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doubl e bonds as wel | Theserefesencessiisdoserthiat a polymer ofamamemengfithe foemylarr ei naf t er
referred to as DVS bis BCB. A partially polynerized DVS bis BCB
nononerwi | | be hereinaftemyeferred to €83DVS cH3 resin. The
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4,812, 588; 5,136, 069; : §4.946.35; Fol | owi ng
one of t he q scl osed procedures for makjing the st preferred DVS bis

BCB nononer, “one will obtain a m xture ggataini as a nmj or comnponent

di vi nyl t et ranet hyl di si | oxane- bi s- benzocyct obut ene” nononer. This nononer is
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agent . nost preferred group of photosensitive agents
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to the formgha baniQAQJ\Je%QHc Es%&.] or spatial orientation about the ethenylene double bonds.
Compaositions made by the processes disclosed herein contain positional isomers about these

double bonds as well as other compounds. This monomer will be hereinafter referred to as DVS
bis BCB. A partially polymerized DVS bis BCB monomer will be hereinafter referred to as DVS
resin.

25 The DVS bis BCB monomer can be prepared by methods disclosed in U. S. Patents
4,812,588, 5,136,069; 5,138,081; and 5,264,646.

Following one of the disclosed procedures for making the most preferred DVS bis
BCB monomer, one will obtain a mixture containing as a major component
divinyltetramethyldisiloxane-bis-benzocyclobutene monoemer. This monomer is partially

30 polymerized or B-staged prior to addition of a photosensitive agent.

The most preferred group of photosensitive agents disclosed to render a DVS resin
photodefineable is the azides. The azides disclosed in preparing the photodefineable polymers
correspond to the formula:

Q)
35 wherein
Qis an x-valent organic moiety, and
x is an integer of 2 or more.
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'35 wherein

Qis an x-val ent organic nnlety, and

X is an integer of 2 or—nore. —— WO-9631805 -
-PCT/ US96/ 04530 Bi s azi des of the fornulae [err]
2, 6-bi s(4- a2|dobenzylldene) 4- et hyl cycl ohexanone
(BAG-M) [ erVpoes 20 2, 6- bi s(4- azi dobenzyIcgUﬁMSo‘?o
|sopropylcyclohexanone [err] 25
Bis azides of the formulae:
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2,6-bis{4-azidobenzylidene)-l-methylcyclohexanone
(BAC-M)

ORCAC

N3
~ 2,6-bis(l4-azidobenzylidene)-4-
isopropyleyclohexanone
0
N3

2,6-bis{li-azidobenzylidene)~-l4-ethylcyclohexanone

among others are disclosed.

2,6-Bis{4-azidobenzylidene)-4-methylcyclohexanone (BAC-M) is exemplified as the
most preferred photosensitive agent.

The formulation containing these components is not only sensitive to photon
radiation but is also unstable at room temperature. The bis azide reacts to form species which
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panel displays and as ﬂeﬂﬂ?éo?tﬁnﬂﬁvéﬁﬂ@ﬁﬂ@ﬂa‘t ew&&m%me tmxture contams DVS resrrtﬁs

f eature of th|5|nventlon|s hot o e mxture cont
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t he phot odef i neabl xture ares to
pr esgr ve the cdR¥M g’t’é 'W%@%Y%?MFEQ”%W*G%“FWW&P%W Bance of the formulation

and not form a precipitate.

The DVS resin used in the mixture of the invention is described in the hereinbefore
25 cited references. The DVS resin-containing portion of the formulation may be oligomerized or
B-staged prior to use to improve handling, processing, and performance characteristics.
Itis most preferred to have the highest molecular weight possible while maintaining
a high solubility level. Thiswill result in the maximum solubility difference between the
exposed and unexposed areas of the polymer film covering the wafer or substrate.
30 One may obtain a DVS resin which readily crosslinks to an insolublie gel by B-staging
the DVS bis BCB monomer neat and dissolving in a miscible solvent and then precipitating out
the desired higher molecular weight species as disclosed in PCT publication 93/12,055,
published June 24, 1993. Or, one may obtain a DVS resin which readily crosslinks to an
insolubie gel by B-staging the DVS bis BCB monomer dissolved in mesitylene at a concentration
35 of 25 weight percent DVS bis BCB monomer as disclosed in PCT publication 94/25,903,
published November 10, 1994,
The required bis azide has the formula:
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and not forma precipitate. The DVS resin used in the

m xture of the invention—+s desertbed in the—herei nbef ere—25—e+ted

ref erences. The DVS resin-containing portion of the fornulation naybe

ol i goneri ze [ B-staged prior to use to inprove handl| essi ng,
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bet ween t he exposed and unexposed areas of the polynmer filmcovering
the wafer or substrate. 30 Cnechay obtain a DVS resinwhich
readily crosslinkstoan insoluble gel by B-4faging the DVS bis BCB
nmononer neat and di ssol ving | §pl vent _and then precipitating
out the desired highe ) OS_ xcl osed in PCT
publication 93/12, 055, ¢ may obtain a
DVS resin which readlly cI by B-stagi ng

t he DVS bis BCB nmononer ation 35 of 25
wei ght percent DVS blé Dfonrer  as dlsclosed in PCT bl icatjon :
94/ 25, 903, publ i $ed Novenber 10, 1994 'Hﬂ3reqU|red
bi s azi de hasthe fornul a:
- 3- WO 96/31805
PCT/ US96/ 04539 [ err]2»6~bis(4-azidobepzylidene)-4-ethylcyclohexanone

2, 6- bi s(4-azi dobenzyl i dene) - 4- ethylcycloﬂ@%&ﬁgﬁe

(BAC-E) Is a knowmn material having CAS# 114391-97-8.

One may W sh t oisagsover ihaterilihavieg CAB#S114391998] uncti on wi t h BAC- E dependi ng on

the One may wish to use other bis azides in conjunction with BAC-E depending on the
thickness of the layer of DVS resin to be patterned. BAC-E absorbs light at 365 nm. in thicker
layers, this may prevent the photon radiation from penetrating the full depth of the film. BAC-
E used as the sole bis azide is a good choice for thin layers such as 5 microns or less. In thicker
layers such as 10 microns, one may wish to use BAC-E in conjunction with another bis azide that
does not absorb at such a wavelength. Preferred second bis azides include 4,4'- or 3,3'-
diazidophenyl sulfone, 4,4'- or 3,3'-diazidophenyl ether, 2,2-bis[4-(4-azidophenoxy) phenyl]

20 propane or 2,2-bis{4-(3-azidophenoxy) phenyl] propane. Most preferred is 2,2-bis[4-(4-
azidophenoxy) phenyl] propane. The mixture containing BAC-E and 2,2-bis[4-(4-
azidophenoxy) phenyl] propane may have a longer pot life at room temperature than a
mixture containing BAC-M and 4,4’- or 3,3'-diazidophenyl sulfone. The mixture of the
invention preferably contains no other bis azide substituted cyciohexanones.

» The amounts of DVS resin and BACG-E employed in preparing the photodefineable
mixture of this invention can vary. Suitable amounts are those which contain DVS resin as the
major component and provide a photodefineable mixture from which photodefined organic-

15

insoluble polymers can be prepared. A suitable amount of BAC-E is that which provides
sufficient curing in the photon-exposed portion of the mixture to render it insoluble in the

30 developing solvent. A preferred weight percent range of photosensitive agent(s) is 0.1 to 20
based on the sum of the weights of the photosensitive agent and the DVS resin. A more
preferred weight percent range of photosensitive agent is 1 to 6. The most preferred weight
percent range of photosensitive agent is 2 to 4. A preferred weight percent range of the DVS
resin is 80 10 99.9 based on the sum of the weights of the photosensitive agent and the DVS

35 resin. A more preferred weight percent range of the DVS resin is 94 to 99. The most preferred

weight percent range of the DVS resin is 96 to 98.
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antioxid ants Hindered amines with aliphatic and aromatic moieties are more preferred
antioxidants. The most preferred antioxidant is polymerized 1 2-d|hydro-2 2,4-
30 trimethylquinoline, CAS registry number 26780-96-1.
This antioxidant is available as an oligomer of the formula:
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PCT/ US96/ 04530 [err] preferably, the optional antioxidant is employed at a weight percent range of less

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

6 weight percent.

Preferably, the solvent and DVS bis BCB monomer are free of ions which would
20 effect the dielectric properties of the final fully cured film. Exemplary ions excluded are metal
ions such as alkali metal and transition metal ions, and anions such as halides, sulfates and
nitrates.

Thin films of the DVS resin-containing formulation may be applied to substrates
without the use of an adhesion promoter. When desirable, an optional adhesion promoter is
25 Fformulated as a spray- or spin-on solution which is applied immediately before applying the

DVS resin-containing formulation. Alternatively, the adhesion promoter is added to the
DVS resin/photocrossiinking agent formulation.
The adhesion promoter is designed such that one end of the molecule either
covalently attaches or adsorbs to the metal, metal oxide, or ceramic substrate surface, while the
30 second end of the molecule reacts with the DVS resin polymer matrix. Suitable adhesion
promoters include trialkoxyvinylsilanes and trialkoxyvinyisilyl benzocyclobutanes. The
preparation and properties of trialkoxyvinylsilyl benzocyclobutanes are described in U. S.
Patents 4,831,172 and 5,002,808.
More preferred adhesion promoters include 3-aminopropyltriethoxysilane (3-APS),
35 3-methacryloxypropyl trimethoxysilane (MOPS){CAS-02530-85-0), trimethoxyvinylisilane,
triethoxyvinylsilane {TEVS), trimethoxyvinylsilyl benzocyclobutanes, and triethoxyvinylsilyl
benzocyclobutanes. The most preferred adhesion promoter is 3-aminopropyltriethoxysilane
{3-APS).
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trial koxyvi nyl adHesineto amask whempricging ini atyardisomtakct adez ocycl obut anes. The
preparati on gmd prOpefHe's@ﬁbaQ@mra&b@HMé/duHXL gka.knbmémtv&m%%%&@{e%

descri bed |n atents 4, 8
More preferr ed”'zfg‘ﬁ'é’g F?ﬁf“bﬁ?ﬁ’tﬂ*@?‘? ISHE?%‘ '°§"3r??’ﬂ6‘ﬁr" #islelsolventipigyids straste
(3-APS), reBaxptiorhaiichriequires e tamperature aisdvia the\polyimarieglass transition temperature, but

( MOPS) ( CAS- 025gQ; %u&) atnfn& Bk !Qiﬂé XV&\EWA éulrlﬂ &f the resla or &r{d'e%%n Q&YM} F | ane

(TEVS), trimet hoxyV| nyl si enzoc ut ahes, an oxyvin
benzocycl obut afpE@ulatippaddgives é‘f'\éﬁhra h@S‘FGﬂf‘ﬁW%ﬁfiﬂ@ﬂn@mmﬂePaﬂaﬂzam"
3-am nopropypt Threeﬁrh’euyttsolﬂhde temperatute3niliisy depending in part on the components of the DVS

B resin-containing formulation. A preferred softbake temperature for DVS resin ranges from
70°C to 120°C. The most preferred softbake temperature is 90°C on a hot plate and 75°Cina
box oven. The softbake time is temperature dependent. The higher the temperature, the less

time is needed to softbake. One minute on a hot plate at 120°C may achieve the same result as
25 20 to 30 minutesin an oven at 80°C. When using BAC-E it is preferred to softbake at 75°Cin a
box oven for 20 minutes because of its thermal instability.

A preferred softbake time is one sufficient to remove residual solvent, provide
stress relaxation, but short enough to avoid oxidizing or thermal reaction of the resin
components. The preferred softbake time will vary depending in part on the components of

30 thecyclobutarene resi n-centaining formulation. A preferred softbake time for the DVS resin
ranges from 15 seconds to 60 minutes. The most preferred softbake time range depends on
balancing desired performance results with maximizing throughput, may vary from 15 seconds
to 30 minutes. To maximize throughput, the minimum time would be optimal.

Suitable softbake atmospheres include a vacuum, solvent vapor, air, nitrogen,

35 argon, and helium. Nitrogen is the most preferred atmosphere. Oxygen is to be avoided.

The soft baked film may then be exposed to a photon source to render portions of
the film organicinsoluble. Suitable photon sources include those which contain wavelengths
absorbed by BAC-E. Preferred photon sources include visible light, ultraviolet light, X-rays, and
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PCT/ US96/ 04530 - —Sut-t abl e substrates ar e-econp+ti+sed of
silicon, alum na, ceramc materials such as alum numnitride, glasses,
co-fired ce copper sheet, printed circuit boards,

pol ycrystal W&and films, GaAs, that is, XlI1-XV sem CWW
silicon nitride filns, glass ceram' C and hi gh tenperature pol yner

films such as pdotoRbeks. m&%mmb@é Wd@ ]yttra\nol £rﬁfv§rbr eq@t@ LW@ o €S

areconprised of %e grégh and si]icon. The nost erre

silicon. i “W@"ﬁ’é?é‘ﬂ’ﬁf VP%@‘W‘S’C’WW@F‘ Fﬂ'émvnmmlaﬁkus

spi n-coating, sompgrentsxifiahiph pressursmoersury photommtcen@ypmﬁaémem{nmaérfdﬂgamd

other large ar Ofhell QQﬁé‘dQ&nﬁﬁb'&R%ﬁl ra&.& tﬁwpé ﬁﬂ\%sé fitive agenf'ed. "
erably "Wt e welgr i)

predi ctabl e and wel |l known and’is use 8
The maj ori t y5 of2 YorRicren thick{imcsyitahisdose at t rfm&fsﬂﬂ)’ﬂ@t?ﬁ@@{ﬁ"ﬁ coat| ng

% ocesfst bAk | sof t bakensmajvmmmhb&gmemuhbedcwbﬂuﬁﬁméeesﬁf&tndﬂﬂloﬁi%Bfint
e SO ake a oW 0O
pol ymer film |pn%gsr"{eq§£t§ §R§E{a§ﬁ%r§rrrs°]e§td?{{ Eﬁ%(’)"rq' '{yé’p’[‘%‘e smﬁf)tgf"td S17e <onyrd '°"a'

har denst he fi | fM¥®¥e-npore conveni ent handling during processing; for
exanpl e, to prevent rolwmsheﬁnreep&umﬁmraydmﬁue@a.plopeoa That-ﬂlecont act

d 15 t bel t
oven or o althdPerEPE B RRcon e ol e pRETERTERlY oRsl e Rt e
suf ficient to risteppediateshiadeintressed mobility during/thigeycetand thus may migratk andfiriden  Whi ch
requires a te”ﬂ%&iﬂi& cﬁ?%t&ﬂﬁtu%&ﬂ?&h&r&nﬁé&ewﬁlﬁﬂ&k%&ﬁ&ﬂ@rat“re

but | ow enou VoI r curin e resin or
undesired r eact'mﬂge‘%‘fte’t‘ﬂéeaﬂ"g é“'F‘SPhﬂ%ﬁfﬁ?ﬁ”’&oﬁi‘ﬁ??f@? duremayiincrassethe pitot he
resin to flow svahﬁh\claecmkmﬂptyormte pl anari zation. 20 The preferred
sof t bake tenperature wi bhc..- ncba?&snw;mmbw%was&ﬁ&%gnge L Qbiverft | the

DVS resin- o tainin r% ? 28re1"erre nperature for
DVS resin range®evrPoment "‘p" £ pse et 2 t9lventip which phote-Reposgdresiyy is enly slightly
sof t baket enper asolublei and 8 nenphoto-exposedhesin ipdohibiecta dissébve efernohphdto-xposed resin. The

boxoven. Thesof&%@g&mis%ﬁmature dependent. The higherthe
tenperature, the less time is needed to softbake. One minute on a hot

plate at 120[err]C rmy Sitablassvaiopingsaiyents are those whichsslegtiyelydisssivethenanghotprr an
oven at 80_[efo"]&poééhﬁlmt&np@gerBNBalEnirﬁmiszgpﬁdﬁﬁgd?ﬁbmatoa&icﬁdwd(ﬁmat 75[err] C

in a box oven for 20, mn glte?e?‘reg ?t?\?&“ﬁ%rcgvs lpdsfi fﬁrnw ?Q’h |s+ht)¥\t ?nd

A preferred softbake tine i's one su
provi de st foradations gt Rrpglyse WdW{enéﬁ'&?bﬂ"‘PB‘ybﬁf'&'a’"B%YﬁPﬁ?P@‘%*h as
t hermal reacti omsopaf™ L brieNcrga™n2. Stoddaedsolventaivesbettehfilmrereheidns Bok i faaliseoiie ME

will vary depe £+ ar e

resi n-cont ai ni %Epg%ﬁeggbg"%nﬂayﬁasger r e%ﬁg&ﬁtf g(ﬂggp Bﬁf@%? g’aﬁ\@iyf‘ési n
ranges from 2% 4methyipine QUes‘ﬁWﬁdt"éS“e'\tH’é‘ b3 Ses adigheeiiash poigtomd mak be tefsiexic ange
depends on ariibratsgenigthd B For exsimple) diglyrid MButyl R Dldytaie b b&bm&tmzmna less

t hroughput, th\‘zqﬁ %:cung ?ﬂ &5::&?&]%89%@“ craznh&n%gltc@r P lLrjns 'Fmsopropmenzengaro{n gf)ﬁ e

t hroughput, the mni
sof t bake at nps pﬁ‘é’IdGSP'P?Péﬂ' nEEndow; it mepr e’s’éﬁ\?‘é!"ﬂ‘ rigsapwith othprsolventy hesapseof iB5
argon, and hel i sisw eddpbratigreatrer Gset mmdaiaﬁéoﬂlfeﬁlﬁh’nieﬁdsoﬁkﬁmphﬁsbﬁiee&mn is to

be avoi ded. p m may t hen be exposed to a
phot on sour ¢ t&FES ¥the chmul Ltht;?!t}%lb&{ %n or gani ¢ i nsol ubl e.

Sui t abl e photon sources ?qumaéd@\"t'ﬁ 6%‘%?%%@% W‘Hdml Rudgielesimmersion

absorbed by BACteEm.areefmaryadvmeaﬂssmm@stecmaamew.@ah:leeaunhgwnargescaae

EJ |7E raviolet 1i g;r)]}o&uctnon agné prgﬂmd technique is puddling solvent on the wafer, allowing it to

penetrate for a period of time which can be determined by experiment. When the unexposed
35 resin is dissolved, the wafer is rinsed in the development solvent and spun at a high speed to
remove the solvent and solvent penetrated film. Preferred development methods may depend

on the solvent.
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PCT/ US96/ 04530 - el ect ron beanms—Wore-preferred p ‘et ude
.ultraviolet and visible light. The nost preferred photon source isa
super high pressure nmercury arc. Selective renoval of vari

conponent s % ﬂ?gh pressure nercury photon source may prg’#’c@”ﬁfﬁ’eori or
film perfornmance. The dose varies depending on the filmthickness and
the type of photosensi tg.yaeanie dqg,:;\,q,, . grf 50 §i fu. I

sui tabl e dose at the I-I°| ne% 3 aE °ra M?“%nqng} Bné mdmﬁ%

One may pat t er RETHE Praghde Qf“f"f"ﬂ ﬁg"ﬁﬁ‘é ‘WETBMF%W‘P%QH‘W#%PW“&P% film

by passi ngnn-to&th'r Thepuafer isrhak spun a{800 s for tem, seq@hdswtilielaytrédm ofaké sament act
node in a conv '
9 e t%: ﬁntt%n#gg&ontoﬂgsurface Thes;an-s;ﬁg'd |s|r9cua?ewltg?80 rﬁcr ses

phot on- exposur e, q}& I's cycle
the reacti os ra‘t'ﬁyﬁmrdéﬁtﬂﬂ' G'Yﬁﬂb‘t‘if@hem cal |y generated internediates.

These t inter ][redl at mdmyemme DUS il MaABOrbh bys ﬂilkl?CK}ﬁmﬁdMe‘i mﬁ&&&sﬁagw t hus
nay nlgra e an LN eCl al,ternatl ve of

i ncreasi ng the %Bﬁeg havasiind s%"ﬁ@ e "?‘ég}:'f ‘?’%s"?"em 'ﬁq‘?ﬂ g usingp sgvent a?\'é%t i ng
during phot on- @rqsedure.avithandnitial concensetion ef 25mprcentselisticte achinye ph Miweof from 140, 000
sensitive ageniq §505000; Sd)ﬁd ridyin¥ake cdatings on 'the order of 5 1o 7 fldfdPs thick using such aresin

phot on- exposurei s he filmis vel oped. | vent

Gevel oprent 1@0‘3%"233% bV, Lweip et SRR E ST ¢ R ST AR BIA RIS on e PYS | <
only slightly resin. Tbnsisutalndulmdwithedditmphmémyleumaeécosmfasmsmustaﬂzs’e: (stwut
di ssol ve the nQﬂB@rQérQD%%%P%ﬁﬁg&akJ %tlngsontl{i'o?éé%y@ﬁﬁﬁﬂr&hslﬂﬁckt@

renoved. devel sol vents ar ose
sel ectively di §§%‘fﬂ7€"?ﬂ%’°ﬁﬂﬁbﬂ-§t“@fi"tp‘t‘fﬁ"é %"Y‘?‘QWG%M@P?&
m ni m zi ng Swelakldﬂg'\eﬁéxy) tl&nﬁlﬂbﬁheenmeﬂdtgﬁt deﬂaentAgeRnte“MA based on the DVTBE nost

preferred soI % 0 Moo dk p%qg;

formul ati ons ? egﬁe”fnl nid eB F'%Bm %%g}%;@ﬁ ene°g|5§E’§%‘ [ meq.ﬁagngﬁﬁé ‘raM4F|

hydr ocar bons Stﬁ’eﬁe Sb" c?@%‘ {gne may mg W‘WB&F me""'st"(ﬂﬂmﬁh'd‘
sol vent gives hghgtiché rels:mfmtuwcs wiES1. W&aghﬁpe&hMCE 510 aRighvsercent 2,2-bikla-(4-

unexposed DVS a ﬁaé“eﬁ?‘g{g%ﬁr'@%'g%%*ﬁ?“?ﬁ‘ fﬂ%e\ﬁqg'{lﬁﬁ.r] DVM di propyl ene

gl ycol 25 di me ower ns but has a hlgg
flash point and may be T etzﬁﬂliutm"mnfh'&!hﬁi"‘@éh%ﬁ'g&?ﬁd@m°wﬂe¢t°e mpl e,
di gl yme. n- Byt \ekanfipl6, @50 iphi for ot vRc B3RP EiBAY diené Mdy ihérkdi® tHe@RCosity and spif athigher

m crons thick, é)elétdg. ‘?R 9% otf 9\5&& &ﬁirggsé égr%i“}%f *he rl; gt Vv % rot;-chg? WItl;rgdS d\%ﬂ?ﬂ%& h

benzene prOV|de SSINng w requires a I ona
ri nseswith ot hdightfot&08ite soobedlam§ A Rsoglyct%' DMM deelmeetﬁabemtat Ruddled pn the wades

The choi ce of Q@r\/&iéa&fiﬁﬁﬁcoﬁ%&ﬁmbemgkﬁuﬁaf $6FRe SMicRdN cobifhg, &&egﬁwmmut
the users choi ces

ol vent - devel oRERUOHEPRUAL FRLITRELv=SAIaIy. FosthadP &R0 Tiskpe patige. Sofderd ' ©
t echni ques. 28prelyerdpedfenpedent is a preferred techni que dueto

i tsamenabilityto |ar gesfﬁﬁlsamtam%wmm.h% poltDakddth ?Jnroedsauﬁsh ﬁ'th@st-Bﬁce
puddl i ng sol vent on

of time which &' 8"’88‘[‘@‘?%“%@’6?“%8’?% cWﬁcf)ﬁﬁggﬂ%g?B'&eéop 'ef?%%[yem n
i s dissolved, tthel0miron filmmay bapogt-baked orea hixy platedp aieat 108°CIferdmineted spun at a

hi gh speed to rem&a.sb&auam aade»sﬂbré% %@aﬁé SpticthspéckiBh, the

Preferred de%elp(% erne athmttilnaomgyha additional mncrocrrcunryam} % S%r\t/e%rbtlehttﬂdavﬂs

applied to it or it can be further thermally cured.

Procedures for preparing multilayer interconnect units or multichip modules are
disclosed in the following references: 1. J. Reche, “Fabrication of High Density Multichip
Maodules,” |EEE/CMT 1989 IEMT Symposium, p. 104; T. Tessier et al., “Process Considerations in

35 Fabricating Thin Film MCM’s,” |EPS, 1989, p. 294; 5. F. Hahn et al., “The Fabrication and
Properties of Thermoset Films Derived from Bisbenzacyclobutene for Multilayer Applications,”
edings of the ACS Division of Polymeric Materials: Science and Enagineering, 59, 190, 1988;
P. H. Townsend et al., “The Processing and Properties of Multilayer interconnection Structures
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PCT/ US96/ 04530— : For the—preferred formttat+on fora 10
mcron thick film one may puddle 32.5 percent Proglyde[err] DMM67.5
per cent Iso;%v | %L for 65 seconds on the wafer placed in the

Spi n-coater. I's then spun at 500 rpmforten seco

stream of the sane devel opnent solvent is sprayed onto the surface.

The spi n-speed r secon artially
e oL e sing TRGRASHImE Berivell FmoR a?smz cioButbfl{ drlee3 G0N D BN L 2
bi s BCB nonomnerReseasehSesietyep- #hdJ989; J. Reﬁ‘i‘ﬂ:@‘@s’éﬂh RensisrpuitichimMadue Eabrigationf The
t he {1 s;)l vent B{ mm:wsommrmbﬁmkr&legmmt 13, No. mmeduaueonmnmma@on
initia concen ra C achi eve a

140, 000 oo o8 SRR e i i oeBfonyoiingy erddeging Suige o

m crons thi ck u%‘llh'gﬂvsnjewcanmwahﬂcallen MrivichipdMedyles), t The Bow ThemicajiCompanyc ent
BAC-E and 4.0 pridisval mieighs iedierr] MA based on the DVS resin. This
isthen diluted with addl onal %l ene t a viscosity of 350 17 cSt at
25[ err] C (about @gﬁ’ﬂ’}‘"‘ P PREtPAkRIK e FSRRInIing esip may b
orderof 8 to 10cun¢mmmvcgenwmsghem®hngoneoftherfq!km?ng‘sdiaduleat ed with 2.3

wei ght percent BAC-E, 5gfa V&ﬁﬁ%w&ﬁmlch?ada%g ﬁ[n%fa‘ﬁ&oga erla%gﬂm?%%g

phenyl | propane and 4 cent AgeR te err on the

15 BCB resin10 T?ﬂ‘é“ﬂ@‘?'r?é?\mg‘l:mgqﬂ“"t'@‘a viscosity of 1100 50 cSt at
25[err] C wi th nesityl eneorahanddr fiddlly cured fijn, bAe€mby Hddtacbordingtd3he fdlloing One nmay
make coati ngs g&;ﬂ&horder of 20 mcrons or nore thick usi ng such a
resin fornul ate 1.5 weight percent BAC-E, 5.0 weight percent

2, 2-bi s[ 4- (4- azi dopheﬁﬁzﬁfwgﬁyﬁl propane and 4.0 wei ght percent
AgeRite[err] MA ramp from 50°C € 108iCRVer3 5 plinidesi cron thick filns, the
spin speed nust be | owered 48 fg 5m%9t§xa”p| e, 850 rpmfor |ow vi scosi ty
sol utions of?one may i ncrease %e’T Scosity and spin at higher

speeds. In any of these opt Fammfremi¥Qeied SPF ovendSminyten are photo-cured with
365 nm wavel engt h | i ghttb®e {7 80miratet 000 MJ/ cni err] A Progl yde[err] DWW
devel opnent sol vent is puddl ed at | east 90 seconds
bef ore being spun off. For fﬂ?%%g%e%%ﬁgﬁﬂﬂgom er Stoddard sol vent

or n-butyl n-butyrate is an28* €&t hewr sol vent. Forthe 10 and 20 micron
coat i ngsSt odgar d 25 sol venbecicsntinusis®l r ed. The sol vent

devel oped filmmay be p 0. re sol v The

i ncl ude el evation of thgﬁf%’ﬁ%é’?gféff‘%“i“gﬁi%r‘é‘ﬁ’%‘% %%ggé“f% :é‘g't“"Ut% to 2
m nutes. Preferably, One map alsaxung the casinflilrh imaminftacedbelt furhade ol suitablefignagel at e
in airat 100[ eréﬂcﬁr&@&ur@ aFd disdfofed in P. E. Garrou et al., 'RaprdTherﬁIaifUr@ommelécfhé ke

Do oy W RoRBEIE saR Bty 9,6 17 BR A BS weay et

| ayers ap pMiodel NoOLA-306dnfrared b;&mvmnéylhetuksmmmeh gtresphede. A soft cure may
Procedures for Dééd%ﬁﬁém;tm'i Blnkrﬁ'd@ésu&é?&ﬂt%@@e&&arumé ma eéﬂdl;ﬁéo%&rpa ggodul es
are di sclosed, in ow ng references: J. J. Reche, "Fabrication

of Hi gh Densi ty’eﬁﬂﬂdtrF%‘fﬁ"b“tzg * Modul es, " | EEE/ CI\/IT 1989 | EMT Synposi um p.
104; T. Tessier et al., AferauiegtheQuiiddubiagers of DYS resin f@GBulatibn, icoanayygmbie any

Film MM s, " | ERGm r@rﬁﬁ%n ﬁvthgﬁfercoﬁnerf vuamllﬂpﬁfn e coateJJi‘:SstFa@ﬂb'aﬁ gtp tacPfaf!

Propertles of Thernoset Fil ns froga dep cl obutene f
Ml ti | ayer App®i Rlaimani300watts, 200"?3}°Ué%'§8ﬁ'f§ ‘o'fhet“ﬁ IsFpayvary gepestlinggpier i ¢
Mat erl al s: Sci esizzandisithpEntthe eiss ardghe Hunt Sfecum@B8ining. P. H Townsend et

g't . IPSS Processi ng anQofihiMity 4 patrerdl bl fedih fifthe tb®ing Wv‘&.%ﬁlrrﬂeﬂaedg DVS bis
BCB monomer is B-staged at 25 weight percent monomer in mesitylene for 46 hours at 165°C

and for sufficient time at 145°C to obtain a viscosity of 4.4 ¢p at 145°C {or 35 ¢St at 25°C) which
35 should be equivaient to an Mw of 140,000  10,000. The DVS resin is concentrated by vacuum

stripping to 54 weight percent solids (viscosity 4,000 ¢p at 25°C). The DVS resin is formulated by

adding 2.3 weight percent BAC-E, 5.0 weight percent 2,2-bis|4-(4-azidophenoxy) phenyi)
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PCT7T US96/ 04530 Usi ng Ther From

Bi sbenzocycl obut ene,” Proceedi ngs of the Materials Research Soci et Y,

p. 47, 198 s Rﬁch et al., "High Density Miultichip Mdul $ Fﬁ%gl‘l cation,

The nal Jour naI for Hybrid M croel ectronics

No. 4, 1990 Addl tional information on preparing nultichip m)dul es maybe

Fobr i cari o ( Eobms, ““%“Hh‘@%@&%ﬁ&'%%em it o Sl
M chi gan, 1991‘3"‘“"‘9\'\'*t mesitylene to a viscosityof § 108 &i5A ¢t 82520- oped and spun dry, or
post - baked, the reni nITn@fdrmlaﬂomxymmn-coateeuﬁted. Qﬂ%ﬁdélyﬂbtpﬁﬁigﬁ’ﬂhemaﬂy

t h
ST Eorenth: sl efh et bbeltr SUBTS fo i i gt ot
10 one may keastured. fipaldijm, Spirecdatiat 68T ter7(IEANdAS to 55 percent relative humidity. Spreadfohtlr d
or finally Curﬁ@orfdshmw%aﬁﬂ?sﬁmh@%s&%ﬁ&ra@tm rﬁrﬁ) ﬁu&%tﬁe@a%%%h xylene to

schedul e:

ranp from SO eP're]’@tf?Smﬁﬁf[ o cptien %V@radgé" 'Lgl’égg“fﬁﬂ‘e substrate during spinning.

100[ err] Cfor 15 m nut e®Prebake at 75°C for 20 minutes in a box oven. rPaaqo ei:ﬁdwthi&@be iakialvigh

|mSgB?;;] C OoVer 5 dupefRighiprésiure mercury arc, l-lme(?ssonm) ]a_}j%cfos &B%{&n Eﬁgver 50
m nut es 10 puddle of Stoddard’ssolventatsggéfr@rquf@esfw tilenﬁmfor Izr(}econdswifle spinning
20[ err] C cont i w500 egny. The preferred 10 m cron thick

my 8l o5 cur L”l | U1 iy SRR el Snf T St s i spgpgen
fur nace P804 PE e thep by pest-hiaking 3 J@AC fos 1 minute andthensyres Seft ¢ C"fe at4p'Cdor
Thermal Cure oao BioBtedinN emn Want 10 add additidhaltfed] AgE cred(a50T36r d@lnﬂﬂﬁesuhfh

1992, 770- Co t
i nfrar 28 bel? © Zozgfmﬁcm bé‘;%lgﬁw%?w%&x "eﬁJ'&(’)r ap‘:’asf Qﬂﬁ%eﬁ?%webﬂ“stﬁﬁaf%% may
be obt ai ned w.69ﬁ/19)pias@ammm.éswéwc@ra@tozes{cems] C A hard cure may be

z}?: ai ned wit ht ﬁ 30- i Tgls srfﬂwmhs ﬁﬁh%n%c@m&%% %{ ] Ct

er curing the individual |a i op, ,.0one nay renove
any scum r emai ni TGPIPP Fﬁi&h‘f’%’éﬁ%‘f@?ﬂ‘ '?fp' n’u}g@ Pﬁ@pmg“’ﬁoat ed
substrate to afabdfasion ]SItGm[a@rlm]tO(PIXtht))tOP@prCdﬁmum TBedefmﬁdns:btaBﬁﬁleriir orr
for 30 secopgsphotbrRsifiEieimitel bylthd ﬁaﬁﬁ)‘g%%?%e%ﬁ%ﬂ cHunQ eRipidyBfand thus thisine& and

shape of the vias_.and t

nmeki ng a patt eYW@H"'E?ﬁ?'éQ"?’é’%’Pﬂ“‘?' t??heﬁﬁg"q %ﬁt%?fﬁ‘g?’gd‘f‘éﬁfﬁﬁﬁ'ﬁdﬁﬂim by b|
BCB nononer i sinpostasttebawtgoddplenagizatigper cent nononer in nesityl ene for 46

hours at 165/ err]C The%ﬂdwgi;frexﬂg’és'apé%%mﬂé{etﬂzﬁmﬂ‘gﬁﬂg@pkﬁ{ oul d be

viscosity of 4,4 c 45[ err, or 35 cStat 25[e
equi val ent to %E'Rh%‘%‘l”% Ay mayoURiess stated atheiydse, allparts prdperreatesesared by

vacuum 25 Sbiverptyy wigght OADWreight peivdients @ated ate relativeds theweight 6f thyredin RGerd h at
LTS i AR Sty OB s Bl e
sm m a mixture is based on the weight of resin divided by the we:ght of resin plus solvent,
multiplied by one hundred to obtain the percent.
Unless otherwise noted, molecular weights given are apparent molecular weights
30 ©obtained by size exclusion chromatography using linear polystyrenes as standards. The
molecular weights are apparent because the DVS resin is not linear and may have different
response sensitivities to the detection means.
Example 1- Solubility of BAC-E In DVS ResinfMesitylene Formulations
The solubility of various bis azides are determined in mesitylene at 25°Candin a
35 mixture of 45 weight percent DVS resin in mesitylene at 10°C. The results are shown in Table 1.
BAC-M is 2,6-bis(4-azidobenzylidene)-4-methylcyclohexanone and differs from the bis azide of
the invention by having a methyl substituent on the cyclohexanone ring instead of ethyl. BAC-

P is 2,6-bis(4-azidobenzylidene)-4-n-propyl cyclohexanone and differs from the bis azide of the

-1%-
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PCT/ US96/ 04530 propane and—4—0 wei ght—percent AgeRrtefer+| MA
antioxidant, all based on the weight of resin and diluting with

mesi tyl enet lscosity of 1100 50 cSt at 25[err]C

Thi s forrrul&toa’&%i@gy be spin-coated onto SiJerr], an underrlcﬂlﬁwyt lally
thernmal l'y cured DVS resin formulati on or copper on a substrate toform
a 10 mcron th'l%ﬂta&%ﬁﬁ@iﬂﬁﬂn n-pépyl%sﬁﬂlen{dnriﬁé billd%noﬁghﬂ fﬁ &toeﬂ@g['lﬁy] F
to 70[err]F and 4 tﬁrcent realv é

seconds at 500 t&ﬁ’ﬁe"gb‘{) e mapursls B ‘ﬂﬁ‘ﬁlg"ﬁ’d@é"‘f%e backsi de
wth xylene to prevent formatl cotton candy adhering tothe edges
of. the substrate during spinn Prebake at 75[err]C

for 20 minutes inla box oven. Photo exp%g]e"l?ﬁ’cﬂbh a mask with a super
hi gh pressur® nmerduipygapgide- [Te (305 TNy gt —a dose of 36D to 600
m)/cnerr]. Formg 10 puddle|dh Besuunlene soluneMixter&s8H f or 2 ni nutes
and then rinse for] 10 seconds|whi{Bél QQH“HH ng (W%2)500 rpm

Renove resi dual devetopthag—sotvent—by—+st{1spt ..m-%a-l—a—faster spin speed -
such as 5, 00 p‘?ﬁu hén by gedt-bakijng at Ws®[err]iC for 1 minute

and then cure. Sof cmg-gt 2L0[err]ﬁfor 40qgi,9utes jn Nerr] if you
wantto add additi gaed 5 Hat-e—et-e—at Z'”‘Cfcr -So—-Ajutes in N2 15

for a final Qure. s%‘lﬁﬁeany i as wlreh need it by dxposinly the coated
substrate to an O not/Qr[exanple of tbe/ loyeptwemma at 300 watts, 200 nilforr
for 30 to 60 seconds. This should yield a 10 m cron

thick patter nectx&h IQ‘Q StorageStabthty ofMlxture oﬁﬂﬂmﬂﬁr@ﬁ@{%rﬁ TthﬁératﬂFbkes pol ymeric
i nsul ators usefu abrlfﬂﬁ‘ﬁ thell‘ab[|lt

pl anari zet opographl caI ‘ﬁ mw@*m@%ﬁ’"ﬁm’ﬁ"m @"‘Pﬁ‘ weight Pz’“"t
phot or esi st s, J BAG-ErB Daxtighy péreent i 2-bisBr{¢idaphendxg) phianlenorsoeisreidt. (bt pedtertnd
thus thickness a emed/ramﬁédxmaﬁt amséaeonqﬁém.aﬁwdsmtanca.hﬁn uﬁhhwtmew@

nodul e produced, For [easaon an ave

pl anari zati on. ‘"“‘”‘ty"}"og*' 30 tatzs’ch?é“ﬂ'??l’f’&ﬁ’f’ﬁge ﬁ{iwg"aw ?/\%’ﬁfef ¥

i Il ustrate the unifoamtaonditionn dhepatlifeds considenesl ended whenttise ipitialtthickrass of theiflim naries
i tin anyway. Urﬂy‘?ﬁe F&Eﬁ&e@n&“ﬁ@fe‘%&ﬁat@u«lﬂ%ﬁﬁlsﬁ%r@ﬁ%%&@g%ﬂﬁne

given by weig 9 écents stated are relatjve to ht of
the resin pr gﬁéﬁi’“ fs ﬁ°"““'° edby adding 2 wejghtpercept BAGI Pﬂé%@%@ﬁf‘“&%ﬂ "éﬂ’H’g’P"‘“V'
addi ti ves unl essifortesadni7s eveipbt prrkentiAgeRise? MA abtioxidant and gilutingnvith mesixgiereado a S
based on the V‘Wnﬂ&‘%tygfnb@ské‘cs{‘ ws%ednﬁtﬂeb&nwaqmp&tfe bfthls iRl S 1hrk ufvet

mul tiplied by one hundred tain

ot her wi se not ed" eﬁﬁf’éﬂﬁ?é?“m%??‘@%?ﬂﬁf@‘ 33 dinzidephanyl sulfenese 2.8:0iserifs 30
obt ai ned by si zaumpbémy)@henyh papRiend Ajghyisstiitiog speed 6EBACGEXoPaleH SHIIAC-MS
standards. The ;TBI ecul ar wei ghts are apparent because the DVS resin is
not |inear a?d y mave di fferent response sensitivities to the

det ecti on rreansE-"a—“‘ﬂ?— ElubHiwvefBAGEX5]1SHi | ity of BAC-E In DVS
Resi n/ Mesi tyl ene For nul atforgitation containing 3.6 weight perceft BACETh | Briidture\f 45 welghiti OUS

bi s azides are glalg %{ﬂwmﬂnanonéﬁﬁééeyslsw?@m:maé &Mjn%%ﬂsﬁ]t“wac NSbréBigiattf € Of

45 wei ght percent DVS resin 1 n nesitylene e results ‘are
shown in Tabl e Tprms. Aforrﬁmqmcprgammg405 welghtpercen BAC-E in a mixture of 45 weight percent

2, 6-bi s(4-az | dobresyasih inthtesitylend-issairéd/dt cA500. A precipnatecfomisth irdeidayss Affsravitatibe bi s
azi de of containing 2.0 weight percent BAC-M in a mixture of 45 weight percent DVS resin in mesitylene
is stored at -15°C. A precipitate forms in less than ten days.
Example 4 - Speed of Dissolution of BAC-E

BAC-E, up to four weight percent, is added to a mixture of 45 weight percent DVS
resin in mesitylene and shaken at room temperature. The BAC-E dissolves in thirty minutes.

BAC-M, at 2.0 weight percent is added to a mixture of 45 weight percent DVS resin in

35

mesitylene and shaken at room temperature. The BAC-M requires more than eight hours of
shaking to dissolve.
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the invention by having a met hyl substituent on the cycl ohexanone ring

I'nstead of "ethyl. BAC P is 276=prst#azrdobenzyl irdemey=4=r=propyt

cycl ohexanone and differs fromthe bis azide of the WO 96/ 31805
PCT/ US96/ 04 i nvention by having an n-propyl subst nt on th

cycl ohexanog‘g@rl r*ﬁo I nstead of ethyl. The wei ght percer#é#]’ﬁs xt ure

Is cal cul ated based on the total weight of m xture.

Tabl e | Example5- Phdtodefineable Mixture F lubi ity >
Bis Azi de efineable Mixture oerWrm{hTP:ckFtﬁtQ In M xture

( g /100mL) ( V\IQ/O mixture containing 38 welgigm DVS resin in mesitylene ig added 4.0
weight[péfCerit AgeRite® MA and 3. h4veight percent BAC-E based-&n the wfdht of resin.
BAC— P*

the invention Aﬂerd'&gémn themixture] 55?'3'6% ﬁa’ﬁ%"%va&barmf%’mcggﬁg‘é%ﬁng&?ﬁ on

at ‘'Room Tenper avafesat2, °°° rpm. The wafers are prepal@d one hottplatp ety 758 for tewimioksteDT6e r esi n
i s fornul ated laverdgeé indialfitch thiRkr@kilis T Mierdhs mddsurbd\oy ;EoﬁnéchryVBﬂhG HimsRAd Epbed

Ager telort] WRCHARIEES Pobo BT tonge 28RBS A yaiaia st prashrommiest osicrel ng
W th mesityl eneobtainan exposure dose ofIi7s piohy’ 2 meefuesdial 365 roSiThe fiinR afeputiilie devaioped €S
aret aken peri Ocﬂn@%biln}éoﬁﬁ :rﬁ'%ﬂ:t%w ﬁiafa 325 pe ﬁ'ﬂﬂ‘r&h’l%“ﬁﬁﬁﬂgk‘( %ﬁ&cen-{he

potlife is considerg e Initial thickness varie
by five per c@n% dle?"t‘ﬁﬁg"é’%hﬁ‘gé?'g ‘pUH"Y‘F%‘HF“’(‘ﬁF&"“r#iQQIP@f?@e%even
days. The samne smdsmlerastream ofthé amudevd apthdnysoben lfbpra?ed\ﬁitgbfesﬁﬁ’cﬁ Bhthe

Ol 58l BRSSPI o somcondi U 0 At
vi scosity of 11'%@5%&'3?[“%" 2EASEC foreong ety ‘f‘ﬁé’s‘é’eéh? i"efaigaf‘l"h@'cbmﬂ!ﬂ@mquﬂm s
m xture is thr euenjpgreent retention dtiaitiel fliinekicnes. Featurisiak intiiitagtain@nitron fJaRd GilErE €
from3, 3" -di qpﬁ 2-bis[4-(4- azi dophenoxy)
phenyl] prop ne agﬁﬁﬂ%ﬂ&ﬁjgs ?llﬂ?)szn speed of BAC-E conpared to BACM 25
(Exanpl e 4). an'H1°é°d3 ineabls Misture foy TesrMigaeTieckeilms 15[ er r ] C

A for mul %{/ISOI’I cont ai ni n@ﬁnﬁtuwt@tﬁncﬁ@amﬁd fht%aﬁovgranmﬁésuﬂenaiad%@d%l ght
per cent re o)

ot haat - 15[ er o Rer PR AR BT, 3 30t borent s Sl K weioh Bzttt
4.05 wei ght perae'éﬁrhem@) P_hwll eropenethased op thesdrighs ofsiesin. After distolut®6, th/@ixtgs isn
in nesityleng Isﬁnn&h%@&t&h@ﬁ%ﬁh%&fmﬁu&haﬁhﬂt&ﬂﬁ&nmmﬁa&'706JBB??h@'@?ﬁrs

o RSB et BT B SRR e BBy e
predpit at e f or rmycrons theasured byprofilometiy\The films are exBosaditsl lightlin tiﬁpmdlenﬁth range of
Di ssol ution of 386¥s450 nm througha quartz and chron% Frask il virul Spbitid 8tils Riembily 1S
added to a m xt at 365 ncr)r]: Téilvé fswes aﬂe udgleérd(e:velopep on a spin-coater by puddiing about eight mL of a
25 32.5 percent Proglyde™ DMMV/67.5 percent isopar™ L on the top of each for 65 seconds. The
wafers are then spun at 500 rpm for ten seconds while a stream of the same development
solvent is sprayed onto the surface of the wafers. The spin speed is increased to 5,000 rpm for
thirty seconds to partially dry the wafers. The films are then cured at 250°C for one hour. After
cure the final film thickness is measured. Features as small as 25 micron round vias are
30 successfully patterned in many of the films. Film retentions are set outin Table 1.

35
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35 resin in nesitylene and shaken at roomtenperature. The BAC- E dissol ves

inthirty m nutes. —bBAG M at—2.0 wei-ght—percent i|is—added~to a m xture
of 45 weight percent DVS resin in nesityl ene and shaken at room
tenperature. The BAC-Mrequires nore than eight hours of jng to
di ssol ve. WO 96/31805 Pﬂmﬁ@-ﬁ&

WD 96/ 31805

PCT/ US96/ 04530 Exanpl e 5 - Phot odefi neable M xture For Five M cron
Thick Fil s To 3 %&étﬁie cont ai ni ng 38 wei ght percent
DVS resin in nesitylene i g _added 48 weight percent AgeRite[err] MA
and 3.11 wei ght percent BﬁC—E based on tjhe 1gpt resin. Af ter

di ssol ution, the mxture |Exppsure sel oghgﬁi o&' an bare four inch
dianmeter silicon 5 waferpy at m3 rpm e yafers| are prebaked on a hot
plate at 75[g¢rr]C for two|m nutes. The averagel initial filmthickness

is 7.43 mcrons neasured by prefspgnetry. Tigs.fal ns| are exposed to
light in the wavel ength rFﬁge—ei—aée-fe- gh a quartz and chrone
test mask to obtain &n exgﬁg re dode of84As my cnferr] as measured at
365 nm The filnms are pudgll e deggpoped 80L& spln-coater by puddling
about eight m. of a 32.5 67.5 percent 10

| sopar[err] L on the top ¢f eacR?Por 75|secotd. Thk wafers are then spun

at 500 rpmfooten seconds while a stream of the same devel oprment
solvent is sprayed onto the surface of the wafers. The spin speed is
increased to 5,000 rpmfor 30 seconds to partially drythe wafers. The
films are then cured at 250[err] C for one hour. After cure the average film
t hi ckness is 5.59 mcrons or 75 percent retention of initial film

t hi ckness. Features as small as ten mcron round vias are 15 successfully
patterned in the fil ns. Exanpl e 6- Phot odefi neable M xture For Ten

M cron Thick1¥ilns To a mixture containing 46wei ght
percent DVS resin in nesitylene is added 4.0 wei ght percent
AgeRite[err] MA, 2.3 weight percent BAC-E and 5.0 wei ght percent

2, 2-bi s[ 4-(4- azi dophenoxy) phenyl| propane based on the wei ght of
resin. After dissolution, the mxture is 20 spin-coated onto ei ght clean
bare four inch dianeter silicon wafers at 2,700 rpm The wafers are
pr ebaked on 3 hot plate at 75C for two mnutes. The average initial film

t hi ckness is%92.6 m crons neasured by profilonetry. The filns are '
exposed to light in the wavel ength range of 350 to 450 nmthrough a
quartz and chronme test nask at various exposure doses as neasured at
365 nm The filnms are puddl e devel oped on a spin-coater by puddling about
eight nL of a 25 32.5 percent Proglyde[err] DMM 67.5 percent isopar[err] L

on the top of each for 65 seconds. The waf ers are then spun at 500 rpm
for ten secongs while a streamof the same devel opnent solvent is
sprayed onto the surface of the wafers. The spin speed is increased to
5,000 rpm for thirty seconds to partially drythe wafers. The
filmsarethen cured at 250[err] C forone hour. After cure the final film

t hi ckness is neasured. Features as small as 25 micron round vias are 30
successfully patterned in manyof the filnms. Filmretentions are set out in
Table I1.

30
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1.  Aphotodefineable mixture comprising DVS resin as its major resin
component dissolved in mesitylene and at least 2,6-bis(4-azidobenzylidene)-4-
ethylcyclohexanone as a photosensitive agent in 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 containing at least one weight percent 2,6-bis(4-
azidobenzylidene)-4-ethylcyclohexanone based on the weight of the total mixture.

3.  The mixture of Claim 1 containing a second bis azide selected from 4,4°- or
3,3'-diazidophenyl sulfone, 4,4’ or 3,3-diazidopheny! ether, 2,2-bis{4-(4-azidophenoxy) phenyl]
propane or 2,2-bis[4-(3-azidophenoxy) phenyl] propane.

4.  The mixture of Claim 3 containing 2,2-bis[4-{4-azidophenoxy) phenyl]
propane as a second bis azide.

5. The mixture of Claim 1 containing an antioxidant.

6. The mixture of Claim 5 containing an antioxidant derived from 1,2-dihydro-
2,2, 4-trimethylquinoline,

7. The mixture of Claim 2 containing an antioxidant derived from 1,2-dihydro-
2,2, Atrimethylquinoline. -

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

9. A photodefineable mixture comprising DVS resin as its major resin component
dissolved in mesitylene and at least one weight percent 2,6-bis(4-azidobenzylidene)-4-
ethyicyclohexanone based on the weight of the total mixture and 2,2-bis{4-(4azidophenoxy)
phenyl] propane as a second bis azide, both as photosensitive agent in an amount sufficient to
convert the mixture to an organic-insoluble solid upon exposing the mixture to photon
radiation and containing an antioxidant derived from 1,2-dihydro-2,2,4trimethyiquinoline.

10. The mixture of Claim 9 wherein the mixture remains solids free upon storage
at-15°C for one month inthe dark.
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224 2 %0 ﬂ“‘“\m\u“umuumeabl e mxture containing a

g;)art ially polymerized divinyltetranet hyl di si’l oxane- bi s- benzocycl obut ene as
its major resin conponent dissolved in nesitylene and a bis azide
phot osensi tive agent . chaAphbwdéfineabld mixtukeadontalning Ripartialyi pdemieszedt | east 2,

6- bi s(4-az h%ﬂ@%%ﬁféthﬂ&%]@(ané'b%t t{%koﬁycgéb%@% Qg 8&%\,\%"" rﬁ%m componeqt d:gfol\feﬁ b

m xture of alrnin ercen
phot osensi mesityleagard a bia gzide @wt@ﬁ@rtwme@f Ch&ﬂ@tme@lnﬁ@ttblﬁbtsr?@ldphcﬁt@sSnS| tive

agent and bhepislissakiatehlidehapi- Eﬁﬁyt@bcﬁ;hg)@s&@e bi s benzocycl obut ene resin.

The m xture of Clalgkz (;%) gfé‘ﬁ?'ﬁ"g rtom ) \Méil; ercent of the
phot osensi tive agent based " dRXHE fo°F ﬁ'@'"ﬁ/g?@ﬁt Jo FFGf't(?éenm tive
agent and th!e@helbsana!yvet@epmml tol gin @xmw@fmommsmmmnmw n.

4. The gitindismathydiBkdiB-os-veRzcRfcicbufeR@ledini N9 a second bis azide

3. The mixture of Claim 2 containing from 1 to 6 weight percent of the
photosensitive agent based on the sum of the weights of the photasensitive agent and the
divinyltetramethyldisiloxane-bis-benzocyciobutene resin.

4, The mixture of Claims 1, 2 or 3 containing a second bis azide
selected from the group consisting of 4,4'-diazidopheny! suifone; 3,3'- diazidophenyl suifone;
4,4'-diazidophenyl ether; 3,3'- diazidopheny! ether; 2,2-bis[4-(4-azidophenoxy) phenyl] propane
or 2,2-bis[4-(3-azidophenoxy) phenyl] propane.

5, The mixture of Claims 1, 2 or 3 containing 2,2-bis{4~{4-azidophenoxy)
phenyl] propane as a second bis azide.

6. The mixture of Claim 3 containing an antioxidant derived from 1,2-
dihydro-2,2,4 trimethylquincline.

7. The mixture of Claim 3 wherein the mixture remains solids free upon
storage at -15°C for one month in the dark.

8. The mixture of Claim 6 wherein the mixture remains solids free upon

3 storage at -15°C for one month in the dark.
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‘sele }_”e- romthe group consisting of 4,4'-diazidophenyl sulfone; 3, E§TH
7 YAReIsl: T 4, 4'—d’r—azrd0p'he1=r7'l=?t'1're=r-——3 3' - ‘dﬂ—arrdvm-rerry'r—et—ger-'
2D s[ 4- zi dophenoxy) phenyl] propane or 2, 2-bis[4-(3-azi ophen@(@/

enyl] ppepsy. . The nixture of O ains ZPIR 3
ont ai n; mgﬁg a4~ (4 azi h oxﬁ g eny| as a Sy bis
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(57} Abstract

A photodefineable mixture comprising oligomeric divinyltetramethyldisiloxane bisbenzocyclobutene as its major resin component
dissolved in mesitylene and at least 2,6-bis(d-azidobenzylidene)-4-ethylcyclohexanone as a photosensitive agent in an amount sufficient 1o
convert the mixture 1o an organic-insoluble solid upon exposing the mixture to photon radiation is disclosed. These polymer compositicns
are useful as thin film dielectrics in clectronic applications such as multichip modules, integrated circuits and printed circuit boards.




