- PHOTOCURABLE CYCLOBUTARENE COVPOSI TI ONS This invention relates to semns1
.phet'ocur able pol ynmers and processes for preparing them 5 Such
pol yners are used in passivation filns, photoresists, as insulating |ayers
in fabricating electrical devices and as protective filns for sem conductor
el ements. Thermal - and/or photo-cured polyim des, which are currently used
in many of these applicati - 'F, soig—of—phi ch include: a

short shelf life, less than degw’ﬁg@f&u@xi ftive stability,

m crocracki ng during ther ' rocessability 10

» 2,
ReseIntiqg , PASRE +-acll RFES
~including a high degree of|Méilzim(Ye ropeessd® BR8F! eRanpl es of known 1. ght
sensitive conpositions incilideravine(s)olpresti-ng. tapaged pat-ept No. 4, 243, 743
di scl oses a conposition cojffirisirag a ‘pessd-ami: £ A4 )--ah organi ¢ compound
havi ng a photosensitive ol gfinEoE®ATEPFoNd..and..an..ani.no group or a
quarternary ammoni um salt, —and"MTchler” S ketone. U'S. Patent No. 4,321,319
di scl oses a conposiition 15 conprising a poly(am c acid) having a
phot osensitive ol efinic double bond, Mchler's ketone, nitrofluorene, and
5- ni troacenapht hal ene. U.faotdairanis choLosdtaRBis chidbodir®ak 0ses a conposition
conprising a nodified poly(am c acid) obtained by introducing a nethacryl
or acryl group into the ester residue of the poly(amc) acid and Mchler's
ketone. The conposi t [NEHYeHIC8 a8 MPPIr Y IRlePRYIRT 8% BIAFET{%PHPBBUCE | ess than
desirable reshes since a portion of the conpositions 20 exposed to light
i-s rel eased when sol siempolyeerele@pach m@ndatd fiRd, phbiordés) bdndbaideses abl e t o have

ot oved: comtsna Top e iana Sl ARG RURE RIS i) poer 1 &8 of

af or ement i oned pol ynﬁ]ﬂ@.’al'%‘%fgp ‘fm'f‘ﬁ%dgpg’ﬁ’lSTj‘%)eﬁé‘fhfcﬁé? "i"FFé’ﬁ‘Uﬁ%d ma®f di el ectric
constant, a [t aapPisstigrahiveAravbacksotome piyvbidrisiciyde) p ehoshelfitite, legs thgimdesieadlsi t i vity,
hi gh cont r asttherhil ghidatiessedblity, Bidrocrbdria Bing tarntal §Bling) dny lackon pracessediitpxi dat |1 ve -

stabi lity, o §RiuGhalGi6h deBret bRPLGRIRa@Nd pl asmas, good adhesion, |ow rel ease

of volatiles; good procéssabil |t od. pl anari zati on, | ong. shelf |ife,
consi st enc y 9 pOt?\er examples o} an\}vn Igg?lt senspujve compositlabns include the folloging. u.s.

Patent No. 4,243,743 discloses a composition comprising a poly(amic acid), an organic
compound having a photosensitive olefinic double bond and an amino group or a quarternary
ammonium salt, and Michler's ketone. . U.S. Patent No. 4,321,319 disclos.e's a composition

15 comprising a poly(amic acid) having a photosensitive olefinic double bond, Michler’s ketone,
nitrofluorene, and 5-nitroacenaphthalene. U.S. Patent No. 4,366,230 discloses a composition
comprising a modified poly(amic acid) obtained by introducing a methacryl or acry! group into
the ester residue of the poly(amic) acid and Michler's ketone. The compositions disclosed in
these three patents produce less than desirable results since a portion of the compositions

20 exposed to light is released when solvent developed and cured.

1t would be desirable to have photocurable polymers with one or more improved

physical properties or improved combinations of physical properties, compared to the
aforementioned polymers. Some of these properties include a low dielectric constant, a low
dissipation factor, low moisture uptake, high sensitivity, high contrast, high resolution, thermal

25 stability, enhanced oxidative stability, resistance to chemicals and plasmas, good adhesion, low
release of volatiles, good processability, good planal:ization, a long shelf life, consistency

control, high purity, and low cost.
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control” high purity, and'low'cost. -1- According to a first enbodi rrent
of the invention there is provided a photo-curable, organic-soluble mxture
an ‘ol igomerized diviinyltetranethyl di sl oxane bi sbenzocycl obutane as its
maj or component and at | east one photosenestive agent in an anount
sufficient convert the (thixingengorio oge arektinmrhoioagaiie) bloenid-satuble phixtusd opnent

sol vent upon exp&mbfithglati@astBn¥ tydbiftdréne & ifs bt @mPbnedVanY b13daftlofe ghb@kihsitive

Organi c-sol ubl e ggaf’?‘t@anaRGUrQ%f‘\c‘eQ&oQJnv fre AR FbQLQJm&Qn?EW&@ol&QﬂdJ?,?Srposed to
ultraviolet or visib glcar bo S sulg eno gdard
S0l vent . xyl ene. “RERe Ty eBrGRaEs. HBpTabBE AT DE AR TR PO

N- et hyl pyrr &l i aiswee f(°?\NP‘)59d taPhaters Beolusfe NW°W"?“HV6?‘B§99@M‘§FP‘ "V ene,
2-pyrrolidone, dinpitggel tenenegl-yemdxyeatiyhetenigiglyete 8imethytdyustigbneliimB) raikterest a

St oddar d/ met hanolymphnsblydoxy i Rpfrhdfddik, mtpwpaeaesgnyp&h.afem IQErQﬁH-b@tyl b3t €

h ! ol ubl
&ﬁgtsh;l eps(l’):: E): Iog%tﬁcgdtard? %\ Pgﬁwlxgl%e %heng\e mlxtt gusgol?r or?anlg-scﬁuble rgea%sth%po%olnu ein

butyrate. Accor dM§aeEdE é‘é’é’&‘dﬁ"'é‘ﬂb‘&&l TRt F’VU‘F"dPPFee'f‘H (PRt IRt ety ?t'il;e’
provi ded a prd@ess-tutvtbuteaeyvi ng | ow nol ecul ar wei ght portions of an

ol i gonerized divinyltet hybgidibpafias iRieSRRZNGH 61 aiRiGRBIPEIE Hiidg
di ssol vi ng t he 0Ebl%’éf?e'édl@r%‘?roﬂ'p¥$t£'r}4LrLoQMoﬁE'ﬁﬂJ’%th:&édt%ﬂ r% These photpcured

bi sbenzocycl obutane 1 n a resul %ﬁc soI ution

TR e s POy sl B SR o s B m@wte"fvre of the
ol i goneri zed di viind cetetdsnerstapd Bitsinetdealae bi sbezocycl obutane is
precipitated bist in whi cuhatmeaﬁ@d&mhozamhbdlnfmmeaerneesmhwbbesubsﬁeegfodioag to a

third embodi ment phe §f3Red 6o ke @ipoled & fRotb? raBb BN HEGe ﬁ:bﬂﬁ&'.sttwn%&‘ted with
: an organic developing solvent to remove the uncured portion of the mlxture this invention
being the pattern-coated substrate resulting from this procedure having the photocurahle
portion of the mixture adhered thereto.

20 ln a fourth aspect, the photocured composition of the second or third aspect is
subjected to thermal curing. The photo/thermally cured polymers of this invention have one or
more improved physical properties or improved combinations of physical properties, compared
to the aforementioned art-known polymers. Such properﬁ'_es may include a low dielectric '
constant, a low dissipation factor, low moisture uptake, high sensitivity, high contrast, high

25 resolution, thermal stability, enhanced oxidative stability, resistance to chemicals and plasmas,
good adhesion, goad processability, low release of volatiles, a long shelf life, a high degree of
planéri zation, consistency control, high purity and low cost. These photo/thermally cured
polymers are useful in many ap'plications; some of which include composites, laminates,
membranes, films, electronics, coatings, and adhesives. The electronic applications include

30 such areas as multichip modules and printed circuit boards.

The cyclobutarenes suitably employed as the major componeni inthe
photocurable mixtures of this invention correspond to the formula

35
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sol uble ol i gomeri zed divinyltetranethyl di sil oxane bi sbenzocycl obut ane
cont ai ning 90 wei ght percent or nore of oligoners of a degree of

pol ymeri zation of three or nore. According to a fourth enbodi ment of the
invention there-is provided a nesitylene soluble oligonerized

di vi nl yt etranet hydi si | oxane bi sbenzocycl obut ane contai ni ng 90 wei ght
percent or nore of oligoners of a nol ecul ar weight of 1,000 or nore as
determ ned from peak are ercent &n@ Cq using a refractive index
detector, uncorrected for resp g é% orls and as neasured agalnst

pol ystyrene standards. e t this invention is the photo-cured
organi c-insol &bl e solid YIEeR, ron1photon irradiation of the
phot ocur abl e m xt ur.e. These photocured po yners are useful in applications
such as photoreS|sts, etching masks, interlayer dielectrics, liquid crystal
di spl ays, and flﬁﬁ'ﬁbnel di spl ays. In-another aspect, the photocurable

m xture can be applied BH2ao8BST IR MBigl T RS ST aﬂ‘ﬁe'a‘a’ﬁﬁf"i‘gé't!’ "WMREUre are
exposed to phot on radi aténamisiagid) atpkigvanbisérg@iendiey, bl pblyweRtedank tnhietyn
organi ¢ devel opi ng sol vgpdis iRensi.enove the uncured portion of the m xture,;
this invention being th attern-coat ed trate resul ting fromt
procedure having the ph%t ﬂdyvf)lfmamma?wéﬁ o? arf"ﬂat'cmo'ey anar'ﬁ%’f’n‘grhg‘ang[ Erggeto
I n anot her aspect, the PhOPERITEY F’(:‘Hh’ﬁﬂ)g‘ia’tti‘%‘f‘imF%b@ﬁm"éeftté%l‘yf@“faﬁ%?m“
curing. The phot o/t her nmahd fysed sieack houdeg teeadiacapt catbion stoinferaing semmarbraat ringef or
nore i nproved physical pnoperties or inproved conbinations of physical
properties, caapared'to {5 qgnm&gned art-known polyners. Such

properties may include a ectrlc This is the repl acenent sheet 3
misan mteger of 1 or more; and

R?is a monovalent moiety.
The synthesis and properties of these cyclobutarenes, as well as the terms used to descn be them
are found in Gray et al., JACS 100, 2832, (1978); Loon-seng Tan et al., Polymer Preprints, 27(2),
240, (1986); U.S. Patent Application Serial Numbers 07/766,392, 07/701,433, 07/703,957, U.S.
Patents 4,540,763; 4,783,514 and 4,826,997.

The preferred cyciobutarene monomers correspond to the formulae:

20
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const-ant, a | ow di ssipation factor; |ow noisture uptake, high sensitivity,
hi gh*contrast, high resolution, thernmal stability, enhanced oxidative
stability, resistance to chem cals and plasmas, good adhesi on, good
processability, |ow rel ease of vol ati |l es, a long shelf life, a high degree
of planarization, consistency corgﬂr high purjity and | ow cost. These

phot o/ t her mal | y cured pol yners ar | in mapy applications; sone of
whi ch i ncl ude conpos tes@ —aEs-Cf1 | gctronics,

© coatings, an S+yges0 . pplicatio | ude such areas as
mut | i chi p nogu and printed ciregykt boards. The cycl obutarenes suitably

enpl oyed as the j or .conponent in The photocurable m xtures of this
i nvention correspond to the fornmul a [err vvherel n B is a nonoval ent organic

noiety, a direct bond, an n' ent peRher conprising (1) a
pol yval ent i norganic or ( drganic noiety, or Bis
absent; Ar is a poly ar onmat " het er 6aromati ¢ noi et y, an

ar-poly-yl, having three“or nore val ences provi at the two carbon
at ons of the cycl obut ring on the fused sr de nded to adj acent
A a

carbon atons on t f\ ) n integer of 1 or nore;
mis an integer of V ; ils a m)noval ent noiety. The synthesis

and properties of these cyl obutare e, as well as the.terns used to
describe themare found in et al., JACS 100 2892, (1978); Loon-seng
Tan et al., Polyner Prep%@

5,247,037; 5,134,214; 4

27(2 ( 6); U S. Patent Nos
83, 5 ‘ a 826,997. The preferred
cycl obut ar ene nononer s correspond to the _

. v ‘ A/©j
(O bt |
' \CH3 LH3 @
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30 3% -6- [err] Suitabl e photosensitive agents enployable in this
invention are those which have 30 an absorption maxi num near the
mavelengths of the photon source being used-and effect cyclobutarene

phot ocuring. Wien a photosensitizer is used in conjunction with a

phot osensitive agent, suitable photosen5|t|ve agents are those capabl e of

accepting energy fromthe photodd&i3sitizer. erred phot osensitive agents
i ncl ude azi des, bIS | ei m d iiai i socyanat es,
conjugated aro i crketjone \;gyenone co g 'pol ymers. The nost
preferred gr\g_ |8hot 0s ¢_agents is the azides. The azi des
CF3
CH3 ] '
©—10n
E@*o - \
CH3 :
Cr3 .
O
O ’
. CF3

0. O 00

30

35
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enpl gyed in preparing the polymers of this invention correspond to the
formula -7- ~ wherein Qis an x-valent organic noiety, and x is an integer
of 1 or nore. 5 Exanpl es of suitable azides, as well as their
syntheS|s and properties are described in "Azides and Nitrenes, Reactivity
and-Utility", Academ c Press, 1984; "Azides and Am nes fron1(}|gnard
Reagents and Tosyl Azi de" Snith et al., J. Og. Chem, 34,3430, (1969);
"Encycl opedi a of Pol yner Sci ence and Engi neering”, 2nd Edition, Volume 11,
186-212; Yang et at., Proc.  SPIE-Int. Soc. Opt.ceEng., 469(Adv. Resi st
Technol'.), 117-26,1984; Wl f®° |-, J. 10 Elecfjrochem Soc., 131(7),

1664- 70, 1984; Tsupoda et al.,! Phgtograp Englneerlng 17,
390, (1973); Jg hi ¢ Sci 1976) "Organic

eno Bonds™ d Prez Co., "NY, NY, 1966;
Boyer et al. R 1, (1954); Japanese Patent Nunber

.01279240- A, ‘us. Patents 4, 565 767; 4,294,908; 4,354,976, and European

" Pat ent Appl i cati ons 90300546. 0, 84112698. 0, 84300837. 6, 83810156. 6. 15
Preferred azides are aronmatic bi sazi des sone exanpl es of which are
represented by the following formulae. 2 [err]

N3 2, 6- Bi s[ 3-(4-azi dophenyl) - 2- propenyl i dene] cycl ohexanone 2 2

, 6- Bi s[ 3- (4-azi dophenyl) - 2-propenyl i dene] - 4- et hyl cycl ohexanone

Ron

b CH2

H /p
| |5 o
H HC =CH g
| ' H3C

Jé; o . 009

”le more pl efel f ed ch‘obu tarene maor omers COIIGSpOIId to tl e iOI "|ulae-

35



-8- i*[err] 10 2, 6- Bi s(4-azi dobenzal) - 4- net hyl cycl ohexanone 0
p- Azi dophenyl Sul fone. 20 N3 _ N3 0O
25° : m Azi dophenyl Sul fone [err] 30 4,4" -Di azidostil bene
35 -9- 4,4" -Di azidobenzal acet ophenone 10 : 0
O [err] 2,3-Diazido-1 ,4-naphthoqui none

15
AN CH3 CH3
~<= ——S5i—0 ——é: ; ] .
CH3 CH3
20
The most prgferred cyclobutarer:ne monomer correspc;nds to the formula:
CH3 CH3
25 ~<= ~Si—0 ——L' - .
LH3 LH3

Suitable photosensitive agents_}employable in this invention are those which have
30 an absorption maximum near the wavelengths of the photon source being used and effect
cyclobutarene photocuring. When a photosensitizer is used in conjunction with a
photosensitive agent, suitable photosensitive agents are those capable of accepting energy
from the photosensitizer.
Preferred photosensitive agents include azides, bismaleimides, acrylates,
35 acetylenes, isocyanates, conjugated aromatic ketones, and benzophenone-containing
polymers.
The most preferred group of photosensitive agents is the azides. The azides
employed in preparing the polymers of this invention correspond to the formula

.7-



20 4,4 -Di azido diphenyl nmethane 25 More preferred azides are highly
conjugated aromati c bi sazides. The nost preferred azide is determ ned bythe
wavel engt hs of the photon source enpl oyed. Onechooses an azi de which hasan
absor pti on maxi mum neart hewavel engt hs of the photon source being used, or
if a photosensitizer is being used in coRidhction with the photosensitive

agent . one chooseseran azide that will accept energy fromthe -
phot osensiti zer. Sol ubili t)b,g);nxtvb,@m%a(;t@mg,ay t.he system being used is also a
consi deration. The amounts of ¢ tarene and photosensitive agent

enployed in preparing the p VT e 'S invention can vary. Suitable

anounts are those whi chE’E'BHf‘zf%/ﬁ‘tﬁ’f'f‘e“B‘F‘ HiselbestheE pOHstEPd prerertes are fRscried or
conponent and primiAzides apd ijtrertes Beactavisy enditifity U Aeedémiofresni$8sh’ ApidesiaaAriesy
or gani c- i nsol ublt@miuakysiEresgeaf dndiBsyPkRRAS Rt vl Chrghawe., Bnmz@osmr e | nproved

physi cal - proper t"krfz?d ngd.A &P&QX&%&?J‘%& Ek%}de&ﬂ? A eQ.'%X.? 'VSIE!Ll e O QBS12 Vg et

conpared to the a ment i oned F y roperties include i
a | ow di el ect ri " CONSEEN Q0P TR fe ¢y BEsiUs hf‘%{(l:t 5726, 1985 el e upt ake,
hi gh sensi ti vit \Elecrictdm. éQSnﬁﬂﬁéﬂGﬁ“ﬂ? g?ﬁ‘*ﬂehm#mt P‘@PPO"QQI‘?@P“H%FIQ"@EG*

stability, enharsageeting, tiaidoMea7sit Bbinklick BhotogRphicskiame 29,{168, bmsii“ombec and

Pl)ﬁs m;ﬁel ?Oﬂdf gcﬂaﬁxﬁ&lﬂﬂswnlhwmrg@l @@é&en@@ncs\“ﬂoﬁi{d #r&%o., 9\‘33?3196@@&&%@4?}[&%{&/ h?. "
g | Oodlp S dlehl BRBL FRLA |, CORt 21 ERGL SOl i g

purity, and | ow REbs ‘t hat
whi ch provi des s‘iﬁsfP7ér%‘HFU'ERS*F“W&"P?-P%‘ﬁé%ﬂ@?%ﬁﬁ%%dé%ﬁéw BPe Uha%%mfi%
mxture to rensler it 5 Pieferred azitlesnrd sorhadie bicheidelsaym engnrseo biwenidh are feppantedr r ed |
wei ght percent (dyeKeabiR@fdg@rmited ght percent)

o

N3 : N3
2,6-Bis[3-(4-azidaphenyl)-2-propenylidene] cyclohexanone

2,6-Bis[3-(4-azidc_>phenyl)-2~propenylidene]-4-methylcyclohexanone



range of photosensitive agent is 0. 1 to 20 based on the sumof the weights
of ‘the photosensitive agent and the cyclobutarene. A nore preferred weight
percent range of photosensitive agent is 1 to 6. The nost preferred weight
percent range of photosensitive agent is 2 to 4. A preferred wei ght percent
range of the cyclobutarene is 80 to 99.9 based on 10 the sum of the weights
of the photosensitive agent and-the cycl cbutarene. A nore preferred wei ght
percent range of the cyclobutaref® is 94 to 99. The nost preferred wei ght
percent range of the cyclobutareng¢ is 96 to 98. In addition to a

cycl obut arene and a_phot 0s« : a.enbodi mrents of this

i nvention ontain 5 5
tailor the 15 inve ' istics.| B abl e optional conponents
whi ch may be added ‘< 5 p ation's pot life and the

g

4- nethylphenol tetrakls [nethyleﬁ@ (3,5-di-tert-butyl -4-

-hydroxyhydr00|nnanate)] nmet hane ris (2,4-di-tert-butyl-phenyl)phosphite,

t hi odi et hyl'€ne 20 b2$§-8ig4-8zidpbengef): "o(ﬁ‘@%ﬂqﬂ RYEXAOPF hydr oci nnanat e,

oct adecyl 3,5-di-tert-butyl-4-hydroxy) hydroci nnamate,

NN- di phenyl - p- phenyl enedi am ne, 1, 2- dlhydro 2,2,4-trimethyldihydro-

qui noline, triphenyl nme S :

di sul fides, dialkyldi

i soneric m xture 03 06
15

2,6-di-tert-blsyl -

p-Azidophenyl Sulfone.

RoS¥e

25 m-Azidophenyl Suifone

30

4,4’ -Diazidostilbene

‘
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12 [err] The nost preferred free radical inhibitor is
2,6-di-tert-butyl -4-net hyl phenol. A suitable anount of the optional free
radical inhibitor is that which provides an increased nononmer fornmulation
pot life and increased cured resin toughness conpared to a fornul ation

w thout free radical inhibitor. The preferred wei ght percent rangé of
optional free radical_iphibitor is 0 to 10 he nore preferred wei ght
percent range of .optjeqal free radicé% [ is 0to 5, wth the nost
preferred ranggbe 9~ 2CH = CHhe—n® noY efre Nyono( cycl obut arene) s

t hat may be added opti onal. conponen o ower t he pol ynerization
onset tenﬁbrature and/or inprove the cured pol'yner's toughness are
represented by the folhgwqo%régyglgcét {H% vvherel n Ar is a polyval ent
aromatic noiety, an ar-‘pol ., havin T&%r nore val ences, provi ded-
that the two carbon atons on the fused side of the cyclobutane ring are
"bonded to adjacent carbon atonms on the sane aromatic ring of Ar; Yis a
coval ent bond or a dival ent orggnic or inorganic noiety; mis an integer of
at least 1 Ris a nonoval ent nlety, and [err] is a nonoval ent organic

noi ety or a heteroatom coqtail monayal ent organic nojety. The synthesis
and properties of these ; defie nono(cycl obutarene)s are descri bed
in US. Patent No. 5, ' '

15 N3

2,3-Diazido-1,4-naphthoquinone

20 .
N3 — CHz — N3

4,4' -Diazido diphenyl methane

25
More preferred azides are highly conjugated aromatic bisazides.

The most preferred azide is determined by the wavelengths of the photon source
employed. One chooses an azide which has an absorption maximum near the wavelengths of
the photon source being used, or if a photosensitizer is being used in conjunction with the
30 photosensitive agent one chooses an azide that willl accept energy from the photosensitizer.

Solubility of the azide in the system being used is also a consideration.

The amounts of cyclobutarene and photosensitive agent employed in preparing
the polymers of this invention can vary. Suitable amounts are those which contain one or more
cyclobutarenes as the major corhponent and provide a photocurablé mixture from which

35 photocured organic-insoluble polymers can be prepared which have one or more improved
physical properties or improved combinations of physical properties, compared to the
aforementioned art-known polymers. Such properties include a low dielectric constant, a low

‘dissipation factor, low moisture uptake, high sensitivity, high contrast, high resolution, thermal

-10-



A suitabl e anount of the optional nonovinylidene mono(cycl obutarene) is
that which measur abl y | Ower s the pol yneri zati on onset tenperature and/or
|rrproves the cured poI yner's toughness. Preferably, the optional

Irrggg\“t R)al.lnl ggne rl;rllllj nfedoxlgttﬁgsgr%q)t {';\aéstaen%)toor}/eimécgla%ndi%la\s/\rﬁa %htd eegsugagm%‘]a::]a?_ge of
and nost pref éF'aiif‘gf"%if"'ﬁ e PIEFW%"@%?“DQ?M 112 a"‘P‘P%"I‘J@FPHﬁF“ﬁWﬁB‘(ﬂ nyl i dene
nono( cycl obut aesivehy catrel. Highlpuglzmt loivsbse ch saitapleatnhyrt efvbstorepgtive seentied by t he
formul a wher eiRatkdicRprovidegsufldentAtrirgi thé prawhQQR&H pkrikv of the dxtde td réndBNOVal ent

ar omat i ¢ or shehfuR ARl LR, AbRIS ko dforkolonfler Bhifdl il Blikn 0N 21 N g

1 co 4 carbon at o ro eroaromatic

noi ety, provi d8%C é‘f’mfef“"f‘@ a%f"&' g)t(g%?aéerdé’ﬂg‘eé%n‘fqéheﬁ' e'r?étsﬁl)tF’ only when Ar
is a cycl obut a?"\@??éﬂnﬁ'd)"ﬁ?%ﬁ"?ﬁnﬁ@I’eﬁ!tsl°é¥‘9'e"e1'ﬁ@°§ypfﬁfﬁ€§WS'ghtrﬁ’eI'C?ﬂ‘G‘ﬂ@r‘tf| es of these
1, 1- subst i t ut eghomeptitiebydnane® 6aThe mde pEfarrBlei gt pddieBit raddabimbrobdositive, 134, 214,

An internal ol Ehtnslzciomw&%@mgﬂtp@rrc@ﬂﬁ)\gm%e@cl@&tggneas@d%'a@%as@ébnopt ional
. conponent t Qg a( %%tof hervelgrl\'g%q\epgotxgﬁsnwea {\toas {LE‘yc'o .garﬁenﬁ Expef ./eé” '”prove

its toughness rene) herei ers

cycl obut ar ene Y‘fﬁ?’éf’i"eeb’ﬁ'fgéf’m‘ﬁij"%b“éaé?“ﬁﬁ ‘83? FBhmerbRIBle By AR REFfET e n ne| t her
carbon of the coedyf thekwdinllitarene is96to 98.

In addition to a cyclobutarene and a photosensitive agent, some embodiments of
this invention contain one or more optional components which may be added to tailor the
15 invention's characteristics.
Suitable optional components which may be added to increase the monomer
formulation’s pot life and the cured resin’s toughness include free radical inhibitors such as
2,6—di-tert-bdtyl-a-fnethylphend, tetrakis [methylene (3,5-di-tert-butyl-4-
-hydroxyhydrocinnamate)] methane, tris {2,4-di-tert-butyl-phenyl)phosphite, thiodiethylene
20 bis~(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate, octadecyl 3,5-di-tert-butyl-4-hydroxy)
hydrocinnamate, N,N-diphenyl-p-—-phenylenediamine, 1,2-dihydro-2,2,4-trimethyldihydro-
quinoline, triphenylmethane, . .

CH3 '

- olelelo .
@;@ g H3C—O—@—OH ,

H

30

disulfiées such as alkylaryl disulfides,
dialkyldisulfides, and diaryldisulfides
including :

s OO

and an isomeric mixture of octylated diphenylamines such as

-11-



occupi és a terninal position of the cycl obutarene noiety. Suitable internal
ol efinic mono(cycl obutarene)s are represented by the formula [err] m
wherein Ar is a polyyvalent aromatic noiety, an ar-poly-yl, having three or .
nmore val ences, provided that the two carbons atons on the fused side of the,
cycl obutane ring are bonded to adjacent carbon atons on the sane aromatic
ring of Ar; Ais a covalent bond orga divalent organic or inorganic noiety,

mis an integer of at least 1; R'isja | &aiti7oi ety; R6 and Rl are
i ndi vi dual | y hydrogen or a @ i d R12 i s hydrogen or a
nonoval ent organi c noi ety pre¥i ded that R11 is hydrogen R12 is a

nonoval ent organjc noiety. The synthesi nd propert | of these internal-
ol efinic nono(cJET%ﬁUTﬁPéﬁéTE“&?%"%&@%P?B%HmP%ﬂEPSTﬁbgﬁgﬁ"nb. 5, 247, 037.
(n:\1ibz] 00951: KW  AAsuiteRiedstauniaiiig ARtions! frepyediehiaibitas is dhehaichgraidesin c
nono( cycl obut ar edmeepsei Siotduat fowhilation pantie ears aseated eured resctoymbhessempaed to a
cr ?s sl In Ki Ingf an F*érgfula{iémﬁ@:&?gr%é faSicd mh:?am.eﬁ@ prePl‘:Freé g&@h btcent By GfpticHaR
i nternal olefinig n ycl o rene) | ) ent range
of I coe than 2. SBRe srErerany & St BeERB Rt AL Al IBRE T T
and nost pr ef er dBfisp! ighibitpr if Grog. withgle mgst Re{erreg sangebping 0to 2. -
The monovinylidene mono(cyclobutarene)s that may be added as an optional
component to lower the polymerization onset temperature and/or improve the cured
polymer’s toughness are represented by the following formula '

CH
15 _ “2 C(R)2

C(R)2
m

wherein
20

Ar s a polyvalent aramatic moiety, an ar-poly-yl, having three or more valences,
provided that the two carbon atoms on the fused side of the cyclobutane ring are
bonded to adjacent carbon atoms on the same aromatic ring of Ar;
Y is a covalent bond or a divalent organic or inorganic moiety;
m is aninteger of atleast 1;

2 Ris a monovalent moiety; and

R8 is a monovalent organic moiety or a heteroatom containing monovalent

organic moiety.
The synthesis and properties of these monovinylidene mono(cyclobutarene)s are
described in U.S. Patent Application Serial No. 07/766,392. '
30 A suitable amount of the optional monovinylidene mono(cyciobutarene) is that
~ which measurably lowers the polymerization onset temperature and/or improves the cured
polymar’s toughness. Preferably, the optional monovinylidene mono(cyclobutarene) is
employed at a weight pefcent range of less than 20, more preferably at a weight percent range
of less than 15, and most preferably at 1 to 10 weight percent.

33 Preferred monovinylidene mono(cyclobutarene)s are 1,1-substituted

arylethylenes represented by the formula

-12-
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Nhleinidocyclobutarenes whi ch may be added as an optional conponent to :
increase the cured polymer's toughness are represented by the formula [err]

wherein Xis a direct bond or a divalent organic or inorganic noiety; Ar is
a polyvalent aromatic noiety, an ar-poly--yl, having three or nore

val ences, provided thatthe two carbon atons on the fused side of the

cycl obutane ring are bonded to adjaﬁ?nt carbon atons on the sane aronatic

ring of Ar; 20 m g, §HAB pare integersof 1 or nore; and Ris a
nonoval ent noiety. The synthesis properties of these

mal ei m docycl obut arenes are NESCF’B din US. Patents 4,783,514 and
4,826,997. A SU|tabIe amount of the optional nale|n1docyclobutarene IS that
whi ch i ncrease¥ '8 cured pol ymer's toughness. Preferably, the optional

mal ei m docycl obut ar eneAviss reqrpialsyiedonatic of hejefogiamatraraatiit range of | ess than
20, nore preferably atr®%sMeiaghikyl peiegedttaidfisgnges atbohesss;bicin 15, and nost

preferably at 1 to 10 !\@sgmovmﬁ&@Jﬂzncthzeer&pémaqm&etpgwm:ﬁstmsde nononer s
which may be added to increase Adty and/ or

improve its tooughness SEPTEEES; ﬁ%{“?'"'n% rﬁ°'“¥ g'%fnﬁe" A%a ‘[yc &UF%Q% con

moiety.
The synthesis and properties of these 1,1-substituted arylethylenes are described
in U.S. Patent Application Serial No. 07/701,433.

An internal olefinic mono(cyclobutarene) may also be added as an optional
15 component to adjust the cured polymer’s crosslinking density and/or improve its toughness.
internal olefinic mono(cyclobutarene) herein refers to a cyclobutarene moiety containing a
carbﬁn-carb_on double bond wherein neither carbon of the double bond occupies a terminal
position of the cyclobutarene moiety. Suitable internal olefinic mono(cyclobutaréne)s are
represented by the formula

20

R11 06 (R)2

R1Z2_.C—C— A—Ar

C(R)2
25
wherein
Aris a polyvalent aromatic moiety, an ar-poly--yl, having three or more valences,
provided that the two carbon atoms on the fused side of the cyclobutane ring are
bonded 1o adjacent carbon atoms on the same aromatic ring of Ar;
30 " Aisa covalent bond or a divalent organic or inorganic moiety;
mis aninteger of at least 1;
R is a monovalent moiety;
R6 5ng R11are individua"y hydrogen or an alkyl moiety; and
R12is hydrogen or a monovalent organic moiety provided that when R11 is
35 hydrogen R12 is a monovaient organic moiety.
The synthesis and prdperties of these internal olefinic mono(cyclobutarene)s are
described in U.S. Patent Application Serial No. 07/766,392,

-13-
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wherein n.is an integer of 2 or greater; [err] is separately and

i ndependently in each occurrence, a nonoval ent noiety, provided that [err]
does not interfere with polynerization; and R3 is an n-val ent bridging
menber conprising an n-val ent organic noiety or heteroatonm containing
organi c noi ety. A suit akliablagBaunt of optichsl @ blefimixlmopaltyyin@ltaeny iddarvoibner | s

that which i ncrgases wefedddlymersRRLHRG arti/dr HIKBES Sughdds Oiretbagly, iR .
stability. Prefarably, the iORE)Ar?gcnc?clbuggl éﬂ%l Sy 48, e hFJEEJeW&ge Biesd VeI ght
percent range of P Eee fREN B0 e B PR e SBPy Af A vge:gg t_percent range of
| ess than 15, aen3Pgetre Brierlly g vyioatrerrent Bnaert {ReitsAt > PISTaTRr Y 4Atq oxi dant
may be added5t oltiweiphtesentt he fornul ation's oxidative stability during

processing as wel |l as imulem@ocglob@drend Shith mAible bdéd slanb@ioadi cdntpengptdnol -,

sul fide-, phospiLlgs Y Bl QYR this invention.
H ndered am nesmgéﬁe?ﬁgﬂgr‘agﬁ?gggyﬁﬁ?ig%xefggeﬁ‘%s. )L Hi nderled amnes with

aliphatic and aromatic noieties are nore preferred anti oxi dants. The nost

preferred antioxidant is pol ynerized; 1, 2qdi hydro-2, 2, 4-
trimet hyl qui nol i ne, gi ' er 2078Q 96-1. Preferably, the
optional antioxidanf]is lemal o at Ja g parcent range of |ess than 8,
or nore preferably g L8h cent~gan of{ | ess than 7 and nopst
preferably at .001 2 i per cent. sensitizer may be added to
hot ogensi f jqvy. The synthesis and

i ncrease the photosénsitive
properties of suitable optional sensitizers are disclosed in Specht et al.,
Tetrahedron, ¢ol. 38. No. 9, p 1203-1211. (1982); Tsuonoda et al.,

Phot ogr aphi ¢ Sci*8#&8 and Engi neering, 17, 390, (1973); U.S. Patent

4,268, 603; and Eur opeanXPadiertborinnh digzant oopndRB0O S n®ietySui t abl e
photosensitizers are thasa pshasa: AdrsaE Abib® an BBPoly /Ratisy thi@asr nididvaleiég| engt hs

of the p hoton source e nﬂl‘nﬁ%ﬁ q'!at tﬁg @joggrgmtoms on the fused side of the cyclobutane ring are
bonded to adjacent carbon atoms on the same aromatic ring 6f Ar;

2_0 m, g, and p are integers of 1 or more; and
Ris a monovalent moiety.
The synthesis and properties of these maleimidocyclobutarenes are described in
U.S. Patents 4,783,514 and 4,826,997.
A suitable amount of the optional maleimidocyclobutarene is that which
25 increases the cured polymer‘s toughness. Preferably, the optional maleimidocyclobutarene is
employed at a weight percent range of less than 20, more preferably at a weight percent range
of less than 15, and most preferably at 1 to 10 weight percent.
The optional polyr_naleimide monomers which may be added to increase the

cured polymer’s thermal stability and/or improve its toughness correspond to the formula
30 .

35
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phot osensitizers are represented by the follow ng formul ae.
[n;\1ibz] 00951: kww [err] where Ar is represented by the follow ng
fornmulae: [err] where [err] are separately and independently H, [err] and
[err]: [err] where Ar is represented by the following fornulae: [err] Mre
preferred photosersiti zers are represented by the follow ng fornul ae.

3,3' -carbonyl bis (7-naidannygersrBsrighteand 10 [err]

N (C2te) 2 3, 3 - oar Doyl R il GRLAR) PRESUOBELDY » ho-uREGRD! V. e

optional photosensitize ercent range of |ess than

5 more preferably at £"W§F HTtdel?%/’cf‘@Hf“e?f%{ﬁﬂﬁhgﬁ‘y"legéaéw‘f A% 3, and nost

pr ef er abl y- at R3isan n-valent bridging member comprising an n-valent organic moiety or
heteroatom-containing organic moiety.

The synthesis and properties of these optional polymaleimide monomers are

.described in U.S. Patent Application Serial No. 07/630,902.
~ Asuitable amount of the optional polymaleimide monomer is that which

10 increases the cured polymer's toughness and/or thermal stability. Preferably, the optional
polymale:mnde is employed at a weight percent range of less than 20, more preferably at a
weight percent range of less than 15, and most preferably at | to 10 weight percent.

An antioxidant may be added to increase the formulation’s oxidative stability
during processi r{g aswell asin the cured resin. Antioxidants of the phenol-, sulfide-,

15 phosphite-, and amine type may be employed in this invention. Hindered amines are the
preferred antioxidants. Hindered amines with aliphatic and aromatic moieties are more
preferred antioxidants. The most preferred antioxidant is polymeri"zed 1,2-dihydro-2,2,4-
-trimethylquinocline, CAS registry number 26780-96-1.

Preferably, the 6ptional antioxidant is employed ata weigh{ percent range of less

20 than 8, more preferably at a weight percent range of less than 7, and most preferably at .001 to
6 weight percent. .

A photosensitizer may be added to increase the photosensitive agent’s
photosensitivity. The synthesis and properties of suitable optional sensitizers are disclosed in
Specht et al., Tetrahedron, Vol. 38, No. 9, p 1203-1211, (1982); Tsunoda et al., Photographic

25 Science and Engineering, 17, 390, (1973); U.S. Patent 4,268,603; and European Patent
Application 30300546.0. Suitable photosensitizers are those whose absorption maximum is

near the wavelengths of the photon source employed. Preferred photosensitizers are
represented by the following formulae.

30

35
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.001 to 2 weight percent. Preferably the cycl obutarene-containing portion
of ,the formul ati on and any 20 optional conponents are.oligonerized or
B-staged prior to use to inprove handling, processing, and performance
characteristics. The cycl obutarene may al so be oligonerized w thout any
phot osensi tive agent fpr ot her opt| onaIO conmponent scpyeseny. The nol ecul ar

wei ght of a 6 tlyi npen erformancgld t oresi stsystem
Itis nost p’red t o Have gg\gﬁfs\ﬁl\ﬁol ecuI |g t pessible while
mai nt ai ni ng SB ubichi & Nig is 25 ™ rable to have | ow

pol ydi spersity (Mwv Nh; (/\,he?e Mv i s the wei gifs®aver age nolectll ar wei ght and

M is the nunbeiepyesage FedreGih8sd WY 9he)riQokiiré Adraused:ubl e ol i goners
are easily converted |nto an |nsoluble gel when exposed to a photon source.

This will resul i Am sol ukyi y dif nce between the exposed
and unexposed are of/ he rrer fi overln t ewaf er or substrate. Mw
can be controlled ext Qf 30 erS| 0g ol i gonmerization or

B-staging. Wth the nost pref errB'ElH:tS/cI obut’ arene
di vinyl tetranet hyl - di si | oxane bi sRenzocycl obutane, represented by the
fornmul a CH3: CH3 [ eff®} -17- J|_the geRapoint occurs while a

significant portion of oAt amd ul ar wei ght oligoners are

present due to the co -@ re of |the|linking group in this
SxexteritNgf £ohgel Stamal so affects the nol ecul ar

wei ght distribution. R‘I‘I’le aver age. ol ecul ar wei'fAt amd nol ecul ar wei ght

pol y(cycl obut arene) .
distribution may gl i 5@4 Raht eﬁzad nge&&cgw&la&ieﬁen@% ng sone ol igoneric
m xture corrponent Si ndR\We @t E}QE QfCH3, and -N(CyHg) o,

(CoHg)2 0

where Ar is represented by the following formulae:

: ON(cna)z @

0 |

lsePs
S &

o]
|

SO
\0/

More preferred photosensitizers are represented by the following formulae.

’ and and

N\ _/

(C,Hg) 2N
275 K} and



ol i gorrer "'nol ecul ar- wei ghts results in a wi der range of oligomer
solubilities after photocuring. The | ower nol ecular weight materials remain
sol ubl e after photocuring, thus it is desirable to renove themfromthe
formulation prior to coating it on a substrate to mnimze | osses upon

sol vent devel opnent. The | ower nol ecul ar weight nmaterials may al so be
renmoved fromthe 10 ol igonerized cycl obutarene prior to adding a

phot osensi tizer or other optional conponents. Preferably at |east 80 weight
percent of the cycl obutarepe |s removed prior to coating the
solution on a substrate. : ' ' east 80 wei ght percent of the
cyclobutarené nononmer ang i 4
dimer is renmoved prid#ifo coat¥ng Put i wenq substrate. Even nore
preferably at | east Lght .per _ 1 obut ar ene nononer and
dimer is renoved prij’aft \3%53 'lgynlg% %/b@t m%Eh ? é a?l’ﬁi | east 90 wei ght pércent
of the cycl obutarene ggnoner and di ner and at Ieast 50 wei ght pereent of

t he cycl obutarene triner are rem)v@j The preferred oligoner may contain 80
wei ght percem@ or nore of ers degcee of. pol ynerization of three
or nore. The nore pref er oIi omer y cjontgin Qp 20 wei ght percent or
nmore of oligoners é ol ﬁﬂ of . three or nore. The nost
preferred ol i gomer ? Eont ain 95 welght percenf{@fshore of oli gOrmers of a
degree of pol yrrerbzatlc%%g; fh)rlge rdlg% lanﬁ] o%ogé?ﬂfﬁ? of polynerization of
three or nore is meant spec es of. he no arwel ght ‘of ‘trimers and

hi gher. One nmy determ ne the percentage of m)nomer dimer and trimer in
the 25 oligonerized cyd’rqimhhaﬁ’enleiowpwse'pieir!%amblehde”rﬁVGiﬂmmgF%{pﬂ‘ye #*GPCO) .
The wei ght per cratiags, nidke grEaaBIES 2 welpitRErcENBindd df IEBIthaa B @ndp@t pifeddly &l y equal
to the peak areags @bwhigf ptlétr ace. They are notexact because detection isby
refractive index and t ns actors for the ojrer imer my
vary somewhat from that '?;f'atﬁ’ﬁg ﬁ?b RSP confgin b‘PB%H?a&"b“ﬁ“ﬁ‘hV B¥ used and
is used in thg cetonal quomnssa?p’bzqﬂfer@am Boegederior faypedo mpeqye bardlingQ

determ nati ons, prtoEE&rri‘geaitpﬁt‘rﬁuﬁné‘nﬁm\aﬂ&riﬁt&E.Thh@clmmﬁ\aﬁmd beloligamerziroul d be

det er m ned. without any photosensitive agent or other optional components present. The molecular

weight of a resin directly impacts its performance in a photoresist system. It is most preferred
to have the highest molecular weight possible while maintaining a high solubility level. itis

25 further desirable to have low polydispersity (Mw/Mn; where Mw is the weight-average
molecular weight and Mn is the number-average molecular weight) so that the soluble
oligomers are easily converted into an insoluble gel when éxposed to a photon source. This will
result in the maximum solubility difference between the exposed and unexposed areas of the
polymer film covering the wafer or substrate. Mw can be eontrolled by the extent of

30 conversion during oligomerization or B-staging. With the most preferred cyclobutarene,

divinyltetramethyl-disiloxane bisbenzocyclobutane, represented by the formula

CH3 CH3 '
S

CH3 CH3
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A preférred cycl obut arene oligoner may contain 80 wei ght percent or nore of
ol i gomers of a nolecular weight of 1,000 or. nore as determ ned from peak.
ar ea percent by GPC, using a refractive index detector, uncorrected for
response factors and as neasured agai nst pol ystyrene standar ds. A nore
preferred cycl obasdpemecyss whsirapnifisgt Resien af tPrgrer 3 IRBMgRilapesie®nt or nore
as determ ned folgpmmpeakerese@sauqrerheentpldx natutegbthelirgingfrogp indlisecul ar wei ght of

1,000 or nore, gsdiytiyhisdutayenBleirRiestbm 8fkonArsidh Sito e Q1R h@élulaMidighbaift b Be

ol i gomer may contain gahm&ggﬁt bt rgighpa(nd &laQ&vallltldg&mrmﬁ mQJalf%bgol ecul ar
wei ght of 1,000 or rl eterm é ariou r}et ods may

be used to obt af"f‘f’e[dﬁéseﬁftgf é’l’?‘é‘ﬂ" T%?f\??'a?"c\’ﬁ@‘f ?ﬁ°m8?’§f“r" |"b"‘"f"fr ar‘i'g?)? t he
cycl obut ar ene oblisgmerstolecoiiaeighisiepisiing yidetbuge at pemaniidilities sfrenphefecuring.
ol i gonerized or THH&4eageekulaLadighbiiata@dd rerin sollibie sitdr bitdcanugl thusidissiesirable tone| ght

fractions may b?en{oemwgonb%eﬁﬁtf fioh rm?tdcgatﬁ\g ﬁgrnagsgi)s\’r@t@tto r#llgi%azulﬁsempgnher
nol ecul ar wei ght ol ve c£| obut arene

Ive tbdleve?ogofnt Q{hf Powergpcilﬁblar we.n%?t m?qa }éls nﬁy also be remo e% fro

ollgonerlnams ven

preci pi tate 0@t cigrEerred HErbuANe YA traddiag #yphetossratizers °t“F'cﬂp""E'ﬁ\é°‘D?/‘§e'E§€B
mesityl ene nay Beferblydt eest 80 veightipsreenipbishexpdlabetatenamehoaier isremodadbriostech as
t-anyl .al cohol k@Yind@e i6f@6h AT sdbbea D Vesd RPErbrably A1 Gas 80 Weldht peréhof RANS  Of

effecting this &@M@enééon&k%ml: le& u% sG’ﬂ;ééﬁto?{?'ecy%bu‘?%ﬁ-llﬂ’{dem%ﬂmm 10

Exanpl e 16. Q her t echni ques ractions, of a

pol yner ni xture "H%N° QYpingt é°“é‘f?f3 PB?/%’BEI U3k Bven RprE ﬁ'eﬁéabkﬁ’r‘w ¥ EPRT ALY
sol vent ext r atht iteavycidbpretengingrgmerapddimenitreraeyed prigh e eonting Mostpraférahiy at Bass g ng
of benzocycl obutwaitpetcent SREEHHdMAthrdnE mbhomer dAd tidiat and afidhet, 58 % Bight\Phreéht Bk
cyclobutarene trimer are removed.
The preferred oligomer may contain 80 weight percent or more of oligomers of a
degree of polymerization of three or more. The more preferred oligomer may contain 90
20 weight percent or more of oligomers of a degree of polymerization of three or more. The most
preferred oligomer may contain 95 weight percent or more of oligomers of a degree of
polymerization of three or more. 8y a degree of polymerization of three or more is meant
species of the molecular weight of trimers and higher,
'One may determine the percentage of monomer, dimer and trimer in the
25 oligomerized cyclobutarene by gel permeation chromotography (GPC). The weight
percentage of monomer, dimer and trimer are approximately equal to the peak areas of the
GPC trace. They are not exact because detection is by refractive index and the response factors
for the monomer and dimer may vary somewhat from that of the oligomer. The
approximation may be used and is used in the data'in this specification. For more accurate
30 determinations, the.response factors for the monomer and dimer should be determined.
A preferred cyclobutarene oligomer may contain 80 weight percent or more of
oligomers of a molecular weight of 1,000 or more as determined from peak area percent by
GPC, using a refractive index detector, uncorrected for response factors and as measured
against polystyrene standards. A more preferred cyclobutarene oligomer may contain 90
35 weight percent or more as determined from peak area percent &f oligomers of a molecular
weight of 1,000 or more, similarly determined. A most preferred cyclobutarene oligomer may
contain 95 weight percent or more of oligomers of a molecular weight of 1,000 or more,
similarly determined. ’
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6-staging i s conplete, a solvent, sometimes called a casting solvent, is
used to dissolve the B- 15 staged material and thus nmay be used to
facilitate its renoval fromthe B-stagi ng apparatus. ‘Hydrocarbons are
sui tabl e solvents for nost nonpol ar oligoneric cycl obutarene-containing
systems. Preferred sol vesioss rietodsrogtbe tredmp obtain trelprefomn mblecular weight

cycl obut ar ene- € QitrRLitinREknS Y abiiiBerle BEJoHEE TR MLy AR IRE mbidn@R@ay bEhe nDst
pr eferred solve rythrr%ﬂ% %J' é Xiggpﬁ at t!% h§+lﬁ 'Tﬂ&k tPRXwQ‘lnﬁ:gupag wg Sﬁtffr(g{tmﬁgnéy@e

sol ution. 20

cycl obut ar ene- cORPAPHTYS YA ’?’r'k°“1°H‘é'?‘Lf’dg‘eRL9H%f"ﬁGf“‘a;5 F P'b‘ ‘?ed'Ssh °'eﬁ"ﬁ"e
| act ate, 2- mef howg@ervisaime fecycloputatensnissresr Wylm'h'ero'veawad@m'twﬂb9ro| act one.
The nost pr ef er rrecsoseit wandcipftae op tealghe mogaria weightclycieo BorttaMyaB8< 0Nt ai ni ng

systems is N mtrkﬁélkyléﬂyﬁﬁmehﬂegﬁhe rﬁ&ﬂfes@lyeﬁtﬁﬂﬁnSlﬁzﬂwsﬁcﬁaﬁ-aﬁumlcbhmw| ty of
cosol vent to solubj | ng?t osen5| tive agent when It is present

atthe high end of*® daféhegrec'p'tayngesalg percent range. Wen the
phot osensitive agent is Oahmaaz\ffejeffecgeatt“afﬁwevab'b%@h%ﬁ'tegp'raﬁerr arpxeeRlifiedin
gl ycol et her s0 kisérapiets, Ctrtieddsities exmninig ised togebaztrzbe fegtiins ofapelymer mixture

2- met hoxyet hanol may2rs@bdrmpiseddharaleh a2chBriatd@rpiIgtaRydoRth Bktract@®Rdncluding :

2- et hoxyet hyl et hs%EercrI&‘?soerrﬁtesza?J erred cosolvent is 2 et hoxyet hyl ether. 30
The phot osensitive agent can di ssol ved in the B-s ed resin/ sol vent
system by heating in anB5teRe °f\ﬁ5‘fz8?y"ﬁbé‘ﬁ‘?e“s§r“‘5'§fd§‘dh§ Eaé R 3hdhep et
preferred methods-fagingiscamrietesaeivent. Mimetimesitistid @atting srivens is ysprbto dissolve the B-

cycl obut ar ene/iphaigesensia indenaBieyte uttld Xd fudiRstaiterdvaiiemakd Bystfapp bparsed i N a

darkened envi r ongRpdcarbdhs RE QWENL soQErﬁﬁWrﬁb@@xoh&iaﬁ bl@%@rf&cﬁfcb&tl&}@néﬂa%ﬂﬁu&ns' tive
reacti on by photon ragr fae"e e _envi ronment

by i ng hor KRGS B o R o BRSOV DB ™ | gt o,
Thin films of th@dw&%afddﬁﬁﬁ!é%"eoma'Pﬁ*\Pfﬁfj"F‘b‘P'ﬁﬂ‘ltat“ie&b‘we'ﬁ-‘aﬁﬂbﬁ“ﬁmyla!sw to
substrat es wi t hopérfotrina irissieti@f an adhesi on pronoter. \When desirable, an

opt i onal adh 95200 n pro m)tsgﬁabie%oltlé?iiswlpaLr%ﬁgﬁn?tyé&yu@ayene-%mm&ys%s 51911&{[ 1 on
whi ch is ap pl I ed I ”UFyP' pyrroll% rYe, etI\ytl I%ctate 2-methoxyethylether, 2-methoxyethylether, and gamma
butyrolactone. The most preferred solvent for polar oligomeric cyclobutarene-containing
systems is N- methyl pyrrolidone.
Some systems require a small quantity of cosolvent to solubilize the
25 photosensitive agent when it is present at the high end of its specified welght percent range.
When the photosensitive agent is an azide, suitable cosolvents include ethers, glycol ethers,
ketones, and esters. Preferred cosolvents are 2-metﬁoxyethanol, 2-ethoxyethanol,
2-methoxyethylether, and Z-ethoxyethylether. The most preferred cosolvent is 2-
ethoxyethylether. '
30 The photosensitive agent can be dissolved in the B-staged resin/solvent system by
heaung in an oven, water bath, or by sonication. The most preferred method is a water bath.
All manipulations of the cyclobutarene/photosensitive agent mixture are preferably performed
in a darkened environment to prevent premature initiation of the photosensitive reaction by
photon radiation. One means of providing a suitable environment is by using workmg space
35 equipped with amber filtered (yellow) lights.
Thin films of the c¢yclobutarene-containing formulation may be applied to
substrates without the use of an adhesion promoter. When desirable, an optional adhesion

promoter is formulated as a spray- or spin-on solution which is applied immediately after
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-19-  solvent cleaning of the substrate and i mrediately before applying
t he cycl obutarene- containing fornulation. Alternatively, the adhesion
pronoter is added to the cycl obutarene/ photocrosslinking agent formnulation.
The adhesion pronoter is designed such that one end of the nolecule either
coval ent |y att adresd@ningeignipstratepnt memediatelyibeforpabrlvingR¢ gidobutsrens cer ami ¢
substrat e surf asainindiotrilatibe Ageaaney, erddatiod fiemstaliddddeotheact s or interacts
wi th the cycl oylRlGRReMRlYBRInFRIdehttormatdtid B PAL AL SbRB e fRiiBSLuen | NCl ude
trial koxyvinyl g1l anes, c?f%?e et ERXNYIfINY Sa!:%ééLs DEIZBSY fe Q0L ANGSaRS ©
preferred adhesion pronoters i n_c‘l uae incluge. a- ani nopr opyﬁ triet ﬁoxy5| | ane,
tri met hoxyvi fy|<€RPiSsHbstratespriach yRilahe seqoad gnd aithe polesfersioR MRS P yIe
benzocycl obut arredpbutarede folymer rirdriey fuiitabe adhksjdn phamerensdychidotyigtkemmenylsilafipsengp st
preferred adhestifioxithyBfybaRbogtiotusands. MdteprfidrQP ydHedidripkdnoie/Shdudcdudehe
r rati on an . X -t . ! r
D o LM ESa T GRS REOERE ORI 2
conpri sed of si¥MEOK P AINGHH A e ngs YheRa oy fenes PG ﬂﬁ’ﬁf'&f"ﬁ PAI€*%Such as
al um num ni t 19 drsomdiksiisd-apineprepvitiethaxystianer Hie erspaption eesreresietr! sialkadyvinilsd and
silicon. The noshzopfcRbRidecHle GithBddliral. £ PatentoaBINI129605 mb,8@ | | con. 15 -
The cycl obut ar ene- cont g;3bid thbftRles3H: &mipRRE oliConPdMRhih£L Shafal Sy DPlekbidiONS
co nt aini ng 10- 7nQatV\1§ $ I’H;‘ asgﬁarn?n%rrr]\tnﬁr(i)cje! ﬂcssr'e I% elrrleg]ssu s(f\rggg aerQ::[ altllsgd gfr;%mng lar?é: .U| ar
wei ght of the cJtf ()"'Lg'f arene- contai ni n@ S TIP A ohe SEPEFIT e & Vi scosi t y
of the spray- otficepiTbrmpast reisrise pusrratedisemPiseesilii® speed are used to control
filmaqualityiand thi ckriesscdebutagengantainngfemulhimsark adpliaifrom sglotixes dontaindet ai | S
of substrate coafiogighdpdelenR@NdsOSoyEs!corkibHt a¥Rnd hdidtBlaGadibhbsl teQytitButbrand he
Jour nal .Of 20 Ejzog&tngn(a%rﬁulmthgg Lrg'jiré.’the\cglo ié%f thbl%'ra -logsmn]-‘tgggutio-gh%iMe%%B ty of
the casting solvent I's r ermvec_f uring t FI SPI é’oat I ngﬂ PI‘,OCGSS, A
speed are used to control film quality and thickness at a particular formulation viscosity.
Details of substrate coating with benzocyciobutane films can be found in the Journal of
20 Electronic Materials, Vo! 19, No. 12, 1990. ’
The-majority of the casting solvent is removed during the spin coating process. A
softbake cycle may be required to remove residual solvent. The softbake also relaxes stress
resulting from flow of the polymer film, increases the film's adhesion to the substrate, and
hardens the film for more convenient handling during processing; for example, to prevent
25 adhesion to a mask when printing in a hard contact mode. A preferred softbake temperature is
one sufficient to remove residual solvent, provide stress refaxation which requires a
temperature above the polymer’s glass transition temperature, but low enouéh to avoid
oxidizing or thermal curing of the resin. The preferred softbake temperature will vary
depending in-part on the components of the cyclobutarene-containing formulation. A more .
30 preferred softbake temperature ranges from 80°C to 150°C. The most preferred softhake
temperature ranges from 80°C to 120°C. When using a bhotosensitizer itis most preferred to
use 80°C as the softbake temperature because of the thermal instability of the photosensitizer.
_ A preferred softbake time is one sufficient to remove residual solvent, provide
stress relaxation, but shart enough to avoid oxidizing or thermal curing of the formulation
35 components. The preferred softbake time will vary depending in part on the components of
the cyclobutarene-containing formulation. A more preferred softbake time ranges from 15

seconds to 60 minutes. The most preferred softbake time range depends on balancing desired

-20-



soft bake cycle may be required to renove residual solvent. The softbake

al so rel axes stress resulting fromflow of the polymer film increases the
fil'm's adhesion to the substrate, and hardens the filmfor nore convenient
handl i ng during processing; for exanple, to prevent 25 adhesion to a mask
when printing i pedoriaiceregbnigrobaximidie. thrdughp@f esyiverd freo i sbakds te mpentst Twe | s
one sufficient tngx.rnezgqya,gr\,ﬁsiﬂdua,l,.msm.memmdw@wnde stress relaxati on which

requires a tenperature ama«@so&tﬁem'o s il 858t ANRLb4ALrRTRET L UT e,
but | ow enough to avoid o IZI$\‘I\?9 e resin. The

curing of

preferred softbé‘ﬁé’"’fé'ﬁff@?"aﬁ 8 Fff“’"??a?? °sg'§'end| ng in-part on the
conponents of5the cycl oBlfU‘&P’@iﬁé‘%hthafmsﬂ@c?"tﬁﬁdr?ﬁF‘éthiebPF’hﬂ‘W &hesowet ef erred
sof t bake t enper atarogingangessef thonrifiermolymero A highderkity, Shecidmiimeprighers ed

sof t bake tenper Fhstitafir tb Wﬂ%erfe’ir@trgn[ Rbdcleale@sdiv@htpknoaBEh rbts tebliks @ a reduced
phot osensi ti zer rgsméev referred to use [err] as the softbake

t enper at ure becatse ?'°ﬁ"ﬁ""§ﬁer mal instability of the photosensitizer. A

preferred softbake ti meEirssugfiasedsfepenggnapronths p %%‘ﬁbﬁ?é"?‘@?ﬂﬂﬁél”&‘wﬁfﬁd‘f

provi de stress$o rigd ghomhsa@rre introtity slapindp te neergine high eptigd! dengtyipthblenmigysogipted her mal
curing of the fakitRthiaddoRRerdIirRQpRBORAEcrometds) [HeRERE fefBvabihirldBdOmpdriats W | |

vary dependi ng i§.Raf fre J}em&r&ﬁm&qQEFLLﬁ\apsrom%u&ysflf@mf@rn%n@e GRabi@i ni ng

formul ation.. A nore

o 60
SRR PRARS 18 A6 A T AN LA R AR e e
desired -20- hatrhespmenees wasderioths ofignerby. fegfarme photRy seureuDgdp vieible gl vary
from 15 seconds di@avafkt ight Xir@s, anddectiBntieag ®lokd yrefergdd phidton sbitess fikladenum t i me

woul d be opti mal uma%wn&mlve.bm%\lﬁtbﬁ\moabmm{o%se,ml‘sladp%n@envmumm air,
ni t rogen, argon, at nosphere. 5

The. anner 1 - whRHpHEvepepiAspeing ke BEd s bedortoibin il blof Sl P AL, ©

s| ower - the absorption maximum of the photosensitive agent or photosensntszer employed.
Following photon exposure, an optional softbake cycle may be employed. This
20 cycleincreases the reaction rate of long-lived photochemically generated intermediates. These
intermediates have increased mobility during this cycle and thus may migrate and find a
reactant species.

An alternative means of increasing the mobility of these reactive intermediates is

heating during phoion éxposure. Such a procedure increases the photosensitive agent’s
25 sensitivity. _ '

Once photon exposure is complete, the film is sdlvent developed. Solvent
deveiopment comprises removing, using a solubilizing solvent, the material that has not been
exposed to photon radiation and thus not photo-cured. Dissolution involves two steps. The
first is solvent penetraﬁon which converts the glassy polymer to a swollen network. The second

30 step involves extracting low molecular weight oligomers from the gel at the solution interface.
B Preferred solvent development methods include spray or immersion techniques.
Spray development is the more preferred technigue. $uitable developing solvents are those
which selectively dissolve the nonphoton-exposed film component. Suitable solvents for
nonpolar polymer film systems include hydrocarbons such as Stoddard solvent, xylene,

35 maesitylene and toluene, 2-methoxyethyl ether (diglyme), n-butyl butyrate, dipropylene glycol
dimethyl ether, N-methyl pyrrolidone (NMP), mixtures of NMP and 2-hydroxyethyl
2-pyroilidone and a Stoddard/methanol mixture. Stoddard solvent as used herein is defined at
page 1095, “Hawley’s Condensed Chemical Dictionary”, 11th Edition, Van Nostrand Reinhoid
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the cooling, the denserthe vitrified polynmer. A high density, |ow. void

vol ume polyner is resistant to solvent penetration. A decreased sol vent
penetration rate results in a reduced resist devel opnent rate. Exposure
dose is dependent upon the photon source being used. An increase in 10 the
phot on source i GbewEY. Now Merl. 1953] The tnost oreéarredsatverh fay horppltrpelinerdigmsyitenys ipr obl ens
associ ated W t h ntodiyodsrypd. ymeric films up to 30[err](mcroneters). Selective

removal of various Conpﬂmmd%vmm scmeg!afotp S5 Prfer TR Gtk rah@etmetﬁpurce may
provi de superior filmp de, t hose

e
Por i ch- b sut PRI BROFU BB ReY puviRtnant =By e Spelitenieuts Dl .
phot oh sour ce® s RIvEIBIRSE: Hlsfoaﬂeneawgﬁrmew é‘f‘%ﬁ'r'\"@ﬁfhﬁﬁtﬁPb‘i‘P"SWb@g mMieesude
visible light, DbHNubindanydobxgdthyl 2-gindiljdode. ITBerBgst meferreglsaheht forpolaerniymer iNfor e
preferred phot or;ys&gyrsgg& loglatéde ultraviolet and visible |ight. The nost

preferred photon source_.l s _dependen Bon th 0 nt bei ng
used and shoul d be chos 8P1e psr?fcﬁy t?'% "{akes ymeﬁc {"?"'aqm '}sgsﬁ éu'Hhrp %‘.,o%as t he

absor ption maxi rfiﬁﬂ‘ﬁP“t‘HE"ﬂh‘ﬁ’t‘Bg\éf‘%‘F‘!?W’ﬁ@‘é“r‘ufﬁ'ﬁf“ ﬂﬁb‘f%'g‘éﬁ%?bﬁ 'Z"B‘F'"enpl oyed.
Fol | owi ng phot®rnewEssslenitediby topraveerath of tephakrscuieemplopsyandibusaigheyed. Thi s
20 cycl e i ncr easgfarolRad RAEHiMEHal ERh€quality bARGNddul B dRBO troaRehsGRik ik Y

generated inter Wﬁ%&%ﬁ%hav@&ﬁ?laﬂ?ﬁ IL,pedi ates have increased mobility during
this cycle and thus may mg e and find a reactant species, An alternative

means of increasing t he ShBBPPTIRNSToEREePareRed PO &M PRYEPYTRd s i s heati ng
during phot on expierstiicety Bd ghriedeineg digldaridaer apriiedie i otitren brfuthes wergiely ve :
agent's 25 sensi duredi mryced&hmp@bmh@mulemmmw@nde&uaﬁmpdneheqprﬁdaeles‘aird mis

sol vent devel Opedsdoﬁﬁtn\/cﬁ‘é%nodﬂx\{;%@m&nh M*Fh§ﬁ§loﬁg{m§“lﬂgsty Mﬁ\kn&@p a

sol ubi l'i zi ng sol v oJ] es” Etﬁa%mggnéhﬁl’l&ymﬁsmm Cﬂal%A nloji‘esmereet e’érgcefs%onﬁdfrap onsllm?_ﬂ

radi ati on and thus ot

first is sol vent FaesaErgTamFERMENF e EP88R 1995 5-F. H@'@F%\s?ﬁleﬁ@'ﬂ H?é'ra“?o a swol | en
networ k. The seckngknd®ofThaposetFilns DeageddromBiiadnkatgriobatenefol MadtildyarApplixbipng”,

ol i gonmers frofpt B@celdihgs Bithd AtE DSIAbASTPOYndridMBlefi AL Science and Engineering, 59, 190, 1988;
P.H. Townsend et al., “The Processing and Properties of Multilayer Interconnection Structures
Using Thermoset Films Derived From Bisbenzocyclobutene”, Proceedings of the Materials
Research Society, p.47, 1989; J. Reche et al., “High Density Multichip Module Fabrication”, The
Internauonal Journal for Hybrid Microelectronics, Vol. 13, No.4, 1990. Additional information

25 on prepanng multichip modules may be found in “Benzocyclobutene Processing Guide For
Muliilayer Interconnect Fabrication {Multichip Modules)”, The Dow Chemical Company,
Midland, Michigan, 1991.

The atarementioned photo-cured polymers are then subjected to heat for
sufficient time to ”complete the curing process. The fallowing preferred heating cycle may be

30 empioyed for further curing in a nitrogen atmosphere.

50°C for 0.5 hour
50°C to 250°C over 1 hour
250°C for thour
250°C to 100°C over 2 hours
35 Preferably, cyclobutarenes are cured in an atmosphere of 100 ppm or less of
" oxygen to minimize oxidation. _
The following.examples are illustrative only, and do notlimit the scope of the

~ invention. All percents stated in the following examples are by weight unless otherwise noted.

-22-



Preferred sol vent devel opnent nethods include spray or inmersion

t echni ques. Spray devel opnent is the nore preferred technique. Suitable

devel opi ng solvents are those which selectively dissolve the

nonphot on-exposed fil m conponent. Suitable solvents for nonpolar polyner

filmsystens i nchlbdeghaysieots artiromsresticho he pditeotid thedostited enight ckgdiyaride an85

mesi tyl ene and t gtibtbRene grefiRiifity Y@k yunieQbihelvise dbtgd.yne) , n-butyl butyrate,

di propyl ene ol ycglng metpm,s!,ra@snraeprmournmr%tmnydmlFa.m:aenm@ mi xtures of
e

m
NMP and 2- hydr oxyet hy t hanol m xture.
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Condensed Cherfi cal Dict |%‘f‘fé{F§F"’me‘i‘!'t’"ﬂ'°ﬁi‘FP'F‘6ﬁz°‘>\9‘3 UtRRSst r and Rei nhol d - 21-
Conpany, New York, 1987.Astflidentosntiyyoéd 24-bigélazxioberayiiderfepd- nonpol ar pol yner
filmsystens is maebwkyelohba&omamw (SH1 ) b.S38eAH Mapidag 16 ohatenédid or  pol ar

pol ymer film Sysiﬂ%[%%arlgr&ﬁ%o%ﬁczé\bwr{éﬁ tmqeth?%irsnfo%ne %ﬁ%o(asmo)&gtyr( ‘?ﬁ/schfcaﬂzo%&éé'

butyrate and eth
butyrate, di prop%ﬁ‘@ﬁé"t@‘f'ﬁﬂw‘es&wﬁﬁtﬂf S BREE MR VP Eﬂf?'a'oﬁ?é’e'(‘mw) and

m xtures of NVR aghdno@om@rwbiwahwswzappw'oblpmidwn@ﬂ amhheatgetotS0°p fas f Epipuigs
sol vent for pol ake qadivermarsativi. MheNSBERTBAG-@ miktudeMsagkraltdryd @la@ EbefDach nikedper t y -
that makes pol ymgLi& sbiaghldleor s useful in multichip module fabri cation is

t hel r abl l I ty to pl anar I ﬁ‘\e f&%ﬂA@%olg?ondvagtag#%rredtoaQ SS %8{ cheanr]porP

obt ai nabl e in 10 phrotor esPg e wave phot on
source enpl oyed APRPEITINES bam FliRMmwalers oravhsisatpsofrior t%?ﬁp%'@°'u81er'~1aﬁ§me§|def'zfdt he
gual ity of theisnosing axylpreatespegpliecforthd Wife dor@sepin dytle.i Sstreampefrdtesion drondieny e
good pl anari zat i QR.s péitent ddiuBod¥iridthokyRinfliILELOG &S Butarle[TEs- 18] ih REBEHasaBbiRa f 1 | M
may have additio Qgéhe wafer for 2 seconds during a subsequent spin cycle using a syringe connected to a 0.2 pm

filter, afterwhich the wafer was spun dry.

Applymg the DVS-BCB/BAC-M solution to the substrate begins by pouring it onto

20 the center of the stationary silicon substrate, which was then followed by a spin coating step.
"The spin coating procedure employed for the DVS-BCB/BAC-M solution, using a Solitec Model
5100 spin coater, involveed two steps and produced a 5 pm coating after thermal cure. The first
step was a spread cycle during which the substrate or wafer was spun at 500 rpm for 3 seconds
to completely cover it with resin. The second step involved accelerating the substrate to 5000
25 rpm and holding it at that speed for 30 seconds.

The film close to the edge of the wafer, often called the edge bead, comprised
concentric polymer rings that were somewhat thicker than the remainder of the fiilm. The edge
bead was removed using a xylene stream during a spin cycle. Edge bead removal increased the
film thickness uniformity and made manipulating the substrate easier. _

30 Residual solvent not removed during the spin coating process was remaved using
a softbake cycle in an oven containing a nitrogen atmosphere at 80°C for 0.5 hours. After
cooling to ambient temperature, the substrate was exposed for 5 minutes using a USHIO 250
watt medium-pressure mercury-xenbn lamp contained within a Canon PLASO1FA mask aligner
through a patterned chrome-on-glass plated mask in the contact printing mode. The contact

35 printing mode as used herein refered to direct contact between the mask and the film. This
mode produced the highest fesolution possible.

Solvent development, which was the dissolution and removal of film areas not

exposed to photons, was effected by swirling the substrate while it was immersed in Stoddard
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mcrocircuitry and photodefined dielectric |layers applied to it or it can
be further thermally 15 cured. Procedures for preparing nmultilayer

i nferconnect units or nmultichip nodul es are disdosed in the follow ng
references:. J.J. Reche, "Fabrication of H gh Density Miltichip Mdules',

| EEE/ CMT 1989 bkt @y mirots. eMelopment frdducdd thiregativeimage intie film offthepetierg

Consi der at i 0NS canfuireabd thembsk WEichihdudediolxno pModibss, | EPS 1989 p.294; S.F. Hahn
et al.,. "The Fabricat "mgsxﬁﬂﬂte&yapﬂ@&gﬁﬁ%e@LndIm{tmggregtmEsbLé@usﬂsmeVed from

Bi sbenzocycl oblflot"gvgg Iu(r)r I\/U tilayer Applications”, 20 Proceedi ngs of the ACS
Di vision of Poly r'?C ﬁ\%ft erials: Science ang Engi neering, 59, 190, 1988;
P.H Townsemd et aI ' The Proces¥ g WPV *ies of Multilayer

I nterconnection Structures Usi ng TheéfRferts misiukess Deri ved From

Bi shenzocycl obut ene", Proceedi ngseedotiivec Va1 minates Resear chSoci ety, p. 47,
1989; J. Recheetal., "High Density | e Fabrication", The

I nt ernat sonal Journal for Hybrid MM(':'I'LFogdeI gg%ﬁ#cs Vol . 13, No.4, 1990.
Additional information 25 on prepar? hif SFPeEhioy” modul es may be found in
"Benzocycl obt ene Processi ng Gui de F@F0°#Mert hduayer | nt er connect Fabrication
(Multichip Mbdules)", The Dow Chenseedo 160oparyhoud/ dl and, M chi gan, 1991.-

The af orenenti oned phOﬁQs{EHﬁ t&%emmsssnea;ueedw&af.léu&? eshesrdnerheat for

ﬁg;{ : EBGQ;CT Ienqrrrl\a&rurgen% ha-Etell'J £0 cod'npfj enzeg sxpr{ahe énc?f%er was ?4 pm WR\MI ng 4ppre$cfe§tr red

at rosphere. 50t ?"‘6F°“H°‘5"'h¥5‘tjf‘"e§§0@ef‘b‘“?%‘esw 5 Mg, I‘l*tﬁj?a" ?5@‘0(‘9%’6}' aﬂdﬁ'éﬂjr 250Ct 0
100C over 2 Moustaw rf8&5 pmisecond. Preferably, cyclobutarenes are cured in an

at nosphere of JGndMIN Offect FBHodfe DALY REIS Filth THidkhet£ OXi dation. The
fol I owi ng exanples ar eA'S%Lr%ugﬁ{lémo?%% v%rééaélﬁn 98 ar}darélo'}dlighgth%wpe of the

invention. Al percents ¥
unl ess ot her wi OCﬁ(BJ( scnbed in Example1 wascoated onasenesof baresll con wafers using the

procedure descrlbed in Example 1. The substrates were exposed to the photon source of

20 Example 1fort, 2, 3,5, 10, and 15 minutes. The photon-exposed coated wafers were solvent
developed using two immersion cycles of 30 seconds in Stoddard solvent, After ahard cure -
using the procedure described in Example 1, the film thickness was measured by stylus
profilometry. Table 1 shows the effect of exposure dose on residual film thickness.

25
Table 1
Effect of Exposure Dose on Residual Film Thickness

Exposure Time Exposure goée % Residual Film
(Minutes) (md /em Thickness
30 1 232.8 29.8
2 465.6 - 33.3
3 ' 698.1 35.6
5 . 931.2 47.8
10 1164.0 ' 46.5
3 15 3492 . - 52.5




-22- Al'l weight percents stated are relative to the percent of the

copbi ned wei ght of pol yazide and cycl obutarene present in the system

unl ess ot herwi se noted. Exanple 1- Preparation of Photosensitive, Patterned
Thin Filnms From 2, 6-bi s(4- -azi dobenzylidene)-4-Methyl cycl ohexanone and

O igomeric 5 This daty ipgieaiad that HIERIERS BRsdn T ERcEHRY SBICS eI E3RMBhut ane
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- . ercent sal ids NeS ene . g pol yner,
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BAC-M The DVS- BCB/ BAC-A8 mercetitsalgionatBACHEGIN OV B Bedin memredBtrerdipatitheri xer and
shaken for 40 npdd6R desdibed PHImBER/ R aldh 804 dlidsOrbar@ficdnvansfang@d to a
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Prior to dep05|f’| on, the wafers were c_| eaneﬁ 5 usi ng a xy‘1 ene stream
applied to th® geyre ‘éllﬁ‘P'F‘t‘f@°é‘“§’ﬂ]°?f"%%‘}ab’.ea‘ﬂ°%f‘?ee“éﬁff‘f’b‘f’e'%‘éiﬁﬁgrﬁ‘l)ar?dﬁ?eorrot er, a
0.5 percent sol scligywagfiot devielopdd iy seivinglass dogtrdd fonthe mjtizl igmithitkasie (MTESIBCB) i n
wat er, was appl weekih@ertddeh seabLd sofvert fo? dSRAEANIHE pdtidds. e AlmS WBS @GHd@Rder SPI N
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U e R e R R TR
substrate, whikcH2¥&s then foll owed by a spin coating step. 'The spin

coating procedure -enpl oyed forthe I8idep2p/ BAC- M sol ution, usi ng a Solitec |
Model Film Thickness as a Function of Development Time

Development time(s) Film Thickness (pm) % Residual

0 5.16 ' 100
10 3.345 64.8
20 2.925 " 56.7
30 : 2.895 - 56.0
45 2.875 . 55.6
60 2.630 50.9
90 2.84 54,6
120 : 2.63 50.6
180 2.66 51.2 _

30 Table 2 showed that the majority of film thickness losses occur in the first ?0
seconds of solvent development. This characteristic allowed for a wide range of development
times with little effect on the film thickness.

Exampie 4 - Effect of Photosensitive Agent Concentration on Residual Film Thickness
One, two, three, and four percent solutions of BAC-M in DVS-BCB resin were
3 coated on a series of bare silicon wafers using the procedure described in Example 1. The films

were solvent developed for 1 minute in Stoddard solvent followed by hard curing. The film
thicknesses differ as shown in Table 3. '
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5100 spin coater, involveed two steps and produced a5 [err coating after
thermal cure. The first step was a spread cycle during which the substrate
or wafer was spun at 500 rpmfor 3 seconds to conpletely cover it with
resin. The second step involved accelerating the substrate to 5000 25 rpm
and holding it at that speed for 30 segonds. The filmclose to the edge of
the wafer, often cglle ; RAGeNtric pol ynmer
rlngsthatmere somewra e film The edge bead

was renoved using a xylene strean1dur ,s-iyn;ycl-. Edge bead renova
i ncieased the film.thic@eB8&inif or EtdEidRACkhes Hpul ati ng the substrate
easier. 30 > Resydual sol vent not bennved during the spin coating

process was renoved using a softbake cycle | E %n oven containing a nitrogen
at nosphere at [err] for O. 8 hours. After cdoPf g to anbi ent tenperature
the substrate was exposed Bor 5 minutes usiz@3ad USH O 250 watt

medi um pressure nercury-xegon |anp containedgygthin a Canon PLASO01 FA nask
al i gner through a patterned chrone-on-gl ass plated mask in the contact
printing nodd® The contact 35 printing node as used herein refered to

d I rect contact between T}]@(ﬁtm 1R it &nbsk daflbe i-lmr-éa'ied@ ferefding d’lé%@'den_t he
hi ghest resol ut| $ p055|ble Sol vent devel opnent, which was the dissol ution

and renoval of m areas not exposed to photons was effected by swirling
the substrate mﬁiﬁ@ﬁét Bffag of Gorplbieaten NP aises Fitpathifknes solvent for 1
m nut e. Devel opment pr cAGOEE 1S4 mo, hBEGatmiol 6.4 pereggt) wiypdtdddo § darkepesivial he pattern
cont ai ned on #hegoEsg obYntehc bv3dcsl@oa7ab0s5ertiht pIdsk rBSitylehB @ dstipsiymat, e Was
thernmal Iy cured pundgioodudl 598 ALIRRBASES. N8538g bdiorcPh-hebansdr e cycl e.
was added to dilute the polymer to 52.2 percent solids based on the sum of the weights of
polymer and solvents. After shaking on an Eberbach mixer for five minutes at a high setting,
the solution was heated at 60°C for 0.5 hours. The sample was shaken on the high setting for
20 g 5 hours as it is cooled to ambient temperature. The agitation and heating cycles were
repeated followed by a 5 hour shake at a low setting, afterwhich the BAC-M was fully
solubilized. '
Additional solutions _ére prepaied at 6.3 percent BAC-M(370.4 mg), and 7.3
- percent BAC-M(435.4 mg) using 0.5247 and 0.5314 g of 2-methoxyethanol, respectively. The
25 g3 percent sample was almost completely soluble and the 7.3 percent sample even less soluble.
Additional methoxyethanol, 0.2858 g and 0.5010 g, was added to the 6.3 percentand 7.3
percent BAC-M samples, respectively. After shaking on an Eberbach mixer for S minutes on the
nigh setting, the solutions were heated at 60°C for 0.5 hours. The samples were shaken for 0.5
nours on a high setting as they were cooled to ambient temperature. This procedure
_30 completely solubilizes the 6.3 percent sample, but not the 7.3 percent sample.

Film preparation was performed as described in Exafnple 1, except that solvent
development was performed by spraying the wafer with solvent fhereby forming a puddie of
solvent on the wafer. The wafer was stationary for 5 seconds followed by the spread and spin
cycles of Example 1. The samples were thermally hard cured using the procedure described in
35 Example 1. The film thickness of each sample, as measured by stylus profilometry, is shownin

Table 4.
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5 o . [err] to [err] over 5 mnutes [err] for 15
mnutes [err] to 1 SOC over 15 minutes [err] for 15 mnutes 150C to [err]
over 1 hour 10 : [err] for 1 hour 250[err]C
to 1 [err] -over 2 hours The step height of the filmas neasured by
profilonetry, using a Tencor Instrunments Al pha-Step 200 conputerized
surface profiler, was 2.48 [err] ITabhéch was 48 percent of the control film
t hi ckness. Thaiotinyl 18dTBS 5m USBdkiess Asng, Fudee issadt 1%eBgc 400 [err] and the:
15 scan rate 5 [err] Exanple 2- Effect of Exposure Dose on Residual Film
Thi ckness A 3 perced#BASdM uti on of Nesmalized BY/&mEFIHCokBEEH prepared
according to the procepure described in Exagpée 1, was coated on a series
of bare silicon wafers using the proocedure déscribed in Exanple 1. The
substrates were exposetl to the photonsource2®f3 20 Exanple 1 for 1, 2,3, 5,
10, and 15 mi nutes. Thg photon-exposed coat gf, waf ers were sol vent devel oped
using two i mmersion cycles of 30 seconds in_Stoddard solvent. After a hard
cure using the procedufre described in Exaon%‘ﬁ, the filmthickness was
measured by ylus prodilonetry. Table 1 shéWsdthe effect of exposure dose

on residual filmthickgess. 25 64 . 1 Table 1 Effect
of Exposure Dose on Residual Film Thi ckness Exposure Tine Exposur e dose
% Residual Film (M nut &s) [err]7°° Thi ckness 30
1 232.8 29.8 2 465. 6
33.3

15 This data showed that the normalized (compared to a control for each percent

BAC-M solution) film thickness increased significantly with increased in the percent BAC-M.
Using 2-methoxyethanol permits BAC-M dissolution at 5 and 6 weight percentin a mesitylene.
solution containing polymer at 55 percent solids. - Such levels were not reproducibly attainable
using mesitylene alone. '

20 Example6- Effectof resin Molecular Weight on Film Retention

A 27,100 weight-average molecular weight DVS-
-BCB resin was subjected to the same film preparation, exposure, solvent development, and
analysis as described in Example 1. The thermal cure cycle is as follows. '
| 50°C for 0.5 hour
25 50°Cto 250°Cover 1 hour
250°C for thour
250°C to 100°C over 2 hours
The residual film thickness of this system was 36.3 percent of the contral film thickness.
A 44,000 weight-average molecular weight DVS-

30 -BCBresin (Mn = 1360) was prepared by increasing the extent of conversion by B-staging for a
longer time period. It was diluted to 55 percent solids to allow a valid film retentioﬁ
comparison to the previously described film system comprising a 27,100 molecular weight

_polymer. This was done by diluting with mesitylene and shaking for 1 hour using an Eberbach
mixer on the high setting prior to adding the 3 percent BAC-M. The light sensitive fo_rniulation

35 was prepared by the procedure described in Example 1. The residual film thickness of this
system was 48.3 percent of the control film thickness.
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3 698.4 . 35.6 5 - 931.2
47.8.10 . 1164.0 46.5 35 15

3492 52.5 -24- This data indicated that filmthickness
was i nfluenced by exposure dose. Exposure tine was a function of the photon
source and preferably was73#Phieibhradrabomelercioeegeht PY-a58 ¢isp (Mn = TF¥RWPA ni num
exposur e ti mewas plgdred i RB&achsig thelkerefBOdoarsiion bp@ngfingatta rak@alfsirbaites

sufficiently to ﬁwe?potnbembeésfammmyf.m‘at.&hwaad.nmeaEbseeazeaeu.d\mvm t he
substrate. Crossli

pO| ymer fromt hemﬁfg' ?eigggshakeg?r hhqur usgg an {!::F?)écé\ xefo Leehl h6ettm nor IacpdnnﬁOf the .
Contact Time on He3PeeeatBASHY Ph°‘|°|‘ﬁ"6k‘ﬁé§§“ AnS3 pREERi@AL- 'Vb"(ﬂs F‘b‘f’l‘dHP'“Bi'\C Min
DVS-BCB resi n, priepaeitbwlgbotogreagnt bematae photondahof erechbswee. iAfediissalvingtenpl e 1,
was coated On a gRE-MORe AiktuRAtaCrakdnltd £ mfcﬁraﬁouﬂkawg lilPedRMB& BgHI Ma desCr i bed

I'n Exarrpl e 1 Th?ub{)e'cte@%tt\f’e\ﬁ rgecﬁ i,?\giﬁqz eée)jposurepsol%nqQev%%rﬁe%@ {d(f)\ rd%é'eggtnm es 10

to ensure conpl efl

quartered and oné""%’ﬁ‘c‘:“ﬂ‘i”b‘ﬁam&‘ ?’i’(ff"e&W@WGﬁEBd'faFﬁﬂéhegé’P\?ﬁ”hfdméeéa"?fdé%ﬁ?"t’%‘l“ f or
the initial filomeftheokindisthichies. wafers were i mersed in Stoddard sol vent

for different time peri Otlase thbeexirhdidiBentdditRatdthdt@lin ddfAlfdn was iRdrdatea@@n st ream .
after devel oprrengric@gg\g ;ngg%ua%ngg;,q“&&g,g &ht.Ng the procedure described in

Exanple 1. The fi hi cknes sured by stylus
profilometry, is SSRGS | HTef ‘f"éﬁ"getﬁ?&'g?'aﬁl"&“"é’tg’?i’srﬁ"ﬁ‘ﬁ ‘ckness as ‘a Function

of Devel oprrent Ti me The 73,000 molecular weight DVS-BCB resin from Exan;ple 6 was used at 60

15 percent solids, in the following protocol. BAC-M (377.7 mg, 1.02 mmol, 3.0 weight percent)
was added to a darkened vial containing oligomeric DVS-BCB (20.0022 g, 60 percent solids in
mesitylene, 12.0013 g polymer, Mn = 1,400, Mw = 73,000) in a darkened laboratory. The vial
was wrapped in aluminum foil and heated for 45 minutes in an oven at 60°C. The sample was
removed from the oven and shaken an an Eberbach mixer at a high setting for 20 minutes asit

20 cooled to ambient temperature. After treatment with spread and spin cycies and softbake
conditions as described in Example 1, the wafer was exposed to the photon source described in
Example 1 for 15 minutes through a mask. The wafer wa; quartered and one section not
developed thereby serving as a reference for the initial film thickness. One section is immersion
developed for 30 seconds in Stoddard solvent. All of the films are thermally hard cured as

25 described in Example 6. ]

The film's masked areas that are solvent developed with Stoddard solvent are 8.4

pm thick as measured by stylus profilometry, which translates to a 27.9 percent film loss relative
tothe undeveloped portion which measures 11.55 uym. This film retention of 72.1 percent at 60
percent solids can be compared to the 58.2 percent film retention of thé 55 percent solids
30 73,000 molecular weight system of Example 6. :

This data indicates that higher polymer salids loadings in mesitylene produces
thicker polymer coatings. At excessive solids loadings, fibers form which emanate over the
edge of the wafer which can complicate processing.

The aspect ratio of this film system, as measured by electron microscopy, is

35 approximately 0.5 for 3 9.1 pm high line separated by 18.2 um from its nearest neighboring
feature.
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Devel o;prrent time(s) Film Thickness [err] % Resi dual 0

5.16 100 10 3. 345
64.8 20 2.925 56.7 30
2. 895 L _ 56.0 45 2.875
55.6 60 Example 8- Effect of the D\2.BGBfAolecular Weight Distribution on Billn €et&ftion
2.84

ThSé‘tg@eragVS 228 of Example 5(40.0 g, 55 percent sghcﬁg’\ mesn.ylene 22.0
50.6 180

6 e showed
that the maj or PPV BY iR KIE ﬁnegéva?p'ac%de'ga'bac?d'ﬂo"flu""em?s't'?neg%tgl' % seconds

of sol vent devatphiiepder ofmapidly tivinescrrapanelie preeny clgRRs PeTP R o RI& ange of
devel opnent % i resfening the biigomeamiafifegthe Wendeh Ehd diibemner ixpiaes gddefsimpwise 4-

Ef fect of Phot esRaSiddirb@ind\sRRsted GOigNhdairate@ier @1 A Biiiali Aivhita Thi ckness
One, two, thr eﬁeu@iﬂa@e anQ%FmWh?tﬁ%s r§|9$ F& 1‘r(910§\e Lno@ﬁQ’nM !thuQ\éerﬂ ﬁ@&dw% n were

coated on a se $ Y/\g “ gﬁgaf roce{é'ure described in
Exanpl e 1. The?f¥ H‘E"%’%‘" IHE §6?e\/aé'ﬂfwa‘§(/aé?'f?b°é "6'?‘”"1‘ WRut"E PP SIS ddar d
sol vent f ol | ovwegs dsipd $i30°8 fog 8P have.in aaevumiovenattpghedin e yasuan gpre ¢lessdiandfown i n
Tabl e 3. -25t0 incheFatHgeTr@ resulting white amorphous glassy material was pulverized using a mortar

and pestle thus producing 20.1 g (91.4 percent recovery) of a nontacky white powder. Size
exclusion chromatography indicated that the molecuiar weight distribution (Mn = 1,700,
Mw = 31,000) was changed such that the monomer content was reduced from 12.9 percent to
7.4 percent and the dimer content reduced from 10.7 percent to 9.'7 percent. Film retentionin
15 this system was 42.7 percent following photon exposure and solvent development procedures
described in Example 1. This was in comparison to the film retention of 36.3 percent for the
polymer system of Example 6 wherein there was no change of the molecular weight
distribution. .
‘Examgle 9- Comparison of Spray and Immersion Development
20 A series of DVS-BCB oligomeric solutions containing 1-4 percent BAC-IVi were
prepared as described in Example 4. One group was spray developed while the second was
immersion developed. The resuits shown in Table 5 indicate that the two procedures produce
simifar film thicknesses.
Spray development was effected by spraying a stream of Stoddard solvent onto
25 the center of the wafer during spin and spread cycles of 33 secdnds followed by a spin cycle to
dry the wafers.
Immersion development was effected by swirling the wafers in Stoddard solvent

for 60 seconds as described in Example 1 followed by drying the wafers under a nitrogen
stream.

30

33
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Var i at i~on in Film Thi ckness vv| th % BAC-M % BAC- M

[err] 1
2.035 4

Fi I m Thi ckness
0 2 1.572 3 .
2.948 10 The data shows that fil mthickness

can be increased by increasing the percent BACM Exanple 5- Effect of

Cosol vent on Normalized Film Thi ckness %BAC- M (31.-5.4 ng, 0.852 mml, 5.4
percent) was a d . kened \2395‘(}- 1.2, ﬁt a'éni ng .ol ric DVS- BCB
(9-99749 55 pdl'diqm Qlc ng E as a Fun on oP i mgnt. M'egf?é‘%? My= 27100, Mh =

1300) in a darkegggslyab rahm%ess\(mnBMB g pPoitkmessdfim?- net hoxyet hanol
added to dilute the polyner t¥r82.2 pel

wei ghts of pof .

five mnutes at
hours. The sanple Was s
cool ed to anbi ent tzenpe
repeated follo .
fully solubilized. "Addi ti onal utiond are pre a?féd at 6.3 percent

BAC-M 370.4 n¥P, and 7.3 percent BAC-M435.4 nyg) using 0.5247 and 0.5314 ¢
of 2-nmet hoxyethanol, respectively. The 25 6.3 percent sanple was al nost .
conpl et el y sol utfmeisyq- Fifgst of Vagyipgihe Baelosingisf@ionven | ess sol ubl e. Additi onal
nmet hoxyet hanol , 0.2858 ¢ 34Retcdts8QTE of BAKWHAE 2GITa® ih digonenieD'\G-BB@6%70emES and 7. 3
per cent BAC- M sgiipk@sqliddieGaRaéne M8L7335 gblydr) ik grépanddl b9 thedrdcddbRibiadblad i xer for

5 mnutes on theg,h ahs $6hdeRPrephB@irGPIl IR a06bifg B Psledile LRGAH 0.5
hours. The sanpl es were spaken, or q‘ S - . .
. Example 1 with the exception that the adhesion promoter in this system was triethoxyviny!

was
cent sHMegsipAsed on the sum of the
STTakT g ong-an_cper pach m xer for
L --on—was—heated—at—err] for 0.5
h settind-3br .20 O 5 hours as it
ation and,.fwati ng cycles were

T ch the BAC-M was

naken &né% he hi
atur ez.ighe agi

i's

silane in acetic acid which was prepared as a 0.5 percent solution in deionized water. This
solution was aged for a minimum of 15 minutes prior to use and can be used for a maximum of
8 hours after prepération. After a thermal cure according to the procedure of Example 6, the
film thickness was measured. by stylus profilometry relative to a control wafer for each of the
developing solutions. The results are shown in Table 6.

20

Table 6
Film Thickness as a Function of Developing Solution

Developer Thickness (um)

. % _Retention
Stoddard solvent 1.76 3341
Mesitylene 1.92 35.6
Xylene 1.68 31.2

$30 This data indicates that a variety of materials can be used for solvent

development of these films. Optimization of the developing solution was possible by adding
nonsolvents such as methanol or isopropanol as a means of sfowing the film removal rate,

thareby retaining a greater percentage of the initial film thickness.
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hours® on a high setting as they were cooled to anbient tenperature. This
procedure 30 conpletely solubilizes the 6.3 percent sanple, but not the 7.3
pércent sanple. Film preparation was perfornmed as described in Exanple 1,
except that sol vent devel opnent was performed by spraying the wafer with

sol vent t her eby.hQE M- BekpsatAdebrSrofnsi S| Pa&EhedMinteltes AT £dbiscdhe waf er was
stationary for™> Seconds.l ol hioneth iinhdGoRRl SR, 3B LXElERH el Exanp e
1. The sanples were thernﬁir har cu¥g usi ng the procedure described in
Exanpl e 1. The film t iPeRA&LGF 1838 "8anpl e, as measured by stylus
profilonetry, is shows Gmerfeabiolidssolutiop gt oligomeTiads] 33" (ptheuhigrbicyziots-2Mdcy
Thi ckness as a-1f3|snaénedR70k tdhIBAE33 ddgAver, Mh = 600, Mw = 2000) in xyldNoWwssRbmie@d Fi | m
Thi ckness 51 with 420 mg of 2,6-bis(4-azidobenzylidene)id-methylcyZloi%va\one(BAC-M) under amber
27.3 3 lights. Thegolution was shaken for 20 mir:x)’utés]én g’n Eberbach mixepset op its highest speed.
50.2 10 ghts. Theg 64 grianestsp
64.1 7 : The solution was then heated to 60°C and hgldgt tha temperature for 30 minergsshefpRY a showed
t hat the nor mabioz@thg b Boimgareeds s¢iatich. Sdtdohihg thembieatdmpp@ruesiver 3BABul.Sol ut i on)
fi I m thicknegs sidichf8Rew ok Rigkdta A dedbeti i 2dRETcRRSBudrNHiA Raifncent  BAC- M
. neated for an additional 30 minutes at 60°C. The resuiting solution, containing some insoluble -
material, was coated onto substrates using the procedure described in Example 1. The film
coated substrates were heated in a nitrogen atmosphere to 120°C and maintained at that
temperature for 30 minutes. After a 5 minute cool down period they were immersion-
15 oeveloped for 1 minute in mesitylene. The resulting film coated substrates ._were cured using
tne thermal cure cycle described in Example 6. Profilometry results indicate that the developed
films have step heights of 4.148 pm while the photon-exposed, undeveloped control films have
athicknessof 4.147pm.
Example 12 - Preparation of Photosensitive, Patterned Thin Films from 2,6-bis(4-
20 -azidobenzylidene)-4-methylcyclohexanone and an Eqimolar Mixture of
Oligomeric 3,3'-{ethenyl)bis-bicycio(4.2.0)octa-1,3,5-triene and
Divinyltetramethyldisiloxane Bisbenzocyclobutane
A 55 percent solids solution of oligomerized 3,3'-{ethenyl)bis-bicyclo({4.2.0)octa-
1.3.5-inene/divinyltetramethyldisiloxane bishenzocyclobutane copolymer(EL-BCB/DVS-
25 BC3)(9.1922 g total, 5.0557 g polymer) in xylene was combined with 402.5 mg of 2,6-bis(4-
-zzidobenzylidene)-4-methylcyclohexanone(BAC-M) under amber lights. The solution was
snaken for 20 minutes on a:n Eberbach mixer set on its highest speed. The solution was then
reated 1o 60°C and held at that temperature for 30 minutes thereby producing a |
nomogeneous solution. After cooling to ambient temperature over 30 minutes, additional
30 3AC-M(515.8mg total, 113.3 mg BAC-M, 9.3 percent) was added to the solution which was
tnen heated for an additional 30 minutes at 60°C. The resulting solution, containing some

insoluble material, was coated onto substrates using the procedure described in Exampfe 1.

35
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Usi ng 2- met hoxyet hanol permits BAC-M dissolution at 5 and 6 wei ght percent
In a nmesitylene. solution containing polyner at 55 percent solids. -Such

| evel s were not reproduci bly attainable using nesitylene al one. 20 Exanpl e.
6- Effectof resin Ml ecul arWighton Film Retention A 27,100 wei ght-average
mol ecul ar wei ghThefirscoatepstiates vere hoated i psjtergepimesghartie 1202GRad mpiptained at
preparati on, expostngsratgrelorghtingdeysttapaBitiute car dovariatiges they wese ihdecion bed i n
Exanpl e 1. The uhekpaliora Hirkiteiyftbdard Sol@®nf Bk FaWing P Gale®iubfrakes NEEIEured

[err] over 1 hoyr. ] [ . r] , rs the
residual film t‘ﬁq{'?ﬁﬁe&%}sd r'{c’)'g c-ytd%fjés}gggqs'tz g’%"\%%sa %%élgm%ﬁﬁ%%ﬁ?' \ég%e t&ﬂtggegont.r ol fitm
t hi ckness. A 544‘?6’6‘6”%‘?’@‘&5’?‘1%\?%?%&5%°fﬁ3\3é8'ﬂi‘”§1’e‘\'/\ia‘i’"@f?f"em?§-°" usgevelPRI8 WSt n (vh
= 1360) was prefitmsbavepyhickppssobB4i2an- t he extent of conversion by B-staging
for a | ongerti mexaalei1®drregatatitvec PichitdseHsia ek, Patteindd THET FIR$Forns8-bids t 0 al low a
valid filmretenti on cORR@dhbPledeRa-nbBRyIRkENI AL, Buglanps | bed film system
conprising a 27,100 nol .c.ulhar V‘%iyﬁhﬁ Q%I yoEr ‘ll'rgi snevvagpq%ngzelay diluting
with mesitylene and shakPRg T REUT GEPNE LI LB BIENTH'Er on the high
setting prior'%o addi ng'tfave-hbtematvipimling The i ght sensitive

formul ati on 35 was pr epamdecknibyr fiitared fighGEAGHWT4.d @9.X47 bed!, B.owkiganpkedt) vas The
residual film tRugddREmSmBer vibRbRaiSNSS BIE MR TolGtDn 3f defyme®ial 1 Rbinjdie2 £ontrol film

e ) o imeldutodiRbeifeh HBhoR RS S}, 38 plhIiluc BCB resin
; mesitylene, 5.5614 g polymer, 55.6 mg PDTQ). The mixture was dissolved and processed by the

15 procedure described in Example 10. Stoddard solvent was used as the immersion developer for
1 minute.

A second mixture was prepared using an antioxidant comprising PDTQ modified
by aromatization or hydrogenation(PDTQ-M). BAC-M(159.9 mg, 0.43 mmol, 3.1 weight
percent) was added to an amber vial containing a 1 percent solution of PDTQ-M in oligomeric

20 DVS-BCB (9.2418 g, 55 percent solution in mesitylene, 5.0327 g polymer, 50.3 mg PDTQ-M). The
mixture was processed accarding to the procedure described for POTQ. The profilometry
results for these films are shown in Table 8. ' )

Table 8 ,
Antioxidant Effect on 4 Film Retention

Film Thickness Control Film

Antioxidant (um) Thickness(pm) % R_etfention:
PDTQ 1.4514 4.886 28.9

PDTQ-M 1.639 5.612 29.2

This data suggests that antioxidants do not drastically affect the film retention of
- photodefinable mixtures. '
" Example 14 - Effect of Photosensitizer 3,3'-Carbonyl bis(7-diethylaminocoumarin)

35
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prepared by further increasing the extent of conversion by B-staging. This

material surpasses its gel point. The gels are renoved by filtration. It

was diluted to 55 percent solids with nesitylene and shaken for 1 hour

usi ng an Eberbach m xer on the high setting prior to adding 5 the 3

percent BAG- M phot osendéte-paorhagentifongled33 opiep-etairolBACr Mok waidlted under
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guartered and one St on not deve oped t ergby serving as a reference for
the initial filWpelRreRiiardesicetne section is i nmersion devel oped for 30
seconds in Stoddard solThesudnificarce ofgifesq riagultfvds that the bisapipeimewtakidomhaml cured as
25 descri bed 2N sdisrevplsace mixiewitiol{BhstobantitiRtva heRGrablbiiexmite ®350re A10
devel o p6d with ﬁxrn gqqg\-ﬁ.‘io@&kr\/ \ﬁﬁgn Ogrpgrcgvt é‘f bhotosensitizer was added the sensitivity of the
mixture increases significantly.
Very similar results were obtained when the 3,3'-carbonyl bis(7-
diethylaminocoumarin) photosensitizer was replaced with 3,3'-carbonyl bis(7-
25 -dimethoxycoumarin).
Example 15 - Effect OF Precipitating Oligomeric DVS-BCB in Refluxing Alcoholic Solvents
Oligomeric DVS-BCB (40.5 g, 60 percent solids in mesitylene, 24.3 g polymer, Mw
= 44000, Mn = '1360) was placed in a pressure-equalizing addition funnel connected to a
claisen adapter which was inserted into a 3-necked 1000 mL resin kettle containing 700 mL of. '
30 isopropanol. The resin kettle was equipped with animmersion well to control the solution
temperature and a reflux condenser, equipped with a nitrogen outlet, which was connected to
the portion of the claisen adapter not directly above the stirr_ing solution. The resin kettle was
purged with nitrogen for 15 minutes prior to heating and continuously purged at a slow rate
thereafter. The isopropanol was brought to reflux prior to the addition process. The oligomer
35 was added dropwise over a period of 113 minutes to the solution which was stirred at 300 rpm

using a mechanical stirrer equipped with teflon biades at both the bottom and top of the.



pmthick as measured by stylus profilonmetry, which translates to a 27.9
pecrcent filmloss relative to the undevel oped portion which neasures 11.55
pm This filmretention of 72.1 percent at 60 percent solids can be
conpared to the 58.2 percent filmretention of the 55 percent solids 30
73, 000 nol ecul asopragingkdlutey ssferadaftiovasrirh@eted, theigureaisatirraddéreabddBiobdn at

hi gher pol yner 1§f;\lnm$pnma@uma 1B stifrglabhd/eBIR sdUr Q€ UGRSitlikY 16446 houpOl Yy MET

coatings. Al e?oggr%%\éﬁma%grétgs%vas 8 %Q H?& anr:l khtgﬁ\rx%urz MeFQF"‘WeQQ.d?\UBQ%sﬁedO ver the

edge of the rocessin he _as ratiro of this
filmsystem aé""?‘?é'%i%“tf?5‘8"W“ﬁf’g@{’ﬁ"fbar’?dr‘ﬁ‘&’"ﬁ‘g&%ﬁif”ggal‘%a“:‘:‘% Tabﬁ ¥ mately 0.5 .
for a 9.1 pn? hirgherizpdpsingemertan prelpedyy tokgrepsespn stnfaserprpy of theselidaasfeciitate ghbor i ng
feature. -28- dryidgXai¥pdsia wls driedl ina@icudi oveh & sBUEr Badirsubd ®endt aeec ideisdatrs

Di stribution Onco Eh%@a%%glllgﬂroa-ﬂgl aQJl éoggmétﬂe stns"rﬁggs rpéoll ‘micﬁm (40 0 g,
55 percent so 00) was

ol aced 1 an adiRHIeBRATT AR TRELPT PaRet R AT E bt IO St
rapi dly stirrirepursbprewmansiohed Shudjémer<si gomer preci pitation prl or to 5
transferringit he ol i gomersolnhixdompeneby oftthieselsHraind erre cobantratled gimg@rrotary Xt Uur e was

added dropwi se dghotdit? gidh@ @6 vb@LIesinapasidlcRflacatizAiolbyGhe Sldgddn rate over a 75
m nut e perl od. (A‘rom{ogrgprgrﬁw ! Fér{ll%a?en §Iaf\cgwplq 4% PJ' %§ (18%%?&) fromthe

bl ender using a spat.ul tere g.a |um 05|t ritted funnel
and a water aspn{ Bgr‘h%@e'é"t?}%lé‘ﬁ’{ﬁ?\a%" ?‘ieé" ‘Fﬁlé’wﬁ'?%eé‘l‘ ﬁl"‘teé’f"e“ LeWried at
[err] for 8.5 hours ‘i nTeereuitinasheeseénthemnelewhedeighdigrinionyenfmodMrce 18P | ess
than 30 10 i nsh@& =04o0ddgo md B&r1g0ew |t S70M. Weipbigméerms i QblGediH m&aYenaaIssr i al was

pul ver i zed Usi NguZnThiol fHer ABGhIEEH 6 (S ABWAGHGiofh: B M 18imbiSHonthaP T CN!
recover y) of a ;I;]r(e)prlltre ncyfalms prodch% there?rom by sp%necoatmg at 5000 rpm. After immersion

development for 1 minute in Stoddard solvent and cure, the film thickness of the patterned
film was 7.2 um (66 percent film retention) with a control film thickness of 10.9.um compared
20 tothe 5 um coating produced from 55 percent solutions of the unaltered materia'l.
Using polymer precipitated in isopropanol results in a nearly complete removal of
the monomeric and dimeric components of the resin. However, the film loss of approximately ;
33 percent described above indicated that higher oligomeric materials were responsible for '
some loss. Therefore, in an effort to remove a greater quantity of the higher molecular weight
25 ~oligomers, high boiling alcohols are used producing the data in Table 9.

30
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exclusi on chromat ography indicated that the nol ecul ar wei ght distribution
(WMn = 1,700, Mv = 31,000) was changed such that the nononmer content was
feduced from 12.9 percent to 7.4 percent and the diner content reduced from
10.7 percent to 9.7 percent. Filmretention in 15 this systemwas 42.7
percent follow ng photon exposur®bdnd sol vent devel opnent procedures
described i n Examymer precTfiicstiv@ResnleC:ONPakicsarizégot®e fil mretention of
36.3 percent for the pol¥meiritaret @nttefedEREnPi®e 6 wherein there was no
change of the nol ecul ar i.ght .di stributiop. Example 9- npari son of Spray
and | mer si@no*Dévelb@pr’fEnpfiB&;tc Mn Mw An%ﬁ'r;'?reg}%a?r QV&&,:OBQB ol i goneric
solutions containing 1-4 percent BAC-M were prepared as described in

Exanpl e 4. OmMeEgroup was Spray devabopesbowhitke t heo.secormd was i mersi on

devel oped. ;Jhe, £SUkLS showg § n Tahhe sPodondi£3te that thestwo procedures
¥

produce siml.ar filmthicknesses. Spray devel opnent was effected by

sprayi ng a SPEP¥Am of 835t oddad® sol ¥t Mo 252t he *cént efX:8f the wafer
during spi nzagegisprwadoecyclmss of 8Roseeamds f.al | onwed bysaaspin cycle to dry
the wafers., Lmyersion,devel gpyrent s ,8fd.ected by swirlipg the wafers in

St oddard sol Yent flé?.éqé% seclgh{zlns3 ag es?c-ﬁobed n Exlarrpl eql fol |l oned by -
drying the wafers dHdé?® a ni‘t? ogeAS®t rédfth 3b135 -29- 3lPable 5

3-methyl 130 14.7 5900 87000 1.2 1.6 53.9
l-butyl

3-methyl 112 7100 83000 1.0 1.4 50.4
2-butyl

2-methyl 102 5.82 8100 93000 1.2 1.4 41.1
2-butyl .

2-methyl 130 - 6400 67000 1.0 1.5 53.1
l1-butyl :

20 - The most preferred alcohol for precipitating the higher molecular weight

oligomeric components of DVS-BCB is t-amyl alcohol (2-methyl 2-butyl), which removes a
portion the DVS-BCB trimer. '
' Removing the low molecular weight components results in both greater film

retention and greater film thickness at the same solids concentration.
25
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Fi | m Thi ckness as a Function of Devel opnent Method [err]

[ Thi ckness[err] %BAC-M Spray 5 1 - '
0 2 1.69 1.57 3 2.16
2.04 4 : 2.95 2.66 10 Exanple 10- Effect

of Varying ThegRRyehe g of3alveH: brodipitted DOs-PEdReM Mol &Olbilrdighd oHer BAEHAM 426. 3
mg) in oligoneric DVS-BER(A4- 9700 g, 55 percent solids in nesitylene,

13. 7335 g polyner) was, prepared by the procedu scribed in 15 Exanple 5.
Films were prepared fro og‘ﬁ‘f’ﬂgq‘%%‘ieéﬁf'Bﬂecgérc‘ﬁ?'gﬁthgs'%g'ets'ﬂé"asp"rr??éfee %ﬁtg_e descri bed
in Exampl e 1 wane Preperatopaepied ardescipat inErpspiedA BE1ooRPpmbhe fs Phedrpitist sy st em
was tri et hoxyvidmght apd Wasmejectad Baiet shrge @dipckpavhticn|solwers deyel egpaent ehdagalwis @ 5 _
percent sol uti gecindg Heiarpied EAmWRLGEthy! dthirSvas@bdts b lel@sentsg@ehtides @ M ni num
of 15 m .m'It es Prvlel%{:mé QHraneS St 9?5%90(185%?\(’ ngg%ggveie?{veﬁw L Ly OJngDo?rg}érEf after
preparation. Arter a thermal cure according to the procedure o anmpl e 6.
the 20 film t hPERNES emwaelepgthsThe s ygre srup pLAsPBFRSTY ‘ifgﬂ@t"?'v aftenadPieg®dt o a
control wafer fmoeadertziht 9P rpmscTheltheerabqyregrleyas estfolions. The results are shown
in Table 6. fgable 6 Fil m Thickness aso@ofsmiaiteon of Devel opi ng Sol ution

Devel oper Thi ckness ([ er gde} o 100°c over s minkesRet €Nt i on St oddard sol vent
1.76 33.1 Mesi tyl1g@gf 1S mirt 1.92
35.6 Xyl ene 1.68 or 1> minutes 31.2

100°Cto 150°C over 15 minutes
_ 150°C for 15 minutes
15 1150°C 10 250°C over 60 minutes
250°C for 60 minutes .
250°C to 100° over 120 minutes .
The residual film thickness of this system was 58.8 percent of the control film
thickness after development and 60.8 percent after cure.
20 In effort to maximize the film retention after development and cure, other high
molecular weight resins that were prepared as described in Example 15 using various alcohols
for precipitation. The resins were evaluated producing the data in Table 10. -

25
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30 -+ This data:indicates that a variety of materials can be used
- for solvent Devel opnent of these filnms. Optim zation of the devel opi ng

sol ution was possible by addi ng nonsol vents such as nethanol or isopropanol
as a neans of slowing the filmrenoval rate, thereby retaining a greater
percentage of .the initial filmthickness. 35 -30- Exanple 11 -
Preparation of Photosensitive, Fabieried Thin Films From 2, 6-bi s(4-

-azi dobenzyl i creyepnt- mmhyéthllehecdarﬂmelamt@l Bostaded 3, 3' - (et henyl ) bi s-
-bicyclo(4.2.0)octa- 1,35 5- t (AVERBCR PErcent solids solution of:

ol i goner| zed 3, 3' - (et henyl)bis-Qi cycl ¢(4. 2pYpcta-| 5 -1, 3 5-tdiene(9:9722 ¢
total, 5;9833 g polyner, (M1 = 600, Mv|= 2iQRhess Xyl @chk conbined with
420 ng of - Zpfedipstakiami dgbengyl ildege) 14- mAftrgkcyclio @fE_BAC-I\/p under
amber 1ights. &kgehabl uti dn was shaken |f BRVEAOPeRtut jes or(pam Ebdr bach ni xer
set on i{s highest speed.| The so uti or (\Q%tg'%{brneatwtt@tm@ and hel d at
that tenperature for 30 ninutes therely producind la honogeneogus sol ution.

,(Agtogr 7co D[ | nglgdg,raﬁim ent tﬂmmatmemc vere38Qsel.aut ex.720(eddiyt|/i onal BAC-M
. l. Ul I ] I j t h
neat ed f o708} tﬁ%&.‘?”%‘y’ﬁl - L}ﬁgo‘rf}f" 6,800 Gﬁ.g;_q_%he_r_['é)gI(n, EUASE RO LR n??on, °"
cont ai ni g s@meentraolubl o Hhat W0 b6+ G‘Wa 4edht @ -8ht p S¥Bstfat%s| using the

procedur ¢ deqc.bép@j,dln Exianp) eol 5T1hm f il p2 comt.egl puhanr g¥es)were heated in
a nitroger—=at frere—to T T moar [Te d g) FEfOF 30
m nut es. |Aftef” n L’r\m‘ e i#ﬁh UOd wghih pr:3r1 A bs 3 I?S ggaé% 15

devel oped3foethylid-butane| ABs0G0/ | 2ned0 [THe57 e(s7t9I f£dng 4485mM(8delt)eld substrates

Dot Lo grx‘&géhgal 110G cLR6T [T, 604 §5 Codd [€ 4986 CF7108Y | Ne Bxaiph 216
) t-amyl | 99,000 [8,100 tee (86.6) | 5.57 (87.5)
t-amyl "|128,000|4,900| 5.63 (B7.4) 5.76 (B9.4)
20 Tﬁe most preferred resin for obtaining films with good film retention after

development and cure is the resin precipitated in t-amyl alcohol (2-methyl, 2-butyl alcohol)
which has a film retention of 86.6 percent after development and 87.5 percent after cure.
, The higher the weight average and number average molecular weight of the
DVS-BCB resin the greater the film retention after development and cure.
25 Example 17 - Effect of Film Thickness on Film Retention . ;
Oligomeric DVS-bis-BCB (567.6 g, 56 percent solids in mesitylene, 317.8 g solids
was poured into a pressure equalizing addition funnel. The addition funnel was connected to
a 5L resin kettle with a bottom drain. T-amyl alcohol (3.5 L, Aldrich, 99percent) was added to
the 5L reaction flask. The reactor was purged with nitrogen slowly throughout the remainder’
30 of the procedure. The alcohal was heated to reflux (bp. 102°C) and the polymer solution was
added. After the addition was completed, the reactor cooled to 35°C over a period of
approximately 3 hours. The homogeneous polymer solution became cloudy at 71°C. A white
high density fraction settled to the bottom of the reactor. Subsequently, the viscous white
resin was decanted through the stopcock. After the decantation_ was completed, the material
35 Was dried inside a vacuum oven at 110°C for 15 h producing 129.8 g (40.8percent) of a white

polymer.
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films have step heights of 4.148 [err] while the photon-exposed, .
undevel oped control filnms have a thickness of 4.147 [err] Exanple 12 -
Preparati on of Photosensitive, Patterned Thin Filns from 2, 6-bis(4- 20
-azi dobenzyl i dene) - 4- met hyl cycl ohexanone and an Egi nol ar M xture of
g | _gorfﬂl ;3 3, 3't - ( eé heﬂ?élp)o@édarewaﬁxséaﬂﬁﬂinZTdQ%Qﬁ‘aﬁ amésaAn’uS:ﬁe&Jultﬁmson,aﬂdl g

vi nyl tetranet. | oxane Bi nzocvcl o ept . solids
ol ut L on of ol et Rt acph 3 15mesty BRAN OGE AR hERTpal gy RE GRS
1.3.5-t nene/_di‘\‘f&\‘?&}‘l“l“ét‘"f‘é%%?scﬂq%ﬂdééé %i sbenzocycl obut ane
copol yner ( EL- BCB/ DVS- A2 Ber@GFACHM feaRpatign wasipeeparedns @8 Fibedin pampleds friofta xy| ene
was conbi nesl dolyherdo@osiBor Bh ddhesidn Prokbtaf, F-aminopropyltriethoxysilane (3-APS), was applied
- azadobenzyl i dgngy sefeNBLANLCHEH AE%PRRE (RAC M under amber [ights. The
sol ution was shaken :‘Ngr 20 m nut es%don‘ n Ebler ba hr m xer esagt QN shd S hi ghest
speed. The sol ution was PR LS "t"ogn["é"r‘?']“’%"ﬁae hEI"d 2 B RAE * & hper at ur e
for 30 mi nut eSPTIRS I LBSPHIOUUREIRPONmEIGPERE HRutioutig eye thrfubsispte tflowad®Y i ng to
anbi ent t enperasitnainpn pear(vadbleseeilable 3 1) whdithvésimainsdined Gr BGoids( StseBnygret ot al |
113.3 g BAG Nidho Audelae R ko wikEnQHCE fil@whrd 8eveiapdaluliRbniirsdhald@sveblen heat ed
for a.” addi ti %@Lilm%gic%s@wss%as%;ed LEJ I&l\relog-rn t n%%HLrttﬁqu\al%QrL. H)Hjﬁgtmegont ai ni-ng
sone insoluble material, was coated onto su strates using the procedure
described in E@@hﬂf“’e“i".m‘3'5‘“—"S"Tg“wasmfﬁsé’ef’Ffl‘er?f‘tf?)‘ﬁ'f"ﬁﬁ”aéﬂ'ﬁfi‘%é’t’ E0°WEr e heat ed
in a nitrogen atnosphere to [err] and nmaintained at that tenperature for 3p
mnutes. Afpgt 819 M AYherhAAIned@ W P8 L00be ldaRY MRIH/bYEET Sion devel oped
for 1 mnute Th Piedsey GosetibnsONlo Ifoh@Sspridadgt{hd ) coat ed substrates
were cured using the hard cure cycle described in Exanple 6. Profilonetry

results indicate that theilm Film Film
RPM Thickness Thickness ' Thickness
% Spin (pm) {(pm) (pm) Percent -

Solids Speed Control After Dev. After Cure Retention

Developed in Stoddard Solvent '
45 2000  9.253 9.685 - 8.319 - 89.9

3500 6.914 6.185 5.895 - 85.3
5000 5.718 5.420 4.940 86.4

Developed in Diglyme
45 2000 9.285 8.085 - B.1l0 87.

3

3500 6.870 5.800 5.835 84.9

5000 5.700 4.870 4.895 85.9
30
35
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5 éével oped filns have step heights of 4.135 [err] while the
phot on- exposed, undevel oped control filns have a thickness of 5.492 [err]
Exanpl e 13 - Preparation of Photosensitive, Patterned Thin Filnms from

2, 6-bi s(4- -azidobenzylidene)-4-nethyl cycl ohexanone, Qi goneric

Di vi nyl t et r amgkdmphediss rhi@%ENRs BPvalipRZOLYE ADEHRORs RNSddB) yiBsilened 10
1, 2-di hydro- 2,2, 4-tri gRlRyhgitae! i ne Under amber filtered Iights .

BAC-M 174.4 ng, 0.47 mol, 3.0wei ght percent s added.to _an _apber vi al
containing a 1 per cenf"a§8ﬁtﬂ‘iplt8’\r,1\’%8?’ ”Bﬂ‘? 'IDF?%H‘\Q%’%WW)?WQ(‘JF 2”5'."%?

-trimet hyl qui rrOPEPRYTEPETG 2ndexppshrg oieesss wes BrygomeB (10. 2128 g, 55 percent

sol ution insnesityl enepodyrdnGdfangligpalenateR;dinpdo-8,2 Aty iDyQuinofifeevaifaiidair e was
di ssol ved and QeRERFSEH afdéd {6358 gRMOS A JbipcehESIE DUBEL-HCB rebiX BB Rar10.
Stoddard ol VeRte Bt oodindd) il TEERSL ARG APSLIOL b dib Ml Gy ASCCON
m xture was prepared using an ANLi oXI Jant conpri sin &' o ffleé by
aromat i zat i on FINGHROSIRHETEEAPEBININY houn 28R otPAG MIvaTaddedtode spiiin 3. 1
wei ght per centand disssivaird tdhedting atr$0°g imiperatey bath shelgan foasamimgesaThe sphetioo@at  sol uti on
of PDTQ M i o OhérMaRE tHeoudRa N/ meBRBI 9. 2418 g, 55 percentsolution in

mesi tyl ene, 5.0327 g p IJﬁﬁgonéaQer%ggEathIg%Mmqu gtameé%ﬁd%n%%fﬂg ocessed

according to theg_ﬁr,qce ure descri F (% e onetry results for

, r
these filns arBeERGIFPOKdr R SB" 2ot ¥ 80-B PSSR a@%"l"d%fﬁ‘f’"‘ﬁ‘f“ff ect on % Film
Retenti on Ant i bahigesnpyitistionysipne edopsios gromotnptiasrif sPRHd|of?,500 rpms for 30 seconds.

Ret ent i on [ er r the photodefindbiisélfitioRkda{ghen spin coated using alio éetehd spread cycle of 500 rpms4. 886

28.9 PDTQ MIS followed by a spinlpe@ggf 2;500 rpms for 30 seconds ﬁyﬁgd% 8.0 micron thick film.zﬁm 2 This data

suggest's that antl oxdant’s H2a00Ldl G5t LGRERYsAlES! aklSodibd il enti on of

.temperature, the wafer was placed in an Oriel mask aligner and the aluminum pattern on the
~ wafer was aligned to the photomask. The photodefinable DVS-bis-BCB film on the wafer was
then given an exposure dose of 700 mJ/cm? of light measured at the 365 nm wavelength (broad
20 band source 350-450 nm). A second photodefin;able DVS-bis-BCB film was spin coated on the
first exposed film at a spin speed of 7,500 rpms to give a film coatingthickness of 8.0 microns.
The wafer was placed in a nitrogen purged oven at 80°C for 30 minutes. After cooling to room
temperature, the wafer was placed in an Oriel mask aligner and the aluminum pattern on the
wafer was aligned to the photomask. The second photodefinable film was given an expose
25 dose of 700 ml/cm? measured at the 365 nm wavelength (broad band source 350-450 nm). The
wafer was then immersed in 2-methoxy ethyl ether for 90 seconds and sprayed dry with a
nitrogen stream. The wafer was placed in a nitrogen purged oven at 80°C for 10 minutes to
further dry. The total film thickness for the photodefinable DVS-bis-BCB was measured using a
profilometer by draging the profilometer stylus over a via hole patterned into the film. The -
30 film thickness after development was approximately 12.23 microns. The film was cured
according to the following cure schedule:

$0°C for 5 minutes

50°C to 100°C over S minutes
35 ~100°C for 15 minutes
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phot odefi nabl e m xtures. Exanple 14 - Effect of Photosensitizer . '
3,.3' - Carbonyl bis(7-diethylam nocoumarin) 35 -32- Met a- azi dophenyl sul
fone (0.4331 g, 300.30 g/nmol, 1.44 mml, 3.0 weight percent) and

3, 3" -carbonyl bis(7-diethylam nocourmarin) (0.0730 g, 460.53, 0.16 mmuol)

wer e added under anber filtered hdogdib$sotcuv@is@isb@r vial containing a
solution of oligoneric DVS- BCB (25 19 55 ercent solids in nesityl ene,

13.9291 g polyner). The vial was ca eated in a water bath at
[err] for 1 hour. The bisazide V\é%oﬁﬁf’soc‘iﬂfﬂs%{"é’l“ﬁ?’-sol uble at this point.
The m xture was heated at [err] for 2% fath@mirutsmal 1/2 hour. The sanpl e was
shaken for 1s hour using an Eber bzwittsakarerom randtdsgh setting resulting in a
honobgeneous sol uti on. A 4 inch silicon vvafer was spin coated with the

solution at a f 500 n was :
sof t baked at [i'r{’)erc]‘"egg y"ff MR "ﬁ‘&%‘“%" 'rgoﬂléaﬁty“ﬁg gé"tf' 6k"i%x@§<g%sure t he
waf er was cool €% room tenperature. "It was exposed to 350 to 450 nm W
light for 15 sgepiptsoasitkacfilas by 1002 Mstts-BTB (pmylstes 9ith emisereptivisszid@non ar ¢
llanp, and then Irmrer Si @RA SRWR 10 BEFLafelhe optithl dbHIiIQ SndiSdididn ISHAMH AEGL&O! vent .
The wafer was t erdeve ogmnqlarladycwggﬁs blLﬂBrflr A1f {cﬁ'{me%glm\{ﬁﬁg?f%gyzﬁil qent and -

cure, profilone ‘ff?/ Icate a fi ness o m crons. 15
A W-Vis spect 88t a DVS-BCB sbl ution from 300 nmto 500 nmat a scan

rate of 60 nm per ni nup&34gess ofar-3eidopiminyl syl fopedmeshifdnelotst aidertd 24.09p grams of .
DVS- BCB/ bi sazi dssghatedt sBlids b¥suiss-ocB elisie Ghdidt@advibiht diMnS: 4[s0smaddie emalzspoded in
the sane r €g II§) rblrﬁrﬁe) rsJi'ﬁioR\(%egt%ne awghi&glethQ\EatJnQ X‘é%&c%‘&%'ze‘? Qgﬁ Jﬂaﬂem%od esired.

minutes. The solution was then placed in the sonicator for 30 minutes and then back into a

water bath shaker at 60°C for 30 minutes to help dissolve the m-azidophenyl suifone. 0.269

grams of BAC-M was added to the solution and dissolved with heating at 60°C in 2 water bath

shaker for 30 minutes. The solution was then placed in the sonicator for 20 minutes and

20 filtered through a 5.0 micron filter into a clean amber bottle.

0.266 grams of BAC-M was added t0 23.767 grams of a 55.6 percent solids DVS- .
bis-BCB resin (molecular weight of Mn = 45,00 g/mole; Miw = 59,000 g/mole) solution in
mesitylene and dissolved with heating at 60°C in a water bath shaker for 30 minutes. The
solution was then placed in the sonicator for 20 minutes. Both solutions were formulated at

25 tHe same time.
A clean silicon wafer was spin coated with a 0.5 percent aqueous solution of
. 3-aminopropyltriethoxysilane adhesion promoter at a spin speed of 3,000 rpms of 30 seconds.
~ The 1 percent m-azidophenyl sulfone/2percent BAC-M solution was then spin coated on the
wafer using a 10 second spread cycle of 500 rpm followed by a spin speed of 3,000 rpm for 30 -
30 seconds toyield a 10.83 micron thick film. The wafer was placed in a nitrogen purged oven at
80°C for 30 minutes. After cooling to room temperature, the wafer was placed in an Oriel Mask
aligner and the photodefinable DVS-bis-BCB film on the wafer was then given an exposure
dose of 1,000 ml)/cm?2 of light, measured at the 365 nm wavelength, (broad band source 350-
450 nm) through a quartz photomask. The film thickness was measured with a profilometer to
35 be10.83. The wafer was then immersed in 2-methoxy ethyl ether for 90 seconds and sprayed

dry with a nitrogen stream. The wafer was plaéed in a nitrogen purged oven at 80C for 10
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The: &i gni ficance of these results was that the bisazide (neta-azi dophenyl
20 sul fone)/DVS-BCB m xture w thout photosensitizer was not curable by
exposure to 350 to 450 nm WV |ight, however, when 0.5 percent of

phot osensiti zer was added the sensitivity of the m xture increases

signi ficant! y. mik@esyo fithdr bgr Afte SdlehSieWRipReBbddrigfitheeihiciiess 2ad.22car bonyl|

bi s(7- diethyl At @ERASR] HQ% plBhQFﬂQép RHRd ftlrh Z\lggcu%&c&%n& @Qﬁec*olWrB cure

3, 3" -car bonyl %%QIZ_ 25 -di met hoxycounmarin). Exanple 15 - Effect OF
Precipitating rgomeric DVS-BCB in QRefluxing Al coholic Solvents Oigoneric
DVS- BCB: (40. 5g , 60 percent sol i dsspicio {H8Rlobef b RlHAtes 243 g pol yner,. Mv =
44000, Mh =51360) was placed in a proessunemagual i zi ng addition funne
connected to a claisen adapter wHO& (78S ovendeminetds i nto a 3-necked 1000 ni
resin kettle containing 700 m: 950@2%%@3:@%;%9& The resin kettle was
equi pped with an imersion well t0 ed¢ts@bm gssoiutlon tenperature and a
refl ux condenser, equipped w th Bowid lvorgever @omidtes Whi ch was connected to
the portion of the claisen adapter not directly above the stirring

sol uti on. The' Tresiinthiciiets biter wae windragedicranstabidetdrininedy@n pfodifomkter.m nut es prior to
-heatlb ng aﬂ? ;:ontl pr‘ouﬁrlt%_emﬁgﬁﬁ%xﬁ{izeﬁ‘héafih?WtJn%rﬁanghﬁ{tﬁaj?ﬁﬁﬁﬂﬁrzg@lobrﬁéﬁgg opanol
was broug o.reflu ri.or to the a ON _process. i gomer was
heded dr opwi 8o SeRirREwlrB ol o B O bR R RS Riopn b b gl °°
stirred at 300%4¢pWsgionsf variqyeeinaraedsafor sanrpiative PumaTeh BeER! vt oP With 2PrSAt bl ades
at both t he bosAGMmasriio bGjyarf atthesame spinsopingEaditdns.STHE tebinovere edélossed farddi t i on

was conpl et ed, fifrdRickess btk 8acNBrSceSsirig btk @4} dbseibe@bboadtibdulifg Rk dakdin fbRURES Ppri OF
to renmoving the stirring and heating sources. After sitting for 16 hours

overni ght, the apparatus was di sassenbled and the m xture filtered. The
solids were washed with three 50 nL portions of isopropanol and renoved
using a spatula. The resin was

20
25
30

35
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5 pul\/eri zed ysing a nortar and pestle to increase the surface area of the

solid to facilitate drying. The resin was dried in a vacuumoven at [err]
for 2 hours and then at [err] for 18 hours to renove any residual

i sopropanol.- and consolidate the resin. The resin collapses indicating that
the polyner's glass transition tenperature was [err] or above. The high

nol ecul ar wei ght material recovered weighed 16.4 g (67.5 percent). 10 ,
The sol ubl e conponents of this separatlon were concentrated using a rotary.
evaporator giving 8.1 g of viscous resin for |ater characterization by size
excl usi on chromat ography. The overall material balance was 16.4 + 8.1 g =
24.5 g (101 percent) indicating that very little isopropanol was left in
the | ow nol ecul’ar wei ght conmponent. The resulting change in the nol ecul ar

wei ght di stri buti op—was—f+erm-Mi——I1300-—tp—Mr-—40000—toM+———44+00, Mv = -
57000. The pol yner 'sﬁolved-in mesj tyl engat %5 |[pefcent sojids after
heating at [err]f e | & |3 wgight gaegcéfht BAC{ @ ffBF Bul A%i o was
prepar ed and fil@s|p : 4 Rigref rlam hy: BRIl codd i ng ot | 50opsirpm After
i mrer si on devel op =gt e i Pt 461 varft| Aand cyufe,|the film
thi ckness of thegpatterned fill mwas 7.2 [err] (66 _percent filmretention)
with a control fgl esg of 10.9 gm torpargd 2Q tp the b pnjcoating
produced from 5Fper cepts spRytd |oRs (of tilEe| Brid t qrdd |¥hl 81 izal mUs| ng pol ymer
precipitated in Esoprppanol Srésults| £n |a hedrdy qprrplheg,e renmpyal j of the
mononeric and difeni & cé@mpngnts of| the resifn. Howeyer} tthe {ilml oss of
approxi mately 333pdrcent desqrijped @bove §n |cated Tnihar nir gher o} i goneric
materials were raspon§ E)[Ee, fQre BoNe| Losls. | Thes eflas e,} 4 N-40 efftor{ to renove
a greater quantify |of 3he pigifel Sl &cul A 3xet ghte 25 ) Eadire| € high
boi i ng alcoholséaremqgeé beddgiceng| Ehe d%ta.gn Tablie P2 130 35 - B4-
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Table 9 Pol ynmer Precipitation Results: Characterization of Precipitated
B- st aged’ DVS- BCB Al cohol b. p.C Dielectric Vvh MV Mononer D ner

% const ant (% (%9 Recovery NONE
1300 38500 12.2 10. 6 NA | sopr opy! 82.3 18. 3. 4100.
57000 . 1. 3 Tgemostpréz're'é rdsin P4 bdthining films Rith good film retd@icBafter 5700 74000
EIL. 523 58, 4 dfveIOém}:entIand ci‘éeéSL{L§J§Sln cont%%uiéq)gercentm az’lrévgﬁenyl sulféagiggzpirgéago EIL_ é
47.7 2- penty|BACM@J’“&%‘”"‘“fe‘T21!°'2°f85‘3"‘*’6%?1“*"}‘31 &‘6“‘*"“’“% percert ™4 51. 0
3- net hyl <bB:(or a starting fjirh, thickness of 18.8Pmicromsy 000 1.2 1.6 53.9
1-butyl 3- met Byhple 20 Usl&&bnsazndew:thExtendedCon;ui’éI@ﬁ 83000 1.0 1.4
4518 i g Eﬂ: y: g et Eylz 6-Bis([3- (;‘Qi?dophenyl) 2- ﬁo&%yhdene] 4]8\'Lﬁolcyd9|9eQQQme of the. 2 1.4

yl 2-met hy 400 67000 1.0 1.5
53.1 1-butyl 2U¢ The nost preferred alcohol for precipitating the

hi gher nol ecul ar wei ght ol igoneric corrponent s of DVS-BCB is t-anyl al cohol
(2-nmet hyl 2-butyl), which removes & portion the DVS-BCB triner. Removing
the | ow nol ecul ar _wei g corrponent$ results jn both greater film

o

2,6-Bis[3-(4-azidopheny!)-2-propenylidene]-4-methylcyclohexanone

N3

- (0.110g,2wt percerit based on polymer) was added to an ambered vial followed by N-methyl
pyrrolidone (2.118 g). The vial was capped and shaken by hand in order to dissolve the
20 material. DVS-bis-BCB (10.019 g, 54.5 percent solids, 5.461 g polymer, adjusted percent solids:
45.0, molecular weight: Mn=4500g mol-i, Mw = 59,000 g mol-1) was added and the mixture
was heated at 60°C for 18 min. in a water bath shaker while rotating at 150 rpm. The solution
was mixed vigorously be shaking by hand for 1 min. After sonication to remove bubbles for 1 -
min, a homogeneous solution was obtained. The material was permitted to cool to room

25 temperature.

Inside the cleanroom, the material was spin coated and processed using
conditions similar to Example 20 with the following modifications:

1. A spin speed of 3500 rpm was used.

2. The material was exposed for 1000 mJ/ecm2 (measured at 365 nm, 17.9 s)

30 followed by development m Stoddard solvent (immersion, 3 min). The film
was dried using a stream of nitragen followed by heating on a hot plate at
80°C for a few minutes to further dry the film,

Film thickness was determined after exposure and development or for the control
substrate, after bake and exposure. The film thicknesses were also determined after the cure

35 schedule used in Example 19.
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retention and greater filmthickness at the sanme solids concentratjon. 25

30 35 -35-

Exanple 16 - Effect of Solvent Precipitated DVS-BCB Resi'n

Mol ecul ar Wei ght on Percent Film Retention A 57,000 wei ght average
nol ecul ar wei ght DVS-BCB resin was prepared by the sane preparation nethod

as described in Exanpl e 15 using i SGps,oRdhesdheambol as the extraction 5
sol vent and was sclgrt\)' ect ed to the sane filmpreparation, solvent

and anal ysis as described in Exanple 1. 2-nmethoxyethyl ether

devel opnent,

was used as a délghAsamaxnas| yent for ABeE

nt time of 90 seconds and

the wafers weres.tfimen an exposure dose of 1, 009%rer(f10pratcethe 365 nm .
wavel engt h. FBheakdéckyyt®8 were spun at a spin spgedaead 5,000 rpns after a 10

second spread cygd,e, at 500 rpms. The thermal cygm Gypls.uas as follows: 10
[err] for 5 minutes [err] to [err] over 5 m nutes [errf

[err] to [err] over 15 mnutes [err] for 15 mnutes 15

for 15 m nutes

[err] to [err] Eemple2d mRukA-RYYRSEE 2fderelogDatpivAtites [err] to [err] 120

m nutes

10

15

20

25

30

35

0.168 grams of 1,2-dihydro 2,2,4-trimethyl quinoline (PDTQ) was added to 33.281
grams of a 50 percent solids DVS-bis-BCB resin (molecular weight of Mn = 4,500 g/mole; Mw
= 59,000 g/mole) solution in mesitylene and dissolved with heating at 60°Cin a water bath
shaker for 30 minutes. The solution was then filtered through a 5.0 micron filter into a clean
amber bottle. 0.463 grams of BAC-M was added to the 30.099 grams of the filtered solution
and dissolved with heating at 60°C in a water bath shaker for 30 minutes.

' A clean silicon wafer was spin coated with a 0.5 percent aqueous solution of
3-aminopropyltriethoxysilane adhesion promoter at a spin speed of 3,500 rpms for 30 seconds.
The BAC-M solution was then spin coated on the wafer using a 10 second spread cycle of 500
rpm followed by a spin speed of 3,500 rpm for 30 seconds to yield a 6.690 micron thick film. The
wafer was placed in a nitrogen purged oven at 80°C for 30 minutes. After cooling to room
temperature, the wafer was piaced in an Oriel mask aligner and the photodefinable DVS-bis-
BCB film on the wafer was then given an exposure dose of 1,000 ml/em? of light, measured at
the 365 nm wavelength, {broad band source 350 to 450 nm) through a quartz photomask. The
film thickness was measured with a profilometer 1o be 6.690 microns. The wafer was then
immersed in butyl butyrate for 60 seconds and sprayed dry with a nitrogen stream. The wafer
was placed in a nitrogen purged oven at 80°C for 10 minﬁtes to further dry. After solvent
development and drying, the film thickness was 5.105 microns as measured by a profilometer.
The film was cured according to the following cure schedule:

S0°C for 5 minutes

50°Cto 100°C over 5 minutes

100°C for 15 minutes

100°C to 150°C over 15 minutes
150°C for 15 minutes

150°C to 250°C over 60 minutes
250°C for 60 minutes

250°C to 100°C over 120 minutes

The film thickness after cure was 5.170 microns as determined by a profilometer.
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The residual filmthickness of th| 'S system was 58.8 percent of the control

filmthickness after devel opment and 60.8 percent after cure. 20

In effortto nmaximze the fil mretetv\el on after devel opnent and cure, other
hi gh nol ecul ar wei ght resins that re prepared as described in Exanple 15

gfi}ggcygéi ous 3l 600k SRk Bl £E bR G RruclARoA BRI WRL G Y LURNGH

Percent Film
Retention of Preci pitaf@@ gedapisP E'Bg%f@eﬁem ns Fi | m Thi ckness

Film Precipitating 1.006 gramyfpf PDTQ was aRjghed to 199.358 gramsfof 350 percent solids DVSrbis-ckness
Al cohol BCB resin {idlecular weight of Mn =De50e b/opREWY = 59,080 d/esle)carut@n frer 1 |

E ggr 13) ( (%Retzegtzl rpégll lene ‘n@@;oﬁm\blgn)eaﬁrﬁgpdb%éd water bath shaké?orQQer 340839& 2. 62

3.97 (73.8) 2- pe(ct was dd%d [n:t’\.he SXIutﬂ_n aagéssgléedébngéaQﬁg g&?@t tnfglagj' §ath s%zke( ffr ) ( 77 0)
1- pent anol 30 mmupez Tbﬁelutn@ vmﬁten fclgferggzhr(:% a@)s mlcronztlltarlnte 7geayv)200 ml amber

bottle.

A clean silicon wafer with a thermal silicon oxide layer was sputter coated with
10 aluminum metal under typical metal deposition process conditions using a Leybold 560 Box -
Coater. The aluminum was deposited using a DC Magnetron sputtering in argon at 1500 watts
for 60 minutes to yield a metal film of approximately 2.0 microns thick. The aluminum was
patterned using Shipley Microposit 5$1400-37 positive photoresist. The Microposit $1400-37
photo;'esist was deposited on top of the aluminum by spin coating using a 3 second spread
15 cycle at S00 rpms fallowed by a 30 second spin cycle at 2,500 rpm which produced a film
 thickness of approximately 4.0 microhs. The photoresist was placed in a nitrogen purged oven
at 100°C for 30 minutes. The wafer was theﬁ cooled to room temperature and then placed ina
Canon PLA-501FA Mask Aligner which has a medium pressure Hg lamp as a light source. A
photomask was placed on top of the wafer and the photoresist was exposed to the light at 405
20 nmwavelength for an exposure dose of 47 mlfem? The exposed positive photoresist was
developed using Shipley Microposit 454 Developer (2 percent KOH). The development was
done by immersing the substrates in a filtered, circulated developer bath at 18°C for 90 seconds.
The patterned film was then dump-rinsed in Di-water and spin-dried. The wafer was then
flood exposed using the mask aligner light source for 236 mJ/cm? at the 405 nm wavelength.
The wafer was placed in a nitrogen purged oven at 120°C for 30 minutes. The aluminum metal
layer was etched by placing the wafer in an acid bath (48 percent Dl-water, 43 percent
phosphoric acid, 4.0 percent acetic acid, and 5.4 percent nitric acid) at 45°C for 15 minutes. The

25

water was then dump-rinsed in Dl-water and spin-rinsed-dried to remove residual acid. The
photoresist was stripped off of the substrate by placing the wafer on the spin coater and
30 dynamically rinsing it with acetone, followed by methanol; the wafer was then spun until it
was dry. N
The clean wafer with patterned aluminum metat deposited on top of the thermal
silicon oxide, was spin coated witha 0.5 percent aqueous solution of :
3-aminopropyltriethoxysilane adhesion promoter at a spin speed of 2,500 rpms for 30 seconds.
35 The photodefinable solution was then spin coated using a 10 second spread cycle of 500 rpms
followed by a spin speed of 3,500 rpms for 30 seconds to yield a 6.7 micron thick film. The wafer
was placed in a nitrogen purged oven at 80°C for 30 minutes. After cooling to room

temperature, the wafer was placed in an Oriel mask aligner and the aluminum pattern on the
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2- but dnol 73,000 5, 300 3.14 (61.8) 3.33 (65.6)
3- net hyl , 2- but anol 83,000 7,100 4.57 (79.1) 4.65 (80.5)
3-net hyl , | - but anol 87,000 5, 900 4.00 (71.6) - 4.14 (74.2) t-anyl

99, 000 8, 100 5.51 (86.6) 5.57 (87.5) t-anyl 128, 000 4, 900
5.63 (87.4) wafdrGvat 3@:\;4!){0 @ photomask. The bhotIMnmvs-IBTs-@tﬂlﬁ\edthE @afenwdsOr

obt ai ni ng: T | 15, &ian 0AfodL e Lilk LEAERELO 1B REAGURhORERA LRI G iRo | St he

resin precipitated in t-amyl c -met hyl . 2-butyl . al.cohol) which has
a filmretentioff" f°”§%§58‘°g}ép E'G@nfheaef"?éﬁg%%Vaé_p%vﬁ??ﬁ??tby?n%“@?."g" %:8? cent after
cure. The hi ghefthy preenfRsidfteeondsAed wepsedshavimamioeenseam dee vt aeurdivRei ght of
t he DVS- BCB rses#t2m0°Cih e nigpgemipenged dven unddr thef@iowint rapditiadst er devel opnent and
cure. 25 Exanple 17 - HEhice&tsaffutdki | m Thi ckness on Film Retention A igoneric

DVS- bi s- BCB (567.6 g, 55@°c9§fuﬁ%@5er§ﬂlngg§ in nmesitylene, 317.8 g solids was
poured into a pressure equallzing addition funnel. The addition funnel was
connected to a 5L resi n'REIF ¥R a bottom drain. T-anyl al cohol (3.5 L,
Al drich, 99percent) wasioerddeldotovet tenifskesr eacti on fl ask. The reactor was
purged wi th motrogen sl gekyortidwiawghout the renmai nder 30 of the procedure.

The al cohol was heat ed {sgock&fibd¥vel Mhind 1 and the pol ynmer sol ution was
added. After the additign _was. c eted, the reactor cooled to [err] over a

X conpl
period of approxi matel y21 Cﬁ%ﬁ?%‘ﬂm‘ e honopgeneous pol ynmer sol ution becane
cloudy at [err] A whit e RiCghI0dEnysr 1 mnutget i on settled to the bottom of the
react or. Subsequeewdfa watthen axyges plessrakankdior Bsiimitaxammdacadtn®@dwatbr adghn-t he
stopcock. After .th&ddescantati on was conpleted, the material was dried

i n.Si de a vacuum oven at Ag'e:olz'c(a)ng 2T09nﬁcro%§hill aR:I;man}r“rlﬁainrgNa%ge%bs%tegoritgg df%Qt?eI;r%gnt ) of a
white polyner. -37-

photodefinable DVS-bis-BCB film and patterned using the same processing conditions as the
first metal deposition and patterning. The wafer was then oxygen plasma cleaned for 15
minutes, dump-rinsed in Dil-water, and spin-rinsed dried.
20 The wafer was spin coated with a 0.5 percent aqueous solution of 3-
-aminopropyltriethoxystlane adhesion promoter at a spin speed of-2,500 rpms for 30 seconds.
"~ Asecond photodefinable DVS-bis-BCB layer was spin coated on the second patterned
aluminum la_yer at a spin speed of 3,500 rpms to give a film coating thickness of 6.7 microns.
The wafer was placed in a nitrogen purged oven at 80°C for 30 minutes. After cooling to room
25 temperature, the wafer was placed in an Oriel mask aligner and the aluminum pattern on the
water was aligned to the photomask. The second photodefinable film was given an exposure
dose of 700 mJ/cm? measured at the 365 nm wavelength (broad band source 350 to 450 nm).
The wafer was then immersed in 2-methoxy ethyl ether for 90 seconds and sprayed dry with a
nitrogen stream. The wafer was placed in a nitrogen purged oven at 80°C for 10 minutes to
30 funtherdry. The film on the wafer was cured according 1o the following cure schedule:
50°C for 5 minutes
50°C to 100°C over 5 minutes
100°C for 15 minutes
100°C to 150°C over 15 minutes
35 150°C for 15 minutes
150°C to 250°C over 60 minutes
250°C for 60 minutes



The procedure .was repeated nine additional tines and the resultant polyner
m xed together to give a masterbatch of material with the foll ow ng

nol ecul ar wei ght distribution: M 4800, Mwv 95,6000 and Mz 295, 000. A 3
percent BAC-M fornul ati on was prepared as described in Exanple 1. Prior to
5 pol ymer deposition, asreshestse peameesr, 3-am nopropyltriethoxysilane
(3-APS), was appJTHe%qal%lti@éygeditrpc%rrg\ﬁgtof ﬁ%&ﬂ?wﬁr%ou& «lmQ\Qs o('\WétW)eenq;le p%QlQlQr rpm
The resin was spin coated o 100 mmsilicon wafers using a spread cycle at
500 rpmfor 10 seconds |nywﬁ|ch the polyner solution flowed out to cover
the substrate followed by a final spin speed (variable see Table 11) which
was mai ntai ned for 30 seconds. After exposure 10 (1000 .[err] at 365 nm
wavel ength), the filns were devel oped using an appropriate solvent. The
filmthi ckness was neasured after devel opnent and after the final cure for
devel oped filnms. The control filmthickness was neasured after cure which
was preceded by exposure. Table 11: Film Thickness for 3 wt percent

BAC- M DVS- bi s-BCB Sol utions (10 second spread tine) Film Film,
FilmRPM Thiwkness Thickness Thi ckness Spi n. [err] [err]
[err] Percent Solids Speed Contr ol After Dev. After Cure
Ret enti on Devel oped in Stoddard Sol vent 45 2000 9. 253
9. 685 8. 319 89.9 3500 6.914 6. 185
5. 895 85. 3 5000 5.718 5.420 4.940
86.4 Devel oped in Diglyne 45 2000 9. 285 8. 085
8.110 1587. 3
20

25

30

35
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3500 ~ 6. 870 5. 800 5. 835 84.9 5000 . 5.700

4.870 4. 895 85.9 30 35 -38- Exanpl e 18: Thicker Fil ns

by Multiple Coatings and Exposures Fol |l owed by one Sol vent Devel opnent Step
In an attenpt to obtain thicker photopatterned pol ymer coatings, a multiple
phot opol yner coating and exposure process was devel oped._ 5

1.006 grans of an oligonmer of 1,2-dihydro-2,2,4-trinethylquinoline

avai l able as AgeRite MA was added to 199. 358 grans of a
DVS- bi s-BCB resin (nol ecul ar wei ght of Mh = 4,500 g/ nol e;

n Replapeds
g/ nole) solution in nmesitylene and dissolved with heatin ﬂua .

wat er bath shaker for 1 hour. 3.085 g of BAC-M was added to the solution
and di ssolved with heating at [err] in a water bath shaker for 30 m nutes.
The solution was 10 then filtered through a 0.5 micron filter. A clean
silicon wafer with patterned alum num netal deposited on top of the thermal
silicon oxide, was spin coated with a 0.5 percent aqueous sol ution of
3-am nopropyl tri et hoxysil ane adhesi on pronoter at a spin speed of 2,500
. rpns for 30 seconds. The photodefinabl e solution was then spin coated using
a 10 second spread cycle of 500 rpns 15 followed by a spin speed of 2,500
rpms for 30 seconds to yi el dpRot&cfanhd, sbst-sbibbiehixlurd Binpriingati@t@he Was pl aced
in a nitrogen p”!,n%g?er%? alural Rl Lehes H9br é%&?@:fl%aea% eafw{»’?e%ﬁm&g%i QQ_‘ﬁI\th room
tenperature, the er 1S E)T aceof I n"an | e ITB._S[( a |s%r,1er ané the al um num
pattern on t he an amount sufficient to convert the mixture to an organic insoluble solid upon exposing the
mixture to photon radiation. .
2.  The mixture of Claim 1 wherein the oligomerized cyclobutarene contains
80 weight percent or more of oligomers of a degree of polymerization of three or more.
3. . Aphoto-cured polymer formed by exposing the mixture of Claim 2toa
10 curing amount of photon radiation. .
4.  Aphoto-cured pattern-coated substrate formed by forming a latent
pattern on a thin film of the oligomer of Claim 2 by exposing only a portion the olligomer toa
curing amount of photon radiation and then exposing said film to solvent development.
5.  Aphoto- and thermally-cured pattern-coated substrate formed by
15 exposing the photocured pattern-coated substrate of Claim 4 to a thermal cure.
& 6. The photo- and thermally-cured pattern-coated substrate of Claim 5
) wherein the cyclobutarene is divinyltetramethyldisiloxane bisbenzocyclobutane.
7. The photo- and thermally-cured polymer of Claim 6 wherein the
photosehsiiive agent is 2,6-bis(4-azidobenzylidene)-4-methylcyclohexanone.
20 8. The mixture of Claim 1 wherein the photosensitive agent is
2,6-bis(4-azidahenzylidene)-4-methylcyclohexanone.
8. - The mixture of Claim 1 wherein the photosensitive agent is 2,6-bis{3-(4-
azidophenyl)-2-propenylidenel-4Jmethylcyclohexanone.
10. The mixture of Claim 1 wherein the photosensitive égent is a mixture of
25 2,6-bis(4-azidobenzylidene)-4-methylcyclohexanone and m-azidophenyl sulfone.
11.  The mixture of Claim 1 containing an antioxidant derived from
1,2-dihydro-2,2,4-trimethylquinoline.

12. The mixture of Claim 1 containing a photosensitizer.
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waf ef .was aligned to the photomask. The phot odefi nabl e DVS-bi s-BCB fil mon
t he ‘wafer was then given an exposure dose of 700 [err] of |ight measured
atthe 365 nm wavel ength (broad 20 band source 350-450 nm. A second

phot odef i nabl e DVS-bi s-BCB fil mwas spin coated on the first exposed film

at a spin speed of 7,508 th{BuleRdr @hiM82 Andrdih Mo piRAERR2dr RB SLBBES) 0(7-8. O
m crons. The Waj.etﬁ |ammoc$:man§d I na nitrogen purged oven at [err] for 30
m nutes. After TOool om t enperature, the wafer n,an

Oiel mask ali gner and ‘f‘h“é‘eESF‘[PHi‘Hﬂ’fFFb’a't‘tf'é"f?ie"éﬁ’\"‘far’fé"9@?%‘1’&\'/\‘% %l'i"'“”'ﬁ’é’cfi to the
phot omask. The dg@wdnd phot odefinable fil mwas given an expose 25 dose of
700 [err] nmeasured at tibhe AphcaTonman@ing Rginivldclsroaihhinibnsean gigoB&RBed150 nm) .

The waf erwas t h@aoﬂumE S&q:rlllr% d?ssoﬁ%hl@@fgﬂehi@d Rlcb@Erehf a Be@fAghs and

dd th
;5:: ggg oV re% \Qnt r’lé?‘l rl'1e fesatgrtgéolutxon wa[m SEfon%f(;‘\BéP 1] WM%S hpgh.%ﬁn%qjecblgr g?{ ffarcf?cg\e n

t hi ckness for tffgh ﬁﬁ"éfﬂéﬁ’l‘ﬁkﬁb‘r‘éfemrtﬂpgatmtmg"%ﬁe’&%’ﬁ’f“éb"“ﬂg'f’ﬁba’%
profil oneter bysdlbrgi ng the profilonmeter stylus over a via hole patterned

into the filmg The 30 fygl mTﬁJHr&st@f&&nrﬁlf§vﬁ{ered\QNeEHré2@rf&@ﬂ ol\yaerR@Pr OXi mat el y

12.23 microns. The fi ing to the foI | owi ng cure schedul e:
[err] for 5 mi mﬁclobutTrene|s\],\&§ra&Fl%rglq]th%§&9eng i nut es

100C for 15 ninutes - 397 TheREReEs OfQgm és%j"*}?fem}P%dé‘S%V'"g solvent s a hydracarbon
[err] to [err] @&dwee¥ 120 minutes The cured polyner filmwas continuous and
of high quality with a fal | nmhé gibceds 6ES6m of whkrkiiBe grediitatirg).solvent is an alcohol.

15 19. The process of Claim 18 wherein the cyclobutarene is
-divinyltetramethyldisiloxane bisbenzocyclobutane.

20. The process of Claim 19 wherein the dissolving solvent is mesitylene and
the precipitating solvent is 2-methyl-2-butanol. - '

21. Anoligomerized cyclobutarene contdining 90 weight percent or more of

20 oligomers of a degree of polymerization of three or more.

22. Anoligomerized cyclbbutarene containing 90 weight percent or more of
oligomers of a molecular weight of 1,000 or more as determined from peak area percent by
GPC, using a refractive index detector, uncorrected for response factors and as measured
against polystyrene standards.

25 23. The oligomerized cyclobutarene of Claim 21 wherein the cyclobutarene is
divinyltetramethyldisiloxane bisbenzocyclobutane.

24. The ollgomenzed cyclobutarene of Claim 22 wherein the cyclobutarene.is
dwlnyltetramethyldlsﬂoxane bisbenzocyciobutane.
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This Sheet Has Been 'Reﬂlaced

35

* [ L ] H *



Exanpt e 19 Thicker filns by use of a DVS-bis-BCB formulation with a mxture
of bisazides 10 In an attenpt to decrease the optical dendpsa
and maintain high filmretention after devel opnent and cure a DVS-bi s- BCB
formulation with a m xture of bisazides was devel oped. 0.134 grans of

m azi dophenyl sul fone (msul fone) was added to 24.040 granms of a 55.6
percent solids DVS-bis-BCB resin (nol ecul ar weight of Mh = 4,500 g/ nole; Mwv
= 59,000 15 g/nole) solution in nesitylene and di ssolved with heating at
[err] in a water bath shaker for 30 m nutks. Thesol uti onwast hen pl aced

i nt hesoni catorfor 30 m nutesand then back into a water bath shaker at [err]
for 30 mnutes to hel p dissolve the mazi dophenyl sulfone. 0.269 grans of
BAC- M was added toth ' issolved with heating at 60C in a water
bath shaker for 30 n&ﬁfﬁt&:m&&&ﬁ B@H&WQQMB@S&QIQN% soni cat or
for 20 mnutes and 20 filtered through a 5.0 mcron filter into a cl ean
anber bottIAeh %@% granms of BAC-M was added to 23.767 grans of a 55.6
percent soll dss - bis-BCB resin (nol ecul ar wei ght of Mh = 45,00 g/ nol e;

Mv = 59, 000 g/ nol ' i tﬁg@é . ' <\ th i ng,at
[err] in a water ng%oﬁataﬁgékgbl‘?@r %d‘hﬁ‘?}?é@g?’ﬁghggﬁoﬁﬁgheﬂﬁg? %%#%1 flal%vgzd
in the soningitare iptake,Ocrbaneddesxidiiniehstsility! igons p\fséeesai)ﬁftw ga&cﬁglaiarﬁa'iion,
thesanetinme. A clean silicon wafer was spi'n coated wth @ 0.5 percent
aqueous solandi onloag shebfhilife paropgistlosedt hoThse! polgmes NmpoRitiond @t ChseRil 3n
spin speed of 3,000 rpnms of 30 seconds. The 1 percent m azi dophenyl .

sul f one/ 2pepmpositeBAClavhinates;t | mambeanes,hefilnspi adbsivesd coatings, vafder eledrdrdc a
10 second spread cycle of 500 rpmfoliowed by a spin speed of 3,000 rpm for
30 30 secorBRlcs{ipas such asompltichipcmedulesandkprintedrcirquit hodrds.waisp Example ioff sach
ni t rogen puhged oven aiqh&err for 30 mnutes., After cooling _to room

t enper at ur ENOORraRie: Gyiclopyareyle,CURPqSHIoNs itop jmixtuye of aphotorensitiyelagens such as

phot odef i ngbl . PVS-.hi.s- BCB fi| m on the fer was then giyen an exposure
dose of 1, éo%gtsa'ﬁlg%‘fe%ﬁng?'%@ﬂ@@éﬁw3@9%rﬁ \/\M?@(@Fﬁ? SHehhads
band sour cg;eric divinyltetramethyldi-siloxane bisbenzocyclobutane.
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450 nm) through a quartz photomask. The fil mthickness was rreasur’éacf“\’/ﬁ‘?h a
‘profilometer to 35 be .10.83. The wafer was then i mersed in 2-nethoxy
ethyl ether for 90 seconds and sprayed dry with a nitrogen stream The

waf er was placed in a nitrogen purged oven at 80C for 10 -40- mnutes to
further dry. After solvent devel opnent and drying, the filmthickness was
9.22 mcrons as neasured by a profiloneter. The filmwas cured according to
the followi ng cure schedule: [err] for 5 mnutes [err] to [err] over 5

m nutes 5 50 [err] for 15 minutes [err] to
[err] over 15 m nutes [err] for 15 mnutes [err] to [err] over 60 m nutes
[err] for 60 mnutes [err] to [err] over 120 m nutes 10 The filmthickness
after cure was 9.450 microns as determned by a profilonmeter. In an effort
to maximze the filppoTOOURABLECYCLOBUTARKRESCOMEGSITIONS opnent and
cure, other wafers were spi n coated with the 1 percent m azi dophenyl

sul f one/ 2percent BAC-M sol ution at various spin speeds. For conparative

pur poses, ABSERAG@TUti on with 2 percent BAC-Mwas al so evaluated at the sane
spin coating conditions. The resins were evaluated for 15 filmthickness
after- each pr odéimtmwgalﬂe epclabutalesc icoinpdsitibasy kaving d downdjelebtsicdeanatanty 16sbl e

12. [err
[ ]m01sture uptake, enhanced oxidative stability, good processability, good planarization,

and a long shelf life are disclosed. These polymer compositions are useful in
composites, laminates, membranes, films, adhesives, coatings, and electronic
applications such as multichip modules and printed circuit boards. An example of such
photocurable cyclobutarene compositions is a mixture of a photosensitive agent such as
2,6-bis(4-azidobenzylidene)-4-methylcyclohexanone and a . cyclobutarene such as

oligomeric divinyltetramethyldi-siloxane bisbenzocyclobutane.
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5, Exarrple 20 Use of a

Bi sazi e wt ( |
propen P(‘}en 'rﬁg{%%o, e. oﬁ’%nsttﬂ?rgeﬂ gl‘rbgHﬁmél ﬂ ho%o—curable
o B'S[Q’ N #tc Aligomeriied nyAiprbesrmesyisionans 1 o g

2" wt per g

5 X 2
ng&eﬁelmm jbr vEifipaiefeshd & m:w

sétiestive’ Pehpitesh by

N- et hyl pyrrolr Q 2.118 . .The vial was ca .and, shaken by ha d I n
O der " o SIPUTRUEIEIREI0 Sorver B migtire 0 mo i Re SpIEBle I8 dvelgutmans

sol i ds, Gpdéxpwsingthemixturedd ultiavibiqror eisibile gt ds:

4500 g
at [err] for

ot e el uB pSien, ot Gkt

45 0 rml ecul ar wei ght

"

E)

a

R o e

heat ed
?)om The

sol uti on

ulteavioletxaruvisiblgolight <is solublesindiydrararhpns such asoStoddard rsolvent, oxylene,

- soni cat | Qkcirlehe "RNfenk ! DinSthokyethyl ether (diglyme), N-methyl pyrrolidone (NMP),

mixtures of NMP and 2-hydroxyethyl 2-pyrrolidone, dipropylene glycol dimethyl ether,
n-butyl butyrate or a Stoddard/methanol mixture. When the mixture is polar, organic- .

soluble means the portion not exposed to ultraviolet or visible light is soluble in N-methy!

pyrrolidone, ethyl lactate, 2-methoxyethyl ether or n-butyl butyrate.

According to a second embodiment of the invention there is provided a process for
removing low molecular weight portions of an oligomerized divinyltetramethyldisiloxane
bisbenzocycloburane comprising dissolving the oligomerized divinyltetramethyldisiloxane
bisbenzocyclobutane in a solvent and then mixing the resulting solution with a second
solvent in which a higher molecular weight fraction. ‘of the oligomerized
divinyltetramethyldisiloxane bisbenzocyclobutane is precipitated but in which the
monomer and dimer are soluble. | :

 According to a third embodiment of the invention there is provided a mesitylene
soluble oligomerized divinylteramethyldisiloxane bisbenzocyclobutane containing 90
weight percent or more of oligomers of a degree of polymerization of three or more.

According to a fourth embodiment of the invention there is provided a mesitylene
soluble oligomerized divinlytetramethydisiloxane bisbenzocyclobutane containing 90
weight percent or more of oligomers of a molecular weight of 1,000 or more as
determined from peak area percent by GPC, using a refractive index detector, uncorrected

‘for responsé factors and as measured against polystyrene standards.

In another aspect, this invention is the photo-cured organic-ingoluble solid polymer
resulting from photon irradiation of the photocurable mixture. These photocured

polymers are useful in applications such as photoresists, etching masks, mterlayer

dielectrics, liquid crystal displays, and flat panel displays.
In another aspect, the photocurable mixmure can be applied to a substrate, portions
of the applied mixture are exposed to photon radiation and the substrate is then treated

" with an organic developing solvent to remove the uncured portion of the mixture; this _

invention being the pa&em—coaied Substrate resulting from this procedure having the

- photocurable portion of the mixture adhered thereto, . |

| In another aspect, the photocured composition is subjected to thermal curing. The
photo/thermally cured polymers of this invention have one or more improved physical
_pmperﬁe§ or improved combi_n_ations of physical properties, compéred to the

aforementioned art-known polymers. Such properties may include a low dielectri
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mn, a hormgeneous sol utlon was obtained. The nmaterial was permtted to

cool to room 25Th e acedi de the cl eanroom the naterial_was_spin.-
coated and proce itions simlar to Exanpl e] 2@SWEEETt HRS BEL-\[
foll owi ng nodifi spin speed of 3500 rpm was US?@PL@CE@

mat eri al was exposed for 1 000 [err] (neasured at 365 nn—%F9—s)—36
fol |l owed by devel opnent in Stoddard solyent (imersion, 3 mn). The film
was dried using a stream of nitrogen fd | oved by heatlng on a hot plate at
[err] forcopstmwanpwudissipations factonelowd mpisture fuptake, RighnsenpilivityeBigheomtrast,

determn Szt ORER saish
after baﬁﬂgﬁéﬁﬁ&g&‘gﬂégﬁre ‘?‘ﬁaﬂl{ﬁ%ﬁ I ck gfgg@;ees%éﬂé{yg?eso Q tglr‘r:n negé ?lﬁd;r t he
cure 35 FUREHS| BOMARCSIANEZONFTECCIIAbILEY, low relepss F NeBlEReA Iang Shelf dife.ca

After ba mmd p(gfs ) tion, r I I

3 06 [orriEy cer??am on, tcgnsmﬁéﬁ coRfreR! RREEHrith- &d foW 'cbst. These

Aft er curIJ@ é)/égnﬁ{y po lymers are usetul in many applications; some of whigh-jnelude |

(70. 2perccomp):s®sarmmae§, mentdranes, rﬁhlnsl.t yreeﬂranmsmndg\;ehﬂpammﬂ Vemheo 168

97 st DA e A B SO o R o

4, 5009/ nol e; Nihe=cysboREengs suitably smployed IS the major icpinporent inl tei pimwouﬁblw th
heating ghixhfzed of thid ifvelffioh'coR@ignd to the formula

C(R2),
C(R2)2
wherein

B is a monovalent organic moiety, a direct bond, an nevalent bridging member

comprising (1) a polyvalent inorganic moiety, or (2) a polyvalent organic moiety, or

B is absent;

Arisa polyvalent aromatic or heteroaromatic moiety, an ar-poly-yl, having three or

more valences, provided that the two carbon atoms of the cyclobutane ring on the

fused side are bonded to adjacent carbon atoms on the same aromauc ring of Ar;

- nis an integer of 1 or more;

m is an integer of 1 or more; and

R? is a monovalent moiety. .

The synthesis and properties of these cylobutirenes, as well as the terms used to
- describe them are found in Gray et al., JACS 100, 2892, (1978); Loon-seng Tan ef al.,

Polymer Prepnnts 27(2) 240, (1986); U.S. Patent Nos 5 247 ,037; 5,134,214
4,540,763; 4,783,514 and 4,826,997. o

The preferred cyclobutarene monomers correspond to the formulae:

| This is the repl-acom.ent sheét
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shaker for 30 m nutes. The solution was then filtered through a 5.0 mcron
filter into a clean anber bottle. 0.46 rans of BAC-M was added to the
30.099 grans of the filtered solution and di ssolved with heating at [err]

in a water bath shaker for 30 xuted A clean silicon wafer
was spin coated with a 0.5 pg A ueo E’@ﬁéh of

3-am nopropyl tri et hoxysil ane\§ r at a spin speed of 3,500
rpms for 30 seconds.. The BAC-M=4dl ution en spin coated on the wafer
using a 10 second spread cycle of 500 rpmfollowed by a spin speed of 3,500
rpm.for 30hs ewoshpreferted)fres udmﬁnh@ﬂonkcﬂr&dl-mu-bmyH-mﬁhyimnolaf er was placed

Lomer at ur o (hauBt S50 e b Ghtiorad trof kaffclt nffitof id Sar GARH Pnidisaiom 20
phot odef i rmmsecmgnm: fmlmmnmpbmetm medmsedtm tav ssawn&ams!swr e
dose of 1,0R0mhftich Withdut ke rdiRAP il Bitgk 1R rfwwe

band source ;350 to 4 thrqu qu z hoto fil m t h| ck Ss
was neasuOBHORAL dee g}cép I lfpe %rhﬁ Elﬁtvﬁ?r ﬂé
| mrer sed Idpubnﬂﬂeebamwaﬂﬁbw:s eaosemctne mskprafemddangewcmgtmtwa ni trogen

i nutes 1o f uithomonpyiReE e Chelosbipbol by b5, b ed o' opeiatal ©©

t hi cknesswampbnend Tonlowen rthe quolymerizatienl dmpetatempefaturonandéor. improve i then anzed

(o ferr] S e - retedbctty s RAGRRHorml | 0 0 (T T err)

over 15 mnutes [err] for 15 m nut [err] to [err] over 60 m nutes [err]

for 60 minutes 35 [err 20 [erfB(RYer] 120 minutes The film
t hi ckness after cure was 5. 170R¥-efoerg—aardldt ernmined by a profiloneter.
: : C(R),
wherein

Ar is a polyvalent aromatic inoiety, an ar-poly-yl, having three or more valences,
provided that the two carbon atoms on the fused side of the cyclobutane ring are
bonded to adjacent carbon atoms on the same aromatic ring of Ar;

Y is a covalent bond or a divalent organic or inorganic moiety;

m is an integer of at least 1;

R is a monovalent moiety; and _

RS is a monovalent organic moiety or a heteroatom containing monovalent organic

moiety. -

The synthesis and properties of t.hese monovmylxdene mono(cyclobutarene)s are
described in U.S. Patent No. 5,247,037.

A suitable amount of the optional monovinylidene mono(cyclobutarene) is that
which measurably lowers the polymerization onset temperature and/or improves the cured
polymer's toughness. Preferably, the optional monovinylidene mono(cyclobutarene) is
employed at a weighe precent range of less than 20, more preferably at a weight percent
range of less than 15, and most preferably at 1 to 10 weight percent. -

Preferred monovinylidene mono(cyclobutarene)s are 1,l-substituted arylethylenes
represented by the formula '

(lfHRw
Ar—C—Z
- wherein | | )
| This is the replacement sheet
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-44- Exanpl e 22: Fabrication of a nultiple |layer structure consisting of
t.wo al ternating al um num and phot odefi n@bl e DVS-bis-BCB | ayers 1.006 grans
of PDTQ was added to 199. 358 8rams of a 50 per.cent solids DVS-bis- BCB

resin (nol ecUAR}S TRRQYRlent3romatic: op, hetergappmagic MOiRRY; = 59, 000 g/ ol e) sol uti on

in 5 nesityl eR¥ igHlorassiRyMadiety ¢dﬁdﬁﬁn§ 1 ng 4aartonratyms;and wat er bat h shaker

for 1 hour. 085 to the. solution_and ed vmth
heati ng at [:e?r S p n@n@ﬁf I\%ﬁ“‘ghoﬁkg? 1eLO3FOmARC P Yos PF %%eg Mt‘?‘(

then filter edcﬁctobnugdmeecoﬁta&ung cmoietyl i dnlyer when cAm is! aauyaﬂﬁhtaltneeadnmimhgt t | e.
A clean sili Ca8; Wafer with a thermal silicon oxide |ayer was sputter coated
with 10 alumnum-etal undertypical netal deposition process conditions
using a Leybolhe spBheisxandcpropestiesThbthese bilrsubstitated deylobylenes arsidescribedn
I\/agnetronUsg)Lpattﬁ{thgg 5 554ajﬂon at 1500 watts for 60 mnutes to yield a netal
filmof approximately m crons thick. The al um num was patterned using

shi pl ey M cr of8simtespalool %d&?ﬂ% ObRisreRe: SnaY %@ew@%pe%wspnum%?
phOtO&eSI%mﬁ&ﬁnﬂ&@ofidﬁﬁddigggﬁﬁa b If’saéx‘éEEl 0 sty Naskdrgr i rd!lfé"ilg ? 3
second sprea cle a secon e a
2500  prisHEnS ddEb Blefi ik qrf?w{q%m S pedsisredses 16 033@%%»% The
gﬂot or ]?S' séntainin ph adhﬂsbnl-cird mmubmmmnnuwm&nommeatcﬁfmr bf tier dableribontes.

e wafer S. t er1 caol.ed to ro e ture and t ce non
PLA- 501 FACUBIES 3 terimgl pesitgR ngsB’% F@H‘Bfe@ %“ﬁéﬁp “g°§“°2 ‘?‘F’ga
sour ce. Amdno(ogdabﬁame)s;ataamprbsmedbpttmffonhdamfer and t he phot oresi st was
exposed to the light at 405 20 nm wavel ength for an exposure dose of 47
"[err] The exposed positive photor ﬂ,&t was d vel oped usi ng Shipl ey
M croposit 454 Devel oper (2 perc$ @v Ioprrent was
R‘z—-C‘—C-—A—A |

C(R);

wherein
Ar is a polyvalent aromatic moiety, an ar—poly-yl, 'having three or more valences,
provided that the two carbons atoms on the fused side of the cyclobutane ring are
bonded to adjacent carbon atoms on the same aromatic ﬁng-of Ar;
" A is a covalent bond or a divalent organic or inorganic moiety;
m is an integer of at least 1; |
R is 2 monovalent moiety;
RS and RI! are individually hydrogen or an alkyl moiety; and
RI2 i hydrogen or a monovalent organic moiety provided that when R1! is
hydrogen Rl2 is a monovalent organic moiety.

The synthesxs and properties of these internal olefinic mono(cyclobutarene)s are
described in U.S. Patent No. 5,247,037. . )
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done by T mersing the subsfrates ina frltéred, circulatéd devel oper bath
at [err] for 90 seconds. The patterned fil mvast hen dunp-rinsed in DI-water
and spin-dried. Thewaferwasthen flood eXposed using the nmask aligner |ight
source fogypdpdplerr] at the 405 nmwavel ength. 25 The wafer was placed in a
ni‘'t rogen purged oven at {’Srr] for 30 mnutes. The alum num netal |ayer was
et ched by pl aBith#p iMREEHAT & Or BFeales: aC| d bath (48 percent DI -water, 43

perg)enttngscp]gcbriscmﬁtadal y Zarid _i?ﬁ : Qﬁl&flﬁcdcdudrrm 2 ﬁ;mvd ﬂﬁr[t)} m@ietw g
aci a or £ er s. then dunp-rinsed in Dl -wat’er an
spi n-ri nsed- dg@@leaéﬁgtgﬂo%sp&ﬁn@ﬁ\ggﬁ E&a POIVIFDZRUOR: 3 si st was stripped of f
of the substr RBeisbyn m-walemgbmdgangvaﬁmbwncdmpnsmy an cwalent arpanidOmijenardrcal |y
rinsing it Wlh ?o%ﬁok:?@@ta %&@ﬁ a]% t hanol ; the wafer was then spun
until it was man patter néd al.um num net al deposi t ed
on top of theA suitablel amsounit of the eptinnal mmhnmxdsmmmw thag which insreasest

agueous s I dhe 0 a

spi n spee?l tdugéasg%lrpms sg%déﬁ{jis}ﬂ ﬁE IE hlﬁot oge¥| nag1 erm%o lﬁftalh?)ln was

t hen spi n Pelymaleimids; is gmployed abe Weight persent range) of less tharn20Q, gnere posfedhlyatisy a

spin spee%@gm%eﬁ@ﬂ:ﬂhﬁg@omss%isoaﬂqﬁost:grefeﬁb@ mt‘zolomei%m précBhck film

The wafer was placed. jn a n 3&3\/@‘ =n pEive u@‘ t&\ﬁﬁ%&s After

cooling to ro&ﬂ‘!"é’ﬁﬁ@? %! fLRAT PRY'S Qyidafiye.§ YUeyner

The phot 35"” ef“ “%w‘s‘v“é“’“‘)"““‘*’“‘“ﬁ?ﬁ“ #‘%ﬁﬁ‘:“‘&g‘?““@““?ﬂi?“'ﬁ"f Fhoep "é‘e"”‘é‘ﬁfe
| -

dose of 768 CE@' W@“%SW% %‘ ?lbe,ggge

source 35&nt:axxdﬁm nerdéEbnb amlmsenh "alxphatmmdmumhmmnmldmgs [AreIOES prcfenﬁd)
2 ot hoxY Bl "o/ The R SRRREP ARhEREIE pbivtki 1 2liyaHED 24! oo
trimethylquinoline, CAS registry number 26780-96-1.

Preferably, the optional antioxidant is employed at a weight percent range of less
than 8, or more preferably at a weight percent range of less than 7 and most preferably at
.001 0 6 weight percent. . _

A photosensitizer may be added to increase the photosensitive agent's
photosensitivy. The synthesis and properties of suitable optional sensitizers are disclosed
in Specht et al., Tetrahedron, Vol. 38. No. 9, p 1203-1211, (1982); Tsuonoda er al.,
Photographic Science and Engineering, 17, 390, (1973); U.S. Patent 4,268,603; and
European Patent Application 90300546.0. Suitable photosensitizers are those whose
absorption maximum is near the wavelengths of the photon source employed. Preferred
photosensitizers are represented by the following formuiae.
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S5 at [efr] a nitrogen purged oven undegghe fol |l ow ng cc{nd!ltJldﬁgl_@l&;"BiEmcﬁr
5.m nut es lo [r over m nute err] for 15 mjnut esRERrACEDt O
[err] over&%@éﬁ on are Whior 15 ni nutes [errto24—fert ]
ov]g:r 30 mi nut eg. [ eAr ]phbwccxﬁsbler} ronganic-§oibld t minger lcompeising 2 @n moligdmexizéd e

waf er was t m -

D1 vt or . SAARABHBERuRIfbRe HEANacIHuabe af i el cobtbBeck 4R en ok e

|l ayer was ghptosenestive agent dmpamampount sefficiedt rooneertthe mittuee DVEpolymeEBRIIIE m and
patterned @ﬁ&@ %&s ] I
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the wafer was Pl acAdphoro-curedpolpmenformediby exposing the mixture ofi Glair 2 to A QB0E on
the wafer %ﬂ“ﬁg@ﬂ sk. The second phot odef i nabl e filmwas
gi ven an exposure osé&(;&far7 measured at the 365, nm en
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5. A photo- and thermally-cured pattern-coated substrate formed by exposing the
photocured pattern-coated substrate of Claim 4 to a thermal cure.
6. The photo- and thermally-cured polymer of Claim 5 wherein the
photosensitive agent is 2,6-bis(4-azidobenzylidene)-4-methylcyclohexanone.
7. The mixture of Claim 1 wherein the photosensitive agent is 2,6-bis(4-
azidobenzylidene)-4-methylcyclohexanone. .
8. The mixwmre of Claim 1 wherein the photosensitive agent is 2 6—bxs[3-(4~
azidobenzylidene)-2-propenylidene]-4]methylcyclohexanone.
' 9.  The mixture of Claim 1 wherein the photosensitive agent is a mixture of 2,6-
bis(4-azidobenzylidene)-4-methylcyclohexanone and m-azidophenyl sulfone.
10. The mixture of Claim 1 containing an antioxidant derived from 1,2-dihydro-
2,2,4~trimethylquinoline. '
11. The mixwmre of Claim 1 containing a photosensitizer.
. 12. The mixtiire of Claim 11 wherein the photoseasitizer is 3,3'-carbonyl bis(7-
diethylaminocoumarin). % -
13. An electromc device which has dielectric Jayers produced ftom the mixture of
Claim 1.
14. A process for removing low molecular wexght portions of an oligomerized
- divmyltetramcthyldxsilgxane bxsbenzocyclobutanc comprising dissolving the oligomerized
divinylteu'ammhj'ldisiloxane bisbenzocyclobutane in a solvent and then mixing the
resulting solution with a second solvent in which a higher molecular weight fraction of the
oligomerized divinyltetramethyldisiloxane bisbenzocyclobutane is precipitated but in
which the monomer and direr are soluble. |
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17. The process of Claim 16 wherein the precipitating solvent is an alcohol.

18. The process of Claim 17 wherein the dissolving solvent is mesitylene and the
precipitating soivent is 2-methy}-2-butanol.

19. A  mesitylene  soluble  oligomerized  divinyltetramethyldisiloxane
bisbenzocyclobutane containing 90 weight percent or more of oligomers of a degree of
polymerization of three or more. -

'20. A mesitylene  soluble  oligomerized  divinlytetramethydisiloxane
bisbenzocyclobutane containing 90 wieght percent or more of oligomers of a molecular
weight of 1,000 or more as determined from peak area percent by GPC, suing a refractive

index detector, uncorrected for response factors and as measured against polystyrene
standards.
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The Ciar ngs§ ‘dé’ﬁqfrmmjr Lﬁﬁwavengbon re as follows: 1. A phot o- cur ably@as-%
organ dosrerhi @nmmgfurﬁ SO SN0} an ol i goneri zed ,
di vi m’&ll‘fét’raiﬁ*ét hy leisi ko x_@r&g,, epzocycl obutane as its maj or conponent and _
at Ieast Torein .g{s@t%@@est&v e t |n an anmount sufficient t'o convert the

m xt ur é! fibsiaacpol y Bfedi NSQ) g °h devel opnment sol vent upon exposing the

mxtyre to ultravi o“fet""br Tbte Jight. 22. The mixture of Claim1 wherein

the gl goneri:ze nyLhat rarret hyll di si | oxane bi sbenzocycl obut ane cont ai ns
80 tper-eetta 1ot ethddiGBR oF tRY irRestRA thée & pf&idéﬁ&é;?hﬁ)?d—é\&ﬂb]@f

three or nore as erm ned from peagk area percent . !
refractlveoFm&Sﬁgﬁ%cth’Gncﬁ 85?183 f8h rgagatse ‘P{‘flﬁl‘:lﬁ??a?e gdlagpxane

measur ed ?%»&b&ﬁoc VEIOHIRADE! A3iCs mhﬁﬁd@ﬂﬂémn'iand:ﬁt RA S $he Cpbofod lteﬁtﬁ%{@{enﬁ‘ﬁ{ aed by

exposi n e m curin .ultraviolet o

Vi orbl e i grettgietiun EoMR de uiefed B 1 DEYARE to0lBl:ifa e Figpmens iven

formng a Iuaomuqusngtthcnnnnreaofulﬂrmwi&td&ﬂmsxbieﬂighte of d al m 2 coated on the
bstrate b

Ultraviol et or CYFd ﬁﬁc’lﬂ?‘kyﬁ@a& ghe, ROrachf otk gl el 08 3ea o

devel oprrentultr&&'xoletﬁorpmw ghtds isolublesinl lwdmmﬁm:panal’eamswddaré ol txyene,

thernal  cufiioRgeiél (oot O Aedb ARagR LGk EEThEN FAISHE pynSliadel My, © °

wher ei n tqumstqfslﬁ and, 2-hydrexyethyl 2—pyrrohdone d1propylene glycol dtmethyl ether,

2, 6- bi s(4- aahAbRAyLAeRed %m%&xﬁlgﬂgﬁgaomm?me thikurdi¥ bHfaf, Sgaficd M

1 wherein the phot'osensitive agent )

azi dobenzylsP]ébﬁelf‘ﬁaps nibe RAFE9N SARXBRSed 0 gltraviglet oa Yisthle light & soluble intlr ei n

g?dggg;?%ﬂg ?-ogg@g,t gn = ﬁcﬁteb*zsrh@th hthyl eté:lcr orer)l(—gﬁty%gutyrate The m xture

of daim { whe ASERT %F%et &ﬁ%@%ﬁ?@&@@%ﬂ égq “!¥’§m§mn¢9<rfgf Br%'ﬁdeﬁ gprocess for
removing low molecular weight portions of an b-staged divinyltetramethyldisiloxane
bisbenzocyclobutane comprising dissolving the b-staged divinyltetramethyldisiloxane
bisbenzocyclobutane in a solvent and then mixing the resulting solution with a second
solvent in which a higher molecular weight fraction of the b-staged
divinyltetramethyldisiloxane bisbenzocyclobutane is precipitated but in which the
monomer and dimer are soluble. |

According 10 a third embodiment of the invention there is provided a mesitylene
soluble b-staged divinyltetramethyldisiloxane bisbenzocyclobutane containing 90 weight
percent or more of oligomers of a degree of polymerization of three or more. _

According to a fourth embodiment of the invention there is provided a mesitylene
soluble b-staged divinyltetramethydisiloxane bisbenzocyclobutane containing 90 weight
peréent or more of oligomers of a molecular weight of 1,000 or more as determined
from peak area percent by GPC, using a refractive index detector, uncorrected for
response factors and as measured against polystyrene standards.

In another aspect, this invention is the photo-cured organic-insoluble solid polymer
resulting from photon irradiation of the photocurable mixture. These photocured
polymers are useful in applications such as photoresists, etching masks, inrerlayer
dielectrics, liquid crystal displays, and flat pane] displays.

In another aspect, the photocurable mixwmre can be applied to a substrate, portions
of the applied mixture are exposed to photon radiation and the substrate is then treated
with an organic developing solvent to remove the uncured portion of the mixture; this
invention being the pattern-coated substrate resulting from this procedure having the
photocurable portion of the mixture adhered thereto.
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bi s(4- azi dobenzyl i dene) - 4- met hyl cycl ohexanone and m azi dophenyl sul fone.
10. The m xture of Caim1l containing an anti oxi dant derived from

1, 2-di hydro- 2,2,4-trinethylquinoline. 11. The mixture of Claiml

contai ning a photosensitizer. 12. The mxture of Caim1l wherein the

phot osensitizer is 3,3'-carbonyl bi s(7- diethylam nocoumarin). 13. An

el ectroni c device which has dielectric l&yers produced fromthe mxture of
Ctaim1. 14. A process for renoving | ow nol ecul ar wei ght portions of an '

ol i goneri zed dm/ammhdr &ttethh hétosire® odﬂﬁ@bﬂl‘sﬁmmﬂwmemﬂ cuying! i Fheng

di I d d etr | di sil
bi sbensocy b5 RematY Fure R ks o A, i eFer et Son ot Gt immreyed physical
Wi th a secepropestiesvent improwéd ctombihatipner ofmbhamdahrpmmgm foomparedn tof thehe

L i S S0 g i gy

process of cohsidnty a_JDW\MS@PHOﬂ frstar; dow pmaisturequpsakeg digh sensivity, high contrast,

di vi nyl t et rgf&ﬁl

sol ve%t S. ?@ﬁeﬁ%&hﬁr dcess o%dguﬁ?m 14 V\hg?gla?éfﬁhﬁh@e%ﬁ%% b venf:ﬁs S a
hydr ocar borﬂn@dﬂa&m. gopd. adhﬁ%mbrméﬂ"ﬁﬁss@lﬂm‘%f %ﬁ@e%pﬁﬁe%.s el i ng
sol vent isj ﬂ%g? lﬂi}&aﬁéﬁ%ﬁﬁsﬁﬁcﬁoﬂtxﬁl 11_1' glahdlldi\ﬁ cBéts STHex¢ ng

o e 1 e Cor b i, o b rich B
di vi nyl t et rcé@&iiﬁék dlmhmi@nm:mbranes films, electronics, coatings, and adhesives. The
electronic applications include such areas as mutlichip modules and printed circuit
boards.
The cyclobutarenes suitably employed as the major component in the photocurable
mixtures of this invention correspond to the formula

C(Rz)z
C(R2)2
wherein

B is 2 monovalent organic moiety, a direct bond, an n-valent bridging member
comprising (1) a polyvalent inorganic moiety, or (2) a polyvalent organic moiety,
or B is absent; - '

Ar is a polyvalent aromatic or heteroaromatic moiety, an ar-poly-yl, baving three

or more valences, provided that the two carbon atoms of the cyclobutane ring on

the fused side are bonded to adjacent carbon atoms on the same aromatic ring of

Ar;

n is an intéger of 1 or more;

m is an integer of 1 or more; and

R? is a monovalent moiety.

The synthesis and properties of these cylobutarenes, as well as the terms used to
describe them are found in Gray er al., JACS 100, 2892, (1978); Loon-seng Tan et al.,
Polymer Preprints, 27(2), 240, (1986); U.S. Patent Nos 5,247,037; 5,134,214;
4,540,763; 4,783,514 and 4,826,997.

The preferred cyclobutarene monomers correspond to the formulae:
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bi sbenzocycl obut ane contai ni ng 90 wei ght percent or nore of oligonmers of a
degree of polynerization of three or nore. 20. A nesitylene sol ubl e
ol i goneri zed di vi nl yt et ranet hydi si | oxane bi shenzocycl obut ane cont ai ni ng
90 wi eght percent or nore of oligoners of_a nol ecul ar weight of 1,000 or
nore as determ ned from peak area percen?aby GPC, suing a refractive index
detector, uncorrected for response factors and as neasured agai nst

pol yst yr eneThe &laimsciefining theiinventiopare ks follows:

1. LA photo-curable, organic-soluble mixture comprising an b-staged
divinyhetramethyldisiloxane bisbenzocyclobutane as its major component and at least
one photosensitive agent in an amount sufficient to convert the mixture to a polymer
insoluble in a development solvent upon exposing the mixture to ultraviolet or visible
light.

2.  The mixture of Claim 1 wherein the b-staged divinyltetramethyldisiloxane
bisbenzocyclobutane contains 80 weight percent or more of oligomers of a degree of
polymerization of three or more as determined from peak area percent by GPC, using a
refractive index detector, uncorrected for response factors and as measured against
polystyrene standards,

3. A photo-cured polymer formed by exposing the mixture of Claim 2 to 2
curing amount of ultraviolet or visible light.

4. A photo-cured, pattern-coated substrate formed by forming a latent patiern on
a film of the mixmre of Claim 2 coated on the substrate by exposing only a portion the
“mixture to 2 curing amount of ultraviolet or visible light and then exposing said film to
solvent development. :

5. A photo- and thermally-cured pattern-coated substrate formed by exposing
the photocured pattern-coated substrate of Claim 4 to a thermal cure.

6. The photo- and thermally-cured polymer of Claim 5 wherein the
photosensitive agent is 2,6-bis(4-azidobenzylidene)-4-metbyicyclohexanone. '

7. The mixmre of Claim 1 wherein the photosensitive agent is 2,6-bis(4-
azidobenzylidene)-4-methylcyclohexanone. . .

8. The mixture of Claim 1 wherein the photosensitive agent is 2,6-bis[3-(4-
azidobenzylidene)-2-propenylidene]-4Jmethylcyclohexanone.

9.  The mixture of Claim 1 wherein the photosensitive agent is a mixture of 2,6~
bis(4-azidobenzylidene)-4-methylcyclobexanone and m-azidophenyl sulfone.

10. The mixture of Claim 1 containing an antioxidant derived from 1,2-dihydro-
2,2, 4-trimethylquinoline.

11. The mixture of Claim 1 containing a photosensitizer.

12, The mixture of Claim 11 wherein the photosensitizer is 3,3"-carbonyl bis(7-
diethylaminocoumarin).

13. An electronic device which has dielectric layers produced from the mixture
of Claim 1. |

14. A process for removing low molecular weight portions of an b-staged:
divinyltetramethyldisiloxane bisbenzocyclobutane comprising dissolving the b-staged
divinyltetramethyldisiloxane bisbenzocyclobutane in a solvent and then mixing the
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resulting solution with 2 second solvent in which a higher molecular weight fraction of
the b-staged divinyltetramethyldisiloxane bisbenzocyclobutane is precipitated but in -
which the monomer and dimer are soluble. .

15. The oprocess of Claim 14 wherein the precipitated b-staged
divinyltetramethyldisiloxane bisbenzocyclobutane is sepafated from the solvents.

16. The process of Claim 14 wherein the dissolving solvent is a hydrocarbon
solvent.

17. The process of Claim 16 wherein the precipitating solvent is an alcohol.

18. The process of Claim 17 wherein the dissolving solvent is mesitylene and the
* precipitating solvent is 2-methyl-2-butanol.

19, A mesitylene soluble b-staged divinyltetramethylidisiloxane
bisbenzocyclobutane containing 90 weight percent or more of oligomers of a degree of
polymerization of three or more.

20, A mesitylene soluble b-staged divinyltetramethydisiloxane
bisbenzocyclobutane containing 90 weight percent or more of oligomers of a molecular
weight of 1,000 or more as determined from peak area percent by GPC, using a
refractive index detector, uncorrected for response factors and as measured against
polystyrene standards.
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