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NOVOZAK RESINS OF LOWERED HYDROXYL CONTENT
AND HIGH CONTRAST HIGH THERMAL STABILITY
POSITIVE PHOTORESISTS PREPARED THEREFROM
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Field of the Invention

The present'invsntion 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 also relates generally to
radiation-sensitive positi#e 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 Prior Art

Positive photoresist formulations such as are described
in, for example, U.S. Patents 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 cresql-formaldehyde resins
together g}th light-sensitive materials, usually a substituted
naphthoquinone diazide compound. The resins and sensitizers are
dissolved in an organic solvent or mlehre of solvents and are
applled in a thin film or coating to a substrate sultable for

<7
.

the particular applicatlon desired. ﬁgg'
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The present invention also relates generally,to radia- tion-sensitive
positive photoresist conpositions and partic&larlv to ch conpositions

cont ai ning a novol ak resin having | o r@ﬁﬁhyﬂmmxyﬁsbﬁﬁﬁ nt and which are
prepared froma mxture of aldehydes. |2. DeggpigBbn of jthe Prior Art
Posj tive photoresist The mowiolaks - ofcthiese photioresdsinpl e,

US. Pat. Nos. 3,666,473; 4,115, 128; 4,173 470; 4,377,631, 4,536, 465 and
4,529, 682, | formudakions isoseiublendnorlkalineagieous, solution, but the

cresol -f qr ”?"ng%ﬁﬂ%qh‘i%'o%% tsoeq'nestill(?trzevr\:"I ta@:tls' %@t 'as %'}.%is'olution rate inhibitor

with respect to the resin. Upon exposure of selected areas of
the coated substrate to actinid 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 rendéred more soluble than the
unexposed areas. This differénce in solubility rates causes the
eprsed 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, pésitive 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 thit précise ﬁatterns can be applied to
the substrate. While positive photoresists having high
resolution and contrast characteristics, such as DYNALITH®
EPR-5000 resist sold by the Dynachem Division of Morton

. Internatignal, are known, and positive phoforesists having good
thermal stability, such as DYNALITHQ OFPR-800 resist also séld
by the Dynachem Division of Horton-InfgrnationAI, are ;lso '
known, the art has yet to develop a positive photoresist which
combines these thermal stability and high resoluti _fand high
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tive materials, usually a substituted naphthgquiuone di azi de conpound. The
resins and sensitizers are dis- solved in an organic solvent or m xture of

sol'vents and are applied in a thin il qyé§QaEEPEAL GranSHbstrate suit-
able for the particul ar application desired. Qﬁ@A@gyolak esin conponent of
t hese phot or edntiralst mhaxtacberiist ivs .ubEa ofs@ mositivait

t he napht hoqui none senS|t|zer acts as a dlssolutlon rate i,nhibitor wth

respect to t Photeresiafhse enbance ane &f dhese gharackerigtics,neymally

substrate to
radi ati on-

vte'rrge&f A fictd The HLHRE charieti#igt e W IS rék ist s
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 6, 1989, that
positive photoresists having both a high degree of thermal
sfability and good resolution could be made when the novolak
resin employed is prepared from a mixture of aldehydes
comprising formaldehyde (or a formaldehyde pr;cursor) and a
monohydroxy aromatic aldehyde. However, ﬁhile such positive
photoresists had better thermal stability than the
aforementioned DYNALITH° EPR-5000 resist they generally weré
faster and lost more film in standard strength developers.
Thus, it became desirable to develop positive photoresists that
could maintain the iﬁproved.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 the photoresists can

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

R
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In accordance with the present invention,ﬁgfhew,

improved class of novolak resin compositions of reduced hydroxyl



I nduced structural transformation which decr
di ssolution rate inhibitor for the
areas of the coating are rendered Solebl.e~t'han t he unexposed ar eas.
This difference in solubility rates “t he exposed areas of the
photoresi st coatient arebpravited;cwhilchn ndvelakh restina are bavewt ol the
al kl i e devel opi ng sol ution while the unexposed areas are |argel

3 t@’?/cgs%tsem@al

unaf fect ed, CABS8SpPS- NeYSlak resdns disclosed izythe aferenen
t he substratﬁo

| efficiency as a
md—IASsBilBié% uently, the exposed

376,971. 1In 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 _ :
(E)' 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 aromatio 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: a bindingly
effective amount of the aforesaid novel noyolak resins of lower

- hydroxyl content and a photoimaging amount of photosensitizer.

The present invention also pr5§ides a method of forming
a resist pattern on a substrate comprising:

I. coating said substrate with a layer ggfa positive

photoresist composition;
| This Sheet Has Been Replaced
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2 Positive photoresists, especially those us to o &h k@ tir oni c
silicon wafers and chi ps, are often sub- jec?ﬂd t %ﬁ%g%gnggggdurAng t he
manuf acture of the finished article which are hi ghbsresgh—to trave a del et e-
rious effect on the photoresist. Thus, positive photore- sists having

i nproved thermal stabilz.ty dyposimgdictlaymyipatternwise ta actind® very

I nportant that the photoresist be capabl e of providing high ti i
g radiation;)and P ' 9 gh optical resolu

(

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 comﬁrising, 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 reéist pgtterh, said resist pattern being
formed from a positive photoresist composition which, prior to
exposure to actinic radiation, comprises an aforesaid posit;ve

photoresist composition of this invention.

A still furthér 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. According to one method a
novolak resin compositioh 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
of: (A) a.phenol, phenol derivative or mixtures thereof and (B)
a mixture of aldghydes comprising (1) formaldehyde or a '

- formaldehggé precursor and (2) a monohydroﬁf aromatic aldehyde,
| and then this novolak resin is esterified with.a suitable amount
of a suitable esterifying agent to-préauce novolak resin of this
invention having the desired lowered hydroxyl number.
Alternatively, the first produced unesterified no%gﬁgk resin can

be "over esterified", i.e. esterified to a higher percent
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tion so that precise patterns can be-applied (o the subz strate: Wile

posi tive photoresists having high resolu- Tioh and ¢drHIs SHEET kakateEy Fti CS,
suchh as DYNA- LITH EPR-5000 resist sold by the Dynachem EERLACEBI on o
Morton International, are known, and positive photoresists having good
therymal st abiddtierifiedt bon i | débi¥EPRB0Ehe efinal chovobak drégihhe
Dynachem Division of Mrton International, are also known, the art has yet
to devel op a gampasitiomx® this:inrertionabiSeitable canpuntsl oftanchity

nd hi gh | u- tion . hi gh ntr racteristjcs. n fact,. f oryul a-
and hig res%vlrjer-tesotegfgleé gan Ourtles_sérfPfe Cnovo a res.{n can then gg

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 methdd of producing a novel novolak resin
composition of this invention is to produce the novolak resin of
lowered hydroxyl content without esterifying unesterified
novolak gesin'or without blending of esterified and unesterified
resin. Such other method employs both a monohydroxy aromatic
aldehyde and a non-hydroxjiic aromatic aldehyde in combination
with formaldehyde or a fdrmaldehyde precursor in the mixturg 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

derivative or mixtures thereotf.

DETAILED DESCRIPTION OF THE INVENTION

According to this invention novolak resins of the type
disclosed in the aforesaid USA Serial Numbe; 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 ne; névolak resin comﬁgéitions
'~ are provided by either esterifying a suitable unesteréfied
novolak resin, or blehding a mixture of suitable e§§£;ified and_

unesterified novolak resins or by employing at least one
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tion of a positive photoresist to enhance one, of_t hese—ehatacter S
normal |y adversely affects the other characteristi , THI§ S qﬁ' L eSTStg with
~good thermal stabil- ity do not provide high resol dti ol Lgh-contrast
and vice versa. It was discovered and disclosed in earlier U S. patent.

appd i cation momrw grmatic aldrhyds and otk leaskdne npr&hytbxowaic

4,943,511 on Jul 1990 t hat t t ts h bot
degroe of { neARALIS Aidenyde i Win s idaliidn iRCHR FuMaRRd WAHh (he
novo- | ak I esinrfuP) Pifchds ﬂﬁWﬁftJ "Rt Giréd£S In any case, one

produces a novolak resin composition hav1ng a hydroxyl number of

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 mixtures
thereof, and (2) a mixture of aldehydes which contains
formaldehyde or a formaldehyde precursor and a'monohydroxy

- 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 Nouolak 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 reactionrconditions employed
to prepare the novolak resin will produce formaldehyde. As used
herein, the term "formaldehyde" is undérstood to include both
formaldehyde per se and formaldehyde precursors. The second
'component of the aldehyde mixture is any monohydroggf;romatic

aldehyde or a mixture of at least one such monohydroxy aromatic
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hydes conpri sing fornmal dehyde (or a fornaLgerdq_precurspr) and a

nonohydr oxy aronati c al dehyde. However, while such 1 éﬁ".tuif | sts
had~better thernmal stability than the aforenenti oneé % kgélﬁmgﬁﬁ 5000
resist they generally were faster and | ost nore filind engt h

devel opers.

Bldehyde Fachat desastaldme tronkhydmxyinke taremgptide cabdelydé swhich

that could naintain the inproved thernal stabilité of the m xed_al dehyde

phot or esi st's
phot or esi sts

whildc | foym a mavglak xesinwith phenpk ox @ \pherolrdexiyagive or
mhiax\'/l'lun tt'illelre% .t ernp hé)éxPéSPaele,d haorl?ew;eizl' ,mf!ﬁ)éée C;ia&ﬁlg{:fé i gidehydes
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.aré particularly preferred since they'can
be used to providé 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 ﬁovel 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 invention may vary considerably. In general, these
relative amounts are chosen to produce novqlak resins having
high meltigg points (Tg), high degree of sﬁbstitution at the
bridging carbons and relatively low molecular weights compafed
to novolak resins prepared from fofhglﬂzhyde oﬁly. Tyéically,
the following amounts of reactants are employed to produce the

-

novolak resins of this invention: . ﬁﬁf
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are

It was al so desirable that positive photgoresists be available that
"process tunable", i.e. positive photo- reésist
t he "phot ospeed character- istics of the photore5|sl

TE‘%M u%%‘a*ég"r‘] e’ made

readily and easily adjustabl e and whereby the photore- si sts can be :made to
1

perf.or m opti o

et fandav r
Moles total phenel or % Qfood %ho%% $0% tod about 98%

phenol derivative

Moles aromatic aldehyde =
Moles total aldehyde X 100 about 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 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 abové‘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 plaéed
in a suitable reaction vessel and a nonreactive solvent added.
An acid catalyst, such as p-poluénesulfonic acid, is added in a
mole ratio of moles catalysx/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 mdnohydroxy

»
.

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

the o-cresol content be less than about 1% of the total cresol.
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i nproved class of novol ak resin conpositions of r I&ﬁﬂﬁﬁﬁﬂﬁ%ﬁ?ﬂ“ ontent
are provi ded, which novol ak resins are based on t e cl a8EPLACER VOl ald resi ns
di sclosed in the aforenentioned U S. Pat. No. 4,943,511. In accor- dance

\r/]v. th the pr esm:matriwemhtdghgalm@sé:eﬁcﬁmdafq @suqr?wrp][ﬁamﬂlﬁs ithan meeded pr
aving i nproved ,c rast,.c acterijstics r
manageabl e p ﬁ%d ‘H’rgb |‘§'e5rt(ﬁﬁitfétf ¢ %Ifaﬁ?%ssi aaghg%qoly%roxy

the Condensagﬁa@i@l&itdéﬂyde. In this manner, by proper selection of the

extent of esterification of the esterified novolak resin and the

SUWARY COF THE | NVENTION | n accordance with jge pr Loventi-on. a new,

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 émployed 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 preforred 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 ahouﬁ 32% esterification with acetic anhydride

for example.

Esterification of the unesterified novolak resin
produced by using monohydroxy aromatic ald;hydes in the mixture
of aldehydcs can be accomplished by means of any suitable
esterifying agent to replace hydroocm im at 1eost a_poftion of
the hydroxyl groups in the unesterified novolak with the group
-ocRl wherein Rllis an alkyl or amomatic radical, sgééérably

alkyl of from 1 to 4 carbon atoms and aromatic is preferable

N
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(A) a phenol, phenol derivative or m xturgs *fergof and (B) a nixture of
al dehydes conpri sing formal dehyde or a fornal dehy OLE Ba (L a
nonohydr oxy aromati c al dehyde and wherein said no¥§?§ii&§§kp droxyl
groups thereof esterified so that an aliphatic or laromatie-€ e+- gr-oup
exists in pI arematlchofhfd‘DUQGntet a6 icarbon| e:;msa pdst |emmpfletswmmy|

groups, or (2).,a mxture of, one drox romat i ehyde and
at | east onesﬁéﬁah}ﬁrG§§FFéf&FBF§PPcagents "% menti onéé éj

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 formulatidns 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-i,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,
ethyi 3-ethoxy propionate, diglyme, butyrolactone, xylene, and
butyl acetate. | |

- ~
. -,

The critical components of the positive resist
formulatioh, namely, the novolak ré;iﬁfbf the éresent invention
and the photoactive component, can be employed over a wide range
of relative amounts. In general, it is necessary gpiy that

sufficient photoactive component be employed to produce a resist
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al dehyde, said novol ak resin having a hydLoxyh nunber of about 120 to about
180 grans of resin per equival ent of hy- droxyl. gu+het Y EREN 1IN
accordance with this invention is a positive photoF@?ﬁ“E é%é@Slticn
conprising: a bind- ingly effective anount of the rovet—riovol ak

resins of | owdvidhy disophotsimageablel andithat khe apountuf grovolak resin be

Photosenst s A SRR O it TS G Do v

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 giveh coating conditions, e.g. spin speed
and pre-bake temperature. Typically, however, enough solvent is
added to the positive photoresist formulation 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, and the

like.

Positive resiéts formulated with the novolak resins of
the present invention have the relatively high thérmal 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 greatiy improved
photospeed and film loss characteristics oYef 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 temp_erature_;tfre *C and

parts are parts by weight unless indicated otherwise.
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L coating said substrate with a layer of a ppgitive—pheto-—resist )
conposition |1. exposing said |ayer patternw se tof aﬁﬁ SHEETrBAS BEEMI, and
I1l- renoving the exposed portion of said |ayer w th_an Séﬁhﬁﬂﬁ)alkallne
devel oper for the exposed resist conposition to uncover the areas of the
substrate beneath thedetypdesalporaviolak resiin fsithies &ypetaff dgpplication

conprising, prior to exposure, the aforesaid novel nqvol ak resin of reduced
hydr oxyl Con%@nﬁal Numg%r 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 ;Hzo 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
méles 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 éhe
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
weighﬁ 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 apprcxiqately 5, 20 and 32%
acetylatiqg, respectively. The three acefflated novolak resins
are hereinéfter referred to as X971-5Ac, X971-20Ac and
X971-32Ac. T e R

The synthesis 6f the 32% acetylated X971 g&f%lak resin
- was conducted by combining 279 parts X971 resin, 122 parts
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4 In accordance with the present invention, ere is also provid
substrate coated with a thernmally stable and *gHT Q
restst pattern, said resist pattern being fornmed fro e Adroe 1
phot oresi st com position which, prior to exposureiLg—aeMran‘rad“étlon

conprises an atetgeaanhparide'and 276 parte G86peopyloacetatl solvent! iigNa

suitable reaction vessel and heeting the resulting reaction

mixture to refluk'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, reepectively, and calculated to have
hydroxyl numbers of 119, 150'end 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 porfion of the monohydroxy
aromatic aldehyde (O-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'6-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 m-cresol/total moles cresol = 0.55

total moles aldehyde/total moles cresol = 0.90

moles aldehyde 1l/total moles aldehyde = 0.25

moles catalyst/total moles cresol = 0.010

- | - moles water/total moles cresol = 0.01.
However, the moles aldehyde 2/tota1 ‘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 reactlon

the resulting novolak reszns vere recovered.' Ana%giﬁs by SEC of

the resin produced employing benzaldehyde, hereinafter referre
| ' cet Has Been Replaced
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A still further aspect of the present inventi @n s a process for ,
preparation of the novel novol ak resins of tRATs |mﬁﬁ§gﬁggrﬂnsaemﬁJgance
with this invention the novol ak resins can be prepared ggpLacERr al t hods.
According to one nethod a novol ak resin conpositi of —This I nvention can

be prepared bt;opnsdxa‘mgzanBzmedetemixﬁédditmmJ'aghteavermcmmegula)rthelght
procedure de- scribed in the aforesaid U.S. Pat. . 4,943,511 wherein the
novol ak resi it® e RbeRHIE4A 2R b#%dmrml (Wﬁmmm&d to be

derivative or 4 xiyLgs tORAPPLrAPY 4ol Uty Se8 of EELYAGS1 F PPEASLES

(1) fornaldeﬁ§
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 novolak resin of the aforementioned
Application Serial Number:376,971 were employéd 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 prepéred by
blending the esterified and unesterified X971 resins togethér 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
coater manufactured by Silicon Valley Group, California, onto
thermally-grown silicon/silicon dioxide coated wafers of 4 inch’

- diameter qnd 5000 Angsﬁrom oxide thickness: A uniform coating
of 1.0 um of resist film was obtained at a spinnlng veloclty of
3,500 revolutions per minute. The coaféd wafers were then soft
baked either in an air circulatlng oven at 120°C for 30 minutes
or on a track with hot plate at 110°C for 60 secon%g{ The

This Sheet Has Been Replaced




this novolak resin is esterified with a suita 1§sHEEkH$&BF@%Ie
esterifying agent to produce novol ak resin of this |nvemEPbN3ﬁ&V| t he de-
sired | owered hydroxyl nunber. Alternatively, the FT3ST produced
unesterified nesbstikfilsi thickness wvasrthencmeasired 'vithea NanespecedFTo a
hi gher percent sterlflcatlon than desired in the final novola resin
conposi ti on cthigkness BERFBRING £9Ab} ¢ anounts of such over-esterified and
unesterified novolak resin can then be blended to pro- duce a novol ak resin
conposi tion having a desired hy-

The coated wafers were exposed with an

f or mal dehyde precursor and (2) a nonohydr Qxy q{o- matic aldphudg_;j]d t hen

Ultratech® ultrastep 1000 (1:1) projection steppér fitted with a
lens of N.A. 0.315 to provide ultraviolet expoéure 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 determine the photospeed
of the gesist, 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 Tefloﬁ wafer boats and processed in either
EPD 80 or EPD 85 developer on SVG Model 8186‘track developing
equipment manufactured by Silicon Vailey 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 wafg:s were rinsed in
deionized water and dried by a burst of nitrogen gas or by

.placing them in a spin dryer. Following development, the wafers
were examined with an optical microscope af-a.“lOOOX"

magnification.

L

Post-baking of the developed wafers was done in an air
circulating convection oven at about 150°-180°C c€§y§ a hot

plate bake on a track at 160°C/60 seconds to increase the

Sheet-Has Been Replaced
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dr oxyl

nunber of from about 120 to about 18044r
of hydroxyl.
of «this invention is to produce the novol ak resi

7
- -Vl B WaVall

estH i val ent
7 i

yuloy

Anot her nethod of producing a novel

content without esterifying unesterified novol ak reS|n or w thout bl ending
of esteri- fiadhemionianst chemisal gesistange oth&henunddssadyes pariens of

nonohydr oxy \%rh[oegat I C a'ﬁ;@%}%@%ﬁ%ﬁgﬂ% I IiC ar o(r)r%tqlqc? ?ﬂl%%eh d% Itkln}'rean
of al dehydes o%,%rl%%'}.s%é@é&&@%@mlomn%gmﬁcatlon. The photoresists

conbi nati on

were tested for 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 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.

w
Photores1st Re51n Ratlo Dev. Time Photospeed2
Comp. No. _resin (pph) (seg) % FL GCS (mJ/cm?®)
Control 1$ EPR 5000 100 42 <1 125
Control 2 X971 100 22 100.0 < 20
1 X971 67 32 100.0 < 20
X971-20AC 33
2 X971 33 42 11.0 . S0
X971-20AcC 67 §§§’

3 X971-20Ac 100 22 <1 >260
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derivative or mxtures thereof-to directly duce pexal gk _resins of
reduced hydroxy | evel conpared to those prodé ed by Emmhmmsmmwwﬁg@
morrohydr oxy aronmatic al dehyde in adm xture with formal deRERiacep a

f or mal dehyde precursor condensed with a phenol, phe- nol derTvative—or
m xt ures thereof. ReAUA - HEIHFRUFHEN cﬁﬁa&iﬂ: 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 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 résin by only 7% (Comp. 1) produced no change in
photospeed and film loss characteristics compared to X971
resin. Thus, a reduction in the hydfoxyl 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 reéins 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 X971-20Bz. Test

results were as follows:

- ) - >
2N

R~
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| NVENTI ON .According to this invention novol ak rgﬁin§ of the type disclosed
in the aforesaid U. S.. Pat. No. 4,943,511 are nodified to provide new
novol ak resins conposi- tions having hydroxyl nunbe fromabout 120 to
about 180 grans of resin p& equivalent of hydroxyll. THIRGHEEWHAGHHERK] r €si n
conpositions are provided either esterifying a s$uitabte unesterified
novol ak resin, or blendi ngu e

m xture of suitable esterifiéed and-unesteri -
fied novol ak resins or by ghpkoyi ng at | easd one nono- hydroxy aromatic

al dehyde and at |east ond Fpng -
o
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hydroxylic aromatic al dehyde in the al dehyde 3§
phenol , phenol derivative or m xtures thereof.
novol ak resin com position having a hydroxyl
180 grams of resin per equival ent of hydroxyl. The novol ak resins of the
present invention are §P@P°§até€n$rbn1 I9“@hénéreoﬂixeﬂhéhéehﬂéﬁlﬂQVP&ékor
m x- tures thereof

d h
f or mal dehyde b ?sép$o$ﬁ§Fé 9§g¥%§¥ L&gﬁ_eﬁ_ﬁe %CEYOQ;OgﬁaIna|&4%
al dehyde. Therphsast i ¢atyPhepsh éﬁé'Hﬁ&fafflUésﬁﬂéntno?reﬂ@rhﬂﬂeahﬁiaeBQH%"

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 blendihg unesterified mixed aldehyde
resin (X971) with appropriate amount of an over-esterified ﬁixed
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 aldehydé 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 the
O-hydrcxybenzaldehyde in the aldehyde mlxture employed in
producing the X971 resin. The formulatlons and test results are

as follows:

#
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| ak resins include, but are not limted to, phergd, sn creol, p-cresol,
o-cresol, and m xtures thereof. Qher exanples of phenol derivatives nay be
found in H Hiraoka, "Functiopally Substituted Novo| dKIREEEERHALIBERNQY aphi c
Applications, Radiation Chem®try, and Phot ooxi dati pn", NHHPEACBD For
M crolithography, ACS Synposiym Series No. 266 (1984) which 1s hereby in-
corporated herein by referen thereto. The phenol derivatives nay al so
contain other substituents olt® aronmat#c ring includifg, for exanple,

~
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The m xed al dehydes useful in preparing the val g esi SOl L esent
I nvention contain fornal dehyde or a fornal dehyde argﬁﬁﬁggﬁgg §E§%g herein

"formal de- hyde precursor" refers to conpounds, s as—I—s-b—S5—tTT oxane

and paaf or mal dehyde which, under the reac- tion conditions enployed to

{)repar](ca theI goxogak r SomposiitiignsoJuc B .f Grmdddandddl A¥eyFdxed Adidehyda
erm "fornal dehyde" is ynderstqod to Jinclyde both forpnal- e r

f or nal dehydenﬁﬂeééﬂ‘sé'r?’t“ﬂﬁ@aé’éﬂ‘g %W&i off@ epts ﬁ@%&gﬁ% r‘#i‘t uzrsz(ea' ?is.gj

any monohy-  drox¥% o3/ O Fldna it ilRiAe fHonf theX hydzoRky12kontatit ¥ the mixed

aldehyde novolak resin (X971) of Application Serial Number

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
chara¢teristics 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 photosﬁeed 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,
benzaldehydé, t-cinnamaldehyde, 1,4;terphtha1dicarbox-
aldehyde -- resists from such novolak resins were
exceedingly slow and lost no film, and
(2) esterification of conventional m-cresol/p-cresol
novolak resins produced from formaldehyde or a
formaldehyde precursor (withoﬁt mixed aldehyde
- - ~g9actants, i.e. no monchydroxy ar;matic aldehydé
reactant) - such esterified cgnventional resins have

poor thermal stability pr&huc{hg bridges at 1.5 and 2.0

Iy
P

ﬁgf
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such nonohydroxy aromatic al dehyde and at Je Qne non-hydroxylic aromatic
al dehyde which will forma novol ak resin w th pheq ROgeERi vati ve
or mixtures thereof. In general, however, these arOQﬂF E% ,&ghydes itncl ude,
but are not limted to, conpounds having the generlal fnr”u. —terti-where R
is alkyl (e.g. (err]-ticrohsabhd genEralpychavé pndy marginally acceptable

)

photospeed characteristics.

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% esterificatipn level. The
conventional novolak resin, i.e. resin X, was produced from
reactants reaéted at 95-115°C for about 58 hours and wherein:

moles of m-cfesol/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. Phogoresist formulated, exposed and
deﬁeloped similar'to_the procedure previously described, but
employing 2.40% ﬁetramethylammonium hydroxide developer (2.4%
NMD~3 developer sold by'the Dynachem Division of Morton

International) produced the following results:

Photospegd
Dev. Time (nJ/cm<)
Resin —(sec) = FL & GCS Bridges (u)
N X-5ac B 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 & -
i&f
~ X-15Phth 60 ~ 0.00 121 1.25
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ferred aromati c al dehydes incl ude benzaldeﬁydg- and nonohydroxy aromatic

al dehydes such as 2-hydrox- ybenzal dehyde, 3- ?drox‘u— “'g'%f  BER

4- hydr ox- ybenzal dehyde. The nonohydr oxy al dehydes er-%%i—éﬁidﬁ a%ly
preferred since they can be used to provide unesterilfi ~ak—Fes+Hs

whi ch can be esterifi edAmnexaigphe ob|xpreferrted qusitive plotbressseri fi ed

novol ak resins from sajd nonohydroxy arotic al dehydes can be produced to
provi de t he ndempPeRifeion eEthigiinvention SAnRFisss »resish toxmplakion of:

such novol ak réz'si ngngiyi ng a hydroxyl content within a vviﬁig. hﬁE%

X971 resin ' 29.9

X971-32Ac resin , 18.9

Solvent - PMA ' 42.0

Photoactive compound 6.8

- Other components . 2.4
- .

4

o
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The relative ambunts of the phenol or phepol ,deriva- tive and mxed

al dehydes used to prepare the novol ak resins of the present .invention may
vary considerably. In general, these relative anduifj SHEETGMSBEEN 4 pro-
duce novol ak resins having high melting points (Tg), hRgRLAEER ee of
substituti on @tL tA el [IMi8lgi ng carbons and rel ative oW

conpared to novol ak resins prepared from fornmal dehyde on

foll ow ng amounts of reactants are enpl oyed to pro- -duce ﬂMﬂmﬂqu
of this invention: Mles total aldehyde . 100=about 60% t 0" alfout 98% S *

1. A novolak resin comprising the condensation
- product of: '
(a) a phenol, phenol derivative,.or mixtures thereof,
and
(b) a mixture of aldehydes comprisin§ formaldehyde or
formaldehyde precursor and _ |
(1) a monohydroxy_aromatic aldehyde, wherein
said novolak resin has hydroxyllgroups
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 aﬁomatic aldehyde,
said novolak resin having a hydroxyl number of about 120 to

about 180 grams of resins per equivalent of hydroxyl.

2. The novolak resin of Claim 1 wherein the phenol

component is a mixture of m- and p-cresol.

- | 3. The novolak resin of Claim 1 wherein the phenol

"and aldehyde components are present in the following amounts:

moles total aldehyde e .
moles total phenol or X 100 = about 60% to about 98%
phenol derivative

'mo;es aromatic_aldehyde |
moles total aldehyde. x 100

about 15% to aboutgé‘é%
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Mol es total phenol or X ph jy," " Hl,uﬁ MIﬁz aro c_aldehyde X 100 =
about 15%to about 95% a pr fTHFSr%F(I.EEé‘rMBBmt t he

phenol conponent is a nlxture of phenol “detivati ves; nanelREPLACED xt urd of
mcresol and p-cresol. Wen such a mxture is em ployed, It typicalTy
contains the foll ow ng4tel aTheecnewolaksresim ofndlaimr 2swherein the m- and

p-cresol are présent in the following amounts:

moles total cresol. X 100 = about 30% to about 75%

i: 5. In a positive photoresist comprising an admixture
of a bindingly effective amount of a novolak resin and a
photoimaging amount of a photosensitizer, the improvehent
comprising employing as the novolak résin the condensation
product of:
(a) a phenol, phenol derivative, or mixtures thereof,
and B
(b) a mixture of aldehydes compfising formaldehyde or
formaldehyde precursor and
(1) a mbnohydroxy aromatic aldehyde, 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 arqmatic aldehyde,
said novolak resin having a hydroxyl number of about 120 to

‘about 180 grams of resins per equivalent of hydroxyl. /

- ~

6. (/The positive photoresist of Claim 5 wherein the
phenol component of the novolak reéin“fs a mixture of m~ and

p-cresol}j
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Mol es mcresol. X 100= about 30%to about 75% Nb[es—%e%aL—cLetnl Lt is not
uncomon for comercially avail abl e cresots 23 contHISSHHETHASRBEMYs of
o-cresol . Therefore, "Ml es total cresol" refers o mREELAFEDL  p], and

o-cresol (if any) and not ju m and p-cresol. It is referred, however, that

t he o-cretol content | esf,, ¥g§§g “5ile gy e
reactants and their ‘ative a%&bn S ré/t% dgnary S(Ef#jrm% thefgaﬁ‘ '
woul d be Capa&l'dblﬁfdé”&ﬁiﬁéﬂ%ﬁ hee Wlﬁwm nfesifn tiw mebetire noent i on

formaldehyde and a monohydroxy aromatic aldehyde selected from

2~-hydroxybenzaldehyde, 3-hydroxybenzaldehyde, and
4-hydroxybenzaldehydij7

L"B. ﬁfThe positive photoresist of Claim 5 wherein the
phenol and aldehyde components-of the novolak resin are present

in the following amounts:

moles total aldehyde =
moles total phenol or * :°° about 59% to about 98%

phenol derivative

%%%ﬁgt%gﬂg%ggﬁggg———- X 100 = about 15% to about 95% f>

moles total aldehyde.

Ve . _ .
Ej’ 9. The positive photoresist of Claim 6 wherein the m-

and p-cresol are present in the following amounts:

mo o - ' '
moles total cresol._ x 100 = gbout 30% to about 75% iZ

7
10. A éositive photoresist comprising an admixture of
a bindingly effective amount 6f a novolak resin on a
photoimaging amount of a photosensitizer, the novolak resin
comprising the condensation product of:
. (a) a phenol, phenol derivative, or mixtures thereof,
- ~, and

(b) a mixture of aldehydes comprising fofmalgehyde or
P2

formaldehyde precursor and

(1) a monohydroxy aromatic aldehyde, wherein

said novolak resin has hydroggifgroups

This Sheet Has Been Repl thereof esterified so that an aliphatic or
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w t hout undue experinmentation. Basically, all,sof the ingredients are placed
in a suitable reaction vessel and a nonreacti4e <0hM§@hE§p%%ng? cid
catal yst, such as p-toluenesulfonic¢ acid, is add N @ CgDra of nol es
catal yst/noles total cresol of about 0.01 to aboLf—ﬁ—Gﬁ' re—-eactt on

m xture is tCaimiked +ocCoptlfdx tenpera- ture and refl ux nalntalned unti |

no nore by-product water is produced, indicating that the reaction_is com
plete. Preferably, the novel novol BkONREiGsester GEOUR eXishs ARcPhRrEGapPEdthe
by bl ending (A) a novol ak resin of

hfhrogen_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 resins per equivalent of hydroxy1¢¥7

E/il. The positive photoresist of Claim 10 wherein the
phenol component of the novolak resin is a mixture of m- and

p-cresol.

12. The positive photoresist of Claim 10 wherein the
aldéhyde component of the novolak resin is a mixture of
formaldehyde and monohydroxy aromatic aldehyde selected from
2-hydroxybenzaldehyde, 3~hydroxybenzaldehyde, and
4-hydroxybenzaldehyde. |

13. The positive photoresist of Claim 10 wherein the
phencl and aldehyde components of the novolak resin are present.

in the following amounts:

b

- - moles total aldehyde ' y 100 = about 60% to about 98%

moles total phenol or
phenol derivative

moles ohvydr )
aromatic aldehyde about 15% to about 95%

moles total aldehyde.

x 100

‘This Sheet.-Has Been Repl
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hydroxy aromatic al dehyde esterified to-a gr er extent than needed
desired, with (B) an unestesified novol ak Te€l®n ol a[rENOBMEEDR)S BEENE] i C

al dehyde. In this manner, by proper selection of the|exterEPpACBBt erif) ca-
tion of the esterified novolak resin and the ratio of~&ster- 1ired to
unesterified novol ak rgsin Thetpesitivesphotoresistcof ctadml yipwhéredn the
novol ak resin conposions of the invention with any suitabl e hydroxyl nunber
and thus varimbl andhprerespit ageoptesent indtbaafailewingi aBounksthi s

manner the novol ak resin_enpl oyed in the photo- |ithography process becones
"tunable" in s cresol X 100 = about 30% to about 75%

15. The positive photoresist of Claim 10 wherein the

photosensitizer is a naphthoquinone diazide sensitizer.

16. The positive photoresist of Claim 15 wherein the
naphthoquinone diazide sensitizer is selected from the group
consisting of esters of'1,2-naphthoquinone-z-diazo-4-sulfonic

acid and esters of 1,2-naphthoquinone-2-diazo-5-sulfonic acid.

17. The positive photoresist of Claim 16 wherein the
naphthoquinone diazide sensitizer is selected from the group

consisting of 2,3,4-trihydroxybenzophenone-1, 2-naphthoquinone-

2-diazo-4-sulfonic acid monoester; 2,3,4-trihydroxybenzophenone-

1,2-naphthoquinone-2~diazo-4-sulfonic acid diester; 2,3,4~tri-
hyroxybenzophenone—l,2?naphthoquinone-z-diazo-4-sulfonic acid

triester and mixtures thereof.

18. The positive photoresist of Claim 16 wherein the
naphthoquinone diazide sensitizer is selected from the group

consisting_of 2,3,4-trihydroxybenzophenone-1, 2-naphthoquinone-

2-diazo-5-sulfonic acid monoester; 2,3 4-trxhydroxybenzophenone-

1, 2-naphthoqu1none-2-dlazo—s-sulfonlc dcid diester; 2, 3 4-tri-

hydroxybenzophenone-l,2-naphthoqu1none-2-d1azo-5-sulfpnlc acid

triester and mixtures thereof. 4ﬁ%?

BT L T
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process paraneters beconme easi'ly sel ectablg ng&el y by en playing a novola
resin conmposition of this invention having th
produce the desired characteristics. As an exanple of preferrRePLASED ak

necessar)’HﬁdﬁﬁﬁﬁermmﬁmN o]

resin conposi- tions of this invention there may be nmentioned those havi ng

t he af orement ned hydr oagl.

nTnethodf off foraing al Hesimtalpatitelid g epar ed

by bl ending (A) an unesterified novol ak prepared by condensation of a
m xt ure of n}§nb§6¢a$#dcpmvré§éngmtrla.n1xture of al de. hydes conpri sing

fornaldehyde or a forn&ldeh

II.

III.

oating said substrate with a layer of a positive
photoresist composition comprising an admixture of
a bindingly effective amount of a novolak resin

and a photoimaging amount of a photosensitizer;

exposing said layer patternwise 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 novolak resin comprising, prior to exposure:

(a)

(b)

This Sheet Has Been Replaced

a phenol, phenol derivative, or mixtures thereof,

and |

a mixtﬁre of aldehydes comprising formaldehyde or

formaldehyde precursor and

(1) a mohohydroxy aromatic aldehyde, 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 pbrtion of the
hydroxyl groups, or

H“‘l“ “““ ‘“l “l \“‘ (2) a mixture of at least one monohydroxy
aromatic aldehyde and at least one
| ' non-hydroxylic aromatic aldehyde,
- said novolak resin having a hydroxyl numbe¥ of about 120 to

about 180 grams of resins per equivalent of hydroxyl.

&4

20. The method of Claim 19 wherein the pggﬁol

component of the novolak resin is a mixture of m- an =cresol.

rixture of m- and o
Nl



precursor and o-, m or p- hydroxybenzal dehyde th (B_an esterified
novol ak resin which is the novol ak resin of cgﬁ%gnenﬁ'ﬂﬂ&SH§EEHMSﬁ&@NtD
about 32%esterifi- cation with acetic anhydride for |exanpREPLACED

Esterification of the unesterified novolak resin pro- duced by using
nmonohydr oxy aronatic aIﬂmhydfheimethednbttCEaznf1aldhb¥din the ddehyde

acconpli shed by neans of
P Zomponent of the novolak resin is a mixture of formaldehyde and

a monohydroxy aromatic aldehyde selected from 2-hydroxybenzal-
dehyde, 3-hydroxybenzaldehyde, and 4-~-hydroxybenzaldehyde.

22. The method of Claim 19 wherein the phenol and
aldehyde components of the novolak resin are present in the

following amounts:

moles total aldehyde =
moles total phenol or X 100 about 6§0% to about 98%

phenol derivative

le) - :
aroéi{fgnﬁ%ﬁgﬁgﬁg-——- x ;00 about 15% to about 95%

moles total aldehyde.

23. The method of Claim 20 wherein the m~ and p-cresol

are present in the following amounts:

moles m-cresol = ' '
noles total cresol. X 100 abgut 30% to about 75%

24. 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 a bindingly
effective amount of a novolak resin and a photoinaging amount of
a photosensztzzer, )
wherein said novolak resin comprises the condensation product

of: -

-

(a) a phenol, phenol derivaﬁfve, or mixtures thereof,
and _ '
(b) a mixture of aldehydes comprising f%gﬂgldehyde or

formaldehyde precursor and

Sheet Has Been Replaced -

i i



any suitable esterifying agent to replace hydrogen in at least a-porti-er—ei
the hydroxyl groups in the unesterified novol3& wWth the gﬂﬂﬂﬂHﬁ%gggiﬁﬁaig'
wherein Rl err] is an alkyl or aromatic radical, preferablly al KREP om_Jli
to 4 carbon atons and aromatic is preferable aromatic of from6 to 10 ot

car hon atons.c¥§iﬁxggplessghtzggh suitabl e esterification agents there nay'w
be nmentioned, Tor exam ple, acetic anhydride, p-tolyl chioride.
di hydrocouma- rin and the | (k. The momohydroryi aramdtict aldehyde ,agtherein

will generally be reacted at reflux fqQr about 10 t¢ about_ 15 hours to
produce the esterified novol ak resf@id novolak resin has hydroxyl groups

thereof esterified so that an aliphatic or

aromatic ester group exists in place of the
hyd:ogen atom in at least a portion of the
hydroxyl groups, or
(2) a mixture of at least one monchydroxy
aromatic aldehyde and at least one
non~-hydroxylic aromatic aldehyde,
said novolak resin having a hydroxyl number of about 120 to
about 180 grahs of resins per equivalent of hydroxyl.

25. The substrate of c1aim 24 wherein the phenoi

component of the novolak resin is a mixture of m- and p-cresol.

= Mé S‘f'{a.
26. The @sitive photoresi;%. of Claim 24 wherein the

aldehyde component of the novolak resin is a mixture of
formaldehyde and a monohydroxy aromatic aldehyde selected from
2-hydroxybenzaldehyde, 3¥hydroxybenzaldehyde, and 4-hydroxy-
benzaldehyde.

'27. The substrate of Claim 24 wherein the phenol and
-~ aldehyde components of the novolak resin are present in the

following amounts:

. _\ﬂ'. )

moles total aldehyvde -

moles total phenol or X 100 = about 60% to about 98%
phenol derivative

moles monohydroxy
aromatic aldehyde X 100

moles total aldehyde.

about 15% to about#dss

This Sheet Has Been Replaced
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The novol ak resins of l.owered hydroxyl nugbegqof _th n are
especial ly useful in positive photoresi st fornulatiEﬁEﬁ;$ﬁ3§éH$%Pﬁﬁ¥%tions
typically contain a novol ak resin or mxture of estprifi &EPbACEes:

‘terified novol ak resins, a sensitizer or "photoactive conponent”, sol vent
and.various additives 28uch The cibstrate ©f Qlaim 25 whekeimthe e~ and. |n
commercial posi- tive photoresists, the novaqlak resin is nost commonly a
cresol - f or raPIERRGO Are pregant Hdn hha FlAWng AMPREST is a di azo.

qui none conpounRd.. E of di azo qui none conpounds incl ude

2,3, 4-tri hyde iRy X 100 = about 30% to about 75%

29. The substrate of Claim 24 wherein the

photosensitizer is a naphthoquinone diazide sensitizer.

30. The substrate of Claim 29 wherein the
naphthoquinone diazide sensitizer is selected from the group
consisting of esters of 1,2-naphthoquinone-2-diazo-4-sulfonic

acid and esters of 1,2-naphthoquinone-2-diazo-S5-sulfonic acid.

31. The substrate of Claim 30 wherein the
naphthoquinone diazide sensitizer is selected from the group
coﬁsisting of 2,3,4-trihydroxybenzophenone-1,2-naphthoquinoﬁe-
2-diazo-4-sulfonic acid monoester; 2,3,4-trihydroxybenzo-

' phenone~-1, 2-naphthoquinone-2-diazo-4-sulfonic acid diester:
-2,3,4-trihydroxybenzophenone-1, 2-naphthoquinone-2-diazo-4-

sulfonic acid triester and mixtures thereof.

32. The substrate of Claim 30 wherein the
naphthoquinone diazide sensitizer is Selected from the group
consisting of 2,3,4-trihydroxybenzophenone-1,2-naphtho- '
quinone-2-diazo~5-sulfonic acid monoester; 2,3,4-trihydroxybenzo-
phendne-l,2-naphthoquinone-z—diazo-s-sulfonic acid diester;
2,3,4-trihydroxybenzophénoné-1,2-naphthoqu@none-z-diazo-s—

sulfonic acid triester and mixtures thereof.

&

GWR/sw ¥
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none- 1, 2- na 'hoqw nonedi azi de-5- sul f oni ¢ aci d %@6(%? Oand tri esters an

2,3,4-tri hydr: 2- napht hoqui no

nmono4,; di -, IanHi ﬁmm‘qm es of these n%%%er (% a2 o RERKAUE

may be found i 199119 SAEEB HAS BERD| 12, 1945 ro H
3

al . Exanpl es of solvents include} but BERAGBP |ipifed to
nononet hyl ether acetate (PMA), AyT ceILoQBIue]acetate
propi onate, diglyme, butyrol actone, xylene, and butyl acetaje

conponents of ppAIMBsitive resist form-
1. A novolak resin comprising the condensation

pfoduct of:

(a) a phendl, phenol derivative, or mixtures
thereof, and |
(b) a mixture of aldehydes comprising formaldehyde
or formaldehyde precursor and
. (1) a monohydroxy arométic aldehyde,'wherein said
‘'novolak resin has hydroxyl groups thereof
esterified so that an aliphatic or aromatic ester
group exists in plaée of the hydrogen atom ih 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 aromat%g
aldehyde,
said novolak resin having a hydroxyl number of 120 to 180
grams of resins per equiv#lent of hydroxyl.
2. A novolak resin according to claim 1 wherein the
phenol and aldehyde components are presenﬁ in the following

amounts:

moles total aldehvyde

moles total phenol or x 100
phenol derivative

moles aromatic aldehyde x 100
moles total aldehyde

60% to 95%-

15% to 95%

3. A novolak resin according to claim 1 or claim 2
wherein the phenol component is a mixture of m- and p-

Ccresol.

.
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; on, n |y, the novolak resin of the present inven- tion and the
1got oact i e conponent, can be enpl oyed over a wi de ran ?ﬂﬁhchgﬂrwnmET

afount s, n—geﬁeﬁak——r%—rs—nECess«ﬁﬁéeﬁggg%hak—suhh Ci ol oaect
fonponent { be SiSSEEWHASHBEEY phot oi{magea-

hg? the apo ﬂ“ﬂmﬂﬂ“ﬂmﬂﬂllﬂﬁ e bi nREAMNCGEDef f ec{i v |rﬂﬁe@G§ @95
relative am)urftsc t he bositive photoreS|St§ of this-in ertlon nay_co I 1
fromabout 2 parts by weight (pbw) novol ak resin per phw photoac- tive
conponent to about 6 pr/novoIak resin per pbw photoacty ve cooponent-
Preferably, a ratio o4f al}P

novolak resin according to claim 3 wherein
the m- and p-cresol are present in the following amounts:
. moles m-cresol | x 100 = 30% to 75%
moles total cresol '

5. A novolak resin according to any preceding
claim wherein the aldehyde component is a mixture of
formaldehyde and a monohydroxy éromatic éldehyde selected
from 2-hydroxybenzaldehyde, 3-hydroxybenzaldehyde, and 4-
hydroxybenzaldehyde. | |

6. ‘A posiﬁiye photoreéist comprising an admixture
of a bindingly effective amount of a novolak resin
according to any preceding claim and a photoimaging amount
of a photosensitizer. |

7. A positive photoresist according to claim 6
wherein the photosensitizer is a naphthoquinone diazide
sensitizer. |

8. A positive photoresist according to claim 7
wherein the naphthoquinone diazide sensitizer is selected
from esters of 1,2-naphthoquinone-2-diazo-4-sulfonic acid
and esters of 1,2-naphthoquinone-2-diazo-5-sulfonic_acid.

9. A positive photoresist according to claim 8
wherein the naphthoquinone diazide sensitizer is selected
from 2,3,4-trihydroxybenzophenone-1,2-naphthoquinone-2-
diazo-4-sulfonic acid monoester; 2,3,4-
trihydroxybenzophenone-l,anaphthoquinone-2-diazo-4-

Sulfonic acid diester; 2,3,4-trihydroxybenzophenone-1, 2-

This Sheet Has Been Replaced
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P Do v k resin per pbw photoactive conmponent is enpl oyed. 9 The
PNt of solvent in the resist may_likew se vary COﬂSidfﬁjﬂﬂgL-J&HKﬁi%E?ﬁ
Gy thatfis required is that suffi- gg@ ofweaihe enyl @EepACEMENTORHED 2
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naphthoquinone-2-diazo-4-sulfonic acid triester And
mixtures thereof.

io. A positive photoresist according to claim 8
wherein the naphthoquinone diazide sensitizer is selected
from 2,3,4-trihydroxybenzophenone—1,2-naphthoquinoné-2-
diazo-5-sulfonic acid monester; 2,3,4- |
trih?droxybenzdphenone-l,2-naph£hoquinone-2-diazo-5-
sulfonic acid diester; 2,3,4;trihydroxybenzophenone-1,2-
naphthoquinone-2-diazo-5-sulfonic acid triester and
mixtures thereof.

11. A method of forming a resist pattern on a
substrate comprising:

I. coating said Substrate with a layer of a

positive photoresist according to any one of claims

6 to 10; |

II. exposing said layer patternwise to actinic

radiation; and

III. removing the exposed portion of said layer

with an aqueous alkéline developer for the exposed

resist compqsition to uncover the areas of the

substrate beneath the exposed portions. o

12. A substrate coated with a thermally stable and
highly resolved, exposed resist pattern, said resist
Pattern being formed by exposure to actinic radiation of a
Positive photoresist gompositioh according to any one of

Claims 6 to 10.

This Sheet Has Been Replaced
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en 1 solvent is added to the positive photoresist for- mulation to 1
pr &dfice a photoreS|st havi ng about 25-30%s The positive f i
thi sfinvertion may al so contai n Ve GuEERANS BBm@S Jsuch F&_@\CE’WEN\T SHEET,
stription aids, and the like. Pdsitive-resists formula —the nov Kk

aﬂ S@#&g‘?@)f

likeithose in the aforesaid U. S. Pate Mp.-4,943,511, i .
of _about 209

|l east 30 nminutes in a con- vection oven at a tenperatu
-220[err] C,

ABSTRACT / /

NOVOLAK RESINS AND POSITIVE PHOTORESISTS
PREPARED THEREFROM '

e
s of the present invention have the relatively highit
e
e

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 monohyaroxy_aromatic aldehyde and at least one non-
hydroxylic aromatic aldehydef the novolak resins having a
hydroxyl number of froﬁ 120 to 180 grams of resins 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.

—;““‘———4—~———___,_
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yet have greatly inproved photospeed and filmloss characterlﬁﬁbﬁﬁ% gﬁﬁﬂ

resists in said Application. The products and processes of t}h
and their advnatages over the prior Brgesgeet hasBERted by tihe fol | owi ng

exanpl es and conparison tests in whiFh temgppredbures jare [efr C1éhNM@b%ﬁE
are parts by weight unless indicated~otterwse—A“typical noyvo] ak resin of

nlnn

the type of U S. Pat. No. 4,943,511 was-pgepared fromthe fo] |l owm ng
reagents: 126 parts mcresol, 103 parts p-cresol, 30 parts tfiogxane

' (al dehyde 1) and 124 parts. O-hydroxybenzal dehyde

NOVOLAK RESINS AND POSITIVE PHOTORESISTS

PREPARED THEREFROM

The present invention relates generally to novolak

resins, and, in particular, to novolak resins having

lowered hydroxyl content and which are prépared 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.

‘Positive photoresist formulations s

uch as are

described in, for example US-A-3,666,473; US-A-4,115,128;

US"A"‘4'173’ 470; US"A-4'377 ’631; US-A-4'536 r

465 and

US-A-4,529,682 include alkali-soluble phenol-formaldehyde

or cresol-formaldehyde resins together with light-sensitive

materials, usually a substituted naphthoquinone diazide'

L

compound. The resins and sensitizers are dissolved in an

organic solvent ox mlxture of solvents and

are applled in a

thin film or coating to a substrate suitable for the

particular application desired.

R
W
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(alaehyde 2) in 314 parts isopropyl acetate solvent and using 4 parts
p-tol uenesul fonic acid .Herr] O catal atio o
as fol lows: moles mcresol/total nD|e$H5ﬁ§§@T .b55}tota

al dehyde/total noles cresol = 0.90} nole @
0. 25 nol es aldehyde 2/ total nol es al dehyde qiyygmgé;
nol es cresol 0.010 nol es water/totat n%les cr

i ngredients, except the catal yst, were conbind |n-£¢QE|
vessel . The catal yst was then

The novolak resin component of these photoresist
formulations is soluble in alkaline aqﬁeous 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 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 ;@e 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 alsd
very imporf;ht 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 contrast characteristics, such as DYNALITH®
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 develcop a positive photoresist which:
combines these thermal stability and high resolution and high

This Sheet Has Been Replaced
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added and the resulting reaction mixture was heated at reflux tenperature—
Refl ux was continued until no nore by-product water was priﬂ’gqﬂﬁgmﬁﬂpﬁﬁEET
indi cated com pletion of the reactilofysidigETams timg |novoj al
t hen recovered and upon anal ysis by |SEC t RgprasEm was |det ef
wei ght average nol ecul ar wei ght of 'uutszogp and caf cul at e
hydr oxyl nunber 10 -

contrast characteristicg. In fact, formulation of a positive
photoresist to enhance one of these characteristics normally
adversely affects the 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 6, 1989, that
positiﬁe photoresists having both a high degrée of thermai
stabilitylgnd good resolution could be made when the novolak
reéin 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-5000 resist'fﬁéf gen%fally were
faster and lost more film in standard strenéth developers.
Thus, it became desirable to develop positive photorésists that
could maintain the improved thermal stability of the mixed
aidehyde photoresists disclosed in said Serial No. 376,971 while
producing photoresists having still better photospeed and film-
loss characteristics. It was also desirable that poéiﬁivé .
photoresists be available that Are "process tunable", i.e.
pbsifive 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.

heet Has Been Repiaced s
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In accordance with the presenﬁ invention, a new,

improved class of novolak resin compositions of reduced hydroxyl




of about 110 g/eq. This novolak resin is hereinafter refe
X971. Three separate portions of novolak resin XQ71m:En

acetic anhydride to produce acetylat d X97REREEDPak

approximately 5, 20 and 32% acetyl ation, respectively. T e'three'ece

"novaol ak resins are hereinafter referred to as X971- 5Ac,

X971-32Ac.

conducted by conbining 279 parts X971 resin,

content are provided, which novolak resins are based on the
class of novolak resins disclosed in the aforementioned Serial_
No. 376,971. In accordance with the present invention a novei
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,
sai@ novolak resin having a hydroxyl number of about 120 to R
about 180 grams of resin per equivalent of hydroxyl.

Further provided in accordance with this invention is a
positive photoresist composition comprising: a bindingly '
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

hotoresist c :
p omposition; heet Has Been, Replaced
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122 parts _acetie—anhydride and 275 parts isopropyl ace- t
sui tabl e regct hQQHXWkepamd heat i ng ting reacti nRIEPBAﬁENEMToSHEET
reflux tenp qu t enpef aXHI¥ SHEEE HASIBEERI hed junt+—tte

anhydri de ha acted as judged®REN:ACEDanal yki s.| Th g%@gg‘ﬁﬁf s
wer e S|n1lar ese acetyl at eq novol ak resrns rie arjd
upon anal ysis were detern1ned to have Weight” average nol edu

ar weights—gfd
2400, 2500 and 2500, respectively, and calculated to have thydroxyl nunbers

of 119, 150 and 162 g/eq, re- spectively.
II. exposing said layer patternwise to actinic

radiation; and o
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:
saidﬁpositive photoresist comprising, prior to exposure, the

aforesaid novel novolak resin of reduced hydroxyl content.

_ fﬁ 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 radia;ion, 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. In 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 Ey
pro&ucin§ an unesterified novolak resin according to the

. pProcedure described in the aforesaid Application Serial 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) formaldehyde or a
formaldehyde precursor and (2) a monchydroxy 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 "gver esterified", i.e. esterified to a higher percent



Two further novol ak resins of modified hydr oxyl . nunber wer e prepared in

the manner described herein- before for X971 re ~ AN these Q

non- hydroxylic aromatic al dehyde (al 2 Né bsf'”ffwa l
portion of the nonohydroxy aromati b 3 L O-—trydr ok vt

t he al dehyde m x--ture of reactants Irst such fodified gﬁu@gpkz
resin benzal dehyde and in the second™stché nodified resi ; n| 45&“ ’

of al dehydes enployed in the reaction. In the productlon or
esterification than desired in the final novolaklresir

composition of this invention. Suitable amounts of such
over-esterified and unesterified novolak resin can then be
plended 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 producing a novel novolak resin
composition of this invention is to produce the novolak resin of
lowered hfdroxyl content without esterifying unesterified
novolak resin or without blending of esterified and unesterified
resin. Such other method emplofs both a monohydroxy aromatic
aldehyde and a non-hydroxylic aromatic aldehyde in combination

~ with formaldehyde or a formaldehyde precursor in the mixture of
aldehydes condensed with a phenol, phenol derivative or mixtures
ghereof to directly produce novolak resins of reduced hydroxy
level compared to those produced by employing only a monchydroxy
aromatic aldehyde in admixture with formaldehyde or a

formaldehyde precursor condensed with a phenol, phenol

derivative or mixtures thereof.
This Sheet Has Been: Replaced

(AR

According to this invention novolak resins of the type

- disclosed in the aforesaid USA Serial Number 376,971 .are

- DETAILED DESCRIPTION OF THE INVENTION

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 mixture of suitable esterified and

Unesterified novolak resins or by employing at least one



these nDd|f_§g_ﬂQMQLQK_LESLﬂS the follow ng ratios were nmd

the production of X971 resim, nanely: nmoles mcresol/totlalRERb
0. 55 total Ts/Shest 6ta ' AsEF@NQO nol g
nol es al dehy u |l es cal %ﬁ g@p nol es cresdl

T

wat er/ t ot al 0. 01. Fbmever t he nol es al dd
al dehyde for these two reactions was OU. 3% and the noles a
nol es al dehyde was 0.37 for each reaction. After conpleti
the resulting novol ak

monohydroxy aromatic aldehyde and at least one non-hydroxylic

aromatic aldehyde in the aldehyde mixture condensed with a
phenol, phenol derivative or mixtures thereof. In any case, on
produces a novolak resin compesition having a hydroxyl number of

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 mixtures
thereof, and (2) a mixture of aldehydes which contains
formaldehyae or a formaldehyde precursor and a monohydroxy
aromatic aldehyde. The phenol and phenol derivatives useful in
preparing these novolak resins include, but are not limited to,
phenol, m-cresol, pfcresol, o;cresol, and mixtures thereof.

| Other examples of phenol derivatives may be found in H. Hiraoka,

. "Functionally Substituted Novolak Resins: Lithographie
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 novelak
‘resins of the present invention contain formaldehyde or a
formaldehyde precursor. As used herein, "formaldehyde
precursor" refers to compopnds, 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 "forﬁaldehyde" 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 monohydroxy arcmatic



11 resins were recover ed. Anal ysis by SEC of the rsin pr
benzal dehyde, hereinafter re- ferred to as X971-20 Bz. de
wei ght average nol ecul ar weight to Q%%EE+¥Hg]ﬁﬁ@ ts
was cal culated to be 137 g/eq. Simllarly, REPLS %CED sis by
produced enpl oyi ng ani sal de- hyde, Re et-hattet referted
det er mi ned . 8 -

ol as X971-20

aldehyde_and at least one non-hydroxylié aromatic aldehyde which
will.form a novolak resin with phenol or a phenol derivative or
mixtures thereof. In general, hoﬁever, these aromatic aldehydes
include, but are not limited to, compounds having the general
formula: |

CHO

Rloor 1 -0
(HO)g or 1

where R is alkyl (e.g. C1-C4 alkyl). Examples of preferred
aromatic aldehydes include henzaldehyde, and monohydroxy
aromatic aldehydes such as. 2-hydroxxbenza1dehyde,'
-hydroxybenzaldehyde, and 4-hydroxybenza1dehyde. The
monohydroxy aldehydes are particularly preferred since they can
be used to provide unesterifiéd novoiak resins which can be
esterified and then a blend of the esterified and unesterified
* novolak resins from said monohydroxy aromatic aldehydes can be
pfoduced to provide the novel novolak resins of this invention
and permit production of such novolak resins having a hydroxyl

L

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
pPresent invention may vary éonsiderably. 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 noveolak resins prepared from formaldehyde only. Typically,
the tollowing amounts of reactants are employed to produce the

novolak resins of this invention:

is 'Sheet Has Been Replaced
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|ts wei ght average nol ecul ar melght to be about 1420 an htgép FROMT SHEET
unber was caﬂhuSl&thHSB@nBaJ@m lesCS‘P!EE&MASOEEHDU pgs \
EPR 5000 positi mml [J soI d by t he Dypectedm Di vi §i dn [of Morton

| nt er nati onal Fm vol ak restm—of—the afor enent i jonjed 13 MARPIRG/
No. 4,943,511 mere enpl oy as controlgs iy the foll ow ng phoforesi st
evaluatlon tests. The reduced hydr oxyl nunber novol ak resips of this

i nvention are either those prepared and descri bed here- inpefore or are

prepared by bl ending the %fterlfled and unl esterifled X971 resins together
nojjoles ,s%g(i aldehyde
in the a N o5 ‘total phenol or X 100 = about 60% to about 95%
phenol derivative '

gg%gg—%ggﬁ%gifag%gﬁgxgg X 100 = about 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 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 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 thq'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 rafio 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

* It is not uncommon for commercially available

‘Cresols to contain minor amounts of o-cresol. Therefore, “HOleS
t
otal cresol" refers to moles of m-, p-, and o-cresol (lf any)
‘and
not just m- ang p-cresol. It is preferred, however, that

the o- '
e OCresol content be less than about 1% of the total cresol.
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t he exam g ative exanples S.Spin coated o r
manuf actured by Silicon Valley Goup, California, onto th
silicon/silicon diox- ide coated wafers of 4 inch dianete
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-and 5000 Ang-

aromatic aldehyde esterified to a greater extent than needed or

desired, with (B) an unesterified hovolak resin of a monohydroxy
aromatic aldehyde. In 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 re#dily produce novolak resin compositions
of the invention with any suitable hydroxyl number and thus
variable photoresist propertiés and characteristics. 1In 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 re;in 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 ncvqlak prepared by
condensation of a mixture of m-cresol and p-cresol with a
hixture 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
.ésterifying agent to replace hydrogen in at least a portion of
the hydroxyl groups in the unesterified novolak with the group
-ocrl wherein R! is an alkyl or aromatic radical, preferably

alle of from 1 to 4 carbon atoms and aromatic is preferable
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suitable esterification agents there may be mentionéd, for

_ example, acetic anhydride, p~tolyl chloride, dihydrocoumarin and
the like. The novolak resin and esterifying agent will
generally be feacted 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 uséful in positive photoresist
formulations. These formulations typically contain a novolak
resin or mixture of esterified or unesterified novolak resins, a
sensitizer or "“photoactive cdmponent“, 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 photoactiﬁe
component is a diazo quinone compound. Examples of diazo
quinone compounds ihclude 2,3,4~-trihydroxybenzophenone-1,
'2-napthoquinonediazide-5-sulfonic acid mono-, di-;, and triesters
and 2,3,4-Eriﬁydroxybenzophenone-1g;ﬁﬁgph@ﬁoquinoner-
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, propylehe
glycol monomethyl ethef acetate (PMA), ethyl cellosolve:acétate,
ethyl 3-ethoxy propionate,'diglyme, butyrolactone, xylene, and
-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 6ver a wide range
of relative amounts. In general, it is necessary only that

sufficient photoactive component be employed to produce a resist
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whiCh is photoimageable and that the amount of novolak resin be

pindingly effective. In terms of relative amounts, the positive

phctoresists of this invention may contain from about 2 parts by

weig
about 6 pbw novolak resin per pbw photoactive component.

ht .(pbw) novolak resin per pbw photoactive component to

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 thaﬁ
sufficient solvent be employed to produce a desired coating
thickness under the giveﬁ coating conditions, e.g. spin speed
and pre-bake temperature. iypicaliy, however,'enough solvent is
added to the positive photoresist formulation 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, and the
like.

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

said Application.

The products and processes of this invention and their

,JgYantages over the prior art are illustrated'by the following

1xamples and comparison tests in which temperatures are °C and

'arts ,are parts by meight 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 ratio of

reactants was as follows:
moles m-cresol/total moles cresol
- total moles aldehyde/total moles cresol
noles aldehyde 1/total moles aldehyde
moles aldehyde 2/total moles aldehyde
moles catalyst/total moles cresol

- hqles water/total moles cresol

= 0.55
= 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

fesultihg novolak resin was then recovered and upon analysis by
SEC the resin was determined to have a weight average molecular
weighﬁ'of about 2600 and calculated to have a hydroxyl number of
' ‘about 110g/eq. This novolak resin is hereinafter referred to as
resin X971. Three separate pcrtions 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%
““LEéEE§i§E{6nf“iesﬁébtively;' 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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acetlc anhydride and 275 parts isopropyl acetate solvent in a

suitable reaction vessel and heating the resulting reaction
mixture to reflux tempetature. The reflux temperéture 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 molecul;r weights of
2400, 2500 and 2500, respectively, and calculated to have
hydroxyl numhérs of }19,.150 and 162 g/eq, respectively.

Two further novolak resins of modified hydroxyl number

were prepared in ‘the- manner descrzbed hereinbefore for X971 .
:resln.' In these two re51ns 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. In 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 ratiqs were maintained, as in the production of.xsll
resin, namely:

' moles m-cresol/total moles cresol = 0.55

total moles aldehyde/total moles cresol = 0.90

moles aldehyde/total moles aldehyde = 0.25
moles catalyst/total moles cresol = 0.010
moles water/total moles cresol = 0,01.

However,_the moles aldehydé 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, he;einaftér referred
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thermal stability than the commercially avail abl e EPR 5Q00 resi st but was

faster and lost nore filmin standard strength devel op-

to as X971-20 Bz, determined its weight average molecular weight

'to be about 1400 and its hydroxyl number 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 pufposes DYNALITH® EPR 5000 positive

" photoresist sold by the Dynachem Division of Morton

Intérnaﬁional and the X971 novolak resin of the aforementioned
Application Serial Number 376,971lwere employed as controls in.
the following photoresist evaluation tests. The reduced
hydro#yl number novolak resins of this invention are either
fhose prepared and described hereinbefore or are prepared py
blending the esterified and unesterified X971 resins_tqgether in

the amounts indicated in the following examples.

Each of the resist forﬁulatipns comprise the indicated
novolak resin or resins, about 25 to 30% by weight based on the
weight of solids of photoactive compound (OFPR 800) and about 2%

L

by weight or less of other standard components.

Each, in turn, of the resist compositions of the
examples and comparaﬁive examples was spin coated on a track
coater manufactured by Silicon Valley Group, California, onto
thermally-grown silicon/silicon dioxide coated.wafers of 4 inch
iiameter and 5000 Angstrom oxide thickness. A uniform coating
) 1.0 pm of resist film was obtaingd at a spinning velocity of
1,500 revolutions per minute. The coated wafers were -then soft
)aked either in an air circulating oven at 120°C for 30 ‘-minutes .

)’ on a track with hot plate at 110°C for 60 seconds. The -



ers. The followng-test—+H-ustrate how the resists of the X n
retain the en I t abi | SULITS ' .

Phot or esi st eﬁg FBeenIl{‘T:Fl!me&Phot Wsi n )MA(PS

GCS (mM/cnfer mlu|ﬂ"EPR 5000—100 25 Control 2 X971
100 22 100. X971 - 1 67, 42 100.0 <20 X971-20

33 2 X971 33 42 11.0 %0 . !

resist film thickness was then measured with a Nanospec AFT

thickness measuring tool.

The coated wafers were exposed with an _
vltratech® ultrastep 1000.(1:1) projection steppef 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 somé as syall as
0.75 um; was used to provide a selective exposure battern.
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 millijéules/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 placed in Teflon wafer bocats and processed on SVG
Model 2186 track developing equipment manﬁfactured by Silicon
Valley Group, California, at 19+ 1°C. The wafers were allowed
to remain immersed in Morton International’s EPD 80 or EPD 85«
‘tetramethylammonium hydroxide 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
or by placing them in a spin dryer. Following development,.the

‘wafers were examined with an optical microscope at a "1000Xx"

magnification.

Post-baking of the developed wafers was done in an air
circulating convection oven at about 150°-180°C or on a hot
Plate bake on a track at 160°C/60 seconds to increase the

adhesion and chemical resistance of the undissolved portions of
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g#e coatings. Post-bake flow of the images were examined by an

optical microscope at "IOOOXf magnification. The photoresists
were tested for development time, percent film loss (FL),
photospeed mJ/cmz for gross clearjng 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 performanée 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 .
equiva . ' |
quivalent to those of EPR 5000 . This Sheet Has Becn Repl
N IIIIIHIIIIHHIIIHIII
Photoresist Resin Ratio Dev. Time Photospeed
Comp. No. resin {pph) (sec) % PL, GCS (mJ/cmz)
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



from<20 to 50 and decreased the filmloss form 100 to 11% However,
reducing the hydroxyl content of the X971 resin by onl -

produced no change in photospeed and filml oss charathE%giﬁggﬁg%n%%F dito
X971 resin. Thus, a reduction in the hTs@el nOREERT Of| X971 type redins
by at least 14 to 20%is necessary to aclygpygci‘u) n*oyed1®MARa1997e<| ns
of this invention. The above results- dennﬁstrate-that t He hydroxyl redquq-
tion can be achieved by bl ending esteTift®d X971 type T toThe
appropriate esterification | evel or by blend- ing estdrified and

unesterified X971 type resin to
Reducing the hydroxyl content of the X971 resin by 20%

It

-

(comp. 3) increased the photospeed from <20 to >260 nJ/cm?,
while the film loss fell from 100 to <1%. Similarly, reducing
the hydroxyl content of the X971 resin by 14% (Comp. 2)
jncreased the photospeed from <20 to 50 and decreased the film
1oss 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 tﬁe hydroxyl content of X971 type
fesins by at least 14 to 20% is necessary tq 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 ;evel of hydroxyl number

reduction.

' Similar tests were conducted with a control resin EPR
5000 and with mixed aldehyde novolak resins having reduced
hydroxyl conteht wherein the reduced ‘hydroxyl content was
obtained by blending a X971 mixéd aldehyde novolak with a mixed
‘aldehyde resin having a non-hydrﬁxylic aromatic aldehyde,
benzaldehyde, substituted for a portion of the
d~hydroxybenzaldehyde in the resin synthesis. The resulting

resin is hereinafter referred to as resin X971-20Bz. Test

results were as follows:

Th15 Sheet Has Been R laced

T




achi eve the desired |evel of hydr ox
conducted with a control resist (EPR

resins havi ng reduced hydroxyl cont¢nt WhRERﬂA@Ebhe reglu ec*hydfoxyf- e t
was obt ai ned by blending a X971 m xed al denytde

al dehyde resin having a non- hydroxylic=aréBatTc aldehyd "beagghé§q9ﬁ§
subtituted for a portion of the O hydroxyben- zal dehyde(in.the resin
synthesis. The resultihg resin is hereinafter referred

nher reductlon

i nLL arwt e.sL.s Wer e

0 as resin
X971-20Bz. Test r esul were as foll ows: '
R .
e ) o
o . .
el -3 -
Fs)
3
-
0
0
g a
(-4
3
T o o
733 [-- ]
8] A -
v
Fs
2
Q x
3] < o
_ - ®
-—
& o
R3] g g
...:E: p o
V_ L)
N
g o
g &
2, : !
{7y ] [~]
gg & & « O 2
89 v )
g A
> N g
v (] L (o] o
™
g ]
—t [y ]
& -
. (5] ¢ .
. 3 8 o~ L ]
3 : .
3 o
32
o
e
N
v
5 o oo unw oo oo
@ - O Ve <O b -
[ S o
~ E
2
N N
. o g ;M m -]
o o ) o u
o N o ~ o
0 1 1 1 4
. et e :: g
7 I - R n L a2
aa OO0 ~
> & Q% W KN -
3
]
-]
od
®n

Sheet Has Been Replaced

HII RGN

Comp No,
Control
4
5
6

*




Resin Dev. Tine Phot ospeed (m/cnferr]) Contrast & Resolution Conp No.
Resin Ratio (pph) (sec) %FL GCS 1[err] CS Gamma PDTE

Bridges([err]) Control EPR 5000 100 12F W@@E’m‘%@@”m
0.8 4 X971 60 22 43.0 <20 SHEF A

4.7 45 X971.20Bk 55 6 X971 REBUACED 1.

180 1.0 X971-20Bz 70 adown 2 on
Conpositions 4, 5 and 6 are mi xed al dehyde novolak

Xp
90 t 25 MAR 971
9,4 >3 bnr.

Compositions 4, 5 and 6 are mixed aldehyde novolak
resins having hydroxyl contents reduced by 8, 11 and 14%,
respectively, from the hydroxyl content of the mixed aldehyde
novoiak resin (X971) of Application Serial Number 376,971. The
above data demonstrates that reduction of the hydroxyl content
py 14% (Comp. 6) by employing a non-hydroxylic aromatic aldehyde
.for a portion of the monchydroxy aromatic'aldehyde in the
synthesis of the mixed aldéhyde 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 photoresisﬁ
| of reduced hydroxyl content wherein the reduction of hydroxyl
contént 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 resiéts of the desired hydroxyl
content to provide resists matching EPRS000 resist in filﬁ 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 .
1971 type novolak resin having its hydroxyl content reduced 20%
"y substituting anisaldehyde for a portion of the
~hydroxybenzaldehyde in the aldehyde mixture employed in

'roducing the X971 resin. The formu)ations and test results are
8 follows:

This Sheet Has Been Replaced
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resins having hydroxyl contents reduced by 8, 11 and 14% re vety,. T
from the hydroxyl content of the m xe novol ak resi PFRGE ! '
U S. Pat. No. 4,943,511. The above dataTﬁﬁﬁﬁﬁ%ﬂTﬁnfﬁpﬁ t redugtion of the
hydroxyl content by 14% (Conp. 6) by enplay-"T'ng a non- hydroxyli c1 grwmtwgy
al dehyde for ‘a portion of the nonohydroxy aronatic aldehyde fnjt
synthesis of the m xed al dehyde novol ak pro®lices a resist mafc
| oss and phot ospeed characteristics of an EPR 5000 resist an
i mproved thermal stability

still having
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14 Similar series of tests were conducted with photore sist of reduced

hydroxyl content wherein the reduction of hydroxyl contert ngﬁtgp/

bl endi ng unesteri- fied m xed al dehyde—resin (X971) with{a Int

of an over-esterified m xed al dehyde noVBISSSHBEFSiAx J32Ac to denonstr gt 4

the tunabl e nature of the process of tlhis i RERAGEN and [tjhgt 4 E&MARr988ss
W

can produce m xed al dehyde resists of Epezge5|rea nydr

Compositions 7, 8, 9, 10 and 11 are mixed aldehyde
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 Serial Number
376,971. The above data demonstrates that a hydroxyl reduction
of at least 16% or more, particularly 19%, produces mixed
alaehyde 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 faét 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) nixed aldehyde novolak resins are prepafed by the
- previously described X971 resin synthesis process bﬁt_
the monohydroxy aromatic aldehydé reactant in the

mixture of aldehydes is complétely replaced with a

non-hydroxylic aromatic aldehyde such as anisaldehxge,

benzaldehyde, t-clnnamaldehyde, 1,4 -terphthaldlcarﬁox-;
aldehyde -- resists from such novolak resins were
exceedingly slow and lost no film, and

(2) ‘esterification of conventional m-creésol/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

is Sheet Has Been Replaced

TR




conient to provide resists matching EPR 5000 resist in filnh_ﬁngm@wTSHEET

phot ospeed éhasm@ﬂhsB&qummMmlle obtalnlng the advant age

stabq
4,943,511. A l
resin X971-20An,

t her mal

e noval a 4ﬁﬁ§9:ﬂn i s} hydrdxyl “content

xed al dehytt .uv_.a“ ~es+ase of |UIS. Pat
w t he test{ﬁgg AEET HAS BERNN t|ored1|§'bM6Rl\ﬁ97

reduced 20% by sub stituting anisal d&hy@2 fdr a portlon of the O-hydrox- .
ybenzal dehyde in thé al dehyde -m xture enployed i n produci ng_the XQ+l—estIT.
THe fornul ations and test results are as foll ows:

microns and generally have only marginally acceptable

photospeed characteristics.

The fact that esterification of such a conventional
novolak resin does not producé the results obtained according to
this invention is demonstrated when such a conventional
m-cresol/p-cresol novolak resin, hereinafter referred to as
resin 65/35, having a hydroxyl number of 119 g/eq, is esterified
with acgtic anhydride at 5 and 15% esterification levels, or
with p-tolﬁene sulfonyl chloride at 5 and 15% esterification
levels or with phthalide at 15% esterification level. The
conventional novolak resin, i.e. resin 65/35, was produced from
reactants reacted at 95-115°'C for about 58 hoﬁrs and wherein:

moles of m-cresocl/total moles cresol = 0.35

moles formaldehyde/total moles cresol = 0.64
0.66

mole catalyst/total moles cresol
1.81.

mole water/total moles cresol

Esterification of such resin was in the same manner as
previously described. Photoresist formulated, exposed and

developed similar to the procedure previously described, but.”

 ‘emp1oying_2.4o% tetramethylammonium hydroxide developer (2.4%
NMD-3 developer sold by the Dynachem Division of Morton

- International) produced the fdllowing results:

. Photospegd
Resin Dev. Time (mJ/cm€) -
(sec) FL. % GCS Bridges (u)
65/35-5¢ 60 .73 | 75 1.50
65/35-15ac 60 . .52 230 2.00
.65/35-5p~1oc1 60 1.05 > 600 -
65/35-15p-Toc1 60 0.00 >1200 -

65/35~15Phth 60 0.00 121 1.25



Conpo. ' Resin Dev. Tine Phot ospeed (m/cnferr]) Cont rast &
Resolution ation Resin Rati o(pph) (sec) % FL GCS II’err ! G%n'g&‘igt“‘PD
Tenp ([err]C) Bridges([err]) Cont rol EPR 5000 100 il *-'2“1“ e

125 3.4 150 08 7 X971~ ‘E"’ : '

X971-32Ac 50 3 X971 40 ﬂg Slf %Hﬁs BE£E5 2 9 13LMR 997

0.8 X971- 32Ac 60 1 X971 . 36 FILAC 225 X9[71- 32Ac 70 {10
X971 20 22 <1 >260 -cent pgued

An example of a preferred positive photoresist

composition of this invention comprises a resist formulation of:

gonponent

x971 resin

x971-32Ac resin

gsolvent - PMA

Photoéctive compound ~ OFPR 8

jther components

(R

' “\m\\\\\\\\\\\\\\\\\\\\\

Weight 1

29.9

18.9

| 42.0

00 | 6.8
2.4



Co I Resin Dev. Time Photospeed (m/cnferr]) - Contrast & ﬁ
F@so utlon atio (pph) (sec) %FL 1[fer, Hﬂaﬁmﬁﬁ
Term([err] C l![lmmlwn “ﬂl lm X971-32Ac 80 11 - X971-20 ﬁ‘ﬂfﬁcm

3.4 110 160 Lmls@ HEED B 80ed 2-
>3 bwer. Conpositions 7, 8, 9, 10 ahd 11 mpgy ltl’s;"xcraﬁ)c'ﬂ: gurdeh dé ribodd QB%“@(;

havi ng hydr oxyl contents reduced 16, 19,¢22, 26 and 20% jrespectively,
t he hydroxyl content of the m xed aIdehyé% novol ak resinj( 1) of U.S.
Pat. No. 4, 94 d. The above data denonstrates that a hydroxyl +eduetom
of at |east 0 nore, par- ' _

1. A novolak resin comprising the condensation

product of:
(a) a phenol, phenol derivative, or mixtures
thereof, apd
(b) a mixture of aldehydeslcomprising formaldehyde
or formaldehyde precursor and
(1) a monohydroxy aromafic aldehyde, wherein said
névolak resin has hydroxyl groups thereof
esterified so that an aliphatic or aromatic ester
group exists in place of.the hydrogen atom in at .
leést a portion of the. hydroxyl groups, or
(2) a mixture of at least one monohydroxy'aromatic
aldehyde and at least one non-hydroxylic aromat%g
| aldehyde,
said novolak resin having a hydrogyl number of 120 to 180
grams of resins per equivalent of hydroxyl.
2. A novolak resin according to claim 1 wherein the

phenol and aldehyde cdmponénts are present in the followiﬁg

amounts:

moles tbtal aldehyde

moles total phenol or x 100
phenol derivative

moles aromatic aldehyde x 100

. moles total aldehyde

60% to 95%

15% to 95%

3. A novolak resin éccording to claim 1 or claim 2
wherein the phenol component is a mixture of m- and p-

cresol. Replaced

o




tlcularly 19% produces m xed al dehyde novol ak resins nmatehi-pg—tire—t
1 oss and phot ospeed characteristics of EPR 5000 novol ak reﬁEHLWﬁM@ﬁ éﬁ%ET

retalnlng*theeenhQQQQQthigzg st abi T3 +he—mixed gl dgh novol ak
resins of 511. H-%‘:? TV BPmedul t r ) 3 et
even noré Sl—mﬁmﬂm ”"'ﬂxpem ed by tH%EFf»%F@P that resi havi ng
enhanced, | '

4. A novolak resin according to claim 3 wherein
the m- and p-cresol are present in the following amounts:
moles m-cresol - x 100 = 30% to 75%
moles total cresol '

5. A novolak resin according to any preceding
claim wherein the aldehyde component is a mixture of
formaldehyde and a monohydroxy eromatic aldehyde selected
from 2-hydroxybenzaldehyde, 3-hydroxybenzaldehyde, and 4-
hydroxybenzaldehyde.

6. A positive photoresist comprising an admixture
of a bindingly effective amount of a novolak resin
according to any preceding claim and a photoimaging amount
of a photosensitizer.

7. A positive_photoresist according to claim 6
whetein the photosensitizer is a naphthoquinone diazide
sensitizer. |

8. A positife photoresist according to claim 7
wherein the naphthoquinone diazide sensitizer is selected
-from esters of 1,2-naphthoquinone-2-diazo-4-sulfonic acid
and eSters of 1,2-naphthoquinone-2-diazo-5—sulfonic.acid.

9. A positive photoresist according to claim 8
ﬁherein the naphthoquinone diazide sensitizer is selected
from 2,3,4—trihydroxybenzophenone—1,2-naphthoquinone-2-
diazo-4-sulfonic acid monoester;-2,3;4-
trihydroxybenzophenone-l,z-haphthoquinone-z-diazo-4-

sulfonic acid diester; 2,3,4-trihydroxybenzophenone-1,2-
-

cet Has Been Replaced
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t her al stability as well as photospeed and filmloss cha

equi val ent to EPR 5000 novol ak resins are not whdn:

al dehyde novolak re5|n epar ed mwamS@uﬁV deslcrf bed X971ﬁ@75|n
synt hesi s pr(1 @ Lﬂﬂmhydrox b rehct arkd MA _
m xture of aI tely r

a non- hydfo yI|c ar ol
al dehyde such as anlsalde- hyde, benzaldé&hyde, t-cinnamal dg¢hyde€, 1, 4-terph-
t hal di car box- al dehyde-resists from such novol ak resi ns wer '
slow and lost  no film and

naphthoqulnone-2-diazo-4-sulfonic acid triester and

mixtures thereof.

10. A positive photoresist according to claim 8
wherein the naphthoquinone diazide sensitizer is selected
from 2,3,4-trihYdroxybenzophenone-1,2—naphthoquinoné-2;
diazo-5-sulfonic acid monester; 2,3,4-
trihydroxybénzophenone-l,2-naphfhoquinone-2-diazo-5-
sulfonig‘acid diester; 2,3,4-trihydroxybenzophenone-1,2-
naphthoquinone-2-diazo-5-sulfonic acid triester and
mixtures thereof.

11. A method of forming a resist pattern on a
substrate comprising:

I. coating said substrate with a layer of a

positive photoresist according to any one of qlaims

6 to IQ;

II. exposing said layer patternwise to actinic

radiation; and |

III. removing the exposed portion of said layer .

- with ah aqueous alkaline developer for the exposed
resist composition to uncover the areas of the
substrate beneath the exposed portions. |

12. A substrate coated with a thermally stable and
highly resolved, exposed resist pattern, said resist
Pattern being formed by exposure to actinic radiation of a
Positive photoresist composition according to any one of

Cclaims § to 10. -
ect Has Been Replaced
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(2) esterification of conventional mcresol/p-cresol novol ak resins

produced from formal dehyde or a formal YSHEHTEGAS 88EN (Wit hout m xed
al dehyde reactants, i.e. no nonohydroxy arongcmdehyce REPLCAGEMENTSWET
esterified conventional resins have po threra—StTani 11 iy fpreddetng

. y
bridges at 1.5 and 2.0 m crons and generahl y have only nE][_ [ nﬁ%ﬁl\gﬁ% r
catli c
b

(

cept abl e phot ospeed characteristics. The“Pact that esteri
conventional novol ak resin does not produce the results o
to this invention is denonstrated when such

al ned _accaordig
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ABSTRACT

NOVOLAR RESINS AND POSITIVE PHOTORESISTS
PREPARED THEREFROM

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
formaldéhyde precursor and (1) a monohydroxy aromatic
aldehyde and wherein at least a portiop of the hydroxyl
groups thereof are estérified 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 frém 120 to’lBO.grams of resins per
equivalent of hydroxyl. The novolak resins are especially
.useful in positive photoresist formﬁlations and have
enhanced photospeed and film losé characteristics as well

as improved thermal stability. .

"/’///
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a conventional mcresol/p-cresol novol ak resi etorg af te

»as resin X, having -a hydroxyl number O 119 &)& Q'e%terl
acetic anhydride at' 5 and 15% esterification | e\(:/‘jba or wi t h
sul fonyl chloride at 5 and 15% esterification | $ &,

15% esterification | evel.. The conventi 0fal ‘novol ak resi | ) e,

produced fromreactants reacted at -95[err]- 115[err]C for ab

pa

p

D

)U

and wherein: noles of Wcresol/total noles cresol 0.35 molle

£
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CONTENT AND HIGH CONTRAST HIGH
THERMAL STABILITY POSITIVE
PHOTORESISTS PREPARED THEREFROM

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 generaily to radia-
tion-sensitive positive photoresist compositions and

pnmcularly 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-fomaldehyde

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
are applied in a thin film or coating to a substrate suit-

able for the particular application desired.

The novolak resin component of these photoresist
formulations is soluble in alkaline 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 photoresxst coaung to be dissolved when the sub-
strate is immersed in alkalirie developing solution while
the unexposed areas are largely unaffected, thus pro-
ducing a positive relief pattern of photoresist on the

substrate.




nol e water/total “nol es cr é_so_-l = 1.8l ‘Esterification of s '.Lﬁémm\ﬁg%mj-' .
;the*same manner as previously descri-bed. Photoresist fornul at'ed, .
and developed sinmilar to the procedure previously de- -scribedj but . o
enpl oyi ng 2. 40% t et r amet hyl anmoni um hydr oxi de devel oper (2. 4% N\D2FEB 998

devel oper sold by the Dynachem Divi siof of Mrton Internatidngl) pro-_duc
the follow ng results:

Positive photottsis_ts. especially those used to prcp e

microelectronic silicon wafers and chips, are often sub="
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 baving high resolu-
tion and contrast characteristics, such as DYNA-
LITH ® EPR-5000 resist sold by the Dynachem Divi-
sion 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 resolu-
tion and high contrast characteristics. In fact, formula-
tion of a positive photoresist to enhance one of these
characteristics normally adversely affects the other
characteristic, i.e. photoresists with good thermal stabil-
ity do not provide high resolution and high contrast and
vice versa.

It was discovered and disclosed in zarlier U.S. patent
application Ser. No. 376,971, filed Jul. 6. 1989, issued as
U.S. Pat. No. 4,943,511 on Jul. 24,1990 that positive
photoresists having both a high degree of thermal stabil-
ity and good resolution could be made when the novo-
lak resin employed is prepared from a mixture of alde-
hydes comprising formaldehyde (or a formaidehyde
precursor) and a monchydroxy aromatic aldehyde.
However, while such positive photoresists had better
thermal stability than the aforementioned DYNA-
LITH ® EPR-5000 resist they generally were faster
and lost more film in standard streagth developers.
Thus, it became desirable to develop positive photore-
sists that could maintain the improved thermal stability
of the mixed aldehyde photoresists disclosed in said
U.S. Pat. No. 4,943,511 while producing photoresists
having stil! better photospeed and film loss characteris-
tics. It was also desirable that positive photoresists be
availsbie that are “process tunable™, i.e. positive photo-
resist compositions in which the photospeed character-
istics of the photoresist composition can be made
readily and easily adjustable and whereby the photore-
sists can be made to perform optionally in a wide vari-
ety of developers. -



conprises a resist formil FuRAMARY OF THE INVENTION

Phot ospeed Dev. Tinme (m/cnferr]) Resin

16 _ (sec)

+FL % [COCTNN Bridges ([err]) X-5Ac 160 ol '
75 1.50 X-15Ac 60 .52 239 REPLACEMENT SHEET
X-5p- Todl _ 60 1.05 . >600 X-15p-ToCl 60 - '
0.00 - > 1200 X-15Phth 60 - 0.00 121 | 02 FEB. 1998
exanpl e of a preferred positive phot oresi st com position df |this invention

In accordance with the present invention, a new,

- improved class of novolak resin compositions of re-

duged hydroxyl content are provided, which novolak
resins are based on the class of novolak resins disclosed
in the aforementioned U.S. Pat. No. 4,943,511. In accor-
dance with the present inveation 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) :i phenol, phenol derivative or mixtures thereof,
an
(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 sbout
120 to about 180 grams of resin per equivalent of hy-
droxyl. :

Fm:ther provided in accordance with this invention is
a positive photoresist composition comprising: a bind-
ingly effective amount of the aforesaid novel novolak
resins of lower hydroxyl content and a photoimaging
amount of photosensitizer.

Th.e present invention also provides a method of
forming a resist pattern on a substrate comprising:
L coating said substrate with a layer of & positive photo-
IL. .:zposing said layer patternwise to actinic radiation;

IIL removing the exposed portion of said layer with an
squeous 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 hydroxy!
content.



.of : Conponent
» 29.9 X971-32Ac resin
42. 0 Phot oactive conpound

2.4

17

Wi ght % X971 resin

18.9 Solvent - PMA
- 6.8 O her conponents

In accordance with the present invention, there is

also provided 2 substrate coated with a thermally stable
and highly resolved, exposed resist pattern, said resist
pattern being formed from a positive photoresist com-

. position which, prior to exposure to actinic radiation,

comprises an aforesaid positive photoresist compasition
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.

.According 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 U.S. Pat. No. 4,943,511 wherein
the novolak resin is the condensation product of: (A) 4
phenol, phenol derivative or mixtures thereof and (B)a
mixture of aldehydes comprising (1) formaldehyde or a
formaldehyde precursor and (2) a monohydroxy aro-
matic 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 de-
sired lowered hydroxyl number. Alternatively, the first

' produced unesterified novolak resin can be “over esteri-

fied”, i.e. esterified to a higher percent esterification
than desired in the final novola resin composition of this
invention. Suitable amounts of such over-esterified and
unesterified novolak resin can then be blended to pro-
duce a novolak resin composition having a desired hy-
droxyl number of from about 120 to about 180 grams of
resin per equivalent of hydroxyl.

Anocther 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 esteri-
fied and unesterified resin. Such other method cmploys
both a monohydroxy aromatic aldehyde and a mnon-
hydroxylic aromatic aldehyde in combination with
formaldechyde 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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W claim 1. A esterlfled novolak re5|n conpr|5|ng the conden- satlon
(a) a mxture of m or p-creso
conprising (1) formalde- hyde or a fornal dehyde precursor
hydroxy aromatic al dehyde sel ected fromthe group consi'sti.n
2- hydr oxybenzal dehyde, 3- hydroxyhenzl . gehyde and 4- hydr oz
wherein said novolak resin has hydroxyl

, product of:

groups ‘t her eof

DETAILED DESCRIPTION OF THE
- INVENTION

According to thls invention novolak resins of the
type disclosed in the aforesaid U.S. Pat. No. 4,943,511
are modified to provide new novolak resins composi-

“tions 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 stenfymg a suitable unesterified novolak resin,
or blending a mixture of suitable esterified and unesteri-
fied novolak resins or by employing at least one mono-
hydroxy aromatic aldehyde and at least ome 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 com-
position having a hydroxyl number of from about 120 to
180 grams of resin per equivalent of hydroxyl.

The novolak resins of the present invention are pre-
pared from (1) phenol or a phenol derivative or mix-
tures thereof, and (2) a mixture of aldehydes which
contains formaldehyde or a formaldehyde precursor
and a monohydroxy aromatic aldehyde. The phenol
and phenol derivatives useful in preparing these novo-
lak resins inciude, 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 in-
corporated 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, “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

and (b) a mxture—;o

i




esterified so that an aliphatic or aromatic ester group exi st.s-ip-plaee-of -

.sthe hydrogen atomin at 1east a portion of the hydroxyl grug pggpmﬁéﬁléﬁ{/ GHEET

- said novol ak resin has a hydroxyl nunber in the range of fréemrabout—I20 to |-

about 180 grams of resin per equivalent of hydroxyl. 2. A-pgsi t.i(\ﬁ_t[:%? 1998

phot or esi st corrpriks,i ng an agm xt Ers of g@ bindi ngln%/ g;f:cltolh\(;to- (rarrliqi t o a

esterified novolak resjin and a ot oi magi hg ano Stz

wher ein the novol ék’%@WSﬁywmgémmabm of: (a) a

m xture of m and phonchydroaytic aromatic aldehyde which will form
novolak resin with phenol or a phenol derivative or

- mixtures thereof. In general, however, these aromatic

aldehydes include, but are pot limited to, compounds
baving the general formula: L

CHO

R ort
HO)g or ¢

where R is alkyl (e.g. C1-C4 alky!). 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
baving a hydroxyl content within a wide range.

The relative amounts of the phenol or phenol deriva-
tive and mixed aldehydes used to prepare the 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 aidehyde

Moles total phenot or
phenot derivative

X 100 = about 60% to about 98%

Moles aromatic aldehyde -
Moles total aldehyde X 100 = about 5% to about 95%.

In a preferred embodiment, the phenol component is
& 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;




(b) a mi.xture of aldehydes conprising.(1) formalde- hyde or a fornaldehyde
s pretursor and-(2) a nono- hydroxy aromatic al dehyde sel ected

consi sting of 2-hydroxybenzal dehyde, 3- hydroxybenzal dehyde -

4- hydroybenzal de- hyde, wherein said novol ak resin has hydrox
t hereof esterified so that an aliphat¥c or aromatic ester gro

pl ace of the hydrogen atomin at |easta portion of the hydroxy
wher eby said novolak resjge\@Sreiy Nydr oxyl- nunber in the range

120 to

“Moles toral cresor X 100 = about 30% 10 abaut 73%.

It is not uncommon for commercially svailsble cresois to contain minor
amounts of o-cresol. Therefore, “Moles total cresol™ refers to moles of
m-, p-, and o-cresal (if any) and not just m- and p-cresol. It is preferred,
iowelvcr. that tie o-cresol content be less than about 1% of the total
cresol. '

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. Bssically, 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
u;n_ter is produced, indicating that the reaction is com-
plete.

" Preferably, the novel novolak resins of this invention
are prepared by blending (A) a novolak resin of a mano-
hydroxy aromatic aldehyde esterified to a greater extent
than needed or desired, with (B) an unesterified novolak
resin of a monochydroxy aromatic sldehyde. 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 properties 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

As an example of preferred novolak resin composi-
tions of this invention there may be mentioned those
having the aforementioned hydroxyl numbers of from
about 120 to about 180 prepared by biending (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 0-, m- or p- hydroxybenzaldehyde with
(B) an esterified novolak resin which is the novolak
resin of component (A) esterified to about 32% esterifi-
cation with acetic anhydride for example.

Esterification of the unesterified novolak resin pro-
duced by using monohydroxy aromatic aldehydes in the
mixture of aldehydes can be accomplished by means of
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about 180 grans of resjn.per equivalent of hydroxyl. 3. A s_'ubs'trate coated _
with a thermally stable and highly resol ved, exposed resist paRERIAGEMERTASHEET

resist pat- tern being forned froma positive photoresist cofp
whi ch, prior to exposure to actinic- radiation, com prises ajb
ef fective anount of a esterified novo-_lak resin and a photo
- of photosensitizer;

product of: (a) & nMaltysuRable dterifyiig 4geflo Afplacdhydrogentinra
conprising (1) formpgd

i
wherein the novol aR resin conprises the éo
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ndensation
of al dehydes

£a portion of the hydroxy!l groups in the unesterifie
novolak with the group —OCR! wherein R1is 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 menticned, for exam-
ple, acetic anhvdride, p-tolvl chloride, dihvdrocouma-
rin and the like. The novolak resin and esterifying agent
will generaily 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 formuiations typicaily
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-formaidehyde novolak and the photoactive com-
ponent is a diazo quinone compound. Examples of diazo
quinone compounds include 2,3,4-trihydroxybenzophe-
none-1,2-gapthoquinonediazide-S-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 sensitiz-
ers may be found in U.S. Pat. No. 4,499,171 issued Feb.
12, 1985 to Hosaka et al. Examples of solvents include,
but are not limited to, propylene giycol 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-
Iation, 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
parts by weight (pbw) novolak resin per pbw photoac-
tive component to about 6 pbw novolak resin per pbw
photoactive component. Preferably, a ratio of about 4
pbw novolak resin per pbw photosctive component is

employed.




hyde or a fornal dehyde precursor and (2) a nono- hydroxy aromatic al dehyde

selected fromthe group conS|st|ng of 2-hydroxybenzal dehyd "éﬁL MENT SHEET

hydr oxybenzl adehyde and 4- hydr oxybenzal de- hyde, R :

sai d hovol ak resin has hydroxyl groups esterified so that gn allphatlc %%
t OIZaEE

aromatic ester group exists in place of t he hydrogen atomijn
~portion

The amo.unt of solvent in the resist may likewise vary
considerably. Generally, all that is required is that suffi-
cient solvent be empioyed to produce a desired coating

thickness under the given coating conditions, e.g. spin
speed and pre-bake temperature. Typically, however,
~ enaugh solvent is added to the positive photoresist for-
mulation to praduce 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 t‘ormnl_:ted with the novolak resins of
the present invention have the relatively high thermal
stability like those in the aforesaid U.S. Pat. No.
4,943,511, i.c. are stable for at lesst 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 U.S. Pat. No.
4,943,511 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;O catalyst
wherein the ratio of reactants was as follows:

moles m-cresol/total moles cresol = 055
total moles aidehyde/total moles cresol = 0.90
moles aldehyde 1/total moles aldehyde = 0.25
moles aidehyde 2/total moles aldehyde = 0.75
moles catalyst/total moles cresol = 0010
" moles water/total moles cresol = 001

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 com-
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 the hydroxyl gruops, whereby said novol ak resin has a hydroxyl
.the'range of from about 120 to about 180 grans of resin per _WL\QGEMBNT
hydroxyl. 4. A novol ak resin according to claim1 wherein the "
conprises a blended m xture of esterified and un- esterified povol 09
resins. 5. A positive photoresist.according to claim2 wherai tHe- o‘\ a%
.-resin conprises a bl ended mi xture of est®rified and unesterilfiled novol:
resins. 6. A coate pggégg 348 C(')Eiﬁlng to I%Laiersrlnsismﬁg;eeni:ﬂ‘té he novol ak
resin conprises a %e? & g?é:?n ) 9'?15.tE ?e_e separate portions o
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-SAc, 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 acctylated
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. '

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 (O-hydroxybenzaldehyde) in the aldehyde mix-
ture of reactants. In the first such modified novolak
resin benzaldehyde and in the second such modified
resin anisaldehyde replaced a portion of the O-hydrox-
ybenzaldehyde reactant in the mixture of aldehydes
employed in the reaction. In the production of both of
thefe modified novolak resins the following ratios were
maintained, as in the production of X971 resin, namely:

GHEET -

. moles m-cresol/total moles cresol == Q.55
total moles aldehyde/total moles cresol = 0.9¢
moles aldehyde 1/total moles asldehyde = 0.25
moles catalyst/total moles cresol = 0010
moles water/total moles cresol = 00L

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



fied and unesterified noval ak resins. 7. The novol ak resin

_wherein the phenol and al dehyde .conponents are present in thg‘E o

anounts: noles total phenol or X 100 = about 60%to about

derivative nol es aromatic al dehyde X - 100= about 15%to
total adehyde 8. The novol ak resin of-glaim1 wherein the

are present in theelkl Qo e ARG SanTRES by SELSSE & bl

produced employing benzaldehyde, hereinafter re-
ferred to as X971-20 Bz, determined its weight average
molecular weight to be about 1400 and 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 hydroxy! 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 U.S. Pat. No. 4,943,511 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 here-
inbefore or are prepared by blendmg the esterified and
unesterified X971 resins together in the amounts indi-
cated in the followmg 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 um of
resist film was obtained at a spinning velocity of 3,500
revolutions per minute. The coated wafers were then
soft baked cither 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-

‘sire 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 um; was used to
provide a selective exposure pattern. Exposure times
were varied in order to determine the photospeed of the
resist, i.c., the minimum amount of exposure energy
(intensity Xtime) 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.

‘\998
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nol es t ot al

nol es 't ot al

aromati c al dehyde noles total al dehyde

cresol

" follow ng anmounts:

phenol

9. The positive photore5|st'of claim2 erein t é
phenol and al dehyde conponents of the novolak resin are prgsént injt

mol es total aldehyde X 100 = about 60%t 0. abou
Bbpute

or phenol derivative X 10" about 15%to

" The cxposed resist coatcd 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 themin 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 adhesion and chemical resistance of the
undissolved portions of 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 /cm? for gross
clearing speed (GCS) and/or 1 micron clearing speed
@1 pCS) 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
U.S. Pat. No. 4,943,511 had better thermal stability than
the commercially available EPR 5000 resist but was
faster and lost more film in standard strength develop-
ers. The following test illustrate how the resists of the
present invention retain the enhanced thermal stability

REPLAGEMENT SHEET
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PERFORMANCE RESULTS
Resin  Dev.
Photoresist Ratio Time Photospeed
Comp. No. resin (pph) (sec) % FL  GCS (m¥/cm?)
Control 1 EPR 5000 100 42 <1 125
Control 2 X971 - 100 2 100.0 <20
f X971 67 42 1000 <20
X971-20Ac 33
2 X971 33 42 110 50

X971-20Ac 67
3 - X971-20Ac 10 2 <1 >260




_present in the foll owing amounts: mal es mcresol nol es tq\tEaLA v

—about 30%to about 75% 11.. The p05|t|ve phot or esi st of arm 2 vvherel
t he phot osensi tizer is a napht hoqui none .di azi de sensitil Cé FE-B‘
posi tive phot oresi st of claim11l wher-ei_n the napht hoqui azi de
senS|t|zer is selected fromthe - 13 ' -

" Reducing the’ hydroxyl content of the X971 re}i
20% (Comp. 3) increased the photospeed from <20
>260 mJ/cm? while the film loss feil from 100 to
<1%. Smularly, reducing the hydroxyl content of 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 abave results demonstrate that the hydroxyl reduc-
tion can be achieved by blending esterified X971 type
resin to the appropriate esterification level or by biend-
ing esterified and unesterified X971 type resin to
achieve the desired level of hydroxyl rumber reduction.

Similar tests were conducted with a control resist
(EPR 5S000) and with mixed aldehyde novolak resins
having reduced hydroxyl content wherein the reduced
hydroxyl content was obtained by biending a X971
mixed aldehyde novalak with a mixed aldehyde resin
baving a non-hydroxylic aromatic aldehyde, benzalde-
hyde, substituted for a portion of the O-hydroxyben-
zaldehyde in the resin synthesis. The resulting resin is
hereinafter referred to as resin X971-20Bz. Test results
were as follows:

: Resin  Dev. Time Photwspeed (mlsem?) ______ Contrast & Resolution _____
Comp No. Retin Ram(pph) {acc) %FL GCS 1xCS Gamma® PD Temp("C.) Bridges ()
Control  EPR 3000 lm 2 <1 95 125 s 150 o8
4 X971 2 430 <20
X971.208z 40
5 xm 43 P 47 45
X971.208z2 55
L X9y X 34 1.6 90 125 32 10 148

X971.208z 0
Ssidewsil messurement: <2 not good, 2-3 good, >3 better.

Compositions 4, § and 6 are mixed aldehyde novolak
resins having hydroxyl contents reduced by 8, 11 and
14%, respectively, from the hydroxyl content of the
mixed aldehyde novolak resin (X971) of U.S. Pat. No.
4,943,511. The above data demonstrates that reduction
of the hydroxyl content by 149% (Comp. 6) by employ-
ing a non-hydroxylic aromatic aldehyde for a portion of
the monohydroxy aromatic aldehyde in the synthesxs 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.



group consi sting of esters of i, 2- napht hoqui none- 2- di azo-4-

and esters of

napht hoqui'none- 2- di zo- 4-sul foni ¢ aci d nonoester,
2,3, -trihydroxybenzophenone- |

|, 2- napht hoqui.none- 2-di azo-5-sul fonic aci {l. gaf.ACEHe: posi tiv
phot oresi st of claim 12 wherein. the naphthoqui none di azi ¢e r T _
selected fromthe group consisting of 2,3,4-trihydroxybenz phﬁ'&"?@gl‘\‘?@&

diester, 2,3,4-triydtozybenzophe-

none- 1, 2- napht hoqui RYR 8D sericsof tests weem Fenductgd with phat

t her eof .

sist of reduced hydroxyl content wherein the reduction
of hydroxyl content was obtained by blending unesteri-
fied mixed aldchyde 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 U.S. Pat. No.
4,943,511. Also included in the tests was the aforemen-
tioned novolak resin X971-20An, an X971 type novolak
resin having its hydroxyl content reduced 209% 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: '

, 2- napht ppqui none- 2- di azo- 4 syl

.fonic acid

er 1si

"XT Ur es

hﬂ- Dev. Time Photospeed.  (ml/cm?) Contrast & Resolution

sition  Resin Ratio (poh)  (sec) % FL GCS 14CS _Gamms* PD Temp ('C) Bridges ()
Comtrol EPR 3000 100 2 <! 9s 125 34 1%

g
3
Baugssy

2 23 s
2 1 % 123 29 0
2 <« s
z < >

~continued

ol

H

Resin Dev. Time Photospeed (mJ/cm?) Contrast & Resolution

Resin Ratio (pph)  (sec) % FL GCS 1uCS Gamma® PD Temp ("C) Bridges (»)

11

X97-32A¢ 0
X971-20An 00 n 34 110 210 180

1.0

*idewall memurement: <2 not good, 2-3 good, >3 betser.

Compositions 7, 8, 9, 10 and 11 are mixed aldehyde
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

U.S. Pat. No. 4,943,511. The above data demonstrates
that a hydroxyl reduction of at least 16% or more, par-
ticularly 19%, produces mixed aldehyde navolak 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 U.S. Pat. No. 4,943,511.



14 The positive photoresist of ctaim 12 wherei n the napht hquEpemmngg&T
_ sensitizer is selected fromthe group consisting of

2,3, 4-tri hydroxybenzophenone- 1, 2- napht hoqui none- 2- di azo- 5 gulif oni c aci d.

monoester; 2,3, 4-trihydroxybenzophenone-1, 2-naphthoqui none-[2-| 02 FEB 1998
di azo- 5-sul foni ¢ acid diester 2,3,4-tri #iroxybenzophe ' '
none- 1, 2- napht hoqui none- 2- di azo 5 sul fo acid tri- ester land m xtur.es

C)

(

t hereof. 15. The substr f 3 wher noI an dehyde.
conponents of the novol g&l Vﬁr Héef# F‘FS ii%munts:
_ an unexpecte by the that resists having enhance
thermal stability as wcll 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 anisalde-
hyde, benzaldehyde, t-cinnamaldehyde, 1,4-terph-
thaldicarbox-aldehyde—resists from such novolak
resins were excesdingly slow and lost no film, and

(2) esterification 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 microns and generally have only margmally ac-
ceptable photospeed characteristics.

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, herein-
after referred to as resin X, havmg a hydroxyl number
of 119 g/eq, is esterified with acetic anhydride at S and
159 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:

moales of m-cresol/total moles cresol = 035
males formaldehyde/total molescresol = 0.64
maole catalyst/total males cresol = 0.66
mole water/total moles cresol = L8L

Esterification of such resin was in the same manner as
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:



mol es total al dehyde nolas total phenol or X 100 = about 60%

.phenol derivative nol es nmonohydroxy X 100 = about 15%to abutR
" aromatic al dehyde noles total al dehyde 16. The substrate of
the m and p- cresol are present in the follow ng amounts: n
nol es total cresol X 100 =about 30%t0ﬁbout 75%

: ~ Pho
Dev. Time . (mi/cm?)

Resin - (sec) FL%  GCS Bridges (1)
X-SAc 60 73 75 150 -
X-15Ac 60 52 230 2.00
X-5p-ToCl TN 1.05 >600 -
X-15p-ToCl 60 " 0.00 > 1200 -
X-15Phth 60 0.00 121 1.25

An example of a preferred positive photoresist com-
position of this invention comprises a resist formuiation

.of:
Component ' Weight %
X971 resin 25.9
X971-32Ac resin 18.9
Solvent - PMA 420
Photoactive compound 6.8

Other components 24




20 17.- The substrate of claim 3 wherein the photosensi- tigzer—s g e
napht hoqui none diazide sensitizer. 18. The substrate of cl a|ﬂﬁpiﬁicam@\‘Tp|SHtET
" the napht ho- qui n i zer is selected fromthe[group
consi sting of est glmlﬂﬁlﬂﬂ gjgﬂltaqw none- 2-di azo-4- sul fpnic glFtE&lﬂWS
esters of 1,2-naphthogui none- 1*azo- 575u fonic acid. 19. {The substrate 0
claim 18 V\/nerel :n the napht ho- _ R .

- We claim: -
" 1. A esterified novolak resin compnsmg the conden-
sation product of: i
(a) a mixture of m- or p-cresol and
(b) a mixture of aldehydes comprising (1) formalde-
hyde or a formaldehyde precursor and (2) a mono-
hydroxy aromatic aldehyde selected from -the
group consisting of 2-hydroxybenzaldehyde, 3-
hydroxybenzladehyde and 4-hydroxybenzalde-
hyde,
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 gruops, whereby said novolak resin has
a hydroxyl number in the range of from about 120 to
about 180 grams of resin per equivalent of hydroxyl.

2. A positive photoresist comprising an admixture of
a-bindingly effective amount of a esterified novolak
resin and a photoimaging amount of a photosensitizier;
‘wherein the novolak resin comprises the condensation
product of:

(a) a mixture of m- and p-cresol and

(b) & mixture of aldehydes comprising (1) formalde-

hydeora formaldehyde precursor and (2) a mono-
hydroxy aromatic .aldehyde selected from the
group consisting of 2-hydroxybenzaldehyde, 3-
:ygroxybenzaldehyde and 4-hydroxybenzalde-
yae,
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 gruops, whereby said novolak resin has
2 hydroxyl number in the range of from about 120 to
about 180 grams of resin per equivalent of hydroxyl.

3. A substrate coated with a thermally stable and
highly resolved, exposed resist pattern, said resist pat-
tern being formed from a pasitive photoresist composi-

_tion which, prior to exposure to actinic radiation, com-
prises a bindingly effective amount of a esterified novo-
lak resin and a photoimaging amount of photosensitizer;
wherein the novolak resin comprises the condensation

- product of:

(a) 2 mixture of m- or p-cresol and

(b) 2 mixture of aldehydes comprising (1) formalde-
hyde or a formaldehyde precursor and (2) a mono-
hydroxy aromatic aldehyde selected from the
group consisting of 2-hydroxybenzaldehyde, 3-
hydroxybenziadehyde and 4-bydroxybenzalde-



qui none di azi de sen d fromthe group ‘consi

2,.3,4-tri hydroxyben “ “Imml m‘: t hoqui none- 2- di aZopép
nmonoest er; ' [‘ ﬁ:“ﬂw one- 1, 2- napht hoqui ,
4-sul fonic aC| d dl estrerc 2L3, #- t’rl hydroxybenzophenone- -

1, 2- napht hoqui nonee- 2- di azo-4-sul fonic acid triester and ki t@r%get?ﬁ
20 The substrate of claim 18" wher ei n t}e napht ho- qui nofje \di cHe

sensitizer is selected fy gut he group consisting of

2,3,4-trihydroxybenz th - 3-

2.3, 4- L1} hydroxybenzaieRi Sait oVt vedll B4 h 8RS fbaBe
esterified so that an aliphatic or aromatic ester group
exists in place of the hydrogen atom in at least a portion
of the hydroxyl gruops, whereby said novolak resin has
& hydroxyl npumber in the range of from about 120 to
about 130 grams of resin per equivalent of hydroxyl.

4. A novaolak resin accordmg to claim 1 wherein the

- resin comprises a blended mixture of esterified and un-
esterified novolak resins. :

5. A positive photoresist according to claim 2
wherein the novolak resin comprises a blended mixture
of esterified and unesterified novolak resins.

6. A coated substrate according to claim 3 wherein
the novolak resin comprises a biended mixture of esteri-
fied and unesterified novolak resins.

7. The novolak resin of claim 1 wherein the phenol

"and aldehyde components are present in the following
 amounts:

1998
er eof

les total sldehyde _
moles total phenol or X 100 = about 60% to about 983%

phenol derivative

moles aromatic sidehyde
moles total aldehyde X 100 = sbout 15% to about 95%.

8. The novolak resin of claim 1 wherein the m- and
p-cresol are preseat in the following amounts:

moles m-cresol ’
mﬂle’ ml FUII!U“‘ . X !w = Mm m to M‘ 75%.

9. The positive photoresist of claim 2 wherein the
phenol and aldehyde components of the novolak resin
are present in the following amounts:

moles total aldehvde -
moles total phenal of X 100 = about 60% to about 98%

phenol derivative

moles monoh
—m—.ﬁyﬁf— % 100 = sbout 15% to about 95%.

moles total aldehyde
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10. The positive photaresist of claim 2 wherein the m-
‘and p-cresol are present in the following amounts:

moles m-cresol '
“Toles total cresol :lxloo-mm:o.bouusﬁ.

11. The positive photoresist of claim 2 whercin the
photosensitizer is a naphthoquinone diazide sensitizer.

12. The positive photoresist of claim 11 wherein the
naphthoquinone diazide sensitizer is selected from the
group consisting of esters of 1,2-naphthoquinone-2-
diazo-4-sulfonic acid and esters of 1,2-naphthoquinone-
2-diazo-5-sulfonic acid.

13. The positive photoresist of claim 12 wherein the
naphthoquinone diazide sensitizer is selected from the
group coasisting of 2,3,4-trihydroxybenzophenone-1,2-
naphthoquinone-2-diazo-4-suifonic acid monoester;
2,3,4-trihydroxybenzophenone-1,2-naphthoquinone-2-
diazo-4-sulfonic acid diester; 2.3,4-trihydroxybenzophc_'.-
pone-1,2-naphthoquinone-2-diazo-4-sulfonic acid tri-
ester and mixtures thereof.

14. The positive photoresist of claim 12 wherein the
naphthoquinone diazide sensitizer is selected from the
group coasisting of 2,3,4-trihydroxybenzophenone-1,2-
naphthoquinone-2-diazo-S-sulfonic acid monoester;
2,3,4-trihydroxybenzophenone-1,2-naphthoquinone-2-
diazo-5-sulfonic acid diester; 2,3,4-trihydroxybenzophe-
none-1,2-saphthoquinone-2-diazo-5-sulfonic acid tri-
ester and mixtures thereof.

15. The substrate of claim 3 wherein the phenol and

aldchyde components of the novolak resin are present
in the following amounts:

%“m%rx 100 = about 609 to sbout 98%%

‘phenol derivative
noles monohydroxy
tic aldehyde — X 100 = about 15% to sbout 95%.
moles total aldehyde

16. The substrate of clsim 3 wherein the m- and p-
cresol sre present in the following amounts:

moles m-cresol )
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17. The substrate of claim 3 wherein the phot

 tizer*is a naphthoquinone diazide sensitizer.

18. The substrate of claim 17 wherein the naphtho- :
quinone diazide sensitizer is selected from the group
consisting of esters of 1,2-naphthoquinone-2-diazo-4-
~sulfonic acid and esters of 1,2-naphthoquinone-2-diazo-
S-sulfonic acid.

19. The substrate of claxm 18 wherein the naphtho-
quinone diazide sensitizer is selected from the group
consisting of 2,3,4-trihydroxybenzophenone-1,2-naph-
thoquinone-2-diazo-4-sulfonic acid monoester; 2,3,4-
trihydroxybenzophenone-1,2-naphthoquinone-2-diazo-
4-sulfonic acid diester; 2,3,4-trihydroxybcnzophenone-
1,2-naphthoquinone-2-diazo-4suifonic acid triester and
mixtures thereof.

20. The substrate of clsim 18 wherein the naphtho-
quinone diazide sensitizer is selected from the group
consisting of 2,3,4-trihydroxybenzophenone-1,2-naph-
thoquinone-2-diazo-S-sulfonic acid monoester; 2,3,4-
nihydroxybenzophenone-l.z-naphthoqumone-z-dmzo-
S-sulfonic acid diester; 2,3,4-trihydroxybenzophenone-
1,2-naphthoqmnone—2—dnzo-58ulfomc acid triester and

mixtures thereof.
$ 8 & 3 @
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NOVOLAK RESINS AND POSITIVE PHOTORESISTS
PREPARED THEREFROM

ABSTRACT

Novolak resins are provided which are the condensa-
tion product of (a) a phenol, phenol derivative, or mix-
tures thereof, snd (b) a mixture of formaldehyde or a
formaldehyde precursor and (1) a monchydroxy aro-
matic aildehyde 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 130 grams of resin per equivalent of hydroxyl.

- The novolak resins are especiaily useful in positive

photoresist formulations and have enhanced photos-
peed and film loss characteristics as well as improved
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NOVOLAK RESINS OF LOWERED HYDROXYL CONTENT
AND HIGH CONTRAST HIGH THERMAL STABILITY
POSITIVE PHOTORESISTS PREPARED THEREFROM

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

portion of the hydroxyl groups thereof are esterified or (2)'a

mixture of at least one monohydroxy aromatic aldehyde and at
least one non-hydroxylié aromatic 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
énhanced photospeed and film loss characteristics as well as
improved thermal stabilify. .
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