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O R?, R3, and R* linked together by a linking group. A portion of the repeat units having structural formula I contain at least one

=

epoxy functional pendant group. The copolymer composition can be included with a material that photonically forms a catalyst in a
photodefinable dielectric composition, which can be used to form a photodefinable layer on a substrate.
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DESCRIPTION
PHOTOSENSITIVE COMPOSITIONS BASED ON POLYCYCLIC COPOLYMERS
) BACKGROUND ON THE INVENTION
Field of the Invention

The present invention relates to polycyclic polymers and particularly to
photodefinable polymer compositions that include polycyclic polymers.
" Description of Related Art ‘

The rapid development of the microelectronics industry has created a great
demand for photodefinable dielectric polymeric materials with improved electrical
characteristics for the packaging of each succeeding generation of microelectronic devices. .
Trends in the industry require integrated circuits that are smaller, faster, and consume less
energy. To meet these demands, integrated circuitry and the packagipg of such circuitry must |
be of higher density with sub-micron feature de‘ﬁnitions.‘ One method of increasing the
number of components per 'chip is to decrease the minimum feature size on the chip.
Consequently, condﬁcting lines must be made thinner and placed in closer proximity to one
another. The reduction in spacing between conducting lines in the circuitry and packaging of
such .circuitry results in a concomitant increase in the efficiency and speed of the circuit
enabling greater storage capacity, faster processing of informatidn, and lower energy
requirements. However, the reduction in spacing between conducting lines can cause an
increase in .capa.citive coupling of the lméé resulting in greater crosstalk, higher capacitive
losses, and an increased RC time constant. '

In order to limit any such increase in capacitive coupling and deleterious
effects such as propagation delays, simultaneous switching noise and the like, considerable
interest in high perforinance polymers haiving a low dielectric constant has been shown. In

addition, interest in such low dielectric constant materials having an appropriate modulus for

‘use in packaging integrated circuitry has also been shown. However, such here to known

polymers can often be difficult to pattern, for example, often the etch properties of such low
dielectric constant polymers and photoresist compositions used for patterning them are very
similar.  Accordingly, efforts to selectively remove portions of the polymer can be
problematic. To overéome this selectivity problem, it is known to form an interposing
material between the polymer and the resist composition where such interposing material can

be selectively patterned to form a hard mask which subsequently can be used in the

* patterning of the underlying polymer material.

35

The additional steps required to form a hard mask are not cost effective and

hence alternate methods for patterning the low dielectric constant polymer material that do

I
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not require such steps would be advantageous. To this effect, U.S. Patent No. 6,121,340
discloses a negative-working photodefinable dielectric composition comprising a
photoinitiator and a polycyclic addition polymer comprising repeating units with pendant
hydrolyzable functionalities (e.g., silyl ethers). Upon exposure to a radiation source, the
photoinitiator catalyzes the hydrolysis of the hydrolyzable groups to effect selective
crosslinking in the polymer backbone to férm a pattern. Thus the dielectric material of the
‘340 patent is in and of itself photodefinable. However, the dielectric compositions disclosed
in the ‘340 patent disadvantageously require the presence of moisture for the hydrolysis
reaction to proceed. As known, the presence of such mdisture in the dielectric layer can lead
to reliability problems in completed devices and device packages.
| Therefore, it would be desirable to provide low dielectric constant materials
having an appropriate modulus for use in the microelectronic industry that are in-and of
themselves photodefinable but which do not require the presence of moisture to be
photodefined. In addition it would be desirable to provide methods for the use of such
photodefinable materials and to provide m:icroelectronic devices that employ such
photodefineable materials as dielectric materials. |
| SUMMARY
Exemplary embodiments in accordance with the presént invention are directed
to polymer com.positions encompassing a cbpolymer coﬁtaining a backbone having repeat

units in accordance with structural formula I:

RI
RZ

R3
. mR @

where X is selected from O, -CHy-, and -CH,-CH,-; m is an integer from 0 to 5; and each
occurrence of R}, R?, R®, and R* is independently selected from one of the following groups:

(2) H, C; to Cys linear, branched, and cyclic alkyl, aryl, aralkyl, alkaryl,
alkenyl, and alkynyl; .

(b) Cito Cys linear, branched, and cyclic alkyl, aryl, aralkyl, alkaryl, alkenyl,
and alkynyl containing one or more hetéro atoms sélected from O, N, and Si;

(c) an epoxy containing group of structural formula IT:
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where A is a linking group selected from C; to Cg linear, branched, and cyclic alkylene, and
R* and R* are independently selected from H, methyl, and ethyl;
(d) an epoxy containing group of structural formula Or:

__jj _.E O-CRZIRZZ-CRleZZ-]‘ O-CRZR _&
b . : (1I)

where p is an integer from zero to 6, R? and R* are as defined above, and each occurrence
of R* and R* are independently selected from H, methyl and ethyl;

(®  -(CHXC(O)OR’, ~(CHzC(O)OR’, (CH):OR, i(CHz),,oc<o>R6,
-(CH,).C(O)R®, and (CHz)nOC(O)OR5 and

(f) any combination of two of R), R% R®, and R* linked together by a linking
gi'oup selected from C; to Cps linear, branched, and cyclic alkylene and alkylene aryl;
wherein n is an integer of from 1 to 25, R’ is an acid labile group, R° is selected from H, C;

to Cy linear, branched, and cyclic alkyl, an epoxy contéi:ﬁng group of structural formula Il as

deﬁned above; and where a portion of the repeat units having structural formula I contain at

least one epoxy functional pendant group.

Other examples of the present invention are dlrected to photodefinable
dlelectnc compositions that include polymer compositions as described above and a material
that photomcally forms a catalyst. ‘

Further exemplary embodlments of the present invention are directed to
methods of forming a photodefinable layer on a substrate and include providing the substrate,
coating at least one side of the substrate with a composition that includes the copolymer
composition and the material that photonically forms a catalyst described above, exposing the
layer on the coated substrate to radiation, and curing the radiation-exposed layer.

i Additional examples in accordance with the present invention are directed to
electrical or electronic devices containing a layer that includes or is derived from the
photodefinable dielectric compositions described above, as well as devices made using
methods in accordance with the present invention.

| DESCRIPTION OF EXEMPLARY EMBODIMENTS

Unless otherwise indicated, all numbers, values and/or expressions referring to

quantities of ingredients, reaction conditions, etc., used herein are to be understood as

modified in all instances by the term “about.”

3
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i ‘Various numerical ranges are disclosed in this patent application. Because
these ranges are continuous, they include every value between the minimum and maximum
values of each range. Unless expressly indicated otherwise, the various numerical ranges

specified in this specification and in the claims are approximations that are reflective of the

various uncertamtles of measurement encountered in obtaining such values.

As used herein, the term “polymer composition” is meant to mclude a
synthesized copolymer, as well as residues from initiators, catalysts, and other elements
attendant to the synthesis of the coi)olymer, where such residues are understood as not being
covalently incorporated thereto. Such residues and other elements considered as part of the
polymer composition are typically ﬁixed or co-mingled with the copolymer such that they
tend to remain with the copolymer when it is transferred between vessels or between solvent
or dispersion media. Polymer composition also includes materials added after synthesis 6f ‘
the copolymer to provide spec:lﬁc properties to the polymer composmon

As used herein, the term “low K composmon refers in general to a material
having a low dielectric constant, typically a material with a dielectric constant less than that
of thermally formed silicon dioxide and in particular to materials with a dielectric constant of
less than about 3.9.

As used herein, the term “Modulus™ is understood to mean the ratio of stress

to strain and unless otherwise indicated refers to the Young’s Modulus or Tensile Modulus

measured in the linear elastic region of the stress-strain curve. Modulus values are measured
in accordance with ASTM method D1708-95.

As used herein, the terms “acid labile” and “acid labile group” refer to a

" portion of a molecule, ie. a group, that will react in the presence of acid in a catalytic

manner.

~ As used herem the term photodeﬁnable dielectric composition” refers to a
composition capable of forming, in and of itself, a patterned layer on a substrate. That is to
say a layer that does not reQuire the use of another material layer formed thereover, for
example a photoresist layer, to form the patterned layer. In addition, such a photodefinable
dielectric composition is understood as being useable as a permanent insulative material
and/or barrier or buffer layer in the preparation of a wide variety of electrical and electronic
devices, as a non-limiting example, as a stress buffer layer in a semiconductor device
package. As used herein, the photodefinable composition can form layers that can be

ezﬁployed in a pattern forming scheme with a variety of types of electromagnetic radiation,

4
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including but not limited to, ultra-violet (UV) radiation, deep ultraviolet (DUV) radiation, an |
electron beam, or X-ray radiation. ‘
As used herein, the phrase “a material that photonically forms a catalyst”
refers to materials that, when exposed to ‘an appropriate form of energy, non-limiting
examples being UV radiation, DUV radiation, an elec;tron beam, and X-ray radiation, will
break down, decompose, or in some other way alter their molecular composition to form a
compound capable of cétalyzing a crosslinking reaction in the phdtodeﬁhable dielectric
composition. : | ,

- As used herein, . the tei'm “cure” (or “curing”) is intended to refer o
crosslinking of the photodefinable dielectric composition components ‘to result in the
development' of the desifed phyéical and chemical pfoperties of the resultant film, non-
limiting examples of such being a low dfelectric constant, low ‘moisture uptake properties,
low modulus and resistance td chemicals. When ‘processing the polymér composition, the
composition may be partially cured in one processing step and the cure ‘completed’ in a
subsequent processing step. ' |

Exemplary embodiments in accordance with the present invention are directed
to polymer compositions encompassing a copolymer containing a backbone having repeat

units in accordance with structural formula I: ‘

R 1
___RZ

K—Rg’ }
m R ()

wheréin X is selectéd from O, -CH;-, and -CHZ-CHZ-; m is an integer from O to 5, in some

‘cases 0 to 3, and in other cases 0 to 2. Eaéh occurrence of R, R?, R, and R* in structural

formula I are indepéndently selected from one of the following groups:

(@ H, C; to Cps linear, branched, and cyclic alkyl, aryl, aralkyl, a]karyl,
alkenyl, and alkynyl;

(b) C; to Cys linear, branched, and cyclic alkyl, aryl, aralkyl, alkaryl, alkenyl,
and alkynyl containing one or more hetero atoms selected from O, N, and Si;

(© an epoxy containing group of structural formula II:

ay

_'_ A_._ O_CR23 R24 Z AN

5
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wherein A is a linking group selected from C; to Cg linear, branched, and cyclic alkylene and
R? and R* are independently selected from H, methyl, and ethyl;
(d) an epoxy containing group of structural formula IIL:

W—EO CR2IR2Z RleZZ;I' O-CR23R24—& ’
TP D).
wherein p is an integer from zero to 6, R and R** are as defined above, and each occurrence
of R21 and R? are independently selected from H, methyl, and ethyl;

(&  -(CH:CO)IOR’, -(CH:C(O)OR’, -(CHi}OR’, ~(CH2).OC(O)R’
~(CHz).C(O)R®, and -(CH2),0C(O)OR"; and

@ any combination of two of R, R2 R3, and R* linked together by a linking
group selected from C; to Cas linear, branched; and cyclic alkylene and alkylene aryl,
wherein n is an integer of from 1 to 25, R is an acid labile group, and RS is selected from H,
C; to Cg linear, branched, and cyclic alkyl, an epoxy containing group of structural formula IT
as defined above. In the inventive copolymer, a portion of tﬁe repeat units haviﬁg structural
formula I contain at least one epoxy functional pendant group.

| Such exemplary embodiments can eneompass a copolymer containing 65-75
mole % of a first repeat unit of strﬁctural formula I, where R!, R? and R? are H, and R* is
decyl, and 25-35 mole % ef a second repeat unit of structural formula I, wherein R!, R?, and
R® are H, and R* is an epoxy containing groui) of structural formula II, wherein A is
methylene and R* and R**are H.

Tn structural formula I, any of R, R, R}, and R* can have a structure
according to the formula -(CHz)nC(O)ORS, where R’ is an acid labile group, i.e., a group that
will react to from a carboxylic acid group in the presence of acid in a catalytic mé.nner. R’
can be any suitable acid labile group and includes, but is not limited to, -C(CHz)s, -Si(CHa)s,
-CH(R")CH,CH, -CH{R"C(CHs)s, dicyclopfoﬁy]methyl, dimethylcyclopropylmethyl, and a
compound described by one or more of structural formulas IV — X:

@ HaCo——— _-CHs

VD),
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(VID), (VED, \@ (IX) and

R7

X
where R’ is selected from H and C; to Cs linear, branched, and cyclic alkyl.
Tn another examplary embodiment in accordance with the present invention,
10 the copolymer backbone further includes one or more repeat units selected from repeat units

having structural units XI-XV:

15

20

| 0 (xV)
2 5 where X is defined as above, yis 0, 1, or 2; R'? is selected from C; to Cs linear, branched,
" and cyclic alkyl; and RPis selected from H and C1 to C4 linear and branched alkyl.

- Further to this examplary embodiment, when the copolymer includes one or
more of repeat units XI - XV, those repeat units are present at a level of at least 1 mole %, in
some cases at least 2 mole %, and in other cases at least 3 mole % of the copolymer. Also,

3 0 the copolymer includes one or more of repeat units XI — XV at a level of up to 10 mole %, in
some cases up to 9 mole %, in other cases up to 7 mole %, and in some situations up to
5mole %. One or more of repeat units XI — XV can be present in the copolymer between

any range of values recited above.
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i Embodiments of the copolymer encompass repeat units in accordance with
structural formula I that contain an epoxy functional group. Advantageously, the epoxy
groups, when suitably catalyzed, crosslink with neighboring epoxy groups to give a

crosslinked polymer that is resistant to solvent attack. Such repeat units containing epoxy

- functional groups are included in the copolymer at a level of at least 20 mole %, in some

cases at least 25 mole %, and in other cases at least 35 mole % of the copolymer. Also, the
repeat units containing epoxy functional groups are included in the copolymer at a level of up '
to 95 mole %, in some cases up to 75 mole %, in other cases 60 mole %, in some situations

up to 50 mole %, and in other situations up to 35 mole % of the copolymer. The amount of

. epoxy functional groups in the copolymer is determined based on the physical properties

desired in the copolymer and/or photodefinable layers and cured layers containing or derived
from the copolymer. The amount of epoxy functional groups in the copolymer can’vary
between any of the values recited above.

Such copolymer embodiments have excellent physical properties, particularly
for.use in photodeﬁhable compositions for electrical or electronic devices. For example low
moisture absorption (less than 2 weight percent), low dielectric constant (less than 3.9 low
modulus (less than 3 GigaPascal (GPa)), low cure temperature (less than 200° Celsius (C))
and good solubility in ' many common organic solvents.

In an examplary embodiment of the present invention, the polymer
composition is a low K composition. As a low K compositidn, the polymer composition,

photodefinable dielectric compositions containing the polymér composition, and/or cured

~layers and/or films derived from such photodefinable dielectric compositions have a

" dielectric constant of less than 3.9. The dielectric constant of the polymer composition,

_ photodefinable dielectric‘compositions containing the polymer composition, and/or cured

25

80

layers and/or films deriyed from such photodefinable dielectric compositions are typically at
least' 2.2, in some cases at least 2.3, and in other cases at least 2.5. Also, the dielectric
constant of the polymer composition, photodefinable dielectric compositions containing the
copolymer, the polymer composition, and/or cured layers and/or films derived from such
photodeﬁﬁable dielectric compositions caﬁ be up to 3.3, in some cases up to 2.9, and in other
cases up to 2.6. The dielectric constant is sufﬁciently low to provide reduction of
transmission delays and alleviation of crosstalk between conductive lines in electrical and/or
electronic devices containing the inventive polymer composition. The dielectric constant of -

the copolymer, the polymer composition, photodefinable dielectric compositions containing

8
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the polymer composition, and/or cured layers and/or films derived from such photodefinable
dielectric compositions can vary between any of the values recited above. A
In an examplary embodiment of the present invention, the modulus of the
copolymer, the polymer composition, ’ché photodefinable dielectric compositions containing
the copolymer, and/or cured layers and/or films derived from such photodefinable dielectric
compoéitions are typically at least 0.1 GPa, in some cases at least 0.2 GPa, and in other cases .
at least 0.3 GPa. Also, the mpdulus of the copolymer, the polymer composition,
photodefinable dielectric compositions containing the copolymer, and/or cured layers and/nr
films derived from such photodefinable dielectric compositions can be up to 3 GPa in some
cases up to 1 GPa, and in other cases up to 0.7 GPa. When the modulus is too low, the
material has a rubbery consistency and can be difficult to handle in production. When the
modulus is too high, high stress can be caused, leading to reliability issues. The modulus of
the copoiymer the polymer composition, photodeﬁnable dielectric compositinns containing
the copolymer, and/or cured layers and/or. films derived from such photodeﬁnable dielectric
compositions can vary between any of the values recited above. ‘

In other examplary embodiments, the polymer compositions are
photodefinable dielectric compositions containing polymer compositions and/or cured layers
and/or films derived from such photodefinable dielectric compositions that have a moisture
absorption of less than 2 weight percént, in some cases less than 0.8 weight percent, and in
other cases less than 0.3 weight percent. It will be understood that such embodiments
provide for improved resistance to moisture ébsorption when compared to other previously
known photodefinable definable polymeric materials. .' A

As ‘indic'at‘éd above, epoxy furictional gfoup mole % in the copolymer
backbone determines many physical properties of the copolymer and/or photodefinable layers
and cured layers containing or derived from the copolymer. As a non-limiting example,
when the copolymer contains from 15 mole % to 95 mole % repeat units containing epoxy
groups, the copolymer typically has a moisture absorption of less than 2 weight percent and a
dielectric constant of less than 3.3. In further non-limiting examples, when the copolymer
includes repeat units containing an epoxy at a level of from 20 mole % to 60 mole %, the
copolymer has a moisture absorption of less than 0.8 weight percent and a dielectric constant
of less than 2.9; and when the copolymer includes repeat units containing an epoxy at a level
of from 25 mole % to 35 mole %, the copolymer has a moisture absorption of less than

0.3 weight percent and a dielectric constant of less than 2.6.

9
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As used herein, “moisture absorption” is determined by measuring weight
gain in accordance with ASTM D570-98.

Copolmers in accordance with the present invention have a glass transition
temperature of at least 170°C, in some cases at least 200°C, and in some cases at least 220°C.
Also, the inventive copolymer has a glass transition temperature of up to 350°C, m some
cases up to 325°C, in other cases up to 300°C, and in some situations up to 280°C. The
copolymer has a glass transition temperature that allows for processing of the polymer
compositién, photodefinable compositions containing the copolymer, and cured layers
containing the copolymer. As a non-limitihg example, the glass. transition temperature is

sufficient to allow successful solder reflow during microchip production. The glass transition

temperature of the copolymer can vary between aﬁy of the values indicated above.. As

18

20

25

30

referred to herein,‘ the glass transition temperature of the copolymer is determined using

Dynamic Mechanical Analysis (DMA) on a Rheometric Scientific Dynamic Analyzer Model
RDAII available from TA Instruments; New Castle, DE according to ASTM DSO26-95
(temperature: ambient to 400°C at a fate of 5°C per minute).

Copolymers in accordance with the present invention have a weight average
moleculér weight (Mw) of at least 10,000, in some cases at least 30,000, in other cases at
least 50,000, in some situations at least 70,000, and in other situations at least 90,000; Also,
such copolymeré have a Mw of up to 500,000, in some cases up to 400,000, in other cases up
to 300,000, in some situations up to 250,000, and in other situatibns up to 140,000. Mw is
determined by gel permeation chrbmatogfaphy (GPC) using poly(norbornene) standards.
The Mw of the copolymer is sufficient to proyidé the desired physical properties in the -
copolymer and/or pﬁotodeﬁnable layers and cured layers containing or derived from the
copolymer. The Mw of the copolymer can vary between any of the values stated above.

In an exemplary embodiment, the polymer composition also includes a solvent
selected from reactive and non-reactive compounds. The solvent can be one or more of
hydrocarbon solvents, aromatic solvents, cycloaliphatic: cyclic ethers, cyclic ethers, acetates,
esters, lactones, ketones, amides, aliphatic mono- and multivinyl ethers, cycloaliphatic mono-
and multivinyl ethers, aromatic mono- and multivinyl ethers, cyclic carbonates, and mixtures
thereof. Particular non-limiting examples of solvents that can be used include cyclohexane,
benzene,‘toluene, xylene,. mesitylene, tetrahydrofuran, anisole, terpenenoids, cyclohexene
oxide, a-pinene oxide, 2,2’-[methyleneﬁis(4,1—phenyleneoxymethylene)]bis-oxirane, 1,4-
cyclohexanedimethanol divinyl ether, bis(4-vinyloxyphenyl)methane, cyclohexanone, and

decalin. .

10
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Exemplary embodiments of the présent invention encompass polymer
cbmpositions that are photonically catalysed negative-working photosensitive polymer
compositions useful as a protective coating for substrates used in printing wiring board
applications, including redistribution layers for build up multilayer devices and high density
interconnect microvia substrates. Further to such examplary embodiments, the polymer
compositions can be a photodefinable polymer composition that can be applied and patterned
as a dielectric layer for the packaging of integrated circuits to protect against environmental
and mechanical stresses. Additionally, the photodefinable compositions are useful as
redistribution layers, passivation layers, and stress buffer materials for conventional, chip
scale, and wafer level packaging of logic, Applicatioﬁ Specific Integrated Circuits (ASICs),

discrete, memory, and passive dev1ces Thus, the photodcﬁnable polymer compositions can

. be used in the fabrication of electromc devices, which incorporate the photodeﬁned polymer -

compositions as active (e.g.,. stress buffer materials) or passive (e.g., passivation layer(s))
companents.

The inventive copolymer can be prepared by vinyl-addition polymerization.
A monomer composition that inciudes polycycloolefin monomers as described in structure I
and, optionally, structures XI-XV are polymerized in solution in the presence of a desired
catalyst. Vinyl-addition catalysts useful in preparing the inventive copolymer includé nickel
and palladium compounds as disclosed in PCT WO 97/33198 and PCT WO 00/20472.

A non-limiting example of a vmyl—addltlon catalyst useful in making the

copolymers utilized in this invention is represented by the formula:
EwNi(CeFs)y

where n’ is 1 or 2 and E représents a neutral 2 electron donor ligand. Whenn’is 1, E -
preferably is a pi-arene ligand such as toluene, benzene, and mesitylene. Whenn’ is 2, E is
preferably selected from diethyl ether, THF (tetrahydrofuran), ethyl acetate (EtOAc), and
dioxane. The ratio of monomer to catalyst in the reaction medium can range from about
5000:1 to about 50:1 in an exemplary embodiment of the invention, -and in another exemplary
embodiment at a ratio of about 2000:1 to about 100:1. The reaction can be run in a suitable
solvent at a temperature range from about 0°C toabout 70°C. In an exemplary embodiment,
the temperature can range from about 10°C to about 50°C, and in another exemplary
embodiment from about 20°C to about 40°C. Catalysts of the above formula that can be used

to make the inventive copolymers include, but are not limited to,
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(toluene)bis(perfluorophenyl) nickel, (mesitylene)bis(perfluorophenyl) nickel,
(benzene)bis(perfluorophenyl) mickel, bis(tetrahydrofuran)bis(perfluorophenyl) nickel,
bis(ethyl acetate)bis(perfluorophenyl) nickel, and bis(dioxane)bis(perfluorophenyl) nickel.
Suitable polymerization solvents for the free radical and vinyl addition
polymerization reactions include, but are not limited to, hydrocarbon and aromatic solvents.
Hydrocarbon solvents useful in the invention include, but are not limited to, to alkanes and
cycloalkanes such as pentane, hexane, heptane, and cyclohexane. Non-limiting examples of

aromatic solvents include benzene, toluene, xylene, and mesityléne. Other organic solvents

such as diethyl ether, tetfahydroﬁlran, acetates, e.g., ethyl acetate, esters, lactones, ketones,

and amides are also useful. Mixtures of one or more of the foregoing solvents can be utilized
as a polymerization solvent.

When utilizing ‘the vinyl-addition nickel cafaiyst disclosed above, the
rﬁoleculé.f weight of the polymer can be controlled by employing a molecular weight
modifying agent such as is disclosed in U.S. Patent No. 6,136,499, the disclosure of which is
herein incbrporated by reference in its entirety. In one aspect of the invention, a-olefins,
(e.g., ethylene, propylene, 1-hexene, 1-decene, and 4-methyl-1-pentene) é.re suitable for
molecular weight control. ‘ |

As indicated above, exemplary embodiments of the present invention are also
directed to pho'todeﬁnable dielectric compositions that include an embodiment of the
copolymer and a material that photonically forms a catalyst. ‘

Any suitable material that photonically forms a catalyst can be used in the

present invention. Non-limiting examples of suitable materials that form a catalyst

‘ pho;c'onically include photoacid generators and photobase generators.

25

3¢

When a photoacid generator is used as the material that photonically forms a
catalyst, the photoacid genefator can include one or more compounds selected from onium
salts, halogen-containing compounds, and sulfonates. In an examplary embodiment of the
present iﬁvention, the photoécid generator includes one or more compounds selected from
4,4’ -ditertiarybutylphenyl iodonium triflate; - 4,4’,4”;tris(tértiary butylphenyl)sulphonium
triflate; diphenyliodonimﬁ tetrakis(pentafluorophenyl)sulphonium borate; triarylsulphonium- ,
tetrakis(pentafluorophenyl)-borate; o triphenylsulfonium
’;etrakis(pentaﬂuorophenyl)sulphonium borate; 4,4 -ditertiarybutylphenyl  iodonium
tetrakis(pentafluorophenyl) borate; tris(tertiary butylphenyl)sulphonium
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tetrakis(pentafluorophenyl) borate, and 4-methy1pheny1—4—(1-methylethyl)phenyl iodonium
tetrakis(pentafluorophenyl) borate.
| Such photoacid generators are present at a level sufficient to promote curing
and crosslinking, Thué, when such photoacid generators are employed in the photodefinable
dieleétric composition, such are present in an amount of at least 0.5 percent by weight, in
some cases at least 0.75 percent by weight, and in other cases at least 1 percent by weight of
the photodefinable dielectric composition. In some embodiments, the photoacid generator is
present in an amount of up to 10 pefcent by weight, in some cases up to 7.5 percent by
weight, and in other cases up to 5percent by weight of the phbtodeﬁnable dielectric
composition. The amount of photoacid generator present in the photodefinable dielectric
composmon can vary between any of the values recited above |
Embodlments of copolymers in accordance with the present invention are
present in the photodefinable dielectric composition at a level sufficient to provide the above-
described desired physical properties to the resulting composition, as well as coated layers‘
and cured layers formed from the photodeﬁnaﬁle dielectric composition. In an examplary
embodiment of the present invention, thé embodiment of the copolymer is present in the
photodefinable dielectric composition in an amount of at least 5 percent by weight, in‘ some

cases at least 15 percent by weight, and in other cases at least 25 percent by weight of the

-photodefinable dielectric composition. Also, the copolymer is present in the photodefinable

dielectric corhposition in an amount of up to 65 percent by weight, in some cases up to 60
percent by weight, and in other cases up to 55 percent by weight of the photodefinable
dielectric composition. ~The amount of the copolymer embbdiment_ present in. the
photodefinable dielectric éompbsition can vary between any of the values recited above. ‘
b It will be understood that exemplary Aembo‘diments of the present invention,
can include other suitable components and/or materials such as are necessary for formulating
and using the photodeﬁnablé dielectrié compositions in accordance with the present
invention. -Such other suitable components and/or materials inclﬁde one or more components
selected from sensitizer components, solvents, catalyst scavengers, adhesion promoters,
antioxidants, fire retardants,' stabilizers,. reactive diluents, and plasticizers. '
Where appropriate, any suitable sensitizer component can be included in the
photodefinable dielectric compositions of the present invention. Such suitable sensitizer
components include, but are not limited to, anthracenes, phenanthrenes, chrysenes,

benzpyrenes, fluoranthenes, rubrenes, pyrenes, xanthones, indanthrenes, thioxanthen-9-ones,

and mixtures thereof In some exemplary embodiments, suitable sensitizer components

13



WO 2004/006020 PCT/JP2003/008407

include 2-isopropyl-9H-thioxanthen-9-one, 4-isopropyl-9H-thioxanthen-9-one, 1-&h10ro-4-
propo.xyt}ﬁoxanthone, phenothiazine, and mixtures thereof.

In exemplary embodiments of the present invention having both a material
that photonically forms a catalyst and a sensitizer component, the latter can be present in the
photodefinable dielectric composition in an amount of at least 0.1 percent by weight, in some
cases at least 0.5 percent by weight, and in other cases at least 1 percent by weight of the

photodefinable dielectric composition. Also, the sensitizer component is present in the

. photodefinable dielectric composition in an amount of up to 10 percent by weight, in some
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cases up to 7.5 percent by weight, and in other cases up to 5 percent by weight of the
photodefinable dielectric composition. The amount of sensitizer component present in the
photodefinable dielectric composition in this exemplary embodiment can vary between any
of tfle values reciféd above. A S

‘When a catalyst scavenger is used emodiments of the pho;codeﬁnable dielectric
composition, it can include an acid scavenger and/or a base scavenger. A non-limiting.
example of a suitable basé scavenger that can be used in the present invention is trifluoro

niethylsulfonamide. Non-limiting examples of acid scavengers that can be used in the

"present invention include secondary amines and/or tertiary amines such as those selected

from pyridine, phenothiazine, tri(n-propyl amine), triethylamine, and lutidine in any of its
isomeric forms. | | |

' In exemplary embodiments of the present invention having both a material
that photonically forms a catalyst and a catalyst scavenger, the lafcter can be present in the
photodefinable dielectric composition in an amount of at least 0.1 percent by weight, in some
cases at least 0.25 percent by vs)eiglglt, and in other cases at least 0.5 percent by weight of the
photodefinable dielectric composition. Also, the catalyst scavenger is present in the
photodefinable dielectric composition in an amount of up to 5 perceﬁt by'weight, in some
cases up to 4 percent by weight, and in other cases up to 3.5 percent by weight, of the
photodefinable dielectric composition. The amount of catalyst scavenger present in the
photodefinable dielectric composition in this exemplary embodiment can vary between any
of the values recited above.

In exemplary embodiments of the present invention, the solvent includes
suitable reactive and/or non-reactive compounds. Suitable solvent compounds include, but
are not limited to, hydrocarbon solvents, aromatic solvents, cycloaliphatic cyclic ethers,
cyclic ethers, acetates, esters, lactones, ketones, amides, cycloaliphatic vinyl ethers, aromatic

vinyl ethers, cyclic carbonates and mixtures thereof. In this exemplary embodiment, the
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suitable solvent compounds includé one or more of cyclohexane, benzene, toluene, xylene,
mesitylene,  tetrahydrofuran, anisole, cyclohexene  oxide, o-pinene  oxide,
2,2’ -[methylenebis(él, 1-phenyleneoxymethylene)]bis-oxirane,  1,4-cyclohexanedimethanol
divinyl ether, bis(4-vinyloxyphenyl)methane, cyclohexanone, and decalin.

' In an exemplary embodiment of the present invention, the solvent is present in
the photodefinable dielectric composition in an amount of at least 20 percent by weight, in
some caseé at least 30 percent by weight, in other cases at least 40 percent by weight, in some
situations at least 45 percent by weight, and in other situations at least 50 percent by weight
of the photodefinable dielectric composition. The solvent is present in an amount sufficient
to provide desired rheological properties, a non;linaiting example being viscosity, to the -
photodefinable dielectric compositiori. * Also, the solvent is present in the photodefinable
dielectric composition in an amount of ﬁp to 95 percent by weight, in some cases up to 80
percent by weight, in other cases up to 70 percent by weight, and in some situations up to 60
percent by weight of the photodefinable dielectric composition.- The amount of solvent
pfesenf in the photodefinable dielectric composition in this exemplary embodiment can vary
between any of the values recited above. o '

Any suitable adhesion promoter can be used in the present invention. Suitable
adhesion promoters improve the bond strength between a coated layer of photodefinable
dielectric compbsition and the substrate upon which it is coated. In an exemplary
embodiment of the present invention, the adhesion promoter includes one or more
compounds selected from 3-aminopropyl friethoxysilane and compounds described by
structural unit XVT: , |

R, (R%;0)5.51 .—RS—O-CHZ,——A VD)

Whére'm zis 0, 1, or 2; R® is a linking group selected from C; to Cao h'neér, branched, énd
cyclic alkylene, alkylene oxide containing from 2 to 6 carbon atoms, and poly(alkylene
oxide), wherein the alkylene portion of the repeat groups contains from 2 to 6 carbon atoms
and the poly(alkylene oxide) has a molecular Weight of from 50 to 1,000; each occurrence of
R’ is independently selected from C; to Cq4 linear and branched alkyl; and each occurrence of
R is selected from H and C; to Cy4 linear and branched alkyl. A

Any suitable reactive diluent can be used in the present invention. Suitable
reactive diluents improve one or more of the physical properties of the photodefinable
dielectric composition and/or céating layers fofrned from the photodefinable dielectric

composition. In some exemplary embodiments, the reactive diluents include one or more .
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compounds selected from epoxides and compounds described by structural units XVII and
XV

CH,=CH-O-R"-0-CH=CH, (XVI)
CH,=CH-O-R!" (XVI) '
where R'? is a linking group selected from C; to Cyp linear, branched, and cyclic alkylene,
arylene and alkylene aryl, alkylene oxide containing from 2 to 6 carbon atoms, poly(alkylene
oxide), wherein the alkylene portion of the repeat groups contain from 2 to 6 carbon atoms
and the poly(alkyiene oxide) has a molecular weight of from 50 to 1,000, t
-[-RP-N-C(0)-0-]n- R"-, wherein each occurrence of R” is independently selected from C;
to Cy linear, branched, and cyclic alkylene, arylene, and alkylene aryl, and m is an integer of
from 1 to 20; and R'! is selected from C; to Cy linear and branched, alkyl, and alkylol.
* In a further exemplary embodiments, the reactive diluents include one or more
reactive diluents selected from 1,4-butanediol divinyl ether, 1,6-hexanediol divinyl ether, 1,8-
octanediol divinyl ether, 1,4-dimethanolcyclohéxane divinyl ether, 1,2-ethylene glycol
divinyl ether, 1,3-propylene glycol divinyl ether, ethyl vinyl ether, propyl vinyl ether, butyl
vinyl ether, isobutyl vinyl ether, éyclohexyl vinyl ether, octyl vinyl ether, decyl vinyl ether,
dodecyl vinyl ether, octadecyl vinyl ether, 1,4-butanediol vinyi ether, 1,6-hexanediol vinyl
ether, and 1,8-octanediol vinyl ether.
In exemplary embodiments of the present invention, the reactive diluent is

present in the photodefinable dielectric composition in an amount of at least 0.5 percent by

. weight, in some cases at least 1 percent by weight, in other cases at least 2.5 percent by

25
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weight, in some situations at least 5 percent by weight, and in other situations at least 7.5
percent by weight of the photodefinable dielectric éomposition. The reacﬁve diluent is
present in‘an amount sufficient to provide desired physical properties to the photodefinable
dielectric composition and coating layers formed from thé phc;tbdeﬁnable dielectric
composition.  Also, the reactive diluent is present in the photodefinable dielectric
compositibn in an amount of up to 95 percent by weight, in some cases up to 60 percent by
weight, in other cases up to 30 percent by weight, and in some situations as little as 1 percent
by weight of the photodefinable dielectric composition. The amount of reactive diluent
present in the photodefinable dielectric composition in this exemplary embodiment can vary
between any of the values recited above.

When the photodefinable dielectric composition includes a solvent and/or a

reactive diluent, the photodefinable dielectric composition is in a fluid liquid solution form.
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In an exemplaryembodiment of the present invention, the solution viscosity of the
photodefinable dielectric composition is at least 10 centipoise (cps), in some cases at least
100 cps, and in other cases at least 500 cps. Also, the solution viscosity of the photodefinable
dielectric composition is up to 25,000 cps, in some cases up to 20,000 cps, in other cases up
to 15,000 cps, in some situations up to 10,000 cps, in other situations up to 5,000 cps, and in
sorﬁe circumstances up to 3,000 cps. The solution viscosity is determined at 25°C ﬁsing a
suitable spindle on a Brookfield DV-E viscometer, available from Brookfield Engineering
Laboratories, Middleboro, MA. The viscosity of an amount of the photodefinable dielectric
corﬁposition in this exemplary embodiment can vary between any of the values recited above.

An exemplary embodiment of the present invention is directed to a method of

forming a photodefinable layer on a substrate. The method includes the steps of providing a

substrate, coating at least ome side of ‘the substrate with the photodefinable dielectric.

composition described above, - exposing the coated layer to radiation, and curing the
radiation-exposed layer.
3 Any suitable method of cdating may be used to coat the substrate with the

photodefinable dielectric composition. In an exemplary embodiment, suitable coating

methods include, but are not limited to, spin coating, dip coating, brush coating, roller

coating, spray coating, solution casting, fluidized bed deposition, extrusion coating, curtain

coating, meniscus coating, screen or stencil printing and the like. In an exemplary
embodiment of the present invention, spin coating and curtain coating are used because of
their simplicity and high uniformity. Cast films from this embodiment of the photodefinable

dielectric composition have superior properties such as toughness, craze. resistance to

" solvents, infr'gquent' pinhole defects, excellent planarity, and adhesion among other

propértiés. . 4

The coated layer can be eﬁposed using any suitable sourc‘e of energy for
exposure. Suitable sources include radiation. Non-limiting exémples df radiation sources
include, but are not limited to, photon radiation and/or an electron beam. In a non-limiting
example the photon radiation is ultraviolet radiation at a wavelength of from 200 nm to
700 nm, in some cases 300 nm to 500 nm, and in other cases from 360 nm to 440 nm. In a
further non-limiting exémple, the dose of radiation for exposing is from 50 ml/em’ to
2,000 mJ/cm>.

In an exemplary embodiment, the method of forming a photodefinable layer
on a substrate includes the step of defining a pattern in the cured layer. As a non-limiting

example, the pattern can be defined by imagewise exposing the layer. In an exemplary
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embodiment, when the layer is imagewise exposed, it is typically imaged through a
photomask by photon radiation, non-limiting examples of which include electron beam,
x-ray, ultraviolet, or visible radiation. Suitable radiation sources include mercury,
mercury/xenon, xenon lamps, KrF laser, x-ray, or e-beam. Imagewise exposure of the
photodefinable dielectric composition of the invention can be accomplished at many different

wavelengths as indicated above. In areas where the photodefinable coating is struck by

photon radiation, the sensitizer or photoacid generator becomes active, inducing the

formation of a free acid. The free acid catalyzes the crosslinking ef the pendant epoxy
groups on the polymer backbone, m turri, convefting the photon-patterned areas of the
polymer from a solvent soluble state to a solvent insoluble state. The soluble areas (non-
photon-patterned areas of the poiymer) are easily removed with an appropriate solvent
developer. ’ R

In an exemplary embodiment, the ;ﬁethod of forming a photodeﬁnéble layer
on a substrate includes the step of developing the layer. Any suitable solvent developér may
be used in the present invention. Suitable developers are those that are able to remove the
soluble portion of the cured layer formed from the phofodeﬁnable dielectric composition.
Sﬁitable developers include, but are not limited to, toluene, mesitylene, xylene, decalin,
limenene and BioAct EC-7R (a limonene based solvent composition formulated with
surfactants) available from Petroferm, Inc;, Femandina Beach, FL

| Any suitable solvent develoi)ment method can be used in the present

invention. In an exem;ﬁlary embodiment, suitable solvent development methods include, but
are not limited to, spray, puddle, and/or immersion techniques Spray development includes
the step of spraymg the patterned polymer coated substrate w1th a continuous stream of
atomized or otherwise dispersed stream of developmg solvent for a period of time sufficient
to remove the non-crosslinked polymer from the substrate. The polymer coated substrate can
be subjected to a final rinse with an appropriate solvent such as an elcohol. The puddle and
immersion technique involves puddling developing solvent over the entire patterned coating
or immersing the patterned coated substrate into developing solvent to dissolve the
non-crosslinked polymer, and then rinsing the developed substrate in additional developing
solvent or another appropriate solvent (e.g., an alcohol). In all of the foregoing development
techniques, the developed coated substrate can be spun at high speed to remove residual
solvent and solute.

The present method of forming a photodefinable layer on a substrate includes

a curing step. In an exemplary embodiment of the present invention, the curing step follows
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theAimagewise exposure step. The curing step can include a bake cycle. The bake cycle can
increase the reaction rate of the epoxy crosslinking reaction. The acid species from the
photoacid generators have increased mobility during the cure cycle, allowing the acid to find
and react with non-crosslinked epoxy functionality, thereby further enhancing the pattern
definition. In exemplary embodiments of the invention, the curing step is conducted in an
oven under inert atmosphere (&.g., nitrogen, argon, or helium) at a temperature of from about
50°C toA 200°C for a period of ﬁrﬁe between 5 minutes and 60 minutes; or from about 100°C
to about 150°C for a period of time between 10 minutes and 40 minutes; or from about 116°C
to about 130°C for between 15 minutes and 30 minutes; or from about 90°C to about 200°C
fora iaeriod of from 1 minute to 60 minutes.

When the photodefinable layer has been exposed to radiation and cured, the
layer is in the form of a film covéring at least a portion of a surface of the substrate. The film
may have any suitable film thickness, typically determined to provide for the ﬁumber,
orientation, and configuration of conducting lines in the photodefined product. In an
exemplary embodiment, films formed as described above have a thickness of at least 0.1
microns, in some cases at' least 0.2 microns, and in other cases at least 0.5 microns. Also,
films formed according to the present invention have a thickness of up to 500 microns, in
some casés up to 400 microns, in other cases up to 300 microns, in some situations up to 250
microns, in other situations up to 200 microns, in some circumstances up to 100 microns, and
in other circumstances up to 50 microns. In an exemplary embodiment, film thickness is a
function of solution concentration, spin speed, and time in spin coating. The film thickness

of the radiation exposed and cured photodefinable layer in this exemplary embodiment can

Var}; between‘any of the values recited above.

In an exemplary embodiment of the method of forming a photodefinable layer -
on a substrate includes a softbake cycle. In this exemplary embodiment, the softbake cycle is
employed to remove residual solvents. The softbake cycle also relaxes stress resulting from
the flow of the photodefinable layer film, inpreases the film’s adhesion to the substrate, and
hardens the film for more convenieﬁt handling during proceésing. The softbake cycle is
carried out under any suitable conditions. Suitable conditions include those sufficient to
remove residual solvent, but able to avoid oxidizing or thermal curing of the resin of
undesired reactions of the formulation additives, and which. allows the resin to flow
sufficiently to promote planarization. The conditions will vary depending in part on the
components of the polymer containing formulation. Suitable softbake conditions include, but

are not limited to, temperatures of at least 90°C, in some cases at least 100°C, and in other
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cases at least 110°C and up to 140°C, in some cases up to 130°C, and in other cases up to
120°C for at least 1 minute, in some cases at least 2 minutes, in other cases at least 5 minutes
and up to 30 minutes, in some cases up to 20 minutes, and in other cases up to 10 minutes.
The softbake can be performed in a convection oven, belt oven, or on a hot plate. Suitable
softbake atmospheres include a vacuum, solvent vapor, air, and inert gas atmosphere sucﬁ as
nitrogen, argon, and helium. i |

In an exemplary embodiment of the fﬁethod of forming a photodefinable layer
on a substrate, the method includes includes a final cure step. In this'step, the solvent
developed coated substrate is post baked in an oven under inert atmosphere (e.g., nitrogen,
argon, or helium) at a temperature ranging from about 50°C to about 200°C, and in some
cases 100°C to 200°C to achieve a final cure-and to remove any residual developing and/or
rinsing solvent. In some embodiments it is found that including a blanket exposure of the
layer as part of the final cure step is effecti\}e in achieving the final cure. Generally such
exposure is in addition to the thermal post bake and has is of a range of energies from about
200mJ to about 500mlJ, inclusive..

As a result of the various curing steps and as a result of the cumulative effect
of the various curing steps, the crosslinking reaetion is completed as the thermosetting epoxy
polymer continues to react. In an exemplary embodiment of the present invention, after the
final cure step, the glass transition temperature of the crosslinked polymer film has been
increased from 180°C to greater than 250°C. As is known to those skilled in the art, the final
glass transition temperature of a thermoset polymer is typically equivalent to the cure
temperature used for the final cure. This is due te the limitations of molecular mobility as the
curing polymer changes from a rubber'y solid to a glassy solid at the Tg. A significant
advantage of the present photodefinable compositions is that the final cure temperature is
below the Tg of the uncrosslinked polymer solid, and yet an increase in the Tg of up to 70°C
is observed by dynamic mechanical analysis (DMA) after the crosslinking reaction is
completed. |
N In an exemplary ‘embodiment of the present invention and in liew of
photoimaging and subsequent pattern development, the desired feature definitions can be
created by well-known etching techniques onto crosslinked films deposited from the polymer
compositions of the present invention. In this exemplary embodiment, a polymer
composition layer is formed by steps including providing a substrate, fixing a film to the
substrate by depositing a solution containing a material that photonically forms a catalyst and

the inventive polymer composition, and thermally curing the solution.
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In the “in lieu of photoimaging” exemplary embodiment, the method can
include a softbaking step as described above. In this exemplary embodiment, instead of
photo-crosslinking the deposited coating or film in desired areas, the entire film is thermally
crosslinked. Selected feature definitions are subsequently patterned into the crosslinked fitm
by a suitable etching technique, such as, for example, reactive ion etching (R.LE.) or laser
ablation at selected wavelengths. The thermal crosslinking reaction is initiated by a thermal
curing agent which generates an acid upon thermal activation. The thermally generated acid
in turn catalyzes the crosslinking reaction of the epoxy functionality. The thermal curing
agents or thermal acid generators include many of the photacid generators set forth above. In
addition to photo-activation, it is well known that photoacid generators can be activated at
elevated temperatures. Generally, the activation temperatures range from about 25°C to
about 250°C. Suitable thermal acid generators include the onium salts, halogen containing
compounds and sulfonates set forth above It should be apparent to those skilled in the art
that any thermally activated initiator can be employed S0 long as it is capable of initiating a
crosslinking reaction of the epoxy functionality on the polymer backbone. Examples of such
thermal curing agents or thermal acid generators. include, but are not limited to, imidazoles,
primary, secondary, and tertiary amines, quaternary ammonium salts, anhydrides,
polysulfides, polymercaptans, phenols, carboxylic acids, polyamides, quaternary
phosphoniﬁm salts, and combinations thereof. .

The coated, patterned, developed, and cured films of the present invention
have superior properties such as a low dielectric constant, low moisture absorption,
toughness, craze res1stance to solvents, and adhes1on among other propert1es Polymer films
with at least some of these properties are useful in the fabrication of microelectronic devices
where high-density packaging, interconnection, and fine features such as microvias are
required. | :

Layers formed from the photodefinable dielectric composition of the invention
and cured and patterned layers and films made using the methods described herein, together
with their associated substrates, are useful as or as components of electrical and/or electronic
devices. | In an exemplary embodiment of the invention, the electrical and/or electronic
devices are semiconductor devices. In another exemplary embodiment, the electrical or
electronic devices are selected from a logic chip, a passive device, a memory chip, a
microelectromechanical system (MEMS) chip, a microoptoelectromechanical systems

(MOEMS) chip, and an application specific integrated circuit (ASIC) chip.
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The following examples are for illustrative purposes and are not intended to
limit the invention in any way. Ratios of repeating units incorporated into the polymer

backbones are given in molar weight percent.

EXAMPLES
EXAMPLE 1
(Polymer Synthesi;)

This example illustrates the synthesis of a 50/5 O.copolymer polymerized from
decyl norbornene/glycidyl méthyl ether nofbomene). All glaséware was dried at 60° C under-
a 0.1 torr vacuum for 18 hoﬁrs. The glassware was then transferred into a glovebox and the
reaction vessel was assembled inside the gloveb§x. _Ethyl acetate (917g), cyciohexane
(917g), decyl norborene (137g, 0.585 mol) and gl}}cidyl methyl ether norbornene (105g,
0.585 mol) were added to the reaction veséel. The feac‘;ion‘vessel was removed from the
glo've box and connected to a dry nitrogen line. The reaction medium was degassed by
passing é. stream of nitrogen gas through the solution for 30 minutes. Inside the glovebox,
9.36g (19.5 mmol) of a nickel catalyst, ie., bis(toluene)bis(perfluorophenyl) nickel, was
dissolved in 15 ml of toluene, taken up in a 25 mL syringe, removed from the glovebox and
injected into the reactor. The reaction was stirred at 20° C for 5 hours. At this time peracetic
acid (50 molar equivalents based 'on the nickel catalyst — 975 mmol) solution (glacial acetic
écid diluted with appfoximafely 750 ml deionized water and 33g of 30 wt. % hydrogen
peroxide diluted with approximately 250 ml deionized water) was added and the solution was
stirred for 18 hours. Stirring was stopped and Wéter and solvent layers were allowed to
separate. The water layefwas removed and 1 liter of distilled water was added. Thé solution
was stirred for 20 minutes. The water layer was permitted to separat'e and was removed. The
wash with 1 liter of distilled water was performed a total of 3 times. Poljzmer was then
precipitated by addition into methanol. The solid polymer was recovered by filtration and
dried overnight at 60° C in a vacuum oven. 222g of dry i)olymer (94 % conversion) was
recovered after drying. Polymer molecular weight by GPC Mw = 114,000 Mn = 47, 000,
polydispersity (PDI)=2.42. Polymer Tg by DMA = 180° C. Polymer composition by 'H

3 0 NMR 48 mole % decyl Norbornene:52 mole % epoxy Norbornene.
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EXAMPLE 2
(Polymer Synthesis)

This example illustrates the synthesis of a 70/30 copolymer polymerized from
decyl norbornene/glycidyl methy! ether norbornene). All glassware was dried at 60° C under
a 0.1 torr vacuum for 18 hours. The glassware was then transferred into a glovebox and the
reaction vessel was assembled inside the glovebox. Ethyl acetate (917g), cyclohexane
(917g), decyl norbornene (192g, 0.82 mol) and glycidyl methyl ethgr norbornene (62g, 0.35
mol) were added to the reaction vessel. The reaction vessel was removed from the glove box
and connected to a dry nitrogen line. The reaction medium was degassed by passing a stréam
of nitrogen gas through the solution for 30 minutes. Inside the glovebox, 9.36g (19.5 mmot)
of a pickel catalyst, i.e., bis(toluqne)bis(perﬂuorophenyl) nickel, was‘dissolved in 15 ml of

" toluene, taken up in a 25 mL syringe, removed from the glovebox and injected into the

reactor. The reaction was stirred at 20°C for 5 hours. At this time peracetic acid (50 molar
equivalents based on the nickel catalyst — 975 mmol) solution (glécial acetic acid diluted with

approximately 750 ml deionized water and 33g of 30 wt. % hydrogen peroxide diluted with

.approximately 250 ml deionized water) was added and the solution was stirred for 18 hours.

Stirring was stopped and water and solvent layers were allowed to separate. The water layer
Was removed and 1 liter of distilled water was added. The solution was stirred for 20 minutes.
The wa‘;ér layer was permitted to separate and was removed. The wash with 1 liter of
distilled water was performed a total of 3 times. The polymer ‘was then precipitated by
addition into methanol. The solid polymer was recovered by filtration and dried overnight at A
60°C in a vacuum oven. 243g of dry polymer (96 % conversion) was recoyered after drying.
Polymer molecular weight by GPC Mw = 11.5 ,366 Mn = 47,424, polydispersity (PDI) = 2.43.
Polymer composition by 'H NMR: 70 mole % decyl norbornene; 30 mole % glycidyl methyl .

ether norbornene.

EXAMPLE 3
(Polymer Synthesis) :

A 40/60 copolymer prepared from decyl norbornene/glycidyl methyl ether
norbornene was synthesized in the follovs}ing manner. All glassware was dried at 160°.C for
18 hours. The dry glassware was transferred into a glove box and the reaction vessel was
assembled inside the glove box. Toluene (670g), decyi ‘norbornene (29.43g, 0.144 mol),
glycidyl methyl ether norbornéne (16.6g, 0.212 mol) were added to the 1L reaction vessel.

The reaction vessel was removed from the glove box and comnected to a dry nitrogen line.
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The reaction solution was degassed by passing a stream of nitrogen gas through the solution
for 30 minutes. Inside the glove box, 1.59g (3.63 mmol) of bis(toluene)bis(perfluorophenyl)
nickel catalyst was dissolved in 7 ml of toluene, taken up in a 10 mL syringe, removed from
the glove box and injected into the reactor. The reaction was stirred at 20°C for 1 hour. At
this time 180 g of Amberlite® IRC-718 ion exchange resin was added to the reaction vessel
and the reaction was stirred for 5 hours at ambient temperature. The solution was filtered fo
remove the resin and the polyrﬁer was then precipitated by addition into 3 L of methyl
alcohol. The solid polymer was recovered by filtration and dried overnight at 60° C in a

* vacuum oven. 74.0g of dry polymer (92.5 % conversion) was recovered after drying. Mw =

10

15

20

25

164,941 Mn = 59,454, PDI = 2.77, Polymer composition by 'H NMR: 41 mole % decyl

norbornene, 59 mole % glycidyl methyl ether norbornene.

EXAMPLE 4
(Polymer Synthesis)

The synthesis of a copolymer polymerized from decyl norbormene/glycidyl
ether norbornene (70/30) having varying molecular weights is illustrated. The synthesis was
performed under an inert atmosphere of nitrogen gas. Glassware was washed with Alconox®
detergent and rinsed three times with distilled water. All glassware was dried at 120° C
overnight in a forced air oveﬂ. Solvents and monomers were degassed before use by passing
a stream of dry nitrogeh through the liquid for at least one hour. Solutions of catalyst and
cocatalyst were prepared in a dry box. The catalyst ‘was prepared by dissolving 0.00189g
(allyl)palladlum(mcyclohexylphosphme)tnﬂuoroacetate (756 g/mol) in 0.4 mL of methylene
chloride resultmg in 0.00625 Molar solution. The cocatalyst was prepared by dlssolvmo ‘
0.011g lithium tetrakis(pentafluorophenyl)borate (875 g/mol) into25g of toluene resulting in
2 457x10™ mol/mL solution. The reagent 1-hexene was added as a chain transfer agent for
purposes of controlling molecular weight, in the portions indicated in the table below. To a
dry crimp cap vial, solvents, monomers, catalysts, and cocatalyst were added in the following

order:
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TABLE I
Reagent Mass (g) MW (g/mol) | Molar Mass (mol)
1. Toluene 50
2. Monomers . '
AGE-NB 2.05¢g 234 8.75mmol
Decyl-NB 0.68g : 162 3.75mmol
3. 1-hexene 0.42-0.84g 84.16 4 40-80mol %
| 4. LIFABA 0.0109¢g 875 g/mol -1 0.0125mmol
5. Pd catalyst | 0.00189¢g 756 g/mol 0.0025mmol

GE-NB = glycidyl methyl ether norbornene
Decyl-NB = decyl norbornene
LiFABA = lithium tetrakis(pentafluorophenyljborate
Pd Catalyst = (allyl)palladium(iricyclohexylphosphine)irifluoroacetate

Each component was added with constant stirring. ' The sample vial was crimp
capped under nitrogen, and placed in a fumehood where it was immersed in a silicon oil bath
at 30° C to stir for 4.5 hours. The samples were then opened, and precipitated by adding the
viscous solution in a dropwise manner, to methanol. The resulting solid is filtered through a
size M glass frit funmel. To ensure the elimination of all traces of residual monomer, the
precipitated polymer was dissolved in toluene, and precipitated into methanol. The

precipitated polymer was recovered by filtration and driéd under vacuum for 18 hours at 70°

C and weighed. . '
Reaction Mol 1- % Conversion |- Molecular weight PDI
- Hexene : (Mw/Mn)
1 40 - 85 . ' 192/71 2.70
2 60 89 . 93/36 2.58
3 - 80 59 56/28 2.00
EXAMPLE 5
(Polymer Synthesis)

" A 50/50 copolymer polymerized from hexyl norbornene and S-norbomene
carboxylic acid-2-methyl-2,3-epoxypropylester was prepared according to the following
procedure. A 25 mL Wheaton serum bottle and a magnetic stir bar were placed in an oven to
dry at 160° C for 18 hours. The dry botfle was transferred into a nitrogen.atmosphere glove
box. The vial was charged with hexyl norbornene (1.78g, 0.01 mol) and 5-norbornene
carboxylic acid-2-methyl-2,3-epoxypropyl ester (2.08g, 0.01 mol) and 12.0g of toluene. The
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bottle was sealed with a Teflon® lined crimp cap and the bottle was removed to a fumehood.
The reaction medium was degassed by bubbling dry nitrogen gas through the solution for 10
minutes. Inside the glove box, (0.0973g, 0.20 mmol) of bis(toluene)bis(perfluorophenyl)
nickel catalyst was dissolved in 3.3 mL of toluene, taken up in a 10 mL syringe, removed
from the glove box and injected into the reaction vial. The reaction mixture was stirred at
ambient temperature for 48 hours. To the reaction bottle was added 0.56g of Amberlite®
IRC-718 ion-exchange resin available from the Rohm and Haas Company and the solution
was mixed for a further 5 hours. The resin was reﬁoved by filtration. The polymer was

precipitated into 100 mL of methanol and recovered by filtration. The precipitated polymer

‘was washed with 25 mL of methanol and the dried in a vacuum oven at 60° C for 18 hours.

1.80g (47 % yield) of dry polymer was recovered.

EXAMPLE 6
(Polymer Synthesis)

A 65/25/10copolymer prepared from decyl nbrbomene/glycidyl methyl ether
norbornene/t-butyl ester norbornene was synthesized in the following manner. All glassware
was dried at 160° C for 13 hours. The dry glassware was transferred into a glove box and the
reaction vessel was assembled inside the glove box. Toluene (750g), decyl norbomene
(56.2g, 0.24 mdl), glycidyl methyl ether norbornene (16.6, 0.091 mol) and t-butyl ester
norbornene (7.17g, 0.088 mol) were added to the 1L reaction vessel. The reaction vessel was
removed from the glove box and connécted to a dry nitrogen line. The feéction solution was
degassed by passing a stream of nitrogen gas through the solution for 30 nﬁnutes. Inside the
glove box, 1.80g (4.1 mmol) of bis(tolueqe)bis(perﬂuorophenyl) nickel catalyst was -
dissolved in 8 ml of toluene, taken up in a 10 'mL syringe, removed from the glove box and
injected into the reactor . The réactioﬁ was stirred at 20°C for 1 hoﬁr. At this time 180 g of
Amberlite® IRC-718 ion—eﬁ{change resin was added to the reaction vessel and the reaction
was stirred for 5 hours at ambient temperature. The solution was filtered to remove the resin
and the polymer was then precipitated by addition into 3 L of methanol. The solid'polYmer
was recovered by filtration and dried ovérnight at 60° C in a vacuum oven. 74.0g of ‘dry
polymer’ (92.5 % conversion) was recovered after drying. Mw = 122,208 Mn = 50,743,
PDI=2.41.
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EXAMPLE 7
(Polymer Synthesis)

A 65/25/10copolymer prepared from hexyl norbornene/glycidyl methyl ether
norbomene/t-butyl ester norbornene was synthesized in the following manner. All glassware
was dried at 160° C for 18 hours. The dry glassware was transferred into a glove box and ’ghe
reaction vessel was assembled inside the glo’{fe box. Toluene (750g), hexyl norbornene
(51.39g, 0.288 mol), glycidyl métflyl ether norbomeﬁe (19.98g, 0.11 mol) and t-butyl ester
norbornene (8.62g, 0.044 mol) were added to the 1L reaction vessel. The reaction vessel was
removed from the glove box and connected to a dry nitrogen line. The reaction solution was

degassed by passing a stream of nitrogen gas through the solution for 30 minutes. Inside the

glove box, 2.16g '(4.9 mmol) of bis(toluene)bis(perfluorophenyl) nickel catalyst was

‘dissolved in 8 ml of toluene, taken up in a 10 mL syringe, removed from the glove box and
injected into the reactor . The reaction was stirred at 20°C for 1 hour. At this time 180 g of
Amberlite® IRC-718 ion-exchange resin was added to' the reaction vessel and the reaction
was stirred for 5 hours at ﬁr’nbient temperature. The solution was filtered to remove the resin
and the polymer was then precipitated by addition into 3 L of MeOH. The solid polymer was
recovered by filtration and dried overnight at 60° C in a vacuum oven. 69.8g of dry ﬁolymer
(87.2 % conversion) was recovered .aﬁer drymg Mw = 127,866 Mn = 51,433, PDI = 2.48.

EXAMPLE 8

_ (Polymer Synthesis) .
This example illustrates the preparation of a 40/55/5 copolymer polymerized

. from " decylnorbornene/ glycidyl. methyl ether norboméne/triethoxysilyl norbornene. ~ All

glassware was dried at 160° C for 18 hours. The dry glassware was transferred into a glove
box and the reaction vessel was assembled inside the glove box. Ethyl acetate (280g),
cyclohexane (280g), decyl norbornene (34.7g, 0.16 mol), glycidyl methyl ether norbomene
(39.6g, 0.22 mol) and tﬁéthoxysilylnorbornéne, (2.56g, 0.01 mol) were added to the reaction
vessel. The reactiéﬁ vessel was removed froin the glove box aﬁd connected to a dry nitrogen
line. The reaction solution was degassed by passing a stream of nitrogen gas through the
solution for 30 minutes. Inside the glove box, 1.92g (4.0 mmol) of
bis(toluene)bis(perfluorophenyl) nickel catalyst was dissolved in 15 ml of toluene, taken up
in a 25 mL syringe, removed from the glove box and injected into the reactor. The reaction
was stirred at 20° C for 5 hours. At this time 1.93g 8-hydroxyquinoline (8-HQ) was added to

the reaction vessel and the reaction was stirred for 18 hours at ambient temperature. The
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solution was washed with ﬁethanol (5 x 200 mL) to remove the 8-HQ/NIi chelate. 50g of
Amberlite® IRC-718 ion exchange resin was added to the reaction vessel and the solution
was stirred overnight at ambient temperature. The resin beads were removed by filtration
and the polymer was then precipitated by addition into methanol. A solid polymer was
recovered by filtration and dried overnight at 60°C in a vacuum oven. 55.0g of dry polymer .
(76 % conversion) was recovered after drying. The polymer was found to have Mw = 174,
000 and Mn = 60, 000 daltons. The polydispersity index was 2.9.

EXAMPLE 9
(Preparation of Photodeﬁnable Composition) A

7 A polymer solution was prepared using the 256.5 g of the polymer obtained in
Example 2. The polymer was pl'ac':éd. into a 1-liter w1de mouth glass bottle and 313.5g of
electronic grade mesitylene was added. The bottle was sealed with a Teflon® lined
polyethylehe cap and the polymer was uniformly dispersed by rolling the bottle at 50 rpm for
18 hours. The polymer solution was filtered through a 0.45 micron Teflon® filter to remove'
any particulate matter. This operatioﬁ was performéd under a laminar flow hood in é class
1000 clean room. The filtered polymer solution was collected in a class 1000 clean room
bottle. The final concentration of the polymer in solution was determined by gravimetric
analysis to be 45.0 wt. %. 20.0g of polymer solution was weighed into a 50-mL amber clean
room bottle. All additives were weighed out separately into 10-mL beakers and then
dissolved in 5.0g of amisole. The additive package included Rhodorsil® PI 2074 (4-
methylphenyl-4-(1 methylethyl)pﬁenyliodonium tetrakis(pentafluorophenyl)borate) available
from Rhodia. (0.2757g, 2.71 x 10-4 mol), SpeedCure® CPTX 1-chidro-4-propoxy-9H—
thiqxanthohe available from Lambson Group Inc. (0.826g, 0.271 rhmol), phenothiazine
(Aldrich Chemical Company) (0.054g, 0.271 mmol), and Irganox® 1076 antioxidant (3,5-di-
tert-buty1-4-hydroxyhydr0cinnafnate) from Ciba Fine Chemicals. (0.1378g, 2.60 x 10
mol). The materials were dissolved into 5.0g of anisole and the solution was filtered through
a 0.22 micron éyringe filter as it was added to the polymer soiﬁtion. The solution was rolled

at 50 rpm for 18 hours to disperse the additives in the polymer solution.

EXAMPLE 10
(Preparation of Photodefinable Composition)
256.5 g of the polymer obtained in Example 2 was used to prepare a 45 weight

% polymer solution in mesitylene a described in Example 9. 20.0g of the polymer solution
28
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(45.0 wt. % solids) was weighed into a 50-mL amber clean room bottle. Formulation
additives were weighed out separately into 10-mL beakers and then dissolved in 5.0g of
anisole. The additives were Rhodorsil® PI 2074 (4-methylphenyl-4-(1 methylethyl)
phenyliodonium tetrakis(pentafluorophenyl)borate) (0.184g, 0.181 mmol), Isopropyl-9H-
thioxanthen-9-one (First Cure ITX Albemarle 0.046g, 0.181 mmol), phenothiazine (Aldrich
Chemical Co. 0.036g, 0.181 mmol) and Irganox® 1076 antioxidant (CIBA Fine Chemicals)
(0.1378g, 2.60 x 10* mol). The materials were dissolved into 5.0g of anisole and the
solution was filtered through a 0.22-micron syringe filter as it was added to the polymer
solution. The solution was rolled at 50 rpm for 18 hours to disperse the additives in the

polymer solution.

EXAMPLE 11 ‘
(Preparation of Photod@ﬁnable Composition)
A polymer solution Was prepared using the 228.0 g of the iaolymer obtained in
Example 2. The polymer was placed into a 1-liter wide mouth glass bottle and 342.0g of

decahydronaphthalene was added. The bottle was sealed with a Teflon® linedApolyethylene

cap and the polymer was uniformly dispersed by rolling the bottle at 50 rpm for 18 hours.
The polymer solution was filtered through a 0.45 micron Teflon® filter to remove any
particulate matter. This operation was performed under a laminar flow hood in a class 1000
clean room. The filtered polymer solution was collected in a clean (0 particles greater than

0.5 microns —Eagle Pitcher Co.) glass bottle. The final concentration of the polymer in

" solution was, determined by gravimetric analysis to be 40.0 wt. %. 20.0g of polymer solution

was weighed into a 50-mL amber clean room bottle. All additives were Weighed out
separately into 10-mL beakers and then dissolved in 5.0g of anisole. The additive package
included Rhodorsil® PI 2074 (4-mefhfy1phenyl-4-(1 methylethyl)phenyliodonium
tetrakis(pentafluorophenyl)borate) avaﬂable from Rhodia. (0.2757g, 2.71 x 10-4 mol),
Isopropyl-9H-thioxanthen-9-one  (FirstCure ITX Albemarle 0.046g, 0.181 mmol),
phenothiazine (Aldrich Chemical Company) (0.054g, 0271 mmol), and Irganox® 1076
antioxidant (3,5-di-tert-butyl-4-hydroxyhydrocinnamate) from Ciba Fine Chemicals
(0.1378g, 2.60 x 10* mol). The materials were dissolved into 5.0g of anisole and the

“solution was filtered through a 0.22 micron syringe filter as it was added to the polymer

solution. The solution was rolled at 50 rpm for 72 hours to disperse the additives in the

polymer solution.

2
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EXAMPLE 12
(Preparation of Photodefinable Composition)

A polymer solution was prepared as set forth in Example 9. 20.0g of the
polymer solution containing the polymer synthesized in Example 1 (45.0 wt. % solids) was
weighed into a 50-mL amber clean room bottle. Formulation additives were weighed out
separately into 10-mL beakers and then dissolved in 5.0g of anisole. The additives were
Rhodorsil® PI 2074 (4-methylphenyl-4-(1 . 'methylethyl)phenyliodonium
tetrakis(pentafluorophenyl)borate) - (0.184g, 0.181 mmol), Isopropyl-9H-thioxanthen-9-one -
(FirstCure ITX 0.046g, 0.181 mmol), phenothiazine (Aldrich Chemical Co. 0.036g, 0.181
mmol) and Irganox® 1076 antioxidant (CIBA Fine Chemicals) (0.1378g, 2.60 x 10™* mol).
The ﬁateﬂals were dissolved into 5.0g of anisole and the solution was filtered through a
0.22-micron syringe ﬁiter as it was added to the polymér solution. The solution was rolled at
50 rpm for 18 hours to disperse the additives in the polymer solution.

EXAMPLE 13

(Preparation of Photodefinable Composition)
- A polymer solution was prepared as set forth in Example 11. 20.0g of
the polymer solution containing the polymer synthesized in Example 2 (40.0 wt. % solids)
was weighed into a 50-mL amber clean room bottle. Formulation additives were Weighed
out separately into 10-mL beakers and then dissolved in 5.0g of anisole. The additives were
Rhodorsil® PI 2074 (4-methylphenyl-4-(1 methylethyl)phenyliodonium |
tetrakis(pentafluorophenyl)borate) (0.184g, 0.181 mmol), Isopropyl-9H-thioxanthen-9-one
(FirstCure ITX 0.046g, 0.181 mimol), phenothiazine (Aldrich Chemical Co. 0.036g, 0.181
mmol), Irganox®' 1076 antioxidant (CIBA Fine Chemicals) (0.1378g, 0.26 mmol) and 3-

glycidoxypropyl trimethoxysilane (Sigmé—Aldrich) (0.4595g, 1.94 mmol). The materials

were dissolved into 5.0g of anisole and the solution was filtered through a 0.22-micron

syringe filter as it was added to the polymer solution. AThe solution was rolled at 50 rpm for

18 hours to disperse the additives in the polymer solution.

EXAMPLE 14
. (Preparation of Photodefinable Composition)
i A polymer solution was prepared as set forth in Example 9. 20.0g of

the polymer solution containing the polymer synthesized in Example 1 (45.0 wt. % solids)

was weighed into a 50 mL amber clean room bottle. Formulation additives were weighed out
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separately into 10 mL beakers and then dissolved in 5.0g of anisole. The additives were

| DTBPI-TF di(4-tertbuty1phényl)10donium triflate (PAG) (0.2757g, 5.08 x 10 mol) (Toyo
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Gosei Kogyo Tokyo), 9-methoxyanthracene (sensitizer) (0.1378g, 6.62 x 10™ mol), and
Irganox® 1076 antioxidant (0.1378g, 2.60 x 10* mol) (CIBA Fine Chemicals). The
materials were dissolved into 5.0g of mesitylene and the solution was filtered through a 0.22
micron syringe filter as it was added to the polymer solution. The solution was rolled at 50

rpm for 18 hours to disperse the additives in the polymer solution.

Example 15
(Formulation of Polymer Composition)

A A polymer solution was prepared as set forth in Example 9. 72.81g of the
polymer solution containing the polymer synthesized in Example 2 (45.0 weight % solution)
was Weighéd into 2 100mL amber clean room .boﬁle. Fofmhlation additives were weighed
out separately into 10-mL beakers and then dissolved in 5.0g of anisole. The additives were
Rhodorsil® PI 2074 (4-methylphenyl-4-(1 . methylethyl)phenyliodonium
tetrakis(pentafluorophenyl)borate) (1.6251g, 1.587 mmol), 1-ch10ro-4-propoxy-9H-
tﬁioxanthone (SpéedCure CPTX 0.4837g, 1.587 mmol), and Irganox® 1(576’ antioxidant
(CIBA Fine Chemicals) (0.1378g, 2.60 x 10 mol). The materials were dissolved into 5.0g
of anisole and the solution was filtered through a. 0.22-micron syringe filter as it was added to
the polymer solution.  To this solution was added the reactive solvent 1,4-
cyclohexanedimethanol divinyl ether (3.205g, 0.166 mol). The solution was rolled at 50 rpm

for 18 h@urs to disperse the additives in the polymer solution.

. 4 Example 16 ‘
(Imaging of Photodefinable Composition)

A 2.5g aliquot of the composition described in Example 9 was taken up in an
Eppendorf pipette and applied to a 4 inch Silicon wafer. The silicon wafer was spun using a
CEE 1000CB Wafer Spin Station at 500 rpm for 10 seconds followed by spinning at 1000
rpm for 60 seconds. The wafer was placed on a hot plate heated at 100° C for 10 minutes to
flash off the residual solvent. The wafer was imagewise exposed to 500 mJ/cm” at 365nm
radiation through a pattemed chrome plated glass mask on an AB M Mask Aligner. The

wafer was heated at 100° C for 20 minutes in a Despatch LND nitrogen oven to advance the

8 5 crosslinking reaction in the exposed regions of the polymer film. The pattern was developed
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by puddling the wafer under 20 mL of a limonene based solvent for 60 seconds, spinning the
wafer at 3000 rpm for 60 seconds to remove the solvent puddle and then spraying the wafer
with isopropyl alcohol for 10 seconds to fix the pattern. The wafer was then placed in a
Despatch LND nitrogen oven and baked at 200° C in order to complete the crosslinking

reaction.

Example 17
(Imaging of Photodefinable Composition)

A 2.5g aliquot of the composition described in Example 11 was taken up in an
Eppendorf pipette and applied to a 4 inch Silicon wafer. The silicon wafer was spun using a
CEE 1000CB Wafef Spin Station at 500 rpm for 10 seconds followed by spinningv at 1000
rpm for 40 seconds. The wafer was placed on a hot plate heated at 120° C for 5 minutes to
flash off the residual solvent. The wafer was image-wise exposed to 500 mJ /em?® of 365nm
radiétion through a patterned chrome plated glass mask on an AB M Mask Aligner. The
wafer was heated at 115° C for 15 minutes in a Despatch LND nitrogen oven to advance the
crosslinking reactioﬁ in the exposed regions of the polymer film. The pattern was developed
by puddling the wafer under 20 mL of a limonene based solvent for 60 seconds, spinning the
wafer at 3000 rpm for 60 seconds to remove the solvent puddle and then spraying the wafer
with 1sopropy1 alcohol for 10 seconds to fix the pattern. The wafer was then placed in a
Despatch LND nitrogen oven and baked at 160°C for 60 minutes in order to complete the
crosslinking reaction.

| EXAMPLE 18
(Imagiﬁg of Photodefinable Composition) -

A 2.5g aliquot of the composition described in Example 14 was taken up in an
Eppendorf pipette and applied to a 4 inch Silicon wafer. The silicon wafer was spun using a
CEE 1000CB Wafer Spin Station at 500 rpm fpr 10 seconds followed by spinrﬁng at 1000
rpm for 60 seconds. The wafer was placed on a hot plate heated at 100° C for 10 minutes to
flash off the residual solvent. Tﬁe wafer Was imagewise exposed to 500 mmJ/cm’ at 365nm
radiation through a patterned chrome plated glass mask on-an AB M Mask Aligner. The
wafer was heated at 100°C for 20 minutes in a Despatch LND nitrogen oven to advance the
crosslinking reaction in the exposed regions of the polymer film. The pattern was developed

by puddling the wafer under 20 mL of a limonene based solvent for 60 seconds, spinning the
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wafer at 3000 rpm for 60 seconds to remove the solvent puddle and then spraying the wafer
with isopropyl alcohol for 10 seconds to fix the pattern. The wafer was then placed in a
Despatch LND nitrogen oven and baked at 200° C in order to complete the crosslinking

reaction.

EXAMPLE 19
(Imaging of Photodefinable Composition)

A silicon oxynitride coated 4 inch silicon wafer was plasma treated in a March
CS-1701 Reactive Ion Etch unit using a 50/50 Argon/oxygen gas mixture at 300 mTorr
pressure and 300W power for 30 seconds. The cleaned wafer was placed éri the chuck of a
CEE 1000CB Wafer Spin Station and covered with a 10 mL aliquot of a solution of an
adhesion promoter (3-amihopropyl triethoxysilane) (5 weight % in ethanol /deionized water
95/5). The wafer was kept static_: (0_ rpm) for 60 seconds apd the spun at 3500 rpm for 60
seconds to remove the éxcess solution. The wafer was baked on a hot plate at 130° C for 30
minutes, removed from the hot plate, rinsed with ethanol for 15 seconds and then dried at
100° C for 10 minutes. A 2.5g aliquot of the resist éomposition described in Examplé 9 was
taken up in an Eppendorf pipette and applied to a 4 inch Silicon wafer. The silicon wafer was
spun using a CEE 1000CB Wafer Spin Station at 500 rpm for 10 seconds followed by
spinning at 1000 rpm for 60 seconds. The wafer was placed on a hot plate heated at 100° C
for 10 minutes to flash off the residual solvent. The wafer was imagewise exposed to 500
mJ/cm? at 365nm radiétion through a patterned chrome plated glass mask on an AB M Mask
Aligner. The wafer was heated at 100° C for 20 minutes in a Despatch LND nitrogen oven to
advance the crosslinking reaction in the exposed regions of the polymer film. The pattern
was developed by puddling the wafer under 20 mL of a limonene based solvent for 60
seconds, spinning the wafer at 3000 rpm for 60 seconds to remo»ve‘the solvent puddle and
then spraying the wafer with isopropyl alcohol for 10 seconds to fix the péuem. The wafer
was then placed in a Despatch LND nitrogen oven and baked at 200° C in order to complete
the crosslinking reaction. '

‘Example 20
(Imaging of Photodefinable Composition)
A25 g aliquot of the composition described in Examplek 13 was taken up in an
Eppendorf pipette and applied to a 4 inch Silicon wafer. The silicon wafer was spun using a
CEE 1000CB Wafer Spin Station at 500 rpm for 10 seconds followed by spinning at 1000
38
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rpm for 40 seconds. The wafer was placed on a hot plate heated at 120°C for 5 minutes to
flash off the residual solvent. The wafer was image-wise exposed to 500 mJ/em? of 365nm
radiation through a patterned chrome plated glass mask on an AB M Mask Aligner.. The
wafer was heated at 115°C for 15 minutes in a Despatch LND nitrogen oven to advance the
crosslinking reaction in the exposed regidns of the polymer film. The pattern was developed
by puddling the wafer under 20 mL of a limonene based solvent for 60 seconds, spinning the
wafer at 3000 rpm for 60 seconds to remove the solvent puddle and then spraying the wafer
with isopropyl alcohol for 10 seconds to fix the pattern. The wafer was then placed in a
Despatch LND nitrogen oven and baked at 160°C for 60 minutes in order to complete the
crosslinking reaction. |

" EXAMPLE 21
(Spray Developing)
In this example, a resist composition is formulated and imaged using the same
procedures, ingredients and amounts as set forth in Example 19. The pattern is developed by
spraying the wafer with the limonene based developer for 60 seconds and then with isopropyl ‘

alcohol for 10 seconds. ‘The sample is cured at 200°C as set forth above.

EXAMPLE 22
This example demonstrates that the polymers contained in the compositions of
the present invention can be cured at a temperature below the Tg of the polymer. A
composition was formulated, imaged and developed as set forth in Example 19. The final
cure was carried out m a Despatch LND nitrogen oven at 160° C for 1 hour. The polymer
contained in the formulation had a Té of 180 ° C as measured by D_MA.‘. The polymer
exhibited a Tg of approximately 255° C after the final cure.

EXAMPLE 23
A resist composition was formulated, imaged and developed as set forth in
Example 15. The entire polymer film was then exposed to 500 mJ/cm® of 365nm UV
radiation in a non-imagewise manner to induce the additional crosslinking of any unreacted
epoxy groups. A final cure was carried out in a Despatch LND nitrogen oﬁzen at 120° C for 2
hours. After curing the polymer exhibited a Tg of approximately 257° C.
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EXAMPLE 24
(Imaging of Photodefinable Composition)
In this example, a composition was fofmulated as set forth in Example 15.
The photodefinable polymer composition was imaged and developed using the same
procedures as set forth in Example 19. The pattern was developed by spraying the wafer
with the limonene based developer for 60 seconds and then with isopropyl alcohol for 10
seconds. The imaged and developed polymer sample was then exposed to 500 mJ/cm2 of
365nm UV radiation. The sample was cured at 120°C for 1 hour in a Despatch LND nitrogen

OVEI.

EXAMPLE 25 ,
In this example, the composition set forth in Example 9 was applied to a

silicon wafer as follows. The wafer is placed on a flat, leveled table and fixed in place with
masking tape. A doctor blade with a nominal gap of 12 mils (300 microns) was placed
adjacent to the wafer. 15mL of the solution was applied to one edge of the wafer. The doctor
blade is drawn across tlie wafer to uniformly spre.ad the solution across the wafer surface.
The wafers were placed in a nitrogen oven set at 90° C and allowed fo dry for 45 minutes.
The wafers were then exposed imagewise to 500 mJ/cm® of 365nm UV radiation through a
chrome plated glass mask. The wafers were returned to the nitrogen oven and baked at 90°C
for 20 minutes to advance the crosslinking reaction. The pattern was developed by spraying
the wafer for 90 seconds with a limonene-based developer solvent. The film was rinsed with
isopropyl alcohol for 15 seconds to fix the image. A gnd p.attern of 300 micron diameter

circular vias was opened in the film.

A EXAMPLE 26
(Imaging of Photodefinable Composition)

In this example, a composition formulated as set forth in Example 9, was
applied to two silicon oxynitride coated silicon wafers and exposed imagewise to 500 mJ/cm?

of 365nm radiation in the manner described in Example 16. The exposed wafers were then

“processed as follows:

- Wafer No. Bake Bake Time
Temperature

1 90°C 20 minutes

120°C 15 minutes
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The pattern was then developed by spraying the wafer with a limonene based
developer for 60 seconds and then rinsing with isopropyl alcohol for 10 seconds to fix the
pattern. The Wafers were then baked in a nitrogen oven for 1 hour at 160° Cto complete the
crosslihking reaction. A pattern of 300 micron diameter circular vias was developed in the
dielectric film. . The wafers were broken so that Scanning Electron Microscopy could be
performed. Through SEM imaging, the slope angles of the sidewalls of the 300 micron vias

were measured and recorded as follows:

Wafer # Side wall slope angle

1 - 78.4°

2 60.8°

In the application of polymer compositions as diélectric léyefs it is necessa;y
to open vias to permit the routing of electrical cormeétions between the active IC chip and the
substrate to which the IC is attached. Optimum feliability ;ﬁerformance of these interconnects
is achieved when the via openings possess sloped side walls which result in Jower mechanical
stresses accumﬁlating in the metal wiring that passes through the vias. In existing
6ompositions, such sloped sidewalls are the product of shrinkage, on the order of 40-50%, of
the resist composition during the final cure stage. It is a unique characteristic of this resist
composition that sloped via sidewalls can be obtained even though minimal shrinkage, ~10%,
is observed during the final cure.

‘ EXAMPLE 27
(Ifnaging of Photodefinable Composition)

5g of the polymer obtained in Example 4 is dissolved in 5g of electronic grade
Amesitylene, The solution is rolled for 18 hours to dissolve the polymer.' The polymer
solution is filtered through a 0.45-micron filter to rerﬁove any particulates. To the solution is
added 0.15g (0.148 mmol) of Rhodorsil® 2074 photoinitiator and 0.75g (2.4 mmol) of
Speedcure® CTPX (Lambson Group Ltd.). The solution is rolled for 18 hours to completely
disperse the photoactive compounds. A inch silicon oxynitride wafer is spin coated with 2.5g
of the polymer solution. The resulting coating is soft baked by heating at 100° C on a hot
plate for 10 minutes. The film is patterned by exposing it imagewise to 500 m/em? of 365
nm (I line) radiation through a chrome plated glass mask. The resulting pattern in the
polymer film is enhanced by heating the wafer in a nitrogen oven at 100° C for 20 minutes.
The pattern is developed by spraying the film with limonene for 60 seconds to dissolve the
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unexposed regibns of the film. The wet film is then rinsed with isopropyl alcohol for 15

seconds. The film is cured for 60 minutes at 200°C under a nitrogen atmosphere. .

EXAMPLE 28
(Imaging of Photodefinable Composition)
In this example, a composition is formulated, imaged and developed using the
same procedures, ingredients and amounts as set forth in Example 26, except that the

polymer synthesized in Example 4 is employed as the photodefinable material.

EXAMPLE 29
(Imaging of Photodefinable Composition). .
In this exa:m;')'le, a composition was fdmiﬁlated, imaged and developed using
the same procedures, ingredients and amounts as set forth in Example 27, except that the

polymer synthesiied ‘in Example 7 was employed as the photodefinable material.

EXAMPLE 30 _
. (Imaging of Photodefinable Composition)
Imaging of a polymer film formulated and cast from the polymer obtained in
Example 9 was '.performed .on a 4 inch diameter silicon oxynitride wafer. The wafer was
subjected to successive rinses (30 seconds each) with chloroform, methanol, deionized water,
and isopropyl alcohol. Each of the solvent rinses was delivered from a polyethylene wash

bottle.

EXAMPLE 31
(Imaging of Photodefinable Composition)

The polymer (25g) obtained in Example 9 was dissolved in 30.5g of
mesitylene (Aldrich Chemical Co.) to achieve a 45 % solids concentration based on the total
weight of the polymer and solvent. 0.50g (0.92 mmolof DtBPI-TF
di(tertbutylphenyl)iodonium triflate PAG (Toyo Gosei Co. Ltd.) and 0.25g (1.2 mmol) of 9-
methoxyanthracene where weighed out and dissolved in 5 mL of mesitylene. The solution
resulting solution was filtered thorough a 0.22 micron syringe filter before addition to the
polymer solution. The solution containing the photoactive compounds was rolled for 18

hours to completely disperse the constituents.
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The polymer solution was applied to the cleaned wafer by dispensing 2.5
grams of the solution onto the wafer surface. The wafer was then spun at 500 rpm for ten
seconds, followed by an addition spin cycle at 1000 rpm for 60 seconds. The wafer was soft
baked on a hot plate at 100° C for 10 minutes to remove residual solvent. The cast polymer
film was exposed imagewise to 500 mJ/cm? of 365-nm radiation through a chrome metal
plated glass mask. The cure was advanced hy thermally baking the wafer in a convection
oven at 100° C for 20 minutes under an atmosphere of nitrogen gas. The pattern was then
developed puddling the wafer with a limonene based developer solvent for 60 seconds. The
wafer was spun at 3000 rpm to throw off the solvent and partially dry the sample. The
developed film was then rinsed with isopropyl alcohol and dried by heating on a hot plate at

100°C for 60 seconds With this procedure circular vias w1th a d1ameter of 300 microns were

Opened through the ﬁlm The resulting patterned film was then cured at 200° C for 1 hour in
a convection oven under an atmosphere of nitrogen in order to advance the cure of the epoxy

crosslinking groups to completion.

EXAMPLE 32
(Imaging of Photodefinable Composition)
A polymer solution containing 45 % solids similar to the composition in
Example 30 was formulated except that a 70/30 copolymer containing repeating units
polymerized from decyl norbomene/glycidyl methyl ether norbornene was utilized. A
solvent rinsed silicon oxynitride wafer was exposed to an oxygen/argon plasma (50/50) for
31xty seconds in a March CS-1701 R.LE. Plasma Etcher powered by a Seren R600 operatmg
at 13.56 MHz. The etched wafer was then mounted on the spin chuck of a Brewer Science

Model 100CB spinner. A solution of adhesion promoter (prepared by dissolving a 10ml

“aliquot of 3-aminopropyl triethoxysilane in 200ml of ethanol/deionized water (95/5) solution

and aged for 1 hour at ambient temperature) was applied to the wafer by puddling 15 ml of
the solution on the wafer surface and holding the wafer static for sixty seconds. The wafer
was then spun at 3500 rpm for sixty seconds. During the first fifteen seconds of the spin
cycle the wafer surface was rinsed with 50 ml of an ethanol/water (95/5) solution. The wafer
was then dried on a hot plate at 100°C for sixty seconds. The solution was applied to the
treated wafer by dispensing 2 g of the solution onto the static wafer surface. The wafer was
then spun at 500 rpm for ten seconds followed by an additional spin cycle at 1500 rpm for
forty seconds. The wafer was transferred to a hot plate where it was soft baked at 100° C for

20 minutes to remove residual solvent. The resulting polymer film was measured by
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profilometry and found to be 25 microns thick. The polymer film was patterned by exposing
it to 500 m)/cm? of 365nm radiation through a metallized glass mask. The paﬁem was
advanced by thermally baking the wafer in a convection oven at 100° C for 20 minutes under
an atmosphere of nitrogen gas. The film was sprayed with a limonene based developer

solvent for 60 seconds to develop the pattern. The wet film was then rinsed with isopropyl

alcoho! and dried by heating on a hot plate for 60 seconds at 100° C. The developed pattern

gave 50 to 300 pM via openings with a resolution down to an aspect ratio of 2:1 via
diameter: film thickness. The patterned film was then cured at 200° C for 1 hour in a
convection oven under an atmosphere of nitrogen in order to advance the cure of the epoxy

crosslinking groups to 'complgation.

 EXAMPLE 33
(Imaging of PhotodeﬁnaBle Composition) 4
The same composition utilized in Example 32 was applied to applied to a.
silicon oxynitride wafer and imaged utilizing the same procedures set forth in Example 32

except that the wafer was treated with a different adhesion promoter. A 2-micron thick layer

of a photosensitive polyimide (PI 2771 available from HD Microsystems) was applied to the o

wafer surface, patterned, developed and cured according to the processing guidelines for the
polyimide material. The wafer was exposed to an oxygen/argon plasma (50/50 feed ratio)
using a 96 sccm/second feed rate, for sixty seconds. The patterned, developed and cured

coating contained 50 to 300 uM via openings with a resolution down to an aspect ratio of 2:1

. via diameter : film thickness.

" The present invention has been described with reference to specific details of
particular embodiments thereof. It is not intended that such details be regarded as limitations
upon the scope of the invention except insofar as and to the extent that they are included in

the accompanying claims.
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CLAIMS

1. A copolymer composition comprising a copolymer having two or more repeat
units of structural formula I:
: o
_.._R2
<R’
=R (@

wherein X is selected from O, -CH;-, and -CH,-CH,-~; m is an integer from 0 to 5; and*each
occurrence of R', R?, R? and R* is independently selected from one of the following groups:
| (@ H, Ci to Cus linear, branched, and cyclic alkyl, aryl, aralkyl, alkaryl,
alkenyl! and alkynyl; . |
(b) C, to Cys 1inear, branched, and cyclic alkyl, aryl, aralkyl, a]karyl,
alkenyl and alkynyl containing one or more hetero atoms selected from O, N, and Si;

©) an epoxy containing group of sh'ucmrgl formula II:

—_— A.___ O_CR23R24 e AN (H)

wherein A isa linking group selected from C; to Cg linear, branched, and cyclic alkylene, and
R? and R* are independently selected from H, methyl and ethyl; '
(d)  anepoxy containing group of structural formula III:

—_C _E O-CRZIRZZ-CR”R”;}- O:CR23R24—A
' p SR €413

wherein p is an integer of from zero to 6, R® and R* are as defined above, and each
occurrence of R aﬁd R* are independently selected from H, methyl and ethyl;

@  (CH)C(O)OR?, -(CH).C(O)OR®, ~(CH)O0R’, CHOC(OR’,
-(CH2).C(O)R®, and -(CH,),OC(O)ORS; and '

® any combination of two of R', R?, R’, and R* linked together by a
linking group selected from C; to Cas linear, branched, and cyclic aH{ylene and alkylene aryl,
wherein n is an integer of from 1 to 25, R is an acid labile group and R is selected from H,
C; to Cg linear, branched, and cyclic alkyl, an epoxy containing group of structural formula II
as defined above; and
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wherein a portion of the repeat units having structural formula I contain at

least one epoxy functional pendant group.

2. A photodefinable dielectric composition comprising:
5 the copolymer composition of claim 1, and

a material that photonically forms a catalyst.

3. The photodefinable dielectric composition of claim 2 used to form a
photodefinable layer on a substrate by: '
10 providing a substrate;
coating at least one side of the substrate with a compositibn comprising the
" photodefinable dielectric composition to form a }coated‘lafyer;
exposing the coated layer to radiation; and
curing the radiation-exposed layef.
15
4, The photodefinable dielectric composition of claim 2 used to form a
a photodefinable layer on a substrate by: . .
| providing a substrate;
fixing a film by depositing a solution comprising the photodefinable dielectric
2 0 composition onto at least one side of the substrate to form a film;

thermally curing the solution.
5. AlowK composition comprising the cormposition of any one of claims 1-4.

25 - 6. The low K composition of claim 5, wherein the composition has a dielectric

constant of less than 3.3.

7. The composition of any of claims 1-6, wherein the acid labile group R’ is

selected from the group comsisting of —C(CHi)s, -Si(CHs);, -CH®R')CH,CHj;, -

30 CH®RC(CHi)s, Hdicyclopropyhnethyl, dimethylcyclopropylmethyl, and a compound
described by one or more of structural formulas IV - X: .
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H3C._——— _-CHs

I VD,
(VH)a i (VII), \@ (IX) and
X) '

wherein R’ is selected from H andlcl to Ce hnear, branched, and cyclic alkyl.

8.  The composition of any of claims 1-7, wherein the copolymer further

15 comprises one or more repeat units selected from repeat units having structural units XI -

)@:K; >@S1 (OR'2),., RIS

3 0 wherein X is defined as above, yis 0, 1 or 2; R' is selected from C; to Cg linear, branched,

XV

20 Y (X,

25

and cyclic alkyl; and R is selected from H and C; to Cy linear and branched alkyl.
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9. The composition of any of claims 1-8, wherein the repeat units having
structural formula I containing an epoxy functional group comprise from 15 mole % to 95

mole % of the copolymer.

10.  The composition of claim 9, wherein the copolymer has a moisture absorption

of less than 2 weight percent and a dielectric constant of less than 3.3.

11: " The composition of any of claims 1-10, wherein the copblymer has a modulus
of from 0.1 GPato 3 GPa.

12. - The composition of any of claims 1-11, wherein the copolymer has a glass

transition temperature of from 170°C to 350°C.

13.  The composition of any of claims 1-12, wherein the Weight average molecular
weight of the copolymér is from 10,000 to 500,000 as determined by gel permeation

chromatography using poly(norbornene) standards.

14, The composition of any of claims 1-13 further comprising a solvent selected
from reactive and non—réactive compounds in the group consisting of hydrocarbon solvents,
aromatic solvents, cycloélibhatic cyclié ethers, cyclic ethers, acetétes, esters, lactones,
ketones, amides, aliphatic mono-vinyl ethers, aliphatic multi-vinyl ethers, cycloaliphatic

mono-vinyl ethers, cycloaliphatic multi-vinyl ethers, aromatic mono-vinyl ethers, aromatic

' multi-vinyl ethers, cyclic carbonates and mixtures thereof,

15.  The composition of claim 14, wherein the solvent is selected from the group
consisting of cyclohexane, benzene, toluene, xylene, mesitylene, tetrahydrofuran, anisole,
terpenoids, cyclohexene oxide, a-pinené oxide,  2,2’-[methylencbis(4,1-
phenyleneoxymethylene)]bis-oxirane, 1,4-cyclohexanedimethanol ‘divinyl ether, bis(4-

vinyloxyphenyl)methane, cyclohexanone and decalin. |

16.  The composition of any of claims 1-15, wherein the copolymer is a copolymer
comprising 65-75 mole % of a first repeat unit of structural formula 1, wherein R}, R?, and R®

are H, and R* is decyl, and 25-35 mole % of a second repeat unit of structural formula 1,
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wherein R!, R?, and R® are H, and R*is an epoxy containing group of structural formula I, -

wherein A is methylene and R* and R* are H.

17.  The composition of any of claims 2-4, wherein the material that photonically

forms a catalyst is a photoacid generator.

18.  The composition of claim 17, wherein the photoacid generator comprises one
or more compounds selected from the group cohsisting of onium salts, halogen-containing

compounds, and sulfonates.

19.  The composition of claim 18, wherein the photo'acid generator comprises one

or more selected from the group consisting of 4,4’-ditertiarybutylphenyl iodonium triflate;

4,4’ 4”-ris(tertiary butylphenyl)sulphonium triflate; diphenyliodonium
tetrakis(pentafluorophenyl)sulphonium borate; triarylsulphonium-
tetrakis(pentaﬂuorophenyl)—borate; ‘ triphenylsulfonium

tetrakis(pentafluorophenyl)sulphonium ~ borate; 4.4’ -ditertiarybutylphenyl  iodonium
tetralds(pentaﬂuoroﬁhenyl) , borate; - tris(tertiary butylphenyl)sulphonium
tetrakis(pentafluorophenyl) bérate and (4-méthylphenyl—4-(1-methylethyl)phenyl iodonium
tetrakis(pentaﬂubrophenyl) borate. » | |

20.  The composition of claim 18, wherein the photoacid generator is present at .

from 0.1 to 10 percent by weight of the composition.

21.  The composition of any of claims 2-4, further comprising one or more
components selected from the group consisting of one or more sensitizer components, one or
more solvents,'one or more catalyst scavengers, one or more adhesion promoters, one or
more antioxidants, one or more fire retardants, one or more stabilizers, one or more reactive

diluents and one or more plasticizers.

22. ' The composition of claim 21, wherein the sensitizer component comprises one
or more selected from the group consisting of anthracenes, phenanthrenes, chrysenes,
benzpyrenes, fluoranthenes, rubrenes, pyrenes, xanthones, indanthrenes, and thioxanthen-9-

ones.

44



10

15

20

25

3¢

WO 2004/006020 . PCT/JP2003/008407

23.  The composition of claim 22, wherein the sensitizer component comprises one
or more selected from the group comsisting of 2-isopropyl-9H-thioxanthen-9-one, 4-

isopropyl-9H-thioxanthen-9-one, 1-chloro-4-propoxythioxanthone, and phenothiazine.

24.  The composition of claim 22, wherein the material that photonically forms a
catalyst is a photoacid generator and the sensitizer componeﬁt is present at from 0.1 to 10

percent by weight of the composition.

25.  The composition of claim 21, wherein the catalyst scavenger is an acid

scavenger.

26.  The composition of claim 25, wherein the acid scavenger component is

selected from one or more secondary amines and tertiary amines.

27. The composition of claim 26, wherein the acid scavenger component
comprises one or more selected from the group consisting of pyridine, phenothiazine, tri(n-

propyl amine), triethylamine, and lutidine in any of its isomeric forms.

28.  The composition of claim 25, wherein the material that photonically forms a
catalyst is a photoacid generator and the acid scavenger is present at from 0.1 to 5 parts per

part of i)hotoaéid generator.

29.  The composition of claim 21, wherein the solvent comprises reactive and non-

reactive compounds selected from hydrocarbon solvents, aromatic solvents, cycloaliphatic

cyclic ethers, cyclic ethers, acetates, esters, lactones, ketones, amidés, cycloaliphatic viﬁyl

ethers, aromatic vinyl ethers, cyclic carbonates and mixtures thereof.,

30.. The coﬁposition of claim 29, wherein the solvent compris;'s reactive and non-
reactive compounds selected from the group consisting of cyclohexane, benzene, toluene,
xylene, mesitylene, tetrahydrofuran, anisble, cyclohexene oxide, o-pinene oxide, 2,2°-
[methylenebis(4,1-phenyleneoxymethylene)]bis-oxirane, 1,4-cyclohexanedimethanol divinyl

ether, bis(4-vinyloxyphenyl)methane, cyclohexanone and decalin.
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31. The composition of claim 21, wherein the adhesion promoter comprises one
or more compounds described by structural unit XVI:
RISZ(R93Q)3.ZSi —R&—0-CH2 ,_Z& (XVI)
wherein z is 0, 1 or 2; R¥isa linking group selected from C; to Cy linear, branched, and
cyclic alkylene, alkylene oxide containing from 2 to 6 carbon atoms and poly(alkylene
oxide), wherein the alkylene portion of the repeat groups contain from 2 to 6 carbon atoms
and the poly(alkylene oxide) has a molecular weight of from 50 to 1,000; each occurrence of
R’ is independently selected from C; to Cy4 linear and branched, alkyl and each occurrence of
R is selected from H and C; to Cy4 linear and branched alkyl.

32. The coniposition of claim 21, wherein the reactive diluent }c'omprise onef or
more compoﬁnds selected from epoxides and compounds described by structural units XVII
and XVIII:

CH2=CH-O-R1°-O-CH=CH2 (XVID)
CH,=CH-O-R'' (XVII)
wherein R' is a linking group selected from C; to Caq linear, branched, and cyclic alkylene,
arylene and alkylene aryl, alkylene oxide containing from 2 to'6 carbon atoms, poly(alkylene
oxide), wherein the alkylene poftion of the repeat groups contain from 2 to 6 carbon atoms
and the poly(alkylene oxide) has a molecular weight of from 50 to 1,000, -[-R"*-N-C(0)-0-

e R"-, wherein each occurrence of R" is independently selected from C; to Cao linear,

25

30

branched, and cychc alkylene arylene and alkylene aryl and m is an integer of from 1.to 20;
and R!! is selected from C to Cy linear and branched, alkyl and alkylol.

33.  The composition of claim 21, wherein the one or more reactive diluents
comprise diluents selected from the group consisting of 1,4-butanediol divinyl ether, 1,6-
hexanediol divinyl ether, 1,8 -octanediol divinyl ether, 1,4-dimethanolcyclohexane divinyl
ether, 1,2—efhylene glycol divinyl ether, 1,3-propylene glycol divinyl ether, ethyl viny! ether,
propyl vinyl ether, butyl vinyl ether, isobutyl vinyl ether, cyclohexyl vinyl ether, octyl vinyl
ether, decyl vinyl ether, dodecyl vinyl ether, octadecyl vinyl ether, 1,4-butanediol vinyl ether,

1,6-hexanediol vinyl ether and 1,8-octanediol vinyl ether.

34.  The composition of claim 3, wherein a pattern is defined in the cured layer.
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35. The composition of claim 3, wherein the radiation for exposing is provided by

photon radiation or an electron beam..

36.  The composition of claim 35, wherein the photon radiation is ultraviolet

5 radiationata Wavelength of from 300nm to 500nm:
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37.  The composition of claim 3, wherein the dose of radiation for exposing is

from 100 mJ/cm” to 2,000 mJ/cm?,
38.  The composition of claim 3, wherein the layer is imagewise exposed.
39.  The composition of claim 3, wherein the layer is déveloped.

40.  The composition of claim 3, wherein the curing step is carried out at from |

90°C to 200°C for a period of from 1 minutes to 60 minutes.

41, The composition of claim 3, wherein the layer has a film thickness of from 0.1

to 250 microns.

42.  The composition of claim 3, wherein a soft baking step is included after

applying the coating solution, wherein the soft baking step comprises exposing the coated

substrate to a temperature of from 90°C to 140°C for a period of from 1 minute to 30

minutes.

43.  The composition of claim 3, wherein the exposure of the coated substrate to
radiation is conducted through a photomask and the radiation is }supplied by one or more of

an X-ray, electron beam, ultraviolet radiation, and visible radiation.
44.  The composition of claim 39, wherein the coated substrate is developed using

a solvent development method selected from spray development, puddle development, and

immersion development.
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45.  The composition of claim 44, wherein the developer used develop the coated
substrate comprises one or more selected from the group conmsisting of Limonene,

mesitylene, decalin and toluene.

46.  The coniposition of claim 3, wherein a final cure step is included, whereby the -

coated substrate is heated to 100°C to 200°C for from 30 minutes to 120 minutes..
47 The composition of claim 4, wherein a pattern is defined in the cured solution.

48.  The composition of claim 47, wherein the pattern is formed using an etching

technique,

49,  The composmon of claim 4, wherein the thermally curing step is conducted at
from 90°C to 200°C.

50.  The composition of claim 48, wherein the etching technique i Is selected from

reactive ion etching and laser ablation.

51.  An electrical or electronic device mcludmg a layer formed from the

comp051t10n of any of claims 2-4.

52. The electrical or electronic device of claim ‘51 wherein the device is a

semiconductor device in a semiconductor device package.

53. The electricél or electronic device of claim 52, wherein the device is selected
from a logic chip, a passive device, a memory chip, a Iﬁicroelectromechanibal system
(MEMS) chip, a microoptoelectromechanical systems (MOEMS) chip, and an apphcatlon
spec1ﬁc integrated circuit (ASIC) chip.

54, An elecirical or electronic device including a layer formed from the

composition of any of claims 2-4 as a permanent insulative material.

55. An electrical or electronic device including a layer formed from the

composition of any of claims 2-4 as a barrier layer.
48
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56.  Anelectrical or electronic device including a layer formed from the

composition of any of claims 2-4 as a stress buffer layer in a semiconductor device package.
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