-1 DIE ATTACH ADHESI VES W TH EPOXY RESIN 5 HAVI NG ALLYL OR VI NYL GROUPS
This invention relates to die attach adhesives with i nproved adhesion 10
due to the presence of epoxy resin with allyl or vinyl unsaturatiorf JAN 7005
Adhesi ve conpositions are used for a variety of purposes in the fabrication
and assenbly of sem conductor packages, such as, the bonding of integrated
circuit chips to | eadframes or other-isubstrates, and the bonding of circuit
packages or assenblies to printed wire boards. Mjor requirenents 15 for

t hese uses are fast cure and hi gh adhesive strength, traditionally achieved
w th epoxy resins. Epoxy resins, however, can be brittle, and other resins
have been eval uated and enployed to bring flexibility, hydrophobicity, and

other properties to di epgtinokiadhesiveswiherakieerpie resins, in turn, do

not alwaysgdisplay the strnofgna@nesl OR VAVEAEdPRY the epoxy resins.
Therefore, 20 there is a need for die attach adhesives that incorporate a

bal ance of properties to neet all the requirenents for an adhesive used in
the manufacture of a sem conductor package. This invention is an adhesive
conposition conprising (a) a resin capable of cure by free-radica

pol yneri zation, that is, having carbon to 25 carbon unsaturation, or
capabl e of cure by hydrosilation, that is, having silicon-hydride groups,

(b) an epoxy conpouitisiriveritioo osidted tosliesdtteg adhesivaswilh impraves aghasioron, (c) a
curing agent for the resin and a curing agent for the epoxy, and (d)

opt i onal | y10 onduete trorresenie feapsxy resie wibaiyodivinylons#fdi@liel- so contain 2 adhesi on
pronoters or coupligg agents. The inventors dj scovered th%t the addition of
the epoxy conpound AEMASHESPRECSHPISEredred/Ph YarGHLAPYPEE I §ave an 5

unex i ncr in hesi on rforman h in ntainin
pect ed Cfa%ﬁcsa%on an adssgn%lg(f) of s%?ntcogdu%r ggckggesE suechl?agﬁﬁe oen%zng conta 9

of integrated circuit chips to leadframes or other substrates, and the bonding
of circuit packages or assemblies to printed wire boards. Major requirements

15  for these uses are fast cure and high adhesive strength, traditionally achieved
with epoxy resins. Epoxy resins, however, can be brittle, and other resins
have been evaluated and employed to bring flexibility, hydrophobicity, and
other properties to die attach adhesives. The alternate resins, in turn, do not
always disblay the strong adhesion provided by the epoxy resins. Therefore,

20  there is a need for die attach achesives that incorporate a baiance of
properties to meet all the requirements for an adhesive used in the
manufacture of a semiconductor package.

This invention is an adhesive composition comprising (a) a resin

capable of cure by free-radical polymerization, that is, having carbon to

25  garbon unsaturation, or capable of cure by hydrosilation, that is, having
silicon-hydride groups, (b) an epoxy compound that contains allyl or vinyl
unsaturation, {c) & curing agent for the resin and a curing agent for the epoxy,

and (d) optionally, one or more fillers, The composition may also contain



the carbon to carbon unsaturation. I n another enbodinent, this invention is
a sem conductor package having a sem conductor die adhered to a shpbsN nmte
with the inventive adhesive. Free-radical curable resins, which can be used

as adhesives in 10 mcroelectronic applications, include, for exanple,
mal ei m des, such as those available from C ba Specialty Chem cals;

si | oxanes and pol ysil oxanes, such as2those available fromfrom Gel est;
pol yet hers, such as those available from from BASF;, polyesters,
t hose available fromfrom Uni gema or Bayer; poly(butadiene)s, such as those
avai lable fromfrom El f- Atochemy 15 pol yur et hanes,
fromfrom Bayer or BASF;, and acrylate resins, such as those available from
or UCB Radcure. Siloxanes and pol ysil oxanes, which cure by
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and pol yur et “a%8&1{;&}!&ﬁﬁfeﬁgl\ﬁ/cowpbbndﬁ@n%i i of aﬁmﬁgaakuTrﬁraﬁ@Ewa%lon, but may

a!so cont ai n unsa [ it ( ai _ _
will be chosen Ry tBed Peastd i ia@M&lonberidinkkee 15 RRUsbd GsARbABINRG Properties in

from Sart oner
hydr osi | ati on,
silicone-hydri

uratio thint pol'ymer chai n. e particular

a final formulation, such as, rheological properties, hydrophilic or

hydr ophobi ¢ pr @RedzticRSe cdredsdMeaEStiors Lif anghdl embbdimEhtekisiviehtioy.is he resin wil |
be present in the adhesive conposition in a range of

The epoxy conpeemidsndibiyr fekagiyhaeipgX yebompaundde attenedab layslbdmate vi nyl

functionality.

Exanpl es include 2, 6-di gyl cidyl phenyl allyl ether, |[|inonene

di oxi de, gl yci awth theiimehtiveerdbsdiveet her or gl yci dyl vinyl ether. The -3-
will be present in the adhesive conposition in a range of 0.1-30% by
wei ght. Exenpl ary ciréavgdisy enesleresinst Weichhepddeiseq psapEvEsize- r adi cal
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microelectronic applications, include, for example, maleimides, such as those
available from Ciba Specialty Chemicals; siloxanes and polysiloxanes, such
as those available from from Gelest; polyethers, such as those available from
from BASF; polyesters, such as those available from from Unigema or Bayer,
poly(butadiene)s, such as those available from from Elf-Atochem;
polyurethanes, such as those available from from Bayer or BASF; and
acrylate resins, such as th'ose available from from Sartcmer or UCB Radcure.
SHoxanes and polysiloxanes, which cure by hydrosilation, may be linear or
cylic polymers, and will have at least 2 silicone-hydride functionalities per
molecule. The polyethers, polyesters, and polyuretnanes preferably will
contain terminal unsaturation, but may also contain unsaturation within the
polymer chain. The particular resin will be chosen by the practitioner 1o give
specific material properties in a final formutation, such as, rheological
properties, hydrophiiic or hydrophobic properties, toughness, strengti, or
flexibility. The resin will be present in the adhesive composition in a range of
10-80% by weight.

The epoxy compounds may be any epoxy compounds with allyl or
vinyl functionality. Examples include 2,6-digylcidylphenyl allyl ether,

limonene dioxide, glycidyl vinyl benzyl ether or glycidyl vinyl ether. The

such as

such as those avail abl e

25 10-80% by wei ght.



initiators, which can be thermal- or photo-initiators. The initiators wl|
be 5 present in the adhesive conposition in an amount of 0.1 %to 10%
preferably 0.1 %to 3.0% by weight. Preferred thermal initiators i-mlznﬂgje
per oxi des, such as butyl peroctoates and di curnyl peroxide, and agé
conpounds, such as 2, 2'-azobis(2-nethyl-propanenitrile) and

2,2'-azobi s(2-nmet hyl -butanenitrile)..3A preferred series of photoinitiator
is one sold under the trademark Irgacure 10 by Ci ba Specialty Chemcals. In
sonme formul atiaons, hoth ph -.cu Jal. sirable, for
exanpl e, the cﬁP?’i’Yd”’gPeo%rg?g@éhne %@e%&gﬁéﬂﬁ@ﬁn?%@a@;gﬁ"?%gnd inalater
processi ng Stere?glM’i ng can be conpleted by the application of heat.

Exenpl ary curing~agents for the epoxy functionality on the epoxy 15 resin

are Lewi s bases, forEx@r)ﬁP\gﬁlcgvin eFYE For thWebe ASInABEIEeBoiesB37Xs, and
4, 4" -bi s(para am no cycl ohexyl”) "net hane, both comrercially available from

Air Products; i 832 Qs cad e et GrpRASNiI3EANEEMiiztorowmdyct of Shi koku
Chem cal s; am des, such as, Dicyanam de, a product of Air Products;

pol yani des, 5Sughesas iVee Samsie cdfhfositan pradusiuntodf oHelsalys, peferdtar y am nes, 20
such as Am cure DBU, a product of Air Products. Alternatively, Lew s acids,
such as Rhodor asi 1020084, Hy We@hy | Reersytd theradhoinitiststisdudalpesxidpestaf | uor ophenyl )
borate], a product of Rhodia, or GE UV9380C, a product of General Electric,
can be used t o akbityi @tetoates ahd dinireyl pencgde, Bhe azugompguedgench £#8r t he epoxy
functionality will be present in the conposition in a range of 0.1 to 3 % by
25 wei ght of t Re-sasbisi2-hethyher epenestirile) #ndgehar dlis2- MRy eP W PEEd)t i ons will cure
within a tenperature range of 70C to 250C, and curin ill be effected

Wi thin a range AdTeieiaer aevAPECiPHIi2iOKE QRE BRI YEer ‘Fﬁéraii?'ﬁ%%ﬁ?f“feerrper ature

curing prOLT oL 3R LELMEALLON Wb o VAL, BhBnA0S.Gaponents of (he

o
o

thermal cure may be desirable, for example, the cur.ng process can be
started by irradiation, and in a later processing step curing can be completed
by the application of heat.
Exemplary curing agents for the epoxy funciionality on the epoxy
15 resin are Lewis bases, for example, amines, such as Ancamine 2337xs, and
4 4'-bis{para amino cyc[oﬁexyl) methane, both commercially available from
Air Products: imidazoles, such as Curezol 2E4MZ-CN, a product of Shikoku
Chemicals; amides, such as, Dicyanamide, a product of Air Products;
polyamides, such as Versamide 140, a product of Henkel; tertiary amines,
20 such as Amicure DBU, 2 product of Air Products. Aiternatively, Lewis acids,
such as Rhodorasil 2074 [(tolylcumy!) iodonium tetrakis {pentafluorophenyl)
borate], a product of Rhodia, or GE UVE380C, a product of General Electric,
can be used o initiaté a cationic cure. The curing agent for the epoxy
functionality will be present in the composition in a range of 0.1 to 3 % by
25 weight of the total fermulation.
In general, these compasitions will cure within a temperature range of
70°C to 250°C, and curing will be effected within a range of ten seconds to

three hours. The time and temperature curing profile of each formulation will




profile can be adjusted by a practitioner skilled in the art w thout undue
experimentation. 5 In sonme conpositions it may be desirable to add orfggn &5
or inorganic fillers. Suitable conductive fillers are carbon bl ack,
graphite, gold, silver, copper, platinum palladium nickel, alum num
silicon carbide, boron nitride, dianond, and alum na. Suitable
nonconductive fillers are particles of vermculite, mca, wollastonite,

cal cium carbonate, titania, sand, glass, fused 10 silica, funed silica,
barium sul fate, and hal ogenat ed et hyl ene pol yners, such as

tetrafl uoroethylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chloride, and vinyl chloride. Al though optional, when present,
fillers will beaywiBiaaneosintoedne BrutaihyPuher §REMEES Hé ¥dhosi ti on.
Sui t abl e adhesi on pronoters or couEljng a%gyls are silanes, silicate 15
esters, netal &EARNEE 2gkstphRt HBRFYPAT sieq D {NgAEEOVAREY onpounds
containing a chelating.ligand, such as phosphi ne, nercaptan, and

acet oacet at e. W%@ﬁmﬁwggght, coupling agents will be in amounts up to 10% by
wei ght, and_.preferahly in . of Q.1 9 QY . wei ght, The

i nvention ig furtheﬁ”%? %%?ﬁ%#@%%BV“?ﬁE‘Fb?%%%ﬁﬁgé%ﬁgﬁgﬁgé?5§%¥§h 20 are

not intended ag .| LbakhACAR hOE ofamRRhlAR. RIS gRduGhar packages,

consisting of a silrcon die adhered to pad on a leadfrane with an

adhesi ve, the dhg,anhihi8, J8asin aiRe, SOEADSUiRbEEarbiBe dordal ey conpound, are
tested for reliability using a test protocol of JEDEC Solid State

Technol ogy Ass@Hmthi Qdhdiafl@ifd. f9ueshi@sontbfeld2® ediberddiedarticesohi s nmet hod, the

sem conduct or package is subjected to 85C and 85% relative humdity for 168
hour s f ol | owed veyniaKposits evdllest@ABCdlauracerborrateatitedia cmeed glessfgsed st andard

sol der reflow ranped profile of five mnutes. -5- Reliability failure of the
package mandf estisa ifurses siicasaden avHateaBhdhriedengfy eGyiephrolymers, such

as tetrafluoroethylene, trifiucroethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chloride, and vinyi chloride. Although optional, when present,
fillers will be in amounts of 20% to 90% by weight of the composition.

Suitable adhesion promoters or coupling agents are silanes, silicate

15 esters, metal acrylates or methacrylates, titanates, and compounds
containing a chelating Iigs;nd, such as phosphine, mercaptan, and
acetoacetate. When present, coupling agents wili be in amounts up to 10%
by weight, and preferably in amounts of 0.1% to 3.0% percent by weight.

The invention is further illustrated by the following examples, which

20  are not intended as a limitation on the invention.

Semiconductor packages, consisting of a siicon die adhered to a
bond pad on a leadframe with an adhesive, the die and the leadframe
encapsulated in a molding compound, are tesied for reliability using & test
protocol of JEDEC Solid State Technology Asscciaticn identified as JESD22-

25  A112. In this method, ihe semiconductor package is subjected to 85°C anc
85% relative humidity for 168 hours followed by exposure to 240°C in an

infared oven using a standard solder reflow ramped profile of five minutes.




package interfaces or as cracked nol di ng conpound. Previous experinments of
the inventors testing for failure of the adhesive adhering the di e’ﬁ?ﬁnmﬁ
| eadf rane were conducted using 5 unencapsul ated assenblies of a die adhered
to a leadfrane with die attach adhesives. In these experinents, the
unencapsul ated assenblies were cured in an oven at 175C for 30 m nutes.
After cure, the assenblies were divigled into two groups. The first group
was tested for die shear strength after exposure to a hot dry environnent,

whi ch consi st e%g@@4@®§% gﬂh%%k%q%e"%ﬂgé‘?”“ﬁf% ldgl%ﬂa?c)ﬁ &Z?ﬁ)fft&r four hours.

The second gro ear strength after exposure to a hot

wet envi ron”entpack‘séfg% g&ﬁgg&s&gg edcak Srdhd &dblie hum dity at 85C for 168

hours. After expo each group of assenblies was heated to 250C, after

15 which the di e wagp ShRALRSEHARK Ihe inbhetakify foSRNIRe of hé he assenbl i es
exhi bited cohesive node tailure of the adhesive adhering the die to the

| eadf rame, ot hepsesfxhiuhirhgthearhQahdRadieR el tdrvecef udige adhesi ve adhering
the die to the | eadfrane. Those adhesives that failed in a cohesive node

correl ated wit hn@Rapdhes assehbiRbof 4 by abtitrédre al&dkEnt eth ciretiarod on
encapsul at ed packages using the sane adhesive, while the adhesives that
failed in the adhesieyenmgde exgiriieng, e ohaaspsuetedlassamifiazeerecorrel ated with
| ower reliability in the JEDEC test nethod on encapsul ated packages using
t he sanme adhesicued id an dvies af TISF©uir AY Mt AEsr, cufep thalssambbeswelet h and wi t hout
the epoxy 25 with allyl or vinyl functionality were tested for hot dry die
shear strengt h dividee asutmwedroups k gheofrsifarugedas tesirg fergtie Hiser 809l e shear
strength using the above described protocols. The die used was a silicon
die, 12.5mm x BReSnnescre 0. 23BhHY gaviepBeNt: whieh tpapistet 81RFErC B °% si | ver - pl at ed
| eadf r ane.
10 minute, followed by 175°C for four hours,
The second group was tested for die shear strength after exposure to
a hot wet environment, which consisted of 85% relative humidity at 85°C for
168 hours.
After exposure, each group of assemblies was heated to 250°C, after
15  which the die was sheared from its substrate. Some of the assemblies
exhibited cohesive mode failure of the adhesive adrering the die to the
leadframe, others exhibited adhesive mode failure of the adhesive adhering
the die to the leadframe.
Those adhesives that failed in 2 cohesive mode correlated with
20 higher reiiability in the JEDEC test method on encapsulated packages using
the same adhesive, while the adhesives that failed in the adhesive mode
giving a clean metal surface, correlated with lower raliability in the JEDEC
test method on encapsulated packages using the same adhesive.
in the foliowing examples, formulations with and without the epoxy
25  with aliy! or vinyl functionality were tested for hot dry die shear strength
(measured in kg of force), and for hot wet die shear strength using the above

described protocols. The die used was a silicon die, 12.5mm x 12.5mm x

0.38mm adhered to a bare copper or a silver-plated leacframe.




-6 The adhesive conposition and performance test data are set out in the
follow ng tables and show that the adhesive fornul ati ons contai ning epoxy
with allyl or vinyl functionality failed during hot wet die shear.EqQNng in
a cohesive node, while the formul ati ons w thout the epoxy containing allyl

or 5 vinyl functionality failed in an adhesi ve node. Therefore, the data
indicate that the fornulations contagning the epoxy conpound with vinyl or
allyl unsaturation inprove adhesive performnce and sem conductor package

reliability. The coqpositions are reported in weight percent. - 5 SAN 405 -7
EXAMPLE 1 Wth epoxy "e&8nss MRiCPRRIT!" @pORS/ OF BYICA t?ﬁ%{ﬁiﬁf’s‘ﬂ&ﬁetﬂ“@(. lal |yl
functionalitywthout all functiqgnal.it roprietar -
bisnaleinideleWﬁ@&@WﬁW@%%ﬁﬂ““%?@ﬁﬁ?kfﬁ¥%%yﬁf§?@53§§¢§aﬁmwgn (met hane
(2, 6-di gyl cidyl pheny! allyl.1.2%.-- _ether) epo resin bis-phenol - F epoxy
Fosin s 1 s B bal uhe i e B e SRR LT h s JE LR Vi i et her
resinl.57%. 57% | j i Y/ . ! I v I ol
wi t h3. 3998. 39% di ﬁiésr"’egﬁ?‘%b‘g@%ﬁ%et IeE lIne;m%E%B%?'W%Q?%?ﬂﬁ%%%?%fp
3] vinyl functionality failed in an achesive mcde. Therefore, the data indicate
that the formulations containing the epoxy compound with vinyl ar allyl
unsaturation improve adhesive performance and semiconductor package

reliability. The compositions are reporied in weight nercent.




(Wtco A-174 1,1-di(t-anyl peroxy)0.65%0. 65% cycl ohexane (Wtco USP90ND
2-ethyl 4-methyl im dazol e-CNO. 25%). 25% si |l ver fl ake70% 0% Tot al 1003@&&)0@

Si |l ver-BareSilver-Bare PERFORMANCE Ex. 1pl at edCopper pl at edCopper iy

| eadf r anel eadf r anel eadf ranel eadf rane Cured for 30

m nut es/ 175C15, 5p8. 3p18. 6p7.1 p Die warpage RT Not Dry Die Shear @ 250C14.1
kgl2. 3kgl. 3 kgl. 8 kg cohesi vecohesi veadhesi veadhesi ve Hot Wet Die Shear @
250C7. 3 kg6. 24 kgl.3 kgl.6 kg cohesivecohesi veadhesi veadhesive JAN ' 115 -8
EXAMPLE 2 Wth epoxy resin withWt %ﬁw sresin COMPCSI TI ON EX. 2al I'y[
functionalityw thout allyl functi o y poI ybut ad| ene with

aCI’y| at el10. 5%46-5%Fuvretioenal Ly Nréglh —Wm—h——
i 0 D
mal ei c2. 0%. 0% anhygyd darbinst onal i' Xnﬁ%&%ﬂam without allyl
functionality
proprietary bismaleimide 19.04% 19.04%
4 4’-bismaleimido- 0.52% 0.52%
diphenylmethane
(2,6-digylcidylpheny! allyl 1.2% -
ether) epoxy resin
bis-phenol-F epoxy resin - 1.57%
poiy(budadiene) (Ricon 130) 2.61% 261%
polyester vinyl ether resin 1.57% 1.57%
{Allied signal VE1312)
adduct of cinnamyl alcohol with 3.39% 3.39%
dimer diisocyanate .
methacryloxy silane 0.4% 0.4%
{Witco A-174)
1,1-di(t-amyl peroxy) 0.65% 0.65%
cyclohexane
{Witco USPS0OMD)
2-ethyl 4-methyl imidazole-CN 0.25% 0.25%
silver flake 70% 70%
Total 100% 100%
Silver- Bare Silver- Bare
PERFORMANCE Ex.1 plated Copper plated Copper
leadframe | leadframe | leadframe | leadframe
Cured for 30 minutes/175°C 15.5p B8.3p 18.6p 7.1
Die warpage @ RT
Hot Dry Die Shear @ 250C 14.1kg 12.3kg 1.3 kg 1.8 kg
cohesive cohesive adhesive adhesive
Hot Wet Die Shear @ 250C 7.3 kg 6.24 kg 1.3 kg 1.6 kg
cohesive cohesive adhesive adhesive




1,6-diol diacrylate2.0%.0% (Sartoner SR238) isobornyl acryl ate5.0%. 0%
(Sartomer SR506) 1, 1-di(t-amyl peroxyl)0.5%). 5% cycl ohexane Wtco USP, 90MD
|l auryl acryl ate2. 59%. 5% Sartoner SR335 2, 6-di gl yci dyl phenyl al Iyl - JAN 2005

et her2. 0%90% 2- et hyl 4-methyl i m dazol e- CNO. 2%9% si | ver fl ake75% 5%

Tot al 1009400% Si | ver - Bar eSi | ver - Bar e PERFORMANCE

Ex. 2pl at edCopper pl at edCopper | eadf r angl eadf r anel eadf ranel eadf rane D e
Warpage at roomtenp. Cured for 30 m nutes/175C22. 5p17.0p Plus 1 m nute/220C
or26 6pl7.5 p Plus 4 hours/174C19. 7 pi g *delaminated Hot Dry Die Shear @
250C6. 6kgl. 3kg failure nodecohesi veadhesive Hot Wet Di e Shear @ 250C2. 8kgl

kg fail ure nogecohesiveadhesive Not eWitﬁ’eﬁ:&cp?%in%\th[ AG T é?Jlog)}jrelkiﬁ'ddfr ane was

satisfactory for %I\FPCBQ*T'@N Bk b ons. allyl functional ty without ally!
functionality
polybutadiene with acrylate 10.5% 10.5%
functionality (Ricon, 1756)
polybutadiene with maleic 2.0% 2.0%

anhydride functionality
{Ricon, 130MA1Q)
1,6-diol diacrylate 2.0% 2.0%
{Sartomer SR238)
iscbornyl acrylate 5.0% 5.0%
{Sartomer SR506)
1,1-di{t-amyl peroxyl) 0.5% 0.5%
cyclohexane
{Witco USP, 90MD)
lauryl acrylate 2.5% 2.5%
(Sartomer SR335) ]
2 6-diglycidylphenyl allyi ether 2.0% 0%

2-ethyl 4-methyl imidazole-CN 0.2% 0%

silver flake 75% 75%

Total 100% 100%

Silver- Bare Silver- Bare
PERFORMANCE Ex.2 plated Copper plated Copper
leadframe | leadframe | leadframe | leadframe

Die Warpage at room {emp.
Cured for 30 minutes/175°C 22.5u 17.0u
Pius 1 minute/220°C or 26 6y 1754
Plus 4 hours/174°C 1970 121
*delaminated
Hot Dry Die Shear @ 250C 5.6kg 1.3kg

failure mode cohesive achesive

Hot Wet Die Shear @ 250C 2.8kg 1kg
failure mode cohesive adhesive

Note:

5 Adhesion to Ag-piated leadframe was satisfactory for both formulations.




- 6 JAN 2005 -9 EXAMPLE 3 COMPOSI TI ON Ex. 3Wth epoxy resin withWth epoxy
resin allyl functionalitywithout allyl functionality_ Scar resin f%g‘9611.56
Pol ybut adi ene2. 331. 93 Ri con Resins, Ricon 130) Pol y(butadiene) 0. N 2005
functionalizedl.41.16 with mal ei c anhydride (Ri con Resins. Ricon 1301MA8

Pol y( but adi ene) functionalized0.230.20 with nmalefic anhydride (R con Resins,
Ricon 1301MA 20 Diallyl bisphenol -A1-%31.35 (Bi-Max) Divinyl etherl.160.9.6

1SP Tech, DVE-3 (2,6-diglycidyl phenyl allyl----2.90 ether) epoxy 1, 3-bis
(gl yci doxypropyl) ----- 0. 58 tetramghyimdizs | oxane (Gelest, SIB 1115.0
Rhodorsil 2074----0.6
COMPOSITION Ex.3 With epoxy resin with With epoxy resin
ally! functionality without allyl
functionality
Sycar resin ¥ 13.96 11.56
Polybutadiene 2.33 1.93
(Ricon Resins, Ricon 130)
Poly(butadiene} functionalized 1.4 1.18

with maleic anhydride
{Ricon Resins. Ricon
130/MAB)
Poly{butadiene} functionalized 0.23 0.20
with mzleic anhydride

(Ricon Resins, Ricon 130/MA

20

Diallyl bisphenol-A 1.63 1.35
{Bi-Max)

Divinyl ether 1.16 0.96
(ISP Tech, DVE-3)

{2,8-diglycidylphenyl aliyl —--- 2.80
ether) epoxy

1,3-bis (glycidoxypropyl) — - 0.58

tetramethyldisiloxane
{Gelest, SIB 1115.0)

Rhodorsil 2074 —- 0.6
Rhone Poulenc)

fumed silica 0.5 0.5
{(Degussa, 8128)

silver powder 78 78
(Chemet, K-0082P)

platinum complex® 0.4 0.4
(Sivento Inc., CPC 085)

platinum complex” 0.4 0.4
{Sivento Inc. CPS 925-P)

Total 100% 100%
PERFORMANCE Ex. 3**

Die Shear Strength @200°C, 170x15 15.3£3.2

360x360 mil Si die on PBGA
after 48hrs at B5/85

Failure mode Adhesive to d'e Peel off 80% solder
backside

mask

*The stock solution as received was diluted with cyclic methylvinylsiloxanes

5 {o achieve ~5000ppm Pt concentration.



(Rhone Poul enc) funed silica0.50.5 Degussa, 812S silver powder 7878 (Chenet,
K- 0082P) pl atinum conpl ex*0.40.4 Sivento Inc., CPC 085) platinum 6 @W 2005
conpl ex*0.40.4 (Sivento Inc. CPS 925-P) Total 1004400% PERFORMANCE EX. *

D e Shear Strength @O00C, 17.0 1.515.33.2 360x360 m| Si die on PBGA after
48hrs at 85/85 Fail ure nodeAdhesive to d-ePeel off 80% sol der backsi de mask
The stock solution as received was diQuted with cyclic nethylvinylsiloxanes
5 to achi eve -5000ppm Pt concentration. 6 JAN 1Q05 -10 ** The adhesive

conposi tions were di spensed on. Leg in a convection
oven by ranpingjﬁfgﬂ? 88&??%%88&%@%%3k %%%€§%§§§§¥%Q 8aﬁgﬁu€es t hen hol di ng

at 175C for 15curpé<51ilrj1taec%hve%ﬁo'n o@er‘?@}Na?r%%ﬁ?; frg'r(%%'temperature to 175C over

30 minutes then holding at 175C for 18 minutes.



1. Adie attach adhesive conposition conprising: (a) a bismaleimde resin,
present in an amount of 10%to 80% by wei ght, (b) an epoxy corrpougqg@%hiﬁng
vinyl or allyl functionality, present in an anount of 0.1% to 30% by

wei ght, (c) a curing agent for the epoxy conmpound, present in an anount of
0.1%to 3% by weight, (d) a curing agent. for the. bismaleimde resin,
present in an amount of 0.1%to 10% by weight, and (e) optionally, a
filler, present in an anmount of 20%to 90% by weight. 2. The die attach
adhesi ve according to claim1 in which the epoxy conmpound is selected from

the group consisting of 2,6-digylcidylphenyl allyl ether, |inonene dioxide,
gl ycidyl vinyl Ch&iMdyl ether, and gylcidyl vinyl ether. 3. The die attach
adhesive according to claiml in which the filler is present and is sel ected

fromthe group,consi,sij on hl.ack r.aphite, gold, silver, copper,
pl ati num pall %idi urnA (fr'f% %gglf{ldhg%elroﬁoﬁlgﬁ%lg%ﬁ ciofr'%gsr‘llﬁ%'ar bi de, boron nitride,

di anond, alum na, vern.,culite,., nmca, wollastonite | cj car ponat e,
titania, sand, gl as(é",5 afiﬁir'éa&e@fqeir%séﬂ’ brreaer%aagiam%lg,ofb@% it%w}gb}' Paed! _
f,lef,];?r ggg;oghrglr Iegg(b) %{qé%ﬁ%%g%%éh dglf?t?lg%yi\ﬂ;llno)l{ la'l}q%]n%tigxlla 1?yr, i)l%gént ivnlaﬂ%lnol:nllt% lr).ll "906’

to 30% by weight, -
] t

(c) a curing agent for the epoxy compound, present in an amount of 0.1% to 3% by
weight,

(d) a curing agent for the bismaleimide resin, present in an amount of 0.1% to 10% by
weight, and

(e) optionally, a filler, present in an amount of 20% to 90% by weight. -

2. The die attach adhesive according to claim 1 in which the epoxy
compound is selected from the group consisting of 2,6-digylcidylpheny! allyl

elher, limonene dioxide, glycidy! vinyl benzyl ether, and gylcidyl vinyl ether.

3. The die attach adhesive according to claim 1 in which the filler is
present and is selected from the group consisting of carbon black, graphite,
gold, silver, copper, platinum, paltadium, nickel, aluminum, silicon carbide,
boron nitride, diamond, alumina, vermiculile, mica, wollastonite, calcium
carbonale, tilania, sand, glass, fused silica, fumed silica, barium sulfale,
letrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,

vinylidene chloride, and vinyl chloride.




