0 6 OCT 2004 D E ATTACH ADHESI VES W TH VI NYL ETHER AND 5 CARBAMATE OR UREA
FUNCTI ONALI TY This invention relates to die attach adhesives coqﬂphmiﬂﬂ4
resins that 10 contain both vinyl ether and either carbamate,

t hi ocarbamate or urea functionality. Adhesive conpositions, particularly
conductive adhesives, are used for a variety of purposes in the
fabrication and assenbly of sem conductor packages and m croel ectronic
devi ces. The nore prom nent uses are the 15 bonding of integrated circuit
chips to lead frames or other substrates, and the bonding of circuit
packages or assenblies to printed wire boards. There exist electron
accept orl donor adhesives that contain vinyl ethers as the donor conpounds
for use in | ow nodul us adhesives, particularly in fast-cure adhesives for
die attach applications. However, die 20 attach adhesives containing
commercially available vinyl ethers frequently suffer from poor adhesion,
resin bleed and voiding due to the volatility and non-polar nature of

t hese comercial vinyl &HhaFBACHTRRESIVRENMETHY INY LNEBER B0 | nproved di e
attach adhesi¥ves utili zi ng GARBAMAGIEHER YRESAUAGTINALDY ar functionality in
order to address these performance issues. 25 This invention relates to die
attach adhesi ve conpositions containing resins that have vinyl ether and
pol ar functionality, such as a carbamate, thiocarbamte or urea
functionality, on a nolecular (small nolecule) or 1 06 OCT 2004 pol yneric
entity. The die attach adhesive conpositions may contain a curing agent

and one or fore fi ' ! e’n%s inJEHR oAU REUD Be REHPRhYITRE cEnBhAY ResTRYhdPE 2

branched, |inear,
10 contain both vinyl ether and either carbamate, thiocarbamate or urea

functionality.

Adhesive compasitions, particularly conductive adhesives, are used
for a variety of purposes in the fabrication and assembly of semiconductor
packages and microelectronic devices. The more prominent uses are the

15 bonding of integrated circuit chips to lead frames or other substrates, and the
bonding of circuit packages or assemblies to printed wire boards.

There exist electron acceptor/donor adhesives that contain vinyl
ethers as the donor compounds for use in low modulus adhesives,
particularly in fast-cure adhesives for die attach applications. However, die

20 attach adhesives containing commercially available vinyl ethers frequently
suffer from poor adhesion, resin bleed and voiding due to the volatility and
non-polar nature of these commercial vinyl ethers, Thus, there is a need for
improved die attach adhesives utilizing vinyl ethers containing polar
functionality in order to address these performance issues.

25 This invention relates to die attach adhesive compositions containing
resins that have vinyl ether and polar functionality, such as a carbamate,

thiocarbamate or urea functionality, on a molecular {small molecuie) or



cyclic al kane, a siloxane, a polysiloxane, a C, to C4 al koxy-term nated 5
sil oxane or polysiloxane, a polyether, a polyester, a polyuret handl 6 ACT 2004
pol y(butadiene), or an aromatic, polyaromatic, or heteroaromatic group.

I n anot her enbodinment, this invention is a die attach adhesive conposition
conprising one or nore of the polar vinyl ether conpounds and one or nore
co- pol yneri zabl e el ectron acceptor conpounds, and a curing 10 agent and
one or nore fillers. Suitable el ectron acceptor conpounds for

copol yneri zation are fumarates and nal eates, for exanple, dioctyl naleate,
di butyl nal eate, pdiy®sficdntifylmaé ait attadhizlbdsyde cbip@itahemaiResitdisa alringonmpounds
containing acrylate and nmal eim de functionality are other suitable el ectron
accept or mat eri alagent #6d drieerr pekefilensi nyl et her conpounds used in the die
attach adhesive conpositions of this invention will be compounds having a
structure as depi ct edhtaoigcular on polpmeniti acdup2@eyrpeiasorénched, Bneaared preferably 1
to 3; R, R2, and R3 are hydrogen, nethyl or ethyl, preferably two of R,
R2, and R3 are hydiiegkieandiosse. p 8oBPHyE, @ Grid Caslkexyperefntethl y al | are
hydrogen; 2 0.6 OCT 2004 é%is an al kyl or al kyl enoxy |inear or branched
chain having 1 t &€ ¥&p! WX%{]LEO%?'Y%(‘%@QOOVE%%aipﬁléiéﬁgﬁ'&‘aeﬁt 1y 0, NR, or 5,

in which R} is as _described _above, with the pro iso that both X and Y
po[y utaﬁ?neﬁ, or anaromahc, polyaromatic, or heterdaromatic group.
cannot be oxygen"orsulfur,” an

In another embodiment, this invention is a die attach adhesive
composition comprising one or more of the polar vinyl ether compounds and
one or more co-polymerizable electron acceptor compounds, and a curing

10 agent and one or more fillers. Suitable electron acceptor compounds for
copolymerization are fumarates and maleates, for example, dioctyl maleate,
dibutyl maleate, dioctyl fumarate, dibutyl fumarate. Resins or compounds
containing acrylate and maleimide functionzlity are other suitabie electron
acceptor materials.

15 | The polar vinyl ether compounds used in the die attach adhesive
compositions of this inven-tion will be compounds having a structure as

depicted here:

R3 O
1 Z
R ﬁ)\ NN
RZ
n
in which
20 nis 1o 6, and preferably 1 to 3;

R', R? and R® are hydrogen, methy! or ethyl, preferably two of R',
R?, and R® are hydrogen and one is methyl, and more preferably all are

hydrogen;



5 Z is a branched or |inear al kane, which may contain cyclic noieties, a

sil oxane. a polysiloxane, a C, to C4 al koxy-term nated sil oxane or 0

pol ysi | oxane, a pol yether, a polyester, a polyurethane, a poly(butadlg#312ML
or an aromatic, polyaromatic, or heteroaromatic group. Starting materials
for- preparation as the Z group are comercially 10 available froma nunber
of sources; for exanple, aromatic and pol yaromatic materials may be

obt ai ned from BASF Q;sis%ﬂwy:;or%ikg@@sgp'%aaacbrmhmﬂamofﬁ&1 td §pm Cel est:

pol yet hers from BASF; pol yester om Uni gema or Bayer;~ poly(butadiene)s
fromElf Atochegiopatowedl et hanes from Bayer or BASF; and the branched or
| i near al kanes from Uni cl emra. Sone of these sources will 15 have avail abl e

Z materials already Xamict &renepershthy @, NREag S| Riwhith{R igesdescriveact i ve
functionality with the starting material containing the vinyl ether group;

I N ot her cases abieewlth the brdvisothat hoth X lanth¥ednriodbd oygén exrsaliurzend t he material s
I n preparation for reaction with the vinyl ether starting material. The
exact conpo8ition oiZisebenvharormsagtikanef wizich mayaintar ¢ycliccadieties, 4 he 20
invention and can range w dely dependi ng on the requirenents of the end
use for the el &taxpom adolysiloxensnpEuledz. aikexy-teomipaied silosenealr Z can be chosen to
gi ve specific material properties in a final fornulation, such as,
rheol ogi cal preYdP¥anesa PelyRitesRdYestep 2 PRYWEthSRR BireYfrlRgEne) 85, t oughness,
strength, or flexibilit& Fop ex%%%leb q?IOM/IeveI of crosslinking and
free rotation ZBG[ATEY% ROBPIPMERT O ETHERIOMRIG " Pnart flexibility to a
conpound, and the pr, C 3 %ﬂg ﬁ%% & | 1 Ox Leti.es will inpart
hydr ophobicity and %@{bbrﬁ?t?{‘af fo &S 8%% ;érzsé% agﬁ?mgﬁér%@h‘gi n length wll
af fect vi S49ST tLyaiahid ol SHlffbet HGoiRhee (4t Abmie | BhHhatc 3R phitsahapaer -t he chain
| ength, the higher the viscosity. T ése polar.vinyl efhef conpounds can be
prepared by vam##sls may be obtained from BASF or Bayer; siloxanes and polysiloxanes

from Gelest. polyethers from BASF; polyesters from Unigemna or Bayer;

poly(butadiene)s from Elf-Atochem; polyurethanes from Bayer or BASF; and

the branched or linear alkanes from Unigema. Some of these sources will

18 have available Z materials already functionalized for reaction with 2 co-

reactive functionality with the starting materijal containing the vinyl ether

group; in other cases, the practitioner will need to functionalize the materials

in preparation for reaction with the vinyl ether starting material.

The exact composition or molecular weight of Z is not critical {o the
20 invention and can range widely depending on the requirements of the end

use for the electron donor cbmpounci. The éompcshion of Z can be chosen

to give spacific material properties in a final formulation, such as, rheclogical

propetties, hydrophilic or hydrophobic properties, toughness, strength, or

flexibility. For example, a low level of crosslinking and free rotation about

25  polymeric bonds will impart flexibillty fo @ compound, and the presence of



5 synthetic routes as devised by those skilled in the art. One suitﬂaﬁ)pﬁ 204
method is through a condensation or addition reaction between a viny

ether term nated al cohol, amine or thiol and a co-reactive functionality
such as an isocyanate on the nolecular or polyneric entity starting
material. Synthetic routes for a vinyl ether term nated al cohol, and for a
vinyl ether containing 10 urethane oligoners are disclosed in US patents
4,749,807, 4,751,273, and 4,775,732 assigned to Allied Signal, Inc. These
pol ar vinyl ether conpounds can bl ended with el ectron acceptor conpounds,
such as fumar at eslpxarelnededties will drogayl rgtieshobiitg andfiEkidilityl Tesmolecutar

co-pol ynerization to form cured adhesive conpositions for 15 use in a wde
vari ety of appl i eeightens chaBuetgibivé affenteiseasiys theddhrsathe aokesulervesigcht f or  exanpl e,
di octyl mal eate, dibutyl maleate, dioctyl fumarate, dibutyl fumarate.
Sui t abl e acryl at &9 the EngrI HercHas leaad. e 8I0BHIMEYEPEl y avail able, for
exanple, from Sartoner. Suitable nmaleimdes are easi%;rlhypre ared, for

exanpl e, according t o PeEeYEIHESIRELEPPHEGS F ISP RA BT YeHOS34, 194 and 20
6,034,195 to rshem. The inyentive, polar vinyl ether n may be
fornul ated i nﬁ gyag‘ﬁ"k%ﬁ%? 5%%%‘({5?%? ”‘gﬁﬁ% |4||ﬁ%'m3¥e %rﬁcar&ssﬁﬁ%ﬁgg@rgr%psi %/I ons,
and particularl yislrtr@{’/&h Cagcg) D8 hiloh 8P SadktBh rélffin d%tv?éeﬁ%tvfn?mtr‘r‘e? appl i cati ons.

The conpositions ain one or nore curing agents and conductive or

nonconductive fielfihSed Aconddmik PRt AR d do#kBIvERBRHARSucRENEST ON
pronoters or coupling agents. 1In general the adhesive ‘conpositions wl|

contain a m Xt urgodbindté16n the nfdcligbr GORNMErM iR stavingYhateheSyniBt an el ectron
acceptor, The nolar ratio of 4 0 6 OCT 2004 el ectron donor to el ectron

acceptor w || ustsalek or aeinwi dtfer rerrhinated aingrel, @hd for 2 vingl ethér dontdinitg ot her ranges
may be suitable for particular end uses. The choi ce of
10 urethane oligomers are disclosed in US patents 4,749,807, 4,751,273, and
4,775,732 assigned to Allied Signal, Inc.

These polar vinyl ether compounds can blended with electron
acceptor combounds, such as fumarates, maleates, acrylates, and
maleimides, for co-polymerization to form cured adhesive compositions for

15 use in a wide variety of applications, Suitable fumarates and maleates are,
for example, dioctyl maleéte. dibutyl maleate, dioctyl fumarate, dibuty!
fumarate. Suitable acrylates are numerous and are commercially available,
for example, from Sartomer. Suitable maleimides are easily prepared, for
example, according to procedures described in US patents 6,034,194 and

20 6,034,195 to Dershem.

The inventive palar vinyl ether compounds may be formulated into
adhesive, coating, potting or encapsulant compositions, and particularly nto
compositions for use in elecironics applications. The compositions may
contain one or mere curing agents and conductive or nonconduclive fillers,

25 and also stabilizing compounds, adhesion promolers or coupling agents.

In general the adhesive compositions will contain a mixture of the

electron donor polar vinyl ether and an electron acceptor. The molar ratio of



nolar ratio to obtain specific properties in the final cured conposition
will be wthin the expertise of one skilled in the art w thout undue
experinmentation. 5 The el ectron donor/acceptor systemtypically wl 0bLET 2004
present in the adhesive conposition at 5 to 30 weight percent for those
conpositions containing fillers. For compositions that do not contain any
fillers, the electron donor/acceptor mxture wll be the predom nant
conponent. These conpositions may be cured thernmally or by radiation. 10
Exenpl ary curing agents are free-radical initiators and photoinitiators,
present in an anekttonaion.td el@atiod at&ifor pliekediiabé witln theYarige cB1:0% by wei ght
of the conposition. Preferred free-radical initiators include peroxides,
such as butyl péroat otreeengasdnatibesnidblefermricder, endndesaZibecbopoefnds, such as
2,2' - azobi s(2-nethyl-propanenitrile) and

2, 2' - azobi s( 2- mefRiFr tEQtoabEan $nerifliegropentiepdn He ént pyredicayaasiisn will be
photoinitiators is sold under the trademark |Irgacure by Ci ba Specialty
Cheni cal s. | n soidhn Besupesisedhane ssdehindheed hsimoind i@ permengion-
photoinitiation be desirable, for exanple, the curin rocess can be
Started by |7 adi & FEHoN R Rreelol B PGl ELiRg st BEAPS YEan be
conpleted by the_applicati.og.of. heat cQ L sh. hermal cure. 20 In
general , these c%?rr%[gssih?? %r?sto\%{l)iNF'gcLPrereceFétﬁorgﬁ%sg%‘l‘é?(ﬁs’ﬁ.{'ﬁb%gﬁa{"ﬁ?% the range of

70C to 250C, andgei ig@cidobindf #odt b6 Ghi@dnah Ry fileRBinkRlelyal Within the
range of ten seconds to three hours. The tinme and tenperature curing

profile of each heHorbdcRbtbORiid it ¥@ing prdbhinkM@o®Peenf | ¢ el ectron donor
conpound and the other conponents of the fornulation; the paraneters of a

curing 25 profil e canThasedehpssitioneciaplye aingl tsécinkzliyed by redidien.art wi t hout undue
experinmentation. 5 0 6 OCT 2004 Exenplary conductive fillers are carbon
bl ack, graphiQ e, Exgotpdary stiring @gents are free-radical initiators and photoinitiators,

present in an amount of 0.1% to 10%, preferably 0.1% to 3.0%, by weight of
the composition. Preferred free-radical initiators include peroxides, such as
butyl peroctoates and dicumyl peroxide, and azo compounds, such as 2,2'-

azobis(2-methyl-propanenitrile) and 2,2'-azebis(2-methyl-butanenitrile). A

15 preferred series of photoinitiators is sold under the trademark Irgacure by
Ciba Specialty Chemicals; In some formulations, both thermal initiation and
photoinitiation may be desirable, for example, the curing process can be
started by irradiation, and in a later processing step curing can be completed
by the application of heat to accomplish the thermal cure.

20 In general, these compositions will cure at a temperature within the
range of 70°C to 250°C, and curing will be effected at a time interval within
the range of ten seconds to three hours. The time and temperature curing
profite of each fermulation will vary with the specific electron donor compound
and the other comgonents of the formulation; the parameters of a curing

25 profile can be determined by one skilled in the art without undue

experimentation,



copper, platinum palladium nickel, alumnum silicon carbide, boron
nitride, dianond, and al um na. Exenplary nonconductive fillers are 6.00T
particles of vermculite, mca, wollastonite, calciumcarbonate, tiﬂt aQ'Fi az[m"
sand, glass, fused 5 silica, funed silica, bariumsulfate, and hal ogenated
et hyl ene polyners, such as tetrafluoroethylene, trifluoroethylene,

vi nyl i dene fluoride, vinyl fluoride, vinylidene chloride, and vinyl

chl oride. Wen present, fillers typically will be in amounts of 70%to 95%
by wei ght of the fornulation. Exenplary adhesi on pronoters or coupling
agents are silanes, lExenplagatreluast iess armebrabnr bletky bapiete, gild.siehacr yl at es,
titanates, and conpounds containing a chelating |igand, such as phosphi ne,
mer capt an, and aeELaEENUM, @2lladyen niphed sntinung sliginicadidegemiesniticel be i n
amounts up to 10% by weight, and preferably in amunts of 0.1 %to 3.0%
percent by wei ghfi2Bpnd. gRgalamagt Eéﬁﬁ”%ﬁfﬁ&?“%@%ﬁ%ﬁﬂ%’? arep2tigles Cbr nul at i ons may
contain conpounds that lend additional flexibhiljty and toughness to the
resul tant cured KHIEH|E MK OEsEBDGERYY Ca%ﬁg}atﬁ'é"aé‘ /ST RePits ecf)r

t her mopl astic.material having a Tg .of 1 r.. | n pically wll be
a pol ymeric rater|4r ?‘ms?gémcaag?nuén %6"?‘%%”?31%9%‘,ate"ge?)*fyi?(“ B%tcj lgﬁ%'hgé%%? pol yTHF
(polymerized L et bafligh Rfddighe, iRbRONlL il BBl Eflontt, DHhiYLael 11 € T Ubber

and pol ypropyl ene glyco en present, these conpounds nmay be in an

anount up to aboyhyikad% dorMeiBaiInAThibie. RAleAlpresehtnillersaf @iy @ameound. The
fol |l ow ng exanpl es” show representati ve polar vinyl ether conpounds,

reactions for theidamdpreRATEL kadt% Bnkkigd bse twemibilatfonul ati ons 25 prepared with
t hese conpounds. The reaction products were characterized by 'H NWVR and
FT-1 R spectroscopi es. EQEhIEY kihesiCOpreptes ervogplag agsctarre silapks.i soner s
resulting fromthe dinerization of oleic and linoleic acids followed 6
10 silicate esters, metal acrylates or methacrylates, titanates, and compounds
containing a chelating ligand, such as phosphine, mercaptan, and
acetoacetate. When present, coupling agents will be in amounts up to 10%
by weight, and preferably in amounts of 0.1% to 3.0% percent by weight of
the electron donor compounds.
15 The formulations may contain compounds that lend additional
flexibility and toughness t(; the resultant cured material. Such compounds
may be any thermoset or thermoplastic material having a Tg of 150°C or less,
and typically will be a polymeric material, such as, a polyacrylate,
poly(butadiene), polyTHF (polymerized tetrahydrofuran), carboxy-terminated
20 butyronitrile rubber and polypropylene glycol. When present, these
compounds may be in an amount up to about 15% by weight of the polar
vinyl ether compeound.
The following examples show representative polar vinyl ether
compounds, reactions for their preparation, and adhesive formulations
25 prepared with these compounds. The reaction products were characterized

by 'H-NMR and FT-IR spectroscopies. OCN-Css-NCO represents a mixture

of isomers resulting from the dimerization of oleic and linoleic acids followed



O b UL 1 2004 5 by conversion to the diisocyanate derivative. C35
represents the mxture of 1isoners of |inear and branched al kyl chains

havi ng 36 carbon atoms (which result fromthe dinerization of |inoleilc) amd
oleic acids). EXAMPLE Il -O OH + Sn(ll1) OCN C36-NCO BOC, toluene HH O N,
C! OO 0 O D ener diisocyanate (Henkel, DD 1410) (88.36 g. 0.147 nvole)
was solvated in toluene (300 M) in a one liter three-necked fl ask

equi pped with a nechanical stirrer, addition funnel and nitrogen
inlet/outlet. The reaction was placed under nitrogen, and 0.04 g of

di butyltin dil aurbﬁfc%v(eﬁs@dn%%%td)so\é@a%a@%@%n@ dglstelare%&mg rhbragxta% ot he sol ution
was heated to 80C. The addition funnel was charged w

1, 4- cycl ohexane- diometsnedar BRIErEAIAYY aley Bietins(BASE 36 é&@orgatomé)-\nih&ﬂ ol e)

di ssolved in toluene (50 m). This solution was added to the isocyanate
sol ution over temesutfromelss dimertkatidneof firedaid drdrogeicacidsur e heated for an
additional three hours at 80C. After the reaction was allowed to cool to
room 15 tenperature, the m xture was b¥@dtied with distilled water three
times. The isolated organic |ayer was dried over MpSO4, filtered and the

solvent renoved in C\)/fc/u<a:l>o\?l ve the pr %%u%t i0-94% yhell d. EXAMPLE 2 20

- 80C, toluene

H H
\/O\/O\VOYN\C%&}]/O\/Q’O\/
O O

Dimer diisocyanate (Henkel, DDI 1410) (88.36 g. 0.147 mole) was

solvated in toluene (300 ml}) in a one liter three-necked flask equipped with a
mechanical stirrer, addition funnel and nitrogen inlet/outlet. The reaction was
placed under nitrogen, and 0.04 g of dibutyltin dilaurate (cataiyst) was added

10 with stirring as the solution was heated to 80°C. The addition funnel was
charged with 1,4-cyclohe3ane-dimelhanoI monovinyl ether (BASF) (50 g,
0.294 mole) dissolved in toluene {50 ml). This solution was added to the
isocyanate solution over ten minutes, and the resulting mixture heated for an
additional three hours at 80°C. After the reaction was allowed to cool to room

15 temperature, the mixture was washed with distilled water three times. The
isolated organic layer was dried over MgSQ,, filtered and the solvent

removed in vacuo to give the product in 84% yield.

EXAMPLE 2
sn(lh
AN N~ OH + OCN-Cyg—NCO T
80C, toluene
H H

/\o \er CﬁNTO\/\/\/\O/\\
0 @]

20



Sn(ll) OOH+ OCN-C,6-- NCO - ------ ~ 80C, toluene HH N, NC 007 06
OCT 2004 Diner diisocyanate (Henkel, DDl 1410) (41.7g. 0.069nvle) Wgﬁ 7.
solvated in toluene (100 m) in a 500 mM three-necked flask equi ppe V\[}J#@
mechani cal stirrer, addition funnel and nitrogen inlet/outlet. The reaction
was placed under nitrogen, and 0.03 g of dibutyltin dilaurate (catalyst)
was added 5 with stirring as the solution was heated to 80C. The addition
funnel was charged with 1,6-hexanol vinyl ether (BASF) (20 g, 0.139 nole)
dissolved in toluene (20 m). This solution was added to the isocyanate
sol ution over ten m Mirb@jiscapthatenelenites oDl i 41Q) @1 XoUT @ dreat) eds f or an
additional three hours at 80C. After the reaction was allowed to cool to
room t enper at ur e solvdied it Qoivene t{ I0enivas 586 s édeeneckedfiask eduinpdd walt er t hr ee
times. The isolated organic |ayer was dried over MpSO4, filtered and the
sol vent renoved iMecRaticgstitrer. adfitipe fyrmel 396 oingeen iniat@Mel yheregctidBx®ePLE 3 15 H
CNO\ 3syO

placed under nitrogen, and 0.03 g of dibutyltin dilaurate {catalyst) was added
5  with stirring as the solution was heated to 80°C. The addition funnel was
charged with 1,6-hexanol vinyl ether (BASF) (20 g, 0.139 mole) dissolved in
toluene (20 mi}. This solution was added tc the isocyanate solution over ten
minutes, and the resulting mixture heated for an additional three hours at
80°C. After the reaction was allowed to cool to room temperature, the
10 mixture was washed with distilled water three times. The isclated organic

layer was dried over MgSQ,, filtered and the solvent removed in vacuo to

give the product in 97% yield.

EXAMPLE 3
OH Sn(ll)
e N + OCN-C4—NCO —
80C, toluene
0o
P T Nea N O~
© % T o
15 O O

The same reaction was run as in Example 2, using butanol vinyl

ether instead of hexanal viny! ether,

EXAMPLE 4
Sn(ln
—_—

AI07"NH, P OCN-Ca—NCO
: 80C, toluene

20 @] ®]




The sane reaction was run as in Exanple 2, using butanol vinyl ether

I nstead of hexanol vinyl ether. EXAMPLE 4 20 (l11) OH + OCN- Cx- NCO Sq]ﬁ 06T 204
1) ter 80C, toluene -~-" O'----" NH2 + Sn(I1) OCN- C36-NCO 80C, toluene qq
HHH O/N~N NNGC Y 36 OO8 0 6 OCT 2004 Di nmer diisocyanate (Henkel,
DDI 1410) (29.74 g. 0.049 nole) was solvated in toluene (200 m) in a 500
m three-necked flask equi pped with a nechanical stirrer, addition funnel
and nitrogen inlet/outlet. The reaction was placed under nitrogen, and the
solution heated to 50C. The addition funnel 5 was charged wth

3-am no- 1- propanol vi @%er@ti@eyan@@(qu@hb[)(mOﬁ(egQ;LgQ@omh&é) wadi ssol ved in
toluene (50 mM). This solution was added to the isocyanate solution over
ten m nutes, andsbireed iesalldne MAPOMmIXib @560 e titeechebied fask agtbped wittad  one hour
at 50C. After the reaction was allowed to cool to room tenperature, the
m xture was washewchdnichl diiret addited furatlend nirpegs itletireliel. Thereaction was

placed under nitrogen, and the sclution heated to 50°C. The addition funnel

5  was charged with 3-amino-1-propanol vinyl ether {Aldrich) (10 g, 0.0939 moie)

dissolved in toluene (50 ml}). This solution was added to the isocyanate

solution over ten minutes, and the resulting mixture heated for an additional

one hour at 30°C. After the reaction was allowed to cool to room

temperature, the mixture was washed with distilled water three times. The

10 isolated organic layer was dried over MgSQ,, filtered and the solvent

removed in vacuo to give the product in 96 % yield.

EXAMPLE 5
This example shows the performance characteristics of vinyl ether
15  compounds containing carbamate functionality formulated into adhesives for
use as die attach pastes. -

The polar vinyl ether compounds from Examples 1 and 2 and dimer

divinyl ether (DDVE), % were each reacted with a

bismaleimide as the electron acceptor in a one o one molar ratio, using an

20 initiator at 2 weight percent, in a DSC. The bismaleimide had the structure:
i j
0. .0
g \n/\/\/\”ﬁ
O o)
0 o

The exotherms per gram for formulations containing the polar vinyl
ethers were equal to or higher than that for the DOVE, indicating a similar or
larger extent of polymerization. The onset-to-peak temperature range for

25 formulations containing the polar vinyl ethers was also similar to or betler



10 isolated organic | ayer was dried over MgSH, filtered and the sol vent
removed in vacuo to give the product in 96 %yield. EXAMPLE 5 Thi s|)gX@imiR
shows the performance characteristics of vinyl ether 15 conpounds

contai ning carbamate functionality fornul ated into adhesives for use as
die attach pastes. The polar vinyl ether conpounds from Exanples 1 and 2
and dinner OQ CO- divinyl ether (DDVE), 3 were each reacted with a

bi smal ei m de as the el ectron acceptor in a one to one nolar ratio, using an
20 initiator at 2 weight percent, in a DSC. The bisnal ei mi de had the
structure: 0 0 OandOVN-@s@ Or@IToes, ok irersrsigpewring kapticsoThd @suiisl at i ons
containing the polar vinyl ethers were equal to or higher than that for

t he DDVE, i ndi caPi&igt atdlthe fodewing tablear ger extent of pol ymerization. The
onset-to-peak temperature range for 25 formulations containing the polar
vinyl ethers was HIe@&q nj | &Pseb o‘r betaker |9C0B-Teas0p4 AHANAIDDVE- based
formul ations, indP ?Eﬁp si mild%r curi A§) ki neti c§C)The results are| set out
in the following {8CE® D e attachOnset PeakOnset -t o- PepkAH (JI g) | paste

4 H rom hor £ v oea
w th(CQ) (O (C virmgl S b8, 113.99 16.21 239.5
Example 2 104.87 118.52 13.65 2134
DDVE 101.49 119.01 17.52 207.2

The vinyl ether compounds from Examples 1 and 2, and dimer diviny!
5 ether were also formulated into die attach adhesive compaositions using the
same bismaleimide identified above as the electron acceptor in a one to one
molar ratio. As will be recognized by the practitioner, other electron

acceptors as described in this specification could be substituted for the

maleimide.

10 The die attach adhesive had the following formuiation:
Component Weight %
BisMaleimide (electron acceptor) 11.19
Vinyl ether (electron donor) 10.31
Maleic anhydride 8% (Ricon 131) 2.50
Initiator 0.50
Blend of adhesion promoters 0.50
Siiver Flakes 75.0

The above three formulations (electron denor from Example 1 and

Example 2 and DDVE) were tested for use as die-attach adhesives. Each
formulation was divided into two lots, one for testing adhesive strength via die

15 shear at room temperature, and the second for testing die shear at 240°C.

An aliquot of adhesive formulation from each lot for each of the three

10



Exanpl e 197.78113. 9916. 21239.5 Exanpl e 2104.87118. 5213. 65213. 4

DDVE101. 49119. 0117. 52207. 2 The vinyl ether conpounds from Exanpl es dZﬂ@.
and dinmer divinyl 5 ether were also fornmulated into die attach adhe5|ve
conpositions using the sane bisnmal eim de identified above as the el ectron
acceptor in a one to one nolar ratio. As will be recognized by the
practitioner, other electron acceptors as described in this specification
could be substituted for the maleimde. 10 The die attach adhesive had the
foll owi ng fornul ati on: Conponent Wei ght % Bi sMal ei m de (el ectron

acceptor) 11. 19 Vifgllaedraevas prterdehesencdonzonK) 20 .~akibel ¢é enaddtydr4 de 8% (R con
131)2.50 Initiator0.50 Bl end of adhesion pronoters0.50 Silver Flakes75.0
The above three forafb.and ers ¢l feoter Gactdeadiraria aasefipmwpt pladedaamch  Exanpl e 2
and DDVE) were tested for use as die-attach adhesives. Each fornulation
was di vi ded i nt o "eifdete gt 20 (plseatiogt 64 seseridsde enihbgiageesyer éigtclrevi a die 15
shear at roomtenperature, and the second for testing die shear at 240C.

An aliquot of adﬁ@?ﬁ%wﬁﬁ)?ﬁﬂﬁ%‘t"lﬂiﬁf 95 & HRectRsIPt (9 tF'BPe'é'éEE?r?”SF"the three 10
06 OCT 2004 f myl ati ons was placed between a 120 X 120 m ] silicon die and
each of a Pd A@C””é{'ﬁae%{'”@lﬁcq“éfﬁﬁl fhestieshegniorre e er Rt " d9senbl y was

pl aced on a hot TR' at e at szq SE bout ta%%angcgo daa“ge ure the adhesive.

After cure, e resuits are owmg ie shear
values for Examples 1 and 2 in which the vinyl ether compounds contain
polar functionality show superior adhesive strength at room temperature o

that of DDVE, which does not have polar functionality.

10
Compound Room Temp Die Shear 240°C Die Shear
Pd Ag Cu Pd Ag Cu
Example 1 132Kg | 111 Kg | 11.7Kg 4.4 Kg 3.8 Kg 2.8Kg

Example 2 107 Kg | 86Kg | 92Kg | 42Kg | 3.7Kg. | 2.5Kg

DDVE 70Kg | 79Kg | 7.2Kg | 40Kg | 33Kg | 2.2Kg

M



pressure was applied to the side of the dies at roomtenperature aﬁn a} 5
240C unti|l shearing occurred. The di e-shear force was neasured irg .T Une -
results are set out in the follow ng table and show that the die shear
val ues for Exanples 1 and 2 in which the vinyl ether conpounds contain
pol ar functionality show superior adhesive strength at roomtenperature to
that of DDVE, which does not have polar functionality. 10 ConpoundRoom Tenp
Di e Shear 240C Piagnsohear PdAgCuPdAgCu Exanpl e 113.2 Kgll.1 Kgll.7 Kg4. 4
Kg3.8 Kg2.8 Kg Exanple 210.7 Kg8.6 Kg9.2 Kg4.2 Kg3.7 Kg.2.5 Kg DDVE?. 0
Kg7.9 Kg7.2 Kg4.0 Kg3.3 Kg2.2 Kg 11 0 6 OCT 7004 Cains: 1. A die attach
adhesi ve conprising (a) 5 to 30 weight percent of V. mxture of a vinyl
et her conpoundi. 5 cénlieattecngdhEsivaceriprisegi onal ity and an el ectron acceptor
conmpound, (b) 0.01 to 10.0 weight percent of a free-radical initiator or
photoi nitiator, (cja)7Dtot3® v@ighhpérgétt ofzemixture ofefviryl eterdampturd or
nonconductive filler, to a total of 100 weight percent, 10 in which the
vi nyl et herS hagontaieingeqlardunstienalityren an @leriedn ascepior compound,
(b} 0.01 to 10.0 weight percent of a free-radical initiator or
photoinitiator,
{c) 70to 85 weight percent of a conductive or nonconductive filler,
to a tota! of 100 weight percent,
10 in which the vinyl ether has the structure
R? O
1
R2
in which
nis1to6;
R', R? and R® are hydrogen, methyl or ethyl;
15 Q is an alkyl or cyckoalkyl linear or branched chain having 1 to 12
carbon atoms; or an alkyléhbxy cﬁain Ha.\.'ihg.‘l {0 12 carbon atoms,
X and Y are independently O, NR', or S, with the provise that both X
and Y cannot be oxygen or sulfur;
Z is a branched or linear alkane, which may contain cyclic moieties, a
20  siloxane, a polysiloxane, a Cy to C4 alkoxy-terminated siloxane or

polysiloxane, g polyether, a polyester, a polyurethane, a poly(butadiene), or

an aromatic, polyaromatic, or heteroaromatic group.

12



R, R2, and R2 are hydrogen, nethyl or ethyl; 15 Qis an al kyl pr
cyckoal kyl linear or branched chain having 1 to 12 carbon atons; éL ﬁn

al kyl enoxy chain having 1 to 12 carbon atons, X and Y are independ § 9Iﬂw4
NRL, or S, with the proviso that both X and Y cannot be oxygen or sul fur Z
is a branched or linear al kane, which may contain cyclic noieties, a 20
sil oxane, a polysiloxane, a Cl to C4 al koxy-term nated sil oxane or

pol ysi | oxane, a pol yether, a polyester, a polyurethane, a poly(butadiene),
or an aromatic, polyaromatic, or heteroaromatic group. 12 06 OCT 2004 2.
and The di e attaéh adfibsideattagcahesivegpct@diot ai amird 1imwiith ch  R1, R2, and R3
are hydrogen, Qis a linear or branched chain alkyl having 1 to 12 carbon
atons; 5 Zis a | i neaR'dv’. &I e dvdedugnn al kyl having up to 36 carbon
atons. The die attach adhesive according to claiml in which the filler is
silver. 10 4. The di e hf 4esrr Atibfarshoe chadtalndavipotido dP serheniatPmswhi ch t he
filler is tetraflqﬁroethylene 5, 15 A vinyl ether conpound having the

structure: R1L H A , NN NN O
5 Z is alinear or branched chain alky! having up to 36 carbon atoms.
3. The die attach adhesive according to claim 1 in which the filler is
silver.
10 4. The die attach achesive according to claim 1 in which the filler is

tetraflucroethylene.

5, A vinyt ether compound having the structure:

15 R3 Q o R3

in which

R', R? and R® are independently hydrogen, a methyt group, or an
ethyl group;

20 Q is an alkyl or alkylenoxy linear or branched chain having 110 12

carbon atoms;

Z is a branched or linear alkane, which may contain cyclic moieties, a
siloxane, a polysiloxane, a C, to C4 alkoxy-terminated siloxane or
polysiloxane, a polyether, a polyester, a polyurethane, a poly(butadiene), or

25 an aromatic, polyaromatic, or heteroaromatic group.

13



R3TLE QOOR3RLIiNnwich RL R2 and R3 are independently hydrogen, a
nmet hyl group, or an ethyl group; 20 Qis an al kyl or alkyl enoxy Immqﬁﬁ‘@ﬁ
branched chain having 1 to 12 carbon atons; Z is a branched or |inear .
al kane, which may contain cyclic noieties, a siloxane, a polysiloxane, a
C, to 4 al koxy-term nated sil oxane or polysiloxane, a polyether, a

pol yester, a pol yurethane, a pol y(butadiene), or 25 an aronatic,

pol yaromatic, or heteroaromatic group. 13 0 6 OCT 2004 6. The vinyl ether
conmpound according to claim5 having the structure HHHH~ O0_, -/fV_",,
N C_ N",, N,5g _~ e 36y Cnbitompbeldy 480¢ih§ toridith $thkdlifg Ok sirsdurer s of a 36
carbon |inear or branched chain. 7. An adhesive conposition containing
the vinyl ether conmpound accordingHtorclaimb5, a free radical initiator or

photoi nitiator, and ORQLQﬂgka/aLW9ﬂqg£¥%JNQVQL\DQQgQHdUCtiVe filler. 14
O 0

in which Cs4 is 2 mixture of isomers of a 36 carbon linear or branched chain.
3 7. An adhesive composition containing the vinyl ether compound

according to claim 5, a free radical initiator or photeinitiator, and optionally a

conductive or nonconductive filler.

14



