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relates generally to the field of adhesives, and nore particularly to die
attach conpositions:-for attaching sem conductor devices to carrier :
substrates. BACKGROUND OF THE | NVENTI ON Cyanate ester resins, devel oped
during the 1980s, join epoxy resins and bisnaleimde resins as the third
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Cyanate ester resins, developed during the 1980s,

join epoxy resins and bismaleimide resins as the third
major class of thermosetting resins. Polycyanurates or
cross-linked cyanate resins are prepared by the
cyclopolymerization of aromatic cyanate esters. These
cyanate esters are bisphenol derivatives coritaining a
plurality of cyanate functional groups. When Qeated, the
cyanate functionality undergoes exothermic trimerization to
form substituted triazine rings. Subseduent curing
produces the thermosetting resin.

Cyanate esters are currently employed in rapidly
curing adhesive compositions used to bond semiconductor
devices or chips, also known as dice, to carrier
substrates. Such adhesive compositions include, in
addition to the cYanate ester, thermally and/or
electrically conductive filler, alkylphenol (as a proton
donor participating in the cyclotrimerization cure of the
cyanate ester monomer), and a curing catalyst dissolved in
the alkylphenol.

Cyanate ester adhesive compositions have
eliminated many of the deficiencies inherent in epoxy
adhesives and polyimide adhesives, such as low glass
transition temperature, high degree of ionic contamination,
retention of solvent and lengthy cure. However, presently
available cyanate ester containing attach paste



Yavai l.abl e cyanat e ester cont ai ni ng attach paste 2 conpositions
exhi bit sonme deficiency with respect to honogenity, i.e., such pastes have
a tendency to beconme non- honbgeneous at anbi ent tenperatures. Accordingly,
there still remains roomfor inprovement of die attach pastes containing
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B DESCRIPTION OF E X N

In accordance with the present invention, we have
developed novel compositions for attaching a semiconductor
device to a substrate. The invention compositions comprise
liquid polycyanate ester-containing monomer vehicle,
electrically conductive filler and a curing catalyst,
preferably in the substantial absence of alkylphenol.
Optional treatment of the filler to render it free of
catalytically active metal ions has the potential to
significantly extend the pot life of the composition.

DETAILED DESCRIPTION OF (o)

In accordance with the present invention there is
provided a paste composition for attaching a semiconductor
device to a substrate, said composition comprising a liquid
monomer vehicle comprising at least one polycyanate ester
monomer, electrically conductive filler, and a metal
catalyst, preferably in the substantial absence of
alkylphenol. =
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¥13 to 20 w. percent nononer vehicle conprising 1, 1-bis(4-
cyanat ophenyl) et hane(1) and 2, 2- bi s(4-cyanat ophenyl ) propane(ll); 80 to 87
wt. percent silver filler subst anti al | y free of catalytically free silver
ions; and 50 to 500ppm cobalt acetyl acetonate. According to a third

enbodi nent of the invention there is provided a conposition for attaching a
sem conductor device to a substrate con@ising: 8 to 20 w. percent
mononer vehicle conprising at | east one polycyanate ester nononmer; 80 to 92
wt. percent el ectrical Tyecoddect iaktdch| epastied S@MPESHZOGEN nefal. the
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Monomer vehicle contemplated for use in the
practice of the :Sresent invention is generally liquid under
ambient conditions. The term "ambient" as used herein
refers to temperatures of about 25+2°C. A liquid monomer
vehicle ensures that paste compositi'ons will not be
compromised by monomer crystallization during use, but will
maintain a homogeneous consistency, and also avoids the
need for extraneous solvent/diluent (e.g., alkylphenol) as
an aid to vehicle preparation.’ While it is possible to
heat a sample of paste until all of the monomer is melted,
this puts an unreasonable burden on the user. Furthermore,
the user may not be able to ascertain when all of the
monomer is melted. Use of a non-homogenous paste could
result in failures in die attach.

In accordance with the present invention, the use
of a polycyanate-ester monomer having a melting point above
ambient temperature is not precluded,' even in the absence
of an. alkylphenol as solvent/diluent and co-catalyst,
because such a monomer can be combined with one or more
other monomers which are selected so that the melting point
of the resultant monomer mixture is lowered to provide a
liquid monomer vehicle at ambient temperature. Liquid
monomer vehicles contemplated herein include vehicles
selected from the group consisting only of liquid monomers;



sAccording to a sixth enbodinent there is provided a conposition for
attaching a sem conductor device to a substrate conprising:.8 to 20 w.
percent nononer vehicle conprising at |east two nononers, wherein at |east -
one nononer is a polycyanate ester nononer, and wherein said nononer
vehicle is free of solvent; 80 to 92 w. percent electrically conductive
filler; and 50 to 1500ppm netal catal ys§; wherein said nononer vehicle is
l.i qui d under anbient conditions. According to a seventh embodi ment there is
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unless such reaction(s) is reversible at temperatures above
ambient temperature. '

Cyanate ester monomers that can be employed in
the practice of the present invention contain two or more
ring forming cyanate (-0-C=N) groups which cyclotrimerize
to form substituted triazine rings upon heating. Because
no leaving groups or volatile byproducts are formed during
curing of the cyanate ester monomer, the curing reaction is
referred to as addition polymerization. Suitable
polycyanate ester monomers that may be used in the practice
of the present invention include, for example, 1,l-bis(4-~
cyanatophenyl) methane, 1,1-bis(4-cyanatophenyl)ethane,
2,2-bis(4-cyanatophenyl)propane, 1,3-bis(2-(4-~
cyanatophenyl) propyl)benzene, and the like. Polycyanate
ester monomers utilized in accordance with the present
invention may be readily prepared by reacting appropriate
dihydric phenols with a cyanogen halide in the presence of
an acid acceptor.

Monomers that may be combined with polycyanate
ester monomer(s) in accordance w1th the present invention
are selected from those monomers which undergo addition
polymerization. Such monomers include vinyl ethers,
divinyl ethers, diallyl ethers, dimethacrylates,
dipropargyl ethers, mixed propargyl allyl ethers,



. used in hernetic packages. It is well known that the cyanate function
reacts readily with noisture. This reaction.is used to provide a
powerful gettering action on residual noisture left in a hernetic package
after it has been seal ed. Mononer vehicle contenplated for use in the
practice of the present invention is generally liquid under ambient

condi tions. The term "anbient" as used herein refers to tenperatures of
about 252[err]C. A liquid nononer vehicle ensures that paste conpositions
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the group cpPghsh' Hbriher Ovehigded NPIEHEBIS: the need for any added
solvent/diluent, such as alkylphenol. For example, when
1,1-bis (4-cyanatophenyl)ethane, having a melting point of
29*°C, and 2,2,4-trimethylhexamethylene—1,6-bisma1eimide,_
having a melting point range of 75 to 125°C, were combined
(in the absence of alkylphenol), mixtures containing up to
12 wt. percent bismaleimide were found to.remain liquid
indefinitely. The lowest melting mixture contained 8 wt.
percent bismaleimide and had a melting point of 26.07°C,
which is three degrees below the melting point of 1,1-
bis(4-cyanatopheny1)ethahe. The viscosity of this mixture
was zlower than that of the pure dicyanate ester.
surprisingly, the thermal stability of polymer derived from
this mixture exceeded the thermal stability of the
polycyanate ester homopoiymer. Thermal stability was
determined using thermogravimetric analysis run at a
temperature ramp rate of 10°C/minute under an air purge.
The decomposition onset temperature for the polymer derived
from the mixture was 438'0; whereas the decomposition onset
temperature for the homopolymer was 419°C.

When 1,14bis(4-cyanatophenyl)ethane (melting
point = 29°C) and 2,2-bis(4-cyanatophenyl)bropane{ having
a melting point of 79°C, were combined (in the absence of
alkylphenol), mixtures containing up to 20 wt. percent 2,2-
bis(4-cyanatophenyl)propane were found to remain liquid
indefinitely at room temperature. These mixtures behaved



¢vehigles selected fromthe group consisting of solid nononer(s)-

m sci bl e and/or soluble in |iquid nononer(s); and vehicles selected fr-om
the group consisting of solid nononmers which, when conbi ned, provide a

| i qui d nononer m xture. Mononer(s) which may be conbi ned with pol ycyanate
ester nononer is/are selected based on the following criteria: the
nmononer (s) should be soluble in or mscigle with pol ycyanate ester nononer
and shoul d be non-reactive with polycyanate ester nononmer at anbient
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for the polymer derived from the mixture was 435°C, which
is approximately sixteen degrees higher than the
decomposition onset temperature for the homopolymer derived
from 1,1-bis(4-cyanatophenyl)ethane.

When 1,1-bis(4-cyanatophenyl)ethane (melting

point = 29°C) and 1,1-bis(4-propargyloxyphenyl)ethane,
. having a nmlting point of 39°C, were combined (in the
absence of alkylphenol), mixtures containing from about 15
to 50 wt percent dipropargyl ether were found to remain
liquid indefinitely at room temperature. A mnixture
containing 40 wt. percent dipropargyl ether did not
crystallize when seeded with crystals from each monomer and
stored at 5°C. The viscosity of this mixture was
approximately the same as that of the homopolymer derived
from 1,1-bis(4-cyanatophenyl)ethane. The thermal stability
of polymer derived from this mixture was lower than that of
the polycyanate ester homopolymer. The decomposition onset
temperature for the polymer derived from the mixture was
355°C. It is believed that the polymerized mixture
consists of an interpenetrating network of cyanate and
propargyl resins since differential scanning calorimetric
studies indicate the presence of two separate cure events.
Despite the lower decomposition onset temperature, this
mixture is suitable for use for die attach in solder seal
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crystals from each monomer and stored for several days at
5°C. The viscosity of this mixture was approximately twice
‘that of the pure dicyanate ester. The thermal stability of
the polymer derived from this mixture was somewhat lower
than that of the polycyanate ester homopolymer. The
decomposition onsetitemperature for the polymer derived
from the mixture was,;395°C, or about 24 degrees lower than
the decomposition onset temperature of the polycyanate
ester homopolymer. Despite the lower decomposition onset
temperature, the mixture is suitable for use in solder seal
hermetic, microelectronic packages because the highest
temperature required to seal these packages is far lower
than the decomposition temperature for the polymer derived
from the mixture.

In accordance with the present invention, it has
been found that the melting .point of 1,1-bis(4-
propargyloxyphenyl)ethane can be significantly depressed by
the partial reduction of the propargyl function to allyl.
Approximately 20% of the propargyl groups had to be reduced
to allyl in order for the product to be a room temperature-
stable liquid. It is also necessary to keep the total
fraction of allyl groups below 30% since the allyl moiety
does not produce an independent cure. When the 20/80
allyl/propargyl monomer was combined with 1,1-bis(4-
cyanatophenyl)ethane, it was found that from 5 to 100 wt.
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approximately sixteen degrees higher

m xture was 435[err
than the ﬁﬁﬁf&!& %ﬁe‘?mélé‘t’v?errperature for the honopol yner. derived from
1, 1- bi s(4-cyanat ophenyl ) et hane.

Cyclohexanedimethanol monovinyl ether, a liquid,
is miscible in all proportions with 1,1-bis(4~
cyanatophenyl)ethane, even in the absence of added
solvent/diluent, such as alkylphenol. The vinyl ether
monomer significantly depresses the viscosity of the
dicyanate ester monomer when present at a concentration of
at least 5 wt. percent. The presence of just 5 wt. percent
monovinyl ether monomer also enhances the supercooling
behavior of the dicyanate' ester monomer. Mixtures
containing at least 25 wt. percent monovinyl ether monomer
did not freeze at 5°C, even when seeded with crystals of
the dicyanate ester monomer. The decomposition onset
temperature in air is 363°C for polymer derived from a
mixture consisting of 20 wt. percent monovinyl ether
monomer and 80 wt. percent dicyanate ester monomer. This
polymer is also suitable for use for die attach in solder
seal packages. '

When 1,1-bis(4-cyanatophenyl)ethane (melting
point = 29°C): and 2,2-bis[4-(4-maleimidophenoxyphenyl]
propane, having a melting range of 110 to 170°C, were
combined (in the absence of _alky‘lphenol) ' mixtures
containing at least 20 wt. percent bismaleimide monomer
remained fluid at 5°C, even when seeded with crystals of
the dicyanate ester monomer. The viscosity of a mixture
conté\ining approximately 20 wt. percent bismaleimide



Mhen : 1, 1- bi s(4-cyanat ophenyl ) et hane (nmelting point = 29[err]C) and
1, 1- bi s(4-propargyl oxyphenyl ) et hane, having a nelting point of 39[err]C
were conbined (in the absence of al kyl phenol), m xtures containing from
about 15 to 50 wt percent dipropargyl ether were found to remain |iquid

indefinitely at room tenperature. A mxture containing 40 wt.
percent dipropargyl ether did not'crystaIBize when seeded with crystals
from each nononmer and stored at 5[err]C The viscosity of this

mxture wasTOROMST ael gbewt swiseathatatohf thae PHERDSHCY ARt 1@ S%RE f r om

1, 1- bi s(4- cy aiopoRienY Ittt i ol dditdi id qmés toha SIp'WT'erpé’ﬁEéﬂ@d
fron1th|s m xt.ure was | ower than that of the g ﬁsyanate oqﬁgolxner
p&P

The deconposPiEHidiGiddde ANUeY, €ere, Teppd
m xture was aﬁi[attheh paskesi.s bﬁél&dedmﬁbﬁitibﬁ Onsytetemper atuter for

[ f of |
S nce di 11 er Snat L EbhER RERE” 8 pERRRLT HiTRAE YA ndfioRlE
two separate am@r 85evbnt pergespu decyaaatevxestemmpoaeru was ohsktC, which
tenperature, fgi agglrésmn%ﬂ gwth%b ngﬁfner Hse tRé da@c@ﬁ;sagméhscw@étseal

7 hermetic packageS since suCh asse les are usually processed at
330[ err] C or tepperatyrs, fon QMERL¥QXQﬂﬁﬁ%p%%ﬁ?¥)%?ﬂ%ﬁ%lmeﬁelt|ng poi nt
= 29[err]C) and 3-(2,2-dinethyltrinmethylene acetal)-1- nal ei m dobenzene,

A kyl Bhenol )+ mixtur os MBS ai ok i Somtenybl [y (g 0ol €lng
nmonomal ei m deoint = 29°C) and 2,2-bis(4-methacryloxy)propane, having
a melting rénge of 72-74°'C, were combined (in the absence
of alkylphenol), mixtures containing at least 25 wt.
percent dimethacrylate monomer remained fluid at 5°C, even
when seeded with crYstals of the dicyanate ester monomer.
Mixtures coqtaining- only 5 wt. percent dimethacrylate
monomer were more resistant to freezing than the dicyanate
ester monomer alone.  ‘The viscosities of mixtures
containing up to 35 wt. percent dimethacrylate monomer were
approximately the same as the viscosity of pure dicyanate
ester monomer. The onset for thermal decomposition in air
for a mixture containing 20 wt. percent dimethacrylate
monomer. was 409°C, which is only slightly lower than the
decomposition onset temperature of the polycyanate ester
homopolymer.

Examples of electrically conductive fillers
contemplated for use in the practice of the present
invention (and which are preferably rendered substantially
free of catalytically active metal ions according to the
present invention) include, for example, silver, nickel,
cobalt, copper and aluminum fillers, as well as alloys of
such metals. Both powder and flake forms of filler may be
used in the attach paste compositidns of the present
invention. The preferred thickness of flake is under 2
microns with a dimension of about 20 to about 25 microns.
Flake employed herein préferably has a surface area of



were, found to remain liquid indefinitely at roomtenperature. A
m xture containing approximately 25 wt. percent nononal ei m de renmai ned

| iquid even when seeded with crystals from each nonomer and stored for
several days at 5[err]C. The viscosity of this m xture was approxi mately
twice that of the pure dicyanate ester. The thermal stability of the

pol ynmer derived fromthis m xture was sqgmewhat | ower than that of the

‘pol ycyanat e ester honopol yner. The deconposition onset tenperature for
t he” pol ymer ateuitved 15r bm 5ho mljg @nd wataBo8ensite, ofro aboe 25 dptgmes

| ower than 53%3%%?%&%&% J ?é‘Pé{-éﬁ%'{'ehQL hNA 1 RAEEYARAE GIsie!

honopol yrer. osition onset tenperature, the mxture
i's suitabl e08r t@sd 5 MIFHOMS- seal hernmetic, microel ectronic packages .
because the highest tenperature required to seal these packages is far

| ower than the deconpqgition t erature for t ol ymer derived framthe
mxture. In accordanc%iﬁcttﬁ: ¥ eSRAAUFRI¥R rkg'r?‘ G4s hﬁgeb@é’\rlFl t hat

the neltingendered faree bflchtaldtivadly artdwepmetall) dionsnacarding

si gni ficant d es - th k reduct he,QnRop L fsypet i on
to allyl. A%ér ogﬁrérat é?‘gs%% ofn€%{é£%§%paérl’gyfé%%%ngésn%agﬁ%rpb?ﬁaﬁ}w to
allyl in ordgents, wmesysiaguagentse nonobonienpubzigating: ageats,qom.

[t is al S0 4eGRatREY oo ddinto! 2 TEegeihansBlyBibhs dralisdishu 30%
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since the allyl npjety does no Produce an 1n nt. cure. n the 2
0/ 80 al |yl / B¥o AN nbh8magent(DonbPnéd shitakle. sedyent such as a
cyanat ophenybieirhalkyli ketene qend ., haicdtons)s =0 1ti@rvalcohol (e.g.,

isopropyl alcohol), and the like. Filler is then added to
the treating solution to obtain a slurry containing
approximately 50 wt. percent filler in a treating solution
containing from about 0.5 to 10 wt. percent treating agent,
based on total weight of filler. The resulting slurfy is
agitated at room temperature for a minimum of five minutes
up to 48 hours. The amount of time will vary depending on
the quantity of metal soap on the filler being treated.

It has been found that the curing of cyanate
ester monomer is catalyzed by simply admixing monomer with
commercially available filler such as silver powder or
flake. No added alkylphenol is required to promote this
reaction. Thus, . the use of alkylphenol in the preparation
of invention compositions is optional. In addition, it has
been observed that catalytically active residues present on
the particulate filler material are far more aggressive
than the catalysis of cyanate ester cure by traditionally
used transition meﬁal catalysts incorporated in the attach
paste composition} Catalysis by metal filler is a severe
disadvantage because it reduces the pot life of the attach
paste composition. '

Virtually all commercially available filler is
coated with one or more lubricants. The lubricants used
most often are stearic and oleic acids. The function of



:8 per,cent allyl/propargyl nmononer provided stable |liquids at room
tenperature. M xtures containing at |east 30% of the 20/80 allyl/propargyl
mononmer did not freeze at 5[err]C, even when 'seeded wth crystals of

1, 1- bi s(4-cyanat ophenyl ) ethane. The viscosity of the m xture was

. approximately the sane as that of the dicyanate ester. The onset for
thermal degradation in air was 383[err] Cahor polynmer derived fromthe

m xture containing 30%allyl/propargyl nononer. This thermal stability
was consi der gdbricantzaniadeguaireteant r agghonesattion abbvthe particles

Cycl OhexanEdi(e ) {Q%qglfﬁggstd% pgﬂgrc:’legﬁghgﬁi) g?hﬁfevem:seﬁglv?eldig% ol |

proportions cyanat op ne, even in the absence

of added sol Yemindina¥e@f theseh partiladasifairdng thenaeghanical,ddifsher

significantly depiesaged ke praaaee! ¥idletN14keVSPed€ces! erTHas®NRIttyhen
present at a cagncentrati on of, at | east

5 wm__percent. . The presence of just
5 wt. percenCighdMhRAcant®Pecemeerhepicaling Blégét ke gﬁ‘ﬁet‘s&}%%%g ot
behavi or of thiehemetialy#idller ebyerthewfiormation Mt meealcararboxylnte
| east 25 wt. percent,npnovinyl, ether nongme i fr
even when se8&dES %ﬁ'%fyﬂéa}%/%l ofogﬁg)di%/a%gged“éé?ée% n@ﬁé%eglﬂ%cgﬁ
deconposi ti oinkesdiacteanperature in air is 363[err] C for polyner derived
froma m xture consisting of 20 w. percent nonovi nyl ether nmononmer and 80
wt. percent dicyanate ester nononer. This polymer is also syitable for use
for die attach in sol dfhesecafopnakigns. ofheFfarhonylpte salts occurs

(4- cyanat ophgshdnt@intisly (@Bidrdihgaiditiie 2AAcWitg redvtion sequence
2, 2ol (O ol e LSO O IVl RG0S AT Boihd® SERuRL 11

to oxygen:

2 Ag® + 1/2 0, ————-- > Ag,0
Ag,0 + 2 RCOOH =----=- > 2 Ag'RCOO™ + H,0

One consequence of the above reaction sequence is that the
ability of a filler to catalyze cyanate ester cure is

directly proportional to its surface area. 1In other words,

the greater the surface area, the higher the concentration
of metal carboxylate salts at the filler surface, and hence
the greater the propensity toward catalysis of cyanate
ester cure. It is not practical, however, to make a die
attach paste with coarse filler particles since such a
product would have very poor rheoldgy.

To detemih_e what effect various forms of silver
have on the catalytic' cure of cyanate esters in the
substantial absefice of alkylphenols, the cure properties of
several compositions (none of which contained alkylphenol)
were measured using a TA Instruments Differential Scanning
calorimeter (DSC). Table 1 summarizes the results obtained
employing the cyanate ester 1,1-bis(4-cyanatophenyl) ethane.



.conbi,ned (in the absence of alkylphenol), mxtures containing at
| east 20 wt. percent bisnal eimde nononer remained fluid at 5 C, even when
seeded with crystals of the dicyanate ester nonomer. The viscosity of a

m xture containing approxi mately 20 wt. percent bisnal ei m de 9 nmononer
was about tw ce that of the pure dicyanate ester nononer. Conpositions
containing less than 30 wt. percent bisnal ei m nononmer were found to be
suitable for use in die attach pastes. -The deconposition onset tenperature
for a mxture containi pg t___percent Dbismal ei m de nononmer and 85 w .
percent dicyanate esteff nonorfer was 431[e‘r]C, which is approximately the
same as the deconpositfon onget tenperatuje for the polycyanate ester
honopol ynmer. Wen 1,;-b@§(£-gyan. | ) et hane (melting point =
29[err] C) and 2, 2-bi sff4- net Haeryl op pane, having a nelting range of
72-74[err] C, were combf n8d* b of al kyl phenol), mi xtures
containing at |east 25 pcryl at e -nononer renmai ned fluid at
S[ert] C, even when seef t he di cyanate ester nononer.
M xt ures cont ai ni ng onfl yo3a vl . et hacryl at e nmononer were nore
resistant to freezing ftram pster nononer al one. The
viscosities of mxtu b 35 wt. percent dinethacrylate
nononer were approxi maj el P viscosity of pure dicyanate
ester nononer. The onsft H position in air for a mxture
containing 20 wt. perch “e&hacry%gte hononmer was 409[err] C, which is
only slightly |ower th por o )
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deconposition onset tenperature of the pol ycyanate ester honopol yner.
Exanpl es of electrically conductive fillers contenplated for use in the
practice of the present invention (and which are preferably rendered
substantially free .of catalytically active netal ions according to the
present invention) include, for exanple, silver, nickel, cobalt, copper and
alumnumfillers, as well as alloys of sugh netals. Both powder and fl ake
forms of filler may be used in the attach paste conpositions of the present
invention.  The pref eh$ eghominckhesFadflef | bkeai Pnmdpergentcrigir Tyl t Afa

di mensi on ofg fi)@&(ig beteaeut itp %9&:&&@ eELékeeﬁmqued des®a 1 pr ebar abl y

has a surface area o about and a ta {%SIty of 0.4

to 5.5 g/ cc.teBRREALERB| Gfe&hﬁéﬂeﬁ' pP8f Er &’B!‘%/ %’aslétﬁf‘éﬁet eghodt 0.5

to 15 mcronges &t ect mhdal lestalidikiéy ethe! bebhoaneedptd fiwdt yof esdewved free
of catalytical] ons, according.to tQﬁ resent mventhﬁ

ctive netal
treat ment w9®E %ﬂ a‘?'i‘etd’eagc(ﬂﬁasl YSig % &Y ESHRN S v c eV Ty Ha
agents, or nabsemes odf salkylgshesol Jr eatlihnig sohurte obehawéoprr epsr eﬁeby

addi ng t he a&f?fééé?éoféoﬁu %@blﬁtﬁlﬂwévfafhoésc‘il c%h%r ddted Kt eng

(e.g., acetone ower I sopr opyl . and the_|ike.
Filler |stﬁﬂ#ﬁ%ﬂ@%d°€ohﬂﬁ?t#%%ﬁ?%g°§§P9¥Y htFOEGSt&¥¥¥}Rh§ﬂ9k'coﬁpﬁlnlng

appr oxi mat el yupéd oie. HHE Ce@Rtataligedi dyanateatdsiges ohdki @n1yord asiihggef rom

about 0.5 to ,%gtﬁ\gm ercent trealing aggnt, .

The data presented in Table 1 clearly show that
chelating agents such as picolinic acid and
ethylenediaminetetraacetic . acid (EDTA) inhibit  the
catalytic potential of silver carboxylate with respect to
cyanate ester cure.

Subsequently, additional experiments were
conducted to determine the effectiveness of various
chelating agents on cyanate  ester cure in the presence of
commercially available silver powder (and in the
substantial absence of alkylphenol). These experiments
were conducted by

(1) dissolving one percent chelating agent (based
on the weight of silver powder) in an appropriate solvent
such as ketones (e.g., acetone, methyl ethyl ketone (MEK),
pentanone, and the like), aqueous ketones (e.g., aqueous
acetone, aqueous MEK, and the like), lower alcohols (e.g.,
methanol, ethanel, isopropyl alcohol, butanol, and the
like); aqueous alcohols (e.g., agueous methanol, aqueous
ethanol, aqueous-isopropanol, and the like); cyclic ethers
(e.g., tetrahydrofuran (THF), dioxéne, and the 1like):
aqueous cyclic ethers (e.g., aqueous THF, agueous dioxane,
and the like); and so forth. '

' (2) adding silver powder to the chelating
solution and shaking the mixture vigorously at room
temperature for five minutes; and



~based on total weight of filler. The resulting slurry is agitated at room
“tenperature for a mininmumof five nminutes up to 48 hours. The anmount of )
time will vary depending on the quantity of metal soap on the filler being
treated. It has been found that the curing of cyanate ester nononer is
catal yzed by sinply adm xi ng nonomer with commercially available filler
such as. silver powder or flake. No addedj['ﬁl kyl phenol is required to
pronote this reaction. Thus, the use of alkyl phenol in the preparation of

invelntipn Iclonrposi_tions (3 aEnonptuging fm&'r.]tféshn@_atné@ % 1%@8&9{@%&{1&
catal ytica ct s_present on the particulate filler, materia
are far nore)‘:g%gréé'}g?]{}gas‘lf% ?’ﬁé %ﬁ?ﬂl §§FESBFP'3§'Qﬁa?%‘ee§1@TV%r’é‘ piresh
traditional | polyent r afoilliowednet by caaddysisnabcorqatatEfugatibn atangh

paste conposigl Sl Y t | | ) Ve | vani age
because it rg?tfgggat he pot §'?‘i%f gxé’ tﬁgoé {iggé %%g{%ééé%%%%%&l?x%g %ﬁ'??%‘al ly
al | commer ci aey WekapidNes splids wereoaivddwmied. orkach pewder umas cthers.

The 1ubr | cantombisdaeitlpl 1 P1-BL8 (5L EgahstaPHeRYF) EtARRES to Biodutie!d on
of | ubricagts is tq prevent oneration o e particles (especially

. ﬁ 3 61%{ . :
powder parti EFE8EFYan® o 8% v &t wel dihey SureoiRkaRrerikes h all
particl es ducompostid imrehardal ten | hegswrédeb§ DsCdahalpsdduce 1 Mer2
fl ake produc ' ez%% f [+d. 1 ubri ts beconme chemcally bound to the
surface of t Em#gt]‘_g'l |Ith'}e€%&be3a/sq‘{ e f%srrf‘é? & netal carboxyl ate salts.

(i.e. nmetal soaps) at the nmetal filler/lubricant interface.

Table 2
CHELATING AGENTS . EXOTHERM EXOTHERM
MAXIMA (°C) ONSET (°C)
None (control) 157 101
1% Thiodipropionic acid 165 & 216 : 124
1% Polyethyleneimine . 166 ) 120 "
1% Dithiosuccinic acid 207 : 184
Ill% Oxalic acid - 165 & 232 127
" 1% Dimethylpropionic 165 110
acid _ .
1% citric acid 170, 205 & 232 115
1% DTPA-Jeffamine 190 149
M600 Di-amide
1% EDTA-Jeffamine 177 & 204 . 143
M600 Di-amide ' '
1% Acetone dicarboxylic ‘161 112
acid - .
1% Thiodiglycolic acid 219 180 |
1% Tartaric acid 210 168
1% DTPA-MPEG-350 174 & 218 151
Diester : )
1% DTPA-Oleyl diamide 222 : 147 44ﬂ

DTPA-Jeffamine M600. Di-amide and EDTA-Jeffamine M600
Di-amide are reaction products . of
diethylenetriaminepentaacetic (DTPA) dianhydride
or ethYl.enediaminetetraacetic (EDTA) dianhydride,
respectively, and Jeffamine M600, a poly



_The f,ormation of carboxylate salts occurs spontaneously according to the
follow ng reacti on sequence upon exposure of a fatty acid coated silver
powder or flake to oxygen: 2 Ag + 1/2 [err] - > [err] [err] + 2 RCOCH
------ > 2 Ag+RCOO + H20 One consequence of the above reaction sequence is
that the ability of a filler to catalyze cyanate ester cure is directly
proportional to its surface area. .In othgr words, the greater the surface
area, the higher the concentration of netal carboxylate salts at the filler

surface, and hence the (qlsy@pyiltthdUERRNS Iharkoved dpgarahados demtednit e
ester cure. |t is not cyapldrgl,, howryestda,nmakeTee diags attach pashd sMth
coarse filler particl epoliyipropydenediidl)c product Haveapped pbosne legad ogy.
To determ ne what effeatithaa methoxyngyrefursiandrathahe awthdre arat atitth @a cure
of cyanate esters in tprimaryt axtired gmgnce of al kyl phenols, the cure
properties of several conpositions (none of which contained al kyl phenol)
wer e neasur eOTRAFNPES-BAO ndiegtent sidi fthe emeagit issanpraduct o f ndIRRA
(DSC). Table 1 sunmari 2danhydnigiailang sstdioxt! oy eshoxyethanghnat e ester

1, 1-bis (4-c anatophenykg.ethane.. err] 13 As shown in Table 1, a
one percent STBArPleyl ~diamide is the reaction product of DTPA

_ dianhydride and oleyl amine.

As shown in Table 2, all chelating agents tested
had some inhibiﬁory effect on the cataiysis of cyanate
ester cure by silver powder. The most potent inhibitors
were thiodiglycolic, dithiosuccinic, and tartaric acids.
Tartaric acid is preferred because it contains no sulfur.
All chelating agents exemplified in Table 2 have an
advantage over EDTA in that they are soluble in acetone.:
Acetone has the capacity to dissolve fatty acids and this
property is particularly useful in stripping silver flake
coated with fatty acid lubricant.

Additional chelating agents that are suitable for
use in the present invention include hydroxycarboxylic
acids (e.g., malic acid, lactic acid, glycolic acid and
gluconic acid), aminocarboxylic acids (e.qg., 1,6~
diaminohexane-N,N,N!',N'-tetraacetic aciq, 1,3-diamino-2-

hydroxypropane-N,N,N' , H'~-tetraacetic aciaqa, 1,2-
diaminocyclohexane~N,N,N', N'-tetraacetic acid,
diethylenetriaminepentaacetic acid, = N-hydroxy-

ethylenediaminetyiacetic acid, nitriloacetic acid and
ethylenediaminetetraacetic acid), as well as amides and
esters derived from such acids or their anhydrides.

. Thiocarboxylic acids suitable for use as
chelating agents in the present invention include, in
addition to those already mentioned, thioglycolic acid and
thiosalicylic acid.



.silver(l) octoate in cyanate ester exhibits a small, |ow tenperature
exothermat 58 C and an intense exothermat 165[err]C This establishes the
pronounced effect of silver octoate on:-the catalysis of cyanate ester cure,

even in the absence of alkyl phenol. This cure behavior is very
different fromthe cure behavior of cyanate ester in the absence of -both
silver carboxyl ate and al kyl phenol. The_cure of the uncatal yzed cyanate

ester has only a single exothermw th a maxi numat 266[err]C. The data

presented in Table 1 cbfgibksaiougbhil SPe! fbifEyea®d8Latariilivanta
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resxdue remalning in each vial was washed with fresh
acetone which was also decanted and collected. The residue
in each vial was rinsed several times and the combined
rinses then evaporated to dryness. No residue remained
when rinses from the second vial had.evaporated to dryness.
The washings from the first vial left a large mass of an
oily, solid slurry. This residue was extracted with hexane
and the hexane soluble fraction was then concentrated and
analyzed. The IR trace for the oily liquid obtained after
.all of the hexane had been evaporated was identical to that
of pure octanoic acid. The yield of this acid was almost
quantitative based upon the amount of silver octoate used.
This experiment demonstrates that the following reaction
occurs:

Ag'RCOO™ + Chelon —===-- > Ag'Chelon” + RCOOH

The chelating agents shown in Table 2 are ionic
chelating agentéf Non-ionic chelating agente such as
N,N,N',N'tetrakis(z—hydroxypropyl)-ethylenediamine - or
tris[2~(2-methoxyethoxy)ethylamine)amine are ineffective at
quenching the catalysis. Presumably, the ineffectiveness
of these non-ionic chelating agents resides in the absence
of any sufficiently acidic protons to participate in the
above reaction. - ‘



{2) adding silver powder to the chelating solution and shaking the mxture

vigorously at roomtenperature for five mnutes; and 14 (3) centrifuging
the resultant slurry, decanting the supernatant and then resuspending the
silver in fresh sol vent followed by additional centrifugation and

decantation. The rinse procedure was repeated three times. The wet silver
solids were air dried. Each powder was then conmbined with

|, | -bi s(4-cyanat ophenyl )ethane to produce a slurry of -80% solids. The
cure properties of afthecaigmdificancevsfe thenre@esiordshgwhSebaral \is s.
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properties as well as lubricating properties are DTPA- and
EDTA-Jeffamine M600-Di-Amides. These agents, as discussed
earliér, are reaction products of DTPA or EDTA dianhydride
with a poly(propyleneoxide)monoamine. Use of such
chelating lubricants in the attach paste compositions of
the invention permits chelation of metal ion while at the
same time providing lubrication of filler particles
(especially powder particles). Lubrication of filler
particles is especially important to prevent agglomeration
of the particles and to prevent welding or "coining” of the
particles during mechanic¢al milling processes used to
produce the filler.

Poly(alkyleneoxide)~derived chelating lubricants
are infinitely miscible with the monomer vehicle employed
herein. The significance of this becomes apparent when
filler treated with a fatty acid lubricant is added to the
same monomer vehicle. Pastes containing filler treated

~with the chelating lubricants described herein can be
loaded to higher solids content (while maintaining
acceptable viscosity) than pastes containing filler treated
with fatty acid 1lubricants. This is a significant
advantage because both <the electrical and thermal
conductivity of the final fired paste will be enhanced by
loading at higher solids.

Additional agents having both chelating and
lubricating properties céh be prepared by reaction of the
dianhydride of either diethylenetriaminepentaacetic acid
(DTPA) or ethylenediaminetetraacetic acid (EDTA) with two



1% Acet one di carboxylic . 161 112 acid 1% Thi odi gl ycol i c

acid 219 180 1% Tartaric acid ‘ 210

168 1% DTPA- MPEG 350 174 & 218 151 Diester 1%

DTPA-d eyl diam de 222 : 147 DTPA-Jeffam ne MO0
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et hyl enedi am netetraaceti ¢ (EDTA) di anhydride, respectively, and

Jeffami ne A@Qﬁzvaleatspobr = Jrfbx&asowxopbbeaq%o%ﬂe)nr@r b@tlwat;ycyﬁ@ﬁeco

Chem cal
pol y( pr opyl é? dS)aPBPSdLﬁH qne cﬁB‘BeHl’&P BRe A kPXY t?lraaﬁl‘é?ﬁif)‘(yqd"r%ﬁ’p and
at the ot heanendatv\n thea qmuemrQnaniQ:lgr@ﬂthef)TBﬁr MiE{fn35@rdyst er iant he

o oy B4R oEORR, ¢ BTG 6 Sk HERASAR AT A AR e,
a][nf ne. As sﬁvomtm?Tarbleddg agl lambd¢ at | Opendogt of e@mdahamdgéﬁs mimqjl tory
effect on t-gf thhA Ko &}, gx‘ﬁ&tc ot ferdufsﬁra% bys bt Ver 1ROWARh: caBés,MOSt

potent inhibrtors vve i osuccinic, and_ tartaric, aci ds.
Tartaric acd d°P§bBP‘¥f1éFr &F%c@éﬁ%"—%?" chfit abkaimedsas velkt | OReniNGg

agents exenpbthi ednges bW &iehéAvaidihydride results in the covalent
bonding of two capped poly(alkylene oxide) chains to a
central chelating moiety which is a derivative of either
DTPA or EDTA. Oligomeric poly(alkylene oxides) suitable
for reaétion with DTPA or EDTA include; for example,
methoxy polypropoxyisopropylamine, butyloxy
polyisopropoxyisopropylamine, methoxy polyethoxyethanol,
nonylphenoxy polyethoxyethanol, and the like.

In addition to the. use of chelating agents to
inhibit the catalytic potential of metal carboxylates on
the surface of metal filler, the present 'invention also
relates to the use of other agents to inhibit this unwanted
catalysis. '

A second group of substances found to be useful
in retarding: unwar;te& catalysis are mild reducing agents
including covalent hydrides such as, for example, silicon
hydrides, boron hydrides, aluminum hydrides, and the like.

Covalent hydrides contemplated for use in the
practice of the pfgsent invention include silicon hydrides,
boron hydrides or aluminum hydrides of the formula:

I
H-Si-R or H-—lls—R or H-Al-R
R R " R

wherein each R is independently hydrogen or a hydrocarbyl
radical of 1 up to 20 carbon atoms. Examples of silicon
hydrides contemplated for use in the practice of the



advant age over EDTA in that they are soluble in acetone. Acetone has the
capacity to dissolve fatty acids and this property is particularly useful
in stripping silver flake coated with fatty acid |ubricant. Additional

chel ating agents that are suitable for use in the present invention include
hydr oxycar boxylic acids (e.g., malic acid, lactic acid, glycolic acid and
gl uconic acid), am nocar boxyl i c aC|d§ (e.qg., 1, 6-

di am nohexane-N,N,N , N -tetraacetic acid, 1, 3-diam no-2-

hydroxyprOpanﬁrégahEI th@@ﬁfﬁaﬁet'fhcluég”‘jtrl herd’lsilane, dimethyl
di am nocycl ohexane- N, N N -tetraacetic

d|ethylenetrlaﬁFﬂ@ﬁEM%éé&éPPcdleER¥¥Pet Y#@%ﬁ%ﬁ%xglphenylmethylSila“e'
et hyl enedi am prenydesili#nasi d, ethyilldiactli¥l €l dnand n-hexylsilane,

hyl di || d f
such actds or ”?&E&ﬂ%}ﬁﬁws%és%rhf‘icﬁ‘?%oaxy??ﬁi”%@% o e AR O
as chel ating pgent e neithiel griesddto kxavemi i on Pheinydd i nekilytl oi taonehose
mready'“”“'ﬁﬂ%% iﬂ@%ﬂYﬁQ ﬁ&ﬂ%%ﬁ@ﬁgtr”0%%t9ﬂﬂékﬁ9wﬁlsllﬁ%ane,

Chel ati ng agehts dre_be |eve to ret dnwant ed catal ysis by displ.aci ng
fatty acids fFBﬁFFBY&FléapﬁoxyHﬂ¥£9 xekFklane  he sErAdsop PPWHéLEQQQw
A sinple test t?QﬂEgthlbhﬂ.Sﬁbbfeﬂfi(methﬁlpﬁ:[Dthﬁtﬁ'i&‘-n-QT&QmQilahé y;un-
octoate was wei ghed Into_each_of two via An_l.dentii ca it
acaonemasaBJ Qngﬁl 3Pe(herﬁﬁﬁé? (hX&%ﬁ%ﬁgﬁ%e %%%3d
added to the bis{dimethylsilyl) pbesydetderial mad—hQSK&ruNGthadanﬂbawﬁ-(the
second vial wWgS3_gimethylsiloxane, diethylsilane, dimethylsilane, 1,3~
diphenyl-1,3~dimethyldisiloxane, diphenylsilane,
methylphenylsilane, and the 1like; as well as poly
(hydroalkyl) siloxanes or hydroalkyl dialkylsiloxane
copolymers of the formula:
R R

R~-(-- Si = 0 =-), ~(- sli - 0 =-),~-R

H R ‘

where R is as defined above, x falls in the range of 3 up
to 200, and y falls in the range of 0 up to 3800. '

Examples of boron hydrides contemplated for use
in the practice of the present invention include 9-
borabicyclo[3.3;1]nonane,thexylborane,disiamylborane,and
the like, as well as Lewis base complexes of borane such as
borane-tetrahydrofuran, borane¥methylsu1fide, borane-
pyridine, borane-trimethylamine, borane-triethylamine, and
the like. il

Examples of aluminum hydrides contemplated herein
include aluminum hydride (preferably as its Lewis acid~base
complex with tetrahydrofuran), diisobutylaluminum hydride,
and the like.

The impact of silicon hydrides on catalysis by
metal carboxylate salts was observed when powdered silver



‘used .as a control for the first vial). Both vials were seal ed and heat ed
at 40 C for 70 hours. Residual acetone fromboth vials was decanted off and
coll ected. The solid residue remaining in each vial was washed with fresh
acetone which was al so decanted and collected. The residue in each vial was
rinsed several tinmes and the conbined rinses then evaporated to dryness.

No residue renai ned when rinses fromthggsecond vial had evaporated to
dryness. The washings fromthe first vial left alarge mass of an oily,
solid slurroctddte wasigiteddad axisodtitddnvothdhinethglphenyheshgaareinol ubl e

fraction was concenjrated a nalyzed. The IR for..hhe Qily

| i qui d obt aa}%%éc:&g?t er alT of %'t%oerr}?]q{esianggﬁgglﬁ’gen %3%%%?%?%%‘\%@” dgkfi cal
to that of precipitabion afi dilVer wethd elany svitdi cthesewphwtion of
quanti tati e Daspsly URparb§enagRENt &k Sid ‘E‘élﬁ\}é@tﬂxé'ée@hegﬁbiﬂéﬁﬁﬁb' ment

denonstrates that the follow ng reaction occurs: Ag+RCOO + Chelon ------- >
Ag+Chel on- Te3®%XPNTHRCERE! ati ng agents shown in Table 2 are ionic

chel ating agents. Non-ionic chel ati ng agents such as

N, N, N, N tetraki s(2-hydroxypropyl )}- et hyl enedi am ne or tris [2{

(2- met hoxyet hoxy) et hag 'RUOTE] +aH-Sd -ake~—aebl aefi we 112 qyencRcogstke
catalysis. Presunably, the ineffdctiveness of these non-ionic clhel ating
agents resides in the absenck of any sufficiently acidiclprotons to
participate in the aboveR€@ASitoh. H,0 47Fire> ﬁ@ﬁﬁﬂitaﬂ@?ﬂof the reaction
shown above is

The above sequences show that the initially formed silyl
ester is subsequently hydrolyzed in the presence of trace
moisture to regenerate the free carboxylic acid.

The effectiveness of metal hydrides, such as
silicon hydrides, on the catalytic cure of cyanate esters
was measured using DSC analysis. In one experiment, a
control paste comprising 80% silver flake !in 1,1-bis(4-
cyanatophenyl)ethane cured to a plastic solid in less than
10 hours at room temperature and exhibited an exotherm
maxima at 139°C. A test paste was prepared with the
addition of 5% by weight of bis(dimethylsilyl)benzene
dissolved in 1,1-bis(4-cyanatophenyl)ethane. ‘The test
paste remained a paste when stored at room temperature for

'approximately thirty hours. DSC analysis on the hydride
treated paste revealed that the exotherm maxima had been
shifted up to 187°C. The onset temperatures for the test
paste and control“paste were 92 and 101°'C, respectively.

In a second experiment, a control |©paste
comprising 80% silver powder in 1,1-bis(4-cyanatophenyl)
ethane exhibited an exotherm maxima of 155°C and an onset
temperature of 105°C. A test paste was prepared with the
addition of 5% by weight diphenylmethyl silane in 1,1~
bis(4~-cyanatophenyl)ethane. The test paste had an exotherm
maxima of 201°C immediately after it was prepared. Five



‘that .it represents a nmechani sm by which netal carboxylates (i.e. netal
soaps) can be elimnated fromthe surface of netal filler particles,

t hereby substantially decreasing or elimnating the catalytic potential of
such soaps. Agents in Table 2 that possess chelating properties as well as
| ubricating properties are DITPA- and EDTA-Jeffam ne M500-Di - Am des. These
agents, as discussed earlier, are reactigg products of DTPA or EDTA

di anhydride with a pol y(propyl eneoxi de) nonoam ne. Use of such
chel ati nghl :Jhbbs-antlfSa&ért :nagatﬁﬁ&? ppage aeonaﬂethéms.maijmhg_ bRveld W
permts chel gtion a n ile.,at. the sane tiJge V4, di igation
of filler pa PP’EP’S%’(%?B’S& 2& 9055&:% )b%é]t‘?ré?%%?. to %%r‘#‘caﬁ?’oén@%‘f@
filler parti dnethesexotbera of timeotestt paster suggestiged someadegras athe
particles anfuhaqlr Guenbopelrdling dn the RaBle BlekNeiRR,! litkls dtidrihe
mechani cal mlli1Ag processes used to produce the filler. ]

Pol y(al kyl en®8xitdt - B@st vPasErelidt i the | DEeFERAes off A1Nf PRFPAFFEH KN e

with the nongegenegaitilon @mlcaxed ytdiceispecieBle significance of this
beconmes apparent when filler treated with a fatty acid lubricant is added
to the same nononer vehicle. Pastes containing filler treated with the
chel ating lubricants démbsidgmeniter experanehesl oneedaledhitimt sodtdatsing
content (whi [ WU b | SCQSHqts e BlRlgni

i1l or 1 oat AECAL FIAEY o 2EERREE WK 33041 ok RPaPRRLTATRMAN |

advant age be&zgadmenthwith shedetiing ageat(sdr afif orgedu & memey Rowenfdrk j na|

fired paste whhlipie iomaEeinddveéptehtdcataygier i dsan Aldi tdstmiineyent s
havi ng both ch Latl ng and | ut%rl ating properties can be prepared by
reaction of {"I’rg either agent alone.

A third group of agents useful in retarding
unwanted catalysis are non-ionic lubricants. Examples of
such lubricants include, for example, fatty acid monoesters
of glycerol such as glycerol monooleate. Use of non-ionic
lubricants is particularly advantageous because of the
superior pot life of pastes containing filler treated with
such agents. For example, the pot life of pastes made with
fatty acid coated flake is only about 6 hours at room
temperature. When flake of approximately the same surface
area is treated with a non-ionic lubricant and incorporated
into a paste, the pot life of the paste is increased to a
minimum of 18 hours and a maximum of 48 hours. The pot
life extension associated with filler treated with non-
ionic lubricant is especially apparent for filler particles
having a low surface area. It may be that particles having
a higher surface area, even when treated with non-ionic
lubricant, still have some carboxylate salt contamination.

Metal catalysts employed in the practice of the
present invention are metal acetylacetonates which are
metal chelates wherein the preferred meta_\l is a transition
metal. Examples of suitable metals employed herein are
cobalt, manganese, tin, zinc, copper and nickel, all in the
divalent state; manganese, iron, cobalt and aluminum, all




dianhydride of either diethylenetriam nepentancetic acid (DTPA) or

et hyl enedi am netetraacetic acid (EDTA) with two - 18 equivalents of a
hono- or co-oligoneric poly(al kyl ene oxide) capped at one end with an

al koxy or aryloxy group and at the other end with either an am no group or
an hydroxy group. Opening of the anhydride ring with an ami no function
yields an am de. Opening of the anhydrigte ring with an hydroxy function
yields an ester. In both cases, a carboxylic acid function is obtained as
well. Openiimg theh tiiingd eaft esthee ;diamby deidavadenitt stivahivmcovalkat

bondi ng of t ( Xi h nt ng
moi ety whi ck’ Eyl vah\é’vzﬁ%kg??ﬁg W @aE%‘I"%taoig o‘rgr%éaféﬁfﬂ
pon(aIkerﬁ@Q&MLﬂQﬁthﬂﬁane for reaction with DTPA or EDTA i ncl ude, for
exanpl e, met hoxy pol ypr opoxyi sopr opyl am ne, butyloxy

pol yi sopr opoxyi sopropyl ami ne,. net hox o] yet hoxyet hanol , nyl 0xX
pol yet hoxyet hanol , and*& h&mrleyeq '%/ 1-53/,[ RNKASE of %M Fbg/]agent S
to ilnh}b:lt tahgeﬂﬁiealqn ial KyQiphErcl v Qfefatalt@amw}ﬁhml one\tvéflm sbelcee of
met a il er, fLhe L.nvention tes.to.t e of., 0 gents
to inhibit fﬁ H&&%@ gta$§5|§eaaéigcdﬁﬁ hﬁegf Y é&aﬁ% iﬁ%u % to
be useful i anadydigialg technigesat altysis understobd dzhucth@ﬁageﬁt%klll
| ncluding coyalgal Apdiias il B husee] gigs - T on
hydri des, al um num hydrides, an '€$hai£{: va eﬁ?é % rides, contenplated
for use in Pxesence of trace quantities of alkyphenols, which may be
introduced into the die-attach composition of the invention
from a variety of sources. Typically, substantial absence
refers to levels of alkylphenol below about 1 part per
hundred composition.

The attach paste compositions of the invention
can be prépared by mixing liquid monomer vehicle,
optionally treated filler and catalyst (preferably in the
absence of alkylphenol), in a planetary mixer under vacuum
or an in inert atmosphere for about 30 minutes to 1 hour.
Thereafter, the homogeneous' paste which is obtained is
subjected to additional mixing on a three-roll mill for a
minimum of fifteen minutes at room temperature. The paste
is preferably stored at low temperatures, e.g. -40°C, until
needed.

The amount of liquid monomer vehicle, optionally
treated filler and metal catalyst employed in the attach
paste compositions of the invention is important if
satisfactory attach pastes are to be obtained. In
accordance with one aspect of the present invention, the
use of solvents and/or diluents, such as alkylphenols, is
not required in the preparation of invention die-attach
paste compositions. Based on the tofal weight of the -
attach paste, the 1liquid monomer vehicle (preferably
substantially free of alkylphenol) is present in the range
of about 8 to about 20 wt. percent; the optlonally treated

e
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practi ce of the present invention include silicon hydrides, boron hydrides
or alum num hydrides of the formula: [err] wherein each R is independently
hydrogen or a hydrocarbyl radical of 1 up to 20 carbon atonms. Exanples of

silicon hydrides contenplated for use in the practice of the 19 present
I nvention i nclude triphenylsilane, di met hyl oct adecyl sil ane,

di et hyl met hyl si | ane, di phenyl nmet hyl si | an@3 phenyl si | ane,

et hyl di met hyl si | ane, n- hexyl si | ane, net hyl phenyl si |l ane,

oct adecyl si | £#idler iscpylesiendndn ghe aangleylofi ablowtadd to about 92 wt.
phe“y'd'”Eth*k§bb%&§,a&h@Eﬂéﬂﬁéﬁérﬂdaﬂaiy%&nﬁs present in the range of

tetranet hyl di'si | oxane, triethylsilane, trihéxyl silane,
triisopropyl $0 &%e2boutnHRA ARM- ane, trinethylsilane, tri-n-octylsilane,
tri- n-propylsilane, bi s(.di net hyl silyl)benzene,

bi s(di met hyl si |l yl ) phenyl et her, L 3-bis(trinmethyl sil oxy,) -

1, 3-di net hyl si | oxane, ﬁﬁﬂWﬁXsP?aégflaFﬁé?hﬁQN* ?ﬂEPQf%ge one or more

di phenyl - 1, 3 adidittilvelsdiigi lakctach paste compdisiftdmrisidfatthe invention in

met hyl phenyl g , [ ke . as hyd [ nes

or hydroal k;,rﬂd%%e a‘t:lcﬁ;%i s%%}gxéé%%@%%lgo?@%ércs%P?%%céér rrgﬁg&nb?g)rs r ]Qtisf\A1$I’(a‘%g{jl Ris

as defined aid@@dtivesy include hefprngXagple,ufuredosiligd anfaigertain he

range of 0 uURntq cX3@Ganeeanpl es of boron hydrides contenplated for use in

the practice of the present invention include 9-

borabi cycl o[ 3. 3. 1] nonane, thexyl borane, disianyl borane, and
Incorporation of a small amount of fumed silica

may be beneficial in that it reduces the amount of liquid
bleed that can occur during the curing process.
Specifically, introduction of fumed silica reduces the
amount of uncured monomer that wicks out onto the
substrate. Minimizing liquid bleed is desirable since
excessive spread of monomer can result in contamination of
the die being attached to the substrate. The addition of
a small amount of fumed silica can also be used to increase
the thixotropic index of a paste. This effect is
particularly important when low surface area metal fillers
are employed in the preparation of an attach paste. 1In the
absence of fumed silica, such a paste composition may give
a "taily dispense", a term referring to a paste that does
not break off cleanly from an automatic dispensing head.
This results in a tail of paste dragging across a component
during the aséembly proceés, which may make the component
unusable. When fumed silica is incorporated in the paste
compositions of :the invention, the amount will vary from
about 0.2 wt. percent to about 2 wt. percent.

It is well known to those skilled in the art that
the thermo-oxidative stability of a high temperature
polymer can be improved by the iﬁcorporation of an
antioxidant. Use of an antioxidant in paste compositions
containing high temperature polymers and finely divided
silver can be very beneficial. Silver metal can act as an




the l,ike, as well as Lew s. base conpl exes of borane such as

bor ane-tetrahydrof uran, bor ane- net hyl sul fi de, borane- pyridine,
borane-tri nmet hyl am ne, borane-triethylamne, and the |ike. Exanples of

al um num hydri des contenpl ated herein include al um num hydride (preferably
as its Lewi s acid-base conplex with tetrahydrofuran), diisobutylal um num
hydri de, and the |ike. The inpact of sibkycon hydrides on catalysis by netal
carboxyl ate salts was observed when powdered sil ver The cl-ai ns defi ni ng
the inventioxidation f ddtalystl. and 'conpwibuten Ymr eathyhi thernal

e ooNdUCAQEr dBULIE. O P fIDSERELE 18 WIEHdIEN Y Gy Rt wRBRORHe
monomer vehicre conprising at | east oné polycyanate ester nononer; 80 to 92
wt. percentfélierriemployedndisct avdrigh asurifpcsr aneat &Hikivay y PoWeeof

cat al yti cal yyrasteys nene! sbﬁ)@%iitgndo§0th6 PP Peh Mihereadledl Vo< Wy ein
sai d nononer ealcle IS liquid under anbient ,conditions. E. A 1
composi t onEaligFaAgee | Bf P LIVERCPERHE i ilarqasaE s FhRqgxagPle,
subst anti al thetmat degrmiddtiior adngetacforveanpaaite disaded twith N85t wki.t h an
i oni ¢ chel ai.j ents, | e -1~0Ni Cy | ' [

conbi nat i o?\éégﬁgﬁgo% ?:yl%rr A céc])‘grrpggi ﬁ’gﬁéag%grgﬁqng% oﬂg%glg?nﬂgggmﬁéfg n
said filleridentigadr dngreddents dopdet by onlyasQ yti.c pergens: pidvest al

ions by treghygel WMdd A" 4E8LAPEEEE fOhNGrARN ardund A4 EEROSI 110N is
according to claim 3 wherein _said ch

Cor ¢ _elatlng agent s tartaric ?‘;lgo

t hi odi gl ycoffEiRaPdeotodPenAbig ErnitOagdcFhe §Lllver coRsent Asn RA8CLAF ng to

clai m 4 whepessibaed ithadbrdérotegebtalin ithe diighest possible thermal
and electrical conductivity. Incorporation of from about
0.5 to about 1.0 wt. percent antioxidant can substantially
improve the thermal stability of attach paste compositions
containing silver powder. The onset of thermal
decomposition for an attach paste containing 85 wt. percent
silver powder and 0.5 wt. percent antioxidant was 410°C.
The onset for thermal decomposition of a control paste
containing no, antioxidant was approximately 20°C lower.
Antioxidants that are suitable for use in the attach paste
compositions of the invention include, for example, 4,4'-
dioctyldiphenylamine, 3,3'diethyl-5,5'-dinonyldiphenyl
amine,: _tris(z,4-di-4tert-butylpheny1)phosphite,
tetrékis(2,4—di-tert-butylphenyl)-4,4'-biphenylene
diphosphonite, phosphited polyalkyl polyphenols such as
Geltrol. brand phosphited polyalkyl polyphenol sold by
Goodyear (Akron, OH), and the like.

The invention will now be described in greater
detail by reference to the following non-limiting EXAMPLES.

EXAMPLE A

Diethylenetriaminepentaacetic ' dianhydride (DTPA
dianhydride) (0.26g) was added with stirring to a solution
of 0.84g of Texaco Jeffamine M600 in 2g of anhydrous N-
methylpyrrolidone. The reaction mixture was allowed to



racid., 6.

A conposition according to claim3 wherein said chel ati ng agent

Is also a lubricating agent. 7. A conposition according to claim®6
wherein said chelating/lubricating agent is the reaction product of a

di anhydri de
conposition

substantially free of catalytically actiyg netal

with a hydroxy or am no term nated pol y(al kyl ene oxi de). 8.
according to claim 2 wherein said filler is rendered

reduci ng agent. 9. A conposition according to claim8 wherein said
reduci ng agegtand ﬁoﬁouﬁbenbuhsdatdeo-a:oand ehER0ai L ueedagd ehd200 mlo ol ai m

9 wherein said reduc ng a t s a.sylicone hydrid ol
accordihg t%yﬁigfﬁflﬁ g d éqﬁﬁas °$%ﬁ§ef} fSﬁ%%ﬁ%HB??:I; ree
of cat al yticﬁuhl;{yamnscebhet mlmm@onmete-nt The hlargen- supesnakantcant .
ZbﬁéQE @&EOEQ?QHtLB Shﬁ'ﬂhélr&ﬂﬁiﬂhﬂgl?hﬂsaoetaQQba Wikh %%ﬂt i s

I on_according to cl a|n11

12. A conpo
a fatty aci

nonoest er cero

wherei n sai dk| e@fr i EBEEY cBMﬁhEPPVé“F|IWBF°hs WasecR48Of r SHPSPAVENtlY
nickel, coppgécaAté&dl ni ¥RisO eréBuﬁ:eSthei'é Eataa wALHO oS imbiren 2ac enr di ng

to cIa|n113

wh | t f {t,
a seni- condue?gﬁgé£§?at ?¥Fi9§ﬁﬁé$?3é ﬁs Te (3%9 Iﬁg 3¢ @ %gplng

percent nononder vahunmeat Bonproveuglghtl bhtylgAd of 1.00g of DTPA-

t oph d VY to 87
" por bont L+ FEEHERE heBO atana Bl kR UARIANEACRY A NARERRIE WL D, o

lons; and 50 to 500ppn1cobalt acetyl acet onat e.
wherein said nononmers corgyAMya.E r®m about 80 to about 95 wt.

to clain115
percent (1)

and fromabout 5 to about 20 wt. percent (Il), with

The procedure of EXAMPLE A was repeated using
0.20g of ethylenediaminetetraacetic dianhydride (EDTA
dianhydride) and 0.90g of Texaco Jeffamine M600. A yield
of 0.77g of EDTA-Jeffamine M600 diamide was obtained as a
viscous liquid.

XAMP c !

1,1-Bis(4~hydroxypenyl)ethane (50.0g) and 150 ml
of dimethylsulfoxide were added to a double-necked 500 ml
flask, fitted with a mechanical stirrer and cooled in an
ice/water bath. Stirring was continued until all solid
material had dissolved. Thereafter, an equivalent of
powdered potassium hydroxide was added portionwise to the
reaction mixture over a period of one hour with stirring.
After the addition of base, 37.25g of propargyl chloride
was added drop wise through a liquid addition funnel over
a one hour period. After addition of propargyl chloride
was complete, the ice bath was removed and the solution was
stirred for an additional two hours.

_ The crude bispropargyl ether was recovered by
first diluflng the reaction mixture with an equal volume of
water and then washing the agqueous phase 3X with methylene
chloride. The organic washes were combined and washed once

lons by treatnent with a

16. A conposition according

A



the conbi ned percentages representing total weight percent vehicle. 17. A
conposition according to claim1l wherein said vehicle further conprises
addi ti onal nononer selected fromthe group consisting of vinyl ethers,

di vinyl ethers, diallyl ethers, dipropargyl ethers, propargyl allyl ethers,
nmonomal ei m des, bisnal ei m des and m xtures of any two or nore such
nononers. 18. ‘A conposition for-attachimga sem conductor device to a
substrate conprising: 8 to 20 wt. percent nononer vehicle conprising at

| east one pMimadhlntestmumnms£0fbmleﬁev!ft .byperenwashdogsi caitly

conductive Llelagr: 59#%911:5%@2 %E%rf@é?&ﬁ ,mé@ﬁégli‘gmséﬁﬂfgeaom

vehicle is [i U|d un I ent con trons er el S conposition is
free of al k?lsﬂlﬁ'gnél rO}'QrYAeUéﬁﬁé'étﬁronthéc§PHVﬁgtt wag| renevedvpEr Einstai d

filler is roRdgordtsHy ameal éuméésﬁeeiccakagghwldm etmé:vesﬂeiﬁbmens

20. A conposition according to claim 19 wherein said fi is rendered
subst anti al feduced pregsire AR %?Y%?%‘E%PFP?'%E“B? {Féat nt with an

ionic chelating agent. 21. A corrp05| tion accordl ng to claim20 wherein said

chel ating agent is tartaric |od| yGQl i, G r.dithio i nic
acid. 22. A conpositi acEBP ?ngetghc?rcl‘é ‘é% dg gﬁ*ﬁgcﬁ’elﬁﬁﬁb”%gent
is tartaricfddimd mCQBach.a:on@nstilbataonoappagatuscItmﬁngzmh&mqbenmd

chel ating agegnt, lr%ﬁaﬁﬁhr% |8 i ng agent. 24. A conposition according to

cl ai m 23 wherei n sal ating/lubricating agent is the reaction product
of a dianhydride with a hydroxy or amino termni nated poly(al kyl ene oxide).

25. A conposition accHydirtydrmattion Mdf Wi eipi spvdbdrdyEr éthéendwasd
subst anti al | free cat al cally agtive neta reat nent W|tha
reduci ng ag® A c’d?‘rpoé%’*’?Bﬁ ‘ac &t diTfP o t?ﬁpﬁ?"?g&\fﬁer S5HNE,i
reduci ng agatmm@mwﬁy@noqwum apparatus and Lindlar's catalyst
(1% w/w). Based on hydrogen uptake, hydrogenation was
continued until a 20-30% conversion was achieved.
Quantitative determination of conversion was followed by
means of proton NMR. '
i
j Final purification of the mixture of
bispropargyl, blsallyl(trace) , and propargylallyl ethers of
1,1-bis(4~-hydroxyphenyl)ethane was performed by first
evaporating solvent by means of a rotary evapofator and
then stripping remaining trace solvent by means of two
passes through a falling film molecular distillation
apparatus using isopropyl alcohol as the refluxing solvent
and pressures at or below 0.5 Torr.

XAMPLE

Yo
i

3-Nitrobenzaldehyde (100.0g, 0.622 moles), 75.0g9

(0.721 moles) neopentyl glycol, a érystal of

" p~toluenesulfonic acid and 300 ml of benzene were added to

a two-neck 500 ml round bottom flask fitted with a Dean-

Stark water trap and a reflux condenéer. The reaction

mixture was gently refluxed under an inert atmosphere until

no more water was collected. Approximately 12.1 ml of
water were recovered in a 24 hour period.



27. A conposition according to claim26 wherein said reducing agent is a
silicone hydride. 28. A conposition according to claim 19 wherein said
filler is rendered substantially free of catalytically active nmetal ions by
treatment with a non-ionic lubricant. 29. A conposition according to claim
28 wherein said non-ionic lubricant is a fatty acid nonoester of glycerol.
30. A conposition according to claim 18 2®erein said electrically
conductive filler is selected fromsilver, nickel, cobalt, copper,

al um ni um or m xt ureShehamute Errduttcomsosisialatead dy dvapaeration B0
wher ei n sai §eioldrdl an@ Sbb¥bta3di28aC ePBRSIEOPPopPL A1EBRBL o oISEHn,

conductor device to a_substiate conprising. 13 to, 20 w. ., percent
mononer  veRidd+@9 cokBPi-S¥ng Yield) 1. 1RL (43 -d¢atndiReiMdiipsthyieng

2, 2- bi s( 4- cyheertiadhhrard itifoheairind.); 80 to 87 wt. percent silver filler;
and 50 to 500ppm cobalt acetyl acetonate; wherein said conposition is free
of al kyl phenol. 33. A conposition according to claim 32 wherein said
mononers conprise froRatiaegiB) tforaladet 985w0g,pedcedt Mmoleshd f8Bnd@bout
5 to about W, reant. 4 | it he Ith e t e ting
total wei ghf(qﬁgzcé‘%tqev hioctl( ga)tfﬂ jbc%%o?ﬁi@on acég%r |,ngﬁtlg°soc al m18

wherei n saj ®@od@g)k| e fAf t heBd@wAidimethy) trdngthydentr sacakal) t3om the
g_r oup cons: %ii%ﬂﬁniéﬂé" wa&-laeri&?djda vitthra;vl aetﬁkﬁ"ée-xf}éé‘k! éi' ﬂgei—s,zl-ogn@d
i propargyl _ethers, _propar, et hers, _nononal ei es i_smal gj ni des
and m xt ur ePFFhyt %ﬁoﬂ*ﬁﬁa M n3ndgchanies Asg})ﬁﬁﬁg'rt iaonr?a“x,
attachi ng acomdern=®wiuandr aletheembmetesubst Thee weaption ngixgure Aast .
percent ”D“‘Eﬁrrfé%"fﬁcf HEAPE4SinY aatwcﬁt?aﬂb&?&? Pﬁlaéégyacg‘x%t témp&tatippOer;
e uctive fTiller; an

80 to 92 wt. percent ectrically con

was gradually increased. When the temperature reached
70°C, 0.2g of 10% Pd/C catalyst was added to the reaction
mixture. After the initial exotherm subsided, an

additional 1.00g of 10% Pd/C catalyst was added and the
reaction mixture was heated for an additional 2 hours at
70°C.
i

The crude product was isolated by filtration of
the reaction mixture, followed by evaporation of solvent.
The recovered product was then diluted with methylene
chloride and washed twice with 100 ml of water. The
organic phase was separated and dried over magnesium
sulfate. Solvent was then evaporated to obtain 101.5g
(96.9% yield) of 3-(2,2-dimethyltrimethylene acetal)-1-
aminobenzene_és a light yellow solid.

Maleic anhydride (45.0g, 0.459 moles) and 200 ml
of t-butylmethyl ether were added to a three-neck 500 ml
round bottom flask fitted with a mechanical stirrer, reflux
condenser and a powder addition funnel. Thé mixture was
stirred at room temperature until all solids were
dissolved. Thereafter, 90.0g (0.435 inoles) of 3-(2,2-
dimethyltrimethylene acetal)-l-aminobenzene, contained in
the powder addition funnel, was added to the reaction
mixture with stirring over a one-half hour period. After



50 to 1500ppm netal catal yst wherein said nononmer vehicle is liquid under
anbi ent conditions, and wherein said conposition is solvent free. 36. A
conposition for attaching a sem conductor device to a substrate
conprising: 8 to 20 wt. percent nononer vehicle conprising at |east two
nononers, wherein at |east one nononer is a polycyanate ester nononer, and
wherein said nononer vehicle is free of a3l vent; 80 to 92 w. percent .

el ectrically conductive filler; and 50 to 1500ppm netal catalyst; wherein
sai d nononetheehiddid iion |wagiicbnpliete anbt Entingndasi continued’ fox one

conposi tion or di ng,d 0 lym i ' qﬁﬂ?r | i gp Vﬁngg[ is
sel ected frgﬁf&vehi cles gg%ilstggagggégnﬁgﬁgr%? [ qwad %ﬁtne s, vehicles
consi sting 83¥&¥¥i-cal |y of solid nononer(s) miscible and/or. soluble in

i quid nononer(s), or vehicles consisting essentially of solid nononers

whi ch, when conbi ned, .provide .a |iquid,monomer nixture.. 38., A C osition

according to clai m 37 e r&aFten PTOAvGE ﬂﬁné?oééﬁﬁglgﬁﬁqﬂn%ygﬁﬁ%ﬂsts

essenti al | yfal tiradudiosh ramcbredirs.dPed fovermibghti onAaddghdi yelilow sl 37 .

wher ei n sai I auied s lLvehi cl ] essentially of solid npbnoners,
%fls Bﬂkﬂl}g%goff‘izo..‘% 9‘3%&!@%:)%) y

m sci bl e and/ or so i'n 11°qui’d “rono 40. A conposition according
to claim 37 wherein said |iquid nononer vehicle consists essentially of

solid nonomner s mhich,Aw@gﬁcpogghpagidgroyigg.agLiqyigbrnﬁglgg);ﬁ>ggyy§ 41.
A conposition for attaching a sem conductor dévice to a substr ' :

conpri si ng: (93328 20"MeSher ELATWONREPEYER: c| & -Ahri §PnB31, Boles)

1'bi s(4- cyansiapkhylapdneansid) 100l 64 2(bi 386- ayeles ppdnyther aenaticn

el Sa‘grQBHQQEEeﬁégk%L% k% E&%ﬁp&tceding paragraph were added to
a two-neck 500 ml round bottom flask equipped with a reflux
condenser and a thermometer. The reaction mixture was
stirred in an inert atmosphere at 70°C for a period of 2

hours.

The crude product was precipitated ;from solution
by the addition of 300 ml of ice water and collected by
suction filtration. Two additional washings with ice water
(100 ml) followed by filtration were necessary to remove
trace anhydride. ' The recovered material was dried under
vacuum overnight to yield 89.6g (95.2% yield) of 3-(2,2-
dimethyltrimethylene acetal)-l-maleimidobenzene.

E PL
Twenty grams of silver flake of varying particle

size was obtained-by blending five different flakes in the
percentages shown below:



solvent; 80 to 87 w. percent silver filler; and 50 to 500ppm cobalt
acetyl acetonate. 42. A conposition according to claim4l wherein said
nononers conprise fromabout 80 to about 95 wt. percent (1) and from about
5 to about 20 wt. percent (I1), with the conbined percentages representing
total wt. percent nononer vehicle. 43. A conposition according to claim 36
wherei n additional nononer is selected frgynthe group consisting of vinyl
et hers, divinyl ethers proparg I aIIyI ethers nononalelnldes

bi smal ei m def™ ar ' any S BT 5.

conposi tion § 9 \/\/ne‘?@c?ﬁ%@l i quf d M?Evéﬁﬁél e
consi sts essentially of 1 1. hLQ!Lr\/ana'r aphenyl ) et hpne andm /9)
cyclohexaned}nethanokoHQHOV|nyI et her . £§§ d\ conpos tion acgogging to ¢l aim
40 wher ei n sgrd—tTourd TTgroTeT et u e CONST StS  ESPEtT

1- A r opar - heny6é ethane 46.

N 40 mheréis sai d quU|d nongneg vehlclﬂ

bi smal si, 01 de, 0.29 "
trlneth‘Tene acetal)

conpri ses at

2,2, 4- trinet‘ylhexangbmphgne 1, 6

1, 1-bi s(4- prlpargy|o§¥pﬁgny1)ethane, 3- (2, 2-di met hy
: bi QLA (A_ i

1 1- bi s(4- cy REP@ﬁpENENT SHEE
accordi ng t o“FaFT 4 SR oo o oo e v e —amciciui
55 b 5( - cy anatoRIeNy IS EHAERNe kel Loy %dcy @fhﬂpheax asgganeueeg A
conp03|t|on accordi ng tyfatd Bl P Bé¥pb nfSeB&) agéed
fromdiallyl ethers or gdgdeypargyl ethers.

b= silver flake obtained from Chemet Corporation,
Attleboro, Massachusetts.

Ten grams of the silver flake blend was set aside
with the remaining 10 grams added to 5 milliliters of an
acetone solution containing 0.5 grams of tartaric acid and

- 0.5g of DTPA-Jeffamine M600 diamide in solution. The
resulting mixture was placed iin a sealed jar and maintained
at 40°C for sixteen hours. The solvent supernatant was
then poured off and the remaining wet silver solids were
transferred to a centrifuge jar. The silver solids were
thoroughly resuspended in 5 ml of fresh acetone and the
suspension was then centrifuged. The supernatant was again
poured off and the rinsing process was repeated two more

times. Finally, the moist silver was removed from the
centrifuge jar and allowed to dry at room temperature. A
small quantity of paste was made from the treated silver by
dispersing 0.85 Grams of the treated silver in 0.15 grams
pure 1,1-bis(4-cyanatophenyl)ethane (employing no
alkylphenol as solvent/diluent or as cOecétalyst for
polymerization of cyanate ester monomer). An analogous
paste was also made using the untreated silver flake as a
control.

The paste with the treated silver gave a fluid,
low viscosity product at 85% solids. The cure profile for



25 stand for two hours at 60[err]C and then diluted with 20 ml of

cycl ohexane. Two |iquid phases forned (Jeffanine MO0 is fully miscible

wi th cycl ohexane). The |arger supernatant phase was decanted and the

remai ni ng phase stirred with 20 mMm of fresh cyclohexane which was

al so subsequently decanted. This procedure was repeated with two nore 20
m portions of cyclohexane and the finalzoresidual liquid dried under vacuum
at 50[err]C overnight. Avyield of 1.00g of DTPA- Jeffam ne M500 di am de was
obt ai ned asbethi spastds quak EEbEOELBdhebpr oDedfdiee'entiE)IAl\/lagamm

repeat ed us enedi d

di anhydri de?ggﬁg g'gg&g o?bgéiaco }}ﬂg‘ gﬁﬁgﬁ%i:ﬁgogﬁﬁfyl eP '? Bl 0.77¢g of

EDTA- Jef f anma¥inBBOasi 246236 and ahtexothenms onset@tusi04 Wi d TheRaste C
1,1-Bis(4- h&éh@éiﬁ&i\)ﬁ' Lekheea E§QVQS}) né&%&%&:&nﬁm%mmwfm@-@ ver e
added to a dgugl)%wgggr a8_61500 | ask, fitted wt %tl_anl S.tl rrer and
cool ed in aWif thp7°C ‘St i The npagke EBHFPM}&BQU

materi al haHadi saol petl. liféerenf t@pproximerplyal sevewf qaysieraad pmcassi um
hydr oxi de rt| S o] agtio eri of
one hour w %m?ggg Q vg E‘ﬁé &égltlg q%‘re bars&&% géeéf aﬁrgoplae%yl

chl ori de Wathaddoneddgw wtse'oplnr degipexratiupei.d addition funnel over a one
hour period. After addition of propargyl chloride was conplete, the ice
bat h was renoved and the solution was stirred for an additional two hours.

The crude bispropargyl ether was rec&SAMPEE &I first diluting the reaction
m xture with an equal vol une of

A blend of silver powder of varying particle size
was obtained by blending three different powders in the
percentages shown below:

SURFA?E AREA

“ SILVER POWDER PERCENTAGE .
- (m™/qg)

| SP3001 - 28.6 | . 0.67
i SP3002 . 38.1

“ SP7002

All powders were obtained from Degussa Metz Metallurgical
Corporation, South Plainfield, New Jersey.

The blended silver powder was treated as
described in EXAMPLE I. Pastes were then made with treated
and untreated material by dispersing 88% by weight solids
in a mixture of polycyanate ester monomer comprising 85 wt.
percent 1,1-bis(4~cyanatophenyl)ethane and 15 wt. percent
2,2~bis(4~cyanatophenyl)propane (employing no alkylphenol
as solvent/diluent or as co-catalyst for polymefization of
cyanate ester monomer). '

The paste with the treated -silver was a very
fluid, low viscosity paste.' DSC was performed on both
pastes. The control pastes had an exotherm maximum at
165°C with an onset at 107°C. The corresponding values:for



wat er: and t hen washi ng the aqueous phase 3X with met hyl ene chloride. The
or-gani c washes were conbi ned and washed once 26 with dilute aqueous base
foll owed by 2X washings with water. The organi c phase was dried over
magnesi um sul fate. Using a rotary evaporator, the solvent was renoved by
first evaporating under atnospheric pressure and then stripping at reduced
pressure and el evated tenperature (<80[esa] C). The crude et her was
distilled using a falling filmnolecular distillation apparatus using

chl or obenzenthespastef¢ontaintngvene . trgatret armtteniabiby mertirgstop ateys

et her was pe 3 n n np w C
hydr ogenat i o%égggggg?u]égéagé %e%eéﬁg@%iéfa 3“5‘?& ‘Ec%ﬁ%\f@ c%]I_gs:?;ase di
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means of proton

b1 apr opar byl ThB PRAEA (Foatethihng thRssary A tiver deraides Y8 of its

1, 1- bi s(4- hydrd)gyphénghtetéxoteham PELEDI2A8] Nour's rast mMmeent

b f : h t
by means o 1agabek, o ARe Yilodiity NEE HALP dihudl thot Jehaiyen

appar at us usﬂhglhsobhéﬁypeaieéholT‘a% eoRCFQX |RASER Ma/mﬁd PRLYYrELE ffes at
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transformed into an unusable paste with a putty-like
consistency.

EXAMPLE IIT

The silver powder blend used in this example was
prepared as described in EXAMPLE II.

Ten grams of the powder blend was added to a
solution of 0.7, grams of DTPA-Jeffamine M600 chelating
lubricant in 5 ml of acetone. The mixture was then
refluxed for 10 minutes. The resulting slurry was cooled
and centrif.uged; The supernatant was removed and the
residue was resuspended in 5 ml of acetone. The rinse
cycle was repeated three times before the silver solids
were removed and dried at room temperature.

A paste was then made with treated material by
dispersing 88% by weight solids in a mixture of polycyanate
ester monomer conprising 85% 1,1-bis(4~-cyanatophenyl)ethane
and 15 wt. percent 2,2-bis(4~-cyanatophenyl)propane
(employing no alkylphenol as solvent/diluent or as co-
catalyst for polymerization 6f cyanate ester .monomer) .

DSC performed on this paste revealed an exotherm
onset at 158°C with dual exotherm maxima at 190°C and
242°C. These values were substantially better than values
obtained for the control paste (see EXAMPLE II for control



{0.721 nol es) neopent yl gl ycol, a crystal of p-toluenesul fonic
acid and 300 ml of benzene were added to a two-neck 500 ml round bottom
flask fitted with a Dean- Stark water trap and a reflux condenser. The
reaction mxture was gently refluxed under an inert atnosphere until no
nore water was coll ected. Approximately 12.1 nl of water were recovered
In a 24 hour period. 27 The crude pr ?uct was isolated by evaporation of
benzene’ and recryst allized fromi sopropél) al cohol to obtain 141.9g (90. 5%

yi el d) t hyl t Oémge cetal) en sium
formate (8 aOs;t \%}Qjég?) ?gge 4 3§f%t)l ég tl* t?%% Ségﬂﬁflﬁ?;‘?hanol
and 120. Og {xeatkeA neikeer wa%fapprgxwatzeavrreenym ﬂﬁh’ﬁt-hyl ene acetal )-1-
ni trobenzene were added to.a three-neck 1 liter round bottomflask fitted

with a nechanical stirrer, a reflux_condenser and a thernoneter. The
reaction mixture was stirred and h P Ywat er bath where the
tenperature was gradually increased. When the tenperature reached

70[err] C, 0.2g of 10% I ) ded 0.l he.reag

Ater Tthe  iniiai BBtSRE of FELySRCeEREE ok Oy PRARs BhEBECTE Hi58m
cat al' yst mad@bﬂtaa:mdt heyr dxlcendingri >ﬂcumre dasfhrentd fhakes dadi thenal 2
hours at 7(}{ ?%% W‘g éf ct was isolated by filtration of the

reaction mxture y evaporatlon of solvent. The recovered pr oduct

was then di .
SILVER FLAKE PERCENTAGE SURFA?E AREA “
' ' (m/g) ||

“ RAO0051 7.5 1.91

.“ RA0095 50.0 0.64 “
“ RA0101 _ 14.2 0.25

“ XRA018 28.3 0.69 "

All flake was obtained from Chemet Corporation, Attleboro,
Massachusetts. i

§

_ The blended flake was treated as described in
EXAMPLE 1I. Pastes were then made with treated and
imtreate_d material by dispersing the flake in polycyanate
ester monomer comprising 85 wt. percent 1,l-bis(4-
cyanatophenyl)ethane and 15 wt. percent 2,2-bis(4-
cyanatophenyl) propane (employing no alkylphenol as
solvent/diluent or as co-~catalyst for polymerization of
cyanate ester monomer). Both pastes contained 83 wt.
percent solids.

The treated silver paste was a fluid, 1low
viscosity dispersion. DSC was run on both pastes. The
control paste had an exotherm maximum at 152°C with an
onset temperaturé of 127°C. The paste containing the
treated silver flake had an exotherm maximum at 206°C and
an onset temperature of 148°C. The pot 1life for the

control paste was approximately 48 hours while the pot life



chl or.i de and washed twice with 100 m of water. The organi ¢ phase was
separated and dried over nmagnesium sul fate. Sol vent was then evaporat ed
to obtain 101.5g (96.9%yvyield) . of 3-(2,2-dinmethyltrinmethylene acetal)-I-
am nobenzene as a light yellow solid. Mleic anhydride (45.0g, 0.459 nol es)
and 200 m of t-butylmethyl ether were added to a three-neck 500 m round
bottomflask fitted with a mechanical stiyprer, reflux condenser and a
powder addition funnel. The mixture was stirred at roomtenperature until
al'l solids wgge théSPartd co;ﬂas&ﬁ@ﬁ ertres¥eddsilVed3orabaeadd afseryR, 2-
dlnethyltrlneth Iene a etak% -.arn.no é?zenﬁﬁ*contaln d in the powder '
addi ti on funAéFPeRse teniRE QoRRAYL R ¥ stirring over a
one-hal f hour period. After 28 the addition was conplete, .stirring was -
conti nued for one hour. The final r xture was a [ight yellow
slurry. The.reaction product was ISO|§$%%E%%Tg5 suction filtration and air
dried overnight. A light yellow solid was obtained (120.7g, .91. 0% yi el d).

Acetic anhydride (150.Qopilnd’ P!SWver?&13%d Q,fSZ,% % Part il Wize

acet at e, 3.30g (0.033_ nmoles) triethylamne a . 328, nol of
the reacti onwﬁlsodGEFaéIBEGr |tﬁédbilﬁr‘mé‘9pr€@éﬂl %'g?r%@ﬂ% 53 aﬂﬂeatelf% a

t wo- neck 500 pardepitiaydotstmwr [mslowqui pped with a reflux condenser and a
t her nonet er. The reaction mixture was stirred in an inert atnosphere at
70[err] C for : -y =

SILVER FLAKE  PERCENTAGE SURFAGE AREA
. (m/a)
|| RA0051° 8.0 1.91
RA0095" 20.0 0.64
SFes” 48.0 | 0.25
XRA0018" 24.0 0.69

=========
a = sllver flake obtained from Chemet Corporatlon,
Attleboro, Massachusetts.

b = silver flake obtained from Degusga Metz
Metallurgical Corporation, South Plainfield, New
Jersey.

The blended flake was treated as described in
EXAMPLE I. Pastes were then made with treated and
untreated material by dispersing flake in monomer
comprising 92 wt. percent 1,1-bis(4-cyanatophenyl) ethane
-and 8 wt. percent 2,2,4-trimethylhexamethylene-1,6-
bismaleimide (employing no alkylphenol as solvent/diluent
or as co-catalyst for polymerization of cyanate ester
monomer). Both pastes contained 84 wt. percent solids.

The paste containing the treated material was a
fluid, 1low viscosity dispersion. DSC analysis was
performed on both pastes. The control paste had an
exotherm maximum of 155°C and an onset of 123°C. The paste
.containing the treated material had an exotherm maximum at
218°C with an onset temperature of 180°C. The pot life of
"the control baste was approkimately 40 hours, while the



hours. The crude product was precipitated fromsolution by the addition of
300 M of ice water and collected by suction filtration. Two additi onal
washings with ice water (100 m) followed by filtration were necessary to
remove trace anhydride. The recovered material was dried under vacuum
overnight to yield 89.6g (95.2%vyield) of 3-(2,2- dinethyltrinethylene
acetal ) -1-nmal ei m dobenzene. EXAMPLE | ¥§nty grans of silver flake of
varying particle size was obtained by bTénding five different flakes in the

percent age é%%@wb§ﬁ%%¥é}ng @@bé%é&*ﬁ%é%é%%i retalnEERSEQEQEEdls ense

SURFACE AREA (m /

36. 6 charactenlﬁelmo@%babout 10 days.2 5 - o. 89
EA0101[ err] ' 5.0 0.29 SF-70[err]
22.6 1. 35 EA0018[err] 11.3 0.24 a
= silver flake obtained fron1—¥%%%%§a——h@tz Met al | ur gi cal
Corporation, South Plainfield, New Jersey. b = S|Iver fl ake obt ai ned
f rom Chenet Cor por at i b ?ﬂ%&% gﬁﬂﬁs bgngi | ver
fl ake bl end was set égﬁdgéﬁﬁkﬁ ?Egtfggg%n n B; rans ad fBE% ng
mililiter maffersials in the indicated wt. percentages-

Component Ht.

1,1-bis(4-cyanatophenyl)ethane containing ,
300 ppm dlssolved cobaltic (III) acetylacetonate 19.00

fumed silica 0.87

silver flake ' 80.13

The high surface area fumed silica is available
as Aerosil 805 from 'Degussa Corporation, 65 Challenger
Road, Ridgefield Park, New Jersey. The silver flake
comprised 17 wt. percent flake'having a surface are of 0.25
nﬁ/g and 63.13 wt. percent flake having a surface area of
0.64 nf/g. The flake had been treated with the non-ionic
‘lubricant glycerol monooleate.

The silver flake and fumed silica were mixed with
liquid cyanate ester (émploying no alkylphenol as
solvent/diluent or as co-catalyst for polymerization of
cyanate ester monomer) in a ceramic vessel at room
temperature untiimthe solids were thoroughly wetted. The
resulting paste was then processed on a three-roll mill

~until the dispersion -~became homogeneous. During
processing, the mill was cooled with recirculating water
maintained at 23%2°C. Using a Brookfield viscometer, the
viscosity of the paste at 10 rpm was 170 x 103 centipoise.
The thixotropic index, defined as the 1 rpm viscosity value
divided by the 20 rpm value, was 11.00. This paste cured
in two minutes at 200°C to yield a tough adhesive bond with



acetone solution containing 0.5 grans of tartaric acid and 0.5g of
DTPA- Jef fam ne M600 di am de in sol ution. The resulting m xture was pl aced
in a sealed jar and naintained at 40[err]C for sixteen hours. The sol vent
supernat ant was then poured of f and the renmaining wet silver solids were
transferred to a centrifuge jar. The silver solids were thoroughly
resuspended in 5 m of fresh acetone and the suspension was then

centrifuged. The supernatant was again p ed off and the rinsing process
was repeated two,

IS | v d om
the centrifud®fdp2 Hoégs'&%éd t'gh%ryggtﬂigo%l%t St 8?;@%} ?ea{weequa%t ity
of paste was emikl fhamn igreaten ddhan RGO ngldimpedsangls 85tgrapurdnds he

oS ol RN, o, b s L

(enpl oyi ng no t or as co-catalyst for
pol yreri zati cFFY‘b‘fe%y*a‘h weeRst@P ABAoABR)C. AReaFAGHILCHLREVARNTY) £8

made using thgediiir&adedresiaaalf kdkesasiareonifter clie)parde Wshrthes
treated silver gave a fluid, |ow viscosity product at 85% solids. The cure

profile for ™&RFPHvth pastes was deternined by Differential Scanning
Calorinmetry (DSC). The control paste had an exot herm maxi num at

162[err] C and an exoth t T, past ni ted
silver had an exothern?ﬁ%i?ngsgea %éﬁgéﬁfdé% oﬁggtqﬁiﬁ?g7Pg?%]éng 68Easte
cont ai ni ng t reeRRperaturer ofaaPRIPEiNAtEdYorightesn hawrs. scthé BRydug ‘
room t enper atski®.be Hepth dor nidre&ithahe signnbAtheagliehgaliegétention of

excellent dispense characteristics as long as the storage
temperature is equal to or less than -40°C.

EXAMPLE V

An attach paste was prepared with the following
materials in the indicated wt. percentages:

i

Component : WE. %
l,1-bis(4-cyanatophenyl)ethane | o 12.72
2,2-bis(4-cyanatophenyl)propane 2.25
cobaltic(III) acetylacetonate 0.023
silver flake 85.03

- The silver flake cdmprised 6.80 wt. percent flake
having a surfacerarea of 1.91 m{/q, 17.01 wt. percent flake
having a surfaéé area of 0.65 nﬁ/g and 40,81 wt. percent
flake having a surface area of 0.25 m’/g. The flake had
been treated with 0.5 percent tartaric acid and 5.0 percent
DTPA-Jeffamine M600 (based on weight of flake) in acetone
followed by 3X rinses in acetone.

The cyanate ester monomers (employing no
alkylphenol as solvent/diluent or as co-catalyst for
polymerization of cyanate ester monomer) were heated and



t han .one day at roomtenperature. EXAMPLE Il A blend of silver powder of
varying particle size was obtained by blending three different powders in

t he percentages shown bel ow. StLVER POADER PERCENTAGE SURFACE
AREA (nmferr]/g) SP3001 28. 6 0. 67 SP3002
38.1 1.29 SP7002 33.3 1.96 Al

powders were obtained from Degussa Metz Metallurgical Corporation, South
Plainfield, New Jersey. The bl ended sil & powder was treated as descri bed
in EXAMPLE |I. Pastes were then nade with treated and untreated material by
di spersing sbiFEpdnenbil s | Bempgerepnst 1 tawidpirasy shtadnedeer Wifoner

gogpglskzg ﬁémﬂ?nlﬂ FCﬁmﬁrédﬂeﬁt§(4nﬁ¥ﬁnﬁiﬁ§heﬂﬁﬁhﬁtﬁﬁm§ anidulid Win percent
S cyanat n no_a ol _a

soi vent | di | GERangp yeessll A (T S¥Li%s RpDentah £B bsn thoranghay
mononer ). Thetpedt eowi thet ororestex] vehielewas Theemyixturel, waswthertosity
paste. DS r.f;0 t S 0 a #Eﬂé

exot her m ne ?ﬁ%ﬁ?gf 1 Q Q?EQQ'?ﬁﬁghagﬁéeyhzqai%VF&{Q#%f ?%ﬁé,orrespondlng
val ues for paste wne ?én@@ntalnlng the treated material by contrast,

were 204[err]C and 159[err]C, respectively. The pot-life of the control

paste was | ess than one day whereas the go life,of the
The paste had a 10 rpm viscosity of 61 x 10

centipoise and a thixotropic index of 10.81. This paste
could be cured in 5 minutes at 240°C to yield a tough
adhesive substantially free of voids. The post cure
adhesion was at least 2600 psi and did not degrade even
after 100 temperature cycles between -65 and 150°C. The
radius of curvature for this paste was found to be 4.5 %
0.3 meters. Any radius of curvature greater than 1.0
meters is generally recognized in the art as characteristic
of a functional attach paste.
i

This paste had a room temperature pot life of.
approximately 80 hours. The pot life of this product
exceeds six months if stored at -40°C.

EXAMPLE VIIY

An attach paste was prepared with the following
materials in the indicated wt. percentages:

Comggg%pt wt.
1,1-bis(4-c&anatophenyl) ethane 10.8
2,2-bis(4~cyanatophenyl) propane 1.9
cobaltic(III) acetyl acetone | 0.02
fumed silica - 0.2

silver powder 87.10




pastei containing treated silver was greater than one week. The paste
containing treated silver retained 98% of its original cure exothermafter
255 hours at roomtenperature. Mreover, the viscosity of this sanple did
not change during this period. The control paste retained only 87%of its
original cure exothermafter 21.5 hours and was transformed into an
unusabl e paste with a putty-like consistency. EXAMPLE Il The silver powder
bl end used in this exanple was prepared &% described in EXAMPLE I1. Ten

grans of the powder bl end s added._to a ,solution of 0.7 qrans of
DTPA. Jof fami ne NBOO chiht TRPacLbPiEife 1S SERP (e ePEABUCT B FhRfure
was t hen refémplkoyédr idOERamples VIThe Thes ditliver gpowder waempodbsed 2dd 9

centrifuged. 5&5_. ré@& NS \, én;q t | N2 Lesygpgnded -
in 5 of avetc ne.é I e rﬁ%e cyléxﬁir?\jvasg% epeatJe]‘gﬁ{ ﬁbrséeg}]ﬁ rres/Eéf grgé%t he
silver solidstwepereenbvpavdey favdmdata syunfiacgperea uet. 1A2PaM £9waddt hen

made with treg!@duRtEEddn®pshdPL FAVEhP & ot Ml tr&iPld A9 gk am DXt ure
of pol ycyanate ester nononer conpri sing %1, 1-bis (4-cyanatophenyl)
et hane and 15 w. per cent 2, 2- bi s(4-cyanat ophenyl ) propane (enpl oyi ng
no al kyl phenol as sol vepé/ didpatidter astee- awdmbwersf or(anploEingat nen of

ohoot ot 15AVITIRNEROY GiE) SRePREFARRRNPRE" B o8t er FreoRka NS cFrC
These val uespakymexsipationi 9f] cyanate estexr vabnomerht asiexsl heatedeandnt r ol
paste (see EAME&a!tod@EnEPE6O ield a homogeneous liquid. The solid
ingredients were then added to this liquid and the mixture
was thoroughly stirred until the solids were completely
wetted by the 1liquid phase. The paste was then made
homogeneous by means of three roll milling. The viscosity
of the paste after milling was 175 x 10° centipoise at 10
rpm, and the thixotropic index was 9.81.

The paste was used'to attach 500 mil® silicon dice
to alumina substrates. The paste cured in 5 ninutes at
240°C to yield a tough nea;ly void~free bond. The tensile
strength of this bond exceeded 2600 psi and was found to be
unchanged even after 100 temperature cycles between -65 and
150°C. ‘The radius of curvature measured for this paste was
8.3%+1.8 meters.

This paste had acceptable dispensibility when
stored at room temperature for approximately 100 hours and
had a shelf lifi‘of at least six months when stored at
-40°C. -

While the invention has been described in detail
with reference to certain preferred embodiments thereof, it
will be understood that modifications -and variations are
within the spirit and scope of that which is described and
claimed.



32 paste val ues). The pot |ife of the paste containing treated silver was
approxi mately seven days. EXAMPLE IV A blend of silver flake of varying
particle size was obtained by blending four differenT‘frakes—+ﬂ~%he_ﬁ_u_
per cent ages shown bel ow. SILVER FLAKE SURFACE AREA

(58{.8”]/9) RAO0SE 0. 64 RAOL101 o - 14.2 ﬁ'"mﬂ'ﬂmmluu,’

XRA018 28.3 38.69 Al fl ake was obtalned 'r om
Chenet Corporation, Attleboro, Massachusetts. The bl ended fl ake was treated
as described in EXAMPLE |. Past es ®BREMSt hen nmade with treated and

untreated nph&£€ivhi8l Ssspeasieda ke flake in pol ycyanate ester nononer
conprising 85 wt. percent 1,1-bis(4- cyanatophenyl)ethane and 15 w.
percent 2, 2-bis(4- cyanatophenyl)propane . (enploying no al kyl phenol
as solvent/diluent orlas @o-compasitiidrorfqmwlatmeachibhgoa semdigendustest er

monorter) . £l B Pes! §5¢6A0LELPGY S31M coBBERTRY GO Ui sBiRgy cat ed il ver

paste was a OM/VISCOSIty 'drspersro un on ot h pastes.
The contr ol paste had8 ako eXk®tWher memanmmmsgzpmlp@wmpms(wgeﬁt

tenperaturelégsézgﬁgrﬁbgycyagggep@gggchahahgkng the treated silver. flake
had an exot herm maxi num at™ 206[ err] C and an onset tenperature qf 148Lerr]C
The pot life for the 80 to 92 wt. percent electrically conductiv

filler; and

50 to 1500 ppm metal catalyst:
wherein said monomer vehicle is liquid under ambient
conditions, and wherein said monomer vehicle is
substantially free of alkylphenol.

2. A composition according to claim 1 wherein
said: monomer vehicle comprises at least two monomers, and
wherein at least one monomer is a polycyanate ester
monohmer. '

3. A composition for attaching a semiconductor
device to a substrate, said composition comprising:

8 to 20 wt. percent monomer vehicle comprising at
least two monomers, wherein at least one monomer is a
polycyanate ester monomer;

80 to 92 wt. percent electrically conductive
filler; and

50 to 1500 ppm metal catalyst;
wherein said mongmer vehicle is 1liquid under ambient
conditions. |

4. A composition according to any one of claims
1, 2 or 3, wherein said filler is rendered substantially
‘free of catalytically active metal ions.

R
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:COntyol paste was approximately 48 hours while the pot life 33 of the
paste containing treated silver retained useful dLspense—eharaCterlsf1cs

for about six days. EXAMPLE V A blend of silver flake_ of tlcle
si ze was obtained by bl ending four different flakes mﬁmﬁ EF‘
£

shown bel ow. SILVER FLAKE PERCENTAGE rr]/g)
RA0051 8.0 - 1,91 RA0095
0.64 b SF69 . 48.0 | 39 0.25 XRAoo18[err] - 24.0

0.69 a = silver flake _obtai ned from Che Co tion
Massachusetts. b = siPver® fq?ﬂﬁ?s%ﬁﬁQH:Eif ?ﬁg ﬁ ESE hﬁ% Ydictor
Met al | ur gi cadetdegotat aOBubSenU'hItePl a;Iariﬂl eothpolsdvt iber mmprﬁmngaended fl ake

was treated as descri bed ﬁﬁPP CRIEN dﬂﬂ#ﬁ
treated and untreat edg %E '1ge cf’sﬁdear st ng \Qfﬁrhqkélrher& rmné(/)mrﬁegr] at
conpri sing 92east paecpntlyﬁygnbms%( mmwl) ethane and 8 wt.

percent 2,2, 4-trimet hfbheéérf&izhyb%ne ée@cemsra@iﬁﬂf&ipjmb@wmme
alkylphenol as sol vent

t_or as co-catal faqr zatl f
cyanat e est efiidREneFYPSERRY %Yegrfﬁnt%?ngaghy\ﬁlcag ceﬂ? 3oFi %ﬂat%
ions; and
50 to 1500 ppm metal catalyst
wherein said monomer vehicle is 1liquid under ambient

conditions.

6. A composition according to claim 4 or 5
wherein said filler is rendered substantially free of
catalytically active metal ions by treatment with a
chelating agent, a reducing agent, a non-ionic lubricant,

" or combinations thereof.

7. A composition according to claim 6 wherein
said filler is rendered substantially free of catalytically
active metal ions by treatment with a chelating agent.

8. A composition according to claim 7 wherein
said chelating agent is tartaric acid, thiodiglycolic acid
or dithiosuccinic acid.

9. A composition according to claim 7 wherein
said chelating agent is tartaric acid.
_ 10. A composition according to claim 7 wherein
said chelating agent is also a lubricating agent.

11. A composition according to claim 10 wherein
said chelating/lubricating agent is the reaction product of
a chelating dianhydride with a hydroxy or amino terminated
poly(alkylene oxide) .

heet Has Been RTlaccd
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“The paste containing the treated material was a fluid, |low viscosity

di spersi on. DSC analysis was perforned on both pastes. .. —TFhe control

paste had an exot herm maxi mum of 155[err]C and an onset of 123[err]C. The

paste .containing the treated material had an e mﬂm\,‘mﬂ\ jﬁm 218[err]C

with an onset tenperature of 180[err]C The pqt1M“ ol paste

was approximately 40 hours, while the 4,4 34 paSte*céntéinPng treated

mat eri al retained useful dispense characteristics for about 10 days.

EXAMPLE VI An attach 1past eAWeompcdiditth VdddoitdEnd OkbodInginas eldral s, i n t he

I ndi cat ed . _percent ages,, onent . W
%Sﬁsﬂ&hﬁm )eﬁﬂ&g‘p corft afRPAGES0 FRRELPRESRIZY EBEPLiE (111)

1, 1- bi s(4-

acetyl acet caghdytichd1§0 factrivesi Inetml ions by treatment with a

0.87 silve } 80.13 The high
surface ar%gapgégg gﬂ%ﬁ%iis avai | abl e as Aerosil 805 from Degussa
Corporation, 65 Challenger Road, Ridgefield Park, New Jersey. The

silver flake conprisad,17 asMcompRsitilon a@eRdrditg &2 AW inhaR altrerdin). 25 2
mMerr]/g and 63. 13 w

) .. percent flake havin surface area of 2 0.64
nierr]/g. SRS FELNE agent s A &P‘Wlted"q't ﬁg"ﬁﬁﬁfiﬂ?bni ¢ lubricant glycerol
monool eate. The silver flake and funmed silica were mxed with

14. A composition according to claim 12 wherein

said reducing agent is a silicon hydride.

15. A composition according to claim 4 or 5
wherein said filler is rendered substantially free of
catalytically active metal ions by treatment with a non-
ionic lubricant. |

16. A composition according to claim 15 wherein
i said non-ionic lubricant is a fatty acid monoester of
' glycerol.

. 17. A composition according to any one of the
preceding claims wherein 'said electrically conductive
filler is selected from silver, nickel, cobalt, copper or
aluminum, or mixtures thereof. '

18. A composition according to claim 17 wherein.
said filler is silver.

1l9. A~ composition according to any of the
preceding claims, wherein said monomer vehicle is selected
from vehicles consisting essentially of liquid monomers,
vehicles consisting essentially' of solid monomer(s)
miscible and/or soluble in liguid monomer(s), or vehicles
consisting'.essentially of solid monomers whicb,- when
combined, provide a liquid monomer mixture.

e
——
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‘liguid. cyanate ester (enploying no alkylphenol as solvent/diluent or
as co-catalyst for polynerization of cyanate ester nonomner) fin-acteramc

vessel at roomtenperature until the solids were The
resulting paste was then processed on a three ro”'"""mm" "Im q.l
di spersion -becane honogeneous. i ng processing sh

- cooled with recircul ating water naintaiqqd at 232[err]C. Using a Brookfleld

vi sconmeter, the viscosity of the paste at 10rpmwas 170 x 10[err]

centipoi se. The thixokiQpi & icepes itglonaecedrdingy td ma&nsqcsslﬁnez\@ime
di vi ded by the .20 'p ntvalue | g 11. 00. ThIS past e

£
200[ err] C t 3gfel &' NAmMEFgh % Se FOMRASFE N essggg ﬁrdlxal afoi &%J fsThe

‘tensil e strmogbhers.t he paste was equal to or greater than 2600 psi

i medi ately after curing. The tensile strength was unchanged after 100
tenperature cycles between -65 and 150[err] C. The radius of curvature (a
measure of residual sRRressd epmpgsidionyasroxddng $o £laiptld ¥hemain past e

conposi ti ongh3d amHomdrd € dehigpd t%m@&%ttwe sapi Ll yat sley aldieen _
hours. The groduct can_he k &@5 for HI SIX nt-hs, wi th ful ietentlon
of excel | enPORPBSEASd MEF Erla{’tq cqsr ¢ mgpen ature is

equal to or less than -40[err]C. EXAMPLE VI I- An attach paste was prepared
W th the Tollowing Mgl ahs doigdid £idH G2c8ldihg RY AU WU
said solid monomer is selected from:
2,2,4~trimethylhexamethylene-~1,6-bismaleimide,
2,2-bis(4~-cyanatophenyl)propane,
1,1-bis(4-propargyloxyphenyl)ethane,
3-(2,2~-dimethyltrimethylene acetal)-1-
maleimidobenzene, and
2,2-bis[4~- (4-male1m1dophenoxy)phenyl]propane,-
and said liquid monomer is selected from: ,
1,1-bis(4~cyanatophenyl)ethane, and i
i cyclohexanedimethanol monovinyl ether.

23. A composition according to claim 19 wherein
said monomer vehicle consists essentially of solid monomers
which, when combined, provide a liquid monomer mixture.

24. A composition for attaching a semiconductor
device to a substrate according to any of the preceding
claims, said compoéition comprising: _

13 to 20 wt. percent monomer vehicle comprising:

(IY 1,1-bis(4-cyanatophenyl)ethane and
(II) 2,2-bis(4-cyanatophenyl)propane;
80 to 87 wt. percent silver filler; and
50 to 500 ppm cobalt acetylacetonate.

'/__________________'__.
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1, 1-*bf s(4- cyanat ophenyl ) et hane 12.72

2, 2- bi s(4- cyanat ophenyl ) pr opane 2. 25 cob -
acetyl acetonate 0. 023 silver fl

85.03 The silver flake conprised 6.80 w . per cent f ﬂﬂm I!,Pmﬂmwilmurface
area of 1.91 mg, 17.01 w. percent flake having a .

nerr]/g and 40,81 wt. percent flake haying a surface area of 0.725
merr]/g. The flake had been treated with 0.5 percent tartaric acid and
5.0 percent DTPA-Jeff&ﬁi.neAlVEﬁﬁp@lsataabmacaeix@ihxg)ftd lcdlecim -i24 adhetrEian

ol oved bygd¥al | pSRomePe Auebfitted "draiy HBbAL 88 °'to TRBBUE S5 wt.

(empl oying "no al enol vent uent or CO- cat aal
pol yreri zat Peﬁcéﬂtcjéﬂaﬁédeﬁ-’@m Rpebite 5) tﬂeﬁbohléati’é’d W&nd percentst Ir:fr)eyd

until a honpgefeoupel | aBindived OPedcedtagesNeeptBttihd NHohENhW Wer e
mxed with this liquid in a cgramc vessel until the solids appeared to be-

t hor oughl y REEFERtpIRONRRET, vehi cl e. The mi xture was then
processed on a three roll m Il until a smooth, honbgeneous paste vvas

obt ai ned. The paste h O rpmvisgosit err nt i and a
t hi xot r opi ¢ i ndex of %g 81]A ’gpﬁﬁéfé"eo &oﬁglé’@r(]e"d; % éﬁ Rulés a% 240 C
tghyl el d a preghkdadbgesilaimsbsvhereiah| gaifdr sehiclei flurtheTrheoppnisas e

esi on wa n e
a S48 hSﬁ%& bR é‘é‘f’e%%? ¢ tg er%egﬂ(@ﬁ ebhgistifg of

t enperature cyc etween -65 and
vinyl ethers, divinyl hers, diallyl ethers,
dimethacrylates, ‘- dipropargyl ethers, propargyl allyl

ethers, monomaleimides, bismaleimides, and mixtures of any

N

two or more such monomers.

' Thls Sheet Has Been Reﬁlace i




radius of curvature for this paste was found to be 4.5 0.3 neters. Any
radi us of curvature greater than 1.0 neters is generally recognized in the
art as characteristic of a functional attach paste. This paste had a room
tenperature pot life of approximately 80 hours. The pot |ife of this
product exceeds six nonths if stored at -40[err]C. EXAMPLE VIII An attach
paste was prepared with the foll ow ng nft®rials in the indicated wt.

per cent ages: Component W. %1, 1-bi s(4-cyanat ophenyl)
et hane 10. 8 2, 2- bi s(4-cyanat ophenyl ) propane 1.9
cobaltic(lll) acetyl acetone 0.02 funmed silica

0.2 silver powder DIE-ATTACH COMPGOSITIONS 37 The funed silica

is the sane product as that enployed in Exanple VI. The silver powder
conprised 24.9 2'wt. percent powder having a surface area of 0.67 nferr]/g,
33.2 wt . ABSTRACT powder having a surface area of 1.29 nferr]/g and 29.0 wt.
percent powder having a surface area of 1.96 nferr]/g. The cyanate ester
nononer s (employing no al kyl phenol as solvent/diluent or as co-catalyst
for polymerization of cyanate ester nononer) were heated and stirred
t oget her to ylmcacgordaneswithrtbe presérntduvention;fbereds prbvidegr 2 ndeh compesition fum
added to this liquid and the m xture
attaching a semiconductor device to a substrate. The invention composition comprises liquid
polycyanate ester monomer vehicle, electrically conductive filler, and a curing catalyst,
preferably in the substantial absence of alkylphenol. The recognition that attach paste
compositions are effective without the addition of alkylphenol has the benefit of reducing the
cost of preparation, as well as the ease of preparation of die-attach pastes containing
electrically conductive filler and polycyanate ester monomer. The incorporation of
alkylphenol into die-attach paste compositions has been found to be unnecessary, due to the
presence of catalytically active species on the surface of filler flake employed in the
preparation of such pastes. Indeed, alkylphenqls ‘are best eliminated from die-attach paste
compositions because alkylphenols are acidic species that do not become incorporated into the

final polymerized matrix of the cured attach paste.



¢

*yvas T hor oughl y stirred until the solids were conpl etety=x€

I'i qui d phase. ' The paste was then nade honbgeneous roll
mlling. The viscosity of the paste after mlling

centipoise at 10 rpm and the thixotropig index was wnnbRe: =
used to attach 500 ml[err] si Ilcon di ce to al uni na=sEEstrates. The paste

cured in 5 mnutes at 240 |eId a tou nearl v0|d free bopd. The
tensile stOURASHION exhibL % o‘kg éfﬂthz@ﬁ??cbéqgn %/’ f&un%lc{‘é’aﬁt@s have
unchanged ®vendeadst e badiind aopdoaibgereoay at ambizat mmeratﬁfesandcd&ﬁ[ngﬂy | fBereThe

radius of sqgrféﬂ{(illﬂlgssgrgﬁﬁ?%!ﬂ rll?l?l’év\%h‘lehpb did %gﬁ&[ PRis %ox;ﬁm@nga%&ﬁéal T&nﬁu%\?

had accepta en s ore room
appr oxi natfalier apdcpqimagataﬁetehmnan@h@r f variety affways, ﬁéas in asswring ﬁzemalwmtayn

stored at of4fis@ Kdmog e‘n’b@i‘t;t eintéi%ndmgeﬂﬂé 'p@f‘hféaéf J?&E'i‘héj@t%h'ﬂ%@@s | 1'ﬂ x‘é&‘icﬁh g th
reference to cErtal n gre er derst ood

r nbod n
Lot o ot bieBaaiBh vas WaT fit e 2% OF PIRRITLORD%, By HDE gt usk, o BteRtAl o,
which is diesdmeinall compondms eg., alkyfheibldldve abidit spbdies) which! senpstentiallyl. A

Compost 11 aarioBivsh; &7 filiEBetn® SR P VO UnbOERS (il Ry DBy,

| east one qrdybmhmyelsubto the coaation of voids in the cured resin), and the like.

Brief Description of the Im)ention

In accordance with the present invention, we have developed novel compositions
for attaching a semiconductor device to a substrate. The invention compositions
comprise liquid polycyanate ester-containing monomer vehicle, electrically conductlve
filler and a curing catalyst, preferably in the substantial absence of a]kylphenol
Optional treatment of the filler to render it free of catalytically active metal ions has the
potential to significantly extend the pot life of the composition. _

According to a first embodiment of the invention there is prov1ded a composition
for attaching a semi conductor device to a substrate comprising: '

8 to 20 wt. percent monomer vehicle comprising at least one polycyanate ester
monomer; _

80 to 92 wt. percent electrically conductive metal filler substantially free of
catalytically active metal ions; and

50 to 1500ppm metal catalyst wherein said monomer vehicle is liquid under
ambient conditions.

According to a second embodiment of the invention there is provided a
composition for attaching a semi conductor device to a substrate comprising:

13 to 20 wt. percent monomer vehicle comprising 1, 1-bis(4-
cyanatophenyl)ethane(I) and 2,2-bis(4-cyanatophenyl)propane(Il);

80 to 87 wt. percent silver filler substantially free of catalytically free silver ions;
and

50 to 500ppm cobalt acetylacetonate.

According to a third embodiment of the invention there is provided a composition
for attaching a semi conductor device to a substrate comprising:

8 to 20 wt. percent monomer vehicle comprising at least one polycyanate ester
monomer;

80 to 92 wt. percent electrically conductive filler; and

50 to 1500ppm metal catalyst;



'80 t0 92 Wt . percent electrically conductive filler;
netal catal yst; wherein said nononer vehicle is |iquifi&
. condi tions, and wherein said nononmer vehicle i
of al kyl phenol. 2. A conposition accordigyg to claim
vehicl e conprises at |east two nononers, and wher ei n &P
Is a pol yc%gnate es nononmer . .3.. A CO I ti OE% for &

J»‘ .
sem conductFred i ‘Q%‘oglegu‘f?gfcﬂ%t‘% liqy H“ Inpgeient SHH.HﬁTﬁl%‘%ﬂ&’he@Wo“aEb
W . per centompositicat isviede afl dkylphgnot.si ng at | east two nononers, wherein at
| east one nono ' a e , L.
electrically Cgﬁ%ﬂgfng\‘;‘tgpfhﬁg% &ﬁ&?d%gé)t f ﬁgg@%ﬁ%o%ﬁg%% al 8 cz‘a’p&a yag?c,;rﬁﬁﬁsét}o& n
sai d nmononEar afiephisg @ semi cordictpr dedise taaisibatrateccomtirisingss. 4. A conposi tion

accor di ng to amy Oﬂﬁ' ofo C'v’v‘! s évce&’t Orm&orﬂ@i‘er%lﬂcléa' @oxfnthﬁ% i g ref“i’;‘fs’é
substanti al | f caté? em%ﬂ act I ve net I ons eet Ha een

Re laced ©¥ (4RypBataphegy P@Bﬁ‘?eég?)ductor device to a
substrat e, salﬁows’pwu p¢ment(s¢mmﬂﬂ$ermnd8 to 20 wt. percent nononer vehicle

comprising at 50 to 500ppm cobalt acetylacetonate;
wherein said composition is free of alkylphenol. _
According to a fifth embodiment of the invention there is provided a composition
for attaching a semi conductor device to a substrate comprising:
8 to 20 wt. percent monomer vehicle comprising at least one polycyanate ester
monomer;
80 to 92 wt. percent electrically conductive filler; and o
50 to 1500ppm metal catalyst wherein said monomer vehicle is liquid under ambient
conditions, and wherein said composition is solvent free.
According to a sixth embodiment there is provided a compogition for attaching a
semi conductor device to a substrate comprising:
8 to 20 wt. percent monomer vehicle comprising at least two monomers, wherein at

least one monomer is a polycyanate ester monomer, and wherein said monomer vehicle is
free of solvent;

80 to 92 wt. percent electrically conductive filler; and

50 to 1500ppm metal catalyst;
wherein said monomer vehicle is liquid under ambient conditions.

According to a seventh embodiment there is provided a composition for attaching a
semi conductor device to a substrate comprising:

13 to 20 wt. percent monomer vehicle comprising 1,1-bis(4-cyanatophenyl)ethane(I)
and 2,2-bis(4-cyanatophenyl)propane(ll), wherein said monomer wvehicle is free of
solvent;

80 to 87 wt. percent silver filler; and

50 to 500ppm cobalt acetylacetonate.

Detailed Description of the Invention
In accordance with the present invention there is provided a paste composition for
attaching a semiconductor device to a substrate, said composition comprising a liquid
monomer vehicle comprising at least one polycyanate ester monomer, electrically
conductive filler, and a metal catalyst, preferably in the substantial absence of
alkylphenol.
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2. A composition according to claim 1 wherein said filler is rendered
substantially free of catalytically active metal ions by treatment with an ionic chelating
agent, a reducing agent, a non-ionic lubricant or combinations thereof.

3. A composition according to claim 2 wherein said filler is rendered
substantially free of catalytically active metal ions by treatment with an ionic chelatingy,
agent.

4. A composition according to claim 3 wherein said chelating agent is tartaric
acid, thiodiglycolic acid or dithiosuccinic acid. -

5. A composition according to claim 4 wherein said chelating agent is tartaric
acid. "'

6. A composition according to claim 3 wherein said chelating agent is also a
lubricating agent.

7. A composition according to claim 6 wherein said chelating/lubricating agent is
the reaction product of a dianhydride with a hydroxy or amino terminated poly(alkylene
oxide). '

8. A composition according to claim 2 wherein said filler is rendered
substantially free of catalytically active metal ions by treatment with a reducing agent.

9. A composition according to claim 8 wherein said reducing agent is a covalent
hydride.

10. A composition according to claim 9 wherein said reducing agent is a silicone
hydride. '

11. A composition according to claim 2 wherein said filler is rendered
substantially free of catalytically active metal ions by treatment with a non-ionic lubricant.

12. A composition according to claim 11 wherein said non-ionic lubricant is a
fatty acid monoester of glycerol.

13. A composition according to claim 1 wherein said electrically conductive filler
is selected from silver, nickel, copper, aluminium, or mixtures thereof.

14. A composition according to claim 13 wherein said filler is silver.

15. A composition for attaching a semi-conductor device to a substrate
comprising:
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17. A composition according to claim 1 wherein said vehicle further comprises
additional monomer selected from the group consisting of vinyl ethers, divinyl ethers,
diallyl ethers, dipropargyl ethers, propargyl allyl ethers, monomaleimides, bismaleimides

and mixtures of any two or more such monomers.

18. A composition for attaching a semi conductor device to a substratgy
comprising:

8 to 20 wt. percent monomer vehicle comprising at least one polycyanate ester
monomer; '

80 to 92 wt. percent electrically conductive filler; and

50 to 1500ppm metal catalyst; i
wherein said monomer vehicle is liquid under ambient conditions, and wherein said
composition is free of alkylphenol. ‘

19. A composition according to claim 18 wherein said filler is rendered
substantially free of catalytically active metal ions.

20. A composition according to claim 19 wherein said filler is rendered
substantially free of catalytically active metal ions by treatment with an ionic chelating
agent. _

21. A composition according to claim 20 wherein said chelating agent is tartaric
acid, thiodiglycolic acid or dithiosuccinic acid. _

22. A composition according to claim 21 wherein said chelating agent is tartaric
acid. '

23. A composition according to claim 20 wherein said chelating agent is also a
lubricating agent.

24. A composition according to claim 23 wherein said chelating/lubricating agent
is the reaction product of a dianhydride with a hydroxy or amino terminated poly(alkylene
oxide).

25. A composition according to claim 19 wherein said filler is rendered
substantially free of catalytically active metal ions by treatment with a reducing agent.

26. A composition according to claim 25 wherein said reducing agent is a covalent
hydride.
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32. A composition for attaching a semi conductor device to a substrate

and 50

comprising:

13 to 20 wt. percent monomer vehicle coniprising 1, 1-bis(4-
cyanatophenyl)ethane(T) and 2,2-bis(4-cyanatophenyl)propane(Il);

80 to 87 wt. percent silver filler; and

50 to 500ppm cobalt acetylacetonate;
wherein said composition is free of alkylphenol.

33. A composition according to claim 32 wherein said monomers comprise from
about 80 to about 95 wt. percent (I) and from about 5 to about 20 wt. percent (I), with
the combined percentages representing total weight percent vehicle.

34. A composition according to claim 18 wherein said vehicle further comprises
additional monomer selected from the group consisting of vinyl ethers, divinyl ethers,
diallyl ethers, dipropargyl ethers, propargyl allyl ethers, monomaleimides, bismaleimides
and mixtures of any two or more such monomers.

35. A composition for attaching a semi conductor device to a substrate

a'm

comprising:

8 to 20 wt. percent monomer vehicle comprising at least one polycyanate ester
monomer; _

80 to 92 wt. percent electrically conductive filler; and

50 to 1500ppm metal catalyst wherein said monomer vehicle is liquid under ambient
conditions, and wherein said composition is solvent free. '

36. A composition for attaching a semi conductor device to a substrate

—

comprising:

8 to 20 wt. percent monomer vehicle comprising at least two monomers, wherein at
least one monomer is a polycyanate ester monomer, and wherein said monomer vehicle is
free of solvent; :

80 to 92 wt. percent electrically conductive filler; and

50 to 1500ppm metal catalyst;
wherein said monomer vehicle is liquid under ambient conditions.
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mononal ei nsedreted B5Pmaml ei mi des, and mxtures of any two or nore such

nononers. vehicles consisting essentially of liquid monomers,

vehicles consisting essentially of solid monomer(s) miscible and/or soluble in liquid
monomer(s), or

vehicles consisting essentially of solid monomers which, when combined, provide a
liquid monomer mixture.

38. A compositibn according to claim 37 wherein said liquid monomer vehicle
liquid consists essentially of liquid monomers.

39. A composition according to claims 37 wherein said liquid monomer vehicle
consists essentially of solid monomers, miscible and/or soluble in liquid monomer(s).

40. A composition according to claim 37 wherein said liQuid monomer vehicle
consists essentially of solid monomers which, when combined, provide a liquid monomer

mixture. ol
41. A composition for attaching a semi conductor device to a substrate
comprising: '

13 to 20 wt. percent monomer vehicle comprising 1, 1bis(4-cyanatophenyl)ethane(l)
and 2,2-bis(4-cyanatophenyl)propane(Il), wherein said monomer vehicle is free of
solvent; '

80 to 87 wt. percent silver filler; and

50 to 500ppm cobalt acetylacetonate.

42. A composition according to claim 41 wherein said monomers comprise from
about 80 to about 95 wt. percent (I) and from about 5 to about 20 wt. percent (II), with
the combined percentages representing total wt. percent monomer vehicle.

43. A composition according to claim 36 wherein additional monomer is selected
from the group conmsisting of vinyl ethers, divinyl ethers, propargyl allyl ethers,
monomaleimides, bismaleimides and mixtures of any two or more such monomers.

44. A composition according to claim 39 wherein said liquid monomer vehicle
consists essentially of 1,1-bis(4-cyanatophenyl)ethane and cyclohexanedlmethanol
monovinyl ether.

45. A composition according to claim 40 wherein said liquid monomer vehicle
consists essentially of  1,1-bis(4-cyanatophenyl)ethane and  1,1-bis(propargyl-
oxyphenyl)ethane.

46. A composition according to claim 40 wherein said liquid monomer vehicle
'comprises at least one monomer selected from 2,2,4-trinethylhexanethylene-1,6-
bismaleimide, 1,1-bis(4-propargyloxyphenyl)ethane, 3-(2,2-dimethyltrimethylene acetal)-
I-maleimidobenzene or 2,2-bis[4-(4-maleimidophenoxy)phenyl]propane and 1,1-bis(4-

cyanatophenyl)ethane.
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47. A composition accordlng to claim 40 wherein said llquld mc§nomer vehlcle
comprises 2,2-bis(4- cyanatophenyl)propane and 1,1-bis(4-cyanatophenyl)ethane.

48. A composition according to claim 36 wherein additional monomer is selected
from diallyl ethers or dipropargyl ethers. )
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