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formed into the substrate that corresponds to the relief pattern. A
system 10 employed to form the relief pattern includes a stage 11
upon which a substrate 12 is supported. A template 14 has a mold 16
with a patterning surface 18 thereon. Patterning surface 18 may be
substantially smooth and/or planar, or may be patterned so that one
or more recesses are formed therein. Template 14 is coupled to an
imprint head 20 to facilitate movement of template 14. A fluid
dispense system 22 is coupled to be selectively placed in fluid
communication with substrate 12 so as to deposit polymerizable
material 24 thereon. A source 26 of energy 28 is coupled to direct
energy 28 along a path 30. Imprint head 20 and stage 11 are

configured to arrange mold 16 and substrate 12, respectively, to be
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[0006] 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 with a
fluorine-treated UV curable material. To that end, a UV curable
layer is applied to a substrate by spin-coating a 200 cPs UV curable
fluid to form a UV curable layer. The UV curable layer is enriched

with fluorine groups to improve the release properties.
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The conposi tions eature | roved ref erugntl al
adﬁ%‘%lrﬁ ease 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. A method is also disclosed that takes
advantage of the characteristics of the composition. These and other

embodiments are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 is a perspective view of a lithographic system in

accordance with the prior art;
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1 mdergati@eﬂp, | g01%636 lmgy %ﬁgﬂfag%%@uﬂst Qefined by a plurality of
spaced-apart recessions 38 and protrusions 40. The plurality of
features defines an original pattern that is to be transferred into a
substrate 42. Substrate 42 may be comprised of a bare wafer or a
wafer with 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 portiomn 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



the present invention, may be enployed in system 10,
and nmay define a surface having a substantially
snooth or planar profile (not shown). Alternatively,
nold 36 may include features defined by a plurality of
spaced- apart recessions 38 and protrusions 40. The
plurality of features defines an original pattern
that is to be transferred intc®a substrate 42.
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in light of the unique patterning process employed. For example, it
is desired that the imprinting material have certain characteristics
to facilitate rapid and even filling of the features of mold 36 so
that all thicknesses t; are substantially uniform and all thicknesses
t, are substantially uniform. To that end, it is desirable that the
viscosity of the imprinting material be established, based upon the
deposition process employed, to achieve the aforementioned
characteristics. As mentioned above, the imprinting material may be
deposited on substrate 42 employing various techniques. Were the

imprinting material deposited as a plurality of .discrete and spaced-



Thi cknesses "ti" and "t2" may be any thickness
desired, dependent upon the application. Thereafter,
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the appropriate curing agent, e.g., actinic
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degégfggi %4fé%§1es Sependent 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, wetal 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.
[0024] It has been found that the imprinting material from which

formation 50 is generated may be fabricated from several different



conposition to provide the inprinting material wth
certain solidified phase characteristics. For

exanpl e, after solidification of formation 50, it is
desirable that preferential adhesion and release
characteristics be denonstrated by the inprinting
material. Specifically, it is beneficial for the
conposition fromwhich the irfprinting material is
fabricated to provide formation 50 with preferenti al
adhesilest bullshratrials? Fod grefler aiei wipriglisggeteytal may
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degisagatibenr of formation 50. [0023] The constituent
conmponents that formthe inprinting material to

provi de the aforenent i one 15:}1 %&%& i,gs may differ.
This results froms d froma
nunber of differ entiethyierdgarel fNyiayl e8tftt, the

chem cal conposit a8 (ofvingwkiacel 4dinaniesedependent
upon the material from whigh;substs,ate 42 is formed.
For exanple, substrate 42 may be formed fromsilicon,
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I mprinting materlal are as folloms: VINYL ETHER/BULK
MATERI AL- Al triethyl enegl yca i N ether o~

tris(4-vinyloxybutyl)trinell e ®hotoi niti ator
/\0/\/\/0 O\/\/\O/\

and comprises approximately 29.1 % of the bulk material. The
component tris(4-vinyloxybutyl)trimellitate is available from Morflex
Inc. of Greemsboro, North Carolina under the tradename Vectomer 5015.
[0027] The photoinitiator component is a cationic photoinitiator
that is a mixture of triarylsulfonium hexafluoroantimonate salts in

propylene carbonate having the following structure:

SbFs Q Q SbF? SbFS O
SCORSLS Ceor O



A first vinyl ether conponent, triethyleneglycol

divinyl ether, has the follow ng structure: and

conpri ses approximtely 67.9% of the bulk material by
weight. As a result, the nechanical properties of
formation SO are primarily attributable to

triethyl eneglycol divinyl ether. An exenplary source
for triethyl eneglycol divinyl sether is the BASF
Corporation of Mount dive, New Jersey avail able

unciee drbecipk orhiet despmebl coBpriE&02pdroAimetind® dingde bulk

et hELeGQIMARCIY b 1§£14e nymnyAeoasyp@w‘ll):u icambanl tat @ diass,
followng str 0_and conprises
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apBrORPRRCErY 30 FORT T8 W K acor 1Al The

conmponent tris(4-v 3 S ate i s

avai |l abl e from Morf k;eg((4-+ﬂglo>@ﬁou@1embmo Nort h

Garol i na_under. [ {30enamm. Ve boRRE:0dormet 0027]

The photoi ni tiator conponen I's . a cationic

photoinitiator that is &Z*MiIREHIEHF triaryl sul foni um

hexaf |l uoroanti nonate salts in propyl ene carbonate
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ator. c onen ri roxi mately

3% og}t IIL EURRT é?kllr% &gn%lOlﬁgvr}%va a%%gfromthe Dow

Chem cal Corrpany of Mdland, M chigan under the

product name WVI 6976. VINYL ETHBR 2/ BULK MATERI AL- A2

bi s(4-vinyl oxybutyl) adi pate Vi n I et her ter m(sat ed

pol ;ge%t@

Vi nyl her conponent bIS(4 V|nyloxybutyl)ad|pate

has the follow ng str@cture: O O and corrprl ses

approxi mately 19.4% of the bul k mater.i al An

ex @RP|RFYT 8% PR PO 1L (Y- ¢ ﬁﬁl‘ii’)?y‘ﬁﬂ'ﬂ‘yrf'e)tﬁ%’raﬁa]i’ W?’sqht An
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p{ %‘:QQ&ISI)&L%‘ ! ENc}ésﬁt%fuéoﬁ‘ger tt[h@ %%%ucthﬁa&?meméﬁ ﬂ()ﬂto

e er onponent i s Vi er ermn 0 er
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termlnated polyester polymer that comprlses approximately 77.6% of

the bulk material by weight. As a result, the mechanical properties

of formation 50 are primarily attributable to the vinyl ether
terminated polyester polymer. BAn exemplary source for the vinyl
ether polyester polymer is Morflex, Inc. of Greensboro, North
Carolina under the product name Vectomer 1312. The photoinitiator
comprises approximately 3% of the bulk material, by weight, and is
that same as described above with respect to VINYL ETHER BULK
MATERIAL 1: UVI 6976.

METHACRYLATE/BULK MATERIAL-A3

organic modified silicate

[o030] An exemplary organic modified silicate ORMOSIL that may
comprise 100% of the bulk material is Ormomer® be66 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.



the bulk material by weight. As a result, the

mechani cal properties of formation 50 are primarily
attributable to the vinyl ether term nated pol yester
pol yner. An exenplary source for the vinyl ether

pol yester polyner is Mirflex, Inc. of G eensboro,
North Carolina under the product nane Vectoner 1312.
The photoinitiator conprises®approxi mtely 3% of the
bul k material, by weight, and is that sane as

descri bed above with respect to VINYL ETHER BULK
MATERI AL 1: UVI 6976. eddx¥ HACR fiaAdiaABUIK MATERI AL- A3
organi ¢ modi i ed gildcahf LORIOL: Al sxanPhary organi c
nodi fied silicate conprise 100% of
the bulk material |S°®F’rﬁi‘|’r6r ‘ﬁ%glaév’éllable from

M cro Resi st Technol ogy GrrbH Berl in, Germany. The
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I\/leth and ggoxy functionality is attached to the
mat-&r} Ow ng fHS & “photoi nitiator conponent being

i ncor por at ed for UV curing thr ough t he net hacryl
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follow ng structure: and corrprl ses approximately 97%
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and comprises approximately 3% of the bulk material, by weight.
exemplary source of the cationic photoinitiator is Dow Chemical

Company of Midland, Michigan under the product name UVI 6992.

THIOL-ENE/BULK MATERIAL-AS

triethyleneglycol divinyl ether
1,2-Bis{2-mercaptoethoxy)ethane
triallyl isocyanurate

ethyl 2, 4, 6-trimethylbenzoylphenylphosphinate

[0032] The vinyl ether component comprises approximately 36.7%
of the bulk material by weight and has the structure discussed above
with respect to the product sold under the product name DVE-3. The
1,2-Bis (2-mercaptoethoxy) ethane component has the following

structure:



Conmpany of M dl and, M chi gan under the product nane
UVI 6992. THI OL- ENE/ BULK MATERI AL- A5

triethyl eneglycol divinyl ether

1, 2- Bi s(2- mer capt oet hoxy)ethane triallyl isocyanurate
ethyl 2, 4, 6-trinmethyl benzoyl phenyl phosphi nate [ 0032]
The vinyl ether conponent conprises approximtely
36.7% of the bulk material byowei ght and has the
structure di scussed above wth respect to the product

sol d under the product na DVE- 3. _The
1,2-Bis(2-nercaptHsrﬁakyfgﬁhaﬁg\oéﬁﬁbﬂ6%$ has the
following structure: 1 HS_and conprjses. _ . .
apFOXFHRE &I P e Db PR BParisy e PEE IS, 2
ex eq:ﬂginmlrayy soureeohfthe Hig 2-Bis (2-mercaptoethoxy) ethane component is
lAi gch_Bi ﬁ(d%iéﬂe EEARLOL hapayy ﬂffhm&aﬁaﬂﬁp OfieBénsis uniibe thz

ri . onS; er
hesEstan A DY Heflk. fe kR oV aepOns, ve
pr GisErRties 59f 3T BFIRREH g BELEHEPhT ithetiel Figt B eBR EbT e
t 0 dikéntlr egtelnydrdnegl-yo0k -medicap tiopthaay hetthagm gomponents .
1, 2rdgh$i( 2- mergaRL28LPOX¥I&8INENR  COIPORRAB RS tH0B@3bwing
Thet;rngllyl i socyanur ate conponent has the follow ng
st rUEtUres 0 N)~ N O ~-NAO and conpri ses
approxi mately 13% Jj~ the buldg material by weight. An
exenpl ary source of tNRe trial yIéngg&anurate
conmponent is the AI;§?65\$¥emiﬁ I nmpany of
M | waukee, W sconsin under jt he product nane TAIC.
[0034] The ethyl 2, 4, ¢¢L\ /J;§
6-trinethylbenzoylphenylopho hin® e component
conpri ses approxi mate 3% of the bul k material by
wei ght and has the follow ng structure: O ~\ ( ()
- POCH2CHZ . O O /

and comprises approximately 13% o

the bulk material by weight. 2n
exemplary source of the triallyl isocyanurate component is the
Aldrich Chemical Company of Milwaukee, Wisconsin under the product

name TAIC.
[0034] The ethyl 2, 4, 6-trimethylbenzoylphenyl-phosphinate
component comprises approximate 3% of the bulk material by weight and

has the following structure:

i

O

An exemplary source of the ethyl 2, 4, 6-
trimethylbenzoylphenylphosphinate component is the BASF Corporation
of Mount Olive, New Jersey under the product name TPO-L.

ACRYLATE/BULK MATERIAL-BA6

isobornyl acrylate
n-hexyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1l-phenyl-propan-l-one



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

trimet hyl benzoyl phenyl phosphi nate conponent is the
BASF Corporation of Mount Aive, New Jersey under the
product name TPO L. ACRYLATE/ BULK MATERI AL- A6

i sobornyl acrylate n-hexyl acrylate ethylene glycol

di acryl ate 2-hydroxy-2-nethyl-I|-phenyl - propan-1-one

11 [0035] The acryl ate conpohknt, isobornyl acrylate
(1BOA), has the follow ng structure: O and conprises
ap pfr°é3<$1mat el yh53950Rt D EPRomERter Laboby vRdTghtte KPR mjas
be yheeseMwing Ariange: of 20% to 80% inclusive. As a
result, the nechanical properties of formation 50 are
primarily attributable to |BQA. An exenplary source
for IBOA is Sartoner Conpany, Inc. g Ext on,

Pennsyl vani a avail abl e under the prpduct name SR 506.
00361 The conponent n-hexy acry e (n-HA) has the
following structure : andjicom ¢S approxi mately 27%
of bulk material by ht i\ b py ~be present in a
range of 0% to 50% inclusi ve. Al so providing

fI exibility to formation 50 n-HA is enployed to

SO ?ge%oggx‘ei.ls\éls Sw%%ongcl?:%ia?teq?/n t h fD {)ulqcr ma erl%albk weﬁ%h%r but may
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e R ST UET LT 8290 onpr

ap pPe3&! rrat el Frel SopneReuP ek é?%?t%)/nm%ﬁ)gms t]éen doraying
be spreserd: in a range of 10%to 50% i nclusive. EGDA
also contributes to the,nodul us and stiffness
bui | dup, as well as facflitates cross-Ilinking of n-HA
and | BOA during pol ri (t) Q t bul Kk materi al .
12

and comprises approximately 27% of bulk material by weight, but may

be present in a range of 0% to 50%, inclusive. Also providing

flexibility to formation 50, n-HA is employed to reduce the viscosity

of the prior art bulk material so that bulk material, in the liquid
phase, has a viscosity in a range 2-9 Centipoises, inclusive. An
exemplary source for the n-HA component is the Aldrich Chemical
Company of Milwaukee, Wisconsin.

[0037] A cross-linking component, ethylene glycol diacrylate,

has the following structure:

\)J\O/\/O\r\

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.



[0038] An initiator conponent,

2- hydroxy-2-net hyl -| - phenyl - propan-1-one is avail able
from G ba specialty Chemicals of Tarrytown, New York
under the trade nanme DAROCOR' 1173, and has the
following structure: 0CH3 -OH Hr~ GC CH3 and
conprises approximtely 3% of the bulk material by

wei ght, and nmay be present ifA2a range of 1%to 5%
inclusive. The initiator is responsive to a broad
bantboadl ul t r an indtietor adnaheon gaiyéraived-rgyhid -1-phenyl-
mcﬁﬂéﬁi@ﬁ%f%%[@ a{l‘r?lrl%yfé/ fl:cﬁ”@iba! Ebélchiiﬁzyn@{éﬂeéalst e Tarrytown,
initiato acilitates cross: a

ol eI S PTG 6t THES FaRDSREFE o1 Had B
matSrpeiure ;ACRYLATE/ BULK MATERI AL- A7 i sobor nyl
acrylate n-hexyl acrylate ethylene glycol diacrylate
2- hydr oxy- 2- net hyl - | - phenyl - propan-1-one [0039] As
can be seen, BULK MATER s €dentical to BULK
MATERI AL-A6 in terms of genthtyopf the
constituent conponents. Ae two imaterials differ in
terms of the percentage of each ofHghe constituent
conponents present. |In BULK MATERI AL- A7, | BOA
conprises approximte 47% of the pmaterial _b meight
and ™A 1P EFES PERPOEARTRLY cBnff ithe PUSEIRETE e é‘}g’btﬁﬂ? €, and
matretyi i pingemeiight raiAROCUR 4ol B8, ificlusive. The initiator is
hy dre@¥fm Zoded faybréa-dpis@ial yJ>f3 51@?3{7&515-0 H:@.d:Ca_&H'I&O @eﬂéra_tedh by a
conprlse appr oxi mat er . hy. ght .
ORI LR M AL s bortir s 8 Libl
acrﬁfF%&%%aﬁESGQHQ§iEﬂ%QB?Qﬁ aps ae%gypg&agtlon of the comporents of the
2- hypdlx omyex2anet hyl - i - phenyl - propan-1-one [0040] The
first acryl ate conpop@ftargendBATekid2ayS an

al i phati c urethane acr yisl%ﬁ(rernayaalclrapal e from Rahn USA
[

. e .
Corporation of Aurora, 6i°S &hd has the fol | owing
structure: : n-hexyl acrylate

ethylene glycol diacrylate

he following

2-hydroxy-2-methyl-1-phenyl-propan-1l-one

[0033] 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-l-one component comprises
approximately 3% of the material by weight.

ACRYLATE/BULK MATERIAL-AS8

genomer 1122
isobornyl acrylate
1,6-Hexanediol Diacrylate
2-hydroxy-2-methyl~1-phenyl-propan-l-one

[0040] The first acrylate component, genomer 1122 is an
aliphatic urethane acrylate available from Rahn USA Corporation of

Aurora, Illinois and has the following structure:



13 OH O Y and conprises approximately 21% of the
bul k material by weight, but may be present in a range
of 0 to 50% The acryl ate conmponent i sobornyl
acrylate (1BOA) is as descri bed above and conpri ses
approxi mately 56% by wei ght of the conposition, but
may be present in a range of 20 to 80% The acrylate
conmponent 1, 6- hexanedi ol diaaerylate is available from
UCB Chem cal s, Snyna, Georgia and has the follow ng
structure: O O OYO @nd conpri sespapproxi mately 20% of
bul k material by weiljght, but may Ibe present in a
range of 10@6to*§Q9JEi LA pafitLat or
conponent, 2-hydroxy-2-nethyl -I{phenyl - propan-I|-one is
as descri bed above and conpris@s approxi mately 3% of
the conposition by weight. To provide inproved
wetting characteristics of BULK MATERI AL AS, )
adend FowALSTs| RIFPHALER]Yaety Phtde PudljdRtagial by weight, but
1HpakHop @irEdanorior- A-whegy lof @cryiwat e Timyachelatacomdesnt o
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mekes LN, BB, SHLLRabl e for both drop- dispense and
spi n-coating techniques. [00411 It was di scovered,
however, that desirable preferential adhesion and
rel ease propertiesﬁ)as di scussed above, may be
achi eved by prducin /a\¥§ak\g9ung9;® I r, lanella
60, between nol d™36, Usurface 58 and foffmation 50.
Lanella 60 remains after solidificationg of the
inprinting material. As a result, the adhesion forced
be&ﬂ@@&pr@ﬁa&@oﬁﬁﬁtéﬁ 56 LbeNual rakerili ynadightf 0 bhbaty
ends ohound beneligl al ,ouas, P! oxlingsf. COBROBlLLARLS of
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acrylate may be included to lower the contact angle of the same.
This fluorinated acrylate is available from Exfluor Research
Corporation, Round Rock, Texas under the tradename CiOACRY. One
advantage with bulk material A-8 is that it has a viscosity of
approximately 11 cPs which makes the same suitable for both drop-

dispense and spin-coating techniques.

[0041] It was discovered, however, that desirable preferential
adhesion and release properties, as discussed above, may be achieved
by producing a weak boundary layer, lamella 60, between mold 36,
surface 58 and formation 50. Lamella 60 remains after solidification
of the imprinting material. As a result, the adhesion forced between
mold 36 and formation 50 are 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
contains 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



14 liquid interface, providing droplets 146 of
inprinting material with a bifurcated concentration

of materials [0042] In a first portion, droplets 146

i nclude a higher concentration of the surfactant
conponent, referred to as a surfactant-conponent-rich
(SCR) sub-portion 136, than the second portion,

referred to as a surfactant-céAponent - depl eted (SCD)

sub- portion 137. SCD sub-portion 137 is positioned
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therefrom. Although formation 50 is shown with side 62 being
patterned, it should be understood that side 62 may be smooth, if not
planar. Furthermore, if desired, it is possible to generate lamella
60 so as to be disposed between formation 50 and substrate 42. This
may be achieved, for example, by applying imprinting material to mold
36 and subsequently contacting substrate with the imprinting
material. In this manner, it can be said 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.
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[0045] Another example of nonionic fluorinated surfactant

components has the following general formula:

Ll bl

C___ (O Rm )Z____ Rnu
F(CFZCFz)mR"CHchzO S

where R and R’ can be either H or methyl; R and R’ can be identical
or differ. R‘’ is a linking group that may be omitted or a sulfonyl
group such as -SO,N(R‘'‘’’)- , with R7‘'’’ being C; to C¢ alkyl and
typically C; to C, 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(CH;)CH,-, or
-CH(CH;)CH(CH;)-. R’‘‘’’ is a terminal group of methyl, H or C; to C
alkyl and typically H or methyl. The ratio of x toy is in a range
of 1:2 to 3:1 and more preferably in a range of 1:1 to 2:1.



typically C1 to &4 alkyl. The conmponent (OR .. )z is a
pol y(oxyal kyl ene) group, typically including groups
having 2 to 4 carbon atons such as - CH2CH2- 1

- CH2CH2CH2-, -CH(CH3)CH2-, or -CH(CH3)CH(CH3)-. RI F"
is atermnal group of nethyl, Hor C3 to C4 alkyl

and typically Hor nethyl. The ratio of it toy is in
arange of 1:2 to 3:1 and note preferably in a range

of 1:1 to 2:1. 16 [00461 it shoul d be understood that
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onents, ionic uor | nat ed
rggrfactant components may be employed in the composition from which

the imprinting material is formed, along with the bulk materials

discussed above.
[0048] In lieu of, or in addition to, the non-ionic fluorinated

surfactant components, the ionic type of fluorinated surfactant
components can work as well. An exemplary ionic surfactant is an
anionic phosphate fluorosurfactant sold by DuPont of Wilmington,
Delaware under the tradename ZONYL® UR, which has the following

formula:



surfactant conponents may be enployed in the
conposition fromwhich the inprinting material is
formed, along with the bulk naterials discussed
above. [00481 In lieu of, or in addition to, the
non-ionic fluorinated surfactant conponents, the
ionic type of fluorinated surfactant conponents can
work as well. An exenplary ioAafc surfactant is an
ani oni ¢ phosphate fluorosurfactant sold by DuPont of
W | m ngton, Delaware under the trgdename ZONYL UR
which has the followng fornmula: {17 O |
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may be employed, as well, such as fluorinated surfactant components

like quaternary ammonium salts available from DuPont under the trade

name ZONYL'® FSD which has the following formula:
F (chch) x-alkyl "N+R3Cl—

where x is an integer in a range of 1 to 7, inclusive. Additionally
a surfactant containing both fluorine and silicon atoms can work, as
well. BAn exemplary surfactant containing silicon is MEGAFACE® R-08
mentioned above.

[0051] 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



[ 0051] Although the foregoing has been di scussed with
respect to having fluorine-containing surfactant
conmponents, it is possible to enploy

non-fl uori ne-contai ning surfactant conponents. This is
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) Sumﬁmlqmntloned above includes a quantlty of surfactant

components, or mixture of surfactant components, that is in a range

of 0.05% to 5% of the composition by weight, and more particularly
0.25% to 2% by weight. The remaining portion of the composition
comprises one or more of the bulk materials, described above.
Typically the composition from which the imprinting material is
fabricated is applied employing either drop-dispense techniques at
room temperatures and in the presence of a helium-purged environment,
e.g., a helium-saturated atmosphere. The drop-dispense technique is
employed for compositions having viscosities in a range of 1 - 20 cPs

at room temperature. For higher viscosity compositions, e.g., in a
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conposition formed enploying the bulk materials
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one or nore of the bulk materials, described above.
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where X and Y are integers. MASURF® FS-1230 is a 30% active
fluoroaliphatic 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.
53
¥S0-100
[0057] The surfactant FS0-100 is an ethoxylated nonionic

fluorosurfactant that has the following structure:



F3CF2C- ( CF2CF2, CH2CH2- O( CH2CH20O) ,H where X and Y are
i ntegers. MASURF FS-1230 is a 30% acti ve
fluoroaliphatic pol yoxyethylene fluorosurfactant in a
wat er /i sopropanol solution. In the experinments that
resulted in the data recited below, the water and

i sopropanol were renoved before the surfactant was

i ncorporated into the conpositeon for the inprinting
material. S3 PSO-100 [0057] The surfactant FSO 100
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FC- 4432 fluorosurfactant is g on perfluorobutane
sul fonate (PFBS) chem stry g F021004 [[00597 The 1abl
conf¥8fEnt FO230BaR g% aE‘EI‘fef atteaRt=PFIaE JOTrpoHe it FHapete
i s mvaithabive céupany FEUDT-0BRILTdthnerobyi asthe NRVECOf

P! _tEtlﬁpi‘gsgpﬁactErﬁ:n P8V YANI 2 iihe nehaBhiAbol@B@®id Sluorochemical
Di | Sog cg% l ( '_}|ie E'OX%‘,'EL %#%482({%?%}828%%%% }LéllJaQ&?on The

surfct K& conponen the foll ow ng
st rﬂ%fmoéob@i’éqzﬂlf%etezdﬂ?s) URSIH08D1 The surfact ant
ZONYlIi UR is an anionic phosphate fluorosurfactant
avai |l abl e from Dupont of W|I m:'iﬁgt on, Del aware that

has the follow ng structuref
[0059] 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:

CioF21

)
>

5
ZONYL UR

[o060] The surfactant ZONYL® UR is an anionic phosphate

fluorosurfactant available from Dupont of Wilmington, Delaware that

has the following structure:

[CF4CF,(CF,CF,)zCH,CH,OJxP(OH)y
where x is an integer having a value of 1 or 2; y is an integer
having a value of 2 or 1; Z is an integer having a value in a range

of 0 to 6, inclusive, where x+y=3.



0 1) [CRF3CF2(CF2CF2) ZCH2CH2Q xP(OH)y where X is an
integer having a value of 1 or 2; y is an integer
having a value of 2 or 1; Zis an integer having a
value in a range of 0 to 6, inclusive, where x+y=3.
21 S7 COMBI NATI ON OF FSO- 100 AND R-08 [00611 The
surfactant R-08 is a nonionic fluorinated acrylic
copol ymer based surfactant. Asi nentioned above, the
surfactant R-08 is available from Daini ppon Ink &
Chem cal of Japan under the pgoduct nanme is MEGAFACE
R-08. The conbi natdouprNg@rdNaer &ne-187 A8 59% FSO 100

angosf} R OBp,58:-cCNBENATE QY ORohSR: ¢ 00 uSHREYNOL Sy 0

[0062]. The surfactant. SUREYNOL, 104.i i
I e

2, 457av93ilabde riamp thwiPineon dal e Chemiceht GF  J2PAR VBETT 50t BRtduct
SURENNGL (Mepaizge” aves | aileecdubinatibn sRrbtietts Sang 50% FSO-100
Ch%g?cszgl%sR_ognc. of Allentown, Pennsylvania and has

the Tollow ng structure: C-C.__ OH OH The conbi nati on
surfactant SB is 501 FSO 100 &hd 501 SURFYNCL(r) 104.
[0063] The surf&REARTIEDAFoFENtY FHEHUTK nBterials
desgpiRed ahave MerLe eMBheyRmbI-0 f0fMubalecpddil i onal

conpositions to generate conparative.data o thg
pr e¥ersAToRPagaf s¥T 63 AR hﬁY“é’ﬂe?h@nfrfegchg‘r Y
?Lgﬁ@éa?nkﬁﬁrl\é%{dgcfr%?@,eﬁhfﬂlq fji‘h% M&ega(;&nsmumm Lons and
{ ul k. materials, scusse ove.
cor?ﬁfa*s]iagjreor%méﬁa’f oF °‘%uu%ﬁ i héa‘r"Tcgﬁ g v%/gg'e\é e%lgg‘.?tt%’é' and
t h@enmsolvafiipiand st e fotRuing 888 °tW% des. Each gl ass
slide was approxi matel w1 mmthick, 75x25 mmin the
| at eral di mension. Dropl of flugic inprinting
material were disposed on a glass sNide; the second
slide was laid in a crogs @g&==eqio ttern. The
inmprinting nmaterial was [Subsequently cured. A
four-point bendi ng conprgsgsi on forcgHwas applied to
separate the slides. To that end, a four-point
bendi ng fixture (not shown) was

The combination surfactant S8 is 50% FSO-100 and 50% SURFYNOL® 104.

[0063] The surfactant components and bulk materials described
above were employed to formulate additional compositions to generate
comparative data of the preferential adhesion and preferential
release properties with respect to the twelve compositions and the
eight bulk materials, discussed above. The compositions and/or bulk
materials were deposited and then solidified between two glass
slides. Each glass slide was approximately 1 mm thick, 75x25 mm in
the lateral dimension. Droplets of fluidic imprinting material were
disposed on a glass slide; the second slide was laid in a cross
direction pattern. The imprinting material was subsequently cured.
A four-point bending compression force was applied to separate the
slides. To that end, a four-point bending fixture (not shown) was
adopted for the adhesion test and technique, similar to that
described in “Measurement of Adhesive Force Between Mold and
Photocurable Resin in Imprint Technology” Japanese Journal of Applied
Physics, Vol.41 (2002) pp. 4194-4197. The maximum force/load was

taken as the adhesion value. The beam distance of the top and bottom



adopted for the adhesion test and technique, simlar

to that described in "Measurenent of Adhesive Force

Bet ween Mol d and Photocurable Resin in Inprint

Technol ogy" Japanese Journal of Applied Physics,

Vol . 41 (2002) pp. 4194-4197. The maxi mum force/l oad

was taken as the adhesion value. The beam di stance of
the top and bottom 22 two peiznts is 60 nm The | oad

was applied at the speed of 0.5 nmper nminute. The
CORROBbidtoNS &dchmt eThe Nesdilvhs peicdsad Gh¢ orged of 0.5 mm per

"\’Eﬁl{'{' N%eW LALS,L NOLURLNG Bl MATERIsALzoAk: 10 a
E3xri trj se E208% A-NSA-S1

Al- S2 [0064] As seen in A, only 3.4 pounds of

separ ati on GRBEING m@ﬂlﬁb&dNﬁmihﬂth&ﬁposed
gl assrshi-des—{net—showr—havtag—a —cured Tpri nting
materjal @i,
Conposiﬁign bulk material AL and surfactant—S2—shov
as Al1Sg. SRS

separat@oq
i mpri pt gng
99. 5% bBl k
shown|ag A
t he sepﬁr%t
separ at o

Ireal i zedb:
| gili red to
gl ass|s&i de] fwn) havi jis
A, disfosed t hipfehetlween, nokifs F ABE

i ncl ugled t'herein, Nghomn as Al 4N The Al -NSp 4 -S
and Al - S2 conp05|f|ons each have a roomtenperature
vi scostty of approxi mat ely BcPs and deposited at room

teffg@mt ure LnplayiNa: drly Gl SpRAGE: beahkpugiies fdhe is

nposi t {
st ea S AT 07 L apBrd eleliedd. inal

corposi tinhntdon giasedl gtispeqstr BT RRATEPS: §©“‘§% %F’“‘ Bul k
MatcBkdodktidh mNe Br&e0faisund actimetar®ls2,28hown 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 51, shown as Al-Si.
More telling is the 61% 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
Al, disposed therebetween, not having a surfactant included therein,
shown as Al-NS. The Al1-NS, Al-S1 and Al-S2 compositions each have a
room temperature viscosity of approximately 8cPs and deposited at
room temperature employing drop-dispense techniques. The Al-S2
composition consisted of approximately 99.5% of bulk material Al and
0.5% of surfactant S2. The Al-S1 composition consisted of

approximately 99.5% of bulk material Al and 0.5% of surfactant S1.



| MPRI NTI NG MATERI ALS | NCLUDI NG BULK MATERI AL A2 4 s
3.5k 4 ¢ 2.5 7s s4si F A2 rn 11~ Z, 0 A2-NS
A2-S3 A2-S4 [00651 As seen fromthe separation data
concerning bulk material A2, 1.7 pounds of separation
force was required to separate superinposed

gl ass-slides (not shown) having cured inprinting
material. A conposition contaening bulk material A2
and surfactant S3, shown as A2-S3 was enployed to
formthe curederzNprNcntATRRALSBINGLIANG BURK S1ASERIAL-AL | ON
force required is much less than the 2.6 pounds of
separation force required in The presence of cured
inmprinting material fornmed froma conposition of bulk
nateria&;Aé and surfactant S4, shown as A2-S4. More
tel ling7y 85the—58%reduet+on—tn—the separation forc
real i 2ed whe wared to the separation force

requi rled 1,9 [sep superinposed gl ass slig
shown)l Kaving a ¢ bul k material A2, di
t her ehetgnve @ —njk absences of —a—surfact

each has a,r| \
300cPy &nd ature e

spi n-qn & 8enmi , pSition

of appr&&ina 2 4 . erat—A2

of sur|fact ant 83 Aih@ A2 54 com§6§|t|on consﬂ@ﬁ%d of
appro imately 99 5% of bhulk material A2 ahd-0-5%of—
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pounds'of separatlon force was required to separate

superlmposed 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, disposea therebetween, in the absences of a
surfactant, shown as A2-NS. The A2-NS, A2-83 and A2-S4 compositions
each has a room temperature viscosity of approximately 300cPs and
deposited at room temperature employing spin-on techniques. The A2-
83 composition consisted of approximately 99.5% of bulk material A2
and 0.5% of surfactant 83. The A2-84 composition consisted of

approximately 99.5% of bulk material A2 and 0.5% of surfactant S4.



d0o6.0 U Fa 504.0# y 3.0 2.0ti ti 0.0
A3-NS A3-S3 A3-S4 A3-S1 [00661 As seen fromthe
separation data concerning bulk material A3, only 2.0
pounds of separation force was required to separate
superinposed gl ass-slides (not shown) having a cured
inmprinting material disposed therebetween. The cured
inmprinting material was forned froma conposition
contai ning bulk material AS and surfactant 54, shown
as A3-S4. ThinkIivsrneLdrERBSS INeavDIivh eBUBK MANERTAL SA30f

separation force required-in the presence-—of-—cured

\vav g

inprinting, material forned from conposition of bulk
mat er ilals AS |and surfactant 51, shown as A3-Sl. The

separdtroﬁoluru; sociated wth A3-S4 1S also [ess
t han th@ sgrar t rforce required in-thepresenrce—of
cured iintijgg.apterial fornmed froma conposition
of bul{k 9er|a: :

. and surfactant S3, shown as
A3- S3. I!!bue teHi '

~476|chuLiun —Hr—the
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CoTPBRIFT R GAST STA S0l Sens] SRR, * gh ks Mertiing,
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COnposdt £ a Consdsitith edntappneXiuihtrekyri@l. BY%ewt sipflktant

matsg; Is@warA§s %Bdsp S%i%f is %H&I @GJsagﬁanSéhe 3.0 pounds of

separation force required in the presence of cured imprinting

material formed from composition of bulk material A3 and surfactant
S1, shown as A3-81. 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 A3-83. 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-S3 and A3-S54
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 A3-81 composition
consisted of approximately 99.5% of bulk material A3 and 0.5% of
surfactant S1. The A3-S3 composition consisted of approximately 99.5%
of bulk material A3 and 0.5% of surfactant S3. The A3-S4 composition
consisted of approximately 99.5% of bulk material A3 and 0.5% of

surfactant S4.
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As seen fromthe separation data concerning bul k
material A4, the reduction of forces required for
separating the superinposed glass-slides (not shown)
having a cured conposition di A¥osed therebetween
containing bulk material A4 and surfactant 84, shown
as A4-S4, rBERINTENC OAFERIBLY INOLMANG BULH ¥ATERIAMEAE t han

the 5. 4-pounds—of separation—forcereguired—fer—a
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A4-84, required only 5.0 pounds. This is less than the 5.4 pounds of
separation force required for a composition of bulk material A4 and
surfactant S3, shown as A4-S3. More telling is the 40% reduction in
the separation force realized when compared to the separation force
required to separate superimposed glass slides (mot shown) having a
cured bulk material 24, disposedvtherebetween, in the absence of a
surfactant, shown as A4-NS. The A4-NS, A4-S3 and R4-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 A4-84 composition consisted of approximately 99.5% of bulk

material A4 and 0.5% of surfactant S4.



1015 01.0EO0.5~~gG7 ht: 1 0.0 A5-NS A5-S3
A5-S4 A5-SI [0068] As seen fromthe separation data
concerning bulk material AS, only 0.62 pounds of
separation force is required for separating the
superi nposed gl ass-slides (not shown) having a cured
inprinting material disposed therebetween. The cured
inmprinting material was formed froma conposition of
bul k material AS and surfactant 53, shown as A5-S3.
This is | essbharitd essspansatiaunier seny BRRERIAGAS Or
cured inprinting material fort

ei t her| bul ks material AS and surfact ant _Si, shown as
A5- Si or_g buI K material AS and surfactant S4, shown ap
A5- 4. glis the 72% reduction in_ the
separatlgn ‘eal 1 zed when conpared to the

separ at |"0n forc fquired to separate superl nposed
gl ass slgdé?s ¢ drowT)havinga —cured bul Kk mat eria
AS, di sm.)sed in the absence of a
sur f act @tm_ '
and A5-3 ¢
VI SCOS|l t¥ ol dn
i ncl ugi
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g g 3@08%09/090?%2%5@; Io@ra;eglayatggn 5:%9:@ 1B Welu 17Rb efdradepAfit ing
O R R AT MR, (25 gnphD| BTG Mete B hicing

material disposed therebetween. The cured imprinting material was

formed from a composition of bulk material A5 and surfactant S3,
shown as A5-83. This is less than the separation force required for

cured imprinting material formed from a composition of éither bulk

material A5 and surfactant S1, shown as A5-S1 or bulk material A5 and

surfactant S4, shown as A5-S4. 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 A5, disposed therebetween, in the absence of a
surfactant, shown as A5-NS. The A5-NS, A5-81, A5-83 and A5-84
compositions each has a room temperature viscosity in a range of
approximately 20 to 30 ¢Ps, inclusive, and deposited at room
temperature employing spin-on techniques. The A5-S1 composition

consisted of approximately 99.5% of bulk material A5 and 0.5% of

surfactant S1. The A5-8S3 composition consisted of approximately 99.5%

of bulk material A5 and 0.5% of surfactant S3. The A5-S4 composition

consisted of approximately 99.5% of bulk material A5 and 0.5% of

surfactant S4.
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A6-NS A6-NS B/ B A6-S3 A6-S5 [00691 The separation
force data concerning bulk material A6 in the absence
of a surfactant being cured between two superi nposed
transfer layers is shown as A6-NS B/ B. Specifically,
each of two superinposed glass slides (not shown) has
| ayer of DUV30J formed thexeon. DUV30J is avail able
from Brewer Science, Inc. of Rolla, Mssouri. It is
desired that the cured bulk material AS adheres well
to the translld AtCinkRohs SeNvanti@asikyehEas es
fromthe surface of mprint tenplafte (not shown)
Al so $hown 1s the separatlon force data concerning
%e?lal AG i n the absence of a surfactant with
being cured between two superinposed—ghass

el for Tt he separ gis
A6, the separatio
t he superinposed

and havi ng a cur
cont al ni ng }
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ac Qgg%%ﬁ ﬁb‘\;ﬁguﬂ!" a%l@gﬂa PR AMGePeESichdOr One. of Rolla,
ixﬁo&ﬁ:?b: ﬁt 1ﬁ‘°gd {:ﬁaeagtg{gnrsnlrsoag ﬂ( mgucgag%r e dhe:l:‘ess well
beltpexhedtratlh@rre#wee‘ (ohaghown)r ged greiparPFrehs ot Hhe
surface of an imprint template (not shown). BAlso shown is the
separation force data concerning bulk material A6 in the absence of a
surfactant with respect to being cured between two superimposed glass
slides (not shown) having no previous layer thereon, shown as A6-NS.
[0070] As seen for the separation data concerning bulk material
A6, the separation force required for separating the superimposed
glass-slides (not shown), without the aforementioned transfer layer
being present and having a cured composition disposed therebetween
containing bulk material A6 and surfactant 53, shown as A6-S3,
required only 0.95 pounds. This is less than the pounds of
separation force required for a composition of bulk material A6 and
surfactant S5, shown as A6-S5 or the separation forces required for
B6-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.
[0071] 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.



fluorinated additives will have significant inpacts on
the rel ease performance. For exanple, S3 has a
surfactant nol ecule that contains both a hydrophobic
tail and a hydrophilic head, which as shown provides
desirabl e rel ease characteristics. The AG NS, A6-S3
and A6- S5 conpositions have a roomtenperature
viscosity of approximtely 4g#s and deposited at room
tenperature enpl oyi ng drop-di spense techniques. The
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separation force
datsarfasserteFPi ng bul k material A7 in the absence of a
surfactant with respect to being cured between two
super i Mpos e gy P RFHicShd @8 Sarks NEcruSe ik e ERGL ALY
previ ous | ayer thereon, shown as A7-NS. _As is
exgected froma review of the previous data, the
presémge of surfactant conponents prOV|des greatly
|nprqy%d release properties

Maximum Separation Forc

A7NS ATNS A7-83 A7-S4 A7-S1  A7-S6  A7-ST  AT-S8
B/B

[0072] The separation force data concerning bulk material A7 in
the absence of a surfactant being cured between two superimposed
transfer layers is shown as A7-NS B/B. Specifically, each of two
superimposed glass slides (not shown) has a layer of DUV30J formed
thereon, as discussed above. Also shown is the separation force data
concerning bulk material A7 in the absence of a surfactant with
respect to being cured between two superimposed glass slides (not
shown) having no previous layer thereon, shown as A7-NS. BAs 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




for conmpositions inprinting material including bulk
material A7. Al so denonstrated is the success of

conmbi nation surfactant conponents, such as 57 and so,
in reducing the separation force 29 required. The
A7-NS, A7-S1, A7-S3, A7-S4, A7-S5, A7-S6, A7-S7 and
A7-58 conpositions each has a roomtenperature
viscosity of approxinmately 42gps and deposited at

room tenperature enploying drop- dispense techniques.
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[0074] It is believed that by appropriately distributing the
fluorine atoms within a surfactant molecule, as well as the
distribution of the fluorine-containing molecules throughout the
volume of layer 70, and therefore, referred to collectively as the
distribution of the fluorine atoms throughout the volume, an
acceptable hydrophobicity profile may be achieved. Upon achieving
the desired distribution of fluorine atoms within a surfactant

molecule and fluorine-containing molecules in layer 70, lamella layer
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[0076] The contact angle, surfactant treatment solution, and

filling performance are shown below

Wettability Characteristics for Bulk Material A7-1

Surfactant FS0-100 FC-4430 & FC-4430& R-08 R-08 &
FC-4432 R-08 FS5-1230

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




are made to obtain the final contact angle val ues.
Consi-dering that Ilayer 70 is replenished each tine

the sane contacts inprinting mnmaterial on substrate,

the foregoing experinment is believed to be an

accurate determ nation of the relative wetting
properties of differing inprinting nmateri al
conpositions. [00761 The contact angle, surfactant
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Wettability Characteristics for Bulk Material A8-1

Surfactant FsSO- FC-4432 FC-4430 FS-2000 R-08 S-222N
100
Contact Angle 49.7° 26.5° 17.2° 21.4° 18.2° 19.2°

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 of the constituent components present. In Bulk
Material A8-1, approximately 20.875% of the composition by weight is
the acrylate component Genomer 1122 and 55.875% of the composition by
weight is IBOA. The acrylate component HDODA is approximately
19.875% by weight, and Darocur 1173 is approximately 2.875% of the

composition by weight. The remaining 0.5% of the composition is a



approximately 22.7, in which R 08 conprised of
approximately 0.4% by weight of Bulk Material A7-1,

by wei ght, and FS-1230 conprised of approxinately
0.1% of Bulk Material A7-1, by weight. Wettability
Characteristics for Bulk Material A8-1 Surfactant
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Angle 49.7 26.5 17.2 21.4 18.2219.2 Bulk materi al
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0. ?EY%&Iinéh:%ntaining surfactants are employed. Tergitol NP-10 is a
hydrocarbon surfactant that has a faster dynamic speed than
fluorinated surfactants, such as FS-2000.

[oo78l Additionally, the surfactant composition may be 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-4430 R-08 FC-4430 & R-~08
4430 FC-4432 &
FC-4430
Contact 43.2° 26° 18.1° 20.0° 22° 14.7°
Angle




conposition by weight with 0.2% conprising Tergitol
NP-10 and 0.5% being FS-2000 presented the second
best wetting characteristics evidenced by a contact
angl e of approximately 17.4% It should be noted that
for this nmeasurenent, about .012% of the |IPA m xture,
menti oned above, consisted of the surfactant m xture
PS-2000 and Tergitol NP-10, snstead of 0.01% of the
solution. In this exanple, a surfactant mxture is
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e51on ease c .
Wi t oJ113] naetl on surfactant that i ncl udes EG- .
[0080] 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.



4430 and FC-4432 is deposited in layer 70, a contact
angl e of approximately 22 is presented. FC 4430
conprises 0.333% of the IPA mxture and FC- 4432 and
conprises 0.167% of the I PA m xture, by weight. Wen
surface 58 is coated wth FC 4432, absent any ot her
surfactant, a contact angle of approximately 26.0 is
presented. As can be seen, stherefore, by properly
sel ecting the surfactant conponent in each of the
bul k materials,, the desired wetting characteristics
iy be aohitabsedor al phgividd tdaeideskr edefprieter end i alelease
dhesi on _and rel ease characteristjcs. [Q08 T
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ralemesdiaapl aropre vy oeh@age ieiher weErTisea¥i ons may be
made qacthe sdigSGhosibe wiegi 4 echiahove; shrirherdremabmiaiging

wiithin the scope,of the _invention. Th cope
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piédonce doirhe cabove: desky pth gnrepitvindihahds less than
spoyl ¢h besgetermned witherieberencapdacihe. appended
claims along with their full scope of equivalents. 34

1. A method of providing desirable wetting and rel ease
zhar aBteempgliddcss betaieen i@ abtidy Thehdnegn athsuppeeérdarnd the
GntRO! VBT 2abl & LoRROSbbLORe° sai d met hod conpri sing:
coating said surface with a volunme of surfactant
containing solution, with said surfactant including a
hydr opleobistheonponesdtitegr ovi digig & desiredd eve gorfactant-
%glagnint Qo@ui{mgn|a§1§d§af_ch%l&n§erli%§l§le_t hﬁﬁpos’i@:@ow bR formed
respect to said polynerizable conposition. 2. The

PPN bRe 38™F SOPERtF IRt I8P/ “fher ei n t he nagni t ude of
the contact angle is |less than about 20. 3. The

fet hog as, a6kt 84 oesclai Bh 1owgr & nasabth S ifi@c@pictant-
cont ai ni ng sol ution and sai dﬁlgol_yrreri zabl e ,ctongosi t iion q
g fyinFedolYriom PRE S3ife ROOHEYICERT CORPUHERL 279, Torme
fihe aetfeethasonecitvedt icempdrans 1l wherein said

surfactant- containing solution and said polynerizable
conposition are formed fromdifferi ng constit ueﬂt , g
zonpofentethed herHBERBd 1Rs CFET ted iCAS T affhdy fiuorinate
mwhebghdbigsatshpbheror ichageides yFdrapholi grapsponent

conprises CF3 and CF2 groups. 6. The nethod of claim1l
further conprising form ng, adjacent to said surface

& | ayBie BPtRCS QpBA3iel | PH5PEF CORPBSTPP ofP FADIngdaseent to

said surface, a layer of said polymerizable composition having a
surfactant-rich region and a surfactant-depleted region, with said

surfactant-rich region having a desired thickness.

7. The method as recited in claim 6 wherein forming further
includes providing said surfactant-rich region with said desired

thickness being approximately lnm.

8. The method as recited in claim 6 wherein saild surfactant-rich
region includes fluorine-containing molecules selected from a set of

fluorine—-containing molecules consisting essentially of CF3 and CF2

groups.



surfactant-rich region and a surfactant-depl eted

region, with said surfactant-rich region having a

desired thickness. 7. The nmethod as recited in claim®6

wherein formng further includes providing said

surfactant-rich region with said desired thickness
bei ng approximately Inm S. The nethod as recited in
claim6 wherein said surfactgnt-rich region includes

fluorine-containing nolecul es selected froma set of

fl uorine-containing nol ecul es consisting essentially

of CH3 anrdh€dr?2 ofr s id3fy YesBramerthodewdfingr oxndli Nglease
esirable wetti d rel c teri st et
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. 10, The d as recited in Ia|n19
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sdifdcipokynecezatite eompesia ilerer-wi t h suffici ent
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t hi ckness of approxi matel.
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geckaers shePret gt etTted in claim 11 wherein said
fluorine- containing nolecules are selected froma set
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12. The method as recited in claim 11 wherein said fluorine-
containing molecules are selected from a set of fluorine-containing

molecules consisting essentially of CF; and CF, groups.

13. A method of imprint lithography that comprises:

depositing an imprinting material on a substrate;

varying release properties associated with an imprint template
by contacting a solution including imprinting materials and a
polymeric fluorinated surfactant, wherein said polymeric fluorinated
surfactant comprises a non-ionic acrylic copolymer based
fluorochemical surfactant that comprises perflouorcbutane sulfonate

segments; and



by contacting a solution including inprinting

materials and a polyneric fluorinated surfactant,
wherein said polyneric fluorinated surfactant

conprises a non-ionic acrylic copol yner based
fluorochem cal surfactant that conprises

per fl ouor obut ane sul fonate segnents; and 36

energi zing the inprinting makerials to cause a solid
material to be produced therefrom 14. The nethod of

cl ai m 13 which includes pre-treating the surface of

t he iéﬁ@&braln@eﬁmézﬂm@riﬁxlbe et 0l kb Ccaukh. a The igehdtedial
of cl%% L4, Which.incl udes further pre-treating the
SUPFdce of he imprint tenplate by applying a
conposition that includes the surfactant. 16. The

et horheOhettHoal 8T 1A avhareivii dhhen P Jrkk Ofealt Snd@ the surface

fure of y Lco d.the surfactant. 17.
é? Ho r“F:t%ﬁguge |%h0d$ﬁoﬁy that conprises:

dep03|t|ng an inprinting material on a substrate;
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rinti nmaterial g coat surf e
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ew%P@ﬁzﬁhgfﬁﬁéa@ﬁwFrntlng naterlal to cause a solid

material to be produced therefrom and wherein the
riptin te [ Iudes a surfactant. having a
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Eobroues, aﬂ?cﬁ;eé;hoihosimohc o rsoe hegriaahl act ives, 5%

1- et hyl - 2- pyrudi i none, and <1% toluene 18. The

thod o a nll 3.wherejin the inprinting materi al
ﬁcl Lﬁd@?i}écry mfﬁé%%lg%%%r&ﬁ% Ry'F léh sf“lpogsane
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wherein the imprinting material includes a surfactant having a

composition that includes 87% polymeric fluorochemical actives, 7%

non-fluorochemical actives, 5% 1l-methyl-2-pyrudiincone, and <1%
toluene,
18. The method of «claim 13 wherein the imprinting material

includes acryloxymethylpentamethyldisiloxane, isobornyl acrylate,
ethylene glycol diacrylate, and 2-hydrozy-2 methyl-l-phenyl-propan-

l-one.

19. The method of <claim 17 wherein the imprinting material
includes acryloxymethylpentamethyldisiloxane, isobornyl acrylate,
ethylene glycol diacrylate, and 2-hydrozy-2 methyl-l-phenyl-propan-

l-one.



inmprinting material. 21. The nethod of claim 19

wherein the surfactant is <1%of the inprinting

material. 22. The nethod of claim 17 wherein

depositing includes depositing a plurality of

dropl ets upon the substrate. 23. The nmethod of claim

17 wherein depositing includes spin- coating. 24. The

nmet hod of claim 17 which inghudes pre-treating the

surface of the inprint tenplate to be hydrophilic.

25. The nmethod of claim 24 wherein pre-treating

incl ubes netiydr oty ziagh 126 whdh@nnetdhochrofctenai i3 281% of the

) i L yzing includes formng - OH bonds at the

%@%gggggg%g%ggyfhprint tenplate. 27. A nethod of

imprint |ithography that conprises: pre-treating a

BUrf age abtiadd iopElfim t1ONPhéade@nt 6h&£ allsEadttant 0is b€ls of the
[ iliG; -treating the surface of the inprint

%gﬁﬁgggg,$%efﬁ%ﬁ't formng an a priori rel ease |ayer,

by applying a conposition conprises a non-ionic

acrylie sopelysercRasedy flhdesochepdGatng siwcl agdsaBbpositing

1 hat, gquprdses pertl yoroput ane. syl fonate segnents;;

d5p03|t| g an |npr|n?|ng material on a substrate;

noving an inprint tenplate towards the substrate so

dhat ke netApd i BEI RQairat 7 i ahsSrGoatdspbhia iagr iacmaet spin-

the.inmprint tenplate and a surface of the substrate;

coa ln(%]. . . . . . .

and eniergi zing the inprinting material to cause a

solid material to be produced therefrom 38 28. An

A4pr el ﬂé}:k{é&t@fiﬁhirlﬁ ar ul_si%hif lnncilrm_aé&, rﬂirgl-i:z.té&?ﬁ@&hy surface

that .conprises a. po ric uqr.i nat ed surfact ant

YntheiOTRE ST RPrt T G PRAIEE cur f act an

conprises a non-ionic acrylic copol yner based

44 . uorgehept ey sukf agtamt bhat . GQEPH| S&%-treating includes

erfiouorobutane sul fonate segnments. 29. The

P14 Ry naterial of claim 28 which further includes

a UV photoinitiator. 30. The inprinting material of

5.2l MpR9ndtcahof Wit-RRr 2d RELHOIRS hydrolyzing includes forming -

SR yreLyLpent anct byl di L gxage,, J gobor nyl

27. A method of imprint lithography that comprises:

pre-treating a surface of an imprint template to cause it to
be hydrophilic;

pre—-treating the surface of the imprint template, without
forming an a priori release layer, by applying a composition
comprises a non-ionic acrylic copolymer based fluorochemical
surfactant that comprises perfluorobutane sulfonate segments;;

depositing an imprinting material on a substrate;

moving an imprint template towards the substrate so that the
imprinting materials coats the surface of the imprint template and a
surface of the substrate; and

energizing the imprinting material to cause a solid material

to be produced therefrom.



gl ycol diacrylate, and

2- hydrozy- 2-net hyl -1 - phenyl - propan-| -one. 31. The
inmprinting material of claim28 wherein the non-ionic
acrylic copol ymer based fluorochem cal surfactant
conprises less than about 1% of the inprinting

mat eri al .

38

28. An imprinting material for use in imprint 1lithography that
comprises a polymeric fluorinated surfactant wherein the polymeric
fluorinated surfactant comprises a non-ionic acrylic copolymer based
fluorochemical surfactant that comprises perflouorobutane sulfonate

segments.

29. The imprinting material of claim 28 which further includes a

UV photoinitiator.

30. The imprinting material of claim 29 which further includes
acryloxymethylpentamethyldisiloxane, isobornyl acrylate, ethylene
glycol diacrylate, and 2-hydrozy-2-methyl-l-phenyl-propan-l-one.

31. The imprinting material of claim 28 wherein the non-ionic
acrylic copolymer based fluorochemical surfactant comprises less

than about 1% of the imprinting material.



