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BACKGROUND OF THE | NVENTION Field of the Invention This invention rel ates
to fluxi mgouma®udii |1 conpositions useful for fluxing nmetetT/esefa8®ss i n
preparation for providing an electrical connection and 10 sealing the space
bet ween sem conduct or devices [such as chip size or chip scale packages
("CSPs"), ball grid arrays ("BGAs"), land grid arrays ("LGAs"), flip chip
assenblies ("FCs") and the like, each of which having a sem conductor
chip, such as large scale integration ("LSI")], or 15 sem conductor chips

t hensel ves, and a circuit board to which the devices or chips,
respectively, are electrically interconnected. The inventive fl uxing
underfill conpositions begin to cure at about the sane tenperature that
sol der used to establish the electrical interconnection 20 nelts. WO

02/ 070191 PCT/USOL/ 47898 2 Brief Description of Related Technol ogy Such
CSPs, BGAs and LGAs inprove the characteristics of the electronic device
with which they are wused while serving to protect sem conductor bare
chips, such 5 as LSIs. Odinarily, the CSP/BGA/ LGA assenbly is
electrically interconnected to a circuit board by use of solder. Solder,
such as eutectic tin/lead solder (nelting point, 183C) or |ead/indium

sol der (nelting point, 220C), are ordinarily used. 10 Sol der serves to
provi de a contact pad for, for instance, netal termnals on the

sem conductor device to join the integrated circuit to the substrate. Such
sol der bunp interconnection technol ogy was devel oped to elimnate the
expense, unreliability, and | ow productivity of manual 15 wi re bondi ng.
Thi's technol ogy has allowed considerapje increase in throughput as well as
i nterconnect density as it

FLUXING UNDERFILL COMPOSITIONS

5 BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to fluxing underfill
compositions useful for fluxing metal surfaces in
preparation for providing an electrical connection and

10 sealing the space between semiconductor devices [such as
chip size or chip scale packages ("CSPs"), ball grid arrays
("BGAs"), land grid arrays ("LGAs"), flip chip assemblies
("FCs") and the like, each of which having a semiconductor
chip, such as large scale integration ("LSI")], or

15 semiconductor chips themselves, and a circuit board to which
the devices or chips, respectively, are electrically
interconnected. The inventive fluxing underfill
compositions begin to cure at about the same temperature
that solder used to establish the electrical interconnection

20 melts.



progressed to full population area arrays, and has vitiated the

manuf acturing hurdl e of assenbling the increasingly smaller sized

m cr oel esvoonowigevi ces as we know them today. 20 HowevePCTaR@EM78Ise
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cycling, the rellablllty of the sol der connection between the circuit
board andg ] It has become conmon for

t he space ¢
whi ch t he asserrbly s&mlmgl CB-?dAs/ andltmp@mﬂ@ﬁtcﬁﬁb ttheoe fi I I ed vvnth an

underfill seal order to reli qve stre ses _cau cllng
by nore kf se? P rs:]h(f%g tehedl(:‘:’f c’bceq‘f"f%?bﬂf?é

expansi ormdred Wdelrilet kﬁezsxamg:dmjtmthreqje\ﬂa:racamﬂumﬁwmgilhmse fstdtﬁr eby
i ovin ho I rt.J e ity of the
S Ovi NGy ey SN Ok AR OS RN de a0 ddnidly 2y

structure._I'n addition, used to tenper
vi‘brati o@ecwgq}r%rﬂé&@wrﬁw dlo & 1ALt mar@a@bm off ectrical

di SCOﬂneCéfcfldéﬁ Tmnﬁdﬁ y,s&ﬁ{ i etddt%c&%ietruﬁ/ilevﬁlmldleé{ n(twterlftq%ect ion
process, u ed on t er e sol.der to nmake a

secur e el%%ltri(tl '069180J oa(??t e‘?"&glrﬁf’éf/ﬁ ]gﬁfo\ge'lfqtt&n@ &t 2aférat ures WO
02/ 07019]af&'ﬂidﬁ(iﬂdm&981séﬁ reached during a solder reflow cycle, a typical

pr%i le for whi ch d%pt%xs%eé sq:ucg (}Ov?ldec%lr ceﬁll%ac h <,isdelrgso on%ﬁ(‘rt or

device is then aligne Hrare and owed under
such el eidtdanempdieial caohdialiomn the satequebict oaf davidee tsol der

reflow cyds tHesitlgyFd1m theddix Wt RRYLMMRI - sudh ¥ et 0
pr event sbem COI’]dUCt or devi ce COr r osi on -- usi ng ar ganl c- Or, 6 aqueous- based

sol vent s, 2 it HFE VG He: Fa Gl a¥e “ﬁ%)@ev%ﬁ@\ﬁerto e HAASW space
bet ween tttee sexp armpElUatrafe Ideab ide the, anrdi tllear wbﬁiuc&tlerltryerd:ferrr&rﬂ‘daqx resi due

xponei vering Bl il RN R SRR g e et R e er s woul d
prefer toirtieasatian thimughaut msowedéd amamtmqqmeeﬁselemfsmm AESiitNs i S
introducgfl-ogressed to full population area arrays, and has vitiated
the manufacturing hurdle of assembling the increasingly
smaller sized microelectronic devices as we know them today.
20 However, when the resulting CSP/BGA/LGA circuit
board structure is exposed to thermal cycling, the
reliability of the solder connection between the circuit
board and the CSP/BGA/LGA often becomes suspect. It has
become common for the space between the CSP/BGA/LGA assembly
25 and the circuit board to which the assembly is electrically
interconnected to be filled with an underfill sealant in
order to relieve stresses caused by thermal cycling by more
closely matching the differences in coefficients of thermal
expansion between the semiconductor device and the
30 substrate, thereby improving heat shock properties and
enhancing the reliability of the structure. In addition, an
underfill sealant is often used to temper vibrational
disturbances and physical stresses that may cause electrical
disconnects.
35 Typically, during the solder electrical
interconnection process, flux is placed on the solder,
allowing the solder to make a secure electrical

interconnection when exposed to elevated temperatures



15 Accordingly, elimnating the flux residue renoval step becane an

i nportant consideration for sem conductor device manufacturers. And recent
conmmer ci avoomo@uEst has led to industry efforts to produper@paxarsisased
underfill sealants which are capabl e3of fluxing the netalization and 20
designed to cure during the solder reflow cycle. Efforts in that regard

have focusedyuid IRfling A sd1dElIdiBd N8 [huxT B0 (3050611 BoLBe undeLS 1| |
seal ant which fluxing agent woul d probably be a -cl ean uxi ng agent,
whi ch as Wécdd IEEe@icEsd ArofdGsuéh FHEEEn8er t EdeeSrRBCONCREEPHat | onal

Pat ent rldé![vii;é%t iiﬁn _tm.nh}é@i%&/ea? ;vlaéhr @fh%] subBtdafe- falhawtth_@n @%ntilegl is
encapsul an or | p- CNI ecnnol ogy.. | S encapsu nt .1's ase on epoxy
Casrrte) Tertoked aiieE  SREruGIEV AR SEROREPERer. COON A SR ant and &
fluxi ng agent, 30 amdtieepastyi acuert yheosbldelri rgfagenicycdech as fumed
silica, ?&%li%u%oﬁoh{‘%%g%%x I)&hﬁde%%a?%wo%h s neparted (Lo provide

optim ze oW a a curing feaction on after aftaining the maxi mum
sol der bmnsvieat! GeMicppciugitore dei igleogPrI98i280C- 35iggSorpananst N

5, 128, 746 RN -Hak e To1vRes 2 depentBhky oautall eaadhesiore chavicnga
fl uxing Zlgent for use in reflow soldering an electrical conponent and a
subst r at d°WeFiRty TRF& e SEPCEIPF EIERDY E820 RPHE COBAUCHGE BRVERE WO

02{0 7019 hrCENESRUETLEA8 e ,4 raeidalrisz #luan relsithe ekeetailcdife¢omporent, and
t he adhesin\éet.at | east moarti allv.cures wh%n heated .to %ol der refl ow

t enper at GF'Ss FHife TEFEENT i AGTIGESTY FREPHSSACAFES RN S¥PPURING agent
and a curdlpgrigentsystiemsr.eadleaynisenigeddugtes Betvheet menmfseturesisn when

the thernplhy giahhe 3dResiveLie Reat 6depTogdaleq-aPRxYCHpati ves used in
v asgd g

comercially ai |l able or known epoxy- onpositions ordinarily
ei ther réd@fine@sg® PdsrCogErsinest ifg igtepdusgefure the 10 conposition in this
appd i cati on, becauseddi@icdilivgeeaganhaticadl ehel oWy, rekitie epavyahased
composi t1.0ns, .8 100 438 V8 A Ran2T B LeTuL! 28 SRLSMatULely, thereby
resul ting-%P P ©

device manufacturers. And recent commercial interest has

led to industry efforts to produce epoxy-based underfill

sealants which are capable of fluxing the metalization and

20 designed to cure during the solder reflow cycle.

Efforts in that regard have focused primarily on
including the fluxing agent in the underfill sealant which
fluxing agent would probably be a "no-clean" fluxing agent,
which as noted above,

25 In one such disconcerted effort, International
Patent Publication No. WO 98/37134 refers to a no-flow
underfill encapsulant for flip-chip Eechnology. This
encapsulant is based on epoxy resin(s), an anhydride
hardener, an accelerator, a surfactant and a fluxing agent;

30 and uses a viscosity-controlling agent, such as fumed
silica, and a coupling agent. This encapsulant is reported
to provide optimized flow and a curing reaction only after
attaining the maximum solder bump reflow temperature of
about 190-230°C. \

35 U.S. Patent No. 5,128,746 (Pennisi) describes a
thermally curable adhesive having a fluxing agent for use in
reflow soldering an electrical component and a substrate.

This adhesive reportedly removes oxide coatings on the



in electrical disconnects which is the case with conpositions described in
the '746 patent. Wiile either of 15 these events may not pose problens in
some comveo oz/edo191appl i cations, for fluxing underfill applpPcBUS@MMTSISheEr e
self- alignnment of a sem conductor device on a carrier substrate is

pl anned to occur, premature gellation frequently causes a m salignnent of

the sem C:i‘z%{t/i%wd:te P YT ALE- 1731 @o%ﬁio%%ﬁrt,s%%'a @31%3'53&%@%% triggers
an electrica I sconnect, thereby renderifig the 'nounted el ectronic
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eating step,. as such post cure may rai tenperatures.to extent that
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who e, bhadedtarmbaser oresior wimre thenmtderthadtlyr cdeaibdes aatheadhed itso  t he
substrat g, ang; al so increases processing tinme and expense. 30 An

al ternative approach would be for microelectronics assenblers to alter the
sol der reflow profid datsuceraxyaldu@atdivese ussidddn coimewagedflii e, whi ch

has been fromefad - Geidwdl R’ gBLHadle S WIPJHR %1 JHOWr B%halilg " Vol cano
profile" (see FIG 2, curve , allows solder 35 to reflow quickly in view
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practical matter, the volcano 5 profile is believed to find little to no
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And, those linderf.ill seal ants with fluxi capahi | i ties that had_been
of fered f&F %aéﬁoﬁlst'hga aghuéﬁlélglélqdﬁdf&ﬂ%&t |a‘8%33ﬁattﬁoflﬁew f&d S&ditder
ref | ow pradfiigrmetes orfi lpedsemiconductor device on a carrier substrate
is planned to occur, premature gellation frequently causes a
misalignment of the semiconductor/device substrate

20 interface. Such misalignment triggers an electrical
disconnect, thereby rendering the mounted electronic
assembly inoperable. In addition, where the epoxy-based
composition cures slowly, many microelectronics assemblers
are reluctant to use a post-cure heating step, as such post-

25 cure may raise temperatures to an extent that may compromise
the integrity of the mounted electronic assembly as a whole,
by destroying one or more semiconductor devices attached to
the substrate, and also increases processing time and
expense.

30 An alternative approach would be for
microelectronics assemblers to alter the solder reflow
profile. Such an alternative solder reflow profile, which
has been promoted by certain material suppliers, known as
the "volcano profile" (see FIG. 2, curve A), allows solder

35 to reflow quickly in view of the aggressive temperature
increase to the solder reflow temperature over a short
period of time, without any zoning or staging of the

temperature ranges. As a result, the semiconductor



above, resulting in mcroelectronic assenblies that fail to conduct
electricity. International Patent Application No. PCT/GB99/01236 speaks to
a t her naWwg ozemadll e adhesi ve 15 conposition which incl udeBCrHUSO135848 nkabl e
thernosetting material and a chem cad crosslinking agent having fl uxing
properties and exhibiting restricted or no thernosetting reactivity with
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envi ronnent, such .as an epqQxy- base rix ere the amne salt wou

di sassoci @RISR qr}}ad-g&gq g?_fenaﬁ’ ned £S5 a o thHfe RABerPS on of
thie am nensnpociddler atiorh ithe el esaletear mMaflng ST ifley degaatibad To
date, howgy it d t i ev t m.ne _ salts .have,been used to
prepare %Ogéﬁ’veéecéc}%ptrc}% ik%%lnsm cgg)ejt%r%élslé:nb SyS%c')I}birﬁecsr %’Qagtc&ra 'g:odevi ces,
wher e t hecqndhesi e e IOZI0F0191 PCT/ USOL/ 47898 6 cures at the tenperature

range within which the AHnemAl tratdnt2$§R01:13L8S onVijEh is tailored to the
t enperature ngg;g/ at _which solder nelts.” Diaza- and trjaza-bicyclo
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properties and exhibiting restricted or no thermosetting
reactivity with the material without the action of a
catalyst and/or heat. The composition is thermally curable
20 when heated to temperature range extending from the liquidus
temperature of the alloy Sn/Pb 60/40 up to the liquidus
temperature of the alloy Sn/Pb 3/97 and in the presence of a
catalyst for the crosslinking of the material with the
crosslinking agent. The composition is reported to be
25 storage and reaction stable in the absence of such catalyst
and at a temperature in the range of 20-25°C.

In their 1986 commercial literature publication
entitled "Trends in Controlling Reactivity in Epoxy
Formulations", Lucus, et al., describes generally a balance

30 between reactivity and latency, and the ability to control
reactivity (and of course latency) by using an amine salt in
a non-aqueous environment, such as an epoxy-based matrix,
where the amine salt would disassociate, thereby liberating
an amine accelerator. The liberation of this amine

35 accelerator is the rate determining step for reaction.

To date, however, it is not believed that amine
salts have been used to prepare adhesive compositions for

the assembly of microelectronic devices, where the adhesive



Neverthel ess, to date, it is not believed that a 10 fluxing underfil

seal ant as set forth in nore detail bel ow has been described or received
wi t h comveo or/edo1accept ance. Accordingly, it would be desiprablsotr4sysr ovi de a
fluxing underfill conposition that possesses appropriate cure profiles so
as to alleviate the concerns noted above. 15 In addition, it would be
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conposi tlmcmdzlraéanﬁéﬂess an epoxy resin corrponent an acidic fluxing

agent conponent; an_ anhydri de corrpon nt: a Iatent curing agent
conponent. The | at éht 76% g?ﬁﬁ}’ CRAUEES havisoRnedk ek
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in the 304UMOSid | o sds SPRAT @i ddARiNg step is thereby obviated.
Before, after or during application of the conposition, a seniconductor

device is positiondEEFiessy fedadfostitatie Natd ksdiigsied vthiath & s

present mlﬁ&ﬁﬁmrurmermm sﬁaltahﬁ; s:ﬁmsresmmtof ide e amﬂagrl GRIIdwEr
substrat ﬁﬂﬂ 3 is e ose er at u dg reached dur,i ng soI d refl ow
%0 M & e

cycle co SHa - rnlg sﬁfe Ted’P SFSE Srofile
reached during the Pmﬂmeilﬂgﬂfy,owtcyfdldd Heh elecomzdsliet iten pmvmdeeda, t her eby

est abl | shifigand MO0 01 CTLOUALROG o 0. ectri cal

i nt erconnect | encaps atlng t he semm con ctorEg%V|ce onto the
subst r at ureTREeddi i 99 88 P AJeftvidhfde eanferis aatase ahdystrat e

suif ace as tERIIGOMIOSIfH QbW & \M@ﬁf}aaﬂeort%s%m &ued ikely interfere
with the sol der, and the underfill éperfo An adhesi v WI}{[h fl uxing

propertlé§mﬁﬁ§H£QQR; gty fluxes the solder w 11e curing, whic

occurs during the solder reflow cycle.

SUMMARY OF THE INVENTION

20 The present invention provides a fluxing underfill
composition, which includes an epoxy resin component; an
acidic fluxing agent component; an anhydride component; and
a latent curing agent component. The latent curing agent
component includes a complex of a portion of the acidic

25 fluxing agent and a salt of a nitrogen-containing component.

The invention provides a fluxing underfill
composition capable of curing within specified portion of
the temperature profile reached during a solder reflow
cycle. With the acidic fluxing agent being included in the

30 composition, a separate fluxing step is thereby obviated.

Before, after or during application of the
composition, a semiconductor device is positioned on the
carrier substrate, and solder, which is'present on either or
both of the semiconductor device and/or carrier substrate,

35 is exposed to temperatures reached during solder reflow
cycle cohditions. During a specified portion of the
temperature profile reached during the solder reflow cycle,

the composition is cured, thereby establishing and



refl ow sol der and encapsul ate surface nounted conponents, and flip chip
integrated circuits in particular, while 10 providing environnent al

protecti owoot/otone active surface of the integrated circupCT/UShIBIsShenefits
and advant ages of the present inventTon will becone nore readily apparent
after a reading of the "Detailed Description"” section together with the 15
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"cuwr ve Al)ikafliychntextfigyiecalitif awhet ke lideawanid iwhiengndeddiflill | materi al s,
such as Eptg}%%mg%%%r.i bed in the '746 patent. FIGs. 3A and 3B depict
differential scanning calorinetry curves for the known fluxing underfill
30 materials, such?is adhesd vgesditinhdd uxdnoheropsgtigsesan e usedt tast ed

wWth a flipdieg wdedd landehribah 1iaf «26erdaRC oyt dapPhesent,
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02/ 070193&}1%6'_1“% 0%_,/ ﬂa%lg%ir% @ﬁ: not ed above, the present invention provides
a fluxing under 3 corrposiutl on, which includes an epoxy resin conponent;

an acidic fluxing &ber demedridst angh advayderigee oforpenpmeseand a | at ent
curing ageRleGARERNANY. LB AR §e%ﬁg'lgg§§?>?'}t§%1‘tn%lf%@§5 a8 rEaERhex of a

portion of the acl dic_ fluxing agent an . a nitrogen-contai ning
conponenttt thepi"CatiailechPes i1ONGn SeRELeRe §CIBSHE Y1V SBSUt 70 wei ght
percent afiguiesLpoxy resin conponent by

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a cross-sectional view showing an
example of the mounting structure in which the fluxing
20 underfill composition of the present invention is used after
being reflowed.
FIG. 2 depicts a plot of temperature (°C) versus
time (seconds) of a typical solder reflow cycle ("curve B"),
and of a solder reflow cycle, where the temperature has been
25 spiked (the "volcano profile", "curve A") which is typical
for the known fluxing underfill materials, such as those
described in the '746 patent. '
FIGs. 3A and 3B depict differential scanning
calorimetry curves for the known fluxing underfill
30 materials, such as those described in the '746 patent, as
contrasted with a fluxing underfill material in accordance
with the present invention, conducted in a power
compensation mode, so as to measure the power required to
compensate for temperature differences between the sample
35 and a control.

DETAILED DESCRIPTION OF THE INVENTION




wei ght of the total conposition; about 1 to about 15 weight 10 percent of
an acidic fluxing agent; about 15 to about 50, such as about 30 to about
40, wei giwoprowment of an anhydride conponent; and about BcTrwsabosds 30

wei ght percent of the latent curing &gent conmponent, of which about 0.1 to
about 1.0 weight percent is conprised of the salt of the nitrogen 15
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PCT/ USOl?fﬁf-%g% (yéuﬁﬁnt%%% ay?léﬁr{p%?aeglgﬁ, %gr w?’élgg\ra%ég% 8r’ L E]Ig@%b%%/(swf from
Shel | Chéridc aleighit) peFicspiend qrmpyEeesh®fy tb@sisﬂl(ts@_éh the nRErH@EnsS from
Ni ppon KedstlhinldRARompRe MV AraGmioR® o2PeXk Hesikiic #1dxGhgsol

- [ h 5 "ARALDI TE" ECN 1871 f Cb
gggg!gft%%gﬁgﬁﬁgéﬁgi&%ﬁ%ﬁEﬁ%&ﬁ%%y%éﬁ & EK therew%th based on E%gl a

total weight of the curable resin component, depending of

course on the type and identity of the latent curing agent
chosen.
20 Of course, depending on the particular set of
physical properties desirable for a composition destined for
a specific purpose these values may vary somewhat. Such
variation may be achieved without undue experimentation by
those persons skilled in the art, and accordingly are
25 contemplated within the scope of the present invention.
The epoxy resin component of the present invention
may include any common epoxy resin, such as a
multifunctional epoxy resin. Ordinarily, the
multifunctional epoxy resin should be included in an amount
30 within the range of about 15 to about 75 weight percent,
such as about 40 to about 60 weight percent, based on the
weight of the total of the epoxy resin component. 1In the
case of bisphenol-F-type epoxy resin, desirably the amount
thereof should be in the range of from about 35 to about 65
35 weight percent, such as about 40 to about 50 weight percent
of the total of the epoxy resin component.
‘ Examples of the multifunctional epoxy resin
include bisphenol-A-type epoxy resin (such as RE-310-S from



O her suitable epoxy resins include pol yepoxy conpounds based on aromatic
am nes and epi chl orohydrin, such as

N, N, N , Nwoetomgdyci dyl - 4, 4' - di am nodi phenyl met hane; N 1BCT/US01/47898

di gl yci dyl - 4- am nophenyl glycidyl ether; and NN, N ,N - tetraglycidyl-I,

3- propyl ene bi s-4-am nobenzoate. Anong the epoxy resins suitable for use

her ei n : i ol Ci o hviata-\we s, . of, A0k i nds, such
as those%}al?%c{lggﬁa%g{éprﬁmr I al’l g/_)ytjun erdN;lhtgzzér %&enggné%QSl'Qégaﬂggﬁuch as
"EPON' 1@Ek ShesHadl Geeni.cdiisehenolpfRtype3 epoxyERes382, (suphRas334, and

"DER' 54RH-140m- 0w heWiglon @yakd)d JaBREN, SpHene MoppanKayaku, Japan.
O her suitable epoxy resins include._po 3£e oxi des prepared f_ran pol yol s and
the |ike SRSV A FESVafiQVEs 35T H%@n@lp-%r f&CHekFFd 20 SNGYol acs,

t hes | at t ers OTARMIIDAITEAT &€Cav aigl7ab|fercoo midiac isplelcy a ltyd @hetie atlsadenane " DEN',
such as " : NN , and "DEN' 439 from Dow Chem cal. Cresol

anal ogs gg?ga C’soje"aval I atﬂ@ggdom"rerci ally under the tradenane "ARALDI TE",
such as "ARALDI TEOthen Brd%ablaRAPOKYETeBdNs1 278 1 uded POARAPDKYE" 25 ECN

1299 fromdadRindRe Yadlddy Sheficrdlcsc Shielss abel kpied162onR8ranCr 65eh
novol ac epoxy _available fromlInterez, Inc., Polygl éCI dﬁl adducts of am nes,

ami noal ¢ XA N oitFEFAFIvALeY 1adi- ds -Siemdres s MetERNe /i Aventi on,
congrer ci alilgn yaiaiyilalal-aniesiphe ngfl \gﬂ;y@hdiyllc letthe r'; GaYAMNNE', N3QN135,

"GLYAM NE" ,125 nd “GYAM NE" 115 om FE. .. C_ . Corporation; "ARALD TE"

W 720, AR TEG0. T PV ARREDP L oS TG PP PSR BRG R - Spoci al ty Chen cal s
and PGA- X and PGAA@ongormheheprsker wiesivisl IsiudrebCe. fGopokbenbesedah

epi chl or is i : S : . 1410 " EPON"
7005 1 r ot Sel T s ER VI Yeilyls die L v gIuES BT, oREER L SonBRuang
the diff&usht adpShpse aviaidaple goswegedpddn ander tde heA€enamap 02/ 070191

PCy USOL/"££888 , HhohppiopErane aoizdi & rbhuxhed 1ageehs cappeens;i apbgrfior  use
Ctric actdr 3 andr: PR Mo 88 doeRlaRed) rdtabey, SpisRc aci d
pi melic axi.d, spal yYEREN-ISC' Frao ddppend Kaygani, c Japads, Subkrasuphebdk and
derivathg%%xy resins include polyepoxides prepared from polyols and
the like and polyglycidyl derivatives of phenol-formaldehyde

20 novolacs, the latter of which are available commercially
under the tradename "DEN", such as "DEN" 431, "DEN" 438, and
"DEN" 439 from Dow Chemical. Cresol analogs are also
available commercially under the tradename "ARALDITE", such
as "ARALDITE" ECN 1235, "ARALDITE" ECN 1273, and "ARALDITE"

25 ECN 1299 from Ciba Specialty Chemicals. SU-8 is believed to
be a cresol novolac epoxy available from Interez, Inc.
Polyglycidyl adducts of amines, aminoalcohols and
polycarboxylic acids are also useful in this invention,
commercially available resins of which include "GLYAMINE"

30 135, "GLYAMINE" 125, and "GLYAMINE" 115 from F.I.C.
Corporation; "ARALDITE" MY-720, "ARALDITE" 0500, and
"ARALDITE" 0510 from Ciba Specialty Chemicals and PGA-X and
PGA-C from the Sherwin-Williams Co. Copolymers of
epichlorohydrin and bisphenol A as well, such as "EPON" 1001

35 and "EPON" 1009 from Shell Chemical Co., may be used.

And of course combinations of the different epoxy

resins are also desirable for use herein.



t hereof, and sul fonic acids, such as toluene sulfonic acids. A
particularly desirable one is DIACID 1550 which is a liquid nonocyclic
twenty omeoozotont di carboxylic acid derived fromtall oipbcl/aseys7sas ds;
specifically, it is 5-n- 10 hexyl -2-(ear boxy-n-heptyl) cycl ohex- 3-ene
carboxylic acid, available connercially from Westvaco O eo Chem cals. The

acidic fluxing age%§ ?p cqgh%d%qﬁkqa he e ggeg&gﬁgpgggggskg&ons in

an anount mnthln t about 6) t “percen
Appr opr i ds€ RTFEdN d@cé@ﬁﬁo@ﬂ?d§tfl@r agdée, hélldépﬁc prédudesgerbicangid,

pol y- anhy@dihdes asud) %ﬁt'i&)&aMHODQLE@Eb%01%nB)éQH' deaQ1EHRAT R, and net hyl
hexahydropthallc anhydrl NHHPA#% é rC|aII avallabliafronlLlndau

Cheni cal £2135Y¥d1c &4 9 dth €3 &§e8cﬂﬁd|PP&M3FF¥ F as a 20
comblnatm@ndswhmmm.cn@bmﬂ@ta@ﬁdss amahlablghenderahhedb&adatldesignation

" " , d .
LINDRID%heQ%gE gnﬁ? %}qlgﬁ%t y rgfén% FP&genECsulfonlclﬁc1ds

met hyl - 3-cycl ohéxene- | arboxy omvercial 'y~avai | abl e
from Chri skev Co. AL@@W@G@ulﬁaﬁyaﬁeSeﬁébﬁeth@etﬁéd@léééDgﬁéﬁDothCh400)

nadi ¢ nmetjhyly em qrd %m%?c&,l% thehts %BEOBQ%BQHedE%ta&%B%/Q?LEYE'C.Ctd
di anhydri de | &_ ronmellitic hydri de AY)

3, 31, 4, 483 |r°“k é@ﬂée&ﬂ&ofﬁ‘ﬁt@ &F&ﬁﬁyd??&@l '1§aé|?°E5A")lt 3825-Bis- (3, 4-
canboxypm@&yu}2hamahku&@0mr@@®m91dl@@hydhbde3(éﬁEDé Ybo4y4'icoxydapht hal i c

anhydride_(" A Ifone raca boxyllc

i anhydr 18 CABsneP ek Ay SROBoHeBryatBaan e, SREPRRATAr st o)

(" TMEG 200", "TMEGTIEO'eyridng fdumiingakegens BheuédfbeO&ncdudsd icombenati ons
of these ;g %ylgr eco@@@@%a@%saaﬁ ahSandgskr aﬁlcﬁlgoehgs ahgn}]gg“ de

conposi ti ons resent invention. Desira
conponen?h§W6uﬂdtﬁeabﬁpéséﬁtWeﬁgaﬁ BESGROLW t hin the range of about 15 to
abgut WO 02/070191AB@EbQ@Q&k%7%9&yd¥idéocbﬁp@ﬂhdﬂefégnhsesH@Heiﬁ about 30

U g adE SEeaBbRERT FHPRlds SR BPe CHEBOPE BFYeBVArgRrEGSRE
polynerlaamwdmldh t(WeIHPA") and methyl hexahydrophthalic anhydride
("MHHPA") (commercially available from Lindau Chemicals,
Inc., Columbia, South Carolina, used individually or as a
20 combination, which combination is available under the trade
designation "LINDRIDE" 62C), 5-(2,5-dioxotetrahydrol)-3-
methyl-3-cyclohexene-1,2-dicarboxylic dianhydride
(commercially available from ChrisKev Co., Leewood, Kansas
under the trade designation B-4400), nadic methyl anhydride,
25 3,3',4,4'-benzophenone tetracarboxylic dianhydride ("BTDA"),
pyromellitic dianhydride ("PMDA"), 3,3',4,4'-biphenyl
tetracarboxylic dianhydride ("s-BPDA"), 2,2'-bis-(3,4-
carboxyphenyl) hexafluoropropane dianhydride ("6FDA"), 4,4'-
oxydiphthalic anhydride ("ODPA"), 3,3',4,4'-diphenylsulfone
30 tetracarboxylic dianhydride ("DSDA"), ethylene glycol bis
(anhydro-trimellitate) ("TMEG-200", "TMEG-100") and
combinations thereof.
Of course, combinations of‘these anhydride
compounds are also desirable for use in the compositions of
35 the present invention.
Desirably, the anhydride component should be

present in an amount within the range of about 15 to about



5 epoxy resin conponent of the inventive conpositions once a triggering
event occurs, such as a certain tenperature is reached. Desirably, the
| atent cwongomgants include conplexes of the salt of thecniussiogess

cont ai ni ng conpounds and a portion afi the acidic fluxing agent. 10 The
ni trogen- containing conpound portion of the salt thereof is ordinarily

ani ne comoyadyd Rl uliRg fokyal detnd iy aRd L Lagasgagpounds,  ani de

conpounds, e compounds, combi nati ons thereo
n|trogen¥@6ﬁﬁﬁﬁn|ﬁ@sééﬁﬁéwn@tﬁwﬁtﬁénw@ﬂgbﬁeperge§élt t her eof desirably

i ncludes di-aza COmHéU'l@.%tert Udn%aag@%@@'é)ﬂ@%ne@&ambﬁﬁd%fs the dI or
tri-aza conpounds i ncl | az

|cy non %
02/ 07019 '3PEFA3SE1 2 P§ gt Y§1f98 ?8@9’5%&15?@1@“0]0 nct}glée 7- ene
("DBU"); epbxy, 1e@nmaz@Mp©w@nm[@f4t&hdamw5n¢ﬁ®k aothpd@ iENoN obcet Be bicycl o

nono- d ui_nucl i

1, 4- dlang é?éﬁgf%'%n%%ﬁoéfgﬁé% CE%C% a% % @%lgnF%gpggﬁ%BEﬁds i ncl ude
the fol lreaichedal kpesialaplani tds: l@ﬁ@mﬁyb@mémg|agﬁne§ include
triethyl engtAtheanore chdl ey JF ReRr M%@eﬁeco?éa'lﬁci gp"c%nﬁ%%@sne and

ment henedi aimi ne; and the aromatic . pol yan nes: m xyl enedi am ne
dlanlnodﬁﬁﬁbﬁyﬁﬁﬁQ%Qn dthﬁuﬁﬁéﬁéplﬁéuxE%5n69§§tof am de conpounds i ncl ude

cyano- functional i ze@ @Ht&%@en&@@ht&indh@yaﬁﬂp%ﬁhdepo&@15&6oEWt%%ZO|e
conpounds q%y %%f%% 1s of%lnarlly amine compounds, including
polyamines and di- and tri-aza compounds, amide compounds,
imidazole compounds, and combinations thereof.
The nitrogen-containing compound portion of the
15 salt thereof desirably includes di-aza compounds or tri-aza

compounds.

Examples of the di-or tri-aza compounds include:

T

20 1,5-diazabicyclo[4.3.0lnon-5-ene



i m dazol e, isoimdazole, and substituted i mdazoles -- such as

al kyl -substituted i mdazoles (e.g., 2-nethyl imdazole,

2- et hyl - Avore2/omphdtim dazol e, 2, 4-di met hyl i m dazol e, butyl i PCDas@l4a898
2-undecenyl i m dazol e, 1-vinyl-2 35 mathylim dazol e,

2- n- hept adecyl i m dazol e, 2- undecylim dazol e, 2-heptadecyli m dazol e,
1-propyl-2- nethylimdazole, 1-cyan 4y met hyli m dazole, 1-

cyanoet hyl - 2- et hyl - 4- net hyl i m dazg¥e, noet hyl -2 WO 02/ 070191
PCT/ USOL/ 47898 13 undecylim dazo{ e, 1-cyanoefhyl-2-phenylim dazole, 1-
i products of an i m dazole and

guanam noet hyl - 2- et hyl i m dazol e and ad

trinmellitic acid, 2-n-heptadecyl-4- yl i m dazole and the |ike, generally
where each al kyl 5 substituent contains up to about 17 carbon atons and
desi rably up tig 8aliduzah iegdia sat4ard undard 7akeyle SUDRUITYt ed 1 m dazol es
[e.g., phenylim dazole, benzylim dazole, 2- nethyl-4,5-diphenylim dazol e,
2,3,5-triphenylimdazole, 2- styrylimdazole, 1-(dodecyl

benzyl ) - 2- met AylS.M-d&idlzabizycdold . 4. 0] dec-5-ene; and

hydr oxyl - 4-t - but yl phenyl ) - 4, 5-di phenyl i m dazol e, 2-(2-

met hoxyphenyl ) - 4, 5- di phenyl i m dazol eg” 2-°08% hygr oxyphenyl ) -.

4, 5-di phenyl i m dazol e, 2-(p-dinethyl ninﬂphen |)-4,5- di phenylimdazol e,

2- (®- hydr oxyphenyl) -4, 5- di phenyl i m dag

di (4, 5-di phenyl - 2-i m dazol e) - benzene- 114, 1%

2- napht hyl - 4, 5-di phenyl i m dazol e, 1-benzyl-2- nethylim dazol e,

2- p- met hdhes thiopidle dwngl-e anahdit-leal ickoepougeissr al |y where each aryl
substituent contains up to about 10 carbon atons and desirably up to about

8 carbon atons]. Exanpl es of commercj i m dazol e conpounds are 20
available from Air Products, Allent , Pennsyl vani a under the trade
degd gnati on "CUREZOL" 1B2MZ, from S hreon, Inc., Mrganton, North

Carolina under the trade designation .%{ﬂ1RON' NXJ- 60 and from Borregaard
Synthesis, Newburyport, Massa@hiRRfiidiade?™ehe trade designation
"CURIM D' CN. 25 O course, conbinati ans of these am ne conpounds are also
of
3)

desirable for use in the conpositio the present invention. The
ni t rogen- cont ai ni ng conpound (depen

n the
20 1l,4-diazabicyclo[2.2.2.]octane.

Examples of the amine compounds include the
following alkyl poly amines: diethylenetriamine,
triethylenetetraamine, diethylaminopropylamine,

25 isophoronediamine and menthenediamine; and the aromatic
polyamines: m-xylenediamine, diaminodiphenylamine, and
quinoxaline.

Examples of amide compounds include cyano-
functionalized amides, such as dicyandiamide.

30 The imidazole compounds may be chosen from
imidazole, isoimidazole, and substituted imidazoles -- such
as alkyl-substituted imidazoles (e.g., 2-methyl imidazole,
2-ethyl-4-methylimidazole, 2,4-dimethylimidazole,
butylimidazole, 2-undecenylimidazole, 1-vinyl-2-

35 methylimidazole, 2-n-heptadecylimidazole, 2-
undecylimidazole, 2-heptadecylimidazole, 1l-propyl-2-
methylimidazole, 1l-cyanoethyl-2-methylimidazole, 1-
cyanoethyl-2-ethyl-4-methylimidazole, 1l-cyanoethyl-2-



relative basisity of the conpound) is typically added to the 30
conposition as a salt with a weak or strong acid, thereby offering a spread
of ion paveozomengt h. For instance, a weak acid, such aspar/phemiBys nmay
forma salt with the nitrogen-contaildi ng conmpound. An exanple of this

woul d be POLYCAT SA-1, which is the phenolic salt of DBU, and is 35

COMMEr Ci a)r]de AMad i1, Om-@yan%e%%t%_tpetén%m gnnsyl vani a.

Al ternatively, a strong acid, 'such as p- toluénésul onlc ‘acid, may forma

salt wit WUARETHNOESSH 2-aIRtavAiiTg dagmtcurdd Adddkimm @rertuchiSs Mho@nd be
POLYCAT WﬂjE&@@lQl%th@EﬁH@QL&%E&Q&C1H4 SAle%pﬂd@dH}B a -t he ethy

h U, d ble fr

Pr oduct s PHY TR RCHEC Y RS A U SEETE P HPERE SAFP AW the
ni ty ogen&rhsttatmang COmEEUmeE sulpoudod apoditndr7i lopriben atiomst kendr ange of about
2.8 to abpu; %13)Mef§>h t%b%tou‘% REIAG A Liceisd",! }éngie b's%bs‘l?tf&%@%'oﬂg of

cour se on the ch n-contai ni ng conpoun |'és of such aci ds
i ncl ude ddddagodeEisd, [gaﬂ_og@g@tnéf d igd&eizelgai @enﬁﬁéﬁmldaé@de,arzonatl c

Sﬁl f|03' Crra@tl}@& lﬂ@-ﬁh@m@ﬁ% 1\4atl@szoq;e ttge 3nlsgtgg?meﬁ tﬁh@a%l@ﬁ{@ﬁung -
shoul d ordi nar.i, e in the r abou 0.a - W abou
bei ng desimaRild é%@r?&eng To( d?’g%‘:s}'gf &RPENd) cRoBER Y H‘lééﬁ"ﬁ?&temd “Exanpl es
of 16uch mytdrmg@'ﬂ—éemt-wwtlyrl@hmﬂpeundsdamesmllhﬁﬂlahoabove (@ course, |
appropri hqul r, the |tro nt ai ni _comnpoun
and the gﬁ:el%él&%/%@'h SKE \%aldg S %qﬁﬂgg\%oll%ésef or ?’%@ g)% % 39

ni t r ogen-4c&mddiphieny ldovisesed.e .r ésd@ctdllmélt&lylamnOph@pe’rll y4rr§t-ched to forma

sal t havifighand1Sa3RGIAL, 0B - Bt/ RRRLARWate to |iberate the
ni t r ogen- cont ai I’]l_l nﬁ 20 corrpound fromthe salt .and the conplex at a

pr e- det erdiphedyLd L& e A1dde? -S4 PPRBYetpdacare Ly W@ﬁ@olldérr nelts.

I n1use, tmeta@axlthyaf-ztt medﬁlpu;re@@erinﬁ@t@tz@u@l ng - @;@mgund -and the acidic fluxing
agent are ( nt act

A etg foorma c X tlhereb tﬂﬂ t he
| atent cUfi n agent % rn?oﬂ‘g *YREYES) ﬁgﬁgg &8 FOrﬁg d %ave a
dlsassocganamalﬁwt®MHr@|eapmr@gwﬂa@@bsalaMEnw fontains up to about
10 carbon atoms and desirably up to about 8 carbon atoms].
Examples of commercial imidazole compounds are
20 available from Air Products, Allentown, Pennsylvania under
the trade designation "CUREZOL" 1B2MZ, from Synthron, Inc.,
Morganton, North Carolina under the trade designation
"ACTIRON" NXJ-60 and from Borregaard Synthesis, Newburyport,
Massachusetts, under the trade designation "CURIMID" CN.
25 Of course, combinations of these amine compounds
are also desirable for use in the compositions of the
| present invention.
The nitrogen-containing compound (depending on the
relative basisity of the compound) is typically added to the
30 composition as a salt with a weak or strong acid, thereby
offering a spread of ion pair strength. For instance, a
weak acid, such as a phenol, may form a salt with the
nitrogen-containing compound. An example of this would be
POLYCAT SA-1, which is the phenolic salt of DBU, and is
35 commercially available from Air Products, Allentown,
Pennsylvania. Alternatively, a strong acid, such as p-
toluenesulfonic acid, may form a salt with the nitrogen-

containing compound. An example of this would be POLYCAT



di sassoci ation to occur in an epoxy-based matrix which is at least in part
within the tenperature range reached during the solder reflow cycle. 30
The | at emoouoiony agent conponent may be used in an anmoupcT/@R01747898 about
0.3 to about 30 weight percent, basad on the weight of the epoxy resin
conponent, depending of course on the type and identity of the conponents
which Ccoistigall G, 13l @ GUHAG AOCHOSATRANGN: $fesiiallly, the

ni trogen-contai ni ng conpound shoul d be used in the inventive conpositions
in an amAdfiC G CitHd ¥ avVgd e lepddtom AL Fraeatst, such as about 0.5,

tP ?ﬁ; 8?61 ; o m'gng ?SH&Iee{iiI(_é:Wdlﬂ&sagﬁnttéi&a\éc{}_@ als@;cot [sag%x\?qt@l%/ @6Q191
. .cont ai ni ng canpound portio e conpl ex .in
subst ant i%thyst}'t%éug:aﬁ?@eé}fﬁ?ﬂ’tt.algﬁdﬁ ic\?g?orwlﬁg"qq% CFSF AT e Denvent i ve

conposi t ilonghesusnges of radmatti \2e 8c c-onaboner lOgnpadnentabomitg .4, being reacti ve

di luent), f. i g%rlt ike : il rci.al Ly from

BYK- Chempe%j(et\kai | ingror [ %S(r]#r}eedt iéc %%?ﬁgléfofgggﬁ%% tra glaengﬁlé),segluch as
BYK- 515 d¥tBRgSEsOnaaveichgomppamds, d@splsisgmdntssichadirdsison pronoters,
and the lifedudPRIQRIAR iAWy dHdterN e dtale U8 d1eifidhdTBY ank0 i ncl ude
monof uncti onal or certain nultjfunctional epoxy resins. The reactive

di | uent SHSWEF ¥t QAT FGHAP which is | ower than that of the epoxy
resi n conponent. Q@i pY s ludie afeatid ve tdidgeeniconteldnd g vempounsicosi ty
| ess t han up 2 Ps.. I n the eyent such nof uncti gnal_,15 epoxy resin
is incl udgehgﬁlfais,dI éjrr%gélc I:l%“vléf' &S ulélntec, eStféaﬁlgreesﬂafn%%sﬂlilcFul%d%b Oer?&o&tfeg 'i)gn an
anount ofwigh tadbcaliodt B0 ngeidgisti r abdrec slepenskiswd odn omeinglet cof thiee epoxy

resin conppnet achle JopRfuct i %@mp%%%fr &3idh r%@gl#o DA HRA i n8RQXY group

wi th an al kyl group of about 6 _to_about 20 ca tons, exanpl és of

whi ch i QARSI 2 g1 ety IBpaitdy [2Pdener £ covrs e apPpraFivd agieyci dyl esters
angs C6. 2& 1 ikdphaialld Yoy aiady fRIMels nSerRyes-ddnt advainaklbtipound
nonof unct._o. aEI eROXY resitrll1 N e?(cti ve dil ue slgbncl Lide t hose fhrom F.‘%m fic
Epoxy PoFVﬁ€r§F acird so at pKa values and p values for the aci

and the nitrogen-containing compound, respectively, are

properly matched to form a salt having a disassociation
potential appropriate to liberate the nitrogen-containing

20 compound from the salt and the complex at a pre-determined
temperature, such as the temperature at which solder melts.

In use, the salt of the nitrogen-containing

compound and the acidic fluxing agent are contacted together
to form a complex, thereby creating the latent curing agent

25 component. The complex so formed should have a
disassociation potential appropriate to allow for
disassociation to occur in an epoxy-based matrix which is at
least in part within the temperature range reached during
the solder reflow cycle.

30 The latent curing agent component may be used in

an amount of from about 0.3 to about 30 weight percent,

based on the weight of the epoxy resin component, depending
of course on the type and identity of the components which
constitute the latent curing agent component.

35 Desirably, the nitrogen-containing compound should
be used in the inventive compositions in an amount within
the range of about 0.1 to about 1, such as about 0.5,

thereby forming a latent curing agent having a nitrogen-



25 Richnond, M chigan, under the trade designations PEP-6770 (glycidyl

ester of neodecandoic acid), PEP-6740 (phenyl glycidyl ether) and PEP-6741
(butyl glweozyloi|t her). Commercially avail abl e multifuncPCDUab1/4Ipesxy resin
reactive diluents include those fromiPacific Epoxy Polynmers, 30 under the

trade designations PEP-6752 (trinethylol propane triglycidyl ether) and

PEP- 6760 jal-ycidyl id,i.ne) ik ! a t I 0]
provi de c%%!%l%%r%/ caf égc}%ﬂs}?éjr?rm%% r?g t Fi% sol Zigmgﬁle%&e%fsg%%&%%ﬂ gent
seens t o Fhed fe@q @3N -ace tension on the solder, 35 which is inportant

in solder fluxing. AfER used mdhedaiRanided agerhdmnRetised in an  anmount
i wei ght of the

up to about 1 V\'eté%ht perceqr;t, based on the total

conposi t i SHPN G2 E0 FHCPER GsBEPFFEIS CF6 RO (TR S e siSed-/
pr oot er 3 reucttiase thd uesitd)gneks f gmiciod axgepitepyill itkd neidiex wsididr®le

(conmer ci al V. giql e from OBl der_t t rade, desi gnati.on A- 187

ganmma- am%éﬁ%rrggyﬁa%yfgé%mo% @ﬁéﬂ doan%%lrlging'f%f%av?qna G SRS under
t he tradehtedghditasie mameQ0)susth @&s BYiKmStlUsooys BYK- 5550 py |1letved ingocyanur at e

(comrer cigldnt s ,a\ﬁi};fs@mgﬂ&ms@lam%nt @erowo%%%sr)a%%ﬁt%%%g such as Y-

11597), may be used. n used, the adhesion pronoters should 10
i ncluded in the i nABREARF ISdHdSAGdre 9 Ler&Ffodar WSt fergidumay wei ght

percent . iH ddee meraiuiridtd oresi bt @esiiti and taffunke iopiaas eploxynvent i on nmay
be of the ane- ackr teypeea i.n V\h:i#l al It thhe i ngr edients are rg xecgil(.%%get her,
or of thd S Thack 1Y FE 25T WHirdiE Fh &P S0 P&V o R diETOEHY Motse)

i ncl uded iisn lonver gdran drichtt ke e epcayertesiin stoopecheseparately in a second

part, an i 5 tQge RIJ O se, rqy . ni c
appl i cat i(boﬂrf,ﬁﬁ%eﬂ%uxttib% r%%!r%elrlq{e: ﬁlltél%rrr%o%ihﬁqg#srij%é%or@di%}%@to%q% e present

i nvent i ontesE tArr@ GhAUtardi%y dssperddedhenty stite stichc @ Mamedactionialor |
W 1hout appmotdigic appliratiddd N6 FcseWieRNEYatentChishcdr reeliconduct or
devi ce pos%‘ic)ttlil%%de terr]n%rl%(gfveei\{ 'ianarne amount of up to about 50 weight

percent, based on weight of the epoxy resin component.

The monofunctional epoxy resin should have an
epoxy group with an alkyl group of about 6 to about 28

20 carbon atoms, examples of which include C, ., alkyl glycidyl
ethers, C,,, fatty acid glycidyl esters and C,_,, alkylphenol
glycidyl ethers.

Commercially available monofunctional epoxy resin
reactive diluents include those from Pacific Epoxy Polymers,

25 Richmond, Michigan, under the trade designations PEP-6770
(glycidyl ester of neodecandoic acid), PEP-6740 (phenyl
glycidyl ether) and PEP-6741 (butyl glycidyl ether).

Commercially available multifunctional epoxy resin
reactive diluents include those from Pacific Epoxy Polymers,

30 under the trade designations PEP-6752 (trimethylolpropane
triglycidyl ether) and PEP-6760 (diglycidyl aniline).

That is the defoaming agent appears to provide
beneficial affects on wetting the solder. The defoaming
agent seems to reduce the surface tension on the solder,

35 which is important in solder fluxing.

When used, the defoaming agent may be used in an
amount up to about 1 weight percent, based on the total
weight of the composition.



specifically, the inventive conpositions are ordinarily applied to a
circuit board having netallization pads. 25 Sol der is disposed over the
conposi t ivomozomted- net al | i zati on pads. The sem conduct or PCHUPO1017898

sem conductor device is positioned a¢er and nated with the circuit board
and the solder reflowed. During the refl ow step, the fluxing agent

pronotes adhesi on af, thegalder atd?legl%nn%%woit%%i on| ﬁdgsprghéo the circuit

board and the adhesive nateridl is cured'to mechanically interconnect and
seal the Sidd&eS!| I91Yg terp@aiepryihé rdmeddioxysddpaeargomrerségilédnduct or chip

or sem eRRdUGKle FRGILDSITRRIJSI @M L& aGRMRRE i fnaRs Jhave 1Been designed to
35 cure at a certain tine/ltemerature .rgg%e conbi nat,i Qn V\Athl,l;lL gﬁpemfl ed
por t i ons G PHE & &R e FIEFGRYE L he§ OdMerrg 24 1¥oPyat LABiFow cycl e
that is dhser 0si dordeng tihee tradled ele sieflaadony @l-a100$eerFaG 2, curve B).

For inst : 1 / .47 he sol der..r ow profile for

whi ch thgq}%ﬁt\%\rgﬁx%ﬁg/gn%%gggggg%&é%g %%&ué%g ﬁscog%]r%%géggfl f several

zones, \Wverid adpliee fyemaOfle unsere &dise ¢ radenmiameaiSIeQUEST , a sueh sy -

period, ardenpembuiR aeieases occur over a set time 5 period. These

zones may be ref err;oﬁlelto as a %{eﬁ_ régati n zone, a soak zone and a refl ow
& &%

zone. In the pre- h&REMEsEne t eSdort PEGERE e&fd Sherdtc BRduct or

conponentihAflegr ddualtey iheained vieo ddi@osaakiong izaone teBRpetauw €o The
heat i ng gdrb%ql%t i2on i.nhttgg)epr e-heating 10 zone nmay progress through the
abou

t enper at ure rangé"e&ig £ °53E t o about 150C in a period of tinme of up to

about 60 seconds. The thersosicittgngoresinheogprisctndust of tbeponents are
al | oved t dagrmall L @qy h}%&aﬁo% B khat e Lhgr el s8XRARRLOGS 10! L he

sem conduct or, conponents nmay “occur an tenperatu adj ust ment's can occur.

The heat ith§ gradadicmtion areh@ixesk togsthray progLesset kweughckhéype

t erger at Ure Wwhakge tole cabaull el 20mpoRedlti (ght,| ¥ sgheal einthane48@G, osdch as
about 183C, from.a periaqd of tine.,of about. 60 to about ,175 20 seconds from

initiatiéﬁF%Iﬁ & €Pﬁ&§9iﬁ§e£ﬁdl§o§$PH§d separately in a second

part, and mixed together only prior to use.
During a microelectronic application, the fluxing
underfill compositions according to the present invention

20 are ordinarily dispensed onto the circuit board, with or
without a smoothing application, and a semiconductor chip or
semiconductor device positioned thereover. More
specifically, the inventive compositions are ordinarily
applied to a circuit board having metallization pads.

25 Solder is disposed over the composition coated-metallization
pads. The semiconductor chip or semiconductor device is
positioned over and mated with the circuit board and the
solder reflowed. During the reflow step, the fluxing agent
promotes adhesion of the solder to the metallization pads on

30 the circuit board and the adhesive material is cured to
mechanically interconnect and seal the underfilling between
the circuit board and the semiconductor chip or
semiconductor device.

The inventive compositions have been designed to

35 cure at a certain time/temperature range combination within
specified portions of the temperature portfolio reached
during a solder reflow cycle that is observed during the

solder reflow cycle. (See FIG. 2, curve B). For instance,



zones, it is desirable for the underfill sealant to remain ungelled. In
the reflow zone, the solder flows and forns the electrical connection. The
underfil Iweezbmnd1 shoul d gel 25 after the sol der has fl owedr/asea/478¥sns t he
el ectrical connection, otherw se tha7conponent present can shift, thereby
causing an el ectrical disconnect. The heating gradation in the reflow zone

may progrgss ddruoh-die gﬁ;&erlzg WS 198 sl eater than 180C,
such as 30 about 183C, te” out 220C 10C, from ang;e%llt%)i of about 175 to

about 205 PSS Warsmdanianed dif coEPORes ofpegyeFalsFongse Mbunt

Technol ogiHe Ry |awwamp@:a&n&£r1@:tﬂee@hed°@rﬂ mEhrrﬁemedV&@if ACeil RGma th
Surface Mounti I nt er nati onal, Thonson Publ i shin New Yg_llk 578 (1997).

It 35 is Hesiv bloéf FSTRHE T Fe ARTHE 388 870 < after the
sol fer haserfilcrd/\ed Tthe feo ranrtelse melye dter |r@a,‘lerr©@nm@ctalsola p\i@—@:&/aﬁﬁ@ﬂﬁl

PCT/ US01/ 8 4 e this sequence is inportant
3 ch’q# nd € el fTIRP 2¥hne
ul’d the un

because sho seal ant begln %o gel before the solder has
fl owed, the gell ed Idhddrer |Hlle -deRAtdmg wione i ighed € inawd tabidairdy agd t he sol der

to flow ayuhifcdauritest rd&@on%r&@wra%t ;Q%Sua@l?mh@att@ds @€ G fs@%kln
ail, as the flow of sol der allgnsthe

m croel ectroni.c syst is |jkel ,
sem cond &t tcedrﬁ%{?er %ludf ad el aéf&nﬁorgﬁé‘dﬁﬁéoéll a&t HheaPrechsaddti¥ns. An
under f i | lzcea eyt p:rh@re(w S:deLxgm tciet hemp&&iadelrref lraworg dfs albick@l y t o

inhibit t n m url £ he .zoned or_.stag sol der
refl ow pI‘B}C?))]?)IquJ,J égsu%rl ed ablglve %hat Was %s}e as?ztuﬁe taraé’ R ﬁ%t he desi gn
of the i rRegendse conpositions is used extensively in the m croeI ectronics

industry. This profi] @pes sﬁﬁwrﬁelzﬁnléseq:h%5s@ﬁﬁ%‘éﬁ%uctto@\/% ggoh% el Ly
shocki ng the sem conductor cqnponents and the circuit boar ich woul d

ot her wi s@TSEdoWed e thGTERAd Yo egiild bxale §9edheseslp Ghezmadyrve A).
Unlis ke prepiaeission sdexfeltere & elnliwonida ctdde ibnponent s may occur and

temperature adjustments can occur. The heating gradation in
the soak zone may progress through the temperature range of
about 150°C to slightly greater than 180°C, such as about
183°C, from a period of time of about 60 to about 175

20 seconds from initiation. In the pre-heating and soaking
zones, it is desirable for the underfill sealant to remain
ungelled.

In the reflow zone, the solder flows and forms the

electrical connection. The underfill sealant should gel

25 after the solder has flowed and forms the electrical
connection, otherwise the component present can shift,
thereby causing an electrical disconnect. The heating
gradation in the reflow zone may progress through the
temperature range of slightly greater than 180°C, such as

30 about 183°C, to about 220°C + 10°C, from a period of about
175 to about 205-265 seconds from initiation. See R.P.

Prasad, Surface Mount Technology: Principles and Practice,

Part Three -- Manufacturing with Surface Mounting,
International Thomson Publishing, New York, 578 (1997). It

35 is desirable for the underfill sealant to cure completely
after the solder has flowed to form the electrical

connection.



20 seal ants, such as those described in U S Patent No. 5,128,746, which

begin to cure in the pre-heating zone of the solder reflow profile

(depi ct etvon2/6%0@1 2, curve B), the inventive conpositi onBCTVESO4IBYS t heir

physi cal properties in the uncured d9Bate through the pre-heating zone and
the soak 25 zone, and only cure at the tenperature reached within the

solder ref] ow ZO”eAsT'h%t%%”eftih]tes t‘lfmi?%r b tﬁligngegﬂieﬁc@r i ioQ%la'ﬂge
al l owing the formation of dn electrical interconnection to ofcur < tol | owed
by curi nesRuste sheydd ithie emceyddilansealratabeaninl toy ged §séEorRe thepi cal

sol der refdi@rPmalsd Ifa cleldhohe BRYIRA Lodagdiryst Lhahahef kawipriabele to
i di osyncr re profile of _the u rfill _encap ant, and the

sies .qf. the c d su
ability es@%iﬁaﬁ&yt & &PECSPIMEE 58m§&f?é’nf"§ga oFm S%Ftrﬂgﬁber ature
wi thout iceinhiealt iexEas ushoud da thjiskedcdr tarpenatroes e ctirion cney seerpr oni se
their i nt"?ﬁgrli'tk%'l TQ% ifrgl\ﬁnt ia\ée t%%m%%k,t io?”%o%%rbgltigi Isort%(g wthin this
cure profi elby Jelect ng 't Né types and proportions {15 vari ous conponent s
t 0 r each sgnicsackictpraconnestionst ase well I\W@s0Z0eme18hePeTLUSOLL41898 19

25C i n thenrReq ofs .S0Qnt anhl,339 1CREa18HEN tﬁ%tS%@lEop%iQQOtO_(:E?le At this
viscosity, .the gel tines of the conpgositigons w/ll _also be tailored to a
speci f i eFPEETod 1oV iT9e 8( dd&§1ys to15n8dbdfdsheorel foplignmented Yol a
t enper at weewdfinghout 5 150C. I n such case, the inventive conpositions

shoul d show no or , substantially no increase of _vi Scosi after a period
of time of about tgﬁlemzr?ﬁ’tegs.or 'ttﬁgggcﬁog gél - |f\r1n?w Pﬁgtf\{&(?r’rposi tions

penet r at eleisetrd belde atyoares  tbag. wasf ubedt @s20be mprgetweentheedeisigui t board
and the s@meRNdUckal 4Rviehpbd ikalall Vel yseAPkknsand 13! hawchar a greater
nunber of ~assenblies to be filled w thout observing a viscosity increase
in the co¥sFsEliestroRdcshy Fewdai-ng Tind s| @xefidef a6t Beewidelappisedat i on.

Refer encdcauleGi tl aiQds &heeadpdeabekidevicee 4emiaohdvicRgrCircuit board
ave Si ng conventi onal

é_ with _mre?t alli zaftti on %a%%FSCar]}d g t ata h be%n coit edtg} _
i spensi G EECHM-Gués h CATEMG RG2EAGer FREFRaURES Ay 8LE6HYESFLi on 3
Wthin thecur if the volcano profile were used (see FIG. 2, curve
A).
Unlike previously developed fluxing underfill
20 sealants, such as those described in U.S. Patent No.
5,128,746, which begin to cure in the pre-heating zone of
the solder reflow profile (depicted in FIG. 2, curve B), the
inventive compositions maintain their physical properties in
the uncured state through the pre-heating zone and the soak
25 zone, and only cure at the temperature reached within the
solder reflow zone.

The benefits of curing along this profile include
allowing the formation of an electrical interconnection to
occur, followed by curing of the underfill encapsulant, the

30 ability to use the typical solder reflow profile without
having to adjust that reflow profile to idiosyncrasies of
the cure profile of the underfill encapsulant, and the
ability of soaking the electronic components at a lower
temperature without initial exposure to a spiked

35 temperature, which may compromise their integrity.

The inventive compositions may be tailored within
this cure profile by selecting the types and proportions of

various components to reach a viscosity at a temperature of



scope of this invention, and a sem conductor chip 2. The fluxing underfill
conposition may be applied 20 on either the carrier substrate or the
sem condwooz/owidlp. One way to do this is with the stencp¢Twkai4Tess and
described in International Patent Publication No. PCT/FR95/00898. A

sem conductor chip 2 with solder bunps 7 and 8 is positioned over the

cireuit beard iy $9d habdehe Saldelco 39 BYIPSoE aud g ol Ly semcepguct or

f
chip 2 face the circuit "board 1 and are _alig rosslf’vvlth_the
met al | i z&FSon Pad$his aHE@sitie $68 G61dEAN6es O phe jcompRed tdiensact ed

with theigilr clido brardilcyed hat at kpezalrden RPemRSd’ ANE iGeaN@Guldhe as
nmetallization pads 5 and 6 are contacted to forman 30 asseggl . The
assenbl y 50 sl’e&% ii 9% rh PEdFcBF G ) 2 Bled TEFPESALMEE & T causing

af ter t haspreheatinnguahd cagak thendswvenitd veokdepotsd tiilow sheudly shomwm ng an
el ectrical. _jnt ti t 1 r _chi nd.the 35
ciroul t B5acy POy, Y, R BRTMIROONTEDL STER 5 BREO

sol der b@wipsimeapd @bofutt kensaiingdeguct ¥ithcsiugh? at ged! icgmef,i tdley with t he

circui t hogigbshtiWROYALRIAL PEHESRHA LSRR 2@ . QNCe Jlehg pseldenhas
flowed, the underfill conposition cures W thout requiring a post cure to
ef f ect RSt eEty & RepEritey ith £0881Pd 8RS EffoReFdFENAGELET Sy iCke

send condueilen id@\liyC e aipd dayeclanidcallllyw Foer @ogmreated bynbee »fsol der and

secured b th% underfill em chi.p ordinarily, nmay be coated
sem

.ok .conduct or
o o0 BB dREE pe 1T e AR LRt RO B Mo TR 2C 6
mat eri al increass vat &henvionposentian cherebyomrentleeicior dui flelssard 1 nmay be

const r ucted SRl ko Coramicgybgtrates of A1203, SiN3 and mullite
(A1233-Si 02) substrates or tapes of heat-resistant resins, such as

pol yi ni des; gl ass- FELRIENEEd top&lF- ABShaME pherBiicendygherr deyd ofhidch are
al 80 Usetha6amPRIIYcaS tCiboaktid 1beatdsmetand izhe ibhkeaddny ahacts ickak
connection of _the 15 %réjnconductor chip to.the carri.er bstrate may be

bsed. SO SadeEin oAkt Uy ROGNSREIOFAY SoPBERStRTe L ECPPIEaPRy

with a fluxing underfill adhesive composition 3 within the
scope of this invention, and a semiconductor chip 2.
The fluxing underfill composition may be applied
20 on either the carrier substrate or the semiconductor chip.
One way to do this is with the stencil claimed and described
in International Patent Publication No. PCT/FR95/00898.

A semiconductor chip 2 with solder bumps 7 and 8
is positioned over the circuit board 1 so that the solder

25 bumps 7 and 8 of the semiconductor chip 2 face the circuit
board 1 and are aligned grossly with the metallization pads
5 and 6. The semiconductor chip 2 is then contacted with
the circuit board 1 so that the solder bumps 7 and 8 and the
metallization pads 5 and 6 are contacted to form an

30 assembly.

The assembly so formed is introduced to a zoned
solder reflow oven, causing after the preheating and soak
zones, the solder to flow thereby forming an electrical
interconnection between the semiconductor chip 2 and the

35 circuit board 1 once the reflow zone is reached. This
allows for the solder bumps 7 and 8 of the semiconductor

chip 2 to align finely with the circuit board 1.



(or anisotropically) conductive adhesive and the like. In order to
facilitate connections, particularly in SBB technol ogy, the el ectrodes nmay
be formedvas2mton®m bond bunps. 20 Cured reaction product SPOT/UBHR7898

t hernosetting resin conpositions of 20he present invention denonstrate
excel l ent adhesive force, heat resistance and electric properties, and

accept abl e nechaniQﬁkepr%%eggr@%r.%g%hfqgw%ggﬁggga%éiggf&qqistance,

! , £
chemical resistance, noisture resistance an ke, for the

appl i cat (CONPOEGT 1 chHreiFey idhouls@@INAFdNg. a Pestheuwrsuht 8 tpcécess by

usi ng t hedmpalereseeiidcnd MRgihcC @MROSLider ekrlike RLRENt HeReRORKeaf t er
the sem conductor device s nounted on t ci.rcuit board as, descri bed
above, t RETESREGHTs GoYECEr &5 §1EESEAG M ¥h 186 ereopeected biath t eri sti cs
of & he semldenducidorsedeniede by echenaadeasibat.ween the sem conduct or device

and the circuit bqard,. ot.her el ri har. rListics, and_the state of
seal ing. The prese%%%.ﬁfgﬁpﬁgﬁ%ﬁﬁﬁF géﬁ %5%%§§§ﬁﬂy ?@Ya58r§8F§F§d wth
r ef er enc&itty teh@odwamildes ,wipodly -benzogy clERMVBRRES WD 621070181

PCT/ USO1/4 €898 -2h ot tR@S8 1@12R) 885sG98ReS EhivRSnndndeqoldaneg iWnt h  the
present invention were prepared and eval uated for performance. Exanple 1 5

In these exanpl es, ThE Sr&Fariéd POFERY 1bBS¥d PeaFRESIFECESHNELPM ons from t he
conponenteieaiied shelsdwaites OfeRnl, 065 EAM, iarel anmunitse agset-§ooHh in Table

RE- 310 ST 0SF §F. & 46037 Te H0C ERERCTAUST T6 o8 e, U8 7510 10.7 10
DI ACI D 1980 y3n8des.;3 glasg-4elihfdrdelciedoxyl;| @BSngn8alpheylbildcacid -- -- -- 3
-- 3 Pi@@ﬂé&f%ﬂé% Wwhitch éke’é1§o3u%gﬁnkohhonly as circuit boards;
and the like. Any electrical connection of the
15 semiconductor chip to the carrier substrate may be used,
such as connection by a high-melting solder or electrically
(or anisotropically) conductive adhesive and the like. 1In
order to facilitate connections, particularly in SBB
technology, the electrodes may be formed as wire bond bumps.
20 Cured reaction products of the thermosetting resin
compositions of the present invention demonstrate excellent
adhesive force, heat resistance and electric properties, and
acceptable mechénical properties, such as flex-cracking
resistance, chemical resistance, moisture resistance and the
25 like, for the applications for which they are used herein.
In the mounting process by using the thermosetting
resin composition of the present invention, after the
semiconductor device is mounted on the circuit board as
described above, the resulting structure is tested with
30 respect to characteristics of the semiconductor device,
connection between the semiconductor device and the circuit
board, other electrical characteristics, and the state of
sealing.
The present invention will be more readily
35 appreciated with reference to the examples which follow.

EXAMPLES



Adipic acid 3.0 -- -- -- -- -- Qutaric acid -- -- 2.7 -- -- - LINDRIDE 62C
34.9 37.6 35.6 -- -- -- Anhydride B 4400 6.3 -- -- -- -- -- MHHPA -- -- --
41.5 35. avda2/670DBU 0.3 0.3 0.3 -- 0.3 -- Nitrogen contai nPOYUBGLYRAT SA-1
-- -- 0.5 -- -- conpound* 2-ethyl-4-methyl 0.5 imdazole Adhesion A-187
0.50.70.91.00.9 1.0 pronoter Defoaner BYK-555 0.1 0.1 0.1 -- 0.1 --
BYK-515 -- -- -- 0.4 -~ 0.1 *ln S ; ~1-.3, t .

ni t rogen-cont ai ni ngI%C(}r?foSuen(fJXv%né)lceo%dt chcatmgg)%v]\ﬁ t%ntsr%é%a(ﬁ%%frld&%cﬁg Wlé:élent to
form a cdhs @rassdr eraigntoidne wegampseRaredvend sodddiated fermi xture. These
sanpl es wehed¥mpled by charging into a 15 reactor the EPON 1002f,

RE- 310- S and the chosen acidic fluxing agent. The m xture was then heated
under a 1 at nosphere to a tenperature of about 150C with stirring

until a solution | £V 1 XE UL I 0 a
terr%)erature of ab\gﬁitsrl %g'%sﬁet %q?agp%%gpPﬁet p%eg%%fg%gjog%r%%%e%n a separate
react or, AR Tive GFERES AN fgomt Slso GFRIPARE Nttfe MOItAG belS30 iRer e ni xed
at a t enpe{atine HectBhRUtafe ndelscd Fdrtegam atamephere, and then
cooled to roomtenperature, to forma Part B accel erator prem x. Then, a
reactor was charged wth the anhydride and 25 the Part A epoxy prem X.
This m xture was then m xed WO 02/ OTan®& PCT/ US01/47898 22 rapidly under
vacuum at a tenperature of about 25C for a period of tine of about 90

m nutes, after which $mMASNe'he adhedi on pr S#FRIENO/ARE(HNE Part |B accel erator
prem x were |[add&¥P® Thils mi % wag thhen %t|rPed dnderS al vAcyumwith 5
cooling for a pegjod oftidEd¢Sahayi*!3q Mh(seE | 4 tlet’8 Wtlch tinme the
vacuum was released and t HEOMWEE nur 38d Wik h10-Ailt {Hgeld? 10
DIACID 1550 " | 3.5 | 103 | 11.9 4 11.3 4
- . Salicylic acid - -- - 3 - 3
A“d:’ef:l‘ixmg Pimelic acid T - [ T =133 -
8 Adipic acid 30 = | = | = 1 - =
Glutaric acid - - 27 - - -
LINDRIDE 62C 349 | 37.6 | 35.6 - -- --
Anhydride B 4400 6.3 - - - - -
MHHPA -- -- - 41.5 | 356 | 425
DBU 0.3 0.3 0.3 -- 0.3 --
Nitrogen-
containing POLYCAT SA-1 - - - 05| - -
compound* 2-ethyl-4-methyl
L - - - - - 0.5
imidazole
Adhesion A-187 05|07 |09 | 10| 09| 10
promoter
Defoamer BYK-555 0.1 0.1 0.1 - 0.1 --
BYK-515 — | - | - o1 ] - [ o1
10 * In Samples Nos. 1-3, the nitrogen-containing compound was contacted with the acid fluxing
agent to

form a complex before any other components were added to the mixture.

These samples were prepared by charging into a
15 reactor the EPON 1002f, RE-310-S and the chosen acidic
fluxing agent. The mixture was then heated under a nitrogen
atmosphere to a temperature of about 150°C with stirring
until a solution was achieved. The mixture was then cooled
to a temperature of about 50°C, to form a Part A epoxy
20 premix. In a separate reactor, the nitrogen-containing
compound and the DIACID 1550 were mixed at a temperature of
about 100°C under a nitrogen atmosphere, and then cooled to
room temperature, to form a Part B accelerator premix.
Then, a reactor was charged with the anhydride and

25 the Part A epoxy premix. This mixture was then mixed



Sanpl e Nos. 1-5 are within the scope of the present invention, whereas
Sanple No. 6 is not, as it does 10 not include a salt of a nitrogen

cont ai ni o opopound. Rat her, Sanple No. 6 includes an i m Baroke/4mishout an
acid salt. Sanple Nos. 1-3 were used2to connect and underfill ten 4X4 PB8
die to a test circuit board and reflowed using a 15 profile conparable to

FIG 2, Ve [ e _di I d el rical-o ctivity.
Sanpl e No%gp%zi-lgl V\L/{e%lrdeérol}’saeéq%%o a%o%n%%@%%t%n erti %I%%_gu%SE%O%}g% (%LI e to a
test ci mafichedr ¢ided afefabomdd 99 MG U& st ofifite rc sldabablidet §heFl G 2,

curve B. AlHediH gl AQIONSd atRd rhect iatdle 129260yl Wekie Sanmpl e

Nos. 4 and. 5,. whereas none of the _four die denonstrated el ectr.i %al

conduct i AP t HSEFHETINE W8S ERGHISE 5T | & XYM YISh pat ent
No.5 5, 12& oG neas o eplpedaicel] dfo tderprdt rioatt B® heaneftess afdeadvant ages of
the present .invention. The formul ati f; that .example ( I w1 l)

t oget her w\?\ijt%ﬂg or rtr-‘u%atviagﬁmlmn w%c%re&%%cs%dwat% tt??ee %ﬁé‘s‘?&n?ﬁr}%&a nu\%é:n i on
(Sanpl e Moitx®gerare presented below in Table 2. WO 02/070191 PCT/ USO1/ 47898

23 Tabl e 2 ConponenfaramPheNo1/-5 GAE WcKin THRe JgMt idey (he8  Epoxy
RE-310-S 50 50 Acjidic fluxing agent Salicylic acid 7 7 Anhydride MHHPA
42.5 42, PrEEethnvanFaRy| wieyeas Saede Ao g i&gemt /i [iSddFolP@SSOLYCAT
SAIdl -- Gdxr Whidlawdexanpla td oFf d he tridfenpaiceithinses ERENAA3. as the epoxy

resin an lic id.as . the acidi.c fluxing 5 agent far.each _of th
f or mul at ﬂ'zc#?“,eﬁ’h}caélg’ aHtos'o dEEdURES :?foq*gug% toﬁrg &IPS 2SHH ch t oo
is a bisphdriol A epoxy
Sample Nos. 1-3 were used to connect and underfill
ten 4X4 PB8 die to a test circuit board and reflowed using a
15 profile comparable to FIG. 2, curve B. All of these die
demonstrated electrical conductivity. Sample Nos. 4-6 were
used to connect and underfill four FB 250 die to a test
circuit board and reflowed using a profile comparable to
FIG. 2, curve B. All four die demonstrated electrical
20 conduction with Sample Nos. 4 and 5, whereas none of the
four die demonstrated electrical conductivity with Sample
No. 6.

Example 2
25 Example 4 from U.S. Patent No. 5,128,746 was

replicated to demonstrate the benefits and advantages of the
present invention.

The formulation of that example (Sample No. 7),
together with a formulation in accordance with the present

30 invention (Sample No. 8), are presented below in Table 2.



resin, and salicylic acid as the acidic fluxing agent. The difference in
the fornmulation resides in the l|atent curing agent -- the conparative
fornul ativomp2/Gangl e 10 No. 7, used an imdazole, at 0.5 weT/gkel/4esscent,
whereas the inventive fornulation, Sasple No. 8, used POLYCAT SA-I, a

DBU- phenol salt, also at 0.5 weight percent. Though the anount of the

| atent curative is half of that use.gai')fetge '746 patent, a | ower anount of
the latent curative would 15 retard cure, all el se being equal, which

shoul d enhance the TTUXing ca Ak Ty of The for Meisdidgy. | Thus, i f any
difference in performance was to be recogni zed, theamtwitfhefences woul d be
expected to be an 1 npromgeent. nst eaddentien Sanple Nosg and 8 were used
to connect and 26 unéerEfi ILFB 250 die boa-test cirecyi-t_—bopard and ref
| owed using a profile €8¥parabl e to ' curvie B, |[tR& die connected
and underfill ed [usisgicHarip @eitlo. | 7 f abdligdictadd denpnstrlatz el ectri cal

conductivity, ereasthe-gire—epnnecteg-rand—undertithedusi ng Sanple No. 8
denonstrated 25 el ecfAPLlly?ré ® conducti vi W}ﬂéxanpl € éz? N l{zfﬁls exanpl e, we
conpared the curli ng behavi or of | kno¥wthfldtmethoy undeérsf il I-- materi al s, such as
t hose 30 descri bed latentdyengageps pat ent , imiardie a f | uxi ng junderfill WO

02/ 070191 PCT/ US01/ 47898 24 nuat eri afOLYAISdor dance-wift BS5t he present

i nvention, when uredusing a typicat—sotder reftowprofife, such as is
shown in FIG 2, curve B. Mre specificall y7 differential _scanning

calori metry was pertdrifed*GMPlede Ofaltdi al’és BatsnkuM&ESoFEONoB2/hi ch are
Sﬁt fOFHhsbeJ}@Népabx'l}ame%ih ainid ﬂlal]Ei@V\l&lbi@Om%elﬁﬂj@t iag_li]g][iﬁdﬁ,lu&@.ngs to meaﬁure
t he, power_ requiyred to c nsate for tenmperature differences hetween the
cach’ B et o Cott ore HhensTeriSrs ThEl GatRanSCRobgs RETT 11 | o
conponent31tlo & kisckdre telpoxfyomesliat,i e chl@obablse a3 biswppenedt ASepplky No. /

(Amt Vw%res@fp,e a'nQie%ta'lti)éy%iJcoacid as the acidic fluxing agent.

The difference in the formulation resides in the

T oot

latent curing agent -- the comparative formulation, Sample
10 No. 7, used an imidazole, at 0.5 weight percent, whereas the
inventive formulation, Sample No. 8, used POLYCAT SA-1, a
DBU-phenol salt, also at 0.5 weight percent. Though the
amount of the latent curative is half of that used in the
'746 patent, a lower amount of the latent curative would
15 retard cure, all else being equal, which should enhance the
fluxing capability of the formulation. Thus, if any
difference in performance was to be recognized, the
differences would be expected to be an improvement.
Instead, when Sample Nos. 7 and 8 were used to connect and
20 underfill FB 250 die to a test circuit board and reflowed
using a profile comparable to FIG. 2, curve B, the die
connected and underfilled using Sample No. 7 failed to
demonstrate electrical conductivity, whereas the die
connected and underfilled using Sample No. 8 demonstrated
25 electrical conductivity.

Example 3
In this example, we compared the curing behavior
of known fluxing underfill materials, such as those

30 described in the '746 patent, with a fluxing underfill



Epoxy RE-310-S 40 40 Acidic fluxing agent Salicylic acid 5.6 5.6 Anhydride
WMHHPA 34 34 2-ethyl-4-nmethyl 0.4 -- Latent curing agent im dazole PCOLYCAT
SA-1 -- Gvdozomoyiganic filler SO E5 19.2 19.2 AERCSI L R3ReCBUS0IB78988

Sanmpl e Nos. 9 and 10 were di sposed wi2éhi n an al um num DSC pan, and heat ed
according to the solder reflow profile like that depicted in FIG 2, curve
B. Refere El G sho h I 9 begins to _cure at a

t enper at ﬁ'{rggeeoxﬁl%lbji% o] anc %r%] t?? %ﬁ% %ggfllﬁge?gﬁgﬁ FI'E" 3A

i ndi cat esutest uSdAmd @ Nopigaiasad@ead rédriong privd ilecalsugbnes s contrast,

ref erenceiRFliG rdR SOV HRA! B 20 MESREDISNA.£1 1A 116N u&%fle&emlwicured

state (the curve is_ substantially flat) until reac the_refl ow zone, at
whi ch poiSAEHE D FedrdMmetive Was @Gé"éP\’fé‘&daPnalS@@tselﬂ@ge\ﬁltaﬂseure

compl et i r@xatultaltaos@ cf@r w‘llc@Watr@Tras@rtatfumhobeaI@Qutha%le "ﬁhatlnm/@i ch is
descri bed above | sent ed 25 illuitratlve ra her t han

the i nvemIWx 5lssat 1(%13m My “%d§%t i-Gndf 5%& npé’wteﬁerr&gf‘lée

i ncl uded tim Ctd‘fl@e;martlet famdtsc@ﬁe“aafurbhdllfrfeenmeﬁ beftweknattke éefchned by
the Cla'@%ﬁé@? 2@9&9%@%KP@I£9801&%E§%8sa%il @hahch%dgba gEQnE a%l ‘
fl uxi ng underf ﬁ corrp05|t| on, conprisin an epoxy resin gorrponen
(b) an adildiled |apEPegeadetc EohsEsEnthe %@)fmb}ﬁaéﬁﬁ’y@rl de component: and (d)
a h@tent curing agent conponent copppisi #g a conplex of a portion of the
acidic fluxing agent and a salt of a nitrogen-containing conponent. 2. The

conposi tion accqgrding to C ai godpontdier ei n  t he anh$arpladéo./conpounds may be
selected fromthe group consisting of hexahvdropht(hlatwt%)amydri de, nethyl

Type Identity 10

Epoxy RE-310-S 40 40

Acidic fluxing agent Salicylic acid 5.6 5.6

Anhydride MHHPA 34 34

2-ethyl-4-methyl 0.4 --

Latent curing agent imidazole

POLYCAT SA-1 -- 0.4

Inorganic filler SO-ES5 19.2 | 19.2

AEROSIL R812S 08 | 08

Sample Nos. 9 and 10 were disposed within an
aluminum DSC pan, and heated according to the solder reflow
profile like that depicted in FIG. 2, curve B. Reference to

15 FIG. 3A shows that Sample No. 9 begins to cure at a
temperature of about 140°C -- during the pre-heating zone.
FIG. 3A indicates that Sample No. 9 has cured during the
soak zone. .

In contrast, reference to FIG. 3B shows that

20 Sample No. 10 remains in an uncured state (the curve is
substantially flat) until reaching the reflow zone, at which
point the onset of cure is observed at about 160°C with cure
completing at the solder reflow temperature of about 220°C.

That which is described above is presented as

25 illustrative, rather than limiting, of the inventive
compositions. Many additional embodiments thereof are
included in the spirit and scope of the invention, which are

defined by the claims.



hexahydr opht hal i ¢ anhydri de, 5-(2,5-di oxotetrahydrol)-3-
nmet hyl - 3- cycl ohexene- |, 2-di car boxyli ¢ anhydri de, and conbinations thereof.
3. The compozitiean according to Claim1l, wherein the nitprop®EsecosIsai ni ng
conponent is a nenber selected from 25he group consisting of am ne
conpounds, am de conpounds, i m dazole conpounds, and conbi nati ons thereof.
4. The conposition according to Caiml, wherein the am ne conpounds of
the curing agent conponent may be selected fromthe group consisting of
1,5- di azphitcwe of13ished] T@n- 5-ene, 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene,
1,5,7-triazabicycl o[ 4. 4. 0] dec- 5- ene, qui nucli di ne,

1, 4- di azabi cycl o 212. 2] o0&t &Aexigideuipleaddtlli sompesitionet kphprdiséngani ne,
di et hyl am nopropyl am ne, (a1t %y epedhameien diogponediphenyl am ne,

i sophor onedi am ne, nenthenedi am ne,, quinoxaline, and conbi nati ons thereof.
5. The conposition accor®ngafo3erdim £1ukHedePFentnECERPEE Eonpound i s

di cyandi am de. 6. The camposiahi anhydsadei agmpenehai;mahd wherein the

i m dazol e conpounds nmay sel ected,. from.t he group consi sting of

i m dazol e, isoini dazol e,(%‘g- tﬁ;?}tenr% GRZ418, B0 FERETHEIBCT USO1/ 47898
26 2- et hyomprhstingl ianicdapdles, oZ, 4- giomstibyl iofi daroke idibutfylxiindazol e,

2- hept ad %ﬁﬁ&|- gt hyhi-m.gazo s\ Is s
2-undece%§linigggg%egg%FcFﬁy%-%Sﬁggﬁ%ﬁi%¥g§§é éggngﬁpﬁggpgdecylinidazole,
2-undecyl i m dazol e, 2 heptadecylim dazole, 2-ethyl 4-nethylim dazole,

1-pr opylh- |2 eret Ey: i2m dalﬁb?EF:O_ﬂrtg@léa:ﬁQ@hg}ébc%rﬂiﬁhﬁy:tbrszdaégd @,,l _ibh_egeinl
cyanoet -2-€ - 4- met i mdazol e, 1-cyanget - 2- _undecyl i m dazol e,
1-cyanoe¥ﬁfl9§- & iﬁPHﬁ?BPgF TgygE&nﬁﬁﬁﬁ&gFﬁy¥¥?mn§gﬁy9’ Bazol e,

addi ti on gemedsttingob fahexahmydapphe haddct enhelritie¢ aeittiyl2- n- hept adecyl - 4-
met hyl i m | is . shenzgyl i,m.daz - L=y o
4,5-diphé%%%?ﬁ?%gggﬁg%lfggggi P?Bﬁ%hy%ié?ggzgﬁg%%ﬁ?%gg§&§¥P%9dgzole,

1- ( dodecyietherzgl-cyzlebernpnenildgdziearbokylic anhydride, and

hydr oxy| 4ndsikui Y lopleRpe)=4£5- di phenyl i m dazol e, 2-(2- met hoxyphenyl)-4,
5-di phenyl i m dazol e, 2-(3-hydroxyphenyl) -

3. The composition according to Claim 1, wherein
the nitrogen-containing component is a member selected from
the group consisting of amine compounds, amide compounds,

imidazole compounds, and combinations thereof.

4. The composition according to Claim 1, wherein
the amine compounds of the curing agent component may be
selected from the group consisting of 1,5-
diazabicyclo[3.4.0]non-5-ene, 1,8-diazabicyclo[5.4.0]undec-
7-ene, 1,5,7-triazabicyclo[4.4.0]dec-5-ene, quinuclidine,
1,4-diazabicyclo[2.2.2]octane, diethylenetriamine,
triethylenetetramine, diethylaminopropylamine, m-
xylenediamine, diaminodiphenylamine, isophoronediamine,

menthenediamine, quinoxaline, and combinations thereof.

5. The composition according to Claim 1, wherein

the amide compound is dicyandiamide.

6. The composition according to Claim 1, wherein
the imidazole compounds may be selected from the group

consisting of imidazole, isoimidazole, 2-methyl imidazole,



4, 5-di phenyl i m dazol e, 2-(p-dinmethylam nophenyl)-4,5- diphenylim dazol e,
2- (2- hydroxyphenyl)-4,5- di phenyli m dazol e,

di (4, 5- divphenyio19- i m dazol e) - benzene- 1, 4, PCT/US01/47898

2- napht hyl - 4, 5-di phenyl i m dazol e, 1-Benzyl-2- nethylim dazol e,

2- p-met hoxystyryl i m dazol e, and conbinations thereof. 7. The conposition
accor di n@ t&+ ot midmme t hidemdidazalife @i t4-cdaetdviiaifgarplenpound is in the

form of g sajilimiddAbiad) @'%pt&deﬂ&gﬂ%@%t&iﬂ&nﬁ%ﬂ&g d-edghm 7,
wherein ¢the acid is a sfrong _acid .. _The cqlglsmlonac.or. ng.to Claim
7, wher eiiMidare s ¢ idezole . the (r)ﬂp TRk 4 ‘HEto A aim
3, wher eiar+nthwptanieat Haisniad guéd eval Leinsedyiln ntika 2cdrege 20f about 2.8 to

about 10. ny .QNPOSj t-i on .AC i ng i 7 ereil e
ni trogen-l}: n aaq%rh?nlgl%g%péooulned hzgseccg{p % \ﬁaﬁ%&g l%ﬂﬁanz%"i{%é elr %rﬁ’% 2about 0.5
to about "% B1y MMIGH YF,9 I RYBNISOhYAr@oge tiy 11imi drre leondosi ti on accor di ng

to dai mgyaﬂg@{kﬁ}lﬂﬂ IhenAaci d et By INBNRRIz 3@ eat -4, fpHhe .gr oup ]
consisting of _acetic aci'd, hal ogenated acetic aci ds, p_henol s, aromatic

sul f oni ¢ BRI L Gl Sratl G0~ 2 ~PRemiHe WHelAzssi®i d according to
Caiml, dulrdieimoetigird Sinkg 1B iadiisd e praddittion Proditd c@Ppesi tion

according to,daiml13, wherein the adhesjon,pr rg)r?%er is, a menber sel ected
fromthe “b]r%atfpo eoriasr}dsttﬁfd“ o]T g:lyci d ypropyl AR chf‘si | ane, ganmma-

am no pr owtihyimstdenoist | alenydndnicsadslsat items tlheriesfzolks. ZFwetdonposi ti on
according, tgﬂﬁ{é’ﬂ b1 anlré, %,rﬁ%—r&qgﬂ&&lgrﬂwﬁet hey eof are capable

. 7 U -
of sealing the space between ‘a sem conductor device |Including a

sen conduEtory Bhiisaanif ed oifledacrl ikanzsidst%-ated tadd - dad @i 2 idard to
whi ch saipl@esteonductiaic At s1)s-4 8 -eTitgHe} 1l niiddR1eonnected or a
sem conductar chin2nd 3, SIS ALGLS N e sald sem cqndugtor chip s
4,5-diphenylimidazole, 2-(p-dimethylaminophenyl)-4,5-
diphenylimidazole, 2-(2-hydroxyphenyl)-4,5-
diphenylimidazole, di(4,5-diphenyl-2-imidazole) -benzene-1,4,
2-naphthyl-4,5-diphenylimidazole, 1l-benzyl-2-
methylimidazole, 2-p-methoxystyrylimidazole, and

combinations thereof.

7. The composition according to Claim 1, wherein
the nitrogen-containing compound is in the form of a salt

with an acid.

8. The composition according to Claim 7, wherein

the acid is a strong acid.

9. The composition according to Claim 7, wherein

the acid is a weak acid.

10. The composition according to Claim 3, wherein
the acid has a pKa value within the range of about 2.8 to
about 10.

11. The composition according to Claim 7, wherein
the nitrogen-containing compound has a pKb value within the

range of about 0.5 to about 9.5.



electrically interconnected, while providing electrical conduction between
the sem conductor chip and circuit board or sem conductor device and
circuit lwaozio70id. The conposition.according to O ai m 11, pcTapaii7essof
curing during a solder reflow cycle amd allowing for electrical
conductivity between the sem conductor device and the circuit board or the
sem conductor chip and the circuit board. 17. The conposition according to

Caim1, capable af2.curmheg doabpo@flttaronem@u{dan@o tiohe1ahl oW RBierein
tinme/te ratur§_proflle §%‘to ab %0 seq nds at _about . %OC t 0 ;about
150C, ab e dSnds "FEPESo ege &ds gtgéﬁﬁﬁ%cfgﬁés 378 Piht Iy
great er talrat ir8@C1idandallvgendireidngoetpos aice dso ghienmd/st, e apematice profile
of about sjai%o\AQcO%/ﬁé%l%%dpgymﬁé%%!té%%%th%f}e%%conds to about 205-265

seconds at slightly greater than C to about 220C + 10C. 18. Reaction
products fornmed fromthe conpositions according to Cdaim1l. 19. An

el ectroni c device qgrmrlm@@@po%qml@@n@@@b&ﬁlﬂgvlt@ecqraqlnalcl FatHchelRoard to
whi ch sai d semconductaghﬁ evice is electrically connected or a

sem cond FAX&F SR Ad SIS PUSFR E o whi ch said seniconductor chip is

el ectrically connected, assenbled wusing a fluxing underfill conposition

according to O aim]} t%h@ %%@gg% el.ect i e ldﬁﬁ er%pgﬂggk{ Q9 and seal the

space between the senlconduc evice an e-circuit "board or the
sem conduwdtegre ichiticardihelsé o rpmmntot@aari@ ar gspeetri vellpct2o. friem ¢hectronic

device a o 29 nlsd it g1 t?@%ﬂ (55 %%tk%ngﬁﬁﬁ 5%” Lpguct s the

devi ce g%trates eléﬁlrl con ssenbllng an
eIectromamumgnnﬁQPYBytﬁh@mhmgy@hé@mEhcahdln@@b@@nmaomSONQeaﬁ@fseal|ng
underfilling between a sem conductor device including a sem conductor chip
mounted on a carrier substrate and a circuit _board to which said

sem conduct or devi @& -i s Thel gempicsditiipn geeredingcted Bria denivberedet or

chip and @ired reaction products thereof are capable of sealing the
space between a semiconductor device including a
semiconductor chip mounted on a carrier substrate and a
circuit board to which said semiconductor device is
electrically interconnected or a semiconductor chip and a
circuit board to which said semiconductor chip is
electrically interconnected, while providing electrical
conduction between the semiconductor chip and circuit board

or semiconductor device and circuit board.

16. The composition according to Claim 11,
capable of curing during a solder reflow cycle and allowing
for electrical conductivity between the semiconductor device
and the circuit board or the semiconductor chip and the

circuilt board.

17. The composition according to Claim 1, capable
of curing (a) after exposure to the following
time/temperature profile: up to about 60 seconds at about
30°C to about 150°C, about 60 seconds to about 175 seconds
at about 150°C to slightly greater than 180°C, and (b)
during exposure to a time/temperature profile of about 175



circuit board to which said sem conductor chip is electrically

I nterconnected, the steps of which conprise: (a) dispensing into the

under fil Wwag2bmimeen the senm conductor device and the cipcousoibosssd or the
sem conductor chip and the circuit badrd a conposition according to Caim
1; and (b) exposing the conposition as so dispensed to conditions

appr opr i &AW HFsSRWE SOPpEEit iSGFAEse @ite SR Lve gacied s pitdadict s,

wher ei n wyv ccweddautt Begeeadt im@rc.product the el ectronic device
denonstrates el ectrical conductivity.

18. Reaction products formed from the

compositions according to Claim 1.

19. An electronic device comprising a
semiconductor device and a circuit board to which said
semiconductor device is electrically connected or a
semiconductor chip and a circuit board to which said
semiconductor chip is electrically connected, assembled
using a fluxing underfill composition according to Claim 1
to flux the electrical interconnection and seal the space
between the semiconductor device and the circuit board or

the semiconductor chip and the circuit board, respectively.

20. The electronic device according to Claim 19,
wherein when cured to reaction products the device

demonstrates electrical conductivity.

21. A method of assembling an electronic device
by fluxing electrical interconnections and sealing
underfilling between a semiconductor device including a
semiconductor chip mounted on a carrier substrate and a
circuit board to which said semiconductor device is
electrically interconnected or a semiconductor chip and a
circuit board to which said semiconductor chip is
electrically interconnected, the steps of which comprise:

(a) dispensing into the underfilling between the
semiconductor device and the circuit board or the
semiconductor chip and the circuit board a composition
according to Claim 1; and

(b) exposing the composition as so dispensed to
conditions appropriate to cause the composition to cure into
reaction produéts, wherein when cured to the reaction
product the electronic device demonstrates electrical
conductivity.



