METHOD TO | MPROVE H GH TEMPERATURE COHESI VE STRENGTH W TH ADHESI VE HAVI NG
MULTI - PHASE SYSTEM FI ELD OF THE | NVENTI ON [ 0001] This invention relates to a
mul ti - phase adhesive conposition conprising a solid bismaleimde (BM)
resin powder dispersed in a liquid r resin and its use to inprove high
tenperature cohesive strength. In particular, this invention relates to a
met hod for inproving high tenperature cohesive strength for die attach
adhesi ves within sem conduct or packages. BACKGROUND OF THE | NVENTI ON [ 0002]
Curabl e resins, such as, epoxies, acrylates or nethacrylatqs, naleimndes,
vinyl ethers, and bisnal eimdes, are studied for use as die attach

adhesi ves in sem conductor packagi ng applications (adhesives used to attach
a sem conductor die to a substrate) because of their |ow noisture
absorption, good curability, and long pot |life. Two other desirable
properties for di MBIHRRZMO MERCYE M3 FEMPERATUREGOHEIIVE GTRENGTOmM t enper at ure
and (ii) adequate cohesi YW8TH APHERIYEHIAINGMEN: BitRAASECSHSEENL ure. [ 0003]
Flexibility at roomtenperature is desirable to absorb the stress in the
die and substrate created by their differing expansion and contraction

rates in response to tenperaturelgur ORGHEAWENT&DIN on processes. Flexibility
is neasured as nodul us, the higher the nodulus, the less flexibility. Hi gh
modul us at room HARRkr at Thieinvsntiersielates o # MUl PP?F@@@%&’S&’H ceTpesdisn i n a

duct K ki
sem conduct o Pk g A b S8 ol SR RaIL SR A0 bRyl 5K 19,
flexibility and ré% £h&'to Wr%@rh@@é?ﬁperit&@@é’f]es%&%ﬁtﬁgﬁgn%at ?|£reﬁ|scan degr ade

adhesi ves wi t hout equat e esive stren adhesi ves do

not have suffici eflenfRhestby® a rBdthTatiRploGngWi @Hk%ﬁ@&ﬁtuiel”t%h@div@Vat ed
t enper atures encountered during
strength for die attach adhesives within semiconductor packages.

BACKGROUND OF THE INVENTION
[0002] Curable resins, such as, epoxies, acrylates or methacrylates,
maleimides, vinyl ethers, and bismaleimides, are studied for use as die attach
adhesives in semiconductor packaging applications (adhesives used to attach
a semiconductor die to a substrate) because of their low moisture absorption,
good curability, and long pot life. Two other desirable properties for die attach
adhesives are (i) flexibility at room temperature and (i) adequate cohesive
strength at elevated temperature.
[0003) Flexibility at room temperature is desirable to absorb the stress in
the die and substrate created by their differing expansion and contraction
rates in response to temperature during fabrication processes. Flexibility is
measured as modulus, the higher the modulus, the less flexibility. High
modulus at room temperature translates info increased stress in a
semiconductor package and can lead to delamination and die cracking.
Therefore, the lower the modulus at room temperature, the better the
flexibility and material performance.

[(0004] High temperatures can degrade adhesives without adequate



processing and use, the result can be delam nation of the die fromthe
substrate and ultimate failure of the sem conductor device in which the die
is used. [0005] One nethod for obtaining flexibility in die attach
adhesives at roomtenperature consists in using conponents that give |ow

| evel s of <crosslinking. In counterpoint, a nethod for inproving cohesive
strength at elevated tenperatures consists in using |liquid conponents that
give high levels of crosslinking; but this approach is even not al ways
effective because although the crosslink density is increased, cohesive

strength at el evat@dsivd &rpgh alf die @8achaBhdsRBRIdIndd Rafefsatition cofddR@6] Thi s

i nvention conprises a solution to the above problemby providing a

conposi tion that exngbite sitistapd teettvaehtesperetusscaryhierediduiigevat ed
tenperatures with mninmal decrease in roomtenperature flexibility. SUMVARY
OF THE | NVENTI ON POGRSPT'S ¥ 4sei i et nge'Q“Wéttoﬁé’chPS‘P fiofdfdvi ng cohe5| ve

strength of conpg |ons € cat i ons

tenperatures wit h8‘3¥ siratg 209 ‘iH?ST ?{?q“r? Pg “)% %el"i ?OF ucg‘f%?%%?r’ﬁ' Y"@ﬁb@? gﬁeur e The

met hod conpri ses ing a solid aromatic bisnmaleinmde (BM) resin powder to
a die attach fornmulation in which the die attach formul ation conprises a

curabl e resin, or[paosj0mbiOratmebd tefob@iNngbBbileR idRSsttadiAhesl@eat Not di ssol ve
the BM resin powder, an initiator for the curable resin, and a filler. In
one enbodi ment, t lenrsienpetatBilcopsiaigie using ¢dmpohenisethat gpyartaw levels i ze of 50
mcroneters or smaller and a nelting point of greater than 80C. DETAILED
DESCRI PTI ON OF THE’OPWEIW'wu"?rqombeg]et@d|fftrabwreww°h%ﬂ\'§r5§ﬁm*h6 BM resin

powders have the glte\rra edttgrrngeratures consnsl\l-m using liguid components that give high

| ievels of crosslinking; but this approach is even not always effective because
although the crosslink density is increased, cohesive strength at elevated
temperatures can remain unaffected.
[0008] This invention comprises a solution to the above problem by
providing a composition that exhibits improved cohesive strength at elevated

temperatures with minimal decrease in room temperature flexibility.

SUMMARY CF THE INVENTION
[0007] This invention is a method for improving cohesive strength of
compositions used for die attach applications at high temperatures without
sacrificing flexibility at room temperature. The method comprises adding a
solid aromatic bismaleimide (BMI) resin powder to a die attach formulation in
which the die attach formulation comprises a curable resin, or a combination
of curable resins, that does not dissolve the BMI resin powder, an initiator for
the curable resin, and a filler. In one embodiment, the solid BMI powder will
have a pariicle size of 50 micrometers or smaller and a melting point of

greater than 80°C.

DETAILED DESCRIPTICN OF THE INVENTION



OO in which Xis an aromatic group;
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[0008] Suitable solid aromatic BMI resin powders have the structure
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in which X is an aromatic group;



[0022] / O (CH2CH2)n -0 [0023] in which nis 1 - 3, S[0024] / \ \ \ and

[ 0025] [0026] Conpounds having these X bridging groups are comrercially
.avai l abl e, and can be obtai ned, for exanple, from Sartoner (USA) or HOS
Technic GrbH (Austria). [0027] The curable resin may be any curable resin,
or a conmbination of <curable resins, that is in liquid formand that does
not dissolve the solid BM resin so that the adhesive conposition renains
as a nulti-phase system both before and after cure. Suitable curable resins
include liquid epoxies, 4 acrylates or nethacryl ates, mal ei m des, vinyl

et hers, polyesters, poly(butadpenss) . ositiconi zed olefins, silicone resins,
styrene resins and cyanat =@ eri n 028] Suitable mal eimde resins
i ncl ude those hav the gerRgA c Ny str re Oininwhichnis 1to 3 and

X is an aliphati Loragp aromatic group. Exenplary X1 entities include,

pol y(but adi enes), poly(carbopates), p (uret hanes), poly(ethers),
poly(esters), sinple hydr,scg Si ?p.Le hydr ocar bons cont ai ni ng
functionalities s jas car Des /l , carb , am de, carbamate, urea, or

h
et her. These typegﬁo? resins are comercially available and can be
obt ai ned, for exanple, fro tional arch an em cal.— any and
Dai ni ppon | nk and Cheni cal {1 & @:iﬂm } d \ | ei m de resins
are selected from[otolq@ grou{ nsi stivwg/of ~ff0 oO~0
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[00286] Compounds having these X bridging groups are commercially
available, and can be obtained, for example, from Sartomer (USA) or HOS-
Technic GmbH (Austria).

[0027] The curable resin may be any curable resin, or a combination of
curable resins, that is in liquid form and that does not dissolve the solid BMI
resin so that the adhesive composition remains as a multi-phase system both

before and after cure, Suitable curable resins include liguid epoxies,



NO(C36)'O" ~ ~N1I1 00 in which C36 represents a |inear or branched
chain (with or without cyclic noieties) of 36 carbon atons; 0 0 OOO
N"-~0O00 Il Ocr N O; and 50 0\WNOOO O /"MON 0 [0029]

Sui tabl e acrylate resins include those having the generic structure R 1 O
XZ0ninwhichnis1lto6, R is-Hor -CH3. and X2 is an aromatic or

al i phatic group. Exenplary X2 entities include poly(butadienes),

pol y(car bonates), poly(urethanes), poly(ethers), poly(esters), sinple

hydr ocar bons, and si npl e hydrocarbons contai ning functionalities such as

carbonyl, car boxykeryiggd SanetfRRAINALBIMIdEE Syl éMere bBipdsterSOMMeETr ci al 1y
available materials include butyl (neth)acrylate, 1sobutyl (nmeth)acryl ate,
2-et hyl hexyl (netiip@edigrea) sliconhigaiheasiys, slicaet ndsver syprarteapsimsdndur vl
(meth)acryl ate, alkyl

cyanate ester resins.

[0028] Suitable maleimide resins include those having the generic

0
Qe
structure O /4 in which nis 1 to 3 and X' is an aliphatic or aromatic

group. Exemplary X' entities inciude, poly(butadienes), poly(carbonates),
poly(urethanes), poly(ethers), poly{esters), simple hydrocarbons, and simple
hydrocarbons containing functionalities such as carbonyl, carboxyl, amide,
carbamate, urea, or ether. These types of resins are commercially available
and can be obtained, for example, from National Starch and Chemical
Comgpany and Dainippen Ink and Chemical, Inc. in one embodiment, the

maleimide resins are selected from the group consisting of

0 o o o)
[(\:N_/\/\)LO‘(C%)'OJ\/V\_N;]
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represents a linear or branched chain (with or without cyclic moieties) of 36

carbon atomns;
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(meth)acrylate, tridecyl (meth)acrylate, n-stearyl (neth)acryl ate,

cycl ohexyl (net h)acryl ate, tetrahydrofurfuryl (nmeth)acryl ate, 2-phenoxy
ethyl (meth)acryl ate, isobornyl (neth)acrylate, 1,4-butanedi ol

di (nmeth)acrylate, 1.6 hexanediol di(nmeth)acrylate, 1,9-nonandi ol

di (nmeth)acrylate, perfluorooctylethyl (nmeth)acrylate, 1,10 decandi ol

di (neth)acryl ate, nonyl phenol polypropoxylate (neth)acrylate, and

pol ypent oxyl ate tetrahydrofurfuryl acrylate, available from Kyoei sha
Chem cal Co., LTD, acrylated poly(butadi enes) (CN302, NTX6513, CN301,
NTX6039, PR06270) ayvailable from Sartomer Conpany, |nc; polycarbonate

ur et hane di acryl at (Ar¥ Resi n, UN9200A) avai l able from Negam Chem ca

| ndustries Co., LTD, Iiphatig ure hane ol i gonmers (Ebecryl 230,
264, 265, 270, 284 830, 148 , 4881, 4883, 8402,

8800- 20R, 8803, 88043 avai l abl e 6y\ﬁadc re ecialities, Inc; polyester
acrylate oligoners (Ebecryl 657, 770, 6 810,0830, 1657, 1810, 1830)
avai |l abl e from Radcure Specialities, Inc.; and epoxy acrylate resins
(CN104, 111, 112, 115, 116, 117, 118, 119, 120, 124, 136) available from
Sartoner Conpany, Inc. In one enbodinent the acrylate resins are selected
fromthe group coifd2¥t i nguiable awtiie repins welpde these havispihe oayerc ststuracr yl at e,

| auryl acrylate, lauryl pethacrylate, poly(butadiene) with acrylate
functionality and pogy(bQtadi ene) with methacrylate functionality. [0030]
Suitabl e vinyl ethe x?l ncl ude those having the generic ~O X3
structure n in whilc isfl to 6 and X3 is an aromatic or aliphatic group.

Exenpl ary X3 entities4n k“dﬁ.v&%%( Po%dhegé%):c-CH?%'nX ¥ LROR ?i?‘t:ié)

pol y(urethanes), poly(ethers poly(esters si npl'e rocarbons, and

si npl e hydrocar bOBﬁahﬁF)ﬂk@foﬁ]anerﬂ) Xkl ik 8e SdigbLtafenear bonyl, carboxyl,
am de, carbamate, urea, nmrercially avail able resins include
cycl ohexane di net bap(o:hrbnhawsnpblﬁuﬂemanesd@dle(e;hlexso pyly@ttaay, simple

hydrocarbons, and simple hydrecarbons containingﬁunctionalities such as
carbonyl, carboxyl, amide, carbamate, urea, or ether, Commercially available
materials include butyl {(meth)acrylate, isobutyl (meth)acrylate, 2-ethyl hexyl
{meth)acrylate, isodecy! (meth)acrylate, n-lauryl (meth)acrylate, alkyl
{meth)acrylate, tridecyl (meth)acrylate, n-stearyl (meth)acrylate,
cyclohexyl(meth)acrylate, tetrahydrofurfuryl{meth)acrylate, 2-phenoxy
ethyl{meth)acrylate, isobornyl{meth}acrylate, 1,4-butanediol di{meth)acrylate,
1.6 hexanediol diimeth)acrylate, 1,9-nonandiol diimeth)acrylate,
perflucrooctylethyl {meth)acrylate, 1,10 decandiol di{meth)acrylate,
nenylphenal polypropoxylate (meth)acrylate, and polypentoxylate
tetrahydrofurfuryl acrylate, available from Kyoeisha Chemical Co., LTD;
acrylated poly(butadienes) (GN302, NTX6513, CN301, NTX6033, PRO6270)
available from Sartomer Company, Inc; polycarbonate urethane diacrylate
(ArtResin UN9200A) available from Negami Chemical Industries Co., LTD;
acrylated aliphatic urethane oligomers {Ebecryl 230, 264, 265, 270,284, 4830,
4833, 4834, 4835, 4866, 4881, 4883, 8402, 8800-20R, 8803, 8804) available

from Radcure Specialities, Inc; polyester acrylate oligomers (Ebecryl 657, 770,



cycl ohexyl vinyl ether, 2-ethyl hexyl vinylether, dipropyleneglycol

di vi nyl et her, hexanedi ol divinylether, octadecylvinylether, and butandi ol
divinylether available fromlnternational Speciality Products (I SP)

Vect oner 4010, 4020, 4030, 4040, 4051, 4210, 4220, 4230, 4060, 5015
avai l abl e from Sigma- Aldrich, Inc. [0031] Suitable poly(butadiene) resins

i ncl ude pol y(but adi enes), epoxi di zed pol y(but adi enes), nal eic

pol y(but adi enes), acrylated poly(butadienes), butadi ene-styrene copol yners,
and but adi ene-acrylonitrile copolynmers. Comercially available materials

i ncl ude but adi ene%ﬂi 95%’3@810 1]8%6 av;ﬁ%l’e f%%%ad&ﬁgs%éﬁtlesllﬁg”anﬁ54 156, 157,

P30D) avail able from artoner any, Inc; random copol yner of butadlene
and styrene (Ri Coap&Qecry:atSJ:esmsmoznawal 12l e, {1eom7Seard oren20Cerpany | nc.

mal ei ni zed pol y(but adi ene) (R con 130MA8, 130MA13, 130MA20, 131MAS5,
131MA10, 131MAL7, 1&ﬂh@mhmemwnSsﬁwmﬂwpmamaﬂhaUhenéemnxﬁanmmﬁsmwabnpany, I nc.
acryl ated poly(butadlene CN302, NTX6513, CN301, NTX6039, PR0C6270,

Ri cacryl 3100, Rresie @i seiRse rOFQ\Vtﬁlgr%ICE“SFSI“@Hﬁfgﬁp?rﬁﬂﬁwlﬁtﬁdsom@pﬁ'oxyd| zed

zﬁgijzzr ZSthéiégig oty :Stsﬁgﬁwfa?%d “Cindls ;e%?a'aﬁw}cawﬂ@t@e”ﬁ@sacgﬁaﬁ and
acrylonitrile an Kﬁﬂ hﬁgﬁpggega%gﬁ%&n HNE gﬁﬁgl ATBN serles,
) nsa cal

VTBN series and series rom [ 0032] Suitable

epoxy resins incl ygdeobi sphaak vinyapétbasenfide #dde hatrgMtadehérict ype epoxi es.
Commercial ly avallable materi al s i nclude bisphenol type epoxy resins

(Epi cl on 830LVP 830CRP, f835LY, 850CRP) available from Dainippon Ink &
Cheni cal s, Inc.; naphthgl ene type epoxy (Epiclon HP4032) available from
Dai ni ppon | nk & Cheni calls#Y xéllphatlc epoxy resins (Araldite CY179,

184, 192, 175, 179% vai\ abl e fron1 % ty.Chem cals, (Epoxy 1234,

249, 206) avail abPt C?LF%m Uni on" Car Bi4¥ @dggg’rea"l’ﬁdﬁ% 'S agyggpmatic or
aliphatic group. Exemplary X° entities include poly(butadienes),
poly(carbonates), poly(urethanes), poly{ethers), poly(esters), simple
hydrocarbons, and simple hydrocarbons containing functionalities such as
carbonyl, carboxyl, amide, carbamate, urea, or ether. Commercially available
resins include cyclohexane dimethano! divinylether, dodecylvinylether,
cyclohexyl vinylether, 2-ethylhexy! vinylether, dipropyleneglycol divinylether,
hexanediol divinylether, octadecylvinylether, and butandiol divinylether
available from International Speciality Products (ISP); Vectomer 4010, 4020,
4030, 4040, 4051, 4210, 4220, 4230, 4060, 5015 available from Sigma-
Aldrich, Inc.
[0031] Suitable poly{butadiene) resins include poly(butadienes),
epoxidized poly(butadienes), maleic poly{butadienes), acrylated
poly(butadienes), butadiene-styrene copolymers, and butadiene—acrylonitrile
copolymers, Commercially available materials include butadienes (Ricon130,
131, 134, 142,150, 152, 153, 154, 156, 157, P30D) available from Sartomer
Company, Inc; random copolymer of butadiene and styrene (Ricon 100, 181,
184) available from Sartomer Company Inc.; maleinized poly(butadiene)

(Ricon 130MA8, 130MA13, 130MA20, 131MAS5, 131MA10, 131MA17,



(EHPE- 3150) avail abl e from Dai cel Chem cal Industries, Ltd. [0033] Suitable
siliconized olefin resins are obtained by the selective hydrosilation
reaction of silicone and divinyl materials, having the generic structure,

i H Hn--n2 bo min which nlis 2 or nore, n2is 1 or nore and nl>n2.
These materials are comrercially avail able and can be obtained, for

exanpl e, from National Starch and Chem cal Conpany. [0034] Suitable silicone
resins include reactive silicone resins having the 8 generic structure H3 2
CH3 Si .Si SI Xa/C\OCH3 RCH3 X5 nin whichnis O or any integer, X4

and X5 are hydr ogepimAmt faevA12 EvaiRble@RMSAartoBadampkhy, INdY dérpua  acryl ate,
nmet hacryl ate, nmercapto, phenol, or vinyl functional groups, R2 and R3 can be

-H, -CH3, vinyl, pbighytdierss) @Ng0hWIX6ElEr BTD1SHTAEOBYMROMR TN Rivecrg t han t wo
carbons. Commercially avail able materials include KF8012, KF8002, KF8003,
KF- 1001, X-22- 371610KREe01 355) 2yailgefom Rerbayet IncxepxydizedDX, X- 22- 173DX,

X-22-174DX X-22-176DX,. KF-857, 2 F8( . X-22-336 d X-22-3939A
avail abl e from Shipﬂiyé‘r'@ﬂleﬁs? QLE%ﬁ‘ggq%nﬁoérﬂv ﬁ)?cg%erféﬂm %@Wﬁébm?a%ﬁdﬁcghai ) Co.,
Ltd. [0035] Suital|grshadu@aBedFshitble rdf DS EMRAREI LGRS, (puhdg the generic

structure
acrylonitrite and butadiene copolymers {(Hycar CTBN series, ATBN series,

VTBN series and ETBN series) available from Hanse Chemical.
[0032] Suitable epoxy resins include bisphenol, naphthalene, and
aliphatic type epoxies. Commercially available materials include bisphenacl

( type epoxy resins (Epiclon 830LVP, 830CRP, 835LV, 850CRP} available from
Dainippon Ink & Chemicals, Inc.; naphthalene type epoxy (Epiclon HP4032)
available from Dainippon Ink & Chemicals, Inc.; aliphatic epoxy resins
(Araldite CY179, 184, 192, 175, 179) available from Ciba Specialty Chemicals,
{(Epoxy 1234, 249, 206) available from Union Carbide Corporation, and
(EHPE-3150} available from Daicel Chemical Industries, Ltd.
[0033] Suitable siliconized oiefin resins are obtained by the selective
hydrosilation reaction of silicone and divinyl materials, having the generic

structure,

ny-n

4 in which ny is 2 or more, nyis 1 or
more and n,>n;. These materials are commercially available and can be
obtained, for example, from National Starch and Chemical Company.

[0034] Suitable silicone resins include reactive silicone resins having the



X6 ninwihichnis 1 or greater, R" is -Hor -CH3, and X6 is an aliphatic
group. Exenplary X3 entities include poly(butadienes), poly(carbonates),
pol y(urethanes), poly(ethers), poly(esters), sinple hydrocarbons, and
si npl e hydrocarbons containing functionalities such as carbonyl, carboxyl,
am de, carbamate, urea, or ether. These resins are comercially avail able
and can be obtained, for exanple, from National Starch and Chem cal Conpany
or Sigma-Aldrich Co. [0036] Suitable cyanate ester resins include those
having the generic 9 1 NEC O4- X~ structure \ nin which nis 1 or larger,
and X7 is a hydrogafdiestrudr@up. Exenplary X7 entities include bisphenol,
phenol or cresol novolac, dicyclopentadi ene, polybutadi ene, polycarbonate,
pol yur et hane, polyetherc%ir lRyestyer. Lommercially available materials

p

i ncl ude; AroCy L-10, Ar iUB?l, AroCy XU378, XUr1787.02L,

and XU 71787.07L, avaj$igabl e ff rsip Hunt s LLC, Primaset PT30, Primaset PT30
S75, Prinmmaset PT6 ,/ﬁFlﬁhsg P1§ i ADCY, Primaset DA230S,
Primaset Methyl Cy; andcRyi megetR LECY, awaj | able from Lonza Group Linited;

2- allyphenol cyanate ester, 4-nethoYyphenol cyanate ester, 2,2-bis(4-

cyanat ophenol)-1,1,1, 3, 3, 3-hexaf | uor‘opr opane, bij,Sph@m0s odr &¥aRNeded, ester,
di al I yl bi sphenol A cyanate ester, 4-phenyl phenol cyanate ester,

1,1, 1-tris(4- cyandtaepkeny hydeddaanesthyd asitheydpphe baboxgy Rynadxe ety , 1, 1
-bi s(4- cyanat eophenyl ) et hane, 2,2,3,4,4,5,5,6,6,7,7-dodecqj|uorooctanediol
di cyanate ester, arrihagryipte, piesppierrbenal parian Bingtionagroups & PabR ecan bem Cakwood
Products, Inc. , ,

—H, -CH3, vinyl, phenyl, or any hydrocarbon structure with more than two

carbons. Commercially available materials include KF8012, KF8002, KF8003,

KF-1001, X-22-3710, KF6001, X-22-164C, KF2001, X-22-170DX, X-22-

173DX, X-22-174DX X-22-176DX, KF-857, KF862, KFB001, X-22-3367, and

X-22-3939A available from Shin-Etsu Silicone International Trading

{Shanghai) Co., Ltd.

[0035] Suitable styrene resins include those resins having the generic
structure
R4
XS

in which n is 1 or greater, R* is —H or -CH3, and X° is
{ an aliphatic group. Exemplary X entities include poly(butadienes),
poly(carbonates), poly(urethanes), poly(ethers), poly(esters), simple
hydrocarbons, and simple hydrocarbons containing functionalities such as
carbonyl, carboxyl, amide, carbamate, urea, or ether. These resins are
commercially available and can be obtained, for example, from National
Starch and Chemical Company or Sigma-Aldrich Co.

[0036] Suitable cyanate ester resins include those having the generic



[ 0037] The conpositions will further conprise at |east one initiator for
the curable resin, either a free radical initiator or cationic initiator,
depending on whether a radical or ionic curing resin is chosen. If a free
radical initiator is wused, it will be present in an anmount of 0.1 to 10
percent, preferably 0.1 to 5.0 percent, by weight of the organic conpounds
(excluding any filler). Preferred free-radical initiators include

per oxi des, such as butyl peroctoates and dicunyl peroxide, and azo
conmpounds, such as 2, 2' azobi s(2-nmet hyl - propanenitrile) and

2,2' -azobi s(2-met hyl - anen| r|Ie) If a cationic initiator is wused, it
will be present in an a ;¥f .1 to 10 percent, preferably 1to5.0
percent, by wei ghstrusturg Ae or g@ni c lprbuﬁdlsor(a@@EIaudP(ngaem?roqfarquer) I n some
cases, both cationic and free . radical initiation nmay be desirable, in which
case both free r 4K aFxegRy ’%\ﬁdt'tieéﬁ‘F'ﬁd%ﬂ?@e?%é’iﬁ?@’ SEPENIF in the
conposi tion. exa t he curing

d
process to be Hcéo&ent?]g %r%t tbut(zg\cri’llt~:nr\1lt:*=vo ?ol%lcta%onarpa Iblﬁure P(ﬂgdwr or

nrc rnt 1 on dtion, and in a

later processi ng paye%psr &anﬂasmg@rmgl%@%a@ﬁa%%dé a%mm Rictlation upon the
application of heat. I'n 'general, these conmpositions Will cure within

a tenperature ramglees)fAroﬁii})Qﬁ@ﬁArcmyd(wm iXug 1 me7iolL ked @Uf7aed7adiw t hin a [ ength
of time of less- than one mnute to 60 m nutes. The tine and tenperature
curing profile foervaigtlefiomtkeishanel Lo Rfyosset PO, Mirmaset=&Ar3p, S7arftingsétf er ent
conposi tions can be designed to provide the curin rofile that will be
suited to the par FiTEQIFAMasqt AERAS Pyl ?SQHW%@{'WP?%BR%:? A5cBY8ase} 0039] Dependi ng

on the .end appl i C@%ﬁh&i& ang nm%(etﬁé Yg2¥allt]a)§g ?rpggrl;zlg r?y |m|Eed iher mal |y

conducti ve or non tTv ive fillers

i ncl ude silver, CQRRRLnGahdle ¢ &élmgﬂhwhe%@ymmstéﬂlﬁﬁu al uni num and

caf bon bl ack. hbnconductlve fillers i ude al um na alunlnunlhydrOX|de
silica, verm culi tcganafdblismol)-n0]130653-Rexaf@roptopbtd, UigpHeas!Bodyaiats estdrt ani a, sand,

gl ass, barium sulfate, and hal ogenated et hyl ene pol yners, such as,
diallylbisphenol A cyanate ester, 4-phenylphenol cyanate ester, 1,1,1-tris(4-
cyanatophenyljethane, 4-cumylphenoi cyanate ester, 1,1-bis(4-
cyanateophenyl)ethane, 2,2,3,4,4,5,5,6,6,7,7-dodecafluorooctanediol
dicyanate ester, and 4,4-bisphenol cyanate ester, available from Oakwood
Products, Inc.

[0037] The compositions will further comprise at least one initiator for
the curable resin, either a free radical initiator or cationic initiator, depending
on whether a radical or ionic curing resin is chosen. If a free radical initiator is
used, it will be present in an amount of 0.1 to 10 percent, preferably 0.110 5.0
percent, by weight of the organic compounds (excluding any filler). 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'-azobis(2-methyl-butanenitrile). if a cationic initiator is
used, it will be present in an amount of 0.1 to 10 percent, preferably 1 to 5.0
percent, by weight of the organic compounds {excluding any filler). In some

cases, both cationic and free radical initiation may be desirable, in which case

both free radical cure and ionic cure resins can be used in the composition.
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tetrafl uoroethyl ene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
vi nyl i dene chloride, and vinyl chloride. [0040] O her additives, such as
adhesi on pronoters and stablizers, in types and amounts known in the art,
‘may al so be added. EXAMPLES [0041] The foll ow ng exanpl es show t he effect
of a multi-phase system on an adhesive fornulated for use as a die attach.
The adhesive contains a liquid radical curing resin and a solid

bi smal ei mde resin and the results show that the presence of the solid

bi smal ei m de resin serves to nmaintain cohesive strength at high tenperature

wi thout st gni fi cagl psmalind AR BIREIRLL Sie QM 0b0042] Three

resin systens were ?4 to contain a radica ring resin and
initiator, and wegRreig BREsRAnMtbRAugnd I\rbdaton omald Msiengroageny or 11
varying anmounts of a solid BM resin to inprove cohesive strength at high
tenperatures. |n aggditd beportmetediey freadadial initalion mgpnitiesapplicatich of hedti at or, t he
formul ations contained silver flake (filler), epoxy silane and acrylic
silane (adhesi on{§988not dp gpnesmdhese serapRSItipes vt ase Vithine tempe@is] The r adi cal

curing resin in Exanpl a mxture of ol ybut adi ene ckbone

diualcr 3I at _(sal ol : goné?“ggﬂﬁsogﬁg\&goﬂ&cﬁ)fwguw&%ﬂf?aﬁ E{Mﬁ ‘U?Bﬁ'&hé‘m.e ??és'l i quid
crosslinking agent.hRjnt Qxfnmé't@é Autbs HriBFnank Rinfrdr 5¥$rfﬂb ﬁrofng? omer. [0044]
The radical curing resin in anple 2 was a mxture of a l'iqu

bi smal ei m de ol i g@BEN adn&sivg dBbbedithde il iy JsHARfekdt ddnpasibalBaEnd unctionality,
and an isobornyl nethacrylate nononer. [0045] The radical curing resin in

Exanpl e 3 was a mdrgigned tcofrodde thoturibg pratie thaewib secklitedie the mttlcalae di acryl at e
ol i goner and an isobornyl nethacryl ate nononer.
industrial manufacturing process.

( [0039] Depending on the end application, the filler may be electrically or
thermally conductive or nonconductive. Examples of suitable conductive
fillers include silver, copper, gold, palladium, platinum, nickel, a]uminufn, and
carbon black. Nonconductive fillers include alumina, aluminum hydroxide,
silica, vermiculite, mica, wollastonite, calcium carbonate, titania, sand, glass,
barium sulfate, and halogenated ethylene polymers, such as,
tetraflucroethylene, trifluorcethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chloride, and vinyl chicride.

[0040] Other additives, such as adhesion promoters and stablizers, in
types and amounts known in the art, may also be added.

EXAMPLES
[0D41] The following examples show the effect of a multi-phase system
on an adhesive formulated for use as a die attach. The adhesive contains a
liquid radical curing resin and a solid bismaleimide resin and the results show
that the presence of the solid bismaleimide resin serves to maintain cohesive
strength at high temperature without significant loss of room temperature
flexibility.
[0042] Three resin systems were formulated to contain a radical curing

resin and initiator, and were augmented with a liquid crosslinking agent or
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[ 0046] The conpositions were tested for cohesive strength at high
tenperature, flexibility, npisture pick-up and viscosity. [0047] Cohesive
strength was measured as die shear strength of the adhesive used to bond a
7.6 Xx 7.6 mmceramic die to a ceram c substrate where failure was 100%
cohesi ve. Adhesion to ceram c substrates is generally very strong;
therefore, the failure of the adhesive occurs entirely wthin the adhesive
matrix and is a 100% cohesive failure. This tests the nmaterial strength

i nstead of the adhesive strength to the substrate. Comercially acceptable

val ues for cohesi yyisd drfdigisht AESidIBMI tIM 16 HpERe @dhesiUé SidnGlh at Mgl or equal to
25 kgf/die at 260C. [0048] Each adhesive formul ati on was di spensed onto a

ceram c subst r at empardtugesc &r aldition witlee redicd cxing réSinremyl initefor,pheaced ont o t he
adhesive fornulation. The die and substrate assenbly was placed in an oven
and the adhesi vefoadatens exntained aiveniake Glern eray shena aBvasiliastaée r anp from room
12 tenperature to, 175C, foll owed by a QS i.nute hold at 175C. Ten
assenblies for ea h%ﬁﬂ'?é’é‘i"\‘)’éerwgaépeé}? Cr%%g.'“zﬁach die was sheared fromits

Substrate at 90 d es w - ' : r at 260C. The
results were pool @gﬁﬁnd g&%%ﬁgﬁjﬂ&%ﬁg& %ﬁg%giuﬁ?t‘ayn\ﬂ%%ﬁasur ed as

nmodul us; comer ci géiftyitadeRERICREINE dia¥ald@fgdn@F afishusdbsrmiimuthdcamim t enper at ur e
to 250C are in the range of 50 to 7000 MPa. Bel ow 50WPa, the adhesive is
too soft and novespnamd. dleeigiuidotossliakiegiagenih formabtntiHevadiagetmsacivtatea s bei ng
wire bonded to the substrate in a subsequent operation. Hi gher than 7000
MPa, the adhesive"s&¥tites too inflexible and does not adequately absorb the

stress of thernal ling during fabrication gperatigns. [0050] Specinen
were prepared for w%‘ﬁul us hﬁéﬁqaﬁ%’f‘%reﬁ'ﬁﬁa’%ﬁm?'ﬁgWaﬁ&t"@’ftFrﬁlogL 9" thin film
( 3(00m 500m t hi Ckn§i§|%z!ei%eaoliME'r,satJir%,éthgpé}iﬁgner with carbarmate functionality,

and an isobornyl methacrylate monomer.

[0045] ‘The radical curing resin in Example 3 was a rr?xture ofa
polybutadiene backbone urethane diacrylate oligomer and an iscbornyl
methacrylate monomer.

[00486] The compositions were tested for cohesive strength at high
temperature, flexibility, moisture pick-up and viscosity.

[0047] Cohesive strength was measured as die shear strength of the
adhesive used to bond a 7.6 x 7.6 mm ceramic die fo a ceramic substrate
where failure was 100% cohesive. Adhesion to ceramic substrates is
generally very strong; therefore, the failure of the adhesive occurs entirely
within the adhesive matrix and is a 100% cohesive failure. This tests the
material strength instead of the adhesive strength to the substrate.

Commercially acceptable values for cohesive strength are in the range of
greater than or equal to 25 kggdie at 260°C.

[0048] Each adhesive formuiation was dispensed onto a ceramic
substrate and a ceramic die (7.6 x 7.6 mm) was placed onto the adhesive
formulation. The die and substrate assembly was placed in an oven and the

adhesive was cured under nitrogen, with a 30 minute ramp from room
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according to a cure profile of a 30 mnute ranp fromroomtenperature to
175C, followed by 15 mnutes at 175C under nitrogen purging in a box oven.
The filmwas cut to an appropriate size for DMIA anal ysis. Mdul us was
‘tested using a Rheonetrics DMIA MKV (Rheonetric Scientific, USA), in

Tensil e Mbde of Deformation. The nodul us was neasured from-65C to 300C at
3C/ mn of tenperature ranping, 10Hz frequency, and strain at level 0 under
nitrogen purging. [0051] Comrercially accept abl e val ues for noisture
absorption are in the range of less than 0.4 w % at saturation. Specinen

df ials i
vere b b o0 1oL LB TrBL MR 67 R 2 P 17102
profile of a 30 r@aagfga.esm&hfaaeéavmr@&@dmr RhU o bk shiain bl owed by 15

m nutes at 175C un nitrogen purging In a box oven. d speci men were

then cut into piawsFats\&icnkfeesppraDdgarIERC onaemga&a&me&ctheo%ﬁhe cur ed
materials were tested in a DVS-2000 Dynam ¢ Vapor Sorption Analyzer (WB

Bi nder, 13 Ger manife.redite ws@mppbled avdsaverbgesved to equilibrate at 85C and zero
hum dity wuntil the weight was stable and all the residual noisture had been
renmoved from t hell@8pl e F'ﬁﬁ@%”&ﬁﬁ‘?és‘*&%’ia@mw%‘é CPBEBICHBPTPRIP® he program

dth fil 5%, di . Th
o o vhe b postite Bl Gl Bt S SR P B M o Yo
absor bed fecordeﬁbogw%%hm@%mps %@Agw \)?quseg@fpén% RLY SR &&% n¥i scosity are

| ess than 35,000 cP at 5 rpm and I'scosity was neasured on a

Brookfield cone- glegliftely hGEMBRIRE itikDeg wire GFhd2d tothé SUbkEat@in a5 rpm at 25C.
[ 0053] Formul ati on conpositions and results of perfornmance testing are

present ed i n Tabl sbsdquéntaneratidno Wighkrethaniiéd Mee| theladBibivepesohees g present in
the conposition at a concentration fromgreater than 3 w%to 30 W% there
i st inflexible and does not adequately absorb the stress of thermal cycling during

fabrication operations.

[0050]_ Specimen were prepared for modulus testing by curing the

materials in a thin film (300um~500um thickness) on a non-stick board,

according to a cure profile of a 30 minute ramp from room temperature to

175°C, followed by 15 minutes at 175°C under nitrogen purging in a box oven.

The film was cut to an appropriate size for DMTA analysis. Modulus was

tested using a Rheometrics DMTA MKV (Rheometric Scientific, USA), in

Tensile Mode of Deformation. The modulus was measured from —65°C to

300°C at 3°C/min of temperature ramping, 10Hz frequency, and strain at level

0 under nitrogen purging.

{0051] Commercially acceptable values for moisture absorption are in

the range of less than 0.4 wt% at saturation. Specimen were prepared for

moisture pickup testing by curing the materials into a thin film (300pum~500um

thickness) on a non-stick board, according to a cure profile of a 30 minute

ramp from room temperature to 175°C, followed by 15 minutes at 175°C

under nitrogen purging in a box oven. Cured specimen were then cut into

pieces weighing approximately one gram each. The cured materials were

tested in a DVS-2000 Dynamic Vapor Sorption Analyzer (WTB Binder,
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an i nprovenent in cohesive strength at elevated tenperature. There are al so
I ncreases in noisture pick-up and viscosity, but these are wthin the
.acceptabl e range for die attach applications. In another enbodi ment, the
solid BM is present at a concentration from5 w%to 27 wt% [0054] Table 1
- Exanple 1 Conposition Conponents 1A 1B 1C 1D 1E 1F 1G 1H Parts by Wi ght
A igomer 50 50 50 50 50 50 50 50 Mbnoner 40 40 40 40 40 40 40 40 Acrylic
Silane 2 2 2 2 2 2 2 2 Epoxy Silane 11111111 Phenolic Stabil. 0.1
0.10.20.120.10.10.10.1 Radical Initiator 1 1111111 Silver

Filler 420 420 42@5e412é?.6)42}<ﬂeé8r9pué1@£’s AéRed t§@h¢n@rmféw@ Bard zbR Humidkp 50 0 Lig.
Crosslinker 0 0 0O 0 10 14 [0055] Table 2- Exanple 1 Perfornmance Data

1A 1B 1C 1D 1E 1FuhtGihMeigBoddsdtaBeland alDthd rebidbal thoBtute Al bee@bnivédt. 7 0 W % .
Lig Crosslink 0000 0009.6 WM%*" Viscosity 8100 8200 9100 10600 14300
27900 61800 4900 freptesiamsler éhgytamn® wEPCrapcadecIno Y@ mapras 2pFtheg  k r/die

profile was set up to maintain 85°C and 85% relative humidity. The sample
was exposed to this humidity until saturation and the % moisture absorbed
recorded.

j0052] Commercially acceptable values for viscosity are less than
35,000 cP at 5 rpm and 25°C. Viscosity was measured on a Brookfield cone-
plate viscometer using a CP-51 spindle at 5 rpm at 25°C.

( [0053) Formulation compositions and results of performance testing are
presented in Tables 1-6 and show that when solid BMI powder is present in
the composition at a concentration from greater than 3 wt% to 30 wt% there is
an improvement in cohesive strength at elevated temperature. There are also
increases in moisture pick-up and viscosity, but these are within the
acceptable range for die attach applications. In another embodiment, the
solid BMI is present at a concentration from 5 wt% to 27 wt%.

[0054] Table 1 — Example 1 Composition

Components 1A 1B 1C 1D 1E 1F 1G 1H
Parts by Weight
Oligomer 50 50 50 50 50 50 50 50
Monomer 40 40 40 40 40 40 40 40
\. Acrylic Sttane 2 2 2 2 2 2 2 2
Epoxy Silane 1 1 1 1 1 1 1
Phenolic Stabil. 0.1 G.1 041 01 0.1 0.1 0.1 0.1
Radical Initiator 1 1 1 1 1 1 1 1
Silver Filler 420 420 420 420 420 420 420 420
Solid BMI 0 3 5 10 15 30 50 0
Lig. Crosslinker 0 0 0 0 0 0 0] 10
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Modul us MPa @ 25C 4788 5148 5360 5944 6190 5532 5106 5110 @50C 689 822 800
1397 2102 2446 2448 874 Mbisture 0.09 0.16 0.13 0.20 0.25 0.35 0.44 0.15
Absorp. % **W%is exclusive of the filler [0056] Table 3 - Exanple 2
Conposi tion Conponents Parts by 2A 2B 2C 20 2E Wi ht digoner 40 40 40 40
40 (Liquid BM) digoner (Vinylether) 10 10 10 10 10 Mononer 40 40 40 40
40 Acrylic Silane 2 2 2 2 2 Epoxy Silane 1 1 1 1 1 Phenolic Stabilizer
0.1 0.10.120.10.1 Radical Initiator 1 1111 Silver Filler 420 420 420
420 420 Solid BM 0 2 10 30 50 [0057] Table 4- Exanple 2 Perfornmance Data
2A 2B 2C 2D 2E Sphbs| BM Table%s Exddnl 2PdfcPméhcdbatd 34.7 Viscosity, cP 4600
6000 11700 31100 67200 Cohesive Strength @13 12 33 56 58 260C, k f/die

Modul us, MPa @ 25(C 5839 6238A609B 5334 4308 P5OC PHB 38 3771151 404
Solid BMI 0.0 3.1 5.0 9.6 13.7 | 242 347 {0
wt%t*

Liq Crosslink | O 0 0 0 0 0 ¢] 9.6

Wl% L

Viscosity 8100 | 8200 | 9100 | 10600 | 14300 | 27500 | 61800 | 4900

cP

Caoh Strength

@ 260°C, 24 20 35 32 34 45 67 19

| kgrdie

Modulus MPa

@ 25°C 4788 | 5148 | 5360 | 5944 | 6190 | 5532 | 5106 { 5110

@250°C 689 | 822 8OO 1397 | 2102 | 2446 | 2448 | 874

Moisture 009 {016 | 013 020 | 0.25 0.35 044 | Q.15
{ Absorp. wit%

*Wit% is exclusive of the filler

[0056] Table 3 — Example 2 Composition

Components Parts by | 2A 2B 2C 2D 2E
Weight

Oligomer 40 40 40 40 40
{Liguid BMI}

Cligomer (Vinylether) | 10 10 10 10 10
Monomer 40 40 40 40 40
Acrytic Silane 2 2 2 2 2
Epoxy Silane 1 1 1

Phenolic Stabilizer 0.1 0.1 0.1 0.1 0.1
Radical Initiator 1 1 1 1 1
Silver Filler 420 420 420 420 420
Solid BMI 0 2 10 30 50

[0057] Table 4- Example 2 Performance Data

2A 2B 2C 2D 2E
Solid BMI wt%** 0.0 2.1 9.6 242 34.7
Viscosity, cP 4600 6000 11700 | 31100 [ 67200
Cohesive Strength @ | 13 12 33 56 58
260°C, kgifdie
Modulus, MPa
@ 25°C 5839 6238 6097 5334 4806

| @250°C 258 323 377 451 404

Moisture Absocrption, 0.19 013 0.20 0.25 0.29
wit%

**BMI wt% is exclusive of the filler
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Moi sture Absorption, 0.19 0.13 0.20 0.25 0.29 W% **BM w % is exclusive of
the filler 15 [0058] Table 5 - Exanple 3 Conposition Conponents, Parts 3A
3B 3C 3D 3E by Weight Aigoner 40 40 40 40 40 Mononer 40 40 40 40 40
Acrylic Silane 2 2 2 2 2 Epoxy Silane 1 1 1 1 1 Phenolic Stabilizer 0.1
0.1 0.120.1210.1 Radical Initiator 1 1111 Silver Filler 420 420 420 420
420 Solid BM 0 3 10 30 50 [0059] Table 6- Exanple 3 Performance Data 3A
3B 3C 3D 3E Solid BM w%* 0.0 3.4 10.6 26.3 37.3 Viscosity, cP 7600 9100
11200 25300 56700 Cohesive Strength @20 15 37 66 85 260C, kgf/die

Modul us, MPa @ 25{006€)32 Cfabié 56K MmplGITdfpbdition@@50C 562 513 1112 2800 1785
Moi sture Absorp wt%0.19 0.14 0.20 0.25 .029 **BM_ wt % is exclusive of the

filler. 16 What i9g GMa¢maetel Pers: | 3A 38 3C 30D 3E
by Weight
Cligomer 40 40 40 40 40
Monomer 40 40 40 40 40
Acrylic Silane 2 2 2 2 2
Epoxy Silane 1 1 1 1
Phenolic Stabilizer 0.1 0.1 0.1 0.1 0.1
Radical Initiator 1 1 1 1
Silver Filler 420 420 420 420 420
Solid BMI 0 3 10 30 50
[0059] Table 6- Example 3 Performance Data

{ 3A 3B 3C 3D 3E

\ Solid BMI wi%** 0.0 34 106 26.3 37.3
Viscosity, cP 7600 $100 11200 | 25300 | 56700
Cohesive Strength @ | 20 15 37 66 85
260°C, kgddie
Modulus, MPa
@ 25°C 6032 6577 6904 6563 5951
@250°C 562 513 1112 2800 1785
Moisture Absorp wt% | 0.19 0.14 0.20 0.25 028

*BMI wt% is exclusive of the filler.
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1. A nethod for inproving the cohesive strength of a cured die attach
adhesive at elevated tenperature in which the die attach adhesive

formul ation conprises a liquid curable resin or a conbination of curable
resins, initiator, and filler, conprising adding to the uncured die attach
adhesi ve fornul ation at anbient tenperature an aromatic bismal eimde resin
powder haWhaigs elangdisture: 0 0 NX-N U Oin which Xis selected fromthe
group consi sting of which bisnal einmde resin powder does not dissolve in the
l'i qui d cur abl eA methiod feniniprayingiie chhesivastrength elthesged dicfattachubditesion at emai ns as
a mul ti - phaardsyspeamtoinhvineh dreadiaatlachfddeesivafoemulation whinphisea dlgmid/eurable
formul at iredin bh@cdthbinetic &f ceatile sdsispiniktesr, ksd HNEs esthprisin@iddinPtanthe Ghcuded

wei ght  %d0a80h Weha e 5PmEMEONEH d¥Sbibht thRpéra@dar frowdati€ Bisatiamidearedigr nul ati on
t he wei ghtywakahidvehd stRicaiR! ei m de resin powder to liquid curable resinis
5. 2. T

1:3 to 1: e nmet hod according to claim1 in which the el evated
tenperature is,260 C ,or less. 3. The nethod according to claiml in which

the liquid cugable resyn is a naleimde resin, a cyanate ester resin, an
acryl ate re@_&r_ i nation of those resins. 4. The nethod according to
claim3 in i.h "t he | id curable resinis a naleimde resin selected

fromthe group consistfng of OOV N 17 in which C36 represents a |linear or
branched chain®(with 8 w thout cyclic noieties) of 36 carbon atons; UO U

n N-~O O
in which X is selected from the group consisting of

which bismaleimide resin powder does not dissolve in the liquid curable resin so that the die
attach adhesive formulation remains as a multi-phase system both before and after cure, in
which adhesive formulation the bismaleimide resin powder is present in an amount of 3
weight % to 30 weight %, excluding filler; and in which adhesive formulation the weight
ratio of bismaleimide resin powder to liquid curable resin is 1:3 to 1:45.

2. The method according to claim 1 in which the elevated temperature is 260° C. or less.

3. The method according to claim 1 in which the liquid curable resin is a maleimide
resin, a cyanate ester resin, an acrylate resin, or a combination of those resins.

4. The method according to claim 3 in which the liquid curable resin is a maleimide
resin selected from the group consisting of

EﬁNJ‘\/\/n\O_“,_D»J\/\/\_?;\"
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uEJ> "~ -Nznc ONO DIx" DOS5. The method according to claim3 in
which the acrylate resin is selected fromthe group consisting of isobornyl
acryl ate, isobonyl nethacrylate, lauryl acrylate, lauryl nethacryl ate,

pol y(but adiene) with acrylate functionality and pol y(butadi ene) with

nmet hacrylate functionality. 6. The nethod according to claiml in which the
bi smal ei Mindgnifiee! g@ WIS a lifledrlve brandheisihvi (wathnat! withowl cydicpheiste) of B6 an
anount of . B Meitgit, % to 27 weight % excluding filler, and in which
adhesive fornulation the weight ratio of bisnaleinide resin powder to liquid
curable resin |su 1:6-1:18. 18
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5. The method according to claim 3 in which the acrylate resin is selected from the
group consisting of isobornyl acrylate, isobornyl methacrylate, lauryl acrylate, lauryl
methacrylate, poly(butadiene) with acrylate functionality and poly(butadiene) with
methacrylate functionality.

6. The method according to claim 1 in which the bismaleimide resin powder in the
adhesive formulation is present in an amount of 5 weight % to 27 weight %, excluding filler,
and in which adhesive formulation the weight ratio of bismaleimide resin powder to liquid
curable resin is 1:6~1:18.
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