1 TECHNI QUE FOR SEPARATI NG A MOLD FROM SOLI DI FI ED

| MPRI NTI NG MATERI AL BACKGROUND OF THE | NVENTI ON

[0001] The field of invention relates generally to

nano-fabrication of structures. Mire particularly, the

present invention is directed to a nethod for

i nproving contact inprinting enployed in inprint

| i thographi c processes. [0092] Nano-scal e fabrication

i nvol ves the fabrication of very small structures,

e.g., having features on the order of one nanoneter or
- more. A promising process for use in nano-scale
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fabrication of very small structures, e.g., having

o

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
patent number 6,936,194, entitled “Method and a Mold to
Arrange Features on a Substrate to Replicate Features
having Minimal Dimensions Variability”; all of which are

assigned to the assignee of the present invention.



2 [0003]Referring to Fig. 1, the basic concept behind
inprint lithography is formng a relief pattern on a
substrate that may function as, inter alia, an etching
mask so that a pattern may be fornmed into the
substrate that corresponds to the relief pattern. A
system 10 enployed to formthe relief pattern includes
a stage 11 upon which a substrate 12 is supported, and o
a tenplate 14 having a nold 16 with a patterning
surface 18 thereon. Patterning surface 18 may be
substantially snmooth and/or _pl a be .
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desired volume therebetween that is filled by
polymerizable material 24. The relative positions of
substrate 12 and stage 11 is maintained employing
standard chucking techniques. For example, stage 11 may
include a vacuum chuck, such as a pin chuck (not shown)
coupled to a vacuum supply (not shown).

[0004] Typically, polymerizable material 24 is

disposed upon substrate 12 before the desired volume is



formng the pattern in polynerizable material 24 is to
ensure that the dinensions of the features forned in
the polynerizable material 24 are controll ed.

O herw se, distortions in the features etched into the
underlying substrate may result. [0006] A need exi sts,
therefore, to inprove the inprinting techni que

enpl oyed in contact |ithographic processes. SUMARY OF o
THE | NVENTI ON [ 0007] The present invention provides a

met hod for separating a nold fromsolidified

inmprinting material that includes creatlng def or mati on
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this manner, the distortion may be undul ations in the
mgéﬁppaﬂeZéfto solidify and/or cross-1link, forming
polymeric material conforming to the shape of the
substrate surface 25 and mold surface 18. Control of
this process is regulated by processor 32 that is in
data communication with stage 11 imprint head 20, fluid
dispense system 22, and source 26, operating on a
computer-readable program stored in memory 34.

[0005] An important characteristic with accurately
forming the pattern in polymerizable material 24 is to
ensure that the dimensions of the features formed in the
polymerizable material 24 are controlled. Otherwise,
distortions in the features etched into the underlying
substrate may result.

[0006] A need exists, therefore, to improve the
imprinting technique employed in contact lithographic
processes.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method for
separating a mold from solidified imprinting material
that includes creating deformation in the template in
which the mold is included. The deformation is
sufficient to create a returning force that is greater
than an adhesion forced between the solidified

imprinting material and the mold. For example, the



sufficient magnitude to contact a substrate upon which
the solidified inprinting material is disposed. These
and ot her enbodi nents are descri bed herein. BRI EF
DESCRI PTI ON OF THE DRAWNGS [0008]Fig. 1 is a
simplified plan view of a |ithographic systemin
accordance with the prior art; [0009]Fig. 2 is a
sinplified plan view of a tgnplate and inprinting °
mat eri al di sposed on a substrate in accordance with
the present invention; [0010]Fig. 3 is a sinplified
plan view of the tenplate and substrate, shown in_Fig.
defogmehipRempipFRAbLEg THReR RECESUAG SHdwrraatial
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disposed opposite to the mold. In this manner, the
distortion may be undulations in the template of
sufficient magnitude to contact a substrate upon which
the solidified imprinting material is disposed. These

and other embodiments are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a simplified plan view of a
lithographic system in accordance with the prior art;
[0009] Fig. 2 is a simplified plan view of a template
and imprinting material disposed on a substrate in
accordance with the present invention;

[0010] Fig. 3 is a simplified plan view of the
template and substrate, shown in Fig. 2, with the
imprinting material being shown as patterned and
solidified upon the substrate;

[0011] Fig. 4 is a detailed view of the substrate
shown in Figs. 2 and 3, in accordance with the present
invention;

[0012] Fig. 5 is a detailed view of the substrate
shown in Fig. 4 having a solidified formation of
imprinting material disposed thereon;

[0013] Fig. 6 is a detailed view of the substrate
shown in Fig. 5 after being subjected to an etching

chemistry to expose regions of the substrate;



shown in Figs. 2 and 3, in accordance with the present
invention; [0012]Fig. 5 is a detailed view of the
substrate shown in Fig. 4 having a solidified
formation of inprinting material disposed thereon;
[0013]Fig. 6 is a detailed view of the substrate shown
in Fig. 5 after being subjected to an etching
chem stry to expose regionsgof the substrate; 5 °
[0014]Fig. 7 is a detailed view of the substrate shown
in Fig. 6 after being subjected to an etch and renoval
of the solidified inprinting material;
[0014] Fig. 7 is a detailed view of the substrate
shown in Fig. 6 after being subjected to an etch and
removal of the solidified imprinting material;
[0015] Fig. 8 is a cross-sectional view of a flexible
template in accordance with the present invention;
[0016] Fig. 9 is a cross-sectional view of the mold
shown in Fig. 8 imprinting polymerizable material
disposed on the substrate shown in Fig. 4, in accordance
with the present invention;
[0017] Fig. 10 is a detailed view of the mold shown
in Fig. 9 before the same has conformed to a shape of
the substrate;
[0018] Fig. 11 is a detailed view of the substrate
shown in Fig. 9 after being subjected to an etching
chemistry to expose regions of the substrate;
[0019] Fig. 12 is a detailed view of the substrate
shown in Fig. 9 after being subjected to an etch and
removal of the solidified imprinting material;
[0020] Fig. 13 is a cross-sectional view of the
flexible template shown in Fig. 8, in accordance with an
alternate embodiment of the present invention;
[0021] Fig. 14 is a cross-sectional view of the
flexible template shown in Fig. 8, in accordance with a
second alternate embodiment of the present invention;
[0022] Fig. 15 is a cross-sectional view of the

flexible template shown in Fig. 8, in accordance with a

third alternate embodiment of the present invention;



[0015]Fig. 8 is a cross-sectional view of a flexible
tenplate in accordance with the present invention;
[0016] Fig. 9 is a cross-sectional view of the nold
shown in Fig. 8 inprinting polynerizable materi al

di sposed on the substrate shown in Fig. 4, in
accordance with the present invention; [0017]Fig. 10
is a detailed view of the npld shown in Fig. 9 before
the sane has conforned to a shape of the substrate;
[0018]Fig. 11 is a detailed view of the substrate

shown in Fig. 9 after being subjected to an etching
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Fig. 12, in accordance with the present invention;

[+]

[0024] Fig. 17 is a simplified plan view of a
chucking system employed to retain the template shown in
Fig. 13, with the template being disposed proximate to a
substrate;

[0025] Fig. 18 is a bottom up view of a chuck body
shown in Fig. 17;

[0026] Fig. 19 is an exploded perspective view of
components included in an imprint head, shown in Fig. 1
in accordance with the present invention;

[0027] Fig. 20 is a bottom perspective view of the
components shown in Fig. 19;

[0028] Fig. 21 is a simplified plan view of the
chucking system shown in Fig. 17 with the template
undergoing deformation to facilitate separation of the
template from solidified imprinting material present on
the substrate;

[0029] Fig. 22 is a detailed view of region 217,
shown in Fig. 21, in accordance with an alternate
embodiment;

[0030] Fig. 23 is a simple plan view of template 214
shown in Fig. 21;

[0031] Fig. 24 is a detailed cross-section view
showing the template of Fig. 21 undergoing separation
from formation 50; and |

[0032] Fig. 25 is a simplified cross-sectional view

of the template shown in Fig. 21.



shown in Fig. 9 after being subjected to an etch and
renoval of the solidified inprinting materi al;

[0020] Fig. 13 is a cross-sectional view of the

flexible tenplate shown in Fig. 8, in accordance with
an al ternate enbodi rent of the present invention;
[0021]Fig. 14 is a cross-sectional view of the

flexible tenplate shown in fig. 8 in accordance with o
a second alternate enbodi nent of the present

i nvention; [0022]Fig. 15 is a cross-sectional view of
the flexible te in ac§ordance

late shown in Fig. 8

with a tHPFEREHER: Hat 6ReRBOAN ndht TBF CHEERFLCHn:
[bB¥8 i ONRefBrring 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,
reduced is a distance “d” between mold 36 and substrate
42. In this manner, the features on mold 36 may be
imprinted into an imprinting material, such as
polymerizable material 24, disposed on a portion of
surface 44 that presents a substantially planar profile.
It should be understood that substrate 42 may be a bare
silicon wafer 48 or may include a native oxide or one or
more layers, shown as primer layer 45. In the present
example, substrate 42 is discussed with respect to
including a primer layer 45. Exemplary compositions
from which primer layer 45 and polymerizable material 42
may be formed are discussed in United States patent
application number 11/187,406, filed July 22, 2005,
entitled COMPOSITION FOR ADHERING MATERIALS TOGETHER,
having Frank Xu listed as the inventor, assigned to the
assignee of the present invention and is incorporated by

reference herein.



[0023]Fig. 16 is a flow diagram show ng an exenpl ary

inprinting operation enploying the tenplate shown in

Fig. 12, in accordance with the present invention;

[0024]Fig. 17 is a sinplified plan view of a chucki ng

system enployed to retain the tenplate shown in Fig.

13, with the tenpl ate being di sposed proxinmate to a

substrate; [0025]Fig. 18 isga bottomup view of a °

chuck body shown in Fig. 17; [0026]Fig. 19 is an

expl oded perspective view of conponents included in an
1 in accordance with the

i nprint head, shown in Fig.
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iﬂﬁ£§9€f£&vﬁa¥5§559fmgpebe 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-linked to record the original
pattern therein, defining a recorded pattern.

[0035] Specifically, the pattern recorded in the
imprinting material is produced, in part, by interaction
with mold 36, e.g., electrical interaction, magnetic
interaction, thermal interaction, mechanical interaction
or the like. 1In the present example, mold 36 comes into
mechanical contact with the imprinting material,
spreading droplets 46, so as to generate a contiguous
layer of the imprinting material over surface 44 that is
solidified into a formation 50. Formation 50 includes
projections 52 and recessed regions 34. A height
thickness t; of formation 50 is defined by projections
52. Recessed region 54 defines a residual thickness t;
of formation 50. 1In one embodiment, distance “d” is
reduced to allow imprinting material to ingress into and
fill recessions 38. To facilitate filling of recessions
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.



conponents shown in Fig. 19; [0028]Fig. 21 is a
sinplified plan view of the chucking system shown in
Fig. 17 with the tenpl ate undergoi ng deformation to
facilitate separation of the tenplate fromsolidified
inmprinting material present on the substrate;

[0029] Fig. 22 is a detailed view of region 217, shown
in Fig. 21, in accordance wyth an alternate °
enbodi nment; [0030]Fig. 23 is a sinple plan view of

tenpl ate 214 shown in Fig. 21; [0031]Fig. 24 is a
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addressed by the present invention concerns controlling
the thickness of t; and t, after reaching a desired
distance d. Specifically, exemplary dimensions of the
features of mold 36, e.g., width W; of protrusions 40 and
width W, of recessions 38, may be in the range of 30 to
100 nanometers. Height with thickness t; may be in a
range of 400 nanometers to one micrometer + 20-80
nanometers. Residual thickness t, may be in a range of
400 nanometers to one micrometer + 20-80 nanometers.
Thus, a height of projections 52, measured from a nadir
surface 55, is in a range 40 to 140 nanometers. As a
result, surface 44 presents a non-planar profile, e.g.,
undulations are present as hills 56 and troughs 57. The
undulations make problematic controlling thicknesses t;
and ts.

[0037] Referring to Figs. 3, 4 and 5, undulations
make difficult ensuring that thickness t; is
substantially equal over the area of formation 150 and
thickness t, is substantially equal over the area of
formation 150. For example, after solidifying
imprinting material, formation 150 is formed in which
regions over which thickness t; varies and thickness t;
varies. For example, features in region 58 have a
height thickness t’; + dt’; and a residual thickness t’,
+ Ot’,, where dt’; and dt’, results from the variation in
thickness t’; and t’,, respectively, due to the curvature
of surface 44 in superimposition with region 58.

Similarly, features in region 60 have a height thickness



[0032]Fig. 25 is a sinplified cross-sectional view of
the tenplate shown in Fig. 21. 7 DETAILED DESCRI PTI ON
OF THE | NVENTI ON [ 0033] Referring to Figs. 1 and 2, a
nold 36, in accordance with the present invention, nay
be enpl oyed in system 10, and may define a surface
havi ng a substantially snooth or planar profile (not
shown). Alternatively, nold 36 may include features °
defined by a plurality of spaced-apart recessions 38
and protrusions 40. The plurality of features defines
an original pattern that is to be transferred into a
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results from no exposure of substrate 42 during the
break-through etch. This is undesirable. TWere it
desired to pattern region 84 of substrate 42, etching of
formation 150 would occur until a break-through in
region 60 occurs. This would cause substantially all of
the features of region 58 to be removed. As a result,
large regions of substrate 42 would remain unpatterned,
due, inter alia, to the absence of masking material.
[0039] Referring to Figs. 3, 4 and 8, to reduce, if
not abrogate, the problems presented by the undulations,
template 114, including a mold 136, is made so as to
conform to surface 44. In this manner, mold 136 may
conform in response to the presence of undulations,
thereby minimizing variations among thickness ti: and
variations among thickness t, over the area of formation

50. To that end, template 114 is fabricated from a



[0034] Referring to both Figs. 2 and 3, the inprinting
materi al nmay be deposited using any known techni que,
e.g., spin-coating, dip coating and the like. In the
present exanple, however, the inprinting material is
deposited as a plurality of spaced-apart discrete
droplets 46 on substrate 42. Inprinting material is
formed froma conposition tjhat may be sel ectively °
pol ymeri zed and cross-linked to record the origina
pattern therein, defining a recorded pattern
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formation 250, fluid pressure is applied to side 115 to



make difficult ensuring that thickness ti is
substantially equal over the area of formation 150 and
thickness t2 is substantially equal over the area of
formati on 150. For exanple, after solidifying

inmprinting material, formation 150 is fornmed in which
regi ons over which thickness tl1 varies and thickness

t2 varies. For exanple, features in region 58 have a o
height thickness t'l + 5t'1 and a residual thickness
t'"2 + Eit'2, where 5t'1 and at'2 results fromthe
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manner, nold 136 may conformin response to the
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over the area of formation 50. To that end, tenplate
wit¥ tkitkbessatedhdviomya as well as thickness tg,

varying, over an area of substrate 42 to be patterned.
[0042] Referring to both Figs. 8 and 13, although
template 114 is shown having a mold 136 with protrusions
lying in a common plane P along with surface 116, other
templates may be employed. For example, template 214
may include a mesa 235 that embodies mold 236.
Typically, a height, h, of mesa 235 is approximately 15



11 relatively thin sheet of fused silica having a
t hi ckness 113, neasured from opposed sides 115 and
116, up to approximately 1.5 mllinmeters, with of
approximately 0.7 being preferred. Wth a thickness of
0.7 mllimeter, flexibility is provided by
establishing an area of tenplate 114 to be
approxi mately 4,225 square g llinmeters. The area of °
nold 136 may be any desired, e.g., from 625 square
mllimeters to be extensive with the area of substrate
42. [0040] Referring to Figs. 8-12 the confornableness
nbFroBRpPAFe 2T4MERFYFAE FoPd £35 feRe PhdRctPoRal PPy s

sE??E go?grgl ofk+t-hsekpesggs t1 and t2 may be achleved
In tﬁe ace of undulations. Specifically, nold 136
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presence of undul ations. However, a difficulty
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pol yneri za materi a rop ts 46. Upon
yeenhaothby enbddifénw t hempflakst 43db- phanonnoﬁlgheIS,

rlzabl material, e.g., dro I ts in.re ion
UPEEaf PR ary T ofeRE: batnian thEPI=E 50 ada CREVE 3
FPQ'ygeré§@Qb€1H§t€BE€|r@@@oﬁ@n%Eadee howevgting outside
capillary forceS are substantially absent in the

ofemalfli Agbsabeseepilonasft wikk pecgaeiprrgablélmateri al ,
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that the sane contacts drop Iet% 46 in reglon% 160 and
Pigged [OORIPASMATY 50l PG 2PRENEFex LBl it Y15 TR0 PGS

m%ﬁﬁlmeter, at step 500. At step 502, template 214 is
bowed so that side 216 facing substrate 42 and,
therefore, mold 236, both have a convex shape, defining
a bowed template. Specifically, a neutral axis, N, of
mold 236 is bowed so that a central portion moves 350-
400 micrometers away from neutral axis N so as to have a
curved shape. At step 504, the relative distance
between the bowed template and substrate 42 is reduced
so that the bowed mold 236 is placed in contact with one
or more of droplets 46 of imprinting material and
subsequently conforms to the shape of the imprinting
material disposed between mold 236 and substrate 42
under compression therebetween. Typically, mold 236 is
centered with respect to substrate 42 before contacting

the imprinting material. A central portion 233 of mold



control of thicknesses t1 and t2, is achieved so that
thickness t1 is within a specified tolerance +

referred to as being substantially uniform Simlarly
thickness t2 is substantially uniformin that the sane
iIs wthin a specified tolerance + 5t2. The tol erance
results fromthe distortion in the features that

result fromthe nold 136 conformng to surface 44. It o
was determ ned, however, that by maintaining 6t1 and
5t2 to be less than or equal to 5 nanoneters over a 25
mllinmeter area that the dlstortbons t hat resgg%rgkgnhz

28RelBoffBFAEBReHEEE 6PSREFE 196 thPe3LEleffall
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eatbrexposédce Thér eaf sebstpateeddi hg &b bRebeftieraed.
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d£9§g%{§@58friﬂg BOrQQEEtE!Qﬁe §raadoE3noakt bawdhay be
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gpeateusi bass| yhag on aqueimbn phanerPaabdngulisthate 42.

surfa 116, ot her tenpl at may be LLayed. . Far
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is approximately 15 13 microneters, as neasured from
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[0045] At step 506, fluid pressure is applied to side
115 to attenuate, if not abrogate, variations among
thickness t; of the area of formation 150 and variations
among thickness t; over the area of formation 150.
Specifically, side 115 is subjected to a sufficient
magnitude of fluid pressure to compress imprinting
material between mold 236 and substrate 42 to the state
whereby the imprinting material can no longer undergo
compression. In this condition, the imprinting material
demonstrates visco-elastic properties in that the same
behaves as a solid. Further, in the visco-elastic state
the imprinting material conforms fully with surface 44
so that a side of the imprinting material facing mold
236 has the same shape as surface 44. Mold 236 is
established to be more compliant than the imprinting
material in a visco-elastic state and, therefore, fully

conforms to the shape of the side of the imprinting



enbodi nent, tenplate 314 is substantially identical to
tenpl ate 114, excepting that nold 336 is surrounded by
an entrai nment channel 337. Entrai nment channel 337
extends further from side 316 than recessions 338. In
yet anot her enbodi nent, tenplate 414, shown in Fig.

15, is substantially identical to tenplate 114, shown
in Fig. 8 excepting that ragions of side 416 |ying
outside of nold 436 are co&lanar with recessions 438.
[0044] Referring to Fig. 4, 13 and 16, during an

exenpl ary operati on, tenplate 214 and substrate 42 are
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axis N so as to have a curved shape. At step 504, the
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contacted by the non-central portions of nold 236.
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15 material facing nold 236. At step 508, inprinting
material is exposed to actinic radiation to solidify
the sane so as to conformto a shape of the nold 236

and surface 44 of substrate 42. At step 510, nold 236

IS separated fromthe solidified inprinting material .
[0046] Referring to Figs. 12, 17 and 18, to facilitate
control of the pressures ongide 215 of tenplate 214, o
di sposed opposite to nold 236, a chuck body 520 is
adapted to retain tenplate 214 enpl oyi ng vacuum

techni ques. To that end, chuck bodx7520 | udes first

[8947Lng sBEERAT5DY BPRbRelCsFddsS: A7sPaE, lgr BggLion
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respect to broad band ultraviolet energy, e.g. gl ass.

copmenteatine whtbr pafef pBREARECAZBortion 540 i s made
[§8Ys epenﬁtugﬂguiaebg?xﬁhgggkgga ngg]gxfgpgﬁ%g§d5Qz

sourcte 26 own In I ng-again
m& P ékgsndlﬂeandeﬂSSepondlsmd54629xaadd§1ﬁs®nrseesﬁd532

si de. 524 and., nat es proxi ma to second re 534
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therewith. Fornmed in chuck body 520 are one or nore

is htlbaighWaysnoknews 84254pdahd454acibasase phacing
rL0LQUOLVEYS. o RHCEa RS LRLOUADIGY) 932, Plkageg 11 s!

| B7d’ con catro e surface

c&ﬁﬁunﬂh@ti@ﬁHWDtngatbféﬂghwaySonsmoh agstbmoughway a
542, places_second recess 532 in fluid comruni cation
DYiP hs¥PE@MsBf Pace 526. [0048]1t should be under st ood

[66867 t hr opghvwey,9¢82n 546 may include one or more pumps
to control the pressure proximate to recesses 532 and
534, independently of one another. Specifically, when
mounted to chuck body 520, template 136 rests against
first 536 and second 538 support regions, covering first
532 and second 534 recesses. First recess 532 and a
portion 548 of template 136 in superimposition therewith
define a first chamber 550. Second recess 534 and a
portion 552 of template 136 in superimposition therewith

define a second chamber 554. Pump system 546 operates



may extend between second side 524 and first recess

532, as well. Simlarly, throughway 544 nmay extend

bet ween second side 524 and second recess 534. \Wat is
desired is that throughways 542 and 544 facilitate

pl aci ng recesses 532 and 534, respectively, in fluid
comruni cation with a pressure control system such a
punp system 546. [0049] Punpssystem 546 may i ncl ude one o
or nore punps to control the pressure proximte to
recesses 532 and 534, independently of one anot her.

Specifically, when nount 0 2 npl at e
tQ36OREEPS %gBFﬁ%FuF?r§P 5558n5 ol espiaoksans, 8%3
ch8abaps, C§§8&k99c£li§t BR3e gﬂesgagenQSSaQtagqggaga in

First recess 532 and a portion 548 of tenplate 136 in
fsuper chposetri bhOt hereainhadef the Hoﬁﬂtspncﬁénﬁéﬁ 550.
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[ h o] h e 14 he

Rk Lo B GhEEEE Feah EpbrBPLaLE-E dnlk 2skTC
ch&mméﬁtB421§ofr@ﬁmcéucknbedyaSi@ uddletotbioasofin the

gravity k. The gressure in segﬁnd chanber 554 X
PEFFER SFRRTERE presserelehes ¢4t IBhaRBer"BAZNFSRY, DY
m6§99§€1n§n£e§h§ﬁéa®fdt§&9i§t9n§lhn t?@rp@kbﬁbme, pump

generated by tenplate 214 during inprinting,
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. [0050] Referring to Figs. 1, 17_and

[?%g%]ate Bafer5igaupPebilies- .Hpriﬁtaﬁeaa9zot9malate 214
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Movenent of a, Body Nano- Scal e Nhgu%actur ng, "
DAL | LR ELed 2001 D NeGP EHBEebrOr g bFCEBRpCe

h RYERL T 0B PO A PLOR POYSEEH Bysr e5eneneeobeEeiA. United
States patent application 11/142,825, filed June 1, 2005
entitled “Method and System to Control Movement of a
Body for Nano-Scale Manufacturing,” which is assigned to
the assignee of the present invention and incorporated

by reference herein.



18 [0051] Referring to both Figs. 19 and 20,

orientation system558 is shown having an i nner frame
560 di sposed proxinmate to an outer frane 562, and
flexure ring 564, discussed nore fully below Body 520
is coupled to orientation system 558 through flexure
556. Specifically, body 520 is connected to flexure

556, using any suitable neans, such as threaded °
fasteners (not shown) |ocated at the four corners of
body 520 connecting to four corners of flexure 556

cl osest to the four corners_of bog¥ 520. Four corners

[88B81df f|BRGPETEEE tRaPOhPeFéPSsed? £5% 2Jur PELENS8510N
ggtéﬂn Egf i amensff ﬁé@lﬁ?nﬁﬁcﬁﬁgeEh%Eﬁh@ ggongiap¥sed

bl'e neans, such hr eaded fasteners, not shown.
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okiBgt864ohasyafenanpBBathsbaps, f@egurecibbeul ar or
elliptical, and is coupled to inner franme 560 and
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ure iS cou to I nner frane
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rdlispesedcbst weeRoH9aEDS S5FbuandosRerandedi sFoseexzure
equi di stant therefrom region 582 is di sposed between

5pegtbat 576 ahdssstahd di Spasedeeqbdist dRnerhéréfeomPo
a%gdcagspggggsghe§gglSBQ?S? DRLVEA L6RALOS AL ANEnSEs
qui di'st an herefrom I'S manner,
thkexdee Fapgehb64ssunbousdswn.
[0052] Inner frame 560 has a central throughway 570,
and outer frame 562 has a central opening 572 in
superimposition with central throughway 570. Flexure
ring 564 has an annular shape, e.g., circular or
elliptical, and is coupled to inner frame 560 and outer
frame 562 and lies outside of both central throughway
570 and central opening 572. Specifically, flexure ring
564 is coupled to inner frame 560 at regions 574, 576
and 578, and outer frame 562 at regions 580, 582 and 584
using any suitable means, such as threaded fasteners
(not shown). Region 580 is disposed between regions 574
and 576 and disposed equidistant therefrom; region 582
is disposed between regions 576 and 58 and disposed
equidistant therefrom; and region 584 is disposed
between regions 574 and 58 and disposed equidistant

therefrom. In this manner, flexure ring 564 surrounds



19 flexure 556, body 520, and tenplate 214 and fixedly
attaches inner franme 560 to outer franme 562. [0053] It
shoul d be understood that the conponents of
orientation system 558 and fl exure 556 may be forned
fromany suitable material, e.g., alumnum stainless
steel and the |like. Additionally, flexure 556 nay be
coupled to orientation systigm 558 using any suitable o
nmeans. In the present exanple, flexure 556 is coupled
to surface 45 enploying threaded fasteners (not shown)
| ocated at the four corners 586. %08 g ] Referrin
flpgare17°andPe9y 398t eAlg58°TB 12 bRAf g réadtgl§8%9Vo

agPXSHSQt19£e£efpgﬂ&esaé4t@neu£erpk§sﬁetb@zsane in a
e

sired spatial relationship with respect to a
[0@53] encelsushaudd bachndsrgubgdrahét42hél§pm§@de§ﬁs of
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coupled to orientation system 558 using any suitable
means. In the present example, flexure 556 is coupled
to surface 45 employing threaded fasteners (not shown)
located at the four corners 586.

[0054] Referring to Figs. 17 and 19, system 558 is
configured to control movement of template 214 and to
place the same in a desired spatial relationship with
respect to a reference surface, such as substrate 42
disposed on stage 11. To that end, a plurality of
actuators 588, 590 and 592 are connected between outer
frame 562 and inner frame 560 so as to be spaced about
orientation system 558. Each of actuators 588, 590 and
592 has a first end 594 and a second end 596. First end
594 faces outer frame 562, and second end 596 faces away
from outer frame 562.

[0055] Referring to both Figs. 19 and 20, actuators
588, 590 and 592 tilt inner frame 560 with respect to
outer frame 562 by facilitating translational motion of
inner frame 560 along three axes Z;, Z;, and Zs.
Orientation system 558 may provide a range of motion of
approximately + 1.2 mm about axes Z;, Zz, and Zs;. In
this fashion, actuators 588, 590 and 592 cause inner

frame 560 to impart angular motion to both flexure 556



first end 594 and a second end 596. First end 594
faces outer frane 562, and second end from outer frane
562. 596 faces away [0055] Referring to both Figs.19
and 20,

and, therefore, template 214 and body 520, about one or
more of a plurality of axes T;, T, and T3. Specifically,
by decreasing a distance between inner frame 560 and
outer frame 562 along axes Z, and Z3 and increasing a
distance therebetween along axis Z;, angular motion about
tilt axis T, occurs in a first direction.

[0056] Increasing the distance between inner frame
560 and outer frame 562 along axes Z; and Z3 and
decreasing the distance therebetween along axis Zi,
angular motion about tilt axis T, occurs in a second
direction opposite to the first direction. 1In a similar
manner angular movement about axis T; may occur by
varying the distance between inner frame 560 and outer
frame 562 by movement of inner frame 560 along axes Z;
and Z, in the same direction and magnitude while moving
of the inner frame 560 along axis Z3; in a direction
opposite and twice to the movement along axes Z; and Z;.
Similarly, angular movement about axis T3 may occur by
varying the distance between inner frame 560 and outer
frame 562 by movement of inner frame 560 along axes Z;
and Zs; in the same direction and magnitude while moving
of inner frame 560 along axis Z, in direction opposite
and twice to the movement along axes Z; and Zs.
Actuators 588, 590 and 592 may have a maximum
operational force of + 200 N. Orientation System 558
may provide a range of motion of approximately 0.15°
about axes Ti, T2, and Ts.

[0057] Actuators 588, 590 and 592 are selected to

minimize mechanical parts and, therefore, minimize



actuators 588, 590 and 592 tilt inner frame 560 with
respect to outer frame 562 by facilitating
transl ational notion of inner frame 560 al ong three
axes ZlI, Z2, and Z3. Orientation system 558 may
provide a range of notion of approximately 1.2 nmm
about axes ZlI, Z2, and Z3. In this fashion, actuators
588, 590 and 592 cause inneyy frame 560 to inpart °
angul ar notion to both flexure 556 20 and, therefore,
tenpl ate 214 and body 520, about one or nore of a
plurality of axes T1, T2 and T3. S 3CIfI aII . by .
uBEEPBaBERGR ARt SREBLBENREen SFniBL 1 PS QHg which
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novenent al ong axes Zi and Z2. Simlarly, angul ar
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Orientation System 558 nmay provide a range

dmﬁammpuUmb@ﬁtappr@ndnunéw?n GhesmaBodridkes therepy,

p%gglg§ng fine-motion correction of inner frame 560.

[0058] The combination of the inner frame 560, outer
frame 562, flexure ring 564 and actuators 588, 590 and
592 provides angular motion of flexure 556 and,
therefore, body 520 and template 214 about tilt axes Ty,
T, and T;. It is desired, however, that translational
motion be imparted to template 214 along axes that lie
in a plane extending transversely, if not orthogonally,
to axes Zi, Z», and Z3. This is achieved by providing
flexure 556 with the functionality to impart angular
motion upon template 214 about one or more of a
plurality of compliance axes, shown as Cl and C2, which

are spaced-part from tilt axes T;, T, and T3 and exist on



[ 0057] Actuators 588, 590 and 592 are selected to

m ni m ze nechanical parts and, therefore, mnimze 21

uneven nechani cal conpliance, as well as friction,

whi ch may cause particul ates. Exanples of actuators

588, 590 and 592 include voice coil actuators, piezo

actuators, and |linear actuators. An exenplary

enbodi ment for actuators 588, 590 and 592 is avail able o

from BElI Technol ogi es of Sylmar, California under the

trade name LA24-20-000A and are coupled to inner frane
usi_ng sui t abl e_neans

n e. , threaded
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so as to be symetrically di sposed thereabout and
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and the conpliant device are assenbl ed.
substrate 42 from stage 11 upon separation of mold 236
from formation 50. Imprint head 20 applies a sufficient
force to overcome the forces of attraction between mold
236 and formation 50. In the situation in which the
area of mold 236 is substantially co-extensive with the
area of substrate 42, e.g., whole wafer imprinting, the
force required to separate mold 236 from formation 50 is
often much greater than the force of attraction between
substrate 42 and stage 11, e.g., a vacuum or
electrostatic force of attraction between substrate 42
and stage 11. Therefore, it is desirable to reduce the
force applied to template 214 necessary to achieve

separation of mold 236 from formation 50. Specifically,

it is desirable to ensure that the upwardly force



[ 0059] Anot her enbodi nent of the present invention
facilitates separation of nold 236 fromthe solidified
imprinting material which forns, for exanple,

formation 50. This is based upon the finding that
localizing initial separation to a relatively smal

area of the interface betmeen nol d 236 and the
solidified inprinting nate&g reduces the magnitude °
of upwardly forces inparted upon nold 236 by

orientation system 558 necessary to achieve

separation. A desirable result is that the proba%QIL%y
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portion 220 of the surface of template 214 moves



[0062] Referring again to Figs. 21 and 22, a second
portion 220 of the surface of tenplate 214 noves 24
upwardly away from substrate 42, with an apex thereof
bei ng spaced-apart from surface 43 approxi mately
fifteen mcroneters. A segnent of tenplate di sposed

bet ween second portion 220 and nadir portion 219
contacts edge 222 of substrate 42. The Young's nodul us o
associated with tenplate 214 results in a returning
force FRto facilitate returning region 217 to neutra
position Np, wherein undul ati gns shown as nadi

UBBREROH ngyaﬁéo@eéﬁﬁétﬁéFﬁl8ﬁ'aWét§t@Qn&&??dt%§rﬁ8ﬁm
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e mate of tenplate 214 under goi ng novenent
miorpeetienst o A sedneed- ofr tsspdagrdtasposed between

reduced-strain state. [,0063 ferrl to th Fi .
S58ONg o AR i b P Re Rl PR EPa g R 19, Rp el o B
2221c0f suBkEr3d36 pLoxi lTﬁteeY'an@egl B d21Tst @ ssepdhtel

fromsubstrate 42, while segnent 227 functions to
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Specifically, portion 227cont act ed e 222
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separate nold 236 from substrate and prevents
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ude o he "upward forces i mparted upon nol d
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achi eve separation. As a result urning.fo FR
CRESERbRTQFBAFEr FEHaAIERG BanaFPhgiel of MoLd 258

proximate to region 217 to separate from substrate 42,
while segment 227 functions to press substrate 42
downwardly against stage 11, firmly securing the same
together. In this manner, separation mold 236 from
formation 50 occurs by cantilevering template 214 with
respect to substrate 42. Specifically, portion 227
contacts edge 222 of substrate 42 holding the same
against stage 11, which reduces the upwardly force on
template 214 required to separate mold 236 from
substrate and prevents substrate 42 from separating from
stage 11. It can be said, therefore, that returning
force Fr reduces the magnitude of the upwardly forces
imparted upon mold 236 by orientation system 558 that
are necessary to achieve separation. As a result,

returning force Fy must be greater than the adhering



25 force between area 221 and formation 50. The
returning force FRresults in an oblique angle 0 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 forcg FR coupled with the angle o
0, 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

feERBt BEGWERBr 8EFBNT2LeAlEr TROPEEORE of - nol 236t urning
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Fig. 19. [0064]Referring to both Figs. 19 and 25, by
reayPRg att bateor sTREgPasEOPERESEYS ABdergturning force Fr
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50, bef regions proximate to center.axis A_ln this
rﬁﬁhﬂ%rgﬁfeb?oﬁgrBPgﬁn 5°§3§OFW3§18Pe%Pa5%§PI§egl°ns of
nSYANRL 61 §abbysdispensteahouhe¥iFso, abensegueBtictabhy of

separated fromformation 50, e.g., region 221

ngdpaf 36 ebocabadregPshMas, tPhEANFEEI 8H1825 -andyedealiy,

c§00UE8) DO URALT sp00dy BAVCKER 1 Ba i 89LODS 20k, 283
and are radially symetrical 'y disposed about axis

that dsieebpihbeoshapetatenplid 236idlifiks éntierelSy i26on
possi bl e that nold 236 have, a rectangul ar or .squ

tRpapedeAsOf PLEATFCtERE - shAPE SFTREGILEASPEGE ?é&ly
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the shape of perineter 237. As a result, regions of

comt do2B6dt hut opesatbaventr petubthreesB8et SO0 pad Réier
SZB?ﬁarg gg@uefgially separated fromformation 50. It
%%%ulﬂ b hder 5t ood, however, that actuators 588, 590

[0064D92 nrRyfberopgrabedosh &$gk0 ppoduae2s,pegl haging
separation of nold 236 fromformation 50. Thiz na% be
agenpeoBY PYS nov?Rg2nBl 892384608t BRPEPXEMPESaNed i |

sggeafgtg?'mold 236 is separated from formation so that
the last portions thereof proximate to region 221 are
separated from formation 50 before regions proximate to
center axis A. In this manner, regions of mold 236 that
are radially symmetrically disposed about axis A are
sequentially separated from formation 50, e.g., region
221 separates then region 223, then region 225 and etc.
It should be understood, however, that regions 221, 223
and 225 are radially symmetrically disposed about axis
A, due to the shape of mold 236. It is entirely



[0065] Referring to Figs. 21 and 22, another manner to

achi eve localized separation of tenplate 214 would

include form ng arcuate surface 224 of tenplate that

is proximate to nold 236. Specifically, punp system

546 woul d create a pressure in pressurizing chanber

554 sufficient to bow arcuate surface 224 and provi de

the sane with a substantialdg constant radius of °

curvature. The returning force FR woul d i nduce

| ocal i zed separation between nold 236 and formation 50
proxi mate to re as di scussed above
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mgﬂyﬁgah69832362§bout on of tilt axes T;, T, and Ts.
[0065] Referring to Figs. 21 and 22, another manner
to achieve localized separation of template 214 would
include forming arcuate surface 224 of template that is
proximate to mold 236. Specifically, pump system 546
would create a pressure in pressurizing chamber 554
sufficient to bow arcuate surface 224 and provide the
same with a substantially constant radius of curvature.
The returning force Fr would induce localized separation
between mold 236 and formation 50 proximate to region
221, as discussed above. Thereafter, mold 236 may be
separated from formation 50 employing the techniques
discussed above. Forming contoured surface is
particularly advantageous were mold 236 sized so as to
be much smaller than the area of substrate 42, e.g.,
were mold 236 to have an area of 625 square millimeters,
cantilevering would not occur.

[0066] The embodiments of the present invention
described above are exemplary. Many changes and

modifications may be made to the disclosure recited



WHAT IS CLAIMED IS: 1. A nethod for separating a nold,
included in a tenplate, fromsolidified inprinting

mat eri al di sposed on a substrate, said tenplate
including a first side disposed opposite to said nold,
sai d nmet hod conpri si ng: pressurizing a chanber
positioned adjacent to said first side of said

tenpl ate such that pressure-s applied directly to
said first side of said tenplate to deform said

tenpl ate proximate to said nold, wherein defornation
of said tenplate is at a. regiop of said tenplate that
a?ﬁ??0uHH§l§aF@mﬁ6PangnHlagFgrﬁgﬁl8ﬁ ogf 8&i & Eenpl at e
1£GQH£§BH|'e@hQrgééﬁéeo?ekﬂg sHbEhel oAt sheutkeabe,a
returning force that is greater than an adhesion force
tbetwéenesabd $omitdefi bt thpr phovagdsaceiriicando84i d

1ns£ead should be determined with reference to the
appended claims along with their full scope of

equivalents.

o



2. The method as recited in claim21 wherein applying
pressure directly to said first side of said tenplate
provi des a pressure differential between said first

side and said nold. 3. The nmethod as recited in claim
1 wherein applying pressure directly to said first

side of said tenplate further includes generating an
undul ation in said nold of gufficient magnitude to °
contact at | east one edge of substrate. 29 4. The
method as recited in claiml wherein said nold

i ncludes a perineter and further including separating

Wre i ons E£ said _npold, fromsaid solidified inprinting
_Hﬁﬁelﬁaﬂ__aﬂgﬁggéd concentrically with respect to said

perinete}. ag. The nmet hod as recited.in clai

Loher &i MeERA? not & i iR L Perd ’ananEPbﬁgr in a

tLRASL HELNY segueabhally isepar@bt e en@l watldrtin10f disposed
regions of said nold, from . . .
osaialsshbdicirrsgi npse b i riprmlartical larspddng a first side

d§QSSSQ&rEESE£Xté‘%B Eg§8655189 S@BdeﬁEkﬁg eEomprising:
pressurizing a chamber positioned adjacent to

said first side of said template such that pressure
is applied directly to said first side of said
template to deform said template proximate to said
mold, wherein deformation of said template is at a
region of said template that surrounds said mold
and deformation of said template from applied
pressure being sufficient to create a returning
force that is greater than an adhesion force
between said solidified imprinting material and

said mold.

2. The method as recited in claim 1 wherein applying
pressure directly to said first side of said template
provides a pressure differential between said first side

and said mold.

3. The method as recited in claim 1 wherein applying
pressure directly to said first side of said template
further includes generating an undulation in said mold
of sufficient magnitude to contact at least one edge of

substrate.



6. The method as recited in claim21 further including
separating regions of said nold, fromsaid solidified
inmprinting material, that are radially symmetrically

di sposed about an axis passing through a center of

said nold. 7. The nethod as recited in claiml

further including sequentially separating a plurality

of regions of said nold, frgmsaid solidified °
inmprinting material, that are radially symetrically

di sposed about an axis passing through a center of

said nold. 8. The nethod ted I 1
45 ur REF RGP g SpsreRd n r G4 offs ok g mold

lﬁwaaée' d, Sgle'r%nfeht%q | GR&T b dmt ehicakidiby roépdidging
said out an axis that extends transversely to a
ragtnab aﬁfassmdfmmﬁiw Saion ned d S@Oldafﬂ*% HBEP bt ing
as r ted nclajmil mhe ei n for [
nEBRb At e (HOMCDI | Ea° pPOLCUPR f Ao Udds TorReng a° Sid
ég[ﬁgg@rof sai d tenpl ate surroundi ng nDId to have a
constant radi us of curvature.
5. The method as recited in claim 1 wherein said mold
includes a perimeter and further including sequentially
separating a plurality of regions of said mold, from
said solidified imprinting material, disposed

concentrically with respect to said perimeter.

6. The method as recited in claim 1 further including
separating regions of said mold, from said solidified
imprinting material, that are radially symmetrically
disposed about an axis passing through a center of said

mold.

7. The method as recited in claim 1 further including
sequentially separating a plurality of regions of said
mold, from said solidified imprinting material, that are
radially symmetrically disposed about an axis passing

through a center of said mold.

8. The method as recited in claim 1 further including
separating regions of said mold, from said solidified
imprinting material, by rotating said mold about an axis
that extends transversely to a normal of a surface of

said mold.



10. A nmethod for separating a nold, included in a
tenplate, fromsolidified inprinting material disposed
on a substrate, said tenplate including a first side
di sposed opposite to said nold, said nmethod

conpri si ng: pressurizing a chanber positioned
adj acent to said first side of said tenplate such that
pressure is applied directlygto said first side of °

said tenplate to create a deformation in said tenplate
proximate to said nold, wherein deformation of said

tenplate is at a region of said tenplate that ,
9sur r 8BRds BaF¥OHDl FS apFIEicdd S5t esilire StA¥T ci dnt vRerein

a aghet weni for S te an
dggﬁegggno?orggnbg%ﬁégncéiﬁéFgﬁﬁw d?%?gd %%%??ﬁ?ingressure

imafledieal fanuhisai ok nelidfaaadof saidepzmmiatbe pugrensding
of said nmold fromsaid forymation that are _spaced-apart
mpﬁsm%g B&yenét 8?“8‘2“’1&% §39518, Oqflf.uri‘ﬁ‘e Ymethod as

recited in claim 10 wherein applying pressure directly
to said first side of said tenplate to create a ,
18ef oRnaleBhofn SaF d $PpFat ey ncd udks br edtiigidgd 1in a

£BEBIALES difder enbizal; Aetyeen sajdi fir siasd A8 2nd;i sgbded
on a substrate, said template including a first side
disposed opposite to said mold, said method comprising:
pressurizing a chamber positioned adjacent to
said first side of said template such that pressure
is applied directly to said first side of said
template to create a deformation in said template
proximate to said mold, wherein deformation of said
template is at a region of said template that
surrounds said mold, applied pressure sufficient to
create a returning force that is greater than an
adhesion force between said solidified imprinting
material and said mold; and
separating regions of said mold from said
formation that are spaced-apart from a perimeter of

said mold.

11. The method as recited in claim 10 wherein applying
pressure directly to said first side of said template to
create a deformation in said template includes creating
a pressure differential between said first side and said

mold.



31 12. The nethod as recited in claim210 wherein
applying pressure directly to said first side of said
tenplate to create a deformation in said tenplate
further includes generating an undulation in said nold
of sufficient magnitude to contact said substrate.

13. The method as recited in claim 10 wherein
separating regions of saiddgpld fromsaid formation °
further includes sequentially separating a plurality

of regions of said nold disposed concentrically Wi th
respect to said perineter. th d as. recit

d.
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axi s that extends transversely to a normal of a
surface of said nold. 16. The nethod as recited in

16! ai gy, Tv_mr geger atdnge Lyrther i Qféﬂﬁes 1foor ni;pgrain

surface 0 tenpl ate surrounding nold to have a
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14. The method as recited in <claim 10 wherein
separating regions of said mold from said formation
further includes sequentially separating a plurality of
regions of said mold that are radially symmetrically
disposed about an axis passing through a center of said

mold.

15. The method as recited in claim 10 further including
separating regions of said mold by rotating said mold
about an axis that extends transversely to a normal of a

surface of said mold.

16. The method as recited in claim 10 wherein
generating further includes forming a surface of said
template surrounding mold to have a constant radius of

curvature.



separating said nold fromsaid solidified inprinting
materi al by pressurizing a chanber positioned adjacent
to said first side of said tenplate such that pressure
is applied directly to said first side of said

tenplate to create undul ations-in a region of said

tenpl ate that surrounds said nold and creating a space
bet ween said nold and said golidified inprinting °
material. 18. The nmethod as recited in claim17
wherein separating said nold fromsaid solidified

inprinting material furtherincludescreati ngapressure,
L4i {81 METAPY bet YberP A TP F1RGt & dOl4nd SRCAURRAd. 1n 2

cdfp13be, methad asihagicted | MnslaiMdd Waeksiiil disposed
se%aratlng sald nold fromsaid solidified inprinting
omater sabstuetker $atd udesugjerte athagudand unddiasitonside
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method of claim1l, wherein said tenplate is an inprint
l'i thography tenplate. 33 21. The nethod of c¢laim 10,
wher ei n s&fBarafpngt 8aid BRLANBEPAt SPiehsgrdpfy 1ed

tenphﬁﬁginting material by pressurizing a chamber
positioned adjacent to said first side of said
template such that pressure is applied directly to
said first side of said template to create
undulations—in a region of said template that
surrounds said mold and creating a space between

said mold and said solidified imprinting material.

18. The method as recited in claim 17 wherein
separating said mold from said solidified imprinting
material further includes creating a pressure

differential between said first side and said mold.

19. The method as recited in claim 17 wherein
separating said mold from said solidified imprinting
material further includes generating said undulation in
said template to have a sufficient magnitude to contact

at least one edge of substrate.

20. The method of claim 1, wherein said template is an

imprint lithography template.



22. The nethod of claim 17, wherein said tenplate is
an inprint |ithography tenpl ate.

21. The method of claim 10, wherein said template is an

imprint lithography template.

22. The method of claim 17, wherein said template is an

imprint lithography template.



