Descri ption Met hod of Devel opi ng Positive Photores;s\\\\
And Cornposi tions Therefor Technical Field The

. L et :
positive photoresist substrate and'nDre particularly to the use of aqueous .
base devel oper conpositions contalnlng surfactants for positive
phot or gad ssssgDevel oper conpositi g}% BEE N eCTASGNOYITE present .
invention include an al kyl al koxyllate lggg%ﬁ enhance i mage formation
especi al |y when used in connectio apht hpqui none
phot osensi tive conpounds in suitable binder systens.

5 The present invention relates generally to a method of developing a
positive photoresist subsirate and more paftiouleﬂy to the use of aqueous
base developer compositions containing surfactants for positive photoresists.
Developer compositions used in accordance with the present invention
include an alkyl alkoxylate surfactant to enhance image formation especially

10 when used in connection with diazonaphthoquinone photosensitive
compounds in suitable binder systems. |

dofi ion

Photoresists are well known to those of skill in the art. Generally

speaking, they must be sensitive to light so that patterns can be formed in

15 them and they must selechvely resist subsequent etching or other processing
so that the pattern can be transferred to the substrate. The dominant

- .. photoresist system employed in mtegrated circuit manufactunng today is the
novalakldlazonaphthoquinone oombma’aon Naphthoqumone of the class
employed in positive photoremsts are typloelly formed by way of the reaction

20 of a naphthoquinone diazide sulfonyl chloride with a phenolic compound
Reaction products thus formed mtght mclude the naphthoquinone (1.2)

diezide (S)-sulfuryl, nephthoquinone (1,2) diazide (4) - sulfuryl,

| naphthoquinone (2,1) diazide (5) - sulfuryl, or naphthoquinone (2,1) diazide
4-sulfuryl radicals. Of course, the sulfonate esters thus synthesized mlght
25 xnclude the residue of any sulteble phenollc compound. These dlazndes are
fairly nonpolar organic molecules that are soluble in organic solvents but not
very soluble in water.
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Backround of | nvention _':flﬁhotore.si sts are well known to those
of skill in the art. Generally ©i speaki ng, they must be sensitive to

i g S formeg—T™n Thermmand—they st

sel ectively resist subsequent etching or other proceSS|ng so t hat
the pattern can be transferred to the dom nant

phot or esi swoséakes enpl oyed in i nt egr tTES SHEET/HASBERD acPﬂWl?

today i s the novol ak/ di azonapht:hoqui ngne cORERLAGEDoN. Napht hoqui none of
the class enployed in positiie photoreési are typrecarty formed by way of
t he reaction of a naphthoqui none diazide sulfonyl chloride with a phenolic
conpound. Reactlon products thus formed mght include the

napht hoqui galnfeo d| a2| d ul fon;ﬂ l aiﬁ@épgﬂyl\&'e@ﬁﬂrf opgliﬂ?{ll de (4)
napht hoqui none |sby|mer£|8nbib9|poodld®rby$pfémuw aes.CUhited StatesPatent the -
sul fonate esters thus _. nt hesi.zed m ght .include the residue of any
sui t abl e phenol Ne. $648023tp M&ﬂ-ﬂh‘hﬁ! %ﬂ W@aﬂWﬂ@ﬁmar
8;?3”;& Hg: gC:J'n m{l&evrﬂtop%?%oﬁﬁ&lﬁbﬁnbﬂudmg metal-fr86 &fialiant ¥urfiittants. Phe N0t
5 developer described reportedly results in a reduction in the energy
necessary to expose the resist without a deleterious effect on image quality
and resolution. In United States Patent No. 5,039,595 to Schwaim et af
there is described another aqueous developer with a heterocyclic
hydroxyalkyl compound as the hydroxy source. It is noted in the '539 patent
10 that the following surfactants may be used: nonylphenoxypoly(ethyleneoxy)-
ethanol, octylphenoxypoly(ethyleneaxy)-ethanol or commercial fluorinated
 surfactants (col. 4, lines 45-51). Of course, oornmercial fluorinated
surfactants could include a vast number of candidate surfactant compounds
fo differ_ent types, for example ionic or non-ionic.

15 The use of surfactents desirable in some respects frequently makes
the developlng prooess dlft‘oult to oontrol as is illustrated in United States
Patent No. 4 710,449 10 J. M. Lewis and A. J. Blakeney. In the ‘449 patent
it is illustrated thet 1% (10000 ppm) of a fluorinated alkyl alkoxylate in
'aqueous base developer is slmply too aggressive, resultlng in poor wall
20 angles, contrast and uneooeptable film loss. These problems may
_ apparently be obviated by pre-treetlng the photoreslst substrate with pre-dip
of aqueous base developer solution oontalnlng a catlomo surfactant. It is,
however undesirable from a metenals and loglstlcal perspectlve to increase

the number of prooessing steps.

25 Summary of invention
A method of developmg a posatwe photoreslst film subsequent to
exposure is disclosed and olelmed The method of the present invention

consists essentially of applying an aqueous base developer including an
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Upon exposure to |ight, diazonaphthoqui none phot oacj=
a polar, base-sol ubl.e carboxylic acid in accordance| FHISWSHEET HAS |BREN
‘Thus, using an aqueous base as the devel oper, the ekpose®RBPRACERCt IV
» [err] conmpound i s relatlvely sol ubl e, W '

; phot oactlvew%oggound B L PCTIUSS6/00917
_ . . .

_ Upon exposuretolw dl___,_, onaphthoguinone photoaotlve compounds
- _ form a polu' base—solublo carboxyllo acld in aooordanoe with the followmg
Thus usmg an aqueeus bese ss the developer. the exposed photoactive

_ oompound is relatlvely soluble whlle the unexposed photoaotave oompound
5 s reletwely msoluble oreatlng a solublllty dlfference whlch forms the basis
of image formatnon

It is not sufficient, however, to simply change the solubility of the

photosotlve compound rather, the entlre photoresist mixture must change

. | lts solublllty Thus tho lnterectlon of lhe photoeotlve compound with the

10 binder resin is Ilkewlse sn lmponant oonslderatlon as |s its absorptlon
speotn.m Aooordmgly, posntlve plptoresnst oomposltlons generally include

a phenol—formaldehyde resm of lhe Novalak olass or sometlmes a hydroxy-

styrene polymer suoh as poly(4-hydroxystyrene) Other polymeric
oomponents lncluding styrene, methyl styrene, styrene-malelc anhydride

15 oomponents in oomblnetlon vnth the foregoing may also be employed See,
| generally, United States Patent Nos. 4,732,836 and 4,863,827 to Hoechst
/anese Corporatior Somerville, New Jerseyfor ﬁ.lrther lnfomlatlon relating

to posatlve photoresists.

o of oon3|derable lmportanoe tothe use of photoreslsts |s the selection
20 of a developer oomposmon smoe development |s a key espect of the
integrated clrcult produotlon prooess Typlcally, optlmlzmg the overall

This Sheet Has Been Relilaced _

U




is relatively insoluble; creating a SO|UbI|Ity dlfference which fornms the
basi.s of | mage +e+matt-on.- - -1t -

however, to sinply change the sol ubi lity of ‘the - W% BEEN
conmpound, rather, the entire photoresist m xture nust ge REPLACED
solubility. Thqﬁoséiﬁid nteraction of the photoactive conpound pégtisds/omd17
bi nder resini1s |likew se an inportant consideration, as is its
absor ption spectrum - Accor di ngly, post#i-ve photoresist conpositions
general ly include a phenol- " - f or mal dehyde resin of the Novol ak cl ass
or sonetimes a hydroxy-styrene pol ymer such as

pol y(4- hydroxystyrene). Qther polyneric conponents I ncl udi ng
styrene, methyl st y aaieonium i ide base anth@adfuqrinates gk alikoxylate surfactant

oL O 1L L A B o SO 48 sy e

Cor por at i on. Sorrervdbvdopﬂmmwsﬂm ﬂﬂnebaﬁqmmlmmhc&b&thms

of “phot o bsi st 1 PRueLiow conganirationd of SFLARIE N erBd B frd AclorE

devel oprre$t K3 ?l kemmmreareahhmutepsofm phda:ststnﬁume&sam
process. Typically, . opt 2|n oyer roduction i s a
and error procedureh® g GHEMM& concentrations, |, uita%‘e

i mer'si on or by pudghﬁa&h@hiyfm%lﬁlm Uni ted ‘States Patent
1. cp,(c_:r,i—cn;cnzp——(cn;cnzo)qn
2 _cp(cpzzéco—N(cHchzcu§o)Tcns
3. CFy(CRy)-80,—NH—(CH,CH,0);~CH;
4 cr,(crz)sesozw—{cﬂzcazo)&fcua
5. cr{cfz);vébzr(cn;guzo),—-calig

2Hs .
6. CF;(CF;)’—SOz—N—(CH;CHZO)l—CO—Clﬁzg

H;
7. CFy(CF2)-50;~N—CH;—C0;—(CH,CH,0) —CuiFhs

which are hereafter referred to generally as fluorinated alkyl alkoxylates A
~ particularly preferred fluorinated alkoxylate is of the formula:

| R B
F,C—-(crz),,—ﬁ-nr-n,—.cnz-—;.—[—o-cnz——cnz——};‘o—n,
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No. 4,628,023 to Cawston et al discloses and clainms an aqueous netal ion-
free devel oper conposition including netal-free alkali and surfactants. The
S—Frmrf ettt O R —- Rt a g :

necessary to expose the resist withgout a deleterious effect on i mage

quality THI - and resolution. In
Uni t edwelighesgg Pat ent No. 5, 039, 595 é HF T HA BEEN tiperosssposiescri bed
anot her aqueous devel oper with a h al kyl conpound as the -

hydroxy source. It is noted in the ' 58 patent that the foll ow ng
surfactants may be used: nonyl phenoxypol y(et hyl eneoxy)- ethanol,
oct yl phenoxypol y(et hyl eneoxy) - et hanol or commercial flucrinated surfactants

(col. 4, lines 45-51). O course,. commercial fluorinated
, whereR,, R, and R, are the same or different and are c1-c1o alkyl groups

end m end n are mdependently lntegers from 2to 20

In another espeot of the mventron preferred developer compositions
. are disclosed eompnslng equeous ammomum hydroxide base and from 10-
5 30 ppm fiuorinated alkyl alkoxylate surfaotant. '

Deotailed Description . S
The present invention is described in detail below with reference to
numerous examples provided for purposes of illustration and not by way of
limitation. Modifications to specific embodiments will be readily apparent to
10 those of skill in the art, which modifications are within the spirit and scope of
the present invention as hereafter claimed. In general, from about 1 to about
250 parts per millron by weight (ppm) of fluorinated alky! alkoxylate
surfactant are useful in connection with the instant developing process, from
about 2 to 85 ppm rstypleelwrthfrom about 5 to about 50 PPM or even more
15 specifically from about 10 to 30 ppm being preferred The surfactant is
dispersed in aqueous base which includes an ammonium hydroxide
component. Generelly the bese is from about 0.15 to about 0.5 Normal in
the hydroxide oomponent about 0.2 to about 0.35 Normal berng more typical
with about 0.261 Normal being preferred as an industry standard.

20 " The ammonium hydroxide component may be tetramethylammonium
hydroxide, tnmethylethanol emmonium hydroxide (choline), tetra(2-
hydroxyethyl) ammonium hydroxide, mixtures thereof, or like compounds.
Teframefhylammomum hydroxlde (TMAH) is parﬂcularly preferred while
other ammonium hydroxide compounds may be employed if so desired.

25 - While any positive photoresist substrate may be suitable, the inventive
process is typically practiced upon oompositions including a phenol-
formaldehyde resin known as Novolak resins and a diazonaphthoquinone
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surfactants could include a vast nunber of . cand| dat-e surfam ant _conpounds

fo different types, for—exanple ionie or n;on ioni c. i
surfactants, desirable in sone respects ”frequently makes the 3@ E? shBEEN
pr-ocess di ffICU|t to control as is illustrated in United

4,710,449 to J s and A J. Bl akeney In the ' 449 paten hxsbémn
|IIustrated tha?‘}gl% 000 ppm by wei ght) of a fl uor i nat ed altpdr

al koxyl ate in aqueous base devel oper is sinply&woo0 aggressive, resul ting in
poor wall angles, contrast and unacceptable film foss. These problens may
apparently be obviated by pre-treating the photoresist substrate with
pre-dip of aqueous base devel oper solution containing a cationic
surfactant. It is, Heholeactivegampoundbl e froma materials and | ogi stical
perspective to increase the nunber of processing steps. In

US- A-4, 784,937 a devel oper solution is disclosed which utilized a

f1 uorine-contai ni ng sur f #Asausadthersin,dhe termintiogyconsistssessentiallyof! referstothe ng

f ti t, | from 100 t h A
ual 1y pat t o n'( godactihpt e Hevplosies pehcam ot e preBRbi it Boes ol iepuire
level s of 50 ppm  angibgtahtial Pplying He dévelosbrandrriming -trawwam‘er40

seconds, uality (no good uniformt pattern was :obtai ned
further d| scl sed t Hhsuilplla timaintervalat rgmmwmmssmbselem by,
the Lewis et al. where chamical pre-treatment with a cationic surfactant and base

was found to be required prior to conventional development.

Typically, the fiuorinated alkyl alkoxylate surfactants utilized in
connection with the present invention include moisties |

—ECHzCI‘IzO};

10 and

e

~ where m and n are the same or different and Qre integers from 2 to 20, R
being a methyl ethyi, propyl or butyl alkyl subsmuent Most preferably, the
surfactant is of the formuta

L2 Xd

I ﬁ R - o
CFs—(CF)y—§—N—Rr-0—CH—CH—J;0—R;
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desired effect of wettability inprovement cannot be fully obtained. ,
Summary of Invention A met hod of devel opRg.2 03|t|ve photoreS| st

T o v R
present invention consists essenti aI I y of app yi ng H‘E@Lﬁ& SN

anmoni um

devel oper including an
hydroxhq#-:-’ipw and a fluorinated al kyl al koxyl ate sur bepissipesnesent in an -
anount 0 rom 10 to 30 ppm by wei ght foll owed by rinsing away the o

devel oper conposition. The basic and #dvel characteristics of the

where R,, R, and R; are the same or different and are C1 - C10 alkyl groups
and n and m are integers from 2 to 20.

Pamwlarly preferred developer oomposltrons include from about 10
bebomaoppmﬂuorinetedalkyl elkoxylatesufadentauheuld be apparent
5 from the exemples thet fellew '

EXAMPLES 1 THROUGH 12
This series of examples details the sereemng of aqueous base
compositions perticularly with respect to ceneentratlon of surfactant
employed. In general it is important in the productron of integreted circuits
10 that additives such as surfactants do not adversely affect process or product
parameters such as depth of focus ("DOF") or achievable line width in the
finished product, the lrght energy required to make the resist fully soluble
under a given set of process conditions ("E clear” hereafter) the light energy
required to print a 0.5 micron line in connection with a given process ("E
15 nominal” hereafter) and whether a 0.35 micron line can be reliably produced
("clear 0.35" hereafter) in the following examples; which is a measure of
ultimate performance. - In the exemples which follow, E clear or radiation
dose to clear and E nominal are expressed in mrllijoules per square
_ centimeter. DOF, that is, how mueh the distence from the radiation source
20 may vary before a 0.5 mrcron wide-pettem will degrade is measured in
microns. One of skill in the art will readily understend that DOF is @ measure
of the sensitivity to topogr_ephy changes, while E nominal varies inversely

with photospeed.

The solutions empleyed as developer in the following examples

25 included a variety of surfactants added to aqueous base including ethylene
lyeollpropylene glycol 1:2 eopolymer eommenly referred generally to as

oxirane which is available from a large number of sources. {Nonyiphenoxy)

This Sheet Has Been Reilaced
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process are that |ow concent rati ons"tof*z

addj.ti onal chentca
unnecessary as’’has

Suitabl e surfactants nay'"i ncl ude the fol | ow ng:

been reported with hlgher surfactant C

CF3( CF2) - CH2 PO) 4H 2. PCTRIBSROSTT
CF3( CF2) - CO- N( PCH20) 12- CH3 3.
CF3( CF2) 3- SC2- NH- ( CH2CH2O) 14- OH3 -8-

10

15

20

polyethylene oxide hereafter referred to as "NPO" (p-1-Octyiphenoxy)
polyethoxyethenol hereafter referred to as "OPE" as well as butyl carbitol
were also employed.

i

In eech of Exemplee 1 threugh 12a sllieon wafer pre-treated with

" _hexamethy! disiloxans vaper was spin coated wuth a film of AZ™ 7500

positive photoresist available from Hoechst Celenese Corporation,
Somerville, New Jersey. This photoresist is of the Novolak class, the resin
being synthesized from M-cresol, 3,5 _xylenol en;l formaldehyde. The
photoactive component is made from naphthaquinone diazide sulfonyl
chioride and tris(hydroxyphenyl)ethane. i

The costed substrates were then soft baked st 110°C for 80 seconds,
the resulting resist films having a thickness of 1.29 microns or so. The
coated wafers were exposed on a Nikon 0.54 numerical aperture (resolution

recticle having aknown pattern) I-line stepper while the substrate wafer is

displaced inthe X, Y aljd Z directions. The wafer was then post exposure

baked at 110°C for 60 seconds. Using a Silicon Valley Group (SVG)

development track. the development protocol was to dispense developer
ontoﬂ'lewafertmough a fan spray for 3 seconds while the wafer coated as
aforesaid was rotated at 300 revolutions per minute. Rotation of the
substrate was stopped and developer was continued to be sprayed for two

‘seconds foliowed by a hold for 47 seconds. The developed subsirates were

" then rinsed with de-ionized water using a fan spray for 15 seconds while

25

turning the wafer at 300 revolutions per minute followed by drying for 15
seconds at 400 revolutions per minute in the same apparatus.

This procedure was followed for examples 1-12 below, the materials
and - procedures being substantially  identicall except for the aqueous
developer compositions which in all cases includ_ed 0.261N (2.38 weight per

This Sheet Has Been RTlaced
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4. CF3(CF2)2-SX2- 0O (CH2CH20) 8- CH3 5. .
CF3( CF2)-3- COR2- CH2CH20) 9- C4H9 . 449[ r] )

—6—%592—%6%%@%5—6@-&44—12—9—— :
REPLACED

WO 96122564 PCT/US96/00917
| .

__oent) TMAH electronic grede purity solution vnth verying amounts of
surfactant (on a parts per million vmght besis) as mdloeted in Teble 1. For
each example, E .. Enmos @nd DOF were determmed The pertloular
method for addmg the surfactant to the developer soluuon is not critical; it

5 '_ may simply be added to a oontemer of suntable bese followed by stlmng.
s_hekingorthe llke
TABLE l- SURFAC'I'ANT PERFORMANOE vo cONcENTRATION
1 K-l 97 Jeo Yes . 12
10 2 Npo 400 ppm_ 107 200 No_ 12
3 PO 1iSeem 3o Yo _ 12
8 OPt | 250ppm: 180 Yos. ] 12
1’ L OFt . {Soopem 28 n. No_ <12
2 '_ | 1000 pom e f e _No_ 12
o | ore | irmopmm % 100 | Ne 12
40 _OPE | 2800 ppmi- S R B o 10
20 |
As can be seen from the foregoing, processes wherein the step of
developing the photoresist utilized an agqueous base with a concentration
less than 250 parts per million surfactant are in most cases suitable, with
* less than 150 ppm surfactant being more preferred: especially where the
25 developing. process consists essentially . of--.epplying- ‘the developing
composition followed by rinsing and drying the substrate, that is, without
significant pre-treatment steps prior to application of the developing solution

- such as the pre-treatment with base and surfactant as described by Lewis et
- al. in United States Patent No 4,710,449.
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[err]

whi ch are hereafter ref erred—to generalfy-fas fil uorinated al kKJHISaSHERTYL Al
A ' parti cUl"drTy " preferred fluorindted al koxylate is Jof thﬂEPEAL.
- where Rl érr], and Rlerr] are the same or %

groups. R2 is a Cerr]- C[err] ﬁ:%d@ﬁﬂﬁ
g}on&éﬁ*‘l ndependently integers. from2 to

[err]

are Clerr]- d er

group, and m an

10

15

7. CF3(CF2)- s IN- CH2- CO2- ( CH2CHRO) 1p--C111R3

-10-

it has further been found that it is possible to utilize very small
amounts of sulfonyl or amine eontammg ﬂuonnated alkyl alkoxylate

| surfactants asis illumatad below

Exampln 1316

Following generally the enating exposure and developing procedures
of Examples 1-12 a series of 4 wafers were preparad For these wafers the
stepper was opsrated in the xy maode only wnthout a pattamed recticle or
mask and the develaper solution was in all cases 0.261N TMAH with the
amount of surfactant indscated m Table 2. Thus the wafers were provided
with an unpattemed uniform resnst film, the tmekness of which was measured
prior to exposure and development as well as subsequent thereto in five
positions as shown in Table 2.

in addition to the control (no surfactant) and oxirane containing
developing solutions of the previous examples, wafer No. 3 was developed
with a surfactant termed Flourad™FC 143 available from 3M Corporation,
Minneapolis, Minnesota which is ammonium pentadecaflucrooctanoate
("AO") and the surfactant Fluorad™FC 171 (also available from 3M) was
utilized in connection with wafer No. 4. FC 171 is sulfonyl and amino
containing fluorinated alky! alkoxylate surfactant of the general formula:

F3C—(CFa)—§—N—CHy—CHo——0—CHy—CHy——OMe

where n is an integer believed to be of from about 5 to about 15, probably
about 10. '
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I'n anot her aspect of the invention, preferred devel oper conpositions
are di scl osed conpri si ng aqueous annnnlunlhydroxyde base and from 10-
EE |O|UIII | | UUI I “at ed al kyl al kOXy' al'e'_S'u o ,l h r\r~|

Description : The present
bel ow with reference to numer ous exa

N detail

i nvent .
pur poses of

i |1 ust é;ﬁ%%nd not by way of limtation: | r}cgmg" from about
10 to about parts per mllion by weight (ppm of fluorinated
al kyl al koxyl ate surfactant are usefuf®irn connection with 15 t he

I nstant devel opi ng process. The surfactant is dispersed in aqueous
base whi ch includes an anmoni um hydr oxi de conponent. Cenerally the
base i s from about 15 to about 0.5 Nornal in.the hydroxide conponent

about 0.2 to abde‘O be;seen fram thei ahovehat Férl Zais mpte, specifically. Q61 Nor nal

bei ng’ pref [ ol
hydr oxi de g%dr;ﬁ;‘n'éi'ﬁno ﬂ@e tet rg*et yl.a 'ﬁiﬂ%@o’%‘“ abbrev-msﬁ OXI de
tri met hyl et Tabiel Il.arFosrpurposesiobeonusnience) this compound (ay be named

?ﬁ??2%?%3&%%2#%%@%%@%@9%@%@@%??2

5 ethyl]-B-memoxyforpurposesofcatanglng

_ It should be noted from Table Il that only the fluorinated alkyl
' alkoxylate gave supenor results that is umforrmty supenor to developer
containing no sulfaclant In all ceses. from a qualitatwe perspedwe
~ surfactant eontalmng daveloper exhiblted supenor wettmg pfopertles
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ot her ammoni um hydr oxi de conpounds nﬁy be enployed if so desired.

-6 -. : VW|Ie any_p03|t|ve phot or esi.st substrate may be suitable,
the inventive 77 ™" >“proeess is typically practiced upon conpositions
i nel udi ng a phenol - f or mal dehyde resin known as Novol ak resins

and a diazonap p&gai : phot oacti ve conpound. CT 17
As used herelnwb égnnnology "consists essentially of' refer to tﬁe

fact that the devel opi ng process of the presqnt _inventi on does not require
substantial steps other than applying the devel oper and rinsing it away
after a suitable tinme interval. This is contrasted with the

process discl osed by J 1 LeW's et aT"m@ere chenmjcal pre- reft bnt
vvithacationicsurfac1a§ d |
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base was found to be required prior to conventional devel opnent.

Typically, the fluorinated al kyl

WO 96/22564

EET HAS B

alkoxylate surfactants utilized in

] c.

e

PCT/US96/00917
-13-

1

A method of developing a substrate of posftlve photoresist film
consisting eseentially of lhe steps of applylng to sald ﬁlm an aqueous
base developer oomposltlon lnoluding an aqueous ammonium

- hydroxide base and a ﬂuonnated alkyl alkoxylate surfactant wherem
- said surfactant is present in an amount of from about 1 to about 250

ppm followed by nhsmg said developer oomposmon from said film.

The method aooordsng to claam 1, wherein said surfactant is present
from about 2 to about 95 ppm - :

The method 'acoording to claim 1, wherein sai_d surfactant is present
from about § to about 50 ppm. |

The method aooordlng to olalm 1, Wherem sald surfactant is present

from about 10 to about 30 ppm

. The method aooording to cl_ain_t 1, wherein the concentration of said

ammonium hydroxide base in said developer composition is from
about 0.15 to about 0.5 Normal. | |

The melhod aooording fo olalm 1 wherem the oonoentratlon of said
ammonium hydroxide base |n said developer oomposntlon is from

. aboutOZtoaboutasNormal

The rnethod 'aooo'rding 'to“olaim 1, wherein the concentration of said
ammonium hydroxlde base in sald developar oomposrtron is about
0.261 Normal.

“ﬁlllilllilﬁllli‘lll )



where mand n are the sane or dlfferent and are integers fr o

being a net hyI
the

et hyl

.fsurfact ant is ”m“J E"mjlm&“" sung ruent:

WO 96/22564

10.

11.

12.

-14 -

The method according to claim 1, wherein said ammonium hydroxide
base is selected from the group consisting of tetramethylammonium
hydroxide, trimethylethanolammonium . hydroxide, tetra(2-
hydroxyethyl) ammonium hydroxide and mixtures thereof.

The method according to claim 8, wherein said ammonium hydroxide
base is tetramethylammonium hydroxide.

The method according to claim 1, wherein said substrate includes a
phenol-formaldehyde resin and a diazonaphthoquinone photoactive
compound.

The method according to claim 1, wherein said fluorinated alkyl
alkoxylate inciudes the moieties 1, It and Il wherein

lis  | CFa{CFz');T_-

Iiis " —{-cn,cu,o};
and i is . {_E_]_ _°" _[_g _]_

and wherein n a.nd.m are the same or different and are integers from
210 20, and R is hydrogen or a methyl, ethyl or propyl, or butyl alkyl
group. '

The method according to claim 1, wherein said fluorinated alkyl
alkoxylate is of the structural formula:

This Sheet Has Been Re




where R err], R[err—]—and Rf-err}—are—the sane cr different and ~are C1 - .C10

aI kyl ene Co m @ﬂj are integersfErar { . )
~details the screenln um osi R rticdlarly .

w th-respect to concentratlon of surfactant enpl oyed. Tn general,
t in the production of integrated circupépusesmoery that
addltlvgéeé%%ﬂ as surfactants do. not adversely affect process or product 10
paranmeters such as depth of f ocus ("PgH=-) or achievable line width in the
finished product, the light energy required to nmake the resist fuIIy

sol ubl e under a given set of process conditions ("E clear'
hereafter), the light energy.. . .required . to print a 0.5 [err]m
(micron) line in connection with a given process ~ ("E nom nal "

hereafter) and whether a 0.35 @erR] m(mcron).line can be rellably 15

produced ("clear 0.35" hereaft _r)l | n tEsW which is a
measure of ultimat &W@Fﬁm T I C ol™w, E clear or

radi ati on dose to clear and E om naI are expressed in mlljoul es per
square centineter. , that is, how much the distance fromthe
radi ati on source may vary before a 0.5 [err]m(mcron)

w de-pattern will degrade is . nmeasured.in

where R,, R,andR,arethesamaordlffarantandaram C10 alkyl
groupsandnandmarelntagersﬁomZtozo '

13. The method aocordlng to clalm 12 whereln sa|d ﬂuonnated alkyl
' alkoxylate is of the formula '

F3C—(CF

wherein n is an integer from about § to about 15, preferably about 10.

14. An aqueous base developer composition for use with positive
photoresist comprising in combination aqueous ammonium hydroxide
and a fluorinated alkyl alkoxylate surfactant wherein said surfactant
is present in an amount of from about 10 to about 30 ppm.

156. The composition aooording to claim 14, wherein the concentration of
said ammonium hydroxldo base in said developer composltron is from
about 0, 15 to about 05 Normal

16.  The composition according to claim 15, wherein the concentration of
sard ammonium hydroxide base in sald developer composition is from
about 0.2 o about 3. 5 Normal.

This Sheet Has Been Reﬂlaced :
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20 .- mcrons. 'On.e'. of skill EHH"L i um eadlly underst and that DCF :
IS a.measure . ... of the s gj graphy cha W S
nomi nal varies i nversel y m’ m THis S EET
sol uti ons enpl oyed “as "devel oper in the foI l.owi ng exarrpl es
i ncluded a variety of surfactants added to. aqueous base |nclud|ng etr

25- ~glycol /wmpr,zwne gl ycol 1:2 copolyrrer commonl y referredPgHﬁmmly

to-as . | : oxirane which is available fror’(ii | ar ge nunber of sour ces.

( Nony!| phenoxy) ' pol yet hyl ene "oxi dé heéreafter referred to-as "NPQ';

(p t - Cctyl phenoxy) pol yet hoxyet hanol , hereafter referred to as

"OPE", as well as butyl carbitol . -.: - © ‘were:al so enployed. 30

In each of Conparati ve Ex rrples rou h.,12 a silicon wafer pre-:

treated with hexamethyl d qmt%ﬁﬁﬁnééa%U%?W@WFfﬁﬂmof.

AZ[ err] o o sald ammonium hydroxlde base in said developer composmon is
o about0261 Nonnal R o |

118 The method according to claim 14, whersin said ammonium hydroxide
basa is selected from the group consisting of tetramethytammcmum
“hydroxide, tnmethylethanoiammomum ' hydrox:da tetra(z- '
o hydroxyathyi) ammomum hydroxlde and mlxtures thereof '

19.  The method acoordng to claim 18, wherein saxd ammonium hydrcx:de |
base is tetramethyiammomum hydroxxde

.20. The composmon amordmg to clalm 14 wharem sasd ﬂuonnated alkyl
- alkoxylate lncludes the mo:etxes 1; ll and Ili wheram '

s %ECHZCHzo];_

1 s o .' ..CFs(CF'z}ﬁ‘

| "‘.a.ﬁdlll |s {—E_]. Or : {_::

and wherem n and m-are the same or dxfferent and are mtegers from
2 to 20 and R :s hydrogen ora methyl ethyl or propyl or butyl alkyl

This Sheet Has Been R,
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75C0 posi tDAS0930t or esi st avai |l abl e from Hoechst Cel anese Corportion,
Sonmerville. New Jersey. This photoresist is of the Novol ak class, the resin
bei ng synthesi zed from Mcresol, 3,5 xylenol4and formal dehyde. The

pho { qﬁmﬁﬁ e, I s made from napht haqui nene di azi de sul fonyl 5

chl phy L&ty oxyphenyl ) et hane. The coat ed

subgt at es were then poft baked at 110[err]C for 60 seconds, t he
res{il {i my3raN 997fi) nb having a thi ckrPescptign2 [err]m (micrens) or so.

' The ' coat ed] waf ers were exposed on a N kon[err] 0.54 nuneri cal
apefture Tr epol utMethod of Reveloping PositivePhotoresis) 1-1i ne

st epper ' ' trate 10 wafer 1s displaced in the X, Y and Z
directions. The wafer was then _Afid Compositions.Iherefomaked at 110[err]C
for 60 seconds. Using a Silicon Valley G oup - (SVG devel opnent
track, the devel opnent protocol was to di spense : devel oper onto the

waf er through a;f g!n .sg‘rglgglcr 3 seconds while the wafer . coated as

af oresaid was r O revolutions per mnute. Rotation of 15

the substrate was styRaqtesart ifearticn mates generally'ted methed Grdavetspihg’a

' positive photoresist substrate and more particularly to the use of aqueous

base developer compositions containing | surfactants for pdsitive
photoresists. Developer compositions used in accordance with the present
invention include an alky! alkoxylate surfactant to enhance image formation
especially when wused in connection with diazonaphthoquinone
photosensitive compounds in suitable binder systems. .

Background of Invention

Photoresists are well known to those of skill in the art. Generally
speaking, they must be sensitive to light so that patterns can be formed in
them and they must selectively resist subsequent etching or other
processing so that the pattern can be transferred to the subsirate. The
dominant photoresist system employed in integrated circuit manufacturing
today is the novolak/diazonaphthoquinone combination. Naphthoquinone of
the class employed in positive photoresists are typically formed by way of

" the reaction of a naphthoquinone diazide sulfonyl chioride with a phenolic
compound. Reaction products thus formed might include the
naphthoquinone (1,2) diazide (5)-sulfonyl, naphthoquinone (1,2) diazide (4) -

- sulfonyl, naphthoquinone (2,1) diazide (5) - sulfonyl, or naphthoquinone
(2,1) diazide 4-sulfonyl radicals. Of course, the sulfonaie esters thus
synthesized might include the residue of any suitable phenolic compound.
These diazides are fairly nonpolar organic molecules that are soluble in
organic solvents, but not very soluble in water. '

AMEM ED SHEE™
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t o seconds followed by a hold for 47 seconds. The devel oped substrates
were then rinsed with de-ionized water using a fan spray for 15 seconds
while turning the wafer at 300 revolutions per mnute foll owed by drying

for- 15 seconds at 400 revol ution3“per nminute in the sane
apparatus. 20 o This procedure was followed for Conparative
Exanpl es 1-12 bel ow, the materials and procedures being

| subst ant iall ym}]d.dﬂs]uﬁ exqbclasureetptlig\qrdlahmaphthoquinona@hetnmtiuemrrmwnds form

cont) TN ol oot BAIPG HRSRAD calbeylic ar BN gceRrAcE with thedtiowint O P!
f fact ant

of surtactan (Gl"hv.% gﬁg{rﬂ?ﬁe&%{ﬂdds' é"’&bﬁh& Ddi_ﬁer,a%é %QF@?&@%hbfbaBﬂ%e

1. 25 For eac err] err] were determ ned. The
parti cul ar dTEt hod for adding the surfact ant to the devel oper
solution is not critij ot may sinply be added to aCOOH ai ner
of suitable ba by stirring, UV shaki like."

+ KO » N2 +

compound is relatively soluble, while the unexpossd photcactive compound
is relatively insoluble; creating a solubility difference which forms the basis
of image formation. ' |

It is not sufficient, however, to simply change the solubility of the
photoactive compound, rather, the entire photoresist mixture must change its
solubility. Thus, the interaction of the photoactive compdund with the binder
resin is likewise an important consideration, as is its absorption spectrum.
Accordingly, positive photoresist compositions generally include a phenol-
formald'ehyde resin of the Novolak class or sometimes a hydroxy-styrene
polymer such as poly(4-hydroxystyrene). Other polymeric components,
including styrene, methyi styrene, styrens-maleic anhydride components in
combination with the foregoing may also be employed. See, generally,
United States Patent Nos. 4,732,836 and 4,863,827 to Hoechs! Celanese
Corporation, Somerville, New Jersey for further information relating to
positive photoresists.

Of considerable importance to the use of photorasists is the selection
of a developer composition since development is a key aspect of the
integrated circuit production process. Typically, optimizing the overalil
production is a tnal and error procedure. This is true whether development
is by immersion or by puddie or by spray techniques. United States Patent
No. 4,628,023 to Cawston et a! discloses and claims an aqueous metal ion-
free developer composition including metal-free alkali and surfactants. The
developer described reportedly results in a reduction in the energy

EPLACE EVENT SHEET
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-9- TABLE 1: SURFACTANT PERFORMANCE vs. CONCENTRATI ON

Conpar- Surfactant Sur f act ant E clear E nom nal d ear DOF,

[err]m ative Concentratign 0. 35

[err]m Exanpl e PPM -3-1 0 '

97 180 Yes 1.2 2 NPO 400 ppm

107 200 No - 1.2 3 NPO 15 ppm

igg Xeénd re%olgltion. In Unitéd StatesNP&tent No. 5,089,595 to Schwalm et al
es

there is described another aqueous developer with a heterocyclic
hydroxyalkyl compound as the hydroxy source. It is noted in the '539 patent
that the foliowing surfactants may be used: nonylghenoxypoly(ethyleneoxy)-
sthanol, octylphenoxypoly(ethyleneoxy)-ethanol or commercial fluc=~4ted
surfactants (col. 4, lines 45-51). Of course, commercial fluorinated
surfactants could include a vast number of candidate surfactant compounds
fo different types, for example ionic or non-ionic.

‘The use of surfactants, desirable in soine respects, frequently makes
the déveloping process difficult to control as is illustrated in United States
Patent No. 4,710,449 to J. M. Lewis and A. J. Biakeney. In the ‘449 patent it
is illustrated that 1% (10,000 ppm by weight) of a flucrinated alkyl alkoxylate
in aqueous base developer is simply too aggressive, resulting in poor wall
angles, contrast and unadceptable fiim loss. These problems may
apparently be obviated by pre-treating the photoresist substrate with pre-dip
of aqueous base developer solution containing a cationic surfactant. It is,
however, undesirable from a materials and logistical perspective-to increase
the number of processing steps.

In US-A-4,784,937 a developer solution is disclosed which utilized a
fluorine-containing surface active agent. The examples show that when
using surface active agent levels of from 100 to 2,000 ppm by weight, an A
quality pattern (good uniformity) is obtained. At surface active agent levels
of 50 ppm, and with no surface active agent and a develop time of 40
seconds, a B quality (no good uniformity) pattern was obtained. It is further
disclosed that when the amount of surface active agent is too low, the
desired effect of wettability improvement cannot be fully obtained.

Summary of Invention

A method of developing a positive photoresist film subsequent to
exposure is disclosed and claimed. The method of the present invention
consists essentially of applying an aqueous base developer including an
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5° NPO 150 ppm 180 No 1.2

6 OPE 250 ppm 180 Yes 1.2 7
OPE 500 ppm 98 170 No  <1.2 8

OPE - 1000 ppm 102 165 -4- No 1.2 9

OPE 1750 ppm 94 160 No 1.2 - 10

OPE 2500 ppm 140 No 1.0 11

Oxi ran 400pammonium hydroxide batBSand a fluonriﬁt?ed alky! 1aﬂloxylate surfadtant

But yl 100 ppm 180

As can be seen presantiie anoamgunhgf fiom J0s9e30 R @YnWPWE“ §‘P'B?WQ5# by rinsing
away the developer composition. The basic and novel characteristics of the

process are that low concentrations of surfactants are employed and that
additional chemical pre-treatment steps of the exposed photores::: are
unnecessary as has been reported with higher surfactant concentrations.
Suitable surfactants may include the following:

1. CFy(CF2)-CH,CH,0—(CH,CH,0 ), H
2 CF;(CFz);CO—N(CHHCH2CH20)E,_-CH3

3. CF3(CF 2 soz—NH_(CHzCHzO};'CH3
4. CFs(CFz);-SOz—O—(CH,CHZO}—cm

5. ¢r3(crz)3—coz—(cmcnzb}—c4lip

2Hs
6. cm(cn),—soz—N—-(CH,CHzo}—co—Cqus
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devel opi ng the photoresist utilized an aqueous base with

| ess than 250 ﬁhssmrﬁmmkb lacocﬂ surfactant are in nost c ﬂﬂssmggpw S BEEN

| ess than 150 p eing nore preferred especi V“WCE e
devel opi ng proc sentially of -&plying the v J
conposi tion foll y rinsing and drying the substrate, that i s, wi t hout

significant pre-treatnent steps prior to application of the devel opi ng

solution 10 such as the pre-treatnent with base and surfactant as
described by Lewi s et al. in United States Patent No 4, 710, 449.
- 10- It has further (DHjanfoundthat it is p055|bleto
utilize very small ofy_am ne Qont I ng
fluorinated al kyl al kogyl%{&g‘a;%to% (C CHz ) Callﬁ’a

which are hereafter referred to generally as fluorinated alkyl aikoxylates. A
particularly preferred fluorinated alkoxylate is of the formula: |

0 R
F;C—-(CFZ),.—-:S:—r'z—R;—(:Hz_—[-o—CH,——CHZ——]Eo--k'3

O
where Ry, and Ry are the same or different and are C.-Co alkyi groups, R; is
a C4-Cy alkylene group, and m and n are independently integers from 2 to
20. . _
. In another aspect of the invention, preferred develeper compositions
are disclosed comprising aqueous ammonium hydroxide base and from 10-
30 ppm ﬂuorinated alky! alkoxylate surfactant.

Detailed Description

The present invention is described in detail below with reference to
numerous examples provided for purposes of illustration and hot by way of
limitation. In general, from about 10 tc about 30 parts per millicn by weight
(ppm) of fluorinated alky! alkoxylate surfactant are useful in connection with
the instant developing process. The surfactant is dispersed in aqueous
base which includes an ammonium hydroxide component. Generally the
base is from about 0.15 to about 0.5 Normai in the hydroxide component,
about 0.2 to about 0.35 Normal being more typical with about 0.261 Normal
being preferred as an indusiry standard.

The ammonium hydroxide component'may be tetramethylammonium
hydroxide, trimethylethanol ammonium hydroxide (choline), tetra(2-
hydroxyethyl) ammonium hydroxide, mixtures thereof, or like compounds.
Tetramethylammonium hydroxide (TMAH) is particularly preferred while
other ammonium hydroxrde compounds may be employed if so deszred
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sturfactants as is illustrated bel ow '
Conpar ati ve Exanples 13-15 and 16 Fol | ow ng generally the

coating, exposure and devel opi ng .6 procedures of Conparative
Exanples 1-12 a series of 4 wafers were ~%° prepared. For these wafers
the stepper was operated in the x-y node only W t hout a patterned
recticle or mask and the devel oper solution was in all cases

0. 261N TMAH wi tWhHilecanypositived photdresishisubsinatec aiayd bensditdble, the inventive
Thus, the wafers were provid wi th. an unpatterned_ unifaqr I‘BSIS'[ fil t he
t hi ckness of Mréﬁe%s'gngﬂﬁﬁgd %F?Qﬁaq oa M@Sétfﬂi' de‘Q‘g]P ’\r&'l
as subsequent tﬁﬁgﬁf&hy&frb iR bW 'a%nﬁot@?laﬁh‘g s Hngaéjhﬁz%naﬁhthoqumone

In addition to t control no surfactan OXIl rane cont ai
devel opi ng sol yshatoactive ¢dmpgureli ous exanpl es, wafer No. 3 was devel oped

with a surfactant termed Flouradlerr]FC 143 available fro oration,
M nneapolis, M nnescfg%l ugpd bereig, Wlﬂﬂhﬁ%t‘?&é@% %@@%8&“0%}8}3 “he
("AC') and the faef sk 'tA8ddve uﬁ'b?éddsﬁ%fltﬁbé sBAt ﬁ%hhéﬁ'dbésrﬁ@ﬂ duireas
utilized in connection with wafer No. 4. FC 171 is sul fonyl and am no
cont ai ni ng fl ucsubstantial ataps| othexthap applyingthe dexealoper anddinging:it awayoaftan a:
a suitable time interval. This is contrasted with the process disclosed by
Lewis et al. where chemical pre-treatment with a cationic surfactant and
base was found to be required prior to conventional development.
Typically, the fluorinated alkyl alkoxylate surfactants utilized in

connection with the present invention inciude moieties

CF3 (crzj,,— |
—ECHZCHz()t

and

Hs . th

where m and n are the same or different and are integers from 2 to 20, R
being a methyl, ethyl, propyl, or buty! alkyi substituent. Most preferably, the
surfactant is of the formula:

Ry

|
CF;—(CF 2),—'S‘—N —Rz'P_O—'CHz—CHz—-};nO—Rg
' O

[ e
- .t
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s Sheet AEBEn Re Hagedan I nt eger believed to be of fromabout 5 to

[err] Thi

about 15, pro about 10. : I t .
t he above t hat umw Hl Mte specifically A sul fows SHERT HASBBEN
f I uoroal kyl ¢ yl at e abbrevi at’etl SAE in TREPIAQED. For

pur poses of conveni ence, this conpound nmay be naned ~ POl y{OXy-1;
2-ethanediyl)-"-[2-[ethyl[ (heptadecafl uorooctyl) sulfonyl] am no]
et hyl ]-2-met hoxy for purposes of catal oging.

where R,, Rz and R3 are the same or different and are C1 - C10 alky! groups
and n and m are integers from 2 to 20.

COMPARATIVE EXAMPLES 1 THROUGH 12

. This series of examples details the screening of aqueous base
compositions particularly with respect to conceniration of surfactant
employed. In general, it is important in the production of integrated circuits
that additives such as surfactants do not adversely affect process or product
parameters such as depth of focus ("DOF") or achievable line width in the
finished product, the light energy required to make the resist fully scluble
under a given set of process conditions (“E clear" hereafter), the Iight energy
required to print a 0.5 um (micron) line in connection with a given process
("E nominal" hereafter) and whether a 0.35 um (micron) line can be reliably
produced ("clear 0.35" hereafter) in the following 'examples; which is a
measure of ultimate performance. In the examples which foliow, E ciear or
radiation dose to clear and E nominal are expressed ih miliijoules per square
centimeter. DOF, that is, how much the distance from the radiation source
may vary before a 0.5 um (micron) wide-pattern will degrade is measured in
microns. One of skill in the art will readily understand that DOF is a measure
of the sensitivity to topography changes, while E nominal varies inversely
with photospeed.

The solutions employed as developer in the following examples
included a variety of surfactants added to aqueous base including ethylene
glycol/propylene glycol 1:2 copolymer commonly referred generally to as
oxirane which is available from a large number of sources. (Nonyiphenoxy)
polyethylene oxide hefeafter referred to as "NPO", (p-t-Octylphenoxy)
polyethoxyethanol, hereafter referred to as "OPE", as well as butyl carbitol
were also employed.

In each of Comparative Examples 1 through 12 a silicon wafer pre-
treated with hexamethyl disiloxane vapor was spin coated with a film of AZ®

| [REPLACEMENT Stz
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b 3 Il that only the fluorinateqg.alkyl alkoxylate
‘fg uniformty superior to deve¢TeHS SHEPNHASBELN
-8- REPLACED

It shoul d be noted fr
gave superlor
no surfactant

7500 positive photoresist available from Hoechst Celanese Corporation,
Somerville, New Jersey. This photoresist is of the Novolak class, the resin
being synthesized from M-cresol, 3,5 xylenol and formaldehyds. The
photoactive component is made from naphthaquinone diazide sulfonyl
chloride and tris(hydroxyphenyl)ethane. | .

The coated substrates were then soft baked at 110EC for 60 seconds,
the resulting resist films having a thickness of 1.29 um (microns) or so. The
coated wafers were exposed on a Nikon® 0.54 numerical aperture
(resclution recticle having a known pattern) I-line stepper while the substrate
wafer is displaced in the X, Y and Z directions. The wafer was then post
exposure baked at 110EC for 60 seconds. Using a Silicon Valley Group
(SVG) development track, the development protocol was to dispense
developer onto the wafer through a fan spray for 3 seconds while the wafer
coated as aforesaid was rotated at 300 revolutions per minute. Rotation of
the substrate was stopped and developer was continued to be sprayed for
two seconds followad by a hold for 47 seconds. The developed substrates
were then rinsed with de-ionized water using a fan spray for -15 seconds
while turning the wafer at 300 revolutions per minute followed by drying for
15 seconds at 400 revolutions per minute in the same apparatus.

This procedure was' followed for Comparative Examples 1-12 below,
the materials and procedures being substantially identical except for the
aquaods developer compositions which in all cases included 0.261N {2.38
weight per cent) TMAH electronic grade purity solution with varying amounts
of surfactant (on a parts per million weight basis) as indicated in Table 1.
For each example, Ecee Enomina 8nd DOF were determined. The particular
method for adding the surfactant to the developer solution is not critical; it
may simply be added to a container of suitable base followed by stirring,
shaking or the like. '
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This Sheet Has Been Replaced

THIS SHEET HAS BEEN
-9- REPLACED

TABLE I: SURFACTANT PERFORMANCE vs. CONCENTRATION

Compar- | Surfactant | Surfactant Eclear | Enomina | Clear 0.35um | DOF, um
ative Concentration 1
Example PPM
1 o 97 180 Yes }
2 NPO 400 ppm 107 200 No 12
3 NPO 15ppm 180 Yes 1.2
4 NPO 75 ppm 190 Yes 12
5 NPO 150 ppm 180 No 1.2
6 OPE 250 ppm 180 Yes 1.2
7 . OPE 500 ppm 98 170 No 1 <12
8 OPE 1000 ppm 102 165 No 1.2
9 OFE 1750 ppm % 160 No 12
10 OPE 2500 ppm 140 No 10
11 Oxirane 400 ppm 103 165 No 12
12 lpurt | 100ppm 180 | Yee .l 12

As can be seen from the foregoing, procésses wherein the step of
developing the photoresist utilized an aqueocus base with a concentration
less than 250 parts per million surfactant are in most cases suitable, with
less than 150 ppm surfactant being more preferred especially where the
developing process consists essentially of applying the developing
composition followed by rinsing and drying the substrate, that is, without
significant pre-treatment steps pribr to application of the developing solution
such as the pre-treatment with base and surfactant as descrided by Lewis et
al. in United States Patent No 4,710,449.
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It has further been found that it is possible to utilize very small
amounts of sulfonyl or amine containing fluorinated alkyl alkoxylate
surfactants as is illustrated below.

Comparative Examples 13-15 and 16

Following generally the coating, exposure and developing
procedures of Comparative Examples 1-12 a series of 4 wafers were
prepared. For these wafers the stepper was operated in the x-y mode only
without a patterned recticle or mask and the developer soiution was in ali
cases 0.261N TMAH with the amount of surfactant indicated in Table 2.
Thus, the wafers were provided with an unpatterned uniform resist film, the
thickness of which was measured prior to exposure and development as well
és subsequent thereto in five positions as shown in Table 2 '

In addition to the control (no surfactant) and oxirane containing
developing solutions of the previous examples, wafer No. 3 was deveioped
with & surfactant termed Flourad™FC 143 available from 3M Corporation,
Minneapolis, Minnesota which is ammonium pentadecafiuorooctancate
("AO") and the surfactant Fluorad™FC 171 (also available from 3M) was
utilized in connection with wafer No. 4. FC 171 is sulfonyt and amino
containing fluorinated alkyl alkoxylate surfactant of the genera! formuia:

F é—(CF » g III—CH CH. H,—CH; OM
3 P 3 0 —CH; z—]—‘n .

where n is an integer believed to be of from about 5 to about 15, probably

about 10.
It can be seen from the above that FC-171 is more s'peciﬁcally a
sulfonyl, amino and fluoroalkyl containing ethoxylate abbreviated SAE in
Table Il. For purposes of convenience, this compound may be named
Poly(oxy-1, 2-ethanediyl)-"-{2-{ethyl[ (heptadecafiuorooctyl) sulfonyl] amino}
ethyl]-2-methoxy for purposes of cataloging.
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-»12 - [err] ' - 13- CLAI MS:
1. A net hod of devel oping a substrate of positive photoresist film
consisting essentially of the steps of apphyi ng to said filman aqueous
base T :

It should be noted from Table Il that only the fluorinated alkyl
alkoxylate gave superior resulits, that is uniformity superior to developer

containing no surfactant.

13 JAN 1997
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devel oper Jiidi | Lncl udi ng an aqueous anmoni um hydr oxi de base and a
fl uori nat eﬁ”ﬁmﬁumi“ﬂjﬂgmﬁ surfactant wherein said surfactant is present
i n, an anounts Of¢ Tl + 10 to about 30 ppr;[1§by wei ght foll owed by rinsing

sai d devel oper conposition fromsaid film .~ The nmethod according to
claim1l1, wherein the concentration of said amoni um hydroxi de base in said
devel oper conposition is fromabout 0.15 to about 0.5 Nornal. 3. The
met hod accor di ndCkAMS$:ai m 1, wherein the concentration of said anmoni um
hydr oxi de base in said devel oper conposition-is fromabout 0.2 to about 3.5
Nor mal . 4. The nethod according to claim1l1l, wherein the concentration

gf 22 ii go ?nm;})m unp. hy droxméthodase devetsping deVvalbsaete CEMpoBItiveO Phbforédist film
consisting essentially of the steps of applying to said film an aqueous base
developer composition including an aqheous ammonium hydroxide base and
a fluorinated alkyl alkoxylate surfactant wherein said surfactant is present in
an amount of from about 10 to about 30 ppm by weight foliowed by rinsing
said developer composition from said film.

2. The method according to claim 1, wherein the concentration of said
ammonium hydroxide base in said developer composition is from about 0.15
to about 0.5 Normal. '

3. The method according to claim 1, whersin the concentration of said
ammonium hydroxide base in said deveioper composition is from about 0.2
to about 3.5 Normal. '

4. The method according to claim 1, wherein the concentration of said
ammonium hydroxide base in said developer composition is- abcut 0.261

Normal.

5. The method according to claim 1, wherein said ammonium hydroxide
base is selected from the group conéisting of tetramethylammonium
hydroxide, trimethy!ethanolammonium. hydroxide, tetra(2-hydroxyethyl)
‘ammonium hydroxide and mixtures thersof,

6; The method accbrding to claim 5, wherein said ammonium hydroxide
base is tetramsthylammonium hydroxide. | '

t
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5" The method according to claim 1, wherein said amoni um hydroxi de base
I s sel ect eq u Jﬁ onsi sting of tetramethylanmoni um hydr oxi de,
trimethyl et I drOXI de tetra(2- hydroxyet hyl) amoni um

hydr oxi de and mxtures t her eof . . The-##thod according to claimS5,
wherein said amoni um hydr oxi de base I's tetramet hyl anmoni um hydr oxi de.

7. The method according to claim 1, wherein said substrate includes a
phenol-formaldehyde resin and a diazonaphthoquinone photoactive

compound.

8. The method according to claim 1, wherein said fluorinated -~ikyi
alkoxylate includes the moieties |, I and Ill wherein

lis
CF3 (CFz)'n-
lHis
CH,CH,O
~fomemo}-
and lli is

B i)
or
| 0
and wherein n and m are the same or different and are integers from 2 to 20,
and R is hydrogen or a methyl, ethyl or propyl, or butyl alkyi group.

9. The method according to claim 1, wherein said fluorinated alkyl
. alkoxylate is of the structural formula:
R

0
0
—(CFz),—S—N—Rz{—O—CHz—CHz——-];nO—Rg

where R, and Rs are the same or different and are C4-C1o alkyl groups, R; is
a C4-Cyp alkylene group and n and m are integers from 2 to 20.
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7.7 The rret ording to claim1, wherein said substrate includes a
phenol - f or ﬂ' Hﬂ d a di azonapht hoqui none phot oacti ve conpound.
8.. The net claim1l, wherein said fluorinated al kyl
al koxyl at e i ncl udes he rmletlesl Il and 11%-wherein | is [err] Il is
[err] and Il is
10. - The method according to claim 8, wherein said fluorinated alky!
alkoxylate is of the formula:

0
I |
F3C—(CFy)y—§—N~CBy—CHy—{—0—CH—CHy—]-OM.

wherein n is an integer from about 5 to about 15, preferably about 10.

11. An aguecus base developer composition for use with positive
photoresist comprising in combination aqueous ammonium hydroxide and a
fluorinated alkyl alkoxylate surfactant wherein said surfactant is present in
an amount of from about 10 to about 30 ppm by weight.

12. The composition according to claim 11, wherein the concentration of
said ammonium hydroxide base in sald deveioper composition is from about
0.15 to about 0.5 Normal.

13. The composition according to claim 12, wherein the concentration of
said ammonium hydroxide base in said developer composition is from about
/0.2 to about 3.5 Normal.

14. The composition according to claim 13, wherein the concentration of |
said ammonium hydroxide base in said developer composition is about
0.261 Normal.

15. The composition according to claim 11, wherein said ammonium
hydroxide base is selected from the group cohsisting of
teh'amethylémmonium hydroxide, trimethylethanolammonium hydroxide,
tetra(2-hydroxyethyl) ammonium hydroxide and mixtures thereof.
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[err] = and e the sane or different and a
from2 to 20, ["H"I"“mm IHML -or a nmethyl, ethyl or propyl
al kyl- group. . ¢ The method according to clai m 1, wherein

fluorinated al kyI aI koxyl ate is of the st i &ural forml a:

Rlerr], and Rlerr] are the sane or different and are (Jerr]-

THiS EHB%FAS BEEN

gald |d
[err] wher e
Clerr] alkyl

groups, Rlerr] is a (Jerr]-CJerr] alkylene group and n and mare integers
from2 to 20. 46, The composition according to claim 15, wherein said ammonium

hydroxide base is tetramethylammonium hydroxide.

17.  The composition according to claim 11, wherein said fluorinated alkyt

alkoxylate inciudes the moieties |, Il and lil wherein -

fonenel
) L. CF3 (Cszn_

b

and wherein n and m are the same or different and are integers from 2 to 20,
and R is hydrogen ora methyl, ethyi or propyl, or butyl alkyl group.
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10. The met hod according to claim9, wherein said fluorinated al kyI

al koxyl.ate s of the forrmula: [err] wherein n is an gt

about 5 to about 15 , preferably about 10. ' , EXCEIVIENT SHEET
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CH; _
7. CF3(CF§.>7—SOT‘N—CH2—'C01“‘<CH2CH10)1""CuHE

which are hereaﬂer referred to generally as ﬂuonnated alkyl alkoxylates. A
particularly preferred fluorinated aikoxylate is of the fermula:

4 .
F3C—(CF2&-—§—1!T—R —CH—CH,—{—0—Ry

where R,, and R; are the same or different and are Cy-C1o alkyl groups, R; is
a C-Cyo alkylene group, and m and n are independently integers from 2 to
20. .

In ancther aspéct of the invention, praferred developer compositions

are disclosed comprising aqueous ammonium hydroxide base and from 10-
30 ppm fluorinated alkyt alkoxylate surfactant.

Detailed Descriotion

The present invention is described in detail below with reference to
numerous -examples provided for purposes of illustration and not by way of
limitation. In general, from about 10to about; 30 parts per million by weight
(ppm) of fluorinated alkyl alkoxylate surfactant are useful in connection with
the instant developing process. The surfactant is dispersed in aquecus
base which includes an ammonium hydroxide component Generally the
base ig from about 0.15 to about 0.5 Nomal in the hydroxide component,
about 0.2 to about 0.35 Normal being more typical with about 0.261 Normal
being preferred as an industry standard.

The ammonium hydroxide component may be tetramethylammonium
hydroxide, trimsthylethanol ammonium hydroxide (choline), tetra(2-
hydroxyethyl) ammonium hydroxide, mixtures thereof, or like compounds.
Tetramethylammomum hydroxide (TMAH) is particularly preferred, while
other ammonium hydroxide compcunds may be employed if so desired.



11. ~ An aqueous base devel oper conposition :f'or use with pos

phot or.esi st conprising in conbination agueous amoni um hydr
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fluorinated al kyl al koxylate surfactant wherein said surfg
in an anount of from about 10 to about .30 ppm by wei ght.

anmmoni um hydr oxi de base in said devel oper conposition is fir

about 0.5 Nornmal . 13. The conposition according to claiimfl2, wherein t

conposi tion according to claim 11, wherein-tfhe concentratijo of said

dm 2balliN 89985 |

0.

hei

concentration of said ammoni um hydroxi de base in said devé! oper conposition

is fromabout 0.2 [_‘o agout 3.5 Nornmal . 14. The conposi t
ckai m 13, wherei nWI'FH@
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oritefnd Kidhn g same or differant and are C1 - C10 alkylere
groups and n and m are integers frcm 2 to 20.

COMPARATIVE EXAMPLES { THROUGH 12

This series of axamples details the screening of aquecus base

: ccmposition_s particularly with respect to conceniration of surfactant

employed. In general, it is impertant in the preducticn of integrated circuits
that additives such as surfactants do not adversely affect pracass or product
parameters such as depth of focus ("DOF™) or achievable line width in.the
finished product, the light snergy required to ‘make the resist fully soluble
under a given set of process conditions ("E clear" hereafter), the light anergy
required to print a O.S:pm (micron) lire in connection with a given process
("E nominalf' hereafter) and whether a 0.35 pm (micron) line can be reliably
produced ("clear 0.35" hereafter) in the following examples; which is a
measure of ultimate performance. In the examples which follow, E clear or
radiation dosa to clear and E nominal are expressed in millljoules per square
centimeter. DOF, that is,_ how much the distance from the radiation source
may vary before a 0.5 um (micron) wide-pattern will degrade is measured in
microns. One of skill in the arl will readlly understand that DOF is a measure
of the sensitivity to topography changes, while E nominal varies inversely

- with photospeed,

The soiutions employed as developer in the following examples
included a variety of surfactants added to aqueous base including ethylene
glycol/propylene glycol i:2 copolymer commonly referred generally to as
oxirane which is available from a large number of sources. (Nonylphenoxy)
polyethylene oxide hereafter referred to as "NPO™ (p-t-Octylphenoxy)
polyethoxyethanal, hereafter referred to as "OPE", as well as butyl earbitol
were also employed.

In each of Comparative Examples 1 through 12 a. silicon wafer pre-
treated with hexamethyl disiloxane vapor was spin coated with a film of AZ®



'sai d amoni um hydr oxi de base in said devel oper conposition is
Nor mal.. 215. -The conposition according to claim11l, wherein
hydroxi de base is selected from the group consisting of

t etra(2- hydroxyet hyl ) ammoni um hydr oxi de an@ +m xt ures t hereof .

75C0 positive pheterssist available frem Hoechst Cslanese CcrLer-z?é‘:A,
Scmarville, New Jersey. This photeresist is of the Novolak ciass, ihe rasin

AUEMEN 51

t et ranmet hyl ammoni um hydr oxi de, tri nethyl et hanol anmoni um hydr oji

[——————

de, i
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| being synthesized from M-crascl, 3,5 xylencl ard fcrmaldehyde. Tre

phctcactive cemponent is made rem naphthaquincne diazide suifonyl

5 chioride and tristhydroxyphenyl)ethare.

The coated substrates were then scft baked at 110°C for €0 seccnds,
the resulting rasist films having a thickness of 1.29 um (microns) or sc. The
coated wafers were exposed on a. Niken® 0.54 numerical aperturs

10

(resciuticn recticle having a kncwn pattem) |-line steprer while the substrate
wafer Is displaced in the X, Y and Z directions. The wafer was then post

U exposure baked at 110°C for €0 secords. Using a Silicon Valley Group

(SVG) development track, the develcpment protocol was to dispense
develaper onto the wafer through a fan spray fcr 3 seconds while the wafer
coated as aforesaid was rotated at 300 revolutions per minute. Rotation of

the substrate was stopped and developer was continued 1o be sprayed for

two seconds followed by a hald for 47 seconds. The developed subsirates

were then rinsed with de-ionized water using a fan spray for 15 seconds

while tuming the wafer at 300 revolutions per minute followed by drying for
15 seconds at 400 revoiutions per minute in the same apparatus.

20

This procadure was followed for Comparative Examples 1-12 below,

the materials and procedures being substantially identical except for the
U aquéous developer compositions which in all cases included 0.261N (2.38
weight per cent) TMAH electronic grade purity solution with varying amounts
of surfactant (on a parts per million weight basis) as indicated in Table 1.

25

For each example, Euar Enmina @nd DOF were determined. The particular

method for adding the surfactant to the develaper solution is not critical; it
may simply be added to a container of suitable base followed by stirring,

shaking or the like.
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16. The conposition according to clai m REPLACEMENT hnmoni um '
hydr oxi‘de Base i's tetranet hyl anmoni um hydfoxi 5 -ET TheREPLAREIENT SHEET

according to claim11l, wherein said flugri naﬁsm ‘@6'8 { a} koxyl at e i ncl udes

the nmoieties I, Il and Il wherein - i ifs and Il is

TABLE I: SURFACTANT PERFORMANCE vs. CONCENTRATION

i Compar- | Surfactant | Surfactant | Eclear | Encminal | Clear | DOF, ym i
ative - Cancantration 0.35 pm
Example PPM
1 o 97 130 Yes 12
2. | NPO 409 ppm 107 -~ 200 ~ No 12
: 3 NPO 15 | ppm 130 Yes 12
4 NPO 75 ppm 190 Yes 1.2
N 5 NPO 150 ppm 180 No | 12
6 OPE 250 ppm 130 Yes | 12
7 OPE 500 ppm 93 170 No | <12
' ' 3 'OPE 1000 ppm 102 165 No 12
9 OPE 1750 ppm 94 160 No 12
10 OPE 2500 ppm 140 No |. 1.0
11 Orxirane 400 ppm 103 165 No 12
12. | Butyl 100 ppm 180 Yes | 12
i Carbitol

As can be seen from the foregoing, processes wherein the step of
developing the photoresist utilized an aqueous base with a concentration

5 less than 250 parts per million surfactant are in most cases suitable, with
less than 150 ppm surfactant being more preferred especially where the
‘ developing process consists essentially of applying the developing
l composition followed by rinsing and drying the substrate, that is, without
significant pre-treatment steps prior to application of the developing solution

10

such as the pre-treatment with base and surfactant as described by Lewis et
al. in United States Patent No 4,710,448,
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16. The composition according to claim 15, wherein said ammonium
hydroxide base is tetramethylammonium hydroxice.

17. The composition according to claim 11, whersin said flucrinated alkyl
alkoxylate includes the moisties |, Il and ill wherein

lis
CF3 (CszT
\
llis '?

Temcmol
m

and il is

' R 0
| I
N or ﬁ
0]
and wherein n and m are the same or different and are integers from 2 to 20,
and R is hydrogen or a methyl, sthy! or propyl, or butyl alky! group.
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