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(57) ABSTRACT

The present invention relates to maskless photolithography
using a patterned light generator for creating 2-D and 3-D
patterns on objects using photoreactive chemicals. In an
embodiment, the patterned light generator uses a micromirror
array to direct pattern light on a target object. In an alternate
embodiment, the patterned light generator uses a plasma dis-
play device to generate and direct patterned light onto a target
object. Specifically, the invention provides a maskless pho-
tolithography system and method for creating molecular
imprinted array devices, integrated microsensors and fluidic
networks on a substrate, integrated circuits of conducting
polymers, and patterns on substrates using photochemical
vapor deposition. For creating molecular imprinted array
devices, the invention provides a system and method for
applying a photoreactive reagent comprising photopolymer
receptors and extractable target compounds, exposing the
substrate to patterned light to activate the photopolymer to
form molecular imprints of the target compounds corre-
sponding to the pattern of incident light. For creating inte-
grated circuits of conducting polymers, the invention pro-
vides a system and method for applying a photoreactive
conducting polymer reagent to a substrate, exposing the sub-
strate to patterned light to activate the photoreactive conduct-
ing polymer reagent to form integrated circuits corresponding
to the circuit pattern of incident light. In an embodiment the
substrate is a photoreactive conductive polymer. For creating
integrated microsensors and fluidic networks on a substrate,
the invention provides a system and method for applying a
photoreactive sensor creating compound and a photoreactive
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fluid channel creating compound to a substrate, exposing the strate to photoreactive gases and patterned light to deposit
substrate to patterned light to activate the photoreactive com- chemicals on the substrate corresponding to the pattern of
pounds to form microsensor arrays and fluidic networks cor- incident light

responding to the pattern of incident light. For creating pat-
terns on substrates using photochemical vapor deposition, the
invention provides a system and method for exposing a sub- 10 Claims, 9 Drawing Sheets
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MASKLESS PHOTOLITHOGRAPHY FOR
USING PHOTOREACTIVE AGENTS

CROSS-REFERENCE TO A RELATED
APPLICATION

The present application is a continuation application of
U.S. patent application Ser. No. 10/179,078, filed Jun. 25,
2002 now U.S. Pat. No. 7,049,049, which claims the benefit
of'U.S. Provisional Application No. 60/301,218, filed Jun. 27,
2001, both of which are hereby incorporated by reference
herein in their entirety, including any figures, tables, or draw-
ings.

TECHNICAL FIELD

The present invention relates to photolithography systems
and methods, specifically, to maskless photolithography
devices and methods for creating microsensors and fluidic
networks, molecular imprinted arrays, plastic circuits, and
thin film devices.

BACKGROUND ART

Photolithography systems are known in the art that direct
light beams onto a photosensitive surface covered by a mask,
etching a desired pattern on the substrate corresponding to the
void areas of the mask. In mask-based photolithography sys-
tems, the patterns generated are defined by physical masks
placed in the path of light used for photo-activation. While
effective, the use of physical masks in photolithography has
numerous drawbacks, including the cost of fabricating
masks, the time required to produce the sets of masks needed
to fabricate semiconductors, the diffraction effects resulting
from light from a light source being diftracted from opaque
portions of the mask, registration errors during mask align-
ment for multilevel patterns, color centers formed in the mask
substrate, defects in the mask, the necessity for periodic
cleaning and the deterioration of the mask as a consequence
of continuous cleaning.

Maskless photolithography systems are also known in the
art as described in Singh-Gasson, Sangeet et al., Nature Bio-
technology 17, 974-78, 1999. The system described in this
article uses an off-axis light source coupled with a digital
micromirror array to fabricate DNA chips containing probes
for genes or other solid phase combinatorial chemistry to be
performed in high-density microarrays.

A number of patents also exist which relate to maskless
photolithography systems, including U.S. Pat. Nos. 5,870,
176; 6,060,224, 6,177,980, and 6,251,550, all of which are
incorporated herein by reference.

While the previously described maskless photolithography
systems address several of the problems associated with mask
based photolithography systems, such as distortion and uni-
formity of images, problems still arise. Notably, in environ-
ments requiring rapid prototyping and limited production
quantities, the advantages of maskless systems as a result of
efficiencies derived from quantities of scale are not realized.
Further, while maskless photolithography systems disclosed
in the art are directed to semiconductor manufacture, these
prior art systems and methods notably lack reference to other
applications lending themselves to maskless photolithogra-
phy techniques.

Photopolymers that are polymerizable when exposed to
light are known in the art. Photopolymers can be appliedto a
substrate or objects in a liquid or semi-liquid form and then
exposed to light, such as ultraviolet light, to polymerize the

15

20

25

30

40

45

50

2

polymer and create solid coatings or castings. In addition,
conductive photopolymers are known that exhibit electrically
conductive properties, allowing creation of electric circuits
by polymerizing the polymers in circuit layout patterns. How-
ever, conventional methods of photo-polymerization use
physical masks to define areas of polymerization. This mask
based photopolymer process suffers from the disadvantages
of mask-based photolithography methods including the req-
uisite need for many different masks, long lead time for mask
creation, inability to modify masks, and the degradation of
masks used in the manufacturing process.

It is known in the art to create chemical analysis arrays for
gene sequencing using conventional photolithographic meth-
ods. Arrays of closely packed variations of a specific formula,
or molecule, are created on a substrate to allow testing en
masse for compliance with desired design specifications.
Using photolithography methods, different masks are used to
selectively add new molecules to an array of previously
defined samples in a series of sequential exposure steps. How-
ever, because many variations of a basic molecule need to be
synthesized in an array, the number of masks required to
create all the desired variations on the basic molecule may
require up to 100 separate masks per array. Further, the object
is not to produce thousands of arrays, but just a few arrays for
a specific experiment. Thus the conventional mask based
manufacturing techniques are not suited to molecular array
manufacture because of the need for many different masks
and the limited production quantities that prohibitively
impact economic advantages of quantities of scale typically
realized in large production runs that help offset the high cost
of physical mask production.

Photochemical vapor deposition (PCVD) is known in the
art as disclosed in “Dielectric Film Deposition in Low-Pres-
sure Photosynthesized CVD processes and Techniques;” R.
L. Abber, Handbook of Thin Film Deposition Processes and
Techniques, 1988. Typically, PCVD uses photochemical
reactions to transform gaseous molecules, or precursor gases,
into a solid material in the form of'a thin film or powder on the
surface of a substrate. Typically, the process uses ultraviolet
(UV) light as a radiation source to create semiconductor
devices. The process can be adapted for use in creating inte-
grated circuits, opto-electronic devices, microsensors, cata-
lysts, micromachines, fine metal and ceramic powders, and
protective coatings, such as titanium carbide. However, con-
ventional vapor deposition techniques require a high-vacuum
deposition chamber and require heating of the substrate to
enhance the deposition process, thereby limiting the applica-
tion of the process to vacuum resistant and high melting point
substrates.

Accordingly, there is a need in the art for a method and
system for maskless photolithography to create 2-D and 3-D
patterns on objects in a rapid prototyping environment. Spe-
cifically, the method and system need to provide maskless
photolithography system for creating microsensors and flu-
idic networks devices, molecular imprinted arrays, plastic
circuits, and devices using reactive techniques. This system
needs to combine ease of use, reconfigurability, and the abil-
ity to eliminate the need for the use of physical masks in
device manufacturing systems employing photoreactive
agent processes. In summary, the system needs to provide all
the advantages of a maskless photolithography system at a
reasonable cost, and include capabilities tailored to specific
applications.
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SUMMARY OF THE INVENTION

In view of the foregoing deficiencies of the prior art, it is an
object of the present invention to provide a maskless photo-
lithography system for creating 2-D and 3-D patterns in a
rapid prototyping environment using reactive processes.

It is another object of the present invention to provide a
maskless photolithography system and method for creating
molecular imprinted array devices.

It is still another object of the present invention to provide
a maskless photolithography system and method for creating
integrated microsensor and fluidic networks on a substrate.

It is yet another object of the present invention to provide a
maskless photolithography system and method for creating
integrated circuits of conducting polymers.

It is yet another object of the invention to provide a mask-
less photolithography system and method to create patterns
on substrates using a photochemical vapor deposition.

To achieve these objects, a system and method are provided
to create two dimensional and three dimensional structures
using a maskless photolithography system that is directly
reconfigurable and does not require masks, templates or sten-
cils to create each of the planes or layers on a multi layer two
dimensional or three dimensional structure. In an embodi-
ment, the invention uses a micromirror array comprising up to
several million elements to modulate light onto an object that
has photoreactive compounds applied to the exposed surface
or has photoreactive qualities. The desired pattern is designed
and stored using conventional computer aided drawing tech-
niques and is used to control the positioning of the individual
mirrors in the micromirror array to reflect the corresponding
desired pattern. Light impinging on the array is reflected to or
directed away from the object to create light and dark spots on
the substrate according to the pattern. The positioning infor-
mation provided to the micromirror array can be modulated to
cause the individual mirrors to change their angular position
and duration of exposure to reduce the effects of pixelation
and stiction. Alternatively, a plasma display may be used to
generate and direct patterned light on an object, thereby
replacing the micromirror array and separate light source and
associated optics.

In the disclosed embodiments, various chemical solution
application systems are provided and used in conjunction
with patterned light exposure to create the desired objects. In
addition, an alignment fixture, movable in three dimensions,
for mounting of the object is provided. The alignment fixture
allows the affixed substrate to be moved in three dimensions,
providing alignment in two, coplanar dimensions and a third
dimension perpendicular to the two coplanar dimensions. By
providing alignment in the third dimensional direction, the
invention advantageously provides the capability to produce
three dimensional structures on the object.

The advantages of the invention are numerous. One sig-
nificant advantage is the ability to use the invention as a
reconfigurable, rapid prototyping tool for creating two-di-
mensional and three-dimensional micro and macroscopic
objects. Another advantage of the invention is that it provides
the ability to reduce prototyping costs and enable devices to
be fabricated more quickly with less risk. Still another advan-
tage of the current invention is a reduction in cost for proto-
typing activities realized by the elimination of physical
masks. Yet another advantage of the current invention is that
pattern generation can be performed optically without having
to use expensive vacuum systems required by conventional
mask-based photolithography. A particular advantage of the
current invention is the ability to create molecular imprinted
arrays, conductive polymer integrated circuits, and fluidic
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channel and microsensor arrays in a rapid, reconfigurable
process by employing a maskless pattern in conjunction with
conventional reagent application processes. Still yet another
advantage ofthe current invention is the capability of creating
patterns on substrates exposed to patterned light in a vapor
deposition chamber without having to use degradable masks
or high heat conditions. Still another advantage of the current
invention is the ability to create three-dimensional devices
using an alignment stage to selectively expose successive
layers in a substrate. By modulating the movement and dura-
tion of movement of the micromirror arrays, the negative
effects of pixelation and stiction of micromirrors are reduced.

All patents, patent applications, provisional applications,
and publications referred to or cited herein, or from which a
claim for benefit of priority has been made, are incorporated
herein by reference in their entirety to the extent they are not
inconsistent with the explicit teachings of this specification.

Other aspects and advantages of the invention will become
apparent from the following detailed description taken in
conjunction with the accompanying drawings, illustrating, by
way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above recited and
other advantages and objects of the invention are obtained, a
more particular description of the invention briefly described
above will be rendered by reference to specific embodiments
thereof, which are illustrated in the appended drawings.
Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be
considered to be limiting of its scope, the invention will be
described and explained with additional specificity and detail
through the use of the accompanying drawings in which:

FIG. 1A illustrates a maskless photolithography system.

FIG. 1B illustrates a maskless photolithography system
using a plasma display.

FIG. 2 is a flow chart illustrating a maskless photolithog-
raphy method.

FIG. 3 A illustrates a maskless photolithography system for
creating molecular imprinted array devices.

FIG. 3B illustrates a maskless photolithography system for
creating molecular imprinted array devices using a plasma
display.

FIG. 4A illustrates a maskless photolithography system for
creating integrated microsensors and fluidic networks.

FIG. 4B illustrates a maskless photolithography system for
creating integrated microsensors and fluidic networks using a
plasma display.

FIG. 5A illustrates a maskless photolithography system for
creating patterns on substrates using photochemical vapor
deposition.

FIG. 5B illustrates a maskless photolithography system
comprising a plasma display for creating patterns on sub-
strates using photochemical vapor deposition.

It should be understood that in certain situations for rea-
sons of computational efficiency or ease of maintenance, the
ordering and relationships of the blocks of the illustrated flow
charts could be rearranged or re-associated by one skilled in
the art. While the present invention will be described with
reference to the details of the embodiments of the invention
shown in the drawings, these details are not intended to limit
the scope of the invention.
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DETAILED DISCLOSURE OF THE INVENTION

Reference will now be made in detail to the embodiments
consistent with the invention, examples of which are illus-
trated in the accompanying drawings. First, briefly, the inven-
tion is a system and method to create two dimensional and
three dimensional structures using a maskless photolithogra-
phy system that is directly reconfigurable and does not
require masks, templates or stencils to create each of the
planes or layers on a multi layer two dimensional or three
dimensional structure. Specifically, the invention provides a
system and method for creating molecular imprinted arrays,
integrated circuits of conductive polymers, microsensors and
fluidic networks devices, and patterns on substrates using
photochemical vapor deposition techniques.

The invention uses a patterned light generator to create a
patterned light beam corresponding to a desired mask pattern.
Specifically, the invention uses a micromirror array compris-
ing up to several million elements to modulate light onto a
substrate that has photoreactive or photoresist compounds
applied to the exposed surface. The desired pattern is
designed and stored using conventional computer aided
drawing techniques and is used to control the positioning of
the individual mirrors in the micromirror array to reflect the
corresponding desired pattern. Light impinging on the array
is reflected to or directed away from the substrate to create
light and dark spots on the substrate according to the desired
pattern. In addition, an alignment fixture for mounting of the
substrate allows the substrate to be moved in three dimen-
sions, providing alignment in two, coplanar dimensions and
the capability to produce three dimensional structures by
aligning the substrate in a third dimension perpendicular to
the two coplanar dimensions.

1. Maskless Photolithography

Referring now to FIG. 1, a maskless lithography system
includes a light source 10, a removable filter 11, a first lens
system 12, a micromirror array 14, a computer system 16, a
second lens system 18, a substrate 20, mounted on a movable
alignment fixture 22, and an optical viewer 24. A layer of
photoreactive chemicals 21 is disposed on the substrate 20.

As shown, light source 10 provides a beam of collimated
light, or light beam 26, which can be selectively filtered by
inserting or removing filter 11 from light beam 26. Alterna-
tively, or in addition, a filter 11 can be placed in a patterned
light beam 27 reflected from said micromirror array 14. Light
beam 26 is projected upon first lens system 12 and then onto
micromirror array 14, wherein each mirror in the micromirror
array corresponds to a pixel of the mask pattern. Micromirror
array 14 is controlled by computer system 16 over signal
line(s) 15 to reflect light in the patterned light beam 27
according to a desired mask pattern stored in memory.

In addition, computer system 16 can optionally shift the
desired mask pattern in two dimensions to align the pattern
with the substrate 20 mounted on movable alignment fixture
22. Precise pattern alignments are made electronically by
shifting the mask pattern information provided to the micro-
mirror array such that the image reflected to the substrate is
translated to correct for misalignment. For example, if the
mask pattern needs to be shifted to the right one pixel width to
be properly aligned on the substrate, the computer compen-
sates for the misalignment by shifting the mask pattern one
pixel width to the right.

Micromirror array 14 is controlled to modulate the posi-
tioning and duration of exposure of the mirror to prevent
stiction and pixelation. The individual mirrors of micromirror
array 14 are driven to vary their angular orientation with
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respectto on-axis illumination during exposure of a substrate.
After being reflected in a desired pattern from micromirror
array 14, patterned light beam 27 passes through second lens
system 18, and impinges on a layer of photoreactive chemi-
cals 21 applied to substrate 20, thereby creating a pattern on
substrate 20 by producing a reaction between the layer of
photoreactive chemicals 21 and substrate 20. Alternatively, a
photoresist chemical could be applied to substrate 20 to etch
areas of substrate 20 not masked off by the mask pattern
during an exposure.

The mask pattern described above is a programmable mask
pattern generated with the use of computer aided design and
is resident on computer system 16. Accordingly, the mask
pattern to be transferred to the layer of photoreactive chemi-
cals 21 and substrate 20 is a selectively programmable mask
pattern. Thus, with a programmable mask pattern, any portion
of the pattern on the substrate 20 can be manipulated and/or
changed as desired for rendering of desired changes as may be
needed, furthermore, on a significantly reduced cycle time.

Micromirror array 14 described above is a micro mirror
device known in the art. With the micro mirror device, light is
reflected according to a pattern of pixels as controlled accord-
ing to a prescribed pixel/bit mask pattern received from com-
puter system 16. The light reflecting from the micro mirror
device thus contains the desired mask pattern information. A
micro mirror device may include any suitable light valve, for
example, such as that used in projection television systems
and which are commercially available. Light valves are also
referred to as deformable mirror devices or digital mirror
devices (DMD). One example of a DMD is illustrated in U.S.
Pat. No. 5,079,544 and patents referenced therein, in which
the light valve consists of an array of tiny movable mirror-like
pixels for deflecting a beam of light either to a display screen
(ON) oraway from the display optics (OFF). The pixels of the
light valve device are also capable of being switched very
rapidly. Thus, with the use of the light valve, the photolithog-
raphy system of the present disclosure can implement
changes in the mask pattern in a relatively quick manner. The
light valve is used to modulate light in accordance with a
mask pattern information provided by the computer system
16. In addition, the DMD reflects light, thus no appreciable
loss in intensity occurs when the patterned light is projected
upon the desired subject during the photolithographic, pat-
terned light exposure.

The positioning of the individual micromirrors in the
micromirror array can be modulated slightly while positioned
in a desired mask pattern. By slightly changing the position
and duration of exposure of the mirrors while exposing a
substrate, the effects of pixelation on the exposed substrate
and stiction of the mirrors can be reduced. The duty cycle of
the modulation command can be selectively modified to
achieve an optimum ratio between on axis, direct exposure,
and off axis, indirect exposure. As a result, the micromirrors
are constantly moving to prevent stiction, and further allow
integration of inter-pixel exposure areas to provide uniform
coverage of the mask pattern to eliminate pixelation.

Advantageously, images are optionally shifted electroni-
cally to provide fine alignment of the pattern on substrate 20.
The mask pattern is digitally shifted according to alignment
information in one or more directions for achieving a desired
mask alignment on substrate 20. Adjustments in alignment
are carried out electronically in the mask bit pattern informa-
tion provided to the light valve. As a result, fine adjustments
in pattern alignment can be easily accomplished.

Movable alignment fixture 22, in conjunction with optical
viewer 24, provides the capability to initially align substrate
20 under patterned light beam 27 using mechanical alignment
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mechanisms (not shown) to align substrate 20 in three dimen-
sions. The mechanical alignment system may include gears,
pulleys, belts, chains, rods, screws, hydraulics, pneumatics,
piezo motion or combinations thereof as known in the art to
support and move an object in three dimensions. While per-
forming alignment procedures, filter 11 is inserted in light
beam 26 to filter out the wavelengths of light that react with
the layer of photoreactive chemicals 21 on substrate 20. Opti-
cal viewer 24, provides a means to monitor the positioning of
substrate during manual alignment. While providing align-
ment in coplanar first and second dimensions, alignment fix-
ture 22 advantageously provides alignment in a direction
perpendicular to the coplanar first and second dimensions,
allowing fabrication of three dimensional objects. For
example, to gain more control over sidewall profiles or to
produce complicated structures, multiple layers of substrate
20 can be sequentially exposed by aligning substrate 20 in the
third dimension to create three dimensional features. Coupled
with computer controlled alignment of the desired pattern, the
invention provides the capability to quickly manually align
substrate 20 under patterned light beam 27 and allows com-
puter system 16 to automatically finely tune the alignment
before exposing layer of photoreactive chemicals 21 on sub-
strate 20.

In an alternative embodiment shown in FIG. 1B, a plasma
display device 13 can be substituted for the micromirror array
14, light source 10 and associated optics of FIG. 1A. Refer-
ring now to FIG. 1B, an embodiment of the current invention
includes a plasma display device 13, a computer system 16, a
removable filter 11, a lens system 18, a substrate 20, mounted
on a movable alignment fixture 22, and an optical viewer 24.
A layer of photoreactive chemicals 21 is disposed on the
substrate 20. As shown, plasma display device 13 generates a
beam of light, or patterned light beam 27, wherein each pixel
of the plasma display 13 corresponds to a pixel of the mask
pattern. Plasma display device 13 is controlled by computer
system 16 over signal line(s) 15 to generate light according to
a desired mask pattern stored in memory. In addition, com-
puter system 16 can shift the desired mask pattern in two
dimensions to align the pattern with the substrate 20 mounted
on movable alignment fixture 22. Precise pattern alignments
are made by optionally electronically shifting the mask pat-
tern information provided to the plasma display device 13
such that the image directed to the substrate is translated to
correct for misalignment. For example, if the mask pattern
needs to be shifted to the right one pixel width to be properly
aligned on the substrate, the computer compensates for the
misalignment by shifting the mask pattern one pixel width to
the right.

The patterned light beam radiated from plasma display
device 13 can be selectively filtered by inserting or removing
filter 11 from patterned light beam 27. Filtering can take place
at any point along the light beam path to prevent exposure
during alignment. A lens system 18 can collimate and condi-
tion the light beam as desired. After passing through lens
system 18, patterned light beam 27 impinges on a layer of
photoreactive chemicals 21 applied to substrate 20, thereby
creating a pattern on substrate 20 by producing a reaction
between the layer of photoreactive chemicals 21 and substrate
20. Alternatively, a photoresist chemical could be applied to
substrate 20 to etch areas of substrate 20 not masked off by the
mask pattern during an exposure.

Referring now to FIG. 2, a method of using the maskless
photolithography system described above will now be
explained. It should be understood that in certain situations
for reasons of computational efficiency or ease of mainte-
nance, the ordering and relationships of the blocks of the
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illustrated flow charts could be rearranged or re-associated by
one skilled in the art. Starting from step 50, a desired mask
pattern is designed and stored on computer system 16 in step
52. Alternatively, mask pattern designs can be designed on
other computer systems and imported into computer system
16. Next, in step 54, a substrate 20 is placed on alignment
fixture 22 and coated with a layer of photoreactive chemicals
21 in step 56.

Once the substrate is mounted in alignment fixture 22, the
filter 11 is placed in the light beam 26 path according to step
58 to filter the light and prevent exposure of the substrate.
Next, the computer system 16 can then be instructed to pro-
vide the resident mask pattern information to micromirror
array 14 as shown in step 60, and the micromirror array 14
responds by orienting each individual mirror to reflect or
direct light beam 26 away from substrate 20 according to the
desired pattern. Next, alignment of the substrate is enabled by
exciting the light source 10 to provide a light beam in step 62,
projecting light beam 26 through first lens system 12, and
then onto micromirror array 14. In turn, micromirror array 14
reflects light beam 26 through second lens system 18 and onto
layer of photoreactive chemicals 21 and substrate 20.

With the desired pattern projected on substrate 20, align-
ment fixture 22 can be manually aligned in three dimensions
according to step 64 by moving alignment fixture 22 to ensure
that substrate 20 is properly located in patterned light beam
27. Proper alignment is verified by viewing the projected
pattern on substrate 20 through optical viewer 24. Once sub-
strate 20 is manually aligned, alignment information is
optionally provided to computer system 16 and computer
system 16 automatically adjusts the micromirror 14 by shift-
ing the pattern in two dimensions to attain proper alignment in
step 66. Having aligned substrate 20, the layer of photoreac-
tive chemicals 21 on substrate 20 is exposed in step 70 by
removing filter 11 from light beam 26 in step 68 and allowing
the light to cause a reaction between layer of photoreactive
chemicals 21 and substrate 20 for a required reaction time
depending on the photoreactive chemicals used. For example,
using standard Novolac™ positive photoresist, an exposure
time of 60 seconds is used. In an embodiment, during expo-
sure step 70, the angular position of the mirrors in micromir-
ror array 14 is varied slightly according to commands from
computer system 16. For example, when masking a 25 micron
square feature, the angular position of the mirrors in micro-
mirror array 14 might be varied so that the mask effectively
covers an area of 36 microns square, centered on the desired
25 micron square feature. As a further example, the duty cycle
for the angular deflection could be adjusted so that the 25
micron square feature is masked 90% of the total exposure
time and the remaining 11 square micron area is covered 10%
of the total exposure time. By modulating the position and
duration of exposure of the mirrors as described, stiction of
the mirrors is reduced. Further, pixelation effects on the sub-
strate are reduced by providing mask pattern coverage of the
interpixel areas not covered by direct, on axis illumination.

If further exposures are desired in step 72, such as required
when creating three-dimensional objects, the above method is
repeated by returning to step 52 until the desired object is
fabricated. A new digital mask pattern is provided, another
photoreactive coat is applied, and the substrate is realigned
and re-exposed. Once the desired object has been created, the
process ends in step 74.

An example of the current invention using the system and
method described above will now be presented. A maskless
photography system is especially adapted to be an integrated,
reconfigurable, rapid prototyping is described. The system
provides optics, a light source, and integrated electronic com-
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ponents used to directly generate patterns for the exposure of
photoresist and other photoimagable materials. A broadband
spectrum, high intensity white light source provides the expo-
sure energy for the process. This light is then filtered and
optimized for the exposure process, using a variety of inte-
grated optical components. A direct-coupled optical delivery
system ensures efficient transfer of the light energy. Using
proven optical techniques, the projected image is free of
distortion and uniform throughout the exposure area. With the
optimized optical stream, the image is imposed in the light
path, providing the final exposure pattern. This pattern is then
transferred to the substrate surface and used to expose the
photo-sensitive material required in the user’s fabrication
process.

A personal computer is operably connected to a micromir-
ror array to provide mask patterns. The mask patterns are
generated in the computer and then transterred to the micro-
mirror array to provide the optical pattern for exposure. The
pattern is transferred to a substrate and is observed using an
optical microscope. This microscope is used for pattern align-
ment to the substrate. Alignment is controlled through the use
of'a course alignment stage provided by a mechanically mov-
able substrate mounting alignment fixture, combined with a
fine, electronic alignment stage. This fine alignment stage is
computer controlled and aligns the mask pattern reflected
from the micromirror instead of moving the alignment fix-
ture, thereby offering exceptional accuracy and repeatability.
Once alignment is complete, substrate exposure occurs.
Through the use of a step and repeat method, the entire
substrate surface can be exposed and multiple layers can be
created using an alignment stage movable in a direction par-
allel to the light beam.

In addition, according the invention, three-dimensional
patterns can be created using the three dimension alignment
capabilities disclosed above, for example, patterning using
thick photo resist or multi-layer patterning of individual pho-
toresist layers. These techniques can be used to provide either
a photomask for subsequent etching of substrate materials or
if the photopolymer is compatible with the chemistry used in
the device, the fabricated features can be used as part of the
device itself.

The system described above can be adapted for use in novel
environments, advantageously incorporating the disclosed
maskless photolithography system. Specifically, a system and
method of maskless photolithography can be used to create
molecular imprinted array devices, integrated microsensors
and fluidic networks on a substrate, integrated circuits of
conducting polymers, and thin film devices using a chemical
vapor deposition as described below.

II. Maskless Photolithography for Creating Molecular
Imprinted Array Devices.

Referring now to FIG. 3A, an embodiment of the current
invention for creating molecular imprinted array devices is
depicted. In the embodiment, a maskless photolithography
system is combined with a chemical reaction chamber
adapted to sequentially introduce reagents and photoreactive
compounds onto a substrate to create a microsensor array
providing molecular recognition capabilities. Recognition
sites generated on the substrate subject to photoreactive com-
pounds are defined by the patterned light radiated by the
maskless photolithography system.

As shown in FIG. 3A, a maskless lithography system for
creating molecular imprinted array devices includes a light
source 10, a removable filter 11, a first lens system 12, a
micromirror array 14, a computer system 16, a second lens
system 18, and a substrate 20, affixed to a mount 80, in a
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reaction chamber 82, which is in selectable fluid communi-
cation via fluid lines 83 with a plurality of reservoirs 84, 84,
.. . 84, containing reagents, and with a wash solution 86.
According to the present embodiment, the substrate 20 com-
prises a photoreactive compound, such as a photopolymer,
that reacts with light to form patterns on the substrate 20 when
activated by the reagents. In alternative embodiments, a mov-
able alignment fixture 22 upon which the reaction chamber 82
is mounted, and an optical viewer 24 are provided as depicted
in FIG. 1A.

After being reflected in a desired pattern from micromirror
array 14, patterned light beam 27 passes through second lens
system 18, and impinges the substrate 20, thereby creating a
light pattern on the substrate 20 mounted in the reaction
chamber 82. By illuminating the polymer substrate 20, the
patterned light beam 27 activates a reaction between a
reagent, comprising a photoreactive compound, such as a
photopolymer selectively introduced via a fluid line 83, and a
guest molecule introduced by another fluid line 83 on the
substrate 20. The reaction creates receptor (host) sites filled
with guest molecules corresponding to the incident patterned
light beam 27 on the substrate 20. The guest molecules are
then washed or extracted away by selectively providing a
wash solution from the wash bath 86 via the fluid line 83. This
process creates recognition sites that serve as microsensor
sites or recognition systems. In an alternative embodiment,
fluid lines 83 further comprise valves (not shown) operably
connected to the fluid lines 83 for selectively controlling the
application of reagents and wash solution. In a further
embodiment, the valves are controlled by the computer sys-
tem 16 for automatically sequencing the steps of reagent
application, patterned light exposure, and washing.

By sequentially introducing reagents and wash solution via
fluid lines 83, an array of imprinted recognition sites can be
sequentially created on the substrate 20. The recognition sites
created on the substrate 20 act as chemically selective binding
sites which recognize specific molecules, corresponding to
the design of the site, when solutions are applied to the array.
The inventive technique creates plastic receptor sites that can
“grab” specific chemicals and that act as artificial receptors
for the chemicals. When an unknown sample is applied to a
created substrate 20 having imprinted recognition sites, a
transducer, such as a fluorescent dye, can be used to allow
identification of the presence of a targeted chemical in the
unknown sample.

Inan alternate embodiment, a plasma display device 13 can
be substituted for the micromirror array 14, light source 10
and associated optics as previously described and shown in
FIG. 3B. Thus, the light source and patterning system can be
combined in an integrated plasma display device 13 to
directly radiate a patterned light beam 27.

II1. Maskless Photolithography for Creating Integrated Cir-
cuits of Conducting Polymers

Referring again to FIG. 3A, an embodiment of the current
invention for creating integrated circuits of conducting poly-
mers will be described. In an embodiment, a maskless pho-
tolithography system is used to radiate a circuit pattern and
induce polymerization in a polymerizable film according to a
radiated light pattern. In an alternative embodiment, chemical
amplification strategies using a chemical reactor cell, com-
prising reagent reservoirs to allow stepwise introduction of
photoreactive compounds, are used in combination with a
maskless photolithography system to create plastic integrated
circuits. Circuit patterns generated on the substrate by the
photoreactive compounds are defined by the patterned light
radiated by the maskless photolithography system.
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As shown in FIG. 3A, a maskless lithography system for
creating integrated circuits of conducting polymers using
chemical amplification includes a light source 10, a remov-
able filter 11, a first lens system 12, a micromirror array 14, a
computer system 16, a second lens system 18, and a substrate
20, affixed to a mount 80, in a reaction chamber 82, which is
in selectable fluid communication via of fluid lines 83 with a
plurality of reservoirs 84, 84, . . . 84,, containing reagents,
and with a wash bath 86. According to an embodiment, the
substrate 20 comprises a thin film of conductive polymer,
preferably polymerizable under light irradiation, which
reacts with light to form patterns on the substrate 20. Alter-
natively, the polymer is an electrically conductive, photo-
reactive conjugated polymer, such as polyakylthiophene. In
an embodiment using chemical amplification, insoluble
regions are formed on the polymer substrate 20 when acti-
vated by the reagents and exposed to light. In yet other alter-
native embodiments, a movable alignment fixture 22 upon
which the reaction chamber 82 is mounted, and an optical
viewer 24 are provided as depicted in FIG. 1A.

As shown in FIG. 3A, light source 10 provides a beam of
light, or light beam 26, which can be selectively filtered by
inserting or removing filter 11 from light beam 26. Light
beam 26 is projected upon first lens system 12 and then onto
micromirror array 14, wherein each mirror in the micromirror
array corresponds to a pixel of the mask pattern. Micromirror
array 14 is controlled by computer system 16 over signal
line(s) 15 to reflect light according to a desired mask pattern
stored in memory. In addition, computer system 16 can shift
the desired mask pattern in two dimensions to align the pat-
tern with the substrate 20.

After being reflected in a desired pattern from micromirror
array 14, patterned light beam 27 passes through second lens
system 18, and impinges the substrate 20, thereby creating a
light pattern on the substrate 20 mounted in the reaction
chamber 82. By illuminating the substrate 20, the patterned
light beam 27 activates a reaction between a photoreactive
reagent, for example a photoreactive, electrically conductive
polymer, selectively introduced via a fluid line 83 onto the
exposed substrate 20. The reaction creates insoluble regions
of conducting polymers, resulting in photolithography
defined patterns on the substrate 20 corresponding to the
incident patterned light beam 27. The reagent is then washed
or extracted away by selectively providing a wash solution
from the wash bath 86 via the fluid line 83. By sequentially
introducing reagents and wash solution via fluid lines 83, a
plastic circuit is sequentially created on the substrate 20.

In an alternative embodiment, fluid lines 83 further com-
prise valves (not shown) operably connected to the fluid lines
83 for selectively controlling the application of reagents and
wash solution. In a further embodiment, the valves are con-
trolled by the computer system 16 for automatically sequenc-
ing the steps of reagent application, patterned light exposure,
and washing. In yet another embodiment, a plasma display
device 13 can be substituted for the micromirror array 14,
light source 10 and associated optics as previously described
and shown in FIG. 3B. Thus, the light source and patterning
system can be combined in an integrated plasma display
device 13 to directly radiate a patterned light beam 27.

Because the patterned light 27 is computer controlled, the
generated mask patterns can be quickly and easily modified to
allow rapid prototyping of plastic conductors.

IV. Maskless Photolithography for Creating Integrated

Microsensors and Fluidic Networks on a Substrate.
Referring now to FIG. 4A, an embodiment of the current

invention for creating integrated microsensor and fluidic net-
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works on a substrate is depicted. In the embodiment, a mask-
less photolithography system is combined with an automated
chemical delivery system to create a mosaic of microsensor
regions connected to a network of fluid delivery lines to create
microsensor array devices. A chemical dispensing subsystem
is adapted to sequentially introduce photoreactive chemicals
onto a substrate mounted in a reaction chamber to embed fluid
channels and fluid networks in distributed microsensor zones
to create an integrated microsensor on a substrate exposed to
patterned light.

As shown in FIG. 4A, a maskless lithography system for
creating integrated microsensors and fluidic networks on a
substrate using chemical amplification includes a light source
10, aremovable filter 11, a first lens system 12, a micromirror
array 14, a computer system 16, a second lens system 18, and
asubstrate 20, affixed to amount 80, in a reaction chamber 82.
To provide the chemical agents, a plurality of microsensor
creating compounds, such as photoreactive chemical linkers,
are contained in a plurality of microsensor compound reser-
voirs 90,90, .. .90, and a plurality of fluid channel structure
creating compounds, such as photopolymers, are contained in
a plurality of fluid channel compound reservoirs 92,92, . ..
92,. In addition, a wash solution is contained in a wash
reservoir 86. Each reservoir is connected to the reaction
chamber 82 by fluid lines 83 having valves 94 controlled via
avalve controller 96 operably connected to and controlled by
computer system 16 over interface connection 97. According
to an embodiment, a compound is selectively applied to the
substrate 20, the substrate is exposed to patterned light, and
then the substrate 20 is cleaned using a wash solution to allow
additional application of compounds and light exposure.
Molecular microsensor regions are thus created by the pho-
toreactive linkers where illuminated by the patterned light.
Similarly, insoluble fluid channel regions are formed on the
substrate 20 when activated by the photoreactive fluid chan-
nel compounds and exposed to light. The process of photo-
reactive compound application, exposure, and washing is
repeated until the desired microsensor and fluidic channel
network array is created. In alternative embodiments, a mov-
able alignment fixture 22, upon which the reaction chamber
82 is mounted, and an optical viewer 24 are provided as
depicted in FIG. 1A.

As shown in FIG. 4A, light source 10 provides a beam of
light, or light beam 26, which can be selectively filtered by
inserting or removing filter 11 from light beam 26. Light
beam 26 is projected upon first lens system 12 and then onto
micromirror array 14, wherein each mirror in the micromirror
array corresponds to a pixel of the mask pattern. Micromirror
array 14 is controlled by computer system 16 over signal
line(s) 15 to reflect light according to a desired mask pattern
stored in memory. In addition, computer system 16 can shift
the desired mask pattern in two dimensions to align the pat-
tern with the substrate 20.

After being reflected in a desired pattern from micromirror
array 14, patterned light beam 27 passes through second lens
system 18, and impinges the substrate 20, thereby creating a
light pattern on the substrate 20 mounted in the reaction
chamber 82. By illuminating the substrate 20, the patterned
light beam 27 activates a reaction between a compound selec-
tively introduced via a fluid line 83 onto the exposed substrate
20. The reaction creates insoluble regions of polymers, result-
ing in photolithography defined patterns on the substrate 20
corresponding to the incident patterned light beam 27.

The reagent is then washed or extracted away by selec-
tively providing a wash solution from the wash solution res-
ervoir 86 via the fluid line 83. Specifically, microsensors are
created by sequentially introducing compounds from the
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microsensor reservoirs 90,, 90, . .. 90, , and wash solution via
fluid lines 83. Similarly, by sequentially introducing com-
pounds from the fluid channel reservoirs 92,,92,...92,, and
wash solution via fluid lines 83, fluid channels connected to
microsensors on the substrate 20 are created. Because the
patterned light 27 is computer controlled, the generated mask
patterns can be quickly and easily modified to allow rapid
prototyping and creation of integrated microsensors and flu-
idic networks on a substrate.

Inan alternate embodiment, a plasma display device 13 can
be substituted for the micromirror array 14, light source 10
and associated optics as shown in FIG. 4B. Thus, the light
source and patterning system can be combined in an inte-
grated plasma display device 13 to directly radiate a patterned
light beam 27.

In an example, the above described system and method can
be used to create nucleic acid or protein microarrays for
detecting biological organisms or biological conditions. The
nucleic acid or protein microarrays can be used to quickly and
efficiently detect organisms in a clinical or environmental
setting, with the potential for determining the presence of an
organism. As known in the art, gene sequences for the detec-
tion of specific nucleic acid or protein sensor molecules can
be created to aid in the identification of certain proteins or
molecules in a sample. In the present invention, the appropri-
ate probes for identifying organisms are prepared according
to commonly known methods. The probes are then covalently
linked linker chemistries known in the art. For example, the
resulting probe/linker combination is attached to a solid sur-
face using an attaching linker, such as a photo-activated cross-
linking agent.

In a specific example of the above described nucleic acid
microarray, the invention can be used to create nucleic acid
microarrays for detecting pathogenic viruses, such as
enteroviruses. The nucleic acid microarrays can be used to
quickly and efficiently detect pathogenic viruses in a clinical
or environmental setting, with the potential for determining a
pollution level and a presence of dangerous conditions for
human or other life. As known in the art, gene sequences for
the detection of specific nucleic acid molecules can be created
to aid in the identification of certain proteins or molecules in
a sample. In the present invention, the appropriate gene
sequences, or nucleotide probes for identifying enteroviruses
are prepared according to commonly known methods. The
nucleotide probes are then covalently linked to a sulfosuccin-
imidyl (perflouroazidogenzamido) ethyl-1,3 dithiopropi-
onate linker. The resulting probe/linker combination can then
be attached to a solid surface using an attaching linker, such as
aphoto-activated cross-linking agent. In the current example,
a 3-aminopropyltriethoxysiline linker is used to link the
nucleotide-probe to a substrate.

To create the microarray, microsensor regions to detect a
specific molecule are created using a maskless pattern gen-
erator to activate the cross-linking agent in areas correspond-
ing to a desired pattern. A substrate 20 is installed in the
reaction chamber 82 and coated with the 3-aminopropyltriet-
hooxysiline linker from one of the microsensor compound
reservoirs 90. Next, sensor molecule is introduced via another
microsensor compound reservoir 90 and the substrate is
exposed to the patterned light beam 27 to photo-affix the
probes to substrate 20. The probes are spatially arranged on
the substrate, with the wash agents being applied via the wash
reservoir 86 after each probe layer or pattern is affixed. Fluid
channels, connected to the created microsensor regions, are
built up by applying a photoreactive polymer from a fluid
channel reservoir 92 and exposing the fluid photoreactive
polymer coated substrate to the patterned light beam 27 to
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create fluid channels, connecting to the microsensor regions
on the substrate. This process is repeated until the desired
fluid interconnecting channels have been created. If desired,
the substrate can be washed between each application and
exposure of photoreactive polymers or as needed. The
microsensor array chips created using the above described
system and method can be advantageously used to quickly
create arrays to detect biological organisms or conditions.

V. Maskless Photolithography using Chemical Vapor Depo-
sition to Create Devices

Referring now to FIG. 5A, an embodiment of the current
invention for creating thin film devices using chemical vapor
deposition (CVD) techniques is depicted. Photochemical
vapor deposition (PCVD), as known in the art, uses photo-
chemical reactions to transform gaseous molecules, or pre-
cursor gases, into a solid material in the form of a thin film or
powder on the surface of a substrate. The use of optical
enhancement in the PCVD process advantageously allows the
process to be performed at lower temperatures than conven-
tionally required. In the present embodiment, a maskless
photolithography system is combined with a PCVD system to
enhance and control reactions corresponding to patterned
incident light on substrates for fabricating coated objects,
such as thin films. The PCVD process involves direct disas-
sociation of molecules by energetic photons and enhances the
absorption, surface reactions and desorption steps of a con-
ventional CVD process.

As shown in FIG. 5A, a maskless lithography system for
creating thin film devices using PCVD techniques includes a
light source 10, a removable filter 11, a first lens system 12, a
micromirror array 14, a computer system 16, a second lens
system 18, and a substrate 20, affixed to a mount 80, in a
deposition chamber 100. The deposition chamber 100
includes a window 102 for allowing patterned light transmis-
sion to the mounted substrate 20, Alternatively, a heater 104 is
provided to enhance reactions within the deposition chamber
100. In alternative embodiments, a movable alignment fixture
22, upon which the deposition chamber 82 is mounted, and an
optical viewer 24 are provided as depicted in FIG. 1A.

To provide precursor gases for deposition, a plurality of
precursor gas reservoirs 106,, 106, . . . 106,,, are connected to
a mixing chamber 110 by gas lines 108 having gas control
valves 109 to control the flow of gas into the mixing chamber
110. In addition, a flow gas reservoir 112 is connected to the
mixing chamber 110 via a gas line 108, further comprising a
control valve 109. The mixing chamber 110 is connected to
the deposition chamber 100 through an inlet port 114 having
a control valve 109 for introducing gases into the deposition
chamber 100. An outlet port 116 having a valve 109 is also
connected to the deposition chamber 100 to evacuate gases
from the chamber 100. A vacuum system 118 is provided for
this purpose.

As shown in FIG. 5A, light source 10 provides a beam of
light, or light beam 26, which can be selectively filtered by
inserting or removing filter 11 from light beam 26. Light
beam 26 is projected upon first lens system 12 and then onto
micromirror array 14, wherein each mirror in the micromirror
array corresponds to a pixel of the mask pattern. Micromirror
array 14 is controlled by computer system 16 over signal
line(s) 15 to reflect light according to a desired mask pattern
stored in memory. In addition, computer system 16 can shift
the desired mask pattern in two dimensions to align the pat-
tern with the substrate 20.

After being reflected in a desired pattern from micromirror
array 14, patterned light beam 27 passes through second lens
system 18, the window 102 and impinges the substrate 20,
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thereby creating a light pattern on the substrate 20 mounted in
the deposition chamber 100 to cause photoreactive, patterned
deposition in the presence of introduced gases.

Inan alternate embodiment, a plasma display device 13 can
be substituted for the micromirror array 14, light source 10
and associated optics shown in F1G. 4B. Thus, the light source
and patterning system can be combined in an integrated
plasma display device 13 to directly radiate a patterned light
beam 27.

To provide gases for deposition, a desired precursor gas,
stored in one of the gas reservoirs 106, is first introduced and
mixed with the flow gas, stored in the flow gas reservoir 112,
in the mixing chamber 110 by opening the desired valves 109
in the gas lines 108. The mixed gases are then allowed to flow
into the deposition chamber 100 and over the substrate 20 for
photoreactive deposition on the substrate corresponding to
the incident light pattern.

By illuminating the substrate 20, the patterned light beam
27 activates the deposition of the precursor gas introduced in
the deposition chamber 100 to build up layers of deposited
compounds, resulting in photolithography defined patterns
on the substrate 20 corresponding to the incident patterned
light beam 27. Layers of different compounds can be succes-
sively built up by mixing other precursor gases with a flow gas
in the mixing chamber 110 and introducing the mixed gases
into the deposition chamber 100 for photoreactive deposition
on the substrate 20. To enhance the deposition process, a
heater 104 is provided to selectively raise the temperature in
the reaction chamber. In an embodiment, the valves 109 are
controlled by the computer system 16 for automatically
sequencing the steps of releasing precursor and flow gases,
mixing the gases, introducing the gases into the deposition
chamber, exposing the substrate 20 and evacuating the depo-
sition chamber, thereby providing an automated deposition
and exposure system. In addition, the system may be inte-
grated as a batch or semi-continuous operation.

Because the patterned light 27 is computer controlled, the
generated mask patterns can be quickly and easily modified to
allow rapid sequential thin film deposition. For example the
system can be used to produce a variety of films and coatings
of' metals, semiconductors, and compounds in either crystal-
line or vitreous forms having high purity and various desir-
able chemical properties. Alternatively, the present embodi-
ment can be used to produce patterns using photoresist vapor
deposition techniques such as evaporation or sputtering or
other hybrid vapor deposition processes. The system has the
ability to create thin films that have application in a wide
variety of fields and applications, including, but not limited
to, the applications shown in Table 1 below:

TABLE 1
Field Application
Solid State Electronics Polysilicon

Dielectric Silicon Oxide (SiO,)
Silicon Nitride (SiN)
Phosphosilicate Glass (PSG)
Borophosphosilicate Glass (BPSG)
Aluminum (Al)

Gold (Au)

Chromium (Cr)

Copper (Cu)

Nickel (Ni)

Tantalum (Ta)

Platinum (Pt)

Wolfram (W)

Silicon Oxide (SiO,)

Silicon Nitride (SiN)

Metallurgy (including
applications as metal
conductors)

Dielectric Films

10

15

20

25

30

40

45

50

55

60

65
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TABLE 1-continued

Field Application

Optical Interference Filters Tantalum Pentoxide (Ta,O5)
Titanium Dioxide (TiO5)
Anti reflective coatings
Cold light and heat mirrors
Photothermal coatings

Reflectors and Mirrors

Optical Coatings

Furthermore, the maskless photolithography vapor depo-
sition system disclosed can be used to advantageously create
objects for uses in a variety of applications such as computer
disk drives, audio and video tapes, ophthalmic coatings,
reflectors in lighting, decorative coatings, mirrors, architec-
tural glass, flat panel displays, automotive microsensors,
industrial tool hardening, read-write heads, and food packag-
ing.

Based on the foregoing specification, the computer system
of the disclosed invention may be implemented using com-
puter programming or engineering techniques including
computer software, firmware, hardware or any combination
or subset thereof. Any such resulting program, having com-
puter-readable code means, may be embodied or provided
within one or more computer-readable media, thereby mak-
ing a computer program product, i.e., an article of manufac-
ture, according to the invention. The computer readable
media may be, for instance, a fixed (hard) drive, diskette,
optical disk, magnetic tape, semiconductor memory such as
read-only memory (ROM), etc., or any transmitting/receiving
medium such as the Internet or other communication network
or link. The article of manufacture containing the computer
code may be made and/or used by executing the code directly
from one medium, by copying the code from one medium to
another medium, or by transmitting the code over a network.

One skilled in the art of computer science will easily be
able to combine the software as described with appropriate
general purpose or special purpose computer hardware to
create a computer system or computer sub-system embody-
ing the method of the invention. An apparatus for making,
using or selling the invention may be one or more processing
systems including, but not limited to, a central processing unit
(CPU), memory, storage devices, communication links and
devices, servers, /O devices, or any sub-components of one
or more processing systems, including software, firmware,
hardware or any combination or subset thereof, which
embody the invention. User input may be received from the
keyboard, mouse, pen, voice, touch screen, or any other
means by which a human can input data into a computer,
including through other programs such as application pro-
grams.

It should be understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of the claims.

What is claimed is:

1. A maskless photolithography system for creating

molecular imprinted array devices comprising:

a. a computer system for generating mask patterns and
alignment instructions;

b. a maskless patterned light generator, radiating a pat-
terned light beam corresponding to a molecular probe
location, operably connected to and controllable by said
computer system,



US 7,468,238 B2

17

c. areaction chamber for mounting a substrate, comprising
an inner mount for affixing said substrate within said
chamber, so that said substrate is exposed to said pat-
terned light beam;

d. at least one reagent reservoir, fluidically connected to
said reaction chamber to selectively provide a photore-
active reagent to the exposed surface of said substrate
mounted in said reaction chamber, whereby said pat-
terned light beam impinging on said substrate activates
said photoreactive reagent, resulting in creation of pat-
terns on said substrate according to said mask pattern of
said patterned light beam; and

e. at least one wash reservoir, fluidically connected to said
reaction chamber to selectively provide a wash solution
to the exposed surface of said substrate mounted in said
reaction chamber,

wherein said maskless patterned light generator comprises:

a. an array of positionable micromirrors, wherein said
micromirrors reflect light according to said mask pat-
terns provided by said computer system;

b. an optical system for generating, collimating, and direct-
ing a light beam to said micromirror array; and

c. an optical system for further collimating the light beam
reflected from said micromirrors and directing said pat-
terned light beam onto said substrate mounted in said
reaction chamber and to create patterns on said substrate
corresponding to said mask patterns,

further comprising a computer controlled pattern modula-
tion system for varying the angular position and duration
of exposure of said micromirrors when exposing said
substrate, said modulation system altering the position-
ing of said micromirrors in response to instructions pro-
vided by said computer, whereby pixelation and stiction
are reduced, the pixilation being reduced by exposing in
interpixel areas of substrate not exposed by an axis expo-
sure of micromirrors.

2. The system of claim 1, further comprising a manually
controlled alignment fixture for detachably mounting said
reaction chamber, wherein said alignment fixture is movable
in coplanar first and second dimensions, and in a third dimen-
sion direction substantially perpendicular to said first and
second coplanar dimensions and substantially parallel to said
patterned light beam; said fixture providing three dimen-
sional alignment of said reaction chamber to align said sub-
strate mounted therein with respect to said patterned light
beam, wherein said alignment fixture is moved in three
dimensions in response to mechanical alignments directly
provided by a user.

3. The system of claim 1, further comprising a computer
controlled pattern alignment system, for providing electrical
alignment of said patterns in coplanar first and second dimen-
sions, wherein said pattern alignment system adjusts the
alignment of said mask patterns in coplanar first and second
dimensions in response to instructions provided by said com-
puter according to said alignment information, so that said
pattern is shifted in at least one coplanar direction.

4. The system of claim 1, further comprising an optical
viewer to allow optical monitoring of positioning of said
substrate mounted in said reaction chamber by visually veri-
fying that an image projected on said substrate is properly
aligned.

5. The system of claim 1, further comprising an optical
filter, removably mounted in the light beam to selectively
filter light impinging on said substrate to prevent exposure of
said substrate during an alignment procedure.
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6. The system of claim 1, further comprising control valves
to selectively control flow into said reaction chamber from
said reagent and said wash reservoirs.

7. The system of claim 6, further comprising computer
control of said control valves to operate said valves to auto-
matically control flow into said reaction chamber from said
reagent and said wash reservoirs.

8. A method for maskless photolithography for creating
molecular imprinted array devices comprising:

a. receiving mask pattern information corresponding to a

desired pattern to be created on a substrate;

b. generating mask patterns based on received mask pattern

information;

c. providing said mask patterns to a patterned light genera-

tor;

d. generating a patterned light beam;

e. providing a reaction chamber for mounting of said sub-

strate within said reaction chamber;

f. providing a photoreactive reagent comprising molecular

linkers to said reaction chamber to coat said substrate
mounted within said reaction chamber;

g. directing said patterned light beam onto said substrate;
h. exposing said substrate to said patterned light beam; and
i. washing said substrate;

whereby said patterned light beam incident on said photo-
reactive reagent coated substrate creates activated
regions of molecular recognition sites on said substrate
corresponding to said patterned light beam,

wherein generating said patterned light beam further com-
prises:

a. receiving mask patterns by an array of positionable
micromirrors, operably connected to and controllable by
a computer system,

b. generating, collimating, and directing a light beam onto
said micromirror array;

c. positioning said micromirrors to reflect the light beam
from said micromirror array according to said mask
patterns provided by said computer system; and

d. collimating said patterned light beam reflected from said
micromirror array;

whereby the generated light is reflected from said micromir-
rors in said patterned light beam corresponding to said mask
patterns provided by said computer system to expose said
substrate and to create patterns on said substrate correspond-
ing to said mask patterns, further comprising varying the
angular position and duration of exposure of said micromir-
rors when exposing said substrate, whereby pixelation and
stiction are reduced, the pixilation being reduced by exposing
in interpixel areas of substrate not exposed by an axis expo-
sure of micromirrors.

9. The method of claim 8, further comprising:

a. providing selective filtering of the light beam impinging
on said substrate to prevent exposure of said substrate
during an alignment procedure;

b. allowing manual alignment of said substrate under the
light beam by moving said reaction chamber in which
said substrate is mounted in three dimensions, wherein
said substrate, mounted in said reaction chamber, is
moved in coplanar first and second dimensions, and
moved in a third dimension direction substantially per-
pendicular to said first and second coplanar dimensions,
and substantially parallel to the light beam reflected
from said micromirror array;
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c. allowing optical monitoring of positioning of said sub- g. adjusting said micromirror array according to said align-
strate, mounted in said reaction chamber, under the light
beam to visually verify that an image projected on said
substrate is properly aligned;

d. receiving alignment information corresponding to align- 5 h. disabling filtering of the light beam;
ment of a desired mask pattern projected onto a sub- i. exposing said substrate; and
strate;

e. generating alignment instructions based on received
alignment information; . . .

f. providing alignment instructions, based on said align- 10 10- The system accprdlng to clalm.l, wherein the photore-
ment information, to said micromirror array to further active reagent comprises molecular linkers.
align said mask patterns in the coplanar first and second
dimensions; ® ok ok ok

ment instructions by shifting the mask pattern in at least
one of the coplanar first and second dimensions;

j. repeating steps (a-i) to create a desired pattern on said
substrate.
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