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Field of the Inventi
S The present invention relates to positive photoresist compositions especially
sensitive in the broad band range of the spectrum (365-436 nm), based on a
diazonaphthoquinone sensitizer using a metals free p-cresol oligomer as the backbone,

a novolak resin and a solvent.

10 Description of Related Art :

Photoresists are materials which change their solubility in a developer solution
after the photoresist has been exposed to actinic radiation, such as to ultra violet
radiation. Photoresist compositions comprise a photosensitive compound (sometimes
called a photosensitizer), a film forming polymeric resin and a solvent. There are

15 other types of composition3 possible, such as a photosensitizer composition dissolved
in an appropriate solvent. The photoresist composition is applied to a substrate which
is to be patterned and the solvent is then removed, as with heat, leiving the
photoresist as a thin film covering the substrate. Asa consequence of the exposure to
radiation of the photoresist, a different solubility rate results between the exposed and

20 unexposed (masked over) portions of the resist film which yields a surface relief
pattern after development. Those photoresists which become more soluble in a
developer solution in the exposed regions are referred to as "positive” photoresists.
Those which become less soluble in the exposed regions are referred to as "negative"
photoresists. The present invention deals with a class of those compounds suitable for

25 use in positive photoresist compositions. |

Positive photoresists may comprise a water soluble, aqueous alkali soluble
resin, such as a novolak resin or a poly(p-hydroxystyrene), and a photosensitizer. The

“resin and sensitizer are applied, such as by spin coating, spray coating, or other
- suitable means, from an organic solvent or solvent mixture onto a substrate, such as a
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Those mhlch econe [ess soluble in the exposed regions are referred to as

"negat i ve" photoresist filmphot or esi sts. The present invention deals with a class
oF lose corpourtls gk akheor ©pnagampinye TG HoRE ebdof R bRt . o,
sol ubl e, agepomsSthal fBticativf! oflinfegrated circuits. The substrates are generally silicon
' wafers which may have a thin oxide coating or other coating, such as silicon nitride or

10 aluminum. The photosensitive film is used to pattern the substrate in a series of steps - |
including exposure (through a mask pattern), deVelopmeht to vield a relief pattern in
the resist layer and a substrate etch step to transfer that pattern into the substrate
material. It is essential that the mask pattern be accurately reproduced in the substrate
etch pattern. To achieve this high degree of accuracy, the mask pattern must be well

15 " resolved by the photoresist layer. Conventional photoresists may employ novolak
resins as the water in soluble, alkali soluble, film forming polymer.

Background of the Invention
~ The present invention relates to radiation sensitive positive working
. 20 photoresist compositions and particularly to compositions containing novolak resins
together with a photoséhsitizer which is a diazo sulfonyl ester substantially free of
metals produced by reacting a 2,1,4- or 2,1,5- diazo sulfonyl chloride with a p-cresol

oligomer as a backbone.

It is knovwn to the skilled artisan to produce positive photoresist compositions,
25 such as those described in United States Patent Nos. 3,666,473; 4,115,128 and
 4,173,470. These include water insoluble, aqueous alkali-soluble phenol-
formaldehyde novolak resins together with light-sensitive materials, ixstgally a
substituted naphthoquinone diazide compound. The resins and sensitizers are
dissolved in an organic solvent or mixture of solvents and are applied as a thin film or

30 coating to a substrate suitable for the particular application desired.
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PCT/ US95/ 16784 silicon wafed-or a. chrone-pltated glass plate.
The devel opers normal ly used to process - . the positive

phot oresi sts are aqueous al kal i ne sol utions, such as sodilim netasilicate,

pot assi um hydr oxi deThe fdvotdkereSin! conponent T these’ hotstesist formalEaons i) salitbledin de.
The devel oper renoves the areas of the coated photoresist filmthat have
been aqueous alkaline solutions, but the sensitizer is not soluble prior to exposure. Upon
* imagewise exposure of portions of the coated substrate to actinic radiation, the
sensitizer is rendered alkali soluble and the exposed areas of the coating become more
5 soluble than the unexposed areas. -This difference in solubility rates causes the
exposed areas of the photoresist coating to be dissolved when the substrate is
immersed in or otherwise contacted with an alkaline developing solution, while the
unexposed areas are largely unaffected, thus producing a positive relief pattern on the
substrate. The exposed and developed substrate is usually thereafter subjected to an
10 ~ etching process. The photoresist coating protects the coated areas of the substrate
from the etchant and the etchant is only able to etch the uncoated areas of the
substrate, which correspond to the areas that were exposed to actinic radiation. Thus,
an etched pattern can be created on the substrate which corresponds to the pattern of
_ the mask, stencil, template, etc., that was used to created selective exposure patterns
15 on the coated substrate prior to development. The relief pattern of photoresist on a
substrate produced by this method is useful for various applications including the
manufacture of miniaturized integrated circuits.
The characteristics of the photoresist compositions, which are important in
'. commercial practice, include its photospeed, contrast, resolution (edge acuity),
20 thermal stability of the image during processing, proéessing latitude, line width
control, clean development and unexposed film loss. |
Photoresist contrast is the slope of the linear portion of the curve resulting
from the plot of the log of exposure energy vs. normalized film thickness remaining
under fixed development conditions. In use, development of an exposed resist coated
25 - substrate is continued untnl the coating on the exposed area is substantially completely
dissolved away. Resolution refers to the capability of a resist system to reproduce the
smallest equally spaced line pairs and intervening spaces of a mask which is utilized
during exposure with a high degree of image edge acuity in the developed exposed
spaces. In the manufacture of miniaturized electronic components, a photoresist is
30 required to provide a high degree of resolution for very small line and space widths
| usually on the order of one micron or less. This capability to reproduce very small
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are utilized as replacements for the negative resists. -

In photoresist - technology; it has normally been desired to increase resist
contrast. High contrast positive working resists produce developed images which
exhibit high edge acmty, when' exposure is performed on typical equipment such as

. steppers and projection aligners. In most lithographic semiconductor applications, the

high edge acuity of developed images is of great importance, since it allows for small
variations of line width over the wafer's topography. Therefore, it permits gbod

-control of etching during ;misotro'pic plasma-etching and is typically associated with

good processing latitude.

The invention provides a photosensitizer having a very low level of metal ions
and new positive photoresist- compositions containing this photosensitizer. Such
photoresist compositions have good photospeed, high contrast, good resolution, good
thermal stability of the image during processing, wide processing latitude, good line
width control, clean development and low unexposed film loss.

The photosensitive compound of the present invention comprises: an
admixture of (a) a photosensitizer comprising a diazo éster of p-éresol oligomers
having a very low level of metal ions with diazo sulfonyl chloride comprising from
about 60 to 100 mole percent of 2,1,4-or 2,1,5-sulfonyl chloride or a mixture thereof;
the photosensitizer being present in the photoresist composition in an amount
sufficient to uniformly photosensitize the photoresist composition; and (b) a water
insoluble, aqueous alkali soluble novolak resin, the novolak resin being present in the
photoresist composition in an amount sufficient to form a substantially uniform

substrates i s an essenti al

- whi ch may have a thin oxide coating or

devel opnment to yield a relief
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coating to a substrate suitable for the f)art i cul ar application desired.
WO 96/ 21175  to 100 mole percent and most preferably from about 85 to 95 mole percent. -

PCT/ US95/ 16784 The invention also provides a method for producing a positive phot'o‘?’ésist
| composition, which comprises providing an admixture of:
5 - (a) & photosensitive component comprising a diazo sulfonyl ester of metals free
p-cresol oligmers, having from ‘about 60 mole percent to about 100 mole
-+ percent of the hydroxy groups of a p-cresol oligomer moiety esteriﬂed.by one
-or more sulfonyl chlorides, the photosensitive component being present in the
photoresist composition in an amount sufficient to uniformly photosensitize
10 the photoresist composition; the diazo moiety ester comprises from about 60
to abbut 100 mole percent 2,1,4- or 2,1,5- diazo ester, or a mixture thereof.
Preferably, the diazo ester distribution ranges from about 75 to 100 mole
percent and most preferably from about 85 to 95 mole percent;
()  ap-cresol oligomers having a very low level of metal ions obtained by reacting
15 p-cresol and formaldehyde in the presence of an acid catalyst, preferably oxalic
acid or maleic anhydride, removing water and excess unreacted p-cresol, such
as by distillation, followed by adding a polar organic solvent, preferably
- acetone or methanol, and filtering the solution: (The sensitizer is obtained by
macﬁng the p-cresol oligomers solution in the polar organic solvent with a
20 . - 2,1,4- and/or 2,1,5-diazonaphthoquinone);
(c)  awater insoluble, aqueous alkali soluble novolak resin; the novolak resin being
present in the photoresist composition in an amount sufficient to form a
substantially uniform photoresist composition; and-
(d  a suitable .photoresist solvent, preferably propylene glycol methyl ether
25 acetate (PGMEA), 2-heptanone, ethyl lactate, ethyl 3-ethoxy propionate
(EEP) or a mixture of any of the above. Such a p-cresol oligomer having a
very low level of metal ions can not be obtained unless the oligomers are
dissolved in the polar organic solvent and filtered through a 0.01 to 0.10 MM
filter, preferably 0.01 to 0.05 MM,
30 The invention further provides a process for producing a photosensitive
element by producing a photoresist image on a substrate, which comprises coating a
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the photoresist composition; the diazo moiety ester comprises from about 60
to about 100 mole percent 2,1,4- or 2,1,5- diazo ester;.or a mixture thereof.
10 Preferably, the diazo ester distribution ranges from sbout 75 to 100 mole
- percent and most preferably from about 85 to 95 mole'perce'nt;
()  p-cresol oligomers having very low level of metal ions obtained by reacting p-
cresol and formaldehyde in the presence of an acid catalyst, preferably oxalic
acid or maleic anhydride, removing water and excess unreacted p-cresol, such
15 ' as by distillation, followed by adding a polar ofganic solvent, preferably
acetone or methanol, and filtering the solution:: (The reacting p-cresol
oligomers solution in the polar organic solvent with a 2,1,4- and/or 2,1,5-
diazonaphthoquinone); o .
' (c)  awater insoluble, aqueous alkali soluble novolak resin; the novolak resin being
20 present in the photoresist composition in an amount sufficient to form a
substantially uniform photoresist composition; and
(d)  a suitable photoresist solvent, préferably propylene glycol methyl ether acetate
(PGMEA), 2-heptanone, ethyl lactate, ethyl 3-ethoxy propionate (EEP) or a

_ mixture of any of the above;
25 (¢)  coatinga suitalile substrate with the photoresist composition;
" (® heat treating the coated substrate until substantially all of the solvent is
removed;

(®) image-wise exposing the photoresist composition; and
(h) removing the image-wise exposed areas of the photoresist composition with a
30 - suitable developer. —
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manuf acture of miniaturized integrated circuits. The
characteristics of the photoresist conpositions, which are inportant in
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acuity in the developed exposed spaces. In the manufacture of
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very smal | o-quinone diazides are well known to the skilled artisan as demonstrated by "Light
Sensitive System", Kosar, 1.; John Wiley & Sons, New York, 1965 in Chapter 7.4.
The particular photosensitizer which is a component of the photoresist

10 composition of the present invention is a diazo ester of p-cresol oligomers, having an
the average from about 60 mole percent to 100 mole percent of its hydroxy groups
esterified by diazo sulfonyl chloride, which is 2,1,4-diazo sulfonyl chloride or 2,1,5-
sulfonyl chloride, or a mixture thereof.
The photoresist composition is formed by blending the ingredients in a suitable
15 solvent composition. In the preferred embodiment, the amount of novolak resin in the
- photoresist ranges from 65% to about 99%, most preferably from about 70% to about
95%, based on the weight of the solid, i.e. non-solvent, photoresist components. In
the preferred embodiment, the sensitizer is present in the photoresist in an amount of
from about 1% to about 35%, most preferably from about 5% to about 30%, based
20 on the weight of the solid photoresist components. In manufacturing the photoresist
composition, the novolak resin and photosensitizer are dissolved in photoresist
solvents such as acetone, chlorobenzene, propylene glycol mono-alkyl ether, |
propylene glycol alkyl ether acetates, ethyl lactate, 'butyl acetate, xylene, ethylene
glycol monoethy! ether acetate, and most preferably propylene glycol mono-methyl
25 ether acetate (PGMEA), 2-heptanone, ethyl lactate, and ethyl-3-ethoxypropionate
(EEP) among others, | | o |
Other optional ingredients such as colorants, dyes, antistriation agents,
leveling agents, plasticizers, adhesion promoters, speed enhancers, solvents and such
surfactants as nonionic surfactants may be added to the solution of novolak resin,
30 sensitizer and solvent before the solution is coated onto a substrate. Examples of dye
additives that may be used_ tdg‘ethér with the photoresist compositions of the present
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contrast. Hi gh contrast positive vvorki.n% resi sts produce devel oped i mages
whi ch (C.1. No. 50040) at one to ten percent weight levels, based on the combined weight of

novolak and sensitizer. The dye additives help provide increased resolution by
5 inhibiting back scatteriig of light offthe substrate. =
Anti-striation agents may be used at up to about a five weight percent level,
based on the combined weight of novolak and sensitizer. . Plasticizers which may be
used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester; stearic acid;
dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl resins at one to ten
10 percent weight levels, based on the co_mbi_ned weight of novolak and sensitizer. The ‘
plasticizer additives improve the coating properties of the material and enable the
application of a film that is smooth and of uniform thickness to the substrate.
Adhesion promoters which may be used include, for example, beta-(3,4-epoxy-
cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methylmethacrylate; vinyitrichlo-
15  rosilane; and gamma-amino-propyl triethoxysilane up to about a 4 weight percent
level, based on the combined weight of novolak and sensitizer. Development speed
enhancers that may be used iné‘lude, for example, picric héid,- nicotinic acid or
nitrocinnamic acid by a weight level of up to 20 percent, based on the combined
weight of novolak and sensitizer. These enhancers tend to increase the solubility of
20 the photoresist coating in both the exposed and unexposed areas, and thus they are
used in applications when speed of development is the overriding consideration even
though some degree of contrast may be sacrificed; i.e., while the exposed areas of the
phoforesist coating will be dissolved more quickly by the developer, the speed
enhancers will also cause a larger loss of photoresist coating from the unexposed
25 areas. ' ' . _
The coating solvents may be present in the overall composition in an amount
.of up to about 95% by weight of the solids in the composition. Solvents, of course,
are substantially removed after coating of the photoresist solution on a substrate and
drying. Non-ionic surfactants that may be used include, for example, nonylphenoxy
30 poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about a 10 weight percent
level, based on the combined weight qf novolak and sensitizer. -
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from about 60 gofmidtie felin8 BifiEeHWoxie, dopad silicon dioxide, silicon nitride, tantalum,
copper, polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other
such Group III/'V compounds. The photoresist coatings produced by the above
10 described procedure are particularly suitable for application to thermally grown
| ~ silicon/silicon dioxide-coated wafers such as are utilized in the production of
microprocessors and other miniaturized integrated circuit components. An
aluminum/aluminum oxide wafer can be used as well. The substrate may also
‘comprise various polymeric resins especially transparent polymers such as polyesters.
15 The substrate may have an adhesion promoted layer of a suitable composition such as
one containing hexa-alkyl disilazane. '
The resist composition solution is then coated onto the substrate, and the
substrate is temperature treated at from about 80°C to about 110°C for from about 30
seconds to about 180 seconds on a hot plate or for from about 15 to about 40 minutes
20 in a convection oven. This temperature treatment is selected in order to reduce the
concentration of residual solvents in the photoresist while not causing substantial
thermal degradation of the photosensitizer. In general one desires to minimize the
concentration of solvents and thus this first temperature treatment is conducted until |
substantially all of the solvents have evaporated and a thin coating of photoresist
25 composition, on the order of a micron in thickness, remains on the substrate. In a
- preferred embodiment the temperature is conducted at from about 85°C to about
95°C. The treatment is conducted until the rate of change of solvent removal
becomes relatively insignificant. The temperature and time selection depends on the
resist properties- desired by the user as well as equipment used and corhmercially
30 - desired coating times. The coating substrate can then be exposed to actinic radiation;
~ especially ultraviolet radiation, at a wavelength of from about 300 nanometers (‘hm™)



di azonapht hoqui none-4 (or 5)-sulfonyl chloride or a mxture thereof,

phot osensi t

i zer being present in the photoresi st conmposition in an anount

Composi PP (b) o water insolUbie - aqueoRCTAREEI™ol upi o

novol ak resin, the novol ak resin being present I n the photoresi st
conposition in an anmount sufficient to-8rm a substantially uniform

phot or esi st

ranges from about 75 to 100

10

15

20

25

30

conposition. Preferably the diazo ester distribution
nol e percent and nost preferably from

about 35 t otsboliP 450 aﬁrmlg at about 365 nm), x-ray, &leGtrénbeéd, iGHbent 6r laseéV ! des

a met hod for pr oduci ng

I ve phot or eSi st
radiation, in any desired pattern, produced by use of suitable masks, negatives,

s_tencnls, templates, etc. _
The photoresist is then optionally subjected to a post exposure second baking
or heat treatment, either before or after development. The heating temperatures may

t he

range from about 90°C to about 150°C, more preferably from about 110°C to about

150°C. The heating miay be conducted for from about 10 seconds to about 3 minutes,
more preferably from about 45 seconds to about 90 seconds on a hot plate or about
10 to about 30 ininut_es-byéonvection oven.

Iheempouﬂzeﬁﬂama&dsﬁhnﬂnmsmeckwdopalu)nmunmthehnqymmw
exposed, non-image areas by spray developing using an alkaline developing solution.
The solution is preferably agitated, for example, by nitrogen burst agitation. The
substrates are allowed to remam in the developer until all, or substantially all, of the
resist coating has dissolved from the exposed areas. Developers may include aqueous
solutions of ammonium or alkali metal hydroxides. One preferred hydroxide is
tetramethyl ammonium hydroxide (TMAH). A suitable developer is AZ® Developer
available commercially from the AZ Photoresist Products group of Hoechst Celanese
Corporation, Somerville, New Jersey. After removal of the coated wafers ﬁ'o:ix the
developing solution, one may conduct an optional post-development heat treatment or
bake in increase the coating's adhesion and chemical resistance to etching solutions
and other substances. The post-development heat treatment can comprise the oven
baking of the coating and substrate below the coating's softening point. The industrial
applications, particularly in the manufacture of microcircuitry units on silicon/silicon
dioxide-type substrates, the developed substrates may be treated with a buffered,
hydroﬂuorié acid base etching solution. The resist compositions of the present
invention are resistant to acid-base etching solutions and provide effective protection
for the unexposed resist-coating areas of the substrate,

The following specific examples will provide detailed illustrations of the
methods of producing and utilizing the compositions of the present invention. These

examples are not intended to limit or restrict the scope of the invention in any way

v



5 conposi tion, which g an admi xture of:

(a) preparing p-cresol o fu @%hQWﬁéEM sodiumion | evel [err] 650
Ppb, an  wooeen117s ' REBRAGEh Tevdl of <20" ppb RAushsigisassi um
ion | evel (% méb ppb, by e reactl ng p-cresol and a
f or mal dehyde solution in water. in the preiin '

an acid catalyst, preferably oxal i c acid=df “mal ei c anhydrlde 10

renovi ng water and excess unreacted p-cresol, such as by distillation,
addi ng a pol ar organic solvent, preferably acetone or nethanol, to the
ol i gomer s andafd hhonldwhelwnsuiedtdstpm\hmngngmmﬁsi parametees/omalues which muste
fromO.0l[errlmto Q.10]err]m (b), .preparing

phot osensi ti vg%‘BﬁWrPéﬁé-‘s‘('ﬁy in,grder;to pragtice; the PReSeH iAVSAL9N. o 15

about 60 nmol % to about 100 nol % of the hydroxy groups of the p-

cresol oligoners by one or nore sulfonyl chlorides, the diazo ester

noi eties conprising 2, 1-di azonapht hoqEXAMPLE bul fonic acid ester

and/ or 2, 1-di azonapht hqu| none 5. -sulfonl c acid ester; )
(c) érov|ding an=ynines)s ok resol Oli OMErs-Hiaying ¥ erviQ DEVIEARIAONS (a) in

0 Pl UMD W Sl T S RS R

aqueous al kal iforsraldeRyde(592 DE)itf the>Sriesentcd bf oxalic acid (1.5g) in water (Smi) at 96‘!¢1fdi'
resin being present In the photoresist conposition in an anount
6 hours. The reaction mixture was distilled initially under atmospheric pressure and

of

then under vacuum (temperature 220°C, pressure 20mm). The molten resin was
10 allowed to cool to 120°C and acetone (925g) was added to make a 25% solids
solution, which was filtered through a 0.lum filter. Relative Molecular Weight
(RMW) of this oligomer was 6.0; the amount of Na, Fe and K present was <20 ppb.

EXAMPLE 2
15 p-Cresol (116.15 Ibs) was charged to a stainless steel reactor, oxalic acid (7.5
" Tbs) and 25 Ibs of water were added with agitation. Formaldehyde (276.05 Ibs, 37%)
was added over a period of 2 hours at 96°C. After formaldehyde addition, the
reaction was allowed to proceed for 6 hours. The reaction mixture was then distilled

initially under atmospheric pressure and then under vacuum. The moiten oligomer

20 was allowed to cool to 120°C and acetone (4625 Ibs) was added at 120°C and the
solution was filtered through a 0.2mm filter. The metals data are shown in Table 1
below.

TES3&4
25 Example 2 was repeated twice. The metals data of examples 3 and 4 are

shown in Table 1 below.

—
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sufficient to forma substantl- Ly—tfi\f orm-phot-or-esi st conposition, and

a suitable photore5|¢ - EHref erabl y propyl ene egcoI met hyl 25
et her et hyl | act at e; et hyl p

pr opi oﬁgﬁ e’%ﬁé) or y of the above. Such a p cr esof‘

ol i gomer having a sod ™1 on Ievel [err] 650 ppb, an iron ion |evel of <20
ppb and a potassiumion | evel of >20 ppbcTtannot be obtai ned unl ess the

ol igoners are dissolved in the polar organic solvent and filtered 30
through a 0.01 to 0.10 [err]mfilter, preferably 0.01 to 0.05 [err]m

- 6- - Table1: Metals in p-Cresol Oligomers Acetone Solution (ppb)
Na® 205 650 211
K <8 5 <5
Fe 6 17 10
Cr 6 7 <5
Cu <5 1 <5
Mg <5 <5 <5
Al 7 10 6
Mn - <§ <S5 <§
COMPARATIVE EXAMPLE
Example 2 was repeated except that instead of using acetone as the solvent,
5 p-cresol oligomer was isolated as a solid. The oligomer that was obtained contained

very high level of metal ions as shown in Table 2 below.

le 2: Is in 1 Oligom

Metals Comparative Example

Na 600

K 207

Fe : >1200

Cr 780

Cu - 80

Mg 141

Zn 123

Ca 474 |

Al 320 —_—
Mn ' 416 . This Sheet Has B

I



L]
The invention further provides a _process for producing a photosensitive
el ement by produci ng a photoresi STHI'S”Q!QEET"PAS‘B%E trate -Whi ch conpri ses:

(a) coat bstrate with the po r g photore |t|on
b)k’/ag"glﬁy LX@%\q\gn ng p- cresoﬁoﬁl gners,

pr oduced
having a sodiumion level [err]650 ppb, an iron ion
| evel of <20 ppb and a potassiumion | evet1df>20 ppb,

by reacting p-cresol and a fornmal dehyde solution in water in the

presence of an acid catalyst, preferably oxalic acid or mal ei c anhydri de,

renoving water and emgffple 2 WaAAFdpested afd 4RO solids Piresdt oligomies Wak Idissoled i O
adding a pol ar organic solvent, preferably acetone or nethanol to the

I gorer s and frobyiens 9"”‘“""‘"’" éraacetate wdofiitesed thirough #8:2 wip fitgrdpcempye
0. 10 4
pLgtmosensi E?:/;w@#gég err%ﬁqlﬁgdggmgfq@mﬂmmgh (2) preparing

of from about 60 nol % to about 100 nol % of the hydroxy groups of 15
“the p-cresol oligonmers by one or nore sulfonyl chlorides, the diazo

ester n6ieties conprising 2,1-di azonapM@e 4- sul fon| c acid
ester and/or 2,1-diazonap thOuI A
(3) provi di ng an adni xt @B Ol IR led S-St m S sgormponent

Into a 500 ml., four necked flask equipped with a thermometer stirring shaft
and dropping funnel were added 74 grams of an acetone solution (.1667 moles) of p-
cresol oligomers from example 2 and 15.01 grams (0.0558 moles) of 2,1,5-diazo
10 sulfonyl chloride and 10 ml. of acetone. The mixture was stirred at room temperature
(25°C) for about 30 minutes to obtain a clear solution.
' Triethylamine(5.89 g) was added into the reaction flask by a dropping funnel
~over a period of 20 to 30 minutes, while maintaining the temperature at 30°C. The
_ reaction mixture was stirred for 1.5 hours at room temperature. After the reaction
15 was complete, 0.91 g. of glacial acetic acid was added to destroy any unreacted
sulfonyl chloride. The reaction nnxture was then stirred for one hour and cooled to
10°C and then filtered to remove salt and any impurities. o
' The reaction mixture was precipitated by drowning into a mixture of 672 gm
_ of deionized water and 448 gm. of methanol. A yellow fine precipitate was obtained,
20 which was stirred for several hours, then decanted, filtered and washed with about 5
liters of deioniied water. The 'yel'low cake was air dried at room temperature by
drawing air through a buchner funnel. After the cake was air dried, it was left
overnight in a vacuum oven at 35°C. The yield of the product was 22 grams (95%).

25 EXAMPLE6
f2.1,5-Diazo E; f p-Cresol Oli
Into a 500 ml., four necked flask equipped with a thermometer, stirring shaft
and dropping funnel were added 74.10 grams of an acetone solution (.1667 moles) of
p-cresol oligomers from example 2 and 15.01 grams ( moles) of 2,1,5-diazo sulfonyl
30 chloride and 10 ml. of acetone. The mixture was stirred at room temperature (25°C)

for about 30 minutes to obtain a clear solution. This Sheet Has Been R Tl aced




(al) in an anount sufficient to uniformy photosensitize the photoresist 20 *
conposition, a water insoluble, ‘aqueous alkali soluble novola resin

(a2), this resin being present in‘the: photoresist. conmposit] | .
anount EOPFRHRnt to form a substantially uniform phot k&t&gg‘#&-’@ _
conposition, and a suitable photoresist solvent (a3) preferably _

propyl ene glycol nethyl ether acetate-l#f&VEA), 2-heptanone, ethyl 25
lactate, ethyl 3-ethoxy propionate (EEP) or a m xture of any of the

above; (b) coating a suitable substrate with the

lbstrate unti | oyieniltuing(s.8 g) was pdded into thE beact Bhsk B4 didipirg fanfll ™! °
renoved; over a period of 20 to 30 minutes, while maintaining the temperature at 30°C. The
reaction mixture was stirred for 1.5 hours at room temperature. = After the reaction
wmscom@kﬂa(l&lg.ofghmhlamnk‘u&ivmsaddaiﬂ:deﬂnnrany\anwuﬂ
5 sulfonyl chloride. The reaction mixture was then stirred for one hour, cooled to 10°C
and then filtered to remove salt and any impurities. _
The reaction mixture was precipitated by drowning into a mixture of 672 g of
deionized water and 448 g. of methanol. A yellow fine precipitate was obtained,
which was stirred for several hours, then decanted, filtered and washed with about 5
10 liters of deionized water. The yellow cake was air dried at room temperature by'
drawing air through a buchner funnel. After the cake was air dried, it was left
ovemightinavawum?ovenaws_"c. _ g - '
The yield of the product was 22.1 grams (95%).
A 100 gram photoresist sample was prepared according to the following
formulation: : R . .
" EPA-stock-S (a m/p-cresols/formaldehyde novolak resin which was the condensation
product of 1.0 part of a 70/30 mixture of M- and P-cresol, and 0.73 part of
20 - formaldehyde, and had a G.P.C. Molecular Weight of about 8000) available from AZ
Photoresist Products = 9.67g. g . _
EPA-stock-F (a m/p-cresols/formaldehyde fractionated novolak resin which was the
condensation product of 1.0 part of a 70/30 mixture of M- and P-cresol, and 0.73 part
of formaldehyde, and has a GPC Molecular Weight of about 4000) available from AZ
25 Photoresist Products =34.50g. -
2,1,4 ester of p-cresol oligomer from example #5 = 3.68g.
FC-430 (Fluoroaliphatic polymeric esters - 98.5%, Toluene - 1.5%, available from
3M) Surfactant = 0.05g. _ . : _
EPA solvent mixture (85.5% PGMEA, 8.0% N-butyl acetate, 6.5% xylene) = 51.98g.
30 '



-6a- (d) | mage-w se exposing the photore5| st conposition; "and (e)

renovi ng the inmage-w se j’ﬁ%%ﬁ?ﬂ“‘hﬁé‘ t he. phot or esi st corrp05| tion

with a suj evel opp w 6/21175 oL

PCT/ US95/ ol REPLACED oo reTussigm
‘15-

An aliquot of the above composition was applied to silicon wafer by spin-
coating and the coated wafer was baked at 100°C for 60 seconds. The coated film
thickness was 0.65 microns. The exposure matrix was printed on the coated wafers
using a Nikon NSR 1755i7B 1 line stepper. The post exposure bake was 100°C for

5 60 seconds. The exposed film was developed using an aqueous alkaline developer
(MF 81A (47% solution of a 90/10 mixture of TMAH and 3-aminopropanol) for 200
seconds at 19°C. The Ecp (mj/cm®) was 96 and the unexposed film loss was 1.95

percent.

10
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Det ai | ed Description of the Preferred Enbodi nent In the
production of the rel Loage of the-present invention, one coats and
~dries the foregoing pRHISSHEESHASHERRT ti0on on a suitfable substrate.
Novol akWPO6RHIShave been GEPIRMEY used in the art of phoPETARIF 16784
manuf act ure as exenplTTi istly“and Appliication of Phenolic

Resi ns", Knop A. and Schei b, .Y¢- Springer Ver]lag, New York, 1979

in Chapter 4. Simlarly, 0- qui none di azides are well known:to the
skilled artisan as denonstrated by "Light : I,
" Kosar, J.; M{ﬁp \r/%i I.eé%&' Sons, New York, 1965 in Cha“nﬂnimml“ﬂ"mmmﬂl
The particula@*i§ Bsitizer which is a component ‘of ‘thé photbrésist 10
conposition of the present invention is a di.azo ester of p-cresol

ol i goners, having an ~ _the average from about 60 nole percent to
100 nol e pel.cent Agfiethod foryproducingg positive photoresist compbsition,i whickh goniprises

sul fonyl chlori de, ich is . 2 1, 4.diazo sulfonyl chloride or 2,1, 5-

sul fonyl chlori d@‘:""ﬁa‘%“}m?ﬁereof The phot or esi st
conposition is fgymedg by, !&ﬂﬂh?@" 8 dohohsit’ '@;ﬁ,&_indﬁz uj Eester of
sol vent corrpositqaz)n. fgﬂ%‘ﬁe preterre e%o%“l nt, tahe a?munt f novol ak

resin in the metalofree pedresol oligmers, having frofm aliout [6OumMoOROPércend 1o
preferably from about [70%.t o ahout. ... .95% based on the i ght of
the sol id, i e. non-saBEl00 8 Peoent; of the bydromy graups of a p-cresol oligone

pref erred embodi ment , yiohigy 34AMAd BPbnd o MbRMERbny1 thidieR 1AL PhbDheHsitE 2
component being present in the photoresist composition in an amount
sufficient to uniformly photosensitize the photoresist composition; the ‘
diazo moiety ester comprises from about 60 to about 100 mole percent
2,14- or 2,1,5- diazo ester, or a mixture thereof:

(b) & p-cresol oligomers obtained by reacting p-cresol and formaldehyde in
the presence of an acid catalyst removing water and excess unreacted
p-cresol, followed by adding a polar organic solvent, and filtering the
solution through a 0.07mm to 0.10mm filter;

(©) a water insoluble, aqueous alkali soluble novolak resin; the novolak
resin being present in the photoresist composition in an amount
sufficient to form a substantially uniform photoresist composition; and

(d)  asuitable photoresist solvent. |

2. The process of claim 1 wherein said formaldehyde is a 30 to 40 percent

solution in water.
3. Tﬁe process of claim 1 wherein said catalyst is oxalic acid.
- 4, The process of claim 1 wherein said polar so]vegt is acetone or methanol.
5. The process of claim 1 wherein the water and excess unreacted p-cresol is
removed by atmospheric or vacuum distillation.

6. The process of claim 5 wherein atmospheric distillation is carried out at a
temperature from about 96°C to 200°C.

This Sheet Has Been RT
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from about 1%to about 35% nost preferably from about 5%to about 30%
based 20 on the V"’T@l@SN’éEﬁl@ﬁS RREN phOtOI’eSI St corrponents

manuf act u phot or p nmposi ti on; “the NOYEL n and
phot osensﬁélg%%lqgsre di ss Ivnd&ERLA@ Qr ncﬂst sol vents suc?‘1
acetone, chl orobenzene, propyl ene glycol npno-al kyI et hc. ,

propyl ene glycol alkyl ether acetates, erﬂyr | act at e,
xyl ene, ethyl ene gl ycol nDnoethyI et her acet m |
pref erably propyl ene gl ycol #oho- net hyl 25 ethe

2-heptanone, ethyl lactate, and ethyl-3-ethoxypropi onate (EEP)
“anong ot hers. Q her optional ingredients such as
colorants, dyds, arkhespracessi oﬁcbganﬁ swherein vacuum (distillationgisq gasmied out at a

plast|C|zers adhesi on ha cers, | vent s and such
surfactants as nomﬂ'ﬁ??g?ﬂ"r @W@Qﬁﬁg 0% out 3 MM SIS on of novol ak
resin, 30 " sensitizer and sol vent before the solution is coated onto

a substrate. Exanpl es of dye : additives that may be used toget her
with the phot & esi Stheqprogessof ¢laims] wheteinthe oeganict polar solvent is added to moiten p-

creson oligomer at a temperature of from about 100°C to 220°C.

9. The procesé of claim 1 wherein the p-cresol oligomer is filtered through 0.01
10 0.05 um filter. .

10. A process for producing a photosensitive element by producing a photoresist
image on a substrate, which comprises coating a substrate with a positive
working photoresist composition produced by providing an admixture of:

(a) a photosensitive component containing a diazo sulfonyl ester of a
metals free p-cresol oligmers On average, from about 60 mole percent
to about 100 mole percent of the hydroxy groups of phenolphthalein
type molecule have been esterified by one sulfonyl chloride, the
photosensitive component being present in the photoresist composition
in an amount sufficient to uniformly photosensitize the photoresist
composition; the diazo moiety ester is from 60 to ébout 100 mole

~ percent 2,1,4 or 2,1,5 diazo ester, or mixture thereof;

(b)  p-cresol oligomers having very low level of metal ions obtained by
reacting p-cresol and formaldehyde in the presence of an acid catalyst
remoﬁng water and excess unreacted p-cresol, and filtering the
solution through a 0.01 MM to 0.10 MM filter; |

(c) a water insoluble, aqueous alkali soluble novolak resin; the novolak
resin being present in the photoresist composition in an amount
suﬁciént to form a substantially uniform photoresist composition; and

(d) a suitable photoresist solvent;

(e) coating a suitable substrate with said photoresist composition;

This Sheet Has Been Reﬁlaced
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PCT/ US95/ 16784 TH'h o '

i nvention include jvet Eﬁfw@i C. I No 42535) Crystal Violet (CI.
42555) WO 9621175 en (€. 1. No, 42000), Vict BEFHSENIRSE (C. 1.
No. 44045) and Neutral Red (C | . No. 50040) at one to ten percent
wei ght levels, based on the conbined wel@ht of nd
sensitizer. The dye additives help provide i ncreagmnmumm/’mnnm 3
inhibiting back scattering of Iight off the substratet *

Tover oo " aﬁé?ﬁ%{*ﬁ@@g Frftha BhabRie i sl Ao it sBGRRE.

Pl astici zers which used include, for exanple, phosphorl c
‘acid tri-(beta-chl oroet hyI ) ester, stearic acid; di canphor;
pol ypr opyl ene; c(s)alnmsswvnvexpnmw pb@tomstmmv@mqn andz5| ns at one to

ten 10 pergent_wei ght |evels, based on t.he conbi t of

novol ak and sensi‘?'fz °’fﬁ' th image Waswgﬂer%dl?ﬁ] iﬁg?(%?lsfhe
coating properties ofconijfsitidhS¥ithed suitableddedéloper! he appl i cation of
a filmthat is snmooth and of uniformthickness to the substrate.

4

11.  The method of claim 10 further comprising heating said coated substrate at a
temperature of from about 90°C to about 150°C, for from about 30 seconds
to about 180 seconds on a hot plate, or from about 15 minutes to about 40
minutes in an oven, after the exposure step, but before the removing step. ‘

12. The method of claim 10 further comprising heating said coated substrate at a
temperature of from about 90°C to about 150°C for about 30 second to about
180 seconds on a hot plate or for from about 15 minutes to about 40 minutes

in an oven after the removing step.

13.  The method of claim 10 wherein said substrate comprises one or more
" components selected from the group consisting of silicon, aluminum,
polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride,
tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures, gallium
arsenide and Group III/V compounds.

, ThlS Sheet Has Been Re
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§ -
Adhesi on pronoters which may be used include, for exanple, bet a"?@%ﬁgo%//
cycl ohexyl ) - et hyl t ri met hoxyiRATENT GOQRERATION EREAEYhy| net hacyl at e; i
vimyl trichlo- 15 rosil ane; and_gapma-am no-propyl trirethexysi-lane up
to about a 4 weight percent _ ﬁ(:e'lr based on t he doREQed \yesg&p 199?";'
of novol ak and sensitizer. Devel opnenft speéd enhaneers—that ma;ﬂ

be used include, for exanple, picric acid, nicotinic acid ar. s

ni troci nnami ¢ acid by @%RMUOH%IPELMNARYW'MQNW

'lZ-)nthe e
conbi ned wei ght of novol ak sensitizer. These enhancers tend
to increase the solubility of 20 mé’pﬁ'i"ﬁ"e“ﬁﬂ’&"ﬁ?oési st coating in both the
exposed and unexposed areas, and thus they are used in
appl iC ™ o m—rs—tire chloq:;f.r o llng constoerattor—even
t hough|sone degree of contrast poeMRIBESAETiON i c?ﬂ”.'. on of i {"{;@"@gyﬁ e
areas ¢f DAnd090 phot orfesi st_coating wil i '%?gso ved or e rqui C%Aym)
by t he | inteonationsh gpplicatibriiée. Speed International filigg e (WQyPonrhiydan) | | aPrivtty Qagel dap/mansiyedr)] €

| 0ss 0 %?}%99%' 76 ating frr zgzgﬁeggltexheposped o> m:?géf%rlﬁ'Q%W n_an_anmount

The co d 1 i verall cdn

of up P! PagrmtofiianRficafien (Pt o gitionaifiassiiaiop gpd IRy t he conposition. Sol vents, of
course are subst ant igasyyorenoved after coating of the

phot or ¢=% ' ' Ot

surfacfahts "t hat may be used include, for exanple, nonyl iohenoxy 30
pol y( e§ hyHOBCHRTK SELANESEGORP. oct yl phenoxy et hanol at up to about a 10 wei ght
percen : -

1.  This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 6 sheets, including this cover sheet.

@/This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions the PCT).

Thﬂemnexescomimofammof_Lé__shms.

3 . ‘This report contains indications and corresponding pages relating to the following items:
1[X] Basis of the report
B[] Priority .
11} D Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
1V [] Lack of unity of invention
V [0} Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabiliy;
citations and explanations supporting such statement
vi D Certain documents cited
Vi1 [U]” Certain defects in the international application
viit Q/cm observations on the international application
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29/07/19%6 u 4 o, 97
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Tol. (+31-70) 340-2040, Tx. 31 851 epo nl,

- Fax: (+31-70) 340-3016 . . | -
. . Telephone No.
Form PCT/IPEA/J409 (cover sheet) (January 1994) ﬁﬂl@?ﬁ?ﬁ) ’ /



I-*evel, based on the conbi ned wei ght of novol ak and sensiti zer. WO
96/ 21175

RCT/ US95/ 16784 _ _ International application No.
The prepared resist solution, can be applied to a sulystrate by any
convent i onINTERMNATIONAISBRELIMINARY EXAMINATIONRERORT i ncljudi ng (1S95/16784

spraying, whrrling and spin coating. Wien spin coating, for

exanpl e, the resist solution can be adjusted with respect to the

percentage of solids content in order to provide coating of the 5 :

desirell t BpokofdReseRAN en t he type of spinning equipnent utilized and the

anount of tine all owed for the spinning process. Suitable

subst r ptiRiSrepoRt fds Y& drinhup Sn@H basiBlbt UEbikberRBNt sheets which have been furnished to the receiving Office in response to an
invitation under Article 14 are referred to in this report as *originally filed” and are not annexed to the report since they do not contain
amendments.)

[0 the international application as originally filed

the description, hages 3,7-10, 14 , as originally filed
pages ' , filed with the demand
pages 1,2, 4-6, 63, 11-13, 15 , filed with the letter of 09.01.97
the claims, Nos. " , as originally filed
Nos. , @ amended under Article 18
Nos. ' , filed with the demand
Nos. 1-13 ©, filed with the letter of 09.01.97
[0 the drawings, sheets/fig. , @s originally filed
sheets / fig. , filed with the demand

sheets / fig. , filed with the letter of

2. The amendments have resuited in the cancellation of:
O the description, pages:
O theclaims, Nos.
3 the drawings, sheels/fig.

3. 0O Ths opinion has been establisha& as if (some of) the amendments had not been made, since they have been considered to go
beyond the disclosure as filed (Rule 70.2 (c)).

4. Additional observations, if necessary:

Form PCTAPEA/4DSWP (Box |) {(January 1984) sheet 1



pélyneric resins, silicon dioxi-de, doped silicon dioxide, silicon nitride,

tantal um copper, polysilicon, ceramcs, alum nunf copper
m.xtures; gallium arseni de and ot her such Goup IARAY ago | oﬂun&js.
The photoresi st coatings produced by the above 10 deSCr T Pe P cation No.

procedur e NTERNATIONAL RAELIMINARYIEXAMINATIONHEPORITI on t b t her neCT/SIs 16784

silicon/silicon dioxide-coated wafrers such as are utirrized T m the

producti on of ' m cr.oprocessors and other mniaturized integrated
circuit conponents. An al um nunt al um num oxi de wafer can be

used ay-wdiehsonddhetatemirsunder Artieia\35(2) with regard to novelty, ivEiitive S18p ¥hduatiial dﬁﬁlﬁc!ﬂﬁtﬁ citations
resi ns esmodexdldngtidns auppofing Biichitlteni@dt S such as pol yesters. 15 The
substrate nmay have an adhesion pronoted | ayer of a suitable conposition

such a Statement one cont ai ni ng hexa-al kyl disil azane.

The regigFmbonposition solution is then coated onto the substrate, and the
substrate i sowignperature treated atcamsom afapyt 80[err] C to about 110[err {g

for from about 30 seconds to about 180 seconds on a hot plate or
for fromabout 15 to about 40 m nutClEss 20 i n a convection oven. Thig
tenperature nt is selected ip order, to reduce the _
coggentratigﬁ$§?&$§sidual solventscgﬁsthe‘bﬁ%toresist whi | e not causi ng YES
subst anti al thermal degreadati on of the photosensitizer. In NO
general one desires to mnimze the concentration of solvents and
t hus this finfustial Apllogbilly at ure treat mélms i s clergduct ed unti | YES

substantially all of the solvents g%ve evaporated and a thin coating of
phot or esi st ms NO

2. Citations and Explanations
Inventive step:

Document WO-A-8001726, which is considered to represent the most relevant state of the art,
discloses a method for producing a positive photoresist composition comprising:

A) preparing p-cresol oligomers by reacting p-cresol and a formaldehyde solution in water in
the presence of oxalic acid, removing water and excess unreacted p-cresol after reaction,

- B) preparing a photosensitive component (or photosensitizer) by the esterification of about 40%
of the hydroxy groups of the p-cresol oligomers by 2, 1-diazonaphthoquinone-5-sulfonyl chloride
(see example 1 on pages 10-11),

C) providing an admixture of: the said photosensitive component, a water insoluble, aqueous
alkali soluble novolak resin, and a suitable photoresist solvent (see example 4 on page 12),

from which the subject-matter of claim 1 differs in that in the present method a polar organic
solvent is added to the p-cresol oligomers and the obtained solution is filtered through a filter
having a pore size from 0.01pm to 0.10 ym, which yields p-cresol oligomers having very low
levels of metal ions: less than 650 ppb sodium ion, less than 20 ppb iron ion and less than 20
ppb potassium ion. '

The problem to be solved by the present invention may therefore be regarded as finding a
method for producing a photosensitizer having a very low level of metal ion contamination.

Examples 1-4 and comparative example of page 12 clearly show that addition of a polar
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25 conposition, on the order of a mcron in thickness, remains on
the substrate. In a preferred enbodi nent the tenperature is

¢onducted at from about 85C to about - 95C. Thetr |
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containing this photosensitizer, both having a very low level of metal ion contamination.
This improvement cannot be regarded as obvious by the skilled person. Therefore, the subject
matter of present claim 1 (and dependent claims 2-9) can be considered as involving an
inventive step.

The process for producing a photosensitive element using the photoresist composition

prepared according to the method of claim 1 (subject-matter of claims 10-13) can also be
considered as inventive.
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and shoul d not be construed as provi di ng conditions, paranmeters or val ues

whi ch nust be utilized exclusively in order to practice the
pt sent invention. T 5
Synthesis of p-Cresol Aigoners Having Very Low Leve| of %1"5"""?'%“?%%%'

p- Cresol  INTERNASIONALRRELIMINAGYESSAMINATION-REFORTeCK || ask  RCTAIS95/16784

f or maTOeNyae( 55. Z1g) M e Presencte of - oxalt ¢ aci a (L. 5g) T 1Im Water (o)
at 96[err]C for 6 hours. The reaction m xture was distilled
initially under atnospheric pressure and t hen under vacuum

(tenmpeyrat ur e 220€etain|delects irXhié Miethatéifabappicatiel S (20m) ). The 10
nol t en reS|n was allowed to cool to 120[err]C and acetone (925g) was added

to mak 25% solids solution, which was filtered through a

Q1] er‘?‘T 'P?PY"M"?'%’F n “Ré’f%‘i’ PytEn=\9hanisratiopal appication have beorBPGht (RMY of this
ol i gofwertainnember o defacts have bebin nated imthexnewlyJiled sheets: <20 ppb.
15 EXAVPLE 2

°2.8 m Ingependgent cg r1r161 |s5d|rectezi toa methog eI(tjs égpgnéén%lclalr%ssSZ Sgts oulé reafer {o “a

method” and not to a “process”. On the other hand, claim 10 is directed to a process.
Consequently, its dependent claims 11-13 should refer to a “process” and not to a “method”.

{2) In claim 1 either subparagraphs (a), (b) and (c), or subitems (a), (b) and (c) of subparagraph
(c) should be renamed to avoid any confusion.

(3) In claim 1 the word “preparing” is missing in front of “p-cresol oligomers”.
(4) In claim 1 and on page 5, line 7, the expression “a potassium ion level of > 20 ppb” is
obviously wrong and should be replaced by “a potassium ion level < 20 ppb”. The base for such

an amendment is found in example 1 and in Table 1 on page 12.

(5) In claim 1 and on page 5, line 13, the expression “a pore size from 0.10 pm to 0.10 pm”'
should obviously be replaced by “a pore size from 0.01 ym to 0.10 ym”.

(6) In claim 1 and on page 5', lines 18 and 21, “solfonic” should be replaced by “sulfonic” and
“novola” by “novolak®.

| (7) In claim 7 and on page 11, line 9, “Paschals” should obviously replaced by “Pascals”.

(8) On page 4, line 26, the sodium ion level is not consistent with present claim 1.
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oxalic acid (7.5 Ibs.) and 25 I bs. of water were added with agitation.
125.5 Kg. for mal dehyde (276.05 |Ibs., 37% was added over a period
ef 2 hours at 96C. After f or mal dehyde addifi on, npeRiiodafipiicdtonngas
al l owed to proceed for 6 hours. The reaction 20 m xture was then
di stil | ed INTERMATIONMALRRELIMINABY EXAMINATION REROBTand t hen undRGTAIRNIGTE4

The morTenm ofTgoner was alTowed to cool to 120C and 2102 Kg. acetone (4625
| bs.) - - was added at 120C and the solution was filtered through a
0.2 [errImfilter. The netals data are shown in Table 1 bel ow.

25 VIil. Certain observations on the international application EXAMPLES 3 & 4

Exanpl e 2 was repeated twi ce. The nmetals data of exanples 3 and 4 are

shown in Table | bel ow.
The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully supportad by

the description, are made:

In so far as corrected according to item (4) of section VI of this report, the expression “p-cresol
oligomers having a sodium ion level < or = 650 ppb, an iron ion level < 20 ppb and a potassium
ion level < 20 ppb”, which has been incorporated in new claim 1, fulfills the requirements of
Article 19 (2) PCT and Atticle 34 (2) (b) PCT. The base for such an amendment is found in

example 1 and in Table 1 on page 12.
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- 12 - Table 1: Metals in p-Cresol O igoners Acetone
Sol ution (ppb) DA-3090 Metal s Exanpl e 2 Exanpl e 3
Exanple 4 Na* 205 650

211 K [err]5 -1- 5 <5

Fe
6
11
Al
<5

Invention
5 The present invention relates to positive photoresist compositions especially
sensitive in the broad band range of the spectrum (365-436 nm), based on a
diazonaphthoquinone sensitizer using a p-cresol oligomer as the backbone, a novolak
resin and a solvent.

10 Description of Related Art

Photoresists are materials which change their solubility in a developer solution
after the photoresist has been exposed to actinic radiation, such as to ultra violet
radiation. Photoresist compositions comprise a photosensitive compound (sometimes
called a photosensitizer), a film forming polymeric resin and a solvent. There are

15 other types of compositions possible, such as a photosensitizer composition dissolved
in an appropriate solvent. The photoresist composition is applied to a substrate which
is to be patterned and the solvent is then removed, as with heat, leaving the
photoresist as a thin film covering the substrate. As a consequence of the exposure to
radiation of the photoresist, a different solubility rate results between the exposed and

20 unexposed (masked over) portions of the resist film which yields a surface relief
pattern after development. Those photoresists which become more soluble in a
developer solution in the exposed regions are referred to as "positive" photoresists.
Those which become less soluble in the exposed regions are referred to as “negative”
photoresists. The present invention deals with a class of those compounds suitable for

25 use in positive photoresist compositions.

Positive photoresists may comprise a water soluble, aqueous alkali soluble
resin, such as a novolak resin or a poly(p-hydroxystyrene), and a photosensitizer. The
resin and sensitizer are applied, such as by spin coating, spray coating, or other
suitable means, from an organic solvent or solvent mixture onto a substrate, such as a
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COVPARATI VE EXAMPLE Exanpl e 2 was repeated except that

I nst.ead of using acetone as the solvent, 5 p-cresol oligonmer was
l.sol ated as a solid. The oligonmer that was obtained contained very
h_| gh level of netal ions as shown in Table beI ow.

Tabl-e 2; Metals in p-Cresol digoners (ppb) Met al s
Conpar ati ve Exanpl e Na 600

K 207 >1200

Cr silicorB Wafer or a chrome-plated glass plate. 'ﬂp developers normally used thiprocess

the positive photoresists are aqueous alkaline solutions, such as sodium metasilicate,
potassium hydroxide, tetramethyl ammonium hydroxide and ammonium hydroxide.
The developer removes the areas of the coated photoresist film that have been

5 exposed to light or other form of irradiation so as to produce a relief pattern in the
photoresist film.

The application of a photosmsmve film to various substrates is an essential
step in the fabrication of integrated circuits. The substrates are generally silicon
wafers which may have a thin oxide coating or other coating, such as silicon nitride or

10 aluminum. The photosensitive film is used to pattern the substrate in a series of steps
including exposure (through a mask pattern), development to yield a relief pattern in
the resist layer and a substrate etch step to transfer that pattern into the substrate
material, It is essential that the mask pattemn be accurately reproduced in the substrate
etch pattern. To achieve this high degree of accuracy, the mask pattern must be weil

15 resolved by the photoresist layer. Conventional photoresists may employ novolak
resins as the water in soluble, alkali soluble, film forming polymer.

Background of the Invention
The present invention relates to radiation sensitive positive working
20 photoresist compositions and particularly to compositions containing novolak resins
together with a photosensitizer which is a diazo sulfonyl ester produced by reacting a
2,1,4- or 2,1,5- diazo sulfonyl chloride with a p-cresol oligomer as a backbone.
It is known to the skilled artisan to produce positive photoresist composmons,
such as those described in United States Patent Nos. 3,666,473; 4,115,128 and
25 4,173,470. These include water insoluble, aqueous alkali-soluble phenol-
formaldehyde novolak resins together with light-sensitive materials, usually 2
suBstituted naphthoquinone diazidle compound. The resins and sensitizers are
dissolved in an organic solvent or mixture of solvents and are applied as a thin film or
coating to a substrate suitable for the particular application desired.
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- L3 - Exanpl e 2 was repeated and the solid p-cresol
bl | g UANNS9Ti Ssdl ved in propyl ene gl ycol methyl ether acetate
nfl filtered thriodgh a 0.2 [err]mfilter td-renove metals. It
phaS—found that thel | evel of netal ions were still high.

dimensions, is extremely important in the production of large scale integrated circuits

on silicon chips and similar components. Circuit density on such a chip can only be

increased, assuming photolithography techniques are utilized, by increasing the

resolution capabilities of the resist. Although negative photoresists, wherein the

5 exposed areas of resist coating become insoluble and the unexposed areas are

dissolved away by the developer, have been extensively used for this purpose by the
semiconductor industry, positive photoresists have inherently higher resolution and

are utilized as replacements for the negative resists.

In photoresist technology, it has normally been desired to increase resist

10 contrast. High contrast positive working resists produce developed images which

exhibit high edge acuity, when exposure is performed on typical equipment such as

steppers and projection aligners. In most lithographic semiconductor applications, the

high edge acuity of developed images is of great importance, since it allows for small

variations of line width over the wafer's topography. Therefore, it permits good

15 control of etching during anisotropic plasma-etching and is typically associated with
good processing latitude.
Summary of the Invention
The invention provides a phot_osenéitiiet having a very low level of metal ions
20 and new positive photoresist compositions containing this photosensitizer. Such

photoresist compositions have good photospeed, high contrast, good resolution, good
thermal stability of the image during processing, wide processing latitude, good line

width control, clean development and low unexposed film loss.
~ The photosensitive composition of the present invention comprises: an
25 admixture of (a) a photosensitizer comprising a diazo ester of p-cresol oligomers
having a sodium ion level <20 ppb and a potassium ion level of >20 ppb with diazo
sulfonyl chloride comprising from about 60 to 100 mole percent of 2,1-
diazonaphthoquinone-4 (or 5)-sulfonyl chloride or a mixture thereof, the
photosensitizer being present in the photoresist composition in an amount sufficient to
30 uniformly photosensitize the photoresist composition; and (b) a water insoluble,
aqueous alkali soluble novolak resin, the novolak resin being present in the photoresist
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EXAMPLE 5 : Synthesis of 2.1.4-Diazo Ester of
p-Cresol digoners ‘ Into a 500 mL, four necked flask
%qui pped with a thernoneter, stirring shaft and droppi ng funnel
were added 74 granms of an acetone sol ution 1667 nol es) of p-

cresol oligonmers fromexanple 2 and 15.01° éﬂ’ams (0. 0558 nol es) of
2,1,5-diazo 10 sul fonyl chloride and 10 m. of acetone. The m xture
was stirred at room tenperature (25[err]C) for about 30 m nutes
to obtain a cl eaomposition Gm.an amount sufficient to formTa isubstgntially vaiforng phgtoresist

added into the reactlonf as p nel I od
of 20 to 30 m nUORBONRPRH EIERY e GATDLSHE ciNfiBiiop, frages, Fom sh s 160
reaction m xtur I ﬁlofspﬁte?er& 859695 oéneir €. After the
reaction 15 %&@%5%3%% ete 4 g‘f’ﬁgtl aglsal acetic acid was added
to destroy any unreaclhednvention also promdea‘ o rmétharh farr producing,@ pasisive ipbatosesist ur e

was then stirred for ,gne r and cool e 10[err] C and then
filtered 2o remfPEPOSiHON, Li‘a a@ganadlmxtureof The reaction

g‘ xture was precip é&)’ﬂ ed ?epdﬁ@ﬂ@lcﬁ&ol ai@.@s,mamraesdmmﬁm wwel <650 ppb, an Of
ei oni zed wat er and 448 of et hanol yell ow fine precipitate was
obt ai ned, 20 whi ch ironsion devel QﬂQQ)PP'GM#d?O%BFE‘OHt‘HYQE off 29 rRnbe by
{1l tored and vashed w1 3Eebhe st phbbls sBliSF Vs o iencd
of an acid catalyst, preferably oxalic acid or maleic anhydride,
10 removing water and excess unreacted p-cresol, such as by distillation,
adding a polar organic solvent, preferably acetone or methanol, to the
oligomers and filtering the solution through a filter having a pore size
from 0.10 pm to 0.10um;
®) preparing photosmﬁitive component (2) by the esterification of from
15 about 60 mol% to about 100 mol% of the hydroxy groups of the p-
cresol oligomers by one or more sulfonyl chlorides, the diazo ester
moieties comprising 2,1-diazonaphthoquinone-4-sulfonic acid ester
and/or 2,1-diazonaphthoquinone-5-solfonic acid ester, '
(¢)  providing an admixture of. the said photosensitive component (a} in an
20 amount sufficient to uniformly photosensitize the photoresist
composition, a water insoluble, aqueous alkali soluble novola resin (b),
this resin being present in the photoresist composition in an amount
sufficient to form a substantially uniform photoresist composition, and
a suitable photoresist solvent (c), preferably propylene glycol methyl
25 ether acetate (PGMEA), 2-heptanone, ethyl lactate, ethyl 3-ethoxy
propionate (EEP) or a mixture of any of the above. Such a p-cresol
oligomer having a sodium ion level <650 ppb, an iron ion level of <20
ppb and a potassium ion level of >20 ppb cannot be obtained unless the
oligomers are dissolved in the polar organic solvent and filtered

30 ' through a 0.01 to 0.10 pum filter, preferably 0.01 t0 0.05 um.
| REPLACEMENT SHEET
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drawi ng air through a buchner funnel. After the cake was air dried, it was
| ef t over ni ght
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I n a vacuum oven at 35[err]C. The yield of the

product was 22 grams (95%. 25

EXAMPLE 6
p-Cresol digoners

equi pped with a thernoneter, stirring shaft

Synthesis of 2,1,5-Diazo Ester of
Intt#-a 500 nl, four necked flask
and droppi ng funnel

wer e added 74.10 grans of an acetone solution (.1667 noles) of

p-cresol ol i gomers fTheninvention durhernstotidedd prodess f00. frbGRing> ephotodensitive

2,1,5-diazo 30
was stirred at
to obtain a clear so
PCT/ US95/ 16784

10

15

20

25

sul fonyl chloride and 10 m . of agetone., K The m xture

hyiRseduging aphotoresist image ony substrats, which Gamprisesso ni nut es

wt | Otbating a substrate wiE Q{Me working photoresist composition

®)
©

produced by:
(1)  preparing p-cresol oligmers, having a sodium ion level <650

_ppb, an iron ion level of <20 ppb and a potassium ion level of >20 ppb,

by reacting p-cresol and a formaldehyde solution in water in the
presence of an acid catalyst, preferably oxalic acid or maleic anhydride,
remdving water and excess unreacted p-cresol, such as by distillatiorg
adding a polar organic solvent, preferably acetone or methanol, to the
oligomers and filtering the solution through a filter having a pore size
from 0.10 um to 0.10pm; '

(2) preparing photosensitive component (al) by the esterification
of from about 60 mol% to about 100 mol% of the hydroxy groups of
the p-cresol oligomers by one or more sulfonyl chloﬁdes, the diazo
ester moieties comprising 2,1-diazonaphthoquinone-4-sulfonic acid
ester and/or 2, 1-diazonaphthoquinone-5-solfonic acid ester;

(3) providing an admixture of. the said photosensitive component
(al) in an amount sufficient to uniformly photosensitize the photoresist
composition, a water insoluble, aqueous alkali soluble novola resin
(a2), this resin being present in the photoresist composition in an
amount sufficient to form a substantially uniform photoresist
composition, and a suitable photoresist solvent (a3) preferably
propylene glycol methyl cther acetate (PGMEA), 2-heptanone, ethyl
lactate, ethyl 3-ethoxy propionate (EEP) or a mixture of any of the
above;

coating a suitable substrate with the photoresist composition;

heat treating the coated substrate until substantially all of the solvent is

removed;
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-"13 - Exanpl e 2 was repeated and the solid p-cresol
ol i goner was di ssolved in propyl ene glycol nethyl ether acetate
and filtered through a 0.2 nmfilter to renove netals. It was
found that the level of netal ions were still high.

EXAMPLE 5 Synt hesté8of 2,1, 4-Di azo Ester of

p- Cresol digoners. Into a 500 n1., four necked fl ask
equi pped with a thernmonmeter, stirring shaft and droppi ng funne

were added 74 grans dfl) an image-wise espusingitheplotdresist compesition fand-

cresol oligoners fromexanple 2 and 15. 01 ranms_. (0. 0558 npl es),

2,1,5-diazo 10 (s ul Egﬂ‘}‘{“’& Weﬂﬂfﬁéﬁbﬁﬁ@ﬂwmsﬁpﬂr e
was stirred at roomtenpel;ﬁ{hw (25[err]C) for about 30 m nutes
to obtain a clear solutio ﬁutable developer. Tri et hyl am ne(5.89 g) was
added into the reaction flask by a dropping funnel over a period
of 20 to 30 mnutes, while maintaining the tenperature at 30C. The
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.Feaction mxture was stirred for 1.5 hours at roomtenperature. After the
reaction 15 was conplete, 0.91 g. of glacial acetic acid was added
to destroy any unreacted sul fonyl chloride. The reaction m xture
was then stirred for one houyr: and cooled tg 10[err] C and t hen

filtered to renove salt and any irrpuritietll' ' The reaction
m xture was precipitated by drowning into a m xture of 672 gm of

dei oni zed water and 448 gm of nethanol A yellow fine precipitate was
obt ai ned, 20 and showid obt beeonstraedras providing censlitions, pasmeters o Maluescubiclogust

filtered and washed.wi th about .5 . liter | oni zed water. The

yel | ow cake was qu" i E?Ef? vefyd%mdtegm%cﬁﬂée %?m?{nvgxﬁioﬁ. drawi ng air

t hrough a buchner funnel. After the cake was air dried, it was |left

overnight in a vacuumoven at 35[err]C. The yield of the product was 22

grans (95%. 25 m

Synthesis _of 2,1,5-D es

a 500 m.,-" four necked S oiwivantvl vASLY R > Gret et T 1T MY

and dropping funnel wgreresslde(08L3gy Gkdns condensedacdi ore Satecki Oflask 16Gth

nol es) of p-cresol of igeorrers fromexanple 2 and 15 .0 aggraﬁ (r

ol es) of 2,1, 5- frmaldelydp(S5:248) isghe presence R iRl 484 413010 e SRDA oI E

The m xture was gihk e et it IR Wb dmtigfy bider armospheric pressure and
then under vacuum (temperature 220°C, pressure 2666 Paschals (20mm)). The

10 molten resin was allowed to cool to 120°C and acetone (925g) was added to make a

25% solids solution, which was filtered through a 0.1um filter. Relative Molecular
Weight (RMW) of this oligomer was 6.0; the amount of Na, Fe and K present was

<20 ppb.

ZQ
ynthesis

g H3a : v ‘2:; ow Level of Metal ions

15 | EXAMPLE 2
52.8 Kg. p-Cresol (116.15 Ibs.) was charged to a stainless steel reactor,
oxalic acid (7.5 Ibs.) and 25 Ibs. of water were added with agitation. 125.5 Kg.
formaldehyde (276.05 Ibs., 37%) was added over a period of 2 hours at 96°C. After
formaldehyde addition, the reaction was allowed to proceed for 6 hours. The reaction
20 mixture was then distilled initially under atmospheric pressure and then under vacuum.
The molten oligomer was allowed to cool to 120°C and 2102 Kg. acetone (4625 Ibs.)
was added at 120°C and the solution was filtered through a 0.2 um filter. The metals
data are shown in Table 1 below.
25 EXAMPLES3 &4
| Example 2 was repeated twice. The metals data of examples 3 and 4 are
shown in Table 1 below.

-
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for about 30 minutes to obtain a clear solution.

- 15- An aliquot of the above conposition was applied
to a silicon wafer by spin- coating and the coated wafer was
baked at 100[err]C for 60 seconds. The coated film t hi ckness was
0.65 [err]m (m cron). The exposure mat ri x Wes printed on the coated
wafers using a Nikon[err] NSR 1755i 7B | |ine stepper. The post exposure
bake was 5 100[err] C for 60 seconds. The exposed fil mwas devel oped
using MF81A[err] aqueous Table 1: Metsis bpiCwesslOligoniees Acdtdiie Solutiondpp¥ 2
90/ 10 m xture of TMAH and 3-am_nopropanol) for 200 _seconds at

19C. The E[err] Mstaltnierr]) whkEample2d the vEsamBled i1 m|

Na* - 205 650 2
K <§ s <5
Fe 6 17 10
Cr 6 7 <5
Cu <5 1 <§
Mg <5 <5 <5
Al 7 10 6
Mn <5 <5 <5
COMPARAITIVE EXAMPLE _
_ Example 2 was repeated except that instead of using acetone as the solvent,
5 p-cresol oligomer was isolated as a solid. The oligomer that was obtained contained
very high level of metal ions as shown in Table 2 below.
Metals Comparative Example
Na 600
K 207
Fe >1200
Cr 780
Cu 80
Mg BT}
Z o REPLACEMENT SHEET:
Ca 474 i 1
Al 320 : 0 9 JAN %97
Mn 416
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1795 percent. 10

[
R

-13-
Example 2 was repeated and the solid p-cresol oligomer was dissolved in

propylene glycol methyl ether acetate and filtered through a 0.2 um filter to remove
metals. It was found that the level of metal ions were still high.

5 | EXAMPLE §

is of 2.1.4-Di f | Qligomers

Into a 500 ml, four necked flask equipped with a thermometer, stirring shaft:
and dropping funnel were added 74 grams of an acetone solution (.1667 moles) of p-
cresol oligomers from example 2 and 15.01 grams (0.0558 muoles) of 2,1,5-diazo

10 suifonyl chloride and 10 ml. of acetone. The mixture was stirred at room temperature
(25°C) for about 30 minutes to obtain a clear solution.

Triethylamine(5.89 g) was added into the reaction flask by a dropping funnel
over a period of 20 to 30 minutes, while maintaining the temperature at 30°C. The
reaction mixture was stirred for 1.5 hours at room temperature. After the reaction

15 was complete, 0.91 g. of glacial acetic acid was added to destroy any unreacted
sulfonyl chloride. The reaction mixture was then stirred for one hour and cooled to
10°C and then filtered to remove salt and any impurities.

The reaction mixture was precipitated by drowning into a mixture of 672 gm
of deionized water and 448 gm. of methanol. A yellow fine precipitate was obtained,

20 which was stirred for several hours, then decanted, filtered and washed with about §
-Iiters of deionized water. The yellow cake was air dried at room temperature by
drawing air through a buchner funnel. After the cake was air dried, it was left
overnight in a vacuum oven at 35°C. The yield of the product was 22 grams (95%).

25 EXAMPLE 6
is of 2.1,5-Dt resol Oligo:

Into a 500 mi., four necked flask equipped with a thermometer, stirring shaft
and dropping funnel were added 74.10 grams of an acetone solution (.1667 moles) of
p-cresol oligomers from example 2 and 15.01 grams (0.0558 moles) of 2,1,5-diazo

30 sulfonyl chioride and 10 ml. of acetone. The mixture was stirred at room temperature
(25°C) for about 30 minutes to obtain a clear solution.
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An aliquot of the above composition was applied to a silicon wafer by spin-
coating and the coated wafer was baked at 100°C for 60 seconds. . The coated film
thickness was 0.65 um (micron). The exposure matrix was printed on the coated
wafers using a Nikon® NSR 1755i7B I line stepper. The post exposure bake was

s 100°C for 60 seconds. The exposed film was developed using MF81A™ aquéous
alkaline developer (47% solution of a 90[10 mixture of TMAH and 3-aminopropanol)
for 200 seconds at 19°C. The Ecp (mj/cm’®) was 96 and the unexposed film loss was
1.95 percent. ' |
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AMENDED SHEET - 16 - \hat is
clainmed is: 1. A nethod for producing a positi ve—pho{—efeﬁ—s—t———w-—.

conposi tion: (a) preparing p-cresol olignmers, hayin sodi um
I'evel [err]650 ppb, an iron ion leve of < mlmmlﬂi“” UI II
potassiumion |evel of<20 ppb, by reacti ng p cresol h
f or mal dehyde solution in water in the presence of an aci d

What is claimed is:

L A method for producing a positive photoresist composition:

(a) p-cresol oligmers, having a sodium ion level <650 ppb, an iron ion level
of <20 ppb and a potassium ion level of >20 ppb, by reacting p-cresol
‘and a formaldehyde solution in water in the presence of an acid
catalyst, removing water and excess unreacted p-cresol, adding a polar
organic solvent to the oligomers and filtering the solution through a
filter having a pore size from 0.10 um to 0.10um;

) preparing photosensitive component (a) by the esteriﬁcaﬁon of from
about 60 mol% to about 100 mol% of the hydroxy groups of the p-
cresol oligomers by one or more sulfonyl chlorides, the diazo ester
moieties comprising from about 60 to about 100 mol% of 2,1-
diazonaphthoquinone-4-sulfonic = acid ester  andfor  2,1-
diazonaphthoquinone-5-solfonic acid ester;

(c)  providing an admixture of: the said photosensitive component (a) in
an amount sufficient to uniformly photosensitize the photoresist
composition, a water insoluble, aqueous alkali soluble novola resin (b),
this resin being present in the photoresist composition in an amount
sufficient to form a substantially uniform photoresist composition, and
a suitable photoresist solvent (c).

2. The process of claim 1 wherein said formaldehyde is a 30 to 40 percent
solution in water.

3 The process of claim 1 wherein said éatalyst is oxalic acid.
4. The process of claim 1 wherein said polar solvent is acetone or methanol.

5. The process of claim 1 wherein the water and excess unreacted p-cresol is
removed by atmospheric or vacuum distillation.

| REPLACEMENT SHEET
his Sheet Has Been Reﬂlaced AMERNDED u S y h_T ;

HII L o= | [ v




VAL Y. - Al ANV R goWw J R 0y W7 L mddd - 2L LD . LAY prt'aAKIMENTI—= Fll/+3] /0 340380162160

catal yst, renoving water and excess unreacted p-cresol, adding a polar
organic solvent to the oligoners and filtering the so ' rough a

fsilter having a pore size fromO0.01 [err]mto 0.10[err] ' -
prepari ng photosensitive conponent (a) by the esterifi cﬁ“\“ﬂ“ﬂf“‘““ﬂ“m\
about 60 nol % to about 100 npl% of the hydutbxy groups ot' sk
cresol oligoners by one or nore sulfonyl chlorides, the diazo ester

noi eties conprising fromabout 60 to about 100 nol % of 2, 1-

di azonapht hoqui nfine- 4Thkepfonesscof clam § wheeeia atmospherit/ distillatidn is carried out at a
di azouapht hoqui one-5- sulfonic acid ester; (c) provi di ng an

admi xture of: the sai'&mﬁﬁm%gﬁgﬁip'&'egééﬁﬁgﬂ@"ﬁ- (1) in an
anount sufficient to unifornmy photosensitize the photoresist

conposition, a water insoluble, aqueous al kali soluble. novolak resin (2),
this resin bei ng7.presHue pracesshef whairh 0F eehestin cvmoman i distillatiom iscamieduodt at a

sufficient to forma substantially | f or m phot oresi_ st c sition, _and
a suitabl e photor esi smﬁ'l%ﬁtﬁ%)zpapé 30 nOQEJHEdM%}B %g?(c)q‘é?mﬁl(%Mi n
sai d formal dehyde is ﬁe&gret.o 40 percent

8 The process of claim 1 wherein the organic polar solvent is added to molten p-
creson oligomer at a temperature of from about 100°C to 220°C.

9. The process of claim 1 wherein the p-cresol oligomer is filtered through 0.01
t0 0.05 um filter.

10. A process for producing a photosensitive element by producing a photoresist

image on a substrate, which comprises: |
(a) coating a substrate with the positive working photoresist composition
of claim 1;

———— (b) coating a suitable substrate with said photoresist composition,
Tois Shect Has Betp R"““""‘ ¢)  heat treating the costed substrate until substantially all of the solvent is
1TTETIL L ———
(d) image-wise exposing said photoresist composition; and
| (€) removing the image-wise cxposed areas of seid photoresist
composition with a suitable developer.

o~

11.  The method of claim 10 further comprising heating said coated substrate at a
temperature of from about 90°C to about 150°C, for from about 30 seconds
to about 180 seconds on a hot plate, or from about 15 minutes to about 40

minutes in an oven, after the exposure step, but before the removing step.

12.  The method of claim 10 further comprising heating said coated substrate at a
————————  temperature of from about 90°C to about 150°C for about 30 second to about
REPLACEMENT SHEET |

09 JAN 1997




ONTV. ¢ EPAZEPOAOID Kijswijkh Y- 1-97 @ 21016 LAYW DEPARTMENT- Pli/74+31 70 34.03016G: #17
solution in water. 3 The nmethod of claim1l wherei id _catalyst is
oxal i ¢ aci d. 4. The nethod of claim1l wherein satl'm ﬁol ar sol vent i

acet one or net hanol . 5. The nethod of claim1 g”’yw’] nd
excess unreacted p- cresol is renmoved by at nosp cC rm?l
di stillation. , -18- e M s T

180 seconds on a hot plate or for from about 15 minutes to about 40 minutes
in an oven after the removing step.

13.  The method of claim 10 wherein said substrate comprises one or more
components selected from the group consisting of silicon, aluminum,
polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride,
tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures, gallium

arsenide and Group IV compounds.
REPLACEMENT SHEET
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6. o The" process of ‘claim5 wherein atnospheric distillation is carried out

at a ‘tenperature fram about 96[err]C to 200[ egt]C. 7. REPLACEMENT SHEET
process of.claim5 wherei rﬁ]acuum distillation is c ied out at a
terrperature from 200[err]C to 220[err]C, under about. 4665 Pascal s (35m)
.pressure - pressure. 8. The proc4ess of claim1 wherein the

organi ¢ polar solvent is added to nolten p- creson oligoner at a
tenperature of from about 100[err]Cto 220[err] C. 9. The process -of
claim1l1 wherein thde -cresol oligomer is filtered through 0.01 to

0.05 [err]mfilterd ns, is extremel¥ important m the production of large scale integrated circuits
on silicon chips and similar components. Circuit density on such a chip can only be
increased, assuming photolithography techniques are udlized, by increasing the
resolution capabiliies of the resist. Althcugh negative photoresists, wherein the
5 exposed areas of resist coating become insoluble and the unexposed areas are
dissolved away by the developer, have been extensively used for this purpose by the
semiconductor industry, positive photoresists have inheremiy higher resclution and
are utilized as replacements for the negative resists.
In photoresist technology, it has normally been desired to increase resist
10 contrast. High contrast positive working resists produce developed images which
exhibit high edge acuity, when exposure is performed on typical equipment such as
steppers and projection aligners. In most lithographic semiconductor applications, the
high edge acuity of developed images is of great importance, since it allows for small
~ variations of line width over the wafer's topography. Therefore, it permits good
15 control of etching during anisotropic plasma-etching and is typically associated with
good processing latitude. |

Summary of the Invention
The invention provides a photosensitizer having a very low level of metal ions
20 and new positive photoresist' compositions containing this photosensitizer. Such
photoresist compositions have good photospeed, high contrast, good resolution, gbcd
thermal stability of the image during processing, wide processing latitude, good line
width control, clean development and low unexposed film loss.
The photosénxiﬁve composition of the present invention comprises: an
25 admixture of (a) a photosensitizer comprising a diazo ester of p-cresol oligomers
having a sodium ion level <20 ppb and a potassium ion level of <20 ppb with diazo
sulfonyl chloride comprising from about 60 to 100 mole percent of 2,1-
diazonaphthoquinone-4 (or 5)-sulforryl chloride or a mixture thereof the
photosensitizer being present in the photoresist composition in an amount sufficient to
30 uniformly photosensitize the photoresist composition; and (b) a water insoluble,
aqueous alkali soluble novolak resin, the novolak resin being present in the photoresist
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10 A process for producing.a photosensitive el errent by pr oduci ng a
phot or esi st ;i.nmage on a sult.r ate, which conprises: @@  (a)REPLAGBMENT 3HEET
substrate with the positive worKking photoresist conposition -

of claim1l; (b) coating a suitable substrate with said photoresi st
corrp05|t|on (c) heat treating t e toated substrate until
substantially all of the solvent is r enoved; (d)

| mage-wW se exposin al d l"phot or esi st composi t | on; and (e) - renovi ng '
the inmage-w se .¢€ ton 1 o amgpnts e %H‘bt PR 4 ebstantially uniform photoresist -

conmposition with acog-u,b ﬁ&{_epg&vﬂp@‘gr gl%“’%‘t Q?g”c%’rﬂgf’%}‘g]'%& fl{)'(i)t her

conprising heating said coated substrat e at
about 90[err]C to @%DFC%%WMI&M Forpabcubdtito %Omﬂemmls

about 180 seconds on a-ha Cai1sk fr.om abgu m . nut es taq.about 4
mnutes in an oven, after %E %x%osfﬁp ldgy %;5"915‘ tt%ﬁé’fogf’"énq ﬁé"’?"eﬁoﬂﬁ"ﬂﬁ‘%’f ep.
b composition, which comgrises providing an admixture of:
(a preparing p-cresol oligmers, having a sodium ion level <650 ppb, an

iron ion level of <20 ppb and a potassium ion level of >20 ppb, by
reacting p-cresol and a formaldehyde solution in water in the presence
of an acid catalyst, preferably oxalic acid or maleic anhydride,
10 removing water and excess unreacted p-cresol, such as by distillarion,
adding a polar organic solvent, preferably acetone or methanol, to the
oligomers and filtering the solution through a filter having a pore size
from 0.01 pm to 0.10um;
®) preparing photosensitive component (a) by the esterification of from
15 - about 60 mol% to about 100 moi% of the hydroxy groups of the p-
cresol oligomers by one or more sulfonyl chlorides, the diazo ester
moieties comprising 2,1-diazonaphthoquinone-4-sulfonic acid ester
and/or 2,1-diazonaphthoquinone-5-sulfonic acid ester;
(c) providing an admixture of: the said photosensitive component (a} in an
20 amount sufficient to uniformly photosensitize the photoresist
compodition, a water insoluble, aqueous alkali soluble Dovolak resin (b),

this resin being present in the photoresist composition in an amount
sufficient to form a substantially uniform photoresist composition, and
a suitable photoresist solvent (c), preferably propylene glycol methyl
25 ether acetate (PGMEA), 2-heptanone, ethyl lactate, ethyl 3-ethoxy
propionate (EEP) or a mixture of any of the above. Such 3 p-cresol
oligomer having a sodium ion level <650 ppb, an iron ion level of <20
ppb and 2 potassium ion level of >20 ppb cannot be obtained unless the
oligomers are dissolved in the polar organic solvent and filtered
30 through 2 0.01 to 0.10 pm filter, preferably 0.01 to 0.05 um.
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127 The nmet hod of claim 10 further corrprl SI ng heating said coated o
substrate at a te rature 0% from &bout 90[ ]Cto
150[ err] C for about 30 secdhds to about ; 180 J@Emw %HEET

hot plate or for fromabout 15 minutes to abOUt 40 m nutes in an oven

after the renoving step. - "_,5 _ \\ '
| Wit cimatis BT
1.. A.. method for producing a positive photoresist composition: |

(3 w_p—aesolohgrers, Mamdjmmlaﬂg@gb. an 1ren ion lew
of <20 ppb and a pota:ssium ion level of <20 ppb, by reacting p-cresol
and 5 formaldehyde solution in water in the presence of an acid -
catalyst, removing water and excess unreacted p-cresol, adding a polar
organic solvent to the oligomers and fhering the solution through a
filter having a pore size from 0,01 um to 0.10um;

(®) preparing photosensitive component (ﬁ) by the esterification of from
about 60 moi% to about 100 mol% of the hydroxy groups of the p-
cresol .oligomers by one or more sulfonyl chiorides, the diazo ester
moieties comprising from about 60 to about 100 mol% of 2,1-
diazonaphthoquinone-«i—sulfonic acid  ester andlor  2,1-
dmzonaphthoqumone-s- sﬂ.ﬁxnc acid ster

(©)  providing an admixture of " the said photosensitive component (1) in
an amount sufficient to uniformly photosensitize the photoresist
composition, a water insoluble, aqueous alkali soluble . rovdlak résan (2),

this resin being present in the photoresist compasition in an-amount
sufficient to form a substantially uniform photoresist composition, and
a suitable photoresist solvent - {(3).

2.  The gethod of claim 1 whereln said formeldehyde is a 30 to 40 percent
solution in water.

3. Thepethod of claim 1 wherein said catalyst is axalic acid.
4.  Tre metiod of claim 1 wherein said polar solvent 1s ecetone or methaol.

: cla:mlwlrermnﬂewateraﬂece&umea:tedp-creol
5 hx%daumsgfmcorvaamdlqua
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13 ‘The nethbod of claim _10. wherein said substrate conprises one or nore
conponents selected from t@ group consisting of si I.on al umHEQhACEMENT SHEET
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(f) heat treatln%thergé)ated substrate until substantially all of th.e

solvent is

10.

process of ¢{gip §: wherein atmospheric dxstﬂlanon is carried out at a
temperature from about 96°C to 200°C.

The process of claim 5 wherein vacuum distiihﬁon is carried out at a
temperature from 200°C to 220°C, under about 4665 Pascals (35mm) pressure.
pressure.

The process of claim 1 wherein the organic polar solvent is added to molten p-
creson cligomer at a temperature of from about 100°C to 220°C.

The process of claim 1 wherein the p-cresol oligomer is filtered through 0.01
to 0.05 pm filter.

A process for producing a photosensitive element by producing a photoresist

image on a substrate, which comprises:

11.

12.

(a)  coating a substrate with the positive working photoresist composition
of claim 1;

(b)  coating 2 suitable substrate with said photoresist composition;

()  heat treating the coated substrate until substantially all of the solvent is
removed,

(d) image-wise exposing said photoresist composition; and

(¢) removing the image-wise exposed areas of said photoresist
composition with a suitable developer.

The method of claim 10 further comprising heating said coated substrate at a
temperature of from about 90°C to about 150°C, for from about 30 seconds
to about 180 seconds on a hot plate, or from about 15 minutes to about 40
minutes in an oven, after the exposure step, but before the removing step.

The method of claim 10 further comprising heating said coated substrate at a
temperature of from about 90°C to about 150°C for about 30 Seconds o ebout

4*-.;.: -’...-." em - ] .
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(g)* i'mage-w sée exp05| ng said. photoresist conposition; and

(h) re mage-l e exposed areas of sai phot or es EET
conmposition w t h Ilgﬁevel oper. 11. e met hocﬁfﬂm‘\@“}] Sl%
further mg d said coated substrate at a

terrperat bout 90[err]C to aboutlSELSO[err]C for from about 30
seconds to about 180 seconds on a hot plate, or from about 15
m nutes to about 40, m nutes in an oven, after the exposure

step, but before the rd8®wcindsamarhot plate or foriffom abotih &S miviubes do about K® mifluied

further conprising heat ated .Substrate at a
tenperature of from abé‘t&g@vﬁﬁﬁv% % 150[err]C for about 30 second

to about 18Q seconds on a hot plate or for fromabout 15
m nutes to about 4 in an oven_after the renoving step.

13.  The net hod 0?3 cl %mﬁvm&m 19 awheray 53id; Bb&rate, FPMPELS 0Bk Or OROTRDI €
components selected from the group consisting of silicon, aluminum,

polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride,
tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures, gallium
~ arsenide and Group III/'V compounds.
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conpement s.sel ected fromthe group consisting of silicon, alum ST, 43 2337
polyneric resins, silicon dioxide, doped silicon dioxide, sili Sl

tantal um coppq ol ysi | i CyoRLE  PROpETY ORGANEAADBRT M Xt U
arseni de and e?%ﬂ | 1/V compounds. Intemational Burcau
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