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This invention relates to partially polymerized resins and processes for preparing

them.
Such polymers may be rendered photocurabie and may be used in passivation

w

films, photoresists, as insulating layers in Tabricating electrical devices, as protective films for
semiconductor elements and as interlayer dielectrics in multichip modules and other multilayer

electronic circuits.
Johnson et al. disclose in IEEE Transactions On Components, Hvbrids, and

10 ManufacturingTechnology, Vol. 13, No. 2, June, 1990, that a polymer of
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1,3-bis(2-bicycio[4.2.0)octa-1,3,5-trien-3-ylethenyl)-1,1,3,3-tetramethyldisiloxane (hereinafter
DVS monomer), now available as a partially polymerized (B-staged) solution in mesitylene from
The Dow Chemical Company as CYCLOTENE® 3022 {hereinafter a partiaily thermally

20 polymerized DVS monomer or DVS resin) may be used as an interlayer dielectric to fabricate
thin film multichip modules. The partially thermally polymerized DVS monomer may be
appiied by spin-coating a solution of the DVS resin onto a substrate, allowing the solvent to
evaporate and then polymerizing by heating to about 250°C for about five minutes in nitrogen.

.. Catalysts andfor initiators are not required for the polymerization.

25 U. S. Patent Application Serial No. 805,395, filed December 10, 1991; PCT
Application No. 92/10,649, filed December 10, 1992 and published as 93/12,055, June 24, 1993;
Moyer et al. Proceedings, 1EPS, Austin, 1992, p. 37 and Rutter et al. Proceedinas, ISHM/IEPS,
Denver, April 1992, p. 394 disclose 2 DVS resin that is rendered photocurabie by the addition of
at least one photosensitive agent in an amount sufficient to convert the mixture to an organic-

30 insoluble solid upon exposing the mixture to photon radiation.

In a preferred embodiment a neat B-staged DVS resin is mixed with a solvent to
' precipitate higher molecular weight oligom.ers which are then used as the photocurable resin.
. The removal of the monomer, dimer and lower molecular weight oligomers facilitates the
photocuring of the resin,

35 Solvent precipitation of the resin has its drawbacks. A large portion of the DVS

resin is rejected by the process. Recycling this portion increases the complexity of the process.
" Also the soivent used for precipitation differs from the soivent in which the finished resin is
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1, 3- bi s(2-bkcycl o[ 4. 2. 0]octa 1,3,5-trien-3-ylethenyl)- 1 1, 3,3-tetranet hyl di
si | oxane (hereinafter DVS nononer), now available as a partially

pol yneri zed (B-staged) solution in nesitylene from The Dow Chem cal Conpany
as CYCLOTENE[ err] 3022 (hereinafter a partiallythermally polynerized DVS
nmonomer or DVS resin) may be used as an interlayer dielectric to fabricate
thin filmmultichi p nodul es. The partially thermally polynerized DVS
nmononmer may be applied n coating a solution of the DVS resin onto a
Substrat o o PG e ST P e PSR RAA ER A IBT IR o1 g by
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Appl i cation 2 ed as
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di scl ose a [MSniagsd dddddhadlubilizetr@nersgdobplent ocur abl e by the addition of at

| east one phot osensip tX&mé‘vQ%&tns ﬁrE\mﬁE\cs WMail?MﬁﬂeRia@ﬁkn&rﬁr meert the
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resin i s mi XeOPaNres tapt weyld futer Wmﬁ‘i"é EneBpeqyeobHiegh éyso s ke etlitiymei ght
ol i goner s whilahvoad Ravelnsidues sidithivaravhich ropthint upaaaepedbledf tieggnediresiniieze wérOVal of the
monomner, di NBdy 208Weidc M midiRleafdalcar wei ght oligoners facilitates the
it wouid be desirable to prepare a DVS resin with a [ow levet of low molecuiar
weight oligomers (for example, monomer, dimer and trimer etc.} in a process which does not
15 yield by-products, does not require the use of additional solvents and can be commerciaily
scaled up.
In one aspect the invention is a process for forming a DVS resin comprising
heating OVS monomer in a solvent at a concentration of DVS monomer in the solvent such that
atan Mw of at least 100,000, the resin is not gelled and the radius of gyration at an absolute
20 molecular weight of 160,000 is less than 90 Angstroms using SEC/LALLS. Mw is the apparent
weight average molecular weight by SEC based on a polystyrene calibration standard.
In another aspect the invention is a process for forming a DVS resin comprising
heating DVS monomer in a solvent at a concentration of DVS monomer in the solvent such that,
i the solvent stripped DVS resin is subsequently further cured at 190°C, rate of increase of the
25 shear storage modulus G’ from just beyond gelation is measured, then the exponent describing
this rate of increase of G’ as a function of change in fractional conversion is 400 or less.
in another aspect the invention is a process for forming a DVS resin comprising
heating DVS monomer in a solvent at a concentration of DVS monomer in the solvent such
that:
30 {a) the DVS resin, when applied and polymerized in a thin layer on a solid
substrate does not craze; and
(b) the DVS resin, is rendered photocurable by the addition of at teast one
photosensitive agent in an amount sufficient to convert the mixture to an organic-insoluble
solid upon exposing the mixture to photon radiation and the film retention upon developmem
35 with a solventis at least 50 percent.
Organic-soluble means the portion of the photacurable DVS rasin not exposed 1o
photons is soluble in hydrocarbons such as Stoddard solvent, xylene, mesitylene, toluene,
2-methoxyethy! ether {diglyme), N-methyl pyrrolidone (NMP}, mixtures of NMP and
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phot ocuring of the resin. Sol vent precipitation of the resin
has its drawbacks. A large portion of the DVS resin is rejected by the
process. Recycling this portion increases the conplexity of the process.
Al so the solvent used for precipitation differs fromthe solvent in which
the finished resinis 2
di ssol ved for use. Accordingly, the precipitation solvent nmust be renoved
and then the solid resin dissolved again in the use solvent, both for the
usef ul higher nol ecul ar wei ght resin and the recycled | ow nol ecul ar wei ght

resin. §a,§,!°§tkﬁ9},yr%n%%2 u%%gy,&i.g ggéomhmmedﬁa&@;s PrQQJ}ote"%MNV

pol ymeri zi ng 0 ta enzaq ways t aught
is to sol uti oAvPLIHE ?P‘?‘gc’feﬁﬁa'ﬁ‘@%ﬁ?ygﬁé?g%[ﬂ%ﬁ@"ge "’l‘i‘fraﬁth%ﬁgﬁe "'b“ & pol ar

aprotic sol ventystesgiohbugataprid gthsr baivdc esiers PoREwres eedfi um sal ts rray be added to
sol ubi | i ze t he benzotaltioblhetivas of describing {hi Sroteg@ixtheRS réd@greiubderstibawbacks. The

partially poltygmsrsx?y%dscmmme pmaé;an@&fssamwgﬁd,e;femmetv@@anmmh@oI l'ing
sol vent, keep distillation would invol ve tenperatures that

woul d further‘“ﬁg‘f'j’r?@%nd?é"‘f”ﬁe benzocycl obut ene. Al so the use of lithium
salts woul d | eave redPeRREsaseAct the ipysptioRis MsiDUhrefbigImed Besaid Rt®ept abl e i f the
cured resin were to benaizedpashaindnt®hae DYY resin whersinghagedieof gyarioros an

absolute molecular weight of 160,000 is {ess than 90 Angstroms using SEC/LALLS.
10 in another aspect the invention is a DVS reSin wherein if the DVS resin is soivent
stripped and subsequently further cured at 190°C, and the rate of increase of the shear storage
modulus G’ from just beyond gelation is measured, then the exponent describing this rate of
increase of G' as a function of change in fractional conversion is 400 or jess.
- In another aspect the invention is a photocurable formulation containing said
s DVS resin or the DVS resin formed by said process.
In another aspect the invention is a cured polymer of said DVS resin or the DVS
resin formed by said process.
In another aspect the invention is a substrate containing at least one patterned
layer of a cured polymer of said DVS resin or the DVS resin formed by said process.
20 A feature of the invention is that the polymerization takes place in the presence
of a solvent wherein the initial concentration of DVS monomer is within a specific range.
An advantage of the invention is that the process may be more readily scated up
10 a commercial scale, may generate little or no low molecular weight fraction that must be
separated from a precipitating solvent and make a DVS resin which may be used to form a fiim
25 on asubstrate which retains its integrity.
The DVS monomers of this invention include compounds of the structure:

(Re>r’ §3 };{3 (Rs)r'
3c j: | g 51-0 §i-—a’4
5
(R?) 4 (R7)q
L n
wherein

each R? is independently C,, alkyl, cyctoaikyl, aralkyl, or phenyi;
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It would be desirable to prepare a DVS resin with a low | evel of |ow

nol ecukar wei ght oligoners (for exanple, nononer, dinmer and trinmer etc.) in
a process which does not yield by-products, does not require the use of
addi ti onal solvents and can be commercially scal ed up. I n one aspect
the invention is a process for formng a DVS resin conprising heating DVS
nononmer in a solvent at a concentration of DVS nononer in the solvent such
that at an Mv of at |east 100,000, the resin is not geIIed and the radius
of gyration at an absol u no 6 £ss than 90
Angstroms using SEC/ LAET.%E‘ Mée”m?"héc \Aq'lifgmmef"ylv\é' '9?1:8 \?é%gée nol ecul ar

wei ght by SEC based oneﬁhb&‘%ﬁﬁj’rﬁ%éc:eﬁ‘fﬂ sy P'cfhangt andar d. I n anot her
aspect the invention isisanipregsetiorior;dhormng a DVS resin conpri sing

heati ng DVS gononer |ne,;;}h§mdy§n,ge@;deaﬂyggn,g@g}t°fﬁtd°9ﬂ of DVS nononer in the

sol vent SUCh that, if %’ t%re\t[et?rgé Dfstcompogeéjls renréfgtgcﬁz@we rgrm§tlalbsequent ! y

further cured at 190[err I 'NCrease O hear st orage nodul us
G fromjust beyond gelation is rreasured t hen the exponent describing this

rate of increase of as a func C% change pMNJractional conversion is
400 or |ess. [in ot her asp 03 thé i nvent a process for
partially poI mer iy Pononer si—G%KS( 2- bi .2.0]octa-1
,3,5-trien-3%l ethen -1?!’5,@"gt’etramat Hop=aE S| ane characterized by

heat i ng said nononer in a solvenfHat C8g initial concentration-of nmononer of
from12 to 32 wei ght percent. Organi c-sol ubl e nmeans the portion of the

phot ocur abl e DVS resin.n xposed to ton ydr ocar bons
such as Stoddard sol VgTri]\fgepl&?rP fs'z%scomgov.{r)\df\) rems%m{h?rro?g)ecgnsltréedtp?e:w:: eanyt hyl et her

(di gl yme), N nEtHer gpPess 'F‘H’tfﬁ%f sr(aﬂwloyeﬂtwmbaw&? egemigopioniy b‘?‘dhy dr oxyet hyl
2- pyrrol i doné, Cargosivpyinseey gk pocksediistestdiyereirabimen odsigivenl saiprseb@sthese
Progl yde[ err] doubie ponds as weli as ather compounds.
These organopolysiloxane-bridged bisbenzocyciobutene monomers can be
prepared by methods disclosed in U. S, Patents 4,812,588; 5, 136,069; 5,138,081; and L. 5.
Patent Application Serial No. 677,023, filed March 28, 1981,

20 Foltowing one of the disciosed procedures for making the preferred DVS
mchomer, one will obtain a mixture containing as a major component
divinyttetramethyldisiloxane-bis-benzocyclobutene monomer, This monomer mixture has a
fow viscosity. According to the process of the invention this DVS monomer may be partially
polymerized in contact with a solvent.

25 One poiymenzes the monomer under conditions that yield a partially
polymerized resin that will yield acceptable performance when used as a photocurable resin in
thin films. Acceptable performance includes retention of integrity such as absence of crazing.
it also includes adequate film retention upon curing. Crazing is the formauion of fractures or
wrinkling in the thin film of DVS resin as it is coated onto a substrate, as it 1s prebaked prior 1o

30 photocuring or when it is exposed 1o a development solvent. The fractures and wrinkling result
in nonuniform thickness of the resin film. Film retention is the ratio of the thickness of the
finally developed and cured film 1o the thickness of the initial fitm after soivent evaporation
and being spun on, usually designated in percent_.

One may test the performance properties of the resin of the invention by

35 formulating the resin into a photocurable resin by, for example, adding about 3 weignt

percent 2,6-bis{4-azidobenzylidene)-4-methyicyclohexanone {(BAC-M). The formutauonis
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DW sol vent from The Dow Chem cal Conpany), a Stoddard/ net hanol m xture,
ethyl kactate, n-butyl butyrate, ethyl butyrate and other burytric esters,
or m xtures thereof. 3
These three met hods of describing the process and the DVS resin are
understood to generally describe the sanme process and DVS resin, though
theré may be variations in the scope with each description. I n anot her
aspect the invention is the DVS resin forned by said process. In

anot her aspect the invention is a partially pol yneri zed 1, 3-bi s(2-

bicyclo[4.2.0]octa-1 , 3, 5-t n- 3-yl et hep tetr thyId|S|onane
nononer havi fi t"&"WS‘P*@F‘T‘&&? sp&@&aﬁ/’g %Eff,'vﬁmém(fm“ e A6l yst yrene

standar d, nosoulseis ¥rgd WEtrp edpasA AorEIND HiE reER forridptiombayendits gefroing. aéﬂ"’ﬁ%‘ of gyration
at an absol uts@sei®r@mt ariexpaek girtiord bf tAG8in0@Buiationlaadibe thamrur&iQesiAligSt r ons usi ng

SEC/ LALLS.  finally dua 30Qkdneie, @&t the invention is a partially polynerized

1, 3- bi o
bi cyc: §E 4.9 0] oct a- Thgre%n tfaccegtabl?f% eﬂ nhdoes r‘cscrafexjrwétoghqttocgnng andtﬂeft ral si | oxane

mononer char SAMESTisAdERUAt, Areferpbly. the ‘r‘fé’e‘ﬁ‘&Pf‘ isageaiets B E/‘Ffé?‘?%‘éf’%ﬁ’orrer is
further curedoetot ed0feanaph@ocussddiint dnd theztie otzhe thidmes afskee fiodlly rned fibhar st or age
modul us G f {HeMidatSdof BENIRPHodSIoRbi Ofvelosmentingt b shoui 058 Br thdidis K pHnent

describing t I;uogtsgg;r&n%m lGhsase of G as a function of change

10 " One may achieve acceptable resins, preferably, by controlling the initial
concentration of monomer in the solvent in the partial polymerization process. Preferably, the
initial concentration is between 12 ;nd 32 weight percent monomer based on the total weight
of monomer and solvent. {f the initial concentration is less than about 12 weight percent, the
film formed from the partially polymerized resin has a tendency to ¢raze upon evaporation of

15 the soivent, upon solvent development of the film or during plasma cleaning of the cured film.
if the initial concentration of the monomer is more than about 32 weight percent, film
retentions tend to be less than 50 percent.

Preferably, the film retention is at least about sixty percent and more preferably

the film retention is at least 75 percent. Most preferably, the film retention is at least about 90

20 percent.

The more preferable film properties may be obtained by using preferred initial
DVS monomer concentrations. Preferably, the initial DVS monomer concentration is from 17
percent to 30 percent. More preferably, the initial DVS monomer concentration is from 20 to
about 25 percent. Most preferably, the initial DVS monomer concentration is 25 percent plus or

25 mminus 1 percent. The effect of injtial DVS monomer concentration, while a critical parameter is
not astep function. The changes in the final film properties are a smooth function of the initial
monomer concentration under identical photo processing conditions.

' One may carry out the partial polymerization process in a solvent that dissolves
both the DVS monomer and the partially polymerized DVS resin at the reaction or

30 Polymerization temperature or one may carry out the partial polymerization processin a
sojvent that dissolves the DVS monomer but not the desired partially polymerized DVS resin at
the reaction or polymerization temperature. Suitable solvents depend on which process one
wishes to use.

Solvents which dissolve the partially poiymerized DVS resin are hydrocarbons.

35 Aliphatic hydrocarbons such as hexane, isopar G®, Stoddard solvent; aromatic hydrocarbons .
such as toluene, xylenes and mesitylene are exemplary. More preferred solvents inciude
aromatic hydrocarbons such as toluene, xylenes and mesitylene. Mesitylene is most preferred
because it is also the formulation solvent. Another more preferred group is hydrocarbons

-5.
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in fractional conversion is 400 or |ess. I n anot her aspect the

I nvention is a photocurable fornmulation containing said DVS resin or the
DVS resin forned by said process. I n anot her aspect the invention is a
cured polynmer of said DVS resin or the DVS resin formed by said process.

I n anot her aspect the invention is a substrate containing at |east one
patterned | ayer of a cured polyner of said DVS resin or the DVS resin
formed by said process. A feature of the invention is that the

pol ynmeri zation takes place in the presence of a solvent wherein the initial

concent rat i o0, gf NS AIPAANELarksS: Pl 552, SBGER ol AR ey oy aVaNt age

of the invention Is that t rocess € nbre rea y scaled up to a

commer ci al s tEHP Be Ry F’ﬁ@’f‘?@?”af’f’g'ei"f’cf? 'F’@'%%"WE’“?"&W%I ecul ar weight fraction

t hat nust be separ aterntiramwhich he ety pelimenzed S8 reemwill prackitinsiuge DVS resin

whi ch may beaitss@d c}-Q altdhbBarelpréfedrddman -8mys B bl lafd rebuedibl®bing edstréterred] S

integrity. The o/ plf RTS8 byd hdrmbr 38t b1%dhs WAIGIWIE fRIRMOUNdS of the

structure. diglectric propeniis g{ tEJ finai fully cured film. Exemplary ions excluded are metal ions such
as atkali metal and transition metai ions, and anions such as halides, sulfates and nitrates.
One may carry out the partiat polymerization at a temperature that is effective to
polymerize the DVS monomer. Suitable temperatures include from 125°C to 300°C. Preferred
10 temperaturesinclude from 140°Cto 250°C. More preferred temperatures inciude from 140°C to

200°C. If the polymerization temperature is higher than the boiling point of the solvent a

pressure vessel may be used. At lower temperatures, the polymerization proceeds more siowly,

At higher temperatures the degree of poiymerization is more difficuit to control.

One may carry out the partial polymerization for a time determined to provide a

15 partially polymerized resin that provides the desired finally cured film properties. One may
carry out the polymerization for a period of time sufficient to obtain an Mw of from 20,000 to
170,000. Preferably, one may carry out the polymerization for a period of time sufficient to
obtain an Mw of from 390,000 to 170,000. Most preferably, one polymerizes the DVS monomer
to obtain a DVS resin with an Mw of 140,000 plus or minus 10,000 g/mol.

20 Mw is the weight average molecular weight. Mn is the number average
molecular weight. The ratio, Mw/Mn, is called the polydispersity of the resin. Molecular
weights described in this application are apparent molecular weights. They are determined by
size exclusion chromatography (SEC) using narrow molecuiar weight range linear atactic
polystyrene polymers as standards. The polymers made in the processes described herein

25 contain a relatively wider molecular weight range. Also, the monomer is tetrafunctional and
may give rise to branched polymers.

The initial concentration of monomer affects the rate of reaction. The higher the
initial concentration of monomer, the less time it takes to achieve a given Mw.
Preferably, one should not polymerize the DVS resin beyond its gel point. Beyond

30 its gel point, the resin is insoluble in aromatic solvents such as mesitylene. Time varies
depending on the polymerization temperature. The higher the temperature, the less time is
needed to obtain a given molecular weight.

Preferably, oxygen is excluded from the polymerization reaction. A
concentration of less than 100 ppm oxygen in the atmosphere in contact with the reaction is

35 suggested.

When the partial polymerization process of the invention is compileted, the
partially polymerized DVS resin of the invention is obtained. 1t is believed that the DVS resin of
the invention differs from the DVS resin formed by partialiy polymerizing the DVS monomer

-6
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wherein each R err] is independently Cerr] alkyl, cycloalkyl,
aral kyk, or, phenyl;

4 each R err] is independently Cerr] alkyl,
trimethylsilyl, methoxy, or chloro; each Rerr] is

I ndependently C[err] al kyl, chloro, or cyano; nis an

I nteger of 1 or nore; and each q and r is independently an
i nteger of zero or 1. The nost preferred DVS compound is

represented by the fornul a:
neat and precipitating the desired resin in an alcoholic solvent. The resin partiaily polymerized
in a solvent appears 1o have a smaller hydrodynamic volume for a given absolute moiecular
weight. This may be due to a higher probability that active sites from the same motecule will
find each other when diluted by a solvent. The lower the initial concentration of monomer, the
5  more pronounced this affect appears to be.
in order to directly probe structural differences, size exclusion chromatography
coupled to low angle laser light scattering (SEC/LALLS) is used. One can determine the radius of
gyration Rg at a given molecular weight of various types of DVS resins. it is found that DVS
resins prepared by solvent B-staging at initial DVS monomer concentrations of less than
10 30 percent have a lower Rg for a given absolute molecular weight than similar resins prepared
by neat B-staging. At an absolute molecular weight of 160,000, a neat B-staged DVS resin has
an Rg of 90 Angstroms or above. At an absolute molecuiar weight of 160,000, a DVS resin B-
staged at an initial concentration of less than 30 percent DVS monomer has an Rg of less than
90 Angstroms, A suitable method for measuring Rg is set out in the examples.
15 Another difference between a DVS resin B-staged in asolvent at less than 30
percent initial DVS monomer concentration and a DVS resin formed by partially polymerizing
the DVS monomer neat and precipitating the desired resin in an alcoholic solvent is the cure
behavior in the rubbery state just after gellation and before vitrification. G or the shear
starage modulus increases more rapidly for the neat B-staged DVS resin at equivaient cure
2¢ conditions. The rate of increase in G’ during the rubbery phase may be measured in a parallel
plate rheometer. At acure temperature of 190°C and in the rubbery phase just beyond
gelation, G’ increases exponentiaily. The rate constant describing this exponential increase in
G’ is 0.011 sec” or greater for neat B-staged DVS resins whereas it is 0.009 sec or less for DVS
resins B-staged at an initial concentration of 30 percent or less DVS monomer. A suitable
25 method for measuring G' is set outin the examples.

The Fiartiaﬂy polymerized DVS resin of the invention, forrmed by the pracess of the
invention, may be incorporated into a photocurabie formulation. Said formulation may
include one or more photosensitive agents, one or more photosensitizers, and other adjuvants
such as antioxidants, fillers, adhesion agents, dyes, other monomers or oligomers, polymeriza-

30 Uvonaccelerators or retarders.

Suitabie agents to render the DVS resin of the invention photocurable and
processes for photocuring said resin are disclosed in U. S, Patent Application Serial No. 805,395
filed Decemhber 10, 1991; PCT Application No. 92/10,649, filed December 10, 1992; Moyer et al.
Proceedings, IEPS, Austin, 1992, p. 37; Rutter et al. Proceedings, ISHM/IEPS, Denver, April 1992,

35 P-394; and Moyer et al. Proceedinags. MRS, Boston. '

Suitable photosensitive agents employable 1o make the resin of the invention
photocurable are those which have an absorption maximum near the wavelengths of the
photon source being used and affect benzocyclobutene photocuring. When a photosensitizer

7.
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[err] The depictions of this conpound herein shoul d not
be construed to define any particular geonetric isoner or spatial
orientation about the ethenylene double bonds. Conpositions made by the
processes disclosed herein contain positional isoners about these double
bonds as well as other conpounds. These

or ganopol ysi | oxane- bri dged bi sbhenzocycl obut ene nononers can be prepared by
nmet hods disclosed in U S. Patents 4,812,588; 5,136,069; 5,138,081; and U.
S. Patent Application Serial No. 677,023, filed March 28, 1991.

Fol | owl ng Onse o, LI onswzthg'gr)?ogosgri;xﬁ)\gg lrl{ %ﬁatjieoﬂrho{g?eﬁxtngagtek&?arp{’hgjeer red DVS

monorer, ond S BT S nfal ning as a maj or conponent
d|V|nyItetraﬁEFhVPHngp8%&%@“%?@9%%%?WEVEIobutene mononer. This nmononer
m xture has a | ow virgfernsipharosenit eapeitsimgludepzidéscbismelgiddss afisteshe i nvention this

DVS nononer aEWeh& iRRAyahita] dodjudah ¥oRiric E@bhet, Bndeembarehonekdnkirings ol vent .
One polynerl he nononer under conditions that yield a partially

pol yrer i zZ&d re5|n that will % eld acce %ﬁ L. s.‘I\ormanghe en used as a
phot ocur abl e resin ?ﬁ"?ﬁ?ﬁ”? |9FAP o RREZRTLE] BB PO LE *F'RE) udes retention
of integritymsiachingeraringtheedymsts ofthisirkantion cpresrendte thafeTudes adequate film
retention upon curing. Crazing is thenpormation of fractures or

wherein

10 Q s an x~valent organic moiety, and
x is an integer of 2 or more.
Exampies of suitable azides, as well as their synthesis and properties are described
in “Azides and Nitrenes, Reactivity and Utility,” Academic Press, 1984; "Azides and Amines
from Grignard Reagents and Tosvl Azide” Smith et al., J. Org. Chem., 34, 3430, (1969);

1s “Encwclopedia of Polymer Science and Enaineering,” 2nd Edition, Volume {1, 186-212; Yang et
al., Proc. SPIE-int. Soc. Opt. Eng., 469 {Adv. Resist Technol.), 117-26, 1984; Wolf et al,, J.

Electrochem. Soc., 131{7), 1664-70, 1984; Tsunoda et al., Photographic Science and

Engineering, 17, 390, (1973); journal of Photographic Science, 29, 188, {(1976); "Organic

Compounds with Nitrogen-Nitrogen Bonds” Ronald Prez Co., New York, NY, 1966; Boyer et al,,
2p Chem. Rev., 54, 1,{1954); iapanese Patent Number J01279240-A; U.S. Patents 4,565,767;

4,294,908; 4,354,976; and European Patent Applications 30300546.0, 84112698.0, 84300837.6

and 83810158.6.
Preferred azides are aromatic bisazides some exampies of which are represented

by the following formulae:

N NS

N3 N3

2,6-bis[3-{Y4~-azidophenyl)-2-propenylidene] cyclohexanone

35
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winkling in the thin filmof DVSresin as it is coated onto a substrate,
as it is prgbaked prior to photocuring or when it is exposed to a

devel opnment solvent. The fractures and winkling result in nonuniform

t hi ckness of the resin film Filmretention is the ratio of the thickness
of the finally devel oped and cured filmto the thickness of the initial
filmafter solvent evaporation and being spun on, usually designated in

per cent . One may test the performance properties of the resin
of the invention by fornulating the resin into a photocurable resin by, for
exanpl e, addi ng about 3 weignt percent

2, 6-bi s(4-azi dobenzyl i dene) - 4- met hyl cycl ohexanone (BAC-M . The formul ation

is 5 coated onto a
substrate such as by spin or spréN coating, any solvent is renoved, a
phot on source i ed \g\gu 2 easi,a p iopref the resin formulation
beyond its gel Nl . 2 uhexposed portions of the
resin fornul at d the photo ini y cured, for exanple,

he filmdoes not craze

= 2,6-bis[3~{Y4-azidophenyl)~-2-propenylidene}-4-
methylcyelohexanone '

15

N3 N3
2,6-bis{4-azidobenzylidene)-4-methylcyclohexanone
» (BAC-M)
0

N3 N3

i

3
2,b-pis{Y4-azidobenzylidene)-l4-t-butyleyclohexanone

35
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retention is adequate. Preferably, the filmretention is adequate if the
devel ophent sol vent does not renove the photocured filmand the ratio of
the thickness of the finally cured filmto the thickness of the filmprior
to solvent devel opnent is at |east about 0.50 or there is at |east about 50
percent filmretention. One may achi eve acceptabl e resins,
preferably, by controlling the initial concentration of nononmer in the
solvent in the partial polynerization process. Preferably, the initial
concentration is between 12 and 32 wei ght percent nononer based on the
total weight of nononer and solvent. If the initial concentration is |ess
than about 12 wei ght percent, the filmfornmed fromthe partially

pol ynmeri zed resi n""hag a_te nde o Ngpon evaporation of the sol vent,
upon sol vent devel o during plasma cleaning of the cured
film If the initial £ tHhe nmononer is nore than about 32

wei ght pescent, film gntions te 0 be |l ess than 50 percent.

Preferably, the filmretention is at |east about sixty percent and nore
preferably the fil muret et R3oR' i aalddghaal duipereent. Mst preferably, the
filmretention is at | east about 90 percent. The nore
preferable filmproperties may be obtained by using preferred initial DVS
nononer concentrations. Preferably, the initial DVS nonomer concentration
is from 17 percent tNg 30Q_percent. Mre _pref¥ably,~-the initial DVS nononer
concentration is from2 about 25 ent. Most preferably, the initial
DVS nononer concentrat S)25 $ers s or mnus 1 percent. The effect
of initial DVS nononer gnt r at i on) e a critical paranmeter is not a
step function. The changes~in the fing il mproperties are a snooth
function of the injt,,al qet concentratl nder identical photo
processi ng condi tl%’nds r'3)3 nﬁla““ph gp rry out the partial

pol ynmeri zati on process in a solvent that di ssol ves both the DVS nononer and
the partially polymerized DVS resin at the reaction or

N3 N3

4,4' or 3,3'-diazidophenyl Ether

O—0+HO-—C

2,2-bis{#-(Y4~azidophenoxy) phenyl] propane
or
2,2-bis[4~(3-azidophenoxy) phenyl] propane

-10-
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pol ynmeri zation tenperature or one may carry out the partial polynerization
process in a solvent that dissolves the DVS nononer but not the desired
parti‘al Iy ‘pol yneri zed DVS resin at the reaction or polynerization
tenperature. Suitable solvents depend on which process one w shes to use.
Sol vents which dissolve the partially polynerized DVS resin are

hydr ocar bons. Aliphatic hydrocarbons such as hexane, |Isopar Jerr],

St oddard sol vent; aromatic hydrocarbons such as tol uene, xylenes and
nmesityl ene are exenplary. More preferred solvents include aromatic

hydr ocar bons such as tol uene, xylenes and nesitylene. Mesitylene is nost
preferred because it is also the formy i on solvent. Another nore
preferred group is ocar bons
6 whi ch have r i }

may be easily re pom the resin i/stillation and replaced by the
formul ati on sol vent. Sol'vent fromwhich the partially
pol ynmerized DVS resin will precipitate include alcohols. Cerr]-Cerr]
al cohol s are preferred with' tdiamidosgiéeAR® and n- but anol bei ng nost
preferred.
10 -
u,4'-diazidobenzalacetophenone
0
I
| - N3
20 0

2,3-diazido-1,4-naphthoquinone

CH2 N3

y,4'-diazido diphenyl methane

30

35
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Preferably, the solvent and DVS nononer are free of ions which would effect
the dielectric properties of the final fully cured film Exenplary ions
excluded are netal ions such as alkali netal and transition netal ions, and
ani ons such as halides, sulfates and nitrates. One may carry
out the partial polynerization at a tenperature that is effective to

pol yneri ze the DVS nononer.. Suitable tenperatures include from125[err]Cto
300[err]C. Preferred tenperatures include from 140[err]Cto 250[err]C. More
preferred tenperatures include from140[err]C to 200[err]C. If the

pol ynmeri zation tenperature is higher than the boiling point t he sol vent
a pressure vessel rOpEet 'segﬂl.meﬁge?'%‘ PSR EP T t'lflrb'éaéfgests‘fféasﬁég'&r?éri zation
proceeds nor 25-8iHbittagidophenyii?-giresnylidershmethyisrédrerrenedegr ee of pol yneri zati on
is nore difficult tohematpraéreed azide is determined by tineavatengt!s afthephatat sotdee parti al
pol ymeri zat i Qipidyd, ofe dnbd¥R: afl S 2 Wi ¥R6lart 850k rh &tBnumh rie@ i dwaldihgRry Ner i zed
resin that, Dl oYiere SoutdI e floslal £ a DichBlifzel hhd Lo B ML LARLIh . e ITBY
carry out >t he ,ofymarlza'flon or a perl,odl of tine sufficient to obtain an
My of from 2RROGFDvE ageriPne thocsesen atidehanil) accemh energy {rop HePleiesensitshe

pol yner i zat i shubfigef the gige ingick spfemtbeingeused if fiso e faasideration. Aptigeble an Mv of from

98, 000 tOD\l/éﬁmQELansvb/pg%h o ed @J’S&Qinﬁfthé)H\Qnﬁ&ﬁ:is)éﬁﬁfbisﬂaﬁdibhﬁyIQVr&)-ﬂD n;)melr to
obtain a res , nol .

M TS the vely Ecv#ﬁvéﬁ%%%%%ﬂ%—aﬁﬁﬁ%@%%ﬁ?@‘?@ggﬁﬁw%@r%&?fage

nol ecul ar 19wk H‘ﬂ’?’ﬁqﬁ%“‘g“él"P?ﬂ‘zVWW"bT“%‘ €819¥8™% he pol ydi spersity of the
resin. Mol ecul ar weigdthes fagterhesring erithe gnoicdwif 8 visgsise isthathidspeseaf the Bppyal ent

mol ecul ar web\gladsis 1o bt RN oRh.BALRL BEorEs RgHlatB§5 . BEC-Bhis@lgbai cRdice@di iraiTat ogr aphy

(SEC) using Bk b s TRbRGLY RS, Wi&gtlaygr?sﬂ&%_s o IE s, Rt AGIWid 1dUd A T ENE _
pol ymers as standards. Thzﬁ ﬁgl rers Dg%dea in gthehgvrvglc‘enssrgg e%grgé:r i bed herein
contain a rdlsEUEPSH)2gEPe I’%&fﬁ LFes et BT T A RS FERE *hononer i s
t et r af uncts orehd teseidesinglugn AAtor B 'stiazidephavbidaned 4o% Bij raiaziglonhenyl ether, The
initial concertigsas-aadvpignoXyihenyl progené @CizdisiiliRazdapenad) phe@tirbmne. The hi gher
the initial GOOGEO Rl bRiks Bf usIR B TREion WidEaACAPSte § 4R 2ibidont-@i@BNE, 0 achi eve a
given M. 4,4'-diazidophenyl ether or 2,2-bis[4-{4-azidophenoxy} phenyl] propane. Most preferred is
3,3"-diazidophenyl suifone. .
20 One may wish to use these other bis azides, without BAC-M for layers thicker than
12 microns. Preferred other bis azides include 3,3'-diazidophenyl sulfone, 4,4' or 3,3'-
diazidopheny! ether, 2,2-bis[4-(¢-azidophenoxy) phenyl] propane or 2,2-bis[4-(3-azidophenoxy)
phenyl] propane. More preferred bis azides are 3,3'-diazidophenyl sutfone, 4,4'-diazidophenyl
ether or 2,2-bis[4-{4-azidophenoxy} phenyl] propane. Most preferred is 3,3"-diazidophenyl
25 suifone. '
_ The DVS resin formulation of the invention may be photocured to provide the
photocured DVS poiymer of the invention.
The amounts of DVS resin and photosensitive ageht employed in preparing the
photocured polymers of this invention can vary. Suitable amounts are those which contain DVS
3g resin as the major component and provide a photocurable mixture from which photocured
organic-insoluble polymers can be prepared by exposure to photons.
A suitable amount of photosensitive agent is that which provides sufficient curing
in the photon-exposed portion of the formulation to render it insoluble in the developing
solvent. A preferred weight percent range of photosensitive agent (BAC-M) is 0.1 to 20 based
35 onthesum of the weights of the individual photosensitive agents and the DVSresin. A more
preferred weight percent range of phatosensitive agent is 1 to 6. The most preferred weight
percent range of photosensitive agent is t to 4. A preferred weight percent range of the DVS

-12-
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Preferably, one should not polynerize the DVS resin beyond its gel point.
Beyond dts gel point, the resin is insoluble in aromatic solvents such as
nmesitylene. Tinme varies depending on the polynerization tenperature. The
hi gherthe tenperature, the less tine is needed to obtain a given nol ecul ar

wei ght . Preferably, oxygen is excluded fromthe pol ynerization
reaction. A concentration of |essthan 100 ppm oxygen in the atnosphere in
contactwith the reaction is suggested. When the parti al

pol yneri zati on process of the invention is conpleted, the partially

pol ynerized DVS resin of the inveption . is obtained. It is beljeved that the

DVS resin of feﬁ%"?nr’??/%%“ﬂ%iaﬁh"'b‘f"f ‘I"'@&%‘P’%?ﬂﬁ"ﬁée 5\7§5?"é'§‘feﬁg?‘67%g’6 DB§ partially

p0| yneri Zi ng rehin ATNOTR BYERrERgmieight percent range of the DVS resin is 94 to 99. The most preferred

7 neat andwpsiepér@ntrarige bighd Ve retiess b6 te 8. Fephotosemitiaegaitoahakifier sol vent. The

resin partial Jiéﬁiffaé?tltlyiﬂ%ie&ﬁadweibrﬂfr@mWhX@ﬂIon@H%{u&tﬁe‘}ef@@Y@f a smal | er

hydr odynam c v tume.for lven dabg}ol ut e nol ecul ar V{ﬁl,ght This may be due
ose[r)!ftﬁuﬁe fa%/en{itﬁ%rres 8? to the mol rconc]e?_tl(')a rhor{grglveenb e hereinbefore

0
? ho .
to a higher® p‘r’oa ive sItes ane nolecule wll

stated weight pecentages of the BAC-M.

in addition to the DVS resin and a photosensitive agent, some embodiments of
this invention contain one or more optional components which may be added to tailor the
invention's characteristics.

10 i An antioxidant may be added to increase the formulation’s oxidative stabiiity
during processing as well as in the cured resin. Antioxidants of the phenol-, sulfide-,
phosphite-, and amine-type may he 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 polymerized 1,2-dihydro-2,2,4-

15 -trimethylguinoline, CAS registry number 26780-96-1.

This antioxidant is available as an oligomer of the formula

. wherein Ris hydrogen, an electron withdrawing or electron donating group and nis 0-6.
Preferably R is hydrogen, but it aiso can be any substituent that does not interfere with the
antioxidant activity of the compound.

2,2, 4-trimethyl-1,2-dihydroquinoline, wherein R is hydrogen, is available as
AgeRite® MA from R. T. Vanderbilt as an oligomer with a degree of polymerizationof3ord {n

30 istor2) ’

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.

A photosensitizer may be added to increase the photosensitive agent’s

35 photosensitivity. The synthesis and properties of suitable optional sensitizers are disciosed in
Specht et al., Tetranedron, Vol. 38, No. 9, pp. 1203-1211, (1982); Tsunoda et al., Photographic

Science and Engineering, 17, 390, (1973); U. S. Patent 4,268,603; and European Patent
-13.
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find each otherwhen diluted by a solvent. The lower the initial
concentration of nononer, the nore pronounced this affect appears to be.
In order to directly probe structural differences, size exclusion

chromat ography coupled to |low angle |aser light scattering (SEC/ LALLS) is
used. One can determ ne the radius of gyration Rg at a given nol ecul ar

wei ght of various types of DVS resins. It is found that DVS resins prepared
by solvent B-staging at initial DVS nononer concentrations of |ess than 30
percent have a |ower Rg for a given absolute nolecular weight than simlar

resins pr eparA%icQ)én 56085463, %&xﬁgﬂe Brgnose%mziﬂ a@%@%ﬁ BRIAGHhAImuEd ght  of

160, 000, a nea v§§1§LJ?% Fesi c_Eas an, Rg of 90 Angstrons or above. At
an absol ute mETEEUFETIE GRE PP 1866884 Dvs resin B- staged at an
initial concentrati o*h‘eféffe"lpé@%‘e’ts'ﬁ’éﬂffa%e%%?%mthbwvﬁ'%%ﬁw“has an Rg of |ess
t han 90 Angstronms. A sui gable nethod for asuring R |s set out in the
exanpl es. not her djifferenge between Bvs re in B-staged in

a solvent at le | RYS nDno'- atlon and a
§ 'ég t he DV‘ one ne and
| holl@g,olv-nt0|s e gure behavi or

DVS resin forme

precipitating the de Led;0 in an”al

in the rubbery state just after gellation and before vitrification. G or

the shear storage YRRIA 85 inEPRERRCSERDIRY thPiAL}OFIRE fRETMEE B- st aged DVS

resin at QU|vaIent cur condltlons The rate of increase in G during the
h

rubbery phdse may b par a plat neter. At a cure
e rubb phase us beyond gel ation, G
he ra @@§ta descandi s ;gexponenti al

tenperature of 190[e

i ncreases exponential I'y”

increase in G is 0.011 sec[err] orgr eater for neat B—staged DVS resins
whereas it is 0.009 sec[err# pr lessofor DVS resins B-staged at an initial
concentration of 30 percent ess_RBVS nonongr. A suitable nmethod for
measuring & is set out i e SR The partially

pol yneri zed DVS resin of veqlio on, for e y the process of the

i nvention, may be incormggfated ?nt-.@//hd¥ocu abkg forpul ation. Said
formul ati on may

=

where 320, R21, R22, R23 are separately and

20 independently H, OCH3, and -N(CyHs)p,
25
30
35
-14-
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i ncl ude one or nore photosensitive agents, one or nore photosensitizers,
and ot her adjuvants such as anti oxidants, fillers, adhesion agents, dyes,
ot her® nononers or oligoners, polynmeriza- tion accelerators or retarders.
Suitabl e agents to render the DVS resin of the invention photocurable and
processes for photocuring said resin are disclosed in U S. Patent
Application Serial No. 805,395 filed Decenber 10, 1991; PCTApplication No.
92/ 10,649, filed Decenber 10, 1992; Moyer etal. Proceedings, |EPS, Austin,
1992, p. 37; Rutter et al. Proceedings, |SHMIEPS, Denver, April 1992, p.
394; and Moyer et al. Proceedi ngs, MRS, Boston. Sui t abl e
phot osensitive agents enployable to nmake the resin of the invention

phot ocurabl e are those which have an absorp{ion nmaxi mum near the

wavel engt hs of the photon source bei ng usedland affect benzocycl obutene
phot ocuri ng. Wien a photosensitize /gfliL\gr

8 o« A

Q (e}
5 (CpHs)2 ,

wnere Ar is represented by the following formulae:

T U "y <0
U ]
L] N(CH3)2 @' and R

14

0
]
IO%
~o \O/O

10

{C Hg) 2N . and
15
~ N / ~ ~
N 18] o 0 N
20
More preferred photosensitizers are represented by the following formulae:
25
30
35
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is used jn conjunction with a photosensitive agent, suitable photosensitive
agent s are those capabl e of accepting energy fromthe photosensitizer.
Preferred photosensitive agents include azides, bisnaleimdes, acrylates,
acetyl enes, isocyanates, conjugated aromatic ketones, and

benzophenone- cont ai ni ng pol ymers. The nost preferred
group of photosensitive agents is the azides. The azi des enpl oyed in
preparing the polyners of this invention correspond to the fornul a

[err] wher ei n Qis an x-valent organic noiety,
and Is an integer of 2 or nore.

Exanpl es of suitable a2|d as mell as their synthesis and properties are
descri bed i n 2 , Reactivity and Utility." Acadenic
Press, 1984; "Az Anln s om Gignard Reagents and Tosyl Azide"
Smth et al.cqy ' 969) "Encycl opedi a of Pol yner
Sci ehce and En |neer|ng "2nd Ed|t|on SFune 11, 186-212; Yang et al .,
Proc. SPI E—3I,frcéSMnyImlleﬁgnqthdﬁﬁcqumamnRem st Technol .), 117- 26, 1984;
Wl f et al., J. El ectrochem Soc., 131(7), 1664-70, 1984; Tsunoda et
al ., Photograffhi c Sci ence @nd Engi neering, 17,390, (1973); Journal of
Phot ogr aphi ¢ Sci ence 29, 8, (1976); "Organic Conmpounds with

Ni t rogen-Nitrog Ron Co., New York, NY, 1966; Boyeret al.,

Chen¥® Rev., 54, Japangse Patent Nurber 101279240-A; U. S. Paten}s

4, 565, 767;(C,Hs) 28, 294 D0 40 58 97%; ﬁnga&gropean Pat ent Applications
90300546. 0, 84112698. 0, 84300837. 6 3810156. 6.
343'-carbonyl bis{T7-diethylaminocoumarin}.

5 In some applications, the photosensitive agant may act as a photosensitizer. For

example, BAC-M may act as a photosensitizer for the diazido-sulfones and diazido-sulfides.
Preferably, the optional photosensitizer is employed at a weight percent range of

less than 5, more preferably at a weight percent range of less than 3, and most preferably at

.001 to 2 weight percent.

20 The photosensitive agent can be dissolved in the partially polymerized DVS
resin/solvent system by conventional means such as agitation, sonication and heating. All
manipuiations of the DVS resin/photosensitive agent mixture are preferably performedina
darkened environment to prevent premature initiation of the photosensitive reaction by
photon radiation. One means of providing a suitable environment is by using working space

25 equipped with amber filtered (yeliow} lights which filter out wavelengths of tess than 500 nm.

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
formulated as a spray- or spin-on solution which is applied immedi atefy before applying the
DVS resin-containing formulation. Alternatively, the adhesion promaoter is added to the

30 DVS resin/photocrosslinking agent formutation.

The adhesion promoter is designed such that one end of the motecule either
covalently attaches or adsorbs to the metal, metal oxide, or ceramic substrate surface, while the
second end of the mojecule reacts with the DVS resin polymer matrix. Suitable adhesion
promoters include trialkoxyvinylsilanes and trialkoxyvinylsilyl benzocyclobutanes. The
preparation and properties of trialkoxyvinylsityl benzocyclobutanes are described in U. S.

3 Patents 4,831,172 and 5,002,808.

More preferred adhesion promoters include 3-aminopropyl triethoxysilane,

tnmethoxyvinylsilane, triethoxyvinylisilane, trimethoxyvinyisilyl benzocyciobutanes, and

-16-
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Preferred azides are aronatic bisazi des sone exanpl es of which are

represented,

by the foll ow ng fornulae: [err]

N3 2, 6-bi s[ 3-(4-azi dophenyl)-2-propenylidene] cycl ohexanone

10

15

20

25

30

35

triethoxyvinylsilyl benzacyclobutanes. The most preferred adhesion promoter is
3-methacryioxypropyl trimethoxysilane (CAS-02530-85-0).

Suitable substrates are comprised of silicon, alumina, teramic matenials such as
aluminum nitride, glasses, cofired ceramics, copper sheet, printed circuit boards, polycrystaliine
diamond films, GaAs that is, X1iI-XV semiconductors, silicon nitride fitms, glass ceramic and high
temperature polymer films such as polyimides and polybenzazoles. More preferred substrates
are comprised of alumina and sificon. The most preferred substrate is silicon.

The DVS resin-containing formulations are applied from solutions containing 3 to
70 weight percent solids. The solids content and molecular weight of the DVS resin-containing
formulation determine the viscosity of the spray- or spin-on solution. Spin time and speed are
used to control fifm quality and thickness at a particuiar formulation viscosity. Details of

substrate coating with benzocyciobutane films can be found in the journal of Efectronic

Materials, Vol. 19, No. 12, 1990.
In a preferred process wherein the DVS resin formulation has a viscosity of

1100 £ 50 ¢St at 25°C, one may spin-coat the DVS resin formulation at 68°F to 70°F at a relative
humidity of 45 to 55 percent with a spread of ten seconds at 500 rpm and a spin of 30 seconds
at 2800 rpm. This generally yields a coating of 10 to 12 microns thick. A stream of xylene may
be directed at the back of the substrate being coated to avoid dried resin (cotton candy) from
adhering to the edges of the substrate.

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 the flow of the polymer film, increases the film’s adhesion to the substrate, and
hardens the film for more convenient handling during processing; for exampie, to prevent
adhesion to a mask when printing in a hard contact mode.

The softbake may be performed in a convection oven, belt oven or on a hot plate.
A preferred softbake temperature is one sufficient to remove residual solvent, provide stress
relaxation which requires a temperature above the polymer’s glass transition temperature, but
jow enough to avoid oxidizing or thermal curing of the resin and which ailows the resin to flow
sufficiently to promote planarization. The preferred softbake temperature will vary depending
in part on the components of the DVS resin-containing formutation. A more preferred
softbake temperature ranges from 70°C to 120°C. The most preferred softbake temperature is
75°C. The softbake is time temperature dependent, The higher the temperature, the less time
is needed to softbake. One minute on a hot piate at 120°C may achieve the same result as 20 to
30 minutesin an oven at 80°C. When using BAC-M it is preferred to softbake at 75°C 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 curing of the resin
components. The preferred softbake time will vary depending in part on the components of
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[err] 2, 6- bi s[ 3-(4-azi dophenyl ) - 2- propenyl i dene] - 4- net hyl cycl ohexanone

[err]

the DVS resin-containing formulation. A more preferred softbake time ranges from 15 seconds
10 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
raximize throughput, the minimum time would be optimal.

Suitable softbake atmospheres include a vacuum, air, nitrogen, argon, and
helium. Nitrogen is the most preferred atmosphere,

Exposure time is dependent upon the photon source being used. Selective
removal of various components of a high pressure mercury photon source may provide superior
film performance. Suitable photon sources include those for which a suitable photosensitive
agent exists that can absorb that photon source’s wavelengths of energy. Preferred photon
sources include visible light, ultraviolet light, X-rays, ana electron beams. More preferred
photon sources include ultraviolet and visibie light. The mostpreferred pﬁoton sourceisa
super high pressure mercury arc. The dose varies depending on the film thickness and the type
of phowsensitive agent used. For a 10 micron thick film, suitable dose at the i-line (365 nm} is

10

5 30010 800 mifcm?.
One may pattern the light striking the DVS resin formulation film by passing it

through a mask in projection, proximity or soft contact mode in a conventional manner.
Following photon exposure, a softbake cycle may be employed. Thiscycle
" increases the reaction rate of long-lived photochemically generated intermediates. These

20 intermediates have intreased mobility during this cycle and thus may migrate and find a

reaciant species,
An alternative means of increasing the mobiiity of these reactive intermediates is

heating during photon exposure. Such a procedure may increase the photosensitive agent’s
sensitivity.

Once photon exposure is compiete, the film is solvent developed. Solvent
development comprises removing, using a solubilizing solvent, the material that has not been
exposed to photon radiation and thus not photocured. Dissolution involves two steps. The first
is solvent penetration which converts the glassy polymer to a swollen network. The second step
involves extracting low molecular weight oligomers from the gei at the solution interface.

30 Suitable developing solvents are those which selectively dissolve the nonphoton-
exposed film component while minimizing swelling of the photon exposed film. Suitabie
solvents for unexposed DVS resin films include hydrocarbons such as Stoddard solvent, xylene,
mesitylene and toluene, 2-methoxyethyl ether (diglyme), C-C,, butyric esters such as ethyl
butyrate .and n-butyl butyrate, dipropylene giycol dimethyl ether (Proglyde™ DMM solvent),
N-methyl pyrrolidone (NMP), mixtures of NMP and 2-hydroxyethyl 2-pyroliidone and a
Stoddard/methanof mixture. Stoddard soivent as used herein is defined at page 1095,
“Hawley's Condensed Chemical Dictionary,” 11th Edition, Van Nostrand Reinhold Company,

New York, 1987.
-18-
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The most preferred solvents for DVS resin film systems are Stoddard solvent and
Proglyde™ DMMWI dipropylene glycol dimethyl ether. Stoddard solvent gives better film
retentions but is slow to dissolve the unexposed DVS resin and has a iow flash point. Progiyde™
DMM dipropyiene giycol dimethyl ether gives fower film retentions but has a higher flash point
and may be iess toxic than, for example, diglyme. N-butyl butyrate is a good choice for films
less than 8 microns thick, but tends to cause crazing in thicker films. The choice of deveiopment
solvent will to some extent be governed by the users choices between these attributes.

Preferred solvent development methads inciude spray, puddie or immersion
techniques. Spray development is a preferred technique due to its amenability to large scale
productiSn. One preferred technique is puddling solvent on the wafer, allowingitto
penetrate for a period of time which can be determined by experiment. Then the wafer is spun
at a high speed to remove the solvent and penetrated film. Preferred development methods
may depend on the sofvent. Diglyme is preferably puddied.

For the preferred formuiation for a 10 micron thick film, one may puddie
Stoddard'’s solvent at 68°F for 2 minutes and then rinse for 20 seconds while spinning at 500
rpm,

One may use the preferred DVS resin made from DVS monomer made using the
exemplified monomer synthesis metﬁod, which is then sofvent B-staged using the exemplified
procedure, with an initial concentration of 25 percent solids, to achieve an Mw of from 140,000
to 150,000. One may make coatings on the order of 5 to 7 microns thick using such a resin
formutated with 3 weight percent BAC-M and 1 percent AgeRite® MA based on the DVS resin.
This is then dijuted with additionat mesitylene to a viscosity of 350 17 ¢St at 25°C {about 40
percent DVS resin). One may make coatings on the order of 8 to 10 microns thick usingsuch a
resin formulated with 2 weight percent BAC-M, 0.75 weight percent 3,3'-diazidopheny! sulfone
and 0.75 weight percent AgeRite® MA based on the DV5 resin. Thisis then broughttoa
viscosity of 1100 £ 50 ¢St at 25°C with mesitylene (about 47 percent DVS resin). One may make
coatings on the order of 20 microns or more thick using such a resin formulated with { weight
percent BAC-M, 0.9 weight percent 3,3"-diazidophenyl! sulfone and either 0.75 or 1 weight
percent AgeRite® MA_

To make 20 plus micron thick films, the spin speed must be iowered to, for
exampie, 850 rpm for low viscosity solutions or one may increase the viscosity and spin at higher
speeds. In any of these options, portions of the resin are photocured with 365 nm wavelength
light for 600 to 1000 mifcm?®. A Proglyde™ DMM developrnent solvent is puddled on the wafer
for at least 90 seconds before being spun off. Forthe 5 micron coating, either Stoddard solvent
or n-butyl butyrate is an effective solvent. For the 10 and 20 micron coatings, Stoddard solvent

is preferred.
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The solvent developed film may be post-baked to remove solvent. The post-bake
may include elevation of the temperature to 120°C to 140°C for 0.5 to 2 minutes. Preferably,
the 10 micron film may be post-baked on a hot plate in air at 100°C for 1 minute.

One may optically inspect the device before any additional curing is carried out.
DVS resins fluoresce at near UV wavelengths. This property may be used advantageously for

optical inspection.

Fluorescent optical inspection may be carried out by illuminating a part witha
specific wavelength of light and inspecting the part at a different wavelength. The
illuminating wavelength is filtered from the lightreflected to the detector. A simplified
embodiment comprises a mercury lamp which illuminates the part at a near UV wavelength.
The reflected light is detected with a stereoscope and a camera. The part is placed in the field
of view of the stereoscape and the partis illuminated with the [amp from the side. The crown
glass optics of the stereoscope filter out the reflected UV light from the iamp, but aliow the
ionger wavelength fluorescent light from the part to be observed. The camera may be used 10

register the reflected light.

One may use conventional commercially available optical inspection devices for

such optical inspection. Typically these devices use a bright line source, a broad band pass filter

and some form of machine vision. The source of illumination may be a faser or atomicline
emission source. The use of a line source efiminates the need to prefilter the light to get only
the wavelength of interest. The emussion filter system is chosen to block only the illuminating
light wavelengths, while allowing fluorescent light of any wavelength to pass to the detector.
The detector may be an array type 5o that computer logic can be applied to pass or reject parts.
Preferably the illuminating and fiucrescent light wavelengths are both in the

near UV. Preferred illuminating wavelengths are 337.5, 356.4 or 408 nm of a Kr* laser; 351.1or
383.8 of an Ar* laser; 325 or 442 nm of a HefCd laser or 254 or 365 nm of a mercury vapor lamp.

Fluorescent illumination provides an advantage in that one may illuminate with

one wavelength and detect at a different wavelength of fight. Laser fluorescence more easily

distinguishes between resin and inclusions such as metal circuitry which does not fluoresce. If
the incident and reflected light have the same wavelength, the only parameter distinguishing
portions of the articie being seen is the reflectance. Reflectance of metal inclusions may vary

depending on the amount of oxide on the surface.

With automated optical inspection, the article to be inspected is illuminated by a
light source and the relected light is detected by a camera which can convert the image to a

d.gital format.

U.S. Patent 4,152,723 provides a detailed description of an optical inspection
method for circuit boards. A beam of light energy scans, in a predetermined pattern, a surface
of the board comprising a pattern of metallic conductors disposed on an insuiating substrate.
The beam has an energy {evel high enough to excite detectable fluorescence in the DVS resin.

-20-
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The fluorescence is selectably detected by means sensitive 1o the wavelength of the
fluorescence and is converted to a binary signal which indicates whether the beam isincident
on the fluorescing substrate or on the non-fluorescing metaliic conductz;rs. The binary signat is
then synchronized with the scanning of the beam such that a binary image representation of
the board’s surface is generated.

image processing options expand the ability to detect and identify defects inthin
films. A digital system may be use to compare a desired image, generated using a CAD image
or an actual functioning (golden device} with the device being inspected. The system may be
programmed to show only the differences between the two images and to distinguish
between the types of defects. Films could be rejected automatically based on the number of
areas with too little or too much resin.

With a Fourier transform of the difference between the two images, the type of
defect could be identified. For more sensitive processing than differentiation, the Fourier
transformed image can be examined for spatial frequencies characteristic of defects. After
filtering the transform for defects of interest, an inverse transform would consist of an image
of only the defects.

if optical inspection detects defects in the top layer of resin, it may be stripped
from the device with an appropriate sclvent. This increases ultimate yield of devices. Suitable
stripping solvents are those which dissolve the photocured top layer of resin, but do not disturb
underlying structures. Suitable stripping solvents include tetrahydrofuran and
2,(3)(tetrahydrofurfuryloxy) tetrahydropyran. A defective photocured DVS resin formulation
film may be removed by sonicating it at 75°C for 20 minutes in a NMP based stripper such as
Shipiey 1165 stripper. In some cases xylenes may be used as a stripper.

At this point in the process, for example, after passing optical inspection, the
patterned thin film may have additional microcircuitry and photodefined dielectric layers
apptlied to it or it can be further thermally cured.

Procedures for preparing multilayer interconnect units or muitichip modules are
disclosed in the following references: J.J. Reche, “Fabrication of Hiah Densitv Multichip
Modules,” IEEE/CMT 1983 IEMT Symposium, p. 104; T. Tessier et al., “"Process Considerations in
Fabricating Thin Film MCM’s,” IEPS, 1988, p. 294; S. F. Hahn et al., "The Fabrication and
Properties of Thermoset Films Derived from Bisbenzocyciobutene for Multilayer
Applications, “Proceedinas of the ACS Division of Poivmeric Materials: Science and Engineering,
59, 190, 1988; P. H. Townsend et al., “The Processing and Properties of Multifayer
Interconnection Structures Using Thermoset Films Derived From Bisbenzocyclobutene,”
Proceedinas of the Materials Research Society, p. 47, 1989; 1. Reche et al., “High Density
Multichip Modute Fabrication,” The internationat Journal for Hybrid Microelectronics, Vol.' 13.
No. 4, 1390. Additional information on preparing multichip modules may be found in

«2%-
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“Benzocyclobutene Processing Guide For Multilayer interconnect Fabrication {Multichip
Modules),” The Dow Chemical Company, Midland, Michigan, 1991.

After being developed and spun dry, or post-baked, the remaining resin may be
cured under a nitrogen atmosphere, using one of the foilowing scheduies;

for a soft cured film on which additional metal or polymer layers will be formed,
one may heat at 210°C for 40 minutes,

For a hard or finaily cured fiim, one may heat according to the foliowing
schedule:

50°C for 5 minutes

ramp from 50°C to 100°C over 15 minutes =
100°C for 15 minutes

ramp from 100°C to 150°C over 15 minutes

150°C for 60 minutes

ramp from 150°C to 250°C over 60 minutes

250°C for 1 minute

20°C continuousty.

The preferred 10 micron thick film may be fully cured at 250°C for 60 minutes.

One may also cure the resin film in an infrared belt furnace. A suitable furnace
and procedure are disclosed in P, E. Garrou et al., Rapid Thermal Cure of BCB Dielectrics,
Proceedings ECTC, San Diego, May 1992, pp. 770-776. A Radiant Technology Corporation
Model No, LA-306 infrared beit oven may be used with a nitrogen atmosphere. A soft cure may
be obtained with a 1.5 minute residence at 260°C. A hard cure may be obtained with a 30
second residence at 280°C. '

After curing the individual iayers of DVS resin formulation, one may remove any
scum remaining in the interconnect vias by exposing the coated substrate to an O,/CF, {30/10)
plasma at 300 watts, 200 mTorr for 30 seconds. The need for this may vary depending on the
size and shape of the vias and the amount of scum remaining.

For making a patterned cured resin film the following is recommended. The
exemplified DVS monomer is B-staged at a 25 weight percent solid in mesitylene for 46 hours at
165°C and for sufficient time at 145°C to obtain a viscosity of 4.4 cp at 145°C {or 35 ¢St at 25°C)
which should be equivalent to an Mw of 140,000 plus or minus 18,000. The DVS resin is
concentrated by vacuum stripping to 52 weight percent solids (viscosity 4,000 ¢p at 25°C). The
DVS resin is formulated by adding 2 weight percent BAC-M, 0.75 weight percent
3,3'-diazidophenyl suifone and 0.75 weight percent AgeRite MA antioxidant and diluting with
mesityiene to a viscosity of 1100 £ 50 cStat 25°C.

This formulation may be spin coated on to Si0,, an underlying partially thermally
cured DVS resin formulation or copper on a substrate to form a 10 micron thick, patterned,
cured, final film. Spin-coat at 68 to -70°F and 45 10 55 percent relative humidity. Spread for 10
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seconds at 500 rpm and spin for 30 seconds at 2800 rpm. Rinse the backside with xylene to
prevent farmation of cotton candy adhering to the edges of the substrate during spinning.

Prebake at 75°C for 20 minutes. Photo expose through a mask with a super high
pressure mercury arc, i-line {365nm) at a dose of 300 to 600 mlicm?. Form a puddle of
Stoddard’s solvent at 68°F for 2 minutes and then rinse for 20 seconds whife spinning at 500
rpm.

Remove residual developing solvent by post baking at 100°C for 1 minute and
then cure. Soft cure at 210°C for 40 minutes in N, if you want to add additional tayers. Hard
cure at 250°C for 60 minutesin N, for a final cure. Descum any vias which need it by exposing
the coated substrate to an O,/CF, (90/10) plasma at 300 watts, 200 mTorr for 30 seconds.

This should yield a 10 micron thick patterned film.

The following examples are given to i{lustrate the invention and shouid not be
interpreted as limiting itin any way. Unless stated otherwise, all parts and percentages are
given by weight. All weight percents stated are relative to the weight of the resin presentin
the system, exciuding the solvent and other additives unless otherwise noted. In examples
where a resin is partially polymerized in a solvent, the percent resin solids are based on the
weight of resin divided by the weight of resin plus solvent, multiplied by one hundred to obtain
percent,

Uniess otherwise noted, molecular weights given are apparent molecular weights
obtained by size exciusion 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.

Procedure A: Preparation of a Bisbenzocyclobutene Monomer represented by the
formuia:
CH CH
©,, 5
Si~0-8i :
. CH:CH/!L ' \CH=CH (Vi)
CH3 CH3

The following reagents are used:

726g 3-bramobenzocyclobutene {3.97 mol)

36949 1.3-divinyl-1,1,3,3-tetramethyldisiloxane, {1.98 mol)
113449 potassium acetate (11.56 mol}

030¢g pailadium acetate

488g tri-{o-tolyf)phosphine

1090 mL N,N-dimethylformamide

-23-
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More preferred azides are highly conjugated aromati c bi sazi des such as

BAC- M or 2, 6-bi s(3-(4-azi dophenyl)-2-propenylidene]-4-nethyl cycl ohexanone.
The nost preferred azide is determ ned by the wavel engths of the photon
source

545mt deionized water

Water is charged to the reactor and stirred. Potassium acetate is ¢charged to the
reactor and stirred until dissoived. N,N-dimethylformamide is charged to the reactor, followed
by 3-bromobenzocyciobutene, 1,3-divinyl-1,1,3,3-tetramethyldisiloxane, palladium acetate and
tri-{o-tolyl)phosphine. The resuiting mixture is purged with a stream of nitrogen for 30
minytes. The reaction mixture is heated to 93°C for 25 hours, at which time gas
chromatographic analysis indicates that the reaction is complete.

The contents of the reactor are cooled to 60°C and stirring is stopped. The
reaction mixture is diluted with 1000 mL of deionized water. After phase separation has
10 occurred, the water layer is removed and discarded.

The organic layer is diluted with 750 mL ot isopar G® hydrocarbon solvent. The
organic phase is washed with 2500-mL portions of deionized water until the aqueous wash is
neutral.

The organic phase is stirred during the addition of 2.9 g (0.032 mol) of tert-butyl
hydroperoxide. The mixture is stirred at 60°C for about 4 hours and then cooled to room

15
temperature. A filter is prepared by packing a column of suitable size with 400 g of silica gel
and 90 g of magnesium sulfate, on top of a 5 micron filter. The organic solution is passed
through the column and the column is washed with 500 mL of Isopar G® hydrocarbon soivent.
The crude product is purified using a short-path distillation apparatus. Two
20 Ppasses are performed. Inthe first pass, crude product is degassed and isopar® G hydrocarbon
solvent and other volatiles are removed overhead at 110°C to 130°C and 4-25 mm Hg. inthe
second pass, at a temperature of 160°C and a pressure of 0.001 mm Hg the DVS monomer is
removed overhead as the purified product leaving a tar fraction as a bottom stream.
inorganic impurity content at various points of the purification procedure are:
25 TABLE
. . Crude Filtered Distilied
Inorganic Specie
ppm ppm ppm
30 Br 159 10 : 1.9
| 3 7 . 33
P 600 100 <0.3
K <0.3 <0.3
35 .
Na <0.2 <0.2
-24.
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enpl oyed. One chooses an azide which has an absorption maxi num near the
wavel engt hs of the photon source being used, or if a photosensitizer is
bei ng used in conjunction with the photosensitive agent one chooses an
azide that wll accept energy fromthe photosensitizer. Solubility of the
azide in the systembeing used is also a consideration. A suitable

phot osensitive agent forthe DVS resin of the invention isa

2, 6- bi s(4-azi dobenzyl i dene) - 4- al kyl cycl ohexanone such as :
2, 6- bi s(4-azi dobenzyl i dene) - 4- met hyl cycl ohexanone (hereinafter, BACGM or

2, 6-Bi s(4-azi dobenzyll dene) - dals AL AU X 400N ecvoni soptcavery  ANOL T

factor beari ng on th a2| ness of the | ayer
of DVS resin WHOB&TE EaMEAn. BAC- M absorbs | i ght at 365 nm BAG-Mis a

good choi ce fAmxeduteiBn Chazareriztienad Avseiesisbyri crons or | ess. I n thicker |ayers
such as 10 microns, edtaam®y W sh to use BAC-Min conjunction wth another

g'ZIS dggl ?ﬁctfﬂgte 302,8 i ﬁ%ﬁgg Dt ﬁy@hraa swyeét.@m&tafavs rEsrneatfn bgesecond bis
3, 3" - di azi doptRERY Wétgﬁ'e“rﬂmfwz Tﬁ@fpoov?’&e"\é tﬂ%bﬁ?é%‘)‘% °|5ﬂ‘éaﬁ‘</’7’ﬁm propane or

2, 2- bi s[ 4- ( 3-ratipliopreerizsddy Braged §1i¢ss thenR8 waight pﬁrmnéwb#sefoeﬁfrtwasr’%fe%m des for
use in conj Unkdis pariaNly bdlyntbAited|baaveh @ whoutl b ialles uamyldeul Srieipraeeies.

ﬁ/b gt dlr ;Zle??ggepgl eh p&;sty%e&naar@as ﬁ.LAh{,é:ssaz.hmma%ﬁ%yah mgaaéﬂéb_ﬁelgh?r; opane.
use t IElese # ﬁéaft'clgfr’se’a E‘f’%"é%p"l'y\sﬁ%fgg% p@/&%’ rﬁﬂep gsrs) TR LR er hany12

M crons. Preftetiehstpheph@nF-ph QYSzesin eresentration gansarg '53‘5“%1??&2"‘1‘ E&pAneYF sul f one,

4,4" or 3,3 -modbnter.idd@pingity meityeae 3nd 2redpibitisd dhidndnateziigdepib@fraciyn by

phenyl | pr opangsifya ngm %Tvbata[cﬁas(b&am I THOREGIROX Yo hiri e M bhim P QPR G mddFr €

preferr ed bl aZI E‘!ogeGSh mLofﬁ-ZF ﬂ'n%?amﬁwyio b§¥&t£9§§dsu%§ssaiv% @z dophenyl

et her or Sﬂ eno referred is

3, 3' - di azi tﬁoﬁ'ﬁ%ﬁ‘?‘l‘e ‘P"P’Eﬁ’ﬂﬁe'ynmg' bl onsoids, ’W@edlﬁ?/ PdEfn for mJI ation of the
i nvention nmay be phoiaovieseefilterd pirgwirides whtdiiyrhpicoo tesod. Dv@mpiesiwither of t he
I nventi on. nominal Mw of less than 100,000, a 25 mm GelmanAcnodiécsyringe fitter (CR-PTFE), 0.2 micron

pores is used. For sampies with a nominal Mw of greater than 100,000, a 25 mm Anatop
Disposable syringe filter and 0.02 micron poresis used. The smaller filter removes microgels
20 which are present in the higher molecular weight DVS resins. Filtering through 0.02 micron
filters is difficult. Considerabie force may be needed to filter the higher molecular weight
samples and precautions against breakage of the filters should be taken. One may use limited
volume inserts in autosampier vials to limit the amount of sampie needed.
Nominally, 75 microliters of the sampies were injected into 3 Polymer
25 Laboratories PL gel SEC columns connected in series. The first 2 are PL 10 um Mixed-B columns
and the third is a PL 5 gm Mixed-C cotumn. The columns are run at an ambient temperature
with a 1 mL/min. flow rate of Fisher HPLC Grade THF sparged continuously with helium for
degassing.
Seventy-five pl samples were injected with a Waters WISP 712 autosampier, Low
3¢ angle laser light scattering is performed with a Chromatix KMX-6 from Thermo-Separations,
inc. at a2 wavelength of 632.8 nm. The differential refractive index is measured by a Waters 410
Differential Refractive index detector. The data is collected on an IBM PC using Polymer
Laboratories Calibre V5.0 software. '
The overall concentration of the DVS resin is calculated by measuring the area
35 wunder the refractive index detectorpeaks and comparing it with the area under the refractive
index detectorpeak of the standard made from dry DVS resin. The LALLS is used to measure the
excess Rayleigh factor which is the difference between the Rayieigh factor for the polymer
fraction eluting and the Rayleigh factor for the pure solvent. From this and the concentration

.25-

Sheet Has Been Reﬂlaced

AR



The ampbunts of DVS resin and photosensitive agent enployed in preparing the
phot ocured pol yners of this invention can vary. Suitable anbunts are those
whi ch contain DVS resin as the major conponent and provi de a photocurable

m xture from whi ch photocured organic-insol uble polymers can be prepared by
exposure to photons. A sui tabl e ambunt of photosensitive agent
I's that which provides sufficient curing in the photon-exposed portion of
the forrmulation to render it insoluble in the devel opi ng solvent. A
preferred wei ght percent range of photosensitive agent (BACGM is 0.1 to 20
based on the sum of the weights of the individual photosensitive agents and
t he DVS resi Af thefraginnaiufinadriermined byjatagtreoyueiastie ind gt O8RSt osensi ti ve
agent is 1 tcidiseThebsostimopedr oripiedoragivaindterpion raeor thesargge. of phot osensi ti ve
agent is 1 to 4. A pgedepiledeibiite ReCaRatd ANIR cOimds BAudAMS the

L3 resin i 830l Rids RZS ot PSind MhRl pdyaGreMELH M SonPhiviie

phot osensitive ge
5 1683 inTHF at 25°C, Rq (in angstroms) is 21.574 + 9.224e-4 x MW-7.256e-10 x Mw? + 2.2795e-

-17 x MW°, For the purposes of defining this invention, one correiates retention time with Rg
based on the polystyrene standard for the columns. Based on this, one can read off the Rg for
the DVS resin sample at 160,000 absotute molecular weight.

Exemplary vaiues for Rg for various DVS resins are set out in TABLE [} wherein the

1p Ragis determined for absolute molecular weight of 160,000.

TABLEH
B-staging .
Concentrat Apparent Mw of Rg
1s ion Total Sample {Angstroms)
(wt})
“100 25,000 94£0.7
100 40,600 ) 94%1.3
30 126,000 83
20 25 134,000 86
24 133,000 86
20 119,000 86 1.1
*Not an example of the invention
25

Procedure C: Characterization of DVS Resins by DMS
The DVS resins of the invention may also be distinguished from neat B-staged DVS

resins by dynamic mechanical spectroscopy. Dynamic mechanical specu:oscopy and its use to
characterize polymers is generally described in J. D. Ferry, Viscoelastic Properties of Polymers,

30 3rd Ed. Discs of solid resin are cured isothermally at 190°C. The increase of G’ and the shear
storage modulus, in the rubbery phase is determined. The rate of increase for DVS resins
B-staged in a solvent at a concentration of less than 30 percent is lower than the rate for a neat
B-staged DVS resin whether the lower molacular weight species are removed or not.

A Rheometrics, Inc. {Piscataway, NJ} Model RDS-IIE dynami¢ mechanical

35 spectrometer equipped with a mid-range force rebalance transducer and with an
environmental champer for elevated temperature operation or an equivalent may be used.

The dynamic shear storage modulus (G") is calculated as the ratio of the in-phase portion of the

stress to the strain.
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resin. A nore preferred wejght percent range of the DVS resin is 94 to 99.
The nost preferred wei ght percent range of the DVS resin is 96 to 99. For
phot osensitive agents which differ significantly in nolecular weight from
the BAC-M one may adjust the percent of photosensitive agent to correspond
to the nolar concentration given by the hereinbefore stated wei ght

pecent ages of the BACG-M In addition to the DVS resin and a
phot osensitive agent, some enbodi nents of this invention contain one or

nore optional conponents which rray be added to tai I or the i nvention's

characteristics. 9 ex ded to ncrease t he
[f the DVS ! t i svacuum 11 k¢ remo et entdo
formul ation's oxidati vVE's?% 6“1"'5'"”8“’" o PO EeE Ky ¥ Rer* L€ "t he cur ed

resin. Anti oxi d’&ﬁ'iag’B?f‘eﬁhéa'ﬁﬁ'éﬁ‘i%zﬁ“‘edé‘afltﬁ %‘-“?""T)‘HG Wfﬁéﬂ?”"%ﬂﬂ‘y am ne-type
may be enpl oyedacium strippig.i MwsBihindiametkdi n te?-Samzhidk rescompressibavecigrd & 8r 1 ed
anti oxi dants. thuée;zeib@%msws;t h\e@ﬂaiem%bﬂsﬂdea@éamdu&t%ﬁlukees are nore

gf gf er L?Sr g[“ ' gé {tﬁé%pﬁwge%%ge r?Pafg %rJegAgmu Qageﬁe%qsd thgmon%gggi ggd .

Thi's antioxi datgpde 8"‘%?7‘3?’1’%‘151 Féf"‘eag hegyends °f°§fd ﬁ%"rth?pr ’E*ﬁ%" ’I"d?’ﬁ‘iﬂ"‘a contact [ arr]

H with the sample. The plate gap is then adjusted to the original sampie thickness minus

0.1 mm to ensure good contact.
_ The apparatus is started and measurements are taken every 30 seconds. Initiatly,

10 the strain signal has angular frequency of 10 radians per secorid and strain amplitude of 10
percent. After 10to 11 minutes, the frequency is reduced to 1 radian per second for the
duration of the test. Because G’ increases by many orders of magnitude during cure, it is also
necessary to reduce the strain periodically to keep the torque signal in an acceptable range.

This isothermal cure test yields data for G' as a function of cure time. Since cure

15 temperature is not exactly reproducible, one may calculate the changes in fractionat conversion
from the time and temperature data.

The change in fractional conversion since the start of the test, denoted by the
symbol Ap, is estimated from the cure test data using equations based on previous studies that
have established the effective rate for the pseudo-first-order cure reaction of DVS monomer as

20 setoutinR. A. Kirchhoff and K. J. Bruza, “Progress in Polymer Science,” Vol. 18, pp. 85-185,
1993. The change in fractional conversion is:

Ap = p-p,
where p, and p denote the fractional conversions at the start of the test and at some time into
the test, respectively. To astimate the fractional conversion (p) vs. cure time, the following

2s caiculationis made for each data point in succession:

P,., = 1-{(1-plexplk _ (&t _-t)I}
where the rate constant is estimated based on:

k., = (2.79 x 10®min"}exp{-19200/T }
where T, is the temperature in °K.

30 This transformation of cure time to fractional conversion starts from the initial
conversion p, which can be determined by SEC (residual monomer)} or DSC {residual exotherm).
Typical uncertainties in determining the initial conversion have a negligibie effect on the
change in fractional conversion. .

G' is then plotted against fractional conversion. For B-staged DVS resins G’

35 increasesin an approximately exponential fashion from just beyond gellation to a value of
about 20 kPa and the value shouid be most meaningful in this area. The datais fitted to the
functional form:

G’ = A-expla-Ap)
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wherein R is hydrogen, an electron withdrawi ng or el ectron donating group
and n is 0-6: Preferably Ris hydrogen, but it also can be any substituent
that does not interfere with the antioxidant activity of the conpound.
2,2,4-trinmethyl -1, 2-di hydroqui noline, wherein Ris hydrogen, is avail able
as AgeRite[err] MAfromR T. Vanderbilt as an oligonmer with a degree of
pol yneri zation of 3 or 4 (1is 1 or 2). Preferably, the
optional antioxidant is enployed at a wei ght percent range of le[err] than
8, nore preferably at a weight percent range of |less than 7, and nost
preferably at .00.11 ercent. ensitizer may
e added 1o MiEPBALESEwaAst wbERES Fitren gt et e i BRRPEROTE). The

synt hesi s andresteipreiPiat efs’ egring cfianggtin f@"@ﬂﬁ‘f‘l‘%ﬁ?‘°"§%ﬂisﬁ°f"92@r%ag%ﬁ%'sd| sclosed in
Specht et al resinslietveraehtzchs 500 to 300 IFor s@@nt BNtagedDVS pasins, WidB~ th@ihidial mpd@®?) ; Tsunoda
et al., Phot Qg.ahbidnis36 beRcGr RAM) BREHBAIoksSo. thempladPAiuesareetdtin U. S, Pat ent
4, 268, 603; aquLEHropean Pat ent

TABLE
B-staging
ot TIIM n

10 " *100 95,000 =55 76
*100 95,000 55 810
*100 95,000 55 739
*100 66,000 - 604
*100 74,000 58 933
? *100 43,500 i 515
27 161,000 50 208
27 161,000 .50 352
27 126,000 49 301
20 25 161,000 50 295
25 110,000 50 322
20 155,000 53 230
20 103,000 52 323
20 103,000 52 314

25

*Not an example of the invention

Exampies 1-10

Partial Polymerization in a Sofvent.

A three-necked flask is provided with an agitator, a reflux condenser,
30 thermocoupies attached to a temperature controller and a heating mantle operatively
connected to the temperature controfler. The DVS monomer made by the method set out
hereinbefore and mesitylene are added to the flask in the proportions stated wherein percent
DVS monomer is the initial weight percent DVS monomer in the total soiution,

The agitator is started. The flask is purged with nitrogen and a pad of nitrogen is

33 maintained over the reaction throughout its course. The reaction vessel is then heated to the
temperature stated for the time stated. When the reaction is completed, thereactantsare -

gither concentrated to 42 percent DVS resin in a rotary evaporator at approximately 90°C and
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14 Application 90300546.0. Suitable photosensitizers are those whose
absorption maxi numis near the wavel engths of the photon source enpl oyed.

Preferred photosensitizers are represented by the follow ng fornul ae:
0 0 [err] where Ar is represented

by the follow ng fornul ae: [err]

approximately 50 mm Hg pressure or diluted to 42 percent DVS resin with additiona!

mesitylene. .
The Mn and Mw are then measured by size exclusion chromatography (SEC).

Results are set outin TABLE V.

5 TABLE IV
;:rl:‘eat:t ?f:’r);!r: P;;z’:‘ xM1r103 XM;':) 5 Mw/Mn
Monomer {°C) {Hrs}

1* 5.0 167 145.8 10.0 135.0 13.5
10 2* 10.0 | 167 83.91 59 1370 232
3 15.0 167-145 725 4.0 144.0 36.0
4 20.0 167-145 65.84 33 140.0 424
5 25.0 167-145 60.2 2.7 125.0 46.3
3 6 32.0 167-150 40.82 2.2 112.0 53.2
7* 40.0 167-145 43.0 2.0 153.0 76.5
8* 50.0 . 187-145 41.0 1.6 34.0 213
20 g 65.0 167 23.22 1.4 240 17.1
10* 100.0 167 23.0 1.3 240 18.5

*Not an example of the invention

This data indicates that as the initial concentration of the monomer increases the
25 Mn tends to decrease when the polymerization is continued to a given Mw.
Examples 11-16
Additional samples are partiaily polymerized in the same manner at 167°C until
they reach an apparent Mw of 25,000. Weight percent monomer remaining is determined
based on total DVS monomer plus oligomer. Results are shown in TABLE v,

30

35
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where Rerr], Rerr], Rerr], Rerr] are separately and
I ndependentlyw H OCH err], and -N(C[err]JHerr])[err];
15

TABLEV
Initial .
Weight Polym. Mn Weight Percent
No. Time 3 Mw/Mn Monomer
Percent (Hrs) {x 109 Remaining
5 Monomer
11* 5.0 100 4.5 5.6 2.0
12* 10.0 68 33 7.6 30
0 13 20.0 36 2.3 10.9 6.0
14 30.0 28 1.7 14.7 8.0
15* 65.0 24 1.4 17.8 10.0
16* 100.0 24 1.3 19.2 12.0
15 *Not an example of the invention

The data indicate that, for a given Mw, the Mn decreases as the initial
concentration of monomer in the solvent increases and that this is at least partly because the
weight percent monomer remaining is higher. The ratic of Mw/Mn may be called the

20 polydispersity, roughly meaning the breadth of the molecular weight range. The data show
that as the initial percent monomer solids in the soivent increases, the polydispersity, or
Mw/Mn increases, for a given Mw.

Examples 16-42

Additional samples are polymerized to different Mw at given initial monomer

25 concentrations.

The DVS resin solution is then diluted to achieve a viscosity of 300 cps, for
example. For obtaining thicker films, such as 20 microns, one may use a solution with a viscosity
of 800 ¢ps. The solution is filtered through a 5 micron filter in a class 1000 ciean room. Three
weight percent, based on the DVS resin present, 2,6-di(4-azidobenzylidene)

30 4-methylcyclohexanone {BAC-M) is added to the solution of DVS resin.

Bare silicon wafers are plasma oxygen cieaned and dipped in deionized water
followed by a spin rinse dry cycle in a rotating spin dryer. The substrate is then coated witha .5
percent aqueous solution of 3-aminapropyltriethoxysilane to promote adhesion. The DVS resin
solution was then spin coated onto silicon substrates using approximately 3 mi of solution, a

35 spread cycie of 500 rpm for 10 seconds and a spin cycie of 500 rpm for 30 seconds. The coated
waters are then prebaked in a nitrogen blanketed oven at 80°C for 30 minutes. The films on

-30-
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[err]
[err]

where Ar is represented by the foll ow ng fornmul ae:

wn

10

20

25

30

35

the substrates are exposed to 125 to 1000 mj/cm® of 350 to 450 nm wavelength light through a
quartz photomask in the hard contact mode using an Oriel mask aligner.

The latent image is developed using a development solvent which washes away
the unexposed portions of the film. Typicat solvents are 2-methoxyethyl ether (digiyme), n-
buty! butyrate, Proglyde™ DMWM, dipropyiene glycoi dimethyl ether, or Stoddard solvent. For
Examples 23, 25, 26, 30-33, and 35-39, the development solvent is 2-methoxyethyl ether,
diglyme. For Examples 24, 27-29, 34 and 40 the development solvent is n-butyl butyrate.

The soivent may be puddied on the coated and exposed substrate foliowed by
spraying additional solvent onta the substrate while spinning at 500 rpm for 30 seconds. .
ln;mediateiy after solvent application is stopped, the spin speed is increased to 4000 to 5000
rpm for 30 seconds to dry the solvent off. Preferably, diglyme and Progiyde™ DMM solvent are
puddied and then spun off. Preferably, n-butyl butyrate is sprayed on during spinning.

The thickness of the films is determined by stylus profilometry. The films are
cured by heating them in nitrogen at 250°C for 1 hour. The thickness of the film is again
determined and the ratio of the thickness after hard cure to the thickness prior to solvent

development is expressed as percent film retention. Physical changes in the film are also noted.

i the film fails as by cracking or crazing, the experiment is terminated. Results are shownin

TABLE VL.
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More preferred phot
Vo p osensitizers are represented by the follow ng formlae:

' [err]
TABLE VI
Initial % Mn Mw Weight % Weight%  Percent Film
: Monomer  x 10° x 10°  Monomer Dimer Retention
i6* 5.0 6.1 38.0 Cracks
17* 5.0 8.1 60.0 Cracks
18* 5.0 | 9.2 88.0 Cracks
10 19* 10.0 5.9 137.0 17 1.9 Cracks i
20~ 10.0 56 102.0 Cracks
21 10.0 5.1 79.0 Cracks
15 22" 10.0 4.6 59.0 Cracks
23 12.0 3.9 57.0 33 2.6 76-81
24 12.0 4.6 108.0 2.7 2.2 74-79
25 15.0 3.2 53.0 4.2 3.6 57-69
2 26 15.0 3.7 97.0 35 " 3.1 77-82
27 15.0 3.9 109.0 33 3.1 72-78
28 15.0 4.0 144.0 3.2 2.8 78-82
25 29 15.0 4.0 197.0 76-85
*Not an example of the invention
30
35
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3,3 -carbonyl bis(7-methoxycoumarin) and [err]

3, 3" -carbonyl bis(7-diethylam nocounmarin). In sone
applications, the photosensitive agent may act as a photosensitizer. For
exanpl e, BAC-M may act as a photosensitizer for the diazido-sul fones and
di azi do-sul fi des. Preferably, the optional photosensitizer is
enpl oyed at a weight percent range of less than 5, nore preferably at a
wei ght percent range of |ess than 3, and nost preferably at .001 to 2

wei ght percent.

TABLE Vi {continued)

Initial % Mn Mw Weight% Weight%  Percent Film
5 Monomer  x 10° X108 \ronomer  Dimer Retention
30 20.0 - 28 68.0 4.6 4.4 66-72
N 20.0 30 90.0 4.5 4.2 72-78
32 200 3 140.0 4.0 38 74-79
10 3 200 33 1700 ot 39 76-83
34 25.0 2.1 188.0 68-74**
35 250 27 120.0 49 5.2 69-75
15 36 25.0 26 89.0 5.1 5.4 67-76
37 25.0 2.1 25.0 45
38 320 22 . 88.0 6.0 6.7 58-66
39 32.0 22 117.0 6.3 7.2 61-70
2 40* 40.0 2.0 153.0 50-65
41~ 100.0 1.3 25.0 12.0 9.0 40-50
42* el 4.8 95.0 1.2 2.1 85-95
35 *Not an example of the invention

**Poor Film Quality
***Solvent Precipitated Resin

This data in TABLE Vi indicates that a higher Mw generally gives a higher film
retention for the 15, 20, and 25 percent initial monomer concentration. It also shows that
30 outside the range of 12 to 32 percent initial monomer concentration yields crazing on the low
end and poorer film retention on the high end. Resins made with 5 percent initial monomer
concentration craze upon evaporation of the solvent after spin coating. Resins made with 10
percent initial monomer concentration craze upon cooling down from softbake.
Thinner fiims are less prone to crazing. Three to 5 micron films may not crack,
35 even at 12 percent initial monomer concentrations. Fiims thicker than 10 microns may craze
even with 18 percent initial monomer concentration after hot plate baking at 120°C for 1

minute.
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The photosensitive agent can be dissolved in the partially polynerized DVS
resi n/ sel vent system by conventional neans such as agitation, sonication
and heating. Al manipul ations of the DVS resin/photosensitive agent

m xture are preferably perforned in a darkened environnment to prevent
premature initiation of the photosensitive reaction by photon radiation.
One neans of providing a suitable environnment is by using working space
equi pped with anber filtered (yellow) lights which filter out wavel engths

of less than 500 nm Thin filnms of the DVS resin-containing
formul ation may be applied to substrates wthout the use of an adhesion
pronot er . V\V]eFi—X%é-’t—Pé:ga 183485 e P POPET BRI BFEL I BATHY B ABYET % fornul ated as a

spray- or spin-on solAR? Drglaatingdpréssreagnstior ided fenetevtettredsyretiend-dtie appl yi ng t he
DVS r esi n- cOnicaippédvdhfapagitdon s inarfowdlviie i Eraimoddiplg attdched tadklaesdradire pr onot er i s

added to the D¥Rfefnk RbBRARAGL 953 hleNhk ROn AR biadkendWhdd veR ine. _
The adhesion pronoter_ i s §e3| e(‘;)Lned S”CJ,‘,ot Q%tmeqnfne.n doj '%hgtraeagg_l %:eul e either
coval ent | y Satt aches OPEFSSI BE T8 TREMRTEI™ " FRIAT * SRF IR ™ 6P "Terani ¢
substrate surdggewe’ s sived-dhe Mestosiepuseed wsheitreden 119 @ PRRAT Bigege8 sr@iaEingd wi t h t he DVS
resi n pol ymerovembe reactionStrotghlat &s cachre Tieosactjon enelieha heaved tu the temperature

trial k0;<yv' nyslta?tédlf@r’%ﬁeﬁin?@ﬁze’é.ﬁ}h@%&#&l?’&ésﬂb‘é ;&Jsr}eksn%a%mwsh@wf@ ,tﬁure The
preparation angd properties o rial koxyvinyl.si enzocycl obut anes are
Reaort bed i n DineBleaREt b terhrale oG RD N B ithe RROR vor o
preferred atlhesi on presifitass ¥wisrsdhen BeesgedhtitriSr 8150 FPratatesraReniSESi andne,

tri met hoxyvi nié ssulteamestatedrin BBEOMY Vi nyi si | ane, tri met hoxyvi nyl sil vyl
benzocycl obut anes, and

TABLE VI
15 Pl:rl:iear:t ?322';’ pr‘.’i%’? XM;B, :";"é ;
Monomer °C) {Hrs)
42*  100%* 170 20.0 1.3 42.0
43 25.0 183 135 2.0 23.0
20 44 20.0 183 16 3.0 91.0
45 15.0 183 17 3.4 82.0
46* 10.0 183 26.5 5.4 89.0
47* 5.0 184 52 9.9 112.0

25
*Not an example of the invention

**Solvent Precipitated Resin

TABLE Vil indicates that the mofecular weights achieved at the higher
3p temperature and pressure may be essentially the same as the previous lower temperature
" exampies. Other than shortening the polymerization time, increasing the polymerization
temperature does not appear to have asignificant impact on the partially polymerized DVS
resin.
Exampies 48-68:  Poiymerization In Other Soivents
35 Solvents other than mesitylene may be used and precipitation may be used in
conjunction with partial polymerization in a solvent.
The same 250 mL glass fined pressure reactor used for Exampies 43-47 is used for

runs with soivents other than mesitylene,
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17 triethoxyvinylsilyl benzocycl obutanes. The nost preferred adhesion
pronoter is .3-mnethacryl oxypropyl trimethoxysilane (CAS-02530-85-0).

Sui tabl e substrates are conprised of silicon, alumna, ceramc materials
such as alum numnitride, glasses, cofired ceram cs, copper sheet, printed
circuit boards, polycrystalline dianond filns, GaAs that is, X II-XV

sem conductors, silicon nitride filns, glass ceram c and high tenperature
polymer filnms such as polyim des and pol ybenzazol es. More preferred
substrates are conprised of alumna and silicon. The nost preferred
substrate is silicon. - The DVS resin-containing fornulations
are applied from sol uthesAE eBFErEItAT A roRertepin s s\fker fentefesdttthsol i ds. The
sol i ds cont entrezaiad Theshrecarbadureieiseiekcenrfthat deheDii8uqt editinn is aateaipstynmg f or nul ati on
det e(r]I mne the C;rVJciSi@&éiio&ty}’reﬂf\ertfielb&t&p&%)kfra&l’ons%mrﬂgawlied.sm ution. Spin t: me and
speed are used to conyr _particul ar

formul ati on vi_scosi tﬁhe%{é‘ta{"idl Y“glrgﬁgé'{nj{)%%mﬁgg%&bg‘gfﬁqﬁggrvemgt%ﬁg'ﬂenzocycI obut ane
films can be fOHRE"™H the Journal of Electronic Materials, Vol. 19, No. 12,
1990. In a preferred process wherein the DVS resin

formul ati on has a viscosity BBLEYIQQPPAEYG"] 50 cSt at 25[err]C, one may
spin-coat the DVS resin fornulation at 68[err]F to 70[err]F at a relative
hum dity of 45 to 55 pﬁﬂ‘ nt @Zﬁ’h aP,’ e'eadmf tenmgeconds at 500 rpm and a
spithh of 30 seconds at M’{ T PMe Thi S(Hagner al'Py yixdP’ds a coating of 10 to 12
m crons thiwk. A stream of xylene nmay be directed at the back of the
substrate being cqoated tp avoi gsdried,resin cottpn candy) from

43 20 165 41 3.6 97.0
50 20 165 41 2.9 40.9
15 # Isopar® G is a C10-C12isoparaffinic hydrocarbon,

Example 48 is the homogenous partially polymerized DVS resin sampled at

elevated temperatures, prior 1o any precipitation. After sitting at room temperature, two
2

o

layers of polymer precipitate from the solution. Example 43 is the first to form a bottom layer.
Example 50 is the second to form a top layer.

25
30
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S e————

adhering ,to the edges of the substrate. The majority of the
casting solvent is renoved during the spin-coating process. A softbake
cycle may be required to renove residual solvent. The softbake al so rel axes
stress resulting fromthe flow of the polymer film increases the films
adhesion to the substrate, and hardens the filmfor nore conveni ent
handl i ng during processing; for exanple, to prevent adhesion to a nask when
printing in a hard contact node. The softbake may be
perfornmed in a convection oven, belt oven or on a hot plate. A preferred

sof t bake EaRpeRlPlre is one ficient renpve residual solvent, provide
stress relaxation which requﬁ#%ﬁvgé?gﬁgéﬁﬁture above the polyner's gl ass

transition tenperature, .but |o oug avoi d oxidi zing or thermal curing
of the resin and whi chpgﬁﬁpws gﬂgfr es?ﬁ&fo f 1M suM% ci entl yto pronote

pl anari zati on. The prefsasred sofitibake tanper 3titire %Y vary depending in
part ol the conponents of the DVS resin-containing fornmulation. A nore
preferred softbakeitenpesat ure fmnges fihom 7Qfeerr] 6go 120[err] C. The nost
preferred softbake tenperature is 75 err]C. The softbake is tine
tenperature dependent. BhBe hi gt#té7t he tZdhper atdur e, 4the less tinme i s needed
to softbake. One mnute on a hot plate at 120[err] C may achi eve the sane
result as 20 to 3@ nminutes in §ﬁ4§Ven Ht® 80[ &rr ] C. *3then using BAGMit is
preferned to softhake at 75[er for 2Q mnutes b use of its thermal
instability. 23 50 A h&% grredﬁg%ftbéﬁe ti%%?is one sufficient to
renove residual solvent, provide stress relaxation, but short enough to

avoi d oxi di Zi Ng B s§iARN WRbardt {399 10H1 HolR, b ARt UNPRAP G share KN preferred
sof tbake Ll 08 WLLYA ¥ dSREND: 1 reh HorBAhEar QiR 1SATBUNG S5 O

and the homogeneous solution is sampled as Example 52. The reactor is again cooled t0 22°C

=

15
and the precipitate sampled as Example 53, The reactor is again heated to 167°C for 1.5 more

hours, cooled to 22°C and the precipitate sampled as Example 54,
Example 52 indicates a lower molecular weight because itis a sample of the

homegeneous solution before cooling and precipitation of the insoluble portion.

20
25
30

35
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the DVS resin-containing fornulation. A nore preferred softbake tinme ranges
from 15 seconds to 60 mnutes. The nost preferred softbake tine range
depends on bal ancing desired performance results with maxi m zi ng

t hroughput, may vary from 15 seconds to 30 minutes. To maxi m ze throughput,

the mninumtime woul d be optinal. Sui t abl e sof t bake
at nospheres include a vacuum air, nitrogen, argon, and helium N trogen is
the nost preferred atnosphere. Exposure tine is dependent

upon the photon source being used. Selective renoval of various conponents
of a high pressure nercury photon source may provide superior film
performance. Suitabl e photon sDAREGH:-r-PRNTAMR- t hose for which a suitable
phot osensitive agent exists that can absorb that photon source's

wavel engt hs of energy. Prigtidr r edPopfot orfo¥®ur cegmni ncl g@e visible |ight,
ultraviolet light, X-ray e"fﬁhc eTf%?t ron}' gams.x 1obr e >proef erred phot on

, Z e *CY .
sources isnclude ultravio et and Vidible Ight. The nostpreferred photon

source is a super high pressure percury c. The dosg.vari es dependi ng on
the filmthickness a%d thgétype 1(?{Sghot %‘g&%’si ti \li:g agegtr?’t0 used. For a 10

mcron thick film suitablgg dosgygisat headesl i ne3§365 ) is 300 to 600
ml/cnferr]. One may pattern the light striking the DVS resin

formulation filmby gassinmgr it thepugh arinmask .6 prai@ection, proximty or
soft contgct node Fn a conventional nanner.

57 50 183 11.3 15 20.0
58 50* ’ i 2.0 22,0
59 50* 183-167 15.0 24 134.0
135 60 40 183-167 13.3 i.8 45.0
61 40* - " " 1.9 48.0
62 30 183 13 1.9 43.0
63 30 * " 2.6 50.0
20
64 30 183-167 14 2.0 75.0
85 30 “ “ 3.0 91.0
66 20 183 15 2.3 5t.0
25 67 20 “ " 4.3 §9.0
68 20 " N 76 1.8
*Not an exampie of the invention
30 . Example 55 is a sample of the homogeneous solution before cooling and
precipitation of the insoluble portion. Example 55a is the solid that precipitated from Exampie
55 solution upon dilution to 20 weight percent oligomer and cooling to 30°C. Example S6isa
sample of the pracipitate upon cooling a mixture to 30°C.
Example 57 is a sample of the homogeneous solution before cooling and
35 precipitation of the insoluble portion. Example 58 is the solid that precipitated from Exampte
>

57 solution upon cooling to 30°C.
Example 59 is a sample of the solid that precipitated upon cooling the

polymerization mixture to 30°C.
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Fol | owi ng phot on exposure, a softbake cycle may be enpl oyed. This cycle
I ncreases the reaction rate of long-lived photochem cally generated

i ntermedi ates. These internedi ates have increased nobility during this
cycle and thus may migrate and find a reactant species. An
alternative neans of increasing the nobility of these reactive
intermedi ates is heating during photon exposure. Such a procedure may

i ncrease the photosensitive agent's sensitivity. Once photon
exposure is conplete t he filn1is soIvent developed Sol vent devel opnent
conprises renoving, sol u zin p% Ierlal t hat has not
been exposed to photon rpg"acfs1 fsamﬁ ﬁ'g%engc’ *5h °r’[be‘h°rec° mgfﬁ' ssol ution

i nvol ves two EF@ﬂB"‘w”HﬁB’ef”F‘ﬁ"%’feF’P@""sﬁ’f%ﬁt“ 'f)@ﬁ?f“?p’é?‘lpf?ﬁ'p%ﬂ(ff?mc%ts t he
gl assy pol ynestsoivgorswe doging rat°dor k. The second step invol ves extracting | ow
nol ecul ar wei ght ol i eqmie%zfssemb:rebﬂhgeho@gne@hﬁnusmw&&aounamrface

Sui tabl e develéoppzﬁg?no?lh\é%gﬁ %ieggrgo \?\%ﬁ?a&éﬁk&?ﬁ%&‘&ec%?{ %ﬁfg’l'nssm ve the

nonphot on- I m conponent e mnimzing swelling of the photon
exposed film ’S{EP‘F%P‘e"%‘&P?Pé?ﬂ'EQ‘Faq -unexposed DVS resi n films include
hydr ocar bons such as EStmpttdéis elsasrole oidhe homegeneayesolutiendieford cedlieaendd t ol uene,
2- met hoxyet hybre@,sdaeanoéd'bg&om)mm@[ exainpre € iCthe dolidmitypFdcipitgatiems such as et hyl

butyrate and P‘ sotPWhX{: tc@ahnéjzh -opyl ene glycol dinethyl ether
(Proglyde[err ven l“R rrolldoang %) riétures of NWP
and 2- hydr dRyet hyl 2-5ARP5S 'Fil’tﬁﬂ%‘e %E R G ERO ) $89""% %t ure. St oddard
sol vent as us e,fdc'mwlehthF igsofyibiie pertieh. Brempla s thoQiH thatpppgipitaeddro@ondensed
Cheni cal Di ct examate §6 solutichufonkshiibd 16 BG°C. \Eaempld®8 & & amdie BehathoidderGoimpany, New
York, 1987. the mixture after removal of the precipitate of Example 67.
Examples 69-71:  Forming a Pattern in a Photodefineable DV5 Resin Formutation
15 The exempliified DVS monomer is B-staged at 25 weight percent solids in
mesitylene for 46 hours at 165°C and for sufficient time at 145°C 1o obtain a viscosity of 4.4 cp at
145°C (35 ¢St at 25°C) which should be equivalent to an Mw of 148,000 plus or minus 10,000.
The DVS resin is concentrated by vacuum stripping to 52 weight percent solids (viscosity 4000 cp
at 25°C). The DVS resin is formulated by adding the stated amount of BAC-M, the stated
20 - amount of 3,3"-diazidophenyl sulfone and the stated amount of AgeRite MA antioxidant. The
solutions are agitated for 2 hours on a Vortex shaker, overnight on an Eberbach shaker and
sonicated for 10 minutes to dissoive the additives and remove any air bubbies.
A cleanssilicon wafer is spin coated with a 0.5 percent agueous sclution of
3-aminopropyitriethoxysilane acdhesion promoter at a spin speed of 3,000 rpm for 30 seconds.
25 The photodefineable DVS resin formulation is spin coated on the wafer with a 10 second
spread cycle at 500 rpm foliowed by a 2750 rpm spin for 30 seconds. The wafer is prebaked at
80°C for 20 minutes. The wafer is piaced in a Canon mask aligner and exposed through a quartz
photomask for 1,000 mJicm? of light measured at 365 nm using a broad band source of 350 to
450 nm. )
30 After exposure the films are developed by puddiing Stoddard’s solvent on the
surface of the film while the wafer rests on the vacuum chuck of a Solitec model 5110-ND spray
deveioper. After non photocured resin visibly dissolves the wafers are spun at 500 rpm for 10
seconds while a stream of Stoddard’s solvent is directed at the surface. The wafer 1sspun at
4,000 rpm for 30 seconds to dry. The wafers are post-baked for 10 minutes at 80°C under N ,to
35 remove residual solvent. The wafer is heated under N, at 50°C for 5 minutes, ramped to 100°C
over 5 minutes, heated at 100°C for 15 minutes, ramped to 150°C over 15 minutes, heated at
150°C for 15 minutes, ramped to 250°C over 60 minutes, heated at 250°C for 60 minutes and

ramped to 100°C over' 120 minutes.
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19 The nost preferred solvents for DVS resin filmsystens
are Stoddard sol vent and Progl yde[err] DWW di propyl ene gl ycol dinethyl

et her. Stoddard solvent gives better filmretentions but is slowto

di ssol ve the unexposed DVS resin and has a |ow flash point. Proglyde[err]
DWM di propyl ene gl ycol dinmethyl ethergives |lower filmretentions but hasa
hi gher flash point and may be | ess toxic than, for exanple, diglyne.
N-butyl butyrate is a good choice for filnms |ess than 8 mcrons thick, but
tends to cause crazing in thicker filmns. The choi ce of devel opnent sol vent
will to sonme extent,b over ned the u choi ces between these
attributes. ?hemm%'cg"eﬁﬂsé‘?egﬁ“'re%ﬁesrgf3'5 3 Q9T SRt \q?ﬁods i ncl ude
spray, pu’dﬁﬂ‘éﬂ'@lﬁ‘“‘f?ﬂ‘(’ﬁ’ﬁ%P‘Eﬂﬁhﬁfé@mi?Eﬁ’&é‘é".‘"%ﬁ??iy’eﬁeéF%ﬁh’h’ﬁl@“‘i‘%’ a preferred

t echni queexpresediada petcentagreTr@lpisiis bry set autlngrgenscal e production. One preferred
technique is pudd,lalmlags&@meomtmemattohﬁnm@ﬁ,@fedwa&imsmpér@em;mmetrate for a

peri Od Of & EteR:?A gxea elre%{l?fmacrm{fm%u?r ro*g@c%};nuift dwnh the wafer is

50 nt erc "f

spun af an Heg Eed enove Fﬂ“ Ilm Preferred
devel oprre?r&“'ﬂ*?é'f??&a%*aﬁ‘érv Wém@ﬁa‘f’afrﬁ“’t‘ﬁé"’?a?v@ﬁt\” suifsngy H@S"gwe'g t

pr ef er ablpepperddbeite MA. Exampie 71 (20 m:crmrmvlh@npffen‘ne#aft@wnh@ﬁmbiat| on for a 10

M cron t hefebént BAd-1) 0. R hRRMeR G HiRidophenyl sutfone and 1.0 weight percent AgeRite

MA.
TABLE X o= -
10
Prebake Film Post Cure Film . ,
Example Thickness Thickness Film R::entson
{microns )} {microns)

69 8.43 7.38 875
15 70 12.18 10.10 82.9

1 22.8 18.9 82.8

Fifty micron vias were opened and clear with each of these formulations.
Twenty-five micron vias were opened and clear in the 10 micron and 5 micron thick films.
20 Examples72-80:  Forming a Pattern in a Photodefineable DVS Resin Formulation
In the same manner asin Examples 69-71, a pattern is formed and cured. The DVS
resins are formulated by addition of the stated amount of bis azide. Results are reported in
TABLE X, wherein ISO is 2,2-bis[4-(4-azidophenoxy) phenyl] propane, the ETHER is
4,4"-diazidophenyl ether and the SULF is 4,4’-diazidophenyl sulfide.

30

35
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Stoddard's solvent at 68[err]F for 2 mnutes and then rinse for 20 seconds
whil e gpinning at 500 rpm One may use the preferred DVS resin
made from DVS nononer nade using the exenplified nononer synthesis nethod,
which is then solvent B-staged using the exenplified procedure, with an
initial concentration of 25 percent solids, to achieve an Mv of from

140, 000 to 150, 000. One nay make coatings on the orderof 5 to7 m cronsthick
using such a resin fornmulated with 3 wei ght percent BAC-M and 1 percent
AgeRite[err] MA based on the DVS resin. This is then diluted with
additional nesitylene to a viscosity of 350 17 cSt at 25[err]C (about 40
percent DVS resin). One nmay nmake coatasteys on the order of 8 to 10 m crons
thick using such a resin fornulated with 2 wei ght rpercent BAC-M 0.75

wei ght percent 3, 3'-di azi gggg‘%{}yl Puebikgfitm an @V ifei ghih rpemioant
AgeRite[err] Mehmaped on thg,DVS redhifkneThi s i{i\'ﬁgﬁgn brought to a viscosity
of 1100 50 cSt at 25[err]C with medP¥9ne (about 47 percent DVS resin).
One may make coatings on t%esu rder ofy,4p m crong.or nore ghHsck using such a
resi n fornul ated®with 1 el ght percent BAC-M 9129 wei ght ggr cent

3, 3' - di azi dopheny13 sul f on&38Hef ei t her''8*75 or 1'Viei ght percent Age
Rite[err] MA 24 g.okormake 2011 us m cr vttt hi ck fi®ds, the spi n
speed nust be | owered to, gg{oexanpl €, 6850 rpm fg@g | ow vi swwosity sol utions
or one may increa®e the vig 8sity and spi n at. hi gher speedé. In any of

t hese optidns, “porgions of s§@ resin Bﬁg phot ocﬁgéd with 385 nm wavel engt h
light for 600 to 1000 ml/cghghr]. A Pregl yde[rendssDVM devék&bment sol vent
is puddl ed on the wafer for at |east 6seconds ogef ore being spun off. For
the 5 micron coathg, eitR&F 8 oddard “s6lvent or n-butyl butyrate is an
effective sol ventyg For thesttEand 20 ®i%ron coaffflgs, St oddard solvent is
preferred. 80 8.0 ETHER 12.15 11.10 91.4

15

Forming a Patternina Photodefineable DVS Resin Formulation

Examples 81-83:
71, a pattern is formed and cured. The DVS

pTi—tiil A=y

in the same manner as in Examples 69-

resins are formulated by addition of the stated amount of bis azides. Results are reported in

TABLE Xi, wherein 15O is 2,2-bis[4-(4-azidophenoxy) phenyl] propane, the ETHER is4,4'-

20
2,6-bis(4—azidobenzylidene)-4-methylcyclohexanone.

diazidopheny! ether and BAC-Mis
25

30

35
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20 N The sol vent devel oped filmmay be post-baked to renove
sol vent. The post bake may include el evation of the tenperature to 120C to
1 40[err]C for 0.5 to 2 mnutes. Preferably, the 10 mcron fil m nmaybe
post - baked ona hot plate in airat 100[err]C for 1 mnute. One
may optically inspectthe device before any additional curing is carried
out. DVS resins fluoresce at near WV wavel engths. This property may be used
advant ageously for optical inspection. Fl uorescent opti cal

i nspection may be carried out by illumnating a part with a specific

wavel ength of light and inspecting the part at a different wavel ength. The
illum nating wavel ength is filteredABkd t he Iight reflected to the
detector. A sinplified enbodi nent corrprl ses nmer cury np which
illuminates the part at aismaas UV R ELL h”"‘fh’é“f“‘éfl ‘i"é‘d light is
detected with a“8P8Feoscope%and a q ﬁ%ﬁé The éﬂi) is g ZE&Y in the field
of view @gf the stereoscope and the part is |I um nat ed vmth the lanp from
the side. The crawm gl asssoyutmt cs of Bhe stereosempe fil tads out the
reflected UV light from &d&HERnp, but all ow the | onger wavel ength
fluorescent |ightg,fromthggeast to be,pbserved,, The cangg may be used to
register the reflected |igto

83 1.0 BAG-M 26.62 22.89 86.0
10 5.0 ETHER

Other benzocyciobutene monomers, for example, those disciosed in U. S. Patent
5,026,832 may be partially polymerized in the presence of a sofvent in a similar fashion.
Partial polymerization in the presence of a solvent may be particularly

15 advantageous when a bis benzocyclobutene monomer has a high melting point such as the

. O O

or where the partial polymerization may generate inordinate amounts of heat in a runaway

monomer of the formula:

reaction such as a monomer of the formula:

25

O

30 A partially polymerized bis-benzocyciobutene may have a lower melting point

because it is a mixture. The solvent may also serve as a heat sink or as a coolant by ebuilient

cooling for the heat of polymerization.

35
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One may use conventional commercially avail able optical inspection devi ces
for such®“optical inspection. Typically these devices use a br| ht |ine

source, a broad band pass filter and some form of ﬁﬁ la"F1’te
source of illumnation may be a | aser or .atomc |ine The
use of a line source elimnates the need to prefllte get only
the wavel ength of interest. The emssion filter systemis chosen to bl ock
onlythe illum natime :| i ght wavel engt hs, while all ovvi ng fI uorescent |ight of
anywavel engt hto pass tq th det? rn a-”l% ﬁi o?m nze BWSXE n gom nsnr?rnleaat%t ype so
that computer |ogic can be APprF U X b hHES OV Eet “hartsomisns

Preferably the iP¥aRpamst 'i”ﬁg""ﬁ?fd‘ﬁ“l"lftft‘@gﬁfé‘fﬁmt‘ Pt mmveﬁ*@f%m&w@mm h in
the near UV. Preferred {al thapisradn, wigen\agplied aad goiirseriagddn 38if iduer 8560l or 408 nm
of a Kr[err] Ias,@gsi,at;%&,]_,,,;latggze%a@ 8 of an Ar laser; 325 or 442 nmof a He/Cd

| aser or 254 or 365 nm pereur F escent
e Nen YARQLg h@z’l’?u ble by the additi + ELHR
i|lum nation provides a% avanfSm e n that "re e y hlef ‘ °nma e Wih one

wavel engt h and PEPREM 4T 208 al"F@?‘é’h’t”ffWﬁVé? @ﬁﬁf‘ﬁhed‘?‘x‘t"t’ vitid °’9E'&‘s'%‘f“”b‘e
fl uor escence nondideasiekpesiod the Mirgreitsthe®n reiatiraives Hip retenrieh uoprodevpiiporrs such as

metal circuitry WikehedQestiaRto ebctirr esce. |If the incident and _reerct eel
[1ght have the sane vavgl englhacd (0! Ynd@l ARG oALALLHHLANAG,PT i ons
net a

of the article belng Seen i s ectance 'ect ance o

i ncl usi ons mayp \V&F‘)} YEPEHAAYBh t he anpunt of oxide on the surface.
Wth automat ed optical B8.nspays ieamiornted by zaredes k@narisndieaingSpendnedering
i[1um nated by @otehGhdniSOdlEm@nA&En bidRs MBAdRHeE iR thelsdi@Riof Frém dameteedz by a

camera whi ch can,convent..the image to a digital fornat. u S
Patent 4,152,723 provi ées a detail ed descri :‘Y f an optical inspection
method for circuit boar@she NSEEae? 2| eﬁﬁ?d Qééﬂglayef??aéd'ﬂredet er mi ned

pattern, a sussf sbarstsidoeshet crerart conpri sing a pattern of nmetallic conductors
di sposed on an i nsul at i(fgh&nud sdsibathen reddeeed pRasoulials bpthe KIARIBEY af l@vtehe hi gh

enoug h to excit gno%éngg\leggén?in;* Muﬁé&fﬁ@&t?toic&vgnﬁxe Rmré’ 1‘3§J\ g}gani ¢-insoluble
solid upon exposing the mixture to photon radiation gives a film retention upon development
with a solvent of at [east SO percent.
20 4. ADVSresin wherein the radius of gyration at an absolute molecutar weight
of 160,000 is less than 30 Angstroms using SEC/LALLS.

5. A DVS resin wherein if the DVS resin is solvent strippad and subsequently
further cured at 139°C, and the rate of increase of the shear storage modufus G’ from just
beyond gelation is measured, then the exponent describing this rate of increase of G" a5 a

25 functionof changein fractional conversion is 400 or less.

6. A photocurable formulation containing a DVS resin formed by a process
comprising heating DVS monamer in a solvent at an initial concentration of DVS monomer in
the solvent of from 12 to 32 weight percent such that:

{a) the DVS resin, when appiied and polymerized in a thin layer on a solid
3p Substrate does not craze; and
{b) the DVS resin, when rendered photocurable by the addition of atieast one
photosensitive agent in an amount sufficient to convert the mixture to an organic-insoluble
solid upon exposing the mixture 1o photon radiation gives a film retention upon develooment
with a solvent of at least 50 percent.
35 7.  Acured polymer formed by heating a DVS resin formed by a process
comprising heating DVS monomer in a solvent at an initial concentration of DVS monomer in

the solvent of from 12 to 32 weight percent.
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21 The fl worescence is selectably detected by neans sensitive to the
wavel ength of the fluorescence and is converted to a binary signal which

i ndi cates whether the beamis incident on the fluorescing substrate or on
the non-fluorescing netallic conductors. The binary signal is then
synchroni zed with the scanning of the beam such that a binary inmage
representation of the board' s surface is generated. | mage
processi ng options expand the abilityto detect and identify defects in thin
films. A digital systemmy be use to conpare a desired i mage, generated
using a CAD i mage or 8an Awbsrale c9naning bimsiRye (’i}f?f"ﬂ%‘ﬁyed‘éf\?l‘“(fé‘ﬁp°&ﬁ"f'h t he device
bei ng i nspect Behed Bfreattigs Desresreiprmied byroogesaaameniting beatihmBYSowhamerihe di f f er ences
bet ween the t Wi KRARRaRBHed/1idH o8 bisHbdbridd ikl IRRBoridM 12 pESegh def ect s.
Films could anggjected automatically based on the nunber of

5 9.  Asubstrate containing at least one patterned layer of a cured polymer
formed by heating a DVS resin wherein the radius of gyration at an absolute molecular weight
of 160,000 is less than 90 Angstroms using SEC/LALLS.

10.  Asubstrate containing at least one patterned layer of a cured polymer
formed by heating a DVS resin wherein if the DVS resin is solvent stripped and subsequently

10 ~further cured at 190°C, and the rate of increase of the shear storage modulus G’ from just
beyond gelation is measured, then the exponent describing this rate ofincrease of G’ asa

function of change in fractional conversion is 400 or less.

15
20
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ar¢as Weth too little or too much resin. ~Wth a Fourier
transformof the difference between the two images,[tT ) {4 o 1 o T
could be identified. For nore sensitive processing it %fér tg‘f'&eferm:_ #: f(;jl,“
the Fourier transforned image can be exam ned for spghedt FrefuaRet ey 10 PageC A4

S Bt agads oo paged U2
i
S

characteristic of defects. After filtering the tran rﬁ’?&iﬂz S}Iépf" @
interest, an inverse transformwould consist of an gg“b‘l"b | Pegiey- to pened ..

def ect s. | f optical inspection detect gact | npagrd -tofp paged T,
| ayer of resin, it may be stri I | i th an appropriatg,
solvent. This increases ulti m?gﬁgf‘féﬁﬁiaé%%g\gﬁ%g@gﬁﬁ%lw RECEIFIN H‘T’r

sol vents are those which dissolve the photocured top layer of resrn; DUl 00
not di sturb under | yiig,Sd-bilfi tiL@Sto pattidiiR Bbifmeri ek PRin3 Ind BloY&Ms ForlpRépaHA

t et rahydr of ur an an?@??ﬁn?tuetra%ygrpgfur?grgrlnox;) tetrghggropyrarr?.péag §
defective ¥HB®t ocured DVS resin fornulation filmmay be renoved by

sonicating it at 7%Geh ablyrersHid) bk sndereddhbivBirlEis aAd fiay bOGRE irspsehvadisn Shi pl ey

1165 stripper. .In sgne cases xyl enes be used a stripper. ..

AL this poliie. RhgHarRasts a5 Badatinglayersin fphefeating sfqctjce Heuicps, 5 RspeFtvsfims for

i nspect i oremidoadpabit elémests bid 4 ifitiet apertiylebmivein ambttichiponeduletiand oier Multitayyr and
phot odef i ne?éjct%inﬁlcﬁgﬁi{i c layers applied to it or it can be further thermally
cured. *Procedur es for preparing nultilayer interconnect units

of mul tichip nodul gehmsos etllsdischmseh IEE n dybrids andl. J.  Reche,
Fabri cat gl e bhlirRsbhy v NG Rudb it bt s JoRFL QYT 1989 1EMT -
Synposi um~ p. T 1. etal.’, "ProcéssConsi derations in Fabricating
Thin FilmMcM s, " | EPS, 1989, p. 294; S.F. Hahn et al., "The Fabrication
and Properties of Therpesew Filns Der bséed Eﬁom Bi sbenzgeys| obut ene for

Mul til ayer Applicatip s@% oceedi ngs 108 t fie3ACS Di vi §i =

Mat eri al s: Science ah# | peering, 58;.499;. 1988; P. ownsend et al .,
"The Processing and Propes iesHet:HIVﬁrtalll aye%\l*m;_[qe{m neeiyron Structures

Usi ng Thernoset Filns Derived From Bi gggnzgggcl obut ene, "

tSF 16>

1,3-bis(2-bicycio[4.2.0)octa-1,3,5-trien-3-ylethenyl)-1,1,3,3-tetramethyldisiloxane (hereinafter
DVS monomer}, now available as a partially polymerized (B-staged) solution in mesitylene from
The Dow Chemical Company as CYCLOTENE® 3022 (hereinafter a partially thermally
polymerized DVS monomer or DVS resin} may be used as an interlayer dielectric to fabricate
thin film multichip modules. The partially thermally polymerized DVS monomer may be
applied by spin-coating a solution of the DVS reSin onto a substrate, allowing the solvent to
evaporate and then polymerizing by heating to about 250°C for about five minutes in nitrogen.
Catalysts and/or initiators are not required for the polymerization,

U. S. Patent Application Serial No. 805,395, filed December 10, 1991; PCT
Application No. 92/10,649, filed December 10, 1992 and published as 93/12,055, June 24, 1993;
Movyer et al. Proceedings, 1EPS, Austin, 1992, p. 37 and Rutter et al. Proceedings, ISHM/IEPS,

Denver, April 1992, p. 394 disclose a DVS resin that is rendered photocurable by the addition of

at least one photosensitive agent in an amount sufficient to convert the mixture to an organic-
insoluble solid upon exposing the mixture to photon radiation.

{n a preferred embodiment a neat B-staged DVS resin is mixed with a solvent to
precipitate higher molecular weight o{igom'ers which are then used as the photocurabie resin.
The removal of the monomef, dimer and lower molecular weight oligomers facilitates the
photocuring of the resin. .

Solvent precipitation of the resin has its drawbacks. A large portion of the DVS
resin is rejected by the process. Recycling this portion increases the complexity of the process.
Also the solvent used for precipitation differs from the solvent in which the finished resin is

This is the replacement shest
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Proceedi ngs of the Materials Research Society, p. 47, 1989; J. Reche et

al ., "Hi gh Densi fjis ebttriaSBéep RY e Fabrication,” The international Journal
for Hybrid M croe . 13, No. 4, 199G gt phgl-L nformation
on preparing mnul t:Jm y be found i REPLACED

22 " Benzocycl ob sing Guide Eor Li-ilayer—tutercongect
Fabrication (Multichip Mdules)," The Chem cal Corrpany M dl and,

M chi gan, &Q8iled for use. Accordingly, tﬁfetpﬁécspbt%{z&gsofl@){ﬁhwgngeé RAREX Yhe sQFd
post - baked, the renmining reéesin under a nitrogen atnpsphere,

ed
usi ng one '6?‘"FH@'WI%&W?\E‘%&%‘@H’BP&EW‘ forthe usetul higher pgleculariygight 85?9t i | m

on whi ch ac,ddi-écyaaﬁilomb]a{ummem{tym | ayers will be forned, one nay heat at

210[err] C for 40 tes . For ard.or naII ured film
one may heat accordr ggp af?f'tf"ﬁéz'?%ﬂq'séws??d“eéﬁ??ég‘mp@ma”yp°'yme”zma/°r%'“ag'”
50[ err] C fmnz&cydbbureaemonomers. Among the ways taught &p sdlutbon fgddyreeriz @eo 100[ err] C .

over 15 m @HE@&dobutene in high boiling dipolar ai)poQi[c%i\r«Jng sLEH asjaﬁxiggs IHY &Fones. Lithium
saits may be added to solubilize the benzocyciobutene.

This technique has its drawbacks. The partially polymerized monomer must be
separated from the high boiling sofvent, keeping in mind that distillation would invoive
tem'peratures that would further polymerize the benzocyclobutene. Also the use of lithium
safts would leave residues of litﬁium which would be unacceptable if the cured resin were to be
used as a dielectric in microelectronics.

It would be desirable to prepare a DVS resin with a low level of low molecular
weight oligomers (for example, monomer, dimer and trimer etc.} in a process which does not
yield by-products, does not require the use of additional solvents and can be commercially
scaled up.

in one aspect the invention is a process for forming a DVS resin comprising
heating DVS monomer in a solvent at a concentration of DVS monomer in the solvent such that
at an Mw of at least 100,000, the resin is not gelled and the radius of gyration at an absolute
molecular weight of 160,000 is less than 90 Angstroms using SEC/LALLS. Mw is the apparent
weight average molecular weight by SEC based on a polystyrene calibration standard.

in another aspect the invention is a process for forming a DVS resin comprising
heating DVS monomer in a solvent at a concentration of DVS monomer in the solvent such that,
if the solvent stripped DVS resin is subsequently further cured at 190°C, rate of increase of the
shear storage lrﬁodu! us G’ from just beyond gelation is measured, then the exponent describing
this rate of increase of G’ as a function of change in fractional conversion is 400 or less.

in another aspect the invention is a process for forming a DVS resin comprising
heating DVS monomer in a solvent at a concentration of DVS monomer in the solvent such
that:

(a) the DVS resin, when applied and polymerized in a thin layer on a solid
substrate does not craze; and

{b) the DVSresin, is rendered photocurable by the addition of atieast oné
photosensitive agent in an amount sufficient to convert the mixture to an organic-insoluble
solid upon exposing the mixture to photon radiation and the film retention upon development
with a soivent is at least 50 percent. '

Organic-soluble means the portion of the photocurable DVS resin not exposed 1o
photons is soluble in hydrocarbons such as Stoddard solvent, xylene, mesitylene, toluene,

2-methoxyethyt ether {diglyme), N-methyl py'vrrolidone {NMP), mixtures of NMP and .

This is the replacement sheet
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ranp from 100[err]C to 150[err] C over 15 m nutes

150[ err] C for 60 mnutes ranp from 150[err]C to
250[err] C overJggS ' @Sen Replaced 250[err]Cfor 1 m

20[ err] Ccontin - The preferred 10 g6

be fully cured a aam ﬂ[ﬁur 60 m nut es.

resin filmin an furnace. Asuitable §

disclosed in P. E. Garrou et al., Rapid Jhernmal Cuflg-e
Proceedi ngs ECTC, San Di ego, May 1992, pp. 770-776. A Radi ant Technol ogy

Co ti Model . LA-306 inf d bel t | |
At nbspher o ZAVEBRENR PanTRRons HRPRT Fp L ety RhertRuoliTRE sibrbglydb Tk 9°"
260[ err] C. soliemt ttomThe DowyChismicalcampee, o totidard/ AR thanobmixtyre.sithid lactetea 0-butyl

280[ err] C. i tvrate, ethyl butyrafd drndlotidt bllific birs, | P Riitlidbiferdogy €r s Of DVS resin
formul ati on, gHe rrmy TEfiove any scur remai ni ng 1n the interconnect vias by

exposi ng the coat ed Heisthrestresthedsnf dexcrhipg thepresers pnd YisyOMS)resin a8 Hadesttoaho

watts, 200 fifhkraliPGestioeifie SMESproddifardens b, tHidbigh tHERY mépby vaRAERG e On
t he size and shape of the vias and the ampunt of scum renai ning.

For naking ¥OBRWtBEMENeEWPEANresin filmthe following is recommended. The
exenplified DVS nonaARhothér dpect tr@daventions B DVSi rgii fopmed Bysaidsmrbeess. i n
o obtain a vi scosi ) 2By speseinmentpasp Pis el wisrdin 1l Bovitah i dn ©
shoul d be espsbluzé malecular weighitof $60,00005 169 Chan 9 Angstramsusing SEC/ONIBS. The DVS
(Vi sc0si ty 4,000 op APRGLIARITAR bieaLDHa oRs tintepith 1 OO et Rt
wei ght per c8rippegd/and sybsequestivéirtiter cyred a0 Caang theyrase piiagaea of the shespsieragd
g- \7/|55 ‘(’:Vg's Igth;mg &lﬁ%’grdﬁg%a;ﬁg?o%%fzdg?ﬁ?%dﬁﬂﬁ ﬂfele{d&dd_%ﬁt déstribinpistatesne to
increase of G’ as a function of change in fractional conversion is 400 or less.
- - in another aspect the invention is a photocurable formulation containing said

DVS resin or the DVS resin formed by said process. i ' -

{n another aspect the invention is a cured polymer of said DVS resin or the DVS
resin formed by said process. ' '

In another aspect the invention is a substrate containing at least one patterned
layer of a cured polymer of said DVS resin or the DVS résiri formed by said proceﬁs.

A feature of the invention is that the polymerization takes place in the presénce
of a solvent wherein the initial concentration of DVS monomer is within a specific range.

An advantage of the invention is that the process may be more readily scaled up
to a commercial scale, may generate littie or no low moiecular weight fraction that must be
separated from a precipitating solvent and make a DVS résin which may be used to form a film
on a substrate which retains its integrity.

The DVS monomers of this invention include compounds of the structure:

| (r%) . R3 R3 (rE) .
i 1 t
’ R4 5i~0— si-gY
(r8),. R3 R3 (RO
(R3)q (R2)q
L a2 n
wherein

each R’isindependently C all;yi, cycloalkyl, aratkyi, or pheny(;
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Thi's fofrnmul ation may be spin coated on to SiJerr], an underlying partially
thermally cured DVS resin fornulati on or copper on a substrate to forma 10
m cron thick, patterned, cured, -final film Spin-coat at 68 to -70[err]F
and 45 to 55 percent relative humdity. Spread for 10

23 seconds at 500 rpmand spin for 30 seconds at 2800 rpm Rinse the
backside with xylene to prevent formation of cotton candy adhering to the
edges of the substrate during spinniqg. Prebake at 75[err]C
for 20 m nutes. Photo expose through mask with a super high pressure

mercury arc, |-line_(385nm at a dose of. 300 to 600 ml/cnferr]. Forma
puddl e of Stoddar d*°8 I’Vg%ﬁpeﬁ?e%g[és?l?%‘f'B’F‘hﬁis'M?HEﬁﬂé‘?ya?{ NPHfan rinse for
20 seconds whil e spadirR®isgnddpeb@éhtiyy) alkyl, chioro, or cyano; Renpve resi dual

devel opi ng sol vent bakin ~1Q0[err]C for 1 minute and then cure.
Soft cure at 210[ep?{aaqﬁ%%eﬁ%Krﬁr%ﬁgge'§%?n Nerr] if you want to add

addi ti onal | ayers. exirarnduisdndaper8@jtyranf@edesof @ orilnutes in Nerr] for a

final cure. Descu i ' Elﬁﬁﬂ: : ' ated substrate
to an Jerr]/CH ewwg%fﬁ%f»%?ggsrm at u?%ﬁ%??@%ggg‘e%%?tﬁgf or 30 seconds.

- Si-0-Si
CH=CH-" %" = % ™ CH=CH

CHy CH3

The depictions of this compound herein should not be canstrued to define any
' particular geometric isomer or spatial orientation about the ethenyiene double bonds.
Carﬁpositions made by the processes disclosed herein contain positional isomers about these
double bonds as well as other compounds.

These organopolysiloxane-bridged bisbenzocyclobutene monomers can be
prepared by methods disclosed in U. S. Patents 4,812,588; 5,136,069; 5,138,081; and U. S.
Patent Application Serial No. 677,023, filed March 28, 1991.

Following one of the disclosed procedures for making the preferred DVS
monomer, one will obtain a mixture containing as a major component
divinyitetramethyidisiloxane-bis-benzocyclobutene monomer. This monomer mixture has a
low viscosity. According to the process of the invention this DVS monomer may be partially
polymerized in contact with a solvent.

~ One polymerizes the monomer under conditions that yield a partially
polymerized resin that will yield acceptable performance when used as a photocurable resinin
thin films. Acceptable performance inciudes retention of integrity such as absence of crazing.
It also inciudes adequate film retention upon curing. Crazing is the formauon of fractures or
wrinkiing in the thin film of DVS resin as it is coated onto a substrate, as it 1s prebaked prior to
photocuring or when it is exposed 1o a development solvent. The fractures and wrinkling result
in nonuniform thickness of the resin film. Film retention is the ratio of the thickness of the
finally deveioped and cured film to the thickness of the initial film after solvent evaporauon
and being spun on, usually designated in percent,

One may test the performance properties of the resin of the invention by
formutating the resin into a photocurable resin by, for example, adding about 3 weight

percent 2,6-bis(4-azidobenzylidene)-4-methylcyciohexanone (BAC-M). The formulation s
This is the replacement shest
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Thi's sheuld yield a 10 mcron thick patterned film The
follow ng exanples are given to illustrate the invention and shoul d not be
interpreted as limting it in any way. Unless stated otherw se, all parts
and percentages are given by weight Al swight percents stated are relative
to the weight of the resin present I n the system excluding the solvent
and ot her additives unless otherwi se noted. In exanples where a resin is
partial | y qeotegmsrs zubsirate suchals besmn ot SReay seatingmny selugn issemoved. aphotesed on

the wei ght . QfcelQRédotuld ﬂ%stbé’pc;rh@n WG%N\Q&WHF&!OH bBJ/dh% lﬁ%&l\fﬂmt;a Kivkhd pl i ed
by one hundred to obtain percent erw se .noted,

mol ecul ar WKTEgR? temave spexprERdRastions e thegpinformplstien ?jﬁ‘ttg B'lﬁt%ﬁ”ﬁeé’deﬂ?/‘sm ze
excl usi on firullg bired FoPdxamplesvitg heatiear pol ystyrenes as standards. The

nol ecul ar wei ghts ar ent se t he DVS I 0 e d may
have different res%ﬁé"é‘ %?fﬁ'?t?@ ﬂggﬁ dges go toféatg °rtﬁ phas %umglgr géhegﬂre A
Pr epar at i oeteptionisBdedpane drefetabiy, therfdmivereotioris a@qnmeﬁthedevbgopmet solvent

;?re mdls gd ~ does not remove the photo[:@rreﬁ Kim and the ratio of the thickness ¥ahd 4419 thrad Al aPent s

the thickness of the film prior to solvent development is at least about 0.50 or there is at least
about 50 percent film retention.

One may achieve acceptable resins, preferably, by conirolling theinitial
concentration of monomer in the solvent in the partial polymerization process. .Preferably, the
initial concentration is between 12 ;nd 32 weight percent monomer based on the total weight
of monomer and solvent. If the initial concentration isless than about 12 weight percent, the
film formed from the partially polymerized resin has a tendency to craze upon evaporation of

" the solvent, upon solvent development of the film or during plasma cleaning of the cnlxred film.
If the initial concentration of the monomer is more than about 32 weight percent, film
retentions tend to be less than 50 percent. .

Preferably, the film retention is at least about sixty percent and more preferably
the film retention is at least 75 percent. Most preferably, the film retention is at least about 90
percent.

The more preferable film properties may be obtained by using preferred initial
DVS monomer concentrations. Preferably, the initial DVS monomer concentration is from 17
percent to 30 percent. More preferably, the initial DVS monomer concentration is from 20 to
abaut 25 percent. Most preferably, the initial DVS monomer concentration is 25 percent pius or
minus | percent. The effect of initial DVS monomer concentration, while a critical parameter is
not a step function. The changes in the final film properties are a smooth function of the initial
monomer concentration under identical photo processing conditions.

One may carry out the partial polymerization process in a solvent that dissolves
both the DVS monomer and the partiaily polymerized DVS resin at the reaction or
polymerization temperature or one may carry out the partial polymerization processin a
solvent that dissolves the DVS monomer but not the desired partiatly polymerized DVS resin at
the reaction or polymerization temperature. Suitable solvents depend on which process one
wishes to use.

Solvents which dissoive the partially polymerized DVS resin are hydrocarbons.
Aliphatic hydrocarbons such as hexane, isopar G®, Stoddard solvent; aromatic hydrocarbons
such as toluene, xylenes and mesitylene are exemplary. More preferred solvents include
aromatic hydrocarbons such as toluene, xylenes and mesitylene. Mesitylene is most preferred

because it is also the formulation solvent. Another more preferred group is hydrocarbons
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726 g * 3-bronpbenzocycl obutene (3.97 nol) 369 g

1,3-divinyl-1,1, 3, 3-tetranet hyl di sil oxane, (1.98 nol) 1134 ¢
pot assi um acetate (11.56 nol) 0.90 g pal | adi um acet at e
4.88 ¢ tri-(o-tolyl)phosphine 6 1090 nL

N, N- di et hyl f or mam de

24 545 nL dei oni zed wat er Water is

char ged t owhivh haw(drmlal oithgtoirits &thr bBoWaSSICLIm thashesobrentmajizregsly reotdde
reactor angroﬁmtth m ba%?)ktllatgon el rep?ged %‘y %equﬁ}dn Qg de is charged to

t he reactor,
3-br om)benzocycl obLﬁOé\reet fzommamthyparllaﬂy pigverized BWererip Ml Refipifala include

pal | adi um e @ éﬂﬂcér{o!s a(@prmk)éb WPIRGSIHYE 8l €ohol SHY H-BiRtbhd) bBiglg ok préfrrbé
purged with a stréamof nitrogen for

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

One may carry out the partial polymerization at a temperature thatis effective to
polymerize the DVS monomer. Suitable temperatures include from 125°C to 300°C. Preferred
temperatures include from 140°C to 250°C. More preferred temperatures include from 140°C to
200°C. 1fthe polymerization temperature is higher than the boiling point of the solventa
pressure vessel may be used. Atlower temperatures, the polymerization proceeds more slowly.
At higher temperatures the degree of polymerization .is more difficult to control.

One may carry out the partial polymerization for a time determined to provide a
partially polymerized resin that provides the desired finally cured film properties. One may
carry out the polymerization for a period of time sufficient to obtain an Mw of from 20,000 to
170,000. Preferably, one may carry out the polymerization for a period of time sufficient to
obtain an Mw of from 90,000 to 170,000. Most preferably, one polymerizes the DVS monomer
to obtain a DVS resin with an Mw of 140,000 plus or minus 10,000 g/mol.

Mw is the weight average molecular weight. Mn is the number average
molecular weight. The ratio, Mw/Mn, is called the polydispersity of the resin. Molecular
weights described in this application are apparent molecular weights. They are determined by
size exclusion chromatography (SEC) using narrow molecular weight range linear atactic
polystyrene polymers as standards. The polymers made in the processes described herein
contain a relatively wider molecutar weight range. Also, the monomer is tetrafunctional and
may give rise to branched polymers.

The initial concentration of monomer affects the rate of reaction. The higher the
initial concentration of monomer, the less time it takes to achieve a given Mw.

Preferably, one should not polymerize the DVS resin beyond its gel point. Beyond
its gel point, the resin is insoluble in aromatic solvents such as mesitylene. Time varies
depending on the polymerization temperature. The higher the temperature, the less time is
needed to obtain a given molecular weight.

Preferably, oxygen is excluded from the polymerization reaction. A
concentration of less than 100 ppm oxygen in the atmosphere in contact with the reaction is
suggested.

When the partial polymerization process of the invention is completed, the
partially polymerized DVS resin of the invention is obtained. 1t is believed that the DVS resin of

the invention differs from the DVS resin formed by partially polymerizing the OVS monomer
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mnutes. The reaction mxture is heated to 93[err]C for 25 hours, at which
time gas chromatographic analysis indicates thatthe reaction is conplete.
The contents of the reactor are cooled to 60[err]C and stirring is stopped.
The reaction mxture is diluted with 000 nL of deionized water. After
phase separation has occurred, the water layer is renmoved and discarded.
The organicec layer is diluted with 750 nL of |sopar Jerr] hydrocarbon

sol vent Theeapprehpriecipisatingahe desyiiad Fasth inpt plcamtjosaienh Jhe resineaptally epiymedised

wat er untiih alsbifeRGYBeUIS1o\MRTHa &rﬁall@?H&draJiynamtc volume foragwe-ﬁmbs&ﬁﬁml&ul%hase i's
stirred duri ng]tthe addi ti on of

hydr oper oxX'¢ieft This maype dretq ash'g?‘?'rpf &i‘gg‘fy ‘gﬁ'[aéf'?’% ey fé?m HEFC?B’L”%’%H‘F? g

t hen cool efthdexch eﬂm\tvacﬁmrmwyea sofveht. | The fowes ther sipalicenkcehyraparcdfinmtgome,ahdiMm
of suitable_size with Qf S'rlmcb% gel and 90g of magnesium sulfate, on

top of a @%ec‘)lrmh"uf‘cﬁdtth'l’affgfﬁap%rgam c solution is passed through the col um.
and the colum is Wwasidectowirettygobertrusfurdl diffruencey, sire éxclusidn dwambtograpby vent .

The or ude RLAGES ohrBihel fitheaklfing (RORALSASLA o Ly d@%&ﬁﬂe?ﬁéggﬁﬁggﬁén ;

Two passes are per pass, cru sse
| sopar [ er rdyratiomfgrasa awgromo@@ulaewelgmf Vét'%é tyresPERYSIr é%nsaﬁés fpuntthatP\Gy er head

at 110[er rrle&xstﬂ?eﬁa?%[ &/ sBin-\tadJQaéng Mtﬁgmvd rﬂoﬁd?ﬁer %@rﬁ@ﬁ\?‘at%?éﬁ tefd that

tenperature o pressure of nm Hg t DVS nonaner is

removed oA9PREARt havep Fﬂé"eﬁ 59 |f 'ia@ﬂ"eﬁra&‘ﬁi%"te moé%cviamye'aht then ?‘F‘HE’t"F%’l‘f PERPasEdh 0t t om
stream  byneat B-stagmg I wm&ulatelmawérwe@mberw 000, a\hRET BétSgddDV3Ir&sirHast he -

'FI)'XrB:_]ICEI iat 2 q!g%rf 88 ﬁngstroms or above At an absolute molecuar l‘,‘."&@“‘ of 160,000, alpvstr%ﬂ %
Di stil | ed staged at an initial concentration of less than 30 percent DV'S monomer has an Rg of léss than
90 Angstroms. A suitable method for measuring Rg is set outin thé examples.

Another difference between a DVS resin B-staged in a solvent at less than 30
percent initial 'DVS monomer concentration and a DVS resin formed by partially polymerizing
the DVS monomer neat and precipitating the desired resin in an alcoholic solvent is the cure
behavior in the rubbery state just after gellation and before vitrification. G’ or the shear
storage modulus increases more rapidly for the neat B—s_taged DVS resin at equivalent cure
conditions. The rate of increase in G' during the rubbery phase may be measured in é pérailel
plate rheomeier. At a cure temperature of 190°C and in the rubbery phase just beyond
gelation, G’ increases exponentially. The rate constant describing this exponential increase in
G’ is 0.011 sec’ or greater for neat B-staged DVS resins whereas it is 0.009 sec’ or less for DVS
resins B-staged at an initial concentration of 30 percent or less DVS monomer. A suitable '
method for measuring G’ is set out in the exampies.

The ﬁartia!ly polymerized DVS resin of the invention, formed by the process of the
invention, may be incorporated into a photocurable formulation. Said formulation may
include one or more photosensitive agents, one or more photosensitizers, and other adjuvants
such as antioxidants, fillers, adhesion agents, dyes, other monomers or oligomers, polymeriza-
tion accelerators or retarders.

Suitable agents to render the DVS resin of the invention photochrable and
processes for photocuring said resin are disclosed in U. S. Patent Application Serial No. 805,395
filed December 10, 1991; PCT Application No. 92/10,649, filed December 10, 1992; Moyer et al.
Proceedings, IEPS, Austin, 1992, p. 37; Rutter et al. Proceedings, ISHMVIEPS, Denver, April 1992,
p. 394; and Movyer et al. Proceedings, MRS, Boston. ' ‘

Suitable photosensitive agents employabie to make the resin of the invention
photocurable are those which have an absorption maximum near the wavelengths of the

photon source being used and affect benzocyciobutene photocuring. When a photosensitizer
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| nor ganic Speci e ppm ppm

ppm
1.9

3.3

<0. 3
<0.3
<0. 2

Br 159 10

d 3 7

P 600 100
K <0. 3
Na <0. 2

25

The distilled product may be sufficiently %ure for use in electronic

appl i cations

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,
acetylenes, isocyanates, conjugated aromatic ketones, and benzophenone-containing
polymers.

The most preferred group of photosensitive agents is the azides. The azides
emplbyed in preparing the polymers of this invention correspond to the formula

Q-(N,),
wherein
Qs an x-valent arganic moiety, at_ld
x is an integer of 2 or more. _

Examples of suitabie azides, as well as their synthesis and properﬁes are described
in “Azides and Nitrenes, Reactivity and Utility,“ Academic Press, 1984; “Azides and Amines
from Grignard Reagents and Tosyl Azi&e" Smith et al., J. Org. Cﬁem;. 34,3430, {1969);
“Encyclopedia of Polymer Science and Engineering, “/2nd Edition, Volume 1 1,186-212; Yang et
al., Proc. SPIE-Int. Soc. Opt. Eng., 469 (Adv. Resist Technol.),l1 17-26, 1984; Wolfet al., J.
Electrochem. Soc., 131(7}, 1664-70, 1984; Tsunoda et al., Photographic Science and
Engineering, 17, 390, (1973); Journal of Photographic Science, 29, 188, {1976); “Organic
Compounds with Nitrogen-Nitrogen Bonds” Ronald Prez Co., New York, NY, 1966; Boyer et al.,
Chem. Rev., 54, 1, (1954); Japanese Patent Number J01279240-A; U.S. Patents 4,565,767,
4,294,908; 4,354,976; and European Patent Applications 90300546.0, 84112698.0, 84300837.6

and 83810156.6.
Preferred azides are aromatic bisazides some examples of which are represented

by the following formulae:

0

RO

N3 N3

2,6-bis[3-(4~azidophenyl)-2-propenylidene] cyclohexanone

This is the replacement sheet

31 JAN 1997

Date:



Wi thout: further treatment. Procedure 8: Characterization of DVS Resins by
SEC- LALLS This nethod determ nes the Rg, radius of gyration
of a DVS resin at an absol ute nol ecul ar wei ght of 160, 000. The Rg of DVS
resins at a given absolute nol ecular weight, partially polynerized or
B-staged at |less than 30 wei ght percent solids is |ower than a DVS resin
that is partially polynerized neat with or without renoval of |ow nol ecul ar
wei ght speci es. A pol ystyrene standard is made by dissol ving
50 ng of a broad nol ecul ar wei ght atactic general purpose pol ystyrene (Dow
pol ystyrene 1683) in 25 nL of HPLC gradeStetrahydrofuran (THF). A DVS resin
concentration standard i s nade by neat B-stagi ng DVS nononer, dissolving it
in nesitylene and precipitating a high nolecular weight fraction by addi ng
a non solvent such as butanol. The precipitate is dried in a vacuum
Seventy-five ng of this powder is dissolved in 25 nL of THF. The sanples to.
be tested are usually dissolved ingresitylene. Approxi mately 30 ng, based
on solids, is added toﬂip mL THF Sanples are filtered using

syringe type f sgpple \a nom nal Mw of
| ess than 100 H'sc SYringe (CR-PTFE), 0.2
nt cron pores a nom nal eater than

100, 000, a
used. They

m cron pores is
nmal | e¥filter renpves m cfogel s which are presentygn the higher
nmol ecul ar weight DVS resins. Filteri{ng through.-0.02 mcron frliters is
difficult. Considerable force may bg needed to filter the higher nol ecul ar
wei ght sanp an caut i on br eakage filters should be

t aken. 30 %3 itﬁfgahiﬂs%rﬁ@ﬁ?f‘ qo)es’éﬁ}p vials to linit the
anount of exanone Noni nal |y, 75 nlcroliters of the

sanpl es were |njected into 3 Polyner Laboratories PL gel SEC col unms
connected in series. The first 2 8re PL 10 [err] m M xed- B col ums

2,6-bis(4—azidoben2ylidene)-N-methylcyclohexanone
(BAC-M)

N3 N3

I

2,6-bis(4-azidobenzylidene)-4-t-butyleyclohexanone
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and thesthird is a PL 5 [err]mM xed-C colum. The colums are run at an
anbi ent tenperature with a 1 nL/mn. flowrate of Fisher HPLC G ade THF
sparged continuouslywith heliumfor degassi ng. Seventy-five
[err]L sanples were injected with a Waters W SP 712 aut osanpler. Low angle
| aser light scattering is perfornmed with a Chromati x KMX-6 from

Ther no- Separations, Inc. at a wavelength of 632.8 nm The differenti al
refractive index is neasured by a Waters 410 Differential Refractive |Index
detector. The data is collected on an | BM PC using Pol yner Laboratories
Calibre V5.0 software. T overall concentration of the DVS
resin is calculated by neasuring the area under the refractive index

det ect or peaks and conparing it with the area under the refractive index
det ect or peak of the standard nade fromdry DMS resin. The LALLS is used to
nmeasure the excesy g fact @ mhl S di fference between the
Rayl ei gh factor for t Iv ing and the Rayl eigh factor
for the pure sol vent! ngent ration

26

4,4* or 3,3'~diazidophenyl sulfone

"G

4,4' or 3,3'-diazidophenyl sulfide
i

-0

4,4' or 3,3'-diazidophenyl Ether

O—-O+HO-~5

2,2- bis[4-(Y4-azidophenoxy) phenyl] propane
or
2,2-bis[4~-(3-azidophenoxy) phenyl] propane
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of* the fraction eluting determ ned by instantaneous refractive index
detector, one can cal cul ate the absol ute nol ecul arwei ght for a given
retention time for the sanple. Rg for a given retention tine
can be cal cul ated forthe colums by running the sanme procedure with a known
standard. For |inear atactic polystyrene such as Dow pol ystyrene 1683 in
THF at 25[err]C, Rg (in angstrons) is 21.574 + 9.224e-4 x MM7. 256e- 10x
MNerr] + 2.2795e- -17 x MNerr]. For the purposes of defining this
invention, one correlates retention tine with Rg based on the pol ystyrene
standard for the columms. Based on thik, one can read off the Rg for the
DVS resin sanple at 160, 000 absol ute nol ecul ar wei ght.

Exenpl ary values for Rg for various DVS resins are set out in TABLE |
wherein the Rg is determ ned for absol ute nol ecul ar wei ght of 160, 000.

TABLE || B- st agi ng Concentr at i
Appar ent Mw_of i on Tot al
Sanpl e N3 @. oms)CI'I"'%q'I Nan 9

100 5, 000 94 [err] 0.7

100 40, 600 941. 3

30 126, 000 83
: 4,4'-diazidostilbene

i

N3 CH=CH——C N3

4,4'-diazidobenzalacetophenone

. N3

6]
2,3-diazido~-1,4-naphthoquinone

N3 CH2 N3

y,4t~diazido diphenyl methane

This is the replacement sheet

Date: 3 i JAN BQ?



25 ' 134, 000 86 : 24
133, 000 86 20

119, 000 86 [err] 1.1 *Not an exanple of the
i nvention Procedure C. Characterization of DVS Resins by DVS

The DVS resins of the invention may al so be distinguished from neat
B-staged DVS resins by dynamc nechanlcaﬂzspectroscopy Dynam ¢ mechani cal
spectroscopy and |ts use to characterize polynmers is generally described in

J. D. Ferry, Viscoel asti ertie f ner,s
resin are cured is W@Pﬁ’& "?f’o ot 8 hﬁ?"]@"’%ﬁ’@dah"é‘?aé‘%f?g'aﬂﬂes@'&a?ﬁgxf E’g‘”shear
st or age no2leHbisEs-{4iaridopiteny H2rogerylidse]-dmetiacioheaxetoneThe rate of increase

for DVS resins B Sigdatd fefrafhsglh da&r&n%@gw@%@%\}ggq?géﬁ iRudrllglcd)

percent is |ower than or a neat
| ower ol emlayedwangmooswuae@emhrl‘ém@wﬂeﬂ%@@mmum near the wavelengths of

Rheomet 11 Cie phbton st km%‘{@?! or thw&#snﬁ% bdifg Gkl ﬁf@oﬁ;uﬁ&f&ﬁ%t&ﬁé

spectronet er eqU| pped d-ran force rebal ance transducer and with

an envi r onPRSPsENsitueAgpRLONe ShoaspsanAZi “E’%l’f‘ﬁ'é?‘é?‘?}re@e@ﬁ@Pﬁ‘t‘f’%ﬂh%?seaﬂ"'ze'
equi val entsoigaitith 8f #e gide iHife %manﬂsears alkb o targideration) AsuifaGle) i s

g? lr ;:Jlnat edph%%ostens?twreaatglegt fgithte rb resnr? ofa ﬁe megnrtstoln?sna 2O é blsa-az:do gnszgsmc}ege)tﬂe

alkylcycl chexanone such as 2,6-bis{4-azidobenzylidene)-4-methyicyciohexanone {hereinafter,
BAC-M) or 2,6-Bis(4-azidobenzylidene)-4-t-butylcyclohexanone.

Another factor bearing on the choice of a bis azide is the thickness of the layer of
DVS resin to be laid down. BAC-M absorbs light at 365 nm. BAC-M is a good choice for thin
layers such as 5 microns orless. in thicker layers such as 10 microns, one may wish to use BAC-M
in conjunction with another bis azide that does not absorb at such a wavelengtn. Preferred
second bis azides include 4,4° or 3,3'-diazidophenyl sulfone, 4,4’ or 3,3'-diazidophenyl ether, i
2,2-bis{4-{4-azidophenoxy) phenyl] propane or 2,2-bis{4-(3-azidophenoxy) phenyl] propane.
More preferred bis azides for use in conjunction with BAC-M are 3,3'-diazidophenyl sulfone,
4,4’-diazidophenyl ether or 2,2-bis{4-(4-azidophenoxy) phenyl] propane. Most preferred is
3,3’-diazidophenyl sulfone.

One may wish to use these other bis azides, without BAC-M for Iayers thicker than
12 microns. Preferred other bis azides include 3,3'-diazidophenyl sulfone, 4,4' or 3,3'-
diazidophenyl-ether, 2,2-bis[4-(4-azidophenoxy) phenyl!] propane or 2,2-bis{4-(3-azidophenoxy)
phenyl] propane. Maore preferred bis azides are 3,3'-diazidophenyl suifone, 4,4"-diazidophenyl
ether or 2,2-bis{4-(4-azidophenoxy) phenyl] propane. Most preferred is 3,3'-diazidopheny!
sulfone.

~ The DVS resin formulation of the invention may be photocured to provide the
photocured DVS polymer of the invention.

The amounts of DVS resin and photosensitive agent employed in preparing the
photocured polymers of this invention can vary. Suitable amounts are those which contain DVS
resin as the major component and provide a photocurable mixture from which photocured
organic-insoluble polymers can be prepared by exposure to photons.

A suitable amount of photosensitive agent is that which provides sufficient curing
in the photon-exposed portion of the formulation to render it insoluble in the developing
solvent. A preferred weight percent range of photosensitive agent (BAC-M) is 0.1 te 20 based
on the sum of the weights of the individual photosensitive agents 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 agentis 1 to 4. A preferred weight percent range of the DVS
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27 ' If the DVSresinis in solution, it is vacuumstri pped
to renove the solvent down to less than 1 percent. Care shoul d be used not
to advance the cure of the resin during any vacuum stripping. Discs (8 mm
dianeter. x 1.5-2.0 mmthick) are conpression nolded for 5 mnutes at
120[err]C and 10 to 15 psi. The plates of the DVS are heated to the cure
tenperature (190[err]C) and the gap betwe the plates is zeroed. The oven
is opened and the resin disk is | oaded onto the bottom plate. The oven is
closed and the top plate is lowered into contact wwth the sanple. The plate

gap is then adinisdord 9b.9 bhda@ of kidkiuRPdf tE@WBIgRts biihe kRE@Serkitive Soedt Andfie DY'S
ensure good contact.

. Th t t d
measur enent s™ 8 e ATHKERT eé?féerd;)”%?)ht?éﬁcﬁﬁgrsa%&?%irt% %?ﬁ "Ifa" f’:?g rt% %c/i e‘{i% E mosteieRss
angul ar fr equeigbypetent fangadf tie DVS eesirsie 8droddaft phbtosersitizepgentuis crodiffe0
per cent At eliadiflcanlly timbieliid-Glign Hord HRUARAS Yonk Fhal SEHUGTHe dedcehe bAI AN e

second for t ura ecau creases by many orders of
magni t ude duplhiqtgsepsitive agent tosomespond tacthe gwiay consenteatipngivendy the hereinbefore

peri odi cal | ygf dm%t%?{agigg#ggéﬁg{. in an acceptabl e range.

This isothermal cure » .for G as a function of cure tine.
Si nce cure tenper at urldagdditionto the BV resinasp @ phetesensitive agapt.sepe embedimaris of he

changes in finpGhieRfian csrRaIN Bh&bRoreoptibhd) CorhpdiRne MithichengiiedidéLrodaitor the
The change in fractional conversion since the start of the test, denoted by

the synbol [@r§tignscRaradefstitt ed fromthe cure test data using equations
based on previ ous st uxh atiokiiait may be added to increase the formulation’s oxidative stability

during processing as well asin the cured resin. Antioxidants of the phenol-, sulfide-,
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 polymerized 1,2-dihydro-2,2,4-

-trimethylquinoline, CAS registry number 26780-96-1.
This antioxidant is available as an oligomer of the formula

wherein R is hydrogen, an electron withdrawing or electron donating group and nis 0-6.
Preferably R is hydrogen, but it also can be any substituent that does not interfere with the
antioxidant activity of the compound.

2,2,4-trimethyi-1,2-dihydroquinoline, wherein R is hydrogen, is available as
AgeRite® MA from R. T. Vanderbilt as an oligomer with a degree of polymerizationof3or 4 (s
istor2).

Preferably, the optional antioxidant is employed at a weight percent range of ie

“than 8, more preferably at a weight percent range of less than 7, and most preferably at .0011
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., Tetranedron, Vol. 38, No. 9, pp. 1203-1211, (1982); Tsunoda et al., Photographic
Science and Engineering, 17, 390, {(1973); U. S. Patent 4,268,603; and European Patent
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have established the effective rate for the pseudo-first-order cure
reaction of DVS nononer as set out in R A Kirchhoff and K J. Bruza,
"Progress in Polynmer Science,” Vol. 18, pp. 85-185, 1993. The change in
fractional conversion is: [err]P = [err] where
[err] and p denote the fractional conversions at the start of the test and
at sone tine into the test, respectively. To estinmate the fracti onal
conversion (p) vs. cure tinme, the following calculation is made for each

data point in succession: [err] =1 - {(1
-p[err])exp[-k[err](t[err] t)]} where tq4 rate constant is estinmated based
on: K[ err] (2.79 x 10[err]mn[err])-exp{- 19200/T[err]}

where T[err].is the te eratu e in

t r ansf o£ ré‘?'%"éﬁ“?ﬂg%éﬂﬁt’sé% P tab W “sﬁﬁgﬁsa&}mﬁ@,"@]"%&‘§9%‘9§ TRXEHT e
initial c:mavefesba}aiebgmsbfﬂhbpﬁdsmsadwbaeencbmﬁam ned by SEC (residual nonomner)
or DSC (residual L cal unc ti St i det ning the
initial (conversi o?(%tg"eg oﬁ%sﬁﬁo T DECES ? %rY‘F' '@H"é‘?*ﬁgé’"r'ﬁ‘ ?rgctl onal

conver si on. o G is then plot bed agai nst fractl onal _conversion.
|

For 8-staged DVS resind! G increages in afl approxinate xponefjti al

fashion fro ByYon Il atj aYyra of abo t he val ue
shoul d be npgs i giul In th ea. Ihe tais f id t o} t heAr
functional fonry CH.G o) - '

9 3 . R CHBO ]

where Ar is represented by the following formulae:

@OOO

ocH; »
?20 ' ﬁ Ra2
Q N NG ]
~ \N N NN N
Ra1 ° 0// ° Rgq ,

where R2°, R21, R22, R23 are separately and
independently H, OCH3, and -N(CyHg)p,
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28 wherein Ais the extrapolated value of G at the start of the test and

the factor ais the slope of the sem-log plot of G against change in
fractional conversion ([err]p). For neat B-staged DVS resins (a) varies
from500 to 900. For solvent B-staged DVS resins, wherein the initial
nmononer concentration is 30 percent or less (a) varies from 230 to 350.
Exenpl ary val ues are set out in TABLE II1.

TABLE 111 B- st agi ng Apparent Mwv of
Concentration Total Sanpl e Plerr] a
(Wt % ~*10015 95, 000 .55
716 *100 95, 000 . 55
810 *100 95, 000 .55
739

0

i

~ Ar
~ NS
(CoHs)2 °© 0 ,

‘wheré Ar is represented by the following formulae:

e represented by the following formulae:

More preferred photosensitizers af
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*100 66, 000 - 694

*100 74, 000 .58 933
*100 43, 500 - 515
27 161, 000 .50 298
27 161, 000 586 352
27 - 126, 000 4 301
25 161, 000 .50 295
25 110, 000 .50 322
20 155, 000 ? .53 . 230
20 .52 323
20 A?g?[ii:ﬂ 314 *Not an
exanpl e of the invent l es 1-310 ~

CH, 0”0 \bcn3

3,3'=-carbonyl bis(T7-methoxycoumarin)

pas
00 TN

and

(CZHS }2N 0

3,3'-carbonyl bis(7-diethylaminocoumarin}.

in some applications, the photosensitive agent may act as a photosensitizer. For
example, BAC-M may act as a photosensitizer for the diazido-sulfones and diazido-sulfides.

Preferably, the optional photosensitizer is employed at a weight percent range of
lessthan 5, more preferably at 2 weight percent range of less than 3, and most preferably at
.001 to 2 weight percent.

The photosensitive agent can be dissolved in the partially polymerized DVS
resin/solvent system by conventional means such as agitation, sonication and heating. All
manipulations of the DVS resin/photosensitive agent mixture are preferably performedina
darkened environment to prevent premature initiation of the photosensitive reaction by
photon radiation. One means of providing a suitable environment is by using working space
equipped with amber filtered (yellow} lights which filter out wavelengths of less than 500 nm.

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
formulated as a spray- or spin-on solution which is applied immediatefy before applying the
DVS resin-containing formulation. Alternatively, the adhesion promoteris added to the
DVS 'resin/photocross!inking agent formutation.

The adhesion promoter is designed such that one end of the moiecule either
covalently attache§ or adsorbs to the metal, metal oxide, or ceramic substrate surface, while the
second end of the molecuie reacts with the DVS resin polymer matrix. Suitable adhesion
promoters include trialkoxyvinylsilanes and trialkoxyvinylsilyt 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-aminopropyl triethoxysilane,
trimethoxyvinylsilane, triethoxyvinyisilane, trimethoxyvinylsilyl benzocyciobutanes, and
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Partial : Pol ynerization in a Sol vent. A three-necked flask is
provided with an agitator, a reflux condenser, thernocouples attached to a
tenperature controller and a heating mantle operatively connected to the
tenperature controller. The DVS nononerqprade by the net hod set out

her ei nbefore and nesitylene are added to the flask in the proportions
stated wherein percent DVS nononer is the initial weight percent DVS
nononmer | nrid¢thexyviolily! sehastycbutanes. The most prefeﬁédaac&gkibabmmdterist arted. The

flask is E%aﬁgﬁ]%%f% {rﬁ%%%x?&gﬂ@(cw%z% églot rogen i s maintai ned over the

reaction throu cours reacti on vessel is then heated to the
tenperature st at edSitablesubsitates ase compisedialicannaluminge earamicimatensisskdtasd, t he

react ant s ;Rfnth Eﬂﬁﬁe,?ﬁ%@ QBﬁ@B @6kainfts 4:3;()?&? §HeRD) orifhéd clrfifH Bbatds, foiycRi@iithe

evaporator at approxi Olerr]C
This is tﬁ@rqc@ﬁrhgaéﬁémtr@h@ém V semiconductors, silicon nitride films, glass ceramic and high

temperature polymer films such as polyimides and polybenzazoles. More preferred substrates
are comprised of alumina and silicon. The most preferred sﬁbstrate ts sificon.

The DVS resin-containing formulations are applied from solutions containing 3 to
70 weight percent'solids. The solids content and molecular weight of the DVS resin-containing
formﬁlaﬁon determine the viscosity of the spray- or spin-on solution. Spin time and speed are
used to control film quality and thickness at a particular formulation viscosiiy. Details of
substrate coating with benzocyciobutane films can be found in the Journal of Electronic

Materials, Vol. 19, No. 12, 1890.

in a preferred process wherein the DVS resin formulation hasa viscosity of
1100 £ 50 ¢St at 25°C, one may spin-coat the DVS resin formulation at 68°F to 70°F at a relafive
humidity of 45 to 55 percent with a spread of ten seconds at SOO'rpm and a spin of 30 seconds
at 2800 rpm. This generally yields a coating of 10to 12 microns thick. A stream of xylene may
be directed at the back of the substrate being coated to avoid dried resin (cotton candy) from
adhering to the edges of the substrate.

The majority of the casting solvent is removed during the spin-coating process. A
softbake cycie may be required to remove residual solvent. The softbake also reiaxes stress
resulting from the 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
adhesion to'a mask when printing in a hard contact mode.

The softbake may be performed in a convection oven, belt oven or on a hot plate.
A preferred softbake temperature is one sufficient to remove residual solvent, provide stress
relaxation which requires a temperature above the polymer’s glass transition temperature, but
low enough to avoid oxidizing or thermal curing of the resin and which allows the resin to flow
sufficiently to promote planarization. The preferred softbake temperature will vary depending
in part on the components of the DVS resin-containing formulation. A more preferred

_softbake temperature ranges from 70°C to 120°C. The most preferred softbake temperature is
75°C. The softbake is time 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 20 to
30 minutesin an oven at 80°C. When using BAC-M it is preferred to softbake at 75°C 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 curing of the resin
components. The preferred softbake time will vary depending in part on the components of
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29 approximately 50 mm Hg pressure or diluted to 42 percent DVS resin with

addi tional mesitylene. The Mh and Mwv are then neasured by size
excl usi on chronmat ography (SEC). Results are set out in TABLE I V.

TABLE |V Initial Pol ym Pol ym Vvh Mv
Per cent Tenp. Ti me x 10Berr] X 10[ err] Mn~ Vh

Monormer ([err] O (Hrs) 1* 5.0 . 167

145.8 tHe®VB resin-¢stRaiding forbultion. A more preféfed softbakietirfle ranges frotr615 seconds
5732 gl to % r%nutes. 1]}%7{2956 prefezx'?g’eg%Sﬁbake time rang?’e fepends o%giaggcing des%?%'? _1112 5
65. 84 perBordhiance resulld Qvith maxim2ing throughput, mayyary from 13 gconds to 30 migytes. 4B
60. 2 magim?ze througpigé:', 91e miniifntime would be optimal.

Suitable softhake atmospheres include a vacuum, air, nitrogen, argon, and
helium. Nitrogen is the most preferred atmosphere.

Exposure time is dependent upon the photon source being used. Selective
removal of various components of a high pressure mercury photon source may provide superior
film performance. Suitable photon sources include those for which a suitable photosensitive
agent exists that can absorb that photon source’s wavelengths of energy. Preferred photon
sources include visible light, ultraviolet light, X-rays, ana electfon beams. More preferred
photon sources include ultraviolet and visible !igﬁt. The mostprefe;red photon sourceisa
super high pressure mercury arc. The dose varies depending on the film thicknes§ and the type
of photsensitive agent used. Fora 10 microh thick film, suitable dose at.the J-line {365 nm) is
300 to 600 ml/icm?’. i .

One may pattern the light striking the DVS resin formulation film by passing it
through a mask in projection, proximity or soft contact mode in a conventional manner.

Following photon exposure, a softbake cycle may be employed. This cycle

" increases 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 photon exposure. Such a procedure may increase the photosensitive agent’s
sensitivity.

Once photon exposure is complete, the film is solvent developed. Solvent
deveiopment comprises removing, using a sotubilizing solvent, the material that has not been
exposed to photon radiation and thus not photocured. Dissolution involves two steps. The first
is solvent penetration which converts the glassy polymer to a swollen network. The second step
involves extracting low molecutar weight oligomers from the gel at the solution interface.

Suitable developing solvents are those which selectively dissolve the nonphoton-
exposed film component while minimizing swelling of the photon exposed film. Suitable

" solvents for unexposed DVS resin films include hydrocarbons such as Stoddard solvent, xylene,
mesitylene and toluene, 2-methoxyethyl ether (diglyme), C.-C,, butyric esters such as ethyl
butyrate and n-butyl butyrate, dipropylen'e glycol dimethyl ether (Proglyde™ DMM solvent),
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,

“Hawiley’s Condensed Chemical Dictionary,” 11th Edition, Van Nostrand Reinhold Company,

New York, 1987. This is the replacement sheet
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6 32.0 167-150 40. 82 2.2 117.0 53.2

7* 40.0 167-145 43.0 2.0 153.0 76.5

8* 50.0 167- 145 41.0 1.6 34.0 21.3

o* 65. 0 167 23. 22 1.4 24.0 17. 1

10* 100. 0 167 23.0 1.3 24.0 18.5

*Not an exanple of the invention This data indicates that as

the initial concentration of the monomer!® ncreases the Mh tends to decrease
when the polymerization is continued to a given Mv. Exanples 11-16

Addi tional sanpl esfﬁrﬁospwekérﬁéd'sx»vgﬁls vms ?eeﬂl. fﬁxasﬁsmnmom@&nvem and

167[err]C until they reach an ap arent 00. percent nononer

renai ni ngProgivdet Wﬁww&g@a%ﬁ @Ffé‘b"m ?FBH%F"*E‘IE&"’G’I "?e&@ﬁ%f“ Resul t s

are shown,digntibhBbdr isslow to dissolve the unexposed DVS resin and has a low flash point. Proglyde™

DMM dipropyiene glycol dimethyl ether gives lower film retentions but has a higher flash point

and may be less toxic than, for example, diglyme. N-butyl butyrate is a good choice for films

less than 8 microns thick, but tends to cause crazing in thicker films. The choice of deveiopment
sol vent wrll to some extent be governed by the users choices between these attributes.

Preferred solvent development methods include spray, puddie or immersion.
techniques. Spray deveiopment is a preferred technique due to its amena bility to large scale
producti?:n. One preferred technique is puddiing solvent on the wafer, allowir(g itto
penetrate for a period of time which can be determined by experiment. Then the wafer is spun
at a high speed to remove the soivent and penetrated film. Preferred development methods
may depend on the solvent. Diglyme is preferably puddied.

For the preferred formulation for a 10 micron thick fi Im, one may puddie

Stoddard's solvent at 68°F for 2 minutes and then rinse for 20 seéénds while spinning at 500

rpm. ;
One may use the preferred DVS resin made from DVS monomer made using the
exemplified monomer synthesis method, which is then solvent B-staged using the exemplified
procedure, with an initial concentration of 25 percent solids, to achieve an Mw of from 140,000
to 150,000. One may make coatings on the order of 5 to 7 microns thick using such a resin
formulated with 3 weight percent BAC-M and 1 percent AgeRite® MA based on the DVS resin.
This is then diluted with additional mesitylene to a viscosity of 350 * 17 ¢St at 25°C (about 40
percent DVS resin). One may make coatings on the order of 8 to 10 microns thick using such a
resin formulated with 2 weight percent BAC-M, 0.75 weight percent 3,3"-diazidophenyl suifone
and 0.75 weight percent AgeRite® MA based on the DVS resin. This is then broughtto a
viscosity of 1100 £ 50 ¢St at 25°C with mesitylene (about 47 percent DVS resin). One may make
coatings on the order of 20 microns or more thick using such a resin formulated with 1 weight
percent BAC-M, 0.9 weight percent 3,3'-diazidophenyl sulfone and either 0.75 or 1 weight
percent AgeRite® MA.

To make 20 plus micron thick films, the spin speed must be lowered to, for
example, 850 rpm for low viscosity solutions or one may increase the viscosity and spin at higher
speeds. In any of these optioné, portions of the resin are photocured with 365 nm wavelength
light for 600 to 1000 mi/cm?®. A Proglyde™ DMM development solvent is puddied on the wafer
for at least 90 seconds before being spun off. For the 5 micron coating, either Stoddard solvent
or n-butyl butyrate is an effective solvent. For the 10 and 20 micron coatings, Stoddard solvent

is preferred.
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30

Initial

Per cent
Mononer
11*
12*
13

TABLE V

Pol ym Vvh Wei ght Per cent No.
Ti me (x 10[err]) Mn Vh Mononer
(Hrs) : 20 Renai ni ng
5.0 100 4.5 5.6 2.0
10.0 68 3.3 7.6 3.0
20.0 The solvedbdeveloped film m3y Be post-baked 1drefhove solvent. The@ofl-bake

may include elevation of the temperature to 120°Cto 140°C for 0.5 to 2 minutes. Preferably,
the 10 micron film ma); be post-baked on a hot plate in air at 100°C for 1 minute.

One may optically inspect the device before any additional curing is carried out.
DVS resins fluoresce at near UV wavelengths. This property may be used advantageously for
optical inspection.

Fluorescent optical inspection may be carried out by ililuminating a part with a
specific wavelength of light and inspecting the part at a different wavelength. The
iuminating wavelength is filtered from the light reflected to the detector. A simplified
embodiment comprises a mércury lamp which illuminates the part at a near UV wavelength.
The reflected light is detected with a stereoscope and a camera. The part is placed in the field
of view of the stereoscope and the part is illuminated with the lamp from the side. The crown
glass optics of the stereoscope filter out the reflected UV light from the lamp, but aliow the
longer wavelength fluorescent light from the part to be observed. The camera may be used to
register the reflected light.

One may use conventional commercially available optical inspection devices for
such optical inspection. Typically these devices use a bright line source, a broad band pass filter
and some form of machine vision. The source of illumination may be a laser or atomic line
emission source. The use of a line source eliminates the need to prefilter the light to get only
the wavelength of interest. The emission filter system is chosen to block only the iliuminating
light wavelengths, while allowing fiuorescent light of any wavelength to pass to the detector.
The detector may be an array type so that computer logic can be applied to pass or reject parts.

Preferably the iilluminating and fluorescent light wavelengths are both in the
near UV. Preferred iluminating wavelengths are 337.5, 356.4 or 408 nm of a Kr* laser; 351.1 or
383.8 of an Ar* laser; 325 or 442 nm of a He/Cd laser or 254 or 365 nm of a mercury vapor lamp.

Fluorescent illumination provides an advantage in that one may iluminate with
one wavelength and detect at a different wavelength of light. Laser fluorescence more easily
distinguishes between resin and inclusions such as metal circuitry which does not fluoresce. if
the incident and reflected light have the same wavelength, the only parameter distinguishing
portions of the amde being seen is the reflectance. Refiectance of metal inclusions may vary
depending on the amount of oxide on the surface.

With automated optical inspection, the article to be inspected is illuminated by a
light source and the relected light is detected by a camera which can convert theimage o a
digital format.

U. S. Patent 4,152,723 provides a detailed description of an optical inspection
method for circuit boards. A beam of light energy scans, in a predetermined pattern, a surface
of the board comprising a pattern of metallic conductors disposed on an insulating substrate.

The beam has an energy level high enough to excite detectable fluorescence in the DVS resin.
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14 - » 30.0 28 1.7 14. 7 8.0

15* 65. 0 24 1.4 17.8 10.0
16* 100.0 24 1.3 19.2 12.0
*Not an exanple of the invention The data indicate that, for

a given My, the Mh decreases as the initial concentration of nonomer in the
sol vent increases and that this is at |2ast partly because the wei ght
percent nononmer renmaining is higher. The ratio of MV Vh may be called the

pol ydi spersity, roughly mneani eg the breadth of the nol ecul ar wei ght range.
The data §h€)ﬂ}-‘?rﬁ%§?“@§5 teiRetabHY qetetteq et SeRbitRie fnawpstesainettite sol vent

| ncr eases flubfeeceRed éﬁB lsaﬁfvsatéw awné»wlmi Whigk ﬁﬂ&eﬁzs wheiher mw&m Mhadixﬁrml es

16- 42 ti onal are .po tize erent
gi ven i ni P THSFEHER 1B OEAf PREVERE- T oresclng metatie coidhlaiy e bR Sappl | on
i s then diHentsgschtanizeiwigtvtheacanhing@s theybeoh s@ﬁ@haﬁpﬁi;nd'ﬂmaglﬁprﬂsmtatxon of

For obt ai nkﬂ%‘&%&%ﬁ%ﬂacégﬁeneﬁyﬁ%@ as 20 mcrons, one may use a solution with a
0 € SO

Vi scosity Ution is filtered through a 5 mcron filter in
a class 1000 cl eanlmmmrocmrm@mngmamheemtltytbweciaodmten@fylgvf;ctsersm

present, ﬁln@s Q&%}ﬁ&@&#ﬁﬁﬂébéi‘%@@&méar@?&&%&&re Sr:fe?ﬁ BRI sinG é@AMmb%e added

to the solution icon waférs are plasm
oxygen cl esfeastughfunstippiea (goldensieyise nith thpdevice being inspected. The system may be

programmed to show only the differences between the two images and to distinguish
between the types of defects. Films could be rejected automatically based on the number of
areas with too little or too much resin. _

With a Fourier transform of the difference betweé_n the twoimages, the type of
defect could be identified. For more sensitive processing than differentiation, the Fourier
transformed image can be examined for spatial frequencies characteristic of defects. After
filtering the transform for defects of interest, an inverse transform wéuid consist of an image
of only the defects.

If optical inspection detects defects in the top layer of resin, it may be stripped
from the device with an appropriate solvent. Thisincreases ultimate yield of devices. Suitable
stripping solvents are those which dissolve the photocured top fayer of resin, but do not disturb
underlying structures. Suitable stripping solvents include tetrahydrofuran and
2 (3)(tetrahydrofurfuryloxy) tetrahydropyran. A defective photocured DVS resin formulation
film may be removed by sonicating it at 75°C for 20 minutes in a NMP based stripper such as
Shipley 1165 stripper. In some cases xylenes may be used as a stripper.

- At this point in the process, for example, after passing optical inspection, the
patterned thin film may have additional microcircuitry and photodefined dielectric layers
applied to it or it can be further thermally cured.

Procedures for preparing muitilayer interconnect units or muitichip modules are

disclosed in the following references: 1.J. Reche, “Fabrication of High Densitv Multichip
Modules," IEEE/CMT 1989 IEMT Symposium, p. 104; T. Tessier et al., “Process Considerationsin
Fabricating Thin Film MCM's,” IEPS, 1989, p. 294; S. F. Hahn et al., “The Fabrication and
Properties of Thermoset Films Derived from Bisbenzocyclobutene for Multilayer

Applications, "Proceedings of-the ACS Division of Polymeric Materials: 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 international Journal for Hybrid Microelectronics, Vol. 13,

No. 4, 1990. Additional information on preparing multichip modutes may be found in
This is ihe replacement sheet
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followed by a spin rinse dry cycle in a rotating spin dryer. The substrate
Is then coated with a .5 percent aqueous sol ution of

3-am nopropyl triethoxysilane to pronote adhesion. The DVS resin solution
was then spin coated onto silicon substrajies using approximtely 3 nL of
solution, a spread cycle of 500 rpmfor 1 seconds and a spin cycle of 5000
rpmfor 30 seconds. The coated wafers are then prebaked in a nitrogen

bl anket ed otBEnzédyciBBEehe©ProdBsimg GuitleBor Muitiaférlinrarcanmect Fabrication (Multichip

31 the sub Lgﬁ%gs.rﬂgsowgﬁﬁg,f{o%pjaﬁgt ,g,a;],g ,q%{pqr% frr] of 350 to 450 nm

wavel ength t hrou onmas ard contact node using
an Oriel mask ali gneﬁftefbelngdeve'OPEdandmdrhpmt'bmgéhﬁsewvw spataydeng a

devel opnent 38 NﬂQFaWoﬁgnmr@Wﬁ){%Bﬁ@oﬂﬂ@%ﬂ&ﬁﬁ s@ﬁB&l’e?“S of the film
Typi cal solvents are 2-met hoxyeth her (di gl
For a softcured film on which addxtlonal meétal or polymer layers will be formed,

one may heat at 210°C for 40 minutes.
For a hard or finally cured film, one may heat according to the foliowing
schedule: '
50°C for 5 minutes .
ramp from 50°C to 100°C over 15 minutes
100°C for 15 minutes | '
ramp from 100°C to 150°C over 15 minutes
150°C for 60 minutes ,
ramp from 150°C to 250°C over 60 minutes
250°C for 1 minute
20°C continuously. _ .

The preferred 10 micron thick fitm may be fully cured at 250°C for 60 minutes.

One may also cure the resin film in an infrared belt furnace. A suitable furnace
and procedure are disclosed in P. E. Garrou et al., Rapid Thermal Cure of BCB Dielectrics,
Proceedings ECTC, San Diego, May 1992, pp. 770-776. A Radiant Technology Corporation
Model No. LA-306 infrared belt oven may be used with a nitrogen atmosphere. A soft cure may
be obtained with a 1.5 minute residence at 260°C. A hard cure may be obtained with a 30
second residence at 280°C.

"After curing the individual {ayers of DVS resin formulation, one may remove any
scum remaining in the interconnect vias by exposing the coated substrate to an O,/CF, {90/10)
plasma at 300 watts, 200 mTarr for 30 seconds. The need for this may vary depending on the
size and shape of the vias and the amount of scum remaining.

For making a patterned cured resin film the following is recommended. The
exemplified DVS monomer is B-staged at a 25 weight percent solid in mesitylene for 46 hours at
165°C and for sufficient time at 145°C to obtain a viscosity of 4.4 cp at 145°C {or 35 ¢St at 25°C)
which should be equivalent to an Mw of 140,000 plus or minus 10,000. The DVS resinis
concentrated by vacuum stripping to 52 weight percent solids (viscosity 4,000 ¢p at 25°C). The
DVS resin is formulated by adding 2 weight pe?cent BAC-M, 0.75 weight percent
3,3'-diazidophenyl sulfone and 0.75 weight percent AgeRite MA antioxidant and diluting with
mesitylene to a viscosity of 1100 £ 50 ¢St at 25°C.

This formulation may be spin coated on to Si0,, an underlying partiaily thermally
cured DVS resin formulation or copper on a substrate to form a 10 micron thick, patterned,

cured, final film. Spin-coat at 68 to -70°F and 45 to 55 percent refative humidity. Spread for 10
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but'yl butyrate, Proglyde[err] DVMM dipropyl enegl ycol dinethyl ether, or

St oddard sol vent. For Exanples 23, 25, 26,30-33, and 35-39, the devel opnent
solvent is 2-methoxyethyl ether, diglynme. For Exanples 24,27-29,34 and 40

t he devel opnent solvent is n-butyl butyrate. The sol vent may
be puddl ed on the coated and exposed sulxgrate foll owed by spraying

addi tional solvent onto the substrate while spinning at 500 rpmfor 30
seconds. Immedi ately after solvent application is stopped, the spin speed

i s i ncr eas¥®gondsay, pm@nsemfméﬁﬂcsndm2%°@éarnd§'n%edhab§ckf'%wgbrx)mmoff

P][ fef e;) ab:c Ypreg?rﬂ kmgandf&ﬁakar%[aaﬁé&nﬁwéégbam&h@manwaurﬁ@ spiRfinghen spun
o] referably, n e i s _sprayed on rin

The thickness of tl‘rég?%f"ﬁg L‘é{"ﬂé(f @I"?Ht?f’eéh‘éﬁe’g’c“ﬁ{j?é gf'ﬁp Bmé‘k‘rag“pem@hfl | ms
are cured ﬂn‘ysshfeaterﬂlg'y hi‘telmneltBBShtnl) awbsabf D564 GﬂOm}Jﬁn‘f‘DFor&l dpudtle ofhe

t hi ckness Ler m ness
after har dﬁ éﬁéragg Ol‘ﬁq& S%a%gnes perslaBF qr%%q\‘/’%aﬂ%e Z‘H@% hﬁ?@?\'{}""gsaq g‘gressed

as percentrpm.I mretention. Physical changes in the filmare also noted. If

the fiimrails as Renieh@febil dllei6ing idNent by BosBeRmaETIPC fo? 1 hithuth B ©d-
then cure. Soft cure at 210°C for 40 minutes in N, if you want to add additional layers. Hard

. cure at 250°C for 60 minutes in N, for a final cure. Descum any vias which need it by exposing
the coated substrate to an O,/CF, {90/10) plasma at 300 watts, 200 mTorr for 30 seconds.

This should yield a 10 micron thick patterned film. _

The following examples are given to illustrate the invention and should not be

. interpreted as Iimitfng itin any way. Unless stated otherwise, all parts and percentages are

. given by weight. All weight percents stated are relative to the weight of the resin presentin
the system, excluding the solvent and other additives unless otherwise noted. in examples
where a resin is partially polymerized in a solvent, the percent resin solids are based on the
weight of resin divided by the weight of resin plus solvent, muitiplied by one hundred to obtain
percent.

Unless otherwise noted, molecular weights given are apparent molecular weights
obtained by size exclusion chromatography using linear polystyrenes as standards. The
molecuiar weights are apparent because the DVS resin is not linear and may have different
response sensitivities to the detection means.

Procedure A: Preparation of a Bishenzocyclobutene Monomer represented by the
' formula:
[@ CH3 CH
Si-0-Si
CH=CH-" 7 e CH=CH (vI)
CH3 CH3

The foliowing reagents are used:
7269 3-bromobenzocyciobutene {3.97 mol)
369g 1.3-divinyl-1,1,3,3-tetramethylidisiloxane, (1.98 mol)
11349 potassium acetate (11.56 mol)
0.90¢g palladium acetate
4.88q tri-{(o-tolyl)phosphine
1090 mL N,N-dimethylformamide
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32 TABLE VI Initial % Mh
Mv Weight % Weight% Percent Film Monormer x 10[err] X
10[ err] Mononer D ner Ret enti on 16* 5.0 6.1
38.0 Cracks 17* 5.0 8.1 60. 0
Cracks 18* 5.0 9.2 88.0 Cracks
19* 10.0 5.9 137.0 17 1.9 Cracks 20*
10.0 5.6 102.0 24 Cracks 21* 10.0
5.1 79.0 Cracks

545mL deionized water

Water is charged to the reactor and stirred. Potassium acetate is charged to the
reactor and stirred until dissolved. N,N-dimethyiformamide is charged to the reactor, followed
by 3-bromobenzocyclobutene, 1,3-divinyl-1,1,3,3-tetramethyldisiloxane, palladium acetate and
tri-(o-tolyl)phosphine. The resulting mixture is purged with a stream of nitrogen for 30
minutes. The reaction mixture is heated to 93°C for 25 hours, at which time gas
chromatographic analysis indicates that the reaction is compiete.

" The contents of the reactor are cooled to 60°C and stirring is stopped. The
reaction mixture is diluted with 1000 mL of deionized water. After phase separation has
occu;red, the water layer is removed and d iscarded.

The organic layer is diluted with 750 mL ot isopar G® hydrocarbon soivent. The
organic phase is washed with 2500-mL portions of deionized water until the aqueous wash is
neutral.

The organic phase is stirred during the addition of 2.9 g (0.032 mol} of tert-butyl
hydroperoxide. The mixture is stirred at 60°C for about 4 hours and then cooled to room
temperature. A filter is prepared by packing a column of suitable size with 400 g of silica gel
and 90 g of magnesium sulfate, on top of a 5 micron filter. The organic solution is passed
through the column and the column is washed with 500 mL of isopar G® hydrocarbon solvent.

The crude product is purified using a short-path distillation apparatus. Two
passes are performed. In the first pass, crude product is degassed and isopar® G hydrocarbon
solvent and other volatiles are removed overhead at 110°C to 130°C and 4-25 mm Hg. inthe
second pass, at a temperature of 160°C and a pressure of 0.00t mm Hg the DVS monomer is
removed overhead as the purified product leaving a tar fraction as a bottom stream.

‘Inorganic impurity content at various points of the purification procedure are:

TABLE}
Inorganic Specie Crude Filtered Distilled

ppm ppm ppm
8r 159 10 1.9
“ 3 7T 3.3
P 600 100 _ <0.3
K <0.3 <0.3
Na <0.2 <0.2
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22* , 10.0 4.6 59.0 Cracks 23
12.0 3.9 57.0 3.3 2.6 76-81 24 12.0
4.6 108.0 2.7 2.2 74-79 25 15.0 3.2
53.0 4.2 3.6 57-69 26 15.0 3.7 97.0
3.5 3.1 77-82 27 250 3.9 109.0 3.3
3.1 72-78 28 15.0 4.0 144.0 3.2 2.8
78-82 29 1 76- 86

0., .. 4 Q . . .
t }
*Not -an exanpl e of $??1‘é'5t|”lne\c/1 gﬁ?dlugtnmay bels%zﬁc ently pure for use in electronic applications
without further treatment.
Procedure B: Characterization of DVS Resins by
SEC-LALLS

This method determines the Rg, radius of gyration of a DVS resin at an absolute

molecular weight of 160,000. The Rg of DVS5 resins at a given absolute moiecular weight,
partially polymerized or B-staged at less than 30 weight percent solids is lower than a DVS resin
that is partially polymerized neat with or without removal of low molecular weight species.

* ) A polystyrene standard is made by dissolving S0 mg of a broad molecular weight
atactic general purpose polystyrene (Dow polystyrene 1683) in 25 mL of HPLC grade
tetrahydrofuran (THF). A DVS resin concentration standard is made bg.f neat B-staging DVS
monomer, dissolving it in mesitylene and precipitating a high molecular weight fraction by
adding a non solvent such as butanol. The precipitate is dried in a vacuum. Seventy-five mg of
this powder is dissolved in 25 mL of THF. The samples to be tested are usually dissolved in '
mesitylene. Approximately 30 mg, based on solids, is added to 10 mL THF.

Samples are filtered using syringe type filters prior to testing. For samples with a
nominal Mw of fess than 100,000, a 25 mm Gelman Acrodisc syringe filter (CR-PTFE), 0.2 micron
pores is used. For sam ples with a nominal Mw of greater than 100,000, a 25 mm Anatop
Disposable syringe filter and 0.02 micron pores is used. The smaller filter removes microgeis
which are present in the higher molecular weight DVS resins. Filtering through 0.02 micron
filtersis difficult. Considerable force may be needed to filter the higher molecular weight
samples and precautions against breakage of the filters should be taken. One may use limited
volume inserts in autosampler vials to limit the amount of sampie needed.

Nominally, 75 microliters of the samples were injected into 3 Polymer
Laboratories PL gel SEC columns connected inseries. The first 2 are PL 10 um Mixed-B columns
and the third is a PL 5 pm Mixed-C column. The columns are run at an ambient temperature
with a 1 mU/min. flow rate of Fisher HPLC Grade THF sparged continuously with helium for
degassing.

Seventy-five pl samples were injected with a Waters WISP 712 autosampler. Low
angle laser light scattering is performed with a Chromatix KMX-6 from Thermo-Separations,
inc. at a wavelength of 632.8 nm. The differential refractive index is measured by a Waters 410
bifferential Refractive Index detector. The data is coliected on an [BM PC using Polymer
Laboratories Calibre V5.0 software.

The overall concentration of the DVS resin is calculated by measuring the area
under the refractive index detectorpeaks and comparing it with the area under the refractive
index detectorpeak of the standard made from dry DVS resin. The LALLS is used to measure the
excess Rayleigh factor which is the différence between the Rayleigh factor for the polymer

fraction eluting and the Rayleigh factor for the pure solvent. From this and the concentration
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33 ' TABLE VI (continued)
Initial % M Mv Weight % Wight % Percent Film

Mononer x 10[err] X 10[ err] Mononer D ner Ret enti on

30 20.0 2.8 68. 0 4.6 4.4 66- 72
31 20.0 3.0 90.0 & 5 4.2 72-78
32 20.0 3.3 140.0 ZF 0 3.8 74-79

33 20.0 3.3 170.0 4.1 3.9 76- 83

34 Amfraction etufing determind®By iBstantaneous refractive intlex detector, one can 68. 74**

calculate the absolute molecular weight for a given retention time for the sample,

Rg for a given retention time can be calculated for the columns by running the
same procedure with a known standard. For linear atactic polystyrene such as Dow polystyrene
1683 in THF at 25°C, Rq (in angstroms) is 21.574 + 9.224e-4 x MW-7.256e-10 x MW + 2.2795e-
-17 x MW3, For the purposes of defining this invention, one correlates retention time with Rg
based on the polystyrene standard for the columns. Based on this, one can read off the Rg for
the DVS resin sample at 160,000 absolute molecular weight.

' Exemplary values for Rg for various DVS resins are set out in TABLE Il wherein the
Rg is determined for absolute molecular weight of 160,000.

TABLE |l
B-staging .
Concentrat Apparent Mw of Rg
ion Total Sample (Angstroms)
(wt®) :
100 25,000 94+0.7
‘100 40,600 94113
30 126,000 &3
25 134,000 86
24 133,000 86
20 119,000 86%1.1

*Not an example of the invention

Procedure C: Characterization of DVS Resins by DMS

The DVS resins of the invention may also be distinguished from neat B-staged DVS
resins by dynamic mechanical spectroscopy. Dynamic mechanical spect;oscopy and its use to
characterize polymers is generally described in 1. D. Ferry, Viscoelastic Properties of Polymers,

3rd Ed. Discs of solid resin are cured isothermally at 190°C. The increase of G’ and the shear
storage modulus, in the rubbery phase is determined. The rate of increase for DVS resins
B-staged in a solvent at a concentration of less than 30 percent is lower than the rate for a neat
B-staged DVS resin whether the lower molecuiar weight species are removeg or not.

A Rheometrics, inc. (Piscataway, NJ) Model RDS-IIE dynamic mechanical
spectrometer equipped with a mid-range force rebalance transducer and with an
environmental champer for elevated temperature operation or an equivaient may be used.
The dynamic shear storage modulus (G') is calculated as the ratio of the in-phase portion of the

stress 1o the strain,
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35 ° -25.0 2.7 120.0 4.9 5.2 69-75

36 25.0 2.6 89.0 51 5 4 67-76

37 25.0 2.1 25.0 45

38 32.0 2.2 88.0 76. 0 6.7 58- 66

39 32.0 2.2 117. 0 73 7.2 61- 70

40* 40.0 2.0 153.0 60- 65

41* 100.0 {¥ tide DVS reidbisln solution, i1 & v&uum stripp8d fd remove the dvénddown to
*

fﬁlot an ex éessﬁhan 1 Perc%éi I%ﬁr\?éh Lﬁg tr)lgused ng;tlgjad\?anﬁeﬁhe cx@ﬁ%ifgf}e resin durgpgggyzl vent

Preci pi t at wumtrmpmg Discs (8 mm diaTeter > 453-0 mm Thigh) Bretompresiiommnelded fﬂnﬁ
hi gher My AgRREAh Yo-@lalg So b 13/p She blatedbf tRE BN bRl heafli b e chre wefinerdt

percent initial nononmer concentration. al so shows that outsi e range

of 12 to 35219979e*mhelgﬁpbmeeﬂﬁmﬂﬁtﬁs'ézﬁﬁe%t’fh%meaﬂf%e%m\ddhwfﬁlng%ﬁ the low
end and pPoRfaBéd brth Thd SStEIM pigte. THe bhtd idVi@Ed SMiGhe BPPIA1E isTEAGedintdcontREr Cent

nitial thﬂehe sample. The plate gap is then adjusted to the original sample thickness minus
0.1 mm to ensure good contact. '

The apparaius is started and measurements are taken every 30 seconds. lnitially,
the strain signal has angular frequency of 10 radians pér secorid and strain amplitude of 10
percent. After 10 to 11 minutes, the frequency is reduced to 1 radian per second for the
duration of the test. Because G’ increases by many orders of magnitude during cure; itisalso
necessary to reduce the strain periodicalfy to keep the torque signal in an acceptable range.

This isothermal cure test yields data for G’ as a function of cure time. Since cure
temperature is not exactly reproducible, one may calculate the changes in fractionat conversion
from the time and temperature data. '

The change in fractional conversion since the start of the test, denoted by the
symbél Ap, is estimated from the cure test data using equations based on previous studies that
have established the effective rate for the pseudo-first-order cure reaction of DVS monomer as
setoutin R. A. Kirchhoff and K. 1. Bruza, “Progress in Polymer Science,” Vol. 18, pp. 85-185,
1993. The change in fractional conversion is;

Ap = p-p,
where p, and p denote the fractional conversions at the start of the test and at some time into
the test, respectively. To estimate the fractional conversion {p) vs. cure time, the following
calculation is made for each data point in succession:

P, = 1-{(1-p)expl-k (t .-t)i}
where the rate constant is estimated based on:

k , ={(2.79 x 10®min"}-exp{-19200/T }
where T, isthe temperaturein°K.

This transformation of cure time to fractional conversion starts from the initial
conversion p, which can be determined by SEC {residual monomer) or DSC {residual exotherm).
Typical uncertainties in determining the initial conversion have a negligibie effect on the
change in fractional conversion.

G’ is then plotted against fractional conversion. For B-staged DVS resins G’
increases in an approximately exponential fashion from just beyond gellation to a value of
about 20 kPa and the value shouid be most meaningful in this area. The data is fitted to the
functional form:

G’ = A-exp(a-Ap)
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conicentration craze upon evaporation of the solvent after spin coating.
Resins made with 10 percent initial nononmer concentration craze upon
cool i ng down from softbake. Thinner films are |l ess prone to
crazing. Three to 5 micron filns may not crack, even at 12 percent initial
nonomer concentrations. Filns thicker th#8 10 microns may craze even with
18 percent initial nononmer concentration after hot plate baking at

120[err] CJV@Fe:AAr@tRUEﬂr Igoiated value of G’ at the start of the test and the fa étora»sthe slope of
34 Exanpl e ol yneri zation at El evate erature and

Pressure the sem"‘°9 9*0" of Ghagainst Fﬁ_a"'gF afeactipnpbepnyeraier (R F"é’é?e?f&““?g?d PY&d for
el evat ed pésafi $d)WErids¥isim 500tto B0, FAkdoPRAEE-Yhddd DM rékﬂisl\ﬂﬁé}ém tRe ihRI ABNGhdr Wi t h

atherm)coule attac to a tenperatuyre trolle eating mantle, a
Gas 5l ot PSS E A oSt SR S TP A Eramary valoe ard e ST 1,0
stat ed comaBtRitati on of nononer in nesitylene is added to the reactor. The
agitator is started. The reactor is p@ABEdiwi th nitrogen and a pad of
nitrogen i s maintai ned over the reaction throughout its course. The

reaction vessel is them.dhgmigd to the tenperajure

Concenrstori  “RClCnge Rl
*100 95000 55 716
*100 95,000 .58 810
*100 95,000 55 739
*100 66,000 - 694
*100 74,000 58 933
*100 43,500 - 315

27 161,000 50 298
27 161,000 .50 352
27 126,000 49 301
25 161,000 50 235
25 110,000 50 322
20 155,000 53 230
20 103,000 52 323
20 103,000 52 314

*Not an example of the invention

Exampiles 1-10
Partial Polymerization in a Solvent.

A three-necked flask is provided with an agitator, a reflux condenser,
thermocouples attached to a temperature controller and a heating mantle operatively
connected to the temperature controlier. The DVS monomer made by the method set out
hereinbefore and mesitylene are added to the flask in the proportions stated wherein percent
DVS monomer is the initial weight percent DVS monomer in the total solution.

The agitator is started. The flask is purged with nitrogen and a pad of nitrogen is
maintained over the reaction throughout 1ts course. The reaction vessel is then heated to the
temperature stated for the time stated. When the reaction is completed, the reactants are -

either concentrated to 42 percent DVSresinina rotary'evaporator at approximately 90°C and
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stated for the time stated. The nitrogen pressure is maintai ned above the
aut ogenous pressure of the reactants at the tenperature stated to prevent

boiling of the reactants. The Mh and Mv are then neasured by

si ze excl usi on chromat ography (SEC) and the results are stated in TABLE

VII. TABLE VI | Initial

Pol ym Pol ym Vvh Mv Per cent Tenp. Ti me

X 10[ err] x 10[err] Mononer ([err] O (Hrs)

42* 100** 170 20.0 1.3 42.0 43 25.0

183 13.5 2.0 23.0 28 44 20.0 183

16 3.0 91.0 45 15.0 183 17

3.4 SQp&oxlmately 50 n4rﬁ’Hg pressure &F)dnﬂjted 1o 42 pddent DVS resi?With additionad. 4

89.0 7 84 52 9.9 112.0
maesitylene.

The Mn and Mw are then measured by size exdlusion chromatography {SEC).

Results are set out in TABLE IV, )
TABLE IV

Pl:::lear:t i:ig‘r: P‘SKZL XM;‘(), :ﬂr{); Mw/Mn
Monomer {°C) . {Hrs)
1% 5.0 167 145.8 10.0 135.0 13.5
2* 10.0 167 8391 5.9 137.0 23.2
3 15.0 167-145 72.5 4.0 144.0 36.0
4 20.0 167-145 65.84 3.3 1400 42.4
5 25.0 167-145 60.2 2.7 125.0 46.3
6 32.0 167-150 40.82 2.2 117.0 53.2
7* 40.0 167-145 43.0 2.0 153.0 76.5
g* 500 . 167-145 41.0 1.6 34.0 21.3
9* 65.0 167 = 23.22 1.4 240 171
10* 100.0 167 23.0 1.3 24.0 18.5

*Notan example of the invention

' This data indicates that as the initial concentration of the monomer increases the
Mn tends to decrease when the polymerization is continued to a given Mw.
Examples 11-16 ' '
Additional samples are partially polymerized in the same manner at 167°C until
they reach an apparent Mw of 25,000. Weight percent monomer remaining.is determined

based on total DVS monomer plus oligomer. Results are shown in TABLE V.
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*Not an‘*exanple of the invention **Sol vent Precipitated Resin

TABLE VII indicates that the nol ecul ar wei ghts achi eved at the higher
tenperature and pressure may be essentially the sane as the previous | ower
tenperature exanples. Qher than shortening the polynerization tine,

I ncreasing the polynerization tenperature does not appear to have a
significant inpact on the partially polynerized DVS resin. Exanples 48-68:

Pol yneri zation In G her Sol vents 30 Sol vents ot her than
nmesityl ene nmay be used and precipitation may be used in conjunction with
partial polynerization in a solvent. The sane 250 ni gl ass

| i ned pressure reactor used for Exanpl gggdsy47 is used for runs with
sol vents ot her than nesityl ene.

Initial

. Polym. Weight Percent
No. Weight Time Mn 3 Mw/Mn Monomer
Percent {Hrs) (x 109 Remainin

Monomer g
t11* 5.0 100 4.5 5.6 2.0
i2* 10.0. 68 33 7.6 3.0
13 20.0 36 23 10.9 6.0
14 30.0 28 1.7 14.7 8.0
15* 65.0 24 1.4 17.8 10.0

16* 100.0 24 1.3 19.2 12.0

*Not an example of the invention

The data indicate that, for a given Mw, the Mn decreases as the initial
concentration of monomer in the solvent increases and that this is at ieast partly because the
weight percent monomer remaining is higher. The ratio of Mw/Mn may be called the
polydispersity, roughly meaning the breadth of the molecular weight range. The data show
that as the initial percent monomer solids in the solvent increases, the polydispersity, or
Mw/Mn increases, for a given Mw.

Examples 16-42

. Additional samples are polymerized to different Mw at given initial monomer
concentrations.

The DVS resin solution is then diluted to achieve a viscosity of 300 ¢ps, for
example. For obtaining thicker films, such as 20 microns, one may use a solution with a viscosity
of 800 ¢ps. The solution is filtered through a 5 micron fifter in a class 1000 ciean room. Three
weight percent, based on the DVS resin present, 2,6-di(4-azidobenzylidene)
4-methyicyclohexanone (BAC-M) is added to the solution of DVS resin.

Bare silicon wafers are plasma oxygen cleaned and dipped in deionized water
followed by a spin rinse dry cyclle in a rotating spin dryer. The substrate is then coated with a .5
percent aqueous solution of 3-aminopropyitriethoxysilane to promote adhesion. The DVS resin
solution was then spin coated onto silicon substrates using approximately 3 mL of solution, a
spread cycle of 500 rpm for 10 seconds and a spin cycle of 5000 rpm for 30 seconds. The coated

wafers are then prebaked in a nitrogen blanketed oven at 80°C for 30 minutes. The films on
This is the replacement sheet ~
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35" . The stated concentration of nonomer in the stated sol vent
Is added to the reactor. The sanme procedure is used except that as the
product solution is cooled, polynmer precipitates out Properties of the

various fractions are neasur ed. The Mh and Mv are then
measured by SEC. The results are stated in TABLE VIl a-c.

TABLE Villa - | SOPAR err] G Initial Pol ym Pol ym

Vvh . Mv Per cent Tenp. Ti me _ x 10[err] X
10[ err] Mononer ([err] C;? (Hrs) 48 20
165 41 2.0 54.0 31 49 20 165 41
3.6 97.0 50 20 165 41 2.9 40.0

the substrates are exposed to 125 to 1000 mi/cm® of 350 to 450 nm wavelength light through a
quartz photomask in the hard contact mode using an Oriel mask aligner.

The latent image is developed using a development solvent which washes away
the unexposed portions of the film. Typical sofvents are 2-methoxyethyl ether (digiyme), n-
butyl butyrate, Proglyde™ DMM, dipropyitene glycol dimethyl ether, or Stoddard solvent. For

Examples 23, 25, 26, 30-33, and 35-39, the development solvent is 2-methoxyethyl ether,
diglyme. For Examples 24, 27-29, 34 and 40 the development solvent is n-butyl butyrate. -

The solvent may be puddied on the coated and exposed substrate foliowed by
spraying additional solvent onto the substrate while spi nnfng at 500 rpm for 30 seconds.
lni.mediately after solvent application is stopped, the spin speed is increased to 4000 to 5000
rpm for 30 seconds to dry the solvent off. Preferably, diglyme and Proglyde™ DMM solvent are
puddied and then spun off. Preferably, n-butyl butyrate is sprayed on during spinning.

The thickness of the films is determined by stylus profilometry. The films are
cured by heating them in nitrogen at 250°C for 1 hour. The thickness of the film is again
determined and the ratio of the thickness after hard cure to the thickngss prior to soivent
development is expressed as percent film retention. Physical changes in the film are also noted.
if the film fails as by cracking or crazing, the experiment is terminated. Results are shown in
TABLE VI.
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#.lsopar[err] Gis a (Jerr]-Cerr] isoparaffinic hydrocarbon.

Exanpl e 48 is the honogenous partially polynerized DVS resin sanpl ed at
el evated tenperatures, prior to any precipitation. After sitting at room
tenperature, two |ayers of polyner precipitate fromthe solution. Exanple

49 is the first to forma bottomlayer. Exanple 50 is the second to forma
top | ayer.

Exanpl es 51-54 - 36
32
TABLEW
Initial % Mn Mw Weight % Weight%  Percent Film
Monomer  x 10° x 10° Monomer  Dimer Retention

16* . 5.0 6.1 38.0 Cracks
17> 5.0 8.1 60.0 . Crack§
18* 5.0 Q.2 88.0 , Cracks
19* 10.0 . 5.9 137.0 17 1.9 Cracks
20* 10.0 586 102.0 Cracks
21% 10.0 5.1 79.0 : Cracks
.22" 10.0 4.6 59.0 Cracks
23 12.0 39 57.0 33 26 76-81

24 12.0 4.6 108.0 2.7 2.2 74-7%

25 15.0 3.2 53.0 4.2 3.6 57-69

26 15.0 37 97.0 3.5 31 77-82

27 15.0 3.9 109.0 33 3.1 72-78

28 15.0 4.0 144.0 3.2 28 78-82
29 15.0 4.0 187.0 76-86

*Not an example of the invention

Thic is the renlacement sheet.
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TABLE VI.I1 b - n-BUTANCL Initial Pol ym

Pol ym Vvh Mv Per cent Tenp. Ti me
Mononer ([err] O (Hrs) x 10[err] x 10[err]

51 30 183 11 2.0 13.0

52 30 183- 167 17.0 1.8 41.0 53
30 183- 167 17.0 2.5 33 42.0 54 30
183- 167 18.5 3.1 92.0 The solution is heated at

183[err]C for 11 hours, cooled to 22C and the precipitate is sanpled as
Exanpl e 51. The contents of the reggleQ)i(Bhéndegpted again to 167[err]C for 6
nore hours and t he honbgeneous solution is sanpled as Exanple 52. The
reactor is again cooled to 22[err]C and the precipitate sanpled as Exanple
53. The reactor is &ugal® heathnl t o M| er We@ht ¥r Weiohtd e ResrensFilntool ed to
22C and the preci piMonemeganpkd@ as D! GoBbdmer  Dimer reea@Bhe 52
I ndi cates a | ower nol ecul arwei ght because it isa sanple of the honpbgeneous
sol ution before cooling and precipitation of the insoluble portion.

30 20.0 2.8 68.0 4.6 4.4 66-72 )

31 20.0 3.0 90.0 4.5 4.2 72-78
"5 20.0 3.3 140.0 4.0 3.8 74-79
33 | 20.0 33 170.0 a1 3.9 76-83
34 25.0 2.1 188.0 68-74%
35 25.0 2.7 120.0 4.9 52 69-75
36 25.0 2.6 " 89.0 5.1 5.4 67-76
37 25.0 2.1 25.0 | 45
38 32.0 22 880 6.0 6.7 58-66
39 32.0 22 117.0 6.3 7.2 61-70
40* 40.0 2.0 153.0 60-65
at+ 100.0 1.3 25.0 12.0 9.0 40-50
a2~ xwx 48 95.0 1.2 2.1 85-95

*Not an example of the invention
**Poor Film Quality

***Solvent Precipitated Resin

This data in TABLE V! indicates that a higher Mw generally gives a higher film
retention for the 15, 20, and 25 percent initial monomer concentration. It also shows that
outside the range of 12 to 32 percent initial monomer concentration yields crazing on the low

-end and poorer ff!m retention on the high end. Resins made with 5 percentinitial ménomer
concentration craze upon evaporation of the solvent after spin coating. Resins made with 10
percent initial monomer concentration craze upon cooling down from softbake.

Thinner films are less prone to crazing. Three to 5 micron films may not crack,
even at 12 percent initial monomer concentrations. Films thicker than 10 microns may craze
even with 18 percent initial monomer concentration after hot plate baking at 120°C for 1

minute. .
This is the replacement shee}
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37 \
Initial
Tenp.
([err]Q
1.6

42.0
21.0

TABLE VI Il c -t-PENTANOL

Pol ym Pol ym Vvh Mv Per cent
Ti me x 10[err] x 10[err] Mononer
(Hrs) 55 60* 179- 152 24. 65
0 - 55a F* 179- 152 24. 65 3.5

56 50* 183 11 1.6

Examples 42-47:  Partial Polymerization at Eievated Temperature and Pressure

A 250 mL glass-lined pressure reactor is used fO( elevated pressure runs. {tis
equipped with an agitator, a thermowell with a thermocouple attached to a temperature
controlier and heating mantie, a gas inlet line for nitrogen blanketing and a vent line.

The stated concentration of monomer in mesitylene is added to the reactor. The
agitator is started. The reactor is purged with nitrogen and a pad of nitrogen is maintained
over the reaction throughout its course. The reaction vessel is then heated to the temperature
stated for the time stated. The nitrogen pressure ismaintained above the autogenous pressure
of the reactants at the temperature stated to prevent boiling of the reactants.

The Mn and Mw are then measured by size exclusion chromatography (SEC) and

the results are stated in TABLE VII. -

TABLE VI
i rm T wn
Monomer ] {Hrs} .
42* 100** 170 20.¢ 1.3 42.0
43 25.0 183 135 2.0 23.0
44 20.0 183 16 3.0 91.0
45 15.0 183 17 34 82.0
46*_ 10.0 183 26.5 54 89.0
a7* 5.0 184 52 3.9 112.0

*Not an example of the invention

**Solvent Precipitated Resin

TABLE VIl indicates that the molecular weights achieved at the higher
temperature and pressure may be essentially the same as the previous lower temperature
examples. Other than shortening the potymerization time, increasing the polymerization
temperature does not appear to have a significant impact on the partially polymerized DVS
resin.

Examples 48-68:  Polymerization (n Other Solvents

Solvents other than mesitylene may be used and precipitation may be used in
conjunction with partial polymerization in a soivent.
The same 250 mi giass lined pressure reactor used for Examples 43-47 is used for
runs with solvents other than mesitylene. ’
This is the replacement sheel
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57" ~ 50* 183 11. 3 1.5 20.0

58 50* 2.0 22.0 .

59 50* 183- 167 15.0 2.1 134. 0 60
40* 183- 167 13. 3 1.8 45.0 61 40*
" " 1.9 48. 0 62 30 183
13 1.9 43.0 63 30

2.6 50.0 64 30 183- 167 14

2.0 75.0 65 30 " " 3.0
91.0 66 20 35 183 15 2.3

51.0 67 20 4.3

69. 0 The stgt%d concentrgtpon of monomer in the stated solvent is added to thé 76

1.8
reactor. The same procedure is used except that as the product solution is cooled, polymer

precipitates out. Properties of the various fractions are measured.

The Mn and Mw are then measured by SEC. The resuits are stated in

TABLE Villa-c.
TABLE Viita - ISOPAR® G*
porcent Temp.  Tme Mn o Mw
Monomer Q) (Hrs)
48 20 165 41 2.0 S54.0
49 20 165 41 3.6 97.0
50 20 165 41 2.9 40.0

# isopar® Gisa C10-C12 isoparaffinic hydrocarbon.

Example 48 is the homogenous partially polymerized DVS resin sampled at
elevated temperatures, prior to any precipitation. After sitting at room temperature, two
layers of polymer precipitate from the solution. Example 49 is the first to form a bottom layer.
Example 50 is the second to form a top layer.

This is the replacement sheet
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*Nof an exanple of the i nvention Exanple 55 is a sanple of
t he honbgeneous sol ution before cooling and precipitation of the insoluble
portion. Exanple 55a is the solid that precipitated from Exanpl e 55

sol ution upon dilution to 20 wei ght percent oligoner and cooling to
30[err]C. Exanple 56 is a sanple of the precipitate upon cooling a m xture
to 30[err]C. Exanple 57 is a sanple of the honbgeneous sol ution
before cooling and precipitation of the insoluble portion. Exanple 58 is
the solid that precipitated from Exanpl e %% sol uti on upon cooling to
30[err]C. Exanple 59 is a sanple of the solid that precipitated

upon cool i @)ganmgs SQ%Aymeri zation mxture to 30[err]C.

38 nple 60 is of onbgeneous sol ution before
cool i ng and 2 AR -QlaurRRol!

Monomer {°O) {Hrs)
51 30 183 11 2.0 13.0
52 30 183-167 17.0 1.8 41.0
53 30 183-167 7.0 2.5 020
54 30 183-167 185 3.1 92.0

The solution is heated at 183°C for 11 hours, cooled to 22°C and the precipitate is
sampled as Example 51. The contents of the reactor are heated again to 167°C for 6 more hours
and the homogeneous solution is sampled as Example 52. The reactor is again cooled 10 22°C
and the precipitate sampled as Exaimple 53. The reactor is again heated to 1é7"C for 1.5 more
hours, cooled ta 22°C and the precipitate sampled as Example 54.

Example 52 indicates a fower molecular weight because it is a sampie of the

homogeneous solution before cooling and precipitation of the insolubie portion.

This is the repiacement shect
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preci pi tation of the insoluble portion. Exanple 61 isthe solid that
precipitated from Exanpl e 60 sol uti on upon cooling to 30[err]C.

Exanple 62 is a sanple of the honbgeneous sol ution before cooling and
precipitation of the insoluble portion. Exanple 63 is the solid that
precipitated from Exanpl e 62 sol ution upn cooling to 30[err]C

Exanple 64 is a sanple of the honbgeneous sol uti on before cooling and
precipitation of the insoluble portion. Exanple 65 is the solid that
precipitated from Exanpl e 64 sol ution upon cooling to 30[err]C.

Exanpl e 66 is a sanple of the horfdgendibast-~ENTANPLN before cooling and
precipitation of the insoluble portion. Exanple 67 is the solid that

preci pitated from Exanpl e @fitigol ut iPetyrupon Petyed. i ng l;tno 30[ Eiér] C Exanpl e 68
is a sanple of the |iquid Peeseat ni ngemp.t he ﬁhmturexaﬂﬁer [ ﬁpval of the
precipitate of Exanpl e 67Moloraerpl es (Y- 71: ({Hrfor m Ng a Paftern in a

Phot odef i neabl e DVS Resi n Formul ati on The exenplified DVS
nononer i s B-staged 25 «ght pescapt Sojdds in sitylere for 46 hours
at 165[err]C and forgguffiz\@ent ti ?rfegcgjt} 14?(?'6}0 obtglgn a \??@cosi ty of 4.4

cp at 145[err] C(35 cs¥ At Z%rr]C) DjGh shpuded be fg]ui val4grdt_ t oan Mw of
o 2124, . A

140, 000 plus or mnus 10,0 The STresin 1s concentrated by vacuum
stripping to 52 weig per t soliqg,(viscogity 4000 cp 25[err] Q. The
DVS resin is fornmul a?éd bycgdélldi ng tﬂéastat edﬁarmunt{?gf BA%Ij the stated
anount of 3, 3'-diazi ?pheny LSul fonj gnd th? gtat ed1 rmun%gsf AgeRite MA
antioxidant. The soldfions dre agit ? d for ’2 hour s"On a Vor't ex shaker,
overni ght on an Eberbach shaker and gonicateg for 10 minutes to dissolve
the additives and rerdve army air bubbl es. g A @F8an silicon
wafer is spin coated with a 0.5 percent aqueous sol ution of

3- ani nopropyl tri et hoX§si | am®*adhes!&n84r onol®? at 2%pin B¥fed of 3,000 rpm
for 30 seconds. The Ehot odef i neabl e D\é? resin fornul ati on4isg spin coated on

the waferwith a 10 sB®ond 40* 183-1 133 18
61 40* " " .1.9 48.0
62 30 183 13 - 1.9 43.0
63 30 " " 2.6 50.0
64 30 183-167 14 2.0 75.0
65 30 ” " 3.0 31.0
66 20 183 15 23 51.0
67 20 . " 4.3 69.0
68 20 " " 76 1.8

*Not an example of the invention

Example 55 is a sample of the homogeneous solution before cooling and
precipitation of the insolubte portion. Example 55a is the solid that precipitated from Exampie
ISS solution upon dilution to 20 weight percent oligomer and cooling to 30°C. Example 56is a
sample of the precipitate upon cooling a mixture to 30°C.

Example 57 is a sampie of the homogeneous solution before cooling and
precipitation of the insoluble portion. Example 58 is the solid that precipitated from Example
57 solution upon cooling to 30°C.

Example 58 is a sample of the solid that precipitated upon cooling the

polymerization mixture to 30°C.
This is the replacement sheet
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spread eycle at 500 rpmfollowed by a 2750 rpm spin for 30 seconds. The
wafer is prebaked at 80[err]C for 20 mnutes. The wafer is placed in a
Canon mask aligner and exposed through a quartz photonask for 1,000
mi/crmferr] of light neasured at 365 nmusing a broad band source of 350 to
450 nm After exposure the $81ms are devel oped by puddling
Stoddard's solvent on the surface of the filmwhile the wafer rests on the
vacuum chuck of a SeAmpieto ispskeipl&aefithe NEDmeganagusdelvtibmpefore cablirgrandon

phot Ocureq:réc?p?{aﬁo?{bﬁ!hg rx?nqbégghy 7S ekdifpie St ﬁhﬁp&@ Eatéaﬂﬁorwz%aé 10

seconds while a streamo rds solvent Is recte at the surface. The
wafer is §BEI‘HU?&?“‘£R°GGG°'F]S#PF@)F 30 seconds to dry. The wafers are post-baked

for 10 minutes at %@rﬁlééﬁsé’ﬁ@ftﬂe N[tac- Fu];mbékné&ﬁ@dl@u6r€§éfd#é%bolﬁ'@|a\ﬁ§nt The
waf er i s heated . un

for m. nut e ra to 100[err] C over
5 ni nut es PresRIREAN f‘hEUETaIEP‘FPE“ gﬂfﬁ?”’f‘%ﬁﬁ g%) S‘gf['%ﬂ’r] C over 15 .
m nut es, hmhﬁdsmohitﬁd){@bh]:&orhgltowcm nutes, ranped to 250[err] C over 60

mnut es, heated at 2800 G0 S Ofe SAnThOHERe ARl ATRE ol 20dRLEH ] C over

precipitation of the insoluble portion. Example 65 is the solid that precipitated from
Example 64 solution upon cooling to 30°C.

Example 66 is a sample of the homogeneous sol ution before coaling and
precipitation of the insoluble portion. Example 67 is the solid that precipitated from
Example 66 solution upon cooling to 30°C. Example 68 is a sample of the liquid remaining in
the mixture after removal of the precipitate of Example 67.

Examples69-71:  Forming a Pattern in a Photodefineable DV5 Resin Formulation

The exemplified DVS monomer is B-staged at 25 weight percent solids in
mesitylene for 46 hours at 165°C and for sufficient time at 145°C to obtain a viscosity of 4.4 cp at
145°C {35 ¢5t at 25°C) which shouid be equivalent to an Mw of 140,000 plus or minus 10,000.
The DVS resin is concentrated by vacuum stripping to 52 weight percent solids {viscosity 4000 cp
at 25°C). The DVS resinis formulated by adding the stated amount of BAC-M, the stated
amount of 3,3'-diazidophenyl sulfone and the stated amount of AgeRite MA antioxidant. The
solutions are agitated for 2 hours on a Vortex shaker, overnight on an Eberbach shaker and
sonicated for 10 minutes to dissolve the additives and remaove any air bubbles.

A cleansificon wafer is spin coated with a 0.5 percent aqueous solution of
3-aminopropyltriethoxysilane adhesion promoter at a spin speed of 3,000 rpm for 30 seconds.
The photodefineable DVS resin formulation is spin coated on the wafer with a 10 second
spread cycie at S00 rpm followed by a 2750 rpm spin for 30 seconds. The wafer is prebaked at
80°C for 20 minutes. The wafer is placed in a Canon mask aligner and exposed through a quartz
photomask for 1,000 mJ/cm? of light measured at 365 nm using a broad band source of 350 to
430 nm.

After exposure the films are developed by puddling Stoddard’s soivent on the
surface of the film while the wafer rests on the vacuum chuck of a Solitec mode! 5110-ND spray
oeveioper. After non photocured resin visibly dissolves the wafers are spun at 500 rpm for 10
seconds while a stream of Stoddard’s solvent is directed at the surface. The waferisspun at
4,000 rpm for 30 seconds to dry. The wafers are post-baked for 10 minutes at 80°C under N ,10
remove residual solvent. The wafer is heated under N, at 50°C for 5 minutes, ramped to 100°C
over 5 minutes, heated at 100°C for 15 minutes, ramped to 150°C over 15 minutes, heated at
150°C for 15 minutes, ramped to 250°C over 60 minutes, heated at 250°C for 60 minutes and

ramped to 100°C over'120 minutes. This is the replacement s '
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39 - - The filmthickness is neasured afterthe prebake and
afterthe hard cure. The ratio of the filmthickness after hard cure to the
t hi ckness after prebake is the filmretention, expressed as a percentage.
The results are set out in TABLE | X Exanple 69 (5 mcron
formulation) is fornulated with 3.0 wei ght percent BAC-M and 1.0 wei ght
percent AgeRite MA. Exanple 70 (10 mcron formulation) is fornulated with
2.0 wei ght percent BACM 0.75 weight percent 3,3'-diazidophenyl sulfone
and 0.75-1.0 weight percentAgeRite MA. Exanple 71(20 micron formulation) is
formul ated with 1.0 wei ght perceéent BAC-#R 0.9 wei ght percent

3, 3" -di azi dophenyl sulfone and 1.0 wei ght percent AgeRi te MA

;@F IéEt Il f)(n Ex aﬂ?ﬁf'@‘ thickness is memﬁxrgtiﬁggrywe prebake-‘aﬁp 5% A3 nard cure. "ﬂwe

(m crons) ratio of the filrg erotkapss after hard curé %o the thickness after preBakk3s the film retention, 7. 38
87.5 express7eg as a percentage. The ﬂe%ul%ssare setoutin TABLJE %(.10 82.9
Example 69 (5 micron formulation} is formulated with 3.0 weight percent BAC-M
and 1.0 weight percent AgeRite MA. Exampie 70 (10 micron formulation) is formulated with
2.0 weight percent BAC-M, 0.75 weight percent 3.3 "-diazidophenyl sulfone and 0.75-1.0 weight
percent AgeRite MA. Example 71 (20 micron formulation) is formulated with 1.0 weight
percent BAC-M, 0.9 weight percent 3,3'-diazidophenyl sutfone and 1.0 weight percent AgeRite

MA.
TABLE X
Prebake Film Post Cure Film \ .
Example Thickness Thickness Film R:Zem’ on
(microns) {microns)
69 8.43 7.38 87.5
70 12.18 10.10 829
71 228 18.9 82.8

Fifty micron vias were opened and clear with each of these formulations.
Twenty-five micron vias were opened and clear in the 10 micron and 5 micron thick films.
Examples72-80:  Forming a Pattern in a Photodefineable DVS Resin Formulation

in the same manner as in Examples 69-71, a pattern is formed and cured. The DVS
resins are formulated by addition of the stated amount of bis azide. Results are reported in
TABLE X, wherein 1SO is 2,2-bis[4-(4-azidophenoxy) phenyl] propane, the ETHER is
4,4’-diazidophenyl ether and the SULF is 4,4'-diazidophenyl sulfide.

This is the repiacement sheet
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71 « N 22.8 18.9 82.8

Fifty mcron vias were opened and clear with each of these formulations.
Twenty-five mcron vias were opened and clear in the 10 mcron and 5 mcron
thick filnms. Exanples 72-80: Form ng a Pattern in a Photodefineabl e DVS
Resin Fornul ati on In the same manner as in Exanples 69-71, a
pattern is fornmed and cured. The DVS resins are fornmul ated by addition of
the stated anount of bis azide. Results are reported in TABLE X, wherein
SO is 2,2-bis[4-(4-azidophenoxy) phenyl] propane, the ETHER i s

4, 4' -di azi dophenyl ether and the SULF is 404' -di azi dophenyl sulfide.

TABLE X

Prebake Film Post Cure Fiim

Exampie Bi;ft‘:zde Thi.ckness Thi‘ckness Film Rizention
{microns) {microns)
72 3.0SULF 11.81 10.10 85.09
73 5.5 SULF 11.64 11.21 9.3 .
74 © BOSULF 11.54 ©11.41 98.9
75 3.01S0 12.63 8.55 67.7
76 5.51S0 12.63 9.81 716
77 ' 8.01S0 12.65 10.68 84.43
78 3.0 ETHER 12.16 9.65 79.3
79 5.5 ETHER 12.07 10.61 87.9
80 8.0 ETHER 12.15 11.10 91.4

Examples 81-83:  Forming a Pattern in a Photodefineable DVS Resin Formuiation

In the same manner as in Examples §9-71, a pattern is formed and cured. The DVS
resins are formulated by addition of the stated amount of bis azides. Results are reported in
TABLE X1, wherein ISO is 2,2-bis{4-(4-azidophenoxy) phenyl] propane, the ETHER is 4,4’
diazidophenyl ether and BAC-M is 2,6-bis(4-azidobenzylidene)-4-methyicyclohexanone.

Thig is the replacement sheet
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40 ° - TABLE X

Bi s Azi de Prebake Film Post Cure Film FilmRetention Exanpl e
w % Thi ckness Thi ckness
(m crons) (m crons) 72 3. OSULF 11. 81
10. 10 85. 09 73 5. 5SULF 11. 64
11. 21 96. 3 74 8. OSULF 11.54
11. 41 98. 9 75 3.0 1SO 12. 63
8.55 67.7 76 41 5. 51 SO 12. 63
9.81 77.6 77 8.0 1SO 12. 65
10. 68 84. 43 78 3.0 ETHER 12. 16
9. 65 79. 3
TABLE XI
Bis Azide Prebake Film Post Cure Film Fitm
Example wt% Thickness Thickness Retention
{microns) (microns) %
81 1.5 BAC-M 23.29 20.14 : 86.5
S.0ETHER
82 1.6 BAC-M 25.77 21.4 830
5.0150
83 1.0 BAC-M 26.62 22.89 86.0
5.0 ETHER .

Other benzocyclobutene monomers, for example, those disclosed in U. S. Patent
5,026,892 may be partially polymerized in the presence of asolventina similar fashion.

Partial polymerization in the presence of a solvent may be particularly
advantageous when a bis benzocyclobutene monomer has a high melting point such as the

monomer of the formula:
Q o

or where the partial polymerization may generate inordinate amounts of heatin a runaway

reaction such as a monomaer of the formuta:

O

\/\O

A partially polymerized bis-benzocyclobutene may have a lower melting point
because it is a mixture. The solvent may also serve as a heat sink or as a coolant by ebullient

cooling for the heat of polymerization.

This is the replacement sheet
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79 - ¢ 5.5 EIH 10. 61 87.9

80 8.0 ‘H”BT“@e 1 11. 10 1.4
|n a Phot odef i HEEHTE Vo RES Jops. ]
rmwt n'e manner as in Exthnl { EE{S‘é,tern
L1 Ay 1] £ ]

Exanpl es 81-83:

For nul ati on

Is forned and cured. The DVS resins are 42r nmul at ed

st ated anog)dimef: bis azides. Results are reported i'n TABLE Xi, wherein |ISO
is 2,2-bi sT'Zl_(Tém dophenoxy) phenyl] propane, the ETHER is 4,4'- d

i azi dophenyl et her and B,Q@qwsﬁgrformmgapamaﬂy polymerized DVS resin comprising heating

i ,16- bi s( 4--a¥t #RREMEYih a6 2t amBltltY tenicehRiRX @A DVEmonomer in the soivent such that:

(a) the DVS resin, when applied and polymerized in a thin layer on a solid
substrate does not craze; and

(b} the DVS resin, when rendered photocurable by the addition of at least one
photosensitive agent in an amount sufficient to convert the mixture to an organic-insoluble
solid upon exposing the mixture to photon radiation gives a film retention upon development

with a soivent of at least 50 percent.
2.  The process of Claim 1 wherein the initial concentration of DVS monomer is

from 12.to0 32 weight percent. _
3. A DVS resin formed by a process comprising heating DVS monomerina
solvent at an initial concentration of DVS monomer in the solvent of from 12 10 32 weight
percent such that: ’
{a) the DVS resin, when applied and polymerized in a thin layer on a solid

substrate does not craze; and
. i .
(b) the DVS resin, when rendered photocurable by the addition of at least one

photosensitive agent in an amount sufficient to convert the mixture to an organic-insoluble
solid upon exposing the mixture to photon radiation gives a film retention upon development
with a solvent of at least 50 percent.

4, A DVS resin wherein the radius of gyration at an absolute molecular weight
of 160,000 is less than 90 Angstroms using SEC/LALLS.

5. A DVS resin wherein if the DVS resin is solvent stripped and subsequently
further cured at 190°C, and the rate of increase of the shear storage modulus G’ from just
beyond gelation is measured, then the exponent describing this rate of increase of G as a

function of change in fractional conversion is 400 or less.

6. A photocurable formulation containing a DVS resin formed by a process
comprising heating DVS monomer in a solvent at an initial concentration of DVS monomer in
the solvent of from 12 to 32 weight percent such that:

{a) the DVS resin, when appiied and polymerized in a thin [ayer on a solid
substrate does not craze; and

{b} the DVS resin, when rendered photocurable by the addition of at least one
photosensitive agent in an amount sufficient to convert the mixture to an organiéinsolubie
solid upon exposing the mixture to photon radiation gives a film retention upon cevelopment
with a solvent of at least 50 percent.

7. A cured polymer formed by heating a DVS resin formed by a process

comprising heating DVS monomer in a solvent at an initial concentration of DVS monomer in

the solvent of from 12 to 32 weight percent.”’

ERRR 0 IIII
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TABLE X Bi s Azi de Prebake Film Post Cure

Film Film wt % Thi ckness Thi ckness
Ret enti on Th‘SShee"HaSBeenR crons) (mi crons) %
81 1.5 BAC- 20. §§ E !
5.0 ETHER 8HI|||" ll"" m' BAC- M %FT‘?‘? SHEET 5 BESY. f
83.0 .0 |so 83 HAGERAC. M
26. 62 22. 89 86.0 5.0 ETHER

O her benzocycl obut ene nononers, for exanple, those disclosed in U S.
Patent 5,026,892 may be partially polynmerjged in the presence of a solvent
in a simlar fashion. Partial polynerization in the presence of
a solvent may be particul arly advant ageous when a bis benzocycl obut ene
nononer has a hi gh 8mel taAisabstiaeeé cdntasinioh atieast bree patteerredilayef oftaltereiohnmea:

[err] formed by heating a DVS resin formed by a process comprising heating &/S monomerina
solvent at an initial concentration of DVS monomer in the solvent of from 12 to 32 weight
percent. '

9.  Asubstrate containing at least one patterned layer of a cured polymer
formed by heating a DVS resin wherein the radius of gyration at an absolute molecular weight
of 160,000 is less than 90 Angstroms using SEC/LALLS. '

10.  Asubstrate containing atleast one patterned layer of a cared polymer
formed by heating a DVS resin wherein if the DVS resin is solvent stripped and subsequently
further cured at 190°C, and the raie of increase of the shear storage modulus G’ from just
beyond gelation is measured, then the exponent describing this rate of increase of G' as a

function of change in fractional conversion is 400 or less.

L L I o
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or.where the partial polynerization nay generate inordinate amunts of heat
in a runaway reaction such as a nmonomer of the fornula:

A partially pol ;leegl Z | s-benzocycl obut ene may have a | ower nelting point
bec?use |bt Is a 'fl mﬁ ent may al so serve as.a_heat sink or as a
cool ant by ebul Ii ” r the heat of polyner|izais

42 The cl ai s def ntion arg,as follows: ﬁiﬂg@g&m

PARTIALLY POLYMERIZED RESINS

ABSTRACT
A process for forming a partially polymerized DVS resin comprising heating
DVS monomer in a solvent at a concentration of DVS monomer in the solvent such
that:
{a) the DVS resin, when applied and polymerized in a thin layer on a solid
substrate does not craze; and
(b) the DVS resign, is rendered photocurable by the addition of at least one
photosensitive agent in an amount sufficient to convert the mixture to an organic-
insoluble solid upon exposing the mixture to photon radiation a’nd the film retention
upon development with a solvent is at least 50 percent. '
The process may be more readily scaled up to a commercial scale, ma\)
generate little or no low molecular weight fraction that must be separated from a

precipitating solvent and may make a novel DVS resin which may be used to form a

film on a substrate which retains its integrity.
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1. A process for parti al l y pol ymeri zi ng nononeri c
1,3-bis(2-bicyclo[4.2.0]octa-1,3,5-trien-3-ylethenyl)-1,

1, 3, 3-tetranet hyl di sil oxane characterized, by heating said nononer in a

sol vent at an |n|t|al concentration of nmohoner of from12 to 32 we
percent . dissolved forpise,recosdingly, dheyprecipitafien solyent sust betremioved ﬁ@éﬁg hiheon

of nmononersglid resia cﬁﬁbl/v%ﬂtaghﬁz iATh® Q5 S51ver?)| bisth For e Mdefull hiRBEE Ridlecular we1§ht
The product for her, claim 1 or claim 2.

%: ﬂgl rocess..of ei /
partially 1§ S EFYe TRIeGIAR WEIgRUIESing ] ot 5- 1, 3, 5-tri en- 3-yl et henyl)
1,1,3,3-tet ranﬁtS)yPa:teml 4,6)42;3@9@5’:&0@5 thethodsy fax pdmaily pblyheaizing] 60, Botiging

Chat b?ﬁidr&ﬁz&;@%yr o BorBb"" Hdiond the WD talife 16 ARSI pB Y iR e "
| ess t han teDzogy gl boilimg dippkr aprotic spivents ptmﬂ%am}depangln%ﬂfopeﬁ
1, 3- bi s(2- Mﬂﬁﬁﬁﬂ s@i&n?ay%osdded%o solabilizé ﬁi% benYocyElaBatéhe. -

éarlt Va1 1y pol y S NSy MRS (G erﬁécéﬁfa 7 espeAeR OBk s dee
of i ncr easseparatednfromhtharhigh (bbﬂi;g sobvbnk Ukeeingf inaminduthit &sﬁﬂmtbngwbﬂldl mvolve
funot 1 on’ JPiBfalis P AREIE niher bibfit Hebenipbuphf . A8 us'ot ibjfin
phot ocur atsalis would leave sesidues of tighivg which wenld be naceenitable ifi the ¢uredrresisr were
claims3, 4oYe useddsla Fe1BHAEH hficrobRcREhiele -

It would be desirable to prepare a DVS resin with a low level of low molecular
weight oligomers (for example, monomer, dimer and trimer etc.) in a process which does
not yield by-products, does not require the use of additional solvents and can be
commercially scaled up.

In one aspect the invention is a process for forming a DVS resin comprising heating
DVS monomer in a solvent at a concentration of DVS monomer in the solvent such that at
an Mw of at least 100,000, the resin is not gelled and the radius of gyration at an absolute
molecular weight of 160,000 is less than 90 Angstroms using SEC/LALLS. Mw is the
apparent weight average molecular weight by SEC based on a polystyrene calibration
standard.

In another aspect the invention is a process for forming a DVS resin comprising
heating DVS monomer in a solvent at a concentration of DVS monomer in the solvent
such that, if the solvent stripped DVS resin is subsequently further cured at 190°C, rate of
increase of the shear storage modulus G' from just beyond gelation is measured, then the
Yo exponent describing this rate of increase of G' as a function of change in fractional

conversion is 400 or less.

In another aspect the invention is a process for partially polymerizing monomeric
1,3-bis(2-bicyclo[4.2.0]octa-1,3,5-trien-3-ylethenyl)-1,1,3,3-tetramethyldisiloxane
characterized by heating said monomer in a solvent at an initial concentration of monomer
of from 12 to 32 weight percent.

Organic-soluble means the portion of the photocurable DVS resin not exposed to
photons is soluble in hydrocarbons such as Stoddard solvent, xylene, mesitylene, toluene,
2-methoxyethyl ether (diglyme), N-methyl pyrrolidone (NMP), mixtures of NMP and
2-hydroxyethyl 2-pyrrolidone, dipropylene glycol dimethyl ether (available as Proglyde™
DMM solvent from The Dow Chemical Company), a Stoddardlmethanol mixture, ethyl
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43 7. A substrate containing at |east one patterned |ayer of a cured
pol ymer formed by heating a DVS resi-n formed by a process conpri sing
heati ng DVS nononmer in a solvent at an i itiaI concentration of DVS
nmononer in the_solvent of from1l2 to 32 weig percent. 8. A substrate

contai ni ng at FBeeithessanerhedseridescribips rth“opmﬁeSéG’Pth?)BWm‘ Yeradersjood to

heating a @ﬁsralgsaa%cmb@ﬂﬁlsande oteasliatié DOfS ﬁ%r@m@ghaﬁere%@wma@m@mw ar
wei ght of 160 ess thgﬁ 90 Angstroms using SEC/ LALLS. :

I
substrate %'383?3‘?1 "r?ﬁ élqu *one patterned | ayer of a cured polyrrer f or med
by heating a Iﬂ\&oﬂmmaﬂpm&zeanmenﬁontihﬁxeDWESrr&mﬁomdélylsafa:hprosessi pped and

thesr L BRI ADIAEAR, kI Rl hoide

xponent _daSreloBh hGloct-4,3 Sierod-Siedamaliciel 35> tiramethyldisioxane motomer aving
a Mw of at least 100,000 by SEC based on a polystyrene standard, not being gelled and
characterized in that the radius of gyration at an absolute molecular weight of 160,000 is
less than 90 Angstroms using SEC/LALLS.

In another aspect the invention is a partially polymerized 1,3-bis(2-
bicyclo[4.2.0]octa-1,3,5-trien-3-ylethenyl)-1,1,3,3-tetramethyldisiloxane monomer
characterized in that if the partially polymerized monomer is further cured at 190°C, and
the rate of increase of the shear storage modulus G' from just beyond gelation is
measured, then the exponent describing this rate of increase of G' as a function of change
in fractional conversion is 400 or less.

In another aspect the invention is a photocurable formulation containing said DVS

~ resin or the DVS resin formed by said process.

In another aspect the invention is a cured polymer of said DVS resin or the DVS
resin formed by said process.

In another aspect the invention is a substrate containing at least one patteméd layer
of a cured polymer of said DVS resin or the DVS resin formed by said process.

A feature of the invention is that the polymerization takes place in the presence of a
solvent wherein the initial concentration of DVS monomer is within a specific range.

An advantage of the invention is that the process may be more readily scaled up to a
commercial scale, niay generate little or no low molecular weight fraction that must be
separated from a precipitating solvent and make a DVS resin which may be used to form

(o a film on a substrate which retains its integrity.
The DVS monomers of this invention include compounds of the structure.

B n
(R%), R3 R3 R
R* %}i——c %i—m
(RO R® Re R,
(R"’)q (R5)q
- 4N
wherein

each R3 is independently C;_g alkyl, cycloalkyl, aralkyl, or phenyl;
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as a function of change in fractional conversion is 400 or |ess.

42
The claims defining the invention are as follows:
1. A process for partially polymerizing monomeric

1,3-bis(2-bicyclof4.2.0Jocta~1,3,5-trien-3-ylethenyl)-1,1,3,3-tetramethyldisiloxane
characterized by heating said monomer in a solvent at an initial concentration of monomer
of from 12 to 32 weight percent.

2.  The process of claim 1 wherein the initial concentration of monomer in the
solvent is 25 percent plus or minus 1 percent.

3.  The product formed by the process of either claim 1 or claim 2.

4. A partially polymerized 1,3-bis(2-bicyclof4.2.0Jocta-1,3,5-trien-3-ylethenyl)-
1,1,3,3-tetramethyldisiloxane monomer having a Mw of at least 100,000 by SEC based on
a polystyrene standard, not being gelled and characterized in that the radius of gyration at
an absolute molecular weight of 160,000 is less than 90 Angstroms using SEC/LALLS.

5. A partially polymerized 1,3-bis(2-bicyclof4.2.0]octa-1,3,5-trien-3-ylethenyl)-
1,1,3,3-tetramethyldisiloxane monomer characterized in that if the partially polymerized

hud monomer is further cured at 190°C, and the rate of increase of the shear storage modulus
G' from just beyond gelation is measured, then the exponent describing this rate of
increase of G' as a function of change in fractional conversion is 400 or less.
6. A photocurable formulation containing the partially polymerized monomer of
claim 3, 4 or 5 and an aromatic bis azide.
N

L]
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PARTIALLY POLYMERIZED RESINS

ABSTRACT

A process for forming a partially polymerized DVS resin comprising heating
DVS monomer in a solvent at a concentration of DVS monomer in the solvent such
that:
{a) the DVS resin, when applied and polymerized in a thin layer on a solid
substrate does not craze; and
(b) the DVS resign, is rendered photocurable by the addition of at least one
photosensitive agent in an amount sufficient to convert the mixture to an organic-
insoluble solid upon exposing the mixture to photon radiation and the film retention
upon development with a solvent is at least 50 percent.

The process may be more readily scaled up to a commercial scale, may
generate little or no low molecular weight fraction that must be separated from a
precipitating solvent and may make a novel DVS resin which may be used to form a

film on a substrate which retains its integrity.
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7. A substrate containing at least one patterned layer of a cured polymer formed by
heating a DVS resin formed by a process comprising heating DVS monomer in a solvent
at an initial concentration of DVS monomer in the solvent of from 12 to 32 weight
percent.

8. A substrate containing at least one patterned layer of a cured polymér formed by
heating a DVS resin wherein the radius of gyration at an absolute molecular weight of
160,000 is less than 90 Angstroms using SEC/LALLS.

9. A substrate containing at least one patterned layer of a cured polymer formed by
beating a DVS resin wherein if the DVS resin is solvent stripped and subsequently

further cured at 190°C, and the rate of increase of the shear storage modulus G' from - '

just beyond gelation is measured, then the exponent describing this rate of increase of G'

as a function of change in fractional conversion is 400 or less.
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