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VENT- FREE EPOXY BASED ADHESI VES FOR SEM CONDUCTOR CHI P T
ATTACHVENT AND PROCESS Background & The Invention = 1.

Field of the Invention ~ The present invention is directed to

sol vent-free epoxy based chip (die) bond adhesive fornul ations for
attaching the chip to a substrate and in particular, to both non-

rewor kabl e and rewor kabl e epoxy based I'ow stress adhesi ves whi ch may
optionally contain electrically and thermally conductive fillers. The die
shear “strength using these adhesives is nmaintained when the bonded chip
assenbly is exposed to thermal shock invol ving about -65[err]C to about
+150[ err] C excursions, tenperature-hunidity (85[err]C 85% RH) and/or the-
HAST - test (Highly Accelerated Stress Test) at 130[err]C/ 85% RH (Rel ative
Hum dity). 2. Description of Related Art Di e bond adhesi ves that
are resistant to stress conditions used in product reliability testing, are

free fromthe probl em of @Qﬁb&ﬁ@J%ﬁﬂE EEQX?'éRSEﬁQAﬁﬁ ﬁhﬁply rewor kabl e

wi thout detrinent to device agi ng materla are required in
the el ectronics i ndusfPR SEMBF@NBHﬁ Cﬁﬂﬁﬂﬁ1 NI RROSESS opert i es
provide cost reduction in thBaéE&ﬁdﬁﬁﬁlcﬁ1THé nhwénxi&hngle chi p nodul es
(SCM s)-and-nul tichip nodul es (MCM's), which are typically used in high end
conput ers, autoiwt Field| ett thai bsyemeidincal and tel econmuni cati on -devi ces,

cel lular phones, ajiib \@dUkt 95%5tgeﬂsygealpé99&&t§o solve'ﬂb@&%mvéga&y
~avai |l abl e gl yci doxy et her of bisphenol

eno ased epox
adhesi ves | adl@9th” FRER; Yated y hanghi ?%}besrlo‘fe s??g’%lﬁiﬁ%ﬁ‘it ton t%é‘igcf}%mg
caused due tothéechip rcsnat clublseireeen drte hongedtdempargntiso dbbithg non-

reliability reworkable and reworkable epoxy based low stress adhesives
which may optionally contain electrlcally and thermally
conductive fillers. The die shear strength_ using these
adhesives is maintained when the bonded chip assembly is
exposed to thermal shock involving about -65°C to about
+150°C excursions, temperature-humidity (85°C/85% RH) and/or
the HAST test (Highly Accelerated Stress Testj at 130°C /
85% RH (Relative Humidity). |

2. Description of Related Art

Die bond adhesives that are resistant to stress
conditions used in product reliability testing, are free
from the problem of resin bleed, and also are preferably
reworkable without detriment to device or packaging
materials, are required in the electronics industry. Die
bond adhesives having these properties provide cost
reduction in the fabrication of, e.g., single chip modules
(SCM's) and multichip modules (MCM's), which are typically
used in high end computers, automotive electronics, medical
and telecommunication devices, cellular phones, and various
other consumer products.
. ~The commonly available glycidoxy ether of bisphenol A
or bisphenol F based epoxy adhesives lack the flexibility
required for stress absorption that is caused due to thermal
mismatch between the bonded components during reliability
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2 exposure. These adhesives are also not generally reworkable.
Recently, several different types of paste and tape versions of

t her nopl astic pol yner based fil m adhesi ves have becone available in the
commer ci al market- which can be reworked by thermal flow. However, these
t her nopl asti ¢ adhesives are useful only for-low tenperature applications,
such as, tenporary attachnment for burn-in and have been found to have the
probl em of voids ih the bond | ayer and die adhesion variability. Al so,
the thernoplastic paste fornulations which are avail able are sol vent
based, and have the problem of stringiness or tailing, phase separation of
any filler-such as silver fromthe pol ynmer upon bake/cure, and, in
general, have the problem of performance variability. Yet anot her
cl ass of adhesives that may be reworked is based on silicone el astoner
chem stry. These materials, however, also have the problem of paste
stringi ness, eXBREUNEre i mpdhess | yafhosiveen RE8nd 3SR uf PEE f rEPRSEALLY on
degradati on wh@Brkabgel.d surface bonded die assenbly is exposed to T/H

( Tenper at ur e/ Huni e%g)ltlgéagésés%%n . r?tr%e%ngrg%ypﬁ?s sgﬁeéfaav tggg PLQbL em

of outgasSing o SiTi %b
200[ err] C everraiiohsi wift ithdrmoniliasticuredl vadresiased film Bdresivgte haveo

avai | abl e Bé%in@ eavsi)%mebasﬁ?d t‘i@“dk!s&hélfcﬁ&'i‘e%dé@@ed NywhREnCOBERT Ghel
mar ket which are e remorkable but these ﬁve t €E-roblens of

unsatlsfactoF9w°§§§ge th 3@W -t hetifdievedab FREEG, Mpiastic
per f or mance hdhésﬁnasobrmew&mmmmIonly 2orl Jow sbempersndaaspbiqaitiong e

too short foL,apy pLaclly ﬁanen%? | D¢ FBRHEAGE U9 BBV r?ﬂ”‘%\’?{ds have Jdkn

maki ng of el 8etroni & co B&wres adhesives having_ | nprove
properti es afgupfete b§V§tFPP RrRbde™ of Welddi npehel Remdstaxar tapd et
at | east somadpéstiba f aldbidity. Also, the thermoplastic paste

formalations which are available are solvent based, and have
the problem of stringiness or tailing, phase'separation_of
any filler such as silver from the polymer upon bake/cure,
and, in general, have ; the problem of | performance
variability.

- Yet another class of adhesives that may be reworked is
based on silicone elastomer chemistry. These materials,
however,” also have the problem of paste stringiness, and
more 1mportantly have been found to suffer from adhesion
degradation when a gold surface bonded die assembly is
exposed to T/H (Temperature/Humldlty) stress conditions.
They also have the problem of outgassing of silicone-
containing species when heated above 200°C even with °
initially fully cured adhesive. ) '

There are also available flexible epoxy Dbased
conductive adhe51ves in the commercial market which are
claimed to be reworkable but these have the problems of
unsatisfactory paste rheology, low thermal stability,
variable performance in terms of reworkability, and in- - some

i cases have a pot life too . short for any practical use in
manufacturing environmeénts. ' '

The making of electronic components requires adhesives
having improved properties and there is still a need for new
die bond adhesives that meet at least some of the following

-
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3F properties. These properties include resistance to stress conditions
used in product reliability testing, freedomfromthe problemof resin

bl eed, reworkability wi thout detrinment to device or packaging naterials,

hi gh d|e shear strength, bond stability during reliability testing

i nvol ving thermal cycling and T/H exposure and are thus useful in both non-
hernetic and hernetic packages, void free die bond | ayer attachnent, paste
viscosity and rheol ogy suitable for automated di spense tools and that these
adhesi ves provide an overall cost reduction in the fabrication of

el ectroni ¢ packages. Bearing in mnd the problens and deficiencies of
the prior art, it is an object of the gresent invention to provide an
adhesi ve which may be used in the nmanufacture of electronic conponents,

and, in particular, to attach die or chips to substrate materials. .

Anot her object of this invention is to provide die bond adhesives that are
resistant to stress exposure conditions typically used in product

reliability tostddiies. Y@ﬁeégows&e%wgt iAE1hAL s rBY8RLheR itD tryQyide
di e bond adheiéﬁfs that are free fromt

resin bl ee
Still anot herSYMEdON HS6% ithParaieh FElEBbb}bQYdEP%ﬁ¥PQKn£}%ﬁéhﬂniﬁ9¥
that are rewsthahbsobiidionf desin mehéed o mmmrlxpanmglh@memm@t

vet anot her pUy pgse; of EP'Eab%g%?oﬂahérwlgrO}ﬂigﬁ 61@9

el ectronic corrponent hesives to onnect e corrponent S
such as a chifPrd Fat%ltbg%’ﬂét@r% ol igRilidediegiing IdtiRioia® Sherdd by
the tret hod. cyclAmd hefid puyROoe&pokul-Be andyv &itld ofthuss \BQef.h.IiDVtLdeblo(tW S’Id’re-SS

epoxy adhes! ESRAIA CHhA" W2 S Llod 7 060 B red as o SR, UYL

| arger, bondi'n
O her obj ect samlmﬁrﬁht agestd  tHesqasddant anesembiepdogy | Sd@taabd@r erfiod r om

the automated dispense tools and that these ddhesives provide an
overall cost reduction in the fabrication of electronic
packages. '

Bearing in mind the problems and def1c1enc1es of the
prior art, it is an object of the present invention to
provide an adhesive which may be used in the manufacture of
electronic components, and, in partlcular, to attach die or
chips to substrate materials.

Another object of this invention is to provide die bond
adhesives that are resistant to stress exposure conditions
typically used in product reliability testing.

- Yet another object of this invention is to provide die
bond adhesives that are free from the problems of resin
bleed. ' '

Still another object of this invention is to provide -
die bond adhesives that are reworkable without detriment to
device or packaging materials. - |

Yet another purpose of this invention is to provide a
method for making electronic components by the use of
adhesives to connect the components such as a .chip to a
substrate and to the electronic components made by- the
methda.

Another purpose of the invention 1is to provide  low
stress epoxy adhesives particularly suitable for large'die,
e.g., 15mm x 15mm or larger, bonding. ' '
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foll owi ng description SUVMMARY OF THE | NVENTI ON
The above and other objects which will be apparent to those skilled in the
resent invention which is directed to e oxy bond

art, ar
adhesi ve rj IN mn from sol vent-free curabl e cIMHSHE ng%s fbr i si ng
or t

a sil oxane | yepoxi de, a curing additive (e. j‘ n|ng
additive)

e epoxi de which is soluble in the ep l i he use
of a solvent and a curi ng catal yst if needed. ﬂ“ Im‘t reis
provi ded according to the invention adol vent-free curable epoxy base

adhesive resin conposition which is nade wi thout solvents and which when
applied as an adhesive and cured to bond el ectroni c conponents maintains
adhesion during product stress testing, the conposition conprising a

solution of: siloxane containing polyepoxide; a curing additive for the

pol yepoxi de; and E r|n cataly;ﬁdfOSV?lp gg xepoﬁld %ﬁ%& iﬁﬁ % on

~cont ai ni ng ponepOX| 8, vedand curing el ng

mut ual |y sol wdllé Wﬁtﬁ@@?r3n§oﬁ¢@wtt@ﬁ ﬁhélPENpéré§%¢€ﬂQ#lQﬁmn|cat|on
Accordi.ng to anot her enbodi nent of the invention there is provided an
article of manufacture conprisjng a substrate havjng di sposed thereon a
pol yneric conposition conpri Sk o of the solvent-free
cur abl e epoxy bas&teadfesiev arnde sithe rc aripiesittsi, owhdicht b lilnventapparent to

Accor di ng tot)s%tseanekmearrbm' T Qlrtl Nt 8VERHIQNEAICLR | Endr Pelithe

met hod for naking an el ectronic conponent asse whi ch requires
attachment ofin¥epaigne Whiporentdlr&Ghad sthgt hﬁppﬁ;ﬁsﬁg IPRENES RPDEY t he
i nvention onbendneadhekhoe CoapORSNtSrépatedi bandad; spleehbgfide athsble

conponent to n th h |ve e

heating the a%%gn%ll ?Ltgol%c croggtr%%l% hési %ofgéngt?%gﬁgit%%&?éﬁergw& &
It is an i npEREANG faeh—’sldirlefe)f (e he- i nhandening haddihive) | §xandheorRRA*idR)
epoxi de and y&khng saddiiibie he 'ﬂ&auéblo)hé@'Nbl:l‘i‘owttth%ltué&%ﬂsé? £d1vent

e e LIS RSl ey a I LR LTRSS, PLRRSILS adle
of the invention that the siloxane containing epoxide and
curing additive be mutually soluble without the use of a
solvent té achieve the superior adhesive performance
properties of the compositions of the invention. :The
general term "polyepoxide”, -"epdxide" or "epoxy resin" is
generaily interchangeable and defined as any molecule
containing more than one alpha-oxirane group capable of
being polymerized by ring-opening reactions of the epoxy
group. Exemplary widely used epoxy resins include the
diglycidyl ethers of bispﬁenol A and bisphenol F which are
made by reacting epichlorchydrin with bisphenocl A or °
‘bisphenol F in the presence of a basic catalyst. In the
preferred siloxahe containing diglycidyl ether epoxides used
in the invention, the bisphenol A or bisphenoi F group 1is
essentially replaced by the siloxane group. Typical
siloxane epoxides useful for the purpose of this invention
include commercially available bis (1, 3-glycidoxy
propyl) tetramethyl disi lox.ane; bis-(1,5 glycidoxy
propyl)hexamethyl trisiloxane and related materials 'some Of
which are commercially available. These can be used as the
pure epoxy component Or in combination with non-siloxane
epoxides, typically cycloali.phatic epoxides like ERL 4221 or
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pol yepoxi de", "epoxide" or "epoxy resin" is generally interchangeable and
defi ned as—“amvﬁﬂﬁﬂanﬂfrtﬁﬁ%aining nore than one al pha-oxiiane group
capabl e of ri.zed by ring-opening reactions of the e group.
Exenpl ary w?ﬁl et}g ’dr esins include the digl VEIB@HEEéﬁ’%@r%%‘?

bi sphenol A Hﬂ V\:hl ch are made by reacting %b?‘cﬁﬁ%’rohydrl n

W th bisphen ol Fin the presence of Ii‘ .

the preferred si I oxane contai ning diglycidyl ether agm mﬂaﬁ‘ the

i nvention, the bisphenol A or bisphenol F group is eSSen |a 'y replaced by
the siloxane group. Typical siloxane epoxides useful for the purpose of
this invention include commercially avail able bis(1, 3-glyci doxy

propyl )tetranet hyl disiloxane; bis-(1,5 glycidoxy propyl)hexanethyl
trisiloxane and related materials sone of which are comercially

i L non-Si | ot ane onecibe.res (aF) &g"foif".yt*ﬁ%@ﬁQ’Séé??ﬁé’?@r‘t’ﬁé’”ﬁkfai'ﬁ

w th non- Sl|ﬁx g 59 kﬁes plca cyc
or the comopfRfyPRsE glyplh?F & F?eﬁﬁaﬁﬂgﬁhéﬁ PXang, CHRERABABY BPOXY
O her _.repr eresttasl \endi theare moarhiad nbiig p&ppm)taltesnnsamdshhwnr iret Wod. of

preparati on Paten n§h ﬁéﬁ iq 4&0’5 od¥ £g" B@Qgegoéﬁﬁ Q@2 tth% 3 es@%”@%#&@ﬁ

article entit from S Atai ni n .
Patt er son anﬁpﬂémﬁsBlfW FdoxanesContgi pipg E’:’El?‘ﬁﬁ(ﬁes Payt Wﬁlﬂl%l J.7,

Pages 1089- 1pa@te1S68) anHONbrhﬁhemllQﬁﬁ beuagall acopenyﬁéedsbeéﬁte bpart

cpoxy bas N R R T s M SN i

epoxy based ad%é5|ve dr epa rom conprrse’a
pol yepoxi de angoapgrasgdnbea@ﬂnebytyp@ecsncag addltlve for the pol yepoxi de

such as a bis (anfo)asi kexana Obsp et ownemeoniﬁv@h{aﬂoﬁnhaﬁaxgie bésed
curing cataléﬁﬁ & al so be use% need g nglil tant hat
these conponBfiPESE¥er; REGPEESHLLTIM UG BI€°WPPﬁbE%°ﬁSs %En?°mprlse Fhe
curing addit podykpoxtide epukiae sidicotanes amihebetppy ofirtihg laddirt ione | figr
the polyepoxide such as a bis (amino) siloxane or a siloxane
containing anhydride. A curing cata1§st may also be used if

needed. It is also important that these components be
likewise mutually soluble without a solvent. )

The curing additive for the epoxide moieties may be any
of the known curing agents with the'proviso that the curing
agent be soluble in the epoxide. The curing agent will be
typical%y selected from the group consisting of amines or -
anhydridés as conventionally used and hydroxy ketones such
as the preferred hydroxy benzophenones that have been found
to be soluble in siloxane—containing'epoxides and excellent
hardening  agents for siloxane containing epoxides.
'Likewise, the curing catalyst may be any of ‘the epoxide
curing catalysts known in the art and will.generally be a
tertiary amine in conjunction with a proton source such as
nonylphenol, ethylene glycol or propylene glycol for
anhydride curing epoxy formulations.l Alternate curing
catalysts especially with hydroxy-benzopyhenone hardening
additives may be metal -salts of carboxylic acids as tin or
zinc octoate, dibutyl tin dilaurate, copper naphthenates,
aryl dicyanates, etc.

In another aspect of the present invention, there is
provided adhesive compositions which are reworkable by
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agents with the proviso that the curing agent be soluble in the epoxide.
The curing agent wll be typically selected fromthe group consisting of
am nes or anhydrides as conventionally used and hydroxy ketones such as
the preferred hydroxy benzophenones that have been found to be soluble in

si | oxane-cont ai ni ng epoxi des and excel lent ~ har deni ng agents for
si | oxane contai ni ng epoxi des. Likew se, the curing catalyst may be any of
t he epoxide curing catalysts known in the art and will generally be a

tertiary amne in‘'conjunction with a proton source such as nonyl phenol,

et hyl ene glycol or propylene glycol fof anhydride curing epoxy

formul ations. Alternate curing catalysts especially with

hydr oxy- benzophenone hardening additives may be netal salts of carboxylic
acids as tin or zinc octoate, dibutyl tin dilaurate, copper naphthenates,

aryl dicyana .e1.cC. an L e t i nt |
thgre S %rov%géalgéhe&h\% 88%%85i %P(@%Sl@%ﬂl%%ngér% P%%@%S%F%S _b;}e/oe cdllse
6 heat i ngSehterpBdy 8dheshee BEhE@sdveonpedlentthaty chee FoiR emialy die

the adhesive. sdthctheblishepahipacan bangel essidgéy rddimthg fver r asigye
remalning afggﬁovggtpmay be removed by polishing or grindiﬁg the
_ substrate to generate. a fresh surface for bonding of a new
- die over the clean region without effecting the shear
strength. The reworkable adhesive compositions are
compositions as defined above and comprise a siloxane
containing epoxide or a commonly used epoxide such as the
glycidoxy ethers of polyhydric phenols, a hardener for the
epoxide (with .or without siloxane containing structural
feature ) which is soluble in the epoxide without the use of
a solvent{'preferablyian anhydride, a curing catalyst, if
needed, and in addition, an oligdmeric or polymeric additive
selected from the g¢group consisting of polyacrylate,
polymethacrylate and/or a poly-fluoralkyl acrylate or
methacrylate component which has been found to impart
'reworkéble properties to the siloxane epoxide based adhesive
composition. The polyacrylate based additives that. have -
been found to impart reworkability to the adhesives are
preferably soluble in the adhesive composition.

In another aspect of the invention, there are provided
adhesive compositions which are both non-reworkable and ’
reworkable as defined above and which further contain
metallic or other fillers to provide thermal agd conductive
‘and other properties to the adhesive.

Yet in another aspect of the invention adhesive
compositions are provided for low stress adhesive bonding of
large chips to a substrate.

In a further asrect of the invention, there is provided
a method for making electronic components by the use of.the
above adhesives to connect components such as a chip to a
ceramic or metal surface, typically Au, Cu and Ag which
comprises applying a coating of the adhesive onto the
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removal may be renoved by polishing or grinding the substrate to
generate a fresh surface for bonding of a new die over the clean region

wi t hout effecting the shear strength. - The reworkable adhesive
conpositions are conpositions as defined above and conprise a

si | oxane contai ni ng epoxi de or a commonly used epoxi de such as the

gl yci doxy et hers of pol yhydric phenols, a hardener for the epoxide (with or
wi t hout sil oxane containing structural feature ) which is soluble in the
epoxi de wi thout the use of a solvent, preferably an anhydride, a curing
catalyst, if needed, and in addition, &n oligoneric or polyneric additive
selected from the group consisting of polyacrylate, polynethacrylate
and/or a poly-fluoralkyl acrylate or nethacrylate conponent which has
been found to inpart reworkable properties to the sil oxane epoxi de based

?dhezl ve conpasktirate Jﬂi@/&@' wafd Vicalie, basetb agdiaeventt haht hae begked
oun to |rrpar

rkabll to fhe adhesjve referab soluble in
t he adhesive Egﬁﬁ F(onand 3i"efa?‘lti’;f?'fi)t hR %% @to‘a‘# tﬁ% \%@% mippLes
are provi dedfadﬂeyledeb@ormvsmq oat Wl$|0cﬂ7af’@ Fotch %ﬁormumtﬂe aFior an
rewor kabl e aél@%fthraﬁqcab%%mﬁ@' SHSINET Bsimgal i Cre&oekas&e

fillers to pravide therpal and conductlve and ot ropertles to
adhesi ve. adbegsive. 5 thenattaghad Qﬁet?EE9#“@%“?QWPQR§E§IQ%nCBﬁDBEnggnS
ar e- provi dedofkoremowedt (eewoattee vy heiading ehel asgembliypatt anaelabatesdt e.

In a furthertg %S%EtBES Q?h nggégﬁgpﬁe%4§%51%epqu'fﬁﬁh {Eﬁgogegg&tgeélng

el ectronic conp V€& ‘adhesives 1o con
conmponent s sﬁ@ﬁ°3§1a°€hﬁpdﬁ§e§tééﬁaﬂm@por metal surface, typically Au, Cu

and Ag which corrprm&eSa@u@@éweg @oﬁ;@@éiﬂﬂ)rﬁi bire edbesinieeriiiich t hdd the

7 substrat and/or _the ch chi acenent,on_t ed, substra and
neating at OBLEEOTERFFCOPBPOIBRIE MAdh J61NG) LBReReby°R P nga: hveRtion
150- 170[ er r ] Broyide0-d@atinaniss. coRrponente| vbttcbmacrecoarrﬁmequlsxsemngledade

using a remshabh%v%d%s'a\eﬁxeénhfe abdg herla @i £5 Ohy @t oﬁ:@gpé’ﬂ&”}egi‘ﬂtﬁﬁt
pul I ed or reanedI§remor ed e%}heatln t he asseq%%y an el evat ed

tenperature t£8 Soff ef Fﬁ@tﬁdh Qe hdohaShepErat et ye to 1improved

substrate/die interface adhesion both w1th Au and silicon
back die on Au or ceramic pad, provide a‘ void-free bond
layer and are optionally reworkable, among other superior
properties.

3. Detailed Description Of The Invention

Acébrding to this invention, solvent-free improved
epoxy based die - attach adhesives, with and without
reworkability properties, comprise siloxane containing
epoxides, or siloxane epoxides in cémbination with non-
siloxane epoxides, preferably diglycidyl'ether derivatives
for .siloxane époxides,with or without <cycloaliphatic
époxides, cured with hardening additives which are soluble
in the epoxide without the use of a solvent and which are
preferably anhydrides that are commonly known for epoxide
curing or hydroxybenzophenones as alternate epoxide curing
additives which according to this invention have been found
to be effective hardeners. It is important that the "epoxide
and curing agent be mutually soluble without .-the use of a
solvent and highly preferred that the mutual solubility be
at the temperature of use and more highly preferred over a



renoval of a defective chip. The adhesive conpositions of the

I nvention and the el ectronic conponents made using the nethod of the

i nvention provide el ectronic conponents which are effectively bonded and
have.an adhesi ve bond that is hydrophobic and resistant to T/H effects,:
show hi gh shear strength due to inproved substrate/die interface adhesion
both with Au and silicon back die on @* or ceram c pad, provide a void-free
bond | ayer and are optionally reworkabl e, anong ot her superior properties.
3. Detailed Description O The Invention According to this invention,
solvent-free inproved epoxy based die attach adhesives, wth and

wi t hout reworkability properties, conprise siloxane containing

epoxi des, or siloxane epoxides in conbination with non- siloxane epoxides,
preferably Wigeycrapgeet®lr thmpematures f sromsistneage depedadugesh oér

wi thout cygéealsd phabicc t%p%oqe%e et UMt th@ﬁéeﬂéﬂﬁeéﬁdhkévéi wBkch are
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t he epoxide/curing Itiv I conposi t cont
convent i onafarboxylates as tin-octoate, dlbutyl(pln—dllaurate) and

liquid aryl dicyanates, specifically AroC-L10 which is a
liquid dicyanate ester monomer ethylidene bis 4,1 phenylene
dicyanate commercially available form Rhone-Poulenc Inc.,

Louisville, Kentucky, U.S.A. Electrically conductive
fillers such as silver flakes and/or ceramic fillers are
used to. provide conductive (electrical and thermal)
formulations.

The siloxane containing epoxide based adhesives of this
invention do not require a solvent and are free of the -
problem of resin bleed, maintain interface integrity during
product reliability testing including thermal shock and
temperature-humidity excursions, have excellent rheology
that is compatible with autodispense tools, and, for the
reworkable formulation, are reworkable without the use of a
solvent. For rework, the bonded assembly is heated
typically at about 200°C to about 250°C to soften the
adhesive. to allow the chip to be pulled off (removed)
selectively. Any residue may be removed by.polishing or
grinding the substrate, and a new die can be bonded on the
same surface without any change in the shear strength.



epoxy curing catalysts such as a tertiary am ne and a proton source
typically ethylene glycol or nonyl phenol , or netal carboxylates as
tin-octoate, dibutyl(tin-dilaurate) and liquid aryl dicyanates,
specifically AroC-L10 which is a liquid dicyanate ester nononer ethylidene
bis 4,1 phenyl ene di cyanate comerci ally avail abl e form Rhone- Poul enc I nc.,

Louisville, Kentucky, U S A. El ectrically conductive fillers such as
si-l ver. fl akes and/or ceranmic fillers are used to provide conductive
(electrical and thermal) fornulations. The sil oxane contai ni ng

epoxi de based adhesives of this invention do not require a solvent and are
free of the problemof resin bleed, ma®ntain interface integrity during
product reliability testing including thernmal shock and
tenperature-hum dity excursions, have excellent rheology that is
conpati ble wth autodi spense tools, and, for the reworkable fornulation,
are reworkabl e wi thout the use of a solvent. For rewrk, the bonded
assenbly is heatredotrdgngal | yoat abibst Zﬁﬁ{eﬁﬂl]dﬁ t 0 ahmabl2650[ edhp€itre
soften the a%ﬁﬁ)‘o‘é@.t&%&@' l:\l?‘élht glg lg(p‘ygd J([EKSC)F%F IRTEH Qlf fsegl%%?l\égfé)tor ﬁhlp

sel ectively resi due my r enov g or grindin
substr at e, aﬁd:téql?ékﬁ/nﬁl e2xancbEappadedidh tfhbs@amgee skAraes W hé&ﬂoéﬁgle
Changg in th@dﬂtaahlﬁbrengt$p0x1des, bpreferably anhydrides Yor
Accordi ng I n curahl e ive co sition
ipr oved per RyreRvBepzSERRhbRRs epo Fl AN oPBlooR AR abeh
m sci bl e bl e§iPex UrHEne eadidlaisitisng anﬁ»athe fillred er bp| y form

anhydrides themaly¢r a&ubeméeebﬁaamw Ehdudt e A RS a@«,&@s may be

conventional .epo rin nductiv ers
L T e e
into the form mdat abaven dmmpindssllyp 70-bbolrSH0Uyandedpbte,of ydiheal EptaD-to
85% by wei ghte@fpiR@ibatal fornmul ation. The siloxane  containing

epoxy based adhesive formul ations can _be further nodified to Broyide a
reworkabl e adhesi ¥@€con5dSPERBR by CPREBIPIRGAL | nEPPBW noPa&EFar REPGAREVE

formulations can be further modified to provide a reworkable
adhesive composition by incorporating low molecular weight

acrylate polymers that are found to be miscible in the
adhesive formulation without  requiring a solvent. In
* general, molecular weights up to 40,000 have been found
suitable.

Representative siloxane containing polyepoxides useful
for the purpose of this invention are represented by the
general formula;

A o A
CH, CHCH, O(CH, - (Tl o +hs;-+cn 5 ¥ OCH ,CHCH

CH 3 CH 3

wherein X is 2 to 8 carbon atoms and n is 1 to 10,
preferably 1 to 6.

Preferred siloxane containing epoxides include: bis-
(1,3-glycidoxypropyl) tetramethyl disiloxane, bis- (1, 3-
glycidoxybutyl) tetramethyl disiloxane, and bis-{glycidoxy-
propyl or -butyl) hexaméthyl trisiloxane. Other silokane
containing epoxides include: 1,5-bis[p-(2; 3~
epoxypropyl)phenyl] hexamethyl trisiloxane and 1,7-bis{p-
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acrylate polyners that are found to be mscible in the adhesive
formulation wthout requiring a solvent. In general, nolecular

wei ghts up to 40,000 have been found suitabl e. Represent ative sil oxane
cont.ai ni ng pol yepoxi des useful for the purpose of this invention are
represented by the general formula; [err] wherein X is 2 to 8
carbon atons and nis-1to 10, preferably.l1 to 6. . Preferred

si‘'l oxane cont ai ni ng epoxi des include: bis- (1,3-glycidoxypropyl)

t et r amet hyl di si | oxane, bis- (1, 3- glycidoxybutyl) tetranethyl

di si |l oxane, and bis-(glycidoxy- propyl or -butyl) hexanethyl trisil oxane.
O her sil oxane containi ng epoxi des I ncl ude: 1, 5-bis [p- (2, 3-
epoxypropyl ) phenyl] hexamethyl trisil&ane and 1,7-bis[p-

10 (2, 3- epoxypropyl ) phenyl] octanethyltetrasil oxane, which are
represented by the general formula: [err] whereinnis 1 to 4.
Representati ve anhydrides as curing additives according to this invention
i ncl ude hexahiZdrlopipokabiropghhpdenyd] (ortamethyltetrasiloxane, which are

represented by the general formula:

(e} CH "H ' o)

/A ' \
CH , CH CH 2_._.@_.(3 1_0)_ 51 _._ CHCH

c
"3 3

‘wherein n is 1 to 4.
Representative anhydrides as curing additives according
to this invention include hexahydrophthalic anhydride (or

bis-1, 2-cyclohexane dicarboxylic anhydride), methyl-
hexahydro phthalic anhydride, maleic anhydride, succinic
anhydride, (2,5~-dioxytetrahydrol) ~3-methyl-3-cyclohexene~

1,2-dicarboxylic anhydride, alicyclic _ anhydrides- and
dianhydrides ahd the like.

Representative. compounds among the poly hydroxybenzophenones
as epoxy hardeners according to this invention include
2,2',4,4"'-tetrahydroxybenzophenone, ' 2,3,4~-
trihydroxybenzophenone and 2,4'-dihydroxybenzophenone. The
benzophenones additives are preferably used in conjunction
with dibutyl-tin-dilaurate and/or AroC-L10 liquid aryl
dicyanate as a curing catalyst. The curing additives may
also be siloxane containing, e.g., -siloxane containing .
anhydride, for reactions with an epoxide.

-In general, the amount of epoxide and curing additives
are pfesent in substantially equimolar amounts, but the
epoxide: curing additive molar ratio may vary from about 3:1
to 1:3, e.g.; about 2:1 to 1%*1.8 although lower or higher
ratios may be employed depending on the reactants. and
properties desired. '

' The écrylate polymer optional co-additives to .provide
reworkable adhesive formulations include polyacrylates‘and
polymethacrylates and polyalkyl acrylates and polyalkyl
methacrylates such as poly(n-butylacrylate and/or n-
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bi s-1, 2-cycl ohexane di car boxylic anhydri de), met hyl - hexahydro
pht hal i ¢ anhydri de, mal ei c anhydride, succinic anhydride,

(2, 5-di oxyt etrahydrol)-3-net hyl - 3-cycl ohexene- 1, 2-di carboxylic

anhydri de, alicyclic anhydri des and di anhydrides and the |ike.
Represent ati ve conpounds anong the poly hydroxybenzophenones as epoxy
har deners according to this invention include 2,2,

4,4' -tetrahydr oxybenzophenone, 2,3,4- trihydroxybenzophenone
and 2, 4' -di hydr oxybenzophenone. The benzophenones additives are
preferably used in conjunction with dibutyl-tin-dilaurate and/or AroC- L10
liquid aryl dicyanate as a curing catalyst. - The curing additives may

al so. be siloxane containing, e.g., silpxane containing anhydride, for
reactions with an epoxide. In general, the anobunt of epoxide and curing

additives are present in substantially equinolar amounts, but the epoxide:
curing additive nolar ratio may vary fromabout 3:1 to 1:3, e.qg., about 2:1

to 1:1.8 altbaughmb@naer9nahégherpéaykﬁﬁiiﬁb&éﬁhﬁymﬂ(méﬁhabﬁywabeng oRnthe

reactants and he acr t| na
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polyacrylate@ban& pol Yt harefleaabdyarR 4 yal Kithe a@cylydpse &mﬂxm#Waﬂﬁw
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butylnethacrylate

: nmet hacr Iate hyl
et Moo S R GALART s S RTWL T AT R L T
C2- 4. Thecampyhaée po&ymﬁ6 t 1 s pirdeifmetiy hpnineaelthgli n thleemehesi vand
formul ati on. I C n entisen
conpr | se nzrnglﬁ@%? LEpRRR ale Nk TA Qa*-ﬁln*’@*n% st
al t hough theb§t arkfeR \é?ﬁ)xylé‘at a‘}%tsaéﬁﬁséﬂ’%o O3t ?\g foese

adhesive f dormudbit@d8s. ofExbhp&arporﬁpbaylon&taEyeuplaﬁncapdny b@hawysts

ol ude_benz i NVl ALOSERHM EN0a0LUS! | cLLLSaShIBE PHAFHYO Rt

phenol et hyl ene
N,N Nerr], NP@ﬁﬂPlréthHRE§€2 hﬁdN599propVbN é@nytémé di &%haBCANd @Fdne;

N,N,N!,N'-tetrakis (2-hydroxypropyl) ethylene diamine and the
like. '

A preferred electrically conductive filler is Ag flakes
having less than about 10 micron average size, although up
to about 30 microns may be used or-higher. Other fillers
that can also be used are Ag powder, Au, Ni, Cu, silica,
alumina, aluminum nitride, or a ceramic filler. Amounts up
to about 80% or higher by weight of the total formulation
may be employed with preferred amounts of 60% to 80% being
typically employed. The fillers may be blended into the

.formulation using conventional techniques known for
obtaining polymer/filler dispersions ‘'such as high shear °
mixers or rotary mixers. .

The adhesive formulations of this invention are
solvent-free, have paste rheology and viscosity suitable for
auntodispense tools, have long storage stability, require no
prioxr surface treafhent of the substrate for durable bonding
and provide void-free attachment of components to gold and
ceramic surfaces with no resin bleed problem. When the
adhesives of this invention that are reworkable are used to
attach semiconductor chips, the chip can be rewbrked_.by
heating the assembly at about 200°C to about 250°C for about
1 to about 2 minutes and pulling it. Any residue can be



| irke. A preferred electrically conductive filler is Ag flakes having

| ess than about 10 m cron average size, although up to about 30 m crons nmay
be used or higher. QO her fillers that can al so be used are Ag powder, Au,
Ni, Cu, silica, alumna, alumnumnitride, or a ceramc filler. Amounts up
to about 80% or hi gher by weight of the total formulation nmay be enpl oyed
wth preferred amounts of 60%to 80% being typically enployed. The fillers
may be bl ended into the formulation using conventional techni ques

known for obtaining polynmer/filler dispersions such as high shear

m xers or rotary m xers. The adhesive formul ations of this invention
are solvent-free, have paste rheol ogy gpd viscosity suitable for

aut odi spense tools, have |long storage stability, require no prior surface
treatment of the substrate for durable bonding and provide void-free
attachnment of conponents to gold and ceram c surfaces with no resin bl eed
pr obl em When t he adhesives of this invention that are reworkable are

uaed to ?r{) It acfa;lsa@ﬂﬂeeib ormgggifqusihhhgs(:rbtg&&nahh[@ ¢ha l@fabfsewgt&eéubyabaat bAg
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tenperature o e&gagx@,thyldlslloxane and cis-1,2-cyclohexane dicarboxylic
anhydride in essentlally equimolar amounts form a miscible
blend when heated to about 60°C to 65°C and the mixture
remains miscible when cooled to room temperature or below.

It is further preferred for a reworkable formulation that
about 5 to about 15 percent by weight (of tlie epoxide curing
additive mixture) of poly{(n-butylmethacrylate} or related
materials be added to these siloxane containing
epoxide/anhydride blends with compatible/clear solutions
being formed. These blends can then be used to formulate
reworkable conductive adhesives by dispersing therein, a
filler, preférably silver flakes, and a standard anhydride
- curing epoxy catalyst comprising a tertiary amine and a -
proton source, preferably tris-dimethylaminomethyl phenol
and nonylphenol. It 1is also preferred that the same
siloxane~containing diepoxide and 2,2',4,4 -
tetrahydroxybenzophenone be blended in a molar ratio of
about 2:1, respectively to form a compatible/clear solution
which can be used to disperse up to about 70 to about 85

- . percent (by weight) of Ag flakes or other filler material.
The dispersion is catalyzed wusing metal carboxylate,
typically tin or zinc octoate, dibutyl(tin-dilaurate) ~and
liquid aryl dicyanates such as AroC-L10 to form an excellent



It*is further preferred for a reworkable fornulation that about 5 to about
15 percent by weight (of the epoxide curing additive m xture) -of

pol y(n-butyl met hacrylate) or related materials be added to t hese
sil oxane  contai ni ng epoxi de/ anhydri de bl ends with conpati bl e/ cl ear

sol utions being formed. These blends can then be used to fornul ate

rewor kabl e conducti ve adhesives by dispersing therein, .a filler, preferably
silver flakes, and a standard anhydride curing epoxy catal yst conprising a
tertiary amne and a proton source, preferably tris-dinethylam nonethyl
phenol and nonyl phenol . It is also preferred that the sane

si | oxane- cont ai ni ng di epoxi de and 2,2',4,4 -

t et rahydr oxybenzophenone be bl ended in @ nolar ratio of about 2:1,
respectively to forma conpati bl e/clear solution which can be used to

di sperse up to about 70 to about 85 percent (by weight) of Ag flakes or
other filler material. The dispersion is catalyzed using netal
carboxyl ate, t3CERYOF kaH oreidnetdaeoadhesigien (G9mRQfigrduralt ey chrand:

liquid aryl dityajsiiearfillderanidy @arikidBest0 form an excel | ent
13 non-remorkabug gygdgc ive ?dhesive for conpongzt at gchnent t%_QJéj

and ceram c surfaces. rea P?B é%?.ﬁgﬁﬁﬁﬁa bFBﬁ%% J%i%_ f%%vgﬁh Sives of
the invention Hreenddaml 2F¢ e@xppraifbleddbyorst abheng Isioptaindng bis- (1,3~
gl yci doxypr opyddydidexdpropyl) -1, 1, 3,3t et ranet hyl di si L OXa&¥hyldisiloxane/
hexahydr opht hal i c %Ph%erde or, . 2,2',4,4" - 2 214 4
t et rarhydroxybg'ff'z’i?d?m F136n] unct | GPNNSEASR 11 ers, OF g., Ag,2dnd tdting
cat al yst s desdre thethwhmreybemct ophiEponse 4 ndicopgusicttd onhevilithe rfid. 1dreshe e.g.,
substrate, plagnodgae dheing !0e 2ol vacde LbgasulBbia! Condie .ngzgriages
about 100[errJCto gbout lloFerr?% or abo&t §3 m nut es ?oj?omeg&t .curing
at about 150[ éHrIRERG Nghothe 1BEERAT PR fidie aBRAtTRF A0 RIRRANGOTREnGHEEs %hd
preferably. 16G:Hé5hahes Gréobnabihy S8Qbdbratelut Reatingi s avsht eapeorgt wes
may vary wi del g, depengjdg Qi) ta'ﬂ;%axl%r %Befxﬁlhﬁéege?&ifgﬁd b 1{1{}1 eYprkaile
adhesi ves of the 1hvention, the die can be pulled o byya sheating action
(rempved) by RH&flGGgt@tabout 165°C for about 30 to about 60 minutes and
preferably 160-165°C for about 30-45 minutes. Times and
temperatures may vary widely depending on the properties
desired. _ '

With reworkable adhesives of the invention, the die can
be pulled off by a shearing action (removed) by heating at
about 180°C to about 200°C or higher, e.g., 250°C for about
1 to about 2 minutes. The residue on the substrate surface
may be easily cleaned by polishing or grinding to generate a
fresh surface for bonding of a new die.

Conductive adhesive compositions based on siloxane
containing epoxides and/or epoxides -cured with siloxane
containing curing agents according to this invention can
also be obtained with amine curing additives which are

miscible with the epoxide. It has been found that unlike
the commonly used aromatic amines in epoxide curing, bis
(aminophenoxy benzene) (APB) and - 2,2-bis[4-(4-

aminophenoxy)phenyl hexafluoropropane] (BDAF) dissolve in
the above siloxane containing diepoxide (bis- (1,3 glycidoxy
propyl)-1,1,3,3- tetramethyl disiloxane) without the use of
a -solvent and are preferred. Conductive fillers, typically
silver flakes, may also be added if desired.  As noted
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about 180[err]C to about 200[err]C or higher, e.g., 250[err]C for about 1
to about 2 mnutes. The residue on the substrate surface may be easily

cl eaned by polishing or grinding to generate a fresh surface for bondi ng of
a new die. Conducti ve adhesi ve conpositions based on sil oxane
cont ai ni ng epoxi des and/ or epoxides cured with sjloxane containing curing
agents according to this invention can also be obtained with amne

curing additives which are mscible with the epoxide. It has been
found that unlike the comonly used aromatic am nes in epoxide curing, bis
(am nophenoxy benzene) ( APB) and 2, 2- bi s[ 4- (4-

anm nophenoxy) phenyl hexaf| uor opr opane] I8DAF) dissolve in the above

si | oxane cont ai ni ng di epoxide (bis-(1,3 glycidoxy propyl)-1,1,3, 3-
tetramet hyl disiloxane) wi thout the use of a solvent and are preferred.
Conductive fillers, typically silver flakes, may also be added if desired.
As not ed - 14 above, bis(am no)

si | oxanes nmay Q@oﬁéﬁdﬁ.sﬂ(aﬁzlirrﬁ))e%(mbﬁlﬁﬁeénﬁla?rlgéi fgesUid okl aPBSIALRS and
It has been _foun #I ttu%a cur%ﬁg the sil oxane containing epoxide
blend i s mich RFVTe i aRismat sé?ﬁ Re curing additives relative to the
anhydri de hardener sttandhahusbedrr afibyridi dehetr i pyraadi t pfe ithepr efidoxede

according to t&ﬁtairﬁ“’rﬁ‘g‘“ééﬁklde fﬂﬁee{dnafse mm%u%ercwmxslata&a%mh%lm
si | oxane am nes as cur itiv t. hat areEHseful for. fhe 8 ose of hIS

i nvention are “¥Hu%e Sgggﬁ%@ﬁ lﬁ? iye B t EPSorfHE N Ao PahfienerHr 40d
whi ch articl e tlus drieerandydriide @mghegtaddlpxm@er$|p§efﬁrn§d(aanmzdamgxmde

based conposi ttx?f? fﬂ{védﬁogwposgﬁegrﬁgegps oesclttrl%ﬂsc avin
circuitry. ary epoxi des inc -e oxy propy pﬁeﬁyl]
hexamet hyl tri s§4 %%Pe?LQ?lﬁQﬁﬁ§9(?d§ltéﬁ8ﬁ BPBp?FFpHéﬁﬁPF

decanet hyl pent;asmds@anef this Thavanthes afred €HbEBY dekbriber) dlsycrwbéd.by

Pat  or son nd ELAQILALe Shi oINSl | SRl OTRLLE AMASH IMLE" AiBernea

conpatlble Wi t oxane contdi ning 63 dnd'ncd
3-bi s-.(p- ammfﬁhen@xﬂe@@rmmmemms oxahe améloaalsebu gpoxide based

:(p a”‘nOphenOXdBmpo§Eﬁ%ﬁﬂ§'Bdr tHe Ifidgds@N®f endBipsLa&itieh of electronic

| circuitry. ‘Exemplary epoxides include 1,5—bis[pj(2,3—epoxy~
"propyl)phenyl] hexamethyltrisiloxane and 1,9-bis{p-(2,3-
epoxy-propyl)phenyl] decamethylpentasiloxane.

The amines as a curing additive described by Patterson
and Bilow are siloxane-modified aromatic amines which are
compatible with siloxane-containing epoxides and include
1,3-bis-(p~aminophenoxy) tetramethyl disiloxane and 1,5-bis-
{(p—~aminophenoxy) hexamethyl trisiloxane. Bis (amino)
siloxanes shown in Berger are also useful.

Conductive adhesive formulations can be obtained by
forming a soluble mixture with a siloxane epoxide and °
siloxane amine, siloxane epoxide and amine or epoxide and
siloxane amine or mixture of ' siloxane epoxide and
cycloaliphatic epoxide and siloxane amine or standard
aromatic or aliphatic amine and mixing a conductive filler,
typically silver flakes by conventional methods of forming
polymer/filler dispersions. This paste can be used for die
bonding and has been found to form a low stress flexible
matrix when thermally cured. Similar compositions’' can be
formed using a siloxane containing anhydride or standard
anhydrides in conjunction with siloxane epoxide, mixture of
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si:l oxanes shown in Berger are al so useful. Conducti ve adhesive
formul ati ons can be obtained by formng a soluble mxture wth a sil oxane
epoxi de and sil oxane am ne, siloxane epoxi de and am ne or epoxi de and
siloxane amne or mxture of siloxane epoxide and cycloaliphatic
epoxide and siloxane anmne or standard aromatic or aliphatic am ne and
m xi ng a conductive filler, typically silver flakes by conventional nethods
of form ng polyner/flller dlsper5|ons This paste can be used for die
bondi ng and has been found to forma | ow stress flexible matrix when
thermally cured. Simlar conpasitions gan be fornmed using a sil oxane
cont ai ni ng anhydri de or standard anhydrides in conjunction with siloxane
epoxi de, m xture of 15 siloxane
epoxi de and non-sil oxane epoxi de or conventional epoxides.
EXAMPLES s1D6xahe! lePi:itie EXARP! Bsh- QO xdrYd eBPER1dE 0 oxf UedMEntional
illustrate the |nv ntion and are not intended to li1mt the scope of the
i nvention in SR9*HBfher. Exanple 1 A mixture of 3.2g (8.7 nmole)
1, 3-bi s-(glyci doxypropyl) tetranethyldisil oxane, 0.8g of
pol y(n-butyl nethacryl ate) and 1.54g (1O0gzQmR ggi gof 1, 2-cis-hexahydrophthalic
anhydride was heated at abqut 50[err]C 60[err JCwith stirring to
forma clear solutThd. Axldqwingy, ekpEPpARfyd@Tfe ciRtARdedd tPve MAER¥ st
di ssol ved in ihmsﬁﬁayerranerrﬁmwﬁieﬁt iavgd adrdOnbo Gftended the limit the
pol yacryl ate gg 3 9&§§8L¥§ﬁ Eﬁ gg&sm$g£g£|on The m xture was

er

cooled to roon1€%£ erature a nonyl phenol and
0.1g trls-Ezéﬂgg__Hlnethylanlnonethyl) phenol were bl ended in, foll owed

by the addition ofal@ifeupé &t seizgf l(ekosmnayey ag%PBié*Fd_jﬁyéid&c}ﬁ&ﬁp}}h)an
10 mi cron). The

t
resin-filler teﬁF@%%%EYgﬂ151loxa$ﬁe Bo%ﬁugtt?ﬁﬂygﬁ 2?¥&%ﬁﬁhﬁﬁf¥&§%ﬁﬁeﬁ??(:
until used i n1ES4gpl(202mmBlanplcef 21, 2-cigrisominmhrhpditdralditi mnigsirsden ohasl

to the 'substrglgred at about 50°C to about 60°C, with stirring to form a
! clear solution. Alternately, the énhydride curing additive
was first dissolved in the epoxy mcgnomer by heating at 50 to

60 C and the polyacrylaté additive was dissolved in this

solution. The mixture was cooled to room temperature after

which 0.1g nonylphenol and 0.1g tris-(2,4, 6~
dimethylaminomethyl)-phenol were blended in, followed by the

additiog__ of 19.6g of silver flakes (average particle size

less than 10 micron). The blend was mixed to form a
conductive adhesive resin-filler dispersion. The
formulation was stored below -20°C until used in Example 2.
Example 2 '

_ A semiconductor chip was attached to the substrate
ﬁsing the adhesive of Example 1. Before use, the adhesive
was thawed to bring it to room temperature, dispensed on
plated gold or bare cerqmic die pad or ce_ramic substrate
followed by c¢hip placement with 1light pressure.' The
assembly was heated at about 100°C to about 110°C for about
30 minutes and cured at about 160°C to about 165°C for 45
minutes in a Ny purged oven and cooled to about 80°C before
removing the assembly. Die shear test using a standard
shear tester showed greater than 10kg shear strength for a
12.7mm by 8mm chip. The shear strength remained unchanged

awr
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usi'ng the adhesive of Exanple 1. Before use, the adhesive was thawed to
bring it to roomtenperature, dispensed on plated gold or bare ceramc die
pad or ceram c substrate followed by chip placement wth [|ight
pressure. The assenbly was heated at about 100[err]C to about 110[err]C :
for about 30 m nutes and cured at about 160[err]C to about 165[err]C for 45
mnutes in a N2 purged oven and cool ed to about 80[err] C before renoving

t he assenbly. Di e shear test using a standard shear tester showed greater
t han 10kg shear strength for a 12. 7mm by 8nmm chi p. The shear strength
remai ned unchanged 16 upon

exposure of this assenbly to stress condi® i ons i nvol vi ng 150 hours HAST
test (130[err]C/ 85 percent hunidity) and -65[err]C to +150[err]C thermal.
shock test involving 1000 cycles. The-die could be easily pulled and
renmoved when heated at about 180[err]C to about 200[err] C 250[err]C for
about 1 to about 2 m nutes. Any residue on the substrate side was easily
renmoved by poPPERi nGXIRSUSEr f & ofhithe aspFthhY e. LA nERWFEAFp KOREAE1OBSt he
surface as abaweolsting e :‘aaimsa@ths&l vestesmbbed Vnsa @beaéntt hefRgbhty)

ivalent to_t Lgj , adh
B o o 2B PR e N0 R SRR S heas . VAYIER Vipap
3.2g (8. 7mol eycdest he. 'élpgxdde aqm:labdm abyly1pudimdl endf remevedxahedr o

phthalic anhy%b@edcwﬂ Nhaddi { syec Ves e agegd keppicngsakt gdierapdigr edi ept s
t he sane. Exeagg Q? tests with the condyctive adhe5|v past e bt ai ned
therefrom sh hBEPUTeRe pefPBr FEREEUSF Thi EPpasi®skde tequiisg eleSt o

the resul ts okaBidgpkem@ve@ixayppeliishing Ahe mutiigae ofofthe 3ubSgrate( 10A

mol e) of ner 3ch§6 si:%ngadoew p"tﬁQY'QurfeFéé agst *Bﬂd?l}es' hgiage tr?é‘dsax%e29
(5 mmole) of 2, tetraﬁy r oxybenzophenone was heated w

stirrin
50[err]Cto aBSHFSGEFerIFﬁs@Jt ¢ oH’n @ cPBSAT st ASIRED Tﬁﬂ‘s}lgﬁiﬁ?ForF%ag gh

cool ed to rooprtginalashearastréhdighdi butyl-tin-dilaurate and 0.2g liquid
aryl dicyanatgxé%ggé L10 were m xed in foll owed by 14.5g silver flakes and

t he _
An adhesive mixture was formed with the same components

as in Example 1, except that 3.2g (8.7mmole) of the epoxide
and about 2.1g (13.6mmole) of the -hexahydro phthalic
anhydride curing additive were used keeping all other
ingredients the same. Die bonding tests with the conductive
adhesive paste obtained therefrom showed that the
pexrformance of this paste was equivalent to the results of
Example 2.
Example 4 _
A  mixture of 3.66g (10 mmole) of 1,3~
bis (glycidoxypropyl) tetramethyldisiloxane and 1.2g (5
mmole) of 2,2',4,4'-tetrahydroxybenzophenone was heated with -
stirring at 50°C to about 60°C to form a clear solution.
This solution was then cooled to room temperature and 0.1g
dibutyl-tin-dilaurate and 0.2g liquid aryl dicyanate AroC-
L10 were mixed in followed by 14.5g silver flakes and the
mixture blended to obtain a uniform dispersion. This
conductive adhesive formulation was stored below -20°C until
use in Example 5.

Example 5 . ]
A semiconductor chip was attached to a substrate using

the adhesive of Example 4. The adhesive at room
temperature was dispensed on the substrate having a plated
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ng:xture blended to obtain a uniform dispersion. Thi s conductive
adhesi ve fornul ati on was stored below -20[err]C until use in Exanple 5.
Exanpl e 5 - A sem conductor chip was attached to a substrate using the
adhesive of Exanple 4. The adhesive at roomtenperature was

di spensed on the substrate having a plated .

17 gold or bare ceramc bonding surface followed by chip

pl acenent with |ight pressure. The assenbly was heated at
100[err]C—110[err]C for 30mn and cured at 160[err]C 165[err] C for 45m n.
in a N2 purged oven and all owed to cool .to about 80[err] C before renoving
fromthe oven. Die shear test showed gréater than 10 kg shear strength for
a 12.7 x 7.5mm chi p. The shear strength remai ned substantially unchanged
( >10 Kg) after reliability stress . exposures i nvol vi ng 168 hour s
tenperature-humdity (° 85C/ 85% hum dity ) excursions and 200 cycl es at
-65[err]Cto +150[err]C for thermal shock. Exanple 6 The conductive

adhesi ve for mygtd ory0f pEX@8NPEerdmyas w&qaf dsWﬂchEhefSIQSQéaorb haéhlt;he
catal yst system was sybstjtuted with benz nﬁh sz and e ene |

gl ycol. No ch IRV Hdhebt T REFST Hefce WaS GESERDLY. wl%?aﬁﬁ%

A mxture of 1(m°zz;11(0f£ Zroro 3&minl a84( ghyeddBXyp6©m+)65°C for 45mJ.n in
tetramet hyl di 5% | Cﬁ‘g{%ﬁr éadoveﬁ hna %2 éfw%@l 61:0 b2 to) abgtzt 80°C beforei |

hexahydr opht ha de was stirre nwth eatlﬁg1 60
a clear sol utiMREDSF ofr’?%‘ﬂ the pyan wa Lol 1Ak %’(tﬁﬂ tqliﬁ?tcﬁr IR of
narrow nol ecullzr Xei ghbalaolsy;(rm'rglty;l niirhagr ybavek andmnhechd pxt ura‘hieezﬂrﬁahr

again vi th Stignidgb] | Lehs &?dgk‘\bggag;‘:Js.gfi)sznchaIQisso UL} gy £d

to roomtenpera system cohprisin 29) noéy pheno and
(0.1g) tris-2 r@JG-éH-‘tlﬂéthI anfrﬁéﬁﬁsﬂ hyl eppPRferesas ABHE4VEBY| ond@8py HIRHE ng
34.5g silver fyairadtamidigunindaesr agespaestechemsﬁzeylps&émo’l& ran'a @00

L) b DTSN MR e o=y bRy ghagat on s stored
Example 6
The conductive adhesive formulation of Example 1 was
prepared with the exception that the catalyst system was
substituted with benzyldimethyl amine and ethylene glycol.
No change in the adhesive performance was observed.
Example 7
A mnixture of 5.2g (14.2mmole) 1,3-{glycidoxypropyl)
tetramethyldisiloxane and 4.1 g (26.6 mmole ) of
hexahydrophthalic anhydride was stirred in with heating at
50 to 60 C till a clear solution was formed. This was
followed by the addition of 0.5g of narrow molecular weight
poly(methylmethacrylate) and the mixture heated again with
stirring till 'the. additive dissolved. The solution was °
cooled to room temperature and a catalyst system comprising
(0.2g) nonylphenol and (0.lg) tris-2,4, 6~dimethylaminomethyl
phenol was added followed by blending 34.5g silver flakes
~having an average partiéle si\ze less than 10 micron till a
homogeneous dlsperSJ.on was formed. This formulation was
stored below ~20°C until used. Use of the formulation as an
adhesive showed for chip attachment to substrate showed
similar adhesive properties as were obtained using .the
adhesive of Example 1.

Example 8
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adhesi ve showed for chip attachnment to substrate showed sim |l ar adhesive
properties as were obtained using the adhesive of Exanple 1. Exanple 8
18 A sem conductor chip was attached using the conductive
adhesi ve of Exanple 7 using the bonding procedure described in Exanple 2. .
The die shear strength with a 12.7 x 8™ die on a plated gold or ceramc
surface was greater than 10 kg. This value was unaffected by stress
exposures invol ving HAST tenperature-hunidity and thermal cycling at
-65[err]C to +150[err]C. The chip could be pulled by shearing when heated
at 180[err]C - 200C to 250[err]C for 1-3gi n. Any residue remai ning on the
substrate was polished off, and a new chip was attached on the sane surface
wi th no change in the shear strength in conparison to the fresh surface.

Exanpl e 9 A mxture of 1, 3- bi s(gl yci doxypropyl)tetranet hyl -
di sil oxane( 0.6g ), cycloaliphatic epoxide ERL 4221( 1.99 ) and maleic
anhydride ( 0.6g ) was stirred at 50C till a honpbgeneous sol uti on was

formed.  This wsAceeﬁlfeloﬁ&u %ﬁ%%ég %&@&sﬂe&% ftﬂ@”%’&?&\.fé%vé”md

30 ng tris- dinethylam npo net ﬁ% were m xed |l ver
fl akes were bPehgRHve ot Framp g%ﬁ%%%stkﬁsB%?é}%ﬁlE%@CGQEE%J
attachnment ushnBxamgpke ProCERelréie o$hdzang eerdytthowsth 5l A Ky shemxrm dle

strength for %XngFQB“ &é"icﬁ’ 8P AW g P PJ%&% L}frdéér%s} "l 1

t he adhesive Inthrs case be reane y
heating at anTm%v‘A@ tefparmifiected by stmnrsrseem@sbr%emwh‘om ifB¥Thas

been parti culaémyeﬁ&wéhﬂmldwy seenjtheehbONcyBling at spsecfts +1Betfearred
and var at | onths; Fhopeo S % LR, RE Maar it R ied B P e
f oregoi ng dese®PpEi &m. AX0°Cs fmmréfbmenconﬂﬁnmle@%xﬂumaremhenap@ende¢he
claims Will substrate was polished off, and a new chip was attached on
the same surface with no change in the shear. strength in
comparison to the fresh surface.
Example 9 .
A mixture of 1,3-bis(glycidoxypropyl) tetramethyl-
! disiloxane{ 0.6g ), cycloaliphatic epoxide ERL 4221( 1,99 )
and maleic anhydride ( 0.6g ) was stirred at 50C till a
homogeneous solution was formed. This was cooled to room
temperature and 50 mg of nonylphenol and 30 mg tris-
dimethylamino methyl phenol were mixed and then 8.2g of
silver flakes were blended in till a homogeneous dispersion
was obtained. Chip attachment using the procedure of
Example 2 showed >10 Kg shear strength for a 12 x 7 mm chip
on BAu die pad or ceramic substrate. Unlike the adhesive of
Example 1 , in this case the chip could not be'removed by °
heating at an elevated temperature.

While the present invention has been particularly
described, in conjunction with a specific preferred
embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those
skilled in the art in light of the foregoing description.
It is therefore contemplated that the appended claims will
embrace any such alternatives, modifications and variations
as falling within the true scope and spirit of the presént
invention.
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‘eftbrace any such alternatives, nodifications and variations as falling

\émot i he true lﬂlﬂ'ﬁ"ﬁ‘“'ﬁl““ l“l of the pr eéﬁgj I\/IBnVi.ntl anol vent -free

curabl e epoxy base ddhésille fesin conposition which is made without

sol vents and whi ch when applied as an adhesive and cured to bond el ectronic
conponent s mai ntai ns adhesi on dur.ing product stress testing, the
conposition conprising a solution of: si | oxane cont ai ni ng

pol yepoxi de; ~a curing additive for the pol yepoxide; and a
curing catalyst for the pol yepoxi de; t he sil oxane contai ni ng

pol yepoxi de, the curing additive and cu}?ng catal yst being nmutually

sol ubl e without a solvent at the tenperature of application. 2. The
conposition of claim1 wherein the polyepOX|de is represented by the

formul a: CH3 CH3  wherein x
is 2to8andnis 1 to 10. 3. The conposition of claim2 wherein the
curing additive ighae} eabetingr d@sthepgaotpe cionsirtiiony ofhamhysr cllesmped

am nes and h g[oxybenzophenones. 4. The conposition of claim1 further
conprising a“conductive filler. 5. The conposition of claim1 further
conprising an additive to the conposition wherein the additive enables t he
bonded conponents to_be reworked w thout the need for
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sOl vents which additive is selected from the group consisting of

pol yacryl at €, , [ igy| at e, pol yal kyl acryl ate and

pol yal kyl rreﬁlmulﬁllﬂmﬂmummruoro al kyl acrylate and pol yiHIQISHEEN K4S BEEN
met hacryl at e Whéreitn #hesalkyl group is Cerr]-g err] 6. THEPEORERSI t | on
of claimb5 further .conprising a conductive filler. fid b
claimé mhereln the pol yepoxi de i s a siloxane contalnlng T@ gf%%ﬁﬁ 3 ﬁgﬁ
epoxi de ant ve i s an anhydri de.

21 8. Theﬁ@@i&ﬁ#&b@éﬂ a| m 3 wher elB the pol yepoxi de is selected from
the group 1, 3-gl ycidoxy propyl) tetranethyl disiloxane,
bis(1, 5-gl ycolm H[ﬂﬂ[@?’h heXamet hyl trisiloxane and m xtures thereof. 9.
The conpositi wherein the curing additive is selected fromthe
group consisting of hexahydrophthalic anhydride, nethyl-hexa hydropht hal
anhydride, maleic anhydride, succinic aphydride, alicyclic anhydrides,
alicyclic dianhydrides and m xtures the T2 10. The conposition of claim
9 further conprisiAg aplaenitt-if\reetocmtrebdenpepot{yonbawhéreadhehevaddresm

enabl es the baghsdssPFBANERLS S revvor ked without the need for solvents
whi ch additive {Iag ge | ect eg %nﬁgm tlﬁ con5| stl ng of pol yacryl ate,

pol y(net h) acryl & S1ii313ng GRS VP%\‘?% p BRtAAR @It hacr yl at e,
pol yf | uor oal kyl a aainires eaddik poé yfdootpal Miyéwm wiel¢h wher soubhe in

| Kyl i h
apoxi do 1o serect oiipy EB1yRBOxi B WILERAR Ehelule G % TBAUHELS dhd e
propyl )t et r amet Hy|CuHidg cﬁéﬁﬁelyitﬁ sﬁqr Sthe mldt%HPXﬂ-lC\%yl ) hexarret hyI

trisiloxane and m xtures thereof. 12. The conposition of claim 1l wherein

ool St ng 81 Siye® gl RIS Lo Wyl 48

represented by the formula:

A T A

CH 2CHCH20(CH 2—);—-(51 O -3— lSl——-(!CIQ}}-C!_OCH 2CHC'H2

CH, CH,
wherein x is 2 to 8 and n is 1 to 10.

3. The composition of claim 2 wherein the curing additive :
is selected from the group consisting of anhydrides, amines
and hydroxybenzophenones.

4, The composition of claim 1 further comprising a -
conductive filler. :

;5. The composition of claim 1 further cemprising an
additive to the composition selected from the group
consisting - of polyacrylate, polymethacrylate,
polyalkylacrylate and polyalkylmethacrylate, polyfluoro
alkyl acrylate and polyfluorcalkyl methacrylate wherein the
alkyl group is C1-C8. ' ' :

6. The composition of claim 5 further comprising a
conductive filler.

T mwr
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tet rahydr oxybenzophenone; 2, 3,4 tri hydroxy benzophenone;

2,4 di hydrgnmmﬂm fl hd m xtures thereof. 13. An article of
manuf act ur H mumstrate havi ng di sposed there‘ﬁk Eé:pﬁ)@gg%,@
conposi tion torfpritsi Mg the* reacti on product of the sol vent- peasthable -
epoxy based adhesive resin conposition of claiml1l. 14. The arti claﬁf
3
rate

claim 13 which is an el ectronic conponent. 15. The art I&E&!‘mmﬂwﬂﬂ
wherein t ' ent conprises a chip attac

by the adhei'.v C BSi ion.. 16. An article of manufacture conprising an
el ectronic ﬁiﬁnm j chi.p bonded to a substrate by the adhesive

conposition 22
17. An articl re conprisiagy an el ectroni c conponent having a
chip bonded to a substrate by the adhesive conposition of claim6. 18. An
article of manufacture conprising an el ectronic conponent having a chip
bonded to a substrate by the adhesive conposition of claim7. "19. A nethod
for maki ng an el ectroni c conmponent assenbly which requires attachnment of
separate co nent corrgnri si.ng: £ 1a9191| in}g t he hesi ve of Cjcﬁi m 1 onto
one of the conponeits 8PS HdhGeqt cla %I‘é PO R he DR Y TSRt o be
bonded on t hesiddhesiesecwmftaind rad Esilyeidyat edhecoepordre; and theheatdimg t he
assenbly to g dile adhesi weni@rdhkach the conponents.  20. The nethod of
claim 19 wherein the adhesive further conprises a conductive filler. 21.
The met hod of claim 19 wherein the adhesive further conprises an additive
to the conpdsiti dhevhssmgpas ithieomdsl tcleirendbivesreihe bbeded loemosridert sig o

be reworked V!éfggged from the group consisting of bis(l,3-glycidoxy
'propyl) tetramethyl disiloxane, bis(1,5-glycidoxy propyl)

hexamethyl trisiloxane and mixtures thereof.

S. The composition of claim 8 wherein the curing additive
is selected from the group consisting of hexahydrophthalic
anhydride, methyl-hexa hydrophthalic anhydride, maleic
anhydride, succinic anhydride , alicyclic; anhydrides,
alicyclic dianhydrides and mixtures thereof.

10. The composition of claim 9 further comprising an
additive to the composition selected from the group
consisting of polyacrylate, polymethacrylate,
polyalkylacrylate, and polyalkmethacrylate, polyfluorocalkyl
acrylate and polyfluoroalkyl methacrylate wherein the alkyl
group is C1-C8. '

11. The composition of- claim 2 wherein the epoxide is
selected from the group cbnsisting of bis(l,3-glycidoxy
propyl)tetramethyl disiloxane, bis (1, 5~glycidoxy propyl)
hexamethyl trisiloxane and mixtures thereof.

12. The composition of claim 11 wherein the curing agent is
-a hydroxybenzophenone selected from the group consisting of
2,2',4,4'—tetrahydroxybeqzophenone; 2,3,4 trihydroxy
benzophenone; 2,4" dihydrexybenzophenone and mixtgres
thereof. | '
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‘t“ﬁe need for solvents which additive is selected fromthe group consisting
' th)acryl ate, polyalkylacrylate and

potyactytate;——poty{ne
ponaI pol yfl uoro al kyl acrylate and poly
met hac? 'lm fi mﬁ e al kyl group is Clerr]-C8. 22 Twe'"\g)é éﬁBEEN
claim he5| ve further conprises a conductive f|| er and an
additive to the conposition wherein the additive enables tHEBdH H“’T“1
conponents to be reworked without the need for solvents whiki lade b6t s
sel ected fromthe group consisting of pol yacryl at e,

pol y( meh,Q kaes irds 8b@ Replade®! yal kyl acryl at e and pol yal kyl net hacryl at e,

pol yf I UOHM‘WEEHI ate and pol yfl uozpmal kyl nethacrylate wherein the
al kyl
An artic

* C L M S * 13.
ure conprising-a substrate having di sposed

t hereon a polymeric conposition conprising the. reaction product of the

sol vent-free curabl e epoxy based adhesi ve resin conposition of claim

1. 14.13he @ tdef g xf d%‘ﬂdﬂuk%c@ﬂk%hcbﬁp@ﬂs@h@cér§ﬂb§trate having

conmponent . article claim

he
el ectronic dlsl%%?‘r%%net}i L& pr Pse@oJayr%EFﬁJpc at‘ioﬁtﬂ‘?«?dttl(?na Eﬂﬁgﬂﬁfﬁgbytlﬁe
adhesi ve conposa¢iipm productlGf Bhe aotliveing- f@"feemulf@lmlelrepoxmrmasad]g

an el ectroni Caghesive resin composition of claim 1.

14. The article of c¢laim 13 which 1is an electronic
component. '

15. The article'_of claim 12 wherein the electronic
component comprises a chip attached to a substrate by the
adhesive composition.

16. An article of manufacture comprising' an electronic
component having a chip bonded to a substrate by the !
adhesive composition of claim 5.

17. An article of manufacture comprising an electronic
component having a chip bonded to a substrate by the
adhesive  composition of claim 6.

18. An article of manufacture comprising an electronic
component having a chip bonded to a substrate by the
adhesive composition of claim 7.

19. A method for making an electronic component assembly
which requires attachment of separate components comprises:
applying the adhesive of claim 1 onto one of the
components to be bonded;
placing the other component to be bonded on the adhesive
of the adhesive coated component;
heating the assembly to cure the adhesive to attach .the

components.



co‘rrponent having a chip bonded to a substrate by the adhesi ve

- conposHt+en—of—etarm 5 17. An article of nmanuf acture conprising an
el ectro ent having a chip bonded to §§;L§Eﬁr t he
adhealﬂﬁlﬂﬂ"&lﬂﬂﬁﬂﬁﬁ]ﬁ( cl ai m6. 18. An article g pom'%.ﬁ ure
conpri nic conponent having a chip b

substrate t he adhesi ve conposition of cl ai m ﬁmu Il]l" Eﬂmt

met hed—f—e%—ﬁﬁkhﬁg—mct roni ¢ conponent assenbly

at tac egogd conponents conpri ses: applying the adhesive
ne. of the conponents to be bonded;

pI aci :am l\ ﬁl onent to be bonc% d on the adhesive of the

adhesi nent ; heat9™ng the assenbly to cure the adhesive
to dttach the corrponents. :

TH S SHEET HAS BEEN 20. The nethod of claim19 wherein the
adhesive used is the adhesive of claim4. 21. The nmethod of claim19

wherei n the ad®hsi Theumethod bliecadbrsivewpérelnithd.adheXivelhasaetikod hef
claim 19 wher %id?letsq%eagt%e%il\ﬁmuggd is the adhesi ve of claim®6.

21. The method of clalm 19 wherein the adehsive used is the
adhesive of claim 5.

22. The method of claim 19 wherein the adhesive used is the
adhesive of claim 6.



