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Description

The invention relates to new compounds of the

general formula I
' _ ' ' . CH.=CH.-
0 | 2§§D> - g/ 2 CHy "X
\ - O
CH2 CH2 Q Y

R’

in which

R and R'_independentLy'of one another are.hydrogen,'

akaL u{th up_td 4 C atoms or halogen,

X is hydrogen or 0-Y and

Y is alkyl or acyl with in each case up to 4 C atoms

or optionaLly substituted aryl with up to 10 C atoms,
and their use as radiétion—absorbfng substances in nega-
tively operating photoresist compositibns.

Negative photoresists are at present used to a
great extent in the production of electric circuits and
electronic éémponents.- In particular, the structuring of
the conductor or semiconductor substrétes by photographic
techniqueS'in_phe production of highly and very highly
intergéated'semiconductdr circuits is effected with the
aid of photoresists.

' The, customary negative photoresist compositions
of today contain, as a solution in an organic solvent,
cyclised rubber, as the essential éomponent, and a photo-
sensitive bisazido compound which acts as a photo-cross-
Linking agent. _

'Aécording to cUstOmary procedures, the_substrate
sdrfaces are coated with the photoresist composition by
known methods and the solvent is removed by predrying at
temperatures'of about 100°%c. The photoresist coating
is then exposed to; in general, ultraviolet radiation
imagewisé through a negative mask, whereupon crosslinking
of the polxmer,material-is caused, in accordance with the
image pattern, in the areas of the coating exposed to the
radiation by the radiation-sensitive bisazido compound.
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The non-exposed parts of the coating are removed by
treatment with a solvent, which serves as a developer,
the insoluble areas of the image crosslinked by radiation

remaining on the substrate surface as a relief structure.

The high degree of miniaturisation, which is

'still progressing further, of electronic components pro-

duced with the aid of photoresist techniques demands an
extremely high quality of the photoresist compositions
used, especially in respect of the resolving power to be
achieved and of the adhesion of the reSist'coatinggto

~the substrate.

However, negatxve photores1sts according to the:
state of the art do not adequately fulfil these quality
requirements. Thus, for example, when such photoresists
are used on substrates which have a surface of high
reflecting power, which is as a rule the case with semi-
conductor materials and metals, such as, for example,
silicon, aluminium, copper, chromium and the Like - the
resolving power of the phptofesists during irradiation’

iS'considerably'reduted.by reflection phenomena oceurring

on the surface of the substrate. As a result of irregu-
Lar scatter1ng of the incident'Light on the substrate

surface, the scattered Light penetrates into areas of the

resist coating which, according to the image pattern of
thesnegative.mask, should not be exposed to radiation.
The crosslinking of the polymer material which is also
triggered off in these areas results, after development,

in relief structures with an increased line width and

reduced edge sharpness. Due to these effects, fjne_aﬁd

very fine structures such as are to be produced in micro--

electronics can be obtained only with a Limited fidelity
of reproduction.

Attempts to solve the problem described are
known. _ _ :

Thus, for exampte;'Japanese-Auslegeschrift No.
37562/76 proposes the ‘addition of.radiation—absorbing
dyestuffs, in particular 4-N,N-diethylaminoazobenzene,
to photoresist compositions based on cyclised rubber and
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photosensitive bisazido compounds to reduce these adverse
effects. | _
However, the compounds mentioned hene as radia-
tion absorbers have the d1sadvantage that they have a
great tendency to sublime at temperatures up to 100 c,
such as are required during predrying to achieve good.
adhesion of the resist coating to the substrate. The
concentration of these substances in the photoresist
coating is thereby reduced to such a degree that a high,

"reproducible resotution cannot be achieved under these

conditions.
- The same applies to the compounds of U S. Patent .
Specification 4,287, 289. _

U.S. Patent Spec1f1cat1on 4,268,603 describes
negative photoresist compositions based on cyclised
rubber and bisazido_compounds'to which a mixture of
radiation—absorbing substances which emit fluorescence

" is added to avoid the adverse effects described. Amino-

azobenzene derivatives, inter alia the compound 4-N-

ethyt—ﬁ—(z-hydroxxethyl)-aminoaéobenzene, are mentioned.
here as radiation absorbers. These photoresists of

reLat1veLy compL1cated compos1t1on are said to ensure

h1gh f1del1ty of reproduction of the resist 1mage.

It has been found, however, that the radiation
ébsorbers used are not sufficiently soluble in the photo-
resist formulations in order to be present in the resist_
coat1ng in an adequately effective cohcentration. It

. has furthermore been found that some of the dissolved

dyestuff crystaLL1ses out as solid substance in the coat-
ing during coating of the substrates and subsequent dry-
ing. _ :
Such resist materials accordingly still have dis-
adventages in respect of current requirements.

There was thus the object'of discovering new
radiation-absorbing substances which effectively suppress
the undesirable scattering effects which occur in photo-
resist coatings, especiaLLy on highly reflecting sub- |
strates. These substances should be sufficientLylSOLubLe
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in negative photoresisg formulations and should not
volatilise out of the resist coat{ng by evaporation or
sublimation under the conditions of predrying at tempera-
tures of about 100?C,t0'increase the adhesion.
Furthermore, negatively operating photoresist composi~-
tions which contain these radiation- absorb1ng substances
and which fulfil the extremety h1gh quaL1ty requirement
in respect of resolving power, edge sharpness and adhes-
ion.are to be provided. ' .

This object has been ach1eved by prov1d1ng the
abovenentioned new compounds of the general formula I.
| In British Patent Specification 422,843 the pro- .
duction of azo dyestuffs of the present substitution type
is described, but without naming the compounds selected
for the present aplecatlon and without mak1ng reference
to specific properties wh1ch are important for use in
photoresists.

Surprisingly, it has been found that, because of

~their good soLubiLity, their Low volatility and their

absorption properties, these compounds are outstandingly.

-suitabLe as radiation-absorbing additives for negatively

operatmng photoresist. compoS1t1ons.-

The invention thus relates to compounds of the
general formuta I.

The invention furthermore relates to the use of
compounds of the general formula I as radiation-absorbing
substances in negatively operating phoporesist composi-
tions. )

The'invention-furthefmore relates to negatively
opefating'photoresist compositions thch ere based on
cyclised rubber and photosensitive bisazido compounds and
contain the compounds of the genereL formula I as radia-
tion-absorbing substances.

_ The radicals R and R' on the aromatic rings are
as a rule hydrogen, but can also each be halogen, in
particular chlorine and bromine, or alkyl with up to 4 C
atoms, such as methyl, ethyL; n-.and i-propyl and n-, i-
and t-butyl, and can occupy any of the ring positiohs
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which are still free.
As regards the radicals X and Y in the substitu-
ents on the amino nitrogen, X represents hydrogen or the

:grouping_O-Y. Y represents one of the alkyl groups

Listed above with.up to 4 C atoms or représents an acyl
group, also with up to & c atoms, such as, for example,
écetyl, propionyl or butyéyl, or represents aryl or sub-
stituted aryl with up to 10 C atoms. The Latter can be,
for example: phenyl, akaL—substituted phenyl, such as

- tolyl, or naphthyl. - ‘Compounds in which R and R'-are,

hydrogen, X is hydrogen or 0-Y and O-Y.is,ethoxy,-aﬁetoxy

"or phenoxy are”prefehabty:used_as-radiafion absorbers in

negative photoresists. .

The following compounds are partiCUtarLy-pré—
ferred: _ . E
4~N-ethyl-N-(2-phenoxyethyl)-aminoazobenzene
4-N,N-bis(2-ethoxyethyl)-aminoazobénzene and
4-N,N-bis(2~acetoxyethyl)-aminoazobenzene. _ _

The compounds of the formula 1 are prepared in a.
simple manner by knoun methods, by diazo{isation'of3
aniline and reaction of the diazonium compound with

'qorrespondingly_N-substituted.ahitine-derivativegi.'The

N-substituted aniline defiﬁatiVesfare either commercialﬁy_
available or can easily be prepared by N-substitution of
aniLine.' _ _ _

ALL the compounds éccording to the general formula
I absorb radiation in the wavelength range from 350 to
450 nm and have abscrbtibn-Maxjma, in particular, 1in the
range from 400 to 420 nm. On the basis of these absorp-
tion properties, these substances are particularly suit-
able as ébsorbing'additives for negatiVe'bhotoresistS'in
order to suppress scattering effects in resist coatings
on highly reflecting sUbstrafeé during structuring with
ultraviolet Light of this[aneLength range.

Negative photoresiSt_compdsitiohs are to be
understood as those which contéin; as the essential com-
ponent, cyclised rubber and, as photocrosslinking agents,

photosensitive bisazido compounds, dissolved in an
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organic solvent, such as, for example, xylene. Approp-
riate components are adequately known and are usually
employed in-photoresists:accdrding'to_the state of the
art. The. class of substance described by the term -

"cyclised rubber inclhdes polymer materials, such as

cyclised polyisoprene, cyclised isobutylene, cyclised
bqubutadiene and the Llike. Polymer materials based on:
cyclised polyisoprene are preferred. _ '
The photoSehsitive substances used as photo-
crosslinking agents are -aromatic bisazido compounds such
as are desc¢ribed, for example, in U.S. Patent.Specifica&

“tions 2,852,379 and 2,940,853 and in German Patent

Apblication 32 34 301. The cbmpound 2,6-b§s—[(4-azid6-
phenyl)methylenel-4-methylcyclohexanone has achieved by
far the greatest industrial importance and is therefore

“particularly preferred.

The compounds of the formula I:are more than _
sufficiently soluble in the resist compositions contain-
ing the main components above to be present in the resist
coating in an adequately effective concentration. In

art, these compounds do not crystallise out during. coat-
ing of the substratés or during drying. -

The particular advantage of the radiation
absorbers according to the invention is that they hardly
volatilise at all out of the resist coating by evépora*
tion or sublimation under the conditions of predrying at

temperatures of about 100°C.” Even at temperatures of

. 120°C and during drying times of more than 2 hours, the
‘concentration of the cdmpounds'according to the invention
in the coating remains remarkably constant.

The predrying operation at these temperatures is

‘therefore of particular imgortancé, because it imparts

to the resist coating an increased adhesion to the sub-
strate. This is indispensible in the current production

processes for highly miniaturised electronic circuits.

The photoresist. compositions according to-the

invention can contain these new radiation-absorbing
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substances in an amount of 0.1 to 7, preferably 0.5 to
4, per cent by weight, based on the amount of-cycl1sed
rubber. ' ' '

In this concentration range, they very effec-
twvely prevent virtually any Light scattering in the
resist coating during irradiation of substrates coated .
with the photoresist materials according to the invention.
‘ Photoresist relief structures of the highest
quality in respect of resolving power, edge sharpness and
adhesion can thus be obtafhéd,-even on highly reflecting
substrates, by the present invention.

Example  1: R | L

;Preparat1on of 4 <N~ ethyL N-(2- phenoxyethyl) aminoazo-~
_benzene (substance 1).

5.2 g of aniline are diazotised with.4.1 g of
sodium nitrite in sulfuric acid-aqueous solution in the
customary manner; the resulting diazonium salt solution
is diluted with 50 mL of ethanol. This solution is added
dropwise to a solution of 13.9 g of N-ethyl-N-(2-phenoxy-

-ethy[)-aniLine hydfochloride in 50 mL of 50% ethanol at
- § - 10%. The pH value of the reaction mixture is then
brought to 4 with 2 N sodium hydroxide solut1on, and a

further 50 ml of ethanol are added.

. The mixture is stirred at Q0 - 5°C, the pH VaLue
falling to about 3. The mixture is brought to pH 4 again
by renewed addition of 2 N sodium hydroxide solution, and
the product precipitated is filtered off with suction,
washed with water and dried. After recrystallisation
from isopfopanot or purificatioh'by chromatography, dark
yellow crystals of m.p. 85 - 86°C are obtained. -

The fbllowing compounds are'préparéd anaLogously:'
4-N,N-bis(2-ethoxyethyl)-aminoazobenzene (substance 2)
4—N,N-bis(Z—acetoxyethyt)?éminoazobenzene_(substance'3).

Example 2:

‘Determination of the tendency towards sublimation.

In each case 10 g of cyclised polyisoprene are
dissolved in 90 g of xylene and in each case 0.3 g of .
substance 1, 2, 3 or 4-N,N-diethylaminoazobenzene
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(somparison substance 4) are added. Quartz discs are
each coated with the solutions thus obtained.
No comparab(e resist formulation can be produced
with 4-N—ethyL-N-(Z-hydroxyethyy)—aminoazobenzene (com~-

'pabison substance 5), since about 0.1 g of undissolved

" substance ‘remains after filtration of the resist solution.

The extinction vaLués in the particular absorp-
tion maxima (408 - 412 nm), measured after various drying
times at elevated temperatures and in per cent in com-

parison with the starting value, serve as a measure of

- the tendency of the absorber substances contalned in the

res1st coatlng to subt1me.

Dry1ng conditions Extinction of the re31st coating,
containing substance -
1 2 3 4
80°C, 30 minutes - 100% 100% 100 % 95 %

- 80%, 150 minutes 1002 100 % 100 % 75 %
100%c, 30 minutes 100 ¥ 100 % 98 % 90 X
100%°¢, 150 minutes 100 % 95 % 90 % 60 %
120%c, 30 minutes 100 ¥ 95 % 95 ¥ 81 % .

- 120%, 150 minutes | 100 % 85.% 78 % 50 %

25

30

35

Example 3:

Production of negative relief images.

Silicone wafers which have first been provided
with a 0.2 um thick aluminium coating on the surface are
each coated with a phctosensifivs_compqsition of in each
case 10 g of cyclised deyisoprene,'?O g of xylene, 0.4 g
of 2,6-bis~-[(4-azidophenyl)methylenel-4-methylcyclohexa-

none and

A) 0.3 g of substance 1,

B) 0.3 g of substance 2,

c) 0.3 ¢ bf substance 3,

D) 0.3 g of comparison substanse 4 or
E) 0.3 g of cbmparison substance 5%,

* After filtration of the resist solution, about 0.1 g
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of undissolved substance remains in solid deposits in

the coating; cannot be used.

After drying (20 minutes, 100°C), the resulting

photosensitive coatings (coating thickness 1 um) are

exposed imagewise through a resolution test mask of
chromium. Development is effected by treatment with a
commercially available developer solution for 50 seconds.

Photo;ensitﬁve Resolving Adhesidn

.compdsition-' | power B

L 1.8 um good

B |  2.0um good
Tt | 2.0 um .good

D ' 2.6 um " .moderate

| (drying at 85°C)
E : g0 good '
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Patent Claims | = -

for the Contracting States CH, DE, FR, GB, IT, LI, NL, SE
1. Compounds of the general formula I

| - . ,CH,=CH.=
(1) '?<§§>bN=N I anr B N
r) \ . - - -
| _ CH,=-CH,=0-Y

_ R’
in which

 R and R independentLy'of'one another are hydrogen,

alkyl with up to 4 C atoms or halogen,

X is hydrogen or 0-Y and

Y is'aLRYL or acyl with in éach céSe ﬁp to 4 C atoms

or optionally substituted aryl with dp to 10 € atoms.

2. Use of compounds of the general formula I accor-
ding to Claim 1 as radiation-absofbing substances in
negative-working photoresist compositions.

3. Negative-working photoresist compositions.

based on cyclised rubbér and.photosensitive bisazido com-
pounds, characterised in that they contain compounds of '
the general formula I according_tb Claim 1 as Eadiatipn--

absorbing substances.

4, Photoresist compositions according to Claim 3,

characterised in that they contain the compounds of the
formula I according to claim 1 in an amount of 0.1 - 7%
by eight, preferably 0.5 - 4% by weight, based on the
amount of cyctised rubber. |

Patent Claims |

for the Contracting State AT

1. Use of.compounds of the generé( formula I
R _ a
(1) ' ey
_ ( Z—CHZ-O-Y
_ _ Y
in which

.R and R' independently of one anofher_are hydrogen,

alkyl with up to 4 € atoms or halogen,

-

R
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X is hydrogen or 0-Y and . )

Y is alkyl or acyl with in each case up to 4 C atoms

or optionally substituted aryl with up to 10 C atoms,

as radiation- absorb1ng substances in negative-work.ing
photoresist compositions. o o

2. "Negative-working: photores1st compos1t1ons

based on cyctised rubber and photosensitive bisazido com-
pounds, characterised in that they contain compounds‘df'
the general formula I accord1ng to Claim 1 as rad1at1on-

absorb1ng substances.

. 3. : Photores1st compos1t10ns accord1ng to Claim 2,

1character1sed in that they conta1n the compounds of the:
formula I accord1ng to claim 1 in an amount of 0.1 - 7%
by eight, preferably 0.5 - 4% by weight, based on the
amount of cyclised rubber. '

* [ L M s *
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Claims (as printed)

* for the Contracting States CH, DE, FR, GB, IT, L, NL, SE
1. Compounds of the general tormuia |

] o . '
(1 @-Nén -N 4941fcaz-x
. \eH, -

FamCHgmoY

R’a
_in which :
- RandR’ mdependently of one another denote hydrogen alkyl w:th up to 4 c atoms or halogen
" X denotes hydrogen or O-Y and". '

Y denotes alkyl or acyl with in each case uptod C atoms or optlonally substltuted aryl with upto10C atoms

2. Use of compounds of the general formula | according to claim 1 as radiation-absorbing substances in
negatively operating photoresist compositions.

3. Negatively operating photoreslst compositions based on cyclised rubber and photosensitive bnsazndo
compounds, characterised in that they contain compounds of the general formula | according to claim 1 as
radiation-absorbing substances.

4, Photoresist compositions according to Claim 3, characterised in that they contain the compounds of the
formula | according to claim 1 in an amount of 0.1 - 7% by weight, preferably 0.5 - 4% by weight, based on the
amount of cyclised rubber.

Claims (as prinl:ed)

for the Contracting State AT
1. Use of compounds of the general formula! -

R .
' LCH,=CH, =X
3 @Nsu A A N
d \ -l allw
| CH,=CH,-0~Y
R'

in which ’

R and R’ independently of one another denote hydrogen alkyl with-up to 4 C atoms or halogen.

X denotes hydrogen or O-Y and

Y denotes alkyl or acyl with in each case up to 4 C atoms or optlonally substituted aryl with up to 10 C atoms,
according to claim 1 as radiation-absorbing substances in negatively operating photoresist compositions. :

2. Negatively operating photoresist compositions based on cyclised rubber and photosensitive bisazido
compounds, characterised in that they contain compounds of the general formula | according to c¢laim 1 as
radiation-absorbing substances.

3. Photcresist compositions accordmg to Claim 2, charactensed in that they contain the compounds of the
. formula | according to claim 1 in an amount of 0.1 - 7% by welght preferably 0.5 - 4% by weight, based on the -
amount of cycllsed rubber.

R
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Revendications (as printed)

pour les Etats contractants CH, DE, FR, GB, IT, LI, NL, SE
1.- Composés de formule générale | :

CH, -CH, ~X

v
N

“CH, -CH, -0-Y

R

dans Iaquelle : o

R et R’ représentent. chacun, mdependamment I'un de Iautre, |hydrogene, un groupe alkyle contenant -
jusqu’a 4.atomes de: carboneou un halogéne, - ' . :

X représente I'hydrogéne-ou le groupe O-Y et. C a ' '

Y représente un radical alkyle ou acyle contenant chacun jusqu é 4 atomes de carbone ou un radical aryle
éventuellement substitué contenant jusqu’a 10 atomes de carbone.

2.- Utilisation des composés de formule générale | selon la revendication 1, en tant que substances
absorbant les radiations dans des compositions de photorésists opérant en négatif. '

3.- Compositions de photorésists opérant en négatif, & base de caoutchouc cyclisé et de composés -
photosensibles du type bis-azide, caractérisées en ce qu'elles contiennent en tant que substances absorbant
les radiations des composés de formule générale | selon la revendication 1.

4.- Compositions de photorésists selon la revendication 3, caractérisées en ce qu'elles contiennent les
composés de formule | selon la revendication 1 en proportions de 0,1 4 7 % en poids, de préférence de 0,53 4
% en.poids, par rapport a la quantité de caoutchouc cyclisé.

) Rmndic'ations - {as pr'"i'nted)

pour I’Etat contractant AT
1.- Utilisation de composés de formule générale I:

dans Iaquelle .

R et R’ représentent chacun, indépendamment |'un de |autre I'hydrogéne, un groupe alkyle contenant
jusqu’'a 4 atomes de carbone ou un Halogéne, ..~ " -, 3. -5

X représente I'hydrogéne ou le groupe O-Y et . :

Y représente un radical alkyle ou acyle contenant chacun’ |usqu a 4 atomes de carbone ou un radical aryle
éventuellement substitué contenant jusqu’a 10 atomes de carbone,.

en tant que substances absorbant ies radiations dans des composatnons de photoresists opérant.en négatif.

2.- Compositions de photofgsusts operant en négatif, a-base de caoutchouc cyclisé et de composés
photosensibles du type bis-azide, caracterlsees en ce qu;elles contiennent des. composés de formule généraie |

. selon la revendication 1 en tant que substances absorbant les radiations.

3- Composntlons de photorésists selon la revendication 2, caractérisées en ce’ qu ‘elles contiennent Ies'
composés de formule | selon la revendication 1 en proportions de 0,1 & 7 % en poids, de préférence de 0, 5 ad
% en pouds par rapport a la quantité de caoutchouc cyclisé.
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