WO 03/ 052016 PCT/ US02/ 37231 DUAL CURE B- STAGEABLE ADHESI VE FOR DI E ATTACH
FI ELD OF THE | NVENTI ON [ 0001] This invention relates to B-stageable
conposi t iwol3esdoi@bl e for use in attaching sem conduct or PETIUS®2/81231
substrates. The conpositions contain tw separately curing chem stries.
BACKGROUND OF THE | NVENTI ON [ 0002] In one type of sem conductor package, a
sem conductor die or chip is electrically connected, and mechanically
bonded with an adhesive, to a substrate. The substrate in turn is
connected to other electronic devices or an outside power source. The
fabrication can take place in a continuous series of steps, or the
substrate can be prepared with the adhesive for the nechanical attach, and
then held until a later tine. [0003] Wen the fabrication takes place in a

continuous series of ste ,Ag¢g 2dhsseael 8 ﬁﬁgg@@ted onto the substrate,
the sem conductor chip contactedw bfg A esive, and the adhesive cured
by the application of heat, or heat and pressure. Suitable adhesives nmay
be either solvent-free |iquids and pastes, or solids. If in the form of
liquid or paste, the adhesive is both cured and solidified by the
application of heat. [0004] | fFIEH2OFabiE INEENDANpr ocess is to be interrupted
after the deposition of the adhesive to the substrate and the final
assenbly hel d tB004] | at erThis inNentiqnyelaigs e ptogeaRigspmpesitions suitgblfi di fi ed form
for successful storag ; h,Solid adhesi ves prggjpe thedfugg.%r advant ages of
minimal or no Pfé@&ﬂé,ﬁc ngRP RO EYRT P ST B0 N ORI "8k ness and
bondline tilt, th .g g%} IiRY o ﬁggg nterface between the chip and the
. rjes.
adhesive. 1 vmfﬁ%%ﬁ @g a%%*?%@@%f ¥
BACKGROUND OF THE INVENTION

[0002] In one type of semiconductor package, a semiconductor die

or chip is electrically connected, and mechanically bonded with an adhesive,

to a substrate. The substrate in turn is connected to other electronic devices

or an outside power source. The fabrication can take place in a continuous

series of steps, or the substrate can be prepared with the adhesive for the

mechanical attach, and then held until a later time.

[0003] When the fabrication takes place in a continuous series of

steps, the adhesive is deposited onto the substrate, the semiconductor chip

contacted with the adhesive, and the adhesive cured by the application of

heat, or heat and pressure. Suitable adhesives may be either solvent-free

liquids and pastes, or solids. If in the form of liquid or paste, the adhesive is

both cured and solidified by the application of heat.

[0004] If the fabrication process is to be interrupted after the

deposition of the adhesive to the substrate and the final assembly held to a

later time, the adhesive must be in a solidified form for successful storage.

Solid adhesives provide the further advantages of minimal or no bleeding,

and better control of bondline thickness and bondline tilt, the bondline being

the interface between the chip and the adhesive.



[ 0005] For sone sem conduct or packagi ng applications, paste adhesives are
preferred over film adhesives for process reasons, yet the bond-line and
fillet coworoslosmic solids are desired. In such a case, an @&dmasoysr23known as
a B-stageabl e adhesive nay be used. If the starting adhesive naterial is a
solid, the solid is dispersed or dissolved in a solvent to forma paste
and the paste applied to the substrate. The adhesive is then heated to
evaporate the solvent, leaving a solid, but uncur ed, adhesive on the

bstrate. If t tart adhesi aste, the
Zthsi ve is dl[Q(g)é3 sed o S?rﬂ%seéﬂ‘f?é’ga; r«?a 8’"%3%@%3&8 sg?t:oaisl y cure the
adhesive to a &pld é%Eaﬁr&errJJ‘&eﬁﬂﬂrﬂl Hﬁe@ O ﬁfgcélg?éas@ %Q‘trﬁe stage in

fabrication is terme stagin e adhesi ve, ageabl e. [0006]

Al though there b%_h@—hﬁé”&ldaiﬂé&%ﬂﬁt@ﬂ&%oﬁo@ aﬁéﬂésmb@dmgﬁh\é%se,aﬁaamm@d above,
there are al so di sadvantages. After B-staging and during storage, solid

adhesi ves are phomead o Babmgyesid adpesivd maisecuskd OlfitheBartmgradoestler  anbi ent
conditions, or from substrates, especially organic substrates such as BT
resins, printedn@enatigiatsolish hedolicip dip@ﬁr%drﬁf diesdived i dsavesitioderma es. The
adhesi ves al so contain a | evel dual solvent or other volatiles.

[0007] At el evaﬁaé'é agg fhécﬂﬁ‘s?é‘ﬂiﬂ‘ép a{e &bs"?ﬁtﬁeT‘?c?éjB?%‘@ds fhsn Beqiekoand  resi dual

VOl atl l e mat erle?‘/lasor\q‘e the S%l\\//g'rﬁolr thine arSaO(igl un [' taghssw%\é%@nor atl on occurs
faster than the v% rs can PSS tf flh eésive, voids or bubbles

appear in the %Qﬁ%‘te"%tﬁ@gaﬁlﬁ@aé}Qm@e SRS Plgudloh baR, el Ahbdiee of the

adhesive. This creates a need for curable corrp05|t>| ons that are B-stageable

but that do notis gisgyRBéEoN®ihE siiratS MR pdrtiEy CNENTAEREIE@8] Thi s
invention is an adhesive that conprises two chem cal conpositions have
curing tenper atsolicestater Thaziphicptivreofifeatst tiisestagariglebricagarfié techedBd y separated to
alllow the conposition with the | ower curing tenperature, hereinafter the
first conpositisa9ing: andde adhgpive Sotteaeale-ng t he

[0006] Although there are the advantages to solid adhesives
mentioned abave, there are also disadvantages. After B-staging and during
storage, solid adhesives are prone to absorbing moisture from the air under
ambient conditions, or from substrates, especially organic substrates such as
BT resins, printed circuit boards or polyimide flexible substrates. The
adhesives also may contain a level of residual solvent or other volatiles.
[0007] At elevated attach temperatures, the absorbed moisture and
residual volatile materials will evaporate rapidly. If this evaporation occurs
faster than the vapors can diffuse out of the adhesive, voids or bubbles
appear in the adhesive and can be a source of ultimate failure of the
adhesive. This creates a need for curable compositions that are B-stageable
but that do not promote voiding.

SUMMARY OF THE INVENTION
[0008] This invention is an adhesive that comprises two chemical
compositions have curing temperatures or curing temperature ranges
sufficiently separated to allow the compdsition with the lower curing

temperafure, hereinafter the first composition, to cure without curing the



2 WO 03/052016 PCT/US02/37231 conposition with the higher curing
tenperature, hereinafter the second conposition. In practice, the first
conposi t iwo 0afosdoibe cured during a B- staging process, aneCrhsoyenend
conposition will be left uncured until a final cure is desired, such as,
at the final attach of a sem conductor chip to a substrate. The fully
cured material is cross-linked or polynerized to a sufficiently high

nol ecul ar weight effective to give it structural integrity. DETAI LED
DESCRI PTI ON OF THE tl\l\/EI\!T 0009}; ach g_lf ?1 g t and second

conposi tion i s GREOFP P MPERRIS PETHIPYEST 818 56y i ¢, or one or

nore pol yneric g mdﬁnF%m.cé%fpécorﬂﬁogmﬂwu%gngﬁumg dfose, that

co-react to pon rize or cross-11nk i zat’ion and

cross-1inking afying@rResLdnd Be a&oﬁwédnﬁwsmarm" b& RARASId WAsa il general wil |
contain a curing agent or curing initiator in addition to the nononeric,

ol i goneric, or quciydexired, ssgeds, eshe fmathtaph ofartahicpnductoayhictoret ai N a sol vent.
Wthin this specification and clains, the conbination of the first and
second conposi tsubsiataniThee fude cyred @ﬁﬁeé%l iStQﬁosééin*Eeld@r P@Y@Prizgﬂ togt ageabl e adhesi ve.
[0010] The first_conmposition wl ngrlsea g or a solid dissolved
or dispersed i ﬁuﬁlengg}meoleﬂq@r\g@%ﬁﬁ L evetts \’F“\’/U?'I'”te%@y asolid or

sem -solid material at roomtenperature, dispersible or dissolvable either
inthe liquid first conposition, or in the sanme or a conpatible solvent for

the first conposition. pEe)ERBERbTION'GE TR VERG RSN conmpositions will be

determned in part by the tenperature at which the tfinal interconnection of

the sem conduqbamo] chi p tEachbsthé fitbisdnti @b nt SorfpdRion [s@Ad 3 mbrer exanple, if
the final interconnect is made with tin-lead eutectic solder, the sol der

fluxi ng and i ntresrookneene ormae cligogieat, ogonetae mper ElyaTeeic ofmdBBE. orThe fi nal

curing of the argenr?ss :)rv c%msbrkgﬁclng o?t?\gsuer ’:hra’ta c%l r(ejrlzlc){ to polymerize or cross-link.
Both polymerization and cross-linking are referred to as curing. The
compositions in general will contain a curing agent or curing initiator in
addition to the monomeric, oligomeric, or polymetric species, and optionally,
may contain a solvent. Within this specification and claims, the combination
of the first and second compositions will be referred to as the total B~
stageable adhesive.
[0010] The first composition will comprise a liquid, or a solid
dissolved or dispersed in a solvent. The second composition will be a solid
or semi-solid material at room temperature, dispersible or dissolvable either
in the liquid first compasition, or in the same or a compatible solvent for the
first composition. The choice of first and second compositions will be
determined in part by the temperature at which the final interconnection of the
semiconductor chip to its substrate is made.
[0011] For example, if the final interconnect is made with tin-lead
eutectic solder, the solder fluxing and interconnection occurs at a

temperature of 183°C. The final curing of the adhesive should occur rapidly

after the solder bump flow and interconnection and may occur at the solder



after the solder bunp flow and interconnection and may occur at the sol der
3 WD 03/052016 PCT/ US02/ 37231 reflow tenperature or at a higher

t enper at uwe.o3@ssequently, in this case, the second conpo®CTiusa2/siBi be
chosen to have a curing tenperature near or at 183C or slightly higher. If
a polyneric interconnect material is used, the second conposition will be
chosen to have a curing tenperature at or near the curing tenperature of
the polyneric interconnnect. If wire-bonding is the final nmethod of

attach, the Squﬁ’bq, tgrﬂg%)rgtﬁf' o:lrgtna Mwer te%fpg OneEOHSQQLF,WE’I?hI%EySrGI ng tenperature

at or near the ure din € first

conposition is tﬁeh&%%@r’fﬁ &hpbhiidn will bé’\éHolsenCtHﬁ%ebﬁéﬁﬁfte%@rat&élﬁéapgr tenmperature
of the second conposition and before the tenperature at which the final

i nt erconnect ofat ¢$8°Q ot Slightlilrsdhentita p&ynierd iterddndedt tiatdnigl is tsapwe at ures of the
first and second conpositions can be separated by any anount effective to
provi de two di ﬁbmtcommﬂitiwg wilrbefchbses tehayh atcheig temeersfewm’qdr negonposi ti on does

not cure at the curin nperature or within the curing r’r'ﬁerature range
of the first cdhposing erai%%i’fdrr’ﬁ RLERERE '%?qnﬁﬁecéf'f‘ﬁ"%b%‘ékﬁ‘éﬁd € conposi tion

duri t he B- t t nbodi t, th
CEII:: 28 teﬁpeth g‘é‘%‘g Co?ﬁtzackstp%gechrﬁ °°§é°88{\°d‘ "&"&)ﬁ% St rt8g’§ e?m IOI | ggnsepa_r :t ed
by at |east 30Qurlrﬁgqgl:|1§ira{£yepa|t B%Jaytheﬁ%e%tﬁg?&%eqﬁéﬁlﬂoﬁ that is, the first

conposition curing, occurs at a te ature w thi range of about 100C

to about 150C[odhy sol Veﬂkﬂl&b‘ﬁ&ﬂnp%@i%l‘l i chide BOBBN: WiPc @Y BeBleake Of f Wi thin
the sanme tenperature range as first conposition curing. Curing the first

conposi ti on ardrigvtappéeraturenyg tHelsecswlcoapdsitidn Ehdigeférh eheBerapeaagtaret ocess wi | |
solidify the total adhesive conposition and inhibit voiding during the
final attachmemhightoginskintelsonnagel chip tasubgiratelisintaded The qugigi n a hi gh enough
nmodul us or nelt viscosit constrain the bond-line and prevent the
expansi on of t H@mp,eé?)tarles %taggsbﬁnp [§pgpnd compositions can be separated by any

amount effective to provide two distinct curing profiles such that the second
composition does not cure at the curing temperature or within the curing
temperature range of the first composition. Insignificant curing of the second
composition during the B-stage process is tolerable. In a preferred
erpbodiment, the curing temperatures of the first and second compositions
will be separated by at least 30°C.

[0013] Typically, the B-stage heating, that is, the first composition
curing, occurs at a temperature within the range of about 100°C to about
150°C. Any solvent used should be chosen to evaporate off within the same
temperature range as first composition curing. Curing the first composition
and evaporating the solvent during the B-stage process will solidify the total
adhesive composition and inhibit voiding during the final attachment process
because as a solid it will retain a high enough modulus or melt viscosity to
constrain the bond-line and prevent the expansion of the vapor phase within
the adhesive. After cure, the first composition must be capable of being

tackified or softened at the final attach temperature for the semiconductor



t he adhesive. After cure, the first conposition nust be capable of being
tackified or softened at the final attach tenperature for the sem conductor
4 WO 03/ OFP0R65WGT/ US02/ 37231 chip. The resultant cured mwamarsoab726an be a
|l inear, slightly branched, or lightly cross-1linked polyner. [0014] Wen
heated to the appropriate attach tenperature for the sem conductor die,
the total adhesive conposition should nelt and flow sufficiently to

conpl etely wet-out the surface of the substrate. An effi cient wet-out

Its | d_adh tiated and
advanced by i 0t AL ORF HECGH PR O TGt o SIoHe B WA ng {1 rst

cure, and then‘? nﬂgg?:tpo iy the final cure, or both the B-stagi ng and fi nal
cure can be initrate ®advanced by heat. [0016] The first and second

conmposi tions W hhidpe preswhén hddted téMPbAppropritid MtabMf tempSatukdroPhe 5, as can be
determ ned by the practitioner for specific end uses. Conbinations of

first conposi tisnscoatdtos diepned totd airesive canositibn $Hoeld niaiitaatl fiddv st ageabl e
adhesi ve include: [0017] First: thermally curable acrylic conpounds, such
as those avai | aficientyto perdeletely mei-out Wietshirfagecbthe gdbséale. daeffiigniagent s. Second:
thermally curabl e epoxy conmpounds or resins, such as those available from
Nati onal = St ar cfet ‘OarBWtSS\ﬂ?PnBS?ﬁ?SBP Dai ni ppon with [ atent am ne or

i m dazol e curl gents. 0018 First: r ycl oal i phatic
epoxy conpounds’, 0 uch as' JCWT‘?@S%%? em eglgrrlﬁg JV% ()e§§’§ Second:

ther mal |y cur abj rg?]atﬁﬁ QuTRA 5§wﬁpw>{gh@>%mwg%gm§ HehouRS apa feRbenol A
di epoxide, with enoli1 ¢ hardeners and phosphi ne-based curing agents.
[0019] First: rh%ét 1k he Aint bilira [dr Boif Grieyl-biegifBMITIMBISIre GHOB irftiitdghose
and advanced by heat.
[0016] The first and second compositions will be present in a molar
ratio of 5:95 to 95:5, as can be determined by the practitioner for specific end
uses. Combinations of first compositions and second compositions of the
total B-stageable adhesive include:
[0017] First: thermally curable acrylic compounds, such as those
available from Sartomer, with free radical curing agents. Second: thermally
curable epoxy compounds or resins, such as those available from National
Starch, CIBA, Sumitomo or Dainippon, \_/vith latent amine or imidazole curing
agents.
[0018] First: radiation curable cycloaliphatic epoxy compounds,
such as CIBA CY179, with photoinitiators. Second: thermally curable
aromatic epoxy compounds, such as bis-phenol A diepoxide, with phenolic
hardeners and phosphine-based curing agents.
[0019] First: radiation curable acrylic compounds, such as those
available from Sartomer, with photoinitiators. Second: thermally curable
epoxy compounds, such as those available from National Starch, CIBA,

Sumitomo or Dainippon, with latent amine or imidazole curing agents.



avai lable from Sartomer, with photoinitiators. Second: thermally curable
epoxy conpounds, such as those avail able from Nati onal Starch, ClBA,

Sum t ono WO iBasMilppon, with |atent am ne or imdazol e curiPag/sgest2st 5 WO
03/ 052016 PCT/ US02/37231 [0020] First: thermally initiated, free radical
curabl e bismal ei mde conpounds (el ectron acceptors), such as those
available from C ba Specialty Chemcals or National Starch, with (el ectron
donors) vinyl ethers, vinyl silanes, styrenic conpounds, cinnanyl

conmpounds. Sec - ther 1y . curahl.e epox np. such as those
avail able fr omO[Rtaoil onal t'%#{ctn?rma I'ﬁﬁftefgﬁ?ngfagﬁ%l °§’Fég%§°fsr'ﬂa%§"6'ﬁgm th I atent

am ne or im daé&k‘%o%i(&&tn@ﬂ%ﬁeﬁbrs),%}@%thds@ 24EbIE KOR dith $JaRiaMPOXI €5

ment i oned abov urt her exanpl es sui t abl e epoxy resins include
nmonof uncti onal e@ehidal driNatishel Stara wigl (yedt@y donodd) hByistiefs, Bhgphenol - A and
Bi sphenol -F, aliphatic and aromatic epoxies, saturated and unsaturated
epoxi es, cycl oadilasastyrenie pompoundss cinganghebmpoordsi Batdndntheohally hose.
Bi sphenol -A type resin is comercially available from Resolution
Technol ogy as ER¢3Qeszrexy Enpsiisotucir aghesaveiadlafroraNetioral Siyehar ed by t he
reaction of oneC|ggI§ Q{? bi sgh.enol F retsitn and t\/\g nmol es of ;
epi chl or ohydr i nC'BR; SPHEASI O PAPPRY YitdriRa agynedr ezl SHNGRIE & o rmrer i al | y
from CVC Speci Chem cal_§ e e

\2{)8@4] R aﬁﬂtn%ﬁtq%ie§ﬁﬁ%§p?dﬁﬁﬁ¥d%%6\% %rta&%‘l%ﬁl%% inder  the

desi gnati on 82 and from Reso ormance Products

desi gnati on RSLg é3@bleRpblyaBshshciRieiieRAktoal aRImbIiRRARAL! g,ad'yns avai | abl e
from N ppon Chem cal Conpany under the designation ZX-1 8 9. [0022]

Anot her sui t abl @hepobBisphesd-A ang Bepiienyl- eliladcardesomeaticwhoxids, i S prepar ed by
t he reaction of phenolic resin and epichlorohydrin. A preferred epoxy
novol ac resi n isiyeyfphansgtiratpidyeepxiss, cystopéhpticapotioesied alwhyde. O her

sui tabl e epoxy resins are bi p&?%:e epoxy resin, commopnly prepared by the

reaction of bi pHEIRIIESS Hosen RITPSPSRSAIY B FomEPTERM BYBERteAPMene- phenol

Resolution Technology as EPON 828. Bispheno! F epoxy resin can be
prepared by the reaction of one mole of bisphenol F resin and two moles of
epichlorohydrin. Bisphenol-F type resins also are available commercially
from CVC Specialty Chemicals, Maple Shade, New Jersey, under the
designation 8230E, and from Resolution Performance Products LLC under
the designation RSL1739. A blend of bisphenol-A and bisphenol-F is
available from Nippon Chemical Company under the designation ZX-1059.
[0022] Anather suitable epoxy resin is epoxy novolac resin, which is
prepared by the reaction of phenolic resin and epichlorohydrin. A preferred
epoxy novolac resin is poly(phenyl glycidyl ether)-co-formaldehyde. Other
suitable epoxy resins are biphenyl epoxy resin, commonly prepared by the
reaction of biphenyl resin and epichlorohydrin; dicyclopentadiene-phenol
epoxy resin; naphthalene resins; epoxy functional butadiene acrylonitrile
copolymers; epoxy functional polydimethyl siloxane; and mixtures of the
above.

[0023] Non-glycidyl ether epoxides may also be used. Suitable

examples include 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane



epoxy resin; naphthal ene resins; epoxy functional butadiene acrylonitrile
copol yners; epoxy functional polydinethyl siloxane; and m xtures of the
above. [O0@D3p/odome gl yci dyl et her epoxi des may al so be use@CTSis02/32BE
exanpl es i ncl ude 3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane 6 WD

03/ 052016 PCT/ US02/ 37231 carboxylate, which contains two epoxide groups
that are part of the ring structures and an ester |inkage; vinylcycl ohexene
di oxi de, which contains tmo epoxi de groups and one of mhich is part of the

ring structure; 5 poxycyclohexane
carboxyl at e; éﬁmgwg 6méﬁ ﬂﬁ%gﬁﬁmﬁg%i@'%éx%%ggﬁ?ﬁﬁﬁ exanples of
sui tabi e epoxi essma;tn@g HH@an esg;xr%ae wgyryc@he@n@d.o;.dgvm.cﬁqon«gqgs Qo341 0 0O
O IX O OOand -~O 025] A suitabl e .im dazol e catal yst for epoxi es,
in addition to épbﬂ&@groups and one of which is part of the ring structure; 3,4-epoxy-6-
methy! cyclohexyl methyl-3,4-epoxycyclohexane carboxylate; and

dicyclopentadiene dioxide.

[0024] Further examples of suitable epoxies include:

[0025] A suitable imidazole catalyst for epoxies, in addition to those
commercially available, is an imidazole-anhydride adduct. Preferred

imidazoles for forming the adduct include non-N-substituted imidazoles, such



commercially available, is an imdazol e-anhydri de adduct. Preferred

i m dazol es for form ng the adduct include non-N-substituted i m dazol es,
such 7 WWO03B0520d6 PCT/ US02/ 37231 as, 2-phenyl - 4-net hyl PCRitazai261

2- phenyl im dazole, and i m dazole. O her useful imdazole conponents for

t he adduct include al kyl-substituted i m dazoles, Nsubstituted im dazoles,
and m xtures of those. [0026] Preferred anhydrides for form ng the adduct
are cycloallphatlc anhydrldes such as, pyronellitic dianhydride,

commer ci al |y av @eﬁxﬁ %%th ole g‘gﬁ%&&lhﬁ ZOI%lanSlegéQo a@ I*?er‘fﬂ]hydrI des

i ncl ude n1ethy| ydro conner0|ally avai | abl e as

MHHPA  from Lorl?s@ful |H\%ez$l@%@fﬁ;§5‘ﬁgﬁt@¥o?t‘he%@&cﬁﬁ&lbd@ﬁyl SRiitykd et ra- hydropht hal i c
anhydride, nadic nmethyl anhydride, hexa-hydro phthalic anhydride, tetra-

hydro pht hal i ¢ isniaysks, NesubginltdBimicazaeshyth midtaresd@dtlessy| succi ni ¢ anhydri de,
bi sphenyl di anhydri de, benzophenone tetracarboxylic dianhydride, and

m xt ures of thd8e26][ 0027]Prelerepardiydndes tbr fading the addect areconpl ex of I part
1,2,4,5- benzenetetracarboxylic anhydride and 4 parts 2- phenyl
ethyllnldazolefwcaﬂﬂhﬁwéﬁ @% 8Fhf5ﬁHFWmWW?*@“Bd%@n%EmE@@?Wacarboxyl|c

di anhydrid d 2 th dd
br epar ed by di s2eteoTRRS P RIe Aluie e ekt B ent . such a
acet one, under eﬂa@hexym%? pRRAlcAR AL AARUEIPE SRR SARRpRU . Such

adducts are us ective but pre erably are present in an
anmount  of l%tOfro%OE@nQalde/e|h@hﬁeo¢a‘tes dnB AcPieBdEyItBIRd-BYdrébhthit t he conposi ti on.

[ 0028] Exanpl es of suitable cinnanyl donors for use with maleimdes

i nclude: O O Q@nhydride, nadic methyl anhydride, hexa-hydro phthalic anhydride, tetra-
hydro phthalic anhydride, phthalic anhydride, dodecyl succinic anhydride,
bisphenyl dianhydride, benzophenone tetracarboxylic dianhydride, and
mixtures of those.
[0027] Two preferred adducts are a complex of 1 part 1,2,4,5-
benzenetetracarboxylic anhydride and 4 parts 2-phenyl-4-methylimidazole,
and a complex of 1 part 1,2,4,5-benzenetetracarboxylic dianhydride and 2
parts 2-phenyl-4-methylimidazole. The adducts are prepared by dissolving
the components in a suitable solvent, such as acetone, under heat. Upon
cooling the adduct precipitates out. Such adducts are used in any effective
amount, but preferably are present in an amount of 1% to 20% by weight of
the organic material in the composition.

[0028] Examples of suitable cinnamyl donors for use with

maleimides include:

> O%OW@
ononArrfors LI



12 8 WD 03/052016 PCT/US02/37231 0 0 OHOand O I0 ~CAN~c36 H H in which
C36 represents a linear or branched al kyl of 36 carbons derived from

| i nol ei c wod3psWil€ aci ds. [0029] Exanpl es of suitabl e stymremiusozsnors for
use with maleimdes include: 00 NJ~NNN 6XIHHCH3 HH HNO O OMH
2>>NHO O OOOH N11Cr and 9

< and
0O O
C
N OJLI}I/ 36 \I}IJLO 4
H H

in which Css represents a linear or branched alkyl of 36 carbons derived from
linoleic and oleic acids.
[0029] Examples of suitable styrenic donors for use with maleimides

include:

o)

N° N
1 1

H H

0
H H CHs
O Onne
0]

and



WD 03/ 052016 PCT/ US02/37231 O O NAO' Cse .O LN 6XH I / in which C36
represents a linear or branched al kyl of 36 carbons derived from |[|inoleic
and ol ei cwamBas201¢ 0030] Curing agents such as free radi calPCirnisn?/aner s,
thermal initiators and photoinitiators will be present in an effective
anount to cure the conposition. In general, those anpbunts will range from
0.1 %to 30% preferably 1 %to 20% by weight of the total organic
material (that is, excluding any inorganic fillers) in the conposition.
The actual cure profile vary with the conponpents and can be

determ ned w thout undue eXkperinmgntation bb the pwActitioner. [0031] The
curabl e conpositions may conp se/Lmo duc thermal ly or

el ectrically conductive f FTS'N Su@‘t/abP Non hve fillers are
particles of vermculite, a, H/vol | ast oni te, fcal carbonate, titania,
sand, glass, fused silica, fumed silica, bariumsdlfate, and hal ogenated
et hyl ene polyner uch as tetrafl u | ene,

vi nyl i dene fl uor I'd€ i s ikt reﬁemfslad%%r &a@cﬁ%@%’llq‘égﬁsees %Hog% IHQ[de i yVI nyl

chl oride. Sui tqm[}@lc%p}g]g@ﬁ%hlg@ fillers are carbon bl ack, gr aphl te, gold,
silver, copper, platinum palladium nickel, alumnum silicon carbide,

di anmond, and alpedopa. |f csmgagdrtd dueh ss frgeaaicalnitatond, Herha inta@gent i n
anounts up to 98% by wei ght of the fornulation. [0032] Solvents can be
utilized to nodanidyhbthieitiztoscdbhe preseht it be effestiveparsiunt togyredmed 1 f used shoul d be
chosen so that .they evaporate during the B-stage heating. Typically,

B- st age heat i ngeoipP$itiane dugengtal, ﬁ@ﬁ%@ﬁ&‘ﬂﬁ‘%rqn%fé?m Otlpielta 38Bout ~ 150 C.

Ex I f I de t
ol conol s, et hereany 1ok nePeLaimAl et B eSEer et BR R e “and a ssol ve
the conposition x%lBEfR&Qr%ﬂﬁc?rganP d fﬁgrgf ﬁ% C%RII[JX&%BSTHQQJ’EWQUFG profile will

vary with the components and can be determined without undue

experimentation by the practitioner.

[0031] The curable compositions may comprise nonconductive or
thermally or electrically conductive fillers. Suitable nonconductive fillers are
‘particles of vermiculite, mica, wollastonite, calcium carbonate, titania, sand,
glass, fused silica, fumed silica, barium sulfate, and halogenated ethylene
polymers, such as tetrafluoroethylene, trifluoro-ethylene, vinylidene fluoride,
vinyl fluoride, vinylidene chloride, and vinyl chloride. Suitable conductive
fillers are carbon black, graphite, gold, silver, copper, platinum, palladium,
nickel, aluminum, silicon carbide, diamond, and alumina. If used, fillers
generally will be present in amounts up to 98% by weight of the formulation.
[0032] Solvents can be utilized to maodify the viscosity of the
composition, and if used should be chosen so that they evaporate during the
B-stage heating. Typically, B-stage heating will occur at temperatures lower
than about 150 °C. Examples of solvents that may be utilized include
ketones, esters, alcohols, ethers, and other common solvents that are stable

and dissolve the composition components. Preferred solvents include
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10 WD 03/ 052016 PCT/US02/ 37231 gamma-butyrol actone, carbitol acetate,
acetone, nethyl ethyl ketone, and propyl ene glycol nethyl ethyl acetate.

[ 0033] | rwaramkeeine enbodi nent, this invention is a nmethod @®@CT/tes02/aeki ng a
sem conductor chip to a substrate conprising depositing onto the substrate
a B-stageabl e curable conposition conprising a first conmposition wth a

| ower curing tenperature as described previously, and a second conposition
with a higher curing tenperature as described previously, heating the

substrate and f,a,%'éﬁa{-t%’u?wéIgctén@e?é‘fgéi{O! azcgtag eg&?%%}e@%t\ﬁ/g%\{m,t,{%%g{a’igngt_ conposi tion

to cure that c¢ I“on; coh € a sem conduct or

chip; and heatiﬂ?&»y?eh@g@ﬁ?%fh?lte%a/l adbgsi ve, and seniconductor chip to the

curing tenperaturée of the seCond conposition to cure that conposition.
[0034] In a furpéey enmbodhaRstker elidb@mbimytisiiveition $s smetassanbl y  conprising a
substrate for a sem conductor chip or die and a B-stageable adhesive
deposi t ed on t hattashiigsd semtieondudiar cBp 44 asubaldte ceriisivp depositingeitethag a  fi r st
conposition with a | ower curing tenperature as descri bed previously and a
second conposi tSuBsralE @ B-siopaih@rabia caMpgsiicRRIBPHETRE &firsicopartionbed

previously, characterized in that the first co sition has been fully
cured. EXAVPLES" [?j@@%r]cuwgctﬁmﬁ?fgtérecaéHF?%‘P% %?Yﬁr’ﬂ%&t EF ?ﬁc?'hdsone chenmistry
conposition r r I, Sil LSs hhen £ an el astomer, a
phenolic harggﬁb ?gﬁﬁﬁﬁgfﬁﬁﬂ%ﬂ?ﬁmgﬁg§8%ﬁﬁ% as Qhﬁgfapgg%Y in carbitol

acetate as the he%mg\éﬁélgubs{rélgéﬁd adheBvCidituaind RpBkiuvorfirimil at i ons,
Formul ati on A and ornmulation B, with both a first conposition conprising

a mal ei m de andcotposituhat dure @rpasntositon; catgatinginagdiidsize @ploay conposi ti on of
the control semiconductor chip; and heating the substrate, adhesive, and semiconductor
chip to the curing temperature of the second composition to cure that
composition.
[0034] In a further embodiment, this invention is an assembly
comprising a substrate for a semiconductor chip or die and a B-stageable
adhesive deposited on the substrate, the B-stageable adhesive comprising a
first composition with a lower curing temperature as described previously and
a second composition with a higher curing temperature as described
previously, characterized in that the first composition has been fully cured.
EXAMPLES
[0035] A curable control formulation with one chemistry composition
was prepared comprising a bis-phenol A epoxy, an elastomer, a phenolic
hardener, and triphenyl phosphine as a catalyst, in carbitol acetate as the
solvent.
[0036] Two curable inventive formulations, Formulation A and
Formulation B, with both a first compasition comprising a maleimide and a

second composition comprising the epoxy composition of the control

formulation were prepared in a weight ratio of about 1 to 10. The maleimide
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formul ation were prepared in a weight ratio of about | to 10. The nal ei m de
11 WO 03/052016 PCT/ US02/ 37231 conposition of Formulation A conprised a

bi s- mal eiwbDda/05m16rono- mal ei m de, a di functional donor haviPeg/uSam3®8Y uct ur e
O.00....0ANCa6 H H and a peroxide catal yst. The mal ei m de conposition of
Forrmul ation B conprised a bis-naleimde, the difunctional donor shown
above, and a peroxide catalyst. [0037] The control and Fornulations A and
B were tested for Dynamic Tensile Mdulus using a Rheonetric M IV

Mechani cal Thernmal .Anal.yzer r. n. The results
re reported & rioreRePa PO RE MRk BTt o iap P,

Formul ations A affhnBiocRaWenorsERey the5rRekl us at higher tenperature than the
control. [0038] Dynamc Tensile Control Formulation A Fornulation B

Modul us 25C 1164 M pa 953 M pa 108 Mpa 180C 3.6 Ma 19.6 Ma 53.0 Ma 250C

1 Mpa 9.7 Ma 15.2 Ma 39]_The dhr e ar il atiops_ware tested for die
shear strength. Each di pen@ed'}lonto dh #unina @ e and was heated to
120C for one hour (B- ed). ThisHtenpeHature was Sufficient to evaporate

off the solvent and to fully cure the maleinmde in Fornulations A and B.
An al um na di e, andG pelox@@ caialyst. as nmpletntiédconpositidnvd FBnsilztigedl adhesi ve at 120C
for one second wusing 500g of force, and the fornulation heated in an oven
at 175C for 60 camprisadesbis-maleimitis, theutifenctional egnoxshowpebeve, @grde, the die was
sheared fromthe

peroxide catalyst.

[0037] ‘The control and Formulations A and B were tested for

Dynamic Tensile Modulus using a Rheometric Mk 1V Mechanical Thermal

Analyzer ramped from 25°C to 300°C at 3°C/min. The results are reported in

the following table and show that the dual cure Formulations A and B have

superior modulus at higher temperature than the control.

[0038]
Dynamic Tensile Control Formulation A Formulation B
Modulus
25°C 1164 Mpa 953 Mpa 1080 Mpa
150°C 3.6 Mpa 19.6 Mpa 53.0 Mpa
250°C 1 Mpa 9.7 Mpa 15.2 Mpa
[0039] The three formulations were tested for die shear strength.

Each was dispensed onto an alumina plate and was heated to 120°C for one
hour (B-staged). This temperature was sufficient to evaporate off the solvent
and to fully cure the maleimide in Formulations A and B. An alumina die, 80
X 80 mil, was placed onto the B-staged adhesive at 120°C for one second
using 5009 of force, and the formulation heated in an oven at 175°C for 60
minutes to fully cure the epoxy. After cure, the die was sheared from the
leadframe at 90 degrees with a Dage 2400-PC Die Shear Tester at 25°C and

at 245°C. The results are reported in the following table in Kg force and show
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| eadf rane at 90 degrees with a Dage 2400-PC Di e Shear Tester at 25C and at
245C. The results are reported in the followng table in Kg force and show
12 WO 03/WBABASRCT/ US02/ 37231 that Fornul ati ons A and BP@ITtUs02/3x31
different curing sets gave superior adhesive strength. [0040] D e Shear
Control Fornulation A Fornmulation B Strength 25C 12.0 kg 18.5 kg 21.4 Kg
245C 0.8 kg 2.9 kg 3.1 kg [0041] The Control and Fornulation A were tested
further for die shear strength after conditioning in heat and hum dity.

h [ i : .
(B staged) co Badpmratend e RERURE AR PRELER LBHIOE o G

Formul ati on A é%'ﬂesi\?ééf%hé}ﬂ. die, 80 X 80 ml, was placed onto the adhesive
at 120C for one second Using 500g of force, and the fornulation cured in
an oven at 175Ggodopr 60 minutes to fully cure the epoxy. The cured
assenblies were then subjected to 85C/85%relative humdity for 48 hours,
after which the di eDweSheashelar edohtr@m t herolmadation &g Earmoletiaddriees with a
Dage 2400- PC Di e {She@trengfiestier at 25C and at 245C |[The resul are reported
in the follow ng|tabl2°Cin Kg fdJdR&&gand| sho@-dhgat Kor riil-eK9 on |A gave
superior results. [0042] [\t Die Shear Strength Control Hornulation A
25C 7.4 kg 14.1 Kg 248€ 0.8 kg 488 kg [ 0043P Kfhe ¢ont Pdi%%nd |For mul ati ons
A and B were visually observed for voiding—Each—{formiati-en-was di spensed
on a bare (no sol der

[0041] The Control and Formulation A were tested further for die

shear strength after conditioning in heat and humidity. Each was dispensed
onto an alumina plate and heated for one hour at 120°C (B-staged) to
evaporate the solvent and to fully cure the maleimide in Formulation A. An
alumina die, 80 X 80 mil, was placed onto the adhesive at 120°C for one
second using 500g of force, and the formulation cured in an oven at 175°C
for 60 minutes to fully cure the epoxy. The cured assemblies were then
subjected to 85°C/85% relative humidity for 48 hours, after which the die was
sheared from the leadframe at 90 degrees with a Dage 2400-PC Die Shear
Tester at 25°C and at 245°C. The results are reported in the following table

in Kg force and show that Formulation A gave superior results.

j0042]
Hot/Wet Die Shear Strength Control Formulation A
25°C 7.4 kg 14.1 kg
245°C A 0.8 kg 1.9 kg
[0043] The control and Formulations A and B were visually

observed for voiding. Each formulation was dispensed on a bare (no solder
mask) BT substrate and heated (B-staged) for one hour at 120°C to
evaporate the solvent and to fully cure the maleimide in Formulations A and

B. A glass die 6mm x 11mm was contacted with the formulation at 120°C for
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mask) BT substrate and heated (B-staged) for one hour at 120C to evaporate
the solvent and to fully cure the maleimde in Fornulations A and B. A

gl ass di ewbrmiox20id mm was contacted with the fornmul ati on 2CTAROEZ326r 13 WO
03/ 052016 PCT/ US02/ 37231 one second with 500g force. The assenblies were

t hen heated for one hour at 175C to fully cure the epoxy. Each die and
substrate assenbly was inspected under a m croscope for voiding.

Approxi mately 5% of the surface area of the control fornulation contained

voi ds. For Fornulatio about 1 tai ned a
single voi d. e et A sd og TR R B R R Theh R0k B8R4 The
formul ations Wegt%oe%%ﬂyédﬂéih@%boiyoam.éws%bgfa% sa8RGfwas AS 1N the test
for voiding, each fornulation was di spensed onto a bare” (no sol der nask)

BT substrate angspaeal Gttt Briidré@6sh fofl @idingN @phoxiinaly 5328 the rfa@ ass di e 6mm x
11 mm was contacted with the formulation at 120C for one second with 5009
force and the amszoihe @sirdioredafiarcootibetvaids. dor AF@ddationsdcandds senbl y was

t hen conditioned at 85C and 60%relative humdity for 196 hours (JEDEC
Level 11), afteabolnglsPeaimeges 19 pojtaadecings \@'dsuTmﬁN@ﬁéaem%dotPaér refl ow
tenperature profile h eak tenperature of 260C and observed for

del ami nati on of'® %%Ba'{ﬁ }S@leﬁe fromthe substrate. (Solder reflow

tenper aj[ ure is [@&&ét enper'ﬁ%e%&ﬁnu%ﬁ&% v&e?e tregtra%i]%Wh%r%rqﬁ&sturQ B@s iSnR& €SS in which

sol der is used ttach a sem conduct ts substrate.) The

assembly cont aAs”ih'ﬂQztéé’i?or@&&h%%'acm‘afnmlﬁt@ﬁWQ@d@p%h@éHd?rﬂi@S’arél(_hof our out of 6
speci nens. The assenblies adhered with Formulation A and rmul ation B

showed no del agvideainksk) 8T GuUbstrate ahd heatel (B-stqped) forans ho@apezd°cval y. 14 WO

03/ 052016 PCT/ US02/ 37231 WHAT IS CLAI MED:
glass die 6mm x 11mm was contacted with the formulation at 120°C for one
second with 500g force and the assemblies cured for one hour at 175°C.
Each assembly was then conditioned at 85°C and 60% relative humidity for
196 hours (JEDEC Level ll), after which it was subjected to a simulated
solder reflow temperature profile with a peak temperature of 260°C and
observed for delamination of the glass die from the substrate. (Solder reflow
temperature is the temperature used to reflow solder in a process in which
solder is used to attach a semiconductor chip to its substrate.) The assembly
containing the control formulation delaminated in four out of 6 specimens.

The assemblies adhered with Formulation A and Formulation B showed no

delaminations out of 12 and 9 specimens respectively.
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1. A B-stageabl e adhesive conprising two chem cal conpositions, a first
conposition and a second conposition, having curing tenperatures or curing
t enper at Wwe sasmyes sufficiently separated to all ow the comeagisvz/amn3t with
the lower curing tenperature, the first conposition, to cure w thout curing
the conposition with the higher curing tenperature, the second conposition.
2. The B-stageabl e adhesive according to claim1 in which the curing

t enper at ures of the first and second conpositions are separated by 30C or
greater. 3. Th FB adhesi ve according to claim1 in which the
first and seco conp05| rons are cured independently by irradiation or
heat. -4. The B-stageabl e adhesive according to claiml in which the first
conposition is selected fromthe group consisting of acrylic conpounds or
resins; cycl oal1. phatA B-seigeatye bEINBEEBri€g e Shabical kbapaitensyade conpounds

or resins; and bisnmal ei m de conpounds or resins in conbination with vinyl

et her, vinyl sifirsnenpasitign end @S@pndchqmpaﬂrmn b@rm@umtempera’resﬂsms 5. The
B—stageable adhesive according to claim1 in which the second conposition
is an epoxy corﬁHB”&@mBPraWé%r@FQGSGUﬁ'%WBe%atraé@‘btﬁlﬁ‘l"é’"%Eﬁﬁ%@i"iﬁé'%ccor d| ng to

| 5 furth imd l.el d ddu 7..
(I:ES- 2; ;ngeabrtra agh’@@%‘g’g{é{%&gﬁ?ﬁaﬁ@p%ﬁ”{ﬁa Oﬁ{%ég‘?'?{yah‘!?” ﬁ ?%ﬁe W'ﬁloll’ﬁ Yt %I e/ anhydri de
adduct is a Coqpégasnrﬁ%émé]n pﬂﬂae t]ngi%i %urﬁhgté%ﬁa&aﬁm@tt égésgawgm&.anhydr' de and

4 parts 2-pheny I'mda a co ex o
1,2,4,5-benzenet etraﬂ@ré)gég'éable afhaaNB Belodiey taa@.n21 PafHich the curing

2- phenyl 4-met hyl i m dazole. 8. A nethod of attaching a sem conductor chip
to a substrate terapsrpuies iohiye firkbardGe Bt @bARdSGioRCArE BISRRAETRAZI°C or

greater.

3. The B-stageable adhesive according to claim 1 in wﬁich the first and

second compositions are cured independently by irradiation or heat.

4, The B-stageable adhesive according to claim 1 in which the first
composition is selected from the group consisting of acrylic compounds or
resins; cycloaliphatic epoxy compounds or resins, bismaleimide compounds
or resins; and bismaleimide compounds or resins in combination with vinyl
ether, vinyl silane, styrenic or cinnamyl compounds or resins.

5. The B-stageable adhesive according to claim 1 in which the second
compaosition is an epoxy compound or resin.

6. The B-stageable adhesive according to claim 5 further comprising an
imidazole/anhydride adduct.

7. The B-stageable adhesive according to claim 6 in which the
imidazole/anhydride adduct is a complex of 1 part 1,2,4,5-
benzenetetracarboxylic anhydride and 4 parts 2-phenyl-4-methylimidazole, or
a complex of 1 part 1,2,4,5-benzenetetracarboxylic dianhydride and 2 parts
2-phenyl-4-methylimidazole.

8. A method of attaching a semiconductor chip to a substrate

comprising:

15



depositing onto the substrate a B-stageabl e adhesive conprising two

chem cal conpositions, a first conposition and a second conposition, having
curing tewpasaswies or curing tenperature ranges suffici erCyussppasated to
all ow the conposition with the | ower curing tenperature, the first
conposition, to cure wi thout curing the conposition with the higher curing
tenperature, the second conposition; heating the substrate and adhesive to
the curing tenperature of the first conposition to cure that conposition;

contacting the adhes;j veHi\avigt8 ?&s?gumsért%%:lad%_ ﬁgger%b%hai{dﬁéesi\%%%mpngﬁitllvgg t he

substrate, adhesive 8% curing tenperature of

the second comstthQBmbRith, %fiFsP@&m&Qiﬂ&ﬁiﬁigtajs%@ond%omﬁ@sit%ﬁismby conpri si ng

a substrate for a sem conductor chip or and a B-stageabl e adhesi ve

deposi ted on t Rgriftbspdrati@s of finPtefipa@erdiafgesadhieidnty@espapd tosi ng t wo
chem cal conpositions, a first conposition and a second conposition,

havi ng curing taéowptheabmpesitionwitic theilavgr ceinp anpetatwre, theafitgfes suffi ciently
separated to allow the conposition with the |ower curing tenperature, the
first conposi ticompogitionciacerewithois aering e REPLHIEN WIMNENIICOH WPt h  t he hi gher
curing tenperature, and characterized in that the first conposition has
been fully curéﬂ“%ﬁ?}“ﬁeh@eﬁ%“é’[}‘ﬁﬁ’”&%’ ¥&ition is uncured. 16

heating the substrate and adhesive to the curing temperature of the
first composition to cure that composition;

contacting ihe adhesive with a semiconductor chip; and

heating the substrate, adhesive, and semiconductor chip to the
curing temperature of the second composition to cure that composition.
9. An assembly comprising a substrate for a semiconductor chip or die
and a B-stageable adhesive deposited on the substrate, the B-stageable
adhesive comprising two chemical compositions, a first composition and a
second composition, having curing temperatures or curing temperature
ranges sufficiently separated to allow the composition with the lower curing
temperature, the first composition, to cure without curing the composition with
the higher curing temperature, and characterized in that the first composition

has been fully cured and the second composition is uncured.
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