Attorney docket # 3082. EEM METHOD TO | MPROVE H GH TEMPERATURE CCHESI VE
STRENGTH W TH ADHESI VE HAVI NG MULTI - PHASE SYSTEM FI ELD OF THE | NVENTI ON

[ 0001] This invention relates to a nulti-phase adhesive conposition
conprising a solid bismaleinmde (BM) resin powder dispersed in aliquid
resin and its use to inprove high tenperature cohesive strength. In
particular, this 1invention relates to a nethod for inproving high
tenperature cohesive strength for die attach adhesives w thin sem conductor
packages. BACKGROUND OF THE | NVENTI ON [ 0002] Curable resins, such as,

epoxi es, acrylates or nethacryl ates, nal efiormgedocketi#3082 Eidhers, and

bi smal ei m des, are studied for use as die attach adhesives in sem conductor
packagi ng applications (adhesives used to attach a sem conductor die to a

substrate) becapsedeftd MpRbvE AEHREHERAGURDEBRPEVEBTrESRM Curability, and
|l ong pot life. Two othenH maeskia NG penbHRSE §xdTeth € attach adhesives are
(i) flexibility at roomtenperature and (ii) adequate cohesive strength at

el evated tenperature. [0003] Flexibility at roomtenperature is desirable to
absorb the stress in the di geandr subsiveRtencreated by their differing
expansion and contraction rates in response to tenperature during
fabrication pr[@f@é]ssesThiSFﬁlvei%bb'rEIakewo‘cifsuitiﬂ'@a%%ﬁhe&ikeasmmtﬂeﬂ us, the higher the
nodul us, the less flexibility nodul us_at roomtenperature transl ates

into i ncreased®SPEeE PR biima’?@?ﬁeé'%Wbﬁ@P BPdpsea g 'RALUEAT ead t o
del am nati on taaﬁgnsdds@ toqﬁwﬁr‘élfémt,@ntTmﬁE%frféo‘REﬁe sk %VtEFncGli?e}m dulus at room

t enperat ure, better exibrlity and material pertfornmance.
invention relates to a method for improving high temperature cohesive

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 (ii) adequate cohesive
strength at elevated temperature.
[0003] Flexibility at room temperature is desirable to absorb the sfress in
the die and substrate created by their differing expansion and contracticn
rates in response to temperature during fabrication processes. Flexibility is
measured as modulus, the higher the modulus, the less flexibility. High
madulus at room temperature translates into increased stress in a
semiconductor package and can lead to delamination and die cracking.
Therefore, the lower the medulus at room temperature, the better the
flexibility and material performance.

[0004] High temperatures can degrade adhesives without adequate



[ 0004] Hi gh tenperatures can degrade adhesives w thout adequate cohesive
strength. If die attach adhesives do not have sufficient cohesive strength
to withstand the el evated tenperatures encountered during 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 room
tenperature consists in using conponents that give |ow | evels of
crosslinking. In counterpoint, a nmethod for inproving cohesive strength at
el evat ed t enpefoResieetenglin&idsadaqn rdiesivergionPd@YsuEORPGHESYS t hat gi ve hi gh

| evel s of crosglinking, t i h. i t always effective
because altho%%haﬁhg& P:sft%gg eie%l@?@%@‘ge?%&rfssénl%cr’lu%\}égegsdg&g cohesive strength at

el evated tenpgbakiifgmd @tk IRt dan Yo adneatietr teQRABM tlhi s i nventi on
conprises a solution to the above problemby providing a conposition that
exhi bi ts i npr osugstratroind sitimeate &ilyre pigitehsepicomlugtvratedck in whidptee die isr es wi t h mi ni nmal
decrease in roomtenperature flexibility. SUMVARY OF THE | NVENTI ON [ 0007]
This invention'$® a method for inproving cohesive strength of conpositions

used for die apbhach appl %&%Jf%ta%gHéxﬁ:ﬁgﬁrﬁ&@&(aéﬁé&%@s?veg%tt hout sacrificing

flexibility at roomtenperature. e nethod conpri ses ding a solid
aromat i ¢ bi smakoeinménthera(UBMohsigteis Lsinguowdetents atgidiley ladetsach formul ati on in
which the die attach fornul ation conprises a curable resin, or a conbination
of curabl e restAslinkitgaln ceHEEPORGE MEINSS BT EroviR@caBRAVesERIgH owder , an initi ator
for the curable the solid BM

E ol Ul Bl 8 % 00 ebod] et
powder will hE9E R PRSP EBES G A IOOPYIRET EFS"S " Vel | er and a mel ting
poi nt of levels of crosslinking; but this approach is even not always effective because
although the cresslink density is increased, cohesive strength at elevated
temperatures can remain unaffected.
[0006] 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 OF THE INVENTION
[G00T} 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 formuiation 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 particle size of 50 micrometers or smaller and a melting point of

greater than 80°C.

DETAILED DESCRIPTION OF THE INVENTION



greater than 80C. DETAI LED DESCRI PTION OF THE I NVENTION y [0008] O O

exenpl ary aromati c groups incl ude:
[ 0015] [0016] Suitable solid aromatic BM

HC Hin which Xis an aromatic group;
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

-
R

GHs CHj
H>

CH, CoHg
C
::: H, C:j
C2H5 CH3

[0009] [0010] [0011] [0012] [0013] [0014]

resin powders have the structure C

3 [0017] [0018] [0019]

Suitable solid aromatic BMI resin powders have the structure

in which X is an aromatic group;



[0020] [0021] [0023] [0024] [0025] and [0026] Conpounds having these X
bridging groups are commercially available, and can be obtained, for
exanple, from Sartonmer (USA) or HOS- Technic GrbH (Austria). [0027] The
curable resin nmay be any curable resin, or a conbination of curable resins,
that is in liquid formand that does not dissolve the solid BM resin so
that the adhesive conposition renmains as a nmulti-phase systemboth before
and after cure. Suitable curable resins i nclude liquid epoxies, 502 SO2 CH3
n-(CH CH.,)- -n-o/ in mhlch nis 1- 3, acrylates or nethacrylates,

mal ei m des, vinyl ethe €S pol y( but adi enes), siliconized

ol efins, silicone resi n =® and cyanate ester resins. [0028]
SU|tabIe mal ei Mg resin nclude t hdSe having the generic structure

[0018] :::: o0 C:::
Do~
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[0028] Compounds having these X bridging groups are commercially

[0019]

[0022]

inwhichnis1-3,

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 combinaticn 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 liquid epoxies,



inwhichnis 1to 3 and X is an aliphatic or aromatic group. Exenplary X
entities include, poly(butadienes), poly(carbonates), poly(urethanes),

pol y(ethers), poly(esters), sinple hydrocarbons, and sinple hydrocarbons
containing functionalities such as carbonyl, carboxyl, am de, carbamate,
urea, or ether. These types of resins are commercially available and can be
obt ai ned, for exanple, from National Starch and Chem cal Conpany and

Dai ni ppon I nk and Chemical, Inc. In one enbodinent, the nualeimde resins
are selected fromthe rou consisting of 0 O N O(CIWOO in which Cab
represents a |3°HBEF °rd1”e E‘@ﬁé‘&?’%’ﬂ'ﬁ‘?s AU BPYSHiCEhout cyclic noieties) of

36 car bon at butgdlgneg SI|!C87%§|-OQ%QJI|IR§H|F£S%'Q|&yr&%n%kn@%ﬁf{ reSI ns I nCl Ude those

havi ng t he gene |c structure 1n s -Hor -CH3. and X2
i s an aronmati acyafateakteplgts. ¢ group. Exenplary X2 entities include

pol y(but adi ene pol y(carbonat es), poly(urethanes), poly(ethers),

pol y(esters), ?r}pl e W%%\?"ﬁ@ﬁéﬁs'”ﬁ'ﬁ@iu‘éltwﬁ? éavméhe@é%”ﬁ)ons cont ai ni ng
functionalities such asgcar bonyl, carboxyl, am de, carbanate, urea, or
ether. Commercially fav ble materials i ncI ude butyl (meth)acryl ate,

i sobutyl (neth)acryl ﬁ =gt hyl hexyl

structure N inwhich nis 1to 3and X' is an aliphatic or aromatic

group. Exemplary X' entities include, poly(butadienes), poly(carbonates),

poly(urethanes), poly(ethers), poly(esters), simple hydrocarbons, and simple

hydrocarbans 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

Company and Dainippon Ink and Chemical, inc. In one embodiment, the

maleimide resins are selected from the group consisting of

0 o) o O
O O inwhich Cy

represents a linear or branched chain (with or without cyclic moieties) of 36

carbon atoms;
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(meth)acryl ate, isodecyl (neth)acrylate, n-lauryl (meth)acrylate, alkyl
(nmeth)acrylate, tridecyl (nmeth)acrylate, n-stearyl (neth)acrylate,

cycl ohexyl (et h) acryl ate, tetrahydrofurfuryl (neth)acryl ate, 2-phenoxy

et hyl (meth)acryl ate, isobornyl (nmeth)acrylate, 1,4-butanedi ol

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

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

di (neth)acryl ate, nonyl phenol pol ypropoxylate (nmeth)acrylate, and

pol ypent oxyl ate tetrahydrofurfuryl acrylate, available from Kyoei sha
Chemi cal Co., LD, @crylated poly(butadienes) (CN302, NTX6513, CN301,
NTX6039, PR062 Conpany, Inc; polycarbonate

ur et hane di acr ilable fronlNeganl Chem ca

I ndustries Co., ylIa i ret hane ol i gonmers (Ebecryl 230,
264, 265, 270,284, 4830, 4833 4834, 4835, 4866, 4881, 4883, 8402,

8800- 20R, 8803, 8804) available from Radcure Specialities, Inc; polyester
acryl ate oligoners (Ebecryl 657, 770, 6 810, 830, 1657, 1810, 1830)
avai | abl e from Radcure Specialities, Inc.; and epoxy acrylate resins
(CN104, 111, 10@¢] 1155uitddleGacrylbEfesirbigiudd hse haRily thd gateric sk@B)e avai | abl e from
Sartonmer Conpany, Inc. In one enbodinent the acrylate resins are selected
fromthe group/canhsi ating of isobornyl acrylate, isobornyl nmethacrylate,

| auryl acryl atfe xmet hacryl ate, poly(butadiene) with acryl ate
functionality land (butadi ene) with nmethacrylate functionality. [0030]
Sui t abl e vi nyl \et her ﬁeshQ§mhnghqg§FpQQﬁgrhﬁygmgxﬂgghéymggglc structure n in
which nis 1 to 6 and X3 is an aromatic or aliphatic group. Exenplary X
entities incl udeippaicglbut BdingaeXj entitgsoickhicaniardess),, pol y(ur et hanes),

pol y(et hers), pon esters), sinple _
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
materials include butyl (meth)acrylate, isobutyl (meth)acrylate, 2-ethyl hexyl
{meth)acrylate, isodecyl {meth)acrylate, n-lauryl (meth)acryiate, alkyl
(meth)acrylate, tridecyl {meth)acrylate, n-stearyt (meth)acrylate,
cyclohexyl(meth)acrylate, tetrahydrofurfuryl(meth)acrylate, 2-phenoxy
ethyl(meth)acrylate, isobornyl{meth)acrylate, 1,4-butanediol di{meth)acrylate,
1.6 hexanedicl dilmeth)acrylate, 1,9-nonandiol di{meth)acrylate,
perfluorooctylethyl {meth)acrylate, 1,10 decandiol di{meth)acrylate,
nenylphenol polypropoxylate {meth)acrylate, and polypentoxylate
tetrahydrofurfuryl acrylate, available from Kyoeisha Chemical Co., LTD;
acrylated poly(butadienes) (CN302, NTX6513, CN301, NTX6039, 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, B800-20R, 8803, 8804) available

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



hydrocar bons, and sinpl e hydrocarbons containing functionalities such as
carbonyl, carboxyl, am de, carbamate, urea, or ether. Comercially avail able
resins include cycl ohexane di net hanol divinyl et her, dodecyl vinyl et her,

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

di vi nyl et her, hexanedi ol divinylether, octadecyl vinylether, and butandi ol
divinylether available fromliInternational Speciality Products (I SP)

Vect omer 4010, 4020, 4030, 4040, 4051, 4210, 4220, 4230, 4060, 5015

avai |l abl e fron1Signa- Al drich, Inc. [0031] Suitable poly(butadiene) resins

i ncl ude pol y( B4®-&df dfrds 1810, 183D RYArolEdtP IRAYArd Breslltieh &Y aNdgl e ¢
| y( but adi | i , I - St | ,
Prd” but ad: ene- ey PERKIAhFvBE L B0 BRCR B BB 88 YL PC® aeri s

i ncl ude but adigsesaibbt andaBmer doddbanyl B4, In bAZembbaithentbecryb®3, 154, 156, 157,
P30D) avail able from Sartonmer Conpany, Inc; random copol yner of butadiene
and styrene (ResiorrelgBsted g the Ir8up coavling effisoeorivi mie®aistmet  Conpany | nc. ;
mal ei ni zed pol y(but adi en Ri co 30VAS, OMAL13 30 0, 131MA5,
131MAL0, 131@9(?“,3”1'%‘%_ ‘M@%?W';f%éﬁvﬂg“?%‘ha&%ﬁ %"6191%%”31‘1%66%""%%??? r Conpany, Inc.:
acryl at ed polfm(cpdﬁaﬁxﬂan@faggkutéo@#%%h mithXOpSun&biRflg, NTX6039, PRO6270,

Ri cacryl 3100, Ricacryl 3500) available from Sartoner Inc.; epoxydi zed

pol y( but adi eng&Bo) Pol3ubableo00), eteOB3insaivaide alotechakingtie Sanetionmer Conpany. | nc.
and Epol ead PB3600 avail able from Dai cel Chem cal Industries, Ltd; and
acrylonitrile and buf adi efe copol yners (Hycar CTBN series, ATBN series,

VTBN series and ETBN serids) .available from Hanse Chem cal. [0032] Suitable
epoxy resins include Bi PHendl, naphthal ene, and aliphatic type epoxies.

Commercial ly awadd@bbe natreri ah&nibmelb vebes HbxPBamsbmatic 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 dimethanol divinylether, dodecylvinylether,
cyclohexyl vinylether, 2-ethylhexyl vinylether, dipropyleneglycel divinylether,
hexanediol divinylether, octadecylvinylether, and butandiol divinytether
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-acrylenitrile
copolymers. Commercially available materials include butadienes (Ricon130,
131, 134, 142, 150, 152, 153, 154, 156, 157, P30D) available from Sartomer
Company, Inc; random copolymer cf butadiene and styrene (Ricon 100, 181,
184) available from Sartomer Company Inc.; maleinized poly(butadiene)

{Ricon 130MAS, 130MA13, 130MA20, 131MAS, 131MA10, 131MA17,



type epoxy resins (Epiclon 830LVP 830CRP, 835LV, 850CRP) avail able from
Dai ni ppon Ink & Chem cals, Inc.; naphthal ene type epoxy (Epiclon HP4032)
avai |l abl e from Dai ni ppon Ink & Chenlcals Inc.; aliphatic epoxy resins
(Araldite CY179, 184, 192, 175, 179) avallable from Ci ba Specialty

Chem cal s, (Epoxy 1234, 249, 206) available from Union Carbide Corporation,
and (EHPE-3150) avail able 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, ni-K3M ’Z‘Z%qﬁﬁlp\lﬁla&ﬂaﬂefrci”ésaZtOB‘F"?Pﬂ?pény~ 179 gog/lafedy more and nl>n2.
These T ef | 2! oy SoSRATRASIEN N PPt shalrib gl oLned. o

exanpl e, fromNationa tarch an Chem cal Conpany 003 Sui tabl e silicone
resins i ncl udesne &bty 85®) hiatdREromeiHoser M@y eftgydiza@ generic structure in
which nis O or any inte X4 and X5 are hydrogen, nethyl, am ne, epoxy,
car boxyl , hydrR?WDU?aééW] g?'@d 60%@9%&@“%'%&@ Sa*f@m@rmanyp'ﬁ@nol or vinyl

functional gr Ouﬁ?{)ol% P%Q(%h%\ ay Iatﬁleftr g Dalﬁe%hem%gduatnesybo aDQenyl or any

hydr ocar bon st ure car er i al | y avail abl e

mat erial s i ncl adenkil0d Butadiin® @QRymKE BRES cTBK ek (draNXemed- 3710, KF6001,
X-22-164C, KF2001, X-22-170DX, X-22- 173DX, X-22-174DX X-22-176DX, KF-857,

KF862, KF8001, VIBNXRrc336F ETRMhskriesKa@sbBGROAlaaseattealzkle from Shin-Etsu Silicone

I nternational Tradi i ng Shan hai) Co., Ltd.
[0032] Suitable epo y resifis includé bisphenol, naphthalene, and

aliphatic type epoxies. Commercially availabie materials include bisphenol
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, Lid.

[0033) Suitable silicenized olefin resins are obtained by the selective
hydrosilation reaction of silicone and divinyl materials, having the generic

structure,

-z

iz in which ny is 2 or more, nyis 1 or
more and nqy>n,. These materials are commergially available and can be
obtained, for example, frem National Starch and Chemical Company.

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



[0035] Suitable styrene resins include those resins having the generic
structure in which nis 1 or greater, RAis -Hor -CH3, and X6 is an

al i phatic group. Exenplary X3 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, carboxyl, am de, carbamate, urea, or ether. These resins are
comercially avail abl e and can be obtained, for exanple, from National
Starch and Chem cal Conpany or Sigma-Aldrich Co. [0036] Suitable cyanate
ester resins | ¥WePGGE“Y®se having the generic NEC- OX structure n in which
nis 1 or larger, and X7 is _a hydrocarbon group. Exenplary X entities
i ncl ude bi sphenol, gHenol /of creésol $Hovol ac, di cycl opent adi ene,

pol ybut adi ene, pol ygarbornatg, po yuépthane, pol yet her, or polyester.

Commerci al |y availaphe_ [rals Pu%g; AroCy L-10, AroCy Xus366, AroCy
XU371, AroCy x¥378, . U79487r02LY Jan X ¥1787.07L, avail able from Huntsman
LLC, Primaset PT30, i mget PT30 S75, Prinmaset PT60, Prinaset PT60S,

Pri maset BADCY, Prinmaset 30S/ Pri naset mNﬁEPXE§ya4ﬁPﬂm§£i”aset LECY,
avai l able from Lonza Goup Limted; 2- allyphenol cyanate”ester,

4- met hoxyphenok? 6y ATaé BydRGEE Methid, atnikd, Sody, carboxyl, hydroxy, acrylate,

cyanat ophenol )-1, 1, 1, 3, 3, 3- hexaf | uor opr opane, bisphengl A cyanate ester,
di al | yl bi sphenotthanrvisieamatcerte shaspl, or4ing fuaetiphgd Biomrsl Roapd Racas best er |

cyanat copheny! ThCRINGY oA s" AV AVEes Bl oo B agediT 0Bt coct anedi of
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, KF8001, X-22-3367, and
X-22-3939A available from Shin-Etsu Silicone International Trading

(Shanghai) Co., Ltd.

[0035]) Suitable styrene resins include those resing having the generic
structure
=
XB

in which n is 1 or greater, R* is —=H or ~CHa, 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 avaitable and can be obtained, for example, from National
Starch and Chemical Company or Sigma-Aldrich Co.

[0038] Suitable cyanate ester resins include those having the generic



di cyanate ester, and 4, 4'-bisphenol cyanate ester, avail able from Cakwood
Products, Inc. [0037] The conpositions wll 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 resinis
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

t he organi ¢ conmpounds (excluding any filler). Preferred free-radical
initiators include peroxides, such as butyl peroctoates and dicunyl

peroxi de, and azo cqgpeg x’ such as 2,2'-azobi s(2-nethyl- propanenitrile)
and 2, 2' - azobi g{,&g@nt hyl - Utaﬂ@@h&{d$$bnmb&zﬁd&aEbQ r&alobh tiator is used,
it will be present in an anmount of 0.1 to 10 percen preferably 1 to 5.0

percent, by wegrglpt E@émmdm@(’@hgamhﬂude@mprmumdszer(oemmkasd|nn\g:|aa,ny filler). In some
cases, both cationic and free radical initiation may be desirable, in which
case both fredcyFarRen@dipneckaheutaiene RONFELVaE POV eethang ROYAN e used in the

composi L1 on.  SH§Hedl, 64MROSY N UOHLELRSLILE wd Qi £X08) €. the curing

process to be arte tionic rnitiatiaon irradiation, and in a

| at er processi xgees A&, xUsm,h@cqmowﬂaexmrmzt,raa@xuadzse.ah,i nitiation upon the
application of heat. [0038] In general, these conpositions will cure within
a tenperat ure avpigagé&onfiugenargde, Priamrdet E090. Rimasel 1T3pE7 e Ffieeeed within a length

curi ng.prof i | & R8r RBEIA i B0 SRBRRIT PO A O URPY . and di 11 eront
conposi tions chgnRe, aﬂ%.hg&egtd\oa@n% 38 LoRG Gl legte@rzof ile that will be
suited to the particular industrial nanufacturlng process. [0039] Dependi ng
on the end appdiygatd omnatd mrmme&tmymw dyenatd et 2i2edd(4-y or thermal ly
conductive or nonconductive. nples of suitabl e conductive

cyanatophencl)- 1,1,1,3,3,3 hexaftuoropropane, bisphenal A cyanate ester,

diallylbisphenol A cyanate ester, 4-phenylphenol cyanate ester, 1,1,1-tris(4-

cyanatophenyl)ethane, 4-cumylphenol cyanate ester, 1,1-bis(4-

cyanateophenyl)ethane, 2,2,3,4,4,5,5,6,6,7, 7-dodecaflucrooctanediol

dicyanate ester, and 4,4’-bisphanol cyanate ester, available from Oakwood

Preducts, 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 wilt be present in an amount of 0.1 to 10 percent, preferably 0.1 t0 5.0

percent, by weight of the organic compounds (excluding any filler). Preferred

free-radical inittators include peroxides, such as buty! 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 1to 5.0

percent, by weight of the erganic compounds (excluding any filler). 'n some

cases, bath 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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fillers include silver, copper, gold, palladium platinum nickel, alumnum
and carbon bl ack. Nonconductive fillers include alum na, alum num
hydroxi de, silica, vermculite, mca, wollastonite, calcium carbonate,
titania, sand, glass, bariumsulfate, and hal ogenated ethyl ene pol yners,
such as, tetrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyl
fluoride, vinylidene chloride, and vinyl chloride. [0040] O her additives,
such as adhesi on pronoters and stablizers, in types and anobunts known in
the art, may al so be added. EXAMPLES [0041] The foll owi ng exanpl es show t he
effect of a MUTUER @ pTRSEticR LR RF MG HOTAIANRIM BS FVEI POFYTEICPed for use as a die
attach. The adhes) Myecago%gétuﬂ\aﬁ& Ring blxﬂ%hlgnokaaﬂh@aat ﬁ&r‘b’réc@&mr esin and a solid

bi smal ei m de resin an S sh reseﬁce of the solid

bi smal ei m de rsgi tBb§edfrfv’r:ﬁa‘iedtbﬁ?fré@r'aﬂl&a’ﬁlnlﬂatﬁﬁ)h&:&ltﬁé%pplfé&tl’oﬁBgtebt_ at high tenperature
W thout significant |oss of roomtenperature flexibility. [0042] Three
resin systens [M@8k fdn genea?d thgse eymeeritiond will curewthinedémesratirlg  resi n and

initiator, and mer d W t cros I|nk|n agent or |1 varying
amounts of o JaEA BEOBar e e Mlpe elr ek e SRt PesdEa hi oh
tenmperatures. théh oﬂgﬂw'mwe%‘e&rﬂnl}t&e Tﬁéﬂﬁ&éﬁ’wh te%b@fa@ga duBR) forRNgh i nitiator, the

formul ati ons contained silver flake (filler), epoxy silane and acryl iC
silane (adhesizomadpedrmbepstiorawitivasy, p’meiﬁieientmombﬁmbhs @epbe [0043] The radical
curing resin in Exanple 1 was a m xture of a ybut adi ene backbone

diacryl ate ol i {EAS ‘Oa?i@"dﬁﬁ“elcgﬁfﬁd’ff%‘i?lthah‘é'{' PeaseitsA t%fhé pa'ﬁ%‘l’*’r’brrer The 1iquid
crosslinking qg&%allﬂgnufg)&mé F%éegg Hwas a tetra acryl ate

[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, aluminum, and
carbon black. Neonconductive fillers include alumina, aluminum hydroxide,
silica, vermiculite, mica, wollastonite, calcium carbonate, titania, sand, glass,
barium sulfate, and halogenated ethylene polymers, such as,
tetrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chloride, and vinyl chioride.
[C040] Cther additives, such as adhesion promoters and stablizers, in
types and amounts known in the art, may also be added.

EXAMPLES
[0041] 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
liguid 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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mononer. [00441 The radical curing resin in Exanple 2 was a m xture of a
liquid bisnmaleimde oligoner, a vinylether oligomer wth carbarnate
functionality, and an isolbornyl nethacrylate nonomer. [0045] The radical
curing resin in Exanple 3 was a m xture of a pol ybutadi ene backbone

uret hane diacryl ate oligoner and an isobornyl nethacrylate nononer. [00461
The conpositions were tested for cohesive strength at high tenperature,
flexibility, nmoisture pick-up and viscosity. (00471 Cohesive strength was

neasured as di e shear streg}gth of the adhesive used to bond a 7.6 x 7.6 mMm
ceranic die td@NERPURISOr A BYLEEN to{PRIPVE CPNgsMRTe iR MBD0% cohesi ve.

Adhesi on Lo, SSLAMLG SRR 85 vk Saacdf ALl B tibong.  therefore. i he

failure of the adhesive occurs entire e adhesive matrix and is a
100% cohesi ve féraulbtith€contbives sik@Iikic: (filke, epbBiskine ahd &tylicngieh | nst ead of the
adhesive strength to the substrate. Comrercially acceptable values for
cohesi ve st r engthbsicrremaiery) ged # iegeic ebiizgy eat er than or equal to 25 kgf/die
at 260' C. [00%%% Eacqhagge%iwe forquéa%ﬁpq was d%s 8nsed onto a ceramc
substrate and ‘& Teram ¢ W8 LFIENL FEEMRE' 788 BIUEEE onto the adhesive
formul ation. TReolisRneBEkHD SN EIBSSE AR 36 MBS RhRHadhia® an oven and the
adhesi ve was cured under nitrogen, with a 30 mnute ranp fromroomO

t emper at ur e t anch@BE, Theolglid weskliyngagdrbinfrmuitten N wds atetrd #&@ite Ten assenbl i es
for each adhesive were prepared. Each die was sheared fromits substrate at
90 degrees wi t"d"Bage 2400- PC Di e Shear Tester at 260C.

[0044} The radical curing resin in Example 2 was a mixture of a liquid

bismaleimide oligomer, a vinylether cligomer with carbamate functionality,
and an isobornyl methacrylate monomer.

[0045] ‘The radical curing resin in Example 3 was a n:irxture of a
polybutadiene backbone urethane diacrylate oligomer and an isoborny!
methacrylate monomer.

{00486] The compasitions were tested for cohesive strength at high
ternperature, 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 to 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 kgddie at 260°C.

[0048) Each adhesive formulation 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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The results were pooled and averaged. [00491 Flexibility was neasured as
nodul us; commercially acceptable values for nodulus fromroomtenperature
to 250C are in the range of 50 to 7000 MPa. Bel ow 50MPa, the adhesive is
too soft and noves, and does not adequately hold the die as it is being
wire bonded to the substrate in a subsequent operation. Hi gher than 7000
MPa, the adhesive becones too inflexible and does not adequately absorb the
stress of thermal cycling during fabrication operations. [0050) Specinen
were prepared for nmodulus testing by curing the materials in a thin film
(300m 500m t hiteresebeg tod75°a. feilowedtyiack ntiterhd!d at He8orighng to a cure profile of

a 30 mnute ranp fromroomtenperature 175C, followed by 15 m nutes at
175C under ni f?%&'@%’sg%ﬁF@ﬁ%ﬁahqsﬂg‘é{?r%?p%%%am %ﬁasfslfh?ar‘rﬁ/ﬁ? 'E‘_ut to an _
appropri ate sisgghebt g@l\dﬁsﬁe@%_hx%%246@6%1&%@@%5@@%@%USI ng a Rheonetrics
DMIA MKV (Rheonetric Scientific, USA), in Tensile Mde of Deformation. The
nodul us was ngaswsed weremleddhCatapage@00C at 3C/ m n of tenperature ranping,

10Hz frequency, and strain at level O under nitrogen Purgi ng. [00511
Comrerci al |y a{9%¢¥pt apiesiclityvaesessyed appeitls oapeselersaeEte in  the range of

| ess t han 0-4v%¢a9gé°f9rtmo%6\5 o%?o{?rﬂtm D&k %o‘r‘ﬁr?in%e?g%%gg%gk moi sture pi ckup

testing by curing the materials 1nto a m t hi ckness) on a

non-sti ck boardso MeL BeivEgMPD tha 28hEsRe BERsbit Shd@iovés, 3 dakdnst e ranp from room
tenperature to 175C, followed by 15 m nutes at 175C wunder nitrogen purging
in a box oven.adQupield hgpbe direnit wbeieg vigdandsdto thawupstrasiimees wei ghi ng

approxi mately one rtamereach . The ¢ %g'l egcjhgsl,ivse Jere tc;toest ed in a DVS-2000

Dynani ¢ Vapor %F?)“&P SheAIRR WE\??’F\}\#@ F{%‘é‘é‘?‘ ;
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 (30Cum~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 —85°C to
300°C at 3°C/min of temperature ramping, 10Hz frequency, and strain at level
C under nitrogen purging.
[0051] Commercially acceptable values for maoisture absarption 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 (300um~500um
thickness) on a neon-stick board, according to a cure profile of 2 30 minute
ramp from room temperature to 175°C, followed by 15 minutes at 175°C
under nitrogen purging in a box aven. Cured specimen were then cut into
pieces weighing approximately one gram each. The cured materials were

tested in a DVS-2000 Dynamic Vapor Sarption Analyzer (WTB Binder,
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[3 Germany). The sanple was allowed to equilibrate at 85 C and zero hum dity
until the weight was stable and all the residual noisture had been renoved
fromthe sanple. The sanple weight was recorded into the program and the
profile was set up to maintain 850C and 85% rel ative humdity. The sanple
was exposed to this humdity until saturation and the % noi sture absorbed
recorded. [00521 Commercially acceptable values for viscosity are | ess than
35,000 cP at 5 rpmand 250C. Viscosity was neasured on a Brookfield cone-

pl ate visconeter using a CP-51 spindle at gnlat 25' C, [0053] Fornul ation
conposi ti ons é??ﬁ“?“é)s ??”M“ﬁéﬂ%’%ﬁﬁ&‘é"bfaé“ﬁtﬁ G 28 EPPWEEit ed i n Tabl es 1-6
and show that Lt'v\gs le B % %uﬂﬁggmﬁ@h?ﬁenrgﬁow‘é&’mos't'0” at a

concentrati on on1g eater an ere 1s an inprovenent in

cohesi ve st ren@hhheaaam@le.ewaat@ﬁl.pr@e@@wai ESRded TGS pREBMAdraGhe | NCreases in
noi sture pick-up and viscosity, but these are within the acceptable range
for di e attacherddigpias ezitp ormaintdimBsEhandiere relathe tinmdinit Thetsamplesol id BM i s

present at a concentr w%to 0/ 6. [0054] Table | - Exanple
 Gamposi 11 on CoaaEA o TKISBEREEttrierredle s B35 el g
_61~i goner 505050rR%0505050 Monomner 4040400 0 O

[0052] 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 compositicns 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 wi% 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 wi% to 27 wit%.

[0054] Table 1 — Example 1 Composition
Components 1A 1B 1C 10 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 Silane 2 2 2 2 2 2 2 2
Epoxy Silane 1 1 1 1 1 1 1 1
Phenolic Stabil. 0.1 0.1 0.1 0.1 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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40- 40 h4404- Acrylic Silane22222222 Dpoxy -Silanell1111111 Phenolic
Stabil.0.10.10.10. 10.10.10.10.1 Radical Initiator111111A Silver Filler
420420420420420420420420 _ Solid 035101530500 BM Lic. Crosslinker0000-0010
[ 0055] Table 2- Exanple 1 Performance Data 1A1B1CI D1E1F1GlH Sol i d

BM 0. 03. 15. 09. 613. 724. 234. 70 wt % * Liq Crosslink00000009.6 wt %'

Vi scosi ty810082009100106001430027900618004900 cP Coh Strength @

260C, 2420353234456719 kgf/di e

[0055] Table 2- Example 1 Performance Data

1A 1B 1C 1D 1E 1F 1G 1H
Solid BMI 0.0 a 5.0 9.6 13.7 242 34.7 0
w.t%t*
Lig Crosslink | O 0 0 0 0 0 0 9.6
wi% **
Viscosity 8100 | 8200 8100 10600 | 14300 | 27900 | 61800 | 4900
cP
Coh Strength
@ 260°C, 24 20 35 32 34 45 67 19
kgrdie
Meodulus MPa
@ 25°C 4788 | 5148 | 5360 | 5044 | 6190 | 5532 | 5106 | 5110
@250°C 689 | 822 800 1397 {2102 | 2446 | 2448 | 874
Moisture 0.09 | 0.16 0.13 0.20 0.25 0.35 0.44 0.15
Absarp. wt%

*Wit% is exclusive of the filter

[0056] Tabie 3 — Example 2 Composition

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

Oligomer 40 40 40 40 40
{Liguid BMI)

Oligomer (Vinylether) | 10 10 10 10 10
Monomer 40 40 40 40 40
Acrylic Silane 2 2 2 2 2
Epoxy Silane 1 1 1 1 1
Phenalic Stabilizer 0.1 0.1 (V| 9.1 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 BM| 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 Absorption, 018 013 0.20 0.25 0.29
wi%

“*BM| wt% is exclusive of the filler



Modul us MPa @ 25C47885148536059446190553251065110
@500C6898228001397210224462448874 Moi st ur e0. 090. 160. 130. 200. 250. 350. 440. 15
Absorp. wt% **W % is exclusive of the filler [0056] Table 3 - Exanple 2
Conposi tion Conponents Parts by 2A2B2C2D2E Wei ght O i gomer 4040404040
(Liquid BM digonmer (Vinylether)1010101010 Monomer 4040404040 Acrylic

Si | ane22222 Epoxy Sl anelllll Phenolic Stabilizer0.10.10.10.10.1 Radi cal
Initiator11111 Silver Filler420420420420420 Solid BM 02103050 [0057] Table

4- Exanple 2 Performance DaEt a 2A2B2C2D2E Solid BM wt % *0.02.19. 624. 234. 7
[0058] Table 5 — Example 3 Composition

Components, Parts 3A 3B 3C 3D 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 1
Phenaolic Stabilizer 0.1 G.1 0.1 01 0.1
Radical Initiator 1 1 1 1 1
Silver Filler 420 420 420 420 420
Solid BMI 0 3 10 30 50

[0059] Table 8- Exampie 3 Performance Data

3A 3B 3C D 3E
Solid BMI wt%** 0.0 3.4 108 26.3 37.3
Viscosity, cP 7600 9100 11200 | 25300 | 56700
Cohesive Strength @ | 20 15 a7 66 85
260°C, kgi/die
Modulus, MPa
@ 25°C 6032 6577 6904 6563 5951
@250°C 562 513 1112 2800 1785
Moisture Absorp wt% | 0.19 D.14 0.20 0.25 029

“BMI wt% is exclusive of the filler.
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Vi scosit, cP46006000117003110067200 Cohesive Strength @312335658 260C,

kgf / di e Modul us, MPa @ 25C58396238609753344806 250C258323377451404 Moi sture
Absorption, 0.190. 130. 200. 250.29 wt% **BM W % is exclusive of the filler

[ 0058] Table 5 - Exanple 3 Conposition Conponents, Parts 3A3B3C3D3E b Wi ght
A i gomer 4040404040 Mononer 4040404040 Acrylic Silane22222 Epoxy Silanelllll
Phenolic Stabilizer0.10.10.10.10.1 Radical Initiator11111 Silver

Fill er420420420420420 Solid BM 03103050 [0059] Table 6- Example 3

Perf or mance Data 3A3B3C3D3E Solid BM wt % *0. 03.410. 626. 337.3
WHAT IS CLAIMED

1. A method for improving the cohesive strength at elevated
temperature of a die attach adhesive formulation of a liquid curable resin or a
combination of curable resins, initiator, and filler, comprising adding to the
adhesive formulation an aromatic bismaleimide resin powder that does not

dissoive in the curable resin.

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 bismaleimide is
present in an amount from greater than 3 weight percent to about 30 weight

percent,

4. The method according to ¢claim 1 in which the bismaleimide has

the structure
| N-X—N" 4

in which X is an aromatic group.

5. The method according to claim 4 in which X is selected from the

group consisting of:

e
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Vi scosity, cP76009100112002530056700 Cohesive Strength @ 2015376685 260C,
kgf / di e Modul us, MPa 6032 6577 6904 6563 5951 @ 25C 562513111228001785 @50C
Moi sture Absorp wt %0. 190. 140. 200. 25. 029 **BM wt % i s excl usive of the
filler. /, WHAT IS CLAIMED 1. A nethod for inproving the cohesive strength
at elevated tenperature of a die attach adhesive formulation of a liquid
curable resin or a conbination of curable resins, initiator, and filler,
conprising adding to the adhesive fornulation an aronmatic bisnal ei m de
resin powder that does not dissolve in the curable resin. 2. The met hod
according to cl aj in which the el evated tenperature is 260C or |ess. 3.
The net hod accor toclaim1 in which the bismaleimde is

R e N

Hy

CHa CH,

/@‘C‘@
=

CoHs

CH,
C
:Hz
CHy

JeasNel
TUT
Doy~

CHs
oA AT
CHj,
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present in an anount fromgreater than 3 wei ght percent to about 30 wei ght
percent. 4. The nethod according to claiml in which the bisnal eimde has
the structure in which X is an aromatic group. 5. The nethod according to
claim4 in which Xis selected fromthe group consisting of C H SOz S02
CH3 and in which nis 1 - 3 6. The nethod according to claim1 in which the
curable resinis a mleimde resin, a cyanate ester resin, an acrylate
resin, or a conbination of those resins. 7. The nmethod according to claim®6
in which the maleimde resin is selected fromthe group consisting of 1 0 0O

N 0- (C36)- O N U jmywhi ch 36 [f epresents a Aipear or branched chain (with or
wi t hout cyclic | St @ o 7

o) o)
A=A
//Q—O'—(CHZCHz)n wo—C\\\
DO

6. The method according to ¢claim 1 in which the curable resinis a

inwhichnis1-3

maleimide resin, a cyanate ester resin, an acrylate resin, or a combination of

those resins.

7. The method according o claim 6 in which the maleimide resin is

selected from the group consisting of

0 o o 0
[:NMLO-(CSG)-OMN;]
0 o in which Cae

represents a linear or branched chain {(with or without cyclic moieties) of 36

carbon atoms;

{ K
/\/\/\/\/‘\/\/\/\<
QON O |
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0-(CH2CH2)n -0 ~ JO N 1lvv ; and 8. The method according to claim6 in which
the acrylate resinis selected fromthe group consisting of isobornyl
acrylate, isobornyl nethacrylate, lauryl acrylate, |auryl nethacrylate,

pol y(butadiene) with acrylate functionality and pol y(butadi ene) with

met hacryl ate functionality.

O and
e
Q
QJ\O .
o NG N |
O
8. The method according to claim 6 in which the acrylate resin is

selected from the group consisting of iscbornyl acrylate, isobornyl
methacrylate, lauryl acrylate, lauryl methacrylate, poly(butadiene} with acrylate

functionality and poly{butadiene) with methacrylate functionality.



