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5 diazide)sulfonic acid mixed esters and radiation-sensi-
tive recording material prepared therewith

The invention relates to a radiation-semsitive mixture
containing a resinous binder which is insoluble in water,
but soluble or at least swellable in agqueous alkaline
10 solutions and at least one radiation-sensitive compound.

The radiation-sensitive layer of conventional copying
materials is essentially composéd of a mixture of an alk-
ali-soluble cresol-formaldehyde novolak and radiation-
sensitive compounds, such as 1,2-benzoc~ or o-naphtho-

i5 quinone 2-diazide derivatives. The novolak is soluble
per se in aqueous alkaline solutions, but the radiation-
sensitive o-guinone diazide compounds act as solution
inhibitors. During the imagewise exposure of the layer
to actinic radiation, the radiation-sensitive diazocar-

20 bonyl compound is converted into a carboxylic acid via a
ketene intermediate. The carboxylic acid is x_‘_eadily
soluble in aqueous alkaline solution and, consequently,
also enhances the solubility of the novolak. The prep-
aration of novolaks is described, for example, by A. Knop

25 and W. Scheib in "Chemistry and Application of Phenol
Resing", Chapter 4, Springer, New York 1979.

The exposed regions of the copying layer dissolve in the
alkaline developer solution, while the unexposed regions
remain essentially unaltered and intact, with the result
30 that a positive relief image of the master is produced on

the laver support.

The solubility behavior described can, however, also be
reversed. For this purpose, “"the recording 1ayer is

subjected to a heat t:rea.tment after :Lmagew:.se J.rrad:.a-__
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curing, heating is carried out to temperatures below the
10 decomposition temperature of the o-quinone diazide. The
heating can be carried out by irradiation, placing in a
stream of hot gas, contact with heated surfaces, for
example with heated rollers, or by immersion in a heated
bath of an inert ligquid, for example water. The tempera-
is ture is in general between 100 and ' 150°C, preferably

between 90 and 130°cC.

Efficient crossiinking agents are generally compounds
which readily form a carboniunm ion under the acid and
temperature conditions described. Examples of these are

20 the hexamethylolmelamine esters in accordance with DE-A
33 25 022 (= Us-a 4,581,321) and also the compounds
described in EP-2 0 212 482, such as 1,4~-bishydroxy-
methylbenzene and 4,4’ -bismethoxymethyl diphenyl ether,.
which contain two or more aromatically bound hydroxy-

25 methyl or alkoxymethyl groups. 2,6-Bishydroxymethyl-4-
methylphenol in accordance with US-A 4,404,272 is also
known as a crosslinking agent.

After the heat treatment, the photoresist layer is, as a
rule, subjected to a whole-surface exposure ("£lood

30 exposure”) in order to render the still radiation-sen-
sitive layer regions completely alkali-soluble.

The £flood exposure is in general carried out with the -
same light source as was also used for the image ex-

posure.

35 The development following the flood exposure is in
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hydroxide, trimethyl (hydroxyethyl)ammonium hydroxide,

alkali-metal phosphates, alkali-metal silicates or
alkali-metal carbonates, which solutions may contain
wetting agents or fairly small amounts of organic sol-
vents. During the development, the layer regions not
affected by light in the original image exposure are
washed out, with the result that a negative resist image
of the master is obtained.

In most cases, the exposed and developed resist material
is then treated with an etchant, in which process the
etchant is only able to act on the layer support in the
non-image regions. In this way, a negative etching image

«%gonsequent | y, workingir Phgtdueshgti he Theaset aral, nefor enrdmple, ddiedud | uence

during

is produced on the layer support in the case of a posi-

tive-working copying layer and a positive etching image
in the case of a negative-working copying layer.

The positive or negative relief image of the copying
iayer produced on the layer support by the processes
described is suitable for various application purposes,
inter alia as exposure mask or as an image in the produc-
tion of semiconductor components in microelectronics, as
a pfinting form for letterpress, gravure or lithographic
printing, and also for the production of nickel rotary
cylinders in an electroplating process.

The commercial suitability of a copying ~layer, for
example a photoresist layer, is assessed, inter alia, on
the basis of the radiation sensitivity, the development
and image contrast, the resolution and the adhesion to

the layer support.

A high radiation sensitivity of the mixture is an import-
ant factor in the manufacture of microelectronic circuits

or components, especially in the so-called "in-line"
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The resist resolution relates to the capability of a

10 photoresist system to reproduce even the finest lines and
gaps of a mask used for the exposure, the exposed and
developed regions being required to exhibit a high degree
of edge steepness and sharpness.

In many technical application fields, in particular in
is the production of semiconductor components in micro-
electronics, tﬁe photoresist has to achieve a parti-
cularly high resolution as ve;y small line and gap widths
{< 1 um) have to be reproduced. The ability to reproduce
extremely small details in the order of magnitude of 1 um
20 and less is of the greatest importance for the large-
'~ scale production of integrated circuits on silicon chips
and similar components. If photographic processeé are
used, the integration density on such a chip can be
increased by increasing the resolving power of the

25 photoresist.

It is known that the resolution of a photoresist in-
creases if photoactive compounds containing a plurality
of radiation-sensitive radicals in one molecule are
present in it, since the radiation-sensitive component in
30 the mixture is then increased. [P. Trefonas III and
B. K. Daniels, "New Principle for Image Enhancement in
Single Layer Positive Photoresists®", SPIE Advances in
Resist Technology. and Processing IV, 771 (1987), 194-210;
P. Trefonas III, B. K. Daniels and R. L. Fischer, "Photo-
35 resist Design for Submicron Optical Lithography: Applica-
tion of Polyphotolysis®™, Solid State Technology 30
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. If the mixed esters mentioned in EP-A 0 244 762 and 0 244
e

< 763 are used, an improved resolution can already be

observed. DE-A 38 37 500 reveals the superior properties

5 of ring-substituted naphthoquinone diazide derivatives in
lithographic applications. Esters of optionally substi-
tuted (o-naphthoquinone 2-diazide)-4- or -5-sulfonic
acids with compounds which possess three or more arcmatic
hydroxyl groups often have, however, an unduly low

10 solubility in the standard soclvents, and this has the
result that the resists prepared with these esters still
do not achieve an adequate resolution.

The object was therefore to provide novel mnixtures
exhibiting increased radiation sensitivity and improved
15 solubility in the solvents used in industry.

This object is achieved by a mixture which contains, as
radiation-sensitive component, an ester of a) a compound
containing 2 to 6 aromatic hydroxyl groups, b) a ring-
substituted (o-naphthoquinone 2-diazide)-4-sulfonic acid
20 (diazo compound D,) and c¢) an (o-naphthoquinone 2-dia-
zide) -4~ or -S5~sulfonic acid which is not further substi-
tuted (diazo compound D,) and/or a non-radiation-sensitive
organic acid (compound D,), where the D,:(D, and/or D,)
molar ratio is between 0.1:1 and 30:1. The esters and
25 their preparation are described in the co-pending patent
application, Serial NO. ccescccecce. {Hoe 91/K 014.). The
alkali-soluble binder is preferably a novolak, a
poly(vinylphenol) or a poly(vinyvlalkyvlphenol).

The radiation-sensitive mixture is, in general, applied
30 to a support material in the form of a solution in an
organic solvent. Suitable solvents are, for example,
glycol ethers, such as ethylene glycol monométhyl ether
or monoethyl ether and also their acetates, such as
propylene glycol met_hyl ether acetate, esters, such as
35 ethyl or butyl acetate, ketones, such as methyl ethyl
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qﬁ‘,qray:éxe total weight of the solid constitu-
ents in the radiation-sensitive mixture.

The proportion of radiation-sensitive compound is about
1 to 50% by weight and preferably about 3 to 35% by
weight, based on the total weight of the solid constit-
uents in the mixture.

To prepare a solution of the radiation-sensitive mixture,
the binder and tl_xe radiation-sensitive compound are mixed
with a sufficient quantity of solvent to give a solvent
proportion of about 40 to 90% 1§y weight, preferably about
60 to 85% by weight.

Before application to a layer support, additives may also

- be added to the radiation-sensitive solution, such as,

20

25

30

for example, crosslinking agents, dyes, levelling agents,
prlasticizers, adhesion bromoters, development acceler-
ators, surfactants, for example non-ionic surfactants,

Suitable as dyes are,‘for example, methyl violet 2B (C.I.
42 535), crystal violet (C.I. 42 555), malachite green
(C.I. 42 000), Victoria blue B (C.I. 44 045), neutral red
(C.I. 50 040), coumarine dyes and styryl dyes, in accord-
ance with EP-A 0 070 445 or DE-2 37 35 852. These dyes
are added in an amount of 1 to 10% by weight, based on
the total weight of binder and radlatlon-sensxtlve
compound.

Levelling agents can be used in an amount of up teo 5% by
weight, based on the total weight of binder and radi-
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characteristics of the mixture and make it possible to

apply the mixture in a smooth and uniformly thick layer
i0 to the layer support. |

Suitable adhesion promoters for improving the adhesion of
the mixture on the support comprise specific organo-
silicon compounds, for example 3-aminopropyltriethoxy-
silane, in a proportion of up to 4% by weight, based on
15 the total weight of binder and radiation-semsitive

compound.
-

The development accelerators added may be aromatic car-
boxylic acids or aromatic polyhydroxy compounds, such as
polyhydroxybenzophenone, picric, nicotinic and nitro-

20 cinnamic acids, in a proportion of up to 20% by weight,
based on the total weight of binder and radiation-sensi-
tive compound. These accelerators lead to an increase in
the solubility of the radiation-sensitive layer, both in
the exposed and unexposed regions. They are therefore

25 used in those applications in which the speed of develop-
ment is of prime importance. While the exposed regions
of the 1ayér are more rapidly dissolved by the developer
as a result of the addition of accelerators, the develop-
ment accelerators also give rise at the same time to a

30 relatively large loss of layer from the unexposed régions,
with the result that a loss of contrast may occur.

Suitable non-ionic surfactants are, for example, poly-
ethylene glycol monononylphenyl ether, polyethylene
glycol monooctylphenyl ether and polyethylene glycol
35 . monodinonylphenyl ether, which are used in a proportion
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Suitable crosslinking agents are described in EP-2A
0 212 482 and US-A 4,404,272. These are generally added
to a radiation-sensitive mixture intended for use in a
negative-working layer, for example a negative-working
photoresist. The crosslinking agents are mainly aromatic
compounds containing two or more hydroxymethyl oxr alkoxy-
methyl groups in a molecule, such as 1,2-bishydroxy-
methylbenzene, 1,2-bismethoxymethylbenzene, 1,2-big~-
hydroxymethylfuran, 2,6-bishydroxymethyl-4-methylanisole,
1,4-bis(0~hydroxybenzyl)benzene, 2,5-dimethyl-1,4-bis-
hydroxymethylbenzene, 4,4'-bishydroxymethyldiphenyl
ether, 4,4’-dimethoxydiphenyl, 2, 6-bishydroxymethyl-4-
methoxy or -4-ethoxyphenol, 4;4’~-bismethoxymethyldiphenyl
ether and epoxycresol noveolak resins and also alkoxymeth-
Ylmelamine deriéatives. Particularly preferred are: 2,6-

'bishydroxymethyl-4-methyl-, ;i-ethyl-, -4-propyl-, -4-

isopropyl~, -4-n-butyl-, ~4-tert-butyl- and -4~ (2-phenyl-
2-propyl)phencl.

The crosslinking agents can be used in proportions of 1.5
to 20% by weight, based on the total solids content of
the radiation-sensitive mixture.

In the presence of acid and at elevated temperature, the
binder molecules are "crosslinkedn" by said crosslinking
agents, i.e. the radiation-sensitive layer is cured. The
acid required to cure the layer is formed as a result of
the photoreaction of the radiation-sensitive compound.

The radiation-sensitive mixture of the Present invention
exhibits an improved stability in solution and improved
storability. The resolution is better than in compar-
able, prior art radiation-sensitive mixtures.

The invention furthermore relates to a radiation-

sensitive recording material which essentially comprises

in
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To prepare the recording material according to the
invention, the radiation-sensitive mixture, for example

10 a photoresist, can be applied to the support by processes
conventionally emploved in industry, such as immersion,
spraying and spin-coating. In the spin-coating process,
the proportion of solids in the resist solution is
adjusted in such a way that, depending on the spin-

15 coating apparatus used in the individual case and the
periocd of time fixed for the spin-coating operation, a
coating in the desired thic_:knass is obtained.

The radiation-sensitive mixtures prepared according to
the process described are particularly well suited for

20 application to silicon wafers which carry a layer of
silicon oxide, such as those used in the manufacture of
microprocessors and other semiconductor components used
in microelectronics. A wafer of gallium arsenide, of
aluminum having an oxide layer or of silicon having a

25 layer of metallic aluminum or of oxidatively aftertreated
aluminum may also be used. The support may also be made
of various polymeric resins, in particular of transparent
polymers, for example polyesters.

After applying the radiation-sensitive mixture to the

30 layer support, the solid-liquid composite is subjected to
a pre-drying operation at about 80 to 105°cC. This heat
treatment is continued until nearly all of the solvent
has evaporated and a thin layer of about 1 um is left on
the layer support.
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J tion having wavelengths of 248, 365, 405 or 436 nm,

through appropriate masks, negatives or stencils etc. or

5 exposed to directed electron radiation or to the radi-
ation of a laser. The term "actinic radiation® comprises
both the X-ray region and electromagnetic radiation in
the technically applicable wavelength range from 193 to
450 nm and also electron radiation.

10 For the purpose of development, the imagewise exposed
recoxrding materials are immersed in an aqueous alkaline
developer solution. Spray developing processes are also
frequently used in industry.

After removal from the developer solution, the material
15 can be subjected to a heat treatment or baking treatment,

respectively, to increase the adhesion and the chemical

resistance of the layer to et&hing soclutions and other

substances. Heat treatment after development may com-

prise oven curing of layer and support at temperatures
20 below the softening point of the layer.

For industrial applications, in particular in the manu-
facture of semiconductor components on silicon supports
having a silicon oxide layer, the developed supports can
be treated with a buffered etching solution based on
25 hydrofluoric acid. The photoresist mixtures according to
the invention are resistant to acidic etching solutions
and guarantee an effective protection of the unexposed
regions of the support, which are coated with the photo-

resist mizxture.

30 The radiation-sensitive mixtures according to this
invention are not only suitable for use as photoresist
mixtures, but can also be used for printing plates and

color proofing films.

If the recording material which is produced by coating a
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10 is developed or is, preferably prior to developing,
subjected to a whole-surface UV irradiation (flood

exposure). The developers used comprise aqueous alkaline

solutions containing inorganic or quaternary organic
bases. The developers may be buffered or contain addi-

15 - tional additives (for example wetting agents). In this
brocess, the regions of the layer, which were not exposed
during ima.gewisg exposure, are washed out, while the
regions of the layver, which were exposed during imagewise
exposure, are not attacked (-’neg'at:ive process). As a

20 result, a negative relief copy of the exposure mask is
obtained.

It is also possible to combine positive and negative
pProcesses on one layer support (photocomposing) .

In the examples which follow, the radiation-sensitive
25 mixtures and recording materials are explained in greater
detail. |

Examples

For the lithographic comparison, radiation-sensitive mix-
tures were formulated. They exclusively contain com-
30 Pletely esterified derivatives of 2,3,4,4’'-tetrahydroxy-
benzophenone (Examples 1 to 6) and of 2,3,4,37,47,57~
hexahydroxybenzophenone (Examples 7 to 10). -

The derivatives are esterified with 7 -methoxy (1,2~
naphthoquinocne 2-diazide)-4-sulfonic acid (D,) and
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zidei‘lmuummim“tonic acid which is not further substi- tuted (diazo
. conp a non-radi ation-sensitive organi c acid (conpound
Derr]), where the Derr]: (Derr] andiazerr]) nolar ratio is

between 0.1:1 and 30:1. The esters and 25 their preparation are described
in the co- penmfm-ﬁ@EtEHoqulnoﬂ@m-ldi&Izu@’e) -3eisuvllfdiic acid. (D,;) in.tHdl0e
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In Examples 7 to 9, the hexahydroxybenzophenones are in
each case esterified with 7-methoxy(1l,2-naphthogquinone 2-
10 diazide) -4-sulfonic acid (D;) and a non-radiation-sensi-
tive acid (D,) in the D,:D; molar ratio of 5:1. The non-
radiation-sensitive acid is stearic acid (Example 7), 2-
ethylhexyl carbonate (used as 2-ethylhexyl chloroformate)
(Example 8) or methanesulfonyl chloride (Example 8).

15 a) Mixtures ac_:cording to the invention:

To the 26%-strength solution of a cresol/xylenol novolak
in methoxypropanol acetate there are added, based on the
novolak, 28% (in the case of derivatives of tetrahydroxy-
benzophenone) or 43% (in the case of derivatives of

20 hexahydroxybenzophenone) of the photoactive compound and
dissolved.

b) Comparative examples: .

The corresponding naphthoquinone diazide is added to the
novolak solution mentioned under a) until the solution is

25 saturated and undissolved material is filtered off.

These resist solutions are used for spin-coating silicon
wafers and the layers thus obtained are dried for 60
seconds on a hot plate at 90°C. The layer thickness is
1.30 pum. After exposure through a mask containing
30 patterns of various dimensions using'an exposure appar-
atus conventionally employed in industry, the layers are
again heat-treated for 60 seconds on the hot plate at
100°C. The regions of the layer affected by the light
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- 6- pent anone and cycl ohexanone and al so aro- matic
-deroc%ﬁ“ﬂﬂﬂ‘a%ﬁmm tol uene and xylenol. M x- tures of these

sol vent 0 be used. The propdrtion of binder in the mixture
is,”in general, 5 about. 15 to 99% by wei ght, preferably about 50 to 97%
by ©  weight a&'ﬁ’dtbﬁﬁtﬁéﬁﬁﬁ?-T’?apP%f’E?%’F;Pfa@oﬂeVGﬂ-%rQS‘Vibymn (devght
based on the Labpher®i Elinedfed NFedhdsh COHNSERAL - the uRdkSokddt P8gions

radi ati on-sensi_tlye qlxture. . The prqpqrtion of radiation-sensative
conpound i s aB§uEREOIBYEY XM OB éﬁﬁ y about 3 to 35% by
‘wei ght, based on the total weight of the solid constit- uents in the

A xture. As shown by the table below, considerably smaller pat-

5 terns can be produced using the mixtures of the present

invention.

s
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Patent Claims

1. A radiation-sensitive mixture containing a resinous
binder which is insoluble in water, but soluble or at
least swellable in aqueous alkaline solutions and at
least one radiation-sensitive compound, wherein the
radiation-sensitive compound is an ester of a) a compound
containing 2 to 6 aromatic hydroxyl groups, b) a ring-
substituted (o-naphthoguinone 2-diazide)-4-sulfonic acid
(diazo compound D,) énd ¢) an (o-naphthogquincne 2-dia-
zide)-4- or -5-sulfonic acid which is not further substi-
tuted (diazo compound D,) and/or a non-radiation-sensitive
organic acid (compound D,), where the D,:(D, and/or D,)
molar ratio is i:etween 0.1:1 .and 30:1.

2. The radiation-sensitive mixture as claimed in claim
1, wherein the resinous binder comprises a novolak, a
poly(vinylphenol) or a poly(vinylalkylpheﬁol) .

3. The radiation-sensitive mixture as claimed in claim

1 or 2, wherein the mixture additionally contains cross-

linking agents, dyes, levelling agents, prlasticizers,
adhesion promoters, development accelerators and/or

surfactants.

4. The radiation-sensitive mixture as claimed in one or
more of claims 1 to 3, wherein the binder is present in
a proportion of 15 to 99% by weight of the solid constit-~
uents of the mixture.

S. The radiation-sensitive mixture as claimed in one or
more of claims 1 to 4, wherein the radiation-sensitive
compound is present in a proportion of 1 to 50% by
weight, preferably 3 to 35% by weight, of the solid
constituents of the mixture.

based
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e
92

characteristicsgof the mxture
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appIThISS e‘ laggd 3 sppoth and uniformy thick layer 10 to the |ayer
,Supp liable adhesi on pronoters for inproving the adhesi on of

t he support conprise specjdic organo- silicon conpounds,
for exanple 3-am nopropyl tri et hoxy- Ssilane, in a proportion of up to 4%
by wei ght, baged qn 1§adiQ€10ﬁD§éhs:.¥‘ﬂrth reQErthBdefnat@Q'q. hich
radj ati on-sensitive, deve ment acce eréﬁors added
may be aronmat§iFially 5%£ FFEeﬁcPdéqme%uﬁﬂﬁE?¥FFﬁ#?h?d#@@}aﬂqunmds
~such as magemmynegégphmmwl ttHe Cra&i&@lbﬂl- geagﬂtﬂw Fayet

ci nnam ¢ aC|q§ lst pg %ortxo of #p %o 205 % g based “on t he

_sotal weight OFBIA Ty i h- EBRsFadiatipprgepgitiyeg mippraxe
accel er ator s d%ad-amaih imeomasex inore of helasimsgill 184 V5 Of the

radi ati on-sensitive layer, both in t he exposed and unexposed regi ons.
They are therefore 25 used in those applications in which the speed of
devel op- Trent The oresonddingmpoaterdel \Ws| eclaimed poged gleginons, of

the layer ar guE¥edd dhell1aydxs SRIPRADEIRT 140 0R N icon or gallium

arsenide wafer to which at least one further layer is

additionally applied between the semiconducting material
10 and the radiation-sensitive layer.
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> : : 30
dccelerators also give rise at the sane tine to a tB oss of
act ants are ﬁg‘lr

of layer fromthe HOBORSEARIIENGESELLSCHAET I exanpl e,

Sui tabl e non-ionic sur
i nE?h?Fgﬁg)glycol nmonononyl phenyl ether, polyethyMarneh 27,ghgogl

oo t her,
ﬁnn%octyl phenyl ether and pol yet hyl ene gl ycol 35 nonodi nﬂﬂyl_gg.egyl wE e

used in a proportion
,2?IEB ?gelo@b %F based on the total weight of bi nder and
radi ati on-sen 8%Esnpound.

Radiation-sensitive mixture containing (naphthoquincne
diazide)sulfonic acid mixed esters and radiation-~-
sensitive recording material Prepared therewith

The invention relates to a radiation-sensitive mixture
containing a resinous binder which is insoluble in water,
but soluble or at least swellable J.n agqueous alkaline
solut:l.ons, at least ocne rad:.at:.on-sens:.t:.ve compound and
optionally a crosslinking ageat. The radiation-sensitive
compound is an ester of a) a compound containing 2 to 6
aromatic hydroxyl groups, . b) a ring-substituted (o-
naphthoquinone 2- ~diazide)-4-sulfonic acid (diazo compound
D;) and ¢) an (o-naphthoqu:.none 2-diazide)-4- or -5-
sulfonic acid which is not Further substituted (diazo
compound D,) and/or a non-radiation-sensitive organic acid
(compound D,), where the D,: (D, and/or D,) molar ratio is
between 0.1:1 and 30:1.
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Sui t abl e cro;&ﬁﬁﬁﬁﬁﬁdﬂﬁhﬁ JHlsEBlr e described in EP-A... .0 212 482 and -Us-A
4,404, 272. T1e axeﬁgener-ﬁfy added 5 to a radiatitoni $éh$ﬂbrveﬁiji ue
i nt ended for ‘5% E i ve-wor ki ng | ayeri, ’fo%'exanplg R
negative-mor<|hg B%ﬁﬁﬁgére iist. The crossllnkung/agent§ arg nalgly
aromatic cbnpounds-cgnLalnlng two or nore hyd(onyﬁthyL glkoxy-
nmet hyl group$ in a nolecule, such as 1, 2- bIShydrONy&UlQn netnyibenzgn
1, 2- bi snet hokymet-hylbenzene;===1, 2- bi s- 1 hydroxynethylfuran

2, 6- bi shydr oxynet hyl - 4- net hyl ani sol e, 1, 4- bi.s(-a-

2, 5-di nethyl -1, 4-bi s- hydroxynethylbenzene b B0 :
4, 4' - bi shydr ox Radilatlidnssenplitive &hh&hre‘%dhtéi op ﬂ&ﬁﬁ%ﬁ%&ﬂlnoue

2, 6- b|shydsoxyﬁﬁ%ﬁﬁhéésu%§ongﬁtQ8§¥eyﬁ§? aﬁﬁ %X?%$e§%ﬁl§ﬁﬂgﬂ?§§q&§; ns and

4, 4 blsnethox%peth¥
al so al koxynet Panmﬂ§eue¢lvnxepuxadF%hereudthIy preferred are:

2, 6- bishydroxynethyl 4- et hyl - 4- et hyl - -4- propyl -4-

i sopr opyl 4 b bl

2- pPopSI)phenoFﬂelﬁﬁgentﬁég é%g% |nk%ng§aggd#at%8ﬁ ﬁ%n%ﬁﬁﬁv?nmb¥ﬁﬁﬁ?tlons
of 1.5 containing a resinous binder which is insocluble in water,

but scluble or at least swellable in agqueous alkaline
10 solutions and at least one radiation-sensitive compound.

The radiation-sensitive layer of conventional copyving
materials is essentially composed of a mixture of an alk-
ali-soluble cresol-formaldehyde novolak and radiation-
sensitive compounds, such as 1,2-benzo- or o-naphtho-~

15 quinone 2-diazide derivatives. The novolak is soluble
per se in aqueous alkaline solutions, but the radiation-
sensitive o-quinone diazide compounds act as solution
inhibitors. During the imagewise exposure of the layex
to actinic radiation, the radiation-sensitive diazocar-

20 bonyl compound is converted into a carboxvlic acid via a
ketene intermediate. The carboxylic acid is readily
soluble in aqueocus alkaline solution and, consequently,
also enhances the solubility of the novolak. The prep-
aration of novolaks is described, for example, by A. Knop

25 and W. Scheib in "Chemistry and Application of Phenol
Resins"', Chapter 4, Springer, New York 1979.

The exposed regions of the copying laver dissolve in the
alkaline developer solution, while the unexposed regions
remain essentially unaltered and intact, with the result '

30 that a positive relief image of the master is produced on
the layer support.

The solubility behavior described can, however, also be

reversed. For this purpose, the recording layer is
subjected to a heat treatment after imagewise irradia-

“wne
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to 20% by "based on jhe total solids content of ~ the
radi ation-sen §| t&ﬁ@ﬂﬁ%@re ; I'n the presence of _acl d and at elevated
tenperaturef the 25 binderjnpl ecul es are "crosslinked" by sai d_
crosslinking T==="gagents;—+= el the radiation-sensitive layer is cured. The
acid requirged to cure the laypr is formed as a result of t he
phot or eact i of"of "the"radi-ation- sensi ti-ve conmpound. The
radi ati on-sensjtive m xture of the present invention 30 exhi bits an
i nproved st abﬂ-‘?‘%y itndes yhese ahdcumpranass, the sesinbhbléyulddos

"
resol ution i sthetlfferd RAdssNiGRTRA the regﬂ}léa ofPkhE %Q#%ﬁ a%%ercetec} el at es

tign
to & radatibnths THHYCN mhe prpsPaRng TREPEFPAI tanith teseina | y

conpri ses requires, as a rule, the presence of a "crosslinking
5 agent® which brings about the crosslinking and,
consequently, the curing during the heat treatment, under

the influence of the acid which has been produced from

the o-quinone diazide during the exposure. During
curing, heating is carried out to temperatures below the

10 decomposition temperature of the o-quinone diazide. The
heating can be carried out by irradiation, placing in a
stream of hot gas, contact with heated suxfaces, for
example with heated rollers, or by immersion in a heated
bath of an inert liquid, for example water. The tempera-

] ture is in general between 100 and 150°C, preferably
between 90 and 130°C.

Efficient crossiinking agents are generally compounds
which readily form a carbonium ion under the acid and
temperature conditions described. Examples of these are

20 the hexamethylolmelamine esters in accordance with DE-A
33 25 022 (= US-A 4,581,321) and also the compounds
described in EP-A 0 212 482, such as 1, 4-bishydroxy-
methylbenzene and 4,4’-bismethoxymethyl diphenyl ether,.
which contain two or more aromatically bound hydroxy-

25 methyl or alkoxymethyl groups. 2, 6-Bishydroxymetbyl-4-
methylphenol in accordance with US-a 4,404,272 is also
known as a crosslinking agent.

After the heat treatment, the photqresist layer is, as a
rule, subjected to a whole-surface exposure ("flood

30 exposure®) in order to render the still radiation-sen-
sitive layer regions completely alkali-soluble.

The f£lood exposure is in general carried out with the

same light source as was also used for the image ex-
posure.

35 The development following the flood exposure is in
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A Eg}and a radiation-sensitive |ayer formed
Cabon
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froma m xt dﬂw,,,,m ‘descri bed type and to a process for
preparing thet oo} Eg%ﬁ%?t rtal Sui tabl e support materials are,
exanpl e, sil}i gong s n n@ or polymeric resins, silicon oxide,
doped sﬁllcon oxi de, §Lj|60n nitride, tantalum copper, poly-

silicon, cenamics™and Iun1nuﬁ1copper aJ3oys To prepare the
recordi ng ma i nvention, the radiation-sensitive

mxture, for
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solutions which are also used to develop a positive-
working photoresist. These are, for example, agqueous
solutions of -sodium hydroxide, tetramethylammonium
hydroxide, trimethyl (hydroxyethyl)ammonium hydroxide,
alkali-metal phosphates, alkali-metal silicates or
alkali-metal carbonates, which solutions may contain
wetting agents or fairly small amounts of organic ‘sol-
vents. During the development, the layer regions not
affected by light in the original image exposure are
washed out, with the result that a negative resist image
of the master is obtained.

In most cases, the exposed and developed resist material
is then treated with an etchant, in which process the
etchant is only able to act on the layer support in the
non-image regions. In this v;a.y, a negative etching image
is produced on the layer support in the case of a posi-
tive-working copying layer and a positive etching image
in the case of a negative-working éopying layer.

The positive or negative relief image of the copying
iayer produced on the layer support by the processes
described is suitable for various application purposes,
inter alia as exposure mask or as an image in the produc-
tion of semiconductor components in microelectronics, as
a pninting form for letterpress, gravure or lithographic
printing, and also for the production of nickel rotary
cylinders in an electroplating process.

The commercial suitability of a copying layer, €for
example a photoresist layer, is assessed, inter alia, on
the basis of the radiation sensitivity, the development

and image contrast, the resolution and the adhesion to
the layer support.

A high radiation sensitivity of the mixture is an import-
ant factor in the manufacture of microelectronic circuits
or components, especially in the so-called vin-line®

1‘6"%‘%0‘3‘6‘? c¥ith open afc the)| pawesws  pAkaLi®ert by



conventlgf rff'pqp.uggQ\Tn i ndustry, such as inmersion, sprayi ng and
spi n-codt ij él éﬁg pijn4coati ng process, the proportion of solids in
t he resijstj sél §§ 9 adjusted in such a way that, depending on the
spin- 15 icoating_appardtys used in the individual case and the peri od
of time fixed-for tHe spin-coating operation, a coating in the desired
t hi cknesgis—obt-al-ned——- The radi ati @n=sensitive m xtures prepared
according to the process described are particularly well suited for 20

appl i cation t cpxé¢esmindeif e figrsoh izamhich khpethobughput sof iwafewi de,

such as those ﬂé%&&n{i‘iﬁ taet Méﬁg@ét lastifd" p2BERSESSOLS, Anelidl her

conductor ¢o e I n mcroe|l ectropics A waf er of gal I'ium
Z(rarsneni de, of chrrp ﬁ hﬁ%a@?ﬂ% SHPBRTER F%{‘%? BE%?’-’%?W%%?FWW a 25

| ayer of netal the maumequimenmmmtais cthe dimdtiing factaemwi num nay
al so be used. tﬂi@ éﬂﬂagﬁ'? @ecf@i@ times Oéré/atfé@ufoxpé’l yé@%?f/est ors.
resins, in par r ans mer s anpl e
After applying® #‘ﬁﬁ’f’aﬁf‘g}t‘ Bﬁnggﬁgm%c n*&f%ﬁ'%ﬁttjt?”t Hnd with irrddi

ation using shorter-wave actinic light, and this results

in an unduly low production rate.

The resist resolution relates to the capability of a

10 photoresist system to reproduce even the finest lines and
gaps of a mask used for the exposure, the exposed and
developed regions being required to exhibit a high degree
of edge steepness and sharpness.

In many technical application fields, in particular in
15 the production of semiconductor compomnents in micro-
electronics, ti:e photoresist has to achieve a parti-
cularly high resclution as ve;‘y small line and gap widths
(< 1 um) have to be reproduced. The ability to reproduce
extremely small details in the oxder of magnitude of 1 um
20 and less is of the greatest importance for the large-
scale production of integrated circuits on silicon chips
and _simila.r components. If photographic processeé are
used, the integration density on such a chip can be

increased by increasing the resolving power of the
25 photoresist.

It is known that the resolution of a photoresist in-
creases if photocactive compounds containing a plurality
of radiation-sensitive radicals in one molecule are
present in it, since the radiation-sensitive component in
30 the mixture is then increased. iP. Trefonas III and
B. K. Daniels, "New Principle for Image Enhancement in
Single Layer Positive Photoresists®", SPIE Advances in
Resist Technology and Processing IV, 771 (1987), 1594-210;
P. Trefonas IXIX, B. K. Daniels and R. L. Fischer, "Photo-
35 resist Design for Submicron Optical Lithography: Applica-
tion of Polyphotolysis®, Solid State Technology 30
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If the mixed esters mentiocned in EP-A 0 244 762 and 0 244
763 are used, an improved resolution can already be
ocbserved. DE-A 38 37 500 reveals the superior propexties
of ring-substituted naphthoquinone diazide derivatives in
lithographic applications. Esters of optionally substi-
tuted (o-naphthoguinone 2-diazide)-4- or -5-sulfonic
acids with compounds which possess three or more aromatic
hydroxyl groups often have, however, an unduly low
solubility in the standard solvents, and this has the
result that the resists prepared with these esters still
do not achieve an adequate resolution.

The object was therefore to provide novel mixtures

. exhibiting increased radiation sensitivity and improved

solubility in the solvents used in industry.

This object is achieved by a mixture which contains s as
radiation-sensitive component, an ester of a) a compound
containing 2 to 6 aromatic hydroxyl groups, b) a ring-
substituted (o-naphthoquinone 2-~diazide)-4-sulfonic acid
(diazo compound D;) and ¢) an (o-naphthoquinone 2-dia-
zide)-4- or -5~-sulfonic acid which is not further substi-
tuted (diazo compound D,) and/or a non-radiation-sensitive
organic acid (compound D;), where the D,:(D, and/or D,)
molar ratio is between 0.1:1 and 30:1. The esters and
their preparation are described in the co-pending patent
application, Serial NO. ccceecececcecss. (Hoe 91/K 014.). The
alkali-soluble binder is preferably a novolak, a
poly(vinylphenol) or a poly{vinylalkylphenol).

The radiation-sensitive mixture is, in general, applied
to a support material in the form of a solution in an
organic solvent. Suitable solvents are, for example,
glycol ethers, such as ethylene glycol monomethyl ether
or monoethyl ether and also their acetates, such as
propylene glycol met;hyl -ether acetate, esters, such as
ethyl or butyl acetate, ketones, such as methyl ethyl

t hrough appropriate masks,
exposed to directed el ectron radiation or

IS

-:olid-liquid conposite is subjected to a
ng: ope aQout 80 to 105[err]C. This heat treat ment
o %jﬁh@%?@ al i of the sol vent has evaporated and a thin
, 1 lerc]lmis left on the |ayer support. - 10
he coat ed support lis then imagew se exposed in a known manner
+re—tathatk-on—n particul ar _U¥ radi a- - tion having
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| 15 can be subjected to a
renoval fromydig, ution, he materi a
heat treat mant o&ﬁ J'-‘\g reg-T cydghesanpepy ando alssy guwe- t he

adhesi on and 3Hel Havdxqgarbons, wcﬁ aEC calfuenee dndly afyTehAl.Chiygg.S0l uti ons

and ot her tum&sﬁﬁam%e Heateht8atER 14 U flRKE! OpnENnt may com
prise oven curing of |ayer and support at terrperatures 20 bel ow the

oint of the |ayer. For industrial applications, in
ESH?QLP%" Fhe\PTRRREtion off kindew 66 shei nbRekES OLs £ O OF&@id S0 Silicon

supports 5 about 15 to 99% by weight, preferably about 50 to 97% by
weight and particularly preferably about 63 tc 93% by
weight, based on the total welght of the solid constitu-
ents in the radiation-sensitive mixture.

The proportion of radiation-sengitive compound is about
10 1 to 50% by wei:g'ht: and preferably about 3 to 35% by

weight, based on the total weight of the solid constit-
uents in the mixture.

To prepare a solution of the :':a.dia.t:ion-ensit:ive mixture,
the binder and the radiation~sensitive compound are mixed
with a sufficient quantity of solvent to give a solvent

proportion of about 40 to 90% l;y weight, preferably about
60 to 85% by weight.

15

Before application to a layexr support, additives may also
be added to the radiation-sensitive solution, such as,
20 for example, crosslinking agents, dyes, levelling agents,
prlasticizers, adhesion bromoters, development acceler-
ators, surfactants, for example non~ionic surfactants,

Suitable as dyes are, for example, methyl violet 2B (C.I.
25 42 535), crystal violet (C.I. 42 555), malachite green
(C.I. 42 000), Victoria blue B (C.I. 44 045), neutral red
(C.I. 50 040), coumarine dyes and styryl dyes, in accord-
ance with EP-A 0 070 445 or DE-A 37 35 852. These dyes
are added in an amount of 1 to 10% by weight, based on

30 the total weight of binder and radiation-sengitive
compound.

Levelling agents can be used in an amount: of up to 5% by
weight, based on the total weight of binder and radi-



s AUEL AP Shig
having a & ii”'i”E”é’ﬁ"'b)’(“l de Tdyar, the devel oped supports can _be treated
wi'th a buf fer &dIBEETHM sSoljuti on based on 25 hydrofluoric acid. The
phot or esi tkm xtures accdrding to the invention are resistant to
aci di ¢ et chIAg-SBIaFi®Rg= § and guarant ee an effective protection of the
unexposed:__ regions of tlhe support, whych are coated with the photo-
resist mixture. 30 The "radiation-sensitive mxtures according to
this i nverttiom-gemsitiventompomedbl e for use as photoresi st _
m xtures, but can also be used for printing plates and . col 0{_ progfl ng
fil ms. 'Susehbre FOASL I8 RIS U, $Er Cheamp1a, "phomphate t21- (22

chloroethyl), stearic acid, dicamphor, polypropylene,
acetal resins, phenoxy resins and alkyd resins, which can
5 be added in proportions of 1 to 10% by weight, based on
the total weight of binder and radiation-sensitive
compound. The plasticizers added improve the coating
characteristics of the mixture and make it possible to

apply the mixture in a smooth and uniformly thick layer
10 to the layer support.

Suitable adhesion promoters for improving the adhesion of
the mixture on the support comprise specific organo-
silicon compounds, for example 3-aminopropyltriethoxy-
silane, in a proportion of up to 4% by weight, based on

15 the total weight of binder and radiation-sensitive
compound. '

The development accelerators added may be aromatic car-
boxylic acids or aromatic polyhydroxy compounds, such as
polyhydroxybenzophenone, picric, nicotinic and nitro-
cinnamic acids, in a proportion of up to 20% by weight,
based on the total weight of binder and radiation-sensi-
tive compound. These‘aceeleratora lead to an increase in
the solubility of the radiation-semsitive layer, both in
the exposed and unexposed regions. They are therefore
25 used in those applications in which the speed of develop-
ment is of prime importance. While the exposed regions
of the 1ayér are more rapidly dissolved by the developer
as a result of the addition of accelerators, the develop-
ment accelerators also give rise at the same time to a
30 relatively large loss of layer from the unexposed régions,
with the result that a loss of contrast may occur.

20

Suitable non-ionic surfactants are, for example, poly-
ethylene glycol monononylphenyl ether, polyethylene
glycol monooctylphenyl ether and polyethylene glycol
35 monodinonylphenyl ether, which are used in a proportion
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suppor tJ\ﬂJ&LQﬁ%gug according to the invention and whi ch nay

addi ti én IIy contain a; c}ossllnklng agent is used in the . 4
negati:e‘ME?k{ﬁg”hnage'reversal process, i magewi se exposure is followe
by a slcond bri ef heat 5 treatment at a tenperature between 90 and 150C.
Durlng T thisTheattreat nent, the binger is cured in the exposed

regi ons of the photoresi st Iayer The heat treatnent time i s between

10 and 90 se@hd¥® et d0%hdwt wedght.ngbased ao enel tbgal hareighel &g -

mat eri al , théipadees shaiayeonls g&g@/g&{i{%“ is, preferably prior to
devel opi ng, subj ected to anv\,hgrlze surfa | rrad| ation (flood

exposure The devel opers used conprise aqueous al kaline sol utions
coﬁt ai ni Lg i BHgahle ocrgsaiinking cagent are Hasesibdde :ﬂﬁVQiPQ-ﬁe_r S may
be buffered a zimnteaizn adddiss-45a, mr@; ad%g agg g; eraa]\[,‘% t1ing

3 B e not
agents). gl ngﬁq rad:_aig{eocess e&{e |ons o

exposed ring RE H'dsét foghnee thea
regi ons of tRegahisie Wé-ngmé@e'e@ipcﬁmd alumiple | DBHeFdEHre-work@HgOSUr e,

are not att aghiestodedd@Rl.i VP ¥R BVinkingSadents are mainly aromatic
compounds containing two or more hydroxymethyl or alkoxy-
methyl groups in a molecule, such as 1,2-bishydroxy-
10 methylbenzene, 1,2-bismethoxymethbylbenzene, 1,2=big~
hydroxymethylfuran, 2,6—bishydroxymeth&1-4-methylanisole,
1,4-his(a—hydroxybenzyl)benzene, 2,5-dimethyl-1,4-bis~
hydroxymethylbenzene, 4,4’-bisghydroxymethyldiphenyl
ether, 4,4’-dimethoxydiphenyl, 2,6-bish&d:oxymethy1-4-
methoxy or -4~ethoxyphenol, 4,47 ~bismethoxymethyldiphenyl
ether and epoxycresol novolak resins and also alkoxymeth-
yYimelamine derivat:.ves. Particularly preferred are: 2,6-
bishydroxymethyl-4-methyl-, -4-ethyl-, -4-propyl-, -4~
isopropyl-, -4=-n-butyl-, ~4-tert-butyl- and -4-(2-phenyl-
20 2-propyl)phenol.

15

The crosslinking agents can be used in proportions of 1.5
to 20% by weight, based on the total solids content of
the radiation-sensitive mixture.

In the presence of acid and at elevated temperature, the

25 binder molecules are "drossli.nked" by said crosslinking
agents, i.e. the radiation-gensitive layer is cured. The
acid required to cure the layer is formed as a result of
the photoreaction of the radiation-sensitive compound.
The radiation-sensitive mixture of the present invention

30

exhibits an improved stability in solution and improved
storability. The resolution is better than in compar-
able, prior art radiation-sensitive mixtures.

The invention furthermore relates to a radiation-
sensitive recording material which essentially comprises
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; féhlef copy of the exposure mask is obt ai ned.
It is allsd pOSSIb|e to ¢onbi ne positive and negative processes on one
layer supgord {DEGMMon0gi ng) . In the exanpl es which follow, the
radi ati g senS|t|ve 25 qlftures and recording materials are explained in
greater | w@etartT | - Exanpl es For the lithographic
conpari sjpn, radiation-senditive m x- tures were fornul at &d. They

exclu5|vefy “contain com 30 pletely esterified derivatives of
g g i g' Let gahxdnayxr s %poﬁe%gpaegaﬁfaémtﬁi@%ﬁ%e@né?ﬁea
from a mgxtu §y %nzogbgge-nd?es(c%%n% eti.sype and to a

process for preparing the recording material.

Suitable support materials are, for example, silicon,
5 a.lumim;m or polymeric resins, silicon oxide, doped

silicon oxide, silicon nitride, tantalum, copper, poly-

silicon, ceramics and aluminum/copper alloys. )

To prepare the recording matexial according to the
invention, the radiation-sensitive mixture, for example

10 a photoresist, can be applied toc the support by processes
conventionally employed in industry, such as immersion,
spraying and spin-coating. In the spin-coating process,
the proportion of solids in the resist solution is
adjusted in such a way that, depending on the spin-

i5 coating apparatus used in the individual case and the
pericd of time fixed for the spin-coating operation, a
coating in the desired thickness is obtained.

The radiation-gsensitive mixtures prepared according to
the process described are particularly well suited for

20 application to silicon wafers which carry a layer of
silicon oxide, such as those used in the manufacture of
microprocessors and other semiconductor components used
in microelectronics. A wafer of gallium arsenide, of
aluminum having an oxide layer or of silicon having a

25 layer of metallic aluminum or of oxidatively aftertreated
aluminum may also be used. The support may also be made
of various polymeric resins, in particular of transparent
polymers, for example polvesters.

After applying the radiation-sensitive mixture to the

30 layer support, the solid-liquid composite is subjected to
a pre-drying operation at about 80 to 105°C. This heat
treatment is continued until nearly all of the solvent
has evaporated and a thin layer of about 1 um is left on
the layer support.
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§quon|c aC|d (Djerr]) and . .
U|n ine 2 -diazide) -4-sulfonjc acid (Derr])
%of 0.33:1 (Exanple 1) or 4.71:1 (Exanple

Fative  Exanpl es'5 and 6 only with

iSNgpert is ghghgiragowiise (exfpnsed doi G k.nown
manner using actinic radiation, in particular UV radia-
tion having wavelengths of 248, 365, 405 or 436 nm,
through appropriate masks, negatives or stencils etc. or
exposed to directed electron radiation or to the radi-
ation of a laser. The term "actinic radiation® comprises
both the X-ray region and electromagnetic radiation in
the technically applicable wavelength range from 193 to
450 nm and also electron radiation.

For the purpose of development, the imagewise exposed
récording materials are immersed in an aqueous alkaline

developer solution. Spray developing processes are also
frequently used in industry.

After removal from the develc.':per solution, the material
can be subjected to a heat treatment or baking treatment,
respectively, to increase the adhesion and the chemical
resistance of the layer to etching solutions and other
substances. Heat treatment after development may com-
prise oven curing of layer and support at temperatures
below the softening point of the layer.

For industrial applications, in particular in the manu-
factixre of semi.conductor components on silicon supports
having a silicon oxide layer, the developed supports can
be treated with a buffered etching solution based on
hydrofluoric acid. The photoresist mixtures according to
the invention are resistant to acidic etching solutions
and guarantee an effective protection of the unexposed

regions of the support, which are coated with the photo-
resist misxture.

The radiation-sensitive mixtures according to this
invention are not only suitable for use as photoresist

mixtures, but can also be used for printing plates and
color proofing films.

If the recording material which is produced by coating a

l 4 and 10, the hydroxy- benzophenones are
_fnapht ho- 5 - igui-none 2-di azide)-4-sulfonic acid

iffied wth 7-nmethoxy(1, 2- napht hoqui none

in the

12

2) .



In Exa Ies-i 7 to exahydr oxybenzophenones are in each case
esterifi éd ivm 6h‘35§3§99ﬁ)xﬂ( 1, 2- napht hoqui none 2- 10 di azi de)-4-sul fonic
aC|d(D[ rr;]) and a non-nadi ati on-sensi - tive acid (Derr]) inthe
D-err]: ier"? "ol ar ratio df 5:1. The non- radi ation-sensitive acid is
Stearic &g _ 2- et hyl-hehayl- car bonat e (uffd als o g

2- et hyl hexyl chlorofor te npl e 8) or nethanesul fonyl chloride

( Exarr%/)l e 9§/ Poxy w. m}‘ﬂ; Nyt é'é-"&'é‘é‘&r BPRETEENG ko | e ninvention and To the

26% strengt h sdkmcrlorma;# additchoma MW ersrtaioy el %esslidﬁln@%pri@anm
acetate there aggegddad, cﬂ@sagggei 8Sox

3% the case of
derivatives of %r%oxg- enzoplf'ninr?g ié{l,%g é ; 9‘ WHREF 10f

derivatives of irddswed & t%é?ﬂ%adﬂi\# &eatound
and di 8sol ¥xehtment at la) temﬁémﬁly&mbem 150°C. During

this heat treatment, the binder is cured in the exposed
regions of the photoresist layer. The heat treatment
time is between 10 and 90 seconds. After heat treating
and cooling the recording material, the photoresist layer
10 is developed or is, preferably prior to developing,
subjected to a whole-surface UV irradiation (flood
exposure). The developers used comprise agqueocus alkaline
solutions containing inorganic or quaternary organic
bases. The developers may be buffered or contain addi-
15 . tional additives (for example wetting agents). In this
process, the regions of the layer, which were not exposed
during imagewis_e' exposure, 'are washed out, while the
regions of the layer, which were exposed during imagewise
exposure, are not attacked Fnegative process) . As a

result, a negative relief copy of the exposure mask is
obtained.

20

It is also possible to combine positive and negative
Drocesses on one layer support (photocomposing).

In the examples which follow, the radiation-sensitive

mixtures and recording materials are explained in greater
detaill.

25

Examples

For the lithographic comparison, radiation-sensitive misx-
tures were formulated. They exclusively contain com-
Pletely esterified derivatives of 2,3,4,4’'~tetrahydroxy-
benzophenone (Examples 1 to 6) and of 2,3,4,37,47,5~
hexahydroxybenzophenone (Examples 7 to 10).

30

The derivatives are esterified with 7-methoxy(1l,2-
naphthoquinone 2-diazide)-4-sulfonic acid (p,) and
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rrgsgon napht h I none di azide is added to the novol ak
'lgfuf?on gdﬂ%ﬂ ﬁ&ﬁbr?gg until the solution is 25 saturated and
undi ssol e naterlal IS ﬁlltered of f. These resist solutions are
.used for spln “coatrthgTstti wafers and the | ayers thus obtained are
dried for-6 seconds ¢n a hot plate at 90[err] C. The | ayer thickness
is 1.30 errJm  After exposure through a mask containing 30

patterns of

for 60 secon

iZowapdithonuinaue idigzided xposul Eorppaiid (D,) fh\the

convent i onal Ipy .bqpix@y@ﬁ ralt iicNd¥SE 94 5 m%x%g%asa%j)ar& 713 fggd N.hgal - treated

e at
affected by t qﬁe | i he hOtaégéﬁve Examples 3, 4 and 10, the hYdroxy-

5

10

15

20

25

30

The T e he | ayer

benzophenones are esterified only with (1,2-naphtho-
quinone 2-diazide)-4-sulfonic acid and in Comparative

Examples 5 and 6 only with 7-methoxy (1, 2-naphthoquinone
2-diazide) -4-sulfonic acid.

In Examples 7 to 9, the hexahydroxybenzophenones are in
each case esterified with 7-methoxy(1l,2-naphthoquinone 2-
diazide) -4-sulfonic acid (D;) and a non-radiation-sensi-
tive acid (Dy) in the D,:Dy molar ratio of 5:1. The non-
radiation-sensitive acid is stearic acid (Example 7), 2-
ethylhexyl carbonate (used as 2-ethylhexyl chloroformate)
(Example 8) or methanesulfonyl chloride (Example 9).

a) Mixtures according to the invention:

To the 26%-strength solution of a cresol/xylencl novolak
in methoxypropanol acetate there are added, based on the
novolak, 28% (in the case of derivatives of tetrahydroxy-
benzophenone) or 43% (in the case of derivatives of

hexahydroxybenzophenone) of the photoactive compound and
dissolved.

b) Comparative examples: .

The corresponding naphthoquinone diazide is é.dded ‘to the
ncvolak solution mentioned under a) until the solution is
saturated and undissolved material is filtered off.

These resist solutions are used for spin-coating silicon
wafers and the layers thus obtained are dried for 60
seconds on a hot plate at 90°C. The layer thickness is
1.30 pm. After exposure through a mask containing
patterns of various dimensions using an exposure appar-
atus conventionally employed in industry, the layers are
again heat-treated for 60 seconds on the hot plate at
100‘-’(!. The regions of the layer affected by the light
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13 are t ég‘déséo ed b .-rreans of a devel oper solution (dev-

el opnent ti 0$@b%nds) so t hat the unexposed regi ons of the |ayer
remai n on t hg As shown by the table bel ow, considerably
smal | er pat -| 5 —-terns can be produced using the m xtures of the present

i nvention. | ’“““‘“‘"12?-

=, = - 13 -

A s

are then dissolved.by means of a developer solution (dev-
elopment time 60 seconds) so that the unexposed regions
of the layer remain on the silicon wafer. '

As shown by the table below, considerably smaller pat-
5 terns can be produced using the mixtures of the present
invention.
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conpound, wherein the . rddi'ation-sensitive conmpound i

conmpound 10 contalnlng “2°to 6 aromatic hydroxyl groups, b) a ring-

substi t ut ed guinone 2-di azide)s 4 sul fonic acid (di azo
conpound Dferr]) and c) an (o- naphthqu|%one 2-di a- zide)-4- or
-5-sulfonic acid which is not further substi- tuted (diazo conpound
D2) and/or a non-radiation-sensitive 15 organic acid (conpound Dferr]),
where the Dierr]: (E{err] and/or Derr]) nolar ratio is between 0.1:1
and 30: 1. : The radi ation-sensitive mxture as claimed in claim

1, wherein the reS|nous bi nder conprises a novol ak, a pol y(vi nyl phenol)
or a pol y(vinyl al kyl phenol ). 20 _ 3. The, radiation-sensitive mxture as
claimed in claim 1 or 2, wher c re additionally contains
Cross- | i nki ng agents, dyes, |levelling agents, plasticizers,

adhesi on psonpier s, a eyl LIGRINseBsE €1 75 Ahf A YRk aining a resinous
binder which is insoluble in water, but soluble or at
least swellable in aqueous alkaline solutions and at
least one radiation-sensitive compound, wherein the
radiation~sensitive compound is an ester of a) a campound.
10 containing 2 to 6 aromatic hydroxyl groups, b) a ring-
substituted (o-naphthoquinone 2~diazide)-4-sulfonic acid
(diazo compound D,) and ¢) an (o-naphthoquinone 2-dia-
zide)~4~ or -5-sulfonic acid which is not further substi-
tuted (diazo compound D,) and/or a non-radiation-sensitive
15 organic acid (compound D,), where the D,;: (D, and/or D,)

molar ratio is iaetween 0.1:1 g.nd 30:1.

2. The radiation-sensitive mixture as claimed in claim
1, wherein the resinous binder comprises a novolak, a
poly(vinylphenol) or a poly(vinylalkylphenol).

. 20 3. The radiation-sensitive mixture as claimed in claim
1 or 2, wherein the mixture additionally contains cross-
linking agents, dyes, levelling agents, plasticizers,
adhesion promoters, development accelerators and/or
surfactants.

25 4. The radiation-sensitive mixture as claimed in one or
more of claims 1 to 3, wherein the binder is present in
a proportion of 15 to 99% by weight of the solid constit-
uents of the mixture.

5. The radiation-sensitive mixture as claimed in one or

30 more of claims 1 to 4, wherein the radiation-sensitive
compound is present in a proportion of 1 to 50% by
weight, preferably 3 to 35% by weight, of the solid
constituents -of the mixture.
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m xt ur e. The _riadi ation-sensitive mixture as claimed in one or
.30 nore cTalns 1 to 4, wherein the radiation-sensitive conmpound is
present i N=g=E —A4-Of f& 1 to 50% hkyyg - weight, preferably 3 to 35@6by
wei ght, of t he solid constituents of the m xture.

6. A radiation-sensitive recording material which
essentially comprises a layer support and a radiation-~
sensitive layer, wherein the radiation-sensitive layer
consists essentially of the radiation-sensitive mixture
as claimed in one or more of claims 1 to 5.

7. The recording material as claimed in claim 6,
wherein the layer support comprises a silicon or gallium
arsenide wafer to which at least one further layer is
additionally applied between the semiconducting material
and the radiation-sensitive layex.
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-16- adiat b fn5|t|ve recording. material which essentially
conpri geg ‘a | ayer suppbr and a radiation- sérisitive layer, wherein the

r adi at ifor- &ﬁ@ﬂﬁﬁfmg ayet consists essentially of the radiation-sensitive

m xturé¢ as claimed in @ne or nore of clains 1 to 5. 7. The recording
mat eri gl AFEFETREE " cl.ai m 6, wherein the |layer support conprises a
silicon_or qalllunlarsenlde wafer to which at |east one further layer is

addi ti onal' "'y appl1ed bet ween t he sen1coanpt|ng material and the
radi ati on-sensitive |ayer. o

Abstract:

Radiation-sensitive mixture containing (naphthoquinone
diazide)sulfonic acid mixed esters and radiation-
sensitive recording material prepared therewith

The invention relates to a radiation-sensitive mixture
containing a resinocus binder which is insoluble in water,
but soluble or at least swellable in agueous alkaline
sclutions, at least one radiation-sens.it:ive compound and
optionally a crosslinking agent. The radiation-sensitive
compound is an ester of a) a compound containing 2 to 6
aromatic hydroxyl groups, b) a ring-substituted (o-
naphthoquinone 2-diazide)-4~sulfonic acid (diazo compound
D,) and ¢) an “'(o-na.phthoquinone 2~-diazide)-4- or -5-
sulfonic acid which is not Further substituted (diazo
compound D,) and/ox a non-radiation-sensitive organic acid
(compound D,), where the D,: (D, and/or Dy) molar ratio is
between 0.1:1 and 30:1.

g



