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fluxing c (4Lons in 5 electrical interconnection neth

i ntegrat egmg‘%?dc%’#]?s derived therefrom BACKGROUND OF THE |%%§Wﬁ%?§ﬁzﬁf. p-chip
technol ogy, including controlled collapse chip connection (C4) and direct
chip attachnent (DCA) techniques, is becomng nore popular in the

el ectronics industry 10 as aFHIXENGCOGMROSITIONSrated 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 sem -conductor chip to @rsWekaiEVERHIAN he sol der  bunps by
reflowi ng the solder. The structural solder joints fornmed between the sem -
conduct or chi p Taimdinvéreionubktasad Bugmeabmpredbasn usadf thadiueingatoniposiktions in
conngctions between the 15 chip.,and,substrate while | eaving a narrow gap.
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expansion (TCE) m smatch between chip and substrate carrier. Due to the TCE
m smat ch between the silicon IC and organi ¢ substrate PWB, subsequent
tenperature cycling excur sB&GCKGROMNHD ©OF THEMINEKINal stresses to the

| der j oi nt d It i for. ti op. of Kk . 20
Copi 1 ary. under PPIoTErR G e S R tellog Rtk PR o B R C DR e
chip and cgighahétahén (DOSSQedhdfes,iib bed&ﬁﬁ% IRk poRil A0 tKeel bt PorRRY At GEaY

mechani cal and electrical properties of the solder joints connecting the
chi p0and enemegpstoraineh iregratd eirewitsi (g) toduintesthairingrboardsdP¥EBY. i ldig-chip

conducti vjt n rovi ding_significant inprovement in resistin
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sem conduct or chip, then the underfill paterial sl OV\A%]Pf | ows by capillary

action t oP¥mPs by Fflayaps berspidisr 1 hesteurtgabsldar figints fpnechbetweenrthe Semiter i | |
et eri al - bndiRR chBSHRhL Rt RRaR mllfnfPARIAEHEARERRLioNRERREA e Can

flow via capillary action 1s a function o material"s viscosity, the
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substrat e. us, t conposi ti.on of capillary.underfjlls, if possible, nust
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constraints limt the size of the chip that can be .
PWB, subsequent temperature cycling excursions generate thermomechanical 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
thermomechariical stresses caused by thermal excursions. The underfill material 1s

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 2 3 F E 8 2006 PCT/US02/ 21206 wused. Furthernore_the use of
capillary underfrll material detrinentally affects production b8dad<8lst he
refl ow progesshesigeparated fromthe underfilling process WHiGhHyd@aMesS 10
| ower production efficiency. During flip-chip assenbly a flux 1s placed on
the chip or substrate. Then the 5 integrated circuit is placed on the
substrate. The assenbly is subjected to a solder reflow ng thermal cycle,
sol deri ng t$ed. dhirthetroorehliee ssehdficapillary wideefill metdrmvde dimeent 1yt dféeced wséuction
proximty e.chi o the substra novi.n | ux resi m under
Phe chi pi BecahSXGingte oy Brosssy B Sreaas fiarb bRl ipd FrooF LT HiER bt
general |y |fbdr prodclien eARG&chet ween the chip and the substrate. These
resi dues are known to corrode the solder interconnects 10 resulting in a
reducti on of reDualnigl flipyhizf asséreblyenilweis plased loowhe drip or eula:pptq é‘uen the

on- tne. sublTePBESREERE ek bR i RE o pbt BECHRR: I G PR st m t b
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Therefore no-fTow underfilling processes not only elim nate the strict
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f1 uxi ng ageiip ah8 tiwdelddiratd. Phese pa{diie® afd 100w toQ@briode 8@ Weder iitefchpvécand curi ng
of the underfill material, no-flow underfill nmaterials may be conmbined wth
t he #Puxi nffsﬁjé'@ﬁtm§d°‘i’”ﬁ&9n§6¥‘-‘@éﬁalmbpf&Wd&ﬁﬁecur| ng of the underfill material

occur in 20 one I r I r grt of

t he cured underpﬁjlﬁg @éﬂé pgfﬁ%gﬁﬂa%ﬁe %ﬁeb%%s%r‘ggﬁldgvggk#%oltﬁéﬁh% tglgents in
no- f | ow matimderfill snatesals ois thersubsrat®st the seméinduesr cﬂdf\a¢eseiaﬁrf¢,amemplﬁf¢rhethsol der
i nterconnects in the cured upderf rial uxi.ng he that rely
on |iquid %ﬂlg%%y%r%ma A weglﬂhymaip gmfcarlnasuwlf?ge%ﬁiy vﬂ“ § be
difficult o ﬂ%%d&ﬁﬂﬁg tppcgc@yéegﬁotb@fngﬂch Rfpdard hﬁtstﬁ&@ﬁﬂ'{srbd’ﬂ'e%sc@am f CU“ ng.
These voi ds 25 can 0 premature”solder tatigue failure in u fril

appl 1gat i oumderﬁl]rrmmauatmre‘l packalgeeg'zmé@t tlkaimpeiy therpreduainglefficiendi c agent S

for fluxi t I f Lif t
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herei n, and which
reflow and curing of the underfill material, no-flow underfill materials may be combined

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



becone, coval ently bound in the resulting polynmer matrix only during sol der
refl ow and 30 cure, avoid the problens of poor shelf life and gr¥fbd e

gel ati on. V%tn%ﬂ%tn‘ vely, fluxing agents may be elininated W@éﬁ%@é o-fl ow

process altoget Insufficient fluxing -2 2 3 F E B 2006
PCT/ US02/ 21206 activity to renove netal oxides, however, detrinental I y
effects solder wettability and sol der spread duri ng ref I ow. Accordingly,

there is actiefdtd emdvennaal éxdddsyBowapaititihensllpefifd abiddravetmbilfty end
‘underfilling, applications in flip-chip technology that reinforce the
physi cal , %?g‘laﬁéﬂreé‘éﬁu%n%ﬁ@%‘i ectrical properties of the solder joints

connecting the i read.sol der
“wettability and’& sol %{ﬂgg’ mr%g%@% %{I ?}‘;r%r"g’f ntogﬂ%ﬁﬁﬁ&%g}hg% W@#@Eﬁﬁﬁ In one
aspect, thmderfibng apphcanmimdéhpahxpaemmidgyahatsrainfabé ehefphiysiasle meshanical
underf|II a ive that des .a thernopsettin nd a fluxin
' agent sel é’@%‘é&eqrﬂ t?ér?ééh %9?1 def jQints SPRRACHBE t}mcl'ng@aqﬁsthggu&ﬂ_t@qq:tgap gnd
Bl ¢ eenea E‘ol@:r‘ W t?amhg Qﬁ%s&lh&yslg?%‘a dualng %mlv@ne cycl oal kyl ene,

cycl oal ke%l ene, et erocycl yl ene etero ene; R2, and R5, are
mdependently Hor Cl1-C6 alkyl; R3 and R4 are mdependently al kyl,

cycl oal kyl, aryl, heteroaryl Hli{ﬁdg\rﬁ ituted with at | east one
group selected from-OH or -8 %ﬁfhﬁﬁ&ﬁ%lqm are not phenyl
nmonosubst i t ut edln%néa@ﬁec@'th@fnvént%ﬁ'n&l‘u@é’s S P SN O table @B as B'n unééréil
i ndependent |y alkyl, cycloal kyl, aryl, heteroaryl, or heterocyclyl where at

| eastO one asthestee that Reludes & thesmpsattingiresing hncha flnsiagtagemeclgried prose b eop@ads r om -

CH or of%'e formulae:

RI R
R3—(13=N—Q—N=(l3— R* and
RS
R— C’I= N—K
15 where
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenyiene,
heterocyclylene or heteroarylene;
Rl, Rz, and RS, are independently H or C;-C; alkyl;
R’ and R* are independently alkyl, cycloalkyl, aryl, heteroaryl, heterocyclyl
20 substituted with at Jeast 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
RS, R’; are inc_i_clgéndently alkyl, cycloalkyl, aryl, heteroaryl, or heterocyciyl
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.



25 where said conposition is free of anhydride conpounds. |In another aspect,
the invention includes a conposition, as described above, in fil&fEB 200 or m
23FEB2006 v y\0; 36320816 PCT/ US02/ 21206 | n anot her aspect, f,@g{U'FWﬁ%(j on
includes a conposition that includes a fluxing agent selecte rom
conpounds of the formulae: R R2 311 aR-CGNQN=CR and 5 R5 R6-CNR7
where 10 Qis arylene, alkylene, alkenylene, cycloal kyl ene, cycl oal kenyl ene,
het er ocycl yl enénamnotiet espear, jHecineentidh, ind¥desancbnigsitamethanidelpderdefivtipg H or

Cl-C6 al kyl; R3.and R4 are independept!|y alkyl, cycloal kyl, aryl,

het er oar yla,géﬂ‘esteéqpﬁ?gv??’?ﬁom?ﬂﬁ Siq%dg%g’r%}'/‘wf' at | east one group sel ected from
-OH or -SH provided that R3 and R4 are not phenyl nonosubstituted at the 3-
or 4-position with hydroxyl; and R6, BZ, are independently alkyl,

cycloal kyl, aryl, heteroaryl, or hetefjocyclyl 15 where at |east one of R6
or R7 is substituted vviRPh-@t:Neags.t_mae:_gR&upf’ﬁgl ected from -OH or-SH and
where said conposition pronotes netal lurgical " wetting and reflow of said

net alss. I n another aspect, the invention includes a nmethod of sol dering that
includes the steps of: 20 a) applying a flux conposition to a sol dering
portion of a work, the flux C@Brposi tion includes a conpound selected from
the formulae: RL R2 3 1 1ﬁ6—C:N—R7

where L
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloal‘kenylene,
heterocyciylene or heteroarylene;
10 R, RZ, and Rs, 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
RS, 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 | ' 4
R*—C=N-Q-N=C—R"' _,4
R3
I
25 RG—C: N-— R’ )
where
| Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,

heterocyclylene or heteroarylene,



R-CCNQN=CR25 where R5 | R6-C=N-R7 and Q is arylene, alky £0eR 7005

al kenyl ene, cycl oal kyl ene, cycl oal kenyl ene, heterocyclylene o

het er oar yWE{E020816\\0 03/ 020816 2 3 E E B 2005 PCT/ US02/ 2136874022186  and
R5, are independently Hor Cl1-C6 alkyl; R3 and R4, are independently alkyl,
cycloal kyl, aryl, heteroaryl, heterocyclyl substituted with at |east one

group sel ected fromg! Ge? Qhd RSHre &dpeddRnNH %}agﬁmﬁ{pgependent l'y al kyl,
cycl oal kyl, aryl, heteroaryl, or 5 ?leterocyclyl ere at | east one of R6 or

"R7 is substituted and R’ asaindeperslegiy allyl, sptloatkat afyl dmterGrtybr - SH, and b)

heating said sgolder| rti t | dering refl t er [ €Syl n,yet

anot her aspect 33‘? é:y‘;']gllée)u%t“ingﬁﬁ%i "‘ﬁ@f gtgggs?gﬂc grloggtsﬁé\é\%f‘ ?%})ghﬁém?ﬁ_%&%ﬁ%l y that
i ncl udes an el ect ri Rilang RpRNAAépeasitialieyIpt Ik lyar9f, helepsitryli 62l

term nations, each 10 termnation inclyding a solder bunp; a conponent
carr¥i ng subst betewckdyl vherg aplegstane o Rofor Bl éciubisdtated withratiagst ong group

correspondi ng tg &gbefrﬁﬁr—r&ﬁ%}—i—-gﬁsaﬁ the el ectrical conponent; and an
adhesi ve conp05|%|on I sposed between and bondi ng the el ectrical conponent

and the substrbje tpgeingaaid solderinglpdatontyrpRlehng Agfloveldnipspau@ind el ectrical ly
connecting the_ 15 electrical conponent to the substrate, the adhesive
conposi tion i n¥ YR &80thREasPed ciie dRvesHer includss an elaslicRbeUmpnsg! 2s6amMy 4kl a

‘;?'BU)é':“NQ Q"ﬁ‘ﬁﬁfé{d&§ g,l' gﬁ%ﬁ%ﬂ&%&%%ﬁﬁ%&% Abratififor d104 A 36miflidRé, 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?
3 L e
R'—C=N-Q-N=C—R" 4
20
R?
RS—C=N-R’ ,
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 R7 are independently alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl where at least one of RS or R is substituted with at least one group
30 selected from ~OH or —SH.



20 R5 | R6-C=N-R7 where 25 30 Qis arylene, alkylene, alkenylene, .
cycl oal kyl ene, cycl oal kenyl ene, heterocycl yl ene orheteroaryl enez':z]I?EB 2@%,
and RS, ar\@oidggg‘th@dently Hor Cl-C6 alkyl; R3 and R4, are iﬁ@%@@ﬁ%%g y

al kyl, cycloal kyl, aryl, heteroaryl, heterocyclyl substituted with at | east
one group selected from-OH or -SH, and R6 and R7 are independently al kyl,
cycl oal kyl, aryl, heteroaryl, or heterocyclyl where at |east one of R6 or R7
is substituted W &furdier hspest, tizneveneninclsddsectethotirod rondhig an eleBidicat 5 WO

03/ 020816 23FEB2006 PCI/ US02/21206.1n a furthey aspect,. the invention

el udes. LGS SeeBNdRHnaHIE Be tiepe ol ProgGinb AbRE HEUARBPIERE N udes
the steps ﬂhraﬁft?‘éf el ABic ANe ShiRGH S sCAdchGAIRRRRM inBRYIHY%h %lde?'bﬂ[-rﬂi;' ty of

el ectrical terninations, each term nation including a solder bunp; providing
a conponent car pyaviringabsmpanant havying sebsghtertavinga plurdite of electaical 5

term pations cor.responding.to the termnations of the el ectrical conmponent;
provigi ng t&“&ﬂ’faflpﬁﬁ es%?fgjfﬁﬁ to e{frﬁ’“é‘?ﬂ%‘é’&% 9&?]85%6&?3?%%%’?% the substrate
or electrical gRRReRtufficRAt ARbhMDItRAdRdBE ddrepdsiti G Bt suBkirRsIBst rat e
with the conposition; and curing the conposition; 10 where the conposition

i ncl udes atle¢teicalomponer); resi n; and a fluxing agent selected from conpounds
of the formil aecﬁlttacl:t%g t§e elzleétrfclal component or substrate with the composition; and
curing the composition;
10 where the composition includes a thermosetting resin; and a fluxing ageht selected from

compounds of the formulae

R! R?

3 | L oa
R°—C=N-Q-N=C—R" .4

RS
5 R~ C=N_F’ ,
where
Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or ﬁeteroarylene;
R’ R? and R®, are independently H or C,-Cg 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).



R-CGNQN=CR 15 20 25 where R R6- | C= N- R7 Qis arylene, alkylene,

al kenyl ene, cycl oal kyl ene, cycl oal kenyl ene, heterocyclyl ene or
het er oar yl X R2, and R5, are independently H or Cil- %
R4, are i r}gﬁggﬂﬁém ly al kyl, cycloal kyl, aryl, heteroaryl CGP(Z{;J?

substituted with at | east one group selected from-OH or -SH, and R6 and R7

are independently alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclyl
at |east one OfFJREheOfoliRYingSdeFinbE terinid! @elsevdeliiitRing sBASbe APRicd! MiBssse! ect ed

from-COH
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Exanpl es
10

15

20

25

30

T e

As used herein, the term “alkylene” refers to a straight or branched chain divalent
hydrocarbon radical having a specified number of carbon atoms. Alkylene groups include
those with one to twenty carbon atoms. Alkylene 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 “alkylene” as used herein include, but are not
limited to, methylene, ethylene, propane-1,3-diyl, propane-1,2-diyl and the like.

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
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:

As used herein, “cycloalkyl” refers to an alicyclic bydrocarbon 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,
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

e.
hyl ,



ethyl, n-propyl, n-butyl, n-pentyl, isobutyl, and isopropyl, and the |ike.
10 As used herein, the term"al kylene" refers to a straight or pgapghgd

chai n di vy @idozodedr ocar bon radi cal having a specified nunbgfyp&oea5daon
atons. Al kyl ene groups include those with one to twenty carbon atons.

Al kyl ene groups may be unsubstituted or substituted with those substituents
that do not interfere wwth the specified function of the conposition.

Subst i t uemings.i Bstmgles af kaycloalkyytaowegd hemin mstuwsle, bt anonotdikiggd Wubstituted 15
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to a straight or branched chain dlvalent hydr ocar bon radlcal havi ng a

speci fi ed hydipsarbonradical haringrsnrecifipd nemberpf aghan atems pohallgas 98d doubl e
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conposi tion. Substituents include al koxy, hydrox mer capt o, am no, . al kyl

subst i t ut ddthahpsrosubgiituenis ghat fi‘é)ﬂobw&r‘?{ﬁ’i”é‘”“h%?ﬁ?lc sedcffmtm%‘ﬁbq €TBPOSHON s ed
herein i n%{lgﬂﬂﬁuernggn @% allxy werl )‘r??d ke a% *LI%Q‘E? 1a1ﬁ%1cl'u¥ém teﬂraﬂlql?(?%r hLlP?’ diyl,

and the like.-- use fers Lo an al'icye

hydr ocar béor exaaipie. Buchrgcyaloater el rﬁﬁ@nhay wbpnoﬁnmsémn ca:te@rrsnoré)gsﬁbmﬂndfyl
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i ncl ude aI XY, roxy, “mercapto, am no Substitute m no, or hal o,
30 for examibpcnteudrcyalobyxdrlyhlahgllthcriilceg may be opt| onal |y fused to one or

nore of anot her c 1C Il S). heLer ring(s),
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are not limted to, cyclopr OE@I cycl obut yl g%gl opentyl, cycl ohexyl,
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alkyl substituted amino, or halo, for example. Such 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 cyc]oaﬁky] rings. Examples of “cycloalkylene” as used
herein include, but are not limited to, cyclobropyl- 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



one to, twel ve carbon atons. Cycl oal kenyl groups may be unsubstituted or
substituted with those substituents that do not interfere with £RAdED 2005

speci fi edv\;b'ﬁ'ﬁﬁzioé)l% of the composition. Substituents incl U%’l?ﬂ}é%‘i)ﬁi’mﬁ
hydr oxy, nercapto, am no, al kyl substituted am no, or hal o, or exanpl e.

Such a cycl oal kenyl ring may be optionally fused to one or nore of another
10 heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloal kenyl
ring(s), eycloyieylaagsy [Examiphgf “Eychonkaylenk” ac yaddderdie iydivdeabutsedother ei n
include, but gre not limted t9, . .cyclopentenyl, cyclohexenyl, and the like.
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nore of another heterocyclic ring(s), heteroaryl ring(s), aryl 20 ring(s),

cycl oal kelydse subsgiuspts that doyreit suerkgre withige speifaghlvastion of by chmabstibene” as

used hereizn, i.ncl ude ut,arenot limted tao, .cyclopr | -1 1-diyl

yel opr opghot i e1ude B, ity Mekiig, Ayl AR PRH e d ity or balo

cycl ohexy kol exdm@iey | Such MHeheosylic l‘inFnﬁHdee optdtRhNAIS¥H tolork-¢H Mbre of another
cycl ohept ¥)I -1,4-diyl, or cyclooctyl-1, S-Eé(yl , and the |ike. As used herein,
t he 0er m ‘helgeacgelikeng(ple Reterqapyl ging () oaryl Brg(st, cydledlienyl irngs)i of aflpalkeht 25
hydr ocar bgn .t ad] d cifi r r.non. a; nd at | east
one car bg%ig%ag%%ﬁﬁa%g%lhg&ggﬂgﬂ?nést sgﬁlp ?‘lr‘f'éﬁ) @&%@%mﬁ'ﬁ&%&ég’l&%ﬁv ene groups

i ncl ude t cashyivofuryl, ppeanyh 1{dadibxanyt.al, bdivxahpiypipefyinlyh plykeligingh)e gr oups may

be unsubstituted or substituted wth those substituents that do not
interfer enWYSIPP?’ang “’s‘ffg“é*a‘iq“éaplffé?\’ét‘ieHﬁl?Xfpo‘?lH@%EBﬂpwu&F € Substituents
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30 for exanple. Such a cycloal kenylene Ting nmay be optionally fused to one
or ndre otwelapotdnarerdtencrgoyelic beteragy¢ls) rinhsaderadeenthinimgngesx maeyl ring(s),

cyoloal kel 0 B 0 i3, R CBOS VOGYGROME EGTU ezl gz
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and the like. As used herein, the term"heterocyclic" or the term
" het er ocy &hititueptsfthitglotnpt nterfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,
20 for example. Such a heterocyclylene ring may be opt-ionally 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. Ary! 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), heteroary! ring(s), aryl ring(s), cycloalkenyl ring(s), or cycloalkyl

9.



nonoval ent three to twel ve-nenbered non-aromatic ring containi ng one or nor e
5 heteroatom c substitutions independently selected fromsS, O,

havi ng zerpgbfofokie degrees of unsaturation. Heterocyclyl ﬂﬁﬁg@@;m be
unsubstituted or substituted with those substituents that do not interfere

with the specified function of the conposition. Substituents include
al koxy, hydroxy, nercapto, am no, alkyl substituted am no, or halo, for
exanpl e. Singh Ex&eples of yakl"asnisedhereiy ibeludptiuoaml oy linisddo trheoyle or nore of
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used her eitge lilac! ude, but are not limted to, tetrahydrofuryl, pyranyl,
1, 4-di oxanyl, 1, 3-dioxanyl, plperldlny pyrrolidinyl, nDrphollnyI
t et r ahydr ot hi op@&@ngrlhereuetthaﬁyrd pm@fngslto divedent tasatimated a«x@m@tyed herei n,

t he erm"ht refe al.ent . three nbered
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unsat uration. Heeerocyclyl ene groups may be unsubstituted or substituted
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ri nqé het er oar yl. ri n%é , ri ngis) oal ken ring(s), or
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are not | t & f 5. .

oy an, 4 il B e LN B B omehil TR o bt

pi peri di nd, 524, d]e;(ie,neﬂj M[ylpbermeeﬂe,-néldilylL napiyhaledea- B akyll alﬂhd!cyrie,-l 4z2byl,

nor phol i ne and the like. As used herein, the term"aryl" refers to

monoval ent?? %H?aﬁ rated aromatic car bocyclic radicals having a single ring,

such as phenyl ,AQisefHtlel Rl CARHRASRANIT RS 10 AYidhoRaleRARI-f ke Rh-ant hryl .
Aryl groups may be unsubstituted or substituted with those substituents

t hatlSdo newemberesd arenletlwlrmg rediealsperiningdnd enropiedetaybatphns indeppudsntiyon. 30
Subst1 CUC S LSRIE LR hUShErEhoBt oo BE B SRS, o
one or NDiigsekumiRieAR thal R £dt At Ak GriEh ﬂﬂ(sﬁémﬁ@&hﬁkﬁaﬁ vt tHelc@g{péamoﬁr yl
ring(s), cycloal kenyl ring(s), or cycloal kyl -9 f EB 2006 WD 03/ 020816
PCT/ US02/ §¥;Q:@5uents include alkoxy, hydroxy, mercapto, amino, ajkyl 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 Iimjtc;:I 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 termn “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), ary} ring(s), cycloalkenyl ring(s), or
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rings. Exanmples of "aryl" as used herein include, but are not limted to,
phenyl, 2-napht hyI 1- napht hyl, biphenyl, 2- hydroxyphenyl 2-arnpk rephepy! ,

2rrethoxy the like. As used herein, the term"ar fersto
di val ent Bﬂ?a?" Ogyed aromatic 5 carbocyclic radi cal s havi ngyéﬁﬂg?%ézll ring,
such as phenylene, or multiple condensed rings, such as naphthyl ene or

anthryl ene. Arylene groups may be unsubstituted or substituted wth those
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sconposition. Substituents include al , hydroxy, ner capt o, aning, al kyl
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rings. Examypidas- ns digly wrﬁﬁﬁmoaz 4Ltﬁﬁdqmablaieq2j3rmyl,ld@dtﬂeutkear e not limted to,
benzepe- 1, 2-di benzene- 1, 3-diyl, benzene- 4-diyl, napht hal ene-
1,8 Ayl, ant hré%é??é-hff@rﬂ dhgterm aH@xy delersde —Ckélliyégamﬁéwéiewm kgl s @ m
heteroary& v, to a nonovalent five--to seven-- 15 nmenbered aromatic
ring radica fr con a| ning one or nore heteroatons i ndependently selected from
S, 0, or N Hetss osdyereait, ahpermehalogenineruthalo’ tshile thehudedodige,idrovhéd, Wi t h
t hose subichllltuents hat do not interfere with the specified function of the
conposi ti oring 54 lUPHBHt s i ncl ude al koxy, hydroxy, nercapto, amino, alkyl

substituted am QopseQheldh e 1eh@E “?Péan 08 ant?uﬁh d" el BLOB N sub'éf(lfﬁ)gnt”ay be

optionally fused to one or nore o t her rocyclic ring(s
het et®ar yl-St.ng(s), aryl ri ng(s) cycl oal kenyl r| ng(s), or cycl oal kyl

rings. Exanpl es, of hetero her in inc e, but e not limted to,
Furyt. ot bphehy e Bgiert i1 rm agup s reens i BEsEiog 067y 1" ¢ et razol yi
thiazolyl, oxaz ¥ded heteh@tRZ@km!“hySoRghIRE I Weferd bl A8ljdREH) édbstxﬂuﬁ:‘atﬂhbﬁy?lm yl,
pyridinyl, pyridazinyl, pyrazinyl, pyrimdinyl, quinolinyl, |squ|noI|nyI

benzof ur ylrmgtﬁ@ﬁlz 8% Pilygrexiipheny] ﬂU%H;dlhydéW@i’P%ﬂﬂn@aZém?Ple and the like. As
used herein, the ﬁs%d'ye;erﬁ?gl% 2 y‘lcﬁ{ignn 12 agt;ggl!”’sort‘ glr)éelatﬁjén & %{mst told fi\é?nr%ohgd seven--

menber ed aromatlc rrng rd nore

i ndependenjohjiniSgves beslofy ies Hithth a sihg. mdiedi8e cau yéseﬁategmﬁu@slng&ma@l
unsubstituted or substituted with those substituents that do not interfere
Wi th the dpecExsmanles phehiclabing eentpas BBAEEIR inshdegbutas aet imidst @, i ncl ude

Bk, RIS AR ISR ot [T
of anot herpleaykEnebiy@imethylarsirey) 1 2413@3(énpbar)yﬂyhdsphlgok)hanarz;cbtyiacngn(nst)c
cyel oal kenl}éxafﬁuor ace%ylac%tonate 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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-10 WO 03/020816 2 3 F E B 2006 PCT/US02/21206 cycl oal kyl rings. Exanples of
“het eroaryl ene" used herein include, but are not limted to, 73 FEB 2006
furan- 2, Sy ¥ie20kfsl ophene- 2, 4-diyl, 1, 3, 4-oxadi azol e- 2, 5- di ¥&T/13502/21206

1, 3,4-thiadiazole-2,5-diyl, 1,3-thiazole-2,4-diyl, 1,3-thiazole-2,5-diyl,
pyridine-2,4-diyl, pyridine-2,3-diyl, pyridine-2,5-diyl,

pyrimdine-2,4-diyl, quinoline-2,3-diyl, and the |ike. 5 As used herein, the
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"hydroxy" refers to the substituent -OH As used herein, the term
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2- hyc&r oxy%ﬁml or 2, 4-di hydroxyphenyl, for exanple. As used herein, the
term™chelating agent" or "chelation" refers to a conpound 15 contai ning
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metal ion. Exanples of chelating agents as used herein include, but are not
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pol y-anhydrides., Furthernmpre. the term."anhydrjde"” used .her.ein shall not
ol y ref ersisiassvih g oseT ibine o gl Palech A S Nt R G Y deBidfai ng
car boxyl i Gadigtiéh. TPheeith CthePhoseitt 2ASe8 hareirreli@s €6 b iR rmbmindinaterial, which
derived. Exanples of anhydrides as used herein include, but are not limted
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anhydri de oL A i SOLLE SRR AR Ane R b FmSh hve XAV gt hal T o

As used herein the term “thermoplastic” refers to a material which undergoes a
physical change upon the application of heat, i.e., the 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 composttions as described herein reinforce the physical,
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(and its corresponding acid, 1, 2-cyclohexanedi carboxylic acid), nethyl
hexahydr opht hal i ¢ 30 anhydride (i.e., hexahydro-4-nethyl pht hal 2& EbBhithr i de,

and its cqr ing acid, 4-methyl-I,2-cycl ohexanedi car i id),

pht hal i c g\’é@%ﬁ%ﬁg& (and its corresponding acid, phthalic }%ﬁ(ﬁﬁgﬁlﬁc
anhydride (and its corresponding acid, malic acid), -11 WO 03/020816 2 3 FEB
2006 PCT/ US02/ 21206 acrylic-furoic anhydride (and its correspondi ng acids,

f uroi ¢ acintechmticalany leleetrval ghppertios ofhs woldenjotntaobwdciitgthehip dridshe

. correspondi ng acid, bronosuccinic acid). As used herein qshe term "fl uxing
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is zero. h BxydeRuidR 2R at AfHERR&ET WRRT &)[E;am% gal,
usual |y a/a\ﬁﬁ’d&'aﬁﬁq‘p’?ﬁ}ﬁ‘érf”% g’% gol iadlhﬂ es gﬁ sgfgg aliﬁegj\r/azdrtm |y %ﬁk heat ed.
Thi s propée.gytwecarbamhtioyns) fresomichpeetr ii.g. Hocated o ar hionk betg to exgb oilen). dFhet he

| ecul tituents induced by heat or..radiation. The term"th t"
as used hBPGIEPTR EHTERJO fh9S6 a0 IRAET 13 HEOSHreh &, Silisr 8 CORAS Ueen cur ed.

A ther nos@idddlf afhesf e iy 8RR bAbbth. be cured by application of heat,
actinic radiation such as WV, visible, or infrared, or mcrowave or X-ray

enerl§y. As usedExhmplssof thadate Sluring dgentswp peayides! for béreinsintlude Sehiffdrasatypahi ch
under goes hysi cal change.,u he | ication of heat, i.e., the
mat eri al FS%\R/E‘%%&%%%%HPH%E’53@‘?&8@?‘3(‘%{%’[‘% its initial non-flow ng state

upon cooling. A thernoplastic material is typically 20 bonded by

application of heat. As used2 herein the term"weight percent” refers to the
mass of an indi R'dual subfR“ance divided by the toR&l mass of the

conposi tion, fulltipliged by 1004 Weight percen geﬁ._ recited herein do not
take into ac cmré_gdaﬁﬁlgﬁaﬁl_%jdi () ves such as 'siT @aﬁ"lgjlca@ﬁ and pol yneric

m cr obal | oons, expandabl e pol yneric m crobal |l oons, pignents,

15 The 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-Cg alkyl; R?, 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, hcteroaryi, heterocyclyl substituted with at least ene group selected from ~OH and
—SH provided that R and R* are not phenyl monosubstituted at the 3- or 4-position with

25 hydroxyl (the 1-position being that which attaches to the carbon of the imine moiety); and
R® and R7 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
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25 thi xotropi c agents, toughening agents, or cure indicating materials, -for
exanple. The present invention provides for a chelate fl uxing &ééﬁﬁﬁ05ts

use in fl b Bgozo§RMPOSIi tions, and its use in soldering nethpdsqsihehd uxi ng
agents as described herein, when conbined with a resin such as

t hernosetting resins, thernoplastic resins or a conbination thereof, afford
conpositions suitable for use as underfill adhesives, no-flow 30 unde'rsfi |1
adhesi ves independent]y atihydsivebsilkyhcryahetercapyl) ottadhpdylwelere ThieadtlongiochB” agent s

f th Lt t.with th ' b | ent |
oD |1 28GR 1 e RER SHEEh5PR SRS SR L T Wdscr | bed herein
reinfor ce the [unhibre, mbdngadertBr BAAIVDAFORORES HRETHUSAZ 2] Bfene-

mechani cal and el ectrical properties of the solder joints connecting the

chip and tliediyl iisazangtlo3-aiid, banseue-1 Heliph othiytans, propans- hBeliymprapaswd Rodiybn of

t he sol der_ i.nter cts.d t e inability of ,the £huxipg_ agent to

m gr §t e tﬁ?f‘é}a@‘ﬁ‘ﬁﬁ?} g’gﬁ’ﬁ)fﬁté’%ﬁ’@fl%oﬁ%ytl’oortc‘rgfgio%’?‘lgéiﬂ'#ﬁi %t gl.ldg Fhe chel ate
f1uxi ng ageiidsoaphen@VARERS ARl R hakehdbpeAddndgSHhbAGS 2-Hyamixyphdigt,h an  aromatic
hydr oxyl oxygen atom and an imno group which are separated by two atons

(e. g , t:}mé)-}wd_rr@whgm)?n@)‘t-hmmﬁmytat heL (i.e., locat efl gn_ an atom beta E)Ot
each other). beta atomrefers to.those atons |l.ocated.in eta
Lo ei ther { e EXPHER <G REbRTRE bonkd iRchst HRaliphRRCoyt beedpt sff "%
Exanpl es ®hses lapdchised bbavel g aRgdTiix$n@deRlsQupalae of aftingeis@hblaling bgties fehi f f
base type conpounds of the fornmulae | and Il shown below, .RI R2 R5

R3- ON- Q meatalfans; | Jhongh ceNwRhing to)betpurd 8y ppy RAMIGU G 1908y, o is ppligigddlat) and

[l includ r i : I kyl ene,
cycl oal ke%ﬁt %Er@? bﬁ{elt%ed? S&%’ ¢ 31/] ?’rgwegég%s ﬁfzeltlgtﬁ&girk}%mesnfg;t ﬁ%@%{ét%ﬁ%n é‘?\gﬁ r%%kl gr e
I ndependewkidgs present@n-thb slifdcy lof niddals BAbREDldereld. RTharteoryndielndadntbelicfahity| |

cycl oal kyl, aryl, heteroaryl, heterocyclyl substituted with at |east .one
group sel é‘Ef’l‘agdlglfsrféW thegprEacg of gﬁ@?‘é“#?@?ﬁﬂ’&“&ﬂ@ﬁ%%c‘%? WG afombinguog of | |

el ude t aofer WRERRdchS) BhY R ITuPbEKERR atorl 41aAY hENIBXUVHShOBIY LRABS

cycl oal kenyl ene, heterocyclylene or heteroaryl ene; ,
i nddfendeptdsynthin tiie K, RCR %dnidyR ”; suB8titaerds. Rithias; ehei Suheff dastamisciosed kgrein, and
cycl oal kylother molecules capable of acting as chelating agents for metal ions, act as fluxing agents
by providing protons to the metal oxides and by effectively associating, 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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aryl, heteroaryl, heterocyclyl substituted with at |east one gr o&tpa fﬂﬁijf ected
from-OH and -SH provided that R3 and R4 are not phenyl nono ub ed at
the 3- or_4- ﬁ)sition wi th 25 hydroxyl (the 1-position bei n% térh t which

att aches W&@ %%U4rbon of the inine noiety): and R6 and RFC {@02[21206

i ndependently al kyl, cycloal kyl, aryl, heteroaryl, or heterocyclyl where at
| east one of R6 or R7 is substituted with at | east one group selected from

- OH and - skhmped dubiRnl oy undubdiiufd APBRGS c9ElohPpHRML A8 omnalBdnd/br | NCl ude t hose
where Qis arylene, alkylene, or cycloal kylene; fluxing agents where R3 and

R4 are i nbelpesydinpojyepogidegGush bs gliyeidybestes: glyeidy) esbers, fyadyragupessel ect ed

from-COH .=.S rpvi ded t hat are not 1,3- or 1,4- substituted
hydroxyphgﬁ‘%ﬁ‘?”@n@eﬁ‘i’{%ﬁ5”%3%@“%%‘?56% and R7 are -13 2 3 F E B 2005 WD

03/ 020816 PCT/ Spetfi@d2dbplenepayepenideyedhdidefulay ehedinipdsitions yi thelpadsentoar yl
or heterocyclyl where at |east one of R6 or R7 is substituted with at |east

one §r oupityepisen iaglude.dmt argHad dignitedrp, dighveisyt aibews of bisphenr) Aauddiglysidyt or nul ae

I d Il | . Q| , L o T2
benzene. | et Bisp RS PG ohoB RGN Eeps. Al itGRAG  Gadks, ot

cycl ohexymultifdnétionhl glgyidldihery) antl, adipHand glyoidyLastdrohexyl -1, 4-diyl; R3 and R4
are 2-hydroxyphenyl; and R6 and R7 are independently phenyl, |

2- hydr oxyphenyﬁ?‘amBleﬁﬁ?ﬁP%’)@}lmﬁ’@fﬂPP’,“dérfeﬂnwafr%ﬁﬂﬂﬂ\%%ﬁ’l.eﬂﬁr%ﬁl?i@h&g@}rﬂs within
th . h | i : i el § f b

e o0RC il DL AR NGB OB 80k 0! WP 08 N g Pases

agenps f oReddlutidf Pdridrdafice Fldauebond MHowdted) iMegad; © BR Dozayd 30y, anyaparticul ar
theory, it is believed that the Schiff bases disclosed herein act as

chel at i ngaeajehledrdm Dovhehemical Companyy MidkndeMathigax iané & RkkBETR™on t he

surface o I e s . The eory.includes the_beljef that netal
A L N O o @Y NS B SR RS S R
combi nation of gxgapPlel bf RRHA POl ydpBLiRR tSinsARck 4r@aig$yﬂ%>qrcg%rrs% DGR APMs of

the hydroxyl or nercapto groups 15 present in the ~and R7
subst i t uehtcideThisre ndidingeddi tbf EDQREY Rebis B68sailnble diom Resajutiot Performahecul es

by Bhovi APHEIEH GO RS E R epd MR REE S Yo LePeti GB Fis s ibtndoc
removing g?d%ogs%gﬁl%q;dnqg,amgo, E@gw%fm%qforg-he net al oxides fromthe

©surfaces ¢ netal's to be soldere e nechanismfor the fluxing
activity of thExhmphs nfusfdmhendidsaidmeliftutiongl g10cidyf diberyegnsiatiude, fouom t hat

of trad i onal LA %9 VvV AR el A B, b
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 i;);i;:-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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chel ation contributes strongly to the action of the flux agent with the
nmetal ions to remove the netal oxides fromthe surface. Fl uxiymgrgpmps are
present iwotAR26Q8P0sitions of the invention at various | ewghsysobAgloddi Ng
level s greater than 5 weight percent, greater than 16 weight percent,

greater than 25 20 wei ght percent, and greater than 30 wei ght percent.

Fl uxi ng agents are typically present in the conpositions of the invention at
| evel s grawtagitatibmstep nvigioghir priorceand dufhgishiengactionwadi the base, simultase@rsbs ent

nvention re e netal oxides fromt r.faces. of tal.s to. prqnote ‘
Im::;/al I :Jr g‘VEIéF?%%S? i[rﬁ@mé‘i‘i)élls[f’%?qrW{)'f“crsl’é‘?‘alslégfl%ffE’S‘Qﬁa"rﬁﬁ”ﬂaﬁmﬁ’? f1%%i ng agent

or agent %t%hg? gg}gsnp&gtaggs thiQoradrae | and 1. 30 The conpositions of
the invention |t|ona 'y contain one or nore thernpsetting resins.

Ther nosetting Thassais:tm ofittecdiass depends spen theclardeg pollygepadd weiny @scmles

oo, ‘Fomati Dot wil i b8 aEbcon Cpoptea iR w by 4% ahpaied "
substit ut@%ﬁrek&aéya&hla% %ﬁgmﬁxln'lf}'a%:dx@e 1nqyabpa&dlaﬂa{yd9@xlaé %&ht}ﬁuﬁnd/ or

heterocycllc pol yepoxi desS, such as glycidyl esters, gly d | ethers,

gl yci dyl lmdrmeg¢, h)mindeqoamh ds hénlumlwﬂnd@, sogiugh hxdrlﬂer{aptu@mélytlhanmﬁl meecu fic
exanpl es of 0 i.n the conpositions resen 5
Ivent | o ER G Buftider SRR Firh e gTAY. dr yeaghd SHs < br PoPSTRENol A

and di gl Yt%lﬁb()hde%fbﬁfaﬁ &Bfuw@mmlkﬁldélshmags&dl&mquwcrd girboftdiehush
al |§hhat i ¢ diglycidyl ¥hers aliphatic nmultifunetional glycidyl ethers, and

al i Bhat i cesgiojassigy casbenatssandmsed i e@rb@natas@ﬂlﬂuamajﬁpmcu@uméglitms that are

di ol yoi dyl et et 2 of D bRetel & hABldRLeNe 1,00t il ey FRENM

Resi ns 825, 82 aval rom erfor

Product i aBshe ﬁsuxsrta@a ;undexelsich Ehe%p\axiwbss?ﬁbt pdBimeragad F33 2xamplé dinloablcgsef r om Dow
Chem cal Corrpan M dl and, M chi ga and ARALDI TETM GY_ 6008, GY 6010, and
Gr 2600, fauah P%blévrqfryéﬁwgﬁwtaolm% pin, RRAS SR [cbutaxidepinddifowag s ef ul

pol yepoxi s of bisphenol F include, but
are not lsﬁ?ﬂal%l@%i ?§ ¢ E%B@I{fsﬂggglﬁ%gg% g[\e/}}aqa. bI e from Resol uti on Performance
15 P oduct i onsTheHas¢sif@on- nieleaphiliabaseARAHDhsTSodMriMydiede, arG¥eRB2d t6MakBhe PY

306, and PY 307, available fromVantico, Brewster, New York. Exanpl es of
usef ul noWgantageoxs gtigeh aficiasing the hﬁll"hw‘%W&\P‘P“‘éﬁ%’r“grﬂ@ﬂ%sﬁbﬂw}‘h88‘“ bage

-(hydrolytically) sensitive functionality such as esters.

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 hydroxy! 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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are not limted to, XB 4122, M0510, TACTI XTM 556 and TACTDCTM 742,

available from Vantico, Brewster, New York: and EPONTM 1510, I-ﬁEg @MB
Modi fi er %{2)70 28 HELOXYTM Modi fi er 48, avail able from Resol ﬁr' on_Perfor mance
U385 SR uri fi ed

Producti o §¥on, Texas. The pol yepoxi de resins are pP
so that they are substantially free of ionic species. Renoval of residual
i oni ¢ hal ogens can be acconplished by first reacting the 25 pol yepoxi de

resin Wth a basg hedfify RRSQiAiSg BAEGR0E aﬂ@_t@élp@wgpmdmkmn%@@eﬂg the nol ar

~equi val ent based on the materials conprising hydrol yzable halide. This

~anount depenkised.qiior heant duringihe pateyeasbRend stepe F simuitarecusly ypittethejaddiign ot her

acids are ent t anount of base can be used based on the
g A RN g

| evel of nmonly expressed in parts per mllion (ppm.

I n ot her situatTheagxtutoik vexaiytieaed1OQlt@ahe entodiey Whith idAinpBélpetie base is
required. The pol yepoxide resin may be conbined with a base at room
t enpér at uHEPEIH P! thePaser xt ure or in other situations, the pol yepoxide resin

PCY/ USob! 21206 Tiaiagy iy e BER ok, R WidPesthoh Bt o K oy o

wi th the @radepraiuonl Wahelowisydeidey)ithis netigallzatien ttepahdyaiot be tejuiredr after the
base is added to the, polyepoxide resin. The starting paolyepoxide resin

di ct at es PRi_vaAlgalthispogitserigual ssits Bry beserpawed HepdbtierudeBiedusiebst art i ng
pol yepoxi ggrfiggi . Exanples 5 of suitable bases useful in the process of
the present 1 nvention include, but are not limted to, hydroxides such as
pot a8si um hydr blekg éhel arudepredyctsodolatediydnokewdar datliationtthiyiedd theygodoct.de,

hydri des such as _lithjumhydride, sodium.hydride (optiqgnally j.p. m neral
or 1 Ao P ApRrkar e BUTBRAROTROR RgwyPe csed oNatr o
tertiary £gn BvapdPRbANS dHidie ISrOBHét%(HigﬁiHuh[bdtagHs@Whﬂfapﬁ@dﬂed stifake @% kQxi des

such as sodi um'et hoxi de, carbonates such 10 as potassium carbonate and
sodi um cagfboisat.seli ghnimgaodermsippr sisteoninie ynifern the fikmalThy evapesatbdse

S L P E T A e Mt T
cases forloanomirhdy empeytired-@es NEInd OtSHORMPXLH & at @rh MistARtias Froain t - but oxi de
'n THF Wafaboratory to Production”, 1997). With a wipe filin evaporator, a wiper is used instead of
the self-cleaning roller wiper.
The distillation conditions depend on the boiling point of the crude product.
Noncondensible materials which may be the starting materials, that is, the
20 po]ycpéxide‘ 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-3(},
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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suitable at 25C, but the resin polynerized at 70C. 15 The use of

non- nucl eophil i ¢ bases such as sodi um hydride are believed to g EF B AWS
advantage of closing the hal ohydrin w thout react any
wi th ot her §£EQL%? ydrol yticafly) sensitive functionality sh@%”§§9%§ﬁ%rs

a non-nucl eophilic base is used, the process of the present invention

preferably conprises the followng steps: (a) distilling a pol yepoxi de
resin conpDihst Ng\l’f-mﬁ-@idlahﬁdéﬁfhnﬁ@lﬁtﬁﬁ;bmbéhg ohpﬁﬁpﬁf@lmblr@dd%aﬂbdeim@im@ambloe.cuI ar
distillation to epaoxy disti]l and (b) reacting said epoxy

di stillat &W333 3%@%@@@9#%6&“&% QS present in a quantity which
exceeds Lhe ol RepreqllfdL &R T@ﬁsﬂcaﬁnm?alwanmmmlﬁm Hﬁtc@%ﬁrlﬁgﬁ&@bl e

halide. The initiz |st|I n step renoves noisture along wt
nmol ecul ar thesagls of mr&itmalsah\anlablatfmnleag)IMymh Berybrifanne Progioationsy Ho"u'lsten,p’FKduct

can ejther be neutralized wt 2 and c on i.d ore

resi dual SBIFLIRERTAGE deRSpAtIon, gwgm\ﬁﬁg a5t a5 %3%5’5 c”‘Hfi%&Pf’?’B@Wﬁ 3@& ly
w t hout newy | mqg@ le for
reaction gfétbﬁkp%@?j%ﬁgﬁlﬁh%{)@?ﬁngztfe epoxy mﬂolﬁlghggl t at et] For éeszrgrrpl e,

t he m xt urEDARY), laadlﬁmah Bdx1esQugntarm San Diepn CA undée tier mddeydesignetion xt ure i s

heat ed bet“ﬁagn g,OC to 200C for 1 mnute to 12 hours. 30 However, the
t enper at ur RB%ti me depend upon the starting pol yepoxi de resin, base

strength and sofghinbkdiing }égﬁls%?é ﬁxleé'én't?n a@tcbmptoym%s bie BARRLRYRY Sou
pol yepoxi de pol yneri zat | on, commercial viabH ity. -16 WO 03/ 020816 2 3

FEB HD06 IPElY inshrliilze6ls Ema@rh@atﬁ%gelahwmmtrgeaanth@n(?Qrweaglntmerqchte

pol yepoxi de res e e} t he bas
Preat mont Epd gy Binehitl Brbt i Beri Pire Dthieh Gty “ThirPibst iR P e
treat nent a3¢ 8picallfQréBeiit iltBe ESmpSiuadnsyf RRAin@entich Alldwels dgreaeythsﬁ galw‘zey%]mhl ch
in turn helps the 5 dispersion of the base. The heated mxture is t

neutral i z&gIcept- required, using carbon dioxide to forma crude product.

R A

prodgct bymorkichfalyatd when a thermosetting resin is present. The function of the catalysts in the
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®*, Ga™, Tb™, Dy**, Ho™, Er >, Tm™, Lu**, Th*, Co?", Co™, Fe®,

25 Fe* Ni**, P, P*, Ga™, Y, 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 te 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

18-



10 Next, the crude product is isolated by nolecular distillation to yield
the product. For exanple, a rolled filmevaporator or wi pe film evaporator
may be used. Wth a rolled filmevaporator, the crude produ@ﬂ RES 2006

di stributW® BRe%e a vertical heated surface by an effici &%I/UH2120¢| eani ng
roller wiper systeminto a uniformthin film The evaporated nmaterial

travel s a short di stance to an internal condenser. A smaller vacuumis used

D sti i1 at APRHLR, SPSURIRER HhcRhmpoRl & s L aecliph paf@le T,

evapor at ocompositist Arzhydsdd compdwerald tyficallynfanetédif ascd mau:thmgarrcodslslmkm\g pgmit The
distillatjion conditions depend on the hoilin oint,  of the cr roduct .
Noncondentt tﬂ"gycﬁﬁi“élfa s 3R @R aﬁsﬁﬁe?fé “t"ﬁ'éiyélf‘%ﬁ%'&a’r?&ige’?qwc‘émgﬁ RPN ¢ he
20 pol yepgx{ge Fs]iru?ﬁ‘h'ibh ﬁh&;t{rﬁrﬁ@‘é%xﬁg dgefit. ”ﬂleeﬁ‘s!d'o@ ﬁwﬁide'ch%g ngmsT!ﬁﬁl yi el ded

epoxy product l'ow [ evel s of hydrolyzabl e hali that i1s oml|l to 100
ppm 5Spr ef taeabhysith gsaducham oﬂ@m@;ﬁlwmgmgentppefchlce&m‘;my ebthetpheblerhs gisenss&beci fi ¢

exanpl es qof cyanate ester r s.useful in the co sitions, of .th sent
Cvent | ot HEe e TR e sl iE BORHon G el Gara
PT-30, 253A58CYTM XU366 and Primaset TM LECY avai | abl e from Vant | co,

Brewster, New York. Specific exanples of bismaleimde resins useful in the
conposi ti ons oWhikeit prrretened thatieneanepositions oflthetpreseny N‘Vcltiics‘m¢ &i:m)ﬂes of

1, 2- et hanedi am.ne anedi am ne

1 4 bonoouREHe fambytigt ot RY S ARa: cod ol Bl blring et SOGT ey Hems

2- maphy! - ncrdeemi®Resthings, RarbokyBc adTBE, Aitli@Reaktiyeitides) 280861spBknold, 3' - sul f onyl
30 bi s(benzenami ne), 4,4 - sul fonyl - bi s(benzenam ne),

3, 3' - oxy- Hshysiss/keieans. Bityo compoungsnitriess cbABaiesiseRypnates, amino
4,4 -meth 0 e
1, 4- benze#éggﬁéﬂ]dg%gﬁ%%ksém %q%& gem%%rﬁg%o%ﬁ?%?@%ﬁ&?%%grms t anol}?'éi "r?iSXt ures
t hereof . urkds %EWESM@/QMQWSMICMI&IQQ@h&ﬂﬁ@mcl‘d,siﬂrsﬂﬁcﬁ“ mal ei m des
and their pr ocess of %r eparation are described in U S Pat. Nos. 3,562, 223;
3, 627, 780PNSPBY, BE@SPhaRmides 8 Olhgy agmipknesehtodhpsreskilieip thesarblo @dhmer ci al | y
avai abI e &;y gfepl ei mde materials include the series of materials available
fr om ResoP I'on Performance Productions, Houston, TX 5 under the trade
. desi gnati on " COMPLMnDESitiguscdf thsin&pzﬂﬁe@hayradmhimcnhocﬁr [ntteclyhenmplha‘rmeresins. _
- '™ PEe R zpstig@é?ns) ds d?snc?os%d ﬁerem mgﬁlde pmyet er mudes polyether su oEr)x%s,RESI n

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 incorporaled 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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TDAB"), and from Dexter/Quantum San D ego, CA under the trade desi gnatLon
"Q Bond". Thernobsetting resins are present in the conpositions of 3 £ bie 2006

i nventi Ong‘gba(i{"%ebsggan 10 levels including | evels greater thq,%ﬁ& wel 2gl&lt

per cent, 70 wei ght percent, greater than 80 weig pércent,
and greater than 90 wei ght percent. Therrmsettl ng resins are typically
present in the conpositions of the invention at |evels greater than 50

wei ght  percent Una’&ﬁlmﬁi;mitirom oS thefprésaat ipvasRMtinifmeoirh dicledd wafeahppliedbut
preferably contain one or nore catal ysts when a thernpsetti nﬁ resinis
present. 'I‘Héier@lrllB‘taltfiﬂﬁl%#“dtﬂﬁeﬂ@‘é(t“&ﬂ?/@tﬂsmﬁtﬁ“f-lﬁeThééﬁ%%fi&c?é‘ﬁ%n yrderil i nventi on

is to acc%g{eﬂtaﬁtncs%ﬁQ%lﬂffof‘rﬁ?nc%ﬁ%{)tggﬁglm % BP0 8 alenti e RLAS efl! ©

t hose t hat I'on as wel | as coreaction of
the fl uxi ngf inggrited\titduitdhépspaiorepdicinieofiths ivafer Aadiihdioidnkl ghipusHiisblleat al yst s
are | atent_ under anbl ent condltlons but. are activated

|
react? ons fRAE mawapglicasonot anderfllanperalio ptegrategsarcyit Cé}%égg ggp&es&%ses of
usef ul catigh¥shst %‘gkﬂﬁ% ﬁg DRbEAHLE ehﬁ‘i‘tgékﬂ as IE% irdCF inonafGt, apat es,

nmet al acet at es, metal 1 mda orrp exes, an metal ami ne
conpl exes.ﬂdademaﬂsﬁllnsmﬁtnhalsn the previ ously mentioned cl asses of catalysts
I ncl ude Sc3+, 2+, 2+, Lai,+,. H+ In TlI' +, T13+,

Pb2+, Pb3+, Ti4kh E%ROSI@H%%WCNEWSWY EQntain &?B@Qnalﬂﬂélﬁ‘vc%#“eé‘r“%ﬁ

T8+, Lu3+, tﬂ_gs% kﬂﬁ‘&%ﬁ the%?”’Su&Fﬁd’s’ses gﬁadﬁﬁﬁzts ik bt rediot 1iRtiRd 1o GRS Y3,
V3+, SnB+, +, Bee+, Ca2+, Na+, Ba2+, Sr2+, zn2+, Mt+,

or A +. wph@alsmca;ghgﬁsand ppbamrd:enmwallloom da;zandeblcmwreem:stmcmhaﬂioass, zi nc
i m dazol ate a I m dazol atﬁ e as, sybstituted

i M dazo] ed'® mgﬂght%ggotwpg WephelRre ‘?ﬂ%ﬁ%ﬁ“& C‘fr(?r' %’ﬁ?}fﬂﬂ Igate@%lﬁa Y8 s are
present i netab@art TbRE, Eéd@lﬁl@n@é artiBRs, dhdQBbAiktidhs thetdYelAdaftives @ fresehPin

wei ght percent, 6.05 to melgﬁt percent or 0.25-2 30 weight percent, for

exanpl e. 'Ith%C@@\l?p%QDltlS ertbc tfventien ﬁiraelgéﬁtlo eHoeribe desirgdeesylibst antial |y free of
A e T T
Ceneral | y,stigtihgy, dréfden o Bfl SneRCtmspItas, iwith g Dhtl homapdhesisy The
O Mk IBPEBHE at which the uxtase is hekted 5 dependent Upon the Stractuse and Ty ratio
of the thermosetting resin and the fluxing agent and generally ranges from about 100 to
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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for po| yepoxide resins and can al so react wth hydroxyl containing conpounds
to forman acid in-situ which functions as a fl uxing agent. IhkFB&ﬁbe
anhydride curing agents and 5 their in-situ production of

agents prdﬁﬁ@@@gWﬂ%y of the problens discussed above suchaééﬂggkﬁgg Ion of
sol der interconnects resulting in reduction of the reliability of a device.
Wiile it is preferred that the conpositions of the present invention are
free of afﬂmgrcbﬁiﬁlgcﬂ)i%?éi&ﬁ% atBRYt %e&@%@h%@@ﬁnﬁf Wl@ltqybfe%eﬁgﬁzﬁt s.

~Such curing agents = 10 include imdes, am nes, carboxylic acids, am des,
anhydr i desio @idgwmnal airipigetaps sye nadedahydms/et«%dnwts ofi the prasanpnummlisn Ryt r i I es,

car bamat es, anat es | gl e t hi ol s, sul fonam des,

seni car baz‘BﬁBéﬁa_%t'ﬁB? stmglt,@oﬁgﬁ é;grig% ?Sﬁﬂ'é ureas, phosphoric
esters/acids, UtfjeqRRPsP %%tscan@%ﬁfp'éélﬁ(%héjéf th@E%&ﬂQﬂ&e%u%%Feﬁ%’eﬁﬁ e vanet%(
phosphi t es, phosphonarr es, or other agents known to those skill he

" art t5o curd s¢lepnd gethods. Sogh mqnmglmatbwrhlnofudth@Sf:Mmaﬂnxmgygmm 8un one
or nore thernoﬁl.asthﬁ,ﬁres ng t ﬁﬁ’l t icr ns_as. di ic osEg herein

i ncl ude pdiPEPHEPD PhTTECSCRLINYER H’é‘r‘sé‘ F61e& S"%’H iofi 9 A YOTK To remove

pol yvi nyl buéiymidloxides Foten the RErfik YPRRMMEER ¢ BE Nehed, anmbxpe&ﬁ&ertﬁétﬁmrgmal

pol yesters, ethylene vinyl acetate (EVA), polyurethanes, am des,

pol yol ef i rettingof thew Sv&ﬂlphé@d@mlééﬁmdsmléﬁlmph@whe Si%Ps‘P keating ther esent

in the co tlon | evel less than 30 wei ght

per cent, ”Bgdén%g%r o) u\)/\éﬁméﬁr reﬁg é’ﬁ?e egs than 15 wei ght percent, or |ess
than b wei ght pegslaering J&Tﬁoﬁ@ﬂ@%rl{ ineNfleslh pRlrfln@df RRIAS, Ior ¢ hedglid hose in
filmform Typically, a 25 thernoplastic resin 1s incorporated into the

conposi t i GREPEPEEY. deidder e vdiiph tsd‘eﬁﬁ%‘d voPica! seldening prrHPanefer Wik inglider i al
o160 t okt BBt A R Rpe, SOQMo} B APl s el e filib T B
underfil | smattardl abmpéndnn fush s housmgscies seanplec ISolliering portensoph e;ork e pr ocess
For med | n AT GOTROTORE) LaRPercty 1op: Bt B BT GHIRS SFEoPE HABRROPT o

pol yrxer i zghh@nfRfexiMfigleepoxy resin. Such film form ng processes include

those disclosed in United States Patent Nos. 5,086,088, b5, 721, 289,
4,552,612, and Sbldtingrelow tarapg@prg 2(Ualepend on the metallurgy of the solder and

soldering 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 kil in the art would recognize the appiropriate 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
underfil] 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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WD 03/ 020816 PCT/ US02/ 21206 Underfill conpositions of the present invention .
in filmforminclude wafer-applied underfill materials and no- ftgvyE 2005
underfill \Hgto?/ﬁioﬂéz The advant ages of an underfill nateri )U@oz? a f| | m
formincl ud € ability to apply the filmto an entire silicon vva
integrated circuit chips prior to dicing of the wafer into indivi dual ch| pSs.
This allows 5 for the mass application of underfill material to integrated
circuit chips aseqppsisethpofentiafdmbilidvarl iy pagehyinegntidicandnrethbdd for deieri al to

each chip as is required of non-film no- flow underfill rratg;gal s. The
conposi t i dredustion prelndpRIpyiding W%‘Fﬂl SPRPRRNT NAGAR R PARRAlIYY, Af&dectiich ar e

known to ta&@ﬁgmt%g a;nh%%h@ .iégﬁ caﬁgmg%uﬁ& At ﬂmgag uraﬂg otf'e BficapiCl ude but

are not Ile suc S SI I ca; S an ynerlc

m cr obal I aenmnatﬁ)ma:bdaiﬁoadmglwnmrtémﬁmhnmmbﬁlthmiasmcalmogmmm Theietestniaapi c
agents, tou enl ng nts, cure indicati mat e fla retardants,
fibers, c&® EP?’Hdn‘gg ispfldevices @s %WPWQ%FSH’%C ‘ﬂi’é € eakh gigctn are

present ieem}lﬂﬁl&qmaééd%&rgh h?or'e'ﬂﬁ fel %eashbetratex&f‘chuaegS@thﬁﬁguéz&e

desired res Generally, th er rmset Ing resin and fluxing agent are
m xed togess Ipante‘dnw:kungbﬁmsls Whﬁra‘lﬁgﬁph pleefranbiohpinatide incindes nesotdeapab dpher e Wit h

heat until e enperatuyre .at which the m,xture is, heat is
dependent SHBBAEC FECBOT teraisr B e igacg 510 Breot etti i nd lePEEPRY and
the fluxi R@gnaaent t@gﬁav%%re@éclﬂca'] AR enddcabh Bbien Wel&&rlc;ﬁl%@ﬂ{poﬁ@ﬁ@nd
However, in sone ca where the fluxing agent—+s a liquid for exanple,

t her® may thesubstraieed f or addi t| onal heating. After the thernosetting resin

d fluxi e | ded
"o the { her maQBAHPES iar e L&PHsT RO TS o R e alaibEe

The conpogrédeiifvétidnsy screet dkinaie, rmehchﬁxécalé;ﬁﬁmg ENPRFH 6r diferrdibRNpREat ur e
profile used to reflow eutectic solder or exanple, a useful tenperature

profile i meaDEeSPtipRaly: g dectinahppmepnent ehh@habwléctrlsdlmoa@nt%@hﬁ nut e,
I sot her mal @{st{ii’eg%kéﬁgaé@@m%% gmofn o[f tﬁe"c;gréfl gt tﬁlé{n LoHeRHhE o SQn{)ﬁ‘”p' ng

to 220-240 m nut e I nal € systemto a

t enpiér at uro€ sheggre eACinvenionBiin filr forns, the Afne iy Wgichbatpplied tadst éleariedl curing
steps are needed, sone enbodi ments of the present invention nmay include a

post - cur e CERPRNGIR ?@e@mmwﬁm@vw%ozsmwt [FeECERAAh ETENAYRES BY t he
I nvention %ﬁd&‘?m%‘dgg EF&‘:HHéer‘é‘ rheQl ﬁrﬁn@ﬁ?&ﬁ Bc\?: &E@tﬂrbtﬁglﬁ?@d to

refl ow | egd ree so or exarrp , a use ure pr e includes
ranpi ng f remveatiof Givn cbecrpfgrtae aleetrical tb&ﬁfﬁaabuﬂﬁ},@hmhunﬂcml of d@ntiedlnmdahy. hol di ng
the 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-thc s_ubstrate. 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.

-22-



system for approximately 1.5 mnutes, then ranping to 240-280C ?;F, .
90C/ mi nute, and -20 23FEB2006 WD 03/ 020816 PCT/ US02/ 21206 fi nal ER dWpi ng

the systemto anbient tenperatures at 60C/mn. Wiile it is _preferred that
no additi MY eng steps are needed, some enbodi nents of HHEUSIFRLEHt

invention may include a post-cure step of 150C-170C for 0.5 to 2 hours. The
fl uxi ng agents and conpositions of the present invention are useful in a
variety 5 of soldering nethods. Suqiudbfidsnd nethod include those where a
fluxing agent or flux conposition Of the present invention is applied to a
sol dering portion of a work to renove netallic oxides formthe surfaces of
t he met al SolderSpréad Ad@atind to pronote metal lurgical wetting of these

nmetal s. Such sql dering nmethods further jnclude the step of heating the
sol deri ng portiof F EUGITEGEHERY PR e GRMPEHRAS EoeH .heli%waésvﬂe?ﬁe%ypomon of a

work s NCl Wlasviflg B AifidyMo ProrfBle bRier QireAh MRLAbkGate GPERARS fictal | OF ner of

which is desire ypi C ring portions of a work I ncl'ude electrical
conponent Spseifitallys awnal smosiot depically sbads).1Qgdarss lod¢hre deaipsind ams\pédckd as

metallic structural conponents such_as housjngs,.fpr exanpl Sol . deri ng
bor t1 ons. BV ALPRVEF BEUD GTAROILE WoBQEdo0s PhRpRERes FHe (LelO el ad um
platinum gtk VIRExt, ehlc@fBric bIHA VMY 6TE7/tikDedd, GHQ), halih s @ @MBERY ofS0l deri ng
reflow tenperatures will depend on the netal | urgy of fghe sol der and

sol der i ng Ogibtinahas,ovcre plcos ok theSwimpwuad radigr sdneheing copner test picnowas putianed t o,

al |l qus of .t} | ead i - <hadi u cadm [iu in nti nony,
copper, sihP(/@?t,e pé%c?a%fl R%?Hi%gqlgp?g)l%%ﬁ%&ag[ﬂeﬁgggccs Kﬁt‘i’r aﬁp‘g &ﬁéogﬁr of

sol deri ngtesipiste foRlofle HEn@E ehcthdt @Y-fe Ghs tdséx tanglingCGtslsadaee BRPOAGMD G 37°Fhe

per cent ages of each conponent, the nmelting point will vary. For exanple the

Sol deri ng (F5FChi melkersaidsr Balls Ghe TRINEERI SO lcrutqobads thavt ARE L83 aad) | o

B L S S, Sl N 5 e 0 TR P GO

respect i vebypowrddwad juligei @ exbftiofluxiteapieitatand evas fgivh agradnef ‘Hasskilf thei n t he

mat 51 a1 P06 8 cRhel SR ReBOIIIFT AL BRI Res R DS CORBOL] PErgVEh

resul ting g?éalg%gi‘pﬁrqonposi tions of the present invention are wuseful in

_soldering processes to attach sol der bunped flip-chips to a substrate and as

. an underfill adhesive for surface nounted conponents in general to provide

environne toﬁier Spread - in Blend with Polyepoxide Resin

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

20 polyepoxide resin, was evaluated by observing the ability of the blend to promofe solder
spread on a copper clad FR-4 board (a cured composite of glass cloth/epoxy resin) which
had its surface cove.red 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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protection for the surface nounted conponents. It should be appreciated.that
al t hough the 30 discussion belowis directed toward an integra &d i Deui
connect edv(,(gogozwﬁstrate, enbodi ments using other types Ofpé'k’/'i}gﬁ,?ﬁz{g)unt ed
conponent s having sol der bunps are wthin the scope of the invention. -21
WO 03/020816 Z3FESME PCT/US02/ 21206 El ectrical conponent assenblies of the
present invention and nethods for their production include providing an

el ectri cal fol@WRQRNAN/ ehFEr NGrecprofile! Aimp Stolf argbiemtiempérature €2072HAD)itoNSOANsk a
conponent-carrying substrate having a plurality of electrical term pations
cor r espondith§/iisuien Bolddpotheraal fnepproximatel bé minpigh, rapwpge ddeiuperghige of

el ectrical of e ' - : | hi.. CHi RS
where eactZ0| S 2R 4 oo (B RS A SHER P SBACAR L ARMER Ebeilbe TThRS,
subst r at e profilewtased ted tigdodder dhlisswouldl epceatt thelr nielt tagipbmarrds Ifvhesaldeach

electrical, term nation includes a sqQl der d, for _exanple. Each of the
sol der packa-hﬁ WeprepbseTvied de mel and spisa @ezs%io ‘36!’6’8&%! dimgrigiog thechiendayasy
conductiv | ; L1 W (ofo | t ;ji cal
component TR YR Bfuf AR G o pRen AR 0 B 1 B Bl h
suf fi ci entnoaigmend beyfond thsinmdsinili dimendion, ke blené sanigivenacmrtdoof 1Hailsclreah
printing, stengiling, depositing a preform_or other dispensi ans

Opt i onal | y¥a58sh e splodt sare o éd%%ﬁ$ gy 7B, D fraces e ¥R %veﬁgﬁaﬁ%ﬁ °fand
the substy,plBoRde r&HRhefaNdih age,ﬁggglggh,gd_on of the present invention. \Were
the conposition 15 of the present invention is-i-nfilmform the filmis
typilally applied to the electrical conponent. The filmmay contain voids
so as to allow the electrical, t. rrrti.nat' gns to . protrude through the filmor
the electrical terminations #ETIBSEIRIPEEGAMBe renoval of film
covering the el®id 6faBt pbBepdAd fcoihS vRYd REEaARE plrifitd EhRMBRliodieans.  The
el ectrical conponent is then positioned so that the electrical term nations
(e.g. sol depugtesgrgpshleride iand)gné o wiake themesubiswatiall v fre pbhydrasyli ons (e. g.

sol der pa of the.substrate. The conposition |s neral ly applied such
that it cgﬁlgecrusfmgﬁﬂtyh etpﬁ%cegﬁ{eﬂ'sg &7 ?%acqge%q%faﬁgmvéqug trical conponent, the
subgssrate, or both, while the fluxing agent contained in the conposition
cleans the electrical ter n}nat,i ons of both the_lsubst rate and the electrical

Corrponent of neth epgyaden LSSk H] = GREIYIIEYH
manner, causli ng !Example 6!

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 #S35-6 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 moiéé) 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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25 the, fluxing agent to becone activated, reducing the oxides on the sol der
bunps and the solder pads, while permtting alloying of the sg & t he
netal. During the reflow process, the adhesive conmposition crossliinks to at
| east the“@eg 14t . Depending on the chenistry of the utBGTAYZaMesi ve
system a second post curing operation may be required to conpletely cure
t he adhesive conposition. 30 The invention will be further characterized by
the fol | owiRay %agpteeﬁeedTﬁtes%em smra)trﬁar Ah6uft s dtmate W& ddigkedl R SCOpE Of
t he |nvent|on whi ch has been fully set forth in the foregoi ng description.
-22 2 3 FdptiBatz@ostawedcaligidgdlycrpat/olsen. szm&cmesprmh@dsnosdisuﬁr Spread -

Neat Th t d bed. luated b
5 observi Ry AROME S by s p LG R EBEHF e EE Plorde Ot B B ac e o
copper nebadduct wReféd buitylaldehyid¥ednd ﬁ@cemﬁanédtmrealsoyn@agam@aﬂ& &fthers) of

t he conpound was placed on a piece of copper netal measuring two inches

| ong Sby ofeactipr preduel efeutyed.0TEIGactirhpreduat hyedghedgRtgrame il . 34imedas).c sol der
balls (63:37/tin:lead, ww, having a dianmeter of 0.025 inches, were placed
on t he compound, after whi ch the copper test piece was put on a 10 hot

pl ate preheated to 302F ( Ppbsaration € Aldélndedd miiicAddati@ce. After heating the
copper test piece for one mnute t he hot pl ate Was reset to bring its
surface tenperat ure {221 1 L Hatyg ey ¥19)(the nelting

poi nt. of the ewioahl gad s ap g@r% 2 fg&ﬁ%azaldah o} B8 AL PR RS ©
observed to nel't and sp rea err ori nmensi on, npound
was 110udgedhpmte>(din)mntne§ ro:x:rvnlgatmt as\/ﬁlmMnglgbmaer@r tean “(a:hgamde?’ iofusé'd%ss" | f
the 15 sol der balhs di d not, spread beyond their original dinmension, the
conpound ECa bRIR mPnoyaRd;di-ginineadyots. ‘Eag pme efﬁréaéaroceﬁwesredaemrwach

Pol yepoxi gdge Regd ﬂeﬁ'ﬁuéﬁ B QaRSjduhd-Y, S%heh fené QIEBHHQ £5) ReRLAGH

when bl ended wit pol yepoxi"de resin s eval uat ed b obserV| ng t
ability obftlmepfot@hldcamﬂpﬂpdmeelssfoll@es spread on a copper clad FR-4 board

d | | ot h i ' ha f
Cover ed i th e ontileBeaRire QhBe bl el raRaSiehd BB, ke
coatjisng. Stotrryaﬁpt 68 UNBaBO(FETI m¥RsT, WARSssoNaY INgOEmIMititers 8f mEh@ddl ih BChes,

were fornmed
one lller polymerization flask fitted with a mechanical stirrer, dropping funnel and reflux

condenser. A solution of salicylaldehyde (154.2 grams, 1.26 moles) in 100 milliliters of
methanol was added dropwise to the warmed (40°C) diamine solution. A yellow
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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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 |ong, w th3fhgiifaces
runni ng i inch direction. Each conpound was bl end j 1462
pol yepoxi E}‘egbiag/g%r?%a liquid polyepoxide resin having a | owggﬁ)lﬂgbp%j]g%
content, available from Resol ution Performance Productions, Houston, TX) at
a loading | evel of 30 weight percent. The blend was fl ood-coated over the
board saniignifddenighylideaeibispieiol hat2,2 hEl,6-hetdoeasisnafildnehlidyne)|baphed! about
0.003 inches_greater than the height of the sol der nmask. Next, a 0.025 inch
di amet er (BRth@veileble fradavailable {rem B ppgrica @rtiagdaPRias pl aced in the bl end
and pressed down gently to nake contact with each trace. The board was
passed t hrough a refl ow oven having the -23 23FEB200E WD 03/ 020816

PCT/ US02/ 21206 followi ng tinme/tenper aExgamplsofile: ranp from anbi ent
terrpg(ature (20-25C) to 150C at 90C/ m nute, bold isothermal for
approximately 1.5 mnutes, ranp to a tenperature of 220 to 240C at

90C/ mi nut &xamples kdd anddTompasdive Biamples lo3anmbi ent tenperature. This

[ °the sol dor o Bt sbQEpRRhy SR oA Aol SR M TR e

di mensi on coinpeuidseshdwnas TapMddsdow Gved¥ Bidlidted FarSolderdprédadiih yheadrat Yam @i ven a
grade of "Pass". |f the solder balls did not spread beyond their original

di nensi on detHided iR H o nehade S AdgrapaeadorNeatapipove. |Thegpqults agesdowntife sol der
spread di t eqd..t f :tdqg} : : l.end of

pol f}gpoxi gnggfr%els‘?fﬁggeh efspg‘ﬁﬁ‘%gggg;é‘ﬁi’agté‘%%ﬁ@? 1 gﬁ?‘ﬁ??@éﬁtg&gmo o gf&epoxi de
Resi ns Sottie B Colectivellydpoperidd (1 @71-nsvasased enaning whe eorppovintls gtbwoin enove
ionic i {;ities .g., chloride ions) and to nmake them substantially free
of hydr o>r:3.llh‘]1 leg d@fi%nal ity. The procedure used was that described
previously. 15 Preparation of

2,2'-(1, 2-propane-bis(nitrilonethylidyne)l bi sphenol (Exanple 6) A

bi s-Schiff base was prepared from 1, 2- propanedi am ne and sal i cyl al dehyde for
eval uation as a fluxing agent in the follow ng manner. Three hundred and
sixty-eight 20 grans (3.01 noles) of salicylaldehyde (avail able as catal og
#S35-6 from Al drich

-26-
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met hanol was added dropwi se to the warnmed (40C) di am ne sol ution. k;ow
precipitate fornmed during the addition. After all the salicyIal(aérll'ﬁif‘éﬁU
solution was added, 20 the reaction m xture was heated at rﬁ#H%&,‘pﬂ%Mone
hour. TheWb%#P2%1§ the heating mantle was turned off, and THE T E4Et]on

m xture was allowed to cool, with stirring, to room tenperature (20-25C).
The resulting mxture was filtered and 190 grans (0.60 noles) of a yellow
crystalline product was collected after air drying. The nelting point (by
D'fferentialE§gﬁﬁg%@ngglorinetry at a heating rate of 10C! m nute) was
102C. NWR 25 analysis un in d7-DW) showed no evidence of either starting
material in the prod Materials for Exanpl 8@@mPR 4840 Conparati ve

Exanpl es 7-9 The fol g materials were obtained co ially and
eval uated as fluxingﬁ agents: 4,4'-cycl ohexylidene bi gphenol ;
yl

3, 3-bi s(4-hydro )Nl 30 i sobenzof uranong; and

4, 4" 4" -met hypag@yne-iri s-phen al |l avail abl Fr'om Al dri ch

Conmpany, M| SOV ) ; 120 r capt opheny eo~-thyH@'ﬂQﬂD
TCl 2

(avail able fr Aneri ca, | and, OR); 2, , 4- but ane 3 FEB
2005 WD 03/020816 PCT/ US02/21206 bis(nitrilomethylidyne))bisphenol and
2,2'-[1,6-hexane-bis(nitrilonethylidyne)jbisphenol (both available from
(avail able from TClI Anerica, Portland, OR). Exanples 5 Exanples 1-13 and
Compar ati ve Exanples 1- 3 Various conpounds were eval uated for fluxing
activity. Mre specifically, the conpound h i ble 1 bel ow were

eval uat ed fdxamplefe@ngiBead in the neat fo?ﬁ?ggmp%gggﬁgbed in the test

nmet hod "Sol der Spread - Neat" above. The results are showHin 10 Table 1.
[Note: the systematic/nowenclature instituted- by Chem<€al Abstracts Service
in the 9th Col | &cFiNe | Miexperi od (1972-) was -useg in in

showmn in Ta { and 2] y

Sol der Spr ed

Example 8 and 20

o ©

OH

Example 7
OO
oH

10 Example 10

o Q.
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5 ExConpoundResult (Pass / Fail)
12,2' -1, 4- phenyl ene-bi s(nitril omethylidyne)] bi sphenol Pass

22,2' -[1, 3- phenyl ene-bi s(nitrilonmethylidyne)]bi sphenol Pass 23 FEB 2005
32, 2' -[ 1, ®Ropbdanydiene- bi s(nitril onet hyli dyne)] bi sphenol Pass PCE/US02/21206
14,4' -[1, 2-ethane-bis(nitril omet hylidyne)] bi sphenol Fai |

42,2'-[ 1, 3-propane-bi s(nitril omet hylidyne)] bi sphenol Pass
52,2'-[1,2-ethane-bis(nitril onethylidyne)]bi sphenol Pass

1 62,2'-[1, 2- propaneExme? t ri | omet hyl i dyne) ] bi sphenol Pass
- 72-[[ (2- hydroxyphenyl) i maQluoesrhy ] phenol Pass

82- [ (phenyl i m no) g
92-[[ (3- hydr oxyphel ] phenol Pass
102-[[ (4- hydr oxyphenyl ) i@t no] net hyl ] phenol Pass
114-[[ (2- hydr oxyphenyl )i m no] I1’1y| ] phenol Pass CE
24-[[ (4- hydr oxyphenyl )i m no] net hyl ] phenol Fai |
122,2' -[ 1, 2-cycl ohexyl -bi s(nitril omethyli dyng%%bi sqh
mi xture) 132-[ (pheRA R Hyl ene) ani_no] phenol pPagemeg 12

3N (phenyl net hyl ene) - benzena CE = Conparativ
conpound exhi bi ted so sprea after discolori ndi cati ng
deconposition mayli@ akeH®l acé. Exanple 1 and_14 Ex le 2 and 15 2 3 F

E B 200 WO 03/ 0208 Exanple 3 and 16 5 Exanpl e ; and 18 C_YESOZ/ 21206
O OH HO

enal Pass (cis/trans
and 21

nple * This

Example 13 Example CE1 and CE4
—N:© /N
== N N =
HO
HO OH
Example CE2 and CE5 Example CE3

o0, oo

The results in Table 1 show that, for the compounds evaluated, those having both
an aromatic hydroxy! 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

-20.



N Nn Exanple 6 and 19 ,CH3 N N = Exanple 7 10 Exanple 10 N OH Exanple 4 and
17 Exanple 8 and 20 2 3 FEB 100E WD 03/ 020816 PCTJUS02/ 21206 @ Ie 12
and 21 Exanple 9 HO Exanple CE1 and CE4 HO 5 Exanple CE2 and g

Exanpl e CB® @408 ¥sults in Table 1 show that, for the corrpol?ﬁlHSJS@W?éP%at ed,

t hose having both an aromatic hydroxyl oxygen atom and an im no group which
are separated by two atons (eg., two carbon atons) from each other (i.e

ocated 08 SRk R e AL IS et U R L O 5l T

carbon or “$6l6enSpre@d e in BidhaBwieH Pbl*?@pdxrﬂdmegﬁ’ol‘mh the folloting dXdeptibgs. shown i n
Examples 22 and 23 employed the following mixture of purified polyepoxide resins:
TACTIX™ 742 (a trifunctional polyepoxide resin, available from Vantico Incorporated,

5 Brewster, NY, having an epoxide equivalent weight of about 150 after purification),

EPONT™ 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 EPONTM 862 (a diglycidyl ether of bisphenol F, available from
Resolution Performance Productions, Houston, TX, having an epoxide equivalent weight

i0 of about 160 after purification) in a 1:1:1 weight ratio. The results are shown in Table 2.
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Exanples 8, 13, and 7, respectively. Exanples 14-24 and Conparative Exanples
4-8 15 Vari ous corrpounds were bl ended with pol yepoxi de resin andZ §FaB Utk ed
for fluxing activity. Mre specifically, the conpounds shown in Table 2

bel ow wer avewaiozisied for -29 WO 03/020816 2 3 F E B 2006 PCIRCTUS02/ 22006

Sol der Spread after blending with a pol yepoxide resin as descri bed in the
test nethod "Solder Spread - in Bl end vm'th Pol yepoxi de Resin" with the

foll t f t f
pur 11 0d°pol yepox! e BEF e S SPrth 7 e%@w#%mo&sﬁﬁe%{y“ﬂeg‘oi. de

~resin, ayai Tab’l e from Vantico | ncorporat edF 5 Brewster, hage&de an

epoxi de aqgicval ent wei ght of abougedpQuif ter purifi cati on) (@%M}ﬁbs (a

- di gl yci dy of bisphenal A jivau able from Resolution Performanc
Product i qnsl4 Hogt-bh4- piﬁm)ylmbln@ltaﬂpmqib)dldmeﬁlmpm%nt wei ght dtasabout 170

hi a-nhonal

avail abld Mon SReDbTBEPOHESeh Hah RURL P R6 ORBREOT Houst on) ?E’“?‘ﬁgi’i o an

epoxi deqTUjgVa] £ TEHDTy IR O ADTo e AL TRsp ROl T CalT ON) Tphed 171 1
wei ght ratio. IS L pHyicne HiscRelineh A B p R 1 D06 s 03 20816
PCTI USQz/| 212 @6 4I' ABLE2 Ethawbﬁemmﬁpmmyhdynaj]blﬂpaanblw t h Pol yepoxiEal Res| n

Ex. ConpoyndResul+—{-Pass

1, 4- phenyl ére- b?g( HTPF?H?H%F{BWP‘F@?H’@L}LT’BpMMh%%‘S Pass

152, 2' - [ 17 3xphiehyl L §phenolPas
162, 2" - [ Esphggl n%-ebl S&IIFEIIEII gﬂrrg ﬁ"%)jﬂ’?ﬁ{gl sphenol Pass CEPElSS

44, 4' - [ 1,|12-18t hiahy2>-bi, E—pmpane Has@ithijomalyylajyhejlsigpienol Fai | Pass

172, 2' - 11.,3 nrlonana-hicflni t+ril nnlretjh\lJ_L chlnn\ | bi cnhnn_o] Rass— .

182,2' -[ 1, ?-Oet h%rﬁ@hﬁli‘yé'(‘%‘i“?}‘??‘mr}%"/‘?li dyne)] bi sphenol Pass 192, 2'Eqih 2_hropane
[ it i O 4 g [feno] Fai |
21 | 2,2'-[1,2-cyclohexyl-bis(nitrilomethylidyne)]bisphenol Pass

(cis/trans mixture)
22 | 2,2'-[1,4-butane-bis(nitrilomethylidyne)lbisphenol 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"-methylidypetrisphenol Fail

24 | 2-[{(2-mercaptophenyl)imino]methyl}phenol Pass

CE = Comparative Example

Example 22

N Example 23
@I- \/\/—Nﬁb (Iz N\/\/\/—N*
OH ' g O @
= HO OH HO
Example 24 Example CES

OH HS @
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CE 54-[[ (4- hydroxyphenyl )i m no] net hyl ] phenol Fai |
212,2'-[1, 2-cycl ohexyl -bis(nitril onethylidyne)]bi sphenol Pass (ci sﬁ%rﬁsz

m xture) 222,2'- @4- but ane-bi s(nitril onet hylidyne)]bi sphenol Pass FEB 2006
232, 2" - [ 1, ¥OHBGREhi s(nitril omet hyl i dyne)]bi sphenol Pass CE PCT/US02/21206

64, 4' - cycl ohexyl i denebi sphenol Fai | CE

73, 3- bi s(4-hydroxyphenyl)-1(3H) -i sobenzof uranoneFai | CE

84, 4", 4" - met hy| irely R&kilth §PREAOL ERbLW that, for the compounds evaluated, those having both
242-[[ (2-mer capt ophenyl )i mii o] nmet hyl ] phenol Pass CE = Conparative anpl e
Exanpl e 22arExgmpitie hy8rdRyhemigen 2torEendipl ani@e@rovn wkichi@re/@pastabinsive &ogis FEB
2006 PCT/JS02/ 21206 The results jn.Tahle .2 showthat, for the. c unds
eval uat ed, “thoS¥ 4 Pty OBSk Oma"ﬁcgf’gﬁﬁ i% lﬂﬁf’z‘?cg%/fm %‘Q%‘é ahot%arﬂ’é)ﬁ Tan imno
group whi céxribiRedSRRahAhar ik YwiidiOniat RSBVt @ptﬂye[i)éﬁ&: 23D R 84488 whdnafit each
other (i.e., located on an"atombeta to each other) exhibited fl uxing
activity wimenolndarsuatig tydrexyb ghopgp oxraieot pesitioned in thisrnannst thepflixingre 5

i mno and aromatic hydyoxyl oups r.e not .positigned jn.this nner. .t hen
i ng. oap eyt ohisresn SAPVBE G P RO feleha el o ofBRATG* o

bl end of an pol yepoxi de Exanple CE7 Exanple CE8 0 H OH OH OH HO resin and
an i m no conpouksar@/CEY an acti ve hydrogen- E&savele GFfhg group | ocated on the

o
5 O,

resin and an imino compound having an active hydrogen-containing group located on the

atorn 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, i.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™ 828, 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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atom beta to each atomof the imno group (i.e., the carbon and nitrogen
atons)”, wherein the active hydrogen-containing groups were di f her grg 200y om
each other, i.e., an aromatic 10 hydroxyl group and an aronatic mercapto
group. |t Wh&ize81pbe noted that although Exanple 20 fail ed POTYES0RRE06 |t
passed the "Sol der Spread - Neat" test (see Exanple 8 in Table 1). This

i ndi cates the conpound may have utility in a formother than in a

pol yepoxi i it ion. di spersion in a

~vol atile %g?@bg%@% u%?eﬁ%gnngﬁﬁeéré“%ﬂf (?P%uﬁnﬁ mglaife%ls#%&gb%gsi tion containing a

- fluxi ng coomppouwrd-chtdihiag fluaignddhesive emhpasitions pr epared and used to bond an
integrated circuit chip to a pri nt&d Ci rcuét . board, More speci f'{)ca ly, 23.3

parts by wei ghtIegBWPORTS NFre prepgregpeiRehaDaxing gdheshis fompesition &g M 862,

23. 3 pbw ; ; e ' 2- :

b1 s(ni 11 TRt Rl rag nPRe a PApRaSRe Rlest Boddl 0 oldw R IREE PR MBing 1 o

stirbed wiltehiveeampnsjtiah wh2@fplimitto la ¢4 padgédt ppetmarednfavprined dreait ttwnogenous

m xt ure \/\gs obt ai ned. The m xture s ,al | owed, t o .cool t$ anbi ent

t enper at uPRATE3p 2 sme) dfpR Howyg $yringg 1hmdep Wasnilosed e sread autdl ambiEH punp) .

During t henGRedtR9 Tk ®RGRE tesk Phtdr WA cERIIRAMING a RHaBBARY cRAIG Yest Paferﬁ.hg

m xture. Next, 0.5 pbw copper i mdazol ate (per 100 pbw of total 25

pol yepoxi sidicem gitegrated sireultiehdp {620y (200 imahesh hatingastectictin/kad solder at

anbient -32 2 3 FEB 2006d 0.03/ 020816 PCT';I Uso2/ 2 OGHi?ﬁcg“?erﬁtFurﬁ under

reduced pPWRBYPENESS AT GHPGETSN AR Hb? PR IREONE RPRPHET | uxi ng

adhgei ve eRmRASIald, Whs phicke oh €5 bapRhdlfg Wi RiSRaiE€d O BbAdr Mevallhmxi ng

adhesi ve conposition to bond an integrated circuit chip to a printed

circuit t&em boay Engmeenee Company lnignitesln Rsika, Tapant witkiarlgad of hdipevndse

conpositi . | i - [ I ircuit

test boar %!@%mgﬁa%lnfj%gsre%%n ?‘g(?nn gﬁgfﬁ ?ﬁﬁgneeg?%hg)egart%%%ghgﬁhgv%@%fgmgéﬁ ead

out at anbn et chij weeedidhed eiththepfld opate best. [Tak besird, wath tieoctigad gided, N a dual

Dai sy chain test pattern. A sjlicon intergrated ircuit chi BYFE?O- 200 by 0. 200
i nches), WAYPRECEUNAE 2sAlqar pllon 0¥ WelPrmslfcHicahronaggidensdebfsg thieads

er et er e ther | 2rn 10 on the
p 1§E ar?c{‘Th%'}Sléléf(;laﬁx1 pe OrLﬂleQ‘:gﬂf.i e %ld@}%\ﬁevéﬂ%&ﬂg&%&%ﬁ%

boar was pl ace oard 'using a Sem autonatic Bonder (avail abl e
from Tor ayinéfiginpeeniragroficpamy flomarmeent @epkeaturs §p&a3° Wi b1 58°C ead of 4. 4
pounds, (2ol 8 B 2R3N e hland) 7% b RTDL S o SEREE LM & S0

to 240°C at 90°C/minute, and then cool at 60°C/ minute to 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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Invention.

using adhesives containing the fluxmg compounds of the present invention.
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1. A nethod of soldering conprising the steps of, a) applying a flux
conposition to a soldering portion of a work, the flux conpositi 5
conprising a conmpound having the fornulae: R RZ R3-C:N—QLN:C-RQ&QH3;QE I
R6- C=N-R1l wherein Qis arylene, alkylene, alkenylene, cycloal kyl ene,

cycl oal kenyl ene, heterocyclylene or heteroarylene; R, RZ and R5, are

i ndependently Hor C-C6 alkyl; R3 and R4 are independently 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
monosubst i tuf®F at the 3- or 4-position with hydroxyl; and R6 and R7 are

i ndependently al kyl, cycloal kyl, aryl, heteroaryl, or heterocyclyl, wherein
at |east one of R6 or R7 is substituted with at |east one group selected
from-OH arld - Sk maihdd whssldsiing setietistarfprosénsiodn is a fil mand/ or wherein said

composi ti on - r QD! e, ELA AR MSE LG A el w ol dmRtel | D)

heating said sol* eriaﬁg SO ing ow ténperdtures. 2. An
el ectrical eéippsteniongBREk yprpomartiasingthe famuddeect ri cal conponent having a
plurality of electrical term nations, each term nation including a solder
bunp; a conponent carrying substrate having a plurality of electrical
terminations correspondinB'to the t &ninations of the electrical conponent ;
and 2 3 FEB 2005 an ad sigﬁd\io&poxﬁi_t(‘iro 4suitable for use as an underfill
adhesi ve conprising a‘thermodetting resin;andnd a fluxi ng agent sel ected
from conmpounds of the fornulae:sRI Rz

R

|
Ré—C=N-F’

wherein

Q is arylens, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterceyclylene or heteroarylene;

Rl, R%, 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 groﬁp selected from —OH and —SH
provided that R® and R* are not phenyl monosubstituted at the 3- or 4-position with
hydroxyl; and

RS 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;

b) heating said soldering portion to soldering reflow temperatures.

2. An electrical component assembly comprising:

an electrical component having a plurality of electrical terminations, each
termination including a solder bump;

a component carrying substrate having a plurality of electrical terminations

cotresponding to the terminations of the electrical component; and
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R3-C=N-Q N=C-R4 and RS | R6-C=N-R7 wherein Qis arylene, alkylene,

al kenyl ene, cycl oal kyl ene, cycl oal kenyl ene, heterocyclyl ene or

het eroaryl ene; R, R2, and R5, are independently Hor G -C6 a|kyﬂ§‘ﬁ§*@ﬁh R4
are independently al kyl, cycloal kyl, aryl, heteroaryl, heterocyclyl,
substituted with at | east one group selected from-0OH and -SH provided that
R3 and R4 are not phenyl nonosubstituted at the 3- or 4-position with
hydroxyl; and R6 and R7 are independently allcyl, cycloal kyl, aryl,
heteroaryl, or heterocyclyl . .wherein at |east ong,0f R6 or R7.is

Subst 1 tuted w ¢ ARG e e B2 B S SR g wher i n
sai d conposition is fae@metetaipydsige conpounds and di sposed between and
bondi ng the el ectrical_conponent and the substrate together, the solder
bunps bei ng ref | owed afring agentspledsd fore sempanng thhidravlagt ri cal conponent
to the substrate. 3. A nethod of bonding an electrical conponent assenbly
conprising the steps of. %%?viding ﬁ@ el ectrical conponent having a
plurality of electrical te| 'nations,l each term nation including a sol der

bunmp; providing a conpqﬁbnt:QQLmyiﬂgﬂguqﬁtrat having a plurality of

el ectrical termnations corresponding to t term nations of the electrical
conponent; providing a sufficiegt anount of an adhesive conposition as used
inclaim2 onto the substrateﬁbr el ectrical conponent; -36 23FE82006 4.
contacting the electrical cpfipgnent_Pr substrate with the conposition; and
curing the conposition. »

wherein

Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or heteroarylene;

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 and —-SH
provided that R? and R* are not pheny! monosubstituted at the 3- or 4-position with
hydroxyl; and

R® and R’ are independently allyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl, wherein at Jeast one of R® or R is substituted with at least one group
seiected from —~OH and ~SH; and

wherein said composition is free of anhydride compounds and disposed
between and bonding the electrical component and the substrate together, the
solder bumps being reflowed and electrically connecting the electrical component

to the substrate.

3. 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;

providing a component carrying substrate having a plurality of electrical
terminations corresponding 1o the terminations of the electrical component;

providing a sufficient amount of an adhesive composition as used in claim 2 onto

the substrate or electrical component;
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Use of a conposition as an underfill adhesive wherein the conposition
conprises a thernosetting resin; and a fluxing agent sel ect ed f&ﬁ‘iﬂ?
conpounds of the formulae: RI R2 1 1 4 R3-C=NQ N=C-R RS 999 and
wherein Qis arylene, alkylene, alkenylene, cycl oal kyl ene, cycl oal kenyl ene,
het erocycl yl ene or heteroarylene; R, R2, and R5, are independently H or
Cl-C6 alkyl; R3 and R4 are independently al kyl, cycloal kyl, aryl,

het eroaryl, heterocyclyl, substituted with at |east one group selected from

-OH and - SH prowddt a nd R4 e uted at the
3- or 4-positi oncovﬁ'dt tﬂ %}Fmica?co%o e%é’r %gaﬂgw(ﬁﬂ)gmlcn ;g)%ﬁ é%ﬁy al kyl,

cycl oal kyl arylgunhgt}erc@mpwt;onor het erocyclyl, wherein at |east one of R6
of R7 is substituted with at |east one group selected from-CH and-SH;, and

wherein said conposition is free of anhydride conpounds. 5. The conposition

as used in glai rﬂfsﬁ’of‘é"&@x& ésﬁhénha‘é‘aﬁﬁﬁe[mﬁﬁﬂnkél%ﬁe?ah fhe! c% oé}thﬁn% ris¥St €r

resin, bisnmaleimde resih, or a polyepoxide resin, sal po yepoxi de resin
opti onal | y sel ect ed aftheymosggittyrgirelyh; aedt er s, gI yci dyI et hers, glycidyl

derivatives of am no nol s am ne oxidi.zed ol efins, a
di gl yci dyl ether of B%B’ﬁﬁlgﬁg?mﬂge‘écddgé?ﬁ age?fﬁ%r oM sphenol F, a
triglycidyl ether of tris(4-hydroxyphenyl) rret hane, and conbi nati ons thereof

23FEB2006 6. Use of a conpg@sition as I%zl uxi ng agent in soldering nethods, the
conposition conprising 3a onpound sefected fromthe fornulae: R R2

_ _ 4
R—C=N-Q-N=C-X' 4
R5
|
RS C=N-FR’

wherein

Q is arylene, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
heterocyclylene or heteroarylene;

R',R? and R®, are independently H or C;-C alkyl;

R? and R? are independently alkyl,'cycloallcyl, 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

Réand 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 free of anhydride compounds,

5. The composition as used in claim 4, wherein the thermosetting resin is a cyanate
ester resin, bismaleimide resin, or a pelyepoxide resin, said polyepoxide resin optionally
selected from glycidyl esters, glycidy! ethers, glycidyl derivatives of amino phenols,
glycidyl amines, epoxidized olefins, a diglycidy! ether of bisphenol A, a diglycidyl ether
of bisphenol F, a triglycidy!l ether of tris(4-hydroxyphenylmethane, and combinations
thereof.
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R3-C=N-Q N=C-R4 and R5 | R6-C=N-R7 wherein Qis arylene, alkylene,

al kenyl ene, cycl oal kyl ene, cycl oal kenyl ene, heterocyclyl ene or 7 £ER 2006
het eroaryl ene; Rl, R2, and R5, are independently Hor C -C6 al ky?, I@ and R4
are independently al kyl, cycloal kyl, aryl, heteroaryl, or heterocyclyl,
substituted with at | east one group selected from-0OH and -SH provided that
R3 and R4 are not phenyl nonosubstituted at the 3- or 4-position with

hydr oxyl ; and R6 and R7 are independently al kyl , cycI oal kyl , aryI

het eroaryl ,. or roc erein st 0

substit ut ed wi t %1? OSI 2 Lgm&agg%ll%%c?tiamgpg %]t-llle Cr?ﬂiposgw and wherein
sai d Cormoabxtnp@ﬂng@c@nﬁduhmmwlﬂ(dqromemmm agal d conposition pronotes

nmetal lurgical wetting and reflow of a nmetal. 7. Use according to claim§6,
wherein Qis arylene, alkylene, cycl oaI kyl ene, benzene- 1, 2-diyl,

benzene-1, 3-diyl, benzene-rl, 4-diyl, af hyI ene pr opane- | ,3-di yl, propane-
1,2-diyl, cyclohexyl- 2 di ﬁl ﬁ 8h , 3-diyl, or cyclohexyl-I,4-diyl.
8. Use according to cl L) 7, erenah R3 and R4 and/or R6 and R7 are
i ndependently sel ected fronlaryl and 2-hydroxypl enyl. 9. Use according to

clainms 6 to 8, wherein one of ® and R7 is 2-hydroxyphenyl and the other is
i ndependently selected fro 6ph n 2- hydr oxyphenyl, 3-hydroxyphenyl, and
4- hydr oxyphenyl. -38 2 3 F 10 Use accordlng toclains 6 to 9,

further conprising a catalyst, opt| onally selected fromsubstituted

i m dazol es, 4,5-di phﬁne,/fbl'hm' dazol e, netal acetyl acetonates, netal acetates,
metal halides, nmetal im dazole conplexes, netal imdazolate, zinc

i mi dazol ate, and netal ddsaEYlewsnpkeses alkonylengeeyelgaliiers, Arrlaalcay’anes 6 to

10, further comMpLdsingghethbRBAR0! -

R!, R?, and R®, are independently H or C;-Cq 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

R® and R’ are independently alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl, wherein at least one of RS 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,

7. Use according to claim 6, 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-diy], or ¢cyclohexyl-1,4-diyl.

8. Use according to claim 6 and/or 7, wherein R* and R* and/or R® and R” are

independently selected from aryl and 2-hydroxyphenyl.
9. Use according to claims 6 to 8, wherein one of R® and R’ is 2-hydroxyphenyl and

the other is independently selected from phenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, and
4-hydroxyphenyl.
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12. Use according to clainms 6 to 11, further conprising silica. 13. Use
according to clains 6 to 12, further conprising a thernoplastic ¢ s%@i. 0&4. A
conposition for use in the nmethod of claiml or 3, wherein the cg(ra}p 7t on
conprises a thernosetting resin and a fluxing agent selected fromthe group
consisting of 2,2'-[1, 3-propane-bis(nitrilonethylidyne)] bisphenol,

2-[[ (2-hydroxyphenyl )i m no] nethyl] phenol, 2-[(phenylim no)nethyl] phenol,
2- [[(3 -hydroxyphenyl)imno] nethyl] phenol, 2-[[(4-hydroxyphenyl)i m no]

nmet hyl h |, +4- - hydr, henyd )i .m nol. net h henal '-[1,2
cycl )c/)h]exsl -e@l(')s( I’H T Hoécr%}%q yﬁli&%ﬁgj Qﬁ.‘%%ﬁ%%ﬁ“,“?%ﬂ[%E#Yéﬁ??‘%%ﬁ%fcieﬁe da£n' noj
phenol , 2, Zom kdbsrubdtidiazdiess ¢ 5idigHeh pirgitivold, ghynabicktybicsiphaaOmetal

2,2'-[1,6-hexane-bis(nitrilomethylidyne)] bisphenol, L

2-[[ (2- ner c@ﬁ?@éh’@ﬂyl 1c}ﬁ3ﬂ5Ttalﬁg1@ quP cgﬂ@ﬁ)@ﬂs,1 metal imidazolate, zinc imidazolate,
2,2'-[1,2-p -his(nktrllonmet hyl i dyne)] bi sphenol, 2,2
-[1,2-ethaﬁg@b|s ﬁ?%@?%g%%%'ﬁlidyne)]bisphenol, 2,2"-[1 ,3-phenyl ene-bi s
(nitrilomethyli dyne)]bi sphenol, and wherein said conposition is free of

anhydri de conpouynds. . .
y llr.rp L{?se according to claims 6 to 10, further comprising a curing agent.
12, Use according to claims 6 to 11, further comprising silica.
13, Use according to ¢laims 6 to 12, further comprising a thermoplastic resin.

14. A composition for use in the method of claim 1 or 3, wherein the composition
comprises a thermosetting resin and a fluxing agent selected from the group consisting of
2,2’-[1,3-propane-bis(nitrilomethylidyne)] bisphenol,

2-[[(2-hydroxyphenyl)imino] methyl] phenol, -

2-[(phenylimino)methyl] phenol,

2-[[(3 -hydroxyphenyl)imiﬁo] methyl] phenol,

2-[[(4-hydroxyphenyl)imino] methyl] phenol,

4-[[(2-hydroxyphenyl)imino} methyl] phenol,

2,2°-[1,2 cyclohexyl-bis(nitrilomethylidyne] bisphenol,

2-[(phenylmethylene)aminoe] phenol,

2,2°-[1,4-butane-bis(nitrilomethylidyne))] bisphenol,
2,2’-[1,6-hexane-bis(nitrilomethylidyne}] bisphenol,

2-{[(2-mercaptophenyl)imino] methyl] phenol,
2,2°-[1,2-propane-bis(nitrilomethylidyne)]bisphenol,
2,2°-[1,2-ethane-bis(nitrilomethylidyne)Ibisphenol,
2,2°-[1,3-phenylene-bis(nitrilomethylidyne)]bisphenol,

and wherein said composition is free of anhydride compounds.



