12 June 2006 WD 03/052813 PCT/ US02/ 37208 1 DUAL CURE B- STAGEABLE JUINCEERE| LL
FOR WAFER LEVEL FIELD OF THE | NVENTI ON [0001] This invention relates to

B- st ageablygoysgesii | | conpositions suitable for applicati opctgseisrdsi con
waf er before singulation. The conpositions contain two separately curing
chem stries. BACKGROUND OF THE | NVENTI ON [ 0002] M croel ectroni c devices
contain mllions of electrical circuit conponents that are electrically
connected to each other and electrically connected to and nmechanically
supported on a carrier or a substrate. The connections are nade between
electrical termnations on the electronic conponent and correspondi ng
electrical termnations on the substrate. [0003] One nethod for nmaking

t hese i nterconnections uses polyneric or netallic material that is applied
in bunps to the conponent or substrate termnals. The termnals are aligned
and contacted together and the resulting assenbly is heated to reflow the
nmetallic or polyneric matepual CUREB-STRGEABLY UNDEREMLLNECt i on. [ 0004] During
its normal service life, the el eCOROMAEEREEWDI Y is subjected to cycles of
el evated and | owered tenperatures. Due to the differences in the
coefficient of thermal expansion for the electronic conponent, the

the. conponent !aéfer the assenbl y "I WSIEENENTBY a1 To prevent raiiure.
t he gap bet ween[ corrpowﬁﬁn %m {f fsqt!f]P%{a?@gb%u"%F&"l Lyf ;Sios\’t\f'oﬁJ‘ a polynmeric

encapsul ant, here| after under encapsul ant, to
suitable for application to a silicon wafer before singulation. The

compositions contain two separately curing chemistries.

BACKGROUND OF THE INVENTION
[0002] Microelectronic devices contain millions of electrical circuit
components that are electrically connected to each other and electrically
connected to and mechanically supported on a carrier or a substrate. The
connections are made between electrical terminations on the electronic
component and corresponding electrical terminations on the substrate.
[0003] | One method for making these interconnections uses
polymeric or metallic material that is applied in bumps to the component or
substrate terminals. The ter.minals are aligned and contacted together and
the resulting assembly is heated to reflow the metallic or polymeric material
and solidify the connection.
{0004] During its normal service life, the electronic assembly is
subjected to cycles of elevated and lowered temperatures. Due to the
differences in the coefficient of thermal expansion for the electronic
component, the interconnect material, and the substrate, this thermal cycling
can stress the components of the assembly and cause it to fail. To prevent
failure, the gap between the component and the substrate is filled with a

polymeric encapsulant, hereinafter called underfill or underfill encapsulant, to



12 June 2006 WD 03/052813 PCT/ US02/ 37208 2 reinforce the intercRuec2006
material and to absorb sonme of the stress of the thermal cycling. [0005]

Two prom nedlos3esess for underfill technol ogy are for reinf opEi/0Sh2@as0sages
known in the industry as chip scal e pagkages (CSP), in which a chip package
is attached to a substrate and flip-chip packages in which a chipis
attached by an array of interconnections to a substrate. [0006] In
conventional underfill applications, the underfill dispensing and curing
take place after the reflow of the netallic or [EO| meric interconnect. |f
the i nt er conneceinfogcegheptesgonaent material Gag ipaPEera Ao %°¥t|‘%|§<tﬁsf§ o8nt initially
is applied on ttngm{gﬁé %L. termnal pads on the substrate. The sem conductor
chip is placed on d“1%xed area of the sol deri ng site. The assenbly is

then heated to ghdspw for &b pRWirkdht UsBroP@IddRi tdcRhdgy 2RI fof €f | ow of the
pol ynmeric interconnect. Next, a neasured anount of underfill is dispensed

al ong one or noeeRfopdig fHtrdges kadvihas thefindute aslceip istapackagsgabPy inand capi | | ary
action within the conmponent-to-substrate gap draws the material |nward.
After the gap iwhifha ¢remipackagtiis aitachéd tamdebstraleland fioshipwiaekagesiay be di spensed
along the conplete assenbly periphery to hel p reduce stress concentrations
and prol ong t h¥igh ghipis af'?%’éd BY an ¥y EigleirANNeqtians tq 2 syhskateThe underfil |

encapsulant is sequently cured tq reach its tim final properties.
[0007] In anot hlgﬁdégonvent f“o%a en ah%@?”'ﬁ?é’n‘ffﬂcc’f‘esr&glupd?'%s'{eéc?lslps?ﬁse"r'%ed onto the

substrate. A buigaedifftaik AiscarBCRE A6l bMhe hdefic dPUynRct he underfill and

the assenbly heated to establish the solder or polyneric interconnections
and cure the ungtercbhddct. If B0 MErcdraedt Btal iitetal BbltETTRIMPoditIEa MBETY agaste t o

streamine the
initially is applied on the metal terminal pads on the substrate. The
semiconductor chip is placed on the fluxed area of the soldering site. The
assembly is then heated to allow for reflow of the solder joint, or reflow of the
polymeric interconnect. Next, a measured amount of underfill is dispensed
along one or more peripheral sides of the electronic assembly and capillary
action within the component-to-substrate gap draws the material inward.
After the gap is filled, additional underfill encapsulant may be dispensed along
the complete assembly periphery to help reduce stress concentrations and
prolong the faﬁgue life of the assembled structure. The underfill encapsulant
is subsequently cured to reach its optimized final properties.
[0007] In another conventional method, the underfill is dispensed
onto the substrate. A bumped chip is placed active-face down on the underfill
and the assembly heated to establish the solder or polymeric interconnections
and cure the underfill.
[0008] Recently, attempts have been made to streamline the
process and increase efficiency by placing the underfill encapsulant directly
onto the semiconductor wafer before it is diced into individual chips. This

procedure, which can be performed via various methods, including screen

printing, stencil printing and spin coating, allows for a single application of



process and increase efficiency by placing the underfill encapsybaide 2006
directly onto the sem conductor wafer before it is diced into individual
chips. Thiggo ob26RduUr e, which can be performed via various p@Etbads720s
including screen printing, stencil prgnting and spin coating, allows for a
single application of 12 June 2006 WO 03/052813 PCT/ US02/ 37208 3 underfill
to a sem conductor wafer, which is later diced into nmultiple individual

chips. [0009] In order to be useful as a wafer Ievel underfill encapsul ant,
the underfill nust have severa ies. The mat e easy to
appl y uni f or m ygETH 19 ?ﬁﬁ?cé’f‘d%mp'ﬁ%? V‘EW‘FQ isdptes dieed ip @“'t'ﬂﬁéndév‘%’aﬁm st ent

coating. Duri ng, he final attachnent of the individual chips to a
substrate, the ur? erfill nust flowto enable fillet formation, flux the

sol der bunps i fog} der wa:%ox»bseecbbeqaéfums@wé#anaenmdadhéﬁamanwet her the

i nterconnection of the chip to the substrate is made with solder or with
pol ynmeri c mat erth@lndeffill musthavk séveeal pioperties. [The statnibidnat beleasyfié er t he

i nterconnection is formed and shoul d occur rapidly. [0010] Another

i nportant propearply uhiformiyan thehwafersddivat thelentie wafeh basshtaasisteot deetingol i di fi ed
after application to the wafer so as not to interfere with the clean dicing

of the wafer irft¥ng Hﬁlf\??'d’l}%‘?h"&eﬁ‘f ?féhe iRgidduaghingite f suhstrals: B¢ urdesl underfil |
encapsul ant is do rt] DY, 3Bl ?I?e‘i“?ormachop1 ?tr}? sgldgrgdurr]r%f*, .f‘ﬁhn'dgﬂ,vé?%gé that  the

underfill materia efgoés an i n eatrn {erorts pacerrent on the
waf er to resul tanhr,sro%.d\%@e&&&heaam Wﬁakéfmﬁtuca.gwew.anfb@wecwssmual sol vent.

[00113 If the starting underfill material is a solid, the solid is
di spersed or disusgtatsidl mabe @itls 6dl4ee BE withpolydiefie maqaasmma@chwewqaaste applied to
the wafer. The underfill is then heated to evaporate the solvent, |leaving a

solid, but uncuwhedd ocayriefter tHelintenqonniaetionds feimediand shauldsacqunrapidly.under f i | |

material is a
[0010] Another important property is that the underfill must be able
to be solidified after application to the wafer so as not to interfere with the
clean dicing of the wafer into individual chips. The solidification of the
underfill encapsulant is done by a process called B-staging, which means that
the underfill material undergoes an initial heating afler its placement on the
wafer to result in a smooth, non-tacky coating without residual solvent.
[0011] If the starting underfill material is a solid, the solid is
dispersed or dissolved in a solvent to form a paste and the paste applied to
the wafer. The underfill is then heated to evaporate the solvent, leaving a
solid, but uncured, underfill on the wafer. If the starting underfill material is a
liquid or paste, the underfill is dispensed onto the wafer and heated to partially
cure it to a solid state.
[0012] The B-stage heating typically occurs at a temperature lower
than 150°C, preferably within the range of about 100°C to about 150°C. The
final curing of the underfill encapsulant must be delayed until after solder
fluxing (when solder is the interconnect material) and the forming of the

interconnection, which occurs at a temperature of 183°C in the case of tin-

lead eutectic solder.



liquid or paste, the underfill is dispensed onto the wafer and hgaj, ﬁé’zt?
partially cure it to a solid state. [0012] The B-stage heating typ| cally
occurs at wo@meangture lower than 150C, preferably w thinphhg; of
about 100C to about 150C. The final cuying of the underfi |F encapsu ant
nmust be del ayed until after solder fluxing (when solder is the interconnect
material) and the formng of the interconnection, which occurs at a
tenperature of 183C in the case of tin- |lead eutectic solder. 12 June 2006
WD 03/ 052813 PCT/ US02/ 37208 4 SUMMARY OF THE | NVENTI ON [0013] This
invention is an underfill conBYMMARYIOFCBIRINVENAYN wo chenical conpositions

h t t , t { ffi t
eparated Lo ol DBt Ereeio%{a'a&%r’ﬂ@ﬁ Saro ol RIFPIS Marper at bre,
hereinafter thegldlSl cHIBRAGHS t{a%‘curﬁuﬁ %Etuféstcl?%ﬂi g‘i%bé}gtakh composi tion

wi th the higher curlng terrpe inafter the secon conposition. In

practice, the fighgds u@idRAS depSatedtd éllo@%e%ﬁw%%lt%blMltﬁgwe%\ﬁ’er%b% ng process,
and the second conposition wll be left uncured until a final cure is

desi red, such aempafaturd)@efeinatiér tiad firstcbmpdsitian, 3 nire oMbt twngdie p to a
substrate. The fully cured material is cross-linked or polynerized to a

suf ficiently higimpogtiorewith the hi@)@ﬁrghfﬂngéwmtﬁ"véﬂw?@?v@eiS?COQ@r uct ur al
integrity. DETAILED DESCRI PTI ON OF THE | NVENT| ON Jr0014 E h of the first
and second compBRTROPHE-i'8 PEieeolne ftst EMAREHRINE PECreshdriss 2 KeY9M i goreric, or

one or more pol gl Can%‘?f@s%‘d&%scoﬁ{po?({ o‘?ﬁﬂﬂ% |efPu &%H’%ﬂ%tfh&%re% those, that
co-react to polynerize or Cross ynerlzatlon and cross-|Iinking
are referred togafed $LéHYUE, atth€final attach of a semlconductor chip to a substrate.

The fully cured material is cross-linked or polymerized to a sufficiently high

molecular weight effective to give it structural integrity.

DETAILED DESCRIPTION OF THE INVENTION
[0014] Each of the first and second composition is one or more
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
underfill.
[0015] 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 materia! 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



conpositions in general will contain a curing agent or curing i mM2tJjusé 23osi N
addition to the nononeric, oligoneric, or polyneric species, and optionally,
may cont aiwodspeisignt. Wthin this specification and cl ai nspcthigonoais nati on
of the first and second conpositions wll be referred to as the total
B-stageable wunderfill. [0015] The first conposition will conprise a liquid,
or a solid dissolved or dispersed in a solvent. The second conposition w ||
be a solid or sem-solid material at roomtenperature, dispersible or

di ssolvable either in the liquid first conposition, or in the sanme or a

conpati bl e sol v&hartpyhedemperatiiat whighdhs 8pgl inffrconrertiog AliPee of first and
second conpositions w ll be determne 2 _June 2006 WO 03/052813
PCT/ US02/ 37208 s%“'f‘??w‘b%{?'tcgt5’>}°§%%“btgé§ '(eér"iﬁdﬁ're at which the final

i nterconnectiongigithe sepl SARANCHMe G & thRadledtettitiRideAle | S Made. (0016]
For exanple, in thée case of tin-lead eutectic solder, the solder fluxing

and i nt er conneckéidsn IGGRIENG idércennetivh @takdut@ tahpet&de.of TdeC. frhe@al curing of
the underfill should occur rapidly after the sol der bunp fl ow and

i nt er connect i onfimghelrinpyf the gnderfiitshouidocsa regidly aftdr thesotdenpempflawandor at a

hi gher tenperature. Consequently, in this case, the second conposition wll
be chosen to hifEECORNRLLiPN F1yf PRNRSEY AL the solpersfioyrteraperatarecer G a Bighiht | y hi gher .

If a olynmeric,interconnect nmaterial is used he second. conposition wll
be chgse% to h&\'}’é’ergh&r'?{'@e?“ ﬂ'éyefne@ﬁ?aesealﬁ?(sﬁd°ﬂée‘é?mqqﬁ'_ 'o'w'r"i%ﬁgp t enperat ure of
the polyneric *;HUSQ{ﬁqgwgﬁring[t%ﬁturlhgarf&5@}83%9&#@hl Rerl §aChosen so t hat

it wll cure before the <curing tenperature o second conposition and
before the tenpgswhetictéttonnektingdleriahie ubdtt BE cedbRE cbmpdsitioRdM.beThe curi ng

tenperatures of the first and
chosen to have a curing temperature at or near the curing temperature of the
polymeric interconnnect.
[0017] The first composition is chosen so that it will cure before the
curing temperature of the second composition and before the temperature at
which the interconnect 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
or within the curing temperature range of the first composition, although
insignificant curing of the second composition during the B-stage process is
tolerable. In a preferred embodiment, the curing temperatures of the first and
second compositions will be separated by at least 30°C.
[0018] 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
underfill composition, permit clean dicing of the wafer, and inhibit voiding

during the final attachment process.



second conpositions can be separated by any anmobunt effective to prfwedes t wWo
distinct curing profiles such that the second conposition does not cure at
or within wohesmszsing tenperature range of the first conposi pcomsosd7résough
insignificant curing of the second conmosition during the B-stage process is
tolerable. In a preferred enbodi nent, the curing tenperatures of the first
and second conpositions will be separated by at |east 30C. [0018]
Typically, the B-stage heating, that is, the first conposition curing,

occurs at a te rature wthin the range of about 100C to_ahout 150C. Any
sol vent used SH@& be cmﬂ‘é‘éﬂ hF%}e‘gva\'ﬁ&%BP@”%? ?&Xi’fﬂﬁ?%’?“f{& f%rg'?ﬁa t enper at ur e
range as first COMDRRLAdUE HitbBnadhl doffolildh shbdidhef APAR| 110N and
evaporating the solven uring the B-stage process wll solidify the total

underfill conpogiricietly toR6mplelelyGletait ti wifi@ dPthelsiBstia®S &n effidt | Nhi bit voi di ng
during the final attachnent process. 12 June 2006 WD 03/052813

PCT/ US02/ 37208 wé&-duOed@is i'Vend adbesiopd t o t he appropriate attach tenperature
for the sem conductor die, the total underfill conposition should nelt and
flow sufficienPP30]t o conpheeuwing pipeesses tanp ditiotpdfang @dwncehyy substrate. An

efficient wet-out results in good adhesion.. (Q020] The curi processes can
be initiated anfadgfPasrueh apyith ?JP’?‘&H) f&‘ttf‘?)h's{g’gﬂéﬁrsg‘é‘lr%af’ﬁtwbyﬂgaﬁt) for the
B-staging first hea t i nal. . or both the

B- st agi ng and fﬁoﬁtgFﬁ%adr%Qgt%%% etp%/%?fé?]é? 3%%‘(#3 F\ea':I b%%é%t%%nﬁeat. [ 0021] The
first and seconghgruER@shtdions will be present in a nolar ratio of 5:95 to

95:5, as can be determned by the practitioner for specific end uses.
Conbi nati ons of[ob2m st conpbsiirki adsedand cammsitichsodinEogresdnting roblart he

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 underfill include:

[(0022] First: thermally curable acrylic (such as those available from
Sartomer), maleimide (such as those available from Ciba Specialty Chemicals
or National Starch and Chemical Company), and vinyl compounds (such as
vinyl ethers and vinyl silanes available from Aldrich) with free radical curing
agents. Second: thermally curable epoxy compounds or resins (such as
those available from National Starch, CIBA, Sumitomo or Dainippon) with
latent amine or imidazole curing agents.

(06023} 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) with latent amine or imidazole curing
agents.

[0024] 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.



total B-stageable underfill include: (0022] First: thermally curgblseasdgsy! i C
(such as those available from Sartoner), nmaleimde (such as those avail abl e
from C ba \ppegjogdsiy Chemicals or National Starch and Chem saiyusespasy). and
vi nyl conpounds (such as vinyl etherssand vinyl silanes available from
Aldrich) with free radical curing agents. Second: thermally curabl e epoxy
conpounds or resins (such as those available from National Starch, Cl BA,
Sumi tormo or Dainippon) with latent amine or imdazole curing agents. [0023]

First: thernal I%/) curabl e acrylic conpounds (such as those available from
Sartoner) with PP} radi chirstcadietey %’gaé’f?ta:?’y"%‘é@tﬁ%lndst(ﬁ‘éth?élﬂl‘%e curabl e epoxy

conpounds or resi ns I Natl naI Starch, ClBA,
Sum tormo or Dai ?mvafgap fsorg\ng?rﬁomeé{]‘%ﬁ’tphgﬁnngtors %e 3a2(5alrmaI aﬁ'e agents. [0024]
First: radiatiog, Q)';’Ed?'rbdo%nw&uéﬁaés tm@E&aﬂaﬁ&ﬁ’&b{ NS@JFBPs&QQﬁ cn(aﬁUCh as Cl BA
CY179) with photoinitiators. Second: thermally curable ' aromatic epoxy

conpounds (suchslaﬁndatosornﬁmm@bn)/évnﬁlumxmmebrw:daholab@nxglalgents har deners and
phosphi ne- based curing agents. 12 June 2006 WO 03/052813 PCT/ US02/ 37208 7

[ 0025] First: ri@eReti on chrstbihernsdly ipltiated dreapasicaticurdtdailsmalsimideose avai | abl e
from Sartoner) with photoinitiators. Second: thermally curable epoxy
conpounds (such°°<§"§’°t"PR§s§@e%ﬁP§|aF%ﬂﬁ’FOés)f(%’l‘r??\!@P?etﬂ‘(él'abgfﬁ’r“&ﬁ'ba(§P§71@tY Suni t ono or

Da th. |l atent I First
chorm i 1 6t80ER B P bR Brnata M Roeen bl (ol ot on
accept ors) (S”C“fﬁ‘“%ﬁﬁgﬂ*ﬁﬁé&a leﬁcf:érﬁ’d@uﬁ! W&%r} ndsChem cals or

Nat i onal Starch any) wt ect ron donors)
Second: thermally curable epoxy compounds (such as those available from

National Starch, CIBA, Sumitomo or Dainippon) with latent amine or imidazole
curing agents.

[0027] Examples of suitable epoxy resins include monofunctional
and multifunctional glycidyl ethers of Bisphenol-A and Bisphenol-F, aliphatic
and aromatic epoxies, saturated and unsaturated epoxies, cycloaliphatic
epoxy resins and combinations of those.

[0028] Preferred epoxy resins are glycidyl ether epoxies, either
separately or in combination with non-glycidyl ether epoxies. A preferred
epoxy resin of this type is bisphenol A epoxy resin. Bisphenol-A type resin is
commercially available from Resolution Technology as EPON 828. Another
preferred epoxy resin is bisphenol F epoxy resin, prepared by the reaction of
one mole of bisphenol F resin and two moles of epichlorohydrin. Bisphenol-F
type resins 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.



vinyl ethers, vinyl silanes, styrenic conmpounds, cinnanyl conpoypdsne 2006
Second: thermally curabl e epoxy conpounds (such as those avail able from

Nat i onal WFP§HRRes1$! BA, Sumitono or Daini ppon) with |atent a@ErRR0DE720¢1 dazol e
curing agents. [0027] Exanples of suitg@ble epoxy resins include

monof unctional and nultifunctional glycidyl ethers of Bisphenol-A and

Bi sphenol -F, aliphatic and aromatic epoxies, saturated and unsaturated
epoxi es, cycloaliphatic epoxy resins and conbinati ons of those. [0028]
Preferred epoxy resins are glycidyl ether epoxies, either separately or in
conbi nati on wi 1¥28on- gl yA"QE’ BiteRle eRONLIRFIB & ePAXYIIoNPIaT Fest). WRitiRy resin of
this type is bisphenol A epaxy resin. Bisphenol-A type resin is
comercially a¥ pFrﬁgfgémlet’%%?'ﬂﬁ%f@ﬁEﬂog?%rﬁs'?ggﬂ?‘f’d&k&g}wgg I':‘b@?l%gﬁ‘é Anot her
preferred epox Lihid j !ﬁm esi. red by the reaction
of one nole o%’p %ﬁ?gﬁééncgfg’#i%&gg{aﬁ&gﬁg twl)og{ hr?@lqésfgrg}a%g chl or ohydri n.

Bi sphenol - F t yqogo)r €si NS Gik& savebiel cpbly@esiara@biphenlilepokyregim CVC Special ty
Chem cal s, Maple Shade, New Jersey, under the designation 8230E, and from
Resol uti on Percéromnmipprepéed tyibe seacliof ofibiplEnyltrésin aheisdpiphtahgdrinRSL1739. A bl end
of bi sphenol - A and bi sphenol -F i-s avail able from Ni ppon Chem cal Conpany
under the desi §if¥qrsptagisnerpregol epoxyTegin naRiGBIeper e pepPsy fyneieT?lusn2/ 37208 8

[0029] Anot her suitable epoxy resin is epoxy novolac resin, which is
prepared by t hBUPLES TS °”§f"eé?f§’ﬁ'5]efsce’?°é§ﬁ’ﬁééﬂ%] PRFImGINY AP n. A preferred
epoxy novol ac Leshdrss AHedoBieny! gl ycidyl ether)-co-fornal dehyde. [0030]
Ot her suitabl e epoxy resins are biphenyl epoxy resin, comonly prepared by

the reaction ofpoijphenyl NoRSlyBidf RthefdPo%iBésOh&BIsH Beised. Suitable
examples include 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate, which contains two epoxide groups that are part of the ring
structures and an ester linkage; vinylcyclohexene dioxide, which contains two
epoxide groups and one of which is part of the ring structure; 3,4-epoxy-6-
methyl cyclohexyl methyl-3,4-epoxycyclohexane carboxylate; and -
dicyclopentadiene dioxide.
[0032] Further examples of suitable epoxies include:
o o
PN O Carn O <
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di cycl opent adi ene- phenol epoxy resin; naphthal ene resins; epoxy f2uned 20082
but adi ene acrylonitrile copol yners; epoxy functional polydinmethyl siloxane;
and m xt urge @fosigie above. [0031] Non-glycidyl ether epoxi degrrmyz/shep be
used. Suitable exanples include 9

3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane carboxyl ate, which contains
two epoxi de groups that are part of the ring structures and an ester

| i nkage; vi nyl cycl ohexene di oxi de, which contains two epoxide groups and
one of which is part of the ring structure; 3,4-epoxy-6- nethyl cycl ohexyl
met hyl - 3, 4- epoxycycl ohexane carboxylatgf and dicycl opentadi ene di oxi de.

[ 0032] Further exanples of suitable epgxies include: 0 O 12 June 2006 WD
03/ 052813 PCTI US02/ 37208 9 and [0033]/A preferred catal yst for the epoxy
conpositions used in the total B-stageable underfill is an

i m dazol e-anhydri de adduct. |f ent acts too quickly, it can
gel the fornulation and | nhibi ©the ing & the solder. The use of the
i m dazol e- anhydri de adduct keeps the rmul atiemd viscosity at a
sufficiently low |l evel, usually below 5,000 nPa.s at 190C, to ensure that
fluxi ng can occur. [0034] ORreferred im dazoles for form ng the adduct

i ncl ude non-N- substituted” m dazol es, such as, 2-phenyl-4-nethyl im dazole,
2- phenyl im dazole, and i) dazole. Qher useful imdazole conponents for

t he adduct include al kylpsubstituted i m dazoles, Nsubstituted im dazoles,
and m xtures of those.

> Z

[0033)] A preferred catalyst for the epoxy compositions used in the
total B-stageable underfill is an imidazole-anhydride adduct. If the curing
agent acts too quickly, it can gel the formulation and inhibit the fluxing of the
solder. The use of the imidazole-anhydride adduct keeps the formulation
viscosity at a sufficiently low level, usually below 5,000 mPa.s at 190°C, to
ensure that fluxing can occur.

[0034)] Preferred imidazoles for forming the adduct include non-N-
substituted imidazoles, such as, 2-phenyl-4-methyl imidazole, 2-phenyl
imidazole, and imidazole. Other useful imidazole components for the adduct
include alkyl-substituted imidazoles, N-substituted imidazoles, and mixtures of
those.

[0035] Preferred anhydrides for forming the adduct are cycloaliphatic
anhydrides, such as, pyromellitic dianhydride, commercially available as
PMDA from Aldrich. Other suitable anhydrides include methylhexa-hydro
phthalic anhydride (commercially available as MHHPA from Lonza Inc.
lntermédiates and Actives) methyitetra-hydrophthalic anhydride, nadic methyl

anhydride, hexa-hydro phthalic anhydride, tetra-hydro phthalic anhydride,



[ 0035] Preferred anhydrides for form ng the adduct are cycl oal i pt»afuh€2006
anhydri des, such as, pyronellitic dianhydride, commercially avail able as

PMDA from Wgiisieesiz O her suitabl e anhydrides include methyl Bexarshyshes
pht hal i ¢ anhydri de (commercially avail gpl e as MHHPA from Lonza | nc.

I nt er medi at es and Actives) nethyltetra-hydrophthalic anhydride, nadic nethyl
anhydri de, hexa-hydro phthalic anhydride, tetra-hydro phthalic anhydride, 12
June 2006 WD 03/052813 PCT/ US02/ 37208 10 phthalic anhydride, dodecyl
succi ni ¢ anhydri de, bi sphenyl dianhydride benzophenone tetracarboxylic

di anhydri de, an8NthpligaR¥Ede dodecysyceini audside Rigphepbiiantvdifeadduct s are a
conplex of 1 part 1,2 4 5- benzenetetr r lic a dride and 4 parts
2 phemyl - ot noPTAPREN BrdS AR R BRRRRE SR fer P HEEL

1,2,4,5-benzenejRkgacar bO)ﬁWoilpFefgrgéSi%M&HJ € 2 26HpIex ofﬁg{atdsl 2.4,5-

2- phenyl - 4- et hyl'i ni dazol e. The ducts are prepared by di'ssolving the
conponents in apénpehd@ttRabokMeaihydilé@Rd A parfCBprend.4-raeigimidieak, Upon cooling
t he adduct precipitates out. [0037] In addition to the first and second
conposi ti ons andntardémuex efdeattd 2,4 frberizenetdtraBarbdxziipetidrihgdridaded 2i | | optional ly
further may conprise a solvent, an inorganic filler, and a fluxing agent.
Ot her optional E#HpoPReAYH-methdimideggle nEhe Addurtsere Prrpated P dissed?9 s di screti on
i ncl ude one or rc%mai r rltsrmel ea@agl aglegr;tts r}‘Isoa\/v %dgi tni ves. hesi on pronoters,
rheol ogy modi fi &IELOTRAENSIY P PUEPISTPYCNt-SHE S AFS SRR MNLeIPR S¥8Ti fi cal Iy chosen
to obtain the desdingfe 2B@lcApeEpittesRiuPPerties for the use of the chemstry
sets chosen. [0038]" Exanpl es o? sui tabl e ci nnanyl donors for use with
mal ei m des incl pde7; 12 In addition to the first and second compositions and curing

agents, the total B-stageable underfill optionally further may comprise a

solvent, an inorganic filler, and a fluxing agent. Other optional components

thét may be used at the formulator's discretion include one or more air

release agents, flow additives, adhesion promoters, rheology modifiers, and

surfactants. The components are specifically chosen to obtain the desired

balance of properties for the use of the chemistry sets chosen.

[0038] Examples of suitable cinnamy! donors for use with

maleimides include:

Iy~ O%\/o\/\/@
\f\/o\/\/fox\/\}owg



12 June 2006 WO 03/052813 PCT/ US02/ 37208 11 0 O in which C38 represesios a

| i near or branched al kyl of 36 carbons derived from linoleic and oleic

aci ds. [O00R8]o3foxaip! es of suitable styrenic donors for use petlusomdessm des
include: 0 O#_ C36 0 in which C36 represents a |linear or branched al kyl of
36 carbons derived from linoleic and oleic acids. [0040] The underfill
conposition may al so include a fluxing agent to renove netal oxide fromthe
electrical termnal pads and to prevent 12 June 2006 WO 03/052813

PCT/ US02/ 37208 12 reoxidation. A arl ety of different fluxing materials may
be enpl oyed, although the preferr d UXI ng agent Wi II be a carboxylic acid
or anhydride. Preferr S sE€R8si ¢ pol yanhydri de,
rosin gum dodecanedi acid (cormfgrm alqy aval | ab ds Corfree M2 from
Aldrich), adipic acid, Yartaric acid, and citric acid” Oher suitable

fl uxi ts j l b

KL Ot R PRI e R oS e O e e

gl yercol, 3-[bhi ﬁfoﬁ;\c)’a%%ékc nmet hyl ) net hoxy] -1, 2- propane di ol , D ri bose,
ce

QP

D- cel | obi ose, ul ose 3- cycl ohexene- 1, 1- di et hanol .
[0039] Examples of suitable styrenic donors for use with maleimides
include:

O, O o}
VAN ANV /\/\/\/\/\/\/\O/U\r;l
H

0] O
r;lJLO/Cas \O/IL,:J
H H

in which Cjgrepresents a linear or branched alkyl of 36 carbons derived from
linoleic and oleic acids.
[0040] ~ The underfill composition may also include a fluxing agent to

remove metal oxide from the electrical terminal pads and to prevent



[0041] Optionally, solvents can be utilized to nodify the vi scostiynedoost he
conposition, and if used should be chosen so that they evaporate during the
B-st age he@d pf)ek2sypi cally, B-stage heating will occur in ti@yosnseef

about 100C to about 150C. Exanpl es of golvents that may be utilized include
ket ones, esters, alcohols, ethers, and other solvents that are stable and
di ssol ve the conposition's conponents. Preferred solvents include

y-but yrol act one and propyl ene glycol et hyI ethyl acetate. [0042] Suitable

fillers for underfi rials._are Jianco and nclude articles of
vermculite, f&%ﬁ‘é%" rT’gﬁ'&W "tfg'ﬁerfﬁtl 8‘8?%%’.93% eTP'P sgnd gl ass,
fused silica, , i eth Iene

pol ymers, such as e]t%béaé F%gﬁggﬁ!@%&m”?%:gfcfﬁg%epg%ﬁgfée}ﬁ &q’w nyl |>/dene

fluoride, VinylptieHed fiskihg agemy Incl@isolyebizeicipBifanhgdidieVioBi lguhl ori de. |f used,
fillers generally will be present in amounts up to 98% by wei ght of the

formul ation. [d¥déchedvit iatig (c&gmﬁrtsallsavﬂnatﬂe;as‘(rmee mdifromlAldrich), i at ors, ther nal
initiators, and photoinitiators wll resent in an effective amunt to
cure the corrp@siimqaﬂﬁ tarigrigyeqick ead citrig h% erouitable fuixing ageﬁg@clﬂ%m 0.1 %to

30% preferabl %tao 20%. .b t. of the t ot al nic material (that
is, ’ excl udi ng % °'F?ﬂ¥P’§é¥haE'd'°r %/'M'y?g}w P3ses- h%'e[?&?ifd}?‘ g’f‘? englSef err ed

oy Rl MBS sk PR o SRR R gt oL oot e

products, such AasndSPPOMRkAe BBIOOMESse0D-cMbbiES), celdldde, 34@ 3- conpounds, such as
(VAZOB2 and VAZO64 (products of Dupont), 2,2'-

azobi s( 2- met hylcygolggxameniidimétiegnoand 2, 2' - azobi s(2- net hyl - but anenitrile).
Preferred photoinitiators are those soI d by C ba Specialty Chem cal s under
the trademark IP@dture. Optionally, 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 in the range of

about 100°C to about 150°C. Examples of solvents that may be utilized

include ketones, esters, alcohols, ethers, and other solvents that are stable

and dissolve the composition's components. Preferred solvents include

y-butyrolactone and propylene glycol methyl ethyl acetate.

[0042] Suitable fillers for underfill materials are nonconductive and

include particies 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. If used, fillers

generally will be present in amounts up to 98% by weight of the formulation.

[0043] Curing agents such as free radical initiators, thermal

initiators, and photoinitiators will be present in an effective amount to cure the

composition. In general, those amounts 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 composition. Preferred free-radical

initiators include peroxides, such as butyl peroctoates and dicumyl peroxide,



[ 0044] For sone first conpositions, it may be advantageous to i1cjubHel2008
curing accel erator, such as cobalt neodecanoate, to | ower the curing

t enper at urgo obfosmgsled, curing accelerators will be present por/asoxveesnt from
about 0.05%to about 1.0% by wei ght of 13 he organic conponents of the first
conposition, excluding the organic conponents of the second conposition and
any fillers. It may in sone cases al so be advantageous to add a cationic
curing agent, such as Rhodorsil 2074. [0045] OQcher optional ingredients at

ot e o canrga R ctuen B s PR AR Mo AR, P odded
typically wll ﬁo‘?‘n\}agﬁﬁdgs?%ch!ag éwtaﬁdvi\f (Erog%ctg/ﬁf.t[ﬂj 30, By wei ght . [ 00461
a ace, o0n | C 1

Silicon wafers e an activ e mcro-"clircuitry is
enbedded, and a;RBEELM&NfIPFPanchiife)tAdk 2CakoBis@shyi-bltbner@@gposi tions of this
invention are stenciled onto the active face of the silicon wafer. In a
further enbodi nereterrett PhatoinitiatemstarethoseSold by Clba SpeciatigfGhemivalslunder acti ve face
containing circuitry on which has been deposited a B-stageable underfill,

t he B- st ageabl ethairadaniark [rgasofepri sing a first conposition with a | ower curing
tenperature as described previously and a second con‘gtosi tion with a higher

curing tenperat @P¥ as desEPi 3988 Rt EMRIGLNS: T PRLPSPEPIPIROYS (% t hat the first
iti has. J ) -
conposition a.slpﬁ&%ﬂaa %ulllllgéch%%'aqab?w&gﬁn%cldg&%uteﬁgﬁg@hﬁfég?n \C/i\/O to

conposi tions w | re-cap wer repare
determ ne the appheRirdtCadiRlBWBILIcEelbrtorsRuilde phedtat i3 @A BMAEMARM052813

PCT/ US02/ 37208 14 staging and to denonstrate proper interconnection

formati on. The about 0.05% to about 1.0% by weight of the organic components of the first
composition, excluding the organic components of the second composition
and any fillers. It may in some cases also be advantageous to add a cationic
curing agent, such as Rhodorsil 2074.
[0045] Other optional ingredients at the disposal of the formulator
are defoaming agents, adhesion promoters, wetting agents, flow additives
and rheology modifiers, which if added typically will be present in amounts
from 0.01% to 5% by weight.
[0046] Silicon wafers have an active face, on which the micro-
circuitry is embedded, and a passive face. The dual cure underfill
compositions of this invention are stenciled onto the active face of the silicon
wafer. In a further embodiment, this invention is a silicon wafer with an active
face containing circuitry on which has been deposited a B-stageable underfill,
the B-stageable underfill 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

[0047] EXAMPLE 1: Two compositions with dual cure capability

were prepared and tested to determine the appropriate parameters for B-



conponents in parts by weight are recorded in Table 1. (0048] TABULEnel2006
FORMULATI ON A (Parts by wei ght) Epoxy Eon 100150 2-Phenoxyet hyl acryl ate25.2
But | henwoombsis de25 Cobalt neodecanoatel t-Butyl peroctect/esnAdmgct of
PMDA and 2P4Mz2 Dodecanedi oi ¢ aci d10 F@RMULATION B (Parts by wei ght) Epoxy
Eon 100150 2-Phenoxyethyl acryl ate25.2 Cobalt neodecanoatel t-Butyl
peroctoate2 Adduct of PMDA and 2P4Mz2 Dodecanedi oi ¢ aci d10 [ 0049) Achi evi ng
proper B-staging paranmeters is inportant for both the dicing of the wafer
and for the eventual tach of th em r chip-to its substrate. If
the fornul atior® talg'snghaélgﬁoe%"(o@ tfé?%ﬁ%ﬂ% .%gﬁﬂ%%&fg& ?qrﬁrg%t'otnhg hgopti mal time, the
underfill wll éa%pg%@/in?% W dighebrk f&brab 8 BbeiiNg process. If the material
is heated (B-staged) at too High a tenperature or for too long a tine
period, the seqooud) conposition will start to cure. If the second conposition

starts to cure, the over-B-staged co@aBuEyl on the chijp will not flow during
FORMULATION A
(Parts by weight)
Epoxy Epon 1001 50
2-Phenoxyethyl acrylate 25.2
Butylphenyl maleimide 25
Cobalt neodecanoate 1
t-Butyl peroctoate 2
Adduct of PMDA and 2P4Mz 2
Dodecanedioic acid 10
FORMULATION B
(Parts by weight)
Epoxy Epon 1001 50
2-Phenoxyethyi acrylate 25.2
Cobalt neodecanoate 1
t-Butyl peroctoate 2
Adduct of PMDA and 2P4Mz 2
Dodecanedioic acid 10
[0049] Achieving proper B-staging parameters is important for both

the dicing of the wafer and for the eventual attach of the semiconductor chip
to its substra\te. If the formulation is heated (B-staged) for less than the
optimal time, the underfill will be tacky and will affect the dicing process. If the
material is heated (B-staged) at too high a temperature or for too long a time
period, the second composition will start to cure. If the second composition
starts to cure, the over-B-staged coaﬁng on the chip will not flow during

attachment of the chip to the substrate, which affects the adhesion of the

[0050] The test vehicle used to determine the ability of the
compositions to be B-staged and the appropriate parameters for B-staging was
a glass slide bumped with eutectic solder balls 20 mil in diameter.
Formulations A and B were stenciled independently onto the test vehicles to a
height of 20 mil. The test vehicles were heated at 130°C under vacuum ina

NAPCO vacuum oven, model 5831, with vacuum reading at 73.66 cm (29



attachnment of the chip to the substrate, which affects the adhesixuné@bodshe
underfill encapsul ant and eventually the performance of the sem conductor
package. [@@lesig test vehicle used to determ ne the abil peyushi7be
conpositions to be B-staged and the appgopriate paraneters for B-staging was
a glass slide bunped with eutectic solder balls 20 ml| in dianeter.

Fornmul ati ons A and B were stencil ed i ndependently onto the test vehicles to
a height of 20 ml. The test vehicles were heated at 130C under vacuumin a

NAPCO vacuum ove del 5831 i th vacuum r eadi at,_ 73.66 cm (29 12 June
2006 WO 03/ %28‘&@*’&@?@@6’?&‘3%@' at gash 1 71 'e Pl b 19} s a_n((j at each 10
m nute interval ob‘iﬂ]to 100A&r%&ﬁﬁ%‘?{é‘%@£§%gﬁgttﬂé te%?%ﬁk{(és deri od of

heating, the test vehicles were a non-tacky, uniform and

snoot h coati ng éhechddSerad ndRlEeky MalibriNandibotedabity by Q1éGAI0BServdtiBRS2] The test
vehicl es were al so investigated for curing of the second conposition. After

each time peri oahdrmanublgaching. as descri bed above, the test vehicle was
pl aced underfill side down onto a piece of FR-4 Board with copper finish.
This assenbly w8 hen paskelgstvahiclegmera alsenvestiodeeier cylingief et ypi cal refl ow

tenperature profile with the hi ghest tenperature at @ 240C. The assenbly was
Vi gﬁal ly chegke?FCP’Pf’r‘i?Uﬁ’ﬁs'PcP‘u‘e "E‘Fg%h e B‘EIP“F’(S‘?'R’F?tlT)?i ﬁé’es"é‘geq V&0l der bal>ll s

and attachment BElPRRdsdiRa8 sl Sed Bl S Shes 6.4 blgaFR 4 Doard.

Enl arged sol der bal'l s are'i ative o u he absence of fluxing is
i ndi cative of Cyi dgpdfinkheTIHESRBADIG RBPASA ds98k thidugk B rédWlVen CONstrai n the

solder and inhibit It fromflow ng. The absence of fluxing also prevents
the attachnent wih 4 fagicdl eslow tehpetdt@e pofik vith Fe-hghbstaerdperature at

240°C. The assembly was visually checked through the glass slide for fluxing

of the solder balls and attachment between the glass slide test vehicle and

the FR-4 board. Enlarged solder balls are indicative of fluxing. The absence

of fluxing is indicative of curing of the second composition, which would

constrain the solder and inhibit it from flowing. The absence of fluxing also

prevents the attachment of the test vehicle to the FR-4 board.

[0053] The results of the test are reported in Table 2 and show that

for these formulations, B-staging can achieve a non-tacky coating and no

curing of the second composition.

[0054]
TABLE 2
B-staging Times and Results
130°C for time | Tacky | Second Composition
{min) Cured
30 Yes No
40 Yes No
50 No No
60 No No
70 No Yes
80 No Yes
90 No Yes
100 No Yes
[0055] Visual observation and the data show that the optimal B-

staging time under is 50-60 minutes at 130°C in the vacuum oven for the



[0053] The results of the test are reported in Table 2 and show {dhahe 2608"
these formul ati ons, B-staging can achieve a non-tacky coating and no curing
of the seowods3msasposi tion. [0054] TABLE 2 B-staqing Tines apdr/Bsexd7se 130C
for time TackySecond Conposition m nCuted 30YesNo 40YesNo 50NoNo 60NoNo
70NoYes 80NoYes 90NoYes 100NoYes [ 0055] Visual observation and the data show
that the optimal B staging tine under is 50-60 mnutes at 130C in the vacuum
oven for the 12 June 2006 WO 03/ 052813 PCT/ US02/ 37208 16 conpositions with

t hi ckness of 20 mls t.hese B-sta pdi t snoot h, non-tacky,
and voi d-free c%oﬂpoﬁ'ﬁor}s i 'HCKSﬁsstcﬁgo ml"aggnd;é é Gg% ﬁond't'ﬁast &ial was cured

Less than thi s {hbh, nblltack1dsd fdd #reef&gt.@tfwed roﬁ lask fsiideDGr tngrat er i al - was

B- staged | onger than 60 mnutes, he gl ass s% de was attached on the

FR-4 board, themags@was Wr&@@é@%aﬁth’isﬁﬁfe, lﬂ@uﬁddﬂﬂﬂ vais stihecigo lided
material was B-staged longer than 60 minutes, after the glass slide was
attached on the FR-4 board, the assembly showed either no-flux of the solder
balls, or poor attachment between the parts, or both.
{0056] it should be pointed out that the optimal B-stage period
depends on the thickness of the underfill encapsulant and the chemical
composition of the formulations. In general, the thicker the underfill
encapsulant, the longer the required B-stage time period. Determination of
the optimal B-stage time is within the expertise of one skilled in the art with
the disclosures of this specification.
[0057] EXAMPLE 2. This example demonstrates the ability of the
dual curable underfill compositions to flux eutectic Pb/Sn solder and enable
the formation of interconnection with the substrate. The same Formulations A
and B used in Example 1 were used here. Eutectic solder balls 20 mils in
diameter were placed onto a glass slide. The underfill material was coated
onto the glass slides to a thickness of around 20 mils by stenciling. The glass
slides were then placed on a hot-plate, preheated at 135°C, and held at that
temperature for 50 minutes. A smooth, void free, non-tacky coating was
obtained.
{0058] The coated glass slide was then placed (coated side down)
on a piece of copper finished FR-4 substrate. The FR-4 substrate (with the
coated glass slide on its top) was placed on a hot-plate that was pre-heated to
240°C. It was observed that the solder balls increased in area and the slide
collapsed onto the substrate, indicating that the solder fluxed and an

interconnection between chip and substrate would have been formed. The



balls, or poor attachnent between the parts, or both. [0056] It hqaké gbose
poi nted out that the optinal B-stage period depends on the thickness of the
underfill vwoeapsgiant and the chemical conposition of the §®fgsdabi@ns. I n
general, the thicker the underfill engapsulant, the |onger the required
B-stage tinme period. Determination of the optinmal B-stage tine is wthin
the expertise of one skilled in the art wwth the disclosures of this
specification. [0057] EXAMPLE 2. This exanple denonstrates the ability of
the dual curable underfill conpositions to flux eutectic Pb/Sn sol der and
enabl e the for4rdefibpsowettediis wosrrICdRVEd toformtrecaspipte filet erounthe sane

For mul ati ons At aqd B.used in Exanple 1 were used here. Eutectic sol der
ball's 20 mls i 988t er were placed onto a glass slide. The underfill

mat eri al was cqéla%sgfi ont OU%I | d(g&@ﬁﬁ,es%hjeqjﬁée@%g?ggggﬁg% s of around 20 mls

by stenciling. gl ass es ‘were then a hot-plate, preheated
at 135C, and hekéteddes! didllar résandfsrabbtaifed W OSK (Oryanid €8iderdois oot h, void free,
non-tacky coating was obtained. [0058] The coated gl ass slide was then

pl aced (coat ed Paissiertidovaonted ooppar fubetcte. of copper fini shed FR-4 substrate. The
FR-4 substrate (with the coated glass slide on its top) was placed on a
hot-pl ate that was pre-heated to 240C. It was observed that the sol der
balls increased in area and the slide collapsed onto the substrate,

i ndicating that the solder fluxed and an interconnection between chip and
substrate woul d have been fornmed. The 12 June 2006 WO 03/052813

PCT/ US02/ 37208 17 underfill also wetted the substrate and flowed to forma
conplete fillet around the glass slide.



[ 0059] Using exactly the sanme underfill conpositions and procesgefne 3008 | ar
results were obtained on OSP (Organi ¢ Sol derabl e Passivation) coated copper
substrate. 12 June 2006 18 What is clainmed: 1. A silicon wafer having a

B- stageabl e underfill nmaterial depositd@ on one face of the wafer, the

B- st ageabl e underfill conprising a conbination of two chem cal

conpositions, a first conposition, selected fromthe group consisting of
acrylic COQV&H%Qﬁﬁnw ycl oal i phatic epoxy conpounds; bisnaleimnm de conmpounds;
and bi smal ei mde conpounds in conbination with vinyl ether, vinyl silane,
styrenic or cinnanyl conpounds; which has been cured at a tenperature

LN he rangS Ol 000! Rl 06 (B SEONG SOMBLL R g

uncur ed epéxy c _ _
1,2, 4, 5- bepzgpeigts, ﬁfé@-@ﬁéé’db’l& ﬁ%ﬁﬂﬁééﬁ&iﬁx@% forRBihSorPo MR BHentical

u
met hyl i m dazol e, or an uncured epoxy conpound and a conplex of | part
1,2,4,5- beompostigrtsy acar boxyli c di anhydride and 2 parts

2- phenyl - 4- et hylj i dazol.e, the first ition, b , bei
U d or A sobilgeeegr e Secled T SR forBune S R B oni 0 °
conposi ti ORycloAfphaEc eititydbinpbusdst BisBhalditiRie/compbutdipebisinaRimidei ng a solid

or sem-solid material at roomtenperature, dispersible or dissolvable
ei ther in cempoyndsdn cembinatien Wih viryl ether, vinyk silangngtgenicios sinpamgl e cure was a

compost t oo REPdRs AhiER s el gt =t Rbos RN G e REMAEAE' <o) ot
t he curing 1seipandét ures of the first and second conpositions being separated
by at least 30Cto allowthe first composition to cure w thout curing the
second a second composition that is an uncured epoxy compound and a complex of 1
part 1,2,4,5-benzenetetracarboxylic anhydride and 4 parts 2-phenyl-4-
methylimidazole, or an uncured epoxy compound and a complex of 1 part 1,2,4,5-
benzenetetracarboxylic dianhydride and 2 parts 2-phenyl-4-methylimidazole,
the first composition, before cure, being a liquid, or a solid dissolved or
dispersed in a solvent;
the second composition, before and after cure of the first composition, being a
solid or semi-solid material at room temperature, dispersible or dissolvable either in
the first composition if the first composition before cure was a liquid, or in the solvent
for the first composition if the first composition before cure was a solid dissolved or
dispersed in a solvent;
the curing temperatures of the first and second compositions being separated
by at least 30°C to allow the first composition to cure without curing the second

composition.

2. A B-stageable underfill composition comprising a combination of two
chemical compositions,

a first composition that is a liquid, or a solid dissolved or dispersed in a
solvent, curable at a temperature within the range of 100°C to 150°C, and that is
selected from the group consisting of acrylic compounds; cycloaliphatic epoxy
compounds; bismaleimide compounds; and bismaleimide compounds in combination

with vinyl ether, vinyl silane, styrenic or cinnamyl compounds; and



conposition. 2. A B-stageable underfill conposition conprising a2¢aRrd2d08t i on
of two chem cal conpositions, a first conposition that is a liquid, or a
solid dissolved or dispersed in a solvent, curable at a tenperature within
the range of 100C to 150C, and that is19selected fromthe group consisting
of acrylic conpounds; cycloaliphatic epoxy conpounds; bisnmaleimde
conpounds; and bi snmal ei m de conpounds in conbination wth vinyl ether,

vinyl silane, s j - {éggj 19 a second
conposition t ha%X%%%%@P?%@)&?ﬁ]s%iﬁia%ggﬁigggl%?l Srogg%t gnérrrrgper teur'gl,%’ di spersi bl e
or di ssol vdispasibletdralissblvableeitheriatthefirspasnpasitioni if thetfastf dongtostionposi tion is a
liquid, or_.in the solvent for the first, co sition if the first conposition
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