US 20130330721A1

a2y Patent Application Publication (o) Pub. No.: US 2013/0330721 Al

a9 United States

Tang et al.

43) Pub. Date: Dec. 12,2013

(54) POLYMER MICROFILTRATION DEVICES,
METHODS OF MANUFACTURING THE
SAME AND THE USES OF THE
MICROFILTRATION DEVICES

(71) Applicant: Creatv Micro Tech, Inc., Potomac, MD
(US)

(72) Inventors: Cha-Mei Tang, Potomac, MD (US);
Yungqi Zhang, Gaithersburg, MD (US)

(73) Assignee: Creatv MicroTech, Inc., Potomac, MD
(US)

(21) Appl. No.: 13/854,003

(22) Filed: Mar. 29,2013

Related U.S. Application Data

(63) Continuation-in-part of application No. PCT/US11/
30966, filed on Apr. 1, 2011, Continuation-in-part of
application No. PCT/US12/66390, filed on Nov. 21,
2012.

(60) Provisional application No. 61/562,404, filed on Now.
21, 2011, provisional application No. 61/618,641,
filed on Mar. 30, 2012, provisional application No.
61/654,636, filed on Jun. 1, 2012.

Publication Classification

(51) Int.CL
GOIN 1/40 (2006.01)
BOID 29/00 (2006.01)
(52) US.CL
CPC oo GOIN 1/4005 (2013.01); BOID 29/00
(2013.01)
USPC .......... 435/6.11; 210/490; 210/767; 29/428;

435/287.1, 435/7.1; 435/34; 435/39; 435/325

(57) ABSTRACT

A microfilter comprising a polymer layer formed from photo-
definable dry film, and a plurality of apertures each extending
through the polymer layer. A microfilter comprising two or
more polymer layers formed from photo-definable dry film,
and a plurality of apertures or open areas each extending
through the polymer layer. Methods of forming apertures in
one or more layers of photo-definable dry film are also dis-
closed. Filter holder designs and methods appropriate to hold
microfilters to collect the rare cells and to perform of assays in
the filter holder are provided. Microfiltration chip designs and
methods appropriate to collect the rare cells and to perform
assays in the microfluidic chips are provided. The invention
also describes the use of the microfilter, filter holder and
microfilter chips to collect rare cells from body fluids and
perform assays, and these rare cells can be used for medical
and biological research applications.
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POLYMER MICROFILTRATION DEVICES,
METHODS OF MANUFACTURING THE
SAME AND THE USES OF THE
MICROFILTRATION DEVICES

CROSS-REFERENCE TO RELATED

APPLICATIONS
[0001] This is a continuation in part of prior application
titled, “POLYMER MICROFILTRATION DEVICES,

METHODS OF MANUFACTURING THE SAME AND
THE USES OF THE MICROFILTRATION DEVICES”,
PCT/US12/66390 filed on Nov. 21, 2012, which claims pri-
ority from and incorporates by reference the entire contents of
three prior U.S. Provisional Patent Applications (1) “POLY-
MER MICROFILTRATION DEVICES, METHODS OF
MANUFACTURING THE SAME AND THE USES OF
THE MICROFILTRATION DEVICES” No. 61/562,404
filed Nov. 21, 2011, (2) “POLYMER MICROFILTRATION
DEVICES, METHODS OF MANUFACTURING THE
SAME AND THE USES OF THE MICROFILTRATION
DEVICES” No. 61/618,641 filed Mar. 30, 2012, (3) “POLY-
MER MICROFILTRATION DEVICES, METHODS OF
MANUFACTURING THE SAME AND THE USES OF
THE MICROFILTRATION DEVICES” No. 61/654,636
filed Jun. 1, 2012, and which is a continuation in part of prior
application titled, “POLYMER MICROFILTERS AND
METHODS OF MANUFACTURING THE SAME”, PCT/
US11/30966 filed on Apr. 1, 2011, the contents of all of which
are hereby incorporated by reference herein.

[0002] This application also claims priority to prior appli-
cation titled, “POLYMER MICROFILTRATION DEVICES,
METHODS OF MANUFACTURING THE SAME AND
THE USES OF THE MICROFILTRATION DEVICES”,
U.S. Provisional Patent Application No. 61/618,641 filed
Mar. 30, 2012, the contents of which are hereby incorporated
by reference herein.

[0003] This application also claims priority to prior appli-
cation titled, “POLYMER MICROFILTRATION DEVICES,
METHODS OF MANUFACTURING THE SAME AND
THE USES OF THE MICROFILTRATION DEVICES”,
U.S. Provisional Patent Application No. 61/654,636 filed Jun.
1, 2012, the contents of which are hereby incorporated by
reference herein.

BACKGROUND
[0004] 1. Field of the Invention
[0005] The present invention relates generally to microfil-

tration devices, that contain polymer microfilters, methods of
manufacturing the same, methods to use the microfiltration
device, and applications of the devices.

[0006] 2. Related Art

[0007] Some medical conditions may be diagnosed by
detecting the presence of certain types of cells in bodily fluid.
In particular, cells indicative or characteristic of certain medi-
cal conditions may be larger and/or less flexible than other
cells found in certain bodily fluids. Accordingly, by collecting
such larger and/or less flexible cells from a liquid sample of a
bodily fluid, it may be possible to diagnose a medical condi-
tion based on the cells collected.

[0008] Cells larger and/or less flexible than other cells
present in a bodily fluid may be collected by filtering the
bodily fluid. For example, targeted cells indicative of a con-
dition may be collected by passing a bodily fluid through a
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filter having openings that are too small for the target cells to
pass through, but large enough for other cells to pass through.
Once collected, any number of analyses of the target cells
may be performed. Such analyses may include, for example,
identifying, counting, characterizing, and/or culturing the
collected cells.

[0009] It is desirable for microfilters to have precise pore
dimensions, not break during use, and not be autofluorescent
for fluorescent microscope imaging. Conventionally, micro-
filters are installed in a microfiltration device and liquid
samples processed to collect cells based on size on the micro-
filter.

SUMMARY

[0010] In one aspect of the present invention, a microfilter
is disclosed. According to an exemplary embodiment, a
microfilter comprises a polymer layer formed from epoxy-
based photo-definable dry film, and a plurality of apertures
each extending through the polymer layer.

[0011] In another aspect of the present invention, multi-
layer microfilters are disclosed. According to an exemplary
embodiment, a microfilter comprises a first polymer layer
formed from epoxy-based photo-definable dry film and hav-
ing a first aperture extending therethrough, and a second
polymer layer formed from epoxy-based photo-definable dry
film and having a second aperture extending therethrough,
wherein the first and second apertures at least partially define
a non-linear passage extending through the first and second
layers.

[0012] In yet another aspect of the present invention, a
method of manufacturing a microfilter is disclosed. Accord-
ing to an exemplary embodiment, a method comprises pro-
viding a first layer of epoxy-based photo-definable dry film
disposed on a substrate, exposing the first layer to energy
through a mask to form a pattern, defined by the mask, in the
first layer of dry film, forming, from the exposed first layer of
dry film, a polymer layer having a plurality of apertures
extending therethrough, the plurality of apertures having a
distribution defined by the pattern, and removing the polymer
layer from the substrate.

[0013] In yet another aspect of the present invention, a
method of forming a multi-layer microfilter is disclosed.
According to an exemplary embodiment, a method comprises
forming a first polymer layer comprising a plurality of first
apertures from a first layer of epoxy-based photo-definable
dry film disposed on a substrate, laminating a second layer of
epoxy-based photo-definable dry film on the first polymer
layer, and forming a second polymer layer comprising a plu-
rality of second apertures from the second layer of dry film.
[0014] Inone aspect of the present invention, filter holders
to hold the microfilter are disclosed. According to an exem-
plary embodiment, filter holders are designed to keep the
filter flat and fixed in place, allowing the implementation of
various assay steps with ease.

[0015] In yet another aspect of the present invention, a
method of using a microfilter is disclosed. According to an
exemplary embodiment, a method comprises passing a liquid
through a plurality of apertures of a microfilter formed from
an epoxy-based photo-definable dry film, wherein the micro-
filter has sufficient strength and flexibility to filter the liquid,
and wherein the apertures are sized to allow passage of a first
type of bodily fluid cell and to prevent passage of a second
type of bodily fluid cell. An exemplary implementation
includes application of a negative pressure using either
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vacuum or filter holder connect to syringe(s), which can be
performed manually, semi-manually using a syringe pump, or
automated.

[0016] In an exemplary implementation, filters can be
coated with analyte recognition reagents to capture cells of
interest from the body fluids.

[0017] In yet another exemplary implementations of
embodiments of the present invention, methods to collect
liquid sample and shipping the filtered liquid sample using
the microfilter inside the filter holder are also described.
[0018] Inyet other exemplary implementations of embodi-
ments of the present invention, methods of using the micro-
filters to perform assays are disclosed. Exemplary embodi-
ment of the present invention provide methods to isolate cells,
methods to recover the cells from the microfilter by back-
washing using the filter holder, and methods to perform assay
inside the filter holder.

[0019] Inyetanother aspect of the present invention, exem-
plary embodiments provide microfiltration chips comprising
microfilters.

[0020] Inyetanother aspect of the present invention, exem-
plary embodiments provide methods to perform filtration
comprising using the microfilter and microfiltration chips.
[0021] Inyetanother aspect of the present invention, exem-
plary medical applications of the assays are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A more complete appreciation of the present inven-
tion and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood by
reference to the following detailed description when consid-
ered in connection with the accompanying drawings,
wherein:

[0023] FIGS. 1A-1E are cross-sectional views illustrating
multiple stages in a process for manufacturing a microfilter in
accordance with exemplary embodiments of the present
invention;

[0024] FIG. 2A is a flowchart illustrating a process for
manufacturing a microfilter in accordance with exemplary
embodiments of the present invention;

[0025] FIG. 2B is a flowchart illustrating a process for
forming a microfilter from an exposed dry film in the process
illustrated in FIG. 2 A, in accordance with exemplary embodi-
ments of the present invention;

[0026] FIGS. 3A-3E are cross-sectional views illustrating
multiple stages in a process for manufacturing a microfilter
120 in accordance with exemplary embodiments of the
present invention;

[0027] FIGS. 4A-4D are cross-sectional views illustrating
multiple stages in a process for manufacturing a microfilter in
accordance with exemplary embodiments of the present
invention;

[0028] FIGS. 5A-5D are cross-sectional views illustrating
multiple stages in a process for manufacturing a plurality of
microfilters from a plurality of layers of epoxy-based photo-
definable dry film in accordance with exemplary embodi-
ments of the present invention;

[0029] FIGS. 6A and 6B are cross-sectional views illustrat-
ing multiple stages in a process for attaching dry film struc-
tures to a support using an electrostatic chuck apparatus in a
process for forming microfilters in accordance with exem-
plary embodiments of the present invention;

[0030] FIGS.7A and 7B are cross-sectional views illustrat-
ing multiple stages in a process for manufacturing microfil-
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ters from a roll of a dry film structure in accordance with
exemplary embodiments of the present invention;

[0031] FIGS. 8A and 8B are cross-sectional views illustrat-
ing multiple stages in a process for manufacturing microfil-
ters from a plurality of rolls of dry film structures in accor-
dance with exemplary embodiments of the present invention;
[0032] FIGS. 9A-9D are partial top views illustrating vari-
ous microfilters aperture distributions in accordance with
exemplary embodiments of the present invention;

[0033] FIGS. 10A-10E are cross-sectional views illustrat-
ing microfilters having various thicknesses and various aper-
ture shapes, sizes and distributions in accordance with exem-
plary embodiments of the present invention;

[0034] FIG. 11 is a flow chart illustrating a process 1300 for
manufacturing a multi-layer microfilter in accordance with
exemplary embodiments of the present invention;

[0035] FIGS. 12A-12K are cross-sectional views illustrat-
ing multiple stages in a process for manufacturing a multi-
layer microfilter in accordance with exemplary embodiments
of the present invention;

[0036] FIG. 12L is a top view of multi-layer microfilter in
accordance with exemplary embodiments of the present
invention;

[0037] FIGS. 13A and 13B are top views illustrating mul-
tiple stages in the process of FIG. 11;

[0038] FIGS. 14A and 14B are cross-sectional views of a
multi-layer microfilter 1420 in accordance with exemplary
embodiments of the present invention.

[0039] FIG. 14C is a top view of a multi-layer microfilter
1420 of FIGS. 14A and 14B;

[0040] FIG. 15 is a cross-sectional view of a microfiltration
structure including a microfilter and a support structure in
accordance with exemplary embodiments of the present
invention.

[0041] FIG. 16A is a cross-sectional view of a microfiltra-
tion structure including pores in the microfilter and posts
above the microfilter in accordance with exemplary embodi-
ments of the present invention.

[0042] FIG. 16B is a top view of a microfiltration structure
including pores in the microfilter and posts above the micro-
filter in accordance with exemplary embodiments of the
present invention.

[0043] FIG. 16C is a top view of a microfiltration structure
including rectangular pores in the microfilter and posts above
the microfilter in accordance with exemplary embodiments of
the present invention.

[0044] FIGS. 16D and 16E are side views of another micro-
filter according to an exemplary embodiment of the present
invention made by two layers of material with different pat-
terns in each layer.

[0045] FIG. 16F is the top view of the microfilter according
to an exemplary embodiment of the present invention made
by two layers of material with different patterns in each layer.
[0046] FIGS.16G and16H areside views of another micro-
filter according to an exemplary embodiment of the present
invention made by two layers of material with different pat-
terns in each layer.

[0047] FIGS.161and 16] are side views of a device accord-
ing to an exemplary embodiment of the present invention with
many wells suitable for many assays made by two layers of
material with opening on the top layer and solid bottom layer.
[0048] FIGS. 17A-17E are top views of a device according
to an exemplary implementation of an embodiment of the
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present invention where different layers when stacked
together form a microfiltration chip with one inlet and one
outlet.

[0049] FIGS. 18A-18E are top views of a device according
to another exemplary implementation of an embodiment of
the present invention where different layers when stacked
together form another microfiltration chip with one inlet and
one outlet.

[0050] FIGS.19A-19E are top views of a device according
to yet another exemplary implementation of an embodiment
of the present invention where different layers when stacked
together form another microfiltration chip with one inlet and
one outlet.

[0051] FIGS. 20A-20E are top views of a device according
to yet another exemplary implementation of an embodiment
of the present invention where different layers when stacked
together form another microfiltration chip with one inlet and
two outlets.

[0052] FIGS. 21A-21G are top views of a device according
to yet another exemplary implementation of an embodiment
of the present invention where different layers when stacked
together form another microfiltration chip with one inlet and
one outlet.

[0053] FIG. 22 shows an exemplary implementation of an
embodiment of the present invention where a microfilter in a
filter holder capturing large particulates from the liquid as it
flows through the microfilter.

[0054] FIG. 23 shows a cross-sectional view of an exem-
plary implementation of an embodiment of the present inven-
tion including the microfiltration chip with one inlet and one
outlet. The microfilter in microfiltration chip capturing large
particulates from the liquid as it flows through the microfilter.
[0055] FIG. 24 shows a cross-sectional view of another
exemplary implementation of an embodiment of the present
invention including the microfiltration chip with one inlet and
one outlet, where the microfilter has posts disposed above the
pores. The microfilter in microfiltration chip capturing large
particulates from the liquid as it flows through the microfilter.

[0056] FIG. 25 shows cross-sectional view of an exemplary
implementation of an embodiment of the present invention
including the microfiltration chip with one inlet and two
outlets.

[0057] FIG. 26 shows an exemplary implementation of an
embodiment of the present invention including two microfil-
ters in a filter holder capturing large particulates from the
liquid as it flows through the microfilter on the first microfilter
and collect smaller particulated from the liquid on the second
microfilter.

[0058] FIG. 27 is a cross-sectional views of coated planar
microfilters in accordance with exemplary embodiments of
the present invention;

[0059] FIG. 28 is a cross-sectional views of coated struc-
tured microfilters in accordance with exemplary embodi-
ments of the present invention;

[0060] FIG. 29 illustrate an example of lithographically
fabricated microfilter according to an exemplary embodiment
of the present invention using epoxy-based photo-definable
dry film with the pore geometry and locations defined by an
optical mask;

[0061] FIGS. 30A-30D illustrates the components of a fil-
ter holder in accordance with exemplary embodiments of the
present invention;
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[0062] FIGS. 31A-31E illustrates the assembly process of
the microfilter in the filter holder illustrated in FIGS. 30A-
30D in accordance with exemplary embodiments of the
present invention;

[0063] FIGS. 32A-32B illustrate input container options
for input liquid sample and reagents to be attached to the
assembled sample holder illustrated in FIG. 31E in accor-
dance with exemplary embodiments of the present invention;
[0064] FIG. 33 is an illustration of forming an input con-
tainer according to an exemplary embodiment of the present
invention to be attached to the assembled sample holder illus-
trated in FIG. 31E using a syringe with Luer lock without the
plunger and an adaptor in accordance with exemplary
embodiments of the present invention;

[0065] FIG. 34 illustration of the filtration system accord-
ing to an exemplary embodiment of the present invention to
perform the assays incorporating a microfilter inside the filter
holder in accordance with exemplary embodiments of the
present invention;

[0066] FIG. 35 illustrates the filtration system according to
an exemplary embodiment of the present invention to perform
some steps of assays with the input container removed in
accordance with exemplary embodiments of the present
invention;

[0067] FIG. 36 illustrates the filtration system according to
an exemplary embodiment of the present invention using
filtration system illustrated in FIG. 34, where the outlet
syringe is pulled by a syringe pump.

[0068] FIGS. 37A-37B shows the configuration according
to an exemplary embodiment of the present invention using
vacutainer holder to draw the liquid sample from the input
sample holder through the filter to a vacutainer.

[0069] FIGS. 38A-38B shows the configuration according
to an exemplary embodiment of the present invention using
vacutainer holder to draw the liquid sample from the patient
through the filter to a vacutainer. This can be used, for
example, to filter circulating tumor cells at time of blood
drawn in accordance with embodiments of the present inven-
tion;

[0070] FIGS. 39A-39B are flowcharts illustrating the
options in procedures of collecting liquid samples and testing
liquid samples in accordance with exemplary embodiments
of the present invention;

[0071] FIG. 39C is a flowchart illustrating the options to
filter rare cells when collecting blood using vacutainers in
accordance with exemplary embodiments of the present
invention;

[0072] FIG. 40A is a flowchart illustrating a filtration pro-
cess using a microfilter in accordance with exemplary
embodiments of the present invention; and

[0073] FIG. 40B is a flowchart illustrating a filtration pro-
cess using a microfilter in accordance with exemplary
embodiments of the present invention.

[0074] FIG. 40C is a flowchart illustrating the process of
performing some types of the assays of the cells collected on
the microfilter in the filter holder in accordance with exem-
plary embodiments of the present invention;

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0075] Referring now to the drawings, wherein like refer-
ence numerals designate identical or corresponding parts
throughout the several views, embodiments of the present
invention are shown in schematic detail.
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[0076] The matters defined in the description such as a
detailed construction and elements are nothing but the ones
provided to assist in a comprehensive understanding of the
invention. Accordingly, those of ordinary skill in the art will
recognize that various changes and modifications of the
embodiments described herein can be made without depart-
ing from the scope and spirit of the invention. Also, well-
known functions or constructions are omitted for clarity and
conciseness. Some exemplary embodiments of the present
invention are described below in the context of commercial
applications. Such exemplary implementations are not
intended to limit the scope of the present invention, which is
defined in the appended claims

[0077] Aspects of the present invention are generally
directed to a microfilter comprising a polymer layer formed
from an epoxy-based photo-definable dry film. The microfil-
ter includes a plurality of apertures each extending through
the polymer layer. In certain embodiments, the microfilter
may be formed by exposing the dry film to energy through a
mask and developing the exposed dry film. In some embodi-
ments, the dry film may be exposed to energy in the form of
ultraviolet (UV) light. In other embodiments, the dry film
may be exposed to energy in the form of X-rays. In certain
embodiments, the polymer layer has sufficient strength and
flexibility to filter liquid. In some embodiments, the apertures
are sized to allow passage of a first type of bodily fluid cell and
to prevent passage of a second type of bodily fluid cell.

[0078] Specifically, in certain embodiments, the microfilter
may be used to perform assays on bodily fluids. In some
embodiments, the microfilter may be used to isolate and
detect large rare cells from a bodily fluid. In certain embodi-
ments, the microfilter may be used to collect circulating
tumor cells (CTCs) from peripheral blood from cancer
patients passed through the microfilter. In certain embodi-
ments, the microfilter may be used to collect circulating
endothelial cells, fetal cells and other large cells from the
blood and body fluids. In certain embodiments, the microfil-
ter may be used to collect large cells from processed tissue
samples, such as bone marrows. In some embodiments, cells
collected using the microfilter may be used in downstream
processes such as cell identification, enumeration, character-
ization, culturing, etc.

[0079] More specifically, in certain embodiments, multiple
layers of epoxy-based photo-definable dry film may be
exposed to energy simultaneously for scaled production of
microfilters. In some embodiments, a stack of epoxy-based
photo-definable dry film layers is provided, and all of the dry
film layers in the stack are exposed to energy simultaneously.
In some embodiments, a dry film structure including epoxy-
based photo-definable dry film disposed on a substrate is
provided in the form of a roll. In such embodiments, a portion
of' the structure may be unrolled for exposure of the dry film
to energy. In certain embodiments, portions of a plurality of
rolls may be exposed to energy simultaneously.

[0080] FIGS. 1A-1E are cross-sectional views illustrating
multiple stages in a process for manufacturing a microfilter
120 in accordance with embodiments of the present inven-
tion. FIG. 2A is a flowchart illustrating a process 200 for
manufacturing a microfilter in accordance with embodiments
of the present invention. The exemplary process of FIG. 2A
will be described below with reference to FIGS. 1A-1E. Other
embodiments of the process illustrated in FIG. 2A will be
described below with reference to FIGS. 3A-8B.
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[0081] At block 220 of FIG. 2A, a layer of epoxy-based
photo-definable dry film 100 (which may be referred to herein
as “dry film 100”") disposed on a substrate 180 is provided. In
some embodiments, dry film 100 is laminated on substrate
180 at block 220. In certain embodiments, a silicon wafer is
coated with a thin layer of metallic material, such as copper,
and dry film 100 is laminated on the metallic material at block
220. In other embodiments, a dry film 100 with a substrate
180 already attached may be obtained and provided at block
220. As used herein, an “epoxy-based photo-definable” sub-
stance refers to a substance including or formed from a photo-
definable epoxy resin, such as a polyfunctional epoxy resin,
bisphenol A epoxy resin, epoxidized polyfunctional bisphe-
nol A formaldehyde novolac resin, etc. Examples of photo-
definable epoxy resins may be found in U.S. Pat. Nos. 7,449,
280, 6,716,568, 6,391,523, and 6,558,868, the contents of
which are hereby incorporated by reference herein. Examples
of photo-definable epoxy resins may also be found in U.S.
Patent Publication Nos. 2010/0068648 and 2010/0068649,
the contents of which are hereby incorporated by reference
herein. As used herein, an “epoxy-based photo-definable dry
film” is a dry film including or formed from an epoxy-based
photo-definable substance. Examples of epoxy-based photo-
definable dry films that may be used in accordance with
embodiments of the present invention may be found in U.S.
Pat. Nos. 7,449,280, 6,391,523, and 6,558,868, and U.S.
Patent Publication Nos. 2010/0068648 and 2010/0068649.
Formulations of epoxy-based photo-definable dry films are
not limit to those described here.

[0082] The liquid resist form of the epoxy-based photo-
definable dry films before they are coated on substrate can be
spin coated on substrate and dried to obtain the dry film on the
substrate.

[0083] Incertain embodiments, substrate 180 is a thin cop-
per foil. In some embodiments, smooth substrates are prefer-
able because irregularities in the surface of the substrate to
which the dry film is laminated are transferred to a surface of
the dry film. In some embodiments, a thin copper film is
preferred as a substrate so that the substrate may be removed
in a relatively short amount of time. In other embodiments,
substrate 180 may be a silicon wafer, a polyimide film such as
Kapton, or any other suitable material.

[0084] As shown in FIGS. 1B and 1C, dry film 100 is
exposed to energy through a mask 199 to form an exposed dry
film 110 at block 240. In the embodiment illustrated in FIGS.
1B and 1C, dry film 100 is exposed to energy in the form of
ultraviolet (UV) light through an optical mask 199 having a
mask portion 197 that is transparent to UV light and a mask
pattern 198 formed from a thin film of material that is opaque
to UV light. In alternative embodiments, dry film 100 may be
exposed to X-rays through an X-ray mask at block 240,
instead of being exposed to UV light through optical mask
199.

[0085] In the embodiment illustrated in FIGS. 1A-1E,
epoxy-based photo definable dry film 100 is a negative resist.
As used herein, a “negative resist” is a photo-definable sub-
stance that becomes polymerized when exposed to certain
kinds of energy, such as UV light or X-rays. Examples of
negative resist epoxy-based photo-definable dry films that
may be used in accordance with embodiments of the present
invention.

[0086] As shown in FIG. 1C, the portions of exposed dry
film 110 that were exposed to UV light through mask 199
become polymerized, leaving portions 116 that are not poly-
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merized. The polymerized and non-polymerized portions of
exposed dry film 100 form a pattern 118 that is defined by
optical mask 199. More particularly, pattern 118 of exposed
dry film 110 is defined by a pattern 198 of optical mask 199,
where pattern 198 is formed by material opaque to UV light.
In certain embodiments, pattern 198 may be formed by a thin
film of material opaque to UV light, such as a thin film of
chromium.

[0087] In alternative embodiments, a positive epoxy-based
photo-definable dry film may be used instead of a negative dry
film. In such embodiments, the process for forming a micro-
filter from the positive dry film is similar to the process for
forming a microfilter described in relation to FIGS. 1A-2A,
except that a different mask may be used, as described below
in relation to FIGS. 4A-4D. As used herein, a “positive resist”
is a photo-definable substance in which polymeric bonds are
broken when the substance is exposed to certain kinds of
energy, such as UV light or X-rays. In certain embodiments,
the positive resist may be a resist based on polydimethylglu-
tarimide (such as PMGI, LOR available from MicroChem),
an acetate and xylene free resist (such as an S1800® series
resist available from Shipley Corp.), or another type of posi-
tive resist. For resist layers that are greater than a few microns
in thickness, negative resists are generally much more sensi-
tive than positive resists. Most polymer resists belong to the
category of positive resist films. Examples of dry film positive
resists that may be used include polymethylmethacrylate
(PMMA), and a synthetic polymer of methyl methacrylate.
Other examples of positive resists are acrylics, polyimide,
polyesters, such as polyethylene terephthalate (PET) (MY-
LAR™), etc. In certain embodiments, a microfilter may be
formed from a photo-definable dry film that is not epoxy
based, in accordance with embodiments of the present inven-
tion. In such embodiments, the dry film may be a positive or
a negative resist. In other embodiments, a microfilter may be
formed from a photo-definable liquid resist, rather than a dry
film. In such embodiments, the photo-definable liquid resist
may be a positive resist or a negative resist. In certain embodi-
ments, the photo-definable liquid resist may be liquid poly-
imide. In such embodiments, the photo-definable liquid poly-
imide may be positive resist or negative resist. The liquid
resist is spin coated on the substrate and dried to form the dry
film on the substrate.

[0088] Atblock 260, a microfilter 120 having a plurality of
apertures 122 extending through the microfilter is formed
from exposed dry film 110. In certain embodiments, micro-
filter 120 includes a polymer layer formed from epoxy-based
photo-definable dry film and a plurality of apertures extend-
ing through the polymer layer. In each of the embodiments of
the present invention described herein, a microfilter includes
one or more polymer layers and one or more apertures extend-
ing though each of the one or more polymer layers. Also, as
used herein, an “aperture” refers to any type of passage, pore,
trench, gap, hole, etc., that extends between outer surfaces of
a layer or other structure. In the embodiment illustrated in
FIGS. 1A-1E, apertures 122 are pores 122.

[0089] In the embodiment illustrated in FIGS. 1A-1E,
exposed dry film 110 is developed to remove non-polymer-
ized portions 116 to form microfilter 120 having pores 122. In
certain embodiments, exposed dry film 110 is developed by
applying a developer to dry film 110 to dissolve non-poly-
merized portions 116. In some embodiments, the developer is
an aqueous solution that dissolves non-polymerized portions
116 when exposed dry film 110 is submerged in the devel-
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oper. At block 280, microfilter 120 having pores 122 is
removed from substrate 180 to form a free-standing micro-
filter 120, as shown in FIG. 1E. In some embodiments, a
microfilter is a structure of one or more polymer layers
including one or more apertures extending between outer
surfaces of the structure, wherein the structure has sufficient
strength and flexibility to filter aliquid passed through the one
or more apertures. In certain embodiments, a microfilter may
include apertures having dimensions small enough to prevent
one or more types of bodily fluid cells from passing through
the apertures when a bodily fluid or liquid containing a bodily
fluid is passed through the filter, wherein the dimensions of
the apertures are also small enough to prevent one or more
other types of bodily fluid cells from passing through the
filter. As used herein, “bodily fluid cell” refers to any cell that
may be found inabodily fluid of a patient, such as red or white
blood cells, large rare cells, such as CTCs and fetal cells,
circulating endothelial cells, etc. One can also obtain tumor
cells from bone marrow after process to remove bone frag-
ments and result in liquid form. In some embodiments, a
microfilter includes apertures sized to allow passage of a
significant number of red blood cells and to prevent passage
of a significant number of CTCs. In certain embodiments, a
microfilter formed from one or more layers of epoxy-based
photo-definable dry film may be a polymeric microfilter.

[0090] Various embodiments of the process illustrated in
FIG. 2A will be described below in relation to FIGS. 2B-8B.
As noted above, in certain embodiments, substrate 180 may
be copper foil. In such embodiments, copper substrate 180
may be removed from microfilter 120 using nitric acid, ferric
chloride or another well-known reagent in one variation of
block 280. In certain embodiments, the reagent may be used
to etch away copper substrate 180 in order to remove it from
microfilter 120. In other embodiments, substrate 180 may be
another type of metallic foil, such as aluminum, and may be
removed at block 280 by well-known methods.

[0091] FIG. 2B is a flowchart illustrating a process for
forming a microfilter from an exposed dry film at block 260 of
FIG. 2A in accordance with embodiments of the present
invention. In certain embodiments, the process 260 for form-
ing the microfilter comprises forming, from the exposed dry
film, a polymer layer comprising a plurality of apertures. In
the embodiment of FIG. 2B, a post bake process is performed
on exposed dry film 110 disposed on substrate 180 at block
262. In certain embodiments, the post bake process includes
exposing dry film 110 to a relatively high temperature to post
bake dry film 110. At block 264, dry film 110 is developed by
applying a developer to dry film 110, as described above in
relation to FIGS. 1A-1E. At block 266, a hard bake process is
performed on the developed dry film 110. In certain embodi-
ments, the hard bake process includes exposing dry film 110
to a relatively high temperature. In some embodiments of the
process illustrated in FIG. 2B, the hard bake process of block
266 may be omitted. In such embodiments, microfilter 120 is
formed by post baking the exposed dry film 110 at block 262,
and developing dry film 110 at block 264. The processes
described above in relation to FIG. 2B may be used with any
of'the embodiments described herein. Additionally, in any of
the embodiments of the present invention described here, the
process for forming a polymer layer of a microfilter from an
epoxy-based photo-definable dry film may include exposing
the dry film to energy, performing a post-bake process, devel-
oping the exposed dry film, and/or post baking the exposed
dry film, as described above.
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[0092] FIGS. 3A-3E are cross-sectional views illustrating
multiple stages in a process for manufacturing microfilter 120
in accordance with embodiments of the present invention. In
the embodiment illustrated in FIGS. 3A-3E, the substrate is a
polyimide film 181. At block 220, a layer of epoxy-based
photo-definable dry film 100 disposed on polyimide film 181
is provided with a separator 182 disposed between a portion
of dry film 100 and polyimide film 181. In the embodiment
shown in FIG. 3A, a separator 182 is disposed between a
portion of dry film 100 and polyimide film 181 along an edge
of dry film 100. In certain embodiments, separator 182 may
be disposed along one or more edges of dry film 100, or at
other locations between dry film 100 and polyimide film 181.
Separator 182 may be formed from a polyimide film (such as
a KAPTON film) or from any other suitable material that can
be laminated to dry film 100 and withstand the temperature of
a hard bake process.

[0093] As shown in FIGS. 3B-3C, dry film 100 is exposed
to energy, and a microfilter 120 is formed from exposed dry
film 110 at blocks 240 and 260, as described above in relation
to FIGS. 1B-1D. In certain embodiments, microfilter 120
includes a polymer layer comprising a plurality of apertures
there through. In the embodiment illustrated in FIGS. 3A-3E,
microfilter 120 is removed from polyimide film 181 by grasp-
ing an exposed end of separator 182 and using separator 182
to peel microfilter 120 from polyimide film 181. After dry
film 100 is removed from polyimide layer 181, as shown in
FIG. 3D, separator 182 is removed from dry film 100 to obtain
a free-standing microfilter 120, as shown in FIG. 3E. Remov-
ing microfilter 120 from layer 181, and removing separator
182 from microfilter 120, are two steps performed in one
variation of block 280, in accordance with embodiments of
the present invention.

[0094] In alternative embodiments of the process illus-
trated in FIG. 2A, a liquid resist may be used instead of dry
film 100. In such embodiments, a substrate is coated with a
thin layer of a metallic substance and an epoxy-based liquid
photoresist is spin coated onto the metallic substance to pro-
vide a layer of an epoxy-based photo-definable substance on
a substrate, in one variation of block 210. In certain embodi-
ments, the substrate may be a silicon wafer, the metallic
substance may be copper, and the liquid photoresist may be an
epoxy-based photo-definable liquid. In some embodiments,
the epoxy-based photo-definable liquid is a liquid negative
resist, such as SU-8. The layer of the epoxy-based photo-
definable substance is exposed to energy, and a microfilter
120 is formed from the exposed layer at blocks 240 and 260,
as described above in relation to FIGS. 1B-1D. In one varia-
tion of block 280, microfilter 120 is released from the sub-
strate by etching away the metallic substance via conven-
tional processes as described above. In certain embodiments,
the liquid resist may be a liquid negative resist, such as SU-8
or KMPR® available from MicroChem Corp.

[0095] In other alternative embodiments of the process
illustrated in FIG. 2A, a liquid negative resist may be used
instead of dry film 100, and a positive resist between the
negative resist and the substrate may be used as a release
layer. In such embodiments, to provide a layer of an epoxy-
based photo-definable substance on a substrate in one varia-
tion of block 210, a liquid positive resist is spin coated on a
substrate, the positive resist is exposed to energy (such as UV
light) at the appropriate dose for the thickness of the coating,
and a liquid, epoxy-based negative resist is spin coated on the
positive resist. In certain embodiments, the positive resist
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may be exposed to energy without the use of a mask. The layer
of the epoxy-based photo-definable substance is exposed to
energy, and a microfilter 120 is formed from the exposed layer
at blocks 240 and 260, as described above in relation to FIGS.
1B-1D. In such embodiments, in one variation of block 280,
microfilter 120 is released from the substrate by developing
the positive resist. In certain embodiments, the same devel-
oper may be used to develop both the positive and the negative
resists. In other embodiments, one developer may be used to
form the pores in microfilter 120, and another developer may
be used to release the microfilter from the substrate. In alter-
native embodiments, a dry film positive resist may be used as
the release layer instead of a liquid positive resist. Examples
of dry film positive resists that may be used include polym-
ethylmethacrylate (PMMA), and a synthetic polymer of
methyl methacrylate.

[0096] In other embodiments, a negative epoxy-based
photo-definable dry film 100 may be used in combination
with a positive resist release layer. Such embodiments are
similar to the embodiments described above utilizing a posi-
tive resist release layer, except that a layer of the negative dry
film 100 may be laminated on the spin coated positive resist at
block 210, rather than spin coating a liquid negative resist.

[0097] FIGS. 4A-4D are cross-sectional views illustrating
multiple stages in a process for manufacturing a microfilter
420 in accordance with embodiments of the present inven-
tion. In the embodiment illustrated in FIGS. 4A-4D, a layer of
positive, epoxy-based photo-definable dry film 400 (which
may be referred to herein as “dry film 400”) disposed on
substrate 180 is provided at block 220. In certain embodi-
ments, positive dry film 400 is laminated on substrate 180 at
block 220. As shown in FIG. 4B, positive dry film 400 is
exposed to energy at block 240, as described above in relation
to FIGS. 1B and 1C, except that, rather than exposed portions
of dry film 400 becoming polymerized, polymeric bonds of
dry film 400 are broken at portions 416, which are exposed to
energy (e.g., UV light) through mask 499. A pattern 418 of
exposed portions 416 and unexposed portions is formed in
exposed dry film 410. As shown in FIG. 4B, mask 499
includes a transparent portion 497 and an opaque portion 498.
As described above, mask 199 of FIG. 1B is used with a
negative resist and is configured to cover portions of dry film
100 where pores will be formed in dry film 100. In the
embodiment illustrated in FIGS. 4A-4D, opaque portions 498
of mask 499 are configured to cover all portions of positive
dry film 400 except the locations where apertures will be
formed, allowing UV light to pass through mask 499 to posi-
tive dry film 400 at locations where apertures are to be formed
in positive dry film 400.

[0098] In the embodiment illustrated in FIGS. 4A-4D, a
microfilter 420 is formed from exposed dry film 410 in one
variation of block 260, by developing dry film 410 using a
developer that dissolves the portions 416 of dry film 400
where the polymeric bonds were broken. At block 280, micro-
filter 420 having apertures 422 is removed from substrate 180
to form a free-standing polymeric microfilter 420, as shown
in FIG. 4D. In some embodiments, microfilter 420 includes a
polymer layer formed from epoxy-based photo-definable dry
film and includes a plurality of apertures extending through
the polymer layer. In certain embodiments, the apertures 422
are pores 422. In some embodiments, at block 280, microfilter
420 may be released from the substrate by developing the
positive resist, as described above.
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[0099] FIGS. 5A-5D are cross-sectional views illustrating
multiple stages in a process for manufacturing a plurality of
microfilters from a plurality of layers of epoxy-based photo-
definable dry film in accordance with embodiments of the
present invention. In certain embodiments of the process
illustrated in FIG. 2A, a plurality of dry film structures 501,
each including a layer of epoxy-based photo-definable dry
film 500 (which may be referred to herein as “dry film 500”)
disposed on a substrate 580, are provided at block 220. In the
embodiment illustrated in FIGS. 5A-5D, dry films 500 dis-
posed on substrates 580 are provided at block 220 by stacking
structures 501 on a support 590, as illustrated in FIG. 5A.

[0100] In certain embodiments, as illustrated in FIG. 5A,
dry films 500 in the stack of structures 501 are simultaneously
exposed to energy in the form of X-rays through an X-ray
mask 599 at block 240 of FIG. 2A. In some embodiments, the
penetration of X-rays is much deeper than UV light. Unlike
UV light, X-rays do not diverge within a material having a
thickness of less than 5 mm, even for features significantly
smaller than one micron. In some embodiments, X -ray lithog-
raphy may be typically performed on a beamline of a syn-
chrotron. In addition, X-ray lithography can be used for both
negative and positive resists. In the embodiment illustrated in
FIGS.5A-5D, dry films 500 are each negative resists. In other
embodiments, dry films 500 may be positive resists. In such
embodiments, a mask configured to form apertures in a posi-
tive resist, as described above in relation to mask 499 of FIG.
4B, may be used. Additionally, in embodiments in which dry
films 500 are positive resists, dry films 500 may be may be
attached to support 290 and stacked directly on one another,
without each being disposed on a respective substrate.

[0101] As shown in FIG. 5B, the portions of each dry film
500 exposed to X-rays through mask 599 become polymer-
ized, leaving portions 516 of dry film 500 that are not poly-
merized. The polymerized and non-polymerized portions of
each dry film 500 form a pattern 518 that is defined by pattern
598 of optical mask 599. In some embodiments, mask 599
includes an X-ray transparent portion 597, and a pattern 598
configured to substantially block X-rays. In certain embodi-
ments, pattern 598 is formed from gold. In addition, in some
embodiments, X-ray transparent portion 597 may be a thin
graphite sheet or a silicon wafer. In the embodiment illus-
trated in FIGS. 5A-5D, each of substrates 580 transmits most
of the X-ray energy applied to it. In certain embodiments,
substrates 580 are formed from a metallic foil. In such
embodiments, when the foil is sufficiently thin, each substrate
580 will transmit most of the X-ray energy applied to it. In
some embodiments, the number of structures 501 that may be
stacked and then exposed simultaneously is based on the
reduction in the dose of the X-rays caused by the X-rays
passing through the metallic foil.

[0102] In certain embodiments, in one variation of block
260, the plurality of exposed dry films 510 are developed to
form a plurality of microfilters 520 each having apertures 522
in a manner similar to that described above in relation to
FIGS. 1A-1E. In certain embodiments, apertures 522 are
pores 522. In some embodiments, the process illustrated in
FIGS. 5B and 5C may be performed in one variation of block
260. In such embodiments, structures 501 are separated from
one another, as shown in FIG. 5B, and a post bake procedure
is performed on exposed dry films 510 disposed on respective
substrates 580 in one variation of block 262. In certain
embodiments, each of exposed dry films 510 is developed, as
described above, in one variation of block 264 to form pores
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522 in each of dry films 500, as shown in FIG. 5C. In some
embodiments, a hard bake procedure is performed on dry
films 510 disposed on respective substrates 580, in one varia-
tion of block 266, to form microfilters 520 having pores 522.
In other embodiments, the hard bake procedure may be omit-
ted. In certain embodiments, in one variation of block 280,
substrates 580 are chemically removed from microfilters 520,
as described above, to obtain free-standing microfilters 520
having pores 522, as shown in FIG. 5D. In certain embodi-
ments, each of microfilters 520 is a polymer layer including
apertures 522.

[0103] As described above, in certain embodiments, each
of substrates 580 may be formed from a metallic foil. In
alternative embodiments, substrate 580 may be a polymer
based substrate that transmits most of the X-rays applied to it,
and which has a melting point higher than a post bake tem-
perature for dry film 500. For example, in certain embodi-
ments, substrate 580 may be formed from a positive resist. In
such embodiments, substrate 580 may be exposed to energy,
such as UV light or X-rays, sufficient to break polymeric
bonds in the positive resist such that substrate 580 may be
removed chemically by a developer solution at block 280 of
FIG. 2A. In other embodiments, substrate 580 may be a
polyimide film and may be removed at block 280 by peeling
the polyimide substrate 580 from microfilter 520.

[0104] In alternative embodiments, layers of epoxy-based
photo-definable dry film 500 (which may be referred to as
“dry films 500”") may be stacked and simultaneously exposed
without each of the layers being disposed on a respective
substrate. In such embodiments, in one variation of block
220, dry films 500 are stacked on a support 590 without
substrates disposed between adjacent dry films 500. The
stacked dry films 500 are exposed in one variation of block
240. In some embodiments, the process illustrated in FIG. 2B
may be performed at block 260. In such embodiments, the
exposed dry films 510 may be separated and placed on sepa-
rate substrates on which exposed dry films 510 undergo a post
bake process in one variation of block 262. In such embodi-
ments, the substrates used are able to withstand the post bake
temperature and can be dissolved by water or one or more
chemicals. While attached to respective substrates, exposed
dry films 510 are developed at block 264 and may undergo a
hard bake procedure at block 266. At block 280, the substrates
580 are removed from the microfilters 520 formed from
exposed dry films 510.

[0105] In certain embodiments, structures 501 may be
attached to support 590 using adhesive, a clamp, or any other
suitable mechanism or method. In some embodiments, struc-
tures 501 are held to a support by an electrostatic chuck.
FIGS. 6 A and 6B are cross-sectional views illustrating mul-
tiple stages in a process for attaching dry film structures 501
to a support using an electrostatic chuck apparatus 600 in a
process for forming microfilters in accordance with embodi-
ments of the present invention. In the embodiment illustrated
in FIGS. 6A and 6B, a plurality of dry film structures 501,
each including a layer of epoxy-based photo-definable dry
film 500 disposed on a substrate 580, are provided stacked on
a support 690, as shown in FIG. 6 A. As shown in FIG. 6A,
support 690 includes a water cooling frame 692 with a duct
693, an insulator 664 disposed on frame 692, and a conduc-
tive layer 662 disposed on insulator 664. Additionally, a trans-
parent conductive layer 660 is placed on the stack of struc-
tures 501 such that the stack of structures 501 is disposed
between conductive layers 660 and 662, as shown in FIG. 6 A.
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Also as shown in FIG. 6A, a circuit connecting the conductive
layers is open so that a voltage 665 of zero is applied to the
conductive layers.

[0106] AsshowninFIG. 6B, closing the circuit between the
conductive layers and applying a non-zero voltage 665
between conductive layers 660 and 662 causes apparatus 600
to press together structures 501 between conductive layers
660 and 662. With structures 501 pressed together by appa-
ratus 600, X-rays may be applied to dry films 500 through
X-ray mask 599, as described above in relation to FIGS.
5A-5D. In certain embodiments, stacking structures 501 on
apparatus 600 and pressing together structures 501 using
apparatus 600, as described above in relation to FIGS. 6 A and
6B, may be performed in one variation of block 220 of FIG.
2A. While the use of an electrostatic chuck apparatus has been
described above in relation to forming microfilters from dry
films each disposed on a respective substrate, in alternative
embodiments, an electrostatic chuck may similarly be used to
press together a stack of free standing polymeric films, such
as free standing dry films, that are not each attached to a
respective substrate. Such free standing dry films may be
stacked and pressed together during a process for forming a
plurality of microfilters from the plurality of dry films.
[0107] FIGS.7A and 7B are cross-sectional views illustrat-
ing multiple stages in a process for manufacturing microfil-
ters from a roll of a dry film structure in accordance with
embodiments of the present invention. In the embodiment
illustrated in FIGS. 7A and 7B, a dry film structure 785 is
provided in the form of aroll 702 of the dry film structure 785.
Dry film structure 785 includes a layer of epoxy-based photo-
definable dry film 700 (which may be referred to herein as
“dry film 700) disposed on a removable substrate 782. In
some embodiments, substrate 782 may be a chemically dis-
solvable metallic foil. In certain embodiments, the metallic
foil may include aluminum or copper, which may be etched
away as described above. In the embodiment illustrated in
FIGS. 7A and 7B, a portion of roll 702 is disposed on a roller
774 and another portion is disposed on a roller 775. A working
portion 787 of dry film structure 785 extends between rollers
774 and 775 and is held substantially flat by rollers 770 for
exposure to energy through mask 199.

[0108] In certain embodiments of the process illustrated in
FIG. 2A, alayer of epoxy-based photo-definable dry film 700
disposed on a substrate 782 is provided, in one variation of
block 220, by unrolling a portion of dry film structure 785
from roll 702 and advancing the portion of structure 785 in the
direction of arrow 772 to provide working portion 787 of
structure 785 between support 791 and mask 199. In some
embodiments, the working portion 787 provided at block 220
includes a portion of dry film 700 that has not been patterned
by exposure to energy through a mask. In certain embodi-
ments, support 791 and mask 199 are moved away from
structure 785 when structure 785 is advanced.

[0109] In the embodiment illustrated in FIGS. 7A and 7B,
mask 199 and support 791 are moved adjacent to structure
785, and dry film 700 is exposed to energy through mask 199,
as shown in FIG. 7B, in one variation of block 240 of FIG. 2A.
Inthe embodiment shown in FIGS. 7A and 7B, mask 199 is an
optical mask and the energy is UV light, although a different
type of energy may be used along with a different mask, as
described above. In the embodiment illustrated in FIGS. 7A
and 7B, dry film 700 is a negative resist. In other embodi-
ments, dry film 700 may be a positive resist. In such embodi-
ments, a mask configured to form pores in a positive resist, as
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described above in relation to mask 499 of FIG. 4B, may be
used. Exposing dry film 700 to energy through the mask
forms a pattern in dry film 700, as described above in relation
to other embodiments. In certain embodiments, support 791
presses against structure 785, as shown in FIG. 7B, to stretch
dry film 700 for the exposure process to thereby provide
additional tension and stability to dry film 700 during the
exposure process. In some embodiments, after exposing dry
film 700, structure 785 may be advanced again as described
above, to provide a new working portion 787 that has not yet
been exposed at block 220, and the new working portion 787
may be exposed at block 240, as described above. In certain
embodiments, this process of advancing structure 785 and
exposing dry film 700 may be continuously repeated. In some
embodiments, the process may be repeated until most or all
portions of dry film 700 have undergone an exposure process.

[0110] In some embodiments, a microfilter having aper-
tures is formed from an exposed portion of dry film 700 by
developing the exposed portion, as described above in rela-
tion to other embodiments, in one variation of block 260. In
such embodiments, the exposed portion of dry film 700 may
be developed before it is rolled onto roller 775, or may be
developed after all desired portions of dry film 700 have been
exposed. In some embodiments, the process illustrated in
FIG. 2B may be performed at block 260. In such embodi-
ments, the exposed portion of dry film 700 may be advanced
through an oven for a post bake procedure at block 262, the
exposed portion of dry film 700 may be developed at block
264, and then undergo a hard bake procedure at block 266. In
other embodiments, the procedures at blocks 262, 264 and
266 may be performed after all desired portions of dry film
700 have been exposed. In certain embodiments, the hard
bake procedure may be omitted.

[0111] Insomeembodiments, after developing the exposed
dry film 700, substrate 782 is removed at block 280, as
described above in relation to other embodiments. In certain
embodiments, after removing substrate 782, individual
microfilters are diced from the roll of dry film from which the
microfilters were formed. In certain embodiments, forming
microfilters from a dry film provided as a roll may simplify
the manufacture of microfilters in accordance with embodi-
ments of the present invention, and may allow automation of
the manufacturing process.

[0112] FIGS. 8A and 8B are cross-sectional views illustrat-
ing multiple stages in a process for manufacturing microfil-
ters from a plurality of rolls of dry film structures in accor-
dance with embodiments of the present invention. The
embodiment illustrated in FIGS. 8A and 8B is similar to the
embodiment illustrated in FIGS. 7A and 7B, except that lay-
ers of epoxy-based photo-definable dry film 700 of multiple
rolls 702 are exposed to energy simultaneously. In such
embodiments, a plurality of layers of epoxy-based photo-
definable dry film 700 each disposed on a respective substrate
782 are provided, in one variation of block 220, by advancing
the structure 785 of each roll 702 in the direction of arrow 772
to provide a stack 887 of structures 785 between support 891
and mask 899. In the embodiment illustrated in FIGS. 8A and
8B, mask 899 and support 891 are moved adjacent to the stack
887, and the portions of dry films 700 in stack 887 disposed
between mask 899 and support 891 are exposed to energy
simultaneously through mask 899, as shown in FIG. 8B, in
one variation of block 240 of FIG. 2A. In the embodiment
illustrated in FIGS. 8A and 8B, dry films 700 are each nega-
tive resists. In other embodiments, dry films 700 may be
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positive resists. In such embodiments, a mask configured to
form apertures in a positive resist, as described above in
relation to mask 499 of FIG. 4B, may be used. Further pro-
cesses for forming microfilters from dry films 700 are similar
to the processes described above in relation to the embodi-
ment illustrated in FIGS. 7A and 7B.

[0113] In the embodiment illustrated in FIGS. 8A and 8B,
support 891 is disposed on a water cooling frame 692 includ-
ing a duct 693. In addition, as shown in FIG. 8B, working
portions 887 of structure 785 may be securely held in place
between support 891 and mask 899 by a clamp 860. In alter-
native embodiments, stack 887 may be held secure using an
electrostatic chuck, as described above in relation to other
embodiments. In some embodiments, the number of dry films
700 exposed simultaneously may be determined based on the
precision yielded when exposing a stack of a particular num-
ber of films. In certain embodiments, forming microfilters
from a plurality of dry films provided as a plurality of rolls, as
described above, may simplify the manufacture of microfil-
ters and/or facilitate high volume production of microfilters.
[0114] In embodiments in which non-epoxy-based dry
films are used, the dry films may be provided in roll form
without a substrate. In such embodiments, each roll 702
includes only the dry film and not any substrate. In embodi-
ments in which epoxy-based dry films are used, each roll 702
may include an additional cover layer on dry film 700. In such
embodiments, substrate 782 is disposed on a first side of dry
film 700 and the cover layer on the opposite side of dry film
700. In certain embodiments, lithography-based microfabri-
cation in accordance with embodiments of the present inven-
tion may enable efficient mass production of highly uniform
precision microfilters. In certain embodiments, fabricating
microfilters in accordance with embodiments of the present
invention may yield increased porosity and pore uniformity in
the microfilters produced.

[0115] FIGS. 9A-9D are partial top views illustrating vari-
ous microfilters aperture distributions in accordance with
embodiments of the present invention. In certain embodi-
ments, microfilters having different aperture sizes, shapes and
distributions may be provided. In some embodiments, certain
combinations of aperture size, shape and distribution may be
more advantageous than others for a particular application of
amicrofilter. For example, for the microfiltration of rare cells,
such as circulating tumor cells and fetal cells in blood, a
microfilter having round pores each having a diameter of 7-8
microns may be preferable in certain embodiments. In some
applications, a microfilter having round pores each with a
diameter of 7-8 microns can trap the rare cells while retaining
a very small percentage of blood cells.

[0116] Inthe embodiments illustrated in FIGS. 9A and 9B,
microfilters 910 and 912 each have a uniform distribution of
pores 920 and 922, respectively. Additionally, pores 920 are
uniform in size, as are pores 922. In the embodiment illus-
trated in FIG. 9C, microfilter 914 includes uniform rectangu-
lar pores 924, distributed over microfilter 914 in several
groupings of pores 924. In the embodiment illustrated in FIG.
9D, microfilter 916 a plurality of pores 926 of a first size, and
a plurality of pores 928 of a second size. In other embodi-
ments, any or pores 920, 922, 924, 926 and 928 may be any
other type of aperture. Any of microfilters 910, 912, 914 and
916 may be manufactured using any of the microfilter manu-
facturing processes described above in accordance with
embodiments of the present invention. Additionally, any of
the microfilter manufacturing processes described above in
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accordance with embodiments of the present invention may
be used to form apertures of a plurality of different cross-
sectional shapes. For example, in certain embodiments, aper-
tures may be formed which have the cross-sectional shape of
a circle, triangle, square, rectangle, ellipse, oval, trapezoid,
parallelogram, etc.

[0117] Microfilters having various thicknesses and various
aperture shapes, sizes and distributions may be manufactured
in accordance with embodiments of the present invention
described herein. FIGS. 10A-10E are cross-sectional views
illustrating microfilters having various thicknesses and vari-
ous aperture shapes, sizes and distributions in accordance
with embodiments of the present invention. FIGS. 10A and
10B show microfilters 1010 and 1012, each formed via one of
the processes described above in accordance with embodi-
ments of the present invention. Microfilter 1010 includes a
plurality of pores 1020, each having a width 1040. Microfilter
has a thickness 1030 substantially perpendicular to the width
1040 of pores 1020. In the embodiment illustrated in FIG.
10A, thickness 1030 is not significantly larger than width
1040. In certain embodiments, it is preferable that the thick-
ness of the microfilter is on the same order as the width of one
ormore pores of the microfilter in order to reduce the pressure
required to pass a liquid sample through the pores. In some
applications, if the thickness of a microfilter is significantly
greater than the width of some or all of the pores, a much
larger amount of pressure may be applied to the microfilter to
pass a liquid sample through a microfilter than if the micro-
filter has a thickness on the same order as some or all of the
pores. Passing the liquid sample through the filter with a
relatively large amount of pressure may distort the shape of
one or more pores, or risk breaking the microfilter.

[0118] For example, for the microfiltration of rare cells,
such as CTCs and fetal cells in blood, a microfilter having a
thickness of 8-14 microns may be preferable in certain
embodiments. In certain embodiments, a microfilter for such
an application may have pores each having a diameter of 7-8
microns and a thickness of 8-14 microns. In other embodi-
ments, a microfilter for such applications may include a rect-
angular aperture having a width of between 5-7 microns and
a length greater than 7 microns, wherein the length and width
of the aperture are both substantially perpendicular to the
thickness of the microfilter. In certain embodiments, the rect-
angular aperture may be an elongate trench. In certain
embodiments, it may be preferred that the width of the aper-
tures in the microfilter are near in size to the thickness of the
microfilter. In some embodiments, the thickness of the micro-
filter is less than ten times the width of some or all the pores.
In other embodiments, the thickness of the microfilter is
within 10 microns of the width of some or all of the pores.
Microfilters formed in accordance with embodiments of the
present invention may be used in applications other than
capturing circulating tumor cells from blood. In some
embodiments, the desired aperture geometry, aperture dimen-
sions, aperture distribution, microfilter materials, microfilter
thickness, microfilter size, etc., may vary for different appli-
cations. In some embodiments, desired aperture geometry,
dimensions, and distribution may be provided by using an
appropriate mask, such as an optical or X-ray mask. In certain
embodiments, a consideration for microfilters is strength of
the material from which the microfilter is made to prevent
breakage of the filter material or distortion of the aperture
shape.
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[0119] As shown in FIG. 10B, microfilter 1012 has a plu-
rality of pores 1022 each having a width 1042. Microfilter
1012 also has a thickness 1032 that is substantially perpen-
dicular to the width 1042 of pores 1022. The thickness 1032
of microfilter 1012 is greater than the thickness of microfilter
1010. In the embodiment illustrated in FIG. 10B, pores 1022
are uniform in size and are each substantially perpendicularto
a first surface 1050 and a second surface 1052 of microfilter
1012. In the embodiment illustrated in FIG. 10C, microfilter
1014 has pores 1024 with a first width 1044 and pores 1026
with a second width 1046 that is smaller than the first width
1044. Microfilter 1014 also has a thickness 1034. In the
embodiment illustrated in FIG. 10D, microfilter 1016 has
pores 1028 with non-uniform cross-sectional shapes. Each
pore 1028 has a first opening in a first surface 1054 of micro-
filter 1016 and a second opening in a second surface 1056 of
microfilter 1016. As shown in FIG. 10D, the width 1048 of
pore 1028 at the first surface 1054 is greater than the width
1049 of pore 1028 at the second surface 1056. Microfilter
1016 also has a thickness 1036. In the embodiment illustrated
in FIG. 10E, microfilter 1018 has pores 1029 with non-uni-
form cross-sectional shapes. Each pore 1029 has a first open-
ing 1045 in a first surface 1053 of microfilter 1018 and a
second opening 1047 in a second surface 1057 of microfilter
1018. As shown in FIG. 10E, the width 1045 of pore 1029 at
the first surface 1053 is smaller than the width 1047 of pore
1029 at the second surface 1057. Microfilter 1018 also has a
thickness 1038.

[0120] FIGS. 12A-12K are cross-sectional views illustrat-
ing multiple stages in a process for manufacturing a multi-
layer microfilter 1270 in accordance with embodiments of the
present invention. FIG. 121, is a top view of multi-layer
microfilter 1270 in accordance with embodiments of the
present invention. FIG. 11 is aflow chart illustrating a process
1100 for manufacturing a multi-layer microfilter 1420 in
accordance with embodiments of the present invention.
FIGS. 14A and 14B are cross-sectional views of a multi-layer
microfilter 1420 in accordance with embodiments of the
present invention. FIG. 14C is a top view of a multi-layer
microfilter 1420 of FIGS. 14A and 14B. The exemplary pro-
cess of FIG. 11 will be described below with reference to
FIGS.12A-12F and FIGS. 14A-14C.FIGS. 13A and 13B are
top views illustrating multiple stages in the process of FIG.
11.

[0121] At block 1120 of FIG. 11, a first microfilter 120 is
formed on a substrate 180 from a layer of epoxy-based photo-
definable dry film. In the embodiment illustrated in FIGS.
12A-12L, first microfilter 120 may be formed on substrate
180 by a process similar to the process 200 of FIG. 2A,
described above, omitting the removal of microfilter 120 from
substrate 180 at block 280. In certain embodiments, micro-
filter 120 comprises a polymer layer including a plurality of
apertures. In certain embodiments of process 1100, a mask
with a pattern configured for forming a plurality of elongate
trenches in the dry film 100 may be used instead of mask 199
with pattern 198 configured for forming a plurality of pores in
dry film 100. In such embodiments, the mask may have a
pattern including elongate strips of metal so that correspond-
ing elongate trenches may be formed in dry film 100 when dry
film 100 is exposed through the mask.

[0122] FIG. 13A is a top view of microfilter 120 formed at
block 1120 in accordance with embodiments of the present
invention. As shown in FIG. 13A, microfilter 120 includes a
plurality of elongate trenches 1222 and is disposed on a
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substrate 180 exposed through trenches 1222. FIG. 12A is a
cross-sectional view of microfilter 120 taken along line 12A
of FIG. 13 A and FIG. 12B is a cross-sectional view of micro-
filter 120 taken along line 12B of FIG. 13A. As shown, line
12B is perpendicular to line 12A.

[0123] At block 1140 of FIG. 11, a layer of epoxy-based
photo-definable dry film 1210 (which may be referred to
herein as “dry film 1210”) is laminated on microfilter 120, as
shown in FIG. 12C. In certain embodiments, dry film 1210 is
capable of bridging over features formed in the surface on
which it is laminated. In such embodiments, dry film 1210
does not significantly fill trenches 1222 when laminated on
microfilter 120. At block 1160, a second microfilter 1230 is
formed from the layer of epoxy-based photo-definable dry
film 1210, as described below. In certain embodiments,
microfilter 1230 comprises a polymer layer including a plu-
rality of apertures. As shown in FIG. 12D, dry film 1210 is
exposed to energy through a mask 1290 to form an exposed
dry film 1212 having a pattern 1218 of polymerized portions
and non-polymerized portions 1216, as described above in
relation to block 240 of FIG. 2A. In the embodiment illus-
trated in FIGS. 12A-12L, dry film 1210 is a negative resist. In
other embodiments, dry film 1210 may be a positive resist and
a different mask configured for use with a positive resist may
beused. Inthe embodiment illustrated in FIGS. 12A-12L, dry
film 1210 is exposed to energy in the form of ultraviolet (UV)
light through an optical mask 1290 having a mask portion
1295 that is transparent to UV light and a mask pattern 1293
including a plurality of elongate strips that are opaque to UV
light. In alternative embodiments, dry film 1210 may be
exposed to X-rays through an X-ray mask instead of being
exposed to UV light through optical mask 1290.

[0124] In the embodiment illustrated in FIGS. 12A-12L, a
polymeric microfilter 1230 having a plurality of trenches
1232 extending through microfilter 1230 is formed from
exposed dry film 1212, as described above in relation to block
260 of FIGS. 2A and 2B, in one variation of block 1160. F1G.
13B is atop view of first and second microfilters 120 and 1230
in accordance with embodiments of the present invention. As
shown in FIG. 13B, microfilter 1230 includes a plurality of
elongate trenches 1232 and is disposed on first microfilter
120, which is exposed through trenches 1232. As shown in
FIG. 13B, trenches 1232 of microfilter 1230 are formed sub-
stantially perpendicular to trenches 1222 of microfilter 120.
FIG. 12E is a cross-sectional view of microfilters 120 and
1230 taken along line 12E of FIG. 13B, and FIG. 12F is a
cross-sectional view of microfilters 120 and 1230 taken along
line 12F of FIG. 13B. As shown, line 12F is perpendicular to
line 12E. The thickness of each layer can be different.

[0125] In certain embodiments, after forming second
microfilter 1230, substrate 180 may be removed from micro-
filter 120, as described above in relation to block 280 of FIG.
2A, to form a multi-layer microfilter 1420 shown in FIGS.
14A-14C. In the embodiment illustrated in FIGS. 14A-14C,
multi-layer microfilter 1420 includes second microfilter 1230
disposed on first microfilter 120. As shown in FIG. 14C,
multi-layer microfilter 1420 includes apertures 1240 extend-
ing through multi-layer microfilter 1420 where trenches 1222
and 1232 intersect. In certain embodiments, microfilter 1240
comprises a polymer layer including a plurality of apertures.
FIG. 14A is a cross-sectional view of microfilter 1420 taken
along line 14A of FIG. 14C, and F1G. 14B is a cross-sectional
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view of microfilter 1420 taken along line 14B of FIG. 14C. As
shown, line 14B is perpendicular to line 14A. The thickness
of each layer can be different.

[0126] Incertain embodiments, as an alternative to forming
microfilter 1420, a microfilter 1270 having a non-linear pas-
sage 1280 may be formed, as illustrated in FIGS. 12G-12L.In
such embodiments, multi-layer microfilter 1270, shown in
FIG. 12L,, is formed by forming a third microfilter 1240 on
first and second microfilters 120 and 1230 and removing
substrate 180. Additionally, in such embodiments, after form-
ing second microfilter 1230 on first microfilter 120 and sub-
strate 180, as shown in FIG. 12F, a layer of epoxy-based
photo-definable dry film 1215 is laminated on second micro-
filter 1230, as shown in FIG. 12G. Subsequently, third micro-
filter 1240 is formed from dry film 1215, as described above
in relation to the formation of second microfilter 1230 and the
processes of blocks 240 and 260 of FIGS. 2A and 2B. As
shown in FIG. 12H, third microfilter 1240 includes a plurality
of elongate trenches 1242 that are substantially perpendicular
to trenches 1232 and substantially parallel with trenches
1222. Additionally, in certain embodiments, trenches 1242
are offset from trenches 1222 such that trenches 1242 are not
directly above trenches 1222, as shown in FIG. 12H.

[0127] In certain embodiments, after forming third micro-
filter 1240, substrate 180 may be removed from microfilter
120, as described above in relation to block 280 of FIG. 2A,
to form multi-layer microfilter 1270. FIG. 12L is a top view of
multi-layer microfilter 1270. FIG. 12] is a cross-sectional
view of multi-layer microfilter 1270 taken along line 12J of
FIG. 12L, and FIG. 12K is a cross-sectional view of multi-
layer microfilter 1270 taken along line 12K of FIG. 12L. As
shown, line 12K is perpendicular to line 12J.

[0128] As shown in FIG. 121, multi-layer microfilter 1270
includes non-linear passages 1280 extending through each of
microfilters 1240, 1230, and 120 so as to extend from a first
surface 1272 to a second surface 1274 (see FIG. 12]) of
multi-layer microfilter 1270. In certain embodiments, each
non-linear passage 1280 is defined by a first aperture 1282 at
an intersection of trenches 1242 and 1232, a second aperture
1284 at an intersection of trenches 1232 and 1222, and a
portion of trench 1232 connecting the first and second aper-
tures. In embodiments in which a multi-layer microfilter 1270
has one or more non-linear passages 1280, the filtration path
is longer than if multi-layer microfilter 1270 included only
linear apertures. For clarity, only selected trenches 1232 and
1222 and selected non-linear passages are illustrated in FIG.
12L. In some embodiments, each non-linear aperture 1280 is
interconnected with many other non-linear passages 1280 via
trenches 1232.

[0129] In certain embodiments of the multi-layer microfil-
ter 1270, the respective thicknesses of microfilters 120, 1230
and 1240 can be the same or different, the trenches of a
microfilter may or may not all have the same size and/or
shape, the trenches of different microfilters of the multi-layer
microfilter may or may not all have the same size and/or
shape. In some embodiments, elongate trenches 1242 may
have a width of 5-7 microns and a length greater than 7
microns, wherein the length and the width are both perpen-
dicular to the thickness of the microfilter. Alternatively or in
addition, the trenches of thicknesses of microfilters may be
non-linear, and the trenches of adjacent microfilters may be
oriented at an angle other than 90 degrees with respect to one
another. Alternatively or in addition, one or more of micro-
filters 120, 1230 and 1240 may include pores like any of the
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pores illustrated in FIGS. 9A-9D instead of trenches, and, in
some embodiments, multi-layer microfilter 1270 may include
more than three microfilters disposed on one another. Addi-
tionally, in certain embodiments, each of microfilters 120,
1230 and 1240 may be formed from the same type of epoxy-
based photo-definable dry film.

[0130] FIG. 15is a cross-sectional view of a microfiltration
structure including a microfilter and a support structure in
accordance with embodiments of the present invention. In the
embodiment illustrated in FIG. 15, microfiltration structure
1510 includes a microfilter 1520 having pores 1522 and dis-
posed on a support structure 1530 configured to provide struc-
tural strength to microfilter 1520. In certain embodiments,
support structure 1530 may be integrated with microfilter
1520. In some embodiments, support structure 1530 is a grid
support structure. In certain embodiments, microfiltration
structure 1510 may be formed by a process similar to the
process described above in relation to FIGS. 12A-12F and
FIGS. 14A-14C. In such embodiments, microfilter 1520 and
support structure 1530 are each formed from a layer of epoxy-
based photo-definable dry film and patterned using an appro-
priate mask. In such embodiments, microfilter 1520 is formed
on support structure 1530 or support structure 1530 is formed
on microfilter 1520.

[0131] The microfilter can be a combination of pores with
other structure elements above or below the layer that form
the pores to form many filtration devices. A few examples of
two layers or three layers structures with and without pores
are illustrated in FIGS. 16A-16J. These devices have appli-
cations for isolating cells from body fluids and for biological
assays.

[0132] FIG. 16A is an exemplary embodiments of a two
layered microfilter, showing a side view of microfilter 2561
containing posts 2575 on microfilter base 2572 with pores
2573. FIG. 16B shows the top view of posts 2575 on micro-
filter base 2572 with pores 2573. The pore can be circular,
square, rectangle, etc. The posts can also of a variety of shapes
such as circles, squares, rectangles, etc. The arrangement of
the posts and the density can be regular, varied spatially or
random as long the posters are not closer than 30 um and the
posts don’t cover the pores. The pores can have various
shapes, sizes and distributions. The posts can also have vari-
ous shapes, sizes and distributions.

[0133] FIG. 16C is another exemplary embodiments of a
two layered microfilter, showing the top view of a microfilter
2563 where pore is rectangular shaped 2573, but not distrib-
uted everywhere on the base support 2572, and posts 2575 is
also not distributed everywhere. The pores can have various
shapes, sizes and distributions. The posts can also have vari-
ous shapes, sizes and distributions.

[0134] FIG. 161 is an exemplary embodiments of a two
layered device 2580, showing the side view of bottom layer
2581 without pores. The top layer 2582 forms wells 2583.
FIG. 16] shows the top view. This well structure can be
fabricated using the same procedure described in FIGS.
1A-1D followed by procedure described in FIGS. 12A-12F
except no mask is needed for FIG. 1B.

[0135] Pore dimensions depends on the needs of specific
applications. For example, pore diameter of 7-8 microns is the
commonly preferred for circulating tumor cells from human
blood, while circulating tumor cells originated in mice are
smaller than in humans, so smaller pores are preferred for
mice studies. For rectangular pores, width of 5-7 um are



US 2013/0330721 Al

preferred for collecting circulating tumor cells from human
blood and the length is not critical as long as the filters don’t
deform during filtration.

[0136] FIGS. 16D-16F is another exemplary embodiment
of a two layered microfilter with different patterns in each
layer of the material according to an exemplary implementa-
tion. FIG. 16D showing the first side view 2501 of a two layer
microfilter with the top layer 2551 and bottom layer 2552.
The top layer are of strips with slot opening 2555. FIG. 16E is
the second side view 2502 of the two layer microfilter turned
90 degrees. The bottom layer 2552 has open slots 2553. FIG.
16F shows the top view of the microfilter 2500. The cross
strips forms effective rectangular pores 2554.

[0137] In an advantageous exemplary implementation,
dimensions of the top channel 2555 between two top strips of
2551 are 5-7 um for isolation of tumor cells. Small width of
10-20 um for 2551 would allow high filtration rate, but a wide
range of with for 2551 are functional. The width of 2552 can
vary, but for high filtration rate, the width may be 5-20 um.
The gap between two strips of 2552 that form the pore 2553
can also vary. For high filtration rate, the gap can be from
10-60 um. The thickness of 2551 about 10 pm may be pref-
erable. In an exemplary implementation, thickness of bottom
layer 2552 can advantageously be approximately the same as
the gap between two strips of 2552.

[0138] FIGS. 16G-16H are side view and top view of an
exemplary device 2540 consisting of microfilter 1541 with
pores 2542 at the bottom of wells 2544. The structure shown
in FIG. 16H is repeated over the whole microfilter area. An
application of the device 2540 is to filter the cells and fol-
lowed by culture of the cells in the wells 2544. Again the
pores can have a variety of shapes and sizes. The size, shape
and depth of the well 2544 can also be varied as appropriate
for different uses. The density of the wells 2583 can also be
varied.

[0139] An exemplary application of devices 2500, 2540,
2561 and 2563 includes rare cell isolation where the mecha-
nism of isolation of the cells is based on size.

[0140] FIGS. 161-16] are side view and top view of an
exemplary device 1580 consisting of wells 2583 formed by
2582 with solid bottom 2581. These can be used for a variety
of biological assays. The size, shape and depth of the wells
2583 can be varied. The density of the wells 2583 can also be
varied.

[0141] Various materials for forming devices described in
FIGS. 16 A-16] above can include epoxy-based photo-defin-
able dry films and other types of photo-definable dry films.
The methods to fabricate those structures using photo-defin-
able dry films are described above and in, for example, PCT/
US11/20966.

Microfiltration Chips

[0142] The steps of filtration of large rare cells from body
fluids on the microfilter or concentrated in a reduce volume
with reduced contaminants can be performed with minimal
human intervention if the microfilter can be installed in a
microfiltration device. This microfiltration device contains at
least one inlet, at least one outlet, and at least one microfilter.
An exemplary microfiltration device having such compo-
nents can be referred to as a “microfiltration chip”. The term
“microfiltration chip” is used herein simply as a non-limiting
reference label for consistency of description and to facilitate
understanding of exemplary implementations. Applications
and procedures described herein which reference “microfil-
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ters” are also applicable to and may employ microfiltration
chips according to exemplary embodiments of the present
invention.

[0143] FIGS.17A-17E illustrate top views of an exemplary
implementation where five layers when stacked form a micro-
filtration chip according to an exemplary embodiment of the
present invention. The top layer 2010 is attached to 2020, with
inlet 2001 and opening to the microfilter layer 2040 with
pores 2004. Layer 2060 with opening for the pores 2004 is
below the microfilter 2040 with outlet 2002. Finally, the layer
2060 is attached to a base layer 2070.

[0144] Layers 2010 and 2020 may be formed at the same
time with same material. Layers 2060 and 2070 may be
formed at the same time with the same material. Layers 2010
and 2070 may be formed with material that is transparent for
optical radiation. Layers 2010 and 2070 may be glass. Layers
2020 and 2060 may be photo-definable dry films. These are
exemplary implementations according to embodiments of the
present invention.

[0145] In another exemplary implementation, if the cells
and particles captured on the microfiltration chip are to be
analyzed using a microscope, at least the top cover 2010
should be clear and thin, such as a microscope slide cover slip.
In yet another exemplary implementation, if a fluorescence
analysis is required, the top cover 2010 and the bottom layer
2070 both should be essentially non-fluorescent. In yet
another exemplary implementation, bottom layer 2070 can be
clear or opaque. In yet another exemplary implementation,
base layer 2070 can be the same size as the top four layers,
2010, 2020, 2040, and 2060, or it can be any other size. In yet
another exemplary implementation, a size for layer 2070 can
be the size of glass slide 25 mmx75 mm. In yet another
exemplary implementation, the thickness of layer 2020 and
2060 may be >50 um. The dimensions of the inlet 2001, the
outlet 2002 may be varied.

[0146] The microfilter can have a few variations without
departing from the scope of the embodiments of the present
invention. In an exemplary embodiment of the present inven-
tion illustrated in FIGS. 18 A-18E, the microfilter pores have
arectangular pattern where the short side of the rectangle is in
the direction of flow, while in another exemplary embodiment
of the present invention illustrated in FIGS. 17A-17E, the
long side of the rectangular microfilter pore pattern is in the
direction of the flow. The microfilter pores may have a square
pattern or other geometric patterns within the scope of the
embodiments of the present invention.

[0147] The position of the inlet and outlet can be varied
without departing from the scope of the embodiments of the
present invention. An exemplary variation is shown in FIGS.
19A-19E, where the inlet and outlet are both on the top. Other
inlet and outlet positions, geometry and implementation are
also possible within the scope of the embodiments of the
present invention.

[0148] FIGS. 20A-20E show an example of an implemen-
tation according to an embodiment of the present invention
where there are two openings 2301 and 2302 on the same
layer 2320. They can be one inlet and one outlet or both inlets.
The inlet and outlet can be switched during different times of
the assay.

[0149] FIGS. 20A-20E also show another implementation
according to an embodiment of the present invention where
the inlet 2301 and outlets 2320 and 2360 can be on the sides
of the microfiltration chip.
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[0150] FIGS. 21A-21G show examples of yet other imple-
mentations according to embodiments of the present inven-
tion where additional layers 2430 and 2450 can be included
without effecting the filtration process. In yet further exem-
plary implementations, additional layer similar to 2430 can
be included between 2410 and 2410, and additional layer
similar to 2450 can be included between 2460 and 2470.
[0151] Layers 2420 and 2430, 2410, 2420, and 2430, 2450
and 2460, or 2450, 2460, and 2470 may be formed at the same
time, or with same material. Layers 2410 and 2470 may be
formed with material that is transparent for optical radiation.
Layers 2010 and 2070 may be glass. Layers 2420, 2430, 2450
and 2060 may be photo-definable dry films. These are yet
other exemplary implementations according to embodiments
of the present invention.

[0152] According to further exemplary embodiments of the
present invention, microfilter in any of the microfiltration
chips can be a single layer with pores penetrating from the top
to the bottom. The pores can be circular, square, rectangle, or
any shape that can be obtained by photo lithography that is of
useful application.

[0153] According to still further exemplary embodiments
of the present invention, microfilter in any of the microfiltra-
tion chips can also be double layered. An example of two
layered filter with rectangular opening is shown in FIGS.
13A-13B. Other examples of double layered microfilters are
shown in FIGS. 15 and 16. The microfilter in any of the
microfiltration chip can also be triple layer as shown in FIGS.
14A-14C.

Methods to Perform Microfiltration

[0154] FIG. 22 illustrates a device according to an exem-
plary embodiment of the present invention that can imple-
ment the installation of a microfilter for filtration showing the
flow of liquid containing large particulates 2650 and small
particulates (not shown) through the pores 2654 in the micro-
filter 2655 held in a structure 2690 formed either by the
microfilter holder or microfiltration chip. According to an
exemplary implementation, liquid enters through the input
2680, and exits through the outlet 2681. The liquid flow 2660
enters the microfiltration chip through opening 2680. The
liquid flow 2662 through the microfilter 2655. The liquid flow
2681 exits the device through opening 2681. The large par-
ticulates 2650 bigger than the pores 2654 are retained on the
microfilter 2655.

[0155] FIG. 23 illustrates a device according to an exem-
plary embodiment of the present invention that can imple-
ment the installation of a microfilter for filtration showing the
flow of liquid containing large particulates 2750 and small
particulates (not shown) through the pores 2754 in the micro-
filter 2755 in a microfiltration chip. According to an exem-
plary implementation, liquid enters through the input 2780,
and exits through the outlet 2781. The liquid flow 2760 enters
the microfiltration chip through opening 2780. The liquid
flow through the microfilter 2755. The liquid flow 2764 exits
the microfiltration chip through opening 2781. The large par-
ticulates 2750 bigger than the pores 2754 are retained on the
microfilter 2755.

[0156] FIG. 24 illustrates a device that can implement the
installation of a microfilter for filtration showing the flow of
liquid containing large particulates 3050 and small particu-
lates (not shown) through the pores 3054 in the microfilter
3055 held in a structure 3091 formed by the microfiltration
chip. According to an exemplary implementation, liquid
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enters through the input 3080, and exits through the outlet
3081. The liquid flow 3060 enter the microfiuidic chip
through opening 3080. The liquid flow through the microfilter
3055 with posts 3075. The liquid flow 3064 exits the micro-
filtration chip through opening 3081. The large particulates
3050 bigger than the pores 3054 are retained on the microfil-
ter 3055 or captured on the posts 3075.

[0157] FIG. 25 illustrates a device according to an exem-
plary embodiment of the present invention that can imple-
ment the installation of a microfilter for filtration showing the
flow of liquid containing large particulates 2850 and small
particulates (not shown) through the pores 2854 in the micro-
filter 2855 in a microfiltration chip. According to an exem-
plary implementation, liquid enters through the input 2880,
and exits through the outlet 2881 and 2882. The liquid flow
2860 enters the microfiltration chip through opening 2880.
Most of the liquid flow 2863 through the microfilter 2855.
The liquid flow 2864 exits the microfiltration chip through
opening 2881. The large particulates 2850 bigger than the
pores 2854 are retained above the microfilter 2855, and they
flow out the opening 2882 on the same side of the microfilter
as the input opening 2860.

[0158] According to exemplary embodiments of the
present invention microfilter in any of the microfiltration
devices shown in FIGS. 22-25 can be a single layer with pores
penetrating from the top to the bottom. The pores can be
circular, square, rectangle, or any shape that can be obtained
by photo lithography that is of useful application.

[0159] According to exemplary embodiments of the
present invention microfilter in any of the microfiltration
device shown in FIGS. 22-25 can also be double layered. An
example of two layered filter with rectangular opening is
shown in FIGS. 13A-13B. Other examples of double layered
microfilters are shown in FIGS. 15 and 16. The microfilter in
any of the microfiltration chip can also be triple layer as
shown in FIGS. 14A-14C.

[0160] FIG. 26 illustrates a device according to an exem-
plary embodiment of the present invention that can imple-
ment the installation of more than one microfilter for filtration
showing the flow of liquid containing large particulates 2650,
small particles of special characteristics 2640 and other small
particulates (not shown) through the pores 2654 in the micro-
filter 2655 and pores 2644 in the microfilter 2645 held in a
structure 2690 formed either by the device. According to an
exemplary implementation, liquid enters through the input
2680, and exits through the outlet 2681. The liquid flow 2660
enters the microfiltration chip through opening 2680. The
liquid flow 2662 through the first microfilter 2655, and the
liquid flow 2642 through the second microfilter 2645 The
liquid flow 2664 finally exits the device through opening
2681. The large particulates 2650 bigger than the pores 2654
are retained on the microfilter 2655 by size seclusion. The
second microfilter 2645 can have a smaller pore size to cap-
ture particulates 2640 again based on size seclusion. The
second microfilter 2645 can also be coated with a material
that recognize markers on the desired particulates 2640 in the
liquid that are smaller than the pore sizes or deformable to
squeeze through the pores in the first microfilter. The types of
coatings and methods of coating are described in sections
below. These particles 2640 are captured on the second
microfilter 2645.

[0161] In FIG. 26, the first microfilter 2655 may also be
coated with the same or different material as the second
microfilter 2645 or have no coating. The number of microfil-
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ters placed sequentially are not limited to two. The geometry
of the microfilters in the same device can be different.
[0162] According to an exemplary implementation, more
than one microfilter can also be installed in any of devices
shown in FIGS. 23-25. According to another exemplary
implementation, the microfilters can be of different geom-
etries with different properties.

[0163] According to exemplary embodiments of the
present invention, in any of the microfiltration devices, FIGS.
22-26, a prefilter with large pores may be used to eliminate
large particulates in the liquid.

Coating of the Microfilters

[0164] In certain embodiments, surface functionalization
of'a polymeric microfilter may provide a surface of the micro-
filter with surface properties desired for a particular applica-
tion of the microfilter. Some materials can be directly dis-
posed on the microfilter surfaces. Other times, the microfilter
surfaces need to be treated. In one embodiment, the surface of
the polymeric microfilter can be functionalized by perform-
ing a plasma treatment on the surface of the microfilter to
activate the surface to enable chemical compounds and/or
organic materials to attach to the surface. In some embodi-
ments, another surface modification technique is to coat the
microfilter with a thin layer of a metallic substance.

[0165] FIGS. 27 and 28 are cross-sectional views of coated
microfilters in accordance with embodiments of the present
invention. In the embodiment illustrated in FIG. 27, micro-
filter 1655 includes a coating 1600 on surface of one layer
microfilter 1655. Coating 1600 can also be disposed on multi-
layered microfilters. Coating 1600 can also be disposed on
microfilters produced by other methods and by other materi-
als. In FIG. 28, the multi-layer device is formed from epoxy-
based photo-definable dry film, as described above in relation
to FIGS. 16 A-16]. In the embodiment illustrated in FIG. 28,
microfilter 1672 includes a coating 1600 on surface of the top
structure and flat portions of the microfilter 1672. Coating
1600 can also be disposed on microfilter structures produced
by other methods and by other materials. Coating 1600 can
also be disposed on the surface of structure shown in FIGS.
161-16J even without pores.

[0166] In certain embodiments, coating 1600 may be
formed from a metallic substance, a nanoparticle colloidal
substance, chemical compound, or an organic substance. In
such embodiments, these surface coatings can be used to
attach analyte recognition elements, DNA, aptamers, surface
blocking reagents, etc. In other embodiments, coating 1600
may include analyte recognition elements, DNA, aptamers,
surface blocking reagents, etc. In certain embodiments, the
surface coatings may be used to attach, for example, macro-
molecules such as polypeptides, nucleic acids, carbohydrates
and lipids. Examples of polypeptides that may be used as
analyte recognition elements include, for example, an anti-
body, an antigen target for an antibody analyte, a receptor
(including a cell receptor), a binding protein, a ligand, or
other affinity reagent to the target analyte. Examples of
nucleic acids that may be used as analyte recognition ele-
ments include, for example, DNA, cDNA, or RNA of any
length that allows sufficient binding specificity. In such
embodiments, both polynucleotides and oligonucleotides can
be used as analyte recognition elements. In other embodi-
ments, gangiliosides, aptamers, ribozymes, enzymes, antibi-
otics or other chemical compounds may be used as analyte
recognition elements. In certain embodiments, analyte rec-
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ognition coatings or elements may include, for example, bio-
logical particles such as a cell, a cell fragment, a virus, a
bacteriophage or tissue. In some embodiments, analyte rec-
ognition coatings or elements may include, BSA, fetal bovin
serum (FBS), selectins including P-selectins, E-selectins,
L-selectins, nanoparticles, nanotubes, halloysites, dendrim-
ers, chemical linkers or other chemical moieties that can be
attached to a microfilter and which exhibit selective binding
activity toward a target analyte.

[0167] Insomeembodiments, coating 1600 may be formed
from a metallic substance including gold, nickel, etc. In cer-
tain embodiments, coating 1600 includes gold coated on
chromium. In some embodiments, it may be preferable to
form coating 1600 from gold, as certain chemical compounds
and organic materials readily attach to gold. In other embodi-
ments, coating 1600 may be formed from carbon nanotubes.
In the embodiment illustrated in FIGS. 27-28, coating 1600 is
disposed on one surface of microfilters. In other embodi-
ments, one or more surfaces of microfilters may be coated
with coating 1600. In some embodiments, microfilters may
be completely coated with coating 1600. Coating 1600 may
be disposed on one or more surfaces of any of the microfilters
described herein in accordance with embodiments of the
present invention, including multi-layer microfilters. In cer-
tain embodiments, coating 1600 may be disposed on one or
more surfaces of multi-layer microfilter 1620.

[0168] In some embodiments, examples of chemical com-
pounds and organic materials that may be useful for assays
when deposited on the surface of a microfilter include are
self-assembled monolayers with a range of functionality
including amine, carboxyl, hydroxyl, epoxy, aldehyde, and
polyethylene glycol (PEG) groups. These compounds and
materials may be deposited on the surface of a microfilter
using silane chemistry with solution immersion or vapor
deposition. In certain embodiments, for example, grafting
PEG-triethoxysilane onto an oxidized polymer renders the
surfaces hydrophilic in a controlled manner. In other embodi-
ments, a surface of a polymeric microfilter can be function-
alized with avidin, biotin, protein A, protein G, antibodies,
etc.

[0169] In certain embodiments, coating a surface of a
microfilter with a metallic substance may provide other ben-
efits in addition to facilitating the attachment of chemical
compounds and/or organic materials. In some embodiments,
for example, a layer of a metal metallic substance, having an
appropriate thickness, can block transmission of light
through the microfilter. In certain embodiments, a thickness
sufficient to block the transmission of light is about 40 nm. In
other embodiments, this thickness may vary depending on the
substance used. Additionally, metallic substances are gener-
ally electrically conductive. In some embodiments, when the
metallic substance is electrically conductive, the coating may
reduce or eliminate charging of the surface of the microfilter.
In alternative embodiments, a microfilter may be coated with
a thin layer of PARYLENE. In other embodiments, a micro-
filter may be coated with a thin layer of fluorinated ethylene
propylene (FEP), polytetrafluoroethylene (PTFE), pertluoro-
alkoxy (PFA), or another similar material. In such embodi-
ments, coating a microfilter with one of these materials can
reduce nonspecific binding; however, the fluorescent nature
of these materials may make them disadvantageous when a
microfilter is to be analyzed via microscope imaging.

[0170] In certain embodiments, single layer or multi-lay-
ered microfiltration devices can be coated with an antibody
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against surface markers on the CTCs to further improve the
collection of live CTCs. In such embodiments, capture effi-
ciency of live CTCs may be improved. In some embodiments,
useful surface markers may include antibodies against
EpCAM, HER2, EGFR, KRAS, Vimentin, and MUC-1, but
not limited to these surface markers, P-selectin, E-selectin,
other selectins, ligends, aptamers, etc. In embodiments in
which the microfilter is coated with cell surface recognition
elements, the microfiltration can capture CTCs through size
exclusion and surface markers simultaneously.

Filter Holder and Filtration Devices

[0171] The steps of filtration of large rare cells from body
fluids on the microfilter or concentrated in a reduce volume
with reduced contaminants can be performed with minimal
human intervention if the microfilter can be installed in a
microfiltration device. The present invention details a method
to use microfilters using filter holders.
[0172] Microfilters made from epoxy-based photo-defin-
able dry films, as shown in FIG. 29, can be used in a variety of
ways to analyze rare cells such as CTCs from body fluids.
Rare cells can be collected on the epoxy-based photo-defin-
able dry film microfilters and other precision microfilters.
Following the rare cells collection, rare cells can be analyzed
using the following methods:

[0173] Enzymatic assays in rare cells such as CTCs can

be test to evaluate viability and enzymatic activities;

[0174] Histopathological staining to look at cell mor-
phology;
[0175] Immunofluorescence staining to look for expres-

sion of biomarkers to identify cancer subtype, or to
determine biomarker mutation, or cell type. These infor-
mation can be used to determine cancer therapy and
monitor treatment; immunofluorescent staining can be
used to perform enumeration of CTCs, based on DAPI
(positive), Cytokeratins (CKs) (positive), such as CKS,
18, 19 and others, and CD45 (negative) cells, and count
the number per ml of blood to monitor cancer treatment
and recurrence;

[0176] Fluorescent in situ hybridization (FISH) to iden-
tify gene amplification, number of copies of biomarker
genes, gene translocation, to identify cancer subtypes to
determine therapy and monitor treatment; mRNA FISH
can also be performed to determine the marker is over-
expressing.

[0177] Nucleic acid assays for mRNA, microRNA and
genomic DNA biomarkers, and gene mutations to iden-
tify cancer subtypes to determine therapy and monitor
treatment;

[0178] Sequencing the genes to identify gene mutations,
amplification and translocations to identify cancer sub-
types to determine therapy and monitor treatment; and

[0179] Culture rare cells, such as CTCs, to increase the
number of cells. These cells can then be used to perform
the assays described in bullets above. In addition, viable
cells can be used to determine the effect of drugs on the
cancer cells to determine therapy.

[0180] Culture rare cells on microfilters coated with ana-
lyte/markers recognition elements for analytes/markers
that can be secreted by the CTCs. Assay similar to
EPISPOT can be performed using the microfilter.

[0181] Some of those assay methods can be combined or
performed sequentially on rare cells collected on epoxy-
based photo-definable dry films. For example, rare cells col-
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lected on epoxy-based photo-definable dry films can be per-
formed sequentially to obtain different information from the
same cells. Some examples are: (1) Perform enumeration and
for a cancer surface biomarker, followed by FISH assay and
finally histopathological staining, (2) perform immunofluo-
rescent staining to count the number of rare cells and at the
same time determine over-expression of biomarker(s),
mutated biomarker(s), cell type, and/or other information,
followed by histopathological staining, (3) perform FISH to
identify a marker followed by histopathological staining.

[0182] According to exemplary embodiments of the
present invention, filtration devices to hold the filter and per-
form filtration are designed to have the following features:

[0183] The filter holder to hold the filter flat without
causing twisting.

[0184] This filter holder has a large opening in the inlet
unit. This is to allow easy access of the reagents to
microfilter surface and visual access to the microfilter,
where the cells are collected, and allow visualization of
the filter from above.

[0185] The filter holder will allow performance of at
least some types of assay in the filter holder.

[0186] The filter holder will allow different attachment
of input sample holder above the filter holder, and
syringe, stopper on the filter flask connected to a vacuum
pump or vacutainer holder below.

[0187] According to an exemplary embodiment of the
present invention, a filter holder allows for (i) filtration of the
liquid sample through the microfilter, (ii) ability to perform
assays with the microfilter in the holder, (ii) easy access to the
microfilter in the filter holder, (iv) easy installation of the
microfilter into the filter holder, (v) easy removal of the
microfilter from the filter holder, and (vi) filter holder material
capable of tolerating temperature required for the assays, and
(vii) filter holder material capable of tolerating chemicals
used in the assays.

[0188] FIGS. 30A-30C show three components that forms
a filter holder according to an exemplary embodiment of the
present invention, including: an inlet unit 3010, a nut 3020
and an outlet unit 3030 (top view FIG. 30C and the bottom
view FIG. 30D). In an exemplary implementation a syringe or
vacutainer holder with a Lure-Lock can be attached to the
outlet unit of the filter holder. In an exemplary implementa-
tion an output unit can include a cut out on the top ring, for
example, to allow access to the microfilter to allow easy
removal of microfilters from the filter holder.

[0189] FIGS. 31A-31E show the assembly of the filter
holder according to an exemplary embodiment of the present
invention where a gasket 3110 is placed inside the outlet unit
as shown in FIG. 31A. A round microfilter 3120 with the
appropriate diameter for the filter holder is placed above the
gasket, FIG. 31B. A second gasket 2130 is place above the
microfilter 3120, FIG. 21C. The inlet unit 3010 is placed into
the outlet unit 3030 by properly aligning the two components
as shown in FIG. 21D. Finally the nut 3020 is installed to
tighten the filter holder system to prevent leakage ofthe liquid
sample around the microfilter inside the holder. While one
gasket may be sufficient, a plurality of gaskets may be used,
for example to prevent leakage, as needed. The gasket can be
of different material or design. In an exemplary filter holder
design, a microfilter installed in a filter holder system will
remain flat, experience compression to form a tight seal, but
not experience any twisting force.
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[0190] There are a lot of potential variations of the filter
holders in keeping with the scope of exemplary embodiments
of the present invention, including without limitation:

[0191] The filter holder can have different sizes to
accommodate different microfilter sizes. The common
microfilter sizes are 0.5 inch (13 mm) and 1 inch diam-
eters, but are not limited to these dimensions.

[0192] The filter outlet unit can have more than one
opening. The opening is to allow easy removal of micro-
filter from filter holder and prevent the microfilter from
becoming twisted by fixing in place the inserted inlet
unit.

[0193] The shape and dimensions of different compo-
nent of the filter holder can vary. One of the features of
the filter holder concept according to exemplary
embodiments of the present invention is pressing down
on the inlet unit to prevent leakage. In an exemplary
embodiment, a nut is used to hold down the inlet unit.

[0194] The inlet unit can also be held down by changing
the nut to a snap-on part.

[0195] The outlet 3030 can have a female connector or a
male connector.

[0196] Thefilter holder can be designed to accommodate
one gasket under the microfilter or two gaskets, one
above and one below the microfilter.

[0197] A filter support structure can be added to the
inside of output units of the filter holders. Support struc-
ture may not be needed for epoxy-based photo-definable
dry film microfilters because the material is sufficiently
strong.

[0198] The inlet unit 3010 can be combined with inlet
adaptor 3050, in FIG. 33, into one piece.

[0199] Exemplary embodiments of filter holders described
in this application are applicable to most filters and microfil-
ters. Certain exemplary embodiments can be particularly suit-
able to very thin and strong microfilters such as epoxy-based
photo-definable dry film microfilters.

[0200] FIGS. 32A-32B show examples of sample input
containers for holding the liquid sample and wash buffers.
FIG. 32A shows an inlet container 3200 with the shape simi-
lar to a syringe with sample inlet opening 3210 and connec-
tion to the filter holder 3220. FIG. 32B shows an inlet con-
tainer 3300 with wider opening 3310 and connection to the
filter holder 3320 to allow easy access to the microfilter.
FIGS. 32A-32B show examples of sample input container
made as one piece.

[0201] FIG. 33 shows an example of a sample input con-
tainer 3420 that can also be constructed out of an off the shelf
syringe 3410 without a plunger and an inlet adaptor 3050 with
amale Lure-Lock. The inlet adaptor can have various designs
as long as it does not leak and it can be easily removed from
the filter holder. The shape at the bottom of the sample input
containers 3200, 3300, and the inlet adaptor 3050 should have
a shape to facilitate tight fit into the inlet unit 3010 on the top
of'the assembled filter holder 3100 in FIG. 31E. Alternatively,
or in combination, an O-ring can be provided to facilitate the
tight fit into the inlet unit 3010.

[0202] The filtration system 3500 can assume the configu-
ration shown in FIG. 34. In the example of this drawing, the
input container 3420, constructed as shown in FIG. 33, is
connect to the top of the assembled filter holder 3100 from
FIG. 31E, and the bottom of the assembled filter holder 3100
shown in FIG. 31E is connected to a waste syringe 3510 with
plunger 3520.
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[0203] FIG. 35 shows a filtration system with just the filter
holder 3100 and the waste syringe 3510. The opening 3140
allows performance of many assay steps directly on the
microfilter.

[0204] The filtration can be performed manually by draw-
ing the plunger, but manual operation may not provide con-
sistent speed. The filtration system 3600 using syringe pump
3610 in FIG. 36 can provide more consistent speed for pulling
the plunger 3520 by a pusher block 3620. The syringe pump
can have just infusion or both infusion and withdrawn func-
tions.

[0205] FIG. 37A shows another exemplary method for
drawing blood through the microfilter by connecting a vacu-
tainer holder 3710 to the outlet of the filter holder 3730. When
a vacutainer 3740 is inserted into the vacutainer holder 3710,
shown in FIG. 37B, the vacuum in the vacutainer will draw
the liquid sample into the vacutainer and the microfilter will
collect the rare cells.

[0206] FIG. 38A shows a filtration device 3800 that can
perform filtration at the time of getting blood draw. The
filtration device combines a filter holder 3830 with the inlet
adaptor 3820 and vacutainer holder 3810. A needle 3850 with
female Luer-Loc can be attached to the inlet adaptor 3820.
FIG. 38B shows a vacutainer 3840 inserted into the vacu-
tainer holder 3810.

Sample Collection and Performing Assays Using the
Filtration Devices

[0207] The logistics of collecting the sample and shipping
the sample to clinical laboratories to perform the rare cell
assays according to exemplary embodiments of the present
invention are described below with reference to FIGS. 39A-
39C.

[0208] FIG. 39A illustrates an example of a method to
obtain samples and shipping to clinical laboratories for test-
ing including: (i) collecting body fluid, (ii) sending sample to
testing laboratory, (iii) filtering rare cells out of body fluids,
and (iv) performing an assay.

[0209] Because cells can degrade and blood might form
clots and time required for shipping can be 24-48 hours, FIG.
39B describes an alternative method for obtaining samples,
and for testing in clinical laboratories including: (i) collecting
body fluid, (i) filtering the rare cells from the body fluid at the
collection site. (iii) sending filter holder with microfilter or
just the microfilter with captured rare cells to testing labora-
tory, and (iv) performing the assay in the testing laboratory.

[0210] Forblood samples, itis also possible to filter the rare
cells from blood at the time of drawing the blood using the
filtration device 3800 shown in FIG. 39C. After performing a
washing step, the filter holder with microfilter or just eh
microfilter with captured rare cells can be sent to testing
laboratory. Assays will be performed in the testing laboratory.

Microfilter Applications

[0211] Inexemplary embodiments of the present invention
described above, microfilters can be formed from epoxy-
based photo-definable dry film having a thickness between
1-500 um. In certain embodiments, such microfilters can be
formed using UV light to expose the dry film (i.e., using UV
lithography). In some embodiments, X-rays (i.e., X-ray
lithography) may be preferred for exposing relatively thick
dry films, for simultaneously exposing multiple stacked dry
films, or for exposing resists that require a relatively high
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dose. In certain embodiments, relatively thick microfilters
may provide more structural strength than thinner microfil-
ters, but may also utilize higher pressure during filtration.

[0212] Asnoted above, in certain exemplary embodiments,
epoxy-based photo-definable dry films are a preferred mate-
rial from which to form microfilters in accordance with
embodiments of the present invention. In some embodiments,
properties of epoxy-based photo-definable dry film that make
it a suitable material from which to form microfilters for
medical diagnostic applications are that it is photo-definable
by UV light, itis clear, it has a high tensile strength of 75 Mpa,
it can be laminated to itself, it can be directly coated on a
substrate, and it has no auto-fluorescence in the visible wave-
lengths. In addition, while the processes described above in
accordance with embodiments of the present invention may
be used to form microfilters, the processes described above
may also be used to manufacture other kinds of free-standing
patterned polymeric films.

[0213] Microfilters formed in accordance with exemplary
embodiments of the present invention have many possible
applications. In some embodiments, exemplary applications
for such microfilters include medical applications, water fil-
tration applications, beer and wine filtration applications,
pathogen detection applications, etc.

[0214] FIG. 40A is a flowchart illustrating a filtration pro-
cess 1700 using a microfilter in accordance with exemplary
embodiments of the present invention. At block 1720 of FIG.
40A, a liquid may be passed through a microfilter formed
from a layer of epoxy-based photo-definable dry film, in
accordance with any one of the embodiments described
above, having a plurality of apertures. In certain embodi-
ments, the liquid may be pushed through the microfilter. In
other embodiments, the liquid may be drawn through the
microfilter. The draw can be produced by a syringe or by
vacuum. In some embodiments, the liquid may be passed
back and forth through the microfilter one or more times. In
some embodiments, the particulates retained on the microfil-
ters may be backwashed using appropriate liquid.

[0215] In certain exemplary embodiments, the process
illustrated in FIG. 40 A may be used to perform an assay using
the microfilter. In certain embodiments, the process may be
used to filter cells, such as CTCs, from a solution including a
patient’s bodily fluid. This can be accomplished using vacu-
tainer as shown in FIG. 38A-38B, or by placing the filter on a
support above a vacuum pump.

[0216] FIG. 40B is a flowchart illustrating a filtration pro-
cess 1800 using a microfilter in accordance with exemplary
embodiments of the present invention. At block 1830 of FIG.
40B, a microfilter formed from a layer of epoxy-based photo-
definable dry film, in accordance with any one of the embodi-
ments described above, is positioned in a filter holder. In
certain embodiments, the filter holder includes an inlet, an
outlet, and securely holds the microfilter around the edges of
the filter. In some embodiments, a liquid may be input into the
filter holder through the inlet. At block 1850, the liquid is
passed through the microfilter. In certain embodiments, the
liquid is a bodily fluid or a solution including a bodily fluid. In
certain embodiments, the liquid is drawn through the micro-
filter by applying negative pressure at the outlet of the filter
holder such that all or substantially all of the liquid is drawn
through the pores of the microfilter. In other embodiments,
the liquid is pushed through the microfilter. At block 1870, the
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microfilter may also be removed from the filter holder. For
microscope imaging, the microfilter may be placed on a glass
slide.
[0217] FIG. 40C is a flowchart 1900 illustrating examples
for performing some types of assays in the filter holder 1910.
After the assay, the filter can be removed from the filter holder
1920 for analysis.
[0218] Enzymatic activity assay, histopathology staining
(colorimatric staining), and immunofluorescent staining for
applications such as determination of biomarker expression,
EPISPOT and enumeration, can follow the flow chart steps in
FIG. 40C after step shown in FIG. 40B. These assays can be
performed in a filter holder as described. These assays can
also be performed on glass slide, or plate after removing the
microfilter from the filter holder follow the flow chart shown
in FIG. 40A or 40B.
[0219] Nucleic acid assays, sequencing, fluorescence in
situ hybridization (FISH), mRNA in situ hybridization, and
culture require removing the microfilter with captured rare
cells from the filter holder and perform the assays in each of
their own appropriate ways as shown in flow chart of FIG.
40A or 40B.
[0220] In the exemplary flow chart of FIG. 40B, the proto-
col to isolate cells is as follows using the syringe pump:
[0221] 1. Assemble the microfilter in the filter holder as
shown in FIGS. 31A-31E;

[0222] 2. Mount a waste syringe 3510 to a syringe pump
3610;
[0223] 3. Attach the assembled filter holder 3100 on to

the waste syringe 3510;

[0224] 4. Attach the inlet container 3420 (FIG. 32A, 32B
or 33) on top of the filter holder 3100, and the complete
assemble looks like FIG. 36;

[0225] 5. Place liquid sample into the input container
3420,
[0226] 6. Using negative pressure, suck the liquid sample

through the microfilter into the waste syringe.

[0227] 7. To perform wash step, place wash buffer into
the input container 3420, and suck the wash buffer
through the microfilter into the outlet syringe. Perform
wash a few times.

[0228] 8. Remove the input container 3420 and the fil-
tration system looks like FIG. 35.

[0229] 9. Open the filter holder to retrieve the microfilter.
[0230] The syringe pump can be operated manually or can
be automated.

[0231] The filtration can be performed manually. To per-
form the assay manually, skip step 2. At the start, complete
assembled system looks like FIG. 34.

[0232] The filter holder 3100 can also be placed on a stop-
per on a filter flask connect to a vacuum pump with the inlet
container 3420. The liquid sample and the wash buffer can be
placed into the inlet container 3420. The vacuum pump turned
on to draw the liquid through the filter. If the inlet container is
not used, the liquid sample and the wash buffer can be pipette
into the reaction well 3010 while the vacuum is on.

[0233] The filtration can be performed using the vacutainer
systems 3700 as shown in FIG. 37A. The steps are:

[0234] 1. Assemble the microfilter in the filter holder as

shown in FIGS. 31A-31E;

[0235] 2. Mount a vacutainer holder to the outlet of the
filter holder 3730 as shown in FIG. 37A.
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[0236] 3. Attach the inlet container 3720 (FIG. 32A, 32B
or 33) on top of the filter holder 3730, and the complete
assemble looks like FIG. 37A;

[0237] 4. Place liquid sample into the input container
3720,
[0238] 5. Insert vacutainer 3740 into the vacutainer

holder 3710, as shown in FIG. 37B.

[0239] 6. To perform washing step, place wash buffer
into the input container 3720.

[0240] 7. Install a fresh vacutainer 3740 into the vacu-
tainer holder 3710 to perform the wash.

[0241] 8. Further processing of the cells collect on the
microfilter as needed, or open the filter holder to retrieve
the microfilter.

[0242] The filtration can be performed at the time of blood
draw using the vacutainer systems 3800 as shown in FIG.
38A. The steps are:

[0243] 1. Assemble the microfilter in the filter holder as
shown in FIGS. 31A-31E;

[0244] 2. Mount a vacutainer holder to the outlet of the
filter holder as shown in FIG. 38A.

[0245] 3. Attach a needle 3850 with female Luer-Loc to
the inlet adaptor 3820.

[0246] 4. Insert needle into the vein of the patient.

[0247] 5. Insert vacutainer 3840 into the vacutainer
holder 3810, as shown in FIG. 38B.

[0248] 6. Remove vacutainer 3840 after draw.
[0249] 7. Remove the needle from the patient’s vein.
[0250] 8. Remove the needle from the filter holder, and

install an input container 3720 as shown in FIG. 37A.

[0251] 9. To perform the washing step, place wash buffer
into the input container 3720.

[0252] 10. Install a fresh vacutainer 3740 into the vacu-
tainer holder 3710 to perform the wash, as shown in FIG.
37B or insert the syringe into the outlet of the filter
holder as shown in FIG. 33.

[0253] 11. Further processing of the cells collect on the
microfilter as needed, or open the filter holder to retrieve
the microfilter.

[0254] The filter with cells attached can be used for various
assays and analysis.

[0255] FIG. 40C shows that many assay steps can be per-
formed in the filter holder after the steps in the flow chart of
FIGS. 40A-40B. The details of the assay steps can vary
depending on the assay. This is performed using the configu-
ration shown in FI1G. 35. The steps will vary depending on the
assay. The general steps are described below.

[0256] 1. Incubation: Place reagents into the reservoir
3140 above the filter and incubate. The incubation of
with reagents above the microfilter in the filter holder is
possible because the apoxy-based photo-definable dry
film microfilter is hydrophobic. Reagents will not leak
through the microfilter.

[0257] 2. Wash: For small amount of wash buffers after
the incubation, wash buffer can be placed directly into
the reservoir 3140 and sucked out by negative pressure.
This can be repeated. When larger volumes of washing
buffers are required, place the input container back on
the filter holder to form the system shown in FIG. 34 and
perform washing step by sucking out the wash buffer
placed into the input container.

[0258] 3. Anytime the outlet syringe becomes full,
replace with a new outlet syringe.
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[0259] 4. When the assay is completed, unassembled the
filter holder and take out the microfilter and place it on a
glass slide, plate reader or other appropriate device for
image analysis.

[0260] Nucleic acid assays and sequencing are suited for
performing the assay from the lysed cells. The conceptual
protocol follows the steps of collecting the cells on the micro-
filter. After taking the microfilter out of the filter holder, place
the microfilter containing rare cells 16 an Appendorf centrifu-
gation tube with lysis buffer. The rest of the steps for the
nucleic acid assays are the same as common samples.
[0261] For culturing the rare cells, the conceptual protocol
follows the steps of collecting the cells on the microfilter.
After taking the microfilter out of the filter holder, place the
microfilter containing rare cells in culture medium. Cells can
also be backwashed out of the filter into culture medium. In
some situations the rare cells need to be removed from the
microfilter and inject into an animal such as mice.

Analysis of Microfiltered Cells

[0262] In some embodiments, the particulates retained on
the microfilter may then be subject to processing and or
analysis to analyze any cells or other materials, substances,
etc. collected by the microfilter. The analysis may be per-
formed in the filter holder device or microfiltration chip. The
analysis may also be performed outside the filter holder after
the microfilter is removed from the filter holder. Exemplary
applications of this process in accordance with embodiments
of the present invention will be described below.

[0263] Incertain embodiments, a microfilter formed from a
layer of epoxy-based photo-definable dry film in accordance
with any one of the embodiments described above may be
used for medical diagnostics and/or prognostics. In certain
embodiments, the microfilter may be used to collect certain
types of cells from bodily fluids based on cell size. In some
embodiments, the microfilter can be used for isolating and
detecting rare cells from a biological sample containing other
types of cells. In some embodiments, the microfilter can be
used to filter a fluid sample, and the collected cells can be used
in a downstream processes such as cell identification, enu-
meration (cell counting), characterization of the collected
cells, culturing the collected cells, separating the cells into
individual cells or groups of cells, or use the of cells in other
ways. The final enriched target cells can be subjected to a
variety of characterization and manipulations, such as stain-
ing, immunofluorescence of markers, cell counting, DNA,
mRNA, microRNA analysis, fluorescence in-situ hybridiza-
tion (FISH), immunohistochemistry, flow cytometry, immu-
nocytochemistry, image analysis, enzymatic assays, gene
expression profiling analysis, sequencing, efficacy tests of
therapeutics, culturing of enriched cells, and therapeutic use
of enriched rare cells. In addition, depleted plasma protein
and white blood cells can be optionally recovered and sub-
jected to other analysis, such as inflammation studies, gene
expression profiling, etc.

[0264] In certain embodiments, the microfilter can be held
in a filter holder for medical diagnostics and/or prognostics.
In some embodiments, the filter holder may include a built in
support for the microfilter. In certain embodiments, the filter
holder may have gasket above and below the filter. In some
embodiments, the microfilter may be used to collect circulat-
ing tumor cells (CTCs) in blood. In such embodiments, a
blood sample, typically in the range of 1-10 ml, is taken from
apatient. The blood sample is then drawn through the micro-
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filter by applying negative pressure, such as a sucking force.
In certain embodiments, the blood is pulled through the
microfilter via an outlet. In some embodiments, passing the
blood through the filter by pushing can cause cell rupture
except at very low pressure or low speed.

[0265] In certain embodiments, most cells having a dimen-
sion larger than the width of one or more pores of the micro-
filter are retained. Most white blood cells are deformable and
can pass through pores having a smaller width than a dimen-
sion of the white blood cell. In certain embodiments, nearly
no red blood cells are retained on the microfilter. In some
embodiments, the microfilter may include pores 7-8 pm in
diameter for enriching circulating tumor cells and fetal cells;
however, the microfilter pore size and shape can be varied for
these applications as well.

[0266] In some embodiments, CTCs collected by the
microfilter can be enumerated on the microfilter. In one
experiment conducted to determine the capture efficiency of
a microfilter, tumor cell lines were used. The microfilter used
to demonstrate filtration efficiency was a microfilter having a
7-8 micron diameter pores separated by 20 microns and
arranged within a 9 mm diameter area. The microfilter was
placed into a filter holder. A prestained MCF-7 cell line was
spiked into 7.5 ml of whole blood. To capture live CTCs, the
blood was diluted 1:1 with a buffer solution. One exemplary
buffer solution is phosphate buffered saline (PBS). Another
exemplary buffer solution is a mild fixation buffer to make the
CTCs slightly more rigid. The liquid sample was drawn
through the microfilter using negative pressure at approxi-
mately 10 ml/min. Afterwards, the filter was washed twice in
a buffer solution. The microfilter was removed from the
holder and mounted onto a microscope slide to be counted.
The recovery rate of live MCF-7 cells was 85%z%3%. If the
blood is mildly fixed, the capture efficiency of MCT-7 cells
increases to 98%=2%.

[0267] Incertain embodiments, collected CTCs canbe sub-
jected to a variety of analyses and manipulations, such as
immunofluorescence, genetic characterization and molecular
phenotyping, fluorescence in-situ hybridization (FISH),
mRNA FISH, in-situ hybridization (ISH), mRNA ISH,
immunohistochemistry (IHC), flow cytometry, immunocy-
tochemistry, colorimetric staining, histopathological staining
(for example, hematoxylin and eosin staining), image analy-
sis, epithelial immunospot (EPISPOT), enzymatic assays,
gene expression profiling analysis, efficacy tests of therapeu-
tics, culturing of enriched cells, and therapeutic use of
enriched rare cells. In addition, in some embodiments,
depleted plasma protein and white blood cells can be option-
ally recovered, and subjected to other analysis such as inflam-
mation studies, gene expression profiling, etc.

[0268] Incertainembodiments, CTCs collected from blood
can be stained to identify them as potential tumor cells and not
blood cells. It is possible to identify the CTCs by morphology
using colorimetric staining. Other methods are based on fluo-
rescence staining. Some typical fluorescence staining meth-
ods to identify the cells as tumor cells use DAPI to identify the
nucleus and us cytokeratins 8, 18 and 19 conjugated to a
fluorescent dye to identify them as epithelial cell. Since nor-
mal epithelial cells are not fund in blood, epithelial cells
found in blood are accepted as tumor cells. CD45 antibody is
used to identify white blood cells, eliminating the blood cells
retained on the microfilter as CTCs. It is commonly accepted
that a cell from blood that is DAPI positive, CK 8, 18, and 19
positive and CD45 negative to be a CTC. Other markers, such
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as EpCAM, MUC-1, and others) can be included to further
provide specificity and increase of fluorescence signal.

[0269] Incertain embodiments, captured CTCs are stained
to specifically identity the origin of the tumor cells, such as
breast, prostate, colon, etc. For example, PSA marker on the
cell would identify its origin as prostate. For each cancer,
specific markers can be found either on the surface or inside
the cells.

[0270] In certain embodiments, captured CTCs can be
characterized to determine if it contains specific mutations of
the DNA. This can be identified by for DNA, mRNA, and
microRNA expression by PCR, by sequencing, or by antibod-
ies, ligends, aptamers and others that recognize the mutated
proteins.

[0271] In certain embodiments, captured CTCs can be
characterized to determine over-expression of genes. Some-
times the number of copies of a gene is more than it should be
for each cell. When there are more copies of the gene, it
produces more copies of mRNA, which in turn produces more
copies of the protein. The number of copies of the gene can be
determined by FISH or by ISH, The amount of mRNA pro-
duced can be obtained by PCR, mRNA FISH and mRNA ISH.
The amount of proteins produced can be determined by
immunofluorescent stains for that protein. Cells over-expres-
sion a marker will stain brighter for that marker than normal
tissue. One example of over expression is HER-2 in some
subtypes of breast cancer.

[0272] In certain embodiments, captured CTCs can be
characterized to determine if they are viable cells.

[0273] In certain embodiments, captured CTCs can be
determined if they are viable. Viability can be determined by
trypan blue staining, or culture.

[0274] In certain embodiments, captured CTCs can be
determined if they are stem cells. They can be stained for stem
cell marker phenotype (CD44*/CD24~"*" or CK19*/MUC-
)

[0275] In certain embodiments, viable CTCs may be cap-
tured by microfilter coated by analyte recognition elements,
such as antibodies, ligends, aptamers, etc. The analytes of
interest are to be secreted by the CTC. A secondary analyte
recognition element can be used to produce a detectable sig-
nal if the analyte is produced by the CTC. The signal may be
produced by fluorescent dyes. The concept is similar to
EPISPOT.

[0276] In certain embodiments, captured live CTCs can be
cultured directly on the microfilter to increase the number of
CTCs and to evaluate the characteristics of CTCs. In other
embodiments, the CTCs can be backwashed from the micro-
filter prior to culturing or sorting.

[0277] In other embodiments, a microfilter formed from a
layer of epoxy-based photo-definable dry film in accordance
with embodiments of the present invention may be used in
therapeutic applications in which circulating tumor cells are
removed from the blood of cancer patients. Circulating tumor
cells are the cause of cancer spreading from the original site to
other locations such as brain, lung and liver. Most carcinoma
cancer patients die from the metastatic cancer. In certain
embodiments, microfiltration using a microfilter formed in
accordance with embodiments of the invention is a suitable
method for removing circulating tumor cells from the blood
stream of a patient because the filtration speed is fast and
microfilters retain very little white blood cells and almost no
red blood cells when used to filter blood.
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[0278] Microfiltration for circulating tumor cells in blood
can provide a large array of diagnostic, prognostic and
research applications. For collecting circulating tumor cells,
previous research reports utilized track etch filters with ran-
dom pore locations with some overlapping pores and not
straight pores, and microfilters with orderly arranged pores
produced by reactive ion etching. In certain embodiments of
the present invention, microfilters formed from epoxy-based
photo-definable dry film and having precisely arranged pores
are used to collect circulating tumor cells in blood.

[0279] One exemplary application of a microfilter formed
in accordance with embodiments of the present invention is to
monitor effectiveness of treatment by counting the number of
CTCs collected in the blood. Large number of CTC per ml of
blood can indicate short lifespan. The change of CTCs per ml
of'blood can indicate whether treatment is working or not. If
the number of CTCs is decreasing, it indicates the treatment is
having an effect. In contrast if the number of CTCs is increas-
ing, it indicates the treatment is ineffective.

[0280] One exemplary application of a microfilter formed
in accordance with embodiments of the present invention is
using the microfilter for capturing cells and subsequently
culturing the cells in the filter holder, or culturing the cells
after back flushing the cells oft the microfilter. Various drugs
can be applied to the cultured CTCs can be used to evaluate
drug efficacy to determine the best treatment for the patients.
[0281] One exemplary application of a microfilter formed
in accordance with embodiments of the present invention is to
determine gene mutation in CTCs to determine the appropri-
ate drug.

[0282] One exemplary application of a microfilter formed
in accordance with embodiments of the present invention is to
determine over expression of a marker when there is drug to
treat tumors with the over expression

[0283] One exemplary application of a microfilter formed
in accordance with embodiments of the present invention is to
determine if the cancer is returning after remission. If the
number of CTCs become more than five from 7.5 ml of blood
and the CTC count is increasing in time, then the cancer is
returning.

[0284] Another exemplary application of a microfilter
manufactured in accordance with embodiments of the present
invention is capturing circulating endothelial cells. Endothe-
lial cells in the peripheral blood provides information about
various medical conditions.

[0285] Exemplary application of a microfilter manufac-
tured in accordance with embodiments of the present inven-
tion is capturing circulating fetal cells in a mother’s blood
during pregnancy. Such fetal cells may include primitive fetal
nucleated red blood cells. Fetal cells circulating in the periph-
eral blood of pregnant women are a potential target for non-
invasive genetic analyses. Fetal cells include nucleated red
blood cells and epithelial (trophoblastic) cells, which are
14-60 um in diameter, larger than peripheral blood leuko-
cytes. Enrichment of circulating fetal cells followed by
genetic diagnostic can be used for noninvasive prenatal diag-
nosis of genetic disorders using PCR analysis of a DNA target
or fluorescence in situ hybridization (FISH) analysis of genes.
[0286] Another exemplary application of a microfilter
manufactured in accordance with embodiments of the present
invention is collecting or enriching stromal cells, mesenchy-
mal cells, endothelial cells, epithelial cells, stem cells, non-
hematopoietic cells, etc. from a blood sample, collecting
tumor or pathogenic cells in urine, and collecting tumor cells
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in spinal and cerebral fluids. Another exemplary application
is using the microfilter to collect tumor cells in spinal fluids.
Another exemplary application is using the microfilter to
capture analytes bound to latex beads or antigen caused par-
ticle agglutination whereby the analyte coated bead or agglu-
tinated clusters are captured on the membrane surface.
[0287] Another exemplary application of a microfilter
formed in accordance with embodiments of the present inven-
tion is for erythrocyte deformability testing. Red blood cells
are highly flexible cells that will readily change their shape to
pass through pores. In some diseases, such as sickle cell
anemia, diabetes, sepsis, and some cardiovascular conditions,
the cells become rigid and can no longer pass through small
pores. Healthy red cells are typically 7.5 pum and will easily
pass through a 3 pm pore membrane, whereas a cell with one
of these disease states will not. In the deformability test, a
microfilter having 5 um apertures is used as a screening
barrier. A blood sample is applied and the membrane is placed
under a constant vacuum. The filtration rate of the cells is then
measured, and a decreased rate of filtration suggests
decreased deformability.
[0288] Another exemplary application of a microfilter
formed in accordance with embodiments of the present inven-
tion is leukocyte/Red blood cell separation. Blood cell popu-
lations enriched for leukocytes (white blood cells) are often
desired for use in research or therapy. Typical sources of
leukocytes include whole peripheral blood, leukopheresis or
apheresis product, or other less common sources, such as
umbilical cord blood. Red blood cells in blood can be lysed.
Then the blood is caused to flow through the microfilter with
small pores to keep the leukocytes. Another exemplary appli-
cation is using the microfilter for chemotaxis applications.
Membranes are used in the study of white blood cell reactions
to toxins, to determine the natural immunity in whole blood.
Since immunity is transferable, this assay is used in the devel-
opment of vaccines and drugs on white blood cells. Another
exemplary application is using the microfilter for blood fil-
tration and/or blood transtusion. In such applications, micro-
filters can be used to remove large emboli, platelet aggregates,
and other debris.
[0289] Additionally, arrays of precision micro-pores can be
fabricated in rolls of polymer resists in accordance with
embodiments of the invention described above. Such arrays
may be used for applications for which wafer-sized microfil-
ters are not suitable. Examples of such applications include
water filtration, kidney dialysis, etc.
[0290] While various embodiments have been described
above, it should be understood that they have been presented
by way of example only, and not limitation. It will be apparent
to persons skilled in the relevant art that various changes in
form and detail can be made therein without departing from
the spirit and scope of the present invention. Thus, the breadth
and scope of the present invention should not be limited by
any of the above-described exemplary embodiments, but
should be defined only in accordance with the following
claims and their equivalents. The present embodiments are,
therefore, to be considered in all respects as illustrative and
not restrictive. Additionally, it will be appreciated that any
features, components, elements, etc., described above in rela-
tion to different exemplary embodiments may be imple-
mented together.

1-26. (canceled)

27. A filtration device comprising:

an inlet layer including a first volume and a first inlet layer

opening to said first volume;
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a filter structure including a polymer filter layer having a
first filter surface and a second filter surface diametri-
cally opposite to said first filter surface; and

an outlet layer including a second volume and a first outlet
layer opening to said second volume,

wherein said first filter surface is exposed to said first
volume,

said second filter surface is exposed to said second filter
volume, and

at least a filtered portion of a sample entering said first inlet
layer opening, passes from said first volume to said
second volume via said filter layer and exits said second
volume via said first outlet layer opening.

28. The filtration device of claim 27, further comprising:

a top layer covering at least a portion of said first volume
opposite said first surface of said filter layer; and

a base layer covering at least a portion of said second
volume opposite said second surface of said filter layer.

29. The filtration device of claim 28, wherein:

said top layer includes a first top opening and a second top
opening;

said first top opening communicatively connected with
said first inlet top layer opening;

said top layer includes a top outlet layer opening commu-
nicatively connected with said second top opening;

said filter layer includes a first filter layer opening commu-
nicatively connected with said top outlet layer opening;

said sample interring said first volume via said first inlet
layer opening; and

an unfiltered portion of said sample exits said top outlet
opening connected with second top opening in the first
volume, and

at least a filtered portion of a sample entering said first inlet
layer opening, passes from said first volume to said
second volume via said filter layer and exits said second
volume via said first outlet layer opening.

30. The filtration device of claim 27, wherein the polymer

filter comprises photo-definable dry film.
31. The filtration device of claim 30, wherein the photo-
definable dry film comprises epoxy-based photo-definable
dry film.
32. The filtration device of claim 27, further comprising a
coating of one or more elements on first filter surface of the
first polymer layer.
33. The filtration device of claim 32, wherein said elements
include analyte recognition elements.
34. The filtration device of claim 27, wherein said inlet
layer includes a second inlet layer opening to said first vol-
ume.
35. The filtration device of claim 27, wherein the filter
structure comprises a plurality of filter layers in a stacked
formation.
36. A filtration method comprising:
configuring a filtration device comprising:
an inlet layer including a first volume and a first inlet
layer opening to said first volume;

afilter structure including a polymer filter layer having a
first filter surface and a second filter surface diametri-
cally opposite to said first filter surface; and

an outlet layer including a second volume and a first
outlet layer opening to said second volume,

wherein said first filter surface is exposed to said first
volume,
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said second filter surface is exposed to said second filter
volume; and

passing a liquid sample into said first inlet layer opening

whereby at least a filtered portion of a sample entering
said first inlet layer opening passes through apertures in
the filter from said first volume to said second volume
via said filter layer and exits said second volume via said
first outlet layer opening, and wherein the apertures are
sized to essentially allow passage of a first type of com-
ponent in the fluid and to substantially prevent passage
of a second type of component in the fluid.

37. The filtration method of claim 36, wherein said filtra-
tion device further comprises:

a top layer covering at least a portion of said first volume

opposite said first surface of said filter layer; and

a base layer covering at least a portion of said second

volume opposite said second surface of said filter layer.

38. The filtration method of claim 37, wherein:

said top layer includes a first top opening and a second top

opening;

said first top opening communicatively connected with

said first inlet top layer opening;

said top layer includes a top outlet layer opening commu-

nicatively connected with said second top opening;
said filter layer includes a first filter layer opening commu-
nicatively connected with said top outlet layer opening;
said sample interring said first volume via said-first inlet
layer opening; and
an unfiltered portion of said sample exits said top outlet
opening connected with second top opening in the first
volume, and

at least a filtered portion of a sample entering said first inlet

layer opening, passes from said first volume to said
second volume via said filter layer and exits said second
volume via said first outlet layer opening.

39. The method of claim 36, wherein the polymer filter
comprises a photo-definable dry film filter.

40. The method of claim 36, wherein the photo-definable
dry film comprises epoxy-based photo-definable dry film.

41. The method of claim 36, further comprising:

performing, on the captured second component, one or

more of identification, immunofluorescence staining,
enumeration, cell lysis, fluorescence in situ hybridiza-
tion, mRNA in situ hybridization, other molecular char-
acterizations, immunohistochemistry, histopathological
staining, flow cytometry, image analysis, enzymatic
assays, gene expression profiling analysis, erythrocyte
deformability, white blood cell reactions, efficacy tests
of therapeutics, culturing of enriched cells, and thera-
peutic use of enriched rare cells, and separation from the
microfilter.

42. The method of claim 36, wherein the first filter surface
includes a coating of one or more elements on at least one
surface of the microfilter.

43. The method of claim 42, wherein the elements com-
prise analyte recognition elements configured to capture
components in the fluid.

44. The filtration method of claim 36, wherein the filter
structure comprises a plurality of filter layers in a stacked
formation.

45. A method of configuring a filtration device comprising:

providing an inlet layer including a first volume and a first

inlet layer opening to said first volume;
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providing a filter structure including a polymer filter layer
having a first filter surface and a second filter surface
diametrically opposite to said first filter surface; and

providing an outlet layer including a second volume and a
first outlet layer opening to said second volume,

wherein said first filter surface is exposed to said first
volume,

said second filter surface is exposed to said second filter
volume, and

at least a filtered portion of a sample entering said first inlet
layer opening, passes from said first volume to said
second volume via said filter layer and exits said second
volume via said first outlet layer opening.

46. The method of claim 45, further comprising:

providing a top layer covering at least a portion of said first
volume opposite said first surface of said filter layer; and

providing a base layer covering at least a portion of said
second volume opposite said second surface of' said filter
layer.
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47. The method of claim 36, wherein the liquid comprises
abody fluid comprising at least one of the group consisting of
blood, urine, cerebral spinal fluid and saliva.

48. The method of claim 36, wherein the liquid comprises
water.

49. The method of claim 36, wherein the liquid contains
disbursed components from bone marrow, tumor tissue, and
other tissue.

50. The method of claim 36, wherein said second compo-
nent comprises at least one of circulating tumor cells, circu-
lating endothelial cells, stem cells, stromal cells, epithelial
cells, non-hematopoietic cells, fetal cells, nucleated red blood
cells, trophoblstic cells, macrophages, circulating cancer
associated macrophage-like cells, epithelial-mesenchymal
transition cells, blood cells, processed tissue sample cells,
white blood cells, T-cells, B-cells, and tumor cells from bone
marrow.

51. The method of claim 36, wherein said second compo-
nent comprises at least one of leukocytes, T-cells and B-cells,
and the liquid sample is blood.
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