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The present invention relates generally to a method of developing a
positive photoresist subsirate and more particulariy 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
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
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 integrated circuit manufacturing today is the

novalakldnazonaphthoquinone oombma’aon Naphthoqumone of the class
employed in positive photoremsts are typldelly formed by way of the reaction
of a naphthoquinone diazide sulfonyl chloride with a phenolic compound
Reaction products thus formed mtght mclude the naphthoquinone (1 2)

_d_tazlde (5)-sulfuryl, nephthoqumone (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
mclude the residue of any sulteble phenolnc compound. These dlazndes are
fairly nonpolar organic molecules that are soluble in organic solvents but not
very soluble in water.
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production is a trial end en'or prooedure This is true whiether development
is by immersion or by puddle or by spray techniques. Unlted States Patent
No. 4, 628,023 to Cawston et gl 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
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
that the following surfactants may be used: nonylphenoxypoly(ethyleneoxy)-
ethanol, octylphenoxypoly(sthyleneaxy)-ethanol or commercial flucrinated

~ surfactants (col. 4, lines 45-51). Of course, oornmercial fluorinated

surfactants could include a vast number of candidate surfactant compounds
fo different types, for example ionic or non-ionic.

The use of surfactents desirable in some respects frequently makes
the developlng prooess dift‘oult to oontrol asis illustrated in United States
Patent No. 4,710,449 to J. M. Lewis and A. J. Blakeney. In the ‘449 patent
it is illustrated that 1% (10,000 p'pm) of a fluorinated afkyl alkoxylate in

'aqueous base developer is elmply too aggressive, reeultlng in poor wall

angles, contrast and uneooeptab|e film loss. These problems may

_ apparently be obviated by pre-treatlng the photoreslst substrate with pre-dip

of aqueous base developer solution oonteinlng a catlomc surfactant. It is,
however undesirable from a matenals and loglstlcal perspectlve to increase
the number of prooessing steps.

Summary of invention
A method of developmg a posatwe photoreslst film subsequent to
exposure is disctosed and clelmed The method of the present invention

consists essentially of applying an aqueous base developer including an
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roquinone photoaotlve compounds

Upon exposure to light, diazon:

- _ form a polu' base—soluble oarboxyllo scld in aooordsnoe with the followmg
Thus usmg an aqueeus bese as the developer. the exposed photoactive

oompound is relatlvely soluble whlle the unexposed photoaotave oompound
rs relettvely lnsoluble oreatlng a solublllty dltference whlch forms the basis
of image formatron

It is ot sufficient, however, to simply change the solubllity of the
photosotlve compound rather, the entlre photoresist mixture must change

| lts solublllty Thus the lnterectlon of the photoeotwe compound with the

binder resin is Ilkewlse en lmponent oonslderatlon as |s its absorptlon

speotn.m Aooordmgly, posntlve plptoreslst oomposltlons generally include
a phenol—fonnaldehyde resm of the Novelek olass or somet|mes a hydroxy-

styrene polymer suoh as poly(4-hydroxystyrene) Other polymeric
oomponents mcluding styrene, methyl styrene, styrene-malelc anhydride
oomponents in oomblnetlon vnth the foregoing may also be employed See,
generally. Unlted Stetes Patent Nos 4 732, 836 and 4 863 827 to Hoechst

lanese Corporation Somerville, New Jerseyfor ﬁ.lrther mfonnatlon relating
to posatlve photoresists.

of oon3|derable lmportenoe tothe use of photoreslsts |s the selection

'of a developer oomposltlon smoe development rs a key sspect of the

integrated clrcult produotlon prooess Typlcelly, optlmlzmg the overall
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ammonium hydroxide base and a fluorinated alkyl alkoxylate surfactant
present in an amount of from 1 to 250 ppm followed by rinsing away the
developer composition. The basic and novel characteristics of the process
are that low concentrations of surfaetents are employed and that additional
chemical pre-treatment steps of the exposed photoreslst are unnecessary as

has been reported with higher surfactant concentrations.  Suitable
surfactants may include the following:

1. cp,(c_:r,i—cn;cnzp——(cn;cnzo)qn

2 _cp(cpzzéco—N(cHchzcu§o)Tcns

3, cr,(cr,),-so;—NH——(cH',cnzo);—cm |

4. CFy{CR)-80,—0—(CH,CH,0}—CH;

5. cr{cfz);vébzr(cn;guzo),—-calig

oHs
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 elkoxylate is of the formula:

R -
F,C—-(crz),,—ﬁ-nr-n,—.cnz-—;.—[—o-cnz——cnz——};‘o—n,

This Sheet Has Been Re[ilaced




10

18

20

25

THIS SHEET HAS BEEN 1

WO 9622564 ) . ""':':PLA_CED PCT/US96/00917

-5-

_ where R1 R, and R, are the same or drfferent and are c1-c1o alkyl groups
| and m end n are mdependently mtegers from 2to 20 |

In another espeot of the mventron preferred developer compositions

. are disclosed eompnslng equeoue emmomum hydroxide base end from 10-

.30 ppm fiuorinated alkyl elkoxylate surfaotent.

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
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 rstyploelwrthfrom about 5 to about 50 PPM or even more
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.

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.
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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photoactive_qompound.

As used herein, the terminology "consists essentially of® refers to the
fact that the developing process of the present invention does not require
substantial steps othorthan applying the developer and rinsing it away after

5 a suitable time interval. This is contrasted witl'p the process disclosed by
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

R o
P i1
' - or :

~ 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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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
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
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
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
mntnmeter DOF, that is, how mueh the distence from the radiation source
may vary before a 0.5 mlcron 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
included a variety of surfactants added to aqueous base including ethylene
glyeollpropylene glycol 1:2 eopolymer eommenly referred generally to as
oxirane which is available from a large number of sources. {Nonyiphenoxy)
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polyethylene oxide hereafter referred to as "NPO" (p-1-Octyiphenoxy)
polyethoxyethenol hereafter referred to es "OPE" as well as butyl carbitol
were also employed.

In eeeh 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
ontoﬂwewafertmough 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

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
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__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
may sirnply be added to a oontemer of suntable bese followed by stlmng.
sheking or the llke

| TABLE l- SURFAC'I'ANT PERFORMANcEvo cONcENTRATION

1 K] o7 1 10 Yo 12
2 NPO 400 pom 107 200 No_ 12
3 Npo__ 1 9Sppm 180 _Yes 12
PR P " T -
5 NP0 1 150ppm 3% Moo 12
e ot | 250ppm . 180 Yos._ ] 12
z oee  lsopm o m_ o _ 12
o fore lweomn  fuo | ove | M 12
N P P " O 2
40 _OPE o mm 3 C 14_! : o 40
1| oune | sopm o | oves _No _12

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

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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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:

7

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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- It can be seen from the above that Fc-171 is more specuﬂcally a
sulfonyl, amino and ﬂuoroalkyl oontaming ethoxylate abbrewated SAE in
Table Il. For purposes of convenience, this compound may be named
Poly{oxy-1, 2-ethanediyl}-o-{2{ethyl (hepiadecaﬂuoroodyl) sulfonyl] amino]
ethyl]-B-memoxy for purposes of oataloglng

_ 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 oeses. from a qualitatwe perspedwe
~ surfactant eontalnlng daveloper exhiblted supenor wettmg pfopertles
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- DEVELOPER COMPOSITIONS WITH LOW PPM SURFACTANT LEVELS

TABLE N

' Surfactant | Wafer # | Posi |Pos2 |Pos3 |Pos4 |Pos§ |Mean |StdDev |Eciear
None | 1 |Before |[1.2831 |12809 [1.27e2 [1.2808 |[1.2790 |1.28074 |0.001318 | 103
Ater  |07814 |07657 |07457 [0.7548 |0.7657 |0.76342 |0.012328
o | Ditterence {05017 05112 |05335 |05  |os142 |os1732 [0.01121
Oxrane | 2 |Before |12885 |12873 |12844 |12866 |1.2088 [1.28638 |0.001528 | 107
Ater  |o766 |07877 |0767 |o7471 |08z |o774  |ooteore |
| __ ‘| Difference 0519 |0.4996 |0.5174 |05305 |0.4864 |051238 |0:018128 |
20 ppm 1 ] -
AO 3 |Before [12885 |1.288 |1.2880 |1.2008 |1.2878 |1.2888 |o.001071 | 106
~ laner  |o0.8803 |0.9804 |0:8844|0.8527 |0.856 |0.88676 |0.036927
| Difference [0.4082 |[0.3276 |0.4045 |0.4381 |04318 |0.40204 |0.039424
20 ppm | ‘ | o
SAE 4 |Before |1.2008 |1.2878 |1.2005 {12808 |1.2844 |1.28042 |0.001129 | 104
After 0883 |08584 [0.8646 |08845 |[0.8715 |0.8684 |0.008305
Difference |0.4076 |0.4204 |0.4250 |04253 |0.4169 042102 |o0.007887

a1
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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 )
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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_-

lhis " —{-cncu,o}—
and lit is {_N_]_ _[_g_]_

and whereln n and m are the same or different and are integers from
21020, andRis hydrogen or a methyl, athyl or propyl, or butyl alkyl

group.

The method according to claim 1, wherein said fluorinated alkyl
alkoxylate is of the structural formula:
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| ?_'1}1. R
CFy— (P —j—N-Rif-0—Cr—Ccl—J 0%,

whoreR1 R,andR,arethesameordlfferentandarem - C10 alkyl
groupsandnandmare:ntagersﬁomZtozo '

13. The method accordlng 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 d'eve_loper composition for use with positive
photoresist comprising in combination agueous 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 hydro:odo 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.
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“The compo . sition according to claim 16, wherein the coric'éntr"'atidn" of

said ammonium hydroxlde base in sald developer composmon is

s sbout 0,261 Normial.

18,

19,

20.

‘The ﬁiéthodﬂééoraing’td-dasm:u;' wherein said ammonium hydroxide

baé_a is selected from the group consisting of t’e’tfamethytammcniunﬁ

'hydroxide, | tﬁmethyléﬂianoiammonIUm  hydroxide, tetra(z- |
- hydroxyathyi) ammomum hydroxlde and mlxtures thereof

The method acoordng to clalm 18, wherem saxd ammomum hydrcx:de |
base is tetramethyiammomum hydroxxde

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
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