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| SOLATI ON OF NOVOLAK RESI N BY LOW
SURFACE FORCED STEANTUSSHIET86T| ON

5 BACKGROUND OF THE | NVENTI ON The
present invention relates to a process for produci ng water insoluble,
aqueous al kali soluble, filmform ng novol ak resins. The present invention
al so relates to a process. for producing |ight-sensitive
conposi tions useful in positive- wor ki ng phot oresi st conpositions.
Further, the present | R Wa¥q 2 1o ] e '
substrates coat ed w t h*feEse - mRmA Ry cieay ST s ' =wel |
as the process of coating i ' : spey O SE1 IATI6
m xtures on these substrates. conmposi tions: are
used in mcro-1lithography processes for maki ng m ni aturi zed
el ectroni c conponents, such as in the fabrication of conputer 15 chi ps
and integrated circui ts. Generall y, in these processes, a thin coating of a
film _ of aphotoresistm%@_@@%dtoasubstrate
material, such as a silicon I nt egrated
circuits. The coated Thedgresetntinventionerelabes<tada peocess for producing water insoluble,
aqueous alkali soluble, film forming novolak resins. The present invention also

relates to a process for producing light-sensitive compositions useful in positive-

.working photoresist compositions. Further, the present invention relates to a

10  process for producing substrates coated with these light-sensitive compositions, as.

well as the process of coating, imaging and developing these light-sensitive
mixtures on these substrates.

Photoresist compositions are used in micro-lithography processes for

- making miniaturized electronic components, such as in the fabrication of computer
15  chips and integrated circuits. Generally, in these processes, a thin coating of a film
of a photoresist composition is first applied to a substrate material, such as a silicon |
wafer used for making integrated circuits. -The coated substrate is then baked to
evaporate any solvent in the photoresist composition and to fix the coating onto
the substrate. The baked coated surface of the substrate is next subjected to an
20 image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam and
X-ray radiant energy are radiation types commonly used today in microlithographic
processes. After this image-wise exposure, the coated substrate is treated with a

25  developer solution to dissolve and -remove either the radiation-exposed or the
unexposed areas of the coated surface of the substrate.
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evaporate any solvent in the photoresist conposition and to fix the coating
onto the substrate. The baked coated surface of the substrate is
next suly@8&/21d1t o an 20 image-w se exposure to radi at POTUSIS/16786

Thi s radiati on exposure causes a chemi cal transformation in the exposed
areas of the coated surface. Visible light2.ultraviolet (UV) I|ight,

el ectron beam and X-ray radiant energy are radiation types
commonly used today in mcrolithographic processes. After this

| mage-w se exposure, the coated substrate is treated with a

devel oper sol ution di ssql ve _and e either t radi aLi on- 0S or
t he unexpo?@ﬂ"aﬁ'& o?YPFﬁé’fé@(%‘a S q‘l?f‘" Wé\'ﬁb %{Q ‘néi
WD 96/ 21211  positive-working. -When negative-working photoresist compositions are Sxposed
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There are two timageswisé tohradiatien,i the areasoof theoresist roagiposition vexpbsety ta rthie

Cposed " etistoeoty e ﬁ'&ﬁ&%‘a{‘q“’e&ﬁ%’%&é RiioB (6 204 Crote s sgacton
gg\r/rglog:otelrog%leﬁlt%feéﬁg(‘émﬂé b unexgosﬁdl ng rea t| on W occu?k? vﬁl e
t he unexposed aolable tohxdhresqhhwnor'ﬂmsstremmht ofjan exposed negative-working resist
soluble to such a so]ution. Thus, tre nt of ‘an exposed pegati ve-wor ki ng
resi st a developer causes remov. rtIEthe non-exposed areas of the photoresist
coating ahd_the_creation of a negative image in the coating. The process thereby
uncovers a désiro;d portion of the underlying substrate surface on which the ‘ :
10  photoresist composition was deposited.. - '
On the other hand, when positive-working - photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g. 3
rearrangement reaction occurs). Those - areas not exposed remain relatively
15 insoluble to the developer solution. Thus, treatment of an exposed positive-
working photoresist with the developer causes removal of the exposed areas of the
coating and the creation of a positive image in the photoresist coating. Again, &
desired portion of the underlying substrate surface is uncovered.
After this development operation, the now partially unprotected substrate
20 may be treated with a substrate-etchant solution or plasma gases and the like. The
‘etchant solution or plasma gases etch that portion of the substrate where the
photoresist coating was removed during development. The areas of the substrate
- where the photoresist coating still remains are protected and, thus, an etched
pattern is created in the substrate material which corresponds to the photomask
- 25  used for the image-wise exposure of the radiation. Later, the remaining areas of
the photoresist coating may be removed during a stripping operation, leaving a
clean etched substrate surface. In some instances, it is desirable to heat treat the
o rema:mng photoregist -ia_yer,—- after the development step and before the etching step,

i



with a devel oper causes renoval of the non-exposed areas of the photoresist
coating and the creation of a negative inage in the coating. The process
t.hereby  WO962121luncovers a desired portion of the underl yiRCI/ES8546786t e
surface on which the 10 . phot oresi st conposition was deposited.

On the ot her hand, when positive-working phatga ef : ; re
exposed -i mage-wi se to radiation, those areas of [ heIBSHEST ENSBEENpmosition
exposed to the radiation become nore soluble to fhe deRv%T'tﬂ‘fegrD, i on
(e.g. a rearrangenment reaction occurs). Those areas not exposed

remain relatively, . 15 .insplubl ot devel oper sol ytion. Thus, )
treatment of an e¥pISER%HYS adpesion fo the “&%ﬂ%r‘kﬁg’ﬁ%ﬂeﬂdﬁségﬂmwh#m
devel oper causes gglgioml Of the exposed areas of the coating and
the creation of a positive image in the photoresist coating. Again, a
desired portion of thePasitive-working sphotaresiste compdsitionsi are! rourrentlye davored over

After this devel opnent oper.ation, the nowpartially unprojected substrate
20 may be treat W‘f‘ﬁp 8 eSSt B"éﬁ?ﬂ former; W’B{Y i!?‘ffs atesalutiony
the like. Theg . iliti ﬁmerﬁqmgfe.ﬁ&a?i it réed ") Lon
of the substrate cv\ﬂerenﬁi%w p otor%ﬁsgﬁggggﬁgélﬁas rl{é@n@/gﬁh#ng

devel opnent. The -as dhes snialleste feativet whicle the resist compositiont & pamsféer &ons ithe
s are protected and, .thus, an etched pattern

coating still remajn .
is created in th%ﬂ%@ﬁﬂ%%?&%ﬂ%ﬂfmyﬁ%m%mm

25 used for theFﬂ'm@W’ e hat er .t . :
remai ni ng areas of Eh?%%@@%@%%@%%‘%% a
stripping operati the, orderuf ogie anicron or 'sss srearesgirycIh sddifién, dt & Soke slvayd N
sonme instances, it is desirable to heat treat ‘the remai ni ng

phot oresi st | Mer desirpble thatithe develapsg photoresistyalh profiles ber near westical eelating totthe,

. substrate. Such demarcations between developed and undeveloped areas of the
- resist coating translate into accurate pattern transfer of the mask image onto the
substrate. '

15 | SUMMARY OF THE INVENTION
' The present invention relates to a process for the isolation of a water
insoluble, aqueous alkali soluble, film forming. novolak resin produced by phenol
formaldehyde condensation and isolated using a low temperature (100°C to 160°C,
preferably 105°C to 150°C, most preferably 110°C to 140°C), sub surface, forced

20  steam distillation, to make such film forming novolak resins, and to a process for
their use in photoresist compositions. The invention further relates to a process for |
producing positive-working photoresists containing these water insoluble, aqueous
alkali soluble, film forming novolak resins with a photosensitizer, and a process for
using such photoresists in producing semi-conductor devices.

25 The invention provides a process for producing a water insoluble, aqueous
alkali solﬁble, film forming novolak resin obtained by condensing one or more
methyl phenols and formaldehyde in presence of an acid catalyst, in a suitable
organic reaction solvent or in a mixture of such organic solvents, and isolating the
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PCT/ US95/ 16786 to increase its adhesion to the underlvying
subst r a0 92821k s resi stance to etching sol ut i OPET/US9S16786 '
Posi ti ve-working photoresist conpositions are currently favored over
negative-working resists because the forogc generally have better

resol ution. . 5. capabil: ities and pattern transfer characteristics.
Phot oresi st resol ution is defined as the smallest feature which
the resist conposition can transfer fromthe phot omask to the

and devel oprre ABVOIRK TR SRR PN irteiFtiAs IBOTG icahlas JEO R0 P s foroed

resol ution on gteam distillatiog.Ne order of one micron or less are necessary. In
addition, it is alnost always 10 desirabl e that the devel oped
photore5| st wal | prTheiiteention alse providesta processcforprodacing atpositive photoresist -
substrate. Such denarcations hetween.devel oped and undevel opeg areas of the
resi st coating translat @WPS“%EQIPBE%“&attern transfer of the mask inage
RY OF

onto the ubs dhsin

HE  NENT oy - 9 U°S ebilddising one %’:@ggnf““hﬁl Rhemols "}def"é?‘%'é"tf"@‘%y cess
for the isolation of a \peésence of an acid catalyselini@! stitabilel Gegusic solventi oSl 40l e,
filmform ng novol ak resin prmguced by phenol f or mal dehyde

condensati on and i sol at dRiXEs M%a!ﬂ!lr sherehyo|[ producingoa 1weteer 1| C,
insoluble, aqueous alkali soluble,- film forming novolak resin, and

isolating the novolak resin utilizing low temperature, sub surface, ‘
10 o forced steam distillation at a temperature of from 100°C. to 160°C; '
b) providing an admixture of. 1) a photosensitive. component, in an
-amount sufficient to uniformly photosensitize the photoresist
composition, 2) the novolak resin, such novolak resin being present
in the photoresist composition in an amount sufficient to form a
15 substantially -uniform. phdtoresist composition, and 3) a suitable
photoresist solvent.
The invention further provides a process for producing a semiconductor
device by producing a photoresist image on s suitable substrate by coating such a
substrate with a positive worlnng photoresist composition which process
20  comprises: | -
a)  condensing one or more methyl phenols and fomlaldehyde in the
- presence of an acid catalyst to produce a water insoluble, aqueous
alkali soluble novolak, film forming resin, in a suitable reaction
solvent or mixture of solvents, and isolating the novolak resin
25 | utilizing low temperature, sub surface, forced steam distillation at a
temperature of from 100°C to about 160°C;.
b)  providing an admixture of. l) a photosensitive component, in an
amount sufficient to uniformly photosensitize the photoresist -
composition, 2) the film forming novolak resin, such novolak resin



p‘referabl y 105[err]Cto I50[err]C, nost preferably 110[err]C to 140[err]C),
sub surface, forced 20 steamdistillation, to nmake such filmformng
novol ak reWO®622124dd t o a process for their use in BAIUHBAET8G:
conpositions. The invention:further relates to a process for

produci ng positive-working photoresists cont.gning these water insoluble,

aqueous al kali soluble, filmformng novol ak resins with a

phot osensitizer, and a process for usi ng such photoresists in
produci ng sem -conduct or devi ces. 25 The invention provides a
process for producing a watgr. I nsol uhl ueoys .. . alkali soluble,
filmformng novol ak resi n BHP&PFREEMHD SH$FOFIPOSION i, an.amount suincient
met hyl phenol s and fornal de | T@ﬁaﬁ ' VSt 2y .

sui tabl e organic ?weg%tn{l gr?géﬁ(; venf “§?°ﬁ"§&r%g§<ﬁ§ﬁiého@"sﬁcﬂ sg‘r%]béeni c
solvents, and isol ating thesolvent, al 96/ 21211

PCT/ US95/ 16786 no,voltgk resin using | ow tenperature (100[err]C
to about 160[err]C), sBb sufqating the photasesist composition on @i switable substrate;

Conposi t1on conprising: - Beatlg 8 3Bated Bl Ak el by RiANG ol SRR bl 1
phenol's and formal dehyde i nreniuved; image-wise exposing the photoresist composition; and
| removing the image-wise exposed areas of such composition with
an aqueous alkaline developer.
Opt.onally one may perform a baking of the substrate either immediately before or
10  after the removing step.

D . PREFERRED D

Novolak resins have been commonly used in the art of photoresist

- manufacture as exemplified by "Chemistry and Application of Phenolic Resins”,

15 Knop A. And Scheib, W.; Springer Verlag, New York, 1979 in Chapter 4.
Similarly, o-quinone diazides are well known to the skilled artisan as demonstrated

by "I.xght Sensitive Systems", Kosar, J.; John Wiley & Sons, New York, 1965
Chapter 74. Generally, novolak resins are isolated by initial atmospheric
distillation followed by vacuum distillation at high temperature, such as 220-230°C

20  at 20-30mm pressure. _ '

| During this distillation, the structure of novolak resin changes and so does

it's performance. However, according to the present invention, the use of film
forming novolak resins obtained by low temperature, subsurface, forced steam
distillation, as opposed to those taught in the prior art, produces a photoresist

25  having higher chemical stability, substantially consistent molecular weight and
good performance. At a temperature above 160°C, such novolak resins undergd

- chemical change and may start to substantially decompose. At a temperature of
140°C or less such chemical is virtually nonexistent. Without the use of such
subsurface, forced steam distillation, such stable novolak resins cannot be isolated |



presence of an acid catalyst in a suitable organic solvent, or in a

m xture of organic solvents, and thereby producing a water

i nsol ubmwo 9eamerous al kali soluble, filmform ng novol ak rEcIs9saeT86

I solating the novolak resin utilizing | ow tenperature, sub surface, 10
forced st eam —at a tenperatur% of from 100C to 160[err]C

b) pIOY, e of: 1) a photosensitive component, in an
anount $u % my photosensitize the photoresist

resin, such novol ak resin being present

| )G AT ABIBERN
"ckeptateouni f

conposi i
in the photoresist conposition in an amount sufficient to forma 15
substanti al | y #rtempenatusesasolowsassi602Cmsdesst | Such contantidants asuinredcted methyl

phot or esi st solyven he |nvent|on further provides a

process for prmé s, cgnnet be effectivaly Tem devi ce by producing a

phot oresi st i mage Ofhe piMi chﬁp'ﬂnsfdhﬁi}lg Gvolak -Fe3iils' STthg Li‘ﬁ invention_are
oresi st conposition

substrate with a positive working pho process
20  conpr i seswater insoluble, aqueous aikali solnbiadabgmnabbpcondumgmtdndmmenol s

and formal gehyde | he presence of .an acid,c

to produce%a f’@’&hjﬁ‘ﬂafb in presence of an aci Y“dl‘léaﬂ“‘g I ubI e
novol ak, film mikfiré e

solvent or m x%%re (r)?‘;segf\?gnts r?gl*s atﬁlﬁﬁ'ﬁ?&iﬂaovol e l?kesrlesrlln byz%'b
utilizing | ow anﬁperfatoedesteaubdlsﬁlhﬁmat & Otenpdratiireciowir Sthar |abbut011662C,a
tenperature of fromlOO[err]Cto about 160[err]C é

provi di ng an apreferably &rom -abagt 95%hse JSOREi most: prefeysblycfiom about,100°

anount suffici Jq, to uniformy photosensitive the photoresist
corrp05|t|on f ﬁe filmform ng novol ak resin, such novolak resin . ‘

The resulting stable water insoluble, aqueous alkali soluble, film forming
novolak resin has a substantially consistent molecular weight, preferably in the
range of from about 3000 to about 8000 and most prei'erably from about 4000 to
about 5000. o

- The sensitizer which comprises the photosensitive eo'mponent of the
15  photoresist composition of the present invention may be an ester of a multihydroxy
phenolic or alcoholic compound, preferably a  trihydroxyphenylethane or
hydroxybenzophenone, and a sulfonic acid or sulfonic acid derivative, such as a
- 2,1,4- or 2,1,5- sulfonyl chloride, as described in U.S. Patents 3,106,465 and
4,719,167, which are incorporated herein by reference.
20 ~ The photoresist composition is formed by blending the mgred:ents ina
suitable solvent. In a preferred embodiment, the amount of novolak resin in the
" photoresist composition preferably ranges from about 60% to about 90% and more
preferably from about 75% to about 85%, based on the weight of the solid; i.c.,
non-solvent photoresist components. In a preferred embodiment, the
25  photosensitizer is present in the photoresist composition in an amount of from
~ about 10% to about 30%, preferably from about 15% to about 25%, based on the
weight of the solid photoresist components.
| In producing the photoresist composition, the novolak resin and

photosensitizer are mixed with a suitable solvent, such as propylene glycol mono-
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bei ng preWA6RI21L he phot oresi st conposition in an amount sBCEUSPHIETS6

to forma substantially uniform photoresist film:and 3) a suitable

sol vent; and c) coati ng-7he photoresist conposition on
a suitable substrate; heat 5 treating the coated
substrate until substantially all of the solvent is

renoved; image-w se exposing the photoreS| st corrp05|t|on and

e 19 L0 st ARG Bt BE R 3@5# %’L’Bﬂm fftylene

baking of the sulgficbPinonBbhpPiethefBitiatt, pro [Qﬁ&. gr 1 - efHef "acklife,
renovi ng step. DETAI LE SCRI IO\I O: THE PREFERRED

ENMBODI MENT (‘PGMEA ), 2-heptanioné, ethyl dactite,v ethyle3>ethoxypropibpate,s otl mixturése
art of photoresi rranuf acture as exenplified by "Chem stry and
Application of P ic Resins” Knop A And Schei b, W; Springer

drazi des are del &%m ¢ RS s 0 Rt B g
leveling agents, plasticizers, adhesion promoters, speed enhancers, solvents and
such surfactants as non-ionic surfactants may be added to the solution of novolak
resin, sensitizer and solvent before the solution is coated onto a substrate.
Examples of dye additives that may be used together. with the photoresist

10  compositions of the present invention include Methyl Violet 2B (C.I No. 42535),
‘Crystal Violet (C.I. 42555). Malachite Green (C.I. No. 42000), Victoria Blue B
(C.L No. 44045) and Neutral Red (C.I. No. 50040) at one to ten percent weight
levels, based on the combined weight of novolak and sensitizer. The dye additives
help provide increased resolution by inhibiting back scattering of light off the
15  substrate. _

Anti-striation agents may be used at up to about a five percent weight level,
based on the combined weight of resin and sensitizer. Plasticizers which may be
used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester; stearic acid;

. dicamphor; poly-propylene; acetal resins; phenoxy resins; and alkyl resins, at about

20 one to ten percent weight levels, based on the combined weight of novolak and

sensitizer. The plasticizer additives improve the coating properties of the material

and enable the application of a film that is smooth and of uniform thickness to the
substrate.

Adhesion promoters which may be used include, for example,beta-(3,4-

25  epoxy-cyclohexyl)-ethyltrimethoxysilane;p-methyl-disilane-methyl  methacrylate;
vinyltrichlorosilane; and gamma-amino-propyl triethoxysilane up to about a 4
percent weight level, based on the combined weight of resin and sensitizer.
Development speed enhancers that may be used include, for example, picric acid,
nicotinic acid or nitrocinnamic acid up to about a 20 percent weight level, based on



by "Light Sensitive Systens", Kosar, J.; John WIley & Sons, New York, 1965
Chapter 7.4. Cenerally, novolak resins are isolated by initial atnobspheric

distil| awooszi2ai | owed by vacuumdistillation at high tenppepigdssiersg/ch as
20 at 20-30nmm pressure. During this

220-230[err] C
distillation,

it's perfornance ‘However, according to the present invention, the use of

film

subsurface, forced steam distillation, as opposed to those taught
in the prior art, produces_a photoresist 25 havi ng hi gher chem cal
stability, subslha isombined weight jof novolainand: sensitizer,cThese eahancers tend to incregseod

per f or mance.
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developer, the speed enhances will also cause a larger loss of photores:st coating
from the unexposed areas.

The coating solvents may be present in the overall composition in an
amouht of up to 95% by v-zight of :thé solids in the composition. Solvents, of
course are substantially removed after coating of the photoresist solution on a
substrate and drying. Non-ionic surfactants that may be used include, for example,
nonylphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 10%
weight levels, based on the combined weight of resin and sensitizer.

“The prepared photoresist solution, can be applied to a substrate by any

conventional method used in the photoresist art, including dipping, spraying,

' whirling and spin coating. When spin coating, for example, the resist solution can
- be adjusted with respect to the percentage of solids content, in order to provide

coating of the desired thickness, given the type of spinning equipment utilized and

~ the amount of time allowed for the spinning process. Suitable substrates include

silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group III/V compounds.

The photoresist coatings produced by the described procedure are
particularly suitable for application ‘to thermally grown silicon/silicon dioxide-
coated wafers, such as are utilized in the production of microprocessors and other
miniaturized integrated circuit components. An aluminum/aluminum oxide wafer
can also be used. The substrate may also comprise various polymeric resins,
especially transparent polymers such as polyesters. The substrate may have an

1



The particular filmform ng novol ak resins of the present invention are

wat er insol ubl e, aqueous al kali sol uble resins obtained by condensi ng one .
or nore 5 WO96212Hiet hyl phenol s and formal dehyde in the presPOTES¥16Z86 aci d
catalyst in a suitable R organi ¢ sol vent or ‘m xture of solvents and
i sol ating the novol ak resin by sub -gsurface forced steam
distillation at a tenperature |ower than about 160[err]C,

preferably from about 100[err]C to 150[err]C, nost preferably from about

100[err]Cto 140C. 10 The resulting stable water

I nsol ubl e, aqueous al.kali so I m novol ak, fesi n has
" a substantially ¢ ¥fhesion pr ﬂHgﬂﬂ'zﬂf Qﬁf B’%@F@?‘&tﬂ“ﬁhﬁ"f‘ﬁé’omms hexa-

range of from abom% Hildzdne, 2bout 8000 and nost preferably from about 4000

to "~ abou 000. The sensitizer which conprises

t he phot osensiti ve con‘il)'belplmotélst temgpdsition solutionlivthen eoited onwthe subistrate, aid

the present inven ma be an ester of a multihydr % oCohenol I C

or al coholic conp I dreated at 3 tempargiure siomabayy 70 Katecabent 110°C for from

QZdQOXybe”“p"e”(’i&X‘ %“%@*5'5%% 380 fedlingh S B0l &t AF o shofy 11"

Patents 3, 106, 465atut 90 mmtamaéomwavmmmhtﬁmmm&mmaﬁﬁdsamm by
ref erence. 20 The photoresi st conposition is forned

bl endi ng the i ngr@tdeetn eedpee the concentration of residuall solventsiin the phmorasxp;umgen@d

enbodi ment, the a I th hotpor esi s
conposi t1on pref oPbire ShnAel Peplal Bxfabiliy 5t the photossayidit et one
pr eferably from ajeites 45 %mirimizeOthe S&E&mﬁtﬁﬂdoﬂ%ﬁv@ﬁtsmﬁwmsoﬁn{ hénperatiafe
. €. non-sol vent photoresj st conponents. preferred
enbodl ment, tkfe 2Weatment is cpmnmsbmﬂtsu!zsmmwweémmolvm h&vqaamomslmﬂ a

corrp05|t|on I n-ang,amunt of. fir

t 1Q% t bout 30%
preferably from ottt foating, of pho %ﬁ“f@%p°5‘§gﬁ'd°‘bﬂ’°t?@“° one micron Weﬁ‘!fm“&f
the solid phot or egehfainsGHtRe Sibdtrate. Ina. edembodunent'tﬂeWQsﬁ'Bﬁabout

phot or esi st conp05|t|on t he novolak esin and
85°C to about 95°C. The treatment is conducted until the rate of change of
. solvent removal becomes relatively insignificant. The temperature and time
15  selection depends on the photoresist properties desired by the user, as well as the
equipment used and commercially desired coating times. The coating substrate can
then be exposed to actinic radiation, e.g., ultraviolet radiation, at a wavelength of
from about 300 nm to about 450 nm, x-ray, electron beam, ion beam or laser
radiation, in any desired pattern, produced by use of suitable masks, negatives,
.20 stencils, templates, etc..

The photoresist is then opuonally subjected to a post exposure second
baking or heat treatment either before or after development. The heating
temperatures may range from about 90°C to about 120°C, more preferably from
about 100°C to about 110°C. The heating may be conducted for from about 30

25  seconds to about 2 minutes, more preferably from about 60 seconds to about 90
seconds on a hot plate or about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the
image-wise exposed areas by immersion in an alkaline developing solution or
developed by spray development process. The solution is preferably agitated, for



phot osensitizer are mixed with a suitable solvent, such as propyl ene glycol”
nono- WO 96/ 21211

PCT/ USO%{é 6g/8@11 ' PCT/US95/16786 _
al kyl ether, propylene glycol alkyl ether acetate, butyl acetate, xylene,
et hyl ene gl ycol nonoet hyl et her i&et ate, propyl ene glycol

nononet hyl et her acet ate, _ 2- hept anone, ethyl | actate,
et hyl - 3- et hoxypr opi onate, or m xtur es t her eof . 5

O her optional ingredients such as colorants, dyes, anti-striation agents,
| evel i ng agents, plasticizers, adhesion pronoters, speed enhancers,

sol vents and- example, bymirbgeniburstagitation. aThe substrates Qresalldedttomﬁutﬂw

added to the sqlu n of, voI ak re sengi ti zer and sol vent
before the sol Bﬂl’ &f%@@uﬂ%t?fa‘ie photoresist coating, bas dissolvedy e

Composi 11 ons. oPORIEe S’ﬁ%@% 0D iondt by [R.dh S0 ychions of dtporium

42535), or- alkali vhethl hydodxides( COne preferred -hylifoxideist tetradehyl drfimbniufio-
42000), Victorja Blue B C.L No. 44045) and Neutral Red (C.l. No.
50040) at one hydrexide. Afteeramayal ghthe coated waferpé%m rsolutioncenebi ned

nereased PSZS@W@%@@M@%@&&W#ﬁﬁﬁw o ke to g iR °°
: - coating's - adhesion and chemical resistance to etching solutions and other
substances. The post-development heat treatment can comprise the oven baking of
the coating and substrate below the coating's softening point. In industrial ‘
10  applications, particularly in the manufacture of microcircuitry units on
silicon/silicon dioxide-type substrates, the developed substrates may be treated
~ with a- buffered, hydrofiuoric acid base etching solution. The photoresist
- compositions of the present invention are resistant to acid-base etching solutions
and provide effective protection for the unexposed phdtorsist-coating areas of the
15  substrate, | |
The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict the scope of the invention
in any way and should not be construed as providing conditions, parameters or
20  values which must be utilized exclusively in order to practice the present invention,

- 264.80 grams of a cresols mixture (m-cresol/3,5 xylenol; 6.3/3.0) was placed ina
25  four necked flask equipped with a condenser, a thermometer, and a dropping
funnel. 34.80 grams of additional m-cresol was added. 2.25 grams of maleic
anhydride and 200 grams of PGMEA were added and the flask was heated to
95°C. 157.64 g of formaldehyde (molar ratio of cresols/formaldehyde 1.0/0.73)
was added dropwise over a period of 90 minutes. The reaction was allowed to

Ly



I5 substrate. Anti-striation agents may be used at up to
about a five percent weight |evel, based on the conbi ned wei ght
of resin aNDRIIk | zer. Plasticizers which may be PGHESPS/1GH6 de,
for exanpl e, phosphoric acid:.tri- (beta-chl oroethyl)-ester, stearic acid;

di canphor, poly-propyl ene; acetal resins; phqRexy resins; and al kyl resins,
at about 20 one to ten percent meight | evel s, based on the conbi ned
wei ght of novol ak and sensitizer. The plasticizer additives

i nprove the coating properties of the material ~ and enable the

application of a filmthat is snmooth and of unifQrmthickness tq the
substrat e continue for 6/ homes a5 o kbe @ﬂ@amgdnwm MSMW

f | ebet ’
pO;rete)rislnpdle;l gng%tw fg?ce?hacr ypﬁ%{ﬂtﬁﬁeﬁiﬂ 2e'‘ﬁ"'tei:g\/Hl‘“lr?y‘%t r W)r osi ar?%me

and ganma- am no- prmﬂwhs"gaiehmmldapﬁawﬂisnmwanowedtopasstothepdﬁmﬁce
wei ght | evel, based on the conbi ned melght of resin and sensitizer.

Devel opment speed ofrthe feastion imixtureand the distillate was collected: inca flegk.c The steam
gglr gent wei ght I e\fﬁﬁﬁhﬁ@gﬁﬁt&hﬁ Ifw‘gm 1&40?8 I%MEA @Setéﬁﬂtwﬁ %ﬂ!ed to
PCT/ US95/ 16786 keep the stirrer going. The resin was isolated in PGMEA by addingelectronic
grade PGMEA and was then distilled under vacuum at a temperature of 150°C and
50 mm pressure to remove trace amounts of water. The relative molecular weight
(RMW), GPC molecular weight (MW), and the residual cresol content were
10 determined and the results are shown in Table 1 below.

Example 1 was repeated using ethyl lactate as the solvent. The results are shown
in Table 1 below.

15
Example 2 was repeated, except that the molar ratio of cresols/formaldehyde was
1.0/0.74 and the results are shown in Table 1 below.

20 o Example 4 .
Example 1 was repeated in the solvent 3-methoxy-3-methyl butanol (MMB) with a
molar ratio of cresols/formaldehyde of 1.0/0.735) and the results are shown in
Table 1 below.

25 | . Example$
Example 4 was repeated using isopropyl acetate as the solvent. The results are
shown in Table 1 below.



t he conbi ned wei ght of novol ak and sensitizer.

I ncr ease

exposedwekiaipaxposed areas,

These enhancers tend to

the solubility of the photoresist coating in both the

and t hus they are peI0595/16786

appl i cati ons when speed of devel opnent is the overriding

consi deration even though sone degree of gontrast may be sacrificed; i.e.,
~whil e 5 t he exposed areas of the “ptfotoresi st coating will be

di ssol ved nore quickly by the devel oper, the speed enhances wl |l
al so cause a larger |oss of photoresist coating fromthe
unexposed areas. The coating solvents may be present in

t he overal |

exanpl e,

conp03|t|on in an
the solids in
substantially
substrate and (dryi ng Nojip.8ONi G4 rfactqf:ff t hat may

hyl eneoxy) etﬂano oct yl phenoxy

_mm of up to 95% by wei ght of

orrpo , course a
MCOM tzﬁ-é&ﬁmlore&{tl-é&fﬂﬂbn onl&CE)

used i ncl ud
nonyl p enoxy poly(et

for

“et hanol at up2to about 1N% 2444 V\mght | evel s, otlased on t he conbi ned
resi n and senzéy zer. The %repared phot or esi st

wei ght of
sol uti on,

can e applie

o a &Metrate Bl any

used |nthe phot or esi st t, | di ng pi ng, spra'ng _
whirling and ?BI n coati n’Sg V%errllﬁsgl n co?tfng, for ex l e, the resist

solution can §

content,

in order to provi de
given the type of spinning equipnent utilized and

time allowed for the spinning -prmess.ﬁﬁﬂ&gl e substrates include

convent i onal®ret hod

®:Sad] uSIOGd wi thg3spect to t@pg3percentage of. soli ds
coating of the desired thickness,
t he anount of

i oxi de, doped S|I|con dIOXId‘

silicon, alumnum polymeric resins, si

silicon A 50 Biaini ipHotorésish ! testUSRmple R preBﬁ*eﬂSidcbﬁﬁ? 16 hé'Td

al um nunf copper m xtures; gallium - arseni de and ot her such oup
111/V conpbun ion: The photoresist coati ngs produced by the

described pro
thermally gro

mniaturized integrated circuit conponent s. An al Gm nunt al um num oXi de

waf er

10

15

20

548 @A v o B WG bbbl 217 53,00, 2,

utilized in tldgazb mwmwrmmmapzm%yﬂa&mcammm

2) 11.48 gm of the resin of Example 1.
3) 36.0 gm PGMEA solvent
4) 0.13 gm of a 10% FC-430 (a fluoroaliphatic polymeric ester available from the
3M Co.) PGMEA soluuon.
A 50 gm reference photoresist sample was prepared accordmg to a substantially
identical procedure with standard water insoluble, aqueous alkali soluble, film
forming p-cresol/formaldehyde novolak resin available from Hoechst Celanese
The photoresist test sample was coated onto an Hexamethyldisiloxane (HMDS)
primed silicon wafer to a 1.29 micrometer (um) thickness. The wafer was soft
baked at 110°C for 60 seconds on an SVG-8100 I-line hot plate. The reference
photoresist sample was also coated on an HMDS primed silicon wafer to 1.29 mm
thickness, using the same procedure.

The exposure matrix was printed on the coated wafers using a 0.54NA
NIKON?® i-line stepper and a NIKON® resolution reticle. The exposed wafers
were post exposure baked (PEB) at 110°C for 60 seconds on the i-line hot plate.



can al so be used. The substrate may al so conprise various polymeric resins,
especially transparent polyners such as pol yesters. The substrate may have

an WOVO&6/21211 1 PCT/US95/16786
PCT/ US95/ 16786 - 9-

adhesi on pronoted | ayer of a suitable conpqQgstion, such as one containing
hexa- al kyl disilazane. The phot or esi st
corrp05|t|on solution is then coated onto the substrate, and t he
.substrate is treated at a t enper at ure from about 70[err]C t o about
110[err]C for frgom about 30 seconds to about 180 seconds on a hot

plate or for from‘&bMﬂ!S‘"w then developpd using) AZQJt‘-’@Q‘Wa(WVM|M)

?xi”colﬂ'eﬁt?2@3%%@%%#@@@*%%%% Rifped it v
causi ng subst ant iegdmihE¢ sl & THTACHI® _@b SW ag ne al ,

one desires to mnimze the concentratlon (0]

first tenperatur eonnnaldosetmn;erternnm,st & DER)cwascmeasurdd atithe bestifoals] yheeddseof
‘the solvents pave evapora thin ti of or esi, st
conposi ti on; g t'ﬂ'“ﬁag% 'ﬂ’e@ ﬁ‘?‘é? 8 8iven featyrey .gg reso(‘iunonm ghslatitude
the substrate. | Ryefe 8 SR BT erature is from about
85[err]C to about 95| erriCﬁ{'lahﬁ treat nenatb‘{%b%%ucted until the rate of.
change of _ .
Example 7
Example 6 was repeated with he resin from example 3, according to the procedure
10  of example 6 and the results are shown in Table 2 below.

Example 8
Example 6 was repeated with the resin from example 4, according to the procedure

of example 6 and the results are shown in Table 2 below.

15
Example9
Example 6 was repeated with the resin from example S, according to the procedure
of example 6 and the resuits are shown in Table 2 below.
20 ' Table 2 .
Example RMW DIC  DIP Resolution DOF
- - (mVem? (mlem® (um) (.4um 1s)
6 10.8 126 225 0.35 -0.2/0.4
7 95 220 370 035 0/0.6
8 88 - 8 - 145 - 040 -0.4/0.2
9 85 - 70 130 035 -0.6/0.4



sol vent renov

15 sel ection depends on the photoresist properties desired by the user,
equi pnrent used and conmerci al |y desipeafysogsé786g ti nmes
ubstrate can t hen be exposed to actinic radiation,

wel | aswbl¥ri2in

The coating s
e.g., ultravi
to about 450
radiation, in
negatives,
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baki ng or
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preferably fr
may be conduc
preferably fr
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The exposed p
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devel oped by
agitated, for
PCT/ US95/ 1678

10

15

20

al becones relatively insignificant The tenperature and tine

as

olet radiation, at a maveleggth of from about 300 nm

nm x-ray, electron beam “beam or | aser
any desired pattern, produced by use of suitable nasks,
20 stencils, tenplates, etc. The
S then optlonally subj ected to. a post. exposure second
, hes ~ a . : w 6 A

dRMW) Provedgret .- The heating

nay t e‘frontkrout796 eft] T bou t 1 O[err]C nor e
o ot

filtafed! wsirngh St miéfometer(nticron) peessute filke2n-The viscosity was
hot or esi st - coat ed substrates are devel op ed&t)rennve t he
m@rm 1, Gannen-Eenske | #2090, visrameter at 125/

o161 FYRREBY) B G6i8ined Geirif il S eaBbE” 201 ¥

6 -10-
o | 2
RMW = leg 'T1‘me of Flow for Resm Solunbg/-
Time of Flow for Solvent / 0.07
Molecular Weight (Mw and Mn)  Procedure:

The molecular weight of the polymers, whether weight average molecular
weight Mw, or number average molecular weight Mn, were measured by gel
permeation chromatography (GPC) performed on dilute solutions of the polymer in
tetrahydrofuran (THF). The actual apparatus employed consisted of a Waters®
(Millipore Corp) programmable automatic ~sampler, vacuum pump,
chromatography columns with heater, and a differential refractometer connected to
a Shimadzu® CR 30A data reduction system with accompanying software (version
1.1, Shimadzu part No. T/N 22301309-91). The refractometer used was a Waters
model 410 and four chromatography columns, 500 Angstrom, 1000 Angstrom,
10,000 Angstrom and 100,000 Angstrom (available from Waters Corp.) were
connected in series. The system was calibrated using multiple available polystyrene
standards ranging in molecular weight as follows:

viscosity, PF?@‘#@W h?HE”ﬂhﬁtlng

tggn@zligpiut G@nseggllrlt%rsl Mgﬁ@ﬁc@ﬂﬁgﬂﬁe seconé‘s’ on gﬁiot ore

&.opThe relative i on or

!



exanpl e, by nitrogen burst agitation. The substrates are allowed to remai n
in the devel oper until all, or substantially all, of th

phot or esi sSWa212Hg has di ssol ved from the exposed m%’s’w’“
Devel opers may i-nclude aqueous sol utions of amoni um or al kal i
metal hydroxi des. One preferred hydroxide islfetranmethyl anmmoni um 5
hydr oxi de. After renoval of the coated wafers fromthe devel opi ng sol ution,
one may -conduct an opti onal post devel opnent heat treatnent or
bake to increase the - coating' s adhesion and chenical resistance to

etching sol utions W substances. The post-devel opnent heat
treatnent can co I's e o'\% bakl ng of the coating and
substrat e bel ow t alikratén S@ndaré [ Wtn i ndustri al 10

applications, particular y| n the rranuacture' Oof microcircuity units on
silicon/silicon dioxide-type lsubstrates, the devel oped sudg0;,080es nmay be

treated with a buffegred, hydrofl uoric acid base %@ang sol ution.
The phot or esi st cong)si tions of the present i nverk are
resistant to agid-base etching solutions and pro Gﬂ@o@ffectl ve
protection for the unexposed phot oresi st-coating areas of t

substrate. THe foll ow ng specific exanpl es34500 provi de
detailed illustrations of th nmet hods of produci ngﬂd utilizing
conpositions of the present i*nvention. Thes exanpl are not

i ntended, however, to limt ¢ restrict the scope of the i tion

in any way and should not be construed as providing conditibns, paraneters
or 20 val ues whi ch nust 7oe utilized exclusively in ordﬂSOto practi ce

t he present |Pvent|on

The standards are essentially monodisperse, consisting substantially of a
single molecular weight. With the system thus calibrated, the weight average
molecular weight Mw, the number average molecular weight Mn, and
polydispersity. Mw/Mn, were obtained for polymers produced in accordanee with

15  the Examples.

Glass transition temperatures (Tg) were determined by differential scanning

calorimetry using a Perkin first inflection of the heating curve of the

20 polymerElmer® DSC-4 calorimeter operating at 20°C/minute, nitrogen

 atmosphere at 60cc/minute. Glass transition temperature by this method is

generally defined as the point of intersection of tangent lines about the point of first
inflection of the heating curve of the polymer.



Exanmple 1 . 264.80 grans of a cresols mxture (mcresol/3,5 xylenol;
6.3/3.0) was placed in a 25 four necked flask equi pped with a ' _
condenswo,96212ther nonet er, and a droppi ng f unnel pc3AIS8Y16YI8&GNT Of {
addi ti opal._m cresol was added. 2.25 grans of maleic : ~anhydri de and
200 gra .M“‘ﬁ-~-—:~=-7 and the fl ask was heatetto
¥ QA&‘BEEM

ERas ad

I al dehyde (molat ratio of [ formal dehyde
ged dropw se over a periioqj,ihmﬁmrmniuﬂﬁﬂnrhe
reaction was al | owed W 96/ 21211 P e L e g

PCT/ US95/ 16786 ' ? .- 11 -
continue for CLAOMSS at 95[err]C. The unreacted raw naterials were
distilled off by ' sub surface forced steamdistillation at a

t enperature of 100-140[err]C.  High force steam was generated in a

separate flask andg c&kl@m@@ &n . fﬁﬁ f the

reaction m xture an\cllﬁtshe di s iﬁ'atée)ivigas co eé?’e ulélr)]ﬁsa ass?&“hﬁlgovs%l%&;m

5 distill atfesin comprisingtdondensingconelor'mose.methyl\henols Gl Aan (aldehyds))in tes added

‘to keep the stiryrer going. The resin was jsol ated jn PGVEA by
addi ng el ect rB"ﬁ?@‘“ of an wdr“gﬂgﬂe"!wn%knms resrtion solyent, (distilling said v acuum

at a tenperat -m{ﬁéﬁo d ‘g o t ve trace
anount s of vva@ er. e r{é%g&gn% gtea a‘r’_"%"é@t 8"a empétibire of 100°C"t0
160°C and thereby isolating said novolak resin.

2 The process of claim 1 wherein the forced steam distillation is carried out at ‘ ,
a temperature of from 100°C to 150°C.

3. The process of claim 1 wherein the forced steam distillation is carried out at
a temperature of from 110°C to 140°C. o

4 The process of claim 1 wherein the methyl phenols comprise one or more
of paracresol, meta-cresol, phenol, 3,5;xylenol, 2,5-xylenol, 2,3,5-xylenol, 2,3,4-
xylenol, 2,4,6-xylenol and 3,4,5-xylenol. .

5.  The process of claim 1 wherein the aldehyde comprises a 20 to 50 weight
percent aquous solution. | o B

6.  The process of claim 1 wherein the aldehyde comprises & 25 to 45 weight
percent aqueous solution. - | |

7. The process of claim 1 wherein the aldehyde is formaldehyde, trioxane,
benzaldehyde or hydroxybenzaldehyde.

8. The process of claim 1 wherein the acid catalyst comprises one or more of
oxalic acid, maleic anhydride, maleic acid, fumeric acid, or acetic acid.
\
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(RMN, GPC nol ecul ar wei ght (MY, and the residual cresol content were
10 deterpgined and the results are shown in Table 1 bel ow
Exarrpl el \%?;”’%BQM ed using ethyl lactate as the solvent. TRETUSLYIGRS 5 ¢

shown , in Table 1 bel ow. 15 .
Exanpl e. 3. Exanpl e 2 was _repeaje pt that m
cresol s/formal dehyde was ERN the resul
Tabl e 1 bel ow 20 || THIS %‘E%qups Bé i m‘m ‘t’mmlm“\
Exanple 1 was repeated in t - 3- rrethyl MVB)S Wit h
a nol ar ratio of cresols/fornal dehyde of 1.0/0.735) and the
results are shown in Tabl e -1 bel ow. 25
Exanpl e 5 9. BEXheiprocess oficlaine ) owhereinubié organic splvent\conprisésérne cramdree
solvent. The results are shown in Table 1 bel ow.

of propylene glycol methyl ether acetate, methoxymethylbutanol, or n-butyl

acetate.

10.  The process of claim 1 wherein the steam is produced from deionized
water.

11. A positive photoresist composition comprising an admixture of:
a) a photosensitive component in an amount sufficient to uniformly
~ photosensitize the photoresist composition; and

b) a water insoluble, aqueous alkah soluble novolak resin obtained by
condensing one or more methyl phenols and formaldehyde in |
presence of an acid catalyst in a suitable organic solvent and
isolating the novolak resin by sub surface forced steam distillation,
said novolak resin being present in the photoresist composition in
an amount sufficient to form a substantially uniform photoresist
comﬁosition; and =

c)  asuitable solvent.

12. The photoresist composition of claim 11 wherein said photosensitive
component is an ester of an alcoholic or phenolic residue and a sulfonic acid or
sulfonic acid derivative. '

13. The photoresist composition of claim 11 wherein said solvent is selected

from the group consisting of propylene glycol mono-alkyl ether, propylene glycol

- alkyl ether acetate, butyl acetate, xylene, ethylene glycol monoethyl ether acetate,

 ethyl lactate, ethyl-3-ethoxypropionate, and mixtures of ethyl lactate and ethyl-3-
ethoxypropionate.
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Tabl e Iwo 9621211 GPC MWV %m PCTAIN9S/16786

%3. 5- Xyl enol : ' Tg([err]F) 1 10. 8
4230 0.32 | 0.24 -18- 100r r‘*‘*‘%%-——~———____~

GueEEe] T L

U. O
4170 THIS SHEFT HAS BEEN
5 0. 33 R Exarrpl e 6

305 RERLACED
0 gram phot oresi st test sanple was prepared accordl ng to the foll ow ng

5 fornul ati on: .52 . ' cer . of . .

tri ﬁ)r/glrjoiylpﬁgn% et tﬂ‘ﬁepl%?'ﬁmé %%Igﬁcf{?f&iﬂ;%&hw said scﬂvzf%ﬁmsﬂ%ﬁuihone
sul fonyl chl orglﬁglﬁahoﬁgﬁymh&,bu@echst Cel anese -Corp.) 2) 11.48
gmof the resin of Exanple 1. 3) 36.0 gm PGQVEA sol vent 10 4)

0.13 gm of a 10% FC-430 (a quoroallphatlc pol ymeric ester avallable from
ol utj an mrefe

h hot
tsarerpl e was pre ed‘ﬁ'&@fﬁﬂﬁ“&g§mamq‘mrl dicing a pho Roreuist” '

image on a suitable substrate by coating such a substrate w:th a positive working
photoresist composition, which composition compnse; an admixture of:

——

5
8
3
5

>O X0

a) a photosensitive component in an amount sufficient to uniformly
photosensitize the photoresist compositéion; and | {
b) a water insoluble, aqueous alkali soluble novolak resin obtained by

" condensing one or more methyl phenols and formaldehyde in
presence of an acid catalyst in a suitable organic solvent and
isolating the novolak resin by sub surface forced steam distillation,
said novolak resin being present in the photoresist composition in
an amount sufficient to form a substantially uniform photoresist
composition; and '

¢) - asuitable solvent.

" beat treating the coated substrate until substantislly all of the
solvent is removed; image-wise exposmg the photosensitive
composition; and removing the image-wise exposed areas of such
composition with an aqueous alkaline developer. |

| ‘16 Themethod of claim 6 wherein sud photosensmve componcnt is an ester
of an alcoholic or phenolic residue and a sulfonic acid or sulfomc acid derivative.

17.  The method of claim 6 wherein said solvent is selected from the group
consisting of propylene glycol mono-alkyl ether, propylene glycol alkyl ether
acetate, butyl acetate, xylene, ethylene glycol monoethyl ether acetate, ethyl
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i“dentical procedure with standard water insol ubl e, leoys al kali sol ubl e,
film form ng p-cresol/fornmal de = - R hv Q] m
Hoechst cHeAeB1l 15  Corp. P | gﬁ@%ﬁfg@o
coated onto an Hexaret hyl di si | oxane (HM ripedisilicon wafer to
baked at

a 1.29 mcy "'hi ckness. THE=HIEET Was -
110[err]C ﬂmﬂaﬂ l| l an SVG-8 100 I-line hot plate. The reference

phot or esi ; st sangpl & was @l so coated on an HVDS prinmed silicon wafer to 1.29

mm 20  thickness, using the sanme procedure. The exposure
matri x was pri ntl?ega CERS: 1]
i-line stepper lﬁpﬁ'&l[err)?g dgﬁ;@fj% on ri et ﬁg éﬂ?ﬁg exposeam\/val%aﬁlesr
wer e post exposletiso naté-B) at 110[err]C for 60 seconds on the i-line
hot pl ate. WO 96/ 21211

PCT/ US95/ 16786 -13-

;rgt?r\gan;%fll \gemr'rgn .@% @W(W% w%gﬁ%lgpg%%erWre

exam ned using Qndjiio 1 leelef heetaté 00 scanning el ectron microscope (SEM. A
nom nal dose (Dose to Print, i.e. DIP) was neasured at the best focus, the

dose
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5 i ‘requited to precisel y repl [ cate a gi ven feature. DTP, resolution and L)(

f | atitud | ow.
Egglrjns)l eat7| tu. © - Exanpl e g was repea f’g:ﬁ&?%é% mg@m ?x?%};}v
according to tke procedure 10 of Pme 6 and rhe—resul s 3

in Table 2 bel ow. Wiro Exarrplﬁg
Exanpl e 6 was repeated with the resin fromexanple 4—~aescerding to t ®

pr ocedure of ARTERAAFIGNAL PRELIPOALS EXARINIHON sierlibl e 2 DeT o

15 anple 6
was repeated with the resin from exanpdrmﬁc;esamcamdmng to the procedure

of exarrple 6 and the results are shown in Table 2 beI oW. 20 .
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‘Solution Viscosity - Relative Ml ecular Wight (RWV Procktir.epplication No.

The tod | i 7 k
o rOPRERUA O o HERU P Bl O SORE v anone ol Sen e

sol utTom was T tered usTmg—&a 5 M Crometer (M cron) pressure
SYI i ROQaskd 4¢l 186 repddBe Vi sCOSity was 5 neasured using a Cannon- Fenske
#200 visconmeter at 25[err]C. The relative - nol ecul ar wei ght (RMW
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2 1. This report has been drawn up on ftiRrbadis of (Replacement sheets which have been furnished to the receiving

office in response to an invitation under Article 14 are referred to in this report as "originally filed" and are
not annexed to the report since they do not contain amendments.):

[ ] the international application as originally filed.

[x] the description, pages 1,2,4,5,7-15 _, 3 originally filed,
pages : , filed with the demand,
pages 3,6 ' , filed with the letter of 18.11.96,
pages : , filed with the letter of .
[x]. the claims, Nos. , as originally filed,
Nos. , as amended under Article 19,
Nos. , filed with the demand,
Nos. 1-17___ : _, filed with the letter of 18.11.96,
Nos. ___ : , filed vith the letter of
[ ] the drawings, sheets/fig __, as originally filed,
sheets/fig : , filed with the demand,
sheets/fig : , filed with the letterof ____
sheets/fig , filed with the letter of

2. The amendments have resulted in the cancellation of:
[ ] the description, pages'

[ ] the claiss, . Mos. : .
[ ] the drawings,  sheets/fig .

3. [ ] This report has been established as if (some .of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

4. Additional observations, if necessary:
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2. CITATIONS AND EXPLANATIONS

Novelty of the process for preparing the novolak resin
claimed in claims 1-9:

Relevant document was the document (2): Database WPI Section
Cch, week 8326, Derwent Publications Ltd., AN 83-62381K. Ac-

~ cording to the claims received on 18.11.96 the temperature of
the sub surface forced steam distillation has been restricted
to 100-150°C. In contrast, the temperature range according to
(2) is 160-200°C. Novelty is therefore acknowledged (Art.
33(2) PCT).

Novelty of the photoresist composition claimed in claims
10-13 and the process for preparing the semiconductor device
claimed in claims 14-17: ' ‘

ReleVant document was the EP-A 0 529 969 (1) describing a
photoresist composition comprising a water insoluble aquéous
alkali soluble novolak resin (claims 14-18) and a method for
producing a semiconductor device using the above novolak
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heating cweliglitis tde 198 WB¥olak resin. Such impurities are avoided
when providing a novolak composition accbrding to the inven-
tion wherein the unreacted phenols have been removed by sub
surface forced steam distillation at considerably milder con-
ditions up to 150°C. Therefore, the novolak provided accord-
ing to the invention has a higher purity and a more consist-
ent molecular weight than the novolak provided in (1).
Novelty of the subject-matter claimed in claims 10-17 is
therefore acknowledged also.

Inventive step:

There is no hint in the prior art cited that a sub surface
forced steam distillation at mild temperatures of from
100-150°C should be applied when removing unreacted phenols
from the water insoluble, agueous alkali soluble novolak
resin in order to avoid depolymerisation products which could
cause problems (lower chemical stability or inconsistent mo-
lecular weight of the novolak) when using the novolak in a
positive photoresist composition. Inventive step of the
subject-matter claimed in claims 1-17 is therefore acknowl-
edged (Art. 33(3) PCT) '

- Industrial Applicability:

No objections.
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process for pr ter insol uble, aqueous alkali soI ak
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resin conprising condensing one or nore nmethyl phenols and an
the presence of an acid cataryst in a suitable organic reaction solvent

di stgl1ing said novolak resin utilizing sup surface forced steam
disttllation, at a t enper ature of 100[ err]J€to 150[err] C and t hereby
i sol ati g “Sai d novol ak resin. The process of claim1 wherein the

forced steamdist,illati,on scarrl t at ate ture pof froleerr]C
to 140[err]C togncrease ifg,adhssign 4Q %Pn gtgé“ﬁ ifsees H@Pﬁ?”

corrprl se one or Fi of para-cresol, neta- cresol, 3, 5-xylenol, 2,5-xyl enoI,
2, 3-xyl enol 52 Xyl'énol, 2,6- xyl enol and 3, 4-xyl enol .

Positive-working photoresist compositions are currently favored over
negative-working resists because the former generally have better resolution
5 capabilities and pattern transfer characteristics. Photoresist resolution is defined as
the smallest feature which the resist composition can transfer from the photomask
to the substrate with é, high degree of image edge acuity after exposure and
development. In many manufacturing applications today, resist resolution on the

order of one micron or less are necessary. In addition, it is almost always desirable -
10 that the developed photoresist wall profiles be near vertical relative to the
' substrate. Such demarcations between developed and undeveloped areas of the
resist coating translate into accurate pattern transfer of the mask image onto the

substrate.

15 SUMMARY OF THE INVENTION _

The present invention relates to a process for the isolation of a water
~ insoluble, aqueous alkali solublé, film forming novolak resin produced by phenol
formaldehyde condensation and isolated using a low temperature (100°C to 160°C,
preferably 100°C to 150°C, most preferably 100°C to 140°C), sub surface, forced
20 ~ steam distillation, to make such film forming novolak resins, and to a process for
| ~ their use in photoresist compositions. The invention further relates to a process for
producing positive-working photoresists containing these water insoluble, aqueous
alkali soluble, film forming novolak resins with a photosensitizer, and a process for

using such photoresists in producing semi-conductor devices.
25 The invention provides a process for producing a water insoluble, aqueous
alkali soluble, film forming novolak resin obtained by condensing one or more
methyl phenols and formaldéhyde in presence of an acid catalyst, in a suitable

organic reaction solvent or in a mixture of such organic solvents, and isolatiﬁg the
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4.’ The process of claim1l wherein the.al dehyde conprises a 20 to 50

wei ght per cent al ution. 5. i The process of clai “wherein the
al dehyde comri%é@ o0 45 wei ght percent aqueous sol-utioﬁ%" _qe:ntégtPage The
process of claim1 wherein the al dehyde is formnal dehyde, 'tri oxane,"

benzal dehyde or hydroxybenzal dehyde. 7. The process of claim1l wherein
the acid catal yst conprises one or nore of6exalic acid, maleic anhydride,
mal eic acid, furnmeric acid, or acetic acid. 8. The process of claiml

wherein the organic solvent conprises one or nore of propyl ene glycol

net hyl et her acdtemperairehasloveanidPCtemiess. Syeh gontaminantscas: unreacted methyl
phenols cannot be effectively removed.

The particular film forming novolak resins of the present invention are
water insoluble, aqueous alkali soluble resins obtained by condensing one or more
5 methyl phenols and formaldehyde in the presence of an acid catalyst in a suitable
organic solvent or mixture of solvents and isolating the novolak resin by sub
surface forced steam distillation at a temperature lower than about 160°C,
preferably from aboﬁt 100°C to 150°C, most preferably from about 100°C to
140°C. o
10 The resulting stable water insoluble, aqueous alkali soluble, film forming -
" novolak resin has a substantially consistent molecular weight, preferably in the
range of from about 3000 to about 8000 and most preferably from about 4000 to
about 5000, ‘ |
" The sensitizer which comprises the photosensitive component of the
15 photoresist composition of the present invention may be an ester of a multihydroxy
phenolic or alcoholic compound, preferably a . trihydroxyphenylethane or
hydroxybenzophenone, and a sulfonic acid or sulfonic acid derivative, such as a
2,1,4- or 2,1,5- sulfonyl chloride, as described in U~S. Patents 3,106,465 and
4,719,167, v_vhich are incorporated herein by reference.
| 20 The photoresist composition is formed by blending the ingredients in a
| suitable solvent. In a preferfed embodiment, the amount of novolak resin in the
photoresist composition preferably ranges from about 60% to about 90% and more
preferably from about 75% to about 85%, based on the weight of the solid, i.e.,
non-solvent photoresist ‘components. In a preferred embodiment, the
25 photosensitizer is present in the photoresist composition in an amount of from
about 10% to about 30%, preferably from about 15% to about 25%, based on the
weight of the solid photoresist componénts.
In producing the photoresist composition, the novolak resin and

photosensitizer are mixed with a suitable solvent, such as propylene glycol mono-
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- 17- 9. The process of claim1l1 wherein the steamis

produced from - water. .. 1000 A
positive photoresi s% con‘305|t|on conprisi‘ng an admi xture of : Replaccracnt Page

a) a photosensitive conponent in an anopunt sufficient to unlforrﬂy

phot osensi tize the photoresist conposition; and _— b

a wat er insoluble, aqueous al kali sol ubl e- h@vol ak resin obtained by

condensi ng one or nore nethyl phenols and fornal dehyde”"m mlﬁl of
an acid catalyst in a suitable organic solvent and "ﬂ m'ﬂrn'e
I solating the nelOIMR: r esi n by sub surface forced stear di‘stt|[%ti®n at -

a tenperature of 100[err]C to 150[err]C, said novol ak resin being present
in the photoresist conposition in an amount sufficient to forma

substantial I'y uni f or X pbeds®fcr préduchgripRstes in@élubl@nﬂ]ueous alkah soluble novolak
C) a suitable sol vent. he phot or esi st

conposi tion of zels!ammmsmoomimsmapm plhmbwael:hyltphcaols and an aldehyde, in the
component is an ester f an,al cogol ic or henollc resi due ar&gj ﬁ glglliaoni C

acid or présence of an &6id Fafalye 5ca witaklp ofgAnic sgaction solvent
' novolak resin utilizing sub surface forced steam distillation, at a temperature of

100°C to 150°C and thereby isolating said novolak resin.

2. The process of claim 1 wherein the forced steam distillation is carried out at
a temperature of from 100°C to 140°C.

3. The process of claim 1 wherein the methyl phenols comprise one or more
of para-cresol, meta-cresol, 3,5-xylenol, 2,5-xylenol, 2,3-xylenol, 2,4-xylenol, 2,6-
xylenol and 3,4-xylenol.

4, The process of claim 1 wherein the aldehyde comprises a 20 to 50 weight

percent aqueous solution.

5. The process of claim 1 wherein the aldehyde comprises a 25 to 45 weight

percent aqueous solution.

6. The process of claim 1 wherein the aldehyde is formaldehyde, trioxane,
benzaldehyde or hydroxybenzaldehyde. |

7. The process of claim 1 wherein the acid catalyst comprises one or more of
oxalic acid, maleic anhydride, maleic acid, fumeric acid, or acetic acid.

8. | 'The process of claim 1 wherein the organic solvent comprises one or iiore
of propylene glycol methyl ether acetate, methoxymethylbutanol, or n-butyl

acetate.




12, Thé phot oresi st conposition of claim10 wherein said solvent is

sel ect ed PCT/US95/16786 fromthe group conS| sting of propylene .glycol '
nono- al kyl et her,” propyl ene gl ycol al kﬂMEgﬁ, _

butyl acetate, xyI ene, ethylene glycol m)noethyl et her acetate

2: Egl Iact ate, et hyl - 3- et hgﬁg;%irggﬁgﬁat 2rig|7 m xt ures of H"’"”"Mjmﬁﬂﬂﬂw

phot ore5| st corrp05| t ion of claim 10 wherein said sol vent i's propyl Bnes *
gl ycol nonometh r acetate, A net hod for
producing a se cond Frocess pfchaim, 1 Wh@améhﬁgeangﬁmdu@gufmmdemmze

I mge on a suit substrate by coating such a substrate wth a positive
g ér. y

wor ki ng _ phot or esi st conposi tion, which conposition
conprises an adm xture of:
AVENDED SHEET PCT/ US95/ 16786

A positive photoresist composition comprising an admixture of:

a) a photosensitive component in an amount sufficient to uniforrnly
photosensitize the photoresist composition; and

b) a water insoluble, aqueous alkali soluble novolak resin obtained by

condensing one or more methyl phenols and fomialdehyde in the

REPL ACEMENT gﬁ'ﬁm presence of an acid catalyst in a suitable organic solvent and
isolating the novolak resin by sub surface forced steam distillation at
18 NQOV 1996 a temperature of 100°C to 150°C, said novolak resin being present

- in the photoresist composition in an amount sufficient to form a

substantially uniform photoresist composition; and

¢) . asuitable solvent.

11.  The photoresist composition of claim 10 wherein said photosensitive
component is an ester of an alcoholic or phenolic residue and a sulfonic acid or

sulfonic acid derivative.

12.  The photoresist composition of claim 10 wherein said solvent is selected
from the group consisting of propylene glycol mono-alkyl ether, propylene glycol
alkyl ether acetate, butyl acetate, xylene, ethylene glycol monoethyl ether acetate
ethyl lactate, ethyl-3-ethoxypropionate, and mixtures of ethyl lactate and ethyl-3- |
ethoxypropionate. |

13.  The photoresist composition of claim 10 wherein said solvent is propylene
glycol monomethyl ether acetate. '

14. A method for producing a semiconductor device by producing a photoresist
image on a suitable substrate by coating such a substrate with a positive working

‘photoresist composition, which composition comprises an admixture of:

AMENDED SHEET



a) a phot esensitive conponent in an anount sufficient to uniformy
phot osensiti ze the phatoresist conposition; and b) a wat er

i nsol ubl e, aque‘fé}réus??%gsp sol ubl e novol ak Tesin obtained by ReplassmatPage
condenstag—ene-—or_nore net hyl phenols and fornmal dehyde in R
pr@ ce of an ‘acid.catalyst in a suitable organic solvent and

k

a W

i’ ‘ ﬂ'llﬂml)gkr%' n by sub surfaceld-orced steamdistillation at
1100 err] C to 150[err]C, said novol ak resin being present
in the photoresi st tonmposition.in an amount sufficient to forma

subst anti al | y uni f ora) phot phaotesessitivercqmprnentdin anampunt sufficientto uniformdyii t abl e

solvent; heat treating the coated substrate until substantially all of the
solvent is renoved; inageR n &E?H ?FF@‘SEHWB%S%H e conposition; and

removing the i mage- wyse s QRAIE QRN hbv oMk Wisih bbiiinedBye0US
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a temperature of.100°C to 150°C, said novolak resin being present

in the 'pilotoresist composition in an amount sufficient to form a

substantially uniform photoresist composition; and

c) a suitable solvent; |
heat treating the coated sﬁbstrate until substantially all of the solvent is removed,;
~ image-wise exposing the photosensitive composition; and removihg the hnage-wise

exposed areas of such composition with an aqueous alkaline developer.

15.  The method of claim 14 wherein said photosensitive component is an ester

of an alcoholic or phenolic residue and a sulfonic acid or sulfonic acid derivative.

16.  The method of claim 14 wherein said solvent is selectet.i from the group

- consisting of propylene glycol mono-alkyl ether, propylene glycol alkyl ether
acetate, butyl acetate, xylene, ethylene glycol monoethyl ether acetate, ethyl
lactate, ethyl-3-ethoxypropionate, and mixtures of ethyi lactate and ethyl-3-
ethoxypropiogate. ' o

17.  The method of claim 14 wherein said solvent is propylene glycol
monomethyl ether acetate. '

I
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