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nano-fabrication of structures. Mre particularly, the
present invention is directed to a nethod for
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[0004] Typically, polynerizable material 24 is
di sposed upon substrate 12 before the desired vol une

wOotakiised bet ween nold 16 and substrate 12. Pon@s2006/037109
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pol ymeri zable material 24 may fill the volune after

t he desired vol ume has been obtained. After the
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present invention;



subjected to an etching chem stry to expose regions of
the substrate; [0014] Fig. 7 is a detailed view of the

weubstocesse shown in Fig. 6 after being subject edTiUs2@6/037109
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etch and renoval of the soliddified inprinting
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{0033] Referring to Figs. 1 and 2, a mold 36, in accordance with the present
invention, may be employed in system 10, and may define a surface 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 is to be transferred into a substrate 42. Substrate 42 may be
comprised of a bare wafer or a wafer with one or more layers disposed thereon. To that end,
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under goi ng separation fromformation 50; and [0032]
Fig. 25 is a sinplified cross-sectional view of the
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saturated with heliumor is conpletely evacuated or is
a partially evacuated atnosphere of helium [0036]

the present invention concerfis controlling the
thickness of t and t2 after reaching a desired
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to surface 44. In this manner, nold 136 may conformin
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vari ati ons anong thickness t2 over the area of
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protrusions lying in a comon plane P along with
surface 116, other tenplates



may be enpl oyed. For exanple, tenplate 214 may incl ude
a nesa 235 that enbodies nold 236. Typically, a
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behaves as a solid. Further, in the visco-elastic
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surface 44 so that a side of the inprinting materi al
facing nold 236 has the sane shape as surface 44.




Mol d 236 is established to be nore conpliant than the
inprinting material in a visco-elastic state and,
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the inprinting material facifg nold 236. At step 508,
rinting material is exposed to actinic radiation to
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and 58 and di sposed equi di stant therefrom and region
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di sposed equi di stant therefr®m In this manner,
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and 592 may have a maxi mum operational force of 200
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notion of approximately 0.1% about axes Ti, T2, and
T3. [ 0057] Actuators 588, 590 and 592 are sel ect ed to
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nol d 236 and formation 50. In the situation in which
the area of nold 236 is substantially co extensive
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Zf%Emar ate sdurftgf . _The returnlngforc
ré&0 s fromf PRSPl Y pr‘?ﬁ‘e”tt N ] Wﬁ@?@’éﬁ”}‘?ﬁry
nmiygermaatges andmeadiiieationsanay be wedede ths tisdesgrdeciierchboye, while
I ectHabed walif Rk Bde &tiatiRentbn. O 3cdpe RBRERVhRE shdidel Merefore,
Figs. 2 1, 24 and 25, the returning force FR causes an
area 221 of nold 236 proximate to region 2 17 to
separate from substrate 42, while segment 227
functions to press substrate 42 downwardly agai nst
stage 11, firmy securing the sane



together. In this manner, separation nold 236 from
formation 50 occurs by cantilevering tenplate 214 with
woesp@ei3sb 0 substrate 42. Specifically, porti oRCRAR2006/037109
contacts edge 222 of substrat® 42 hol ding the same
agai nst stage 11, which reduces the upwardly force on
t Wé?dé’yfﬁ?b‘i"’édﬁﬁcf'@'an’tbét iRsteaa phatld berdntemipgdwithyrefarence to the
S LApB¢nded @airagwlong mitly pit I8!l susdfeqatvaledt? f rom separati ng
fromstage 11. It can be said, therefore, that
returning force FR reduces the magnitude of the
upwardly forces inparted upon nold 236 by orientation
system 558 that arenecessary to achi eve separation. As
aresult, returning force FR nust be greater than the
adhering force between area 221 and formati on 50. The
returning force FRresults in an oblique angle g being
formed with respect to formation 50, neasured for
exanpl e, between a plane P2 in which nadir surfaces
138 of recessions 38 lie and a plane P3 in which nadir
surfaces 154 of recessed regions 54 lie. The back
pressure and returning force FR coupled with the angle
g, causes tenplate 214 and, therefore, nold 236, to
have an arcuate shape in which region 221 is further
fromformation 50 than regions of nold 236 di sposed
renotely therefrom center portions of nold 236
| ocated proximate to center axis A Typically, the
angle q will be on the order of mcro-radi ans so that
shearing of features in solidified |layer 50 is on the
order of pico-neters. The remaining portions of nold
236 are separated fromformation 50 may be controlled
by operation of actuators 588, 590 and 592, shown in
Fig. 19. [ 0064] Referring to both Figs. 19 and 25, by
havi ng actuators 588, 590 and 592 nove at
approximately the sanme rate, nold 236 is separated
fromformation so that the |ast portions thereof
proxi mate to region 221 are separated from formation
50 before regions proximte to center axis A In this
manner, regions of nold 236 that are radially
symetrically di sposed about axis A are sequentially
separated fromformation 50, e.g., region 221
separates then region 223, then region 225 and etc. It
shoul d be understood, however, that regions 221 , 223
and 225 are radially symetrically di sposed about axis
A, due to the shape of nold 236. It is entirely
possi bl e that nold 236 have a rectangul ar or square
shape. As a result, the shape of regions sequentially
renmoved from formation 50 woul d be conpl enentary to
the shape of perineter 237. As a result, regions of
nol d 236 that are concentric with respect to perineter
237 are sequentially separated fromformation 50. It
shoul d be understood, however, that actuators 588, 590
and 592 may be operated so as to produce a peeling
separation of nold 236 fromformation 50. This nmay be
achi eved by noving nold 236 about on of tilt axes T,
T2 and T3. [ 0065] Referring to Figs. 2 1 and 22,
anot her manner to achieve |localized separation of
tenpl ate 214 woul d include form ng arcuate surface 224
of tenplate that is proxinmate to nold 236.
Specifically, punp system 546 would create a pressure
i n pressurizing chanber 554 sufficient to bow arcuate
surface 224 and provide the sane with a substantially
const ant -



radi us of curvature. The returning force FR woul d
i nduce | ocalized separation between nold 236 and
woaomab43sn 50 proximate to re ion 221 , as di seasaseno6/037109
above. Thereafter, nold 236'my be separated from
formati on 50 enpl oying the techni ques di scussed above.
Form ng contoured surface is particularly advant ageous
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1 further including separating regions of said nold,

fr om sai d sed kol 86re ki Ini il N@hdMEt Ghéradng fderlir@iuadsi ferging

S aal surface og sa%k’gemptlateasrbrrg%dmg mgg o hge/(et e&ﬂ&ant radius of curvature.



transversely to a normal of a surface of said nold. 9.

The nmethod as recited in claim1l wherein generating
wounod7vessss ncl udes form ng a surface of said teprprase06/037109

surrounding nold to have a é®nstant radius of

curvature.10. A nethod for spreading a conformabl e

mat eri al between a substrate and a tenplate having a

nol d, ®airGnaiRl R shr&iRE b&ionEabldRadriki botveergs Shstdterptie t 0

be i uper i ith..eal d substrate defining a
v%Pﬁ%%ﬁﬁ@raeﬁ(?%%hgn%%gﬁqgﬁ'sﬁ%a first sug{- partion of
sai d VOPURTEOARS FOK H 1 TEURT BIPRESN 8RS Lr® SR gL
Capiebdtdgey, action between said conformable material and
one of chard ng a iR éﬂb-ﬁ&{?on%aéa% MRS Wudd R combrehabié hblefMgthRugh

second sub-portion of said volu b r ' :
G EUP AT PO TP S8 EPTRET AR Mo g el FRALNE sB puogpate
ckad m 10 wherein said tenplate includes a first side,
di Sposflg aBRAEd duB-pbreorsabakl voRin@ by widting & Héfdrinaigpn frusaid veid.
including creating a pressure differential between
said first side and said nold. 12. The qet gg(g az { side
reci t et iThe BREPIASTEF GG PRI 0 whpran fRT GMPIRR Y 241! sioe
c @lpdsed oppeadits toaaid anotd, ithlfillingTgriteuintibwin cieplinp @ gesssure differential
C QLA Ll drsCRRfA4 Sbh&s.material with said central
portion and subsequently contacting the renmaining
portions of said nmold with said confornable materi al .
13. The rfbe metiodas recited in daimi 14 Weprain 5719 0OIMREINES A CYflgortion
mahdkilling Gk thdl @SludesResiciay cophsingbla mdtetd aitrgdailgerftiar toHien and

i i KRidORbraahie Mekerial.
Sgl&! %'%gﬁtp 2% I éﬁﬁhﬁ?gﬁﬁg‘foﬁmﬂsé#ﬁggﬁgﬂmd as recited
in claim10 wherein positioning further including
cent er ihghhs aietiodas retited in blaimei§pdereinseid malf icldiss npyplaxis and
1 2hardibtErudrRl inie 8SowirRGhiti RsLirbinxie betbratd@ciaesie bonfaibth
nol d has an area associated therewith that is greater
t "@n area of said substrate. 16. The method as
recited in claim 10 wherein said tenplate includes a
first sideendinspasedeoipplsi toavhemingasitgninoiugher inpeding centering
Nt BloRGh Ko A shshtides varying a di stance between
sard nold and said substrate, while maintaining a
substantially equal pressure on said first side and
sai d mo%.dihe iipthod prresited Inslaima) whereintsalg mpld has &gy apfapgsociated
WG &iitR tHaNaE84t68nh=A &6 bies ofaakieutrdte.] | i ng. 18. The met hod
as recited in claim10 wherein said first and second

sub-portions have an aggregate vol unme associ.ated . ..

t her 2Wi1§~h t Fhetmsthed p%ggi%s K- 10 wheipd) saﬁie_mp%?e mct(u%es a first side,
disposed opposite to said mold, with charging further includes varying a distance between
said mold and said substrate, while maintaining a substantially equal pressure on said first

side and said mold.

17. The method as recited in claim 10 wherein charging occurs before filling.

18. The method as recited in claim 10 wherein said first and second sub-portions

have an aggregate volume associated therewith that is less than said volume.



