;e3e{, x4%$6T, +[ 0" ' 2 8 AUG 2002 UNDERFI LL ENCAPSULANTS PREPARED FROM
ALLYLATED AM DE COVMPOUNDS The priority of US provisional appli@&tAusrii0?

601 091, 507 is clained under 5 35 USC 119 (e). This invention relates to
underfill encapsufant conpositions prepared fromallylated am de conpounds
to protect and reinforce the interconnections between an el ectronic
conponent and a substrate in a mcroelsectronic device. M CU’HMIIMIM’MIM
devices contain mllions of electrical circuit 10 conponent™!

transi stors assenbled in integrated circuit (I1C chips, but als@ieesi stors,
capacitors, and other conponents. These el ectroni c conpone re
interconnected to formthe circuits, and eventually are coﬂ'ﬂmmﬂﬂmﬁmm
supported on a carrier or substrate, such as a printed wr ! The
integrated circuit conponent nmay conprise a single bare chip, *aco®ngl e
encapsul ated chip, or an encapsul ated package of nultiple chips. The single
bare chip can be attached to a |lead frame, which in turn is encapsul at ed
and attached to the printed wire board, or it can be directly attached to
the printed wire board. 20 Wet her the conponent is a bare chip connected
to a lead franme, or a package connected to a printed wre board or other
substrate, the connection made between electrical termnations on the

el ectronic 2 8 AUG 2002 2 conponent and correspondi ng el ectri cal

term nations on the substrate. One nethod for maki ng these connections uses

metallic or polyneric mater %ﬁg}@;ﬁg%@%l n bunps to the conmponent or
substrate termnal s I acted toget her and
';rge resul ting assengﬁgpﬁggﬁ ) @{%lﬁ\lﬂ%& or polyneric

terial and solidify.the nect.ion, ' acturing
steps, the el ectr?HF%”%(B%%%@W%'O%&B?pgé%dé’gg?@ggéﬁﬂgg@@e@fqg‘%m ed and

| onered tenmp res.\oue to the differences in the coefficient of thernal
expansi on§f ofgg?jﬁg @?é@t‘ roni ¢ conmponent, the interconnect material, and the

substrate, this tRelTRlenfiHbiidd jothaell eidehsiint LoifodsRBROBRIrSd Of t he

t
assenbly and cause It to fa 0 prevent ure, the gap between the

conponent  anglohfafy il hnicdlcBmbaurh Id Fotetish rénibel WaGHk&omRERRAS Ul ant
herei nafter called underfill or underfill encapsulant, to reinforce the

i nter connect pafded S ABSRAINR: BRPENR add Esubbir A8 i DhicidBRcidH dBlcecyCl i Ng. 15
Two prom nent uses for underfill technology are in packages known in the

industry as flip- @hiérBeledtronidtilediBestoffdinimillisnsidflerethed ckquita | ead frane, and
ball grid array, in which a package of one or nore chips is attached to a

printed vo rechfpdndntsRginy heagidtors lassEnbRashl Infigrated dvayit (Ckahipe) ee after the
reflow of the 20 netallic or polynmeric interconnect, or it may take pl ace
si mul t aneous klgo vastskors, capacitors, and other components. These electronic

components are interconnected to fo'rm the circuits, and eventually are

connected to and supported on a carrier or substrate, such as a printed wire

board.
15 The integrated circuit component may comprise a single bare chip, a

single encapsulated chip, or an encapsulated package of multiple chips. The

single bare chip can be attached to a lead frame, which in turn is

encapsulated and attached to the printed wire board, or it can be directly

attached to the printed wire board.
20 Whether the component is a bare chip connected to a lead frame, or.

a package connected to a printed wire board or other substrate, the

connectiond’are made between electrical terminations on the electronic



the reflow. If underfill encapsul ation takes place after reflow ole\é :lﬁﬁ 9
i nterconnect, a neasured anmount of underfill encapsul ant materi al B@
di spensed al ong one or nore peripheral sides of the electronic assenbly and
capillary action within the conponent-to-substrate gap draws the nmateri al
25 inward. The substrate may be preheated if needed to achi eve the desired
| evel of encapsul ant viscosity for the optimumcapillary action. After the
gap is filled, additional underfill emcapsulant may be di spensed along the
conpl ete 2 8 A UG 2002 3 assenbly periphery to help reduce stress
concent r at i ons CHPRPNBRANG AYTaSARNYNGE G liEal I‘Q”f"é‘aﬂﬁ"spﬂéhea%’g%tﬁé? e€d"&tructure. The
underfill encapsul ant is subsequent]ly cured to reach its optim zed fi nal
properties. |f mﬁeequmakm%%aﬁ)wnaqﬂpwsrsg metgllie Qreelysmericanaterialhelaneousl y with
reflow of 5 the soI der or ynmeric interconnects, the underfill

encapsul ant, w3 'eéé’hbti"t‘ﬂﬂtﬁﬁ‘é CamP?'\?R'i%ﬁu%?ﬁétﬁtter Minalso|The ferminalsh e
|nterconnect material, first is applied to either the substrate or the

conponent ; thef’ir‘atac.L,‘ﬁi"i19|':’r?éfJ Soigrtedies %@ﬁfesb\'q@ [IRTPY fetedfoe al i gned and

tacted heat ed t tall I
nter conned mistey B mgl%ﬁncsmﬁgﬁmgsog«ﬁ Gt ”%onﬁ‘aca' furing of the.
underfill encapsul a t LOCCUrS S|th ‘agl U }eé th hIe tron sonfmltlhe metallic or
pol ymeric i nterconn@ g B%‘?Oiuﬁrf mRpdreds Hgs 7% ?) l?a?a ?1 {Rvol vi ng hi gh

vol une Commd' E%}&%%’ v);cﬁeg o‘??le\%téd aqd ?oWePedqgrﬂpé?ﬁugg SQ@& %qqe wi thout

si gni ficant expensi rscard multi-chip

packages W th il e R S S Qe&;?a%sn%#fo?mg ddctoi@ Tevork the failed

canmponent woul € a mnu urin one of the primary

thrusts wthin ér{%néﬁt 891519 & Ha{LQHS+JdXtP1 ?t:bEt‘PatQEiM?ih%Hnél?%chRg' y an

underfl | encapsu at WI e requirenents ei nf or cenent

of the 'ntﬁfCOEé}%iFessﬁ%Htcoﬁ n@'afmaggg%biylan@e&ﬁeﬁ%%mTab.%werw" be

rewor kabl e, allow ng for e failed conponent to be renoved w thout 20

destroyi ng thefaﬁub&ﬁéeépeoen@éﬂwuoh@a@émM%éubls{ratbﬁomg@mgy uses | ow

viscosity thernosetting organic materials, the nost widely used being
epoxyl anhydri d@ow@rrc%ﬁsapsblanméalaﬁaftbpcaasdwr@umu bhéhdedill ehdapsulaabani cal
performance, relatively high nolecular weight thernoplastics would be the
preferred conpasifdreens intedEondbet @andlRrabidrb soré effthestess dttrs therrdler i al s,
however, have high viscosity or even solid filmform which are drawbacks
to the manuf actyttinglg process. Therefore, there is a need for new underfill
encapsul ant conpositions that are 2 8 AUG Z002 4 easily dispensable to
conf orm wi tth aut omalTed proaninehtusies for agdepfill tevbsalagy, araiingpatkeges mmownriewor kabl e.
This invention relates to a curable underfill encapsul ant' conpositions
conpri sing al | feéndustryeasi fibechin inpehishdashipds Attagshed tadilead frame: enbaligent and/ or a
5 photoinitiator, and optionally, one or nore fillers or other additives.
The conpositi oerlotﬁstawna/ﬁicpamwm gfone ehmearershing iscattaghediop printedt i onal vi nyl
cqrrpounds The conposition can be designed to be reworkable by choosing a
nej or anount oVr$®RR-f unctional conpounds for the conposition. 10 The
ability to process these conpositions for underfill encapsulants is

achi eved by using r EMeyndeell pneapsyiaton eev ke PiRes aitfr theealay ofdn%l i gorrers or
prepol yners. and curing themin situ after application to the electronic

assenbl y. e 'F‘E'Iagifl’ 'W‘ef'SWt‘ﬁ?ﬂ“B%I%ft%ltad‘ﬁlp'af’? Siyitanegusly Wity | ower

t d t th t I th
embodi ment -t hHE FRDGHLER esreui) oiaa@%e%‘éea SRRO¥ARSi tion that resul ts
after the curln of tlg rJéUSt escr tf ch arp e %_g gul capsul ant
conposi tion. "1‘?8??? P "RSASYEF ARREN" O fiiee™ ﬁvcéﬁf‘i "Wwa ?oel ectronic
e SN AR A4 O

el ectri cal M na ion rica

connect ed by a ggﬁggylgcg&tvg{hwﬁné xarg@prohgm L Bk b ok B Aol O POl yrer ¢

material alsor er el as | nterconn or 1nterconnect material)

to & substat enhgul Rfle SuRlrb el ¥ pRheLEPHELBRIo JcFiold BiRideRg O T eopOndi ng

to the term nations the ele conponent) and a cured encapsul ant

di sposed bet V‘B@%lbh&c%u%hp\%d&ki %rtﬁé’?}ﬂﬁ’uﬂﬁu’k’apuﬁﬂ?a&tl&ﬁ AHEIShé g4 tO reinforce

the sol der or ymeric I nterconnects the cured encapsul ant was

prepared from stnrédngdaa.oﬁanﬁ@éniénesbsﬁenmﬁéy%e%peﬁ&d%nam@cﬂpm ated anide
conpounds, a free



2 8 AUG 2Q02 5 radical curing agent and/or a photoinitiator, and
optionally, one or nore fillers. The conposition optionally may a?@&“ﬁ 2002
contai n nono- or polyfunctional vinyl conpounds. In another enbodi nment this
invention is a method for making an 5 el ectronic assenbly, the electronic
assenbly conprising an el ectronic conponent having a plurality of

electrical term nations, each term naiion electrically and nechanically
connected by a netallic or polynmeric “material to a substrate having a
plurality of electrical term nations corresponding to the term nations of

t he el ect ri cagseablypgriehery, tohalkd reduce sierpscengenicationeandnielerd thé 10 encapsul ant
conposi tion di sposed between the el ectroni c conmponent and the substrate,
the met hod clgtigieilée eighe asapmbledetrugiurgy Ehecuidamil encapdant is| | encapsul ant

conposi tion, (b) disposing the curable conposition between the electrical
conmponent antbeequesthharedto seach iy opticized finalRforeres.conposi tion in situ. The
allylated am de, and vinyl conpounds, used in the underfill 15 encapsul ant
conposi tions of t Hiugderfilansersylgtion i& ixtakeppee raviigpenvay witheefavie§ that they are
capabl e of polynerization, with or without crosslinking. As used in this
speci fi cat i o SelgerQiPaYRETq ingrearnacts. fhieIuparshll encarsitjapty whiEh 681 hout
crosslinking. Cross-|inkin |P) s is uynderstood in the art, is the attachnent
of two pol ydﬁ?'”%%ﬁwgtﬂgeﬂgisﬂgg%'sw"&tﬁ'cB'I"éﬁ‘?E'ﬂ?t?”aé frsbisPaiesr© gr oup, or a 20
compound, and.in _general will take place upon heating. cross-|inking
density is i‘ﬂt@'rﬁ‘retggé@fs"?{‘?é’wﬁ\ﬁc?ﬁw?’?eé‘g t'}ﬁnqﬂ"ﬁﬁi}’&nﬁ% cogg)r?”@ﬁa%anged from
thernopl astic to thernosettin whi ch, .conse ntly,jincreases polyneric

s\[ rengt h, he%lutb-s%%taareel aglle)qerdla(gg|c9r?tg%t?ds?rhdnt§%jass§ﬁ\§§rhg%tIX%loarﬁf(i%v ﬁ ® solvents and
ot her chemc . Lt 1S.POSS] . pr . pal a w de range of
cross-1link JZ‘%%’,"? é’,spc\b%nbérrﬁ%t"g%go;sﬂn QJ&?‘?&%@%@P@& ?.' c')sqféca)ﬁ rg(feggs'sy pol ymers, by

t he judiG ous, . } f - : i conpounds. The
greater o 2@”%@@%5@&"%&%%% riqgﬁmg?g'ggﬁé?gﬁgg‘;'(%ﬁavgég%eounds react ed,
the greater : g L t hernopl astic properties are
desired, theﬁ%&?\ﬂg?%d%ﬁ?ééggdtﬁg‘%hat%%l'thi s invention can be prepared from

rono- funct i onal cpgmad hokddHg'inoioHighBLineRbmARAR] drscuckbever . a i nor

anount of poly-functio conpounds 5 can be added to provide sone

cross- | i nki ngraféfents capbaldschi@ed WehduPSTHMfdaht 1693, HWevdr desbcbes anount  of
pol y-functional conpounds is |imted to an anmount that does not dimnish

the desired éxb@rﬁdmbafébéranﬂﬁicﬁhfbr(fdc%‘gesw&ﬁ Bhiy ohd Yaifed cAplaal®eer S, the strength
and el asticity of individual underfill encapsulants can be tailored to a

parti culiar esnilityus eevegpp thedalled 06mpohigntMiiidcieds Manufatkuridg advaniagean al so be
controlled to give a wide range of glass transition tenperatures in the
cur ed under fTdday,tone wf thh ptimary tudis eithie thte spmizosdeionipdasty isper at i on
tenperatures. For those underfill encapsulants that are designed to be
rewor kabl e, deMelod gotiwlycnamderfilt encopsuizat that withmeetal therequinepentat ur e of t he
tallic or 15 polyneric interconnect. If the underfill is added after the
refl ow of t Her reinforcement of the interconnect, but also an underfill encapsulant that‘
will be reworkable, allowing for the failed component to be removed without
20 destroying the substrate.
Conventional underfill technology uses low viscosity thermosetting
organic materials, the most widely used being epoxy/anhydride systems. In
order to achieve the required mechanical performance, relatively high
molecular weight thermoplastics would be the preferred compositions for
25 underfill materials. These materials, however, have high viscosity or even

solid film form, which are drawbacks to the manufacturing process.

Therefore, there is a need for new underfill encapsulant compositions that are



interconnect material, the low Tg will allow the encapsul ant matez"q ﬂUG ?UBZ
soften and adhere to both the el ectronic conponent and the substrate

wi thout affecting the interconnect. If the underfill is added before the
reflow, the sane effect is achieved. 20 The underfill encapsulant w |
soften and adhere to the el ectronic conponent and substrate during the
reflow of the interconnect material. lntinmate contact is nmaintained with
the interconnect after the interconnect solidifies, inparting good stress
transfer and long-termreliability. In those cases where it is necessary to
rewor k the assesilyldjspensable2bcafaniwith automeatedpmanefactuteaprbeespes, el of f t he
substrate, and any residue underfill can be heated until it softens and is
easi |y renovedhatarexe@rigliiec 7007 7 In the inventive underfill encapsul ant
conpositions, the allylated am de conpounds, and vinyl conpounds if used in
combi nati on with tHeisdnveptienrelatesta aeuraierpesient encagsyipntisempesitioant in t he
curabl e underfill encapsul ant conpositions in an anount from2 to 98 wei ght
percent based cempisingriylated amide conprpide s fieegpdicrb aering @geNt 8BY/AR any fillers).
The undenl || encapsul ant conpositions will further conprise at |east one
free-radi cll iPAPtINEiRISF andAptioRallysonger MeeRfilers opather 3k dhespeci es t hat
deconposes to a nol ecul ar fragnent having one or npre unpaired el ectrons,

hi ghly react i FaMAPREIonSRtANRLY RG22 GontREMORRN PLRPIMUNCIQIBLIME of initiating a
10 chem cal reaction by neans of a chain mechanism The free-radical
initiator wlIPBY¥P&sent in an amount of 0.1 to 10 percent, preferably 0.1

to 3.0 t, b ight of th ' t | udi
i Ter | Tho 17 eo” rAReEEPesaR CAO M ARAR ERAgPUREoae BLEBOUA & and pr ovi dos
e arbrs. ub et PR ciohe ol B e Rl ot S b cumst

eroctoates and di cunyl

b 2, 2 ABobi o( 2t PHBS el el eqmiogBAPtl el BB PRETEY T
encapsul ant  coERNdHy Mg PG RlihdledhiaP RETAY Badl @bigbmbR o pRU Of L he

free-radical initlat curing process may en be initiated by

W radiati on. EP;SQ@F%@&E%bﬁHgttg&%Wsd%kérta?ﬁgQﬁdﬁst@me elddiréic A¥empy. of 0.1 to 10

percent, pref _ _ per cen y weight of the allylated am de
compound, or Q‘ngélﬂﬁﬁlwch lﬁ{ﬂgélﬁ%tr Vlle%hd t¥en8iaRd tPdloWsr Vistdsityi diitleagegrpounds,

present (excluding any fi ). In sone cases, both photoinitiation and

free-radical ia?blicb@&dt@fhe%l{st%.d%i rabl e. For exanple, the curing process
25 can be started by W irradiation) and in a | ater processing step, curing

can be conpl et ed byin ket RRIbbEIMEAORisHveRtAlis 4 Gurag émapsuish a free-radical
cure. 2 8 AUG ?002 In general, these conpositions will cure within a

t enper at ur e r aaPogitionHht te3uldier tha BaringLf thegustédcritied cafdbieaingerfiii t hin a .
|l ength of tinme of |less than one mnute to four hours. As will be
under st ood) t leacdpsntentaookpositioper at ur e
) In another embodiment, this invention is a microelectronic assembly
comprising an electronic component having a plurality of electrical
20 terminations, each termination electrically and mechanically connected by a
metallic or polymeric material (the metallic or polymeric material also referred
to herein as interconnect or interconnect material) to a substrate having a
plurality of electrical terminations corresponding to the terminations of the
electrical component, and a cured encapsulant disposed between the
25 electrical component and the substrate to reinforce the solder or polymeric

interconnects, in which the cured encapsulant was prepared from curing a

composition comprising one or more allylated amide compounds, a free



curing profile for each adhesive conposition will vary, and different 5
conposi tions can be designed to provide the curing profile that wiB8IAUB&N0?
suited to the particular industrial manufacturing process. Ease of
application, even when thernoplastic properties are desired for the
underfill encapsulant, is achieved by using relatively | ow nol ecul ar wei ght
reactive oligomers or pre-polynmers and;curing these in situ after 10
application to the el ectronic assenbl yof conmponent and substrate. Applying

the materials in an uncured stat ives high processibility, and the
resul tant cur e'ad'@aiéwws;ﬂga@taneloeme'ag@mwm anstopliprady, aqp ghmatediensi cal
performance. For sonme underfill operations, inert inorganic fillers are
used in the undecPmpesitoneatingiamey 2ee eatfaisiorter edderdtienabMpy'of t her mal
expansion to nore 15 closely mrror that of the circuit interconnect, and
to nmechani cal I5"Pe¥¥eor ce the interconnect. Exanples of suitable thermally
conductive fillers include silica, graphite, alumnumnjtride, silicon
carbi de, boron nit r'n@eotheriebedigreataie invanfipnds afethodfas Mmeking&ps wi |1 be
present typically in an amount of 20-80 ‘Fercent,by i ght of the total
underfill &nc P BSSEBRYoER ElegFPnIcRFSATblY COPRIFNEA & c%ﬂﬁ‘bounds The
allylated am de _co unds suyitable for yse.in the conpgositions of this

i nvention have°°5‘pg'?r$@%?"m9@ gﬁ'ﬁ%ﬁ%ﬁﬁcgﬁalﬂ?'”l'%w?soFﬂ‘{h tn%’"ﬁt'gﬂd B as depi ct ed
her e: 2 8 ~—~ aoz 9 (A, (B) ~N 0 ~NO 7K' |In ~ ~ nor RO N5
Ao used ¢ hr oudiRSTESBIAG MERRTeR e S eteT R Rl Y e BT B RRRLRS o A

car bonyl group, r se specific for whe Ly "n" is the
integer 1, thé S@(E%{)%%E%m i un%'léty éfcer'r%cﬁ-g-gi;{ %ﬁﬁ?a}t'}éﬁsa{br%%gﬂﬁgéﬁgnd when | owner

case "n" is ag%'jf'{riﬁﬂ%a 'ré\)fa'\ete?ecg'lcaftéaﬁ'ipﬁr?m%ﬂgqcmehlre\pﬁké%ﬁlﬁlgﬁ?ﬁflumti onal

conpound. 10 represents 0S€ conpounds 1 n
10 encapsulant compaosition disposed between the electronic component and the

substrate, the method comprising: (2) providing a curable underfill
encapsulant composition, (b) disposing the curable composition between the
electrical component and the substrate; and (c) curing the composition in situ.
The allylated amide, and vinyl compounds, used in the underfill

15  encapsulant compositions of this invention are curable compounds, meaning
that they are capable of polymerization, with or without crosslinking. As used
in this specification, to cure will mear; to polymerize, with or without

) crosslinking. Cross-linking, as is understood in the art, is the attachment of

two polymer chains by bridges of an element, a molecular group, or a

20 compound, and in general will take place upon heating. As cross-linking
density is increased, the properties of a material can be changed from
thermoplastic to thermosetting, which consequently increases polymeric
strength, heat-and electrical resistance, and resistance to solvents and other
chemicals.

25 It is possible to prepare polymers of a wide range of cross-link
density, from tacky, elastomeric to tough glassy polymers, by the judicious

choice and amount of mono- or polyfunctional compounds. The greater



RO is H an al kyl or al kyl eneoxy group having 1 to 18 carbon atons ahlyl %@7
aryl, or substituted aryl having the structure 15 Rlo R11 12 Rin zvﬁi ﬁ ,
R', and R 2 are independently H or an al kyl or al kyl eneoxy group having 1
to 18 carbon atons; each X i ndependently is an aromatic group selected from
the aromatic groups having the structures (1) through (V): (1) 20 (1V) OO
OaCO(V) O/ OOCNH 2 0 AUG 20 10 and Qis a linear or branched
chai n al kyl, al kyl oxy, al kyl am ne, | sul fide, alkylene, alkyleneoxy,
al kyl ene ami ne, atkylene sulfide, aryl, aryloxy, or aryl sulfide species
havi ng up t o radrodtion bPolfenstienal eontroendsiraacted, thieigreaterdye erosstlimkn sat urat ed or
unsaturated cyclic or heterocyclic substituents pendant 5 fromthe chain or
as part of t fengitcidlarmoplastic Reopetties ere dasitedi thewreril enegpswantsradat om pr esent
may or may not be directly attached to X; or Qis a urethane having the
structure: Os pventiorgan be rrepgredimampors-uortiBalgomprpndri? ipkthe G ~X- Rz 10 in
whi ch each RZ independently is an alkyl) aryl, or arylalkyl group having 1
to 18 car bon c&Rss¥gk deusity. Hoyvever & flinop pmagng of RokyfUBGEN CAARUAES up t o 100 at ons
in the chain) which chain may contain aryl substituents; Xis O S, N, or
P; and n Ps (Fap e sddedde provide sefpe eressalinkiRg @ntigfrana®d te thegempesdtiono 0 a n 15
R3-COR3-OC R3 .
provided the amount of poly-functional compounds is limited to an amount
that does not diminish the desired thermopiastic properties. Within these
parameters, the strength and elasticity of individual underfill encapsulants can
be tailored to a particular end-use application.
10 The cross-link density can also be controlled to give a wide range of
glass transition temperatures in the cured underfill to withstand subsequent
processing and operation temperatures.
For those underfill encapsulants that are designed to be reworkable,
the Tg is chosen to be below the reflow temperature of the metallic or
15  polymeric interconnect. If the underfill is added after the reflow of the
interconnect material, the low Tg will allow the encapsulant material to soften
and adhere to both the electronic component and the substrate without
) affecting the interconnect.
If the underfill is added before the reflow, the same effect is achieved.
20  The underfill encapsulant will soften and adhere to the electronic component
and substrate during the reflow of the interconnect material. Intimate contact
is maintained with the interconnect after the interconnect solidifies, imparting
good stress transfer and long-term reliability.
In those cases where it is necessary to rework the assembly, the

25  electronic component can be pried off the substrate, and any residue underfill

can be heated until it softens and is easily removed.



in which R is an alkyl or alkyloxy chain having up to 100 atons i Eh@ m
chain, which chain may contain aryl substituents; or Qis a siloxane lllu Zﬂr
the structure: -(CR 2)s [S RO ~-SIRZ-(CR2) ain which the R substituent
20 independently for each position is Hor an alkyl group having 1 to 5
carbon atonms and the R substituent independently for each position is an
al kyl group having 1 to 5 carbon aton® or an aryl group, and a and g are

i ndependently 1 to 10 and f is 1 to 507 and m sOor 1, andni slto6. 25 Fornul a
B represents those conpounds in_which 2 8 AUG 2002 11 R9 is H or an

al kyl or al kyl enedX{redisniyernaderfitencapsylanbeampoptiensatig@ty/ated an al Iyl group,

or an aryl or substituted aryl having the structure RRo R~ ~2 R in which
R, R', and Weﬁ@pP‘i’Wép%ﬁdéWHWPBU'ﬁ 'fH'SSﬁ’ ingemRinglian with B¢ ky| eneoxy group
having 1 to 18 carbon atons; lin or branched chai n al kyl,

al kyl oxy, al ylategprpide c%[pwndgzmulqueocgeseai 'Rylee‘?‘l’éab'eatl"]gﬂrgneoxy, al kyl ene
| Kyl fid i d h
i S AR 120 e

cyclic or het er ocyclic sub tltuen ndant m the chain or as part of
the backbd t"? %C@ﬁﬁ’f’ﬂen SRESS™H WF@W %\%ﬂnﬁéferoatom present nay or may

50060 rRS‘“x'. L R et R P SRR AR R bach e
' ndependent ! %né ﬁeﬁa{( dlcg1 nlﬂ(at?r @I{NXA is d8 negrtcy L@(Amlggl gg&ie%g%étng 1 t.o 18 carbon

at ons; s an aln havi ng atons in the

fgabn H OngCh dQMp%sg@tX a(?\%?éc%lapfrgﬁréﬂnt ﬁé{}ﬂ‘ﬁgtdnte"b?%?e ur?;gaﬁ‘e% e@ctr@ns N, or P, and n
)

highly reactive and usually short-lived, which is capable of initiating a

10  chemical reaction by means of a chain mechanism. The free-radical initiator
will be present in an amount of 0.1 to 10 percent, preferably 0.1 to 3.0
percent, by weight of the organic compounds present, excluding any filler .
The free radical curing mechanism gives a fast cure and provides the
composition with a long shelf life before cure. Preferred free-radical initiators

15  include peroxides, such as buty! peroctoates and dicumyl peroxide, and azo
compounds, such as 2,2"-azobis(2-methyl-propanenitrile) and 2,2'-azobis(2-
methyl-butanenitrile). ’

) Alternatively, the underfill encapsulant compositions may contain a

photoinitiator in lieu of the free-radical initiator, and the curing process may

20 then be initiated by UV radiation. The photoinitiator will be present in an
amount of 0.1 to 10 percent, preferably 0.1 to 3.0 percent, by weight of the
allylated amide compound, or combination of both allylated amide and vinyl
compounds, present (excluding any filler). In some cases, both photoinitiation
and free-radical initiation may be desirable. For example, the curing process

25  can be started by UV irradiation, and in a later processing step, curing can be

completed by the application of heat to accomplish a free-radical cure.



or Zis an ester having the structure: 20 OO -R3-~-ORa-p_~- HBXm;l?ﬁﬁ?
R~ is an al kyl or alkyloxy chain having up to 100 atons in the chzz which
chain may contain aryl substituents; or Z is a sitoxane having the
structure: 2 0 AUG 2002 12 -(CR 2)e [STRZ-Q,-SiR42-(CR 2)9 in which the
R substituent independently for each position is Hor an al kyl group
having 1 to 5 carbon atons and the R gsubstituent independently for each
position is an al kyl group having 1 to—5 carbon atons or an aryl group, and
a and g are independently 1 5to 10 and f is 1 to 50; Kis an aromatic
group sel ected frofmgersalathesegompogjions vdll ayea within 2 lempetetureang@el (Vi) t hr ough
(X111) (although onlr#/ one bond may be shown to represent connection to the

aromatic groud® @nglicunngydl %@ﬁ%’ﬁdt"’ﬁh'?éﬂﬁné@éﬁf] maallessii¥er of additional
bonds as descrlbed and defined by n): 10 (M) (Vi1l) / / / \ \' '\ p in which
pis1lto 1003”36“!}?%‘?50 fg"\howspAﬁw"mueﬂeraov% the time apgdemparatyre1s (X) R5 R6 R
in which R5, Re, and are a linear or branched chal n al kyl, al kyl oxy,
al kyl am ne, %‘F’RS/Pm@ﬁf"Fieﬁ"é’ adﬁ?’r{‘ﬂﬂ comwositignl @ﬁ’é@??f ' %ﬂeRtyI ene 20 am ne,

or aryl sulfid cies having up to 20

al kyl ene sulfide, ar 0X e

o U6 2603 1 somputfons o B e ﬁtomﬁ%v'd@ﬁa? FprngRickiR DAL YIBS St sat ur ated or
unsaturated c c _or heﬁg ﬁ% substituents pendant fromthe chain or
as part of tﬁéﬁl‘?&?@m’fﬁ'ﬁ”" Yt a%%ff%'"gﬁrﬁaeﬁsn whi ch any het er oat om present
may or nay not be dire ttached tq the aromatic rin R5, Rs, and R
are a sil oxane hav?asﬁ f %%X%%PUC Vﬁr}véhqnol '§St[°§fciﬂfﬁ'ff f eﬁﬁed( CH3)9- in

ohich the R RS LAIHRthels Ag.anrgevgbByhs.%ggavmqu&&u|gp 5 carbon at o

and the R subst si‘tron 1s an al kyl group

gg?" ?gq )1 to i Pe%@tni%to%@ne% ofPle-BoYrherd 5% Buring Bls@in' situ dndr© 10 and T is 0 to
10  application to the electronic assembly of component and substrate. Applying
the materials in an uncured state gives high processibility, and the resultant
cured thermoplastic encapsulant provides high mechanical performance.
For some underfill operations, inert inorganic fillers are used in the
underfill encapsulant to adjust the coefficient of thermal expansion to more
15  closely mirror that of the circuit interconnect, and to mechanically reinforce the
interconnect. Examples of suitable thermally conductive fillers include silica,
graphite, aluminum nitride, silicon ca’rbide, boron nitride, diamond dust, and
) clays. The fillers will be present typically in an amount of 20-80 percent by
weight of the total underfill encapsulant composition.
20
Allylated Amide Compounds
The allylated amide compounds suitable for use in the compositions

of this invention have a structure represented by the formulas A and B as

depicted here:



i Hs -OCH3 O10 ; (XII) HOI aHNC, /o ~-CGNOCH=~ ~o., . ang g(giE10
OOIlI Il /] CHOCCGCOHOO15 and mis O or 1 and nis 1 to 6. 2 B AUG
2002 14 Vinyl Conpounds The conpounds suitable for use in the adhesive
conpositions of this invention have a structure represented by one of the
formulae: [MX nl~ Dor [MZ ~]~ K in which mis Oor 1, and nis 1 to
6. 5 Mrepresents a vinyl group and cgn be the nal ei m de noiety having the
structure: R~ ONOin which R is Hor C, to CS alkyl; or or the vinyl

noi ety having the structure: R\ .RZ in which R and Rz are Hor an al kyl
having 10 1 téA5 carbon atoms or toget®er forma 5to 9 nenbered ring with

the carbons fo ng the Vi group; B i SN o (O, 6C(O, C(O-0
C(ONH or C(O vvhchR8is C, o\ al Kyl . Preferably, Bis O
c(0, 0O, or CCONRY; mor @ Srefmardbly Bis 0 O,
oC(O, C(O-0 (B("O)N(R n 15 X j.ndep ndenRsly is am aromatic group

sel ected fromthe aromati c groups lavi ng the structures (1) through (V):
(ry ¢rry (rrr)y oc-o0\ v\

5 As used throughout this specification, the notation C(O) refers to a
carbonyl group. For these specific formulae, when lower case “n” is the
integer 1, the compound will be a mono-functional compound; and when lower

| case “n” is an integer 2 to 6, the compound will be a poly-functional
compound.
10 Formula A represents those compounds in which:
R%is H, an alkyl or alkyleneoxy group having 1 to 18 carbon atoms,

allyl, aryl, or substituted aryl having the structure

R10

12

R in which R, R", and R'? are independently

15 Horan alkyl or alkyleneoxy group having 1 to 18 carbon atoms;
each X independently is an aromatic group selected from the
aromatic groups having the structures (1) through (V):

() (1 (1
i
O O O

(V) (V)

20



2 ~ AUG TO-~ 15 5 10 (I1V) 0 O~ and (V) 0 OCNH Preferably, X is SZter“dﬁe
(rry, (rer), (rv) or (v), and nore preferably is structure Q and Z 6 AUG 2002
i ndependently can be a linear or branched chain al kyl, alkyl oxy, al kyl

am ne, al kyl sulfide, alkylene, alkyleneoxy, alkylene am ne, alkyl ene

sul fide, aryl, aryloxy, or aryl sulfide species having up to about 100
atoms in the chain, which may containqgaturated or unsaturated cyclic or
het erocyclic substituents pendant fromthe chain or as part of the backbone
in the chain, and in which any heteroatom present may or may not be
directly attached t@nXQ ipe ligaaprbranchediehainralievhtalkylowaalkp@minaipsylhane havi ng
the 15 structure: OO OO -R2-X-CNHR3-NHC(OR3-OCNHR3-NH ~G ~-X-RZ
i n which each FR#fidenalsylentdalisyieneoky alkyiend angine, afiyyiene sulfideaaryl, ayleyy, gr oup havi ng
1 to 18 carbon atoms; R3 is an alkyl or al kyloxy chain having up to 100
atons in the chaW,sulife srecienapvingwnto gbeit APhatamy in tephain. miishtgy X is O, S)
N or P, and nis O to 50; 20 or Q and Z independent|ly can be an ester

havi ng the st r Ge]ip &aturateg or prsaturatedeyclis @rhefracyeli supRtikigntrPepdanin al kyl or

al kyl oxy chai n_havin to 100 atons in the chain) which chain may contain

up . ] .
aryl substi? uefiggthe %z'n@raw%‘dze%kwe@ Haghain ERABYENTHRYI y can be a
si | oxane havi ng the structure: J#CF\’ Zé‘g ,LFSi RQ,-S R4z-(CR Z) o in which
the R substit (¥RPAORRBERLEERY Pymavdiet kediechotiaeheddo s H or an al kyl group
having 1 to 5 carbon_atons and %ﬁhe 31 substituent independently for each
VHHt e

position is an al kyP" yrdlipes2aR% YY°H " arbon atons or an aryl group,

and a and are i ndependent| 1
g P o} y 0 0 0

Il ] Il ]
) —R? —X—C—NH—R3-NH—C—(0—R3—0—C~NH-R3-NH-C-)— X—R2—

10 in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to
18 carbon atoms; R? is an alkyi or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain aryl substituents; Xis O, S, N, or P; and n
is O to 50;

or Q is an ester having the structure:

(") 0
il
—R3—C—0—R3—0-C— R3—

15
in which R? is an alkyl or alkyloxy chain having up to 100 atoms in the chain,
which chain may contain aryl substituents;

or Q is a siloxane having the structure:
—(CR';)—[SiR*-0),-SiR*~(CR";) .~ in which the R' substituent

20  independently for each position is H or an alkyl group having 1 to 5 carbon

atoms and the R* substituent independently for each position is an alky! group
. having 1 to 5 carbon atoms or an aryl group, and e and g are independently 1
to 10 and fis 1 to 50; and

misOor1,andnis 1to6.

25 Formula B represents those compounds in which



to 10 and f is 1 to 50. Preferably) Qand Z will be a linear or bra@dhdd 200
chai n al kyl, al kyl oxy, al kyl ene, or al kyl eneoxy species having up to about
100 atons in the chain, as described with pendant saturated or unsaturated
cyclic or heterocyclic 10 substituents, or a siloxane as described, and
nore preferably is a linear or branched chain al kyl species or siloxane, as
described. Kis an aromatic group selgcted fromthe aromati c groups havi ng
the structures (VI) through (X111) (arthough only one bond may be shown to
r epr esent connectlon to the aromatic group K, this will be deened to 15
represent any nunéis *beé[défk)t'Pbﬁi'éYie"BW(ﬂéwﬁé‘aH@%&Fq PP RPIARS i ned by n):
(vl) (vu) I/ 7 o/ 1 U\ n whic is 1to 100; (VIIl) /' / S\ \ pin
which p is 10t® qla)'@ml@oor(anmw fxubw'twteq' aryl having thg sKUE2002 17 (X) R5 Rs 7 R
in which R5, Rs, and R are a |linear or branched chain al kyl, alkyl oxy,

al kyl am ne, aIkyI sul fi deR'l kyl ene, al kyl eneoxy, al kyl ene 5 am ne,

al kyl ene sul fide, aryl, ‘Io%y or aryl sulfide species having up to about
100 atons in the chain, may contain saturated or unsaturated cyclic
or heterocyclic substltu- |$2pendant fLR the hai n. art. of the
backbone in the chain, and in mhﬂ%ﬁmﬁhé H%té?% $%§Qa?ﬁﬁay or may not
be directly ﬁttac and R are a siloxane

10 having the s??algﬂﬁfglkw?%ﬁ%'ﬁqg&%#’ﬁvﬁél rt](%]acagfqﬂféo sCi—IS)Q in which the R
subst i tue§t is H i gpe? g%ran%ﬁé) alﬂ%\ﬂyf‘&kﬂo}yoa@u gl% Ey{fkygt oms and the R

substituent indepénden or eac posrt roup having 1 to 5

carbon at oms g g4 Ak A aIWIéHéBxy, BRflerfd anﬁne%aweéeosuﬁreg, dryl] styihyt © 50
)

or aryl sulfide species having up to about 100 atoms in the chain, which may
contain saturated or unsaturated cyclic or heterocyclic substituents pendant
from the chain or as part of the backbone in the chain, and in which any

10  heteroatom present may or may not be directly attached to K;

or Z is a urethane having the structure:

o o o o)
il 1t It It
—R% —X—C—NH—R3- NH—C—(0—R3— 0~ C—NH—R*NH—C )— X— R~

in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to

15 18 carbon atoms; R? is an alkyl or alkyloxy chain having up to 100 atoms in
the chain, which chain mayncontain aryl substituents; Xis O, S, N, or P; and n
is 0 to 50;

or Z is an ester having the structure:

9 9
—R3—C—0-—R3~-0—-C— R3—

20  in which R¥is an alkyl or alkyloxy chain having up to 100 atoms in the chain,

which chain may contain aryl substituents;

or Z is a siloxane having the structure:



(Xt)y i 3/ 15 -OvCH3 O . (XIl) HHNCI| ~0~ ~-CNONCHO ~. 2
B AUG 200Z 18 and (X111) OO0 aa CHOCGCOHNDN OO Preferably, Kis
structure (M11), (X) or (XI), nore preferably is 5 structure (X oHA%?QUZ
and nost preferably is structure (X). Ot her Conposition Conponents

Dependi ng on the nature of the substrate, the conposition nmay al so contain
a coupling agent. A coupling agent asqgsed herein is a chem cal species
containing a polynerizable functional “group for reaction with the 10

mal ei m de and other vinyl conpound, and a functional group capable of
condensi ng with net@R AyifiRieSiHrécR A —dhwhiplethe |} sustituent t he substrate.
Such coupling agents and the preferred anounts for use in conpositions for
particul ar sifigspengeetly farreach pesiieniinH ohen alkyl grogphavirg blodkaidrng agents are
silanes, silicate esters, metal acrylates or nethacrylates, titanates, and
15 conpounds 2@81t3AE ey sabetianhinrerRgnrenyy il eadiRAstign sgAGEYHAeP, mer capt an,
and acet oacet ate. \Wien present, coupli ng agents typically will be in
amounts up t 82vT9 hidTeRonACRRPAMAY! iRy p?’gfeearnétSI%Ve indergrBemYd of 0.1-3.0
per cent bg/ w?lgﬂ% of the mal eimde and ot her nonofunctional vinyl
conpound.” 1 n*%& "tdifdsh} o0 conpositions may contain conpounds that |end

K is an aromatic group selected from the aromatic groups having the
structures (V1) through (XII1) (although only one bond may be shown to
represent connection to the aromatic group K, this will be deemed to

represent any number of additional bonds as described and defined by n):

10 V) )

o

(Vi)

104G

) (1X)

. T

X)

in which p is 1 to 100;

in which p i§ 1 to 100;

RS
Lk
R7

chain alkyl, alkyloxy, alkyl amine, alky! sulfide, alkylene, alkyleneoxy, alkylene

in which R%, R®, and R’ are a linear or branched

20 amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species having up to



20 additional flexibility and toughness to the resultant cured corrpggiwﬁczpﬂz
Such conpounds may be any thernoset or thernoplastic material having a Tg
of 50C or less, and typically will be a polynmeric material characterized by
free rotation about the chem cal bonds, such as can be obtained by the
presence of carbon-carbon doubl e bonds adjacent to carbon-carbon single
bonds, the 2 0 AUG 2002 19 presence1é)f ester and ether groups, and the
absence of ring structures. Suitable-such nodifiers include polyacrylates,
pol y(but adi ene), pol yTHF pol yneri zed tetrahydrofuran), CTBN

(car boxy- t erationtat08chtdonst iy therchain, whigh maybdpatain sattated briymsatpsakesine gl ycol . When
present, tougheni ng conpounds may be in 5 an anobunt up to about 15 percent
by wei ght ofcycheor reflesicydlic eutstitderd$ herdantdrond ha chaimorads paitiofiheconpound.

Si | oxanes may al so be added to the compositions to inpart elastoneric
properties. Bgkhaablirethe chairk ankin vavah anp betetsateacprosenkypy opyay noér m nat ed

pol ydi met hyl sil oxanes) and the am nopropyl-term nated 10

pol ydi met hy| bsi dirggtiyratached vaihe gtsimatie ri@ﬂhOUﬁEtPécP"G:HFéﬁﬁe@eﬁi'OXPGehnol ogi es. The
conposi tion may al so contai n or %j c fillers, such as, pql ymers to adj ust

r heol ogy .5 Otheing dedituptyes—(ERoan SR d-Qs SR i(Clide R Whichill Rl so be used for
speci fic purposes, such as, adhesion pronoters. The sel ecgtion of the types
and armount s S0pttusst i H o apialie groyprhavieq A de p raonptommandkeR'ed in the art. 15
2 D AUG 2002 20 EXAMPLE 1 Preparatjon of Bis Phenol F - Bis(diallylamde)

O 1. 2 ~~ / Subgtifyentindependently for eegh) nqejtion is eRyaleyl oraupddXas 19 s 1 , ~ / C6 OH O
O H O DCC, P H . .
carbon atoms or an aryl group, and e is 1 to 10 and fis 0 to 50;
) (X1)
T
C
b
10 —0 3 O_;
(Xi)
H
? H N—E—>o-1
S o
o)
I
N——C—>
) H 01,
and (XII1)
o) o
Il 1l
,{,C ; L ‘ )
HO—% %—OH
15 °c 0 ;

andmisQortiandnis 1to6.



| CG Ol / I , /] OCs NOHOHO O 10 Bisphenol F (200.3 g, 1 nol) iSZEAUGZOOZ
solvated in tetrahydrofuran (THF) (500 nL) in a 2 L three-necked fl as

equi pped with nechanical stirrer and reflux condenser. To this solution is
added 1, 2-epoxy-9-decene (308.5 g, 2 nol) and benryl di net hyl am ne (0.67 g,
5 mmol ). The solution is warnmed to 80C for 7 hours and then allowed to cool
to roomtenperature. Solvent is renoveg 15 in vacuo to yield an oil. 20
AUG 2002 21 The internedi ate isol ated above (508.8 g, 1 nol) is dissolved
in THF (1 L) and H20 (1 L) in a 3 L three-necked flask equi pped with
mechani cal stirrer, reflux condéfigfCompendat er nal tenperature probe under
nitrogen. To this soI ution is added Kvn04 (316 g, 2 nol), and the resulting
mxture 5 warned tdes00ppEdsSuikpdierfar Us?mathﬂ@é'@ﬁsivéﬁomBO%IOPﬁmfe‘ﬂ'Sto cool to
room tenperature and bul k solvent is renmoved in vacuo. The resulting
material is dveotiandeve A SOKEAER FeRrasented by one efiteqiformaiae:washed with H20 (3X1
L). The isolated organics are dried over MySO4 and sol vent renoved in vacuo
to yield a dilMcXdhi& er nedi atM-Z 10~ KHewhighhids @pabiand psultod.g, 1 mol) is
conbined with diallylamne (194.3 g, 2 mol) and CHZCIZ (1 L} in.a 3 L

t hr ee- necRed fl askMERN#SSpER ‘W%WOBP PRECGRA AR dhe Malgimidedpoiety AaYig on funnel and
internal tenperature probe under nitrogen. The solution is cooled to 4Cin
an ice bath. AU ti on funnel is charged with di cycl ohexyl carbodiimi de
(DCC) (412.7 g, 2 nol) dissolved in 15 CH2Cl 2 (300 nlL), and this solution
added to the stirred i ne | uti on over the course of 60 mnutes. The
reaction is stirred on t ce bath for an additional 30 m nutes. The

m xture is allowed to wafim tNe— oom tenperature and further stirred for 4
hours. The solution is filltered to rermve preci pitated dicycl ohexyl urea
(DCU). The isolated organicy are dried anhyd., 20 filtered and
sol vent renoved in vacuo to Vi é'l‘lfl’h'f:'h@ Bl%?roq ggéf/?'%‘ﬁe) pr oduct . 2 Q AUG
E?O% ZOZRiEééwpliE‘fz"Wgrggar %ta\lilr(])gnthg stru?ur\é( but adi ene) bi s(diallylamde) OOk mn

R! R?

B—"in which R* and R are H or an alkyl having

10 1 to 5 carbon atoms, or together form a 5 to 9 membered ring with the
carbons forming the vinyl group; B is C, S, N, O, C(0), O-C(O), C(0)-O,
C(O)NH or C(O)N(R®), in which R® is C, to C; alkyl. Preferably, B is O, C(O),
0O-C(0), C(0)-O, C(O)NH or C(O)N(F‘l"); more preferably B is O, C(O), O-
) C(0), C(0)-0, or C(O)N(R®).
15 X independently is an aromatic group selected from the aromatic
gro.ups having the structures (1) through (V):

) (n (1

{}' @E_O_' o



50O0HHNO~ OwNkmn~PI1ODallylamne (97.15 g, 1 nol) 'SzﬂAUG7W7
sol vated in acetone (500 mL) in a 2 L three-necked flask equi pped wit
mechani cal stirrer, addition funnel and internal tenperature probe under
nitrogen. The solution is cooled on an ice bath. Ml einized pol y(butadi ene)
(Ricon 131 MAS, Ricon Resins Inc., 1766 g) 10 dissolved in acetone (500 i)
is charged into the addition funnel aig added to the cool ed am ne sol ution
over the course of 60 m nutes maintakAf¥ng an internal tenperature <10C. The
solution is stirred on ice for an additional 60 m nutes, then allowed to
warmto room{\nperature and stirf\@d for another 2 hours. Solvent and

resi dual diallylanine are renoved in vacuo to yield the 15

poly(diallylamd 20a A U G 2002 _23 EXADPLE 3 Preparation of Dimer

Bi s(dial | yl ani 0l0411- Di oct yl.- oeiBosyl_bi s(diallylanide) 5 Dimer
acid (sold unde e trademar k Enpo 24 by Unichema, 20.5 g, 35.7 nmmol)
was sol vated in ahhydrous td@dene (2 m) in a 500 mL f ournecked fl ask
equi pped with reflux condensor, addition funnel magneti c stirring

under ni t r ogefiiefePRlysX SRUEtHEAINLAY. (MAranéyd. arg @@Ep'%ﬁp’b?@ét’wu%hl oride 10
(12.5 i, 143 mmol ) was added dropw se over the course of 60 m nutes.
Evol uti on of tbbz CO and HCl was inmmedi ately evident. The reaction was

t df ddj t tth ddi t lete, allowed
To cool 18 raom t ShARY APUPRETARIY 28T b AINFERTE PR o yi ol a' an or ange
|. IR and' H N tral t the d db d
5 ohl or ?Se) b 5 e AR B R S kg@m%@ae.shr G ethyl et her

Lt o, 2 ogarish® s gkl o eyl BEaEGUEE shodht hafitl i PBRHaNu MoCTAT: o2

sthirrer, addi PnTTe ter tuar obe un ni trogen.

NaCH (3.2 g, Qggmgchgmsa@a}vagglgatmt&m@ oflrkalP ARG Lo, LT s sol ut on.

This solution cool on an Ice acid chloride)

descr i bed abe. Y853 HRIAH pbha Fih (R br 0 DAY AR toBlfdnd e 2ddi tion

funnel and added to the stir am ne so uti on over the course of

m nut es, 1§l RGN endi Whﬁh%ﬁﬁﬁéter’oﬁt%%@e%ﬁayﬁ% ndf¥eSirgedyut 1 on was

stirred on ice for an additional one hour, then allowed to warmto room
tenperature, zapchedltd Xy €d for an 25 additi onal 4 hours. The organi c | ayer
was isol ated and washed with 5% HO eq (200 nL), and HzO (2x200ni). The

i sol at ed organi cs oMey ghadf ih@sheRERtly dhFea @BiRMAE iving tfd | tered) and the
sol vent renoved in vacuo to yield an 2 ~ AUG 2082 24 orange oil (87%,

whi ch exhi bi tserdetliig: and' H NVR spectral data consistent with the desired
bi s(diallylamde). EXAMPLE 4 5 Preparation of Palmtoyl allylamde

o o} 0 o
Il il 1l I
—R%— X—C—NH~R3-NH—C—(0—R3—O0—C—NH~R3-NH—C- }— X— R%—

15
) in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to
18 carbon atoms; R® is an alky! or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain aryl substituents; Xis O, §, N, or P; and n
is 0 to 50;

20 or Q and Z independently can be an ester having the structure:

? 0
—R— e O—R3—_O—-C— R3_
R*—C—0—R*-0~C—R in which R is an alky! or alkyloxy
chain having up to 100 atoms in the chain, which chain may contain aryl

substituents;



Monoal | yl am de is prepared fromallyl amne (57.1 g, 1nol), palm to%lg AUG 2002
chloride (274.9 g, 1 nol) and NaOH (40 g, 1 nol) using the SchottenBaunenn
condi tions described above for the synthesis of Exanple 3. 10 EXAMPLE 5
Al'lylam de/BM Die Attach Adhesive The foll ow ng reagents were conbi ned and
manual |y m xed to yield a 15 honbogenous die attach conposition:

Azel oyl bi s(di al | yl am de) (prepared frq azel oyl di chl oride and diallyl am ne
utilizing the sanegeneral procedure as i n Exanple 3)0.521 g20

, Bi smal ei m de, sold as Versalink P-6501.678 gby Henkel 't

But yl - 2- et hyl hexanoatedz wepaikritiglcat baa sidxanehdvingltie sta2turggr oduct nunber 633
by Sartoner )0.023 gy- Met hacryl oxypropyl -tri met hoxysi | ane0. 024 gSi | ver
powder f r om Ch¢ORY),-PBIRHaaSIRA{CARA- O 0BABchItN@ RYsBBtithéré adhesi ve was used to
bond a 80 x 80 m | silicon die to various netal |eadfranmes as |isted bel ow
(Ag/ Al l oy 42indeméindertly for sadhpesiticroiatHemt aAlalkghygrddd, hasing Fad Blicarhbh oy; Ag/ Cu

i ndi cates silver coated copper). Die Shear Strength was neasured using an
HVP Model 178©9mdiaed thi &4 sulisbtsemindeparueotiyfor eech bosition is aRalkyl AldBp~~~ 2~ 5 gauge
DFI 50 (Chatillon} at roomtenperature (RDSS, room die shear strength} and
at 240C (HDSspvirgot to Gicerbohetams ot syt didupa knde andig Aregndepend@dtistconds on a
200C hotplate (condition 1 }) and after curing for 60 seconds on a 200C
hot pl at e f ol loco\R&RdbH 140 RBurs in a 175C oven (condition 2). The results are
reported here and_show commercially acceptabl e die shear val ues.

j " ~adf rameCur g ~offaratin hand Zwibpha{ingas AHIERRESSIASAKOSIUNPN | oy 42

. 720. 8T5. 650. 92Ag/ Cu2. 150. 584. 650. 74Cul. 760. 483. 600. 85Pd1. 941. 184. 561. 25

2 8 All G 2003kygepyAliplereqsy spesipsnaying Hp torabpehiP9#ams B HieABPed Di ner Di ani ne
Bi)smaleimide 50n 2 Cl iC/ | HZNC~-NH2 NO2 NO/ | | ~ 02 Et20, OC, r.t.
Cr NH C36- NI - 2¢dgscriegywis pendanioieturgies oidineathiatsd-aueiger Refejocycliep ||\

'~ '~ | ~ '~ '~ 0,
C-N+C M | su%st(l%ugnté %r éA\ gi%ganEeta%Ndegzri[Blgé?%né m’oreopr\efelrab% iL\I ghir%ar’c\)IF 0 83%

branched chain alkyl species or siloxane, as described.

K is an aromatic group selected from the aromatic groups having the
structures (V1) through (XIil) (although only one bond may be shown to
represent connection to the aromatic group K, this will be deemed to

15  represent any number of additional bonds as described and defined by n):

(Vi) (Vi)
; P in which p is 1 to 100;
(vili)
P in which p is 1 to 100;

20 (IX)



Il O 84% Di ner diam ne (sold as Versam ne 552 by Henkel, 20.0 g, 7%@“E5ym2
10 was solvated in diethyl ether (Et=0 (200 nL) in a 500 nm. three

flask equi pped with an addition funnel, magnetic stirring, internal
tenperature probe and nitrogen inlet/outlet. NaOHeq (11.7 nL of 6.25 M
solution diluted with 100 nL HZO, 73 mmol) was added wi th vigorous
stirring. This solution was placed unger a steady flow of nitrogen and
cooled to 3C on an ice bath with sti rTT ng. The addition funnel was charged
wi th p-nitrobenzoyl chloride (13.6 g, 2 0 AUG 2002 27 73 mmol ) in Et20
(50 m.), and this solution was added to the reaction vessel over the course
of 60 mnutes, maintaining an internal T10C. The reaction was stirred at
~3C for an atiitional 60 mnutes after this addition was conplete, then
allowed to warmto roomtenperature and stirred for another 4 5 hours. The
solution was transg®erred to a separatory funnel and the isolated organic

| ayer washed Pdi stilled HZO (300 nL), 5% HCleq (300 nlL), Nad ag (250
m.) and di sti R (2x250 nlL). The organics were isolated, dried over
MyS04 anhyd. , ggred and the sol vent renpoved in vacuo to yleld the ,)
dinitro compound as a vi scou’bwﬁiﬁﬂ Ro®’ &g RoRiecHingsr Biapgedaccept abl e’ H NVR
10 and IR spectra §30 0 6 %9. The dinitro conpound descri bed above (5.0
g, 5.9 mol )C'Wé{ba'm @%\%éé‘kylﬁ% H'éHGF'f‘EWE@dﬁ”e( YRR AtY'ERR r ahydr of ur an

(THF) (5 hr ee- necked f qui pped with nmagnetic
11111 ng,S remPile, WA AIEe. ais SHIow GhEM TAICESPARPEIS Y8 sof uti on was

Rﬁ%ﬁ?u%”?ii b f@a‘?ﬂh@,m%%c i Pﬁ&w&sy é%aﬁ%s%%{at“? REREGET D o Z} : re&: at
LbSre"rtvggpe%ﬁé”:"%%”f.%%cvg%“sﬁ s AN fdo Bl B R t'r;”t;E 'sﬁlt vent vas
170 (150 m Pk ERRRE Sy WiV A3 ehosh HEBRHSY B 2l ' 200 ri e
over MysS04 aﬁ%‘&nfk m}f&%\éﬁ%to‘{\@esar@ﬁélﬂ‘fﬂgt g%ﬁa AGre¥d &lb?a nghe diamne as a

sticky tan ol I'biI'ted acce
10  having the structure —(CR',)~[SiR*,~0];-SiR*,~(CH,); — in which the R

substituent is H or an alkyl group having 1 to 5 carbon atoms and the R*
substituent independently for each position is an alkyl group having 1 to 5
carbon atoms or an aryl group, and e is 1 to 10 and fis 0 to 50;

xn

CH,§
) |
O
|
15 O s 0—.
(XI1)
HO]
@ : N—C_>0v1



NVMR and IR spectra (3.9 g, 84%. Ml efic anhydride (0.5 g, 5.1 mmol) was

di ssolved in acetone (10 nL) in a 250 nL three-necked fl ask equipgﬁpAUgidﬁ
magnetic stirring, addition 25 funnel and nitrogen inletloutlet. The
solution was cooled on an ice bath and placed under nitrogen. The addition
funnel was charged with an acetone (10nL) solution of the di am ne described
above (2.0 g, 2.60 mmol ), which 2 8 AUG 2f 1B2 28 was added dropw se over
30 minutes. The reaction was stirred for an additional 30 m nutes on the
ice bath, then allowed to warmto roomtenperature, and stirred for another
4 hours. To the resulting slurry was added acetic anhydride (Ac20) (1.54
m., 160 mmol ), nethyl amne (Et3N) 5 (0.23 nlL, 1.63 mmol) and sodi um
acetate (NaCR)(X{l9.16 g, 1.9 mvl). The resulting slurry was heated to nmld
reflux for 5 hours. The reaction was allowed to cool to roomtenperature,
and sol vent renpgo¥ed via r@dtgry evaporator to yield a brow oil. This

mat eri al was _dilsg0l v irﬂ 2 (250 nm.) and washed with distilled HzZO
(200mL), satd. |NaH ) and 10 distilled H20 (200 ni). Emul sions
wer e broken by addi Cl. when necessary. The organic |ayer was isol ated,
dried over MySAOafihyd. {alkl sol vent renoved in vacuo to yield the

bi smal ei mde, a brown s@lid (2.0 g, 83%. The resin exhibited
satisfactory' H NVR, "C NMR and ‘I R spectra, which indicated slight

SonLam natl on bl & Pehbu I ERB Sy B sRARBLR OF

anhydri deg NHgG, CR : : ' ng{? - = 3. 02 purge during sol vent

renoval \N N BJ 02 Ioﬁ(xg%glf‘nu tzflefa%éi;ﬂ%sri(xé)dui pped with a drying tube,

t Her monet er, slom1additiono&%pgghmnngﬁggﬁﬁhgﬁg stirrer and nitrogen purge
1. e ts

mal efi ¢ anhydri de (98.06 @) qui val e on -NHz) was dissolved in 500

m tetrahydrof ur afedehliy on Pleinalutd & tHPsubORAS! TdithpobiBorsbyhiken was chil | ed
with a dry icelwater 25 bath. Slow addition of dinmer diamne (Versam ne

552, Henkel , coAfdin Houdiindgéft! A ddBplihg bferd 89 usld hEFn i9@achB@@dn. Addition was

carried out over 1 hour.
species containing a polymerizable functional group for reaction with the

10 maleimide and other vinyl compound, and a functional group capable of
condensing with metal hydroxides present on the surface of the substrate.
Such coupling agents and the preferred amounts for use in compositions for
particular substrates are known in the art. Suitable coupling agents are
silanes, silicate esters, metal acry|atés or methacrylates, titanates, and

) 15  compounds containing a chelating ligand, such as phosphine, mercaptan, and
acetoacetate. When present, coupling agents typically will be in amounts up
to 10 percent by weight, and preferably in amounts of 0.1-3.0 percent by
weight, of the maleimide and other monofunctional vinyl compound.
In addition, the compositions may contain compounds that lend

20  additional flexibility and toughness to the resultant cured composition. Such
compounds may be any thermoset or thermoplastic material having a Tg of
50°C or less, and typically will be a polymeric material characterized by free
rotation about the chemical bonds, such as can be obtained by the presence

of carbon-carbon double bonds adjacent to carbon-carbon single bonds, the



2 ~ Al)f ?~~? 29 After addition was conplete the ice bath was renoviliAbngl0?
375 M of THF was rinsed through the slow addition funnel to incorporate
solidified diam ne. After one hour the ice bath was replaced around the
flask. 1-Hydroxybenzotriazole (96.79 g, 0.80 equivalents on -NHZ) was added
rinsing into the 5 flask with 50nlL THF. Wen the tenperature had reached 5C
sl ow addi ti on of dicycl ohexyl carbodiipgde (DCC) (188.43 g, 1.02 equivalents
on -NH2) in 200mL THF was begun. The teénperature during addition was kept
bel ow ten degrees. After DCC addition was conplete the slow addition funnel
was rinsed wireseng®ofieistepandiédfer gihips.iapd thecabsengesf irdatiueresThe reacti on was 10
moni tored by IR Wen it appeared that the isoimde has been converted to
mal ei mi de ( aMiplix syritreqdifiess inchidesolypenglptes polviiigsiese). ey BfF OCC additi on) the
m xture was filtered, rinsing the solids with THF. The orange sol ution was
pl aced in t HRelymesgsddetraiydiofiramCTBN EadaxyieimeratemRutyraniilge tiobe'om t he freezer
and allowed to warmto 15 room tenperature. Hydroqui none (0.0513 g) was
added t o t heng@piypiopyieneglysal (Whan Psesentytogghaning cempoufds maxypPeined out on a
rotary evaporator with the tenperature mai ntai ned bel ow 28C. | The sol ution
was concént rRRtaEPUNLIPAR FPet i Fratreent bR Eioh of thepieimidednegingt e natter was
visible. The solution was placed in freezer overnight. 20 The m xture was
renoved fr ofMYRENFHRaL Y ¢8PodMd-owed to warm The solids were filtered,

rinsing wwth THF. _The filtrat transferred to a 2 L nmulti-neck flask
equi pped with a n@t‘?ﬁ%ﬂ‘?ﬁ%"agf’i%?\lgg%d 9 Lﬁﬂ’mpf’fwf’é‘sg%'ﬁwgﬁt ed to a trap, and a

I b hed by t.ubi ng. dryi i ni THF
i1 ppod at JUBITEARBRAFL: Sy APy I8 WA BB IRy PBRL | ng air 25
Lhr ough e Rl oy iy Bkl oy Wb oL B4 ok, oreany: tan

col ored seni =<0l S reez erni g 2~au~~p~z 30 The

i - sol,jd , . . Th i -solid
s, o oo Ao reRRohehid A iefie KbATATR CAEEY TR dob e Cened with 50%
met hanol /viat 1 (4n opBodltcn b i IBKRIbON L MEXIGRE L oRrale (HOBTI. 1t vas

attenpted to extract e product wt xane. Arter "addition of 300 m of

hexane Separt@E&jﬁ%r%$ﬁg.obthgp§&ﬁtN@ known@nBL¥ddHh e MitSmPsidtae W th addi tional

water (3 x 250 organi ¢ phase was placed in the freezer overnight.

The mat eri alysu@for 55480 BOrpbsdMdch @s,fddR8SiE prorh¥@rs| aneesletBA Of apparent. The
upper layer was clear and yellowin color. The bottomlayer 10 was a orange

and cl oudy. tHdgpéPdriranuntd@titadrRuUs Rihit thle@xpdiise dl osegidledirmthy aftunnel . The top
| ayer was hexane and the desired product. The bottom | ayer was extracted

wi th hexane (6 x 200 m)) separation occurred easily. The conbined extracts
were dried over anhydrous magnesiumsulfate and filtered, rinsing the
solids with hexane. The solvent was stripped to an approxi mate 15 vol une of
750 mM on a rotary evaporator with the tenperature not exceedi ng 24C. The
remai ni ng sol vent was stripped off using a vacuumnl air bubbling set-up at
rQomtenperature to give the desired product in 67%yield. 2 Q AUG 2002



31 EXAMPLE 8 Preparation of Butadiene-Acrylonitrile Bismaleimde H2 NHAGS Mgz
CH3 ~OCH3 mn HNH2 1. nmalefic anhydride, acetone 2. Ac20, NaQAc, Et3N O
NNHCNOCH3 O~ OCH~\ " HNNJ5 O Am no-termn nat ed

but adi ene-acrylonitrile (sold as Hycar resin 1300 X42 ATBN by BF Goodri ch,
in which the mand n depicted in the structure are integers to provide a
nunber average nol ecul ar wei ght of 364¢) {450 g, 500 10 nmol based on am ne
equi val ent wei ght AEW = 4509g) was dissolved in CHCI3 (1000 nL) in a 3 L
four-necked flask equi pped with addition funnel, nechanical stirrer,
internal tenperature probe and nitrogerampleet! outlet. The stirred solution
was pl aced under nitrogen and cooled on an ice bath. The addition funnel
was charged with nal efic amhydriide of 88Pierdl F 18iBRIaNyIAAISHC 3 15 (50 nL) and
this solution was added to the reaction over 30 m nutes, maintaining the
internal reaction tenperature below 10C. Tlys m xture was stirred for 30

m nutes on ice, then allowed.to war mit 02e®0 e § nd &t rgned for an
addi ti onal 4hours. ‘ ting slurry was added agefic anhydride
(AciO {653.4 g, 6 P d amne(EtBN) (64.8 g, 0.64 nol) and 20

sodi um acet ate ( Na (62 370, H76 T action was heated to mld
2 0 AUG 2002 32 reflux for 5 hours 2InD‘_kcnlgIA%%‘_LrNc??Erli:..'eéfbl_t_o_;oomterrperature
and subsequently extracted with H20 (1 L), satd. NaHCO- (1 L) and HzO (2x1
L). Solvent was renoved in vacuo to yield the nal eimde term nated

but adi ene acr§lonitrile. 5 EXAVMPLE 9 Preparation of Tris(mnal eimde) Derived
From Tri s(epoxypropyl )isocyanurate 0 0 ~~OO N- NOcat. NRSOHOOOH ™

_)O|~~N~C]‘|O| O~ ~ 0]
| HO Cs O/\/ OH

O

DCC, DMAP

HN TN

N\
|

L y
-\/Nlrcsgo/\ oo/\chs TO(N\/__—

10 Bisphenol F (200.3 g, 1 mol) is solvated in tetrahydrofuran (THF) (500
mL) in a 2 L three-necked flask equipped with mechanical stirrer and reflux
condenser. To this solution is added 1, 2-epoxy-9-decene (308.5 g, 2 mol)
and benzyldimethylamine (0.67 g, 5 mmol). The solution is warmed to 80°C
for 7 hours and then allowed to cool to room temperature. Solvent is removed

15  in vacuo to yield an oil.



v 10 Tris(epoxypropyl)isocyanurate (99.0 g, 0.33 nol) iss dissol veg in 'Eb—d?
(500m.) in a 2 L three-necked fl ask equi pped with nmechanical stirr ,B,AUG
internal tenperature probe and nitrogen inlet/outlet. To this solution is
added hyroxyphenyl mal eimide (189.2 g, 1 nol) and benzyl di nethylam ne (1.4
g, 15 0.05 wt. % . The solution is heated to 80C for 7 hours. The reaction
then is allowed to cool to roomtenpepature, is filtered, and the filtrant
washed with 5 33 % Hd aa (500nm.) and-distilled HZO (1 L). The resulting
solid) tria~inetris (naieimde}, is vacuumdried at room tenperature.
EXAMPLI = i 0 5 Prepwriateiroaviaté ishalediahdved60H§ b planel is diseolded iHHRE, r ~ "~ C
HC(H2Cy ~CLHGHC' O a( x yea O Palmtoyl chloride (274,9 g, 1 nol) is
di ssol ved i n (EtL2and BM(1H) jn 3 3L thra@nerked fask@guipragivet ndcharkcabqui pped with
mechani cal stirrer) internal tenperature probe, addition funnel and
ni trogen i nl etireufaflex condapse-ang iglernabtegipesatyig prob¢ undgr sitrpdenedoHx4 (5t 70 ni)
is added with vigorous stirring and the solution cooled on an ice bath
under ni t r ogefis sqiondsiadded SMNQHAE] 9.i%melh apdythg resulting mxtrexyet hyl mal ei m de
(141 g, 1 mol} in Et~ #100 mL} _and this solution 15 added to the reaction
over a pePi od'@meatp § 'q ifr adrouigniThe EaeRliangs allewer tasgorkdP r9oMT<10C during t he
addition. The reaction is stirred for another 30 m nutes on ice, then
al | oved to wadPRPEBIUFERSG LlPolpRtitfemonerin YEsYor dhe feshiting MalgliRlés The reacti on
is transferred, to a separatory funnel and the isolated organic |ayer washed
with distill é&'vﬁfzé"téﬁ&'wm;?' orpd.ag W{agt?@ "Y’#E)eHerﬁ%P‘@f)sSF? 5884 20 (2x500
m.}. The organics are isol at dri.ed oyver 04 anhyd,  filtered and
Sl vent v oVt AR A Yeecr e Fmerer i Rt 9258 o A5 2002

intermediate.
10 The above diacid (544.8 g, 1 mol) is combined with diallylamine

(194.3 g, 2 mol) and CH,Cl, (1 L) in a 3 L three-necked flask equipped with a

mechanical stirrer, addition funnel and internal temperature probe under

nitrogen. The solution is cooled to 4°C in an ice bath. The addition funnel is

charged with dicyclohexylcarbodiimide (DCC) (412.7 g, 2 mol) dissolved in
15  CH,CI, (300 mL), and this solution added to the stirred amine solution over

the course of 60 minutes. The reaction is stirred on the ice bath for an

additional 30 minutes. The mixture is allowed to warm to room temperature

and further stirred for 4 hours. The solution is filtered to remove precipitated

dicyclohexylurea (DCU). The isolated organics are dried over MgSO, anhyd.,

20 filtered and solvent removed in vacuo to yield the bis(diallylamide) product.



5 10 15 34 EXAVPLE 11 Preparation of Bismaleimde Derived from

5-1socyanat o- 1- (i socyanatonethyl) 1, 3, 3-trinmethyl cycl ohexane NCO ?BNC[‘](BZUUZ
Hp~ N cat. Sn~~ O'NJOHNO O O\ H-O-N

5-1socyanat o- 1- (i socyanatonet hyl )-1, 3, 3-trinethylcycl ohexane (111.15 g,
0.5 nmol) is solvated in THF (500 nL) in a 1 L three-necked flask equi pped
wi th mechanical stirrer, addition funpel and nitrogen inlet/outlet. The
reaction is placed under nitrogen, and dibutyltin dilaurate (cat. Sn")
(6.31 g, 10 mml) and hydroxyethyl mal ei mide (141 g, 1 nol) are added with
stirring, and the resulting m xt UPAMR&%2d fog 4 hours at 70C. The addition
funnel is charged wth_hydroxyethyl maleimde (141 g, 1 nol) dissolved in
THF (100 nL). This sol ﬁEePi‘fﬁ“‘?”sc’f58&@6‘396”?)!’1@(“! WYid#lat e sol uti on over 30

m nutes, and the resulting m xture heated for an additional 4 hours at 70C
The reactions allowed to cool to roomtenperature and sol vent renoved in
vacuo. The repaining oil is dissolved in CHZCl z ( L) and washed with 10%
HCleq (1 L) &and distilled HZO (2x1 L). The isol ated organics are dried over

S04, filter enoved in vacyo to yield the mal ei m de.
2 0 AUG 2002 &5 o ol DireT™~DiQi nyl Ether Derived From
Pripol 2033 OV ~ “Dimer Lvinyl Et hgr" chclic i soners) 5 Bis(1,
10- phenant hrol ine) Pd(QAc) Z (0.21 g, 0.54 ds dissolved in a mixture

of butyl vinyl ether (8.18 g, 81.7 mmols), heptane (100 nL) and "di ner
diol" (sold as Pripol 2033 ' ma, 15.4 g, 27.2 mmol) in 2 L

t hr ee- necked fl ask equi ppe(ﬁi'bc\)é['bjﬂh&ﬂgechani cal stirrer under nitrogen. 10
This solution was heated to light reflux for 6 h. The solution was all owed
to cool to room tenperature and subsequently poured onto activated carbon
(20 g) and stirred for 1 hour. The resul tWIurry was filtered, and
excess butyl HN

S

Diallylamine (97.15 g, 1mol) is solvated in acetone (500 mL)ina 2L

three-necked flask equipped with mechanical stirrer, addition funnel and
internal temperature probe under nitrogen. The solution is cooled on an ice
bath. Maleinized poly(butadiene) (Ricon 131MAS5, Ricon Resins Inc., 1766 g)
10  dissolved in acetone (500 mL) is charged into the addition funnel and added
to the cooled amine solution over the course of 60 minutes maintaining an
internal temperature <10°C. The solution is stirred on ice for an additional 60
minutes, then allowed to warm to room temperature and stirred for another 2
hours. Solvent and residual diallylamine are removed in vacuo to yield the

15  poly(diallylamide).



vinyl ether and heptane were renoved in vacuo to yield the divinyl ether as
a yellow oil. The product exhibited acceptable'H NVR, FT-1R and' 3C %@3
spectral characteristics. Typical viscosity -100 cPs. 20AUG?Z 02
EXAVMPLE 13 Preparation of Dimer Diacrylate Derived From Diner Diol (Pripol
2033) 50C HOOH 1 \C 36 Et 3N, acetone | OOl ~C 36 Adiner diol (sold
as Pripol 2033 by Unichema, 284.4 g, 380 nmmol) 10 15 20 is dissolved in dry
acetone (500 nL) in a 1 L three-necked flask equi pped with mechani cal
stirrer, addition funnel and internal tenperature probe under nitrogen.
Triethylamne (101.2 g) 1 nol) is added to this solution and the solution
cooled to 4C on an ice bath. Acryl o%gl chloride (90.5 g; 1 nol) solvated in
dry acetone (100 nlL) is charged i Rlifed addi tion funnel and added to the
stirred reaction solution over th cours?. f 60 mnutes, nmintaining an
internal tenperature <10 eRj{glen gg&ﬁﬁrghs ‘F.@'y@i&ﬁew% on ice for an

additional 2 hours, th8n'Cal TRREY " 8ORISPHY P& ?H“? hperature and stirred
for 4 hours. Bulk solvent is renoved via a rotary evaporator, and the

4 | B ; ot por at A

Gl aa (800 L), aRbsB bR FSVanarterk EmapCh2s PSR PES  oa over
SO, hyd. L I d i ield th

X?acL yfzté ?g-"%ﬁ’ i) S s PR e (B e Rod AR 1 °N§I | i éeeh

4-E il ' ' . gm?‘ 25

and_t s?/ovwagl ahé(}gﬁé ﬁ%sk;eag%ee%ﬁqé@?% ri\{%ﬂs%rfn a@ﬂ@ﬁm&ﬂ%'f_ mal e n!%gcsaﬁthy)d/ri de |etn °

2 11 AUG 1R JHAG: drogh, dm9¥a§tgu%va§RJyﬁne&{o%‘c.%na bxifl chiiigdn | ce bath,

After conpletion of t itron) the reaction mxture was stirred for 30

mi/nut es. 10Th98|2i5}hl!, U8 Yy vils eabi& GropMRsEover tHebBide 816b HinLRE. Acetic
anhydride (200 m) was used to dissolve the maleam c acid and 20 g of

sodi um acet aklutibh 8f COACO aHa HB Wal irfmédiaely eli8ért € Thd rRagtin@ak bath at 160C.
After 3 hours of reflux, the solution was cooled to roomtenperature,

placed in a dtirlediistalk@bditidhal $Rour&MRr tHRYERIbH WaSEbmilge alewédtof or 1 hour. The
product was suction-filtered and recrystallized in hexane. The coll ected

crystal | i ne codl @irberh tanpraitire @Ad sdlvénDienioledinvacuoioyieidain ceargeni.ght . FTI R and
NMR anal ysis showed the characteristics of ethyl
IR and '"H NMR spectral data were consistent with the desired bis(acid
15  chloride) product.
Diallyl amine (10.0 mL) was solvated in diethyl ether (Et,0) (200 mL)
in a 500 mL three-necked flask equipped with mechanical stirrer, addition
funnel and internal temperature probé under nitrogen. NaOH (3.2 g, 80
) mmol) dissolved in H,0 (100 mL) was added to this solution. This solution
20  was cooled to 4°C on an ice bath. The bis(acid chloride) described above
was solvated in Et,0 (20 mL), charged into the addition funnel and added to
the stirred amine solution over the course of 30 minutes, maintaining an
internal temperature <10°C. This solution was stirred on ice for an additional
one hour, then allowed to warm to room temperature, and stirred for an
25  additional 4 hours. The organic layer was isolated and washed with 5% HCl,,

(200 mL), and H,0 (2x200mL). The isolated organics were dried over

MgS04 anhydrous, filtered, and the solvent removed in vacuo to yield an



10 rmal ei m de. EXAMPLE 15 Preparation of Bis(al kenylsulfide) HO- O O HO C~
OHOCOcat. HVazo 52 2 eq, HS~/(CH2)~0CHs 15 O O H3C(H2C) ~0 UG 200
S~O~-C~O~-S"(CH2) ~oCH3 Di ner acid (sold under the tradenark Enpol 16%19 BJ

Uni cherma) (574.6 g, 1 nol) and propargyl alcohol (112.1 g, 2 nol) are
solvated in toluene 20 (1 L) in a 3 L three-necked flask equi pped with
mechani cal stirring and a Dean-Stark gdystillation apparatus. Concentrated
HzSO, (6 nlL) is added and 2 0 AUfFi 2002 38 the solution refluxed for 6
hours until 36 nL of HZOis azeotropically distilled. The solution is

al | oned to coBRngedi (o whishrxhiites R angd SH il 83ta co9istPK1 L), dried over
MySO, anhyd. and the solvent renoved in vacuo to yield the propargyl ester
i nt er nedi at e WY Rhdesired big(diglylamni¢adt er i nternediate (650.7 g, 1 mol) is
solvated in THF (200 nmL) in a 1 L three-necked flask equi pped with refl ux
condenser, mechanical stirrer and internal tenperature probe under
nitrogen. Lauryl nercaptan (404.8 2 mol) and

2,2' -azobi s(2, 4-di net hyl pent aneni F’?‘f’t‘%’)Eﬂsol d under the trademark Vazo 52
by DuPont) (11 g) are added and .the _resulting nm xture heated to 10 70C on
an oil bafh with stirring Etﬁpaf?“%ﬁfé'r“'t?ﬂé"@ﬁg%i on is allowed to cool to
roomtenperature d spl vent. renov in vacuo ield the al kenyl sulfide
as an oil. EXAMPLEM9(°2 Vé"’"ﬁ‘?ee'fsB?eﬁ?ﬁegﬁ°'BF"‘é?Wﬁ‘Fé{’ﬂi é-o%’éi%r 6"1‘n'8"%¥Li d OOOHN O
6- mal ei m doc 0l C Ld The. acj tion | eird 6- mal ei m docapr oi c
acid, was ZO%E{(/’H?%@Z%'?@E 0 ll)ﬁrbd ﬁan%'{{l/\ﬁ%r?e?W%hgmgﬁ&.ergcggnueﬁbcapr oic acid (100
9. 7.6x10" " rel bl AS Ak ely b k%Al nACEL L@k o 50 M) in a 500 nt_
our - necked flask equi ppe W LR REChani cal’ StTTri ng, an internal

te)rrper ature probe and an addition funnel. The addition funnel was charged
with a solution of malefic anhydride (74.8 g, 7.6x10""' nots) dissolved In
acetonitpphle (75 nL). This EXAMPLE 5

Allylamide/BMI Die Attach Adhesive

The following reagents were combined and manually mixed to yield a

15  homogenous die attach composition:

Azeloylbis(diallylamide) (prepared from azeloy!
dichloride and diallylamine utilizing the same

general procedure as in Example 3) 0.521¢g
20 p
Bismaleimide, sold as Versalink P-650 1.678 ¢
| by Henkel '
t-Butyl-2-ethylhexanoate 0.043 g
Metal diacrylate (sold as
25  product number 633 by Sartomer ) 0.023 g
y-Methacryloxypropyl-trimethoxysilane 0.024 g
Silver powder
from Chemet Corporation, RA-0081 5.148 ¢
30 The adhesive was used to bond a 80 x 80 mil silicon die to various

metal leadframes as listed below (Ag/Alloy 42 indicates silver coated Alloy 42,
an Fe/Ni alloy; Ag/Cu indicates silver coated copper). Die Shear Strength

was measured using an HMP Model 1750 die shear tester with digital force



2 a qua i002 39 solution was added to the am nocaproic acid at rggrm“g&z
tenperature dropw se over 1 hour, maintaining an internal reacti
tenperature | ess than 35C. The reaction was stirred for three hours after
the addition was conplete. The reaction slurry was filtered, and the
isolated filtrate was dried in a vacuum5 oven (P-25 T) overnight at 70C to
yield 166 g of off white solid (95(@5. The product amc acid exhibited FT-IR
and' H NMR spectral characteristics*consistent with [iterature data. The
am c acid described above (166 g, 7.2x10"' ts vated in a solution
of tol uene (208 ngm(gﬁam@net(oammmqatawd@gg ’Pé”ﬁ}ﬁg%h%% (211 10 ni, 1.51
nol) inal 4aU9%hY ee- necked f 1 ask equi pped wi {1?51 ALl if6sdo stirring and a

. n a
Dean- Stark trap tHﬁQ{aVatmcﬁcquSS. rohdie skasf B98N’ fas heated to retlux for 4 h
and the wat e? p?oduced collected in the De ”;é}riﬁ%%r%b@,é’eon&mi |l ed wat er
(400 i) was,addadntL2dobEnataate féoditen HsRAFCHFESBIve the tri et hyl amoni um
salt of the product which largely separ%gdvi"{@g%&tm Hutte sol ution during
the 15 react |,9fgc Hatplataiglimeddy 4ApETs A d SVated, acidified to pH1 with
50% HClI, and extracted with ethyl acetat eausgg% bk dieléHedr Or gani c | ayer was
washed wi Iih ?gsmg Lre @showed keere pADEOM SPITERERY S Rted organic layer was dried
over MygSO4, followed by solvent renpval in vacuo to yield an off white
solid (76.2 Qgue®% . The product 6-nalei m docaproic acid was
spectrographically 20 identical to literature material by FT-IR and 'H NVR
2 0 AUG 2002 40 EXAMPLE B. Preparation of "Dinmer Diester Bisnmaleinmde" OO
OOOONOO"Dinmer Diester Bisnmal qi m,de" (andggyChhditignsbmers) 5 Pri pol
2033 ("di ner di ol {eadffamgena, - n §9x10' rps®! S) , 6HRE&i m docaproi ¢
acid (75.0 g, 3.55x10'" not S§D§ﬁd HZE 2 (0.50 nmL, -8.5x10"" nols) were
sturried in toluene (300 nL) in a 1 Lygpur-necksm flask @8Rii pped with
mechani cal stirr exg/Alay fan- sthf4k trap and an internal terrger ature probe
under nitrogen. The reaction ggg heatgdgto |ighé5refl ux ¢-6% 10 two hours
and the water evdgied col | ect in the Dean-Stark trap. ~ The trap was
drained and -50 nL of tol uene1zgl vent gyas di stdbded off 88% he reaction to
remove trace noi s€wre and drive the esterification equilibriumto
conpl etion. The reaction was qlghomed t1agcool té.5ﬁoomter’rﬁ@r5ature,
addi tional toluenBd(100 nL) waS added (on the laboratory scale it is
preferable to add diethyl ether in 15 place of toluene at this point)) and
the solution was washed with saturated NaHCO3 ag. (300 nL) and distilled
water (300 nlL). The organic |ayer was isolated and dried over anhydrous
MySO,, and the solvent renoved in vacuo to yield an orange oil (107.2 Q)
68% . The material can be further purified by eluting a toluene solution of
the resin through a short plug of silica or alumna. 20 This liquid
bi smal ei mi de resin exhibited acceptable FT-IR,'"H NMR, and "C NWVR dat a.
Typi cal , 1-2500 cPs. T U BUG 2UU2 41 N O O EXAMPLE C.



Preparation of "Decane Diol D ester Bismaleinde" O O ww n ~. V' WZFNAUE'?UM ~
OOOO"Decane Diol Diester Bismaleimde" 5 The general procedure :
described in Exanple B. was applied substituting decane diol (29.5 g,
1.69x10"" nols) for Pripol 2033. This process yielded a solid, noderately
soluble bismaleimde (54.9 g, 58% . The product exhibited satisfactory
FT-1R and' H NVR data. 10 EXAVPLE D Preparation of "d ycerol Triester
Tris(maleimde)” ON~~OONOOO-~OOO O The protocol outlined in
exanple B. was utilized substigyujippgegl ycerol (10.4 g, 1.13x10"" nol) for
Pripol 2033. The product was a viscous liquid 15 which exhi bited acceptabl e
FT-1R and' H NWR dat a. pregardtioll dBn2RRiddtendesfpMFLE E. Preparation of

"Bi s(mnitrobenzyl carbamhg)pistind Bkhaeiiak T1 VW2 / ONNO~ N2 OHS5
"Bi s(mnitrobenzyl carbamate) of IPD " |sophorone diisocyanate ("IPD ",
100.0 g, 4.5x10'' nols), gmnitrobenzyl alcohol (137.S g, 9.0x10'' nots) and
di butyl tin dilaurate (218 g,

o \Q
NO NO
HZN_C%_NHZ 0 2> z\O\ QNOZ
Et,0, 0°C, .t.
! ! /NH_'C —.Nki\
éCl) 36 C

I
0

96%
) NH,OC(OH
PdC
MeOH/THF
NH : /NH,
6 I
xs Ac,O0

Et,N 84%

o NaOA‘c/ o)

/ i N \>
ON\O\C/NH—CSG“NH\CQ O

Il I

o o)

83%

Dimer diamine (sold as Versamine 552 by Henkel, 20.0 g, 37 mmal)
was solvated in diethyl ether (Et,0) (200 mL) in a 500 mL. three-necked flask
equipped with an addition funnel, magnetic stirring, internal temperature probe
and nitrogen inlet/outlet. NaOH,, (11.7 mL of 6.25 M solution diluted with 100

10  mL H,0, 73 mmol) was added with vigorous stirring. This solution was
placed under a steady flow of nitrogen and cooled to 3°C on an ice bath with

stirring. The addition funnel was charged with p-nitrobenzoyl chloride (13.6 g,



4.5x10"" nots) were solvated in dry toluene (1500 nL) in a 2L three-n%gégﬁzwz
10 flask equi pped with nmechanical stirrer, reflux condensor and internal

t enperature probe under nitrogen, The resulting solution was heated to 90C
for 4 h. No isocyanate band was observed in the IR of the solids portion of
the sanple. The solution was allowed to cool to roomtenperature and washed
with distilled H20 (100 nL). The orgagyzc | ayer was isolated and 15 sol vent
renoved in vacuo to yield a yellow | Tquid which exhibited acceptable FT-IR

0,100 A PSR T i
5 o g 55 YT B B, SRR {0 B
oo el g @gde%z*a@mf'%@%o%w@%s%ﬂg@a@n;@%:;' e

Pd/ C (4.14 g;)o -Enee&eﬁ?hgw;[e'drt] ?rmt ﬁr%”tg E@%tu e;n lﬁ'g? @agnok%l for 6.5 h. The

FT-IR of a filfere uot 'S SO on ex tro stretching

bands at 15%%ur%mTheggl§hoﬂ|§ggtr redu"gs&ﬂ'é“ﬁor?ﬂ]n%l ggltﬁlﬁ?olﬁgé owed to cool to

roomtenperature an tere oI vent 'was fenove n vacuo to yield a

vel | ow s sobirh hfa Bathea W0 sitll 6o R o8l RIS PROAR NEEY R and H MR
spectral characteristics. MPLE G ~0/ & HFO~N/ 1,0
(250 mL) and distiilled Hzo (2x250 mL). The organics were isolated, dried
over MgSQ, anhyd., filtered and the solvent removed in vacuo to yield the
dinitro compound as a viscous yellow oil which exhibited acceptable 'H NMR
10  and IR spectra (30.0 g, 96 %).
The dinitro compound described above (5.0 g, 5.9 mmol) was
dissolved in methanol (MeOH) (25 mL) and tetrahydrofuran (THF) (5 mL) in a
250 mL three-necked flask equipped with magnetic stirring, reflux condensor
and nitrogen inlet/outlet. The solution was placed under nitrogen, and 5% Pd-
15  C (0.96 g) were added with stirring. Ammonium formate (3.4 g, 55 Immol) was
added and the reaction stirred at room temperature for 2 hours. Carbon
dioxide evolution was immediately ob;erved. The reaction solution was
) filtered, and bulk filtrate solvent was removed via rotary evaporator. The
resulting viscous oil was dissolved in Et,O (150 mL), washed with distilled
20 H,0 (150 mL), isolated and dried over MgSO, anhyd. Solvent was removed
in vacuo to yield the diamine as a sticky tan oil, which exhibited acceptable 'H
NMR and IR spectra (3.9 g, 84%).
Maleic anhydride (0.5 g, 5.1 mmol) was dissolved in acetone (10 mL.)
in a 250 mL three-necked flask equipped with magnetic stirring, addition
25  funnel and nitrogen inlet/outlet. The solution was cooled on an ice bath and

placed under nitrogen. The addition funnel was charged with an acetone

(10mL.) solution of the diamine described above (2.0 g, 2.60 mmol), which



2 $ auo 200z 44 Preparation of "Bis(m maleini dobenzyl carbanate) of W?ﬂ%?
"Bi s(m mal ei m dobenzyl carbamate) of IPDI" The diam ne from Exarrpl e 6

g, 1.41x1'2 nols) was solvated in 5 oCBt”vi ¢ (6v ii L) iiva 2, w~i
f'vi.ii-necked fi8~k G ~ul ~Ned Wili magnetic stirrer and addition funnel
under nitrogen and cooled to 4C. Malefic anhydride (Z.76 g, 2.82x10'2 nvol s)
di ssloved in acetone (20 nL) was adde@8over the course of 30 mnutes. The
resulting solution was stirred at 4Cfor for 1 h, and subsequently was

[ dt t t d t d 10 FT-1R
gnal()\;,/\gi s ion\sq’la{:s;nq gd h%g%iag{’?gag’ﬁﬁ{s%ﬁ' 8"?Sa§ r‘ﬁ%sas '\é{g‘grc’rg%ed by the absence

of the anhyggdgggeagts et.r%:urt]ésn €@d %B ‘F%‘Ségrﬁ%m”% 1?.)t he above am c acid

sol uti on wa ace ' Mol s), triethylam ne

esulting saPiPBuraaM b S&feﬁ%wﬂ% risting el Coon. The
react | on ek QUM ohRAEPIACLE) ([ 8PP REIRRG .emm.neﬁtmfol vent was

renoved i n vacuo e resu vi scol resorvat ed |n nmet hyl ene

chl or i de g( 208 L ag@.ﬁ&f&%@%@g&&af&éﬁ%&éfI 1381 26 drdPAeL) . The

organi cs were then over removed in

vacuo to vyi erEngtﬁ'agbsiltW}thth EA(N g:\orwoq' I\)Igﬁ 4r5 ﬁbur 7 6k reakiibrowsd naterial

exhi bited accepta spectra features. 2 8 A UG 2002 45

gxﬁ‘gg LE g HFQ’IQI\W@J l%tdoglrloﬂfo @nﬁérﬁ?um LhORSARY lenfoRé g RESy of DDl 1410" O N-O

evaporator to yleld a brown oil. This material was dissolved in CH,Cl, (250
mL) and washed with distilled H,O (200mL), satd. NaHCO, (200 mL) and
10  distilled H,0 (200 mL). Emulsions were broken by adding NaCl when
necessary. The organic layer was isolated, dried over MgSO, anhyd. and
solvent removed in vacuo to yield the bismaleimide, a brown salid (2.0 g,
83%). The resin exhibited satisfactory '"H NMR, *C NMR and IR spectra,

which indicated slight contamination with acetic acid.

15
EXAMPLE 7
Preparation of 20-Bismaleimido-10,11-dioctyl-eicosame (and isomers)
) 0 0
1. maleic anhydride Q &
NH,— Cas 2. DCC, HOBT, CH,Cl, N—Cag—N l
2 3. O, purge during solvent remowal < >’
e
20

in a 5 L multi-neck flask equipped with a drying tube, thermometer,
slow addition funnel , mechanical stirrer and nitrogen purge maleic anhydride
(98.06 g, 1.02 equivalents on -NH,) was dissolved in 500 ml tetrahydrofuran
(THF). Stirring was begun and the solution was chilled with a dry ice/water
25  bath. Slow addition of dimer diamine (Versamine 552, Henkel, 245.03 g,

0.4477 mol) in 250 ml THF was begun. Addition was carried out over 1 hour.



"Bi s(mnitrobenzyl carbamate) of DD 1410" (and cyclic isoners) 5 | ALE4R0
(Henkel, "Dimer Diisocyanate, 99.77 g, 1.65x10'" nols based on 13. %
NCO, mnitrobenzyl al cohol (50.8 g, 3.32x10'"' nols) and dibutyltin
dilaurate (0.5 nm, 8.3x10"" nmols) were solvated in toluene (150 nL) in a 1
L four-necked flask equi pped wth nechanical stirrer, retlux condensor and
internal tenperature probe under nitrzgen. The reaction was heated to 10
85C for 2.5 h. FT-1R analysis of an aliquot of the reaction indicated

conpl ete consunption of isocyanate functionality as jud ed by the |ack of a
band at 227?f@h?dd't'%&%éﬂfp'ﬂiﬁéher'ﬁﬁﬁﬂ}'éﬂa?f W&?\V?%@drgﬁé‘?'l% Fn vacuo to yield
a yellow oil whjch solidified upon standl%(g) roomtenperature (152.4 g,

102% (trace %‘rlf\!?é??e')“ﬁwg'TWP§'°§’cﬂdP'H°fbfiePﬁ°bt°t' rRO3te §9ligified fiomiee. | R and' H NMR
spectral 15 features. EXAVPLE |. ~NR2 HHNOII / \ NH2 O Z a au~
2002 46 Pr edﬁﬂeé??%??ubi"e"%b?maéﬁ%@&&ﬁavﬂd teBehelr @Yo DDl 1410”

"Bi s(mam nqQbenz and c clic isoners) The di am ne
product of %?8 Xaé°ﬁ?§§ %oge>° eﬂ”'ﬁg%f) Jﬁﬁ’ﬁl‘éﬁs %ﬂfﬁa Bn%quﬂtﬂ(y?fs chi vy idv.
di hydrut et yl acetate

(300 m_) ﬂﬁsﬁVS‘"IY_h %lﬁ'?'JE'FnXéﬁ&&%tfﬁ%%ata%&maaﬁ%a&ﬁﬁ%% stirrer and a
refl ux condedﬁcsyglgh gf§°qﬁdﬁé‘%§g§6)ﬁjﬁgﬁ 81 i | %pvayvaé w@d to I i ght reflux

and stirred Vi goro dto cool to room

temper at ur e A8 HPUBIbodf. PR il Erougﬁé&ﬁo'ggr&s(% lopgh ed sodi um 10

bi car bonat e. e mX ter to yield a

m xture whi qﬂ Eaﬂf?etr%débtd gﬁggé%a Etéﬂ‘ﬁ%@“’}dg%‘?{“”ﬁﬂq’ge noderately cl ear

organi c | ayer. e aqueous 1 SO with ethyl acetate

(100 ). Theeor egmocmﬂawﬁﬁymxﬁc@b AL RFthodloRaadactoh el Ui || ed vt er

(300 m.) an over anhydro urry was filtered and 15

S0l vent 168N GHoll 871 NAnéi § biiehiaidt 8 RdMbOnat Al ciifkhaio sticky sol i d

(33.8 g) 92% Preparation of "Bi s(m nal ei m dobenzyl carbamate)

of DDl 1410"m&RifAde (%p@xﬁma’fel&% Ho@s BidPttd denfpletio of D@ addifdAFthé 7 _
"Bi s(m mal ei m dobenzyl carbamate) of DDl 1410" (and cyclic isomers) Malefic
anhydri de ( khixtdredvaskitéréXrisidg tRetsd)ds Wt TEIFS Thé Ydgé soidionvase
placed in the freezer overnight.
The solution was removed from the freezer and allowed to warm to
15  room temperature. Hydroquinone (0.0513 g) was added to the solution. A
partial strip of the THF was carried out on a rotary evaporator with the
temperature maintained below 28°C. ’The solution was concentrated to
) approximately 800 mi. Much particulate matter was visible. The solution was
placed in freezer overnight.
20 The mixture was removed from the freezer and allowed to warm. The
solids were filtered, rinsing with THF. The filtrate was transferredtoa 2 L.
multi-neck flask equipped with a mechanical stirrer, vacuum line connected to
a trap, and a glass tube attached by tubing to a drying tube. The remaining
THF was stripped at room temperature by pulling a vacuum and bubbling air

25  through the material while stirring. The resultant thick, creamy-tan colored

semi-solid was placed in the freezer overnight.



(300 nL) in a 2 L four-necked flask equi pped with nmechanical stirrer,
internal 5 tamerati ira nrn and a riifinn ,fi innal, |nrlar nitrn
~ I~ ifinnn, .~~a~ ..n r. be.... d........ 1. ....QﬁPAmﬂw&
cooled to -4C on an ice bath. A solution of the diamne prepared i n Exanpl e
| (63.4 g, 7.48x10'2 nols) in acetone (70 nmL.) was charged to the addition
funnel and added to the mal efic anhydgpde sol ution over a period of 30
m nutes maintaining an internal tenperature of <10C. The resulting solution
was 10 stirred for_1 h and subsequently allowed to warmto room tenperature
and stir for 2 h. Th§ semi- go"gmaafqname%fmfaM%fre&é?r@"afag%?dd%warahet. ¢ anhydri de
(24.7 m., 2. Sﬁ 10" nols an ne 6 25 nmL, 4.48x10'2 nols) and

& R tissaiied (e

manganese ac %m'fsé’ﬂ"i"é( 5§7"'g?a°rl feppingyol a”l‘hS‘PéE)”e Wi s sol uti on was
Cemper at or o “EBed el #L{#%e%zoi/we%@eé%»@&%ﬁgfdnff’t e resul {1ng dark

w th dist. reepess o RO¥ Do fvB st rgsn FeovrapdiuiBein waahed i t h
organ:cs e £-1961 et ool e el sty B vort s emoved i1
2nd -~ Nk opBeple s e uB v BX BRe L B Bt D sral ei i de
product. 25 Angstet]%sﬁémgmggg ?zg{ovtem | nvention includes the undertill

encapsul ants PEONt o ated &m de conmpounds havi ng the

structures: 2 Qﬁ%ﬁgﬁ"%%ﬁg%fﬁmmgﬁ@zep ﬁﬁo %Z are K Or RO n as

dﬁscrlbed herein, in can be an ester V|ng t he
apparent. The upper layer was clear and yellow in color. The bottom layer

10  was a orange and cloudy. The material was poured cold into a separatory
funnel. The top layer was hexane and the desired product. The bottom layer
was extracted with hexane (6 x 200 ml), separation occurred easily. The
combined extracts were dried over anhydrous magnesium sulfate and filtered,
rinsing the solids with hexane. The solvent was stripped to an approximate

15 volume of 750 mi on a rotary evaporator with the temperature not exceeding
24°C. The remaining solvent was stripped off using a vacuum/air bubbling

’

set-up at room temperature to give the desired product in 67% yield.



5 structure OOOO-RBOCGCR3 CORs~-CR3-COR3 P or the structure. O (B O
O-R3-COR3 OGR3-s-COR3 OGR3 inwiich pis 1to 100, each RZ&EAWb 2002
i ndependently be an al kyl or al kyl oxy chain having up to 10 15 20 100 atons
in the chain, which chain may contain aryl substituents, or a siloxane
having the structure -(CR 2),-[SIR4z-Ar-SiR4z-(CR Z) 9 in which the R
substituent independently for each pogition is Hor an alkyl group having 1
to 5 carbon atons) the R4 substituent 'Tndependently for each position is an
al kyl group having 1 to 5 carbon atons or an aryl group, a and g are

i ndependently 1 to 10 and f is 1 t®EXAPLEMhot her enbodi nent of this

i nvention includes the mal eim des having the formulae [MX ",]"- D and [MZ
", ]1"- K as described Huerarationf Badienechaanenitiie Bigmaipimides est er havi ng t he
structure OOOO0O-R-OCGR3-CORs-(-OCRs CGCORs P or the structure OO
OO-~c¢c-0-R3-0-c-R--~c_0-R3 0. c R3 2 Q AUG 2002 49 in which pis 1to
100, each R can independently be an al kyl or al kyl oxy chain having up to
100 atoms in tHys Chel M~ Which chain may comtmin aryl substituents, or a

si | oxane havi ng the;ygtruc re.7( 2 [SR42: T -SiR4z-(CR z) 9.5 in
.uhictl rthe R $:.'bB~t1¥ .>en{1 ndep ently r e~~fHz n"eclt:.~.n ~S |-
yr 3n uiityi group having 1 to 5 carbon at S HNLh bskiHt uent

i ndependently for each

1. maleic anhydride, acetone
2. Acy0, NaOAc, EtjN

0
QWNH on
CH o) o)
o O O)W\W NN
HN A~ AN
0

Amino-terminated butadiene-acrylonitrile (sold as Hycar resin 1300

X42 ATBN by BF Goodrich, in which the m and n depicted in the structure are
integers to provide a number average molecular weight of 3600) (450 g, 500

10  mmol based on amine equivalent weight AEW = 450g) was dissolved in

) CHCI, (1000 mL) in a 3 L four-necked flask equipped with addition funnel,

mechanical stirrer, internal temperature probe and nitrogen iniet/outlet. The
stirred solution was placed under nitrogen and cooled on an ice bath. The
addition funnel was charged with maleic anhydride (98.1 g, 1 mol) in CHCI,

15 (50 mL) and this solutiorr was added to the reaction over 30 minutes,
maintaining the internal reaction temperature below 10°C. This mixture was
stirred for 30 minutes on ice, then allowed to warm to room temperature and
stirred for an additional 4hours. To the resulting slurry was added acetic
anhydride (Ac,0) (653.4 g, 6 mol), triethyl amine (Et,N) (64.8 g, 0.64 mol) and

20  sodium acetate (NaOAc) (62.3 g, 0.76 mol). The reaction was heated to mild



position is an al kyl group having 1 to 5 carbon atons or an aryl group, a
and g are independently 1 to 10 and f is 1 to 50. Another enbodi ment2 bAUG 2007
this invention includes the vinyl conpounds 10 having the structures R~
R R -R ~(\ B~ Q~(\ B-Z mn and n as described herein in which Bis
C SS N O O, CCONHor C(ONRe), in which Reis C to C5 al kyl.

Anot her enbodi nent of this invention gacludes the vinyl conpounds 15 having
the structures R~ R2 R~ R2 ~B- Q~B-Z K~n mn and n as described herein in

whi ch d h h
o Ic?Rchacrl} Réefﬁ‘ﬁ %3‘3 te‘r’ ‘%%\‘/’L‘fr’]g‘?qtﬁ’é‘%g’tspt?{? %:lrjarég s‘%f“’%“eﬂ@c 2002 50 000 O
-R3-C-OR3 OC h R
i ndependent | f’%g%%dnw'ﬁﬁ%@1 %ﬁlﬁiﬁabg? £ @larqgﬁlé@ (%(d LUpé‘glﬁé”it gggat ui i fgnl ri
~ h 7t bstit , b5
e R U R Dl B A, 2 1 3,

the R substituent |ndependently for each position is H or an al kyl group
having 1 to 5 carbon atons, the R substituent independently for each

position ks an al kyl group havi ng carbon atons or an aryl- group, a
and g areslndependently 1to 10 15*AM95§? is 1 to 50.

Preparation of Tris(maleimide)
Derived From Tris(epoxypropyl)isocyanurate

0

0
cat. NR, 0
H@¢
o]

10
Tris(epoxypropyi)isocyanurate (99.0 g, 0.33 mol) iss dissolved in
THF (500mL) in a 2 L three-necked flask equipped with mechanical stirrer,
internal temperature probe and nitrogen inlet/outlet. To this solution is added
hyroxyphenylmaleimide (189.2 g, 1 mol) and benzyldimethylamine (1.4 g,
15  0.05 wt. %). The solution is heated to 80°C for 7 hours. The reaction then is

allowed to cool to room temperature, is filtered, and the filtrant washed with 5



Anot her enbodi ment of this invention includes the underfill encapsul ant as
descri bed herein containing an anionic or cationic curing initiator. The
types and useful amounts of such initiators are well known in the art. 15
O her enbodi ments of this invention include those described in the
foll owi ng nunbered paragraphs: 1. An underfill encapsul ant conprising an
allyl ated am de conpound; a curing initiator selected fromthe group
consisting of a free 20 radi;ﬁ initiator, a photoinitiator, and a

conbi nati on of those; option y, one or more fdsllers; optionally, one or
nor e adhe5|on pronoters; the aIIyIak adﬂﬂ@lconpound having the formul a

NCy Qr YnR9n|an0(§B Te®%r 1, nis 1to 6, and 2 8 AUG 2002 51
(a) ROis H an alﬁgmwg aV|n to 18 carbon atons, an al kyl eneoxy
group h 8 carbon qaﬁm%au n allyl group) an aryl group, or a

subst Y @d aryI 35 ng the structure Rio ..." K ' v - 12 Rin which
R, R, % deR\i" e |ndependently 5 H or an al kyl or al kyl eneoxy group
haV|nd“? to 18 carbon atons; (b) X is an aromatic group $elected fromthe
group of aromatic groups h%ymﬂgLEﬁ% structures: (1) (Il1) O/ / n GO \
10 (1V) (V) jpaimitate

- idoethy'P
o of Mateirm
P\,epa{at\on

A5

20



OO~Cand O/ a OCGNH (c) Qis a linear or branched chain al kyl,

al kyl oxy, alkyl am ne) 15 alkyl sulfide, alkylene, alkyleneoxy, alkylgeng 20
am ne, al kylene sulfide, aryl, aryloxy, or aryl sulfide species having up
to about 100 atoms in the chain, which nmay contain saturated or unsaturated
cyclic or heterocyclic substituents pendant fromthe chain or as part of
the chain, and in which any heteroatogypresent may or may not be directly
attached to X. 20 2. The underfill enc¢dapsul ant conprising an allyl ated

am de conpound according to paragraph 1, in which Qis a linear or branched
chain 2 a AUG 2002 52 al kyl s;ééﬁ"g%‘-%b\/i ng up to about 100 atons in the
chain, which may contain saturated or unsaturated cyclic or heterocyclic
substituents pendant frBiePERENG,Bismalsimide Derived figf t he chain, and in which
any het eroat om present na¥y'sgFyarlg-1risecysBalgmettyt y attached to X. 5 3. The
underfill encapsul ant conpri's} A BHNEMENeXBE ani de conpound according to
paragraph 1 in whi & is a urethane having the structure: OO OO
-R2-X-GNHR3-NH G(OR3-OCNHR3-NH ~@-X-~ 10 in which each RZ

i ndependently is al kyl, aryl, or __arylalkyl group having 1 to 18 carbon
atonms; R is an | or al kyl oxy cRaj 0 havi ng up to 100 atons in the

chai n, which contain aryl bdtituents; XisO 'S, N, or P; andvi sC 050.
15 4. The unde {ng an allylated anm de conpound
according to paragraph 1 in h Qis si | oxane having the structure
(CR2)e [SRZ-Q~SIR 2-(CR 2) _g~Nn which the R, substituent independently
for each position is H or an®a| §S‘/I grQup havi ng 9t 5 carbon atons, the R
substituent independently for 20 each position is N | kyl group having 1

to 5 carbon atons or an aryl group, a and g are f endently 1 to 10, and
f is 1to 50. 5. The underfill encapsul ant cormk(gi ng”an allyl ated am de

HN/J§O

0 © A
o

5-lsocyanato-1-(isocyanatomethyl)-1, 3, 3-trimethylcyclohexane

(111.15 g, 0.5 mol) is solvated in THF (500 mL) in a 1 L three-necked flask
equipped with mechanical stirrer, addition funnel and nitrogen inlet/outlet.
The reaction is placed under nitrogen, and dibutyltin dilaurate (cat. Sn")

10  (6.31g, 10 mmol) and hydroxyethylmaleimide (141 g, 1 mol) are added with
stirring, and the resulting mixture heated for 4 hours at 70°C. The addition
funnel is charged with hydroxyethylmaleimide (141 g, 1 mol) dissolved in THF
(100 mL). This solution is added to the isocyanate solution over 30 minutes,
and the resulting mixture heated for an additional 4 hours at 70°C. The

15 reaction is allowed to cool to room temperature and soivent removed in
vacuo. The remaining oil is dissolve.d in CH,CI, ( 1 L) and washed with 10%
HCl,, (1 L) and distilled H,0 (2x1 L). The isolated organics are dried over

MgSQ,, filtered and the solvent removed in vacuo to yield the maleimide.



conpound according to paragraph 1 in which Qis an ester having the 25
structure: 2 8 AUG?2002 53 OO0 -R3-~-ORs O~ Rs in which R is2&AUG 200
al kyl or al kyl oxy chain having up to 100 atons in the chain, which chain
may contain aryl substituents. 5 6. The underfill encapsul ant conprising an
allyl ated am de conmpound according to paragraph 1 in which Dis an ester
having the structure: OOOO-~_O0OCRBR§ COR3-~-OCRs CORs 10 in which p
is 1 to 100, each R can independently—be an al kyl or al kyl oxy chai n havi ng
up to 100 atoms in the chain, which chain may contain aryl substituents, or
a sil oxane having the structure -EPXMWRYR13 S| Rdz-J,-Si R42-(CR 2)o in which
the R substituent 15 i ndependently for each position is H or an alkyl
group having 1 to 5 carbon Riersigion oHameaDisigdther uent i ndependently for each
position is an al kyl group haPergdframPapatddddon atons or an aryl group, a
and g are independently 1 to 10, and f is 1 to 50. 20 7. The underfill
encapsul ant conprising an allylated am de conpound according to paragraph 1
in which Qis an ester having the structure: OO OO

-R3_CGCOR3_OCR3~-1 -0 CR3 2 8 AUG 2002 507/

o/

"Dimer Divinyl Ether” (and cyclic isomers)

Bis(1, 10-phenanthroline)Pd(OAc), (0.21 g, 0.54 mmol) was
dissolved in a mixture of butyl vinyl ether (8.18 g, 81.7 mmols), heptane (100
mL) and "dimer diol" (sold as Pripol 2033 by Unichema, 15.4 g, 27.2 mmol)
in 2 L three-necked flask equipped with a mechanical stirrer under nitrogen.
10  This solution was heated to light reflux for 6 h. The solution was allowed to
cool to room temperature and subsequently poured onto activated carbon (20
g) and stirred for 1 hour. The resulting slurry was filtered, and excess butyl
viny! ether and heptane were removed in vacuo to yield the divinyl ether as a
yellow oil. The product exhibited acceptable 'H NMR, FT-IR and 3C NMR

15  spectral characteristics. Typical viscosity ~100 cPs.



in which pis 1 to 100, each R can independently be an al kyl or al kyl oxy
chain having up to 100 atons in the chain, which chain may contain gyAU6 2007
substituents, or a siloxane having the structure 5 -(I.R 2)e
LSIRe2-VI~-Sltf~y-(l .Ky)9 In WIICnh the R substituent independently for
each position is H or an alkyl group having 1 to 5 carbon atons, the R’
substituent independently for each poggtion is an alkyl group having 1 to 5
carbon atons or an aryl group, a and g are independently 1 to 10, and f is
1 to 50. 10 8. An underfill encapsulant conprising an allylated am de
conpound; a curing initiator sel edEXWRYEH t he group consisting of a
freeradical initiator, a photoinitiator, and a conbination of those;
optionally, one or nore fill Ereparalipn ¢fdtimenBiacrgate or nore adhesi on
pronoters; 15 the allyl at eBeriued Feont BiTied Qiet(Fhiagli2883% he formul a the al lyl ated

am de conpound having the formula | ~n RO n in which mis O or 1, nis 1-6,
and (a) R9 is H, an al kyl or al kyl eneoxy group having 1 to 18 carbon 20
atons, allyl, aryl, or substituted aryl having the structure RRo R~ ~ 12 R

inwhich R, R, and R Z are indepen@ently H or an al kyl or al kyl eneoxy
group having 1 to 18 carbon atons; 2 8 AUG 2002 55 (b) Kis an aromatic

group sel ected from group of arom%l c groups havi ngyt he structurl s: (M) ~/
. 5 (V) HO . OH %O\C/o\gj

36 Et qN, acetone g 36
) A dimer diol (sold as Pripol 2033 by Unichema, 284.4 g, 500 mmol)
is dissolved in dry acetone (500 mL)in a 1 L three-necked flask equipped with
mechanical stirrer, addition funnel and internal temperature probe under
10  nitrogen. Triethylamine (101.2 g, 1 mol) is added to this solution and the
solution cooled to 4°C on an ice bath. Acryloyl chloride (90.5 g, 1 mol)
solvated in dry acetone (100 mL) is charged into the addition funnel and
added to the stirred reaction solution over the course of 60 minutes,
maintaining an internal temperature <10°C. This solution is stirred on ice for
15  an additional 2 hours, then allowed to warm to room temperature and stirred
) for 4 hours. Bulk solvent is removed via a rotary evaporator, and the
remaining residue solvated in CH,Cl, (1 L). This solution is washed with 5%
HCl,, (800 mL), and H,0 (2x800mL). The isolated organics are dried over
MgSO, anhyd. and fiitered, and the solvent removed in vacuo to yield the

20 diacrylate as an oil.

EXAMPLE 14
Preparation of N-ethylphenyl Maleimide
4-Ethyl aniline (12.12g) was dissolved in 50 ml of anhydrous ethyl

25  ether and slowly added to a stirred solution of 9.81 g of maleic anhydride in



O\ \ pinwhichpis 1to 100; (MIl) S\ \ pinwhichpis 1lto 10%&1&8

(rxy / v\ (X R R\ Rin Wich R5, R6, and R are a linear or branc 52002

chain al kyl, al kyl oxy, al kyl am ne, al kyl sulfide, alkylene, alkyleneoxy,

al kyl ene am ne, al kylene sulfide, aryl, aryloxy, or aryl sulfide species

having up to about 100 atons in the chain, which may contain saturated or

unsaturated cyclic or heterocyclic subgtituents pendant fromthe chain or

as part of the 2 B ~U6 202 56 backbone in the chain, and in which any

het erat om present may or may not be directly attached to the aromatic ring;

or R5, R6, aﬁn@PR‘Of@ﬂévdaO@ielﬁUk%th@ chiled in@ntidedatiy After epmpletiprof thg e

[SIR42-Q,-SIR42- (CH3)9- in which the R substituent is Hor an 5 alkyl

group havi ngaddiias, the geachienmmixtuemwasasticred fos SKmingtess he ighhyellpydependent |y f or

each position is an alkyl group having 1 to 5 carbon atons or an aryl

group, and aciystals wepe fitgreshamd drieds Acetiganbiydride?q0 mi) mes usedd3 10 (XI | ) H O a

HNC, o, -~ N~~NCCH)o0., . and (X111) QOIIl Il CHOCCM™MHOO
dissolve the maleamic acid and 20 g of sodium acetate. The reaction mixture

5 was heated in an oil bath at 160°C. After 3 hours of reflux, the solution was
cooled to room temperature, placed in a 1L beaker in ice water and stirred
vigorously for 1 hour. The product was suction-filtered and recrystailized in
hexane. The collected crystalline material was dried at 50°C in a vacuum
oven overnight. FTIR and NMR analysis showed the characteristics of ethy!

10  maleimide.
EXAMPLE 15

Preparation of Bis(alkenylsulfide)

o 0 HO SN
S
HOJ\CJ\OH
cat. H
) Vazo 52

15

o)
H:,C(HZC),O/\s/\/\o/lt C:%J\O/\/\S/\(CHZ)wCHa

Dimer acid (sold under the trademark Empol 1024 by Unichema)
(574.6 g, 1 mol) and propargy! alcohol (112.1 g, 2 mol) are solvated in toluene
20 (1L)in a3 L three-necked flask equipped with mechanical stirring and a

Dean-Stark distillation apparatus. Concentrated H,SO, (6 mL) is added and



15 ; and (c) Zis a linear or branched chain al kyl, al kyl oxy, alkyl am ne)
al kyl sul fide) alkylene, alkyleneoxy, alkylene am ne, al kyl ene sul fizq;eA GZUQZ
aryl, 2 0 AUG 2002 57 aryloxy, or aryl sulfide species having up to abou
100 atons in the chain) which may contain saturated or unsaturated cyclic
or heterocyclic substituents pendant fromthe chain or as part of the
chain, and in which any heteroatom pregent nmay or may not be directly
attached to K. 9. The underfill encapsutrant conprising an allylated am de
conpound according to paragraph 8 in which Z is a Linear or branched chain
al kyl speci efeRalytiangeised for & benss untihd6 al-ofil:Q is ageatropipally distilgdi ch nay contain
saturated or_unsaturated cyclic or heterocyclic substituents pendant from
the 10 chai nT¥soidionigaflowsd te Reol (HaPM femremtirg, iswpH1ed aMith Ha@t er oat om pr esent
may or may not be direct|ly attached to K. 10. The underfill encapsul ant
conpri si ng alXdbh frieg @@ MasQeantydnaoa e SQvedremensdinvasue wgfehh 8 in which Z
is a urethane having the 15 structure; OOOO-R2 -X- G NHR3- N H

C (d-R3- O BePrgpprgipstegjnigrmedigte agan ailj  which each R2 independently is an
al kyl, aryl) or arylalkyl group having 1 to 18 carbon atons; R3 is an al kyl
or al kyl &y chai nT%%ﬁ?t%”tﬁ%‘eld@%l(ééo'éﬁoh'ém'i)ﬁsf"l‘i%‘e%}ﬁ‘aﬁ"?f, @GhmEh chain may
contain aryl.s tituents, 20 X is O N, or P, and v.is O to 50. 11. The
undenl | | enc'aﬁglt?rﬁgﬁ?'" %ﬁéf’?ﬁi‘ieﬂap%\%’ "éﬁhlré‘%tcg%&aﬁ‘?rd@e‘t!@%%l?w&e’accor ding to
paragraph 8 in.which Z is a siloxagne.having the structure: -{CR z)e

S RO - o 1B et P A e b Befeb e s Zpendent 1 y for
each positi Orgolkjgnol_& 9[&@1%@'&%%@&%&%28@@6?&0% u‘\gergfhect%d%%grkat onms, and the R

supstituent I ndeperiden
Vazo 52 by DuPont) (11 g) are added and the resulting mixture heated to

10 70°C on an oil bath with stirring for 7 hours. The reaction is allowed to cool to
room temperature and solvent removed in vacuo to yield the alkenyl sulfide as

an oil.

EXAMPLE A.

15 Preparation of 6-maleimidocaproic acid

) EEN \/\/\B\OH

o)

6-maleimidocaproic acid

The acid functional maleimide, 6-maleimidocaproic acid, was
20  synthesized using known methodology.! Aminocaproic acid (100 g, 7.6x10"
mols) was dissolved in glacial acetic acid (50 mL) in a 500 mL four-necked
flask equipped with mechanical stirring, an internal temperature probe and an
addition funnel. The addition funnel was charged with a solution of maleic

anhydride (74.8 g, 7.6x10" mols) dissolved in acetonitrile (75 mL). This



58 far each position is an alkyl group having 1 to 5 carbon atons or an
aryl group, and a and g are independently 1 to 10 and f is 1 to 50. %ﬁ m
underfill encapsul ant conprising an allylated am de 5 cvnpvund accozr “% to
paragraph 8 in which Zis an ester having the structure: OOa n
-R3-CORs_OC Rs inwhich R is an alkyl or alkyloxy chain having up to
100 atons in the chain, which chain contain aryl substituents. 10 13.
The underfill encapsul ant conprising-ah-allylated am de conpound accordi ng
to paragraph 8 in which Z is an ester having the structure: OO OO
- R3- O C- R3 Gpi@idR3~+as@dBed 6-ti» fsihbcapboid aridvtiradm {empsrafure drop®®e each R can
i ndependently be an al kyl or al kyl oxy chain having up to 100 atons in the
chai n, whi clevertdiaur, majntzioing am inteana) feagtidndempanatintedessdnans3sSt .| Bheane havi ng t he
structure -(CR 2)e [SIR42-Q,-SIiR2-(CR z)o in which the R substituent 20
i ndependent Irgactienr wasattirres éns ithréeirpurssafiar the additier] was comptetgy Treving 1 to 5 car bon
atons, the R4 substituent independently for each position is an al kyl group
havi ng 1 t o réactien $igry wasdilteredrandriheisglted filyatlg wag deiedin @ vaewm ndependently 1 to
10, and f is 1 to 50. 2 a ~ uG zoos 59 14. The underfill encapsul ant
conpri si fig aMemmiPr9P Z} eugrnight ate? 05C tonigld 6o efcafforhite aelidt(B5%hrTagr aph 8 in whi ch
Zis an ester having the structure:

product amic acid exhibited FT-IR and 'H NMR spectral characteristics

consistent with literature data.
The amic acid described above (166 g, 7.2x10"" mols) was solvated
in a solution of toluene (200 mL), benzene (200 mL) and triethylamine (211
10 mL, 1.51 mol) in a 1 L three-necked flask equipped with mechanical stirring
and a Dean-Stark trap under nitrogen. This solution was heated to reflux for 4
h and the water produced collected in the Dean-Stark trap. Distilled water
(400 mL) was added to the reaction flask to dissolve the triethylammonium
salt of the product which largely separated from the bulk solution during the
15  reaction. This aqueous layer was isolated, acidified to pH~1 with 50% HCI,
and extracted with ethyl acetate (600 mL). This organic layer was washed
with distilled water (400 mL). The isoléted organic layer was dried over
) MgSO,, followed by solvent removal in vacuo to yield an off white solid (76.2
g, 50%). The product 6-maleimidocaproic acid was spectrographically

20 identical to literature material by FT-IR and 'H NMR.



OOOO-R-CGCOR-OCR-t-COR- OCRin which pis 1 to 100, each R
can independently be an al kyl or al kyl oxy chain having up to 100 atp@ayb 2002
the chain, which chain nmay contain aryl substituents, or a siloxane having
the structure 10 15 -(CR 2)8 [SIRZ-Q,-SIR42-(CR z)9 in which the R
substituent independently for each position is Hor an alkyl group having 1
to 5 carbon atons, the R substituent ypdependently for each position is an
al kyl group having 1 to 5 carbon atons or an aryl group, a and g are

i ndependently 1 to 10, and f is 1 %ﬁﬂ@g' éS. The underfill encapsul ant
conprising an allylated am de conp e ording to any one of paragraphs 8
to 14 in which Kis S\ Pin Wﬂh h is, 1 to 10Q. ,16. The underfil
encapsul ant conpri sing ah ®EAYPLLe '"EEPtfé‘eéB'S@a‘ﬁ%%d according to any one
of paragraphs 8 to 14 in which Kis R5 R6 Rin which R5, RB, and R are a

| i near or branched chain al kyl, al kyl oxy, al kyl am ne, al kyfY sulfide,

al kyl ene, al kykeneoxy, al kyl ene 2 8 AUG 2008_60\r N | kyl ene

sul fide, aryl, ary \ | sul eci es]{ havi ng ug_tg about 100
atons in the chain, which may)Contain saturateddor unsaplrated cyclic or

het erocyclic substituents nt_ fromthe chain or as part of the chain,
and in which an 0

p y Lot . be directly attached to
the aromatic ring. 17. The underfill encapsuld@n ONpPI st al lyl ated
am de 10 compound according to any one of paragrgphs 8 to;14\in which Kis

i H -Ov CHs O 18. An underfill encapsul ant according one of
par agr aphs
) "Dimer Diester Bismaleimide" (and cyclic isomers)
5 Pripol 2033 ("dimer diol", Unigema, 92.4 g, 1.69x10" mols), 6-

maleimidocaproic acid (75.0 g, 3.55x10™" mols) and H,SO, (0.50 mL,
~8.5x10"* mols) were slurried in toluene (300 mL) in a 1 L four-necked flask
equipped with mechanical stirrer, a Dean-Stark trap and an internal
temperature probe under nitrogen. The reaction was heated to light reflux for
10  two hours and the water evolved collected in the Dean-Stark trap. ‘The trap
was drained and ~50 mL of toluene solvent was distilled off of the reaction to
remove trace moisture and drive the esterification equilibrium to completion.
The reaction was allowed to cool to room temperature, additional toluene (100
mL) was added (on the laboratory scale it is preferable to add diethyl ether in
15  place of toluene at this point), and the solution was washed with saturated
NaHCO, aq. (300 mL) and distilled water (300 mL). The organic layer was
isolated and dried over anhydrous MgSO,, and the solvent removed in vacuo
to yield an orange oil (107.2 g, 68%). The material can be further purified by
eluting a toluene solution of the resin through a short plug of silica or alumina.
20  This liquid bismaleimide resin exhibited acceptable FT-IR, 'H NMR, and "C

NMR data. Typical n~2500 cPs.



15 1 through 17 in which the curing initiator is selected fromthe g@qﬂmzmm
consisting of an anionic and a cationic initiator 19. An undentl |
encapsul ant according to any one of paragraphs 1 to 18 further conprising a
conpound having the structure OR~- R2 ~B- QOn x" n or in which mis 0 or
land nis 1to 6, and (a) R and R2 are H or an alkyl group having 1 to 5
carbon 20 atons, or together forma 5440 9 nenbered ring with the carbons
form ng the vinyl group; 2 8 AUG 2002761 (b) Bis C, S, N 0, (O,
C(O)NH or C(ON(Re), in which RBis an al kyl group having 1 to 5 carbon
atons; (c) X is an aromatic group selected fromthe group of aromatic
groups having the structures: 5 (i%xé&ké O~\\ and pv) OOCNH 10 and
(iil) ONHS C- NH (d) Qis a linea F&nched chain al kyl , al kyl oxy,

al kyl am ne, al kyl sulfjde, alky|ene | kvl eneoxy, .al kyl ene am ne, al kyl ene
sul fide, aryl, aryl oxy,ﬁrB‘?ér%fPQI°¥95F?"eo®°'§%"esg‘?r&‘f"¥wgﬁ may contain
saturated or unsaturated cyclic or heterocyclic substituents_ pendant from
the chain or ag part of the 15 chain) and in which gny heter pr esent

may or nmay not \pe direcgtly attpached to X, or (d) Qjis a urethgneshaving the
structure: O o@- RZ- )CQGTNH-‘K?-ZNH- SO C O R3” NHE S~ XBRZ-

0
O

"Decane Diol Diester Bismaleimide"
5 The general procedure described in Example B. was applied
substituting decane diol (29.5 g, 1.69x10"' mols) for Pripol 2033. This process
yielded a solid, moderately soluble bismaleimide (54.9 g, 58%). The product

exhibited satisfactory FT-IR and 'H NMR data.

10 EXAMPLE D

Preparation of "Glycerol Triester Tris(maleimide)”
o)
N
N .
o

| 5
o;—/_/O':/QO

o}
o)

The protocol outlined in example B. was utilized substituting glycerol
(10.4 g, 1.13x10"" mol) for Pripol 2033. The product was a viscous liquid

15  which exhibited acceptable FT-IR and 'H NMR data.



in which each RZ i ndependently is an al kyl, aryl, or aryl al kyl grpgmug%ﬂ%
having 1 to 18 carbon atons; R is an al kyl or aI kyl oxy chain having up

100 atons in the chain, which chain may contain aryl substituents; X is O
S, N or P, and v is O to 50; or 2 8 AUG 2002 62 (e) Qis a si | oxane
having the structure: -(CR 2)e [SR2-(,-SIR42-(CR 2Z) a in which the R
substituent independently for each pogption is Hor an alkyl group having 1
to 5 carbon atons, and the R' substituent independently for each position
is an al kyl 5 group having 1 to 5 carbon atons or an aryl group, and a and
g are independently 1 to 10 and f is 1 to 50; or (f) Qis an ester having
the structure: OO -R3-~-0OR3_0O = ip which R is an al kyl or al kyl oxy
chain having up to 100 atons in BXM lUé'g‘nai n, which chain nmay contain aryl
substituents. 20. T enl " ul ant .acc ing.to paragraph 19 in
which Qis an ester rb?e arag g'sg §$eﬁfg:°a@aﬁa%5%'?%3 O

| G R3_C O R3~- OC—RS C-ORS P 15 or the structure: OOOO
-R3-COR3-OCGR3-~-COR3-OCR3~ in which pis 1 to 100, and each R can

i ndependently be an aLI@/I or al kyl oxy chain having up to 100 atons in the
chain, which chain may €éontain aryl substituents; or 20 each R can
|ndependently be a st ane having the structure (CR 2)e

[ SiR4z-0],-Si Rdz- ( 9 |<£ |ch t he R’ substituent independently for
each position is H or~an t05 bon atons, the R4
substituent independently foo ea 05| |o gr oup havi ng 1 to 5

5 "Bis(m-nitrobenzyl carbamate) of IPDI"

Isophorone diisocyanate ("IPDI", 100.0 g, 4.5x10™ mols), m-

nitrobenzyl alcohol (137.8 g, 9.0x10™" mols) and dibutyl tin dilaurate (2.8 g,
4.5x10" mols) were solvated in dry toluene (1500 mL) in a 2L three-necked

10  flask equipped with mechanical stirrer, reflux condensor and internal
temperature probe under nitrogen. The resulting solution was heated to 90°C
for 4 h. No isocyanate band was observed' in the IR of the solids portion of
the sample. The solution was allowed to cool to room temperature and
washed with distilled H,O (100 mL). The organic layer was isolated and

15  solvent removed in vacuo to yield a yellow liquid which exhibited acceptable

FT-IR and 'H NMR characteristics.



2 8 AUi 200Z 63 carbon atons or an aryl group, a and g are indeper}jﬁ@j@qgl
to 10, and f is 1 to 50. 21. An underfill encapsul ant according to

of paragraphs 5 1 iv i vr fiir ii iei voi i ~pr isii iC~a Gurl Ipulnd
1'IdVing ll1'1~ SIrulCdUe OKR Rz) On B-ZmKor nin which mis 0 or 1
and nis 1-6; and (a) R and RZ are H or an al kyl group having 1 to 5
carbon atons, or together forma 5 to4® nmenbered ring with the carbons
formng the 10 vinyl group; (b) BisC, S, N O C(O, C(ONHor C(ONRe),
in which R8 is an al kyl group hag' @ Eo 5 carbon atons; (c) Kis an
aromatic group selected fromthe %& B%E f aromatic groups having the

tructures: 15 1) /. O\ o in which p i p0; 2 8 AUG 2002 64
i) T s o edarmienan SRS e eeran B - (g 10

NH,

) "Bis(m-aminobenzyl carbamate) of IPDI"

The dinitro compound from Example E. (8.28 g, 1.57x10 mols) was

dissolved in ethanol (100 mL) in a 500 mL three-necked round bottom flask
equipped with magnetic stirring under nitrogen. Cyclohexene (28.6 mL,
2.82x10"" mols) was added, followed by 5% Pd/C (4.14 g). The resulting

10 slurry was refluxed lightly for 6.5 h. The FT-IR of a filtered aliquot of this
solution exhibited no nitro stretching bands at 1529 cm™ and 1352 cm™. The
bulk solution was allowed to cool to room temperature and filtered. Solvent

} was removed in vacuo to yield a yellow semisolid (6.6 g, 90%) which

exhibited acceptable FT-IR and 'H NMR spectral characteristics.

15

EXAMPLE G.



RS Rs Rin which R, R and R are a linear or branched chain aIkyI,ZBAUGmﬁZ
al kyl oxy, al kyl am ne, al kyl sulfde, al kylene, al kyl eneoxy, al kyl ene am ne,
al kyl ene sul fide, aryl, aryloxy, or aryl sulfide species, which nmay contain
saturated or unsaturated cyclic or heterocyclic substituents pendant from
the chain or as part of the backbone in the chain, and in which any

het erat om present may or may not be djggectly attached to the aromatic ring;
or R5, Re, and R are a siloxane having the structure 15

-(CR2),-[SSR-O~-SIiRZ-(CH3)s- in which t substituent is Hor an

al kyl group havi ng PleRagatian efy B(ﬂﬁma‘te@%"b&ﬂ’ﬁ" ??ﬁ%a"F@‘%)l%é:tq t uent independent!y
for each position is an, al kyl roulg) havi ng 1to carbon atoms or an aryl
group, and ais 1 to 10%‘6"?3“1'@"’& gyl sarb f(‘%f)?f”ﬂ%' C/ -OCH3 O 2 8 AUG

2002 65 (XI) HO HNC. -CN/ o, ~OIl~N~1H/o, ~. and (XIl) OOnn
/| CHOCCOHOOS5 and (d) Zis a linear or branched chaln al kyl,

| kyl | kyl £ - al kyl
i ne) 4l kyl ohe sUMRgegy B4 ﬁdte@f o & o)k FEERkL I Cs.whi ch rmay

contain saturat.ed % unsatyrated 10 cyclic or hete rocgcllc substltuents
ai

pendant f7Pom FHE% "r"t"d“"aé’"ﬁal"‘t‘"rﬁ‘“ HESE ralRred YRy PRrsiR PR any het er at om

DL eSS T S B B ! P AR i oo, et

— X R2 g, 2.82x10? mols) dissloved in acetone (20 mL) was added over the course of
30 minutes. The resuiting solution was stirred at 4°C for for 1 h, and
subsequently was allowed to warm to room temperature and stirred overnight.

10  FT-IR analysis indicated no maleic anhydride remained as judged by the
absence of the anhydride stretching band at ~1810 cm™.

To the above amic acid solution was added acetic anhydride (8.5 mL,

9.0x10 mols), triethylamine (1.26 mL, 9.0x10"3 mols) and sodium acetate
(0.88 g, 1.1x102 mols). The resulting solution was refluxed lightly for 4 h

15  under nitrogen. The reaction was allowed to cool to room temperature and
bulk solvent was removed in vacuo. The resulting viscous liquid was
resolvated in methylene chloride (20(5 mL) and extracted with distilled water

) (3x200 mL). The organics were then dried over MgSO, anhyd., filtered and

solvent removed in vacuo to yield a light brown solid (6.75 g, 76%). This

20  material exhibited acceptable FT-IR and 'H NMR spectral features.



15 in which each RZ i ndependently is an alkyl) aryl, or arylal kyl group
having 1 to 18 carbon atons; R is an al kyl or alkyloxy chain havi 0@ Aug 200
100 atons in the chain, whi ch chai n may contain aryl substituents; X is Q
S, N or P, and v is O to 50; or Zis a siloxane having the structure: 2
B AUG 2002 66 -(CR 2)a [SIRZ-,-SiR2-(CR Z) o in which the R substituent
i ndependently for each position is H g an al kyl group having 1 to 5 carbon
atons, and the R4 substituent independently for each position is an al kyl
group having 1 to 5 carbon atons %%Aﬁ@ ar group, and a and g are 5

i ndepenaentiy ~to ~a and f ~s ~ b or (g) Zis an ester having the
structure: O O -R3- " yl or al kyl oxy
chain having up to E gggfghs &snﬁﬁhb%%Qgcgﬂﬁﬁ%% 1§hﬁay contain aryl
substituents. 10 22. The curabl e adhesive conp05|t|on according to
paragraph 21 in which Z is an ester having the structure: OOOOa u_a a
RROCR3I COR3-~-OCR3 COR3 P or the structgre: OO OO-R3-COR3

OGR3-E-CO 15 in which & o2 can
i ndependently be an a y chain hawlng u |to 100 atons in the

y
chai n, which chain nay contajn aryl substituents; or &fEh R can
|ndependently be R he structwe 20
(CR 2), - (S R2- ~-S|R2-(CR’2) 9in ic R, _sobstj+uent independently
for each position is Hor an al kyl group having|1l ,b@p atons, the R
substituent independently for each position is @n al Ry="group having 1 to 5
carbon atons or an aryl group) a and g are independently 1 to 10, and f is

1) to 50. "Bis(m-nitrobenzyl carbamate) of DDI 1410" (and cyclic isomers)

5 DDl 1410 (Henkel, "Dimer Diisocyanate®, 99.77 g, 1.65x10™ mols
based on 13.96 % NCO), m-nitrobenzy! alcohol (50.8 g, 3.32x10”' mols) and
dibutyltin dilaurate (0.5 mL, 8.3x10** mols) were solvated in toluene (150 mL)
in a 1 L four-necked flask equipped with mechanical stirrer, reflux condensor
and internal temperature probe under nitrogen. The reaction was heated to

10  85°C for 2.5 h. FT-IR analysis of an aliquot of the reaction indicated complete
comsumption of isocyanate functionality as judged by the lack of a band at
2272 cm™. Solvent was removed from the reaction in vacuo to yield a yellow
oil which solidified upon standing at room temperature (152.4 g, 102% (trace
toluene)). This solid exhibited satisfactory FT-IR and 'H NMR spectral

15  features.

EXAMPLE I

j\o/\©/ NH



2 8 AUG 2002 67 23. A nethod for making an electronic assenbly in mgbih ﬁﬁ
el ectroni c conponent is bonded to a substrate and a cured reworkabl UG 2002

underfill encapsul ant conposition is disposed between the electronic 5
conponent and the substrate, the metnod conposing: (a) providing a curable
underfill encapsul ant conposition according to any one of paragraphs 1

t hrough 22, (b) disposing the curabl eqgonposition between the el ectrical
conmponent and the substrate; and 10 ( curing the conposition in situ. 24.
An el ectroni c assenpl are t o paragraph 23.

2 8 AtJG 2002 68 V\ﬁé%P%faE%g ) 'ﬁ@ba%@beﬁ"-y Wbﬁrﬁﬂt@f‘%ﬂﬂ@ﬂ%apsul ant conpri sing
|1yl at ed _ d lected f th
conei St ng of o {PaEaRRdneu BRI PLr o 147t PR R e FoReE Cand & o

conmbi nati on of those; optionally, one or nDre fillers; optionally, one or
nore adhesi on pronoters; the aIIyIated am de conpound having the formula

~NNC QRO ~nin mis and 0 (a) RO is H an
al kyl group havi ng%qc%ni%pr(?g?% #r’FXQPBI%BH ég# ga?ﬁg)f18neo><s}a@(§ oup having 1 to
18 carboncat ong,. an.al Lyl aroub., 4N, amyl, 9ol .,.,pu.a,é,ub tut ed aryl group
havi ng the stierty & HTs R TS =h%\/\,ﬁ‘Aé‘h HLQ)‘ ! Jare

| ndependent | yacgaper(ﬁ@mﬂjr h% 1{.%reé3‘jwé<e¥!ef?ﬁ§f2)é§lf ;g'fde(a%h h&ﬁ’ca?‘st‘n%r 18 carbon

atons; 15 (b) ic group se e group of arorratlc

groups havi NGy Qerefﬁ}x Uﬁ&e%(?r%ndérln}trogéA )Th(elrééc)mr{ wés rQaéeon T@ft

reflux and stirred vigorously for 3 h. The solution was allowed to cool to room
temperature and brought to pH 7-8 with a solution of saturated sodium

10  bicarbonate. The mixture was pushed through a 25 micron filter to yield a
mixture which separated into a cloudy aqueous layer and a moderately clear
organic layer. The aqueous layer was isolated and washed with ethyl acetate
(100 mL). The organic layers were combined, washed with distilled water
(300 mL) and dried over anhydrous MgSQO,. The slurry was filtered and

15  solvent removed from the filtrate in vacuo to yield yellow, sticky solid (33.8 g,

92%).

) EXAMPLE J.

Preparation of "Bis(m-maleimidobenzyl carbamate) of DDI 1410"

Do cooti oA

YLQ-»P



2 8 aUG Z002 69 (c) Qis a linear or branched chain al kyl, aIkonx§ 5%
amine, 510 (IV) (V) O, OOGC OGCNHand ~ ; alkyl sulfide, alkyd&nil6 200
al kyl eneoxy, al kyl ene am ne, al kyl ene sulfide, aryl, aryloxy, or aryl

sul fide species having up to about 100 atoms in the chain, which may
contain saturated or unsaturated cyclic or heterocyclic substituents

pendant fromthe chain or as part of #he chain, and in which any heteroatom
present may or may not be directly attached to X; or (d) Qis a urethane

havi ng t he Struc'%ﬁ-!ﬂ%%@ﬂ&&&%fbﬁ i S%E:hbll#z%%é%ﬁyglc(%n%?sOc N H R3-N

H G-X-~ v in which'eac ) or aryl al kyl
group r 15 having 1 to 18 car bon atons; R is an aI kyl yr al kyl oxy chain
having up to 100 atons in the chain, whi ch chai n may contain aryl

substituents; Xis hﬁ%lﬁl@sanﬂydrl (é? ng)k"w“%o\%%w(%%ggs%l\%rd i §eeva$e' s a sil oxane

having the structure ch the R

substituent i QMQ@Q@|L>f01jr91recl€e"acﬂgsl€§§|lp§)é@%tﬂ ﬁ«e&aﬂkauasnn@romfe'r gr oup

having 1 to 5 carbon atons i tuent 1 ndependent each

position i§ anermddidtlre@rHanRANAG: flndePurRieERIARA. &tt,.eng...mrmaaearyl group, a
and g are |ndependently 1to 10, and f is 1 to 50. (f) Qis an ester having

the structureicoédlo+38 on &h Ida b&hCA sBition of the diamine prepared in Example
1(63.4 g, 7.48x10" mols) in acetone (70 mL) was charged to the addition
funnel and added to the maleic anhydride solution over a period of 30 minutes
maintaining an internal temperature of <10°C. The resulting solution was

10 stirred for 1 h and subsequently allowed to warm to room temperature and stir
for 2 h.

To this solution of amic acid was added acetic anhydride (24.7 mL,
2.62x10"" mols), triethylamine (6.25 mL, 4.48x102 mols) and manganese
acetate tetrahydrate (0.37 g, 1.50x10 mols). This solution was heated to

15 light reflux for 6.5 h, then allowed to cool to room temperature. Bulk solvent
was removed in vacuo, and the resulting dark liquid was dissolved in diethyl
ether (500 mL). This solution was waéhed with dist. H,O (500 mL). The

) isolated organic layer was then washed with saturated NaHCO, aq. (500 mL)

and again with dist. H,O (500 mL). The organics were isolated, dried over
20 anhyd. MgSO,, and solvent removed in vacuo to yield a viscous orange oil.
This material exhibited FT-IR, '"H NMR and *C NMR spectral features

consistent with the expected bismaleimide product.

25 Another embodiment of this invention includes the underfill
encapsulants containing the allylated amide compounds having the

structures:



Z Q au~ zooz 70 in which R3 is an al kyl or al kyl oxy chain having u @Rl&lﬂlﬁz
atons in the chain, which chain may contain aryl substituents; or E?g

an ester having the structure: OOOOaannR OCR GO0 RJ--(~r-Rj
C~?-Rg_'~G5in which pis 1to 100, each R can independently be an al kyl
or al kyl oxy chain having up to 100 atons in the chain, which chain my
contain aryl substituents, or a siloxage having the structure -(CR z)~
[SIRZ-0J,-SiR 2-(CR 2)g in which the R substituent 10 independently for
each position is H or an alkyl group having 1 to 5 carbon atons, the R

substituent indep ngggilyjﬁor each position|§s an atkyl |group having 1 to 5
carbon atons or a y My —%31 & and g are f ntuepgpd mZIO é to 10, andfi sl
to50;0or (h) Qis an ester haviing the structure: O0o015 ~CO~

~C- R3-~C- O R3- O C"R3~ ®n whichHp is loto 100, edth R3 cam independently be
an al kyl or al kyl oxy chain having up to 100 atons in the chain, which chain
may contain aryl auwasdribbdirertia, in@hich CSand@xeandelzn\esteghdvityg thd ruct ure 20
-(CR2)e [SIR2-0] ~-SiRz-(CR 2)a in which the R substituent independently
for each postruétare is H or an al kyl group having 1 to 5 carbon atons, the R4
substituent independently for each position is an alkyl group having 1 to 5
carbon atons or angarylogroup, a and g @re independently 1 to 10) and f is

1 to 50. 2 ( %)G&Z_Qp_?‘é_?é_%. U@gﬁgﬂ_?%r_{_;%b_?%psui ant conprising an

allyl ated am d€ corpodnd; "a ¢ or 3sel ected fromthe group
consisting of a freeradical initiator, a photoinitiator, and a conbination
of thoses opttnersélétire One or 5 nore fillers; optionally, one or nore
thesion pronot ers;

1 T 9 1
—Ry-C~0—R;-O—C—Ry-+C~O0—R;—O0—C—R33}5
in which p is 1 to 100,
each R? can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents, or
10 a siloxane having the structure —(CR',),~[SIR*,~0];-SiR*,~(CR",) .~
in which the R' substituent independently for each position is H or an alkyl
group having 1 to 5 carbon atoms, the R* slubstituent independently for each
position is an alkyl group having 1 to 5 carbon atoms or an aryl group, e and g
) are independently 1 to 10 and fis 1 to 50.
15 Another embodiment of this invention includes the maleimides having
the formulae [M-X .]J,— Q and [M-Z .],— K as described herein in which Q

and Z can be an ester having the structure

("3 ? o] o]
Il l
—R3-0—C—R;-C—O0—R;—+0—-C— R;—C—0— Ra—)a

or the structure
(@) O 0 (e}

”0 —Ry-C—0—Ry-O—C—Ryrh C—O—R;—O—~C—Ry}s



the allylated am de conpound having the formula the allylat ed @20
conpound having the formula O ~-NG7~,, KRO nin which mis 0 or W|s
1-6, and 10 (a) R9 is H, an al kyl or al kyl eneoxy group having 1 to 18
carbon atons, allyl) aryl, or substituted aryl having the structure Rio R~
\ ~2 Rin which R, R', and R 2 are independently H or an al kyl or

al kyl eneoxy group haV| ng 1 to 18 carbgg atons; ,~ (b) Kis an aromatic
group sel ected from group of aromatic 15 groups having the structures: (V)
(M1) O\ p in whi 100; 2 0 BUG 2002 72 (M) I S p (IX) (X
R5 Rs R in which ;ﬁ |@llp{s1]126§0 in which R5, RL and R are a linear or

branched chain al ke\éch R§1| kyI eﬁgddegl:ly% an armyl 8«)@8\ V has#{n%vlln%(ra pltaI Kyl ene,

al kyl eneoxy, al kylene 16 ar ene 8xy, or aryl

sul i de peci,gs Ao b ARG 100 A ORN) BbfEelS ", i ch oy

contain satu unsa Ura c or eroc 1'C SUbStI tuents

pendant from the %bgn%a\ﬂﬁ%g;&ucmre_'eéabftclérwn%],_gRfahfcma' n) and in

whi ch any heteratom presen

5  in which the R' substituent independently for each position is H or an alky!
group having 1 to 5 carbon atoms, the R* substituent independently for each
position is an alkyl group having 1 to 5 carbon atoms or an aryl group, e and g
are independently 1 to 10 and fis 1 to 50.

Another embodiment of this invention includes the vinyl compounds

10  having the structures

R! R2 R1 R?
A N
B—X,TQ B—Z,,
n and n
as described herein in which B is C, S, N, O, C(0), C(O)NH or C(O)N(R®), in
which R® is C, to C; alky!.

Another embodiment of this invention includes the vinyl compounds

15  having the structures

) R1 R2 R1 R2
'B—X,+Q 'B—Z ,,]4(
n n

and
as described herein in which Q and Z can be an ester having the

structure

o 0 0 0
] ]
—Ry-0—C—Ry-C—0—Ry—O—C—R,;—C—O0—Ry)5

20 or the structure



be directly attached to the aromatic ring; or 15 R R and R are a

si |l oxane having the structure -(CR 2)8 [Si R42-Q, - Si R4z- (CH3) 9- i @ 5viicqnn?
the R substituent is Hor an alkyl group having 1 to 5 carbon atonms and
the R4 substituent independently for each position is an al kyl group having
1 to 5 carbon atons or an aryl group, and ais 1 to 10 and f is 1 to 50;

2 8 AAlG 2002 73 (XI) H3/ ~C/ -pCsg O(XIl) HO HNC_ -GN/ 0,~ O
~NNC5Ho, ~. and (X111) OOaa/ CHOCCOHnNnaOO, and 10 (c) Zis
a linear or branched chain al kyl, alkyloxy, alkyl am ne, alkyl sulfide,

al kyl ene, al kyl eneoﬁ?y, al kyI@ne aﬁ?i ne, al kyI%ne sulfide, aryl, aryloxy, or
aryl sulfide speeRgeS—0aR,;Q—0p R ¢CaHBHR,LE-@LRME-i n the chain, which may

contain saturated or

unsaturated cyclic or heteropcycl i c substituents

pendant fromthe chain or as part of the chain) and in which any heteroatom
15 present may or ndyWAKEE P! @i1P8ct1y attached to K; or (d) Z is a urethane

havi ng the structure:

OQCOO-R2-X-C-NH-R3-NI—|-C—(OR3-OC—NI—I—R3-NI—I—G~X_R2

2 8 auG 2002 74 each R* can independently be an alkyl or alkyloxy chain having up to
160 atoms in the chain, which chain may contain aryi substituents,
5 or a siloxane having the structure

10

15

20

—(CR',),~[SiR*,-0],-SiR*,~(CR",);~ in which the R" substituent
independently for each position is H or an alkyl group having 1 to 5 carbon
atoms, the R* substituent independently for each position is an alky! group
having 1 to § carbon atoms or an aryl group, e and g are independently 1 to
10, and fis 1 to 50.

Another embodiment of this invention includes the underfill
encapsulant as described herein containing an anionic or cationic curing
initiator. The types and useful amounts of such initiators are well known in

the art.
Other embodiments of this invention include those described in the

following numbered paragraphs:

1. An underfill encapsulant comprising an allylated amide
compound; a curing initiator selected from the group consisting of a free-

radical initiator, a photoinitiator, and a combination of those; optionally, one or

more fillers; optionally, one or more adhesion promoters;

the allylated amide compound having the formula

o)

\/\;u—lcl:—xn Q

R® n

inwhichmisQOor1,nis1to6, and



in which each RZ i ndependently is an alkyl, aryl, or arylal kyl group having
1 to 18 carbon atons; R is an al kyl or al kyl oxy chain having up to?D&éUG 2002
atons in the chain) which chain may contain aryl substituents; Xis O S,

N, or P, and v is O to 50; or. 5 (e) Zis a siioxane having the structure:
-(CR2)e [SIR2-Q,-SIiR42-(CR 2) 9 in which the R substituent independently
for each position is Hor an alkyl grgyp having 1 to 5 carbon atons, and
the R substituent independently for each position is an al kyl group having
1 to 5 carbon atons or ary ou a qg g are 10 i ndependently 1 to
10 and 1 151 o 5B or R?ﬂHzn. ot GHERRSETP R ure: 0

- R3- G p- R3- p- ~- |s an alk or afk chain having up to
100 atons in ?’h\ée'@ﬁéﬁ 9f°”R/\PﬁV&9 1c‘ﬂépﬁarﬁﬁ" atp %ﬂ'y'eﬁré*lp B PWRNt s; or 15
(g) Zis an ester having the structure: OO OOa a

-R3. OC~ C'®a wﬁt'tefe#zgfytﬂ@%a"'ﬁgrﬁh%ﬂ'i“ewfﬁa is 1to 100, each R can

i ndependently be an alkyl or alkyl oxy chain having up to 100 atoms in the
chain, which chain may copt&'h aryl substituents) 20 or a siloxane having
the structure -(CR 2)e [ R)Z-(J,-SIR4z-(CR 2)9 in which the R substituent
i ndependent |y for each pgsifTBn is Hor an al kyl group having 1 to 5 carbon

atons, the R substituent épenden J fal1€ POSI Syan al kyl group
having 1 to 5 carbon atons or an a?yh MIROU%, %‘ ta;ﬁldg'%"]-‘deggnd e’bendently lto

struct ure® o B ReRP afinegefulpping 15 A B ﬁén*.sﬁ which p sl o 100,
each R can |ndepe&qentlxsggar%ﬂla%éxlé% {Ie&é&mn@f%sgﬁ Q%‘é't@g up to 5 100

at)om; in the chai n;'whi Ch™ chal arn ar uents or

si’l oxane havi C (CR'2)e[S|RZO] -S|R42(CR'2)0|n whlchthe
R substituen@'gu‘;stﬁ%\'ﬁ’h(ﬁés[njd"r:tg eSr each position is H or an al kyl group
having 1 to 5 near bon atons, tfe R4 substituent mﬁﬁ)oendently for each
position is a% al kyl group 1(S havi ng 1 to 5 carbon atons or an aryl group,

a and g are independently 1 to 10 is 1to 50. 3. An underfill
encapsul ant ac ng to clai m ||C| a| m2 in whic curing initiator
is selected f group co 3—an ani oni cationic
initiator.

10
(V) V)

(c) Q is a linear or branched chain alkyi, alkyloxy, alkyl amine,

15  alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or ary! sulfide species having up to about 100 atoms in the chain,
which may contain saturated or unsaturated cyclic or heterocyclic substituents
pendant from the chain or as part of the chain, and in which any heteroatom
present may or may not be directly attached to X.

20

2. The underfill encapsulant comprising an allylated amide

compound according to paragraph 1, in which Q is a linear or branched chain



4. An underfill encapsul ant according to any one of clains 1 to 3 further
conprising a conpound having the structure R~ OR~- R2 ~B- Q Q n ~n @ AUG200?
in which mis O or land nis 1to 6, and (a) R and RZ are H or an al kyl
group having 1 to 5 carbon atons, or together forma 5 to 9 nenbered ring
with the carbons form ng the vinyl group; 2 8 AUG 2002 76 (b) Bis C S,
N O O, C(ONHor CCONRe), in wgpch Re is an al kyl group having 1 to
5 carbon atons; (c) X is an aromatic—group selected fromthe group of
aromati c groups havi ng the structures: 5 (1) (L1) . (I11)y o/ / ~/ COCGC-
NHS ~NH \ \aﬁMhFPGF'% gving up-teabgyl 60Q atghg inthe chgin. whighmay&aptaidr br anched
chain al kyl, al kyl oxy, al kyl am ne, al kyl sulfide) alkylene, alkyteneoxy,

al kyl ene ani ﬁ@t}”'aé?q(%”@ﬁ%”r§éfjfcy‘a'é,°r bgtenocycli sybstityentspendaitifogihei de” speci es,
whi ch may contain saturated or unsaturated 15 cyclic or heterocyclic

subst i t uent s SpRIAAGAR PS5 Herqaincand; imwhieh 28y DplerpatBm PresenidRd 9, and i n which
any heteratom present nmay or may not be directly attached to X; or (d) Qis

a uret hane h&AYAGt bherestfARENREHOXO 000 - RZ - X ~~ NH R3- NH G (O R3-
O C NHR3- NH ~-G~ X- R2 20 in which each R~ independently.,is an
al kyl, aryl, or arylalkyl group having 1 to 18 carbon atons; R is an alkyl

or al kyl oxy chai n havi nﬂl up tao 100 . )
3. e underfill encapsulant comprising an allylated amide

compound according to paragraph 1 in which Q is a urethane having the

structure:

2 0 0 0
—R -—X—C—-NH—R’—NH-C—(O—R3—O—C—NH—R3-NH—C-)\-,—X—R2—

10 in which each R? independently is an alkyl, aryl, or arylalkyl group
having 1 to 18 carbon atoms; R? is an alky! or alkyloxy chain having up to 100
atoms in the chain, which chain may contain aryl substituents;

Xis O, S, N, orP;and vis 0 to 50.

15 4. The underfill encapsulant comprising an allylated amide
compound according to paragraph 1 in which Q is a siloxane having the
) structure (CR',),-[SiR*,~0],-SiR‘,~(CR";) ;~
in which the R' substituent independently for each position is H or an
alky! group having 1 to 5 carbon atoms, the R* substituent independently for
20  each position is an alkyl group having 1 to 5 carbon atoms or an aryl group, e

and g are independently 1 to 10, and fis 1 to 50.

5. The underfill encapsulant comprising an allylated amide
compound according to paragraph 1 in which Q is an ester having the

25 structure:



2 8 AUG 2002 77 atoms in the chain, which chain may contain aryl
substituents; Xis O S, N or P, and vis O to 50; or (e) Dis a szhgmégim
having the structure: -(CR 2)~ [SiR4z-Q,-SIR Z-(CR z) 9 in which t
substituent 5 independently for each position is H or an al kyl group having
~ to 5 carbon atons, and the R substituent independently for each position
is an al kyl group having 1 to 5 carboggatons or an aryl group, and a and g
are independently 1 to 10 and f is I"to 50; or (f) Qis an ester having the
structure: OOa a 10 R3- ~-'" O Rs-O_ C Rs in which R3 is an al kyl or

al kyl oxy chain haﬁl ng up to 100 atomns in the chain, which chain may contain
aryl substlt-uer(?t.sc_oo_(_gss_@_tg_apa.ester having the structure: OOOO

-~ O0C~CO~~-CRRCOR3Z P15 in which pis 1to 100, each R can

' ndependent ly be |@\Whlgtll }Qy’s aflalk léfﬂkﬂéiéfu%’%ﬁ't H%vmﬁ\éé '&91dd)pat5r95 %lee atoms in the

chai n, which chain may cont a| titue or a siloxane having the

structure ] in V\/m ch the R substituent 20
h t
ﬁ %)hnc (cﬁ s agcontg'n%ﬁ,l S\f_?gﬁuag

|ndependentl eac ition 1's or an al kyl group having 1 to 5 carbon
atons, the R4 substltuent i ndependently for each position is an al kyl group
having 1 to 5 carbon atons or an aryl group, a and g are independently 1 to

10, and § is 1 t@ 50; s underfill encapsulant comprising an allylated amide
compound according to paragraph 1 in which Q is an ester having the

structure:

? 9 S 9
—Ry-0—C—Ry-C—0—Ry—0—C—Ry—C—0—R;)5
10 in which p is 1 to 100,
each R?® can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents,
or a siloxane having the structure
—(CR',)s~{SiR*,~0}-SiR*,~(CR',),~ in which the R' substituent
15  independently for each position is H 6r an alkyl group having 1 to 5 carbon
atoms, the R* substituent independently for each position is an alkyl group
having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to

10, and fis 1 to 50.

20 7. The underfill encapsulant comprising an allylated amide
compound according to paragraph 1 in which Q is an ester having the

structure:

? 2 9% Q
—Ry-C—0—Ry-O—C~Ry4 C—O—R;—0—~C—Ry )5



2 8 AUG 2002 78 (h) Qis an ester having the structure: 5 10 oozoag{,ﬁm
CORB OCR3-(-COR3B OCGR3 in which pis 1to 100, and each F~~ can
i ndependently be an al kyl or al kyl oxy chain having up to 100 atons in the
chain, which chain may contain aryl substituents; or each R can
i ndependently be a siloxane having the structure (CR 2)e [SIR2-Qf-Si R4Z
(CRZ) 9 in which the R substituent kpdependently for each positionis H,
or an al kyl group having 1 to 5 carbon atons, the R4 substituent
i ndependently for each position is an alkyl group having 1 to 5 carbon
atons or an aryl iyveidpp isdl tard@0g are i ndependently 1 to 10, and f is 1 to
50. 5. An underfill encapsul ant according to any one of claims 1 to 4 15
further conprisi gchRceanitdenandeaty bryan eyl ot gt chaiphavimg URR Zm K O n or R
\' . RRBZ,nKninwichmis Oor 1andnis 1-6; and (a) R and RZ are H
or an al kyl ¢ 8aps iftve alkpin. whishshaip meyontaindey! sehstiuegiét her forma 5 to 9
menbered ring with the carbons formng the vinyl group; 20 (b) Bis C S,
N, O C(O, CO RHestoxapedpaninadhe strustuihi ch R is an al kyl group having 1 to 5
carbon atons; (c) K is an aromatic group selected fromthe group of
aromat i ¢ gr oupR 2hARIFgm8IRSH G tlur iByehich the IS’ sypetityenh2 79 | 5

independently for each position is H or an alkyl group having 1 to & carbon

atoms, the R* substituent independently for each position is an alkyl group

having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to

10, and fis 1 to 50.

10
8. An underfill encapsulant comprising an allylated amide

compound; a curing initiator selected from the group consisting of a free-

radical initiator, a photoinitiator, and a combination of those; optionally, one or

more fillers; optionally, one or more adhesion promoters;

15  the allylated amide compound having the formula

the allylated amide compound having the formula

0O

) N
!\I—C—Zm K
R® n
inwhichmisOor1,nis 1-6, and

(a) R? is H, an alkyl or alkyleneoxy group having 1 to 18 carbon

20  atoms, allyl, aryl, or substituted aryl having the structure

R10

12

R in which R, R, and R'? are independently

H or an alkyl or alkyleneoxy group having 1 to 18 carbon atoms;



10 15 (V) (M) O\ \ PNIL)Y / / s\ \ P (VILL)Y / VNV 11/ (IX R5”B§GZ@UZ
RT in which pis 1to 100; in which pis 1 to 100; in which R5, R6, an

are a linear or branched chain al kyl, al kyl oxy, al kyl am ne, alkyl sulfide,
al kyl ene, al kyl eneoxy, al kyl ene am ne, al kyl ene sul fide, aryl, aryloxy, or
aryl sulfide species) which may contain saturated or unsaturated cyclic or
het erocycl i c substituents pendant 258 AUG 2002 so fromthe chain or as
part of the backbone in the chain, arrg*i“n whi ch any heteratom present may
or may not be directly attached to the aromatic ring, or R5, R6, and R are
a sil oxane having the sKiganaipmaticigrgepspiectedifrm arpup afiamatic CH3) g- i n whi ch
the R substituent is Hor an 5 al kyl group having 1 to 5 carbon atons and
the R substi t9ie4Ps aKpe hesieRrees f or each position is an al kyl group having
1 to 5 car bon(VStoms or an aryl

£
~.

5 (Vi)

B els

(Vi)
S
{ }p :
10 (IX)

X)

in which p is 1 to 100;

in which p is 1 to 100;

RS
Lk
R’

15  chain alkyl, alkyloxy, alkyl amine, alky! sulfide, alkylene, alkyleneoxy, alkylene

in which R5, R®, and R are a linear or branched

amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species having up to
about 100 atoms in the chain, which may contain saturated or unsaturated

cyclic or heterocyclic substituents pendant from the chain or as part of the



group, and ais 1to 10 and f is 1 to 50; (X) i HH C-OCH3 O 10 (XI) dad@n@"
NCn~0o~~-CGNOHC/o, ~. and (XIl) OOanCHOCGCOHa a 15 (g 2
(d) Zis a linear ‘or branched chain al kyl, al kyl oxy, al kyl am ne, alkyl

sul fide, alkyl ene, alkyl eneoxy, al kyl ene am’ ne, al kyl ene sulfide, aryl,
2$~u@&002 81 aryloxy, or aryl sulfide species, which may contain saturated
or unsaturated cyclic or heterocyclicggubstituents pendant fromthe chain

or as part of the chain, and in which-any heteratom present may or may not
be directly attached to K, or 5 (e) Zis a urethane having the structure: O
OO0OO0O-R X—@CKPQHBRB“‘RICFFIE@@WN@@W%ON AresentRaRer M3y Wi ch each Rz

i ndependently is an alkyl, aryl) or arylalkyl group having 1 to 18 carbon
atons; R is W'V&Fwttaé’?edéPW’I%‘?@a‘@ﬁmrﬁhaw ng up to 100 atons in the

chain, which chain may contain aryl substituents; Xis O S) N or 10 P

and v is 0 to 50; or (f) z |§aqsﬁm%'§aﬁﬁ%aﬁﬁ%)‘?ﬁ%;hﬁwt§%tﬂ@fqﬁe -(CR 2)e

[ Si R4z- 0], - Si R4Z- z) o in which the R substituent independently for

each positi o iR’ t)p'ﬁ'Ranoh'rﬁéWz‘(&lHdup'"WWQeB ipstitugntiner an

5  alkyi group having 1 to 5 carbon atoms and the R* substituent independently
for each position is an alkyl group having 1 to 5 carbon atoms or an aryl
group, andeis 1to 10 and fis 1 to 50;

(XD

&
C
l
10
xn)
H
@ H N—E—-)
01
—C—N
0
1]
N—C—-—)
) H ",
and (X11)
l II lI ’
HO—C [;C—OH
15 o) o ;

and
(c) Z is alinear or branched chain alkyl, alkyloxy, alkyl amine,

alky! sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,



atons, and the R substituent independently for each position is ag al{l}ﬁyh 15
group having 1 to 5 carbon atons or an aryl group, and a and g ar 8 02

i ndependently 1 to 10 and f is 1 to 50; or (g) Zis an ester having the
structure: OO -~-Cp-Rs-O~ Ra in which R is an al kyl or al kyl oxy chain
having up to 100 atons in the 20 chain, which chain may contain aryl
substituents; or (h) Zis an ester hay ng the structure: OOOO

V~ OO0~ CO~~-CR3 GCOR3 Pinwhitchpis 1to 100, 2 8 AUG 2002 82
each R can independently be an al kyl or al kyloxy chain having up to 100
atoms in the 3HYROr WF@%{PE&P&F'HS hwgd@ﬁ?ép?i‘té%?w%‘ﬁﬂib’f‘ﬁh@%ts or a

si | oxane havi ng the structure -(CR 2)e [SI RZ- -SIR Z-(CR 2)9 in which the
R substit uerfthidy 'P?Yo‘éﬁ@ﬁ'c?éﬁl’?tw PronsaiHredySicqr Haterasygic SHbsiertsky |l gr oup
having 1 to 5 carbon atons, the R substituent independently for each
position is &§NA% imeg}eo%‘amwa@?H%J*af%cf@"ba%@rwhahm hgterozib™ar yl group, a
and g are independently is 1to 50; or (i) Zis an ester
havi ng t he stW%EPUP@‘“@%’@Qﬁd"ﬁsﬂyca‘@?h?ﬁsmé CR3~-C-OR3-O-C-R3~ 10 in
which pig 1 to 100, and each R~ can independently be an alkyl or alkyl oxy
chain havifng up to 100 atoms in the chain, which chain may contain aryl
substituents; or each n ent be a sil oxane having the
structure 15 (CR2)e | d] r?j”9§"qqy'9k§ﬁ?8W'the R substituent

|ndependently for each os tion i K rou ving 1 to 5 carbon
atome. " the. Reoufut eufifs iz 793* DI cﬁ%ﬂs a3t B SPETGA b8 an alkyl “group
having 1 to 5alkyl species having up to about 100 atoms in the chain, which may contain
)
saturated or unsaturated cyclic or heterocyclic substituents pendant from the

10  chain or as part of the chain, and in which any heteroatom present may or

may not be directly attached to K.

10. The underfill encapsulant comprising an allylated amide
compound according to paragraph 8 in which Z is a urethane having the

15 structure:

Q Q Q 1
—R2 —X—C—NH-R3-NH-C—(O-R3— 0-C~NH-R-N H—C~)V—-X—R2--

) in which each R? independently is an alkyl, aryl, or arylalky! group
having 1 to 18 carbon atoms; R? is an alky! or alkyloxy chain having up to 100
atoms in the chain, which chain may contain aryl substituents;

20 XisO,S,N,orP;andvis0to 50.

11. The underfill encapsulant comprising an allylated amide
compound according to paragraph 8 in which Z is a siloxane having the
structure: —(CR',),-[SiR*,-0}—-SiR*,~(CR',) .~

25 in which the R' substituent independently for each position is H or an

alkyl group having 1 to 5 carbon atoms, and the R* substituent independently



carbon atons or an aryl group, a and g are independently 1 to 10; qpﬁzmzis
1 to 50. 20 6. A nethod for making an el ectronic assenbly in mhi%ﬁ y

el ectroni c conponent is bonded to a substrate and a cured reworkabl e
underfill encapsul ant composition is disposed between the el ectronic
component and the substrate, the nmethod conprising: 25 (a) providing a
curabl e underfill encapsul ant conposi ggon according to any one of clains 1
t hrough 5, 2 8 aus 2002 83 (b) disposing the curable conposition between
the el ectrical conponent and the substrate; and (c) curing the conposition
in situ. .Adermacipgsitionts au alkyl gronp having 1 1835 geybomoatgrgg §r an ary!

. AF.AY. Al . A9Y, . Auy. A, . A39. A(. A{. A .Af.A ".Aul 9. A . AY% AY. AE. Ar. AUL. As

e. A{f. A % ABrPuR, anhesans garandapgndeptly o0 amg fis 180 R0A A Y

CACA AW, AT ALLAY. AA %A . AR A9 A FAE Aa. Al A& ATy AA LA A

. A2. Aya. A9y % AY. Aa. AY. AN. Au39. AF. Al . A A A, FR A35: 00/\ 45 0C

INTN (N # #2222~~~ | | ~=~~>222222????2~222?7~7><<IX<<<~<~<?<<<<<<<<<| <] €| <[ <] <
<<<cgeg~<<~<| <] <de<<<Hranded| encapsulpit equpiging 3n allylpled amidec < ><<<><<><<<<<<<<
<<<<<<<<§><><><<<§<<<<§F<F<px<X>L?XJ?XL?X?F><><??????????‘???????~8>|?||?|?
||~ ~| | 2P| | [CPPRYAF-BSFSFIRG [q BAragiartB-iowaichSIs 2D eRiR] Navingthe.2~2~227| ~2272~>22272?
??R>_A?({vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca]ca]ca
] ca] ca] ca] c&'e@y®a] ca] ca] ca] ca] ca] ca] cRa] cal (*) +Z!' | F" #{ BA88&p&& (e((()e))*
H*d***{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]caV]ca]ca]ca]c%]ca]ca]caV]@a]ca]ca]ca!*NH++,a ,,,,, n/ | 244V44455555K666662
TX778b889IN{~vapghPX] ngléal l.ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]
c&Lca]ca]ca]ca]ca]caV]caica]ca]ca calcalcalca! N99999/: AAN. P:]: :j:l:o0:q:t:;

all ca) cal oa] ca] Al CBUTe B AR Lo ARl B SARTE 6 08 BeT 6) o) ) cf

====>| >>?A?|.R27? . wr mhc”YU] ca] ca] ca] ca] ca] cal] ca

]ca]ca]ca]ch%g caicaicai@aigaicaiE%%%%%%§¥E%]ca]ca]tl]cL]CL]CL]CL]CL]c;Hca

] ca! CCClpuDEFFI FFF7GCG GriGGGG+HHSH

Hal {11JJJJJJJIKK} xsnhc”YU] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ca]ca]ca]c al ¢ ¥z} !

NNNTN NoNp N} NNNN@I%F\V Chi&]ﬁg%’%%lg%l?ca&o IMR]SSR@E} R?%v%?‘é%]ﬁlg cMa]ca]ca] ca]caJca]c
a] ca] ca] ca] ea&ga]r@%e&hiﬁ%mm Rl L8 kA etV al cal cal ca] cal ca] ¢
a] ca] ca! RRRRR*STTTT5U. Vp X=XXX*YtYYZZ[ " [, [{Vvql gb] X]] ca] ca]ca] ca]c
a] ca] ca] ca] emldigkcal ca] cal ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

lcaJca]ca]cal , [O[S[I[WI[IIIIIIILI[[2\\]a]]] " ™ % ~ytni c*Yl gb] X]]] ca] ca
Lﬂca]caLﬂca]ca]ca]@ﬁ]cqbcaLﬂca]cahga]cakpa]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca
c$a) ca] ca] cal calcd] chal % (.3 ; i I

]_O ] 11 y ] zﬁ%&éﬁ?ﬁ&é%ﬁ@&&@%@%ﬁm&m%'%ﬁ d_Z]]1]1]ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca! Lhhh&hi in which p is 1 to 100, _

i |||||10k3k<kPk]k‘kIIannpbpppqqquqzuole‘[V]ca]ca]ca]ca]caV]ca]ca]ca]ca]c
a&] ca] caV] ca] ca] cgakk R} 6aH iRdedhddr@Rbé ah ‘a‘lﬂ}l%ﬁblﬁi}léﬂ%‘&xﬂalﬁﬂaﬁﬂ? @eld:a] ca] ca] ca] cal

KgMgOg\ gkgoqqgsqgqqgs*t Ot Wftitsttt<vvwxzzzzz){g||}~zupkta\W]ca]ca]ca]ca]c

a] ca] ca] caVhoahwaisamiibendis adtied daintadyceoht sralsobsdhealscal ca] ca] ca] ca] cal ca] ¢

a] ca] ca] ca] ca! ~V &df &/ 3t weFIWZ; {vql gb] Xkf a\ W ]] ca] ca] ca] ca] ca] ca] caD

] ca] ca] ca] ca] ca] cnbstaan@hbvig thakeadtdréa] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca]c

ajca

" k$_DO5j PqOvACpKS,aiSIRfl-<a)-siR‘sat rB) < | viridhctad Rajubslitoedtcal cal ca] caV] ca] ca] cal c

aV] ca]l ca] ca] ca]ca] ca] ca]ca]ca]caV]ca]ca]ca]ca]cal /tfIXjtwo?9| wnmhc”YV]] ca]

ca] ca] caf cajdaperaipnty] fordath posiliaes eiadr@an alkyl group having 1 to 5 carbon

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca! % 2f $p/ wrR>O\ h{v

gl gb] XV] ] calktoais; thp Rt saldticehriadenahdently fof eadf majtiomjscm|atiey] gréap ca) ca] ca) ca] cal ¢

aJca] ca] ca]cal ca]ca]ca] ca]ca]ca]cal fRU

9!I'$' 2| wr mhchatifhd 1 e caban atdrospea argl grape a podiy @ee inddpeada@dyid@] ca) ca] ca] ca] ca

]ca] ca]cal ca] c a] ca]ca] ca] ca]ca]ca]ca]calca! uf

"\ B- R { _af { 18/ ap]f¥nhte’'S8V/] ] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] caV] ca] ca] ca] cal]

cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] caV] ca] caV]ca] ca

W ?Hkv5CFv/ M ngkzupkf a\ W/] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca]ca]caV]ca] caV]ca] ca]calcalcalcalcalcal!/:R

=H} xsmhb] Wkf a\ WU] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca]ca] ca]c*a

] caU] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca]c”a] ca

$' 47=HyK@f 8FI M { vpkf a\ W/] ca] ca] ca] ca] cal] ca] ca] ca] ca] c(a] ca] ca] cal] ca] ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! [ <I L\Z9UXc{vgl gb] XV] ]

cal c(a] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]calc

a] ca] caV] ca] ca] ca] ca] ca] ca! >5K' sM f 5WMzupkf a\ W] ca] ca] c(a] ca] ca] ca] ca] ca] ca




-0ki u x
28 AUG Zﬂﬂg]c

2>Al KWupkf a[ V] ] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

a] ca] ca] ca] ca] ca] cal] ca] cal] cal] ca] ca] ca] ca! Wdi t 5BE™/ }) o} XAo| wr mhc”Y] ] c] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] cFaU] ca] cOa] cRa! c$/ KHSW BgG _
}xsnid_Z]]c]]ca]ca]ca]ca]ca]ca]ca]calgq]ca]cal]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca! 2H'gnP
trogviritattttagg#{val gb] X] ] ] ca) ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
]ca]calUlc 14. The underfill encapsulant comprising an allylated amide

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal| ca] ca! #####HHH##SSUOO0K ' 5t "'
(A(z((() 7) wepPpgudaceaiBnad Racegrenily) ipalnsaoape ajterdieria 8] ca] ca] ca] ca] ca] ca] ¢
aJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a] ca]cal *#*h***<+++++8, <, |, ,,
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R

chain alkyl, alkyloxy, alkyl amine, alky! sulfide, alkylene, alkyleneoxy, alkylene

in which RS, R, and R’ are a linear or branched
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10
18. An underfill encapsulant according to any one of paragraphs
1 through 17 in which the curing initiator is selected from the group consisting
of an anionic and a cationic initiator.
) 15 19. An underfill encapsulant according to any one of paragraphs

1 to 18 further comprising a compound having the structure

Ny
T

in whichmisQor1and nis 1 to 6, and

(a) R' and R? are H or an alkyl group having 1 to 5§ carbon
20 atoms, or together form a 5 to 9 membered ring with the carbons forming the

vinyl group;
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group of aromatic

9
_O —@ —@NH/ “NH—
) and
(v)
?
—@o—c— NH—
10  and
(d) Q is a linear or branched chain alkyl, alkyloxy, alkyl amine,

alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,

aryloxy, or aryl sulfide species, which may contain saturated or unsaturated

cyclic or heterocyclic substituents pendant from the chain or as part of the

15  chain, and in which any heteratom present may or may not be directly

attached to X; or

(d) Q is a urethane having the structure:

o) O

0O

] Il Il Il
—R —X—C—NH-R-NH-C—(0-R— O0- C~NH-R-NH-C-}—X—R*~

in which each R? independently is an alkyl, aryl, or arylalky! group

20 having 1 to 18 carbon atoms; R® is an alky! or alkyloxy chain having up to 100

atoms in the chain, which chain may contain aryl substituents; X is O, S, N, or

P; and v is 0 to 50; or



10!] 9! 10% ()-~010% & ()-10% & () -1 109% t& () - 10% & ()" 1 10% & ()~ 95 2ueum
10JJ3JJJIxV44/ 10! (Z109%& () - F! 9! 109%EE& () -~

PO! 109%& ()-"!B09! 10%e& ()-19!110% d & ()-"!89! 10%& () - *JIIIKKKKKK~pbT5
10! 0' Z10% & ()- 10tt 10tt 10tt!+&9310%té& ()-

8&93109BH8& ()-g3110% & ()-9+G 10% *& () -' KK6N, NGNNNTNA ?bT5

10! Oy& 10% & ()-!p&3 10% " & ()-g! Y&3 82

10983&' () - gy10%& () - Yy10% & () Yslocf/"&*() TNdNNNpN} NNNWX6b TS

10! | &S/ 10%& () - &yL- MLO% & () - 10%":"& ()-!10@ 10%m& ()-!@ 109%&' ()-!
0@ 10%& () - NNNNNNMAQ*S@& ¥aﬂﬁ/mev}e®he)5"uqfwz&' ()-(Fz10%& ()- 10" 10"
10"y6 10% & () - ! x&S/ 109& () &N/ foop ,

10! 11 4109%& ()—i%%/a)&'[§')‘* (z)LCR E&h(cj‘m%w&st(“)e"t

MLO% &' () - 4P*Pf PPQCRRR} [ 9

1001111 109& (nde@endanyy &E‘?)W@'PW isdrbar g alkeh groumbAYing 1(tp -5 oann & (

10%&' () - RRZR RaRbRCR;E)RsRuRrS4 10t 10% &' ()-10% & (t) (YZ10% &' () - 1OCC 10CC
atoms, and the R* substituent independently for each position Is an alkyl

[4)}

group having 1 to § carbon atoms or an aryl group, and e and g are

independently 1 to 10 and fis 1 to §0; or

4] Q is an ester having the structure:
0 o
) 3 ] I
—R*—C—0—R3-0-C— R3—

in which R? is an alkyl or alkyloxy chain having up to 100 atoms in the

10  chain, which chain may contain aryl substituents.

20. The underfill encapsulant according to paragraph 19 in which

Q is an ester having the structure:

Il Il ] i
—Ry-0—C—Ry-C—O0—Ry—0—C—Ry—C~0—Ry

15 or the structure:

1 S 9 1

—R4-C~0—Ry-0—C—Ry-(C—O0—R,;—0—C— Ry g

in which p is 1 to 100, and

each R? can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

20 each R® can independently be a siloxane having the structure —

(CR',),-[SiR*,~0},~SiR*,~(CR";) ,~ in which the R' substituent independently
for each position is H or an alky! group having 1 to 5 carbon atoms, the R*

substituent independently for each position is an alkyl group having 1 to 5
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urt miprising @ compound having the siructure

U

T [

or

in which mis 0 or 1 and n is 1-6; and

(a) R' and R? are H or an alkyl group having 1 to 5 carbon
atoms, or together form a 5 to 9 membered ring with the carbons forming the

10 vinyl group;

(b) BisC, S, N, O, C(O), C(O)NH or C(O)N(R®), in which R®is
an alkyl group having 1 to 5 carbon atoms;

(c) K is an aromatic group selected from the group of aromatic
groups having the structures:

) 15 (V)

P in which p is 1 to 100;
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in which R5, R%, and R’ are a linear or branched

chain alkyl, atkyloxy, alkyl amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene
amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may

10  contain saturated or unsaturated cyclic or heterocyclic substituents pendant
from the chain or as part of the backbone in the chain, and in which any
heteratom present may or may not bé directly attached to the aromatic ring; or

RS, R®, and R are a siloxane having the structure

—(CR",),~{SiR*,~0},-SiR*,—(CHj), - in which the R! substituent is H or an

15  alkyl group having 1 to 5 carbon atc;ms and the R* substituent independently

for each position is an alkyl group having 1 to 5 carbon atoms or an aryt

group, andeis 1to 10 and fis 1 to 50;

(X)
CH,
Syne
_ by Se
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and
(d) Z is a linear or branched chain alkyl, alkyloxy, alkyl amine,
alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or aryl sulfide species, which may contain saturated or unsaturated
10 cyclic or heterocyclic substituents pendant from the chain or as part of the
chain, and in which any heteratom present may or may not be directly
attached to K; or

(e) Z is a urethane having the structure:

0] o) o) o)
I il I I
—R —X—C—NH-R-NH- C—(0-R3— 0~ C~NH-R*-NH-C-}— X—R%—
15 in which each R? independently is an alkyl, aryl, or arylalkyl group
having 1 to 18 carbon atoms; R? is an alky! or alkyloxy chain having up to 100
atoms in the chain, which chain may contain ary! substituents; X is O, §, N, or
P; and v is 0 to 50; or

3] Z is a siloxane having the structure:
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in which Z is an ester having the structure:

o)
Il Il I il
—R;-0—-C—Ry-C—~0—~R;—0—-C—R,—C—0— R3—)3

or the structure:

7 2 9 ?
) g ReC-O—RyO-C—RytC-0—Ry—O-C~Re)y

in which p is 1 to 100, and

each R® can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

each R? can independently be a siloxane having the structure —

20 (CR',),~[SiR*-0];-SiR*,~(CR',) ;- in which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alkyl group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.
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underfill encapsulant composition is disposed between the electronic

(9]

component and the substrate, the method comprising:

(a) providing a curable underfill encapsulant composition according
to any one of paragraphs 1 through 22,

{b) disposing the curable compaosition between the electrical
component and the substrate; and

10 (¢) curing the composition in situ.

24, An electronic assembly prepared by the method according to

paragraph 23.
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10%r%r& ()- Y Z10%rem& ()-/ MJng| [ : bU4! $.10%& ()- L, 10%er& () -
4, 10900 ()-f @ '(aD%mR? i§ H: &n akﬁmwuhmg(w)toswmm@&n(s)a K| [ NA4!
10n%rﬂ0n%m0n%n F: 10%mem& ()- Lf8L0% P& ()- s610%e& ()- | 410% P& () -

. 109 Par& ()alkuepemaroummavmmm‘(as@rqo)w.toms&mm( gaug.enarylose, ()- 10% & () -
| "10% & ()- 'SYI0% & ()-/8: R [:NA4! 10 1110%9 % & ()-

or a substituted aryl group having the structure

R10

QR"
12

R in which R*, R"', and R* are independently

H or an alky! or alkyleneoxy group having 1 to 18 carbon atoms;
) 15 (b) X is an aromatic group selected from the group of aromatic

groups having the structures:

0] (1 ()

O G O



- 10% & () -
90 10% '

'10% a& ()-f ' 109% & ()-f &#109% & ()- '10% & ()-

&'-()-&I M10% ( & ()-& 10%(-& ()- 'fl110% (-& ()-

LvU2'8 AUS 2002

10<(<10<(<10<(< |110%(<& ()- =|[NA4!l 10-(-10-(-10-(-1 f+10%(-& ()- q @
& ()-Y F10%'{& ()-° FL0%& ()- "-M 10%&(& ()- & [: NA4!
1096(6& ()-,1 10%r Y& ()-, 10% & ()- $ 10% (#q & ()- |L10%& ()-

s' MO & ()-HB%W [:-4101 (I F,f10% (18&¢)-fl F, f10%("& ()-f XF, f10%& ()-f
"10% & ()- Z}010%8&' ()-, Y& 47; =HbA410I (I 10%$& ()- 0SOm

10% (

"10% & () -

10% & () -

Y10%$&' () - WMo%s& ()- 2 10%$&

L10% , & ()- RL0% & () -

109%$&' ()-K| [: A410l (1)

"

10

15

20

? ?
—@o—c—— —O—O—C—NH——
, and

(c) Q is alinear or branched chain alkyl, alkyloxy, alky! amine,
alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or aryl sulfide species having up to about 100 atoms in the chain,
which may contain saturated or l‘Jnsaturated cyclic or heterocyclic substituents
pendant from the chain or as part of the chain, and in which any heteroatom
present may or may not be directly attached to X; or

(d) Q is a urethane having the structure:

o) (o) o) O
I I f 0
—R _x_C—NH-—R3-NH—C—(O—R’—O—C—NH—R’-NH-C-)V—X—RZ—

in which each R? independently is an alkyl, aryl, or arylalkyl group
having 1 to 18 carbon atoms; R? is an alky! or alkyloxy chain having up to 100
atoms in the chain, which chain may contain ary! substituents;
Xis O, S, N, orP;and vis 0 to 50; or

(e) Q s a siloxane having the structure (CR',),~[SiR*,~0);~
SiR‘;—(CR";) 4~

in which the R’ substituent independently for each position is H or an
alkyl group having 1 to 5 carbon atoms, the R* substituent independently for
each position is an alky! group having 1 to 5 carbon atoms or an aryl group, e
and g are independently 1 to 10, and f is 1 to 50.

1] Q is an ester having the structure:

g Q
—R3—C-—0—R3—-0—-C— R3—

10

SOm 10% ! & () - 910%t& ((6 ' YZ10%$& ()- 101 (1101 (1 Hy|[: A410l (I



$10% & ()- "!S10%$& ()- 3 10%$& ()- Z10%$& ()- @O%$E& ()- 2 8 AUG 2002
910%3$& ()-f|[:-410>% 810%$& ()- s&610%3$& ()- L34: 10%3$& ()- MB10%

& ()- $10%3& ()- $10%n m& ()- 81 bA410>$ 109 ()- 10%9%& ()- 10%%& ()-
910%&' ()- S&YML0% Y& ()-10>$10>$I M [|[: A410>$ S10%9%&' ()- S10% % ()- S
10 % ()- s 109 % ()- r10% " % & ()- } 10%}& ()-[9:;<I|obUs10

9' MLOYA& ()-107%0"%0"% S - 910% %R’ (33 +S10% % ()- S# 10%9%&' () -

1 f 1096 9%& ()-1LW[:bUs10 010%& ()- TO%' ()- 10%& ()- s nmlOW& ()-

1099&' ()- L10%& ()-Z| L: bu410 ,L!1098& ()- ,|Z109%& ()- ,yl0%& ()-

, MLO9®&' () - Lt 109840 which & omxgiky) arglisdoky ehaim aving Lgde&Rq atoms nthess () -

) MLO%& () - , &L0W& ()- @ Y&I0%W& ()- @1098& ()-XcjvU4l0 FLZ10% & () -

' Z109% & () - 10908946 cheinanaomaptamaryl spbstityegisiar () - - . 1098&' () - >5| [: vU410
S10% & ()- sMLO% & (2)- -10% & ()- yl0% & ()- 10% & ()-

8&10% & ()-5K |[:vUuded | Qimgreester havitgg&sirycture1004 &' () - 10% & ()- 10% & () -
3110% 3% & ()-'sM[:-410( s9-10% & ()- Y+10% & ()- ,) 10% (: & ()-

10% & ()- % 104 & (- #1D% & ()-5C@A4100 bm -10%8& ()- g -10%& () -
*1098(S& () - LOYD—O-&( G- 0—RYLAHB(SER () CLH IR | ][ tA410( "109%ww () - 5

"10% & ()- D "10% & ()- F10% (t& ()-1 ,HO -10% & "() - -10%#& () -vU4l0
"F10% $ & ()- s'YI0O% $ & ()-10(10(10( u 3 Y4AO0% & ()- z3 YA@OU & () -
| Z10%8( S& ‘(g)- M | [ : VOuBgh pistDB190& ()-m f10% T# & ()- f10%3$[& ()- Pf10%
each R? can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents,
or a siloxane having the structure
—(CR',)~[SIR*,~O};~SiR*,~(CR';);- in which the R' substituent
10 independently for each position is H or an alkyl group having 1 to 5 carbon
atoms, the R* substituent independently for each position is an alky! group
having 1 to 5§ carbon atoms or an aryl group, e and g are independently 1 to

10, and fis 1 to 50; or

(h) Q is an ester having the structure:

O o) o) O

s —-RG-CHJ—O—RG-O-(IIJ—R3+&—O;R3—O—&—R3%3

in which p is 1 to 100,

each R® can independently be an alky! or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents,

or a siloxane having the structure

20 —(CR',)—[SiR*,~0},~SiR‘,~(CR',),— in which the R substituent

independently for each position is H or an alkyl group having 1 to 5 carbon
atoms, the R* substituent independently for each position is an alkyl group
having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to

10, and fis 1 to 50.



# & ()- f109%C'C& ()- S10% $ & ()-%-=A[:vU410 \O-10%#Y& ()- AO-ADXER0) -
1;-10%"& ()- f3+10% $ & ()- yf)1l0% $ & ()- 10% $ & ()-m ACDEFSVgP/
L"10% (-& ()-# 10% (-& ()-$ L 109%\N(N& ()-" & Z10% (-& ()- $ 10####
10#### 10####) - 109H###& ()- -O[:gP/ L 'f 10%& ()-m "10% (-& ()-
s10% (-& ()-' " &s10% (-& ()- BSF10% & ()- sS10% (-& ()-8Ah|[:qgP/ L
y#10% (-& ()- L!-10%(-& ()- L10% (& ()-" 910% (-& ()- L10% (-& ()-
10% (-& ()-hE|[:qP/ L 9.10% (-& ()- 7-10% (-& ()- L3+@0% (-& ()-' )
"10%4 & ()- LL'10% (-& ()- LI%0% (-& ()-Q obU4
T Y1098& () - 10-(-10-(-10-(-
2. An underfill encapsulant comprising an allylated amide

compound; a curing initiator selected from the group consisting of a free-

radical initiator, a photoinitiator, and a combination of those; optionally, one or
S5 more fillers, optionally, one or more adhesion promoters;

the allylated amide compound having the formula

the allylated amide compound having the formula

) \/\ I
Q\J—C—Z|11 K
R? n
inwhichmisOor 1, nis 1-6, and
10 (a) R® is H, an alky! or alkyleneoxy group having 1 to 18 carbon

atoms, allyl, aryl, or substituted aryl having the structure

R10

@R11
12

R in which R'®, R'', and R are independently

H or an alkyl or alkyleneoxy group having 1 to 18 carbon atoms;
) (b) K is an aromatic group selected from group of aromatic
15  groups having the structures:

(Vi)

P in which p is 1 to 100;



9:10% (- & ()-' 9810% (- & ()- 610% (-& ()- 90' 10% (-& ()-VX|[:bUs L

t109%9&' ()- @10%& ()- PLOWA& ()-' |LGLOWA& ()- 2 fl0%8& ()- 28 AUG 20
G 109RK" 2& ()-Xb$|[:bU4 ,:1098& ()- , 1098& ()- S9109%8& ()-S
f1090&' ()- f&L0WA& ()- @L0%W& ()-$ *-s|[:bUs , #10%& ()- ,!: 109%& ()-

@109&' ()-' s9109&' ()- Y+10994& ()- !1094& ()-Y|[:bU4 $ @710%"q& ()-S
@z109%& ()- SF11098& ()-z' ,,/109%@&q)- ,9- TLOW& ()- Y+10%& ()-ZvU4
T109% & ()- 10% & ()- IL10% & ()- $YZIOK & ()- 10$10$10%
@7109%& ()-SZAI[:vU4  310% & ()- @O% & ()- 910% & ()- Y 10% & ()-
f MLO% & () - (Vﬂh)ow & ()-Kd[[:vUd  @10%& ()- LI 10%& ()- DL310% (k& ()-
#L310% QA & ()- 10% & ()- 10%{ & ()-:Sqy|[:vU4  sO&I0% & ()- |.10% & ()-
" GLO% & ()-9 PXAGLOY (L& ()-9 a GLOYE ()-9 39%A0% & () - >vU4 1090#9&' ()-g
FLMLO9O#9&' ( AL QU () - 10(10(10( S 610% & ()- y210% & ()-S>VL|[:vU4
| - 1090#9& () - : 1090#9& ()- @LOYO#9& ()- &L0YO#9& () -
1090#9& ()-01Y [: p NEL0YO#9& (igWh-,gQé@g#%@ 1090#9&' ()- 1090#9& () -
@L0%#9&' ()- L-1090#9& ()-$je|[: 1090#9& ()- f, 1099#9& () -
1099#9& ()- ' f1090#9& ()- YA090#9& ()- #109@#9& ()-e | [ NA4 10WANOWAM OWAW
SO10%MWE' () - 7 Ol 4y109%+& ()- Pl 4y10%w#w&' () - , 2S1090#9&' () -
LO1090#9&' ()bl : NA4 10 &ML0% $° & () -m NEGMLO%R' ()-m &MLO%<<&' ()-m &10% $
& (- Y mloo}ﬁ & ()- "'YL0%$ & ()-\|[:NA4 10 9YGLOYDSDE' () -
a9YGLOUB @& () ~XOVCLOU@ @ ()- "m10%$ & ()- f10%& ()- f10%
& ()-][:Na4 ' ' ()-t PW&Z 10%u I& ()-t “s % 109%R$8&' ()-" y@
% 109 & () - #*0%$ & 110% $ & ()-0123@o0bU4 ', mlO0% & ()-10 " 10 " 10
"o 9910%" & ()- Y710% $ & ()- + 109 $| & ()- \+10%# & ()- @ K| [:bus
ZLO%{&' ()- 10% & ()- 10% & ()- s10% & ()- MLO% & ()- 3s10% & ()-W: [:bu4
| 940% & ()- 'MLO% & ()- 10%& ()- 10% & ()- ~10% & ()-
Z10% & () - z= CB[ bU4  1S10% & ()- L/10% & ()- & 109% & ()- 3+ 10% & ()-
) 10% & () - 10% & () - GUVW\Kgj vU4 "~ F10984& ()- L' fZ109%& ()-10(10(10(
L810% & ()- 610% & ()- 410% & ()-j9}|[:vU4 ,Y 109& ()- , S10%W& () -

9 109%& ()- ,yglOW& ()- s10%& ()- S3
L
R?

in which R%, R, and R are a linear or branched

chain alkyl, alkyloxy, alkyl amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene

10  amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species having up to
about 100 atoms in the chain, which may contain saturated or unsaturated
cyclic or heterocyclic substituents pe'ndant from the chain or as part of the
backbone in the chain, and in which any heteratom present may or may not
be directly attached to the aromatic ring; or

15 RS, R%, and R’ are a siloxane having the structure
—(CR",)y~[SiR*,~0),-SIiR*,~(CH,), - in which the R substituent is H or an
alkyl group having 1 to 5 carbon atoms and the R* substituent independently
for each position is an alkyl group having 1 to 5 carbon atoms or an ary!

group, and eis 1 to 10 and fis 1 to 50;



1098& ()-,Sv|[:vU4  940%& ()- S$L1098& ()- ,"1098& ()- 1098& ()- U6 2007
91098& ()- @5, 109$& ()-fCB|[:vU4  s31098& ()- 131098& ()- , - 1098 ?)A
+1099@& ()- )z1098@& ()- ' 1099@& ()-3>hij kx{yX7 = 10%& ()- M 10% & ()-

, & Z10% & () -10$10$10$ @109%8& ()-y y5 10%& ()->f|[:yX7 109% & () -
810% & ()- &10%$& ()- 10% & ()- ,10% & ()- s10% & ()-f|W[:yX7

9$10% & ()- 3"@O0% & ()- L109R& ()- | m80% & ()- 10% & ()- 10% & ()-

{ Z9y X7 “3710%#H#& () -1 f@10% & ()= -10% & () -
gY(10% & ()-!  Y(109%$& ()- &10% & ()- -ovU4 T 10% & () -
L' YZ10% & (YXQ10(10(10( 910% & ()- "3 10%A(A& ()-1 3 109%& ()-10k|[:vU4

0sZ1098(3& ()-3 SZ10%>& ()-3 S10%& ()- 10%& ()-' Z 10%& ()-
mLOo% & ()-|[:vUd @cu-q,o%&'() &G 10% & ()-' s$10% & ()- 10% & ()-
10%/ & ()- 109 &.()- -l U x vU4 F nl0% & ()- | (ml0% & ()-

10F( F10F( F10F( ()-M sl.109%&& ()-M}sl.10%& ()-M k-2>A| [:vU4
Y10% & ()- 109§ i ()- T10% & ()- T10% & ()-

T10% & () - Al M4 Y 51096 & ()- 'Pi#10% "' t& ()- f# 10%'f& ()-
Lf#-10% & () - :

(X1
H Y
0] H N—C—
) i »
—C—N
0
il
N—C—)
5 H 01
and (XIII)
' u u ’
HO— : ;C—OH
O X
) and
10 (c) Z is a linear or branched chain alkyl, alkyloxy, alkyl amine,

alky! sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,

aryloxy, or ary! sulfide species having up to about 100 atoms in the chain,

which may contain saturated or unsaturated cyclic or heterocyclic substituents

pendant from the chain or as part of the chain, and in which any heteroatom
15  present may or may not be directly attached to K; or

(d) Z is a urethane having the structure:

Q S 2 ?
—R —X— C—NH-R’-NH-C—(0~R— 0~ C-NH-R*-NH-C-) X—R2—



% #-10%: $r& () - 91 10% & ()-123|[:-410( 910U & ()-  7ZLOA& ()- 24 puem
] Z10% & ()-9 /Z10%&& ()-9 /Z10% % & ()-9 - 10% & () - 345BEAbA410(

&109%$Y& ()- 109%r$Y& ()- 10%r$Y& ()- Rs10%B& () -

y&Z109%/$Y& ()-10(10(/})o|[: A410( "10%/$Y& ()- , 10%/$Y& ()- FLO%W$Y& ()-
SS10%r$Y&' () - SMLOWSY&' ()- 109%($Y& ()-0}X| [: A410( "/ 10%$Y& () -

-109($Y& () - +109($Y& ()- &Z10W")&74)- &Z10%W$Y& ()-

S$10%r$Y& () - Ao| [ NA41010Y$YL0Y$SYL0YSY — 10%r$Y& () - " 810%S$Y& () -

610%/$Y& ()- 4mLOWSY& ()- 310%$Y& ()-c$|[: NA41010 L10% & ()- ,10% & ()- ,
10% & ()- , 109 & {nwhichigaoh & inpepenganyygssan 3lkyh k| 2neiybarourr109% & () -

, S10% & ()- A 110% ( & ()- SY 10% & ﬁ)' SY 10% % & () -

L 10% & () - HRwjng[ . tRiAd sarben atomsoiiigen 3iky! Siaiiyhain hpving vraes@ove s () - S
"S10% & ()- , 109% & ()- ,910% & ()-Bg}~| [ NA41010(10(10( , 710% & () -

] 10% & ()- 3e0sdrise &hain whichgbgizmay contaippivi ASHUEALE) - 5| [ NA41010

@10%& ()- @10%@& ()- L 1098& ()- @OW& ()- L10%W& ()- &FZ10%& ()- G_

| [: NA41010 1980 S L onrng V(9 Q to@Pioneg ()- ,t 109%& ()- , 1099&' () -

fS10% & ()-z H [:NA41010 @*10%"& ()- @*10% ! & ()- 3(10%&' ()-

@10%& C) -1 109048 (3 s 2@iEoede\")s he RYYEIra1 006 5 10984 () -
a, y51098&' () -, y5100JU () -m *31090& ()- | 1109%@& ()- -10%& ()-P bA410%
10%&' () - ( 12"165}5%()&*[%5@-9}1( CB)J%) g—aL'fg%?Q%}Q%LR( ju-bs‘gtgeéﬁowa/&' ( § ) 109%4.0%

"104 | [ A410% L( 109884 ()- ! 1098& ()- 10088& ()-. . 104 & ()- | 10988& ()-
) 310('3/5%/&/&' ) -'%?P%P&”‘Mg’ %‘7&4@6%%,'%%@?&5)’% grovn f‘g%?%gl ‘(’;5-‘53“’1’68/5)9/&/&' ()- 0
“10900& () - $10980& () OB, () - 4" A" 0hUA10 &F710% $
f&' () - ( 19%&@%&@9%%%%&%”@%@%@&@ f?°h4?#f8'%/§e§n(§fky%
ANLO& () - iy st [0 BUALO. | &Z1096. 8 & f droup, wNdQ%hdp&d ) - FMLO%

10  independently 1 to 10 and fis 1 to 50; or

1)) Z is an ester having the structure:

(l? 0
Il
—R3*—~C—0—R3—-0—-C— R3—

in which R? is an alkyl or atkyloxy chain having up to 100 atoms in the

chain, which chain may contain aryl substituents; or

15 (9) Z is an ester having the structure:

o]
0 Il I ]
) —R3-0—C~Ry-C—0—Ry—~-0~C—R;—C—O0—R;p

in which pis 1 to 100,
each R?® can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents,

20 or a siloxane having the structure
—(CR',),~[SiR*,~0]~SiR*,~(CR',);~ in which the R" substituent
independently for each position is H or an alkyl group having 1 to § carbon
atoms, the R* substituent independently for each position is an alkyl group
having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to

25 10, and fis 1 to 50; or



" 10%$n& ()- 7TMLOYB& ()- 310%$ & ()- 10%$ & ()- L10%!& ()-t

& ()-: BBBRSEEE| [ - 410x$x $ 34' 109x$x& ()- $ 34' 10. #x& ()- 9LOML0%

& ()-g 3.10%$ & ()- S, 10%$ & ()- ",10%" & ()-&8&& '5' t'' hA4LOX$Xx $ &z10%
$&()- 10%$

B &) ISI0ME () 9SI0%8 & () 10%S$ & () wnesS: % [:bUAIO )8 pug
$
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(h) Z is an ester having the structure:

1 9 4

—Ry-C—0~Ry-0—C—R;+C—0—R;—O0—C— Ra')i

in which p is 1 to 100,

each R® can independently be an alkyl or alkyloxy chain having up to

5 100 atoms in the chain, which chain may contain aryl substituents,

or a siloxane having the structure
—(CR',),~[SiR*;~0}-SiR‘,~(CR',),— in which the R’ substituent
independently for each position is H or an alkyl group having 1 to 5 carbon
atoms, the R* substituent independently for each position is an alkyl group

10  having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to

10, and fis 1 to 50.

3. An underfill encapsulant according to claim 1 or ¢laim 2 in
which the curing initiator is selected from the group consisting of an anionic

15 and a cationic initiator.

4, An underfill encapsulant according to any one of claims 1 to 3

further comprising a compound having the structure

R1\_<O
’ N—X=—=—Q R‘\_=<R2
%o 0 B—X,+Q
or

n

20 in whichmis O or fandnis 1 to 6, and
(a) R' and R? are H or an alkyl group having 1 to 5 carbon
atoms, or together form a 5 to 9 membered ring with the carbons forming the

vinyl group;



& ()- -10%$ & ()- 910%$ & ()- (YL0%$ & ()- 10x$x10x$x'

(A z((()|[: A410x$x 10% $ & ()- 913 10% $ & ()-g yl0% $ & ()- &S1093 BASG 0007
310%$ & ()- 10%$ & ()-)7)W)))*|[: A410x$x 9*10% $ & ()-f '10% $ & () -
9$10% $ & ()- 110% $ & ()- 10%
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(b) Bis C, S, N, O, C(Q), C(O)NH or C(O)N(R®), in which R® is an
alky! group having 1 to 5 carbon atoms;

(c) Xis an aromatic group selected from the group of aromatic
groups having the structures:

5 " (m . (1

O

O i

I C
O—C— NH~ " “NH—

and

(V)

?
—@O—-C—NH—
10

and
(d) Q is a linear or branched chain alkyl, alkyloxy, alkyl amine,
alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or aryl sulfide species, which may contain saturated or unsaturated
15  cyclic or heterocyclic substituents pendant from the chain or as part of the
chain, and in which any heteratom present may or may not be directly
attached to X; or
(d) Q is a urethane having the structure:
O o) O o)
— R —X— & NH-R8- NH-C—(0—Ré— O~ C~ NH-RE-NH- G-} X—R2—
20 in which each R? independently is an alkyl, aryl, or arylalkyl group

having 1 to 18 carbon atoms; R? is an alkyl or alkyloxy chain having up to 100



$ & ()- 10%$ & ()-*#*h***<++|[: AM10x$x 7f10% $ & ()- &510% $ & ()28 AR
& ()- 8&110% $ & ()- /10%$ & ()- -L10% $ & () - +++++++8, <, vU410
10% (- & ()- 10% (-& ()- 10%(-& ()- &mM0% (-& ()-10 $ 10 $ 10 $ 9S10% $

& ()-<,1,,,,--1[:vU410 MLO0% & & ()- MLO0%-& ()- P 10%(q& ()- : 109%& ()-
1 10% (- & ()- yMI0% (-& ()---.p.v.{..|[:vU410 1F10%+& ()-m/Y10% (-& ()-
- 109%41& ()- - 10% 77

atoms in the chain, which chain may contain aryl substituents; X is O, S, N, or
P; and v is 0 to 50, or
(e) Qs a siloxane having the structure:

—(CR',)—[SiR*,~0],~SiR*,~(CR',) ,~ in which the R' substituent

5 independently for each position is H or an alkyl group having 1 to 5 carbon
atoms, and the R* substituent independently for each position is an alkyl
group having 1 to 5 carbon atoms or an aryl group, and e and g are
independently 1 to 10 and fis 1 {o 50; or

4] Q is an ester having the structure:

1 1
10 —R—C—0—R-0-C—R-
in which R? is an alkyl or alkyloxy chain having up to 100 atoms in the
chain, which chain may contain aryl substituents; or

(9) Q is an ester having the structure:

o) o)
— R0~ C—Ry-C~0—R—0-—R,—E-0-R,
15 in which pis 1 to 100,
each R? can independently be an alky! or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents,
or a siloxane having the structure
—(CR',),~[SiR*,~0],-SiR*,~(CR',),~ in which the R substituent
20  independently for each position is H or an alky! group having 1 to 5 carbon
atoms, the R* substituent independently for each position is an alky! group

having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to

10, and fis 1 to 50; or
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5109 & () -! +MLOYKK& ()- +MLOW&' ()-222)2727?212|[:aT310 109%89%&' () -3
10%#& ()-3 Zzh 10% $4& ()-3 0 10% & ()-3 FL09BY& () -
*10% 8% & () - | 2S2fMo2sSVSpp edardeping e ) - 1098% () - Y109BY&' () -
4510 #& () -9 ZS10%1"4& ()-9 L1098%& ()-3P3333!4Y4|[:aT310 |.1098%& ()-z
S, 1098%&' ()- ~*1OMB%&R () - 9 ( 10?/(8%&' ()- 910%BY&' () -
$109BY& () - YALAGEXT-5R @Hmmi@wp@;é%%% y3: 10% 8% & () -
@1l0Y8Y%&' ()- L610YBY& ()- F4I098Y%&' ()- &S21098%& ()-5556667|[: NAA10 10 4
in which p is 1 to 100, and
each R® can independently be an alky! or alkyloxy chain having up to
5 100 atoms in the chain, which chain may contain aryl substituents; or
each R® can independently be a siloxane having the structure —
(CR',)~{SIR*,~0);-SiR*,~(CR';) 4~ in which the R’ substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alkyl group having 1 to 5
10  carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

5. An underfill encapsulant according to any one of claims 1 to 4

further comprising a compound having the structure

| R\[EN_ 21k [R‘\=<RBZ_Z an

15 or n

in whichmis O or 1 and n is 1-6; and
(a) R' and R? are H or an alkyl group having 1 to 5 carbon
atoms, or together form a 5 to 9 membered ring with the carbons forming the
vinyl group;
20 (b) Bis C, S, N, O, C(O), C(O)NH or C(O)N(R?), in which R%is
an alkyl group having 1 to 5 carbon atoms;
(c) K is an aromatic group selected from the group of arohatic

groups having the structures:
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10% (- & ()- 9B0BBBBBB| [: vU410 = 3(10% (-& ()- (ML0% (-& ()- fY' @0% (-& ()-
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S-10% (- & () 1y $ 10% (- & ()- S*10% (-& ()- f3(3 10% (-& ()- f@10% (-& ()-
fL$10% (- & ()" DSDGDDDE3EAE| [ : . 410- (- y7G 10% (- & ()-- S510% (- & () -
f3-10% (-& ()- f110% (-& ()- f/&10% (-& ()-

110% (- & () - 4 GECEAEEEEACA10- (-~ 109%&$& ()- ° s109&$& ()- ~109%$& ()- L
109 $&' () - 0B )- (- 10- (- EE" F<FFFF| [ : C410- (- L10%$& () -
B s 0%<$& ()- 109%$& ()-T 109 & ()- TFU GGH

HHH| [ : C41©- (- L9$109¢%&() - " F" 10%,?%&%),51 c,s, 09x$& ()- f10%x$& ()-
109x$& ()- Lyl0%S$& () - HHqHHHI 4lul| 10 " Mr1ooxs&’ ()- LOL10%S& () -

109%%$& ()- L, 109$& ()- L9*109x$& ()- S&mML09% & () -ul 0JpJqdrJIIZKKvU410 3
10%@R @& ()- 3 109%8' 8& ()- | L10O%@ @ ()- &GLOY@ @' ()- 10x$10x$10x$
L3' 109%&$&' () (MIKLL- LL| [ : vU410

{-E 9—3}{ }—
p
10 (Vi)

(IX)

in which p is 1 to 100;

RS
L
R7

15 chain alkyl, alkyloxy, alky! amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene

in which RS, R®, and R” are a linear or branched

amine, alkylene suifide, aryl, aryloxy, or aryl sulfide species, which may

contain saturated or unsaturated cyclic or heterocyclic substituents pendant



109% & ()- $ 10%m& ()- " 10% & ()- nmL10%& ()- &z109%6(6& ()-

&z 109@4@& () - LLL) MyMMYX7vU410 310%@ @ ()- Y+10% & ()- y! "10% A6 100 ¢
jJy! "10% & ()-floy! "10%>& ()-fly! "10% ()-f MVWWMVMVMW/UA10 y10984 & () -
L1094 & ()- s' yY10%4& ()- 10T (T 10T (T 10T (T 95Z109% (T & ()-G
95710% " & ()- GWMWWM [: vU410 \WO0%' & ()- 10% & ()- f 10984 & () -

yLGLO%A & ()- ,10% $| & ()- 0, 10% & ()gdM-NNdOOO| [ 1 vU410  +10%& () -
) 1094 & ()- f&z10%4& ()- X3"10%4& ()- @ 1094 & () -

, S10994 & () - OPPPQQQQ+Q 0bU410 s' YmLO%& () - 10% 10% 10% S5 10984 & () -
S310984 & ()- Bhmibekin r-asbAWANE DAGKLR | iz

OL10% C ,& ()-4 @O0%& ()- 0S 109%8& ()- S 1098 & ()- SF1098& ()- &10%& () -
YQkQvQQQQQ [ : Ihereilom pesént bixidaviday qpt-be! dileétly B@eHEd 86 (he-arénafitking,090 & () -
, MLO%®&' ()- OL1098& ()-4 %4.10% $r & () - 4QQRSWESSS| [ :. 410% , &9109%8&' () -
71099& ()- 51098& ()- L- 100/8/&R5(. Ff avid RO e ilpxang haliogHR s(ryct88SSSTTTACA410%
10% & ()- 10949 & ()- 10% & ()- FLZ10% & () -
&MLO% & () - 10%H(ORRUSIBRN MBI i-(FHA% v ddiBhEe R')subsigedis &Ror(an-
P&LO%(b& ()-' A

5 alkyl group having 1 to 5 carbon atoms and the R* substituent independently

for each position is an alkyl group having 1 to 5 carbon atoms or an aryl

group,andeis1to 10 and fis 1 to 50;

. (X)
)
T
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|
—0 CH3 O— )
10
(X1
H
O n N—E—)
01
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N—C——)
) H 01 .
and (Xit)
o) 0
il I
C
HO—("I,‘ ("3— OH
1§ © © :

and
(d) Z is a linear or branched chain alkyl, alkyloxy, alkyl arhine.

alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
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k® &109%/( V& () <ycli okhetetseiesic sbstitients pemdant frdm Ka4hain or & perogdhe & () - f
L0310% (- & ()- &Y. 10% (-& ()- 1& 10%H( & ()- R& 10% & ()-
&$10% (- & () - chaincardravbiglaany A €ratoirOsyegentimgy or masot bedifectly eL10% & () -
8&3110% (- & ()- 10R 10R 10R $ L6 109 & ()-abQbbb, cW|[:vU410 10% & () -
10% (- & ()-e BUgshedsp K)or GLO% (- & ()- 10% (-& ()-
-10% (- & (%-W;cccchd|[ vU410 "10% (-& ()- , s10%(-& ()-e &10% (-& ()-
s10% (- & (3- s10%(®h & (¥ is algethenehqvingdir@itaWER:3e| [ vU410 -10% (- & ()-
,10% (-& ()-e *s10% (- & ()- s3(10% (-& ()- [&$10%$ & ()-

| 3109%& () - 3egeef Xf qf r Osft f| [ NAA10DO- (- 10- (- £0- (- 710%8& ()-e
510% (- & () - 3§L1:Q%.()(-_&d_)NHLhiQ?/fﬁ|.( & (ﬁ.)_RS_LéQ I&F@)-NHL (gf_f_%f_lezL NA41010
10988& ()-S & 10% %' ()-e S10% %&' () y10%9%& ()- 910% %
, &FZ109%8%&' () - f ghh<i 2i | [ : NA41010 +100/00/& ()- 3"10% % ()-e f° 10%9%& ()-
f 10969 ()-z f 10% %Rwhich Back RUAGEpERdenBy isianialkyl, aryf, oNAdaBI @rdsps 1098 () -
Y?nﬂO%N‘%/\&' ()-e Y(mMO%W & ()- D f&I0YDN#D&' ()- f&10WX & () -
f &$s10% %&' () having/f 1 &dadasdtdrasiBS 1s0arOAIRA O iy DX Y/s!Rin NaviQuUpPAE 100 -
*3S10%4 9% ()- " 3S10%9%&' ()-!

atoms in the chain, which chain may contain aryl substituents; X is O, S, N, or

10 P;andvis 0 to 50; or
ti] Z is a siloxane having the structure:
—(CR",),~{SiR*,-0),=SiR*,~(CR",) 4~ in which the R’ substituent
independently for each position is H or an alkyl group having 1 to 5§ carbon
atoms, and the R* substituent independently for each position is an alkyl
15  group having 1 to 5 carbon atoms or an aryl group, and e and g are
independently 1 to 10 and fis 1 to 50; or

(9) Z is an ester having the structure:

<"D o
Il
—R}*—C—0—R3¥-0—C— R3—

in which R?® is an alkyl or alkyloxy chain having up to 100 atoms in the
20  chain, which chain may contain aryl substituents; or
(h) Z is an ester having the structure:
o O O 0

I 1] I} 1]
— Ry-0—C—Ry-C~0—Ry—0~C—Ry—C—0—Ry:

in which p is 1 to 100,
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in which p is 1 to 100, and

each R? can independently be an alky! or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

each R® can independently be a siloxane having the structure —

15 (CR';)~[SiR*,~0}~SiR*,~(CR';) .~ in which the R’ substituent independently
for each position is H or an alkyl gI'OL;p having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alkyl group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to
50.

20

6. A method for making an electronic assembly in which an
electronic component is bonded to a substrate and a cured reworkable
underfill encapsulant composition is disposed between the electronic
component and the substrate, the method comprising:

25 (a) providing a curable underfill encapsulant composition according

to any one of claims 1 through 5,



4 #(+/ 279?=5BqG&INPTVZo”sc" hi | qwx| ~

(*N9=CKR, [ % LhKg~M @Wt* 06<@ENMS"3eNk( or u{ +, -./ 0123456789: ; 26 AUG 2002
<=>? @GABCDEFGHI JKLMNOPQRSTUW\KYZ8i +F" % e) *, n/ 45279/ : : e<d==] ? @\CCFCG* HIJKTNNN
APRRURRTWAXZS[ [ 2\~ _O " befh

i i NkmgQOgsqUt t xz| ¢} }}>~~stt Z" QJj 92wROR2\ - KCq%HI [ | X5' GAhX$Z>e@j 3f Ox At 30%
08 4" ##: &' ) *+<, -...021 23Y45789: <<K>@@®BB! DAEEFHHUI KLMVMO+QYQQST- WJYZ[\ ] " " a
W Cd3et f f ?i i #k=kYKkl rmnj opl r st ruv: xyz{T\]"_" abcdef ghi j kl mopqgr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCHI JKLbNORegRBHUMNY/EZIé tdmpaaitionl Bétgben thk rreapigalst uvweTi nes New
RomanAri al Couri er New'h Root EntryWrdDocunent,

I #$UR' () * +eomp@itRABHEaRSubstrate; and

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

I H#PUR () *+, - . / 019)345BF 8 Gomposition in situ.

<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~



