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WO 03/ 001293 PCT/ USO01/ 41188 PHOTOSENSI TI VE POLYI M DE PRECURSOR COVPCSI 'I:'rI:fO\IS
Field of the Invention The present invention relates to photosensitive v -

pol yi m de‘gBﬁ@wzggr conpositions useful for formng reli %ET%SBH?IH% es on
, ra

silicon, mc, 5 or polynmer substrates bearing copper or silver
circuitry. The photosensitive conpositions according to this invention are
especially suitable for applications in mcroelectronics. Background to

the Inventi on Neggbfu@eeR VB PORPNDE BRECUKSBRIEIIBBYITRINS Dased on
a Sl P |r!|

io polyam c esters contalning radration sen I've groups ester
noiety are well known (USP 4,0 3 4,548 891, 6,010, 825). Wen these
polyners are fornulated with a ﬁ%!ﬁcéﬂthﬁrlm'shﬁ?m ator and a cross-1|inking

agent in a suita ti r [ ' Jal p&g? as a
negative tone phg{-@erg%%/?n "%%éem%r'?p'??tﬁ%t?%’f%%”ﬁ%’?@%ﬁﬁ?%y 0 §§ﬁese 15 -
resi st conpanpaesitionsysetul fierdiorming telieh struetyreson tsdlicbor glasat cenamioe or

evel i ng SgdnoVERg ShpSEes bRauRa ATRRe! S BT aT N, Ae RIS YR o
this type aigmposibnsndcctrdingi 46! thisishilehtion NareT édpplgt satallel Relustry.

M croel ectronic applications i'nclude, but are not limted to, stress relief
20 | ayers f @pplisations in microeleckonicani ¢ devi ces, protective coatings, al pha

Phat Chave been proceseod w ERGKEBUBHIBRRIRVEHIER : Ga Cont | nos i nol ude
silicon device vRégative Conam phidtosHnitive fﬂc;!%ﬁhﬁdl@ pRicuEdrs "pagbdf @l s, and

the like. In use, the polyamc ester formilations are coated as a filmon a
25 subst tat galyamis asieryicontajaing sadialipncarnsitivg geupsds thecester mpisty n |

reSul 1 ng.- ware Well kndif (G854 (o G4F BReshih. R Bt Citin %8s, ¢ (o
provide a t giiymersare foirnolatethinitl’ afratival Photoinitintorkartl & rossdinkingn

exposed to the action 0O

agent in a suntafble solvent, the resulting material may be processed as a
negative tone photoresist. The photoimaging and processability of these
15 resist compositions may be modified by adding to the formulation one or
more compounds such as adhesion promoters, photosensitizers, dyes,
leveling agents, and viscosity stabilizing agents. Many formulations of this
type are known and are widely used in the microelectronic industry.
Microelectronic applications include, bu'g- are not limited to, stress relief
20 layers for packaged microelectronic de\)ices, protectiv‘.e'éoatings, alpha
particle barrier coatings, and as dielectric layers. Substrate materials that
have been processed with photosensitive polyimide coatings include silicon
device wafers, ceramics, glass, flexible polymer-metal foils, and the like.
In use, the polyamic ester formulations are coated as a film on a
25 substrate using any of a variety of coating methods including spin , dip,
spray, roller, meniscus, extrusion, and curtain coating. The resulting wet
film Is heated at temperatures ranging from 50 to 150 °C to providé a tack-
free or “softbaked” film. The softbaked film is then exposed to the action of
actinic rays at wavelengths ranging from 350 to 450 nanometers through a
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actinic rays at wavel engths ranging from 350 to 450 nanoneters through a 1
*ACTI ON* WO 03/001293 PCT/ US01/ 41188 phot omask. Such actinic rays are

comonl y %@lﬂ&gﬁaf romthe nmercury |anp whose nost usef mPé‘%@lg{l?st he

I -line at neters and the g- line at 436 nanoneters. ctrnic
rays interact with the photoinitiator in a photochem cal reaction to
produce an organic radical that initiates a radical 5 cross-Ilinking

Cr oss! ki ngP Gl SHoRCa it Py bee EMBONF Bhtaifid ouf e chefeury
sol ubi lity ilangewhdse mokyaséfl raysusre theeidineeat 36% nahemetdresadl fid @ Wi th an

appropriate solvent results in _the renoval of unexposed areas and the
retention oflin&@bddd nanemeters. f henaetinie raysrinteiastavith the phetoinitiator in a he

film so Aft ' : t t ] C. | S :
Convert od t NooBRERICHSEAGRIC! probile B\ rGaME afalAa filos b rbicAL o o

t enper at ug escrosssligking feachiof @f¢he andaffatedrgraups of tite pblyaniie estsrdm from
thirty mnutes to f‘i . hours. Th@‘ effica f the photochem cal cross

li nki ng r eacf¥ofRrQS$ 'Bﬁ@ﬂu@gﬁ@- 1 eaﬁ“?qcﬁ-@/@gl this, reaction have asethe
adversely af disHis e ) e\ t

radi cal sypr oéﬂg%@@bgy?%ﬂﬁgﬁit ol n|§'t ig{ugl’ ?ﬂléﬁfﬂg%@téf {yé%xr#]ograaa@w %'mar%\eent or

i nhi bit the apprepriatenisoiventfrestits jroltlyeraemoviabof uneapesedlareas iamdi the i on

, th lief i d | ost . duri t [ d I t
oFccess o e, SUSRoos S35 ot Sl oot 05 ol e
OoT SsucC | H A
phot oot osl AfteP e deyerpitht WK ke RUNAmIIBLER fit pdhiehed'®
i nhi bi tor t cavyattetried paljiimide fiol byrdhé meeansnobapplying| hetad at tdmperaturse

ol yi m de- pi7EEGINSE farD, 20ReCE 8 ABdeBr it & Paed ralmeo g mRCBEhe 26
phot oi ni ti at@ffutes fo BXAEHEed on substrates wherein copper and silver
The efficacy of the photochemical cross linking reaction in producing
15 an insoluble product is known to be adversely affected by the presence of
chemicals that react with the radicals produced by the photoinitiator in such
a manner as to prevent or inhibit the cross linking of the polymer. When
crosslinking inhibition occurs, the relief image is damaged or lost during the
image development process and film loss during development is high. A
20 well-known example of such an inhibitor is the oxygen molecule, which
| inhibits the photocrosslinking of polyamic a\crylate esters and is well known
as an inhibitor toward the radical polymerization of acrylate and acrylate
derivatives. Inhibition of crosslinking also occurs when photosensitive
polyimide precursor formulations containing certain organotitanocene
25 photoinitiators are processed on substrates wherein copper and silver
metal layers are present. Lowering the softbake temperature of the spin
applied coating can lessen the undesirable inhibition effects on copper and
silver layers. However, this approach decreases pattern resolution and
results in unacceptably fast photospeeds and increased film loss. The
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nmetal |ayers are present. Lowering the softbake tenperature of the spin
applied coating can | essen the undesirable inhibition effects on copper and

silver la . ver, this approach decreases pattern r ' nd
results iﬁﬁtﬁ%%ﬁgﬁfably fast phot ospeeds and i ncreased fi?&&hﬁéggﬂ*ﬂe 2 WO
03/001293 PCT/ US01/ 41188 increased industrial use of copper and silver
netal as the conductor in mcroel ectronic devices, sensors, packages, and

1 exi bl e f HidacklieRiEfal 12 6f 83H6G fnd 30er Rotdi0agUha! CHctlrt

I nproved per ce ere cop ver |ayers are present. E Sunmmary
of the | nvenmigroelettronict deviods,esdnsofs, tgackpges,eand iflexibig icirouit @lgmentsde a

negati ve working photosensitive polyimde, precursor formulation whose
phot oi magi nghas ¢reatedna; reeqgfoq mfﬁm'%@msmﬁﬁ ‘MOMFFQHW Bl ied to
and pr ocesse&i?d&tr%d%%ﬂqy%;s a*é [E{Fe%e earing substrates. The photosensitive

conposition 0 hi's Tnvention consists of a polyam c ester polyner
containing ethylenically unsaturated groups, a photocrosslinking additive,
a photoinitiator, a nmetal inhjbitor, oiﬁ/mar'zationinhibitor,-anda
solvent. Optionally and in a mmm@tﬁﬂ vens nti oned conmponents, the

conposi tion may cep %bj%ﬁtoﬂlﬁeﬂfregﬁt%mbﬁﬁﬁﬁé\ﬁ&éQﬁ?egoa%%%r%g

pronoters, and dyes. tosensitive conpositions can be used In the
manuf act ur e piiotosémsities epolyimide derecurser afatmutatioine cvhose c phpisiragingons such

coatings. | feHoR{R pok npyeliad WhSh e eSmargton R applad ke prodeseedg '
plasti ¢ 1,3y eas coBferi 8iedbeating dubsirateso T BhotaueRsitins cofiposiiBAC of the
present inventioh Is to provide~a photosensitive polyimde precursor
conposi ti on thistinvention consists of a polyamic ester polymer containing ethylenically

unsaturated groups, a photocrosslinking additive, a photoinitiator, a metal

inhibitor, a polymerization inhibitor, and a solvent. Optionally and in

addition to the aforementioned components, the composition may contain

15 one or more photosensitizers, adhesion promoters, and dyes.

The photosensitive compositions can be used in the manufacture of
microelectronic devices and in electronic applications such as thermal and
mechanical stress buffer coatings, alpha particles barrier coatings,
interlayer dielectric films, and as patterned engineering plastic layers.

20 i L
Detaileci Description of the Invention
One aspect of the present invention is to provide a photosensitive

'polyimide precursor composition comprising:

25 (i) 20-50 parts by weight of a polyamic ester polymer (C) obtained by
the polycondensation of a diester-diacid chloride compounds (A)
with a diamine compound (B).
(i)  1-4 parts by weight of a photoinitiator (D).
(i)  3-10 parts by weight of a photocrosslinkable additive (E).
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25 (i) 20-50 parts by weight of a polyamc ester polyner (C) obtained by
the pol ycondensation of a diester-diacid chloride conpounds (A) vmth a

di am ne ¢ B)., (ii) 1-4 parts by weight of aphot
i %@?&{3@» (%o?lﬁg&

(i) 3-1 vei ght of a photocrosslinkabl e additi v
03/ 001293 PCT/ USOl/41188 (itv) 0.005-1 parts by weight of a netal inhibitor
(F). (v) 0.01-1 parts by weight of a polynerization inhibitor (QG. (vi)

44-76 parts W)n qu?r haﬁs QI“\/& ﬁtéi’_g ,ne‘iaﬁﬁ{.}ne 4 y anq in addition_ to

conponents A [ nc ustve osition may contain one
or nore of tl folblotwi lpgrtstb}'mghtsﬁabmlyn*)er&aﬁolilrﬂnmwrt(S)by wei ght of one
or nore photgsensiti_zer cogi@ g f(I). évi 1) 0.05- 2.0 parts by weight of
an adhesi on Mbnoffv® SRS Hyweight of a solygat (i yani ¢ ester pol yner (O has a
nunber average degree of polynerization of 5 to 100 and is synthesized by -
t he pol ycondensation of nononers A and B as follows (1): 10 A B 15 Mononer
A i s obt aisne@ptipnalie andantadditiort tea cangonedts Aecarb DpthrodghviH linclusively,

i el d di est die SaRoHian MAY. GHENPNA PUOER O e TRUNINGCORIAGTIB! e r cagent
(Formul a 2) . iy W02 @0d83 by weih(bf one or more photosensitizer compounds
().
(viii)  0.05- 2.0 parts by weight of an adhesion promoting compound (J).
10
The polyamic ester polymer (C) has a number average degree of
polymerization of 5 to 100 and is synthesized by the polycondensation of
monomers A and B as follows (1):

o o 0 Q
RO—( OR R'O'—‘( OR
+ Hd‘i—-—Rl—NHz —_—
c’—'( cl -{-m—( NH'R‘_]:
o0 o0

(Formula 1)

A B | C

15 Monomer A is obtained by the reaction of a dianhydride compound with at
an alcohol, R'OH, to yield a diester-diacid followed by conversion of the
diacid-diester to a diester-diacid chloride by means of a suitable reagent
(Formula 2).



-OH O RO PCT/US01/41188 (Formula 2) The group R represents a tetraval ent
aromati c group containing at |east one 6-nenbered carbon ring wherein the

four car Qgﬂ%é/g@%wps are directly connected to differentpepiReiifdsoms of R

and wher €l of two pairs of the four carbonyl groups I's connected to
adj acent carben atcons. The 5 di anhydride cogpound may be sgl ected from one
or nore of thg folll owing dianhydridesjy pyyonellitic di anlyydrjde (PNDA),

3,3, 4, 4'- enonet etracarb rafthydri de (E?I'D%/\ ® '
bi phenyl t et acaRboxyti ¢ @R@OHycrd= (BPIR), 3, 32 4

44
di phenyl sul f t expacar boxylic dian i dgm—4on 4' 10 ‘*—g}\m
per fl uor oi sopf opyl{j di nedi phthalic dian | de (6FDA), 4 -oxydi pht hal i c

anhydride (ODPA), Dis (3, 4-dicarboxyl) tetranethyl disi | oxane di anhydri de,

bi s(3, 4-dicarboxyl phenyl)di net hyl sil ane di anhydri de, cycl obutane
tetracarboxylic dianhydride, and 1, 4, 5, 8-naphthal enetetracarhboxylic
di anhydri de. The tetracarboxylic di anhydrides can be used 4?9@?@3 inis
conbi nati on _and sel ection of the dianhydride conpound is not limted to

t he conpoundshe praun Rarepresentsca etravalént aromaticndroap centsininghat leastat ur at ed

o oup. "or oce o kElBY barkBh g aFsL e o AR aroiTa sty o
di val ent di @gnAectEiictoadiffeicnt carbontatBinscofR aindswhéreir? 8atle @ two pairé-ofenber ed
carbon ring and is selected fromat |east one the follow ng gr ougeof

di val ent - ar shetfpur aaseendgrenpe is sonpgeedctoadiacephaarkon awmes: T
o1 St otiapRSie esBOYE Y 58 Sbetes) from ope s mpre of the fallwing
ether, 4, 4'dightydridesi phepomeliitieer , dianBydiideani (RRIDX)enyB,32f hed, 244
benzophenonetetracarboxylic  dianhydride (BTDA), 3,3, 4, 4'-
biphenyltetracarboxylic =~ dianhydride  (BPDA), 3, 3, 4, 4-
diphenylsulfonetetracarboxylic dianhydride, 4, 4'-
10 perfluoroisopropylidinediphthalic dianhydride (6FDA), 4, 4'-oxydiphthalic
anhydride (ODPA), bis (3, 4-dicarboxyl) tetramethyldisiloxane dianhydride,
bis(3, 4-dicarboxylphenyl)dimethylsilane  dianhydride, cyclobutane
tetracarboxylic dianhydride, and 1, 4, 5, 8-naphthalenetetracarboxylic

dianhydride. The tetracarboxylic dianhydrides can be used singly or in

15 combination and selection of the dianhydride compound is not limited to

the compounds listed above. The group R' contains at least one

unsaturated group which may be a vinyl, allyl, acrylyl, methacryl,
acetylenic, a cyano group, or other suitable radiation crosslinkable group.

Monomer B is an divalent diamine wherein the group R4 contains at

20 least one 6-membered carbon ring and is selected from at Ieést one the

following group of divalent aromatic, heterocyclic, alicyclic or aliphatic

amines: m-phenylenediamine, p-phenylenediamine, 2,2'-

bis(trifluoromethyl)-4,4'-diamino-1, 1’-biphenyl, 3,4-diaminodiphenyl ether,

4 4'-diaminodiphenyl  ether, 3,3'-diaminodiphenyl ether, 2,4
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(fOR 5 WO 03/001293 PCT/ US01/ 41188 tol yl enedi am ne, 3, 3'-di am nodi phenyl
sul fone, 3,4'-diam nodi phenyl sulfone, 4,4'-diam nodi phenyl sulfone,

3,3 -dia | met hane, 4,4' 5
di am nodrbﬁ(gﬂé/ﬂﬂg{%ane, 3, 3' -di am nodi phenyl met hane, 3, 4" - PCT/US01/41188
di am nodi phenyl net hane, 4, 4' - di am nodi phenyl ketone, 3, 3' - di am nodi phenyl

ket one, 3, 4' - di am nodi phenyl ketone, 1, 3-bis(4- am nophenoxy) benzene,

1, 3- bi s(3- anipg e“%gﬁﬁ%r ls)f!?%ela%mlil‘gérghéﬁg(ysulfone Asdiaminodiphenyl, - i e

am nopr opyl )t e ra oxane , t et ranet hy
m xyl yl enedi auifone, #:4' adjémlrmdq:menyl selfoneyey, Bydlerradoekphenylmethane 44'

tetranet hyl engdi a nt t hyl ene 1.0, hexame | enedi am ne,

2, 5- di met hyi MWFE@T%‘&E’BF&\W‘% gr@??@f‘}‘ﬁ@ﬂ‘&ﬁ@f‘“%@h@é?am ne 34"~

heptanet ! iR ersiet e Zy'ﬁgﬁ%'?ﬂ%i” BEERH: ol BEtD, g -

et vl nanamet byl encdl g Re*"*‘i?hem‘“"“""d'meﬁy” eyl & 3"‘253 e
enedi am ng, e

propyi enedi aRMHBOPDEROXYY beRaens; fé‘&ﬁér%@'ﬂﬁrﬁ oxy) benze e B'snz

1, 10- di am n0ogly; ﬁgpmmwbgrﬂéﬁgmsﬂoﬁaﬂé di am ni dodecg,@% 6-tetramethyl-p—

1, 12- di am nooct adec I am noei cosane, 3,3’
di net hyl - 4, 4phenylhenedtanmhenyl neMmﬂylen@dnaMsz nocﬁycl ohew&nmhdrmme

G 2 oo ook ARGBRRe, o bt AR " SRS daine o
di am no-dsq 1 HekaRGRRRLARIENTHS!, . Z6Xiien Ianﬁ}?ﬁtgfdeh%%ihﬁéo'e 5.4 diam

|nocyclohexane per azi ne, 4, 44" - net hyl ene-
bi s(o-chol or mthbxy@xamethylemediay:hlae,e bi s(lmplhmneghyienddlam)ne 4, 4 -2¢Bt hyl ene-

D82 et o S hosdars el G 2 Gl Sp Ay BFeiaine,  4.4-

4, 4" - oxy- bi sgfrdediyiHtiptametiyiénedidmthe;, t hi o- octamethylenedlamme,
nonamethylenediamine, 2,5-dimethylnonamethylenediamine,
15 decamethylenediamine, ethylenediamine, propylenediamine, 2,2-

dimethylpropylenediamine,  1,10-diamino-1,10-dimethyldecane, 2,11-
diaminidodecane, 1,12-diaminooctadecane, 2,17-diaminoeicosane, 3,3'-
dimethyl-4,4’-diaminodiphenylmethane,  bis(4-aminocyclohexyl)methane,
3,3'-diaminodiphenylethne,  4,4’-diaminodiphenylethylene, and 4,4'-

20 diaminodiphenyl sulfide, 2,6-diaminopyridine, 2,5-diaminopyridine, 2,6-
diamino-4-trifluoromethylpyridine,  2,5-diamino-1,3,4,-oxadiazole,  1,4-
diaminocyclohexane, piperazine, 4,4’-methylenedianiline, 4,4-methylene-
bis(o-choloroaniline), 4,4'-methylene-bis(3-methylaniline), 4,4-methylene-
bis(2-ethylaniline), 4,4'-methylene-bis(2-methoxyaniline), 4,4'-oxy-dianiline,

25 4,4'-oxy-bis-(2-methoxyaniline), 4,4'-oxy-bis-(2-chloroaniline),  4,4'-thio-
dianiline, 4,4'-thio-bis-(2-methylaniline), 4,4'-thio-bis-(2-methyoxyaniline),

v 4,4'-thio-bis-(2-chloroaniline), 3,3'sulfonyl-dianiline, 3,3'sulfonyl-dianiline.
The selection of monomer B is not restricted to these compounds and the
monomers B can be used singly or in combination.
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dianiline, 4,4 -th io-bis-(2-nethylani |ine),

4,4" -thio-bis-(2-nethyoxyaniline), 4,4 -thio-bis-(2-chloroaniline),

3,3 sulfo line, 3,3 sulfonyl-dianiline. The seleqkhﬁﬁ noner B
I S not gﬁoﬂoﬁ}bto t hese conpounds and the nononers B can g%ggg singly
or in conbl nation. 6 WO 03/001293 PCT/ US01/ 41188 Photoinitiator D is

sel ected fromat | east one of the group consisting of: Fornula 3 Fornula 4
5 nanely, bis(.eta.5-2,4-cyclopentadien-1-yl)-bis(2,6-difluoro-3;:(1

H pyrrol - 1-yl)phenyl)titani um and

bi s( met hyl cycl opehatbiritiator-Diis §€lebtedi fromat dgdst onelofithe tgroamiconsisting
Photocrosslln¥|ng agent (E) is selected fromat |east one of the group
consi sting oPlesters and partial esters of acrylic acid or methacrylic io
acid and ar o, @rtlcularly aliphatic pqoglufa i th 2-30 G atons or

cycl oal i phatic polyol th 5 or 6 Catons. Exanp es of suitable
conponents (E) are: g | ene gl ycol diacrylate, ethylen
di mret hacryl ate, di getQyl ene gl ycol diacrylate, diethyle

) eﬁy ycol diacrylate, triethyl

di et hacryl ate, tr,

di et hacryl ate, te hyl glycol diacrylate, tetraeghyl ehet
di net hacryl ate, pol et hyriénergl y di (nmeth)acrylates w t 1R
nol ecul ar weight int .1- of N200- 2000, tri nmethyl ol pr
tri(nmeth)acryl ates w age nol ecul ar wei ght in the

15000, pentaerythrite tri (= ~-' acrylate, pentaerythrite di '
20 pentaerythrite tetra (neth)acrylate, and the |Iike. The netal |nh|b|tor
conmpound (F) is selected fromat |east one of the group consisting of:

1h tetrazol epgmﬁ%)ﬁ az%pﬁtgpaeg-@f U S8 8Stadin- 2755 i 2, &Gt ohy. 3 @HEpy i

5- mer capt obe
1-yi)phenyltitanium and bis(methylcyclopentadienyl)-bis(2,6-difluorophen-

1-yhtitanium.

Photocrosslinking agent (E) is selected from at least one of the
group consisting of esters and partial esters of acrylic acid or methacrylic
10 acid and aromatic and particularly aliphatic polyols with'2-30 C-atoms or
cycloaliphatic polyols with 5 or 6 C-atoms. Examples of suitable
components (E) are: ethylene glycol diacrylate, ethylene glycol
dimethacrylate, diethylene glycol diacrylate, diethylene glycol
dimethécrylate, triethylene  glycol diacrylate, triethylene glycol
15 dimethacrylate, tetraethylene glycol diacrylate, tetraethylene glycol
dimethacrylate, polyethylene glycol di(meth)acrylates with an average
molecular weight in the range of 200-2000, trimethylolpropane ethoxylate
triimeth)acrylates with an average molecular weight in the range of 500-
15000, pentaerythrite tri(meth)aci'ylate pentaerythrite di(meth)acrylate,

20 pentaerythrite tetra (meth)acrylate, and the like.
The metal inhibitor compound (F) is selected from at least one of
the group consisting of: 1H-tetrazole, 1,2- cyclohexanediamine tetraacetic

acid hydrate, and 5-mercaptobenzimidazole.
7



7 WD 03/001293 PCT/ US01/ 41188 The pol ynerization inhibitor (G is selected
fromthe group consisting of para-benzoqui none, thiodiphenylam ne, and

al kyl phe h as 4-tert-butyl phenol, 2,5-di-tert-but i none,
or 2, 6-di W@%"-"’s‘g&’butyl _4-met hyl phenol . The sol vent (H) i PerREIAny, 1on
the group consisting of 2- nethyl pyrrolidone, y-butyrolactone, N,

N- di met hyl formam de, N, N- di net hyl acet am de, di net hyl suf oxi de, sul fol ane,
et hyl ene glycol nononethyl ether, cyclopentanone, propyl ene glycol

monomet hyl ether to acetate, and tetrahydrofuran. These solvents may be
used separately ofTheaspdlymerization Tihkibitomp(@)i tis oseleetedlr oo lile t hroup

I nvention may opti,onal]y coptain ,one or, npre of the follow conponent s
1" addi 41 on CaNBBIGA! RaGHECHEMNEn: LIoTRAIaNg, =g &l hrerere
Formia s (Fova 14 4 Bl B heroB 2.0 R G Ml Rtib AL Ble  OF 2 GHTRRR
anot her, ar ebGiyl-@emethylphgnalups and Rs i ndi C;it es Cl-C6 al kyl carbonyl, Cl1-C6
20 al koxycar bonyl Carboq 4 ar

optionally subst ﬂ-thgtsé%\aﬁ“ﬂ l 1% %ﬁ%ql’tﬁgﬁﬁ'ﬂfc‘;hfsé%uﬂgqqplt (RS Cﬁasrt@_g%lg_’rz‘rmr e
o ok TRANRVEBIRSNE Sy blhremtphict, K oI Rbeuplaiangs SN0 of
formul at ed cdimethyldcetamidey aldimethyisufoxide, ad diulfolane, suethylene pi ghteot s,
col orants, fir't{clneorn%étha he Seir\,/ecsy’clo‘;’yg}lfainrc'nqeff’1 ?t%ﬁénea rbqyc%fen%ortlg te'cﬁ:y"f1 r'etﬁer
10 acetate, and tetrahydrofuran. These solvents may be used separately or
as mixtures.
The compositions embraced by this invention may optionally contain
one or more of the following components in addition to polymer A and
components D through H.
15 One or more photosensitizers (1) selected from the group consisting

of coumarins of Formula §

- (Formuta 5) R;
\

in which Rs and R4 /N
independent of one R4
another, are C4-Cs alkyl groups and Rs indicates C1-Ce alkylcarbonyl, C4-Cg
20 alkoxycarbonyl, Ce-C14 arylcarbonyl, or Ce-C14 aryloxycarbonyl, optionally
substituted with C1.¢ dialkylamino substituents
One or more adhesion promoting compounds (J) selected from the
group consisting of aminoalkoxysilanes and derivatives  of
aminoalkoxysilanes. ' ' ' '
25 The formulated compositions may also contains additives such as
pigments, colorants, fillers, adhesives, wetting agents, and dyes that can

8



WO 03/ 001293 PCT/ US01/41188 influence the spectral sensitivity of the
-m xtures by their intrinsic absorption. As the first step in applying the

phot osen | yi m de precursors conpositions enbraceg-Bysdititss
mvenUofn‘klb‘)ﬁ@o@ﬁ tosensitive conposition is 5 coated on a substrate such

as a silicon device wafer, a ceramc substrate, a flexible polyner
substrate, and the |i ke which may have copper or silver nmetal films coated

or Attached i dii it TRREaC s ARIRAIC e THAMIIBY bYEAGRSIntindiaDl © for

use incl ude are not to spi n coati ng, coating, offset
printing, scbsemptun.nting, extru5| on coati ng, rrenl scus I 0 coating, curta| n

i ng, di . JIh
rred o soft bakes e BSt sipemanAang e, phoGseBate, oofimide padlisdly o, ©
convect 1 0N Qhipodifiors SihPae dpy?fﬁ ihtentldns the Pﬁoﬁs@ﬁﬂtﬁé’c@ﬁ’np’éﬁ%h%

mnutes to twel'Vv our s depen on the c¢oat od and film
thi cknesss Eaﬂt@tl oad sobstratg sush mpa)smcbn dewcemﬂfer reaga@rantic substraterask 15

tt h that k tt f d
P o ed 1 i MleBlpobebr SHbaica, ARG Ao dke Wil Tiay Bae Ehindr ol ShAFL i 0
i nvention anfee s cobt Méﬁ*ac%a%,théihtﬁyamahstofraauyédhey% vCehlthg | i ght

rays. The m)s%ﬂpreferreégpra s are those wth wavel engt hs of 365 nanoneters
and 436 nananetheds switable ﬁ:mmdunbuadetmmanemqtdmﬂeaetmsmy qaatipgdstalletes. 20

In th t st d el

tRe rrgsﬂe)p()ats ngyo%eéaf’%ﬂ@"q hég}é?i?ofg'\é& 'IO q%tug :ﬁ%@ﬂ@ Jpgé'tsgﬂgsol vent .
Exanpl esy c%%‘érh?nkﬁrtaigeéddtln nd?%a‘ﬁhgcéh@%pﬁﬁy Eduting. MVR@ résulting wdtude but
are not o .1- one ol | idone, n-butyl acetate,

ethyl | act atcoatiogds ajsied qnmfﬂqakegcat@nt@mmm rgéfJ@tcefhéow Wsing 2ot
Thereot | milReuaparsaihevERn DAt Al aed cond 4B e Thr robOR shskUehl®
?ﬁreaé’evglugd' inufg¥ 3- Bﬁf!tdéehomé aeﬁedogmg r?ﬁrtﬁekalemgt ﬁnéﬁ?dglbﬁbl?fﬁﬁl st art.
pea relile attern 1s rinsed w a solvent suitaple 10or renova
of thickness. The dried coating is exposed to actinic rays through a mask
15 pattern in a manner such that an image of the mask pattern is formed in
the dried film. Examples of actinic rays useful in the practice of this
inveﬁtion are x-rays, electron beams, ultraviolet rays, and visible light rays.
The most preferred rays are those with wavelengths of 365 nanometers
and 436 nanometers and are readily obtained from mercury lamp sources.
20 In the next step, the imaged film is developed to form a relief image
' of the mask pattern by treating the exposed film with an apbropriate
solvent. Examples of solvents useful in the practice of this invention
include but are not limited to y-butyrolactone, 2-methyipyrollidone, n-butyl
acetate, ethyl lactate, cyclopentanone, cyclohexanone, propylene glycol
25 monomethyl ether acetate, isopropanol and binary or ternary mixtures
thereof. Image development can be carried out by means of immersion,
spray, puddle, spray-puddle, or similar means known in the photoresist art.
The developed relief pattern is rinsed with a solvent suitable for removal of
the developer solvent. Rinse solvents useful in the practice of this

9



t he devel oper solvent. R nse solvents useful in the practice of this 9 W
03/001293 PCT/ US01/ 41188 invention include but are not limted to n-butyl

acet ateI &&Qﬁ’%@ﬁﬁegl ycol nonoethyl ether acetate, and I?efﬁﬁgﬁﬂ%s The

relief converted to a patterned pol yi m de y appl yi ng
heat at tenperatures ranging from 200 to 425 oC for tines ranging from 30
m nutes to six hours. 5 EXAMPLE1L A negative resist conposition, prepared

b f ' A .03 w.
syl pnt nal TREHNIR e BoBs, roRieaRo, Hotinaeeiate, irBByent alyddt )

2- hydr oxyet hﬁbnmhbh@tryérafaee(dl%) ai:d&smproﬁﬁol angheneslizfr inesgeorisli thent o
Formula 3 (corrponent D) 5. et r?t, | ene chol di nmet hacryl ate

(conponent mEenyegsed\ip.a wttremest P@Y@F'@e ﬁEHB’"TS hgabat {gmperatures

(component _JFhGBEBIEOfRORRERE {0 fet shibgfantlld 7R SIRTNERIBTITES, o) o

overnightsto yield a clear resin solution and was then subjected to a
pressure filtration through filtersgﬁ%N@ﬂ&f width 0.2 mcrons. The resin
sol ution was spin coated onto bare dnd -coated silicon wafers and

then dried fgp%? In this way, 11 ~Jrn
thick 3.5 f%ng Q@unl %r mhﬁ] égs vver%bxbta ed on the wafers. The
waf ers were then exposed to rmnochrorratlc | i ght W|th a wavel ength of 365

nanomet er s 3 , X pOSUr e,
the image wﬁg-ﬁ%lg pedolyamie agid;

g "fhe1
spraying oxydiphthalic anhydnde (-ODPA) 4,4'-diaminophenyl

ether (=ODA) and 2-hydroxyethyl methacrylate (R’)
1.3wt % Titanocene corresponding to Formula 3 (component D)
5.36 wt. % | Tetraethylene glycol dimethacrylate (component E)
0.05 wt. % | 1H-tetrazole (component F)

0.07 wt. % | Para-benzoquinone (component G)

0.74 wt % Silane adhesion promoter (component J)
55.25 wt. % | N-methylpyrrolidone (component H)

10
was rolled overnight to yield a clear resin solution and was then subjected

to a pressure filtration through filters of pore width 0.2 microns. The resin
solution was spin coated onto bare silicon and -coated silicon wafers and
then dried on a hot plate for 7 minutes at 100°C. In this way, 11 um thick

15 films of uniform thickness were obtained on the wafers. The wafers were
then exposed to monochromatic light with a wavelength of 365 nanometers
using a Canon 3000i i-line stepper exposure tool. After exposure, the
image was develbped by rotating'the wafer at 1000 rpm and then spraying -
the wafer with cyclopentanone for 35 seconds, followed by spraying the

20 wafer simultaneously with equal volumes of cyclopentanone and propylen

10



the wafer with cycl opentanone for 35 seconds, followed by spraying the 20
waf er simultaneously with equal volunes of cycl opentanone and propylen 10
WO 03/ 001 S01/ 41188 gl ycol nononet hyl et her acet at e éﬁﬁﬁ» r 10
seconds asaiﬁggﬁé m and then spraying with pure PGVEA fo?éﬁf seégﬁﬁs. As
a final step, the wafers were spun at 3000 rpmuntil dry. High quality

relief images were obtained on both the silicon and copper-coated silicon

s e YRR ISR Hrhl (BORRAL TSP SARATH b0 keSS
resi st ConMpogniitABn sﬁrﬁgﬁgaﬂhrbpum RGMEAJdr 38 saiconBs) Vagriacfirnelisteys sther

(component C) produced from4,4' - %oxydi pht hal i c anhydri de (=0DPA),
4, 4' - di ami nopvekeRs were spup -atr$900; rm Antl, dpe x fligh au rﬁ@?ymgesmr)e 6. 54

w. %A 20% N t] | 1 af n o] Qo ; r 4 nponent -
D) 5. 61w, SoEned STt He SRR Bnd EORIREADS S el TERLTT"oa
Htetrazols Exposwecdosk) réquirediito WBtaire-30%z cetaineth cfilic thivkness a&fer0. 74 wt
%05i | ane adhesi on pronoter (ﬁo onent J%%48 64 Wt o N-nethyl pyrrolidone
(conponent Hyeyelgpmenten bethisibstrataswahd0Q eI d a clear resin sol ution
and was then subjected to a pressure filtration through filters of pore
width 0.2 mcrons. The resin solution was spin coated onto bare silicon

and copper-coated silicon EXAMPLE 2

A negative resist composition, prepared by mixing:

37.34 wt. Polyamic acid ester (component C) produced from 4,4'-

% oxydiphthalic anhydride (=ODPA), 4,4’-diaminophenyl| ether
(=ODA) and 2-hydroxyethyl methacrylate (R’)

6.54 wt. % | A 20% NMP solution of titanocene corresponding to

' Formula 4 (component D)

5.61 wt. % | Tetraethylene glycol dimethacrylate (component E)

0.05 wt. % | 1H-tetrazole (component F)

0.07 wt. % | Para-benzoquinone (component G)

0.74 wt % | Silane adhesion promoter (component J)
49.64 wt. N-methylpyrrolidone (component H)
%

10
was rolled overnight to vield a clear resin solution and was then subjected
to a pressure filtration through filters of pore width 0.2 microns. The resin
solution was spin coated onto bare silicon and copper-coated silicon
wafers and then dried on a hot plate for 7 minutes at 100°C. In this way,
15 11 pm thick films of uniform thickness were obtained on the wafers. The
| wafers were then. exposed to monochromatic light with a wavelength of 365
nanometers using a Canon 3000i i-line stepper exposure tool. After

exposure, the image was developed by rotating the wafers at 1000 rpm
11




wafers and then dried on a hot plate for 7 mnutes at 100C. In this way, 15
11 pmthick filns of uniformthickness were obtained on the wafers. The

waf ers we t xposed to nonochromatic light with a wa 365
nanomnet er@%&g}bﬁggz Canon 30001 i-1line stepper exposure tool .WE@%I%
exposure, the imge was devel oped by rotating the wafers at 1000 rpm 1~ WO
03/001293 PCT/US01/41188 .and then spraying the wafer with cycl opent anone
for 35 seco I r %/mé i &F}&ﬁ: 4 h equal
vol unes of 'C cﬁ“%g'e‘%ﬁéﬁ@ﬁeﬁ n‘@g%?)g%@'lgcé}ncypg ycﬁne?rgor?{oér?é% %y e Zé%e‘al%ge ate
(PGVEA) forpylOsprayimfstie  Walst romsimuitaridouslys pwitlyi regjued t holumies PEIVEA f or
15 5 seconds. As a final step, the v&;"ers were spun at 3000 rlgm until dry.
Hi gh qual i tSyclopentanonaged RiepYensalysal dnencrpethylether acetate (PEMEAbpper

coat ed i1 h L | Lah ' O iqged film-
Chi cknese wigr 100Scsings, At Fo0Y RAth, afidHih Bra iRy with e FOMEACHCR 50 111
copper wgs FrsecomdsEWﬁﬁa&tépnﬁ'@auafees wese spume ahﬁO?OtrpmuntbdqpaHigh by
m xi ng: Pol yam.c acjd.ester (co nent, C odu 4.4' - 26.44 w .
oy i pht haldUBIA Tl ima0es eissRobiangd qf BBl ERgen SO SoRPEEARISEh
2- hydr oxyet I Vbt i [ t
For?lml axg (%#ﬁﬁ%ﬁf 3?‘57%?’5%62%}'*%9‘&&3%@“8??23?%{ :rrgt crly g‘tec_)

g
(conponent HEhickness! was. 12&,rﬁJ/cm7dbohﬂ)easiﬁd:braWaier apndr 4 mJ/emadodtieydr at e

(conponent F) 0.053 _wt. %para-benzoqui none (conmponent G 0.08 wt. % DAC
(conponent | PBeEWaf@rSysi | ane adhesi on pronoter (conponent J) 33.98 wt.

%Cycl opeppanone (conmponent H) EXAMPLE 3

A negative resist composition, prepared by mixing:

26.44 wt. % | Polyamic acid ester (component C) produced from 4,4'-
oxydiphthalic anhydride (=ODPA), 4,4'-diaminophenyl
ether (=ODA) and 2-hydroxyethyl methacrylate (R’)
0.93 wt. % Titanocene corresponding to Formula 3 (component D)

3.97 wt. % Tetraethylene glycol dimethacrylate (component E)

0.034 wt. % | 1,2- cyclohexanediamine tetraacetic acid hydrate
(component F)

0.053 wt. % | para-benzoquinone (component G)
0.08 wt. % CDAC (component [) ' - ‘
0.53 wt % Silane adhesion promoter (component J)

33.98 wt. % | Cyclopentanone (component H)

33.98 wt. % | N-methylpyrrolidone (component H)

was rolled overnight to yield a clear resin solution and was then subjected
to a pressure filtration . The resin solution was spin coated onto a silver-
is coated silicon wafer and then dried on a hot plate for 2 minutes at 110°C.!
In this way, a 4.5 pm thick film of uniform thickness were obtained on the
wafer. The wafer was then exposed to broadband radiation using a Karl

12




33.98 wt. %N\ net hyl pyrrolidone (conponent H) was rolled overnight to yield
a clear reS| n solution and was then subjected to a pressure filtration .
The resi }E?B j#95 was spin coated onto a silver i5 coategcg ﬁbgomﬂsg\/afer
and then dried on a hot plate for 2 mnutes at 1100C." In this way, a
gmthick filmof uniformthickness were obtained on the wafer. The wafer
was then exposed to broadband radi ation using a Karl 12 WO 03/001293

- PCT/ US01/ 4118GssS56Ronka BSUrePOBPat P oheidly ddseeF JULP rYcrioSAfted 300
ml/ cnR. After expos%ﬂreeﬁ (ﬁ%mage was devel opéd by rot at| ng the vvaf er at
1000 r pm andexposere,thedyiagg wae dmélepednblyrrotgtmgdberwafeoaéwa@ rdi@ amekconds,
foll owed by , spra rrul t aneousl | .une

cycl opent anotll?gﬁss%ﬂ %Qrtgﬁy‘(v@f% W y@)f?loﬂ%%ﬁ@f'%)fpébﬁ g?af"é‘%’?%\ﬁ&) f or
10 seconds gy %ﬂaqhbpwafargnmﬁﬂeéeﬂwmge Aivalies @\@bléﬁntéﬁl?] rfeeconds.

As a final the wafers were spunh at 00 rpmunti | quality

relief ia&agand prapylens giyaebmoenomethyetheeacetata Mﬁ@rfowwiseaom s at

or epar cd_ by THAE tRsR a8 e sofabids Wlthrord FARATHY 0 S5t ¥ FIH] 53 26
W, Ypyromel dtpi ﬂwéilveéf@wrwé@ &p E’N%)aoeﬂo nﬂlu%m dppherigh aubkty feligPA) and
2- hydroxyet hyl " net hacryl ate (R 70 wt . /aA 20% N % sol ution of titanocene

cor r espondi ngmag@stemgbtaln@doapoﬁhensﬂvey @ated waferanith acfilvy 1thicknessycol

di et hacryl atf‘?{'g t E) 0.05 wt. % Htetrazole (conponent F) 0.08 wt.
%Par a- benzo rT%Lc)ic;tﬁ%onent G 0.76 wt %S5i | ane adhesi on pronoter

(conponeny J)
EXAMPLE 4
A negative resist composition, prepared by mixing:

38.28 wt. % | Polyamic acid ester (component C) produced from
pyromellitic dianhydride (=PMDA), 4,4'-diaminophenyl
ether (=ODA) and 2-hydroxyethyl methacrylate (R}
6.70 wt. % A 20% NMP solution of titanocene corresponding to
Formula 4 (component D) '

5.74 wt. % Tetraethylene glycol dimethacrylate (component E)
0.05 wt. % 1H-tetrazole (component F)
0.08wt. % | Para-benzoquinone (component G) .’

0.76 wt % Silane adhesion promoter (component J)

48.39 wt. % | N-methylpyrrolidone (component H)

was rolled overnight to yield a clear resin solution and was then subjected
15 to a pressure filtration through filters of pore width 0.2 microns. The resin
solution was spin coated onto bare silicon and copper-coated silicon
wafers and the wafers were dried on a hot plate for 6 minutes at 105°C. In
this way, 15 to 17 pm thick polymer layers of uniform thickness were
obtained on the wafers. The wafers were then exposed to broadband

13



48.39 wt. 9%\ net hyl pyrrolidone (conponent H) was rolled overnight to yield
a clear resin solution and was then subjected 15 to a pressure filtration

t hr ough fwé;(g’gﬁlﬁfs_ pore width 0.2 mcrons. The resin sol utg 435189 N

coated on re Silicon and copper-coated silicon wafers an he waf ers
were dried on a hot plate for 6 mnutes at 105C. In this way, 15 to 17 m
thi ck polyner |ayers of uniformthickness were obtained on the wafers. The

waf ers were ; 4 %QW

radi ati on us{@mgﬁséuggﬂm&%%?ﬁ%t@xp sgre tggﬁ%lbgin nergy dose
of f 200 [nJ/1 gggf 200 MIcm?EoAfhereequuere,tnﬂngah 'mmef \deﬁuplepgd;by mtaﬁliélgaﬂ'net he )
waf er a m a en _sprayjn e waf gr wi s econds,
fol | oned by ‘Q’Bfégy?ha%lobe TR 8935§!hﬁﬂl ?Bfﬁwggsﬁ? Wa%?f %@a?&%séﬁi J%wazf

Q- 3501 and en M)égol éyﬁm f :
seconds at 38%@%% FOA'% theba sgrg@ﬁgéhﬁt fﬁﬁfﬂhﬁ%@/ﬁgﬁ) r ltg ?ggéﬁds at
1300 r pm sAsvalufriesalofs Q>350heandf prapylenee giyooh manos@bioyletver uacétatedr y.

Hi gh qualit i ef. Lmages were, obt aj on bot he silicon.and

copper - coat Z@m)sforlggﬁﬁmﬁ @ﬁﬁ@ﬁé&’%éﬁéf’%‘? WIRYES; i”l'tgnPur&r epar ed
by m xi ng: bgm : n @féﬁ BN

%pyr onel Igi t :Dg | anﬁ?ﬁ??&ge?i%éwgg?%ﬂﬁl ?‘isz?n{iﬁﬁc!pheﬁ?ﬁeg,{ager (g%%s) nand

2- hydr oxyet hat 3060 rperoruntihdey. ( Righ quaity valief ragesweenebtained:-ep both the t o
Formul a 3 (copponent D aet hyl ene gl ycol dinethacryl ate

5.74 W,  %et
(conponent  ESIigPHANGC r'@?@rﬁf?&r(corrponent F) 0.08 wt.

%Par a- bengoqui none (conponent G 0.76 wt %Silarie adhesion pronoter

(component J) EXAMPLE 5

A negative resist composition, prepared by mixing:
38.28 wt. % | Polyamic acid ester (component C) produced from
pyromellitic dianhydride (=PMDA), 4,4'-diaminophenyl
ether (=ODA) and 2-hydroxyethyl methacrylate (R’)
1.34 wt. % Titanocene corresponding to Formula 3 (component D)

5.74 wt. % Tetraethylene glycol dimethacrylate (component E)
0.05 wt. % 1H-tetrazole (component F)
0.08 wt. % Para-benzoquinone (component G)

0.76 wt % Silane adhesion promoter (component J)

53.75 wt. % | N-methylpyrrolidone (component H)

was rolled overnight to yield a clear resin solution and was then subjected
15 to a pressure filtration through filters of pore width 0.2 microns. The resin .
solution was spin coated onto a Cu-coated silicon wafers 'and then dried on
a hot plate for 10 minutes at 105°C. In this wéy, 30 to 35 pm thick polymer
layers of uniform thickness were obtained on the wafers. The wafers was
then exposed to broadband radiation using a Karl Suss MA 56 contact
20 exposure tool at an energy dose of 500 md/cm?. After exposure, the image
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53.75 wt. 9%\ net hyl pyrrolidone (conponent H) was rolled overnight to yield
a clear resin solution and was then subjected 15 to a pressure filtration
through filters of pore width 0.2 mcrons. The resin sol utj in
coated on?® ¥ ¥12%oated silicon wafers and then dried on tplgqﬂg)s\te@%lg?e for
10 mnutes at 105C. In this way, 30 to 35 gmthick polyner |ayers of

uni form thi ckness were obtained on the wafers. The wafers was then exposed

i ener gy dovee e Bl Tietinge w3 11500, R e en, SPREM st 1205 ™
PCT/ USO1/ 411@8ferawithe Ciz-8861 for 80t €ddomds| if@uowécerbya@pi&ﬂﬁ%rm@ deit hen
spraying the wafer with -3501 for 80 seconds, followed é?sprayl ng the

wafer si mul sisndtaneoyslyi withegqual welumess off QZ#35% 1anth prepyleneealyegl ycol

Cprayi g wi  Roporstadbfberiassial (EEMRAALRTTE Shofus Ht Shoctifim it I © (e

vafers werse gpragingt with Qure IPFGMEA fordtd secdrafs atut800 yphel Asfa finalostepyer e
obt ai ned on the copper-coated silicon wafers. The exposure energy of 500

mi/ cn? resul thegwaters, were spueaé 3008 mpmrundll doe igh sluaiitysrelief pages were:

original so ' | GK ] nagptive
resi st comoé#@ﬁﬁoéﬁé%gém%éa isﬁgpﬁ%q?@gﬁ;}bga%ﬁé%%gp&g@%onem O
produced fr omlfom? resiifte8 in t filnfotentiamatter developufisd.466 (roADRA original

4, 4' -di am nophenyl ether (=0DA) and 2-hydroxyethyl nethacrylate (R) 1.3
Wt . i t anocseftbaked aLbidinesSt o Formula 3 (conponent D) 5.56 wt.

%det raet t'i)él ene glycol dinethacrylate (conponent E) 0.07 w.

%Par a- benZoqui none (conponent G 0.74 wt %8 | ane adhesi on pronoter
(conponent J) COMPARATIVE EXAMPLE 1

A negative resist composition, prepared by mixing:

37.01 wt. % | Polyamic acid ester (component C) produced from 4,4'-
oxydiphthalic anhydride (<ODPA), 4,4'-diaminophenyl
ether (=ODA) and 2-hydroxyethyl methacrylate (R’)
13wt % Titanocene corresponding to Formula 3 (component D)

5.56 wt. % Tetraethylene glycol dimethacrylate (component E)

0.07 wt. % Para-benzoquinone (component G)

0.74 wt % Silane adhesion promoter (component J)

55.32 Wt % N-met_hylbyrrolidone (component H)

was rolled overnight to yield a clear resin solution and was then subjected
15 to a pressure filtration through filters of pore width 0.2 microns . The resin
solution was spin coated onto bare silicon and copper-coated silicon
wafers and then dried on a hot plate for 8 minutes at 105°C. In this way,'
20 pm thick polymer layers of uniform thickness were obtained on the
wafers. The wafers were theri exposed to monochromatic light with a
20 wavelength of 365 nanometers using a Canon 3000i i-line stepper
exposure tool. After exposure, the image was developed by rotating the

15



55.32 wt. 9%\ net hyl pyrrolidone (conponent H) was rolled overnight to yield
a clear resin solution and was then subjected 15 to a pressure filtration
through filters of pore width 0.2 mcrons . The resin sol ufi pin
coat ed ontWO B2, | con and copper-coated silicon wafer ?é%smiwidri ed
on a hot plate for 8 mnutes at 105C. In this way, 20 mthick polyner

| ayers of uniformthickness were obtained on the wafers. The wafers were

s g " Canoelgb8 1600 PR dft st Sorklibd e SA&FNEN BploeBlaniie 7 i °°
i mage was de\slcongs! lfdlldWédit bylgsprbvmgS tH&D ﬂafé?oé&ﬁﬁltd?ﬁadéﬁﬂlwﬁﬁléé grfer at

1000 rpm and then sprayl ng t wafer with cycl opentanone- for 70 "seconds,

fol l owed by yelupes @f tq’srélamntanqner@md a\-huiuhac;et & tNBAMor 1sosenmdsoat

Then or ey oot Al Xef Spialifo YO hule" MR 107 18 BetRbis . A A Bl or <
were spun gt s?éwotﬂepwaﬂer@ Werhi >Spdril ﬂh 3006/ fpny Lirftilldﬁ/ 'HT?EQTJ ¢eﬁ§ft ai ned
on the silicon wafers with a filmthjickness retention % at an

exposur e ener"@?gg{i were oRjpiped.onrine silipewalers avith arfimethickness retastion

?ﬁf Lﬂﬁgsgtfﬁ Ea'?’g | on %P%?%QEB@A%RS}EQ@@H@ Sé’b'ig?n‘é"g {r’@g?s{i "

conposi ti on, venepaody definethpattern®Palithapbor adhebiers tapd élamtanﬂdrﬂlrr@osar oduced
from4,4' - 33. Yoxydi pht hal i c dride (=0DPA), 4,4'-diam nophenyl
ether (=CDA) V\ﬂ\ibaﬁm f "%H’é‘tq’fa@r%l ate (R) 5.90 wt. %\ 20% NVP
sol ution q tltanocene correspondl ng to Fornmula 4 (conponent D) 5.10 w.
%l et raet hyl ene gl ycol dinmethacryl ate (conponent E)

COMPARATIVE EXAMPLE 2

A negative resist composition, prepared by mixing:

33.94 wt. % | Polyamic acid ester (component C) produced from 4,4'-
oxydiphthalic anhydride (=ODPA), 4,4'-diaminophenyl
ether (=ODA) and 2-hydroxyethyl methacrylate (R’)
5.90wt. % | A 20% NMP solution of titanocene corresponding to

Formula 4 (component D)

5.10 wt. % | Tetraethylene glycol dimethacrylate (component E)

0.07 wt. % Para-benzoquinone (component G)

0.68wt% | Silane adhesion promoter (component J)
54.31 wt. % | N-methylpyrrolidone (component H)

was rolled overnight to yield a clear resin solution and was then subjected
15 to a pressure filtration through filters of pore width 0.2 microns. The resin
solution was spin coated onto silicon and copper-cdated silicon wafers and
then dried on a hot plate for § minutes at 100°C. In this way, 10 pm thick
polymer layers of uniform thickness were obtained on the wafers. The
wafers were then exposed to broadband radiation illumination using a Karl
20 Suss MA 56 contact exposure tool. After exposure, the image was
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0.07 wt. 9% ar a-benzoqui none (conmponent G 0.68 wt %5 | ane adhesi on pronoter
(component J) 54.31 wt. 9%\ nethyl pyrrolidone (conponent H) was rolled

overnight to vield a clear resin solution and was then sulj to a
pressure W‘?P‘%@t‘?’&n through filters of pore width 0.2 m c%&ﬁzﬁﬁ%ﬁgjs?esi n
solution was spin coated onto silicon and copper-coated silicon wafers and
then dried on a hot plate for 5 mnutes at 100C. In this way, 10 mthick

vt or's ver o PrRopdR SR I TRRIR Rotleih 3R, P el B 08 al®E war
20 Suss MA SGitaoeyclopentaponar fort 80! seddrids; folpwedr by dprayingatwe Wasfed6 WO

03/ 001293 PCT/US01/ 41188 devel oped by rotating the wafer at 1000 rpm and
t hen sprayi n§inutangeusly with eauakvalypes ofsyeleperiangoe andprapylensiglwabd by

oropyl ene. of JIGIOTethIsten SRSRRTPONER) 154 Ereddtidd B 1000 fif ARE U 2060
rpm and tshegpfayiy withnourei PGMEA foP@8Ededonds 1 SAses fiRgF stefss thefwarls st ep,

the wafers were spun at 2000 rpmfor 30 seconds until dry. H gh quality

relief i mageWergspun @b&0P0 mmufer S0csacends unghdryh Highl quality velieéimages | e t he

copper - coat eg.: ol La: [ attern
definition aﬂ'c'}h ogsfﬁrgﬁpgrg@tlg@r?\& %W@W%ﬁgﬂ% ggﬁ%r%gég%qove

resi st conpowaférsshopeepenlyd 0Py fiim xetegtioB&nd Yery pbor pattére definttionsdrer
(conponent C) praduced, from %yronel litic di anhydride (=PMDA),

4,4 -di am noiﬂ?ﬁrﬂ?lad RN (=0DA) and 2- hydroxyethyl methacrylate (R) 6.70
w. %A 20% NWP solution of titanocene corresponding to Fornula 4 (conponent

D)
COMPARATIVE EXAMPLE 3
A negative resist composition, prepared by mixing:

38.30 wt. Polyamic acid ester (component C) produced from

% pyromellitic dianhydride (=PMDA), 4,4'-diaminophenyl ether
(=ODA) and 2-hydroxyethyl methacrylate (R’)

6.70 wt. % | A 20% NMP solution of titanocene correspondingto

Formula 4 (component D)

5.74 wt. % | Tetraethylene glycol dimethacrylate (component E)

0.08 wt. % | Para-benzoquinone (component G)

0.76 wt % | Silane adhesion promoter (component J)

48.42 wt. N-methylpyrrolidone (component H)
%

was rolled overnight to yield a clear resin solution and was then subjected
15 to a pressure filtration through filters of pore width 0.2 microns. The resin
solution was spin coated onto bare silicon and copper-coated wafers and
‘then dried on a hot plate for 6 minutes at 105°C. In this way, 15-17 pm
thick polymer layers of uniform thickness were obtained on the wafers.
The wafers were then exposed to broadband radiation using Karl Suss
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5.74 wt. 9%etraethylene glycol dinmethacrylate (conponent E) 0.08 wt.
%Par a- benzoqui none (conponent G 0.76 w %&5i | ane adhesi on pronoter

(conponent J3 48 42 wt.N-net hyl pyrrolidone (conponent H) |
over ni ght%33{}1°a9a a clear resin solution and was then sulﬁﬁzqggﬁ‘dlﬁg to a

pressure filtration through filters of pore wwdth 0.2 mcrons. The resin
sol ution was spin coated onto bare silicon and copper-coated wafers and

thi ek pol yrre v, 8Pt Bifope, fodl A ey oG o 200 AWERE:. ARG e

vaf ers were ghsosursPmesthdge Was debeiofed dyirotdtin thélwweKafﬂséw Tehd/O
03/001293 PCT/US01/ 41188 56 cont actﬁ eis)gosureg tool at an enef%';1 dose of

200 mi/ cnp. mempramagdbewafelt withiQé 8601 der %e@quiyawaﬂbysn@mge waf er

Fol I oved by 0 welelcSniflaRtbigly i SALEN valbires Bt &2 308 aril pREIIE " o
3501 and pr ogubolnmohommplbthwrmaaﬂey(%m)afoetw selotidd-at 3000 ddmseconds

at 3000 rpm and then sprayl th pur rr 15 seconds at 1300 rpm
A a final aadihen Rprae winEniS BGMEA fop bacoRts i 13 QﬂSPmHll@ﬁaquallty

el hoe IV&ég %tﬁé&?ger n E#;’?llnnlﬁsmrmflﬁ{tﬁgm& O ﬁr&ﬁa S;:Ora]f)ed

waf ers showe very 'poor pa I on, ‘poor a

to filmret einhagus wéré hotvtaineldo bagotheg stlieonrwalere rwitife tive adppenicbated t hose
skilled in the wil | rﬁpremate nodi fications can Ee made to the

i nvention w‘ﬂ’ﬁfﬁjﬁ s Qs Yary poor mﬁﬁﬂég?ﬁﬁ“ﬂi”t‘r RERY adhgsion, oSty ef or e,
it is not10 nﬁ ?nm%me scope of the invention be limted to the specific

enbodi ment’'s | €éd 15 and described. 18
With the foregoing description of the invention, those skilled in the

art will appreciate that modifications can be made to the invention without

departing from the spirit and scope thereof. Therefore, it is not intended

the scope of the invention be limited to the specific embodiments illustrated
15 and described.
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WO 03/001293 PCT/US01/41188 W Claim 1. A photosensitive polyimde
precursor conposition conprising: a polyamc ester polyner obtained by

pol ycondensation_of at |east one diester diacid chloride n ith at

| east one W& ne conpound; a titanocene photoinitiat Orp?&‘i‘&%i’mﬁsw

phot ocrossl i nkabl e additive; a netal inhibitor selected from 1H tetrazole,
1, 2 - cyclohexanedi anm ne tetraacetic acid hydrate and 5- 10

mer capt obenz\i,]\gg zole; a polynerization inhibitor; a solvent;, and
optionally o More of at |east one phot osensi ti zer conpound, and 15 at

| east one adhesi of, Wpﬁ@fobéﬂ_siﬁﬁé?ﬁNﬂﬁideﬂoreé\lrﬁbloéd?ﬁﬁé‘éiiiéh 68mpfisirgn de
precursor conposition according to claim| wherein the titanocene
photoinitiator is sel edpslyamigfster polymer obtained by polycondensation of at

Tyl ) phenyl )41 tani um SRECHPOR eatot abioR udids, otposio i ot st ¥ne””
di fl uoropken-1 -yl )ti tdiamine caﬁpﬁundﬂ a process for phot oc,hem' cal

crosslinking of a photosensitive palyimde precursor conposition in the
presence of a titanocenditanaeengiptioteipislorand a netal sel ected from copper

and silver, the i rrprogg%m rﬁégﬁﬂk.?ﬁlgr&dﬁ%“d ng inhibition of the
phot ochem cal crosslinKing Gby Inchuding 1 n"the photosensitive - polyimde
precursor conposition a meétal inhibitort celectédcirom f 1edetrakbléd 1, 2 -
cyclohexanediamine tetraacetic acid hydrate and 5-
10 mercaptobenzimidazole;
a polymerization inhibitor,
a solvent; and
optionally one or more of:
at least one photosensitizer compound, and

15 at least one adhesion promoting compound.

2. A photosensitive polyimide precursor composition according to
claim 1 wherein the titanocene photoinitiator is selected from
bis(.eta.5-2,4-cyclopentadien-1-yl)-bis(2,6-difluoro-3-(1H-pyrrol-

20 ' 1-yl)phenyititanium and bis(methylcyclopentadienyl)-bis(2,6-
diﬂuorbphen-1-yl)titaniun.

3. In a process for photochemical crosslinking of a photosensitive

polyimide precursor composition in the presence of a titanocene

25 photoinitiator and é metal selected from copper and silver, the
improvement comprising reducing inhibition of the photochemical

crosslinking ' by including in the photosensitive - polyimide

precursor composition a metal inhibitor selected from 1H-
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WO 03/001293 PCT/ US01/ 41188 tetrazole, 1,2-cyclohexenedi am ne tetraacetic
acid hydrate and 5-nercapt obenzi m dazole. 54. In a process for reducing the
i nhibition of photochem cal crosslinking of a photosensit] | yi i de
precur sorWOIHIBLP? i on in the presence of a netal select edp¥flggr$lé‘éb§er and
silver, the inprovenent conprising photochem cally crosslinking a

105. pol yi m de precursor conposition according to Caiml. In a process for

reduci ng the inhibij}j f en cal. sslinking of hot gsensi tive
pol yi m de precur sor{eé%%sit'é'g&%ﬁgﬁ%ﬂﬁré@ n L[aaFétégﬁgldaﬁy&@?%@Pgd from
copper and silver, ShRercEptobepinitiagslgpri si ng photochenically crosslinking
a polyimde precursor conposition according to Caim2. 15 20
4. In a process for reducing the inhibition of photochemical
5 crosslinking of a photosensitive polyimide precursor composition
in the presence of a metal selected from copper and silver, the
improvement comprising photochemically crosslinking a
polyimide precursor composition according to Claim 1.

10 5. In a process for reducing the inhibition of photochemical
crosslinking of a photosensitive polyimide precursor composition
in the presence of a metal selected from copper and silver, the
improvement comprising photochemically crosslinking a
polyimide precursor composition according to Claim 2.

15
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