WO 03/ 052813 PCT/ US02/ 37208 1 DUAL CURE B- STAGEABLE UNDERFI LL FOR WAFER
LEVEL FI ELD OF THE | NVENTI ON [ 0001] This invention relates to B-stageable
underfil Iwoaspsmiti ons suitable for application to a sil ipcaruseasmos bef ore
singul ation. The conpositions contaim two separately curing chem stri es.
BACKGROUND OF THE | NVENTI ON [ 0002] M croel ectronic devices contain mllions
of electrical circuit conponents that are electrically connected to each
other and electrically connected to and nechanically supported on a
carrier or a substrate. The connections are nmade between el ectri cal

term nations on the electronic conponent and correspondi ng el ectrical
termnations on the substrate. [0003] One nethod for making these

i nterconnections uses polyneric or netallic material that is applied in
bunps to the conmponent or substrate terminals. The termnals are aligned
and contacted together and the resulting assenbly is heated to reflow the
metallic or polyneric nateYAaCURBRPTAGEABLE YNDRBFIEbnnecti on. [0004] Duri ng
its normal service life, the el EORVWATRRES ly 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

i nterconnect material, and th?EiBgﬁLﬁﬁhﬁvEN?kﬁlther”al cycling can stress
t he conponents of the assenbly and cause it to fail. To prevent failure,

the gap betweepotfie Conponenterdbithelalts tSRIBGESBlent&Hif ddmpesitiost h a pol yneric

encapsul ant, hereinafter called underfill or underfill encapsulant, to WO

03/ 052813 PCT/ siBoa¢ 87 2@ dicatidn 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 tefminals 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



reinforce the interconnect material and to absorb sonme of the stress of the
thermal cycling. [0005] Two prom nent uses for underfill technology are for
rei nf or ciwg opasisages known in the industry as chip scal e patkmsges2(££SP), in
whi ch a chip package is attached to a2substrate and flip-chip packages in
which a chip is 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 nmetallic or polyneric

interconnect. |f _.the, interconnect .i,s % | sol der ition, a fluxing
agent initial e ‘B%Bf%mé’ n%:ﬁmta{?{a'al ﬁ%&é’lrgg 02? ?ﬁ’r?\ea%?hpea%gg%ﬁ%f%e substrate.

The sem condugb@iy GRidy. 1 s Placed on the fluxed area of the soldering site.
The assenbly is then heated to allow for reflow of the solder joint, or
refl ow of the [oped)yneri cTwipremdentees for idexiti) teahnoggp biedst anount of underfill
is dispensed along one or nore peripheral sides of the electronic assenbly
and capil | ary reafar¢ingpagkades knavingn the indosieras chip sealdopackagee (@R, idr aws t he
material inward. After the gap is filled, additional underfill encapsul ant

may be di spens®dch? efRyrackags '%gt??ﬁp%’tt%aé%@iﬂtﬁlaﬂ}d HerhipRET9985d" hel p reduce

stress concent Latl ons, ang. +Bh 8) ! Qﬁm‘ér%%r‘w%&%nm e Bbudidre assenbl ed
structure. The"Ungerth P encapsul an 'S su sequenﬁy cured to reach its

optim zed finajgoggjoper ti RonddARMal unbibrikaRhida8snsCRRVRIHIQRBENSHRE hod, the
underfill is dispensed onto the substrate. A bunped chip is placed

active-face dowwt dufing take pladdestibi thé reflamdr thidvaetalisarpolysheticat ed to establi sh the
sol der or polyneric interconnections and cure the underfill. [0008]
Recent |y, att einfsreonigsydf the interepndect is@ metel selfdricampesition, pftusiveggenand i ncr ease
efficiency by placing the underfijill encagsul ant directly onto the
sem conduct or REpS FRelies QR the mptal tgmingpads 08 esHPsiRludie chi ps. Thi's
procedure, whi el caR, 0 RB\J QI e Fu MBI AT pIRLAOHS <yl Dfeudi ng scr een
printing, stencCil prin |n8 nd spin coating, allows Tor a single

assembly is then heated to allow for reflow of the solder joint, or reflow of the
application of heated to allow for reflow of the solder joi flow of th

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 fatigue 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



WO 03/ 052813 PCT/ US02/ 37208 3 underfill to a sem conductor wafer, which is
| ater diced into nmultiple individual chips. [0009] In order to be useful

as a waf ewolswesdsizinderfill encapsulant, the underfill nueCcTh®E3ReY Er al
properties. The material nust be easy3to apply uniformly on the wafer so
that the entire wafer has a consistent coating. During the final

attachnment of the individual chips to a substrate, the underfill nust flow
to enable fillet formation, flux the solder bunps if solder was used and

provide good a eﬁ%%sem%hgg&orm%r,itvﬂﬁcgE)slqgtgpcﬁ&tdiirgg' ‘aftiP%F%,%iv%UlnP to the

substrate is ma sol der or w nmeric nater curing of the
underill shoukghccur after the interconnection is formed and should occur
rapidly. [0010] Another inportant property is that the underfill nust be

able to be soloodd]fi ed amtaeder &pyel usefat asarwafe ldvhleundedfileencemsumst, Not t o
interfere with the clean dicing of the wafer into individual chips. The
sol i di fi cat i onthefnderfdl myshiryve Bpyeral pivperfiesu|TAn Mategialdasbbasasator ocess cal | ed

B- st agi ng, which neans that the underfill terial undergoes an initial
heating after PRRY “Sﬁ%{g‘grf’éﬁtﬂe ‘ﬁ?fertﬁ‘?éhaq%ﬁfe&‘ref"g% RS A ©FIHCY CEHBSt h, non- t acky
coating w thou '%HQ thd 001 [ erfill material
is a solid, thgurqsnglsﬂ:' |Laté§1r¥e§géf§%%pgﬁadéi Ashﬁspgwgaéoltsﬁgtg’@%ﬁ]@gﬁ? to forma
paste and the pa&tiewaPabiedid: rmhthe, MRtRIsolddiRinppdabihérWasiused hen heated to

evaporate the solvent, leaving a solid, but uncured, underfill on the
wafer. |f the sidrovidegyoumadiesion.| Whetbethesihteicsnrectidniofjthe dhipto thast e, t he
underfill is dispensed onto the wafer and heated to partially cure it to a

solid state. [&bsiqte Frradpwih sejder REWEH RAfyMepMatgrialycugetefite uderd t enper at ur e
| ower than 150C preferably wi thin the range, of out 100C to about 150C.
The. final cur FRYSBPSE AL HRfRPrepMiecioncipatiodne SBroost Hihyed until af or
3?' ?ﬁre L uxi ngofgphen sohgGier ookt phdBERSiS RANRE bind il FlusfleapNd the form ng

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 after 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.



i nt erconnection, which occurs at a tenperature of 183C in the case of tin-
| ead eutectic solder. WO 03/052813 PCT/ US02/ 37208 4 SUMVARY OF THE

| NVENTI ONvp@BASI813Thi s i nvention is an underfill conpositi @eaTasopsizes ng two
chem cal conpositions have curing tenperatures or curing tenperature

ranges sufficiently separated to allow the conposition with the | ower
curing tenperature, hereinafter the first conposition, to cure w thout
curing the conposition with the higher curing tenperature, hereinafter the

second conposition. In pr acéd&fﬁ@é\R\LQFTf—lH ,\ﬁq&go& tion will be cured

during a B-staging process secon conposition will be left
uncured until [g%glnal C Ui, fn§ent|8|'?§'aﬁ§|%erﬁﬁ95rhpcf§§|on@t;mﬂrlgﬁg fdoral attach of a
sem conduct or |ptoasu%strate The fully cured material is
cross-linked oghepaydRipogifishs hevecusint tbinpératatel yr durigditempplageall ar wei ght
effective to give it structural integrity. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [001@]19d§asofﬁcieﬂlyt5b®rété¢tgtalkanﬂjemtﬂom‘(ﬁitmbgiowmrim one or nore
nononeric, one or nore oligoneric, one or nore pol yneri c conpounds or
resins, or con‘lﬁmﬁﬁrﬁiu%geré‘ﬂaffeﬁﬂ?é“s"P‘I’Y&QOS'E‘H‘J FOeCéJ&W'thUtﬁHT'%‘Fl ze or

cross-link. Both zation an cro | i nki ar ferred to as
curing. The %orﬁ?(ggﬁﬁlvgﬁsth? ng'beeﬁ 1 Fe F%Sﬁ':teglaﬂgéhec%?‘lg ﬁg agent or curing
initiator in  addiLii@n 14 Brabile, tﬁpﬂgﬁ% %)Esmoﬁl\nﬁll%@ﬁrreki%unr%ra RObLyAEr i ¢ speci es,
and optionally, 'may contain a solven hin this specification and

clai ms; the copbiedatdnohedlecoriditempoditdh wilibd lestemoned aaingpsl dureiss wi | | be

referredto as the total B-stageable underfill. [0015] The first
conposi ti on wi ddsireth mphiaseatdhd fingluatteich dbe semiseriduetor Qﬂ\ipstgélsv@éra@r di spersed in a
sol vent. The second conposition will be a solid or sem -solid material at

" oom { emper at ufE, U SFEIETELS BPsHinesbnPABRe s fqsuricenty 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 material 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



the liquid first conposition, or in the sanme or a conpatible solvent for
the first conposition. The choice of first and second conpositions wll be
det er m newoW®0881952813 PCT/ US02/ 37208 5 in part by the tremusozstoe at
which the final interconnection of thé& sem conductor chip to its substrate
is made. [0016] For exanple, in the case of tin-lead eutectic solder, the
sol der fluxing and interconnection occurs at a tenperature of 183C. The
final curing of the underfill should occur rapidly after the sol der bunp

fl ow and |ntercon tion and uyr he sol d refl ow tenperature or
at a higher ter?ﬁ ﬁrteempef?ourgnp%hé%ﬁ ﬁ ﬁnaﬁ%te}cﬂmedm Og{het he second

conposi tion w ggm,gﬁdu&g}% rgo,gscgugg}péee i@mald i Ng tenperature near or at 183C or
slightly higher. If a polyneric interconnect material is used, the second

conposi ti on w [ob1dpe choB@rexiplBayde daselwr iimigad @ngriic dlderahéat or near the
curing tenperature of the polyneric interconnnect. [0017] The first
conposi tion i ssaddeofeingsod inteaconnection pdcurs gt etepptiatuce efH83°Ccdiheng t enper at ur e
of the second conposition and before the tenperature at which the

i nt erconnect i 8ahygiiRg ofthundgHi ﬁ'bou{dé%?ﬁér'%ﬂddraé@r 8¢ sl¢re bep 89w gy second

conpositions cap be s t ed n fect ve t vide two
Gsbimct curi i ErR ARl o Ble SR Mo bRl ol SaRBL “F o 't e

or within the gupbRgd. QfHA@éq%Mry, in AN 8e, Ae sfet?&dféoﬁwﬁésnfbﬁmﬂy%' tion, although
insignificant curing of the second conposition during the B-stage process

is tol erabl e. cHoseratopaef £turieg tepbatliraaat or dt h&S°C or sligetytheyapentad ur es of t he
first and second conpositions wll be separated by at |east 30C [0018]
Typi cal | y, t hep®mariaierénnaedt materiglisysep ghe seeend domppsitionnyiozsi tion  curi ng,
occurs at a tenperature within the range of about 100C to about 150C. Any
sol vent used sﬂwa?fuwﬁevec%%@w%e@%epﬁ%wr BECUISHeTRERNE %5%Re  tenperature

range as fi rstp&ymrgn‘(c)lsrhéréo%né:yr| ng. Curing the first conposition

[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.



and evaporating the solvent during the B-stage process will solidify the
total wunderfill conposition, permt clean dicing of the wafer, and inhibit
voi di ng wormsossihe final attachment process. WO 03/ 05281@cP@BOrS80R 37208
6 [0019] When heated to the appropriate attach tenperature for the

sem conductor die, the total underfill conposition should nelt and fl ow
sufficiently to conpletely wet-out the surface of the substrate. An
efficient wet-out results in good adhesi on. [0020] The curing processes

can be initiat nd adv ed rradi at suc W light) for
the B-staging ﬁﬁit cur e\% Efﬂ?%e%lhﬁfp?{%paiale a?laéh tfhger%%re PrtE?Jre or both the
B-stagi ng and ;égnéolnd&ltgr%lecﬁgt&?ﬁuhcﬂz‘rﬂll'c%@&nt;@ﬁ%oufﬁ%@t%@qo@y heat. [0021] The

first and second conpositions Wi ll be present in a nolar ratio of 5:95 to
95:5, as can baiehsrtaicoasety wehsut peactdct bnnesudkstate Speeffifiera end  uses.
Conmbi nations of first compositions and second conpositions of the total
B- st ageabl e uneleroli lebultsfrcdoededhes0022] First: thermally curable acrylic

(such as those available from Sartomer)b mal ei m de gsuch as those
avai | abl e fronfo@%a SpecThfl FujngRaFASEes|can "c‘)'l’"t'NS? prshadvansed Pe h and Cheni cal
Conpany), and vin

onpoun gLyl g sther Je si | anes
f cﬂﬁ B¢/ 12!

avai | abl e fronfaf %‘PPE?W ﬁﬂvﬂ‘ Wﬁ%ﬁm fta%'ugr lrgtcureag'zan ! )@ cond: thernally
cur abl e epoxy PR Uie X bR%d1Ssth ﬁbcé?wdff‘iﬁal cEr@Q§r¢b@\4ﬁhtE@9rlxcﬁ from Nati onal
Starch, CIBA, Sumtono or Dal ni ppon | at ent am ne or im dazole curing
agents. [0023] advifict by hégtr mal 'y cur abI e acr ylic conmpounds (such as those
avail able from Sartoner) with free radical curing agents. Second: thermally
curabl e epoxy Bozounds Bhe firgsind secosdiedmpasitianh sldearesentabi gofaF om Nat i onal
Starch, CIBA, Sumitono or Dainippon) with | atent am ne or_im dazole curing

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.

[0023] 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.



agents. [0024] First: radiation curable cycloaliphatic epoxy conpounds
(such as CIBA CY179) with photoinitiators. Second: thermally curable
aromat i ¢ wpaspsmsesrpounds (such as bi s-phenol A di epoxi de) partusopban®l i c

har deners and phosphi ne-based curing agents. WO 03/052813 PCT/ US02/ 37208 7
[0025] First: radiation curable acrylic conpounds (such as those avail able
fromSartonmer) with photoinitiators. Second: thermally curable epoxy
conmpounds (such as those avail able from Nat i onal Starch, CIBA, Sumtono or

Dai ni ppon) w t tent a al e curl ng agent s 0026] First:
thermal Iy ini tfb.%%@ fregrsrt Al |8'(a:t' nc@ﬁr ggfrél'cbl S l&gs% %‘as o Jr‘?“pounds (el ectron

acceptors) (Sughi@% ﬁmgﬁt&a@wmfah&o.ﬁlm& q,a%nﬁptﬁmh}aorab@em cal s or

Nat i onal Starch and Chem cal Conpany) with (el ectron donors) vinyl ethers,

vi nyl sil anes, ey é@iidondsqspn e tdse SalabdEom ISaidpg $edch, CiIBdecond: thermal |y
curabl e epoxy conpounds (such as those available from National Starch,

Cl BA, Sumi t omoSemitoi anDpipRgn) with [atenbareing oramidasslepuringydggatsol e curing agents.
[ 0027] Exanpl es of suitable epoxy resins include nonofunctional and

mul ti functional®lyci dyl Figt: h‘@?@“‘a inifigtech fiemiarical cuisbie BISEIRERNER - F, al i phati ¢

and aromati c epoxies saturat ed. an nsat urat e Xi oal i phatic
epoxy resins anirenn Gt LB REHRT Red A BB S BR FREER) ebi s are

glycidyl ether crpqxd€s: Naﬁbr{ah%rch%ﬁcp@rﬁéi‘ﬁ & Gforﬁﬁan‘yﬂwfﬁqg@étfbﬁtdbl%?s Wi th
non-gl ycidyl ether epoxies. A preferred epoxy resin of this type is

bi sphenol A epaxyethes] vinyl SBarsahayetic dnipppels) arsiamylicdmpounaser ci al | y avai | abl e
from Resol ution Technol ogy as EPON 828. Another preferred epoxy resinis
bi sphenol F ep8sopnd:ethermaliytueabia epdxinpmppiends (saeh asothossfavailghle fieml e of bi sphenol
F resin and two nol es of epichl orohydrin. Bi sphenol - o

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

curing agents.

[0027] Examples of suitable epoxy resins include monofunctional

and muitifunctional 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.



type resins are available comercially from CVC Specialty Chem cals, Maple
Shade, New Jersey, under the designation 8230E, and from Resol ution

Per f or rarwe oBosuxt s LLC under the designati on RSL1739. Aprbirarsd2/sfos

bi sphenol - A and bi sphenol -F is avail able from N ppon Chem cal Conpany
under the designation ZX-1059. WO 03/052813 PCT/ US02/ 37208 8 [0029]

Anot her suitable epoxy resin is epoxy novolac resin, which is prepared by
the reaction of phenolic resin and epi chl orohydrin. A preferred epoxy

novol ac resin j ol y(phen id co-formal dehyde. [0030] O her
suitabl e epoxy Sgl ns ar'gn hergu'ry?glf oxé?esm' spoxyno 3 ronT yp{'%}'(sapar ed by the

reaction of bi B@Eé?éfd by tﬁé!e%ctféﬂ@f &Qh&n@|ré§¥n%ﬁ@§nbﬁ|@rohﬁh:‘?¥& beR#aL adi ene- phenol
epoxy resin; naphthal’ene resins; epoxy functional® butadiene acrylonitrile

copol yners; epepoyy havort resmad pgh@phedlyl gptidyétha)-tosoangdehy@nd m xtures of the
above. [0031] Non-glycidyl ether epoxides may al so be used. Suitable
exanpl es i ncl ui@e3®@, 4- epokreysitatiessoknesingare Bipheryrpeyrigeihohexane

car boxyl ate, which contains two epoxide grou ps that are part of the ring

struct ures andc%“%%?paf‘?drﬂl/é’&e'ea‘i?%?ﬂb@{) YHI5EIR BRLERINRF BN whi ch cont ai ns

two epoxide 9% ne of which | of .th structure;
3, 4- epoxy- 6- rre Sﬁl%?enc?/c ng g?’(nql *hret res r%p @ﬁ%léngxresc"g/sc?p%éﬁl%ﬁtgn?:lar boxyl ate; and

di cycl opent adi , 1 bl e epoxi es
Inc?/udep o q/&ﬂcgdlﬁg%ﬂygﬁmlé&%&%erf %Bg%nc%m&ﬁﬁne@fw Sibhkdng@! p

and mixtures of the above.

[0031] Non-glycidyl ether epoxides may also be used. 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:

(l)>\/0\n/034\n/0\/<(l)

O O

O
?>\/O I

s
PO



O 0 WD 03/052813 PCT/US02/37208 9 O OOand OO [0033] A preferred
catal yst for the epoxy conpositions used in the total B-stageable

under fi | Iwo93@ssidri dazol e- anhydri de adduct. If the curi ngpcagsni/3amed s t oo
quickly, it can gel the fornulation and inhibit the fluxing of the solder.
The use of the im dazol e-anhydri de adduct keeps the fornulation viscosity
at a sufficiently low |l evel, usually below 5, 000 nPa.s at 190C, to ensure
that fluxing can occur. [0034] Preferred i m dazoles for form ng the adduct
i ncl ude non-N- substituted i m dazol es, such as, 2-phenyl-4-nethyl

i m dazol e, 2-phenyl imdazole, and ifM dazole. O her useful im dazole
conponents for the adduct include alkyl-substituted i m dazoles,
N-substituted i m dazol es, and m xturgs of those. [0035] Preferred
anhydrides for formng the adduct arge cycloaliphatic anhydrides, such as,
pyronel litic dianhydride, co Cl avalable as PMDA from Al drich.

Ot her suitabl e anhydrides i ncPude | hex3- hydro phthalic anhydri de
(comrercially avail able as WMHHPA from Lonza land. | ntermnedi ates and
Actives) nethyltetra-hydrophthalic anhydride, nadic nethyl anhydride,
hexa- hydro phthalic anhy¥ls de, tetra-hydro phthalic anhydride, W 03/052813
PCT/ US02/ 37208 10

o)

[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.
Intermédiates and Actives) methyltetra-hydrophthalic anhydride, nadic methy!

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



pht hal i ¢ anhydri de, dodecyl succinic anhydride, bisphenyl dianhydride,
benzophenone tetracarboxylic dianhydride, and m xtures of those. [0036]
Two pref ewpad/osasadsict s are a conplex of 1 part 1,2, 4, 5- PCT/US02/37208
benzenet et racar boxyl i ¢ anhydri de and ¥ parts 2-phenyl -4-m ethylim dazol e,
and a conplex of 1 part 1,2,4,5-benzenetetracarboxylic dianhydride and 2
parts 2-phenyl -4-m ethylim dazol e. The adducts are prepared by dissol ving
the conponents in a suitable solvent, such as acetone, under heat. Upon

cooling the ad@‘dﬁénc Q,q d%l g%gﬁs&%m aL@g;&@ b%;ﬂ} ﬁ?thgygagt o the first and

second conposi tions a curin ent eabl e underfill

optional ly furpdiRspHeRdheGRFAREDSS iAdiarhfdride Hnd mblurkd@gagi ¢ filler, and a
fl uxing agent Q her optional conponents that may be used at t he

formul ator' s djosggleti on Twepratdered aducts artr @npiex of T paren®,¢,5agent s, fl ow
addi tives, adhesion pronoters, rheology nodifiers, and surfactants The
conponents ar eb%@@m‘r@@%mw“%ﬁﬁb@@ﬁe @W wg?mh@ﬂyé4-a@§wlmdazobal ance of

properties for e usgqu; thrte ch 5\% [ Yo chosen. AOOSg]z Exanpl es of
suitabl e ci nna O § Bt 168 Sifepsen ﬁ’é C@’l’ ﬁfva%@a"’we G892/ 0 12 O of 0A
N-0~~Si COF%QzOp%/e% aﬁﬁé&dﬁg%%@gg %& d%g'él?’sé in which C36

represents a near br an carbons deritved” from linoleic
and ol ei ¢ aci dfe components in a suitable solvent, such as acetone, under heat. Upon

cooling the adduct precipitates out.

[0037] 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 cinnamyl donors for use with

maleimides include:

Iy~ O/\%\/O\/\/Q
v\/o\/\/{om/\}ow@



[ 0039] Exanpl es of suitable styrenic donors for use wth nmal ei m des
include: OO N2101 NNNK N HHCH3 HH HNcYOO OO Nk ONi I HO
O OO OWOooBNsIS®x3O N 1 0C36 JOAN/ HH 1 / in which C36 reprisszsimses a

| i near or branched al kyl of 36 carbond derived from linoleic and oleic
acids. [0040] The underfill conposition may al so include a fluxing agent to
renove netal oxide fromthe electrical term nal pads and to prevent WO

03/ 052813 PCT/ US02/ 37208 12 reoxidation. A variety of different fluxing
materials may be enployed, althagygh the ppeferred fluxing agent will be a
carboxylic acid or anhydride.

C
N OJLN/ 36 \’}IJ\O 2
H H
in which Cssrepresents a linear or branched alkyl of 36 carbons derived from

linoleic and oleic acids.
[0039] Examples of suitable styrenic donors for use with maleimides

include:

O 0
I:JJLO/C% \OJL,;]
H H

in which Css represents 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



Preferred fluxing agents include pol ysebasi c pol yanhydride, rosin gum
dodecanedioic acid (commercially available as Corfree M2 from Aldrich),

adi pi ¢ acwo,03bsastari c acid, and citric acid. O her suitablreTfisoxsmgs agent s
i nclude al cohols, hydroxyl acids andizhydroxyl bases. Preferable fluxing
materials include polyols such as ethylene glycol, glyercol,
3-[bis(glycidyl oxy nethyl) nethoxy]-1, 2-propane diol, Dribose,

D-cel | obi ose, cellul ose, and 3- cycl ohexene-1, 1-di net hanol. [0041]
Optionally, so] C | e Vi sity of the
conposition, éQH%t%ﬂ'sgga@oﬁ}d!gg%ét%@ﬁhgg%@g%; %ﬁhgh?#@ggvapor ate during

the B-stage heantﬂongnhéw@feeeb hkingBosrit 4 ®e RRBIbKMEC Hid br ARFdABe.l N the range of
about 100C to about 150C. Exanples of solvents that may be utilized

i ncl ude ket oneBrefegret @uxdng aglects imoluge pce;tsétmss,polamﬂyd]tdherbsnsghments that are
stable and dissolve the conposition's conponents. Preferred sol vents
i ncl ude y-but W%F%’@ﬂ@ﬁ@c'érﬁ@"m%@@WéYﬁéa% grcerfrepfih {fom &ldigh). acet ate. [0042]

Suitable fillers for underfill materi nconductive and incl ude
particles of v%‘f‘?ﬁ" 24 t?’@r'cﬂ‘?%é‘”d RSP PY tcgtHFr sé'tabgeaﬂ“é'i”%ﬁ?e@éﬁ'%%t e, titania,

sand, gl ass, fé'lgcﬁlglssrydhog(g’aCItjy?;fo‘;r}yﬁr'o!(),l (e b%*e%e%ﬂ!(%?hgtenapd hal ogenat ed

ethylene polyners s te GoOT oet iyl ene, tritl uoro: et hyl ene,

vinylidene fluguiddsdlyolisOdt asfdtnihk B9sol, ‘ély&)ﬁbllﬁﬁbﬂﬁglﬁﬂm&y met,hwﬁnd vi nyl
chloride. If used, fillers generally will be present In anbunts up to 98%
by wei ght of thnethbxyﬂ m2ipadpiaoediol, P-0idk®] D-Cellobinge, egllelnses asiz-h as free radi cal
initiators, thermal initiators, and photoinitiators will be present in an
effective anpupiclohexegend- Cﬁ’h%tha”@bnpom tion. In general, those anounts wil |l
range fromO0. 1% 30% of the total

organi ¢ mat er i 51( t hat QB{or‘@ T%"&Ftﬁﬁa $ﬁ/"‘ 'Wg?‘%@lﬁ%@%‘ﬁl ‘%%?‘gﬁ in the
o L1 0, PRS8BT IRS 2o50," )

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 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. 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,



commerci al products, such as USPO9OMD (a product of Wtco), and azo
conpounds, such as (VAZOs2 and VAZO64 (products of Dupont), 2,2'-

azobi s( 2-wetodyph2sps opanenitrile) and 2, 2' -azobi s(2- net hyl - patrarsendt2ns | e) .
Preferred photoinitiators are those s d by C ba Specialty Chem cal s under
the trademark Irgacure. [0044] For sone first conpositions, it may be
advant ageous to include a curing accelerator, such as cobalt neodecanoate,
to | ower the curing terrperature | f added, curing accelerators will be

present in an anount om._ ab ut on t t wei ght of the
present [ o SRS Ak 2B ol GpRIR iy ot 01t Of ¢

conponents of the SR8 /n 30 (ROYsh AivaZIH (BBYucls df DEpSht), 2. b- MY i n some cases
al so be advantageous to add a cationic curing agent, such as Rhodorsil

2074. [0045] Qudopis(2apéthydp@barieniilsGhen sazabis(-hetrdi-spmenitriiepf the formul at or
are defoam ng agents, adhesion pronoters, wetting agents, flow additives
and rheol ogy nBufefrie¢ piotoinifiiterh aiefthase deldiby Giba Bedciajty Ghémicdieurngeesent i n amount s
fromO0.01 %to 5%by wei ght. [0046] Silicon wafers have an active face, on
whi ch t he m cr‘(’i‘e ré demayi Fgagpures enbedded, and a passive face. The dual cure

underfill tlons f t hi nve n.care sten ed .onto the active
face of the SI waf e?rsome "3 (fomrpf)?'n{'o > 'tr%%' eadv?n?agteﬂli'sstol nvention is a

silicon wafer \%m @Ehnﬁé:ééc\é%ratcfr%@h £00bAH ﬁyoa&asaan&wlswtmuwm ch has been
deposited a B-stageable underfill, the B-stageable underfill” conprising a

first conpositiespenatutdd |aadd@mennr@w'ccdmator*smperpaésumw asard@mcmrbed previ ously
and a second conposition with a higher curing tenperature as descri bed
previ ously, chaoatd-ea% toeatoutrd Ahbyt weight offthe erpanicepmpondnts afthetfissd been ful |y
cured. EXAMPLES [0047] EXAMPLE 1: Two conpositions with dual cure
capability me?%"%?‘é%‘a?’éﬁﬁ”é‘ﬁéf‘etcé%%”me‘Bm‘Gé'Pé?F‘H?ﬁ%cof‘ﬁé”%??ﬁ&“@’br| ate

parameters for an% 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-



WO 03/ 052813 PCT/ US02/ 37208 14 staging and to denonstrate proper

I nterconnection formation. The conponents in parts by weight are recorded
in Tabl e Wwo op0&%8] TABLE 1 FORMULATION A Parts by wei ghttLTHS0Xx§72800n 1001
50 2-Phenox eth | ac late 25.2 But 4 hen | naleimde 25 Cobalt
neodecanoate 1 t-Butyl peroctoate 2 Adduct of PMDA and 2P4Mz 2
Dodecanedi oi ¢ acid 10 FORMULATION B Parts b wei ght) Epoxy Eon 1001 50
2-Phenox eth | ac late 25.2 Cobalt neodecanoate 1 t-Butyl peroctoate 2

Adduct of PNDA&t %%P%vgergons%gﬁl%eé}grﬁér ﬁﬁ&gﬁﬁ;ré{%okoq)ﬁeg] Achi eving proper

B- st agi ng paranete IS I nmportant Icing of the wafer and for

the eventual agdnaeherd inlphRs 5,618igho5E Weeb@Ed Bhiaple 110 its substrate. If the
formul ation is heated (B-staged) for less than the optimal tine, the

underfill will[ob8]tacky and will affect the dicing process. If the
material is heated (B-staged) at toBABHEgh a tenperdture or for too long a
tinme 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-Phenoxyethyl 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 substraFe. 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 compaosition
starts to cure, the over-B-staged coating on the chip will not flow during
attachment of the chip to the substrate, which affects the adhesion of the
underfill encapsulant and eventually the performance of the semiconductor
package.

[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 in a

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



period, the second conposition will start to cure. If the second
conposition starts to cure, the over-B-staged coating on the chip wll not
fl ow duriwg o3asisachnment of the chip to the substrate, whi eertafshestest he
adhesion of the wunderfill encapsul ants and eventual ly the performance of

t he sem conductor package. [0050] The test vehicle used to determ ne the
ability of the conpositions to be B-staged and the appropriate paraneters
for B-staging was a glass slide bunped with eutectic solder balls 20 m |
in dianmeter. . lats : NG i ntly onto the
test vehicles 'Fg{)awdfﬁépgﬂﬁjtégfﬁggtﬁcwF‘?’ngﬁ@g#/&@gﬁ% {:q%ggﬁlaegsre'e heated at 130C
under vacuum I[ﬁozﬂé NAPCOh\ i @ B fin\RRod dTBskthg, 3&3tdst vahitiBs v@guum readi ng at
73.66 cm (29 WD 03/052813 PCT/ US02/ 37208 15 inch) Hg for 30 m nutes and at
each 10 m nut echesitedfaral nooftadky ubifdmpand sinesth codtifg byl Yisuaf dbaervetah ti ne peri od
of heating, the test vehicles were checked for a non-tacky, uniform and
snoot h coat i ngangynapuaidedchisdser vat i on and manual touching. [0052] The test

hi cl I i i gated f ' th ition.
A ter each 11 nBbr i o 1 DI RRAPITIE "6Es THACSIRAFIBAVES o Bot v ol o
was pl aced undgercér%r%ogﬁ\?\gﬁondgxm e%@r’i findpdibfofh in§ 5 é%sﬁ%%&@box)é" th copper

finish. This ass s then passed through a’reflow oven "with a typical

reflow t enper aghilet RhRfeivas plcédurdb@ sidcdvanlonforigeat B2 Bakrd 240C. The
assenbly was visually checked through the glass slide for fluxing of the

sol der bal | s awith @ppedihiste NThidmstevetgywisiteerglaases! tirbughen st oveehi cl e and t he
FR-4 board. Enlarged solder balls are indicative of fluxing. The absence
of fluxing is Vit briedl (afowtempgratuigrrofile vifethe Bighesd teawaisdse &t on, whi ch woul d
constrain the solder and inhibit it fromflow The absence of fl uxing

, ng. .
al so prevent s?4%e Hhaaserminyasfisuglyehesed thigugh 3‘%@""‘[363'{"%0”3%"19 boar d.

of the solder balls and attachment between the glass slide test vehicle and
the FR-4 board. Enlarged solder balis 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 that for
these formul ati ons, B-staging can achi eve a non-tacky coating and no

curi ng ofwohe/osscond conposition. [0054] TABLE 2 B-sta i nPCirmss2/amo8 Resul ts
130C for tine Tacky Second Conpositios mn 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 optinmal B staging tinme under is
50-60 m nutes at 130C in the vacuum oven for the WO 03/052813

PCT/ US02/ 37208 18 ¢ONRAR ithtig[kﬁgsé of%d p?ilst. Wnﬁéﬁ'?ﬁ%é B e oitcRs, sonder these
B-stage conditions, a snooth, non-tacky, and vol rree Cod ing fornmed on

the glass sl i dgnodtd, nbhckyTBRloldec ¥BinG HREL bESE ghlddial Nk et i B, the
underfill was still tacky. If the material was %—staged | onger than 60

m nut es, aft ermbteral ghassesiesdtaanais timafthaaltedil aas sthieadkiz- Wthboar d, t he
assenbly showed either no-flux of the solder balls, or poor attachnent
bet ween t he pamaterial wes Betdged oodss Blan F minkteg| alteplbe plosadlidelwasit t hat t he
opti mal B-stage period depends on the thickness of the underfill
encapsul ant anﬁtaf:rpféi oeﬁléerﬁ%&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



conposition of the formulations. In general, the thicker the underfill
encapsul ant, the longer the required B-stage tine period. Determ nation of
t he opti meb oBosasage tine is within the expertise of one sleciriusdz2/s108 he art
with the disclosures of this specifiwation. [0057] EXAMPLE 2. This exanple
denonstrates the ability of the dual curable underfill conpositions to
flux eutectic Pb/Sn solder and enable the formation of interconnection
with the substrate. The sane Forrmul ations A and B used in Exanple 1 were
used here. Eut ectl soI di_anet Iaced onto a

gl ass slide. 'I“r?ge ?J% Fe the uééﬁfaa a”«qﬁ%ﬁ%"'% °"Ha°8 P%&efh uE’?tss slides to a
t hi ckness of atp,gbqggs%@em I's by stenciling. The glass sli des were then

pl aced on a hot-plate, preheated at 135C, and held at that tenperature for
50 minutes. A B08¥pt h, vougihd éxaety thrsame andeyfilcomposit@nyasd obt ai ned. [ 0058]
The coated gl ass slide was then placed (coated side down) on a piece of
copper fini sheRIO@RS% simltes resaitsewerd hletaifd op @IhEIrganiceSqlderable t he coated gl ass
slide on its top) was placed on a hot-plate that was pre-heated to 240C.

It was observePoPSP'M%{'P”)c‘}?étegﬁ?Ri’éfSL'Bétfaltes increased in area and the slide

col | apsed onto the substrate, indicating that the solder fluxed and an

i nterconnecti on between chip and substrate woul d have been fornmed. The WD
03/052813 PCT/ US02/ 37208 17 underfill also wetted the substrate and fl owed
to forma conplete fillet around the glass slide. [0059] Using exactly the
sanme underfill conpositions and processes, simlar results were obtained
on OSP (Organic Sol derable Passivation) coated copper substrate. WO
03/052813 PCT/ US02/ 37208 18



VWHAT IS CLAIMED: 1. A silicon wafer having a B-stageable underfill material
deposited on one face of the wafer, the B-stageable underfill conprising
two chenwoab/issmpositions, a first conposition and a secead/usonpnss ti on,
havi ng curing tenperatures or curing t8enperature ranges sufficiently
separated to allow the conposition with the [ower curing tenperature, the
first conposition, to cure without curing the conposition with the higher
curing tenperature, the second conposition, characterized in that the
first conpositj Th@%LR .cured and the second conposition is uncured. 2.
The silicon water according to claiml in which the curing tenperatures of

the first and $econgd sGEUFRARdr hhRHYy £H-SaReRa LR makridliepRRRion30C. 3. The
silicon wafer according to claim1 in which the first conposition is

sel ected from the geéreifacecdheiwatet, g Bdtagealsly Lriderfit osrpoisingltvo cycl oal i phati c
epoxy conpounds, bismnal ei m de conpounds; and bi smal ei m de conpounds in
combi nation with vi eyemicst dempositignsplfirss¢dmpagitionang e eedocd enmpogitiamnany |
conmpounds. 4. The silicon wafer according to claiml |n whi ch t he second

conposition is an RAYEQ UG ASoRSFRYresr CofRR teiPefatsaligas SHMCi Yy r d| ng to claim
4 in which the s_ecogegﬁ%%gpé)a 8&1kr%’lomg§s'tugr?wﬁﬂﬂé( w&%ﬂ}?ggl{ag?eﬁm

i m dazol e/ anhydri de uct Icon g f0 claims in

whi ch the i m dazol e{haﬂﬂav&mpeﬁnonaaewewtnoatc@nﬁ@ﬁp&%ogﬁonxv.tn@{et
1,2, 4, 5-benzenet et racar boxyl i ¢ anhydri de 4 parts

2- phenyl 4- et hyl i mhighaez alriag tsnfpeatmniplsmn@éonipopsadrt chbragtedzed-n
benzenet etracarboxyl i c di anhydride and 2 parts 2-phenyl -4 nethylim dazole.
7. A B-stageabl e unteythe first compgsiisn hdsdaerceyrgdiend thageeodpenirosiiep t wo  cheni ca
conpositions, a flrgtn&%gp05|t|on and a second conposition,
2. The silicon wafer according to claim 1 in which the curing temperatures
of the first and second composition are separated by at least 30°C.
3. The silicon wafer according to claim 1 in which the first composition 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.
4. The silicon wafer according to claim 1 in which the second composition
is an epoxy compound.
5. The silicon wafer according to claim 4 in which the second composition
is an epoxy compound and an imidazole/anhydride adduct.
6. The silicon wafer according to claim 5 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.

7. A B-stageable underfill composition comprising comprising two

chemical compositions, a first composition and a second composition,



WO 03/ 052813 PCT/ US02/ 37208 19 having curing tenperatures or curing
tenperature ranges sufficiently separated to allow the conposition with
t he | owerwouBioszp1s enperature, the first conposition, to e@mauser/Birosit
curing the conposition with the high® curing tenperature, the second

conposition. 8 The B-stageable underfill conposition according to claim?7
in which the curing tenperatures of the first and second conpositions are
separated by at least 30C. 9. The B—stageabl e underfill conposition

according to claimy in ition is.selected fromthe
group consi sting of“aV'”Py?r’”E?e”PeF%E unotﬁgl% ”Braf 'ﬁ%\%esé“fé%%‘fé conpounds,

bi smal ei ni de CO”poéérﬂgr%tedWlovb%@@%Sdsfﬁbrdﬁthqw&'&g%g'téh&%mbnat' on with

vinyl ether, vinyl | ane, styrenic or cinnanyl conpounds. 10. The
B- st ageabl e underf|ihbfn@maspfpssntohgacnaswmodudngmgttﬁ)eedrraioﬁmoﬁwnﬁtnml ch the second
conposition is an epoxy conpound. 11. The B-stageable underfill conposition

accordi ng to cl ai m Higher euringteptperaturee the eeondicarmpeptisi t i on i's an epoxy conpound
with an i mdazol e/anhydride adduct. 12. The B-stageabl e underfill
conposi tion actor di A &-Ye5e8P Hdil orpesiop opding ‘r‘?icg’é’%mé‘l“&ﬁﬁ?dri de adduct
S e comprex of b Paho bfeduis PROFSNA Shoararhanid L 6 aphygld de and 4
1, 2,4, 5-benzenet et r geajhguyid ¢ di anhydrl de and 2 parts
2- phenyl 4- et hyl i m'dazol e.
9. The B-stageable underfill composition according to claim 7 in which the

first composition 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.

10. The B-stageable underfill composition according to claim 7 in which the
second composition is an epoxy compound.

11. The B-stageable underfill composition according to claim 10 in which
the second composition is an epoxy compound with an
imidazole/anhydride adduct.

12. The B-stageable underfill composition according to claim 9 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.



