
METHOD FOR IMPRINT LITHOGRAPHY UTILIZING AN ADHESION
PRIMER LAYER  TECHNICAL FIELD  5The invention provides
a method of applying an adhesion primer layer for an
imprint lithography process. The method allows
adhesion primer coating for double-sided imprinting
applications including patterned magnetic media.
BACKGROUND 10[0001]Nano-fabrication involves the
fabrication of very small structures, e.g., having
features on the order of nanometers or smaller. One
area in which nano-fabrication has had a sizeable
impact is in the processing of integrated circuits. As
the semiconductor processing industry continues to
strive for larger production yields while increasing
thc circuits per unit area formed on a substrate,
nano-fabrication becomes increasingly important.
Nano-fabrication provides greater process control
while allowing  15 increased reduction of the minimum
feature dimension of the structures formed. Other
areas of development in which nano-fabrication has
been employed include biotechnology, optical
technology, mechanical systems and the like. [0002]An
exemplary nano-fabrication technique is commonly
referred to as imprint lithography. Exemplary imprint
lithography processes are described in detail in
numerous publications, such as U.S.  20 Patent
Application Publication No. 20040065976 to Sreenivasan
et al., entitled "Method and a Mold to Arrange
Features on a Substrate to Replicate Features having
Minimal Dimensional Variability;" U.S. Patent
Application Publication No. 20040065252 to Sreenivasan
et al., entitled "Method of Forming a Layer on a
Substrate to Facilitate Fabrication of Metrology
Standards;" and United States Patent No. 6,936,194 to
Watts, entitled "Functional Patterning Material for
Imprint Lithography Processes;" all of 25which are
incorporated by reference herein. [0003]The
fundamental imprint lithography technique disclosed in
each of the aforementioned United States patent
application publications and United States patent
includes formation of a relief pattern in a
polymerizable layer and transferring a pattern
corresponding to the relief pattern into an underlying
substrate. The substrate may be positioned upon a
motion stage to obtain a desired position to
facilitate  30 patterning thereof. A template is
employed spaced-apart from the substrate with a
formable liquid present between the template and the
substrate. The liquid is solidified to form a
solidified layer that has a pattern recorded therein
that is conforming to a shape of the surface of the
template in contact with the liquid. The template is
then separated from the solidified layer such that the
template and the substrate are spaced-apart. The
substrate and the solidified layer are then subjected
to processes to transfer, into the substrate, a
35relief image that corresponds to the pattern in the
solidified layer. [0004]Referring to FIG. 1, the basic
concept behind imprint lithography is forming a relief
pattern 



on a substrate that may function as, inter alia, an
etching mask so that a pattern may be formed into the
substrate that corresponds to the relief pattern. A
system 10 employed to form the relief pattern includes
a  stage 11 upon which a substrate 12 is supported,
and a template 14 having a mold 16 with a patterning
surface 18 thereon. Patterning surface 18 may be
substantially smooth and/or planar, or may be
patterned so that one or more recesses are formed
therein. Template 14 is coupled to an imprint head 20
to facilitate movement of template 14. A fluid
dispense system 22 is coupled to be selectively placed
in fluid  5 communication with substrate 12 so as to
deposit polymerizable material 24 thereon. A source 26
of energy 28 is coupled to direct energy 28 along a
path 30. Imprint head 20 and stage 11 are configured
to arrange mold 16 and substrate 12, respectively, to
be in superimposition, and disposed in path 30. Either
imprint head 20, stage 11, or both vary a distance
between mold 16 and substrate 12 to define a desired
volume therebetween that is filled by polymerizable
material 24. 10[0005]Typically, polymerizable material
24 is disposed upon substrate 12 before the desired
volume is defined between mold 16 and substrate 12.
However, polymerizable material 24 may fill the volume
after the desired volume has been obtained. After the
desired volume is filled with polymerizable material
24, source 26 produces energy 28, which causes
polymerizable material 24 to solidify and/or
cross-link, forming polymeric material conforming to
the shape of the substrate surface 25 and mold surface
18.  15 Control of this process is regulated by
processor 32 that is in data communication with stage
11 imprint head 20, fluid dispense system 22, and
source 26, operating on a computer-readable program
stored in memory 34. [0006]One criterion associated
with accurately transforming a pattern into a
polymerizable material is to reduce, if not prevent,
adhesion to the template of the solidified layer,
while ensuring suitable adhesion  20 to the substrate.
This is referred to as preferential release and
adhesion properties. By preferential release and
adhesion, the pattern recorded in the solidified layer
is not distorted during separation of thc template.
[0007] A method to improve the adhesion of the
solidified layer to the substrate is to introduce an
adhesion primer layer (or primer layer). The adhesion
primer layer needs to adhere well to both the
solidified layer and the substrate. Currently, the
adhesion primer layer is put down by a spin coating
25 method. After one side is coated, the wafer is
flipped and the coated side physically touches part of
spin coating apparatus in order to coat the second
side. The physical contact between the spin coating
apparatus and the coated surface can result in
particle contamination of the adhesion primer layer.
In addition, utilizing the spin coating process to
apply the adhesion primer layer may limit the overall
throughput of the process. 30 SUMMARY  [0008]This
invention relates to a method for an imprint
lithography process utilizing an adhesion primer
layer. In general, in one aspect, the invention
features a method including the steps of: (a)
contacting a fluid with a surface of a substrate in a
coating process, wherein a component of the fluid has
a  35 first functional group on a first end of the
component and a second functional group on a second
end of the component; (b) initiating a first chemical
reaction that forms a first covalent bond between the
first end of the component and the surface of the
substrate such that an adhesion primer layer is
adhered to the surface  of the substrate; and (c)
adhering a polymeric layer to the surface of the
substrate with an imprint lithography process. The
adhering includes: (i) depositing a polymerizable
material on the adhesion primer layer on the surface
of the substrate, (ii) initiating polymerization of
the polymerizable material to form a polymeric layer,
and (iii) initiating a second chemical reaction
between the second functional group of the 



5 component in the adhesion primer layer and the
polymerizable material to adhere the polymeric layer
to the surface of the substrate. [0009]Implementations
of the invention can include one or more of the
following features. Some embodiments include
substantially simultaneously contacting the fluid with
the surface of the substrate and with a second surface
of the substrate in the coating process, and
substantially simultaneously adhering the  10 adhesion
primer layer to the surface of the substrate and a
second adhesion primer layer to the second surface of
the substrate. Some embodiments may further include
adhering a second polymeric layer to the second
surface of the substrate with an imprint lithography
process, wherein the adhering comprises: (a)
depositing a second polymerizable material on the
second adhesion primer layer on the second surface of
the substrate, (b) initiating polymerization of the
second polymerizable material to form a second
polymeric  15 layer, and (c) initiating the second
chemical reaction between the second functional group
of the component in the second adhesion primer layer
and the second polymerizable material to adhere the
second polymeric layer to the second surface of the
substrate. The surface of the substrate and the second
surface of the substrate may be substantially
parallel. [0010]The component may include a first
functional group at the first end of the component.
The  20 first functional group may be a leaving group.
In some embodiments, the fluid is a vapor, and the
coating process is a chemical vapor deposition
process. The vapor may be formed from a liquid. In
some embodiments, the fluid is a liquid, and the
coating process is a dip-coating process. The fluid
may include an additional component, and the method
may include copolymerizing the component with the
additional component. In some embodiments, initiating
the first chemical reaction includes heating.
Initiating the 25second chemical reaction may include
exposing the polymerizable material to UV radiation.
[0011] In some embodiments, the substrate includes
silicon. The substrate may be chosen from a group
consisting of silicon, silicon oxide silicon nitride,
tantalum, aluminum, quartz, and fused silica. The
substrate may include magnetic media. [0012]In another
aspect, the invention features a method including
contacting a substrate with a  30 multi-functional
component, covalently bonding the tetravalent atom of
the first end of the multi-functional component to the
substrate to fonn an adhesion primer layer; and
covalently bonding the second end of the
multi-functional component to a polymerizable material
during an imprint lithography process. The
multifunctional component includes a first end, a
second end, and a linker group between the first end
and the second end. The first end includes a
tetravalent atom, and the linker group is a
hydrocarbon group with up 35to three carbon atoms.
[0013]Implementations of the invention can include one
or more of the following features. The
multi-functional component may have a boiling point
that is at most about 350C and/or a viscosity that is
at most about 100 cP. The linker group may be -CH2-.
The tetravalent atom may be silicon.
[0014]Themulti-functionalcomponentmaybeacryloxymethylt
rimethoxysilane, 5 Acryloxymethyltriethoxysilane,
acryloxypropyltrichlorosilane, and/or
acryloxypropyl-tritnethoxysilane. In some embodiments,
the substrate may be contacted with one or more
additional components. An additional component may be
1,2-bis(trimethoxy-silyBethane and/or
1,6-bis(trichlorosilyl)hexane. The substrate may
include silicon. In some embodiments, the substrate is
chosen from a group consisting of silicon, silicon
oxide silicon nitride, tantalum, aluminum, quartz, and
fused silica. 10[0015]In further embodiments, features
from specific embodiments may be combined with
features from other embodiments. For example, features
from one embodiment may be combined with features from
any of the other embodiments. In further embodiments,
additional features may be added to the specific
embodiments described herein. 



15BRIEF DESCRIPTION OF THE DRAWINGS  [0016]FIG. 1 is a
simplified plan view of a lithographic system in
accordance with the prior art; [0017]FIG. 2 is a
simplified elevation view of a template and imprinting
material disposed on a substrate in accordance with
the present invention; [0018]FIG. 3 is a simplified
elevation view of the template and substrate, shown in
FIG. 2, with the 20imprinting material being shown as
panelfled and solidified upon the layer; [0019]FIG. 4
is a cross-sectional view of the template contacting
imprinting material demonstrating the formation of the
weak boundary lamella between solidified imprinting
material and a template; [0020]FIG. 5 is a detailed
view of the droplets of imprint material, shown in
FIG. 2, showing the bifurcation of the droplets into
surfactant-rich regions and surfactant-depleted
regions; 25[0021]FIG. 6 is a detailed view of a layer
of imprinting material, deposited employing spin-on
techniques, showing the bifurcation of the layer into
surfactant-rich regions and surfactant-depleted
regions; [0022]FIG. 7 is a cross-sectional view of the
template contacting solidified imprinting material,
deposited as shown in either FIGS. 5 or 6, formed on a
substrate including a primer layer; 30[0023]FIG. 8 is
a plan view showing the chemical structure of a
component that may be used to form an adhesion primer
layer; [0024]FIG. 9 is a plan view showing the
chemical structure of another component that may be
used to form an adhesion primer layer; [0025]FIG. 10
is a plan view showing the chemical structure of
another component that may be used 35to form an
adhesion primer layer; 



[0026]FIG. 11 is a plan view showing the chemical
structure of another component that may be used to
form an adhesion primer layer; and  [0027]FIG. 12 is a
plan view showing the chemical structure of another
component that may be used to form an adhesion primer
layer. DETAILED DESCRIPTION  5[0028]Referring to FIGS.
1 and 2, a mold 36, in accordance with the present
invention, may be employed in system 10, and may
define a surface having a substantially smooth or
planar profile (not shown). Alternatively, mold 36 may
include features defined by a plurality of
spaced-apart recessions 38 and protrusions 40. The
plurality of features defines an original pattern that
forms the basis of a pattern to be formed on a
substrate 42. Substrate 42 may comprise a bare wafer
or a wafer with one or more layers 10 disposed
thereon, one of which is shown as primer layer 45. To
that end, reduced is a distance "d" between mold 36
and substrate 42. In this manner, the features on mold
36 may be imprinted into a conformable region of
substrate 42, such as an imprinting or polymerizable
material disposed on a portion of surface 44 that
presents a substantially planar profile. It should be
understood that the imprinting material may be
deposited using any known technique, e.g.,
spin-coating, dip coating and the like. In the present
example, 15 however, the imprinting material is
deposited as a plurality of spaced-apart discrete
droplets 46 on substrate 42. Imprinting material is
formed from a composition that may be selectively
polymerized and cross-linked to record the original
pattern therein, defining a recorded pattern.
[0029]Specifically, the pattern recorded in the
imprinting material is produced, in part, by
interaction with mold 36, e.g., electrical
interaction, magnetic interaction, thermal
interaction, mechanical interaction 20 or the like. In
the present example, mold 36 comes into mechanical
contact with the imprinting material, spreading
droplets 36, so as to generate a contiguous formation
50 of the imprinting material (a polymeric layer) over
surface 44. In one embodiment, distance "d" is reduced
to allow sub-portions 52 of imprinting material to
ingress into and fill recessions 38. To facilitate
filling of recessions 38, before contact between mold
36 and droplets 46, the atmosphere between mold 36 and
droplets 46 is saturated with helium or is
25completely evacuated or is a partially evacuated
atmosphere of helium. [0030]The imprinting material is
provided with the requisite properties to completely
fill recessions 38 while covering surface 44 with a
contiguous formation of the imprinting material. In
the present embodiment, sub-portions 54 of imprinting
material in superimposition with protrusions 40 remain
after the desired, usually minimum, distance "d" has
been reached. This action provides formation 50 with
sub- 30 portions 52 having a thickness th and
sub-portions 54, having a thickness t2. Thicknesses
"14" and "12" may be any thickness desired, dependent
upon the application. Thereafter, formation 50 is
solidified by exposing the same to the appropriate
curing agent, e.g., energy, such as electromagnetic
radiation, thermal energy or the like, depending upon
the imprinting material. This causes the imprinting
material to polymerize and cross-link. The entire
process may occur at ambient temperatures and
pressures, or in an 35environmentally controlled
chamber with desired temperatures and pressures. In
this manner, formation 50 



is solidified to provide side 56 thereof with a shape
conforming to a shape of a surface 58 of mold 36
[0031]Referring to FIGS. 1, 2 and 3, the
characteristics of the imprinting material are
important to efficiently pattern substrate 42 in light
of the unique patterning process employed. For
example, it is desired that the imprinting material
have certain characteristics to facilitate rapid and
even filling of the features of mold 36 so that all
thicknesses II are substantially uniform and all
thicknesses t2 are  5 substantially uniform. To that
end, it is desirable that the viscosity of the
imprinting material be established, based upon the
deposition process employed, to achieve the
aforementioned characteristics. As mentioned above,
the imprinting material may be deposited on substrate
42 employing various techniques. Were the imprinting
material deposited as a plurality of discrete and
spaced-apart droplets 46, it would be desirable that a
composition from which the imprinting material is
formed have relatively low  10 viscosity, e.g., in a
range of 0.5 to 20 centipoise (cP). Considering that
the imprinting material is spread and patterned
concurrently, with the pattern being subsequently
solidified into formation 50 by exposure to radiation,
it would be desired to have the composition wet
surface of substrate 42 and/or mold 36 and to avoid
subsequent pit or hole formation after polymerization.
Were the imprinting material deposited employing
spin-coating techniques, it would be desired to use
higher viscosity materials, e.g., having a  15
viscosity greater than 10 cP and typically, several
hundred to several thousand cP, with the viscosity
measurement being determined in the absence of a
solvent. [0032]In addition to the aforementioned
characteristics, referred to as liquid phase
characteristics, it is desirable that the composition
provides the imprinting material with certain
solidified phase characteristics. For example, after
solidification of formation 50, it is desirable that
preferential adhesion  20 and release characteristics
be demonstrated by the imprinting material.
Specifically, it is beneficial for the composition
from which the imprinting material is fabricated to
provide formation 50 with preferential adhesion to
substrate 42 and preferential release of mold 36. In
this fashion, reduced is the probability of
distortions in the recorded pattern resulting from the
separation of mold 36 therefrom due to, inter alia,
tearing, stretching or other structural degradation of
formation 50. 25[0033]The constituent components of
the composition that form the imprinting material to
provide the aforementioned characteristics may differ.
This results from substrate 42 being formed from a
number of different materials. As a result, the
chemical composition of surface 44 varies dependent
upon the material from which substrate 42 is formed.
For example, substrate 42 may be formed from silicon,
plastics, gallium arsenide, mercury telluride, and
composites thereof. As mentioned above, substrate 42
30 may include one or more layers shown as primer
layer 45, e.g., dielectric layer, metal layer,
semiconductor layer, planarization layer and the like,
upon which formation 50 is generated. To that end,
primer layer 45 would be deposited upon a wafer 47
employing any suitable technique, such as chemical
vapor deposition, spin-coating and the like.
Additionally, primer layer 45 may be formed from any
suitable material, such as silicon, germanium and the
like. Additionally, mold 36 may be formed from several
materials, e.g., fused- 35silica, quartz, indium tin
oxide diamond-like carbon, MoSi, sol-gels and the
like.  [0034]It has been found that the composition
from which formation 50 is generated may be fabricated
from several different families of bulk materials. For
example, the composition may be fabricated from vinyl
ethers, methacrylates, epoxies, thiolenes and
amylates, etc. 



[0035]An exemplary bulk material from which to form
formation 50 is as follows: 5BULK IMPRINTING MATERIAL
isobomyl acrylate n-hexyl acrylate ethylene glycol
diacrylate 2-hydroxy-2-methyl-l-phenyl-propan-1 -one
10[0036]The acrylate component, isobomyl acrylate
(IBOA), has the following structure:  and comprises
approximately 47% of bulk material by weight, but may
be present in a range of 20% to 80%, inclusive. As a
result, the mechanical properties of formation 50 are
primarily attributable to ]BOA. 15An exemplary source
for IBOA is Sartomer Company, Inc. of Exton,
Pennsylvania available under the product name SR 506.
[0037]The component n-hexyl acrylate (n-HA) has the
following structure: 0 20and comprises approximately
25% of bulk material by weight, but may be present in
a range of 0% to 50%, inclusive. Also providing
flexibility to formation 50, n-HA is employed to
reduce the viscosity of the prior art bulk material so
that bulk material, in the liquid phase, has a
viscosity in a range 2-9 Centipoises, inclusive. An
exemplary source for the n-HA component is the Aldrich
Chemical Company of Milwaukee, Wisconsin. 25[0038]A
cross-linking component, ethylene glycol diacrylate,
has the following structure:   and comprises
approximately 25% of bulk material by weight and may
be present in a range of 10% to 50%, inclusive. EGDA
also contributes to the modulus and stiffness buildup,
as well as facilitates cross-linking of n-HA and IBOA
during polymerization of the bulk material. [0039]An
initiator component, 2-hydroxy-2-methyl- I
-phenyl-propan-l-one is available from Ciba 



5Specialty Chemicals of Tarrytown, New York under the
trade name DAROCUR, 1173, and has the following
structure:    0 CH I3 C-?-OH CHa    10and comprises
approximately 3% of the bulk material by weight, and
may be present in a range of 1% to 5%, inclusive. The
electromagnetic radiation to which the initiator is
responsive is broad band ultra-violet energy generated
by a medium-pressure mercury lamp. In this manner, the
initiator facilitates cross-linking and polymerization
of the components of the bulk material. [0040]In
co-pending U.S. Patent Application Publication No.
20060111454, entitled "Composition 15 to Reduce
Adhesion Between a Conformable Region and a Mold," to
Xu ct al., which is incorporated by reference herein,
it has been disclosed that desirable preferential
adhesion and release properties, as discussed above,
may be achieved by producing a weak boundary layer,
lamella 60, between mold 36, surface 58 and formation
50, shown in FIGS. 3 and 4. Lamella 60 remains after
solidification of the imprinting material. As a
result, the adhesion forced between mold 36 and
formation 50 are minimal. To 20 that end, it was found
to be beneficial to employ a composition for the
imprinting material that includes one of several
compositions, such as the BULK IMPRINTING MATERIAL
discussed above, along with a component that contains
low surface energy groups, referred to as a surfactant
component and fully described in U.S. Patent
Application Publication No. 20060111454.
[0041]Referring to FIG. 5, after deposition of the
imprinting material, the surfactant component 25
rises, after a period of time, to the air liquid
interface, providing droplets 146 of imprinting
material with a bifurcated concentration of materials.
In a first portion, droplets 146 include a higher
concentration of the surfactant component, referred to
as a surfactant-component-rich (SCR) sub-portion 136,
than the second portion, referred to as a
surfactant-component-depleted (SCD) sub-portion 137.
SCD sub-portion 137 is positioned between surface 44
and SCR sub-portion 136. SCR sub-portion 136
attenuates the adhesion 30 forces between mold 36 and
the imprinting material, once the imprinting material
is solidified. Specifically, the surfactant component
has opposed ends When the imprinting material is in
the liquid phase, i.e., polymerizable, one of the
opposed ends has an affinity for the bulk material
included in the imprinting material. The remaining end
has a fluorine component. 



[0042]Referring to FIGS. 4 and 5, as a result of the
affinity for the bulk material, the surfactant
component is orientated so that the fluorine component
extends from an air-liquid interface defined by the
imprinting material and the surrounding ambient.
[0043]Upon solidification of the imprinting material,
a first portion of the imprinting material 5 generates
a lamella 60 and a second portion of the imprinting
material is solidified, i.e., polymeric material shown
as formation 50. Lamella 60 is positioned between
formation 50 and mold 36. Lamella 60 results from the
presence and location of the fluorine components in
the SCR sub-portion 136. Lamella 60 prevents strong
adhesion forces from being developed between mold 36
and formation 50. Specifically, formation 50 has first
and second opposed sides 62 and 64. Side 62 adheres to
mold 36 with a first 10 adhesion force. Side 64
adheres to substrate 42 with a second adhesion force.
Lamella 60 results in the first adhesion force being
less than the second adhesion force. As a result, mold
36 may be easily removed from formation 50 while
minimizing distortions and/or the force required to
separate mold 36 therefrom. Although formation 50 is
shown with side 62 being patterned, it should be
understood that side 62 may be smooth, if not planar.
15[0044]Furthermore, if desired, it is possible to
generate lamella 60 so as to be disposed between
formation 50 and substrate 42. This may be achieved,
for example, by applying imprinting material to mold
36 and subsequently contacting substrate 42 with the
imprinting material on mold 36. In this manner, it can
be said that formation 50 will be disposed between
lamella 60 and the body, e.g., mold 36 or substrate
42, upon which the polymerizable material is
deposited. It should be understood that were the 20
imprinting material deposited employing spin-coating
techniques, similar bifurcated concentration of
materials occurs, as shown in FIG. 6 with respect to
SCR sub-portion 236 and second and SCD sub-portion
237. The time required for the bifurcation is
dependent upon several factors, including the size of
molecules in the composition and the viscosity of the
composition. Only a few seconds is needed to achieve
the aforementioned bifurcation of composition with
viscosity below 20 cP. Material with viscosity 25in
the hundreds of cP, however, may require a few seconds
to several minutes. [0045]It has been discovered,
however, that lamella 60 may not be uniform. Some
regions of lamella 60 are thinner than others, and in
some extreme cases, lamella 60 may be absent in an
extremely small percentage of the template surface so
that template 36 is in contact with formation 50. As a
result of the thinner regions of lamella 60 and in the
absence of lamella 60, distortion and/or delamination
of 30 formation 50 from substrate 42 may occur.
Specifically, upon separation of mold 36, formation 50
is subjected to a separation force Fs. Separation
force Fs is attributable to a pulling force Fp on mold
36 and adhering forces, e.g., Van der Waals forces,
between formation 50 and mold 36 as reduced by lamella
60. Due to the presence of lamella 60 separation force
Fs typically has a magnitude that is less than the
magnitude of an adhering force FA between formation 50
and substrate 42. However, with the reduction, or
35absence, of lamella 60, local separation force Fs
may approach the magnitude of local adhering force FA.
By local forces what is meant are the forces present
in a given region of lamella layer 60, which in this
example are the local forces proximate to a thin
region of lamella layer 60 or where lamella layer 60
is substantially absent This leads to distortion
and/or delamination of formation 50 from substrate 42.



[0046]Referring to FIG.7, in the presence of primer
layer 45, a more complex situation exists due to the
presence of two interfaces 66 and 68. At a first
interface 66 a rust adhering force F3 is present
between 5 primer layer 45 and formation 50. At a
second interface 68 a second adhering force, F23 is
present between primer layer 45 and wafer 47. It is
desired that the separation force Fs have a magnitude
that is less than either adhering forces F1 and F2.
However, due to variations in the thickness, or
absence, of lamella 60, as discussed above, separation
force Fs may be similar or approach the magnitude of
one or both of adhering forces F1 and F2. This may
cause delamination of formation 50 from primer layer
45, primer layer 45 from 10wafer 47 or both. [0047]The
present invention reduces, if not avoids, the
delamination problem mentioned above by forming primer
layer 45 from a material that increases the
probability that first F1 and second F2 adhering
forces of the first and second interface,
respectively, are greater than the separation force Fs
in view of lamella layer fluctuations. To that end,
primer layer 45 is formed from a composition that
forms strong 15 bonds at interface 66, i.e., between
primer layer 45 and formation 50, as well as, i.e.,
between interface 66, primer layer 45 and wafer 47.
The composition may include one or more components. In
some embodiments, the composition includes one
component and moisture (1120) from the atmosphere that
may be used, for instance, in a hydrolysis reaction.
In the present example, adhesion between primer layer
45 and formation 50 at first interface 66 is the
result of covalent bonding, i.e., covalent bonds
between the 20 composition from which primer layer 45
is formed and the composition from which formation 50
is formed are present. Adhesion between primer layer
45 and wafer 47 may be achieved through any one of
various mechanisms. These mechanisms may include
covalent bonds formed between the composition from
which primer layer 45 is formed and the material from
which wafer 47 is formed. Alternatively, or in
addition to, the covalent bonds, ionic bonds may be
formed between the composition from which primer layer
45 is 25formed and the material from which wafer 47 is
formed. Alternatively, or in addition to, the covalent
bonds, and/or the ionic bonds or both, adhesion
between the composition from which primer layer 45 is
formed and the material from which wafer 47 is formed
may be achieved vis-a-vis Van der Waals forces.
[0048]This is achieved by forming adhesion primer
layer 45 from a composition that includes one or more
components generally represented as follows:
Compositions for the adhesion primer layer may include
components I, II, or III or combinations thereof.
Components I, II, and III include a first end, a
second end, and a linker group (R, R', R"). For
instance, in components I and II, the first end may be
thought of as including YX"Z3,, while the first end of
component 



III may be thought of as including W. Similarly, in
Components I and III, the second end may be thought of
as including X'. [0049]In components I and HI above,
X' is a functional group that may bond covalently with
the 5imprinting monomer (polymerizable material)
during activation such as, for instance, UV
irradiation. For an acrylate based imprinting monomer,
X' may be, for instance, an acrylic group or a
methacrylic group. [0050]In components I, H, and III
above, Y is a tetravalent atom including, but not
limited to, Si, and X is a functional group (for
instance, a leaving group) which allows the Y-X bond
to be hydrolyzed to Y-OH. The hydroxyl group may
subsequently react with the imprinting substrate to
form a covalent bond 10 with the substrate. In
embodiments in which Y is Si, X may be, for instance
-0C113, -00112C113, -Cl, - 0C(=MCH3, etc. In
components I, II, and III, n and m range from 1 to 3,
inclusive. A higher number of leaving groups (for
instance, n = 3 and/or m = 3) may allow for multiple
bonding to a substrate (for instance, a surface of a
substrate) and/or to other molecules in the adhesion
primer layer, increasing the strength of adhesion of
the adhesion primer layer to the surface of the
substrate. 15[0051]In components I, II, and III above,
Z is generally an tmreactive group which fulfills the
tetravalent requirement of Y. In some embodiments, Z
may be, for instance, a methyl group. [0052]In
components I, II, and III above, W is an acidic
functional group that may react or interact with
imprinting substrate. In some embodiments, W is, for
instance, carboxylic acid or phosphoric acid, etc.
20[0053]In components I, II, and III above, R, R', and
R" are linker groups with different lengths. Typical
linkers are hydrocarbon based. The linker groups may
include, for instance, 1-10 or more carbons atoms
(alkyl groups, ethylenically unsaturated groups,
aromatic groups). A linker group may be chosen for a
variety of factors including, but not limited to
length, rigidity, and/or bond strength(s) of the
linker group [0054] In components I and II above, X is
selected to achieve cross-reaction of an end of
component 25 component! and II (for instance, the
first end) with the material from which substrate 42
is formed to adhere thereto by forming a covalent bond
therewith, ionic bond therewith, and/or Van der Waals
forces with the surface of the substrate. This may be
achieved directly or indirectly. That is, if X is a
leaving group, X does not directly react with the
surface of the substrate. In this embodiment, a
chemical reaction involving the leaving of X allows Y
to chemically react to form a covalent bond with the
surface of the 30substrate. [0055]In some embodiments,
functional groups X may participate in the
cross-linking and polymerization reactions of adhesion
primer layer 45. X functional groups may facilitate
polymerization and cross-linking in response to an
activation energy that differs from the activation
energy in response to which X' functional groups
cross-react. The X functional groups may facilitate
cross-linking of molecules 



35 in primer layer 45 in response to exposure to
thermal energy. Functional groups X are selected to
facilitate cross-reaction with substrate 42 through
mechanisms including but not limited to: 1) direct
reaction with material from which substrate 42 is
formed; 2) reaction with cross-linker molecules with a
linking functional group of the cross-linker reacting
with substrate 42; 3) polymerization of and
cross-linking of primer layer 45 so that chains of
molecules of sufficient length may be developed to
connect between formation 50 (polymeric layer) and
surface of substrate 42; and 4) leaving of X to allow
Y to achieve 1-3 above, which allows the polymeric
layer to adhere to the surface of the substrate.
5[0056]In components I and III above, X' is selected
to achieve cross-reaction with the polymerizable
material from which formation 50 (polymeric layer) is
formed to form a covalent bond therebetween. The
functionality of the X' group is established so the
cross-reaction occurs during polymerization of
formation 50. As a result, the selection of functional
group X' depends upon the characteristics of the
polymerizable material from which formation 50
(polymeric layer) is formed. In some embodiments, X'
is chosen to react 10 with the functional groups of
the composition from which formation 50 is formed. For
example, were formation 50 formed from acrylate
monomers, X' may include acrylic, vinyl ether, and or
mcthacrylic groups, and/or functional groups that may
copolymerize with acrylic groups in formation 50. As a
result, X' functional groups cross-react in response
to activation such as, for instance, ultraviolet
radiation. [0057]Referring to FIGS. 7 and 8, an
exemplary multi-functional reactive compound A that
may be 15 employed to form primer layer 45 in the
presence of formation 50 being formed from BULK
MATERIAL includes acryloxymethyltrimethoxysilane
(Gelest, Inc, Morristown, PA).
Acryloxytnethyltrimethoxysilane has the following
structure: Cr'Si(OCH 3)3    The X' functional group 70
provides acrylic functionality for bonding with
imprinting material. The X 20functional group 72 (n =
3), is a methoxy leaving group bound to Y (tetravalent
Si). Functional groups 70 and 72 are coupled to
opposing ends of a backbone component or linker group
74. [0058]Amyloxymethyltrimethoxysilane, with a flash
point of about 60C, has a boiling point of about 170C,
or about 20C lower than the boiling point of
tridecafluoro-1,1,2,2- tetrahydrooctyltrichlorosilane
(FOTS) self-assembling monolayer (SAM), which is known
in the art to be 25vapor depositable. It may be
desirable to keep the boiling temperature low while
meeting all the adhesion requirements, thus
facilitating the vapor deposition process. [0059]As
shown in FIG. 8, backbone component 74 includes one
carbon atom. A short backbone component may hold the
X' and X functional groups together more securely,
requiring more energy to break the X' and X functional
groups apart during mold separation. Therefore, a
shorter backbone 30 component may provide a stronger
adhesion primer layer and may therefore a stronger
bond between the polymerized material and the
substrate than a longer backbone component. In some
embodiments, acryloxymethyltriethoxysilane may be used
as multi-functional reactive compound L
[0060]Referring to FIGS. 7 and 9, another
multi-functional reactive compound I that may be 



employed to form primer layer 45 in the presence of
formation 50 being formed from BULK MATERIAL
35includes acryloxypropyltrichlorosilane ((iciest,
Inc.) that has the following structure:   The X'
functional group 76 provides acrylic functionality for
bonding with imprinting material. The X functional
group 78 (n = 3) includes three -Cl leaving groups
bound to Y (tetravalent Si). Functional 5groups 76 and
78 are coupled to opposing ends of a backbone
component 80. Backbone component 80 includes three
carbon atoms. [0061]Referring to FIGS. 7 and 10,
another multi-functional reactive compound I that may
be employed to form primer layer 45 in the presence of
formation 50 being formed from BULK MATERIAL includes
amyloxypropyltrimethoxysilane (Aldrich; Milwaukee, WI)
that has the following structure: 0 10   The X'
functional group 82 provides acrylic functionality for
bonding with imprinting material. The X functional
group 84 (n = 3) includes three methoxy leaving groups
bound to Y (tetravalent Si). Functional groups 82 and
84 are coupled to opposing ends of a backbone
component 86. Backbone component 86 includes three
carbon atoms. 15[0062]Referring to FIGS. 7 and 11, a
multi-functional reactive compound IT that may be
employed to form primer layer 45 in the presence of
formation 50 being formed from BULK MATERIAL includes
1,2-bis(trimethoxysilyBethane (Aldrich) that has the
following structure: (CH30)3Si/\ Si (00E13)3    The X
functional groups 88 (m = 3) and 90 (n = 3) include
three methoxy leaving groups bound to Y 20(tetravalent
Si) Functional groups 88 and 90 are coupled to
opposing ends of a backbone component 94. Backbone
component 94 includes two carbon atoms. 



[0063]Referring to FIGS. 7 and 12, a multi-functional
reactive compound II that may be employed to form
primer layer 45 in the presence of formation 50 being
formed from BULK MATERIAL includes
1,6-bis(trichlorosilyl)hexane (Aldrich) that has the
following structure: 013S. Si013 25 The X functional
groups 94 (m = 3) and 96 (n = 3) include three -Cl
leaving groups bound to Y (tetravalent Si). Functional
groups 94 and 96 are coupled to opposing ends of a
backbone component 98. Backbone component 98 includes
six carbon atoms. [0064]In some embodiments, III may
be, for example, acrylic acid (Aldrich), with the
following 30structure:   [0065]In an embodiment,
components I, II, and/or III in the fluid state are
contacted with a substrate during a coating process to
adhere an adhesion primer layer on the substrate. The
coating process may 5 include any dip-coating or
chemical vapor deposition process known in the mt. An
adhesion primer layer may include, for instance, I but
not II and 111; III but not I and II; I and II but not
III; I and Ill but not II; or I, II, and III. When H
is used along with I, the X functionality in II allows
II to serve as a chain extender for co-polymerization
of I and II. [0066]In an embodiment, a component of an
adhesion primer layer is contacted with a surface of a
10 substrate. Initiation of a chemical reaction
between the primer layer composition and the substrate
can allow a first end of component I and/or component
II and/or the W functional group of component III to
bond (for instance, covalently, ionically, or through
Van der Waals forces) to the substrate. In certain
embodiments, for instance when the a primer layer
components include acryloxymethyltrimethoxysilane or
acryloxypropyltrimethoxysilane, the components bond to
each other (as well as the substrate), to form a
15networked polymer coating on the surface of the
substrate. In embodiments in which the primer layer
components include I and II, co-polymerization of I
and II may enhance the networked polymer coating.
[0067]Initiation of the chemical reaction may be
achieved, for instance, through heating of the primer
layer composition and/or substrate. In some
embodiments, a method of initiating the chemical
reaction between the primer layer composition and the
substrate (for instance, between a first end of 20
component I and/or component II after removal of
leaving group(s) X) and/or a first end (W) of
component III and the surface of the substrate), does
not affect the X' functionality of components of the
primer layer composition. For instance, heating of the
caner layer composition may cause bonding of a first
end of components I, II, or III to a surface of a
substrate, directly or indirectly through functional
groups, without causing a reaction of a second end of
components I or III (that is, without altering the X'
functionality). 



25 [0068] In some embodiments, the X' functionality
reacts during a step in an imprint lithography
process. For example, the X' functionality may react
during UV exposure or irradiation of the imprinting
material, such that the X' functionality of components
of the primer layer composition reacts to form
covalent bonds with the monomer in the polymerizable
imprinting material during polymerization to
facilitate strong adhesion between the polymeric layer
(formed from the polymerizable material) and the
30substrate. [0069]Vapor deposition of an adhesion
primer layer may be achieved through any chemical
vapor deposition method known in the art. For
instance, vapor deposition may be achieved in a vacuum
oven or with a track type tool compatible with a
semiconductor manufacturing process. In some
embodiments, an adhesion primer layer composition may
be vaporized by heating during a vapor deposition
process. In 35other embodiments, an adhesion primer
layer composition may be vaporized by a combination of
heating  and reduced pressure during a vapor
deposition process. Yet in other embodiments, an
adhesion primer layer composition may be vaporized by
bubbling the composition with a carrier gas such as
nitrogen or argon. A boiling point of an adhesion
primer layer composition at ambient pressure may be,
for instance, less than about 350C. In some
embodiments, a boiling temperature of an adhesion
primer layer 5 composition may be less than about
250C. A deposition temperature may be lower than the
boiling point of the adhesion primer layer composition
in a reduced pressure environment or with a gas
bubbling technique. [0070]In some embodiments, an
adhesion primer layer may be adhered to one surface of
a substrate by chemical vapor deposition. In other
embodiments, an adhesion primer layer may be adhered
10 simultaneously to two or more surfaces of a
substrate through chemical vapor deposition. A
substrate may be positioned on, for instance, a pin
lift to allow vapor to contact two or more surfaces of
a substrate substantially simultaneously without
turning or repositioning the substrate between coating
of a first surface and a second surface of the
substrate. Thus, vapor deposition of an adhesion
primer layer may allow batch processing of substrates,
thereby reducing the processing time required for
wafer-to-wafer 15spin-coating processes conventionally
used to deposit adhesion primer layers.
[0071]Additionally, vapor deposition of an adhesion
primer layer may allow two or more surfaces of
substrate to be coated with an adhesion primer layer
without particle contamination caused during physical
contact of a substrate and spin-coating apparatus, for
instance, a spin chuck, during a spin-coating process.
Adhesion primer layers may be vapor deposited on two
surfaces of a substrate that are substantially 20
parallel. Thus, vapor deposition of an adhesion primer
layer will facilitate manufacturing of double-sided
media, including magnetic media. Examples of
double-sided media may include, for instance, compact
discs, digital video discs, and hard discs.
[0072]Components of an adhesion primer layer
composition may be chosen for factors including, 



but not limited to, functionality (multi-functional or
mono-functional), linker group length, linker
rigidity, 25 link bond strength(s), pH, cross-linking
density, reactivity, shelf life and/or stability, and
boiling temperature. The strength of the adhesion
layer may be limited by properties of the linker group
(for instance, the weakest bond in the linker group).
Thus, a component may be chosen to have a short linker
with a strong bond between X and X' functionalities.
In some embodiments, a strong linker bond (for
instance, some aromatic groups) may result in a high
boiling point, which increases the difficulty of vapor
30deposition. [0073]Experiments were performed to
evaluate adhesive properties of various adhesion
primer layer compositions on a variety of substrates,
including Si"Ny, Si02, and Si. Adhesive properties of
adhesion primer layer compositions described below
were assessed for various dip coating processes and
spin coating, allowing comparison of substrate
adhesion of the compositions. 35[0074]COMPOSITION 1 is
a 0.1% solution of acryloxyrnethyltrimethoxysilane
(shown in FIG. 8) in isopropanol. This composition was
applied by dip coating.  [0075]COMPOSITION 2 is a 0.1%
solution of acryloxypropyltrimethoxysilane (APTMS)
(shown in FIG. 10), in isopropanol. This composition
was applied by dip coating. [0076]COMPOSITION 3 is
DUV30J-16, a bottom anti-reflective coating (BARC)
(Brewer Science,     Rolla, MO). DUV30J-16 contains
phenolic resins, and its cross-linker can react with
carboxylic functional 5groups. It is believed that
DUV30J-16 will not form covalent bonds with formation
50. [0077]COMPOSITION 4 includes approximately 77
grams of IsoRad 501 (available from Schenectady
International, Inc. in Schenectady, New York), 22
grams of Cymel 303ULF (Cytec Industries, Inc.; West
Patterson, NJ) and one gram of Cycat 4040 (Cytec
Industries, Inc.). IsoRad 501, Cymel 303ULF and Cycat
are combined. The combination of IsoRad 501, Cyrnel
303ULF and Cycat is then 10introduced into
approximately 1900 grams of PM Acetate. PM Acetate is
a product name of a solvent consisting of
2-(1-methoxy)propyl acetate (Eastman Chemical Company;
Kingsport, TN). [0078]Glass slides, approximately 1
Trim thick, 75 x 25 mm in the lateral dimension, were
dip-coated 



with COMPOSITIONS 1-2 to generate comparative data of
the strength of the adhesion forces of interfaces 66
and 68. Before deposition of primer layer 45 and
formation 50 the glass slides are cleaned.
Specifically 15each glass slide is exposed to Piranha
solution (H2SO4: 11202 = 2:1 by volume). The glass
slides are subsequently rinsed with de-ionized water,
sprayed with isopropyl alcohol, and exposed to a
stream of fluid for drying, e.g., a stream of nitrogen
gas. Thereafter, the glass slides are baked at 120C
for 2 hours. [0079]COMPOSITIONS 1-2 are deposited onto
glass slides employing dip-coating techniques known in
the art. COMPOSITIONS 3-4 are deposited onto glass
slides employing spin-coating techniques  20 known in
the art. For COMPOSITIONS 1 and 2, primer layer 45 is
dried on the glass slides on hot plates at 80C for 10
minutes. For COMPOSITION 3, primer layer 45 is dried
on the glass slides on hot plates at 180C for 2
minutes. For COMPOSITION 4, primer layer 45 is dried
on the glass slides on hot plates at 150C for 5
minutes. In other words, dip- and spin-coated
COMPOSITIONS 1-4 are solidified, i.e., polymerized and
cross-linked, by exposure to thenual energy. After the
primer layer is dried, a drop of 25BULK IMPRINTING
MATERIAL is applied to a center of a coated side of a
first glass slide. [0080] The BULK IMPRINTING MATERIAL
is then sandwiched between two primer layers 45 by
having the primer layer on the two glass slides facing
one another and contacting BULK IMPRINTING MATERIAL.
Typically a longitudinal axis of one of the two glass
slides extends orthogonally to the longitudinal axis
of the remaining glass slide to form a "t" shape, with
an overlapping area of about 25 x 25  30 nun. The BULK
IMPRINTING MATERIAL is solidified, i.e., polymerized,
and cross-linked by exposing the two glass slides to
actinic energy, such as broad band ultraviolet
wavelengths, using a medium pressure mercury UV lamp
for 40 seconds at 20mW/cm2 intensity. [0081]To measure
the strength of the adhesion, a four-point bending
fixture was adopted for the adhesion test and
technique, similar to that described in "Measurement
of Adhesive Force Between Mold  35 and Photocurable
Resin in Imprint Technology" Japanese Journal of
Applied Physics, Vol. 41 (2002) pp. 4194-4197. The
maximum force/load was taken as the adhesion value. In
the cases in which one of the glass slides broke
before delamination occurred or before the glass
slides separated, the maximum  force/load was taken as
the minimum adhesion value. The beam distance of the
top and bottom two points is 60 mm. The load was
applied at the speed of 0.5 min per minute.
[0082]Using the four-point bending adhesion test
described above, COMPOSITIONS 2 and 3 demonstrated
similar adhesion values of about 4 lbf. Under the same
testing, COMPOSITIONS 1 and 4 5 resulted in broken
slide(s) before the true adhesion was measured.
Adhesion at the time of breaking (minimum adhesion)
was measured to be about 12 lbf. Thus, COMPOSITIONS 1
and 4 demonstrated adhesion of at least about 3 times
stronger than the adhesion of COMPOSITIONS 2 and 3
under similar conditions. [0083]After preliminary
dip-coating tests, acryloxymethyltrimethoxysilane
(from COMPOSITION 



10 1) was vapor deposited by bubbler and heating
methods. Adhesion properties of vapor-deposited
acryloxymethyltrimethoxysilane were compared to
adhesion properties of spin-coated COMPOSITION 4. This
demonstration utilized 65 mm glass discs as supplied
by Hitachi Global Storage Technologies (San Jose, CA)
with 5 nm of surface Si"Ny coating. Substrates were
taken straight from the carrier without prec lean i
ng. 15[0084]In an evaporation method, a 65 mm
substrate was set on an aluminum slide, the aluminum
slide is partially covered by this substrate, and the
aluminum slide was positioned on a hot plate. The hot
plate was maintained at 90C. 31xL of
acryloxymethyltrimethoxysilane was dispensed on the
uncovered portion of the aluminum slide. A lid was
placed over both the substrate and aluminum slide to
retain the vapor generated by heat. The retained vapor
was deposited onto the substrates. Substrates were
removed 20 after 1 minute, and exposed to ambient
conditions for 20 minutes before conducting the
adhesion test. Glass rods with a 5 nun diameter were
also coated with acryloxymethyltrimethoxysilane in a
similar manner. [0085]In a bubbler vapor method,
nitrogen was bubbled through 1 mL of
acryloxymethyltrimethoxysilane in an 8 mL vial. A lid
with a vapor delivery line was placed over the 25
substrate, and the substrate was exposed to vapor for
15-60 sec. Substrates were then exposed to ambient
conditions for less than 10 min before conducting the
adhesion test. Glass rods with a 5 mm diameter were
also coated with acryloxymethyltrimethoxysilane in a
similar manner. [0086]In a comparison, COMPOSITION 3
was spin-coated on substrates and exposed to ambient
conditions for 20 minutes before conducting the
adhesion test Glass rods with a 5 mm diameter were 30
brush-coated with COMPOSITION 3. [0087]In a
comparison, COMPOSITION 4 was spin-coated on
substrates and exposed to ambient conditions for 20
minutes before conducting the adhesion test. Glass
rods with a 5 mm diameter were brush-coated with
COMPOSITION 4. [0088]The adhesion test was conducted
by placing a drop of BULK IMPRINTING MATERIAL on 35
the coated substrate, and positioning a coated glass
rod on the substrate, such that the glass rod was
substantially perpendicular to the lateral plane of
the substrate. The imprinting material was cured with
ultraviolet radiation. With the glass rod anchored on
the substrate, shear testing of the glass rod was
performed to assess adhesion of the glass rod to the
substrate. That is, the adhesion force was recorded as
the force required to shear the glass rod from the
substrate. [0089]Shear testing resulted in shear force
of about 35 lbf for COMPOSITION 1 (about 37 lbf for
the evaporation method and about 33 lbf for the
bubbler method), and and 10 lbf for spin-coated 5
COMPOSITION 3. Although the shear force of COMPOSITION
1 is about 3.5 times the shear force of COMPOSITION 3,
the true adhesion in the form of the peel of
COMPOSITION 1 is more than 3.5 times of that of
COMPOSITION 3 once the friction forces is removed from
the shear force. [0090]Shear testing resulted in shear
force of about 30-40 lbf for the spin-coated
COMPOSITION 4. [0091]The embodiments of the present
invention described above are exemplary. Many changes 



10 and modifications may be made to the disclosure
recited above, while remaining within the scope of the
invention. Therefore, the scope of the invention
should not be limited by the above description, but
instead should be determined with reference to the
appended claims along with their full scope of
equivalent.  WHAT IS CLAIMED IS: 1.A method
comprising:       (a) contacting a substrate with a
multi-functional component, wherein the
multifunctional component comprises has a first end, a
second end, and a linker group between the first end
and the second end, wherein the first end comprises a
tetravalent atom and the linker group is -CHr;
(b) covalently bonding the tetravalent atom of the
first end of the multi-functional component to the
substrate to form an adhesion primer layer; and
(c) covalently bonding the second end of the
multi-functional component to a polymerizable material
during an imprint lithography process. 2.The method of
claiml, wherein the multi-functional component has a
boiling point that is at most about 350C. 3.The method
of claiml, wherein the multi-functional component has
a viscosity that is at most about 100 cP. 4.The method
of claim 1, wherein the tetravalent atom is silicon.
5.The method of claim!, wherein the multi-functional
component is acryloxymethyltrimethoxysilane. 6.The
method of claim 1, wherein the multi-functional
component is acryloxymethyltriethoxysilane. 7.The
method of claim 1, further comprising contacting the
substrate with one or more additional components.
8.The method of claim 7, wherein one of the additional
components is 1,2- bis(trimethoxysilypethane. 



9. The method of claim 7, wherein one of the
additional components is 1,6-
bis(trichlorosilyl)hexane.  10. The method of claim 1,
wherein the substrate comprises silicon.  11. The
method of claim 1, wherein the substrate is chosen
from a group consisting of silicon, silicon oxide
silicon nitride, tantalum, aluminum, quartz, and fused
silica. 


