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[0003] Adhesives used in the electronic packaging industry typically contain a
thermosetting resin combined with a filler and some type of curing initiator. These resins
are primarily used in the electronics industry for the preparation of non-hermetic
electronic packages. Adhesives useful for electronic packaging applications typically
exhibit properties such as good mechanical strength, curing properties that do not affect
the function of the éomponent or the carrier, and thixotropic properties compatible with
application to microelectronic and semiconductor components. Examples of such
packages are ball grid array (BGA) assemblies, super ball grid arrays, IC memory cards,
chip carriers, hybrid circuits, chip-on-board, multi-chip modules, pin grid arrays, and the
like.
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[0006] In one embodiment of the invention, there are provided compounds having
the structure: |
A
(Sig)n
R/ L
E
wherein:

A is a siloxane ring,

R is C; to about Cyy alkyl,

each L is independently a substituted or unsubstituted
alkylene, substituted or unsubstituted oxyalkylene, or covalent
bond,

at least one E is a polymerizable moiety, and

nis 3 to about 6.



wherein: Ais a siloxane ring, Ris O to about C20
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b) 0 to about 90 wt% of a filler;

c) 0.1 wt % to about 5 wt % of at least one curing initiator, based on total
weight of the composition;

d) 0.1 wt% to about 4 wt%, of at least one coupling agent, based on total

weight of the composition.

[0009] In still another embodiment, there are provided methods for attaching a
semiconductor die to a substrate. Such methods can be performed, for example,
by
(a) applying the die attach paste set forth above to the substrate and/or the
semiconductor die,

(b) bringing the substrate and the device into intimate contact to form an assembly
wherein the substrate and the device are separated only by the die-attach paste, and

(c) subjecting the assembly to conditions suitable to cure the die-attach paste.

DETAILED DESCRIPTION OF THE INVENTION

[0010] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive
of the invention claimed. As used herein, the use of the singular includes the plural
unless specifically stated otherwise. As used herein, “or” means “and/or” unless stated
otherwise. Furthermore, use of the term “including” as well as other forms, such as

“includes,” and “included,” is not limiting. The section headings used herein are for
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in connection with, and oratory proce ure
siloxapet@rsrikasshesdin areairgnarahiia hiyduosiddtion, of appropriately functionalized

alkenes and/or alkynes with polyalkyl(hydro)cyclosiloxanes. The
polyalkyl(hydro)cyclosiloxanes are commercially available and can be used as a mixture
of cyclic species or can be purified by distillation prior to the hydrosilation reaction.
Hydrosilation is achieved using well-known catalysts such as, for example, platinum, and
the like.

[0013] By appropriate combination of cyclic siloxane and functionalized alkenes
and/or alkynes, the compounds described herein can be tailored to address the particular
needs of the microelectronic packaging industry. Important properties for resins used in
the microelectronic packaging industry include, for example, crosslink density,
hydrophobicity, glass transition temperature (Tg), coefficient of thermal expansion
(CTE), and the like.

[0014] As used herein, the term “functionalized cyclic siloxane” refers to a

compound having a siloxane ring, as well as a polymerizable moiety. In some
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term “alkyl also includes instances where no numerical range of carbon atoms is
designated). “Substituted alkyl” refers to alkyl moieties bearing substituents including
alkyl, alkenyl, alkynyl, hydroxy, oxo, alkoxy, mercapto, cycloalkyl, substituted
cycloalkyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, aryloxy, substituted aryloxy, halogen, haloalkyl, cyano, nitro,
nitrone, amino, amido, --C(O)H, -C(O)-, -C(0)-, -S-, -S(0),, -OC(0)-0-, -NR-C(0), -
NR-C(O)-NR, -OC(O)-NR, wherein R is H or lower alkyl, acyl, oxyacyl, carboxyl,

carbamate, sulfonyl, sulfonamide, sulfuryl, and the like.

[0017] As used herein, "cycloalkyl" refers to cyclic ring-containing groups
typically containing in the range of about 3 up to about 8 carbon atoms, and "substituted
cycloalkyl" refers to cycloalkyl groups further bearing one or more substituents as set
forth above.
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[0021] As used herein, “arylene” refers to a divalent aryl moiety. “Substituted

arylene” refers to arylene moieties bearing one or more substituents as set forth above.

[0022] As used herein, the term “acrylate” refers to a compound bearing at least

one moiety having the structure:
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[0026] As used herein, the term “vinyl ether” refers to a compound bearing at

least one moiety having the structure:

/O\/

[0027] As used herein, the term “acrylamide” refers to a compound bearing at

least one moiety having the structure:
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"Substituted arylene" refers to arylene noieties
beari ng one or nore substi®uents as set forth above.
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[0023] As used herein, the term"nethacrylate" refers
to a conmpound bearing at |east one noiety having the
structure: O [0024] As used herein, the term
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[0029] In one embodiment of the invention, there are provided compounds having
the structure:
A
(Si0),
R/ L
E
wherein:

A is a siloxane ring,

R is C; to about Cy alkyl,

each L is independently a substituted or unsubstituted
alkylene, substituted or unsubstituted oxyalkylene, or covalent
bond,

at least one E is a polymerizable moiety, and

n is 3 to about 6.



[0027] As used herein, the term"acrylam de" refers to
a conpound bearing at |east one noiety having the
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invention. Indeed, any moiety that can be used to link the polymerizable moiety to the
siloxane ring is contemplated for use in the practice of the invention. In some
embodiments, L is a direct bond, linking the polymerizable moiety to the siloxane ring.
In some embodiments, L is a C; to about Cy substituted or unsubstituted alkylene or
oxyalkylene. In other embodiments, L is a C; to about Cjq substituted or unsubstituted

alkylene or oxyalkylene.

[0032] The linker L may optionally bear a wide variety of substituents, including,
but not limited to, alkyl, alkenyl, alkynyl, hydroxy, oxo, alkoxy, mercapto, cycloalkyl,
substituted cycloalkyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, aryloxy, substituted aryloxy, halogen, haloalkyl, cyano,
nitro, nitrone, amino, amido, --C(O)H, -C(O)-, -C(O)-, -S-, -S(0),, -OC(0)-0O-, -NR-
C(0), -NR-C(O)-NR, -OC(0)-NR, wherein R is H or lower alkyl, acyl, oxyacyl,

carboxyl, carbamate, sulfonyl, sulfonamide, sulfuryl, and the like.

[0033] The polymerizable moiety E can be chosen from a wide variety of reactive
groups. Indeed, the selection of E will depend on the type of thermosetting chemistry
desired in the ultimate adhesive. For example, for an adhesive composition that is to be
cured by a free-radical mechanism, a typical selection for E is acrylate, methacrylate,
cyanoacrylate, maleimide, acrylamide, and the like. In other embodiments, E is selected
from epoxies, imides, cyanate esters, vinyl ethers, vinyl esters, vinyl acetates, esters,
ureas, amides, olefins (such as ethylenes, propylenes, and the like), cyclic olefins (such as
norbornenyl, and the like) siloxanes, styrenes, oxazolines, benzoxazines, oxetanes, and
the like, or combinations thereof. It is understood that the polymerizable moieties set
forth above as the component E are exemplary only, and in no way limit the scope of the

invention. In addition, it is understood that E is not always a polymerizable moiety.
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polymerizable moiety such as, for example, epoxy, oxetane, oxazoline, benzoxazine, and
the like.

[0036] In some embodiments, each E is independently a ring-closing

polymerizable moiety such as, for example, cyanate ester, propargyl ether, and the like.

[0037] The functionalized cyclosiloxanes described herein are readily prepared by
hydrosilating an appropriately functionalized alkene and/or alkyne with a either a mixture
of polyalkyl(hydro)cyclosiloxanes or a purified polyalkyl(hydro)cyclosiloxane. An

exemplary synthesis is outlined in Scheme 1.

10



groups. Indeed, the selection of E wll depend on the
type of thernosetting chem stry desired in the
wakdorivense adhesi ve. For exanpl e, for an adhesiRE€I/US2006/007458

conposition that is to be cured by a free-radica

mechanism a typical selection for Eis acrylate,

nmet hacryl ate, cyanoacrylate, nal eimde, acrylam de,

and the like. In other enbodinents, E is selected

from epoxies, imdes, cyanate esters, vinyl ethers,

vinyl esters, vinyl acetates, esters, ureas, am des,

ol efins (such as ethyl enes, propylenes, and the I|ike),
Schemygdl i ¢ ol efins (such as norbornenyl, and the |ike)

si | oxanes, styrenes, oxazolines, benzoxazines,

oxetanes, and the like, or conbinations thereof. It

i s understood that the polynerizable noieties set

rth above as the conmponent E are exenplary only,
ino way ligit the scope of Ehe invention. In

addijti on, | n 0 at Ets—mot—atways a
nerlzable nmoiety. 9 WD 2007/19Q§g§ (Si0),
U82006/007458 | naeea, b can oe mlms Gﬁs’

t

ﬁd to mani pul ate hydrophobicity or crossllnk d
of the final resin. As such, other noieties
contenpl ated as conponent E include, alkyl,
fluoroal kyl, perfluoroal kyl, and the |like. A variety
of curing nmechanisns will be known to the skilled
artisan, including, but not limted to free radical,
ri ng-opening, ring-closing, ene reactions, and the
like. [0034] In sone enbodi nents of the invention,
each E is independently a free- radical polynerizable
noi ety, a ring-opening polynerizable noiety, or a E
ring-closing polynerizable noiety. In certain
enbodi nents, each E is independently a free-radica
olynerlzab i et ch as, for acryl at e,
[0038) 2 Vo IS flé?rthﬁg Biveide Vaety pipal yaer Zf?éieda@xeypﬁmbye
1ncor[iﬁ)gér/c%@(;irili;c]§‘fhe\ébrﬂiﬂ siBRAR conMPblidlof Y filvefiti. dile ESG 1R
invention compounds include, but are not limited to, compounds having the structures set

forth below:
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and the like), allyl, vinyl ether, itaconate,

fumarate, and the |ike. [0035] In other enbodi nents,
we@2a/18032%s | ndependently a ring-openi ng pol yneeT/psishe007458

noi ety such as, for exanple, epoxy, oxetane,

oxazol i ne, benzoxazine, and $the like. [0036] In sone

enbodi nents, each E is indepandently a ring-closing

pol ymeri zabl e noi ety such as, \for exanple, cyanate

ester, propargyl ether, and e like. [0037] The

functionalized cycl osil oxanesy descri bed herein are

readily prepared by hydrosi)ating an appropriately

functionalized al kene and/ or\al kyne with a either a

m xture of polyal kyl (hydrg cl osi | oxanes or a

purified polyalkyl(hydro)cy%%ﬁsij%xane. An exenpl ary

synthesis is outlined in S¢hene é\vla\xg%2007/100329

PCT/ US2006/ 007458 Sche . E (&i0)" I al ysi s

~(Sioyn P/, \HRE [U03g Mssget forth abovd/ a wide

variety of p meri zabl e noi et/ es*can be incorporated

into the cyclic siloxane conpods of the invention.

Some exenplary invention conpounds include, but are

not limted to, conpounds havin 0the structures set

forth below 11 <Z>

Compound 1

{ j:\/\/ﬂ f*

Compound 2

12
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w@ooopoonsed 2 12 WO 2007/ 100329 PCT/ US2006/ 007 458CT/ 20847007458
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Compound 3

§
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Me
N, Me
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ji
O~ 270D

O

Compound 4
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I O M\OSI M Compound 3 OO M M Conpound 4 13
WD 2007/ 100329 PCT/ US2006/ 007458 O O Me~Si-O Me HO
w®Roor/1e@sE OH Me M O O Conpound 5 PCT/US2006/007458

O,

Ho | |

/
Me/ O—-Si\ on

Compound 5
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14 WO 2007/ 100329 PCT/ US2006/ 007458 ©Me \st-a\ M O Et

QO Ss Okt Et0-Si Gt jJ M \O _ S\ Et EtO M
w@eospamsadd 6 CEt EtO Si Oet 01"~ Me / Si-- O MePCT/US2006/007458

M OGSt MJ EtO S Et(g’ \OEt Compound 7 15

Me
Si—0, /M"

AN

OEL o St OEt
v
EiO"“—-S‘i \/\/S{ i\ /(tj \/\/Sx \OEt
Eto/ d O--——Si\Me RO

Compound 6

Compound 7
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WO 2007/ 100329 PCT/ US2006/ 007458 | it ss fl Conpound

8 16 WD 2007/100329 PCT/ US2006/ 007458 Et FEt0 \S/
WORH07/10829-Si -O Me OBt O Ot | | S'1 Eto -SiPCFUSHI6/007458

/[ OCet /| | O-SS Eto EEOM M FF FF FF F

§

Compound 8
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F FF FF F Conpound 10 ;N, OW M \ / i O o ss
si ~o MM\\O S M¢ Conpound 11 17 WO 2007/ 100329
weEFaD/W8Be06/ 007458 0 N PCT/US2006/007458

OEt

EtO\ /

Si
T—0Et

Compound 10

=
0
N,
o

Me. ~

Si——0,

Me
2N,

Compound 11
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OM Si-Ce 1/0 M\OS M O N O Conmpound 12 O O

Me", si-O M Oi Si %i\ o-si Me M 18 WO
WQe®714BR829 PCT/ US2006/ 007458 Conpound 13 Q PAVEUS2086/007458

\%S

Compound 12

e}
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S oel\o- -s,,~ M nme 0 Conmpound 14 19 WO

2007/ 100329 PCT/ US2006/ 007458 Et \ /Ot Si\ CEt M
wogio7oosed O Si O5i\ M OSi M EtO S EtPCT/OEL006/007458

Conmpound 15 [00391 In addition to the exanpl es set

forth above, if an ap ' | kene is chosen, it

IS possible to prepar gfcgﬁﬁg(gméé‘igl%onpounds, one exanpl e

of which is set forth below O

Ssi—ao 7“

/ o
O Si O
[No—s

Compound 14
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\oSMmI1I I W/MOS O OI' 01/ S-OMw'™ M O

SS M-Si-OM OO OO Conmpound 9 20 WO 2007/100329
w806/ 007458 | ndeed, conpounds cont ai ni POI/BSI06/007458

nore al kene and/or al kyne units can be hydrosilated to

produce di mers, triners?%en eot her ol i goneric

functionalized polycyclic séioxanes. Dendri neric

functionalized pol yyclic i loxanes are al so

contenplated for use in f\he practice of the

i nvention. [0040] In a funther enbodi nent of the

invention, there are prQvjded ggdhesive conpositions

i ncludi ng a functional iMycycl i c siloxane
compound of the inventicon andsat |gast one curing

initiatQr sone enbddinents$ e Nynctiapal i zed
pol ycycl oxape Ccol ounq/ S presq
. o

conpositi om about/ a m{\/vei ght
Me

EtO——Si

EC OEt

Compound 15

[0039] In addition to the examples set forth above, if an appropriate alkene is
chosen, it is possible to prepare bridged compounds, one example of which is set forth

below:

Compound 9
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about 98 wei ght percent (w % based on total weight
of the conposition. In other enbodinents, there is at

wo e@gtiomeldi t i onal conpound that can co-cure w PET/UR®06/007458
functionalized pol ycyclic siloxane. The additi onal

Indeed¢ g@‘l’ﬁp@iﬁﬂs benthiying@add moreratiean tnd/or dlkgne witssars be hydrositaged
about 10 wt % to about .90 W % based on .t otal .wei. f
to prodiiie dimagBIcs, SH OBE BRI BRI ane
Dendr %Jric%ﬁ‘ﬁfgnaize% fic §ifokaRePire aRDBDRALMBRtedYBY Bdeti@She
_ ot h phenolic "and cresolic) and the Iike), imdes,
practicewf tinesingentiodes, bi smal ei mi des, pol ynmal ei m des,
cyanate esters, vinyl ethers, vinyl esters, vinyl
acetates, esters, ureas, am des, olefins (such as
et hyl enes, propylenes, and the Iike) siloxanes,
[00401CY a? oagpy é/ﬁx@dhgﬁer?]lsddlyrhﬁﬁ’teﬁ" theoxgealonnésre dre pridediadbssive
oxet anes, and the like, or conhi nations thereof, .
compdsgps inctikngd fur@agmah@ﬁ%p%l@fwfil@ gﬁ%ﬁnﬁ QP@PO‘?@G‘?@E? gyepyon
Lo bdel ¥fhod 3ROHh cQorklivéd J61Y&cli
R A R e
siloxahdic@npeindasrpresintanths cotipesition o dboiit abmub? wietght percent to

T _ : <
avoue Dt et o 2 €y €0 R DE B b M il ©°
emboc}’i?‘lgeﬁ{%; thﬁféoﬂé‘ AR Re a&k!iﬁmiﬁél combbintd BB caBRe@ye Witk {1 |

Tigl eat, or the |ike), deconposes into two parts
functiowelizhd polycyctic sdoxped, Theadditiprs compewndds Hmaeadly r espfggthe

one uppaired el eciron. J,adic I Nt
Comp?b%?%ﬁ%“efi’@ét o‘?’t}& %e? ()luE&?ﬁ'éA)g)%%%ﬂnc{g&éweg? g E)gtrhgsent
compésYGNt $1RR adlfiofLlERAIOtEdsIhE10te, deceanpis epoxies (sudtease a
half |life in the range of _about 10 hour

. J S) at ..
phenoliesmpevaleen (bsthimhenplis FegwolD MGHE TGRS Sroaggleimides
i SRR SR, 0 L A e
esters] Mehs) emidiss clefitieSudiensgthylelies irypylprees caniddhe likk) s oxangk,
peroxi de, 2 21 WD 2007/100329 PCT/ US2006/.007458
cyanoacrylates, styrenes, oxazolines, benzoxazines, oxetanes, and the like, or

combinations thereof.

[0041] The at least one curing initiator is typically present in the composition
from about 0.1 wt % to about 5 wt % based on total weight of the composition. In some
embodiments, the curing initiator is a free-radical initiator. As used herein, the term "free
radical initiator" refers to any chemical species which, upon exposure to sufficient energy
(e.g., light, heat, or the like), decomposes into two parts which are uncharged, but which
each possess at least one unpaired electron. Free radical initiators contemplated for use
in the practice of the present invention are compounds which decompose (i.e., have a half
life in the range of about 10 hours) at temperatures in the range of about 70°C up to about
180°C. Exemplary free radical initiators contemplated for use in the practice of the

present invention include peroxides (e.g., dicumyl peroxide, dibenzoyl peroxide, 2-
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but anone peroxide, tert-butyl perbenzoate,
di-tert-butyl peroxide, 2,5-bis(tert-
wheioghpseoxy) - 2, 5- di met hyl hexane, bi s(tert - butBET/US2006/007458
per oxyi sopropyl ) benzene, and tert-butyl
butanby e papridexiettejutyl getbeanop dnwst-lﬁlay@eromde 2,5-bis(tert-

butylﬁggwaiég-?ignétﬁyﬁeé%l) b1géq\‘g€ Il)etrg}lc%seopropzyl)%lenz%ﬁg balna (teﬁ-buWI
hydro%;elgoxicﬁﬂ OBbompeARQY: gn OOALRMN(S rnllétﬁy)l)proﬁaﬁ’lg ﬁ:ljﬂg) bi %‘ gZObIS(2-

‘The term "freé radi cal | nitiator
methﬂh@tpmmmlq:)aami 51 ﬁobls(mlah@iaae;ca&bnmurﬂnbhmnddm Iaicbhe3| ve
conpositions that contain a photoinitiator, the curing
process can be initiated by Wradiation. In one
enbodi nent, the photoinitiator is present at a
[0042]oncentT1:&tteﬂm “frée fadikaMinfiatd?” Blseidéliis pHoMmitidierst Fbal

t of the organic caonpounds in the composition
exam(’wf@xg]f&la‘maoaﬁ eﬁme|Cemposmnnsgh%ﬁf@n@%@ahfﬁemtlatcfrhéle curing

proce@?%%eﬁhftia@édocf @V'T?(ﬁhlﬁcﬁls 1 -ofte %%b&lﬁwﬁt Qhég%ﬁ)@toﬁ?ﬁ?oq ion

t he total e organic
presenmt}awncmmlatloﬁbf)ﬁ diwtbd ot wt% basmdlomcthe toeal Zadight of the organic

t : al k { h none
compgulh \cl}%é%g‘{sfﬁ@ﬂsgné:{@ﬁzgc? n%a%y %al iv?ﬁ Oxsygc e; Op e S,

photoR&i¥hiRNOSRPHRE 00XWHE $o 3.0ivH84) ‘Bﬁﬁﬂ%nctﬁg%él%%ht of the (rrgan'lc
conbi nat i ons of benzophenones and am nes Mchler's

compgurdsiia theprmpasisian; Photojigtiars]s inelude benzomalerizatin) lmnﬂketals,

d ast es co
o Bt GigRtes, B ot Eb RRthaeS Sl pRtc bbeEdise (u
acylpl@spBfnedxideB 2§tnétRBe coiy&MUL, %Bnﬁ%%h@@%ﬁ%%henones and
pol %ﬂycl i c siloxane conpound based on total wer ght

aminegforMishleswkstone) and;tholike) wt % t o about 90 wt % of a
filler; c) about 0.1 wt %to about 5 w % of at | east
one curing initiator, based on total weight of the
conposition; and d) about 0.1 wt%to about 4 wt% of

[0043t | eadh admehar@mblodingenaghért ardq@seided die-attach pastes comprising:

a) about 2 weight percent to about 98 weight percent (wt %) of at least one
invention functionalized polycyclic siloxane compound, based on total weight
of the composition;

b) 0 wt% to about 90 wt% of a filler;

c) about 0.1 wt % to about 5 wt % of at least one curing initiator, based on
total weight of the composition; and

d) about 0.1 wt% to about 4 wt%, of at least one coupling agent, based on

total weight of the composition.

[0044] The die-attach pastes described herein may further comprise additional
compounds that can co-cure with the functionalized polycyclic siloxane. Such
compounds include, for example, epoxies (such as phenolics, novalacs (both phenolic and

cresolic) and the like), imides, monomaleimides, bismaleimides, polymaleimides, cyanate
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total weight of the conposition. [0044] The die-attach
pastes described herein may further conprise
w@dairnoseal conmpounds that can co-cure wth tPEI/US2006/007458
functionalized polycyclic siloxane. Such conmpounds
esters, viv§] éthers, TiaKl @Xﬁﬁmhﬁyl aegiates, estefss wehs, asligsenlsfing @such as

IR G e T TN E T e
benzogm?t &eﬁa%ey\gna %7141360 Qﬁgﬁnﬁ%{dﬁ%&b@&ﬁ" 007458 esters,

vinyl ésters, vinyl acetates, esters,
ureas, am des, ol efins (such as ethyl enes,

propylenes, and t he i ke) siloxanes, cyanoacrylates

tyrengs, oxa
o0asP Y B BN o REERY B AEPlRBR I i
electrigin @ah@ivednter thgallncddiacipveadh iadditioh, thé ﬁllplrsenagmct to
i nvention can be electrically gllcq)nduct ive

modify e theg! pgy eloiha sestlting compostian of s atapEpast. | A RlE Olact
suitable> el%dm I&t acﬁ\fct 08l 191§ cM‘@e dngSyYdd 1ﬁgh§1§kﬁ'9t‘il§5 dfited

ast e. [ es of " suitable
preselﬁhﬁtbhtwm: ﬂiclMecsdmduntcleeMppblt elusnimimicpalladivng @0&11812'@95@

in the th
metalscppt\e;g Igra% &% Ce o%%ﬁ:ggted %ﬁ.ﬁﬁ&ﬁ%}ﬂ%%@t t'gglgaa}%%‘f‘te ua?l? the like),
and 1R EX8mpledBE ﬁhta%%&%amry@@ﬁddcﬁvé &ll6rs, whitls kel becaﬂpleybd in

graphite, copper-coated raphite, and the |ike r{)
the pm¢te:elolf K. prébeniriplvessiosf m@;lug@ gigplaite, h@nﬁﬁmmyn%léﬁa%%fmﬁéf ide,
a I

vorongitr fa R0 et ey HRLEY B Comb A RR sttt A6
modlﬂli ithédlOgy 1i‘aallilgd: ﬁﬁl,ymlldxfhéﬁ(smﬁ asipdtydirdetapiosilkdxeines) silica, fumed

alum na, and the |jike. Conpounds that act primarily to
Sﬂmaﬂﬁ@Mﬂ?:@ﬁé@l@ﬁV?PM@Pude pol ysi | oxanes (sucﬁ as d

pol ydi net hyl sil oxanes) silica, funed silica,

alumna, titania, and the like. [0046] As used her ei n,

the term"coupling agent” refers to chem cal eci es
[0046]hat  As used herein, the term "coupling agent" refers to chemlca species that

are capable of bonding to a mineral surface and which also contain polymerizably
reactive functional group(s) so as to enable interaction with the adhesive composition
and/or die-attach paste. Coupling agents thus facilitate linkage of the die-attach paste to
the substrate to which it is applied.

[0047] Exemplary coupling agents contemplated for use in the practice of the
present invention include silicate esters, metal acrylate salts (e.g., aluminum
methacrylate), titanates (e.g., titanium methacryloxyethylacetoacetate triisopropoxide), or
compounds that contain a copolymerizable group and a chelating ligand (e.g., phosphine,
mercaptan, acetoacetate, and the like). In some embodiments, the coupling agents
contain both a co-polymerizable function (e.g., vinyl moiety, acrylate moiety,

methacrylate moiety, and the like), as well as a silicate ester function. The silicate ester
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are capabl e of bonding to a mneral surface and which
al so contain polynerizably reactive functional
wW@e@ap¢s)9 so as to enable interaction wth thePeis®Ive 7458
conposition and/or die-attach paste. Coupling agents
portion pfjihe raunlingtagen is Fanehlgofopndensing véthanetabhydsersides present on

the m&x&% ﬁ%%l?é 5iastu§§tg€&e 1i:ehth{e co- gglyﬁ%ﬂgébqg fun[cggﬁ gJ CF?E%CP{BE g&-y

ng agen use'in
polymaﬁzm@ @ithpliesthat readtive mbn@onembﬂdeerﬁﬂohidwamohqiaabs In certain

netal acrylate salts (e, al yl at
embodiments, 5@1ggmg@g§nts c?r}t@lga Eﬁ%]f'or useblj{ln thrclauprpactlce o? ahe 1nvgnt1%n are

ohgorﬂ@i‘ﬂ:'@ﬁfcﬁ% %ﬂé‘é’éeﬁ&%&?&%cﬂ% e&ﬁdx;yléﬁzag{)ﬁ&@aﬁesie) or

conpounds at” contain ol yme e group and a
chel ating ligand (e.g., phosphine, nercaptan,
acet oacetate, and the I ike). I'n some enbodi nents, the

[0048]? 8 ﬁ glt : Er%e nt OdUP?R% %ﬁ% @}ottoml 1@&9& gr{c{ %%agtzl a 121{3 ion may be

desiratiB! Facsxshple; ci@h@bha m&nitﬁﬁbrldohﬁimng’l@dhéﬁkfb casbastarted by
silicate ester functl on. The silicate ester 23 WO

UV irpdigtipn, @gé 92 PET/PUSESTBE @i@fﬁ@gng 68t bg ermpleted y thuplicafépn

d i
orbeat St FAPAQ) Sy SROCARIIG RSl HOERS e
beaddadt@ﬁlle)aﬁbersllm&l@ofsmntl on is capabl e of co-
pol ynmerizing with the other reactive conmponents of

i nvention die-attach paste. In certain enbodi nents
coupling agents contenplated for use in the practice

[0o49pf theyy gé\&@ﬁl 't]Qe"acﬁfeﬁve @J)thﬁék'iﬁ‘dﬂs Gnd/ot iRalt@RCcE Fh‘sl@éé \ﬂﬁll cure
agents such met hoxyvi nyl si | oxane) .

withingolempershwel ramen p§ 804@%9%3 phdcwing willhe foec@ddmmm ad@ngth of

atl Qn. b] F anpl e urp i f a
time o st ki AnfBYo BB iR 8wl RN Brcfe o B i b
the timdardrteapératurOsuringistofile for ¢azh adhdiveceaposigos el vagilind1g
can be conpleted by the application of _heat tg

differené eFRPOSitigns sap pe éesflatﬁdéa provifieehe ging roofiterfga wélrbﬁaqulted to
the pattltutak MRS Fia BYnlAELRRL bfocess.

[0050] In certain embodiments, the adhesive compositions and/or die-attach
pastes may contain compounds that lend additional flexibility and toughness to the
resultant cured adhesive. Such compounds may be any thermoset or thermoplastic
material having a Tg of 50° C or less, and typically will be a polymeric material
characterized by free rotation about the chemical bonds, the presence of ether groups, and
the absence of ring structures. Suitable such modifiers include polyacrylates,

. poly(butadiene), polyTHF (polymerized tetrahydrofuran, also known as poly(1,4-
butanediol)), CTBN (carboxy-terminated butadiene-acrylonitrile) rubber, and
polypropylene glycol. When present, toughening compounds may be in an amount up to

about 15 percent by weight of the maleimide and other monofunctional vinyl compound.
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be added to the adhesive conposition. [0049] In
general, the adhesive conpositions and/or die-attach
wpagveess || cure wthin a tenperature range PET/US2006/007458
80-220C, and curing will be effected within a l'ength
[0051] of t i Ihibitbrs| fos&ed-radial Cunginpat adsct e Bldedtnibeadhess wi | |

be undeysto | ed t
compogiighy B DF LAEDASTTS RGTREb RE th e af s G fte B
compoﬁ‘%ﬁ@ SbrdthiAgWhd fun¥@énalizéngblyéliclit siliahe eGfpaFids idestsibedn
e designed to provide the curing profile that wl |

herems Bieraples of thesreinpibitorsan¢lade hindersd ph%uolsnsalﬁb ﬁ&%@cﬁlrtﬁ@‘buw? 4-
s BEESTET oS Rl Br R bSO bt o e
oD it 205, st
WA MR G T FN T
oA Otufith e gl ot e )

derivatiwdsatfipopheaplon¢diathime ahé d1pdnaﬂ1ylamm¢slt i 4leo Wr:lé ke@w én ge art that
rou absence

hydroggh SomA oS SHRMINBNY FPS RGP Ras Py Red Pt iicids, ana

metal QQCMGQHESQQ h@dk@h,vegném&aﬁ iORiokty ckz mﬁfpaémfrs@ﬁaman,
al so known as pol él-t 4- but anedi ol )

qumor(es amd&@d@bem@mﬂlmme dytibui- bARCRZIapINRY 2-Ph@)ylwl dbber
benZO%IBPr%lb ﬁfﬁ%({jx%o%” 2,3 V£l 1 eirh B 1&8&151&%%%. %1))% L metal

e 1n ann” anoun ercent
deacubatoﬁ@ﬁh@memN L3, sali-edrtvbuly 1amgidm Peydrommeinoyt)hyduzine;

d. 24 WO 20 / 3 /
oxaly|Gbarey B a#de) 814 KrRbeor g Gr BT E R B0 be.
phenyPeq @gm‘h tﬁﬁogﬂggﬁbﬂ%omﬁeﬁﬁ&%%ﬁ QSERI @2 ?6 @tﬂéﬁ‘&ﬁethyl 1-

escri ereinto extend the usef
plperlﬂn}ﬂmy;) free mﬂlcpﬂ))sare hlso sffedivean mhilytarhat lﬁwm@ncfmmatmm dlhe

ycyelic
total amount Xfc ant10x1scfant p)iast1 seyngr%rgs typ1call§j £16 Ble range of 100 to 2000 ppm
relative to the weight of total base resin. Other additives, such as adhesion promoters, in

types and amounts known in the art, may also be added.

[0052] The adhesive compositions and die-attach pastes described herein will
perform within the commercially acceptable range for die-attach adhesives.
Commerically acceptable values for die shear for the adhesives on a 80 x 80 mil® silicon
die are in the range of greater than or equal to 1 kg at room temperature, and greater than
or equal to 0.5 kg at 240° C. Acceptable values for warpage for a 500 x 500 mil* die are

in the range of less than or equal to 70 Nm at room temperature.

[0053] In yet another embodiment of the invention, there are provided assemblies

of components adhered together employing the above-described adhesive compositions
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herei n. Exanples of these inhibitors include hindered
phenol s such as 2,6-di-tert-butyl-4- nethyl phenol;
WQ@2@7doo3eert - but yl - 4- met hoxyphenol ; tert-butyl PCT/US2006/007458
hydr oqui none; '
and/or dieraiterk pasiesh yThan cfog gxgnahile, tassembibigs yomprisingln dixst hytitloadbered

to a sé&%ﬁﬁ%ﬁéﬁ% né?gr%.p éﬁgg% of %e_aﬁpﬁ-g%sgri??d aghgsive composition are
provided3, Articlds E Y prestnttinGertionThs be dny &iticletS i REathmé for which
hydroxybenzyjfbenzene. O her useful hydrogen-donating

adhesjiyy to P gk aisicleds desied d Articles nayiéenlaty ¢onthepigled ferdissanibie

] ' 1 Ne: i L. know.n the art .
eI PRSI ABAGnd ok ALFOOME kY BB devis,
ASICdiemizegimsiciapabddeysocy ilasinmemert devipes,iad ae 1ild) dAlseeb@bmplated

tivators.to npke a very efficient inhibitor

are asg%e HGEOMBRSg e cHelspRig ewice pefintmRRily sdheradde a substrate
by a RESFZORMbIGNBe abovieSlebcrfidl Yle-dtatn Qﬁéoﬂﬁbﬂagﬁgﬁoni% devices

2- phenyl - 1, 4- benzoqui none; naphthoqui none, an
COHtClZlPE*iQﬁ h g with jumebéor digtattadrgastebiznipdeasppér lamt fihmes, Alloy

vat.ors,. . . . . . .

42 Iealqﬁga%%gé %,51%513 Bicg @glimmyprsenigs digenaprmaning fics ond thedkennam

oyl ) hydrazine; oxalyl bis(benzylidenehydrazide); and

N- phenyl - N - (4-tol uenesul fonyl)-p- phenyl enedi am ne.

i troxyl radical conmpounds such as TEMPO
[0054 5 5 "6 other prhedippnts|of thei ipwantigns theseyare prosided awsitloats)for
L i nhibit i
T S SR UL o B e B pesfommeh oo
by synergists typically falls in the range of 100 to 2000
i.ght of total base resin. Qher

Lat | he.
© R b s BT Ao
(b) brii@gths ik awd séddnd BRicR o (BRI BriRSn %gs@g{};}{ {gg%%]the first

.. The adhesi ve conpositions and die-attac _
articlqjesldhe pregnd ertislqmarpis¢raratesborfly byrth adhiesive tempasitiverapphibd jn

/ f di e- at.t ach.adhesi ves .
@) o5 b ek e AL AR PP S bEC M GIEE srERespdeive  ne
compaditi@si ves on a 80 x 80 mle silicon die are in the
range of greater than or equal to 1 kg at room

tenperature, and greater than or equal to 0.5 kg at
240 C. Acceptable values for warpage for a 500 x 500

[0055)" | € dip@s@l Birther embodiments, there are provided methods for attaching a
semiconductor die to a substrate. Such methods can be performed, for example, by

(a) applying an invention die-attach paste to the substrate and/or the semiconductor die,
(b) bringing the substrate and the die into contact to form an assembly wherein the
substrate and the die are separated only by the die-attach paste applied in (a), and,

(c) subjecting the assembly to conditions suitable to cure the die-attach paste.

[0056] Conditions suitable to cure invention die-attach pastes include subjecting

the above-described assembly to a temperature of less than about 200°C for about 0.5 up
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in the range of

t enper at ur e.

| ess than or equal to 70 Nm at room
[ 00531 In yet another enbodi nent of the

WO pooenoa3en,

there are provided assenblies

of PCT/US2006/007458

conponent s adhered toget her enpl oying the
to abowigoRENKRSs S hiSER LehESHAAEOB SRS o Y Sccopaplisbed in a varioty of
ways, ggo M&%ﬁﬁﬁm@‘ﬁ}é&@?ﬁp Q/bPlQ fiknite, £ Pice U587 iRHeAfdl known to
pastes. us, tor exanple, asse Ies conprising a
the skilled sttisar.t Optienadighibe astest canbe veematednt 15-2205¢. a cur ed
al i quot of the above-descri bed adhesive conposition
are provided. Articles of the present invention can
be any article of manufacture for which adhesion to
[00572n0t heTh@mkbsidh Wil fRSbd RektherdstEhcRISwitlafdrbrendertolile
contenpl ated for assenbly enploying invention
followingpwslimitmgsexpmplosde el ectronic articles such as
nmenory devi ces, ASIC devices, m croprocessors,
menory devices, and the |like. Al so contenpl ated
assenblies conprising a mcroel ectronic device
permanent |y adhered t EXAMMES ate by a cured aliquot
of the above-described die-attach paste.
M croel ectronic devices contenplated for use with
i nvention die-attach pastes include copper |ead

[0058F Exmmple 1) ASPO-mb rousddottpmad Saskswith e dietlgnweated siiy bag iias
r seni ' r [ [ |.i n
care Q50 B T B SR B PR
(200 gyehdeasciysals ofichpedplaithi@adid.r She suliitict] wad wamnesleo andind
article. Such nethods can be perforned, for exanple,

50°C. by presyura savalizag deappens fyerst was figad paitheiflssk aldin g fpaoel was
B R S

0 contac orm an
minut&std eiddtirradrengion. the ekoth&inic svatiiql sametiotsnbsideafardbout one

article are separated onl y the adhesive conposition

Yy b
hour. 4 |d_r<aq_x>mgnﬁm{lQ)Wasaﬁ@,ace@eﬁ%fﬁﬂ@étcpﬂ DEfANdLRe N Bas
refluxEPRAHOARS 0TS hpBik theltrafodiiftidnh 6 B4 RESTiNEthe solution was filtered

through 20 g of silica gel to remove the catalyst and decolorize the solution. Removal of

fl ash
are

the solvent afforded about 80 g of a clear fluid material.
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conposition. [0055] In still further enbodinents,
there are provided nethods for attaching a
w@esraeiseuct or die to a substrate. Such net hodBCTEHS200€007458
performed, for exanple, by (a) pl ying an invention
[0059]dEgamples; H80mef the tteiratmxmg@pewgn sxample 1 was charged

into a T 0-Rektieh Sufbed with BreAbh UG08 i SHBALL BRI haS

Oorm an asse
gas di%@ﬂﬁinrtﬁb@ ‘Polteden@00 g Ewas sddee m@thatihdk alohy with mbthacrylic acid

(175 ranel, 259 @hTY i ?i&lsltafsgﬁlég%q(ﬁ‘%odmf% (.08 &l pdnan 0 of
d1met}*y:,H @@ﬁ{(}pgﬁglg gﬁﬂ/ﬁ}Pg[ 01%%%1) u$oh %E %Fﬂ& fateR Rk')f’@ for 2

ch pas es | nc ecting

hours WAAY 8 sA8E @fﬂoﬁﬁ@of&&%ﬁ@ﬂnﬂeﬂ 1ﬂtottb¢11lﬂﬂtﬁirﬂtbq>r@fent es S t han
about 200C for about 0.5 up 2007/ 180 29 . h
polymmzv/tlgsm te/myodues g The WOH%% 9f‘fiie ROSuelconsifigd of puashige the
solutmsh se@éﬁ@” ﬁﬂn&%&ﬁ 55@111%@@ @S LMY dnB ‘i"éinb‘!?b e excess
an i1n-line heated rail, a
methab@ht‘, afidy draimg, ovelr 1vngl@4,| ﬁoldeweéby filtetinghevendp g déisdiea geb The

removal GHLE EMEPt oA A 20 047 VRRFABERE on w11 now

be further described with reference to the fol |l owing
non-limting exanples. EXAMPLES [0058] Exanple 1. A
500-nL round bottoned flask with a Teflon-coated stir
bar was charged with 30.9>g (500 mml Si-H) of
tetramet hyl cycl osi | oxane al ong with toluene (200 Q)
and two crystals of chlorgplatinic acid. The solution
was warmed to around 50CN A pressure equalized
droppi ng funnel was fitted on to the flask. To the
funnel was added allyl glycidyl ether (500 mml, 57.0
g), which was added drdﬂh&se<%wer 30 t

[0060] Example 3. A 500-mL round-bottomed flask with a Teflon-coated stir bar was
charged with 20.0 g (333 mmol of Si-H) of tetramethylcyclosiloxane, along with 200 g of
“toluene and two crystals of chloroplatinic acid and 500 ppm (0.03 g) of BHT. The
solution was heated slightly to about 50°C. To a pressure equalized dropping funnel was
added vinylnorbornene (333 mmol, 40.0 g), which was added dropwise to the heated
solution over 30 minutes. The exothermic reaction subsided after about one hour. The

dropping funnel was replaced with a reflux condenser and the solution was refluxed for 2
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mnutes to the stirred solution. The exotherm c

reaction started to subside after about one hour. The
wale@ppoasee f unnel was replaced with a refl ux coPCBHSENG/007458

and the solution was refluxed for hours_to conplete

hours toteemmiplale ity dicsidaionatiesr ceeling, iy SlOH’é1°§d?Y4§tﬁ1F9FF%V§r 15 g of
silica %g t&aﬁrerycggngén g& e oﬁoRgm% b ELIEGE a el @ﬁgeog;anﬁltchglear

ecolorize the sol Ut on  Renova
resin. sol vent afforded about 80 g of a clear fluid naterial.
O 0 M,si-OMOSI-//~\ ~0\i0O0O si ,00~ M
"OSi.M OO0 27 WO 2007/100329 PCT/ US2006/ 007458
[ 0059] Exanple 2. 80 g of the tetra-epoxy conpound
made in exanple 1 was charged into a 1-L 2-neck flask
equi pped with a Tefl on-coat ed bar, a reflux
condenser and a gas dispersio be. Tol uene (200 g)
was added to the flask along wth nmethacrylic acid
(175 nmmol, 15.0 g). To the flagk was al so added 500
ppm (0.05 g) of BHT and 0. ¢"gdi-odfenet hyl

am nopyri di ne ( DVAP) . e solﬁmloﬁ ve |rred at
approxi mately 100C f Ufs WAi | e QE] anount
i i |8tf"bm to

of air was punped int event

[0061] Example 4. A 500-mL round bottomed flask with a Teflon-coated stir bar was
charged with 30.0 g (500 mmol Si-H) of tetramethylcyclosiloxane along with toluene
(200 g), two crystals of chloroplatinic acid, and 500 ppm (0.05 g) of BHT. To a pressure
equalized dropping funnel was added allyl glycidyl ether (250 mmol 28.5 g). The
tetramethylcyclosiloxane solution was heated to around 50°C, while the allyl glycidyl
ether was added dropwise over 30 minutes. As the allyl glycidyl ether is added a gradual
exothermic reaction occurs indicative of hydrosilation. Once the entire reagent has been
added the dropping funnel is charged with vinylnorbornene (250 mmol 30.0 g). This
reagent is also slowly added over 30 minutes. After the addition is complete the dropping
funnel is replaced with a reflux condenser and the solution is refluxed for 2 hours to
complete the hydrosilation. After cooling the solution is filtered through 20 g of silica
gel to remove the catalyst and to help decolorize the solution. After removal of the
solvent using a rotary evaporator approximately 80 g of a thick viscous clear liquid was

obtained.
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pol yneri zation of the product. The work-up of the

product consisted of washing the solution in a
wG@epanesery funnel wth saturated NaHCO3 sol ut PORUSI®06/007458

renove the excess nethacrylic acid, drying over

MySH, followed by filtering over 20 g of silica gel.

The renoval of the solvent afforded 84 g of a clear

| ow viscosity liquid. 0 0 M Si-OM O%H --s

100 M OSi, 0 M 0O OO [0080] Exanmple 3. A 500-nL

round-bottoned flask with a Teff on-coated stir bar was

charged with 20.0 g (333 nmol of Si-H) of

t et ramet hyl cycl osi | oxane, along with 200 g of toluene

and two crystals of chloroplﬁgi ic acid and 500 ppm

(0.03 g) of BHT. The sol utiofswasMieated slightly to

about 50C. To a press equaPi zedd pihag funnel was
added vi nyl nor bor nen%é}a/ﬁ’rﬁ[, w%hl ch was
added dropwi se to theVhdat eds SbIfityon 30

m nutes. The exotherm c reaction(§;23ided after about

one hour. The dropping funnel wag replaced with a
refl ux condenser and the sol ution s refluxed for 2

S

[0062] Example 5._A 500-mL round-bottomed flask equipped with a Teflon-coated stir
bar and a pressure equalized dropping funnel was charged with 20.0 g (333 mmol of Si-
H) of tetramethylcyclosiloxane. To the flask were also added toluene (150 g) and two
crystals of chlroplatinic acid. To the dropping funnel was added allyl glycidyl ether (223
mmol, 25.4 g). The solution was heated to around 50°C, while the allyl glycidyl ether
was added dropwise over 30 minutes. After the exotherm subsided, 2-allylphenol (110
mmol, 14.8 g) was added to the flask, and the dropping funnel was removed and replaced
with a condenser. The solution was heated at about 70°C overnight to complete the

hydrosilation. After removal of the solvent 60 g of a brown fluid resin was obtained.
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28 WD 2007/ 100329 PCT/ US2006/ 007458 hours to conplete
the hydrosilation. After cooling, the solution was

wo pdovaemsed over 15 g of silica gel to decol oriR€r/Ukm®06/007458
sol ution. Renoval of the solvent afforded 55 g of a
thick clear resin. Mew OS _0 SM i 10
O-M S o-si.Me w [00611 Exanpl . A 500-nL round
bottoned flask with a Teflon-3§1ted stir bar was
charged with 30.0 g (500 mmol & -H) of
tetranet hyl cycl osi | oxane al ongywi th toluene (200 g),
two crystals of chloroplatini@ acid, and 500 ppm (0. 05
g) of BHT. To a pressure ﬂlua i zed dropping funnel

e
was added allyl glycidyl ethé&si-2%¥0 nmmo|#28.5 g). The
tetramet hyl cycl osi | gxane sol Qi orﬁid to around
50C, while the allyl™\gl yeidyF ether was Jadded
dropwi se over 30 m . e “alel yI  gl%ci dyl et her
i s added a gradual herm c reaction occurs
i ndi cative of hydrosilation. Once the entire reagent
has been added the dropping funngl is charged wth
vi nyl nor bornene (250 mmol 30.0 g)\ This reagent is
also slowy added over 30 m nutes./After the addition
is conplete the dropping funnel is replaced with a
refl ux condenser and the solution is refluxed for 2
hours to conplete the hydrosilation. After cooling
the solution is filtered through 20 g of silica ge

to renove the catalyst and to hel p decolorize the
solution. After renoval of the

[0063] Example 6. A 500-mL round-bottomed flask equipped with a Teflon-coated stir
bar and a pressure equalized dropping funnel was charged with 24.0 g (400 mmol of Si-
H) of tetramethylcyclosiloxane. To the flask were also added toluene (200 g) and two
crystals of chlroplatinic acid. To the dropping funnel was added allyl glycidyl ether (200
mmol, 22.8 g). The solution was heated to around 50°C, while the allyl glycidyl ether
was added dropwise over 30 minutes. After the exotherm subsided, vinyl-triethoxysilane
(200 mmol, 38.8 g) was added to the flask, the dropping funnel was removed and
replaced with a condenser. The solution was heated to reflux for 3 hours to complete the
hydrosilation. The solution was filtered through 15 g of silica gel after cooling; followed

by removal of the solvent which afforded 78 g of a low viscosity clear liquid.
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solvent using a rotary evaporator approximtely 80 g
of a thick viscous clear liquid was obtained. 29 WD
WQe®7141BRB29 PCT/ US2006/ 007458 O O Mew Me  SPCBUS2005/007458
M/ "OSim Me O O[00621 Exanple 5. A 500-nL
round- bottoned fl ask equi pped with a Tefl on-coat ed
stir bar and a pressure equaliged dropping funnel was
charged with 20.0 g (333 nmol o#/Si- H) of
tetramet hyl cycl osi | oxane. To the\flask were al so added
toluene (150 g) and two crystads of chlroplatinic
acid. To the dropping funnel wasg added allyl glycidyl
ether (223 mmol, 25.4 g). The §olution was heated to
around 50C, while the allyl ghyc/ dyI et her was added
dropwi se over 30 m nutes. Afte “SirRe! exot er m subsi ded,
2-al |yl phenol (110 mml,orlt4 8 .9) was/é ed to the
fl ask, and the droppi n§Ofi /\(ya_gl Y engy &Ft and
replaced with a condendét. 'Pffe spl i on was heated at
about 70C overnight to conplete t%

0

N

[0064] Example 7._A 500-mL round-bottomed flask equipped with a Teflon-coated stir
bar and pressure equalized dropping funnel was charged with 24.0 g (400 mmol of Si-H)
of tetramethylcyclosiloxane. To the flask was also added toluene (200 g), two crystals of
chloroplatinic acid, and 500 ppm (0.04 g) of BHT. The solution was heated to 50°C,
while vinyl-triethoxysilane (200 mmol, 38.0 g) was added dropwise to the solution over
30 minutes. After the addition was complete the dropping funnel was charged with
vinyl-norbornene (200 mmol, 24.0 g), which was added dropwise to the solution over 30
minutes. The dropping funnel was replaced with a reflux condenser and the solution was
refluxed for 2 hours to complete the reaction. The cooled solution was filtered through
10 g of silica gel to remove the color and catalyst. After removal of the solvent 80 g of a

thin clear liquid was obtained.
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hydrosil ation. After renoval of the solvent 60 g of a
brown fluid resin was obtained. 30 WO 2007/ 100329
w806/ 007458 O O Me Si-o Me 01 Si HETT/UAS2008007458
I © "OM Osi,M CH OO][0063] Example 6. A 500-nL
round- bottoned fl ask equi pped with a Tefl on-coat ed
stir bar and a pressure equalized dropping funnel was
charged with 24.0 g (400 nmol of Si- H) of
tetramet hyl cycl osi | oxane. To the flask were al so added
toluene (200 g) and two <crystals of chlroplatinic
acid. To the dropping funngb_W&s added allyl glycidyl
ether (200 mmol, 22.8 g). TjEo®ol uti on was heated to
around 50C, while the allﬁl | ycidyl ether was added
dropwi se over 30 m s. "Afst-e[ Mhe exot her m subsi ded,

vinyl -triethoxysila 2 (S?'rrmﬂ 8.8 g) was added to
the flask, the dropping fuj (e_g./o\/\\/zgéggnved and
repl aced with a condenser™ The %ol n was heated to
reflux for 3 hours to conpg t® the hydrosilation. The
solution was filtered througls 15 g of silica gel after

cooling; followed by reno Bt the sol vent which
afforded 78 g of a low viscosity clear liquid. 31

[0065] Example 8. A 500-mL round bottomed-flask equipped with a Teflon-coated stir
bar and pressure equalized dropping funnel was charged with 24.0 g (400 mmol Si-H) of
tetramethylcyclosiloxane. To the flask were also added toluene (200 g) and two crystals
of chloroplatinic acid. The solution was heated to 50°C, while 1-tetradecene (200 mmol
39.2 g) was added dropwise to the reaction over 30 minutes. After the exotherm subsided
the dropping funnel was charged with allyl glycidyl ether (200 mmol, 23.0 g), which was
added dropwise the reaction over 30 minutes. The dropping funnel was replaced with a
reflux condenser and the solution was refluxed for 2 hours to complete the hydrosilation.
After cooling the solution was filtered through 20 g of silica gel. Removal of the solvent
afforded 80 g of clear low viscosity liquid.
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WD 2007/ 100329 PCT/ US2006/ 007458 O O Mew Si-O- Me O
Si-' Ot EO i- M1 OSI0EtO1 CBEt EtO M OO
WO 0@BApo3exanpl e 7. A 500-nl round-bottomed fl aB&I/US2006/007458
equi pped with a Teflon-coated stir bar and pressure
equal i zed dropping funnel was charged with 24.0 g (400
mmol of Si-H) of tetramethy}cycl osil oxane. To the
flask was al so added tol uene\ (200 g), two crystals of
chloroplatinic acid, and 50§ ppm (0.04 g) of BHI. The
solution was heated to 50C, ) while
vinyl -triethoxysilane (200 I, 38.0 g) was added
dropwi se to the solution W@r_o M80 mi nutes. After the

addi ti on was conplete the @rop@ funnel was charged
wi th vinyl-norbornene Fomgbl , 24 whi ch was
added dr opw se e sol Yti o&@«er 30 mnu The

dr oppi ng nél was repl aced th a reflux condenser
and the solution was refluxednfor 2 hours to conplete
the reaction. The cool ed solutilon was filtered through
10 g of silica gel to renove té?>color and cat al yst.
After renoval of the solvent 80 6 of a thin clear
liquid was obtained. 32

[0066] Example 9. A 500-mL round bottomed flask with a Teflon-coated stir bar was
charged with 24.0 g (400 mmol Si-H) of tetramethylcyclosiloxane, along with toluene
(150 g) and two crystals of chloroplatinic acid. To the flask was also added bisphenol-A
diallyl ether (100 mmol, 15.4 g). The flask was warmed to about 50°C where the
exothermic hydrosilation reaction started to occur and the temperature rose to around
70°C. After the exothermic reaction subsided, a pressure equalized dropping funnel was
added fitted on the flask. To the dropping funnel was added allyl glycidyl ether (300
mmol, 34.2 g), which was added dropwise over 30 minutes to the hot solution. After the
addition was complete the dropping funnel was replaced with a reflux condenser and the
solution was refluxed for 2 hours to complete the hydrosilation. After cooling, the
solution was filtered through 20 g of silica gel to decolorize. Approximately 70 g ofa

clear fluid material was obtained after removal of the solvent.
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WD 2007/ 100329 PCT/ US2006/ 007458 OR EtQ,si/ OBt 's-
o M LLOsi Si ~O Me gOsiMe EtQO si EtO' Ot

wQ 0@6Ap03exanpl e 8. A 500-m, round bottoned- f | BEKUS2006/007458
equi pped with a Teflon-coated stir bar and pressure
equal i zed dropping funnel was charged with 24.0 g (400
mol Si-H) of tetr t hyl cycl osi | oxane. Te-t he fl ask
wer e al so added to‘lzgene (200 g) and two crystals of
chloropl atinic acigd. The solution was heateg to 50C
while 1- tetraderﬁl

ne (200 mmol 39.2 g) was (added
drgpvvl se t eaction over 30 m nutes. A}ter t he
exQbher subs? dEg° the droppj n funnel cp@rge
with aIIyI g(l)ymsl;jyl M
was added dr# acti over SOom tes The

dr oppi ng funngl vvas repl aced with a rekrtx sendenser
and the soluthNon was refluxed for 2 hours/to conplete
the hydrosilation. After cooling the solution was
filtered throygh 20 g of silica gel. Rerpval of the
sol vent affgkded 80 g of clear |ow vi s%& ty liquid.
33 WD 2007/ 100329 PCT/ US2006/ 007458 d

[0067] Example 10. A 500-mL round-bottomed flask equipped with a Teflon-coated
stir bar and a pressure equalized dropping funnel was charged with 18.0 g (300 mmol Si-
H) of tetramethylcyclosiloxane. To the flask was added toluene (200 g) of and two
crystals of chloroplatinic acid. The solution was stirred and heated to 50°C, while vinyl-
triethoxysilane (225 mmol, 43.7 g) was added over 30 minutes to the solution. The
exothermic reaction subsided after an hour, then 1H,1H,2H-perfluoro-1-octene (75 mmol,
26.0 g) was added to the flask and the solution heated to reflux for one hour to complete
the hydrosilation. After cooling to room temperature, the solution was filtered over 10 g
of silica gel to decolorize, followed by removal of the solvent, which afforded 80 g of a

thin clear liquid.
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o 0 MBwS-OM S I S ,0 M'OM O -~0O/[0066]
Exanple 9. A 500-nL round bottoned flask with a
waedoroen3epat ed stir bar was charged wi th 24. OpQr/4®06/007458
mmol Si-H) of tetramethyl cycl osil oxane, along with
toluene (150 g) and two crystals of chloroplatinic
acid. To the flask was al so gdded bi sphenol -A diallyl
ether (100 mmol, 15.4 Q) .EtOFMeOEftI ask was warned to
about 50C where the exothdrm c hydrosilation reaction
started to occur and thetepperature rose to around
70C. After the exothermc jseactfon subsided, a
pressure equal i zed dr@ppi ﬁ’g flﬁ‘me’l\sﬁﬁ‘s added fitted
on the flask. To tiesaeOpping 1 unpelomas added allyl
gl yci dyl ether (300BOmmmol 34."Meqg), which was added
dropwi se over 30 mnutes to tke hot solution. After
the addition was conplete ¥ gir oppi ng funnel was
replaced with a reflux condénsgrrand the solution was
refluxed for 2 hours to con‘p’f Fthe hydrosilation.
After cooling, the solution Kiltered through 20 ¢
of silica gel to decolorize. ximtely 70 g of a
clear fluid material was obtaingdFafter renpval of the
sol vent .

[0068] Example 11. A 500-mL round-bottomed flask equipped with a Teflon-coated
stir bar and reflux condenser was charged with 24.0 g (400 mmol Si-H) of
tetramethylcyclosiloxane, toluene (200 g), 1-tetradecene (200 mmol, 39.2 g), and two
crystals of chloroplatinic acid. The solution was heated to 50°C, and the exothermic
reaction started to consume the alkene. The solution was allowed to reflux for 3 hours to
complete the reaction. The solution was allowed to cool to room temperature when
allylamine (230 mmol, 13.0 g) was added to the flask along with two more crystals of
chloroplatinic acid, followed by overnight reflux to complete the hydrosilation. The
solution was then filtered through 20 g of silica gel to decolorize the intermediate. The
removal of the solvent afforded 47 g of a thin liquid. The conversion to the maleimide
was done by adding triethylamine (20 g), methanesulfonic acid (25 g), and toluene (150
g) to the intermediate in a 500 mL round bottomed flask equipped with a stir bar and a
dean-stark trap with reflux condenser. To the stirred solution was added maleic
anhydride (200 mmol, 19.6 g) of. The solution was refluxed overnight to convert to the

maleimide, approximately 2 mL of water was collected. The product was separated form
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34 WD 2007/ 100329 PCT/ US2006/007458 Y 0 0 ~OSi M
oOOoOM~S O_MM/,-n I 11 ~-O0S'00 01 Si~o

W0 20074®i3290 Me'i -0 Me \ / OS Si-0% M' M PA/BSING/MT458
[ 00671 Exanple 10. A 500-ni round-bottomed fl ask
the saltelawrper@mth@@fa%owb@wl stfter ismrovahef the poleers GRe of
funnel was charged with 18.0 g (300
athmmlw @ﬁ&lﬁ@gg&g gg’r anmet hyl cycl osi | oxane. To the flask
was added tol uene (200 g) of and two crystals of
chloroplatinic acid. The solution was stirred and
heated to 50C, while vinyl- triethoxysilane (225 mol,
43.7 g) was added over 30 mnutes to the solution. The
exot herm c reaction subsi After an hour, then
1H, 1H, 2H perfluoro-1-octegns (75 mml, 26.0 g) was

added to the flask and tthe %ol ution heated to refl ux

for one hour to conplete

M
e\s 0 Me

? Sl
Si\ 0
Me’ O—é\ Me

N
0 Y

[0069] Example 12. A 500-mL round-bottomed flask equipped with a Teflon-coated stir
bar and reflux condenser was charged with 24.0 g (400 mmol Si-H) of
tetramethylcyclosiloxane, toluene (200 g, 200 mmol), t-butylstyrene (32.0 g), and two
crystals of chloroplatinic acid. The solution was heated to 50°C, and the exothermic
reaction started to consume the alkene. The solution was allowed to reflux for 3 hours to
complete the reaction. The solution was allowed to cool to room temperature when
allylamine (210 mmol, 12.0 g) was added to the flask along with two more crystals of
chloroplatinic acid, followed by overnight reflux to complete the hydrosilation. The
solution was then filtered through 10 g of silica gel to decolorize the intermediate. The
removal of the solvent afforded 60 g of an orange liquid. The conversion to the
maleimide was done by adding 20 g of triethylamine, 27 g of methanesulfonic acid along
with a 150 g of toluene to the intermediate in a 500 mL round bottomed flask equipped
with a stir bar and a dean-stark trap with reflux condenser. To the stirred solution was
added 230 mmol (23.0 g) of maleic anhydride. The solution was refluxed overnight to

convert to the maleimide, approximately 3 mL of water was collected. The product was
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the hydrosilation. After cooling to roomtenperature,
the solution was filtered over 10 g of silica gel to
waelewohaeze, foll owed by renoval of the sol veneCT/uki0061007458

afforded 80 g of a_thin clear Ii%l:ii'd. 35 WO
separaipd gy ezl e Aublitiosd duvugslS golsilicEgel SAfisEremona] ofshe

g t .Siisi’ ,OSI"OEt EtO Me
solvent e ot farichpcplorelyasgtifintd 2 o P 5 [00681 Exanpl e

11. A 500-nL round-bottoned fl ask equi pped with a
Tefl on-coated stir bar and refl ux condenser was
charged with 24.0 g (40 Si-H) of

t et ramet hyl cycl osi | oxang+~t ol uene (200 q),
1-tetradecene (200 moP, ?{9.2 g), and two

Me t
jSI—O\ I,VI°

N
l <> o
0—Si
Me i\Me
)[ﬁ
07N A

/
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[0070] Example 13. A 500-mL round-bottomed flask equipped with a Teflon-coated stir
bar and a reflux condenser was charged with 8.75 g (146 mmol Si-H) of
tetramethylcyclosiloxane. To the flask were also a&ded vinyl cyclohexene-oxide (108
mmol, 13.4 g), toluene (100 g) and two crystals of chloroplatinic acid. The solution was
stirred and refluxed for 3 hours to complete the hydresilation. After cooling to room
temperature, BHT (200 ppm) was added to the flask along with allylmethacrylate (38
mmol, 4.8 g). A gas dispersion tube was inserted into the flask and a small amount of air
was bubbled into the stirred solution, while heatiﬁg to 80°C for 2 hours to complete the
hydrosilation. The cooled solution was filtered through 10 g of silica gel, and after

removal of the solvent 27 g of a viscous clear liquid was collected.
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crystals of chloroplatinic acid. The sol ution was
heated to 50C, and the exothermc reaction started to
w@ondnms24 he al kene. The sol ution was al | owed POTI/D8f0b&/#07458
for 3 hours to conplete the reaction. The sol ution
was allowed to cool to roomtenperature when
allylamne (230 nmmol, 13.0 g) was added to the flask
along with two nore cryst of chloroplatinic acid,
foll owed by overnight refl Po conplete the
hydrosil ation. The solutiorny was then filtered through
20 g of silica gel to decol%rize the internedi ate. The
renmoval of the solvent affor deg447 g of a thin liquid.
The conversion to the nalebﬁfﬂg was done by addi ng
triethyl am ne (20‘gz:aﬂgphgnesyrfaigilggld (25 g), and
toluene (150 g) to e |M;bFﬂq9|a a 500 nL round
bottoned fl ask equi pped with stir bar and a
dean-stark trap with reflux cgndenser. To the stirred
solution was added nal ei c dride (200 nmol, 19.6
g) of. The solution was refl d overnight to convert
to the naleimde, approximataly 2 nL of water was
col |l ected. The product was separated form 36 WO
2007/ 100329 PCT/ US2006/ 007458 the salt |ayer, and
filtered through 20 g of silica gel. After renoval of
the solvent 62 g of a thin yellow Iiquid was obtai ned.
ON Mw Si-O McS 11 S O

[0071] Example 14._ A 500-mL round-bottomed flask equipped with a Teflon-coated
stir bar and pressure equalized dropping funnel was charged with 24.0 g (400 mmol Si-H)
of tetramethylcyclosiloxane, toluene (150 g), and two crystals of chloroplatinic acid. The
solution was heated to 50°C, while allyl glycidyl ether (200 mmol, 22.8 g) was added
dropwise to the solution over 30 minutes. After an hour, allylmethacrylate (200 mmol
25.2 g) and BHT (500 ppm) was added to the flask. A gas dispersion tube was inserted
into the solution and air was admitted into the solution while heating for 3 hours at 100°C
to complete the hydrosilation. After cooling, the solution was filtered through 20 g of
silica gel. The removal of the solvent under reduced pressure afforded 65 g of a thin

yellow liquid.
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M OSimM N[0069] Exanple 12. A 500-nL
round- bottonmed fl ask equi pped with a Tefl on-coat ed
wa@rior/10d32¢ and refl ux condenser was charged w PEI/B&2006/¢)7458
(400 mmol Si-H) of tetranethylcyclosil oxane, toluene
(200 g, 200 ninol), t-butylgtyrene (32.0 g), and two
crystals of chloroplati nit‘%i d. The sol ution was
heated to 50C, and the exotfieg?nmic reaction started to
consune the al kene. The solytion was allowed to refl ux
for 3 hours to conplete the reaction. The sol ution
was allowed to cool to roomytenperature when
allylam ne (210 nmol , 12M(3\sg90 Was added to the flask
along with two nore crysté1s éﬁv/bhﬁbﬁﬂﬁhatlnlc aci d,

fol l owed by overni b conplete the
hydr osi | ati on. gﬂ{émgoluP?gﬁ was then filtered t hr ough
10 g of silica gel to decolorhze the internediate. The
renmoval of the sol vent afforéZﬁ 60 g of an orange
l'iquid. The conversion to the °Pmal ei m de was done by
addi ng 20 g of trlethylan1ne % g of nethanesul fonic
acid along with a 150 g of tdA uene to the
internmediate in a 500 nL round bottoned flask equi pped
with a stir bar and a dean-stark trap with refl ux
condenser. To the stirred solution was added 230 mol
(23.0 g) of maleic anhydride. The sol ution was
refluxed overnight to convert to the mal ein de,
[0072pBpamplertst Al 5003mbdrowdd-battcanedesk eqhippet with a‘ﬂhéIOpfcodtﬁd stir

7 WD 2007/ 100329 008/.007 rated
bar anfl G R PR TER &y gharged it AP & an0 @%@}ﬁh@a g of
tetram%‘cﬂrylc%f@logl%xané\f T8 khe BLR Vs a8fed \kiﬁyl §SloHSi¥ne &xid (200 gimol

vi scous resin was obtai ned
24.8 g), toluene (200 g), and two crystals of chloroplatlmc acid. The solution was stirred
and refluxed for 3 hours to complete the hydrosilation. After cooling to room
temperature, vinyl-triethoxysilane (200 mmol, 38.0 g) was added to the flask and the
solution was refluxed again for an additional 3 hours to complete the hydrosilation. After

cooling down to room temperature, the solution was filtered through 10 g of silica gel to

decolorize; stripping off the solvent afforded 82 g of a thick clear resin.

EtO OEt
OEt

si—0_ Me
) ~ th)
1 P (o)
N\ K
Me/ O_Q\Me

EtO—Si_
EtO/ QEt
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4 ON M i-OMe O(r) Si +tOd' oD N O 1~ [0070]
Exanpl e 13. A 500-nL round-bottoned flask equi pped
wowaon/1e03Tef | on-coated stir bar and a refl ux CPCESRE6/007458

was charged with 8.75 %@(146 nmol Si-H) of o
[0073]t et r anBthHy iy ivestionohesrbecn describrd Witlazdepogs te thebe Boraiandting

i.nyl - QX . . ;
xS hEOBHEO G Aol AP Loty B pol U fon
departin@lfttinh €He spiift of sid inveddioand refl uxed for 3 hours to
conpl ete the hydrosilation. After cooling to room
tenperature, BHT (200 ppnm) was added to the flask
along with allylnethacrylate (38 mmol, 4.8 g). A gas
di spersion tube was inserted into the flask and a
smal | amount of air was bubbled into the stirred
solution, while heating to 80C for 2 hours to conplete
the hydrosilation. The cool ed solution was filtered
through 10 g of silica gel, and after renpval of the
solvent 27 g of a viscous clear liquid was coll ected.
38 WD 2007/ 100329 PCT/ US2006/ 007458 o O
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6.

M "Si-OM O S S e' ~-0O MOSi, ne [00711
Exanple 14. A 500-niL round-bottoned flask equi pped

wowao/1e037ef | on-coated stir bar and pressure ePUEUS266007458

droppi ng funnel was charged with 24.0 g (400 mmol

Ei;z B r anet hyl cycl osi | oxane, tol uene (150 @),
and two crystals of chloroplatinic acid. The solution
was heated to 50C, while allyl glycidyl ether (200
Mrodbmp@ihdthayingths stadtiee: dr opwi se to the sol uti on over
30 mnutes. After an hour, allylnethacrylate (200 mol
25.2 g) and BHT (500 ppm) was added to the flask. A
gas di spersion tube was inser into the solution
and air was admtted into tjfe sol uXion while heating
for 3 hours at 100C to conpletde the hydrosilation.
After cooling, the solution\was filtered through 20 g
of silica gel. The renoval ofSi sol vent under
reduced pressure afforded 6%g }\f athin yellow
liquid. 39 WD 2007/ 100329 FCT/ USE006/ 007458 0 0 Mew

O Me \

E

wherein:

A is a siloxane ring,

R is C; to about Cyg alkyl,

each L is independently a substituted or unsubstituted
alkylene, substituted or unsubstituted oxyalkylene, or covalent
bond,

at least one E is a polymerizable moiety, and
n is 3 to about 6.

The compound of claim 1, wherein R is C, to about Cy alkyl.

The compound of claim 1, wherein R is C; to about Cs alkyl.

The compound of claim 1, wherein R is C; to about C; alkyl.

The compound of claim 1, wherein R is methyl.

The compound of claim 1 wherein L is a C; to about Cyg substituted or

unsubstituted alkylene or oxyalkylene.

42



oso sSmo-~G ,---/"-Si ,00M "OSI, M OO0 O
[ 00721 Exanple 15. A 500-m, round-bottoned fl ask
weoquwrppesew with a Teflon-coated stir bar and aPCEDBR6/007458
condenser was charged with 24.0 g (400 mmol Si-H) of
7.t étheanpipoyhd yftlais | evharetn Liwa Chid dHoas K yebstitdradr vi nyl

unsub%ﬁ@@@%@?@é?rﬁc}%ﬁ@rﬁoo mol 24.8 g), toluene (200 g),

Bfl oropl atinic acid. The sol ution
was stirred and refluxed for 3 hours to conplete the

hydrosilation. After cooling to room tenperature,
8 v?‘l}lilﬂcompp@nd]@&gl@lm brvehetcin @agh is, indghefdeptlyviaecanidizd] t o

oot U L TR R 0 P

moiethf t er cooling down to roomtenperature, the solution
was filtered through 10 g of silica gel to
decol ori ze; stripping off the solvent afforded 82 g of
athick clear resin. EEO,Oet Si, O M, 80 M

9. The compound of claim 1, wherein each E is independently a free-radical

crosslinking moiety.

10.  The composition of claim 9, wherein each E is independently acrylate,
methacrylate, maleimide, styrenic, vinyl ester, olefin, allyl, vinyl ether, itaconate, or

fumarate.

11. The compound of claim 1, wherein each E is independently a ring-opening

crosslinking moiety.

12. The compound of claim 1, wherein each E is independently epoxy, oxetane,

oxazoline, or benzoxazine.

13. The compound of claim 1, wherein each E is independently a ring-closing

crosslinking moiety.

14. The compound of claim 1, wherein each E is independently cyanate ester or

propargyl ether.
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0OS KD _//MISI i s0OO0-SiMe EHOS EO'OCHE
40 WD 2007/100329 PCT/ US2006/ 007458 [0073] Wiile this

WO pooenodsen has been described with respect to PEEES2006/007458
non-limting exanples, it should be clear that other

15.  moitiefconmoiicios ofoidiny 31 whérkianabsaiteted Oﬁﬁhdﬁbﬁltwieﬂhﬂ{yﬂene or
eparting fromthe spirit of the inventiaogn.

oxyalxpigne MetPos coprnTISIbE RN spiRsted rpnr alks] @@s@rlwla@lkwl
hydrd\%%fc&{mgfkegy qﬁ‘é&bé}ﬂo}%ﬁﬁﬂ(ﬁ/ b . ﬁﬁrtecﬂg; @fl lrhegr&:})t::

rern: A’is a siloxane about
substuitkg heterocyclic, aryl, substituted aryl, heteroaryl substituted heteroaryl, aryloxy,

substituted aryloxy, halogen, haloalkyl, cyano, nitro, nitrone, amino, amido, --C(O)H,

-C(0)-, -C(0)-, -S-, -S(0),, -OC(0)-0-, -NR-C(0), -NR-C(0)-NR, -OC(0)-NR, wherein
R is H or lower alkyl, acyl, oxyacyl, carboxyl, carbamate, sulfonyl, sulfonamide, or

sulfuryl.

16.  The compound of claim 1, having the structure:

/Si—-—o\ /
o] Si
~TIN /\" 0,\/</0

Compound 1
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each L is independently a substituted or unsubstituted
al kyl ene, substituted or unsubstituted oxyal kyl ene, or

w@omahense9 bond, at |east one E is a pol yneri zedi/8S2006/007458

noiety, and n is 3 to about 6. 2. The conpound of
claim1, wherein Ris o about Cl10 alkyl. 3. The
conpound of claim1, whe&tein Ris Cl to about C5

al kyl. 4. The conpound of claim1l, wherein Ris Cl to
about C3 al kyl. 5. TheXconmpound of claim1l, wherein R
Is methyl. 6. The conmpoynd of claim1l wherein L is a
Cl to about C20 substit@ted or unsubstituted al kyl ene
or oxyal kyl ene. 42 WD 2007/ 100329 PCT/ US2006/ 007458

7. The conpound of cl'&i wherein L is a Cl to about
Cl0 substituted or unsubstjtuted al kylgne or

oxyal kyl ene. Sb(Iggfgdnpouqﬁ\ﬁf\cLaKgLéé/rherein each
E i s indepe 'y a fieesradical crosslidkin
noi ety, q;r?ﬁg-openiﬁb crbsSsd i nki ng noietyige&ia
ring-closing crosslinking\ noiety. 9. The gonpound of
claim1, wherein each E is/independently a
free-radical crosslinking\piety. 10. The conposition
of claim9, wherein each Efis independently acryl ate,
met hacryl ate, mal ei m de, styrenic, vinyl ester,

olefin, allyl, vinyl ether, /aconate, or

Compound 2

Me
N
o \Si

Compound 3
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fumarate. 11. The conpound of claim1, wherein each E
is independently a ring-opening crosslinking noiety.
wa2007/Ts2conpound of claim 1, wherein each E iBCT/US2006/007458
i ndependent|y epoxy, oxetane, oxazoline, or
benzoxazi ne. 13. The conp d of claim1l1, wherein each
E is independently a ring-efosing crosslinking
noi ety. 14. The conpound of\ claim 1, wherein each E is
i ndependent|ly cyanate est or propargyl ether. 43 WO
2007/ 100329 PCT/ US2006/ 007458 15. The conposition of
claim 1, wherein substitutgd or unsubstituted al kyl ene
or oxyal kyl ene noieties donprise substituents

sel ected from al kyl, al kenyl, al kynyl, hydroxy, oxo,
al koxy, mercapto, cycl odhkyl substltut ed cycl oal kyl
heterocyclic, substituted he‘t lroc clic, aryl,

d heter oaryl,

substituted ( heteroaryl th

aryl oxy, su oxy/"hal og al oal kyl ,
cyano nitro, rone, S‘\ﬁ{n do, OH -CO -,
- -, =S, -S(O)2 OC(O) . -NR-C(O, -NR-C(O-NR
CKXC» NR, wherein Ris H or Iomer al kyl, acyl, .
oxyacyl, carboxyl, carbamate,/sulfonyl, sulfonanide,
or sulfuryl. 16. The conpoundof clain11, havi ng t he
structure: 0 O .

Compound 4
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M /Si-O\ %c O -SSimM M O O Conmpound 1 44 WO
2007/ 100329 PCT/ US2006/007458 0 0 M OCH Si\ p O M
w0 2007A@329 M O Conpound 2 Me O Si PCT/US2006/007458

(0]

1o |

OH
Me \Me

Compound 5
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\O-S/O Me Conmpound 3 45 WD 2007/ 100329

PCT/ US2006/ 007458 0 P Me\Si-O % Si Si~Me Conpound 4
wWdB00n@e97/ 100329 PCT/ US2006/ 007458 0 0 MeSPeTDUMBO06/007458

HOi\ ~O OSi \ ox M jo

Q

\Si

Compound 7
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O Conpound 5 47 WD 2007/ 100329 PCT/ US2006/ 007458 0 O

M ~Si ---C& / M "ir\ /OBt EO-S 1/0/ &0t
wWOR0TM03251 Et0 Et 0 Me Conpound 6 OR EtQ 1., PCBUSHES/ 007458

M'Si- O/Me \stf 0SS 0O Mo---s M

Compound 8
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Eto,- Si FEt/ ° ~OEt Conpound 7 48 WD 2007/ 100329
PCT/ US2006/ 007458 Me Q'St- O (¢ ( Si M Conpound
W@20049008® 2007/ 100329 PCT/ US2006/ 007458 OFt  ECTIUS2006/007458

Si-.,,,,,Ct M~~M S----O0/ /| OBt CEt S~
EEO i -1 | | CEt DRt
EtO\/
S]\OEt

Compound 11
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'-S~0--SSmEt o EEOM M FFFF FF FF FF
F F F Conpound 10 Ada Me MI \O~Si~ M e /
w@ooopoosdd 11 50 WO 2007/ 100329 PCT/ US2006/ 00 7BESBUSI06/007458

=
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OM.~Si OM ~~ OS M ;M O rl O Compound 11 O

M M 0 5i----"0Si I i /0 M%Me O 51 W
wWQe®714B829 PCT/ US2006/ 007458 Conpound 13 0 POI/NB2086/007458

0 (lw

Compound 13

<

Compound 14
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S~a 0~0-SM ~~ M a Conpound 14 52 WO

2007/ 100329 PCT/ US2006/ 007458 Et \ Okt Sis\ CEt M
w®Re0D1M329 00 \Si Si 0 Me M EtO S Et/ CEt (Ceampuszude/007458

15 17. An adhesive conposition conprising at |east one

conpound of claim1l, aﬁﬁ\ }cp':tti onally at |east one

curing initiator i

EtO

Compound 15

17.  An adhesive composition comprising at least one compound of claim 1, and

optionally at least one curing initiator

18.  The composition of claim 17, further comprising a compound selected from
acrylates, methacrylates, maleimides, vinyl ethers, vinyl esters, styrenic compounds or
allyl functional compounds.

19.  The composition of claim 17, further comprising a filler.

20.  The composition of claim 19, wherein the filler is thermally conductive.

21. The composition of claim 19, wherein the filler is aluminum nitride, silicon
carbide, boron nitride, diamond dust, alumina, polysiloxanes, silica, calcium carbonate,

fumed silica, alumina, or titania.

22.  The adhesive composition of claim 17, wherein the filler is electrically

conductive.
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18. The conposition of claim17, further conprising a
compound sel ected from acrylates, methacrylates,
woredogitmisees, vinyl ethers, vinyl esters, styrePtTUS2006/007458
compounds or allyl functional conpounds. 19. The
23.  cdieadhesiereonipositmnmf tiaim fliy whereintherpurinsy ingiatorfdohipeises a
f 2%. lTh? oNpPoOS] ti on.%f claim19, wherein the filler is
ST Y lpfj)rggﬁgh%tpmt& %%1. The conposition of claim 19,
wherein the filler is alumnumnitride, silicon

carbi de, boron nitride, dianmond dust, alum na,
24. peﬁ&i@'rqt@ﬁlaﬁﬁéq canpristRe: cal ci um car bonate, funed

silica,, 3l um [ IR 22, The es{ v

conpos 2 ?o e ﬁ%gfcg{ltn%%fj? g‘ﬂvﬁ e eéétﬁ r{eﬁcgnfg% /er Of‘g least one
elcettpoubof glainChrai¢oinbinatiosIhMEb £ 8860 bAASRAPweight of the
PCT/ US2Q06/ 007458 23. The adhesi ve conposition of

cICAMRPYHONherein the curing initiator conprises a

free-rafipgahbdiriobivab 11&. photoinitiator. 24. A
di e-att%ZCh paéét gbggtn/%ﬁés)fﬁrlfg? a) 2 weight percent to

about $B0\eviglitto peoweSnwt Yowlf ableashfonatutigamitizdmebased on total
co nd,,of claim1l, or conbinations thereof, based on
cQmpan -

SRR ASIFOTRPSIIRE  conposition. b) O to about 90 wt %
of a fid)barwtsto dhoht Whyt9s, bPatQQé%%nécdﬁbli?{% Q%en@,tbagﬁﬁ&‘f total
[ “werght ‘of the

one curing initiator, based on tota
c Ovepey iof thsrpomppsition. wt % t o about 4 wt % of at |east
one coupling agent, based on total

25.  The die-attach paste of claim 24, wherein the coupling agent is a silicate ester, a

metal acrylate salt, or a titanate.

26.  The die-attach paste of claim 24, further comprising a compound selected from
acrylates, methacrylates, maleimides, vinyl ethers, vinyl esters, styrenic compounds or

allyl functional compounds.

27.  The die-attach paste of claim 24, wherein the compound is selected from

acrylates, methacrylates, or maleimides.

28. A method for attaching a semiconductor die to a substrate comprising:
(a) applying the die attach paste of claim 24 to the substrate and/or the
semiconductor die,
(b) bringing the substrate and the device into intimate contact to form an assembly
wherein the substrate and the device are separated only by the die-attach paste, and

(c) subjecting the assembly to conditions suitable to cure the die-attach paste.

29. The method of claim 28, wherein the substrate is metal.
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wei ght of the conposition. 25. The die-attach paste of

claim 24, wherein the coupling agent is a silicate
w@2i0en90320 netal acrylate salt, or a titanate.P@BUSZhe007458

di e-attach paste of claim 24, further conprising a

conmpound sel ected from acrylates, nethacryl ates,

mal ei m des, vinyl ethers, vinyl esters, styrenic

30.  cBrpoethdd obelaina?$,yyherein dhe shstrate travpperaalloyAZ, Apnplated
coppehERBR LA PpBEF Rl GBI Bo R 16 FOMRY I

copper®l ei m des. 28. A method for attaching a sem conductor
die to a substrate conprising: (a) applying the die
attach paste of claim24 to the substrate and/or the

31, SEHL SEABHSE Ahind!o€ wildin¥d 8L IdiGabst rate and the
device rnto rntinmate contact to forman assenbly
wherein the substrate and the device are separated

only by the dje-attach paste, and subj ecting the
32. ay%f‘e%%i?df’ cle%agw%%mé ?“Z’ﬁﬁr%efscéag%fhém{'he di e-attach
paste. 29. The nethod of claim28, wherein the
substrate is nmetal. 54 WD 2007/100329
33. PO wshod6f cloitd 38, wisgeinThesubstratods gfldcl ai m 28, wherein
the substrate is copper, alloy 42, Ag-plated copper,
Ni - pl at ed copper, Pd-pl ated copper, Au-plated copper,

34,  OThNeRddAd cRIBDEOwESBRahe sibbtrattkempHEdaticiel, palladinm2&nd
wherein the substrate is nickel. 32. The nmet hod of

gold. cl ai m 28, wherein the substrate is palladi um

35.  The method of claim 28, wherein the substrate is organic.

36.  The method of claim 28, wherein the substrate is polyamide, FR4, or

bismaleimide-triazine (BT).

37. A compound having the structure:
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33. The nmethod of claim28, wherein the substrate is
gold. 34. The nethod of claim28, wherein the

w@aiwstiomee conprises nickel, palladium and gepCTUSBSB6/007458
The nmet hod of claim 28, wherein the substrate is
organi c. 36. Thesyet hod of claim 28, whereiXy the
substrate is pot'yam de, FR4, or bismaleimAde-triazine
(BT). 37. A canpound having the structure: 95 WO
2007/ 100329 PCT/ US2006/007458 0 OO0 O0O0O/”™ o s' ne
nc _A0 M/ 0O M~SOM OO O56

0. Me O——si _—~Me
0.
l>\/ \/\/ |/ \0 e O—Si/MB /\AO
3 0 i
1.

56



