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ATTACH ADHESI VE COVPCOSI TIONS Field of Invention This invention relates to

an adhesi ve conposition. In one aspect, the invention rel e attach
adhesi VWO88pYdi ti ons suitable for attaching seni- 5 P&Z‘#&u’@?‘g devi ces
to carrier substrates. Background of the Invention Die attach adhesives are
used to bond the sem - conductor device such as a silicon die or chip to a
substrate such as a lead frame or a printed circuit 10 board. During
assenbly of the sem conductor package, the die attach adhesive holds the
device firmy in place during wire bonding and encapsul ati on. They can
provide electrical and/or thermal contact between the device and the
substrate by neans of incorporating 15 el ectrically and/or thermally
conductive fillers in thEe ﬂmé%&ﬁﬁﬁﬁﬁﬂqqyﬁoﬁﬁﬂiﬁﬁﬁes of commonly used
di e attach adhesives are eutectic solders, conductive epoxies, and
conductive pql%inides. Eutectic solders are netal alloys typically 20

made wWith g of ©Dwhich is a netal foil cut to the shape and
size of the senmgparRdyekehtEBhPrelStdepesi A80a8Resee doShpesh Siths] rate of

t he package and is heated to a tenperature_near the peltin oi nt of the
preform Th&Xk NG @élﬁ’fetcﬁentgé bPXgEBlBHt getatessto die p?‘é‘f’%?}gn with a

scr ubbi ngCb”@c?r@%;ivgh%oﬁ@b%(itﬁﬁnsoEdfi‘.ltalblaéefexp&’_ﬁﬁia&ﬁj.x@djlds&hi-f-i cult to
process. nductive epoxi.es are typica oW Vviscosity pastes containing
el ect? i cal | FEOGHERAS @?VFFFFng.°¥E§l§ﬁo§VLF§rﬁBﬁFred to the substrate by
convent i onalpa®Bajroutind dfhehdeIngention :

Die attach adhesives are used to bond the semi-

conductor device such as a silicon die or chip to a
substrate such as a lead frame or a printed circuit

10 board. During assembly of the semiconductor package,
the die attach adhesive holds the device firmly in
place during wire bonding and encépsulation. They can
provide electrical and/or thermal contact between the
device and the substrate by means of incorporating

15 electrically and/or thermally conductive fillers in the
adhesive formulation.

‘Examples of commonly used die attach adhesives are
eutectic solders, conductive epoxies, and conductive
polyimides. Eutectic solders are metal alloys typically

20 made with gold. A “preform”, which is a metal foil cut
to the shape and size of the semiconductor chip, is
deposited on the desired substrate of the package and
is heated to a temperature neér the melting point of
the preform. The chip can then be placed onto the

25 preform with a scrubbing motion. The eutectic solders
are expensive and difficult to process. Conductive
epoxies are typically low viscosity pastes containing
electrically conductive fillers. The epoxy is applied

to the substrate by conventional means and the device



-2- is then placed in contact with the coated substrate. The epoxy can then
be cured in one step. Conductive polyimdes are simlar to conductive

epoxi es. Thernosetting die attach adhesives, primarily 5 epoxy-based

f or nul aWwons2are used to bond sem conductor devices to sFPEHVERRTRHESS Rewor k
processes to replace defective chips usually involve the use of heat both
beneath the substrate and on top of +4Ige -device acconpani ed by a shearing
force to renove the die from 10 the substrate. Historically, rework

has been reliat inehypsho®d eisi ciprddie Wit ¢ doatsBklpabdavbdel y spaced
fromeach other. However, energing .packagi ng technol ogies such as multichip

nodul es use THSt BPPEYgERAD JeRER 2 fiFedhelt QP §4EPngCRBEREEAVEhem and

therefore 1polyimibtidbSeréheimopst id idohdtctdamrepokeethe substrate during |
rework. Thus, it is desirable o provide di.e attach adhES|ve conposition

-which al | ows t h&BPERBFRFRHNY AR Fraeh AdRaS)i v§Sec PEIBBFELYSunmary of the
I nverg i on 2Q@poxy-basedAE6oMEl A€ 6105 tahee VBRI HOBond skaiEBhlMictewor kabl e

die attach conposition is provided conmprising: (a).,a thecmally reworkabl e
Cr osel | ko JeTARR ol BUALBATEY P T DI RSn E BRIBERI & having. o
functional i tgef@ceaver chbps aseably DivdPasitH@is? Dfdhakkybogtb- 25

stituted furan-containin olyner, and (b) at_Ileast, one thermally and/or
el ectricall ?W-‘S’dﬁbﬁ §gb§§{:%’f? a"lm‘gr%%e P i9f dhere¥ifrve anount up to 90%

by wei ght ofadddmpdingedt bgch shapobhd i fdrdd ty @énired thendiet fegmnedi um 30
oty g, o e ALASCRIReS! o0 BLOUERS, 8k had B ARhsRsT gonuet
simple since the devices are small and widely spaced
from each other. However, emerging packaging
technologies such as multichip modules use both larger
devices and smaller spacing between them and therefore
15 raise the possibility of damage to the substrate during
rework. Thus, it is desirable to provide a die attach
adhesive composition which allows the reworking to be
more readily processable.

Surmmary of the Invention

20 According to the invention, a thermally reworkable
die attach composition is provided comprising:
(a) a thermally reworkable crosslinked resin produced by
reacting at least one dienophile having a functionality
greater than one and at least one 2,5-dialkyl sub-

25 stituted furan-containing polymer, and
(b) at least one thermally and/or electrically con-
ductive material present in an effective amount up to
30% by weight of the die attach composition to provide a
conducting medium.

30 Such a die attach composition provides a readily
reworkable semiconductor board and/or semiconductor

package.



-3- Detailed Description of the Invention There may be several ways by

whi ch the polynmer chains of the thermally reworkabl e crosslinked resin can

be pro e thermal |y reworkabl e crosslinked resin

pr oducgecrpggzreactl ng at | east one dienophile having a fu%ﬁlong?&?y greater
t han one and at | east one 2,5-dialkyl3substituted f uran- cont ai ni ng pol yner

con- necting to one another via DielszAlder addition. In one enbodi nent the
2,5-di al kyl substituted furan groups are 10 attached to or form part

of the pol PeEridgdi Bescuiption ofsithe Inyenkien dlenophlle reaction to form
the Diel s- Al dephaddugh EBca@ $Ed R QAR 99 Mick enéR/{QA DI ENOPHI LE

Dl ELS- ALDER, SUBSTI TUT, Wnere Y is either C<
or N Forc§aﬂﬁérﬁﬁlF9erﬁﬁﬁﬁméﬁﬂ¥3Rﬁ”&§§PPﬁﬁe8r?%%¥¥Pk%ﬂIrQﬁinaCEB

portion of pehgrBugkbedAl delie a&mmﬂalqcyn ref¥ekhble &FesdLimRandsdnenophile
upo heatlgg such that the resin s liquid (flomable material). A

cr ossl i nki naB@nPrRHPEﬁdéﬁﬁt%ﬁqEFHQQ FFS ﬁﬁPEcﬁP%r dignqrid&® two or nore
di enophi | emaeaagahseuh@ty@miiﬂy Hreater this eﬁb%m .1eH@s@ndi enophi | es

are connecte ch ot her em cal bonds or bridgi ng groups. Ac-
Cordi ngl'y. ZeReepRban: STRYEHRTHAR Ass ASGRPERYP SR8 RaL MR SOh. “att ach

adhesi ve C(ﬁé}ms_ht_;l €6 6A8t anstigr arippDi@s-REdeR addition. In one
embodiment the 2,5-dialkyl substituted furan groups are

10 attached to or form part of the polymer chains.
The reversible furan to dienophile reaction to form

the Diels-Alder adduct can be represented by:

?&i\
o + ¥ " ;
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2,5-DIALKYL DIENOPHILE DIELS-ALDER
SUBSTITUTED ADDUCT

FURAN
where Y is either C< or N- .
For a theimally reworkable.cfdsslinked resin, all or a
15 portion of the Diels-Alder adduct can revert to the
furan and dienophile upon heating such that the resin is
a liquid (flowable material).
A crosslinking agent which contains in its molecular
structure two or more dienophiles can also be used in
20 this embodiment. These dienophiles are connected to each
other by chemical bonds or by bridging groups. Ac-

cordingly, the present invention also contemplates a die



conprises noieties of a 2,5-dialkyl substituted-furan and a crosslinking
agent which conprises two or nore dienophiles in its nolecular structure.
The digg philes 5 may al so be attached to or formpart of the polyner
chai ns. @Pﬁé@V?nking agent which conprises in its nol ecuPET/ERPTAFE%Ur e t WO
or nore 2,5-dialkyl substituted furan groups can al so be used. In yet

anot her enbodi nent the dienophile is d4ttached 10 to the pol yner chains
to which the 2,5-dialkyl sub- stituted furan groups are al so attached or

i ; dhe dival &yhpssbsid sl r t of their
whi ch cont @ttadhe adhesdival kyhp 1o Wtk fiWidy 4 g?? u?gd@?ﬁggn-containing

I haj ns. .Accor di. ngl tpbe 2,5-djal kyl sub- s
Bg|§2§£ gaﬁla 535§8nﬁgﬁﬁgié$ 5 ar&ﬂ%ﬁ#%ﬁ%hﬁi &ubstigngpdyfusamst i t ut ed
furan and reiceta es:os%landiﬁgoaﬂéﬂxe.wﬂ'i‘tﬂx ?o%@ﬂi%!e{syltwguggt,h g% ?gdf urans nay-
or may not tituted. at their 3- and 4-positions. Preferred. :
subst?tuenfgﬁggggﬁégFtlgubg?iTﬁgﬁ?ngﬁj AEHIGE -eXhRpAEenophiles &l kyl or
al ky? oxy gmeupslsoypecaktychadi by o forml Pagar bEn tAkOPBLyaseh as--met hyl,

et hyl, 1-pr A hoxy.and 1-hexyloxy. groups. _Resins containing furans
mhoge 2 aﬁ 555??%8 gxé? Rdt ?%%ﬁé? FOHPLLSES- iRepEfbl e fo side -

reactions wleicudar sauseture ewws sobimorb 2, 5-digeklinguBseitpt&ifere with

Its reversidjlit -dial kyl substituted furan groups ney be attached
to the polfﬁg%nb g?ﬁggogagh%i%%l ?mﬂ?%€’on whi ch the crosslinked resin is

based. They maynbgest anohber t érased matitr atid yﬂi‘éhaﬁﬁiﬁbeﬂé Cattaiul or via a

di ' | dgi n r,oup- f or i.ch.any of the substituents
g? %%e fuLé%L%%% ghgggggogﬂégg%s %8H§BbF%Fh§@§G &ﬁ%xﬁéys$%ﬁction as the

poi nt of atstddmbedt fuTae atdyps samestdlscenittazhether2whadll Sop@sid i ons of

t he the 2,5-dialkyl substituted furan groups as a part of

their polymer chains. Accordingly, the 2,5-dialkyl sub-~

stituted furan-containing polymer can alsoc contain

15 moieties of a 2,5-dialkyl substituted furan and moieties
of a dienophile. '

The 2,5-dialkyl substituted furans may or may not be
substituted at their 3- and 4-positions. Preferred
substituents are inert substituents such as for example

20 alkyl or alkyloxy groups, typically having up to
10 carbon atoms, such as methyl, ethyl, 1l-propyl,
methoxy and 1l-hexyloxy groups. Resins containing furans
whose 2 and 5 positions are not substituted are sus-
ceptible to side reactions which can cause irreversible
25 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

30 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



-5- furans may be the sanme or different and will typically have up to 10
carbon atons. Exanples of suitable al kyl groups are nethyl, ethyl, 2-propyl

and 1-Qg; oups. Exanpl es of suitable furyl groups ' attached
5 o] a7%’zl ymer chain are 2,5-dinmethylfur-3-yl, 2, g@g&&ﬁ%ﬁf
ethyl-3-nmethyl fur-4-yl, 5-ethylfurfuryl or 5-(1-butyl)furfuryl groups. The
type of polynmer chains to which the §,5-dialkyl substituted furan groups
may be attached is not 10 . critical. Suitably the polyner chains are
chai.ns of BUpARgdNay ke theckame psl gefferrnt puid middetopipelyy styrene,

pol y(acryl hgv@chs)tor @ aeBehy HBbmS! BkiRSE SNk %in){:laib@eaﬁhg Qr ester,
chai ns of random or alternatlng copol yner's. of carbon nonoxi & and
ol ef i ni cal #§°ups are methydat gFhydd 2oRpeRH NG drhexydr greupsl. abor ati on on

such copol ¥iEhs1 &4 - ohAitAdi ke Fhry®l gE6&bh S SHBI Ra0 Hediat RRhEROAt OB, such
as chains of gol yam de or polyester. It 1s preferred that the 2,5-dial kyl

, y |
substit ut elOf HrBALYNH RRR18: AGEt dr ArdEre fwr-3d -pdirprrei-backbone 20

itself. |neﬁﬂyfkghﬁégﬁyﬂﬂurLa-EQ;tchkﬁyifuffﬁgfyréglthat each of the
2,5-dial kyl substituents of .the furans are al Kyl ene groups which also form
part of the~ pbTowerl IR rYtd9RAPEA- may or may not be substituted. Such a

structure can ‘e pE@siIGEd poll yhdkaBhaiAg €5 which GAROIYRLS Ak ygar bon
nonoxi de and oleflnuigél unsat urat ed conpounds which contain

1, 4- di car bBHYFEERHEFE 3R GREPPSpBRYRe thEAFRed it 9%y converting such
1, 40di car bepytieal i tseixadbliyo ther pBlLyREet ERSind\ 418 Hdivel s @ 2, 5- di al ky!

Feacting cBPLURLREoN HEPad BPOYPHTEAFI yPORERaReRd ReTdpounds  n the
presence okt@re&hépngoReiatrylic acid) or a copolymer of ethene and

acrylic acid or ester, chains of random or alternating

copolymers of carbon monoxide and olefinically un-

15 saturated compounds (for a further elaboration on such
copolymers cf. hereinafter), or chains which contain
heteroatoms, such as chains of polyamide or polyester.
It is preferred that the 2,5-dialkyl substituted furans
form a structural element of the polymer backbone

20 itself. In such a case it is particularly preferred 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.

Such a structure can be produced by furanizing

25 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.
Alternatively, a 2,5-dialkyl substituted furan-con-

30 ‘taining polymer can be directly produced by reacting
carbon monoxide and olefinically unsaturated compounds

in the presence of a strong acid.



-6- Perfectly alternating copolyners of carbon nonoxide and olefinically
unsat urated conpounds which contain 1, 4-dicarbonyl entities in their

pol ymer chai ns are known. They can be prepared by palladium catal yzed 5
pol ynerWo8i28¥7usi ng t he net hods known from for exanpl e PCEREPSINTASDOS,
EP- A- 181014 and EP- A-516238. The polyners so prepared are alternating
copol ymers of carbon nonoxide and tresotefinically unsaturated conmpounds,
i .e. copolyners of which the polyner chains 10 contai.n the nonomer

units originat ipagfeatt r@DtEbeH@ﬁgij:Jplol%eﬁgrQP”&ér&é&%oﬁ%the monomer
units origi nat | y unsaturated co unds-in an alter-

| ILn,the ol efinic
nati ng arréﬁ&eﬁggf‘lgbc?w WAt gt Iﬁ=°E‘3PBBﬁ5a‘t’B+ﬁlbfc‘trH@jrfbl ymer chain
bel ongs t 013 4caibappbngl ek itAldLrin their polghb¥ oK yé@és of ~carbon

nonoxi de and oI ef |caII unsat urated co s whi ch cont o
1, 4- di car b&RPND en FVeE grﬂtiﬁl%r?pffrﬁfd‘}n é’oggﬁyﬁ'gtgm Fata Iyrrers of which
t he 5}00I y e poldiyaies za@DbAI s 1A ARy metHo si lltnlawﬁaﬂﬂ&m Ofdherl The latter
copol yners can he par 2 r.adi.ca [ t] ymeri.zation
usi ng the FEAABIS/ hg\iﬁ'f?]o%/s’e. .TA13§-1§(124§§§8€135%%fgg:gé)ﬂo%;%. The
f urani zat i chbl@fneh:h(ESOOpﬁéymd cére:aarmnmmagl depanpkn@:tsféﬂi cally -
unsaturated C ounds deeffeB%@%ag%ﬁ”ﬁﬁ own_in the art, for
exanpl e, % B°§§ and {hs ¥XFB§a Urat®ddrating agent, as
di scl osed b;o;nenouSele ei.al. ccéﬁolﬁmmoﬁmeﬁhethaapblﬁnef’od:rymnilhem 32

n the presence of a strong acid,,such as

1 841 {
E)-t Lelr[t)es Lﬁoﬁ)"f (r:tgé I(’:}8{%% dl%%lrtosse thr‘}nﬁ§lﬂg3§ﬁ9§3‘§b°nf%5%ré°ﬁq$ods al | ow
t he 30 Uc&nveaxbonybfgﬂpuPSH(Hndxﬂhﬁ monomeiresni tis t bei gixhytndig

in the olefinically unsaturated compounds in an alter-
nating arrangement so that every fourth carbon atom of
the polymer chain belongs to a carbonyl group. Alter--

15 native copolymers of carbon monoxidé and olefinically
unsaturated compounds which contain 1,4-dicarbonyl
entities may be random copolymers, i.e. copolymers of
which the polymer chains contain monomer units in a
random order. The latter copolymers can be prepared by

20 radical initiated polymerization using the methods known
from, e.g., US-A-2495286 and US-A-4024326.

The furanization of the copolymer of carbon monoxide
and olefinically unsaturated compounds may be effected
by methods known in the art, for example, by applying

25 phosphorus pentoxide as dehydrating agent, as disclosed
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

30 conversion of l,4-dicarbonyl moieties in the polymer
chains into furan moieties at a variable conversion

level, depending upon the reaction conditions selected.



chains into furan noieties at a variable conversion | evel, dependi ng upon
the reaction conditions sel ected. -7- It is preferred to enploy in the

fufani%%&ql&’;}n al ternating copol ynmer of carbon nonoxi d%&#ﬁw ni- cally

unsat ur at npounds because these have a hi gher conten , 4-di car bonyl
groups in the polymer back- 5 bone so that the furanization can be

acconplished efficiently at a high | evel of incorporation of furan groups.
I f, nevertheless,, a |l ow degree of furanizatjon_is desired,. the conversion
LEp SRRES €Gr SBBLOMag ALED

of carbonyl grobpsSiPt Qr 6085 O¥ad"bERR hEPRAFAGPR an The
copol ynmer sabfetnd by ravy@lytherand ehebbni mehbdyide satdireliexh ygenpounds may be
based on hgdgfcarboqg agv%ge olefigicgllx unsat urated conpounds. It is
pref erred FRALY ¢ ARSAOHG KA FOTMBOBREE(PER2RAS oFRFF7i RAYS @ JHINER ur at ed
hydr ocar booonsent abf y1 ardi-calrbbngl grolibps in tharpolyther wHTiGX- ol efin
havieng up to 10 carbon atons. Very,suitable are aliphatic,z-olefins, in
paréiculargfﬂﬁsﬁoh %??mfﬁ%I§%P§n38%§188r88ﬁ g?oﬁﬁc%. +ﬁﬂ§9j|1-pahticular.

t hose havi efifacsénalyghdt catligh dleaed, ofuthcaspprapeme, ofl-fudsane, 1-pentene
and 1- hexene, Propfge | S 2% nost §referred. TPe ggPol er can be
regi or equl SFOBPST rtogtSNe T eAeESr e GultsY SFIATRCPE cTunenizatdag \y |

substi t ut edsf deahredntchenicupvealsiimer coiheaebanpd| yreuwpdHaieirh afugaropene and

carbon nongxi d fu | Ze an be represented by the formula: 25
The preci o 9258ps Mty bg Ko, g‘ﬁ%ﬁhi le fromwhich the Diels-Al der adduct is

obtldl ned i s noThercopchymerss dforgrbon monoxide and olefinically
unsaturated compounds may be based on hydrocarbons as
the olefinically unsaturated compounds. It is preferred
that the copolymer is based on an olefinically un-
saturated hydrocarbon, suitably an a-olefin, in
15 particular an a-olefin having up to 10 carbon atoms.
Very suitable are aliphatic a-olefins, in particular
those having from 3 to 6 carbon atoms and more in
particular those having a straight carbon chain, such as
propene, l-butene, l-penténe and l-hexene. Propene is
20 most preferred. The copolymer can be regioregular or
irregular, stereoregular or atactic.
A 2,5-dialkyl substituted furan-containing polymex
where a polymer based on propene and carbon monoxide are

furanized can be represented by the formula:

CH, CHs
o N N oo’ O\C—CH A0
[ L] 0
CHs [n
25 The precise nature of the dienophile from which the

Diels-Alder adduct is obtained is not critical, as long



-8- as the Diels-A der adduct has such a thernmal stability that the
crosslinked resin is reworkable. Usually the m ni numtenperature above

whi ch the reworkable cross- linked resin will be reworked depends on the’
maxi muW@98/27177 t enper at ure requirenents for the seni condREVEPIT#EIASce used.
The reworking is suitably carried out at a tenperature from 100 [err]C,
preferably from 130 [err]C, to 250 {& ] C, preferably to 200 [err]C
Sui t abl e di enophile functionality can be represented 10 by Y=Y where Y

i's either GssOthd\pielis-ACHeET h6ducPrRieraldy o ft@&e&hamoabiabfﬁley e, for

exanpl e, havi n l,ectron w t hdraw ng ps attached to both sides
of the ethy$x;Fnﬁ hg Fra gﬁgﬁn 8dLREIN 1Y YUY Uspadt¥l BReare nono- and

di gsters Omettb mumchesmp@eratugelsbove whicte. trﬁ&&tgrﬂo&rkamaaﬁblegyli c.acid) ang
substitute ones r . sui e dienophiles are conpounds
whi ch cont at U]é %Lﬁé/s?'ner‘i'é‘ii hedﬁﬂg%‘?eﬁp‘? PnTEXEMUB, 5 renber ed
rings in patémpeﬂae&ummmquﬁdemeﬁtbhmgeﬂeé aéenf:m:rdndua:‘tox dBvice Wherein X
denot es 0, e|n at | east one of
the free va?%ﬁ§ﬁe£??sf%ﬂgfﬁﬁpgdlﬁysglt??ﬁﬁ g&f F&h connects the

di eno- ph|IEempéfatuue(ﬁtomheopoPgnepreﬂerabiwanumI13®ndthetod|enoph|Ie, and

wherein the ni ng_val e C|es ny, 25 "~ are occupied by | ower
al kyl or %#8?%% g&&ﬁ? p%@ée ably, hydrogen. The |ower al kyl

substi t uent S swﬁﬂ&m&m@b@mmet uAcE6RON B} Wih dd rapeesbREegxanpl e,
neth%l or ethyl_?réﬁg¥z JDlgnggghggscgfoéfgf; or -C=C-. Preferably
’
the dienophiles are, for example, alkynes having
electron withdrawing groups attached to both sides of
the ethyne moiety, such as ester and keto groups.
Examples are mono- and diesters of butynedioic acid
15 (i.e. acetylenedicarboxylic acid) and substituted but-2-

yne-1l,4-diones. Other suitable dienophiles are '
compounds which contain a but-2-ene-1,4-dione moiety
included in a 5- or 6-membered ring, in particular

compounds of the géneral formula:

o=d X\c=o
-

20 wherein X‘denotes 0, S, N-, P- or -R- where R is
alkylene, wherein at least one of the free valencies is
occupied by a bridging group which connects the dieno-
phile with one of the polymer chains or with another
dienophile, ahd wherein the remaining valencies, if any,

25 are occupied by lower alkyl or acyl substituents or,
preferably, hydrogen. The lower alkyl substituents
suitably contain up to 4 carbon atoms and are, for

example, methyl or ethyl groups. Dienophiles of this



-9- general fornmula are preferably cyclic derivatives of mal eic anhydride
and, in particular, maleimde (i.e. X denotes O or, in particular, N).
Exanpl es- of ot her suitable dienophiles include, 5

bi s(tri WML ones), bi s(pht hal azi nedi ones), qui nones, TCHERIMNTSS

bi s(tricyanoet hyl enes), bis(azodi carboxyl ates); diacrylates, naleate or
fumarat e pol yesters, acetyl ene- dicarl®oxyl ate pol yesters. As indicated
her ei nbefore, in one enbodi ment use is 10 made of a crosslinking agent

whi ch conprgemsrdn fdrmulal agel preferablyr eyélic afexmirat idiesneEhi | es from

whi ch the Die| s-A der adducts ,are obtajnable. The dien il es y be
connect ed tB2h 3R 15 Bﬁg'oﬁnnﬁ?ﬁkb?'i’ hdr.‘a%ger]tf‘hlﬁge?h(l‘—ldte’egrrpl e, three
di enophi | esdémytde TBy)ednegpatbiculart oNene another by a trival ent bridging
group. However,_it is sufficient that crosslinkin nt,is used in which
two di enophi | esE’é?’EchecFr_lr?é:t% elros&r’iga?\g& ﬂ%?n%@hlai i va glr?tdedri dgi ng group.
The @i enophbi &t npyzal isedienesinebtiedphohahez imed tenedly, chamagas,bonds. 20
Both the nol ecyl ar wei nd the chenical.. e, bridgi ng group of
the crossli k?ﬁér%&¥ﬁﬂé€£%¥ %?eféfi%ésgézgdf§$%§£%X¥%§é. 1t has been found
that such vaiaetybaisesf ndieateoss ifukiamgtagpolyésers o amtplated e _
crosslinked, resins.c verlqgg%g@éyg.range of mechani cal 25 properties.

The bridginaiﬁ?ﬁﬁﬁx %F%d% n onl'y carbon atons in the bridge but it is
al so possi bl e thatindicargdiesdimberforeenini one hembodtigant suash iss oxygen,

sili,con or nitrogen_a .!ng I_dal ng.g:aup | gxi or rigid. 30
For ! xanpl el,“ap%l %ﬁe?i%:&g%ld‘@ né‘lagrgra ulp?g Hg\%gﬁgc%ﬁ?ﬁ?% %ﬁli}nsgr chai ns, such
as pol y(al kmbdaeudardetructypsd yisid oramese Haenaphilesnfeem whskelye nol ecul ar

wei ght of , %ﬂg’Dggig-ﬂfﬁgk:g§ﬁudyéngf%eoEHQQﬁEXlE?m?ﬁga@iéhophiles
may be connected to each other by one or more bridging.
groups. For example, three dienophiles may be connected

15 to one another by a trivalent bridging group. However,
it is sufficient that a crosslinking agent is used in
which two dienophiles are connected to one another by a
bivalent bridgihg group. The dienophiles may also be
connected to one another by chemical bonds.

20 Both the molecular weight and the chemical nature of
the bridging group of the crosslinking agent may be
varied to a large extent. It has been found that such
variations of the crosslinking agent lead to re-moldable
crosslinked resins covering a wide range of mechanical

25 properties. The bridging group may contain only carbon
atoms in the bridge but it is also possible that it
contains hetercatoms in the bridge, such as'oxygen,
silicon or nitrogen atoms. The bridging group may be
flexible or rigid.

30 For example, polymeric bridging groups having
flexible polymer chains, such as poly(alkylene oxide) or
‘polysiloxanes, having a number average molecular weight

of, say, more than 300, provide rubbery reworkable



- 10 - crosslinked resins. Wien the polyneric flexible chain has a nunber
average nol ecul ar weight in the order of 1500 - 5000 or nore reworkable
crosslinked resins may be obtained which could replace thernoplastic:

r ubber s. W8 98727177 Accordi ngly, suitable crosslinking ag®aF gWﬁ-’?ﬁ s kind
are the bis-nmal ei m do-capped pol y(al kyl ene oxi de)s, such as poly(ethyl ene
oxi de)s or poly(propyl ene oxide)s, andl®isnal ei m do-capped pol ysi | oxanes,
for exanple the bismal ei m des of polysiloxanes of the general formula 10

[ err] wher ei ncrossl AikddItregehs . ONhan etlag epolfmeniice flkkible@ aRdihn particul ar
in the range _of 20 nd_each ndepe entl an _al kyl group, in
particul ar h39f Q&F§%§'§V8§F88nm3¥%ﬁ%la %ég%a hﬁePﬁ?F¥ngup. Very
good resul ts1gad HeSUM or mombtaewedkmblé ¢fus§mxnhddemﬁsdasoha9iBaninO '
capped pol y( ene, Q .d cuI havi nunb aver age nol ecul ar
wei ght of at BheRiye %dﬁ‘lcﬁ% CS“‘DLH ?‘[a’Pe‘f“h%q%’esaﬁ* ¥BBe8x00 - 5000,

Low mdl ecul ar wehAgtrdimglyi, ngugtahme crossllﬁkmngyagymﬁ& of th@koups which

Iy h 0 b I d.
Oyl oal i phar FEndrat S, ik, e AR BRTR0GoatEa el tiAGauiRén 358 57 ouns

rigid. Low gntbcm&enOIMﬂquNleyeloahdphat¢n EﬂkkﬁﬂﬂmpmmenebbdeEMQ gr oups
Lend 10 Provifls besiPIdaNchansly Beds{ PSR SD for oMl Bg Nard and

brittle, and have a relatively ran5|t|on tenp g Exanpl es
of cycl o- aIbphm@lelmadhsaméwmdeSHQWRaneecmfanhewgqﬂﬂrdmwﬂwgmmgagroups are

and BRoups. of N REEE S HGIR TG RHEF refiskofn ¥ {B%n InmbidblRpY 70 OrOuPS

-f-0-f-SO2- on average, of more than 10 and in particular in the

range of 20 - 70, and each R is independently an alkyl
group, in particular having up to 5 carbon atoms,
preferably a methyl group. Very good results can be

15 obtained with the bismaleimide of bisamino capped
poly(propene oxide), in particular having a number
average molecular weight of at least 300, more in
particular in the range of 1500 - 5000.

Low-molecular weight bridging groups, i.e:. bridging

20 groups which typically have up to 20 carbon atoms in the
bridge, may also be used. Cycloaliphatic and aromatic
bridging groups render the bridging groups rigid. Low-
molecular weight cycloéliphatic and aromatic bridging
groups tend to provide re-moldable crosslinked resins

25 which are hard and brittle, and have a relatively high
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

30 following formulae: -f-CHp-f-, -f-0-f-0-f-, -f-0-f£-503-
f-0-f- and -f-C(CH3)2-f-, wherein -f- denotes a
1,4-phenylene group. Other suitable bridging groups are

alkylene and oxycarbonyl (ester) groups and combinations



f-0-f- and -f-C(CH3)2-f-, wherein -f- denotes a 1, 4-phenyl ene group. O her
sui tabl e bri dgi ng groups are al kyl ene and oxycarbonyl (ester) groups and
conbi na - - thereof. Suitable | ow nolecular | i nki ng
agents 2{1‘29@7377 exarrpl e, the bisnmal ei m des of hydrazi ne"‘ﬁlcqj?ém%ﬁ%?

2, 4-di am not ol uene, hexanet hyl enedi am_ne, dodeca- nethyl enedi am ne,

di am nes of the general fornula: 5 ~ 11 znd bi sani no- capped (poly)siloxanes
of |ow nol ecul ar wei ght, such .as polysiloxanes of the general formula
[err], wher éhﬁrQOﬁangestal@kﬁ aat-mmpd eculem welghlt ocrqmsdiiakdblgy from 1 to 5
and the gro a r r t Ryl ¢ of
the di am neléaéf’ Rg %SSP géﬁué}ggx?%lr%om%rgr %Fgﬂ?ieg\@ia’%éaﬁ‘? hfy@ E@CHST Very
good result & éaﬁlB@lBBPQA%EQPNMh?K%W%%WdﬁﬁPé#ﬁﬁﬁwbhéﬁﬁ%@kﬂhane and

di met hyl bi sfehnipakaias SaIRs | hyé:)agme% 'ﬁ”%he%@ﬂérﬂ“f&%xﬁaﬁr ossl i nki ng
agents on the basis of 15 mal ei ¢ anhydride are compounds of 't he
general fornula: wherein A denotes a brldglng group as descri bed.

herei nbefore, in particular bridging qroup h&H.re-Nib t 0 20 carbon atons in
the bridge. More in particul ar the 6 ., group A is an al kyl ene group,
such as a 20 hexarret"WT‘E‘ﬁé*z 0 oups -DDOCO or -COODOCO
wherein D denotes a bival ent hydrocang of oup, for exanple an al kyl ene
group, such as a hexanet hyl ene group. - 12 -

5 and bisamino-capped (poly)siloxanes of low molecular

weight, such as polysiloxanes of the general formula
H2N-CH2[—O—SiRZ]n—O—CHzFNHZ, wherein n ranges, on
average, from 1 to 10, preferably from 1 to 5 and the
groups R are preferably methyl groups. An isomer mixture
10 of thé diamines of above formula is commercially
available from HOECHST. Very good results can be
obtained with bis(4-maleimidophenyl)methane and
dimethylbis[(N¥maleimidomethyl)oxy]silane.
Other suitable crosslinking agents on the basis of

15 maleic anhydride are compounds of the general formula:

A A
O=C C=00=C C=0

PSS

wherein A denotes a bridging group as described
hereinbefore, in particular bridging group having up to
20 carbon atoms in the bridge. More in particular the
bridging group A is an alkylene group, such as a

20 hexamethylene group, or groups -D-0-CO-~ or -CO-0-D-0-CO-
wherein D denotes a bivalent hydrocarbyl group, for
example an alkylene group, such as a hexamethylene

group.



Agai n other suitable crosslinking agents are poly- esters based on
butynedi oic acid and a diol, such as ethylene glycol, a poly(ethylene

glycol), propylene glycol or a poly(propylene egcoI) These esters may
5 F¢0 PRZF1TO| ecul ar wei ght crosslinking agents, such %%T’E&J@ylﬁed

her ei nbefore, or they may have a nunber average nDIecuIar wei ght of, for
exanpl e, nore than 400, such as in tha2range of 2000 - 6000. The present

i nvention also relates to crosslinking 10 agents such as

bi s- mal ei m do- cagped pEhYf Adiame @&b@%ﬁnkiﬂgp@ééﬁ@yléfe poly-
bi smal ei mi do- capped pol y( propene OX|de)s Such™agents have ‘a nunber average

nol ecul ar m@ﬁ@ﬁFSOPaa%d|%§utm ioder aead) 9nﬁinatq%b°#an§§tbfa815oo - 5000.
The bi smal eigthg@snefl gPPLYS) |é)>ﬁfl@5(e|%%‘9§ehaegigcol), @a@%\s’iﬁéné ormula [err]
I hde

wherein n is _an integer of | east 1 and eac pendentl.y an al kyl
group, in p&¥Eell aF ARPHY(REPRYI e SLHER1LAL oRReSH RPBYSHISE S A hyl

groups  Thedai ol ﬁbmés@laﬁam%ﬂo@ﬂb%lsll@_mmﬁg sg@nbe pEeaR £ by
N- hydr oxy- 20 % ation of maleimde wih formal dehyde and
subsequent F@é&FFBﬁde? einketaRsopn HeYamay Brve ¥iRMREASi 1 ane in the

presence of dvagagansloVetelarSidigyherRa,alfoy bﬂ@%l@?tﬁ@ﬂé tiien NEegd above,
certain enbodipents relate to a I nki ng agent which conpri ses

:
inits nol eGWCHr 28t tBcHie F9E A I%Qﬂofuréﬁaﬁnletles In this cross-

linking agent tirae2pbedent kiftveritisdn taiised rela@BsgtoOUPSoSSTLMELRPNNect ed to
onedgfother via. a che cal bond ar vi.a, a bridg 8%g?g££ The nature of this

bri dof ng gr §FF"%6 such' 2% Rt “§3RES YWEPY group of the
crossl i nki ngnaglemtss whi pklrt:mmlazsentml@rlmtrabecdppéapbdziﬁsprcaﬁenkascr| bed

her ei nbef o &, EX3D! 83 " 2 S S MR LI 1963980 o PLEutar
bi s(5- et hyl g ) g g
weight of at least 300, preferably in the range of
1500 - 5000. The bismaleimides of polysiloxanes have the

15 general formula HopN-CHj[-0-SiRp]—~0-CH2-NH7, wherein n
is an integer of at least 1 and each R is independentlj
an alkyl group, in particular having up to 5 carbon
atoms, preferably a methyl group. The bismaleimido-
capped polysiloxanes can be prepared by N-hydroxy-

20 methylation of maleimide with formaldehyde and
subsequent reaction with the appropriate dichloro-
dialkylsilane in the presence of base and water using
generally known methods.

As noted above, certain embodiments relate to a

25 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

30 is generally the same as the bridging group of the
crosslinking agents which comprise two or more
dienophiles, as described hereinbefore. Examples of

suitable crosslinking agents are bis(5~ethylfurfuryl)



- 13 - adipate and the bis-am des of (5-ethylfurfuryl)acetic acid and the
di am nes nentioned in the precedi ng paragraphs. The 2, 5-dial kyl substituted

furan nd/or 5 noi eties of a dienophile ma ted to

t he porgh%%hgigans by neans of a chemi cal bond or by nea*ggg?gg&ﬁgfdging
group. This bridging group may be of the sane type as the bridging groups
of the crosslinking agents. Exanpl es iy ~be given as foll ows. \Wen the
polymer is a 10 pol ystyrene, mal eim de, as the dienophile, my be

at t ached t herdépatiey anfinth®/)loisd-mmiidie sc aifal(pzethpl Kyt fatnydn aefettike pol ystyrene

with N-chlorQuat I g1 de. ¥ﬂ9 e:Ro styrene/ mal ei c

anhydrlde)cogﬂgb éng?hg gl%?ﬂ?%?&? urgﬁ%grogpkﬁgsg% g%hed thereto 15

by esterlfymﬁgaghepbstyrene/naleic anhydrlde)copolyner with 5-ethyl furfuryl

al cohol in pyri e a I n nonoxi de and
) gglo dﬂ%tdt%d fﬁQBH AFt s dl%g’a /%

olefinically unsaturéte I ses 5ny| entities
in their polmohetielsaiofisa QlGnQﬂhlIR)may beabhyhéute@stquthahpQMQpbrles may be

hed th b l
2 paoned, Lheeliashby BREhLT0E | I aRRIHont b 8D ABMORLE 91 °) ¥

substituted primry rocar amne, e.g., usin s known from
US- A- 39793740r:4dglm| srpéaethmS 1bm1ct§m bropb wayilke exf dihe cameerted into

pyrrole enti | r nd mhlch are
R Subst i tut S 8 The 2abayiTy EEpy s, dns, PEOREL Hiind WldAcne

copol ymer ofExsmpies muoked@im % eg/ liogigl-| yWhen t}aem@tmrcospaunds whi ch
conpgse 1, ‘bﬁﬁ%y%%g%g Qiéith&e s b&er aa%hsphaa%ﬂ IH}F ggno-am de of

mal ei ¢ 30 acl exanet | enedi am ne o nono- am de of

mal ei ¢ aci d ait@akes| N&ﬁ?ﬁ@p‘%n’%f} elideridel ratelyzsd alkylation
of the polystyrene with N-chloromethylmaleimide, and

when the polymer is a (styrene/maleic anhydride)co-
polymer a 5-ethylfurfuryl group may be attached thereto
15 by esterifying the (styrene/maleic anhydride)copolymer
with 5-ethylfurfuryl alcohol in pyridine. When the
polymer is a copolymer of carbon monoxide and
olefinically unsaturated cbmpounds which comprises
l,4~dicarbonyl entities in their polymer chains, 2,5-di-
20 alkylfurans and dienophiles may be attached thereto by
reacting the copolymer with an appropriately substituted
primary hydrocarbylamine, e.g., using the methods known
from US-A-3979374. In this reaction 1,4-dicarbonyl
entities are converted into pyrrole entities which form
25 part of the polymer chain and which are N-substituted
with the substituted hydrocarbyl group. For example, a
copolymer of carbon monoxide and olefinically un-
saturated compounds which comprise 1,4-dicarbonyl
entities may be reacted with the mono-amide of maleic
30 acid and 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



ring closure of the acid-am do noieties to maleimde noieties. This wll
yield a pol yner having - 14 - N (6-mal ei m dohexyl)pyrrole or

N-(4-] gVﬂ mal ei m do- phenyl) net hyl zphenyl )pyrrole entities in the polyner
cha| n. WASK2T7i s desired to use a pol yner which contai BCYERTRTESLy |
substituted furan noieties and 5 nmoi eti es of a dienophile a portion of
the 1, 4-dicarbonyl entities of a copalgmer of carbon nonoxi de and ol efini -
cally unsaturated conpounds may be converted into furan noieties and

anot her pornyjd wln&fle&medéhéxmpﬁhbpéwé &nw-tmeyamymbfem&rted into
N-substituted pyrrole 1 entities, which the N-substituent conprise

a dlenophlIRPG“WHé“WEP@&&PHF“M%?EWErQ#etQR§H&éF§néP(§Weo?P%NWQﬂﬁ t he

rewor kabl e @55 |W?1“é%dﬂ:e§hndé§i§é& é:&s.fgé EBYoY ¢h¥r Dphy@en wide [imts.
Sui tably the polymner(s) umber aver age, nol ecul ar wei ght

within the $AHFETS 2™ péé%{‘Y%O?)“b?ﬁJe‘?‘E%Ifx’»‘r?ﬁom%%tB%S P pref erabl y to
20, 090. Thendieiildd b rOh BiehSphi tera GsbittGlion B'feﬁﬁatll-{l-af&fﬁ}ﬂf

rewor kabl e crosslinked resin_depends on the uantltg of 2 5 di al kyl

furan grooupPtifdash&fqaaRPPPYYBET t Pk ‘Eﬂré’r?d‘pWF‘QbeI%s%‘i‘ ¢defiiconposi ti on

from whi ch d¢dma Pifisatirdeedadeusbends andpo@®donPaetsdi {hes fuxdde art will
appreciate that a certain nhnlnun1quanh§¥y of Diels-Al der adducts is needed
to be presdiigtdes @Ed apgther pertion (pf thesdy AnfdgarRenyl i s 'a solid

mat eri al beémﬂlf& hRfPBeatbheettedittb iaubiseli subedepypgiict s reverse to
t he, 2, 5-di al ky]| substltu ed furan and the dienophile. It wll also be
apptci at eSS O F‘ﬁ{}nFéﬁaﬂt?‘t‘ tituent comprise a

dienophile.
The molecular weight of the polymer(s) on which the
reworkable crosslinked resin is/are based may vary

between wide limits. Suitably the polymer (s} have a.

15 number average molecular weight within the range of at -
least 500, prefe;ably'700, to 30,000, preferably to
20,000.

The quantity of Diels-Alder adducts present in the

thermally reworkable crosslinked resin depends on the

20 quantity of 2,5-dialkyl furan groups and the quantity of
the dienophile present in the composition from which the
Diels-Alder adducts are formed. One skilled in the art
will appreciate that a certain minimum quantity of
Diels~Alder adducts is needed to be present to effect

25 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 molecular weight and the type of the

30 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.

functionality) of the crosslinking agent. Lower



depends on the nol ecul ar wei ght and the type of the 30 pol ymer on
which the resin is based and, if any cross- |linking agent is used, on the
nunber ' hiles or 2,5-dialkyl furan groups per no

functi onéf%?ﬂgf t he crosslinking agent. Lower I‘l’%’ﬁpgcul ar wei ghts
of the polynmer will require a higher guantity of Di els Alder adducts. The
nunber of a Diels- Al der adducts nﬁy el ower when a crosslinking agent is
used which has a higher functionality. Ceneral ly good results
can be achﬂ@ﬂ@@uﬁyruyﬁh@htﬁtﬂi:?ﬁ?wmQéUmyr vithnreanize @ ddgbeitymer having a
furan grou atncelw BEEDYE LI dH iadcRicts OFhd: Almbér £ -a Bigygel ar ratio of
the 2,5-dial k sUbstituted furan groups to dienophiles anounts typically
from 10: 1 frsadi\gcts mayrkg dransiny wheanpscrosslinkinagewtTAYE MATERI AL

I n order tQdd@ahichn8aE®s 194 Hﬁfﬁﬁdﬂd%@bngggt ductivity to the adhesive, an
effective anount of a_th erna.? or electrical Y conducti ng material is 15

i ncot por at ed i FeseFRd 1Y Eo%tw%@méecéﬁbbgv%‘ﬁob& uagpr dherred -
thermally @@%ﬁ'l%l”@ﬁ%ﬁ%oﬁﬁﬁq@[p%iyﬁﬁk RYG{RNY G Af/aH | 1a, boron

nitride, al um num oxi de (single crysta alumnumnitride coated with
copper (se&r@ugs B2t &FEORB. ITOURB rPd‘Q—)" Qlfrdftrﬁ@ Like. tedckr | 20

contact is I dadiby ofBERS Df5-4dGANRAr %hbgaleh@earfurmldﬁb nductive:
materials (fil]ers) such as silver, nickel alun1nun1part|cles

as wel | as %@ |GhpDophilesnameynis typiged 1y érﬁﬂtiehlaﬁﬁe%15ma for mul ati on.

Botm pomderp,_agghfalbquef&gﬁ\ns pfreandiicti ve material may 25 be used
in"the die attach paste coq283|t|ons ‘A pre-
ounucmf%z

In order to impart thermal or electrical con-

ductivity to the adhesive, an effective amount of a
thermally or electrically conducting material is

15 incorporated into the die attach adhesive composition.
The preferred thermally conducting material are such as
for example, beryllia, boron nitride, aluminum oxide
{single crystal), aluminum nitride coated with copper
{see U.S. Patent No. 5,288,769) and the like. Electrical

20 contact is provided by means of,ihcorporating electri-
cally conductive materials (fillers) such as silver,
nickel, copper and aluminum particles as well as alloys
of such metals in the die attach adhesive formulation.
Both powder and flake forms of conductive material may

25 be used in the die attach paste compositions. A'pre-
ferred amount of thermally and/or electrically con-
ductive material ranges from 60, preferably from 70, to
90, preferably to 80 percent by weight of the total die
attach adhesive composition, although lesser and greater

30 amounts can be used.



ferred anount of thermally and/or electrically con- ductive material ranges
from60, preferably from 70, to 90, preferably to 80 percent by wei ght of
the total. die attach adhesive conposition, although | esser_and-qreater 30
amount sWO2R2P7 used. - 16 - DI E ATTACH ADHESI VES Ther REFES? kabl e
die attach neans that the device can be renoved froma substrate by

| i quefying the die attach conpositionlfor adhesive) by heating. The die 5
attach conposition is liquefied when the conposition is flowable. The

devi ce can peErxmams apgEsIVWESSheari ng or use of excessive force. The

thermally reworkable die attach iorrﬁosition of the invention contains (a) a
thermal Iy rewor K2®rerly reW°I§F8 & AnReATFRER MeAU RS BPereacting a

di enophi | e Bevidg Gad WK trenidVeid ¥romeat sibstoatOnsy arid;uafgiﬁﬁdtaé kyl '
substituted furan-containin tpolyrzer, ggd gg% Z%’Ieast-one g ermal |y and/ or
el ectrical | §18oRHEE tQQﬂPQéL<%PPaI°§rE RELYH dreakdngye ThRodHE up to 15
90% BBy wei ghttath tdempbitldnndls qaapReEiedowhé® tHo\Woipozitavdugki-ng nmedi um
The thernal%i r rkaghf %%%ﬁattach gon?ositiﬁn C ndgf gprked and/ or
rewor ked at T3°Y@&Rper at e SHSSE CRE QP TETP%T Yﬁ#%? i CPGATELt §F
Typical ly, tbe dthesxeddsivit) force.r ewor kabl e die attach adhesive can be
wor ked and/or rgworked. at..a tenperature withjin the range from 100 'C,
preferably fronfkl%ot LY tr(?% aFetFr fiee b{;g?%t? a‘fﬂ"ﬁp"%&t‘iﬁﬁ P&rr]C. 1f the
conposi ti onthe iweéecidwrcantairiseraddd Ppeatherthadfll yt rewoskabigh t enperature,
for jiynstance, for.1 ours, at_ 25 200 [err]C _the co sition undergoes
irré&brsiblgrengﬁg%eg resin produced by Xe célig a 1enoﬂggie N
having a functionality greater than one and a
2,5-dialkyl substituted furan-containing polymer, and
(b) at least one thermally and/or electrically con-
ductive material present in an effective amount up to
15 "~ 90% by weight of the die attach composition to provide a
conducting medium.
The thermally reworkable die attach composition can
be worked and/or reworked at a temperature where the die
attach composition melts. Typically, the thermally
20 reworkable die attach adhesive can be worked and/or
reworked at a temperature within the range from 100 °c,
preferably from 130 °C, to 250 °C, preferably to 200 °C.
If the composition is heated for an extended period of
time at high temperature, for instance, for 12 hours at
25 200 °C, the composition undergoes irreversible cross-
linking and it is no longer thermally reworkable.
The thermally reworkable die attach composition or
adhesive can also contain other additives such as ion
scavengers {e.g., tricalcium phosphate), free radical
30 inhibitors (e.g., hydroquinone, phenothiazine),
elastomeric modifiers (e.g., silicones), and other

conventional additives used in die attach adhesives. For



linking and it is no [onger thermally reworkable. The thermally reworkable
di e attach conposition or adhesive can also contain other additives such as

i on scawew@ekfrr(e. 9., trical cium phosphate), free radicakC§&TQQW?
|

i nhibitors

(e.g., silicones), and other conventiqnal additives used in die attach

adhesi ves.
i on scaven
sem conduc

thermally rewo

(e.g., hydroqui none, phenothiazine), elastoneric no

For - 17 - a longer rewdrkKing tinme, it is preferable to use

ers and/or free radical inhibitors. A process for attaching a
%04°889Fc§eY815%%%H§FFHtétiésaP§8fﬁF§hl%é@°d§meqn ng: 5

(a) pr osicdiveggbels SHBBGF afrie (A)dicaldifR€RStdEs ON the substrate a
thermal |y remoétable di e_attach adhesive conposition conprising (i) a

REPECE? of QY i HAFNIDY 3 semdcenduesor datiaey tat al east one

di enophi | e subskrgta 19 also prtialdedn@okbyigingt cater than one and at |east

one 2, 5-di al kyl, substituted, furan-containing polynmer, and (ii) at
e / P? é%ﬁhRH9§F§aﬁEﬁerial present in an effective

anount up to 9Q¥y by waigben®ing hen dire aiaehateMROBhE RN 1

thermal |y and/ &

conducti ng

medi ur | . )
the die atfggﬁrgghégieéec% A0 S0 COMPPEHT PR HAMRRL S#@duci ng an

el ecPEPERFHYI ¢

provide a 15

| east one

at ,a tenperature which is suff|C|entijﬁigh to convert

adhesi ve- at t achedijubat théemally rewdikadQki @obbeifREd CRANGICt or device on

the 20

adhesi ve- attached

rfage. of the thermally reworkable dig attach adhesive on the
2dsga qglf%gpa é&%}?iQﬁﬂ%ﬂg #her eby bondi

sBsFrarE thid GREsFYER?

t helGen cofumctdonddvtgeof oytdutetihdlahabae ahid at least one

15

20

25

30

2,5-dialkyl substituted furan-containing polymer, and
(ii) at least one thermally and/or electrically
conductive material present in an effective amount up to
90% by weight of the die attach composition to provide a
conducting medium,
at a temperaturée which is sufficiently high to convert
the die attach adhesive composition into a liquid
thereby producing an adhesive-attached substrate;

(c) attaching the semiconductor device on the
surface of the thermally reworkable die attach adhesive
on the adhesive-attached substrate while the adhesive is
a liquid, thereby bonding the semiconductor device to
the substrate; and

(d) cooling the thermally reworkable die attach
adhesive to providing an assembly. The semiconductor
device can be placed on the adhesive prior to sub-
stantial cooling by time or by heating to maintain or to
reliquefy the adhesive to be a flowable material. The
die attach composition can be dispensed on the substrate
by using standard equipment such as a syringe or a
motionless mixer that mixes the components of the die
attach composition and precisely dispenses the compo-

sition on the substrate.

ng



(d) cooling the thermally reworkable die attach 25 adhesive to

provi ding an assenbly. The sem conductor device can be placed on the
adhesive prior to sub- stantial cooling by time or by heating to maintain-
or to r WPP8BYY7t he adhesive to be a flowable material. TEEREOARSPach
conposition can be dispensed on the substrate 30 by using standard
equi pnment such as a syringe or a noti @8l ess m xer that m xes the conponents
of the die attach conposition and precisely dispenses the conpo- sition on

the substrate. Semlcaﬁducﬁ%ﬂcr@&%@t RhndBY i &SRR P&ahgrded to various
substrates such as for exanp various nmetal, ceranic¢c or.|lam nate

substrates tshlélstrﬁlé?ﬁd‘éu‘ﬂ'harﬁ é'??rcFP‘éE‘Pﬁebo&?W‘(sPﬁtaé'gCeréﬂ?-ﬁ on- boar d;

to | eadfrangs 48aknate SubstratdieRhaesifcleddspeintdy @adcuito packages such
as dual inline packa

(DIP) and pl as uad f] at . package. (PQFP);. and
ot her packadl °ﬁ§déod?85hr%1?tﬂﬁFQ&Rﬂ?“a§°B£ f B?iiFiﬂéiﬁ? éﬂ% REPai r and
r?\t/\Dr5<h 2{) defrRet g\ﬁelﬂeﬁsﬁﬁ? @ndhl@ia@mlﬁgol pacRaGeNGYCH H0ant fork die ©
attac esi ves tichi se exi sting package
t echnol ogy \RnntlH“FhQaﬁhP?edePe’ré’d‘t‘gpggPﬁéct ﬁém%ﬁc a?epchl pg are
adhesi vel y affgreh)9daha 8tkedpddiaryimiyd cbﬁﬁkggedti@gﬁtdiﬁjh dsO0bailbst ance, a
BGA configuration m ght _have a nunber ghi % g%%’at ached to a 15
substrate, t&HpEd é&F@N&ﬂEﬁA{mnﬁﬁHﬁ}ﬁ(?ﬁﬂafngﬁg bt A8 die to
the substratfre decontapsiheréasiplindmportahe fbesdbs armdhmckage, and
sol der balls that, make t

he B subSite-veRs YBBEHELB AR HHCNE REBratey B oF K8 el co and
near by conpai&iindledghwashotheromsnididifdrence being that a number.

of bare chips are adhesively attached to a substrate and

packaged together. For instance, a BGA configuration

might have a number of dies adhesively attached to a:

15 substrate, tape automated bonding to make the connection
from the die to the substrate, an encapsulant coating
all the dies as one package, and solder balls that make
the connection to the printed circuit substrate from the
BGA substrate. As spacing between‘the semiconductor

20 device and nearby components such as other semiconductor
devices gets closer, repair and rework without damage to
adjacent devices becomes extremely difficult. A
thermally reworkable die attach adhesive of this
invention enables the user to perform repair and rework

25 " with ease'oh closely spaced devices and high density
substrates.

The thermally reworkable die attach adhesive compo-
sition bonded to a semiconductor device on one side and
a substrate on another side can be reworked by steps .
30 comprising
(a) heating the die attach adhesive composition,

said composition comprising



devices gets closer, repair and rework w thout damage to adjacent devices
becones extrenely difficult. Athermally reworkable die attach adhesive of
this Wfs gi,ﬁn enabl es the user to performrepair and rRYESO78M55 wth
ease on closely spaced devices and high density substrates. The thermally
reworkabl e die attach adhesive conpaq-, sition bonded to a sem conduct or

devi ce on one side and a substrate anot her side can be reworked by steps
30 conprisiqg (a) heating the die attach adhesive conposition, said
conposi ti on conphiilsi g thermally Feuerkplble rexiddpkedc F884Ri nked resin

produced ByJRed BY 2edbeiRpha | &idfdpHid e Havitlgi anghhéyighigpiwy than one
and a 2,5-dial kyl substituted furan-_ containin pol¥n§r and 5

(ii) at | CHSAtETe thissr RRP| §RFr2 of exTRITLHYY FHEPFGE FRFRRTal present in
an ef f ect idghtRig BR1yReP% Ry wei ght of the die attach conposition to
provide a conductjing nedium at a.tenperature ich.is.gufficiéently high to
convert 10 f*ﬁ?(ﬂ?&%%ﬁP&cHnﬁdﬁbgggéigﬁn%5§¥¢%9ﬁ¥l g a |iquid thereby

provi di ng @ddubt idredin@ takiathpagdhent ven conpafiddtdve alpunt apmeyi ng the
sem conduct or device fromthe |iquid die attach adhesive copposition; 15
(¢c) opt ITh Y yreighd, &4 ERE Ql?r%Eﬁa?%e??ﬂﬂ?i}ﬁ%@ﬁo?RaBF8vg$% %ttach
adhesi ve cesisdtind) meiuth, cONPoOsi tion conprising (i) a thermally
F D ot T Fanpesatd:2 WhiBhOTE Sl Py [SAEY M €ooRBRULLE Naving a
10 the die attach adhesive composition into a liquid '
thereby providing a liquid die attach adhesive
composition; _
(b) removing the semiconductor device from the
liquid die attach adhesive composition;
15 {c) optionally, dispensing a fresh thermally
reworkable die attach adhesive composition, said
composition comprising
(i} a thermally reworkable crosslinked resin
produced by reacting a dienophile having a functionality
20 greater than one and a 2,5-dialkyl substituted furan-
containing polymer, and
{(ii) at least one thermally or electrically
conductive material present in an effective amount up to
90% by weight of the die attach composition to provide a
25 conducting medium;
(d) optionally, providing another semiconductor
device on the surface of the liquid die attach adhesive,
thereby bonding another semiconductor device on the die
attach adhesive; and
30 {e) - cooling the liquid die attach adhesive to a
temperature which is sufficiently low to solidify the

resin.
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the die attach adhesive; and 30 (e) cooling the liqu

attach adhesi ve i @ilcERenshUAEHEEI ¢d dompodiftiieheBhhYbkO &ﬁb&x@éd
20 - The die attach adhesive cqnposjition can post baked to

enhance t he Eﬁeﬁﬁh4ﬂ%ﬁ1tpﬁephﬁlaEBﬂ°Pmﬁﬂﬁﬁﬂﬂ§aP”ﬁrWecBEPPFéé PECT. |
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conducting nediu
provi di ng anot her sem conductor device on the surface

rewor kabi | it the crosslinked resin, the die att
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period of ti

ur f .t r ewor kabi | i, ot required, the
di e attach a%ﬁ&?%b ﬁ?n'% ﬁSB#ﬁSs ?ﬂﬁ?ﬁﬁ§ 8%?5&%& EF aF®RFDerat ure
w thin the rapge 1d °ty om&ﬁ@rimy]ﬁoupmf ecabltys poomd, 8@ deteirhbiyt 0 300
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i nprove the ERet®Rl” Qrigiert PEE1OM| Phsting iR Wodionest 16
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ition of the invention and are provided for illustrative Eur
ﬁzt meanEomRosition can be postbaked at a temperature within
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range of from 150 °C, preferably from 180 °C, to 300 °C,
preferably to 250 °C for a period of time up to 4 hours

to improve the thermal properties.
Illustrative Embodiment

The following illustrative embodiments describe the
novel epoxy resin composition of the invention and are
provided for illustrative purposes and are not meant as
limiting the invention.

Example 1

An autoclave was charged with methanol and propene
(approximately 2:1 weight ratio), heated to 90 °C, and
then charged with carbon monoxide to a pressure of
72 bar. A catalyst solution of palladium acetate,
1,3-bis(diethylphosphino)propane, trifluoromethane
sulfonic'acid, in a weight ratio of 0.6 : 0.62 : 1 and
0.3 pyridine, in a tetrahydrofuran and methanol
solution (15 : 1 volume ratio) were injected and the
reactor pressure was maintained constant at 72 bar
during the reaction by 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 733.

The

poses and



limting the invention. Exanple 1 20 An aut ocl ave was charged wth
nmet hanol and propene (approximately 2:1 weight ratio), heated to 90 'C, and
t hen c%g;?ﬁwth carbon nonoxi de to a pressure of 72 bgcrmrsspidkyst

sol ution of palladiumacetate, 1,3-bis(diethylphosphino)propane,
trifluoromethane 25 sul foni ¢ agj d, in awight ratio of 0.6 : 0.62 : 1
and 0.3 pyridine, in a tetrahydrofuran "and net hanol solution (15 : 1 volune
rati o) were injected and the reactor pressure was nai ntai ned constant at 72
bar during%ampl&Ztion by neans of a continuous supply of 30 - carbon
monoxi de. Renepgl aqfte'i‘i’xla‘ﬁgﬂb wgb@!ﬁé ) é&%&[ @@twmw%ﬁ@éﬁo copol ymer
W th a nunber average nol ecdl ar wei éwn e 2 The

al ternati r@”ﬁﬁ%ﬁ@%@%w&ﬂptwgmﬁnhﬂb%ﬁm@abewéﬁ)l st ar wei ght of -

733 in Exagpled ;LVi@Stdi'u%heSan\ie@ylcmJ.nghuﬁﬂetﬁéldpfé/&éﬁé@dofrhthe presence of
a 5 Catal%ﬁﬂlc anount of p-toluene sul fonic acid by heating at refl ux.

Thedr esul t§3e o imamapnt faPyredusecsYI/RMT i EH RhdRatingt- 82% of - t he
ketones i nat hﬁéﬁtxﬁf“m Ryl etage wweﬁyﬁbszsﬂai dargpscLfyran: ket one
ratio 2. 28; 1% t he appear ance f I\gZ nal s (furan

r esonancedj¥ éﬂ%llé-?*bds%wefr&'&?& f%‘?‘ °f1§helﬁ?t%ﬂsl-‘5‘3 T:)‘b?n Exanple 3 A

syst em wass teetei ity ﬂdl%ﬂ@&ﬁ’dﬂiet h@rfeuw&ueddpebyf@i@ﬂs made in Exanple 2 and

a stoichiongetric 15 t uene di anmi ne bi smal ei m de ( Conpi m de
r?%ran ketone ratlo g L ( P

Resi n y the appearance of
10 C-13 NMR signals (furan resonances) centered at around
107, 114, 147 and 153 ppm.
Example 3

A system was made by blending the furanized
polyketone made in Example 2 and a stoichiometric
15 amount of toluene diamine bismaleimide (Compimide Resin
' TDAB, Technochemie Gmbh) at 171 °C (340 °F). The blend
was removed from the gel plate and stored at room
- temperature. A solder-masked 8-ply (epoxy-glass)
printed circuit board was placed on the gel plate at
20 171 °C (340 °F) and allowed to heat up to temperature.
The blended system was dispensed on the board and a
" silicon chip was placed on top of the system and
allowed to adhere to the board. The board was removed
from the gel plate and allowed to cool to room tempera-
25 ture. The die stayed adhesively attached to the board
as the system formed a crosslinked solid at room
temperature. The board was re-introduced back to the
hot gel plate and allowed to heat for one minute. The
chip was removed from the board easily as the adhesive
30 system reverted back to its uncrosslinked liquid state.
The chip was reattached back on the board at its
original location by means of the adhesive film that

was still present.



TDAB, Technochem e Grbh) at 171 O[err]C (340 [err]F). The bl end was renoved
fromthe gel plate and stored at roomtenperature. A solder-masked 8-ply
(epoxy-glass) printed circuit board was placed on the gel plate at 20 .
171 [errVOBBAY T err]F) and allowed to heat up to tenper aPGREPYVIUSH| ended
system was di spensed on the board and a silicon chip was placed on top of
the systemand allowed to adhere to +hz2 beard. The board was renoved from
the gel plate and allowed to cool to roomtenpera- 25 ture. The die
stayed adhesEw#ipleéitd ached to the board as the system formed a crosslinked
solid at roomtenperature. The hoard was re-introduced back to the hot gel
plate and allo % HRERR BT 9heLiPnGPecoppiyRer p (4% eEMB\RREf r om t he

board easi|y73% gpispydingi wat¥0a n_umb&staeaka?geﬁafécaﬁak J,@i%ﬁ@ -
uncrossl i nked#loictgﬁd state. The chip was  reatftached back on the board at

its original® R HPIRPETEDL AT Re SAHdaEVBARNEH EREX3WRIZ (3 | | present.
- 22-5Exanpl frém Afrapdray naid G hgllehnien- GReCeppbYRer (W40 @LdNdBRSy . 73%
propyl ene) V\A'th‘i nunberrg{averal e l.ecul ar wei ght of 1472 was prepared in a
simlar nanne? %1‘5&% fygiized an, Hhs BEERENGRICEL AyFatRLYSHe copol yner
was di ssol veamoumt od f1esrer cliud n@y GhulFech iich at:hfal Eyeﬁéﬁﬁﬂngfatla §@£gj,ylt| c anount
of p-toluene,sul fonic acid heati ng at .refl ux. resul ting polynmer was
analoyzed by T13 W%l?o%ﬁerd wtal‘?gtan%é%zﬁfl Eﬁe Ri?o‘ﬂ%@ YW%ﬁe"starti ng
pol y- 10 shéwetdnehaterssic ol ithed Ketoheisana €her svakeingepsBy+ 0 0. 64:1).

Exangbe > ketone were cyclized to furans (furan:ketone ratio

0.64:1).
Example 5
A gel plate was set to 171 °C (340 °F) and the

furanized polyketone made in Example 4 was dispensed

15 onto the plate. A stoichiometric amount of TDAB was
blended with the furanized polyketone until a homo-
geneous blend was obtained. The blend was removed from
the gel plate and stored at room temperature.
Example 6

20 An ICI cone and plate viscometer was set to a
temperature of 175 °C and allowed to equilibrate to the
set point. A small amount of blend from Example 5 was
placed on the plate and allowed to come up to
temperature. The cone was brought down and spun to

25 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
equilibrate for 90 seconds and two viscosity readings
were taken while the cone was rotating at a fixed

30 speed. The cone was lifted up and the blend retrieved
from both the cone and plate. The blend was allowed to
coocl at room temperature to a crosslinked solid. The

above sequence of events i.e. load on ICI cone and



A gel plate was set to 171 [err]C (340 [err]F) and the furani zed pol yket one

made in Exarrpl e 4 was di spensed 15 onto the plate. A stoichi orretri C
anount’ q,k yas bl ended with the furanized pol yketoner‘#&‘nl}\@97

geneous ?e was obt ai ned. The bl end was renoved fromthe 'ate and
stored at roomtenperature. Exanple 6 20 An 1 Cl cone and plate

visconmeter was set to a tenperature ©f23175 [err]C and al l owed to
equilibrate to the set point. A snmall anount of blend from Exanple 5 was
pl aced on t Ixlatieat anemsahral vowedsibycetellp 10, tmmmreathjraxd Tholone was

br ought dommlt@r}do&pﬁgn%%rgﬁu wggt?hgegf_ggo&g% twe tg_%&done and

plate. This was ver Pt I ng cone up film
formati on. Skdmseduleamnd ymetbkendcmaseautbmdreadntga Iﬁchr ate for. 90 seconds

and two vi scpsd | .ngs r de rQfa at a
fixed 30 s‘Ji;)cyesel eg%cg\rﬂlg &aiélél fts\(,a\g %& aa'ﬁ? % d 5%t &hé%ed from:
bot h $he corexparingndt shomse tbﬁén@hﬂ/ablandm altewdtatraveam tenperat ure

to a crossligketl soldberTie E00YS (5RAUCRERC 8T CVAILE darye At on 101 cone

and measure Vi Scosit [‘err cool
to room terrpm%ttmrleﬁw Wil qospEalt éacmseblnke@slmum taie el end. The

t hree consecﬁéﬂ@éeﬁdl ngs for viscosity were 3-5 poise, 3-5 poise and 3-5

poi se. This periment shows that the blend can alternate rever-
si bly between a A cdiannaédng: Rrergnereonceredanen uricthared raanber vi scosity

gggg?g% | nkegyd 1y hotleckiad weibfic BXTBLE réfhAld d IdiggPene- OO
manner to Example 1, except that 1,3-bis(di-~o-methoxy--
phenylphosphino)propane was used in the catalyst
solution instead of 1,3-bis(diethylphosphino)propane.
The copolymer was dissolved in toluene and cyclized in

15 the presence of a catalytic amount of 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).

20 Example 8

‘A gel plate was set to 171 °C (340 °F) and the

furanized polyketone made in Example 7 was dispensed
onto the plate. A stoichiometric amount of methylene
dianiline bismaleimide (Compimide Resin MDAB,

25 Technochemie Gmbh) and 0.2 moles of phenothazine
(Phenothiazine, Aldrich Chemical) per mole of MDAB was
blended with the furanized polyketone until a
homogeneous blend was obtained. The blend was then
removed and stored at room temperature. A small portion

30 of the blend was placed on the gel plate at 171 °C
(340 °F) and mixed with 60% by weight of silver powder
(Silver powder, =325 mesh, Johnson Matthey). The compo-



10 average nol ecul ar wei ght of 1616 prepared in a simlar manner to
Exanpl e 1, except that 1, 3-bis(di-o-nethoxy- phenyl phosphi no) propane was
used in_the catal yst solution instead of 1, 3-bis(diethyl ho%ggino pr opane.
The cop¥Py#&M™has  di ssol ved in tol uene and cyclized in EEYTRTRS pr esence
of a catalytic amount of p-toluene sulfonic acid by heating at reflux. The
resul ting polymer was anal yzed by G 23 NVR whi ch showed that 57% of the
ketones in the starting pol yketone were cyclized to furans (furan: ket one

rati o 0.66nknts2Were mik¥aMRhe 6hé WEéndlaise thrn $emoved14{Aq0[err] C (340
[err]F) and .the furanized gol égetone made in Exanple 7 was di spensed onto
the plate. SEHS &% 0P FE™BRHARLEDf net hyl ene di aniline bismal ei ni de
(Cowpinidezﬂﬁm%%eN@Aq, 25 Technochem e Grbh) and 0.2 nol es-of

phenot hazi ne enot hi azi ne, Al ﬂr' ch Cheni cal er mol e of MDAB was bl ended
with the furanipi‘e&%;}olc)‘m&t 8he B ‘#‘F 'ﬁlﬁﬁﬁ%&%f&? 5PEnEOwAs obt ai ned. The
b:c ensﬂ ngs tdmpd e’ﬂﬁﬁt@dl g&nd7SL OCedll'ldtTID@/md P @@iiliBrafesgsl {:h-ei)r§iond30
of the end .was .pl.ac on e ge t.e at 1 r]C,(340 [err]F) an
m xed with s.ﬁfﬂ/opéi}p ig\hfmaﬁisﬁwgaptﬁaﬁu@req%?fw{ %&%ﬁé@- X 5‘%‘3 mesh,
Johnson Matglwyed otheheoppate and 2Blewedrtics omdes up xeodtangethe bl end was
t hen rennvq%g?nd tored at rogn1teﬂgerature. Exampl.e 9. An.I Cl cone and

Eoug

e
pl ate vi scontter & ¥8°a PR FPITLE0 SBERAP RC and al | owed
to equili brgde tfilinhdetaicepoithe. cdnenahd plnouent TfisbkasdverQgi&danpl e 8 was

Pl afgd on tbhye lpi!ﬁi%gar{%ealclocn)ve\egpt gocglmeaclypfgro gto%rgj%ri?ﬁn 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

15 cone and plate. The blend was allowed to coocl at room
temperature to a crosslinked solid. The above sequence’
of events i.e. load on ICI cone and plate, measure
viscosity at 175 °C, remove blenq, cool to room
temperature, was repeated three times with the same

20 blend. The three consecutive readings for viscosity
were 70-75 poise, 75-80 poise and 75-80 poise. This
experiment shows that the blend can alternate between a
crosslinked state at room temperature and an uncross-
linked liquid at 175 °C.

25 Example 10

A solder-masked 8-ply (epoxy-glass) printed circuit
board was placed on the gel plate at 171 °C (340 °F)
and allowed to heat up to temperature. The silver-
filled system of Example 8 was dispensed on the board

30 and a silicon chip was placed on top of the system and
allowed to adhere to the board. The board was removed
from the gel plate and allowed to cool to room tempera-
ture. The die stayed adhesively attached to the board



ture. The cone was brought down and spun to obtain a good fil m between the
cone and plate. This was verified 10 by lifting the cone up to check
for goQeék b orma- tion. Subsequently the blend was al peyppfoicd1ss
equiligg%%gh?Zi 90 seconds and two viscosity readings were taken while the
cone was rotating at a fixed speed. The cone was |ifted up and the bl end
retrieved fromboth the 15 coné &mrd plate. The blend was allowed to
cool at roomtenperature to a.crosslinked solid. The above sequence of
events i.e. asosheosyptemcpamedda praeeslimed reolidafsizgpmt 175 [err] C,
remove bl engens@eheh@e! OPHR t BIREE A Cre MBS LEREELE bd tyges with the
sanme 20 engné.Egﬁe tﬁ%ee consecutf%e r eadi ngs fo#?éﬁgzéggfy were 70-75
poi se, 75-8bofonsd RAatesaBd pblavedThe shedbeferreone Jwowrte haihet he bl end
can al ter natcﬁiaewa@eeeﬁ\o%esmﬂkeﬁeSt;aaed_aéaép%nsgrmeé A dHesiaad an
uncross- linked liquid at 175 Oferr]C. 25 ~ Exanple 10 A sol der-nmasked -
8- pl Y (epoxy¥§tadsyeyerkeddoarkctrt lBéaF’alcﬁféésb}%’égg biaui-gatepl ate at
171 O[ err] Cr&34@nlipr WhE) randtakhe¥etatR bRath&PobRrd eqpeied ure. The silver-
filled system of Exanple 8 was di spensed on the board 300 *~  and a silicon
chip was pl &dgipalt dpcatipReb¥yBeaRrafd hheoddesbvadhtle &hat he board.
The board vgg s’ ¢¥348dplre@BhthgndethBl BbEran@adl LtoMeFed O £aR! tHed rOOM
tenpera- ture. The die stayed adhesively attached to the board - 25 as
the system S&imPdatecprsdsFPREE §8| FAOHT CPEBATREWERr af ¥ SETRENSSar d was
re-iyg r oducqd shaepeha@ elih@wbohodg! tRiadkeia8d plhsselodpd headx feyf one minute.

The chip was renoved fromthe board eaS|I¥ as the adhesi ve
hot surface, remove chip, reattach chip to board, cool

to room temperature.
Example 11
Furanized polyketone made in Example 7 and a

15 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 mold. The
mold was cooled quickly and the resulting casting was
tested for properties. The flexural modulus of the

20 sample was found to be 43 bar (628 psi), a value
similar to that of a crosslinked epoxy made with
bisphenol~A epoxy cured with an énhydride.hardener. The
dielectric constant and dissipation factor were 3.17
and 0.013 respectively.

25 Example 12

Furanized polyketone made in Example 7 was reacted

with a 2:1 stoichiometric ratio of MDAB, 0.1 mole of
phenothiazine/mole of MDAB and 0.015 gm of 2-ethyl
hexanoic acid/gm of furanized polyketone. A

30 differential scanning calorimetry scan was performed on
the sample at a ramp rate of 20 °C/min. The onset of

the glass transition temperature occurred at 105 °C.



5 systemreverted back to its uncrosslinked liquid state. The chip was
reattached back on the board at its original |ocation by neans of the
adhesive filmthat was still present and the board was renoved from thé: gel
plate aVOBTEU to roomtenperature. This sequence 10 FCIERIIOTSB cat ed
two nore times i.e. place board back on hot surface, renove chip, reattach
chip to board, cool to roomtenperaturd -Exanple 11 Furani zed pol yket one
made in Exanple 7 and a 15 ~ stoichionmetric amount of TDAB along with

6. 5% by wei gistai1ephiesnot hi azi ne were heated to 180 0C, m xed and .poured in

a 3.2 mm (1/8 inch t,hieg tgl nmol d. ghe,rmld s cool ed quickly and the
resul ting casti %‘ 2855 PO YIEEOBRoPae 1R EXgrke divias t98Fteds of the 20
sanpl e was fwitid 4 Qs teichl daeit riG28mpah), of TPABICard 0 J1amdl@st bt of a |
bar dener - THEH AT S, St THRD Poi DSt (017 ctton HerE 3. 17 and
0. 0135r espect3sel 3F) 25;his salnpdepvaslgrblitanané b Rdetk eirore paage (i n Exanpl e
phenot hi asi HETHbI G HADAS v 0103 GAFGP SPRFTEl MM APt di gm of
furani zed pobPyketmomb wasB3kept atdi6ldf @Cetibr a0 skeums nhd Ah@y iwatlery scan was
performed on_the sanpl.e at .a._r rat.e_of 20.%errl}C/n‘i n. The onset of the
gl ass transi?’f%ﬂa‘fte:%%ﬁ aatn(frl ZSCcurfed®lt 9651 R fromatography . Exanpl e 13
Fur ani zed potlykedones otadeontaibeadnilde ppmnasetatef ed 3 ppm :

10 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.



with a stoichionetric amount of TDAB and 0.1 nol es of phenot hi azi ne/ nol e of
TDAB on a gel plate at 171 [err]C 5 (340 [err]F). This sanple was

ground 'af din a Parr bonmb with water in a 10:1 rat] - sanpl e).
The ParﬁpggﬁgﬁaZs kept at 60 [err]C for 20 hours and the gg?é*gﬁﬁéﬁﬁct was

anal yzed for ions by ion chromatography. The extract contained 14 ppm
acetate, < 3 ppm 10 gl ycol ate formate, propionate, < 0.25 ppm
chiorine, <1 ppmnitrate, 1.7. ppmsulfate, 4.8 ppmsodium 0.8 ppm
magnesi um 2.5 ppm cal cium and 0.2 ppm amoniumion. .. ..-.27 . =..1. A ..
thermal |y reworkabl e die attach adhesive conposition c ri sing: (

0 a) a
thermal Iy rewor kabl e crosslinked resin produced by reiﬂiﬁu uﬂ e
di enophil e having a 5 functionality greater thanil ﬂ "luﬂmump one
2,5-di al kyl substituted furan-confaln®n§ MoSyner, and (b) ¢ ‘“at"l east* one
thermally and/or electrically conductive material present in an effective
anount in the range of from60 to 90% by weight of the die attach 10 .
conposi ti onto 6rg@?é@aélﬁoﬁﬁﬁ@%#ﬁﬁ}#nﬁﬁaJ@ﬁtachThéhehévaalIy'fémbfkable di e
attach adhegdon@os@®Ren sbhpPisgLlaiml wherein the crosslinked resinis

reworkable at a tenperature within the range of from 100 [err]C to 250
[err]C. 15 (8)  Thé thermally rewerkalbie aniossidnked azedhisive

conposi ti on giodulcedby SEadt el Nd: ‘yn‘énaﬁ._@hbﬁhi?e %@}trﬁ%r}e havi ng
elecéﬁon wi t hdrawi ng_groups attached to both sides of an e ne noi ety, or
a cyclic defUPSPaabitial $reatdihyiianione and at least one

' 2,5-dialkyl substituted furan-containing polymer, and
(b) at least one thermally and/or electrically
conductive material present in an effective amount up to

80% by weight of the die attach composition to provide a

10 conducting medium.

2. The thermally reworkable die attach adhesive compo;
sition of claim 1 wherein the crosslinked resin is
reworkable at a temperature within the range of from
100 °C to 250 °cC. |

15 3. The thermally reworkable die attach adhesive
composition of claim 1 or 2 wherein the dienophile is an
alkyne having electron withdrawing groups attached to
both sides of an ethyne moiety, or a cyclic derivative
of maleic anhydride. .

20 4. The thermally reworkable die attach adhesive compo-
sition of claim 3 wherein the dienophile is selected
from the group consisting of compounds containing
but-2-ene-~1, 4~-dione moieties in 5- membered rings, and
compounds containing but-2-ene-1,4-diene moieties in

25 6-membered rings.

5. The thermally reworkable die attach adhesive compo-
sition of claim 3 wherein the thermally reworkable resin
further comprises a residue of a cross-linking agent

selected from the group consisting of, bismaleimido-
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20 4. The thermally reworkable die attach adhesive conpo- sition of
claim3 wherein the dienophile is selected fromthe group consisting of
conpounds cont ai ni ng but-2-ene-1, 4-dione noieties in 5- nenbered rings,” and
COMpouNdB9822ZMTAI ni ng but - 2- ene- 1, 4-di ene noi eties in 25PCUVEPYEIHE Der ed
rings. 5. The thermally reworkable die attach adhesive conpo- sition of
claim 3 wherein the thermally reworkaple resin further conprises a residue
of a cross-linking agent selected fromthe group consisting of,

bi snmal ei m do- REPL ET. bsy — y 1999 - 28
capped pol VEBPR I8€g§§5ﬂ§8§55 %fégﬁggé?%%%iﬁ%;§%¥§§5pgfééﬁ oxanes,

bi smal ei m gedysilbyaney, resmaleividesnof hydnagiae h@xdndiapireredi ani ne,
dodecanet hyl jam Qﬂﬂ' .t uted éﬁ@héﬁﬁ&@%ii Lam nes of the 5
formul a: 6¥°$H§gkhgb%§?Py é%%%%%gbgagfe attach a %gggygg?gggbsition of
claim1 or andwsebethtuted a8l ginguleptisubed | diamiqersycfnthent ai ni ng pol yner

I s pyoduce og%u&gqcting carbon nonoxide with at | east one olefinically 10
unsat urat ed conpound. 7. The thernally reworkable die attach adhesive.
conposition of claim1 or 2 wherein the 2,5-dial kyl substituted furan
groups in the 2,5-dial kyl ,subst i jGHee~Ridy an- cont ai ni ng pol he
di enophiles are 15 (Coxyrndd in a nolar ratio o““\“gm \Nﬂﬂ“\S 8.
The t her mal | yHaNewdSHettt ) ach adhesive conpos sm t or 2
further conprising (c) aN#%e adi cal inhibitor and/dr an ion scavenger.

6. The thermally reworkable die attéch adhesive
composition of c¢laim 1 or 2 wherein the 2,5—dialkyl
substituted furan-containing polymer is produced by
reacting carbon monoxide with at least one olefinically
10 unsaturated compound.
7. The thermally reworkable die attach adhesive
composition of claim 1 or 2 wherein the 2,5-dialkyl
~ substituted furan gfoups in the 2,5-dialkyl substituted
furan-containing polymer and the dienophiles are
15 combined in a molar ratio of from 10:1 to 1:5.
8. The thermally reworkable die attach adhesive
composition of claim 1 or 2 further comprising (c) a
free radical inhibitor and/or an ion scavenger.

9. A process for attaching a semiconductor device to a

20 substrate comprising:
(a) providing a substrate;
{b) dispensing, on at least a portion of said

substrate, a thermally reworkable die attach adhesive
composition, said composition comprising .

25 (i) a thermally reworkable crosslinked resin
produced by reacting at least one dienophile having a
functionality greater than one and at least one

2,5-dialkyl substituted furan-containing polymer, and
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9. A process for aftaChing a semiconductor device to a 20 substrate

conprising: (a) H l substrate; (b) di spensi ng, on at Ieast a
portio su m’m i@uﬁ |1y reworkable die at th,a.%jﬁ
corrposﬁt”ggﬁﬁ?bg d conpo | sing 25 %@’)} ner rral |y
rewor kabl e crosslinked re5|n produced by reacting at | east one dienophile
having a functionality greater than-oR® and at | east one 2,5-dial kyl
substituted furan-containing polymer, and REPLACEMENT SHEET 29

Substitute sheet -(i27 khyl&88® ¢ne)tledrnldyt aoddorheleatticauid/ or

el ectricall £ ' ent i.n tive a nt .in tHe
range l)f fr%r%ﬁgag%g% 'S/ag?} eu|’ g:}ﬁé)%es&t H‘é‘ élneggfgééﬁ ecl)a\f/ﬂ?dg\ u@ntf’o provi de
a conductanOQEByuwplﬁht of the aliemgidraathucomphsthions tufdrovielet ky high to

convert the i ve conposition into a liquid thereby producing
an adhesi ve- abﬁug%% g&gﬁg (c) attachi ng the sem conductor device

on t e surfaceaotemperaheremthCheamnsuﬁﬁugldnElnthaghltnﬂuﬂnmaxtlo . .on
t he adhesiv t h S i quid, thereb
ehdt kde Hf? gaﬁé&w}* Acﬁg tggp pél;s ai‘%‘* 114 y

bondi ng t he Sem con or devic coollng t he
die attach Mﬁ@sb\sreprgdacz-wp@m aaciheasm-@lttuashsdf Sulcsen'ﬁﬂq low to solidify

the 15 re5|@ ther%Q¥aQBQ¥?d£?g)§&mﬁ% br égv%gernaj £SS of claim?9

further conpr|5|ng the steps o eating t y r ewor kabl e
die attach stirdsicecofobbesthermrably ttavarkedidel diat abtachpaibesive

10 on the adhesive-attached substrate while the adhesive is
in a liquid, theréby bonding the semiconductor device to
the substrate; and

{(d) cooling the die attach adhesive to a
temperature which is sufficiently low to solidify the

15 - resin thereby providing an assembly.

10. The process of claim 9 further comprising the steps
of: |

(e) - heating the thermally reworkable die attach
adhesive composition of the assembly at a temperature

20 which is sufficiently high to convert the die attach
adhesive composition into a liguid thereby providing a
liquid die attach adhesive composition;

{£) removing the semiconductor device from the
liquid die attach adhesive composition;

25 (g) - optionally, dispensing a fresh thermally
reworkable die attach adhesive composition comprising

(i) a thermally reworkable crosslinked resin
produced by reacting a dienophile having a functionality
greater than one and a 2,5-dialkyl substituted furan-

30 containing polymer, and

(ii) at least one thermally or electrically

conductive material present in an effective amount up to
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h to convert the die attach adhesi ve
Eﬁgmﬂtl ding a liquid die attach adhesive

20 which is suffjgi
conposition into a |i Mﬁmélﬂ
conposi tion; _&(}f_) r onductor device fromthe liquid Hie”
attach JRBAZ conposi tion; 25 (9) opt i onal IRGT/ER982IESI ng a
fresh thermally reworkable die attach adhesive conposition conprising (i) a
thermal |y reworkabl e crosslinked resi$0produced by reacting a di enophile
having a functionality greater than one and a 2,5-dial kyl substituted
furan- 30 90% bymeiightngfpthgndie atthdh idorgiodiadsn evepkboigal Ay or

el ectricall i erial present in an effective anmount in.
REPLACEI\/El\rl'éf%xQH%EéIi'ty]'crId &%ggtﬁinfute sheet - 27 May 1999 - 30 - the range of
from 60 to.90% BY) wei gentismally, dpgoniding znopvst tseandonduckeirde a
conducti ng | Lanakl oV .di al er sem conduct or

devi ce on tﬁgmét%r}%%e@h of Eggkgqg#dg%? gi %‘ﬂ%hmaedh%g‘tsﬁg\?&, aggles”ef'her eby
bondPng anothereky hansiagcepptheyi sembronducttin devizeh oadhbei dee and (i)
cooling thegligsm cgdj.]e%-q%t;agﬁdadhesi ve to a tenperature which is-
sufficiently lTowto solidify the resin thereby providing a reworked

assenbl y. REPLACENVENT SMERRg the liquid die attach adhesive to a

temperature which is sufficiently low to solidify the

resin thereby providing a reworked assembly.
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