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Description 

The invention relates to new compounds of the 

general formula I 

C I ) 

5 in which 

R an4 R' i~depertdently of one anoth~r are hydrog~n, 

alkyl ·w.ith up to 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 

v 10 or optionally substituted aryl with up to 10 C atoms, 

aod their use as radi~tion-absorbing ~ubstances in nega­

tively opera~ing photoresist compositions. 

Negative photoresists are at present used to a 

great extent in the .Production of electric circuits and 
,. 

15. el•ctronic cdmponents. In particular, th~ structuring·of 

20 

25 

the conductor or semiconductor substrates by photographic 

techniques in the production of highly and very highly 

interg~ated semiconductor circuits is effected with the 

aid of photoresists. 
The, customary negative ph6toresist compositions 

of today contain, as a solution in an organic solvent, 
cyclised rubber, as the essential component, and a photo­

sensitive bisazid~ co~pound which acts as a photo-cross­

linking agent. 

According to c~stomary procedures, the substrate 
surfaces are coated with the photoresist composition by 

known ~ethods and the solvent is removed by predrying at 
temperatures of a~out 100°c. The photoresist eoating 

is then exposed to, in general, ultraviolet radiation 

30 imagewise through a negative mask, whereupon crosslinking 

of the polymer .material is caused, in accordance with the 

image pattern, in the ar•as of the coating exposed to th~ 

r~diation by the radiation-sensitive bisazido compound. 
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The non-exposed parts of th~ coating are removed by 

treatment with a solvent, whi~h serves as a developer, 

the insoluble areas of the image crosslinked by radiation 

remaining on the substrate surface as a relief structure. 

5 The high degree of miniaturisati'on, which is 

still progressing fur~her, 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 

10 achieved and of the adhesion of the resist coating to 

the substrate. 

Howeve·r, negative ptiotoresists according to the 

state of the art do not adequately fulfil these quality 

requirements. Thus, for example, when such photoresists 

\...._../ 15 are used on substrates which have a surface of high 

reflecting power, which is as a rule the case with semf­

conductor materials and metals, such as, for example, 

s~licon, aluminium, copper, chromium and the l·ike - the 

resolving power of the photoresists during irradiation 

20 is con.side·r·ably red·u·ced by reflection pheno·mena occu·rring 

on the surface of the substrate. As a result of irregu­

la~ scattering of the incident light on the substrate 

surface, the ~tattered light penetrates into areas of the 

resist coating which, according to the image pattern of 

25 

30 

the negative 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 incr~ased line width and 

reduced edge sharpness. Due to these effects, fine and 

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. 
35 Thus, for example, Ja~anese 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 here as radia­

tion absorbers have the disadvantage that they have a 

5 great tendency to sublime at temperature~ up to 100°c, 

such as are required during ~redrying 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, 

10 reproducible resolution cannot be achieved under these 

conditions. . . 

The saine a.ppl;es to the· compounds of U.S. P-atent 

Specification 4,287,289. 

U.S. Patent Specification 4,268,603 describes 

v 15 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 derivativesr inter alia the compound 4-N~ 

\__.,;· 

20 ethyl-N-(2-hy-droxyethyl .)-.aminoa.zobenzene., ar·e merit ioned 

here as radiation abs-0rbers. These ph.otoresists of 

relatively compl.icated composition are said to ensure 

high fidelity of reproduction of the resist image. 

I t h a s be e.n . f o u n d , h owe v e r , t h a t t h e r ad i a t i on 

25 absorbers used are not sufficiently soluble in the photo­

resist formulations in order to be present in the resist 

coating in an adequately effective coricentration. It 

has furthermore been found that som~ of the dissalved 

dyestuff crystallises out as ~olid substance in the toat-

3D ing during coating of the sobstrates and subsequent dry­

ing. 
Such resist materials accordingly still have dis­

advantages in respect of current requirements. 

There was thus the object of discovering new 

35 radiation-absorbing substances which effectively suppress 

the undesirabl~ siattering effects which occur in photo­

resist coating~, especially on highly r~flecting sub­

strates. These substances should be sufficiently soluble 
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in negative photoresist formulations and should not 

volatilise out of th~ resist coating by evaporation or 

sublimation under the conditions of predrying at tempera­

tures of about 100°c. to increase the adhesion. 

5 Furthermore, negatively.operating photoresist composi­

tions which contain these radiation-absorbing substances 
and ~hich fulfil the extremely high quality requirement 

in respect of resolving power, edge sharpness and adhes­
ion are to be provided. 

10 This object has beep achieved by providing the 

abovementioned new compounds of the general formula I. 

In British Patent Specification 422,8"43 the pro­

duction of azo dyestuffs of the present substitution type 

is des~ribed, but with-0ut naming the compounds. selected 

G 15 for the present application and without making reference 

to specific prop~rties which are i~port~nt for use in 

photoresists. 

Surprisingly, it has been found that, because of 
their good solubility, their low volatility and their 

20 absorption. properties, these compounds ar~ outstandingly 
suitable as radiation-abs~rbing additives for negatively 

operating photoresist compositio~s. 

25 

The invention thus r~lates t~ compounds of the 

general formula I. 
The invention furthermore relates to the use of 

compounds of the general formula I as radiation-absorbing 
substances in negatively operating photoresist composi­

tions. 
The invention furthermore relates to negati~ely 

30 operating photoresist compositions which are based on 

cyclised rubber and photosensitive bisazido compounds and 

contain the compounds of the general form~la I as radia­

tion-absorbing substances. 

The radicals R and R' on the aromat;c rings are 

35 as a rule hydroge~, but can also each be halogen, in 

p~rticular chlor~ne 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 positions 
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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 0-Y. Y represents one of. the alkyl groups 

5 listed. above with up 'to 4 C atoms or represents an acyl 

group, also with up to 4 C atoms, ~uch as, f~r example, 

acetyl, propionyl or butyryl, or represents aryl or sub­

stituted aryl with up to 10 C atoms. The latter can be, 

for example: phenyl, alkyl-substituted phenyl, such as 

10 tolyl, or naphthyl. ~ompounds in which R and R' are. 

hydrogen, X is hydrogen or 0-Y and 0-Y.is ethoxy, acetoxy 

or phenoxy are preferably· used as ra.dia·tion absorbers in 

negative photoresists. 

The following compounds are partitularly pre-

·"-" 15 ferred: 
4-N-ethyl-N-(2-phenoxyethyl)-aminoazobenzene 

4-N,N-bis(2-ethoxyethyl)-aminoazobenzene and 

4-N,N-bisC2-acetoxyethyl)-aminoazobenzene. 

The compounds of the f-0rmula I are prepared in a 

20 simple manner by kno~ri methods; by diazo·tisation of 

aniline and reaction of the diazonium compound with 

correspondingly N-tubstit~t~d aniline d~rivatives~ The 

N - s u b s t i t u t e d a n H i n e de r i v a t i v e s a r e e i t h e r c o m·ni·e r c i a l l y 

available or can easily be prepared by. N-substitution of 

25 aniline. 

30 

35 

All the tompounds according to the general formula 

I absorb radiation in the wavelength range from 350 to 

450 nm and have absor~tion ~axima~ in pa.rticular, in the 

range from 400 to 420 nm. On the basis of these absorp­

tion properties, these substances are p~rticularly suit­

able as absorbing additives f-0r negative photoresists in 

order to suppress scattering effects in resist coatings 

on highly reflecting substrates d~ring stru~turing with 

ultraviolet light of this .wavelength range. 

Negative photoresist compositio~s are to be 

understood as those which contain, as the essential com­

ponent, cyclised rubber and, as photocrossl·inking agents, 

photosen~itive bisazido compounds, dissolved in an 
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organic solvent, such as, for example, xylene. Approp­

riate components are adequately known ahd are usually 

employed in photoresists according to the state of the 

art. The class of substance described. by the term 

5 cyclised rubber includes polymer m~teri~ls, such as 

cyclised polyisoprene, cyclised isobutylene, cyclised 

polybutadiene and the like. Polymer materials based.on 

0 cyclised polyisoprene are preferred. 

The photo~ensitive substanc~s used as photo-

10 crosslinking agents are aromatic bisazido compounds such 

as are d~stribed, for example, in U.S. Patent Specifica­

tions 2,852,379 and·. 2,940,85'3 and ill German Pate·rit 

Application 32 34 301. The compound 2,6-bis-[(4-azido­

phenyl)methylene]-4-methylcyclohexanone has achieved by 

\_.;· 15 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 

20 coating in an adequately effective concentration. 1n 

contrast to radiation absorbers according to the prior 

art, the~e compounds do not crystallise out during coat-. 

ing of the substrates or during drying. 

25 

30 

The particular advantage of the radiation 

absorbers according to the invention is that they hardly 

volatilise at all out ·of the resist coating by ev~pora­

tion or sublimation under the conditions of predrying at 

temperitures of aboµt 1-00°c. Even at tempe~atures of 

120°c and during drying times of more than 2 hours, the 

concentration of the compounds according to the invention 

in the coating remains remarkably" constant. 

The predrying operation at these temperatures is 

therefore of pa~ticular importance, because it imparts 

t~ the ~esist coating an increased adhesion to the sub-

35 strate. This is indispensible in the current production 

processes for highly miniaturlsed el-ectronic circuits. 

The photoresist compositions accordin~ 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 cytlised 
rubber. 

In this concentration range, they very effec-
S tivety prevent virtually any lig~t 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 

10 adhesion can thus be ob~ained, eve~ on highly reflecting 
substrates, by the pr~sent invention. 

Example 1 :. 

·Preparation of 4-N-ethyl-N-C2~phenoxyethyl>-aminoazo­

benzene <substance 1>. 

\ .... .1 15 5.2 g of ani_line 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 SO ml of ethanol. This solution is added 
dropwise to a solotion of 13.9 g of N-ethyl-N-<2-phenoxy-

20 et~yl)-aniline hydr~chloride i~ SO ml of 50% ethanol at 

5 - 10°c. The pH value of the reaction mixture is th~n 
_brought to 4 with 2 N sodium hydr~xide solution, and a 

forther 50 ml of ethanol are added. 

The mixture is stirred at 0 - s0 c, the pff value 

25 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, 

wash~d with wat~r and dried. After recrystallisation 
from isopfopanol or purification by chromatography, dark 

30 yellow crystals of m.p. SS ~ 86°c are obtained. 

35 

The following compounds are prepared analogously: 

4-N,N-bisC2-ethoxyethyl)-aminoazobenzene <substance 2> 

4-N,N-bisC2-acetoxyethyl)-aminoazobenzene <substance 3>. 

Example 2: 

Determination of the tendency towards sublimation. 

In each case 10 g of cycl'ised 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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(comparison substance 4) are added. Quartz discs are 

each coated ~ith the solutions thus obtained. 

No comparable resist formulation can be produced 

with 4-~-ethyl-N-C2-hydroxyethyl>-aminoazobenzene Ccom-
5 parison substance S>, since about. 0.1 g ~f undissolved 

substance·remains aft•~ filtration of the resist solution. 

10 

15 . 

20 

25 

30 

35 

The extinction values in the p~rticular ~bsorp­

tion maxima C408 - 412 n~>, measured after various driing 

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 cont~ined in the 

resist coating to sublime •. 
Drying conditions Extinction of the resist coating, 

containing substa·nce 

1 2 3 4 

so 0 c . , 30 minutes 100 % 100 % 100 % 95 % 

so0 c, 150 minutes 100 % 100 % 100 % 75 % 

100°c, 30 minutes 100 % 100 % 98 % 90 % 

100°c, 150 minutes 100 % ·95 % 90 % 60 % 

120°c, 30 minutes 100 % 95 % 95 % 81 % 
0 120 c, 150 minutes 100 % 85. % 78 % 50 % 

Example 3: 

Production of negative relief images. 

Silicone wafers which have first been provided 

with a 0.2 µm thick aluminium coating on the surface are 

each coated with a photosensi~iv~ composition of in each 
case 10 g of cyclised polyisoprene, 90 g of xylene, 0.4 g 

of 2,6-bis-(C4-azidophenyl)methylenel~4-methytcyclohexa-

none and 

A> 0.3 g of substance 1, 
B) 0.3 g of substance 2, 

C) 0.3 g of substance 3, 
D) 0.3 g of comparison substance 4 or 

E) 0.3 g of comparison substance 5+. 

+ 
After filtration of the resist solution, about 0. 1 g 

.:·, 



5 

u 

10 

\.....-: 
15 

-: 10 ':'" 0,134,446 
of undissolved substance remains in solid deposits in 

the coating; cannot be used. 

0 . 
After drying (20 minutes, 100 C), the resulting 

photosensitive coatings (coating .thickne~s 1 um> a·re 

exposed imagewise through a resolution test mask of 
chromium. Development is effected by treatment with a 

commercially available developer solution for so seconds. 

Photosensitive Resolving Adhesion 

composition power 
A 1.8 µm good 

B 2 .1 µm. good·· 

c 2.0 µm good 

0 2.6 µm ·moderate 
Cdrying at as 0 c> 

E • I. ++ good 

.. . 
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Patent Claims 

for the Contracting Sta·t~s CH~ DE, FR, GB, IT, LI, NL, SE 

1. Compounds of the general formula l 

( l } 

in which 

R and R' independently of one another a~e hydrogen, 

alkyl with up to 4 C atoms or halogen,. 

X is hydrogen o·r 0-Y and 

Y is alkyl or acyl with in each ca•e up to 4 C atoms 

or optionally substituted aryl with up to 10 C atoms. 

2. Use bf compounds of the gen~ral formula I accor-

ding to tlaim 1 as radiation-absorbing substances in 

negative-working photoresist compositions. 

3. Negative-working photoresist compositions 
based on cyclised rubber and photosensitive bisazido com­

pounds, characterised in that they contain compounds of 

the general formula I according to Claim 1 as radiation­

abSorbing subst•n~es. 

4. Photoresist compbsitions according to tlaim 3, 

characterised in that th~y 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 cyclised rubber. 

Pat.ent Claims 
for the Contracting State AT 

1. Use of compounds of _the general formula I 

en 

in which 
.Rand R' independently of on~ another are hydrogen, 

alkyl with up to 4 C atoms or halogen, 

l lll\lll 1\11\\ 111\l l\lll \\ \Ill 
* C L M S * 
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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-absorbing substances in negative-working 
photoresist comp6sitions. 

2. Negative-working ~hotoresist compositions 

based on cyclised rubber and photosensitive bisazido com­

pounds, characterised in that they contain compounds of 

the general formula I according to Claim 1 as radiatton­

absorbing substances. 
3. Photor~sist cnmpositions according: to Claim Z, 

characterised in that they contaill' the compounds or 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 cyclised rubber~ 

111111111111111111111111111111 
* C L M S * 
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Claims (as printed> 

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

CI> 

in which 

0,134,446 

R and R' independently of one another denote hydrogen, alkyl.with up to 4 C atoms or halogen, 
. X denotes hydrogen or 0-Y and· . . . . 

Y denotes alkyl or acyl with· in each case up to 4 C atoms or optionally substituted aryl with up to 1o C atoms. 
2. Use of compounds of the general formula I according to claim 1 as radiation-absorbing substances in 

negatively operating photoresist compositions. 
3. Negatively operating photoresist compositions based on cyclised rubber and photosensitive bisazido 

compounds, characterised in that they contain compounds of the general formula I according to claim 1 as 
radiation-absorbing substinces. · . 

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 weight, preferably 0.5 - 4% by weight, based on the 
amount of cyclised rubber. · 

Claims <as printed) 

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

CI> 

in which 
R and R' independently of one another denote hydrogen, alkyl with up to 4 C atoms or halogen, 
X denotes hydrogen or 0-Y and · · 
Y denotes alkyl or acyl with in each case up to 4 C atoms or optionally 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 I according to claim 1 as 
radiation-absorbing .substances. 

3. PhotGresist compositions according to Claim 2, characterised in that they contain the compounds of the 
formula I according to claim t in an amount of 0.1 - 7% by weight, preferably 0.5 - 40/o by weight, based on the · 
amount of cyclisedn:1bber. 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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Revendications (as printed) 

pour les Etats contractants CH, OE, FR, GB, IT, LI, NL, SE 
1.- Composes de formule generale I : 

N=N -

R' 

dans laquelle: 

0,134,446 

I 

R et R' representent chacun, independamment l'un de l'.autre, l'bydrogene, un groupe- alkyle contenant 
jusqu'a 4,atomes.de-carboneou un halogene, 

X represente l'hydrogeneou-legroupeO~Y.et 
Y represente un radical alkyle ~u acyle contenant chacun jusqu'a 4 atomes ·de carbone ou un radical aryle 

eventuellement substitue contenant jusqu'a 10 atomes de carbone. 
2.- Utilisation des composes de formule gener$1e I salon la revendication 1, en tant que substances 

absorbant les radiations dans des compositions de photoresists operant en negatif. 
3.- Compositions de photoresists operant en negatif, a base de caoutchouc cyclise et de composes 

photosensibles du type bis-azide, caracterisees en ce qu'elles contiennent en tant que substances absorbant 
les radiations des composes d• formule generale I salon la revendication 1. 

4.- Compositions de photoresists selon la revendication 3, caracterisees en ce qu'elles contiennent les 
composes de formula I selon la revendication 1 en proportions de 0, 1 a 7 % en poids, de preference de 0,5 a 4 
% en poids, par rapport a la quantite de caoutchouc cyclise. 

Revandications Ca-s printed) 

pour l'Etat contractantAT 
1.- Utilisation de composes de formula generale,l: 

R 

N=N---< 

danslaquelle 

/B2 -CB2 -X 

N 

~H2 -CB2 -0-Y 
I 

R et R' representent chacun, independamment l'un de l'autre l'hydrogene~ un groupe alkyle contenant 
jusqu'a 4 atomes de carbone ou un lialogen·e, . . . __ ;.. 1 _ ·. '.·. 

X represente l'hydrogene ou le groupe 0-Y et . ___ . . -
Y represente· un radical alkyle ou acyle co·ntl:tnant chacuri; Jusqu'a 4 atomes de carbone ou un radical aryle 

eventuellement substitue contenaiit jusqu'a 10 atomes,d~-c~r?one;. 
en tant que substances abs~~ant I.es r,adiations .dans d1!9S compositions de photoresists operant en negatif. 
2.- Compositions de phot~~~iSts oper,ant en- negatif,: a:.·balse de caoutchouc cyclise et de composes 

photosensibles du type bis-azid·e: ·c•ri~~rfsees en· ce _ qu'. ,ue~ co~t.iennent des composes de formula genera le I 
salon la revent.iication 1 en tant que substances absorbant ·1es-'radiations. 

3.- Compositions de photoresists selon la revendication 2, caracterisees en ce qu'elles contiennent les 
composes de formula I salon la revendication 1 en proportions de 0, 1 a 7 % en poids, de preference de 0,5 a 4 
% en poids, par rapport a. la quantite de caoutchouc cyclise. 

I lllllll llllll lllll lllll ll1111 
* C L M S * 
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