0314037 The present invention relates to a p05|t|ve morkln
conpos1t|on conprising a photosensitive conpound, a bi nder: t-hat
insgfuble in wdter and soluble or swellable in an agueous- alkallne
sol ution, and a dye. Photosensitive conpositions containing a novol ak or a
polyvihyl phenol as the binder and, for exanple, an o-quinone diazide as
t he phot osensitive conpound have been in use for a long tinme for_the
preparat|on of high-resolution patterns in the fabrication of séh316937
d tor devices. Due tq the advancing mniaturization of functional elenents
easingly high requirenents are demanded of the optical resolution of
these photo- sensitive conpositions. Difficulties have, in particu- lar, to
be expected when patterning is effected in the vicinity of the limt of
resolution of the optical exposure systens. In these critical areas,
resolution is, above all, influenced by disturbing optical effects, such as
I nterference phenonena and undesi rabl e refl exi ons of scattered light from
the substrate sur- face. Effects of this kind can partly be avoi ded by
i ncreasi ng the non-bl eachabl e absorption of the photo- sensitive

conposi tions. For exaqﬁt € ances, gblch absorb Ilght
in the actinic re%tlg%rﬁaér)éeérgdd%dv?% ?‘6‘?%5 gta cBﬂ‘Bb Y?oﬁgrﬁlng
_ photosensitive composition comprising a photosensitive
-compound a binder that is insoluble in water and
soluble or swellable ln an aqueous-alkaline solutlon,

L _ and a dye.

Photosensitive compositions containing a novolak or a
polyvinyl phenol as the binder and, for example, an
o-quinone diazide as the photosensitive compound have
been in use for a long time for the preparation of
high-resolution patterns in the fabrication of semicon-
ductor devices. Due to the advancing miniaturization
of functional elements increasingly high requirements
are demanded of the optical resolution of these photo-
sensitive compositions. Difficulties have, in particu-
lar, to be expected when patterning is effected in the

o vicinity of the limit of resolution of the optical

i exposure systems. In these critical areas, resolution
is, above all, influenced by disturbing optical
effects, such as interference phenomena and undesirable
reflexions of scattered light from the substrate sur-
face. Effects of this kind can partly be avoided by
increasing the non-bleachable absorption of the photo-
sensitive compositions. For this purpose, for example,
substances which absorb light in the actinic region are
added to the photoresist compositions.
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0314 037 -2- It has been known for a Iong time to add absorblng sub
stances to photosensitive conmpositions. As described in EP-A 0 026 088,
exagele, the i mage patterns produced can be inproved by adding dyes to
negdti ve- working photoresists. The addition of -dyes to positive-worKing
phot oresi sts has been described for ‘the first time by A R Nel3t4log7 and
F. H Bill ("Photoresist Mdeling and Devi Fabrication Applications", in
"Proceedi ngs of Synposium on Optical and Acoustical M cro-El ectronics",
Pol ytechnic Institute of New York, April 16 to 18, 1974, pages 223-249).
Acedrding to this publication, t he dye addition, in the first place,
reduces the adverse influences of interference effects on the optical

resol ution. According to the paper "Submcron Optical Lithography: I-line

Lens and Phot or g3l fias! $H0Mm [@Jee&gmws@o\ma d5dor P S8~ 23
(1984)] by H L. Stover, M Nagler ol

V. MII
resol ution is mMEtREGEP itehH PRAEPIRAS Hel YRI FIMRIF 1 'dtfl%f?‘ﬁabs‘% bq%g % eq\,hi ch
absorbs |ight igntEp-2c0 @26 f0dde FoupastumpMay ctlongimsgofpdtetefns 436 nm

whi | t th t fh t
palttgrng haset gggeé’déll?na E@ga%;piﬁjgivﬁ%r&oa%ﬁd%‘%%g@& é"ﬁ%r%‘\r’/\rﬁggch does
not contain thlwoaksmgbphptnnaaxatﬁh

. The addition of dyes to positive-working photoresists

has been described for the first time by

N - A. R. Neureuther and F. H. Dill ("Photoresist Modeling
and Device Fabrication Applications", in "Proceedings of
Symposium on Optical and Acoustical Micro-Electronics”,
Polytechnic Institute of New York, April 16 to 18,
1974, pages 223-249). Accerding to this publication,
the dye addition, in the first place, reduces the
adverse influences of interference effects on the

optical resolution.

According to the paper “Submicron Optical Lithography:
I-line Lens and Photoresist Technology"” [SPIE
Proceedings} Vol. 470, pages 22-23 (1984)] by

o H. L. Stover, M. Nagler, I. I. Bol and V. Miller,

) optical resolution is markedly improved by the addition
of an absorbing dye which absorbs light in the region
of the exposure wavelengths of A= 436 nm while, at the
same time, the exposure time required to generate image
patterns has to be considerably extended, compared with
a system which does not contain this absorbing
substance.



; 0314 037 -3- PCT WO 86/01914 describes a process, in whi ch’ th
* of photoresist patterns is also inproved by the use of a non- bleachable
| i gh#~absorbi ng additive. Also in this case it is pointed out that the
exposure time has to be extended by about 50 to 150 % conpared with a
phot oresi st without additive substance. Particularly pref erregéjly4e 7
menti oned conprise coumarin derivatives. A courmarin derivative 1s a
described by |I. 1. Bol in "High- Resol uti dn3 Opti cal Lithography LBlng Eyed
Singl e-Layer Resist" (Proceedi ngs Kodak M croel ectronics Sem nar 1984,

pades 19-22) and the significant inprove- nment of the photolithographic
properties of a photo- resist is confirnmed. The influence of substances
absorbing light in the actinic region on the photolithographic properties
of positive-wor h t r,bgd et qi,|l Brown and
W H Arnold i ﬁb@pFB 9% big%io?eﬁgrqség s ﬁ Fgﬁgﬁsﬁ? w? c'ﬁHltg Resol uti on
Li t hogr aphy on F@bﬁé@tloe SﬁrpaéégreFSPtEPPF§@ééélA&sa §@Ilm93@veﬂaé§é

259-266 (1985)]¢gRduby Me B nQn—ﬂﬁEEéhaEieDe@ﬁQhQ—QBQdﬁblﬂg Agagled viel " The
Reduction of Reflective Notching Usin d ReSists" %ﬁn% eedi n gs of

g Dye
Sevent h Interna@i%ﬁaFnTEBHﬁlE&FecﬁﬁféPeHEénﬁﬁ PRBEO S éﬁﬁq l e,
N.Y., Cctober 188he Ragetolbe- k6pnded by about 50 to 150 8, compared

with a photore51st without additive substance.
Partlcularly preferred dyes mentioned comprise coumarin

derivatives.

A coumarin derivative is also described by I. I. Bol in
"High-Resolution Optical Lithography Using Dyed
Single-Layer Resist" (Proceedings Kodak Microelectronics
Seminar 1984, pages 19-22) and the significant improve-
ment of the photolithographic properties of a photo-

resist is confirmed.

The influence of substances absorbing light in the
actinic region on the photolithographic properties of
g positive-working photoresists is described in detail by
j A. V. Brown and W. H. Arnold in "Optimization of Resist
W Optical Density for High Resoluﬁion-Lithography on
o Reflective Surfaces" [SPIE Proceedings, Vol. 539, pages
259-266 (1985)] and by M. P. C. Watts, D. DeBruin aqd
W. H. Arnold in "The Reduction of Reflective Notching
Using Dyed Resists" (Proceedings of Seventh
International Technical Conference on Photopolymers,
Ellenville, N.Y., October 1985, pages 285-296).
According to these investigations, the solubility of
the photoresist compositions in the agueous-alkaline
developers used is reduced by the addition of substan-
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SACCOFding to these investigations, the solubility of the photoresist - -~
‘conpositions in the aqueous-al kal i ne devel opers used is reduced by the - = =
‘addi fren of subst an- 0314037 ces absorbing light in the actinic region.
‘and, \as a consequence, 'the photosensitivity of these photoresists is :

il owered considerably. In their paper "lnproving Linew dth Control over

Refl ective Surfaces Using Heavily Dyed Resists" [journal of the 0314 037

El ectrochem cal Society, Vol. 133, No. 1, pages 192-196 (1986)], -T. R
Paqgglone and K. A. Kuyan describe the influence of high concentra- tions

of sorbing substances in a photoresist. According to these investigations
particularly good results are obtained wth photoresists having a very high
absorption’in the actinic region. Also in this case it is found that the
“absor bi ng compound added cl.early reduces photosensitivilg, i.e. up to a
factor of 5 or ef&§f RHSOroiagy Light;simgehe | agtHrle Ty ‘bh%‘?‘gr e%gs?
fornul ati ons contendcg@endest ailee phdtsdendbpivi ty obf tiesdephctoresists
region. The conpoumq% nmentj oned .aye distingui shed by their l'ow tendency to
subl i mati on and tfei W%ﬂ$45599§§aﬁﬁ4 in the actinic region. It is a
di sadvant age of these photoresist fornmulations that - depending on the

concentration OfIBh%h%qqs%%E%&'&%%§¥6vfﬁﬁmifﬁe$fﬁ¥ﬂ Control over

Refledtive Surfaces Using Heavily Dyed Resists"

[Journal of the Electrochemical Society, Vol. 133,

No. 1, pages 192~196 (1986)], T. R. Pampalone and

K. A. Kuyan describe the influence of high concentra-

tions of absorbing substances in a photoresist. .
According to these investigations particularly good

results are obtained with photoresists having a very :
high absorption in the actinic region. Also in this

case it is found that the absorbing compound added

s ; clearly reduces photosensitivity, i.e. up to a factor
of 5 or even more.

UsS-a- 4;575,480 also describes photoresist formulations
.coﬁtaining substances which absorb light in the actinic
region. The compounds mentioned are distinguished by

N their low tendency to sublimation and their high ab-
sorption~in the actinic region. It is a disadvantage
of these photoresist formulations that - depending on
the concentration of the substance added - some of them
have a markedly reduced photosensitivity.

Similarly, Japanése Patent Applications 86-~159626/25,
86~165777/26, 86-174465/27 and 86-174466/27 describe
photoresist formulations which contain absorbing’
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" Applicdtions 86-159626/ 25, 86-165777/26, 86-174465/27 ‘and 86- 174466/ 27
descyTbe photoresi st formnulati ons which contain absorbing - 0314037 -5-
:substances that are non-bl eachable and do not subline. In all cases,
"however’, the exposed portions of the resists have a noticeably‘?@&ﬁ
solubility in the devel oper solutions. Photoresists which, apart froma dye
absorbing light in the actinic region, also tontain a conmponent which
inQLgases their solubility, in particular 2,3,4-tri- hydroxybenzophenone,
are-described in US-A- 4,626,492. The 2, 3, 4-tri hydroxybenzophenone i s added
in quantities ranging from12.8 to 13.1 % by wei ght, which, however, |eads
to a considerable deterioration of the thermal stability of the

phot or esi St. Mbr gaK8ian® P UL 44k il HRERSRING | #d la6lendt sibPifls! St

I s observed, since -the developing rate strongly ;fends on the_pre- baking
tenperature of tha pddi sasEd mhawevicorheh @XRAT9A Xt bopg oHothe,

pol yhydr oxybenzoy¢ghig#andavie & notickdbily idaaliced esmapheiepei gr tBed- di -
hydr oxybenzophen I s added taq %uPhOtOSEHSLtlve com position conprising

ne, d
~an o-qui none diaaﬁﬁélgﬁﬁréqﬁ

Photofesists which, apart from a dye absorbing light in
the actinic region, also contain a component which
increases their solubility, in particular 2,3,4-tri-
hydroxybenzophenone, are described in US-A- 4,626,492,
The 2,3,4-trihydroxybenzophenone is added in quantities
ranging from 12.8 to 13.1 % by weight, which, however,
leads to a considerable deterioration of the thermal
stability of the photoresist. Moreover, a decline in
the processing latitude of the resist is observed,
¥ since the developing rate strongly depends on the pre-
baking temperature of the resist film,

In accordance with DE-C~25 47 905, a polyhydroxybenzo-
phenone, i.e., 2,3,4-trihydroxybenzophenone or 2,4-di-
hydroxybenzophenone, -is added to a photosensitive com-
g#; : _position'comprising an o-quinone diazide and a binder
which is- soluble in aqueous-alkaline solutions. Due to
their chelation properties the benzophenone derivatives
are claimed to exhibit good adhesion towards anodically
oxidized aluminum surfaces, such as are used in the
production of lithographic printing plates. No state-
ments are made in the publication with regard to UV-
absorption; besides, such statements are not required,
because no monochromatic light sources are employed for

ghave"a mar kedl y reduced photosensitivity. Sinilarly, Japanese Patent .~ . ..



whi ¢h is- soluble in agueous-al kaline solutions. Due to their che
properfies the benzophenone derivatives are clainmed to exhibit goo
adhgsi on toowards anodical |y oxidized al um num surfaces, such as are’ us
t hexproduction of |ithographic printing plates. No state- nents are nade
the publication with regard to UV- absorption; besides, such sqf%%¥§595{aﬁ“_;
not . requi red, because no nonochromatic |ight sources are enpl oye o
0314 037 exposure. Moreover, conpounds of- téhe- above type do not absorb _
light wthin the range desired according to this invention. It is therefore
an object of the present invention to provide a positive-working

phot osensitive conposition containing a non-bl eachabl e dye whi ch absorbs

light in the actinic region and which should either have or produce the

foll owi ng properties: good solubility in the solvent or solvent m xture of

the phot osensi t e¥ROEBEBosMPFEAVESs CORPAASsiAfatithe FHRTS YRS dNXdto% or ned
during storage ghsbbs $PgRESWiikBAn ithePdHdndelld®sidted Al drGiaiq@tts eshis good
thermal stabilif{y.and, | ow tendency to subline, so that, on the one hand,

const ant” absor pt?BR1ELCRet i nic radiation is ensured - even at high tenpe-
ratures - and, on the other hand, contam nation of

It is therefore an object of the present invention to
provide a positive-working photosensitive composition
containing a non-bleachable dye which absorbs light in

o the actinic region and which should either have or
produce the following properties:

- good solubility in the solvent or solvent mixture
of the photosensitive composition, so that :
undesirable deposits are not formed during storage
of the composition, in particular at low

temperatures,

- gdod thermal stability and low tendency to sublime,
so that, on-the one hand, constant absorption of
actinic radiatibn is ensured - even at high tempe-
ratures - and, on .the other hand, contamination of

N process equipment is kept as low as possible,

- high absorption in the region of actinic radiation

in order to minimize undesirable optical effects in

an efficient manner.

The object of the invention is achieved by providing a
positive—workihg photosensitive composition comprising

a photosensitive compound, a binder that is insoluble

in water and soluble or swellable in an aqueous-alkaline



process equi pnent is kept as |low as possible, high absarption in ther
of actinic radiation in order to mninmize undesirable optical effects:
effigtent mannek. The object of the invention is achieved by providing:
positive-working photosensitive conposition conprising a photosensitive "
conpound, a binder that is insoluble in water and sol ubl e or smellggl n
an aqueous- al kal i ne 0314037 -7- solution,_and a dye, wherein th 85@315
a non- bl eachabl e conmpound whi ch absorbs ITg%t‘at [err] 15 nm and
corresponds to the general fornmula | [err] [err] where [err] are identical
or different and denote hydrogen,* al kyl, hydroxyal kyl or al koxyal kyl and
[err] are identical or different and denote hydrogen, alkyl, hydroxyal kyl,
al koxyal kyl , am no or hal ogen. Conpounds corresponding to the '
above-indi cat ed tal_  for I e oi.sil lshed by.th t that they
nmeet the requi re%éz'ﬁé-'q’c?fn'hia‘grgrlgi Z%sdaf%'t i"guné%énﬂ?#’eﬁ%cﬁ%%é r%-ﬁ&ﬁon to a
speci al degree. bleachable compound which absorbs light at = 365 +

15'nm and corresponds to the general formula I

ORy Rzo
(1)

R40 C R3

where

Ry to Ry are identical or different and denote
hyd;ogen, alkyl, hydroxyalkyl or alkoxyalkyl
" and

Rs and R5'are:identicai or different and denote
hydrogen, alkyl, hydroxyalkyl, alkoxyalkyl,
amino or halogen.

Compounds corresponding to the above-indicated general
formula I are distinguished by the fact that they meet
the requirements of high absorption in the actinic re-
gion to a special degree.

Particularly unexpected properties of the photosensitive
compositibn according to the invention, which may be
mentioned in addition to those indicated above,

include:



T
%Partmcularly unexpect ed propertles of the phot osensitive conposition .=
‘accordihg to the invention, which may be nmentioned in addition to those
i ndi gated above,« i ncl ude: 0314037 -8- - hi gher photosensitivity of the;
‘conpbsition-accor- ding to the present invention, conpared wth photo- = .-
sensitive conpositions containing other dyes whi ch are not cl a0 3#g,03ut
whi ch al'so absorb light in the actinic region, no or only slight reduction
of the phot osensitivity of the photosensiti«ve conposition of the.invention,
ared with photosensiti.ve conpositions that do not contain dyes or _
con ain other dyes. Preferred dyes absorbing light in the actinic region -
are, in particular, those which, corresponding to the general fornula I,
contain as [err] hydrogen, [err]alkyl hydroxy[err]alkyl or [err]alkoxy
-[err]alkyl, and as [er g and [err] hydro en, rc{eé_tﬂalk hydroxy err|
-al kyl , [err]alkoxy[ePF? BkyPhgtosgrsiitiy. %595 R 35C ¥ ven
to those dyes of the gengréb thempraskenthdrrention, compared with photo-~

sensitive compositions containing other dyes which
are not claimed, but which also absorb light in the

actinic region,

- no or only slight reduction of the photosensitivity
- of the photosensitive composition of the invention,
compared with photosensitive compositions that do
not contain dyes or contain other dyes.

Preferred dyes absorbing light in the actinic region
are, in particular, those which, corresponding to the
general formula I, contain as

R} to Ry hydrogen, (Cj to Cglalkyl,
hydroxy(Cy to C3lalkyl or (Cy to C3lalkoxy
-(C1 to C4lalkyl, and as

| Rg and Rg hydrogen, (Cj to C3lalkyl, hydroxy(Cj to C3)
S | -alkyl, (Cj to C3)alkoxy(Cy to Cglalkyl or
~ chlorine.

Particular preference is given to those dyes of the
general formula I where .

Rj and Ry are identical and denote hydrogen or
(C1 to C3lalkyl,



) ¥ N I e e R

[err] are identical and denote hydrogen or [err]alkyl,
and R4*are identical or different and denote hydrogen, [err]alkyl
hyd(b - [err]Jalkyl, and [err] are each in the meta-position in respe-
thelsubstituents [err] respectively, "and denote hydrogen, [err]- alkyl,
hydroxy[err]alkyl or [err] al koxy[err]al kyl. Mst preferred.ayg1hs dyes
of the general fornula | where [err] and [err] denote hydrogen, “and R4
are identical and denote hydrogen or [err] 8l kyl and [err] and [err] denote
hydrogen or [err]alkyl. being in the meta-position in respect ‘of the
substituents [err] respectively. O these dyes those are preferably

enpl oyed, whi ch have absorption capacities coinciding as exactly as
possible with the wavel ength of the actinic radiation used, whereby
particular preference is given to those havrng an absorptron naxrnunrat
wavel engt hs [ e and&@by +ane j@entical or different and denote

hydrogen, (Cj to C3)alkyl or hydroxy- -
' (C3 to C3lalkyl, and

Rg and'Rg are éach in the meta-positidn in respect
of the substituents R; and R4 or Ry and Rj3,
respectively, and denocte hydrogén, (C3 to C3)-
L alkyl, hydroxy(Cj to C3)alkyl or (Cl to C3)-
alkoxy(Cy or Czlalkyl.

Most prefetred are those dyes of the general formula
I.where

Ry and Ry denote hydrogen,

R3 and R4 are identical and denote hydiogen or
(C; to C3lalkyl and

R5 and Rg denote hydrogen or (Cj to C3)alkyl.being
_ : in the meta—positioﬁ in respect of the
N ' substituents Rj; and R4 or Ry and R3,
~ respectively.

Of these dyes those are preferably employed, which have
absorption capacities coinciding as exactly as possible
with the wavelength of the actinic radiation used,
whereby particular preference is gi#en to those having
an absorption maximum at wavelengths A =.365 + 15 nm,
above all at A = 365 % 10 nm.
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§ above aII at A = 365 + 10 nm - 0314037 - 10 - The quantlty of dye _
" required to obtain the desired-absorption is thus reduced to a m ni num?
congentration of the absorbing dye can range fromO0.05 to 5 % by wei ght
preferably.from0.2 to 0.8 % by wei ght, based on the non-vol atile " o
constituents of the photosensitive conposition. The quantlty'cﬁ)QR%p%bded o
I n each case is naturally dependent on the nolar coefficient of extinction
of the dye at the respective exposure wavel@ngth. If the quantity of
absorbing dye used is too low, the effects of reflexion are only
i ns+gni ficantly reduced and the photolithographic properties are either not
at all or only slightly inproved. On the other hand, too high a
concentration of absorbing conmpound | eads to a deterio- ration of I mage

ality, nce t areas, pf th t ch,are relatively.close to
?Ee Lx%osﬁ?e sou¥ % %H%ﬁ%iﬁys? S;gﬁﬁﬁbgﬁé %akaﬁaﬁﬁetﬁﬁeéég&F he fayer

which are in tfuabsdrpﬂiqnoistﬂmusubedueeé doeasmihimamsufficiently
exposed. The conpaunds corresponding to fornula I, which absorb light in
the actinic region, can, for exanple, be prepared according to the process
descri bed |n'KhﬁhemﬂomﬂeutgahlenCméntberybsovblngzéyep§gésr§899 &rom

0.05 to 5 $ by weight, preferably from 0.2 to 0.8 % by
weight; based on the non-volatile constituents of the

photosensitive composition.

- The quantity of dye added in each case is naturally
dependent on the molar coefficient of extinction of‘the
dye at the respective exposure wavelength. If the
quanfity of absorbing dye used is too low, the effects
of reflexion are only insignificantly reduced and the
photolithographic properties are either not at all or

3 only slightly improved. On the other hand, too high a
concentration of absorbing compound leads to a deterio-
ration of image quality, since the areas of the resist
layer which are relatively close to the exposure source
are too strongly exposed, while the areas of the layer
which are 'in the vicinity of the substrate are still

LJ' insufficiently exposed.
The compounds corresponding to formula I, which absorb
light in the actinic region, can, for example, be
prepared according to the process described in
"Journal of Organic Chemistry", Vol. 23, pages 1679 et
seq.
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1 seq- 0314037 - 11 - The photosen5|t|ve conp05|t|ons accord

present invention also contain a radiation-sensitive or photosen3|
conpound or a radiation-sensitive or photosensitive conbination of :
cog;gﬂnds + Conpounds whi ch nay be used are positive-working conpounds ‘tie
t hose which are rendered sol ubl e upon exposure. These incl ude, 0r3143%ne
hand, 6-qui none di azides and, on the other hand, conbinations of photolytic.
acid donors with acid-cl eavabl e conpounds, 1ior exanple ort hocarbo- xylic
acj d or acetal conpounds. O-quinone diazides are known, for exanple, from -
DE-C 938 233, DE-CG 15 43 721, DE-A- 23 31 377, DE-A- 25 47 905 and DE-A
28 28 037. Preferably used o-quinone diazides conprise

1, 2- napht hoqui none- 2- di azi de-4- or -5-sulfonic acid esters or amdes. O

t hese, the ester ciall he esters o oni c i ds, ar '
particul arly prgﬁﬁwéygi %&1 Y?t§°%?°51gh?ﬂ8n§°895 +ﬁ8 EBnﬁBﬁnds
cont ai ned i n t hersssEd xnyentlan absposohtainoé thdiptiernstensiedt/ieonr

uoual |V panges piilotdit S0 WoBLehl. o' & ELAPLY OROULAS 8192 UDY

wei ght, based o e Non- Vol uents o 2 conpositiont the
aci d- cl eavabl e m&qﬁqsﬂ451¢kv¢o¢¢mb4mgtape of edompounds. COmpoundS

which- .may be used are positive-working compounds, i.e.

those which are rendered soluble upon exposure. These
1nclude, on the one hand, o-quinone diazides and, on
the other hand, combinations of photolytic .acid donors
with acid-cleavable compounds, for example, orthocarbo-
xylic acid or acetal compounds. . .
O-quinone diazides are known, for example, from
DE~-C- 938 233, DE-C~ 15 43 721, DE-A- 23 31 377,
DE-A~ 25 47 905 and DE-A 28 28 037. Preferably used
o-quinone diazides comprise 1,2-naphthoquinone-2-
.diazide-4~ or -5-sulfonic acid esters or amides. Of
these, the esters, especially the esters of sulfonic
acids, are particularly preferred. The quantity of
o-quinone diazide compounds contained in the photo-~
sensitive composition of the present invention usually
N ranges from 3 to 50 % by weight, preferably from 7 to
35 $ by weight, based on the non-volatile constituents
of the composition.

Of the acid-cleavable materials the following are used:
a) Compounds containing at least one orthocarboxylic

ester and/or carboxyamide acetal grouping, it being.
possible for the compounds to have a polymeric



a) Conpounds containing at |east one orthocarboxyllc ester and/or,
carboxyam de acetal grouping, i't being possible for the conmpounds’ ton.
pol yreric 0314037 - 12 - character and for the groupings mentioned to
present as.linking menmbers in the principal chain or as |ateral ' -
substituents; b). ol i gomeric or polymeric conpounds containi ng0834@37ent
acetal'and/or ketal groups in the principal chain; c¢) conpounds having at

| east one enol ether or N—acylininocarbonaﬂélgTouping; d) cyclic acetals

or, ketals of [err]-ketoesters or ami des; e) ‘conpounds containing silylether
grodps; f) conpounds containing silylenol ether groups; g) nonoacetals or
nonoket al s, the al dehyde or ketone conponents of mhich have a solubility in

t he devel oper, which varies between 0.1 and 100 g/|; et hers based on
tertiary al cohols; and car boxy. acid esters, and ¢ 0 S ertiary
allylic or benzylic &R ﬁaté’-r ﬂadld fg%rea*x}heol%‘ ‘%Rﬂdb%%of%ea’bg $§é§ t? %\:hl ch

are used as COWponenb&e%EnltadlsaﬂJlmkn@snémbasonpdshe|pmsr}capeldelsel.nbed

in detail in DE A 23r°8%1%teral substituents;

b) oligomeric or polymeric compounds containing
recurrent acetal and/or ketal groups in the

principal chain;

Nt . .
c) compounds having at least one enol ether or
N-acyliminocarbonate grouping;
d) cyclic acetals or ketals of S-ketoesters-or amides;
e) compounds containing silylether groups;
f) compounds containing silylenolether groups;
g) monoacetals or monoketals, the aldehyde or ketone
" components of which have a solubility in the
developer, which varies between 0.1 and 100 g/1;
s

h) ethers based on tertiary alcohols; and

i) carboxylic acid esters and carbonates of tertiary
allylic or benzylic alcohols.

Acid-cleavable compounds of type a), which are used as
components of radiation—sensitive compositions, are
described in detail in DE-A- 29 28 636



10314037 - 13 - (= EP-A- 0 022 571), in DE-A- 26 10 842 and in US-A- .
i4, 101, 323; conpositions contaiiii ng conpounds of type b) are-descri bed "
‘DE- G™23 06 248-(= US-A- 3,779,778) and DE-C 27 18 254, conmpounds of typ_
'c) afFe described in EP-A- 0 006 626 and EP-A- 0 006 627; conpounds of type’ ..
d) are described in EP-A- 0 202 196; conpounds correspondlng t6)3y$933) are’’ .
presented in DE-A- 35 44 165 and DE-A- 36 Q01 264; conpounds of type f) are

di scl osed in German Patent Application, fild No. P 37 30 783.5, filed -

Sept gnber 13, 1987; and conpounds of type g) are disclosed in German Patentu
Applications, file Nos. P 37 30 785.1 and P 37 30 787.8, also filed

Sept enber 13, 1987. Conpounds of type h) are described, for exanple I n

US-A- 4,603,101 and conpounds of type i), for exanple, in US-A- 4,491, 628

and by J. M Fr6ghel, € ¥ magl NQ-SG| 3 1986). Preferred
conpounds cont ai %E%%%: Séro%%ﬁs] § léh ggnggegsp?s 98 § %n{i ZgA 4,101, 323
descri bes ort hodiE+oxy4iX0hedd3 decompositions anntGinLneseompeunds of

bi s- 1, 3- di oxan- %yﬂe‘%f“%fé(ﬁeééfﬁﬂé&'EndbﬂLé-aﬁg ggedagn particul ar. o
t he poly- acetal S describ ose containing aliphatic

al dehyde and di o= JH1A~ a3 €7 p? e 28) egnd DE-C- 27 18 254; compounds o
type c¢) are described in EP-A- 0 006 626 and

EP-A- 0 006 627; compounds of type d) are described in
EP-A- 0 202 196; compounds corresponding to type e) are
presented in DE-A- 35 44 165 and DE-A- 36 Ol 264;

> compounds of type f) are disclosed in German Patent
Application, file No. P 37 30 783.5, filed .
September 13, 1987; and compounds of type g) are -
disclosed in German Patent Applications, file Nos. _
P 37 30 785.1 and P 37 30 787.8, also filed ‘
September 13, 1987. Compounds of type h) are described,
for example, in US-A- 4,603,101 and compounds of type
i), for example, in US-A- 4,491,628 and by
J. M. Fréchet et al. in J. Imaging Sci., 30, 59-64
(1986).

_ Preferred compounds contain C-0-C groups which can be

St split by aciad. '

-~

US-A-~ 4,101,323 describes orthocarboxylic acid deriva-
tives, and of these the bis-1l,3-dioxan-2-yl ethers of
aliphatic diols are used in particular. Of the poly-
acetals described in DE-C- 27 18 254 those containing
aliphatic aldehyde and diol units are preferred. |

Other suitable compositions are disclosed in
EP~A- 0 022 571. This publication describes polymeric
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O her suitable conpositions are di sclosed in EP-A- O 022 571 Th
publication describes polymerit 0314037 - 14 - orthoesters: Mﬁth
recyrent ortheester groups in their principal chains, as acid-cleavabl
concﬁunds These groups conprise 2-al kyl ethers of 1, 3 di oxa- cycloalkanes
having’5 to 6 ring nenbers. Particularly preferred are pol yné31408%
recurrént 1, 3-di oxa-cycl ohex-2-yl al kyl- ether units, wherein the

al kyl ether group can be inter- rupted by-ether oxygen atons and is
preferably linked to the 5-position of the *adjacent ring. The
photosensitive or radiation-sensitive acid donors contained in these
conpositions primarily conprise organic hal ogen conpounds. The hal ogen
conmpounds include, in particular, the triazine derivatives disclosed in

US-A- 3,515,552; US-A- 3,536 489 and US- a o
259: DE-C 33 2PHpeshers %%E%ér%%&Fr?é}c$}5%83%2§ﬁ8898E£§FE§ tH§Z€21 and
DE-C- 12 98 414pfﬂﬁﬁ¥palIahaimsdeasvam1®%sleamabhemevm90uaﬁ§o b&hesed in

conbi nation with othe t X e3. L Rhaegl es
or thiazoles orqrg4%>dtn S vé% éa& % i agg% & afgﬁgdﬁgggﬁég RAES

t hi azol es or 2- jpawimg Tdn 6 rmmgﬂfemb@?ﬁoroPaBFlﬁPl%FéﬂnHﬁFﬁ?Frﬁfioéﬁ§ are

al so known polymers with recurrent 1,3-dioxa-cyclohex-2-yl alkyl-
' ether ﬁnits, wherein the alkylether group can be inter-
rupted by ether oxygen atoms. and is preferably linked
to the 5-position of the adjacent ring.

The photosensitive or radiation-sensitive acid dOHOES‘
contained in these compositionS'primarily comprise
organic halogen compounds. The halogen compounds
include, in particular, the triazine derivatives
disclosed in US-A- 3,515,552; US-A- 3,536,489 and
Us-aA- 3,779,778 and in DE-C- 27 18 259;

DE-C- 33 27 024; DE-C- 33 33 450; DE-C- 23 06 248,

' DE-C- 22 .43 621 and DE-C- 12 98 414. These triazine

~derivatives can, however, also be used in combination
with other photoinitiators, for example, oxazoles,
"oxadiazoles or. thiazoles or in mixtures with each

N other.

Oxazoles, oxadiazoles, thiazoles or 2-pyrones contai-
ning trichloro- or tribromomethyl groups are also known
(DE-A- 30 21 599, DE-A- 30 21 590, DE-A- 28 51 472,
DE-aA- 29 49 396 and EP-A- 0 135 348 and

EP-A- 0 135 863).



{DE-A 30 21 599, DE-A- 30 21 590, DE-A- 28 51 472, DE-A- 29 49 396
EP-A- 07135 348 and EP-A- 0 135 863). 0314037 - 15- Thi s generi:c it
alsoé:ncludes in particular, aromatic conpounds, in whi.ch hal ogen;- o
prefeéerahly bromine, is attached to the aromatic ring. Conpouhds of thIS o
type are, for exanple, known from DE-A- 26 10 842. The anount of '
aci d-cl eavabl e conpounds contai ned in the photosensitive conp05|ti0n
according to the present invention is, in general, in the rangei1 8@98 to
65 by weight, preferably from 14 to_445%by weight, based o

non-vol atil e constituents of the conposition. The anopunt of acid-formng
conmpounds ranges fromO0.1 to 10 % by weight, preferably from0.2 to 5 % by
wei ght, al so based on the non-vol atile constituents of the conposition. In
-addi'tion to the above- descrlbed phot osensitive constituents the coating
sol utions of the present : invention conprise polyneric binders.
The preferredhs wWeier i@ etemodlmd:em@lme; indpaptidhEaoy atorh&ﬁSd:

swel | abl e i n _aqueous: al kal i_ne. ons = ast
al kal i - swel | &1 Qﬂqﬂﬁﬁgqhﬂf éﬁnﬁ% g%%ht?%ﬁ% rggngr#ggﬁ%% Ural resins,:
such as sheHamtanhhdxﬁqnﬁhﬁnﬂnﬂmhtymthemgc i @opeundsi chf akhis type

are, for example, known from DE-A- 26 10 B842.

The amount of acid—cleavable compounds contained'in the
kz-. | photosen51t1ve composition accordlng to the present
invention 1s, in .general, in the range from 8 to 65 %
by weight, preferably from 14 to 44 % by weight, based
on the non-volatlle constltuents of the composition.
The amount of acid- formlng compounds ranges from 0.1 to
10 $ by weight, preferably from 0.2 to 5 $ by weight,
also based on the non-volatile constituents of the

composition.

In addition to the above-described photosensitive
constituents the coatlng solutlons of the present
1nvent10n comprlse polymerlc binders. " The preferred
_ polymers are insoluble in water and soluble or at least_
s swellable in aqueous-alkaline solut;ons.

Alkali-soluble or at least alkali-sweilable binders
which may be mentioned comprise natural resins, such as
shellac and colophony, .and eynthetic'resins,3such-as '
copolymers of styrene and maleic anhydrlde or copoly—
mers of acrylic acid or methacrylic acid, in
particular, with acrylic or methacrylic acid esters,
and especially novolak resins. '



'coponners of styrene and nal eic anhydrlde or copoly mer's’-of acryl

or nethacryllc acid, in particular, with acrylic or nethacryllc aci-

estgrs and espeC|aIIy novol ak resins. - 0314037 -16- Novol ak _ .

condensation resins which have proved suitable include, in particul ar, ‘the

relatively highly condensed resins with substituted phenols as the

condensation partners of fornal dehyde. Exanpl es of these are ' 0314037

phenol - f or mal dehyde resins, kresol-forogjglehyde resins,  -the co-condensates

and_m xtures thereof and phenol and kresol condensates w th fornal dehyde.

Instead of or in adm xture w th, novol aks, phenolic resins of the type of

pol y(4-vinyl phenol) can al so advantageously be used. The type and quantlty

of the alkali-soluble resins used can vary according to the intended

application; preference is given to anounts ranging from30 to 90 % by

vei ght, parti davaallak rogiderses yidn oresins owisbebo baveepybvedbasétabiet ot a

sol ids contai | h o o an
%%1 éet S dédPaPr Aclgére%%lrélt'{‘@&i fuﬁhﬂg ﬁabﬂéefi

additional ly e used,” pre erre are Vin YyNers, - suc yVvi ny

acetates, pol Fesdms) aith spstifsited mpherekeras bbeycondensatlon

partners of formaldehyde. Examples of these are

| phenol-£formaldehyde resins, kresol-fbrmaldehyde'resins,
the co-condensates and mixtures thereof and phenol and
kresol condensates with formaldehyde. h

Instead of or in admixture with, novolaks, phenolic
resins of the type of poly(4-vinylphenol) can also
advantageously be used.

The type'end Quantity of the alkali-soluble resins used
can vary: accordlng to the intended application;
preference is given to amounts ranging from 30 to 90 %
-by weight, particularly preferably from 55 to 85 % by

- welght, based on total sollds contalned 1n the

' com9051t10n. o L ' '

A great number of other resins can addltlonally be
- used; preferred are vinyl polymers, such as polyv1nyl

. acetates," poly(meth)acrylates, polyvrnyl ethers, poly-
vinYl"pyrrolidones and styrene polymers, which Ehem—
selves may be modified by comonomers. The following
are mentioned in-particular- pbiymers'bf styrene
containing alkenylsulfonyl—amlnocarbonyloxy or
cycloalkenylsulfonyl—amlnocarbonyloxy units.
(EP-A- 0 184 804); polymers of acrylic, methacryllc,
maleic, itaconic acid, etc. having lateral, crosslin-
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tvinyl pyrrolidones -and styrene polymers, which them ‘'sel ves may be nodi f.i ed:

‘by cononhoners. The followi ng are nmentioned in parti.cul ar: polyners -of

styrcﬂe‘contaln}ng al kenyl sul f onyl - am nocar bonyl oxy or

cycl'oal kenyl sul f onyl - ami nocar bonyl oxy units (EP-A- 0 184 804) ; polyners of L

acrylic, nethacrylic, maleic, itaconic.acid, etc. having Iatefal crosstln- ,"

0 314 037 -17 king [err] groups (EP-A- 0 184 044); polynmers of V|nyI

nononer s contai ning al kenyl phenol units (EP-A- 0 153 682); pol yvinyl

phepgl s as substituents for novol ak (DE-C 23 22 230); polynerh% bi nder s

with | ateral phenolic hydroxyl groups (EP- Q 212 439 and EP- 31 .

440); styrene-nmal ei c anhydri de copol yners ?BE—A— 31 30 987), polyners

formed from unsaturated (thio)phosphinic acid iso(thio)cyanates with a

pol yrer contai ni ng active hydrogen (German Patent Applications P 36 15

612.4 and P 36 15 613.2); polyners containing vinyl acetate, vinyl alcohol

and vinyl acetal units (EP-A- 0 216 083) and pol yvinyl acetals having units

of hydroxyal dehydesy (-BHJOR s FED¢AGa0|m84P086)44p65iméts dbevimgtl

favor abl e amount_ of these resins. used..n t? ﬁlnd g t%he phot osensitive
bt ghefef et

conposi tion accg}ﬁ 5% GHE ta}%ﬁﬁ% 4R
appllcatlon reIdﬁE&A— 0 153 682); polyvinyl phenols as substituents

for novolak (DE-~-C~ 23 22 230}); polymerlc binders with
lateral phenolic- hydroxyl groups (EP-A- 0 212 439 and
EP-A- 0 212 440); styrene-maleic anhydride copolymers
(DE~a~- 31 30 987), polymers formed from unsaturated.
(thio)phosphinic acld iso(thio)cyanates with a polymer
containing active hydrogen (German Patent Applications .
. P 36 15 612.4 and P 36 15 613.2); polymers pontaini?g :
vinyl acetate, vinyl alcohol and vinyl acetal units .
(EP-2- 0 216 083) and polyvinyl acetals having units of
hydroxyaldehydes (German Patent Application
P 36 44 162.7).

The most favorable amount_of.these:resins-used in the
binder of the photosensitive composition according to
) ___the present invention depends on appllcatlon—related
gwh' ) requirements and on the 1nfluence of the resins on
' 'development conditions and is, in general, not more
than. 20 % by weight of the alkali-soluble resin.

The phoﬁoseﬁsitive compositiohs of-the'pfesent
invention can optionally also be admixed with dyes,
finely divided pgiments, plasticizers, wetting agents
and levelling agents and, in addition, polyglycols,
cellulose derivatives, e.g. ethyl cellulose, to improve
specific properties, such as flexibility, adhesion and
gloss,
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| requirenents and on the |nfluence of the resins on developnent condltlons.;
‘ and is, in general, not nore than.20 % by weight of the alkali-soluble . -
resin.. The photosen5|t|ve conpositions of the present invention can -
opﬂlonally al so be adm xed wi'th dyes, finely divided pginents,
pl astitizers, wetting agents and | evelling agents and, in'additioh

pol ygl ycol s, cellul ose derivatives, e.g. ‘ethyl cellul ose, b§q48§§
specific properties, such as flexibility, adhesion and gloss 4 037

18 - The photosensitive conposition of e =i nvention is preferably

di's€ol ved in sol vents “conprising, for exanple, ethylene glycol; glycol
ethers, such as glycol monomethyl ether, glycol. dinethyl ether, gl ycol
nono- nethyl et her or propyl ene glycol nDnoaIkyI ethers, in particular
propyl ene glycol nethyl ether; aliphatic esters, such as ethyl acet at e,

hydr oxyet hyl acetate, al kox ethyl acet at ropyl ene
gl ycol nDn0a|§9?69h8F°§88§é¥éveyEOHQPFIC ar°%$§%§ 3%@* gl yeo ﬁ%thyl et her
acetate or anprefieetbly; désselyeds ioh sad veindsa eomprdisdmng, fivh as nethyl

ethyl ket one, %%‘n%‘ipi& ggﬁyﬁghekga_&%%l_h é,g %a%&VCA§W

di et hyl f or ma acet phos- phoric acid an1de
N-nethylpyrroMcdomethM&t?tbbaotQAECOI dlmethyl ether, glycol mono-

methyl ether or propylene glycol monoalkyl ethers, in
partlcular propylene glycol methyl ether; allphath
esters, such as ethyl acetate, hydroxyethyl acetate,
e alkoxyethyl acetate, n-butyl acetate, propylene glycql
monoalkylether acetate, in particular propylene glycol
methyl ether acetate or amyl acetate; ethers, such as
dioxane; ketones such as methyl ethyl ketone, methyl
isobutyl ketone, cyclopentanone and cyelohexanone,
_dimethylformémide, dimethylacetamide, hexamethyl phos-
- phoric acid amide, N-methylpyrrolidone, butyrolactone,
- tetrahydrofuran and mixtures thereof. Glycol ethers,
aliphatic esters and ketones are particularly

- preferred.

Depending -on thejtypes of photosensitive compounds and
‘binders used and also on the intended application, the
total solids contenﬁ of the composition according to
tﬁe préseﬁt invention generally varies between about 10
to 50 % by we1ght, preferably between about 15 to 35 %
by welght '

The inventioh also provides a photosensitive'recording
material which essentially comprises a substrate of
any of the types conventionally employed for photo-
resist applications and the photosensitive composition

applied to this substrate.
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=tetrahydrofuran and ntxtures thereof G ycol ethers, allphatlc esters and
ketones™ are particularly preferred. Dependi ng-on the types of oy
pho%asen5|t|ve conpounds and bi nders used and also on the intended _
application, the total solids tontent of the composition according to the
present” invention generally varies between about 10 to 50 % by wei ght,
preferably between about 15 to 35 % by weight. The invention al so provides
'a photosensitive recording material which essentially conprisags3pgpghstrate
\a?y of the. types conventionally enployed for photo- resist applications
and he photosensitive conposition appli®dl®o-this substrate. . 0314037 19
Substrates which may be used include all matbrial s which are suitable for
t he production of capacitors, sem conductors, nmultilayer printed circuits
or integra- ted circuits. Particularly suitable surfaces are those which
conprise a silicon material which is optionally doped, including any other -

11 con mtri de S pRTARRE U 4% it S, HRELERE 2t Ifbe FIE R ot at e
substrates are which mm@MSNMtahhdmfonunhefpm@dmettmnl°§u¢¢p@¢yt¢a$,
di splays, such a3 8ka3au¥drs, multilayer printed circuits or integra-
ted circuits. Particularly suitable surfaces are those
- which comprise a silicon material which is optionally
. - doped, including any other substrates customarily used
ky= : in semiconduetor'technology, for example, silicon
| nitride, gallium arsenide and indium phosphide. Other
appropriate substrates are those known from the manu-
 facture of liquid crystal displays, such as glass and
indium/ tin oxide; and, in addition, metal plates and
foils, e. g. comprising aluminum, copper or zinc; bi-’
metallic and trimetallic foils and also electrically
‘nonconductive sheets which are'vacuum metallized,
optionally aluminum-coated SiO, materials and paper.
These substrates may be subjected to a thermal
‘pretreatment, roughened on “their surfaces, sllghtly
etched or treated w1th chemlcals, in order to obtain -
desirable propertles, e.g. an 1mprovement of the hydro—-'f

phlllc character._

In a special embodimen£; the'phoﬁdsensifive'recording

' materialimay-comprise an'adhesion_prombter_dissolved_in
the resist formulation or applied between the resist
and the substrate in order to improve the adhesion of
the resist. Adhesion promoters of the aminosilane
type, for example, 3—aminopropy1—triethoxysilane or
hexamethyl-disilazane are appropriately used in the case
of silicon or silicon dioxide substrates.-




R e .
%indiuni tin oxide; and, in addition, netal .pl ates and f0|Is e.g. B
iconprising alum num copper or zinc; bi: netallic and. trlnetalllc foils and
al so/el<ectricalty nonconductive sheets which are vacuumtretat l i zed,
optlgnally -al um num coated Si 2 materials and paper.. These substrates may
be subjected to a thermal pretreatnent, roughened on their surf aces,
“slightly etched or treated with chemcals, in order to obt 4 rable
properties, e.g. an inprovenment of the hydro- philic char @@g

spegci;al enbodi nent, the photosensitive-rggoeding material may conprlse an
adhési on pronoter dissolved in the resist fornulation or applied between
the resist and the substrate in order to inprove the adhesion of the

resi st. Adhesion pronpbters of the am nosil ane type, for exanple,

3-am nopropyl -triethoxysilane or hexanet hyl -di sil azane are appropriately
used in the case of 'silicon or -silicon dioxide substrates.. 0314037 -20-
The phot osensi®he ohotgeensi bhveanompoappiradced bheaBpppsat too the coat ed

usi ng cust onargl, gEsodise séwé?oaéeélﬁsiﬁat bﬁ'gtofnhQ?" £88hbAE, SAkH @RAting,
spraying, roller-coating agg I cation™throu di es: The recordi ng

material s accS® rﬁ;f"ﬁ“b”igle sRPathoent FBhnaF@aEkBSseﬂPFﬁ%{é@ﬁ'se Sour:ces

of actinic roller—cgatlng or application through slot dies.

The'recording materials according to the preéent

invention are exposed imagewise.. Sources of actinic

light include: metal balide lamps, carbon arc lamps,

xenon lamps and mercury vapor lamps, which have

emission peaks in the near ultravielet'or.short—waye

- visible 1ight. ‘Imaging can also be effected by means
of electron-beam, x-ray or laser radiation. Suitable ,
laéerssare, in particular; helium/neon lasers, argon
lasers, krypton lasers'and helium/cadmium. Lasers.

The'layer thickness of the photosensitive layer depends
-fon the 1ntended field of appllcatlon and varles between___:_t
0. l and 100 um, in partlcular, between 0.5 and 5 pm.

o - _ 'Aqﬁedus—alkaline soiﬁtions'of gradueted alkaliniﬁy; i.e.

- ‘ preferably having a pH of 10 t0 14, and which may also
contain minor amounts of organlc solvents or wetting
agents are used for development. These solutions
remove the exposed areas of the recdrding layer and -
thus produce a positive image. of the original..

In accordance with this invention, there is furthermere-
claimed a process for-the_production of a photoresist
pattern. This process comprises exposing the positive-
working recording material of this invention through




light include: nmetal halide |anhps, carbon arc |anps, xenon |anps and
mercury vapor |anps, which have em ssion peaks in the near ultraviolet .or
shoyt-wave visible light. -1maging can also be effected by. means of
el ectron-beam x-ray or laser radiation. Suitable lasers aré, in
particul ar, helium neon | asers, argon |asers, krypton |asers and
hel i unf cadmi um | asers. The Iayer t hi ckness of the photosensitiyg h?%z
depends on the .intended field of application and varies between 6 nd 100
[erg);, in particular, between 0.5 and 5 [er+]21 Agueous-al kal i ne sol utions
of graduated alkalinity, i.e. preferably having a pH of- 10 tO 14, and which
may al so contain mnor anounts of organic solvents or wetting agents are
used for devel opnent. . These sol utions renove the exposed areas of the
recording layer and thus produce a positive inmage of the original. In
accordance with this_invention, there is furtherpore clainmed a process for
t he production 8f més}ShGFbgé%@t ata @ Maye ‘Hﬂ%“br oo i 198 ISRIT ng:
B 2?48%'“2 \{e- WehKi Eﬂpbﬁéarﬂhlﬁ&rm&uewlfdh Qitnht Lfeoxiw-erm% asmri&rdmgénoper,th -
a na rig e e
" exposed rraterlaf’av\f'ﬁﬁnaﬁpgdﬁ &gngf r\é (fe‘{é’d'l% q‘;?ﬁ;}[‘?’d}ﬁg
dopi ng, etchlngthadimageeaaebszoﬁgthhesmhayraﬁexnhxﬁhtHEveHHEHnEh&rmmlch
‘have been baredbx development, using known methods. -

It is also possible.te.heat the photoresist material
after the imagewise exposure at A = 365 nm to 120°C and
then to sﬁbject it to a second overall expesure at

" A= 365 to 436 nm ‘and then to develop the photore51st

- Wlth an aqueous-alkaline developer. By means of this

- 1mage reversal process crisp negative patterns can be

\'.\/:

produced.

In the follow1ng examples preferred embodlments of the
' lnventlon are. descrlbed Quantltatlve ratlos and
~-percentages relate to welght unlts, unless otherw1se o

indicated.
. . Example 1
. A photosensitive compbsition'compfising
3.5 pbw (parts by weight) of Ehejesterification
product of 1 mol of 2,3,4-trihydroxybenzo-
phenone and 2 mol of 1,2-naphthoquinone-

~diazide-5-sulfonyl chloride,

11.5 pbw of a poly-p-vinylphenol having a glass
transition temperature of 165 °C ,



s armaga

by devel opnent,

usi ng known met hods. It is al so possnble to heat the

- photoresist material after the inagew se exposure at [err]= 365 nm'to
and-then to subject it to a second overal | exposure at [err] = 365 to 436

nd.then to devel op the phatoresist with an aqueous- alka1|ne devel oper.
: By means of this inmage reversal process crisp negative patterns can be
produced. In the follow ng exanples preferred enbodi ments of the invention

are descri bed.

Quantitative ratios and percentages relate to vghgh

[err]

uni ts,unl ess otherw se indicated. Exanple 1 A photosensitive conpos?(ion
cdhﬁr|5|ng 3.5 pbw (parts by weight) of tQ? esterification product of

of 2,3, 4-trihydroxybenzo- phenone and 2~

of 1, 2- napht hoqui none-

-diazide-5-su|fony|_chloride,'11.5 pbw of a poly-p-vinyl phenol having
glass transition tenperature of 165 [err] , 0314037 -22- 0.3 pbw of

, 4, 4'-tetrahydroxybenzophenone 28. 0 pbw of ethyl ene gl ycol - nonoet hyl

acetate, 3.5 pbw of n-butyl acetate, and 3.5 pbw.of xylene

0.3 pbw of 2,2',4,4'-teﬁ:ahydroxybenzophenone,

28.0 pbw of ethylene glycol monoethyl ether ecetate,.'

3.5 pbw of n-butyl acetaﬁe; and

3.8 pbw of xylene

~ was applied to a silicon wafer by spin-coating at

4,000 rpm and dried in a circulating air oven at 90 °C

. for 30 minutes.  The 1.9 pm thick layer was'exposed to
actinic radiation of wavelength A = 365 nm through a

mask original. The exposed layer was developed in a

solutlon compr1s1ng

'7:0;61;pb§ Bf.SOdiﬁﬁ”ﬁetaeilicate ~9H0

0.46 pbw of trisodium phosphate :12H20

:.0.04‘pb? of mpnoeodium_phosphate, anhydrous, in

.f98;89 pbw_ofjdeionized water.

After a'deveiopment.time of 60 seconds at 21 °C, the’

patterns bared by development were examined. It was

found that cfisp resist patterns having widths of 2 pm

1 nol

a
2,2
et her

were obtained by exposure within the region from 167 to

268 mJ/cm? (latitude of exposure 101 mJ/émz).



vas applled to a SI|ICOﬂ waf er by spi n- coatlng at 4,000 rpm and drled in
C|rculaf|ng air oven at 90 C foor 30 mnutes.. The 1.9 pmthick- | ayer was.
expo *to actim c radiation-of wavel ength [err] = 365 nntthrough a mask [
orrgrﬂal The exposed | ayer was devel oped in a solutlon conprrsrng 0. 61. pbw -
of sodruntnetasrllcate [err] 0.46 pbw of trisodi um phosphate [ Abéf-pbw S
of mpnosodi um phosphat e, anhydrous, in 98.89 pbw of delonlzed er ft '
a developnent time of 60 seconds at 21 [err]s 2he-patterns bared by
dev pment were examined. .It was found that crisp resist patterns having

s of 2 pmwere obt ai ned by exposure within the region from167 to 268
nﬂ/[err] (latitude of exposure 101 mi/[err]). 0314037 - 23 - Exanple 2
(Conparative Exanple) A photosensitive conposition was prepared as
described in Exanple 1, except that t he dye Spv-absorber) was omtt.ed.
Devel opnent was AE3BPA L tadve ERample) The ni croscopi c. exani nation
of the resultlng pattern showed that 2 [err] wide structures coul d only be

produced in the re 67 to 201 rr e sure lati-
tude vas 34 mJ/[érBrPQ?ﬁsnaaéégeoFofﬂaesgi#e Whin nerarel a3 HHrindd |
~ in Example 1, except that the dye (UV-absorber) was
omitted. ' ' '

' Development was also performed as in Example 1. The
O " _microscopic. examination of the resulting pattern showed
| that 2 pm wide structures could only be produced in the
_ region from 167 to 201 mJ/cm2, i.e., the egposure.keti-
:; tude was 34 mJ/cm2. The edges of the resist-patterné '
were not sharp. |

Example 3
A photosensitive composition comprising.

- 10 pbw of a cresol—forﬁéidéhfde hC§olék:havihg;a-'

W

”softenlng ‘range of 147 to 150 C, determlned acc.
to DIN 53, .181, .. ' : '

1]_8.pbw of a 50% strength solutlon of polyvznylmethyl
B ether in toluene,-

-3 pbw of the 1,2-naphtoquinone—aiézide¥4—eulfonic acid
ester of 4~(2—phehy1;p:op—2—y1)phenol, and

7 pbw of 2,2'-dihyardxy-4j4'—dimethoxy—beniophenone, in

72 pbw of l-methoxy-propan-2-ol



gmere not sharp Exanple 3 A phOtOSEﬂSItlve conp05|t|on conpr|5|ng 10 pbw
fa cresdl -formal dehyde novol ak haV|ng a softening range of 147 to 150[err] -
_:det_.z ned acc.* to DIN 53, 181, .8 pbw of a 50% strength sol ution of '
- pol ywvi'nyl met hyl ether in toluene - 3 pbw of the _
1, 2- napht oqui none- di azi de-4-sul fonic acid ester of
4- (2- phenyl - prop- 2-yl ) phenol, and 7 pbw of
2 2' - di hydroxy-4,4' - dlnethoxy benzophenone, in 72 pbw of
qg;hoxy propan-2-ol . O 314 037 - 24 - was processed as descrlbed in
Exanpl e 1. The i magew se exposure resulted in crisp, 2 pm wi deQ@d4t@3%hs
with energies from60 to 100 [err] (latitude cfgq exposure 40 mi/[err].
Exanpl e 4 (Conparative Exanple) A photosensitive conposition conposed as
described in Exanple 3, except that the dye (UV-absorber) was omtted, was
processed as described in. Exanple 1. 2 pmw de structures could only be
produced when the i nage- w se exposure was perforned with energies from60
to 88 [err] (exposure latitude 28 [err], whereby no sharp edges were
obt ai ned. was processed as described in Example 1, The imagewise

exposure resulted in crisp, 2 pm wide patterns with
energles from 60 to 100 mJ/cm? (latltude of exposure 3
40 mJ/cm2). ' ' .

o ' Example 4 (Comparative Example)

A photosensitive composition composed as described in
Example 3, except that the dye {UV-absorber) was

- omitted, was processed as described in Example 1. 2 pm
wide structures could oniy be produced when the image-~
wise_exposure was performed with energies'from 60 to.

88 mJ/cm2 (exposure latitude 28 mJ/cmz), whereby no -
sharp edges were obtained.

“Exaggle 5"

A photosensitive,éompqsition was prepared from the con-
é _ stituents listed in Example 3, -coated onto'a'Subetrate
L and dried as described in Example 1, and then exposed
through an exboeure mask with actinic. radiatioh of
wavelength A= 365 nm. Subsequently the re51st layer
was heated to 120°C for 1 minute by means of a hot
plate and thereafter subjected to an overall exposure
with actinic radiation emitting from 365 to 436 nm, at
an exposure energy of 200 mJ/cm2 . Development was then
performed as described in Example 1. Negative patterns
with sharp edges were obtained, i.e., the image rever-
sal process was not adversely influenced by the dye
additive. '



gExample 5 A photosen5|t|ve conp05|t|on was prepared from the con- stituent
‘listedin Exanple 3, coated onto a substrate ‘and dried as d din
Exanpte 1, and then exposed t hr ough an exposure mask with actlnlcradlatlon
of velength [err]= 365 nm Subsequently the resist |ayer-* - was
heated to [err] for 1 mnute by neans of a hot plate and thereafter
subjected to an overall exposure with actinic radiation emtting from 365
to 436 nm- at an exposure energy of 200 ml/cnR. Devel opnent was then
perforned as described in Exanple 1, Negative patterns with sharp edges

wer € obtained, i.e., the inmage reve?5 “sal proeess was not adv@B34I0387"
i nfluenced by the dye additive. - 25- 0314037
Clainms: |. Positive-working photosensitive conposition conprising a

phot osensi ti ve conmpound, -a binder that is insoluble in water and sol uble or
swel | abl e in an aqueous-al kaline solution, and a. dye, characterized in

t hat the dye conprises a non-bl eachabl e conpound whi ch absorbs |ight at
[err] = 365 + 150ﬁﬁiaﬁd corresponds to the general formula | [err] [err]

1. Positive-working photosensitive composition
. comprising a photosensitive ‘compound, a binder
- that is insoluble in water and soiuble or
_ swellable in an aqueous~alkaline solution, and a.
N - dye, characterized in that the dye comprises
a non-bleachable cempound which absorbs light at
A= 365 + 15 nm and corresponds to the general
formula I

(L)
8 R40 .

wherein

R] to Ry are identical or different and denote .
hydrogen, alkyl, hydroxyalkyl or '
“alkoxyalkyl, and

Rs and Rg are identical or different and denote
hydrogen, alkyl, hydfoxyalkyl, alkoxyalkyl,

halogen or amino.



A , - o :
wheré&in_[err] are identical or dlfferent and denote hydrc dro aIk ?
hydr @x yal kyl or al koxyal kyl, and R5 and R6 are |dent M“ :l"l ﬂlr
denof e:hydr ogen; al kyl, hydroxyalkyl al koxyal kyl , * SR
L "M ;S 0314037 -26- 2. A photosen3|t|ve conp05|t|on as clalned inclaim
1, char@cterlzed in that an o-quinone diazide is present as the ()314037
photosensitive compound. 3. A photosensitive conposition as clainmed in
claim1, characterized in that a photolytic acid donor in conbination with

an dichIeavabIe conpaund cont ai ni Rg2& -C-0-C grouping is present as the
phot osensitive conpound. 4. A photosensitive conposition as clainmed in
claim 3, characterized in that an organi ¢ hal ogen conpound is present as

the photolytic acid donor. 5. A photosensitive conposition as clainmed in

any one or several of clains 1 to 4, characterized in that a. novol ak
condensati on rQS' Na néh@&@éaakl%av@%&bmu& adh ANOLRSENS] téVgim 1,

conp03|t|on as clal in claimb5b
characterized. in that an o-quinone diazide is

present as the photosensitive compound.

3. A phétosensitive_bomposition as claimed in claim 1,
' characterized in that a photolytic acid donor in
. combination with an acid-cleavable compound
N~ - containing a C-0-C grouping is present as the
photosensitive_qompound. |
4., A photosenSitive composition as claimed in claim
3, characterized in that an organic halogen compound

is present as the photolytic acid donor.

5. A photosensitive composition as claimed in any one
or several of claims 1 to 4, characterized in that
"a. novolak condensatlon reSLn is present as the -

blnder._

U | 6. A photosensitive composition as claimed in claim 5,
characterized in that the alkali-soluble novolak
condensation resin is blended with other resins in
a proportion of up to 20 % by weight.

7. Positive-working photosensitive recording material
essentially comprising a substrate of any of the
types conventionally employed for photoresist
applications and a photosensitive layer, charac-
terized in that the material comprises a
composition as claimed in claims 1 to 6 as the
photosensitive layer.



%chaﬁacterlzed in that t he alkall-soluble novolak condeﬁSﬁtTﬁﬁ"?EETﬁ is
bl etyded .wi t h ot her resins in a proportion of up to 20 % l“““m“lg :
:POS(F\I ve- wor Ki ng photosensitive recording materi al esse mulﬁm a
substrate of any of the types conventionally enpl oyed for*prtére i st
appl i cati ons and a photosensitive layer, charac- terized in that _the
materi &1 conprises a conposition as clagied in clains 1 to 6 as PRd4037
phot osensitive | ayer. C L M S 27 - 0314 037
8., Process for the production of a phot oresi st pattern, characterized in
th?f’a p05|t|ve wor Ki ng recordlng material as clainmed in claim7 is exposed
through a mask original at [err] 365 nm whereupon it is either devel oped
"W th an aqueous-al kal i ne developer or, alternatively, heated to 120C,
:thereafter subjected to an overall exposure at [err] = 365 to 436 nntand

athen devel oped wi th an aqueous-al kal i.ne devel oper.
Process for the production-of a photoresist pattern,

+ characterized in that a pOSLtlve-worklng recording
material as claimed in claim 7 is expesed through a
mask original at A = 365 nm, whereupon it is either
developed with an agqueous-alkaline developer or,
alternatively, heated to 120°C, thereafter subjected -
to an overall exposure at A = 365 to 436 nm and then’
developed with an aqueous-alkaline developer.
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