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DESCRI PTION OF THE INVENTION'Tnh accordance WwWith the present invention,
adhesive fornul ati ons have been devel oped whi ch enabl e
The micro-electronics industry uses various

substrates for the attachment of microelectronic devices
thereto. Most of these devices are attached to suitable

10 substrates using some kind of adhesive material.
Unfortunately, many of the substrates and/or devices
commonly used in the wmicro-electronics industry tend to
absorb wmoisture. When subjected to the elevated
temperatures required to cure such adhesive materials,

15 various levels of void formation can occur as a result of
the release of absorbed moisture and/or other volatile
materiéls which may be released by the device and/or
substrate at elevated temperatures. |

The formation of voids can lead to a sevére

20 reduction in the reliability of the resulting article, due

to disruption of the adhesive interface between the device

and substrate. It would be desirable, therefor, to develop

compositions and methods for the use thereof which allow

the assembly 'and adhesion of device to substrate without

25 the creation of substantial level of voids in the finished
article.



cur?ng of adhesively bonded assenblies (i.e., assenblies 5 which conprise
devices which have been adhesively bonded to substrates) mAhQF&&%HB gally
reduced ocW@BA of void formation upon curing. In many i 8 oi d
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DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there

15 are provided methods to reduce void formation upon curing

of an adhesive formulation employed to bond a device to a

substrate, wherein said device and/or said substrate are

prone to release volatiles at elevated temperatures.

Invention methods comprise using as a curing catalyst for

20 Suchl adhesive formulations a catalyst which initiates

curihg of the formulation at a temperature of less than
about 100°C.

Adhesive formulations contemplated for use in the
practice of the present invention include cyanate ester-
25 based formulations, maleimide-based formulations, epoxy-

based formulations, (meth)acrylate-based formulations,
vinyl ether-based formulations, vinyl ester-based
formulations, allyl ester-based formulations, diallyl
amide-based formulations, propargyl ether-based

30 formulations, formulations based on a polysiloxane backbone
terminated with one or more of the above-described
functional groups, formulations based on a preimidized



m Xtures of any two or nore thereof. A wide vari ety of Cyanate .
_ester-basgd9s/3bearnul ati ons are suitable for use in the pracPCTUSE 24188
"present invention. Numerous exanples of such fornul ati ons have been
described in the art. See, for exanple3 U S. Patent No. 5,447,988, U S
Pat ent No. 5,358,992, U S Patent No. 5,489, 641, each of which are hereby
i ncor por at pdlyﬁmyder ebeckbomehet erminatekei witht |¢MyorA mwote vafi dthe of

mal ei mi de- based ﬂéﬁ#&a&é&%ﬁéﬁ iegén%@éuch tm@raﬁ w&beeghe

present invention UTer ous exa orrru ations n
descri bed maxtmaes tof a3pe, tW@roéx@ﬁﬁﬁethéﬁi&P@d States 15 Seri al .

08/ 300, 721, filed Septenber 2, 1994, United States Serial No. 08/ 460 495,
filed June 2, 1995, United, States Serial No._08/711,982, filed

10, 1996, U.S. Patent®No.¥ § 806, 805 1kYd U Ppar¥AParks. 4%[%4) %‘gtgh of

whi ch ase ﬁe&ﬁmaﬂm{spoaﬁéeéub.;talbéfeerﬁmceuberdm e i prabeficeeris retey. A

wi de vari ety of the.rmall . cura set epoxy-hase , .

for mul at i RS SEEE S T a?ﬂ%l?%r lj%s‘gm‘f(‘%oﬁﬁee}ﬁrgaggg f Sﬁﬁ?&%&“ﬂaq%%%t i on.
Nuner ous ehalvpl d@eeﬂfx declcrfidedi| titi bhe feaste. be§|eedesﬁm'r bedamplehe Wrs. See,
25 for exa o .PakeRl7Neggd, 1685780P§?Qn£’ Svo PateLd 5 Nog 9, 04(5” 402,

each of whi are ereby’i ncdrporated %/ erence here€in int

entirety. Ratemtdéb \5ar419e‘%5541'ofea‘31{ G [aee hereky f’é’rcrﬁﬂ%ﬁ’-ﬁﬁ‘%dare

sui t abhe fg,ry e dredde RepsihCenothkhe %Qtl&ree@ent i nvention. Nunerous
exanpl es of such fornul ati ons have been described in the art. See, for

exanple, U S. Patent No. 5,043,102, hereby incorporated by reference herein
inits entirety. . ¢ %HéOGAEriety of maleimide-based formulations
PCT/USQ?/Z%.%? éuitable for use in the practice of the present
invention. Numerous examples of such formulations have
been described in the art. See, for example, United States
15 Serial No. 08/300,721, filed September 2, 1994, United
States Serial No. 08/460,495, filed June 2, 1995, United
States Serial No. 08/711,982, filed September 10, 1996,
U.S. Patent No. 4,806,608, and U.S. Patent No. 4,581,461,
each of which are hereby incorporated by reference herein -

20 in their entirety.

A wide variety of thermally curable (i.e.,
thermoset) epoxy-based formulations are suitable for use in
the practice of the present invention. Numerous examples

, of such formulations have been described in the art. See,

25 for example, U.S. Patent No. 5,158,780 and U.S. Patent No.

5,043,102, each of which are hereby incorporated by
reference herein in their -entirety.

A wide variety of (meth) acrylate-based

formulations are suitable for use in the practice of the

30 present invention. Numerous examples of such formulations

have been dest¥ibed in the art. See, for example, U.S.

Patent No. 5,043,102, hereby incorporated by reference
herein in its entirety.



A wide variety of vinyl ether-based fornulations are suitable for use in
the practice of the present invention. Nunmerous exanples of_such

formul at i 993964 peen described in the art. See, for exanpt@VUBHIHLE
States 5 Serial No. 08/460,495, filed June 2, 1995, which is hereby

I ncorporated by reference herein in itstenti rety. A wde variety of vinyl

ester-based fornul ations ;are _suitable for use.in the practice of Ihe
present invention. hNHﬁgFoﬁ'?rg?tg‘prlogsv&PY ugﬁ'hre r'%ﬁ%‘foéﬂ‘é&e“ﬁ?s been
described anet heuitéable Sebor f arsexanypl &h_eU. _§ra_éaﬁ.e|a:t dI6. &he75HWESentwhi ch
|s hereby i 88£g%ﬁt ed EXmF%ﬁ%e'E:E‘a éé“ogn é\#&e%%&&tién‘@ dgaygriety
of allyl esSter-based formulations are suitable for use In the prac?lce of
the presenbeed deagehbpénin thanarbus $/@Npies erample, fUnitedtSoredave

been descrbedai NNbheodlae05a®s, ! Hil1RBMRIS ). S.odHl Qi . i S HdPelOP8, |
which is hereb¥al ncor por at e reference hereipn inits entirety. A~ wde

variety ®RCOTRPERLLA by, KefEnsnas) by e iR L8 F ofRELFEC i tabl e for use

in the practice of the present invention. Nunerous exanples of such
formul ati ons have begn_descrihed . n t .al . e, for e lLe.,each of
whi ch are hereby incg\r ﬁ'&?s g&l}g-ft#;Pé]g’ﬁ%‘é}%gge,é Tbr\aﬁ%%?#g)rérwﬂ?%%%s%
A wide vareetsuibéblerofargyise eithertheaspgaictime avfonther epsesenbl e for
use in theiplantien of HifehbRBPxdfNPOL OF SWOR! BenBianld Chadych
fornul ati ons have been described in the art. See, for exanple, Unite

St at es18er Papnndesearides 4 the| a¥tiul feey, feguaxamalsr Y- 30 Rekeny

i ncor por at ge . bys leefereree WRLBhN g hd¥el®pt ihebY¥porat¥® VY 3PEfdrence

PCT/ US97/ 2141513:%1% I?_rnesie{\_'rg lé’ntixperte;.er r ed adhesi ve formul ati ons |

A wide variety of allyl ester-based formulations

are suitable for use in the practice of the present

15 invention. Numerous examples of such formulations have

been described in the art. See, for example, U.S. Patent

No. 5,475,048, which is hereby incorporated by reference
herein in its entirety. ' '

A wide variety of diallyl amide-based
20 formulations are suitable for use in the practice of the
present invention. Numerous exawples -of such formulations
have been described in the art. See, for example, each of
which are hereby incorporated by reference herein in their

‘ entirety.

25 A wide wvariety of ©propargyl ether-based
formulations are suitable for use in the practice of the
present invention. Numerous examples of such formulations
have been described in the art. See, for example, United
States Serial No. 08/684,148, filed July 19, 1996, which is

30 hereby incorporated by reference herein in its entirety.



contenplated for use in the practice of the present invention conprise
.a mxturewgfosakes m de and vinyl ether. Optionally, adhesivectmsomd4ass ons
contenplated 5 for use in the practice of the present invention further
conprise at least one filler. Fillers centenplated for use herein include
el ectrically conductive and thermally conductive materials, as well as
non-conducti ve mat er Palesentiliych ippeférradul atidhgsirveper t fesmtbat hens
esul L1 NG, SnFQREYRRLON cobXABES 11 EhECt phaakhrecOBUCLRLE LELLERE
contenpl at éd0 1or-use heré&rn includé silver, nickel, cobal t, copper,

al unmi num #eVentiont eempriss tce mixae (of graleimldyi apdsvuinyheetheras

ni ckel, silver, copper, and the 15 |ike as the netal coating), and the
li ke, as well as m xtures thereof. The pr senthy preferred electrically
conductive filler coRR#nREY 1 ordREEIVE of RTTNLEE GRS  BoRRepBhaERdand

flake ferngoef \dd | B HR% Ppradadcd not hehat paelsemsf t fnreenpbon t Eapshel t he
present inventian. he 20 referred_thigkness of flake.i nder 2 m crons
M th a di nERBRGISe,At ipade 898 Eialerso FiiTERa]popsRtBlated iRy Gal

cont enpl at eéredn usindiaude n elettrabhyliyas corsiudtaices aramadof thbomalQyl5 to
5.0 n2/g a ensj : P e or use
herein pre%gﬁgﬁtc%gfhv%s@%%{la%ef%% q%%:gb%éufﬁ?f 59%5‘%81%8%‘9%@%%%&'?%%%#&' Iy
conduct i vewhiiicher simmattenplasedatdpgdus Proped a5 ackd cethe t Hespleiast

i nvent hgn irpckidatdigiond, boron nitride, alum na, alum numnitride,
silicon carbide, nmagnesium oxide, and the like, as well as m xtures of any
30 two or nore thereof. Catalysts contenplated for use in the practice of
the present inventi orExmplé®seofhi @l eictirtiicaildyurcomgdaétine adhiddiers

Lg;—%lsgg} (2)n 3 e?np easi'ier@ tgt%: Iuosvé &x%%%.rnagyxrceiude s@?v%%j,?’%qdéz:el , cobalt,

copper, aluminum, metal-coated graphite fibers (e.g.,
employing such metals as nickel, silver, copper, and the
15 like as the metal coating), and the 1like, as well as
mixtures therxeof. The presently preferred electrically
conductive filler contemplated for use herein is silver.
Both powder and flake forms of filler may be used in the
attach paste compositions of the present invention. The
20 preferred thickness of flake is under 2 microns with a
dimension of about 20 to about 25 wmicrons. Flake
contemplated for use herein preferably has a surface area
of about 0.15 to 5.0 m?/g and a tap density of 0.4 to 5.5
g/cc. Powder contemplated for use herein preferably has a
25 , diameter of about 0.5 to 15 microns.

Thermally conductive fillers contemplated for use
in the practice of the present invention include diamond,
boron nitride, alumina, aluminum nitride, silicon carbide,
magnesium oxide, and the like, as well as mixtures of any

30 two or more thereof.

Catalysts contemplated for use in the practice of
the present invention are those which initiate curing of
the adhesive formulation at a desirably low temperature,



6 and which al so pronote curing of adhesive fornulations at a sufficiently
rapid rate u&gogﬂat the cure peak maximumsimlarly occurs at a desirably

| ow tenperature, e.g., at a tenperature of no greater than a%G{(PS&%Esérr]c. .
Presently 5 preferred catal ysts conterrplét ed for use herein are those which
pronote curing of adhesive fornulations at a rate such that the cure peak

Maxi Mum occyh§ @hi@(l}t TR Pt &9r?%§gé§r-ahg%%i%%g:feqzﬁr9 %gicf‘crbieag\hi ch

Especially preferred catal ysts contenp for-use
pronot e curdnglfbfisfengiysirapibrraiatseek bhat tiee cumh pemit maeimune

peak maxi MUSLALLHESyabRUGTRA & s Pabiy U167 Eeridida il B errll
Even nore preferred for use herein are catal ysts which pronote ring of

adhesi ve fofnhiFEPEEASUTE £F R greaker han (deowtr 0085k neRresemoLYUr s

at a tenﬁerprefefnédneagraaq;]tcstrs tcftaﬂ;eaﬁplmté&)[ﬁbi:] GseV\ﬂ'rll-Iefir?C‘iQ{ %ﬁ’étéh&‘é‘éc“k
pronote cur j ve_fornul atdions, at.a rate such that the cure pea
nmaxi num occﬁlﬁlgcgt pg%t%g%peergtlg%ggo fnoa(g?%%g? F o[ BFr Bc Rt fg
especi al | y puehethatl whehcueet peak?haxdimesi vedursndatd aempdedthyst S£
cont enpl at f i td of t inyvention include free
radi cal catelgcl)yés){es#ﬁgﬁi %\%@e%%‘gec%??ystés%&cﬁﬁ%pcp U %r]f:%é)acf?&#s),’s‘:s
transiti on FebbemRAakrdsfor neg hexeinareashesid whichmrometensunings.

any twoior 8Br&dhbeieel foEwaTBRabhS hee J aditcals il alyst Scr?é)rt'é&:.”@!sﬁégﬂ for

use in the ‘Rractice of the £resent i nvention iInclude peroxy esters, peroxy
car bonat es, "AYtFBPe PEGISs 2% Ry FEEPSXRGNES £5 1 Per gXrater thap abeut||ke.
Specific f8eeC.radical 30 initiators contenplated for use herein include

cunyl peroxyneodecanoate, cunyl peroxyneoheptanoate, tert-anyl

per oxyneodecanoate, tert-butyl peroxyneodecanoate, tert- anyl

per oxyneohept anoat e, E¥en morel ppeferpesoifont amsathsresin are catalysts

peroxydi carprighepromote Cufiflgl JEBIMNELEPLY Fdmulations at a rate
;S such that the cure peak maximum occurs at a temperature of

no greater than about 70°C, with catalysts which promote

curing of adhesive formulations at a rate such that the

cure peak maximum occurs at a temperature of no greater

than about 60°C being especially preferred with certain
20 adhesive formulations. '

Catalysts contemplated for use in the practice of
the bresent invention include free radical catalysts,
anionic cure catalysts, cationic cure catalysts, transition
metal catalysts, and the like, as well as combination;s of

25 . any two or more thereof.

Exemplary free radical catalysts contemplated for
use in the practice of the present invention include peroxy
esters, peroxy carbonates, hydroperoxides, alkylperoxides,
arylperoxides, and the 1like. Specific free radical

30 initiators contemplated for use herein include cumyl
peroxyneodecanoate, cumyl peroxyneoheptanoate, tert-amyl
peroxyneodecanoate, tert-butyl peroxyneodecanoate, tert-
amyl peroxyneoheptanocate, tert -butyl peroxyneoheptanoate,
a peroxydicarbonate, 2,4,4-trimethylpentyl-2-
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Per oxy NeOoYAs SIUBHE di (n-propyl) per oxydi car bonat e, parAfsowe4igsit yl ) -
per oxydi car bonat e, di -(4-tert- butyl cycl ohexyl) per oxydi car bonat e,

i - (2-ethyl hexyl) peroxydicarbonate, dymyristyl peroxydicarbonate,
tert-anyl 5 peroxypivalate, tert-butyl peroxypivalate,. di-[3,5,5-
trinpthylbexanpnbbdpeaﬂdaua decadbyh-peopyiile, | paxmstydicraptboeatdi | aur oy

er oxi de, ,.di I r .

D ot A1 A EETHGERH) | PO LSSy d icarbonate |, 914 okprt-
2-ethy|hebahyécyplahéxwﬁé I|MeergsydgcarhsnaOe.conhdrde{EEhwEhexylimo or
mor e therggfrt ﬁgﬁ‘i%&@@ﬁa&@ 0'&1 | ncI uggéﬁ’cﬂfd ﬁéﬂ?&@é eq 4Pt - Htrﬁfl' n the

practice resent I nventi i m-dazo fefti arg
and thé IPEé‘OxYPP-Ma&éz‘:(ﬂnes EGHPEPHFthed IP%FWEXE’LH@F@FHrar AihbdeShavi ng t he

generic 15r1&bt%§ﬂ@fe&ar{cﬁﬂrl] pereldrd,n: dBE:ahblyll spéebﬂsaeql f1eavbhe group
conS|st|ng of al c&gno etie g%err ﬁglected fromthe
group conBPTOFAGS of raurdy ﬁ@é 'ar RPN hoi ReFe¥idgng

Rl err] iszssLédmaiHymﬂntSKﬂxNZHathyﬂhex&noglpérekyyIhexan&wtltamyd

al kyl, K ry e I I es oy

herein, " EFE%& ermﬁg’?géééﬁ%' %%l@y %%éncﬂg %hal r?sgis €FEPirad:'%gal S
havin90|nCDWQINQM}9nﬁ cbh@any twp oo noreaktheneafons; substltuted al kyl "

refers to alkyl radicals further bearing one or nore substituents such as
hydr oxy, al koxy (of a | ower alkyl roup mercapto (of a | ower al kyl

group), aryl, heter&&ﬁﬂ@*?rYﬁﬂ re catalysts contemplated for
use in the practice of the present invention include
imidazoles, tertiary amines, and the like. Imidazoles

cbntemplated for use herein are those having the generic

— D)

20 R)

18 structure:

wherein:’
. R!' is selected from the group consisting of
alkyl, aryl and cyano moieties;
R? is selected from the group consisting of
25 alkyl, aryl and cyano moieties; and
R3 is selected from the group consisting of
alkyl, substituted alkyl, alkylaryl and

substituted alkylaryl moieties.

_ As employed herein, "alkyl" refers to straight or
30 branched chain alkyl radicals having in the range of about

1 up to 12 carbon atoms; "substituted alkyl" refers to = ——

alkyl radicals further bearing one or more substituents
such as hydroxy, alkoxy (of a lower alkyl group), mercapto
(of a lower alkyl group), aryl, heterocyclic, halogen,
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trifluoroneth cyano, nitro, am no, carboxyl, carbamate, sulfon
squonan1d¥° gﬁ 9647 he |ike. As enpl oyed herein, "aryl" refer ECT sy

radi cal s having in the range of 6 up to 14 carbon atons and 5 "substltuted
aryl" refers to aryl radicals further bé%ring one or nore substituents as

set forth aboy ed _herein | kyl refers t alk
substltutedtﬁ?g}u?ﬁawgg#XXan8Ya§8bsPﬁgaPedaQ¥R?PaF?F © %&P%ﬂﬂ&ﬂ%uyl
radi cal s fustbhEonptar snffonemidenpvaad]l @heulldidet.uent s as set forth above.
Exenpl ary i m dazol es contenpl ated for use herein include 2-ethyl-4-nethyl
i m dazole, 1-nmethyl imdazole, 2- nmethyl inmidazole, 2-undecyl imdazole,
2- phenyl i nidazol e, aA8 tewployed berein, "arleemﬁﬁgqs boi mxpmatic

Conte”p|ategad&@élsuﬁ§v1ﬂ§r§h”th8cf§3§ehﬁfa§33¥| tdli TR WA Roms and
di hexadecyl net hyl am ne oc&g | -agin

dloctadeéylﬁﬁPﬁﬁFéﬁPﬁéd ar h??ﬁ@ﬁ@n?PaﬁFﬁé radicgleediwtheo BRraming,

N, N, N - trigaehpk- Norbesatetiltubntodisamiseeetfanth NBoPé - tri net hyl - 20

N - oct adecyl -1, 2- di am no- et hane, N, N, N -trimethyl -

ei cosyl -1, 2-di am noet hane, N, N, N -tri net hyl -N -behenyl -1, 2- di am noet hane,
N, N, N , N -tetranet hyl A, 2ipdicysdchexedin 1"alkptayy) ! eredease tcaralkyie- | i ke,

as vel | as ghﬁgEE%Ptgﬁ ag 1W0r? @%ﬁ%Btgﬁﬁeoms tituted alg?%%%nyy

cationic curée cafa sts co r use In e pract ce O present
i nvention i kefeye Gm 5 LS RN maéhpaﬂfﬁsmrsfrhembwmsan@s oraMPrde

i ke. Exgnpkapythitaeaick Qg Mkalsdrdilapdve contenpl ated for use in the
practice of the present invention include 30 nickel, copper, cobalt and the

like, inthe formof a chelate, a soap, or the liKke.
Exemplary imidazoles contemplated for use herein

include 2-ethyl-4-methyl imidazole, 1-methyl imidazole, 2-
methyl imidazole, 2-undecyl imidazole, 2-phenyl imidazole,
and the like.

15 Tertiary amines contemplated for use herein
include hexadecyl-dimethylamine, dihexadecylmethylamine,
octadecyldimethyl-amine, dioctadecylmethylamine,
dimethylbehenylamine, dimethyleicosylamine, N,N,N‘-
trimethyl-N’-hexadecyl-1,2-diaminoethane N,N,N’-trimethyl-

20 N'—ogtadecyl-l,2—diamino-ethane, N,N,N’-trimethyl-N’-
eicosyl-l,2—diaminbethaneJ9;N,N'—trimethyl-N'-behenyl—l,z—
~diaminoethane, N,N,N’,N’-tetramethyl-1,20-diamino-

+ (10,11-dioctyl) -~eicosane, and the like, as well as mixtures
of any two or more thereof.

25 Exemplary cationic cure catalysts contemplated
for use in the practice of the present invention include
onium salts, iodonium salts, sulfonium salts, and the like.

Exemplary transition metal catalysts contemplated

for use in the practice of the present invention include

30 nickel, copper, cobalt and the like, in the form of a
chelate, a soap, or the like.
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Ceneral | y woosBesarange of about 0.005 up to 10 wt % of at | erCI/USIN24088 t he -
above-descri bed catal ysts (based on the total weight of the organic phase,
i.e., absent any filler) will be enployedl, with in the range of 5 about
0.01.up to 5 mt %being presently preferred. As readily recognized by those
of skill in the art, Gewegaldarimytbé devgeeitambbetbéndd® iup atcoddance

with the prgeegl dfVeRl|odase FSAOPISS eheSuaBogeYhest illd d8aralysts
silicon-based mcroelectronic devices, gallium 10 arseni de-based
m croel ect r $hpged @vi bhs, totahkr WeighsePfi &Nl REIABARC RhASResi €.,

sapphi r e- baggfeft Chp! EGNAHIC WEVL CBS, eingmbysaphm den besedrange of
m cr oel ect rogl c devices, cadmgum sul.fide-based njcroel ectronic devices, °

l'i t hi-um Ri 0B2PB bas8d MPcFSelPe MY o%il?:e’or&ila’é%?'e%ﬁl’t Rreferzedys

Those of skill in the art also readily recognize that a variety of
substrates can be bonged | r ] t.h resent_J nuentd on,

Exanpl es of such subs?‘rsat%és]a% bg%gégn\ﬁnﬁg%g (ﬁfrr%é??af)é“ \/ﬁ\%ﬁitéﬂdtth&

rel ease vol artlee wpde srgdsime afo ddwicrsdariperbonded, is. geco2@ankear ds
made of mat ghbal Scubi Gy duiet ¢ A rRRGANRNAL erpx kaTRLe S £F Bg%g@%s

i ncl ude bi smal et m de-tri azi ne boards,, epox oards, boards havin )
pol yi mi de f APALLAET e§R 1 1EON- PRS0 MY A RIS FPOREL cEVERESher 883 11Mar ds

havi ng gosohgeeniaek vaerld Ng ditaecttrshibe |d&eicdB, quartz-Paked
accordance w,th al_aLot her enbodj ment of the ‘g{‘esefrht: i nyent i, on, #her-e ar.e
provi ded adMeSFPELEGFORLT ofEVRRREN IAPRRIERIPAGSE JBYFERSdgckronic

substrate, deeiees,salnditevi mﬁmime-dmshduhﬁbma@mrmmedb&iwsaase
volatiles a adeLﬁya%%ﬁfié(agggéﬁL”ﬁ%broefgﬁﬁfoﬂggrengicEgerelitﬁié%l
X Ositions

substantial 'y 'no voi orimation upon curin her eo nventi én conp
conpri se: vahcbate-Paged microelectronic devices, and the like.

15 Those of skill in the art also readily recognize
that a variety of substrates can be bonded in accordance
with the present invention. Examples of such substrates
are boards made of materials which tend to release
volatiles upon exposure to elevated temperatures, e.g.,

20 boards made of materials which tend to absorb water.
Examples of such boards include bismaleimide-triazine
boards, epoxy boards, boards having a polyimide £ilm
thereon, boards having a polycai-bonate film thereon, boards
having a solder mask coating thereon, and the like.

25 In accordance with another embodiment of the
present invention, there are provided adhesive compositions
ugeful for attaehing a device to a substrate, wherein said
device and/or said substrate are prone to release volatiles
at elevated temperatures, and wherein there is

30 substantially no wvoid formation wupon curing thereof.
Invention compositions comprise:

vehicle, and
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catalyst which initiates curing of said vehicle at a tenperatur
greater tﬁﬁﬂs’ﬁ’é?ﬁ‘%rr]c. Vehi cl es contenpl ated for use in thgcg‘([gse?’f?@ggof 5 -

t he pr esent I nvention include cyiﬁat e ester-based formul ati ons,
mal ei m de- based formul ati ons, epoxy-bas formul ati ons,

(met h)acryl at e-based fornul ati vi.nyl. et her-based for.ml atjons,. vi nyl
ester-based formul ati ons, n}"o‘lll ?Ik_'%ﬂ esstt evﬁ]%%%eﬂnlgé?gﬁﬁaﬁwg Olai glallﬁ

am de-based 10 fornul ations, vebiopergyl a tewmpherrtbirecdf nof grealtatd ons,
formul ati ons based on a pol ysi Iepgﬂelgge@gone termnated with one or nore
of the above-described functi'onal groups, fornul ati ons based on a

prei m di zed pol yi m de backbone term nated with one or nore of the

above-described 15 fupehienak ebatemplatddt Fex! uke, jasthel braztiicd wres of
any two or re thereof, as, descrjbed herei nabove. Simlarly, cai)al Sts
a%éi as

cont enpl®at &d*® or REEETHE t e HIBHE R | o BH YR entYaRaESpo SELEST

descri bed asts»taulatiossch walaeimifie-baselie fddmdlte iomeent epdx33based
conposition.in as rt Ve cc nce wWith yet .angther
enbodi nent qrr?\gigg%ﬂéégm ?‘ﬁ%&n iacgr%ya}l%gr é’ aas[geéprgé?ﬁ\égggﬁgéf ant ivdﬂyia voi d-
free articlasherdpased forondiatdons .t heinhbvesterschabed fermudatic®sch

articles c }fe Qeéi?é’f-%‘aé’é&aCfi%hﬁwﬂa?ci%ﬁmé,“b_STdiaél%ylv‘he%‘i‘di'&et-fif‘aé&’ ice
and/or the substrate are prone to release volatiles at” el evated |
t enper &Ur EOTBRALEGRBY n t hBTYBBAYIYSt weeRtPRE-BaFete andormalafdansate is

subst anti al gorm@l 16868 bABdd ash har gdlyé'i&ldiﬁdr%’ltbébkboﬁéi defrneadert er s

30 to a substanti al lé cont i nugui bond of dhes#egt)%t Wegn th‘i
i nt er connect et RRRF cBF aMATELBEL FAE2PO8EageRgRiPES TaRickional groups,
formulations based on a preimidized polyimide backbone
terminated with one or more of the above-described
15 functional groups, and the like, as well as mixtures of any

two or wmore thereof, as described hereinabove.

Similarly, catalysts contemplated for use in the
preparation of invention compositions are as described
above, and such catalysts can be added to invention

20 composition in amounts as set forth above.

; In accordance with yet another embodiment of the
present invention, there are provided substantially void-
free articles prepared according to the above-described

* method. Such articles comprise a device attached to a
25 substrate, wherein the device and/or the substrate are
prone to release volatiles at elevated temperatures, and
wherein the bond between the device and the substrate is

substantially void-free.

As used herein, "substantially void-free" refers

30 to a substantially continuous bond of adhesive between the
interconnected device and substrate. Voids manifest as a
disruption of this otherwise continuous bond and compromise
both the strength of the resulting bond, and the ability of



di sruption of this otherw se continuous bond and conprom se both the
strengt h wb dghees7esul ting bond, and the ability of WO 98PCI8%7/24188

"PCT/ US97/ 24188 11 such bond to resist the influence of outside forces, such
as High noisture levels, high shear forides, and the |ike. The invention

wi | I. -now be described in greater detail by reference to the follow ng
non-lintisgchxbopdeso Fesist the influence of outsdsm|orcesy esunhsyst em
was prepar t [ b o) t f 0 various
i T or ont 5 DR B R ey~ FOEe e A orse Tan e
occurrence of voids upon curing. The base resin 10 conposition enpl oyed

conprises: 60 parts %é"hﬁ&eﬁ@ﬂoﬂi Wﬂ'leiﬁﬁvﬁlebeld%%crlbed in greater

bi smal ei m do-1Q_11-di og ¥_ ei cosane g g é gﬁl eat
pol ybut adi €REaRI3BY MBS BFRBRERFEoRPREPT Swipg, °§uaew ngcfyameées
22 parts by wt of a branched, C24 nonovinyl ether (i.e., the nonovinyl

et her of 2-decyl tetradecanol), 4 PALLS: la_% of a coupling agent (e.g., 3
parts o A-186 (i.e., [err]-(3, 4=-E'p'0'¥y'cy'gtohexyl) 20 _

ethyl trinethoxysilane) and one part of A-174 (i.e.,
[err]-methacryl oxypr gpyled i M%&@’?&e arbQt Eoroﬁes%hﬁh %Ii?l? a,

*
avai l able from OGS  Speci Ities, Endico or 5
parts by wbase a m%f-lo’@at élsystfso:b}\‘b‘f’%yedaﬁ’éirel‘Fﬁ’FW%dedF’&fﬁ&’G&F 16S

(di-(4- terba%tws(ﬁécl%@xub);emwlaﬂ b@ﬂﬂé@t ofavRit £t f €Bo1dszon
Nobel ), Tri gonox 141?%2 5-di 3/ d -(2-_ et gyl hex,fx}r]\oylbperox@ hexane
avai | abl e 6m BRFYTREHES) , © ndv 188" if0n { G es1

10 composition employed comprises:

60 parts by wt of the bismaleimide, 1,20-
bismaleimido-~10,1l1l-dioctyl-eicosane,
30 parts by wt of maleated polybutadiene R130
MA20 from Ricon Resins, Grand Junction, CO),
15 .22 parts by wt of a branched, C, monovinyl ether
(i.e., the monovinyl ether of 2-decyl
tetradecanol),
4 parts by wt of a coupling agent (e.g., 3 parts

of A-186 (i.e., 8-(3,4-epoxycyclohexyl)
20 ~ethyl trimethoxysilane) and one part of
' A-174 (i.e., y-methacryloxypropyl
trimethoxysilane), both of which are
available from OSi Specialities, Endicott,
NY), and
25 1, 3 or 5 parts by wt of a catalyst.

Catalysts employed herein include Perkadox 168

(di- (4-tert-butylcyclohexyl)peroxydicarbonate, available

from Akzo Nobel), Trigonox 141 (2,5~dimethyl-2,5-di-(2-
ethylhexanoylperoxy) hexane, available from Akzo Nobel), and

30 Witco USP90MD (1,1-bis(tert-amylperoxy)cyclohexane,
available from Witco Chemical). Each of these catalysts
has a 10 hour decomposition half life of 70°C or less, and



30 Wtco USP90NMD (1, 1-bi s(tert-anyl peroxy)cycl ohexane, avail abl e
fromWtco Chem cal). Each of these catalysts has a 10 hou ption
hal f |ifeVeR9%¥O4T r1C or | ess, and WO 98/ 30647 Pt |
PCT/ US97/ 24188 12 were added to the base fornul ation descri bed above at

| evels of 1, 3 or 5 parts by wt. Thus, Jrﬁne past es were made for testing,
each filled with 7 % Si ul%r lggake erenti

d fo u%ft e q€q$ alorlgetr
(DSC) and a wFsFd 33 Was per f fed o6 b%@te sﬁf% OF d FEEEE wé
performed ulewgla @(fppie,r -3l ad BT pebitshedei wt de- Mhivezi ne)ne epanatest weTei yo

PSR 4000 Ve[n%?% g%‘ﬂs%ééﬁﬁ?{; MBgkn Fl‘il%&)%{t?ﬁezga%vtp'%ﬁc§f'1+8raﬁft§i/§85

chamber for hours t hsure t hat noi sture absor pt1 on wou
evi dent. Tha WifLgnentdrlepeanninghc@liarinpts ubBEELt @n@sﬁlg"‘alél &&stcover

slide 308x3Q@sMpes-foliiRr P eaarergaste ed at 150[err] C for 60 seconds on a
hot pl ate apparatus. The DSC was performed at a ranp rate of 10[err]C/ mn.

15 The sanpl e size used was about 20-30 ng. Analysis of the DSC shows the
onset of cure, the cumhepesdidexésunwasdperEdmical wottigyaevopyped-cIad cure

oot oo B S ER R (USRS a3l PRERS" 5o "
PCT/ US97/ 24msg®nTaPmSé5 Batder maskcur Shensatbstiratég vas Clagegedk, anerr] C
%;Vggds A gs5/8s5 8%ham§ér20for 1%)16 hoUr#0 to insureO dhat moisture
10 absorption would be evident. The nine plates were attached
to the substrate using a glass cover slide 300x300 mils.
The pastes were cured at 150°C for 60 seconds on a hot

~plate apparatus.

The DSC was performed'at a ramp rate of 10°C/min.
15 The sample size used was about 20-30 mg. Analysis of the
DSC shows the onset of cure, the cure peak maximum and the
total energy evolved. The cure onset température and the
cure peak maximum temperature are presented in the Table

for each of the pastes.
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100 F 90. 13 99. 16 0 G 117.79
129.08 100 10 H _ 1311. 66 122. 43

100 I. 109. 32 118. 97 100 * Pastes A, B and C
contain 1, 3 and 5 parts by w, respectfalile/, of Perkadox 16S; Pastes D, E

and F cont ai
Trigonox 141 papdePastes
respectivel . of Wtco U

Gurd BHkdt cotain
SPO0MD. _ The results

turd pedxS pait

oresented abov

S byl

of

denpnstrat

that 20 voi di ng ungder the die dggs it occur\Mtrb sture |sensi pive
polymers soflong as the ¢ure onset and curel peak msm rmmtérmemtures re
both bel ow J00[errg C. Wi{le the tion hps beq¥2Qﬁ$cr|b din getail W th
reference tqg certain preferred enbodi nents [ hereo Wi || be
under st ood tfhat nodificafions agg:v I ationp are.&&; n t he spirbt and
scope of Th which is déscribed and cl ai nefd [ 30647
PCT/ US97/ 24188 14 That mwich 'S %a'ged I'S: H dto reafﬁ voi d
formati on ugpn curtng of lan adh%é ‘g fornulatlon gﬁp yed t g § a deyice
to a substrgfe, rern %ald’dev nd/ or pal d rate are prqone to
rel ease vol gtiles At eleyated t é%gtures, said§§gné€hod clo R i ng uging
as a curing [tatalyst tor |[sard torufatron g catalysi_which |n|t|afes "
curing of id fofnul atijon at E?QéHﬁeratura of 518 han 100[erP]C. 2 A
met hod accor T wWherern_said
G 117.79 129.08 100
10 “ H 111.66 122.43 100
IL I 109.32 118.97 100 ll

*

respectively, of Perkadox 16S;
Pastes D, E and F contain 1, 3 and 5 parts by wt,

Pastes A, B and C contain 1, 3 and 5§ parts by wt,

15 respectively, of Trigonox 141; and
Pastes G, H and I contain 1, 3 and S parts by wt,
respectively, of Witco USP2OMD.
The results presented above demonstrate that
20 wvoiding under the die does not occur with moisture

sensitive polymers so long as the cure onset and cure peak
maximum temperatures are both below 100°C.

While the invention has been described in detail

with reference to certain preferred embodiments thereof, it

25

will be understood that modifications and variations are

within the spirit and scope of that which is described and

claimed.



cat al yst pronotes curing of said fornmulation at a rate such that Ehe i:gre?,
peak maximumoccurs at a tenperature of no greater t han about 100[err

A nethod aBEOMA%Y to claim 1 wherein said catalyst is a fr@CTVHIRHES ,
catal yst, an anionic cure catalyst, a cationic cure—catalyst a tranS| t i on
metal catalyst, or a combination of any tfo or nore t her eof . 4. -

oo g ough el TRy {pse o cal ot Sy Hlﬁﬂlllalﬁl’llllr om

per oxyneohept anoate, tert-anyl per oxyneodecanoat e, tert- 'butyl 5

per oxyneodecanoat e, 1t €T A Mo ‘3{)% CORSRY FRLS 1otnerutp6nbuctu}/r1ng
per oxyneohept anoat e, a peroxy | Arona

2, 4, 4-tri met 8§l penafhesiyer ép,rmw@et@mz)awloyeﬂ t®-bondyh) device to a

per oxydi car bQﬂBé@rate d'whe(r%%‘irf bed 3 ) deviBE’ & char t Sub%\:frﬁ a)re
(4-tert-butyl peroxyd| carbonate, 10 exyI

cycl ohex
per oxydi car bBﬁéP@ \é&lﬁ?ﬁ Ierlss R pbevated t?@PFra§meSper@@ﬁ)| val
at e, ters daethbdpei@?(yﬁiyﬁh@t e:.s:l.ngil as[iﬁ5c5ﬁ1&igmébihm?é€noﬁ’$i- said

per oxi de, E?Q&\ﬁ aPse 91X| de | %g.xaéltd %g.[lﬁ:ﬁ de&gg érsg?/clz 161[1{:1))“0!:e said

di - i sononanoy per
(2- et hyl hexaﬁgympéabxsm h@xangemperatml ofeless Zthaat Inyddrexanoat e. WO
98/ 30647 PCT/ US97/ 24188 15 5. A net hod

according to claim1l wherein said catalyst pronotes curing of said
formul ation at a rate Such A HBetReR agFerdiéBE kexighaimctuwbezein sald

- tenperature eétamygtept:@motaancaﬁgﬂg 9Pl&s1d Cfoﬁnufa@féﬂ% af GYl NG,

claim1l vvher catal yst pronotes-curin said fornul ation at arate
such that th Eﬁrghﬁeﬁ‘%ﬁ BRELPEM PG énﬁé:raﬁ‘u?%mB‘FrﬁBuﬁﬁe&fernq han
about 80[ erryggeater than about 100°C.

3. A method according to claim 1 wherein said
catalyst is a free radical catalyst, an anionic cure
catalyst, a cationic cure catalyst, a transition metal
catalyst, or a combination of any two or more thereof.

4. A method according to claim 3 wherein said
free radical catalyst is selected from the group consisting
of cumyl peroxyneodecanoate, cumyl peroxyneohept ano'ate,
tert-amyl peroxyneodecanoate, tert-butyl

5 .peroxyneodecanoate, tert-amyl peroxyneoheptanoate,
tert-butyl peroxyneoheptanoate, a peroxydicarbonate,
2,4,4—trimethylpentyl-z-peroxyneodecanoate, di (n-propyl)

peroxydicarbonate, di- (sec-butyl) peroxydicarbonate,
di-(4-tert-butylcyclohexyl) peroxydicarbonate,
10 di-(2-ethylhexyl) peroxydicarbonate, dimyristyl

peroxydicarbonate, tert-amyl peroxypivalate, tert -butyl
peroxypivalate, di-[3,5,5-trimethylhexanoyl] peroxide,
décanoyl peroxide, lauroyl peroxide, dilauroyl peroxide,
di-isononanoyl peroxide, 2,5-dimethyl-

15 2,5-di(2-ethylhexanoylperoxy) hexane and 1-amyl peroxy
2-ethylhexanoate.



7. A net hod accord| e| n said catal yst pronotes curing of
said fornwc% @4.,at m(l Iﬂlm the cure peak maxi num pegHIse7/84188
temperature o no great er am a ow 70[err]C. 8. A nethod according to

claim 1l wherein said catal yst promotes guing of said fornulation at a rate

such.that the cure peak maxi mum occurs at a tenperature of no greater than

about 60[err]C. 9. A method meepbdi REddrdilmy Mté M%w n Sﬁhéréﬁ!ﬂe%a\i@
anat e ester-based formylation, .a nal ei n de-based

formul ation is % é
for mul at i onCREALYEEXPFONCEE St GRS Ponsadd EQFTIALAt AR AL Fad@fe such
formul ati onthaa theylcwtdepeahsadximiorondwtsoat a8 tenyerL£stee- bisend

formul ati Ongr %@'e%l |t¥1 L5 mpags&dcf ornmul ation, a diallyl am de-based
formul ati ona propargy eat%er- based fornmul ation, fornulations based on a

pol ysi | oxane backbone term nated with one or nore of the above-described

functional- groups, forstI ag | &E%h%ﬂs%égk&’l BEId}ea{éé%?% gﬁlfaiéé%d%a

backbone term nated with one or nore of the above unctlon
groups, or &aflYiste PFOMRNES WTINGTSle SHE dormult ionathey TRk IRy to

claim9 wheggiah Sl @@h@sgéakf alaRiimiin Qe 6QPB b%eS ardhpdracupt o ign de
and vinyl ether. f\{g 98/

PCT/ US97/ 24 B582F8T] %%’fé‘?‘h OS%C%OI’dI ng to claim9 wherein said adhesive
formul ation further conprises at |least one filler. 12. A nethod according

to claim1l wherein sai dEXI ﬁ.\ lht & ;éé d]gw ; a@ad ﬂ %[npe%e%hgggll% %@/|§e a

gal I'i um arseni de- based i croe ronic
m cr oel ect r @@talyan mowtﬁpmn@%aﬁe@aﬁir@ amrc & dgevake surch

i ndi um phos phjge- tﬁ?éeéuf‘écbgﬁhce%a[ﬂﬂﬁxﬁn dsvéGes arcadntdmparhtide- kaseash
m croel ectroni ¢ devi ce, or
greater than about 70°C

8. A method according to claim 1 wherein said
catalyst promotes curing of said formulation at a rate such
that the cure peak maximum occurs at a temperature of no
greater than about 60°C.

9. A method according to claim 1 wherein said

adhesive formulation is a cyanate ester-based formulation,

a maleimide-based formulation, an epoxy-based formulation,

a . (meth)acrylate-based formulation, a vinyl ether-based

5 forﬁulation, a 'vin?l ester-based formulation, an allyl

ester-based formulation, a diallyl amide-based formulation

. a propargyl ether-based formulation, formulations based on

a polysiloxane backbone terminated with one or more of the

above-described functional groups, formulations based on a

10 preimidized polyimide backbone terminated with one or more

of the above-described functional groups, or a mixture of
any two or more thereof.

10. A method according to claim 2 wherein said

adhesive formulation comprises a mixture of maleimide and
vinyl ether.



| i t hi um ni obat e- base device. 13. A nethod according to
claim1 wherein said mnmtlmﬂmﬂ lmard whi ch rel eases vol atil es upon
exposure tWOSBBUMTed tenperatumess 14. A method according t S HHPHSS
wherein said substrate is a blsnale|n1de triazine board, an epoxy board, a

board having a polyinmde filmthereon, al®oard having a pol ycarbonate film
t hereon, or a board haV| ng a sol mask Qating thereon. 15. An adhesive

conposi tion useful forthttathRl Qddé‘\? C& 55 3RS WREFeiR said
devi ce and/ eidrssidre el st foe fncitet congleiases \y1 didadsesonle Eligvaied
tenperatures, and wherein there is substantially no void 5 formation upon
curing thereof, said conposition conprising: vehicle, and a catalyst which
initiates curing of sal2. vehi sethed accondang e otain Yrebeeeinhanid

100[err] C 16, #6£QWQS 'stl'l‘l'&o@f‘s@ﬁs@é‘%1%‘%0%'1@6@:%%1"!“@&‘:}1 &2 dg%ﬁ‘l%)ﬁSt

pronotes curing of sal conposition at a rate such that the ‘cur
maxi num occ@esenide thaped at WicrerlestyoBicer d9iEifabod 10UpEtErbased W

98/ 3064'[7 m:.croedlectronlrf device, a sap hlr%:Btéé%Qil /ﬂié§3e%écﬂ-on§c I
conposi |on ccordin ai-m said cata is a.free radica
Cotor st S Asrrday tdn: S8R et dachahd RirtotleatPeRic, SBriRg  ron
metal cat aI yest ,candmium ondnhii denbasednymivpoelerbrentiker devick. Ar a
conposi tion ﬁﬁflﬁ{\% r&?i&ﬂaﬁéabg%éa mg&ﬁ;e&e%%%nfﬁ:e%e%% cal catalyst is

sel ected fromihe group CoONsl er oxyneodecanoate
cunyl peroxyneoheptanoate, tert- arryl peroxyneodecanoate tert- 5 butyl

peroxyneodecanoate, te{s-;ankl (RHHEY RAWIAWPAS claim 1 wherein said

substrate is a board which releases volatiles upon exposure
to elevated temperatures.

14. A méthod according to claim 13 wherein said
substrate is a bismaleimide-triazine board, an epoxy board,
a board having a polyimide film thereon, a board having a
polycarbonate film thereon, or a board having a solder mask
coating thereon.

15. An adhesive composition useful for attaching
a device to a substrate, wherein said device and/or said
substrate are prone to release volatiles at elevated
temperatures, and wherein there is substantially no void
5 formation upon curing thereof, said composition comprising:
vehicle, and
a catalyst which initiates curing of said
vehicle at a temperature of no greater
than 100°C.

16. A composition according to claim 15 wherein
said catalyst promotes curing of said composition at a rate
such that the cure peak maximum occurs at a temperature of
no greater than about 100°C.



ert-butyl per oxyne t anoat e per oxydi car bonat e,

ohe
2 4 4- trlvmysﬂopmtylllwlﬁ u m ﬂm imﬂnoate di (n-propyl) PCT/US97/24188
peroxydlcarbonate per oxydi car bonat e,

-(4-tert- butylcyclohexyl) per oxydi cet bonate, 10 di- (2-ethyl hexyl)
peroxydlcarbonate di nyristyl peroxydicarbonate, tert-anyl
peroxypi val ate, tert-Bd.yl Fperampgsitaen eaccoddting, 6p5ct aimelby whexanoy| |

per oxi de, dSE?HOYzlat%qe@E des 4 appay! e %1d%§e£1;ﬂg§ OyAnpsﬁ%h% cure

di - i sononanoy

2,5-di (2-et ﬁ?FﬁéY&ﬁ@ylﬁer%&/BO%aﬁélr&dcétéWPtper@x}%%%xﬁﬁ@éﬂe

19. A conpesthil9ataC ey & Nebrildikad i dh 16f WY etwoS axd mioAled |t rdy oot es
curing of said formulation at a rate such that the cure peak maxi mum occurs

at. a tenperature of no greater than about 90[err]C. 20. A conposition
according to clai m15 nher ¢i campab et ahystcprdingesoculiaim af7 sdetein

formul ati on_at. .a t k i o) [S
tenperature %fldnofgégater&fé%% a%%%ﬁg%% g%a ggcég%?ségén a?%%r rOg’jlpto
cl ai m 15 wheesisissding cat st pramples cperexysfeadecahoakel at i oguayla
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10 di-(2-ethylhexyl) peroxydicarbonate, dimyristyl

peroxydicarbonate, tert-amyl peroxypivalate, tert-butyl

peroxypivalate, di-[3,5,5-trimethylhexanoyl] peroxide,

decanoyl peroxide, lauroyl peroxide, dilauroyl peroxide,

di-isononanoyl peroxide, 2,5-dimethyl-

1S 2,5-di(2-ethylhexanoylperoxy) hexane and 1l-amyl peroxy
2-ethylhexanocate.

19. A composition according to claim 15 wherein
said catalyst promotes curing of said formulation at a rate
such that the cure peak maximum occurs at a temperature of
no greater than about 920°C.

20. A composition according to claim 15 wherein
said catalyst promotes curing of said formulation at a rate
such that the cure peak maximum occurs at a temperature of
no greater than about 80°C.

21. A composition‘according to claim 15 wherein
said catalyst promotes curing of said formulation at a rate
such that the cure peak maximum occurs at a temperature of
no greater than about 70°C.
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said vehicle is a c¢yanate ester-based formulation, a

maleimide-based formulation,'an epoxy-based formulation, a

(meth)acrylate-based formulation, a vinyl ether-based

5 formulation, a vinyl ester-based formulation, an allyl

~ ester-based formulation, a diallyl amide-based formulation

a propargyl ether-based formulation, formulations based on

a polysiloxane backbone terminated with one or more of the

above-described functional groups, formulations based on a

10 preimidized polyimide backbone terminated with one or more

of the above-described functional groups, or a mixture of
any two or more thereof.

24. A composition according to claim 15 wherein
said vehicle comprises a mixture of wmaleimide and wvinyl
ether.

25. A composition according to claim 15 wherein
said composition further comprises at least one filler.

26. A substantially void-free article prepared
+ according to the method of claim 1.

27. An article comprising a device attached to
a substrate, wherein said device and/or said substrate are
prone to release volatiles at elevated temperatures, and
wherein the bond between said device and said substrate is
substantially void-free.



