WD 03/ 020816 PCT/ US02/ 21206 FLUXI NG COVPCSI TI ONS FI ELD OF THE | NVENTI ON
This invention relates to fluxing conpositions, use of the fluxing
conposi t iwodsioms1d el ectrical interconnection nethods, anecirnsegeaved
circuits derived therefrom BACKGROUND OF THE | NVENTI ON Flip-chip
technol ogy, including controlled collapse chip connection (C4) and direct
chip attachnent (DCA) techni Mm&g popul ar in the

el ectronics industry 10 as grated circuits (1C to
printed wiring boards (PWB). Flip-chip technology involves inverting and

bondi ng a sem -conductor chip having solder bunps fornmed on the active
side of the semi -conductor chFEh%O&HﬂﬂﬁiNVEMION ough the sol der bunps by

refl owi ng the spl der tru ura d rrre bet ween t.he sem -
conductor chi pfg é"veﬂtéo%{ﬁg%?sr gd X&I}gecé)woﬁrﬁc?ﬂ%ﬁl fth nd EES 8{n|p°Sl§?nS 1
conngct i oglsctiedlReRtohmtid® nidtiods 2and istePatedaireuidddrived @Ryéffgna narrow gap.
These techni ques however, result in problenms wth thermal coefficient of
expansion (TCE) mismatch between chip and substrate carrier. Due to the
TCE m smatch between t he %Atﬁ%%d&vﬁ%?@\ﬁaﬁﬁmf ate PWB, subsequent
tenmperature cycling excursions generate thernomechanical stresses to the
sol der joints E]m[dclmpswhho]ogy,pﬂclﬁdlmganmeolmd@bnmeicbtp amhnmi@haq‘édndydﬁ'earrs. 20
Capillary uynderfill [ﬁqt:rg | s are, sedtoflll ween t he
chip and cHpgYIshgeat ( atsss SIPECQmPg mosp Bopulin of eqt%@wan SEHI
mechgni cale ARdafli6GlidnGRleeralld@iRUI 88) & pridied @%@%oak&l PWBEAHREGHH NG the
chip and the substrate thus preventing 'degradation of electrical

conducti vtet:lyncrhmgy ipravésdinmertisg gmd borclang a mmprawémmm chimhawsg saldendpumps

t her momechani Str sse sed b t her Xcur.si 0o undey fill
mtern o [oesd 8 st 4o S 536 SE IR Rmataritif e ngd S kBt AR P TR

sem CondUB&rﬂﬁS s BiePowidpaRe tél8et MR struéthral BRHAT bidks DAy Vethle@he BymEapi | | ary
action to f the gap between the chip and the substrate. The underfill

mat eri al F@dpﬁ@ﬁchlnén el spbyieptcieraate mevhanihl gadieleetrigal ¢goppgationypatwesigthg can
flowevia .S - |ty, t he
si 250t AAP e S AL 108 £ MR B Cinch R B HRlent i

subst r at eprobleus, witmmeﬂma’mosﬁﬁblennoﬂn‘xpammﬂ dTaIE}) mmﬁherchlblei\&emcﬁlppmam bI e, nust
conply with the viscosity r wrerrent osed hy the hejght of the gap

bet ween t HPSEHP GarEicH Biplathe e Bl ?lbea cepifie sifisen 15 and-areif i prbsepieen

these COnPWB%'sﬁﬁs%ql!lé.nm&mﬁepﬁu&'&@hﬂg excBRidnR igBndr AR th&rABmRBhanical stresses to

the solder joints and result in performance degradation of packaged systems.

20 Capillary underfill materials are used to fill the narrow gap between the chip and
substrate. These underfill materials reinforce the physical, mechanical and electrical
properties of the solder joints connecting the chip and the substrate thus preventing
degradation of electrical conductivity and providing significant improvement in resisting
thermomechanical stresses caused by thermal excursions. The underfill material is

25 typically dispensed around two adjacent sides of the semiconductor chip, then the underfill
material slowly flows by capillary action to fill the gap between the chip and the substrate.
The underfill material is then thermally hardened.

The distance underfill materials can flow via capillary action is a function of the
material’s viscosity, the size of the chip, and the height of the gap between the chip and

30 substrate. Thus, the composition of capillary underfills, if possible, must comply with the
viscosity requirements imposed by the height of the gap between the chip and substrate as

well as the size of the chip. Often these constraints limit the size of the chip that can be
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-1 WD 03/020816 PCT/ US02/ 21206 used. Furthernore the use of capillary
underfill material detrinmentally affects production because the reflow
process iwodgpasat ed fromthe underfilling process which presuisos2i2o6 | ower
production efficiency. During flip-chip assenbly a flux is placed on the
chip or substrate. Then the 5 integrated circuit is placed on the

substrate. The assenbly is subj e sol der. refl t her cycl e,
sol der i ng"tHe FURPgrmage ﬁﬁélsga <pil éunésfﬁ@fnwfq? geir @?%?f%ﬁfé P&ngla on

proxi m t ypQhudehfe Féﬂogv ﬁgr%césg?s sSPRStdddtdin tHeQRAYHIGnS ﬂf%esrs elictResulfsiipm under
the chipis a difficult opera ion. Therefore the Tlux residues are

gener al | ylowef praductidreeffipmuey. bet ween the chip and the subst rat e These

resi dues are kpown orrode,t he sold i,nt nnect |ng in a
reduction of r “P%hrﬂ C‘VPB?S"'F’HL‘/ AU 5P a‘ﬁg OP%W%IBW ‘?Détlrgtﬁp eé'

undesfi | | iniGgrRE@ERERES pHREE oK HELBRRLE. The diRRAANSR shisyecteamd@gcﬂadrl material s
on the substrate or the sem conductor devices at first, then performthe

sol der burelowing baimma) caiele, sohdsaing ithe chip toathe substratee 6ftph§ﬂgw rive Bribociers.
Th f f t t
li renr te So(r)ﬁprtoh;ﬂﬂl bPWe H{I’g?é ﬂelsg\bﬁgaé%r ?xﬁ?f' ﬁggluQ %Sl‘fuég gro irBe ﬁlte%hgﬂ‘g? 2Stric

e vi Scosi teri n pac age but
al so i npr aifficulinepeptiofLIThdreforeetht ifltik eexidues aP@efnthyledmr the kpage B&yvebemd:sed in
conjunction with fluxing agents. Unlike cap |IIar nderfills, where the
f1 uxi ng aﬁéﬂ?n‘il EheééIE%H‘t"i i hﬁsesréii%‘i’eétf’ée §‘?‘§¥P E?r‘ioérto 14 esSS dgenterrinesly and

cur g of (SARAUAFR I dor B Bhithy JFRsd dedteeunder il | materials may be

conbi ned | uxi ng agent “so that solder reflow and curing of the
underfill mat eNodlovooce pre-appli2d, wwderfshegprob¢ssos \Mgeaigeedolssd tuslwpbrhsy the gani ¢

acids rema of the cured underfill afte e. of ani c
St 411 s ol pibS A e semicdPilcipr o6 e B pisbdforberiog B ge
that can maérqﬁﬁlptx@ﬁoﬁﬁﬂg%a uh&dreNGCARARERA! dulinkREnEHnBSUsKN dBldrfble, Mat eri al .
Fl'uxing adhesives that rely on |liquid or easily volatilized anhydrldes for

fl uxi ng age- ﬂomwldnefyhm&proeﬁ:sm oy lonly edinbpie ther stigtyingisan We viseerdtlyioes t hat
Contlgl M Vgnqd&fll‘? Ifaftrialy Oagﬁ}tf;%?#agh‘g%% bu?'agg 11%gr(1§_r§ﬁenérrg§ruocﬁt§n%hgcg§§ re sol der

fatigue faiture Tn un catio edi ves t hat
rely on strongNy-fass dm&:rﬁmemhysbé asedfih dEnjogetatwit flyxisgagdhay eUgliker shel f
life or premature gelation or. both, inhibiting solder flow In contrast,
f1 uxi ng u?mlhry ppderfifle pyheresthe fvging aga 15 pddediip 2 sepasate siEP REIOT Wrsokieg| y

aci dic, mdtéaﬁﬁg o@'th%qneérﬁﬁ IﬁﬁF&mm ABe di‘(ﬁf::gﬁl m!ﬁ‘éﬁ grﬁlagg)g%ﬁmea bound

|ntheres ting po matri x on during so
with the fluxing agent so that solder reﬂow and curing of the underﬁll material occur in

20 one step. Fluxing agents, usually organic acids remain part of the cured underfill after
reflow. The use of organic acid fluxing agents in no-flow materials results in corrosive
residues that can corrode the solder interconnects in the cured underfill material. Fluxing
adhesives that rely on liquid or easily volatilized anhydrides for fluxing activity may be
difficult to bond or may provide bondlines that contain voids after curing. These voids

25 can lead to premature solder fatigue failure in underfill applications. Furthermore,
adhesives that rely on strongly acidic agents for fluxing activity can have poor shelf life or
premature gelation or both, inhibiting solder flow. In contrast, fluxing underfill materials
where the fluxing agent is not strongly acidic, such as those disclosed herein, and which
become covalently bound in the resulting polymer matrix only during solder reflow and

30 cure, avoid the problems of poor shelf life and premature gelation. Alternatively, fluxing

agents may be eliminated from the no-flow process altogether. Insufficient fluxing



30 cure, avoid the problens of poor shelf |ife and premature gel ation.
Alternatively, fluxing agents may be elimnated fromthe no-fl ow process
al t oget hewo oBgasiié i ci ent fluxing -2 WO 03/020816 PCT/ USO2/p2XA362/21206 1 Vi ty
to renmove netal oxides, however, detrinmentally effects solder wettability
and solder spread during reflow Accordingly, there is a need for

non-corrosive conpositions suitable for no-flow__underfilling.applications
in flip- c?ﬁ“ﬁ%’é‘éfﬁﬁ‘%ﬂvﬁwtﬁlﬁa‘t‘&éﬁe‘i‘%ed%é‘eFﬁ%ﬁf'&’rWself@&is,SO EMSHARD 8 and

el ectri cagolcﬂgrg@%ghgﬁné);eﬂtoq? sol der joints connecting the chip and the
substrate and that provide the desired solder wettability and sol der

spread during AeddrawglySthivniiRy nekd fidmonOENSI VOB hposttiams asitabde for nhdlawivent i on

i nclud i tion.suitaple,f .underfill .10 adhesive th
el udes SrERARRS abRRAHEHY b 3R EnipTtendd el T Bt bt husi P AR O npounds
of the fosiadiagsicdRprdpérticRdf GieNofdeNidintRéomieetind¥he Bip dnd the-ibRfate 3hd aer e Q

is aryl ene, alkglene, al kenyl ene, cycl oal kyl ene, cycl oal kenyl ene,

het er ocycPiprisisdhedesiied sqlderrwettapdity pad sqiger spregd paringfeflowndependent |y H or
Cl-C6 al kyl; R3 and R4 are independently al kyl, cycloal kyl, aryl,

het eroaryl, heterocyclyl 20 substituted with at |east one group sel ected
from-0OH or -SH provided t h8UMMARY OFREHR I VENTIONNY| nonosubstituted at
the 3- or 4-position with hydroxyl; and R6, R7, are independently alkyl,
cycl oal kyl , ar?!o,neﬁ’ét"‘é’r"dg‘? {Aventpr inelndysaeSATRASitiop faliable for juggas a"o‘u‘ﬂé‘e%fll( R6 or

R7 11§ SUbginetiVe athe Mcldle@h tePRAdletPPereBhOATR SHLERE §8bnt §9EBed fbnQUomipotihdsand 25

where said conposition Is free of "anhydri de conpounds. |n another aspect,
t he i nvenof tbefornullagdes a conposition, as described above, in film

R! R’
R—C=N—-Q-N=C—FR’ and
RS
R—C=N—F’ ,
15 where
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or heteroarylene;
R', Rz, and R, are independently H or C;-C; alkyl;
R? and R* are independently alkyl, cycloalkyl, aryl, heteroaryl, heterocyclyl
20 substituted with at least one group selected from —OH or —SH provided that R’ and
R* are not phenyl monosubstituted at the 3- or 4-position with hydroxyl; and
R®, R’, are independently alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclyl
where at least one of R® or R is substituted with at least one group selected from —
OH or -SH; and
25 where said composition is free of anhydride compounds.
In another aspect, the invention includes a composition, as described above, in film

form.



form -3 WD 03/020816 PCT/US02/21206 In another aspect, the invention

i ncl udes a conposition that includes a fluxing agent selected from

conmpoundswofo3pbmsié ornulae: RL R2 3 1 1 a R -C=N Q N=C Rramdisod21266 R6- |

C=N-R7 where Qis arylene, alkylene, alkenylene, cycloal kyl ene,

cycl oal kenyl ene, heterocyclylene or heteroarylene; 10 Rl, R2, and R5, are

i ndependent |y or C-C6 alkyl: R3 an 4 ar e independently alkyl,

eycl balkyl . ar 1 Sofh 355t Y1 ok gty e ComppRtnt b iedbnt Bi¥inkase one
group sel gedneshibdiairoftdoftiponitd dIiYfoadlabNat R3 and R4 are not phenyl
nonosubstituted at the 3- or 4-position with hydroxyl; and R6, R7, are

i ndependently al kyl, cycloal kyl, aryl, heteroaryl, or heterocyclyl

15

where at |east one of R6 gt R7 is suR$tituted with at | east one group

selected from -OH or -sSHI and wherelsaig conposition pronotes
metal | urgical wetting RAdCFNr&r&=6ar® nesml s. In anot her aspect,

t he

i nvention includes a nethod of soldering that includes the steps of: 20 a)
applying a flux conposition to a soldering portion of a work, the flux

conposi tion includes a conpoupg selected fromthe fornulae: Rl R2
R3-C=N-Q N=CR4 and R5 | 6 | 7
R"—C=N-R
where
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,

heterocyclylene or heteroarylene;

10 R', R? and R’ are independently H or C;-Cs alkyl;

R’ and R* are independently alkyl, cycloalkyl, aryl, heteroaryl, heterocyclyl

substituted with at least one group selected from —OH or —SH provided that R* and

R* are not phenyl monosubstituted at the 3- or 4-position with hydroxyl; and

R®, R, are independently alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclyl

15 where at least one of R® or R’ is substituted with at least one group selected from

—OH or -SH; and
where said composition promotes metallurgical wetting and reflow of said metals.
In another aspect, the invention includes a method of soldering that includes the
steps of:
20 a) applying a flux composition to a soldering portion of a work, the flux

composition includes a compound selected from the formulae:

R! R®
3 | l 4
R°—C=N-Q-N=C—-R* 4
RS
|
25 R°—C=N-R’
where

Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,

heterocyclylene or heteroarylene;



25 R6-C=N-R7 where Qis arylene, alkylene, alkenylene, cycloal kyl ene,

cycl oal kenyl ene, heterocyclylene or heteroarylene; -4 WO 03/020816

PCT/ USO2/wD20m208R , R2, and R5, are independently H or Cl PCanaokyi2pe R3 and
R4, are independently al kyl, cycloal kyl, aryl, heteroaryl, heterocyclyl
substituted with at | east one group selected from-CH or -SH, and R6 and

R7 are independentl gycl o e ry or 5 heterocyclyl
where at |east one %f %GX%# R?’“qlg ﬁ%ﬁ@ﬁ@ﬂ%&ﬁhﬂ? | east one group
sel ected from -OH oR3 aftR? amlnbépehe%tlmﬁ%ﬁloiﬂwedrrymgetmaﬁyu on to

sol dering reflow tenperatures. In yet another aspect, the invention
i ncl udes an el bajeroryady! substjvetad miithzas deastying grmselqcmlfms%horasébtandcal

Corminati on 1 notudi Ro R iflepEAEALL S8, hRMIE AR5 RTRel ot havi ng

a plgrality of ha@teejdlyloahers rleisnahd GBS ordOTik eamndw@nh@t leh& ohegroupat i ons
of the electrical conponent and an adhesi ve conposition di sposed between

and bondi ng th%ef‘éF“é]ctf‘PIPC‘QH@'bwﬁﬂ) 8t and the substrate together, the

sol der bunps bﬁje %eeafuh g ?@gmg%ﬁe 1[)}19@4&1&/&&2%@&;&%&]5& 15 eI ectrical

conponent to t Stl’ SIlve conposition es the reaction
product of at heyatmmth«tn asgeut ahe mvamtcbnand’:lhdw ang:lagmul cspa@whesksémblnthat
conpounds. of the forn;jl E%Z | 4 R - (?N: CRand 20 RS |
R6- C=N- R7nClides an electric component aving a plurahty of electrlca terminations, each
10 termination including a solder bump;
a component carrying substrate having a plurality of electrical terminations
corresponding to the terminations of the electrical component; and
an adhesive composition disposed between and bonding the electrical component
and the substrate together, the solder bumps being reflowed and electrically connecting the
15 electrical component to the substrate, the adhesive composition includes the reaction

product of a thermosetting resin and a fluxing agent selected from compounds of the

formulae:
R! R’
R—C=N-Q-N=C—R* and
20
RS
R—C=N-F’
where
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or heteroarylene;
25 R', R? and R, are independently H or C,-Cg alkyl;
R? and R?, are independently alkyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl substituted with at least one group selected from —-OH or -SH; and
R® and R are independently alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl where at least one of R® or R is substituted with at least one group
30 selected from —OH or —SH.



Qis arylene, alkylene, alkenylene, cycloal kyl ene, cycl oal kenyl ene,

het erocycl yl ene or heteroarylene; 25 R, R2, and R5, are independently H or
C - C6 al kwb;o3sand R4, are independently al kyl, cycl oal kpCT/tsoybi206

het eroaryl, heterocyclyl substituted with at |east one group selected from
-OHor -SH and R6 and R7 are independently al kyl, cycloal kyl, aryl,
heteroaryl, or_heterocyclyl where at |east one of R6 ogr R7 js substituted
with at |east Brfugtheigspedoths inveatigyinchidas 2@ msthed of 8ppding apglegrtical2 0816

PCT/ US02/ ent &ség'?l;lgrtﬂeﬁ' SHCIARR B! stes o p'}dﬁzYc?H% Bx?glei:t?i%l%ﬂﬁ)oﬁemtabi?g aOf

bondi ng an electric onponent assernbly tha ncl udes the 'steps o
provi di ngplamlity eftledticdl taxronpoiwesteattateimipaton jpiclndaig & solddr betngct ri cal

term nations, each.term nation including a solder b ;. providing a
conponent ca r PONMIAEPETE e bR bieg < Blorarget Regdrd 5

ter nknat i RARINAALACRRESHNAthe!S thd@rrhRhtidrR R iRGe@ficdl B6mpbRGE;T i cal conponent ;
providing a sufficient anount of an adhesive conposition onto the substrate

or el ectri cal povidngesiificicnranzennt afan shesive eempesationcaip hesubstate dubst r at e
with the clgrlﬁosiicti on. . nd curing the conposition; 10 where the conposition
i ncl udes & 8?n8g189{’| ‘g resin; and a fluxing agent selected from

conpounds of t &stdceihpteaedticdREompPonenEdt Ubbrdte Rdthahécordiposktionl indR6- C=N- R7
where Qis arylene, alkylene, alkenylene, cycloal kyl ene, cycl oal kenyl ene,
het er ocycl yl en@r8ie thee@ppsitianene; R, R2, and R5, are independently H or

G - G5 al k?(/hére%ﬂ’e Bﬁnﬁggio%}ncl@éeﬁ Jtﬂ%ﬁaﬂﬁ&és}h; ah&y Iﬂuxﬁ%%tg@rﬁls@%ted foH -

het eroary
compounds of the formulae

5 R—C=N-R"
where
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or heteroarylene;
R', R?, and R®, are independently H or C,;-Cs alkyl;
20 R? and R?, are independently alkyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl substituted with at least one group selected from —OH or —-SH; and
R® and R are independently alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl where at least one of R® or R is substituted with at least one group selected
from —OH or -SH.
25
DETAILED DESCRIPTION OF THE INVENTION
All numbers are herein assumed to be modified by the term “about.”
The recitation of numerical ranges by endpoints includes all numbers subsumed

within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).



het erocycl yl substituted with at | east one group selected from-OH or -SH;
and R6 and R7 are independently alkyl, cycloal kyl, aryl, heteroaryl, or
het er ocycwolozisbosie at | east one of R6 or R7 is substituteacwrusaz/ai2os east
one group selected from-OH or -SH 25 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Al Il nunbers are herein assuned to be nodified by the term
"about." The recitation_of nunerical ranges. by endpoi ntfj i ncl udes al |

nunbers subsurEd thefalleping dedined feagss. theseglefinitiong shall beappded, uplesyas > 2 75,
3, 3.80, éliffel%ﬂgd‘ﬁ‘?mtlorgl ggeg‘?iﬂ %%ﬁx FI{)e app%ilt%gés pe 1‘ﬁEaﬁ<ﬂle fol l owi ng

defined terns ese itions s unl ess a different
definition is 4susd herein,hke tehal“aikyb’rre&ksstevdma(ght ar bﬂanehegpbamfmmtvalom As

used her e term [ " a strai ght or nched

ronoval eriraRRCR B acaP Y Fiaber b ath Fbip ABET ERGR AR at ons.
Al Ky§  gr oBse Witk bl twehtyRafboatdnd NEIK &Pﬁ&ﬁﬁsﬂﬁlﬂy B LRBs@RLRABD: sskiitedIr OUPS
may be unsubstituted or Substituted w't ose substituents that do not

i nt er f er ewith those kebstiprents thas domahiatartsre with tﬂkﬁeSPG@ﬁp@ﬁiItCFlglm of theghmppsitiemt s

el LS8t A RO, AL BB B ! ©

limted tforex@iply! Exar@plbybf “alkydr &pyded herehuinyiude rbup &Rtk lmht%@lwtnydthyliind
i sopropyl, and the like. 10 As used herein, the term"alkylene" refers to a
strai ght ShYlbR-RREbE-buixh A-nentAlsabutyiApdrisRpsemybranddls ba. having a speci fi ed

nunmpgr of car b&FE?etd%Pem '%é‘%éhﬁ”ﬁlk?[beé"pfefér & &'Q&%l—g%%ﬁan\%sfb h%fhed&zgeﬁt""e”t y

car bon at ons. yl'ene dgroups nmay unsu stl tut stitut
t hose sublsgdrédaesinsradibathadimgraoipedifie@nimbe ofichiboh hwonssp eﬁclkyliead gfoupcinchudeof t he

conmposi tign. Substituents include al koxy, drox mer c am no, al kyl
subst i t ut BEseI¥Ith A9 IWERIYIEATRN afqsps. e&%ﬁ%?‘%g s, F3 b€ ugpu SHFW%‘ne" as used

her ei n i nGll@lGied With Bb& §ﬁ9§tltuédtmhra?§’o B& 1nt@ﬁéx@uflme spédiidERBetion of the
propane-1, 3-diyl, propane-1,2-diyl and the ke. As used herein, the term

"al keny| esnatiposgiopr Subsitazensst maliughtalkoxy bwdmhemel@hlapnammpv@lkﬂrwbﬁym@c arbon
Car o - CAPBB b BBRGE. TARBIIoAn Bt N rass Tude TR nghe 1o
twenty cajiined Q)Onﬁtl@me hydeny beipan@ s, FRapake 1 2R yibaidi cheltikgl or
substituted with those substituents that
As used herein, the term “alkenylene” refers to a straight or branched chain
divalent hydrocarbon radical having a specified number of carbon atoms and one or more
carbon--carbon double bonds. Alkenylene groups include those with one to twenty carbon
20 atoms. Alkenylene groups may be unsubstituted or substituted with those substituents that
do not interfere with the specified function of the composition. Substituents include
alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo, for example.
Examples of “alkenylene” as used herein include, but are not limited to, ethene-1,2-diyl,
propene-1,3-diyl, and the like.
25 As used herein, “cycloalkyl” refers to an alicyclic hydrocarbon group having a
specified number of carbon atoms. Cycloalkyl groups include those with one to twelve
carbon atoms. Cycloalkyl groups may be unsubstituted or substituted with those
substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

30 for example. Such a cycloalkyl ring may be optionally fused to one or more of another

heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or cycloalkyl



do not interfere with the specified function of the conposition.
Substituents include al koxy, hydroxy, nercapto, am no, alkyl substituted
am no, orwbaBozosi®or exanple. Exanples of "al kenyl ene" aspaydabotiernes n

i nclude, but are not limted to, ethene-1,2-diyl, propene-1,3-diyl, and
the like. 25 As used herein, "cycloalkyl" refers to an alicyclic
hydrocarbon group havi.n speci fi nunper .of carbon atons. Cycl oal kyl
groups i nER&d & i ?YF?%]@R as ?ng\?@m%u&ﬁrp%wt hﬁi}@gg‘él kyl groups
nmay be U”@é@&}r }Ht@éld%ty? LU‘}"@ &M&P@yé%ﬁéiyi f&?&@heﬁi{'ﬁséﬂ dye RS 1 lah@ thekeN Ot

interfere Wlth}%hESECI fied Punctlono he conposi tion. Substi t uent s
i ncl ude al koxyAs Itlyfdi'ltﬁxyn thete@ap‘lCMCIOdhemtb” r@&d:rkyd arsulips(t:llq Impedvm no, or hal o,

30 f S | k i | d t
ror e ot  aRBPREreot el B G nec e ed pURERY S PoR e el | P ols)
cycl sal kegitbod-t4t8é5 doubd bénach @ed Kid systefn. V@&&lﬁ&@@@@uﬁﬁﬂcm@%&ém& rings.

Exanpl es of "cycloal kyl" as used herein include, but are not limted to,
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system cl oal ken groups i ncl ude thgse with one to twelve car bon at ons.
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conposi ti on bstituents e al’kox al kyl
subst i t ut eogsarfixamplesrof h‘ayabqalkdngl” asxm:bh@cmSmihdaibutyaxb oal lkmerigd toy i ng may be

optional | used to o not her 10 heterocyclic ring(s),

het er oar y%/ ﬁ‘?ﬂ?ﬂieg)’l C)éﬁqéfexfﬂ?yqo )tﬁe B€ %l oal kenyl ring(s), or cycloal kyl

rings. Exanpl edsbed teYéihQae leemyyclasikpieRs Bk Slomhnl gl ddedivqlett are not
I|mted to, cycl opentenyl cycl ohexenyl, and the like. As used herein, the

term"cyc mowbmdlcaléiaém aspegificd nppen ofcadiop gt Cypjepliidencgspupsadi cal
havijgg a ﬁ.%‘dleftﬁo%g“ﬂt‘ﬂ’ﬁ%@ Seaéégfé’&h ;ﬂ&%gc}y ?1{1(«3{% éﬂoﬁﬁoup %'ps 15 include

those with one Ve ‘tarb may be
unsubst i t uisatstiited vbsibistititegdvidgh thosd fubsetusntb siak ol a0t iatekfeat will theGpedifiedr f er e
with the specified function of the conposition. Substltuents i ncl ude

al koxy, @a%&ryo the Fempesiions nubstituents mefude akoxy+ hdERK YaMERFP 0 AMHIL 0, f or

exanpl e. FUeuBsideh Aatifo, |ofef'?ﬁo,rt‘oF‘sz{i‘E]Me.b§uch a cycloalkylene ring may be
optionally fused to one or more of another heterocyclic ring(s), heteroaryl ring(s), aryl
20 ring(s), cycloalkenyl ring(s), or cycloalkyl rings. Examples of “cycloalkylene” as used
herein include, but are not limited to, cyclopropyl-11-diyl, cyclopropyl-1,2-diyl,
cyclobutyl-1,2-diyl, cyclopentyl-1,3-diyl, cyclohexyl-1,2-diyl, cyclohexyl-1,3-diyl
cyclohexyl-1,4-diyl, cycloheptyl-1,4-diyl, or cyclooctyl-1,5-diyl, and the like.
As used herein, the term “cycloalkenylene” refers to a substituted alicyclic divalent
25 hydrocarbon radical having a specified number of carbon atoms and at least one
carbon-carbon double bond in the ring system. Cycloalkenylene groups include those with
one to twelve carbon atoms. Cycloalkenylene groups may be unsubstituted or substituted
with those substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,
30 for example. Such a cycloalkenylene ring may be optionally fused to one or more of

another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or



optionally fused to one or nore of another heterocyclic ring(s), heteroaryl
ring(s), aryl 20 ring(s), cycloal kenyl ring(s), or cycloal kyl rings.

Exanpl es wh 03ogusi©al kyl ene” as used herein include, but ace/uso2/21206rited
to, cyclopropyl-11-diyl, cyclopropyl- 1,2-diyl, cyclobutyl-1,2-diyl,

cycl opentyl -1, 3- din cyclohexyl 1, 2- din cycl ohexyl -1, 3-di vyl
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herein i nﬁlhmda;entbuhcl@ddealhmty, hidroxy,enertapto, éh,nﬁncmlt}cmemmnai dmidodontalo,
4,5-cyc|o exene-1, 2-di and the like. As used _herein, the term
"het er ocygar Frampje. §H§1 { E?tﬁﬁowicé%cfy@rwptw@ﬁﬁy fuspd toonerRs B PEARCh4Hr ee to
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substitutions 1ndepéndentiy sel ect’éd from ng zero to
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substltute hose tltue that dp not..interfe th the

Sheci 1 ettt ind RbER S iansC elietiaiml ShETEaEd & cons,

hydr oxy, mefphalRhy, te&ﬁhmothﬁip%ﬁhyls tﬁﬂﬁhyax‘éﬂﬁq}lﬁﬂymﬁnd @€ 1ikal o, for exanple.
Such a heterocyclic ring may be opti onaIIy fused to one or nore of another

10 het er ocycl i s Bsaddesgin, th@te@moaetyrocwlmgpgjrefqu adivalg(ltst)lreedycl oal kenyl
ringes), %g&&&%&ﬁéﬂéé{ a{&xgﬁ{c h@%@@cﬁéﬁﬂg C{P&ﬁ ‘8@8%&@ dhe o?%lo?ée‘j herein

i ncl'ude, are not tra 4- di oxanyl ,

1, 3-di oxa]mtérpatpnﬁeﬁde@bnfdehtly psledted frdinrs,lQ, or m‘i):lixfd'lmlviﬂgyzlero to ﬁve degrees of
t et r ahydr ot hi opyr an t et r ahydr ot hi ophenyl, and the |ike. As used herein,

the term YHeERGRY e;‘ﬁr%W«QIYI?IE’f?é?‘éPStrBa}ébed‘l“\ﬁHb%’r‘i‘t“e@ RF bstigtedpwith those
twel ve- megfelGehd tit 86 0Bk ictreRakRE Pﬁéé?édéﬁ?d B SAGH tﬁé‘koxﬁNﬁghﬁg&ﬂ' ng one or

nore heteroatons | ndependently se romsS, 0, or aving zero to
fi ve degr®dstinknts include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

20 for example. Such a heterocyclylene ring may be optionally fused to one or more of
another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or
cycloalkyl rings. Examples of “heterocyclylene” as used herein include, but are not
limited to, tetrahydrofuran-2,5-diyl, morpholine-2,3-diyl, pyran-2,4-diyl, 1,4-dioxane-2,3-
diyl, 1,3-dioxane-2,4-diyl, piperidine-2,4-diyl, piperidine-1,4-diyl, pyrrolidine-1,3-diyl,

25 morpholine-2,4-diyl, and the like.

As used herein, the term “aryl” refers to monovalent unsaturated aromatic
carbocyclic radicals having a single ring, such as phenyl, or multiple condensed rings,
such as naphthyl or anthryl. Aryl groups may be unsubstituted or substituted with those
substituents that do not interfere with the specified function of the composition.

30 Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,
for example. Such an aryl ring may be optionally fused to one or more of another

heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or cycloalkyl
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unsaturation. Heterocyclyl ene groups may be unsubstituted or substituted
with those substituents that do not interfere with the specified function
of the cowpasgiotison. Substituents include al koxy, hydroxypPCmarsoapi2o¢ am no,
al kyl substituted am no, or halo, 20 for exanple. Such a heterocyclyl ene
ring may be optionally fused to one or nore of another heterocyclic

ring(s), heteroaryl ring(s), ar ring(s), ,cycl oal kenyl ri ), or

cycl oal kyJngs rfd@l.npﬁé’ﬁpﬁré{i)%?f“se‘r{g?r@tndﬁ%}@i)i‘irlbéﬁ@e n&%h%%‘éltor’lgﬂegﬁg'ﬁ i ncl ude, but
are not _ (=" f - 1Y DoandiBy i hes A

pyran- 2, 4% gﬁ%ﬁtﬁﬂli %? %ﬁtgilaﬁ@xgﬂ}g 2&[?5(}}0%%% §%¥%x ane-@?%la??ll e%l&yghéﬁlyl and

pi peri di nibe Bkd-di yl, piperidine-1,4-diyl, pyrrolidine-1,3-diyl, 25

hol i ne-2, 4-diyl, and the like. As in the t "aryl" ref
Lo honoval ent  nukeieREhe famsenieres sy AFpET e lie A s of ngle:
rings sucéurscybhendlcalstavinglddimdi€risoRdemaesheniRES, or nfillGhle d6ndeafddt fings, Or

anthryl. Aryl groups may be unsubstituted or substituted with those
subst i t uettch as Raphtlydeneaer anthrelene r Arylgnetgrowns mayekd ynsabstituad of swstgptedhe

conpositi j i I ner t 1:no,
akyl - subSih £t SUARMeb U S e R Pt e sl Ve ey oF O BrnpfEE: o
opt i onal | SubistiaedtstinclodealRsx yraydroRy, rmdrodpiaramihetatiyd sytsskituted aMi@OSYr, halo,
heteroaryl ring(s), aryl ring(s), cyc]oal kenﬁl ri n?(s), or cycloal kyl -9 WO
03/ 02081 6fopeaEe Petvans ‘arylengy S ingRanbt ertiopplly fisgd 10 o€ Qrdnere REARIAET ncl ude,

but 1gre L , : - o -
2- h)}gr oX %‘ghw@& gglgﬁﬁqn%p g%i‘ﬂ I:m%;g) neg‘?ﬁg%%#]é %g/iloﬁlg%(k}tl ?%ﬁ%g),ﬁrﬁg.ﬁﬂﬂqlus ed
herei n, timgst dxamplosif éarglene tdsarssd hereth inaludeatbut asatkot limited ta benmhé € 5

carbocyclj¢ radjcals vi.ng, a single.rin such enyl ene, .0 ltiple
condensed Fidisbetetrs h i bgeng P R R D AR et dobtBb ey be
unsubsti t #{d8He Qke.SUbstituted w th those substituents that do not interfere

wi th the specified function of the conposition. Substituents include
al koxy, hydr ox4s uspdrhesginche teminnbetergagy}] refens se & meonevalentifivs;tosevet o, for

xRl e GoBe R it i FRoTRy BB Y RO LSRRy g g Mo e ©f
anot her 1 eterocyclic ng(s), et oaryl ring(s), ary ?|ngr(§§,
cycl oal kegydctad fagh S) O, of NC Hut@addyy groupd map be bxabpitatd of suktiwtewithas used
herein include, but are not limted to, benzene- 1,2-diyl, benzene-

1, 3-di yl , theersibptguents thaydq pot ipterfrrenuitlythe spacified fupptiongft !?a%rapftsqu% diyl,
and the | §iRtituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,
for example. Such a “heteroaryl” ring may be optionally fused to one or more of another
20 heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or cycloalkyl
rings. Examples of “heteroaryl” used herein include, but are not limited to, furyl,
thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
pyrimidinyl, quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, indolyl, and
25 indazolyl, and the like.

As used herein, the term “heteroarylene” refers to a divalent five--to seven--
membered aromatic ring radical containing one or more heteroatoms independently |
selected from S, O, or N. Heteroarylene groups may be unsubstituted or substituted with
those substituents that do not interfere with the specified function of the composition.

30 Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,
for example. Such a “heteroarylene” ring may be optionally fused to one or more of

another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or
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As used herein, the term"heteroaryl"” refers to a nonovalent five--to
seven-- 15 nenbered aromatic ring radical containing one or nore

het er oat owe msnespendent |y selected fromS, 0, or N Hetergoarysh2/groups nay
be unsubstituted or substituted with those substituents that do not
interfere wwth the specified function of the conposition. Substituents

i ncl ude alkox hydr oxy, nerca am no, yl . substituted am no, or halo,
for exanpf¥loati sings. kiarap! %nyﬁretemqﬁﬂe%w%h%ﬂ 18¢{4¢-put are 8t iitehio: or
nore of a I Ri T4 |ng(s)
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pyrigazinyl, pxE@agddherein, tRY ferii‘ %H@X}r” ré’ﬂéfsrl@ Lolxikyl gr%QFéJWHé}lelnMyl is as
benzof uryl, benzot hi ophehyl, indoly and 25 indazoly and the |ike. As

used hereﬁﬂMWdHQOWErn1"heteroarylene" refers to a dlvalent five--to seven--

menbered aromati ¢ ri.ng.radical .contai,nin Loat.oms
Mdependent Ly s S Rgariht e FgRLE N 4ty S dLifRES IS HERNAEY e
unsubst i t gh166heOindsASinet ut ed mnth t hose substltuents that do not interfere
with the specified function of the conposition. 30 Substituents include

al koxy, hydr ox4s upaskheaginohe tasmp Gmeggaripl and b ihydeyd oreferitp Bhe sybstigand, £ or
exangl e. h a "heteroarylene" ring may be optionally fused to one or nore
of ‘another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s),

cycl oal kenyl r Asgfead)herein, thd ErmOh§B7R Y 0RTEGs ROTe WdRitizhP OOH. cycl oal kyl ri ngs.

Furan- 2. 5. di yl &5 B tRiabe erayfiox eyl Gedtn t Acoxogubped Phens!
1,3,4-thi ﬂﬁl%mlz@QZhyﬁr a'¥>henyl or @ﬂcﬁhﬁ%@iﬁhgdﬁ 3t B&amﬁle?’ thiazole-2,5-diyl,
yr|d|ne 2 pyri di ne-"2, ,  pyridine-2,

pyri m di ne- 2, 4Ae|u§¢dd heggintbé teme. Zh@amé/agenhnm “tclhﬁéatianeefes tAg compduriser ei n,
t he ern1"a|kox rein alk eflned

|
wbove. " AscutBingspeRRmarh el it Sheisdhaed e BIELSO AR 4 il B el oui ne.
bromi ne, 1cﬁh|Eiﬁm@fés®ﬂthliitu1grdg@ﬁts afsedIRebil BicRide, bithe: AR NifFtedn®r capt 0" and

sulfhydr¥[(hreqer to the substituent 10 -SH.
phenylimino)methyl]phenol, ethylenediamine, 2,2"-bipyridine, 1,10-phenanthroline,
o-phenylenebis(dimethylarsine), 1,2-bis(diphenylphosphino)ethane, acetylacetonate,
hexafluoroacetylacetonate , salicylaldiminate-8-quinoline, oxalate anion, terpyridine,
20 diethylenetriamine, triethylenetriamine, nitrilotriacetate, and ethylenediaminetetraacetate.
As used herein the term “anhydride’ refers to molecules derived from two
carboxylic acid moieties with loss of a molecule of water via either an intermolecular or an
intramolecular reaction. The term “anhydride” also contemplates mono-, di- and
poly-anhydrides. Furthermore, the term “anhydride” as used herein shall not only refer to,
25 and include, the anhydride itself but the corresponding carboxylic acid molecules or
dibasic acid molecule from which it is derived. Examples of anhydrides as used herein
include, but are not limited to, acetic anhydride (and its corresponding acid, acetic acid),
maleic anhydride (and its corresponding acid, maleic acid), hexahydrophthalic anhydride
(and its corresponding acid, 1,2-cyclohexanedicarboxylic acid), methyl hexahydrophthalic
30 anhydride (i.e., hexahydro-4-methylphthalic anhydride, and its corresponding acid,
4-methyl-1,2-cyclohexanedicarboxylic acid), phthalic anhydride (and its corresponding

acid, phthalic acid), malic anhydride (and its corresponding acid, malic acid),
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As used herein, the term "hydroxy" refers to the substituent -OH As used
herein, the term "hydroxyphenyl" refers to a hydroxy substituted phenyl

ri ng suchwaesd2dsydr oxyphenyl or 2,4-di hydroxyphenyl, for exarmshe21266 used
herein, the term"chelating agent” or "chelation" refers to a conpound 15
containing two or nore sites within a single nolecule that associate with a
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car boxyl i peragtitd nol ecul es or dibasic acid nolecule fromwhich it is

derived. Exanples of anhydrides _as used herein inc)ude, but are not
T ted to,  actt nesthmg by Pkl STONIECHBRATG, Hemts e etehErdier)

mal qhc  anfydhiG8dd &Mbduhds 1O %i@ép&ﬂﬁﬂdigioﬂ% geromal ei ¢ aci d),

hexahydr opht hal i ¢ anhydri de and its correspondi ng acid,
1, 2- cycl ohexanédieahizosin] the teani ‘dhermesatting” rhfexsatoyednatphialivadually 8bighnhydri de

(i.e., hexahydro-4-net. ht hal i ¢ _anhydr i de nd Jt.s_corresponding acid,

. et hyl - RO Gt LR B b BEE M ne R T RS ERAGIA ™ <
corr espongisb@ated with a dbishIalkife REttehn, of TR inbleaillay irstReh B MetluctEbERdat 6 pondi ng
acid, malic acid), -11 WO 03/020816 PCT/USQ2/21206 acrylic-furoic

anhydr i deradiaign; fhe teomr shgsmasitngs wed hereir fefess o aticanessHingdparenial, which) |

br omgsuccy ni ri | i j >C1 cid).
ns USeq hiibeePubtd otk Bl FRDRGEL Ay BEbited BY SBARAE B el UL
netal oxadmic fadianioh bichsisrf A cdsblef ommfraled, éranjerawave @r Ketaglenenggi cal wetti ng

and reflow of said 5 nmetals. As used herein the term"substantially free
of anhydride cONpSRIHEen thefgEm ¢ rm%g?sﬁﬁt reﬁ%rls6%ﬁpa{ﬂf@wa£?gr‘ing"ég%ﬁ?pounds in

a given copRes| EHafRe liSord @8 3pplitaio? oPRat8ledile material flows upon bonding and
returns to its initial non-flowing state upon cooling. A thermoplastic material is typically
20 bonded by application of heat.

As used herein the term “weight percent” refers to the mass of an individual
substance divided by the total mass of the composition, multiplied by 100. Weight
percentages as recited herein do not take into account additional additives such as silica,
glass and polymeric microballoons, expandable polymeric microballoons, pigments,

25 thixotropic agents, toughening agents, or cure indicating materials, for example.

The present invention provides for a chelate fluxing agent, its use in fluxing
compositions, and its use in soldering methods. The fluxing agents as described herein,
when combined with a resin such as thermosetting resins, thermoplastic resins or a
combination thereof, afford compositions suitable for use as underfill adhesives, no-flow

30 underfill adhesives, fluxing adhesives and wafer-applied adhesives. The fluxing agents of
these compositions react with the; resins upon cure and become covalently immobilized in

the polymer network. The compositions as described herein reinforce the physical,
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percent. As used herein, the term"free of anhydride conpounds” neans the
wei ght percent 10 of anhydri de conpounds in a given conposition is zero.
As used hwoaismosidre term "t hernosetting” refers to a matemrcalysoysizaély a
hi gh polynmer, which solidifies or sets irreversibly when heated. This
property is usually associated with a cross-1linking reaction of the

nmol ecul ar_constituents induced b at .radiation. The term/'thernoset”
as used hg]legt?aﬁlﬁai:?@;r%ectt%cai Pf%&?l%é’gﬁ}ei et eﬁﬁ’t‘%ﬁ Fnectiiy tgﬁ chip aﬁg]éhebeen cur ed.
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actinic radiation such as W, visible, or infrared, or mcrowave or X-ray

ener gy. A the aubilisy ef the finsingagant te e gratspheosigh ghe padymersnetwork tergheessolder whi ch
under goes; ts physi cal change upon the application of heat, i.e., the

mat eri al ows upon bonding and returns to its initial non-flow ng state
uponscool i ng. 7hd ttela®flheiag hgemBisprodided forthyrircikclie tiR8e haviag tothyan
application of heat. As used herein _ the term "weight percent” refers to the
mass of afforRHf WyHaAY! oxygpstamaRd anINKBIBYP WHICh 28] seParedby v oratms

conmposi tiQn, &Y il a?cggg}fml‘lqgachvﬁféegm.e., R@ﬁte@%Qggéﬁtg afséatﬁgm@@r gﬂrl]lg do

not take Into account i t1onal itirves su ca, glas

pol yner i cbeta atoob@fdro wrtbpsectgras thebled ipa pgsieon betatcceidbathe carton optlgment s, 25
t hi xotropi.c agents, %q}uaheni ng a ent%,d or cure indicating materials, for
exanpl e. THRESHPRTS /T the 9@“1?'H@8V 0t"des for a chelate fiuxing agent, its

use 1pn fl uxi NOExGRANBOSH dheRRSTuERE agdnss ddFRovidedRl HekingcliBE DA badd§pé | uxi ng
agents as descri bed herein, when conbined with a resin such as

t her noset eamgpunds phide fermadaedsindJi showneslow. or a  conbi nati on t her eof ,
afford conpositions suitable for use as underfill adhesives, no-flow 30
underfill adhesives, fluxing adhesives and wafer-applied adhesives. The
fluxing agents pf these cphpositions react with Rghe resins upon cure and
becone coval gntly immobilized jn the polyner twork. The conpositions as
descri bed h& etr@aNi-oNceCtR physi cal , -12 \%‘?—GQFOEG@LG @GT/ US02/ 21206
mechani cal and el ectrical properties of the solder joints connecting the
chip and the substrate and avoid the problens associated with corrosion of

g s 2 T R

alkenylene, cycloalkylene, cycloalkenylene, heterocyclylene or heteroarylene; R' R? and
R’ , are independently H or C,-Cs alkyl; R3, R*R®and R are independently alkyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl substituted with at least one group selected from
-OH and -SH.

20 Fluxing agents of formulae I and II include those where Q is arylene, alkylene,
alkenylene, cycloalkylene, cycloalkenylene, heterocyclylene or heteroarylene; R', R? and
R’, are independently H or C,-Cs alkyl; R® and R* are independently alkyl, cycloalkyl,
aryl, heteroaryl, heterocyclyl substituted with at least one group selected from —OH and
—SH provided that R and R* are not phenyl monosubstituted at the 3- or 4-position with

25 hydroxy! (the 1-position being that which attaches to the carbon of the imine moiety); and
R® and R are independently alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclyl where at
least one of R® or R’ is substituted with at least one group selected from —OH and -SH.

Additionally, fluxing agents of formulae I and II include those where Q is arylene,

alkylene, or cycloalkylene; fluxing agents where R® and R* are independently aryl

30 substituted with at least one group selected from —OH and —SH provided that R*and R*

are not 1,3- or 1,4- substituted hydroxyphenyl; and fluxing agents where R®and R are

-13-



5 The chel ate fluxing agents as provided for herein include those having
both an aromatic hydroxyl oxygen atomand an i m no group which are
separ at edwioyostoeasi@t ons  (e.g., two carbon atons) from eachcarusez/2(206 €. ,

| ocated on an atom beta to each other). The beta atomrefers to those
atons | ocated in a position beta to either the carbon or the nitrogen

o ot ded TdrpsRgrEbkoRislied hﬁa@érﬁ%@%tse&%%ﬁ@ﬁw@% leaptora R et °°
and 'l showe’ RelpirutEllwiR alRastBRe Gropkiketed Bdn{ LOHRAICSN: R7 (11) 15 The

fluxing agents of forrmulae | and [l include those where Qis arylene,
al kyl ene, aI kElmheGnere tyxing apdays @frfemulyeﬂ@@duemglu@iéoswhm @o\?bl‘v‘l}ﬁle@ﬁe or

Re and- Ry A gL adiih, okt 8- RBSRRS Broshnty qit aptpiy ™

het esocyct |loh%§d St,2-1dis1 o6l cYdhie lalt3-|d£3asdrc961©h@(y0-llm asl; eétaﬁdpf“raﬁan " OH and
-SH. 20 Flyuém ngiaagentse(‘(/};c foiray | ae and Il include those where Qis

aryl ene, &ihxgroznehenylaprdRy P’é‘hg ar@yedeeamdsyrléﬁéenyéﬁchﬂapwbyp ne,

het er ocyc R2, and R5, are independently H or
Cl-C6 al k%jl{‘w‘&gy‘%apgﬁ?@aﬁg@?%ﬁdent ly alkyl, cycloalkyl, aryl,

het eroaryl , heFakm@wugents withbsthe sedpedf wetpreseht Jlneamttoncm:e oglyangiudeethe Stkadf f r om
“OH and - SH prov t hat nd R4 are n substltu ed at the
3- or 4- pBFt léﬂo%ﬁ%tago f@% “g(%gﬁétsfalbag’?g Hgﬁé H‘étag%ﬁ? H attaches
to e caphEnidht. ?H&lghrﬂo@%lﬂi‘?ﬁgetbﬁe boﬁﬂ@'byﬁﬁyﬁd}ﬂcﬁ& tﬁé@ry, 1@@@&%@%th al kyl,

cycloal kyl, aryl, heteroaryl, "or heterocyclyl where at” |east one of R6 or
R7 is subdeiSchifthsed dlkcla&edlhem agrechplding agente forebe fnetahionOA thgaetabH,

o R STEAS  h R IS R G

I ndependepietay iohk Yiom3@e su&bﬁeldfuieeﬂetmmb babolhaeﬁhss@eﬁtegmu@ cs@b@ati@tof rom - OH
and -SH provided that R3 and R4 are not 1,3- or 1,4- substituted

hy dr oxy phSeyif baseaitrpgants)rgd digesvifar aetyeRBioan @ fre deoxy] eBmpysaple/ a0ws 16
TS50 GLEE WAETEET I Qe ShIEUNE L pDSLEOIN p
one gr oupotherl moleenles ¢apable Oflacting asShlafiny ddeatsifor metal lotmx,l acgasfpenns agednts
Formul ae ll)y Sr%c\j/idlirllg }i)rg{':olnléj goe thter}r?estael ov)\(ki]deers ?még b;/ gffgcetlr\]'ély assoc1at1ng, removing and
sequestering the metal ions of the metal oxides from the surfaces of the metals to be
soldered. The mechanism for the fluxing activity of the fluxing agents disclosed herein
20 differs greatly from that of traditional fluxing agents, such as acidic fluxing agents, in that
chelation contributes strongly to the action of the flux agent with the metal ions to remove
the metal oxides from the surface.
Fluxing agents are present in the compositions of the invention at various levels
including levels greater than 5 weight percent, greater than 16 weight percent, greater than
25 20 weight percent, and greater than 30 weight percent. Fluxing agents are typically
present in the compositions of the invention at levels greater than 5 weight percent.
Fluxing compositions of the present invention remove metal oxides from the
surfaces of metals to promote metallurgical wetting and reflow of said metals and include
a fluxing agent or agents selected from those of formulae I and II.
30 The compositions of the invention can additionally contain one or more

thermosetting resins. Thermosetting resins as disclosed herein include polyepoxide resins,

cyanate ester resins, and bis-maleimide resins. Useful polyepoxide resins include, for
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1, 2-diyl, benzene- 1,3-diyl, benzene- 1,4-diyl, ethylene, propane-I, 3-diyl,
propane- 1,2-diyl, 5 cyclohexyl- 1,2-diyl, cyclohexyl- 1,3-diyl, or

cycl ohexywe ok/oZosdé vyl ; R3 and R4 are 2-hydroxyphenyl; and REéTarsdz/Raoar e

i ndependent |y phenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, or

4- hydr oxyphenyl . Fluxing agents within the scope of the present invention
not only incl yde thetgﬁhiff bases di.scl ose ove but al so fluxing agents

capabl e o3RS SEPshituted,en upsphfituted pliRhape, cygigaliphatic, argmatic ofyh not wi shi ng

to be bouRderBYydiehoRRpbiigaY fichiRBicYdyl eétedsSIpaidy MR s dMpdidyltalifineachy f f bases
di scl osed herein act” as chel ating ‘agents for the netal 1on in the netal
oxi des prepsaidizedrolefins, andrdogdunasfonprfiezdof. t o be sol dered. The theory incl udes

he belief th | jons.f . fth | der ed
ascoc at o wi t roRclbremaR o pRFERE: Bt BEdurth A< GupA ot b pR ST o,

oxygen at @Rentin ihé18dd)pdr 4% ybt 1ohiteReoC diplyRidyl ethess ofdisphese M aiddiglyeid®B, R4 R6
and R7 substituents. Thus, the Schiff bases disclosed herein, and other

nol ecul esctherp ghbispigmobEs aliphaticsmeneglyaidy] gthege aliphatis dighyeidyl qthsrs aliphaticas

fl uxing / b qi : oxi des and by effectively
associat?ﬁg?ﬁﬁ%ﬁgéﬁﬁgﬂ%ﬁgeﬁgggE%i%gﬁP%ggéﬁgwgg%g%'ions of the nmetal oxides
from the surfaBesngés dthaefubpalyepaxideresins tlatdae eiglycithd ethechafbispheharAt he

fluxing actjvity of the fluyxi {s. discl osed in 20 djff tl
From { bat B 508 R 5P e G AL S Schon e bV PR PRI agent . | 1
thay, chepalh R G FhME $Fodtiliofd HbuliBn &85 EGPE3d B8 fdn%33gent with

the nmetal 1ons to renove ??%e et al oxi des from the surface. é?uking agents

are preseafailable filveh DOWCHeitQ Congfany Ndidlande Mitleipard and AR OUBITEYel s
including levels greater than 5 MEI?ht gercent, greater than 16 wei ght

percent, gGXe08r GXH¥NHO, 28 QY 26L0.givailahde bemt Vandisd, BrewatearNewmdori80 wei ght
percent. Fl uxi agent tvpl ly.. L . 0 i.f.Lan f the

i nvention at Iggae @esg?iuéﬁlfp?lﬁ%"@em%ﬁgi&‘%Egr%é‘%ﬁ‘gﬁﬁ?‘hﬁ:‘? ﬁfsglgcﬂél%%@sﬁti ons of
t he presemtludoMainbieGidt [iBNBF &, BPON™®RdsHES6, hnillabledroms Refdloesn RirfotRuades t 0

pronmote netal lurgical wetting and reflow of said netals and include a
fl utbng abreductinnsddeuston, SetascanstARAGMITHBSE Y028 15 62826 Y 28n &Y 306, 3nd The

Cher moset PEng el BEREY ibeer BRAGRFal RERa” i ol ased herei n 1 nel ude
pol yepoxi de r epkdigples SHABRI f0RS] B and @fltifanciaid] BlysidYBdtBrTedss inelatdHut Usef ul
pol yepoxi de resins include, for -14 WO 03/ 020816 PCT/ US02/21206
are not limited to, XB 4122, MY0510, TACTIX™ 556 and TACTIX™ 742, available
from Vantico, Brewster, New York; and EPON™ 1510, HELOXY™ Modifier 107,
20 HELOXY™ Modifier 48, available from Resolution Performance Productions, Houston,
Texas.
The polyepoxide resins are preferably purified so that they are substantially free of
ionic species.
Removal of residual ionic halogens can be accomplished by first reacting the
25 polyepoxide resin with a base. The base is present in an amount which exceeds the molar
equivalent based on the materials comprising hydrolyzable halide. This amount depends
on the starting polyepoxide resin. For example, if no other acids are present, a theoretical
amount of base can be used based on the level of hydrolyzable halide, commonly
expressed in parts per million (ppm). In other situations, for example, 100 percent to 200
30 percent base is required.
The polyepoxide resin may be combined with a base at room temperature to form a

mixture or in other situations, the polyepoxide resin may be pre-heated. Thus, the heating
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exanpl e, substituted or unsubstituted aliphatic, cycloaliphatic, aromatic
and/ or heterocyclic pol yepoxi des, such as glycidyl esters, glycidyl

et hers, gWwegaBdyisiam nes, or epoxidi zed ol efins, and conbipcatisomsizoher eof .
Speci fi c exanpl es of pol yepoxide resins useful in the conpositions of the
present 5 invention include, but are not Iimted to, diglycidyl ethers of

bi sphenol A and . diglycidyl ethers qf bisphenol hati c nogl yci dyl
ethers, adRgsption %?IQWXPW PEPRY 3d&rm§ rF%ctwﬁﬂflﬁl @EH&% S tagiaeiydy

ethers, apfh ﬁie‘ﬁ%g'@fréeﬁmgﬁtys?épd)ﬂ affe UK Base @(ﬁﬂ% ﬁ?th@fpo}_‘y@ Hlbe Ry apexi de
resins that are diglycidyl ethers of bisphenol i ncl ude, but are not

limted tgartiEPENTRpdRaEdE resin gikFateSthis orderd 828, aval | abl e from 10 Resol ution
Per f or mance Pr.oducti ons sto xas ™ 330 31 a 33

vl L abr oot o Bereeehn e SRisrarg S o 8 e tng Bh o ABRE R T
60085 GY &QflablaBskeSNse2@AR mezpfatés@bf Sefpr@ehMantien indRid\VBhEie ndE Wi K.
Exanpl es of useful pol yepoxide resins that are diglyci dyI et hers of

bi sphenol toFhydsexidesssuch as petpssivgphydroide éyweisr, SE@W’IMdR@@d% 38@ Ethll&val | abl e

o 281, o OB Bt TG i RARELA 30 n AR ERior TR R A5 T

Brewst er , andgitaésintn hykdxideqlleskidds sU&EislprnﬂﬁryCsecdtdaﬁgndndil‘tﬂrﬁarfylaé’lgt p@ﬂaﬁlum
gl ycidyl ether resins include not limted to, XB 4122, MO0510,
TACTI XTM %OﬁﬁﬂlnﬁA@hWrﬁaéTH& kP RIFBSUCh 20, Aot o | epF alss U Yor k.

and; &P af\!' %ngl'ﬁ%ﬂ%h@g&t Rlartkhase, &R %‘}‘EE%GMMIJM 8, avail abl e

from Resol ution or mance uctl ons, ton Texas e pol yepoxi de
resins are preGerreaii]yytlmhai;e‘ stmdgﬂm:ﬁhh& tetrtpe;atlaeer&mbbtlwllthedialqhyﬂneelosés

i oni ¢ speci ges. Renn dual i ¢ _hal ogen n be acconplished b
(Prss PR tpoRany andsd MBRE Rond S R HER R R ep R S8 e B ecent i n
an amountgophsh ¢ cl%ﬁﬁl 88n- H%dﬂ[ﬁio@flgpo?ﬂﬂ r&d, PBtasfanebutxiddig TH ®4d al s

conpri sing hydrol yzabl e halid hi s anmount depends on the starting
pol yepoxi siétablest Cl;buttbmfrm@lymf:nm H7PEF. acids are present, a

t he?g etical Unt DOD lécqeor?%qlcb?assgsps% hlgg?cfdjuxg %é'EIQ(?F) :&rg%gflev%f t(pxg\leqllgzabl €

hal i conmon y expresse situations,
for ex aﬁpid@antig)&upeff&& R cloSing Ok hﬁ&l}ﬂﬁhﬁﬁﬂbubﬁ%ﬁldg&p@f&tww}eﬁinh lither base

POl Y PO fofytically) sensitve fanctionaiity such acesias. o ' 0O temperature to forma

If a non-nucleophilic base is used, the process of the present invention preferably
comprises the following steps: (a) distilling a polyepoxide resin comprising materials

20 containing hydrolyzable halide using molecular distillation to yield an epoxy distillate; and
(b) reacting said epoxy distillate with a base wherein said base is present in a quantity
which exceeds the molar equivalent based on the materials containing hydrolyzable halide.

The initial distillation step removes moisture along with high molecular weight
materials containing hydroxyl functionality. The product can either be neutralized with

25 water and carbon dioxide to remove residual sodium hydride before distillation or can be
distilled directly without neutralization.

The mixture is heated to a temperature suitable for reaction of the halohydrin to
form the epoxy while agitated. For example, the mixture may be heated using a heat
mantel. Generally, the mixture is heated between 20°C to 200°C for 1 minute to 12 hours.

30 However, the temperature and time depend upon the starting polyepoxide resin, base
strength and solubility, the catalytic activity of the base towards polyepoxide

polymerization, and commercial viability.
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m xture or in other situations, the pol yepoxide resin nmay be pre-heated.
Thus, the heating -15 WD 03/020816 PCT/US02/21206 and agitation step nmay
occur priwposo2@ne during the reaction with the base, sinmeicrarsepagby W th
the base treatnment step, or after the base is added to the pol yepoxi de
resin. The starting polyepoxide resin dictates this order. The sel ection
of the base de,Pe.n S upon . the, starti ng FOl%eBoﬁi de .resin. anples 5 of
sui tabl e bases! s Bfaiingiand pHging caR QU giter; the PRiyeRexide esp@Rd P8 4 hcl ude, but

are not lidmuigdh ptibr toddaxhg R balCHe AmeRkds oF MuYALRXy ARt the WBdiBbn
sodi um hydroxi de, and lithium hydroxide, hydrides such as |ithium hydride,
sodi um hyefrthelbas¢ apd basettdayment siepneral oil), and potassi um hydri de,

al koxi des such.as_pri mar econdary., and tert.jary. {e.g. ot assi um
L boroxrde 1 TomER LY rals SERRE e f I igRbkitich & Ry ndlRt 883 o e,
car bgnat edisgad§ibn d0thadage0t assi um car bonat e and sodi um car bonate, and

guat ernary ammoni um salts. Generally, the base strength and the tenperature
are such that Theeheatadonixae is thepaeuralized, ffequisdxysinmerrhomidioxigiite FPrike epoxy

does not Oﬁ—g%ér/ ﬁﬁ? € witiPthe $5 AR Cehid &u%ﬁzﬁi%ﬁ%%eg;rﬁz{y ! be required.

epi chl or erived poFyepoki de resin, po siIrum t-butoxide in THE was
sui t abl e @pticially, dkis pbiat, resdual pots sy bezechoaed 04 thd Srudb eradset of

non- nucl egphi | i ¢ bases such as sodi um hydride are believed to have the
advant ageldf@ti®d-f ect of closing the hal ohydrin without reacting appreciably

Wi thgot her basge. he fexﬂ@?ﬂ&d&ﬁliw&m&spﬁioﬁécﬁpar hinnbdanalyidly trYsbars esters.
I f a non-nucl eophilic base is used, the process of the present invention

pr ef er abl Kor exemplei 8 edletlidmfayaparaiongr wippddm vapordios mdyl ienged Yothyerobzd de

i i si terials 20 t ai nj ng, hydr ol yzab i d i
o1 ecul ar M SYPPTALEH B crs el e R B et 1 Vbt Pt S¢Bet Pt ng said
epoxy di sdftitieat SelttlehniAg RSIRE s §dtém Ao d R@DEM itgin A1 @S he ebipoRatg@iant i ty

whi ch exceeds the nol ar equi val ent based on the material s contai ni ng
hydr ol yzabpleriplardvals.a shpe distnce &0 adingarnalicandensers e pmpliargpasimisi usediwétha| ong

w th:hig | ar ' [ G b F f fonality.
Thel?f)r Odlf}ggp (%,pgﬁalﬁggttﬂﬁgérg[g}eﬁéE%%H@%%"wggﬁﬁp%a\%ﬁp%@ @?\%ia&lg#glo%# di oxide to
renove r eibduabryzo Productipd?, i1 687)b&Viok e wipestiinh baipomitorps wigen idesed dissdaid|df ed
directly without neutralization. The m xture is heated to a tenperature
sui t abl e Perelf-glsaripg folist WIPRE: hal ohydrin to form the epoxy while agitated.

For exanple, tfg deidioR cORYHOR L2paiEsh 4eibBHind Jofftlof the crude product.

Noncondensible materials which may be the starting materials, that is, the
20 polyepoxide resin, are removed during molecular distillation.
The yielded epoxy product has low levels of hydrolyzable halide, that is, from 1 to
100 ppm, preferably less than 10 ppm, more preferably less than 1 ppm.
Specific examples of cyanate ester resins useful in the compositions of the present
invention include AroCy™ B-10, AroCy™ M-10, AroCy™ L-10, Primaset™ PT-30,
25 AroCy™ XU366 and Primaset™ LECY available from Vantico, Brewster, New York.
Specific examples of bismaleimide resins useful in the compositions of the present
invention include the N,N'-bismaleimides of 1,2-ethanediamine, 1,6-hexanediamine,
trimethyl-1,6-hexanediamine, 1,4-benzenediamine, 4,4'-methylene-bis(benzenamine),
2-methyl-1,4-benzenediamine, 3,3'-methylene-bis(benzenamine), 3,3"-sulfonyl-
30 bis(benzenamine), 4,4'-sulfonyl-bis(benzenamine), 3,3'-oxy-bis(benzenamine), 4,4'-oxy-
bis(benzenamine), 4,4'-methylene-bis(cyclohexanamine), 1,3-benzenedimethanamine,

1,4-benzenedimethanamine, and 4,4'-cyclohexane-bis(benzenamine) and mixtures thereof.
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mantel. Generally, the mxture is heated between 20C to 200C for 1 mnute
to 12 hours. 30 However, the tenperature and tine depend upon the starting
pol yepoxiwe mmsism¢ base strength and solubility, the cat @cytusoz/arné vity of
t he base towards pol yepoxi de polynerization, and conmercial viability. -16
WD 03/ 020816 PCT/ US02/21206 This heating and m xing can occur after the

pol yepoxi resi.n .and hase are conbined, . .prior.to and during,.t base

P r et mont OUEE SN i Sraiides an Lt RIpEeRs heRiohn 8h Sorsrorh 8 Y BN base
treat nent 3 sg£p23: Bea 7Moot 8889 BS8: LaHAlde8 49¢ated to alter the viscosity which
in turn helps the 5 dispersion of the base. The heated m xture is then

neutralized, iRepreseniativel examplegofcontyosrciallp ryailabledbisoalainzide ratptielsineudet .
Wth the ttﬂg%arltieds?qz i’rrga&%ﬁa?sﬂ%‘v%ﬂ%lg!frl %na‘t{!esg)a tfo%%r{g)?xﬁ%ﬁ]c[%?rrrg@uecggqsu II-fo% on, 1(“:)|§u de

Optional |y, ol residua S ‘may Fomine

prodsict byndef tHettradt idedignalion NOOMPINMIEDE T dudi ap 8 @0biginalesmidd@ipht®d nizyhaie! ecul ar
distillation to yield the product. For exanple, a rolled film evaporator

or wipe f{TCAMUBIEERSsn MDA 38dd 4 -Iispraleamidotolaene FCOMBIVEPE Besét , t he
crude pr [ i t¢ an

ot i ci ong A p-3nfleit DBLER.ARGAS S DKED, ERTndBERL SRACUIAGERRY T 1 e
evapor at etQ-Boatleri al travels a short distance to an internal condenser. A

smal | er vacuum,js used with 15 | ow operating tenperatures. (See U C Inc.,
TGhort ot VaLUGOSEeS Tobl AB PR B (PaBOPRR 08 s BERLE Gheariopso7)

Wthoa W Reelf Hcmcﬁl‘(agé‘llé%l@%{%rater thaisBSleikift peR@ft, kRSie? athn0fo wdibR p%?deﬁt‘,?l eani ng
roller wiper. The distillation conditions depend on the boiling point of

t he crudegmpatodiihen 80 wight perdentsansl greateit than 80 weight pércenty Thermdsettiog agsinsng
mat eri al s hat .1 s, the 0 pol oxi r.esi are r.enoved..dur.i.ng.nol ecul ar
Grett | Do tran By toeskhEin fos B AREN hE felifnfion &f Svif TRERE il o ¢

hal i de, tpetents, from1l to 100 ppm preferably Iess than 10 ppm nore

preferably | ess than 1 ppm Specific exanples of Cé%nate ester resins
useful in the Eehgrsnasitions obthe prrsepsripecagion ophgually; K preferablyeconfaroymaeis- 10,

S e
compositions of the invention is to accelerate curing of the thermosetting resin. Useful
catalysts are those that promote epoxy epoxy homopolymerization as well as coreaction of
the fluxing agent with the polyepoxide resin. Additionally, useful catalysts are latent
under ambient conditions but are activated to accelerate reactions when heated above a

20 temperature of 80°C or greater. Classes of useful catalysts include substituted imidazoles,
metal acetylacetonates, metal acetates, metal halides, metal imidazole complexes, and
metal amine complexes. Metals useful in the previously mentioned classes of catalysts
include Sc**, Cu*, Mo™, Ru™, Rh*, Cd™, La**, Hf**, In®*, TI"*, TI*, Pb*, Pb™, Ti*,
Ce™, Ce¥, Pr**, Eu®*, Gd™, Tb™, Dy, Ho™, Er , Tm™, Lu™, Th**, Co?, Co™, Fe*,

25 Fe’*, NiZ*, Pd®, Pi?*, Ga**, Y3*, V¥, Sm™, Na**, Cr™, Li'*, Be?*, K'*, Ca®*, Na'*, Ba®*,
Sr**, Zn**, Mg®, or Ag'*. Typical catalysts include metal imidazole complexes, such as
zinc imidazolate and copper imidazolate, for example, as well as substituted imidazoles,
such as 4,5-diphenylimidazole, for example. Catalysts are present in the compositions of
the invention at a level of 0.02 to 10 weight percent, 0.05 to 5 weight percent, or 0.25-2

30 weight percent, for example.

The compositions of the present invention are substantially free of anhydride

compounds. Preferably, compositions of the present invention are free of anhydride
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Specific exanples of bisnmaleimde resins useful in the conmpositions of the
present invention include the N, N -bismal ei mdes of 1,2-ethanedi am ne,

1, 6- hexamwoioamosee tri nmet hyl -1, 6- hexanedi am ne, 1, 4- benzeaadisazres

4, 4" - et hyl ene- bi s(benzenam ne), 2-methyl -1, 4-benzenedi am ne,

3, 3' - net hyl ene- bi s(benzenam ne), 3,3'-sulfonyl 30 bis(benzenam ne),

4, 4" -sul fonyl - bi s(benzenam ne),, 3, 3' -oxy-bi s(benzenam.ne), 4,4'-oxy-

bi s( benze?%ﬂ?%ﬂ?-gﬁn&f -lbfe‘iwséﬂ%g%’f‘g‘(‘@ég%ﬁé Wiehigeats in ag’hes“’e

1, 3-benze i nanh e - i i e

54 - oyl A e e e R anei Ditactr srossinking a5t 1
PCT/ US02/ fot polyep@itieresing bhd barsalsmieattrwitielsydaoxly] ichetaining enseppunds togpaman at i on
are described i. S, Pat.. Nos.. 3,562 . 3,627, 780 3,839, 358: and

2, 268, 407" Ry BVENEL A LoRs b wdng et s et AT ide RaEre 8B aer i e
mat esi al StheFGh-9ihe prodiigricnesfi e/ Mixi I)l?hi@if@dlﬂ%ﬁhiaﬂ?bﬁthferp%BlBﬁ§@i|s¢ﬁsisém

Per f ormance Productions, Houston, 5 under the trade designation

" COMPI M DRbove gaeh assomrogion jof soHeTdniercpBeasHeaytingrint redwetion(of tovelidtiy qkasi n
VDAB") , agd; & 4 - bi smal ei m dot ol uene ("COWPI M DE Resin TDAB"), and from
Dexter/ Quantum San Di ego, CA under the trade designation "Q Bond".
Thernoset ti ng Waslelisis pfeferpddbente compbsitianmfdsi greensindéntidneare freeof | on at
various 1Q levels including |levels greater than 50 wei ght percent, greater

than 70 wetlyHEdpeqreRands. (RyseRfvrontya B er MEFGHIINGABER T PUHATGES8¢UF t han
90 B! ANt iR RIE e, EARRIDSEDbAYIG ALRR) Mifided bifdfReE AdooRIPRERNL 11 the

conpositions of the invention-at levels greater than 5 I ght’ percent.
The conposldehyagkebndsheitnorcoggpotndsnuitnles,garbaptates niabdypnpatey ampecef er abl y

contain one qr .15 re catalysts when a thernosetti resin i resent.

The. Tunct PO PHERe TR St HE O GAEES] TTBRS SRR HoBTRERS < 1o
accel er at gregd! ph&Pphbiic bders/abids TRPhéIpRBric Eddri/acids, Phesphohirtedleys?icidsar € t hose
t hat pronote epoxy epoxy honopol yneri zation as well as coreaction of the

f1 uxi ng apegsphist phaspeongsligaspenetber agerts knovag & thiosmskillad infhefrito @i al yst s
are atenbol h;lgger anbi ent conditions but are activated to accelerate
reacti onsPWer heat ed above a 20 tenperature of 80C or greater. C asses of

useful cat al ysTBe ¢omapdstipns vbaieiihven€dn iy dag@lesne orikdrakheaoplystaesianat es,
netal acetates, netal halides, netal imdazole conp] exes, and netal am ne

conpl exes Theygroplastiqeesing ps discloprd hsreay insludepolystier dpKigs.dobeties syforest al yst s

phenoxy resins, polyvinylbutyral resins, and polyphenylene ethers, polycarbonates,
polyesters, ethylene vinyl acetate (EVA), polyurethanes, polyamides, polyolefins, and
20 derivatives thereof.

Thermoplastic resins are present in the compositions of the invention at a level less
than 30 weight percent, less than 20 weight percent, less than 15 weight percent, or less
than 5 weight percent.

The compositions disclosed herein include those in film form. Typically, a

25 thermoplastic resin is incorporated into the compositions disclosed herein to produce a
film form underfill material. However, any film forming process known to those of skill
in the art may be applied to the compositions disclosed herein to produce a film form
underfill material. Film forming processes include, for example, the process for forming
acrylate/epoxy hybrid blends where an acrylate network is formed in an epoxy monomer

30 matrix to produce an adhesive film prior to polymerization of the epoxy resin. Such film
forming processes include those disclosed in United States Patent Nos. 5,086,088,
5,721,289, 4,552,612, and 4,612,209.
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i nclude Sc3+, Cu 2+, Me+, Rua+, Rh3+, Cd2+, Lai+, Hf 4+, Ina+, TI'+, TI 3+,
Pb2+, Pb3+, Ti4+, Ce3+, Ce4+, Pr3+, Eu3+, Gd3+, Tb3+, Dy3+, Ho3+, Er 3+,
TnB+, Lu3wp 0803816 Coe+, Co3+, Fee+, 25 Fe 3+, Nit+, Pd 2+pCPiEse22Ga8+, Y3+,
v3+, SnB+, Nd3+, Cr3+, Li'+, Bee+, K +, Cat+, Na' +, Bat™, ""Sr 2+, "Zn2+,
Mgt +, or Ag' +. Typical catalysts include netal i m dazol e conplexes, such as
zinc i mdazol op i m dazol ate, for S .

Substi tuted i e Bll sSHBESiers oraRE SeH bweRten iR Bie ot waBmpmtied

Cat al ySt SyRIPIPHARSALs dn nbl¥fovs GRRRSIL &ﬂa@e?falsofThetaGeaﬂtgge% I hﬁ) nn&trﬁﬁt | evel of

0.02 to 10 weight percent, 0.05 to 5 weight percent, 25-2 30 wei ght
per cent, materiakia r$p¢lea fiirh éorm)mpb@c thegbdlitgfo amﬂy ﬂmefslmo anrwtaret mlmvnafraéer

subst ant i anh dnid .conmpeunds f.erab ons of the
resent i Snttelisieu P ohpr & O RTREHPure B AT Bt SIS 1 S06

conpgundstor GRNaiRlapplicatibh ve ihdtefilt erpiandsintgtatétbeifouitichips a9 Gﬁ;ﬁé?sedl fb adhesi ve
conposi tions. Anhydride conmpounds typical lg function as a reactant or

crossl i nk@ﬁ@”%@ﬁtﬁpplﬁ’mg the pRdesiatk mageriab & aagh ghig ag asyeavisesl ofawatfilys, per hydr oxyl
cont ai ni orman acid in-situ which functions as a fl uxing
agent . Tﬂigmﬁglgg%ﬁﬂ &g)lal% de curing agents and 5 their in-situ production of
acid fluxing a"gmcﬁn;pnsndmceﬂtlﬂnmnﬁbn g cpntahnl aditiothseidibed thaae\kaosuch as

corrosion o o] terconnects re reduction of the reliability
of a devﬁoééose\ﬂkﬁlleé R ﬂl € agt. p{‘]’é*‘é ¥ 0? ﬁ‘éf{m‘( én Bﬁinl?Pélafq M dimyteditp Sllgisesent
i nvgpti ongRp Qs §ilies g?ziss aﬁ‘@g gfdeﬂg nfOEBAWHIS, ’exbmblg?blﬁﬂﬁﬁﬁhﬁr%ﬁo&{s nore

curing agents. Such curin gents 10 iInclude 1 m am nes, car boxyl iC

aci ds, anpigesntsathixpthopigegents) tougimhm/gpilganalcslre mﬂrsteﬂm@msﬂehelsoﬂwm nitro

corrpounds ntril car.b rrat es socC no t| des

Ch ol St inies, BT et 85 SRR RIond Tebehs o AETED SR GG ER: s,

ur eas, phm& I@Bﬁi{)bﬁu&%tcﬁrtﬁé ACeslfon at Bﬂ&@h@%@ﬁ@f the desitedrreduci ds, phosphonic

esters/ acids, ph osi) hi tes, phosphonam des, or other agents knovvn to those
Yo

skl Iled in theGeneraliy thethermosetyiag yasin and ﬂtweng:@mb@ietrmes%toaﬁth@m‘élth nventi on
d| ! é ont §tﬁ 18@%58% gﬁhgxdfe%[ iﬁ%{fﬁgﬁ&pﬁe e&ltﬂﬁea}t u?{pﬁﬁ&}?g%ﬁgédsc ThES! NS as

ose ones, phenoxy
resins, pempeianye buwylrcaltherxasatm is leackde Hg/gmlnémt hlpmethetshecmre zpﬂl ngantonat es,
pg: );&S;fe Irchf§ g E{E)élngsré?tmvgl rgg/m afal teheaﬁu?ungEz}gAe\%xt an%ogleggrralel;[/ ?gl?;gss fromoelbggtrrllo%etg
about 180°C. However, in some cases, where the fluxing agent is a liquid for example,
there may be no need for additional heating. After the thermosetting resin and fluxing
20 agent are blended to form a mixture, the catalyst is blended into the thermosetting resin-
fluxing agent mixture at reduced pressures.
The compositions of the invention may be cured by exposure to a temperature
profile used to reflow eutectic solder. For example, a useful temperature profile includes
ramping from ambient temperature to 150°C at 90°C/minute, isothermally holding the
25 system for approximately 1 minute, then ramping to 220-240°C at 90°C/minute, and
finally cooling the system to ambient temperatures at 60°C/min. While it is preferred that
no additional curing steps are needed, some embodiments of the present invention may
include a post-cure step of 150°C-170°C for 0.5 to 2 hours.
The compositions of the invention may be cured by exposure to a temperature
30 profile used to reflow lead-free solder. For example, a useful temperature profile includes
ramping from ambient temperature to 180°C at 90°C/minute, isothermally holding the

system for approximately 1.5 minutes, then ramping to 240-280°C at 90°C/minute, and
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20 derivatives thereof. Thernoplastic resins are present in the
conpositions of the invention at a |level less than 30 wei ght percent, |ess
t han 20 vwwiogto2qses cent, | ess than 15 wei ght percent, or | @s€3/UDkared wei ght
percent. The conpositions disclosed herein include those in filmform
Typically, a 25 thernoplastic resin is incorporated into the corrposi ti ons
di scl osed _herein to produce a filmformunderfill materi al

film for fipglyoskng Ehew%m tp dmbicaL e mperaties pt 60°G/mige hije wrﬁ%ﬂ %B}af ed t 0
the CPWPO%&}(RJ‘@J’&&&{& efﬁ! Eh&elb, 58 5&%8?%%5&%5% @%&{qﬁ itR085H dob

mat eri al ocesses i1’'nclu e process for
form ng mclude atpeétm@wsteﬂnybrﬂ(ﬁCbW@Pﬁiorvﬂmtdez hmracryl ate network is forned
in an epoxy mononer 30 matrix to produce an adhesive filmprior to

pol yneri zat i onl &t 1PHRE agisandeonmpositgrofithe pressnd ieRGon s CeLfuby 3 Yitietide

Zhgf-, 3'135‘* é&%ﬁﬂg li61“1@%% f%ggu%%ﬂ\% ggﬁ%%dsl?gﬁgﬁg}%%%?? ’g\%zt(])uax5 %%%e’é’rgf&?flhfx

corrp03| t i comspasftionfod thgr Ereent invententis epplied té alsodémngiportioh afie wee ©rremppt | ed

under {111 meTEaes (67 Ao st hiio F el e BRFn s YRR 1 e

filmto aReinfbf feSd MeGAN SiRh 86ldetg BB fiktBer ﬁibl'il@é'tﬂe scépl dTheMidgdhe t O
dicing of the wafer into individual chips. This allows for the nass

appl i cati midecsfnglmdmm|spldmeélpwapmp@ratum5egr ated circuit Chl ps as opposed to

iyt dual |y apabidte KFoASLo nglIBAEE LRk hf oPREICH Ryfphic 9u red of

non ilm no- materi a ons i nvention

may cont afi:d”m;aﬂndhttsl johdkr addliut;h wadesirdt Typicl kelowing fostisrizase wdeklihatade n t he
art. Such classes of additives_ include but are not limted to fillers 10
such as stlp¢tegal cgmperenisvich s Yirss.iseldsiing Basks) pusbiedder balkn aswsll @s B@Fa}lﬁﬁsrl c

m crobal | QARRral BBIR: suchdh KORSAR for30EAKE, SHRUGHERbAGNGRY Su &

indi cating nateri retardants bers, uctlng particle

conbi nat i comsmbiigcenposedddicoppeestirg dead ppadladiwim, |ptat1nutme51mmm¢ onaniwh, dnhe

i nvﬁgr:)i on . a% | evel  to effect the desired result. Cenerally, the

t hefroset BEKR ITEXAMPnd f1 uxi ng agent are mxed together with 15 stirring,

PLELST o S S s poasia ey iy e sl Srmgenagsy, 1
and m x rsaidesing portion of the work. Solders may contain, but are not limited to, alloys of tin,
lead, bismuth, indium, cadmium, gallium, zinc, antimony, copper, silver, and other
materials known to those skilled in the art of soldering. Most solders are alloys of tin and
20 lead. Depending on the percentages of each component, the melting point will vary. For
example the soldering reflow temperatures for tin/lead solder (63% tin and 37% lead) is
183°C while that of lead/indium solder is 220°C. An example of a lead-free solder is an
alloy of copper, tin and silver in a ratio of 0.5/95.5/4.0, respectively, and it has a reflow
temperature of 217°C. One of skill in the art would recognize the appropriate soldering
25 temperatures for the material involved in a given soldering process.

The compositions and resulting adhesive compositions of the present invention are
useful in soldering processes to attach solder bumped flip-chips to a substrate and as an
underfill adhesive for surface mounted components in general to provide environmental
protection for the surface mounted components. It should be appreciated that although the

30 discussion below is directed toward an integrated circuit connected to a substrate,
embodiments using other types of surface mounted components having solder bumps are

within the scope of the invention.
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of the thernosetting resin and the fluxing agent and generally ranges from
about 100 to about 180C. However, in sone cases, where the fluxing agent
is a |liquwo mBoeosexanpl e, there may be no need for additi eaalusezat2oag.
After the thernosetting resin and fluxing 20 agent are blended to forma

m xture, the catalyst is blended into the thernosetting resin- fluxing

agent mxture at reduced pressures. The conpositions of the .invention may
e cur ed by exBsEiEel RaReRPESEMAE: 8 PRPROMAIGA A5 PEFPGRRERUEL | o
sol der. FobdtRRRhQudeprdsRidY antSomRgEALShBoRnPhAVifg b PRIARE S cle@npiling from
anbi ent tenperature to 150C at 90C/ m nute, isothernally holding the 25

syst em f oterminptions andtagiopnponentreatrpingtshbsiratealyingp plorapippoleletieal 90C/ mi nut e,
and finally.cooling the,system.to .anbi te .atures at 1N, ile
s o etfinfSis et diga gD Fbsh SR Bt i REAE) HomRo R, PE didrical"

enbogi men¢dimpdnehtifclnd@SROE dévidans imtegamy circiic thigewaeR@ath eledtcat ep of
150C-170C for 0.5 to 2 hours. The conpositions of the invention may be

cured by Exp@stierinchidss 2 solderbamps Eorgaamplss iThe sybsate clpdes Yyah pebsHales ee

sol der. Fgqr r 1 ' Lng from
anbi ent t% r@%lrrgfgtb%aﬁg@é gei éagg%fer%&%g{%rrﬂ{ngéat%@rc irlrlglﬁ% ggﬁg rd{a%%% he system
for appr osvangie! Bach.db tid solitee padstib eretalbaedisogs t@bébbdthe A8[lErable Hd@E ertnnallg, and
-20 WO 03/020816 PCT/ U%OZ%lZOG finally .COBI [ ng é}?e SérSt m t o anbi ent

t enper at UTRLUGH veds RFHidE anglpqtaca! intercopection Pelyceh e cloghicaheApaRRRY andyr i ng
stepg ar ehRggsigdie. SOMe enbodi nents of the present invention may include a
post-cure step of 150C-170C for 0.5 to 2 hours. The fluxing agents and
conposi ti ons oThd fibsiate ssenatectivaly nodtehwith@ suffefient aimount of ardostppsitién of the

sol deri ng_net hods. .Suti():h sol deri.ng met god cilnC|.‘l§.de thqse wher.e g.fl uxi ng
agent or PEERRTIYSHEISPY JOHGFNHRE Shrstdig: dTRQVLAE ARFCTPE- 40 SHIRE ispgneine

sol der i ngmpist iGPtioAhl tNOEIEctEicnl CEOMPYRent BB kieCel@ticle Sothporvnt Mgl her f aces of
the netals to be joined and to pronote netallurgical wetting of these

netal s. SibRtraie pefegoaied Wit hermpasitiontd tha presand i veriéons t Whers thegogmposiionhe
I qeri eJ (e : leowy t t , - t] f
sol dgri ”goq}ﬂégfsegght u?veﬁﬁ%n?ﬁ;}ngﬁrg é@%ltﬁéﬁﬁﬁ% tﬁ@f@%};{ éﬁ)rulé% %ooéhg%fje'c{}&apor lon o

a work inclu plrura S, or a conponents, joinder
of whi ch ¢amph@eht. €the fillyanaptomsah deids RG aprr dlicvntthe efecaicabiekninaidnsde

el ectrical conponents such as wres, soldering pads, and sol der balls, as
wel | as niodpds droushite il ar %Gkﬁs}fémegm@awsa@%h%@m&& ‘?‘f%‘ﬂ}e‘é‘%rrpl e.

Sol der i ngrRRYvhI AinPlovBriNPIHE efcfical terminations by mechanical or chemical means.

The electrical component is then positioned so that the electrical terminations (e.g. solder

20 bumps) are aligned with the electrical terminations (e.g. solder pads) of the substrate. The
composition is generally applied such that it covers either the entire surface of the
electrical component, the substrate, or both, while the fluxing agent contained in the
composition cleans the electrical terminations of both the substrate and the electrical
component of metal oxides. The assembly is reflowed in a conventional manner, causing

25 the fluxing agent to become activated, reducing the oxides on the solder bumps and the
solder pads, while permitting alloying of the solder to the metal. During the reflow
process, the adhesive composition crosslinks to at least the gel point. Depending on the
chemistry of the utilized adhesive system, a second post curing operation may be required
to completely cure the adhesive composition.

30 The invention will be further characterized by the following examples. These
examples are not meant to limit the scope of the invention which has been fully set forth in

the foregoing description.
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commonl y conposed of copper, tin, |ead, palladium platinum silver,

chrome, titanium or 15 nickel for exanple. Soldering reflow tenperatures
wi || depewo osm2asime netal |l urgy of the solder and sol deri ngcparsoz/eno®©f the
wor k. Sol ders may contain, but are not Iimted to, alloys of tin, |ead,

bi snuth, indium cadmum gallium zinc, antinony, copper, silver, and
other materials known to those skilled in the art of soldering. Mst

sol ders are alloys of tin and 20 Ie’éfﬁt.ﬁgéwidi ng on the percentages of each
conponent, the melting point will vary. For exanple the soldering reflow
t enper at ug é ‘,]Lagnllhgﬁd sol der (63%tin and 37%lead) is 183C while that
of lead/in I's 220C. An exanple of a |ead-free solder is an

al | oy of coppeThe floxing activdiyl ofehe ¢om1wund.~t descobedthebdifl suas edtalOated bgpect i vel y,
and it has a refl ow One of skill .in the art would

recogni zePHE ‘%ﬁ)ﬁ?ﬁﬁph‘é@f elgrg}’ﬁréeresio%r Sif%aq R isheubsEe PG FORASEME Y -er i al

i nvol ved specic@liyeissal S86hMYyplcal{ avout DN LAIPQFitkd &ﬁﬁpcﬁ:’ﬂg “raewc&a B8
adhesi ve conpositions of the present invention are useful in soldering

pr ocessesa piscatf ecoppeswtidbmetrunipg ¢wé irchesclang by voe mcbcﬂo‘stdpdwé) Glfdnehesan
underfill h e for urf u I provi de
envi ronmeml‘gﬁ q\?eﬁ()/&réglﬂt?% Pﬂg (réé??gggn%g wﬁ?’i'} %IH'?I rOt‘I)t shoul d be
appreci at 992§ h@hesakxxekwplg&»sdtdiﬁhseoxﬁp&ﬁidssﬂt&mtba{ mebppdiltésepkeawhpp@rcda an

i nt egr ated circuit connected to a substrate, @ enbodi nents using other types

of Ji rfacbOtrﬁi%ﬁP@be@M{BnFélf‘rQa@ AYmeBLERSrat Bisriysiage. eAftgy heniing the€oBRBpe of
the | oventdeceBloNOiHORORRCLRELLS02 S1A00 1 FLPALL b SauRORErE

assenbl i es resent |nve Ion an for producti on
i ncl ude pARGPQ) tngneﬂﬂtheIseldt-xrbaﬂaI(themmmrgqsmnﬂﬁ\zhm@atecmlmalmut B§1°6f(1&3°eﬂ:)t rical

term’natl ns an onponent - ¢ ubstrate i n uraljty of

el ectri calt thg %W?ﬁ Rally B @é?rws&brﬁ ¢ e SRR YD gL dpeipion. e

el ectri calog udg-EB‘%o ekif6it ﬁhﬁﬁ\kg actia B RRANGRLgi Vécd gq@éoﬁ‘%&”dthees as
integrated c rcw t ps where each™el ectri cal gterm hation includes a

sol der busqiderfbalis éndamplsweadrlbﬁaosdlmrrcmgmal doherdmg, thechmpabet was gigen as
printed vm ri,n bPoalr,ds where each electrical term nation includes a sol der
pad, for ﬁf) &' Each of the sol der pads is netallized so as to becone
sol der abl e and el ectrically conductive to provide an electrical

i nterconnection between the electrical conponent and 10 the substrate.
Solder Spread - in Blend with Polyepoxide Resin

The fluxing activity of the compounds described herein, when blended with a

20 polyepoxide resin, was evaluated by observing the ability of the blend to promote solder
spread on a copper clad FR-4 board (a cured composite of glass cloth/epoxy resin) which
had its surface covered with an organic solder preservative (OSP) or a gold plated nickel
coating. Straight-line conductive traces, having a width of 0.010 inches, were formed by
use of a solder mask. The board was then cut across its width to give pieces measuring

25 about 0.5 inches wide and about 2 inches long, with the traces running in the 0.5 inch
direction. Each compound was blended with RSL 1462 polyepoxide resin (a liquid
polyepoxide resin having a low chloride content, available from Resolution Performance
Productions, Houston, TX) at a loading level of 30 weight percent. The blend was
flood-coated over the board sample having traces such that the thickness of the blend was

30 about 0.003 inches greater than the height of the solder mask. Next, a 0.025 inch diameter
eutectic solder ball (63:37/tin:lead, w/w) was placed in the blend and pressed down gently

to make contact with each trace. The board was passed through a reflow oven having the
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The substrate is selectively coated with a sufficient amount of a
conposition of the present invention by screen printing, stenciling,
deposi ti /yoasprmsiorm or other dispensing neans. Opti onalPCy/usbiizi206

el ectrical conponent or both the electrical conponent and the substrate
are coated with a conposition of the present invention. Were the

corrp05|t|on 15 of the present jinvention is in filmfor %Ee film]

typically o&lsmmge@m@/éﬁmmatae&@ﬂﬂiecernp fEImsahas terqnféatflwem%ﬁ) f)ctBr}E’nQ' aloj ds

S0 as 10 ScMidule nlASShLARA rdrapRoRthieR 3 hinREQLIMIR 4 @it Be [ | m or
expos t

the electric termnations nay ough v of fil
covering ﬂlﬁatoeﬁMG&(E i 2RAC/memud, aad thensoblyat 68 aminot!to ambwlnetmmtatureaffhxs The
el ectrical one i th |t| eds hat the electrical termnations
(e, sor Biafiemtier g il Pelfutiof Ehot sheif nek fasrstits of fsebBRE (. o,
sol der pags)s vifre bh@rvidls ek £id spRAEd beHAARLIF bRFnhISIiBEAGsR thy/bldRPvhed such
that it covers either the entire surface of the electrical conmponent, the
subst r at ejudged toctxhibithixirg adtiity lau&wmggezgemgr%bmf aPared Ifrihe srdderdbalpdidi t i on
cl eans the elect Lcaly pernnatio e substra dt e el ectrical
conponent nojs® PW&E‘?FY%‘ heégonﬁlﬁ sg%sci) @?@eﬁyws%\é’an %I}a%ec?)nlf/aéf:t |I§ngl
nmenner, Cceddsd, Mgk sdbdek Bprehd didindgeagedthetapedEfabBacs that tag dovearedibicblegd bhe

oxi des on the sol der rTEs and the solder pads, while permtting alloying
of the soPelaepoxislerun apd Hpxinpagenh GOPREUIdf | ow process, the adhesive
conp@gsition crosslinks to at | east the gel point. Dependi ng on the
chemstry of the utilized adhesive system a second post curing operation

may be required to conpl et Buyificatien bhEolgMe/Resinmposi tion. 30 The
invention will _be fgrthe characteri Z%ﬂ'&ég t he foI ? exanpl es. These
exanpl es are noPMFRLINE POLEPPXiflg resins us 1Bf""et"hB“rll BAVRIEh has been

fully set mflﬁfrfti*és%_. E6ridCoRY NI %o HRRE HeRE dl}%‘tantlaal%/fy@&?r/ QrR§IL6
PCT/ US02/ 21206 Met hods "Sol der Spread - Neat "The fl uxing activity of

the conpoﬁmdSOMerfmeIdomum ysedaras that Hergribell prgviduslliser ving their ability
g ronote sol der spread on a test substrate of copper netal.

Spe f| cally, a small amount (typically about 0.10 grans) of the conpound

was placed on Prppa@cioniof QPHAR-pRspaAheBidfAitFilohethviidyrefibisphenslg by one

inches wide by 0.010 inches thick. Next, ten eutectic solder balls

(63:37/tin:lead, ww, having a dia 1

A bis-Schiff base was prepared from 1,2-propanediamine and salicylaldehyde for

evaluation as a fluxing agent in the following manner. Three hundred and sixty-eight

20 grams (3.01 moles) of salicylaldehyde (available as catalog #5S35-6 from Aldrich
Chemical Company, Milwaukee, WI) was placed in a one liter, open-head reaction flask
fitted with a reflux condenser, mechanical stirrer and a pressure equalizing dropping
funnel. One hundred and eleven grams (1.5 moles) of 1,2-propanediamine (available as
catalog #11,749-8 from Aldrich Chemical Company, Milwaukee, WI) was added from the

25 dropping funnel at a rate that maintained the temperature of the reaction mixture below
70°C. After the addition was completed, the reaction mixture was stirred for one hour at
ambient conditions (20-25°C). The reaction mixture and two hundred and fifty milliliters
of toluene were transferred to a one liter round bottom flask fitted with a Dean-Stark trap
and reflux condenser. The mixture was heated to reflux and the distillate was collected in

30 the Dean-Stark trap. The distillate separated into two phases. The mixture was heated at
reflux until no more phase separation occurred in the distillate. The Dean-Stark trap was

removed, a vacuum distillation head was added, and the reaction mixture was heated
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0. 025 inches, were placed on the conpound, after which the copper test

pi ece was put on a 10 hot plate preheated to 302F (150C) as neasured at
t he surf awe.03/M8es heating the copper test piece for oneprgirrusve2izbe hot
plate was reset to bring its surface tenperature to 437F (225C) to nelt
the solder balls (the nelting point of the eutectic is about 361F (183C).

If the solder balls observed to |t and s ad beyo t hel.r original
i menei ontIOTHe NG BT HAPTERS TR bt STET BSARE:of RSOy g vias
given a ga@dﬁatet:omaaé&sahc&ifaldeh?e Al t%ﬁieﬂ@r*rﬂaaémmﬂgéodmet dlahbe@@ulbeyond their
original dinension, the conpound was given a "Fail". Sol de

Spread - InfraBideand NanlﬂbiSySdprD@éz) Rémcheaphenmrmpmd@@@dwhetlya@font he
conpounds d s (o] i was
eval uat ed®? y gtﬁysa 5"1“2’3 hcéd%%,%ly QmF t%%pvxlgfg’ ﬁ%" %o Sg)rn(l)% %gﬁs%ﬁ O% t}gl‘a”pr ead
on ascoppactidiitofhidt dchnrid ”I(har@déf16ﬂpﬁﬂﬁ&&$¢1§l&d@79@rﬁﬁ§(1(2340h1|@leSDOXy resin)
which had its surface covered with an organic solder preservative (GSP) or
a gold plated nickel coating. Straight-line conductive traces, having a

wi dth of 0.010 inches, wep e bRl bINIde Rhnife AQhfEs mask. The board was
then cut across its wdh—rg—qrve—m—ere%ﬂﬁrq_g’f ut 0.5 inches w de
and about 2 inches (Examples lﬁmide7-l3mﬂ£mmnmmLExaMei)l-5)l nch

direction. Each conpoynd was bl end with R 4 epoxi de resin (a
liquid pol yepgﬁi‘%‘és 30U5H VRER AIRBATSE Figi terrahiemde gsh{)aéﬁ%s REPralit & 1 om
Resqput i Oﬁhﬂ?ﬁﬁf: @{Tﬁ%{lﬁ& foPE@ﬂ%bh%ﬁ‘ﬁuxﬂﬂ@‘d?&ﬁ@ » THSerR (@) dnBAR 99sdayel of 30
wei ght percent. | ood- coated over the board sanpl e having
traces sutididatedtoth menehindkhewdnoiddubs. he samegencsd padnsdureOva30Bed for leach
greater than he hei ht f th 5.inch.di ter
dutect o S8 dHE TR et oi PFieT RUBET SRR IS tamaBe i, G iR
pressed d@mlsgtgmeldyre @qmmn@@@f@@wswth each trace. The board was passed

through a reflow oven having the -23 WO 03/020816 PCT/US02/21206
foll owing tinel @mhs@y aleqsiﬂaémpfz erviailable pneatalpg #2398 Heom: Aldpeh Shemical 20- 250)

to 0C a I f es, ranp
to A3t erpCrabaR ST by O p R Bt oed RIS KHTRIE: o sheBalll RS

m nut e. towaerﬂhleepdlymenmlmtﬂasleﬁtta'dlwsh apn@haﬁlealensrmr dcbpipiaf fuhind aadkefhix bal | s
woul d exceed their the solder 5 ball observed to
melt and SPHSaRT béﬁa opioE? lcés@ﬁcgahwéﬁ 13t Fesiamn 26 melep) @dﬁomiﬁltfwged to
Eg Ih: g' EZII Ijhfé%ﬂaﬂ& ildd¥ed JropRise e theOl #RI2d @D Uarhe sb18E8n.- AlyEnbhe sol der

precipitate formed during the addition. After all the salicylaldehyde solution was added,

20 the reaction mixture was heated at reflux for one hour. The power to the heating mantle
was turned off, and the reaction mixture was allowed to cool, with stirring, to room
temperature (20-25°C). The resulting mixture was filtered and 190 grams (0.60 moles) of
a yellow crystalline product was collected after air drying. The melting point (by
Differential Scanning Calorimetry at a heating rate of 10°C/ minute) was 102°C. NMR

25 analysis (run in d7-DMF) showed no evidence of either starting material in the product.

Materials for Examples 27-29 and Comparative Examples 7-9

The following materials were obtained commercially and evaluated as fluxing
agents: 4,4’-cyclohexylidene bisphenol; 3,3-bis(4-hydroxyphenyl)-1(3H)-
30 isobenzofuranone; and 4,4’ ,4”-methylidyne-tris-phenol (all available from Aldrich
Chemical Company, Milwaukee, WI); 2-[[(2-mercaptophenyl)imino]methyl]phenol
(available from TCI America, Portland, OR); 2,2’-[1,4-butane-
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not spread beyond their original dinension, the blend was given a grade of
"Fail". In all cases, the solder spread did not exceed the area of the
traces thwo oamsosecovered by bl end of pol yepoxi de resin anachiusez/agoagent
conpound. 10 Purification of Polyepoxi de Resins Sonme of the pol yepoxi de
resins used herein were purified to renove ionic inpurities (e.g.,

chloride j.ons)._ and to e them subst.anti al | ree of hydr ox .

function a@lﬁ@yFllo%hﬂwgéﬁmf@eB%@m a[H rﬁéﬁe’@\é‘é‘g’r‘sﬁﬁg OIBF%V{‘&%$]§7‘.SP11@°I
Preparati @Bthoatvaﬁa@é fiom (f%-vmm@f?&nh@(&héﬁéé, PBRIaAa YORHYne) | bi sphenol
(Exanmpl e 6) A bis-Schiff base was prepared from 1, 2-propanedi am ne and

sal i cyl al dehyde for evaluation as a fluxing agent in the follow ng nmanner.
Three hundred and si xty-ei ght 20 grqg%lg bgl nol es) of salicyl al dehyde
(avai |l abl e as catal og #S35-6 from A<tTe Chem cal Conpany, M |waukee, W)
was placed in a one liter, open-head reaction flask fitted with a refl ux
condenser gx{fRp1aa 1L 33ndSCompaFatRREanIesfLs e equal i zi ng dropping funnel.
One hundred and el even grams (1.5 nol'es) of 1,2-propanedi ani ne (avail able
as catal og #1Varfaig-cempourdsAyvete ceduapé fardhikingmnep iy, Miord spgoifically, V9 was

added fromthe 25 .droppi funnel at a rate fhat, maintain t he .tenperature
of ‘the 1 CEtRegRanoNATE Tl NG ke AP foP ST R 3Fe S FUBLR"" Fhe
reacti on @dsfibddan \@stesirhdth@d“Sodder Specald0 Neafit aboReIDTEOtes ey wde bha@Asin( 20- 25C) .
The reaction m xture and two hundred and fift%wnilllliters of toluene were
t r ahQf er r Eable & [Nogidhq sysiematip na@epdatisninstitaisf by iGheadcahAbRLICtDRRIMICSimr k t r ap

and refl @ . ] %t I istillate
was ool | ot &a el e nd ot o s Y s SEAL Sthahfnd B ihpBRRIC VYT, |1 07 o
phases. Thaebles XandZ .was heated at reflux until no nore phase separation
occurred in the distillate. The Dean-Stark trap was renoved, a vacuum
distillation head was added, and the reaction m xture was heated -24 WO

03/ 020816 PCT/ US02/21206 slowy, under reduced pressure, until a snall
amount of distillate was collected. The distillate contained

sal i cyl al dehye and tol uene. The reaction product did not distill. Infrared
and NVR analysis (in CDC13) of the reaction product indicated the reaction
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product was free of salicyl al dehyde and 1, 2- propanedi am ne.
crystallization of the 5 reaction product occurred. The reaction product

wei ghed 3w ogio20ss6 (1. 34 nol es).

Sone

Preparati on of Al dehyde- AgTrEsoAetoct s

(Exanmpl es 1-5 and 7-13, and Conparative Exanples 1-3) Various adducts were
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(di)am nes for evaluation as fl
i ndi cate both nono-

to

and di

am ne"

10 aliphatic
is used

ﬁ‘ﬁhﬂg la%ﬁqrsgpregﬁetﬁ% égln)eral procedur e

was used
di am ne
foll ows.

Tor f

8

Bfach __ one.
bl e 2) is illustratgy q this procedure anc
bhenyl enedi am ne (ava|P e as catalog # P2, 3

A

The pr epar ation of bis-salicylidenfe- jegpnenyl ene

Bl

as
Al drich

Chem cal
millilit

S Coppahyphebifiede Us@mldxﬂetﬁ;ﬂﬁiym]]b:sphenmhs di ss¢

nnfhannl in 2 (W Z 2% aY |nn FI:

| veBaisn 400

cle fitt ad
K—r Tttt cu

with a

nmechani c

L %n

Pl 3@8?96?‘??@“?%%@%{%1@8?&8&@68“}1 Bndenser.

A B&¥suti d

hn of

salicyla
was adde

deghyd
d dro

T
A

A LT T RN

S ution. A

S Phes B
yel 1l ow

hanol

precipit
sol uti onpwas—ad
hour. The

ACE |

ﬁ‘ow

b a1 du:lthamg-bﬁ%mtﬂddlethyhdyneé\]ﬂais@hemﬂI t he sali

rlrlnrl 20 the reaction Hro wnac At

cyl &idehyq

le

t ad
T VUL\. A A ] LA L]

20081 éfpéomatw@trﬁaﬁmhdi@bmpm of . and

rafliiv
LI | T A7\

t h8aSeact

—HOr one

i on

m Xt ure
The resu

s a
ting|m

Q% PZ%Q]&%Q%#S(]PIYE]B &ghg%{eg% gh&oﬁ oom Tenp

ure was tere rans (0. 60 nol

' at PE

es)

(21
a

-250).
yel | ow

crystall

D fferend

ne&é p

al
e

b
N/

Gau¢1 2m®pmelu1gmhﬂdmﬂiyhdyrm)]bmthyndhg The me

Scannina—Calorinmptry at a9 haati nny ate n'F 1n(

ti Bgsspoi [

m—Aut n\

it (by
was

102C. NM

R 25

a_ Tt I 1Ty I at

aﬁe{[@shygrwebmmﬂamowwmld no evi dence (

f ePiier starting

mat eri al

Exanpl es| 7-

il’gt

for Exanpl es 27-29 an
9 ngwfhgﬁ#%nﬁ)qﬂah?@lﬁg?s wer e olr)?ai ned conmer (

Co
al

rati
and

ve

eval uat e

d &s |

n-_hyvd

R kBHydrexgphdnyl)idind]metdylfpteheyl i dene bi sphe

oxvyphanv!l ) 12N 20 i enhanzaf ur anona: :\nrl

'nol Pass

3, 3- bi s(
4,4 4"-

ety

?dg(ﬁéj'yijqxngHlenegp?th”\“ Z O o oSS

Wrhepah) e fromAIdrlch Baéni cal

Conpany,
(avail ab

1!

elll}l’

T e TR T T

2,.2'-11,4-but ane -

Nyl phe

B W0

03/ 02081
2,2 -[1,

B

~
o]
5--hex
N T

k%[l&lh&ﬂiﬂﬁ@phémyd;)(mmbnmd:thyﬂr];ﬁﬂeybll dyne) ] bi sphenol

| c/ nitril aoamat hulidvunell hi enhannl ( bcf h

a\lal | ahl a

il *

(avail abl e

elfy
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A>3

13

2-[(phenylmethylene)amino]phenol

Pass
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CE3
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Fail

CE = Comparative Example
* This compound exhibited solder spread only after discoloring indicating decomposition
may have taken place.

Example 1 and 14

Example 2 and 15

_N@N_

OH HO
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Exanples 5 Exanples 1-13 and Conparative Exanples 1- 3 Various conpounds
were evaluated for fluxing activity. Mre specifically, the conpounds
shown i n wWelB®2@1bel ow were eval uated for Sol der Spread i eCrhsoneane f or m as
described in the test nmethod "Sol der Spread - Neat" above. The results are
shown in 10 Table 1. [Note: the systematic nonenclature instituted by

Chem cal Abstracts Service in the 9ch Collective Index period (1972-) was
used in namng the conPounds shown in Tables 1 and 2] . -26 WD 03/020816
PCT/ Us02/ 21268™PiesBete - Sol der Spread - Neat Result Ex Conpound (Pass /

Fail) 1 2,2" -] 1, nyl ene-bi s(ni tril ometaypiedy &r)170i sphenol Pass 2
2,2'-]1, 3- phenylene- nitril omethylidyne)] bi sphenol 3
2,2'-[1, 2- phenyl ene- nitriIonethylidyne)]bispheno(/ﬁgbs CE 1
4,4'-[1, 2-ethane=ki ¥(ni tN i nethylldyne)]blsphenw Fail M =

2,2'-[1, 3-prepahne-bis(nitril hyli dyne)] bi : Pass 5

2 2 -[1 2- et/fiand-bbs( Ni t Kb i dyne)]bi sy ass
2,2'-[1,2-prsaﬁ'e-bis(nitriI hyl i dyne) ] bi Pass 7

2-[ [ (2- hydr oxyphenyl )i m no] net hyl ] phenol Pass 8 2- [(phenylim no)nethyl]
phenol Pass 9 2-[[(3-hydroxyphenyl)i m no]nethyl]phenol Pass 10

2-[[ (4- hydr oxyphenyl )i m no] net hyl ] phenol Pass 11

4- [[%2 hydr oxyphenyl )i m no] net hyl ] phenol Pass CE 2

4-11 (4- hydroxyphenyl)lnlno]nethyl]phenol Fail * 12

2,2 -[1, 2- cldraplegyanddiBs (ni t ri | onet hyl i dyfE#PBESHA¥hY Pass (cis/trans
m Xt ure) 13 2-[ (phenyl et hyl ene) am no] phenol Pass CE 3CH;,
N—(phenylnethylene) bEﬁZenanlne Fai

H HO
Example 8 and 20
OH
Example 7
OO
OH

10 Example 10

o Q.
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CE = Conparative Exanple * This conpound exhi bited sol der spread only after
di scoloring indicating deconposition nmay have taken place. 5 Exanple 2 and
15 Exanpwe o3/0208d6 14 -N-O- NON\ O OH HO O HO &OH O - 2PCTS023¢12020816
PCT/ US02/ 21206 Exanple 3 and 16 O Exanple 4 and 17 NN NN H HO O H HOO
5 Exanple 5 and 18 Exarrple6and 19 ~-CCH3 NNNN- HHOOc 0 HHO O

Exanple 8 and 20 -N O OH Exanple 7 -N O O HO CH 10 Exanple 10 OOH
Example 9
Example 11 Example 12 and 21

H@ﬁt@ Bos
G =0

Example 13 Example CE1 and CE4
10
O w >r— ﬂ<

Example CE2 and CE5S Example CE3

o0, o~

The results in Table 1 show that, for the compounds evaluated, those having both
an aromatic hydroxyl oxygen atom and an imino group which are separated by two atoms
(eg., two carbon atoms) from each other (i.e., located on an atom beta to each other)
10 exhibited fluxing activity. The beta atom refers to those atoms located in a position beta to
either the carbon or the nitrogen atoms of the imino group, or both. This is shown in

Examples 8, 13, and 7, respectively.

Examples 14-24 and Comparative Examples 4-8
15 Various compounds were blended with polyepoxide resin and evaluated for fluxing

activity. More specifically, the compounds shown in Table 2 below were evaluated for

229



-28 WD 03/020816 PCT/ US02/ 21206 Exanple 9 -N O OH OH Exanple 11 Exanple
12 and 21 N O JI OHOHO NN OH HOO Exanple 13 Exanple CEl and CE4 =N O
~ N /-\ WomBO@160 OH Exanple CE2 and CE5 Exanpl e CE3 NPOH/}02/21400 HOO 5
The results in Table 1 show that, for the conpounds eval uat'ed;” TH6s€ “havi ng
both an aromatic hydr oxyI oxygen atom and an i mno group which are
separated_by two atons two carbon atans) fromeach other (i.

| ocat ed oPCIEFf %ﬁr%% after alepémgéww HpMHuenoxudy rgsip bel%séﬂb?q mhwstdeﬁhw t y "The
beta at omg#igrsrd-a tln%‘l&mmoityeg SLEIRESG awRH%Hetﬂng\gt te‘icﬂﬂlong"' ther the

carbon or the nrtrogen atons I'mno group, IS 1s shown in

Exanpl es Bxami@es 2thehdr23 emp;lpﬁd tlhv édllawiky anptuesofiptri?iéd polyefonigeareains:v e
Examel oo fabriRplok BURgERBRIIRELS, Bl ended O Noparde ool n and
Tabl & 2 bplwidtele, BUA AT @;Q)xfdérequivalent weight of about 150 after purification),
EPON™ 828 (a diglycidyl ether of bisphenol A, available from Resolution Performance
Productions, Houston, TX, having an epoxide equivalent weight of about 170 after
purification), and EPON™ 862 (a diglycidyl ether of bisphenol F, available from
Resolution Performance Productions, Houston, TX, having an epoxide equivalent weight

10 of about 160 after purification) in a 1:1:1 weight ratio. The results are shown in Table 2.
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-29 WO 03/020816 PCT/ US02/ 21206 Sol der Spread after blending with a

pol yepoxi de resin as described in the test nethod

" Sol der

Spread -

in

Bl end w twoRaloympoOxi de Resin” with the foll owi ng excepti orseT/USEX21Zpd €S 22
and 23 enployed the following m xture of purified pol yepoxide resins:

TACTI XTM 742 (a trifunctional
I ncorporated, 5 Bre
150 after purificat

polyepoxide resin,

Y RREE2: Sotder 9pisad - oh BT Yk Bopeeas R

avai l able from Vantico
t .wei ght of about
&Y bi sphenol A,

avai | abl g fTom Resol ution Perfor mance Productions, HOUST REXalc hayi ng an
epoxi de egyi val ent wei ght of ab Qqafter puri ficati OE)(Pagqﬁaﬁ(NM 862
(a diglycidyl|ether of bisphenol val | able from Resol dtion Perftormance
Product i ponB4 I—@,GS(DMpha'r)yJedeahAs(ngrlmrnedmmmﬁ]tﬁsphenall ent weight Pd®8 of |about
160 aftn nllr |haf|gn\ n_o rati n Ihn rncu!fc ar-e SJF‘r\)V\ﬂ in
Table 2 53»0 00" blambwi@eaéﬁ(mﬂ@meﬁﬁ%m)h@en@ Sol def SpF%séd -lin
Bl end W [ POl Y§ROKh FHIdmetvlid 7 [(Pass 7 [Fai p])
2 2'-[ 1, - pheh 2te ﬁf?% e b e oL o1 Pasd 1855
2,2'-[1, BCEhlenzyI4emezJathaﬁmbts(mtrﬂmatﬂhyhd;dmib)sbhnmphenoI Pass 1Fail
2, 2' - [ 1, 2. nhehvl-ene-bij c/ At omet hvl-dvneyl b cnhnnnl RPass—CE-—4
4, 4' [ 1, p- B nahe b 3 prrepe PiRIEHOMPBYHEPENPLBARIbl Fail 17 Pass
2,2'-[ 1, B OP3RET P4 J A PES) 11330} ENbRbE gnol— Pass [18
2.2 -[1, > 8 Haa. Ep &ﬁ“ E’H) i ?ﬁ’gﬂ% BRE Eﬁﬁnol Pass 19 >
2,2'-[1,2-propadeg[t, mp&(pmné rblt(ﬂnmolrr;eth}ﬁixmme))]ms;mpinﬁnol Pass| 20P&s
[(pheny| m-nred)-rmet h\/l 1 henol—Fail _
4-[[ (8- hyd?%xy%‘ﬂi@ﬁ?‘l‘ﬁl"WPHBI}%%XIWF]‘?JhenoI Fail 21 2,2'-[ Fail
1, 2-cycl of 2 90 Sk '&rﬁy AN 1] ksgnenot—Pass (CIS/TEgpS m xture)
22 2,2 - ?E?bu?féng&%%os}’%l t P' ) ﬁ?{é@ gmne@] bi sphenol Pass 25@1
2,2' -[ 1, b-hlexphe:-bi,3cpilbhéxlybbis{igilodsthelidyme Hpispimmlol Pass CE 6Pass
4, 4' - cyc| ohexpy{cigteas misphenol Fai
22 | 2,2’-[1,4-butane-bis(nitrilomethylidyne)]bisphenol Pass
23 | 2,2’-[1,6-hexane-bis(nitrilomethylidyne)]bisphenol Pass
CE 6 | 4,4'-cyclohexylidenebisphenol Fail
CE 7 | 3,3-bis(4-hydroxyphenyl)-1(3H)-isobenzofuranone Fail
CE 8 | 4,4',4"-methylidynetrisphenol Fail
24 | 2-[[(2-mercaptophenyl)imino]methyl]phenol Pass
CE = Comparative Example
Example 22 Example 23
i:i_w\/Aw/—M_ii: =N~ N=
o HO i iOH m
Example 24 Example CE6
=N HO OH

oL

o
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CE 7 3, 3-bi s(4-hydroxyphenyl)- 1 (3H)-isobenzofuranone Fail CE 8

4,4 4"-nmet hylidynetrisphenol Fail 24

2- [ [ (2- mewoaphesheny! ) i m no] net hyl ] phenol Pass CE = Conpacatuisez2Bsanpl e
Exanpl e 22 Exanple 23 aOH O HO b O HO Exanple 24 Exanple CE6 -NO HO OH O

O OH HS -31 WD 03/020816 PCT/ US02/ 21206 The resul ts in TabI e 2 show

that, for the ¢o nds eva t ed ose havi ng ,bot ti.c r ox
oxygen at om an'ghggr%r FﬁlﬂgaBlre&J%‘OWﬁP@h %Oé‘b%f]rugfl ? fgne %‘ , yt WO
carbon at ¢ bmhfiORy&8LY RYHE! at(n’n ﬁnd an nﬂﬁﬁ)t ?Quﬁ’@/hﬁﬁ afd %ﬁ‘aﬁ%dao}lt@oe@&ﬂs ot her )

exhi bited fluxing activity when bl ended with a pol yepoxi de reésin.
contr ast , (evihewotdagoB ateris) groam dachrahent(i- e, ll@y@icdmly lan gﬁoau'p@a maeh mher)p03| ti oned

t hi t f t t
was. al so SHlaRhacti SneSRlealid b apabebedi frt de s orl iR 0 Y o
VO HY O ahin&akdarokiakit 8§dridx ANdodst wéte A6t SRR th dh@s\/rhﬁlﬁleafheﬁ(fmb(mg

hydr ogen- cont ai ni ng (ﬁ§oup | ocated on the atombeta to each atomof the
i M no gr odAdivity was not ohservad hERxHIRRCHV LY Bgeplsaskayg by aklendiof an pelyepaxide e

hydr ogen- cont ai ni ng groups were different fromeach other, i.e., an
aromati c Example CE7 Example CE8
o H

ors Wep<%a

resin and an imino compound having an active hydrogen-containing group located on the
atom beta to each atom of the imino group (i.e., the carbon and nitrogen atoms), wherein
the active hydrogen-containing groups were different from each other, 1.e., an aromatic

10 hydroxyl group and an aromatic mercapto group. It should be noted that although
Example 20 failed this test, it passed the “Solder Spread — Neat” test (see Example 8 in
Table 1). This indicates the compound may have utility in a form other than in a

polyepoxide adhesive composition, eg., as a solution or dispersion in a volatile solvent.

15 Example 25
A fluxing adhesive composition containing a fluxing compound of the present

invention was prepared and used to bond an integrated circuit chip to a printed circuit
board. More specifically, 23.3 parts by weight (pbw) of purified EPON™ 8§28, 23.3 pbw
purified EPON™ 862, 23.3 pbw TACTIX™ 742, and 30.0 pbw of solid 2,2’-[1,2-ethane-

20 bis(nitrilomethylidyne)]bis-phenol (the “imino compound”) were combined and stirred
with heating at 120°C until a light yellow-brown colored homogenous mixture was
obtained. The mixture was allowed to cool to ambient temperature (20-25°C) with stirring
under reduced pressure (vacuum pump). During the cooling process, the imino compound
precipitated from the mixture. Next, 0.5 pbw copper imidazolate (per 100 pbw of total

25 polyepoxide resin) was added to the mixture which was then stirred at ambient
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10 hydroxyl group and an aromatic nercapto group. It should be noted that
al though Exanple 20 failed this test, it passed the "Sol der Spread - Neat"
test (seewboampise6 8 in Table 1). This indicates the conpeamdsoryizhave
utility in a formother than in a polyepoxi de adhesive conposition, eg.,
as a solution or dispersion in a volatile solvent. 15 Exanple 25 A fl uxing

adhesi ve conposition containing a fluxing c ound of . the present

i nvent i onteWé’§ra&fr€b‘5ﬁjeéde‘ﬁ'}?ad Bgeég"r? 6368w Pgﬁlpgg?%ﬁ? AU rcuit chip to a

printed cig .utnd-cgﬁl%ﬁgré’gg@iiggﬁﬂ’&@i‘v%icﬁ b¥itior3- 3 parts by weight (pbw) of
p

purified EPONTM 828, 23. w purified EPONTM 862, 23.3 pbw TACTI XTM 742,
and 30.0 pbw oFivs tdst bozdowere prefrask ysingethe fluxing adhesive composition to bond an

bis(nitril onethyl.i dyn i s-phenol (the "im.ng C ound") were cenhi ned and
otr i red IR O B Sa B Rl B ook S RIB R HaRdnnd . P B oo o
m Xt gre Wakesi®®tahpesitionRes 4Pprikdltcea BRPacles PaBEm! DeL 6 pririeBeTivenEst

t enperat ure é)ZO- 25C) with stirring under reduced pressure (vacuum punp).

During t hioasdas # Fgalh AeapdEam ashngeniThe deemiyat Al wasktespisad auicd ambisei t he
m xture. teratlﬂ'e STHQ B4 ggrgfe%gtr Qdét@%nh%gsoéo%hgctécp%% (itﬁa? DQRWcﬁ‘fiemttéS%E ?Ltté%? A

pol yepoxi de“resin) was e mxture was -t hen rred at
anmbi ent  siBeon/ibxe@BtOPARDLE RPI(OZBO MYy ZANWGinclies)yhaviap enectindwicad adidered

pressure (vacuum pu to give an imno conpound-containing flyxing
adhesi ve Blaﬁ%%rr@gsﬂg)omg@etpegfn% op gue gfae BP & PAHER MATHRE Pread PEHEAg

adhggi ve GOHRIRh, /4s bﬁc&P&gth@'Bomjdﬂfsﬁ&raaﬁe%ﬁa%ﬁfé]ﬂ{: codBBndR (%vr?lﬂﬁﬂﬂ@t ed

circuit test board inthe follow ng manner. The uxing 5 adhesive

conposi t i emiEsapbpgineutingdCanBay panited Sdsapatapam witheaload ofd.ppomedsd circuit
test board .as a small .drop from.a syringe. . The dro | o 0 _spread
bt at anis Bt ind 36 T Aol st P B s SRR hmPT o
dual Dai syn feahip Ww&s talip@dd with thedadSon thHe®daid) UBEH¥RAL withltRéItRip ehplacd, 0. 200 by

0. 200 inches), having eutectic tin/lead solder bunps arranged around the
per i net er Wanhpass thrpueh @soldsr eflos quep o fricHiegigeal sennsgdonsaetween thopats t he

boand, ugH ] i %ﬁﬁ der (avail able
fror%gTor a%lcﬁhggﬁg%rﬁhﬁﬁg& %5%%%%@%?%19?(zalg?égggﬁ%?ggg%datﬁf W vﬁﬁg | oad of 4.4
pounds ( 2tikehagpeamle mofileSrasgchnd achiiddt tdnpeeataie (2042580} totlSOPE@RAL Ur e such
that the 3(?‘" der bunps,. on the_chip were lgégned with the pads on the board.

nps, . ; p
The boar d?0" % PHY{hEKHPYhemapfH cabroxBYcl dsS Bty BRI SOPEEIF & t4lv oven
to form ejerioPt Gabo MRS, Ad theR BbYER B0 Yan MRS 0 ambient temperature. A

voltmeter was used to confirm that all the solder connections were complete (i.e., they
20 exhibited electrical continuity).

Three of the five test boards prepared were post cured by heating in a forced air
oven at 302°F (150°C) for one hour. All five boards were then evaluated using a thermal
shock test having the following profile (5 minutes at —=55°C, 5 minute ramp to 125°C, hold
at 125°C for 5 minutes, 5 minute ramp to —55°C). After one hundred cycles the

25 connections were checked for electrical continuity. If a discontinuity was found, the board
was removed from the test chamber and the number of cycles completed at the last test
that did not result in discontinuities was recorded. The results are shown in Table 3

below.
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5 a fluxing agent selected from conpounds of the fornmulae: Rl R2

R3-C=NQ N=CR4 and R R6- | C= N- R7 10 wherein Qis arylene,

al kyl ene, waldspeysliene, cycl oal kyl ene, cycl oal kenyl ene, hetremacspzbibene or
heteroarylene; R, R2, and R5, are independently Hor G -C6 alkyl; 15 R3
and R4 are independently al kyl, cycloal kyl, aryl, heteroaryl,
heterocyc¢%%Pssubstituted with at | east one group selected from-0OH and - SH

provi ded ‘R3 and R4 are not phenyl nonosubstituted at the 3- or

4-position with hydroxyl; and R6 and R7 are independently al kyl,
cycl oal kyl aLgI, heteroaryl, or 20 heterocyclyl, wherein at |east one of
R6 or R7 l.s subspmpasitien syitabledor psesstan gnder§illadpesiveesasnrising r om - OH and - SH:

and wherein said comg%%&& ir§si{rra§'ﬁ of anhydri de conpounds. 2. The
conposition of claimTl, EF&i R the t her nosett | ng resin is a cyanate ester

25 resin, bismal ei mflexingagent selected fromyepmpounids ofebd formaked pol yepoxi de
resin optionally selected fromglycidyl esters, glycidyl ethers, glycidyl
derivatives of am no phenols, glyci d%/I am nes, epoxidized olefins, a

di gl yci dyl ether of bisphkhol A a dRglycidyl ether of bisphenol F, a

triglycidyl ether of %gﬁoéigylg_gﬁwég%d ) met hane, and conbi nati ons
thereof. 30 -35 WO 03/0208T6° PCI7/US02/ 21206nd3. A conposition conprising a
conmpound selected fromthe fornulae: RI R2 R3-C=N-Q N=C-RR and
RS
|
R®—C=N-R’

b4

10
wherein

Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or heteroarylene;
RI, RZ, and R, are independently H or C;-Cs alkyl;

15 R? and R* are independently alkyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl, substituted with at least one group selected from —OH and —SH
provided that R? and R* are not phenyl monosubstituted at the 3- or 4-position with
hydroxyl; and

R®and R” are independently alkyl, cycloalkyl, aryl, heteroaryl, or

20 heterocyclyl, wherein at least one of R® or R’ is substituted with at least one group

selected from —OH and —SH; and

wherein said composition is free of anhydride compounds.

2. The composition of claim 1, wherein the thermosetting resin is a cyanate ester

25 resin, bismaleimide resin, or a polyepoxide resin, said polyepoxide resin optionally
selected from glycidyl esters, glycidyl ethers, glycidyl derivatives of amino phenols,
glycidyl amines, epoxidized olefins, a diglycidyl ether of bisphenol A, a diglycidyl ether
of bisphenol F, a triglycidyl ether of tris(4-hydroxyphenyl)methane, and combinations
thereof.

30
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R51_ 5 R6-C=N-R7 wherein Qis arylene, alkylene, alkenylene,
cycl oal kyl ene, cycl oal kenyl ene, heterocyclylene or heteroarylene; 10 R,
R2, and Ryp oansosieidependently H or Cl-C6 al kyl; R3 and R4pramasomeiependent|y
al kyl, cycloal kyl, aryl, heteroaryl, or heterocyclyl, substituted with at
| east one group selected from-OH and -SH provided that R3 and R4 are not
phenyl noposubstituted at the 3- or 4-pasifion wt hydr.oxyl ; and 15 R6
DG 7 ar s naBsemPELY CuRgToe & funsatelecision el o

het erocyclyl, wherein at |east one of R6 or R7 is substituted with at | east
one group selected from-0OH and -SH,2 and wherein said conposition is a
filmand/or wherein said ponposition pronotes netallurgical wetting and
reflow of a netal. 20Rd— hgchpppﬁiCLqﬁ‘onmgny of the above cl ai ns,
wherein Qis arylene, alkylene, cycloalkyl'ene, benzene- 1,2-diyl, benzene-
1,3-diyl, benzene- 1,4-diyl, ethylene, propane- 1,3-diyl, propane-I,2-diyl,
cycl ohexyl - 1,2-diyl, cycloheXyl- 1,3-diyl, or cyclohexyl- 1,4- diyl. 25 5.
The conposition of any of gphecabquer®l ai ns, wherein R3 and R4 and/or R6 and
R7 re i ndependently selected fromaryl and 2-hydroxyphenyl. 6. The
conposition of any of the above clains, wherein one of R6 and R7 is 30

2- hydr oxyphenyl and¥h#eitot her i s i ndependent!|y sel ected from phenyl

2- hydr oxyphenyl ,  3-hydr I : 0816
PCT/ US02/ 21206 7. The cg)r%%?%??oa%k}gg%aﬁg(g%)?éﬁg%gﬁ@%eﬁg?%sm%t er
conprising a chdtaboygiylencopthetnedrylgnsel ected from substituted i m dazol es,

4 5-16“ phenylim dazol e, rﬁt,%lz, and R’, are independently H or C;-Cg alkyl;

R* and R* are independently alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl, substituted with at least one group selected from —OH and —-SH
provided that R? and R* are not phenyl monosubstituted at the 3- or 4-position with
hydroxyl; and

15 R® and R are independently alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl, wherein at least one of R® or R is substituted with at least one group
selected from —~OH and —-SH; and

wherein said composition is a film and/or wherein said composition

promotes metallurgical wetting and reflow of a metal.

20
4. The composition of any of the above claims, wherein Q is arylene, alkylene,
cycloalkylene, benzene-1,2-diyl, benzene-1,3-diyl, benzene-1,4-diyl, ethylene, propane-
1,3-diyl, propane-1,2-diyl, cyclohexyl-1,2-diyl, cyclohexyl-1,3-diyl, or cyclohexyl-1,4-
diyl.

25
5. The composition of any of the above claims, wherein R3 and R* and/or R® and R’

are independently selected from aryl and 2-hydroxyphenyl.
6. The composition of any of the above claims, wherein one of RS and R is

30 2-hydroxyphenyl and the other is independently selected from phenyl, 2-hydroxyphenyl,
3-hydroxyphenyl, and 4-hydroxyphenyl.
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acetyl acetonates, netal acetates, netal halides, netal im dazole conpl exes,
nmetal 1mdazolate, zinc imdazol ate, and netal am ne conpl exes. 5 8. The
conposi tiwo d2@ny of the above clainms, further conprisingca/usazenge agent .
9. The conposition of any of the above clains, further conprising silica.
10 10. The conposition of any of the above clains, further conprising a

thernoplastic . resin. 11. met hod of sql.derpng conprising the steps of: a)
appl ying & 11 GRbEGHssTioh s G O AP H p R EP B SPBAA he 1 ux 15
conposi t i §itichAIPEd1&dtéttfrémGapRPLtedirAkasisl, 15-diphaRlinfdazbienmhove cl aims; and

b) heating said soldering portion to soldering réflow tenperatures. 12. An
el ect ri cadcetydanstonaies, agislarblajes contpl halidagy meial inlidegolejcomplexgppagieint havi ng a
plurality. of. electrical . .termnati C Q termnation including a

sol der bdﬁ%?wgh%% "§H3HWH€%$%?ﬁ%ggggggﬁgéggl%3$%hg a plurality of

el ecsrical term nations corresponding to the term nations of the

el ectrical conponent; and an adhesive conposition according to any of
claims 1-&0 di Shocuppasiioned any atthe 3bas Ay mshBIrdPeearppiEsig 2eHPSRAERRt: and t he
substrate together, the solder bunps being 25 reflowed and electrically
connecting the electrical conponent to the substrate. 13. A nethod of

bondi ng & el eThe ¢campostonpdaayndf ths abotd glaiosnfuriher cogmpbrisén gsdikiqes of :
provi ding an el ectrical conmponent having a plurality of electrical
term nations, each termnation including a solder bunp; 30 providing a

conpgnent ygar ryhd\hripiRiiohalrany 8V thB Absve VI MiR! fulthePéonfhiRfld 4 GRImopI&i@1 nat i ons
corresponding to the term nations of the electrical conponent; = -37 WO

03/ 020816reA@T/ US02/ 21206 providing a sufficient amount of an adhesive
conposition according to any of clains 1-10 onto the substrate or

el ectrical conponent; contacting the electrical conponent or substrate with
the conpopi.ti oA;ménet oftsslderialg tHBpaSIABR el stdpaidf: - 38

a) applying a flux composition to a soldering portion of a work, the flux
15 composition comprising a compound according to any of the above claims; and

b) heating said soldering portion to soldering reflow temperatures.

12.  Anelectrical component assembly comprising:
an electrical component having a plurality of electrical terminations, each
20 termination including a solder bump;
a component carrying substrate having a plurality of electrical terminations
corresponding to the terminations of the electrical component; and
an adhesive composition according to any of claims 1-10 disposed between and
bonding the electrical component and the substrate together, the solder bumps being

25 reflowed and electrically connecting the electrical component to the substrate.

13. A method of bonding an electrical component assembly comprising the steps of:
providing an electrical component having a plurality of electrical terminations,
each termination including a solder bump;
30 providing a component carrying substrate having a plurality of electrical

terminations corresponding to the terminations of the electrical component;

-37-



WO 03/020816 PCT/US02/21206

providing a sufficient amount of an adhesive composition according to any of
claims 1-10 onto the substrate or electrical component;
contacting the electrical component or substrate with the composition; and

curing the composition.
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