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(57) Abstract: A nanoimprint system and methods for separating imprinted sub-
strates with nano-scale patterns from mold for manufacturing. Generally, the system
includes means to create, monitor, and control relative movement between the mold
and substrate for separation. It is capable of controlling where and when the separa-
tion happens and finishes. The relative movement may be generated by motion
stages, springs, stage driven tflexures, inflatable O-rings, gas flow, and other mech-
anical means. It may be monitored by separation force, overhead camera, and vacu-
um/pressures in different area of the system. The relative movement may be any
combination of stages movements and movement sequences. The separation speed,
direction, and force can be well controlled in the system to achieve fast and reliable
separation between mold and substrate, and at the same time maintain the pattern
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shape and details on the consolidated imprint resist.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intemnational application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group I: Claims 1-14 are directed toward a method and systems of separating a mold and an imprinted substrate in imprint lithography.

Group li: Claims 15-29 are directed toward methods and systems of patterning substrates and roller molds with microstructure and
nanostructure patterns in rolier imprint lithograph.

Group Ili: Claims 30-51 are directed toward a method and system for patterning substrate surfaces with microstructure and
nanostructure patterns in step and repeat imprint lithography.

-***.Continued Within the Next Supplemental Page-***-

1. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-14

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

N\
M No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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-***-Continued from Box No. lll: Observations where unity of invention is lacking-

The inventions listed as Groups I-lil do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include a mold holding fixture for holding a mold having a mold surface with nanostructures; a substrate holding fixture for holding a
substrate having a molding surface; a stage assembly having three axis movement, an overhead camera for observation of separation
boundary; and means to divide the chamber into two fluidly separate sub-chambers, each sub-chamber being configured for a separate
controlled sub-chamber environment including a separate pressure and/or vacuum, a separate gas content, and a separate gas flow rate
into and out thereof, which are not present in Groups II-111; the special technical features of Group Il include roller imprint lithography, at
least one of the moldable or the molding surfaces is part of a roller, or at least one backside of the mold and the substrate is contacting a
roller; a ACP head enabling the applying of a pressure on the output of the head; moldable material bath in contact with at least a
section of the substrate, or a roller in contact with the substrate and moldable material; a vapor treatment chamber to coat vapor of
chemicals on a section of the mold or the substrate; rollers to move at least one of substrate and mold; and means to control the
thickness of the moldable materials by contacting and taking away extra materials; coating roller mold with surfactant coating; roll the
mold on the substrate patterned surface with a controlled pressure, so the pattern on the substrate is transferred to the mold surface;
removing the surfactant coating exposed in the air; plating the roller mold with metal; rotating the roller mold to polish its surface so that
the patterns are exposed in the air and the metal surface is smooth; and removing the remaining surfactant and patterns transferred
initially from the substrate; coating the roller surface with photoresist; using projection optics with UV light and photomask to exposure a
line of the resist on the surface of the roller; rotating the roller to next field and run exposure again; keeping rotating and exposure each
time until all required areas on the roller surface are exposed; placing roller into a developer to remove unwanted resists; and etching the
pattern into the roller using a wet etching or a dry etching; and coating the roller surface, the back surface of the substrate, or both with
either glue or a magnetic material, which are not present in Groups | and lll; the special technical features of Group |lIf include step and
repeat imprint lithography; a gantry for holding mold holder; a multi-axis stages; a vibration control table; a robot system with cassettes
for automatically loading and unloading of substrates and molds; a microscopic system for measuring the spatial relation between the
mold and the substrates at multiple locations; a UV exposure light and reflective optics; a mold holder which has center opening and can
change the mold size in the XY plane; and means to press one area of the substrate using the mold at a time, then separate and
continue with other areas; and adjusting the gaps between the mold and the substrate so the moldable surface and molding surface is in
parallel; and approaching the substrate to the mold while aligning them according to the alignment marks on the mold and the substrate,
which are not present in Groups I-Ii.

The common technical features of Groups I-l1l are imprint lithography; holding a mold having a mold surface with nanostructures; a
substrate having a molding surface; contact force sensors positioned for sensing the forces during imprint and separation; a stage
assembly having at least two axis movement; a chamber housing configured enabling the applying of a pressure inside the chamber that
is higher and/or lower than atmospheric pressure; a pressure regulator and a manifold each being fluidly coupled to the chamber for
changing the pressure inside the chamber; a gas reservoir of high pressure, a regulator and piping to allow the high pressure gas; at
least one vacuum pump; and a material dispensing system.

These common technical features are disclosed by US 2011/0180965 A1 Zhang, et al. (hereinafter ‘Zhang'), in view of US
2009/0140445 A1 to Lu, et al. (hereinafter 'Lu’). Zhang discloses imprint lithography (fast nanoscale imprint lithography meeting the
need by industrial for high throughput and overlay accuracy; paragraphs [0003], [0005]); holding a mold having a mold surface with
nanostructures (mold holder 20 with mold 30 installed is loaded into chamber 10 and firmly attached to top plate of the chamber wall,
where the mold has microscale or nanoscale features; figures 1, 2a-d; paragraphs [0003], [0018]); a substrate having a molding surface
(substrate 32 with moldable (deformable) material 35 on its top surface (top surface of substrate) is held against chuck 23; figures 1,
2a-d; paragraphs [0017]- [0018)); a stage assembly having at least two axis movement (XYZ-motion stage assembly 21, leveler 22,
chuck 23 (includes securing of the substrate), substrate 32 is moved up to contact deformed mold 30 at its center maximum deformation
(deforming a portion of the mold); figures 1, 2a-d, 3; paragraphs [0017]-[0019], [0022]); a chamber housing configured enabling the
applying of a pressure inside the chamber that is higher and/or lower than atmospheric pressure (chamber 10 that can achieve vacuum
or pressure inside; figure 1; paragraph [0017]); a pressure regulator and a manifold each being fluidly coupled to the chamber for
changing the pressure inside the chamber; a gas reservoir of high pressure, a regulator and piping to allow the high pressure gas; at
least one vacuum pump (the chamber 10 is connected with pneumatic lines (piping) that independently control pumping or pressurizing
of mold mini-chamber 16 and chamber volume 15, both, therefore can be pumping to vacuum (vacuum pump) and pressurized and a
differential pressure between them can be established (regulator) when desired; figure 1; paragraph {0017}); and a material dispensing
system (the moldable material 35 on substrate 32 could be a continuous film layer of imprinting resist spun on or a plurality of droplets of
imprinting resist dispensed on to achieve desired imprinted patterns; figure 1; paragraph [0017]). Zhang does not disclose contact force
sensors positioned for sensing the forces during imprint and separation. Lu discloses a contact force sensor positioned for sensing a
contact force between the mold surface and the molding surface (imprint head 30 may also provide for contact force F between template
18 and substrate 12, comprising force sensors 74 (a contact force sensor) capable of measuring force F applied by imprint head 30 at
different locations (positioned for sensing a contact force between the mold surface and the molding surface); figures 1, 3A-D, 7-8;
paragraphs [0029], [0048]; claim 7). In order to have improved upon Zhang's high throughput and overlay accuracy (paragraph [0005]),
it would have been obvious to one of ordinary skill in the art at the time of the invention to have applied Lu's contact force sensing
system because, as Lu discloses, low contact force of template to substrate will prevent template damage (paragraph [0058]) while
providing high throughput.

Since the common technical features are previously disclosed by Zhang, in view of Lu, these common features are not special and so
Groups |-l lack unity.
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