﬁeﬁﬁmihe | atent image proflle) Pr evi ous

b 47 ot %91%3329 i e T S

8 s 0 e
p&‘% &?ébﬁka&?ﬁ%ﬁ ko élééiﬁ&nﬁ&inuaét&maférb RAngSOpANi(agiRAe BIRYT)

be effective in reducing the surface tension under
2deleyticfiineodting adftéri@ml,. Furt her, these solutlons may
have the undesirable side effect of foam generation.
HO0t] s g he riitth d3wmiies Wi Bt at. [{BattisrmSollapes intHi WFH@“O DUV-
typical surfactants used_in the art

AVSGRI) BepiFisy BepGCHG-ak Fo% Ok hﬁ@go@p%c%grszg,aanﬁpégpggg)
b0 EeS afding SRaRattE lcihe ApvelePrt R 5 BORS g Blsotlly o Batierm
S R R et 98 PR e

S&Kfél&ﬁér%&uﬁﬂ%s thed sdiht, Bbprop@falcbh®. AeREtingXb Dohifke AR Bydition
providi ng a process sol ution and nethods for using

S i “siRerhf’ indhd daveloper sidioadid@ot havé atchmsigbend stient on pattern
invention, there is provided a nethod for reducing
adefiapses in the manufacture 5 of sem conductor devices.

595935%%%%@&&”%%5%5.%@%“' ety S0HED AR APEoR.

S el B B D Pl e R o
?ﬁ?@ e a{)ifotc;rgsét o mnﬁmgéﬁlie%@ﬂ%%a@é%wé}%ﬁ&gé& dsRakl ng;

e su el oni zed wat er;

%ﬁzforﬁ@ﬁ&de%zé;ﬁ ﬁpﬁi&bﬁnrmg%omfebmemm.r@mom@m an
conprising a solvent and 10 ppmto about 10, 000 .

ogHnin sofvest arldeasitactast t6 H bbstaleasibpninay iinsg i¢ prevéro pattdia

(1), (1), (111), (1Va), (1Vb), (V), (M), (V1),

(co¥apsy., NQ SD@WQ siirfaxiants waroientiqngd,) | | ( Xb), (Xc), or
& 2 R5 H2CHACH 15

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

applying a thermally stabifizing, protective film to the substrate prior to the post-

-4-
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Il (CH2)r (CH2)s / Rf--NHFHN Ret Iva 7 (CH2)r /
-NH NH R4 IVb V R2 (OCH2CH2) mOH

development bake of mé image. Materials used for the film includes fluorocarbon
surfactants, film forming polymers, chromium sulfate, frichloroacetic acid, chromotropic
acid, and salts thereof.

[0014] The arlicle, Cheung, C. et al., “A Study of a Single Closed Contact for 0.18
micron 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® X-114, X-102, X-45, and X-15, in the rinse solution to eliminate the
photoresist residue and single closed contact defects. According to Cheung, the use of
surfactant in the rinse solution did not provide much success.

[0015] U. S.Pat No. 5,977,041 describes a post-stripping, aqueous rinse solution that
includes water, a water soluble organic acid, and a water soluble surface-active agent.
The surface-active agents include oligo{ethylene oxide) compounds having at least one
acetylenic alcohol group.

[0016] WO 00/03306 describes a stripper composition that comprises an admixture of
a solvent and a surfactant wherein the amount of solvent ranges from about 50 to about
99.9 weight percent of the total composition and the amount of surfactant ranges from
about 0.1 to about 30 weight percent of the total composition.

[06017] U. S. Patent Application No. 2002/0115022 describes a developer and a rinse
solution that each contains an anionic surfactant such as ammonium perfluoralkyi
sulfonate or ammonium perfluoralky! carboxylate. These solutions are applied in a
consecutive sequence to reduce pattern coliapse.

[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. 954-261

(“Hien™), applying a rinse solution of .10 % of a fluorosurfactant and water to a substrate
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Rs1 (CH2)3 R7-1+-R9 z- R3 (OCH2CH2)nOH R4 VI
VI Ri 0

after deveIOpmeﬁt to reduce pattern collapse. According to Hein, some of the
flucrosurfactants used worsened the collapse behavior.

[0019] Yet another emerging problem in the production of semiconductor devices is
photoresist roughness such as in one edge of a single photoresist line which is referred
to herein as line edge roughness (LER), or both edges of photoresist line which is
referred fo herein as line width roughness {LWR). Line width roughness is typically '
measured by the variation of line width from its required critical dimension (*CD"). The
2003 Intemational Technology Roadmap for Semiconductors requires that the LWR be
within 8% of the CD. For example, the LWR, as measured by the 3o variation of line
width, would be within 3 nm for the 90 nm technology node and within 2.0 for the 65 nm
node. A variety of factors, that may coniribute to photoresist line roughness, include, for
example, photoresist formulation (i.e., molecutar weight, molecular weight distribution,
resist polymer struciures, photo-acid generators) and process and tool-related factors
{i.e., acid diffusion, developer percolation, shot noise, mask roughness, and the quality of
the latent image profile). Previous atlempts to reduce photoresist fine roughness defects
include modifying the photoresist formulation and adjusting the contrast of the latent
image. |

[0020] Although surfactants have been commonly used as a post-development rinse
solution, these solufions may not be effective in reducing ihe 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 fypical surfactants
used in the art may not be effective in reducing ali of the defects, particularly patiern
éo[lapse defects, in the semiconductor device.

[0621] All references cited herein are incorporated herein by reference in their entirety.



Rio /I xRA0O VIl - NH2- N - R4 10R12 | Xal Xbi Xe

Rl - NH( CH2CH20) ", HRi - N( CH2CH20) . 14121-N-R2 15i i
(CH2CH20) 011( CH2CH20) 41 XaXbXc (C/ 12CH20) nH

R-N (CH2CH20)-nH CH2CH2N---"," (CH2CH20O)i H Xd wherei n
R, Rl, R4. and R12 are each independently a straight,
a branched, or a.cyclicalkyl 5 group having from2 to
250, or from3 to 10 carbon atons; R% and R3 are each

I

i ndependent |y a hydrBErSEMARGPF ZHEMENT b up havi ng
froml O.or fromlto 5. : j
strai glh%z} aﬂlf?r"é‘?’?gﬁ & ""%"rsatésrﬁg{/ c Q%b%c? Elfl P ug%%éﬁ% cﬁg\\? °n 5 Y

from lokvink@ prodbdaQbluth BnEmetitiis I udingSdaimal Siicifically, in one aspect of
branched, or a cyclic alkyl group having from4 to 16U‘fctu
car borthagresest invaiftion Riesre i pravieesl agnethad ferredupipigisgly e (ranyfacture

straight, a branched, or cyclic 10 a I i
e g PG et ool et S B comersing o

Hor g 0 bR SRRBhPHe NibsidiSiofbebdidha firee to form a patten on the

formul'aOHFt 11 1s a straight a branched, or a cyclic
.al Kyl pyotovegstiosating gpiyingmdéveiapeslution tb e sulistata o iy apagierned

hyd t | kyny! X, _
e dndeRT o ocleoR e O carevate AP ared kit B yntacting
s a %r%”g&a%% pr%oéyg&lﬁwbonmw)a sONBrtFRE I @iiph t6 B3P 10,000

or .a car poxy
* 10 ppm of at least one surfactant having the formula {3, (ny, ), (tva}, (IVB), (V), V1), (V).

(V"I) ' (i)(a), (le)l (lXC), (Xﬂ],- (Xb)r (xc}v or (Xd)

fy— n
i i
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| ©Hxr (s
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15 group; i, m n, p, and ¢ are each i ndependently a
nunber that ranges fromO to 20; r and s are each
i ndependently 2 or 3; t is a nunber that ranges fromO

to 2; j -is a nunber between 1 to 5; and x is a nunber

that ranges from1l to 6. [0023] In-yet a further

. aspect .of the present invention, there i £ provided a

nmet hod for avoiding a collapse of a devel
on the surface of a plurality of swbstra
reduci ng photoresist |ine roughness [

ped pattern

~providing a first substrate conprising a photoresist

pattern devel oped upon the surface;
process solution conprising from
10, 000 of @H,Jreast one surfactant
(), (D (N, (1vs), (Bib), (V), @M), (V1),
(VI Ry xa) NHTRBy , (1Xe), (Xa), (Xb), AXc), or (Xd)
descri begp herein; contacting the f¥rst substrate
with the process solution; deternmging a surface
tensi on and a contact angle of the'process sol ution on
the first substrate; multiplying the sur t ensi on
by the cosine of the contact 5%gle to %&%%ﬁg%mﬁﬂe
adhesi on tﬁﬁsion value 5 of the pr gss sol uti on;

provi di ng e plurality of substré 88 wherein each
substrate g thin the plurality i
patterd deé:lop% upon the surface

ADour,

he fortul as

H @kor esi st
adg&c%%tacting t he

plurality @f substrates with the ocess solution if
t he adhesi tensi on value of the Process solution is
30 or vel ow. [0024] In yet a furtN¥r aspect of the
present invention, there is provided a process rinse
10 gglution to reduce pat | | affe~defects on the
surface ¢f a substrate tMHat been patterned and
devel o Qg*%ﬁﬁwT” FigpsatM | east Odne carrier nmedium
sel ger'ed fron1t1e‘group\bonsist?ﬁg of an aqueous
solvent or a ndhmaqueoussﬁﬁlvent and at | east one
surfaqm?nt sel ected fromthe group of surfactants
having the formula (1), (I1), (I1l), (Iva), (IVb),
(V), (Vvi), (M), (V11), (1)(a), (1Xb), (IXc), (X3),
( Xbg, —(Nfg,) , or (Xd) agscwn-berd herein. 15 [ 0G5} NFhdage
and ot her aspects of the invention will becone |
apparent fromthe follow ng detail ed description.

BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW N&S
[0026] FIG la provides a cross-sectional scanning

el ect ron m crograph (SEN% i mge 20 of a 193 nm,
phdﬁﬁresist coat ed substi8te havi ng 80 nn1densexFines,
a 1:1 pitch, and a 3.75 aspect ratio that has been
tRedi(EHCi-Ohnth. dei oRI-NEGHAE@KHr i nse. [ 0027R+NR& | b

_provides a cross-sectiional SEMinmage of a 193i nm

phot or esi st coat ed suffi£B@ahavi ng 80 nm deffd&ChNel,

-a 1:1§8it0h’ and ‘a 3.75 gspect ratio that has, been

treat with a process ution of the prese
invention. 25 [0028] FIGs. 2a through 2c provide
cross-sectional SEMimges of a 193 nm phot oresi st
coated substrate after treatment with dei oni zed water

~a process solution of -10- the present invention

containing a Fornula V surfagtant and Fornula I11
surfactant; and a process solution of the present

i nvention containing a Fornmula VIIl surfactant,
respectively. 5DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0029] The present invention is directed to process -

"solutions that are used to reduce the nunber of

defects incurred during the manufacturing of the

sem conduct or devi ce and nethods of using same. It is
believed that treatnment of a substrate with the
process solution having one or more . . .
surfactants-present in minor anounts- nmay provide at

| east : B : S :
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10 one of follow ng benefits: reduce post-devel opnent
defects by inproving the wetting of the solution on
the surface of the patterned photoresist |ayer, reduce
the capillary forces exerted on the patterneéd |ines
thereby contributing to pattern coll apse defects;

| mpr ovecistesLopat oresi st |ine roughness regardless of
the ori/gin &f the |ine roughness. Further, the process
sas-NoNn wor ks Ff fectively in dynanlc ri nse

si tuat\ons wi ﬁﬁéﬁgﬁ vely ninor 15 foam generation
conparengmmeé‘r surfactants presently used in the
art. [0030] (pwgeigssd sol uti on of the present

i nvention ¢@n be used in a variety of processes _
related to the manufacture of a sem conductor device

Swﬁé?aﬁ% tzormeasﬁm gre 35% 88chty BSREERSS é.gh&ﬂeu% cyclicatkyl

e., rin resi ITDVG

ag}bup ﬁeﬁergQﬁ)H 2R 26024r /a6 :{teFﬂ@)ca@er HohBN,; arl @B larebaehi Ng
process solutions, i.e., sidewall film stripper,

pinddpenditly & ihpdragdn atom seariidyldrowgrtgyvingdrber1 tolt6anfrerg 1 to 5
process solutions, i.e., additives to RCA or other

stestrdaatems; Re s st@tgbb b branghes, oxaigwstic alkyl gioyp havingfrom 1 to 10
cleanlng solutlon and process solutions for critical

9?‘5 A beanshid: AL systic aled gope paving from 4 to 16

a Iic tio rtain fer
ﬁ)&gs@ F‘aﬁa i e PdBaiiderty TR Tt %? a oycic
gr hé'ﬁ] nHFB Yatdrhd? (1|§fﬂlzlége'n9£ht!&9i d’i‘% &J
rin place o ei oni ze€l” water rinse.
255urfactant Wit hin the process tion y aIIOM/for
the reduction of equilibri dynam Fgﬁrface
tension while nininizing -11 - [00313 The

| f "
R a e e R ol Do s e baged RegP 3 Sfa. a
HsHcREd %ﬁgfygclﬂﬁglﬁggé ?igﬂngﬂ%ﬁf 218 22 Hor! ﬁ%rﬂ% VWARYRHRgen

as used sol vent or

G B 1 AN ﬂ?%dfb"ﬁ( allly &he ERARIdepG ety d Iﬁaﬁfgeﬁﬁtowﬁjrﬁht

percent, preferably 90 wei ght percent, and nore

Pydrbeyt glaluy; Dis athalidzedtém %hydﬁ)xgllym!.meammﬁatmgbep .or alearboxylate

preferred aqueous-based solvent is deionized water. In

@mm mentes aghe aa qach indegandendly @ number thelnanges from 0 to 20; r and
ueous- based is desirable that at |east aqne

ForeEAch "PdeP?nd@UW o % fisPumbst theldRRaTS FPROHS 25l 185 AURPS
fl h 4 / t
BEeBR T 481200 501 S rurn ¥ ek e Bt AR 05 et g

n

P25 gl ki ko ik Baent EB, S SR ALERR B or
%‘%{élﬁ&@ chiRpsd &% JO86FddRHem dn iR @iMbEd of kRRalinlef substrates and

8-432, which is incorporated herein by reference in
rdcﬁ;rc:ﬁgbhdtﬁ’e;ist Iing QQ3Ress Boraprizigi srevidisg afiet subairate comprising a
non- aqueous solvent is used in addition to or in place
photergsisiqpatiern slevalvped mpors thelsuriacenpreraring em@camowgemﬂsiﬂg
sol vent selected will not react with the at
Eerp1 oPEIP b 1 20PL0f o [fapiang surdciaat h%@."fq fvegu'%‘ {{)Hﬁ"h .
t he process 15solution, or the substrate itself.
Sui t abl e sol vents include, but are not Iimted to,
hydr ocarbons (e. g. pentane.®r hexane); hal ocarbons

- (e. g. Freon 113); ethers (e. g. ethylether (Et20),

tetrahydrofuran ("i-HF"), ethylene glycol nononethyl

- ether, or 2- nethoxyethyl ether (diglynme)); nitriles

(e. g. CH3CN); or aronmatic conpounds (e.g.
benzotrifluoride). Still further exenplary solvents
i nclude | actates, pyruvates, and diols. 20These
sol'vents include, but are not limted to, acetone,
1, 4-di oxane, 1, 3-di oxol ane, ethyl acetate,

cycl ohexanone, acetone, 1-methyl-2-pyrodidi anone

(NWP) , and met hyl et hyl
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ket one. O her solvents, include dinethylformam de,
di net hyl acet am de, N-nethyl pyrrolidone, ethylene
carbonat e, propyl ene carbonate, glycerol and
derivatives, naphthal ene and substituted versions,
acetic acid anyhydride, propionic acid and 25

DL R YRS RGBS bR B or i roservee
OheliBh:Rhtasinl A S ub e GiYhe SHERE soltifidP B8 inind A Surtbe

like. Still “further solvents -12- include propyl ene
Oleiysicl ar@aaitiaceingierof (the@ERickss soRitibaoo the fisdt bauhte; multiplying the
3-heptanol, 2-nethyl-1- pentane!, 5-nethyl-2-hexanol,
Ssurfasedtaugion ¥-thegisimesf the-chefact@ogle to provide the adhesion tension value
2, 3-di met hy1- 3- pent anol , Prq yl ene gl ycol nethyl ether
R hepreceppeghrtinn. previding Eae U@I@@éwbs;@t@ﬁwbwn egpiryipsirate
[.PA -butyl ether, propyl ene ol n-butyl ether
viglte Pursli oGS b udabi relSmaleljineg oat b g anc
- e = \ = p
FolfBLG BBt BFEhHfoo it FEEL 4A0R 1 5 ERREN Elth
Q/ali8 of thd BRCBACRAMER'YE oPRINENt S enunerat ed above may
be used alone or in conbination with two or nore
Jod24 NinSyet 4 ARARS] ashért 6Ethé preSertt IvestioNERE® is Hrodd4d DO rinse
solution may contain at |east one non- aqueous sol vent
tshigition g reduse padlea ¢atiapse detpats on dhesuifaemef aubsteate that has been
wat er-m scible. In these 10 enbodi mnents, the anpunt of

patieragi A slevelenadenmpiingrtipastrnesatiep mgdiyy saleris frem fhe group .
 f bout 1 tq about 50 % b i ght , with th
SASRng o AEHEPtE SPYEM o APDHRp KR eEEaEE lfr e s Tactant

i 5 | f
SABRES o oo U SOHERRR HAARG oS HERL G0 . ven, vty

U ann! oviiy ORH, NG, (B pog) (x%:ﬁ pek), Urlba) iB8:3bda fidan.

present solution conprises from10 to 10,000 ppm of at

{00251 THeee Sni StAGHa3pEctslST theiveRSabit BediynesdppaehiLiram the
formulas | through X Typical surfactants exhibit an
folfpwing iéthiled desdriptian. neani ng t hat they can be both
hydrophi li ¢ and hydrophobic at the sanme tine.

Amphi phill'ic surfactants possess a hydrophilic head

et ot s BT R b S CHEN P et s

n 4.4 I )
B9800 J GRELSCHRL el Bhch b8 oEyn imace
bV RAINOPholBi¥sist BRfed Slbkate hafing 80 8856 liné2h AYiten, aRH a
noni oni c. [0035] In certain enbodi nents of the present

3.my asecttio thhthap beaeBeataDitht d duionizeyl wa@htiaged one or

nore nonionic surfactants that are acetyl enic diol
#0271 &6 vibprovides asupstsetimnalSEd image opa &Sme phaiwresisticoated
may be represented by the follomﬁn% formul at or formul a
sypstraigghaving 80 nm dense fines, a 1:1 pitch, and a 3.75 aspect ratio that has been
treated with a process solufion of the present invention.

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

photoresist coated substrate after treatment with deicnized water; a process solufion of

-10 -
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wherein R and 124 are each i ndependently a strai ght

or a branched al kyl chain having 5 from3 to 10 carbon
atons; R2 and R3 are each independently a hydrogen
atomor an al kyl chain having from1 to 5 carbon

atons; and i, m n, p, and q are each independently a

n Wg}b%sehn enfi&ﬂgﬁ%ir[i)rfm&mh% V&hirfadth®t sk Fhasdiamisariztt, and a
comterci ally available from Air Products and
Chrgbdaabition sithe [tbseit inGértionbontdifing 4 HermatesVig sedactzhnt, t he
present invention, under the trade nanes SURFYWOUS and
DwisfkdBvely.n certain preferred enbodi nents, 10 the ‘
acetylenic diol portion of the nolecule of formulas I

or Il is 2.4,5 9-tetranmethyl-5- decyne-4,7-diol or

2,58, 11-tetra hyl-6- - 5,-8:di

acetyl enic di cprg.}pd%'?'? 8@%8%’%@‘29?#@#?5”6@& epar ed

| Phoder UG esfe A forl L Slbldl o shed
oo el o O o A oo
1t 39RB4 0 WbGR iRl Re PR Aing BRIndridfabiAng GFifd SineonBiictdrisevice
present invention and incorporated herein by reference

| Bnd hethsdsaot Ukihg bame. | IcisIbeiRledthatirdatment of a substratdwith thepeess
Ollcylarr nriin rreletieq repeeeeted by (004-1,) are

t bmution having oneadrymee swiadtastshyresanbin gninal @mERs- M@y Ripvide at least
units and the noieties represented by &,O(_Bl- 1_‘% are . of
t pre qf followigy bpeafisytaducaepshiieysiprER| dsiEctdy (TpRfPViRg fhg wetiing 0
units. The value of _(n + range fromO0.to

ol B 5t ioeS o o et FpisP B Ry B Pl fores
Lot i ftriblking BEPatEANBRapsE 88bAs: iR
35%”6‘?8’%@'? Xéﬁti%n%/&g %g il%ﬁ%bg%nmg)rﬁlaé m)rctet 20 prptg%er _abls y prove
f 8 'ﬁh&okﬁsﬁhe rugHReE rédhrdi€is oRinB oRgif bRthe Mtk BOFMESITEFLIRer, the
of the present i'nvention, the process sol ution

CoBtark BSludnaiBriddmbre st innfynamit riate dilealiins edikerelatively minor
surfactant represented by the follow ng formulas (I11)

t foamggherbion. coPRidd BHAheNn4udaInts presemily uR-iMtheRHN- R4

51111 Va VIVII Rro\ NE(CH2)r-N-I1-(CH2)s-N R o /I x
[0030] The process solution of the present invention can be used in a variety of

processes related to the manufacture of a semiconductor device such as for eiampie.
hithography process solutions, i.e., rinse, resist, sdge bead remover, and anti-reflective
coating (ARC) solutions; post-etching process solutions, i.e., sidewall film, stripper, post-
strip/ash rinse solutions; wafer cleaning process solutions, i.e., additives to RCA or other
standard cleaning solutions, super-critical CO, cleaning sofutions; and process solutions
for critical cleaning or precision cieaning for asrospace applications. In certain preferred
embodiments, the process solution of the present invention may be empioyed as &
lithegraphy rinse solution in addition to, or in place of, a deionized water rinse, The
surfactant within the process solution may allow for the reduction of equilibrium and

dynamic surface tension while minimizing foaming.
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RORioVIIl RI- NH2Ri - N - R4Rl- N - R12 5 |

Xa
IXb I Xc Ri - NH(CH2CH20)J1 Ri - N(CH2CH20)ft, H Ri - N- R2
|

[0831] The process solution of the present invéntion may have as a carh‘ér phase or
medium an aqueous-based sblveht and/or non-aqueous-based solvent. The term
“aqueous” as used herein, describes a solvent or liquid dispersing medium, which
comprises at least 80 weight percent, preferably 90 weight percent, and more preferably
at least 95 weight percent water. The prgferred aqueous-based solvent is deionized
water. In embodiments wherein the pracess solution is aqueous-based, it is desirable
that at least one formula | through X surfactant demonstrates a dynamic surface tension
of less than 45 dynes/cm at a concentration of less than or equal to 5 weight percentin
water at 23°C and 1 bubble/second according to the maximum-bubble-pressure method
of measuring suiface tension described in Langmuir 1986, 2, 428-432, which is
incarporated herein by reference in its entirety.

[0032] In embodiments where a non-aqueous solvent is used in addition to or in place
of an aqueous solvent such as water, the non-aqueous solvent selected will not react
with the at least one surfactant contained therein, other additives within the process
solution, or the substrate iiself. Suitable solvents include, but are not limited fo,
hydrocarbons (e. g. pentane or hexane); halocarbons (e. g. Freon 113); ethers (e. g.
ethylether {E40), tetrahydrofuran (“THF"), ethylene glycol monomethyl ether, or 2-
methoxyethyl ether (diglyme}); nitriles (e. g. CH;CN); or aromatic compounds {e.g.
benzofrifluoride). Stilt further exemplary solvents include lactates, pyruvates, and diols.
These solvents include, but are not limited to, acetone, 1,4-dioxane, 1,3-dioxolane, ethyl
acetate, cyclohexanone, acetone, 1-methyl-2-pyrodidianone (NMP), and methyl ethy}
ketone. Other solvents, include dimethylformamide, dimethylacetamide, N-methyi
ﬁyrrolidone. ethylene carbonate, propylene carbonate, glycerol and derivatives,
naphthalene and substituted versions, acetic acid anyhydride, propionic acid and
propionic acid anhydride, dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-

cresol, dimethyl sulfoxide, diphenyl ether, terphenyt, and the like. Still furfher solvents

-12-
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(CH2CH20) " H (CH2CH20) 41 10 Xa Xb Xc | (CH2CH20) nH
R----N\z(CH2CH20) nl I CH2CH2N---.."_ (CH2CH20)i H Xd 15
[0038] In each of the above fornulas, R Rl, R41 and
R12 are each independently a straight, a branched, or
a cyclic alkyl group from2 to 25 or from3 to 10

arbon at ons; d ach, |

R ol T R s
(0] | f .

e ] S s L St s

OhBHRen diyiorindifyi &Pef fchad(FUMERS; etifferieghols isuprogh blcatiol (IPA),
bFaEg?]e(?wgfkylt&groﬁp 20 V\gtﬁmt%ﬁ%eigaﬁon g?%hrrs; F??,( )

Re-baikiie?, fop3icna glycsl ndepeatien(PERER 1dtiiay-gipropagol, 2-methyl-3-

branched, or a cyclic alkyl group having from1l to 6

Cperitarol, ainestexydy] atetatertiponedbandl,P-¢hepohyl acsioacetate, 1-
pentanol, and propylene glycol methyl ether. The non-aqueohs solvents enqmerated
above may be used alone or in combination with two or more solvents.
[0033] in certain embodiments, the process solution may contain at least one non-
aqueous solvent that is miscible in an aqueous solvent or is water-miscible. In these
.embodiments, the amount of non-aqueous solvent within the process solution may range
from about 1 to about 50 % by weight with the balance of the solvent within the process
solution comprising an aqueous solvent. Examples of water-miscible non-agueous
solvents include methano!, ethanol, isopropy! alcohol, and THF.
[0034] The present solution comprises from 10 to 10,000 ppm of at least one surfactant
represented by structural formulas | through X. Typical surfactants exhibit an amphiphilic
nature, meaning that they can be both hydrophilic and hydrophobic at the same time.
Amphiphillic surfactants possess a hydrophilic head group or groups, which have a
strong affinity for water and a long hydrophobic tail, which is organophific and repels
water. The at least one formula | through X surfactant used in the present inveﬁﬁon may
be ionic {i.e., anionic, cationic) or nonionic.
[0035] in ceifain 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 formuia { or

formula It

-13-



group represented by the fornmulaOH R11 is a straight,
a brat/chart, or a cyclic alky! group havion from4 to
22 carbon atonms; Wis a hydrogen atom or an al kynyl
group; X and Y are either a hydrogen atomor a
hydroxyl group; 2-is 25 either a halide atom a

hydr oxyl group, an acetate group, or a carboxylate
group; i, m n, p, q are each independently a nunber
ranging fromO to 20; r and s are each independently
2 or 3; t is anunber ranging fromO to 2; j is a
nunber ranging from1 to 5; and x is a nunber rangi ng
from1l to 6. Exanples of Fornula Il surfactants
include, but are not limted to,

3, 5-di et hyl -1 -hexyn-3-o0l and 2, 6-di net hyl-4- hept anol .
An exanple of a Fornmula Na surfactgnt incIu?ii;lE;; i's
not limted t® N,Ist-bis(1,3-dine | ut w5 .

et hyl ene digqani Xanpl e of ®a | a9 surf &8t ant
includes, butfis not Timted to, djisopentyl tartrate.
An exanpl e offfla Fornmul a VI surfactfnt incluydes, {put is
not limted t®, dodecyitrinethyl anfo Luqb%giori . An
exanpl e of g I surfacﬁaq i°ncl S, but™ s
not limted to, 2,4,f,9-tetranethy4-4,7-decane di et.
An exanpl e of ®a Fornula VIl surfactant ingludes, but
is not limted to, an adduct of diethylenetriam ne and
n-butyl 10 glycidyl ether. Formula | Xa, |Xb, or IXc
surfactants are primary, secondary, or tertiary alkyl

am nes. An exanple of a Fornula | Xa surfactant o
i ncl udesyhetsintR: imsd Rugtre ¢achinderbndantly deitajghtors Renched pipyd papin having

Xa, Xb, Xc, .or Xd surfactants are alkyl l.ne

cthorky| P83 1050 ApRe: Ty 00 B G H O yekogen stom o an
opt i ONalgly ARG 6 4SSN HomsTiHA i, ML) hndf are each independently
di spersant that 1s added to the process sol ution

ranges hmombsiltatrnged from 0dbadit The@yurBoBnts Bre gpmmercially available from Air

preferably about 10 to about 5, 00 m .and re . ]
pr ef er aBIou: HHCHBBIERS. 1% ?f&"aﬁ%h?&%%ﬁ?ﬂgrﬁﬁ sepLipygniian,
di sper sgier ;@ faddSBfhed SREVNOLERME DYRBED.CR BRI RSertel @inbodiments,
enhance the dispersion of particles such as dust,

pr 0Cies s tha geatisiciicbporkoydif the arolzous of formitilad | op K isdieks, 8-tetramethyi-5-

pi gnent or other contamnants within the

Sol Ut i ofeoyS A TrenABE 13 RPN SrgHeqIRES it dfg scsbtenic dclderived
i ti | 1 ihed. for
wet gt SeRis Aol plopdBh SlDa R4 ARGt H A Moorver. ¢

[ 0040] dlamp®] is Des.Fan No Gy 31182 ait EFOMI15036A1 whithcané assigasd to the
conmpound. The ionic or nonionic conpound may further

_conpr i sessignesbtie present inyention angdarerporated herele fy fefreang fn thelr entirely.
along of,Jp £onbiAALLAN,,. THE.! SLM COPALYIBL @S nRR%H are the
herer n,* Tefat’'es " T0 a polymer conpound corfsi st1 ng of =
nore thgp nggawnahww&mmw%&um ag thd @6ikties SdpRisented by
or grafted 25 copol yners. Exanples of a nonionic :

_copol yrOrsHi) mp tedeht) nolyolednd ppovigneside (RE) motsuvniis. Tgomiue of (n+
as the tri-blrack EQ- PO EO. co- pol PL URONI

L123, (e range from 1o 3%@?%‘9&”&&%?@@%@#@@%” o
term ol 9 | b/ nd more

con'pour?g' consi st fﬁ‘?gﬁg?‘agﬁ"_g&g"’?g% #Dﬁ%%?yﬁ?f?s

Examp| @eefadbly faf Tio@l | goner di spersants include SMA(r)

1440 and 2625 oligoners (Elf qgfochen). 100411

Al ternatively, the dispersant nay conprise a-

. surfactant. |If the dispersant 5 conprises.a

surfactant, the surfactant may be ionic (i.e.,

ani-onic, cationic) or nonionic. Further exanples of

surfactants include silicone surfactants,

pol y(al kyl ene oxi de) surfactants, and fluorocheni cal

surfactants. Suitable non-ionic surfactants for use in

the process solution include, but are not linmted to,

- -octyl and nonyl phenol ethoxylates such as TRRITON@

~X-114, X-102, X-45, X-15 and al cohol ethon4ates such
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10 (cl16H33(oal 2cH2) 100F) (la), BRI J(r) 58
(C181133(OCH2CH2) 200H) (I1Cl). Still further exenplary
surfactants include al cohol (prinmary and secondary)

et hoxyl ates, am ne et hoxyl ates, gl ucosi des,

gl ucam des, pol yet hyl ene glycols poly(ethylene

906 16 COEATHLRASS Ghidifihdnts KlindbrlElnt AVEiBE ¥ rBcoss solytion

provi d e re erence eon S lers an

Dedriedigseitin® 10 ©A0I000 HHB bf é’cﬁéhsﬁgﬁet deMBcthRregré@ntée @g hé&Q8fdwing
published by 15 Manufacturers Confectioners Publishing

- Cormuids @)émoddbgk)y: N.J. [ 0042] Various other additives

may be optionally added to the process sol ution
tng upon the application. These additives may
, but are not limted to, stabilizers,
o OaHa8LxCaD| or ant s, metﬁ%ﬁm dQiax s,
antifganers, buffering a ent Zant. of ﬁg addj ti ona
surfaegants. Generally, Bhle othErmn ed, the
amount of each of 20 these additives mould be about
0.000# to 1 percent by weight, nod¥é preferably 0.0001
to 0.1 percent by weight, based upon the total weight
of the process solution. In enbodi ts where one or
nore additional surfactants are add to the process
solution, the surfactant nay g an t heRsurfactants
di scl osed herein or provided in e ref@rence
McCut cheon's Enul sifiers and Detérgents. 25 [0043] In
certain enbodi nents, the processlsol utien of the
present invention may be usedyds a -é\u
phot or esi st . 2¥ hi s connection, th process solutlon
pref er gbly-niy 18 “yy—cogpri ses from 6@ to 90, preferably
from70 to 90 wei ght percent non-aqueous solvent; from
5 to 40 wei ghip percent, preferably fyyom 10 to 20
wei ght percent resist polyner, fromO0.5 to about 2
wei ght percent of a photoactive conmpoufd; 10 to 10, 000
ppm of at |east one fornula | through surfactant and
l ess than 1 wei ght percent of otheyg H-HBER,CHAOH
as polynerization inhibitors, dyes, plpsticizers,
viscosity dEntroI agents, and the |ik&H:The viscosity
of the photloresi st can be adjusted by parying the
pol ymeRtoNsot-Rentz- rati o, thus al Row OCKICHINOHbe
formul ated [for coating a variety of fiJ mthickness.
Exanpl es ofRgsui t abl e non-aqueous sol vapts within the
phot oresi st process solution include any of the
sol venwis contai ned herein. Non-limting exanples of a
resi st polyner 10 include novolac resin or polyvinyl
phenol copolynmer. Non-limting exanples of a
phot oacti ve conpounds include_di azonapht hoqui none or
Qhoto add generators (PAG . J00#4p—Fhe, process
tion of the prese myention may al so be used as
a GUHeus —+€ad remyver. Edge bead renovers
be appl i dxprlor\(o baki 8 t he patterned
pﬁotore5|st gyer to dhess-1ink the polyner therein or
prior to lithography. In 15 this enbodi ment, the
procesglisol uti on preferably conprises from99 to 100
wei ght percent non-aqueous solvent 10 to 10,000 ppm of
at |east one formula | throygh X surfactant; and |ess
than 1 wei ght percent of other additives. Exanples of
sui tabl e non- aqueous solvents within the edge bead
renover process solution include any of the sol vents
contained herein. In certain preferred enbodi nents,
the solvent may be 20 PGVEA, ethyl l|actate, or
ani sol e. [0045] The process solution of the present
i nvention may al so be used as an anti-reflective
coating for the top or bottomsurface of the
substrate. in this enbodi nent, the process solutlon
preferably conprises from 60 to 99 wei ght percent
non- aqueous solvent; from1l to 40 wei ght percent,
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like. In general, the solids content of the process
solution may vary fromabout 0.5 to about 40,
preferably 0.5 to about 20, and nore preferably 2 to
10 wei ght percent of the total weight of the process
sol ution. Exanples of suitable non-aqueous sol vents
ARC process, sol,ut Lon include any the
soIU%nt&ngontalned heﬁélg*‘Th‘certa|n 5 prefg{re R
enbodi nents, the solvent may be PGVEA or et hyl
| actate. Exanples of suitable polyners wthin the,ARC
process solution include, but are not limted to,
acryl ate polymers or phenyl -contai ning polyners such
as tiKese disclosed in U $bPat. No. 6,410,209 andc
spin on-glass materials such as the nethylsilozane,
k§§g oxaneg.. qate pol ymer s gueR, as
nﬁ%se %H ogg% in ﬁﬁ%ﬁﬁﬁgﬁwk?bs. 10 6,268;£§7|a%d
6, 365, 765. (0046) The (EHgTH®HSO!l uti on of t he(Qh@daNLH
i nvention may be used in wafer cleaning nmethods, such
as RCAXa ype cl eani ng, pe#borned after the develcopnent
step. In this enbodi ment, the substrate nmay be treated
wi th t HEHgfGREE solution after the stripping, CMP,
ash cl anlng, and/ or etching steps have been
c&mpT & ed. ioe,GHgbmtl nent of 15 the present
i nventi nﬁ%I process solution conprises a base such
2a

as an a i um hydr oxi de, al kyl anmoni um
hydr oxi de; >g%ﬁ %qﬁgpagent such as H202; optionally
a chelatind?agent from10 to 10,000 ppm of at | east

o@ﬁsﬁéo k& dr {ﬂerhrbgg&ﬂne jak “hlf ;ﬁ,:jn ant.qid), 48 e?:gt’fﬁ&oéfﬁéndenuy a

or wa h ing exanp

Chelidh IHaRa8N 6 a @‘fcﬁc bikg 8ifd9b IfotW'QﬁG 28886 3 16860 Ebdd doms; Re
its 1soners and sa

( @id ) R esiHIhddbehdahthed haieeh o z0staighll A)branched, or a cyclic
butyl enedi am net etraacetic acid, cydohexane-

iR dicaprhandtgirona s teetd, or feasi @jtc(&:gqmm atoms; R; is a straight, a branched,
dlethylenetrlan1nefentaacet|c acid (DE

e@mygl%yhgﬁa%w@} H’pw&ﬁbeH plomgcRelis a stralgh[) or branched alkyt group

YA B seriphating: B e Pk e PR BdTRendenty2 Figigh g branched,
'\Lruﬁ%EHWrSBJW%V%%SQ% RebRoh aldrRt Ry u?ﬂ&%l%ﬁﬁ&lﬂf) Pick )

tartarlc aC|d
acid, gluconic acid, saccharic hechol gallic
e, a%a Yteine. In an

acid, pyrogal | oi , propyl

alternative enbodinent ocess solutlon conprises
20-. dilute from10 to 1 1000 ppm of as

&T%“Rrﬁl”r‘i"ﬁ?'geq b’ttﬁ?ﬁlﬁrﬁﬂ X surfactant; and \/\Ja'%‘é'rS gl(?r Lt a

fuLihes £Thodi TR kNGl %ﬁawﬁ’%b@&o&ew i asﬁr%r&‘lan

aﬁTd'SUch as sulfuTlc acid an oxidizin

A& or SYSRrABrHg X 09T Bithbh S hydRbded didm bNehyirdxgl dréhp Zis

the oxidizing agent is 1:1; optionally a chelating
a@Ret s hdlit® BlodDa hird GHoGh, ap Bdihte gtoupearst cathvaylbie gouipLil @, n,
I through X surfactant; and an aqueous sol vent or
wmhere edch imiepérventhenatientangipg froe 0de @8asmd serardchn
conpri ses an aqueous sol vent such as electrolytic
ionized water and from 10 to 10,000 ppm of at | east
one formula | through X surfgectant. In yet another
enbodi ment, the process solution conprises UV/ ozone;
from10 to 10,000 ppm of at |east one fornula I

t hrough X surfactant; and water. For wafer cleaning 10
applications, the process solution my be used for

ei ther megasonic or regular cleaning such as spray
application. [0047] The process solution of the
present invention may be prepared by m xing the at

| east one formula | through X surfactant Mﬁth an
aqueous and/or non-aqueous solvents
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and any additional additives: In certain enbodinents,
the m xing nmay be done at a 15 tenperature range of
about 40 to 60C to affect dissolution of the

i ngredi ents contai ned therein. The resulting process
solution may optionally be filtered to renove any

S ebaed By S abmraradreaty B 7 5 Erpbe AR ol 1 o5

u f i j

230 W R R B, D PR e, o
| B A8 Rnitedd, 3 GmBMYI-1-hdlvh 8% 44 2,8 dimBatye - haptsnd.UANexdple of
gallium arsenide ("GAs"), silicon, tantalum copper

C @IFafing:S I Vadlrott mciaagh But isuhdt dryited tp i IN-bis(d dsdimethylbutyl)
conposi tions containing silicon such as crystalline.

s ethylenmgiamiob.y 8 Bxaspnof adrasnpa ¥ ssirfagtant inshides Bt i petdimited fo,
silicon, silicon dioxide ,_Silicon nitrjde,

"Si 02" i .
ESORTS e Eash 1 SAAMRS of grEamEe V] Sdaciapd e fk B AR Tagd 1.

sybstrates jnclude silico al um nu or | .

- eferumeRnRiieatm dlostc, A1 AP poghiia il siicintincludes,
t b . . i ‘ .

DR B b bR PR Rore i AN BRI & AFMhGS VI
PERHaLRShchides ARl BhobilMiEl i bR aliduct brefibthylchetriafife @RE -bli
radi ation to provide a pattern that is inposed upon

t Gigcidyihether Eommud a0 orgXc Extantahis areofrimaay] isatanday, or tertiary
sources that may be used include ultraviolet (uv)

| &ligrhemings.e8n examplieefim Fomula iXa gurfectent insludps hubjs aatdimitegto,
sonme enbodi nents, a pre-bake or soft-bake st may be
CHRRIBIT® 0P S X0l SO REaRETS Al A LATIER SRRV

sgl yen cont ai ned t herein. Thi.s _pr.e- [ f

o HAIC e PR e i Ba oughetp shrial ey Re a8t or

t ' f . '

¢ Bl it SERY e R e P ionP B I o8l 10,000
DRine Prbirdt by Bt Y6 'R! b8l 6,000 tphOERY 6 Pref6rabtl frog absut 10 to
positive or negative, the radiation either increases
cabodiecomaped Thieserandisperdant, s used hessin) sesxiber doynpayrpls itted ,
an al kal i ne devel oper solution such as a process
serhandedhe dispersionafmgricles suanasidystapraeassingrepglupyipogarbens,
(TAW, potassi um hydr oxi de, sodLun1hydroxugﬁ@ Oﬁ_other
yaetal oxidgs. tigsentaratRr eantipingly Wit e Peonest slen; Rispeizants

e 8 B6 ofeSenierfion rsiar3hy Dot oty A¥doa bkt Waign:
AR HES ket 26034 b Mandub R ffeas masked from radi ati on

remal 17 atter ggvelopnent Ile the exposed areas are
doosp! YREdigyRYant Jn%; Be BF @RicioY 8 nBlGHiOssI othd. CTIRLibrikgor iohiBnic
opposi te occurs. e process 15 solution of the
ompeutid rhayartier oomprizy diepsiymérain digbmet, beasurtaobst alateesr in
having either positive or negative photoresist
combinalipn, Tha terpappaymerdasiret berein, rfatestagaolympr eppound
devel oped by a variety of different neans, inclugiyg
[SPNSIRING Pf MeedRpniase polveterRIPOURG FHEh &8 Block. St grafip

puddl e deyxel opnent I n the i escence nethod, for.
G T R e e e i N
%@P&%s §b@n¥sﬁ? & fE%ﬁﬁOMcﬁﬁer@Pﬂ%bﬁ1 2411983, L34,
suffrcrent to develop 20 the pattern, a rinse is then
applied to the substrate surface. Devel opment tinme and
tenperatures will vary dependi ng upon the nethod used.
[0051] After the patterned photoresist inage is

devel oped, the substrate is baked to harden the

pol yner contained within the photoresist. The bake
step may be conducted, for exanple, at a tenperature
ranging from 70C to 150C for a tinme duration of from
30 25 to 120 seconds. [0052] The process solution is
preferably applied to the surface of the substrate as
a prepared solution. In alternative enbodi nents, _
however, the process solution can be prepared within
the rinse streamjust prior to.or during contact with
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additives). A stream of water and/or non-aqueous

sol vent then passes through the cartridge or filter
thereby form ng the process solution. In still another
enbodi nent of the 15present invention, the process
solution is prepared during the contacting step. In
this connection, -at |east one fornmula | throu

h X
k15 100 A6 P25 (BASF ol o Ehe,PEn alioaMBin B HSaghepih 37 B 10
O RS Gt Sradb et B e B o fonjgligomer
J @bﬁ 54 Nap 1 t | t
2:?%;% % %Ftsrrﬁdé"hp @.[v?]\ roug R %5? gﬁ%@@%ﬁ (%Mn%ﬁltég@u ?f ac Zagf

| t([gogsgg URgdrhativBly (A& Bishfsdr@ Fridly BEmbriRe aRUAscRSR. R Bdispeisant

3 In an alternative enbodi ment of the invention
aomprisee atsueiasht Ahep@iictantmaycionipaic §en gniatic,| catisric) on\onionic.
formula | through X surfactant is provided that may be
diurtheredampleswitsurfaciands beludrosilicanrswigstants] ppbvaliylang oxide)
provi de the process solution. A concentrated .
SRRt pahivorocharical spERgtanth | Sulipble peRrioaiGSHAREANISIOT (iRdn the
one to dilute th oncent r. tg.th i
Heeteltiah ity ButaE AE0EA R, byl plit Dol fipgtptes suon

i
PRI % R R X0, RS BPoRE AR BB o8
I(016MQUCHEHHFOHN BCH! BRIIS 660 heHL[FTH,OH, 1, OH) CHL ISR fuither
surface. The actual conditions of the contacting step
(ekemaplary barfqoingtineiede didoh, (prénmaly tiftbselcondn)y) etpxyates; amirer
w de ranges and are generally dependent on a variety
gthokdatess plbiceidsls, glacarties, priethylent olgep!s, §olyieHwiena glyead-cand
amount of residue on the surface of the 5 substrate

RIRYIEIROIYRPr & SHSH PYTaciRNts PraWAer SRS FeRPRsP MaCuighgon's

EARBB BB RS R TR %50 528 o

gﬁgﬁﬁftﬂét&ersac&%cﬁﬁ{e@é BNAFES o G kaRRliNg the process

I on over t surface of the substrate or in a
fdoary ovdiBlid\Stflertdafivetimay K opalaEip hdieddo e Peiclsd dofien Or
I mrersing the substrate within a bath containing the
pependisg usml thé beplicatibh e Thesecaditives ehaytinautlenta} asd reblithiked to,
sprayed onto 10 the surface of the substrate in a
shabiliaersc dissaivinmaids, cplomptsi wetingaaents mntifpamgrso buftegngagents, and
sprayed onto the surface and allowed to remain there
P'ﬁef dditiona! surfastanisy Cepprafte uplgpseigruee Flaled: 'gﬁﬁB'SF?fé’E?%‘ih of

e RGBSt BB RSB i repeiP o
89 ;&%fé&ﬁt bY welghE bQée%‘i{i:ﬁﬁ Qb ddidht Bﬂh% PRcSi4RBRGEH. Gn
su ca froma

ace, vary raction of a second to

EHBEHE RGNS Whers 8608 fore Bi@liHapdimictarttd Brelidtifoditd SBcasan
range from1 to 200 seconds, preferably from1l to 150
suhdiondiss sunfackantonay har anlyer tielsyrfictanita disdosed] Bersie coprgidedlin dhe
tenperature range for the contacting step can vary
fefepanca e utch@ms Emvdsiiss engPetbaeaidl y from 10 to 40C.
bOOSS%}Regardless of whet her the contacti%g_ste@ IS

P43} I eprtaimsmhordimentsy thepragess qlytia;of the prepqb ypriiop gy be
sol.ution or concentrate be. applied Pl
8187 P ROL PR R0 Bir2ohiasi 18 sfoctad ot prsferably
the process solution is enployed as a rinse solution
after the devel opnent of t hé photoresist layer. In
this connection, the photoresist-coated substrate is
devel oped via a devel oper solution. After devel oping,
the process solution is applied to the substrate

surface as a rinse in addition to, or in place of, a

dei oni zed water rinse. Wile the substrate is stil
wet with devel oper solution and/ or deionized water,
the 25 process solution may be applied in a dynamc

- manner -or in a static manner such as by puddling it

onto the surface of the substrate. During di spensing,

- the substrate is spun - 24 - slowy at a speed, for
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process sol ution over the substrate surface. For a
dynam c process, the substrate is spun slowy while
the process solution is dispensed continuously on the
substrate. For a static process such as the puddle
process, the substrate is allowed to rest for a brief

- Schtfitrs8rorh 8D 1PN BRYRabi fork $6 I StBweidht b&‘beﬁt ABn-EipRS6s solvent;

step wth the process solution is conplete, the rinsed
WabAIS th 80 tviight ptdeat] prefepableianmbd @, 20weighp perceht yosisgpat¢mer; from
hi gher rpm [0056] In yet a further enbodi nent of the
p@.Sde@akioul A weighl pengent dferpbotosclive oumplaad:alOte 1 B.600 prsp of at least
sel ecting the process sol ution conpr|S|ng at | east one

f @iqfemaﬂq l lhwr-@mﬁ guieciant: PaE legh ihap  aveiahf parcsnt f qiier addifyes
f { f
A AL A

h f
S SO S5 RGO G
Cahb, B ail&mﬁgi_eaasi&o b8 fokMuldfed f&%ﬁétﬁb atvaﬁet@bf flif @fidknosRe
sur f act ant he process solution is first applied to

t Beaangpiysiofsitable nan-agigoue silrsitsoritdi thé plodaresist pradess saution
The surface tension, preferably dynanic surface

t igchadecany obthetshiwents cordaineddwrain. Non-imingtrxawpiee piA feeigt polymer
according to the maxi mum bubbl e- 15 pressure nethod as

d@%ﬁq newelag esis; a5 polyyiay! ehﬁwm;!&ﬁaﬂ @’061‘";1“15‘8 exppRied a
Eqa' e oo e LEE e SR DR HG® BTy PR PR

8B4 36 oGkl s RO hreBint DGiEH RBY Siso BAGE ds RN

I'n"certain preferre nts, a
hdoh Bo:.%ﬂa% 88 bERI TRIBVIIR EdREhdtnPenbvR AR w@pt.aepr@prmﬁh@ the
of t he droplet at a speed of 2 franes per second for a
Jatteined shdtaresisiiajer iutbsshink thepbiatr therginer pdor tligth@eaphy. In
nmeasured on the photographic i mage. [0057] Once the
dois embedimenisthe pragask soiwtiomprefesaill eompsestitom ?ﬂféd@%yelghi
solution is obtained, the surface tension is

rReraenIaneguegissaiveriotd R 09PO pprm OE%iﬂﬂaaE?"ea{wgl"@ {HeSugn x

oG R e R Rl PSR o O S, SRS e non
SRR G B IS BAIEEor BRI BRUGIEGAA of e

greater re u pattern apse defect

Adhess %hté!ﬁé&ﬁﬂe?éln Vil ddRSin Plefeted @nbb@ments 1B Soledt may be
preferably 25 or less, or nore preferably 20 or |ess
IPBMEA lethyt Ihatbte} dsreanp;blacess solution may be nore -25-

effective in reducing the nunber of pattern coll apse

deg4st t Thaopnpess ediution o dieameseatinyenfieremaitisn beowpsd g an anti-
process sol utions containing other surfactants

d@?@?‘ﬁeb’éﬂ"ﬂrﬁoﬁﬂ‘%mﬂﬁ Bpttog jurfapg °ftﬂF‘F‘eS“§8‘Wé‘§| ighis Emediment, the

BBt WhiRag Ly TR & ST S reF S Taa
%&Ugrﬁ o4 {084{6 ?%%ﬁggm{elﬁest aghﬂrtg vg ureéh%éeﬂ%f%'ﬂolyh%r -Jrom

erm ned esion ténsion val ue
Qaks @Oegﬂ)rrﬁ&f aflich{ e Frmbam ﬂﬁ&gﬁ@iduﬁﬁﬁaﬁt%nde@éé%an 1 weight
surfactant In certain preferred embodi ments, the
peeestssothal additioss sueh us edsdlihieer(s) séactani({s)p e campounds, and the
col | apse defects by 25 % or greater, preferably 50 %
or greater, and nore preferalgl-y 75 % or greater
relative to a deionized water rinse for patterned and
devel oped phot oresi st coated substrates having an
aspect ratio of 3.0 or greater, and a 10 pitch of
1:1.4 or greater, or a normalized aspect ratio of at
| east 01)15 1/nm [0058] The invention will be
illustrated in nore detail with reference to the
foll owi ng exanples, but it shoul d be understood that
the present invention is not deened to be limted
thereto. 15EXAMPLES Exanples 1 through 5: Dynam c

- -Surface Tensi on (DST) [0059] Five process solutions
containing acetyienic .diol surfactants derived from .
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25 Inc. of Charlotte, N.C. The nolar units of EO and
PO for each .exanple and dynam c surface tension data
is provided in Table I. - 26 - [00811 The dynam c
surface tension data provides information about the
performance of a surfactant at conditions from

NRG. 15 Gbticka Mhd $5Ru< orden bthe bldclsBlutiotfrhily Prgfok UbEAOS to

creation rates (20 b/s). For applications such as

S apout 0, QrdTéraibly 05 tb Shqut xac emd imige plafegiblyR olil0eveight parcemayf the
correspond to a faster substrate rotation speed or a.
diotal weghtlif §pemeesssdlufion. Feartpleedfshibiblesion-aguegis solvents within
process. It is desirable that the dynam c surface

t teARChPBSESs seluficadnalide sy pHle selrenfigoptaingl hafelh 1B GHEI:

| eterel prBodingits. dfe bert ey 1 PEREA SR b Tiid, Exopieset
S&Pt%ﬁ b @E@meu"sﬁmgﬁeeﬁé Br choP& &mﬁncﬁﬁ% def 6 St linfB8'to, acrylate

preven apse

' b&:ﬁﬁérg af .ﬁﬁny:.%&htaeafng E)B@mgfs%%%ﬁs ﬁ@ééﬂ:ﬂsrﬂ&%&d prsbPitad.

dynam c surface tensions at high bubble rates bel ow

t 6,310,209 5ha spintoAiglasd hiaterialsducinasite irettylstidxangr ocess
solutions of the present invention may be effective at

r méingisisgsquivzars afidisiicatespohimens siichwwa those diFelpsed in U.S. Pat. Nos.
%,rz]am c Surface Tension Exanple Moles EO (m+ n) Ml es
@57 3 6368%.76®lyne/ cm) 0.1 b/s DST (dyne/cm) 1 b/s

%&é}dy{r?le proglss soEmon of the present invention may be used in wafer cleaning
methods, such as RCA-type cleaning, performed after the development step. In this
embodiment, the substrate may be treated with the process solution after the stripping,
CMP, ash cleaning, and/or etching steps have been completed. In one embodiment of
the present invention, the process solution comprises a base such as an amine and/or
ammonium hydroxide, alkylammoniurn hydroxide; an oxidizing agent such as HzO»;
optionally a chelating agent; frdrn 10 fo 10,000 ppm of at least one formula 1 through X
surfactant; in an aqueous solvent or water. Some non-limiting examples of chelating
agents are the following organic acids and its isomers and salts:
{ethylenedinitrilo)ietraacetic acid (EDTA), butylenediaminetetraacetic acid, cyclohexane-
1,2-diamineletraacetic acid (CyDTA), diethylenetsiaminepentaacetic acid (DETPA),
ethylenediaminetetrapropionic acid, ethylenediaminetetrapropionic acid,
(hydroxyeihyljethyienediaminetriacetic acid (HEDTA), N,N,N',N'"-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP), cifric acid, tartaric acid,
phtalic acid, gluconic acid, saccharic acid, cathechol, gaiiic acid, pyrogaliol, propyt

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

-20-
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DST (dyne/cn) 15 b/s DST (dyne/cn) 20 b/s 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

diiute HF; from 10 to 10,000 ppm of at ieast one formulé I through X surfactant; and |
water. In a further embodiment, the process solution comprises an acid such as sulfuric
acid or HCl and an oxidizing agent such as H,0, wherein the ratio of the acid to the
oxidizing agent is 1:1; optionally a chelating agent; from 10 to 10,000 ppm of at least one
formula 1 through X surfactant; and an aqueous solvent or water. In another
embodiment, the process solufion comprises an aqueous solvent such as electrolylic
ionized water énd from 10 to 10,000 ppm of at least one formula | through X suifactant.
In yet another embodiment, the process solution comprises UV/ozone; from 10 to 10,000
ppr of at least one formula | thfough X surfactant; and water. For wafer cleaning
applications, the process solution may be used for either megasonic or regular cleaning
such as spray application.

[0847] The process solution of the presenf invention may be prepared by mixing the at
least one formula | through X surfactant with an aquecus and/or non-aqueous solvents
and any additional additives. in certain embodiments, the mixing may be done ata
temperature range of about 40 o 60°C to affect dissolution of the ingredients contained
therein. The resulting process solution may optionally be filtered to remove any
undissolved particles that could potentially harm the substrate.

[6048) The process solution is preferably used to freat the surface of a substrate during
or after the development step. Suitable substrates include, but are not limited to,
materials such as gallium arsenide ("GaAs"), silicon, tantalum, copper, ceramics,
aluminum/copper alloys, polyimides, and compositions containing silicon such as
crystalline silicon, polysilicon, amorphous silicon, epitaxial silicon, silicon dioxide (“SiO27},
silicon nitride, doped silicon dioxide, and the like. Further exemplary substrates include
silicon, aluminum, or polymeric resins.

[0049} [n cerlain preferred embodiments, the process solution is applied to a substrate

having a photoresist coating applied thereto. The photoresist-coated substrate is then

-21-
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32.1 33.1 34.2 36.1 40.3 4 0 0 34.1 43.6 58.1 68.3
69.8 540 26.8 26.8 31.5 35.9 39.1

exposed to radiation to provide a pattem that is imposed upon the photoresist coating.
Examples of radiation sources that may be used inqlude ultraviolet {uv} light, electron
beam, x-ray, laser, or ion beams. In some embodiments, a pre-bake or soft-bake step
may be conducted prior to the exposure step to remove any solvents contained therein,
This pre-bake or soft bake step may be conducted, for example, at a temperature
ranging from 90°C to 150°C for a time of from 30 to 120 seconds on a hot plate.

[0050] Depending upon whether the photoresist coafing is positive or negative, the
radiation either increases or decreased its solubility in a subsequently applied, an
alkaline developer solution such as a process solution confaining tetramethylammonium
hydroxide (TMAH), potassium hydrbxide, sodium hydroxide, or other base. Further
examples of developer solutions include thos;e provided in U. S. Patents 6,455,234;
6,268,115; 6,238,849; 6,127,101; and 6,120,978. In a positive photoresist coating, the
areas masked from radiation remain after development while the exposed areas are
dissolved away. In a nagative photoresist coating, the opposite occurs. The process
solution of the present invention may be suitable to treat substratés having either positive
or negative photoresist coatings. The pattemmed photoresist image may be developed by
a variety of different means, including by not limited fo quiescence, imrersion, spray, or
puddie development. in the quiescence method, for instance, a developer solution is
applied to the exposed substrate surface and after a peried of time sufficient to develop
the patiern, arinse is then applied to the substrate surface. Development time and
temperatures will vary depending upon the methoed used.

{0051] After the patterned photoresist image is developed, the substrate is baked o
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.

-92.



10

15

20

25

15 Exanpl es 5 through 7: Foam ng Properties [0062]

Three process solutions containing acetyl enic diol
surfactants derived from
2,4,7,9-tetramet hyl- 5-decyne-4, 7-di ol (exanpl es Sand

'6) or 2,5,8,11-tetranethyl-6- .dodecyne-5, 8-di ol

g J\g&gg Lﬁse@rr?%ﬁ;% ?oilﬁfbﬁ gs.apg@fgragbﬁ B RIS s o8 iHe sDBdeRYs 2

ant el onrzed wat er under continuous

S ldpalelQolutidhO FoditeRRBWE Sifibddimeiils, HAWREH, tiRddrocest d6iuinfean be
of surfactants in rinse solution. The foam ng

P pfeparet iwithin Gfe rinsa sipdaesjudt pritir to ogduring wentact edth thersalbisitets sigface.
a procedure based 5 upon ASTIVI D 1173-53, the
REsseximplesa cartain quantitpef ongwimpiedommuda f trough X syrfaciprigan be

in Table Il. In this test, a 200 m uantiii f act‘h

o iiRsieddnia 8 ContintRHSiSiroam GLHR e ASRHO RO ARFRL TP epbHpdtam that

[ tte .t f i : .ai ni . f. th
BBt b B AP e B "
g%@)gp@wgﬂrt% zgg{,@é@éen& GorfiGh,| 3bridh oP(i'at REstdnk r&.yugr_a l_'%_fﬁ%@h X

essel contalining the sane |iqui

I et clahit rAdyEbeliddBiid the dutlirSte biter apiiafléh df i proisg bblution. In this
measured at the conpletion of the addition (Initial

Feass, e ipgiabss)sclatich miaebd formed ie quiltipleditefps dutinpthé paessing of the
di ssipate is recorded ("Time to O Foant'). In certain
apyhsiratat IncHis otheremhodimentseof thedeeseptinyestion tha al leapkongdgmula l
|l ead to defects due to the failure to _adﬁgua e.Igfcglath

t Feough psytfactant canie alspappsiied UPLorERRPESE e MRtRrELE 8J19

i S SRS o S0 i AR B Bl e cver
CXRUIRES. A 485 8 A CHIRR hGHlad Rol SRERPEPbdsL M fough the
contal ni ng 0.

wel ght percent of a fluorosurfactant

( Raribe SR therbbyabitng/tha bRLedtsBIubdh. | 1A BiilCandthef mbadirhent of the

(sodium lauryl sulfate) using the Ross-Mles test. The
I prsérit Bvartion, Wiesproesp astutionris prepared dwing ditk gontaTting sdeql. | this
As Table Il shows, solutions containing the
f toroedicnrat lpestane fagmilail Bough K aurfactent i inlsedueed vig A dRPPRIPT
significant foamat intervals of 5 %r 10 20m nutgﬁs. | N
seReTCaRE i Be syiase allae supsials; Waler ABer nanFgURUs SR msd
sjgni ficant foam b ndes l,e . B ¢ §0 1Bhus
s e e oo 57 B son 8Pt Pl Ul A e 2T b e
Pl RRE4H § ﬁfa@éﬁgﬂ" { AR GiBstratB ndbtyasming the
I Ltlﬂt [ g’fkgoam [ gﬁ? éﬁ?OTi msu tso Zero I)-{gam sec) 5
solution.
{0053] In an altemative embodiment of the invention, a concentrated composition
comprising at least one formula | through X surfactant is provided that may be diluted in
water andfor non-aqueous solvents to provide the process soiufion. A concentrated
compoasition 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.

-23-
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520666002037 402560 Table Ill:
Conpari son of Foam Properties with Sol utions
containing other Surfactants Rinse Conposition
Initial Foam Height (cnm) Foam Height at 6 sec (cnm

[0054] A variety of means can be employed in contacting the process solution with the
substrate surface. The actual conditions of the contacting step (i.e., temperature, time,
and the like) may vary over wide ranges and are generally dependent on a variety of
factors such as, but not limited to, the nature and amount of residue on the surface of the
substrate and the hydrophobicity or hydrophilicity of the substrate surface, etc. The
contact step can be conducted in either a dynamic method such as, for example, a
streamiine process for applying the process solution over the surface of the substrate or
in a static method such as, for example, a puddie rinse or immersing the substrate within
a bath containing the process solution. The process solution may also be sprayed onto
the surface of the substrate in a dynamic method such as in a confinuous process or
sprayed onto the surface and affowed to remain there in a static method. in certain
preferred embodiments, the contacting step is conducted in a static method. The
duration of the contacting step, or time of contact of the process solution o the substrate
surface, can vary from a fraction of a second o hundreds of seconds. Preferably, the
duration can range from 1 to 200 seconds, preferably from 1 to 180 seconds, and more
preferably from 1 to 40 seconds. The temperature range for the contacting step can vary
from 10 to 100°C and more preferably from 10 to 40°C.

[0055] Regardiess of whether the contacting step is static or dynamic, it is preferred
that the process solution or concentrate be applied fo a still-wet substrate surface. In
one embodiment, for example, the process solution is employed as a rinse solution after
the development of the photoresist layer. In this connection, the photoresist-coated
substrate is developed via a developer solution. After developing, the process solufion is
applied to the substrate surface as a rinse in addition o, or in piace of, a deiohized waser
rinse. While the substrate is still wet with developer solution and/or deionized water, the
process solution may be applied in a dynamic manner or in a static manner such as by

puddling it onto the surface of the substrate. During dispensing, the substrate is spun
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Foam Height at 5 min (cm FoamHeight at 5 mn (cm
Exanple 5 0.6 0 O O Fluorosurfactant (0.1 weight
%W(.') 14.5 14.5 NNA 13.5 lonic surfactant (0.25
wei ght onr4 22.0 22.0 20.0 NV A (1) Information
obt ai ned from DuPont ZONYLe marketing literature.

slowly at a speed, for example, of 100 revolutions per minute (“rpim™) to distribute the
process solufion over the subsirate surface. For a dynamic process, the substrate is
spun slowly while the process solution is dispensed continuously on the subsfrate. Fora
static process such as the puddle praocess, the substrate is allowed to rest for a brief
period, for example, 15 seconds. After the rinse step with the process solution is
complete, the rinsed wafer is then dried, for example, by spin drying at a higher rpm.
[0056] In yet a further embodiment of the present invention, there is provided a method
for selecting the process solution comprising at least one formula | through X surfactant
that will minimize the number of pattern collapse defects for patierned, pholoresist-
coated substrates. In this regard, the method comprises determining the surface tension
and the measuring the contact angle of a process solution containing from 10 fo 10,000
ppm of the at least ane surfactant. The process solution is first applied to the surface of
a sample photoresist-coated substrate. The surface tension, preferahbly dynamic surface
tension, of the process solution may be determined according to the maximum-bubble-
pressure method as described herein. The contact angle of the process solution, which
is the angle between the baseline of a droplet of process solution on the surface of the
substrate and the tangent at the droplet base, is then measured. In certain preferred
embodiments, a high-speed camera may be used to caplure the spreading of the droplet
at a speed of 2 frames per second for a 2 minute interval and the contaet angle can be
measured on the photographic image.

{0057] Once the surface tension and contact angle for the process solution is obiained,

the surface tension is then muitiplied by the cosine of the contact angle measurement to

- provide a ceriain value referred to herein as an "adhesion tension value”. Lower

adhesion tension values for the pracess solution correlate to a greater reduction in
pattern collapse defecis, Adhesion tension values of 30 or less indicate, preferably 25 or

less, or more preferably 20 or less indicate that the process solution may be more
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- (2) Information obtained fromWil, J. IC et al.
" Synthetic Detergents from Ani mal Fats: the

Sul fonation of Tallow Al cohols”, J. Am Q1| Chem Soc.
31, p. 444-47 5(1954). Exanples 8 through 9: Contact
Angle Data [0065] The wetting properties of process

s

USRSy Bty Rhet U ARSI Blhizo ince
( 8NAHAL BPprBsesd BBlulith) cSiitaidif other surfactants described in the prior art. If
2,5,8,11- tetranethyl 6- do&%cyne 5,8-diol (exanples 9a
athe Hhgsianendiin waRiedd acdspisble (1.8]) 30 bsess)(the plpassaisoNton may then
exanple 1) was nmeasured on the GLO/ DSA10 Kruss drop
shapseddord production lol i The goripentiatios of s fortila Cliveugb X syrfactant is
N.C. using the Sessile drop nethod. In this nethod,

t ﬁ%ﬁemﬁtdu ha(ghweai'éﬁtﬁdwmftequdeyp icalgvlated gt Giferent coneentrations

rate are

R ﬁaﬂ? 5'8?“@ i oS sriution rpfuped the
R bRy 10 05

Cﬂ&%gﬁeféﬁﬁ& 76 %joxtd?@at&ﬁélﬁtﬁg Itcng déxtamiéaﬁuéiémb@tor Pattefhed and
speed of 2 frames per second for 2 mnutes and the

cdeveiapéd phutpresistasatebamstrask havidg @h bs¥cos of ZObgréatersand a
of surfactant based on
pigh of DAdtor grestenyt a EOIU@bqu@snecT' ralip of atdgngt 0.015 1/nm.

2,5 .8,11-tetramet hyl- 6- dodecyne-5, 8-di ol were &repared
190381 c The invetion gwlwmvatewnwrv detaivwith referpncg dothgdaliowing

B 4 L4 0B Vo e AL RIS Bbe

% Le was agitated until the surfactant was
Jlssolv therein to formthe process solution. The
anounts of surfactant in the process solutions of
exanpl es 8a, 8b, 9a and 9b are provided in Table IV.
[0067] Silicon wafers pr@axaMrigsy Wafernet Inc. of San
Jose, Ca. were coated with a AX 4318 phot oresi st
dwampleg 1 iroudhde OyhamisEuiface Ten®@rel@Sdal Co., Ltd. of
Osaka. Japan using a spinh coating process at a_ spin
J?J‘b'@li bive BE’G@SSrﬁ?h‘gO“PW@"@BWB 263t dig! grfesiRals 5?’6‘6@

T2 Bl iedrend Bl é'%%ﬁ ﬁi’re@“’?—ﬁ e ey

tdB&eo?f.@S ?Qﬁoa?&%}ﬁﬂgg E%n@ p < 59&% @Weﬁﬁt percent of the

exanpl e erent es e pressed

%amﬁtod%&wha@umnmuouseﬁﬁ&t angl es of about

20 or below may indicate conplete wetting of the

$0469] r TheedyhiamicaudaceAensibalRDST) dédtd fot eschipadcess soluitien was
contact angles of TMAH devel oper on the

phllscied aisi the maxgattedubble pesswremetiad degsribed in banashingOs 2, pp.
the grocess solutions of the 10 present invention are

rgiate WHW@&PU%?P@S&E‘{%G B0 Bpisp/second
i%@?%?@’ Aip Pl RIS PR B8t pame R P by Kruss,
mrgxcgﬁg%cww A8 B SDPLE, Sk ool
6iafHca EdnsidR 858 i HroS&Din Table 1.
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.Ex. 1 -D water

10

15

Cont act Angle (10 sec) Contact Angle (30 sec) Conp.
61.8 61.7 61.5 61.1 Ex. 8a 125 ppm

47.3 46.9 46.5 45.4 Ex. 8b 600 ppm 47.3 42.6 40.6

[0861] The dynamic surface tension data provides information about the performance

of a surfactant at conditions from near-squilibrium (0.1 bfs) to relatively high surface

creation rates {20 b/s). For applications such as semiconductor or IC processing, high

bubble rates may correspond to a faster substrate rotation speed or a dynamic dispense

in a post-development rinse process. It is desirable that the dynamic surface tension by

reduced below that of water at high bubble rates {i.e., 70-72 dyne/cm at 20 b/s) to

provide, infer alia, better wetting of the photoresist-coated substrate, reduction in the

number of defects, and prevention of pattern collapse. As Table | illusirates, all of the

process solutions exhibited dynamic surface tensions at high bubble rates beiow that of

water. This indicates that the process solutions of the present invention may be effective

at reducing the surface tension of water.

Table I: Dynamic Surface Tension

Example | Moles | Moles | DST DST DST DST DST
EO PO (dynefcm) | (dyne/cm) | (dyne/em) | (dyne/cm) | (dyne/cmy)
{m+ (ptag) 10.1b/s 1 bfs 6 bis 15 b/s 20 bfs
ny

1 5 2 34.0 35.3 376 41.5 443

2 5 0 35.1 35.2 38.1 42.0 44.4

3 0 0 32.1 33.1 34.2 36.1 40.3

4 0 0 34.1 43.6 58.1 | 68.3 69.8

5 4 0 26.8 26.8 31.5 35.9 39.1

Examples & through 7: Foaming Properties

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

24,7 9-teframethyl-5-decyne-4,7-diol {examples 5 and 6) or 2,5,8,11-tetramethyl-6-
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36.4 Ex. 9a 100 pm50.0 46.8 45.0 41.6 Ex. 9b 350 ppm
40.0 29.4 25.3 17.2 15 Exanple 10: Nunber of
Post - Devel opnent Defects after DI R nse vs. Process
solution R nse [00691 The nunber of post-devel opnent
defects on a substrate was conpared after

t digtina . &-did (ewbwla Qwers\preharad by adsiingd¥. 1 Beightapement of each
(conparative exanple 2) vs. a rinse 20 containing the

pueean ladaionized wagt upgkr cpptingera stifiigent i on (exanpl e

T ) l.ut j nt aj 50 f a.
Ahon oo R arigahiequin o & Sraeas I er ol e
RS Rk oI e pluch e pERRR g 2 e SR
AUpRA ASTAD 1173t93etht Rob QNI SRR, arf the results are provided in
phot or esi st-coat ed substrate was exposed to a 365 nm
| Tabletly, Ihthisttest, 4 POComi BNty af etick patesappiution isatdddyfrotil4C

for atinme of about 1 m nute and then devel oped to
fataveried fqaut piretiedel a fidam weceivgrepntaining the 50 mi of the same solution at

room temperature. The Ross-Miles method stimulates the action of pouring a liguid into
a cylindrical vessel containing the same liquid. The results are given in Table ll. The
foam height is measured at the completion of the addition (“Initial Foam Height®} and the
time required for the foam {fo dissipate is recorded {*Time to 0 Foam"). In certain
applications, foam may be undesirable because it may lead to defects due to the failure
to adequately coat the suiface of the substrate. As Table Il indicates, the time o reach
zero foam is approximately one minute or less.

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

Table ll: Foaming Properties

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

5 5 2 0.6 B

6 ) 4] 2.0 3

7 4 0 2.5 60
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5 with a dilute TMAH sol ution. The TMAH sol uti on was

.applied by dynam cally dispensing a 0.21N TMAH

solution onto the substrate for a period of 100
seconds. [0070] In conparative exanple 2, a rinse
containing DI water started 15 seconds before the

d dgkie dp Comparisph ef Fezen Propertiel it Scutidne amtdintnpecthdr@urfactants
period of 7 minutes. The substrate_was inspected for

i8inset s usi npinitiakFoiey e S{ heam Keightrdr doamdisfght at | Foam Height at

i Eemasmqsn 1pHeighI(cralr ov | Besc o) KI Al PR deml nc | SHmingsm)

$he defect® were claddified and %uptnd

i%"ﬁi? t01‘4-5'the i nsppttPon are gMNdided in [TbPe V.

thstrat e Wwas nracacsadlin.thao oo

nrh no
A = e~ | A>3 T CAT T rmrret

s ‘ﬂfﬁ‘& rtae exanp %2’9 usi ng tﬁgosarre devie er
';pro conditions Fbmever afiter 100 seconds of

Je‘”:(’ ORfoMa S DUPB T 2OV & kst nﬂWteFHﬂJre

acey iﬁf&hﬁatﬁhe talreld @rﬁWmtJ YR A0 - Syrifblic NB@robats WoAtAdiRal
ri nse ﬁd?@ﬂ%tﬁf&tﬁd’ﬁ@ﬁ’oﬁ%ﬂ&x@hﬁ:‘éh@&” $.9a. &l Chdinl 86€ 31,Th1a44-47
over | gpgaag period with the devel oper was the sane as

in conparative exanple 2. After a 120 second rinse
with the process solution, a DI water rinse was used
f BrampirstGtbrough 9 GantastAngfhateubst r at e was i nspected for
defects using the TereStar(r) KLA-Tencqr defect

i WQ?J@CJ“@ H’ef"BS Progfges W@’%F%ﬂ'@'%?@t%'%‘ﬁmﬁ%ﬂ“%

9%;%%? ﬁ%& -?Ag efpgtm% eyﬁ%-'gt gﬁ %%'89 ggd hlﬁ or
pé 9%@% %e @Ha&{c}gﬁ fo? %ptéwaeéﬂd (fBE‘aN@él Vbl

conpl ete nove eS| st residues fromthe

ﬂﬁiﬂp@ﬁiﬁﬁdcdmﬁﬂws %ka&ﬁpléswﬁaaeﬁeas&éd &R Hel GRIDS AH@IKr@ss\Grop
shows that were many defects resulting fromresidual

pihapoargdizet prambddiyh@nsss.m}r ofeGhadbtteeN.C. usisg thg Sestile dBip

wat er. Therefore, rinsing the substrate with the 25

presbed dn dvs metherh thsfwatting RyeRestiastof ¢ legaiized mgioafon & sufargof a

eI i mnated the nunber of post-devel opnent defects and
Rpishcqatpd syp%(g.aé greﬁfgp ed bgTeasun E:pé:oq;a angle between the

%élmgé}/ Frogfézg aﬂ}?ﬁec{ogggvselo%% seorlut%l? {h$ g:fngﬁﬂls {h?glfrr%%t base.
%ﬁl&l‘?—%p&d Ramera captured the spreading of the droplef at a speed of 2 frames per
second for 2 minutes and the contact angle was measured.

[0066] Process solufions 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 foliowing manner. A
volumetric flask was charged with varying amounts of the surfactant and DI water to
reach a ievel of 100 mi at room femperaiure. The mixiure was agitated until the
surfactant was dissolved therein fo form the process solufion. The amounts of surfactant

in the process solutions of examples 8a, 8b, %a and 9b are provided in Table IV,
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solution R nse Defect Types Small Medi um Large

[0067] Silicon wafers provided by Wafernet Inc. of San Jose, Ca. were coated with a
AX 4318 photoresist coating provided by Sumitomo Chemical Co., Lid. of Osaka, Japan
using a spin coating process at a spin speed of 3200 rpm. The contact angle of the
process solution on the photoresist surface was measured. Table IV provides the value
of the contact angle for the process sclutions and Dt water (cornparative example 1) at
different drop ages expressed in seconds.

[0068] In general, contact angles of about 20° or below may indicate complete wetting
of the substrate surface. As Table IV illustrates, the contact angles of TMAH developer
on the phoforesist-coaled substrate that were treated with the process solutions of the
present invention aré smalier than the contact angle of the photoresist treated with DI
water. Further, higher amounts of surfactant within the process solution may lead to

more surfactant adsorption and improved wetting.

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

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

Comp.Ex. 1-D1 |- 61.8 61.7 61.5 61.1

water

Ex. 8a 125ppm | 47.3 46.9 46.5 45.4

Ex. 8b 600 ppm 147.3 42.6 40.6 364

Ex. 9a 100 ppm | 50.0 46.8 450 41.6

Ex. 9b 350 ppm | 40.0 29.4 25.3 17.2

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

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

solution contained 50 ppm of a 2,5,8,11-tetramethyl-6-dodecyne-5,8-diol-derived
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Extra large Total Pattern Defect 0 0 0 0 O
Pi nhol es/Dots O 0 0 O O Total 0 O 0O 0O

‘surfactant and 170 ppm of the oligamer dispersant SMA® 1440 provided by Eif

Alfochem. The substrate was processed in the following manner: a photoresist-coated
subsirate was exposed to a 365 nm light, heated to a temperature of approximately |
110°C for a time of about 1 minute and then developed to form a patterned photoresist
with a dilute TMAH solution. The TMAH solufion was applied by dynamically dispensing
a 0.21N TMAH solution onto the substrate for a period of 100 seconds. |
[0070] In comparative example 2, a rinse containing D! water started 15 seconds
before the developer nozzle was tumed off and continued for a period of 7 minutes. The
substrate was inspected for defects using the TereStar® KLA-Tencor defect inspection
tool provided by KLA-Tencor Inc. of San Jose, CA. and the defects were classified and
counted. The resuits of the inspection are provided in Table V.

[0071] The subsiraie was processed in the same manner as in comparative example 2
using the same developer and process conditions. However, after 100 seconds of
developing, a process solution comprising an acetylenic diol surfactant (example 10} was
uséd to rinse the patterned photoresisi-coated surface. The overlapping period with the
developer was the same as in comparative example 2. Affer a 120 second rinse with the
process solution, a Di water rinse was used for another 7 minutes. The substrate was
inspected for defects using the TereStar® KLA-Tencor defect inspection tool and the
defects were classified and counted. The results of the inspection are provided in Table
AR

[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
contrasi, Table V shows that were many defects resuiting from residual photoresist and
other sources after rinsing with DI water. Therefore, rinsing the substrate with the
process solution of the present invention effectively eliminated the number of post-

development defects and improved the process yield.
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5 Exanpl e 11: Conparison of Equilibrium Surface
Tensi on and Dynam c Surface Tension of Process
solution vs. Solutions Containing Fluorosurfactant
[0073] Process solutions containing 0.1 weight percent
of a surfactant derived from '
2, ~L1-tetranet hyl- 6-dodecyne-5, 8-di ol and a
fIT%Bééé E’P?‘%f’%?ﬁ“}e%éﬁ% iagﬁ'i ﬁ?tﬁ P¥oct ane

H P W | £ C+t M- ccatiri \
C BB ALE PLSHbhtet OymeiRT St BT tid [
p PRy Pefell * oruetr T05g- Ofrpareiggeequi b Tumn? 91
SUBMANE/OATSTIT (EoT) [af)g dymamjssurTacy Ot ENSTOM {50
( PRdth The ESlp f or DOtjpgg0l Ut T oTjg7Was Meggur ed UST{THgq
t AE"WTheny prate nmetrhodom a Kruss BP3 bubbte
g Tabi8 UT: Pok i opmé it DeRRRURBEPIMERE sBtidi/isse, | NC. 0O
N
[

| EPTTHIP
. LR

f
RefectTyges N.|[@mallThe D%ediim EACH LpigeCESS | Riralfardd [ Vo
plagiterrelefedta {the nmaxi mom bubbl efpr essurefoet hod uged

o .
0

Piehalegfdats 11 & hrough |98 The regolts of tbhe EST ai
talests ard 0l5provideéd in Tabll@ VI1. [(074]

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

-oF*ample hi- Lomarison pbauilibrum Sydacs Tansien anthPmpmicSrfacpEgnsion
I ndi cates that t flugrosurfactant exhjbits poor
TR SonPRie Phneremanine hofSimermt y.  For

c . : r
BT, 2 088 s LT RIS G FRRAAN ol
SEFBOAEHHARTYI-SBMIEARLSI B dRMbnd biMBoBERREBAL, SGthddinPn Of
the present invention would be nore suitable than
sgErfuicrcooiane catb@yiaie Igovided By BMIsHSAAoaia | Misshe! wete prefared in
| oner DST value. Table VII R nse Conposition (0.1wm%
E8Her (teigarenarerihe BSWibtiomisorfyceRrasinn (S Tiar@5lysandie surface tension

Fluorosurfactant 21.2 72.4
(DST). The EST for both solutions was measured using the Wilhemy plate method on a

Kruss BP3 bubble pressure tensiometer manufactured by Kruss, Inc. of Charlotte, N.C.
The DST of each process solution was measured via the maximum bubble pressure
method used in examples 1 through 5. The results of the EST and DST tests are
provided in Table VII.
[0074] Referring to Table VIi, while the fluorosurfactant exhibits a tower EST compared
to the process solution of the present invention, the significantly lower DST indicates that
the fluorosurfactant exhibits poor dynamic surface tension reduction ability. For
applications that require high surface crestion rates such as dynamic Finse processes
used in semiconductor manufacturing, the process solution of the present invention

| would be more suitable than solutions containing ﬂuo:;osurfactants due to its lower BST

value.
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Exanpl es 12 through 18: Determ nation of the Adhesion
Tension Val ue of Process 5 Solutions of the Present
Invention [0075] Seven process sol utions containing
surfactants having the forrmulas !through VII1 were
prepared by adding | ess than 1 wei ght percent of the
s*rga%ﬁant to dei oni zed water under continuous

P ?' g The concentratlon of surfactant wi t hi n each

P[RSS BomBositioh 31 1Wi%) P'%ST%E& oy Tabt e igs )

o) SrxImyarpg = oYy the bllbll I2§Bl aumesST oM Tenyrggy L0 vdl ue

c b UITCENILT at T ons T1of; £ath ™

surtacrant. Exanpte 12 contained

3 ERarfipieRt I girbudh & X0ydlermirtiod SAREBbtRsioh Mensibricdipe & Fdcess
cont ai ned 2, 6-di net hyl-4- heptanol provided by A drich

( Bduiinns af hy®reseibdoveplian 14 cont ai ned

N, N. - bi s(1, 3-di net hyl butyl) ethyl enedi am ne (Formnul a
\/5007ﬁx a?rﬁyerep@gess:s@nmmm sentgining spdartapts haying thi ferrf(qlasr' ARrPagh

e 16 contalned dodecyltr| t hyl ammon 3
CHITAr e SD RN B PR (4 LIPS PeTeeTkot i ARG 1 deionized
@éte? *r%eﬁ%ﬁ:@%?é&ﬁ’e 4 T?»e %ﬁ:%ﬂﬁ‘at%'n% s&r@%%ﬁm\@ach process

Zso'ihtl‘gn gpr&ﬁ&édmﬁqw v %n&‘ %%@ﬁ“ﬁleé b? it é?l{aﬂgﬁ Eﬁl‘(&f(im tension

surfactant (Fornu Exanpl es and each

o@MicdaltoRicl: a?dﬁ&éh%n&éﬂtrﬂ&nwor%ﬁom&bﬁtatﬁxﬁﬂwe 11 chntained

adduct (0.012 wt % concentration), and 1:5 adduct

(D5-0Bnetiyl-9chexyncen {Famnhuia)), Exarsple dBicohiped 26-dimethyl-4-heptanol

di et hyl enetriam ne (x=2) and n-buyl glycidyl ether

(ﬂr@\ﬂm by Aldrich XForfz@'a ﬁ‘(ﬁ)? Yamme 1@9¢de N, m—ma@ S-digpiByipyivl)
data f ss_sol uti on was

nss pinie, (OmUP I Pierats i eGP Bt Formuls .

3i
e B
(Bhtinel 2 4300-RrSmER IR -G8 ndbilEEoiRm P Bk Mp @H%amaﬁed
tensi oneter manufactured by Kruss, Inc. of Char otte,
I8, 5.8, 1 T-bramidthlyeE SodeeRi S MdivEddiiosd lirfabtant (Poriualn/ Eeanfles 19,
for each 25 process solution are provided in Table
2D &nd 21 60 Zdnt@indd THadduaf (8105 wi Ppodrgentratipn))/ &b eddiet (0LHE wt %
of San Jose, Ca. were coated with 300 nmthick TOK
GowZnrapnh gne h§adduct (0:93 widh conrgnisetivn). megedyerdkyo Ohka

Co., . Ltd. f Tokyo, . Th t I f
5%%%“8@8@@%%5% Y Gt

TS ot Boib unoh (oS ek e i BlonitpRSs B0IN Gk,

éﬁ@éfeh%.aqﬁ@mamm%bmg a&&ré/}dekhoemyérﬂs& .nthAﬁg;ﬁ@mga%tz Pp.

angl e for each process solution neasured at a drop age
a28-482. SReMtswas] dXfiettdd at BEbIAEIRAS that rijRSioR 0.y BUkbRS/sbdnd
each process solution was cal cul ated by nultiplying
{bfis) ts 89 biaceing tedirass BRScbubhle poessunedersionidie nmonfetoted by Kruss,
angle. The results of this calculation are provided in
*rﬁmfé?harlqﬂte NAs Thetsudacg tension yalies ehg.a ublies/segend fareeach
Erocess 10 sol utjons have an adhesi on tension val ue
fOPgRR solgtionare pravided ipglabie il 6 19 20, and 21 each had
an adhesi on val ue bel ow 20. This indicates that these
process solutions may reduce the nunber of pattern
col | apse defects to a greatgy _degree than a process

sol uti on having one or nore surfactants with a higher
adhesi on tension value. Table VIII: Adhesion Tension
Val ues Exanples 12 13 14 15 16
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17 18 19 20 21 Concentration (wt% 0.9 0.12 0.095 0. 05
4 0.05 0.045 0.05 0.012 0.03 surface Tension (ST)

(dynes/cm 36.6 41.4 32.0

[0077} Silicon wafers provided by Wafernet Inc. of San Jose, Ca. were coated with 300
nm thick TOK 6063 193 nm photoresist coating provided by Tokyo Ohké Kogyo Co., Ltd.
of Tokyo, Japan. The contact angle of the process solution on the photoresist surface
was measured on the G10/DSA10 Kruss drop shape analyzer provided by Kruss USA of
Charlotte, N.C. using the Sessile drop method. Table Vill provides the contact angle for
each process solution measured at a drop age of 10 seconds. -

[0078] The adhesion tension values for each process solution was calculated by
multiplying the surface tension and the cosine of the contact angle, The results of this
calculation are provided in Table VIII. As Table Vil Hlustrates, all of the process
solutions have an adhesion tension value below 25. Examples 13, 14, 16, 19, 20, and
21 each had an adhesion value below 20. This indicates that these process solutions
may reduce the number of pattern collapse defects fo a greater degree than a process
solution having one or more surfactants with a higher adhesion tension value.

Table VIII: Adhesion Tension Values

Examples 12 13 14 15 16 17 18 19 20 21
Conceniration | 0.9 012 0095005 |4 0.05 [0045( 0.05 | 0.012] 0.03
(wi%)

Surface 366 (414 |320 1354 {415 |384 258 387 | 379 | 356
Tension {ST)

{dynesicm) :

ContactAngle | 550 |70.7 |53.1 | 455 |627 |5656.1 |281 59 59.2 | 59.7
(8)

Adhesion 210 [136 [182 |248 }19.0 |214 (228 1.9 | 194 | 179
Tension Value

Pattern Collapse Reduction

[0079] Example 12, 14, and 17 process solutions were prepared by adding 0.9 weight
- % of 3,5-dimethyl-1-hexyn-3-0l, 0.095 weight % of N N'-his{1,3-dimethyvibuiyl)

ethylenediamine, and .05 weight percent of 2,4,7 9-teframethyl-4,7-decane dial,

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

the following manner: a silicon wafer provided by Wafernet, Inc. and coated with an anti-
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10

15

20

25

35.4 41.5 38.4 25.8 38.7 37.9 35.6 Contact Angle (e)
55.0 70.7 53.1 45.5 62.7 56.1 28.1 59 59.2 59.7
Adhesi on Tension Value 21.0

refelective coating was coated with a TOK 6063 193 nm photoresist and 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
patierned 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. The process solution was then dynamically
dispensed onto the subsirate surface while the wafer substrate slowly spun at 500 mpmto
distribute the solution on the substrate surface. The dispense process lasted for a period
of 15 seconds. Afterwards, the substrate was spun at 3,500 rpm to dry.
[0080] In a comparative example, a deicnized water rinse solution was applied the
substrate surface after the development of the patterned photoresist coating with a
TMAH developer solution under the same process conditions as the Example 12, 14,
and 17 process solutions.
fo081] Silicon wafers treated with a post-development rinse of the process solution of
the present invention and a deionized water post-development rinse were compared
under scanning electron microscopy. FIGs. 1a and 1b provide cross-sectional SEM
images of 80 nm dense lines with 1:1 pitch using a deionized water rinse and a rinse
employing the Example 14 process solufion, respectively. Referring to FIG. ib,
employing the process solution of the present invention as a post-development rinse
solution in addition to or in lieu of deionized water minimizes or reduces the incidence of
pattern collapse and preserves line definition.
{0082] The critical dimensions {“CD") of the features of each wafer were measured with
a Hitachi CD-SEM tool on 37 sites per wafer, and pattern: collapse was visually observed
through the top-down SEM images. The wafers were exposed under the same dose

energy of 16.5 mJ/cm?. The results of the visual observations are provided in Table EX.
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13.6 19.2 24.8 19.0 21.4 22.8 19.9 19.4 17.9 15

Pattern Col | apse Reduction [0079] Exanple 12, 14, and
17 process solutions were prepared by adding 0.9
wei ght % of 3, 5-di met hyl-1-hexyn-3-0!, 0.095 weight %

~of N, NI -bis(1, 3-dinethyl butyl) ethylenedianine and

1- 4, 7-decane

aitoe%F B BT FrRje B, et st eatioRRONIG GFo4ih fupion eduoed
C%&ﬁéﬁg% sifes'by'at [88st. r@ﬁ&“i@%ﬁ&?ﬁ g‘gﬁ%\a/ﬁg gg%asf?cg%? th :g?

oW Nng nannec a sillcon wa
| There®Rs] b6y Rl sibstBietithaRd process SHBRIRGE tePreLat ih\F&thﬁﬁther
coated with a TOK 6063 193 nm pttotoresist and exposed
t than witfl deionizéd Witer sfictively rédoivkd BADaE0 QoHRPEOWREEIEMEMing high
heated to a tenperature of approximtely 115C for a
t pppecuplicieatytes] ni nute, and then devel oped to forma
patterned photoresist with a dilute TMAH sol ution. The
TMAH devel oper solution was 5 applied by dynam cally

26N TMAH sol ution onto the substrate
a;{%ﬁgpﬁsﬁ\éan&(gdlg%ﬁeq a period of 45 seconds. The
PRRGES —&qﬁ. tton e AERSrRgyrem-eatty di%a:éf,égw feSibSa
Dmté stTate——surf cl(,go%aﬂ_’ige the—wafetr—3 glra —at

?EM[ 100 rpTm to uhtalllumc thre—sotutpnon—the

SHEmgie]£ surface—Tgg di SPENSE PrUCES§ 3l ast ed—for—=a
DE¥4 ff 15 secondfg jAfterwards, the $gbstTate was

spun at” 3,500 rpmto dry. I0°T00U80] Th a conparative
exanpl e, a deionized water rinse solution was applied

t Redustidndt Liab WidthiRbagihead t er t he devel opnent of the
patterned photoresist coating with a TMAH devel oper
sk8P8dli Emempiarypradses slfionH2 DA wane diepared Qy anmm@zOS weight %

Eﬁ%ﬁ@ 12, 14, and 17 process sol utions. 4
S harisetiviuylethylanpdiamige Frospulg é«ﬁé'ﬁeﬁﬁ'ﬁh@n Q-Qfieight %
octf Ztéjc?mgthﬁ& Se?)ta%gll (nglm% a Iﬂ surfactant); and adding 0.1 weight % of 1:5

adduct of diethylenetriamine (x=2) and n-butyl glycidyl ether (Formula Vill surfactant),
respectively, to deicnized water under continuous stirring. A substrate was processed in
the following manner: a silicon wafer provided by Wafernet, Inc. and having an anti-
refelective coating deposited thereupon was coated with a TOK 6063 193 nm
photoresist. The coated wafer was exposed fo 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 solufion 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 subskate was spun at 3,500 rpm to dry. The wafer was

then cleaved into smaller pieces, immersed into either delonized water, Example 22
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15 the present invention and a deioni zed water

post - devel opnent rinse were conpared under scanni ng
el ectron mcroscopy. FIGs. l1la and | b provide
cross-sectional SEMimges of 80 nmdense lines with
1:1 pitch using a deionized water rinse and a rinse

e %cee\é% I vé'lf’{’;'eo" E&?egl 183243 r 2 cﬁtllt%lq t’cl!m.h%gconds anchthen dried.

TPAg t mplFoyin

IO r@ﬁ@ssécédﬁh%é_wpfcﬁiestsh&wﬂé SEGI 1:1 AU EIWE thken befors and
post - devel opnent rinse 20 sofution in addition to or

| ranbiafér tef tred@hetil p@Resswat er m ni m zes or reduces the
i ncidence of pattern collapse and preserves |ine

d4e0as] t FiGs 2afeo&h] 2c Previderdredsesattiodalrdiisimagss ¢fiibwifesf FIG. 2a
the features of each wafer were neasured with a

Hishawhthatdire mitipmed sgsishfeabyessyf sulstrpiep trgpipdpith Bhﬂatﬁraqi@r@r n
SRR G SRR st PR csib Jea AL arees Rfitons 22 o
d

S By T B bl
ASeshteVte el ﬁﬁ&éﬂ'nér)énd Héest&m@%se &QiminaAs of the

present invention reduced the collapsed sites by at

| east half while increasing the aspect ratio from3 to
3.3. Therefore, rinsing the substrate with the process
s Ekarnpiea2dcndt@e present invention rather than with

dei oni zed water effectively reduced the pattern

c Eﬂﬂl3§b SexemRBRY fregese lewgs Rt gnd 25 H%fﬁ@&Pafe&th@df"é&Pd? agight %

Rl ety BRSSamge Brommup U iy e e v o

1319%0!”? aén?eoEQ(Mn?etﬂianot and methanol, respeclively to deionized water under
continuous stirring. An additional process solution Example 14 was prepared as
previously described by adding N,N'bis{1,3-demethyibutyl)ethylenediamine {(Formula V
surfactant) to deionized water alone.

[0087] A substrate was processed in the following manner: a silicon oxynitride wafer
was coated with a 193 nim photoresist. The coated wafer was exposed to a 193 nm light
with a ASML PAS 5500/250 scanner, heated to a temperature of approximately 115°C
for a time of about 1 minute, and then developed to form a pattemed photoresist with a
dilute TMAH. The TMAH developer solution was applied by dynamically dispensing a

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

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

25

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 rpim to dry.
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3.2 3 Exanple 17 3.1 6 Reduction in Line Wdth
Roughness 10 [ 0084] Exenpl ary process sol utions 22 and
23 were prepared by adding 0.05 wei ght % of

N, NI - bi s(1, 3-di net hyl butyl) ethyl enedi am ne (Fornula V

surfactant) and 0. 05 wei ght % of

2yl "R AR L LR Ak Lure AR Ao
diilsRph &R YA 'pﬁ@ﬂ l{'nér%h t@fﬁﬂeé&hgkgc&s Wi 8P4 prétidelin Table X.
(Fornula VI actant respectively, to delonized

WahiRé X Rd @rovsaeatuemaﬁurﬁ bhérhy ddbe aPpifed iSthe Mafer WitRout causing
processed in 15 the followi ng manner a silicon wafer
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seconds and then dried. Cross-sectiona

SEM pi

Exanpl e 22 process
or the Exanple 23 process solution for

15
ctures

showi ng 100nm 1: 1 dense lines were taken before and

and after the treatnent process.
t hrough 2c provi de cross-sectiona
FIG 2a 5 shows that the patterned resi st

wat er al one
However ,

waf ers.

features of substrates treated with D
exhi bi ted rough standi ng waves.
treatnent with process solutions 22 or 23,

substrates shown in FIGs. 2b and 2c,
patterned resist features are nmuch snoot her and the

standi ng wave i s elim nated.
Exenpl ary process solutions 24 and 25 were

[ 0086]

prepared by adding 0.12 wei ght

% of

upon

respectively,

[0085] FIGs 2a
SEM i mages of the

such as the

t he

10 Exanples 24 and 25

N, Nt bi s( 1, 3-denet hyl butyl ) et hyl enedi am ne (Fornula V
% of the non-aqueous sol vent

~surfactant)

et hanol and

under continuous stirring. An additiona

and 5 wei ght:
respectively to deionized water
process

met hanol ,

sol uti on Exanple 14 was prepared as 15 previously

descri bed by

addi ng

N, N bi s( 1, 3-denet hyl but ypet hyl enedi am ne (Fornula V

surfactant) to deionized water al one.
substrate was processed in the foll ow ng manner:

[0087] A

a

silicon oxynitride wafer was coated with a 193 nm
The coated wafer was exposed to a 193 nm

phot or esi st .

light with a ASML PAS 5500/ 950 scanner,

heated to a

tenperature of approximtely 115C 20 for a tinme of

about 1 mnu

te,

and then devel oped to forma patterned

photoresist with a dilute TWAH The TMAH devel oper
solution was applied by dynam cally dispensing a 0.26N
TMAH sol ution onto the substrate and allowed to set

for a period of 45 seconds.

The process sol ution was

then dynam cally di spensed onto the substrate surface
whil e the wafer substrate spun slowy at 500 rpmto
di stribute the solution on the substrate




25 surface. The wafer was then still and puddle

under neath the process solution for 5 seconds.
Afterwards, the substrate was spun at 3,500 rpmto
dry. - 37 - [0088] The top-down SEM was used to

coll ect the LWR neasures at 100 nmlines/space at 1:1
pitch and the results for eaéhAMBocess sol ution are.
provided in Table X Table X also provides the maxi num
ener gy, dose applied to the wafer w thout causing the
col | ap§e™OF patterned resist features and the
corresponding mnimum CO as well as 5 the maxi num
aspect, r atA grocedsunse sfitioviamprising an dqus\¥d sovent] 4 sonFoems s

Sol ution L i nm
vt mum ASel 4B pPERY opf YaRRl BB REGET s
2.90 5.6 Ex. 24 26.5 92.6 3.24

| (CHzCHO)mH

——

{CH,CH,OnH
\

CHpCHZN
\(CHchgo}!H
Xd

wherein R is a straight, a branched, or a cyclic alkyl group having from 3 to 25
carbon atoms; and i, m, and n are each independently a number ranging from
0 to 20, wherein the non-aqueous solvent is at least one selected from the
group consisting of:

ethylether, ethylene glycol monomethy! ether, 2-methoxyethyl ether, a nitrile,
lactates, pyruvates, diols, fetrahydrofuran, acetone, 1,4-dioxane, 1,3-
dioxolane, ethyl acetate, cyclohei«anone. acetone, 1-methyl-2-pyrodidianane,
methyl ethyl ketone, dimethylformamide, dimethylacetamide, N-methyl
pyrrofidone, ethylene carbonate, propylene carbonate, glycerol and
derivatives, acetic acid anyhydride, propionic acid and propionic acid
anhydride, dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-
cresol, dimsthyl sulfoxide, diphenyl ether, propylene glycol propy! ether,
methanol, ethanol, 3-heptanol, 2-methyl-1-pentanol, 5-methyl-2-hexanol, 3-
hexanol, 2-heptano!, 2-hexano, 2,3-dimethyl-3-pentancl, propylene glycol
methy! ether acetate, ethylene glycol, isopropyl alcoho!, n-butyl ether,
propylene glycol n-butyl ether, 1-butoxy-2-propanol, 2-methyl-3-pentanol, 2-
methoxvethyl acetate. 2-butoxvethanol, 2-ethoxyethyl acetoacetate, 1-
pentanol, and propylene glycol methyl ether.
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5.4 Ex. 25 24.75 94.3 3.18 4.8 CLAIMS W claim 1. A
process rinse solution conprising an agueous sol vent;
a non-aqueous solvent; and at |east one surfactant
having the fornmula (Xd): IH2CH20)m-1 R---N -
z(CH20H20) nH CH2CH2N Xd wherein Ris a straight, a
br anched, Toe pracesydrsk solatiok pf clajn dufortiea verrmgising &irieaBi ang 25
carbon at Qfffictaftidiebted fm MB Grolp B AFRBMHE HaRALIPE AARNA (1¥c) and
nunber ra§&gng fromO to 20, wherein the non-aqueous
sol vent i it | east one selected fromthe group
consisting of: ethylether, ethylene glycol nononethyl
et her, 2-nethoxyethy|l ether, a nitrile, |actates,
pyruvat es, di6$§TNféF#ahydrofuran, acet one,

1, 4- di oxane, 1, 3-}di oxol ane, ethyl acetate,

cycl ohexanone, aggjfone, 1-nethyl-2-pyrodidi anone,

nmet hyl ethyl ketone, dinethylformam de,

di met hyl acet am de, N-nethyl pyrrolidone, ethylene
carbonate, propyl"%he carbonate, glycerol and
derivatives, acetic acid anyhydride, propionic acid
and propionic acid anhydride, dinethyl sulfone,
benzophenone, di phenyl sul fone, phenol, mcresol,

di met hyl sulRaiCd.CHeP)peny| et her, propyl ene glyco
propyl ether, nethanol, ethanol, 3-heptanol,

2-nmet hyl - 1- pent an®?, 5-net hyl - 2- hexanol , 3- hexanol ,
2- hept anol, 2-hexanol, 2, 3-dinethyl-3-pentanol,

propyl ene glycol nmethyl ether acetate, ethylene

gl ycol , i whereioRy.|R«ahdBhate eagh ibgepgndesthhestraight. 8 pianehed, or
gl ycol n- bitiy/dkyelrB&S havihg Revh @y 282caticAR&AR| and m is a number

2-met hyl - 3o pent angh; o-

3. The process rinse solution of claim 1 wherein the non-aqueous solvent is
miscible in the aqueous soivent.

4, The process rinse solution of claim 2 wherein the at least one surfactant is a
surfactant having the following formula (IXc):

Ri—~N—R,
|

Rz

1Xe

wharein R4, Ra, and Ry are each independently a straight, a branched, ora
cyclic alkyl group having from 3 to 25 carbon atoms.

40



nmet hoxyet hyl acetate. 2-butoxyethanol. 2-ethoxyethyl
acet oacetate, 1- pentanol, and propyl ene glycol nethyl
ether. The process rinse solution of claim1, further
conprising at | east one surfactant selected fromthe
group of surfactants having the formula (IXc) and _
( Xa) : 5.R12 ThedrRiestIitsCeI B4R 0 daiF 2Xhewrindhest ipaplone Rurfagiyet is &
R12 are eaghclaRdensEe tidwing¥osiul=ak@ht , a branched, or
a cyclic alkyl group having from3 to 25 carbon at ons;
and mis a nunber ranging fromO to 20. 3. The process
rinse sol uti Akl wherein the non-aqueous
solvent is nﬁggﬂgrgﬁ?ﬁﬂyhe aqueous solvent. 4. The
process rinse sol #ai on of claim2 wherein the at | east
one surfactant is a surfactant having the foll ow ng
formula (I Xc): RI- N- R4 R22 | Xc wherein R1L. R4, and
R12 are each jndependently a. straigh a, br anch.

a cyclic #M&§PRyPARTEL7 ﬁfanth’%ﬁ{ & ¢ B FRNEIRE rafs
The pr ocegs carborsators gt h dsra #nber that mngesdrnat @io0t he at

| east one surfactant is a surfactant having the
following formula (Xa): Ri-NH(CH2CH20)mH Xa wherein R
is a straight, a branched, or a cyclic al kyl group
having from 3 to.25 carbon atons; and mis a nunber
that ranges fromO0 to 20.
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