METHOD TO REDUCE ADHESI ON BETWEEN A CONFORMABLE REGSON
AND A PATTERN OP A MOLD BACKGROUND OF THE | NVENTI ON
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m cro-fabrication of structures. Mre particularly,
the present invention is dirlected to patterning
substrates in furtherance of the formati on of
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area in which mcro - fabrication has had a sizeable
i mpact is in thEquoRcEssh NgF aftE minegnated circuits .
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increasingly 1mportant. Micro-fabrication provides

greater process control while allowing a reduction in the
minimum feature dimension of the structures formed.

Other areas of development in which micro-fabrication has
been employed include iotechnology, optical technology,
mechanical systems and the like.

[0003] An exemplary micro-fabrication technique is
shown in United States patent number 6,334,960 to Willson
et al. Willson et al. disclose a method of forming a
relief image in a structure. The method includes
providing a substrate having a transfer layer. The
transfer layer is covered with a polymerizable fluid
composition. A mold maakes mechanical contact with the
polymerizable fluid. The mold includes a relief
structure, and the polymerizable fluid composition fills
the relief structure. The polymerizable fluid

composition is then subjected to conditions to solidify



the relief structure. The polynerizable fluid

conposition is then subjected to conditions to
wagodosaodsyand pol yneri ze the sanme, form ng a soPCTUR2004018857

pol ynmeric material on the transfer |ayer that contains

a relief structure con‘plirreﬁtary to that of the nold.
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Rthhefbrr BApase d ayer distorted during separation of the
mold therefrom. To improve the release characteristics,
Willson et al. form 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 and to either the transfer layer or the polymeric
material. Providing the transfer layer with improved
release characteristics minimizes dis tortions in the
pattern recorded into the polymeric material and/or the
transfer layer 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 fhat is solidified to the mold.
[0005] Another prior art attempt to improve release
characteristics is described by Bender et al. in Multiple
Imprinting in UV-based Nanoimprint Li thography: Related




i.e., arelease layer that is solidified to the nold.
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SUMMARY OF THE INVENT ITON
[oo08] The present invention provides a method to
reduce adhesion between a substrate amd a pattern of a
mold. The method features forming a conformable material
on the substrate and contacting the conformable material
with the surface. A conditioned layeas is formed from the
conformable material. The conditioned layer has first
and second sub-portions, with the first sub-portion being
solidified and the second sub-portion having a first
affinity for the surface and a second affinity for the
first sub-portion. The first is greater than the second
affinity. 1In this fashion, upon sepaxation of the mold
from the conditioned layer, a subset of the second sub-

portion maintains contact with the mold, thereby reducing



solidified and the second sub- portion having a first
affinity for the surface and a second affinity for the
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second affinity . In this fgshion, upon separation of
the nold fromthe conditioned | ayer, a subset o f the
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DESCRI PTI ON OF THE DRAW NGS [0009] Fig. 1 is a

perspective view of a |Lit r ' '
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ol nerlzed and cross - linked; [0012] Fig. 4 is a
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sshgm—ua@aliutg fr@m ah@ekmpmiamg iavertheshown in Fig. 1,

after patterning of the imprinting layerx;

[0014] Fig. 6 is a simplified elevation view of
imprint material disposed on a substrate in accordance
with the present invention;

[0015] Fig. 7 is a simplified elevation view of
imprint material disposed on a substrate in accordance
witﬁ an alternate embodiment;

[0016] Fig. 8 is a simplified elevation view of
imprint material, shown in Fig. 6, after contact with the
mold; and

[0017] Fig. 9 is a flow diagram showing pattern
priming in accordance with an alternate embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION
[oois} Fig. 1 depicts a lithographic system 10 in

accordance with one embodiment of the Ppresent invention



nol d; and [0017] Fig. 9 is a flow di agram show ng

pattern primng in accordance with an alternate
wepdsmoesent of the present invention. DETAI LEDPCT/US2004/018857

DESCRI PTI ON OF THE | NVENTI [0018] Fig. 1 depicts a

l'i thographic system 10 in cordance with one
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inprint head 18 is a notion stage 20. Mtion stage 20
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to radiation source 22. [0019] Referring to both Figs.
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original pattern that is to be transferred into a
substrate 31 positioned on motion stage 20. Substrate 31
may comprise of a bare wafer or a wafer with one or more
layers disposed thereon. To that end, imprint head 18 is
adapted to move along the Z axis and vary a distance “d”
between mold 28 and substrate 31. In this manner, the
features on mold 28 may be imprinted into a conformable
region of substrate 31, discussed more fully below.
Radiation source 22 is located so that mold 28 is
positioned between radiation source 22 and substrate 31.
As a result, mold 28 is fabricated from material that
allows it to be substantially transparent to the
radiation produced by radiation source 2 2.

[0020] Referring to both Figs. 2 and 3, a conformable
region, such as an imprinting layer 34, 1is disposed on a

portion of surface 32 that presents a substantially



regi on of substrate 31, discussed nore fully bel ow

Radi ati on source 22 is |located so that iaold 28 is
w@o®sniwaed bet ween radi ati on source 22 and subGI/D81084/018857

31. As aresult, nold 28 is _fabricated from materi al

that allows it to be substan?ially transparent to the
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cross—-linked polymer material 36c.

[0021] Referring to Figs. 2, 3 and 5, the pattern
recorded in imprinting layer 34 is produced, in part, by
mechanical contact with mold 28. To that end, imprint
head 18 reduces the distance “d” to allow imprinting
layer 34 to come into mechanical contact with mold 28,
spreading droplets 36 so as to form imprinting layer 34
with a contiguous formation of material 36a over surface
32. In one embodiment, distance “d” is reduced to allow
sub-portions 34a of imprinting layer 34 to ingress into
and f£ill recessions 28a.

[0022] To facilitate filling of recessions 28a,
material 36a is provided with the requisite properties to
completely fill recessions 28a while covering surface 32

with a contiguous formation of material 36a. 1In the



head 18 reduces the distance "d" t o allow inprinting

| ayer 34 to cone into nechanical contact with nold 28,
wa@psadissy droplets 36 so as to form i nprinti nECT/HY®N4/018857

34 with a contiguous formati,on of material 36a over

surface 32. I n one enbodinen , distance Id " is
Fegy@@@l dib A iRWtSUBu bRt ons 348 6fF LAPFidtiMd layer
ayer 34 to ingress into and fill recessions 28a.
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A%éSé é glgggggie % = ‘%gf% 28, with imprinting layer
134 having recesses 30. After imprinting layer 134 is
transformed to consist of material 36¢, shown in Fig. 4,
imprint head 18, shown in Fig. 2, is moved to increase
distance “d” so that mold 28 and imprinting layer 134 are
spaced-apart.

[0024] Referring to Fig. 5, additional processing may
be employed to complete the patterning of substrate 31.
For example, substrate 31 and imprinting layer 134 may be
etched to transfer the pattern of imprinting layer 134
into substrate 31, providing a patterned surface (not
shown). To facilitate etching, the material from which
imprinting layer 134 is formed may be varied to define a

relative etch rate with respect to substrate 31, as

desired.



transforned to consist of material 36c¢c, shown in Fig.
4, inprint head 18, shown in Fig. 2, is noved to
w0 pseenss2 di st ance "d" so that nold 28 and i npPCTIUE2994/018857
| ayer 134 are spaced-apart [0024] Referring to Fig.
5, additional processing ma\))g be enpl oyed to conplete
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enpl oye ent uUpon the etch rate desired and the
erndeity r@a@cmszm taentesohtiag , f oheniFalbeet satecidnoapad
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the specific application which is desired. Furthermore,
the plurality of features on mold 28 are shown as
recessions 28a extending along a direction parallel to
protrusions 28b that provide a cross-section of mold 28
with a shape of a battlement. However, recessions 28a
and protrusions 28b may correspond to virtually any
feature required to create an integrated circuit and may
be as small as a few tenths of nanometers.

[0027] Referring to Figs. 1, 2 and 5, the pattern
.produced by the present patterning technique maS/ be
transferred into substrate 31 to provide features having
aspect ratios as great as 30:1. To that end, one
embodiment of mold 28 has recessions 28a defining an
aspect ratio in a range of 1:1 to 10:1. Specifically,
protrusions 28b have a width W:; in a range of about 10 nm

to about 5000 pm, and recessions 28a have a width W in a



the plurality o f features on nold 28 are shown as

recessions 28a extending along a direction parallel to
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28 with a shape o f a battl ement. However, recessions
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ot ctH006 tines. oA Isaiaerrl@§UI3t68 Ak d 2@ oav@ndr t10en'pl ate
f i Qys, go I Qral
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eria a ortant .t t.t
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uni-gue depos it1on process
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osited ,on,.substrate lural it of di_scr
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Ia%;é& t34 ndwrelx@bsagel ey efad34 tisns pseath anad Lpatﬂaeﬁnedt
concurrentl %
radiation. s a result of the deposition process, it is
desired that material 36a have certain characteristics to
facilitate rapid and even spreading of mate;ial 36a in
droplets 36 over surface 32 so that all thicknesses ti are
substantially uniform and all thicknesses t; are
substantially uniform. The desirable characteristics
include having a low viscosity, e.g., in a range of 0.5
to 5 centepoise (csp), as well as the ability to wet
surface of substrate 31 and/or mold 28 and to avoid
subsequent pit or hole formation aftter polymerization.
With these characteristics satisfied, imprinting layer 34
may be made sufficiently thin while avoiding formation of

pits or holes in the thinner regions, such as sub-

portions 34b, shown in Fig. 5.



with the pattern being subsequently set into
inprinting |ayer 34 by exposure to radiation, such as
wakasaniset et radiation. A s a result of the depOBUB100£018857
process, it is'desired that material 36a have certain
characteristics to facilitdfe rapi d and even spreadi ng
oGt eri ah, 368, 50; LA lchpuabneXernsur kaes 32c8Pial
at all thicknesses ti are subst antially uniform and
24 thindeovasiseshe aferangddgneiaFh§rafl PELME ITRemay
gesidabXqg scharagti ef i stdfSubaehyde Bavhbagng lF@Wmed from
viscosity, e.g. , in arange of 0.5 to 5 céntepoise
4crng)beras>fwé|lLffa§eltlhén@mnuatl§ t oAfet BaFtate ég
éﬁﬂ&éfmh bogndigh ol 28 :andst 0 AYOL dgsasaEHENkpon
orrratl on after polynerization. Wth these
‘dlimrrmes:maslt ifesmsalbi &f isatpstripfpr Pht ihgtloayed -34FAtly be
i Rl s Rabby 4014 Mid ¢o2xaldingn! aimathan of
pl o i nner regions, such as
SLeopoirds ,ons 134 b shmmtden FiegcuBy. f0DP29ritke and
const | At uent n&oapene t m 3
f)onclfx’/o hehs orgrrenz%’?%lne aﬁg&éctggfglgé%?lctse (érrgy[(?g%lfer.
i]-ﬂild:Bld'EZESIﬂet orf mome sidgsdrsatie 3ubbpeirngohoBdid £ronmy a

r.of |fferent terials I
%h%}n)?c% gr‘?ﬁlgsl t o%n%flagl?rrf’ase%ﬁgegﬁﬁsﬁl‘é{g&dé% %aén
mﬁ%memagbrfamm dhksubstrate 31 | s ff or ned.

exanpl e, substr e faqr dfr |I| n,
E&%chs ger |r&H9a€%ek;ﬁ mi%e?cuqug ?gl ] zr la%g
conpasidies tier aaterfaldizdzonal by, fslbstmsr:at e 31 may
i nclude one or nore |ayers in sub- portion 34b, e.g.,
dielectric layer, netal |ayer, sem conductor |ayer,
pl anari zation | ayer agdvpbertidke.1 [0030] Referring to

Figs. 1, 2 and 3, an exenplary C osition for
material 36a is as FHIGRL: é@(/g%ﬂd\l 1

n-hexyl acrylate

ethylene glycol diacrylate
2-hydroxy-2-methyl-1l-phenyl-propan-1l-one

In an exemplary composition, isobornyl acrylate comprises
approximately 55% of the composition, n-hiexyl acrylate
comprised approximately 27%, ethylene glycol diacrylate
comprises approximately 15% and the initiator 2-hydroxy-
2-methyl-l-phenyl-propan-l-one comprised approximately
3%. The initiator is sold under the trade name DAROCUR®
1173 by CIBA® of Tarrytown, New York. The above-
identified composition also includes stalbilizers that are
well known in the chemical art to increase the
operational life of the composition. To provide suitable
release properties, COMPOSITION 1 is typically employed

with a template treated to have a mold surface that is



I sobornyl acrylate n-hexyl acrylate ethylene glycol
di acryl ate 2- hydroxy - 2-nethyl - 1- phenyl -propan -
wo 20068008055 an exenpl ary conposition, isobornyl P@rUyi0a4/€18857
conpri ses approxi mately 55% of the conposition,
n-riexyl acrylate conprised- approxi mately 27%
LAY S0 1 KeQl/ o 86 Vi ate GORPERSSS apR! axi mat phyo15%
and the initiator 2- hydroxy- 2-nethyl - [|-phenyl
rﬁlm layer.one conprised approxi mately 3% The
Sbiiﬁt or qis 1%1?)&@\78”91% f&%atsrea%goﬁéﬂglwlmﬁoﬁa) 28
173 y ClI BA ( of Tarrytown w York. Th.e above -
ﬂ@@mmﬁﬁléu‘—lé@né@s’ﬁrl 3% S F9 resUdesteehbiTEEPEIpAat
o 3ed ] &gSQM%OEnaBHQrQF%Hnﬂaﬂd at, tRel BGHSASELtBR from
op rational 1ife of the conp03|t|on To provide
Ehll@labh%ter@laéa§éapmpé¢lfm%% magOVPOSHFe O\ 124¢@itive that
Ee\,{? c&l %efm}r%%g 18 & teMRlopbestreaked, t orhaygaa
d surface that is ydr ophobi ¢ and/or | ow surface
engr gyatarial Sfaampyi or¢luds ease abagefit{ vd31F To
SHP%Q Tte I‘EJ]e E%l egggpgé%eéf It%ﬁs 1Eng£g038a aggrfactant
Fnprinting |ayer to ensure that inp rinting
hay@efﬁﬂecﬂcaes alm(vt madlaenke t ontoltdi28oft Weigwnbasi ti on
|ch mate) can
DA i Tasss the sl Faca oot o bf °
%@&Bhﬂ'ﬂ@\l e:L.g To:.tlhbud@rwl flmatrénieakhdéa, nay nayl ode,
a n,addi tive, asurfa r this
ﬁﬂvg % 6% Bs?Llﬁlro Efant TS déq‘rlfﬁg glg ggég(?r%?%cul e, one
barbhcoirahi ain iexempydr pphobia:tasr factanat saldhy beder
ther l uorin ' i e | yori ne
e
§§ﬁéa£1 adﬂlirdmhﬁ:@uloe BiRUGhare. RAAF EXERplany, suitacyant
| s, avajl abl e under he tJ]'a ane ZC]\IY(Ii(ﬁ; _FSO-1 GO
PP ORY DUPCNTEATHE £ fat has’ & nd Il vE Sna' k) -

CH,CH,0 (CH,CH,0) <H, where X is in a range of 0 to 15,
inclusive. This provides material 36a with the following

composition:

COMPOSITION 2

isobornyl acrylate
n-hexyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1l-phenyl-propan-i-one
R:CH,CH,0 (CH,CH,0) xH,

The ZONYL® FSO-100 additive comprises less tham 1% of the
composition, with the relative amounts of the xemaining

components being as discussed above with respect to



general structure of RIR2 where R = F(CF2CF2)g , wth

y being in a range of 1 to 7, inclusive and R2 =
WERRSPRESCH2CH20 ) xH, where X is in a range ofPOr/us20086018857

i nclusive. This provides terial 36a with the

foll owm ng conposition: CCRE@SITICN 2 isobornyl

asiyd@t erdir hexylowdeky| at ke gidndeeneqgal yeotodivacr ysat eoo
2-hydroxy - 2-nethyl - 1-phenyl-propan-1 -one
RECHRTIHRG Y TEDR $XH , The ZONYL(r) FSO 100 additive

¢00P5] ses ALseivlbhengd % pbvides eRMeespbEeNTOW bhikhehat
relative anmounts of "the “remmi ning conponents being as
4 sthisewt shdVe WeeR fespeetd tHi’GB@W’OSggFEf\P 1 laver,

Howev ey ’ségberal%%r %?ﬁ&@gﬁo@:fc ZM M 1 )b FS@: £a £Q0 chRY-ghe
greater than 1% [0032] An advantage provided by
cOMPTSt THaoe 2 disperat PR Edrbdd-es SPRELAEEY o an a

gg%gdé ;‘ITJ%I\?EES%IJOQIYL@ES he & ral?l S6RALALE PYEHRRARISC +o

ow surface energy rel ease |ayer di sposed on
mold 28 agpdairiicging, 1OOWPAE BONhatprateradsl 36¢,
gﬁééqﬁangl &£ 62SQREOPSE Ll HReded BPkd14828N0g sichpri nting
ayer 34 so that materiral 36¢c, shown in Fig. 4, does
nof fadherte faraeite 28swprh T fiaditemn tefeedes diherein -

ey AL LN L Poarded. Lhessin sboisobelisued that the
(r G 106 becones concentrated in a first
regtont of tevhtier iaalfi83648, redown dfnRitgridl, 3Glke shown in

Em y"?fi Zﬂlbel & o%?y%%#ggb9$c§<g§§o %% % @% eg o!n%e?ltrated
&8ond’ r egi o OF Nat &1 a ‘%8}8 ]gke erring to

Ehga 6ecdsoplmetosi o836 oiombtdehsade Foahi gher concentration
IBRpf e W EGRN1a7 | WtaR enge ol dave o
higher concentration of the ZONYL® FSO-100 additive in
region 136, compared with region 137, in which the
polymerizable compound is concentrated. Were spin—dn
techniques employed, the additive would be concentrated
in a region 236, and the polymerizable compound being
concentrated in region 237, shown in Fig. 7.

[0034] Referring to Figs. 3, 4 and 8, regardless of
the deposition process involved, upon contact with
material 36a and exposure to actinic radiation, material
36a is transformed to material 36c and a first interface
136a is defined between region 136 and mold 28. A second
interface 137a is formed between regions 136 and 137. It
is believed that some portion of material 36c associated
with region 136, if not all, has an affinity for the mold
28 that is greater than the attraction between that
portion and the material 36c associated with region 137.
As a result, upon separation of mold 28 from material

36c, a sub-section, or all of sub-portions 34a and 34b,



pol ymeri zabl e conpound is concentrated. Were spin - on
t echni ques enpl oyed, the additive would be
w@emwsenssat ed in a region 236, and the pol ynmerPCHDE®04/018857
conpoand bei ng concentrated_jn region 237, shown in
Fig. 7 . [0034] Referring té3Figs. 3, 4 and 8,

%%%%Edhﬁs§i%t Ehes denosidd enoRpr 06€86n | TWOl @@redpon

contact with material 36a and exposure to actinic
mediiatizong famess ato 38w PR tCPARSTRFPEPE o EHPEFTARL 388C
fLLREskpLe ks fsiinegd het veer iagi 96c.
%@% %ﬁdaﬁg%a&QLSEéégA&sgﬁgei nterface 137a i srfor_medC
HXOBSdN r e§bensf1e6llind dpripee| 53 brldeiia@st Raf~58ke
RgrLi 90 9f 18! 5366 A3300Labed N1, 11801 GRAl3Bcohd
Ratr et éggg%g?f?ﬁ%y o R e 28 that Ts
greatréfiacehaf 7ehde dthenct ismeobdt Webar faatalpeneirgy &REP/
th erizal. .36 |.at.ed W bofe 43/ g A8 t8r th
rwelgclﬁ’lnt%, eugéﬁsge%é?%??%%laao %#D‘@ngzéﬁ% oml#ggtyégri al 36C,
asllrecondt ioherbachdl ofermybspert i obke 3%a sdnd
34k, shown _iin_Fig. 5,. sep. om,regl o A37. -
e e@%xofcrha%i M Zi ﬁﬁ %I%%paglzsr %%\tiﬁ%&pg%tg%}q{rhe%%r gggei rl1n
midl e3eeggueft nohdiSizon Sorfase beewwiem mjfl gaggrial
and material 36¢. [00Q35] Speci f.i 1Nt
dEFG s rggl‘liops?%?ht erfacia Onéjnéflggkgghéfassg{)%ﬁ%?eéﬁgggy
tiherewited apdtaecadies nrerdffacetédyal defd rrescwiséednd

i nterfacial r ste Wt§thefirs | htarfacial

i i d ted. h eglo
Shdry Y- SHEp gg%ngg_ﬁr%%féelflﬁlh St ﬁ%sg%%%ne |vﬁt er%a i a
ener gy 15t efpe PResbht Séxambler,f aovabseneoyy? simyyiidss
defined by the difference in surface_ener l.d 28
GRS e ERSPORL BT TR P IAE 360 Frit bl o 7362 The
second NHifsdaletb r ui{f aceorenerigy i-soded f aed =by mheli-
adhesi on of material 36c. assqci at Ed %ith %%cu on %36
RV IRI/EI AT -3685a8shRP Atled Wt APFEQRTBRT 237 11T The
PLLESEN} e 1 nEOVPRSE 1A 2 spravirdeseneny dmrh@6 to
wth a surface tension in a range of 20:35

overcome the interfacial energy step at interface 137.
[0036] Referring to Fig. 2, an additional advantage
provided by COMPOSITION 2 is that the time required to
wet mold 28 and, therefore, spread droplets 36 may be
reduced. Specifically, by abrogating the need to have an
a priori release layer on mold 28, the surface of mold 28
may be provided with a high surface energy, €.g., 60 to
250 milli-Newtons/meter. The wettability of the surface
of mold 28 for COMPOSITION 2, as defined by the contact
angle method, may be in a range of 10 degrees or less.
This minimizes the time required to fill the features of
the pattern on mold 28. Further, the ZONYL® FSO-100
additive provides COMPOSITION 2 with a wettability, as
defined by the contact angle method, in a range of 75 to
90 degrees, thereby augmenting the wettability of mold



mlli - Newtons /nmeter, with one mlli - Joule/cm2 =

1 mlli- Newmton/neter . As a result, the interfacial
wa@kaessener gy step at interface 136a i s suf fPCT/Es100y018857

| arge to overcone the interfacial energy step at

interface 137 . [0036] Refelting to Fig. 2, an

%ﬁg EE%Q@E aﬁM?@ﬁ@Q%ﬁﬁﬁQﬁhgegtht ﬁgﬂgﬁ 2ol sprbad

timer qU|re to wet nol and, erefore
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angipersekodf wayd bas |1m®dudaﬁgeomlflmfdlé§réiél§ BRtress,
ni es .l e ed_t
5 Bracoaly B netreabtdh e R S R () Rk B
I-":Sﬁ]_‘ugﬁn@ddnt byl piovides @@VP(B?IM@\I on wialid g8 to
abi | a def i ned b t C ¢ Al hod,
é Efu C?oe%g(}’egrfegge @ﬁiege{%/ augrregtﬁlhng t he
\/hﬁtdn@ﬂalﬁyt ydaf t ot d28,a tsimmfebyahtlrt her reducing the

H%*equ' eda:]ggg’(gjefad ‘%'Ja% Stslflﬁ.? H fWSSosed to a

| Tl an a prlorl rel ease
Lmﬂ&ﬂ?rdSﬁ&btaSnbhﬁﬁéﬂJGppMmM1mathEyp@lt% @r tmorepof ZONYL®
urther i rel ease ropertles 0037 ot.h
et Qo i ﬁ 5Tt ove TRt fe%slso J;? t%é§Oh?l
"Dt h)2.8 lm@b@deé eonehd Ip(m:ltlaagnt inEypladétmhne()erdrblyd 28
by exposing the sane to a con tion

ng, m
Ty SRYaBaRETE TR N PR SRl nOr O 24Pp3RT
regugh ddeensynhtace eoREGY oF thbecﬁﬁﬁﬂtmirapmlmnre,
exerrplar additive is a surfactant. % O%‘% a
SPERITT Ehex RABIEEIT it H 8 QL eRPOLETT trlﬂ Xt e
thlﬂ@ﬂi@l%dm@REﬁQ& ared elpra@ih¥o ar sobe@n off ZBNYL(r)

- 100 with the remai nder com%rl Si nng SOPIC op¥ll
a¢QQﬁﬂﬁlonlng mixture onto the surface. the
conditioning mixture is then allowed to evaporate before
using the mold 28. In this manner, the IPA facilitates
removing, from the pattern, undesired contaminants while
leaving the additive, thereby conditioning the surface of
the pattern. The conditioning mixture may be employed
with COMPOSITION 2 to augment improvement of the release
properties provided by COMPOSITION 2. The additive in
the conditioning mixture may be the same or differ from
the additive in COMPOSITION 2. Alternatively, the
conditioning mixture may be employed with COMPOSITION 1,
or any other polymerizable material suitable for imprint

lithography, as well as other imprint processes such as

the hot embossing and laser assisted imprint processes.



(I PA) . Exposure of the pattern may be achieved by
virtual l'y any manner known in the art, including
waele@pioongst he pattern into a volunme of the condPCT/U82004018857
m xture, wiping the pattern with a cloth saturated
with the conditioning m xt utd and sprayi ng a stream of
fdsgondi taneRiNg: MedHHiQuentrert Bensut{aceng Hie | Fifttdrn
the conditioning mxture is then allowed to evaporate
efmsrlel d$i REPHIRY i3t 28T PRIERRE - mahfer ST R FPAY 1S
atidJdAtRs skamui N1 ombiheingt t8E Neorslesiv B8 region
contam nants while | eaving the additive, thereby
wigritheomatgeetie & wFdei6rtt RETpatt ef ntimie t°
%@Ma&!e@y NG dUNE MRy (e eBRlEgyRsLHYE t e GAWROSE TI ON
to augment " i nprovenment of the rel ease properties
gy e ¢ BPLEONMPCRITY (19 Zhe TR&TAAdI PRVECTH t he
%M%ﬁ%ml% g Xt e f%ﬁdo%htaaebzlaggpé’été%i &orth88ting
the additive in COWPOCSITION 2 . Aternatively, the
pupdirtt owiteg im ktih% rpvse ianBleyed, wiih COVPCEITIENY
}%attoerrntarﬁyor%%%erirﬁ HE 'vﬁ&ftll{ Q Rt ehtabssibd ableriQF .
nprin Ithography, as wel | as other inprint
»fooess e fFichi ast trhenbdest cadhioesings and | aGEHTA8SI st ed

i npri nt _processe ) Lgue. f :
R
pdsrr?adlg_. muﬁam@;ﬂ mmignirg delthavedebyagdhecnmepyed in
contacti.ng t conf or reqi i e
SR Mt PG i TefRalblint PEoRald B Bare
ahe eonfar b 2OSENI@N, 1 paoM@os I8N enendaryrt vithe

initi tern.. Specificall f
cReai G st 1w SCESSEREEY Sen gDk e of
Eh@hc&diﬂﬁ&rg&m@lﬁmtm:&ry Pt tier befloemed thetr ovles wimher
each successive | int. After, a sufficient nu
SRR G Y el o T i sy PR ESF S Gan (F o atE et
&&e%p@ﬁérewaw Ne &Pt s 28c i foff @, pEheepat decurpriiai ng

n

techni que may be enpl oyed in o .
inverseqfl_y pro>1/g>ortio al yto the quantity of additive in

COMPOSITION 2. Specifically, it is believed that by
increasing the quantity of the additive in COMPOSITION 2
that the number of imprints required before an accurate
complementary reproduction of the pattern occurs .

[0040] Referring to Figs. 2 and 9, in operation,
imprint priming would include forming a conformable
material on a first substrate, defining a priming
substrate at step 300. At step 302, mold 28 contacts the
conformable region a sufficient number of times to
accurately reproduce, in the conformable material on the
priming substrate, the pattern on mold 28. 1In one
example, mold 28 is placed in contact with a first sub-
portion of the conformable material. Thereafter, the

first sub-portion is polymerized and mold 28 1s spaced-



conbi nation wth the aforenmentioned conditioning

m xture and either COMPOSI TION 1 or COVPOSI TION 2 and,
W@r00&00(55COVPOSI TI ON 2, al one, i.e., COVPCSI Tl EINI/PS2004/018857

wi t hout use of the conditioning mxture. It is

believed that tlie nunber oﬂ6inprints required to be

&%@9%%%@5;&56 af, A O aLe 16eRPLeaBaanY: LeRLadUCion a
he pattern occurs i s inverse proportlonal to the

mﬂd tsyulpfpatiel o vat |t eCavrEsrTpbhe 2matggdeils i WALFY, 15
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n operation, Inprint primn i ncl ude
parmemmy Bs cmq&@mheacbnen ridtee doalf ogpak 1 & F@tteé:l}@ét caeE, is

def i t P>300. At $hepnaf’
com@%%q‘%oa?gc%n?%%%‘{ or mag‘ Iél%?g |228n aIsuftf IlCI gnt =
aupygreOf mdidess t gemeralet el Btr é;ﬁﬁ@d@@él tihe fémed mold
conf I e nmate [ h
Jp%ltlgf ace% ?%Inééal"g&o%%%en%npaggem §ter 8ta|a'Ls Otkr)ll gced
$é1c@mhtsmbs1nn:hhea tefested ubparst konrofcaste sedsitaeiabl e

e eaft fi rs
T oraft s5a Bhe nore b 1L Hhclsitd (BRI
ﬁ&lmeﬁ:hemngl asedconf comlEct meitelrialsecdmy sigd 1l known

ortion_of. the conformabl e nater.i al S ed-
Fin% ¢ HAFPRETRPRE PR EBISS on InTﬁEl\ég;n or rraSLB Hhe

ﬁﬁlxﬁéd ahoagsnelabedeipldyddie s ewmpd e s1eh tkm)rgatdmnnsng of

g yneri zed and the rocess is repeated until an
]&%uﬁ”%ﬂcéeﬁétfsﬁpﬁ 8% ecorded in the conformabl e

'if@b@:[] al that éﬁb@@_ﬁ]ﬁﬁél@f@rﬁﬂrmd @rtehearpat:tremntomrrml d
In this manner a ﬁ“ ?%rger{aeted dAt step

QGECJEH%eEr PREYSNBFE e‘Bﬂ’ EEntatt" Wt "

£08f oromblgnaBikaLi BE RAd& &eagfw subStaaie refigraded

to as a rocess substrate

above, ile 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.



Thereafter, the pattern may be recorded therein by

pol yneri zing the conformable material using well known
WO pqsioniss? i t hogr aphy techni ques. In this mannePCT/UBE04/018857

primed nold may be enployed to conplete the patterning

of the process substrate. [6641] The enbodi nents of

HEer PFesei My enrt.i on descri bed above are exenpl ary.
Vany changes and nodi ficati ons nmay be made to the

di scl osure recix edabaver Widue ihgmabReBgoii fhitded he
scope of the invention. The scope of the invention

RepHRRN 2 Helsttdade padyst &%%@&Vﬁaﬁ fi PACFRFRTLncdiom
frhen above- Aascr isplidORe tBdy iddsteadishoul d be

deternmined with reference to_the appended cl aj s al ong
wi th thei £OEILRIsEofEnEP rEGhFalehesi2a AT 55 ELAI MED
S stdate A Method o f reduci ng adhesi on forces between
a substrate and a nmold having a patterned region with
a surface C%aétﬁéﬂhéﬂl@oﬁﬁi’l%@FW@blﬁoﬁ“ﬁ?%@l%‘? with said
SopEoLramb] ey materi al on said substrate; contacting
said conformable material with said surface; and

form ng a feomdingi aneandhFéPneoArEar BT B DI e

rﬁébi@%ﬁag&xffaﬁsha@%gs eaond SUBPQELHARSsuMd th

sald#lrst S ortion being solidified and sai d
B@Ebmhssubdlﬁd”r tsuaml Havis g sarinogttighf paithy foridhtipd

%f 8684 aggjccﬁldses%%n-%gé}g.cm t%‘lfl%r %ta|f‘;erE\:r §Ef1n1ty for

portion, wth sai I rst afflnlty belng reat er
$eha<m saf th e cord aafskicanty affiniTye fat Roddasireki &t

&Jlmv}le[w aeiloﬂ AL NG s3j;d coafiarnmpble. pRt €fd Rl saig
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2. The method as recited in claim 1 wherein
forming said conformable material further includes
forming said conditioned layer while said surface is in
contact with said conformable material and further
including separating said surface from said conditioned
layer with a subset of said second sub-portion
maintaining contact with said conformable material so
that said subset becomes spaced-~apart from said first

sub-portion.

3. The method as recited in claim 1 further
including conditioning said surface to be hydrophilic

before contacting said conformable material.

4, The method as recited in claim 1 further

including exposing said surface to a conditioning agent



form ng said conditioned |ayer while said surface is
in contact with said conformable material and further

w0 pboaissy separating said surface from said PCT/US2004/018857
conditioned layer with a su? et of said second
sub-portion maintaining con gct wi th said conformabl e
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fromsaid first sub-portion. 3 . The nethod as recited

ngteddm 1 further including conditioning said surface
to be hydrophilic before contacting said confornabl e
material. 4. The nmethod as recited in claim1 further
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The nethod as recited in claim1 wherein

7. The method as recited in claim 1 wherein
forming said conformable material further includes
depositing a composition comprising isobornyl acrylate,
n-hexyl acrylate, ethylene glycol diacrylate and 2-
hydroxy-2-methyl-1l-phenyl —propan-l-one and RiRz.

8. The method as recited in claim 1 wherein
forming said conformable material further includes
depositing a plurality of drops of a conformable

composition upon said substrate.

9. The method as recited in claim 1 wherein
forming said conformable material further includes
depositing said conformable composition upon said

substrate employing spin-coating techniques.



form ng said conformable material further includes
depositing a plurality of drops of a confornable

W@ 0vpo8issi on upon said substrate. 9 . The net hBAI/ES2004/018857
recited in claim1l wherein faorm ng said confornmabl e
material further includes delgosi ting said conformabl e

conposi ti Qm Upofnsansdr ey alee 1@BRI 0¥ BYaSRI N- further
coating techniques.10 . The nethod as recited in claim
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between a conformable material on a substrate and a
nmol d having an initial pattern, said nethod
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substrate by depositing, upon said substrate, a
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said SeCondontactlng said conformable material with said
mold, with said first region being positioned between
said second region and said mold defining a first
interfacial energy step between said mold and said first
region; and

solidifying said polymerizable compound,
defining a second interfacial energy step between said
first region and said second region, with said first

interfacial energy step being greater than said second

interfacial energy step.

12. The method as recited in claim 11 further

including conditioning said mold to be hydrophi lic.

13. The method as recited in claim 11 further
including conditioning said mold by exposing said mold to

a mixture of isopropyl alcohol and a surfactant.



interfacial energy step. 12. The nethod as recited in
claim1l 1 further including conditioning said nold to
wheookpaisephobi c. 13. The nethod as recited i n PCHUS2004/018857

further including condltlon% §g said nold by exposing

said nold to a m xture of opropyl al cohol and a
surfactant .14. The nethod as recited in clai m11

wherein form ngf said conformable material furth

t
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doepbat wakie HRIPesiild elnypeatsai d substrate enpl oying
spin- coating techniques . 16. The method as recited

in claim1l further including sequentially contacting
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| - phenyl - gréoparftie meghedapd RARted8inAckeifoylofurther
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pattern complementary to said initial pattern.

17. The method as recited in claim 11 wherein
forming said conformable material fuxther includes
forming said conformable composition from isobornyl
acrylate, n-hexyl acrylate, ethylene glycol diacrylate
and 2-hydroxy-2-methyl-l-phenyl-propan-l-one and RiRz.

18. A method of reducing adhesion forces
between a conformable region on a substrate and a mold
having an initial pattern formed thexein, said method
comprising:

forming said conformable region on said
substrate; '

sequentially contacting and solidifying a
sufficient number of differing sub-portions of said
conformable region with said mold to accurately

reproduce, in an additional sub-portion of said



sufficient nunber of differing sub-portions of said
conformable region with said nold to accurately

WO e@soolsse, in an additi onal sub- portion of PCT/US2004/018857
sai dconf or mabl e regi on, :ﬁcorded pattern
conpl enmentary to said |n|t| pattern. 19. The net hod
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said mold y exposing said initial pattern to a m xture

8P iflsptolsyl PATE6RBE and a surfactant . 20. The nethod
as recited in claim218 wherein formng said
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bei ng concentrated in a second region of said
conposition , with said first region being | ocated
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said substrale 24, The et hod s recl Leg,{0.81 51 adke
diacrylate and 2-hydroxy-2-methyl —l-phenyl-propan-l-one

and said surfactant comprising RiR3z.

22. The method as recited in claim 20 wherein
forming said conformable region further includes
depositing said composition having said polymerizable
compound and said surfactant, with said surfactant being
concentrated in a first region of said composition and
said polymerizable compound being concentrated in a
second region of said composition, with slaid first region

being located between said second region and said mold.

23. The method as recited in claim 18 wherein
forming said conformable region further includes
depositing a plurality of drops of a conformable

composition upon said substrate.



form ng said conformable region further includes
depositing said confornmabl e conposition upon said
w@asveEse enpl oyi ng spin - coating te chni queBCT/UZI®N4/#18857
nmet hod for formng a record pattern on a process
substrate enploying a nold ing a surface containing
an initial pattern, said nethod conprising: formng a
conformabl e material on a primng substrate; ,
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pattern; and contacting, with said prinmed nold,
conformabl e material on said process substrate t o
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wherein formng Said conformable material further
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pattern; and

contacting, with said primed mold, conformable
material on said process substrate to form a transferred

pattern, complementary to said initial pattern.

26. The method as recited in claim 25 wherein
forming said conformable material further includes
depositing, upon said substrate, a composition having a

polymerizable compound and a surfactant.

27. The method as recited in claim 25 wherein
forming said conformable material further includes
depositing a composition having a polymerizable compound
and an additive, with said additive being concentrated in
a first region of said composition and said polymerizable
compound being concentrated in a second region of said

composition.



n- hexyl acrylate, ethylene glycol diacrylate and 2-

hydroxy - 2-netriyl- |- phenyl-propan-l - one and R R
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said conformabl e material fuyrther includes depositing

a plurality of drops of sait confornmable material upon

said substrate. 30. The nethod as recited in claim 27

wherein form ng said conformable material further ,
i ncl udes #@positingeddiod eésnFofwedfl el hetidrifa| 27 wherein

0% BY 1 8P e 2RRY1RInbee DL AURS ther incl udes
depositing a composition comprising isobornyl acrylate,
n-hexyl acrylate, ethylene glycol diacrylate and 2-
hydroxy-2-methyl-1-phenyl-propan-l-one and RiRoz.

29. The method as recited in claim 27 wherein
forming said conformable material further includes
depositing a plurality of drops of said conformable

material upon said substrate.

30. The method as recited in claim 27 wherein
forming said conformable material further includes
depositing said conformable material employing spin-

coating techniques.



