-1 - 0300326 The present invention relates to novel
hydrdoxy-s pol yi ni des and to hi gh-tenperature-resistant, positive- working
phot oresi st m xtures prepared therefromthat are developable wi t h aqueous
alkali. 5 Positive resist mxtutes and the use there®308326known.
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describe heat resistant positive resists. The advantages
of positive resists over negative resists are also known

20 in the art, which include higher resolution and exposure
time stability in the presence of oxygen.

The relief structure produced by exposing and
developing the photoresist layer is suitable for various
purposes, for example as an exposure mask or a pattern

25 such as is employed in the manufacture of miniaturised
integrated electronic components or the manufacture of a

3 printing plate.
o The properties of a resist composition which are
important in commercial practice include for example the

30 solubility of the resist in the application solvent, the
photospeed of the resist, development contrast, environ-
mentally acceptable developer solubility, resist resolu-
tion, resist adhesion, dimensional stability at elevated
temperatures and abrasion resistance. '

35 Photospeed is important for a resist, particular
in applications where a number of exposures are needed,
for example in generating multiple patterns by a repeated
process, or where light of reduced intensity is employed,



for exanpl e in generating nmultiple patterns by a repeated process, or where
Ilgﬁt of feduced intensity is enpl oyed, -2- for exanple in projection
exposure. Control of the photospeed is extrenely inportant in order to
produce high resolution relief patterns-iZi4ricrocircuitry; too high a

phot ospeed can for exanple result in narrowi ng the 5 processing conditions.
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dimensions is extremely important in the production of
large scale integréted circuits on silicon chips and
similar components.

Various attempts have been made in the prior art
to produce high temperature positive resists possessing
20 the above-described desired properties. For example,

US-A-4,093,461 discloses a heat resistant, positive

resist composition comprising a naphthoquinonediazide and

the polycondensation product of an aromatic dianhydride

(pyromellitic anhydride) and an aromatic diamine

25 (4,4’'-diaminodiphenyl ether). The properties of the

positive resist of the patent are discussed in

US-A-4,395,482 (column 1, 1lines 46-64). There it is

pointed out that the positive resist composition of

US-A-4,093,461 has limited storage life, insufficient

30 stability to alkaline etching solutions and relatively

small differences in solubility between the exposed and
unexposed portion of the resist.

To date, the use of imageable polyimide resist

systems has been 1limited by too slow a photospeed,

35 excessive volume contraction and shelf life problems. The

exceptional dielectric and high temperature resistance

properties of polyimides made them particularly useful in

the semiconductor industry. They can be used, for



unexposed portion of the resist. To date, the use of inageable polyimde
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- 15 materials based on this chemistry have been plagued by
poor shelf life, extraordinarily low photospeed and
excessive post-development/post-cure structure contrac-
tion. Although materials based on this chemistry have
yielded high resolution structures, they required

20 exposures of 10 minutes or longer. Shelf life was also
poor, particularly in highly concentrated solutions
required for thick film applications and contraction of
original structures upon cure was as much as 60%.

Aromatic polyimides with free hydroxyl groups,

25 prepared by reacting pyromellitic dianhydride with either
3,3’-diamino-4,4'-dihydroxybiphenyl, 2,2-bis(3~-amino-
4-hydroxyphenyl)propane or bis(3-amino-4-hydroxyphenyl)-
methane, are described in Chemical Abstracts, volume 68,
No. 18, 6720, No. 69434r.

30 A radiation-sensitive mixture which in addition
to an organic chromophoric azide contains a polyimide
from aromatic tetracarboxylic acids and aromatic diamines
is disclosed in EP-A-0 092 524. The polyimide is charac-
terised by a minimum content of aliphatic groups and/or

35 bridge groups, but it may also have free hydroxyl groups,
since the aromatic diamines mentioned as starting
materials include 5,5'-oxybis(2-aminophenol) and
5,5"-sulphonylbis(2~-aminophenol). Said EP-A contains no



4-hydr oxyphenyl ) propane or bi s(3-am no-4-hydroxyphenyl)- nethane, are
descri bed ‘i n Chemnical Abstracts, volune 68, No. 18, 6720, No. 69434r. 30
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where
A is the radical of a compound having at least one
N aromatic six ring, each of the four carbonyl groups
15 being attached to a different aromatic carbon atom
of A and each pair of carbonyl groups being situated
on adjacent carbon atoms, and
B is the radical of a compound having at least one
aromatic six ring and at least one hydroxyl group,
20 with the proviso that either the radical A conforms to
the formula IIIa
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3 . _-5 or the radical Bto the fornula IVa (1Va) 3 where k is an integer
fromO to 3, or that the radical A conforns to the fornula Illa and the
radical Bto the 5 fornula IVa. The invention further provides a

phot oresi st m xture containing as essentifal-constituents a |ight- senS|t|ve
conpound and a polyimde. The photoresist mxture of the invention is 10
characterlsedohnthgagahﬁgagobykglQﬁel§o§mﬁggpq9gd of the foregoing formula
| . The | ight-sensitive mxtures of the 1nvention can be used for preparing
hi gh tenperature resistant relief structures possessing excellent
resaol uti on and adhesion. 15 The polyi m des of the invention can
al so be used for preparlng hi gh tenperature resistant protective coatings.
The hydr oxypol yi m des of Phe |nvent|0@Fare in UQDQI prepared by sol ution
condensatlon of, for 20 ex 2,
Iquoprrpan ith a dianhydrid?Igg)a
tetracarboxylic acid. A porffion off th
2, 2- bi s(3-am no- 4- hydr oxyph e may be replaced with

anot her di am ne conononer cohtai ni ng ﬁ@ phenol Fc hydroxyl groups to

I ncrease the solubility of 25 the polyner in the aqueous al kali ne
solutions in the coating solvent. The solubility of the polyimde in the
devel oper can al so be reduced or its solubility in the solvent increased by

Lgﬁcﬁr;‘% FOr REEPKE 18C¥hA1 hEdgeiOFRoft| 0t B8 BYIb0*X¥hal £HBSrhAiklE A
y ' conforms to the formula IIla and the radical B to the
5 formula IVa.

The invention further provides a photoresist
mixture containing as essential constituents a light-
sensitive compound and a polyimide.

The photoresist mixture of the invention is

10 characterised in that the polyimide is a compound of the
foregoing formula I.

The light-sensitive mixtures of the invention can
be used for preparing high temperature resistant relief
structures possessing excellent resolution and adhesion.

15 The polyimides of the invention can also be used
for preparing high temperature resistant protective
coatings.

' The hydroxypolyimides of the invention are in

W, general prepared by solution condensation of, for

20 example, 2,2-bis(3-amino-4-hydroxyphenyl)perfluoropropane
with a dianhydride of a tetracarboxylic acid. A portion
of the 2,2-bis(3-amino-4-hydroxyphenyl)perfluoropropane
may be replaced with another diamine comonomer containing
no phenolic hydroxyl groups to increase the solubility of

25 the polymer in the aqueous alkaline solutions in the
coating solvent. The solubility of the polyimide in the
developer can also be reduced or its solubility in the
solvent increased by reacting, for example acylating,
some of the hydroxyl groups in the polymer.



-6- It has also been found that the solubility of the polyimde in solvents
and i'ts devel opability in alkaline nedia can be controlled by the sel ection
of the am no- phenol and di anhydride. 5 Exanpl es of preferred

di anhydrides are 2, 2-bis- (3, 4-dicarboxyplermyl)hexaf| uor opr opane

di anhydri de (6F-di anhydride), 3,3',4,4"-benzophenonetetracarboxylic-

di anhydride (BTDA) andIbiKasli £BsdbeaSFtidnd hatr tieas8Yubdli g9 o£Oche

The ot ospeed esists.of the ingvention can be.controlled for
exangle topvalngY%Q?ﬁéeﬁnaﬁgﬁYeﬁgsnﬂ?@nﬁ %ﬁ%eﬁﬁﬂﬂ?ggbglﬁﬁlf%??i%aiaﬁ§
result is achi®edéiabganoie stdntnplles goy ythedeelenpinanofs therpasinoen.

The positive rgababs QhdlHianhPepabon after 15  exposure in the
conventional manner can be devel o i n an aqueous al kaline devel oper to

ped in . ;
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superior shel fdtanhyudridea(BTDA) and:biexdirarhoxyphenyl)aetHepndianhy-
polyanidecarbodfigg.acids as polyimde pre- cursors. The resist mxtures
t hou

can be stored w t gel 25 formation for an extended period of tine at
room tempdPa- ture witFbat phetespesd fe Phet vepistisorfvithesinyenpione

fromtheir usecan BedlcdRSI LA fof € Sxamp1@NttPOvhi h¥E Hatwdeh &out
palyi m des of i@ewzgeptalnc()jgs_ggn al 88 be/usgd_ for p;odtim r)g_ hi gh heat
resistant protett %0 Phgd00 md/ 6wl yiThige resnltnds; achheved by e
prepared by coodrtsallibngothetpotpsiidsechyponsitsubsipbalieionlona- tic
di am ne H2N-B-NH2 wi t hTﬂé lpeoassftfxpee %regggttlsc gf ar{%s dg'.lngrg:ntion after
el 15 exposure in the conventional manner can be developed in
an aqueous alkaline developer to provide fine relief
structures suitable for use in microelectronics and for
producing printing plates. These resists have high
thermal stability (250 - 350°C), improved photospeed,
20 improved solubility in the commonly used coating solvents
and excellent adhesion. The resists of the invention have
superior shelf storage stability over existing resists
based on. polyamidecarboxylic acids as polyimide pre-
cursors. The resist mixtures can be stored without gel
25 formation for an extended period of time at room tempera-
ture without affecting the photospeed or viscosity.

Aside from their use in high temperature resis-
tant positive resists the polyimides of the invention can
also be used for producing high heat resistant pfotective

30 coatings.

The polyimides of the invention are prepared by
condensation of at least one hydroxyl-substituted aroma-
tic diamine H,N-B-NH, with at least one aromatic dianhy-
dride:



-7 The groupings A and B in the above-indicated formula | nay be

substi t ut éd by al kyl, alkoxy aryl, aryloxy or other inert radicals. The
four-val ent grouping A preferably consists of 5 substituted or

unsubsti tuted benzene, naphthal ene or pol yphenayl nuclei having up to four,
in particular two, phenyl rings and m xtures thereof. It has in particular

the fogmula 111 10 where X Is a single bond, 0, CO SO, an al kyl ene
group or a fluorinated al kyl ene oupcmaV|ng(i)to carbon atons, and n
is 0, 1or 2. 15 Exanpl eg A the 4F rou‘pﬁd( re [err] and CH3CCF3;
hexaf |«uor opr opyl i dene, car bonyl gt hep“tyoup preferred. The

grouping B preferably consists of..benféne or @bl yphenyl nuclei having up to
six, in particular two, 20 benzene rings and m xtures thereof. Particular
preference is given to groupings B of the formula IV X

(1'V) where X is a sine groupthBF]A gad 2 inanciéd K ubove-dhdikatedy 25

s hunber 1 ndepHAB y Lo et Y BRSO 1By eV hyerabkey T ngEv L,

radi cal B cont aiaxyipxyn dotatthext dreast wadic@iswoup. X is particularly

preferably a hexafl UOTrfhe '&ro%ﬂ\)a‘i%ntgbguaping A preferably consists of

5 substituted or unsubstituted benzene, naphthalene or
polyphenyl nuclei having up to four, in particular two,
phenyl rings and mixtures thereof. It has in particular
the formula III

pfof—@ -
10 where

X is a single bond, 0, CO, SO,, an alkylene group or a
fluorinated alkylene group having 1 to 6 carbon
atoms, and

n is 0, 1 or 2.

15 Examples of the group X are C{CH;),, C(CF;), and
CH,CCF;; hexafluoropropylidene, carbonyl and ether groups
are preferred.

o The grouping B preferably consists of benzene or

polyphenyl nuclei having up to six, in particular two,
20 benzene rings and mixtures thereof. Particular'prefer»zas'
is given to groupings B of the formula IV

-

where
X
25



L A [err] of the aromatic, hydroxyl-substituted *

groupings® [err]be repl aced w th aromatic groupings D 10 containing
nunber droxyl substituents to give a copolyinide containing [err]of the
above-indicated fornula | and units of th& general fornmula Il: [err] where
D is a hydroxyl -devoid aromatic radical that has at.15 | east-one aronatic
six ring.and.A.js aatcmsjned above. D corsists of- aromatic, divalent nuclei
or’ nfxtures thereof.[er 0 dr substituents. The polyimde
contains up tg§80 %ef£$mb€ t%0¥ g§art|cular up-to 30, nol % of units of
the forml-a=1% basb%l onnmbesunrn@eyandgetlm sghpesed £xem 0 toh HkRT | on

t he copoly|n1des ofedde bENEEA&ORiAGY Dbe further nDdlfled by the addition

of allphatlc daI £ye u err]io the al i
al i Byet r’c**Corrp ¥d$ ‘g?ﬂ g’s‘{’ﬁ%t’e’a \'7\‘)?1%# p?"es erﬁs é‘,i%%yg’}#
conponent . The armunt »f - abl pparltacatldra.hn c paieifergbdyps ashdtﬁiahﬂd-lom-ceed
50 nol.%.. pref e%f@?% %? d ess of 30 nmol % of the copolyimde. The

y a |V

grouping Dis [ent group 30 . co tothefor la V
-9- wherg X i s a sihdrerbénn of @%e [AFmatiy eréﬁfyﬁgl-gﬁ Hru n&l
fluorinated al d}t’d:epen@s QuRaRAYi B¢ keplaGedarwith 5aromat1catg&mplﬁgs Ds in

2l Koxy hatd ng SORBAES %‘%s'r%r&%s%ﬁé%én PlRh et by Ui boiiindle
10 m i s frwnﬂainlng wsigize dHr khea abwe-at}ﬂma&eﬂalﬁomuhd X iand
A units of the @=neral formula II:

NaVaN
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wheré D is a hydroxyl-devoid aromatic radical that has at
" 15 least one aromatic six ring and A is as defined above. D

_ ~ consists of aromatic, divalent nuclei or mixtures thereof
TR e nmnﬁw_. -ituents. The polyimide
' - contains up to 80, preferably 50, In part:.cular up to 30,
L ‘mol$ of units of the formula II, based on the sum total
=< 20 # units I and II. .

In addition the copolyimides of the invention may

be further modified by the add:*ton of a,liphatic and
alicyclic grougs sw<esesools €O the polyimisc ensins The .-

alioh - and/or alicyclic componqpt may be hydroxyl-
ibstituted when present- as the dJ.udlan component. The
amount of aliphatic and alicygii c groups should not
exceed 50 mol%, preferab}y//_:}/ in excess of 30 mol%, of
the copolyimide. -

The 'uplng D is preferably a divalent group
;g to the formula V
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preferably a hexafl uoropropylidene group. Illustrative of the aromatic
di anhydri des suitable for use in the preparation of the polyinides of 15
t'he i nvention are pyromellitic -di anhydri de,

2, 3,6, 7-napht hal enet etracar boxylic draﬂhydrlde'

3,3",4,4'-bi phenyl tetracarboxylic di anhydri de,

1, 2, 5, 6- napht hal enet et racar boxylic dlan%ydr'de

2,2' 3,3 -biphenyl t oxylic df

(3, 4-di car boxyphenyl ) pr _

(3, 4; di car boxyphenyl ) UoKopr opane~ i ¥ = (V)

bi s( 3, 4-di car boxyphenyl) sul pho I a | de,

3,4,9,10-peryl enetetracarboxylic di anhydri de, bi s-

(3, 4-di car boxyphenyl) et her di anhydride, . 2,2-bis- 25 (2,

3-di car boxyphéf§@re propane  di anhydri de, 1, 1-bi s-

(2, 3-di car boxyphenyig ej hafiegle Ebﬁ@hddr¢§€ SOz,tHﬂSal 1ene group or a

(3, 4-di car boxyphenyl) net hane hydrlde bi s- 3-dic oxyphenyl)
sul phone. i anhydr | GELIRELBATED- SRR BRG bi Aty Br i SAEEOTh

met hods fo8 30 prepeom#y these aromatic di anhydrides are known, see for
exanpl e US- 3,310, 573; 3,408, 411; 3.553 94

Exanpl es AR hydﬁ)xyf"hsut??tc utgre af’éﬁ%P‘F‘E‘%ﬁPEHnegeiegggu 8%"?%“
formul a NH2 B- \Hzydrogem, halogén, &lXyldidwdadkphynAiatiing 1 to 6

34" -di am no-3', 4- X p y .
3, 3' - di hydr oxy- 4 4qé%¥an§n% e%@? gcgl gav1ng 2 to 10 carbon atoms,

3, 3" -di hydroxy- 4, 4' aG@amnodlphenyl sul phone, 2, 2-bis-
(3-am no- ﬂohyQﬁoxyphgnyfgﬁr@pgae4 bi s( 3- hydr oxy- 4- ami no-

| th 2,4-d | 3, 3'.,-di hydro
E)1Qéf'nyd|) gﬁ1 ngggnzopheno nhnopE?‘%*%(? %dﬁ&x@#éﬁﬁ#ﬁf pRe@Ag e&ndit,
1, 3- bi s(3- hydrpmgfdrahipoahﬂaxéibmopap@opylldene group.
2, 2- bi s(3- hydr oxy- 4- a”if?ﬁe g%#iPéOpQﬂ? tﬁad afofiabié fianhydrides

(3 am no- 4- hydr oxypheny uor opropane. reparation
is known; see $witahlepfer use in the preparatlon of the polyimides of

15 the invention are pyromellitic dianhydride,
2,3,6,7-naphthalenetetracarboxylic dianhydride,
: 3,3’,4,4'-biphenyltetracarboxylic dianhydride,
/ 1,2,5,6-naphthalenetetracarboxylic dianhydride,
2,2'’,3,3'-biphenyltetracarboxylic dianhydride, 2,2-bis-
20 (3,4-dicarboxyphenyl )propane dianhydride, 2,2-bis-
(3,4-dicarboxypheny1)hexafluoropropane dianhydride,
bis(3,4-di¢arboxyphenyl) sulphone dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride, bis-
(3,4~dicarboxyphenyl) ether dianhydride, 2,2-bis-
25  (2,3-dicarboxyphenyl)propane  dianhydride, 1,1-bis-
(2,3-dicarboxyphenyl)ethane dianhydride, bis-
(3,4-dicarboxyphenyl)methane dianhydride, bis-
(2,3-dicarboxyphenyl) sulphone dianhydride and benzo-
phenonetetracarboxylic dianhydride. The methods for
30 preparing these aromatic dianhydrides are known, see for
example US-A-3,310,573; 3,408,411; 3,553,282 and

4,030,948,
Examples of hydroxyl-substituted aromatic
diamines of the formula NH,-B-NH, are



Pol ymer Sci., vol. 20, 2381-2391 (1982). A portion of the

hydr oxyl - substituted aromatic di ami nes may as nentioned earlier be replaced
with a diamne of the formula [err] wherein Dis as pre- 15 vi ously
defined. Exanples of aromatic diam nes-ofl0the formula NH2-D-NH2 are.

m phenyl enedi ani ne, p-phenylenedi am ne, 4, 4' -di ani nodi phenyl et her,

? 3' L di ﬁm nOpBQW'—d&&bQ!’roﬁrb@nn@s@@ nodi Bh@ml&l%ﬂﬁédl 43dbh§dgo
ani nophenox nzene S henox enzi di
3,3 dlorret hoig ;g;gﬁ?l di neg 3/ 3d18 AL I’f?’l’geﬁm gﬁﬁ%&n?gép- BPXEhyI Bﬁha?di ne,
3, 3", -di am nodir edyhudm4,4’4'dlamwm®wdn sudphene, 2,2-bis-
K gl an nodi I@Eww.qnl qy}%ﬁamenﬁgyw' ﬁ 9§h4 api ;S o=

: i am no en su one I a su I de,
¢ SRRl ronliend, Tl
a, a- bi s(am no ene ~bis(3-RouperHeyo enzene,
2, 2-bi st4-(4- e laﬁa% >éy)p x% ﬁa opr gpane ¥a =
2, 2- bi s(3-am %op?f& Q% eXaf g %?gé 24 ﬂi‘iy? Fxgﬁgapgﬁpx%)propane,
p- xyl yl enedi aRi-Rebis( 3-h4rd4‘oxm-depmmm@pmrﬂopprapleenylandsul phRebjis-
4, 4" -bis- (3- am no-

' (3- gLapd %QQX-WWO% yﬁ.“}'hlé@da‘aiﬂuorﬂ) ioyﬂ)%ﬁp

phenoxy) . phenyl h Dbi's( 3- am nophie sul phone,
2, 2- bi s(4%ni nophenox v IDTRRAFATLon I dkRewRy - 88€; HOL fxample J.
Exanpl es of alPojlymierc Scdng &‘ollcyalm c2348|1a|213|96.s (398123hl e for preparing

copol yi m des arelZ? 419 0
bi s(4- am nocycl ohexyl nﬁ%’é‘?\i@ exa- ?ﬁcﬁxﬁmcfubstltuted aromatic
oct aret hyl enediamines may ucmmdeanimer be replaced with a

decanet hyl eneallamlﬁe, &pdeﬁarr%ﬂdxﬂrae%ﬁmum dﬂéx@i:@% NeR" Y| pre-
sul,phi de §drox§heéﬁge | enedi am ne, 1, 3-di am no-

2- hydrox%Brop A8US2Ys cycl ohexanol . 5 Exanpl es of
aliphatic and alicycl Exatipdesydof dexromattiab| didmingsepaf i thecopormubades of
the inventi ONNAOn_NH, are m-phenylenediamine, p-phenylenediamine,

4,4'~-diaminodiphenyl ether, 3,3’-diaminophenyl ether,
3,4’'-diaminodiphenyl ether, 1, 3-bis(aminophenoxy)benzene,
20 1,4-bis(aminophenoxy)benzene, benzidine, 3,3’'-dimethoxy-
benzidine, 3,3’-dimethylbenzidine, 3,3’~-diethylbenzidine,

-/ 3,3’-diaminodiphenylmethane, 4,4’'-diaminodiphenylmethane,
4,4’'~-diaminodiphenylpropane, 3,3’-diaminodiphenyl sul-
phone, 4,4’-diaminodiphenyl sulphone, 4,4’-diamino-

25 diphenyl sulphide, 2,2’'-bis(4-aminophenyl )perfluoro-
propane, a,a~-bis(aminophenyl)-p-diisopropylbenzene,
1,3-bis(4-aminophenoxy)benzene, 2,2-bis(4-(4-amino-
phenoxy)phenyl Jhexafluoropropane, 2,2-bis(3-aminophenyl)-
hexafluoropropane, m-xylylenediamine, p-xylylenediamine,

30 4,4'-bis(p-aminophenoxy)diphenyl sulphide, 4,4'-bis-
(3-aminophenoxy)diphenyl sulphide, 4,4'-bis(p-amino-
phenoxy)diphenyl sulphone, 4,4’'-bis(3-aminophenyl)
sulphone, 2,2-bis(4-aminophenoxyphenyl ) propane and
mixtures thereof.

35 Examples of "aliphatic and alicyclic diamines
suitable for preparing copolyimides are 1,2-bis(3-amino-
propoxy)ethane, bis(4-aminocyclohexyl )methane, hexa~
methylenediamine, octamethylenediamine,



ethylenetetracarboxyl|cd|anhydr|de 1,2, 3,4-butanetetra- carboxylic

di anhydri te, 1, 2, 3, 4-cycl opent anetetra- carboxylic dianhydride and
2,3,5, 6- cyclohexanetetra- 10 car boxylic dlanhydrlde O the polyimdes,
partlcularly preferred ones are those thdtl rave been obtained from

2, 2- bi s(3-am no- 4-hydroxyphenyl)perfl uoropropane = and 2, 2-bi s-

(3 4chcmwmxﬁﬂwnﬂﬁd&ah@x&meﬂmxﬁmﬁe, chaﬂbuymaehymgneﬁwaﬁ@ﬁe,

exarrpl es se .prepared from .SAITE
di ani ne and one ﬁ %L&g}%%w 1] ‘csﬁea’n S’r]'lsdgio A NORTORY LY, car’E‘E)1 yl)
et her di anhydr3 'dBY‘%rQ'xmhquZéuhbﬁmgameboxyl i &, i-ahhadrinle -and

2,2-bis(3,4- d'mmwaﬁ@xaéldl%%ﬁ%iﬁﬂoh&m 20 dride.

Preferred di am ne comnoners are exa
2, 2- bi s(3ani nopheny| 3nRieR prr"ﬁﬂdﬂ@tlcaﬁd‘d aligygildc dianhydrides

(4-am nophenyls)dm:aiﬁlejcﬁ’omrpr@muﬂ§ dopodlyStijdessio ehied ihvRnHivhlage Of

Superior o ont O SHEEG A R o 4 PaRhyReila L RS A PRt om0

cont ai ni ng at gaxkaxydoiqol vdianhysrtideyl ar 4t 21,83 4t-cye lopeitanke tetirtas of
2, 2-bi s(3-am RQer M@&XY&J?&EW*QPJ?&@‘C ! Hﬁ{io%oﬁa@els-zgélgﬂbﬁa?ﬂqu ¢4l al so

be nodi fi.ed after ol y- I sat1on at1ng a portion
of the h r&?‘&)ﬁsi with an acyI ating agent having up to
10 carbon atoms e. g Gﬁ:ethé @auydmdes,prparamtﬂmrydpréﬁerbeazahbs

cshloride or diket I netlonae repa by 35
known pol yneri sat i on % nél)tgu%ésnédé%?@a?%gabveg g ﬂ‘ng Qﬁﬁzg F’HS‘E L
sol ution condéﬁﬂﬂ@@mhemnls)lmrﬁlu@ImEOpalnq)honamd aci2d 2-bés-

tal yst g 12 d
gIaJ ?h?/: | rg.)vc(a f\ ZI@O il ﬁcajg%&ﬁ?ﬁhén?f) feRa¥idorbPropane didRfygiykT des

her examples of preferred polyimides are those
prepared from the same diamine and one of the following
dianhydrides: bis(3,4-dicarboxyphenyl) ether dianhydride,
3,3’,4,4'-benzophenonetetracarboxylic dianhydride and

2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhy-
20 dride. Preferred diamine comonomers are for example
' 2,2-bis(3-aminophenyl )hexafluoropropane and 2,2-bis-~
% (4-aminophenyl )hexafluoropropane.
It is also possible to use mixtures of the
diamine and dianhydride monomers to produce copolyimides
25 having superior properties. . Particularly preferred
polyimides are those containing at least 50 mol%, in
particular at least 70 mol%, of units of 2,2-bis(3-aniino-
4-hydroxyphenyl )hexafluoropropane.
The polyimide can also be modified after poly-
30 merisation, for example by acylating a portion of the
hydroxyl groups in the polymer with an acylating agent
having up to 10 carbon atoms, e.g. acetic anhydride,
propionic anhydride, benzoyl chloride or diketene.
The polyimides of the invention are prepared by
35 known polymerisation techniques, typically by the high-
temperature solution condensation method using p-toluene-
sulphonic acid as catalyst (see for example
EP-A-0 163 518). '



t he preparation of positive-working photoresist m xtures. These resi st

m xtures contain a polyinide as heret ofore descri bed and a radiation- or

| i ght -sensitive conpound. 5 Jse of radiation-sensitive
conpounds, for exanple o-qui nonedi azi d'e i's known, for exanple from
"Light-Sensitive Systens" by J. Kosar, John W | ey & Sons, New York, 1965,
chapter 7.4. The radi Jherpatyimides ofnsbisddinveiticm dee subefil utied

napht hoqui nOn%@W&r&QlonV@E%@i@l@-fW@ﬂHﬁ'Eﬂl’l&ﬁdi%%‘iéﬁ"m&%%u . N

pOSI tive resi %23? or nul at i ons Such radi at|on-sensgitive conpoun
described for Gepl ket RixuEesy eqntasn 166P265”“3d§485999re§°f969047
3,201, 329; 3, MEGIbah@R] xRt ildrs! Wr dri@xﬁ-ﬂiénﬂiﬂ:itd‘& d‘diﬂﬂﬁﬁﬁﬂt ion

products ef 15 1, 2- thgguidpnes 51g¥§f7>hd§gﬁg%§fwe4 su l%ll%{ys'cl}l oride

wi th phenols, e.g. hydroxybenzophenonés
radi at i on- senﬁ%%oﬁpﬁﬂhﬂ@néﬂlcémgﬁbt ii®n kmywne lfQE.'d examplée from

hyd I QGaTht-Sdifs t
comost L on 2 ‘%"i 3 de‘fe“"’@! ngP’QESF‘L"EYF??g R { TONE AR Sefe
6 uﬁﬂﬁﬁ§

pol yi mi de and é'?ﬂé%’rll@nréeaétlltmv@

radiation is eiompotundsousieddicancbey sabstituedd AhphtRbELIh6heB28EERENT

25 posit ondied #h8) Bl Tonal y ueld 1R the "gkd o6y posivive’ "

Radi ati on- sengiesigs dompuslat ions subiclsradbstidhsseénsitive tbmpounds

above- refer enead RAIRIHIDEP T Exdnp Tl B 082REBHBYY £2130 RA10E HBEG" UPOn
exposure to r§g %&on gener at es sechnd ol

tai ni ng at & 833 &éﬁ@aOéBFég?%hp”%ka}vd@s’ 83?5 acldd368§av865e
conpounds ar eUseful CamssiNdsnéPadai Nicha atcdrﬂiésiséﬁl%xpftﬁﬁa&ﬁé@éw bg acid

v o paPyme 2 Serishodd ibne?T- 4 4295e0s o2 B A ERRBY TECh iaRAdPoned
groups as conwWd&h phemodiser ©.ign hiydroxiybenzaphenonas .si de groups; and
In general, any radiation-sensitive compounds or
composition may be used with the hydroxypolyimides of the
invention provided that: 1) the compound or composition
20 has a developer solubility inhibiting effect on the
| polyimide and 2) the compound' or composition upon
N exposure to actinic radiation is directly or indirectly
converted into molecules possessing enhanced solubility,
tackiness or volatility. Such radiation-sensitive com-
25 positions are disclosed in US-A-4,247,611 and 4,619,998.
Radiation-sensitive compositions such as those

disclosed in the above-referenced patents comprise a

radiation-sensitive compound which upon exposure to

radiation generates an acid and a second compound con-
30 taining at least one acid-cleavable group.
Examples of acid-cleavable compounds are:

A. compounds containing at least one orthocarboxylic
acid ester and/or carboxylic acid amide acetal
group, which compounds also have a polymeric charac-

35 ter and may contain the abovementioned groups as .
connecting members in the main chain or as side
groups; and



- 13 - B. pol ymeric conpounds with recurrent acetal and/or ketal groups
in which preferably both -carbon atons of the alcohols required formng the
groups are aliphatic. 5 Aci d- cl eavabl e conpounds of type A are
described in detail as conponents of radiblion-sensitive mixtures in

US- A-4, 101, 323 and 4, 247,611, while conpositions containing conpounds of
type,B are theBsubj pclymériB— AohpRhd¥?3witR recurrent Sacétdle and/or

aci d-cl eavabl e conpg, 0 t ryl A5id! s
and am nal s di scl ose %ézg%%fb Eﬁgﬁggmc)g ﬂ&; s&l ?ﬂlﬁy‘g type are
enoljc ethers and a@¥l Mh%oéé?ﬁbﬂhﬁes‘fe%%%cf@%élngn the AgHoBPE &% and 0

006 627. 15 al,_ﬁhagj_ge nunber of known corrpounds and m xtures nmay be
used as rﬁi ation-sens e ions uent s for(gn ‘ﬂ ttlen ci ds on
irradiatioh, for exanp*‘ TG2BRAY GRS SF PRPOPRDTE 6 I?Ié cp’f&

salts and i odoi:iwdesmi.lsaer chaipogentsorqfommlh,ammmmm-mwures

sul phonyl chlojjd ds0 t r N GHG1d! gsg abl e
di azoni um sal t%ha(ratzst% r i@f 5% aéxlu?hggn%se Q?fabsorp]fél)orr?éﬁ gq!el Jés%’ﬁwé/een
300 and 600 nnq:omenaMy @%B@u@ﬁ%z urkYB$hoSohakruntheul peRieck L8

i odoni um conpoygdg-4! egysgdsin the for m of salts soluble 25 in organi c

sol vents,_pormally asthe separati.o S wth co | ex ;aci ds 0
exanpl e hYy &rofl uobor i cSBEEab jL3ﬁe>9é’l‘11 ﬂi’éﬁ C%P‘a“n Eﬂls&oa‘m?ifb‘i?c
acid or hexafl foareganplacthe &ybxmjakyye&qethm jameinals disclosed
positive- workln nbe p
conpounds, H M&#}%%a@#am ﬁ#%ﬁ% ch OI’It e S s ggéf eér)Ir.%d
since on exposenell.c eches st ranet acylllm.mcanmnmeh bsi discddaged in

relatively hlg% dﬁgbeg gfahgtgﬂalblﬁa& g97during splitting of the
pQﬂyacetaIs and poly P

A large number of known compounds and mixtures
may be used as radiation-sensitive constituents forming
or splitting off acids on irradiation, for example
diazonium salts, phosphonium salts, sulphonium salts and
iodonium salts or halogen compounds, quinonediazide-

20 sulphonyl chlorides and organometal/organchalogen com-

. binations. Suitable diazonium salts are the compounds

(7 with a useful absorption range between 300 and 600 nm.
Generally these diazonium, phosphonium, sulphonium and
iodonium compounds are used in the form of salts soluble

25 in organic solvents, normally as the separation products
with complex acids, for example hydrofluoboric acid,
hexafluophosphori¢ acid, hexafluoantimonic acid or
hexafluoarsenic acid. Alternatively, derivatives of
positive-working o-quinonediazides can be used. Of this

30 group of compounds, 1,2-naphthoquinonediazide-4-~sulphonyl
chloride is preferred, since on exposure it forms three
acid functions which bring about a relatively high degree
of intensification during splitting of the polyacetals
and polyketals.

35 In principle, the halogen-containing radiation-
sensitive compounds used as capable of forming a hydro-
halic acid can be any organic halogen compound known as
a free radical initiator, for example an organic halogen



35 I n principle, the hal ogen-containing radiation- sensitive
conpounds’ used as capable of forming a hydro- halic acid can be any or gani ¢
hal ogen conpound known as a free radical initiator, for exanple an organic
hal ogen - 14 - conpound which contarnk4nore than one hal ogen at om bonded
to a carbon atomor to an aromatic ring. Exanples of such conmpounds are

di sc|l osed i n tSmpetin81GhbéR; cdnt@ind Hbire3 thah 648 nadoaeﬁ%tdﬁ&mﬂdea

00Tt o o7 8! § SUPRLA AR SR B cd Wt BLBRRISENKURY B8 Bmp1 o8 U5F sy
s-triazi nes dFSEPAYRES| rALES Auciegegz3any8bé-§s§a5a§53a. d3g%$ﬁerﬁ$$ hg

conponents. Exawbesvefaﬁals,a@se €15 d ’ndhadR e i6a)PeEAEsiA Subdkituted
4-(di-n-p opy ag] benzene |azon|un1tetraf|uoroborate
LERTRRIb

4-p-tolyl 5 hedi SAHR um 35 hex £F5TRDhos pHt e,
4- p- tonInercHﬁtb—Q 50&béﬂﬁoxybdn29he 2ayht 4106 tei st ichlabomet byl -

di pheny! am nesétﬁiazszaégnua%ﬂwea in lfslﬁl«i‘%’isf 333 Cﬂh r%etdadd 2a@yrone,
15 4-(3,4,5-tri_nmet hoxystyryl)-6-trichlorone 2- pyro

4- (4- nethoxys??%?l?eﬁeFStBnS FPFEHPBPBﬁropenyI) 2- pyrone,
g zrhchl Orolrret hyl bgnZEﬂhﬂPléheof sulta%ibrltdal@tﬂwmt f cthpisi : 1}%&3 ,are
i y r.i br onnace Ltro- ribr ce enzene,
2. i br oz e: 47 bihaBrBEasYyEn350 5 BeRaeRpdlprPD i SHFIAR IS DOTaES,
tri sdi br ononedhpi-toltyilmeazapto-2, 5deethoxyhepbeheaigh¢n;uﬂ-(naﬁhetaa yl) -

2:{ napht h- 2- v} orapéésﬁ,geéyet% el flidrddpto-2Z; PEIPEn i ANt ) -

2-(4- nethoxyan
2- (phenant hr - digepniug- htetrathuoreberaye, s-diphenylanime-4-diazonium

Additives suc§uaph8@ENt S, 4d¥Rseh musﬁéﬂétnwraﬁ@%ﬁyl-ﬂﬁ&bﬁéer S,
awhesmnaa drgg?%ers spee nhancers o ven i_onic surfactants
e

may be a &« SottF xXﬁﬂXFYﬂ 'FEHF&iPSﬂm§ Lﬂ 2rPYXARe pound
and sol vent be£p4emébhoi9huyr9M)LG-p@ﬁ3ﬁ3Lﬁrﬁdhkbropropenyl)-2-pyrone,

2-trichloromethylbenzimidazole, 2-tribromomethyl-
quinoline, 2,4-dimethyl-~1l-tribromoacetylbenzene, 3-nitro-
l-tribromoacetylbenzene, 4-dibromoacetylbenzoic acid,
20 1,4-bisdibromomethylbenzene, trisdibromomethyl-

. s-triazine, 2-(6-methoxynaphth-2-yl)-, 2-(naphth-1l-yl)-,

~ : 2-(naphth-2-yl)~, 2-(4-ethoxyethylnaphth-1-yl)~-, 2-benzo-
pyran-3-yl)-, 2-(4-methoxyanthrac-1l-yl)- and
2-(phenanthr-9-yl)-4,6-bistrichloromethyl-s-triazine.

25 Additives such as pigments, dyes, anti-striation
agents, plasticisers, adhesion promoters, speed
enhancers, solvents and nonionic surfactants may be added
to the solution of polyimide, radiation-sensitive com-
pound and solvent before the solution is coated onto a

30 substrate.

' Examples of dyes which can be added to the
photoresist compositions of the invention are Methyl
Violet 2B (C.I.42 535), Crystal Violet (C.I.42 555),
Malachite Green (C.I. 42 000), Victoria Blue B (C.I.

35 44 045) and Neutral Red (C.I. 50 040). These dyes are
added in proportions of 1-10% by weight, based on the
combined weight of polyimide and light-sensitive com-
pound. The dye additives help provide increased



30 substrate. Exanples of dyes which can be added to the photoresist
cohpositicons of the invention are Methyl Violet 2B (C. 1.42 535), Crystal
Violet (C. 1.42 555), Malachite Geen (C.l. 42 000), Victoria Blue B (C. 1
35 44 045) and Neutral Red (C.lI. 50 9483.-These dyes are added in .
proportions of 1-10% by weight, based on the conmbi ned wei ght of polyi m de

and | i ght - sensesoyamambyomdlbﬂﬁeg phtk sedditeri®y olfeh PghBr 6¥f Uehe
i ncfeased % # ggn by inhibiting back scattering of Ilght of f the
Ant 1 -STTI

substrat e. fon agents nmay be used up to a 5% by wei ght |eve
based on the conbi nedAnbightrdatponhyagedtsomayahe ns¢damportsaenstile

conpound.  Sui f@k Rt 2881 0N pakeD LA Thef Q:cfu@ﬁr@éﬁm ‘% H'dd -dSiyimide
epoxycygl ohex rime oxy si | ane, ri- orosilane an
4- | oh é %?éégﬁb th I | t I d

[err]-am hopr3PYI 99S?F3ﬁé ﬁﬁl ﬂmEQHn e used in a proportion of up
to 4% by wei ght, baseSubbable adhesbohi nprometghs odreol fioim dexample

radiation-sen Vg t

i nclude for exahpf ?cr ng%?5§¥ﬁi28?ﬁgitfa0|gﬁ6§9E§ %ggfnnall é%fd at a-
wei ght | evel %hl%o%lezo%epdm prEeRYll briethoxysilaneni weitchefamt of
pol yi m de andbéadséal Qﬁ ae bbb!'%l@ﬁmu Rp thase BE % It dss &P

unexposch ar cibe ‘Gmbihed v & 9o & %ﬁrwf%epp%% I“e-rsiex e
devel oprent |sompeunderr|d|ng consi der a- tion even t hough sonme degree
@ Son st S oot ki hesrisbiiey e e S ot
accel erants wEPF example Eh9§b°a§¢hﬁgé¢l¢Qk%n¥ﬂ aqid sﬂr(nkﬁﬂqgﬁﬁnQ#AQhe
unexposed aregéid28t a weight 1¥RelabfCAPTRCIYE LY Widhte MBS o the
S8 15 the combined weight of polyimide and radiation-sensitive
compound. These accelerants tend to increase the solu-
bility of the resist coating in both the exposed and the
unexposed areas,'and thus they are used in applications
where speed of development is the overriding considera-
20 tion even though some degree of contrast may be sacri-
ficed; i.e. while the exposed areas of the resist coating

o/ will be dissolved more quickly by the developer, the
development accelerants will equally cause a larger loss
of resist coating from the unexposed areas.

25 Typical commercial solvents employed in the art
may be used in preparing the resist compositions of this
invention. The amount of solvent used in the preparation
of the resist solution may range up to 95% by weight of
the solution. The known polyimides have only limited

30 solubility in N-methylpyrrolidone and dimethylacetamide,
whereas the polyimides of the present invention have
enhanced solubility in those solvents and additional
solvents acceptable for commercial use. Suitable solvents
are for example N-methylpyrrolidone, dimethylacetamide,

35 propylene glycol monomethyl ether, methyl ethyl ketone,
cyclohexanone, butyrolactone and mixtures thereof. The
preferred solvents are N-methylpyrrolidone and propylene
glycol methyl ether.



may be used in preparing the resist conpositions of this invention. The
anbuht of “sol vent used in the preparation of the resist solution may range
up to 95% by weight of the solution. The known polyimn des have only linted
30 solubility in Nnethylpyrrolidone -ad€ di net hyl acet am de, whereas the
polyi m des of the present invention have enhanced solubility in those

sol vents and addi t i onathes desdsits sataepbabéanflos appinesd ital ausabsSnratebI e

oyt one ol v ST RALLCEL PuEE R8Tl ASELAN e, SFor
but yr ol actoneeaqw%%layeglmnsof smmf@rr@@wqm-ar%f sp n-
N- net hyl pyr r oldod@itings PepIbyed, glwlsaﬂayl cehiteht of -tH& relhets esi st

solution can be.a I led to substr e ktaj% on%egt i onal EET. hod ysed in
the resist art° B & By %ﬁﬂﬁﬁ ‘F]Yge LRnEGEERAD. VRS0 n-
coating is engoypedert ko obtada comeetﬁ.n@foi hehe cleisdiresl s:hliaﬂcimsscﬁnrf or
exanpl e be adlausg‘i@eho égiﬁ&&ﬁtﬂn al é’ﬁ)éi?aeﬁgeraﬁc? %?gid& t't@.ﬂleOf the

desired thicknes Iven sg coa ng appar at us I nc atl ng tine.
Sui tabl e subSidakde | ngphatrates sEPFCorBXaMRAR ni BhlifoMyner s,

silicon dioxi d&mﬁ@ﬁ@ﬁh SI lpo1gels, @llqmcdm dibixide ,ni doped Bsalticonm

copper, | ysid. can m CS a al.um nium per I | oys esl st
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U\/| ised in the prOdU‘i‘H&“rQE;B\:“é&iﬁﬁE@?@ﬂfﬁs ae¢ Oﬁﬁér lrﬂwférﬁii&d s@ade
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poly- ners, i wreqated cwigh Othérmakllyr ¢rowin! gikisonf cdiexbde) e a0 are

pryESteﬁ§' utilised in the production of microprocessors and other
miniaturised integrated circuit components. It is
similarly possible to use an aluminium/aluminium oxide
substrate or else a substrate composed of various poly-
mers, in particular of transparent polymers, for example
20 polyesters. “
Preferred developers for the radiation-sensitive
U/ compositions of this invention are aqueous solutions of
inorganic alkaline compounds, for example aqueous solu-
tions of sodium silicate, potassium silicate, sodium
25 hydroxide, potassium hydroxide, lithium hydroxide, sodium
phosphate, sodium monohydrogenphosphate, ammonium phos-
phate, ammonium monohydrogenphosphate, sodium meta-
silicate, sodium bicarbonate, ammonia, etc., with the
suitable concentration of these compounds being between
30 0.1 and 10% by weight, preferably between 0.5 and 5% by
weight. Examples of such developers are described in
Us-a-3,110,596; 3,173,788 and 3,586,504.

An alkaline solution of this type can also
contain certain organic solvents, such as alcohols (e.g.
35 methanol, ethanol, benzyl alcohol, etc.), and a surfac-
tant (e.g. sodium alkylnaphthalenesulphonate, sodium

laurylsulphate, etc.), depending on the requirements.



Preferred devel opers for the radiation-sensitive conpositions of this

i nvefition’'are aqueous sol utions of i norgani c al kal i ne -compounds, for

exanpl e aqueous sol u- tions of sodiumsilicate, potassiumsilicate, sodium
25 hydr oxi de, potassi um hydroxide, |i%tHRi?um hydroxi de, sodi um phosphate,
sodi um nmonohydr ogenphosphat e, ammoni um phos- phate,  anmoni um

monohydr ogenphosphat e Aftsatlithe smtxmoﬁ ofcahe resdistNcbnpasieidhthas
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contain c rtaln or ani ¢ sol vents, suc as a t Na
et hanol , Ben St the 5 °%9?EP%11%‘EJr‘Fh’6tu¥%n§b?'étgl s®ditpnthick-

al kyl napht hal mlwmme behdndMmdmuEné SthBB&%‘ﬁtth CChe ¢eRead BﬁbClE the
requirements. 7 tion.o e_resist conposi.tion has
been appli ed 55 téalsu %GH ﬁ%]hseélg% 4red & h%ﬁ %o gggt igoany 1,
for exanpl e tdegized [Pat}:erantpl.'OQMarpen i ubey of | suidaddlesenaskas been

expel | ed and e@lgatd vy, stemdligg gtfc .t he photoresist mxture about 1 pmin
thi ck- ness remai ns behind on the substrate. The coated sub- strate can

then be 30 uctured wi e cPrRPEed; Fiasist-goptad pebspratesn anadthes per
use of suitabliomensles] iregat deeelopeepCiwhichetis Pbeferably aglBateyposed
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et 15 resist coating has been dissolved away from the exposed
areas.

After removal of the coated wafers from the
developer, a post-development heat treatment may be
employed to increase the adhesion of the coating and its

20 chemical resistance to etching solutions and other
substances. The resist compositions of the invention have
Y excellent adhesion to substrates such as silicon wafers,
aluminium plates, glass, polyesters films, etc. No
adhesion promoter is necessary for processing the

25 resists.

After curing, the developed substrate may be
treated with a buffered hydrofluoric acid or alkaline
etching solution. The resist compositions of the inven-
tion are resistant to acid and alkaline etching solutions

30 and provide effective protection for the unexposed
(resist-coated) areas of the substrate. The developed and
cured photoresist gives relief structures of excellent
resolution and high thermal stability.

Although the above description relates to a wet-

35 etching process, the relief patterns of the invention can
be used not only in wet- but also in dry-etching
processes. The resulting structures are particularly good
insulating layers for microcircuitry applications, and as



After renoval of the coated wafers fromthe devel oper, a post-devel opnent
heat'treatment may be enployed to increase the adhesion of the coating and
its 20 chem cal resistance to etchin solutions and other
substances. The resist conpositions of T iTiventi on have excell ent
adhesion to substrates such as silicon wafers, alumnium plates, glass,
polyesters fimasks etfor Nwapbuasi odeposiwion i Sppocessesy famdpr asssi ng
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(resist-co ted%?h£eas e substTa The devel oped an cur ed phot or esi st
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Al t hough the abpimtiingcplaties) useingepokdtdvesworking etiaghmgsemmse t he

relief patter V. b d ut also in
dry- et ching p?@%@é%%%g #%eﬁﬁé IF%% §$m§§§ur€§$aﬁg-x’?flgﬁr%??y good
insul ating |ayers for Bhermiktuuesr 9aappﬂsoaheomedam$ aormal pptecmsks
for vapour d@f@é'éb&ﬂm@é%@fsﬁq %llcéefbﬁérplf’é%aiﬂ%r%é’c%fﬁ?g The

resists of the inventio an sim e used i n the productjon o

printing }Pat ko Fh?h%g?hﬁhlip%ﬂkk#iﬁ%'%RﬁHPQ%X*Wﬁﬁ@SI?ffﬁﬂﬁeﬂﬂﬂ?ﬂ?*?ﬁwfer
5 foils and aféepastmbhaarmpplsu@amas fo‘r'he:m@iuctﬁdin Hifghpridhipagap! at es

usi-ng p05|t|v k|n ht - sensi tive m xtures | for exa Ie fron1
G A a 905, 7 rEush coRreetlve: dbanings bt RS dah rhE g oder 4
coatings for n@nplatpptl.oamorm dFotypihsadinomatidmggpidcess p lahenoattmgjl

solubility tﬂemmuf@ daricH CBAchZHEN'ASLE 8-BRA byl Adigrit bablend or
exgnp! € 1 Igo ylmlgeaaf the invention in solution is applied to a

substrate. The coating mixture may additionally contain
antioxidants, UV stabilisers, adhesion promoters, dyes,
pigments, flame retardants, fillers and other auxiliaries
at up to 20% by weight. The solvent is driven off at a
20 temperature of in general 90-150°C with or without the

: use of reduced pressure to facilitate removal of the

N solvent. The polyimide-coated substrate can then be
further heat treated to harden the coating.

In the examples which follow the processes for

25 preparing and using the mixtures of the invention are
more particularly described. In the examples the term
dark film erosion rate has been abbreviated to erosion
rate. '

Example 1

30 This example describes the preparation of a
hydroxypolyimide having recurring structural units of the
formula I where A = 2,2-diphenylperfluoropropane-~
3’,3",4' ,4"-tetrayl and B = 2,2-bis(4-hydroxyphenyl)-
perfluoropropane-3‘,3°-diyl.

35 A 500 ml four necked flask equipped with a
thermometer, a condenser, a water trap, a mechanical
stirrer and a nitrogen inlet tube was charged with 7.32 g
(0.02 mol) of 2,2-bis(3-amino-4-hydroxyphenyl )hexafluoro-



ture protective coatings per se as well as for resist applications. In a
typ| cal- cobating process, a coating m xture which contains about 5-30% by
wei ght of the 15 polyimi de of the invention in solution is applied to a
substrate. The coating m xture may addit |1<9na'lly contain antioxidants, W
stabilisers, adhesion pronoters, dyes, pignents, flane retardants, Fill ers
and ot her auxigdcpanss A6FHanimoRdiéno] eugher Tae HAPGYEn | atdbis @sr@ff at

R edced. orber Hdgdtiile Wiede196°h1 0t [ fbddoi] SHolladldd el N e@%‘;
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m xt ur es Vv articula cr.i be n t he exanpl es
the term ar klﬁ%ﬁ % ?nyg)c?n? Fﬂ?& b8§nSaBBF’éé gt'zadt’-ﬁaé'PSMHePthé'np
Exanple 1 30 hexafluoroﬁnqpmdﬁhahgdxdﬂebweretMdeuelmr@tddﬁteiftsaof
hydr oxypol yi rh ruct u

y ypoly mt(i'fe wéé‘ﬁgﬁ’g% HeAR e TLS ybab %d&;& %,d v{% élnblgng Bf

wher e A= 2, | uor opropane-
2, 2- bi s(4- hydmm&w Weahonist mlobamrsa) and. 'emqn hested to the A

500 m  four EL,,P@K:Q Wt h
wat er trg, Cr’}apl°2"a Stal ??ESP gﬁgﬁ’g gﬁ?% eﬁfln et tu e &%@Qﬁﬁﬁ?gjgd wth
7.32 g ( r}&%)

hg waterschiorebepsene, sRERFrPPRe¥ErRUEPS1eC- - 10
- propane (6Fted dapbhoowateplerap. ﬂlU(I Qﬂpmﬁtwéhio&@%hlﬁ%he"\héﬁelw m

O
(200 The i e oaded b AR 140K o Bne conties vke Saeiped ak
which 5  poi 1423198 °¢ (©x020nhoursf. 2, 2- bi s( 3, 4- d| car boxyphenyl ) -
hexﬂaf l'uor opropane di anlpydidydg sRigs @gggdthe-l;b%&gg @3S tRE monochloro-
e 15 Dbenzene was distilled off at 160-165°C. The reaction
mixture was cooled down and slowly precipitated in an
ice-water-methanol mixture. The result was a white preci-
pitate, which was thoroughly washed with hot water. The

polymer was dried overnight at 125°C in a vacuum drying
20 cabinet.

’

The polymer had an inherent viscosity of
/ 0.50 d1/g in dimethylacetamide at 25°C and was soluble in
common organic solvents such as N-methylpyrrolidone,
dimethylacetamide, tetrahydrofuran, diethylene glycol
25 monomethyl ether, propylene glycol monomethyl ether
' (PGME) and ethylene glycol monomethyl ether. The glass
transition temperature (Tg) of the polymer as determined

S . .
by differential thermoanalysis (DTA) was 306°C.
Example 2
30 This example describes the preparation of a

hydroxypolyimide having recurring structural units of the

formula I in which A is an oxydiphenyl-3 13',4,4'-tetrayl
group and B has the same meaning as in Example 1.

A 500 ml four necked flask equipped with a

35 thermometer, a condenser, a water trap, a mechanical

stirrer and a nitrogen inlet tube was charged with 7.32 g

(0.02 mol) of 6F-aminophenol under nitrogen together with

128 m1 of monochlorobenzene (80%) and 32 ml of



the flask were heated to [err], adm xed with 0.04 g of paratol uenesul phonic
aci'd (RTSA) and then heated to the reflux tenperature (about 142C). In the
first hour about 10 100 M of the water-chl orobenzene azeotrope were
collec- ted in the water trap. 100 m of 20resh chl or obenzene were then
added to the flask and the contents were refluxed at 142-[err] for 10
hours. 100 nl Nedmet¥y lpyrerdlidored @0 ¥gnd Thee miktace! vae- si:irrebeﬁﬁeﬂi was

distilled off aatciéerﬁs%ﬁt g}@ ﬁanoléﬂpa{g'é& ur%m%h]c_gﬁt %%lqlq__m an slowy

pr eci pi t at ed (.30 I ce- wat er - ne e re
preci- pitat e (0% madas qfh&*&déhﬁyd\?ﬁ%?emnﬁéﬂ rsher. dIﬁBhﬁdlryFIEr was
dri €d over ni gkierat [maédl nT&erifdhﬁérﬂfs/lBB Zhe ﬁmlaeher’éhq;émiddr%ohad an

h t dI/ t hyl d t 25C | ubl
1 commonor 930 Cre SARIRER Wish 8 ofl Fobk PSPLBFPaGnAPRARTE, Rpidcanan de,
tetrahydrofur&hendlhﬁd’bﬂdenm gtly%oteﬂlalx tempexatyte ¢ébeut 16200yleda-
gl ycol  mononghly!| £iglsher hGBQVE b%'&?. EBU' ﬁF.e QEVCQE @neﬁbgébgﬁtzgﬁé The

gI ass transition terrperature eterm ne
differenti al PRECHEARS yﬁ%e(s? eﬁégd[é"r]thExHﬁEFF, Xrap. 100 il ofhi s

exanpl e descr Iflte%hf E:fhg.oﬁ:]?ﬁéafzi@deoﬂze&b W{t;.heh)’éﬂaéupebyltﬁbdﬂhaw Bfdr eserring
oxydi pheadl - 3ooneFnEe. wazd e thngad st 14 4nde 5o LRI dbaNTAy as i n
Exanpl e 1. A 500 rri f AdO mﬂclceﬁi NMPiswerguthead added aca35he thhaskmandr, a
Sopdenser & Yasis! WiioohIERaRe Shi BiEre300R Bk BPoPeptiphotibe ves
W|th 128 M Ghe mﬁmﬂm ohbxteure wagsgcopledndowt? and slowly- pgeci-
N-net hyl pyrropii¢ared 48%hn 1be-Watbilme'thandl! hikEurBl! Fhe result was
K/ 15 a white precipitate, which was thoroughly washed with hot
water. The polymer was dried overnight at 125°C in a
vacuum drying cabinet.
The polymer had a viscosity of 0.50 dl/g in
dimethylacetamide at 25°C and was soluble in common
20 organic solvents such as N-methylpyrrolidone, dimethyl-
_ acetamide, tetrahydrofuran, diethylene glycol monomethyl
o ether, propylene glycol monomethyl ether. The glass
transition temperature (Tg) of the polymer was 251°C.
Example 3
25 This example describes the preparation of a
hydroxypolyimide containing recurring structural units of
the formula I in which A is a benzophenone-

~ 3,3',4,4'-tetrayl group and B has the same meaning as in
Example 1.
30 A 500 ml four necked flask equipped with a

thermometer, a condenser, a water trap, a mechanical
stirrer and a nitrogen inlet tube was charged with 7.32 g
(0.02 mol) of 6F-aminophenol under nitrogen together with
128 ml1 of monochlorobenzene (80%) and 32 ml of N-methyl-
35 pyrrolidone (20%). The mixture was stirred until a clear
solution was obtained, at which point 6.48 g (0.02 mol)
of 3,3',4,4'-benzophenonetetracarboxylic dianhydride
(BTDA) were added. The contents of the flask were heated



a clear solution was obtained, at which point 6.2 g (0.02 nol) of

bi S( 3, 4- dit car boxyphenyl ) et her di anhydri de were added The contents of the
flask were heated to 5 90'C, admi xed with 0.04 g of p-toluenesul phonic acid
and then heated to the reflux tenperatw &l about 142 C). In the first hour

about 100 m of water-chl orobenzene azeotrope were collected in the water

trap. 100 m dfo fgENh, CAdmiLbENFLER BLHE ghsa ﬁd@SiubﬁeEﬁQFBbﬁiE akd 4 he 10

contents were I d t 14 err] for hour s re then

added to the f""lr gislg%a%%ld hgatec é?oﬁd%nlr&f&b‘é‘nfgﬁ‘?e\féiudpst@g%‘& &1412 S0 -

160-165 C. Thdn &het £amski hourcabest cto) aul dJ:ﬁMtlmnda$bm'wbyllplrebenzpnbat ed

in an ice-wat qw&iﬂb’ii@'w@iét Eiﬂley%%dr Sri“{h ?val'.ér t}é\ﬁ' tg f' Qigt ate,
ri e

whi ch was tho\rfoé%g}ny d with hot water. q30 yner over ni ght
at 125C i J&;aﬂ AR Wersh Lhed yﬂﬁ’ée &9 &hg £dask: angr theso
di/g in dinet bﬂm:@mzaﬂmha:mtre[ﬂmdechrﬁbmﬂm $@ugd.e in conmon 20 organic
sol vents such as N-rret rr ydr of ur an,
di et hyl ene gl ycol m)norret hy her propy é%}e/l g%ﬁm@?@t (f‘:é??ag . The
gl ass transit iedﬁqsérrm met M@SpdllyrdeMSOEér aL. lsﬂa&ﬁséCB 25
This exampl e Thieseedetion il thdenidlel @803baAdBkA BKUPRL YTy IBreaspaLNi Ny
,recurrlnﬁ.s 'f:g%:?da nu'ré1l|ts‘ of the _ort I

benzophertdne- APy an ACPIYRLEESHE °ﬂ§ ﬁ‘&é‘tl"l‘f@ s&he wesnlkgwas an
Exanpl e 1. 30white precipitaie, rﬂwhifclurwa[!ecﬂmiroﬁ¢m5j( washefedivht hota

o et tube el Rar gy, PRLVESS' 44 s el SR at RaRo for 0"

ni trogen togeVAacuul drying wabdnetonochl or obenzene (809 and 32 m of
Sl e que oy phEpR, T 1 VS8 UBRSY, 46 U1 Wh/g ch
3.3, 4, 4% ben%d'ﬂ‘ﬁ&?i‘éﬁ@f: etamdsenoal| i %5 Cdea%hywsdesqu@ Vg ecommen. The
contents of tbeghnitk stAventeatAtth as N-methylpyrrolidone, dimethyl-
acetamide, tetrahydrofuran, diethylene glycol monomethyl
ether, propylene glycol monomethyl ether and ethylene
glycol monomethyl ether.
20 Example 4
o This example describes the prepafation of copoly-
e imides having recurring structural units of the formulae
I and II wherein A has in both cases the same meaning as
in Example 1, B likewise has the meaning indicated in
25 Example 1, and D is a 2,2-diphenylperfluoropropane-
4’,4"-diyl group. The polymer contains 80 mol% of units
o of lthe formula I and 20 mol% of units of the formula II.
A 500 ml four-necked flask equipped with a
thermometer, a condenser, a water trap, a mechanical
30 stirrer and a nitrogen inlet tube was charged under
nitrogen with 5.856 g (0.016 mol) of 6F-aminophenol and
1.336 g (0.004 mol) of 2,2-bis(4-aminophenyl)hexafluoro-
propane together with 128 ml of monochlorobenzene (MCB)
(80%) and 32 ml of N-methylpyrrolidone (NMP) (20%). The
35 mixture was stirred until a clear solution was obtained
and then 8.88 g (0.01 mol) of the dianhydride specified
in Example 1 were added. The contents of the flask were
heated to 90°C, admixed with 0.04 g of p-toluenesulphonic



- 21 - to [err], adm xed with 0.04 g of p-tol uenesul phonic acid and then
héated to the reflux tenperature (about 142 C). In the first hour about 100
m of the water-chlorobenzene azeotrope were collected in the water trap.
100 i of 5 fresh chl orobenzene were théA added to the flask and the
contents were refluxed for 10 hours. 100 mM of NWMP were then added to the
flask and exeedds rambcthenoheatrede tunsthésrelfllatk afdmpiralfified e(abou't'he

reattion nxyyneua s theed %%ﬁ%&’ap 'n?j_ “of 0 at%ftgﬂ]_b 0d
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500 m four- Bhek@blymex wasi gnied) overnight matetd?s G éBndenvacuum wat er

trap, a rrechag,gg_ﬁg 38bingkl.rrer and a nitrogen inlet tube was charged under
nitrogen with 856 016 nol) .of 6F-am noghenol atpd 1. 33%@9 (0 004 nol )

: 0.
of 2, 2-bis(4-am nophghgl )H%*W‘Pﬁor"&? pPop‘éh%c %ﬁEYhé? wlt 51
nonochl or obedimeehfVaBetamide at 25°C and was soluble in common

./ . 1% organic solvents.
Example 5
A photoresist solution was prepared by dissolving
10 parts by weight of the hydroxypolyimide of Example 1,
0.5 parts by weight of 2,3,4-trihydroxybenzophenone tris-
20 1,2-naphthoquinone-2-diazide-5-sulphonic acid ester and
0.08 part by weight of red dye in 10 parts by weight of
\_/ N-methylpyrrolidone and 10 parts by weight of propylene
glycol monomethyl ether. The solution was filtered and
then applied to an anodised aluminium plate by roller
25 coating. Drying at 90°C for 30 minutes left a 2-3 um
thick resist layer. This layer was covered with a photo-
mask having a line structure in such a way that the layer
and photomask were in close contact. Then UV light was
. radiated thereon for 60 s by the use of a 200 W mexrcury
30 vapour lamp. The intensity of the UV light at the surface
of the resist layer was 5 mW/cm® at 365 nm. After the
radiation, the coating was developed with a solution of
1.08% by weight of sodium metasilicate x 9 H,0,
0.06% by weight of sodium dihydrogenphosphate, and
35 0.68% by weight of trisodium phosphate x 12 H,0
in fully demineralised water. The developed plate was
washed with water to obtain a fine, uniform relief
pattern having a narrowest line width of 2 um.




(80% and 32 m of N-nethyl pyrrolidone (NW) (20%.. The 35 m xture was
stirred.until a clear solution was obtained and then 8.88 g (0.01 nol) of
t he di anhydride specified in Exanple 1 were added. The contents of the
flask were heated to [err], adm xed wi th 4 0z g of p-toluenesul phonic -
22 - acid and then heated to the reflux tenperature (about [err]). In the
first hour abdixampDené of water-chloro- benzene azeotrope were collected

in the water tra 100 A n e
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[ 15 photoresist was developed with the developer specified in
Example 5 and rinsed with water to obtain a relief
structure having a narrowest line width of 2 um.

Example 7 :

A photoresist solution was prepared by dissolving

20 10 parts by weight of the hydroxypolyimide of Example 3,
0.5 part by weight of the naphthoquinonediazide specified

1\ in Example 5 and 0.08 part by weight of red dye in 10

' parts by weight of N-methylpyrrolidine and 10 parts by

weight of propylene glycol monomethyl ether. The solution

25 was filtered and then applied to an anodised aluminium

plate by roller coating. Drying at 90°C for 30 minutes
left a 2-3 um thick resist layer. This layer was covered
with a photomask. Then UV light was radiated thereon for
60 s by use of a 200 W mercury vapour lamp. The UV light
30 intensity at the surface of the layer was 5 mW/cm® at
365 nm. After irradiation, the coating was developed with
the developer indicated in Example 5. The developed plate
was rinsed with water to obtain a fine, uniform relief

: pattern having a narrowest line width of 2 um.

35 Example 8 _

A photoresist solution was prepared by dissolving
10 parts by weight of the hydroxycopolyimide of Example
4, 0.5 part by weight of the naphthoquinonediazide



radi ated thereon for 60 s by the use of a 200 Wnercury 30 vapour | anp.
The-intensity of the W light at the surface of the resist |ayer was 5
‘mMVcn2 at 365 nm After the radiation, the coating was devel oped with a
solution of 1.08% by wei ght of sodi um met4stlicat e [er] 0.06% by weight of
sodi um di hydr ogenphosphate, and 35 0. 68% by wei ght of trisodium
phosphate x 12pe@fiedf ihl Rxampleecs adnd @l 0@ part bByewddéghtopfdredadype was

hed wi th ,
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LA photoresi st sobubl qningeRReaLedoiis thoigk bl s2re K0sPRGS DY vel oft
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) 15 in fully demineralised water. The developed plate was
rinsed with water to obtain a fine, uniform relief
pattern having a narrowest line width of 2 um.
The following examples were carried out to
particularly characterise the superiority of the positive
20 photoresist mixtures obtained with the hydroxypolyimides
of the invention compared with photoresists based on
Y polyamidecarboxylic acids as polyimide precursors.

Photoresist mixtures were prepared from the

polyimides of the invention which have been prepared
25 substantially in accordance with Examples 1-4.

The photosensitivity of each resist mixture was
evaluated by the general procedure described hereinafter.
The drying time, the spincoating speed and other experi-
mental conditions and results for each experiment are

30 reported below.

The photoresist solution was spincoated onto
silicon wafers at a constant, predetermined spin speed
between 500 and 1500 revolutions per minute (rpm). The
solvent was then driven off by drying for 30-45 minutes.

35 The thicknesses of the resist layers were measured with
a Rudolf film thickness monitor. Photosensitivity was
measured by generating a contrast curve as described in
C.G., Willson: *Introduction to Microlithography"”,
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Le/nr]. Thefollowingoexarrples were carried out to , .
15 b) TOOL = 1,2-naphthoquinone-2-diazide-5-sulphonic

acid tris ester of trihydroxyoctanophenone
Example 9
A photoresist solution was prepared by dissolving
13 parts by weight of the polyimide of Example 1 and 13
20 parts by weight of 2-2000 in 74 parts by weight of a
solvent mixture consisting of equal parts by weight of
Y propylene glycol monomethyl ether and N-methylpyrroli-
done. This solution was spincoated onto the wafer, dried
and exposed to the light source specified in Example 5.
25 The developer consisted of a solution of
0.8 % by weight of sodium metasilicate x 9 H,0,
0.04% by weight of sodium dihydrogenphosphate, and
0.5 % by weight of trisodium phosphate x 12 H,0
in fully demineralised water. The following results were
30 obtained:

photosensitivity: 97 mJ/cm?
erosion rate: 15 nm/min
contrast: 1.5 |
Example 10
35 A photoresist solution was prepared by dissolving

13 parts by weight of the polyimide of Example 2 and 13
parts by weight of %-2000 in 74 parts by weight of the
solvent mixture specified in Example 9. This solution was



particularly characterise the superiority of the positive 20 phot or esi st
m‘xtures-obtained with the hydroxypol yi m des of the invention conpared with
phot or esi sts based on pol yam decar boxyl i c acids as polyi m de precursors.
Phot oresi st mixtures were prepared from2bhe polyi m des of the invention

whi ch have been prepared 25 substantially in accordance w th Exanpl es
1-4. The photspimsodtedtgnbd aawhfeesi dristxbnde exposedaltoatthe Myighte
general procegig | bl pare! . «Ih ryl L 0, . SN ting
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5 f
resi st then deREPRHRM B2t8L [err] usthPBMMIBueous al kaline devel oper.
Extra- pol ation ofcéierpsot to the total fi3mthickness |oss gives the
phot osensitivé f@/ {nZ). These experinments were carried out using the 10
followwng r =sSensitive conpounds, which -are identified by the
fol | owi ng abbrevi at i chphotoresis)Eolution washprepayed by disaniying

12 napht ho- g3l §oREs 2p¢ R&1gARE S0V LRBOPbI yinidet ' Example 3 and 13

\/ 15 parts by weight of %-2000 in 74 parts by weight of the
solvent mixture specified in Example 9. This solution was
spincoated onto the wafer, dried and exposed to the light
source specified in Example 5. The developer consisted of
a solution of

20 0.5 % by weight of sodium metasilicate x 9 H,0,
0.03% by weight of sodium dihYdrogenphosphate, and
% 0.3 % by weight of trisodium phosphate x 12 H,0
in fully demineralised water. The following results were
obtained:
25 photosensitivity: 96 mJ/cm®
erosion rate: 22 nm/min
. contrast: 1.42
N~ Example 12

A photoresist solution was prepared by dissolving
30 13 parts by weight of the copolyimide of Example 4 and 13
parts by weight of Z-2000 in 74 parts by weight of the
solvent mixture specified in Example 9. This solution was
spincoated onto the wafer, dried and exposed to the light
source specified in Example 5. The developer consisted of
35 a solution of
1.8% by weight of sodium metasilicate.x 9 H,0,
0.1% by weight of sodium dihydrogenphosphate, and
1.1% by weight of trisodium phosphate x 12 H,0



m-xture 15 b) TOOL = 1, 2- napht hoqui none- 2- di azi'de- 5- sul phoni ¢ acid
tri's’ estet of trihydroxyoctanophenone Exanple 9 A photoresist solution was
prepared by dissolving 13 parts by weight of the polyin de of Exanple 1 and
13 20 parts by weight of Z-2000 in 74 @arts by weight of a sol vent

m xture consisting of equal parts by weight of propyl ene glycol nononethyl
ether and N-nemhyflulliy clemindoted isBi ateirut The Fol 1okingoFbed]eB! Rekhe

waf €r, dried yptagused to the light source specified in Exanple 5. 2

The devel oper consi sted of a solution of 0.8 % by wei ght of sodium :
met asi | i cat e [err] PRPRENEILEVERY of sodi2éd @@ ogenphosphate, and 0.5 %
by wei ght of trisodnosigodatdee X 12 H20 1ign fnifnlih dem neral i sed water. The
foll owi ngeresults [ . Obtained: photosensitivity: 97 mi/[err]
er osi on rgte: %“%r%%%'nmm n contrastl.‘% 1.5 Exanple 10 35
A photoresi st solution was prepared by dissolving 13 parts by weight of the
polyi m de of Exanple 2 and 13 parts by weight of Z-2000 in 74 parts by

wei ght of the solvent mxture specified in Exanple 9. This solution was

.- 26 - spincoated onto a wafer, dried and exposed to the |ight source
specified in Exanple 5. The devel oper consisted of a solution of 0.6 % by
wei ght of sodiumnetasilicate [err] 5 0. 03% by wei ght of sodi um

di hydr ogenphosphate, and 0.4 % by wei ght of trisodi um phosphate[err] in
fully dem neralised water. The follow ng results were obtained:

Ay

U



p“"iﬂlllllﬂmllllﬂﬂllllllllll 'S Bl e 11 A protoresist soluti on s

prepdred by dPssblving 13 parts by weight of the polyin de of Ie 3 and
13 15 parts by weight of Z-2000 in 72 #&rts by wei ght of theo%Qﬂ

m xture specified in Exanple 9. This solution was spincoated onto the

waf er, dried @hadimsposed to the |l.ight source specified in Exanple 5. The

d I d %0
retasi || cat Z”féfhe o BalyRiel; Bvibe” Sagramiamnyli S ot adhesfh 05 o

by wei ght of ?F@BHPUP]phosphate X 12 H20 infully denlnerallsed wat er. The
follow ng results were obtained: 25 phot osensitivity: 96
mJ}/ cn? erosion rate: 022 nmimn centrast: 1.42 Exanple
12 A photoresist sol ugton mesuprepared by MlSSOIVlng 3 13 parts by
wei ght of the copol yi m de of anple 4 a 3 parts by i ght of Z-2000 in
74 parts by weight of |{the | ve nlxt e sp fled in anple 9. This
sol uti on was spi ncoat d to the dried xposed to the Iight
source specified in | e 5 The veIo er c S|sted f 35 a sotltion
of 1.8% by weight of od| ||§h\% . 1% ty wei ght of sodi um
di hydr ogenphosphat e, and 1.1 ht rlsodlun1ph sphate [err] -
27 - in fully dem neralised wgter. The fohlomnng resultg were obtai ned:
photosensi tivity: 242 n®/ cn
o

5 where
| A is the radical of a compound having at least one
/ aromatic six ring, each of the four carbonyl groups

being attached to a different aromatic carbon atom
of A and each pair of carbonyl groups being situated
10 on adjacent carbon atoms, and
B is the radical of a compound having at least one
aromatic six ring and at least one hydroxyl group,
with the proviso that either the radical A conforms to

o/ the formula IIIa
CF
3
- 15 c , IIIa)
N [ ‘ (
S c



: al‘jﬂ"m“'lmm“m“‘g . wo mmn 8 03003(238nt0r Z?En; Pol yi m de havi ﬁg6 ¢
"

urerrmg #nits f the general formula | 5 where A is the radical of a
conpound having at |east one aromatic=s® ring, each of the four carbonyl
groups being attached to a different aromati c carbon atom of A and each
pai r of carbomylkthgr waddcadi Bgtoi thet €¢drkdla IVva on adjacent carbon atons,

and B is the radical of a conpound having at | east one aromatic siXx ring
and at | east one hydroxyl group, with the proviso that either the radical A
confornms to the formula Illa 15 or the radical Bto the fornmula IVa

(|%a) where kK is an in gqsr fromO to 3, or thatgghe radical A conforns to
the formula I'l1a and t R&%hdi cal B t Fhshe rmfa lVa 2.
Pol yi m de according to O ai# shar act erf se that in addition to units

of the general fornmula I it ¢ | % of units of {bwagenera
formula Il 0 C C 10 4 I al of units | and I
wherein D is a hydroxyl - dgwgrd arogmtic \cal having at |east one

aromatic six ring and A is 4s defined n

where k is an integer from 0 to 3, or that the radical A
~— conforms to the formula IIIa and the radical B to the
5 formula Iva.

2. Polyimide according to Claim 1, characterised in
_\«/ that in addition to units of the general formula I it
contains up to 80 mol% of units of the general formula II

i T
—N/ \A/ \N - D -
v VANV

o) 0

10 based on the sum total of units I and 1I, wherein

L D is a hydroxyl-devoid aromatic radical having at
N~ least one aromatic six ring and A is as defined in
Claim 1,
3. Polyimide according to Claim 1, characterised in
15 that A contains at least two aromatic six rings.
4. Polyimide according to Claim 1, characterised in
that B contains at least two aromatic six rings.
5. Polyimide according to Claim 1, characterised in

that A is a radical of the formula III



"CI aim1l. 3. Pol yi m de according to Claim1l, characterised in 15 that
éluﬂmmll m& Imfﬂ t tvvo aromatic six rings. 4. Pol yi mi de according to
ised in that B contains at |least two aromatic siXx rings.

oI "ifi dé according to Caim#,36haracterised in that Ais a

radlcal of the fornmula I1I * CLMS 30 n where is a single bond, O,
CO [err], an al kylene group or a fluori nated aI kyl ene group having 1 to 6
carbon 5 at ons, _and. n |s 0,41 or . Polyimde according
to daim1, characteris "ntk aradlcal e formula IV 10
where X Is a single ; r—@? group or (aIiI1)

fl dorinated al kyl ene dro haV| xﬁcarbona iIs fromO to 4,
and 15 Kk i s a nunber independently selected fromO to 3 for each

benzene ring, the radical B containing in total at |east one OH group. 7.
Pol yi m de acgfiegeng to Clai m 2, characterised inthat Dis a radi cal of t he

formula V 20_where is Tg g nd CO, SO, an ?g%\él ene grou
fluorinated 3l kyl &fe g?bﬂg a Pﬁa 1°toc%' HofNaadiylens grpu s |n each
case i ndependent | ¥laerdnated ralkyletie- gyemp hhaedey, lal €yl 6orcakbony

havi ng 1gto 6 car gg_gms' and

n is 0, 1 or 2.
_ 6. Polyimide according to Claim 1, characterised in
N that B is a radical of the formula IV
N r@]’omk ‘ @Oﬂ)k (IV)
| (oa——@;j/ X (&
10 where
X is a single bond, 0, CO, SO,, an alkylene group or a
fluorinated alkylene group having 1 to 6 carbon
atoms,
U m is from 0 to 4, and
15 k is a number independently selected from 0 to 3 for

each benzene ring,
the radical B containing in total at least one OH group.
7. Polyimide according to Claim 2, characterised in
that D is a radical of the formula V

20 (R~ ' , R), ] Ry (v
~m

where _

X is a single bond 0, CO, SO,, an alkylene group or a
fluorinated alkylene group having 1 to 6 carbon
atoms,

25 R is in each case independently selected from hydro-
gen, halogen, alkyl or alkoxy having 1 to 6 carbon



acyl having 2 to 10 carbon atons, and m iIs fromO to 4.
Hl mlllj Hﬂﬂa]g lst m xture. containing as essential constituents a -
T4 ghe - » conpound and a pol vyi m'dg 5 characterised in that the
pol yi m de is a conpound accor- ding to& Pry'one of Claims 1 to 7.
atoms and écyl having 2 to 10 carbon atoms, and
m is from 0 to 4.
8. Photoresist mixture . containing as essential
constituents a light-sensitive compound and a polyimide,
5 characterised in that the polyimide is a compound accor-
ding to any one of Claims 1 to 7.



