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(57) ABSTRACT 

Processes and associated devices for high precision posi 
tioning of a template an substrate during imprint lithography 
includes a calibration system With a course calibration stage 
and a ?ne orientation stage capable of maintaining a uniform 
gap betWeen the template and substrate. The ?ne orientation 
stage includes a pair of ?exure members having ?exure 
joints for motion about a pivot point intersected by ?rst and 
second orientation axes. Actuators lengthen or shorten to 
expand or contract the ?exure members. Separation of the 
template is achieved using a peel-and-pull method that 
avoids destruction of imprinted features from the substrate. 

Course Orient Template and Substrate 
(done periodically) 

l 
Control Spacing between Template and Substrate to 
Create Uniform Gap (may be required for every die) 

l 
Dispense Liquid in Gap (either prior to or 

after creating uniform gap) Jib 
V 

Close Gap and Cure Liquid 
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Separate Template from Substrate 

J7 

PM 
Etch to Remove Residual UV cured material 

formed below Template - (Oxygen Etch Transfer 
Layer if high aspect ratio needed) 
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METHOD OF MANUFACTURING A VACUUM 
CHUCK USED IN IMPRINT LITHOGRAPHY 

CLAIM OF PRIORITY 

[0001] This application claims the bene?t of provisional 
application serial No. 60/162,392 entitled “Method and 
Device for Precise Gap Control and Overlay Alignment 
During Semiconductor Manufacturing” ?led Oct. 29, 1999, 
by Byung J. Choi, Sidlgata V. Sreenivasan, and Steven C. 
Johnson, and US. patent application Ser. No. 09/698,317 
entitled “High Precision Orientation Alignment and Gap 
Control Stages for Imprint Lithography Process” ?eld Oct. 
27, 2000, by Byung J. Choi, Sidlgata V. Sreenivasan, and 
Steven C. Johnson, Which is incorporated by reference 
herein. 

TECHNICAL FIELD 

[0002] The invention relates in general to techniques for 
small device manufacturing and speci?cally, to a system, 
processes and related devices for high precision imprint 
lithography enabling the manufacture of extremely small 
features on a substrate such as a semiconductor Wafer. More 
speci?cally, the invention relates to methods and compo 
nents for the orientation and alignment of a template about 
a substrate as Well as their separation Without destruction of 
imprinted features. 

BACKGROUND OF THE INVENTION 

[0003] Without limiting the invention, its background is 
described in connection With a process for the manufacture 
of sub-100 nm devices using imprint lithography. 

[0004] In manufacturing, lithography techniques that are 
used for large-scale production include photolithography 
and other application oriented lithography techniques such 
as electron beam lithography, ion-beam and x-ray lithogra 
phy, as examples. Imprint lithography is a type of lithogra 
phy that differs from these techniques. Recent research has 
shoWn that imprint lithography techniques can print features 
that are smaller than 50 nm. As such, imprint lithography has 
the potential to replace photolithography as the choice for 
semiconductor manufacturing in the sub-100 nm regime. It 
can also enable cost effective manufacturing of various 
kinds of devices including patterned magnetic media for 
data storage, micro optical devices, MEMS, biological and 
chemical devices, X-ray optical devices, etc. 

[0005] Current research in the area of imprint lithography 
has revealed a need for devices that can perform orientation, 
alignment motions betWeen a template, Which contains the 
imprint image, and a substrate, Which receives the image. Of 
critical importance is the careful and precise control of the 
gap betWeen the template and substrate. To be successful, 
the gap may need to be controlled Within a feW nanometers 
across the imprinting area While, at the same time, relative 
lateral motions betWeen template and substrate must be 
eliminated. This absence of relative motion leads is also 
preferred since it alloWs for a complete separation of the gap 
control problem from the overlay alignment problem. 

[0006] For the speci?c purpose of imprinting, it is neces 
sary to maintain tWo ?at surfaces as close to each other as 
possible and nearly parallel. This requirement is very strin 
gent as compared to other proximity lithography techniques. 
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Speci?cally, an average gap of about 100 nm With a varia 
tion of less than 50 nm across the imprinted area is required 
for the imprint process to be successful at sub-100 nm 
scales. For features that are larger, such as, for example 
MEMS or micro optical devices, the requirement is less 
stringent. Since imprint processes inevitably involve forces 
betWeen the template and the Wafer, it is also desirable to 
maintain the Wafer surface as stationary as possible during 
imprinting and separation processes. Overlay alignment is 
required to accurately align tWo adjacent layers of a device 
that includes multiple lithographically fabricated layers. 
Wafer motion in the x-y plane can cause loss of registration 
for overlay alignment. 

[0007] Prior art references related to orientation and 
motion control include US. Pat. No. 4,098,001 entitled 
“Remote Center Compliance System”, US. Pat. No. 4,202, 
107 entitled “Remote Axis Admittance System”, both by 
Paul C. Watson, and US. Pat. No. 4,355,469 entitled 
“Folded Remote Center Compliant Device” by James L, 
Nevins and Joseph Padavano. These patents relate to ?ne 
decoupled orientation stages suitable for aiding insertion and 
mating maneuvers in robotic machines, docking and assem 
bly equipment. The similarity betWeen these prior art patents 
and the present invention are in the provision for deformable 
components that generate rotational motion about a remote 
center. Such rotational motion is generated, for example, via 
deformations of three cylindrical components that connect 
an operator and a subject in parallel. 

[0008] The prior art patents do not, hoWever, disclose 
designs With the necessary high stiffness to avoid lateral and 
tWisting motions. In fact, such lateral motion is desirable in 
automated assembly to overcome mis-alignments during the 
assembly process. Such motion is highly undesirable in 
imprint lithography since it leads to unWanted overlay errors 
and could lead to shearing of fabricated structures. There 
fore, the kinematic requirements of automated assembly are 
distinct from the requirements of high precision imprint 
lithography. The design shoWn in US. Pat. No. 4,355,469 is 
intended to accommodate larger lateral and rotational error 
than the designs shoWn in the ?rst tWo patents, but this 
design does not have the capability to constraint undesirable 
lateral and tWisting motions for imprint lithography. 

[0009] Another prior art method is disclosed in US. Pat. 
No. 5,772,905 (the ’905 Patent) by Stephen Y. Chou, Which 
describes a lithographic method and apparatus for creating 
ultra-?ne (sub-25 nm) patterns in a thin ?lm coated on a 
substrate, in Which a mold having at least one protruding 
feature is pressed into a thin ?lm carried on a substrate. The 
protruding feature in the mold creates a recess of the thin 
?lm. First, the mold is removed from the ?lm. The thin ?lm 
is then processed such that the thin ?lm in the recess is 
removed exposing the underlying substrate. Thus, the pat 
terns in the mold are replaced in the thin ?lm, completing the 
lithography. The patterns in the thin ?lm Will be, in subse 
quent processes, reproduced in the substrate or in another 
material, Which is added onto the substrate. 

[0010] The process of the ’905 Patent involves the use of 
high pressures and high temperatures to emboss features on 
a material using micro molding. The use of high tempera 
tures and pressures, hoWever, is undesirable in imprint 
lithography since they result in unWanted stresses being 
placed on the device. For example, high temperatures cause 
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variations in the expansion of the template and substrate. 
Since the template and substrate are often made of different 
materials, expansion creates serious layer-to-layer alignment 
problems. To avoid differences in expansion, the same 
material can be used but this limits material choices and 
increases overall costs of fabrication. Ideally, imprint lithog 
raphy could be carried out at room temperatures and loW 
pressures. 

[0011] Moreover, the ’905 Patent provides no details rela 
tive to the actual apparatus or equipment that Would be used 
to achieve the process. In order to implement any imprint 
lithography process in a production setting, a carefully 
designed system must be utiliZed. Thus, a machine that can 
provide robust operation in a production setting is required. 
The ’905 Patent does not teach, suggest or disclose such a 
system or machine. 

[0012] Another issue relates to separation of the template 
from the substrate folloWing imprinting. Typically, due to 
the nearly uniform contact area at the template-to-substrate 
interface, a large separation force is needed to pull the layers 
apart. Such force, hoWever, could lead to shearing and/or 
destruction of the features imprinted on the substrate result 
ing in decreased yields. 

[0013] In short, currently available orientation and overlay 
alignment methods are unsuitable for use With imprint 
lithography. Acoupling betWeen desirable orientation align 
ment and undesirable lateral motions can lead to repeated 
costly overlay alignment errors Whenever orientation adjust 
ments are required prior to printing of a ?eld (a ?eld could 
be for example a 1“ by 1“ region of an 8“ Wafer). 

[0014] Further development of precise stages for robust 
implementation of imprint lithography is required for large 
scale imprint lithography manufacturing. As such, a need 
exists for an improved imprint lithography process. AWay of 
using imprint lithography as a fabrication technique Without 
high pressures and high temperatures Would provide numer 
ous advantages. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is to provide a 
process for imprint lithography for use in cost effective 
commercial fabrication of semiconductor devices and other 
various kinds of devices including patterned magnetic media 
for data storage, micro optical devices, MEMS, biological 
and chemical devices, and X-ray optical devices, etc. 

[0016] Another object of the present invention is to pro 
vide a process for imprint lithography that avoids the use of 
high temperatures and high pressures. 

[0017] Still another object of the present invention is to 
provide a Way of precisely controlling the gap betWeen a 
lithographed template and a substrate on Which desired 
features from the template are to be transferred enabling a 
robust process for all imprint lithography techniques. 

[0018] And still another object of the present invention is 
to provide a Way of separating a template from a substrate 
folloWing imprinting so that the imprinted features remain 
intact, the substrate remains stationary, and the separation 
forces are loW. 

[0019] And yet another object of the present invention is 
to provide a Way of holding a substrate in place during 
imprint lithography. 
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[0020] These and other objects are achieved by the inven 
tion disclosed and claimed herein. The present invention 
provides processes and associated devices that can be used 
to achieve high-precision positioning of a template With 
respect to a substrate suitable for use in an imprint lithog 
raphy process. The invention includes a pre-calibration stage 
that controls coarse orientation betWeen the template and 
substrate Without precise orientation alignment. An orienta 
tion stage provides ?ne orientation alignment of the template 
With respect to the substrate as Well as precise control of the 
gap betWeen the tWo. After imprinting, the template is 
removed from the substrate using a “peel-and-pull” method 
that ensures imprinted features are not sheared or destroyed. 
The peel-and-pull method of the invention is achieved 
Without moving the substrate and Without using large sepa 
ration forces. 

[0021] Accordingly, disclosed in one embodiment is a 
process for imprint lithography. The process comprises the 
steps of orienting a template and a substrate in spaced 
relation to each other so that a gap is created betWeen them. 
Next, the gap is ?lled With a loW viscosity liquid, Which is 
cured to take on the shape of the gap. The template and 
substrate are separated so that a pattern is transferred from 
the template to the substrate leaving desired features on the 
substrate surface. 

[0022] Preferably, the curing step is performed at room 
temperature and loW pressures With the loW viscosity liquid 
dispensed in such a Way that no bubbles are formed Within 
the gap. Orientation is performed so that the gap is approxi 
mately uniform across the template and substrate interface. 
For curing, the loW viscosity liquid is exposed to UV light 
so that the features of the template are preserved in the liquid 
after hardening. Any silicon-based monomer or other UV 
curable organic material can be used for this purpose. 
Further, a transfer layer can be used betWeen said UV 
curable material and the substrate to obtain high aspect ratio 
features. 

[0023] According to the invention, separation of the tem 
plate from the substrate is achieved Without shearing any of 
the desired features from substrate surface. During separa 
tion, the template is “peeled” and “pulled” from the substrate 
in a Way that prevents the features from being destroyed. 

[0024] Also disclosed is a system capable of moving and 
aligning a template With respect to a substrate surface during 
imprint lithography. The system comprises a pre-calibration 
stage for course movement and alignment of a template With 
respect to a substrate so that a gap is created betWeen the 
template and the surface of the substrate. An orientation 
stage is coupled to the pre-calibration stage and con?gured 
for ?ne movement and alignment of the template so that the 
gap is approximately uniform across the template and sub 
strate interface. 

[0025] The orientation stage comprises a ?rst orientation 
sub-stage for moving and aligning the template about a ?rst 
orientation axis and a second orientation sub-stage for 
moving and aligning the template about a second orientation 
axis. The ?rst orientation sub-stage and second orientation 
sub-stage are coupled to each other so that the axes intersect 
at a point and the axes lie on the template-substrate interface. 

[0026] The ?rst orientation sub-stage further comprises a 
?rst ?exure member having ?exible joints for causing the 
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?rst ?exure member to rotate about the ?rst orientation axis. 
Likewise, the second orientation sub-stage further comprises 
a second ?exure member coupled to the ?rst ?exure member 
and having ?exible joints for causing the second ?exure 
member to rotate about the second orientation axis. A 
support can be coupled to the second orientation sub-stage 
for securing the template during imprinting. The action of 
the ?exure joints about the ?rst and second orientation axes 
alloWs ?ne movement and alignment of the template With 
respect to the substrate so that a uniform gap is maintained 
betWeen the template and substrate. 

[0027] In one embodiment, four ?exure joints are used and 
predisposed about the ?rst orientation sub-stage to cause its 
motion about the ?rst orientation axis. Likewise, four ?exure 
joints are used and predisposed about the second orientation 
sub-stage to cause its motion about the second orientation 
axis. The ?exure joints are con?gured in such a Way so as to 
cause the ?rst ?exure member and second ?exure member to 
pivot about a single point lying in a plane containing both 
the ?rst orientation axis and second orientation axis. 

[0028] Further disclosed is an orientation stage for achiev 
ing ?ne movement and alignment of a template With respect 
to a substrate during imprint lithography. The orientation 
stage comprises a ?rst ?exure member With ?rst and second 
arms extending therefrom, each arm including a set of 
?exure joints Which provide pivotal motion of the ?rst 
?exure member about a ?rst orientation axis. A second 
?exure member is provided having third and fourth arms 
extending therefrom, each arm including ?exure joints, 
Which provide pivotal motion of the second ?exure member 
about a second orientation axis. A support is coupled to the 
second ?exure member and adapted for holding a template 
in place during imprinting. The ?rst and second ?exure 
members are further adapted to be joined so that a template 
in the support moves about a point on the template inter 
sected by the ?rst and second orientation axes. 

[0029] Preferably, the ?exure joints of each ?exure mem 
ber are parallel to each other and constructed of a ?exible 
material. In this regard, the arms can be shaped to include a 
?rst notch attached to a corresponding ?exure member and 
a second notch for attachment to a ?xed object With a rigid 
body section extending betWeen the ?rst and second 
notches. 

[0030] For motion and alignment, the orientation stage can 
include actuators in operable contact With the ?exure mem 
bers to cause the support to pivot about a pivot point. The 
actuator can be of the pieZo actuator type capable of being 
shortened and lengthened causing the ?exure joints to rotate. 

[0031] Also disclosed is a vacuum chuck for imprint 
lithography comprising a chuck body With a substantially 
?at upper surface having formations extending therefrom for 
contacting a substrate to be imprinted. A vacuum ?oW 
system is provided and extends through the chuck body to 
the upper surface for creating suction that holds the substrate 
in contact With the formations. The formations can be pins 
or grooves according to various embodiments. The vacuum 
chuck can be manufactured by drilling vacuum ?oW holes 
through an optical ?at. Also, the upper surface of the optical 
?at can be lithographically patterned and subsequently 
etched into the optical ?at to create a desired topography. 

[0032] According to still another aspect of the invention, 
disclosed is a process for separating the template from a 
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substrate to leave desired features substantially undamaged 
on the substrate folloWing imprinting and to lead to loW 
separation forces. The process comprises the steps of apply 
ing a ?rst force to begin a peeling separation of the template 
from the substrate and applying a simultaneous second force 
to achieve a pulling separation of the template from the 
substrate. The ?rst and second forces are applied to prevent 
shearing or destruction of desired features from the substrate 
and to reduce separation forces. 

[0033] A technical advantage of the present invention is 
the achievement of imprint lithography Without high tem 
peratures or high pressures. 

[0034] Another technical advantage of the present inven 
tion is that separation of the template from the substrate is 
achieved Without shearing of imprinted features. 

[0035] Still another technical advantage of the invention is 
reduced manufacturing cycles since course alignment of the 
template is achieved once for each batch of die. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The above objects and advantages, as Well as 
speci?c embodiments are better understood by reference to 
the folloWing detailed description taken in conjunction With 
the appended draWings in Which: 

[0037] FIGS. 1A and 1B shoW undesirable gap betWeen 
a template and a substrate; 

[0038] FIGS. 2A thru 2E illustrate a version of the imprint 
lithography process according to the invention; 

[0039] FIG. 3 is a process How diagram shoWing the 
sequence of steps of the imprint lithography process of 
FIGS. 2A thru 2E; 

[0040] FIG. 4 shoWs an assembly of an orientation align 
ment and gap control system including both a course cali 
bration stage and a ?ne orientation alignment and gap 
control stage according to one embodiment of the invention; 

[0041] 
4; 

[0042] FIGS. 6A and 6B shoW ?rst and second orienta 
tion sub-stages, respectively, in the form of ?rst and second 
?exure members With ?exure joints according to one 
embodiment of the invention; 

[0043] FIG. 7 shoWs the assembled ?ne orientation stage 
With ?rst and second ?exure members coupled to each other 
so that their orientation axes converge on a single pivot 
point; 

[0044] FIG. 8 is an assembly vieW of the course calibra 
tion stage (or pre-calibration stage) coupled to the ?ne 
orientation stage according to one embodiment; 

[0045] FIG. 9 is a simpli?ed diagram of a 4-bar linkage 
illustrating the motion of ?exure joints that result in an 
orientation axis; 

[0046] FIG. 10 illustrates a side vieW of the assembled 
orientation stage With pieZo actuators; 

[0047] FIGS. 11A and 11B illustrate con?gurations for a 
vacuum chuck according to the invention; 

FIG. 5 is an exploded vieW of the system of FIG. 
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[0048] FIG. 12 illustrates the method for manufacturing a 
vacuum chuck of the types illustrated in FIGS. 11A and 
11B; 
[0049] FIGS. 13A, 13B and 13C illustrate use of the ?ne 
orientation stage to separate a template from a substrate 
using the “peel-and-pull” method of the present invention; 
and 

[0050] FIGS. 14A, 14B, and 14C illustrate an alternative 
method of separating a template from a substrate using a 
pieZo actuator. 

[0051] References in the ?gures correspond to those in the 
detailed description unless otherWise indicated. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0052] Without limiting the invention, it is herein 
described in connection With a system, devices, and related 
processes for imprinting very small features (sub-100 
nanometer (nm) range) on a substrate, such as a semicon 
ductor Wafer, using methods of imprint lithography. It 
should be understood that the present invention can have 
application to other tasks such as, for example, the manu 
facture of cost-effective Micro-Electro-Mechanical Systems 
(or MEMS), as Well as various kinds of devices including 
patterned magnetic media for data storage, micro optical 
devices, biological and chemical devices, X-ray optical 
devices, etc. 

[0053] With reference noW to the ?gures and speci?cally 
to FIGS. 1A and 1B, therein are shoWn arrangements of a 
template 12 predisposed With respect to a substrate 20 upon 
Which desired features are to be imprinted using imprint 
lithography. Speci?cally, the template 12 includes a surface 
14 that has been fabricated to take on the shape of desired 
features Which, in turn, are transferred to the substrate 20. 
BetWeen the substrate 20 and the template 12 lies a transfer 
layer 18, Which receives the desired features from the 
template 12 via an imprinted layer 16. As is Well knoWn in 
the art, the transfer layer 18 alloWs one to obtain high aspect 
ratio structures (or features) from loW aspect ratio imprinted 
features. 

[0054] In FIG. 1A, a Wedge shaped imprinted layer 16 
results so that the template 12 is closer to the substrate 20 at 
one end of the imprinted layer 16. FIG. 1B shoWs the 
imprinted layer 16 being too thick. Both of these conditions 
are highly undesirable. The present invention provides a 
system, processes and related devices for eliminating the 
conditions illustrated in FIGS. 1A and 1B as Well as other 
orientation problems associated With prior art lithography 
techniques. 

[0055] Speci?cally, for the purpose of imprint lithography, 
it is necessary to maintain the template 12 and substrate 20 
as close to each other as possible and nearly parallel. This 
requirement is very stringent as compared to other proximity 
lithography techniques such as proximity printing, contact 
printing, and X-ray lithography, as examples. Thus, for 
example, for features that are 100 nm Wide and 100 nm deep, 
an average gap of about 200 nm or less With a variation of 
less than 

[0056] 50 nm across the imprinting area of the substrate 20 
is required for the imprint lithography process to be suc 
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cessful. The present invention provides a Way of controlling 
the spacing betWeen the template 12 and substrate 20 for 
successful imprint lithography given such tight and precise 
gap requirements. 

[0057] FIGS. 2A thru 2E illustrate the process, denoted 
generally as 30, of imprint lithography according to the 
invention. In FIG. 2A, the template 12 is orientated in 
spaced relation to the substrate 20 so that a gap 31 is formed 
in the space separating the template 12 and substrate 20. The 
surface 14 of template 12 is treated With a thin layer 13 that 
loWers the template surface energy and assists in separation 
of the template 12 from the substrate 20. The manner of 
orientation including devices for controlling of the gap 31 
betWeen the template 12 and substrate 20 are discussed 
beloW. Next, in FIG. 2B, the gap 31 is ?lled With a substance 
40 that conforms to the shape of the treated surface 14. 
Essentially, the substance 40 forms the imprinted layer 16 
shoWn in FIGS. 1A and 1B. Preferably, the substance 40 is 
a liquid so that it ?lls the space of gap 31 rather easily 
Without the use of high temperatures and the gap 31 can be 
closed Without requiring high pressures. 

[0058] Acuring agent 32, shoWn in FIG. 2C, is applied to 
the template 12 causing the substance 40 to harden and 
assume the shape of the space de?ned by gap 31 betWeen the 
template 12 and substrate 20. In this Way, desired features 
44, shoWn in FIG. 2D, from the template 12 are transferred 
to the upper surface of the substrate 20. A transfer layer 18 
is provided directly on the upper surface of the substrate 20 
Which facilitates the ampli?cation of features transferred 
from the template 12 onto the substrate 20 to generate high 
aspect ratio features. 

[0059] In FIG. 2D, the template 12 is removed from the 
substrate 20 leaving the desired features 44 thereon. The 
separation of the template 12 from the substrate 20 must be 
done so that desired features 44 remain intact Without 
shearing or tearing from the surface of the substrate 20. The 
present invention provides a method and associated system 
for peeling and pulling (referred to herein as the “peel-and 
pull” method) the template 12 from the substrate 20 folloW 
ing imprinting so the desired features 44 remain intact. 

[0060] Finally, in FIG. 2E, the features 44 transferred 
from the template 12, shoWn in FIG. 2D, to the substrate 20 
are ampli?ed in vertical siZe by the action of the transfer 
layer 18, as is knoWn in the use of bi-layer resist processes. 
The resulting structure can be further processed to complete 
the manufacturing process using Well-knoWn techniques. 
FIG. 3 summariZes the imprint lithography process, denoted 
generally as 50, of the present invention in How chart form. 
Initially, at step 52, course orientation of a template and a 
substrate is performed so that a rough alignment of the 
template and substrate is achieved. The advantage of course 
orientation at step 52 is that it alloWs pre-calibration in a 
manufacturing environment Where numerous devices are to 
be manufactured With ef?ciency and With high production 
yields. For example, Where the substrate comprises one of 
many die on a semiconductor Wafer, course alignment (step 
52) can be performed once on the ?rst die and applied to all 
other dies during a single production run. In this Way, 
production cycle times are reduced and yields are increased. 

[0061] Next, at step 54, the spacing betWeen the template 
and substrate is controlled so that a relatively uniform gap is 
created betWeen the tWo layers permitting the type of precise 
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orientation required for successful imprinting. The present 
invention provides a device and system for achieving the 
type of orientation (both course and ?ne) required at step 54. 
At step 56, a liquid is dispensed into the gap betWeen the 
template and substrate. Preferably, the liquid is a UV curable 
organosilicon solution or other organic liquids that become 
a solid When exposed to UV light. The fact that a liquid is 
used eliminates the need for high temperatures and high 
pressures associated With prior art lithography techniques. 

[0062] At step 58, the gap is closed With ?ne orientation 
of the template about the substrate and the liquid is cured 
resulting in a hardening of the liquid into a form having the 
features of the template. Next, the template is separated from 
the substrate, step 60, resulting in features from the template 
being imprinted or transferred onto the substrate. Finally, the 
structure is etched, step 62, using a preliminary etch to 
remove residual material and a Well-knoWn oxygen etching 
technique to etch the transfer layer. 

[0063] As discussed above, requirements for successful 
imprint lithography include precise alignment and orienta 
tion of the template With respect to the substrate to control 
the gap in betWeen the template and substrate. The present 
invention provides a system capable of achieving precise 
alignment and gap control in a production style fabrication 
process. Essentially, the system of the present invention 
provides a pre-calibration stage for performing a preliminary 
and course alignment operation betWeen the template and 
substrate surface to bring the relative alignment to Within the 
motion range of a ?ne movement orientation stage. This 
pre-calibration stage is required only When a neW template 
is installed into the machine (also sometimes knoWn as a 
stepper) and consists of a base plate, a ?exure component, 
and three micrometers or high resolution actuators that 
interconnect the base plate and the ?exure component. 

[0064] With reference to FIG. 4, therein is shoWn an 
assembly of the system, denoted generally as 100, for 
calibrating and orienting a template, such as template 12, 
shoWn in FIG. 1A, about a substrate to be imprinted, such 
as substrate 20. The system 100 can be utiliZed in a machine, 
such as a stepper, for mass fabrication of devices in a 
production type environment using the imprint lithography 
processes of the present invention. As shoWn, the system 
100 is mounted to a top frame 110 Which provides support 
for a housing 120 Which contains the pre-calibration stage 
for course alignment of a template 150 about a substrate (not 
shoWn in FIG. 4). 

[0065] The housing 120 is seen coupled to a middle frame 
114 With guide shafts 112a and 112b attached to the middle 
frame 114 opposite the housing 120. In one embodiment, 
three (3) guide shafts are used (the back guide shaft is not 
visible in FIG. 4) to provide a support for the housing 120 
as it slides up and doWn during vertical translation of the 
template 150. This up-and-doWn motion of the housing 120 
is facilitated by sliders 116a and 116b Which attach to 
corresponding guide shafts 112a and 112b about the middle 
frame 114. 

[0066] System 100 includes a disk-shaped base plate 122 
attached to the bottom portion of the housing 120 Which, in 
turn, is coupled to a disk-shaped ?exure ring 124 for 
supporting the loWer placed orientation stage comprised of 
?rst ?exure member 126 and second ?exure member 128. 
The operation and con?guration of the ?exure members 126 
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and 128 are discussed in detail beloW. In FIG. 5, the second 
?exure member 128 is seen to include a template support 
130, Which holds the template 150 in place during the 
imprinting process. Typically, the template 150 comprises a 
piece of quartZ With desired features imprinted on it, 
although other template substances may be used according 
to Well-knoWn methods. 

[0067] As shoWn in FIG. 5, three (3) actuators 134a, 134b 
and 134C are ?xed Within the housing 120 and operable 
coupled to the base plate 122 and ?exure ring 124. In 
operation, the actuators 134a, 134b and 134C Would be 
controlled such that motion of the ?exure ring 124 is 
achieved. This alloWs for coarse pre-calibration. The actua 
tors 134a, 134b and 134C can also be high resolution 
actuators Which are equally spaced apart about the housing 
120 permitting the additional functionality of very precise 
translation of the ?exure ring 124 in the vertical direction to 
control the gap accurately. In this Way, the system 100, 
shoWn in FIG. 4, is capable of achieving coarse orientation 
alignment and precise gap control of the template 150 With 
respect to a substrate to be imprinted. 

[0068] The system 100 of the present invention provides a 
mechanism that enables precise control of the template 150 
so that precise orientation alignment is achieved and a 
uniform gap is maintained by the template With respect to a 
substrate surface. Additionally, the system 100 provides a 
Way of separating the template 150 from the surface of the 
substrate folloWing imprinting Without shearing of features 
from the substrate surface. The precise alignment, gap 
control and separation features of the present invention are 
facilitated mainly by the con?guration of the ?rst and second 
?exure members, 126 and 128, respectively. 

[0069] With reference to FIGS. 6A and 6B, therein are 
shoWn the ?rst and second ?exure members, 126 and 128, 
respectively, in more detail. Speci?cally, the ?rst ?exure 
member 126 is seen to include a plurality of ?exure joints 
160 coupled to corresponding rigid bodies 164 and 166 
Which form part of arms 172 and 174 extending from a 
frame 170. The ?exure frame 170 has an opening 182, Which 
permits the penetration of a curing agent, such as UV light, 
to reach the template 150, shoWn in FIG. 5, When held in 
support 130. As shoWn, four (4) ?exure joints 160 provide 
motion of the ?exure member 126 about a ?rst orientation 
axis 180. The frame 170 of the ?rst ?exure member 126 
provides a coupling mechanism for joining With the second 
?exure member 128 as illustrated in FIG. 7. 

[0070] Likewise, the second ?exure member 128, shoWn 
in FIG. 6B, includes a pair of arms 202 and 204 extending 
from a frame 206 and including ?exure joints 162 and 
corresponding rigid bodies 208 and 210 Which are adapted 
to cause motion of the ?exure member 128 about a second 
orientation axis 200. The template support 130 is integrated 
With the frame 206 of the second ?exure member 128 and, 
like frame 170, shoWn in FIG. 6A, has an opening 212 
permitting a curing agent to reach a template 150, shoWn in 
FIG. 5, When held by support 130. 

[0071] In operation, the ?rst ?exure member 126 and 
second ?exure member 128 are joined, as shoWn in FIG. 7, 
to form the orientation stage 250 of the present invention. 
Braces 220 and 222 are provided in order to facilitate joining 
of the tWo pieces such that the ?rst orientation axis 180, 
shoWn in FIG. 6A, and second orientation axis 200, shoWn 








