12 June 2006 WD 03/052016 PCT/U50 2/3 723 1 DUAL CURE B- STAGEABL kundbbikeS! VE
FOR DI E ATTACH FI ELD OF THE | NVENTI ON [ 0001] This Invention relates to

.B- st ageaMioai3®dposi tions suitable for use in attachi ng segrasogsespr chips
to substrates. The conpositions contain two 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 nmechanically
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 mnmechanical attach, and then held until a
later time. (0003] Wien the fabrication takes place in a continuous series

of steps, the adhesive i eRPSELL Hidpstrate, the sem conductor
chip contacted with the gﬁﬂégpégjigﬂ A L%gg%e5|v% cured by the application

of heat, or heat and pressure. Suitable adhesives may be either
solvent-free |iquids and pastes, or solids. If inthe formof liquid or-
paste, the adhesive is both cured and solidified by the application of

heat. [0004] If the fabricati BIELPIQICE4SINVENTIONe i nterrupted after the
deposition of the adhesive to the substrate and the final assenbly held to a
later tinme, tHOCAHhesi veThiigtenkien lielstes teBistagpabieepningsitieisuitaiicessf ul

storage. Solid adhesives praovide the further advantgﬁes,of m ni mal or no

bl eedi ng, andoBiEe NeRtiaERRg YE1CBAULSFEIPF IPsUPHiataend 58 CARRPSBBA%I i ne tilt, the

bondl i ne bei nq:ont%mgw(l) Qép%FJtefc‘?urRSEP{‘éen%s riéshe chi p and the adhesi ve.

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 untii 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.



1 12 June 2006 WD 03/052016 PCT/ US02/37231 [0005] For sone sem @Qubsgdosr
packagi ng applications, paste adhesives are preferred over film adhesives
for proceseosessans, yet the bond-line and fillet controlpof/usedizes are
desired. In such a case, an adhesive known as a B-stageabl e adhesive may be
used. If the starting adhesive material 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
ve on the substrate the starting adheswe

lid, b adh
o er at s RO OB oo et Serne permchneE PR MRS HIoEnt 0 t e cubetr at 6
and heated (0 Bl aL L Fefod E; ARIAGRANEs RpRopObddhns Bl Ry The appl i cali on

of heat at this's tFoR e T and t he adhesi ve,

B-stageable. [ %qupﬂne@nhh@éfggnt%h&*s%hdé afe M%ﬁe@qH@urghaag@a%e L a?i%él\% adhesi ves

menti oned above, there are al so di sadvantages. After B-staging and during

storage, soli dkasiiesd ¥ BStaabsblPadHasvd Raps@el] MtheBrtidddbediveom t he air under
anbi ent conditions, or from substrates, especially organic substrates such
as BT resins, natariatied solid; theisblidie dispssegiror giskgivaiide solvent tddfben gubst r at es. The
adhesi ves also may contain a |level of residual solvent or other volatiles.
[0007] At el evRPEBapd thadRste anpied i (e awstratne TRpADPERIS sndeated and  resi dual
volatile materials w orate ra S .evaporation occurs

{oster Chan ¢ hawpape e sENERE e ST Sitinetrbe R ERR ol ue or bubbl e
appear in the ARSI % APaRAN s PAMFAR, Slald baBL S bl of Lhe

adhesi ve. This Creates nee curable co oSl |ons are B-stageabl e

but that do nots @RAMENPHE s trar MNP pd iy DNENT héMsive to a

solid state. The application of heat at this stage in fabrication is termed B-
staging, and the adhesive, B-stageable.
[0006] Although there are the advantages to solid adhesives
mentioned above, 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

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



[0008] This invention is an adhesive that conprises two chem ca{2 yune 2006
conpositions have curing tenperatures or curing tenperature ranges

suf ficienvbyssaperated to allow the conposition with the |mywus@sring
tenperature, hereinafter the first conposition, to cure without curing the 2
12 June 2006 WO 03/052016 PCT/US02/ 37231 conposition with the higher curing
tenperature, hereinafter the second conposition. In practice, the first
conposition will be cured during a B- staging process, and the second
conposition will be |eft uncured until a final cure is desired, such as, at

the final att aé?f”?ﬂs‘“&” fiedvaiges4Rg tﬂ’ﬂpﬁraf%e Aerel3fetPeseondhe fully cured

mat erial is Cross i.nke ol r| zed to sufficjently high nol ecul ar
wei ght effecti Ve ?osm |vg‘ |r?°t'8 ﬂﬁ/fc{mt composut;[onwnt;[e cureﬂl’:derl‘q_%E' DESCRI PTI ON OF

THE | NVENTI ON Eggﬂgl)ro'é@&haMthéggcom o SAGETA FOIFOOSh b @i S one or more

nononeric, one or nore oligonmeric, or one or nore polyneric conpounds or

resins, or Conbhrﬁ@ddéém&,@ﬁcﬂéw@tﬂheﬁﬁéﬁétta@@of@s’b@ﬂncdn@ud@@cﬁm hze or cross-link.
Bot h pol ynerization and cross-linking are referred to as curing. The

conposi tions i mulgpater ahe Wwilly bured meterial iecresstlinkgyl @gelgtedzeddaiai ng i nitiator in
addition to the nononeric, oligoneric, or polyneric species, and optionally,
may contain a Sefigedy highimaigaylag WP'S“@E@%W fociiei itnyugthee! Blegiitts, t he conbi nati on
of the first and second conpositions will be referred to as the total B-

st ageabl e adhesive. [0010] The first conposition wl I conprise a liquid, or

a solid dissolved or d'D%HﬁfL%%%é%bﬂPﬁBW(?ﬂ'HEm nd corrposi tion wll be

a solid or sem-solid mate mtenperatu |sperS| bl e or

di ssol vabl e ei{fagg; in ”‘E’ack bt F?rs?énﬁ%%co%%&%ésﬁt!ombon%ror hidrd he same or a
conpati bl e solvent” for th

monomeric, one or more oligomeric, or one or more polymeric compounds or
resins, or combinations of those, that co-react 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 polymeric 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 maferial at room temperature, dispersible or dissolvable either
in the liquid first composition, 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 tindead
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



first conposition. The choice of first and second conpositions WiJuhe 006
determ ned in part by the tenperature at which the final interconnection of
the semwonmeccdéwr chip to its substrate is made. [0011] PeIT/esoanspdse, if the
final interconnect is nade with tin-lead eutectic solder, the sol der
fluxing and interconnection occurs at a tenperature of 183C. The fi nal
curing of the adhesive should occur rapidly after the solder bunp flow and
i nterconnection and nay occur at the solder 3 12 June 2006 WO 03/ 052015

CT/ US02/ 3723 | , . 003 o
PCT/ U 7 1re{ﬂ§& g etra%‘g}B?F %;a(ﬁﬁé{em%graﬁrgb @;@ngé%l}segwﬁngg%%s% nsequent |y

in this case, con 0 ron w T ave'a curing
tenperature negg s8Eond@bmp&sifeon Nitt 5 drasEn Y hie@&Fing temparalRt ¥OFR L C . | Nt er connect

material is used, the second conposition will be chosen to have a curing

t enper at ur e at a183r@ar sliglity@igher, i iNpdhergpie intdrebnBe@imatdnal ipabeureei c
interconnnect. If wire-bonding is the final nmethod of attach, the second
conposi ti on w ké¢cobecahmsition Wil beabesea to frave Regritgdepeeratute @ oabeanr near t he
tenperature for the w re-bonding. q[Ly8\01_2] The first conposition is chosen so
that it will ctiecutgigmeeralyes of digRohgefieiniresoaniace 1bwirg-pendéwdnhiel conposition
and before the_tenperature at which the fin i nterconnect of chip to
substrate is nﬁfbaif“e%‘?§°€%}}afméhe steéﬂ’id;?gipﬂ?‘%oé’@b? S¢h Prs}\av%ﬂd second
conpositions can. t fectivye o provide two

di stinct curi nguqﬁ‘gg‘?'}s‘f"g%@&gﬁf %é%@g%l%mé’%é%}ég#&ﬁ]fec“g%pdg}é?w‘on does not cure at

the curing tenpgigture ofmn¥kifstiédhdobiBorGy ERd3En sd BENEKIREYE Befortee Of the first
conposition. Insignificant curing of the second conposition during the

B- st age pr ocessuring téraperstaddloethe lsBcond porapasitive nd eaftre thentemperafuleeatcur i ng
tenperatures of the first and second conpositions wll| be separated by at
| east 30C. which the final interconnect of chip to substrate is made. The curing

temperatures of the first and second 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. [n 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 compaosition

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



[0013] Typically, the B-stage heating, that is, the first conpog jun®boos
curing, occurs at a tenperature within the range of about 100C to about
150C. Anweobw=0i6 used shoul d be chosen to evaporate of f wghipgddressane
tenperature range as first conposition curing. Curing the first conposition
and evaporating the solvent during the B-stage process will solidify.the
total adhesive conposition and inhibit voiding during the final attachnent
process because as a solid it will retain a high enough nodul us or nelt
viscosity to constrain the bond-line and prevent the expansi on of the vapor
phase within the Abhesiipet cysgd Baterqifan be fnepy, sightly brapeierdt rdgntirust be
capabl e of bei ngﬁﬁ hak%;l f'iejed or softened at the final attach tenperature for
t he seni conduct&>4™F2 PI¥RE™ 2006 WO 03/ 052016 PCT/ US02/ 37231 chip. The

resul tant cur eg?d;gnl‘tereri ?l)oqﬁ% ?&%te% tﬁih%géff’?@tét %ch’\ yen%remg%j,theor lightly

cross-1linked p en heat e appropriate attach

tenper at ur e f OlsefftBndue@Ptic XRE tedl Qiinedive corhpRitibRbiul ARG es dMRwC OMposi ti on
should nmelt and flow sufficiently to conpletely wet-out the surface of the

substrate. An etfficieitignd compételp wiet-oe el sufaderpf theadbsicitee SAroaflicign0015] The curi ng
processes can be initiated and advanced by irradiation (such as with U/

| i ght) for the wBt-gttaghuiginfdopdadhegior, and then by heat for the final cure,
or both the B-staging and final cure can be initiated and advanced by heat.
[0016] The fird01ahd secor§ EEMREGeETeSHTEN AR fnftialed apd eadeeed Y a nolar  ratio
of 5:95 to 95:5

IR e NS X T e e e A
total B-stageallg r@dhefiayGurk ¥ bt She B-staging and final cure can be initiated
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, yvith 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.



[0017] First: thermally curable acrylic conpounds, such as those juayandeabl e
fromSartonmer, with free radical curing agents. Second: thermally curable
epoxy comp@uieRRomr resins, such as those avail abl e from Natgmwosik/i78tar ch,

Cl BA, Sumitonmo or Dainippon, with |atent am ne or imdazole curing agents.
[0018] First: radiation curable cycloaliphatic epoxy conpounds, such as
CIBA CYl1 79, with photoinitiators. Second: thermally curable aromatic epoxy
conmpounds, such as bi s-phenol A diepoxide, with phenolic hardeners and

h hi ne-b i . [0019] Fjrst: di at] or -abl [
phospr e baseel | 19 29581 Sy 0o S oA AR HABAC, T 21
Second: ther ”a'cwpcf.@ié@legg%]r??%én%torgg%%Q%w%Vﬁlgbléﬁoﬁm'lﬁéaesﬁe‘g%]!tmbgf from

National Starch, C i ni ppon, wth | atent
i dazol e cur i icARERloPNafndidth R QB WROBHIRAMNRCTRYIS02/ 37231 [ 0020]

First: thermally initiated, free radical curable bismaleimde conpounds
(el ectron accepianes,)styraiiccéorasuridspsenasmybddrablreisf secon@ berfipigci alty Chem cal s
or National Starch, with (electron donors) vinyl ethers, vinyl silanes,
styreni ¢ conpogwdble eppryrrampbundsraioiu aiiboseSveithite: fromhiatienl|Sarcltur abl e epoxy
conpounds, such as those available from National Starch, Cl BA Sumtono or
Dai ni ppon wi t h ABR SYMitgme REPYRIPRaN witR e apiieion nidaalgcyring 39§8%11 | n addi ti on
to the epoxies ti oned above, .further exanples, of_ suitable epoxy resins
i ncl ude nmonof UI[IJCE??]O_I’IM a_r{?ia%tfopit? E’ﬁ@??xé‘??aweng?@fgiaag’/‘fe‘ fuétHﬁreerXSmB'FS Bi sphenol - A
and Bi sphenol - %f su’ﬂhﬁlpQ%ﬁy?eﬁr@%oﬂfd%'%bﬁaﬁﬂa%h@émumﬁﬁétfdké\?ﬁ@id%”d unsat ur at ed
epoxi es, cycloaliphatic epoxy resins an conbi nat1 ons of ‘those. Bisphenol-A
type resin is e®amBsBisghénsi-Auad BRPAeRoltH, @MPhatic and aromatic epoxies,

saturated and unsaturated epoxies, cycloaliphatic epoxy resins and

combinations of those. Bisphenol-A type resin is commercially available from

Resotution Technology as EPON 828. Bisphenol 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] Another 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 glycidyt 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-glycidy! ether epoxides may also be used. Suitable

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



Resol uti on Technol ogy as EPON 828. Bi sphenol F epoxy resin can {gejunpb&ear ed
by the reaction of one nole of bisphenol F resin and two nol es of

epi chl or ohgds/32018i sphenol -F type resins al so are avail ablcwosogdial |y
from CVC Specialty Chem cals, Maple Shade, New Jersey, under the

desi gnati on 8230E, and from Resol uti on Performance Products LLC under the
desi gnation RSL1739, A blend of bisphenol-A and bi sphenol-F is avail able
from Ni ppon Chemi cal Conpany under the designation ZX—1 059. [00221 Anot her

sui tabl e epoxy cgr xylatcla %vh?c%%)éXt msy xi(rie rou s tha a tf% r%gar ed by the
reacti on of phenolt’c Fesin and ep I CHIPOF o rin. pre erred epoxy novol ac

resin is poly( Q{F@dﬁ?rles ghd/ & Shvdr hﬁzaegrv)nyﬁﬁﬂghg%%ld%@é%lcigom?arns tw4li tabl e epoxy

resins are biphenyl epoxy resin, "commonly prepared by the reaction of

bi phenyl resi nep@aldee@b@d%laaa@hydfrwrmh ifbHY & HenRgsaeitaes, pBERNYls- epoxy resin;
napht hal ene resins; epoxy functional butadiene acrylonitrile copolyners;
epoxy functi onaletipybtyetbhaet imglhyisd 4-eptaymyclolaxdnetaxtiaxylets; afd t he above. [0023]
Non- gl yci dyl ether epoxides may al so be used. Suitable exanples include
3, 4- epoxycycl oliExgionretadiene dioxidepoxycycl ohexane 6 12 June 2006 WO 03/ 052016

PCT/ US02/ 37231 car boxyl at e, whi ch cont aj wo _epoxi de groups that are part
of the ring §¥§é¥ures éﬂﬁhﬂﬁ”@@?ﬁ?dﬁPﬁﬁgﬁﬁmm ﬁ &cl ohexene di oxi de,

whi ch contains two epoxide gqoups and one of mh ch is part of the ring

structure; 3, 4-epoxy-6- neth %EE% 3 4- epoxycycl ohexane
carboxyl ate; and dicycl opent adi ene Idi oxi [ 0024] Further exanpl es of

sui tabl e epoxies include: 0 0YC 34~ ) 0
)

\@/\ C34)LO/\©/
Of

[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



00 OO0 and [00251 A suitable imdazole catal yst for epoxies, ynyaddods on
to those comercially available, is an im dazol e-anhydri de adduct.

Pref err edv0i03PPa¥0l es for form ng the adduct include non- NPGULS@%17@31ed

i m dazol es, such 7 12 June 2006 WD 03/052016 PCT/US02/ 37231 as,

2- phenyl - 4-net hyl i m dazol e, 2-phenyl im dazole, and im dazole. O her
useful imdazole conponents for the adduct include al kyl -substituted

| m dazol es, N-substituted im dazoles, and m xtures of those. [0026]

Pref err ed anhy%ﬁ Al Lk TGS gﬁggg)"ﬂld s, arelapald 6L o anhyar des.

such as, pyronellitic dian rcra aval e as PMDA from

Al drich. Qher u§Mh!tlﬁQb%I@6$WWan§%r e GlstetRincil®S Aiiepednibaydr o pht halic
anhydride (comercially available as MHHPA from Lonza Inc. Internedi ates

and Actives) nahidgioteat Naubstitlitapintdaadiess ancanistuchsiothoseradi ¢ et hyl anhydri de,
hexa- hydro phthalic anhydride, tetra- hydro phthalic anhydride, phthalic
anhydri de, dodé¥¢fl succi rﬁrefeaﬁ%wwﬁrwes for firsipldeyadddétarchydri de, benzophenone
tetracarboxylic dianhydride, and mxtures of those. [0027] Two preferred
adducts are a Gé?ﬁﬂ"%’i@t'ﬁﬁnﬁydﬂﬁ?st SL!E“E’SAPVS’meﬂ'E‘hQ@WFB%& MBGRY i ¢ anhydri de

124, Ea[)feﬁzﬁn%?%ka%seaw e Aar i suBR A B7OR FEu. ey - 4
1L T SR s g ppaCoTErrt 1 o
preci pi tates Owom LSHQ&In@.ddt@ﬁﬁ&jla@Js%nu&@@ebﬂn&ﬁ\b&eﬁé-ﬁﬁ%dhﬁ%hc
anhydride, nadic methyt 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 cinnamyt donors for use with

maleimides include:

O~ O/\L%\/O\/\/@
\%\/O\A/\{OM}1S\A/©



anount, but preferably are present in an anmount of 1 %to 20% by Jké gdus of
the organic material in the conposition. [0028] Exanples of suitable

ci nnanyl WOonav0ior use with maleinmdes include: ~ ~ Ov pCT/USI2B74A 8 12
June 2006 WD 03/052016 and 0 PCT/ US02/ 37231 and in which C36 represents a
| i near or branched al kyl of 36 carbons derived from linoleic and oleic
acids. [00291 Exanples of suitable styrenic donors for use with nal ei mdes
include: 0 9 12 June 2006 WD 03/052016 PCT/US02/37231 O C36 in which C36
represents a linear or branched al kyl of 36 carpons derived fromlinoleic
and ol eic acids. [0030] Curing agent§ such as f/Fee radical initiators,

thernmal initiators ~ JL 90
0 N/\/\Si\' ~
H o)
< and

0 o)
SASS AN AAS
H H

in which Cag 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

0] 0]
H H CHj H H
RaS IO
0

include:

O O 0
LN /N /N /\/\/\/\/\/\/\O/U\r;]
H

and



and photoinitiators will be present in an effective amount to ciyf fintbéos
conposition. In general, those anobunts will range from0.1 %to 30%

pr ef er abl wolosfstoas 20% by wei ght of the total organi c nat epcalus(i/smasii s,
excluding any inorganic fillers) in the conposition. The actual cure profile
wll vary wth the conponents and can be determ ned w t hout undue
experinentation by the practitioner. [0031] The curabl e conpositions may
conpri se nonconductive or thermally or electrically conductive fillers.

Sui t abl e nonconductive fillers are particles of verniculite, mca,

wol | astonite, cal cium car td tani a, sand s, fused silica, funed
silica, bariumsulfate, an gdpat eg et h@ pel yners, such as 4
tetrafl uoroethylene, trif ne> o N d uoride, vinyl

aid vinyl chlogj de. tabl e conductive

fluoride, vinylidene chl
fillers are carbon black, graphite, gold, silver, copper, platinum
i CO and falumna | f

pal | adi um ni cke m nu
h’@?gFSI %Dy wei ght of

car bi de, _dj.anpnd
used, fillers '§& A rr} ad@eﬂroégreaﬂ‘?he%ﬁﬂ%'r%ghf%gﬁ'bs Jegvey
the formulatio ents can be utilized to nodify the viscosity of
the conpositi QPOIE'{:Q‘B%%IC%@% shoul d be chosen so that they evaporate during
the B-stage he[@@ﬂo?g Tpr%'gl entBathad Geb RRAICEINSINbS! thepyhitighbrst emper at ur es
| ower than about 150 C. Exanpl'es of solvents that may be utilized include
ket ones, est er gndahetoinibibiers vl bepresentindin@tfbgive 6aBIMMIHL Goé thent s that are stabl e
and di ssol ve the conposition conmponents. Preferred solvents include 10 12
June 2006 WO 03700p8sipn] I6odPER), U862 LBPABY wilj aenve fomt /1% tadd%ne, car bit ol

acetate, acetone, methyl ethyl ketone, and propylene glycol nethyl ethyl
acet at e. preferably 1% to 20%, by weight of the total organic material (that is,

excluding any inorganic fillers) in the composition. The actual cure 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 suifate, 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 formutation.
[0032] Solvents can be utilized to modify 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, aicohols, ethers, and other common solvents that are stable

and dissolve the composition components. Preferred solvents include
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[0033] In another enbodinment, this invention is a nmethod of at{aglLBeed
sem conductor chip to a substrate conprising depositing onto the substrate
a B- st ageW®l8/082@bl e conposition conprising a first conpoBCTiUsoe/3728t h a

| ower curing tenperature as described previously, and a second conposition
with a higher curing tenperature as described previously, heating the
substrate and adhesive to the curing tenperature of the first conposition
to cure that conposition; contacting the adhesive with a sem conductor

chi p; and heati%gvéﬁ%@@ﬁ@&&ﬁe&wgu@g%gaé,_\seetoﬁa?qqe%r@natﬁﬁQ%g{fet,%d chip to the

curing tenperat e secon ositron to cure t conposition.

[0034] In a furgfflensdhos Byl etnji BistattNnvention is an assenbly conprising a
substrate for a sem conductor chip or die and a B-stageable adhesive

deposi ted on tHeosgubst r at g,anbther dhmtieganbisanaabasis denetr@apri sSing a first
conposition with a lower curing tenperature as described previously and a
second conposi tatteehing a serzicdmdgHenrchipue a ngpstretesematisingedeassititgsnta thed
previously, characterized in that the first conposition has been fully
cured. EXAMPLESUPSttEs B-sioeshiapirable erfrostion eAmAiSAas 55t ¢aMResHee chenistry
conposition

COMPOSILI0h Mayly Shel St SRR A B Bhts BUEASk, A £80KMn 21 o 25torer . @
T o e APER O P e BRI s
el ei m de and %eaﬁ%%%&ﬁ’ﬁ@@ﬁ& E&Iﬁ@iy&@%é@ikﬂﬂan@d@%@@@?‘%e gRpposi tion of the
control fornulation were prepared in a weight ratio of about 1 to 10. The
mal ei m de 11 1ZodipbsticdQO6ure that composition; contacting the 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.

[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 composition 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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WO 03/ 052016 PCT/ US02/ 37231 conposition of Formul ation A conpri g828ind2006

bi s-mal ei m de, a nono-nal ei m de, a difunctional donor having the structure O
O OAN Ciwo3/odthie O H H and a peroxide catal yst. The nal ei ptdaisepsmesi ti on

of Formul ation B conprised a bis-maleimde, the difunctional donor shown
above, and a peroxide catalyst. [0037] The control and Formnul ations A and B
were tested for Dynam c Tensile Mdulus using a Rheonetric M IV Mechani cal
Thermal Anal yzer ranped from25C to 300C at 3C/ mn. The results are

reported in the follow t abl e ,and shaw .t hat th | _cure Formulations A
and B have supgr PP RGP Up AtgReR S e Rae kG, EBo iR 1) ' [ Go3e)

Dynam c Tensi | & GoALIALIFBRMHBHS BR sAE@igul ation B Mdul us 25C1164 M pa953 M
pal080 M pa 150C3.6 Mal9.6 Ma53°0 Ma 250C1L M pa9.7 M pal5.2 Mpa [0039] The

three formul ations were tested forodi e sheap strength. Each was di spensed
onto an alum na plate Thi s

apd was beatlhd 10,1204 f e _hour (B-staged).
tenperature was suffic to ev8porat e off" tRe solv and to fully cure
the mal eimide in Fornmukat¥ons A andtB. An Rl um na di 0 X80 ml, was

pl aced onto the B-staged adhesive at 120C for one second
- and a peroxide catalyst. The maleimide composition of Formulation B

comprised a bis-maleimide, the difunctional donor shown above, and a
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 resuits 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
Moduius
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 500g 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

12



usi ng 500g of force, and the formul ation heated in an oven at %73&nef29bg 60
mnutes to fully cure the epoxy. After cure, the die was sheared fromthe

| eadf r amdV@93/GR01degrees with a Dage 2400- PC Di e Shear TestP€m/Gs022B8G1 and at
245C. The results are reported in the following table in Kg force and show
12 12 June 2006 WD 03/0521116 PCT/US02/ 37231 that Fornmulations A and B with
two different curing sets gave superior adhesive strength. [0040] Die Shear
Control Formul ati on AFormul ation B Strength 25C12. 0 kgl8.5 kg21.4 Kg 245C0. 8
kg2.9 kg3.1 kg At | ested further for
di e shear strg%%ﬁ%blfz%s A(C:%{ralqu ‘?‘lho%??\'ff%[%h éé?@ é%%né %ioky Each was

di spensed ont gdr@g,v@gwngﬂ\a pl ate and heat ed for one hour at 120C (B-staged)
to evaporate the solvent and to fully cure the maleimde in Formulation A
An alumna di@p4@0 X 80 m |, was placed onto the adhesive at 120C for one
second using 5009 of force, and the fornmulation cured in an oven at 175C
for 60 m nutes tjo fli¢ BYyearur ¢ t héowpbxy.| Foreuatioed adsembibicas viere t hen

subj ected to 85/ 85%4¢enstht i ve humidity for 48 hours, after whilch the die was
sheared fromthe | ea8f¥ame at 9tP-Ukyreegs wilBhika Dage 2AF0EPC Di e Shear

Tester at 25C and-at 245C._The results are reported in the folllowng table
in Kg force and show4Hat F(Prrmloét}igon A ga\?eg‘é%per or Pedits.

174

[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 80 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 resulits.

[0042]
Hot/Wet Die Shear Strength Control Formulation A
25°C 7.4 kg 14.1 kg
245°C _ 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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[0042] Hot/Wet Die Shear StrengthControl Formul ati on A 25C7. 4 kgk4ude @6
245C0. 8 kgl.9 kg [0043] The control and Fornulations A and B were visually
observed WOO3NEOth ng. Each fornmul ati on was di spensed on a PEF/ESEyI230!| der
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
glass die 6nm x 1llmm was contacted with the fornulation at 120C for 13 12
June 2006 WD 03/052016 PCT/ US02/ 37231 one second with 500g force. The

assenbl i es wer %Bé ?gc%{\g'%ﬁl; ?90 f?rrce.oj?lge gllgg@%ieggve%zﬁ% dlie%tefg%)r! %ecﬁ%re the epoxy.

Each die and subsirate asse y wa nspecte m croscope for

voi di ng. Appr oxt iBkekoruR’erd thkRBoSUERSFLGe afd fBsPte bRMBRMAsOl formul ation
cont ai ned voids. For Forrnulations A and B, about one specinmen in 10

contai ned a si ngbectadirdier 4 MiGossase dewird. Applorimatedsss bhiaa sdrid¥e voi di ng.

[ 0044] The fornul ations were tested further for noisture resistance. As in
the test for verdiaithe coatedl ffrocipiidratontainedweidsi Fop Eorsetbtionst dasd Bare (no  sol der
mask) BT substrate and heated éB—st.aged). for one hour at 120C, A glass die
6mMm x 11nm was 2ESHH AR SRAFIMEN M 1€ ARNFiRAdAANAY i dhisivsderBrd /R second with
500g force and the assenblies cured for one hour at 175C. Each assenbly was
then condi ti onéFSJRNSEVANE - 60% rel ative humidity for 196 hours (JEDEC

oot e S o TUSBEMLRCHL 8RSl At rof o
As in the test for voiding, each formulation was dispensed onto a bare (no
solder mask) BT substrate and heated (B-staged) for one hour at 120°C. A
glass die Bmm 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 (1), 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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observed for delam nation of the glass die fromthe substrate. {Xahéetos
reflow tenperature is the tenperature used to reflow solder in a process in
which solder is used to attach a sem conductor chip to its substrate.) The
assenbly containing the control fornulation delamnated in four out of 6
speci nens. The assenblies adhered with Fornul ation A and Fornul ation B
showed no delam nations out of 12 and 9 speci nens respectively. 14 12 June
2006 WHAT IS CLAIMED: 1. An assenbly conprising a substrate for use within a
sem conductor package and a B-stageabl e adhesi ve deposited on the
substrate, the B-stageable adhesive conprising two chem cal conpositions,

() a first conposition conprising a curable nononeric or polyneric conpound
or resin and a GNHAT® dLNINERt or or curing agent for that conmpound or resin,
and (i) a second conposition conprising a nononeric or polynmeric conpound
or resin and a curing initiator or curing agent for that conpound or resin,
in which the curing tenperatures or curing tenperature ranges are
sufficiently separat ¢ assemily eomrisieg & for ese Wilhinie SPHECOF‘gW@f curing

t t , the first 0Si t] t it t [ t it

i th the hi gher PREPPR ERRBrPh BheoRgetiedin e ottt e i | "

characterized i rgdhmgég,qgﬁsfn%lﬁﬁg crféﬂﬁmﬁgcﬁ:in%%ngs fully cured and the second
. 2. y

conposition is uncure e asse according to claim1 in which the
curing tenperatures @f alfigcérhpoStiorddtbhphisifdaELraseEInidrio BspoRinrisepar at ed by

30C or greater. 3. The assenbly according to claim1l in which the first
conposition is compound or resin and a curing initiator or curing agent for that compound

or resin, and

(i) a second composition comprising a monomeric or polymetric

compound or resin and a curing initiator or curing agent for that compound

or resin,

in which the curing temperatures or curing temperature ranges are

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, the second composition,

and characterized in that the first composition is fully cured and the second

composition is uncured.

2. The assembly according to claim 1 in which the curing temperatures of the

first and second compositions are separated by 30°C or greater.
3. The assembly 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

15



selected fromthe group consisting of acrylic conpounds or resi f&June 2006

cycl oal i phatic epoxy conpounds or resins, bisnaleimde conpounds or resins;

and bismal ei m de 15 12 June 2006 compounds or resins in conbination with

vinyl ether, vinyl silane, styrenic or cinnamyl conpounds or resins. 4. The

assenbly according to claim1 in which the second conposition is an epoxy

conpound or resin. 5. The assenbly according to claim4 further conprising

an i m dazol e/ anhydri de adduct. 6. The assenbly according to claim5 in which

t he i m dazol e/ anhydri de adduct is a conplex of 1 part

1, 2,4, 5-benzene-tetracarboxylic anhydride and 4 parts

2- phenyl - 4-net hyl -i m dazol e, or a conplex of 1 part 1,2,4,5

?gnzenet et r acar bempolrds @ RERY ArcoMBin@BH with VI bherZviISiRME sfrdmidty| | m dazol e.
cinnamyl compounds or resins.

4. The assembly according to claim 1 in which the second composition is an

epoxy compound or resin.

5. The assembly according to claim 4 further comprising an

imidazole/anhydride adduct.

6. The assembly according to claim 5 in which the imidazole/anhydride
adduct is a complex of 1 part 1,2,4,5-benzene-tetracarboxylic anhydride and 4
parts 2-phenyl-4-methyl-imidazole, or a complex of 1 part 1,2,4,5-

benzenetetracarboxylic dianhydride and 2 parts 2-phenyl-4-methylimidazole.
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