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MICRO-CON FORMAL TEMPLATES FOR NANOIMPRINT LITHOGRAPHY

TECHNICAL FIELD

[0001] The present invention relates to micro-conformal templates for

nanoimprint lithography.

BACKGROUND

[0002] Nano-fabrication includes the fabrication of very small structures

that have features on the order of 100 nanometers or smaller. One application in

which nano-fabrication has had a sizeable impact is in the processing of

integrated circuits. The semiconductor processing industry continues to strive for

larger production yields while increasing the circuits per unit area formed on a

substrate, therefore nano-fabrication becomes increasingly important. Nano-

fabrication provides greater process control while allowing continued reduction of

the minimum feature dimensions of the structures formed. Other areas of

development in which nano-fabrication has been employed include

biotechnology, optical technology, mechanical systems, and the like.

[0003] An exemplary nano-fabrication technique in use today is commonly

referred to as imprint lithography. Exemplary imprint lithography processes are

described in detail in numerous publications, such as U.S. Patent Application

Publication No. 2004/0065976, U.S. Patent Application Publication No.

2004/0065252, and U.S. Patent No. 6,936,194, all of which are hereby

incorporated by reference herein.



[0004] An imprint lithography technique disclosed in each of the

aforementioned U.S. patent application publications and patent includes

formation of a relief pattern in a formable (polymerizable) layer and transferring a

pattern corresponding to the relief pattern into an underlying substrate. The

substrate may be coupled to a motion stage to obtain a desired positioning to

facilitate the patterning process. The patterning process uses a template spaced

apart from the substrate and the formable liquid applied between the template

and the substrate. The formable liquid is solidified to form a rigid layer that has a

pattern conforming to a shape of the surface of the template that contacts the

formable liquid. After solidification, the template is separated from the rigid layer

such that the template and the substrate are spaced apart. This technique may

be applied to create multiple copies, or daughter templates, of a single original,

or "master" template.

[0005] Substrate surface defects and particles positioned between the

substrate and the template can limit the effectiveness of pattern transfer in

nanoimprinting processes. FIG. 1 illustrates damage 2 of a mold or template 18

formed from a rigid material and exclusion of polymerizable material 34 from

volume 4 when a particle 6 is positioned between the template and the surface of

the substrate 12 . In some cases, lack of contact between the template and the

substrate during imprinting (e.g., caused by surface defects on the substrate)

may yield excluded regions in the imprint and/or regions of thick residual layer.

The excluded distance 5 can be measured as a distance from particle 6 to the

polymerizable material 34. Some surface defects may result in imperfections that

are repeated across multiple imprint cycles.



[0006] As illustrated in FIG. 1, templates formed from hard or rigid

materials (e.g., glass or silicon) may be unable to conform to small (e.g., sub-

micron) particles, due at least in part to the high elastic modulus of the template

material and the spatial conformality related to modulus and thickness of the

template. In some cases, the presence of a particle 6 (e.g., a sub-micron

particle) can cause printing volume exclusions 4 on the order of cubic millimeters.

In other cases, a substrate with a high surface roughness (e.g., a high spatial

frequency of low-amplitude defects) can create filling problems associated with

conforming difficulty for a nanoimprint template 18.

[0007] Various methods have been described to generate "soft templates"

or nanoimprint templates that employ a single soft material to conform to

particles on a substrate or to address surface topography of a substrate. In

some cases, use of a single layer of an elastomeric or thin plastic material with a

low elastic modulus (e.g., poly(dimethylsiloxane) (PDMS) with an elastic modulus

of about 1 MPa) as a template can result in roof collapse, lateral collapse, and/or

rounding of features in the resulting patterned layer by surface tension. Roof

collapse can occur when the patterned surface of the template has a wide and

shallow relief pattern. Lateral collapse can occur when closely spaced, narrow

features collapse laterally during imprinting due to the low modulus of the

patterned surface of the template. Surface tension-related deformation can

occur in elastomeric patterned layers and is related to the rounding of sharp

corners due to surface tension after the patterned surface is released from the

template.



[0008] Other methods include the use of two-layer templates and low

elastic modulus single-use polymeric templates. These methods, however, can

also yield patterned layer subject roof collapse, lateral collapse, and/or surface

tension related deformation, and can sometimes require multi-step fabrication

processes and temperature-controlled molding and/or demolding processes. For

example, use of a single polymeric material as a disposable nanoimprint

template may require two imprint steps for each imprinted substrate, including

forming the template and imprinting on the substrate. Temperature-controlled

molding and/or demolding may be used, for example, when curing occurs by

methods other than ultraviolet irradiation.

[0009] Even with the use of a thin plastic template (elastic modulus > 1

GPa) or a thin glass template (elastic modulus > 70 GPa) separately or as part of

a multilayer template, a desired level of conformality may not be achieved over a

substrate with severe topography. Severe topography, such as an elevation

change of hundreds of nanometers over a distance of hundreds of microns, has

been observed for substrates such as polycrystalline and ultrathin silicon solar

substrates. While softer elastomeric materials (e.g., PDMS, with an elastic

modulus between about 100kPa and about 3 MPa) may be able to achieve

surface contact with a rough substrate, the resulting patterned layer may

demonstrate feature distortion and/or pattern fidelity limits.

SUMMARY

[0010] In one aspect, a micro-conformal nanoimprint lithography template

includes a backing layer and a nanopatterned layer adhered to the backing layer.



The elastic modulus of the backing layer exceeds the elastic modulus of the

nanopatterned layer. The micro-conformal nanoimprint lithography template can

be used to form a patterned layer from an imprint resist on a substrate, the

substrate having a micron-scale defect, such that an excluded distance from the

micron-scale defect to the patterned layer formed by the nanoimprint lithography

template is less than a height of the defect. The nanoimprint lithography

template can be used to form multiple imprints with no reduction in feature

fidelity.

[001 1] In another aspect, a nanoimprint lithography template includes a

backing layer, a silicon-containing nanopatterned layer adhered to the backing

layer, and an oxidized layer on the surface of the silicon-containing

nanopatterned layer. The elastic modulus of the oxidized layer exceeds the

elastic modulus of the silicon-containing layer, and a thickness of the oxidized

layer is at least 5 nm.

[0012] In yet another aspect, a nanoimprint lithography method includes

selecting a backing layer, disposing a silicon-containing polymerizable material

on the backing layer, and contacting the silicon-containing polymerizable material

with a patterned master nanoimprint lithography template. The silicon-containing

polymerizable material is solidified to form a silicon-containing patterned layer

adhered to the backing layer, and the master nanoimprint template is separated

from the silicon-containing patterned layer. The surface of the silicon-containing

patterned layer is oxidized to form an oxidized layer with a thickness of at least 5

nm on the surface of the silicon-containing patterned layer.



[0013] In certain implementations, the oxidized layer is formed by an

oxidizing treatment. For example, the oxidizing treatment can include oxygen

plasma processing, oxygen ashing, reactive ion etching, UV-ozone treatment, or

a combination thereof. A thickness of the oxidized layer can be between about 5

nm and about 50 nm, or between about 10 nm and about 30 nm.

[0014] In some cases, a silicon content of the silicon-containing

nanopatterned layer is at least about 10 wt%. The silicon-containing

nanopatterned layer can include an inorganic-organic hybrid polymer. The

silicon-containing nanopatterned layer can be formed from a composition

including a surfactant, such as a fluorinated surfactant, an ionic surfactant, a non-

ionic surfactant, or a combination thereof. The elastic modulus of the backing

layer can be greater than the elastic modulus of the silicon-containing

nanopatterned layer. In some cases, the elastic modulus of the oxidized layer is

greater than the elastic modulus of the nanopatterned layer. In some cases, the

elastic modulus of the silicon-containing nanopatterned layer is greater than the

elastic modulus of polydimethylsiloxane.

[0015] In some implementations, the nanoimprint lithography template is

operable to form multiple imprints (e.g., over 100 or over 200) with no reduction

in feature fidelity. In certain implementations, the nanoimprint lithography

template is operable to form a patterned layer in an imprint resist on a substrate

having a micron-scale defect, such that an excluded distance from an exterior

surface of the micron-scale defect to the patterned layer formed by the

nanoimprint lithography template is less than a height of the defect.



[0016] As described herein, micro-conformal nanoimprint templates

demonstrate longevity, feature fidelity, UV transparence, and are substantially

conformable to surface topography, including surface defects and particles

positioned between the substrate and the mold. Materials used to form the

micro-conformal templates can be dispensed as a droplet or series of droplets on

an automated nanoimprint tool and processed at room temperature to allow for

rapid production of compliant template replicas with low material usage and ease

of processing.

[0017] Aspects and implementations described herein may be combined in

ways other than described above. Other aspects, features, and advantages will

be apparent from the following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 illlustrates damage to a rigid mold and an excluded volume

associated with a particle positioned between a substrate and the mold.

[0019] FIG. 2 illustrates a simplified side view of a lithographic system.

[0020] FIG. 3 illustrates a simplified side view of the substrate shown in

FIG. 2 having a patterned layer positioned thereon.

[0021] FIG. 4 illustrates a side view of a micro-conformal template for

nanoimprint lithography.

[0022] FIG. 5 is a flow chart showing a process for forming a micro-

conformal template for nanoimprint lithography.



[0023] FIG. 6 is a plot of amplitude versus spatial frequency showing

mechanical modeling of bending characteristics of different thicknesses of a

material with an elastic modulus of about 3 GPa.

[0024] FIG. 7 is a plot of amplitude versus spatial frequency showing

mechanical modeling of bending characteristics of different thicknesses of a

material with an elastic modulus of about 70 GPa.

[0025] FIGS. 8A-8B show scanning electron micrograph (SEM) images of

oxidized functional imprint material on the surface of a patterned layer of a micro-

conformal template.

[0026] FIGS. 9A-9D show SEM images of imprints made with a multilayer

UV imprint replicated micro-conformal template.

[0027] FIGS. 10A-1 0E show SEM images of imprints formed with a micro-

conformal nanoimprint lithography template.

[0028] FIGS. 11A-1 1D show SEM images of discrete track media (DTM)

imprints made from a micro-conformal template.

[0029] FIG. 12 shows imprinted servo patterns from a micro-conformal

template.

[0030] FIGS. 13A-1 3B shows imprinted DTM lines from a micro-conformal

template.

[0031] FIG. 14 shows an SEM image of an imprint made from a micro-

conformal template replica of a DTM pattern.

[0032] FIG. 15 is an image of imprints formed in a resist including an

ORMOCER and a fluorinated surfactant.



[0033] FIG. 16 is an image of imprints from FIG. 15, following development

(with isopropyl alcohol) of uncured sol gel.

[0034] FIG. 17 is an SEM cross section of 60 nm lines from the imprints

shown in FIGS. 15 and 16 .

[0035] FIG. 18 is an SEM top-down analysis of 80 nm pillars made in

ORMOCER imprint resist.

[0036] FIG. 19 is an SEM cross-sectional analysis of 70 nm nominal lines,

fabricated in resist.

DETAILED DESCRIPTION

[0037] Referring to FIG. 2, illustrated therein is a lithographic system 10

used to form a relief pattern on substrate 12 . Substrate 12 may be coupled to

substrate chuck 14. As illustrated, substrate chuck 14 is a vacuum chuck.

Substrate chuck 14, however, may be any chuck including, but not limited to,

vacuum, pin-type, groove-type, electromagnetic, and/or the like. Exemplary

chucks are described in U.S. Patent No. 6,873,087, which is hereby incorporated

by reference herein.

[0038] Substrate 12 and substrate chuck 14 may be further supported by

stage 16. Stage 16 may provide motion about the x-, y-, and z-axes. Stage 16,

substrate 12, and substrate chuck 14 may also be positioned on a base (not

shown).

[0039] Spaced-apart from substrate 12 is a template 18. Template 18

generally includes a rectangular or square mesa 20, with dimensions up to about

150 microns, and extending about 10 microns to about 50 microns, or about 15



microns to about 20 microns from a surface of the template towards substrate 12 .

A surface of mesa 20 may include patterning surface 22. In some cases, mesa

20 is referred to as mold 20. Template 8 and/or mold 20 may be formed from

such materials including, but not limited to, fused silica, quartz, silicon, silicon

nitride, organic polymers, siloxane polymers, borosilicate glass, fluorocarbon

polymers, metal (e.g. chrome, tantalum), hardened sapphire, or the like, or a

combination thereof. In some cases, template 18 and/or mold 20 is a micro-

conformal template as described herein. As illustrated, patterning surface 22

comprises features defined by a plurality of spaced-apart recesses 24 and/or

protrusions 26, though embodiments are not limited to such configurations.

Patterning surface 22 may define any original pattern that forms the basis of a

pattern to be formed on substrate 2 .

[0040] Template 18 may be coupled to chuck 28. Chuck 28 may be

configured as, but not limited to, vacuum, pin-type, groove-type, electromagnetic,

and/or other similar chuck types. Exemplary chucks are further described in U.S.

Patent No. 6,873,087. Further, chuck 28 may be coupled to imprint head 30

such that chuck 28 and/or imprint head 30 may be configured to facilitate

movement of template 18 .

[0041] System 10 may further comprise a fluid dispense system 32. Fluid

dispense system 32 may be used to deposit polymerizable material 34 on

substrate 12 . Polymerizable material 34 may be positioned upon substrate 12

using techniques such as drop dispense, spin-coating, dip coating, chemical

vapor deposition (CVD), physical vapor deposition (PVD), thin film deposition,

thick film deposition, and/or the like. Polymerizable material 34 may be disposed



upon substrate 12 before and/or after a desired volume is defined between mold

20 and substrate 12 depending on design considerations. Polymerizable

material 34 may comprise a monomer as described in U.S. Patent No. 7,1 57,036

and U.S. Patent Application Publication No. 2005/01 87339, both of which are

incorporated by reference herein.

[0042] Referring to FIGS. 2 and 3, system 10 may further include an

energy source 38 coupled to direct energy 40 along path 42. Imprint head 30

and stage 16 may be configured to position template 18 and substrate 12 in

superimposition with path 42. System 10 may be regulated by a processor 54 in

communication with stage 16, imprint head 30, fluid dispense system 32, and/or

source 38, and may operate on a computer readable program stored in memory

56.

[0043] Either imprint head 30, stage 16, or both vary a distance between

mold 20 and substrate 12 to define a desired volume therebetween that is filled

by polymerizable material 34. For example, imprint head 30 may apply a force to

template 18 such that mold 20 contacts polymerizable material 34. After the

desired volume is filled with polymerizable material 34, source 38 produces

energy 40, e.g., broadband ultraviolet radiation, causing polymerizable material

34 to solidify and/or cross-link conforming to shape of a surface 44 of substrate

12 and patterning surface 22, defining a patterned layer 46 on substrate 12 .

Patterned layer 46 may include a residual layer 48 and a plurality of features

shown as protrusions 50 and recessions 52, with protrusions 50 having a

thickness t 1 and residual layer 48 having a thickness t2.



[0044] The above-described system and process may be further

implemented in imprint lithography processes and systems referred to in U.S.

Patent Nos. 6,932,934; 7,077,992; 7,179,396; and 7,396,475, each of which is

incorporated by reference herein.

[0045] FIG. 4 shows an embodiment of a micro-conformal nanoimprint

template. Micro-conformal nanoimprint template 60 is a multi-layer template

including backing layer 62 and patterned layer 64. Patterned layer 64 is formed

from functional imprint material. Oxidized layer 66 is formed on the surface of

patterned layer 64. The backing layer material and the functional imprint material

may be selected to achieve the desired spatial conformality of the template.

[0046] As used herein, a "micro-conformal" template refers to a

nanoimprint template that can conform over a micron-scale defect on the

substrate (e.g., a particle, ridge, or surface perturbation on the order of microns

to tens of microns in diameter and up to 100 µιτι ) , such that an excluded distance

(e.g., a maximum excluded distance) from the micron-scale defect to a patterned

layer formed by the nanoimprint lithography template is less than a height of the

defect from the projected boundary of the micron-scale defect on the substrate.

The height of the defect above the substrate is understood be the longest

perpendicular distance from the imprinting surface of the substrate to an exterior

surface of the defect. The projected boundary is understood to be the outline of

a perpendicular projection of the micron-scale defect onto the substrate (i.e., the

smallest possible projected area). The excluded distance can be thought of as a

measure of the void proximate the micron-scale defect.



[0047] In one example, the height of a spherical particle on the surface of

the substrate is the diameter of the particle. The projected area of the spherical

particle is a circle with a diameter equal to the diameter of the sphere. The

excluded distance (e.g., the maximum excluded distance) from the spherical

particle on a substrate over which a patterned layer has been formed, to the

patterned layer, is less than a diameter of the particle from the projected circle on

the substrate. In another example, the height of a cylindrical rod resting on a

circular base is the length of the cylinder. The projected area is a circle with the

diameter of the cylinder. The excluded distance (e.g., the maximum excluded

distance) from the cylinder on a substrate over which a patterned layer has been

formed, to the patterned layer, is less than the length of the cylinder from the

projected circle on the substrate. In this case, the area of the projected circle is

the same as the circular cross-sectional area of the cylinder.

[0048] Imprinting over micron-scale particles generally does not cause

irreversible damage to the micro-conformal template. Rather, the area of the

defect region in imprints on subsequent substrates decreases, showing recovery

of the micro-conformal template. In some cases, a micro-conformal template

shows no reduction in feature fidelity multiple imprints (e.g., after 100, 200, or

more imprints). In addition, residual layer thickness of imprints formed with the

micro-conformal templates described herein is generally uniform, with a

thickness of less than about 50 nm, less than about 25 nm, or less than about 15

nm.

[0049] Micro-conformal templates can exhibit improved conforming

behavior over a standard glass or silicon template when printing over surface



particles or topography when used for nanoimprint patterning. As used herein,

"functional imprint material" refers to material that is used to form patterned

features of a micro-conformal template. In some cases, functional imprint

material is used to form a single layer micro-conformal template. In other cases,

functional imprint material is used to form one or more layers of a multilayer

micro-conformal template. In the embodiment shown in FIG. 4, for example,

functional imprint material used to form mold 64 is a silicon-containing resist.

The silicon-containing resist can be a UV-curable resist with a high silicon

content. As used herein, a "high silicon content" refers to a silicon content

greater than about 10 wt%.

[0050] Referring to FIG. 5, micro-conformal nanoimprint template 60 may

be formed by process 70. Process 70 includes selecting a backing layer 72,

coating at least a portion of the backing layer with a silicon-containing material

74, and contacting the silicon-containing material with a master nanoimprint

template 76. In some cases, the silicon-containing material includes a surfactant

(e.g., a fluorinated surfactant, an ionic surfactant, a non-ionic surfactant). The

silicon-containing material is solidified (e.g., cured) 78, and the master

nanoimprint template is separated from the solidified material or replica template

80. After separation of the master nanoimprint template from the replica

template, the patterned surface of the solidified replica template is oxidized 82.

[0051] A thickness of backing layer 62 may contribute to spatial

conformality of the template 60. For example, a template with a thinner backing

layer may demonstrate greater defect tolerance than a similar template with a



thicker backing layer. An elastic modulus of the backing layer material also

affects the defect tolerance of the template.

[0052] FIGS. 6 and 7 show results from mechanical modeling of bending

behavior of template backing layers formed from materials with an elastic

modulus of about 3 GPa (e.g., polymethyl methacrylate, polycarbonate, acrylic,

and the like) and about 70 GPa (e.g., fused silica), respectively, for defects of a

certain amplitude as a function of spatial frequency of the defects. In FIGS. 6

and 7, conformality of a template with a backing layer of the thickness indicated

by a particular curve to surface defects of a given amplitude (y axis) and spatial

frequency (x axis) may be determined based upon the position of the surface

defect with respect to the particular curve. A backing layer of the thickness

denoted by a particular curve can conform successfully to defects that fall into

the region to the left of that particular curve, but cannot conform successfully to

defects that fall into the region to the right of that particular curve. For successful

imprinting with micro-conformal templates over particles with a diameter up to

tens of microns, the excluded distance extends from the surface of the particle a

distance less than the diameter of the particle.

[0053] Plots 80, 82, 84, 86, and 88 in FIG. 6 refer to backing layer

thicknesses of 1000 µιτι , 675 µιτι , 500 µιτι , 400 µιτι , and 300 µιτι , respectively.

Plots 90, 92, 94, 96, and 98 in FIG. 7 refer to backing layer thicknesses of 675

µιτι , 500 µιτι , 400 µιτι , 300 µιτι , and 100 µιτι . As seen in FIGS. 6 and 7, thicker

backing layers allow better conformality to larger defects spaced more closely

together than thinner backing layers. Furthermore, lower elastic modulus



backing layers, as modeled in FIG. 6, show better spatial conformality than

higher modulus backing layers of the same thickness, as modeled in FIG. 7 .

[0054] The construction of template 60 is such that it can be fabricated

through automated processing with existing equipment and is compatible with

high volume nanoimprint tools such as, for example, the IMPRIO 2200 and

IMPRIO 1100 (HVM HDD nanoimprint tool available from Molecular Imprints,

Inc., Austin, TX). When existing equipment is used, the template configuration

may match that of a wafer. As such, the backing layer is constructed to simulate

a wafer. In the case of the IMPRIO 2200 and IMPRIO 00, a 150 mm diameter,

notched wafer format can be used. To achieve a low elastic modulus backing

layer, plastic wafers including, for example, polycarbonate and polymethyl

methacrylate (PMMA) may be used. As seen in FIGS. 6 and 7, PMMA and

polycarbonate are expected to demonstrate better conforming behavior than

fused silica or glass for the same thickness of the wafer or backing layer.

[0055] In some cases, a thin layer of higher modulus material may be used

as a backing layer. For example, a layer of VF-45 drawn glass with a thickness of

about 300 µιτι or less (available from Schott North America, Inc., Elmsford, NY)

may be used as a backing layer. In certain cases, a template may include an

elastic deformation layer, for example, between the backing layer and the

functional imprint material (i.e., the patterned layer). The backing layer is

generally selected such that the elastic modulus of the backing layer exceeds the

elastic modulus of a patterned layer adhered to the backing layer. In some

cases, the patterned layer has an elastic modulus greater than about 3 MPa or

greater than about 5 MPa. That is, in some cases, the patterned layer has higher



elastic modulus than PDMS. As such, in some cases, the patterned layer does

include PDMS (e.g., the silicon-containing material is free of PDMS).

[0056] After selection of the backing layer, at least a portion of the backing

layer is coated with a functional imprint material. The functional imprint material

may be, for example, a polymerizable silicon-containing material. A silicon

content of the silicon-containing material can be at least about 10 wt%. In some

cases, the functional imprint material is a high-silicon-content polymerizable

material, such as an ORMOCER (available from micro resist technology GmBH,

Germany), a high-silicon-content UV-curable acrylate-based nanoimprint resist,

such as SILMAT (available from Molecular Imprints, Inc.), or other silicon-

containing imprint resist.

[0057] ORMOCERs are high-silicon-content inorganic-organic hybrid

polymerizable sol gel materials that combine certain properties of silicone (e.g.,

elasticity), organic polymers (e.g., UV curability), and ceramics (e.g., stability,

and optical properties). ORMOCERs include an inorganic backbone and

methacrylate and epoxy functional groups, and are cured in a two-step process

that includes a UV polymerization of the methacrylate functionality, followed by a

thermal polymerization of epoxy groups to yield high silica content, glass-like

materials. These materials can be tailored to provide properties suitable for a

variety of optics, electronics, and optoelectronics applications.

[0058] In some cases, a functional imprint material includes one or more

surfactant. The surfactant can facilitate mold release, and can reduce or

eliminate defects in patterned layers formed during replication runs. At least one

of the surfactants can be a fluorinated surfactant). Examples of suitable



fluorinated surfactants include FS2000 (available from DuPont), FC 4432

(available from 3M Company), and the like. Experiments showed that addition of

a fluorinated surfactant to a high-silicon-containing material such as an

ORMOCER allowed substantially defect-free pattern replication, while imprints

made without the fluorinated surfactant resulted in adhesion failures within the

imprint.

[0059] Surfactant may be added to a silicon-containing resist in an amount

between about 0.5 wt% and about 2 wt%. When a low viscosity UV-curable

silicon-containing resist (e.g., SILMAT) is used, the surfactant can be added to

the resist formulation without any additional solvent. When a higher viscosity

material such as an ORMOCER is used, a solvent (e.g., propylene glycol methyl

ether acetate (PGMEA) or methyl n-amyl ketone (MAK)) may be added to lower

viscosity of the formulation (e.g., to facilitate spin-coating of the resist prior to

imprinting). In one example, a formulation includes between about 10 wt% and

about 50 wt% ORMOCER resist, between about 0.5 wt% and about 2 wt%

flourinated surfactant, and PGMEA as a solvent.

[0060] After the wafer is coated with the functional imprint resist material

(e.g., by spin-coating or ink-jet dispensing), the resist material may be imprinted

with a master template (e.g., a fused silica template) and cured to form a replica

template with a nanopatterned layer adhered to the backing layer. Curing may

include, for example, UV curing at room temperature.

[0061] After curing of the patterned layer, the master template may be

separated from the replica template. In some cases, the patterned layer has an

elastic modulus greater than about 3 MPa or greater than about 5 MPa. That is,



in some cases, the patterned layer has higher elastic modulus than PDMS. As

such, in some cases, the patterned layer may not include PDMS (e.g., the

silicon-containing material may be free of PDMS). After separation of the master

template from the replica template, the replica template may be subjected to

oxidation processing.

[0062] Oxidation of the silicon-containing functional imprint material may

be achieved, for example, through oxygen plasma processing such as in a

reactive ion etching chamber or in an oxygen asher or through UV-ozone

treatment. Oxidation of the patterned functional imprint material produces a

hardened, glass-like layer on the patterned surface of the silicon-containing layer.

A thickness of the oxidized layer is at least 5 nm. In some cases, a thickness of

the oxidized layer is between about 5 nm and about 50 nm, or between about 10

nm and about 30 nm. The elastic modulus of the glass-like oxidized layer

exceeds the elastic modulus of the silicon-containing material between the

backing and the oxidized layer. Wetting and release properties of the replica

template with the oxidized layer may be similar to the wetting and release

properties of a fused silica template.

[0063] Example 1. FIGS. 8A and 8B show SEM images of portions of

templates 60 formed as described herein with oxidized layer 66 on mold 64.

Oxidized layer 66 can be seen as the lighter material in the surface of the mold

64. Oxidized layer 66 has a thickness of less than about 20 nm. FIG. 8A shows

oxidized layer 66 on pillars 100 in a pillar pattern formed from an imprint resist

including ORMOSTAMP. FIG. 8B shows oxidized layer 66 on ridges 102 of a

120 nm pitch line array pattern formed from an imprint resist including SILMAT.



After the formation of oxidized layer 66, template 60 may be loaded onto an

automated imprint tool such as the IMPRIO 1100 or IMPRIO 2200. Experiments

have shown that the templates exhibit similar release force observed for fused

silica templates.

[0064] Example 2 . FIGS. 9A-9D show SEM images of imprints numbers

2, 52, 124, and 201 , respectively, in a series of imprints made a with micro-

conformal template to yield patterned layers 106. Images on the left and right of

each figure show different pitch regions of the same imprint. The functional

imprint material included ORMOSTAMP (available from micro resist technology).

The backing layer was 6 µιτι polycarbonate. Imprints were made using an

IMPRIO 1100 and MONOMAT-FT247-100. Comparison of FIGS. 9A-9D indicate

substantially unchanged pattern fidelity over the course of the 201 imprints.

[0065] Example 3 . FIGS. 10A-10D show SEM images of patterned layers

106 formed with a micro-conformal template over glass spheres 108. FIG. 10E

shows an SEM image of patterned layer 106 imprinted with the same micro-

conformal template over a surface without glass spheres. The 3-pm-diameter

glass spheres 108 visible in FIGS. 10A-10D were coated in TRANSPIN by

adding < 1 wt% glass spheres to TRANSPIN (Molecular Imprints, Inc.), then spin-

coated at standard conditions onto the test wafer.

[0066] The micro-conformal template was formed by treating a

polycarbonate wafer of 150 mm format with an oxygen plasma (March Asher,

300 W, 300 sec) prior to applying a TRANSPIN (Molecular Imprints) adhesion

layer. TRANSPIN was coated onto the wafer at 1500 rpm. The wafer was then

baked in an oven at 160°C for 1 minute to cure the TRANSPIN. A solution of



30% ORMOSTAMP and 0.75% FS2000 in PGMEA was dispensed onto the

TRANSPIN-coated polycarbonate wafer and spin-coated at 700 rpm for 1 minute.

The wafer was then baked in an oven at 120°C for 8 minutes. The coated wafer

was then imprinted on an IMPRIO 1100 configured with a 150 mm substrate

chuck using a fused silica pillar tone master template (Quantum 2B, 1 µιτι pitch).

After imprinting, the patterned wafer was post-baked in an oven at 160°C for 5

minutes to ensure complete cross-linking of the material. The template was then

oxidized in a March Asher at 125 W, 120 sec, 400 mTorr, 50 seem oxygen. The

template was then used to imprint over 3-pm-diameter glass spheres 108, as

shown in FIGS. 10A-1 0D.

[0067] FIGS. 10A and 10C show top views, and FIGS. 10B and 10D show

perspective views after imprinting. FIG. 10E is an image of a patterned resist

layer 106 formed with the same template after forming the imprints shown in

FIGS. 10A-1 0D. The images in FIGS. 10A-10D show that the micro-conformal

template successfully conforms to the defect on the substrate. That is, the

excluded distance 5 from sphere 108 to the patterned layer 106 is less than the

diameter of the particle. This example may also include batch processing steps

(e.g., with the use of VALMAT), in various automated modes (e.g., with an

automated spin-coater or imprinting in an automated mode).

[0068] Example 4 . Similar constructions have been used to imprint

discrete track media (DTM) patterns as shown in FIGS. 11A-1 1D and FIG. 12 .

FIGS. 11A-1 1D show 120 nm pitch DTM imprints 112 made by a glass backing

wafer (525 µιτι thick) and ORMOSTAMP functional imprint material (2 µιτι thick)

micro-conformal template replica of KIRIN 4-7 (a 120 nm pitch DTM test pattern).



Imprints 112 in FIGS. 11A and B show particle conforming behavior over

clusters of 500 nm glass spheres 110 . FIGS. 1 C and 11D show imprints 112

with the same template used for the imprints in FIGS. 11A and 11B. The imprints

112 in FIGS. 11C and 11D are made on surfaces without glass particles, and

show recovery of the template following the imprints in FIGS. 11A and 11B.

[0069] FIG. 12 shows imprinted servo patterns for a micro-conformal

template construction showing good conforming behavior around 500 nm glass

spheres 110 .

[0070] FIG. 13A shows imprinted DTM lines ( 120 nm pitch) 114 from a

micro-conformal template construction showing conforming behavior around 500

nm glass spheres 110. FIG. 13B shows a reduction in defect area 116 in the

subsequent imprint made by the same template on a surface without glass

spheres, showing recovery of the template.

[0071] As seen in FIGS. 11A-1 1D, FIG. 12, and FIGS. 13A-1 3B, excluded

area in the imprints such that an excluded distance from a defect in a patterned

layer formed by the template is less than a height of the defect from an exterior

surface of the defect and parallel to the substrate. In addition, the imprinted

patterns can be seen running up to and in some cases over the defects.

Subsequent imprints on unperturbed substrates show reduced defectivity as

compared to the particle-containing imprint.

[0072] Example 5 . FIG. 14 is an SEM image of an imprint made from a

micro-conformal template replica of a 120 nm pitch DTM pattern with SILMAT

(ST101 -050, available from Molecular Imprints, Inc.) as the functional imprint



material. The image shows high fidelity imprinting of DTM lines 114 with a micro-

conformal template.

[0073] Example 6 . FIG. 15 shows imprints 112 made using a fused silica

master template containing 60 nm lines and a resist including a 20 wt% solution

of ORMOCLAD in methyl n-amyl ketone (MAK) with 0.1 wt% FC4430 fluorinated

surfactant added. The resist was spin-coated at 2000 rpm onto a silicon wafer.

FIG. 16 shows imprints 112 from FIG. 15 after removal of uncured ORMOCLAD

material with isopropyl alcohol. FIG. 17 shows an SEM cross section of 60 nm

lines 114 from the imprints shown in FIGS. 15 and 16.

[0074] Example 7 . FIG. 18 shows a top-down SEM image of 80 nm pillars

118 . The image shows high fidelity imprinting of DTM lines 114 with a micro-

conformal template.

[0075] Example 8 . FIG. 19 shows an SEM cross-sectional image of

approximately 70 nm lines fabricated using a resist prepared from a 5 wt%

ORMOCLAD solution in MAK, containing 0.1 wt% FC4432 fluorinated surfactant,

and spin-coated at 2000 rpm. Oxidized layer 66 is visible on mold 64. Residual

layer 120 is seen to be relatively uniform over the length of the image.

[0076] Further modifications and alternative embodiments of various

aspects will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only. It is to be

understood that the forms shown and described herein are to be taken as

examples of embodiments. Elements and materials may be substituted for those

illustrated and described herein, parts and processes may be reversed, and

certain features may be utilized independently, all as would be apparent to one



skilled in the art after having the benefit of this description. Changes may be

made in the elements described herein without departing from the spirit and

scope as described in the following claims.



WHAT IS CLAIMED IS:

1. A nanoimprint lithography template comprising:

a backing layer; and

a nanopatterned layer adhered to the backing layer, wherein the elastic

modulus of the backing layer exceeds the elastic modulus of the nanopatterned

layer.

2 . The nanoimprint lithography template of claim 1, wherein the

nanopatterned layer is silicon-containing, and further comprising an oxidized

layer on the surface of the silicon-containing nanopatterned layer.

3 . The nanoimprint lithography template of claim 2, wherein the elastic

modulus of the oxidized layer exceeds the elastic modulus of the silicon-

containing layer, and a thickness of the oxidized layer is at least 5 nm.

4 . The nanoimprint lithography template of claim 2 or claim 3, wherein the

oxidized layer is formed by an oxidizing treatment.

5 . The nanoimprint lithography template of claim 4, wherein the oxidizing

treatment is selected from the group consisting of oxygen plasma processing,

oxygen ashing, reactive ion etching, and UV-ozone treatment.



6 . The nanoimprint lithography template of any one of claims 2 through 5,

wherein a silicon content of the silicon-containing nanopatterned layer is at least

about 10 wt%.

7 . The nanoimprint lithography template of any one of claims 2 through 6,

wherein a thickness of the oxidized layer is between 5 nm and 50 nm or between

10 nm and 30 nm.

8 . The nanoimprint lithography template of any one of claims 2 through 7,

wherein the silicon-containing nanopatterned layer is formed from a composition

comprising a surfactant.

9 . The nanoimprint lithography template of claim 8, wherein the surfactant is

a fluorinated surfactant.

10 . The nanoimprint lithography template of any one of claims 1 through 9,

wherein the elastic modulus of the backing layer is greater than the elastic

modulus of the nanopatterned layer.

11. The nanoimprint lithography template of any one of claims 2 through 10,

wherein the silicon-containing nanopatterned layer comprises an inorganic-

organic hybrid polymer.



12 . The nanoimprint lithography template of any one of claims 2 through 11,

wherein the elastic modulus of the silicon-containing nanopatterned layer is

greater than the elastic modulus of polydimethylsiloxane.

13 . The nanoimprint lithography template of any one of claims 1 through 12,

wherein the nanoimprint lithography template is operable to form over 200

imprints with no reduction in feature fidelity.

14. The nanoimprint lithography template of any one of claims 1 through 13,

wherein the nanoimprint lithography template is operable to form a patterned

layer in an imprint resist on a substrate having a micron-scale defect, such that

an excluded distance from an exterior surface of the micron-scale defect to the

patterned layer formed by the nanoimprint lithography template is less than a

height of the defect.

15 . A nanoimprint lithography method comprising:

selecting a backing layer;

disposing a silicon-containing polymerizable material on the backing layer;

contacting the silicon-containing polymerizable material with a patterned

master nanoimprint lithography template;

solidifying the silicon-containing polymerizable material to form a silicon-

containing patterned layer adhered to the backing layer;

separating the master nanoimprint template from the silicon-containing

patterned layer; and



oxidizing the surface of the silicon-containing patterned layer to form an

oxidized layer with a thickness of at least 5 nm on the surface of the silicon-

containing patterned layer.

16 . The method of claim 15, wherein oxidizing comprises an oxidizing

treatment selected from the group consisting of oxygen plasma processing,

oxygen ashing, reactive ion etching, and UV-ozone treatment.

17 . The method of claim 15 or 16, wherein a silicon content of the silicon-

containing polymerizable material is at least about 10 wt%.

18 . The method of any one of claims 15 through 17, wherein a thickness of

the oxidized layer is between 5 nm and 50 nm or between 10 nm and 30 nm.

19 . The method of one of claims 15 through 18, wherein the silicon-containing

polymerizable material comprises a fluorinated surfactant.

20. The method of one of claims 15 through 19, wherein the elastic modulus

of the backing layer is greater than the elastic modulus of the silicon-containing

patterned layer.

2 1 . The method of one of claims 15 through 20, wherein the silicon-containing

patterned layer comprises an inorganic-organic hybrid polymer.
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