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THERMALLY REWORKABLE BI NDERS FOR FLI P- CHI P DEVI CES Fi el d of

| nvemt i oo 98/27160 This invention relates to a thernosett

In one aspect, the invention relates to thernosetting bi nders
suitabl e for encapsul ating the gap between a 5 flip-chip and a
substrate. Background of the | n7eft "on Controlled
col | apse chip connection (C4) or flip chi p technol ogy was introduced
in the 1960s as a net hod to connect a passivated sem conduct or
device to a sub- 10 strate such as a ceramc carrier by neans of

sol der b Y%Fﬁﬁiﬂl@}@ ﬂ@gﬁﬁ@gifﬂ gBoplerpR {'&qﬁa o
and E.J. Rymasz’g&/sE I, Lan Nostran R?nho d, -gRH?ﬂgRl. @hlfggg.) ‘H gh

mel ting sol der bunps on the device were mated with corresponding
pads on the bét;gé %g-g the sol der on the substrate was flowed to
forma %ﬁe £ fﬂge = nbetween t he device and the substrate.

Later, it was forhig hitmvehtipnesedotesf te bi nhernddetting bindehip
encapsulant),_ usually a fjll tk tLin i.,nder greatl

enh?nc$d theé?bf?ﬁﬁé{f??%énggiégéﬁgg%ngiﬁ%latﬁj&ﬁ? _rggpgﬁﬁgﬁﬁgti?n to
protecting | higgeitstsuitable s encapaiud atthia o5 Wheo U thgenoanent .
Flip chip technology.is_r pidlx ining in popul arity due to a
nunmber of reé?dﬁ%’égéﬁ ?ﬂ%]ﬁdﬁ Rggﬁate° density in area and volune, =
snmal | foot prigdckdt@lindSof thpr adwehitdiony, and the avoi dance of tine-
consum ng and %ﬁftly gigce33|n ‘St%ﬁf i nvol ved in existing

packagi ng ~ Certh _%ﬁi@ BB Sa &8s oA St ?ﬁﬂﬂcﬁﬁgf}bp

encapsul ate dHifls técNAbLEgY whsSibtrodhredHirine 1960s asa4lmeEhoguUch as

ceramic (e.g. alumna) and organic - . .
to connect a passSivated semiconductor device to a sub-

10 strate such as a ceramic carrier by means of solder
bumps (Microelectronics Packaging Handbook, R. Tummgla
and E.J. Rymaszewéki, Van Nostrand Reinhold, ..;
N.Y. 1989). High melting solder bumps on the devicé
were mated with corresponding pads on the sqbstréfé.and

15 “the solder on the substrate was flowed to form a
conductive bond between the dgvice and the substraté.
Later, it was found that the presenée cf a binder_(flip
chip encapsulant), usually a filled thermosetting
binder greatly enhanced the fatigue life performance of

20 the device in addition to protecting it against
moisture and the surrounding environment.

Flip chip technology is rapidly gaining in
popularity due to a number of reasons that include high
density in area and volume, small footprint, high

25 productivity, and the avoidance of time consuming and
costly proéessing steps involved in existing packaging
technologies such as resin transfer moulding to
encapsulate chips. A variety of substrates or chip

carriers such as ceramic (e.g. alumina) and organic

4
; . g T ’.
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-2- (e.g. epoxy/glass fabric |am nates) are used in this ' .
t echnol Ggyog¥sh the advent of package configurations PCT/EPY IS HSES* o
mul tichi p nodul es, closer die-to- die_sgacing and flip chip

pl acenent- i n expensive mul ti conponent boards, repair and rework of

def.ective flLp_chi I n reasi concern.
typi cal fllrSla g- eB%x%ﬁglasFoggbgﬁgYQa¥%§§%§§5 %rewhgﬁ%nﬁﬁbeﬁi Vhtanum
ProceedlngstethnbéqurdWEthcthsnadvénMpoﬁepaskagé configurbtdlund ogy

Conf er ence E yi | di_ ng..sol der bunps
on the carr%ggﬁ Fﬁlﬁgégg Qéhuﬁgg Qiggg? a98|§8 %@ bﬁﬁéﬁqulp Chlp
along with andefllp chlp pmapement51nuehpens$ME msatﬁeompmmmmm t echnol ogy)

chip resi r etc. _i, carrier i.s .a_mul .component board,
|nfr§red re Pﬁﬁﬁﬁg reREb&cFPﬁgr8V°f§ of difP§§lv§I£&3P| ERiRSedS ng, flip
chip encapsuhpidmg badomlng anpmatbehsmggfebhcwed b& ttiypdlcalngadggs i on. | f
the flip e def egt e ectrl gl testing
step, then Fhépcﬁfﬁgﬁ§sré gﬁugﬁ 2pp YIﬁ ﬁ ﬁp Wata Ukly redressed,
repl acerrentpﬁbbeeahagedoandheeuaraasketeraﬁlc Compbﬁealaevenm ocess. If the

chipis found to be defecti ter fin spection, .heat is
acconpani ed' 8§ gﬁéagyn&onferencetAQBpeaEL Fggs?BﬁkeHaQb&£VQ%ﬂf renove

theighi p. buildinghsslderf Bulpeednbyna euﬁbeéiompﬁngsn@e%r Adestep due
to the presence of crosslinked materi al ChIR I ac _ ment, IR refl ow
and the ot hBrS§gecBiaringsPeprerniipp chip ‘a °§EoVétBr8§§§§ A
conventi onakohbbReflBsP sBcAd8E BRTA (Ehetaegefnbuaa technologydt em that is
irreversibly crosslinked after- it is di spensed undér the chip. An
exanpl e for@hipsiokesdstors, (ptcoy ifiakhe sagrier. lPaéa@ﬁéﬁ&s | EEE
Transaction HDQHQQE§ dkyg hedeiagd Masubachh Technol ogy,
16(8), EEceﬁgﬁﬁo nt boagﬁ 67) e qul gpoxy EE_E bIE@Sln such as a
bi sbhenol - Aepayy eiteeyesrtgaﬂu pﬁamag. fllp chip encapsulatlon ‘and

postbaking followed by final 1nspectlon. If the fllp

chip is found to be defective at the electrical testlng
step, then the chip is removed by applylng heat, bump
is redressed, replacement Chlp placed and sent back to

20 the above process. If the Chlp is found to be defective
after final 1nspectlon, heat is accompanled by shearlng
to break the crosslinked epoxy and remove the'ehip.h
This is followed by a cumbersome site redress step due
to the presence of'cresslihked'material, chip place-

25 ment, IR reflow and the other successive steps in the
above process. o . '

A conventional flip chip binder is a thermoeetting
system that is irreversibly crosslinked after it is
dispensed under the chip. An example formulation

30 (D. W. Wang, and K.I. Papaﬁhomes, IEEE Transactions on
'Components, Hybrids and Manufacturing Technology,
16(8), December 1993, p 863-867) is a ligquid epoxy

resin such as a bisphenol—A'epoxy'or'cycloaliphatic_
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-3- . epoxy, a curing agent such as anhydride with a suitable
accel'er at¥Wp98R27180er s such as silica and ot her addi t ING¥EP97/07156
Rewor ki ng of the sem conductor device t+s3ar 5 expensive and tine
consum ng process. Currently, if the devi ce needs to be repl aced,

t he .devi ce meggb IE£BWEhg agent HUcHESE Hahhie i C cri bed
above. Thus, poxys it is g_’ges?rabl e st:o provi qg alﬁeitp %E&Ja%%%én%ﬁ§éand a
process t hat 2&CEHREAYRF 1853 $8cBeagagidicanansoethey destructive.

Summary of thadiki&ds.on _ ' According to the invention, a
thermally reworkable . encapsul ated flip chip assenbly is provided
conpri si ng: Reworkdneh &k ithe ssemicanductor deviced dastamone

sem cgnduct Ok xdavisas A ldRE tSGnd s Eni POIt,, trage means
of a plurali t?gc_)f sol der 'con‘%g%:??oggotc %Itg eﬁgr%%igzﬁ t%%’_tgg
supporting sdB¥ics @eesls to be replaecedicohbectdevideyimst dbd aremovedp

bet ween sai d ) | S e.an ' i.conductar devi ce;
and 20 abyhgrer?éﬁrly r%ﬂ% e tgién‘g'ier ?lgl ﬁ?%%%é%i g‘g-’lgjo?'es'ai us,

thermal |y rebtr ksbidesdinaddre domprevide a flip chip aasembd y heideal y

rewor kabl e ¢ Ik resj ed by reacting at |east one

di enophi | e hg\%ﬁ%%sg That %lrlfol}'nscttl'%%afé"?ggglr'relgt é? ﬁaﬁafﬂ’éa%rﬂ}‘ tPPRast one
25 10 2, 5-desktkylctdwestituted furan-containing pol ymer, and :

(5) o o, Schmiley bl ShePuBRRN gl 20 arouc | from 25 o 7
t her eby provi di njceprdingniiby the inventleingi ledtHRGE 1B} i dweFkibEe -
chains of ChEPEARFHAPEFS, ENAPKEBIE BRoStRia? meaHides compisiag:
produced. The shppoeklingr ewbskahlte;crosslinked resin can be produced
by rfgcting 2{ &gggi'ggg ggﬁgg R&Lgtor device attached to said’ :
supporting substrate by means of a plurality of solder
connections that extend from the supporting substrateito
the semiconductor device to form a gap between said
supporting substrate and said semiconductor devicé; and
20 .a thermally reworkable binder filling said gap, said
thermally reworkable binder comprising: |
(a) a thermally reworkable crosslinked resin
produced by reacting at least one dienophile having a
functionality greater than one and at least one '
25 2,5~-dialkyl substituted furan-containing polymer, and
(b) at least one filler present in an amount
from 25 to 75 percent by weight based upon the amount of
components (a) and (b) thereby providing an assembly;
Detailed Description of the Invention

30 There may be several ways by which the polymer
chains of the thermally reworkable crosslinked resin can
be produced. The thermally reworkable crosslinked resin

can be produced by reacting at least one dienophile



WD 98/ 27160 PCT/ EP97/ 07156

-4- having a functionality greater than one and at | east one .

2, 5-di-allowensitgst I t ut ed furan-containing pol yner cp@mﬁmgsgﬂ* one’
anot her "vi‘a el s-Alder addition. |In_ 4 - one enbodi nent the 2,5-dial kyl
substituted furan groups 5 are attached to or formpart of the pol ymer
chai ns. The reve furan to di enophile reaction to form
the Diels- Raa'énga&dlﬁl" : 1&& ond and’ at least one

[err] 2, 5—dlalﬁyhe@%b%ﬂﬁtu@éd“ﬂhrdﬁéconﬁaldﬂng polynmﬁpr a thermally

r ewor kabl e crossllnked resin, all - r{ion the Di.el s- Al der

adduct canSORR&QtiNG thp one an°thﬁ£' é’r]'aall?d'et}lse b @ L9eatithg such

that the r@ge dnbodiment the i20§-@AiEflknaubstatenied Jfuran groups = A
crossli-nki ng agent which contains in its nolecular - structure two or

nor & di enopiFiEe eftaghed &0 B fo3p Barisof the M%@%d’rr}ﬁﬂs" These
di enophi | es ar P REARA IR €3tan to dieRiopMilly redticH thoresmdr by

bri dgi ng groups Accordingly, the préesent invention .also
cont enpl at &hea Diels~Alder ddMc lﬁaﬁ’dé’te gepresented dicapsul ant)

containing a pol ynmer whi ch conprises noieties of a 2,5-dialkyl 20
substituted furan and a crosslinking agent which _

o
+
_Ogo--

2,5-DIALKYL DIENOPHILE
SUBSTITUTED ' '
FURAN

where Y is either C< of N- . _ .
For a thermally reworkéble crossllnked resin, all or a

10 portion of the Dlels-A;der_adduqt can revert to the
furan and dienophile upon heating such that the resin_is
a liquid. (flowable material).

A crosslinking agent which contalns in its molecular

structure two or more dlenophlles can also be used in

15 this embodiment . Theée_dienophiles are connected to each
other by chemical bonds or by bridging groups.
Accordingly, the present invention also contemplates a
flip chip binder composition (encapsulaht) containing a
polymer which comprises moieties of a 2,5-dialkyl

20 subétituted furan and a érosslinking agent which
comprises two or more dienophiles in its molecular

structure. The dienophiles may also be attached to or



conpr.ises two or nore dienophiles in its nol ecul ar structure. The

di enophil es may al so be attached to or WO 98/ 27160

- PCT/ EP97 0B 9847160 formpart of the polynmer chains. APCEEPIVNOTIES ng
agent - which conprises in its molsgcular structure two or nore
2,5-di al kyl substituted furan groups can al so be used. In yet
anot.her enbogi Nt Ehefl Ll 6més & ed »5 ol yoer chains
to which the 2,59%?alk3? gﬂgﬁ&b m é%?f%fedAfﬁfgﬁséigh%gsagge§Fso

attached or Wiiehh eompripes in itsimeleceldirabkyhickubet twot et fioren groups
as a part ofy e_gq3 el .0S. di.ngl t he 2, 5-dial kyl
,5-dialk{y1'e5ab oL ¥ Qfgﬁagégﬁgén%%ﬁngiﬁo Be hﬁﬁg

. ‘PF aCP !
substituted furan-contai ni ng polyner can eéties of a
2, 5-di al kyl subskn tyetdahother cewmbodimeéntsthe dienophibedisnapbhbhed

h , 5-di al,kyl | d_, be, bsti d.
T, B O Rl LA B on B2 05 1 gV 2

substit uent stsinited furamxgrpips lore alsal &ytached! &y! wkicH' 86REain
n_atons, such as nethyl, ethyl,

typically hayin o) 10.carb

1¥Bropyly E¥ﬁegb}$%§+ﬁ&§y%wﬁPq§F%&9 %&yfﬁ¥%ﬁp%F°?@§iﬁ§ RoPeBFnPAg furans

whose 2 and theiasipobymearchains SUlBEcordLlgRy £ 6h6-2, 5-dialk§EPti bl e to

si de reactian \%Ecﬁ%c qfcaqu I rreversible 20 gelling and interfere

withits re\?é‘ﬁ’ﬁ 1Y ?F? uran-containing Pelyper (Gan skbie | ¢artainur an

groaps may bwieties ofitd aZ/BHifN KYE HABYFREuELR ASrHh 4HE ﬁ&iﬁéﬁ&és) on
e

whi ch the craogsslipked resjn is based. They may be attac thereto
directly vi & Qﬂé;ﬁﬁﬁﬁh fd or via a 25 di val ent organi ¢ bridgi ng

group for whichmy DfsidEalkyl substhsitddefisaed hig & r:ﬁ‘ésg thg 3- or
4-positions of the1ﬂ%;uw may function %s tH%degnt fﬂé%tgghnent.

The syhaRitiRg atdhel a3t N -4 e Bt inks ¢ | Rrefetrede -
furans may @%Héﬁiﬁﬁﬂﬁté”afgffﬁ%f%“sﬁﬁE&#&%ﬁnéé“&&@ﬁlé%:¥%r ex%ﬂﬁ%§hUp to

10 carbon atons.. Exanples of suitable a groups are. yl,

et h}P, 2- pr &3viaF RHerdaxyraxrques, typicaBwarpemnofupuieable furyl
g iy P GG sucn as RTINS,
methoxy and l-hexyloxy groups. Resins containing furans
whose 2 and 5 positions are not substituted are sus-
ceptible to side reactions which can cause irreversible
20 gelling and interfere with its reversibility.

The 2,5-dialkyl substituted furan groups may be-
attached to the polymer chains of the polymer(s) on .-
which the crosslinked resin is based. They may be -
attached thereto directly via a chemical bond or via a

25 divalent organic bridging group for which any of the
substituents of the furans or the 3- or 4-positions of
the furans may function as the point of attachment. The
alkyl substituents at the 2- and 5-positions of the
furans may be the same or different and will typically

. 30 have up to 10 carbon atoms. Examples of suitable alkyl
groups are methyl, ethyl, 2-propyl and l-~hexyl groups.
Examples of suitable furyl groups which can be attached
to a polymer chain are 2,5-dimethylfur-3-yl, 2,5-di-
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- 6- ethyl -3-nethyl fur-4-yl, 5-ethylfurfuryl or

5-(1-b ﬁ*ﬁﬁﬁpryl gr oups. The type of ponn&nmuh&mm&mtb*whlch
t-he 2, 5- + substituted fugan groups may be attached is not 5
critical . Sui tabl y the polyner chains are chains of a pol yol ef i n,

h I I d |
or a 2&3?’%&%{? b BRSPSt e eneld BE okt by e hs of

random or a-t(qr-rmiuy]g furfuryl gepapgners of car bon nonoxi de and

olefinically un- : sat rat ed ounds t rati on on
such (Nﬁhﬁ 5&933 torw Lngh % E'é&ﬁ%gy
heteroato”%ub%iﬂhﬁfedlfﬁlrﬁ& gfromlsyaﬁwdaeoatnehheat £6. not It is
preferred that the 5-.di J substituted fuyrans orma structural
el edent of FHEYGRYnSR 15’9?’% okBe1 polymer; F?él’-f‘s Pﬁesﬁbﬁna‘508§eal t is

partlcularﬁblgkgkgﬁkpdshagtas polyetBaak, obogpPrgpénglabby?-substltuents of
the furans aré al kyl ene grqups wh formpart of the pol yner

chai n and \@tiy&ienfay RLvf@FTyddchacds ot gt egpolymer ot ethgpehandst r uct ure

can be produged sy Jdiroﬁwer@Qe%O chainSOB¢ ¥ARESMObrCalbaRrngReQYi de and
.ol efinically unsat urated conpounds which contain 1,4-dicarbonyl

ent ities i copediymgrs yfecazkapngionoxidepandoplefipigally un- such
> éod' car bopyl I%Péé& t&} dotin@sf Yran 'ED'fﬁE'tﬁér 8hbkBbration on Bakhvely. a

di al kyl stitu furan-containing 2 pol ymer can be directly
produced bpqm:elo{me*rgs cfr-bbhgreinafteripnoxi ébaana UhéthF@altB}nunsat ur at ed

Conpounds'ﬂkﬂéyﬁatoms PE&?%%”E%aﬁBs OStEQQQaﬁihg or- 8ol¥ester Perfectly

al ternating copol yimerd car bon nonoxi Inically
unsat ur at ed tc drsp qurefe naedc lthadnttiien 236-dialkyl4sybshibvbpd Snranses in

catal yoed torn & qifidhra), elenefiobS hIhol R pREERBRE] P o o0 1T
exampl e, ER-tAIXLOGN éﬂaﬁwﬂ8$$£4landSEPaAt5£&2381YTpEeferred that
each of the 2,5-dialkyl substituents of the furans are
alkylene groups which also form part of the polymer
chain and which may or may not be substituted. R
Such a structure can be produced by furanizing ™ -
20 copolymers of carbon monoxide and olefinically
' unsaturated compounds which contain 1,4-dicarbonyl
entities in their polymer chains, i.e. by converting -
such 1,4-dicarbonyl entities into furan moieties. Alter-
natively, a 2,5-dialkyl substituted furan-containing
25 polymer can be directly produced by reacting carbon
monoxide and olefinically unsaturated compounds in the
presence of a strong acid. )
Perfectly alternating copolymers of carbon monoxide
and olefinically unsaturated compounds which contain
30 1,4-dicarbonyl entities in their polymer chains are
known. They can be prepared by palladium catalyzed
pol&merization using the methods known from, for
example, EP-A-121965, EP-A-181014 and EP-A-516238. The
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-7- - . polynmers so prepared are alternating copol yners of
car bon n3¥RR82M6ANd the ol efinically unsaturated com PCTAPINOUS6| o
copol yners of which the polynmer chainss 7 - contain the nononer units
originating in carbon nonoxide 5 (i.e. carbonyl groups) and the

monaoner uni tsobym@rsakbnPrepared ak@ hﬁ%e&hﬁEﬁ%@P@dﬁb%ﬁﬁ%ﬁ%?&%ed conmpounds
in an alter arrangene t so . that "every fourth carbon atom of

. ti
t he pol yner %ﬁﬁ?ﬂnb@?gﬁﬁgggoaﬁdcﬁ BoRyrEdndGally pasaturated gemtve

copol yners qﬁo@ﬁﬂbpniUﬁnoébfﬁlﬁmdr9|Sfiﬂhiéh|iheppolyd€¥“3ﬂgfﬁ§d conpounds
whi ch contain 1,4;dicarbonX .. entities may be“random copol yners, _

i . e. copol yre?Rtain the mongmer unjts, grjginpatiancndnc earkion mongxideni t s
inas (1 28d08aehERYL dhupa)t 8BhdCeRe! . .
radical init]ated polynp?lzgtio% Lsing thg ﬁgﬁﬁgﬁgagﬁg&ﬁpﬁ?¥gfﬁ%¢¥ﬁﬁ e.g.
US- A- 2495286 Ainth @0 ke 28picaEly unsaturatedThompouadiszan amn &f1tde-

copol yer OfpgaigraFBRRIkAEn: so chaB"Gvlle! EBLEAN Lalegl Yialod gompounds

may be effect.e met hods known I'n e art, X
appl yi ng the pphwphochaipdpedbande to debaubeniylggzoap. Zitek-scl osed 20

by A. Sen et s e J clen r Lym . .Ch 32 (1994)
p. 841), or %@é%‘éét?%gg?‘%ﬁg %?eé%ﬁ%gg ﬁ‘°é°XE88f agdsf’}grfd%agﬁ%uch as
p- t dlQenesulprorterated, cempounds whilcBctostdinnll$-4i33¢Bdh31 These

ol yrer 25 Shtlfies may bEPHSAGh WoBorencat. 387! Kppelamiers con

pol ynmer al ns uran noi :
| evel , dependiimh upos pokymencthainsocodhtadnsmeabmekrednits in.a It is

D o0 SRR deh T ople PbeeL BbRfimees, crar b Baapanke e e
these have arddigpteel litiatedqmbEphenizdtilodi G8LAGNYheIMRERDIS KrltfyPO! YTEY
or i ent 1y SO 1 g 1 DeTR A P8EEh ana PerRor 08 aBgR ™ " Groups. 11,
neverthel ess, a T fiegdebz08idnirehi €9é i @6polymer of carbon monoxide
and olefinically unsaturated compounds may be'effecﬁed'
by methods known in the art, for example, by applYiﬁg"
phosphorus pentoxide as dehydrating agent, as disclosed
20 by A. Sen et al. (J. Polym. Science, Part A. Polym.
Chem. 32 (1994) p. 841), or by heating in the presence
of a strong acid, such as p-toluenesulphonic acid, as
disclosed in.US-A-3979373. These methods allow the
conversion of 1,4-dicarbonyl moieties in the polymer
25 chains into furan moieties at a variable conversion
level, depending upon the reaction conditions selected.
It is preferred to employ in the furanization an
alternating copolymer of carbon monoxide and olefini-
cally unsaturated compounds because these have a higher
30 content of 1,4-dicarbonyl groups in the polymer back-
bone so that the furanization can be accomplished '
efficiently at a high level of incorporation of furan

groups. If, nevertheless, a low degree of furanization
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- 8- I s desired, the conversion of carbonyl groups into furan -

gr oups wewsBadsept | ow. The copol yners of car bporEpsmsE*and -
olefinically unsat ur at ed conpOQQQ§ may be based on hydrocarbons as 5
the ol efinically unsaturated conpounds. It is preferred that the
copol yner |s hased n oleflnlcally un- . saturated hydrocarbon,
suitably ah®[ ??TrﬁgefF ferversion 35rFFEB?BYlaﬁrQUBPe#PH°h§VFﬁ§ up to 10

car bon atoggeups ma bé@kypﬁulbable are aliphatic [err]-olefins, in
particul ar %ose haV|ng from3 to 6 carbon atons._and nore in
particul ar thdgﬁeh%QPﬂbY%9§?r f gRerRarpBANexAAR, ardcalaginicallypr opene,

1-butene, nPLbhLRCe@NEorpHEN@Sema ' BEEPSstd on hydr8BskbBRST g5red. The
copol ymer can be regioregul ar or i rregul ar’, _stereoregular or :

ata2tic. 1the olefinically mnsalrrated: cempeunds k- tsnpPae engegm ymer
where a poéw@rtmseslpany&éﬁpfaebagédcaﬁbm gpegxh e fi§ un- ° furanized

can be represented by the formnula:
The preC|ssatwmameddﬁYdtﬂC@Kbﬂmph$uetabbn1QM|@h01h§1n, in []els Al der
adduct is obtajned is_not t he Di el s-Al der

adduct haPRLHC ?ﬁe?ﬂﬁ?'%i%t%?a#§V1ng “ngﬂa%otﬁégh?Bs§FPﬂ§ed resinis
revorkab! &yethUshiYabl¥ are ali dmrlatﬂenai{sppgiasurfnﬁggifglwiéb the

rewor kabl e cross- - |nke esin w e rewor epends on t he
nmekd mum those having from 3 to 6 carbon atoms and more in. '

particular those hav1ng a stralght carbon chain, such as
propene, l-butene, l—pentene and l-hexene. Propene is ..
most preferred The copolymer can be regioregular ormr
1rregular, stereoregular or atactlc.” | _ o
15 A 2,5-dialkyl substltuted furan—contalnlng polymer
where a polymer based on propene and carbon monox1de .are

furanlzed can be represented by the formula:

iHa h | | _ CH.a
T H\c/ ch—c” Q\C-—-CH AN
U 1 VU Y 9
\\Ckb o _

The precise nature bf the dienophile from which the
Diels-Alder adduct is obtained is not critical, as long
20 as the Diels-Alder adduct has such a thermal stability
that the crosslinked resin is reworkable. Usually the
minimum temperature above which the reworkable cross-
linked resin will be reworked depends on the maximum
temperature requirements for the semiconductor device

25 used. The reworking is suitably carried out at a



tenperature requirenents for the senmiconductor device 25 used. The

reworking is .suitably carried out at a F%Eq 156156
WO 98/ 27.Y¥p98/27160 ' -9- tenperature from
100 [err] G preferably from130 [err]C Po- . 250 [err]C, preferably to
200 [err]C _ Sui tabl e di enophile functionality can be represented
by Y=Y wher et¥mpe reitlrer f€esmon 08 ,°Qyr prefayably firoef A3bIYC,5to  the

di enophil es are, for ex | e, al ky avi ng el ectron w t hdraw ng

gr oups attacﬁéﬁ ?%'bBFﬁggPﬂ%%YoF° 269 l;!cthe et hyne noiety, such as ester

and ket 0 groups. gyjtableEX3@Rophidle fmw%i@ﬂi@aﬁ%ﬁ.%égroéa%dmac aci d

(i.e. acetyl enedi carboxylic acid) and substituted but-2-

yne- 1, 4- di onby. YEfhavheggi Yaliise edithespid @r e cunpdscds Preferaliixh
contapn a but:2-ene-1, 4-di one noi i ncluded in.a:* 5-_or 6-nmenbered
ring, 5i n par FPEU%&F“@? Td &5 %ﬁ% _examp ege.r?@é%nﬁsomlﬁg

wherein X deadeetrOn %ithdrBwitly Frdupe Rtachidkemdthlsides Wierein at

| east one of the free val encies is_ occupied by a bridging group
whi ch connect&e; REhyne, RISty nisiych as eset%é‘ﬁff "t%é’y&ﬂ%}’rﬂssr chai ns or

Wi th anot her pdhapaRiy late mono- anddidMIds dNDURHRIIIIIE \G@HaNnci es, i f
any, are occupi ed by | ower alkyl or, acyl substituents or, pre- 20

ferably, hydddgen. aresyignedigarhoxiiia iacicht andjisubstituted butagn ain up

to 4;garbon g QUE 3¢ i¥Ynes .f D@2 i%able diendBHilds YrLtdbRpliRIYS.
Di enophi | es thi's general formul a are preferably cyclic

derivatives vhighi glantain a buimArenerd Andigne meiqtauligcludadiin ® (i.e.
X denot es 5- or 6-membered ring, in particular compounds of the

general formula:

o= x\c:=o
-

| W —————rl

wherein X denotes O, S, N, P, or R where R is alkylene,

15 ‘wherein at least one of the free valencies is occupied
by a bridging group which connects the dienophile with
one of the polymer chains or with another dienophile,
and wherein the remaining valencies, if any, are
occupied by lower alkyl or acyl substituents or, pre-

20 ferably, hydrogen. The lower alkyl substituents suitably
contain up to 4. carbon atoms and are, for example, '
methyl or ethyl groups. Dienophiles of this general
formula are preferably cyclic -derivatives of maleic
anhydride and, in particular, maleimide (i.e. X denofes

25 0 or, in particular, N-).

Examples of other suitable dienophiles include, bis-
(tfiazolinediones), bis{phthalazinediones), quinones,

bis (tricyanoethylenes), bis(azodicarboxylates); di-



25 O or, in particular, N). Exanpl es of other suitable .’

di enophi l es i ncl ude, bis- (triazolinediones), »

bi s( pht W) ssE70épdi ones), qui nones, bi s(tri cyanoet lROTERes)NTISE *

bi s(azodi car boxyl ates); di - - 100 98/ 27160

PCT/ EP97/:07156 - 10 - acryl ates,
mal.eat e or fu po esters carboyyl ate

pol yesters.2 WS, mgiﬁ? &% um@¥ﬁ§?eP86¥?8F8rsrnaSﬁﬁyiéﬁﬁaLnent use is
made of a (ﬂmssibdﬂgl"a;eagmilyedtleﬁs .corrprl ses in i ts 5 - . nol ecul ar

structure two Qr_ more di.en RS Di el s- Al der

adducts are ob%ﬂ rﬂbcf f'ﬁﬁ’g%ﬁ ISt 5‘&? I°§§' 18 one ﬁ§9°ﬂém88ﬁn8i§?easto each

gt her Eyl Ohady obre drosi@:m):mg agentgwhmph cEmprﬁsagpiﬁ 1tbr|ee -b |
|en0p Il es ma e nect ed ano a trlva ent hbri.dgi ng

gr oof. v%ﬂﬂ%gléﬁﬁr strygtyre Lwo oF; Bg Fetﬁéﬁnﬁpg?gg | fRR™RAGBAt i s used

in My Cﬂléwnmmdmsamecaaae@heﬂléo The anehbphilb¥sa’
bi val ent bridgi ng group The dlen% ga al so be connected to
one anot hemay¥ Re&RAAFCHRSH o each ot er YBBhf PﬁemPrBPePGF-leﬁﬂl ght and

the chem calr i@d\ Fd¥ ehample, el adahaﬁhmeypmai; bBecehAseteaki ng agent
may be varied to a Iar e extent. has been found that such

variati ons tf anfe anihan b fy ﬁ@epgahrggg;ggngragﬁfeHowever,_

crqgs! i nked ¢ 65 Ny £ONSTdN that! @€ crr%EQQ:LﬁquECQéEhEalis used inProperties.
The bridgi ng group nmay contai n only carbon - atonms in the bridge but

it is al sowsdi Hiwo tHandphiles. are @anapﬁgdhépepaat angtharthy aridge,
such as Oxxg]%l%rft brldrgli'dd GFoup. Fnk' ageﬂogﬁﬁﬂés ﬁ99 elgbeg group may

be e or exanpl e ynerlc bri dgi ng
groups haviauprgicted td Im l@l@tmryimfr cbeminal boods.as poI y(al’kyl ene

d , I ht
oxi de) Orm)re JBot] %ﬁeﬁ'r&o@. ur %‘é‘gﬂg 4ngu [)Fﬂ«!ﬁiégf Aokaed! g wei g

of , say, provi de rubbery rewor crosslinked
redisns. Wherhet foeripig inge g noud e»ﬁ the chasalinking agestamamnber aver age

mol ecul ar V\le%rg 'Lrb téqe.laQrg%e n%o It ha;5ggen ?gggdo{:hggrgucﬁewor kabl e

crossllnked’re5|n
varlatlons of the crosslinking agent lead to re-moldable

crosslinked resins covering a wide range of mechanical
_ properties. The bridging group may contain only'carbén
20 atoms in the bridge but it is also possible that it -
contains heteroatoms in the bridgde, such as oxygen,
silicdn or nitrogen atoms. The bridging group may be
flexible or rigid.
For example, polymeric bridging groups having
25 flexible polymer chains, such as poly(alkylene oxide):or
polysiloxanes, having .a number averagé_molecular.weight
of, say,'more than 300, provide rubbery reworkable
crosslinked resins. When the polymeric flexible chain
has a number average molecular weight in the orxder of.
30 1500 - 5000 or more, reworkable crosslinked resins may
bé obtained which could replace thermoplastic rubbers.
Accordingly, suitable crosslinking agents of this

kind are the bis-maleimido-capped poly(alkylene oxide)s,



be obt ai ned which could replace thernoplastic rubbers.

Accordi ngly, suitable crosslinking agents of this Ki
bi s- fral el: affzyéﬂped pol y(al kyl ene oxi de-)Ls WO QS%WMIQS

PCT/ EP97/ 07156 - 11 - such as
pol y(ethyl-ene oxide)s or pol y(propyl ene oxide)s, and
bi smal ei m do-appets blp{¢thxphese évidekanptepdby (propylenki wxaki)E, des of

et 1) G e AR o ool aolysLopars;  Srorzemeie she

i nt eger]c 5 bismaleimideseqf cpohps:ialoin?ﬂeé%ﬂnﬂhelngeﬁéthg_ulfaﬁ-_-mu_at he
range o 20-7_J nd_ | S 1 ent ap a roup, in
particul ar bp Cﬁ &a%ﬂ%albo% g&%ﬁ@ﬂ WLgrelﬁrBféFaBPyl&tﬁ@ﬁ#'yl gr oup.
Very gpod resdH t@@,_agbepe of more ORLAI mgaeﬁmt{htégr@ié Lgl d%h%f

bi sam no- capped 10 pol y(propene oxi artic VI ng.a nunber
aver age nol ed@nge i A of 7 andiseadoR Mrmdependentlypant adklydr in the

range of 150 0G; I.ng groups,
i.e. bridgin ro&p’ ngpaorutplscu m(-:h typﬁaﬁgy ﬁave u?bg{)% boggl'bon atons in
the 15 'etﬁﬁsrabﬁay aalmthzsel Lg;mup Oyétopl gpddit fesabtisacafbbeC

mol ecul ar

bridging gro ' rigid. Low _
wei ght cycl oal 5{1 { iC 't arorra I'C %%%gf‘i% of bisamiparcaprpefq to provide
r e- mdlodabl e Q:cd@sdprﬂgﬂhaf esiimde), in pamhicmlat ehdvd flg aadnfimbe! €, and have
a relatively hjigh 20 |.ass_transit er e. Exanpl es of cyclo-
aliphatic and ae%oarﬁﬁ %ojle?/b-%'rﬁﬁ ec?ﬂ%? ?%‘baigé more 18 oups are
groups cont alprantg.cmlrarborﬁﬂfeﬁ«rﬁjet@m 1500 - 5000% he bridge, =

1, 3- phenyl ene gr s and ou s of .th foll owi ng fornul ae:
f-CcH2-f-, -f- o?“‘gﬁm Te ‘%-‘ ﬁ’rl%lng grQupss -1g@¢ bridging
-f- C(CH[err])g[x@uﬂs fwhldma:rﬁﬂba]flydﬁfkﬁé%ato 20 carbén%ﬁ@ﬁgyiﬁnﬁh%row

Q her, _suitabl e oup are al kyl ene, and oxycarbonyl (ester)
gr ou&é and c%ﬁﬁ-lqr% 3 be tqﬁ%ofCYCgtﬁﬁlamf@tFWMeenmatM| ght
crosslinking brldglnzg HehddOrerX BW &yidd' S |Ej_glées - Of—

hydr azi ne, -di am not ol_uene, hexaneth I ene lamn eca_-

molecular weight cycloallphatlc and aromatic brldglng'
groups tend to provide re-moldable crosslinked resins -
which are hard and brittle, and have a relatively high
20 .glass transition temperature. Examples of cyclo-
aliphatic and aromatic low-molecular weight bridging
groups are groups containing a norbornane skeleton ‘in -
the bridge, 1,3-phenylene groups and groups of the"u
following formulae: -f-CHp-f-, -f-0-f-0-f-, —-f-O-f- soz—
25 £-0-f- and -f-C(CH3)2-f-, wherein -f- denotes a

1,4-phenylene group. Other suitable bridging groups_éie

alkylene and oxycarbonyl (ester) groups ‘and combinaﬁions

thereof. Suitable low-molecular weight crbsslinking..

agents are, for example, the bismaleimides of hydrazine,
30 2,4-diaminotoluene, hexamethylenediamine, dodeca-

methylenediamine, diamines of the general formula:



met hyl enedi am ne, di am nes of the general formula: WO 98/ 27160.°
PCT/ EP97/ 07156 - 12 -

[err] - woesp7iee and bi sam-no-capped (poly)sil oxanes of Ip@wmbmggér

wei ght, such as pol ysil oxanes of the general fornula _
Herr]N-CHerr][-OSiRerr]][err]- oYX err]-NH err], wherein n ranges, on
average, from1 to 10, preferably from1 to 5 and the 5 groups R are
preferably methyl groups. An isomer m xture . of the diam nes of
above formula is comrercially HCECHST. Very good

results can be in | ei m dophenyl ) net hane and
mnnﬂwlms[u¢nme|md$%§m§ﬁ

Y ;0_ O her suitable
crosslinking agents on the basis of mal ei ¢ anhydride are conpeunds

of the general f ormul a: [err] .

wherein A 'rL ar, scribed rein before, in
particular %b%ﬁ%lgrogg §9| §BRB$§&Q§63“9S th EQrHEH%ﬁﬁﬁﬁfr n the

bri dge. Nbeeghm,paubhcabapoﬂyellbxanesbbfdghagggh@uﬁLAﬂdtmﬁlaalkylene
group, such as X% s _~ et hyl ene oup, or groups -D-O-CO- or .
-COO0DO C%Z}l 0 \‘X’ﬁg?épnoDEggn @4 r%%‘%car"d’yl group, for
exanpl e anaeleaexb%r)efsrbﬂum,téusb,aﬁ:@faeéswﬂbﬁln& to 5 and the |

5 groups R are preferably methyl groups. An isomer mixture

of the diamines of above formula is' comaercially
available from HOECHST. Very good results can be
obtained with bis(4-maleimidophenyl)methane and
_ dlmethylbls[(N—malelmldomethyl)oxy]s11ane. _ -
10 Other suitable crosslinking agents on the ba31s of
maleic anhydride are compounds of the general formula:
A A -
o=¢ ¢=00=C C=0 . .
HC=C—A— H

wherein A denotes a bridging group as described herein-
before, in particular bridging group having up to 20
carbon atoms in the bridge. More in particular the

15 bridging group A is an alkylene group, such as a hexa-
methylene group, or groups -D—d—CO— or -CO-0-D-0-CO-
wherein D denotes a bivalent hydtdéérbyl group, for
example aﬁ alkylené group, such as a hexamethyleﬁe
group. _ o

20 Again other suitable crosslinking agents are
polyesters_baSed on butynedioic'acid and a diol, such as
ethylene glycol, a poiy(ethylene glycol), propylene
glycol or a poly(propylene glycol). These polyesters may

be low molecular weight crosslinking agents, such as



group. 20 Agai n other suitable crosslinking agents are

pol yesters-based on butynedioic acid and a diol, such as t hyl ene
gLycbI,-§WBBW??€?hylene gl ycol), propyl ene gl ycol cﬁc¥ﬁm’ﬁbng

pol y(propyl ene glycol). These pol yesterk3my be | ow nol ecul ar

wei ght crosslinking agents, such as WD 98/ 27160

PCT/.EP97/.07 tscribed hereinbefore, or they may havé3a-number descri bed

her ei nbefore, _or_the ave a, nunbe average nol ecul ar wei ght
of, for exaﬂﬁ%ﬁaQﬁn@?ig%higﬁxﬂeléh€b°£'sﬁ%ﬁ examplendnezpgehar 4000 -
6000. such as'hin pfles erfdngevent 2000 a+ seoo@l ates to crosslinking 5
agents such as I s-mal ei m do-ca £ed po (alkflene oxide)s, in
particul ar bi sned lﬁ%ﬁﬁ?ﬁﬁuﬁﬁyig PPrpererelates toexegslimkingagent s
havesa nunbeigeiay AECHE £C W P-maleimiddebhbe@ pai kgfﬁhé,]f)& -preferably
I n the range of . 1500 - 5000._ The b;snale|n1d%s of” pol ysi | oxanes
have t he 1oox1dekﬁnmﬁqﬂpq§ﬁ#ﬁn%pr_blsmalelmldo-capped poly(propene

H er r] N- CH @jilde)@ Sidtie rdddriv s In&vr&H e,ma\bw[@eéhgmsfé&gar : s

an integer of at least 1 and each R is independent n a[kyl
group, in paedighli 2f Rlvikrpitp 305 preferably in the omangereferably a

ey o U goe ST Shil BramedmiabSELOIELLOOENERE Do

prepared by N hydroxy- 15 ati1on

andl10 gemexadu dnrmule tHaNrGilz - @431 Rphy oPrChg eNEp chiibenein -n”

di al kyl silane in the presence of base and water using . general ly
known met hod$ an integer °ﬁ§9\&t%s%tﬁo\@?d *a¢hiF hpderendentlute to a
20 crogwl a1yl RUAIY, WH PaoTeil £2hd vind %ﬂ@%"é’éﬂron .
structure 2,5-dialkylfuran noieties. In this cross- I nki ng agent,

the 2, 5-di aP¥PMSqulRaieraRly & e igrohipgroup. The hismmleigmidated to one
T o SR ttes, cap he B H W IBB T 1SS
thelS — ° metdydidtiaehgekainide midpiome ldghle md |
G S0P g S YA e SRS aschaordt] (#010
ialkylsilane in the presence of base and water using -
generally known methods.
As noted above, certain embodiments relate to a
20 crosslinking agent which comprises in its molecular
structure 2,5-dialkylfuran moieties. In this cross-
linking agent, the 2,5-dialkyl substituted furan groups’
can be connected to one another via a chemical bond or
~via a bridging group. The nature of this bridging group
25 is generally the same as the bridging group of the
crosslinking agents which compiise two or more
dienophiles, as described hereinbefore. Examples -of
suitable crosslinking agents are bis(5-ethylfurfuryl)
adipate and the bis-amides of (S-ethylfurfuryl)acetic
30 acid and the diamines mentioned in the preceding
paragraphs.
'The 2,5-dialkyl substituted furan moieties and/or

moieties of a dienophile may be connected to the polymer



adi pate and the bis-am des of (5-ethylfurfuryl)acetic 30 acid and the

di am nes nentioned in the preceding par agr aphs. The
2, 5-di aly@ds2ydest i tuted furan noieties and/ or Moi RCL/ERO700156 "

d| enophi l e may be connected to the pof yner , WO 98/ 27160

PCT/ EP97/- 07156 - 14 - chai ns by

means of a _chem c bond or_b bridgi ng_group. This
bri dgi ng g?gﬁbnﬁa YpRe3Rs R %a &h2cal B b°’?‘§/p%r g ‘Tgﬁ %qu’lg groups of
the crosslbpkdggngggpdap. This bridgiwd eprdamy :hmygme/emf ashd ddms. Wien the
polymer is, a rene, nal ei t enophlle . may be
attached t h¥P8t Bsb'ﬁh?lhfi'/%?{ﬂ?og#%‘ép%a?g% ﬂ«’&r qf’cﬂg agents. of {he
pol ystyrensxampheNﬁsyown@ihyﬂmakefdsnrbnsarmxen the pdiweﬁh&@l ymer is a
(stérene/ mal ei ¢ anh d“d@}. lpu 5 et furfuryl - group may

t t acheBOL¥B8FEEBREy Mplel d%st%?lq‘t}‘?n%‘ RE ei c
anhydr i de)seeabuaartnefato by tlnﬁI@H}Yiéﬁdé”détﬂ%@Hllqm‘ﬁcﬂi ne. -\Wen
t he pol yner copol yner__of .carbon npnoxide and efinically

unsat ur at e@fcﬁhﬁoBﬁHESMF%e coHpR i BeehhoromgthyBemlgimide, andptities in
their pol wﬁénceﬁénﬁo&uérdi@l gykéw@éﬁeﬁmel& anhy&f&&r&w@s may be

attached thereto by reacting - copolyner 'with an appropriately
subst i t ut ellyper nﬁrg‘Ethylfurﬁ\}'ﬁch%W Fande atgached theratadihods known
fr 9 Léﬁéxﬁ&?&é% e il a&&gsmé}m t

arg converte ?%ggér?lg? |t|e(s whi ch fo}?ym arét5 < ‘H%e pol ynmer

chain and ﬁmethyhfurf\usnbsal@m@bl in tpyxidine. When Siltss tpalymear Halr ocar byl
group. For%eéglggi%eg o Jslely rhox:.de ogmgaéf%)[ﬂ d\ﬂe and ol efinically
Icar

unsat ur at conpolnds conprise 1 entities may be
react ed w whsaterabed- aompeunds nwahmhc Rk imes 25 4~ dlcartebca'malt hyl enedi ami ne

O vt o PERERERSTLA R P ner, anatn g2l WLtk curans g,
aci8l- am dodienephiies omaynllse natieached thernﬁcetb;esr:ea‘ﬁh:sngmﬁhe yirel d a
polymer haying) Ml with an apBt&pFlLONR VIV f el pMtriaky (41~ mal ei mi do-
hydrocarbylamine, e.g., using the methods ‘known from -+
US-A-3979374. In this reaction.l,4—dicarbonyl'entitiéé
are converted into pyrrole entities which form part of
20 the polymer chain and which are N-substituted with the
substituted hydrééarbyl group. For example, a copolymer
of carbon monoxide and olefinically unsaturated
compounds which comprise 1,4~dicarbonyl entities may be
reacted with the mono-amide of maleic acid and
25 hexamethylenediamine or with the mono-amide of maleic*
acid and bis (4-aminophenyl)methane, followed by ring
closure of the acid-amido moieties to maleimide
moieties. This will yield a polymer having N-(6-
maleimidohexyl)pyrrole or N-{4-[(4'-maleimido-
30 phenyl)methyl]phenyl}pyrrole entities in the polymer
chain. When it is desired to use a polymer which
contains 2,5-dialkyl Substituted furan moieties and

moieties of a dienophile a portion of the 1,4-dicarbonyl



30 . phenyl) net hyl ] phenyl } pyrrole entities in the polyner chai n.

When it is.desired to use a polymer which cont ai ns ﬁ

subst i t U986 noieties and moi eti es of a di enop W

of the 1, 4-dicarbonyl WD 987 2¥3169

PCT/ EP97/ 07156 - 15 - entities of

a copol yner aftmémmmm@mm of carb@heﬁbﬁbﬁihleYahasaturat ed
conmpounds ma converted uran noi etjes and anot her portion
of the 1,4- &ﬁéﬁ%ﬂ&ﬁﬂfiy unsa ?ﬁﬁ??¢e%omﬁguﬁgsc@ﬂVeP?e&opm9§Q$Quﬁﬁﬁqtuted
pyrrole- 5 furéﬂﬂmdiéﬁﬁesﬁaﬂﬂﬂéﬁbﬁﬁé&Pbé#@ﬁéhtEﬁnthéoﬁp@Laid%rbo

di enophi |l e. ;ﬁe nol ecul ar wei ght of the polyner(s) on \I&th ch the

rewor kabl e &S SK SRRY rF‘?%V%Vee%a%%'éP nl&ysvlaﬁ‘yltuted PYF&@CAEen wi de

lims. Suitalditids, MWCW@QVES%QQltuenEUHQE? raygrage nol ecul ar
wei ght within the range of at | east 500, preTerably 700, to 30, 000,

preferably1ﬂ}en°PhlleQO 000. The quantity of Diels-Al der
adducts present gy il ecular wéi@i%f ytk}if%&#ﬂﬁéf(g Oaﬁl g:q} g

depends on the 15 quantity of” 2, 5-di oups an hé quantity
of mm¥Qﬁk§hﬁﬂnQ¥9%ﬂk%n#ﬁd|rﬁ§inaxﬁfﬂmslbasadfmaylmhmgh the

ool SorLer Ny A ML B el he "8t oy, axe ' Lyguct s

appreci ate that a certal n-m ni fum qu
i s Afeded t@dmquw&xﬂnaqenmﬁkennlam)welghtrwdthh@ thesshhgkedfratin is a

solid materiy el t ' Lﬁgper whi ch_t he el s- Al der
adduct s reve%lseé%t 05%’5 riﬁefet]:naeblzy, 5-dial yIUé(Z'U@é?‘I t%f%geFﬁPg &% t he
dlenophlle.ﬂar000 will also be appreciated that this mninumquantity

depends on the (f qﬁ‘l&q{t\@% ﬁncﬁst t}ﬁéé/lpea&ﬁwtﬁ% négﬁﬁﬁﬂf:po yner on whi ch

the resin is basé any CT o8 on the
number of dm@mmmaﬂhysnaworkable ckdssliiaiked festn gepepdspeh @gbecule

(i:gﬁtgug?thﬁ%ﬁ&ﬁ%Xnﬁf\gi %%&ﬁg th crossl|nk|2¥q$3€g; gggg%&tgogggular
Di el s- Al der theddilehopHia enwHeven in Qlkﬁé clesi OGN CEPom whichMéhele
| ower when %1%&%3%5.'(:@% %%da%%s alrse g orme I Cho:tleasskllled in the art
will appreciate that a certain minimum quantity of
Diels-Alder adducts is needed to be present to effect
20 that the crosslinked resin is a solid material below the
temperature at which the Diels-Alder adducts reverse to
the 2,5-dialkyl substituted furan and the dienophile. It
will also be appreciated that this minimum quantity
depends on the'molécular weight and the type of the
25 polymer on which the resin is based and, if any cross--
linking agent is used, on the number of dienophiles or
2,5-dialkyl furan groups per molecule (i.e. function-
ality) of the crosslinking agent. Lower molecular
weights of the polymer will require a higher quantity of
30 Diels-Alder adducts. The number of a Diels-Alder adducts
may be lower when a crosslinking agent is used which has -

a higher functionality.



a higher functionality. WD 98/ 27160

PCT/ EP97/ 07156 : - 16 - I
Gener al Wb saptée esul ts can be achi eved by using the PCT/ERYBOTSG T ky| -
furan-contai ning polyner having a furang - groups to ketone groups
ratio of ‘from1l:16 to 4:1. The mol ar ratio of the 2, 5- diaIkyI

substituted fur I en Il es aouny plca from10:1
to 1:5, E%Pg%g §|95PFO§F§B%t% cf%SQe aChleve % ated_

flip chip agsériiplkylwEaran-senitaining polqmnduhb@ﬁn@ealﬁaramd a

upporting substrate attachi t he
sen1conduct8F°3€§|%8 ?St?ﬂs gg%BBFtFﬁ§1° °¥ %r°§uﬁsﬁﬁaF8 6yi Eggrallty of
sol der connmolagnzathat of the 2 quaadk&aosubheltumparEu&ﬁnsgbahpate to
senlgonduct

f bet d K
rate €o dlengﬁalg§¥hggghggﬁgégbgsgiggv?58 eigsql S&p%?;firgng sai d

subs
gap with a phergrhbyyr €wbinkshlleteolpa- sition conprising:
(a) a thermally reworkabl e cr ssll roduced by

reacting at | ea®P BRE2BFBABERA & HRvFﬁépaassemgly PGﬁUFanélﬁﬁﬁlgreater

than one angdoabiubeast de#€céland a duppéidlikyl saBBsirhtet ed pybatdeant ai ning
pol ynmer, and (b) at least one filler present in an anount

from25 to b¥ percent by wei ght based upon the anount of .conponent s

(a)1nd (b) theaeExcaaagl éhagsamasaamwr device to thzheugﬁerla%&een ‘the
supporting substrate an sem conductor. device can be filled

with the thapuhgtrgte by a p#eﬁeﬂk§w|efcéﬁﬁégrtFennsytagnﬁgtbaandard

equi prent Séﬁéeﬂd from Eﬁeasﬁﬁﬁbﬂgﬁng s@bgRthen! €8s sEifebnkiidto xes the
conponents of the thermally reworkable conposition an precisely

di spenses t#evierptsi £PEM B8ngaRebBEWRBReSaide§uBROrtingosubkbratei ce to

fill the gap, sa1d semi o§8he€6rb3€9§ typlcally 95 parts lead.to 5 parts
tin al'l oy, prOV| e means o Chip attachment to the B

sub¥brate for sﬁbibqugnsamdagépawathegtthgrmaéiyfygwpgkable compo— B
sition comprising: : : :

(a) a thermally reworkable crosslinked re51n
produced by reacting at least one dienophile hav1ng a’
functionality greater than ‘one and at least one
20 . '-2,5 -dialkyl substituted furan-containing polymer, and
~ (b) at least one filler present in an amount -
from 25 to 75 percent by weight based upon the amount of
components (a) and (b) thereby providing an assembly.
The gap between the sﬁpporting substrate and the
25 semiconductor device can be filled with the thermally
reworkable composition by using étandard equipment such
as a syringe or a motionless mixer that mixes the
components of the thermally reworkable composition and
‘precisely dispenses the composition on one or more sides
30 of the device to fill the gap.
Solder bumps, typically 95 parts lead to 5 parts tin
alioy, provide the means of chip attachment to the

substrate for subsequent usage and testing. For further
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-0 17 - . . discussion of the controlled collapse chip '
techhiqué”gﬁaggﬂﬂ down bondi ng of sem conductor chips to geﬁ&ﬁ%@%ﬁgﬁraie
see US Patent Nos. 3,401,126 and 3, 4297049, - whi ch are hereby

I ncorporated by reference. Typically 5 sol der bunps are formed on the
passi vat ed sehismousisicomrof the comevolbedocdBlapsét hiPi ténheveion®t! ting
sol der on thq: . COLrgspon inﬂ éubitrate pads, fl ow and form conductive
pat hs bet weenrSHEPHRNT (@t ahiFT HeCERLRePATRg of "semicondugkay) ehipgnko

seni conduct orsutest £etse asee MUSINPREeAO Nos. 3po1jBResanads, shoppagrials with
coefficients 3{, expansjon that differ fromthe coefficient of
expansion  WRich are herepy ingopporated iy cketREeRre detypically.
silicen. solder bulliSs tawes Boinied YR KIRE| $a $91PRELA | 98mi ¥Oh&RELYr 15

contain filler from 25%1&ref_erablmoo/i to 75% . preferably to 60%
by weight of 49 T iRtk edft bh Whitle lower m&i@mﬁgo$°l@erc@npbbetiop
(resin and fidd@fdspditind |d@strate pa&@“fpﬁwaﬂﬂd'f@%ﬂaaﬁﬁdﬁéfi@é sui tabl e
for sem conduct or packagi ng applications such as high purrty fused
or 20 affgroReEeeR Lhe dgvieiard gthessebsbeateal fillers. '
The filler can bgyapiippaline téé‘rﬁ‘i@%c‘ﬁ?%@of‘ §OYPLE 8% re moyntdgEnt such as
a silane. yplcallg the filler and the resin shou be at

| easOsubst artubftsatedngde et Heaternlals mith i¢eefficte®ts of as’

chl oride, sogy 5% sl S 0 s ach). The process
of the i nven'(tgl’etljﬂnB provrlr)%s a_%%aésfr&p%g c\:/é:éi)%%]l%i'?rﬁ% N egxér%%?l%? t he
ionic inpuritcfedsoumatérial of the heenicohducinat geviesses.elsi ng epoxy
resin based bi nders. 30 Further, the thermally reworkabl e

conpositioni%%% en- gap can be-worked and/or reworked at a

t enper at ure wher &he thermaliky ttesromckalyl e evempesi & conpysi¢abhy mel 't s.
TYPLGE Y, contasd "B TRYPTKAR LSOMOSLEL AL 17" §F, W05 Kfghy and/ or . revor ked
preferably to 60% by weight of the binder based on'thé
weight of the composition (resin and filler). The filler
can be any-inorganic filler suitable for semiconductb;
packaging applications such as high'purity fused or
20 .amorphous silica or synthetic glass.commercial'fillets.
The filler can be optionally treated with a coupliné
agent such as a silane. ' |
Typically the filler and the resin should be at
‘least substantially free from the ionic impurities such
25 as chloride, sodium and potassium (less than 20 ppm- h
each). The process of the invention provides a procéés
which eliminates most of the ionic.impurities found in
the traditional processes using epoxy resin based
binders.
30 Further, the thermally reworkable composition in the
gap can be worked and/or reworked at a temperature where
the thermally reworkable composition melts. Typically,

the reworkable composition can be worked and/or reworked
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- 18 - at a tenperature within the range from 100 [err]C, e ,
pref er aiyg/odri7e60 130 [err]C, to 250 [err]C, preferably t 0 ROOEPNOTIE.

I'f the resin is heated for an extendeggperiod of tine at hi gh
tenperature, for instance, for 12 hours at 200 [err]C, 5 the resin

under goes |rrev rsible crosslinking and it i no | onger thermally
rever si bl e3¢ %emperatusﬁeweﬁg ??? ?%N&ﬁkéﬁ@% ¥QQpc%h|p encapsul ant

cOMPOS 1 0Br68B-ak39. P8R J0OIICTe UG InipSpEUERZEEL OFo 200 o, SCAVENgers

(e.g. tricalcium phOsphate free radical 1o brtors.(e.g.
hydr oqui no&i§, thbemeBhnazsnheated for anlextenﬂad(pemxbd|afstimegpt

silicones), an conyent i onal dd| ves use ldp chip
encapsul anf+9 8h %empe58ﬁﬂ5§ftFBﬁslnfbﬁn%? dﬁ ré% #béa d% is
pregerabl ethe ¥88ihOGnaEAYE685EL BrapetHIbid Q@:é@@hﬁﬂhrﬂg‘i and it {y bitors.
Flip chips are bonded to various substrates such as - “ceram c or

organi ¢ chPg éQPHPErEhﬁﬁﬁa%%Yt¥%Yﬁ$ﬁﬁk}ﬁ' printed circuit board

substrates. Th@hea&hé%amg Bbworkable £1458 éhip!dr&dpsurmsul e in which
several chips are nounted at close spacing on a single carrier. In

a lot of caemposition cap;phseatentdin dethek additives smqjh amdion
nanufacturg&gvenaefs (&€ Ofrféi (?ﬁ5§éﬁatéhe lggirate if one
nor 'S

or ectiv ) c COVere urlng testing.
Tthpresenthhbehorgn(enﬁblbzdr¢ﬂM%nﬂﬂei(PhQﬂﬂﬁh%?Z&ne), defective chips

easily m”tQFEEtQE¥EE8 %?di?%@%étbg g. 5111C§HE away The

i nvention arso can ena User eI|n1nate a testing step that
i s typical tgndentional addptivestwsehcupsilin icrisiercmpshdarter mal |y

revor kabl ecompos1cA0hLD. FBL P, CRoARoY| AL AP N A 4o present 30

S-easy rewor e encapsul ated flip
Chl p assenprgfeeabkentbohese ion scudm;gem arabs drneonmditaal devi ce made
}éhe proceﬁlbltors; of the |nvent|on can be remorked by heatlng t he

Fllp chlps are bonded to various substrates such as

ceramic or organlc Chlp carrlers and multlcomponent

R

printed circuit board substrates The carrier may also
be a multlchlp module 1n which several chips are mounted

20 at close spacing on a single carrier. In a lot of_cases,
substrate and device costs are high and manufacturers
cannot afford to reject the entlre substrate if one or
more defective flip chips are discovered durlng testing.
The present invention enables the user to replace

25 defectlve chips easily without hav1ng to throw the
entire package away. The invention also can enable the
user to eliminate a testing step that is typlcally done
prior to encapsulation since the thermally reworkable
flip chip encapsulant composition of the present

30 invention permits easy rework and repalr. |

.The encapsulated flip chlp assembly between the

substrate and semiconductor device made by the process

of the invention can be reworked by heating the solder
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connections and the thermally reworkabl e CO{IB‘BEPB.

f| I I ed |W9?Pé27§§b at a tenperature which is sufficiently

melt or soften the sol der connection-anPto convert the thermally

rewor kabl e conposition into a 5 liquid thereby providing a liquid

conposi ti oncofherttibns and thesariexmullioy Orewtswk£161 @ NEomPss b t S8hd
conposi ti onff LQm t he orti npqqsubst rate, is renoved . to provide a

devi ce- e B\ e Worat%p feempsratiice which s Suficigngdy
device to t heghulst melle, caneidferdalis scRde®idonétt YodOand tBe attached
to the device- rem)vtglér port fter site redress (cl eanup and

r e- deposi t i R§RERTSo] %’?&7‘@1 Yy reworkaple comp@sbriemelBtBsarate pads | f
necessary) B¥quid there®y P¥ovadiity & Xigud éé}ﬁpéélbéiéﬁt e-gﬂéﬂsthe form -

conductive connections between the device and t trate to form
a gap bet weéﬁméﬁpé}dé‘t‘fﬁﬁd’ geygdce and thepki quﬁd-; W%&i@l%ofhem gbei ce,

then fillingupp8rting subtslwg-georlrga(&é;@g},é/a ttbb &J @:?(Fbtgle& _rewor kabl e
(1) er ma

conposi tion conpri si Ag: r eWOF a le
crossl i nkedrrESVEd2GUPPOrFroddded thyi s é&tﬁl#@}?kﬁ t@&tou@edaenephl | e

having a dev cel ‘E@)Ctt('?%n@u'bts\ﬁr‘gtegr A hd L UL P a%gnaép{f&%

2, 5-di al kyl stltute furan-contai ni ng pol yner, y(||) at
| ead® one fbe| attpchednitof the 2evice- removed?Estmpasetltaﬂyemesghé based upon

t he anmount (o] d. fresh
r ewor kabl e g%%}%%%?t Rggte%n]%? gn Qréhééga sajlrb'r(g 3f S%JO%?%oa? /3 t enperat ure
whi ch is subbldeentlyxl on the substzsad:le pdds tie nesessdigy eby produci ng a

can bo  TecheBIRGIERE s8lder on R SIS S PAA rih FaEm T

properties ¢engucthessohnen$muns1hsﬁﬂaﬂﬁﬂﬂhéidﬂﬁice and ﬂﬁ@hanlca

strfggth). subg£ Eet%op%%%%r%egggﬁbé%ween said supportlng ' o

' substrate and said another device, then filling the °

thus-formed gap with a fresh thermally reworkable 3

composition comprising:  v

(i) a thermally reworkable crosslinked resin

20 produced by reacting at least one dienophile having a
functionality of greater than one and at least one
2,5-dialkyl substituted fﬁrah-containing polymer, and

(ii) at least one filler present from 25 to
75 percent by weight based upon the amount of components

25 and (i) and (ii). '

The fresh reworkable composition filled in the gap is
cooled to a temperature which is sufficiently low to
solidify the resin thereby producing a reworked
assembly.

30 The thermally reworkable composition can be
postbaked to enhance the thermal and mechanical
properties (e.g., glass'transition temperature and
mechanical strength). In order to preserve the thermal
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- 20 - reversibility of the crosslinked resin, the t hermal | .

r ewor katwioessr2og80si t i on can be post-heated to a t cROCEERYTNHSG ¢ hin
the range from50 [err]C , preferably- 20 ~ from80 [err]C, to 200
[err]C preferably to 160 [err]C for a period 5 of tine up to 4

h If th by ki ' inki
ours. SLOB siﬁ!ii kgg'ggegérgggllnhegnﬁggg U'Eﬁg %Ee Egyrange of

conposi ti on can be post _ Gre Wit
from 150 [errg@priablerabinposition cafir ben pOStfFbenk€d to 300 [err]C,

"ot ove the. PRBPRERERFE eEhil BB’ Pnoe, frgm, B MCT afekR RNy " 1

The fol | owi ngrih! got Peli ¥8 gnbodt;mg&@fé&&ﬁiybsotbGD °C for 9085416 sin .

. conposition of the invention and are. .~ provided for |IIustrat|ve

pur poSes andofir bimet upehat 4agours. If thmaﬂagrenersmbeﬂm.ityn1slﬁot
Exanmple 1 a h propene .
(apprOX|nate q&1$ed Eﬁg ﬁyﬁ?g#a¥§o¥@§ﬁg§? Sgn“b% Egg&ﬁgﬂgh Q nd t hen
char ged mnthtempbnatureowlﬂhlnotheprangarefofrom 150 %72 ﬁmefefhhh&a]yst

sol ution of aIIadlu acet ate 3-hi s(dieth hasphi no) - pr opane,
trifluoromet heA@ 1 0% r &30 'aé’ir&feirﬁb&yw& @150?/ E §osf appgriod 62 : 1
and [ n tggh a h

Sol ution (159f 59%%3 blee doubl £8NNHE00YEREne PileriBA"BBborEL0s.
prestre wasIlhinatzahivecBmbediment 72 bar 25 - during the reaction by
eans of a Cont'fﬂgufoffBBngOillustratlfgzg thhgede 8?9%3 BE sol vent
yiel ded an alte a nu aver age

nmol ecul ar menghelofe§33 comp051t1§haqﬁ|9hé 3ﬁvent10n anAnaabternat|ng

ol efi n-CO CO él ed(gé fifXL@PSt%vﬁ495rRaZ§§'BﬁapXSSnﬁLt“hEQn?arg”ber

aver age nDI pr €par € manner
to Exanpl e 111m1t1ng thenlpvepEnenand et hyl ene. The copolyner was di ssol ved

15 Example 1 _ B o _ o
An autoclave was charged ‘with methanol and propene

(approx1mately 1.7 : 1 weight ratlo), heated to 90“?C,
and then charged with carbon monoxlde to a pressure of
72 bar. A catalyst solutlon of palladlum acetate, .

20 . 1, 3-b1s(dlethylphosphlno)—propane, trlfluoromethaneA
sulfonic ac1d, 1n a welght ratio of 0.6 : 0.62 : 1 and
0.3 pyridine, in a tetrahydrofuran, and methanol
solution (15 : 1 volume ratlo) were injected and the-
reactor pressure was malntalned constant at 72 bar

25 during the reaction by means of a contlnuous supply of
carbon monoxide. Removal of solvent ylelded an alter—
nating propene/CO copolymer W1th_a number average
molecular weight of 733.
Example 2 _ )

30' An alternating olefin-CO copolymef (27%_ethylene,
73% propylene) With'a number average molecular weight
of 1472 was prepared in a similar manher to Example 1
from propene and ethylene. The copolymer was'dissolved
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"21 - épn toluene and cyclized in the presence of fc-p,gi@},y,tlsé:
am)unt of pg?lz-{luene sul fonic acid by heating at reflux.
resul ting pol yner-was anal yzed by C— 13 whi ch showed that 56% of
the ketones in the starting pol ket one were cyclized to furans

(f ur.an: ket orig? rg@l}g@ene and CMCMLZ?F ipy thiee prgFeRca @ &f @UBLYWRsi gnal s

f 19 47 153
( uran amo.s&éoaﬁnﬁe);oiﬁehérEﬁl%n%o%gtde &rﬂ ‘eﬁ ffgo '?ridef S¥9¥ . (340

[err] F) and The resultmgupaihmeu prélsylaaaétycenladw QT 13 MR ewhh.aias

di spensed PLEt fheA C f_tpluene
di.am ne bi srra oevfen? dgﬁ%&ogg? mbg E&es;{%ﬁ#tﬁ% 9_%5‘;(‘1:;%,3 SHHn go K 1 e Grbh)
was Bl ended kétdne heeter wcl@degotykéu@aaslﬂfuran :ketidnea decingeneous bl end

was obt ai necb él'yqplg d't'—ureappearance ggngl &far g&\Rt hegg1 lsol(aA#e and stored

at room cone and
pl ate vi scormisnname)sed:enbeneémat arouadpandtula 4of 2U75 i r] C and al |-owed
to equili b\rﬂésse_;to t he set point. A small amount of blend from
Exanpl e 3 m. pl aced on the plate and allowed to cone up'to

t enper a- Exampleir®2. The cone was brought down and spun to obtain a

good fi |l m between t ne and plate, Thi Was erlfled25 by lifting
thquone up to gf%f 't'g%o‘ﬂa?l?ﬁ%'f BPnEﬁ (§4ot,gﬁ anghdduently the
bl end was alfunsrtli zed eppl ykdtohe made in EfbmBlesecads ARghdnded/i scosity
r eadi ngs vverett K%é\ %/ng g cone was rotating at a fixed speed.
The cone  ©Bto tR& Pl3tey ALcphemgErig ABORREVOF ftodMeRR h the 30
cone and pl atiemike @iﬁﬁ@léﬁﬁl@é' Q0BfipiAi880Re8in ®PAB, Technd-£NMPErature
to a crosslinked solid. The above sequence of évents |.e. | oad on

|0l cone an@hsmis Gikhk was blend edvWéEBst? ﬁtlrilﬁgzleéir p]cv@queé:rm\ﬁa bl end,

coohs5t0 rooRntil a homogeneous blend was obtained. The blend was
removed from the gel plate and stored at room
temperature.
Example 4
~ An ICI cone and plate viscometer was set to a -

20 _ temperature of 175 °C and allowed to equilibrate to the
set point. A small amount of blend from Example 3 was
placed on the plate and allowed to come up to tempera-
ture. The cone was brought down and spun to obtain a
good £ilm betweeh the cone and plate. This was verified

25 by lifting the cone up to check for good film forma-
tion. Subsequently the blend was allowed to equilibrate
for 90 seconds and two viscosity readings were taken
while the cone was rotating at a fixed speed. The cone
was lifted up and the blend retrieved from both the

30 cone and plate. The blend was allowed to cool at room
temperature to a crosslinked solid. The above sequence
of events i.e. load on ICI conée and plate, measure

viscosity at 175 °C, remove blend, cool to room
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- 22 - : tenperature, was repeatedthreetlmes with the sane « - -
bl end.  The osieTiée consecutive readings for viscosity PCT/REIUOTISG " poi se,
3-5 poise and 3-5 poise. This - @xgperiment shows that the blend can
alternate reversi bly between a crosslinked state at room

Exanpl e 5 etone nade In 2 was 10
bl ended wi t lblazrsi-ou'ﬂm dihmes conarent e THBlngs 7oy evx:}@s;ty (340

[err]F) on I e aﬁ%" to s 00m t enper at ur e.
Thi s bl end wa tf}lg’eolnﬁ?(edé) {kﬁoj‘!@fl ca fcg ;901%."1 I%k}l? 50% by wei ght of
total for nulea;tpetm)’ne{tt Bhbws dﬂrﬁtc the blend IHN [aahrq:ﬁ')até'he filled

for Iatlonrv\e@rsertsh%rlyE%rrq:ﬁeede raorgr_;la'ssslmkecg %e pI@te and cool ed to room

t enpérature Ear-vals) pl ate vi sconeter
was set to &emperatuﬁeemmradrcm Of i iciess ey rdrfé:mshhixiMdliquzbﬂuatl brate

t t t 175 C.
ehpera “ret%%earalﬂﬂé{,he uraér/Pézge]ﬁé‘gi‘i% é'kifeéjlrﬁéﬁ Fasy the, same Lerr] |

to the point. A small anount of bl:iend from Exanpl e -5 was 20

pl aced on tﬂg ‘e and allowed to come up to tenperature. The cone
was brought m@mdi spun to " obtain a good filmbetween the cone
and pl ate. 'S \‘\.fas ver| Ié%&ﬁ{{ Ilfc#er% te‘__ﬂ%?%égea#m to check for
good film T I'BRd to 25

equiplpi br at e pllenhddd sEaMEs éﬂ?ﬁdmmmldmbﬂrﬁﬁddﬂgﬂjw at 171ete taken

whil e the cone wgs rotating _at a eed.  The cone-was lifted
up and the BP&%d 't rq"e\?e(?gel plate'frﬂ'}ﬁ Bb‘te}?‘h’ré‘p P XM The bl end

was al | oned tlethperature .Ca¥i Atb YN WA PRIAINEE idked cwp@slsﬂtﬂéla solid. The
30 above sequence of events i.e. load on I Cl cone and pl at e,

measur e vi s€ddilaF k50% DY Mejaht fhrbad SREMEGdion) at 17} t6om

tenperature (s rﬁneatm tHinaRd i fB¥myldtid&as then ﬁékﬁ@vé?cheﬂﬂemThe three
consecutive readings for - _
15 the gel plate and cooled to room temperature. '

Example 6 _
An ICI cone and plate viscometer was set to a-

temperature of 175 °C and allowed to equilibrate £6'£he

_ set point. A small amount of blend from Example 5 was

20 .placed on the plate and allowed to come up to
temperature. The cone was brOught down and spun to
obtain a good film between the cone and plate. This was
verified by lifting the cone up to check for good film
formation. Subsequently the blend was allowed to

25 equilibrate for 90 seconds and two viscosity readings
were taken while the cone was rotating at a fixed
speed. The cone was lifted up and the blend reﬁrieved
frem both the cone and plate. The blend was allowed to
cool at room temperaturé to a crosslinked solid. The

30 above sequence of events i.e. load on ICI cone and
plate, measure viscosity at 175 °Cc, remove blend, cool
to room témperatﬁfe was repeated three times with the

same blend. The three consecutive'readings for
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- 23 ~ - viscosity were 20-25 poise, 20-25 poise and 25- 30
poi se: 1?@@?%¥aﬂﬁq ment shows that the blend can al t 7107156
reversi bly. between a crosslinked state-at23 - roomtenperature and an
uncrosslinked liquid at 175 [err]C. 5 Exanple 7 An

aut acl ave masv¢babga¢ymwérenﬁdﬁzﬁﬂpd&@bprmoezs pOLSe anl@pproxi mately 1.7

;1 weight heat ed t hen charged w-th

car bon nDnOX|%§ %8 BC 5%5&%3 JXPeilmeHVZSBSVS Ehé&t&ﬁﬁﬂb%ﬁﬂ@ﬂ¢@h of
pal | adi um aceaaternae‘ze revelrsimlys(mht@e@ietaoesfabsmihmeﬁ@’dam& PA@pane,
trifluoro- net hane sulfonjc acid, in a nolar _ratio of 1

1.05 : 2.1, iROg™ LEMREFALSLS AR AP irFEeSslinked llgbﬂl@'t iagh ¥1% °C1
voIunesratlo)gmaﬁpngjacted two tines and the reactor pressure was
mai nt ai ned at™ 72 bar during the reaction by neans of a continuous
suppl y of AEaPHGRC%BM5ﬂWﬁ§ gharged withoneothanplepas peopsner-
nati ng propengiscreeBalarn b A nupbedhav as Wei ght
of 1765 and a@fg?gn ketogewr atlol he fé@gsb heatfgmgoe%arrp‘le

Fur ani zed pol §Rét Shenredarged ety é:ﬁr;mn drenpkide to a pressiimpndef W|th

a st0|ch|onetvgcbggnug;cggaypg%ayyiutlon °f2?4%%$%§§§!ﬁerf%ﬁfphenOthlaZIne

were bl ended on a plate at 171 The bl end
was rEPoved floﬁrbss(dl orpe thaxyphany kphpspoird) propevky t dipictlatare- The
bl end h el; bl at th 5|I|ca
filler (50@6by&€g?g%tgg}%gﬁg totad%(ﬁéhl ?%%9 #%éfg @E illed

formul ati on whs:r&nBbed QndnlHNEQyﬂeQﬁahydszhran and memhahdk)rpom
e i, s onCIATRL P vorume sy ECTATREEH. BB o, oo
plate at 171 #mdrile reactor( pi@siserrd Rasnh taiweddt athgat bagr 2 m nutes.
éc;}Eg§grbglg%urlng the ¥[€%%/%71%y means of a continuous supply of
‘carbon monoxide. Removal of solvent yielded an alter-
nating propene/CO copolymer with a number average
molecular weight of 1765 and a furan : ketone ratiéﬂof
0.19 : 1.
20 . Example 8
Furanized polyketone made in the previous example
was blended with a stoichiometric amount of TDAB and
2.4% by weight of phenothiazine were blended on a gel
plate at 171 °C (340 °F). The blend was removed from
25 ‘the gel plate and cooled to room temperature. The blend
wés reheated on the gel plate and mixed with silica
filler (50% by weight of the total formulation. The
filled formulation was removed from the gel plate and
cooled to room temperature.
30 Example 9
A solder-masked 8-ply (epoxy-glass fabric) printed
circuit board was placed on the gel plate at 171 °C
(340 °F) and allowed to heat for 2 minutes. A flip chip



- 24 - was placed on the board and the filled blend nmade in

the previous exanple was allowed to underfill the chip _ fron1tm0 R
si des ofyolgsR7rdoi p for 2-3 ninutes. The boar d was PEIVEPSINTIS6OM t he
hot surface and allowed to cool to . roomtenperature. The chip stayed
adhered to the board by neans 0? the crosslinked fornul ati on between

t he devi and _the, ho rd The ed back, on, the
gel plate. th?li cﬁa g’é’cgﬁﬁ oogrd Igﬁidg%@gulf\lxq‘}f% %(iené)d'& &R from the
board si ncehé hprévibulsaékampmadwﬂa@ ‘allotikeanged widdreE fioratee lss! | nked

lid d d h | I
by 410 et Bhdes nE b sRIRLAE AL hith e g poar o 1o o

board was wasioreslorednErba ghle nbat suaife ceo@n atLQdmsunto cool tiesper at ure.
gsboard was pl aced back on, ace and t he- abgve renpve

r e- at tR9® pF BRRBGREULE - glPeagaéf&& &5k §9 e board Exarrpl e
H r?y m&@nrtx)sl bfrﬁnélaﬁoslémmﬁkedc@oeﬁ\gqla%w&%%wgérhaﬁf&t'0- N -
ta| Wi t a nunmber ecul a t o repared.-in a
simlar nfEtce s ?gﬁagaxciﬁﬁ E’ was placed %a‘:k °“_p eh
1, 3-bi s(digen n@w@éypheauiﬁhmepbeaehaeop@ne \WaS pU e lid) be 7 the -
catalyst sol ution  instead of 3-.bi s dletge phos- _ - phi no) pr opane. .

The copol yieFasRedfrem the PﬂaFSI ﬁé ge the forgydatjian haflin the presence

ofy@ cat alopfdgedDspatef £26m a chEQ'.'LE‘.ﬁR@dS%UlQ@l' Qoa%ﬂ (j.lQi?‘.llhfatA ng at
reflux. The resul ting ymer. was anal yzed % t NIVR whi ch showed
Sdte

that 57% cFlimeCRiP ovias Fhe{‘hédgﬁaﬁfll &8 'p'BFyl@étl(gﬁé‘ cyclized to

furans (fyeunkespnensahiiRe8i66: ddready preEEaPLR Jeiae?%lte The Furani zed
pol yket one nmade in Exanple 10 and a stoi chi onetric anmount of  TDAB

al ong wi t e, ¥ys weegayed from tbﬁ gRénBilRte RS KOl et fie Ay 180

[err]C MeggthbéPiure. Thepsaa,%d wasapia%e%@wohn%)e Yk metal noul d.
The WO 987 27

PA® EP97/ usBace and the above remove and re- at.tapgm procedure
was repeated two more times. - :

. Example 10

An alternating propene-CO dopolymer (54.4% head=<to-
tail) with a number average molecular weight of 1616
20 prepared in a similar manner to Example 1, except tﬁét
1,3-bis(di-o—methoxyphenylphosphino)prbpane was used in
the. catalyst solution instead of 1, 3-bis(diethylphos-
- phino)propane. The copolymer was dissolved in toluene
and cyclized in the presence of a catalytic amount of
25 p-toluene sulfonic acid by heating at reflux. The
resulting polymer was analyzed by C-13 NMR which showed
that 57% of the ketones in the starting polyketone were
cyclized to furans (furan:ketone ratio 0.66:1). '
Example 11
30 Furanized polyketone made in Example 10 and a
stoichiometric amount of TDAB along with 6.5% by weight
of phenothiazine were heated to 180 °C, mixed and
poured in a 3.2 mm (1/8 inch) thick metal mould. The




noul'd was cool ed quickly and the resulting casting was tested for
properties- The flexural nodulus of the sanpl e was &g,gm gﬁe
bar (628 WQi927160\ 5| ye simlar to that of a crossli P made

with 5 . bi sphenol - A epoxy cured wi & an anhydri de hardener. The

di el ectric constant and dissipation factor were 3.17 and 0.013
respectivel ymould was Evalede hackly and the g Al € £8g Peh ¥k ehgNRagRde | N
Exanple 7 was reacted 10 a_2:1 stoichjonetric ratio of nethylene

di aniline testedp; QﬁapéPﬁﬁﬁélﬁéomﬁhﬁ(ﬁ49%£ﬁﬁﬂrwﬁﬁy Yechfiotheni e Ghbh),
0.1 nol e of ghmpoehivasi Felmal QooioeIV%Bb%ld 5AH M) | Of a value 2-ethyl

hexanoi ¢ aC|d/gn1of frurani zed yketone. A differential scanning
cal ori metry StBhlasistRethatned énCEPSSllnHQQa%Rﬂﬁﬂeﬂ%@eaWLbhp rate of 20

[err]&/ mn. ﬂfé’pﬂ@ﬁ@ﬁ.-ﬁf epoxP( curre@a wil@s Sad rﬁ%&ff&'et @?&EE? epgacurred .

at 105 [err]C ani ze oné made in
Exanpl e 4 wediebestsic ConStanﬁ1?ﬂdadﬁﬁﬁkﬁﬂﬁﬂnnrf&cmmmumerefSTDmB and 0.1

nol es of 20 anq_opbggoggggéb@ggggéq of TDAB on a gel plate at 171 [err]C
h : . :

(340 [err]F) sanpl e was grodnd and placed. in a Parr ; bomb with
wat er in a IBxamplei 82(water:sanple). The Parr bonmb was kept at 60

oL o oo ok SaBiebBoiG)EEone, mace, . AElmlEF PP SELRLER 375 1Y
glycdd ate, feivhata, 2pioptomaheomeU1xﬁ5qarnqﬂdﬁnmauhylene diarilipgm -
Bbh{igfmlﬂnbf%m%fgkkﬁhg 4WD%PRth%9%e51q(MPAB, Té%ﬁ%égﬁ%ﬁa%?§$§ugl 25
PCT/ EP97/ 071361 mole of phenothiazine/mole of MDAB -ard 0.015 gm of -
2-ethyl hexan01c acid/gm of furanized polyketone 'Am
differential scanning calorlmetry scan was performed on
15 the sample at a ramp rate of 20 °C/min; The onset of
the glass transition temperature occurred at 105 ‘Cﬁ
Example 13 ' ;

Furanized polyketone made in Example 4 was reacted

with a stoichiometric amount of TDAB and 0.1 moles of
20 phenothiazine/mole of TDAB on a gel plate at 171 °C-

(340 °F). This sample was ground and placed in a Parf

bomb with water in a 10:1 ratio (water:sample). The

Parr bomb was kept at 60 °C for 20 hours and the water

extract was analyzed for ions by ion chromatography}
25 The extract contained 14 ppm acetate, < 3 ppm

glycolate, formate, propionate, < 0.25 ppm chlorine,

< 1 ppm nitrate, 1.7 ppm sulfate, 4.8 ppm sodium,

0.8 ppm magnesium, 2.5 ppm calcium and 0.2 ppm ammonium

ion.



CLAI MS 1. An encapsulated flip chip assenbly conpri sing:

a supporting substrate, at | east one sem conductor device attached*
to sai (WO9827160 supporting substrate by neans of a pl ur aFGHERFOTSS der 5
connections that extend from said supporting substrate to forma
gap between said supporting substrate and said - sem conduct or

devi ce; and a thermally rework®$l & binder filling said gap, said
thermal |y reworkabl e bi nder conprising: 10 . (a) a thermally
rewor kabl e crosslinked resin "produced by reacting at |east one

di enophi | e having .a functionality greater than one and at |east one
2,5-di al kyl substituted furan-cont@ipigg Relymer, and (b) at
| east one filler present in an a from25 to 75 percent by

wei ght based upon the amount of .conponents (a) and (b) thereby
provi di ng an as The Ll a claim1l

wher ei n theI1 %ﬂm@ﬁ&:gggﬁa egd%}é L%ﬁﬁg ?gﬁn I§8§§P£¥% %perature W thin
t he range ofa smmmqmm@npesupstm@tgao [err]C. 20 _' 3. The flip chip
assenbly of _¢l ai r o] gn al kyne havi ng

el ectron mnf% ﬂé@g%‘@ﬂ% % &lE%%dECto t?gg%8§ thégPﬁa QeB2 5% an et hyne

noi ety or asupportlngy@Mbstdatevbylmeans of a pﬂurihﬂtyloﬁ sblgegassenbl y of

claim 3 wherein t hile is5_selected from
consggting gonnec Som 8&88uﬁ§se§§ £E°m & 81 ufu9985£13943358ﬂ€aﬁgletles in
5- menber ed mnng&mnamdge@nbemnéencsaudlBupgobﬂina sabstrate andlséldlone

noi eties in _6-nenbe WO 98/27160
PCT/ EP97/ 07§ 1condﬁé%or g%v1ce, and _ 27 . 5. The flip

chi p assenblay thleraladily Fewbekablet bender flllihgfﬁaiHYgéﬁy\DéKﬂb[e resin
further conprises resi cross:linking agent selected from

the group . cherma n§F¥PF§6b&F bﬂpgﬁﬁlﬁPﬂPﬁbstﬁgped pol y(al kyl ene

10 (a) a thermally reworkable crosslinked resin

producéd by reacting at least one dienophile having a
functionality greater.than one and at least one B
2,5-dialkyl substituted furan-containing polymer, aﬁd
(b) - at least one filler present in an amount’
15 from 25 to'75 pefcent'by weight based_uppn the amount of
.components (a) ahd (b) thereby providing an assembly.
2. Thelflip chip aéSembly of claim 1 wherein the
crosslinked resin isfreworkable at a temperature within
the range of from 100 °C to 250 °C.
20 - 3. The flip chip assembly of claim 2 wherein the
| dienophile is an alkyne having electron withdrawing
groups attached to both sides of an ethyne moiety or a
cyclic derivative. '
4. The flip chip assembly of claim 3 whereln the
25 dienophile is selected from the group consisting of
compounds containing but-2-ene-1,4-dione moieties in
5-membered ringé, and compounds containing but-2-ene-
1,4-dione moieties in 6-membered rings. '

[
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5 ., oxide)s, bismalei mdo-capped pol ysil oxanes, bis- mal ei m des

of hydrazine,. 2, 4-di ami not ol uene, hexa- nmet hyl enedi

dodecanetHQ P @% @80 ani ne, and sub- stituted and unsub§E??§?%®V““

di ami nes of the fornula: - 27 - [err]

6. The flip chip assenbly of claim1l or 2 wherein the 10 2, 5-di al kyl

substi t ut ed Sf.ur ihec ciltigp ribnip s yermisly Sof claim BrwHeeasnbyheeact i ng car bon
y unsat urated conpound.

nonoxi de w at |.east_one b | efLnicall

7. The fli l?"zﬁﬁ“ﬁ se"rﬁﬂ%;”‘cﬁ s a‘F?ﬁ’lno#“Etb\ﬁ’ér%@nPFhées 3 residug. i al kyl
substi t ut ed dffu mrc:gxsnmnnﬂdweaé’efét C&@iédted5from tﬁébgkbhgt ed-

furan-contai nin ’éb gg t he djqug re conblned in a
mol ar rati oSSR 4L4%ﬁ ismaleimi CQPPQ%GP?1Yba%hYﬁeagsenbly of claim
1 ors2 furtside)s, blSHHMHiﬁid&Fééﬁpéﬁfﬁéiyéﬁﬂbﬁﬁﬁeénhb@bLor and/or an .

i on scavenger rocess of providing an encapsul ated

flip chip maleimjdes,q %/Q%ﬁﬁﬁ?%ﬁ?@ f ~diapinetoluene, hexa-attachi ng at

| east one s@EHINIUHdA andiNd CUddedamethylenddPRR{A: NasYbShHpat € by a
plurality of solder con- nect] ors that extend From the supporting

substrate t§tifuted %ﬂﬂ(PQﬁﬂh%RﬂﬁHRﬁiwdxﬁmimﬁstQifthﬁ1ﬁogmplbetmeen sai d
supporting substrate and said sem conduct or device, _ - filling
said gap with a thermally remorkabl fll[hkb chi p binder conpri sing:

WD 98/ 27160 PCT/ EP97/ 07156
- 28 - I I y reworkabl e crosslinked re5| n
produced by rgkctlng at o di enophi |l e haV|ng a :

€. The flip chip assembly of claim 1 or 2 wherein the
10 2,5-dialkyl substituted furan-contalnlng polymer 1s
produced by reactlng carbon monoxide with at least one
olefinically unsaturated compound. _ o
7. The flip chip assembly of claim 1 or 2 wheréiﬁ'the'
2,5-dialkyl substituted furan groups in the 2,5-dialkyl
15 substituted furan-containing polymer and the dienophiles
are combined in a molar ratio of from 10:1 to 1:5.
8. The flip chip assembly of claim 1 or 2 further
comprising (c) a free radical inhibitor and/or an ion
scavenger.
20 9. A process of providing an encapsulated flip chip
-assembly comprising the steps of: _
attaching at least one semiconductor dev1ce to a
supportlng substrate by a plurality of solder con-
nections that extend from the supporting substrate to
25 said semiconductor device to form a gap between said
supporting substrate and said semiconductor device,
filling said gap with a thermally reworkable flip

chip binder comprising:

* c L M S *



functionality greater than one and at |east one 2,5-di- al kyl

substituted furan-containing polymer, and 5 (b) at |east one* ~ -

filler WO=8&T160i n an anount from 25 to 75 percent POYWERRIAMSs Dased
upon the amount of conmponent-saga) and (b) thereby providing a flip
chip assenbl y. 10. The process of claim9 further

conprising the eps 10 f encapsulated flip
chi p assenbly é?ﬁ < therﬁ%l%xwﬁﬁﬁ%§%ﬂw lgioiﬁﬁxﬁgﬂ Thigh to nelt

or soften producedt by seBGEungoamedEasnsoaeddﬁenophuéethhb&nghernalIy
revor kabl o eGARRISHEASRy' BaBel! GHul NG 6RY BEOYEGRROCAL1S, M,T' | qui d

conposi ti e sem ¢ f'he sup-
porting subikyitsupsuutdtag ﬁutanrcente&nmnd pohymeateand

) (b) . at least onefiller- present in an amount
from 25 to 75 percent by welght based upon the amount of
components (a) and (b) thereby prov1d1ng a fllp chlp """"
assembly. '

10. The process of claim 9 further comprising the steps
10 of : | S ~
heating the encapsulated flip ehiplassembiy'et a
temperature which is sufficiently high te”melt'or sbften
the solder connections and to convert the thermally
reworkable comp051tlon into a llquld thereby prov1d1ng a
15 llquld composition, L
removing the semlconductor dev1ce from the sup-IWH” T

porting substrate providing a dev1ce removed substrate.
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