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(57) Abstract: The disclosure relates to compositions for forming films and the use of said films in three-dimension through-silicon-via
(3D TSV) packages. In certain aspects, the disclosure relates to compositions comprising one or more resins, one or more imidazoles
with latent thermal activity, one or more inorganic fillers, and one or more additives, to B-stage films prepared from the disclosed
compositions, and to cured films obtained after cure of the disclosed compositions.
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RESIN COMPOSITION FOR NON-CONDUCTIVE FILM WITH EXCELLENT HIGH
TEMPERATURE PROPERTIES FOR 3D TSV PACKAGES

FIELD OF THE DISCLOSURE

1000173 Aspects of the disclosure relate to compositions for forming films and the
use of said films in three-dimension through-silicon-via (3D TSV) packages. In certain
aspects, the disclosure relates {o compositions comprising one or more resing, one or
more imidazoles with latent thermal activity, one or more inorganic fillers, and one or
more additives, {0 B-stage films prepared from the disclosed compositions, and {o cured
films obtained after cure of the disclosed compositions. In certain aspects, cured films
obtained after cure of the disclosed compositions have particular physical properties
andfor combinations of physical properties. In certain aspacts, the disclosure relates (o
underfill films prepared from disclosed compositions, such as wafer-ievel underfill films
(WAUFs). Embodiments of the disclosed films are suitable for, for example, use in

thermal compression bonding processes.

BACKGROUND

[0002] As it looks to the next generation of high performance 3D TSV packagss,
the materials industry faces the need to improve the high temperature properties of film
materials {e.g., underfill film materials). The realization of this goal may bring such
benefils as higher thermal stability and, consequently, higher reliability in applications
across the automotive, computing, networking, and telecommunication industries.
Features that may be associaied with improved high temperature properties of film
materials inciude a comparatively high Tg (glass transition temperature), a

comparatively low CTE {coefficient of thermal expansion), and a comparatively high
modulus at, e.g., 250°C.

10003} Problems have been encountered in using films prepared from certain
conventional resin compaositions comprising maleimide-containing resins in thermal
compression bonding processes. For example, in some instances, B-stage films
prepared from ceartain conventional resin compositions comprising maleimide-containing

resing may have a DSC onsel temperature that is less than 100°C o 150°C. When such
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B-stage films are used in thermal compression bonding processes where the bondhead
contact temperature becomaes from 100°C o 150°C {e.g., as occurs in a process where
a bondhead contact temperatura is from 130°C to 210°C), material entrapment issues
can arise at soider joints. In other instances, B-siage films prepared from conventional
resin compasitions comprising maleimide-containing resins may have a DSC onset
temperature that is greater than the melting temperature of solder (e.g., lead-free
soider), such as a DSC onset temperature that is greater than, for example, 217°C.
Vhen such B-stage films are used in thermal compression bonding processes, in some
nstances, solder extrusion issues may arise. In some instances, solder extrusion issueas
may also arise where a B-stage film prepared from a conventional resin composition
comprising one or more maleimide-containing resins has a AT from the DSC onset
temperature to the DSC peak temperature that is, for example, greater than 20°C, such
as about 40°C.

SUMMARY
(00041 In view of al least the considerations discussad above, there is an interast
N composiions comprising one or more resins, one or more inorganic fillers, and ong or
more additives, {0 B-stage films prepared from said compositions, and 1o cured films
obtained after cure of said compositions, wherein said compositions comprise one or
more imidazoles with latent thermal activity. As used herein, an imidazole with latent
thermal activity refers to an imidazole that, when combined in the amount of 0.20 g with
1.0 g of NC-3000-L epoxy resin {(Nippon Kayaku), vields a composition that, when
measured on a TA Instruments Thermal Analyzer DSC Q20 in Nz, from room
temperature to 300°C and at a 10°C/min ramping rate, exhibits g DSC onset
temperature of at least 145°C and a DSC paak temperatura of at least 150°C. For
example, in some embodiments, an imidazole with latent thermal activity, when
analyzed as just described, exhibits a DSC onset temperature of at least 145°C, at least
150°C, at least 155°C, at least 160°C, al least 165°C, at least 170°C, at least 175°C, or
at least 180°C. For example, in some embodiments, an imidazole with istent thermal
activity, when analyzed as just described, exhibits a2 DSC onset temperature of from
145°C 10 180°C, such as from 145°C to 175°C, 145°C to 170°C, 145°C to 160°C, 150°C
to 180°C, 150°C to 175°C, 150°C to 170°C, 150°C to 180°C, 155°C to 175°C, 155°C to



WO 2023/014509 PCT/US2022/037829

170°C, or from 155°C {0 165°C. In some embodiments, an imidazole with latent thermal
activity, when analyzed as just described, exhibits a DSC peak temperature of at least
150°C, at lsast 155°C, at least 160°C, at least 1685°C, at least 170°C, at least 175°C, or
at least 185°C. For example, in some embodiments, an imidazole with latent thermal
activity, whan analyzad as just described, exhibits a DSC peak temperature of from
150°C to 185°C, such as from 150°C o 180°C, 150°C to 175°C, 150°C 1o 170°C, 150°C
to 165°C, 150°C 1o 1860°C, 160°C to 180°C, 165°C to 175°C, or 160°C to 170°C.

(0005} For the avoidance of doubt, it is to be understcod that the DSC onset
temperature and/or BSC peak temperature exhibited by a composition prepared and
measured as just described {(i.e., a composition comprising .20 g of an imidazole with
latent thermal activity and 1.0 g of NC-3000-L epoxy resin (Nippon Kayaku)) may be the
same as or different from the DSC onset temperature and/or DSC peak temperature
exhibited by a composition comprising the same imidazole with latent thermal activity
but with other componeants, such as one or maore rasing, or mors inorganic fillers, and/or
one or more additives,

[0006] in some embodiments, an imidazole with latent thermal activity comprises
at least two slectron-withdrawing groups.

(0007} By comparison, imidazoles that do not constitute imidazoles with latent
thermal activity include those that, when combined in the amount of 0.20 g with 1.0 g of
NC-3000-L epoxy resin (Nippon Kayaku), vield a composition that, when measured on a
TA Instruments Thermal Analyzer DSC Q20 in Nz, from room temperature {o 300°C and
at & 10°C/min ramping rate, exhibits a DSC onset temperature of less than 145°C and a
DSC peak temperature of less than 150°C.

[0008] As a non-limiting ilustration, four imidazoles were analyzed as described
above. Specifically, four separate experiments were performed. In each experiment,
0.20 g of one of Imidazole A Imidazole B, imidazole C, and Imidazole D was combined
with 1.0 g of NC-3000-L epoxy resin {(Nippon Kayaku), and the resulting compaosition
was measured on a TA Instruments Thermal Analyzer DSC Q20 in No, from room
temperature to 300°C and at a 10°C/min ramping rate. The DSC onset temperature and
DSC peak temperature was measured. The resulls are tabulatad below. Imidazole A is

d-methyl-2-phenyi-1H-imidazole-5-methanol. Imidazole B is 2-phenyi-4 5-
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dihydroxymethylimidazole. Imidazole € is 2-phenylimidazole. Imidazole D is 2-sthyl-4-

methyl-1H-imidazole-1-propanenitriie.

Imidazole A | Imidazole B | imidazole C imidazole D
D5C Onset 17510 164.68 103.52 135.30
Temperature (°C)?
DSC Peak 1792.00 168.48 119.97 (1% Peak), 143.80
Temperature (°C)? 127 .28 (2™ Peak)

"Test conditions: .20 g of each imidazole was combined with 1.0 g of NC-3000-L epoxy

resin (MNippon Kayaku) and each of the resulting compositions was analyzed usinga TA

instruments Thermal Analyzer DSC Q20 in Ny, from room temperature 10 300°C and at a

10°C/min ramping rate.
(00091 imidazole A and Imidazole B are exemplary imidazoles with latent thermal
activity, whereas Imidazole C and Imidazole D are not considered imidazoles with latent
thermal activity within the context of this disclosura. As shown above, when analyzed as
described above, the compositions comprising imidazole A or Imidazole B each
axhibited a DSC onset temperature at least 145°C and a DSC peak temperature of at
least 150°C, whereas the compositions comprising Imidazole C or Imidazole D each
exhibited a DSC onset temperature of less than 145°C and a DSC peak temperature of
less than 150°C.
10010} Embodiments of the disclosed compositions address issues discussed
above. For example, embodiments of underfill films prepared from disclosed
compositions are suitable for thermal compression bonding processes, such as thermal
comprassion bonding processes for 30 TSY stacking applications. Additionally,
embodiments of underfill films prepared from disclosed compositions exhibit one or
maore of good die corner coverage, gap filling, and electrical interconnect joint formation.
(0011} in some embodiments, aspects of the present disclosure are directed o
1. A composition comprising:

one or more resing selected from the group consisting of maleimide-containing
resins, nadimide-containing resins, itaconimide-~containing resing, epoxy resins,
(meathacrylate-containing resins, and phenolic-containing resing,
one or more imidazoles with latent thermal activity,

one or more inorganic fillers, and
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one or more additives selected from the group consisting of adhesion promoters

and film formers,

wherein:
after the composition forms a film, the film has the following physical

proparties:

a Tg of » 200°C as measured by dynamic mechanical analysis
(DMA),

a storage modulus at 25°C of < 6.5 GPg,

a storage modulus at 250°C > 0.1 GPa, and

a coefficient of thermal expansion {(CTE) < 250 ppm/°C.
2. The composition of embodiment 1, wherein the imidazole with latent activily is an

frmidazole comprising at least two electron withdrawing groups.

3. The composition of any of the previous embodiments, wherein the imidazole
comprises at lsast two slectron-withdrawing groups independently selected from
hydroxymethyl and phenyl.

4. The composition of any of the praevious embodiments, wherein the imidazole is

represented by

wherein:

R+ is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyi, substituied or
unsubstituted aryl, and substituted or unsubstitutad hetercaryl,

Rz is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyi, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl,



WO 2023/014509 PCT/US2022/037829

Rs is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyi, substituted or
unsubstituted aryl, and substifuted or unsubstituted heteroaryl, and

R4 is selected from the group consisting of H, substituted or unsubstiiuted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstitutad alkynyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl,

provided that the imidazole comprises at least two electron withdrawing groups.

5 The composition of any of the previous embodiments, wherein the maleimide-

containing resin is a compound represented by

7>\

Rym

wherain:

each R is independently selected from the group consisting of H and substituted or
unsubstituted alkyl,

gach m is independently selected from the group consisting of 0, 1, 2, 3, or 4; and

nis 1,2, 3,4, or b, oris a compound representad by

whereinnis 0, 1,2, 3, 4, or 5.
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8. The composition of any of the previous embodiments, wherein the (meth)acrylate
resin is represantad by

whereinnis 0, 1,2, 3, 4, or 5.
7. The composition of any of the previous embodiments, wherein the epoxy resin is
a compound represented by

Q0 O B
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whereinnis 0,1, 2, 3 4 or5, andmis(, 1,2, 3, 4, ors.
8. Tha composition of any of the previous embodiments, wherein, after the
composition forms a film, the film has the foliowing physical properties:

a differential scanning calorimetry (DSC) onset tempearature from 130°C to 250°C
as measured by DSC with a 10°C/min ramping rate, and

a minimum film melt viscosity from 10 Pa-s {0 10,000 Pa s as measured using a
DHR2 rheometer with & 10°C/min ramping rate in Nz
9. The composition of any of the previous embodiments, wherein after the
composition forms a film, the film has a AT from the DSC onset temperatures to the DSC
peak temperature that is less than 20°C or less than 15°C.
10, A method of preparing a cured film, the method comprising

providing a composition according to any one of the previous embodimeants;

casting the composition into a film; and

exposing the cast film 1o elevated temperature to cure the film.

1. A method of preparing a cured film, the method comprising
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oroviding a composifion comprising
one or more resing selected from the group consisting of maleimide-
containing resing, nadimide-containing resing, taconimide-containing resing, epoxy
resing, {methjacrylate-containing resins, and phenolic-coniaining resing,
one or more imidazoles with latent thermal activity,
one or more inorganic fillers, and
one or more additives selected from the group consisting of adhesion
promoters and film formers;
casting the composition into a film; and
exposing the cast film to elevaled temperature {0 cure the film.
12.  The method according io embodiment 11, wherein the one or more imidazoies
with latent thermal aclivity is one or more imidazoles comprising at ieast two electron
withdrawing groups.
13, A cured film prepared according to the method of embodiment 11 or embodiment
12
14, Afilm prepared according o the method of any one of embodiments 11-13,
wherein the film has the following physical properties:
a Tg of > 200°C as measurad by dynamic mechanical analysis (DMA},
a storage modulus at 25°C of < 8.5 GPg,
a storage modulus at 250°C > (.1 GPa, and
a coefficient of thermal expansion (CTE) < 250 ppm/°C.
15, The film of embodiment 13 or embodiment 14, wherein the film is an underfill

film.

BRIEF DESCRIPTION OF THE DRAWINGS
(0012} FIG. 1 presents DSC (differential scanning calorimetry) data for an
exemplary composition of the disclosure (Inventive Example 3).
100137 FIG. 2 presents mealt viscosity data for an exemplary composition of the
disclosure {Inventive Example 3).
(00147 FIG. 3 prasents DMA (dynamic meachanical analysis) data for an

exemplary compaosition of the disclosure (Inventive Example 3).
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[0015] FIG. 4 presents TMA (thermomechanical analysis) data for an exemplary
compaosition of the disclosure {Inventive Example 3).
[0018] FIG. § presents DSC (differential scanning calorimetry) data for an
exemplary composition of the disclosure (Inventive Example 8).

00177 FIG. 6 presents mealt viscosity data for an exemplary compaosition of the
disclosure {Inventive Example 8).

(0018} FIG. 7 presents DMA (dynamic meachanical analysis) data for an
exemplary compaosition of the disclosure (Inventive Example 8).

(0019} FIG. 8 presents TMA (thermomechanical analysis) data for an exemplary

composition of the disclosure (inventive Example 8).

DETAILED DESCRIPTION
10020} The disclosed compositions and processes may be understood more
readily by reference to the following detailed description taken in connection with the
accompanying figures, which form a part of this disclosure.
(0021} in accordance with the disclosure, there are provided compaositions
COMPrisSING one or more resing, one or more imidazoles with latent thermal activity, one
or more inorganic fillers, and one or more additives. In some embodiments, the one or
more resing are selectad from the group consisting of maleimide-containing resins,
nadimide-~-containing resing, taconimide-containing resing, epoxy resing, (meth)acrylate-
containing resing, and phenclic-containing resing. In some embodiments, the one or
more gdditives selecied from the group consisting of adhesion promoters and film
formers. In some embodiments, the one or more imidazoles with Iatent thermal activity
are one or more imidazoles comprising at least two electron withdrawing groups.
(00223 in some embodiments, after the compaosition forms a film, the film has
certain features and/or properties that make the film suitable for use in thermal
compression bonding processes. For example, in some embodiments, afier the
composition forms a film, the film has a Tg of » 100°C as measured by dynamic
mechanical analysis (DMA), a storage modulus at 25°C of < 4 GPa, a storage modulus
at 250°C » 0.1 GPg, and a coefficient of thermal expansion (CTE) < 250 ppm/°C. In

some embodiments, after the composition forms a B-stage film, the B-stage film has a
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differential scanning calorimetry (DSC) onset temperature from 130°C 1o 250°C as
measured by DSC with a 10°C/min ramping rate and a minimum film melt viscosity from
10 Pas to 10,000 Pa's as measured using a DHR2 rheomeater with a 10°C/min ramping
rate in Na.

[0023] in some ambodiments, after the composition forms a cured film, the cured
film has a Tg of » 100 °C, » 125°C, » 150°C, > 160°C, » 165°C, > 170°C » 175°C, »
180°C, > 185°C, » 190°C, » 200°C, » 210°C, » 220°C, » 230°C, > 240°C, > 250°C, >
260°C, > 270°C, » 280°C, » 280°C, or » 300°C, each as measured by dynamic
mechanical analysis (DMA). In some embodiments, after the composition forms a cured
film, the cured film has a Tg of from 100°C to 110°C, from 110°C to 120°C, from 120°C
to 130°C, from 130°C to 140°C, from 140°C to 150°C, from 150°C to 160°C, from 1680°C
t0 170°C, from 170°C {0 180°C, from 180°C to 120°C, from 180°C to 200°C, from 200°C
to 210°C, from 210°C o 220°C, from 220°C to 230°C, from 230°C to 240°C, from 240°C
ta 250°C, from 250°C to 280°C, from 2860°C to 270°C, from 270°C to 280°C, from 280°C
to 280°C, or from 280°C to 300°C, each as measured by DMA

[0024] in some embodiments, after the compaosition forms a cured film, the cured
film has a Tg of > 100 °C, > 125°C, > 150°C, > 160°C, > 165°C, » 170°C, » 175°C, »
180°C, > 185°C, > 180°C, > 200°C, > 210°C, > 220°C, » 230°C, » 240°C, or » 250°C,
each as measurad by thermomechanical analysis {(TMA). In some embodiments, after
the composition forms a cured film, the cured film has a Tg of from 100°C to 110°C,
from 110°C to 120°C, from 120°C to 130°C, from 130°C io 140°C, from 140°C to 150°C,
from 150°C to 160°C, from 160°C o 170°C, from 170°C 1o 180°C, from 180°C to 120°C,
from 190°C to 200°C, from 200°C 1o 210°C, from 210°C 10 220°C, from 220°C to 230°C,
from 230°C to 240°C, or from 240°C {o 250°C, each as measured by TMA. In some
ambodiments, after the composition forms a curad film, the cured film has a Tg of from
140°C 1o 200°C, such as from 150°C to 190°C, from 160°C to 180°C, or from 160°C to
180°C.

[00285] in some ambodiments, after the composition forms a B-stage film, the B-
stage film has a storage modulus at 25°C of < 3 GPa, < 3.5 GPa, <4 GPa, <45 GPa, <
5 GPa, <55 GPg, <8 GPa, or <8.5 GPRa.

10
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[00286] In some embodiments, after the composition forms a B-stage film, the B-
stage film has a storage modulus at 25°C of from 2.0 GPato 3.0 GPa, from 3.0 GPato
3.5 GPa, from 3.5 GPato 4.0 GPa, from 4.0 GPa to 4.5 GPa, from 4.5 GPa 1o 5.0 GPa,
from 50 GPato 55 GPa from 55 GPaio 6.0 GPa orfrom 6.0 GPato 6.5 GPa. In
some embodiments, after the composition forms a B-stage film, the B-stage film has a
storage modulus at 25°C of from 3.0 GPa to 8.5 GPa. In some embodiments, after the
composition forms a B-stage film, the B-stage film has a storage modulus at 25°C of
from 3.5 GPato 6.0 GPa. In some embodiments, after the composition forms a B-stage
film, the B-stage film has a storage modulus at 25°C of from 4.0 GPa to 5.5 GPa.

[00271 In some embodiments, after the composition forms a B-stage film, the B-
stage film has a storage modulus at 250°C of > 0.1 GPa, » 0.2 GPa, > 0.3 GPa, » 0.4
GPa >05GPg »>068GPg, >07 GPs, »0.8GPa, »098GPa, >1.0GPg or>1.1

GPa. In some embodiments, after the composition forms a B-stage film, the B-stage film
has a storage modulus at 250°C of from 0.1 GPa o 0.2 GPa, 0.2 GPa 1o 0.3 GPg, from
0.3 GPato 0.4 GPa, from 0.4 GPato 0.5 GPa, from 0.5 GPato 0.6 GPa, from 0.6 GPa
007 GPa, from 0.7 GPato 08 GPg, rom 0.8 GPatc 0.8 GPa, from 0.2 GPato 1.0
GPa, orfrom 1.0 GPa to 1.1 GPa. In some embodiments, after the composition forms a
B-stage film, the B-stage film has a storage modulus at 250°C of from 0.4 GPato 1.2
GPa. In some embodiments, after the compaosition forms a B-stage film, the B-stage film
has a storage modulus at 250°C of from 0.5 GPa to 1.2 GPa.

(0028} In some embodiments, after the compaosition forms a B-stage film, the B-
stage film has a storage modulus at 230°C of > 0.1 GPa, > 0.2 GPa, » 0.3 GPa, or> 0.4
GPa, > 0.5 GPa, > 068 GPa, » 0.7 GPa, »0.8GPa, >0.8GPa, » 1.0 GPa, » 1.1 GPa,
or » 1.2 GPa. In some embodiments, after the composition forms a B-stage film, the B-
stage film has a storage modulus at 230°C of from 0.1 GPato 0.2 GPa, 0.2 GPat0 0.3
GPa, from 0.3 GPato 0.4 GPa, from 0.4 GPa to 0.5 GPa, from 0.5 GPa to 0.6 GPg,
from 0.8 GPato 0.7 GPa, from 0.7 GPa 1o 0.8 GPa, from 0.8 GPato 0.9 GPa, from 0.9
GPato 1.0 GPa, from 1.0 GPato 1.1 GPa, orfrom 1.1 GPato 1.2 GPa. In some
embodiments, after the composition forms a B-stage film, the B-stage film has a storage

modulus at 230°C of from 0.5 GPa to 1.2 GPa. In some embodiments, after the

11
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composition forms & B-stage film, the B-stage film has a storage modulus at 230°C of
from 0.6 GPato 1.2 GPa.

(00291 In some embodimeants, after the compaosition forms a cured film, the cured
film has a coefficient of thermal expansion (CTE) < 80 ppm/°C, < 70 ppm/°C, < 80
ppm{°C, < 90 ppm/°C, < 100 ppm/°C, < 110 ppm/*C, < 120 ppmf*C, < 130 ppm/°C, <
140 ppm/°C, < 150 ppmi®C, < 160 ppm/°C, <170 ppmy°C, <180 ppm/°C, <180
ppm{®C, < 200 ppmi°C, < 210 ppm/°C, < 220 ppm/°C, < 230 ppm/©C, < 240 ppm/i°C, or
< 250 ppm/°C.

(00307 In some embodiments, after the composition forms a cured film, the cured
film has a coefficient of thermal expansion (CTE) above Tg < 100 ppm/°C, < 110
ppm/°C, < 120 ppmi®C, < 130 ppmi®C, < 140 ppm/°C, < 150 ppmi°C, < 160 ppm/°C, <
170 ppmi°C, < 180 ppm#C, < 190 ppm/°C, < 200 ppm/®C, < 210 ppm/°C, < 220 ppmi*C,
< 230 ppm/°C, < 240 ppm/°C, or < 250 ppm/*C. In some embodiments, after the
composition forms a curad film, the cured film has a coefficient of thermal expansion
(CTE) above Tg from 50 ppm/°C to 80 ppm/°C. In some embodiments, after the
compaosition forms a cured film, the cured film has a coefficient of thermal expansion
(CTE) above Tg from 60 ppm/°C to 80 ppm/°C. In some embodiments, after the
composition forms a curad film, the cured film has a coefficient of thermal expansion
(CTE) above Tg from 80 ppm/°C to 70 ppm/°C.

10031} In some embodiments, after the composition forms a B-stage film, the B-
stage film has a minmum film mell viscosity from 500 Pa-s to 8,000 Pa s as measured
using a DHRZ rheometer with a 10°C/min ramping rate in Nz, In some embodiments,
after the composition forms a B-stage film, the B-stage film has a minimum film meit
viscosity from 800 Pa s to 6,500 Pa-s as measured using a DHRZ rheometer with a
10°Cimin ramping rate in Nz, In some embaodiments, after the composition forms a B-
stage film, the B-stage film has a minimum film meit viscosity from 2,000 Pa-s {o 6,000
Pa-s as measured using a DHRZ rheometer with a 10°C/min ramping rate in Nz, In
some embodiments, after the composition forms a B-stage film, the B-stage film has a
minimum film meli viscosity from 2,000 Pa-s to 4,000 Pa s as measured using a DHR2Z
rheometer with a 10°C/min ramping rate in No. In some embodiments, after the

composition forms a B-stage film, the B-stage film has a minimum film melt viscosity
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from 4,000 Pa s to 6,000 Pas as measured using a DHR2 rheometer with a 10°Cimin
ramping rate in Na.

(00321 In some embodiments, after the compaosition forms a B-stage film, the B-
stage film has a minimum film melt viscosity from 500 Pa s to 800 Pa's, from 600 Pas
ta 700 Pas, from 700 Pa s to 800 Pas, from 800 Pas 1o 800 Pas, from 800 Pasto
1,000 Pas, from 1,000 Pa-sto 1,100 Pas, from 1,100 Pa-s to 1,200 Pa s, from 1,200
Pasto 1,300 Pas, from 1,300 Pa s to 1,400 Pa s, from 1,400 Pas ¢ 1,500 Pa-s, from
1,500 Pas to 1,600 Pa s, from 1,600 Pasto 1,700 Pas, from 1,700 Pa s io 1,800 Pa's,
from 1,800 Pa s to 1,900 Pas, from 1,900 Pa s tc 2,000 Pas, from 2,000 Pas tc 2,100
Pas, from 2,100 Pas to 2,200 Pa's, from 2,200 Pas to 2,300 Pa s, from 2,300 Pasto
2,400 Pas, from 2,400 Pa-s to 2,500 Pas, from 2,500 Pa-s to 2,600 Pas, from 2,600
Pasto 2,700 Pas, from 2,700 Pa s to 2,800 Pa s, from 2,800 FPa s to 2,800 Pas, from
2.900 Pas to 3,000 Pas, from 3,000 Pa-s to 3,100 Pa s, from 3,100 Pas to 3,200 Pa's,
from 3,200 Pa s to 3,300 Pa's, from 3,300 Pas to 3,400 Pas, from 3,400 Pas (o 3,500
Pa-s, from 3,500 Pa s to 3,600 Pas, from 3,600 Pasto 3,700 Pas, from 3700 Pasto
2,800 Pa-s, from 3,800 Pa-s to 3,800 Pas, from 3,800 Pa s to 4 000 Pas, from 4,000
Pasto 4,100 Pas, from 4,100 Pa s t0 4,200 Pa s, from 4,200 Pa's to 4,300 Pas, from
4 300 Pa s to 4 400 Pas, from 4,400 Pa s to 4,500 Pa s, from 4 500 Pas to 4600 Pas,
from 4,800 Pasto 4700 Pas, from 4,700 Pas to 4,800 Pas, from 4,800 Pas o 4800
Pa-s, from 4,900 Pas to 5,000 Pa's, from 5,000 Pasto 5,100 Pa's, from 5,100 Pas to
5200 Pas, from 5,200 Pas to 5 300 Pa's, from 5,300 Pas to 5 400 Pas, from 5,400
Pas o 5500 Pas, from 5,500 Pas to 5600 Pa's, from 5,600 Pas to 5,700 Pas, from
5,700 Pas to 5,800 Pa-s, from 5,800 Pas to 5,900 Pa-s, from 5,900 Pa s to 6,000 Pa s,
from 6,000 Pa s to 6,100 Pa's, from 6,100 Pas t0 6,200 Pa's, from 6,200 Pa's {0 6,300
Pas, from 6,300 Pas o 6,400 Pa s, from 6,400 Pas t0 6,500 Pa s, from 6,500 Pas to
8,600 Pas, from 6,600 Pa s 1o 6,700 Pa's, from 6,700 Pa s to 6 800 Pa's, from 8,800
Pas to 6,800 Pas, from 5,900 Pa s to 7,000 Pa's, from 7,000 Pas to 7,100 Pa-s, from
7400 Pasto 7,200 Pas, from 7,200 Pa s to 7,300 Pas, from 7,300 Pasto 7,400 Pa s,
from 7,400 Pa s to 7,500 Pa's, from 7,500 Pas to 7,600 Pas, from 7,600 Pasto 7,700
Pas, from 7,700 Pasto 7,800 Pas, from 7,800 Pas to 7,900 Pa s, from 7,800 Pas to
8. 000 Pas, from 8,000 Pas to 8100 Pa's, from 8,100 Pa s to 8 200 Pa's, from 8 200
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Pas to 8,300 Pa s, from 8,300 Pa s {0 8 400 Pa's, from 8,400 Pa s ic 8 500 Pas, from
8,500 Pas toc 8,600 Pas, from 8600 Pas o 8,700 Pa s, from 8,700 Pa s to 8 800 Pa's,
from 8,800 Pas to 8,800 Pas, from 8,900 Pa s to 9,000 Pas, from 9,000 Pa s to 8100
Pas, from 9,100 Pas to 8,200 Pa s, from 8,200 Pa s to 8,300 Pa's, from 8,300 Pas o
9,400 Pa g, from 2,400 Pa's to 9,500 Pa s, from 9,500 Pas to 8,800 Pa s, from 9,600
Pasto 8700 Pas, from 8,700 Pa s to 8,800 Pa's, from 8,800 Pa s to 8,900 Pas, or
from 2,900 Pa s to 10,000 Pa's, as measured using a DHRZ rheometer with a 10°C/min
ramping rate in Nz

[0033] in some embodiments, after the composition forms a B-stage film, the B-
stage film has a minimum film melt viscosity from 400 Pa s to 7,000 Pa's as measured
using a DHRZ rheometer with a 10°C/imin ramping rate in N2, In some embodiments,
after the compaosition forms a B-stage film, the B-stage film has a minimum film melt
viscosity from 500 Pa s {0 8,000 Pa s as measured using a DHRZ rheometer with a
10°Cimin ramping rate in Na.

(0034} In some embodiments, after the composition forms a B-stage film, the B-
stage film has a differential scanning calorimetry (DSC) onset temperature of from
13000 1o 140°C, from 140°C fo 150°C, from 150°C to 160°C, from 160°C to 170°C, from
170°C 10 180°C, from 180°C to 180°C, from 180°C to 200°C, from 200°C to 210°C, from
210°C to 220°C, from 220°C to 230°C, from 230°C to 240°C, or from 240°C o 250°C, as
measured by DSC with a 10°Cimin ramping rate in Na.

[0038] In some embodiments, after the compaosition forms a B-stage film, the B-
stage film has a differential scanning calorimetry (DSC) onset temperaiure of from about
130°C 1o about 140°C, from about 140°C to about 150°C, from about 150°C to about
180°C, from about 160°C to about 170°C, from about 170°C to about 180°C, from about
180°C to about 190°C, from about 190°C 1o about 200°C, from about 200°C to about
210°C, from about 210°C to about 220°C, from about 220°C {0 about 230°C, from about
230°C to about 240°C, or from about 240°C to about 250°C, as measured by DSC with
a 10°C/min ramping rate in No.

100386} In some embodiments, after the composition forms a B-stage film, the B-
stage film has a DSC onset temperature from 150°C to 190°C as measured by DSC

with & 10°C/min ramping rate in Nz. In some embodiments, after the composition forms
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a B-stage film, the B-stage film has a DSC onset temperature from 140°C o 180°C as
measured by BSC with a 10°C/min ramping rate in Nz, In some embodiments, after the
composition forms a B-stage film, the B-stage film has a DSC onsel temperature from
150°C 10 180°C as measured by DSC with & 10°C/min ramping rate in Nz, In some
embodiments, after the composition forms a B-stage film, the B-stage film has a DSC
onset temperature from 140 to 160°C as measured by DSC with a 10°C/min ramping
rate in Nz, In some embodiments, afier the composition forms a B-stage film, the B-
siage film has a DSC onsel temperature from 140 to 150°C as measured by DSC with a
10°Cimin ramping rate in Nz. In some embodiments, after the composition forms a B-
stage film, the B-stage film has a DSC onset temperature from 170 to 180°C as
measured by DSC with a 10°Cimin ramping rate in Na.

(00371 In some embodiments, after the compaosition forms a B-stage film, the B-
stage film has a AT from the DSC onset temperature to the DSC peak iemperature that
is less than 20°C, less than 15°C, less than 10°C, or less than 5°C. In some
embodiments, after the composition forms a B-stage film, the B-stage film has a AT
from the DSC onseat tempaearature to the DEC peak temperature that is from 0°C to 5°C,
from 5°C to 10°C, from 10°C to 15°C, or from 15°C 1o 20°C. In some embodiments, after
the composition forms a B-stage film, the B-stage film has a AT from the DSC onset
temperature to the DSC peak temperature that is 0°C, 1°C, 2°C, 3°C, 4°C, 5°C, 8°C,
700, 8°C, 9°C, 10°C, 11°C, 12°C, 13°C, 14°C, 15°C, 18°C, 17°C, 18°C, 19°C, or 20°C.
Without wishing to be bound by theory, it is believed that a AT from the DSC onset
temperature to the DSC peak tamperature that is less than 20°C, less than 15°C, less
than 10°C, or less than 5°C, or that is from 0°C to 5°C, from 5°C to 10°C, from 10°C to
15°C, or from 15°C to 20°C represents fast curing kinetics that, for example, prevent
solder extrusion (a phenomenon that, in at least some embodiments, makes a
composition less suitable or unsuitable for thermal compression bonding) from
occurting. Conversely, without wishing to be bound by theory, it is believed that a B-
stage film having a AT from the DSC onsst temperature 1o the DSC peak temperature
that is greater than or equal to 20°C is not suitable for thermal compression bonding
processes. For instance, certain B-stage films prepared from compaositions that

comprise a bis-maleimide resin, an epoxy resin, and 4, 4-diaminodiphenyl suifone but
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that do not comprise one or more imidazoles with latent thermal activity (e.g., ong or
more imidazoles comprising at least two electron withdrawing groups, such as
midazoles comprising at least two electron withdrawing groups as disclosed herein) are
known o exhibit a AT from the BSC onset temperature o the DSC peak temperature
that is greater than or equal to than 20°C and, without wishing to be bound by theory,
are believad (o be unsuitable for thermal compression bonding processeas.

10038} The present disclosure refers {o certain organic groups as being, in some
embodiments, “substituted.” The term “substituied” means that the subject organic
group bears one or more substituents, where a substituent is an atom or a group of
atoms that replaces a hydrogen atom on the subject organic group. Where an organic
group is substituted, a substituent may replace one or more hydrogen atoms, ranging
from replacement of exactly one hydrogen atom o the replacement of all hydrogen
atoms on the subject organic group. Where an organic group may bear multiple
substituents, the substituents are selected independently and can be, but need not be,
identical.

[0039] The present disclosure refers to certain organic groups as being, in some
embodiments, “unsubstituted.” The term “unsubstituted” means that the subject organic
group bears no substituents (as that term is described above).

100407 Compaositions of the disclosure, as noted above, include, among other
constituents, one or more imidazoles comprising at least two slectron withdrawing
groups. in some embaodimenis, the imidazole comprising at least two electron
withdrawing groups is a substituled midazole comprising a substituent on the 2-position
and optionally a substituent on the 4-position, a substiiuent on the 5-position, and/or a
substituent on the nitrogen at the 1-position. In some embodiments, the imidazole
comprising at least two slectron withdrawing groups is a substituted imidazole
comprising an electron-withdrawing substituent (alternatively referred to herein as an
electron-withdrawing group) on the 2-position and optionally a substituent on the 4-
position, a substituent on the 5-position, and/for a substituent on the nitrogen at the 1-
position.

10041} Exemplary electron withdrawing groups include, but are not limited {0,
substituted or unsubstituted aryl groups (e.¢., phenyl}, cyano (-CN), halide (-X) (e.g.,
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fluoro (—F}, bromo (-Br), and iodo (1)), ~CHQO, ~-COOH, and amino (-NR1Rz, wherein
gach of K1 and 2 is independently selected from a hydrogen atom or a substituted or
unsubstituted alkyl group), alkyl groups substituted with one or more groups
independently selected from cyano (-CN), halide (-X) (e.g., fluoro (-F), bromo (-Br),
and iodo (-1), ~CHO, ~COOH, and amino (-NR«Rz, wherein each of Rt and Re is
ndependently selected from a hydrogen atom or a substituted or unsubstituted alkyl
group), and oxygen-containing groups (e.¢., alkyl groups substifuted with one or more
hiydroxy groups). Without wishing (o be bound by thaory, i is believed that slectron
withdrawing groups reduce electron density on the imidazole ring (e.g., at the terliary
nitrogen of the imidazole) and/or atlenuate the reactivity of the imidazole (e ¢g., attenuate

the reactivity of the tertiary nitrogen of the imidazole).

(00423 in some embodiments, the imidazole is represented by Formuia ()

R4

Ry
/ 7
R
N/
"2 (1)

wherein:

R is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl,

Rz is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted atkynyi, substituted or
unsubstituted aryl, and substituled or unsubstituted heteroaryl,

Rz is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyi, substituied or
unsubstituted aryl, and substituted or unsubstituted heteroaryl, and

R4 is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl,

provided that the imidazole comprises at least two electron withdrawing groups.

17



WO 2023/014509 PCT/US2022/037829

[0043] In some embodiments, the imidazole comprises at least two electron-
withdrawing groups independently selected from the group consisting of substituied or
unsubstifuted aryl groups {e.g., phenyl), cyano (-CN), halide (X} (e.g., fluoro (-F),
bromo (-Br), and iodo (1)), ~CHO, ~COOH, amino (-NR4R:, wherein each of Ry and Rz
is independently selected from a hydrogen atom or a substituted or unsubstituted alkyl
group), alkyl groups substituted with one or more groups independently selected from
cyano (-CN), halide (-X) (e.g., fluoro (-F), bromo (-Br), and iodo (), ~CHO, ~COOH,
and amino (-NR1Rz, wherein each of Rq and Rz is independently selected from a
hydrogen atom or a substituted or unsubstituted alkyl group), and oxygen-containing
Qroups.

(00441 In some embodiments, the imidazole comprises at least two electron-
withdrawing groups independently selected from the group consisting of hvdroxymethyi
and phenyl.

[0045] In some embodiments, the imidazole comprises at least two electron-
withdrawing groups independently selected from organic groups that reduce electron
density on the imidazole ring and/or attenuate the reactivity of the imidazole.

10046} In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1} wharein Ry is seleciad from the group
consisting of H, substituted or unsubstituted C1-Cs alkyl, and substituted or
unsubstituted Cs-Cro aryl.

(00473 In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formuia (1} wherein Ry is selected from the group
consisting of H, substituted or unsubstituted C1-Cs alkyl, substituted Cs aryl, and phenyl
(0048} in some embodiments, the imidazole comprising at least two electron
withdrawing groups s reprasented by Formula (1) wherein Ry is selected from the group
consisting of H and substituted or unsubstituted C1-Cs alkyl.

(00497 in some ambodiments, the imidazole comprising at least two electron
withdrawing groups is represenied by Formula (1) wherein Ry is selecied from the group
consisting of H and unsubstituted C1-Cs alkyl.

(00501 In some embodiments, the imidazole comprising at least two electron

withdrawing groups is represented by Formuia (I} wherein Ry is H.
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(0051} In some embodiments, the imidazole comprising at least two electron
withdrawing groups is reprasented by Formula (1) wherein Rz is selected from the group
consisting of H, substituted or unsubstituted C1-Cs alkyl, and substituted or
unsubstituted Cs-C1o aryl.

(00527 in some ambodiments, the imidazole comprising at least two electron
withdrawing groups is represenied by Formula (1) wherein Rz is selecied from the group
consisting of H, substituted or unsubstituted C1-Cs alkyl, substituted Ce aryl, and phenyl.
(0053} In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1} wherein Ra is selected from the group
consisting of substituted or unsubstituted C1-Cs alkyl, substituted Cs aryl, and phenyl
10054} In some embodiments, the imidazole comprising at least two electron
withdrawing groups s reprasented by Formula (1) wherein Rz is selected from the group
consisting of unsubstituted C+-Cs alkyl and phenyl.

[0055] in some ambodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1) wherein Rz is phenvl.

[0058] in some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1) wherein Rz and R4 are each
independently selacted from the group consisting of H, substituted or unsubstituted Cq-
Cs alkyl, and substituted or unsubstituted Cs-Cro aryl.

10057} In some embodiments, the imidazole comprising at least two electron
withdrawing groups s reprasented by Formula (I} wherein Rz and Rq are each
independently selected from the group consisting of H, substituted or unsubstituted Cq-
Cs atkyl, substituted Cs aryl, and pheanyl.

[0058] In some embodiments, the imidazole comprising at least two electron
withdrawing groups is reprasented by Formula (1) wherein Rz and R4 are each
independently selected from the group consisting of substituted or unsubstituted C1-Cs
atkyl, substituted Cs aryl, and phenyl.

100597 in some ambodiments, the imidazole comprising at least two electron
withdrawing groups is represenied by Formula (1) wherein Rz and Rq are sach
independently selectad from the group consisting of substituted or unsubstituted C1-Cs

alky!
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(0060} In some embodiments, the imidazole comprising at least two electron
withdrawing groups is reprasented by Formula (1) wherein Rz and R4 are each
independently selectad from the group consisting of substituted C1-Cs alkyl

[0061] In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1} whearein Rs and Ry are each
independently selected from the group consisting of substituted C+-Cs alkyi, wherein
each independently selected substituted C+-Cs alkyl is substituted with one or more
substituents selected from the group consisting of halogen, hydroxy, cyano, C1-Cs
alkoxy, carboxyiic acid, ester (e.g., -C{O)}ORs, wherein Rs is a substifuted or
unsubstituted alkyl group), ketone (g.g., ~C{O)Rs, wherein Re is a substituted or
unsubstituted alkyl group), amido (e.g., -C{O)N(R7}{Rs), wherein each of Rrand Rs is
ndependently selectad from the group consisting of H, substituted alkyl, and
unsubstituted alkyl), amine (g.g., -N{Re}{R1o), wherein each of Rgand Ry 8
independently selected from the group consisting of H, substituted alkyi, and
unsubstituied alkyh), and thiocalkyl (e.g., -5-R11, wherein Rq1 is a substituted or
unsubstituted alkyl group).

(00623 In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formuia (I} wherein Rs and Ry are each
independently selacted from the group consisting of substituted C+-Cs alkyl, wherain
each independently selecled substituted C+-Cs alkyl is substituled with one or more
substituents selacted from the group consisting of halogen, hydroxy, cyana, C1-Cs
alkoxy, and carboxylic acid.

(0063} in some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1) wherein Rs and R4 are each
independently selectad from the group consisting of substituted C+-Cs alkyl, wherein
gach independently selected subsiituted C+-Cs alkyl is substituted with one or more
substituents selected from the group consisting of halogen, hydroxy, and C1-Ce alkoxy.
[0084] in some ambodiments, the imidazole comprising at least two electron
withdrawing groups is represenied by Formula (1) wherein Rz and Rq are sach

independently selectad from the group consisting of substituted C+-Cs alkyl, whearein

20



WO 2023/014509 PCT/US2022/037829

each independently selecied substituled C+-Ces alkyl is substituled with one or more
hydroxy groups.

[0065] In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (I} wherein Rz and Rs are each
independently selacted from the group consisting of substituted C+-Cs alkyl, wherain
each independently selecled substituled C+-Cs alkyl is substituled with exactly one
hydroxy group.

(00686} In some embodiments, the imidazole comprising at least two electron
withdrawing groups is represented by Formula (1} wherein:

- R is selected from the group consisting of H and substituted or unsubstifuted Cq-
Cs alkyt;

- Rz is selectad from the group consisting of substituted or unsubstituted C1-Cs
alkyl, substituted Cs aryl, and pheny!; and

- H2 and R4 are each independently selected from the group consisting of
substituled C+-Ces alkyl, wherein each independently selected substifuted C+-Ce alkyl is
substituted with one or more substituents selected from the group consisting of halogen,
hydroxy, cyano, C1-Cs alkoxy, and carboxylic acid.

(0067} in some embodiments, the imidazole comprising at least two electron

withdrawing groups is represented by:
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1008687 in some ambodiments, the imidazole comprising at least two electron

withdrawing groups is represented by:
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{(4-methyl-Z-phenyl-TH-imidazole-5-methanol, also referred o
as Z-phenyl-4-methyl-5-hydroxymethylimidazole).

10069} In some embodiments, compositions according to the disclosure comprise
adducts of one or more imidazoles as described herein with one or more agents. In
some embodiments, these imidazole adducts dissociate thermally to release one or
more imidazoles.
[0070] in some embodiments, the one or more imidazoles with latent thermal
activity are included in amounts ranging from about 0.5 wl. % o sbout 10wl %. In
some embodiments, the one or more imidazoles with latent tharmal activity are included
in amounts ranging from about 1 wi % to about 8 wi. %. In some embodiments, the one
or more imidazoles with latent tharmal activity are included in amounts ranging from
about 2 wt. % o about 7 wi. %. In some embodiments, the one or more imidazoles with
fatent thermal activity are included in amounts ranging from about 2.5 wi. % to about 6.5
wt. %. In some embodiments, the one or more imidazoles with iatent thermal activity are
included in amounts ranging from about 3 wit. % to about S wi. %. In some
embodiments, the one or more imidazoles with latent thermal activity are included in
amounts ranging from about 2.5 wl. % 1o about 4.5 wi. %. In some embodiments, the
one or more imidazoles with latent thermal activity are included in amounts ranging from
about 1 wi % to about 4 wt. %. In some embodiments, the one or more imidazoles with
latant thermal activity are includad in amounts ranging from about 2 wi % o about 4 wt.
%. In some embodimenis, the one or more imidazoles with latent thermal activity are
included in amounts ranging from about 2 wt. % (¢ about 2.5 wt. %. In some
embodiments, the one or more imidazoles with latent thermal activity are included in

amaounts ranging from about 2 wt. % (o about 3 wi %. In some embodiments, the ons or
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more imidazoles with latent thermal activity are included in amounts ranging from about
25wt % 1o sbout 3.5 wi %. In some embodiments, the one or more imidazoles with
fatent thermal activity referred to in this paragraph are ong or more imidazoles
comprising at least two electron withdrawing groups.

(0071} in some ambodiments, the maleimide-containing resin, nadimide-

containing resin, or itaconimide-containing resin is represented by, respectively:

o 3

in

whersin:
mis 1-15
o is 0-15,

1

gach R? is independently selected from hydrogen or C1s alkyl, and

J is a monovalent or a polyvalent radical comprising organic and/or organosiloxans
radicals.

10072} In some embodiments, [ is a monovalent or polyvalent radical selected
from:

~ hydrocarbyl or substituted hydrocarbyl species typically having in the range of
about 6 up to about 500 carbon atoms, where the hydrocarbyi species s selected from

atkyl alkenvi, alkynyl cycloalkyl, cycloalkenyl, aryi, alkylaryl, arvialkyl, arvalkenyl,
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atkenviaryl, arylalkynyl or alkynylaryi, provided, however, that X can be aryl only when X
comprises a combination of two or more different species;
- hydrocarbylens or substituted hydrocarbylene species typically having in the
range of about 6 up to about 500 carbon atoms, where the hydrocarbylene species are
selected from alkylene, alkenylene, alkynylene, cycloalkyleneg, cycloalkenylene, arviens,
alkvlarylene, arvialkylene, aryialkenvieneg, alkenviarylene, arylalkynylene or
atkynylarylens,
- substituted or unsubstituted Cs-Co aryt;
~ heterocyclic or substituted heterocyclic species typically having in the range of
about 8 up to about 500 carbon atoms,
- polysiloxane,
- polysiloxane-polyurethans block copolymers, or
~ combinations of one or more of the above with a linker selecied from a covalent
bond, -O-, -5~ -NR-, -NR-C{0O}-, -NR-C{0)-0O-, -NR-C{C}-NR-,
~S-C{O)-, -S-C{0)-0-, -S-C{O}NR-, -0-8(0O)e-, -0-S{0)-0-,
-0-5(0)2-NR-, -0-5{0)-, -0-5(0-0-, -0-5{0})-NR-, -O-NR-C(O)}-,
~O-NR-C{0})}-0, -O-NR-C{O}-NR, -NR-C-C(O)-, -NR-O-C(0}-0-,
~NR-O-C{O)}-NR-, -O-NR-C(8)-, ~-0-NR-C(8)-0-, -O-NR-C{S8)-NR- -NR-0O-C(8)-,
-NR-0O-C(8)-0-, -NR-0-C{8)-NR- -0-C{5}-, -0-C{8)-0-, -O-C(5}-NR-,
-NR-C(S)-, -NR-C({8}-0-, -NR-C(5)-NR-, -5-8(0)2-, -5-8(0}2.0-,
=5-5{0)2-NR-, -NR-O-5{0)-, -NR-O-5{0}-0-, -NR-O-5{0}-NR-,
-NR-0-5(0)2-, -NR-O-5(0)2-0-, -NR-O-5(0)2-NR-, -O-NR-5(0)-,
~O0-NR-S(0}-0O-, ~O-NR-S{O}-NR-, -0-NR-5{0)2-0-,
~O-NR-S{0O)2-NR-, -O-NR-8(0)2-, -O-P(O}R2- -S-P(O)Rz- or -NR-P(O)R2-;
where each R is independently hydrogen, alkyl, or substituted alkyl.
(0073} in some embodiments, J is substifuded or unsubstituted Cs aryl, oxyalkyl,
thioalky!, aminoalkyl, carboxylalkyl, oxyalkenyi thicalkenyi, aminoalkenyi,
carboxyalkeny!, oxyalkynyl, thicalkynyl, aminoalkynyl, carboxyalkynvl, oxycycloalkyl,
thiocycloalkyl, aminocycloalkyl, carboxyeycloalkyl, oxycloalkenyl, thiocycloalkenyi,
aminocycloalkenyl, carboxycycloalkenyl, heterocyciic, oxyheterooyclic, thiocheterocyclic,

amincheterocyclic, carboxyheterocyclic, oxyary!, thicaryl, aminoaryl, carboxyaryl,
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heteroaryl, oxyheteroaryl, thicheteroary!, aminoheteroaryl, carboxyheteroanyt,
oxyalkylaryl, thicalkylaryl, aminocalkylaryl, carboxyalkylaryl, oxyarylalkyl, thicarylalkyi,
amincarylalkyl, carboxyarylalkyl, oxyarylalkenyl, thicarylalkenyl, amincarylalkenyl,
carboxyaryialkenyl, oxyalkenylaryl, thicalkkenylaryl, aminoalkenylaryl,
carboxyalkenylaryl, oxyarylalkynyl, thicarylalkynyl, aminoarylaikynyl, carboxyarylalkynyl,
oxyalkynviaryl, thiocalkynviaryl, aminoalkynylaryl or carboxyalkynylaryl, oxyalkylens,
thicalkylene, aminoalkyiene, carboxyalkylens, oxyalkenyleneg, thicalkkenylene,
amincalkenylene, carboxyalkenylene, oxyalkynylene, thicalkynylene, aminocalkynylene,
carboxyalkynylene, oxyeycloalkyiene, thicoycloalkylene, aminocycloalkylensg,
carboxycycloalkylene, oxycycioalkenylene, thiocycloalkkenylenea, aminocycloalkenylens,
carboxycycloalkenylene, oxyarylene, thicarylene, aminoarylene, carboxyaryleng,
oxyalkylarylene, thicalkylarylene, aminocalkylaryleneg, carboxyalkylarylene,
oxvarylalkylene, thicarylalkylene, aminoarylalkylene, carboxyaryialkylene,
oxyaryialkenylene, thicarylalkkenvileneg, aminoarylalkenylene, carboxyaryialkenviens,
oxyalkenylarylene, thicalkenylarylene, aminoalkenylarylene, carboxyalkenylarylens,
oxyarvialkynylene, thicarvialkynylene, aminoarylalkynylene, carboxy arvlalkynylene,
oxyalkynyiarylens, thicalkynviarviens, aminoalkynviarylene, carboxyalkynyiarylene,
heteroarylens, oxyheteroarylene, thicheieroarylens, aminoheteroarylens,
carboxyhetaroarylene, heleroatom-containing di- or polyvalent cyclic moisty,
oxyheteroatom-containing di- or polyvalent cyclic moiety, thicheteroatom-containing di-
or polyvalent cyclic moiety, aminohetercatom-containing di- or polyvalent cyclic mosty,
or a carboxyheteroatom-containing di- or polyvalent cyclic moiety.

(0074} in some embodiments, the maleimide-containing resin is represented by
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whearein:

gach R s independently selected from the group consisting of H and substituted or
unsubstituted alkyl;

each m is independently selectad from the group consisting of 0, 1, 2, 3, and 4, and
nis0, 1,2 3 4 and 5.

[0075] in some embodiments, the composition comprises a compound
represented by

This compound is BMI-5100 (chemical name: 3,3 -dimethyl-5 5 -digthyi-4 4'-
diphenylmethane bismaleimide; Daiwa Kasei, Japan), which is a compound that has an

average number molecular weight of around 300 {ested by gel permeation

chromatography (GPC).
[0076] In some embodiments, the maleimide-containing resin is represented by
L3 \Svi\iw' =
”3\» {

whereinnis 0,1, 2 3, 4, or s

(0077} in some embodiments, the maleimide-containing resin is a BMI resin with
a maleimide equivalent weight from 180 to 400. A malgimide equivalent weight is the
weight of resin in grams which contains one equivalent of maleimide functional group. In
some ambodiments, the maleimide-containing resin 1s a BMI resin with a maleimide

gquivalent weight of 220, In some embodiments, the maleimide-containing resin is a
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BMI resin with a maleimide squivalent weight of 300, In some embodiments, the
maleimide-containing resin is a BMI resin with a maleimide equivalent weight of about
400, In some embodiments, the maleimide-containing resin is a BMiresin with a
maleimide equivaient weight from about 380 to about 400, In some embodiments, the
maleimide-containing resin is a BMI rasin with a maleimide equivalent weight from 380
to 400.

(0078} in some embodiments, maleimide-containing resing are included in
amounts ranging from about 1 wt. % o about 20 wt %. In some embodiments,
maleimide-containing resing are ncluded in amounts ranging from about 1 wi. % to
about 15 wt. %. In some embodiments, maleimide-containing resins are included in
amounts ranging from about 3 wi. % to about 15 wi %. In some embodimenis,
maleimide-containing resins are included in amounts ranging from about 1wl % to
about & wi %. In some embodiments, maleimide-containing resing are included in
amaounts ranging from about 5wl % to about 20 wi. %. In some embodiments,
maleimide-containing resins are included in amounts ranging from about 5wt % to
about 15 wi. %. In some embodiments, maleimide-containing resing are included in
amounts ranging from about 10 wi. % to about 20 wi. %. In some embodimenits,
maleimide-containing resing are included in amounts ranging from about 10wt % {o
about 15 wt. %. In some embodimeants, maleimide-containing resing are included in
amounts ranging from about 12 wt. % o about 17 wt. %. In some embodiments,
maleimide-containing resing are included in about 10 wi. %, about 11 wi %, about 12
wt. %, about 13 wit. %, about 14 wi. %, about 15 wi. %, about 16 wt. %, about 17 wt. %,
about 18 wt. %, about 18 wt. %, or about 20 wt. %.

[0079] in some embodiments, the Haconimide-containing resin is represented by:

. wherein Ar is a substituted or substituted aryl group.
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[0080] in some embodiments, the Haconimide-containing resin is:
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. wherein:

- Ar is substituted or unsubstituted aryl, and

~ R is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.
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(0082} Compaositions of the disclosure, as noted above, include, among other
constituents, one or mors epoxy resins. A wide variety of epoxy-functionalized resing
are contemplated for use herein, .g., liquid-type epoxy resins based on bisphencl A
solid-type epoxy resins based on bisphenol A, liquid-lype epoxy rasing based on
bisphenol F {e.g., Epiclon EXA-835LV), multifunctional epoxy resins based on phenol-
novolac resin, dicyclopertadiene-type epoxy resins {e.q., Epiclon HP-7200L),
naphthalens-type epoxy resing, and the like, as well as mixiures of any two or more
thereof.

[0083] Exemplary epoxy-functionalized resins contemplated for use herein
inciude the diepoxide of the cycloaliphatic alcohol, hydrogenated bisphenol A
(commercially available as Epalioy 5000), a difunctional cycloaliphatic glycidyl ester of
hexahydrophthallic anhydride {commercially available as Epalioy 5200), Epiclon EXA-
835LV, Epiclon HP-7200L, and the like, as well as mixtures of any two or more thergof,
[0084] in certain embodiments, the epoxy component may include the
combination of two or more different bispheno! based epoxies. These bisphenol based
gpoxies may be selecied from bisphenol A, bisphenol F, or bispheno! § epoxies, or
combpinations thereof. In addition, two or more different bispheno! epoxies within the
same type of resin (such A, F or 8} may be used.

10085} Commercially available examples of the bisphenol epoxies contemplated
for use herein include bisphenocl-F type epoxies (such as RE-404-8 from Nippon
Kavaku, Japan, and EPICLON 830 (RE1801), 8308 (RE1815), 830A (REI 826) and
8I0W from Dai Nippon Ink & Chemicals, Inc., and RSL 1738 and YL-883U from
Resolution) and bisphencl-A-type epoxies (such as YL-879 and 980 from Resolution).
(0086} The bisphenol epoxies available commercially from Dai Nippon and noted
above are promoted as liquid undiiuted epichiorchydrin-bisphenol F epoxies having
much lower viscosities than conventional epoxies based on bisphenol A epoxies and
have physical properties similar to liquid bisphenol A epoaas. Bisphenol F epoxy has
lower viscosily than bisphenol A epoxies, all else being the same between the two types
of epoxies, which affords a lower viscosity and thus a fast flow underfill sealant material.

The EEWVY of these four bisphenol F epoxies is between 165 and 180. The viscosity at
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25°C. is between 3,000 and 4,500 cps (except for RE1801 whose upper viscosity imit is
4,000 cps). The hydrolyzable chioride content is reported as 200 ppm for RE1815 and
830V, and that for RE1826 as 100 ppm.

10087} The bisphenol epoxies available commercially from Resolution and noted
above are promoted as low chioride containing liquid epoxies. Tha bisphenol A epoxies
have a EEW (g/eq) of between 180 and 185 and a viscosity at 25°C. of between 100
and 250 ¢ps. The total chioride content for YL-879 is reported as between 500 and 700
opm, and that for YL-080 as between 100 and 300 ppm. The bisphenol F epoxies have
a EEW (g/eq) of between 165 and 180 and a viscosity at 25°C. of between 30 and 60.
The total chioride content for RSL-1738 is reporied as between 500 and 700 ppm, and
that for YL-283U as between 150 and 350 ppm.

(0088} in addition to the bisphenol epoxies, other epoxy compounds are
contemplated for use as the epoxy component of the disclosed compositions. For
nstances, cycloaliphatic epoxies, such as 3, 4-epoxyeyciohexylimethyl-3 4-
epoxycyciohexylcarbonate, can be used. Also moncfunctional, difunctional or
multifunctional reactive diluents may be used o adjust the viscosity and/or lower the Tg
of the resulting resin material. Exemplary reactive diluents include buty! glycidyl ether,
cresyl glycidyl ether, polyethylene glycol glveidy! ether, polypropyiens glycol glycidyl
ether, and the like.

10089} Epoxies suitable for use herein include polygiycidy! derivatives of phenolic
compounds, such as those available commercially under the fradename EPON, such as
EPON 828, EPON 1001, EPON 1008, and EPON 1031 from Resolution; DER 331, DER
332, BER 334, and DER 542 from Dow Chemical Co.; and BREN-S from Nippon
Kayaku. Other suitable epoxies include polyepoxides prepared from polyols and the like
and polygivcidyt derivatives of phenclformaldehyde novolacs, the latter of such as DEN
431, DEN 438, and DEN 438 from Dow Chemical. Cresol analogs are also available
commercially under the tradename ARALDITE, such as ARALDITE ECN 1235,
ARALDITE ECN 1273, and ARALDITE ECN 1298 from Ciba Specialty Chamicals
Corporation. SU-8 is a bisphenol A-type epoxy novolac available from Resolution.
Polyglycidyl adducts of amines, amincaicohols and polycarboxylic acids are also useful

in this invention, commerciaily available resing of which include GLYAMINE 135,
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GLYAMINE 125, and GLYAMINE 115 from F.LC. Corporation; ARALDITE MY-720,
ARALDITE 0500, and ARALDITE 0510 from Ciba Specialty Chemicals and PGA-X and
PGA-C from the Sherwin-Williams Co.

10090} Appropriate monofunclional epoxy coreactant diluents for optional use
harein also include thosea that have a viscosity which is lower than that of the epoxy
component, ordinarily, less than about 250 ¢ps. The monofunctional epoxy coreactant
diluents may have an epoxy group with an alkyl group of about 6 to about 28 carbon
atoms, examples of which include Ceos alkyl glycidyl ethers, Cezs falty acid glycidyi
esters, Ceas alkylphenol glycidyl ethers, and the like.

(0091} in some embodiments, the epoxy resin is novolac epoxy EEW 200,

novolac epoxy EEW 300, or novolac epoxy EEW 140,

(00921 In some embodimeants, the epoxy resin is a compound reprasented by
58S
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whereinnis 0,1, 2 3 4 orb andmis (0,1, 2 3 4, or5.

10093} in some embodiments, epoxy resing are included in amounts ranging from
about 1 wi. % to about 30 wit. %. In some embodiments, epoxy resins are included in
amounts ranging from about 1 wi. % to about 25 wi. %. In some embodiments, epoxy
resing are included in amounts ranging from about 1 wit. % to about 20 wt. %. In some
embodiments, epoxy resing are included in amounts ranging from about 1 wt. % to
about 15 wt. %. In some embodiments, epoxy resing are included in amounts ranging
from about 3 wt. % to about 15 wi. %. In some embodiments, epoxy resins are included
in amounts ranging from about 1 wt. % to about 5 wi. %. In some embodiments, epoxy
resing are included in amounts ranging from about 5wt % to about 20 wi. %. In some
embodiments, epoxy resins are included in amounts ranging from about 5 wt. % to

about 15wt %. In some embodimeants, epoxy resing are included in amounts ranging
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from about 10 wt. % to about 20 wt. %. In some embodiments, epoxy resing are
ncluded in amounts ranging from about 15 wit. % to about 30 wil %. In some
ambodiments, epoxy resing are included in amounts ranging from about 15 wt. % {o
about 25 wt. %. In some embodiments, epoxy resins are included in amounts ranging
from about 10 wt. % {o about 15 wi. %. In some embodiments, epoxy rasing are
included in about 10wt %, about 11 wt. %, about 12 wi. %, about 13 wi. %, about 14
wit. %, about 15 wt. %, about 16 wt. %, about 17 wt. %, about 18 wit %, about 18 wi. %,
about 20 wt. %, about 21 wt. %, about 22 wi. %, about 23 wi. %, about 24 wit. %, about
25wl %, about 26 wi. %, about 27 wt. %, about 28 wt. %, about 28 wt. %, about 30 wt
%.

10094} In some embodiments, film forming binder resinsg are included in amounis
ranging from about 1wl % to about 25 wt. %, In some embodiments, film forming
binder resins are included in amounis ranging from aboul 1 wt. % 10 about 20wt %. In
some embodiments, film forming binder resing are includad in amounts ranging from
about 10 wt. % to about 20 wi. %. In some embodiments, film forming binder resins are
ncluded in amounts ranging from about 13 wi. % o about 18 wil %. In some
embodiments, film forming binder resins are included in amounts ranging from about 14
wt. % to about 16 wi %. In some embodiments, film forming binder resing are included
it amounts of about 10 wt. %, about 11 wi. %, about 12 wt. %, about 13 wt %, about 14
wi. %, about 15 wit. %, about 16 wit. %, about 17 wt. %, about 18 wit. %, about 18 wi. %,
about 20 wi. %, about 21 wt. %, about 22 wt. %, about 23 wt %, about 24 wi %, or
about 25 wt. %.

[0095] Compositions of the disclosure, as noted above, include among other
constituants one or more (meth)acrylate-containing resins. In some embodiments, the

{meth)acrylate resin is represented by

oM, . OH, O
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whereinnis 0, 1,2, 3, 4, or 5.
10096} in some ambodiments, (meathacrylate-containing resins are included in

amounts ranging from about 1 wi. % to about 20 wi %. In some embodimenis,
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{meth)acrylate-containing resing are included in amounts ranging from about 1 wi. % to
about 15wt %. In some embodiments, (methjacryiate-containing resins are included in
amounts ranging from about 3 wi. % 10 about 15 wi %. In some embodiments,
{methjacrylate~-containing resins are included in amounis ranging from about 1wt % o
about 5wt %. In some embodiments, (methjacryiate-containing resins arg included in
amounts ranging from about & wi. % to about 20 wi %. In some embodimenis,
{meth)acrylate-containing resins are included in amounts ranging from about 5 wi. % to
about 15 wt. %. In some embodiments, (methjacryiate-containing resins are included in
amaounts ranging from about 10 wi % to about 20 wi. %. In some embodiments,
{meth)acrylate-containing resing are included in amounts ranging from about 10 wt. %
to about 15 wi. %. In some embodiments, {meth)acrylate-containing resins are included
i amounts ranging from about 12 wi. % to about 17 wt. %. In some embuodiments,
{methjacrylate~-containing resins are included in about 10 wt. %, about 11 wt. %, about
12 wi %, about 13 wt. %, about 14 wt. %, about 15 wt. %, about 18 wi. %, about 17 wi
%, about 18 wi. %, about 19 wi. %, or about 20 wi. %.

100877 Compaositions of the disclosure, as noted above, include among other
constituents one or more inorganic fillers. In some embodiments, the filler is an
glectrically non-conductive filler, such as silica. In some embodiments, the filler is (or
comprises) silica, calcium silicate, aluminum hydroxide, magnesium hydroxide, calcium
carbonate, magnesium carbonate, aluminum oxide (Al203), zinc oxide {Zn0),
magnesium oxide {MgOQ), aluminum nitride (AIN), boron nitride (BN), carbon nanotubes,
diamond, clay, aluminosilicate, and the like, as well as mixtures of any two or morg
thereof.

[0098] in some embodiments, the inorganic filler s an norganic non-conductive
filler comprising particles having a maximum particle size of 5 um or less than 5 um. For
axample, in some embaodiments, the filler has a particle size in the from about 8.1 um o
about 5 um or from 0.1 um {0 5 um. In some embodiments, filler loadings are sufficient
to meet underfill material requirements. in some embodiments, fillers are included in an
amount ranging from about 10wt % to about 70 wt. %. In some embodiments, fillers
are included in an amount ranging from about 20 wil. % 1o about 80 wit. %. In some

embodiments, fillers are included in an amount ranging from about 25 wt % to about 55
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wt. %. In some embodiments, fillers are included in an amount ranging from about 30
wit. % to about 50 wi. %. In some embodiments, fillers are included in an amount
ranging from about 35 wi. % 1o about 45 wt. %. In some embodiments, fillers are
included in an amount ranging from about 35 wi. %, about 36 wi. %, about 37 wt. %,
about 38 wi. %, about 38 wit. %, about 40 wit. %, about 41 wi. %, about 42 wt. %, about
43 wt. %, about 44 wt. %, or about 45 wt. %.

100997 Compaositions of the disclosure, as noted above, include among other
constituents one or more additives seiected from the group consisting of adhesion
promoters and film formers.

(00100} As used herein, the term “adhesion promaoters” refers to compounds that
enhance the adhesive properties of the formulation to which they are introduced.
Adhasion promoters can be organic or inorganic compounds and can include
combinations thereof. Non-limiting examples of adhesion promoters include organo-
zirconate compounds, organo-titanate compounds, and silane coupling agents. In some
embodiments, the adhesion promaoter is Z8040 from Dow.

(00101} in some embodiments, adhesion promoters are included in an amount
ranging from about 0.1 wi. % to about 5 wi. %. In some embodiments, adheasion
promoters are included in an amount ranging from about G.1 wi. % o about 1.0 wil %.
in some embodimeants, adhesion promoters are included in an amount ranging from
about 0.5 wit. % to about 1.0 wt. %. In some embodiments, adhesion promoters are
nciuded in an amount ranging from about 0.5 wi. % to about 1.5 wil %. In some
embodiments adhesion promoters are included in an amourt ranging from about 1 wi.
% to about 2 wt. %, about Z wt. % {0 about 2 wi. %, about 3wt % to about 4 wi. %, or
about 4 wt. % to about & wi. %.

(00102} As used herein, the term “film formers” refers {0 compounds that assist in
the formation of a film, such as (as a non-imiting example), by increasing the viscosity
of the combined materiais. Non-limiting examples of film formers including elastomeric
additive components such as, but not limited o, copolymaearic sethylena acryiic
elastomers, natural or synthetic rubbers such as substituted polysthylenes, resing such
as polyviny! butyral resins and chiorosulfonated polyethylene synthetic rubbers (CSM),

partially cross-linked butyl rubber compounds such as butyl rubber products
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commercially available from Royal Elastomers of New Jersey under the brand names
KALAR®, DPR®, ISOLENE® and KALENE®, and sthylene acrylic elastomeric
materials such as Vamac®, which is commercially available from the DuPont
Corporation. Additional non-limiting examples of film formers include, but are not limited
to, acrylic polymers such as copolymers of butyl acrylate-ethyl acrylate-acetonitrile and
copolymers of ethyl acrylate-aceionitrile {2.g., polymers comprising glycidy! functional
groups), such as copolymers available from Nagase JP.

(00103} in some embodiments, film formers are inciuded in an amount ranging
from about 15 to about 40 wt. %. In some embodiments, film formers are includad in an
amount ranging from about 15 {o about 30 wt. %. In some embodiments, film formers
are included in an amount ranging from about 20 o about 30 wt. %. In some
ambodiments, film formers arg inciuded in an amount ranging from about 22 {0 about 28
wt. %. In some embodiments, film formers are included in an amount ranging from
about 23 {0 about 26 wt. %. In some embodimeants, film formers are included in an
amount ranging from about 23 {o about 25 wt. %. In some embodiments, film formers
are includead in about 24 wt. %, about 25 wi. %, or about 26 wt. %.

(00104} in some embodiments, compositions of the disclosure further comprise
one or more fluxing agents.

[00108] As used herein, the term "fiudung agents” refers 1o reducing agents which
prevent oxides from forming on the surface of a molien metal. Non-limiting examples of
fluxing agents include compounds having at least one (meth)acrylate group and at least
one carboxylic acid group, carboxylic acids (including, but not limited o, compounds
having one or more acrylic acid functional groups, rosin gum, dodecanedioic acid
{commercially available as Corfres M2 from Aldrich), adipic acid, sebasic acid,
polysebasic polynhydride, malsic acid, tartaric acid, citric acid, and the like}, alcohols,
hydroxyl acid and hydroxyl base, polyols {(including, but not limited to, ethylene ghycol,
giycerol, 3-bis{glycidvioxymethyhimethoxyi-1,2-propanediol, D-ribose, D-cellobiose,
celiulose, 3-cyclohexane-1,1-dimethanol, and the lika).

100106} in some embodiments, fluxing agents are included in an amount ranging
from about 1 to about 10 wit. %. In some embodiments, fluxing agents are included in an

amount ranging from about 1 {o about 3 wit. %. In some embodiments, fluxing agents
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are included in an amount ranging from about 5 to about 10wt %. In some
ambodiments, fluxing agents are included in an amount ranging from about 2 to about 8
wt. %. In some embodiments, fluxing agents are included in an amount ranging from
about 3 to about 7 wt. %. In some embodiments, fluxing agents are included in an
amaount ranging from about 3 to about 5wt %. In some embodiments, fluxing agents
are included in an amount ranging from about 3 to about 7 wt. %. In some
ambodiments, fluxing agents are included in an amount ranging from about 2 wi. %,
about 4 wi. %, or about 5 wt. %.
(00107 Aspects of the disclosure also relate to methods of preparing B-stage films
andfor cured films.
100108} in some embodiments, the methods of preparing cured films comprise:
providing a composition comprising
one or more resins selected from the group consisting of
maleimide-containing resins, nadimide-containing resing, itaconimide-containing resing,
epoxy resing, {methlacrylate-containing resins, and phenclic-containing resing,
one or more imidazoles with latent thermal activity,
one or more inorganic fillers, and
one or more additives selected from the group consisting of
adhesion promoters and film formers;
casting the composition into a film; and
exposing the cast fiim 1o elevated temperature o cure the film.
100109] in some embodiments, the methods of preparing cured films comprise:
providing a composition comprising
one or more resins selected from the group consisting of
maleimide-containing resins, nadimide-containing resing, itaconimide-containing resing,
gpoxy resing, (methjacrylate-containing resing, and phenclic-containing resins,
one or more imidazoles comprising at least two electron
withdrawing groups,
one or more inorganic fillers, and
one or more additives salected from the group consisting of

adhesion promoters and film formers;
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casting the composition into a film; and
exposing the cast film 1o elevated temperature to cure the film.
(001107 In some embodimeants, the methods of praparing cured films comprise:
providing a composition comprising
one or more resins selectad from the group consisting of
maleimide-containing resins, nadimide-containing resing, itaconimide-containing resing,
apoxy resing, {meth)acrylate-containing resins, and phenolic-containing resing,
one or more imidazoles with iatent thermal activity,
one or more inorganic fillers,
one or more additives selected from the group consisting of
adhesion promoters and film formers, and
one or more fluxing agents,
casting the composition into a film; and
axposing the cast film {o elevated tempearature o cure the film.
(001113 in some embodiments, the methods of preparing cured films comprise:
providing a composition comprising
one or more resing selected from the group consisting of
maleimide-containing resing, nadimide-containing resing, ifaconimide-containing resing,
epoxy rasing, {(methacrylate-containing resins, and phenclic-containing resing,
one or more imidazoles comprising at least two electron
withdrawing groups,
one or more inorganic fillers,
one or more additives selected from the group consisting of
adhesion promoters and film formers, and
one or more fluxing agents,
casting the composition into a film; and
exposing the cast film to elevated temperature {0 cure the film.
[00112] in some ambodiments of the methods of preparing cured films, the one or
more resins selected from the group consisting of maleimide-containing resins,
nadimide-containing resins, taconimide-containing resing, epoxy resing, (meth)acrylate-

containing resing, and phenoclic-containing resins, wherein the maleimide-containing
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resing, nadimide-containing resins, itaconimide-containing resing, epoxy resins,
(meth)acrylate-containing resing, and phenolic-containing resing are those disclosed
gisewhers herain and, optionally, in the amounts disclosed elsewheare herain.

100113} In some embodiments of the methods of preparing cured films, the one or
more imidazoles are those disclosed elsewhere harein and, optionaily, are present in
the amounts disclosed elsewhere herein

(00114} in some embodiments of the methods of preparing cured films, the one or
more imidazoles are those disclosed elsewhere herain and, optionally, are present in
the amounts disclosed elsewhere herein.

(00115} in some embodiments of the methods of preparing cured films, the one or
more inorganic fillers are those disclosed elsewhere herein and, optionally, are present
in the amounis disclosed elsewhere herein.

1001186} In some embodiments of the methods of preparing cured films, the one or
more additives selected from the group consisting of adheasion promoters and film
formers are those disclosed elsewhere herein and, optionally, are present in the
amounts disclosed elsewhere hearein.

(001173 in some embodiments of the methods of preparing cured films, the one or
more fluxing agents are those disclosed slsewhere herein and, optionally, are present in
the amounts disclosed elsewheare herein.

100118} In some embodiments of the methods of preparing cured films, the one or
more fluxing agents are compounds having at ieast one {meth)acryiate group and at
least one carboxylic acid group and, optionally, are present in the amounts disclosed
eisewhere herein.

(00119} in some embodiments of the methods of preparing cured films, the one or
maore fluxing agents are one or more fluxing agents described herein and, optionally, are
present in the amounts disclosed elsewhere herein.

100120} In some embodiments, films prepared according to methods of preparing
cured films disclosed herein have the physical properties of films disclosed alsewhers
herein. For example, in some embodiments, films prepared according to methods of
preparing films disclosed harein have ong or more of the Tg as measurad by BMA,

siorage modulus at 28°C, storage modulus at 230°C, storage modulus at 250°C, CTE,
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DSC onset temperature as measured by DSC with a 10°C/min ramping rate, and
minimum film melt viscosity measured using a DHRZ rheometer with a 10°C/min
ramping rate in Nz of cured films disclosed eisewhere hersin.
00121} In some embodiments, films prepared according to methods of preparing
films disclosed herain have the following physical properties:

a Tg of » 200°C as measured by dynamic mechanical analysis (DMA),

a storage modulus at 25°C of < 6.5 GPa,

a storage modulus at 250°C > 0.1 GPa, and

a coefficient of thermal expansion (CTE) < 250 ppm/°C.
(00122} in some embodiments, films prepared according to methods of preparing
films disclosed herein have the following physical properties:

a Tg of > 230°C as measured by dynamic mechanical analysis (DMA),

a storage modulus at 25°C of < 5 GPa,

a storage modulus at 230°C » 0.3 GPg, and

a cosfiicient of thermal expansion (CTE) < 120 ppm/°C.
(00123} in some embodiments, films prepared according i methods of preparing
films disclosed herein have the following physical properties:

a Tg of » 240°C as measured by dynamic mechanical analysis (DMA),

a storage modulus at 25°C of < 5.5 GPa,

a storage modulus at 230°C » 0.6 GPa, and

a cosfficient of thermal expansion {(CTE) < 80 ppm/°C.
100124} In some embodiments, films prepared according to methods of preparing
films disclosed herein have the following physical properties:

& Tg of from 240°C to 300°C to as measured by dynamic mechanical
analysis (DMA),

a storage modulus at 25°C of from 4.0 GPa 0 5.5 GPa, and

a storage modulus at 230°C of from 0.6 GPato 1.2 GPa.
(0012851 in some ambodiments, films prepared according t© methods of preparing
films disclosed herein have the following physical properties:

a Tg of from 240°C to 300°C {o as measured by dynamic mechanical
analysis (DMA),
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a storage modulus at 25°C of from 4.0 GPa to 5.5 GPsa,

a storage modulus at 230°C of from 0.6 GPa o 1.2 GPa, and

a minimum fim melt viscosity from 900 Pa-s {0 6,500 Pa s as measured
using a DHRZ rheometer with a 10°C/min ramping rate in Nz
(0012861 in some ambodiments, films prepared according t© methods of preparing
films disclosed herein have the following physical properties:

a Tg of from 240°C to 300°C {o as measured by dynamic mechanical
analysis (DMA),

a storage modulus at 25°C of from 4.0 GPa 10 5.5 GPa,

& storage modulus at 230°C of from 0.6 GPa o 1.2 GPa, and

a cosfficient of thermal expansion (CTE) of from 50 ppm/°C to 80 ppm/°C.
(001277 In some embodiments, films prepared according to methods of preparing
films disclosed herein have the following physical properties:

a Tg of from 240°C to 300°C to as measured by dynamic mechanical
analysis (DMA),

a storage modulus at 25°C of from 4.0 GPa to 5.5 GPa,

a storage modulus at 230°C of from 0.6 GPa to 1.2 GPa,

a coefficient of thermal expansion (CTE) of from 50 ppm/°C 1o 80 ppm/°C,
and

a minimum Tim melt viscosity from 900 Pa-s to 6,500 Pa's as measured

using a DHR2 rheometer with a 10°C/min ramping rate in No.

EXAMPLES
(00128} Exemplary embodiments of compositions according o the disclosure,
including components theraof, are presented in Table 1. Imidazole A is 4-methyl-2-
chenyi-1H-imidazole-5-methanol. Imidazole B is 2-phenyi-4 5~

dihydroxymethylimidazole.
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(00129} Properties of certain exemplary embodiments of compositions according
to the disclosure are presented in Table 2.
Table 2
inventive inventive inventive Inventive inventive
Physical Properties
Example 1 Example 2 Example 3 Example 4 Exampie 5
onsel temperature
148.19 151.81 173.74 147.86 150,26
G
DSC
peak temperature
160.26 164.22 180.95 162.58 1681.14
{°C)
fowest melt
Melt viscosity _ 5,575 2,275 283 2,277 5,130
viscosity (Pa-s)
Tg °0) 245 281 262 280 206
Modulus at 25°C
4.910 5.085 4.138 4.984 4112
(GPa)
DMA Modulus at 230°C
1,200 970 764 939 688
(MPa)
Moduius at 250°C
1,096 594 546 588 595
(MPa)
Tg (°C) 178 173 175 180 175
THIA CTET (pem/°C) 57 64 85 85 70
CTE2 (ppmy/°C) 87 86 73 73 75
(00130} The components of an additional exemplary compaosition according o the

disclosure ("Inventive Example 87) and those of four comparative compositions {not

within the scope of this disclosure) (Comparative Examples 1-4) are presented in Table

3A; physical properties of those compositions are presented in Table SB. Imidazole Als

4-methyi-2-phenyi-1H-imidazole-5-methancl. imidazole C is 2-phenylimidazole.

imidazole D is 2-sethyl-4-methyl-1H-imidazole-1-propanenitrile.
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Table 34
Inventive Comparative Comparative | Comparative | Comparative
Component (wi, %) ) )
Exampie & Exampie 1 Example 2 Example 3 Example 4
Film
Resin forming 10.0 50.0 30.5 10.0 8.4
binder resin
Silica filler,
40 25 43
3.3 umn
Silica filler,
Filler 40
2 um
Fumed
2
silica filler
Epoxy 27.52 30.13 24.20 14.58 18.4
Monomers
BA 15.35 7.2 15.23 15
Fiuxing
k 4 3 3
agent
Additives Z8040
adhesion 1.13 1.03 3.8 113 .43
promoter
Dicumyl
y .45
peroxide
3.00
Curing Imidazole 2.00 (midazole A} | 0.01 (imidazole C) {imidazole
agent )
4,4-DDS 4.00 5.10
Other
] 0.33 2.20
aminas
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Inventive Comparative Comparative | Comparative | Comparative
Physical Property
Example 8 Zxample 1 Example 2 Exampie 3 Example 4
onset
temperature 148.40 149 .61 171.18 158.08 121.01
0)
D8C peak
temperature 163.16 169.14 200.53 1686.20 136.08
9]
8T {°C) 15 20 30 7 15
lowest melt
viscosity 5,838 60 843 T27 >10,000
{Pas)
Melt i i
) . lowest meit
VISCOSitY
Viscosity
143 148 134 138 N/A
temperatura
Gy
Tg (°C) 277 152 272 155 231
Modulus at
5.043 1.347 2.322 6.628 7.167
25°C (GPa)
Modulus at
DMA 230°C 878 1.8 48 &7 117
(MPa}
Modulus at
2500C 840 2 32 a5 103
{(MPa}
Tg (°C) 169 107 160 100 12¢
CTE1 &7 o0 %8 5 53
12 7
TMA {ppmi°C)
CTEZ &8
73 278 168 140
{opny/°C)
(00131} As shown in Table 3A, the compaosition of each of Inventive Example 8,

Comparative Example 1, and Comparative Example 4 comprised an imidazole curing

agent, but the composition of Comparative Example 1 and the composition of

Comparative Example 4 did not comprise an imidazole with at least two eleciron

withdrawing groups, whereas the composition of Inventive Example & did comprise an

midazole with at least two electron withdrawing groups. As shown in Table 3B,
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however, the compaosition of Inventive Example 8 had a AT from the DSC onset
temperature to the DSC peak temperature that was less than 20°C, unlike the
composition of Comparative Example 1 {rounded to the nearest integer).
[00132] As also shown in Table 3B, unlike the composition of Comparative
Example 4, the composition of Inventive Example 8 had a DSC onset temperature of
from 130°C to 250°C as measured by DSC with 2 10°C/min ramping rate (specifically, of
148.40°C) and a minimum film melt viscosity of from 10 Pa-s to 10,000 Pas as
measured using a DHR2 rheometer with a 10°C/min ramping rate in Nz (specifically, of
5936 Pas).

(00133} The compaosition of Inventive Example 8 demonstrated good solder
interconnect formation, no material entrapment, and no voids, and it also demonstrated
a higher Tg, lower CTE, and better high temperature properties compared {0 the
Comparative Examples. Although the composition of Comparative Example 3 also
demonstraied good solder interconnect formation, no material entrapment, and no
vaids, the compositions of Comparative Examples 1-4 all demonstrated inferior high
temperature properties compared inventive Example 8. The compositions of
Comparative Examples 1, 2, and 4 were deemed unsuitable for thermocompression
bonding processes.

(00134} Thus, without wishing to be bound by theory, it is believed that a
compaosition comprising an imidazole with latent thermai activity, such as an imidazole
comprising at least two electron-withdrawing groups, provides fealures that include, but
are not limited to, a DSC onset temperature, melt viscosity, and AT from the DSC onsst
temperature to the DSC peak temperature that make the composition more suitable for
thermocompression bonding processes, whereas compositions comprising an imidazole
without iatent thermal activity, such as an imidazole with one or no slectron-withdrawing
groups, or compositions that lack an imidazole, are less suitable for thermocompression
bonding processes.

[00135] DSC, melt viscosity, DMA, and TMA data asscciated with exemplary
composition inventive Example 3 are provided in FIG. 1, FIG. 2, FIG. 3, and FIG. 4,

respectively. DSC, melt viscosity, DMA, and TMA data associated with exemplary
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composition Inventive Example 8 are provided in FIG. 5, FIG. 6, FIG. 7, and FIG. 8,

respactively.
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CLAIMS

1. A composition comprising:

one or more resins selected from the group consisting of maleimide-~-containing
resing, nadimide-containing resins, itaconimide-contaming resins, epoxy rasins,
{meth)acrylate-containing resing, and phenclic-containing resins,

one or more imidazoles with latent thermal activity,

one or more inorganic fillers, and

one or more additives selected from the group consisting of adhesion promoters

and film formers,

wherein:
after the composition forms a film, the film has the following physical

properties:

a Tg of » 200°C as measured by dynamic mechanical analysis
(DMA),

a storage modulus at 25°C of < 6.5 GPa,

a storage modulus at 250°C > 0.1 GPa, and

a coefficient of thermal expansion (CTE) < 250 ppm/°C.
2. The composition of claim 1, wherein, after the composition forms a film, the film

has the following physical properties:

a Tg of > 230°C as measured by dynamic mechanical analysis

(DMA),
a siorage modulus at 25°C of < 5 GPg,
a storage modulus at 230°C » 0.2 GPa, and
a cosfficient of thermal expansion {CTE) < 120 ppm/°C.
3. The compuosition of any of the previous claims, whergin the imidazole with latent

aclivity is an imidazole comprising at least two electron withdrawing groups.
4. The composition of any of the previous claims, wherein the imidazole is a

substituted imidazole comprising an electron-withdrawing group on the 2-position and
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comprises a substituent on the 4-position, a substituent on the 5-position, and/or a

substituent on the nitrogen at the 1-position.

-

5. The composition of any of the previous claims, wherein the imidazole comprises
at least two electron-withdrawing groups independently selected from organic groups
that reduce electron density on the imidazole ring and/or attenuate the reactivity of the

imidazole.

8. The composition of any of the previous claims, wherein the imidazole comprises
at lsast two electron-withdrawing groups independently selected from the group
consisting of substituted or unsubstituted aryl groups, cyano (-CN), halide (X}, ~CHO,
~COOH, ~-NR1R2, wherein each of Ry and Rz is independently a hydrogen atom or a
substituted or unsubstituted alkyl group, alkyl groups substituted with one or more
groups indspendently selected from cyano (—CN), halide (=X} -CHO, —-COOH, and
—NR1Hz, wherein each of Ry and Rz is independent selected from a hydrogen atom or a

substituted or unsubstituted alky!l group, and oxygen-cortaining groups.
7. The composition of any of the previous claims, wherein the imidazole comprises
at lsast two electron-withdrawing groups independently selectad from hydroxymaethyi

and phenyl.

8. The composition of any of the previous claims, wherein the imidazole is

represented by

whergin:
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R+ is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted atkynyi, substituted or

unsubstituted aryl, and substituled or unsubstituted heteroaryl,

Rz is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkeny!, substituted or unsubstituted alkynyl, substituted or

unsubstituted aryl, and substituted or unsubstituted hetercaryl,

Rz is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyi, substituied or

unsubstituted aryl, and substifuted or unsubstituted heteroaryl, and

R4 is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl,

provided that the imidazole comprises at least two electron withdrawing groups.

9. The compaosition of claim 8, wherein Rz is selecied from the group consisting of

C1s alkyl and Cs aryl

10. The composition of any of the previous claims, wherein the maleimide-containing

resin is a compound represented by

Z
pd
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wherein:

each R is independantly salected from the group consisting of H and substituted or

unsubstituted alkyl;

gach m is independently selected from the group consisting of 0, 1, 2, 3, or 4; and

nis0 1,2 3, 4, orb, oris a compound representsd by

.\n\\\\\\\“‘

X

3
[ ;
o i S —
o ey g S
13 e N § {} & Y §-§
; e gy eomemcinily §
P Y & % &
NS Y Rl R

whereinnis 0,1, 2, 3, 4, or 5.

1. The composition of any of the pravious claims, wherein the (meth)acrylate resin
is represented by

P
i}h?\
- prmmsmens o
i \ % = %
s LIRS % L S
~3 o, o N 2
; ’\\-\ ks i
§ R’ £
M L3

whereinnis 0, 1, 2, 3 4, orb

12, The compaosition of any of the previous claims, wherein the epoxy resin is a
compound represented by
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whereinnis 0,1, 2, 3, 4 or5, andmis 0, 1,2, 3, 4, or 5,

13. The composition of any of the previous claims, wherein, after the composition
forms a film, the film has the foliowing physical properties:

a differential scanning calorimetry (DSC) onset temperature from
130°C to 250°C as measured by DSC with a 10°C/min ramping rate, and

a minimum film melt viscosity from 10 Pa-s to 10,000 Pas as

measured using a DHRZ rheometer with 2 10°C/min ramping rate in Na.

14, The composition of any of the previous claims, whereain, after the composition
forms a film, the film has the following physical properties:

a differential scanning calorimetry (DSC) onset tempearature from
150°C 10 180°C as measured by DSC with a 10°C/min ramping rate, and

a minimum film melt viscosity from 400 Pa-s io 7. 000 Pas as

measured using a DHR2 rheometer with a 10°C/min ramping rate in Nz

15, The composition of any of the previous claims, wherein, after the composition
forms a film, the film has a AT from the DSC onset temperature to the DSC peak

temperature that is less than 20°C or less than 15°C.

16, The compaosition of any of the previous claims, wherein, after the composition
forms a film, the film has a AT from the DSC onset temperature o the DSC peak

temnperature that is less than 10°C or less than 5°C.
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17. A method of preparing a cured film, the method comprising
providing a composition according to any one of claims 1-16;
casting the compaosition into a film; and

gxposing the cast film to elevated temperature to cure the film.

18. A method of preparing a cured film, the method comprising
providing a composition comprising
one or more resins selectad from the group consisting of
maleimide-containing resins, nadimide-containing resing, itaconimide-containing resing,
apoxy resing, (meth)acrylate-containing resing, and phenolic-containing resins,
one or more imidazoles with latent thermal activity,
one or more inorganic fillers, and
one or more additives selected from the group consisting of
adhesion promgoters and film formers;
casting the composition into a film; and

exposing the cast film to elevated temperature {0 cure the film.

19.  The method according to claim 18, wherein the one or more imidazoles with
fatent thermal activity 18 one or more imidazoles comprising at least two eleciron

withdrawing groups.

20, The method according to claim 18, wherein the one or more imidazoles is

repraesented by

wherein:
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R+ is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyi, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl,

Rz is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkeny!, substituted or unsubstituted alkynyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryi,

Ra is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted atkynyi, substituted or

unsubstituted aryl, and substituted or unsubstituted hetercary!, and

R4 is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkeny!, substituted or unsubstituted alkynyl, substituted or
unsubstituted aryl, and substituied or unsubstituted heteroaryl,

provided that the imidazole comprises al least two electron withdrawing groups.

21, The method according to any one of claims 18-20, wherein Rz is selected from

the group consisting of Cie alky! and Cs aryl

22, The method according to any one of claims 18-21, wherein the maleimide-

containing resin is a compound represenied by
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23. The method according to any one of claims 18-22, wherein the (meth)acrylate
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whereinnis 0,1, 2, 3, 4, or 5.

24, The method according to any one of claims 18-23, wherein the epoxy resinis a

compound represented by

Z
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25, Acured film prapared according o the method of any one of claims 18-24.

26.  Afilm prepared according to the method of any one of claims 18-24, wherein the
film has the following physical properties:

a Tg of > 200°C as measured by dynamic mechanical analysis (DMA),

a storage modulus at 25°C of < 6.5 GPa,

a storage modulus at 250°C » 0.1 GPa, and

a cosfficient of thermal expansion (CTE) < 250 ppm/°C.

27, Afilm prepared according o the method of any one of claims 18-24, wherein the
film has the following physical properties:

a Tg of » 230°C as measured by dynamic mechanical analysis (DMA),

a storage modulus at 25°C of < 5 GPa,

a storage modulus at 230°C » 0.3 GPa, and

a cosfficient of thermal expansion (CTE) < 120 ppm/~C.

28. The film of any one of claims 25-27, wherein the film is an underfill film.
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29, The film of any one of claims 25-28, wherein the film is a8 wafer-level underfill film
(WAUF).
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