COMPOSITION FOR ADHERING MATERIALS TOGETHER
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present
application is a divisional of United States Patent Application No.
11/187,407, filed July 22, 2005, entitled "Method for Adhering Materials
Together," listing Frank Y. Xu as inventor, which is incorporated by reference
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BACKGROUND OF THE INVENTION
[0003] The field of invention relates generally to nano-
fabrication of structures. More particularly, the present
invention is directed to a method for adhering differing
materials together suitable for use in imprint lithographic
processes.
[0004] Nano-scale fabrication involves the fabrication of
very small structures, e.g., having features on the order of
one nanometer or more. A promising process for use in nano-
scale fabrication is known as imprint lithography. Exemplary
imprint lithography processes are described in detail in
numerous publications, such as United States published patent
application 2004-0065976 filed as United States patent
application 10/264,960, entitled “Method and a Mold to Arrange

Features on a Substrate to Replicate Features having Minimal



Dimensional Variability"; United States published patent application
2004-0065252 filed as United States patent application 10/264,926, entitled
"Method of Forming a Layer on a Substrate to Facilitate Fabrication of
Metrology Standards"”; and United States published patent application
- 2004-0046271 filed as United States patent application 10/235,314 (U.S.
D1mpateht Nunbit 6. 956,194Y, entitied PRethodF and atMoIt 8 AfraRge Features

appn aa3ubsirate ta Replicate Feafureg haying, Misinalimensionsevariability”;

all of which are assigned to the assignee of the present invention. [0005]
2PPRERAAAG o EY 40 16 Blsic EBhe&atBbhNE SHETnE RNBEFBHYds Torfig 3 ©n
a srghiet patterntan asobstrater that anay: function as Finteyalial agetching Masks ” ;

so that a_pattern may he formed into the substrate that corresponds to t
andLiat bt A e SHEloyRa S R BT raTBE hafiont KL ikdes 7™
filstaged lnuporewhichaa subsirate A2 ispsupposteto and @/tekiplate4l4(aving
par 30N 4G & palterning surface, 19 therspn, Baterming surface 18 may

e su s?an%ally smooth and/or planar, or mayebe patterned so fhat one or

Arrmoge rétesses ase formedsthiergin aTemplat®4ddlis ccoupléthtocam #nptiatv ing

i3580 2819 faclitate movement of templats 14,4 fid dispepse sysiem 23 s
coupled to be selective y placed in fluil communication with substrate 12 so
theas tedepesit pdlymetizablesnateriah24 theareon. A source 26 of energy 28 is
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desired volume therebetween that is filled by
pattern may be formed into the substrate that corresponds to
the relief pattern. A system 10 employed to form the relief
pattern includes a stage 11 upon which a substrate 12 is
supported, and a template 14 having a mold 16 with a
patterning surface 18 thereon. Patterning surface 18 may be
substantially smooth and/or planar, or may be patterned so
that one or more recesses are formed therein. Template 14 is
coupled to an imprint head 20 to facilitate movement of
template 14. A fluid dispense system 22 is coupled to be
selectively placed in fluid communication with substrate 12 so
as to deposit polymerizable material 24 thereon. A source 26
of energy 28 is coupled to direct energy 28 along a path 30.
Imprint head 20 and stage 11 are configured to arrange mold 16
and substrate 12, respectively, to be in superimposition, and
disposed in path 30. Either imprint head 20, stage 11, or
both vary a distance between mold 16 and substrate 12 to

define a desired volume therebetween that is filled by

polymerizable material 24.



polymerizable material 24. 2 0 [0006] Typically, polymerizable material 24 is
disposed upon substrate 12 before the desired volume is defined between
mold 16 and substrate 12. However, polymerizable material 24 may fill the
volume after the desired volume has been obtained. After the desired
volume is filled with_ polymerizable material 24, source 26 produces energgl
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[0007] An important characteristic with accurately forming
the pattern in the polymerizable material is to reduce, if not
prevent, adhesion to the mold of the polymeric material, while
ensuring suitable adhesion to the substrate. This is referred
to as preferential release and adhesion properties. In this
manner, the pattern recorded in the polymeric material is not
distorted during separation of the mold. Prior art 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. This is seen by minimization of
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.



discussion, as an a priori release layer, i.e., a release layer that is solidified
to the mold. 3 [0008] 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
[Ooéﬁdri reled<¥fayBF iPcorfjtinétion With artRibrihe-tré4ted SV icutasié Material.
prope thatendi @ U¥ surable daysf isappliedde assupstrate by spincaeating a
200 cPs UV curable fluid to form a UV curable layer. The UV curable layer is
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protggrstelcggd material. These and other embodiments are described herein.

IEF DESCRIPTION OF THE DRAWINGS
[0009] A need exists, therefore, to improve the

preferential release and adhesion properties of a mold

employed in imprint lithography processes.

SUMMARY OF THE INVENTION
[0010] The present invention is directed to a composition
of adhering together first and second materials. The
composition features a multi-functional reactive compound that
includes a backbone group and first and second functional
groups; a cross—-linker, and a catalyst. The first functional
group is responsive to a first actinic energy to form cross-—
linked molecules and to adhere a subset of the cross-linked
molecules to the first material. The second functional group
is responsive to a second actinic energy, differing from the
first actinic energy to adhere to the second material. These

and other embodiments are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 is a simplified plan view of a lithographic

system in accordance with the prior art;



[0011] Fig. 1 is a simplified plan view of a lithographic system in accordance
with the prior art; 4 0 [0012] Fig. 2 is a simplified elevation view of a template
and imprinting material disposed on a substrate in accordance with the
present invention; [0013] Fig. 3 is a simplified elevation view of the template
and substrate, shown in Fig, 2, with the imprinting material being shown as
[003Zternedahd -sofidifiedupothe fayer [@gfﬂﬂﬁéf’@ &3 erosstséctiorplate
andviemwofthe templade coniactingdpypsinting materaldemanstratingthéordance
formation of the weak boundary lamella between solidified imprinting

W1t atdkal Rha SR pIAiES [0015] Fig. 5 is a detailed view of the droplets of
[00mBIrint mAtesial, 3shiowrnninsHigp2 i shiawing ke bifurcation of ther draplets into
. si;factant-rich regions and su&:‘lr%ctant,-de leted egion%' [0016] Fig. 6 is a,
CTRStANSd Ik OF& TAVe? of ImBATIRY Miateridl; dépodited employiny &piR-omd
ma ttechaigues i showinghe shifuseaticn-ofdttie dayerdntoisurfactantichregions
lay%r%q surfactant-depleted regions; [0017] Fig. 7 is a cross-sectional view of the
teniplate contacting solidified imprinting material, deposited as shown in
[00@ifer Fig$.imor 8, fosmed onos substratéanclidimgear primeriayere fGol8t &ig.
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material and a template;

[0015] Fig. 5 is a detailed view of the droplets of imprint
material, shown in Fig. 2, showing the bifurcation of the
droplets into surfactant-rich regions and surfactant-depleted
regions;

[0016] Fig. 6 is a detailed view of a layer of imprinting
material, deposited employing spin-on techniques, showing the
bifurcation of the layer into surfactant-rich regions and
surfactant—-depleted regions;

[0017] Fig. 7 is a cross—sectional view of the template
contacting solidified imprinting material, deposited as shown
in either Figs. 5 or 6, formed on a substrate including a
primer layer;

[0018] Fig. 8 is a plan view showing the chemical structure
of a component of a composition that may be employed to form
the primer layer shown in Figs. 2, 3, and 7, in accordance
with one embodiment of the present invention;

[0019] Fig. 9 is a plan view showing the chemical structure
of a component of a composition that may be employed to form
the primer layer shown in Figs. 2, 3, and 7, in accordance

with a second embodiment of the present invention;



[0019] Fig. 9 is a plan view showing the chemical structure of a component
of a composition that may be employed to form the primer layer shown in
Figs. 2, 3, and 7, in accordance with a second embodiment of the present
invention; 5 [0020] Fig. 10 is a plan view showing the chemical structure of a
component of a composition that may be employed to form the primer layer
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INVENTION [0022] Referring to Figs. 1 and 2, a mold 36, in accordance with
*"%%he present invention, may be employed in system 10, and may define a
[00&uarface having alsubstardialy smootkeor plamat ryofilee nohshcwa)l

Alt%r&@tiv%liz, rapold 36 ma igcgjpeafeatures d.eEf)ined a jC)IuraIity of
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to defmestare griginatpatteprethat farmrs the Basis of & pattermtodél formed on

accBSubatare A2, Subsyiate 42 may comprisg a bare, water o awafer with.ane,
or more Fayers |spose(§1ﬁ1ereon, one of whichis's ov&?n as primer layer 45.
To that end, réducedLisDa distardeTd Between hold ISeEandlSdbstrate 42. In

[oo%Ys mannereihg features op,mald 36 may be imprinted;inig a epniormaple. .o

region of substrate 42, such as an imprinting material disposed on a portion
withf Surfacer4 talt presenits acsubstantidlly stawadrprefilel it shosildeme 10, and

mayu@$¥§H@d§h§Erface having a substantially smooth or planar
profile (not shown). Alternatively, mold 36 may include
features defined by a plurality of spaced-apart recessions 38
and protrusions 40. The plurality of features defines an
original pattern that forms the basis of a pattern to be
formed on a substrate 42. Substrate 42 may comprise a bare
wafer or a wafer with one or more layers disposed thereon, one
of which is shown as primer layer 45. To that end, reduced is
a distance “d” between mold 36 and substrate 42. 1In 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 material is formed from a

composition that may be selectively polymerized and cross-—



the imprinting material may be deposited using any known technique, e.g.,
spin-coating, dip coating and the like. In the present example, however, the
imprinting material is deposited as a plurality of spaced-apart discrete
droplets 46 on substrate 42. Imprinting material is formed from a
composition that may be selectively polymerized and cross 6 linked to record

L1nieborigindl §attetn et 48fiRing & Fe¢sTHRd patEf: To0 25 /Spediitatly,

rectheqattesa freearded in the imprinting material is produced, in part, by
interaction with mold 36, e.g., electrical interaction, magnetic interaction,
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matexample; ald 36 cemes into prechanisal contaetwith dhewnprinting d 36,
material, spreading droplets 36, so as to generate a contigupus formation 50
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reflliscessions 38. Tofagiliate filing of secessions 36, befpre gontact. .,
P eSstween mold 36 and dropléts 46, the atmosphére batween ROl 36 ahd
thedroptets 46iis saturatedi with hetiuardriiscompletedr evacuated oris do

artially evacuated atmosPhere f.helium. [09241,1The im;%rint'nlqnmater'al IS. 1
I oided With fhe TRqUISHS Bropartiea o' compietdly fil IeGessions 38 While -~
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superimposition with protrusions 40 remain after the desired, usually
intmimrdint ididtanee ed'shas Heed readked.aFhis attidre pfovidesformation 50

re&ggg§393 38, before contact between mold 36 and droplets 46,
the atmosphere between mold 36 and droplets 46 is saturated
with helium or is completely evacuated or is a partially
evacuated atmosphere of helium.

[0024] The imprinting material is provided with the
requisite properties to completely fill recessions 38 while
covering surface 44 with a contiguous formation of the
imprinting material. In the present embodiment, sub-portions
54 of imprinting material in superimposition with protrusions
40 remain after the desired, usually minimum, distance “d” has
been reached. This action provides formation 50 with sub-
portions 52 having a thickness ti, 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 energy, such as
broadband ultraviolet energy, thermal energy or the like,
depending upon the imprinting material. This causes the

imprinting material to polymerize and cross—link. The entire



portions 52 having a thickness ti, and sub-portions 54, having a thickness t2.
Thicknesses "ti" and "tz" 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 energy, such as broadband ultraviolet

energy, thermal energy or the like, depending upon the imprinting material.
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0025] Referring to Figs. 1, 2 and 3, the characteristics of the imprinting

to a?& %ré)ﬁn%or? 6 ‘effic ntﬁf p%ﬁ%?h § )strate 42 in light of the unique

[0op&tlerningRarbeess remployed.dg=sar exanpleni issdesited that thecitprindgingcs

n@teri.al have certain cf#?ractei:stics to.facilita;ctg1 rq%pig and ﬁven fiIIinJg of the
a

of Féa?uré@%]f %nn(ﬁcji 36 S0 that aff thicknesses 1i are subs%aﬁt? I%/Culnel otrmyand all

patthickmessés t2 are sdbstantialiygbnifarm. Trosthat end,sit isadesinablenthaprthees s
empAiSERSIY ofdhe imprning maferia) be esiablisher, besed, Lpop.(he deposition
proycess emp(foye , toachieve the aforementioned characteristics. As
matmehtidnéd above the limprintingahateriat may becddpositedtortsubstratel 42nd
eveBMPloying, yaripus fechnigues. Wers the imprinting material deppsited as a
plurality of discrete and spaced-apart droplets 46, it would be desirable that
thigleoaposition fromewhichihe padting wnateramsdommed havéd relktigslyes to

arebgﬁﬂ§g§wyigﬁhﬁn&%iform. To that end, it is desirable that
the viscosity of the imprinting material be established, based
upon the deposition process employed, to achieve the
aforementioned characteristics. As mentioned above, the
imprinting material may be deposited on substrate 42 employing
various techniques. Were the imprinting material deposited as
a plurality of discrete and spaced-apart droplets 46, it would
be desirable that a composition from which the imprinting
material is formed have relatively low 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, with the



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
V1 Sfnstrtigthatiardepositet etiploying Spinedatifg tBEhAGGES GSEwBhidbe
sol@esired to use higher viscosity materials, e.g., having a viscosity greater than
10 cPs and typically, several hundred to several thousand cPs, with the 8
[00Gi8dosity hBaseiterit belrly deterinetSRTHE AB8ENcE A *SoNent Sjobs8]
re firadditientathelafgrermentioned chasactetisticss treferfed to as liquid phasee
th characteristics, it is desirable that the composition provide the im rintinqq
Shhatdifal WA 8 raih dbiidifidd shase that Steridtics” Bl @kampfe after
cersalitification of foration=5Q; itis desirableitbat pseferential adhesion andfter
release characteristics be demonstrated by the imprinting material.
301 SaEhealy s HenERoLt for e Eomposon fam WHTEH the Tibrinting
prefmateridl isilo belfabsicate datodprowidesfermationr 50 withi prefererital adhesion

to substrate, 42 and, preferential release of mold,36. In this fashion,.reduced .
d.%t.ﬁh" { i 2. 1d 1Ig jashion, reduce
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the composition that form the imprinting material to provide the
pregforementidnedlichaiavteristicsrhay differ. Fhis aasulriedmisubsirate 42 Lease

of mold 36. In this fashion, reduced is the probability of
distortions in the recorded pattern resulting from the
separation of mold 36 therefrom due to, inter alia, tearing,
stretching or other structural degradation of formation 50.
[0027] The constituent components of the composition that
form the imprinting material to provide the aforementioned
characteristics may differ. This results from substrate 42
being formed from a number of different materials. As a
result, the chemical composition of surface 44 varies
dependent upon the material from which substrate 42 is formed.
For example, substrate 42 may be formed from silicon,
plastics, gallium arsenide, mercury telluride, and composites
thereof. As mentioned above, substrate 42 may include one or
more layers shown as primer layer 45, e.g., dielectric layer,
metal layer, semiconductor layer, planarization layer and the
like, upon which formation 50 is generated. To that end,
primer layer 45 would be deposited upon a wafer 47 employing
any suitable technique, such as chemical vapor deposition,

spin-coating and the like. Additionally, primer layer 45 may



being formed from a number of different materials. As a result, the chemical
composition of surface 44 varies dependent upon the material from which
substrate 42 is formed. For example, substrate 42 may be formed from
silicon, plastics, gallium arsenide, mercury telluride, and composites thereof.
As mentioned above, substrate 42 may include one or more layers shown as

be SRmBrfayer 948, 87y, diBietfelisy 8 Tttt {ayet "SEmizdnddctor Riyer,
gerRlanartizationdayeeand the. likedapan whichifprmatiar 58 ds genenséed: drned

that end, primer layer 45 would be deposited upon a wafer 47 employing
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formation 50 is as follows:

BULK IMPRINTING MATERIAL

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

[0030] The acrylate component, isobornyl acrylate (IBOA),

has the following structure:

sy

and comprises approximately 47% of bulk material by weight,
but may be present in a range of 20% to 80%, inclusive. As a
result, the mechanical properties of formation 50 are

primarily attributable to IBOA. An exemplary source for IBOA

10



[0030] The acrylate component, isobornyl acrylate (IBOA), has the following
structure: v O and comprises approximately 47% of bulk material by weight,
but may be present in a range of 20% to 80%, inclusive. As a result, the
mechanical properties of formation 50 are primarily attributable to IBOA. An
exemplary source for IBOA 10 is Sartomer Company, Inc. of Exton,

1s Panhsyivania Vaitable driter the p?éﬂiﬁ:’fnaﬁ?é@?&yédé%@sﬂvﬁfelable

undeemparepbhaxy acsylates-HA) has the following structure: v _O and
comprises approximately 25% of bulk material by weight, but may be present

[003L] range 6096 38085 Hhicilsive*Kiso® BRovidiAg fIERBHRY td'foPm&EGn 50,

folndiA isseraployedie ereduce 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 sourcg for the n-HA component is the Aldrich
Chemical Company of Mi e, WS%A cross-linking
component, ethylene glycol” diac&late, ias thé following structure: O O and
comprises approximately 25% of bulk material by weight, and may be

present in a range of 10% to 50%, inclusive. EGDA also contributes to the
andmeduiusigrbstiffnass:buildtplas wek ad favilitdtescressthdkimy of Al and

butla‘% dHéingrE%'e\!H‘@”Eﬁ“%“ PE%ebL!J% rra)a%terd'%l. 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.

[0032] A cross—-linking component, ethylene glycol

diacrylate, has the following structure:

vko/\/o%

O

and comprises approximately 25% of bulk material by weight,
and may be present in a range of 10% to 50%, inclusive. EGDA
also contributes to the modulus and stiffness buildup, as well
as facilitates cross-linking of n-HA and IBOA during
polymerization of the bulk material.

[0033] An initiator component, 2-hydroxy-2-methyl-1-phenyl-

propan-l-one is available from Ciba Specialty Chemicals of
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[0033] An initiator component, 2-hydroxy-2-methyl-l-phenyl- propan-Il-one is
available from Ciba Specialty Chemicals of 11 Tarrytown, New York under
the trade name DAROCUR(r) 1173, and has the following structure: CH 0
Q_C_C-OH CH3 and comprises approximately 3% of the bulk material by
weight, and may be present in a range of 1% to 5%, inclusive, The actinic

Targudigto wifich terinitdielSs rédiso 8 BfS&dbEAE Urraviotet Ehergypd has

thegengrated by;adnedivmpeessure mercury lamp. In this manner, the initiator
facilitates cross-linking and polymerization of the components of the bulk

material. [0034] It has been disclosed, however, in co-pending United States
patent application number 11/068,17ldiledCﬁ$bruary 28, 2005, entitled
"Composition to Reduce Adhesioy Betiveen a 3Conformable Region and a
Mold," having Frank Xu an o@- -Milertieldd as inventors, that
desirable preferential adhesles=ahd releasgpyoperties, as discussed above,
may be achieved by producing a weak boundgry layer, lamella 60, between
mold 36, surface 58 and formation 50, shown in Figs. 3 and 4. Lamella 60

dremains after solidification of the é@‘g/prin in 1gna erial. As a result t1fl3e  oht
AN 178%i8n forded BRIWEEH" %&%YS and formation's arr%ant‘n%rirﬁ%ﬂ Qthar 19t
andend,yfobrd cheneficial Wwassemploymgeet campositida forithelimptinting The

actmaterial that inclgges EELGC of gg\éerial ggr{]gggitioniss, sucsh %snéq%eBUiLg
MPRINTING MATER giscussednabove, a]fong with &

broadband ultraviolet energy generated by a medium-pressure
mercury lamp. In this manner, the initiator facilitates
cross—1linking and polymerization of the components of the bulk
material.

[0034] It has been disclosed, however, in co-pending United
States patent application number 11/068,171, filed February
28, 2005, entitled "Composition to Reduce Adhesion Between a
Conformable Region and a Mold," having Frank Xu and Michael N.
Miller listed as inventors, that desirable preferential
adhesion and release properties, as discussed above, may be
achieved by producing a weak boundary layer, lamella 60,
between mold 36, surface 58 and formation 50, shown in Figs. 3
and 4. Lamella 60 remains after solidification of the
imprinting material. As a result, the adhesion forced between
mold 36 and formation 50 are minimal. To that end, found
beneficial was employing a composition for the imprinting
material that includes one of several compositions, such as
the BULK IMPRINTING MATERIAL discussed above, along with a
component that contains low surface energy groups, referred to
as a surfactant component and fully described in United States

patent application number 11/068,171, filed February 28, 2005,
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component that contains low surface energy groups, referred to as a

surfactant component and fully described in United States patent application

number 11/068,171, filed February 28, 2005, 12 entitled "Composition to

Reduce Adhesion Between a Conformable Region and a Mold," having

Frank Xu and Michael N. Miller listed as inventors, which is incorporated by
entifditice CRERTT 160:55) ﬁ&eﬁﬁt&%%u@déeﬁt&%e%%’éﬁﬁ%%ﬁhg%ﬁﬁﬂﬁﬁﬁﬁle

RegMaterialdthe susfagtanticempeanent Hses, altes ad peried g time, tatheair
liquid interface, providing droplets 146 of imprinting material with a bifurcated

lls&&%eﬁraﬁtﬂﬁ%‘?ﬁ?&ﬁéﬂa@ W2 firs? poRTSIE P SRERM 4Y indiiGe 8 Higher
hereancentration of the surfactant component, referred to as a
OogL#réactant co [gonent rlch(gCR) ub rtlon 36, than the se oncgj ortion,
[ rred t§§ Sutfitant- £dfpo ént- epibte e(%?ﬁ:}) sub-pSrtion £37. SCD
impsubrportpmiE3e 19 positiohed betnwesrt surfacecddh and SCR ssibsportidn 436a
CR sgb#oortlon %36 tenuates the adhe5|on for es between "ééld 36 and
t:he Imprinting nﬁaterlal oncé the |m8r ]tlng ma?erla?ls sofidifidd pgcifically,
drombmfabmt@bmmmmhasgopmsedlaﬂdwWlheratﬁellﬁtpfmngcmaterial IS
in the liquid phase, |. al merizable, an oft posed end
Concf?lnﬁy (;ért ak: i%%?%eér%a %nc?ude(?m t?ie%lmprlntl o r%étoe?lh ep els 146
incnﬂenﬁ@nmghem&as adluosine componedt. [©©@6]Saefeﬂmtgamtﬁgsm@endr& ’
re£85 gdasylt ot the, affinity for.the bulk materal, the;syrfactant,component s  ,
orientated so that the fluorine component extends from an air- liquid interface
136defifethby: tre ipgsrintidginatetiahand #fee sopduhdingsambignt. factant -

component—-depleted (SCD) sub-portion 137. SCD sub-portion 137

per

is positioned between surface 44 and SCR sub-portion 136. SCR
sub-portion 136 attenuates the adhesion forces between mold 36
and the imprinting material, once the imprinting material is
solidified. Specifically, the surfactant component has
opposed ends. When the imprinting material is in the liquid
phase, i.e., polymerizable, one of the opposed ends has an
affinity for the bulk material included in the imprinting
material. The remaining end has a fluorine component.

[0036] Referring to Figs. 4 and 5, as a result of the
affinity for the bulk material, the surfactant component is
orientated so that the fluorine component extends from an air-
liquid interface defined by the imprinting material and the
surrounding ambient.

[0037] 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.
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[0037] 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. 13 Lamella
60 results from the presence and location of the fluorine components in the
LamgERes i pbftion 136, amfella'60 Prev&its Sirong atihiesiontorées frdif
f 1ubeingsevelppedetween meld 3¢anddermation 90, Specificallymtormatign
50 has first and second opposed sides 62 and 64. Side 62 adheres to mold
Preygiith & first Rdnhasiohifares. Sife 64 aliherests  8bhstrate 4oRbith RSetshd
mo ladhesiomforeedaroela 66 resultso drtheifirst aghesfor foree beirgoless ghan
. the second adhesion force. As a result, mold 36 may be easily remqved
LT a0 50 VTR mEniS GistA8S kot the- 9BV 1eBENEA TS £°
mo 1separatei molch 36 therefradh Adthough oforrmatiorns 584ds shownvditeside 62
being patterned, it should be understood that side 62 may be smoath, if not
e b FaltnE o e T Hesi B ot Ry o g NEAd T BB eg Lt
in sias fo betdispusedibatween derntations50 and sulrstraté 42 sEhisrday be

anehisyed. for.example. by applying imprinting material tomold 36 and, . . 4
su sequenﬁy contacting substrateé 42 With the |mp¥|nt|ng material on mold

frog6 fanthist Aramnef, ivbdn bersaid thiat forenatioatBorwilldyess dispdged between

£or@nelia £ ang the,bady, £.9., old 3§ of substrate: 42, upor which, the

polymerizable material Is deposited. It should be understood that were the
foripagrirtingYHatetiab loeposited enipleling spipedortingaethmigads, similahould

pe Riffycatedconcenyation of magerials wouldeeymas shownin ;1 anar .

[0038] Furthermore, if desired, it is possible to generate
lamella 60 so as to be disposed between formation 50 and
substrate 42. This may be achieved, for example, by applying
imprinting material to mold 36 and subsequently contacting
substrate 42 with the imprinting material on mold 36. In this
manner, it can be said that formation 50 will be disposed
between lamella 60 and the body, e.g., mold 36 or substrate
42, upon which the polymerizable material is deposited. It
should be understood that were the imprinting material
deposited employing spin-coating techniques, similar
bifurcated concentration of materials would occur, as shown in
Fig. 6 with respect to SCR sub-portion 236 and second and SCD
sub-portion 237. The time required for the bifurcation is
dependent upon several factors, including the size of
molecules in the composition and the viscosity of the
composition. Only a few seconds is needed to achieve the

aforementioned bifurcation of composition with viscosity below
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Fig. 6 with respect to SCR sub-portion 236 and second and SCD sub-portion
237. The time required for the bifurcation is dependent upon several factors,
including the size of molecules in the composition and the viscosity of the
composition. Only a few seconds is needed to achieve the aforementioned
bifurcation of composition with viscosity below 14 twenty cPs. Material with

EwekEosiySin the'AbRArets of cPy, ‘Howéver tihay teglife A48R<ELBNnAS t6FS
howsexeral minptes J0039] Ikhas been discoyverad, however thatlamelda 60 may
not be uniform. Some regions of lamella 60 are thinner than athers, and in
[0035rhe extrbnd easeds éli*66 hivdybe aBS&EtiR™an EQﬁEmJeW‘%éﬁ‘ 60 may
notpersentagedsaihe template sufaes se thatatemplates 86 is-iv aantactiavitit han
formation 50, As a result of the thinner regiqns of | me%lg 60 and in the
0

Ot NeESence St 1aMelia B0, distartiBiT ahdfst Helariifation of forfatioR 50 fiom = 11
an suhsteate 12 mawy dCcure Speaifieghy, apontse pacationeafe maold 86ctormationat

50 is subjected to a separation force Fs. Separation force Fs is attributable
e e R s Lo el Tt s AR R RaTE o
t hefortes) neetweeniformatdn SematImolkl(B6as! reducedahyalasmellactt Due to

1aniiPRresERCE QLIAMAIR 00 separation foreg P lypisally, hasa magnitude ghat
IS less than the magnltu e or an aéherlng orce FA between formation 5
froagnd sbibstrate <424 Howeawep owithr -the Sedudctions at Abpsencs of fanellm60on of

mo1i9caksenatation faicedss may appraach the magnituwe pt logal aghgring ¢

force FA. By local forces what is meant are the forces presentin a given
Seppragicn oflaftelladayer 60, whichiRttisekample arewhe igval forces Fr on

mo1RroxeMate 0 a4ihin. E‘“r%?'} oflamellalayer 609 wherejamella jayer 60 is
substantially absent. This
between formation 50 and mold 36 as reduced by lamella 60.
Due to the presence of lamella 60 separation force Fg typically
has a magnitude that is less than the magnitude of an adhering
force Fp between formation 50 and substrate 42. However, with
the reduction, or absence, of lamella 60, local separation
force Fs may approach the magnitude of local adhering force Fa.
By local forces what is meant are the forces present in a
given region of lamella layer 60, which in this example are
the local forces proximate to a thin region of lamella layer
60 or where lamella layer 60 is substantially absent. This
leads to distortion and/or delamination of formation 50 from
substrate 42.
[0040] Referring to Fig.7, in the presence of primer layer
45, a more complex situation exists due to the presence of two
interfaces 66 and 68. At a first interface 66 a first
adhering force F; is present between primer layer 45 and
formation 50. At a second interface 68 a second adhering

force, F,, is present between primer layer 45 and wafer 47. It
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leads to distortion and/or delamination of formation 50 from substrate 42.
[0040] Referring to Fig.7, in the presence of primer layer 45, a more complex
situation exists due to the presence of two interfaces 66 and 68. At a first
interface 66 a first adhering force Fi is present between primer layer 45 and
formation 50. At a second interface 68 a second adhering force, F2, is

1s Gfedbhfbeteh pritie@her 45 and watera7 it 150 dedifd that tife that

is sepayation foree Hishaves magniude thatsisesstham githenadberdng farges to
Fi and F2. However, due to variations in the thickness, or absence, of

Varbifetd 60, Hs tReusdeEBEGE separationTorce F§ﬁ1z§;ﬁﬁ€éﬂrﬁla§%¢ as
di sappreach athevraagritisierefranmorrbethof mdheringdercesfiland B2. Hiproach
may cause delamination of formation 50 from primer_layer 45, primer layer
he it S, P BaNSToOH] EhE preSi T Ehtocadces, FAG: duoids,
Thithemdelaminationiprioblemanentionet] aoveshy totming primer tayenedS fragrer
45 mrat%gal t?at iggre eErtQ% prot%abrilitx %h%tgir%tolii and second F2 adhering
’ forces of the TirSt and’second intertace, respec |veR/', are greater than the

[ 00gddarationt ferce ries amviewrofdametia layed floetuations nbda that @hds pritiee

ae1FL43 IS fored fiom a composiion Uhat forms steang,bonds, At nterface

en me ne g
, 1.e., between primer Ilgyer ig and formation %0, as we as{? I.e., between
45 ihterface 66 primerlaybdrds landrwafes 247t hetherprlesentlextampleaadhiesionr

andPGWESHPIMEL Jgyeri4p.and formation 30 at frst inferface 66 5 thg result of

covalent bonding, I.e., covalent bonds between the composition from which
intgrirherfayer 451s forinedlland thes conpositiondhem whieh forpmitiohB0lsforce

Fs BH”V%%%“H@E§QH%lla layer fluctuations. To that end, primer
layer 45 is formed from a composition that forms strong bonds
at interface 66, i.e., between primer layer 45 and formation
50, as well as, i.e., between interface 66, primer layer 45
and wafer 47. In the present example, adhesion between primer
layer 45 and formation 50 at first interface 66 is the result
of covalent bonding, i.e., covalent bonds between the
composition from which primer layer 45 is formed and the
composition from which formation 50 is formed are present.
Adhesion between primer layer 45 and wafer 47 may be achieved
through any one of various mechanisms. These mechanisms may
include covalent bonds formed between the composition from
which primer layer 45 is formed and the material from which
wafer 47 is formed. Alternatively, or in addition to, the
covalent bonds, ionic bonds may be formed between the
composition from which primer layer 45 is formed and the
material from which wafer 47 is formed. Alternatively, or in
addition to, the covalent bonds, and/or the ionic bonds or

both, adhesion between the composition from which primer layer
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Adhesion between primer layer 45 and wafer 47 may be achieved through
any one of various mechanisms. These mechanisms may include covalent
bonds formed between the composition from which primer layer 45 is formed
and the material from which wafer 47 is formed. Alternatively, or in addition
to, the covalent bonds, ionic bonds may be formed between the composition

45 fSmWRIER Drithet 14)6r 45 isTorfiéd ahdthd rmatertit fiom whichSwafer 494s
mayfos@edcAlternatively sorinyadditign tacthencoyvalent bepds,.and/or the ionic
bands or both, adhesion between the composition from which primer layer
[00£&¢h 45 is™Brriied And The T Eri A rdr WhieH wafer 7 is'forficd “may be™ 2
compelyevadvistaryis ar-denWaais faices. {6042]This islachievad by forming
rimer, layer 45 from a_composition that includes a multi-functional reactive
COTESRBSUnd, i%: a GompBbiRgt attgbﬁaiﬁgﬁ 198 8¢ MndraCfitctiBRAIGroups
fungenreraly representedasdolaws. (@A p-dRebXed ) Xylnwhich R, R, R"
and R"™ are linking groups and x, y, z are averaged repeating numbers of the
groups associated therewith. These repeating units could be randomly
distributed. The groupXX-andRX—d&note the functional groups, with the
understanding that typically, the functional group X differs from functional
group X'. One of the functioXal groups X aXid X', for example X', is selected

to achieve crossé@act@}#vi%:.%oﬁrﬁ@se_%ﬂ{x which substrate 42 is

formed to adhere thereto by forrixhg a’govalerz bond
In which R, R’, R’’’ and R’’’ are linking groups and x, vy, 2z
are averaged repeating numbers of the groups associated
therewith. These repeating units could be randomly
distributed. The groups X and X’ denote the functional
groups, with the understanding that typically, the functional
group X differs from functional group X’. One of the
functional groups X and X', for example X', 1is selected to
achieve cross-reaction with the material from which substrate
42 i1s formed to adhere thereto by forming a covalent bond
therewith, ionic bond therewith and/or Van der Waals forces.
[0043] One of the remaining functional groups X and X', for
example X, 1s selected to achieve cross—-reaction with the
material from which formation 50 is formed to form a covalent
bond therebetween. The functionality of the X group is
established so the cross-reaction occurs during polymerization
of formation 50. As a result, the selection of functional
group X depends upon the characteristics of the material from
which formation 50 is formed. It is desired that functional
group X react with the functional groups of the composition

from which formation 50 is formed. For example, were
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therewith, ionic bond therewith and/or Van der Waals forces. [0043] One of
the remaining functional groups X and X', for example X, is selected to
achieve cross-reaction with the material from which formation 50 is formed to
form a covalent bond therebetween. The functionality of the X group is
established so the cross-reaction occurs during polymerization of formation

Forgg tASH reulf, th8'SeIetliBR of filnttidhal Jroup K depehdS tipoh the
congharaeteristics, ef-theimategiah frome wehieh formatien SN1is dermed Jhistdesired
that functioQaI group X react with the functional groups of the_compasition

f

ITOftB iy whICH f6imatioH 50 ¥ formBHCES P exafipleS Weté 17 RimAtion 56° W1 th

acriprmeddraingerylatennonamers, X mightzhe gomypsised of acnliscvinyhether,
and or alkoxyl functional groups, and/or functional groups that could

I OLPolymanze With” Sciilc oFoupe iR Format tﬁé‘."ﬂx?%er st X fuctishar 9¥ -

[00gmLpS Crass:raach itafiesponse 0 Hlitravioletzdctinipenergy i ja@44]in the

Funq_tiior%gll roups m )%%so.pargcligate in th%.cross-li?king and

crOp()“:’(()s’lglmeriza ion Feactions %Jﬁrlnzea} ayer} 45; a'lcypllt(:)aﬂﬁ/, X fdnctional glr%kjﬁg -

Typfaciitate potyménzationcarsdl cyossalinkidg nifespense to aprectinicanergy and
cr gL differs from the actinic energy in respense to which X f‘%ﬁf&'gf‘%'i PEPS
Cross-react. The X' un(%onaFgroups in the present exa(rj{r?/ple acilitate
frogross4inkingiafimolecelesyn primet $@ers45 rrresponke Xo exposurene 1
groffigtmal energy, Iypically fungtional droyps, Xy are, selected to facllitate, o
cross-reaction with substrate 42 through three mechanisms: 1) direct
exapgaktiol Wit hiaaéraldrom whicmkabsiraté 42ds fermed 2) readtiore withayer

45 9&98%-&95%@&'6&&'%&%@@9@35;’5}9 functignal araup of, the srossalinkey

reacting with substrate 42; and
functional groups X’ are selected to facilitate cross-reaction

with substrate 42 through three mechanisms: 1) direct reaction
with material from which substrate 42 is formed; 2) reaction
with cross—-linker molecules with a linking functional group of
the cross-linker reacting with substrate 42; and 3)
polymerization of and cross-linking of primer layer 45 so that
chains of molecules of sufficient length may be developed to
connect between formation 50 and substrate 42.

[0045] Referring to Figs. 7 and 8, an exemplary multi-
functional reactive compound that may be employed to form
primer layer 45 in the presence of formation 50 being formed
from BULK MATERIAL includes a B-carboxyethyl acrylate,
available from UCB Chemicals in Smyrna, Georgia under the
product name B-CEA. R-CEA is an aliphatic compound having the

following structure:
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polymerization of and cross-linking of primer layer 45 so that chains of
molecules of sufficient length may be developed to connect between
formation 50 and substrate 42. [0045] Referring to Figs. 7 and 8, an
exemplary multi- functional reactive compound that may be employed to form
primer layer 45 in the presence of formation 50 being formed from BULK

MATERIAL includes a B-carboXyethyl acrylate, available from UCB
Chemicals in Smyrna, Georgia linder the praduct name B-CEA. B-CEA is an
aliphatic compound havindBe foltowing@tructure: 18 HO"v _O"v The X'
functional group 70 provides carboxylic functionality. The X functional group
The7X provides: acnytate furtctionalityp Fnctienalqgrobps ¥ 0 iandf7harei coupled v -
The!%0 uoéé’l%%%%ﬁm ao%a9k'%’9”§§8x%%°e”§”53§- [0046] Referpiag to Figs, 7
and 9, another mult-functional reactive compo that maycbe emp oye%! to
Funformopriniectager4s i thapresencecofdormdtioh 50 beirgfotmed ¢rons of a

bac@g&&M@g@é&A@cqueﬁ an aromatic bis-phenyl compound available from
UCB Chemicals in Smyrna, GA under the product name Ebecryl 3605 that

[00K&d the folewmigrstnitttie: OL @ Thé Xfdnétiorl YFOGF 76'providésieporypnal
reafuctignality, e, X tunctional.grgup £8 provides agryatefupctionality. o yer 45

Functional groups 76 and 78 are coupled to opposing ends of a backbone

in ESRpBAEHBT: 0047 Referin D Figs Prand 100 an6thef At BdhEtional
MaATESREHYE campound that mayheemployed e 1 compound available

from UCB Chemicals in Smyrna, GA under the product name

Ebecryl 3605 that has the following structure:

@

The X’ functional group 76 provides epoxy functionality. The
X functional group 78 provides acrylate functionality.
Functional groups 76 and 78 are coupled to opposing ends of a
backbone component 80.

[0047] Referring to Figs. 7 and 10, another multi-
functional reactive compound that may be employed to form
primer layer 45 in the presence of formation 50 being formed
from BULK MATERIAL includes an aromatic compound available
from Schenectady International, Inc. in Schenectady, New York
under the product name Isorad 501 that has the following

structure:
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primer layer 45 in the presence of formation 50 being formed from BULK
MATERIAL includes an aromatic compound available from Schenectady
International, Inc. in Schenectady, New York under the product name Isorad
501 that has the following structure: 19 O O O O HO OH OH O O O CHzx
CH H3C H3C where x and y are integers indicating repeating units that are
randomly distrib(ljted. The X' functional group ¢ ¢ provides carboxylic
functionality. The ctional group 84 provides_acrylate functionality.
Functional groups 82 and 84 are coupled to @pposing endg of a backbone

function tgfaciitate polymerization/of the _compos oL from which formation
50 is formed du@ﬁb solidification gf the sQHe. As a result, the functional

oup Xjwould facilitate polymerization of formation 50 upon exposure to
’g{:tinic Y, e.éﬁ!br adband violet rgy. An exemplary

\thulti- nal r ﬁMQ(COtE d @ at in stheﬁe)properties is a
p inftiater available from Clga-8pecialty Chemicals in Tarrytown, New

Yq_ﬁk nder the tradenamel_llr cure 2959 and has the following structure: O
3
3

where x and y are integers indicating repeating units that are
randomly distributed. The X’ functional group 82 provides
carboxylic functionality. The X functional group 84 provides
acrylate functionality. Functional groups 82 and 84 are
coupled to opposing ends of a backbone component 86.

[0048] Referring to Figs. 7 and 11, in addition to cross-
reaction with formation 50, functional group X may generate
radicals that function to facilitate polymerization of the
composition from which formation 50 is formed during
solidification of the same. As a result, the functional group
X would facilitate polymerization of formation 50 upon
exposure to actinic energy, e.g., broadband ultraviolet
energy. An exemplary multi-functional reactive compound that
includes these properties is a photoinitiator available from
Ciba Specialty Chemicals in Tarrytown, New York under the

tradename Irgacure 2959 and has the following structure:

@)
HO i::: I §

The X’ functional group 90 provides hydroxyl functionality.

The X functional group 92 provides initiator-type
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HO,~~O 0ICI __~ OH -0 The X' functional group 90 provides hydroxyl
functionality. The X functional group 92 provides initiator-type 20
functionality. Specifically, in response to exposure to broadband ultraviolet
energy, the functional group X undergoes alpha-cleavage to generate
benzoyl type of radicals, The radicals facilitate radical polymerization of the

FunedmpBasition YromkHich formtatibhr 507 BRTiEd Einctionakgrotivs D0 4nd

br 09388 e0upled 3o oppesing endsof acbackbene cosionent 9dp [§04dergoes
Several compositions were formed, including some of the aforementioned

2 I PhRRERMRHEHA reSctiid Eampoulds! 16 Ydetbihinethe dfhenifg Strengthof

radinterfaces=66 and 68cAnaexerplap Composiion including ehmulibiunctamalon
reactive . compound. is as_follows: COMPOSITION 1 13-CEA DUV30]-16

£ ol B GOV Cfprtes Sppoiiately TOBGRIME O CorApsRicii 3hd

92 BrGEAcomMprises@ppreximate]y @20 grams.bDAB3e]l G isgbattam 94 .

tooBjreflectve coating, BARC, avallable, from Brewer Science. i Rolla, MO. -
containing §3% solvent, and 7% non-soivent reactive componentsg

theD30I=EG contams phenolie fesing,iandhits crosslinker canmeacthwith thes
carboxylic_functional group. It is believed that DUV30J-16 will not fo

o e T ot B S e s, B ChMwag - A

exergplaced pawreess-lirking agent ancatalyst ahd t$oRad 50t aBothethet 1ve

conPOSRANKINgAgent ANd, o .

COMPOSITION 1

R-CEA
DUV30J-16

where DUV30J-16 comprises approximately 100 grams of
composition 1 and R-CEA comprises approximately 0.219 grams.
DUV30J-16 is a bottom anti-reflective coating, BARC, available
from Brewer Science in Rolla, MO. containing 93% solvent, and

% non-solvent reactive components. DUV30J-16 contains
phenolic resins, and its crosslinker can react with the
carboxylic functional group. It is believed that DUV30J-16
will not form covalent bonds with formation 50. In another
composition, R-CEA was replaced by a cross-linking agent, a
catalyst and IsoRad 501. Both the cross-linking agent and
catalyst is sold by Cytec Industries, Inc. of West Patterson,
New Jersey. The cross-linking agent is sold under the product
name Cymel 303ULF. One of the main components of Cymel 303ULF
is hexamethoxymethyl-melamine (HMMM). The methoxyl functional

groups of HMMM can participate in many condensation reactions.
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catalyst is sold by Cytec Industries, Inc. of West Patterson, New Jersey. The
cross-linking agent is sold under the product name Cymel 303ULF. One of
the main components of Cymel 303ULF is hexamethoxymethyl-melamine
(HMMM). The methoxyl functional groups of HMMM can patrticipate in many
condensation reactions. 21 The catalyst is sold under the product name

ThecGedond™ providingtha fslifwing Compositioh: EBMPESITION 40

proRUYB0J-16 dsarad 120 Gymeba@3dLE 1 Gygat 4040 Approximately 100
grams of COMPOSITION 2 comprises DUV30J-16, 0.611 gram of
COMPOSITION 2 comprises IsoRad 501, 0.175 gram of COMPOSITION 2
comprises Cymel 303ULF andc@@68 gramcef COMPOSITION 2 comprises
Cycat 4040. [0050] Another composition that may be employed as the
multi-functional reactive compourl?(glJ Xéﬁt%ﬂéVSOJ-la The composition is as
follows: COMPOSITION 3 IsoRad &04dCyatel 303ULF Cycat PM Acetate
Composition 3 includes approxgg}ateeiy g%%%rps of IsoRad 501, 22 grams of
Cymel 303ULF and one gram o @ycat 4040. [soRad 501, Cymel 303ULF
and Cycat are combined. The caibiaatid® 60 IsoRad 501, Cymel 303ULF
and Cycat are then introduced into approximately 1900 grams of PM

Acetate. PM Acetate is a
Approximately 100 grams of COMPOSITION 2 comprises DUV30J-16,

0.611 gram of COMPOSITION 2 comprises IsoRad 501, 0.175 gram
of COMPOSITION 2 comprises Cymel 303ULF and 0.008 gram of
COMPOSITION 2 comprises Cycat 4040.

[0050] Another composition that may be employed as the
multi-functional reactive compound omits DUV30J-16. The

composition is as follows:

COMPOSITION 3

IsoRad 501
Cymel 303ULF
Cycat
PM Acetate

Composition 3 includes approximately 77 grams of IsoRad 501,
22 grams of Cymel 303ULF and one gram of Cycat 4040. IsoRad
501, Cymel 303ULF and Cycat are combined. The combination of
IsoRad 501, Cymel 303ULF and Cycat are then introduced into
approximately 1900 grams of PM Acetate. PM Acetate is a
product name of a solvent consisting of 2-(1-Methoxy) propyl
acetate sold by Eastman Chemical Company of Kingsport,

Tennessee.
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product name of a solvent consisting of 2-(1-Methoxy) propyl acetate sold by
Eastman Chemical Company of Kingsport, Tennessee. 22 [0051] A fourth
composition is identical to COMPOSITION 3, excepting for the amount of the
constituent components included. For example, COMPOSITION 4 includes

approximately 85.2 grams of IsoRad 501, 13.8 grams of Cymel 303ULF and
[0034d granfoffEycdtnoApmRORAd 561, ‘CymErPI0atAE ahd Cydarare TION 3,

excegynbingdr $he comhination-ofdsoRad 59dn Symel S88ULEch Giytcat are
. then introduced into approximately 1900 grams of PM Acetate. [0052] A fifth
incdyifipGsition & idehfla 16 & ITTON'S, * exceptingFor HPAMBURES thE

85 . congtitent composrents jnayded Forexample, COMROSENION. b includes.e
approximatel ams of Iso a@gﬁl, 18 gram Cymel 303ULF and one

S o F et Skt ST O R ol

combh@eambimationcefrisdRad 504, €ymes 383UWLEGEND Cyeal aflthienF and
mtrodgge(%wto a§§£q:x(ljrgggel)élggg g_rams of PM Acei[ate é%%SS Each of %h%M

Cyvcat a n roximate 1 ams o
Yfive ompositions discussed abave with™ fespect to primer fayer 45,

AceCOMROSITIONS 1-5, are deposited upon substrate 42 employing
jn-coating eg& iques wherein the substrate. is rotated a i
[00%@5] EDOEaln rh’oco%ml?os ec1on s 1crlent1cafl %o E?%D&%Q§E¥ION 3,

etween evolutions per minute so as to provi
excsyistatiallyr smmoettyifnat tplarfariayeraeitts baiforem thicknessnEhisds
incfoligwgd byexposing the compgsitionsitphegmal actinic. engrgy ot 180G .,
(Celsius) for approximately two minutes. [0054] The five compositions
81 dasoribedfabbveREOMPOSITIONS ans, weré grployed; Bldngawith one gram

of @@%BH“E@%%bmAEggﬁgdt%01, Cymel 303ULF and Cycat are
combined. The combination of IsoRad 501, Cymel 303ULF and
Cycat are then introduced into approximately 1900 grams of PM
Acetate.

[0053] Each of the five compositions discussed above with
respect to primer layer 45, COMPOSITIONs 1-5, are deposited
upon substrate 42 employing spin-coating techniques wherein
the substrate is rotated at a velocity between 500 and 4,000
revolutions per minute so as to provide a substantially
smooth, if not planar layer with uniform thickness. This is
followed by exposing the compositions to thermal actinic
energy of 180°C (Celsius) for approximately two minutes.
[0054] The five compositions described above, COMPOSITIONSs
1-5, were employed, along with IMPRINTING MATERIAL, to
generate comparative data of the strength of the adhesion
forces of interfaces 66 and 68 which was compared against
baseline measuring of a primer layer 45 formed entirely from
DUV30J-16, which is not known to form covalent bonds with
formation 50 formed from IMPRINTING MATERIAL. To that end,
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generate comparative data of the strength of the adhesion forces of
interfaces 66 and 68 which was compared against baseline measuring of a
primer layer 45 formed entirely from DUV30J-16, which is not known to form
covalent bonds with formation 50 formed from IMPRINTING MATERIAL. To
that end, 23 formation 50, formed from BULK IMPRINTING MATERIAL, and

Eor Baheplaydt 45, Tofied froff"COIMBOSITIONS 15 alie & base lingd Primer

1ay€OMBOSIEION Qveresdepasited anditbep solidified betweenbve dlass
slides,énot shown). Each glass slide (not shown) is approximately 1 mm

COMPRRE 75%98 iRt e RYShl 8inéitiort. " o557 BEfore deposftion st primtet
glalayer45 and formatiom &rthe glasscslidgspet shawr) arewleanedn) is

Specifically. each glass slide (not_s n) is exposed to Piranha solution
NS Al et At Lo M A I LA I
[0 OﬁﬂgsequeBﬁdf dnsedm@thsdﬁtbmzfeﬂfwmermaye@mm i‘so?a)mpyf aloohol, on

exposed to.a stream of fluid for_drying, e.q., a stream gf nitrogen }
50 e T o s o e A oSG 28
eachoursa 4§6056] IRriménlayes45istlepesitetiarte@ach of thewtwe glassislides

ot s n) employing,spin-on techniques with a_ spin_speed_up,to 3000 rpm.
(H2 @frﬁe?%%er 4?i'sglé% (?ﬁ/ th\égr%\la%sesns]ides not's %%vgn)sénlr(%tsplét%%%atﬁ%g%n)
ar efos 2omfutes) t hvothenwerdsy ealchdf COMPOSITIGONS -5 sas wieH dsithe h

1 soRRHNE compasiion, 48 soldlfied. &.palymepagd a0, erppedinked, by
exposure to thermal energy. Formation is formed employing drop dispense
dryfeetinigties memntichedsaiovel Spdaificedly, BEEK IMPRINENGNMATERIALLgS s

s11disRosed,as a, plurglity of droplets anto primer layerAs; on pne of the g, < .
glass slides. The BULK IMPRINTING MATERIAL is then sandwiched
[0056] Primer layer 45 is deposited onto each of the two
glass slides (not shown) employing spin-on techniques with a
spin speed up to 3000 rpm. Primer layer 45 is laid on the
glass slides (not shown) on hot plates at 180C for 2 minutes.
In other words, each of COMPOSITIONs 1-5, as well as the
baseline composition, are solidified, i.e., polymerized and
cross—1linked, by exposure to thermal energy. Formation is
formed employing drop dispense techniques mentioned above.
Specifically, BULK IMPRINTING MATERIAL is disposed as a
plurality of droplets onto primer layer 45 on one of the two
glass slides. The BULK IMPRINTING MATERIAL is then sandwiched
between two primer layers 45 by having the primer layer on the
two glass slides (not shown) facing one another and contacting
BULK IMPRINTING MATERIAL. Typically, a longitudinal axis of
one of the two glass slides (not shown) extends orthogonally
to the longitudinal axis of the remaining glass slide (not
shown). The BULK IMPRINTING MATERIAL is solidified, i.e.,

polymerized, and cross—-linked by exposing the two glass slides
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between two primer layers 45 by having the primer layer on the two glass
slides (not shown) facing one another and contacting BULK IMPRINTING
MATERIAL. Typically, a longitudinal axis of one of the two glass slides (not
shown) extends orthogonally to the longitudinal axis of the remaining glass
slide (not shown). The BULK IMPRINTING MATERIAL is solidified, i.e.,
(nofoFhitized fand Elos8Anked By BiposHy the twhglaseaities 24 (Ast o Lot
wavehw)eACtinicienergy meuchuas praadband ulieavialel, wavelengihg dising a

medium pressure mercury UV lamp for 40 seconds at 20mW/cm2 intensity.

SeCRpB?] 7o mERlreMe SHERGHSRihe adhesion, a four- point bending fixture

[006m] shownpwasadopted for the adhesinnoest and iethwique, similardarthat
.described in "Measurement of Adljhesiv(? Force B§tweten Ml)gld an% ,

pOlBﬁoi%%ﬂ bie R%sihtmrﬁnéﬁr?ﬁés HOTdgyH IRpaREss F6urn@f of Afpifstes+on

tesPhysics,t ¥oh4l (2002) pim 4194-4197t The maximubfarcefoathwas dakerent

s,the adhesion value. The be istanc the top and . bottom two points
S e o e it e
ImpEmployikg this testyit wasmetermsinéd uthab delamiAation.eccuttedsats. 1

vo1PYNAsAfforce when pimey, layer 43, was formed with the baseline, taken
compaosition. A geparatlon orce of approxmatelig/ g‘.S pounds was reac]g'le
as béfere dekaminatiorroccurred with lpeinmerdaydradb-bein§ folmed dfrommnd

bot EQMEQSITION 1. Asseparation forge of approximately 9,1, paunds WAS speeq

reached before delamination occurred with primer layer 45 being formed
of o COMPOSITION: 2.- WHenpriténkayén 4% was formied from ebchegfmined

£haPOMRORIHIONS 3. 4082, 0BE Of POEN Of the o glassslides (Weﬁboﬁé‘%nlﬁmer

failed (broke) before delamination occurred. As a result, forces of up to
layﬁéuﬁH%XNas formed with the baseline composition. A

separation force of approximately 6.5 pounds was reached
before delamination occurred with primer layer 45 being formed
from COMPOSITION 1. A separation force of approximately 9.1
pounds was reached before delamination occurred with primer
layer 45 being formed from COMPOSITION 2. When primer layer
45 was formed from each of COMPOSITIONs 3, 4 or 5, one or both
of the two glass slides (not shown) failed (broke) before
delamination occurred. As a result, forces of up to 11 pounds
were measured without delamination being observed. As a
result, it is observed that COMPOSITIONs 3, 4 and 5 provide
primer layer 45 with superior operational characteristics in
that it effectively prevents delamination were lamella layer
60 to have undesirably thin regions or be altogether absent.
[0058] 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. For example, the solvent PM
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were measured without delamination being observed. As a result, it is
observed that COMPOSITIONSs 3, 4 and 5 provide primer layer 45 with
superior operational characteristics in that it effectively prevents
delamination were lamella layer 60 to have undesirably thin regions or be
altogether absent. [0058] The embodiments of the present invention
AcefadGibkd SFBVE SR exémprary. Mamy cRargeslaitd Mudifftidtishs may be
con@adedethe diselosuiee tecited annveoshiter@mainingavithia the scopeof the
invention. For example, the solvent PM 25 Acetate is employed primarily to
e shisEolVBN oft B EShdtitrarit cofifpotentE o EOMPEIITINS 3P4 3HGS. + 1
11ieAs &f resul sayreommesphotoresistsolventis eay-be employachin liew 0ér
PM Acetate, such as Diethylene Glycol Monoethyl Ether Acetate, Methyl _
B P ke T, PRRRER 175 sSMLF COREts of EEMPES TN 3L4c
conarabsi.ef STR&DSAT, 10ymeB 303ULkdart, Cycat.may soRyptise hefweeme 1
% to 70% of the_composition, weight, and mgre preferably,in a.range of
30300 Ao 55 WG, CRHe e vAS Shadits boraistg o e e
comgalgeriti The sed compoment obeachhoECOMPOSITIONS Badgandd mays to
.comprise 50% to 99%, by weight of IsoRad 501, 1% to_50%, by weight of
10+ S ISRA0L o A ohb s WaiiR o CYEd 405 Ths Sooa singne
solingehtion $heuld mbtdherefore, e limited bylthe Abovedeserptions bait 4,
andnstead shoudbe detepmined wilh reference g be appeaded glaips along ¢
with their full scope of equivalents. 26 0 CLAIMS 1. An adhesive
50%gompositian fdr adhefingadgethe¥ B pelyehetizable rhaferkaf tovasolid of

Cyc%@x%WQ%qu”@ge scope of the invention should not, therefore,
be limited by the above description, but instead should be
determined with reference to the appended claims along with

their full scope of equivalents.
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polymerization of the polymerizable material, said composition comprising: a
multi-functional reactive compound having a backbone group and first and
second functional groups, wherein said first functional group is selected from
a set of functional groups consisting of a carboxylic group and an epoxy
group; a catalyst; and a cross-linker, wherein the adhesive composition
differs chemically from the polymeﬁ%%gsmaterial, with said first functional
group being responsive to a first actinic energy to form cross-linked
1. mbteculesand cadhere asubsehoffsaid £toss:=linkedtmglechites ta the solid
po1§bstrale thrgugh the firs functional group, apd seid second, functional group
B]elng responsive to a second actinic energy, di ering from said first actinic
polemergy e react with thee pplymerizableimbteriad dering polyraenzationmef shé ion
ol¥merizable material. 2. The composition as recited in claim 1 wherein said
rising.: . L. . .
irst actinic energy includes thermal energy. 3. The composition as recited in
claim 1 wherein saidfsevohdoaetinic enetgyriaclodes broad band uftraviolet
bacfBRIOY. 8¢St TNegompasiion ag regied o daim.Lnheren s It pore s
functional reactive compound has the following structure: OO0 r__Co O HO
sai@HEOEsO® functional group is selected from a set of

com

functional groups consisting of a carboxylic group and an
epoxXy group;

a catalyst; and

a cross—linker,

wherein the adhesive composition differs chemically
from the polymerizable material,

with said first functional group being responsive to
a first actinic energy to form cross-linked molecules and
adhere a subset of said cross-linked molecules to the solid
substrate through the first functional group, and said second
functional group being responsive to a second actinic energy,
differing from said first actinic energy to react with the
polymerizable material during polymerization of the

polymerizable material.

2. The composition as recited in claim 1 wherein said first

actinic energy includes thermal energy.

3. The composition as recited in claim 1 wherein said second

actinic energy includes broad band ultraviolet energy.
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O O CHzx CH H3C H3C where x and y are integer numbers. 5. The
composition as recited in claim 1 wherein said multi- functional reactive
compound has the following structure: X' X Il x R,y wherein R', R" and R™
are linking groups, X and X' are functional groups, and x, y, z are averaged
repeating numbers. 6. The composition as recited in claim 5 wherein said
- inidity GHOEPS R 'RTaid RP<are raddomiy didtributed' o Gghoutadaid™ L 1 -
fundwitbiunctionalreactve-cappasitionat the-camposiion gsseeitedincaim 1
wherein said first functional group adheres to the solid substrate through by
an 28 0 adhering mechanism selected from a set of mechanisms consisting
of covalent bonds, ionic bonds, Van der Waais forceg)8. The composition as
recited in claim 1 whe igd cross- linker includes a\linking functional

recited in claim 1 wherein said second functighal qfrﬁ(éj
nds therewith during

polymerization of the @dlymerizable material. 1QH he confposition as recited
in claim 1 wher€in said second function& group is selected from a set of

functignal groups
i 0 NG

L y

H3C HSC

where x and y are integer numbers.

5. The composition as recited in claim 1 wherein said multi-

functional reactive compound has the following structure:

X' X
I I
—RTERY (R

wherein R’, R’’ and R’’’ are linking groups, X and X’ are

functional groups, and x, y, z are averaged repeating numbers.
6. The composition as recited in claim 5 wherein said linking
groups R’, R’’ and R’’’ are randomly distributed throughout
said multi-functional reactive composition.

7. The composition as recited in claim 1 wherein said first

functional group adheres to the solid substrate through by an
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consisting of acrylic and vinyl ether. 11. A composition for adhering a
polymerizable material to a solid substrate during polymerization of the
polymerizable material, said composition comprising: a multi-functional
reactive compound having a backbone group and first and second functional
roups, wherein said first functional group is selected from a set of functional

g
2dhgiotipd dBRSisTRg OF aTdBONIE grols and Shtestxyiolp" a&dss-linker;
con@n@ aicatalyst, with-spidh firsh functionabgroupheing responrsive tosa figst

actinic energy to form cross-linked molecules and adhere a subset of said
ForGois-linked molecules to solid substrate through the fist functional group,

and said second functional group being responsive to a second actinic
8. enérgycdiffering froom saigl firstcadtmic énergyaoradhergntorsaid said cross-

. _palymerizable material during pelymerization of the 29 polymerizable

L e o o e B e
funand theepolymevizabléh arateridioand svhepdindaidh brossdinkel incfudes said

11 nlinking fynetional groyp and said first;functional grqup adheres to said solid

substrate through said linking functional group of the cross- linker. 12. The
composition as recited in claim 11 further including a solvent. 13. The

7+ cdmposifith a8 teditdtl cIAiRT 11 Srhet8insaid sekoRitfcibnat grbupisond

funseleeted from augetoifunclionab growps-eansisting-esseatiaby et-acryligand
vinyl ether. 14. The composition as recited in claim 11 wherein said first
forming covalent bonds therewith during polymerization of the

polymerizable material.

10. The composition as recited in claim 1 wherein said second
functional group is selected from a set of functional groups

consisting of acrylic and vinyl ether.

11. A composition for adhering a polymerizable material to a
solid substrate during polymerization of the polymerizable
material, said composition comprising:

a multi-functional reactive compound having a backbone
group and first and second functional groups, wherein said
first functional group is selected from a set of functional
groups consisting of a carboxylic group and an epoxy group;

a cross—linker; and

a catalyst, with said first functional group being
responsive to a first actinic energy to form cross—-linked
molecules and adhere a subset of said cross-linked molecules
to solid substrate through the fist functional group, and said
second functional group being responsive to a second actinic
enerqgy, differing from said first actinic energy to adhere to

said polymerizable material during polymerization of the
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functional group adheres to said solid substrate through an adhering
mechanism selected from a set of mechanisms consisting of covalent bonds,
ionic bonds Van der Waais forces. 15. The composition as recited in claim
11 wherein said second functional group adheres to said polymerizable
material by forming covalent bonds therewith. 16. A composition for adhering

PO LYl niérizabI& ifaterial to a6 stibsthite doiRg potyrhérizhtiohdfihe
chepalymerizablec matewral s said compasitioneonmprsingca pullt-functionsh
reactive compound having a backbone group and first and second functional
matertps; withSaid first functional group providing carboxylic functionality and
saighsecond fuactional gseun providing acnyliedyenctionality; acrassrlinkerh30
a catalyst; and a solvent, with said first functional group being responsive t
T RS ARt Sherdy £ fort Grous iARed A nEIRCOIRA AT advoreh Subket bf
subsaid £resstlinkadymokecites] tongaidsofidrstibstratel theauglhptheffirsthiinctional —
1 n9roup, and said second functional group being responsive to a second
actinic energy, differing from said first actinic energy to adhere to said
polymerizable material during polymerization of the polymerizable material,
12 .and Whegeinithe tbipositionidifférsahehticalhafiomlthe Solid substragd aAd ng
2 stherglymerizable material. 17. The composition as recited in claim 18
wherein said cross-linker includes a linking functional group and said first

functional group adheres to said solid substrate throu?h , ,
13. The composition as recited in claim Il wherein said

second functional group is selected from a set of functional

groups consisting essentially of acrylic and vinyl ether.

14. The composition as recited in claim 11 wherein said first
functional group adheres to said solid substrate through an
adhering mechanism selected from a set of mechanisms
consisting of covalent bonds, ionic bonds Van der Waals

forces.

15. The composition as recited in claim 11 wherein said
second functional group adheres to said polymerizable material

by forming covalent bonds therewith.

16. A composition for adhering a polymerizable material to a
solid substrate during polymerization of the polymerizable
material, said composition comprising:

a multi-functional reactive compound having a backbone
group and first and second functional groups, with said first
functional group providing carboxylic functionality and said
second functional group providing acrylic functionality;

a cross—linker;
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said linking functional group of the cross-linker. 18. The composition as
recited in claim 19 wherein said first functional group adheres to said solid
substrate through an adhering mechanism selected from a set of
mechanisms consisting of covalent bonds, ionic bonds Van der Waais
forces. 19. An adhesive composition for adhering a polymerizable material to
a sBliF 3hB<tYatk ‘dufhg polymerization of the polymerizable material, said

corapasitior semprising: adnultifungtional xeactiyecompeuis having a
backbone group and first and second functional groups, the multi-functional

LS SRRV Cofripotind Ha¥ingthb fBitewing S sthcthre: S8 & S0 T1EIEH

mo10H10e © @rdHZ2aeHe H3CsHBEawhere xand y are #¥egenruabers caules
catalyst; and a crass-linker, with said first functional g ponsive
t

n
£0 B2ty S A BRE o T Fornt ERAindaE racBEbioh i adtide 2 50hEet

andofssaid cressclinkethmeletulesitodhe splicbstbsirate saach saidessecond second
actqwggog%é¥8§eb§H¥¥g§988§¥%g%a§§§8ngirst actinic energy to
adhere to said polymerizable material during polymerization of
the polymerizable material; and

wherein the composition differs chemically from the solid

substrate and the polymerizable material.

17. The composition as recited in claim 18 wherein said
cross—linker includes a linking functional group and said
first functional group adheres to said solid substrate through

said linking functional group of the cross-linker.

18. The composition as recited in claim 19 wherein said first
functional group adheres to said solid substrate through an
adhering mechanism selected from a set of mechanisms
consisting of covalent bonds, ionic bonds Van der Waals

forces.

19. An adhesive composition for adhering a polymerizable
material to a solid substrate during polymerization of the
polymerizable material, said composition comprising:

a multi-functional reactive compound having a
backbone group and first and second functional groups, the
multi-functional reactive compound having the following

structure:
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actinic energy, differing from said first actinic energy to react with the
polymerizable material during polymerization of the polymerizable material.
20. An adhesive composition for adhering a polymerizable material to a solid
substrate during polymerization of the polymerizable material, said
composition comprising: a multi-functional reactive compound having a
backbone group and f6st and/second functional grodps X and X', the X' X1
(_R,,, xy 32 0 multi-functional reactive compound ha
structure wherein R' R" and R™ are linking groups

nctional

p beir%l'tesponse to a second
aid first agtinic energy to react with the
mﬁ pol mepz(]au'(\)n of t olymerizable material.
d(ln % here id Ilnﬂryg groups R',

R" and R™ argrapdomly dlstrlbute out said multi-functional reactive
compourlgl. 330
3

H;C

where x and y are integer numbers;

a catalyst; and

a cross—linker,

with said first functional group being responsive to a
first actinic energy to form cross-linked molecules and adhere
a subset of said cross-linked molecules to the solid substrate
and said second functional group being responsive to a second
actinic enerqgy, differing from said first actinic energy to
react with the polymerizable material during polymerization of

the polymerizable material.

20. An adhesive composition for adhering a polymerizable
material to a solid substrate during polymerization of the
polymerizable material, said composition comprising:

a multi-functional reactive compound having a backbone

group and first and second functional groups X and X’, the

X' X
I I
—RTRY) (R
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multi-functional reactive compound having the following
Structure:
wherein R’, R’’ and R’’’ are linking groups and x, y, z are
average repeating numbers;
a catalyst; and
a cross—linker,
with said first functional group being responsive to a
first actinic energy to form cross-linked molecules and
adhere a subset of said cross-linked molecules to the solid
substrate and said second functional group being responsive
to a second actinic energy, differing from said first
actinic energy to react with the polymerizable material

during polymerization of the polymerizable material.

21. The composition as recited in claim 22, wherein said

linking groups R’, R’’ and R’’’ are randomly distributed

throughout said multi-functional reactive compound.
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