0335220 The present invention relates to a positive-working photosensitive
m, xt yre conprising an o-qui none-di azi de as the photosensitive co %&Qand
asbi nger of the no- vol ak type, which is insoluble in water and‘gggg [

aqueous-al kal ine media. Due to the continued mniaturization in

sem - conduct or technol ogy, photosensitive m xtures have to satisfy in-
creasi ng demands both in respect of inmage resolution and processing

met hods. Because of their better reso- lution capacities, positive-working
m xt.ures have been able to gain nore and nore inportance over
negative-working mxtures. It is also observed that the wet isotropic
etch?ﬁb processes, which lead to undercuttings, are increasingly ousted by
ani sotropi c etching processes, such as plasma etching and reactive ion

et ching. For these new process nethods the quality of the photosensitive
m xtures (photoresists) nust be further inproved, in particular in respect
of plasma etch resistance and thernal stability Posi ti ve-wor ki ng

phot osensi tive Xture%e%.nﬁ'ééﬁ¥%ﬁ Se 6CQ ggggtg§ §8591§§;|frée

an acid, in co RaPrs h aci € conpoun such as ace s and
ort ho- carboxylaphetoaaasmﬁnma\Nﬂ%ﬁdﬂ@ﬁﬁ@ﬂ@%ﬁﬁsngfaﬂo@oﬂﬂknﬁegrﬁéazaﬂ@

known. 0335220 the photosensitive compound and a binder of the no-
volak type, which is insoluble in water and soluble in

aqueous—alkaline media.

Due to the continued miniaturization in semi-conductor
technology, photosensitive mixtures have to satisfy in-
" creasing demands both in respect of image resolution
~ and processing methods. Because of their better reso-
lution capacities, positive-working mixtures have
been able to gain more and more importance over
negative-working mixtures. It is also observed that
the wet isotropic etching processes, which lead to
uﬁdercuttings, are increasingly ousted by anisotropic
etching processes, such as plasma etching and reactive
ion etching. For these mew process methods the quality
o of the phétosensitive mixtures (photoresists) must be
At further improved, in particular in respect of plasma
etch resistance and thermal stablllty

Positive-working photosensitive mixtures containing
compounds which upon exposure set free an acid, in
combination with acid-cleavable compounds, such as
acetals and ortho-carboxylates, and relatively high

amounts of novolak resins, are known.



-2- Photosensitive mxtures of this type are, for exanple, described in

EP- A- 0,022, 571; 0,006, 626; 0,006,627 and 0, 202,196; in DE-A-2,610, 842;
3,544, 166 and 3,601, 264; in DE-C 2,306,248 and 2,718,254 and i n Gor3gs220
Pat ent Applications P 3,730,783.5 and P 3,730,785.1. However, nost of the
prior art publications describe photosensitive m xtures which contain an
0- qui none- di azide as the photosensitive coﬁpéﬁﬁﬁ and a resin of the phenol
or cresol novolak type as the binder. In the patent |iterature nunerous
exanptes are-di.s- closed of how the photolithographic properties of a
photos\pS|t|ve m xture can be nodified by nodi fying the binder which is

sol ubte in aqueous-al kal ine media. The criteria nmentioned in general are

resol uti on capact {yp L ESLALANGGSl GUOURLIY ORI RN L1 AN, cxampi e,

phot osensitivity. crease OSenstt Vi STt ve-
‘phot osensi tive nm x@esesibedchiai B@dAt-6 ,@éwlevwﬂﬁﬁrseﬂ%&;t i P @fer €27 nand

m xtures conprisin r l./ p#C | »0[, ol / r€s
@OE%%?E%%A Rn b?-:i%ez 610, @425 :1954(‘49156% HETESOD1L, 264;

respectively (EP-A:; del"ection of certain

m cresol / p-cresol HxPEres2, ﬁpéhzﬁésépétﬂoﬂLﬁmgiﬁ)qqg|kﬁ Garnat Raberh
wel | - defined edgegppsieheiBhd Po3he3aceemls shwed & oF, 18] 1dvex wor ki ng

phot osensitive materials in DE-A-36 26 582.

However, most of the prior art publications describe
photosensitive mixtures which contain an o-quinone-
diazide as the photosensitive compound and a resin of
the phenol or cresol novolak .type as the binder.

In the patent literature numerous examples are dis-
closed of how the photolithographic properties of a
photosensitive mixture can be modified by modifying
the binder which is soluble in aqueous-alkaline media.
The criteria mentioned in general are resolution
capacity, resistance to overdevelopment, contrast and
photosensitivity.

An increased photosensitivity of positive-working
photosensitive mixtures is claimed to be achieved by
selecting certain mixtures comprising m-cresol/p-cresol
or m~cresol/p-cresol/o~cresol, respectively
(Ep~A-0,070,624).

By the selection of certain m-cresol/p-cresol mixtures,
high resolution due to relief patterns with well-
defined edges is claimed to be accomplished for
positive-working photosensitive materials in

DE-A-36 26 582.



0335220 -3- Well-defined edge lines are also clained to be achieved

enpl oyi'ng the positive-working photosensitive m xtures known fron3P§-§-36
03 B72x~Hy selecting a novol ak resin conprised of mcresol/p-cres A 220
conmbination with 2,5-xylenol. Novol ak resins conprised of mcresol/p-creso
m xtures in conmbination with xylenols and condensed wth al dehydes are al so
described in JP-A-16 4740/ 1985. This publieaBien claines an inproved
resi.stance to overdevel opment and hi gh photosensitivity for the

phot osepsitive positive-working m xtures disclosed therein. However, none
of the _resists prepared fromthe positive-working photosensitive m xtures
descri bed above is distinguished by good thermal stability. According to
DE- A-26 16 992, thernmal stability is said to be inproved_by higher

nol ecul ar - wei ght Wedoida&ineth?9 48 nki eho2Ee k3L 8Pl 8L RA 5ReREl gchigyed
al kyl groups of whipalbydiy ithd sodit Dfe PwdeRlhyophotbabh¥etioepheRBluires
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phot osensi tive nmcxmprdsedaraf aoreresok/mgcnesokbsoh/ Eonbhhdehpdewieai ns

havi ng nol ecul ar I ght.s _of, between 5,000 and 30, 000 exhibit both good
t her mal stabiLit&wgh%ﬂ%%ﬂ?%motosensitivity

Novolak resins comprised of m-cresol/p-cresol mixtures
in combination with xylenols and condensed with

¥ aldehydes are also described in JP-A-16 4740/1985.
This publication claimes an improved resistance to
overdevelopment and high photosensitivity for the
photosensitive positive~working mixtures disclosed

therein,

However, none of the resists prepared from the
positive-~working photosensitive mixtures described
above is distinguished by good thermal stability.

According to DE-A-26 16 992, thermal stability is said
to be improved by higher molécular—weight novolaks
comprising mono-alkylated alkyl pheﬁols, the alkyl
groups of which are in the m- or p-position relative
to phenolic hydroxy groups and thus are bireactive
(towards nucleophilic reactants).

It is also claimed that novolak resins contained in
positive-working photosensitive mixtures, and com~-
prising m-cresol/formaldehyde resins having molecular
weights of between 5,000 and 30,000 exhibit both good
thermal stability and high photosensitivity



0335220 -4- (JP-A-57339/1985). M xtures of this type possess, however ,
unsatisfactory resistance to overdevel op- nent, for exanple, when é 5

i oR- f reer devel opers are enpl oyed. Photosensitive m xtures containﬁyg g ?8
m cresol novol ak resins as binder, whereby these novol aks have average
nmol ecul ar wei ghts -and a | ow pol ydi spersity,~afge~al so said to possess high
thermal stability. It has, however, been observed that |ayers prepared
usi ng these m xtures are severely abraded by netal ion-free devel opers.
Novol-ak resins obtained frommcresol and other alkyl- phenols, of a
speC|f|c nol ecul ar wei ght distribution, are described in EP-A-0, 239, 423.
They are also clainmed to possess high thernal stability and good

phot osensi - tivityJP&aﬂﬁﬂ33&%izﬁﬁﬂirMixﬁuﬂé@nofThhistEYpeoposbesaut

descr i bed above | ogklesases iHlas 49.004P! e 1e0LRS. 105 cbyLaagdh bion Lo

m cresol contain or t'rireac as nononer com ents
at | east bireacti renteadoiry exanrdieor swhﬁfe ekl rbenapuee «fl%ﬁi@neral ééhyde

or ketone com pog Fg y@dprder to build up a pol ycondensate chai n.
EP- A-0, 239, 423 for the first tine nentions the use of nnnoreactlve phenol s,

such as 2,4- or 2,6-di-nethyl-
: Photosensitive mixtures containing pure m-cresol

novolak resins as binder, whereby these novolaks have
average molecular weights and a low polydispersity, are
also said to possess high thermal stability. It has,
however, been observed that layers prepared using these
mixtures are severely abraded by metal ion-free

developers.

Novolak resins obtained from m—cresol and other alkyl-
phenols, of a specific molecular weight distribution,
are described in EP-A-0,239,423. They are also claimed
to possess high thermal stability and good photosensi-
tivity, as well as good resolution. '

The state of the art described above in all cases
relates to novolak resins which in addition to m-cresol
\ contain bi~ or trireactive phenols as monomer com- |
ponents, since at least bireactive reactive monomers
are required apart from the aldehyde or ketone com-
ponent in order to build up a polycondensate chain.

EP-A-0,239,423 for the first time mentions the use of
monoreactive phenols, such as 2,4- or 2,6-di-methyl~
phenol, apart from the known m-cresol, for building up

novolak resins. Positive-working photosensitive



pheﬁor, apart fromthe known mcresol, for building up novol ak résins.
Posi ti ve-wor ki ng photosensitive 0335220 -5- m xtures wherein these
rest+nssare contained as binders show, however, a strong dark erosi ®33pR20

when net al

i on-free devel opers are used. Wen the dark erosion rate is too

high it is no Fonger possible to achieve a gogd _differentiation between the
exposed and unexposed areas for the recording nmaterial, i.e., the contrast
achi eved by devel opnment is reduced. It was therefore the object of the

i nstant._invention to provide a positive-working photosensitive mxture ex-
hi bitkng high thermal stability and a | ow dark erosion rate during

devel opnent with a netal ion-free devel oper. This object is acconplished by

neans of a positi vgrxMeF&kd NGh8t &K ehaket BestiBe adtes eoned ndld tde HiHES!s

which is characterized in that it contains,

i nder which.is soluhle in

as a b
aqueous- al kal i ne g%, %P%%W%FakarégFﬁngoﬂﬁFiséaoéﬂog Feteu e el Matdtesol
and a 2, 3,6-tri al kidpheres . déveVbpseconplket abgdsuwpensithg dark rddgiain by

he additi f ' . h , -tri- al kyl phenol ,
bot h i gh  her mal TRRI 17 (5o AnB Al b bar Bocr 08sh PEE e A BUaent

in a netal

i on-fr ee glsad| dpkfenert dghienebdetween the exposed and unexposed

areas for the recording material, i.e., the contrast

achieved by development is reduced.

It was therefore the object of the instant invention to
provide a positive-working photosensitive mixture ex-
hibiting high thermal stability and a low dark erosion
rate during development with a metal ion-free developer.

This object is accomplished by means of a positive-
working mixture of the type described at the outset,
which is characterized in that it contains, as a binder
which is soluble in aqueous-alkaline media, a novolak
resin comprised of a mixture of m-cresol and a
2,3,6-tria;kylphenol.

It was completely surprising to find that by the
addition of a monoreactive phenol, such as a 2,3,6~tri-~
alkylphenol, both high thermal stability and a low dark
erosion rate during development in a metal ion-free
developer are achieved.

This discovery was all the more surprising, since
resins containing other monoreactive phenol components
do not have this profile of properties (see
EP-A-0,239,423).



Thi s discovery was all the nore surprising, since resins containing other
monor eacti ve phenol conponents do not have this profile of propertles g§ee
EP-A- 0,239, 423) . 0335220 -6- The thermal stability is in gener

determ ned by the glass transition tenperature of the resin. The novol ak
resins contained in the photosensitive m xture of this invention have gl ass
transition tenperatures of at least [err] dass transition tenperatures of
at least [err] are particularly preferred. In a preferred enbodinent, the
novol ak. resins contained in the photosensitive m xtures according to this
in- vepgion are prepared froma nixture conprised of 75 to 95 nol - % of
mcresol and 5 to 25 mol-%of 2,3,6-tri- al kyl phenol. Particul ar preference

is given to m xtuiRs %Iﬁéﬂ'@gaﬁglﬁ.@ygzs”ﬂh %e@ﬁ‘e:rglcrmnmcb& 3 eﬂe

nmol - % of 2, 3, 6- trlalkyl heno|. . If the content of tryj-
hlghe? than 25 mSILags | r?%sﬂ?¥?PcE?PPF5a§P§6aP§ &hﬁmﬁﬂ%ﬂ?T&Eﬁ% ﬁ%V?ﬁ@ka

sufficiently highelgigieecoitsbndaniat the photolsles siititu em(:hﬁnaexsaf ithis a

- t d t 2.3, 6:t |k ] | s .h
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least 110°C. Glass transition temperatures of at least
115°C are particularly preferred.

In a preferred embodiment, the novolak resins contained
in the photosensitive mixtures according to this in-
vention are prepared from a mixture comprised of 75 to
95 mol~% of m—-cresol and 5 to 25 mol-% of 2,3,6-tri-
alkylphenol. Particular preference is given to mixtures
containing 80 to 92 mol-% of m—-cresol and 8 to 20 mol-%

of 2,3,6-trialkylphenol. If the content of 2,3,6-tri-
alkylphenols is highexr than 25 mol-%, it is difficult to

prepare a novolak resin having a sufficiently high degree
v of condensation from the mixture (because it is a mono-

reactive derivative). '

2,3,6-trialkylphenols having_(Cl to C3)alkyl groups

are particularly preferred, and most preferably, the

alkyl is methyl.

The novolak resins contained in the photosensitive
mixture of this invention are prepared by condensing
the described phenol mixtures with carbonyl components.
Examples of suitable carbonyl components include
formaldehyde and derivatives thereof, such as para-
formaldehyde and trioxane, acid aldehyde, propyl
aldehyde,acrolein, benzaldehyde, 4-hydroxybenzaldehyde,
acetone, methyl ethyl ketone, diethyl ketone, methyl



The novol ak resins contained i.n the phot osensitive m xture of this
m xtures with

carboniss conponents. Exanpl es of suitable carbonyl conponents ingjggs220
f ormal dehyde and derivatives thereof, such as para- forml dehyde and
trioxane, acid al dehyde, propyl al dehyde, acrol ei n; benzal dehyde,

i nventi-on are prepared by condensing the descri bed phenol

4- hydr oxybenzal dehyde, acetone, nethyl ethyl7 ketone, diethyl

.0 335220 -7- isobutyl ketone, acetophenone, benzyl nethyl

ket one, net hyl

ket one, and the

I|ke -whi ch can be used either by thenselves or as a m xture.
pOSSIhLﬁ to enploy the acetals of the carbonyl conpounds |isted above.
Particul ar preference is given to fornmal dehyde and paraf or mal dehyde. The

nol ar ratio of the carbonyl conponent(s) to the _phenqgl caonpan nt(s used is
(0,80 10 0°99) tLSAETFRE KaFP)S: A BEOERE ARG R e Moy KEAThR1 o of
0.9 nol : 1 nol 4rwdrbhaylikenppehésh caph®eohsednedidir) Hysﬁuﬁmsﬁnméﬂ odhe
m xt ure, fronlmhl h_t he vol ak, resi Sgontain t he photqsensitiyv

m Xt ures accordlang oMt Q'gr?hv ﬁt ?%n FE 5’?55&‘%@& % L?"]pﬁf c{%}ealahs ta%'saci d
as a catal yst. ExénphescabeGYﬂabbmpaunds ilisitede aloy=#ni ¢ aci ds, such as

mal ei c anhydride, oxalic acid, formc acid, acetic

t is also

Particular preference is given to formaldehyde and

paraformaldehyde.

N The molar ratio of the carbonyl component(s) to the
phenol component(s) used is (0.80 to 0.93) to 1
(initially introduced amount). Preferably, a ratio of
0.9 mol : 1 mol (carbonyl component : phenol component)

is introduced.

The mixture,'from which the novolak resins contained in
the photosensitive mixtures according to this invention
are prepared, usually contains an acid as a catalyst.
Examples of suitable acids include organic acids, such -
as maleic anhydride, oxalic acid, formic acid, acetic
acid, trifluoroacetic acid, methanesulfonic acid,
toluenesulfonic acid, and also inorganic acids, such

as sulfuric acid and phosphoric acid. Oxalic acid is

preferred.

The acids are added in amounts varying between 10-4 mol
and 10-1 mol per 1 mon of phenol compound, amounts
between 103 mol and 5 x 10-2 mol per 1 mol of phenol

compound being particularly preferred.

It is advantageous to perform the condensation between
the phenol components and the carbonyl component in the



acfd, trifluoroacetic acid, nethanesul fonic-acid, toluenesul fonic acid, and

al so inorgani c acids, such as sulfuric acid and phosphoric acid. &§§ki%ﬁb
acéd iss~preferred. The acids are added in anounts varyi ng between -2 I
and [err] nmol per 1 non of phenol conpound, anounts between 10-3 nol and 5
X 10-2 nol per 1 mol of phenol conpound being particularly preferred. It is
advant ageous to performthe condensati on between the phenol conponents and
t he carbonyl conponent in the 0335220 -8- presence of solvents. The
boiling points of the solvents are in the range of [err] to [err] in
parfkgylar of [err] to [err] the solvents enployed nust possess a good

sol vent action towards novol ak resins. Exanples of suitable solvents are

gl yﬁol gt her Si sggéséﬁclafbhylsgqlg@ﬂt; .er-:ggéi Moiking t;rtb%hgé y@b: theh

met hoxybut anol , di get ormami _de, di et e s i et her,

et hyl gl ycol acet ﬁ?gsﬁﬁgsnﬁfﬁyllﬁr %{S’Sﬁ é‘ﬁé"%ﬁ f?&l %e@a‘f%.@géréﬁl Y,
hydr oxyl -free sobaehisuiee ofeddOt’ifeitaarld Afskd tive ssmlnentofe@ployedl. 0
part by wei ght ' RRENO! 5 8 XS T =43 h Lazi des,
whi ch may be errppl‘ﬁgﬁédB ?%tste %)eé }ég?%%gf %I?r%e Sl ngﬁ%ﬁﬁuﬁ%ﬁ%az‘?ﬁﬁg%ﬁ as

m xtures of severepipsquExemediesziodesu idrabls aplzepibtacedl¥¢0E conmpounds

ethers, such as methylglycol, ehtylglycol, butylglycol,
methoxybutanol, dimethylformamide, diethylene glycol
dimethyl ether, ethylglycol acetate and methylpropylene
glycol acetate. Preferably, hydroxyl-free solvents are
used; they are used in amounts of 0.2 to 1.0 part by
weight per 1 part by weight of phenol mixture.

o-Quinonediazides, which may be employed in the form of
one single o-quinonediazide or as mixtures of several
o-quinonediazides, are used as photosensitive compounds
" in the photosensitive mixtures according to this
invention. They preferablyﬁcomprise the aromatic and
aliphatic amides and esters of o-naphthoquinonediazides
or of o-benzoquinonediazides. Bis-1,2-naphthogquinone-2-
diazide-sulfonic acid amides are, for example, described
, in Ep-A-0,231,855. Preference ist, however, given to |
N the esters of mono-~ and polyhydroxybenzophenones, mono-
and polyhydroxyacylophenones, gallic acids, phloro-
glucine, mono- and polyhydroxydiphenylmethanes and
bis (hydroxyphenyl})valeric acid. Of these, the poly-
hydroxybenzophenone and polyhydroxyacyiophenone esters
are preferred. Particular preference is given to the
trihydroxy compounds, especially tfihydroxybenzophenone,
and most preferred are the trisesters of o-naphtho-and
o-benzoquinonediazide sulfonic acids. Diazide-4-and



I n the photosensitive m xtures according to this invention. They preferably
conpri.se the aromatic and aliphatic am des and esters of -0 335 220
o- mapht+tfoqui nonedi azi des or of o0-benzoqui nonedi azi des.

Bi s- 1, 2- napht hoqui none- 2- di azi de-sul fonic acid am des are, for exanple,
described in EP-A-0, 231, 855. Preference ist, Shewever, given to the esters
of nmono- and pol yhydroxybenzophenones, nono- and pol yhydr oxyacyl ophenones,
gallic acids, phloro- glucine, nono- and pol yhydroxydi phenyl net hanes and

bi s( hydr oxyphenyl )val eric acid. O these, the poly- hydroxybenzophenone and
ponEMQWOxyacylophenone esters are preferred. Particular preference is
given to the trihydroxy conpounds, especially trihydroxybenzophenone, and
nost preferred addatideriseslerriofagifaphtRrEsaRdYobBele6ui M dde

sul fonic acids. Razdde: inglarti&3B8228rif8esdbaai de- theulsf-oand acid esters
may be used, but m xed esiers,H%Q garti ul ar trigﬁsters of tBe 4-'33?

5-sul foni ¢ aci ds Sar® HiYH G AT HbT 2T BofhBandY i 6RPL Rk sSCOPREURAE Sfsdhiifed in
DE- C Nos. 938, 23%yp#l alle Fdsc2hdd HOSDBAC RB8s28908723%he 2phatlosdvsiti ve

m xture accordin o) | nvention, £o ins 5 to 100, and in particular 10
to 60, parts by %esltgﬂ{ h%qé oa-u&]é]ui%%n%%liée;%?de per 100 parts by weight of
novol ak resin. The anount of novolak resinis 1 to 90,

The photosensitive mixture according to the invention
contains 5 to 100, and in particular 10 to 60, parts by
weight of o-quinonediazide per 100 parts by weight of
novolak resin. The amount of novolak resin is 1 to 90,
in particular 50 to 90, % by weight, relative to the
weight of the photosensitive mixture.

Furthermore it is possible to add to the photosensitive
‘mixtures according to the invention, if desired, dyes,
pigménts, wetting agents and flow-improving agents, for
improving special'requirements such as flexibility,

adhesion and gloss.

Preferably, the radiation-sensitive mixtpre according
to the invention is dissolved in solvents such as
N ethylene glycol, glycol ethers such as glycol mono-

' methyl ether, glycol dimethyl ether, glycol monoethyl
ether or propylene glycol monoalkyl ethers, in particu-
lar propylene glycol methyl ether; aliphatic esters
such as ethyl acetate, hydroxyethyl acetate, alkoxy-
ethyl acetate, leutyl acetate, propylene glycol mono-
alkyl ether acetate, in particular propylene glycol
methyl'ether acetate or amyl acetate; ethers such as
dioxane, ketones such as methyl ethyl ketone, methyl



in particular 50 to 90, % by weight, relative to the weight of the

phot osensi.tive mxture. Furthernore it is possible to add to the 35 220
phot oserrsitive m xtures according to the invention, if desired, d eg,

pi gnents, wetting agents and flowinproving agents, for inproving special
requi rements such :as flexibility, adhesion.apgl gl oss. Preferably, the

radi ati on-sensitive m xture according to the invention is dissolved in

sol vents such as ethyl ene glycol, glycol ethers such as glycol nmono- nethyl
et her, .gl ycol dinethyl ether, glycol nonoethyl ether or propylene glycol
nmonoak kyl ethers, in particu- lar propylene glycol methyl ether; aliphatic
esters such as ethyl acetate, hydroxyethyl acetate, al koxy- ethyl acetate,
[err]-butyl acetat&obptody kerteond ycuicnpentandye andecyatebexanons;
particul ar propyl gg ALY et : I .1ethers
such as di oxane, §2?8%§§ﬁgbhh as¥¥%&hyQ&%t %%%%E?gze?§§$&é£ﬁ5§35220 -
10 - isobutyl ket BReSpbpalicpamigieondl -t vhexkbitmee . dPReYROLeGERBRK de,

di met hyl acet anmi det eh@safRirhr A QSN O Gkl iees NW@E&YE PYBS oL 8@N8r
but yr ol act one, tetra?ydrofuran and in mxtures thereof. ;ﬁrtlcu r
a

| a
preference is gi VBRSEEEGRYEOR et &R i PhiTt L1 Mt RRibhesesters

and ketones.

The solutions which are formed together with the other
componenté of the photosensifive_mixture usually have a
solids content of 5 to 60% by weight, preferably up to
50% by weight.

According to the invention, furthermore a photosen-
sitive recording material is claimed, essentially
consisting of a support and the photosensitive mixture

applied thereto.

Suitable supports are all materials which capacitors,
semi—conductors, multi-~layer printed circuits or
integrated circuits are made of or can be prepared
from. Surfaces made of pure silicon-and thermally

(. oxidized and/or aluminum-coated silicon material,
which, if desired, can also be doped, including all
other supports customary in semi-conductor technology,
such as, for example, silicon nitride, gallium -
arsenide and indium phosphide, are particularly
suitable. Further examples are the supports known from
the production of liguid crystal displays, such as
glass, indium/tin oxide; furthermore metal sheets and
fails, for example made of aluminum, copper, zinc; bi-
metallic or trimetallic fails, but also electrically



The sol utions which are fornmed together with the other conponents of the
phot osensitive m xture usually have a solids content of 5 to 60% 0\33&52201t ,
preferably up to 50% by wei ght. According to the invention, furthernore a
phot osen- sitive recording material is clainmed, essentially consisting of a
support and the photosensitive mxture appl ijgd 1 hereto. Suitable supports
are all materials which capacitors, sem -conductors, nulti-layer printed
circuits or integrated circuits are nade of or can be prepared from
Surfaces nade of pure silicon and thermally oxidized and/or al um num coat ed
siligon material, which, if desired, can also be doped, including all other
supporfs custonary in sem -conductor technol ogy, such as, for exanple,
silicon nitride, @@h#éunﬂac&énbdéaané bmdmmdmmhaammmﬁyapﬂmsFnavécuéemly

sui tabl e. Further,exanples ar SURRQ Kk el

liquid crystal d|% 3n}§L §ucﬁg gF H u#\tﬂlﬂ| d:telae"T (fo%%rrmre ﬁ%t al
sheets and fails almmleuanghé Haéerof Tzhllel;sm mmmpqrdmexan Hesuljected atdi c
or trimetallic f aa'ﬁl%lb%ﬁ%éeae{;%t predllehenent33tegRrs ki a1y grpined,

non- conducting fairl nmet al - vapors have e osite
deSIred Si @ matekshed géapégaﬁpéhw1th chemicals to achleve de31rable

properties, such as, for example, increased hydro-

philicity.

In a particular embodiment, the photosensitive mixture
can contain an adhesion promoter for better adhesion in
the resist or between the resist and the support. In
the case of silicon or silicon dioxide supports,
suitable adhesion promoters are of the aminosilane
type, such as, for example, 3-aminopropyltriethoxy-
silane or hexamethyldisilazane.

Examples of suppérts which can be used for the pre-
paration of photomechanical recording films, such as
printing plates for letterpress printing, gravure
printing, screen printing, intaglio printing and also
for relief copies are aluminum plates, which may be
N anodically oxidized, grained and/or silicatized alumi-
num plates, zinc plates, steel plates, which may have
been treated with chromium, and also plastic sheets or

paper.

The recording material according to the invention is
subjected to imagewise exposure. Sources of actinic
radiation are: metal halide lamps, carbon arc lamps,

xenon lamps and mercury vapor lamps. It is also



al um num and paper. These supports can be subjected to a high-tenperature
pretreatnent, superficially grained, etched or treated with chem 6a§‘3%é§0
achi eve~desi rabl e properties, such as, for exanple, increased hydro-
philicity. In a particular enbodi ment, the photosensitive m xture can
contain an adhesion pronoter for better adhesjon in the resist or between
the resist and the support. In the case of I con or silicon dioxide
‘supports, suitable adhesion pronoters are of the am nosilane type, such as,
for exanple, 3-am nopropyltriethoxy- silane or hexanethyl di sil azane.
Exangl €s of supports which can be used for the pre- paration of

phot orfechani cal recording films, such as printing plates for |etterpress

printing, gravurepgkkibiRgtos Ye@Fori idddd¥hird Nidtd hiFhéhd8g@nd al so for
relief copies are alym num plates, which may be anodically oxidized, ,
grai ned and/or si FREARLIEH SR asurhasieti e L164 tioM O & ray cbrdhrbien,

whi ch -may have been treated with chromum and al so plastic sheets or

- paper. The record] teri .according t.o the invention is subjected.to
i nRgew se ex.posur%ggsgglyggs%bﬁcz{@ﬁsrﬁ é’qﬂxdtﬁsat‘%ﬁ?rb B9 A aifsh%alr g%“&%ﬂps,

carbon arc | anps, f xehdnolfampplicd tiencurit viapdretiveags.0J1 arsd alG® pm, in

0335220 particular between 0.3 and 10 um.

The invention also relates to a process for the pre-
paration of a photosensitive recording material. The
photosensitive mixture can be applied to the support by
spray-coating, flow-~coating, roller-coating, spin-

. coating and dip-coating. The solvent is then removed by
evaporation leaving the photosensitive film on the
surface of the support. The removal of the solvent can,
if necessary, be promoted by heating the film to
temperatures of up to 140°C. However, it is also
possible initially to apply the mixture in the above-

» mentioned manner to an interim support, from which it
is transferred to the ultimate support material under
pressure and elevated temperature.

S’ ' The film is then subjected to imagewise exposure,
Usually actinic radiation is used. For the irradiation,
UV lamps are used which emit radiation having a wave-
length of 200 to 500 nm. During the development of the
photosensitive layer, an image pattern is bared by
treating the film with a developing solution which
dissolves or removes the irradiated regions of the

photosensitive material.



- 12 - possible to perform exposure using high-energy radiation, such as

| aser, electron or X-ray radiation. The |ayer thickness varies de %ﬁgégbon
t her i ntehded fi-eld of application. It is between 0.1 and- 100 [err?
particul ar between 0.3 and 10 pm The invention also relates to a process
for the pre- paration of a photosensitive_rggording material. The

phot osensitive m xture can be applied to the support by spray-coating,

fl owcoating, roller-coating, spin- coating and di p-coating. The solvent is
then renoved by evaporation |eaving the photosensitive filmon the surface
of tHg support. The renoval of the solvent can, if necessary, be pronoted
by heafing the filmto tenperatures of up to [err] However, it is also
possi bl e initial Mhet despgllopdite wsed uaieei solhkiabsvef aﬁhalmnedrﬂagnemsno

an 1nterim SupPObier LM Wi e dmp o | é{lﬂ@%{gg 'gethesbiLhyBLe support

material under pressure ‘and el ev ure. I's then
‘subj ected to |naQ@@ﬁQ?#@ﬁﬁxnhXﬂrQﬂﬁnupQO%Bhaheé aadi dihpdrpgensed. For the

irradiation, W Lamps Hated!s &h b edk & éncﬂaﬁl%@i%b aneaybaﬁaeewavsf Iength
of 200 to 500 nm _During the devel%fnent of hg ot osensitive i
i rage pattern is2 %F G35 Rkl e $R%FR %ta%veFBpPﬁﬁtéSF 8FoR

whi ch di ssol ves ammotyTRvesidle, iBuah Bd S dau@hDaSand the pPhRéOsHBSali ve
material . ion-free developers are described in US-A-4,729,941;
EP-A-0,062,733; US-A-4,628,023; US-A-4,141,733;
EP-A-0,097,282 and EP-A-0,023,758. The content of these
substances in the developer solution is in general 0.1
to 15% by weight, preferably 0.5 to 5% by weight,

relative to the weight of the developer solution.

If necessary, the developed resist structures are
postcured. This is in general carried out by heating
the resist structure on a hot plate up to a temperature
below the flow temperature and then exposing it to the
UV light of a xenone/mercury vapor lamp (range from 200
to 250 nm) over the entire surface. This postcuring
crosslinks the resist structures so that the structures
in general have a flow resistance up to temperatures of
S’ more than 200°C. The postcuring can also be carried out
without increasing the temperature by irradiation with
UV light. This is true especially if high-energy
radiation is used, for example electron radiation.

The advantages offered by the mixture according to this
invention wherein the described novolak resins are
contained are illustrated more clearly by the Examples
which follow.



0335220 - 13 - The devel opers used are solutions of al kaline reagents, such
as, for-—exanple, silicates, netasilicates, hydroxides, hydrogen phosphates
and- di hyfir ogen phosphat es, carbonates and hydrogencarbonat es, of 0a33@&R20
metal or alkaline earth netal, in particular of ammoniumions, but also
ammonia and theé [ike. Metal ion-free devel opers are described in
US- A-4, 729, 941; EP-A-0, 062, 733; US-A-4, 6281&23; US- A-4, 141, 733;
EP- A- 0, 097, 282 and EP- A-0, 023, 758. The content of these substances in the
devel oper solution is in general 0.1 to 15% by weight, preferably 0.5 to 5%
by weikght, relative to the weight of the devel oper solution. If necessary,
t he devel oped resist structures are postcured. This is in general carried
out by heating the resist structure on a hot plate up to a tenperature
bel ow the fl ow tBrpeCampasabivet Feamplessiaxg based e UV |ight of a
xenone/ mercury vapor |lanp (range from 200 to 250 nn) over the entire
surface. This postcuring crosslinks the resist structures so that the
structures in gehbr dropayeagtivenars¥iongnedsud %241 &iserat ures of nore.
{han [err] Tge Postgzl;is?aiéa_atﬁy:s_ghlago%ar,r ;Ik_:%fi’apﬁ_lﬂed\/\/iviﬂtquttﬂd’lfitkﬁ'f@i _n]9 t he
enperature by irradiation w i ght . iS is.true.es ia [
hi gh- ener gy radiatioﬁe?gtbgﬁd%'ﬁgg'éfgﬁﬁﬁgy3ﬁ§§ﬂ9%1%ﬂﬂﬁqg%a;ﬁnT%e
advant ages of f ered byctbedahzeuwétacthedingend iom,s andventi on wherein the
descri bed novol ak resins are '

2) a bireactive alkylphenol (2,3,5-trimethylphenol)
N which has the same number of substituents as the

2,3,6-trimethylphenol employed in accordance with

the invention.

The comparative tests with above monoreactive novolak
resins unexpectedly showed that the novolak resins
employed in accordance with this invention not only
possess the required thermal stability (measﬁred by way
of the glass transition temperature) but that they also
" result in a considerably reduced dark erosion rate. The

test results are compiled in Table 1.

Compared with the bireactive 2,3,5—£rimethylphenol, the
use of the monoreactive, but also trisubstituted
2,3,6-trimethylphenol as a comonomer is distinguished
by a more easily controllable procedure of the novolak
resins required for the photosensitive mixtures of this
invention. This manifests itself in the relation
between the viscosity (dynamic viscosity) of a novolak
resin to be prepared and the amount of carbonyl com-
pound used for the novolak preparation. Whereas

relatively constant viscosity values are obtained when



contained are illustrated nore clearly by the Exanples which foll ow.
0335220 -=- 14 - The Conparative Exanples are based on 1) nonoreacly ¥§5 229
al kyl phetiol s (2, 4- and 2, 6- di enet hyl phenol ), conpared -with the nono-
reactive 2,3,6-trinethyl phenol enployed in accordance with the invention,
and 2) a bi redcti ve al kyl phenol (2, 3,5-tr+ @t Ryl phenol ) which has the sane
nunber of substituents as the 2,3, 6-trimethyl phenol enployed in accordance
with the invention. The conparative tests with above nonoreactive novol ak
resi ns-unexpectedly showed that the novol ak resins enployed in accordance
with thijs invention not only possess the required thermal stability

(neasured by way of the glass transition tenperature) but that they al so
result-'in a consite Bt FLREASCEQNEALR endsibotrigedhYiphanad; 3% K0T s are

conpi | ed i n Tabl endnoh@fPr edewl ﬁh the BRAC aiméR nd. %fSwdaw&myl

t he use of the nDnoreactlée .ggt ﬁh sub tltute trlnetgéﬁphenol

as a compnoner is- Ui QT ho0i ¥hERIBy 2at RBAELY P’I ylgt?ntrtad’lqea(blté’eprreo e of

the novol ak resinsa;hq@iiedeEGEpéhdephetha¢MQEM|mmeﬂwﬂsﬂugiﬁj drd sthe .

I nvention. Thls'gﬁﬁégséﬁoﬁ£§e££ Egrgggyﬁéh%&bgﬂnd when the mixtures
contain 2,3,5~trimethylphenol. The results are compiled
in Table 2.

: During the industriél scale synthesis of novolak resins
e of this generic type, variations in the educt concen-
trations, and in particular locally different concen-
trations in the reaction vessel itself, occur quite
frenquently, and therefore components, which despite
this risk yield. products of constant, identical guality,
are clearly preferable. A constant product gquality is
in particular required with regard to the field of
application of the novolak resins, i.e., their use for
photoresists, for photoresists must possess very
specific, defined lithographic property profiles, which
to a high degree depend on the novolak properties.

. In the Examples which follow parts by weight (p.b.w.)
and parts by volume (p.b.v.) bear the same relationship
as g and cm3. Unless otherwise specified, percentages
and quantitative ratios are expressed in terms of

weight.



bet ween-the viscosity (dynam c viscosity) of a novolak resin to be prepared
and t he.amount of carbonyl com pound used for the novol ak prepangéggg
Wher easwf el atively constant viscosity val ues are obtai ned. when 90 -
15 - the m xtures contain 2,3, 6-trinethyl phenol as co- nononers, even if

t he added anount of carbonyl conpound is_vg%igd wthin a relatively w de
range, there is a marked interdependence bétween the viscosity and the
added anmount of carbonyl conpound when the m xtures contain

2,3,5-trinethyl phenol. The results are conpiled in Table 2. During the

I ndus{rijal scale synthesis of novolak resins of this generic type,

vari attons in the educt concen- trations, and in particular locally

di fferent concemkéﬁg%éopS'in the reaction vessel itself, occur quite:
frenquently, andTn e conponents, which despite this risk yield
products of constant, identical quality, are clearly preferable. A constant

product qual ity Brepdy P84 dh Coif athéergilhded With regard to the field of
application of the novolak resins, i.e., their ‘use for photoresists, for

. s o T . > G " Tt W it W AL D e e i GO . e S

phot or esi sts nust possess very specific, defined |ithographic property
profiles, which to a high degree depend on the novol ak properties. ‘In the

_Exanples whi ch E%lé”%éﬁ?£5%£“éyefﬂgék(quiﬁbéd with a refluxcondenser,
dropping funnel and agitator, 295 g of m~cresol and
41.3 g of 2,3,6-trimethylphenol are dissolved in 193 ml
of diethyleneglycol dimethyl ether, then 10 g of oxalic
acid dihydrate are added and the mixture is heated to
100°C. 222g of a 37% strength aqueous formaldehyde
solution are dropwise added, and the reaction mixture
is siowly refluxed for another six hours. Then water,
solvent and non-reacted constituents are distilled'off,
distillation being first conducted at normal pressure
up to 200°C and then in a water jet vacuum up to 220°C.
The hot novolak resin is poured into a cooling vessel

and allowed to cool down.

The viscosity of the novolak resin is measured as the
dynamic viscosity of a 40% strength'solution of the

N novolak in methoxypropanol. It is 630 mPa-s (T = 20°C)
and determined using a ball viscosimeter.

The glass transition temperature of the novolak resin
is 119°C. It is determined with the acid of a
differential calorimeter (DSC 1090, made by Dupont) at
a heating rate of 20 K/min and can be calculated from
the temperature measured at half the height of the

interval.



and parts by volune (p.b.v.) bear the same relationship as g and cn8.

Unl ess ot herw se specified, percentages and quantitative ratios gii% 2
expressed in ternms of weight. 0335220.- 16 - Exanple 1 Prepar % 8P
the binder In a four-necked flask equi pped with a refl uxcondenser, dropping
funnel and agitator, 295 g of mcresol and 41.3 g of 2,3,6-trinethyl phenol
are dissolved in 193 m of diethyleneglyco} dimet hyl ether, then 10 g of
oxalic acid dihydrate are added and the m xture is heated to [err] 222g of
a 37% strength aqueous fornmal dehyde sol ution are dropw se added, and the
reacthon mxture is slowy refluxed for another six hours. Then water,

sol vent” and non-reacted constituents are distilled off, distillation being

first conductedpgf, Y@ opressure up to [err] and then in a water jet
vacuumup to [err] The hot novolak resin is poured into a cooling vessel
and al l owed to COOI"doWIT." The viscosity of the novolak resin is nmeasured as
the dynam c viscosity of .a 40% strength solution of the novolak in

met hoxypr opanol

L1t jis 63 a.S (T =Jerr nd_det erm ned using a bal
vi scosi met er . Tﬁ@ﬁﬁ%ﬂﬁs%éiﬁggqqﬁwﬁf%wéiﬁg%%?g gFOThe novol ak resin
a) 12 p.b.w. of the novolak resin described above,

2 p.b.w. of the reaction product obtained from 3
Lo mol of 1,2-naphthoquinonediazide-5-
sulfonylchloride
., and 1 mol of trihydroxybenzophenone, in

45 p.b.w. of propylene glycol monomethyl ether
acetate, and

b) the components listed under a) except that the
trisester of 1,2~naphthoquinonediazide~5-~sulfonyl-
chloride is replaced by the corresponding ester
obtained from the -4-sulfonylchloride.

The resulting solutions are filtered through a 0.2 pm

Y Millipore-filter and spin-coated onto a silicon wafer
provided with an adhesion-promoting coating (hexamethyl
disilizane) such that resist layers having a thickness
of 1 um are obtained after drying in a circulating air
cabinet for_36 min at 90°C. .

To determine the dark erosion rate the coated silicon
wafers are developed for 60 seconds in a 0.2 n, metal
ion-free developer solution containing tetramethyl



is [err] 4t is determned with the acid of a differential calorinmeter (DSC
1090, nade by Dupont) at a heating rate of 20 K/ mn and can be CaLB%é?é%b
fromthe tenperature neasured at half the height of the interval. *
0335220 - 17 - Application Coating solutions are prepared froma) 12
p.b.w. of the novol ak resin described above, 13 p. b.w of the reaction
product obtained from 3 nol of 1,2-naphthoqui nonedi azi de-5-

sul fonyl chloride and 1 nol of trihydroxybenzophenone, in 45 p.b.w of
propyl.ene glycol nononethyl ether acetate, and b) the conponents listed
unden\g) except that the trisester of 1,2-naphthoqui nonedi azi de-5-sulfonyl -
chlortde is replaced by the correspondi ng ester obtained fromthe

-4- sulfonylchIoH(kmmdﬁﬁnmehmdrbngdsolmhbon$hareembﬁmémgdrebd@ugﬂayér2

[err] MIlipore- f'éﬁfgkﬁégséQ'? EOQEQQEQEH %tﬁ"iﬁ Ho e&hﬁVQXkQQQ W th
an adhesi on- pronoting coatI ng exanet di silizane C resi st
| ayers having a tlgafkgressThe lofer il éﬁﬁeébthﬂﬁgaeéﬁt§Prdﬁﬁpm@dﬁ1QP the

circulating air caimetefQ5idR Phtedinh@hih) of the photosensitive layer.
the dark erosion rates measured in this case are 58
nm/min for layer a) and 47 nm/min for layer b).

To determine the thermal stability the described photo-
sensitive mixtures are applied to a silicon wafer

~ provided with an adhesion-promoting layer, such that
after drying at 90°C for 30 minutes layer thicknesses
of 1.7 pym are obtained. Then exposure of the layer to a
pattern comprising 2 pm wide lines is performed with
the aid of a projection apparatus,. and the exposed
layer is developed with a commercially available
aqueous—alkaline developer solution. To test the
thermal stability of the resist patterns obtained in
this way, the wafers are heated for 30 minutes to a -

" temperature of 150°C, and to see whether any changes of

the edge profiles can be detected. Neither the resist
patterns produced in accordance with Examples 1 and 2

_ nor the resist patterns produced according to
Comparative Examples 1 to 3 showed any changes of their

edge profiles.

Example 2

Preparation of the binder

432 g of m-cresol and 136 g of 2,3,6-trimethyl phenol



To deternlne the dark erosion rate the coated silicon mafers are developed
for 60 seconds in a 0.2 n, netal ion-free devel oper solution COrY 348,08

t et r anerhyl 0335220 - 18- anmoni um hydroxi de. Then the renalnlng reS|st

| ayer thicknesses are neasured with a Rudol ph thickness gange. The loss in
| ayer thickness corresponds to the dark ergsion rate (nm mn) of the

phot osensitive | ayer. the dark erosion ratt? freasured in this case are 58

nmmn for layer a) and 47 nmimn for layer b). To determ ne the thermal
stability the described photo- sensitive mxtures are applied to a silicon
waf er ypjovi ded with an adhesion-pronoting | ayer, such that after drying at
[err] Tor 30 nminutes |ayer thicknesses of 1.7 [err] are obtained. Then

exposure of the %%y%%§§%5iggﬂf§ﬁ onpL L S, 0g al&ﬁrﬁgomhdgflhﬂﬁﬁ ﬁlene.

performed with fhi& al a projectfon g parat us e ex ose ayer is
devel oped with alwe@deﬁmmﬂﬂquu@ﬁh%blen qlbogisofl RERLAE deidl Sper

sol ution. To teﬁ?dtr*é%et h%@:h&t&bélm&yr of 3§ begr gsi §’f7%p§{:i-§h§€h0'ah‘%b%ﬁ§ in
this way, the wafers _are heated for 30 mnutes to a nper at ur err]

and to see whet hermadiehysdifyctoBition thge Mebii Rk ﬁﬂpﬁésﬁeﬁgé?gd and
Nei t her the resiple pldcaiitgh MiEtINes i9) SCIPH IBPCLed tRedXx88P| @fothard 2

nor the resist patferns prm%ducfeurt?t%z?rg}ggesmng is carried out as

described in Example 1.

\ The novolak resin has a viscosity of 495 mPa-s (40%
strength, in methoxypropanol) and a glass transition

temperature of 117°C.

Application

As described in Example 1lb}, a resist solution
containing the Linder of Example 2 is spin-coated onto
a support and dried, and the dark erosion rate as a
result of development with the metal ion-free developer
of Example 1 is measured. It is 18 nm/min.

Comparative Example 1

Preparation of the binder

- Y D ol it i T S i (s VD B S B S Y S W A i S

ﬁnder the reaction conditions set forth in Example 1, a
novolak resin having a viscosity of 615 mPa-s (40%
strength, in methoxypropanol) and a glass transition
temperature of 118°C is prepared from a cresol/xylenol
mixture comprised of m-cresol and 2,4—dimethy1 phenol
in a molar ratio of 9 : 1, and formaldehyde.



Conpar ati ve Exanples 1 to 3 showed any -changes of their edge profiles.
Exanpl e.2 Preparation of the binder 432 g of mcresol and 136 ¢ 36

2, 3, 6-t¥1 net hyl phenol 0335220 - 19 - are heated to [err] tog §aP 2430 h
300 g of dinmethylene glycol dinethyl ether and 11 g of oxalic acid di-
hydrate. Wthin one hour, 366 g of 37% strength aqueous fornal dehyde
solution (4.5 nol) are dropw se added, aiid 4%n& reaction mixture is slightly
refluxed for another 15 hours. The further processing is carried out as
descriibed in Exanple 1. The novol ak resin has a viscosity of 495 nmPa.s (40%
strength, in nmethoxypropanol) and a glass transition tenperature of [err]
Applrﬁétion As described in Exanple 1b), a resist solution containing the

bi nder of Exanpl | |p-coated onto a support and dried, and the dark
erosion rate as‘é?é%%%??géﬁ devel opment with the netal ion-free devel oper

of Exanple 1'is wmeastred-—tt is 18 nmmn. Conparative Exanple 1
Preparation of the binder Under the reaction conditions set forth in
Example 1, a . , . . s
: As described in Example 1, resist solutions contailning
the binder of Comparative Example 1 are spun onto
supports and dried, and the dark erosion rates
resulting after development with the metal ion-free
developer of Example 1 are determined. Dark erosion

rates of 272 nm/min (a) and 351 nm/min (b) are measured.

u
Compafative Example 2
Preparation of the binder
Under the reaction conditions set forth in Example 1, a
novolak resin having a viscosity of 690 mPa-s (40%
strength, in methoxypropanol) and a glass transition
temperature of 116°C is prepared by condensation from a
cresol/xylenol mixture comprised of m~cresol and

: 2,6-dimethyl phenol in a molar ratio of 9 : 1, and

~— formaldehyde.

Application'

As described in Example 1 resist solutions containing
the binder of Comparative Example 2 are prepared and
processed, and the dark erosion rates are determined in
accordance with Example 1. Dark erosion rates of 289
nm/min (a) and of 365 nm/min.(b) are measured.



novol ak-resin having a viscosity of 615 nPa.s (40% strength, in
met hoxypropanol ) and a glass transition tenperature of [err] is qi $gr%®
frem a~er-esol / xyl enol mi xture conprised of mcresol and 2, 4-di net § 3 nol
inanolar ratio of .9 : 1, and formal dehyde. 0335220 - 20 - Application
As described i'n Exanple 1, resist solutions containing the binder of
Conparative Exanple 1 are spun onto supportdland dried, and the dark
erosion rates resulting after devel opnment with the netal ion-free devel oper
of Exanple 1 are determned. Dark erosion rates of 272 nmmn (a) and 351
nm mn (b) are neasured. Conparative Exanple 2 Preparation of the binder
Under>~t'he reaction conditions set forth in Exanple 1, a novol ak resin
havi ng a vi scosi of 69Q nPa,s 0@6§trength, i n nmet hoxypropanol) and a

gl ass transitiong%¥$§%¥%#9¥%§%§§§éﬁif—is prepared by condensation from a
cresol /xyl enol m xture conprised of mcresol and 2, 6-di nethyl phenol in a
nolar ratio of 9 ryaal plication As described in Exanple
1 resist soIutioﬁgeégﬁﬁgﬂﬁ$ﬁéﬂ?ﬁgﬁ%¥%§g$é%f Conparative Exanple 2 are
prepared and. — —TTTToTmTToomo ST m o mmmee

Under the reaction conditions set forth in Example 1, a
novolak resin having a viscosity of 950 mPa-s (40%
strength, in methoxypropanol) and a glass transition

\_J ' temperature of 123°C is prepared from m-cresol and
formaldehyde.

Application

The binders of Comparative Example 3 are emploved for
resist solutions and further processed as described in
Example 1. The dark erosion rates are 249 nm/min (a)

_ and 135 nm/min (b).

Example 3

— Analogously to the preparation of the novolak of
Example 1, novolak resins are prepared by condensation
of mixtures comprised 9 mol of m~cresol and 1 mol of
2,3,6~trimethyl phenol with varying amounts of form-
aldehyde'(the molar ratios of phenol component : form-
aldehyde are given in Table 2 below), employing oxalic
acid as a catalyst. The viscosity values measured for
each novolak (40% strength, in methoxypropanol) are

also compiled in Table 2.



processed, and the dark erosion rates are determ ned in accordance with
Exanmpl e~1. Dark erosion rates of 289 nmnmn (a) and of 365 nnmmn éb% are
measurae. 0335220 - 21 - Conparative Exanple 3 Preparation of t$838id2@er
Under the reaction conditions set forth in Exanple 1, a novol ak resin
having a viscosity of 950 nPa.s (40% strengthy, Ln nmethoxypropanol) and a
glass transition tenperature of [err] is prepared from mcresol and

f ormal dehyde. Application The binders of Conparative Exanple 3 are enpl oyed
for resist solutions and further processed as described in Exanple 1. The
dark.erosion rates are 249 nnimn (a) and 135 nmmin (b). Exanple 3
Anald@ﬁﬁsly to the preparation of the novolak of Exanple 1, novol ak resins
are prepared by casepspatbne oExaipldar2s conprised 9 nol of mcresol and 1
nmol of 2,3,6-trinmethyl phenol with varying anounts of form al dehyde (the
nmol ar ratios - of phenol conponent : form al dehyde are given in Table 2

bel ow), enpl oyi ng Zxaléscathed atn aExarplesi, Mowolakcaeistipsy alnge prerestaded

for each novol ak (KP%SAAERILL: oh NoFERPRYPEAPRBALY 1368 of 9 mol of
' m-cresol and 1 mol of 2,3,5-trimethylphenol with
varying amounts of formaldehyde (the molar ratios of

phenolic components : formaldehyde are given in Table 2
below). The viscosity values of the novolak resins (40%
strength, in methoxypropanol) are also compiled in
Table 2. |

It can be seen that the viscosities of novolak resins
prepared employing 2,3,5-trialkylphenols along with
m~cresol vary within a much wider range when the amount
of formaldehyde is varied- than do the viscosities of
novolak resins prepared employing 2,3,6-trialkylphenols.
' ' Substantially constant viscosity values are in parti-

cular obtained when the added amount of formaldehyde
varies between 0.85 and 0.95 mol, particularly between
0.89 and 0:92 ﬁol per mol of phenolic component. Thus,
the viscosity can be considered "constant" when the

N\ range of variation (4) observed within the above limits
of the added amount of formaldehyde does not exceed
200 mPa-s.



al’so conpiled in Table 2. 0335220 - 22 - Conparative Exanple 2 As
described in Exanple 1, novol ak resins are prepared by condgasst2apg of

meXt ukgs conprised of 9 nol of mcresol and 1 nol of 2, 3,5-trinmethyl phenol
wi th varying anmounts of fornmal dehyde (the nolar ratios of phenolic
conponents : fornal dehyde are given iy, Table 2 below). The viscosity val ues
of the novol ak resins (40% strength, ‘i'n met hoxypropanol) are al so conpil ed
i.n Table 2. It can be seen that the viscosities of novol ak resins prepared
enpl oying 2, 3,5-trial kyl phenols along with mcresol vary within a nuch

wi der range when the amount of formaldehyde is varied,than do he,
visCesi ties of novolak r é; are | oyi ®g 2, 3,%-t[ri al& @ ph#&nol s.
Substantially constﬁnt Vv osit aIu Qar e ingparti-gcul ar Dk ailied when
t he added amount of&for ehy ar|%§ﬁbetmeeg 0. 85 Eind 0. 95 $ol),-
particul arly betwe 0. 8 ‘and ger mol ,of phenolfi ¢ conponent. Thus,
the viscosity can con%i eredoéxwwtaﬁt when the range of variation
[err] observed withen the above l'inmts of the added anount of formal dehyde
does not exceed ZOdgnPa S.
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0 335 220 - 23 - [err] 0 335 220 - 24 - [err] 0335220 - 25 - Clains
1. A g;;itiv-mnrking phot osensitive m xture conprising an o-Qa33b&&Xi azi de

as ¢t he
i nsolu

hot osensi tive conmpound and a bi nder of the novol ak type which is
e in water and soluble in aquepus-al kaline nedia, characterized in

that the binder is prepared froma m 4re cont ai ning an mcresol and
a.2,3,6-trial kyl- phenol. 2. Photosensitive mxture as clained in claim1l,
characterized in that the mxture fromwhich the novol ak is prepared

contains 75 to 95 nol-%of mcresol and 5 to 25 nol - % of

2,3WE;£;ialkylphen0I. 3. Photosensitive mxture as ¢l ai geg i
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clains 1 and



et

2, characterized in that the novolak resin has a glass transition
tenpersat ure of at least [err] preferably of at |least [err] 4. 0 335 220
Photqsensitive mxture as clainmed in-one or several of clainms 1 to 3,
characterized in that the 2,3,6-trial kyl phenol is 2,3,6-trinethyl phenol. 5.
Phot osensitive mxture as clainmed in one o+~ ggveral of clains 1 to 4,

characterized in that esters or ‘am des of o-naphthoquingggngngg_guLILwn4%
aci ds or of o-benzoqui nonedi azi de sul fonic acids are us as

0- qui nonedi-azi des. 0335220 -26- 6. Photosensitive m xt \um\mgr\“b
claimb5, characterized in that esters of o0-naphthoqui nonemmam oy
-5- fonic acids with nono- or pol yhydroxybenzophenones of -%cyclgphenones
are enployed. 7. Photosensitive mxture as clainmed in one or. several of
clainms 1 to 6, characterized in that 5 to parts by wei ght of

0- qui nonedi azi de are contained in said m xt éer 100 parts by weight of
novol ak resin. 8. Positive-wrking recording material suitable for the

producti on of pri-%edacbﬁa%‘iit&%—%%rﬂ%g B Qs LA LR i1 LOPO"EGh PAL I g

and offset printi

an o-quinonediazide as the photosensitive compound
and a binder of the novolak type which is insoluble
in water and soluble in aqueocus-alkaline media,
characterized in that the binder is prepared from a
mixture containing an m~cresol and a.2,3,6-trialkyl-
- _ phenol. |

2. Photosensitive mixture as claimed in claim 1,
characterized in thatifhe.mixture from which the
novolak is prepared contains 75 to 95 mol-% of
m-crespl and 5 to 25 mol-% of 2,3,6-trialkylphenocl.

3. Photosensitive mixture as claimed in claims 1 and
2, characterized in that the novolak resin has a
glass transition temperature of at least 110°C,
preferably of at least 115°C.

N\ 4. Photosensitive mixture as claimed in one or several
.of claims 1 to 3, characterized in that the
2,3,6-trialkylphenol is 2,3,6-trimethylphenol.

5. Photosensitive mixture as claimed in one or several
of claims 1 to 4, characterized in that esters or
amides of o-naphthoquinonediazide sulfonic acids or
of o-benzoquinonediazide sulfonic acids are used as

o-quinonediazides.



prates, which is essentially conprised of a support coated with a
phot osensitive |layer, characterized in that said |ayer is prepareg3Bsano

phot Gsen- sitive mixture as clai.ned in claims 1 to 7. 9. Process for the
preparation of a positive-working recording nateri al aS*CLgLHEg‘%stiﬁLglf’
characterized in:that a photosensitive mxtafre as clainmed in cla 7

s applied to a support which is optionally Eaazz?eauz.“'n%l[llwmiﬂfl/i/ﬁum
: '-_ N g

o
6. Photosensitive mixture as claimed in claim 5,
characterized in that esters of o-naphthoquinone-~
diazide-4- or -5-sulfonic acids with mono- or
polyhydroxybenzophenones or -acyclophenones are
employed.

7. Photosensitive mixture as claimed in one or several
of claims 1 to 6, characterized in that 5 to 100
parts by weight of o-quinonediazide are contained

] in said mixture per 100 parts by weight of novolak

resin.

8. Positive-working recording material suitable for
the production of printed circuits boards, micro-
electronic component parts and offset printing
plates, which is essentially comprised of a support
coated with a photosensitive layer, characterized
in that said layer is prepared from a photosen-
sitive mixture as claimed in claims 1 to 7.

_ 9. Process for the preparation of a positive-working

N ' recording material as claimed in claim 8,
characterized in that a photosensitive mixture as
claimed in claims 1 to 7 is applied to a support -
which is optionally provided with an adhesion-
promoting coating, and that the material is subse-

quently dried.



