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The invention relates to a positive-working radiation-
sensitive mixture which contains as essential constitu-

ents:
a) a compound which forms a strong acid on irradiation,

"b) a compound having at least one C-0-C- or C-0-Si-bond

which can be cleaved by acid, and
c) a water-insoluble binder which is soluble or at
least swellable in aqueous alkaline solutions.

The invention furthermore relates to a radiation-sensi-
tive copying material produced therefrom which is suit-
able for producing photoresists, electronic components,
printing plates or for chemical milling.

In UV lithography, the limit of resolution is governed by

the wavelength of the radiation used. The continuous
miniaturization of the structural dimensions, for example
in chip production, theréfore requires modified litho -
graphictechniques in the submicron region. Owing to their
short wavelength, high-energy UV light or electron beams
and X-ray beams, for example, are used. However, the
modification of the 1lithographic technigues expresses
itself, in particular, in a modification of the require-
ments imposed on the radiation-sensitive mixture. A
summary of these requirements is given, for example, in
the treatise by C.G. Willson entitled "Organic Resist
Materials - Theory and Chemistry" (Introduction to Micro--
lit_l_x_q_g_:_:aphy, Theory, Materials, and Processing, edited by
L.F. Thompson, C.G. Willson, M.J. Bowden, ACS Symp. Ser.,
219, 87 (1983), American Chemical'Society, Washington).
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short wavel ength, high-engrgy UV light or electron beans,
for exanpl e, are used. However) the nodification of I C _
t echni ques expresses 25 itself, in particular, in a nodifica 1 .of the
regquire- nents i NPOMOEQHST IMKTIENGESELLSCHAS™ i v (WERK {KRELEAAEBER®' Y Of
these requirenents is given, for exanple, Ln_the treatise by C.G Wllson
entitled "Organic Resist Materials - Theor? and Chem stry" (Introduction to
Mcro- 30 |ithography, Theory, Materials, and Processing, edited by L.F.
Thonpson, C. G awwidenspectradovxiange A@8dSyean 8ecordinglys7bé 19&®d in .
Anmeri can Chem vt i-r{g{d\y}) e St f § Ot Lfie
regui r ement fo%éhadi a-lﬁ%oln%zgé tive arﬁhgngzg's %ﬁ%ﬁr@%ﬁgfﬂﬁéﬁéi
sensitive in tiggdyacehMentheadvansed-pteghnologies such as, for ex-

ample, the mid-UV or deep-UV, electron or X-ray litho-
5 graphy.

Mixtures of the abovementioned composition are in prin-
ciple known and are described, for example, in DE-A
2,306,248 (= US-A 3,779,778); 2,610,84'2 (=Us-A4,101,323),
2,718,254 (=Us-A 4,247,611), 2,718,259 (= US-A 4,189,323),
10 2,928,636 (=US-A 4,311,782), 3,151,078 (= UsS-A 4,506,006),
- 3,544,165 (= Us-a 4,786,577), 3,601,264, 3,730,783,
3,730,785 and 3,730,787, in EP-A 0,006,626 (= US-A
4,250,247), 0,006,627 (US-A 4,248,957), 0,042,562 (= US-A
4,506,003), 0,202,196 and 0,302,359, and also in US-A

i5 4,491,628 and 4,603,101.

On irradiating the materials described above, photolysis

- of the compound (a) forms an acid which brings about a

cleavage of the C-0-C- or C-0-Si-bond of the compound (b)

in a manner such that the irradiated regions of the

20 photosensitive layers become soluble in an aqueous
alkaline developer. '

As compounds (a) which can be characterized as photolytic
acid donors, in particular, onium salts such as diazon-
ium, phosphonium, sulfonium and iodonium salts of non-
25 nuc;eophilic acids, for example of HSbF;, HAsSF;, or HPF,
(J.V. Crivello, Polym. Eng. Sci., 23, 953 (1983)), .
halogen compounds (EP-A 0,232,972, DE-2 1,572,089 (= GB-A
1,163,324), DE-A 1,817,540 (= US-a 3,615,455), DE-A
1,949,010 (= Us-A 3,686,084), DE-A 2,317,846 (= GB-A
30 1,381,471 and 1,381,472), US-A 3,912,606), in particular
trichloromethyl triazine derivatives (DE-A. 1,298,414
(= GB~A 1,234,648), 2,243,621 (= GB-A 1,388,492),
2,306,248, 2,718,259, 3,333,450 (= 2A 84/7165) and
3,337,024 (= US-A 4,619,998 and 4,696,888) and also US-A
35 3,515,'552, 3,536,489 and 3,615,630) or trichloromethyl
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a wide spectral range andécan accordingly be tional
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Xotay Iitho 5  HOEGHST AFSIENGES smovém. BRBERT ion are
in pgrin- ciple known and are described, -f gr-exanple, in DE-A 2 306, 248
(=US-A 3,779,778), 2,610,842 (=US-A 4,101, 323), 2,718,254 (:US-A
4,247,611), 2,718,259 A 4,189 32 0 3 =S, 3 782) ,
3. 151 078 U§’5§dz} ?)d% f%@"(]—"l?s%ﬁ ‘%% %’é'g A#ﬁe%% )
3, 7%0 783, 3 &Y 7852320108) 732 989,396n (EPUS-A0 4(}(33733.8321,— BJSOZ\I 590
4, 250, 247 0,,006..82 957 0 2,562

0s 202, 766 ang & 305" éss(ays%ﬁ%ﬂsﬁﬁ 3ihaugss oo J“sﬁ 3715 %: ?nfm
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C O Si -bond of t'he conpound I'n & manner such that the irradi ated
regi ons of th&ecommended.

The use of such photolytic acid donors, however, involves
certain disadvantages which drastically restrict their
possible uses in various fields of application. Thus, for
10 example, many of the onium salts are toxic. Their solubi-
-lity in many solvents is inadequate, which results in a
.limitation of the choice of resist~coating solvents. In
addition, if the onium salts are used, some undesirable
.foreign atoms are introduced which may result in process-
15 ing troubles, in particular in microlithography. Further-
more, during the photoly'sis they form Brgnstedt acids
with very strong corrosive action which render the use of
rédiation—sensitive mixtures containing them unsatisfac-
tory on sensitive substrates. The halogen compounds and
20 also the quinonediazide. sulfonyl chlorides aise form
hydrohalic acids with strong corrosive action. Further-
more, on certain substrates, such compounds have only a
limited storage life which , according to the teachings of
DE-A 3,621,376 (= US-A 4,840,867) was improved in the
25 past by introducing an intermediate layer between sub-
strate and radiation-sensitive layer containing compounds
of the type (a), but this resulted in an undesirable
increase in defects and a reduction in the process
reproducibility. In addition, there was the view that
30 compounds of the type (b) can be cleaved only by the acid
types described above which have good mobility in the
photosensitive layer. o
However, recent work by F.M. Houlihan et al., SPIE 920,
67 (1988) has shown that, in addition to the above-
35 mentioned acid donors, nitrobenzyl tosylates, which form
sulfonic acids of low mobility on exposure to light, can
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5 owing to the disadvantages cited there is therefore a

~ need for further acid donors which act photolytically,

which do not have the disadvantages described above as

constituents of radiation-sensitive mixtures and which

consequently have sufficient reactivity and acid strength

10 to convert compounds of the type (b) into their cleavage
' products even with short exposure times.

The object of the invention was therefore to propose a
radiation~sensitive mixture’based on acid-forming com-
pounds in combination with compounds which can be cleaved

15 by acid, in which mixture the éompound (a) which forms an
acid photolytically should be as stable as possible on all
known substrates and generate an acid with noncorrosive
action as the photo product.

According to the invention, a radiation-sensitive mixture
20 is proposed which contains as essential constituents:
a) a compound which forms a strong acid on exposure to
. actinic radiation, _
b) a compound having at least one C-0-C- or C-0-Si-bond
which can be cleaved by acid, and
25 c) a water-insoluble binder which is soluble or at
' least swellable in aqueous alkaline solutions.

The mixture according to the invention is one wherein the
compound (a) which forms a strong acid on irradiation is
an a«,a~-bis(sulfonyl)diazomethane of the general formula

30 I "
-50.,~C=S0,~ I
R-50,-C-S0,~R
Ny
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REPLACEMENT SHEET 19 FEB™4997yoxadi azol e derivatives (,DE-A 2,851,472 (=
US-A 4,212,970 and 4, 232,106), 2,949,396 (= US-A 4,279,982), 3,021,590 (=

U A 4,371, 607), 3,831,399 Wﬁ%&g@]&m@ SNERE Ot AR dain

o-qui nonedi azi desu
conbi nati ons have hitherto been reconmend8d= The use of such photol ytic

aci d donors, however, involves certain disadvantages which drastically

restrict theig Egséhbéﬁtﬂéﬁéll? ¥abkeueutba! dexpl, J:1sa!uc9m, abys, okor 10
exanpl e, many. o r1| um s are toxic. Their solubi- ITty in many
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resi st-coating sol vents In addition, if the oniumsalts are used, sorre

undesi rabl e f rei ato e introduced whic result r 0cess-
undesirabl o fgLeln.aLoms Bhe MLORNCEY M Ch ok Sl s LR BT 088500015
photol ysis t rmgzténﬂ.mlBr.{.er rrepesked adinds adidiilt ioar ywhu.chngccntamasvethet i on
whi ch render phe Y88 Qbscribed above as a radiation-sensitive layer on

a support.

The radiation-sensitive mixture according to the inven-
tion is notable for a high sensitivity over a wide
spectral range. It exhibits a high thermal stab:.l:.ty and

10 ‘provides the possibility of reproducing even the finest
.structures of a master with structural precision. No
corrosive photolysis products are formed by the exposure
to light, with the result that the mixture can be used
even on sensitive substrate materials.

15 For the preparation of the radiation-sensitive mixture,
it is possible to use compounds of the general formula I
in which R is an optionally substituted alkyl or cyclo-
"alkyl radical, an optionally substituted aryl radical or
an optionally substituted heteroaryl radical.

20 Examples of suitable substituents R in a,ce-bis(sulfonyl)-
diazomethanes of the general formula I are:

Methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclohexyl,
nonyl, decyl, or undecyl groups, and also their positional
isomers, aryl such as benzene and naphthalene, hetero-
25  aromatic compounds containing O, N or S as heteroatom and
also their derivatives in which one or more hydrogen atoms
are substituted for example by alkyl, alkoxy, alkoxyalkyl,
aryl, aryloxy, arylalkoxy, halo, cyano, nitro, carbonyl,
carboxyl, amido or similar radicals. Particularly prefer-
30 red substituents are alkyl, alkoxy, a.lkoxyaikyl, car-
bonyl, amido, nitro radicals or halogens, alkyl or alkoxy
radicals containing in particular 1 to 4 carbon atoms.
If there is polysubstitution of the aromatic radicals,
Thls Sheet Has Been Replaced
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radlatlon sensitive mxtures containing themunsatisfac- tory on sensitive
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comprises at most predominantly one heterocatom, even if

R is a binuclear radical. If N is chosen as a heteroatom,

it may occur at most twice per nucleus.

/)

10 Among the compounds of the general formula I which
‘contain R=alkyl as a rédical, those are preferred which
contain 1 to 6 carbon atoms, and among those which
contain R = aryl as a radical, those are preferred in
which R is a mononuclear or binuclear aromatic radical.

15 Examples of particularly suitable a,a-bis(sulfonyl)-
diazomethanes of the general formula I are:
Bis(methylsulfonyl)diazomethane
Bis(ethylsulfonyl)diazomethane
'Bis(propylsulfonyl)diazomethane

20 Bis(1—methy1propylsulfony})diazomethane
Bis(2-methylpropylsulfonyl)diazomethane
Bis(butylsulfonyl)diazomethane
Bis(1—methylbutylsulfony1)diazomethane
Bis(2-methylbutylsulfonyl)diazomethane

25 Bis(3-methylbutylsulfonyl)diazomethane
Bis(allylsulfonyl)diazomethane
Bis(heptylsulfonyl)diazomethane
Bis(octylsulfonyl)diazomethane
Bis(nonylsulfonyl)diazomethane

30 Bis(decylsulfonyl)diazomethane
Bis(dodecylsulfonyl)diazomethane
Bis(trifluoromethylsulfonyl)diazomethane
Bis(hexadecylsulfonyl)diazomethane
Bis(cyclohexylsulfonyl)diazomethane

35 Bis(2-oxapentylsulfonyl)diazomethane
Bis (benzylsulfonyl)diazomethane
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REPLACEVMENT SHEET 19 FEB™997,be used in certain acid-labile resist
formul ati ons. The sensitivitiés achieved in such cases and the thernal

stabilitys of the Sy €¥§%$ pr q
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donors which act photolytically, which do7net have the di sadvant ages
descri bed above as constituents of radi ati on-sensitive m xtures and whi ch

consequent |y h§§?2$8ﬂmd¥dﬁﬁn i%gﬁlfﬁﬂ Fdith 26hEt RAHhENOL h 10 to convert
conpounds of the't into their eava.mggroducts even with short
exposure ti me® lsfﬁec qgﬂbqﬁzﬁﬁﬁy #RﬂﬁﬁlQﬁP SthaR€fore to propose a

radi ati on- sensngquem@ﬁﬂuxygdxfﬁnyxyujﬁudhétmamgg com pounds in
combi nati on whth coIpOHRAs AN ST B Gl ¢d
S Bls(2-methylphenylsulfonyl)dlazomethane
Bis(3-methylphenylsulfonyl)diazomethane
Bis(4-methylphenylsulfonyl)diazomethane
Bis(4-ethylphenylsulfonyl)diazomethane
Bis(2,4~dimethylphenylsulfonyl)diazomethane
10 ' Bis(2,5-dimethylphenylsulfonyl)diazomethane
Bis(3,4-dimethylphenylsulfonyl)diazomethane
'Bis(4-t-butylphenylsulfonyl)diazomethane
Bis(2-methoxyphenylsulfonyl)diazomethane
Bis(3-methoxyphenylsulfonyl)diazomethane
15 Bis(4-methoxyphenylsnlfonyl)diazomethane :
Bis(2~-chlorophenylsulfonyl)diazomethane
Bis(3-chlorophenylsulfonyl)diazomethane
Bis(4-chlorophenylsulfonyl )diazomethane
_ Bis(2,5-chlorophenylsulfonyl)diazomethane
20 Bis(2,6-chlorophenylsulfonyl)diazomethane
Bis(3,4-chlorophénylsulfonyl)diazomethane
Bis(2~-bromophenylsulfonyl)diazomethane
Bis(3-bromophenylsulfonyl)diazomethane
Bis (4-bromophenylsulfonyl)diazomethane
25 Bis(4-fluorophenyl§ulfonyl)diazomethane
Bis(2,4-difluorophenylsulfonyl)diazomethane
Bis(pentafluorophenylsulfonyl)diazomethane
Bis(4-nitrophenylsulfonyl)diazomethane
Bis (4-acetamidophenylsulfonyl)diazomethane
30 Bis(4-acetoxyphenylsulfonyl)diazomethane
Bis(2-naphthalinsulfonyl)diazomethane
Bis(furfurylsulfonyl)diazomethane
Bis(imidazolylsulfonyl)diazomethane
Bis(2-methylimidazolylsulfonyl)diazomethane
35 Bis(benzimidazol-2-sulfonyl)diazomethane
Bis(benzoxazol-2-sulfonyl)diazomethane
Bis(benzothiazol-2-sulfonyl)diazomethane.
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15° by acid, in which i xtyre the compound (a) which forns an acid
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generate an aci d WgdEdH® AROENEE QS SeRer t Deypiet RARLBANLEERACCOr di ng
to t.he invention, a radiation-sensitive nlxture 20 i s proposed which
contains as essential constituents: a) ~ g Compound which forns a strong
acid on exposure to actinic radiation, b) a conpound having at |east one
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t he conpound wellwswihtédr fiera igmasigtion miqthrhaqhatemem B radia-

a, a- b|s(sulfoglbkglazonethane of the general fornula 30 | [err]
I 2 in which )
5 Of the abovementioned compounds of the general formula I

in which R is a substituted aryl radical, the following
compounds are particularly preferred:

Bis(2-methylphenylsulfonyl)diazomethane
Bis(3-methylphenylsulfonyl)diazomethane

10 ' Bis(4-methylphenylsulfonyl)diazomethane
Bis(4-ethylphenylsulfonyl)diazomethane
Bis(2,4~dimethylphenylsulfonyl)diazomethane
Bis(3,4-dimethylphenylsulfonyl)diazomethane
Bis(4-t-butylphenylsulfonyl)diazomethane

15 Bis(4-methoxyphenylsulfonyl)diazomethane
Bis(2-chlorophenylsulfonyl)diazomethane
Bis(3-chlorophenylsulfonyl)diazomethane
Bis(4-chlorophenylsulfonyl)diazomethane
Bis(2,5~dichlorophenylsulfonyl)diazomethane

20 Bis(2,6~dichlorophenylsulfonyl)diazomethane
Bis(3,4—dichlorophenylsulfonyl)diazomethane
Bis(3-bromophenylsulfonyl)diazomethane
Bis (4-bromophenylsulfonyl)jdiazomethane
Bis(4-fluorophenylsulfonyl)diazomethane

25 - Bis(2,4~difluorophenylsulfonyl)diazomethane
Bis(4-nitrophenylsulfonyl)diazomethane
Bis(4-acetoxyphenylsulfonyl)diazomethane.

These compounds are particularly suitable because, on the
one hand, they have a high photolysis reactivity, and, on
30 the other hand, they have an adequate thermal stability.

The preparation of the a,a-bis(arylsulfonyl)diazomethane
derivatives according to the invention is known per se.
Their preparation has been described, for example, by F.

Klages et al., Chem. Ber., 97, 735 (1964).
This Sheet Has Been Replaced
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REPLACEMENT SHEET R is an opt ironal |y substituted al kyt, cycloalkyl, aryl or
het eroaryl radical. According to the invention, a radiation-sensitive

copying material i anased. i L1 Leh_ i'QﬁIf 9!5!? 'xture-
descri bed above aswp %%W##ﬁ%cﬁ%%r Sﬁﬁgﬁs]'uppogt. ﬁg{[‘m

radi ati on-sensitive m xture according te t9he- inven- tion is notable for a
hi gh sensitivity over a wide spectral range. It exhibits a high thernal

stabllity andr}0 oqq X fh degnbie B88eSill | hivsdlli &P ARG S ¥R pogyLi nest
structures of a master with structural precision., No corrosive phoio §SI S
products are tMRVaRkiNE Rpbetialse | ifnt Pamtiieulas r LRF t PRADELR
m xture can b?naa;%l-, £\igdls OPeéRNEhvEReigaleH! dhe t Pasal By 1B, Poborethe
pr’e-[‘)ar ation Oalt.h,e S?dll? tgt%ng-rs.en cl:il.yelg,Xtége(w?l); their practical

5 suitability in photoresist formulations was, however,

ruled out because of inadequate photosensitivity.

It was therefore particularly surprising that the com-~
pounds of the generhl formula I used according to the
invention form, during their photolysis, adequate gquan-

10 tities of sufficiently strong acids which make it pos-
‘sible to produce the highly sensitive, positive-working
radiation-sensitive mixture according to the invention.
Although there are no precise ideas about the extent and
the nature of the acids formed, it may nevertheless be

15 assumed that sulfonic and sulfinic acids form as a result
of the photolysis and these are capable of cleaving the
labile bond of the compounds of the type (b).

Compared with the photolytically produced acids hitherto

" used such as, for example, hydrochloric acid, these acids

20 have, as a consequence oft their high molecular weight, a
much lower diffusion tendency or mobility in the radiation-
sénsitive mixture according to the invention, with the

result that it was. surprising, on the one hand, that it

was possible to achieve an image differentiation satisfy-

25 ing the highest requirements, and on the other hand, it
was, however, all the more surprising that, for comparable
sensitivity, the contrast, and consequently the resolving

power, of the radiation-sensitive mixture was increased
further. Furthermore it was surprising that the e,a-

30 bis(sulfonyl)diazomethanes of the general formula I can
also be activated by high-~-enerqgy short-wave radiation and

it is consequently possible, for example, to produce a

highly sensitive photoresist for high~energy UV2 radiation

(248 nm). In particular, however, it was unexpected that

35 an adequate spectral sensitivity is still present even in

- the conventional optical lithography region (436 mnm).
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It is possible to use ccrrrpounds of the general fornuta I-in which Ris an
Op';)l onal | ydsubst Ituted al kyI ‘or cyclo- alkyl radical, an optionally
substituted aryl radical ar t| on bst er, radi cal .

20 , Exanples of BQRGHH SRIHENGE aééﬁ:ﬁ *%#% gﬁﬁ?’g @E)HT

di azonmet hanes of the general fornula l-at@®: - Met hyl , ethyl, propyl, butyl,
pentyl, hnyI cyclohexyl nonyl , decyl, or undecyl groups, and also their
posrtional i e t hal epepnah

post oAl AR, eHnehngs R IA0° A A0 1) elonel ke o
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by al kyl, kc%r Yehet PV m-w&"«fé’lva.s"iﬂié’xl/l REY| 2hkelys Bahtectiamng,
mtro, carbon carboxyl, anmido or simlar radbcals Par ti cul a;#g refer-

30~ red subét | PABELSUARE /oI UY)| TAALREIOD Ak okPEI KANIR aFF%Bbn do,
nitro sadi Ca|45503rnxﬁ‘ | alfl K yfret Mdkow 4Mﬂlmal, spapbiaulamdy pre-

particul ar ft&;qaj) car roma£86mto| gobh%(? ;Q’ssé’béiéé{:'&bﬂnrghlta}%q-on

aromati c radi
and X-rays ‘are suitable.

The preparation of the a,a-bis(arylsulfonyl)diazomethanes
used according to the invention, some of which are novel,
10 is illustrated on the basis of the preferred bis(4-t-
'butylphenylsulfonyl)diazomethane (pbw = parts by weight):

37.3 pbw of 4-t-butylthiophenol are added to 100 pbw of
sodium hydroxide and stirred at room temperature until a
clear solution forms. 18.2 pbw of dichloromethane are
15 added to the thiophenol solution. The mixture is heated
under reflux for 8 hours. The formaldehyde bis(4-t-
butylphenylmercaptal) produced is taken up in ether and
washed with 2 x 200 ml of water. Drying is then carried
out over magnesium sulfate and the ‘ether is distilled
20 off. 36 pbw of a colorless oil are left behind.

20 pbw of this o0il are dissolved in 40 ml of glacial
acetic acid and added dropwise to a mixture of 200 pbw of
glacial acetic acid and 60 pbw of hydrogen peroxide pre-
heated to 90°C, the drop rate being so regulated that the

25 ‘temperature remains below 100°C. After completion of the
initially strongly exothermic reaction, heating is
carried out for a further 2 hours at 100°C, the mixture
is cooled and poured into water. This produces 16 pbw of
bis(4-t-butylphenylsulfonyl)methane. The product is

30 recrystallized from ethanol and is obtained with a
melting point of 150 to 152°C.

10 pbw of the product obtained above are dissolved
together with 4.8 pbw of tosylazide in 90 pbw of aceto-

__ nitrile and cooled to 0°C. 2.5 pbw of triethylamine are
" This Sheet Has Been RTlaced
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REPLACEMENT SHEET sui t abl 8 sub,st ituents are pre-dom Rantly al kyl or hal o-
gens. In particular, these are then disubstituted radi: cals R If,

however , quorlne|sas stl I %ng ? ahp n quorlne
atons may al so be.Q{OECH‘E:Fch éﬁé’ﬁg i §§é§ t Ge E’%W’ﬁ‘c‘i R, the

| atter are not, however, preferred. If R L% kheteroaryl, it conprises at
nost predom nantly one heteroatom even if Ris a binuclear radical. If N

i s chosen as t I
arong he consSuiat SbRplss I NnEE HixPurdOEh, BhESARE SUH Biae Lhe,
radi cal , thos&mmmmre@nﬁﬁnéhbGAWalw L+ Feirpingnobt She, m&ﬁd’r“&'ﬁong

those whi ch cqrat abangp.nuéﬁylfc?:.s 2 glisal att *Elfcﬂna'tém@b&fa&:ﬁf:%d aﬂdV\&lh@h

i's a nononucl ear bi nucl ear aromatic_radica npl e
particul arly 3931"[% els Lthen; gueyed nfrym Hh%z’Bﬁ%FHﬁﬁesTg‘F Fﬁ@"&é’ﬁeﬁél

formul asl aretaken up in methylene chloride and extracted twice with
100 pbw of 5%-strength aqueous sodium hydroxide solution,
washed until neutral and dried. After evaporating off the
solvent, an oil is left behind which is filtered through
a silicic acid with methylene chloride as solvent. Re-
10 evaporation of the solution produces a solid having a
_decomposition point of 153 to 155°C, which proves to be
analytically pure bis(4-t-butylphenylsulfonyl)diazo-

methane. :

The | analysis of this compound yielded the following

15 values:

calc.: C 58.04%, H 6.03%, N 6.45% 5 14.75%
found: C 57.9 %, H6.1%, NG6.5% S 14.4 %

'H-NMR (CDCl,): 1.4 ppm (s, 18 H), 7.4 to 8.2 ppm (g, 8 H)
Amex (CHCly)= 238, 248 nm.

20 'I;he other abovementioned compounds of the general formula
I can be prepared in an analogous manner.

The photolytic acid donors contained in the radiation-

sensitive mixture according to the invention can be used

alone or in combination with other acid donors of the
25 category mentioned. Combinations with other photolytic
acid donors are, however, also possible, for which
purpose, in particular, the o-sulfonyl-a-~carbonyldiazo-
methanes described in application P3,930,087.0 filed
simultaneously are suitable.

30 In addition, the acid donors of the general formula I
accord:.ng to the invention can also be combined with
ThlS Sheet Has Been Rep laced




Bi $( et hyl sul fonyl ) di azo?rgt haﬂe Bi s(et hyl sul fonyl ) di-azormet hane
Bi s(propyl sul fonyl ) di azomet hahe 20 '
Bi s(! - et hyl propyl su

| f onyl ) d t h B
(2= met hyl propyl sul ﬁ@ﬁﬂﬁ%ﬁ éﬁ%ﬁﬁanw%mmm%m%ne

Bi s(I -met hyl butyl sul fonyl ) di azonet hane - 12 -
Bi s(2- net hyl but yl sul f onyl ) di azonet hane 25

51 5( nept y1 Sul PO BRISBEOARe G o ber gt MR Ay, A ERGTR ik
Bi s¢nonyl sul f asdondivar ermittsa s a@n-nucaw@andwcsmm.l )iz axanmke of
57 5 hexadbcy| SOPPay FRRFRS oRB: T8 BPeVe, & “e“-‘x%’f‘*;ﬁl i‘éfﬂé‘?oﬁé%‘;h‘f”éa%
Bi s{2- oxapent 2Bsul #63y|  ¥P83 diret hhﬁleogen ComPoundS §9
5 1,817,540, 1,949,010 and 2,317,846, EP-A 0,232,972, US-A
3,912,606), in particular trichloromethyl triazine deri-
vatives (DE-A 1,298,414, 2,243,621, 2,306,248, 2,718,259,
3,333,450 and 3,337,024, US-A 3,515,552, 3,536,489 and
3,615,630) or trichloromethyloxadiazole derivatives (DE-A
10 2,851,472, 2,949,396, 3,021,590, 3,021,599 and 3,333,450
_and also EP-A 135,348), o-quinonediazidesulfochlorides or
organometal/ organohalogen combinations. Such combinations
are not, however, on the. whole preferred since the
disadvantages mentioned in the preamble again occur in
15 such radiation-sensitive mixtures.

The content of acid donors of the general formula I in
the mixture according to the invention is in general
between 0.5 and 25% by weight, preferably 1 to 10% by
‘weight, based in each case on the total weight of the

20 layer.

As the material which can be cleaved by acid in the
radiation-sensitive' mixture according to the invention
the following compound categories, in particular, have
proven successful:
25 a) those containing at least one orthocarboxylic acid
ester and/or carboxylic acid amide acetal grouping,
- the compounds also being capable of having a poly-
meric nature and the groupings mentioned being
capable of occuri:ing as linking elements in the main
30 chain or as lateral substituents,
b) oligomeric or polymeric compounds containing repeat-
ing acetal and/or ketal groupings in the main chain,
c) compounds containing at least one enol ether or N-
acyliminocarbonate grouping,

35 d) cyclic acetals or ketals of g-keto esters or g-keto
amides, =
Sheet Illlii |]|3een|lieilaced




Bus(benzylsulfonyl)dlazonethane REPLACENMENT SHEET 19 FEB 1997 -7-
Bi s(2-chl or obenzyl sul f ofiyjl ) diazonet hane
Bi s(4- chIorobenzylsulfonyl)dlazonethane Bi s(4- nethoxysulfonyl)dlazonethane

Bi-s( phenyl sul f ony AENGESELLSCHAFT - WERK KALLE-ALBERT
Bi s¢2- et hyl phenyl sul f onyl ) di azonet hane

Bi s(3- net hyl phenyl sul f onyl ) di azonet hane 13 -
Bi s(4- met hyl phenyl sul f onyl ) di azonet hane
Bi s(4- et hyl pegny| g¢nfpoudddlicomreihing &L3YP, ether groupings,

4- dlnethylph nylsulfon
Bi s 2, 5- dlne yIp aﬁﬁ#%ﬁ%ﬁg%ﬁazoﬁ% lﬁ%l enol ether groupings,
Bi s( 3, 4- di meghy! pmmasm&aﬂrmqmummm whose aldehydes or ketone

Bi s(4-1-butyl phenylstlduimld dhas@ ™ N8B8ubility in the developer of
5 between 0.1 and 100 g/l1,
h) ethers based on tertiary alcohols, and
i) carboxylic acid esters and carbonates of tertiary

allylic or benzylic alcohols.

As components of radiation-sensitive mixtures, compounds

10 of the type (a) which can be cleaved by acids are des-
cribed in detail in DE-A 2,610,842 and 2,928,636. Mix-
tures which contain compounds of the type (b) are dis-
closed in DE-C 2,306,248 and 2,718,254. Compounds of the
type (c) are described in EP-A 0,006,626 and 0,006,627.

15 Compounds of the type (d) are disclosed in EP-A 0,202,196
and compounds which are to be assigned to the type (e)
are disclosed in DE-A 3,544,165 and 3,601,264. Compounds
of the type (f) are found in DE-A 3,730,785 and 3,730,783,
while compounds of the type (g) are dealt with in DE-A

20 3,730,787. Compounds of the type (h) are described, for
example, in US-A 4,603,101 and compounds of the type (1),
for example, in US-A 4,491,628 and also in J.M. Fréchet
et al., J. Imaging Sci. 30, 59-64 (1986).

Mixtures of the materials mentioned which can be cleaved

25 by acids may also be used. Preferred, however, is a

material which can be cleaved by acid, which material is

to be assigned to the abovementioned types, including,

in particular, those which have a C-O-C-bond which can be

- cleaved by acid. Particularly'preférred are those materi-

30 als which belong to the types (a), (b), (g) and (i).

Among type (b), the polymeric acetals must, in particu-

lar, be highlighted; of the materials of the type (g)

which can be cleaved by acid, in particular those whose

aldehyde or ketone component has a boiling point of

35 higher than 150°C, preferably higher than 200°C, must be
highlighted.
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Bi s(2- met hoxyphenyl sul f onyl ) di azonet hane

Bi s(3- met hoxyphenyl sul f onyy ) dhazonet hane 15 T
Bi-s( 4- met hoxyphenyl sul f onyl ) di azonet hane

Bi-s( 2- chl or opheny| sub£QHST) ARFTENGESENLLSCHAFT ~ WERK KALLE-ALBERT
Bi s¢3-chl orophenyl sul fonyl ) di azomet hane _ 14 -

Bi s(4-chl orophenyl sul f onyl ) di azonet hane

Bi s(2, 5-chl orophenyl sul f onyl ) di azonet hane 20

Bi s(2, 6- chl or dphengbatientndf) diateriahaiich can be cleaved by acid in

Bi s(3, 4-chl or Oeﬂégﬁ'ﬁ?ghﬁ%%)s@rﬁzﬂiﬁé‘%ﬁture according to the inven-

Bi s{ 2- br onophen azonet
Bi s( 3- br onophe Buﬁhgﬁiﬂ) Beaioketdhdy weight, preferably 5 to 25% by

Bi s(4-br ormphe‘ggi H{:f OBdodl aZRNBRBAN@ade on the total weight of the
Bi §(4-fl uorop sul'f onyl ) di azonet hane

Bi s(2, 4-3i f | uo]‘%%ﬁﬁnyl sul fonyl ) di azonet hane

Bi s(pent af | uorophenyl sul fonyl ) di azonet hane

B S Ly S oML MRLL MBI mipeuze acegpging <o che inven-
(4- acet oxyphentyicul fumh)emmmrm HR-Jeasit hahen pollyoepicdiwats it hane

insoluble binder which is, however, soluble, but at least

swellable, in aqueous alkaline solutions. The binder is

10 distinguished, in particular, by the fact that it readily

' dissolves the constituents of the radiation-sensitive

mixture according to the invention and has .as low as

possible inherent absorption, i.e. a high transparency,

in particular in the wavelength range from 190 to 300 nm.

15 This does not include, in particular, those binders based

on novolak condensation resins which have been used, as

a rule, in combinations of naphthoquinonediazides as

photo-active components. Although novolak condensation

_ resins reveal a drop in solubility compared with agueous

20 alkaline developers in the unexposed regions after

exposure to an image, ,their inherent absorption is

undesirably high in the wavelength range required for the

exposure to light.

The novolak condensation resins mentioned may, however,

25 be used in a mnixture with other resins having high

transparency and bemg suitable as binders. In this connection,

the mixing ratios depend predominantly on the nature of

the binder to be mixed with the novolak resin. In par-

ticular, a decisive role is played by its degree of

30 inherent absorption in the wavelength range mentioned,

but also by the miscibility with the other constituents

- of the radiation-sensitive mixture. In general, however,

the binder of the radiation-sensitive mixture according

to the invention may contain up to 30% by weight, in par-

35 ticular up to 20% by weight, of a novolak condensation
resin.
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onet hane Bi s(i m dazol yl sul fonyl ).di azonet hane

Bi s(furfuryl sul fonyl)di az
Bi.s(2-met hyl i m dazol yl sul }onyl ) di azonet hane 35 :

Bi s(benzi m dazol - 2-sul f onyl d| azomet hane
( 9 g ESETLSCHAFT - WERK KALLE-ALBERT

Bi s(benzoxazol - 2-s
Bi s(benzot hi azol - 2-sul fonyl ) di azonet hane.15 - REPLACEMENT SHEET 19 FEB 1997

The conpounds cited above have absorption maxi ma in the regi on between 220
'i\tion Wi t

and 270 nm a r herefqre ver ted for irradi

 gh-ener gy OWLiie' pipdegs " doe BoneBshuitrsn ot abe BRI B! Prne

general for rrulhydro'xysrtyﬁné? iandh salleg i ofitied ARy r adecivatives] ol Few ng

conpounds are parti ¢

Bi s ( 2- et hyl phegry Afjfon }anﬂ;f#odgstyrene r and also homopolymers
or copolymers of other polyvinylphenols, for example of

5 3-hydroxystyrene or the esters or amides of acrylic acids
with aromatics containing phenolic groups. Polymerizable
compounds such as styrene, methacrylic acid methacrylate,

acrylic ‘acid methac: or the like can be used as
comonomers in the copolymer.

10 Mixtures with increased resistance to plasma etching are obtained if
" vinyl monomers containing silicon, for example vinyl-
trimethylsilane, are used to prepare copolymers of the
above type. The transparency of these binders is in
general higher in the range of interest, with the result
15 that an improved patterning is possible.

Homopolymers or copolymers of maleinimide can also be
used with the same success. These binders also exhibit
high transparency in the wavelength range described.
Styrene, substituted styrenes, wvinyl ethers, vinyl

20 esters, vinylsilyl compounds or (meth)acrylic acid esters
are also used as comonomérs.

Finally, it is possible, in addition, also to use copoly-
mers of styrene with comonomers which bring about an
increase in solubility in aqueous alkaline solutions.

25 These include, for example, maleic anhydride, maleic acid
half-esters or the like. -

The binders mentioned may occur in mixtures if they are

miscible and do not impair the optical qualities of the

radiation-sensitive mixture. Preferred, however, are..
30 binders containing one species of the abovementioned

1Y

types.

The quantity of binder is, in general, 1 to 90% by
weight, in particular 5 to 90% by weight, preferably 50
" This Sheet Has Been Replaced




BLs(B-nethyIphenylsulfony%)di zonet hane 10 S
Bi s(4- net hyl phenyl sul f ony¥) di azonet hane :

Bf s(4- et hyl phenyl sul f onyl ) di.azonet hane Y

B s( 2, 4- di net hyi ph@ﬁ?%’éﬁ% MIH%WT - WERK KALLE-ALBERT

Bi s( 3, 4- di net hyl phenyl sul fonyl ) di azonetharg Bi s (4-t-butyl phenyl sul fonyl)
di azonet hane 15 Bi s (4-nmet hoxyphenyl sul f onyl ) di azonet hane

Bi s(2- chl oropheny. | fonyl ) di azonet han .

Bi s(3-chl oropﬁ@ny#é%ll ﬁ?ﬁy?’%&gg‘%dmn%ﬁﬁﬁg on the tOta]f weight of the
Bi s(4- chl or oppadybsibohemensd tarm e ixtnere . :

Bi sS(2, 5-di chl or ophenyl sul f onyl ) di azonet hane 20 Bi s(2,

6- di chl or ophenyl sul f onyl ) di azonet hane L. .

Bi (3, 4- di chl Gpbpheaylyyl fdyestufisemniaRants, plagtdrd@tnify sHEFEADS)
diazomethane Bishdsbagdneriuling hiuitd]) amilRspolyglycols, cellu-
Bi s(4-fl uorophenyl sul tonyl ) di azonet'hane 25 Blgéz , h

4- di f | UBr ophehGESUPEBRRS) JitoF famRle ethylcellulose, may furthermore
Bi s(4- ni tr ophpayagaefony! thé azadtibbon~-sensitive mixtures according to
B|s(4-acetoxygﬂgn%g$ggé{gg)an§%£¥g$r“%pecific requirements such as

flexibility, adherence and lustre.

Preferably, the radiation-sensitive'mixture according to

10 ' the invention is dissolved in solvents {for example
ethylene glycol, glycol ether, glycol monomethyl ether,
glycol dimethyl ether, glycol monoethYl ether or propy-
lene glyéol monoalkyl ether, in particular propylene
glycol methyl ether, aliphatic esters (for example ethyl

15 acetate, hydroxyethyl acetate, alkoxyethyl acetate,
n-butyl acetate, propylene glycol monoalkyl ether aceta-
te, in particular propylene glycol methyl ether acetate
or amyl acetate), ethers (for example dioxan), ketones
(for example methyl ethyl ketone, methyl isobutyl ketone,

20 cyclopentanone and cyclohexanone), ‘dimethylformamide,
dimethyl acetamide, hexamethylphosphoric acid amide,
N-methylpyrrolidone, butyrolactone, tetrahydrofuran and
mixtures of the same]. Particularly preferred are glycol
ether, aliphatic esters and also ketones.

25 Ultimately the choice of solvents depends on the coating
method used, the desired layer thickness and the drying
conditions. The solvent must also be chemically neutral,
i.e. it must not react irreversibly with the other layer
components. '

30 The solutions produced with the constituents of the
radiation-sensitive mixture have, as a rule, a solids

content of 5 to 60% by weight, preferably up to 50% by

weight. —_—
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These conpounds are partigul arly suitable because, on the.one hand, they
have a high photolysis re ct|V|ty and, on 30 t he ot her hand, they have

an adequate thermaj .si M tion qf the _ _
a;-bis(aryl sul fony*lﬁ%cg@ I&‘Etﬁ a‘t&@%nﬁ@EEfﬁ%B?Went ion is
known per se. Their preparation has been Xfescribed, for exanple, by F. :
Klages et al., Chem Ber., 97, 735 (1964). In addition, their use as

dilution hib t ) u
o uton I badespaiil BeSknel LGNS KNS TR A Sy LnBREEYSLLRE LA
Phot ogr. Sci .materigd (11597£}1rtbﬁ§mprpr sdaimed Bﬂhlchuetsalanhnqllm com-

phot or esi st foF¥eat | QNSuRstriWewdia EU|féH:Félél&%§§élﬁ§le§_vﬁ YALYeIE)A
y surprising t t the com

phot osensi ti vl s t herefore particul ar
pounds of the* %é?ﬂs?él §F57F°2 | used according to the invention form

during their photolysis, adequate quan-
5 Suitable substrates are all those materials which capaci-

tors, semiconductors, multilayer printed circuits or
integrated circuits are composed of or produced from. In
particular, mention may be made of surfaces composed of
thermally oxidized silicon material and/or silicon
10 material coated with aluminum which may optionally also -
‘be doped, including all the other substrates common in
semiconductor technology such as, for example, silicon
nitride, gallium arsenide and indium phosphide. Further-
more, the substrates known from liquid crystal display
15 production such as, for example, glass and indium tin
' oxide, furthermore metal plates and metal foils (for
example composed of aluminum, copper or zinc), bimetal
and trimetal foils, but also electrically non—éonducting
sheets which are vapor-coated with metals, SiO, materials
20 optionally coated with aluminum, and paper, are suitable.
These substrates may be subjected to a thermal pretreat-
ment, superficially roxfghened s incipiently etched or
treated with reagents to improve the desired properties,
for example increase the hydrophilic nature.

25 In a particular embodiment, the radiation-sensitive
mixture may contain an adhesion promoter to improve
adhesion in the resist or between the resist and the
substrate. In the case of silicon or silicon dioxide
substrates, adhesion promoters of the aminosilane type

30 such as, for example, ' 3-aminopropyltriethoxysilane or
hexamethyldisilazane are suitable for this purpose.

Examples of supportswhich can be used to produce photo-
mechanical copying layers such as printing forms for
letter press printing, lithographic printing and screen
35 pr:.nt::.ng and also of embossed cop:.es are aluminum plates,'
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10" tities of suff|C|ent{y s{rong acids which make-it pes- sible to
produce the highly sensitive, positive-working radiati on-sensitive mxture

ofont aad the nat ufE5HoH ARETRAUSREEDELRARDC L GeREC SR dBaSRARPOL (e

assuned that sulfonic and sulfinic acids #8rmas a result of the photolysis
and these are capable of cleaving the |abile bond of the conpounds of the

type- (D). Conpageé W'atlzgt %ﬁmﬂw 'Gi‘i&Yzé’aOd%@Qr@d d&naybbersthlw&@d
such as, for P drochlori c "aci d, ese acug! Ve,
consequence oft%ﬁéf-iw FiBR Rbpesand \ﬁéﬁjﬂh? 2% J&be#!aa"er PE&Waﬁe‘ﬁﬁency
or nobility inpbéba ehdbalitmprplaesd,tand BlxbupRastde dGhedt diepapeention,
wrth the result that it was surprising, on the one hand, that it was

possi ble to achieve an inmage differentiation satisfy- 25 ing the

hi ghest requi rehenteoppimgomateridheradumndiing wes, thewevdsaverdiion helsiore

SuTprisiag. | hatnabelicRTRaERR SeNShLEXLLY. okh%fﬁf‘ﬁiési-adf&gzﬁﬂn%‘i%*em 'y

t he resdl vi ng power ati on-sensitive ure was I ncrease
metal halide lamps, carbon arc lamps, xenon lamps and

mexrcury vapor lamps. An exposure to high-energy radiation

such as laser radiation, electron radiation or X-rays may

_ also take place. Particularly preferred, however, are

10 lamps which are able to radiate light of a wavelength

" from 190 to 260 nm, i.e. in particular xenon and/or

mercury vapor lamps. In addition, laser light sources,

for examplé excimer lasers, in particular XrF or AxF

lasers which emit at 249 or 193 nm respectively, may also

15 be used. The radiation sources must have an adequate
emission in the wavelength ranges mentioned.

The layer thickness varies as a function of its field of
application. It is between 0.1 and 100 gm, in particular
between 1 and 10 gm.

20 The invention furthermore relates to a method of producing
a radiation-sensitive copying material. The radiation-
sensitive mixture can be applied to the substrate by
spraying-on, flow coating, rolling, spin coating and
immersion coating. The solvent is then removed by evapor-

25 ation, with the result that the radiation-sensitive layer
remains behind on the surface of the substrate. The removal
of the solvent can be promoted optionally by heating the
layer to temperatures of up to 150°C. The mixture may, how-

_ ever, first be applied in the abovementioned manner to an

30 intermediate syport fromwhich it is transferred under pres-
sure and elevated temperature to the final support material.
As intermediate supports, all the materials also identified
as support materialscan be used. The layer is then irradiated
imagewise. Then an image pattern is revealed in the

35 rad:.at:.on-sens:.tlve layer by development, the layer being
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further. Furthernore it waf surprising that the a, 3Q.. .
bi s(sul fonyl ) di azonet hanes’ of the general formula | cad al do be activated

by hi gh-energy short- rgﬂ'.}' MCO e %p 'g%e, for
exanple, to produceé%Emﬁﬁgﬂl Lsogqb%% Si rs}'?ﬁq?%r ' '&ﬁ@? uv2
radiation (248 nm. In particular, howewerl9 i« was unexpected that 35

an adequate spectral sensitivity is still present even in the conventi onal

optircal litho eqi (436 | [S: CON t [yon h Q)
R ation i toaatedodih 37 S 1eper bAllicy S8 AL "a18EbR0E o
equi val ent at remevesotheairvadiated- negdonsspl thei gaterialihi s

connection, in particular, UV radiation in the range from 190 to 5 450

nm preferably from 200 to 400 n,m& particularly pre- ferably from200 to
300 nm but alA® SH¥eleRSFHdi aBPIHtAANSK- Oy s TaagANES afReh TiRS, for

preparation ofeidifpPep-#itfearesyl mennslidiicavems hanairoxides, hydrogen~
5 or dihydrogenphosphates, carbonates or hydrogencarbo-
nates, of alkali metals and/or alkaline earth metals, in particular of
ammonium ions, but also ammonia and the like are used.
Metal-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
10 0,097,282 and EP-A 0,023,758. The content of these sub-
' stances in the developer solution is in general 0.1 to
15% by weight, preferably 0.5 to 5% by weight, based on
the -weight of the developer solution. Metal-ion-free
developers are used in particular. Optiocnally, smaller
5 quantities of a wetting agent may be added to the deve-
lopers in order to facilitate the dissolution- of the
exposed areas in the developer.

The developed resist structures are optionally post-
hardened. This is done, in general, by héating the resist
20 structure on a hot plate to a temperature below the flow
temperature and then exﬁosing it to the UV light of a
xenon-mercury vapor lamp (range from 200 to 250 nm) over
its whole area. This post-~hardening crosslinks the resist
structures with the result that the structures have a flow
25 resistance in general up to temperatures of over 200°C.
The post-hardening may also be carried out without raising
the temperature by irradiation with high-energy UV light.

The radiation-sensitive mixture is preferably used in
lithographic processes for producing integrated circuits
30 or discrete electrical components. The copying material
produced from the mixture then serves as a mask for the
subsequent processing steps. These include, for example,
the etching of the support, the implantation of ions in
the support or the deposition of metals or other

35 materials on the support.
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used according to the in\rﬁntlﬁ sone of which are novel 10 S
Illustrated on the basis e preferred bis(4-t- -

b‘@tyl phenyl sul fonyl) di a by, % wof
4-t - butylthi opheno&%%%%%ﬁ@riodlvﬁt F’B‘g't'gﬁg stirred at
roomtenperature until a clear solution-fZ0ns. 18.2 pbw of dichl oronet hane
are 15 added to the thi ophenol solution. The m xture is heated under '

reflrux for r r t ale) £n.
produced is tgf%é %a‘ﬁm’f? téégraéé%' lgé];é# %ﬂe BDLHJ}&L %e%iéﬁéfé-{} gk 1[-Bryl ng
i s.then carri enventt:l@msr Tia:gnesﬂs u‘nheuefax:e ot insendesr ta lmsi-im#@GdZO
off. 36 pbw of.a a?@ﬁ are left behind. 20 pbw of this oil are

di ssotved in {218 %ﬁ %r cla acetic acid and added dropwi se to a m xture
of --200 pbw of gl aci al acetlc acid and 60 pbw of hydrogen peroxide pre-
heated to 90[gkahplekhe dEOPSr bR fliem i SeDtdiBi Bdtyhal thee Zbixture

G Tonary exot ROFRFRSPBacPort M ATHRF ST o FRecooRPrg BEFRFERLE 2 our s
at 100[ err] Cimiteohithogeraphy using radiation of a very wide range of
energy. The Comparison Examples 9 and 10 confirm the
superiority of the mixtures according to the invention
over the prior art. The Examples 11 and 12 document the
10 usability of the mixture in macroapplications, for
.example lithographic plates.

Example 1:
A coating solution was prepared from

7.5 pbw of a kresol-formaldehyde novolak having a
15 softening range of 105 to 120°C,
2.0 pbw of a p-methoxybenzaldehyde bis(phenoxyethyl)-
acetal prepared analogously to Preparation
Example 1 of DE-A 3,730,787, and
0.7 pbw of bis(4-chlorqphenylsu1fonyl)diazomethane in
20 42 pbw of propylene glycol monomethyl ether acetate.

The solution was filtered through a filter having a pore

diameter of 0.2 pm and spun onto a wafer treated with an

adhesion promoter (hexamethyldisilazane) at 3,000 revolu-

tions. After drying at 100°C for 1 min on a hot plate,  a
25 layer thickness of 1.04 um was obtained.

The copying material was exposed imagewise under a
master using the UV.- radiation of a xenon-mercury vapor
lamp at 365 nm having an energy of 124 mJ/cm®.

The copying material was developed with a 0,3. N alkaline
30 developer of the following composition:

This Sheet Has Been Repl 5.3 pbw of sodium metasilicate nonahydrate,
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i s*cooled and poured into™water. This produces 16 pbw gf
bi s(4-t-butyl phenyl sul fonyd’) mretthane. The product is 30

recrystallized fro t Iqﬁighﬂé t ai wi th. 2| 1] int of 150 -
o 152l err] & 10 poHOBCHAE ARRNGER LT o e Rt DR 2
with 4.8 pbw of tosylazide in 90 pbw of -a@¥ e~ nitrile and cooled to
Jerr]C. 2.5 pbw of triethylamne are REPLACEMENT SHEET 19 FEB 1997

added dropwi se to this 4mxt ' Eﬂﬂgk t e
remai ns bel ow 10[ err] C.ﬂgi%fr%po%%%(t ureés c%né?%%%%pf%?ggéﬁours at
room tenperature and t e 3@l ispdim disinagenphespkate x@bde. The

residue is 5 taken g4p ighu RSN AU IY a8 it X WAdLd twice with

100 pbw of 5% strength aquéous sodi um hydr 6xi de sol uti on, washed until
neutral and dried. After evaporating off the.
After a development time of 60 s, a fault-free image of

5 the mask having steep resist edges was obtained, even
structures of < 1 ym being resolved in true detail. An
examination of the edges of the resist profiles by means
of scanning electron microscopy confirmed that these were
virtually perpendicular to the substrate surface.

3
!

10  Example 2:
A coating solution was prepared from

7.5 pbw of a copolymer of styrene/p-hydroxystyrene
(20/80) having an average molecular weight of
32,000,
15 2.0 pbw of 3,4~dimethoxybenzaldehydebis(phenoxyethyl)-
acetal prepared analogously  to Preparation
Example 1 of DE-A 3,730,787 and
0.7 pbw of bis(4-bromophenylsulfonyl)diazomethane in
42 pbw of propylene g%ycol monomethyl ether acetate.

20 The solution was filtered through a filter having a pore
diameter of 0.2 um and spun onto a wafer treated with an
adhesion promoter (hexamethyldisilazane) at 3,000 revolu-
tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 1.18 gzm was obtained.

25 The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapor
lamp at 260 nm having an energy of 103 mJ/cm? and then
processed with the'developer described in Example 1.

After a development time of 60 s, a fault-frée'image of

30 the mask having high edge stability was obtained, struc-
tures of < 1 gm also being resolved in this case in true
b LALS case M
detail.
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solvent, an oil is left Behiﬁ? which is filtered throggh q'silicfc acid

wth methylene chloride as solvent. Re- 10 evaporation of the solutien
pr.oduces a solid *ﬁ’dﬁéﬁs@ ﬂﬁ@@ﬁﬁ@ﬁ'shm%m OyEe KRLABSASEERE. whi ch
proves to be anal yticall pure bis(4-t-hutyl phenyl sul fonyl)di azo-

nmet hane. The anal ysis of thls conpound'yggldEd the follow ng 15 val ues:
calc.: C58.04% H6.03% N6.45% S 14. 75% found: C57.9 % H6.1 % NG6.5

% S-14. 4 %[mx@gmgCDCl[err]) 1.4 ppm(s, 18 H), 7.4 to 8.2 ppm(q, 8

the gener it ARG PRaRitRd 1 AE R TRRes haR SERRab hEnRcreS TharRaE-©!
photol ytic adtedionndercenmasted usinge theli GvVi ddghtewnd ta \KxFi exginer
according to J?%f %ﬁ@iﬁ&“a%‘&v@feﬂﬁgﬁ Ekoﬁgeogd fo&f’*%i:{'aéﬁ&fwﬂoc%ﬁ ghher

acrd donors o cate ntione nmbi nati ons w t
phot ol ytic aé‘lﬂ%noﬁ@tﬁfedeﬁé penentm 35 pwageppé thermapter in which

even structures in the submicron region were reproduced
in true detail was obtained similarly to Example 2.

Example 4:
The experiment of Example 1 was repeated, but UV light of

10 a waveleﬁgth of 436 nm was used. In order to obtain an
' image of the master with sharp edges, an exposure energy
of 280 mJ/cm? had to be used.

Example 5:
A coating solution was prepared from

15 7.5 pbw of a 1:1 copolymer of styrene and maleimide
having a softening range of 165 to 180°C,
2.0 pbw of benzaldehyde bis(phenoxyethyl)acetal pre-
pared analogously to Preparation Example 1 of
DE-A 3,730,787,  and
20 0.7 pbw of bis(phenylsﬁlfonyl)diazomethane in
42 pbw of propylene glycol monomethyl ether acetate.

The solution was filtered through a filter having a pore
diameter of 0.2 uym and spun onto a wafer treated with an
adhesion promoter (hexamethyldisilazane) at 3,500 revolu-

25 tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 1.08 zm was obtained.

The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapor
lamp at 260 nm having an energy of 88 mJ/cm®.

30 The copying material was developed with a 0.02 N agueous
solution of tetramethyl ammonium hydroxide, the exposed
reglons belng strlpped to leave no residue within 60 s.
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purpose, in particular, .the a}sulfonyl a- car bonyl di azo- pet hanes descri bed
I n application P3,930, 087 | ed sinultaneously are kuitable. 30 I n

addition, the acid donor s of the general formula.l according to the
i mvention can al sHORCESAAKBIENGESELLS CHEAY ACEVNERK SRAELE+SLBERTI 9097 - 12 -

oni Um sal ts such as diazoni um phosphopis4n _sul foni um and iodonium salts of

non- nucl-eophilic acids, for exanple of [err] or HPF6 (J V. Crivello,
unds 1,572, 89 5

Polym Eng. Sci., 23, 953 g 283)% hal ogen co
1,817,540, 1,0nemerana Sasib-gxge apagey oLzt hoEatdf
part i cul ar tr‘lidahi% gaeéégl reslist reidgay Iwas!abbtas.néaE- Arhle 208md4] of

2,243,028, 2,300, 748,12, 118 209 & 70°030 WO e Bodes V5P & D152

were resolved in true detail.

5 Example 6: .
- A coating solution was prepared from

7.5 pbw of a 1:1 copolymer of styrene and maleimide
having a softening range of 165 to 180°C,
2.0 pbw of 3,4-methylenedioxybenzaldehyde bis(phenoxy-
10 ethyl)acetal,
0.8 pbw of bis(t-butylphenylsulfonyl)diazomethane in
42 pbw of propylene glycol monomethyl ether acetate.

The solution was filtered through a filter having a pore
diameter of 0.2 pgm and spun onto a wafer treated with an

15 adhesion promoter (hexamethyldisilazane) at 3,500 revolu-
tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 1.06 ym was obtained.

The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapor
20 lamp at 260 nm having an energy of 92 mJ/cm®.

The copying material was developed with a 0.02 N aqueous

solution of tetramethylammonium hydroxide, the exposed

regions being stripped to leave no residue within 60 s

and a true-to-detail lmage of the master being obtained.
25 The edge steepness of the image was more than 85°.

Example 7:
A coating solution was prepared from

7.5 pbw of the copolymer described in Exampie 2,
2.0 pbw of a polyorthoester, prepared by condensation,
30 of 1 mol of 7,7-bishydroxymethylnonanocl with 1
mol of methyl orthoformate,

This Sheet Has Been Replaced
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3, 815, 630) or tr|chIoroneLhylagadiazole derivatives (DE-A 10 2,851,472,
2,949, 396, 3,021,590, 3,022 599 and 3,333,450 and al S0 YEP-A 135, 348)

o- QU|noned|a2|desulfochlor|des or organonet al / organohal ogen conbi nati ons:
Suth conbi nati ons aBHOECHST mmmmENGESELﬁSGHAMﬂM4aWBRKEKAEﬁEeAhBERrhe

di sadvant ages nentioned in the preanble_aga;q.occur in 15 such
radi ati on-sensitive m xtures. The content acid donors of the general
formula | in the m xture accordin to the invention is in general bet ween

0.5 and 25% by QeBgrby podt &dsity wifonyl) dbazemethanenifase on
the total weighp of phie &¢ pro e g{i%ddlen{a{&ﬁéah{mgﬁefaac&aebeaved
Ive m Xtu

by acid in the radlatlon senS| re according to the invention the
foll owi ng conpound categories, in particular, have proven successful: 25

a) .. those contke néeguatohee:ats gae tefriedoehroagh i FHditbe Heaarirend qsore
carboxylic acl g ALEE-28%' 8l 29,8 RhATspiC RO A ikect] S0 wARELE ©f

5 adhesion promoter (hexamethyldisilazane) at 3,500 revolu~

tions. After drying at 100°C for 1 min on a hot plate, a

layer thickness of 0.98 pym was obtained.

The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapox
10 lamp at 260 nm having an energy of 78 mJ/cm?.

The copying material was developed with a 0.27 N aqueous
solution of tetramethylammonium hydroxide, the exposed
areas being stripped to leave no residue within 60 s and
a true-to-detail image of the master being obtained.

15 Lines and gaps down to 0.7 gzm were reproduced with
faithfulness to the mask.

Example 8:
The copying material frog Example 7 was irradiated with

synchrotron radiation (BESSY, Berlin, 754 MeV) through a
20 gold-on-silicon mask with a dose of 160 mJ/cm®. The
. experimental setup is to be found in A. Heuberger,
Microelectr. Eng., 3, 535 (1985). After development with
the developer described in Example 7 and a developmeht
time of 70 s, a fault-free image of the mask was obtained
25 down to structures of < 0.6 pm. The resist edges were
virtually vertical to the planar substrate surface.

Examples 9 and 10 (comparison examples):

The resist formulation of Example 7 was modified in a
mannex such that the acid-forming compound used therein
30 was replaced by an equal guantity of

triphenylsulfonium hexafluorophosphate (Example 9) or 2-
nitrobenzyl tosylate (Example 10).

This Sheet Has Been RTlaced :




meric nature and the groupl ngs nentioned bei ng capabl ¢ of. occurring as

|5I)nkl nlg el ements in the main BO chain or as Nateral substi tuents,
oligoneric o ri tal and/ or

bt al groupi ngs | EORGHRE AKTIENGESHEL AL &%%%Ea?%‘rwnéﬂs?ﬁ cast one

enol ether or N acylim nocarbonate greu@sng, 35 cyclic acetals or

légltaallgggf [err]-keto esters or [err]-keto am des, REPLACEI\/EI\FI' SHEET 19

- n Ongl LY OWRi
conpounds co%f%?%%nexéggg?g £8 fg{i%é?%%ﬁﬁ. & J’a‘% Shg %‘nggcg? gl ls&nz)?nd
monoket al s Meeaeuewyeésl&ﬁ d@?ﬁﬁheﬁ#’g have A<tplPPReRt Withnhe

devel oper of 5 developer of the composition specified in Example 1,
| _ structures which exhibited no image differentiation
5 suitable for practical work were obtained. |
On using the onium salt (Example 9), structures with so-
called "resist foot" were obtained, i.e. resist residues
adhered to the substrate in the exposed regions, while on
using the tosyl ester (Example 10) surface crosslinkings
10  ("lips") were visible and these spanned the'substrate
"areas which had been bared. In both cases no acceptable

patterning was consequently obtained.

Example 11:
To prepare an offset printing plate, a mechanically
15 roughened and pre-treated aluminum foil was spin-coated

with a coating solution of the composition below:

7.5 pbw of a kresol-formaldehyde novolak having a
softening range of 105 to 120°C,
2,3 pbw of a polyacetal prepared from 1 mol of 2-
20 ' ethylbutyraldel;yde and 1 mol of triethylene
_ glycol,
0.5 pbw of bis(4-chlorophenylsulfonyl)diazomethane,
0.05 pbw of crystal violet base in
90 pbw of propylene glycol monomethyl ether acetate.

25 After drying the layer (layer weight approximately
2.5 g/m®), exposure was carried out under a positive test
master for 30 s and development was then carried out with
a developer of the following composition:

0.5 pbw of sodium hydroxide,

30 0.8 pbw of sodium metasilicate nonahydrate,
1.0 pbw of 2-n-butoxyethanol in
97.7 pbw of completely deionized water.

This Sheet Has Been Replaced
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5., between 0.1 and 1Q0 g/l, h) et hers based on tertiary al cohols,
and i) carboxylic acid estlers)and carbonates of tertiary ailylic or
benzylic al cohols. As conponents of radiation-sensitive m xtures, conpounds
10 of the typeHOECHST GAKTIENGESELLECHAFDy- MERK BABLEe3LBERThed in
detail in DE-A 2,610,842 and 2,928, 636._ yeg-_t ures which contain conpounds
of the type (b) are dis- closed in DE-C 2,306, 248 and 2, 718, 254. Conpounds
of the type (c) are described in EP-A 0,006,626 and 0, 006, 627. 1

Conpounds of #f&exypeinsingreithswrsexy ithemlate Was) Fde, FahoiREs

which are to B%'@&?d:?%g Wipihg bvee weihale-gteehgehdphosPhoAis, &d4d165
and 3, 601, 264 ébnpo ndS of "thé tygepéf% atre found in DF%APQOEEB Zggcgnd
3,730, 783, whAfEeXonSamPding: fRe fypRTiB}iRfe BESFE wi (A" PR

3,730, 787. Cospguissofofl Rthe ystey were deistaibed, for exanple, in US-A
4,603, 101 and conmpounds of the type (i), for exanple, in US-A 4,491, 628 and

alsoinJ. M Frechet et al., J. Imaging Sci. 30, 59-64 (1986).
5 Example 12:

The solution of an etch and electroplating positive dry
resist was prépared by making up the following composi-

tion:

12.5 pbw of the novolak described in Example 11,

10 .10.0 pbw of an oligomeric aliphatic polyacetal having a
mean molecular weight of approximately 1,400
prepared by condensation of butyraldehyde with
diethylene glycol,’ o

‘0.5 pbw of bis(4-methylphenylsulfonyl)diazomethane,

15 0.1 pbw of crystal violet in

30 pbw of butanone.

‘A polyethylene terephthalate film of 25 pm thickness,
which is standard for this purpose, was coated with this
solution, with the resulg that a dry layer thickness of
20 18 pm was produced. The surface of the dry resist film
was clad with a further polyethylene terephthalate film.
The dry f£film was laminated onto a brass sheet after
' ﬁeeling off the coveriné film, under pressure and heat.
_After cooling and peeling off the temporary support film, the sheet
was exposed through a master, in which process a good
imagé contrast became visible. The exposed areas were
spray- developed with a developer of the composition
specified in Example 11. The sheet was then etched with
commercial ferrichloride solution until the smooth edges
30 had been etched through. The shaped parts obtained may be
processed still further before separation into singles.

N
‘N
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M xtures of the materi aIHul“H ﬁll‘/ﬂmr can be cleayed.25 by aci ds
may al so be used. Prefer' i@y '8 3 material which can be cleaved by
aéid, which material is to he assi ned to the abovenentloned t S,

i fcl uding, in partHQMG§STthﬁ%i?ﬂﬂé%ﬁ&ﬂﬁﬁﬁﬁ%?c:cﬁ%ﬁ% égﬁ be
cledved by acigd/xiggdicularly preferredae 4hose materAu 29,all996hi ch .
belong to the types (a), (b), (g) and (i). Among type (b), V#g_ go#ynerlc
acet-als nust, in particu- lar, be highlighted; of the mate T8 tﬁg type
(g) which can be cl eaved by acid in particular those whose al dehyde or

ket one conponent has a boiling p0|nPauén£5claimB|gher than 150[err] C,

pref erabl y_hi gher yhan 200t §UEL Gorialy DerDhgbks 8L Elns 1 196P AREVENEGSHEET

—

essentially containing
a) a compound which forms an acid on irradiation, °

5 = b) a compound having at least one C-0-C- or C-O-Si-
bond which can be cleaved by acid, and
c) a water-insoluble binder which is soluble or at
least swellable in aqueous alkaline solutions,
wherein the compound (a) is.an a,a-bis(sulfonyl)diazo-
10 methane derivative of the formula I
R-50,-C-50,-R I
Na

in which R is an'alkyl,'cycloalkyl, aryl or heterocaryl
radical.

2. A positive-working radiation-sensitive mixture as
claimed in claim 1, wherein the radical R of the com-

15 pound of the formula I is an optionally substituted alkyl
or cycloalkyl radical, an optionally substituted aryl
radical or a heteroaryl radical.

3. A positive-working radiation-sensitive mixture as
claimed in claim- 1 or 2, wherein the radical R of the

20 compound of the formula I is an optionally substituted
alkyl radical containing 1 to 6 carbon atoms oxr an
optionally substituted aryl radical.

4. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 3, wherein the radical R of the
25 compound of the formula I is an optionally substituted
aryl radical. o

5. A positive-working radiation-sensitive mixture as
claimed in anyof claims 1 to 4, wherein the substituents
of the aromatic radical are selected from the group com-
30 prising alkyl, alkoxy, alkoxyalkyl, nitro, carbonyl and
amido radicals or halogen atoms. " This Sheet Has BeenRTlaced
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The content of naterial which can be cleaved by acid .n the
radi ati on-sensitive mixtute atcor di ng to the inven- ti‘on dhould be 1 to 50%

B'y wei ght, preferablé 51to 25%%%% i n each_case_gn the total
wei ght of the 5  HOEGHST AFNTL ' i i WeRK BALLE-ALEERT ng to the
I nven- tion furthernore contains at |eastagone polyneric water- insoluble

bi nder which is, however, soluble, but at |east swellable, in agueous

al kal i ne sol ugions,, The bjnder_ is, 10 i std ngui d, .l ' ar,.. by
the fact thatbre rBadiost b EEoTORELRR, madfhatidiiERET e pd ARALEH 2
radi at i on- senslaimedni ki urcd adawsor dli rp t 5, t hhexadmt U¥h highhashawingwaas
possi bl e i nhe [OMNad - i regnc ls gcular in
the wavel engt g{r}%%%glﬁ?%t%figogdt (}%SO%dqnnlgpf{Sg aﬁgs&#higg ﬁgggaﬁgt%hf ncl.ude, in
particul ar, those binders based on novol ak condensation resins which have

been used, asgya rupe,pddi€PPRiNEtkoNg YadidHdpsbnoreiiaz nioet@fe as
phot o- acti ve corrponen?s. Al_t hough_novol ak cqQndengati on {féﬁns reveal a drop

in sol ubilityctasmgfediny Gtaddifeolisto 6, wherein UV t having a

wavelength of 200 to 400 nm is used as radiation.

8. A positive-working radiation-sensitive mixture as

claimed in claims 1 to 7, wherein the concentration of

the acid-forming compound of the formula I is 0.5 to 25%
10 - by weight.

9. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 8, ‘wherein the binder has an
absorbance of < 0.5 pm! in the wavelength range of the

irradiation.

15 10. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 9, which contains up to 30% by
weight, in particular up to 20% by weight, of a novolak

~ condensation resin as binder.

li. A positive-woi:king .radiation-sensitive mixture as
20 claimed in claims 9 and 10, wherein the binder contains
phenolic hydroxyl groups.

12. A positive-working radiation-sensitive mixture as
claimed in claims 9 to 11, wherein the binder is con-
tained in a concentration of 60 to 96% by weight, in
25 particular 70 to 94% by weight, in the radiation-
sensitive mixture.
13. A positivé—-_;;c—:—rking radiation-sensitive mixture as
claimed in claims 9 to 12, wherein the binder has an
absorbance of < 0.3 um™ above 240 nm.
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20‘ C al kaline devel opers -+n the unexposed regions, after exposure to
ag i mage,, their inherent. absotption is undesirably high i.h the wavel ength

rgnge required for o] ' no Q | resins
nment.i oned may, howeééf?ﬁég iﬂ&?gﬁ&géé@%ﬁ%@ﬁ" Xt m&%%#& ns

havi ng hi gh transparency and being suitabR8 as binders. In this connection,
the m xing ratios depend predom nantly on the nature of the binder to be

m xed with th ovo) a eIy s tLoulak s ~a_deg S ' I d by
ts degroe of b A°ethe ablifing LBkl SRS Patxtird HEL o
but-- al so by t kladmedpini epadm 1t Whengin thascompennd of the formula

radi at i on-Sensy t hue Niié ULS g tIORSI Ak, AbRMRRior Nesbidiier thE s ist
radi ati on-sensitive, m xture according to the invention may contain up to
30% by wei ght CORshtuents at ¢ABPl: up to 20% by weight, of a novol ak

condensati on resin.

5 15. A positive-working radiation-sensitive copying
material essentially composed of a support and a radiation- -
sensitive layer, wherein the layer is composed of a
radiation~hardenable mixture as claimed in claims 1 to
14.

L T ——
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PLACEMENT SHEET Suitabl e binders are honDponners or copolwymers of p-
hy®r oxyst yrene and al so “of i tsal kyl. derivatives, for exanple of

3- nEthyIhydroxystyHeEGHS&hdKEIENGMﬁEﬂBSCﬁMEHB-oWﬂnude&DBEeADBEBEher

pol yvi nyl phen - j example of 5 dr oxystyren €nagst or
am des of acrg#?§o§2{ds W th aromatics c&ﬁyalnlng phengygéuégozg 1530
Pol yneri zabl e conpounds such as styrene, nethacrylic aC|d'ﬂhKha§F§Law§
acrylic acid methac or the like can be used as conononers in the

copol yner. 1QAbstr¥E¥?%H¢%H@‘dlédraéﬁﬁ§m resi stance to plasna etchng are

obtained i f vinyl nonomers containing silicon, for exanmple vinyl-
trimethylsilane, are ‘used to prepare copolyners of the above type The
tFansparency pbsiBeve-Rioxdany ixad Tk OESelsdndi €06 i xithe-d i

i nterest, wth, . . . t LS pOSSIb|e
Horopol yner s e AR ISR SR AR he same
success. These blnders al so exh|b|t '

A description is glven of a positive-working radiation-
5 sensitive nmixture which contains as essential

constituents:
a) an a,a-bis(sulfonyl)diazomethane, which forms a
strong acid on irradiation, of the general formula

I
R-S0,-C-S0,-R
Ny
in which
10 R is an optionally substituted alkyl, cycloalkyl,

aryl or heterocaryl radical, .
b) a compound having at least one C-0-C or C-O-Si-bond
which can be cleaved by acid, and
c) a water-insoluble binder which is soluble or at
15 '~ least swellable in agueous alkaline solutions.

The radiation-sensitive mixture according to the inven-

tion is notable for a high sensitivity over a wide

spectral range. It also exhibits a high thermal stability

‘and does not form any corrosive photolysis products on
20 exposure to light.
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: ' : : o73se -7
high transparency in the wavel ength range described. Styrene, subsﬁftut ed

st'yrenes, vinyl ethers, vinyl 20 esterg [ pgunds or

(meth)acrylic acid esters are al so used as |c B%@@M \S_Jﬁ allly, it is

possible, in addition, also to use copoly- jmgrs of styrene|with conononers
[

whi ch bring about an increase in solubility] ijn 4QuUEEBs®8Ykdl ilne sol uti ons.
25 These incl-ude, for exanple, malelt hydride, naleiq gcid
hal f-esters or the |like. The 'binders nenti (B)Fe occur 1n rixtures if

they are miscible and do not inpair the optycal qualities of the
radi ati on-sen d >“P_r r ef 30 , nder,
cont ai ni ng one§J sg \é:m‘}e% )ﬁ'ﬁ';abogéa g?l one ftﬁeeThe quant | ty o I nder
i s, in generalxadiatsioypmensitdivenhcopyingapatey &F— preguged, heres

preferabl y 50

The invention relates to a positive-working radiation-

5 sensitive mixture which contains as essential constitu-
ents: ' .
a) a compound which forms a strong acid on irradiation,
b) a compound having at least one C-0-C- or C-0-Si-bond
which can be cle&ved by acid, and
10 c) a water~insoluble binder which is soluble or at
least swellable in aqueous alkaline solutions.
The invention furthermore relates to a radiation-sensi-
tive copying material produced therefrom which is suit-
15 able for producing photoresists, electronic components, -

printing plates or for chemical milling.

In UV lithography, the limit of resolution is governed by
the wavelength of the radiation used. The continuous
miniaturization of the structura.l dimensions, for example
20 4in chip production, therefore requires modified litho -
graphictechniques in the submicron region. Owing to their
short wavelength, high-enerqgy UV light or electron beams
and X-ray beams, for example, are used. However, the
modification of the lithographic techniques expresses
25 itself, in particular, in a modification of the require-
ments imposed on the radiation-sensitive mixture. A
summary of these requirements is given, for example, in
the treatise by C.G. Willson entitled "Organic Resist
Materials - Theory and Chemistry" (Introduction to Micro-
lithography, Theory, Materials, and Processing, edited by
L.F. Thompson, C.G. Willson, M.J. Bowden, ACS Symp. Ser..,
219, 87 (1983), American Chemical Society, Washington).
There is therefore an intensified requirement for radia-
tion~sensitive mixtures which are preferably sensitive in
REPLACEMENT SHEETS  8G. |
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REPLACEMENT SHEET to 90% by wei ght, based on trre—f-ﬁ{-a-l—wer-uﬁr}—cf- t he

‘radiation-sensitive mxture. Optionally, dyest Hlf REPLAGEMENRtHEED| hsti ci zers,
wetting agents and | eveling agents, but al so pgl ygrycol's, cellp-{5 | ose
ethers, for exanple ethylcellulose, may furthelnmyreideggidegytp {he

radi ati on-sensitive m xtures according to the ijnyention to |np£ ye specific
requi rements such as flexibility, adherence and | bly, the

radi ati on-sensitive nmixture according to 20~ |the i nvention is i ssol ved
in solvents [for exanple ethylene glycol, glycor ether, glrycol nononethyl
ether., glycol é&indidey|spedtaral gtangs aondoehhylacciordinglypiepyusédniéngl ycol

nonoal kyI et hercohi}eﬁﬂi&hﬁ”w VUG rAPRYIb¥ ¢ i ERGWY | 1St in2kbRBALI C
esters (for exa

o koxyet hyl  AcBRXEEYniBiShe a%%cetatdep?%oé%? oy e Tobtal K7 8

aceta- te, in pampileul &hep md gy U¥n ©xg deep-UNet R}Bcsrhar oxc&-xay ddthoy|
acetate), set her grapfify.exanpl e di oxan), ketones

Mixtures of the abovementioned composition are in prin-
ciple known and are described, for example, in DE-A
2,306,248 (= US-A 3,779,778), 2,610,842 (= US-A 4,101,323),
2,718,254 (=US~-A 4,247,611), 2,718,259 (= US-A 4,189,323),
10 2,928,636 (=US-A 4,311,782), 3,151,078 (= US-A 4,506,006),
3,544,165 (= Us-A 4,786,577), 3,601,264, 3,730,783,
3,730,785 and 3,730,787, in EP-A 0,006,626 (= US-A
4,250,247), 0,006,627 (US-A 4,248,957), 0,042,562 (= US-A

4,506,003), 0,202,196 and 0,302,359, and also in US-A
15 4,491,628 and 4,603,101.

On irradiating the materials described above, photolysis
of the compound (a) forms an acid which brings about a
cleavage of the C-0-C~ or C-0-Si-bond of the compound (b)
in a manner such that the irradiated regions of the

photosensitive layers become soluble in an agueous
alkaline developex.

20

As compounds (a) which can be characterized as photolytic
acid donors, in particular, onium salts such as diazon-
ium, phosphonium, sulfonium and iodonium salts of non-
nucleophilic acids, for example of HSbLF,;, HASF;, or HPF,
(J.V. Crivello, Polym. Eng. Sci., 23, 953 (1983)),
halogen compounds (EP-A 0,232,972, DE-A 1,572,089 (= GB-A
1,163,324), DE~-A 1,817,540 (= US-A 3,615,455), DE-a
1,949,010 (= Us-a 3,686,084), DE-A 2,317,846 (= GB-A
1,381,471 and 1,381,472), US-A 3,912,606), in particular
trichloromethyl triazine derivatives (DE-A 1,298,414
(= GB-A 1,234,648), 2,243,621 (= GB-A 1,388,492),
2,306,248, 2,718,259, 3,333,450 (= 2ZA B84/7165) and
3,337,024 (= US-A 4,619,998 and 4,696,888) and also US-A
35 3,515,552, 3,536,489 and 3,615,630) or trichloromethyl

5
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DE-A 3,333,450), o-quinonediazidesulfochlorides or

organometal/organchalogen combinations have hitherto been
recommended.

The use of such photolytic acid donors, however, involves
certain disadvantages which drastically restrict their
possible uses in various fields of application. Thus, for
'example « many of the onium salts are toxic. Their solubi-
lity in many solvents is inadequate, which results in a

.limitation of the choice of resist-coating solvents. In

addition, if the onium salts are used, some undesirable

.foreign atoms are introduced which may result in process-

ing troubles, in particular in microlithography. Further-
more, during the photolysis they form Bregnstedt acids
with very strong corrosive action which render the use of
radiation~-sensitive mixtures containing them unsatisfac-
tory on sensitive substrates. The halogen compounds and
also the quinonediazide sulfonyl chlorides alse- form
hydrohalic acids with strong corrosive action. Further-
more, on certain substrates, such compounds have only a
limited storage life which, according to the teachings of
DE-A 3,621,376 (= US-A 4,840,867) was improved in the
past by introducing an intermediate layer between sub-
strate and radiation-sensitive layer containing compounds
of the type (a), but this resulted in an undesirable
increase in defects and a reduction in the process
reproducibility. In addition, there was the view that
compounds of the type (b) can be cleaved only by the acid

types described above which have good mobility in the
photosensitive layer.

However, recent work by F.M. Houlihan et al., SPIE 920,
67 (1988) has shown that, in addition to the above-
mentioned acid donors, nitrobenzyl tosylates, which form .
sulfonic acids of low mobility on exposure to light, can



material is furthernore claimed which essentially com prises a substrate
and a radi ation-sensitive mxture applied theref® 1 e}
substrates are all those materials which capaci { BEE@‘CEME Cﬁ%ﬁgf

ctors,
multilayer printed circuits or integrated circuitt$ are conposed}of or

produced from |In particular, nention nmay be nadelof1¢WEBRARY cpnposed of
thermal 'y oxidized silicon material and/or siligon 10 mat eri pl | coat ed
wi th alum num which may optionally also be “oped, 't he ot her
substrates comon in sem conductor technology sych as, for exanplée, silicon

nitride, gaII|unberasaudanaadrtadnuabphesiﬁuxkeréhwéﬁumbruﬁMUtiohbe The
substrates knowng i'v‘i‘x‘.ELQ C@(ﬁxg%beﬁ Sﬁ]ai!uéﬁ casBE’ 'QHeS%gﬁrﬁ:ﬁl for
exanpl e, gl ass an ur

|um ernore net al ates and net al
foils (for exanpF&abddityed of hanipPhakoResists JHavemnchoveyeEr oPTENED
trimetal foils, limhdeiquatel.ectrl cal ly non-conducting sheets which are

vapor - coat ed vm'th nmetal s, Si 02 materials 20 optionally coated with

d are suj
al um num @ pa%wi to t e Bisadvantages cited there is therefore a

need for further acid donors which act photolytically,
which do not have the disadvantages described above as
constituents of radiation-sensitive mixtures and which
consequently have sufficient reactivity and acid strength

10 to convert compounds of the type (b) into their cleavage
products even with short exposure times.

The object of the invention was therefore to propose a
radiation~-sensitive mixture based on acid-forming com-
pounds in combination with cdmpounds which can be cleaved

15 by acid, in which mixture the compound (&) which forms an
acid photolytically should be as stable as possible on all
known substrates and generate an acid with noncorrosive
action as the photo product.

_ Accoxding to the invention, a radiation~sensitive mixture
20 is proposed which contains as essential constituents:

a) a compound which forms a strong acid on exposure to
actinic radiation,

b) a compound having at least one C-0-C-~ or C-0~Si-bond
which can be cleaved by acid, and
25 c) a water-insoluble binder which is soluble or at
least swellable in aqueous alkaline solutions.

The mixture according to the invention is one wherein the
compound (a) which forms a strong acid on irradiation is

an a,a-bis(sulfonyl)diazomethane of the general formula
30 I )
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These substrates may be subjected to a thermal pretteata—aent.
‘superficially roughened, incipiently etched or jt REBLACEMENThSHEEIg¢nts to
i nprove the desired properties, for exanple indr e hitl i c
nature. 25 In a particular enbodi ment, the rfﬂﬁ%g@#e siftive
m xture nmay contain an adhesion pronoter to ingrqve i'0ff ip the resist
or between the resist and the substrate. In the of silicoh or silicon
di oxi de substrates, adhesion pronoters of 3 e 4ni nosil ane type 39 such
as, for exanple, 3-am nopropyltriethoxysilane or-frexamethytdi-st++azane are
suitabl e for thRsipampeptionrddyl substitmredoalkyhi ctyaiaalkylusetyloopnr oduce
phot o- nechani ChRétéopat+Pl *&d&da) such as printing forms for letter press
printing, lithographic printing and screen 35 printing and al so of
enbossed copi es are al um num pl at es, REPLACEMENT SHEET

According to the invention, a radiation-sensitive copying

material is proposed in addition which contains the

5 mixture described above as a radiation-sensitive layer on
a support.

The radiation-sensitive mixture according to the inven-
tion is notable for a high sensitivity over a wide
spectral range. It exhibits a high thermal stability and
10 provides the possibility of reproducing even the finest
' structures of a master with structural precision. No
corrosive photolysis products are formed by the exposure
to light, with the result that the mixture can be used
even on sensitive substrate materials.

15 For the preparation of the radiation-sensitive mixture,
it is possible to use compounds of the general formula I
in which R is an optionally substituted alkyl or cyclo-
alkyl radical, an optionally substituted aryl radical or
an optionally substituted heteroaryl radical.

20 Examples of suitable substituents R in e,a-bis(sulfonyl)-
: diazomethanes of the general formula I are:

Methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclohexyl,
nonyl, decyl, or undecyl groups, and also their positional
isomers, aryl such as benzene and naphthalene, hetero-
25 aromatic compounds containing O, N or § as heterocatom and
also their derivatives in which one or more hydrogen atoms
are substituted for example by alkyl, alkoxy, alkoxyalkyl,
aryl, aryloxy, arylalkoxy, halo, cyano, nitro, carbonyl,
carboxyl, amido or similar radicals. Particularly prefer-
30 red substituents are alkyl, alkoxy, alkoxyalkyl, car-
bonyl, amido, nitro radicals or halogens, alkyl or alkoxy
radicals containing in particular 1 to 4 carbon atoms.
If there is polysubstitution of the aromatic radicals,



19 FEB 1997 optional |y anodically OX|d|zed gr ai and/or silica- tized,

. zinc plates and steel plates which have opt i onal IEHHQGHMEMTQWEE?” | at ed,
and al so plastic sheets or paper. The copying t prat—aceerd to the

invention is 5 | mmgew se exposed.  Sourcesj of ﬁ? Egbc rad| t on are:
netal halide | anps, carbon arc |anps, xenon |a a vagor | anps.

An exposure to high-energy radiation such as | fadlatlon gl gctron
radi ation or X-rays may al so take pl ace. @atrti uIarIy preferred, jhowever,
are 10 Ianps whi ch are able to radiate |ight—of—a—wew elength fron1190

to 260 nm . sdirtaﬁﬁret Idutlsds cighes and/ ?fe &SR an e3P ULATRY: Hello-

addition, | aser

ht sourc e excl ner art cular
KrF or ArF |aseqeg1§%h é‘llaf49t§‘fan§93rﬁnﬂ‘%’ép%'{f‘§?/%ﬁ'§ﬁ '?Fﬁ@
be used. The raxfla i®n Slﬁur boweves: Hfidverine &sequaudssdituventn ofn Qh?e

wavel engt h ran&%ﬁum'ﬁne‘ihorEthﬁﬁVe{:wéh'fﬁ.haﬁiﬁeV%[ﬁoﬁx% amay hB6! llfén of
'ts fiel d of apé) lc:'ocu%;fleq:ned lats Is%bggs.we ents oji "%:Qxe ragigg}l. kn Qﬁé tiatq:
: are not, however, preferred. If R 4is heteroaryl, it
comprises at most predominantly one heteroatom, even if
R is a binuclear radical. If N is chosen as a heteroatom,
it may occur at most twice per nucleus.

10 among the compounds of the general formula I which
contain R=alkyl as a radical, those are preferred which
contain 1 to 6 carbon atoms, and among those which
contain R = aryl as a radical, those are preferred in
which R is a mononuclear or binuclear aromatic radical.

15 Examples of particularly suitable a,a-bis(sulfonyl)-
diazomethanes of the general formula I are:
Bis(methylsulfonyl)diazomethane
Bis(ethylsulfonyl)diazomethane
Bis(propylsulfonyl)diazomethane

20 Bis(l-methylpropylsulfonyl)diazomethane
Bis(2-methylpropylsulfon§1)diazomethnne
Bis(butylsulfonyl)diazomethane
Bis(1—methy1butylsu1£ony1)diazométhane
Bis(2~-methylbutylsulfonyl)diazomethane

25 Bis(3-methylbutylsulfonyl)diazomethane
Bis(allylsulfonyl)diazomethane
Bis(heptylsulfonyl)diazomethane
Bis(octylsulfonyljdiazomethane
Bis(nonylsulfonyljdiazomethane

30 Bis(decylsulfonyl)diazomethane
Bis(dodecylsulfonyl jdiazomethane
Bis(trifluoromethylsulfonyl)diazomethane
Bis (hexadecylsulfonyl)diazomethane
Bis (cyclohexylsulfonyljdiazomethane

35 Bis(2-oxapentylsulfonyl)diazomethane
Bis (benzylsulfonyl)diazomethane



between 1 and 10 um 20 The invention furthe
‘of producing a radiation-sensitive copying nat er i aREPLAGEMENHSEEEDN
sensitive mxture can be applied to the substrat y Sprayl ng-on
coating, rolling, spin coating and inmersion coting eht
renoved by evapor- 25 ation, with the result}that ?EeEwa
radi ati on-sensitive | ayer remai ns behind on the $uHaece—ef—the—suUbstrate.

The renoval of the solvent can be pronet@d-optiopally by heating the |ayer

to tenperatures of up to 150[err]C. The m xture may, NHOwW ever, r11rst be _
applied in thespdb@-aiRIdtcbentyledlEbnyD)diazthethanent er nedi at e support from

}/\/Imngr it is tr LI’I a’?ﬂllﬁ%qz rsgﬁg ifdfi%u@t‘f\‘éﬂteed tenperature to the

net hod

fl ow
is then

support e’ supports, all the materials al so
i dentified as B Weﬁhﬂﬁﬁﬁqﬂf§n83&dﬁé’?ﬂ&&P‘“ﬂue layer is then irradiated
| mgew se. Bis(ﬁﬁmnylsulﬂunya)nahhememh&neewealed in the 35

radi at i 0g- senspy § V& hWF1gheriA%Eh eBAFT] d1dftindikile bei Ng

Bis(3-methylphenylsulfonyl)diazomethane
Bis(4-methylphenylsulfonyl)diazomethane
Bis(4-ethylphenylsulfonyl)diazomethane
Bis(2,4~dimethylphenylsulfonyl)diazomethane

10 Bis(2,5~dimethylphenylsulfonyl )Jdiazomethane
Bis(3,4~-dimethylphenylsulfonyl)diazomethane
Bis(4~-t-butylphenylsulfonyl)diazomethane
Bis (2-methoxyphenylsulfonyl)diazomethane
Bis (3-methoxyphenylsulfonyl)diazomethane

15 Bis(4-methoxyphenylsu1£onyl)diazomethane
Bis(2~chlorophenylsulfonyl)diazomethane
Bis (3-chlorophenylsulfonyl)diazomethane
Bis (4-chlorophenylsulfonyl)diazomethane
Bis(2,5-chlorophenylsulfonyl)diazomethane

20 - Bis(2,6-chlorophenylsulfonyl)diazomethane
Bis(3,4~chlorophenylsulfonyl )diazomethane
Bis(2~bromophenylsulfonyl)diazomethane
-Bis(3-bromophenylsul£onyi)diazomethane
Bis (4-bromophenylsulfonyl)diazomethane

25 Bis (4-fluorophenylsulfonyl )diazomethane
Bis(2,4-difluorophenylsulfonyl)diazomethane
Bis (pentafluorophenylsulfonyl)diazomethand
Bis(4-nitrophenylsulfonyl)diazoﬁethane
Bis (4-acetamidophenylsulfonyl)diazomethane

30 Bis(4~acetoxyphenylsulfonyl)diazomethane
Bis(2-naphthalinsulfonyl)diazomethane
Bié(furfurylsulfonyl)diazomethane
Bis(imidazolylsulfonyl)diazomethane
Bis(2-methylimidazolylsulfonyl)diazomethane

35 Bis(benzimidazol-2-sulfonyl)diazomethane
Bis(benzoxazol-2-sulfonyl)diazomethane
Bis(benzothiazol-2-sulfonyl)diazomethane.



REPLACEMENT SHEET 19 FEB 1997 treated with a devel gper saoluti.on-which
di ssol ves or renoves the irradiated regions of tﬁp@Ln@EM¥NIaBnE¥B devel opers,

sol utions of reagents such as, for exanple, si at-es—fret-asthi qat es, -
hydr oxi des, hydrogen- 5 or dihydrogenphospha E tgs Jor

hydr ogencar bo- nates, of alkali netals and/or.alkalﬁhg b %@ netjal s, in
particul ar of ammoni umions, but also ammonia png the |ike ara used.

Met al -i on-free devel opers are -describedith-US-Q 4,729,941, EP-A 0, 062, 733,
US- A 4,628,023, US-A 4,141,733, EP-A 10 0, 89428 2—anra—HP—4—0, 023, 758.

The co nt ent of Thee &empbb.nds t afited abové chale abspaptiohumagimasin ntge ner al

0.1 to 15%by yepgh, b%rtevfe@roawo o | 21Ptogby YA Olke BAiSRHE6RL { Ecye! 0Nt

of the developer uti o S are used

railil-lonfree ggg
particul ar. CpMedraSMit oreirgpdiatign, yith; big reﬁeﬁﬁ¥tpﬁgr&&éﬁf may be
added to the déden. Iopers in order to faC|I|tate the dissolution of the

5 Of the abovementioned compounds of the general formula I
in which R is a substituted aryl radical, the following
compounds are particularly preferred:

Bis(2-methylphenylsulfonyl)diazomethane
Bis(3-methylphenylsulfonyl)diazomethane

10 Bis (4-methylphenylsulfonyl)diazomethane
Bis(4-ethylphenylsulfonyl)diazomethane
Bis(2,4-dimethylphenylsulfonyl)diazomethane
Bis(3,4~-dimethylphenylsulfonyl)diazomethane
Bis(4-t~-butylphenylsulfonyl)diazomethane

15 Bis(4-methoxyphenylsulfonyl)diazomethane
Bis(2-chlorophenylsulfonyl)diazomethane
Bis(3-chlorophenylsulfonyl)diazomethane
Bis(4~-chlorophenylsulfonyl)diazomethane
Bis(2,5-dichlorophenylsulfonyl)diazomethane

20 Bis(2,6-dichlorophenylsulfonyl)diazomethane
Bis(3,4-dichlorophenylsu1fonyl)diazcmethane
Bis (3-bromophenylsul fonyl)diazomethane
Bis(4-~-bromophenylsulfonyl)diazomethane
Bis(4~fluorophenylsulfonyl)diazomethane

25 = Bis(2,4-difluorophenylsulfonyl)diazomethane
Bis(4~nitrophenylsulfonyl)diazomethane
Bis(4~acetoxyphenylsulfonyl)diazomethane.

These compounds are particularly suitable because, on the
one hand, they have a high photolysis reactivity, and, on
30 the other hand, they have an adequate thermal stability.

The preparation of the a,e-bis(arylsulfonyl)diazomethane
derivatives according to the invention is known per se.
Their preparation has been described, for example, by F.
Klages et al., Chem. Ber., 97, 735 (1964).



exposedI ?r eas I n the devel oper. The devel oped..Lesist structures are
‘optionally post- hardened. This is done, in ge 10t he resi st
20 structure on a hot plate to a terrpera%:J rWWLAQWQN egf"t%w tenperature
and then exposing it to the UV light of a xendgn-jmercury vapor il anp (range
from 200 to 250 nm over its whole area. Thislp st 19dr 99D ¢r ¢sslinks the
resist structures with the result that the strfud¢tures have a {l pw 25

resi stance in general up to tenperatures of-oyer 200[ errJC—The
post - hardeni ng may al so be carried out w thout—aksing the tenperature by

irradiation wt t T :
preferably usec#l nm‘#{i;i rap hlé\i:] h%eggewm&&%miﬁg If\é’%g:ﬁure 3
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ruled out because of inadequate photosensitivity.

It was therefore particularly surprising that the com-
pounds of the general formula I used accoxrding to the
invention form, during their photolysis, adequate quan-

10 tities of sufficiently strong acids which make it éos-
sible to produce the highly sensitive, positive-working
radiation-sensitive mixture according to the invention.
Although there are no precise ideas about the extent and
the nature of the acids formed, it may nevertheless be

15 assumed that sulfonic and sulfinic acids form as a result
of the photolysis and these are capable of cleaving the
labile bond of the compounds of the type (b).

Compared with the photolytically produced acids hitherto
" used such as, for example, hydrochloric acid, these acids
20 have, as a consegquence of_' their high molecular weight, a
mach lower diffusion tendency or mobility in the radiation-
sensitive mixture according to the invention, with the
result that it was surprising, on the one hand, that it
was possible to achieve an image differentiation satisfy-
25 ing the highest requirements, and on the other hand, it
was, however, all the more surprising that, for comparable
sensitivity, the contrast , and consequently the resolving
power, of the radiation-sensitive mixture was increased
further. Furthermore it was surprising that the a,x-
30 bis(sulfonyl)diazomethanes of the general formula I can
also be activated by high-energy short-wave radiation and
it is consequently possible, for example, to produce a
highly sensitive photoresist for high-energy UV2 radiation
(248 nm). In particular, however, it was unexpected that
35 an adequate spectral sensitivity is still present even in
the conventional optical lithography region (436 nm).



- 20 - The exanples described below are only a_selection.gf-the- nvention.

"This is therefore not intended to be limted t¢ REH_A@EMEMTQ;&H”;EX npl es l1to
8 confirmthe suitability of the mxture 5 hC gording-to-the) i

for copying materials in microlithography using very w de
range of energy. The Conparison Exanples 9 and 1 dt)i%[ﬁ#ﬁ? lori

of the m xtures according to the invention ove
11 and 12 docunent the 10 usability-o0f0the
macroapplications, for exanple |ithographic pl

sol ution was pgRp@Kes dorti@ctienpbieeinfc aR3ak1ba" 18l ie budgnaerdteda havi ng
a 15 to meast? fatzsyn 'Yadihgi8s v%osleOSer;[e%gy PL erq\JiQ‘nlent at least
to that of short-wave visible light. In this connection,
in particular, UV radiation in the range from 190 to
5 450 nm, preferably from 200 to 400 nm, particularly pre-

ferably from 200 to 300 nm, but also electron radiation
and X-rays are suitable.

hp nrlnr art
ixture in

The preparation of the a,a-bis(arylsulfonyl)diazomethanes

- used accoxding to the invention, some of which are novel,

10 is illustrated on the basis of the preferred bis(4-t-
butylphenylsulfonyl)diazomethane (pbw = parts by weight):

37.3 pbw of 4~t-butylthiophenol are added to 100 pbw of
sodium hydroxide and stirred at room temperature until a
clear solution forms. 18.2 pbw of dichloromethane are
15 added to the thiophenol solution. The mixture is heated
under reflux for 8 hours. The formaldehyde bis(4-t-
butylphenylmercaptal) produced is taken up in ether and
washed with 2 x 200 ml of water. Drying is then carried
out over magnesium sulfate and the ether is distilled
20 off. 36 pbw of a colorless 0il are left behind.

20 pbw of this oil are dissolved in 40 ml of glacial
acetic acid and added dropwise to a mixture of 200 pbw of
glacial acetic acid and 60 pbw of hydrogen peroxide pre-
heated to 90°C, the drop rate being so regulated that the

25 temperature remains below 100°C. After completion of the
initially strongly exothermic reaction, heating is
carried out for a further 2 hours at 100°C, the mixture
is cooled and poured into water. This produces 16 pbw of
bis(4~t-butylphenylsulfonyl)methane. The product is

30

recrystallized from ethanol and is obtained with a
melting point of 150 to 152°C.

10 pbw of the product obtained above are dissolved
together with 4.8 pbw of tosylazide in 90 pbw of aceto-
nitrile and cooled to 0°C. 2.5 pbw of triethylamine are



2.0 pbw of a p-nethoxybenzal dehyde bi s(phenoxyethyl)- acefal.prepared

"anal ogously to Preparation Exanple 1 of DE-A [B, TRQHED: 4 pbw of
bi s(4- chl orophenyl sul fonyl ) di azormet hane i.n 20 iﬂégﬁ%ﬂ: ofy gropyl ene

gl ycol mononethyl ether acetate. The solutionfwhas filtered through a filter
having a pore diameter of ‘0.2 umand spun onth h & EEB 1t eld With an

adhesi on pronoter (hexanethyldisi]azane) at 3}0D0 revol u-_tionhsf After
drying at 100[err]C for 1 min on a hot-pilate, {a 25 | ayer thigkness of
1.04 um was obtained. The copying material was j ' under a

hmasp er using tQQde}{ Eliggb@n%%é’r‘t&fﬂﬁé%ﬁ%aﬁérﬁwa/ nEHHE T :s&&n aha66ﬁxélmd .
20, 3N Al kal | FEmBgEatuge, SEBhERs drelatt Mol oftig et Oipas: LTaniikeu el o
sodi um net asi | isateontomateddréomr, 4 hours at room temperature and the
solvent is then removed from the mixture. The residue is
5 taken up in methylene chloride and extracted twice with
100 pbw of 5%-strength aqueous sodium hydroxide solution,
washed until neutral and dried. After evaporating off the.
solvent, an oil is left behind which is filtered through
a silicic acid with methylene chloride as solvent. Re-
10 evaporation of the solution produces a solid having a
decomposition point of 153 to 155°C, which proves to be

analytically pure bis(4-t-butylphenylsulfonyl)diazo-
methane. :

The  analysis of this compound yielded the following
15 values:

calc.: C 58.04%, H 6.03%, N 6.45% S 14.75%
found: € 57.9 %, H 6.1 %, N 6.5% S514.4 %

'H-NMR (CDCl,): 1.4 ppm (s, 18 H), 7.4 to 8.2 ppm (g, 8 H)
Aeex (CHCls)= 238, 248 nm.

20 The other abovementioned compounds of the general formula -
I can be prepared in an analogous manner.

The photolytic acid donors contained in the radiation-
sensitive mixture accoxrding to the invention can be used
alone or in combination with other acid donors of the
25 category mentioned. Combinations with other photolytic
acid donors are, however, also possible, for which
purpose, in particular, the e-sulfonyl-e-carbonyldiazo-

methanes described in application P3,930,087.0 filed
simultaneously are suitable.

30 In addition, the acid donors of the general formula I
according to the invention can also be combined with



REPLACEMENT SHEET 19 FEB 1997 - 21 - 3.4 pbw of trisodi um phosphate
‘dodecahydrate, 0.3 pbw of sodi um di hydr ogenphosphat.e and 91 phw of
conpl etely deionized water. After a devel opnent WEFEAGEME@ﬁ sh[g flault-free

i mage of 5 t he mask having steep resist edgds pas—ebtat ..cu, en
structures of ¢ 1 umbeing resolved in true detfai]l . x Eé |cm of the
edges of the resist profiles by neans of scannijnd QCE cqogcopy

confirned that these were virtually perpe{lgi_gul ar to the substrat.e sur f ace.
10 Exanple 2: A coating solution was ptrepargd from7.5 pbw off a

copol ynmer of styrene/p- hydrox styrene (20/80) Hewrg—ar—average—aol ecul ar
wei ght of 32, ooé“ iym salts sug p%%/

iszonium, phosphoni.um, sulfonium and
3, 4- di net hoxybeheddnlimy cedl t={ [oife monyalbYedphilid alcidsgpEoederBRpDGodS! Yy t O

Preparation HSbF,, HASF;, or HPF; (J.V. Crivello, Polym. Eng. Sci.,

23, 953 (1983)), halogen compounds (DE-A 1,572,089,

5 1,817,540, 1,949,010 and 2,317,846, EP-A 0,232,972, US-A

3,912,606), in particular trichloromethyl triazine deri-

vatives (DE-A 1,298,414, 2,243,621, 2,306,248, 2,718,259,

3,333,450 and 3,337,024, US-A 3,515,552, 3,536,489 and

3,615,630) or trichloromethyloxadiazole derivatives (DE-A

10 2,851,472, 2,949,396, 3,021,590, 3,021,599 and 3,333,450

and also EP-A 135,348), o-quinonediazidesulfochlorides or

organometal/organohalogen combinations. Such combinations

are not, however, on the whole preferred since the

disadvantages mentioned in the preamble again occur in

15 such radiation-sensitive mixtures.

The content of acid donors of the general formula I in
the mixture according to the invention is in general
between 0.5 and 25% by weight, preferably 1 to 10% by

weight, based in each case on the total weight of the
20 layer.

‘As the material which can be cleaved by acid in the
radiation-sensitive mixture according to the invention
‘the fo_llowing compound categories, in particular, have

proven successful:

25 a) those containing at least one orthocarboxylic acid

ester and/or carboxylic acid amide acetal grouping,
the compounds also being capable of having . a poly-
meric nature and the groupings mentioned being
capable of occurring as linking elements in the main
chain or as lateral substituents,

oligomeric or polymeric compounds containing repeat-
ing acetal and/or ketal groupings in the main chain,
c) compounds containing at least one enol ether or N-

acyliminocarbonate grouping,

cyclic acetals or ketals of g-keto esters or B-keto
amides,

30
b)

35 d)



Exanpl e 1 of  DE-A 3,730,787 and 0.7 pbw of
- bi s(4- bronmophenyl sul f onyl ) di azonet hane in 42 pWLW“’ENSQ%%ﬁe gl ycol
nonoiret hyl et her acetate. 20 The solution Wag filtered through a filter
a
0

having a pore dianeter of 0.2 pmand spun onto |a (wajorFggegord{wjth an
adhesi on pronoter (hexanethyldisilazane) at 3,30d revolu- tiong. {After
drying at 100[err]Cfor 1 min on a hot plate, g Iayer—thrckmess ¢f 1.18 um
was obt ai ned. 25 The copyi ng mat er ral3was gxposed i nagew se under a
master using the UV radi ation of a xenon-nercury vapor lanmp at 260 nm

gavingbag ener gy 0{c$ﬁ§oﬁﬂ&§”&6ﬂﬁdiﬁ¥ﬁ@ khtplp@fﬁéﬁmgxbuﬁﬂﬂgsnpe dev$I0per
escri be I N nmp r Co 1 (0] t-free
i mge of 30 E>£§t hegﬁégﬁéﬁggi%%‘ |\g§1'"|1n dgg'ﬂg%a%ﬂgﬁ' t%/tl\;\%%or&%ﬁiﬁé ! struc-
tures of < 1 uMal sE‘°B€Fﬁ§"—N;-§ d?’?/é‘%?"qlf-egﬁié whoge jajdehydegopyj ketone

components have a solubility in the developer of
5 between 0.1 and 100 g/1,
h) ethers based on tertiary alcohols, and
i) carboxylic acid esters and carbonates of tertiary
allylic or benzylic alcohols.

As components of radiation-sensitive mixtures, compounds
10 of the type (a) which can be cleaved by acids are des-
' cribed in detail in DE-A 2,610,842 and 2,928,636, Mix-
tures which contain compounds of the type (b) are dis-
closed in DE-C 2,306,248 and 2,718,254. Compounds of the
type (c¢) are described in EP-A 0,006,626 and 0,006,627.
15 Compounds of the type (d) are disclosed in EP-A 0,202,196
and compounds which are to be assigned to the type (e)
are disclosed in DE-A 3,544,165 and 3,601,264. Compounds
of the type (f) are found in DE-A 3,730,785 and 3,730,783,
while compounds of the type (g) are dealt with in DE-A
20 3,730,787. Compounds of the type (h) are described, for
example, in US-A 4,603,101 and compounds of the type (i),
for example, in US-A ¢ ,4§1,628 and also in J.M. Fréchet
et al., J. Imaging Sci. 30, 59-64 (1986).

Mixtures of the materials mentioned which can be cleaved
25 by acids may also be used. Preferred, however, is a
material which can be cleaved by acid, which material is
to be assigned to the abovementioned types, including,
in particular, those which have a C-O-C-bond which can be
cleaved by acid. Particularly preferred are those materi-
30 als which belong to the types (a), (b), (g) and (i).
Among type (b)), the polymeric acetals must, in pa.rtiéu-
lar, be highlighted; of the materials of the type (g)
which can be cleaved by acid, in particular those whose
aldehyde or ketone component has a boiling point of

35 higher than 150°C, preferably higher than 200°C, must be
highlighted.



Exanpl e 3: A wafer prepared in accordance with

{ - ated
. under a master using the W light of a KrF exci mprR %EME&EMEE

wavel ength of 248 nmwi th an energy of 92 5 /'merrj AT
devel opnment, an inmage of the master in which eve %{; 394!'
submi cron regi on were reproduced in true detail obtaine imlarly to
Exanpl e 2. Exanple 4: The experinent of Exanple w
i ght of 10 a wavel ength of 436 nm wasj4gised. {n order to obt ai r{ an I mage
of the master with sharp edges, an exposure energy of

Zgomorcmferr] had to

be used. Exanpl n aced b
b used, Exanbl#ng' ofn€Ofl |88 SELMIAN WASHEEAEBICLENd Sy acid - fn POV

eim

i ﬁ.ene and ma havi ng gg e of 165
to 180[err]C, 2% epﬁ atioRreensidihife MEuERe AGKOTEEDT) SRt ‘é

T
par ed
anal ogously to Piepashould HecaAnpbe50% dby bieight, /8lef&Tabln® to 25% by

weight, based in each case on the total weight of the
5 layer.

The radiation-sensitive mixture according to the inven-
tion furthermore contains at least one polymeric water-
insoluble bindexr which is, however, soluble, but at least
swellable, in aqueous alkaline solutions. The binder is
distinguished, in particular, by the fact that it readily
dissolves the constituents of the radiation-sensitive
mixture according to the invention and has as low as
possible inherent absorption, i.e. a high transparency,
in particular in the wavelength range from 190 to 300 nm.
This does not include, in particular, those binders based
on novolak condensation resins which have been used, as
a rule, in combinations of naphthogquinonediazides as
photo-active components. Althougli novolak condensation
resins reveal a drop in solubility compared with aquecus
20 alkaline developers in the unexposed regions after

exposure to an image,  their inherent absorption is

undesirably high in the wavelength range required for the
exposure to light.

10

15

The novolak condensation resins mentioned may, however,
be used in a mixture with other resins having high
transparency and be.tng suitable as binders. In this connection,
the mixing ratios depend prédomi.nantly on the nature of

the binder to be mixed with the novolak resin.
ticular,

25

In par-
a decisive rxole is played by its degree of
inherent absorption in the wavelength range mentioned,
but also by the miscibility with the other constituents
of the radiation-sensitive mixture. In general, however,
the binder of the radiation-sensitive mixture according
to the invention may contain up to 30% by weight, in par-

ticular up to 20% by weight, of a novolak condensation
resin.

30

35



20- 0.7 pbw of bis(phenyl sul fonyl)diazoneth eﬁgpm .
- propyl ene glycol nonomethyl ether acetate. The s G'@MENTD%]O

through a filter having a pore diameter of 0.2 p
treated with an adhesi on pronoter (hexamnethyl di sill

nd spun onto fer

_zai’u@) B 89%00 fevol u-

25 tions. After drying at 100[err]C for 1 m a_hot plate | ayer

t hi ckness of 1.08 um was obtai ned. The copyi ng terial was expose

i magew se under a master using the U¥ l&dt+ati orme+—a-—xenan-gerciry vapor
| anp at 260 nm having an energy of 88 mi/cnR2. 30 The copying materi al

was devel oped wigdltarle) b hdisitee Aife SKbmpclymelrs! & aESHSNmerBT0SE U™
hydr oxi de, the g&g RS Qﬁan ft r |&0 &kgf"{’ﬁa %thgegue \Fib_rrhl n 60
S. au sati y

Once nore ree i mag sfac- tdri st eep
resi st edges waseXanplenof 3Tnetkmowtumexﬁosmdave%9 RLROPORFIAKE even
structures of < dr Wopolymers of other polyvinylphenols, for example of

5 3-hydroxystyrene or the esters or amides of acxrylic acids
with aromatics containing phenolic groups. Polymerizable
compounds such as styrene, methacrylic acid methacrylate,
acrylic ‘acid methac or the like can be used as
comonomers in the copolymer.

10 Mixtures with increased resistance to plasma etching are obtained if
vinyl monomers containing silicon, for example vinyl-
"trimethylsilane, are used to prepare copolymexrs of the
above type. The transparency of these binders is in
general higher in the range of interest, with the result

15 that an improved patterning is possible.

Homopolymers or copolymers of maleinimide can also be
used with the same success. These binders also exhibit
high transparency in the wavelength range described.
Styrene, substituted styrenes, vinyl ethers, wvinyl

20 - esters, vinylsilyl compounds or (meth) acrylic acid esters
are also used as comonomers.

Finally, it is possible, in addition, also to use copoly-
mers of styrene with comonomers which bring about an
increase in solubility in aqueous alkaline solutioms.

25 These include, for example, maleic anhydride, maleic acid
half-esters or the like.

The binders mentioned may occur in mixtures if they are
miscible and do not impair the optical qualities of the
radiation-sensitive mixture. Preferred, however, are

30 binders containing one species of the abovementioned
types. :

The gquantity of binder is, in general, 1 to 90% by
weight, in particular 5 to 90% by weight, preferably 50



were resolved in true detail. 5 Exampl e 6: |
‘prepared from 7.5 pbw of a 1:1 copol yner of st
softening range of 165 to 180[err]C, 2.0 pbw o
3, 4- et hyl enedi oxybenzal dehyde bi s( phenoxy- 10 .B e} hiyl ) acet al ,
0.8 pbw of bis(t-butyl phenyl sul fonyl)di azonmet hang ity EE 1?%w propyl ene
gl ycol nononethyl. ether acetate. The sol ution s filtered through a

filter having a pore dianeter of 0.2 um gpd-splin onto a wafer treated with
an 15 adhesi on pronoter (hexanethyl disilaz . u- tions. -

After drying af:o.loé)d@r%c&é’i He mﬂaé’é‘d?‘opmtlm atStal WRYGht! fCkeRaes of
1.06 Am was obtai ned. e copyl Hg naterial was exposed | magew se under a
mast er usi ng t Fadietignraensitive MR nercury vapor 20 | anp at 260

nm havi ng an energy of 92 mJ/cnR. The copying nmaterial was devel oped with a
0.02 N aqueous oaeluha9vOf dydlstdiFeE Y IR PidseXbdcerk e watrengd
agents and leveling agents, but also polyglycols, cellu-
5 lose ethers, for example ethylcellulose, may furthermore
be added to the radiation-sensitive mixtures according to

the invention to improve specific requirements such as
flexibility, adherence and lustre.

was
havi ng a

I REFLAGEMENTRISHEDT d

(@)

Preferably, the radiation-sensitive mixture according to

10 the invention is dissolved in solvents [for example
ethylene glycol, glycol ether, glycol monomethyl ether,
glycol dimethyl ether, glycol monoethyl ether or propy-
lene glyéol monoalkyl ether, in particular propylene
glycol methyl ether, aliphatic esters (for example ethyl

15 acetate, hydroxyethyl acetate, alkoxyethyl acetate,
n-butyl acetate, propylene glycol monoalkyl ether aceta-
te, in éarticular propylene glycol methyl ether acetate
or amyl acetate), ethers (for example dioxan), ketones
(for example methyl ethyl ketone, methyl isobutyl ketone,

20 cyclopentanone and cyc];phexanone)  dimethylformamide,
dimethyl acetamide, hexamethylphosphoric acid amide,
N-methylpyrrolidone, butyrolactone, tetrahydrofuran and
mixtures of the same). Particularly preferred are glycol
ether, aliphatic estérs and also ketones.

25 Ultimately the choice of solvents depends on the coating
method used, the desired layer thickness and the drying
conditions. The solvent must also be chemically neutreal,
i.e. it must not react irreversibly with the other layer
components. '

30

The solutions produced with the constituents of the
radiation-sensitive mixture have, as a rule, a solids

content of 5 to 60% by weight, preferably up to 50% by
weight. '



regions being stripped to | eave no residue within 60 s _and a tryge-to-detail
‘image of the master being obtained. 25 Thel AGH QESLTOH t-he i mage
was nore than 85[err]. Exanple 7: A coating so ?@gn_%éé——pr-epared from?7.5
pbw of the copol ymer described in Exanple 2, 2}0jpbw of aﬁlﬁy rthoester,
prepared by condensation, 30 of 1 ml‘l‘beE

7, 7- bi shydr oxynet hyl nonanol with 1 nol of nethyl jorthof ornat

REPLACEMENT SHEET - 24 - 0.8 pbw of bis(yybutyliphenylsul fonyl jdi zonet hane
in 42 pbw of propylene glycol nonomethyl ether {acetate.the—sotution was
filtered throudRcB hithbeto bid RiivanbPse, A 20BIEL1ON-Sers HIRNEoBPUAGON! O 2

f t ted
?586 rresgl 3_ Yn\fat rtle:::i.all. is furth%?chggepi:(in?.m &,pgcgn%tsrs] giaii{rizggg at

prises a substrate and a radiation-sensitive mixture
applied thereto.

5 Suitable substrates are all those materials which capaci-
tors, semiconductors, multilayer printed circuits ox
integrated circuits are composed of or produced from. In
particular, mention may be made of surfaces composed of
thermally oxidized silicon material and/or silicon

10 material coated with aluminum which may optionally also -
be doped, including all the other substrates common in
semiconductor technology such as, for example, silicon
nitride, gallium arsenide and indium phosphide. Further-
more, the substrates known from liquid cxystal display

15 production such as, for example, glass and indium tin
oxide, furthermore metal plates and metal foils (for
example composed of aluminum, copper oxr zinc), bimetal
and trimetal foils, but also electrically non-éonductipg
sheets which are vapor-coated with metals, SiO, materials

20 optionally coated with aluminum, and paper, are suitable.
These substrates may be subjected to a thermal pretreat-
ment, superficially rou'ghened, incipiently etched or
treated with reagénts to improve the desired properties,
for example increase the hydrophilic nature.

25 In a particular embodiment, the radiation-sensitive
mixture may contain an adhesion promoter to improve
adhesion in the resist or between the resist and the
substrate. In the case of silicon or silicon dioxide
substrates, adhesion promoters of the aminosilane type

30 .such as, for example, 3-aminopropyltriethoxysilane or
hexamethyldisilazane are suitable for this purpose.

Examples of supportswhich can be used to produce photo-
mechanical copying layers such as printing forms for
letter press printing, 1itho_graphic printing and  screen
35 printing and also of embossed copies are aluminum plates,



tions. After drying at 100[err]C for 1 mn on a hot plate, a |ayer
't hi ckness of 0.98 um was obtai ned. The copying material was_exposed

i magew se

was devel oped with a 0.27 N aqueous sol ution of |t trarreth | apmo m

hydr-oxi de, the exposed areas being stripped to lie ve1ﬂ0FE spaleTvmthl n 60 s
and a true-to-detail image of the naster ing @ Liines and
gaps down to 0.7 pm were reproduced with fai Thfu Exanpl e
8: The copying materlal fromExa was irrad tron

radi ati on ( BESSPPHAON qwglvh%é&ﬁzadeograingél angfox piddgamask

with a dose of memu/ zltﬂc Pletex pad steéhiplatedPwhich hdda: bptidnallh.

Heuber ger,

M cr gRlegC H:xo'r:a'lgm-pfaté&S dnid %@sr:oé B%%i??%@é%?gs# g"&ptaer]: the

 devel oper described in Exanpl€ 7 and a deve
fault-free i mge of the mask was obt ai ned

5
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15

20

25

30

35

The copying material according to the invention is
imagewise exposed. Sources of actinic radiation are:
metal halide lamps, carbon arc lamps, xenon lamps and
mercury vapor lamps. An exposure to high-energy radiation
such as laser radiation, electron radiation or X-rays may
also take place. Particularly preferred, however, are
lamps which are able to radiate light of a wavelength
from 190 to 260 nm, i.e. in particular xenon and/or
mercury vapor lamps. In addition, laser light sources,
for example excimer lasers, in particular XrF or ArF
lasers which emit at 249 or 193 nm respectively, may also
be used. The radiation sources must have an adequate
emission in the wavelength ranges mentioned.

The layer thickness varies as a function of its field of

application. It is between 0.1 and 100 gm, in particular
between 1 and 10 zm.

The invention furthermore relates to a method of producing
a radiation-sensitive copying material. The radiation-
sensitive mixture can be applied to the substrate by
spraying-on, flow coating, rolling, spin coating and
immersion coating. The solvent is then removed by evapor-
ation, with the result that the radiation-sensitive layer
remains behind on the surface of the substrate. The removal
of the solvent can be promoted optionally by heating the
layer to temperatures of up to 150°C. The mixture may, how-
ever, first be applied in the abovementioned manner to an
intermediate syport fromwhich it is transferred under pres-—
sure and elevated temperature to the final support material.
As intermediate supports, all the materials also identified
as support materialscan be used. The layer is then irradiated
imagewise. Then an image pattern is revealed in the
radiation-sensitive layer by development, the layer being

under a naster using the UV radiatijoRppfadMERTOSHEERT ¢ury vapor

10 | anp at 260 nm having an energy of 78 ml/{c terial



25 down to structures of < 0.6 um The resi

vertical to the planar substrate surface. Exanp'ég
exanpl es):

ual l'y

0 V ngdari son

The resist formul ation of Exanple 7 nodi f1 ed 1 nla{manner
such that the acid-form ng conpound used thereijn B019 FEBap9yen! dced by an
equal quantity of triphenyl sul foni um hexafl uor sphate (Exanygldg 9) or 2-

tosyl ate (Exanpl e 10). REPLACE 1997 - 25 -

ni trobenzyl

After exposure to radiation of a wavel enggh-of 260 nm and an enerjgy of 105
or 140 mJ/cnR and devel opment with a devel oper of the conposition

specified in Bagitedl wblh Ul k18t diiclohednin MBLBs6ivder 82t 1 ation
5 suitable zfe?t{o ersa%hl Cgrrm{até? gggl gf the material.

10

15

20

25

30
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As developers, solutions of reagents such as, for
example, silicates, metasilicates, hydroxides, hydrogen- .
or dihydrogenphosphates, carbonates or hydrogencarbo-~
nates, of alkali metals and/or alkaline earth metals, in particular of
ammonium ions, but also ammonia and the like are used.
Metal-ion-free developexrs 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 sub-
stances in the developer solution is in general 0.1 to
15% by weight, preferably 0.5 to 5% by weight, based on
the weight of the developer solution. Metal-ion-free
developers are used in particular. Optionally, smaller
quantities of a wetting agent may be added to the deve-
lopers in order to facilitate the dissolution of the
exposed areas in the developer.

The developed resist structures are optionally post-
' hardened. This is done, in general, by heating the resist
structure on a hot plate to a temperature below the flow
temperature and then exposing it to the UV light of a
xenon-mercury vapor lamp (range from 200 to 250 nm) over
its whole area. This post-hardening crosslinks the resist
. structures with the result that the structures have a flow
resistance in general up to temperatures of over 200°C.
The post-~hardening may also be carried out without raising
the temperature by irradiation with high-energy UV light.

The radiation-sensitive mixture is preferably used in
lithographic processes for producing integrated circuits
or discrete electrical components. The copying material
produced from the mixture then serves as a mask for the
subsequent processing steps. These include, for example,
the etching of the support, the implantation of ions in

the support or the deposition of metals or other .
materials on the support.



Cn u5|ng the oniumsalt (Exanple 9), structureg—wt
‘foot" were obtained, i.e. resist residues adhe eBER!
exposed regi ons, whil e on using the tosyl este

crosslinkings 10 ("l'ips"™) were visible and {tHes qsﬁﬁﬁﬁﬁ

consequent |y obt ai ned. Exanple 11: To prepare &

mechani cal l'y 15 roughened and pre-tregped al bm num foil was—sgi n-coated
with a coating solution of the conposition belo 7.5 pbwof a
kresol - fornald

f ‘
120[err]C, 2,3 ;%bW‘BJF‘P ®Bo ?/%%‘gsf\%?“gﬁ’re S?e}ég ’(%rgr%e"&ff“%’% gothe
et hyl but yr al delipsrengidni wbisoischE¥¢@Q¥§u?Qﬂ3kﬂﬂen ds5 top b Jimited

bi s(4-chl or ophegy kel kRaMplrésazonet hane, 0.05 pbw of crystal viol et base in
90 pbw of propyl ene glycol nononethyl ether acetate.

Examples 1 to 8 confirm the suitability of the mixture

5 according to the invention for copying materials in
microlithography using radiation of a very wide range of
energy. The Comparison Examples 9 and 10 confirm the
superiority of the mixtures according to the invention
over the prior art. The Examples 11 and 12 document the

10 usability of the mixture in macroapplications, for
example lithographic plates.

Example 1:
"A coating solution was prepared from

7.5 pbw of a kresol-formaldehyde novolak having a
15 softening range of 105 to 120°C,
2.0 pbw of a p-methoxybenzaldehyde bis(phenoxyethyl)-
acetal prepared analogously to Preparation
Example 1 of DE-A 3,730,787, and
0.7 pbw of bis(4-chlorqphenylsulfonyl)diazometha.ne in
20 42 ‘pbw of propylene glycol monomethyl ether acetate.

The solution was filtered through a filter having a pore

diameter of 0.2 pgm and spun onto a wafer treated with an

adhesion promoter (hexamethyldisilazane) at 3,000 revolu-

tions. After drying at 100°C for 1 min on a hot plate, a
25 layer thickness of 1.04 um was obtained.

The copying material was exposed imagewise under a
master using the UV- radiation of a Xenon-mercury vapor

lamp at 365 nm having an energy of 124 mJ/cm’.

The copying material was developed with a 0,3 N alkaline
30 developer of the following composition:

5.3 pbw of sodium metasilicate nonahydrate,



25 After drying the layer (layer weight app T 1 oy nferr]),
- exposure was carried out under a positive test masé%ﬁﬁﬁ}ﬂg&%s&&d
devel opnment was then carried out with a devel opetf of the. foll ow nhg
conposition: 0.5 pbw of sodi um hydroxi de, 30 19 FEB1®7pbWw pf sodi um
met asi |l i cate nonahydrate, 1.0 pbw of 2-n-butoxyethanol in 97.7 ppw of :
conpl etely dei oni zed water. REPLACEMENT SHEET| 19—FEB~ 1997 =2 Af ter
rinsing with water, the plate was nmade re®¥y for|printing by w pinpy over
with 1% strength phosphoric acid. After clanmping 1n a printing press,
72,000 perfect inprints3of phvwe afasirdsodine pigsphede dodecahfdnapepe 12:

0.3 pbw of sodium dihydrogenphosphate and
91 pbw of completely deionized water.

After a development time of 60 s, a fault-free image of
5 the mask having steep resist edges was obtained, even
structures of < 1 u;m being resolved in true detail. An
examination of the edges of the resist profiles by means
of scanning electron microscopy confirmed that these were
virtually perpendicular to the substrate surface.

10 Example 2:

A coating solution was prepared from

7.5 pbw of a copolymer of styrene/p-hydroxystyrene
(20/80) having an average molecular weight of
32,000,

15 2.0 pbw o0f£3, 4-dimethoxybenza.ldehyde bis(phenoxyethyl)-

acetal prepared analogously to Preparation
Example 1 of.DE-A 3,730,787 and

0.7 pbw of bis(4<bromophenylsulfonyl)diazomethane in

42 pbw of propylene g]zycol monomethyl ether acetate.

20 ‘The solution was filtered through a filter having a pore
diameter of 0.2 gm and spun onto'a wafer treated with an
adhesion promoter (hexamethyldisilagzane) at 3,000 revolu-
tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 1.18 um was obtained. '

25 The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapor
lamp at 260 nm having an energy of 103 mJ/cm® and then
processed with the developer described in Example 1.

After a development time of 60 s, a fault-free image of
30 the mask having high edge stability was obtained, struc-

tures of < 1 gm also being resolved in this case in true
detail. .



The solution of an etch and electroplating positive dry resi st was prepared
‘by making up the follow ng conposi- tion: 12.5 pbw-ef—the—rovelak—descri bed
in Exanple 11, 10 - 10.0 pbw of an oligoneric &l REHACEMERDISYEEEL Al
havi ng a nean nol ecul ar wei ght of approximately 1 4JU—r5T"é‘p‘m”'€‘d"b¥r
condensati on of butyral dehyde with diethylene glygo

bi s(4- et hyl phenyl sul f onyl ) di azonet hane, 15 D. 1l &Niég)%(?f ratn vi ol et
in 30 pbw of butanone. A polyethyl eme 22erepht hil

t hi ckness, which is standard for this purpose, wa$ coated with this
solution, wthiExdamplesdlst that a dry |ayer thickness—of~20 T8—tm was’

produced. The SUibRee Bheblifed!idh | %ébghaﬁéf-éfwﬁ? afidall 5N Onto‘mbrass

pol yet hyl ene terep at e | m was nat e

sheet after T e MREVEFi HE FFI%Q%Y %‘é%d'?fe 2 K H e imex;

cooling and peélmsng: biafringeat vayelengtls gfpHeds hml withhansémetgy of 92
5 mJ/cm*. After development, an image of the master in which

even structures in the submicron region were reproduced
in true detail was obtained similarly to Example 2.

Example 4:
The experiment of Example 1 was repeated, but UV 1igf1t of
10 a wavelength of 436 nm was used. In order to obtain an

image of the master with sharp edges, an exposure enexrgy
of 280 mJ/cm® had to be used.

- Example S:
A coating solution was prepared from

15 7.5 pbw of a 1l:1 copolymer of styrene and maleimide
having a softening range of 165 to 180°C,
2.0 pbw of benzaldehyde bis(phenoxyethyl)acetal pre-
pared analogously to Preparation Example 1 of
DE-A 3,730,787, and |
20 0.7 pbw of bis (phenylsulfonyl)diazomethane in
42 pbw of propylene glycol monomethyl ether acetate.

The solution was filtered through a filter having a pore
diameter of 0.2 ;m and spun onto a wafer treated with an
adhesion promoter (hexamethyldisilazane) at 3,500 revolu-

25 tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 1.08 ym was obtained.

The copying material was exposed imagewise under . a
mastexr :us'ing the UV radiation of a xenon-mercury vapor
lamp at 260 nm having an energy of 88 mJ/cm?.
30 ';‘he copying material was developed with a 0.02 N agqueous
solution of tetramethyl ammonium hydroxide, the exposed
regidns being stripped to leave no residue within 60 s.



was exposed through a master, in which process BERIACENBEE SHaBTr pst becane
‘visi bl e. The exposed areas were spray- devel ope t+t-t—a—devet-oppr| of the

conposition specified in Exanple 11. The sheet tﬂg&&a&&d M T h
commercial ferrichloride solution until the snogth e had been
etched through. The shaped parts obtained may b L.LY further
before separation into singles. REPLAGENMENT $HEET Patent claing 1. A
positive-working radiation-sensitive mXxture essepteaty—contarnihg a) a
conmpound which forns an acjid on jrradiation und
having at | eas?“%?\e“‘?}f?}%-éﬂltc-%eﬁ g"“ﬁg?id° S\M‘%&% Ragk Ly e%fei%% aci d,
and c) a wat ertonbly ubteepi nesisthedgses swasolahsiadngd .qtThe Famosid] (Ol e in
aqueous al kal | fRePbsdd OBSea was < 20 nm; even structures of < 1 um

were resolved in true detail.

5 Example 6¢:
A coating solution was prepared from

7.5 pbw of a 1l:1 copolymer of styrene and maleimide
having a softening range of 165 to 180°C,
2.0 pbw of 3,4-methy1enedioxybénza.ldehydé bis(phenoxy-
10 ethyl)acetal,
0.8 pbw of bis(t-butylphenylsulfonyl)diazomethane in
42 pbw of propylene glycol monomethyl ether acetate.

The solution was filtered through a filter having a pore
diameter of 0.2 ym and spun onto a wafer treated with an

15 adhesion promoter (hexamethyldisilazane) at 3,500 revolu-
tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 1.06 pm was obtained.

The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapor
20 lamp at 260 nm having an energy of 92 mJ/cm’.

The copying materiel was developed with a 0.02 N aqueous

solution of tetramethylammonium hydroxide, the exposed

regions being stripped to leave no residue within 60 s

and a true-to-detail image of the master being obtained.
25 The edge sﬁeepness of the image was more than 85°.

Example 73
A coating solution was prepared from

7.5 pbw of the copolymer described in Example 2,
2.0 pbw of a polyorthoester, prepared by condensation,

30 "0f 1 mol of 7,7-bishydroxymethylnonanol with 1
mol of methyl orthoformate,



wherein the conpound (a) is an a,a-bis (sulfonyl hgﬂﬂp@gWNiO‘SHEETmat hane
. o ;

derivative of the fornula | [err] I
cycl oal kyl, aryl

the com 15

or cyci oal kyl

an al kyl ,
, or heteroaryl radical. 2. A p( Y r ki nq
radi ation-sensitive mxture as clained in claim}, i\ﬂer'e%évo A9%helr adi cal R of
pound of the fornmula-l-is an optijgnally substifuted al kyl
radi cal, an optionally substag wtd4d aryl radical or|a
heteroaryl radical. 3. A positive-working radi a-on—senrshive—m-Xture as

claimed in claimg, @r pw VNS tLBﬁt?QghéiﬂlJ%Kﬁbn&h?dggzometﬁaﬁ@pQH”d of

the formula |

| k
carbon atons olrs?in 0 t%gg‘%;ﬁ/ gtei"fauge afy“faémm %ﬂXﬁaL’ﬁﬁgpt%er{aQ% 1to®

positive-working radiation-sensitive mxture as claimed in clainms 1 to 3,
wherein the radi the SoDhtide wis filtepepotixburfh héilcemhaving a pore

optionally SUbSthﬁﬂﬁgger of.0.2 sm and spun onto a wafer treated with an
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adhesion promoter (hexamethyldisilazane) at 3,500 revolu-~
tions. After drying at 100°C for 1 min on a hot plate, a
layer thickness of 0.98 um was obtained.

The copying material was exposed imagewise under a
master using the UV radiation of a xenon-mercury vapor
lamp at 260 nm having an energy of 78 mJ/cm’.

The copying material was developed with a 0.27 N aqueous
solution of tetramethylammonium hydroxide, the exposed
areas being stripped to leave no residue within 60 s and
a true-to-detail image of the master being obtained.

Lines ‘and gaps down to 0.7 pgm were reproduced with
faithfulness to the mask.

Example 8:

The copying material from Example 7 was irradiated with
synchrotron radiation (BESSY, Berlin, 754 MeV) through a
gold-on-silicon mask with a dose of 160 mJ/cm®. The

- experimental setup is to be found in A. Heuberger,

Microelectr. Eng., 3, 535 (1985). After development with
the developer described in Example 7 and a development
time of 70 s, a fault-free image of the mask was obtained
down to structures of < 0.6 gm. The resist edges were
virtually vertical to the planar substrate surface.

Examples 9 and 10 (comparison examples):

The resist formulation of Example 7 was modified in a
manner such that the acid-forming compound used therein
was replaced by an equal quantity of

triphenylsulfonium hexafluorophosphate (Example 9) or 2-
nitrobenzyl tosylate (Example 10).



aryl radical

. 5. A positive-working radiati on-§ \ rile as
‘clainmed in anyof clains 1 to 4, Wnerg'i n the su Fﬁﬁgﬂ\ﬁé\ﬁ ?‘HFTJ aromatic
radical are selected fromthe group com 30 prising al kyl,] gl koxy,
al koxyal kyl, nitro, carbonyl and amnido radicals or19nEE891997atons.
REPLACEMENT SHEET 19 FEB 1997 - 28 - 6., A posifipe-working
radi ati on-sensitive m xture as cl ai ned | cl ai T To 51 whereijn UV |ight
havi ng a wavel ength of 190 to 450 nmis uged a at |

positive-workin
to 6, wherein
radi ati on. 8.
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B%radlatlon sensitive m xture '
CREGRRPRSVFA S, SAIEEARBISF O w2uBLenaEBsH A80; iR e
Anp esielrigye of0LR5 ngr r k40 atd/om’ samdi t | ve developaeas with

a developer of the composition specified in Example 1,
structures which exhibited no image differentiation
suitable for practical work were obtained.

On using the onium salt (Example 9), structures with so-
called *resist foot* were obtained, i.e. resist residues
adhered to the substrate in the exposed regions, while on
using the tosyl ester (Example 10) surface crosslinkings

("lips") were visible and these spanned the substrate

areas which had been bared. In both cases no acceptable
patterning was consequently obtained.

Example 131:
To prepare an offset printing plate, a mechanically

_roughened and pre-treated aluminum foil was spin-coated

with a coating solution of the composition below:

7.5 pbw of a  Xkresol-formaldehyde novolak having a
softening range of 105 to 120°C,

2,3 pbw of a polyacetal prepared from 1 mol of 2-
ethylbutyraldel‘iyde and 1 mol of triethylene
glycol,

0.5 pbw of bis(4-chlorophenylsulfonyl)diazomethane,

0.05 pbw of crystal violet base in

S0 pbw of propylene glycol monomethyl ether acetate.

After drying the layer (layer weight approximately
2.5 g/m*), exposure was carried out under a positive test
master for 30 s and development was then carried out with '
a developer of the following composition:

0.5 pbw of sodium hydroxide,

0.8 pbw of sodium metasilicate nonahydrate,
1.0 pbw of 2-n~-butoxyethanol in

97.7 pbw of completely deionized water.

in clglrrs 1



clalrredln ctains 1 to 7, wherein the concentrht d-|f or m ng
-conmpound of the formula | is 0.5 to 25% 10 HE“EAG’EMI :
positive-working radiation-sensitive mxture .clal ned.in clgins 1 to 8,
wherein the binder has an absorbance of < 0 .5 [krdP FRBt1997wdvdl engt h
range of the irradiation. 15 10. A positi wor ki ng

radi ati on-sensitive mxture as clained in clai 1to 9, which dontains up
to 30% by weight, in particular up to 20%sby wel k

condensation resin as binder. 11. A positive-working radiation-sensitive
m xture as 20 Afted dimGngn wShd MatRrgnadntOplaiter eas wadebiveddy E@xt ai ns

phenolic hydro Q) i, ol hd SENS ald4

m xture as cl a?g (?QI ?X ‘%T%’gﬂaq %Q'%qu e\rls‘g'r rigﬂ%eg%?&ng Qﬁ% con- t\gfned in
a concentratlo#f&FrBOCFBmBG%bf-W\ePghPﬂ!‘W-% Presﬁart?%u?%‘? PRFEESt 949% by
wei ght, in thdmpadintis of- thenmaster werd Whtained.

5 Example 12:
The solution of an etch and electroplating positive dry

resist was prepared by making up the following composi-
tion: :

12.5 pbw of the novolak described in Example 11,

10 10.0 pbw of an oligomeric aliphatic polyacetal having a
mean molecular weight of approximately 1,400
prepared by condensation of butyraldehyde with
diethylene glycol,

0.5 pbw of bis (4-methylphenylsu1fonyl) diazomethane,

15 0.1 pbw of crystal violet in

30 pbw of butanone.

A polyethylene terephthalate film of 25 gm thickness,
which is standard for this purpose, was coated with this
solution, with the result; that a dry layer thickness of
20 18 pym was produced. The surface of the dry resist f£ilm
' was clad with a further polyethylene terephthalate £ilm.
The dry f£ilm was laminated onto a brass sheet after
peeling off the coveriné film, under pressure and heat.
After cooling and peeling off the temporary support film, the sheet
was exposed through a master, in which process a good
image contrast became visible. The exposed areas were
spray- developed with é developer of the composition
specified in Example 1l1. The sheet was then etched with
commercial ferrichloride solution until the smooth edges
30 had been etched through. The shaped parts obtained may be
processed still further before separation into singles.

4
in



13. A positive-working radiation-sensitive mxture as clained in clains 9

'to 12, wherein the binder has an absorbance of ¢ 0.3 [err] above 240 nm

REPLACEMVENT SHEET 14. A positive-working radi atfi QRaSEiE V Xfure as
claimed in im1, wherein the compound of the f%%@ﬂé\“a H e |hi ghes

nol ar absorption of all the resist constituents |at{ 248 nm 5 15. A

pOSi ti Ve-VM)I’L(” H"nﬂl ' nsitive copying natlerigl FEBsWATI al ljy
conposed of al m:”mr"r’ml ation- seRditive |l dyer, wherein tth¢ |ayer
conposed of a tadiatli oM- h&rdenabl e mixture as cllaimea T crarns 1|to 14.

Patent claims

1. A positive-working radiation-sensitive mixture
essentially containing '

a) a compound which forms an acid on irradiation, -

5 b) a compound having at least one C-0-C~ or C-0-S§i-
bond which can be cleaved by acid, and

c) a water-insoluble binder which is soluble or at

least swellable in aqueous alkaline solutions,

wherein the compound (a) is  an a,a-bis(sulfonyl)diazo-
10 methane derivative of the formula I

R-S0,~C-50,-R I
N2

in which R is an alkyl, cycloalkyl, aryl or heteroaryl
radical.

2. A positive-~working radiation-sensitive mixture as
claimed in claim 1, wherein the radical R of the com-
15 pound of the formula I is an optionally substituted alkyl

or cycloalkyl radical, an optionally substituted aryl
radical or a heteroaryl radical.

3. A positive-working radiation-sensitive mixture as
claimed in claim- 1 or 2, wherein the radical R of the
20 compound of the formula I is an optionally substituted
alkyl radical containing 1 to 6 carbon atoms or an
optionally substituted aryl radical. '

4. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 3, wherein the radical R of the

25 compound of the formula I is an optionally substituted
aryl radical.

5. A positive-working radiation-sensitive mixture as
claimed in anyof claims 1 to 4, wherein the substituents
of the aromatic radical are selected from the group com-

30  prising alkyl, alkoxy, alkoxyalkyl, nitro, carbonyl and
amido radicals or halogen atoms.

t
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6. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 5, wherein UV light having a
wavelength of 190 to 450 nm is used as radiation.

7. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 6, wherein UV light having a
wavelength of 200 to 400 nm is used as radiation.

8. A positive-wdrking radiation-sensitive mixture as
claimed in claims 1 to 7, wherein the concentration of

the acid-forming compound of the formula I is 0.5 to 25%
by weight.

9. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 8, wherein the binder has an

absorbance of < 0.5 ;m™* in the wavelength range of the
irradiation.

10. A positive-working radiation-sensitive mixture as
claimed in claims 1 to 9, which contains up to 30% by

weight, in particular up to 20% by weight, of a novolak
condensation resin as binder.

11. A positive-~working radiation-sensitive mixture as
claimed in claims 9 and 10, wherein the binder contains
phenolic hydroxyl groups.

12, A positive-working radiation—sénsitive mixture as
claimed in claims 9 to 11, wherein the binder is con-
tained in a concentration of 60 to 96% by weight, in

particular 70 to 94% by weight, in the radiation-
sensitive mixture.

13. A positive-working radiation-sensitive mixture as

claimed in claims 9 to 12, wherein the binder has an.
absorbance of < 0.3 um™* above 240 nm.
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14. A positive-working radiation-sensitive mixture as
claimed in claim 1, wherein the compound of the formula
I has the highest molar absoxrption of all the resist.
constituents at 248 nm.

15. A positive-working radiation-sensitive copying
material essentially composed of a support and a radiation-
sensitive layer, wherein the layer is composed of a

radiation-hardenable mixture as claimed in claims 1 to
14.
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Abstract of the disclosure:

Positive-working radiation-sensitive mixture and radia-
tion-sensitive copying material produced therefrom

A description is given of a positive-working radiation-
sensitive mixture which contains as
constituents:

essential

a) an a,c-bis(sulfonyl)diazomethane, which forms a
strong acid on irradiation, of the general formula

I
Ny

in which _
R is an optionally substituted alkyl, cycloalkyl,
aryl or heteroaryl radical,

b) a compound having at least one C-0-C or C-0-Si-bond-
which can be cleaved by acid, and

c) a water-insoluble binder which is soluble or at
least swellable in aqueous alkaline solutions.

The radiation-sensitive mixture according to the inven-
tion is notable for a high sensitivity over a wide
spectral range. It also exhibits a high thermal stability

and does not form any corrosive photolysis products on
exposure to light.



