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POSITIVE PHOTORESISTS PREPARED THEREFROM (POS'[

)

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to novelak
resins, and, in particular, to novolak resins having lowered
hydroxyl content and which are prepared using a mixture of

aldehydes.

The present invention also relates generally to
radiation-sensitive positive photoresist compositions and
particularly to such compositions containing a novolak resin

having lowered hydroxyl content and which are prepared from a

mixture of aldehydes.

Description of the Pricr Art

Positive photoresist formulations such as are described
in, for example, U.S. Patents ﬁos. 3,666,473; 4,115,128;
4,173,470: 4,377,631; 4,536,465; and 4,529,682, include
‘alkali—-soluble phenol-formaldehyde or cresol-formaldehyde resins
together with light-sensitive materials, ustally a substituted
naphthoquinone diazide compound. The resins and sensitizers are
dissolved in_an organic solvent or mixture of solvents and are

applied in a thin film or coating to a substrate suitable for

the partiéular application desired.
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.BACKGROUND OF THE INVENTION 1. Field ofythe Invention  The present
|nvent|on rel ates generally to novol ak resins, and, injpghETs 1.Q.
novol ak resins having | ow ered hydroxyl content and
using a m xture of al dehydes. The present |nvent|on

general |y to radi &he nayv.lakinesid [RARANANtRf (ﬁQﬁﬁ%thﬁﬁﬁﬁﬁ?f? ns and
Py oxyl SoERERe b G A AR Al BT g MY Ech@nor e
Descri pt haphehoif idnedlseNditiAasiddte fhal diessTiut sniut#t ¢ oNsh bt Boas
are de- scribed in, for exanple, U S. Pat. Nos. 3,666,473,
with respect to the resin. Upon exposure of selected areas of
the coated substrate to actinic radiation, however, the
sensitizer undergoes a radiation-induced structural
transformation which decreases its efficiency as a dissolution
rate inhibitor for the novolak and, subsequently, the exposed
areas of the coating are rendered more 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 alkaline developing solution while

the unexposed areas are largely unaffected, thus producing a

positive relief pattern of photoresist on the substrate.

Positive photoresists, especially those used to prepare
microelectronic silicon wafers and chips, are often subjected to
temperatures during the manufacture of the finished article
which are high enough to have a deleterious effect on the
photoresist. Thus, positive photoresists having improved
thermal stability have long been sought. HoweVer, it is élso
very important that the photoresist be capable of providing high
optical resolution so that precise patterns can be applied to
the substrate. While positive photoresists having high
resolution and centrast characteristics, such as DYNALTTH®
EPR-5000 resist sold by the Dynachem Division of Morton
International, are known, and positive photoresists having good
thermal stability, such as DYNALITH® OFPR-800 resist also sold
by the Dynachem Division of Morton International, are also
known, the art has yet to develop a positive photoresist which

combines these thermal stability and high resolution and high
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.4,115,128; 4,173,470; 4,377,631; 4,536,465, and 4,529, 682, include
al kal i -sol ubl e phenol -for mal dehyde or Ere%olffornaljggﬁggng§HQ§ghgge her
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with light-sensi- tive materials, usually a substit wApAUI nong

di azi de conpound. The resins and sensitizers are di $—sotved—n—amorganic
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a substrate suit- able for the particul ar application desired. The
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sensitizer undergoes a radiation-
high contrast and vice versa.

It was discovered and disclosed in earlier USA Patent
Application Serial No. 376,971, filed July 6, 1989, that
positive photoresists having both a high degree of thermal
stability and good resolution could be made when the novolak
resin employed is prepared from a mixture of aldehydes
comprising formaldehyde (or a formaldehyde precursor) and a
monochydroxy aromatic aldehyde. However, while such positive
photoresists had better thermal stability than the
aforementioned DYNALITH® EPR-SOOO resist they generally were
faster and lost more film in standard strength developers.

Thus, it became desirable to develop positive photoresists that
could maintain the improved thermal stability of the mixed
aldehyde photoresists disclosed in said Serial No. 376,971 while
producing photoresists having still better photospeed and film
loss characteristics. It was also desirable that positive
photoresists be available that are "process tunable", i.e.
positive photoresist compositions in which the photospeed
characteristics of the photoresist composition can be made
readily and easily adjustable and whereby ti:e¢ photoresisis can
be made to perform optionally in a wide variety of developers.

—_
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In accordance with the present invention, a new,

improved class of novolak resin compositions of reduced hydroxyl



;indJEed structural transformation which decreases its
dissolution rate inhibitor for the novol ak and, subsequant$yspifh
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the substy§ft&76,971. In accordance with the present invention a novel

novolak resin and photoresist therefrom having improved contrast
characteristics from reduced film loss and manageable photospeed
properties is provided by a novolak resin comprising the
condensation product of:
(A) a phenol, phenol derivative or mixtures thereof,
and
(B) a mixture of aldehydes comprising formaldehyde or
a formaldehyde precursor and
(1) a monohydroxy aromatic aldehyde and wherein
said novolak resin has hydroxyl groups
thereof esterified so that an aliphatic or
aromatic ester group exists in place of the
hydrogen atom in at least a portion of the
hydroxyl groups, or
(2) a mixture of at least one monohydroxy
| aromatic aldehyde and at least one
non-hydroxylic aromatic aldehyde,
said novolak resin having a hydroxyl number of about 120 to

about 180 grams of resin per equivalent of hydroxyl.

Further provided in accordance with this invention is a
positive photoresist composition comprising: 2 bindinuly
effective amount of the aforesaid novel novolak resins of lower

hydroxyl content and a photoimaging amount of photosensitizer.

The present invention also provides a method of forming
a resist pattern on a substrate comprising:

I. coating said substrate with a layer of a positive

photoresist composition;
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.-2-  Positive photoresists especially t Bose used to

m croel ectronic silicon wafers and chips, are often s b— %ﬁﬁﬁﬁiﬂgsgpﬁr

t enperatures during the manufacture of the finished a RWHMmmDareihlgh
enough to have a delete- rioys effect _on the photoresist. Thus

phot ore- sists havithg |ﬁﬁPS@é&gtﬁ@#ﬁaﬂaiﬁﬁbPP£F§rR¥ﬁ§q g%ught

However, it is also ver nt at the photoresi st be capable of
prOV|d|ng hi gh opti cal %e?gﬁ E%’oﬁkgb that precise patterns can be applied

to the sub- III. removing the exposed portion of said layer with an
aqueous alkaline developer for the exposed resist
composition to uncover the areas of the substrate
beneath the exposed portions;
said positive photoresist comprising, prior to exposure, the

aforesaid novel novolak resin of reduced hydroxyl content.

In accordance with the present invention, there is also
provided a substrate coated with a thermally stable and highly
resolved, exposed resist pattern, said resist pattern being
formed from a positive photoresist composition which, prior to
exposure to actinic radiation, comprises an aforesaid positive

photoresist composition of this invention.

A still further aspect of the present invention is a
process for preparation of the novel novolak resins of this
invention. 1In accordance with this invention the novolak resins
can be prepared by several methods. According to one method a
novolak resin composition of this invention can be prepared by
producing an unesterified novolak resin according to the
procedure described in the aforesaid Application Serial No.
376,971, wherein the novolak resin ié the condensation product
of: (A) a phepol, phenol derivative or mixtures thereof and (B)
a mixture of aldehydes comprising (1) formaldehyde or a
formaldehyde precursor and (2) a monohydroxy aromatic aldehyde,
and then this novolak resin is esterified with a suitable amount
of a suitable esterifying agent to produce .novolak resin of this
invention having the desired lowered hydroxyl number.
Alternatively, the first produced unesterified novolak resin can

be "over esterified", i.e. esterified to a higher percent
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,strate. Wile positive photoresists havin% hi gh resolu- tion and contrast
characteristics, such as DYNA- LITH erf7] EPR-5000 resist_sold by the
Dynachem Divi- sion of Murton International, are knGWﬁiﬁaﬂﬂ*gg§bE#

phot oresi sts having good thermal stability, such as| DYNAREPHhEs | §§PR—8OO
resi st alestewiflibytiba bByuaaclesibedi shothaf fihaltonrovdllaknaid e al so
known, the art has yet to develop a positive photoresist which conblnes

t hese théi’qml’o%%'ébPPl of Bhdshipventienu- Suéhahhg ﬁP@HnéiéntorfasﬁtuCh
characterjistics nul a:

enhance(ﬁﬂf%ﬁe?%%gé &ﬁér88§ePPS§t%§1g6?§aP?V8§8 ;%égﬂ g%?é??%’fﬁ% ot her

charact erdidnided | t8 pPBRhEEEE! AbFoYakNr8894 &Bﬁb&ghtibﬁbhhvﬂﬂ@/ékaéﬁﬁred
provi de high resolutlon and high contrast and
hydroxyl number of from about 120 to about 180 grams of resin

per equivalent of hydroxyl.

Another method of producing a novel novolak resin
composition of this invention is to produce the novolak resin of
lowered hydroxyl content without esterifying unesterified
novolak resin or without blending of esterified and unesterified:
resin. Such other method employs both a monochydroxy aromatic
aldehyde and a non-hydroxylic aromatic aldehyde in combination
with formaldehyde or a formaldehyde precursér in the mixture of
aldehydes condensed with a phenol, phenol derivative or mixtures
thereof to directly produce novolak resins of reduced hydroxy
level compared to those produced by employing only a monohydroxy
aromatic aldehyde in admixture with formaldehyde or a

formaldehyde precursor condensed with a phenol, phenol
—_—

Thls Sheet Has B

T

derivative or mixtures thereof.

DETAILED DESCRIPTION OF THE INVENTION

According tc this invention novelak resins of the type
disclosed in the aforesaid USA Serial Number 376,971 are
modified to provide new novolak resins compositions having
hydroxyl numbers of from about 120 to about 180 grams of resin
per equivalent of hydroxyl. Tﬁe new novolak resin compositions
are provided by either esterifying a suitable unesterified
novolak resin, or blending a mixture of suitable esterified and

unesterified novolak resins or by employing at least one



.vice versa. It was discovered and disclosed.in earlier U S. patent
applcatlon Ser. No. 376,971, filed Jul. 6, 1989, U.Sr 3§E§v~

that positive photoresists having both a hlgh degreeJ Efﬁﬁﬁ“§ﬁﬁhw
~and- good resol utjion coul d be, made. when t he novolak re
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af or enent ipheedbIDYNHdrdl dFRw0ra it siithideganrimidy. Wele dagt easandone
lost nore filmin standard strength devel opers. Thus, it becane desirable

to de- velPdPdURaT i PRt B qomposdduilan hEvHng @ thedrexyl number of

from about 120 to 180 grams of resin per equivalent of hydroxyl.

511,
ty

The novolak resins of the present invention are
prepared from (1) phenol or a phenol derivative or mixtures
thereof, and (2) a mixture of aldehydes which contains
formaldehyde or a formaldehyde precursor and a mdnohydroxy
aromatic aldehyde. The phenol and phenol derivatives useful in
preparing these novolak resins include, but are not limited to,
phenol, m-cresol, p-cresol, o-cresol, and mixtures thereof.
Other examples of phenol derivatives may be found in H. Hiraoka,
"Functionally Substituted Novolak Resins: Lithographic
Applications, Radiation Chemistry, and Photooxidation",
Materials For Microlithography, ACS Symposium Series No. 266
(1984) which is hereby incorporated herein by reference
thereto. The phenol derivatives may also contain other
substituents on the aromatic ring including, for example, alkyl

or halogen moieties.

The mixed aldehydes useful in preparing the novolak
resins of the present invention contain formaldehyde or a
form;ldehyde precursor. As used herein, "formaldehvde
precursor" refers to compounds, such as 1,3,5—S-trioxane and
paraformaldehyde which, under the reaction conditions employed
to prepare the novolak resin will produce formaldehyde. As used
herein, the term "formaldehyde" is understood to include both
formaldehyde per se and formaldehyde precursors. The second
component of the aldehyde mixture is any monohydroxy aromatic

aldehyde or a mixture of at least one such monchydroxy aromatic

This Sheet Has Been Replaced

[T




sproﬁéd thermal stability of the m xed al dehyde photore- sists disclosed in

said Ser. No. 376,971 while produci ng ohad or-esi sts havi ng—st++4
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t he photoresi st conposition can adj ust abl e an
wher eby #bhel pBotar asnsvs1ek tes ifRde tip ppﬁm‘clr o ipheldly dér bvat fee or
vari ety of devel opers. .
mixtures thereof. In general, however, these aromatic aldehydes
include, but are not limited to, compounds having the general
formula:

CHO

Rlo or 1
(HO)O or 1

where R is alkyl (e.g. C1-C4 alkyl). Examples of preferred

. aromatic aldehydes include.benzaldehyde, and monohydroxy
aromatic aldehydes such as 2-hydroxybenzaldehyde,
3-hydroxybenzaldehyde, and 4-hydroxybenzaldehyde. The
monohydroxy aldehydes are particularly preferred since they can
be used to provide unesterified novolak resins which can be
esterified and then a blend of the esterified and unesterified
novolak resins from said monohydroxy aromatic aldehydes can be
produced to provide the novel novolak resins of this invention
and permit production of such novolak resins having a hydroxyl

content within a wide range.

The relative amounts of the phenol or phenol derivative
and mixed aldehydes used to prepare to novolak resins of the
present investion wmay vary cuinsiderably. In general, these
relative amounts are chosen to produce novolak resins having
high melting points (Tg), high degree of substitution at the
bridging carbons and relatively low molecular weights compared
to novolak resins prepared from formaldehyde only. Typically,

the following amounts of reactants are employed to produce the

novolak resins of this invention:

i
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SUVVARY OF THE INVENTIO@ In accor dance

Moles aromatic aldehvde =
Moles total aldehyde X 100 = about 15% to about 95%.

In a preferred embodiment, the phencl component is a
mixture of phenol derivatives:; namely, a mixture of m-cresol and
p-cresol. When such a mixture is employed, it typically

contains the following relative amounts of m- and p-cresol;

Moles m-cresol %* -
Moles total cresol x 100 about 30? to about 75%.

Given the above reactants and their relative amounﬁs,
one of ordinary skill in the art would be capable of preparing
the novolak resins of the present invention without undue
experimentation. Basically, all of the ingredients are placed
in a suitable reaction vessel and a nonreactive solvent added.
An acid catalyst, such as p-toluenesulfonic acid, is added in a
mole ratio of moles catalyst/moles total cresol of about 0.01 to
about 0.04. The reaction mixture is then raised to reflux
temperature and reflux maintained until no more by-product water

is produced, indicating that the reaction is complete.

Preferably, the novel novolak resins of this invention

are prepared by blending (A) a novolak resin of a monohydroxy

This Sheet Has Been Replaced

* It is not uncommon for commercially available
cresols to contain minor amounts of o-cresol. Therefore, "Moles

total cresol" refers to moles of m-, p—-, and o-cresocl (if any)
and not just m- and p-cresol. It is preferred, however, that

the o-cresol content be less than about 1% of the total cresol.



.acteristics fromreduced filmloss and manageabl e pho- tospeed properties
I's provided by a novolak resin com TNi%ﬂrmfthe condensjatrHISnSHEEG diirves BBEN
(A) a phenol, phenol derivative or mxtures thereof, and REB)AGED

m xture of al dehydes conprising fornal dehyde or a formal dehyde
precursoraxumhtic 4ljehydenebydrifyjedr conhi grahtdehydsteant wWhareireeded or
sai d novol ak resin has hydroxyl groups thereof esterified so that an
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mxture aromethecFRaRPaRRC ST sBy= PEndEFL "BV pRoBHE ernstir At an,

one non- hystien®/| b€ @&Berification of the esterified novolak resin and the

ratio of esterified to unesterified novolak resin in the
composition, one can readily produce novolak resin compositions
of the invention with any suitable hydroxyl number and thus
variable photoresist properties and characteristics. In this
manner the novolak resin employed in the photolithography
process becomes "tunable" in that certain process parameters
become easily selectable merely by employing a novolak resin
composition of this invention having the necessary hydroxyl

number to produce the desired characteristics.

As an example of preferred novolak resin compositions
of this invention there may be mentioned those having the
aforementioned hydroxyl numbers of from about 120 to about 180
prepared by blending (A) an unesterified novolak prepared by
condensation of a mixture of m-cresol and p-cresol with a
mixture of aldehydes comprising formaldehyde or a formaldehyde
precursor and o-, m- or p- hydroxybenzaldehyde with (B) an
esterified novolak resin which is the novolak resin of component
(A) esterified to about 32% esterification with acetic anhydride

for example.

Esterification of the unesterified novolak resin
produced by using monohydroxy aromatic aldehydes in the mixture
of aldehydes can be accomplished by means of any suitable
esterifying agent to replace hydrogen in at least a portion of
the hydroxyl groups in the unesterified novolak with the group
-ocRl wherein Rl is an alkyl or aromatic radical, preferably

alkyl of from 1 to 4 carbon atoms and aromatic is preferable
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.mati ¢ al dehyde, said novol ak resin having a hydr oxyl nunber of about 120 to

about 180 grans of resin per equi val ent ot hy- droxyl . THE GREET ARQVEEERT
in accordance with this invention is a positive photoresist qgﬂﬂgétblon
COWpri Si ng a bi nd- i ngl Yy effecti ve anmobunt of the af or es&d—rovel—rovotak
resi ns of aromet ilky éifoxtrionc @nttentl came rvgph attemagi 7g antangled of such
phot osensi ti zer. The present, invention al so provides a nethod of form ng

a resist ﬁaﬁFéPﬁeoﬁs§e§HE§FF§ﬂ€ncéﬁﬁPF§ fgere may:ba imRperedubseFat e
with a |a¥§5m§§ a Q%%'E]V%nhydrla ot pl@ﬁ é%ﬂ%%%&éf”blhy4f0c53ﬁ§§iﬂgand

said | ayer pa & N SE 10 “ACLIAIC
the like. The novolak resin and esterifying agent will

generally be reacted at reflux for about 10 to about 15 hours to

produce the esterified novolak resin.

The novolak resins of lowered hydroxyl number of the
present invention are especially useful in positive photoresist
formulations. These formulations typically contain a novolak
resin or mixture of esterified or unesterified novolak resins, a
sensitizer or "photoactive component", solvent and various
additives such as colorants, striation aids, and the like. 1In
commercial positive photoresists, the novolak resin is most
commonly a cresol-formaldehyde novolak and the photoactive
component is a diazo quinone compound. Examples of diazo
quinone compounds include 2,3, 4-trihydroxybenzophenone-1,
2-napthoquinonediazide-5-sulfonic acid mono-, di-, and triesters
and 2,3,4-trihydroxybenzophenone-1, 2~-naphthoquinone-
2-diazo-4-sulfonic acid mono-, di-, and triesters. Examples of
these and other diazo sensitizers may be found in U.S. Patent
No. 4,499,171 issued February 12, 1985 to Hosaka et al.

Examples of solvents include, but are not limited to, propylene
glycol monomethyl ether acetate (PMA), ethyl cellosolve acetate,
ethyl 3-ethcxy propionate, diglvme, butyrolactone, xylens, and

- a

butyl acetate.

The critical components of the positive resist
formulation, namely, the novolak resin of the present invention
and the photoactive component, can be employed over a wide range
of relative amounts. 1In general, it is necessary only that

sufficient photoactive component be employed to produce a resist
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stion; and I11. renoving the exposeq_pQQ#iqp of said layer with an
aqueous -al kal i ne devel oper for the exposed re- Si st conpoesition.-to
uncover the areas of the sub- strate beneath the expqsEdSPGEET dH; BEEN

said positive photoresist congr|3|ng, prior to exposure, t he BEQASE
novel nowdiidhrisi photoimageablpyandxyhat thatampunt of novolak resin be

bindingly effective. In terms of relative amounts, the positive
photoresists of this invention may contain from about 2 parts by
weight (pbw).novolak resin per pbw photoactive component to
about 6 pbw novolak resin per pbw photoactive component.
Preferably, a ratio of about 4 pbw novolak resin per pbw

photoactive component is employed.

The amount of solvent in the resist may likewise vary
considerably. Generally, all that is required is that
sufficient solvent be employed to produce a desired coating
thickness under the given coating conditions, e.g. spin speed
and pre-bake temperature. Typically, however, enough solvent is
added to the positive photoresist formulation to procduce a

photoresist having about 25-30% solids.

The positive resists of this invention may also contain
various additives such as colorants, striation aids, and the

like.

Positive resists formulated with the novolak resins of
the present invention have the relatively high thermal stability
like those in the aforesaid Application Serial Number 376,971,
i.e. are stable for at least 30 minutes in a convection oven at
a temperature of about 200-220°C, yet have greatly improved
photospeed and film loss characteristics over the resists in

said Application.

The products and processes of this invention and their
advantages over the prior art are illustrated by the following
examples and comparison tests in which_tempe:atures are °C and

parts are parts by weight unless indicated otherwise. =

This Sheet Has Been Replaced

I




.In accor dance with the present invention,jihere is also prOV|ded a

resi st pattern, said resist pattern being forned froma
photoresi st com position which, t,0 expo ure to ac

conprlses an aforeéaFHPbﬁéﬁtP9¥°ﬁ%%t%%§§PbP cGﬁﬁo&MHQM? AR
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of the nove resin$’o I s“I nventl on. N accordance wt
Inventlonltbepaw@lﬁkcfesbms aa3 barpsepacedsby ,sevepalrtnettmidskane

(aldehyde 1) and 124 parts O-hydroxybenzaldehyde (aldehyde 2) in
314 parts isopropyl acetate solvent and using 4 parts
p-toluenesulfonic acid .H,0 catalyst wherein the ratio of
reactants was as follows:

moles m-cresol/total moles cresol = 0.55

total moles aldehyde/total moles cresol = 0.90

moles aldehyde 1/total moles aldehyde = 0.25
moles aldehyde 2/total moles aldehyde = 0.75
moles catalyst/total moles cresol = 0.010
moles water/total moles cresol = 0.01.

All the ingredients, except the catalyst, were combined in a
suitable reaction vessel. The catalyst was then added and the
resulting reaction mixture was heated at reflux temperature.
Reflux was continued until no more by-product water was
produced, whiéh indicated completion of the reaction. The
resulting novolak resin was then recovered and upon analysis by
SEC the resin was determined to have a weight average molecular
weight of about 2600 and calculated to have a hydroxyl number of
about 110 g/eq. This novolak resin is hereinafter referred to
as resin X971. Three separate portions of novolak resin X971
were then acetylated by reaction at reflux for about 10 to 15
hours with appropriate amounts of acetic anhydride to produce
acetylated X971 novolak resin with approximately 5, 20 and 32%
acetylation, respectively. The three acetylated novolak resins
are hereinafter referred to as X971-5Ac, X971-20Ac and

X971-32Ac.

The synthesis of the 32% acetylated X971 novolak resin

was conducted by combining 279 parts X971 resin, 122 parts
SR, See PR -
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According to one nethod a novol ak resin qgnpqsition of this invention can
be prepared by producing an unes- terified novol ak resi N aGGROSHHFGAOREEE
procedure de- scribed in the aforesaid Application Ser. [No. 3%epOxdsD _
wherein the novol ak resin is_the condensation product of—(A—aphemot;
phenol dé&cakds Anhydride \ard 2 herRAFtantsopyory ki a¢atatef saﬁaéﬁ%@ a

conpri si 1L for - . r r rSQE._an .a_nonohy-
droxy ar %gnlalt I C lﬁ d%%/%gfoﬁngg?%elna? _?sﬁ%ggﬁ‘%g@?%sf%gﬁlgeéggegﬁé fz)e:&%vl\} th a
sui t abl e map@ite o ar&tl bt EmestLture] NOrRe eré r1@x PEPELataYal alasr esin of
this invention having the desired | owered hydroxyl nunber. Alternatively,
the firsmagndaigmi il riiedanhydr tde rkad nconpl deelyveeactedr abi dadgead e.

esterified to a highe ercent ester- . .
%y IR anal s{sf) The other resins were similarly produced.

These acetylated novolak resins were recovered and upon analysis
were determined to have weight average molecular weights of
2400, 2500 and 2500, respectively, and calculated to have

hydroxyl numbers of 119, 150 and 162 g/eq, respectively.

Two further novolak resins of modified hydroxyl number
were prepared in the manner described hereinbefore for X971
resin. In these two resins a non-hydroxylic aromatic aldehyde
(aldehyde 3) was substituted for a portion of the monohydroxy
aromatic aldehyde (O-hydroxybenzaldehyde) in the aldehyde
mixture of reactants. 1In the first such modified novolak resin
benzaldehyde and in the second such modified resin anisaldehyde
replaced a portion of the O-hydroxybenzaldehyde reactant in the
mixture of aldehydes employed in the reaction. In the
production of both of these modified novolak resins the
following ratios were maintained, as in the production of X971
resin, namely:

moles m—-cresol/total moles cresol = 0.55

total moles aldehyde/total moles cresol = 0.9C

moles aldehyde 1/total meles aldehyde = 0.2%
moles catalyst/total moles cresol = 0.0190
moles water/total moles cresol = 0.01.

However, the moles aldehyde 2/total moles aldehyde for these two
reactions was 0.38 and the moles aldehyde 3/total moles aldehyde
was 0.37 for each reaction. After completion of the reaction

the resulting novolak resins were recovered. Analysis by SEC of

the resin produced employing benzaldehyde, hereinafter referred
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ification than desired in the final novolak resin conmposi- tion of this

i nvention. Suitable amunts of such over-t¥sterified and u 1fied
novol ak resin can then be bl ended to produce a novol ak resi|nTREMFEETtHANBEEN

havi ng a desired hydroxyl nunber of from about 120 to about|_ 180 BERLvCEDf

resin pertedas vaden+20f Bhyddekgiminedndtbewetighhodvefrapeodvdicrg 1a maxelght
novol ak resin conposition of this invention is to produce the novol ak resin

of Iomeré%°H?%r%???tcéﬁPBnﬁnQﬁPEEUPY€§P§Vﬂf9Pﬁ§e§n@§ﬁeFP#F@&aﬁ@@oﬁékk#%sin
e i e : . ! t
o WU Py Sasthelc MEtyatd WeRy Lo sh cabny e ider

met hod enp h a“nono _ ar ofmat | enyde ‘and ‘a " no
aromati c @b fiegi anceabaanyEen neirbihareakdebydered &of asModahywdan,
precursor in the m x-

determined its weight average molecular weight to be about 1420

and its hydroxyl number was calculated to be 144 g/eq.

For comparison purposes DYNALITH® EPR 5000 positive
photoresist sold by the Dynachem Division of Morton
International and the X971 novolak resin of the aforementioned
Application Serial Number 376,971 were employed as controls in
the following photoresist evaluation tests. The reduced
hydroxyl number novolak resins of this invention are either
those prepared and described hereinbefore or are prepared by
blending the esterified and unesterified X971 resins together in

the amounts indicated in the following examples.

Each of the resist formulations comprise the indicated
novolak resin or resins, about 25 to 30% by weight based on the
weight of solids of photoactive compound and about 2% by weight

or less of other standard components.

Each, in turn, of the resist compositions of the
examples and comparative examples was spin coated on a track

ccater manufactured by Silicon Vallewy Growp, Céliifarnia, onto

(14

thermally-grown silicon/silicon dioxide coated wafers of 4 inch
diameter and 5000 Angstrom oxide thickness. A uniform coating

of 1.0 um of resist film was obtained at a spinning velocity of
3,500 revolutions per minute. The coated wafers were then soft
baked either in an air circulating oven at 120°C for 30 minutes

or on a track with hot plate at 110°C for 60 seconds. The
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ture of aldehydes condensed with a phenol,, phenol derivative or mxtures
thereof to directly produce novol ak resins of reduced hydro Ii el
conpared to those produced by enpl oying only a nonohydr oxy gﬁgn é?;HASBEEN-
al dehyde in adm xture with fornmal dehyde or a formal dehyde 5 eculEGACED

condensedr%ﬁiﬁtaféh@h§hfCbﬁ@SSnUﬁSdﬁﬁﬁuamBaéuﬁﬁdnthbrésNﬁﬁéﬁ@GF.AFT

thickness measuring tool.

The coated wafers were exposed with an
Ultratech® ultrastep 1000 (1:1) projection stepper fitted with a
lens of N.A. 0.315 to provide ultraviolet exposure radiation in
the range of 390 nm-450 nm. A Micromask® mask with line and
space widths of varying sizes, including some as small as
0.75 pm; was used to provide a selective exposure pattern.
Exposure times were varied in order to determine the photospeed
of the resist, i.e., the minimum amount of exposure energy
(intensity x time) in millijoules/cm2 which will solubilize
the exposed areas of the resist so that the resist in the
exposed areas will be completely removed/cleared during

development.

The exposed resist coated wafers produced as described
above were processed by one of two methods. In one method, the
wafers were placed in Teflon wafer boats and processed in either
EPD 80 or EPD 85 developer on SVG Model 8186 track developing
equipment manufactured by Silicon Valley Group, California, at
19% 1°C. In another method, the wafers were allowed to remain
immersed in Dynachem’s EPD-I developer solution for 60 seconds.
Upon removal from the developer, the wafgrs were rinsed in
deionized water and dried by 2 burst of nitrogen gas or by
placing them in a spin dryer. Following development, the wafers

were examined with an optical microscope at a "1000X"

magnification.

Post-baking of the developed wafers was done in an air
circulating convection oven at about 150°-180°C or by a hot

plate bake on a track at 160°C/60 seconds to increase the
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.9 h DETAI LED DESCRI PI 1 ON OF THE I |
According to this invention novol ak resi nk7of-the type disc\%§%FEﬂﬂﬁ&ﬁEENl

aforesaid U S. Ser. No. 376,971, U.S. Pat. No. 4,943,511 lare-nBEHAGER t o
provi de new novol ak resins conpositions having hydroxyl nunbers of from

about 120;4Re3P8H! ah§0cHERTEAQ! re83sRabele 8FUitHe uRlSRsAN W HPYiond Ner
new novol ak resin conpositions are provided by either esterifying a

sui t abl e timesteatfingd. nﬂmstabakesfﬂpwopfbthndumggesnwnm@r@xﬁmrnﬁdeﬂyean

esteri- fied and unesterified novolak resins _or by enplo at | east one
monohydr oXBtAFBHeP i EXaFtERFd8 ar &OQPXfeE§Bn1§H€aﬁbﬁnhde$%yﬂﬁ tarsRRmT s

al dehyde Qréh€e§£g§h¥g§ percent film loss (FL), photospeed mJ/cm2 for

gross clearing speed (GCS) and/or 1 micron clearing speed (1uCS)

and for post development (PD) contrast and resolution by

determining the largest spaces (in microns) not bridged.
Results of the performance tests are described below.

As indicated préviously, the positive photoresist of
Application Serial Number 376,971 had better thermal stability
than the coﬁmercially available EPR 5000 resist but was faster
and lost more film in standard strength developers. The
following test illustrate how the resists of the present
invention retain the enhanced thermal stability of the resins of
Application No. 376,971 while improving the photospeed and film
loss characteristics thereof to match those of EPR 5000. Thus,
positive photoresist of this invention are demonstrated to have
better thermal stability than EPR 5000 while retaining
photospeed and film loss characteristics substantially

equivalent to those of EPR 5000.

PERFORMANCE RESULTS

Photoresist Resin Ratio Dev. Time Photospeedz
Comp. No. resin (pph) (sec) % FI, GCS (mJ/cm”)
Control 1 EPR 5000 100 42 < 1 125
Control 2 X971 100 22 100.0 < 20
1 X971 67 42 100.0 < 20
X971-20Ac 33
2 X971 33 42 11.0 50
X971-20AcC 67
3 X971-20Ac 100 22 < 1 >260
eet Has Been Replaced
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mixture condensed with a phenol, phena deyivative or m
any case, one produces a novol ak resin conposition havin EHISyIERY M A J1
of from about 120 to 180 grans of resin per equival ent ofl_hy- REEAHEp
novol ak resins of the present invention are pre- pared from

phenol derivative RRAws kgt theshyRepEnt  cantiepd) °§ et Eflsgloéfeﬁldblﬁbﬂe%(’%
whi ch Pon{acladd@ﬁygﬁé)r ”ﬁrlxch?g%ggdofché E:ﬁ’él Oﬁ&gadfrB €ehhSeh ?ngamrjo droxy

aronmati c enol "and erl va I véS use reparl ng

these nown@ktﬁ@smﬁmlnslsgdeelburr@mewottblaued Bamiphenyl,, redus sl
p-cresol, o-cresol, and m xtures thereof. Qher exanples of phenol
der|vatwmnerhﬁdmmxybUQQMtﬁntiof the X971 resin by 14% (Comp. 2)

increased the photospeed from <20 to 50 and decreased the film
loss form 100 to 11%. However, reducing the hydroxyl content of
the X971 resin by only 7% (Comp. 1) produced no change in
photospeed and film loss characteristics compared to X971
resin. Thus, a reduction in the hydroxyl content of X971 type
resins by at least 14 to 20% is necessary to achieve the
improved novolak resins of this invention. The above results
demonstrate that the hydroxyl reduction can be achieved by
blending esterified X971 type resin to the appropriate
esterification level or by blending esterified and unesterified
X971 type resin to achieve the desired level of hydroxyl number

reduction.

Similar tests were conducted with a control resist (EPR
5000) and with mixed aldehyde novolak resins having reduced
hydroxyl content wherein the reduced hydroxyl content was
obtained by blending a X971 mixed aldehyde novolak with a mixed
aldehyde resin having a non-hydroxylic‘aromatic aldehyde,
benzaldehyde, substituted for a portion of the
O-hydroxybenzaldehyde in the resin synthesis. The resulting
resin is hereinafter referred to as resin X871-20Bz. Test

results were as follows:

R
-
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.Hiraoka, "Functionally Substituted Novol ak Resins: Li t hogr a hIFBIS SHEET HAS BEBN
Applications, Radiation Chem stry, and Phot doxi dati on", Mat rial SREQ_ACED l
Mcrolit hography, ACS Synposium Series No. 266 (1984) whi ch 75 her eby—++r
corporated herein by reflerence thereto. The phenol derivatives may al so
contain other substituénts on the aromatic ring including, for exanple,

al kyl or hal ogen noi et i%s. The m xed al dehydes useful in preparing the

novol ak resins of thesjpresent inventien contain fornal dehyde or a

f or mal dehyde precursaof BAssused herein, ' formal de- hyde precursor” refers

t o conmpounds, such as‘-’Jm 3,5-S trioxane and paraf ornmal dehyde whi ch, under

the reac- tion condi t-'go s enployed to prepare the novol ak resin
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. _ TH],
Wi Il produce formal dehyde. As used herein,g the tern1"fornaldehf

understood to include both fornal - dehyde per se and fornal
precursors. The sec- ond conponent of the al dehyde m xture is any nono

droxy aromatic al dehyde or a m xture of at |eas{ one
-6- such nonohydr oXRRPBHELPES af dePydRd afid2Ee PE%eY @dhdehyde novolak

resins having hydroxyl contents reduced by 8, 11 and 14%,
respectively, from the hydroxyl content of the mixed aldehyde
novolak resin (X971) of Application Serial Number 376,971. The
above data demonstrates that reduction of the hydroxyl content
by 14% (Comp. 6{ by employing a non-hydroxylic aromatic aldehyde
for a portion of the monohydroxy aromatic aldehyde in the
synthesis of the mixed aldehyde novolak produces a resist
matching the film loss and photospeed characteristics of an EPR

5000 resist and still having improved thermal stability.

Similar series of tests were conducted with photoresist
of reduced hydroxyl content wherein the reduction of hydroxyl
content was obtained by blending unesterified mixed aldehyde
resin (X971) with appropriate amount of an over-esterified mixed
aldehyde novolak resin X971-32Ac to demonstrate the tunable
nature of the process of this invention and that such process
can produce mixed aldehyde resists of the desired hydroxyl
content to provide resists matching EPR 5000 resist in film loss
and photospeed characteristics while obtaining the advantage of
the enhance thermal stability of the mixed aldehyde novolak
resins of Application Serial Number 376,971. Also included in
the tests was the aforementioned novolak resin X971-20An, an
X971 type novolak resin having its hydroxyl content reduced 20%
ry substituting anisaldehyde for a portion of the
O-hydrocxybenzaldehyde in the aldehyde mixture employed in
producing the X971 resin. The formulations and test results are

as follows:

N ———
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phenol or a phenol derivative or mixtures thereof. I'n gerefdls, szwf;
t hese aromatic al dehydes jnclude, but are not linmted to,
t he general fornula: [err]

(e.g. C1-C4 alkyl). Exanpl es of pre- .
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ferred aromatic al dehydes include benzal dghyde, and nmonohydroxy aromatic
al dehydes such as 2-hydrox- ybenzal dehydé,” 3- hydr oxybenzal ge

4- hydr ox- ybenzal dehyde. The nonohydroxy al dehydes are parEiig%ﬁﬁéiggASBEEN
preferred since they can be used to provide unesterified newela EPAGED

whi ch can be est er¢énpdsihiionen, a8bl 2nd1ofandeldsave| nixgdanddghyseerifie

novol ak resins from sai d nonohydroxy aronatjc al dehydes .c be praqduc to
provideiﬂﬂyékﬁ%!rﬁ%bﬁ?a aYé§9n§Y§F¥¥%¥sc?ﬂ %ﬂ?foﬁ? Hﬁeﬂeﬁgv 91Br’ogg(tti%%n of
such novol gk 3@si eéﬁaaegvél ydf%wtﬁ@nﬁd;@fom htBnReWtds £F #RGEmixelNe
rel ati ve amounts of the phenol or phenol deriva- tive and m xed al dehydes

used to Elepshydé mmowobhkkresinngXefl] hef papskitat honnseonadnfunkey

consi derabl y. .
376,971. The above data demonstrates that a hydroxyl reduction

of at least 16% or more, particularly 19%, produces mixed

aldehyde novolak resins matching the film loss and photospeed.
characteristics of EPR 5000 novolak resin while retaining the
enhance thermal stability of the mixed aldehyde novolak resins

of Application Serial Number 376,971.

The above results are rendered even more surprising and
unexpected by the fact that resists having enhanced thermal
stability as well as photospeed and film loss characteristics
equivalent to EPR 5000 novolak resins are not obtained when:
(1) mixed aldehyde novolak resins are prepared by the

previously described X971 resin synthesis process but

the monohydroxy aromatic aldehyde reactant in the

mixture of aldehydes is completely replaced with a

non-hydroxylic aromatic aldehyde such as anisaldehyde,

benzaldehyde, t-cinnamaldehyde, 1,4-terphthaldicarbox-
aldehyde -- resists from such novolak resins were
exceedingly slow and lost no film, and

(2) esterification of conventional m-cresol/p-cresol

novciak resins produced from formaldehyds~ ov a

formaldehyde precursor (withoﬁt mixed aldehyde

reactants, i.e. no monohydroxy aromatic aldehyde
reactant) -- such esterified conventional resins have

poor thermal stability producing bridges at 1.5 and 2.0

This Sheet Has Been Repl
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In general, these relative anounts are ch9§en to pro- I = €51
havi ng hlgh melting points (Tg), high degrée of substitjution L'ﬁ%%iBEEN
bridgi hg carbons and relatively | ow nolecular weights conpare YACER o) ak
resins prepared from formal dehyde only. Typically, the follow ng amounts of
reactants are enpl oyazrans pand grrerally dans anlesiasgbhalhysacaephebde:

Mol es total aldehyd 100 = %ﬁéﬂ 60@6 about 90% Mol es total pheno
or pheno deﬁ ?ﬁ@?e ﬁ??a]dehyde Mol es t ot al
al dehyde X 100 = about 15%to about 95% In a preferred enbodi nent,

t he phenol conponent is
The fact that esterification of such a conventional

novolak resin does not produce the results obtained according to
this invention is demonstrated when such a conventional
m-cresol/p-cresol novolak resin, hereinafter referred to as
resin X, having a hydroxyl number of 119 g/eq, is esterified
with acetic anhydride at 5§ and 15% esterification levels, or
with p-toluene sulfonyl chloride at 5 and 15% esterification
levels or with phthalide at 15% esterification level. The
conventional novolak resin, i.e. resin X, was produced from

reactants reacted at 95-115°C for about 58 hours and wherein:

0.35

moles of m-cresol/total moles cresol
moles formaldehyde/total moles cresol = 0.64
mole catalyst/total moles cresol = 0.66

mole water/total moles cresol = 1.81.

Esterification of such resin was in the same manner as
previously described. Photoresist formulated, exposed and
developed similar to the procedure previously described, but
employing 2.40% tetramethylammonium hydroxide developer (2.4%
NMD-3 developer sold by the Dynachem Division of Morton

International) produced the following results:

5 Photospegd
Dev. Time (mJ/cm<)
Resin (sec) FL % GCS Bridges (u)
X-bAc 60 .73 75 1.50
X-15Ac 60 .52 230 2.00
X-5p—-ToCl 60 1.05 > 600 -
X-15p-ToCl 60 0.00 >1200 -
X-15Phth 60 0.00 121 1.25
This Sheet Has Been Rep.
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.a mixture of phenol derivatives; naneky, sa mxture of
p-cresol. Wien such a mxture is em ployed, it typic
followng relative anounts of m and p-cresol

- T - | = 0 %. .
Mo eséﬁ”géﬁﬁgle og gfgkefé¥¥%g ggég 9v8b8H5t3§4%1st

composition of this invention comprises a resist formulation of:

Component Weight %
X971 resin 29.9
X971-32Ac resin 18.9
Solvent - PMA 42.0
Photoactive compound 6.8
Other components 2.4

This Sheet Has Been Replaced
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e
Mol es total cresol *It_is not.quncommon for commercially available cresols
to contain ni WS i@ﬁn o cresol. Therefore "Ml es total cresol" refers
to noles of m, kH‘ﬁsol (if any) and not just m ]
i s preferred, 44 he o-cresol content be |ess tja
the total cresol. G ven the above reactard® and their
one of ordinary skill in the art would be capable of preparing the novo
resins of the present invention w thout undue experinentation. Basically,
all of the ingredi ents Mare placed in a suitable reaction vessel and a
nonr eacti ve sol'vent added. An acid catal yst, such as p-toluenesul fonic
acid, is added in a nole ratio of noles

1. A method of forming a resist pattern on a substrate

comprising:

I. coating said substrate with a layer of a positive
photoresist composition comprising an admixture
of a bindingly effective amount of an esterified
novolak resin and a photoimaging amount of a
photosensitizer;

IT. exposing said layer patternwise to actinic
radiation; and

III. removing the exposed portion of said layer with
an aqueous alkaline developer for the exposed
resist composition to uncover the areas of the
substrate beneath the exposed portions;

said an esterified novolak resin comprising, prior to
exposure:
(a) a mixture of m- and p-cresol and
(b) a mixture of aldehydes comprising formaldehyde or
formaldehyde precursor and a monohydroxy aromatic
aldehyde selected from the group consisting of 2-
hydroxybenzaldehyde, 3-hydroxybenzaldehyde and 4-
hydroxybenzaldehyde, wherein said an esterified
novolak resin has hydroxyl groups thereof
esterified so that an aliphatic or aromatic ester
group exists in place of the hydrogen atom in at
least a portion of the hydroxyl groups; '
whereby said an esterified novolak resin having a hydroxyl
number of about 120 to about 180 grams of resins per
equivalent of hydroxyl.

2. The method of claim 1, wherein the phenol and aldehyde
components of the novolak resin are present in the

following amounts: T

R g



catalyst/noles total cresol of about 0.01 to about 0.04. The reaction

m xture is then, raised to reflux tenpera- ture and reflux maintained until
no nore by-product water is produced, indicating that the reaction is com
pl ete. Preferably, the novel novolak resins of this invention are
prepared by blending (A a novolak resin of 20npno- hydr oxyraT

al dehyde esterified to a greater extent than needed or ddgsired,, ﬁ?ﬁXE&E@
unesterified novolak resin of a nonohydroxy aromatic al de

manner, by proper se\$Kds otbiedl tdedengeat of esterifica- t|on of the
esterifled novol ak resin-and-the tatio of esi@p-=idbedtt @0y nest ghbhitedss
novol ak resin in theyCdPasdtd Prphdil e readily produce novol ak resin
conposi tons of phenol derivative

Ef

moles monochydroxy
aromatic aldehyde

———————————————————— x 100 = about 15% to about 95%.
moles total aldehyde

3. The method of claim 1 wherein the m- and p-cresol are
present in the following amounts:

moles m—-cresol

———————————————————— x 100 = about 30% to about 75%.
moles total cresol

-
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_the’invention with any suitable hydroxyl nunber and thus variable
" phot oresi st properties and characteritics. In this nmanner the novol ak resin
enpl oyed in the photo- |ithography process becones "tunable" in that
certain process paraneters becone easily selectable merely by enploying a
novol ak resin conp05|t|on of this invention having the necessary hydroxyl
ESPBESS EABES Nod EBAPA8TBRPIPScs. As an & v
novol ak resin conp05| tions of this invention there may be qgﬁ A‘nﬂﬁﬁﬁﬂo e
havi ng the aforenenti oned hydroxyl nunbers of from about—%26—+8 JHt 180
prepared by blending (A an unesterified novol ak prepared by condensati on
of a mxture of mcresol and p-cresol with a m xture of al de-

NOVOLAK RESINS OF LOWERED HYDROXYIL. CONTENT
AND HIGH CONTRAST HIGH THERMAL STABILITY
POSITIVE PHOTORESISTS PREPARED THEREFROM

ABSTRACT OF THE DISCIOSURE

Novolak resins ‘are provided which are the condensation
product of (a) a phenol, phenol derivative, or mixtures thereof,
and (b) a mixture of formaldehyde or a formaldehyde precursor
and (1) a monohydroxy aromatic aldehyde and wherein at least a
portion of the hydroxyl groups thereof are esterified or (2) a
mixture of at least one monohydroxy aromatic aldehyde and at
least one non-hydroxylic aromatic aldehyde; the novolak resins
having a hydroxyl number of from about 120 to about 180 grams of
resin per equivalent of hjdroxyl. The novolak resins are
especially useful in positive photoresist formulations and have
enhanced photospeed and film loés characteristics as well as

improved thermal stability.

This Sheet Has Been Rep
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-hydes ‘conprising formal dehyde or a formal dehyde precursor and o-,

m or p-

hydr oxybenzal dehyde with (B) an esterified novol ak resin whit
novol ak resin of conponent (A) esterified to about 32% estelfi BEPLA&&MENE SHEET
with acetic anhydride for exanple. THIS SHEET HAS BEEN
REPLACED 22 JUN 1998
< t-

HIGH CONTRAST HIGH THERMAL STABILITY POSITIVE PHOTORESISTS
HAVING NOVOLAK RESINS OF LOWERED HYDROXYL CONTENT 7'}9%6{«-

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to novolak .
resins, and, in particular, to novolak resins having lowered
hydroxyl content and which are prepared using a mixture of .
aldehydes. '

The present invention alsc relates generally to -
radiation-sensitive positive photoresist. compositions and
particularly to such compositions containing a2 novolak resin
having lowered hydroxyl content and which are prepared from a

mixture of aldehydes.

Description of the Prior Art

Positive photoresist formulations sﬁch as are de'.scril:ged
in, for example, U.S. Patents }.tos. 3,666,473; 4,115,128;
4,173,470; 4,377,631; 4,536,465; and 4,529,682, include
alkali-soluble phenol-formaldehyde or cresol-fomaldehyde resins
together with light-sensitive materials, usually a substituted
naphthoquinone diazide compound. The resins and. sensitizers are
flissolved :l.n‘an organic sdlvent or mixture of solvents and are

applied in a thin film or coating to a substirate suitable for

the particular application desired.
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Esterification of the unesterified novolak resin pro- d
nonohydrmgysylagtgagagehlpR aldahydes in the mxture of al dehy e{aERmﬁV

acconplls any suitabl e—esterifying agent it ’Téﬁrace hydr ¢gen
in at lea ﬂm& JH t he hydroxyf@HEBBBLl AAL hgENnPYt bec}g:qmqes
with the wherein R efr] i SREPhAgEkyl or| ar na Ic radi cal,

preferably al kyl of froml| to 4 carbon, atons and aromat i ef-erabl e
aromatic of from6 to 10 carbon atons.?As exanpl es of suth suitable .
esterification agentisethevel akaywdsd mendnpanecht bdr tbras P oTESEELC

anhydri de, t 0l chlori de, drocouma-, rin and the e. The novol ak
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10 to abouﬁaphthoqulnone sensitizer acts as a dissolution rate inhibitor
with respect to the resin. Upon exposure of selected areas of
the coated substrate to actinic radiation, however, the
sensitizer undergoes a radiation-induced structural
transformation which decreases its efficiency as a dissoclution
rate inhibitor for the ﬂovolak and, subsequently, the exposed
areas of the coating are rendered more 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 alkaline developing solution while
the unexposed areas are largely unaffected, thus producing a

positive relief pattern of photoresist on the substrate.

Positive photoresists, especially those used to prepare
microelectronic silicon wafers and chips, are often subjected to
temperatures during the manufacture of the finished article
which are high enough to have a deleterious'effect on the
photoresist. Thus, positive photoresists having improved
thermal stability have'long been sought. However, it is also
very important that the photoresist be capable of providing high
optical resolution so that precise patterns can be applied to
the substrate. While positive photoresists having high
rcsolution and contrast characteristics, such as DYNALIT
EPR-5000 resist sold by the Dynachem Division of Morton
International, are known, and positive photoresists having good
thermal stability, such as DYNALITH® OFPR-800 resist also sold
by the Dynachem Division of Morton International, are also
known, the art has yet toﬁdevelop a positive photoresist which

combines these thermal stability and high resolution and hiqﬁ
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2, 3, 4-t ri demepdanadflestsnghe other characteristic, i.e. photoresists
with good thermal stability do not provide high resolution and

high contrast and vice versa.

It was discovered and disclosed in earlier USA Patent
Application Serial No. 376,971, filed July 5, 1989, that
positive photoresists having both a high degree of thermal
stability and good resolution could be made when the novolak
resin employed is prepared from a mixture of aldehydes
comprising formaldehyde (or a formaldehyde precursor) and a
monqhydroxy-aromatic aldehyde. However, while such positive
photoresists had better thermal stability than the
aforementioned DYNALITH® EPR-5000 resist'they generally were
faster and lost more film in standard strength developers.
Thus, it became desirable td develop positive photoresists that
could maintain the improved thermal stability of the mixed
aldehyde photoresists disclosed in said sérial No. 376,971 while
producing photoresists having still better photospeed and film
loss characteristics. It was also desirable that positive
photoresists be available that are "process tunable", i.e.
positive photoresist compositions in which the photospeed
characteristics of the photoresist composition can be made

readily and easily adjustable and wicreky the photoresists can

be made to perform optionally in a wide variety of developers.

el ]

In accordance with the present invention, a new,

improved class of novolak resin compositions of reduced hydroxyl
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sufficient photoactlve conponent npl oye produce a resi st
phot oi mage®o. 376,971. In accordance with the present invention a ncvel

novelak resin and photoresist therefrom having improved contrast
characteristics from reduced film loss and manageable photospeed
properties is provided by a novolak resin comprising the
condensation product of:
(A) a phenol, phenol derivative or mixtures thereof,
and
(B) a mixture of aldehydes comprising formaldehyde or
a formaldehyde'brecursor and
{1) a2 monohydroxy aromatic aldehyde and wherein
said novolak resin has hydroxyl groups
thereof esterified so that an aliphatic or
aromatic ester group exists in place of the
hydrogen atom in at least a portion of the
hydroxyl groups, or
(2) a mixture of at least one monochydroxy
aromatic aldehyde and at least one
non-hydroxylic aromatzc aldehyde,
said novolak resin having a hydroxyl number of about 120 to
about 180 grams of resin per equivalent of hydroxyl.

Further provided in'accordance with this invention is a.
£os itive photoresist composition comprising: a pincingly
effective amount of the aforesaid novel novolak resins of lower

hydroxyl content and a photoimaging amount of photosensitizer.

The present injention also.provides a method of forming
a resist pattern on a substrate comprising:’
I. coating said substrate with a layer of a positive

photoresist composition;
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IT. exposing said layer patternwise to actinic
radiation; and
III. removing the exposed portion of said layer with an
aqueous alkaline developer for the exposed resist
composition to uncover the areas of the substrate
beneath the exposed portions;
said positive photoresist comprising, prior to exposure, the

aforesaid novel novolak resin of reduced hydroxyl content.

In accordance with the present~invention, there is also
provided a substrate caated with a thermally stable and highly
-resolved, exposed resist pattern, said resist pattern being
formed from a positive photoresist composition which, prior to
exposure to actinic radiation, comprises an aforesaid positive

photoresist composition of this invention.

A still further aspect of the present invention is a
process for preparation of.the novel novolak resins of this
invention. 1In .accordance with this invention the novolak resins
can be prepared by several methods. According to one method a
novolak resin composition of this invention can be prepared by
Producing an unesterified novolak resin according to the
procedure described in the aforesaid Application Serial No.

376,971, wherein the novolak resin is the condensation product

ol

cf: (A) a phenol, phenol derivative or mixtures thereof and $:}]

a mixture of aldehydes comprising- (1) formaldehyde or a
formaldehyde precursor and (2) a monohydroxy aromatic aldehyde,
and then this novolak resin is esterified with a suitable amount
of a suitable esterifying agent to produce novolak resin of this
invention having the desired lowered hydroxyl number. '
Alternatively, the first produced unesterified novolak resin can

be "over esterified", i.e. estefified to a higher percent
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produce a photoresi st having about 25-30% solids.

composition of this invention. Suitable amounts of such
over-esterified and unesterified novolak resin can then be
blended to produce a novolak résin compdsition having a desired
hydroxyl number of from about 120 to about 180 grams of resin

per equivalent of hydroxyl. -

Another method of producing a novel novél;k resin
composition of this invention is to produce the novolak resin of
lowered hydroxyl content without esterifying unesterified
novolak resin or without blending of esterified and unesterified
" resin. Such other method employs both a monohydroxy aromatic
aldehyde aﬂ& a non-hydroxylic aromatic éldehyde in combination
with formaldehyde or a formaldehyde precursor in the mixture of
aldehydes condensed with a phenol, phenol derivative or mixtures
thereof to directly producé novolak resins of reduced hydroxy
level compared to those produced by employing only a monohydroxy
aromatic aldehyde in admixture with formaldehyde or a
formaldehyde precursor condensed with a phenol, phenol

derivative or mixtures thereof.

DETAILED DESCRIPTION OF THE INVENTION

According te this invention novelak resins of the type
disclosed in the aforesaid USA Serial Number 376,971 are
modified to provide new novolak resins compositions having
‘hydroxyl numbers of from about 120 to about 180 grams of resin
per equivalent of hydroxyl. The new novolak resin compositions
are provided by either esterifying a suitable unesterified
novolak resin, or blending a_nixéure of suitable esterified and

unesterified novolak resins or by employing at least one
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from about 120 to 180 grams of resin per equivalent of hydroxyl.

‘The novolak resins of the present invention are
prepared from (1) phenol or a phenol derivative or mi#tures
thereof, and (2) a mixture of aldehydes which ccntains
formaldehyde or a formaldehyde precursop'and a monchydroxy
aromatic aldehyde. The phenol and phenol derivatives useful in
preparing these novolak resins include, but are no£ limited to,
phenol, m-cresol, p-cresol, o-cresol, and mixtures thereof.
Other examples of pheﬁol derivatives may be found in H. Hiracka,
"Functionally Substituted Novolak Resins: Lithographic
Applications, Radiation Chemistry, and Photooxidation",
Materials For Microlithography, ACS Symposium Series No. 266
(1984) which is hereby incorporated herein by reference
thereto. The phenol derivatives may also contain other
substituents on the aromatic ring including, for example, alkyl

or halogen moieties.

The mixed aldehydes useful in preparing the novolak
resins of the present invention contain formaldehyde or a
formaldehyde precursor. As used herein, "formaldehyde
precursor" refers to compounds, such as 1,3,5-S-trioxane and
paraformaldehyde which, under the.reaction conditions employed
to prepare the novolak resin will pfoduce formaldehyqe. As used
herein, the term "formaldehyde" is understood to include both
formaldehyde per se and formaldehyde precursors. The second
component of the aldehyde mixture is any monohydroxy aromatic

aldehyde or a mixture of at least one such monchydroxy aroma;ic

-t
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w111 form a novolak resin with phenol or a phenol derivative or
mixtures thereof. In general, however, these aromatic aldehydes

" include, but are not limited to, compounds having the general
formula: |

CHO

R)O or 1
(HO)O or 1

where R is alkyl (e.g. C1-C4 alkyl). Examples of preferred
aromatic aldehydes include benzaldehyde, and monochydroxy
aromatic aldehydes such as 2-hydroxybenzaldehyde,
3-hydroxybenzaldehyde, and 4-hydroxybenzaldehyde. The
monohydroxy aldehydes are particularly preferred since they can
be used to provide unesterified novolak resins which can be
esterified and then a blend of the esterified and unesterified
novolak resins from said monohydroxy aromatic aldehydes can be
'produced'to provide the novel novolak resins of this inventicn
and permit production of such novolak resins having a hydroxyl
‘content within a wide range.
. \ .

The relative amounts of the phenol or phenol derivative
and mixed aldehydes used to prepare to novolak resins of the
present invention may vary considorably. In generzl, these
relative amounts are chosen to produce novolak resins having
high melting points (Tg), high degree of substitution at the
‘bridging carbons and relatively low molecular weights compared
to noQolak resins prepared from formaldehyde only. Typically,
the following amounts of reactants are employed to produce the

novolak resins of this invention:
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Moles total aldehyde x 100 = about 60% to about 98%

Mcles total-phencol or
phenol derivative

Moles aromatic aldehyde x 100
Moles total aldehyde

about 15% to about 95%.

In a preferred embodiment, the phenol component is a
mixture of phenol derivatives; namely, a mixture of m-cresal and
p-cresol. When such a mixture is employed, it typically

contains the following relative amounts of m- and p-cresol;

Moles m-cresol _ -
EETEE—EEEET_EEZEET* X 100 = about 30% to about 75%.

Given the above reactants and their relative amounts,
one of ordinary skill in the art would be capable of preparing
the novolak resins of the present invention without undue
experimentétion. Basically, all of the ingredients are placed
in a suitable reaction vessel and a nonreactive solvent added.
An acid catalyst, such as p-toluenesulfonic acid, is added in a
mole ratio of moles catalyst/moles total cresol of about 0.0l to
about 0.04. The reaction mixture is then raised to reflux -
temperature and reflux maintained until no more by-product water

is produced, indicating that the reaction is complete.

Preferably, the novel novolak resins of this invention

are prepared by blending (A) a novolak resin of a monohydroxy

* It is not uncommon for commercially available
cresols to contain minor amounts of o-cresol.’ Therefore, "Moles
total cresol" refers to moles of m-, p-, and o-cresol (if any)
and not just m- and p-cresol. It is preferred, however, that

the o-cresol content be less than about 1% of the total cresol.
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X971- 32Ac. The synthesis of _the 32% acetyl ated X971 novol ak
aromatic aldehyde. 1In this manner, by proper selection of the
extent of esterification of the esterified novolak resin and the
ratio of esterified to unesterified novolak resin in the
composition, one can readily produce novolak resin compositions
of the invention with any suitable hydroxyl number and thus
variable photoresist properties and characteristics. In this
manner the novolak resin employed in the photolithography
process becomes "tunable" in that certain process parameters
become easily selectable merely by employing a novolak resin

.composition of this invention having the necessary hydroxyl

number to éroduce the desired characteristics.

As an example of preferred novolak resin compositions
of this invention there may be mentioned those having the
aforementioned hydroxyl numbers of from about 120 to about 180
prepared by blending (A) an unesterified novolak prepared by
condensation of a mixture of m-cresol and p-cresol with a
mixture of aldehydes comprising formaldehyde or a formaldehyde
precursor and_o-, m- or p- hydroxybenzaldehyde with (B) an
esterified novolak resin which is the novolak resin of component
(A) esterified to about 32% esterification with acetic'anhydride

for example.

Esterification of the unesterified novolak resin
produced by using monohydroxy ardmatic aldehydes in the mixture
of aldehydes can be aécomplished by means of any suitable
esterifying agent to replace hydrogen in at least a portion of
the hydroxyl groups in the unesterified novolak with the group
-ocR! wherein R! is an alkyi or aromatic radical, preferably

alkyl of from 1 to 4 carbon atoms and aromatic is. preferable
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nunber were prepared in the manner descri bed herein-
example, acetic anhydride, p-tolyl chloride, dihydrocoumarin and

the like. The novolak resin and esterifying agent will
generally be reacted at reflux for about 10 to about 15 hours to

produce the esterified novolak resin.

The novolak resins of lowered hydroxyl number of the
present invention are especially useful in positive photoresist
formulations. These formulations typically contain a novolak
resin or mixture of esterified or unesterified novolak resins, a
-sensitizer or "photoactive component", solvent and various
additives.éuch as colorants, striation aids, and the like. 1In
commercial positive photoresists, the novolak resin is most
commonly a cresol-formaldehyde novolak and the photoactive
component is a diazo quinone compound. Examples of diazo
quinone compounds include 2,3, 4-trihydroxybenzophenone-1,
2-napthoquinonediazide-5-sulfonic acid mono-, di-, and triesters
and 2,3,4-trihydroxybenzophenone-1,2-naphthoquinone~-
2-diazo-4~-sulfonic acid mono-, di-, and triesters. Examples of
these ahd other diazo sensitizers may be found in U.S. Patent
No. 4,499,171 issued February 12, 1985 to Hosaka et al. .
Examples of solvents include, but are not limited to, propylene
glycol monomethyl ether acetate (PMA), ethyl cellosolve acetate,
ethyl 2-~ethoxy propionate, diglyme, butyrolactone, xvlene~ ana

butyl acetate.

The critical components of the posi;ive resist
formulation, namely, the novblak resin of the préseﬁt invention
and the photoactive component, can be gmployed ovér a wide range
of relative amounts. In deneral, it is ﬁécess;?y only that

sufficient photoactive component be employed_to produce a resist
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photoresists of this invention may contain from about 2 parts by

weight (pbw) novolak resin per pbw photoactive component to
about 6 pbw novolak resin per pbw photoactive component.
Preferably, a ratio of about 4 pbw novolak resin per pbw

photoactive component is employed.

The amount of solvent in the resist may likewise vary
considerably. Generally, all that is required is that
sufficient solvent be employed to produce a desired coating
thickness under the given coating conditions, e.g. spin speed
and pre-baﬁé temperature. Typically, however, enocugh solvent is
added to the positive photoresist formulation to produce a

photoresist having about 25-30% sclids.

The positive resists of this invention may alsoc contain
various additives such as colorants, striation aids, and the
like. '

Positive resists formulated with the novolak resins of
‘the present invention have the relatively high thermal stability
like those in the aforesaid Application Serial Number 376,971,
i.e. are stable for at least 30 minutes in a convection oven at
a temperature of abcut 200-220°C, yet ave graatly .mproved
photospeed and film loss charQQteristics over the resists in

said Application.’ ..

The products and processes of this invention and their
advantages over the prior art are illustrated by the following
examples and comparison tests in which temperatures are °C and

parts are parts by weight unless indicated otherwise.
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A typical novolak resin of the type of Application

Serial Number 376,971 was prepared from the following reagents:

126 parts m-cresol, 103 parts p~cresol, 30 parts trioxane

{aldehyde 1) and 124 parts O-hydroxybenzaldehyde (aldehyde 2) in

314 parts isopropyl acetate solvent and using 4 parts

p~toluenesulfonic acid -H,0 catalyst wherein the

reactants was as follows:

moles
total
moles
moles
moles

moles

m~cresol/total moles cresol
moles aldehyde/total moles cresol
aldehyde 1/total moles aldehyde
aldehyde 2/total moles aldehyde
catalyst/total moles cresol

water/total moles cresol

ratio of

0.58
0.90
0.25
0.75
0.010
0.01.

All the ingredients, except the catalyst, were combined in a

suitable reaction vessel.

The catalyst was then added and the

resulting reaction mixture was heated at reflux temperature.

Reflux was continued until no more by-product water was

produced, which indicated completion of the reaction. The

resulting novolak resin was then recovered and upon analysis by

SEC the resin was determined to have a weight average molecular

weight of about 2600 and calculated to have a hydroxyl number of

akout 110 g/eq.

as resin ¥X971.

were then acetylated by reaction at reflux
housr's with appropriate amounts of aceiic
acetylated X971 novolak resin with approximately 5,

acetylation, respectively.

This novolak resin is hereinafter referred to

Three separate portions of novolak resin Xs71

for about 10 to 15

anhydride tc produne

20 and 32%

The three acetylated novolak resins

-are hereinafter referred to as X971-5Ac, X971-20Ac and

X971-32Ac.

The synthesis of the 32% acetylated X971 novolak resin

was conducted by combining 279 parts X971 resin, 122 parts
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mixture to reflux temperature.

and the X971 novol ak resin of the
The reflux temperature was

maintained until the anhydride had completely reacted as judged

by IR analysis.

These acetylated novolak resins were recovered and

The other resins were similarly produced.

upon analysis

were determined to have weight average molecular weights of -

2400, 2500 and 2500, respectively, and calculated to have

hydroxyl numbers of 119, 150 and 162 g/eq, respect

ively.

Two further novolak resins of modified hydroxyl number

.were prepared in the manner described hereinbefore

resin.

for X971

In these two resins a non-hydroxylic aromatic aldehyde

(aldehyde 3) was substituted for a portion of the monohydroxy

arcmatic aldehyde (O-hydroxybenzaldehyde) in the aldehyde

mixture of reactants.

benzaldehyde and in the second such modified resin

In the first such modified novolak resin

anisaldehyde

replaced a portion of the O-hydroxybenzaldehyde reactant in the

mixture of aldehydes employed in the reaction. 1In

the

production of both of these modified novolak resins the

following ratios were maintained, as in the production of X971

resin, namely:
moles

total

m-cresol/total moles cresol

moles aldehyde/total moles cresol

moles aldehyde 1l/total moles aldehvde

moles

catalyst/total moles cresol

moles =

water/total moles cresol

'However, the moles aldehyde 2/total moles aldehyde

0.55
0.9C
c.28
0.010
0.01.

for these two

reactions was 0.38 and the moles aldehyde 3/total moles aldehyde

was 0.37 for each reaction.

the resulting novolak resins were recovered.

After completion of the reaction

Analysis by SEC of

the resin produced employing benzaldehyde, hereinafter referred
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X971 resins together I n the unts indicated in 'ng exanples.

Each of the resist fornulations conprise the indi- ovotak~TeSI i or

resins, about 25 to 30% by wei ght based on the weight of slolids of

phot oacti we aepEuNd2aNdzabdeteZidiyd Wetghlie Diht €58 MAgOtRET e Sl B AIdlight
conponet s. Each, inh turn, of .the resist conpositions of the exam ples
and conparté ibfe abeatn|1d9o0nasds A Byarewy brnumber was calculated to be

137 g/eq. Similarly, analysis by SEC of the resin. produced

employing anisaldehyde, hereinafter referred to as X971-20An,
determined its weight average molecular weight to be about 1420

and its hydroxyl number was calculated to be 144 g/eq.

For comparison purposes DYNALITH® EPR 5000 positive
photoresist sold by the Dynachem Division of Morton
International and the X971 noveolak resin of the aforementioned
Appiication Serial Number 376,971 were employed as controls in
‘the following photoresist evaluation tests. The reduced
hydroxyl number novolak resins of this invention are either
those prepared and described hereinbefore or are prepared by
blending the esterified and unesterified X971 resins together in

the amounts indicated in the following examples.

Each of the resist formulations comprise the indicated
novolak resin or resihs, about 25 to 30% by weight based on the
weight of solids of photoactive compound and about 2% by weight

or less of other standard components.

Each, in turn, of the resist compositions of the
examples and comparative examples was spin coated on a track
coatar manufactured by Silicon Valley Group, Califcrnia, snto

. thermally-grown silicon/silicon dioxide coated wafers of 4 inch
diameter and 5000 Angstrom oxide thickness. A uniform coating
"of 1.0 pm of resist film was obtained at a spinning velocity of
3,500 revolutions per minute. The coated wafers were then soft
baked either in an air circulating oven at 120°C for 30 minutes
or on a track with hot plate at 110°C for 60 seconds. The
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and 5000 Ang- hi ckness. A luni f ormpcoaty Bgrof] 14 0 [ & 2] b roes
resist film Bm\ea spi nni ng vel oCi : 500 (relol uti ons per
m nute. The re then soft- Baked either TT anjair circulating

oven at 120.C for 30 mnutes or on a track with hot plate at-110.C for 60

seconds. The resist. filmthickness s then neasured with a Nanos AFT
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tratech WhHiasteds WU dink toa.ection stepper fitted with a lens of N A
0.315 to provide ultraviol et” expo- sure radiation in the range of 390

nm450 nm A M -

The coated wafers were exposed with an
Ultratech® ultrastep 1000 (1:1) projection stepper fitted with a
lens of N.A. 0.315 to provide ultraviolet exposure radiation in
the range of 390 nm-450 nm. A Micromask® mask with line and
space widths of varying sizes, including some as small as
0.75 um; was used to provide a selective exposure pattern.
Exposure times were varied in.order to-deternine the photospeed
of the resist, i.e., the minimum amount.of exposure energy
(intensity x time) in millijoules/cm2 which will solubilize
the exposgé areas of the resist so that the resist in the
exposed areas will be completely removed/cleared during

development.

The exposed resist coated wafers produced as described
above were processed by one of two methods. In one method, the
wafers were placed in Teflon wafer boats and processed in either
EPD 80 or EPD 85 developer on SVG Model 8186 track developing
equipment manufactured by Silicon Valley Group, California, at
19% 1°*C. In another method, the wafers were allowed to remain
immersed in Dynachem’s EPD-I developer solution for 60 seconds.
Upon removal from the developer, the wafers were rinsed in
deionized water and dried by a burst of nitrogen gas oi by
placing them in a spin dryer. Following devéloppent, the wafers
were examined with an optical microscope at a "1000X"

magnification.

Post-baking of the developed wafers was done in an air
circulating convection oven at about 150°-180°C or by a hot

plate bake on a track at 160°C/60 seconds to increase the
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adhesion and chemical resistance of the undissolved Eertiung ST
the coatings. Post-bake flow of the images were examined by an
optical microscope at "1000X" magnification. The photoresists
were tested for percent film loss (FL), photospeed mJ/cm2 for
gross clearing speed (GCS) and/or 1 micron clearing speed (1ucCS)
and for post development (PD) contrast and resolution by

determining the largest spaces (in microns) not bridged.
Results of the performance tests are described below.

As indicated previously, the positive photoresist of
Application Serial Number 376,971 had better thermal stability
than the commercially available EPR 5000 resist but was faster
and lost more film in standard strength developers. The
following test illustrate how the resists of the present
invention retain the enhanced thermal stability of the resins of
Application No. 376,971 while improving the photospeed and film
loss characteristics thereof to match those of EPR 5000. Thus,
positive photoresist of this invention are demonstrated to have
better thermal stability than EPR 5000 while retaining
photospeed and film loss characteristics substantially
equivalent to those of EPR 5000.

PERFORMANCE RESULTS

. Photoresist Resin Ratio Dev. Time ~ Photospeed,
Comp. No. resin {pph) __(sec) $ FL GCS (mJ/cm<)
Control 1 EPR 5000 100 42 <1 125
Control 2 X971 100 22 100.0 < 20
1 X971 67 42 100.0 < 20
X971-20Ac 33 |
2 X971 33 42 - 11.0 50
X971-20Ac 67

3 X971-20Ac 100 22 <1 - >260
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wafers were pla |n Tefl on waf er boats and processed in ¢ither EPD 80 or

EPD 85 devel - oper on SVG Mddel 8186 tra g devel opi ng equi gnemnt
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(Comp. 3) increased the photospeed from <20 to >260 mJ/cmz,_
while the film loss fell from 100 to <l%. Similarly, reducing
the hydroxyl content of the X971 resin by 14% (Comp. 2)
increased the photospeed ftdm <20 to 50 and decreased the film
loss form 100 to 11%. However, reducing the hydroxyl conteng of
the X971 resin by only 7% (Comp. 1) produced no change in
photospeed and film loss characteristics compared to X971
resin. Thus, a reduction in the hydroxyl content of X971 type
resins by at least 14 to 20% is necessary to achieve the
"improved novolak resins of this invention. The above results
demonstrate that the hydroxyl reduction can be achieved by
blending esterified X971 type resin to the appropriate
esterification level or'by blending esterified and unesterified
- X971 type resin to achieve the desired level of hydroxyl number

reduction.

Similar tests were conducted with a control resist (EPR
5000) and with mixed aldehyde novolak resins having reduced
hydroxyl content wherein the reduced hydroxyl content was
_obtained by blending i X971 mixed aldehyde novolak with a mixed
aldehyde resin having a non-hydroxyliq'aromatic aldehyde,
benzaldehyde; substituted for a portion of the
O-hydroxybenzaldehyde in the resin synthesis. The resulting
resin iz hererinafter referred to as resin X271-20Rz. Test

results were as follows:
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(1[err]CS) and for post devel opnent (PD) contrast and resol ut+epr—by— e
determining the | argest spaces (in m- crans) not bridged. REERILACENENT ¢ SfEET
performance tests are described bel ow. |AsHISrstiEeRted BiGV] odsl[y;THE
positive photoresist of Application Ser. [No. 3F&%cEphad bet tier &g%gnggfggg
stabil- ity than the commercially avail abl e EPR 5000 TES!H Qut § Yaster
and lost nore filmin standard strength vel - opers. The fol| ow-rg-t+est
illustrate how the resists of the present“invention retain t e enhaced

thermal stability of the resins of Application No. 376,971 whrte TTPToV-
i ng the photospeed afduppbhtions £hér aodefi are ceixerkrabiehdardta?lekose of

EPR 5000, Thus,, ROSiLiNE RDSLSLSS| inlnekE2ab0ENE} ¥, £ ARronstrated to
respectively, from the hydroxyl content of the mixed aldehyde
novolak resin (X971) of Application Serial Number 376,971. The
above data demonstrates that reduction of the hydroxyl content
by 14% (Comp. 6) by employing a non-hydroxylic arématic aldehyde
for a portion of the monohydroxy aromatic aldehyde in the
synthesis of the mixed aldehyde novolak produces a resist

matching the film loss and photospeed characteristics of an EPR

S000 resist and still having improved thermal stability.

Similar series of tests were conducted with photoresist
of reduced hydroxyl content wherein the reduction of hydroxyl
content was obtained by blending unesterified mixed aldehyde
resin (X971) with appropriate amount of an over-esterified mixed
aldehyde novolak resin X971-32Ac to demonstrate the tunable
nature of the process of this invention and that such process
can produce mixed aldehyde resists of the desired hydroxyl
content to provide resists matching EPR 5000 resist in film loss
and photospeed characteristics while obtaining the advantage of
the enhance thermal stability'of the mixéd aldehyde novolak
resins of Application Serial Number 376,971. Also included in
the tests was the aforementioned novolak resin X971-20An, an
X971 type novolak resin having its hydroxyl content reduced 20%
by substituting anisaldehyde for a portion of tho
O-hydroxybenzaldehyde in the aidehyde mixture employed in
producing the X971 resin. The formulations and test results are

as follows:

L - m
, o I
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PERFORVMANCE RESULTS Resin Dev. e A P e
Photoresist Ratio Time Phot ospeed No | ”»mm i luhr
(sec) % FL GCS (mi/cnferr]) Gentrol .1 _EPR 5000 @quﬁﬁ;” -fﬁp :
125 Control 2 X971 100 | TEI3 SHEBU.HAS BEEN

X971 67 42 100.0 - REPLACED X 71220,3\,:3?4 1?9%

2 X971 33 - 42 11.0 50

67 3 X971- 20Ac 100 22 < 1 >260

t he hydroxyl content of the X971 resin EV 20% ( Co e

phot ospeed from <20 t6mpositions 7, 8, 9, 10 and 11 are mixed aldehyde
novolak resins having hydroxyl contents reduced 16, 19, 22, 2§
and 20%, respectively, from the hydroxyl content of the mixed
aldehyde novolak resin (X971) of Application Seriai Number
376,971. The above data demonstrates that a hydroxyl reduction
of at least 16% or more, particularly 19%, producés mixed
aldehyde novolak resins matching the film loss and photospeed
characteristics of EPR 5000 novolak resiﬁ while retaining the
enhance thermal stability of the mixed ‘aldehyde novolak resins

of Application Serial Number 376,971.

. The above results are rendered even more surprising and
unexpected.by the fact that resists having enhanced thermal
stability as well as photospeed and film loss characteristics
equivalent to EPR 5000 novolak resins are not obtained‘when:

(1) mixed aldehyde novolak resins are prepared by the
previously described X971 resin synthesis process but
the monohydroxy arcmatic aldehyde reactant in the
mixture of aldehydes is completely replaced with a
non-hydroxylic aromatic aldehyde such as anisaldehyde,
benzaldehyde, t-cinnamaldehyde, 1,4-terphthaldicarbox-
aldehyde -- resists from such novolak resins were
exceedingly slow and.lost no £ilm, and

(2) esterification of conventional m-cresol/p-cresol
novolak resins produced from formaldebyvae or a
formaldehyde precursor (without mixed aldehyde
reactants, i.e. no monohydroxy aromatic aldehyde
reactant) -- such esterified conventional resins have

poor thermal stability producing bridges at 1.5 and 2.0
-

eet Has Been Replaced
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>260 mi/cnferr], while the filmloss fe rom 100 to < 1%

Simlarly, reducing the hydroxyl conte

THIS §I@T I’ -. t"lby 1.4?({@- ET
(Conp. 2) increased the photospeed

f I’OR‘E&%é&)B%@N gnd 0 Dr‘rp:\cnr{ F

filmloss form100 to 11% However, T d oxyI copﬁt}ent of
t he X971 resin by only 7% (Conp. 1y 23roduced no change|l 22 Ji#h1998
phot ospeed and filmlwoss characteristics conpared to X071 resin.

Thus, a reduction in the hydroxyl con ent of X9 Dy at
l east 14 to 20%i s né‘éEE%'é%l?“tdoge"em AR €Y P ’r?%‘?/fel E’g\%gfé{!ﬁr esins

of this invention. pnotodpedikaucactfiibtscglenonstrate that the hydroxyl
reduc- tion can be achieved by blending esterified X971 type
resin to the appropriate esterification |evel or by bl end- .ing

esterified and unest ghlf e£ek Xhat byE&rile@ehOidd of such a conventional
novolak resin does not produce the results obtained according to
this invention is demonstrated when such a conventional
m-cresol/p-cresol novolak resin, hereinafter referred to as
resin X, having a hydroxyl number of 119 g/eq, is esterlfled
with acetic anhydride at 5 and 15% esterification levels, or
with p-toluene sulfonyl chloride at S ahg 15% esterification
levels or with phthalide at 15% esterification level. The
conventional novolak resin, i.e. resin X, was produced from

reactants reacted at 95-115°C for about 58 hours and wherein:

moles of m-crescl/total moles cresol = 0.35
moles formaldehyde/total moles cresol = 0.64
mole catalyst/total moles cresol = 0.66
mole water/total moles cresol = 1.81.

"Esterification of such resin was in the same manner as
previously described. Photoresist formulated, exposed and
developed similaf to the procedure previously described, but
employing 2.40% tetramethylammonium hydroxide developer (2.4%
NMD-3 developer scld by the Dynachem Division of Mcrton.

International) produced the following results:

Phaﬁospesd
Dev. Tire {(mT/cm*) )
Resin —(sec) @ FL & ___GCS Bridges (u)
X~-15Ac 60 .52 230 2.00
X-S5p-ToCl 60 1.05 > 600 -
X-15p-ToCl 60 -0.00 >1200 -
X-15Phth 60 . 0.00 121 1.25

on Replaced
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achieve the desired | evel of hydroxyl nunber reduction.
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tests were conducted with a control resist -(EPR 5000) andfuﬁrh“Nerdw*

al dehyde novol ak resins havi ng redu eaHﬁydﬁﬁxyL“p
reduced hydr oxyl content was obtain Bﬁ@nmkng a_a§71
al dehyde novol ak with a m xed al dehyde resin Thavimg—-alindn

—

aromati ¢ al dehyde, benzal de- hyde, substz4tuted for a poriti

wher el n the

i
12,000,008

A F

i
Ul LIIC

O hydr oxyben- zal dehyde in the resin synthesis. The rgsulting resin

is herei nafter referred as resin X971-20Bz. .Test. reSults

were as foll ows: éxamp of a preferred pOSlthe p?ﬁﬁﬁ

Resin Dev. T&dﬁbositﬁdﬁ”ﬁ%”&ﬁﬁé]inventlon c x%égta&r5?§§ilﬁjﬁﬁhﬁﬁgﬂ%ﬂw%f:
enp

Resin Ratio (pph) (sec) % FL. GC5 1 [err]CS Gama[ err

([err]C.) Bri<rmzongniy]) Weight %
X971 resin _ 29.9
X971-32Ac resin 18.9
Solvent - PMA : 42.0
Photoactive compound 6.8
Other components 2.4

[
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CLAIMS

1. A method of forming a resist pattern on a substrate

comprising:

I. coating said substrate with a layer of a positive

II.

III.

photoresist composition comprising an admixture
of a bindingly effective amount of an esterified
novolak resin and a ﬁhotoimaging amount of a
photosensitizer; _
exposing said layer patterhwise to actinic
radiation; and

removing the exposed portion of said layer with
an aqueous alkaline developer for the exposed
resist composition to uncover the areas of the
substrate beneath the exposed portions;

said an esterified novolak resin comprising, prior to

exposure:

(a)
(b)

a mixture of m- and p-cresol and

a mixture of aldehydes comprising formaldehyde or
formaldehyde precursor and a monohydroxy aromatic
aldehyde selected from the group consisting of 2-

hydroxybenzaldehyde, 3~hydroxybenzaldehyde and 4- -

hydroxybenzaldehyde, wherein said an esterified
novolak resin has hydroxyl groups thereof
esterified so that an aliphatic or aromatic ester
group exists in place of the hydrogen atom in at
least a portion of the hydroxyl groups,

whereby said an esterified novolak resin having a hydroxyl
number of about 120 to about 180 grams of resins per
equivalent of hydroxyl.

2.

The method of claim 1, wherein the phenol and aldehyde
components of the novolak resin are present in the
following amounts: '

II!III!I 10ty IIIMI‘




-14 - Conmpositions 4, 5 and 6 are m xed al dehyde nn'UEE&T "
havi ng hydroxyl contents reduced by 8, 11 and ééﬁ“”‘ m

t he hydroxyl content of the m xed, . esin (X971) of
Appl i cation Serial -Nurber—346-971 /d3¥at a dgnpns? pajigs 1998
that reduction of ttéFﬁyﬁhﬂi&HA§@ﬁF§nt O WABHBYHCERHLS SIHL ) by enploying
a non- hydroxylic arpmati RELAEEYde fof 4 portion of |t

aromati c al dehyde in the synthesis of the m xed al déhyde novol ak
produces a - - 26 -

moles total aldehyde
-------------------- . x 100
moles total phenol or
phenol derivative

about 60% to about 98%

moles monohydroxy
aromatic aldehyde
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about 15% to about 95%.
moles total aldehyde

3. The method ¢of claim 1 wherein the m- and p-cresol are
present in the following amounts:

moles m-cresol
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about 30% to about 75%.
moles total cresol
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resi st matching the filmloss and photospeed character- lsti.cs..of ..an

EPR 5000 resist and still having inproved t her mal sté%PLA@NWrNTSH[ET
Simlar series of tests were conducted wi > tore- grst—of--redtceq
hydr oxyl content wherein the reduction Hyf s

obt ai ned by bl endi ng unesteri - fied fixed Rabd s ke %sing%&ggg)ﬁﬁﬁtr
appropriate anmount of an over-esterified m le..novol ak
resin X971-32Ac to denonstrate the tunbl e nature of t he process of
this invention and that such process car’/ - produce ni xed—atdehyde
resists of the desired hydroxyl content to provide resists matching
EPR 5000 resist in filmloss and phot ospeed characteristics while
obt ai ni ng t he advantage of ‘the enhance thermal stability of the

HIGH CONTRAST HIGH THERMAL STABILITY POSITIVE

PHOTORESISTS HAVING NOVOLAK RESINS OF LOWERED
AyDROYEL CONTENT

- ABSTRACT OF THE DISCLOSURE

Novolak resins ‘are provided which are the condensation
product of (a) a phenol, phenol derivative, or mixtures thereof,
and (b) a mixture of formaldehyde or a.formaldehyde precursor
and (1) a monohydroxy aromatic aldehyde and wherein at least a
poxtion of the hydroxyl groups thereof are esterified or (2) a
mixture of at least one monohydroxy aromatic aldehyde and at .
least one non-hydroxylic arcmatic aldehyde; the novolak resins
having a hydroxyl number of from about 120 to about 180 grams of
resin per equivalent of hydroxyl. The novolak resins are
especially useful in positive photoresist formulations and have
enhanced photospeed and film loss characteristics as well as

improved thermal stability.

This Sheet 1,
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m xed al dehyde" novol ak resin of Application Ser. No. 376,971. Al so

i'ncl uded in the tests was the aforenen- ti oned novol ak resin .
X971- 20An, an X971 type novol ak resin having its hydroxyl—eon é:'rﬁtag
reduced 2Q0% by sub- stituting ani sal dehyde for a p rmk_m‘m\cﬁ itithe

O hydr ox- ybenzal dehyde in the al dehyde m xture enpl Qred 1T

produci ng the X971 resin. The formul ati ons and test nes I&tﬁ freo8s
fol |l ows: Resin Tine Cantyract & Resolutio rr% 4 FI on Rgsi
Ratio (pph) (sec) %L GCS 1 [err]CS Control EPR 5000 :
125 3.4 150 (0

HIGH CONTRAST HIGH TH STA _
POSITIVE PHOTORESISTS HAVING NOVOLAK 0
RESINS OF LOWERED HYDROXYL CONTENT {70 ¥°

BACKGROUND OF THE INVENTION

1. Field of the Invention”

The present invention relates generally to novolak
resins, and, in particular, to novolak resins having low-
ered hydroxyl content and which are prepared using a

. mixture of aldehydes.

The present invention also relates generally to radis-
tion-sensitive positive photoresist compositions and
particularly to such compositions containing a novolak
resin having lowered hydroxyl content and which are
prepared from a mixture of aldehydes.

2. Description of the Prior Art .

Positive photoresist formulations such as are de-
scribed in, for example, U.S. Pat. Nos. 3,666,473;
4,115,128; 4,173,470; 4,377,631; 4,536,465; and
4,529,682, include alkali-soluble phenol-formaldehyde .
or cresol-formaldehyde resins together with light-sensi-
tive materials, usually a substituted naphthoquinone
-diazide compound. The resins and sensitizers are dis-
solved in an organic solvent or mixture of solvents and
sre zpplied in a thin film or coating to a substrate suit-
able for the particular application desired. '

The novalak resin component of these photoresist
formulations is soluble in atkaline aqueous solution, but
the naphthoquinone sensitizer acts as a dissolution rate
inhibitor with respect to the resin. Upon exposure of

- selected areas of the coated substrate to actinic radia-
tion, however, the sensitizer undergoes a radiation-
.induced structural transformation which decreases its
efficiency as a dissolution rate inhibitor for the novolak
and, subsequently, the exposed areas of the coating are -
rendered more soluble than the unexposed areas. This
difference in solubility rates causes the exposed areas of
the photoresist coating to be dissolved when the sub-
strate is immersed in alkaline developing solution while
the unexposed arcas are largely unaffected, thus pro-
duf:n‘;rg a positive relief pattern of photoresist on the
substrate, '
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not good, 2-3 good, >3pigfdeféctronic silicon wafers and chips, are o
jected to temperatures during the manufacture of the
finished article which are high enough to have a delete-
rious effect on the photoresist. Thus, positive photore-
sists having improved thermal stability have long been
sought. However, it is also very important that the
photoresist be capable of providing high optical resolu-
tion so that precise patterns can be applied to the sub-
strate. While positive photoresists having high resolu-
tion and contrast characteristics, such as DYNA-
LITH ® EPR-5000 resist sold by the Dynachem Divi-
sion of Morton Internationsl, are known, and positive
photoresists having good thermal stability, such as
DYNALITH® OFPR-800 resist also sold by the
Dynachem Division of Morton International, are also
known, the art has yet to develop a positive photoresist .
which combines these thermal stability and high resolu-
tion and hxgh contrast characteristics. In fact, formula-
tion of & positive photoresist to enhance one of these
characteristics normally adversely affects the other
characteristic, i.e. photoresists with good thermal stabil-
1ty do not provide high resolution and high contrast and
vice versa.

It was discovered and disclosed in earlier U.S. patent

application Ser. No. 376,971, filed Jul. 6, 1989, U.S. Pat.

No. 4,943,511, that positive photoresists having both a

high degree of thermal stability ind good resolution

could be made when the novolak resin employed is

prepared from a mixture of aldehydes comprising form-

aldchyde (or a formaldehyde precursor) and a2 monohy-

droxy aromatic aldehyde. However, while such posi-

tive photoresists had better thermal stability than the

aforementioned DYNALITH ® EPR-5000 resist they

generally were faster and lost more film in standard

__ strength developers. Thus, it became desirable to de-

{ - velop positive photoresists that could maintain the im-

.. proved thermal stability of the mixed aldehyde photore-

_ sists disclosed in said Ser. No. 376,971 while producing

photoresists having still better photospeed and film loss
characteristics. It was also desirable that positive photo-
resists be available that are *“‘process tunable”, i.e. posi-
tive photoresist compositions in which the photospeed
characteristics of the photoresist composition can be
made readily and easily adjustable and whereby the

photoresists can be made to perform optionally in a

wide variety of developers.
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SUMMARY OF THE INVENTION

In accordance with the present invention, a new,

improved class of novolak resin compositions of re-
duced hydroxyl content are provided, which novolak
resins are based on the class of novolak resins disclosed
in the aforementioned Ser. No 376,971. In accordance
with the present invention a novel novolak resin and
photorenst therefrom having improved contrast char:
acteristics from reduced film loss and manageable pho-
tospeed properties is provided by a novolak resin com-
the condensation product of:
(A) a phenol, phenol derivative or mixtures thereof,
and
(B) a mixture of aldehydes comprising formaldehyde
or a formaldehyde precursor and
(1) a monohydroxy aromatic aldehyde and wherein
said novolak resin has hydroxyl groups thereof
esterified so that an aliphatic or aromatic ester
~ group exists in place of the hydrogen atom in at -
“least a portion of the hydroxyl groups, or
(2).2 mixture of at least one monohydroxy aromatic
aldehyde and at least one non-hydroxylic aro-
~ matic aldehyde,
said novolak resin having a hydroxyl number of about
120 to about 180 grams of resin per equivalent of hy- ;
droxyl.
Further provided in accordance with this invention is
a positive photoresist composition comprising: & bind-
mgly effective amount of the aforessid novel novolak
resins of lower hydroxyl content and a photoimaging
amount of photosensitizer.
Thepresentmvexmonalsoprovxdesamethodof
forming a resist pattern on 2 substrate comprising:
L coating said substrate with a layer of a positive
¢ . photoresist composition;
T, exposing said layer patternwise to actinic radia-
" tion; and
'III. removing the exposed portion of said layer with
an aqueous alkaline developer for the exposed re-
sist composition to uncover the areas of the sub-
strate beneath the exposed portions;

said positive photoresist compnsmg, prior to exposure,

the aforesaid novel novolak resin of reduced hydroxyl
content. :
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when: (1) m xedqatﬂgg ﬁfgd d}%agggﬁb m r%t
position w!uch, prior to exposure to acnmc radxatxon,
comprises an aforesaid paositive photoresist composition
of this invention.

A still further aspect of the present invention is a
process for preparation of the novel novolak resins of
this invention. In accordance with this invention the
novolak resins can be prepared by several methods.
Accordmg to one method a novolak resin composition
of this invention can be prepared by producing an unes-
terified novolak resin according to the procedure de-
scribed in the aforesaid Application Ser. No. 376,971,

. wherein the novolak resin is the condensation product
-of: (A) a phenol, phenol derivative or mixtures thereof
and (B) a mixture of aldehydes comprising (1) formalde-
hyde or a formaldehyde precursor and (2) a monohy-
droxy aromatic aldehyde, and then this novolak resin is
esterified with a suitable amount of a suitable stenfymg
agent to produce novolak resin of this invention having
the desired lowered hydroxyl number. Altetnaﬁvely,
the first produced unesterified novolak resin can be
“over esterified”, i.e. esterified to a higher percent ester-
ification than desired in the final novolak resin composi-
tion of this invention. Suitable amounts of such over-
esterified and unesterified novolak resin can then be
blended to produce a novolak resin composition having
a desired hydroxyl number of from about 120 to about
180 grams of resin per equivalent of hydroxyl.

Another method of producmg a novel novolak resin
composition of this invention is to produce the novolak
resin of lowered hydroxy! content without esterifving
unesterified novolak resin or without blending of esteri-
fied and unesterified resin. Such other method employs
both a monohydroxy aromatic aldehyde and a non-
hydroxylic aromatic aldehyde in combination with

- formaldehyde or a formaldehyde precursor in the mix-
ture of aldehydes condensed with a phenol, phenol
derivative or mixtures thereof to directly produce
novolak resins of reduced hydroxy level compared to
those produced by employing only a monohydroxy
aromatic aldehyde in admixture with formaldehyde ora
formaldehyde precursor condensed with a phenol, phe-
nol derivative or mixtures thereof.
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novolak resins compositions having hydroxyl numbers
of from about 120 to about 180 grams of resin per equ:v-
alent of hydroxyl. The new novolak resin compaositions
are prowded by either stenfymg a suitable unesterified
novolak resin, or blending a mixture of suitable esteri-
_ fied and unesterified novolak resins or by employing at
least one monchydroxy aromatic aldehyde and at Jeast
one non-hydroxylic aromatic aldehyde in the aldehyde
mixture condensed with a phenol, phenol derivative or
mixtures thereof. In any case, one produces a novolak
-. resin composition having a hydroxyl number of from
about 120 to 180 grams of resin per equivalent of hy-

droxyl.

The novolak resins of the present invention are pre-
pared from (1) phenol or a phenol derivative or mix-
tures thereof, and (2) 2 mixture of aldehydes which
contains formaldehyde or a formaldehyde precursor
‘and 2 monohydroxy aromatic aldehyde. The phenol
and phenol derivatives useful in preparing these novo-
lak resins include, but are not limited to, pheaol, m-
cresol; p-cresol, o-cresol, and mixtures thereof. Other

examples of phenol derivatives may be found in H.

Hiraoka, “Functionally Substituted Novolak Resins:
Lithographic Applications, Radiation Chemistry, aad
Photooxidation”, Materials For Microlithography, ACS
Symposium Series No. 266 (1984) which is hereby in-
corporated herein by reference thereto. The phenol
derivatives may also'contain other substituents on the
aromatic ring mcludmg for example, alkyl or halogen

moieties.

The mixed aldehydes useful in preparing the novolak
resins of the present invention contain formaldehyde or

. a 'formaldehyde precursor. As used herein, “formalde-
hyde precursor” refers to compounds, such as 1,3,5-S-
trioxane and paraformaldehyde which, under the reac-
tion conditions employed to prepare the novolak resin

"will produce formaldehyde. As used herein, the term
“formaldehyde” is understood to include both formal-
dehyde per se and formaldehyde precursors. The sec-
ond component of the aldehyde mixture is any monohy-
droxy aromatic aldehyde or a mixture of at least one




2.0 The fact that esterification of such a conventional novol ak resin
does not produce the results obtained according to this invention is

denonstrat ed when such a conventional mcresol/p-cresol novo StflenT our
herein- after referred to as resin X é1avi ng a hydroxyl nunb raflffnﬂ'ﬁ‘ﬁﬂg“é'/ §§EET
is esterified with acetic anhydride at” 5.angd 15% esterificat]o levels, or
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about 58 hours and yhih®des thereof. In general, however, these aro
' aldehydes include, but are not limited to, compounds
- having the general formula:

CHO

. R0 or 1
(HOX or 1

where R is alkyl (e.g. C1-C4 alkyl). Examples of pre-
ferred aromatic aldehydes include benzaldehyde, and
monohydroxy aromatic aldehydes such as 2-hydrox-
ybenzaldehyde, 3-hydroxybenzaldehyde, and 4-hydrox-

- ybenzaldehyde. The monohydroxy aldehydes are par-
ticularly preferred since they can be used to provide
unesterified novolak resins which can be esterified and
then a blend of the esterified and unesterified novolak
resins from said monohydroxy aromatic aldehydes can
be produced to provide the novel novolak resins of this
invention and permit production of such novolak resins
having a hydroxyl content within a wide range.

The relative amounts of the phenol or phenol deriva-

tive and mixed aldehydes used to prepare to novolak
resins of the present invention may vary considerably.
In general, these relative amounts are chosen to pro-
duce novolak resins having high melting points (Tg),
high degree of substitution at the bridging carbons and
relatively low molecular weights compared to novolak

_ resins prepared from formaldehyde only. Typically, the
following amounts of reactants are employed to pro-
duce the novolak resins of this invention:

Moles total aldehvde - .
Moles total phenol or X 100 = about 60% to sbout 9%

pheno derivative

¢

Moles aromatic aldehyde -
Moics total aldehyde X 100 = sbout 15% to about 95%.

In a preferred embodiment, the phenol component is
a mixture of phenol derivatives; namely, a mixture of
m-cresol and p-cresol. When such a mixture is em-
ployed, it typically contains the following relative
amounts of m- and p-cresol;
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~Moles mcresol__ o o 100 = about 30% 10 about 75%.

Moles total cresol 30 DEC 1998

*]t is not uncommon for commercially availsble cresols o

mincr amounts of o-cresol. Therefore, “Moles total cresol™ rejers
to moles of m-, p-, and o-cresol (if any) and not just m- and
p-cresol. It is preferred, however, that the o-cresal content be less
than about 19 of the total cresal.

Given the above reactants and their relative amounts,
one of ordinary skill in the art would be. capable of
preparing the novolak resins of the present invention
without undue experimentation. Basically, all of the
ingredients are placed in a suitable reaction vessel and a
nonreactive solvent added. An acid catalyst, such as’
p-toluenesulfonic acid, is added in a mole ratio of moles
catalyst/moles total cresol of about 0.01 to about 0.04.

- The reaction mixture is then raised to reflux tempera-
ture and reflux maintained until no more by-product
water is produced, indicating that the reaction is com-

lete.

P Preferably, the novel novolak resins of this invention
are prepared by blending (A) a novolak resin of a mono-
hydroxy aromatic aldehyde esterified to a greater extent
than needed or desired, with (B) an unesterified novolak
resin of a monohydroxy aromatic aldehyde. In this
manner, by proper selection of the extent of esterifica-
tion of the esterified novolak resin and the ratio of ester-
ified to unesterified novolak resin in the composition,
one can readily produce novolak resin compositions of
the invention with any suitable hydroxyl number and
thus variable photoresist. properua and characteristics.
In this manner the novolak resin employed in the photo-
lithography process becomes “tunable” in that certain
process parameters become easily selectable merely by
employing a novolak resin composition of this invention
having the necessary hydroxyl number to produce the
desired characteristics.

_As an example of preferred novolak resin composi-
¢ tions of this invention there may be mentioned those
. baving the aforementioned hydroxyl aumbers of from

about 120 to about 180 prepared by blending (A) an
unesterified novolak prepared by condensation of a
mixture of m-cresol and p-cresol with a mixture of alde-
hydes comprising formaldehyde or a formaldehyde
precursor and o-, m- or p- hydroxybenzaldehyde with
(B) an esterified novolak resin which is the novolak
resin of component (A) esterified to asbout 32% esterifi-
cation with acetic anhydride for example. :




nol e catal yst/tatol noles cresol = 0. 66 nol e water/total noles
cr esol = 1. 81. Esterification of such resin was_in the sane
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Esterification of the unesterified novolak resin pro-
duced by using monohydroxy aromatic aldehydes in

mixture of aldehydes can be accomplished by means of
any suitable esterifying agent to replace hydrogen in at
least a portion of the hydroxyl groups in the unesterifiec
novolak with the group —OCR! wherein R! is an alkyl -
or aromatic radical, preferably alkyl of from 1 to 4
carbon atoms and aromatic is preferable aromatic of
from 6 to 10 carbon atoms. As examples of such suitable
esterification agents there may be mentioned, for exam-
ple, acetic anhydride, p-tolyl chloride, dihydrocouma-
rin and the like. The novolak resin and esterifying agent
will generally be reacted at reflux for about 10 to about
15 hours to produce the esterified novolak resin.
~ The novolak resins of lowered hydroxyl number of .

-the present invention are especially useful in positive
photoresist formulations. These formulations typically .

' contain a novolak resin or mixture of esterified or unes-
terified novolak resins, a sensitizer or “photoactive
component”, solvent and various additives such as col-
orants, striation aids, and the like. In commercial posi- -
tive photoresists, the novolak resin is most commonly a
cresol-formaldehyde novolak and the photoactive com-
ponent is a diazo quinone compound. Examples of diazo
quinone compounds include 2,3,4-trihydroxybenzophe-
none-1, 2-napthoquinonediazide-5-sulfonic acid mono-, .
di-, and triesters and 2,3,4-trihydroxybenzophenone-
1,2-naphthoquinone2-diazo-4-sulfonic acid mono-, di-,
and triesters. Examples of these and other diazo sensitiz-
ersmaybefoundeS Pat. No. 4,499,171 issued Feb.
12, 1985 to Hosaka et al. Examples of solvents include,
but are not limited to, propylene glycol monomethyl
ether acetate (PMA), ethyl cellosolve acetate, ethyl
3-ethoxy propionate, diglyme, butyrolactone, xylene,

~and butyl acetate.
¢ The critical components of the positive resist formu-

htxon, namely, the novolak resin of the present inven-
' tion and the photoactive component, can be employed
over a wide range of relative amounts. In general, it is
necessary only that sufficient photoactive component
be employed to produce a resist which is photoimagea-

_ ble and that the amount of novolak resin be bindingly
effective. In terms of relative amounts, the positive
photoresists of this invention may contain from about 2
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i nvention conprises a resist fornulation of: Conpopept 3 n PEC 1998
Wi ght % . X971 resin 29.9 x§71- 32Ac
resin 18.9 -9 -

parts by weight (pbw) novolak resin per pbw ph
tive component to about 6 pbw novolak resin per pbw
photoactive component. Preferably, a ratio of about 4
pbw novolak resin per pbw photoactive camponent is
employed.

The amount of solvent in the resist may likewise vary
.considerably. Generally, all that is required is that suffi-
cient solvent be employed to prodncc a desired coatmg
thickness under the given coating conditions, e.g. spin .
speed and pre-bake temperature. Typunlly, however,
enough solvent is added to the positive photoresist for-
mulation to produce a photoresist having about 25-30%
solids.

The positive resists of this invention may also contain
various additives such as colorants, striation aids, nnd
_the like.

Positive resists formulated with the novolak resins of
the present invention have the relatively high thermal
stability like those in the aforesaid Application Ser. No.
376,971, i.c. are stable for at least 30 minutes in a con-

- vection oven at a temperature of about 200°-~220° C.,
‘yet have greatly improved photospeed and film loss
characteristics over the resists in said Application. '

The products and processes of this invention and
their advantages over the prior art are illustrated by the
following examples and comparison tests in which tem-
peratures are °C. and parts are parts by weight unless |
indicated otherwise. - ,

A typical novolak resin of the type of Application
Ser. No. 376,971 was prepared from- the following rea-
gents: 126 parts m-cresol, 103 parts p-cresol, 30 parts
trioxane (aldehyde 1) and 124 parts O-hydroxyben-
zaldehyde (aldehyde 2) in 314 parts isopropyl acetate
solvent and using 4 parts p-toluenesulfonic acid .H20

( catalyst wherein the ratio of reactants was as follows:

moales m-cresol/total moles cresol = Q.55
total moles aldehyde/total moles cresol = 0.90
moles aldehyde 1/tatal moles aldehyde = 0.25
moies aldehyde 2/total moles aldehyde: = Q.75
moles catalyst/total moles eresol = 0010
moles water/total moles cresol = 0,01.
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All the ingredients, except the catalyst, were combi
in a suitable reaction vessel. The catalyst was
added and the resulting reaction mixture was hea
reflux temperature. Reflux was continued until no mdre
by-product water was produced, which indicated -

REPLACEMENT SHEET

30DEC 1% |

pletion of the reaction. The resulting novolak resin was
then recovered and upon analysis by SEC the resin was
determined to have a weight average molecular weight
“of about 2600 and calculated to have a hydroxyl number
of about 110 g/eq. This novolak resin is hercinafter
referred to as resin X971. Three separate portions of
novolak resin X971 were then acetylated by reaction at
reflux for about 10 to 15 hours with appropriate,
amounts of acetic anhydride to produce acetylated
X971 novolak resin with approximately 5, 20 and 32%
acetylation, respectively. The three acetylated novolak

_. resins are hereinafier referred to as X971-5Ac, X971-
20Ac and X971-32Ac. .

The synthesis of the 32% acetylated X971 novolak
resin was conducted by combining 279 parts X971 resin,
122 parts acetic anhydride and 275 parts isopropyl ace- -
tate solvent in a suitable reaction vessel and heating the

_resulting reaction mixture to reflux temperature. The

_reflux temperature was maintained until the anhydride
had -completely reacted as judged by IR analysis. The
other resins were similarly produced. These acetylated
novolak resins were recovered and upon analysis were
determined to have weight average molecular weights
of 2400, 2500 and 2500, respectively, and calculated to
have hydroxyl numbers of 119, 150 and 162 g/eq, re-
spectively. L .

Two further novolak resins of modified hydroxyl °
number were prepared in the manner described herein-
before for X971 resin. In these two resins a non-
hydroxylic aromatic aldehyde (aldehyde 3) was substi-
tuted for a portion of the monohydroxy aromatic alde-
hyde (0-hydroxybenzaldehyde) in the aldehyde mixture
of reactants. In the first such modified novolak resin
benzaldehyde and in the second such modified resin
anisaldehyde replaced a portion of the 0-hydroxyben-
zaldehyde reactant in the mixture of aldehydes em-
ployed in the reaction. In the production of both of
these modified novolak resins the following ratios were
mamtamed, as in the : production of X971 resin, namely:

moales m-cresol/tatal moles cresol = 0.55
total moles aldebyde/total moles cresol = 050
moles aldehyde 1/total moles aldehyde = 025
moles catalyst/total moles cresol = 0010
moles water/total moles eresal = 001.




VWhat is clained is: 1. A nmethod of formng a resist pattern on a

substrate conpri sing: |. coating said substrate with a |ayer._.of a
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patternwi se to actinic radia- tion; and I1]. renoving ti‘e g)@p@ggdw% _
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exposed re- si sfor¢besectwo peadtionsiwas/@.38 tand theanoles ald b-

3/total moles aldehyde was 0.37 for each reaction:
After completion of the reaction the resulting novolak

 resins were recovered. Analysis by SEC of the resin
produced employing benzaldehyde, hereinafter re-
ferred to as X971-20 Bz, determined its weight average
molecular weight to be about 1400 dnd its hydroxyl
number was calculated to be 137 g/eq. Similarly, analy-
sis by SEC of the resin produced employing anisalde-
hyde, hereinafter referred to as X971-20An, determined
its weight average molecular weight to be about 1420
and its hydroxyl number was calculated to be 144 g/eq.

Far comparison purposes DYNALITH ® EPR 5000
positive: photoresist sold by the Dynachem Division of
Morton International and the X971 novolak resin of the
aforementioned Application Ser. No. 376,971 were em-
ployed as controls in the following photoresist evaiua-
tion tests. The reduced hydroxyl number novolak resins
of this invention are either those prepared and described
hereinbefore or are prepared by blending the esterified
and unesterified X971 resins together in the amounts
indicated in the following examples.

Each of the resist formulations comprise the indi-
cated novolak resin or resins, about 25 to 30% by
weight based on the weight of solids of photoactive
compound and about 2% by weight or less of other
standard components.

Each, in turn, of the resist compositions of the exam-
ples and comparative examples was spin coated on a
track coater manufactured by Silicon Valley Group,
California, onto thermally-grown silicon/silicon diox-
ide coated wafers of 4 inch diameter and 5000 Ang-
strom oxide thickness. A uniform coating of 1.0 pm of
resist film was obtained at a spinning velocity of 3,500

~ revolutions per minute. The coated wafers were then

' soft baked either in an air circulating oven at 120.C for

. 30 minutes or on a track with hot plate at 110 C for 60
seconds. The resist film thickness was then measured
with a Nanospec AFT thickness measuring tool.

The coated wafers were exposed with an Ul-
tratech ® ultrastep 1000 (1:1) projection stepper fitted
with a lens of N.A. 0.315 to provide ultraviolet expo-
sure radiation in the range of 390 nm-450 nm. A Mi-
cromask ® mask with line and space widths of varying
sizes, including some as small as 0.75 pm; was used-to
provide a selective exposure pattern. Exposure times
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3- hydr oxybéenzalzigipete 1663

4- hydr oxyben- zal dehyde, wherein 'éa}%l an esterified npval ak

group consi sting of 2-hydroxybenzal dehyde

resin has hydroxyl groups thereof esterified so that an

aromati c ester grouwereivariediin order to determiné thephdtospeedof

atrphat-i-c—ot
min at |east

a portion of péuisthi@,0the niihtiom amount of exposure energy
. (intensity x time) in millijoules/cm? which will solubi-
lize the exposed areas of the resist so that the resist in
the exposed areas will be completely removed/cleared
during development.
The exposed resist coated wafers produced as de-
. scribed above were processed by one of two methods.
In one method, the wafers were placed in Teflon wafer
boats and processed in either EPD 80 or EPD 85 devel-
“oper on SVG Model 8186 track developing equipment
manufactured by Silicon Valley Group, California, at
19==1° C. In another method, the wafers were allowed
to remain immersed in Dynachem’s EPD-I developer
_solution for 60 seconds. Upon removal from the devel-
oper, the wafers were rinsed in deionized water and
dried by a burst of nitrogen gas or by placing them ina
spin dryer. Following development, the wafers were
examined with an optical microscope at a “1000X”
magnification. -
Post-baking of the developed wafers was done in an
. air circulating convection oven at.about 150°-180° C. or
by a hot plate bake on 2 track at 160°* C./60 seconds to

increase the adhesion and chemical resistance of the

undissolved portions of the coatings. Post-bake flow of
the images were examined by an optical microscope at
“]000X "™ magnification. The photoresists were tested
for percent film loss (FL), photospeed mJ/cm? for gross
clearing speed (GCS) and/or 1 micron clearing speed
(1pCS) and for post development (PD) contrast and
resolution by determining the largest spaces (in mi-
crons) not bridged.
Results of the performance tests are described below.
As indicated previously, the positive photoresist of
Application Ser. No. 376,971 had better thermal stabil-
¢ ity than the commercially available EPR 5000 resist but
was faster and lost more film in standard strenqth devel-
opers. The following test illustrate how the resists of the
. present invention zetain the enhanced thermal stability

of the resins of Application No. 376,971 while improv-
. ing the photospeed and film loss characteristics thereof
to match those of EPR 5000, Thus, positive photoresist
of this invention are demonstrated to have better ther-
. mal stability than EPR 5000 while retaining photospeed
and film loss characteristics substantially equivalent to
those of EPP 5000.




whereby said an esterified novolak resin having a hy- droxyl

about 120 to about 180 grans of

met hod of claim1
resin are present

-conti nued

about 60% to about 98%

resi-ns per equival ent of hydr

nunmber of
oxyl . 2. The

wherein the phenol and al dehyde componenf
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in the foll ow ng anounts: nol es t ot a
nol es total phenol or phgenp
nol es nonohydr oxy aromati ¢ al dehyde
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PERFORMANCE RESULTS
Resin  Dev.
Comp. Photoresist Ratio Time Photospeed
No. resin Gph) (sec) % FL  GCS (mi/cm?)
Control 1 EPR 5000 100 2 <Ll 125
Control 2 X971 100 22 1000 <20
1 X971 67 42 1000 <20
X971-20Ac 33
2 X971 i3 42 1.0 50
X971-20Ac 67
3 X971-20Ac 100 2 < . >260

Reducing the hydroxyl content of the X971 resin by
20% (Comp. 3) increased the photospeed from <20 to
>260 mJ/cm?, while the film loss fell from 100 to
< 1%. Similarly, reducing the hydroxyl content of the
X971 resin by 149 (Comp. 2) increased the photospeed
from <20 to 50 and decreased the film loss form 100 to
11%. However, reducing the hydroxyl content of the
X971 resin by only 7% (Comp. 1) produced no change
in photospeed and film loss characteristics compared to
X971 resin. Thus, a reduction in the hydroxyl content of
X971 type resins by at least 14 to 20% is necessary to

achieve the improved novolak resins of this invention. )
The above results demonstrate that the hydroxyl reduc-

tion can be achieved by blending esterified X971 type
resin to the appropriate esterification level or by blend-
ing esterified and unesterified X571 type resin to
achieve the desired level of hydroxyl number reduction.

Similar tests were conducted with a control resist
(EPR 5000) and with mixed aldebyde novolak resins
having reduced hydroxyl content wherein the reduced
hydroxyl content was obtained by blending a X971
mixed aldchyde novolak with a mixed aldehyde resin
having a non-hydroxylic aromatic aldehyde, benzalde-
hyde, substituted for a portion of the O-hydroxyben-
zaldehyde in the resin synthesis. The resulting resin is

- héreinafter referred to as resin X971-20Bz. Test results

were as follows:

Resin Dev. Time Pg:umz) Contrast & Resofution :
Comp No. Resin Ratio (pph) (sec) %BFL GCS 1uCS Gamma® PD Temp ("C.) Bridges (1)
Contral EPR 5000 1C0 .2 <1 . 93 125 34 150 0-‘

4 X971 &0 p -3 430 <20

40
] gimz 45 n 4.7 45

55 ,
6 xxgimz 30 4 1.6 90 125 32 180 10

70

esidewall pessurement: <2 ot good, 2-3 goods >3 berer.




nol es total al dehyde X 100 = about 15%to about 95%
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Compositions 4, 5 and 6 are mixed aldehyde o i
resins having hydroxyl contents reduced by 8§, 11 and

14%, respectively, from the hydroxyl content of the
mixed aldehyde novolak resin (X971) of Application
Serial Number 376,971. The above data demonstrates
that reduction of the hydroxyl content by 14% (Comp.
6) by employing a non-hydroxylic aromatic aldehyde
for a portion of the monohydroxy aromatic aldehyde in
the synthesis of the mixed aldehyde novolak produces a :
resist matching the film loss and photospeed character-
istics of an EPR 5000 resist and still having improved
thermal stability.
Similar series of tests were conducted with photore-
sist of reduced hydroxyl content wherein the reduction
-of hydroxyl content was obtained by blending unesteri-
fied mixed aldehyde resin (X971) with appropriate
amount of an over-esterified mixed aldehyde novolak -
resin X971-32Ac to demonstrate the tunable nature of
the process of this invention and that such process can
produce mixed aldehyde resists of the desired hydroxyl
content to provide resists matching EPR 5000 resist in |
film loss and photospeed characteristics while obtaining
-the advantage of the enhance thermal stability of the
mixed aldehyde novolak resins of Application Ser. No. -
376,971. Also included in the tests was the aforemen-
tioned novolak resin X971-20An, an X971 type novolak
resin having its hydroxyl content reduced 20% by sub-
stituting anisaldehyde for a portion of the O-hydrox-
'ybenzaldehyde in the aldehyde mixture employed in
producing the X971 resin. The formulations and test

results are as follows:
Photospeed .
Compo- Resin ~ Dev. Time _(mi/emd) ___ Costrst&Resoluion
sition  Resin Ratio (pph)  (see) % FL GCS 14CS Gamma® PD Temp(C) Bridges ()
150 o8
5000 100 2 <t 95 125 34
a?m' g-:’i 0 2 23 75
. 0
i g} T2As 40 2 L4 90 125 29 180 0s
XIT132Ac &0
~continued
Compe- Resin Dev. Time (m]/cm®) Contrast & naolm.
siion  Resin Ratio (pph) () % FL_GCS 1pCS Gamme® FD Temp(C) Bridges () .
9 X971 36 2 <l ns -
X971-32A¢ 10
10 X971 20 2 <1 >160
X971-32A¢ 0
11 X971-20An 100 22 34 110 210 160 1.0

*sidewal]l Deassrement: <2 sot good, 2-3 good, >3 beter.



3. The method of claim1l wherein the m and p-cresol are present in the
foll ow ng anounts: nol es m cresol nol es total cresaol X

-100

about 30%to about 75% REPLACEMENT SHEET
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Compositions 7, 8, 9, 10 and 11 are mixed|aldehyde

1

novolak resins having hydroxyl contents reduced 16,
19, 22, 26 and 20%, respectively, from the hydroxyl
content of the mixed aldehyde novolak resin (X971) of
Application Ser. No. 376,971. The above data demon-
strates that a hydroxyl reduction of at least 16% or
more, parucularly 19%, produces mixed aldehyde
novolak resins matching the film loss and photospeed
characteristics of EPR 5000 novolak resin while retain-
ing the enhance thermal stability of the mixed aldehyde
novolak resins of Application Ser. No. 376,971.

The above results are rendered even more surprising
and unexpected by the fact that resists having enhanced
thermal stability as well as photospeed and film loss
characteristics equivalent to EPR 5000 novolak resins

_are not obtained when:

(1) mixed aldehyde novolak resins are prepared by
the previously described X971 resin synthesis pro-
cess but the monohydroxy aromatic aldehyde reac-
tant in the mixture of aldehydes is completely re-
placed with a non-hydroxylic aromatic aldehyde
such as anisaldehyde, benzaldehyde, t-cinnamalde-
hyde, 1 4—te1phthald1carhoxaldehyde—-reszsts from
such novolak resins were exceedmgly slow and lost
no film, and

(2) esterificaton of conventional m-cresol/p-cresol

novolak resins produced from formaldehyde or a
formaldehyde precursor (without mixed aldehyde
reactants, i.e. no monohydroxy aromatic aldehyde
reactant)—such esterified conventional resins have
poor thermal stability producing bridges at 1.5 and
2.0

The fact that esterification of such a conventional
novolak resin does not produce the results obtained

~ according to this invention is demonstrated when such
- & conventional m-cresol/p-crsol novolak resin, herein-

- gfter referred to as resin X, havmg a hydroxyl number
" of 119 g/eq, is esterified with acetic anhydride at 5 and
-15% esterification levels, or with p-toluene sulfonyl .
chloride at 5 and 15% esterification levels or with
phthalide at 15% esterification level. The conventional
novolak resin, i.e. resin X, was produced from reactants
reacted at 95°-115° C. for about 58 hours and wherein:
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moles of m-cresol/total moles cresol = 0.35
moles formaldehyde/total moles cresol = 0.64
mole catalyst/tatal moles cresol = 0.66
mole water/total moles cresol = 1.81.

Esterification of such resin was in the same manneras
previously described. Photoresist formulated, exposed
and developed similar to the procedure previously de-
scribed, but employing 2.40% tetramethylammonium .
hydroxide developer (2.4% NMD-3 developer sold by

the Dynachem Division of Morton International) pro-

duced the following results:
Photospeed

Dev. Time (mJ/cm?)
Resin , (sec) FL % GCS Bridges (i)
X-5Ac 60 1 75 1.50
X-15Ac 60 52 230 200
X-5p-ToCl P 1.05 >600 -
X-15p-ToCl P 0.00 > 1200 -
X-15Phth 60 000 121 1.25

An example of a preferred positivé photoresist com-
position of this invention comprises a resist formulation

of:
Component - Weight %
X971 gesin 299
X971.32Ac resin 189
Solvent - PMA 420
Photoactive compound 6.8

Other components 24
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What is claimed is:

1. A method of forming a resist pattern on a substrate

comprising: -

L coating said substrate with a layer of a positive
photoresist composition comprising an admixture
of 2 bindingly effective amount of an esterified
novolak resin and a photmmagmg amount of &
photosmsmzer'

II. exposing said layer patternwise to actinic radia-
tion; and

II1. removing the exposed portion of said layer with
an aqueous alkaline developer for the exposed re-
sist compositon to uncover the areas of the sub-
strate beneath the exposed portions;

saidansteﬁﬁednovalaquineomprising,priorto

exposure:
(a)amxxtureofm-andp—crmland
(b) a mixture of aldehydes comprising formaldehyde
or formaldehyde precursor and
& monohydroxy aromatic aldehyde selected from
the group consisting of 2-hydroxybenzaldehyde,
3-hydroxybenzaldehyde and 4-hydroxyben-
zaldehyde, wherein said an esterified novalak
resin has hydroxyl groups thereof esterified so
-that an aliphatic or aromatic ester group exists in
place ofthehydrogenatommatleastaportxon
of the hydroxyl groups,
whereby said an esterified novolak resin having a hy-
droxyl number of about 120 to about 180 grams of resins
per equivalent of hydroxyl.
2. The method of claim 1 wherein the phenol and
aldehyde components of the novolak resin are present
in the following amounts:

~-moles total aldehyde
_“oles total phenal or X 100 = sbout 60% to about 98%

" phenol derivative

-

contiaed | HII\II\ I )

moles monohydroxy

—Aromatic sldchvde
moles total aldehyde ~ ¥ 100 = sbout 15% to about 95%.
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3. The method of claim 1 wherein the m- and p-cresol
are present in the following amounts:

moles m-cresol
holes total oresol 100 = about 30% to thout 75%.

2 & 8 8 ®

/411/14////1//111////1/1///11/

L
[
s *



REPLACEMENT SHEET

3 0 DEC 1998

- 19 -

HIGA 'CONTRAST HIGH THERMAL STABILITY POSITIVE PRAOTORESISTS
HAVING NOVOLAK RESINS OF LOWERED HYDROXYL CONTENT

. ABSTRACT .

Novolak resins are provided which are the condensa-
tion product of (a) a phenol, phenol derivative, or mix-"
tures thereof, and (b) a mixture of formaldehyde or a2 -
formaldehyde precursor and (1) a monohydroxy aro-
matic aldehyde and wherein at least a portion of the
hydroxyl groups thereof are esterified or (2) a mixture
of at least one monohydroxy aromatic aldehyde and at
least one non-hydroxylic aromatic aldehyde; the novo-
lak resins having a hydroxyl number of from about 120
to about 180 grams of resin per equivalent of hydroxyi.
The novolak resins are especially useful in positive
photoresist formulations and have enhanced photos-
peed and film loss characteristics as well as improved
thermal stability.



