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60/ 631,029, filed on Nov. 24, 2004, entitled
“Inprinting Materials with Enhanced Filling
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FI et cher and Van N Truskett as inventors, the
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require the patent owner to lLicense others on
Reduce Adhesion Between a Conformable Region and a

Mold,” and a Continuation-in-Part of U.S. patent
application Ser. No. 11/012,375 now abandoned, entitled
“Method to Reduce Adhesion Between a Conformable Region
and a Mold,” both filed Dec. 15, 2004, both listing
Frank Y. Xu and Michael N. Miller as inventors, and both
of which are incorporated herein by reference.

Finally, the present application is a divisional
patent application of United States patent application
Ser. No. 11/068,397 filed on Feb. 28, 2005, (now
abandoned). This application is incorporated by
reference herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

The United States government has a paid-up license
in this invention and the right in limited circumstances
to require the patent owner to license others on

reasonable terms as provided by the terms of



reasonabl e terns as provided by the terns of 2
70NANB4H3012 awarded by National Institute of
Standards (NI ST) ATP Award. BACKGROUND OF THE
I NVENTI ON The field of invention relates generally to
nano- fabrication of structures. Mre particularly,
the present invention is directed to conpositions
suited for patterning subs rates in furtherance of
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e.g., having features on the order of one nano-neter
or nore. A prom sing process for use in nano-scale
fabrication is known as inprint |ithography.
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of the present invention.



of the present invention. 3 Referring to Fig. 1, the
basi ¢ concept behind inprint lithography is formng a
relief pattern on a substrate that may function as,
inter she, an etching mask so that a pattern may be
formed into the substrate that corresponds to the
relief pattern. System 10 enployed to formthe relief
pattern includes stage 11 pon whi ch substrate 12 is

supporied. B Te e 14 has 1
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deposit polymerizable material 24 thereon. 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.

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 f£ill 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-1link, forming



volume is filled with polynerizable material 24,
source 26 produces energy 28, which causes

pol ynmeri zable material 24 to solidify and/or
cross-link, formng 4 polyneric material conformng
to the shape of the substrate surface 24 and nold
surface 18. Control of this process is regul ated by
processor 32 that is in dagja communication with stage
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I nprove release
attempts to improve the release characteristics employ a
release layer on the surface of the mold. The release
layer is typically hydrophobic and/or has low surface
energy. The release layer adheres to the mold.
Providing the release layer improves release
characteristics by minimizing distortions in the pattern
recorded into the polymeric material that are
attributable to mold separation. This type of release
layer is referred to, for purposes of the present
discussion, as an a priori release layer, i.e., a
release layer that is solidified to the mold.

Another prior art attempt to improve release
properties is described by Bender et al. in Multiple
Imprinting in UV-based Nanoimprint Lithography: Related
Material Issues, Microeletronic Engineering 61-62
(2002), pp. 407-413. Specifically, Bender et al. employ

a mold having an a priori release layer in conjunction



properties is described by Bender et al. in Miltiple
Imprinting in UV-based Nanoi nprint Lithography:

Rel ated WMaterial |ssues, Mcroel etronic Engi neering
61-62 (2002), pp. 407-413. Specifically, Bender et

al. enploy a nold having an a priori release layer in
conjunction 5 wth a fluorine-treated UV curable
material. To that end, a u? curable layer is applied
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preferential release and adhesion properties of a mold

employed in imprint lithography processes.

SUMMARY OF THE INVENTION

The present invention provides compositions that
feature improved preferential adhesion and release
characteristics with respect to a substrate and a mold
having imprinting material disposed therebetween. The
compositions facilitate bifurcation of the imprinting
material into a surfactant-component-rich sub-portion
and a surfactant-component-depleted sub-portion located
between said surfactant-component-rich sub-portion and
said substrate. This surfactant-component-rich sub-
portion attenuates the adhesion forces between the mold
and the imprinting material, once solidified.
Specifically, the surfactant component has opposed ends.
In the liquid phase, one of the opposed ends has an

affinity for the bulk material. The remaining end has a



bet ween sai d surfactant-conponent-rich sub-portion and
said substrate. This surfactant-conponent-rich sub-
portion attenuates the adhesion forces between the
nold and the inprinting material, once solidified.
Specifically, the surfactant conponent has opposed
ends. In the liquid phase, one of the opposed ends
has an afflnlty for the bukk material. The renalnlng
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component and compounds selected from a set of compounds
consisting essentially of vinyl ethers, methacrylates,
acrylates, thiol~enes, epoxies, as well as a surfactant
component, having opposed ends, one of which has an
affinity for said bulk material and the remaining end

having a fluorine component. These and other

embodiments are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a lithographic
system in accordance with the prior art;

Fig. 2 is a simplified elevation view of a template
and imprint material disposed on a substrate in
accordance with the present invention;

Fig. 3 is a simplified elevation view of the

template and substrate shown in Fig. 2, with the



enbodi nents are descri bed herein. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a perspective view of a
l'ithographic systemin accordance with the prior art;
Fig. 2 is asinplified elevation view of a tenplate
and inprint material disposed on a substrate in
accordance with the present invention; Fig. 3is a
sinplified elevation view off the tenplate and

. s hown. i g, 2. wWth_the L_nmpr.inti.ng
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sblgdidied;a detailed view of the droplets of inprint
material, shown in F[g. 2,_shomﬁng the bifurcation of
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of a layer of 1nprinting material, depoSite
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of the_.layer into. surfactant- rich regions and
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either Figs. 4 or 5, demonstrating the formation of the
weak boundary lamella between solidified imprinting
material and a template;

Fig. 7 is a cross-sectional view of the template
shown in Fig. 6 having a layer of surfactant containing
solution disposed thereon, in accordance with the
present invention;

Fig. 8 is a table illustrating compositions and
test results for Bulk Material Al;

Fig. 9 is a table illustrating separation data
utilizing Bulk Material AZ2;

Fig. 10 is a table illustrating separation data
utilizing Bulk Material A3;

Fig. 11 is a table illustrating separation data
utilizing Bulk Material A4;

Fig. 12 is a table illustrating separation data
utilizing Bulk Material AS5;

Fig. 13 is a table illustrating separation force

data utilizing Bulk Material A6; and



test results for Bulk Material Al; Fig. 9 is a table
illustrating separation data utilizing Bulk Materi al
A2; Fig. 10 is a table illustrating separation data
utilizing Bulk Material A3; Fig. 11 is a table
illustrating separation data wutilizing Bulk Material
Ad; Fig. 12 is atable illustrating separation data
utilizing Bulk Material A5;gFig. 13 is a table
data_utili Ilé
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substantial ly planar profile.
one or more layers disposed thereon. 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 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. 1In the present
example, however, the imprinting material is deposited
as a plurality of spaced-apart discrete droplets 46 on
substrate 42. Imprinting layer 34 is formed from a
composition that may be selectively polymerized and
cross-linked to record the original pattern therein,
defining a recorded pattern.

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



It should be understood that the inprinting materia
may be deposited using any known techni que, e.g.,
spin- coating, dip coating and the like. In the
present exanple, however, the inprinting material is
deposited as a plurality of spaced-apart discrete
droplets 46 on substrate 42. Inprinting layer 34 is
formed froma conposition @hat may be selectively
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minimum distance “d” has been reached. This action
provides formation 50 with sub-portions 52 having a
thickness t;, and sub-portions 54, having a thickness t,.
Thicknesses “t;” and “t;” 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., actinic radiation. This causes the
imprinting material to polymerize and cross-link. The
entire process may occur at ambient temperatures and
pressures, or in an environmentally 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.

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



thi ckness t1, and sub-portions 54, having a thickness
t2. Thicknesses "tl" and "t2" may be any thickness
desired, dependent upon the application. Thereafter,
formation 50 is solidified by exposing the sane to
the appropriate curing agent, e.g., actinic
radi ati on. This causes the inprinting material to
pol ynmeri ze and cross-1ink. entire process may
ssure
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hdws esllatively low viscosity, e.g., in a range of 0.5
to 20 centipoises (cPs). 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 viscosity greater than 10 cPs
and typically, several hundred to several thousand cPs.
In addition to the aforementioned characteristics,
referred to as liquid phase characteristics, it is
desirable for the composition to provide the imprinting
material with certain solidified phase characteristics.

For example, after sclidification of formation 50, it is



have rel atively |l ow viscosity, e.g., in a range of 0.5
to 20 centipoises (cPs). Considering that the
inmprinting material is spread and patterned
concurrently, with the pattern being subsequently
solidified into formati on 50 by exposure to radiation,
it would be desired to have the conposition wet
surface of substrate 42 and/or nold 36 and to avoid
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from a number of different materlals 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. Additionally, substrate 42 may
include one or more layers, e.g., dielectric layer,
metal layer, semiconductor layer, planarization layer
and the like, upon which formation 50 is generated.
Additionally, mold 36 may be formed from several
materials, e.g., fused-silica, quartz, indium tin oxide
diamond-like carbon, MoSi, sol-gels and the like.

It has been found that the imprinting material from
which formation 50 is generated may be fabricated from
several different families of bulk materials. For

example, the imprinting material may be fabricated from



material to provide the aforenentioned characteristics
may differ. This results from substrate 42 being
formed froma nunber of different materials. As a
result, the chem cal conposition of surface 44 varies
dependent upon the material from which substrate 42
is formed. For exanple, substrate 42 may be forned
fromsilicon, plastics, %J unlarsenide ner cury
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inmprinting material from which formation 50 is
generated may be fabricated from several different
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acrylates just to nape.a.few,; Exemplary bul k
materials for the inprinting nmaterial are as foll ows:
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Adivrayl| vebherether s¢dmponghoxybutigkhyyienebliytatedivinyl

hot oi ni ti irst vinyl ether conponent,

?%th@?%naﬁ gﬁfiav%?ﬁyftré?ﬁﬁFe has the fol |l ow ng
structure: and conprlseﬁ)apprOX|nately067 9% of the
bulk materi ak” N~ S g7 N ONF

and comprises approximately 67.9% of the bulk material
by weight. As a result, the mechanical properties of
formation 50 are primarily attributable to
triethyleneglycol divinyl ether. An exemplary source
for triethyleneglycol divinyl ether is the BASFE
Corporation of Mount Olive, New Jersey available under
the product name DVE-3.

A second vinyl ether component tris(4-

vinyloxybutyl)trimellitate has the following structure:
o)
O/A\V/A\V/O\V%7
4%“\O/A\V/A\V/O O\V/A\V/A\O/‘\x
o) 0]

Q

and comprises approximately 29.1 % of the bulk material.
The component tris(4-vinyloxybutyl)trimellitate is
available from Morflex Inc. of Greensboro, North

Carolina under the tradename Vectomer 5015.



by weight. As a result, the nechanical properties of
formation 50 are primarily attributable to
triethyleneglycol divinyl ether. An exenplary source
for triethyl eneglycol divinyl ether is the BASF

Cor poration of Mount Aive, New Jersey avail abl e under
t he product nane DVE-3. A second vi nyl ether conponent
tris(4- vinyloxybutyl)trimglditate has the follow ng
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B s (4- v'nyloxyoutyl)a6|pate vinyl ether~terninated

pol yester polynmer photoinitiator A first vinyl ether
conpohenphobbshfitiator component comprises

in propylep

approximately 3% of the bulk material and is available
from the Dow Chemical Company of Midland, Michigan under
the product name UVI 6976.

VINYL ETHER 2/BULK MATERIAL-A2

bis(4-vinyloxybutyl)adipate
vinyl ether terminated polyester polymer

photoinitiator

A first vinyl ether component, bis(4-

vinyloxybutyl)adipate, has the following structure:

O

,4¢\\O//\\v/”\\//o\Tr/“\\//\\v/JL\O//\\V/”\\//O\x%7

O

and comprises approximately 19.4% of the bulk material
by weight. An exemplary source for bis(4-
vinyloxybutyl)adipate is Morflex, Inc. of Greensboro,

North Carolina under the product name Vectomer 4060.



vi nyl oxybutyl ) adi pate, has the follow ng structure:
and conprises approximately 19.4% of the bulk nmateri al
by wei ght. An exenplary source for bis(4-

vi nyl oxybutyl )adi pate is Mrflex, Inc. of Geensboro,
North Carolina under the product nane Vectonmer 4060.
14 The second vinyl ether conponent is a vinyl ether
term nat ed pol yester ponnqL that conpri ses
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et her of bisphenol A

METHACRYLATE/BULK MATERIAL-A3

organic modified silicate

An exemplary organic modified silicate ORMOSIL that
may comprise 100% of the bulk material is Ormomer® b66
available from Micro Resist Technology GmbH, Berlin,
Germany. The material is fabricated through a sol-gel
process. Methacryl and epoxy functionality is attached
to the material, with a photoinitiator component being
incorporated for UV curing through the methacryl

functionality.

EPOXY/BULK MATERIAL-A4
diglycidyl ether of bisphenol A

cationic photoinitiator

The diglycidyl ether of bisphenol A component has

the following structure:



cationic photoinitiator The diglycidyl ether of

bi sphenol A conponent has the follow ng structure: 15
and conprises approximtely 97% of the bulk materi al
by weight. As a result, the nechanical properties of
formation 50 are primarily attributable to the

di gl yci dyl ether of bisphenol A conponent. An

exenpl ary source of diglygigdyl ether of bisphenol A
is Dow Chem cal Conpany of M dland, M chigan under
the product name DER 332. The cationic photoinitiator

conponent of _ the a m xture of
triaryl onrgm af at§ n
propyl €de carbonat i he fol | owi NMQ

structure: PPP Q QPFP 'FP ~6~>~) cr&so and conpri ses
approxi mately 3% of the bulk material, by weight. An

e u t gi t t i
< UEERL L0 e O e gl 02016 PRS LT LBLat st by
weiodtct Aane 4ub992thFHhELh BNESBULKr MOTERL AL - AS

triethylenegl ycol divinyl ether
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name DER 332. The cationic photoinitiator component of
the bulk material includes a mixture of triarylsulfonium
hexafluorophosphate salts in propylene carbonate,

providing the following structure:

2 oo
ShoobsT G i

and comprises approximately 3% of the bulk material,
weight. An exemplary source of the cationic
photoinitiator is Dow Chemical Company of Midland,

Michigan under the product name UVI 6992.

THIOL-ENE/BULK MATERIAL-A5
triethyleneglycol divinyl ether
1,2-Bis(2-mercaptoethoxy)ethane

triallyl isocyanurate

ethyl 2, 4, 6-trimethylbenzoylphenylphosphinate



mer capt oet hoxy) et hane conponent has the foll ow ng

structure: HS'"""O' ~O --'~SH and conpri ses

approximately 47.3% of the bulk material by weight.

An exenpl ary source of the 1, 2-Bis(2-

mer capt oet hoxy) et hane conponent is the A drich

Chem cal Conpany of M| waukee, W sconsin under the

product name DMDO. As a r It t he nechani ca
rimarily attribu

properties oﬁ formation 5 %
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and comprises approximately 47.3% of the bulk material
by weight. An exemplary source of the 1,2-Bis(2-
mercaptoethoxy)ethane component is the Aldrich Chemical
Company of Milwaukee, Wisconsin under the product name
DMDO. As a result, the mechanical properties of
formation 50 are primarily attributable to the
triethyleneglycol divinyl ether and 1,2-Bis(2-
mercaptoethoxy)ethane components.

The triallyl isocyanurate component has the

following structure:

and comprises approximately 13% of the bulk material by
weight. An exemplary source of the triallyl
isocyanurate component is the Aldrich Chemical Company

of Milwaukee, Wisconsin under the product name TAIC.



An exenplary source of the ethyl 2, 4, 6-

tri met hyl benzoyl phenyl phosphi nate conponent is the
BASF Corporation of Mount Oive, New Jersey under the
product nane TPO L. ACRYLATE/ BULK MATERI AL- A6

I sobornyl acrylate n-hexyl acrylate ethylene glyco

di acryl ate 2-hydroxy-2-nethyl-I|-phenyl - propan-1-one
The acrylate conmponent, isqpprnyl acryl ate (IBOM,

has mnng stru ture: npr i

apprgg ggV £505 6f © F&mﬁﬁpggkgpz y& W@ng but nay
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result, the mechanical properties of formation 50 are

bglknBrtEyiait Pybueabhé £8d B ths feldepliamoy stucsare:
for IBOA is Sartoner Conp agy, Inc. of 18 Exton,

Pennsyl vani a avai | und r the product nane SR 506.
The conponent n-he a%eoCanA% has t he
foll ow ng structure ~O and conprises approxinmately

27% of bul k materi al e
a range of 0% to 50% ﬁ%cl &
flexibility to formati on-- HA is enployed to
reduce the viscosity of the prigr art bulk naterial
so that bulk material, in the li\quid phase, has a
viscosity in a range 2 9 Centi poises, inclusive. An
A%x%ﬁﬁmﬁi9r§o§PEéCFontﬁ@eneﬁhy ofpofient-

trimethylbenzoylphenylphosphinate component is the BASFE

but may be present in
Al so providing

Corporation of Mount Olive, New Jersey under the product
name TPO-L.
ACRYLATE/BULK MATERIAL-AG
isobornyl acrylate
n-hexyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1l-phenyl-propan-1l-one

The acrylate component, isobornyl acrylate (IBOA),

has the following structure:

A,

and comprises approximately 55% 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 IBOA. An

exemplary source for IBOA is Sartomer Company, Inc. of



is the Aldrich Chem cal Conpany of M I waukee,

W sconsin. A cross-linking conponent, ethylene glyco
di acrylate, has the followi ng structure: O O and
conpri ses approxi mately 15% of bul k material by

wei ght, and nmay be present in a range of 10%to 50%
i nclusive. EGDA al so contributes to the nodul us and
stiffness buil dup, as melll$§ facilitates

- Linki f _n-HA, BQOA duri I i zat i
B SEne BN kY CHALe] AP AL Ri CP4Chr “OanBOREAE T Dane” Sk
5@ehydroxy-2-net hyl -1- phenyl - propan-1-one is avail able

fromG ba Specialty 19 Chemicals of Tarrytown, New
Yor kTidepmpReenE alchagie 2PARDBUR( (n-HAY3hagndhRas

f oW cture: OCH3 -\Il CGCCOH CH3 and
f%%ﬁ%??éésgggg?gégﬁﬁtely 3% of the bulk material by

wei ght, and may be pr@sent in a range of 1%to 5%
inclusive. The initiafor is responsive to a broad band

of ultra-violet radiaty n e a
medi um pressure nercury lanp. In this manner, the
initiator facilitates cross-Iinking and

pol ynmeri zation of the conponents of the bulk
anhit @Rl 1 s ACRYPIATEX Buk Ke MATERP ADL APulksobbenybl by

wéﬁé%%fuﬁhtrﬁgﬁxgé 8§é¥£§£ein 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
rhase, 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.
A cross-linking component, ethylene glycol

diacrylate, has the following structure:

\/U\O/\/Ow/\

O

and comprises approximately 15% 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.

An initiator component, 2-hydroxy-2-methyl-1-

phenyl-propan-1l-one is available from Ciba Specialty



et hyl ene glycol diacrylate

2- hydr oxy- 2-net hyl - | - phenyl - propan-1-one As can be
seen, BULK MATERI AL-A7 is identical to BULK

MATERI AL-A6 in terns of the identity of the
constituent conponents. The two materials differ in
terns of the percentage of each of the constituent
conponents present. In BUL@jNATERIAL A7, :BSA .

S _-approximate 7@6 eria wei ght
IR g ek SR nen Nehy P o mIRY G AR e
DRRDEURAEI 1 by3 weh@ht has DAROCER( Ldwidd 3structure:

2- hydr oxy- 2- net hyl - | - phenyl - pr opan- 1- one conponent
conprises approximtely 3% of the material by weight.
20 ACRYLATE/ BULK MATERI AL- A8 genomer 1122 i sobornyl
acrylate 1, 6-Hexanegh—t¢ Hge
2- hydr oxy- 2- net hyl - C -one The first
acryl ate conponent, ofver 112 is an aliphatic
uret hane acryl ate availabl e frdodRahn USA Corporation
of Aurora, Illinois and has the following structure:
OH 0 Y Oand conprises approxi mately 21@60f t he
I . al ' byt y resen
=052 BE 6 FoBlop Rt 1 o PY O BNER sty Py
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rOX|nateI 56% by wei ght of the conposition, but
%gguﬁév%resg ;ﬁl%l@%ﬂﬁels responsive to a broad band

of ultra-violet radiation generated by a medium-pressure

mercury lamp. In this manner, the initiator facilitates
cross-linking and polymerization of the components of
the bulk material.
ACRYLATE/BULK MATERIAL-A7
isobornyl acrylate
n-hexyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1-phenyl-propan-1-one

As can be seen, BULK MATERIAL~A7 is identical to
BULK MATERIAL-A6 in terms of the identity of the
constituent components. The two materials differ in
terms of the percentage of each of the constituent
components present. In BULK MATERIAL-A7, IBOA comprises
approximate 47% of the material by weight and n-HA and
EGDA each comprises 25% of the bulk material by weight.
DAROCUR® 1173, 2-hydroxy-2-methyl-1-phenyl-propan-1l-one
component comprises approximately 3% of the material by

weight.



of 20 to 80% The acryl ate conponent 1, 6-hexanedi ol
diacrylate is available from UCB Chem cals, Snyna,
Georgia and has the follow ng structure: and conprises
approxi mately 20% of bulk material by weight, but nmay
be present in a range of 10%to 50% inclusive. The
initiator conponent, 2-hydroxy-2-nethyl 21

1- phenyl - propan-| -one is as,4fescribed above and

oot oo pr 6 ¢%§£§h%{%t{%§f VRPERAEERREr acteri ati cs
of BULK NMNATERI AL A8, q@@dnidronal2# | uori nat ed

acryl ates, such as 1H, 1H perfluoro-n-decyl acrylate
may be incl uded to iShREMWhe@oEd@ angl e of the
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Exfl uor Researc rporation, ock, Texas under
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material A-8 is that it has a viscosity of

approximately 11 cPs which nakes the sanme suitable
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It was di scovered, however, that deésirable
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ndary Tayer, fangria et ween nol sur
sHBuciamte f ormati on 50. Lanella 60 remmins after
solidification of the inprinting material. As a
result, the adhesion forced between nold 36 and
formation 50 is inimal. To th end, found
beneficial was enploying a conposition for the

i mprinting naﬁgLﬂgL\t [ u of -t he bul k
material s dISCUSSGdcggité/g?O g with a “conmponent that
contains | ow surface energy gRoups,

and comprises approximately 21% of the bulk material by
weight, but may be present in a range of 0 to 50%. The
acrylate component isobornyl acrylate (IBOA) is as
described above and comprises approximately 56% by
weight of the composition, but may be present in a range
of 20 to 80%. The acrylate component 1,6-hexanediol
diacrylate is available from UCB Chemicals, Smyna,

Georgia and has the following structure:

\/\ko/\/\/\/() N
T

and comprises approximately 20% of bulk material by
weight, but may be present in a range of 10% to 50%,

inclusive. The initiator component, 2-hydroxy-2-methyl-



referred to herein as a surfactant conponent. After
deposition of the inprinting material, the surfactant
conmponent rises, after a period of time, to the air
liquid interface, providing droplets 146 of inprinting
material with a bifurcated concentration of materi al s.
In a first portion, droplets 146 include a higher
concentration of the surfactant conponent referred to
act ant ; conponent - ri.¢ orti.on 136,
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t QA Qe 9f the |npr|nt|ng material generates a lanella
60 and a second portion of the inprinting material is
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diﬁéﬁﬁﬁéﬂ?éﬁﬁhe, may be achleved by producing a weak
boundary layer, lamella 60, between mold 36, surface 58
and formation 50. Lamella 60 remains after
solidification of the imprinting material. As a result,
the adhesion forced between mold 36 and formation 50 is
minimal. To that end, found beneficial was employing a
composition for the imprinting material that includes
one of the bulk materials discussed above along with a
component that containé low surface energy groups,
referred to herein as a surfactant component. After
deposition of the imprinting material, the surfactant
component 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,



| ocation of the fluorine conponents in the SCR sub-

portion 136. Lanella 60 prevents strong adhesion

forces from being devel oped between nold 36 and

formation 50. Specifically, formation 50 has first

and second opposed sides 62 and 64. Side 62 adheres

to substrate 42 wwth a first adhesion force. Side 64

adheres to nold 36 with a ,second adhesion force.
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imprinting material and the surrounding ambient. Upon
solidification of the imprinting material, a first
portion of the imprinting material 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 substrate 42 with a
first adhesion force. Side 64 adheres to mold 36 with a
second adhesion force. Lamella 60 results in the second
adhesion force being less than the first adhesion force.
As a result, mold 36 may be easily removed from

formation 50 while minimizing distortions and/or the



including the size of nolecules in the inprinting
material and the viscosity of the inprinting nmaterial.
Only a few seconds is needed to achi eve the
af orementioned bifurcation of inprinting material wth
viscosity below twenty cPs. Inprinting material wth
viscosity in the hundreds of cPs, however, may require
a few seconds to several mfqutes. Various surfactant
conponent s r .conmbi nati ons of urfactant co nent s
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that formation 50, i.e., polymeric material, will be
disposed between lamella 60 and the body, mold 36 or
substrate 42, upon which the polymerizable material is
deposited.

It should be understood that were the imprinting
material deposited employing spin-coating techniques,
similar bifurcated concentration of materials occurs, as
shown in Fig. 5 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 imprinting
material and the viscosity of the imprinting material.
Only a few seconds is needed to achieve the
aforementioned bifurcation of imprinting material with
viscosity below twenty cPs. Imprinting material with
viscosity in the hundreds of cPs, however, may require a
few seconds to several minutes.

Various surfactant components, or combinations of
surfactant components, can be included in the bulk
materials to form lamella 60. These include nonionic
fluorinated surfactant components having the following

general formula:



be identical or differ. R' is a linking group that nmay
be omtted or a sulfonyl group such as -SO02N(R "' ' r
') -, with R "' being C, to C6 alkyl and typically
C, to 4 alkyl. The conponent (OR .. )z is a

pol y(oxyal kyl ene) group, typically including groups
having 2 to 4 carbon atons such as -CH2CH2-,

- CH2CH2CH2-, -CH(CH3) CH2-, of -CH (CH3) CH (CH3) -.
R'"' is atermnal group of nethyl, H or C to 4

al kyl and typically Hor nethyl. The ratio of x toy

is in a range . 3; referably in a
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surfactant conpone Hegp oyed are

fluoro-aliphatic p ryc est ,'2f ['vor pgur f act ant s

of the pol yoxyethylene of ] yl e type, or

f 1 uor oal kyl T %—(OR'")Z—R""
F(CF,CF,)mR"CH,CH,0 e

where R and R’ can be either H or methyl; R and R’ can
be identical or differ. R’’ is a 1linking group that may
be omitted or a sulfonyl group such as -SO,N(R’’7777)- ,
with R’’’’’ being C; to Ce¢ alkyl and typically C; to C4
alkyl. The component (OR’’’), is a poly(oxyalkylene)
group, typically including groups having 2 to 4 carbon
atoms such as —-CH,CH,~, =-CH,CH,CH,-, -CH(CHs)CH,-, or
—CH(CH3)CH(CH3)-. R’’’’ is a terminal group of methyl, H
or C; to C4 alkyl and typically H or methyl. The ratio
of x to y is in a range of 1:2 to 3:1 and more
preferably in a range of 1:1 to 2:1.

It should be understood that the oxyalkylene groups
in the poly(oxyalkylene) group may be the same, as in
poly (oxyethylene), or two or more of differing
oxyalkylene units may be irregularly distributed in the

poly(oxyalkylene) group. More specifically, the



pol yethers as set forth in U S Pat. Nos. 3,403,122,
3,787,351, 4,803,145, 4,835,084, 4,845,008, 5, 380, 644,
5,747,234, and 6, 664, 354 which are incorporated herein
by reference. Suitable comrercially avail abl e exanpl es
of the surfactant conponents included are sold by
Dupont under product nanmes ZONYL(r) FSO, ZONYL(r)
FSO 100, ZONYL(r) FSN 100 25ZO\IYL(r) FS-300; sold by

A e

bHehghts, chbhhnexypuaggnenEhan@t@dqun@aﬁesOMQSBR§a@he
FS425, MASURF(r) FS1700, MASURF(c) = FS-2000, MASURF(r)
URSt§230°N80| AT by tEPBENE PGy PEBRENEAIER Y PEREYRFEGUER LTS

aH§”§§%é9%%@§n§ &91§s hggyeg r%%QNt &gdx@%er§a%%2N

kin of Japan under the product nanes
bLMCHyne LSlBDQ cahedyﬁeaNSQSGEteUhﬂdyhe NE16@§etandene

pop. | nk cal un t he roduct
R REGRRAERER B8 FATATAFFPOR VB L grePA FPeu of the
oﬁppt@pypeﬁéugglnatgdrgﬁgéagfantoconpoe@nqs ROBLG 26
fluori nated surfactant conponents nax be enployed in
uRpetachaPosierbn PEoRPMMi(eRYRAEYLAPE) nPRkgbRaPEESENt] én

tﬂ@r§@ %mé#oﬂgtFigh t@ﬁa?H'%rgﬁé%%ka£§e9£§cgﬁéﬁd abgye,q

In additionto
mé t oaptaatresdy she f atsanpresaponents, the ionic type of

fl i nat ed rfactant onents can rk as well. An
exenbt b1 7 BRI RORLPF ATt AhEOF ShAhdnFORT & hRBEphat €
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Del aware wunder the tradename ZONYL(r) OR, which has

Pe-hene bl ¢ o bR s £ of huproserfactants of the
polyoxyethylene or polyalkyl ether type, or fluoroalkyl

polyethers as set forth in U.S. Pat. Nos. 3,403,122,
3,787,351, 4,803,145, 4,835,084, 4,845,008, 5,380,644,
5,747,234, and 6,664,354 which are incorporated herein
by reference. Suitable commercially available examples
of the surfactant components included are sold by Dupont
under product names ZONYL® FSO, ZONYL® FSO-100, ZONYL®
FSN-100, ZONYL® FS-300; sold by 3M Company under the
product names FC-4432, FC-4430, FC430; sold by Mason
Chemical Company of Arlington Heights, Illinois under
the product names MASURF® FS425, MASURF® FS1700, MASURF®
FS-2000, MASURF® FS-1230; sold by Ciba-Geigy Corp under
the product names Lodyne S-107B, Lodyne S$S-220N, Lodyne
S-222N; sold by Daikin of Japan under the product names
Unidyne NS1602, Unidyne NS1603, Unidyne NS1606; and sold
by Dainippon Ink & Chemical under the product name
MegaFace R-08. In addition to, or in lieu of the

nonionic fluorinated surfactant components, ionic



[ CF3CF2( CF2CF2) zCH2CH2Q xP(OH)y  wherein, x=1 or 2,
y=2 or 1, x+y=3, z=0 to about 6. In addition to
ZONYL(r) UR, other anionic surfactant conponents
based upon fluorinated phosphoric, polyphosphoric
acid ester, sulfonic acid ester, alkyl surface and
carboxylic acid ester types nay be enployed. In lieu
of, or in addition to, the syien-ionic and anionic
fgugfact%%t %%g?o%%nt , B ZW Ll Egonick%yrfaéﬁant ey,
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fﬁﬁ§edthélpﬁglUWFﬁgtééggWé¢ figeglial sgdgd scussed above.

F( .CF%QFE%_GH%%'ZP&' 10 2033 A rommer f‘tih]%! Ly avahligbl e
zwitterionic sarfactant i's a fludroaliphatic am ne
foxbdénavad ablréatramtt bempasenta? tGeerdiotdlc Coppamyf

nder the tradenane MASURF(r) FS230. Cationic
el PP ierane SAEBABRNY Ra)CHESES gbdwoak adl FellsucAn

eRémbh HOYI nahed sukfactant canpanantignlick@ncapakernary
anmoni um salts avail abl e from DuPont under he trade

FhaAECZONVRCERNFSBOWH] Bl Ragorfie ofoLdwiing toner Rellaware
- - e an_in e .
abdheothy TERaSYanElRRILY R dnd o et 1478 Eet Fodias,
foomtidani ng both fluorine and silicon atons can work,
as well. An exenplary surfactant containing silicon

i s MEGAFACE(r) R-08 nentioned abo‘ﬁe.
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wherein, x=1 or 2, y=2 or 1, x+y=3, z=0 to about 6. In
addition to ZONYL® UR, other anionic surfactant
components based upon fluorinated phosphoric,
polyphosphoric acid ester, sulfonic acid ester, alkyl
surface and carboxylic acid ester types may be employed.
In lieu of, or in addition to, the non-ionic and
anionic surfactant components, a zwitterionic surfactant
may be employed with the bulk materials discussed above
for the composition from which the imprinting material
is fabricated. An exemplary zwitterionic surfactant has

the following general formula:

CH4
F(C cm F2)XC H2CH2—T—> O
CH

A commercially available zwitterionic surfactant is a

fluoroaliphatic amine oxide available from the Mason



Al t hough the foregoing has been di scussed with

respect to having fluorine-containing surfactant
conmponents, it is possible to enploy non-fluorine-
contai ni ng surfactant conmponents. This is particularly
useful when a mi xture of surfactant conponents is

enpl oyed, wherein one of the surfactant conponents is
fl uori ne-cont ai ni ng mﬁth t remai ni ng surfactant
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S|Iﬁiane- based surfactant conponents are avail abl e
Bow Corning of Mdland, M chigan under the trade

names 2 28 5211 and SYLGARD(r) 309, both of which
are trisiloxane-t surfactant cqnponents. Sil oxane
pol yet her typeSFhégbﬁéb )emalloyBd Nkl | . Hydrocar bon
surfactant conponents suitable for use in the present

i nvention include any that facilitate providing a
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Although the foregoing has been discussed with
respect to having fluorine-containing surfactant
components, it is possible to employ non-fluorine-
containing surfactant components. This is particularly
useful when a mixture of surfactant components is
employed, wherein one of the surfactant components is
fluorine-containing with the remaining surfactant
components of the mixture of surfactant components being
a non-fluorine-containing surfactant and/or a fluorine-
containing surfactant. An exemplary mixture of
surfactant components may include one or more of the
fluorine-containing surfactant components described
above. The remaining surfactant components may be one
or more of a siloxane-based-surfactant and/or a
hydrocarbon-based-surfactant. Examples of siloxane-
based surfactant components are available from Dow

Corning of Midland, Michigan under the trade names Q2-



propyl ene oxi de, ethylene oxide, and ethyl ene di am ne.
O her hydrocarbon surfactant conponents are avail abl e
from Dow Chemi cal Conpany of M dland, M chigan under
the trade names TERG TOL(r) and TRITON(r), e.g.

TERA TOL(r) NP-10, TRITON(r) X-100 and TRI TON(r)
X-45. The TERA TOL(r) surfactant conponents are al kyl
pol yet hyl ene oxides, and thg TRITON(r) surfactant
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conponents are available fromAr Products and
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enpl oying the bulk materials nentioned above incl udes
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conposi tron by weig
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fabricated is applied enploying drop-dispense
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tradg names TERGITOL® and TRITON® e.g., TERGITOL® NP-10,
TRITON® X-100 and TRITON® X-45. The TERGITOL® surfactant
components are alkyl polyethylene oxides, and the TRITON®
surfactant components are alkyl phenyl polyethylene
oxides. Unigema Americas of New Castle, Delaware also
provides suitable hydrocarbon surfactant components
containing polyethoxylated alcchols and esters under the
tradename BRIJ®, e.g., BRIJ® 30. Acetylenic polyethlene
oxide~containing hydrocarbon surfactant components are
available from Air Products and Chemicals, Inc. of
Allentown, Pennsylvania under the trade names SULFYNOL®
and DYNOL®, e.g., SULFYNOL® 104, SULFYNOL® 440, SULFYNOL®
2502, and DYNOL® 604.

Typically, the composition formed employing the
bulk materials mentioned above includes a quantity of

surfactant components, or mixture of surfactant



of 1 - 20 cPs at room tenperature. For higher
viscosity conpositions, e.g., in a range of

10-500, 000 cPs, but nore particularly, conpositions
from 10- 20, 000 cPs, at roomtenperature, spin-coating
techni ques may be enployed. To denonstrate the

i nproved preferential adhesion and preferentia

rel ease provided by the presgnce of the surfactant

cGaERARERLs described abovei LEPD AEknd . BR Sl qhe

osrtions inclu e "bul’k ~°mat’erials —and

csupbactaoh bonpenghts dﬁacmbbedpab@ueuwe&ey Degbedto 2%

SpeC|f|caII the followi ng surfactant conponents
PHerale foyﬁ%e sprmagplng3porad oneRti Shed CaPEYS I tiRg

c§1H15£§§é§n5ngcof’4§9réso§\’€hleagh§ kf fng%w%l%w' ng@fe%%eaf

Paul , M nnesota as NOVEC(r) Fl uor 6surfact ant
a$@¥a430TyﬁheahEMECneFCbmpaeltﬁbuofosmrwaatanthes a

non-ioni ¢ ac i c. copol ger b? d.30 uorocheglca
R T AL F AR e PRl GRP B BnarPeifopapdoY g
AL HHBS) ssegsent SchS2quES- 1230oomheeppbiaethiant ESd1280the
is believed to originate from Asahi d ass, in Japan

P%l%%ie@ﬁ?%t@f b@tlé%llmmrﬁ@rgmdt €HV1SPERestof eAferi dahByium-
Poc e £l ﬁéfﬁfs aﬁgg'egggbé é Ebﬁ%ﬁgu@d%

e product na as t
emmﬂ¢ymwr@pge@@mp@sibxuubahav1ng viscosities in a range

2G ( CF CH2CH2- O( CH2CH20O) yH_, where X and Y are
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compositions, e.g., in a range of 10-500,000 cPs, but
‘more particularly, compositions from 10-20,000 cPs, at
room temperature, spin-coating techniques may be
employed.

To demonstrate the improved preferential adhesion
and preferential release provided by the presence of the
surfactant components described above in imprinting
material, several compositions including the bulk
materials and surfactant components described above were
tested. Specifically, the following surfactant

components were employed:

S1

FC-4430

As mentioned above, the surfactant FC-4430 is
available from the 3M Company of St. Paul, Minnesota as
the NOVEC® Fluorosurfactant FC-4430. The NOVEC® FC-4430

fluorosurfactant is a non-ionic acrylic copolymer based



active fluoroaliphatic pol yoxyethyl ene
fluorosurfactant in a water/isopropanol solution. In
the experinments that resulted in the data recited
bel ow, the water and isopropanol were renoved before
the surfactant was incorporated into the conposition
for the inprinting material. S3 FSO 100 The
surfactant FSO 100 is an etfyxyl ated nonionic

3% Chy 8 "Bt P er Cae %—s&% o8 BB oY B e

sulfsnabei NPEELY kBgAchanBge of O to 6, inclusive; and
y is an integer in arange of 0 to 15, inclusive. 31
S4 FC- 4432 As nentioned above, the surfactant FC 4432
is available fromthe 3M Ggnpany of St. Paul
M nnesota as the NOVEC(r) Fluorosurfactant FC- 4432.

It is a non-ionic polynﬁécfigéuorochenlca

surfactant. The NOVEC(r) fluorosurfactant is

baseﬂh@ns@ﬁfébu@mbasamweuhéonaueevéBFBS) oechegtmhsatey.

S5 F021004. The component F021004 is
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and has the following general formula:

F3CF2C——(CF 5CF 2),CH,CH, ——0(CH,CH,0),H

where X and Y are integers. MASURF® FS-1230 is a 30%
active fluorocaliphatic polyoxyethylene fluorosurfactant
in a water/isopropanol solution. In the experiments
that resulted in the data recited below, the water and
isopropanol were removed before the surfactant was
incorporated into the composition for the imprinting

material.

S3

FS0-100
The surfactant FSO-100 is an ethoxylated nonionic

fluorosurfactant that has the following structure:-

CH, 0
///
CF3 CH2 \O/E ScH, ,

where x is an integer in a range of 0 to 6, inclusive;

I

and y is an integer in a range of 0 to 15, inclusive.



surfactant-Ii ke conponent F021004 has the foll ow ng
structure: G OF21 S6 ZONYL(r) UR The surfactant
ZONYL(r) UR is an anionic phosphate fluorosurfactant
avai | abl e from Dupont of WI m ngton, Delaware that
has the follow ng structure: O

[ CF3CF2( CF2CF2) zCH2CH2O xP(OH)y 32 where x is an

i nteger having a value of Lkqr 2; y is an integer
having a value of 2 or 1; IS an integer having a
value in a range of 0 to 6, 1nclusive, where x+y=3. S7
COMBI NATI ON OF FSO- 100 AND R—? The surfactant R-08 is
a nonionic fluorinated B&ecr§f copol ymer based

sur f agt ﬁahtlé\ﬁeaeabbeeedtﬁeogarfaklagnw@taqh@@t 1608

i s available from Daini ppon Ink & Chemnical of Japan
avipdépblhefppodtbe RAMnEolpaNEGAEABE(r PaRl,08inTheota as

b rfact 7 SO 100 and _ 50%

<fE080VEE AT N 62 S5 T “SURAINOL ) B - oFHE
pSuyhaet ant 1 SUREYNEh(eh1 184rFacaanacet YhenNOVEC® FC-4432

hydr ocar bon- based surfactant having the chem cal nane
fougrosertattanet hyl LasadcynerPar flupsrPrutaaesgit denahe
(PEREYNOLER) st syavai lable from Air Products and
Ohen1ca|s Inc. of Allentown, Pennsylvania and has
t he follomﬁng structure: S5

F021004
The component F021004 is a surfactant-like
component that is available from Fluorous Technologies,
Inc. of Pittsburgh, Pennsylvania. The chemical name is
Diisopropyl (1H, 1H, 2H, 2H-perfluorododecyl) silane. The
surfactant-like component F021004 has the following

structure:

C10[:21

Si\{
|
S6

ZONYL® UR
The surfactant ZONYL® UR is an anionic phosphate
fluorosurfactant available from Dupont of Wilmington,

Delaware that has the following structure:

i
[CF5CF,(CF,CF,)zCH,CH,OIXP(OH)y



C C OH OH The conbination surfactant S8 is 50%
FSO 100 and 50% SURFYNOL(r) 104. The surfactant
conmponents and bul k materials described above were
enpl oyed to fornul ate additional conpositions to
generate conparative data of the 33 preferentia
adhesion and preferential release properties with
respect to the twelve conpasitions and the eight bulk
%aterials, discgésed gbove. The conﬁgshtiong,and[or n
"BUfk frat8r fAI $TPET dBpSsiPed LRUUSt RonlsOFiaified® @
iRetyeenhiwongl assashedes. 2Eaeh1gl asss shi dategsr having
approxi mately 1 mmthick, 75x25 mmin the latera
adveensi bn. aDFepPet 8T of FPuPdi ENFHPELHEr nyhert &FvaP-
were di sposed on a glass slide; the second slide was
laid in a cross direction pattern. The inprinting
mat eri al was subsequently &dred. A four- point bending
conpression force was applied to separate the slides.

To that end,cavsnuxrpon ndr besol ngo fAxb ureos (not  shown)
was adopted for the adhesion test and technique,
si miTae serinatandesiribetsid nyRASDEEMEANCEENAAEAeSI Ve

r B I h l e Resip.iFk j
-SEAEEGre el fated ERoiocu Al © RSk tonbEbLiote,
thol sddf { 2002) RpP08 4194a4dd DVabThef raxi bammippor/ [okds

was, take s the adhesj.on val ye. The beam dj
R o4 B E o at L aie et 00 HeadTet chsmay oy dbFhRREEe 3l
0@ppl g8l @dmib 1 SPERAs @F £ e DOa N PRI 181 UL ersdheo0 and

conpositions and test results are shown in Fig. 8. As

S@edtrh- Fig 8 only 3.4 pounds of separation
S8

COMBINATION OF FSO-100 SURFYNOL® 104
The surfactant SURFYNOL® 104 is an acetylenic
hydrocarbon-based surfactant having the chemical name
2,4,7,9-tetramethyl-5-decyne-4,7-diol. The surfactant
SURFYNOL® is available from Air Products and Chemicals,
Inc. of Allentown, Pennsylvania and has the following

structure:

OH OH

The combination surfactant S8 is 50% FS0-100 and 50%

SURFYNOL® 104.
The surfactant components and bulk materials
described above were employed to formulate additional

compositions to generate comparative data of the



force is required to separate superinposed

gl ass-slides (not shown) having a cured inprinting
mat eri al di sposed therebetween forned froma
conposition bulk material Al and surfactant S2, shown
as Al-S2. This is nmuch less than the 7.5 pounds of
separation force required to separate cured
inprinting material formed §yoma conposition of

p@@? ggg%?%g%gh% n%%e %kprgF%n %q%ﬂ réaease

sur re tellingis the

pﬁ&@@meduetWthimeEbecseparaheomwboweecb@@ds&&ddmaeﬁna4
onpared to_the separation force required to_separate
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surfactant included therein, shown as
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1teehal quesendhenAl - B2op0BpEsShii enueans Steeiaking
approxi mately 99.5% of bulk material Al and 0.5% of

m3GeFhet aritrs2d1FResAr- 81 eofpasEt Féadeanshst egcend
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sur act ant seen fromthe separation data
impntetnmggm@UéklamHWesiahbééqshowmylnuEeg 9A Iovir-
of . separati on for%e was req t.o separate
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material A2 and surfactant S3, shown as A2- S3 was
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t SERAL éonsiﬂffg rggutﬁggeaéscgyggdl?ﬁs“kgggukgﬁe%t6of

pound Separ ati on
Adhe51ve Force Between Mold and Photocurable Resin in

Imprint Technology” Japanese Journal of Applied Physics,
Vol.41 (2002) pp. 41%94-4197. The maximum force/load was
taken as the 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 mm per minute. The

compositions and test results are shown in Fig. 8.

As seen in Fig 8 only 3.4 pounds of separation
force is required to separate superimposed glass-slides
(not shown) having a cured imprinting material disposed
therebetween formed from a composition bulk material Al
and surfactant S2, shown as Al-S2. This is much less
than the 7.5 pounds of separation force required to
separate cured imprinting material formed from a
composition of about 99.5% bulk material Al and about
0.5% surfactant S1, shown as Al-S1. More telling is the

61% reduction in the separation force realized when



required in the presence of cured inprinting nmaterial
formed froma conposition of bulk material A2 and
surfactant S4, shown as A2-S4. More telling is the 50%
reduction in the separation force realized when
conpared to the separation force required to separate
superi nposed gl ass slides (not shown) having a cured
bul k material A2, disposed therebetween, in the

SHEg%E (8 BSuasan, $10M 31 ARNG The A2,

0sitions eac room
shiprpampbuce ylaces |stlytde<$f (@@nr exiawat)elhav3RRcRkRs caindd

deposited at room 35 tenperature enploying spin-on
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surfactant S3. e A2- conposi tion consi'sted of
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separ at e superinposed gl ass-slides (not shown) having
tgchniguesnpr Chei Ad ~SraterPels diigposea sikérshex meen
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the 3.0 d o f t
SRR EQE R PRIV cEoet® by PRENGaheE Crtal L PGP SPr i
sGoppeskhtop1of bulk material A3 and surfactant Si,

shown as A3-Sl. The separation force associated with
A3-S4 is also less than the separation force required

in the Qé@ﬁe?ESmoﬁhggéggFEHPﬁthbQ@a gah%e&ﬁlngOEGﬁﬂ

froma conposi tion mat e
material A2 shown in Fig. 9, 1.7 pounds of separation

force was required to separate superimposed glass-slides
(not shown) having cured imprinting material. A
composition containing bulk material A2 and surfactant
S3, shown as A2-S3 was employed to form the cured
imprinting material. This separation force required is
much less than the 2.6 pounds of separation force
required in the presence of cured imprinting material
formed from a composition of bulk material A2 and
surfactant S4, shown as A2-S4. More telling is the 50%
reduction in the separation force realized when compared
to the separation force required to separate
superimposed glass slides (not shown) having a cured
bulk material A2, disposed therebetween, in the absence
of a surfactant, shown as A2-NS. The A2-NS, A2-S3 and
A2-S4 compositions each has a room temperature viscosity

of approximately 300cPs and deposited at room



and surfactant S3, shown as A3-S3. More telling is the
72% reduction in the separation force realized when
conpared to the separation force required to separate
superi nposed gl ass slides (not shown) having a cured
bul k material A3, disposed therebetween, in the
absence of a surfactant, shown as A3-NS. The A3-NS,
A3-S1, A3- S3 and A3-+4 coqusitions each has a room

ChTRSH RS sl SRR el Al A0S T OB

|nclu3|ve ep03|ted
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terial A3 d 0.5% of f act As
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separating the superinposed gl ass-slides (not shown)
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tion bul k _material A4 and surfactant S3
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separation force required to separate superinposed
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formed from composition of bulk material A3 and
surfactant S1, shown as A3-S1. The separation force
associated with A3-S4 is also less than the separation
force required in the presence of cured imprinting
material formed from a composition of bulk material A3
and surfactant S3, shown as A3-S3. More telling is the
72% reduction in the separation force realized when
compared to the separation force required to separate
superimposed glass slides (not shown) having a cured
bulk material A3, disposed therebetween, in the absence
of a surfactant, shown as A3-NS. The A3-NS, A3-S1, A3-
53 and A3-S4 compositions each has a room temperature
viscosity in a range of approximately 10,000 to 12,000
cPs, inclusive, and deposited at room temperature
employing spin-on techniques. The A3-S1 composition
consisted of approximately 99.5% of bulk material A3 and

0.5% of surfactant S1. The A3-S3 composition consisted



shown as A4-NS. The A4-NS, A4-S3 and Ad4-A4
conpositions each has a roomtenperature viscosity
approximately 5,000cPs and deposited at room
tenperature enploying spin-on techniques. The A4-S1
conposition consisted of approximately 99.5% of bul k
material A4 and 0.5% of surfactant SI. The A4-S3
conposi tion consi sted of roxi mately 99.5% of bul k

terial ,A4, and tant .S he A4-
oF o REBE B BodsSe e OF Db Batiiary 250 286 5 Sué
sUBE@&tahtASBQndTQe5%80%4 &@ﬁb@%&&ﬂbnS%onéis&%@no&rom

the separation data concernlng bulk material AS shown
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material formed froma conposition of either bulk

nﬁteﬁhgwnAshaﬁanguﬁfaeradtcsmp0§h@wwna§lAsossﬂ or bul k
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required to separate super.i nposed gl ass slides (not
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A5- NS. e A5-NS, and A5-S4 conpositions
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separation force required to separate superimposed glass
slides (not shown) having a cured bulk material A4,
disposed therebetween, in the absence of a surfactant,
shown as A4-NS. The A4-NS, A4-S3 and A4-S4 compositions
each has a room temperature viscosity approximately
5,000cPs and deposited at room temperature employing
spin-on techniques. The A4-S1 composition consisted of
approximately 99.5% of bulk material A4 and 0.5% of
surfactant S1. The A4-S3 composition consisted of
approximately 99.5% of bulk material A4 and 0.5% of
surfactant S3. The A4-S4 composition consisted of
approximately 99.5% of bulk material A4 and 0.5% of
surfactant S4.

As seen from the separation data concerning bulk
material A5 shown in Fig. 12, only 0.62 pounds of
separation force is required for separating the

superimposed glass-slides (not shown) having a cured



room tenperature enploying spin-on techni ques. The AS-
S1 conposition consisted of approxi mately 99. 3% of
bulk rmaterial AS and 0.5% of surfactant SI. The A5-S3
conmposition consisted of approxi mtely 99. 5% of bul k
material AS and 0.5% of surfactant S3. The AS-$4
conposition consisted of approximtely 99.5% of bul k
mat erial AS and 0.5% of surfactant S4. The separation

1A
.force,data_concerni bul k erial . A6 _sho in_Fiag,
78T CPRY BSSRAE Lof TEPSTr Pt RRESEM T curdd GHARen
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approximately 20 to 30 cPs, inclusive, and deposited at
room temperature employing spin-on techniques. The A5-
31 composition consisted of approximately 99.5% of bulk
material A5 and 0.5% of surfactant S1. The A5-S3
composition consisted of approximately 99.5% of bulk
material A5 and 0.5% of surfactant S3. The A5-54
composition consisted of approximately 99.5% of bulk
material A5 and 0.5% of surfactant S4.

The separation force data concerning bulk material
A6 shown in Fig. 13 in the absence of a surfactant being
cured between two superimposed transfer layers is shown
as A6-NS B/B. Specifically, each of two superimposed
glass slides (not shown) has a layer of DUV30J formed
thereon. DUV30J is available from Brewer Science, Inc.
of Rolla, Missouri. It is desired that the cured bulk

material A6 adheres well to the transfer layer (not

shown) and easily releases from the surface of an



conposition of bulk material A6 and surfactant S5,
shown as A6-S5 or the separation forces required for
A6-NS B/B. More telling is the 84% reduction in the
separation force realized when conpared to the
separation force required to separate superinposed
glass slides (not shown) having a cured bulk nmateri al
AB6-NS. The data suggests thgt sel ective adhesion has

. been _achi eved, Al though S3 and.S5 have .
R P hor SRy 5oNBb S B s AL58 BB 1P0 thE much
s8paeatibhcEentei HateduenberniRg Bdheshafetrhan B8%. iht the

is believed, therefore, that structure variations of
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surfactan 5 conposition consirste
bapg oxi eeéet yadd. bdw ohgbal kupatiecbapoAbt and 0iSpwekd
surfactant S5. The separatjon force_data concernin
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transfer layers is shown as A7- B/ B. Specifically,
lesg htlvin t Wee spperdaposedepglatsos| fdese ( hegushednfohas

Qb QYEL Of DINIO), forped; .1 hepeon, 83, dLaeussedsaboy sy
as A6~-35 or the separation forces required for A6-NS
B/B. More telling is the 84% reduction in the
separation force realized when compared to the
separation force required to separate superimposed glass
slides (not shown) having a cured bulk material A6-NS.
The data suggests that selective adhesion has been
achieved. Although S3 and S5 have perfluoro-hydrophobic
groups, S3 appears to be much more efficient in reducing
the adhesion than S5. It is believed, therefore, that
structure variations of the fluorinated additives will
have significant impacts on the release performance.
For example, S3 has a surfactant molecule that contains
both a hydrophobic tail and a hydrophilic head, which as
shown provides desirable release characteristics. The
A6-NS, A6-S3 and A6-S5 compositions have a room
temperature viscosity of approximately 4cPs and

deposited at room temperature employing drop-dispense



separation force data concerning bulk material A7 in
the absence of a surfactant with respect to being
cured between two superinposed gl ass slides (not
shown) having no previous |ayer thereon, shown as
A7-NS. As is expected froma review of the previous
data, the presence of surfactant conponents provides
greatly inproved rel ease gpperties for conpositions

rinting erL-alk i ncl | K terial A7. Al so
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no previous layer thereon, shown as A7-NS. As is
expected from a review of the previous data, the
presence of surfactant components provides greatly
improved release properties for compositions imprinting
material including bulk material A7. Also demonstrated
is the success of combination surfactant components,
such as S7 and S8, in reducing the separation force
required. The A7-NS, A7-S1, A7-S83, A7-S4, A7-S5, A7-S6,
A7-87 and A7-38 compositions each has a room temperature
viscosity of approximately 4 cPs and deposited at room
temperature employing drop-dispense techniques. The A7-
S1 composition consisted of approximately 99.5% of bulk
material A7 and 0.5% of surfactant S1. The A7-S3
composition consisted of approximately 99.5% of bulk
material A7 and 0.5% of surfactant S3. The A7-S4
composition consisted of approximately 99.5% of bulk

material A7 and 0.5% of surfactant S4. The A7-85



providing surfactants is that introduction of the sane
into inprinting material may increase the tine
required to fill the features of nold 36. As

menti oned above, layer 70 is fornmed on surface 58
that results from contact with the inprinting
material. The rel ease properties provided by the
surfactants result fron1thq hydrophob|C|ty of the

sane, . whi ch conf t cte ics
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t he rial h u e 58.
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di stribution of the | uori ne atons throughout the
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achi eved. UgﬂﬁaachleV|n t he de5|¥ed fhét Pgélon of
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pidport Nes oodwidéd oDt lee U @Bfdditants result from the
hydrophobicity of the same, which conflict with the
wetting characteristics that are desired to rapidly
cover the features of mold 36. Specifically, it is
believed that, in the case of surfactants that include
fluorine-atoms within a molecule, too great a quantity
of the fluorine atoms within a molecule and coupling
with too great a quantity of the fluorine-containing
molecules results in the generation of clusters of
fluorine-containing molecules. These clusters,
especially with CF3; end groups extending from the air-
liguid interface, is believed to provide layer 70 with
an undesirable hydrophobicity profile that may
substantially affect the wetting characteristics of the
imprinting material with respect to surface 58.

It is believed that by appropriately distributing

the fluorine atoms within a surfactant molecule, as well



| ayer 70, lanmella layer 60 is provided with an optinum
fluorine density to provide the desired preferentia

rel ease and adhesion, without unduly limting the
wettability of surface 58 by the inprinting material.
As a result satisfactory fill and rel ease properties
are provided to the inprint process. This typically
occurs upon lanella Iayerlﬁp havi ng a thickness of

approxinmately lnm I,n which to . deter
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One manner, in which to determine that the desired
distribution of fluorine atoms within a surfactant
molecule and fluorine-containing molecules are present
involves measuring the contact angle of the imprinting
material in contact with surface 58. To that end, a
goniometer is used for contact angle measurement. Molds
56 formed from fused silica were cleaned in a piranha
solution and stored in a nitrogen purged environment.
The piranha solution consisted of a mixture of 2 parts
concentrated H,S50; and 1 part H;0, mixed at room
temperature. Mold 36 is then rinsed with a surfactant
component Isopropyl Alcohol (IPA) mixture, e.g., the IPA
mixture contained 0.01% of the surfactant component with
the remainder consisting essential of IPA. After the
rinse, mold 36 was subjected to a stream of nitrogen

fluid, e.g., nitrogen gas, to blow-dry the same. Once



different droplets |ocated at various |ocations over
surface 58. In the present exanple contact angle
nmeasurenents are made corresponding to 7 different

| ocati ons on nold 36, using the gonioneter. An average
val ue of the seven contact angle neasurenents are nade
to obtain the final contact angle values. Considering
that layer 70 is replenishqg%each time the sane

contacts. . rinting materi a n substrate, .the
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FS-1230 Contact 43.2 20.2 13.8 17.3 22.7 Angle Bul k
duaferfraf ﬂ?QE}?ESiaQHFF€§IaFoVBBERPﬁ%#ERPAEPR? PNeL
sheegBeobst herhdepti by abnthexeRRsE tuaRk coapgaent s,

excepting the addition of a surfactant conmponent. The
negeupanental srdi hade cprrespendfingh&opér dedttagenss
1gac .Oof ghemcggs ituegt conpanent s 5£§s%nt.Akna§%&§ o

RuterPar ©A7TY, a%8f0§|ﬁ§9erg 48°B789% 6f "t he g
v&DAPOSFt tP8 byveri gbhtats hBGA: Héa8dd¥mehtkhare made

conposition by weight is nHA 24.875% of the _
tReofPb3iti biAchy el gRPPFECEGRPAI LS. B75Yssf tRES1dering
tGQEPP3 ékoﬂ b¥s“§/§ﬂ%n&%hgﬁrgggﬁ,%}%Q;tﬁedséﬁe contacts

approxinmately 0.5% of the conposition being a
ispriatingtmatenpahent. sGpetirbteal te Worhgdib% of the
eggégi%gﬁgriglbelieved to be an accurate determination
of the relative wetting properties of differing
imprinting material compositions.

The contact angle, surfactant treatment solution,

and filling performance are shown below

Wettability Characteristics for Bulk Material A7-1

Surfactant | FSO-100 | FC-4430 & | FC-4430%& R-08 R-08 &

FC-4432 R-08 FS-1230

Contact 43.2° 20.2° 13.8° 17.3° 22.7°
Angle

Bulk material A7-1 is identical to BULK MATERIAL-A7 in
terms of the identity of the constituent components,
excepting the addition of a surfactant component. The
two materials differ in terms of the percentage of each
of the constituent components present. In Bulk Material
A7~-1, approximately 46.875% of the composition by weight
is IBOA, 24.875% of the composition by weight is nHA,
24.875% of the composition by weight is EGDA, 2.875% of

the composition by weight is Darocur 1173; and




A7-1 consisting of the surfactant FSO 100, the | east
desirable wettability characteristics are provided.
The contact angle is the greatest at 43.2. Conpare
the contact angle of 13.8 provided upon Bul k Materi al
A7-1 consisting of 0.5% of the conbination surfactant
R-08 and FC-4430, wherein R-08 and FC-4430 each
conprises 0. 25% of Bul k rial A7-1. As a result,

e ti.ne of nol d
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constituent conponents, excepfing the addition of a
repa fathannegsnpenent s, Theconwechntrgilal sfdappepximately
26e£gswhentp géﬁggﬁgggogfsgr%actant FC-4430 and FC-
4432 included in the Bulk Material A7-1 wherein FC-4430
comprises approximately 0.333% of the composition by
weight and FC-4432 comprises approximately 0.167% of the
composition by weight. Another surfactant combination
consisting of R-08 and FS-1230 presented a contact angle

of approximately 22.7°, in which R-08 comprised of

approximately 0.4% by weight of Bulk Material A7-1, by
weight, and FS-1230 comprised of approximately 0.1% of
Bulk Material A7-1, by weight.

Wettability Characteristics for Bulk Material A8-1

Surfactant FSO- FC- FC- FS— R~-08 S5-222N
100 4432 4430 2000
Contact 49.7° 26.5° 17.2° 21.4° | 18.2° 19.2°
Angle

Bulk material A8-1 is identical to BULK MATERIAL-A8 in
terms of the identity of the constituent components,
excepting the addition of a surfactant component. The

two materials differ in terms of the percentage of each




44 of the constituent conponents present. In Bulk
Material A8-1, approximately 20.875% of the
conposition by weight is the acrylate conmponent
Genomer 1122 and 55.875% of the conposition by weight
is |BOA. The acrylate conponent HDODA is

approxi mately 19.875% by wei ght, and Darocur 1173 is
approxi mately 2. 875@6of the onposition by wei ght .
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angl e”of approxi nately was presented when the
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SYUAALEP o5 g ocuced et Mherighy e
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FS-2000 is_included in Bulk Material A8-1. A contact
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understood that simlar benefits of preferentia
cadhest ong anll ¢ ebtase Wnehsdesarabhe FGRettdbili by a

=0Tt Bt AT CONBORTEY bR an - fof A 36 BF FReFRESBUPE mold
3evieriass ofopoliyeForoexasplhaingneteastognthec-4430
than for layer 70 including FS0O-100. For the remaining
measurements, a contact angle of approximately 18.2° was
presented when the R-08 surfactant is included in Bulk
Material A8-1. With surfactant S-222N included in Bulk
Material A8-1 a contact angle of 19.2 ° is presented,
and a contact angle of 21.4° is presented when the
surfactant FS-2000 is included in Bulk Material A8-1. A
contact angle of 26.5° is presented when surfactant FC-
4432 is included in Bulk Material A8-1.

It should be understood that similar benefits of
preferential adhesion and release with desirable
wettability characteristics may be achieved by varying
the surfactant composition on mold 36 or in the bulk
material or both. For example, increasing the
surfactant concentration in bulk material A8-1 to 0.7%

of the composition by weight with 0.2% comprising



surfactant concentration in bulk material A8-1 to 0.7%
of the conposition by weight with 0.2% conprising 45
Tergitol NP-10 and 0.5% bei ng FS-2000 presented the
second best wetting characteristics evidenced by a
contact angle of approximately 17.4% It should be
noted that for this nmeasurenent, about .012% of the

| PA m xture, nentloned aboye, conS|sted of the

surf. a 0Q0 a o itol NP-10
rEhGe E80" B - Totnitop - S eggﬁu?% SO0, FReE A a
séybhachant Wextihg icharerRloyed idy Wiitknced by a

fl uori ne-contai ni ng and non-fl uorine- contai ni ng
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of the conposition by weight
modified by employing a differing surfactant in layer 70

than is included in the imprinting material that is

contacted by the mold. For example,

Bulk Material A7-2

Surfactant FC- FC~4432 FC- R-08 FC-4430 R-08
4430 4430 & &
FC-4432 | FC-4430
Contact 43.2° 26° 18.1° 20.0° 22° 14.7°
Angle

Bulk material A7-2 includes all of the constituent
components of material A7-1 and includes a surfactant
FSO-100. 1In Bulk Material A7-2, approximately 46.875%
of the composition by weight is IBOA, 24.875% of the
composition by weight is nHA, 24.875% of the composition
by weight is EGDA, 2.875% of the composition by weight
is Darocur 1173; and approximately 0.5% of which is FSO-
100. Specifically, surface 58 coated with the IPA
mixture including FS0O-100, the least desirable

wettability characteristics are provided, with the




is Darocur 1173; and approximately 0.5% of which is
FSO 100. Specifically, surface 58 coated with the | PA
m xture including FSO 100, the |east desirable
wettability characteristics are provided, with the 46
contact angle being the greatest at 43.2. Wth surface
58 coated with the conbination surfactant R 08 and FC
4430, each of which conprisgs 0.5% of the | PA m xture,

that contact angle presented is 14.7% .For
PBRAPR] ABCKBaEhrBHe R P, OA BOAChcP taighé of With surface
sappbexkaalety tA8. tohbipkesent edrwhen asur kaeog 284 $c-

coated with the FGC 4430 surfactant, and a contact
1389 ecBFhappr 6Ri Flt EPFPL2E6S] § - presEnthEhdRAs T KAGE 58
IS, C i e R rftactant, Wh surface 58
t#étcggﬁg%c§;%ﬂggg ggﬁ%?ﬁgggoggségfgéfan?gfng Sding
r&6 1480g anda FCr 483t s adepashtedannleapér apProgimately

ongact angle of approximately 22 is presented,.
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wei ght. Wien surface 58 is coated with FC 4432,
2@bsentpradyent heregushaéeant p8aleoaratedangktb the R-08

s fggﬁéHP!e|%hg§'Qu£ agéesgntgdCoAﬁeaagi?g %een’
erefore, by properly Selfecting theé surfactant
cationendn | suebsbtohtt hbecbubkngarerials, ahberdesipedis
wettjng characteristics may be obtained, along with
dgRRS1iedi tRd pYer ef Bnt # aFCRHAESI BAYARIOEefBRRER*1mately

ofhar act eListiLs, TRe-enhedipmplssef bhespeesentne 1pa

i nvention described above are exenplary. Many changes
migttd e i ifd ceE T 32 negmpbesemde. 1 67t hefdibel 68Areixture,

o S5} a0 Fen WL BT L DOCOLLNY 0 EcEcge,
absent any other surfactant, a contact angle of
approximately 26.0° is presented. As can be seen,
therefore, by properly selecting the surfactant
component in each of the bulk materials, the desired
wetting characteristics may be obtained, along with the
desired preferential adhesion and release
characteristics.

The embodiments of the present invention described
above are exemplary. Many changes and modifications may
be made to the disclosure recited above, while remaining
within the scope of the invention. The scope of the
invention should, therefore, be determined not with
reference to the above description, but instead should

be determined with reference to the appended claims

along with their full scope of equivalents.



i nvention should, therefore, be determ ned not with
reference to the above description, but instead should

be determined with reference #d the appended cl ai ns

along with their full scope of equivalents. 47 WHAT

IS CLAIMED IS: 1. A conposition defining an air-liquid
interface, said conposition conprising: a

poHpFed Sz &bREMBOI KSmaterial ; and a surfactant, having
opposed ends, one of which has an affinity for said

bul k nateriil g t he renalnln% end haV|n% a fluorlne
conponent, Said SuFPEPCSATRAVERGICERE B8 Pdwi g auid
fonedkaack, RsalQHéogEg@Zt@onYco}n C}I@lgg(OR )z-RT1

11 F(CFZCFZ)rTR'CHz Op wherein Rand R are

i dentical or ®eiyeeenrabhhd buékesabdriadm ehd group

consi sting of hy e R Ls_.an R tigna

sul f onyl I|%k|;% %?%%§£ E%EN%E,SS?Qsed ﬁnﬁf“'seFec thCh
fram theagrouptgonsirsthng bhlkChaterCalabkkyl rhehek@iaining

z is a poly(oxyal kyl ene) group conprisin
I%%@t%éﬁénﬂyﬁeféF06k9ﬁlE?WQﬁéeBﬁvtsal@héPéﬁﬁcﬁ@ﬂtl§aﬁlng

tgﬁg1@§klg@9H3 sglggtigd fromthe group consisting of
H, nmethyl, and C1 to C4 alkyl; and wherein the ratio

of x toy is in a range of 1: 2 to 3:1. 2. The
conposition as recited in claim1l

oyt

_(ORm)Z R"™

wherein R and R' are identical or different and
selected from the group consisting of H and methyl;
wherein R" is an optional sulfonyl linking group —
SO,N(R™), with R"™ selected from the group consisting of
Ci to C¢ alkyl; wherein (OR"), is a poly(oxyalkylene)
group comprising at least one type of oxyalkylene unit;

Py

wherein R"™ is a terminal group selected from the group
consisting of H, methyl, and C; to C, alkyl; and wherein

the ratio of x to vy is in a range of 1:2 to 3:1.

2. The composition as recited in claim 1
wherein said fluorine component extends from said air-

liquid interface.

3. The composition as recited in claim 1
further comprising an additional surfactant selected from
the group consisting of ionic, non-ionic, cationic and

zwitterionic surfactants.



wherein said fluorine conponent extends fromsaid air-
liquid interface. 3. The conposition as recited in
claim1 further conprising aA8additional surfactant
selected from the group consisting of ionic,
non-ionic, cationic and zwtterionic surfactants. 48
4. The conposition as recited in claim1 further
conprising én adaheionmpogamﬁa@taﬁtrhadtﬁ@ time claim 1

fall f X CH2CH2 R...,.0) .
g B o L S AL ERE
t hat 1bWehydesrm@raups having two to four carbon atons

and R'"""'" is a termnal group of Hor C to C4 alkyl,
and X and Y are integers. 5. The conposition as

recited in cla furt her, . coqpri-sjnag,, dj,t1ona
surf act ant ngmkéﬁ?Cﬂ?&SKﬁgﬁﬁﬁg2ﬁg{ﬁomﬁﬂgﬁgtructure:
F (CF2CF2) x al kyl -N+R""~3C1 where X is an integer in
a range of 1 to 7, inclusive. 6. The conposition as

regbled (k@) pizm b Jdird hery L00prd sl ngy AL Rddifd Onghc1udes
surfactant conponent having the fO||OMAng structure:
CEro@hp2 ﬁaﬁfﬁ@%@wéC&b\fﬁuﬁHchrﬁbﬁléthE éﬁde””thr@

X! is,an inte in_ a range of Ot , ive;
yEerBigali are ErOFnHaOFa gét%fcﬁé?gqgﬁ rﬁLgisﬁVEi Ure
Thﬁtgggpgsltlon as recited in claiml1l further

conprising an additional surfactant having the

5. The composition as recited in claim 1
further comprising an additional surfactant component

having the following structure:
F (CF,CFy) x—alkyl=-N"R"™3C1~

where X’ is an integer in a range of 1 to 7, inclusive.

6. The composition as recited in claim 1
further comprising an additional surfactant component

having the following structure:

CH, o)
///
CF3 \o% ScH, ,H

where x’ is an integer in a range of 0 to 6, inclusive;

and vy’ is an integer in a range of 0 to 15, inclusive.

7. The composition as recited in claim 1
further comprising an additional surfactant having the
following structure:

O
I
[CF3CF2 (CF2CF2) z/ CH2CH20] x'P (OH) y'



followi ng structure: 0 Il [CF3CF2 (CF2CF2) z

CH2CH2Q x' P (OH) y' 49 where x' is an integer

having a value of 1 to 2; y' B8 an integer having a

value of 2 to 1; z' is"an integer having a value in a
range of O to 6, inclusive. 8. The conposition as

recited in claiml1l further conprising an additiona
svhtaet aht isheneintsged haddntgi enaklsear bdctlanb 2; y’ is an
conprises fluorine and siligon atons..9. The .
cd 8§FFiBﬁVé§gr%c?’i“gaei REcFatm ? fur tRef coRpFESIngGaving
an addi;ki 9nak syhfackand, tw h sakdusadditiona

surfactant being selected fromthe group consisting

of a silicon-based surfactant, a hydrocarbon- based

surfactant gnd gnflugnhnated gurtagtant a1y f1aim 1
conposition definirng a alr-quU|d Irnterface, sad
counposeti oomephPpihgi Ag: addbul knadt enrdbkctaakudhpgean said
initiator _conmponent and conpounds_sel ected from a set

o? I bhpolAYsSHY Bﬁ%FéPFnQOEPgEFﬁﬁlféPﬁéF§? and silicon
netbasryl ates, acrylates, thiol-enes, and epoxies;

and a surfactant, having opposed ends, one of which

has an affinity for said bulk material and the

remai ning @nd hawi ogmpofitdonnescoaponedt insaldim 1

suclactant having, the fohlpwing formla RR |, O C,
additional surfactant being selected from the group
consisting of a silicon-based surfactant, a hydrocarbon-

based surfactant and a fluorinated surfactant.

10. A composition defining an air-liquid
interface, said composition comprising:

a bulk material including an initiator
component and compounds selected from a set of compounds
consisting of vinyl ethers, methacrylates, acrylates,
thiol-enes, and epoxies; and

a surfactant, having opposed ends, one of which
has an affinity for said bulk material and the remaining
end having a fluorine component, said surfactant having

the following formula:

T i
Ho— H—
kP L P
C=0

l (“:_(ORM)Z___R""
F(CF,CF,)mR"CH,CH,0 o

wherein R and R' are identical or different and
selected from the group consisting of H and methyl;

wherein R" is an optional sulfonyl linking group —



COG(OR"")z-R'™ 111 F(CF2CF2)nR'CH2CH20 O
wherein Rand R are identical or different and
sel ected fromthe group consi &Ying of H and met hyl ;
wherein R' is an optional sulfonyl |inking group 50
SO2N (R'"") , with R'"" selected fromthe group
consisting of O to C6 alkyl; wherein (OR"')Y is a
peDZleRY Al kyitiegte)R""gselipctedpfirsnghat glreagt coneikypeg of
of oxyal kyl ene unit; wherein R'"'" is a tern1na| grou
siéileépe@fo pdYLheVhrEEPD dORSI stihg? dPOH (ereymiky IenR

n h t S
R i R S il o SR SOV A b

| nhékanm RO" mh%r eddrrsiaidll fdaoup nee xanpeonent oreXilen dgroup
fromsaid air- liquid interface. 12. The caonposition
%OPééﬁFéaguﬁfcﬂauﬁ?ibylfuﬁﬁﬁeFlc%%p$qgﬂﬁ@danand wherein

addit i-gpal, éHrQaEBaQt1§eEﬁCBGQaB58”bftﬁ629%8UB 1.
consisting of ionic, non-ionic, cationic and
zwi tterionic surfactants 13. The conposition as

recited in ﬁLai furthe%.congrisin a addlglona
sur f act ant 'ng thE°™PBPIrow Ry FoFﬁﬁ chﬁ er%) 10
XwkEREHR O L RY. £1uoP)nd' Romponent é&@éﬁﬁg from QhYdi 8ia-
pol y(oxyal kyl ene) group, ﬁ i ncl udes groups having

t Wode6df buEcEARBON at ons, and R is a terminal group
of Hor C, to C4 alkyl, and X and Y are i nt egers.

14. The conposition as recited in claim10 further
conpri si ng Eh. addnéi oomposiutiact ant rhaviag theclaim 10

further comprising an additional surfactant selected from
the group consisting of ionic, non-ionic, cationic and

zwitterionic surfactants.

13. The composition as recited in claim 10
further comprising an additional surfactant having the
following formula:

F(CF,CF2) x' CH2CHO (R O)_Y’R’”””

rrrrrz

where (R O)y is a poly{oxyalkylene) group, that includes
groups having two to four carbon atoms, and R is a
terminal group of H or C; to C; alkyl, and X' and Y are

integers.

14. The composition as recited in claim 10
further comprising an additional surfactant having the

following structure:
F (CF,CFy) xr—alkyl-NR' 777 77,C1”

where X’ is an integer in a range of 1 to 7, inclusive.



followi ng structure: F (CF2CF2) x' -alkyl-N¢R ' ' ' '

' 3ClL where X is an integer in arange of 1 to 7,

inclusive. 51 15. The conposPilion as recited in claim

10 further conprising an additional surfactant having

the following structure: /CF2 /CF2 /CH\ CH\ /O CF3

CF2 H2 OCH2 Y~ H x where x' is an integer in a

range of 0 15 6 Thncb@mp@eitianday rE§iaﬁdidnegéaimnla
ncl usi ion as

+ SOPER8E: fobParaian " Fir erer tisheri SIRGAaNERkareroRG: the

sebiasvan bavuhgutbBe follow ng structure: O I

[ CF3CF2( CF2CF2) z' CH2CH2Q x' P(OH)y' where x' is an

i nt eger having a value of 1 to 2; y' is an integer

havi ng a v e of 2 t ; z IS an integer having
value i ang L@kl usi ve 1, The
|t|o |te |n ai m1Q rther\gonpf/3|
addltlon I Eurfacta tCHaherein €ai g addi t¢bpal H

surfactant nprises ﬁorlne and silteon atons. 18:
The conp03|t|on as recited in claim10 further
cohpreskhglianaaddntrensl 1supf gendat ofwdlt Roshirdinclusive;

aQQ&Fg””?E §Hrﬁﬁﬁéggga98'29r§ gSCE?d ng"hEhelQEQHglve

consl sting Si'l oxan sed sur ct ant
hydr ocar bon- based surfactant and a fluorinated
surfactant.

16. The composition as recited in claim 10
further comprising an additional surfactant having the

following structure:

o
I

[CF3CF2 (CF2CF2) z! CH2CH20] x'P (OH) Y'

where x’ is an integer having a value of 1 to 2; y’ is an
integer having a value of 2 to 1; z’ is an integer having

a value in a range of 0 to 6, inclusive.

17. The composition as recited in claim 10

further comprising an additional surfactant, wherein said

additional surfactant comprises fluorine and silicon
atoms.

18. The composition as recited in claim 10
further comprising an additional surfactant, with said
additional surfactant being selected from the group
consisting siloxane-based surfactant, a hydrocarbon-based

surfactant and a fluorinated surfactant.

19. The composition as recited in claim 1,

wherein the ratio of x to y is in a range of 1:1 to 2:1.



19. The conposition as recited in claim1l, wherein

the ratio of x toy is inarange of 1:1 to 2:1. 52

20. The conposition of claimaZ wherein R'"" is

sel ected fromthe group consisting of -CH2CH2-, -
CH2CH2CH2-, CH(CH3)CH2-, and -CH(CH3)CH(CH3)-. 21. The
conposition of claim4, wherein R'""' is a term nal
group sel ected Themctheoghatpncotisidtiing4ef wHerand R™" is
met hyl . 22. The conposition of claim 10, wherein the
raeleceedxfremyths progpr gaRgeistingl of o—XHCHz— The

c I k0N A 13, er gl ~rreng.y_Sel ect ed
fgg%@?ﬁ(ghbTO%{@%@sdlﬁsthh%n\Mgf 2 - (,é-ﬁ CH2CH2- |
CH(CH3) CH2-, and -CH(CH3)CH(CH3)-. 24. The conposition
of claim 13, wherein R'""' is a termnal group

sel ected frém t BRegFBUBCEbREPEL PhgCoR1M 4anyhgEehp R 1is

a terminal group selected from the group consisting of H

and methyl.

22. The composition of claim 10, wherein the
ratio of x to y is in a range of 1:1 to 2:1.

23. The composition of claim 13, wherein R is

selected from the group consisting of —CH,CHy—, —
CH,CH,CH,—, CH(CH;)CH;—, and —CH(CH3)CH(CH3)—.

24. The composition of claim 13, wherein R™" is
a terminal group selected from the group consisting of H

and methyl.



