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& (57) Abstract: A contact lithography system includes a patterning tool (110) having a pattern for transfer to a substrate (130); and at
least one alignment device (140) coupled to the patterning tool (110). The alignment device (140) is configured to measure alignment
between the patterning tool (110) and a substrate (130) for receiving the pattern of the patterning tool (110). A contact lithograpny
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Alignment for Contact Lithography

BACKGROUND

[0001] Contact lithography involves direct contact between a
patterning tool (e.g., a mask, mold, template, etc.) and a substrate on which.
micro-scale and/or nano-scale structures are to be fabricated. Photographic
contact lithography and imprint lithography are two examples of contact
lithography methodologies. in pho{ographic contact lithography, the patterning
tool (i.e., the mask) is aligned with and then brought into contact with the
substrate or with a pattern-receiving layer of the substrate. Some form of light or
radiation is then used to expose those portions of the substrate that are not
covered by the mask so as to transfer the pattern of the mask to the pattern-
receiving layer of the substrate. Similarly, in imprint lithography, the patterning
tool (i.e., the mold) is a!igned with the substrate after which the mold is pressed
into the substrate such that the pattern of the mold is imprinted on, or
impressed into, a receiving surface of the substrate. :

[0002] With either method, alignment between the patterning tool and
the substrate is very irhportant. The method for aligning the patterning tool and
substrate generally involves holding‘the patterning tool a small distance above
the substrate while relative lateral and rotational adjustments (e.g., x-y
translation and/or angular rotation adjustments) are made. Either the patterning
tool or the substrate, or both, may be moved during the prooess of alignment.
The patterning tool is then brought into contact with the substrate to perform the
lithographic patterning.

[0003] With these traditional lithography techniques, there may be
some vibration of the patterning tool' and/or substrate during the alignment
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process. Unfortunétely, such vibration can significantly degrade the accuracy of
the resulting alignment and pattern transfer. Previous systems have
consequently tried expensive mechanical measures to control vibration during
alignment.

[0004]  With certain contact or imprint lithography techniques, the
patterning tool and substrate vibrate together, thereby minimizing any alignment
error caused by vibration. This is because any displacement caused by
vibrations is experienced simuitaneously and equally by both the patterning tool
and the substrate. However, vibrations also affect systems that are used to
measure or verify the alignment between the patterning tool and the substrate.
Additionally, the vibrations experienced by alignment measuring systems are
generally not consistent with the vibrations experienced by the patterning tool
and substrate being measured.

[0005]  Since alignment equipment often experiences vibrations
substantially different from those of the patterning ool and substrate, it
becomes difficult to accurately measure and adjust alignment. For example, a
microscope for detecting the alignment of a patterning tool and substrate .
experiences vibrations different from those experienced by the patterning tool
and substrate. The differential vibrations blur the image captured by the
microscope and conseqdently decrease the sensitivity of alignment
measurements making it difficult to ensure accurate alignment between the
patterning tool and substrate.

SUMMARY

[0006] A contact lithography systém includes a patterning tool having
a pattern for transfer to a substrate; and at least one alignment device coupled.
to the patterning tool. The alignment device is configured to measure alignment
between the patterning tool and a substrate for receiving the pattern of the
pétteming tool. A contact lithography method includes aligning a patterning too!
having a pattern for transfer with a substrate for receiving the pattern of the
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' patterning tool using at least one alignment device coupled to the patterning
tool. .

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings illustrate various embodiments of

the principles being described in this specification and are a part of the
.. specification. The illustrated embodiments are merely examples and do not
limit the scope of the principles de;cribed herein.

[0008] FIG. 1is a schematic side view of a contact lithography
apparatus incorporating an alignment device in a mask, according to one
exemplary embodiment,

[0009] FIG. 2 is a schematic side view of a contact lithography
apparatus employihg an optical alignment device coupled to a mask, according
to one exemplary embodiment.

[0010] FIG. 3A is a schematic side view of a contact lithography
apparatus employing an optical sensor coupled to a mask, according to one
exemplary embodiment. FIG. 3B is a block diagram representing a system for
géthering and processing alignment data, according to one exemplary
embodiment. : ' :

[0011] FIG. 4 is a flowchart illustrating a process of aligning and
patterniné a substrate with a mask, according to one exemplary embodiment.

[0012] Throughout the drawings, identical reference numbers
designate similar, but not necessarily identical, elements.

DETAILED DESCRIPTION

[0013] The present specification describes exempiary methods and
* systems that facilitate alignment of a patterning too! and a substrate for contact

lithography. To improve the accuracy, precision, ‘and vibration tolerance of the
alignment between the patterning tool and substrate, optics and/or sensors are
integrated into the patterning tool.
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[0014] In various embodiments, one or more spacers are employed
between the patterning tool and the substrate to establish a parallel and
proximal alignment therebetween. The parallel and proximal alignment provided
by the spacers is readily maintained during lateral and/or rotational adjustments
between the patterning tool and the substrate to establish a complete, desired
alignment of the tool and the substrate. In other embodiments, the patterning
tool.and substrate may be mechanically coupled without using a spacer.
Rather, the tool and substrate may be in direct contact and so mechanically .
coupled or coupled through a shorter mechanical path by a member other than
a spacer. .

| [0015] In some embodiments, the optics, sensbrs, patterning tools,
the spacers, and the substrate may react to vibration essentially as a single
unit, thus reducing, and in some instances minimizing, differential vibration-
induced alignment errors that are present in conventional contact lithography
systems. According to some embodiments, the parallel and broximal alignment
using spacers may reduce problems of alignment and stability related to
vibration in contact lithbgraphy, while the integrated optics and/or sensors
improve the measurability of the alignment between the patterning tool and the
substrate. '

[0016]  As used herein and in the appended claims, the term
“deformation” refers to both a plastic deformation and an elastic deformation.
As used herein, “plastic deformation” means an essentially non-reversible, non-
recoverable, permanent change in shape in response to an applied force. For
example, a “plastic deformation” includes a deformation resulting from a brittle
fracture ofé material under normal stress (e.g., a cracking or shattering of
glass) as well as plastic deformations that occur during shear stress (e.g.,
bending of steel or molding of clay). Also, as used herein, “elastic deformation”
means a change in shape in response to an applied force where the change in
shape is essentially temporary and/or generally reversible upon removal of the
force. The term “flexure” is considered herein to have the'same meaning as
“deformation,” and the terms are used interchangeably, as are “flex” and
“deform,” "flexible” and “deformable,” and “flexing” and “deforming,” or the like.
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[0017]  As used herein and in the appended claims, the term
“deformation” further generally includes within its scope one-or both of a
passive deformation and an active deformation. Herein, “passive deformation”
refers to deformation that is directly responsive to an applied deforming force or
pressure. For example, essentially any material that can be made to actin a
spring-like manner either by virtue of a material characteristic and/or a physical
configuration or shape may be passively deformable. As used herein, the term
“active deformation” refers to any deformation that may be activated or initiated
in a manner other than by simply applying a deforming force. For example, a
lattice of a piezoelectric material undergoés active deformation upon application
of an electric field thereto independent of any applied deforming force. A
thermoplastic that does not deforfn in response to an applied deforming force
until the thermoplastic is heated to a softening point is another example of
active deformation. ' '

[0018]  Further, as used herein and in the appended claims, the term
“contact lithography” generally reférs to any lithographic methodology that
employs a direct or physical contact between a patterning tool or means for
providing a pattern and a substrate or means for receiving the pattern, including
a substrate having a pattern receiving layer thereon. Specifically, ‘contact
lithography’ as used herein includes, but is not limited to, any form of
photographic contact lithography, X-ray contact lithography, and imprint
lithography.

[0019] As mentioned above, and by way of example, in photographic
contact lithography, a physical contact is established between a patterning tool,
in this case called a photomask, and a photdsensitive resist layer on the
substrate (i.e., the pattern receiving means). During the physical contact, visible
flight, ultraviolet (UV) light, or another form of radiation passing through selected
portions of the photorﬁask exposes the photosensitive resist or photoresist layer
on the substrate. The photoresist layer is then developed to remove portions
that don’t correspond to the pattern. As a result, the pattern of the photomask .
is transferred to the su bétratg. '
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[0020] Inimprint lithography, the patterning tool is a mold that
" transfers a pattern to the substrate through an imprinting process. In some
embodiments, physical contact between the mold and a layer of formable or
imprintable material on the substrate transfers the pattern to the substrate.
Imprint lithography, as well as a variety of applicable imprinting materials, are
described in U.S. Patent 6,294,450 to Chen et al. and U.S. Patent 6,482,742 B1
to Chou, both of which are incorporated herein by reference in their respective
entireties. |

[0021] For simplicity in the following discussion, no distinction is made
between the substrate and any layer or structure on the substrate (e.g., a
photoresist layer or.imbrintable material layer) unless such a distinction is
helpful to the explanation. Consequently, reference herein is generally to the
“substrate” irrespective of whether a resist layer or an imprintable material layer
is or is not employed on the substrate to receive the pattern. One of ordinary
skill in the art will appreciate that a resist or imprintable material layer may
always be employed on the substrate of any contact lithography méthodology
according to the principles being described herein.

[0022] FIG. 1 illustrates a side view of a contact lithography apparatus
(100) according to one exemplary embodiment. The contact Iith;agraphy
apparatus (100) comprises a patterning tool (110), which may be for example a
mold, mask or other patterning tool, and one or more spacers (120). The
contact lithography apparatus (100) imprints or otherwise transfers a pattern
from the patterning tool (110) to a substrate (130). In particular, contact
between the patterning tool (110)and the substrate (130) is employed during
pattern transfer. A patterned area (112) of the patterning tool (110) is brought
into contact with a target portion (132) of the substrate (130) and the desired
pattern is transferred from the patterning tool (1 10) to the target portion (132).

[0023] As used herein, ‘target portion’ or ‘target area’ refers to that
portion of the substrate (1 10) that receives a copy of a patterning tool pattern as
represented by the patterned area (112) of the patterriing tool (110). The target
portion (132) may include a pattern receiving layer such as a photoresist layer
or layer of plastically deformable material specifically configured to receive the
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pattern of the patterning tool (110). In some cases, the target portion (132) may
be heated or otherwise prepared to receive the transferring pattern.

[0024] In.some examples of a contact lithography apparatus (100),

_spacers (120) are located between the patterning tool (110) and the substrate
(130) prior to and during pattern transfer. The spacers (120) provide for and
maintain an essentially parallel and proximal separation between the patterning

.tool (110) and the substrate (130). In order for the patterning tool (110) to
contact the substrate (130) despite the presence of the spacers (120), one or
more of the several elements must deform to allow the desired contact.
Consequently, deformation of one or more of the patterning tool (110), the
spacers (120), and the substrate (130) allows the pétteming tool (110} to
contact the substrate (130) and permits the transfer of the pattern from the tool
(110) to the substrate (130). For Qxample, in some embodiments, one or both
of a flexible pattefning tool (110) and a flexible substrate (130) are émployed.
In other embodiments, deformable (e.g., collapsible) spacers (1 20) are
employed. In yet other embodiménts, a combination of a flexible patterning tool
(110), a flexible substrate and/or deformable spacers (120) are employed. in
some embodiments, rigidity may be provided by a plate or carrier that supports
one or both of the patterning tool (110) and substrate (130) during pattern
transfer. Pattern transfer occurs while the patterning tool (110) and the
substrate (130) are in direct contact as a result of the flexure and/or
deformation of elements of the system.

[0025] in some embodiments, especially where flexure of one or both
of the patterning tool (110) and the substrate (130) is employed, the contact
betweén the tool (110) and substrate (130) may occur between the spacers
(120) or in @ region encompassed or bounded by the spacers (120). For
example, the spacers (120) may be located at a periphery of a patterned region
of the patterning tool (and/or an area to be patterned of the substrate) and the
ﬂexurg of the paﬁeming tool '(1 10) and/or the substrate (130) occu}s within that
periphery. '

[0026] The spacers (120) illustrated in FIG. 1 are outside of the
patterned area (112) of the patterning tool (110). Similarly, the .spacers (120)
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are located outside of the target portion (132) of the substrate (130) as well as
outside the patterned area (112) of the patterning tool (110).

[0027] In some embodiments, for example, when a deformable
spacer or spacers (120) are employed, an essentially non-deformable
patterning tool (110) and/or an essentially non-deformable substrate (130) may

* be used. For example, a semi-rigid or rigid patterning tool (110) that is not
deformed or not intended to be deformed during pattern transfer may be used -
as the patterning tool (110). Furthermore, when using the deformable spacer or
spacers (120), one or more of the spacers (120) may be located within a
broader patterned area or region. For example, the substrate (130) may be a
wafer having a plurality of individual dies or chips defined thereon. The dies

| have respective local patterned areas. In this example, deformable spacers
(120) may be located in spaces or regions between the local patterned areas of
the wafer substrate (130). Spaces or regions betweén local patterned areas
include, but are not limited to, ‘streets’ or ‘saw kerfs’ separating the individual
dies on the wafer substrate (130).

[0028] In éome embodiments, the spacer or spacers (120) are
components separate from either the patterning tool (110) or the substrate
(130). In such embodiments, the spacers (120) are generally positioned,
placed, or otherwise inserted between the patterning tool (1 10) and the
substrate (130) prior to éstablishing contact between the patterning tool (110)
and substrate (130) for the pattern transfer.

[0029] 'In other embodiments, the spacers (120) are formed as an
integral part of one or both of the patterning tool (110) and the substrate (130).
For example, the spacers (120) may be fabricated as extensions of, or an
integral pért of, the patterning tool (110) in some embodiments. In other
embodiments, the spacers (120) may be fabricated as extensions of, or an
integral part of, the substrate (130). In yet other embodiments, some of the
spacers (120) may be formed as an integral part of one or both of the patterning
tool (110) and the substrate (130) while others of the spacers (120) are not
integral to either the patterning tool (110) or the substrate (130).
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[0030] In some embddiments, the spacers (120) that are integral tb
either the patterning tool (110) or the substraté (130) are formed by depaositing
or growing a material layer on a respective surface of either the patterning tool
(110) or the substrate (130). For example, a silicon dioxide (SiO,) layer may be
either grown or deposited on a surface of a silicon (Si) substrate (130).
Selective etching of the deposited or grown SiO; layer may be employed to
define the spacers (120), for example, resembling stand-off posts. In some
embodiments, a uniform height of each of the stand-off post spacers (120) is
established by virtue of a simultaneous growth or deposition of the spacers
(120). For example, forming the spacers (120) simultaneously using an
evaporative material deposition on the substrate (130) surface will generally
result in the spacers (120) having essentially identical heights. Alternatively or
additionally, post-processing of the grown and/or deposited spacers (120) such
as, but not limited to, micro-machining (e.g., chemical-mechanical polishing,
etd.) may be employed to further a'djust spacer height to achieve uniform height
among the spacers. Similar methods may be employed to form the spacers
(1 20) on or as an integral part of the patterning tool (110). .

[0031] In yet other embodiments, the spacers (120) may be"
separafely fabficated and then affixed to one or both of the patterning tool (1 10)
and the substrate (130) using glue, epoxy or other suitable means for joining.
However, whether fabricated as an integral part of, or affixed to, one or both of
the patterning tool (110) or the substrate (1 30), the spacérs (120) are so
fabricated or affixed prior to performing contact lithography.

[0032] Insome embodiments, the deformable spacer (120) may
exhibit one or both of plastic deformation and elastic deformation. For example,
in a plastic deformation of the deformable spacer (120), a deforming force may
essentially crush or smash the spacer (120). After being crushed or smashed,

little or no significant récovery of an original shape of the spacer (120) will result
when the deforming force is removed. In another example, the deformable
spacer (120) may undergo an elastic deformation in response to the deforming
force. During elastic deformation, the spacer (1 20) may bend or collapse but the
spacer (120) will essentially return to its original shape once the force is
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removed. An elastically deforming spacer (120) may comprise a rubber-like
material or spring-like material/structure, for example.

[0033] Invarious embodiments, the deformable spacer (120) provides
one or both of passive deformation and active deformation. A passively
deformable spacer (120) may exhibit one or both of plastic and elastic
deformation. Materials having a spring-like behavior suitable for use as
passively deformable épacers (120) that exhibit efastic deformation include
various elastomeric materials. In particular, the spacers (120) may comprise an
elastomeric material such as, but not limited to, nitrile or natural rubber, silicone
rubber, perfluoroelastomer, fluoroelastomer (e.g., fluorosilicone rubber), buty
rubber (e.g., isobutylene or isoprene rubber), chioroprene rubber (e.g.,
neoprene), ethylene-propylene-diene rubber, polyester, and polystyrene. Non-
elastomeric materials that are formed in a manner that facilitates spring-like
behavior during passive deformation may be employed as well. Examples of
non-elastomeric materials that can be formed into springs for use as the
spacers (120) include metals such as, but not limited to, beryllium copper and

 stainless steel as well as essentially any relatively rigid polymer. In addition,
many conventional semiconductor materials may be micro-machined into
mechanical spring configurations. Examples of such materials include, but are
not limited to, silicon (Si), silicon oxide (SiOy), silicon nitride (SisNy), silicon
carbide (SiC), gallium arsenide (GaAs), and most other conventional
semiconductor materials. Such non-elastomeric materials formed as springs
may be used to produce passively deformable spacers (120) that exhibit one or
both of plastic and elastic deformation depending on the specific shapes and
forces employed.

[0034] In various embodiments, one or both of the patterning tool
(110) and the substrate (130) may be deformable. The deformable patterning
tool (110) and/or the deformable substrate ('1 30) may exhibit one or both of
plastic or elastic deformation. Furthermore, the deformable patterning tool (110)
and/or substrate (130) may prO\}ide one or both of passive or active

. deformation. In some embbdiments, one or both of the patterning tool (110) and
substrate (130) may comprise materials described above with respect to the
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spacer (120) to achieve one or more of elastic, plastic, passive and active
deformation.

[0035] A process and apparatus for contact lithography is further
described in co-pending application 11/203,551 entitled "Contact Lithography
Apparatus, System, and Methods” which is incorporated herein by reference in
its entirety. ‘

[0036] FIG. 1 further illustrates alignment tools integrated with the
patterning tool (110). In the illustrated example, the patterning tool (110)
includes at least one integrated alignment device (140) for measuring alignment
between the pattefning tool (110) and the substrate (130). More specifically,
the alignment device (140) measures alignment between a patterned area (112)
of the patterning tool (110) and a target area (132) of the substrate (130). The
alignment device (140) may extend completely through the patterning tool
(110), partially through the patterning tool (110), be bonded to at least one side
of the patterning tool (110), or be otherwise coupled to the paﬁernihg tool (110).

[0037] According to the exemplary embodiment of FIG. 1, the
alignment device (140) is configured to measure and detect lateral and
rotational alignment. In additional embodiments, the alignment device and/or
one or more additional alignment devices (140) may be configured to measure
tilt, separation distance, or other conditions or relationships between the
patterning tool (110) and/or substrate (130). Alignment devices (140) may
alternately or additionally be integrated into at least one substrate (130) or
spacer (120). '

[0038]  The patterning tool (110), the substrate (130), the target area
(132), and even the alignment device (140) itself may include an alignment
pattern (146) to facilitate alignment. In some exemplary embodiments, at least

~ one alignment device (140) includes an alignment pattem (146) and a substrate
(130) also includes a corresponding alignment ~pattern (146). The alignment
patterns (146) on the alignment device (140) and substrate (130) may be
identical or substantially similar, but are not reqﬁired to be identical or
substantially similar. During the alignment process, the features of the
alignment patterns (146) on a substrate (130) may be correlated with features
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of the alignment patterns (146) on one'or more alignment devices (140). Once
the features of the alignment patterns (146) have been correlated, the
relationships may indicate the accuracy of alignment and may indicate potential
adjustments to improve afignment. Multiple alignment patterns (146) may be

_included on a patterning tool (110), alignment device (140), substrate (130),
and/or target afea (132) and may be located at edges, corners, surfaces, or any
other measurable area. In an embodiment employing an optical sensor or
sensor array, for example, the alignment patterns (146) may be placed so that ’
light reflected from the alignment patterns may be received by the sensor.

[0039] Light, images, electrical signals, or data representative of
detected light may be transmitted from an alignment device (140) in a
patterning tool (110) to a processing subsystem (340, FIG. 3B) external to the
alignment device (140). Since the subsystem (340} for processing the light or
data may be physically distinct from the alignment device (140) capfuring the
light or data, vibrations affecting the processing subsystem (340) will not
degrade the quality of alignment data.

[0040] The alignment device (140) may be positioned at any of a
variety of (obations on the patterning tool (110). For example, in some
embodiments, an alighment device (140) is coupled td the side of the patterning
tool (110) opposite the pattémed area (112). A transparent section of the
patterning tool (110) may then allow light to pass through the patterning tool
(110) enabling the alignment device (140) to measure alignment of the
patterning tool (110) relative to the substrate (130).

[0041]  In some embodiments, at least one alignment device (140) is
an optical device: An optical alignment device (140) may include, but is not

+ limited to, a lens, mirror, optical fiber, filter, light source, waveguide, or other
device for manipulating, generating, or transmitting light. As illustréted in FIG.
2, an alignment device (140) méy include multiple optical devices, such as
lenses and filters, and may transmit an image from a patterning too! (110)
through an optical fiber (200). The light (210) received through the optical fiber
may then be analyzed to measure the accuracy of alignment between a
patterning tool (110) and a substrate (130). In the embodiment of FIG.' 2, light
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may be-transmitted to the alignment device (140) by an external device or
through the optical fiber (200) or light may be generated by the afignment
device (140), for example, such as with a light emitting diode (LED). |

[0042] In other embodiments, the alignment device (140) includes an
optical sensor in addition.to, or instead of, other optical devices. An obtical
sensor may include, but is not limited to, a charge coupled device (CCD),
complementary metal-oxide semiconductor (CMOS) image sensor,
phototransistor, photoresistor, photodiode, or other light sensing device.
According to the exemplary embodiment of FIG. 3A, optical sensors are
incorporated into the élignment devices (140) and electrical signals
representative of images or alignment measurements are transmitted through
wires (300). An optical sensor may include additional devices, merhbers, or
circuitry to enable the sensor to communicate with other alignment devices or
improve output, such as an analog to digitallcon.verter (ADC), ampilifier, memory
device, or processor.

[0043] FIG. 3B iNustrates various components that may be
incorporated into an alignment device (140) and a connection to an external
processing subsystem (340). Optics (310) focus, direct, or filter light to enable
the sensor (320) to measure at least one relationship or condition of interest. In
the embodiment of FIG. 3B, the sensor (320) represents the information of
interest as an electrical signal. The signal is amplified with an amplifier (330)
and sent to a processing subsystem (340) which is not coupled to the patterning
tool (110). By

[0044]  The processing subsystem (340) receives alignment data in
the form of light (See the example of FIG. 2), electrical signals (See the
example of FIG. 3A), or other méansi The processing subsystem (340) may
then compare the data received to expected or desired measurements to
determine the current status of alignment. After interpreting the received data,
the processing subsystem (340) may then determine adjustments to improve
alignment and fransmit them to other components of the alignment system. As -
alignment adjustments are made, the alignment devices (140) and processing
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subsystem (340) may provide accurate and timely feedback to control the
alignment process. . ]

[0045] The elements illustrated in FIG. 3B are intended to be only
exemplary. Many embodiments méy omit components or include additional
components. '

[0046] Additional non-optical devices and sensors may be
incorporated into an alignment device (140) to measure alignment and facilitate
alignment adjustment, including micro electro-mechanical systems (MEMS), '
mechanical devices, capacitive sensors, pressure sensors, or other devices.

[0047] FIG. 4 is a flowchart illustrating a method for aligning a
patterning tool and substrate in a contact lithography system, according to at
least one exemplary embodiment.

[0048] First, spacers are placed between the patterniﬁg tooland .
substrate (step 400). As described above, the spacers may be separate from
or integral with either the patterning tool, the substrate or both. Because the
spacers are in contact with the patterning tool and substrate, any vibrations in
the syétem will tend to displace the patterning tool, spacer, and substrate as a
single unit. The use of spacers ensures that the patterning tool and substrate
are maintained in the same relative positions, i.e., parallel and proximal to each
other, unless adjustments to the alignment are being made. Additionally,
coarse alignment between a patterning tool and substrate may be performed -
along with the placement of spacers. This step may include orienting a
patterning tool and substrate substantially parallel and proximal to each other
with initial lateral and/or rotational alignment. Step 400 may use alignment
indicators and mechanisms other than the alignment patterns (146) and
alignment devices (140) of FIGS. 1 — 3. In one embodiment, coarse alignment
may facilitate the accurate positioning of spacers between a patterning tool and
a substrate to be patterned. .

[0049] Once the patterning tool, substrate, and spacers are placed,
alighment data is received from at least one alignment device coupled to the
patterning tool (step 410). As described above, this data may be transmitted in



WO 2008/013798 PCT/US2007/016621
15

a variety of forms and may be processed and utilized by one or more
subsystems.

[0050] . Next, latéral adjustment (step 420) and rotational'adjustment
(step '430) are performed. Steps 420 and 430 can be performed sequentially,
simultaneously, or in reversed order and may be performed repeatedly for

| incremental alignment adjustments. Alignment adjustments may be made by
moving the substrate or patterning tool or both. According to one exemplary
embodiment, the alignment data received during step 410 may be used to
determine the type and degree of lateral and rotational adjustments made
during steps 420 and 430.

[0051] Steps 410 through 430 may be repeated a set number of times
or until a condition or misalignment tolerance is reached. Alignment data
received may serve as feedback data to control the alignment process. Also,
step 410 may be performed concurrently with steps 420 and 430, which may
reduce the time required for alignment or increase the precision and accuracy
of the alignment process.

[0052]  After alignment has reached an acceptable tolerance, at least
one pattern is fransferred from the patterning tool to the substrate (step 440).
In imprint lithography, contact of the patterned area with the target area forms
the pattern on the substrate. According to one exemplary embodiment, the
pattern transfer step includes heating, cooling, applying pressure, or otherwise
manipulating a substrate to receive a pattern. In contact photolithography,
pattern transfer (step 450) may include exposure fo light or other radiation for a
period of time to develop a pattern on the target area.

[0053] The above steps may then be repeated for another substrate
or for a different target area of the same substrate. Additionally, subsequent
layers of the same target area may be patterhed with additional patterning tools
using the above process, although additional steps may be performed before
the above prodess is repeated. '

[0054] The preceding description has been presented only to illustrate
and describe examples of the principles discovered by the applicants. This
description is not intended to tge exhaustive or to limit these principles to any
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precise form or example disclosed. Many modifications and variations are

possible in light of the above teaching.
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CLAIMS
WHAT IS CLAIMED iS:
1. A contact lithagraphy system comprising:

a patterning tool (110) having a pattern for transfer to a substrate (130);
and

at least one alignment device (140) coupled to said patterning too! (110),

wherein said alignment device (140) is configured to measure alignment
between said patterning tool (110) and a sdbstrate (130) for receiving said
pattern of said patterning tool (110).

2.  The system of claim 1, comprising at least one spacer (120)
disposed between the patterning tool (110) and a substrate (130) being
patterned.

3. The system of claim 1, wherein said spacer (120) is integrated

with said patterning tool (110).

4. The system of ¢claim 1, further comprising at least one alignment
pattern (146) integrated into said patterning tool (110).

5. The system of claim 1, wherein said alignment device (140)
optically measures said alignment.

6. The system of claim 1, wherein said alignment device (140) is
communicatively coupled to a processing subsystem (340) separate from said
‘patterning tool (110) and substrate (130).

7. The system of claim 1, wherein said alignment device (140)
includes a charge coupled device.
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8. The system of claim 1, wherein said alignment device (140)
includes a complementary metal-oxide semiconductor sensor.

9. The system of claim 1, wherein said alignment device (140)
includes a light source.

10.  The system of claim 1, wherein said alignment device (140) is
positioned on an opposite side of said patterning tool (110) from said substrate
(130), said patterning tool (110) comprising a tranéparent potion through which
said alignment device (140) Qetermines alignment with said substrate (130).

11. A contact lithography method comprising aligning a patterning tool
(110) having a pattern for transfer with a substrate (130) for receiving said
pattel;n of said patterning tool (110) using at least one alignment device (140)
coupled to said patterning tool (110).

12.  The method of claim 11, further comprising mechanically coupling
said patterning tool (110) and said substrate (130) with at least one spacer
(120) disposed between the patterning tool (110) and substrate (130).

13.  The method of claim 11, further comprising comparing an
alignment pattern (146) of said patterning tool (110) with an alignment pattern
(146) of said substrate (130) using said alignment device (140) to determined
alignment.

14. A confact lithography apparatus (100) comprising:

means for providing a pattern;

means for receiving the pattern;

means for measuring at Iéast one relationship between said means for
providing a pattern and said means for receiving the pattern, wherein said
means for measuring is integrated with said means for providing a pattern.
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15.  The system of claim 14, further comprising means for adjusting at
least one positional relationship between said means for providing a pattern and

said means for receiving the pattern.
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