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Device and system for collecting and analyzing vapor condensate, particularly
exhaled breath condensate, as well as method of using the same

CROSS-REFERENCING

This application claims the benefit of provisional application serial nos. 62/218,455
filed on September 14, 2015, 62/293,188, filed on February 9, 2016, 62/305,123, filed on
March 8, 2016, 62/369,181, filed on July 31, 2016 and of PCT application serial no.
PCT/US16/46437, filed on August 20, 2016, which POT application claims the benefit of
provisional application serial nos. 62/202,989, filed on August 10, 2015, 62/218,455 filed on
September 14, 2015, 62/293,188, filed on February 9, 2016, 62/305,123, filed on March 8,
2016, and 62/369,181, filed on July 31, 2016, all of which applications are incorporated
herein in their entireties for all purposes.

FIELD
The present invention is related to the field of bio/chemical sampling, sensing, assays and
applications.

BACKGROUND

In bio/chemical vapor condensate sample analysis, particularly exhaled breath
condensate (EBC), there is a need for the methods and devices that can simplify the sample
collection and measurement processes, that can accelerate the process (e.g. binding, mixing
reagents, etc.) and quantify the parameters (e.g. analyte concentration, the sample volume,
etc.),that can handle samples with small volume, that allow an entire assay performed in less
than a minute, that allow an assay performed by a smartphone (e.g. mobile phone), that
allow nonprofessional to perform an assay her/himself, and that allow a test result to be
communicated locally, remotely, or wirelessly to different relevant parties. The present
invention relates to the methods, devices, and systems that can address these needs.

SUMMARY
The following brief summary is not intended to include all features and examples of
the present disclosure. The present disclosure is related to the field of bio/chemical sensing,
assays and applications. Particularly, the present disclosure is related to collecting a small

amount of a
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vapor condensate sample (e.g. the exhaled breath condensate (EBC) from a subject of a
volume as small as 10 fL (femto-Liter) in a single drop), preventing or significantly reducing
an evaporation of the collected vapor condensate sample, analyzing the sample, analyzing
the sample by mobile-phone, and performing such collection and analysis by a person

without any professionals.

In one aspect, the present disclosure refers to a device for collecting and analyzing vapor
condensate (VC) sample, comprising:

a collection plate and a cover plate, wherein:

i. the plates are movable relative to each other into different configurations;

i one or both plates are flexible;

iii. each of the plates has, on its respective surface, a sample contact area for
contacting a vapor condensate (VC) sample that contains an analyte;

iv. one or both of the plates comprise spacers that are fixed with a respective
plate, wherein the spacers have a predetermined substantially uniform height and a
predetermined constant inter-spacer distance and wherein at least one of the spacers is
inside the sample contact area;

wherein one of the configurations is an open configuration, in which: the two plates
are either completely or partially separated apart, the spacing between the plates is not
regulated by the spacers, and the VC sample is deposited on one or both of the plates; and

wherein another of the configurations is a closed configuration which is configured
after the VC sample deposition in the open configuration; and in the closed configuration: at
least a part of the VC sample is between the two plates and in contact with the two plates,
and has a highly uniform thickness that is regulated by the spacers and the two sample
surfaces of the plates and is equal to or less than 30 pm with a small variation.

In another aspect, the present disclosure refers to a system for rapidly analyzing a vapor
condensation sample using a mobile communication device comprising:
(a) a device as disclosed herein; and
(b) a mobile communication device comprising:
i. one or a plurality of cameras for detecting a signal and/or imaging the vapor
condensate sample; and



ii. electronics, signal processors, hardware and software for receiving and/or
processing the detected signal and/or the image of the vapor condensate sample and

for remote communication.

In another aspect, the present disclosure refers to a method for rapidly analyzing an analyte
in a sample using a mobile phone, comprising:

(a) depositing a sample on the device as disclosed herein;

(b) assaying an analyte in the sample deposited on the device to generate a result;
and

(c) communicating the result from the mobile communication device to a remote
location from the mobile communication device.

In another aspect, the present disclosure refers to a method for analyzing an analyte in a
vapor condensate sample comprising:

obtaining a device as disclosed herein;

depositing the vapor condensate sample onto one or both plates of the device;

placing the plates in the closed configuration and applying an external force over at
least part of the plates; and

analyzing the analyte in the layer of uniform thickness while the plates are in the
closed configuration.

In another aspect, the present disclosure refers to a method for analyzing an analyte in a
vapor condensate sample, wherein the method comprises:

(a)  obtaining the device as disclosed herein wherein the spacers have:

i. a pillar shape with substantially uniform cross-section and a flat top surface;

ii. a ratio of the width to the height equal to or larger than one;

iii. a predetermined constant inter-spacer distance that is in the range of 10 um
to 200 um; and

iv. a filling factor equal to 1% or larger; and

(b) depositing a sample on one or both of the plates when the plates are configured
in the open configuration;

(c), after (b), using the two plates to compress at least part of the sample into the
layer of substantially uniform thickness that has an average value equal to or less than 30
um with a variation of less than 10%, wherein the compressing comprises:

bringing the two plates together; and

conformable pressing, either in parallel or sequentially, an area of at least one of the
plates to press the plates together to a closed configuration, wherein the conformable
pressing generates a substantially uniform pressure on the plates over the at least part of
the sample, and the pressing spreads the at least part of the sample laterally between the
sample contact surfaces of the plates, and wherein the closed configuration is a
configuration in which the spacing between the plates in the layer of uniform thickness
region is regulated by the spacers; and

2a



(d) analyzing the analyte in the layer of uniform thickness while the plates are the
closed configuration;

wherein the filling factor is the ratio of the spacer contact area to the total plate area;

wherein a conformable pressing is a method that makes the pressure applied over an
area is substantially constant regardless the shape variation of the outer surfaces of the
plates; and

wherein the parallel pressing applies the pressures on the intended area at the same
time, and a sequential pressing applies the pressure on a part of the intended area and
gradually move to other area.

BRIEF DESCRIPTION OF THE DRAWINGS
The skilled artisan will understand that the drawings, described below, are for

illustration purposes only. The drawings are not intended to limit the scope of the present
teachings in anyway. The drawings may not be in scale. In the figures that present
experimental data points, the lines that connect the data points are for guiding a viewing of
the data only and have no other means.

Fig. 1 An illustration of certain aspects of an exemplary device and methods of
collecting exhaled breath condensate (EBC) using a SiEBCA (Single-drop EBC
Collector/Analyzer).

Fig. 2 An illustration of different formations of EBC at closed configuration of SIEBCA

depends on spacer height. In closed configureation-1: If spacer height is smaller than
average height of EBC at open configuration: at closed configuration, EBC become a
continuous thin film contacting both collection and cover plates and may have air isolated
pockets. In the closed condiguraiton-2: If spacer height is larger than average height of EBC
at open configuration; at closed configuration EBC become isolated puddle(s) that contact
both collection and cover plates, and that are larger but fewer than that at the open
configuration.

Fig. 3. An illustration of an embodiment of the devices and the methods of a SIEBCA

(Single-drop EBC Collector/Analyzer).

Fig. 4. An illustration of a SIEBCA with both "open spacer' and "enclosed spacer”,
where the open spacer is a post (pillar) while the enclosed spacer is a ring spacer (d) and a
four chamber grid spacer (e).

Fig. 5. The surface wetting properties for an untreated and a treated (for better

wetting than untreated surface) surface of a collection plate.
Fig. 6. Methods of pressing the plates of SIEBCA by human hand.

Fig. 7. Experimental data of EBC Droplets sizes and density on the collection plate
(untreated PMMA film) at an "open configuration" (e.g. only the collection plate without the
cover plate.

Fig. 8. Experimental data of EBC formation on the collection plate which is a surface
treated PMMA film) at a plate open configuration.
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Fig. 9. Pholographs and measured evaperation time (at plate cpen configuration) of the
EBC (2 s breathing directly from a subject) collected on untreated and treated PMMA plate.

Fig. 10. Photographs of spacer height effects (Tum, 2um, 10um and 30um,
respectively) on the EBC collected using SIEBCA at the closed configuration.

Fig. 11. Experimental Data of Photographs of spacer height effects (tum, 2um, 10um
and 30um, respectively) on the EBC collected using SIEBCA at the closed configuration.

Fig. 12. Photographs of the breath collected using the collection plate that are treated
and untreated PMMA plates.

Fig. 13. Experimental data on effects of (a) treated and unireated PMMA collection
plates and (b} time delay in closing the cover plate on breath collection.

Fig. 14. Experimental data of the volume of the collected breath (i.e. EBC) on the
coliection plaie vs. the time delay (measured from the end of the breath io the covering of the
cover plate) for the case of the treated (which is more hydrophilic that the untreated) and
untreated coliection plate (PMMA) surface, respectively.

Fig. 15 shows reducing binding or mixing time by reducing the sample thickness using
two pates, spacers, and compression (shown in cross-section). Panel (a) illustrates reducing the
time for binding entities in a sample to a binding site on a solid surface (X-(Volume to Surface)).
Pane! (b) Hllusirates reducing the time for binding entilies {e.g. reagent} stored on a surface of
plate to a binding site on a surface of ancther surface (X-(Surface to Surface)). Panel (¢) Hllustrates
reducing the time for adding reagents stored on a surface of a plate into a sample that is
sandwiched between the plate and other plate (X-(Surface {0 Volume)).

FIG. 16 schematically illustrates an exemplary embodiment of the present invention, a
multiplexed detection in a single CROF device using one binding site one plate and a plurality of
storage sites on the other plate. Panel {a) and (b) is a perspective and a cross-sectional view of
an exemplary device, respectively.

FIG. 17 schematically illustrates a further exemplary embodiment of the present invention,
a multiplexed detection in a single CROF device using one storage site on one plate and multiple
binding sites on the other plate. Panel (a) and (b) is a perspective and a cross-sectional view of

an exemplary device, respectively.

FIG. 18 schematically illustrates a further exemplary embodiment of the present invention,
a multiplexed detection in a single CROF device with multiple binding sites on one plate and
mulliple corresponding storage sites on another plate. Panel (a) and (b) is a perspective and a

cross-sectional view of an exemplary device, respectively.



10

30

WO 2017/048881 PCT/US2016/051794

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following detailed description illustrates some embodiments of the invention by way
of exampile and not by way of limitation. The seclion headings and any subtitles used herein are
for organizational purposes only and are not to be construed as limiting the subject matter
described in any way. The contents under a section heading and/or subtitle are not limited {o the
saction heading and/or subtitie, but apply to the entire description of the present invention.

The citation of any publication is for its disclosure prior to the filing date and should not be
construed as an admission that the present claims are not entitied {0 antedate such publication
by virtue of prior invention. Further, the dates of publication provided can be different from the
actual publication dates which can neasd o be independently confirmed.

The present invention is related to the field of bio/chemical sensing, assays and
applications. Particularly, the present invention is related to collecting a small amount of a vapor
condensate sampile (e.g. the exhaled breath condensate (EBC) from a subject of a volume as
small as 10 fL {femto-Liter) in a single drop), preventing or significantly reducing an evaporation
of the collected vapor condensate sampile, analyzing the sample, analyzing the sample by mobile-
phone, and performing such collection and analysis by a person without any professionals. Since
the exhaled breath condensate (EBC) and other vapor condensate share many common
properties, the disclosure uses EBC as a representative to illustrate certain embodiments of the
present invention, but such presentation should not be construed as any limitations of the present

invention.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art 1o which this disclosure
belongs. Although any methods and materiais similar or eguivalent to those described herein can
also be used in the practice or testing of the present teachings, some exemplary methods and
materials are now described.

34

The terms “polynuciectide”, “nucleoctide”, "nuclectide sequence”, “nucleic acid”, “nucleic
acid molecule”, “nucleic acid sequence” and “cligonucleotide” are used interchangeably, and can
also include plurals of each respectively depending on the context in which the terms are utilized.

The term “capture agent” as used herein, refers to a binding member, e.g. nucleic acid
molecule, polypeptide molecule, or any other molecule or compound, that can specifically bind to
its binding pariner, e.g., a second nucleic acid molecule containing nuclectide sequences
complementary to a first nucleic acid molecule, an antibody that specifically recognizes an

4
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antigen, an antigen specifically recognized by an antibody, a nucleic acid aptamer that can
specifically bind to a target molecule, etc.

The term “a secondary capture agent” which can also be referred to as a “detection agent”
refers a group of biomolecules or chemical compounds that have highly specific affinity to the
antigen. The secondary capture agent can be strongly linked to an optical detectable label, e.g.,
enzyme, fluorescence label, or can itself be detected by ancther detection agent that is linked to
an optical detectable label through bicconjugation (Hermanson, “Bioconjugate Techniques”
Academic Press, 2nd Ed., 2008).

The term “capture agent-reactive group” refers {0 a moiety of chemical funclion in a
molecule that is reactive with caplure agentis, i.e., can react with a molety {e.g., @ hydroxyl,
sulfhydryl, carboxyl or amine group) in a capture agent io produce a stable strong, e.¢., covalent
bond.

The terms “specific binding” and “selective binding” refer to the ability of a capture agent
to preferentially bind to a particular target analyte that is present in a heterogensous mixiure of
different target analyles. A specific or selective binding interaction will discriminate belween
desirable {e.g., active) and undesirable {e.¢., inactive) target analytes in a sample, typically more
than about 10 to 100-fold or more (e.qg., more than about 1000- or 10,000-fold).

The term “analyte” refers 10 a molecule (2.¢., a protein, peptides, DNA, RNA nucleic acid,
or other molecule), cells, tissues, viruses, and nanoparticles with different shapes.

The term “assaying” refers o testing a sample to detect the presence and/or abundance
of an analyie.

35wt

As used herein, the terms “determining,” "measuring,” and "assessing,” and “assaying”
are used interchangeably and include both quantitative and qualitative determinations.

As used herein, the term “light-emitting label” refers to a label that can emit light when
under an external excitation. This can be luminescence. Fluorescent labels (which include dye
molecules or guantum dots), and luminescent labels (e.¢., electro- or chemi-luminescent labels)
are types of light-emitting label. The external excitagtion is light (photons) for fluorescence,
glectrical current for electroluminescence and chemical reaction for chemi-luminescence. An
external excitation can be a combination of the above.

The phrase “labeled analyte” refers to an analyte that is detectably labeled with a light
emitting label such that the analyle can be detected by assessing the presence of the label A
labeled analyte may be labeled directly (i.e., the analyte itself may be direclly conjugated to a
label, e.g., via a strong bond, .¢., a covalent or non-covalent bond), or a labeled analyte may be

labeled indirectly (i.e., the analyte is bound by a secondary capture agent that is directly labeled).

5
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The terms “hybridizing” and “binding”, with respect o nucleic acids, are used
interchangeably.

The term "capture agent/analyte complex® is a complex that resulis from the specific
binding of a capture agent with an analyie. A caplure agent and an analyte for the capture agent
will usually specifically bind to sach other under "specific binding conditions” or “conditions
suitable for specific binding”, where such conditions are those conditions (in terms of salt
concentration, pH, detergent, protein concentration, temperature, etc.) which allow for binding to
occur between capture agents and analytes to bind in solution. Such conditions, particularly with
respect o antibodies and their antigens and nucleic acid hybridization are well known in the art
(see, 2.¢g., Harlow and Lane (Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y. (1989) and Ausubel, et al, Short Protocols in Molecular Biology, 5th ed.,
Wiley & Sons, 2002).

A subject may be any human or non-human animal. A subject may be a person performing
the instant method, a patient, a customer in a lesting center, eic.

As used herein, a “diagnostic sample” refers {o any biclogical sample that is a bodily
byproduct, such as bodily fluids, that has been derived from a subject. The diagnostic sample
may be obtained directly from the subiect in the form of liquid, or may be derived from the subject
by first placing the bodily byproduct in a solution, such as a buffer. Exemplary diagnestic samples
include, but are not limited to, saliva, serum, blood, sputum, urine, sweat, lacrima, semen, feces,
breath, biopsies, mucus, etc.

As used herein, an “environmental sample” refers {0 any sample that is obtained from the
environment. An environmental sample may include liguid samples from a river, lake, pond,
ocean, glaciers, icebergs, rain, snow, sewage, resarvoirs, tap waler, drinking water, etc.; solid
samples from soil, compost, sand, rocks, concrete, wood, brick, sewage, elc.; and gaseous
samples from the air, underwater heat venis, industrial exhaust, vehicular exhaust, etc. Typicaily,
samples that are not in guid form are converted to liquid form before analyzing the sample with
the present method.

As used herein, a “foodsiuff sample” refers to any sample that is suitable for animal
consumption, e.g., human consumption. A foodsiuff sample may include raw ingredients, cooked
food, plant and animal sources of food, preprocessed food as well as partially or fully processed
food, etc. Typically, samples that are not in liquid form are converted to liquid form before
analyzing the sample with the present method.

The term “diagnostic,” as used herein, refers o the use of a method or an analyte for

identifying, predicting the ocutcome of and/or predicting treatment response of a disease or
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condition of interest. A diagnosis may include predicting the likelihood of or a predisposition to
having a disease or condition, estimating the severity of a disease or condition, determining the
risk of progression in a disease or condition, assessing the clinical response {0 a treatment, and/or
predicting the response o treatment.

A "biomarker,” as used herein, is any molecule or compound that is found in a sample of
interest and that is known to be diagnostic of or associated with the presence of or a predisposition
to a disease or condition of interest in the subject from which the sample is derived. Biomarkers
inciude, but are not limited to, polypeptides or a compiex thereof (g.g., antigen, aniibody), nucleic
acids {e.g., DNA, miRNA, mRNA), drug metabolites, lipids, carbohvdrates, hormones, vitamins,
gtc., that are known o be associated with a disease or condition of interest.

A “condition” as used herein with respect to diagnosing a health condition, refers to a
physiological state of mind or body that is distinguishable from other physiciogical states. A health
condition may not be diagnosed as a disease in some cases. txemplary health conditions of
interest include, but are not limited {o, nutritional health; aging; exposure 1o environmental toxins,
pesticides, herbicides, synthelic hormone analogs, pregnancy, menopause; andropause, sleep;
stress, prediabetes; exercise, fatigue; chemical balance; etc.

The term "entity” refers {o, but not limited {o proteins, peplides, DNA, RNA, nucleic acid,
molecules {(small or large), cells, tissues, viruses, nanoparticles with different shapes, that would
bind 0 a "binding site”. The entity includes the capture agent, deteclion agent, and blocking agent.
The “entity” includes the "analyite”, and the two terms are used interchangeably.

The term "binding site” refers to a location on a solid surface that can immobilize an entity
in a sample.

The term "entity partners” refers 1o, but not limited to proteins, peplides, DNA, RNA,
nucleic acid, molecules (small or large), cells, tissues, viruses, nanoparticles with different
shapes, that are on a “binding site” and would bind o the entity. The entity, include, but not limited
to, caplure agents, detection agents, secondary detection agents, or "capture agent/analyte
complex”.

The term “smart phone” or “mobile phone”, which are used interchangeably, refers to the
type of phones thal has a camera and communication hardware and software that can take an
image using the camera, manipulate the image taken by the camera, and communicale data to a
remote place. In some embodiments, the Smart Phone has a flash light

The term “average linear dimension” of an area is defined as a length that equals o the
area times 4 then divided by the perimeter of the area. For example, the area is a rectangle, that

has width w, and length L, then the average of the linear dimension of the rectangle is

7
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WL LAWY (where ™ means mullinly and “/ means divide}. By this definition, the
average line dimension is, respectively, W for a square of a width W, and d for a circle with a
diameter d. The area inciude, but not limiled to, the area of a binding site or a siorage sile.

The term “period” of periodic structure array refers 1o the distance from the center of

5 structure to the center of the nearest neighboring identical structure.

The ferm “storage site” refers {0 a site of an area on a plate, whersin the sile contains
reagents to be added into a sample, and the reagents are capable of being dissolving into the
sample that is in contract with the reagents and diffusing in the sample.

The term “relevant” means that it is relevant to detection of analytes, quantification and/or

10 control of analyle or entity in a sample or on a plate, or quantification or control of reagent {o be
added to a sample or a plate.

S TS

The term “hydrophilic”, "wetting”, or "wet” of a surface means that the contact angle of a

sample on the surface is less than 90 degree.
The term “hydropheobic”, “non-wetling”, or "does not wet” of a surface means that the
15 contact angle of a sample on the surface is equal to or larger than 90 degree.

The term "variation” of a quantity refers {o the difference between the actual value and the
desired value or the average of the quantity. And the term “relative variation” of a quantity refers
to the ratio of the variation to the desired value or the average of the quantity. For example, if the
desired value of a quantity is Q and the actual value is (Q+ D, then the

20 [1/0Q+0) is the relative variation. The term “relative sample thickness variation” refers to the ratio
of the sample thickness variation to the average sample thickness.

The ferm “optical transparent” refers to a material that allows a transmission of an optical
signal, wherein the term “optical signal” refers to, unless specified otherwise, the oplical signal
that is used to probe a property of the sample, the plale, the spacers, the scale-marks, any

25 structures used, or any combinations of thereof.

The term "none-sample-voiume” refers to, at a closed configuration of 8 CROF process,
the volume between the plates that is cccupied not by the sample but by other objects thatl are
not the sample. The objects include, but not limited to, spacers, air bubbles, dusts, or any
combinations of thereof. Often none-sample-volume(s) is mixed inside the sample.

30 The term “saturation incubation time” refers to the time nesded for the binding hetween
two types of molecules {(e.q. capture agents and analytes) 1o reach an equilibrium. For a surface
immobilization assay, the “saturation incubation time” refers the time needed for the binding

between the fargei anaiyte (entity) in the sample and the binding site on plate surface reaches an
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equilibrium, namely, the time after which the average number of the target molecules (the entity)
captured and immobilized by the binding site is statistically nearly constant.

in some cases, the “analyie” and “binding entity” and “entity” are interchangeable.

The term “first plate” and “collection plate are interchangeable. The term “second plate”
and “cover plate” are interchangle.

T

A “processor,” “communication device,” “mokbile device,” refer {o compuler systems that
contain basic electronic elements (including one or more of a memory, input-output interface,
central processing unit, instruclions, network interface, power source, efc) io perform
computational tasks. The computer system may be a general purpose computer that containg
instructions to perform a specific task, or may be a special-purpose computer.

A “site” or “location” as used in describing signal or data communication refers to the local
area in which a device or subject resides. A site may refer to a room within a building structure,
such as a hospital, or a smaller geographically defined area within a larger geographically defined
area. A remote site or remote location, with reference 1o a first site that is remote from a second
site, is a first sile that is physically separated from the second site by distance and/or by physical
obstruction. The remote sife may be a first site thatl is in a separate room from the second site in
a building structure, a first site that is in a different building structure from the second site, a first
site that is in a different city from the second site, sic.

As used herein, the term “sample colleclion site” refers to a location at which a sample
may be obtained from a subject. A sample collection site may be, for example, a retailer location
{e.qg., a chain siore, pharmacy, supermarket, or department store), a provider office, a physician's
office, a hospital, the subject's home, a military site, an employer site, or other site or combination
of sites. As used herein, the term "sample coliection site” may also refer to a proprietor or
representative of a business, service, or institution located at, or affiliated with, the site.

As used herein, “raw data” includes signals and direct read-outs from sensors, cameras,
and other components and instruments which detect or measure properties or characteristics of
a sample.

“Frocess management,” as used herein, refers to any number of methods and systems
for planning and/or monitoring the performance of a process, such as a sample analysis process

One with skill in the art will appreciate that the present invention is not limited in iis
application {o the details of construction, the arrangements of components, category selections,
weightings, pre-determined signal limits, or the steps set forth in the description or drawings
herein. The invention is capable of other embodiments and of being practiced or being carried out

in many different ways.
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it must be noted that as used herein and in the appended claims, the singular forms “a”,
“ary’, and “the” include plural referents unless the context clearly dictates otherwise, e.g., when
the word “single” is used. For example, reference o “an analyte” includes a single analvte and
mulliple analvtes, reference to “a capture agent” includes a single capture agent and muitiple
capiure agents, referance to "a detection agent” includes a single detection agent and multiple

detection agents, and reference ¢ "an agent” includes a single agent and multiple agents.

Device and system for coliecting and analyzing vapeor condensate, particularly exhaled

breath condensate, as well method of using the same

Provided herein is adevice for collecting and analyzing vapor condensate (VC) sample,
comprising:

a collection plate and a cover plate, wherein:

L. the plates are movable relative to each other into different configurations;

i. one or both plates are flexible;

fii. each of the plates has, on its respective surface, a sample contact area
for contacting a vapor condensate (VC) sample that contains an analyte;

V. one or both of the plates comprise spacers that are fixed with a respective
plate, wherein the spacers have a predetermined substantially uniform
height and a predeiermined constant inter-spacer distance and wherein at
least one of the spacers is inside the sample contact area;

wherein one of the configurations is an open configuration, in which: the two plales are
either completely or partially separated apart, the spacing between the plaies is not regulated by
the spacers, and the VC sample is deposited on one or both of the plates; and

wherein another of the configurations is a closed configuration which is configured afier
the VC sample deposition in the open configuration; and in the closed configuration: af least a
part of the VC sample is between the two plates and in contact with the two plates, and has a
highly uniform thickness that is requlated by the spacers and the two sample surfaces of the
plates and is equal to or less than 30 [m with a small varation.

In some embodiments, the device further comprises, on one or both plates, one or a
plurality of dry binding sites and/or one or a plurality of reagent sites. In some embodiments, the
sample is exhale breath condensats.

in some embodiments, the sample is a vapor from a biclogical sampile, an environmental

sample, a chemical sample, or clinical sample. In some embodiments, wherein the analyle
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comprises a molecule (e.g., a protein, peptides, DNA, RNA, nucleic acid, or other moleculses),
cells, tissues, viruses, and nanoparticles with different shapes. In some embodiments, wherein
the analyte comprises volatile organic compounds (VOCs). In some embodiments, wherein the
analyte comprises nifrogen, oxygen, C0O2, H20, and inert gases. In some embodiments,
wherein the analvte is stained.

In some embodiments, the device may comprise a dry reagent coated on one or both of
the plates. In some embodiments, the dry reagent may bind to an analyie in the blood an
immobilize the analvte on a surface on one or both of the plates. In these embodiments, the
reagent may be an antibody or other specific binding agent, for example. This dry reagent may
have a pre-determined area. In other embeodiments, the device may comprise a releasable dry
reagent on one or more of the plales, e.9., a labeled reagent such as a cell stain or a labeled
detection agent such as an antibody or the like. In some cases, there may be a release time
control material on the plate that contains the releasable dry reagent, wherein the release time
control material delays the time that the releasable dry regent is released into the blood sample.
In some cases, the reiease time control material delays the time that the dry regent starts is
released into the blood sample by at least 3 seconds, e.q., at least 5 seconds or at least 10
seconds. Some embodiments, the drive may contain multiple dry binding sites and/or muitiple
reagent siles, thergby allowing multiplex assays o be performed. In some cases, the areas
occupied by the drying binding sites may oppose the areas occupied by the reagent sites when
the plates are in the closed position.

In some embodiments, the regent comprises labealing or staining reageni(s).

In some embodiments, the spacers regulating the layer of uniform thickness (i.e., the
spacers that are spacing the plates away from each other in the layer) have a “filling factor” of at
least 1 %, e.g., at least 2% or at least 5%, wherein the filling factor is the ratio of the spacer area
that is in contact with the jayer of uniform thickness 1o the tolal plate area that is in contact with
the layer of uniform thickness. In some embodiments, for spacers requlating the layer of uniform
thickness, the Young’s modulus of the spacers times the filling factor of the spacers is egual or
larger than 10 MPa, e.g., at least 15 MFa or at least 20 MPa, where the filling factor is the ratio
of the spacer area that is in contact with the layer of uniform thickness to the total plate area that
is in contact with the layer of uniform thickness. In some embodiments, the thickness of the
flexible plate times the Young's modulus of the flexible plate is in the range 60 10 750 GPa-um,
e.g., 100 to 300 GPa-um, 300 to 550 GPa-um, or 550 1o 750 GPa-um. In some embodiments,
for a flexible plate, the fourth power of the inter-spacer-distance (18D} divided by the thickness

of the flexible plate (h) and the Young's modulus (E) of the flexible plate, 1ISD¥(hE), is equal to
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or less than 10° um¥GPa, e.g., less than 10° um®GPa, less then 10* um¥GPa or less than 10°
um3/GPa.

in some embodiments, one or both plates comprises a iocation marker either on a
surface of or inside the plate, that provide information of a location of the plate, e.q., a location
that is going 1o be analyzed or a location onto which the blood should be deposited. In some
cases, one or both plates may comprise a scale marker, either on a surface of or inside the
plate, that provides information of a lateral dimension of a structure of the blood sample and/or
the plate. In some embodiments, one or both plates comprises an imaging marker, either on
surface of or inside the plate that assisis an imaging of the sample. For example, the imaging
markar could help focus the imaging device or direct the imaging device to a location on the
device. In some embodiments, the spacers can funciion as a location marker, a scale marker,
an imaging marker, or any combination of thereof.

In some embodiments, on one of the sample surface, it further comprises an enclosure-
spacer that encloses a partial or entire VC samples deposited on the collection plate.

In some embodiments, the highly uniform thickness has a value egual to or less than 0.5
urm. N some embodiments, the highly uniform thickness has avalug intherange of 0.5 um to
FTum, Tumto Z2um, Zumic 10 um, 10 umtc 20 um or 20 um 1o 30 um.

in some embodiments, the thickness of the at least a part of VO sample at the closed
configuration is larger than the thickness of VC sample deposited on the collection plate at an
open configuration.

In some embodiments, the thickness of the at least a part of VC sample at the closed
configuration is less than the thickness of VC sample deposited on the collection plate at an
open configuration.

in some embodiments, wherein the spacing are fixed on a plate by directly embossing
the plate or injection molding of the plate.

in some embodiments, wherein the materials of the plate and the spacers are selacted
from polystyrene, FMMA, PC, COC, COP, or another plastic.

in some embodiments, the inter-spacer spacing in the range of 1 um to 50 um, 50 um
t0100 um, 100 um to 200 um or 200 um to 1000 um.

in some embodiments, the VC sample is an exhaled breath condensate from a human
or an animal.

In some embodiments, the spacers regulating the laver of uniform thickness have a

filling factor of at least 1 %, wherein the filling facior is the ratio of the spacer area in contact
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with the laver of uniform thickness to the total plate area in contact with the layer of uniform

thickness.

in some embodiments, for spacers regulating the layer of uniform thickness, the Young's

modulus of the spacers times the filling factor of the spacers is equal or largsr than 10 MPa,

wherein the filling factor is the ratio of the spacer area in contact with the layer of uniform

thickness to the total plate area in contact with the layer of uniform thickness..

in some embodiments, for a flexible plate, the thickness of the flexible plate times the

Young's modulus of the flexible plate is in the range 80 to 750 GPa-um.

in some embodiments, for a flexibie plate, the fourth power of the inter-spacer-distance
(ISD) divided by the thickness of the flexible plate (h) and the Young's modulus (E) of the

flexible plate, ISDA/(hE), is equal to or less than 10° um®GPa,

in some embodiments, one or both plates comprises a location marker, eitheron a

surface of or inside the plate, that provide information of a location of the plate.

in some embodiments, one or both plates comprises a scale marker, either on a surface

of or inside the plate, that provide information of a lateral dimension of a structure of the sample

and/or the plate.

in some embodiments, one or both plates comprises an imaging marker, either on

surface of or inside the plate that assists an imaging of the sample.

In some embodiments, the spacers funclions as a lecation marker, a scale marker, an

imaging marker, or any combination of thereof.

in some embodimenis, the average thickness of the layer of uniform thickness is about

equal 10 a minimum dimension of an analyte in the sample.

in some embodiments, the inter-spacer distance is in the range of 1 (38 1050 [

[dm to 120 Thhor 120

Cim 1o 200 Tin.

in some embodiments, the inter-spacer distance is substantially periodic.

In some embodiments, the spacers are pillars with a cross-sectional shape selected

from round, polygonal, circular, square, rectangular, oval, elliptical, or any combination of the

same.

in some embodiments, the spacers have are pillar shape and have a substantially fiat

top surface, wherein, for each spacer, the ratio of the lateral dimension of the spacer to its

height is at least 1.

In some embodiments, each spacer has the ratio of the lateral dimension of the spacer

to its height is at least 1.
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in some embodiments, the minimum lateral dimension of spacer is less than or
subsiantially equal to the minimum dimension of an analyte in the sample.

in some embodiments, the minimum laieral dimension of spacer is in the range of 0.5
um fo 100 um.

In some embodiments, the minimum lateral dimension of spaceris intherange of 0.5
urm 1o 10 um.

In some embodiments, the spacers have a density of at least 100/mm?.

In some embodiments, the spacers have a density of at least 1000/mm?.

in some embodiments, at least one of the plates is transparent.

in some embodiments, at least one of the plates is made from a flexible polymer.

in some embodiments, for a pressure that compresses the plates, the spacers are not
compressible and/or, independently, only one of the plates is flexible.

in some embodiments, the flexible plate has a thickness in the range of 10 [m to 200
Cm(e.q. about 10 um, 25 um, 50 um, 75 um, 100 um, 125 um, 150 um, 175 um).

In some embodiments, the variation is less than 30 %, 10 %, 5 %, 3% or 1%.

In some embodiments, the first and second plaies are connected and are configured to
be changed from the open configuration to the closaed configuration by folding the plates.

in some embodiments, the first and second plates are connecled by a hinge and are
configured to be changed from the open configuration {o the closed configuration by folding the
plates along the hinge.

in some embodiments, the first and second plates are connected by a hinge that is a
separate material to the plates, and are configured 10 be changed from the open configuration to

the closed configuration by folding the plates along the hinge

in some embodiments, the first and second plates are made in a single piece of material
and are configured to be changed from the open configuration to the closed configuration by
folding the plates.

In some embodiments, the layer of uniform thickness sample is uniform over a lateral
area that is at least 100 um?.

in some embodiments, the layer of uniform thickness sample is uniform over a lateral
area that is at least 1 mm?.

in some embodiments, the device is configured to analyze the sample in 60 seconds or

less,
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in some embodiments, at the closed configuration, the final sample thickness device is
configured to analyze the sample in 80 seconds or less.

in some embodiments, the device further comprises, on one or both of the plates, one or
a plurality of amplification sites that are sach capable of amplifying a signal from the analyte or a
label of the analyie when the analyte or label is within 500 nm from an ampiification site.

In some embodiments, at the closed configuration, the final sample thickness device is
configured o analyze the sample in 10 seconds or less.

in some embodimenis, the dry binding site comprises a capiure agent.

in some embodiments, the dry binding site comprises an antibody or nucleic acid. In
some embodiments, the releasable dry reagent is 3 labeled reagent. In some embodiments, the
releasable dry reagent is a flucrescently-labeled reagent. In some embodiments, the releasable
dry reagent is a dye. in some embodiments, the releasable dry reagent is a beads. insome
embodiments, the releasable dry reagent is a quantum dot. In some embodiments, the
releasable dry reagent is a fluorescentiy-labeled antibody.

in some embodiments, the first plate further comprises, on its surface, a first
predetermined assay site and a second predetermined assay site, wherein the distance
between the adges of the assay site is substantially larger than the thickness of the uniform
thickness layer when the plates are in the closed position, wherein at least a part of the uniform
thickness layer is over the predetermined assay sites, and wherein the sample has one or a
plurality of analytes that are capable of diffusing in the sampie.

in some embodiments, the first plate has, on its surface, at least three analyte assay
sites, and the distance between the edges of any two neighboring assay sites is substantially
larger than the thickness of the uniform thickness layer when the plates are in the closed
position, wherein at least a part of the uniform thickness layer is over the assay sites, and
wherein the sample has one or a plurality of analvies that are capable of diffusing in the sample.

in some embodiments, the first plate has, on its surface, at least two neighboring analyie
assay sites that are not separated by a distance that is substantially larger than the thickness of
the uniform thickness layer when the plates are in the closed position, wherein at least a part of
the uniform thickness layer is over the assay sites, and wherein the sample has one or a
plurality of analytes that are capable of diffusing in the sample.

In some embodiments, the releasable dry reagent is a cell stain. In some embodiments,
the device further comprises a detector that is an optical detector for detecting an optical signal.
in some embodiments, the device further comprises a detector that is an electrical detector for

detecting an electric signal.
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A system for rapidly analyzing a vapor condensation sample using a mobile phone

comprising:
{a) a device of any prior claim;
{b} a mobile communication device comprising:
5 i. one or a plurality of cameras for the detecting and/or imaging the vapor
condensate sample; and
ii. electronics, signal processors, hardware and software for recelving
and/or processing the detected signal and/or the image of the vapor
condensate sample and for remote communication.
10 in some embodiments, the system further comprise a light source from either the mobile

communication device or an exiernal source.

In some embodiments, one of the plates has a binding sile that binds an analyte,
wherein at least part of the uniform sample thickness layer is over the binding site, and is
substantially less than the average lateral linear dimension of the binding site.

15 In some embodiments, further comprising:

(d} a housing configured to hold the sample and 0 be mounted to the mobile
communication device.

in some embodiments, the housing comprises optics for facilitating the imaging and/or
signal processing of the sample by the mobile communication device, and a mount configured

20 to hoid the optics on the mobile communication device.

in some embodiments, an element of the optics in the housing is movable relative {o the
housing.

In some embodiments, the mobile communication device is configured to communicate
test results o a medical professional, a medical facility or an insurance company.

25 in some embodiments, the mobile communication device is further configured to
communicate information on the test and the subject with the medical professional, medical
facility or insurance company.

in some embodiments, the mobile communication device is further configured to
communicate information of the test to a cloud network, and the cloud network process the

30 information to refine the test results.

In some embodiments, the moebile communication device s further configured to
communicate information of the test and the subject to a cloud network, the cloud network
process the information to refine the test results, and the refined test resuits will send back the

subject.
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in some embodiments, the mobile communication device is configured {o receive g
prescription, diagnosis or a recommendation from a medical professional.
in some embodiments, the mobile communication device is configured with hardware and
software to:
capture an image of the sample;
analyze a test location and a control location in in image; and
c. compare a value obtained from analysis of the test location to a threshold value
that characterizes the rapid diagnostic test.
in some embodiments, at least one of the plates comprises a storage site in which assay
reagents are siored. In some embodiments, at least one of the cameras reads a signal from the
CROF device. in some embodiments, the mobile communication device communicatas with the
remote location via a wifi or celiular network.
In some embodiments, the mobile communication device is a mobile phone.
A methed for rapidly analyzing an analyle in a sample using a mobile phone, comprising:
a) depositing a sample on the device of any prior system claim;
b} assaying an analyte in the sample deposited on the device to generate a result; and
¢} communicating the result from the mobile communication device {0 a location remote
from the mobile communication device.
in some embodiments, the analyte comprises a molecule {e.g., a protein, peplides, DNA,
RNA, nucleic acid, or other molecuie), celis, tissues, viruses, and nanoparticies with different
shapes.
In some embodiments, the analyte comprises white blood cell, red blood cell and platelets.
In some embodiments, the method comprises:
a. analyzing the results at the remote location to provide an analyzed result; and
b. communicating the analyzed result from the remote location to the mobile

communication device.

in some embodiments, the analysis is done by a medical professional at a remote
location. In some embodiments, the mobile communication device receives a prescription,
diagnosis or a recommendation from a medical professional at a remote location.

In some embodiments, the thickness of the at least a part of VC sample at the closed
configuration is larger than the thickness of VC sample deposited on the collection plate at an

open configuration.
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in some embodiments, the thickness of the at least a part of VC sample at the closed
configuration is less than the thickness of VC sample deposited on the collection plate at an
open configuration.
In some embodiments, the assaving step comprises detecting an analvte in the sample.
In some embodiments, the analyte is a biomarker. In some embodiments, the analyte is a
protein, nucleic acid, cell, or metabolite. In some embodiments, the assay done instep by is a
binding assay or a biochemical assay.
A method for analyzing an analyle in a vapor condensaie sample comprising:
obtaining a device of any prior device claim;
depositing the vapor condensate sample onto one or both pates of the device,
placing the plates in a closed configuration and applying an external force over at least
part of the plates; and
analyzing the analyts in the layer of uniform thickness while the plates are the closed

configuration.

in some embodiments, wherein the method comprises:

{(a) obtaining a sample;

(b} obtaining a first and second plates that are movable relative o sach other inio
different configurations, wherein each plate has a sample contact surface that is substantially
planar, one or both plates are flexible, and one or both of the plates comprise spacers that are
fixed with a respective sample contacting surface, and wherein the spacers have:

. apredetermined substantially uniform height,

ii. a shape of pillar with substantially uniform cross-section and a flat top surface;

iii. a ratio of the width to the height equal or larger than one;

iv. a predetermined constant inter-spacer distance that is in the range of 10 um {o
200 um;

v. a filling factor of equal to 1% or larger; and

(¢} depositing the sample on one or both of the plates when the plates are configured in
an open configuration, wherein the open configuration is a configuration in which the two plales
are sither partially or completely separated apart and the spacing between the plates is not
regulated by the spacers;

(d}, after (c), using the two plates to compress at least part of the sample into a layer of
substantially uniform thickness that is confined by the sample contact surfaces of the plates,

wherein the uniform thickness of the layer is regulated by the spacers and the plates, and has
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an average value equal 1o or less than 30 um with a variation of less than 10%, wherein the
cCOMmpressing comprises:
bringing the two plates together; and
conformable pressing, either in parallel or sequentially, an area of &t least one of
the plates to press the plates together o a closed configuration, wherein the
coenformable pressing generates a substantially uniform pressure on the plates over the
at least part of the sample, and the pressing spreads the al least part of the sample
laterally between the sample contact surfaces of the plates, and wherein the closed
configuration is a configuration in which the spacing between the plates in the layer of
uniform thickness region is regulated by the spacers; and
(2) analyzing the in the layer of uniform thickness while the plates are the closed
configuration;
wherein the filling factor is the ratio of the spacer contact area to the lotal plate areg;
wherein a conformable pressing is a method that makes the pressure applied over an
area is substantially constant regardless the shape variation of the outer surfaces of the plates;
and
wherein the parallel pressing applies the pressures on the intended area at the same
time, and a sequential pressing applies the pressure on a part of the intended area and

gradually move to other area.

in some embodiments, wherein the method comprises

removing the external force after the plates are in the closed configuration; and

imaging the analytes in the layer of uniform thickness while the plates are the closed
configuration; and

counting a number of analyies or the labeis in an area of the image.

in some embodiments, wherein the method comprises

removing the external force after the plates are in the closaed configuration; and

measuring optical signal in the layer of uniform thickness while the plates are the closed

corfiguration.

In some embodiments, the inter-spacer distance is inthe range of 20 [m t0 200 Tin. In
some embodiments, the inter-spacer distance is inthe range of 5 {m 1o 20 T,
in some embodiments,, a product of the filling factor and the Young's modulus of the

spacer is 2 MPa or larger.
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In some embodimants, the surface variation is {ess than 50 nm.

in some embodiments, the method further comprising a step of calculating the
concentration of an analyte in the relevant volume of sample, wherein the calculation is based
on the relevant sample volume defined by the predetermined area of the storage site, the
uniform sample thickness at the closed configuration, and the amount of target entity detecied.

In some emboediments, the analyzing step comprise counting the analyte in the sample.
In some embodiments, the imaging and counting is done by:

i. iluminating the ceils in the layer of uniform thickness;

ii. taking one or more images of the celis using a CCD or CMOS sensor;

iii. identifying cells in the image using a computer; and

iv. counting a number of cells in an area of the image.

In some embodiments, the external force is provided by human hand. In some
embodiments, the method future comprises a dry reagent coated on one or both plates.

In some embodiments, the layer of uniform thickness sample has a thickness uniformity
of up to +/-5%.

in some embodiments, the spacers are pillars with a cross-sectional shape selected
from round, polygonal, circular, square, rectangular, oval, elliptical, or any combination of the
same.

in some embodiments, the spacing belween the spacers is approximately the minimum
dimension of an analyte.

The method of any prior claim, wherein one or both piate sample contact surfaces
comprises one or a plurality of ampilification sites that are each capable of amplifying a signal
from the analyte or a label of the analyte when the analyie or label is within 500 nm from an
ampilification site.

in some embodiments, the sample is exhale breath condensate. In some embodiments,
the sample is a vapor from a biological sample, an environmental sample, a chemical sample,
or clinical sample. In some embodiments, the analvie comprises a molecule (e.g., a protein,
peptides, DNA, RNA, nucleic acid, or other molecules), cells, tissues, viruses, and nanopariicies
with different shapes in some embodiments, the analyte comprises volatile organic compounds
(VOCs). In some embodiments, the analyie comprises nitrogen, oxygen, CO2, H20, and inert
gases. In some embodiments, the analyle is siained.

in some embodiments, on one of the sample surface, it further comprises an enclosure-
spacer that encloses a partial or entire VC samples deposited on the collection plate. In some

embodiments, the highly uniform thickness has a value equal to orless than 0.5 um. Insome
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embodiments, the highly uniform thickness has avalus in the range of 0.5 um to 1 um. In some
embodiments, the highly uniform thickness has a value in the range of 1 um to 2 um. in some
embodiments, the highly uniform thickness has a value in the range of 2 um o 10 um. In some
embodiments, the highly uniform thickness has a value in the range of 10 um {o 20 um. In
some embodiments, the highly uniform thickness has a value in the range of 20 um to 30 um.

In some embodiments, on one of the sample surface, i further comprises an enclosure-

spacer that encloses a partial or entire VO samples deposited on the collection plate.

Embodiment (EBC)-1. SIEBCA (Single-Drop Exhaled Breath Condensate Collector and
Analyzer)
Exhaled breath condensate (EBC) analysis is a noninvasive method of detecting

biomarkers, mainly coming from the lower respiratory tract. EBC is collected during quiet
breathing, as a product of cooling and condensation of the exhaled asrosol.

An exemplary method of collecting exhaled breath condensate (EBC) using a SIEBCA
(Single-drop EBC Collecior/Analyzer), as illustrated in Fig. 1, comprises the basic steps:

(1) exhaling breath onto the coliection plate (Fig. 1-1). A subject (e.q. human) breathe
onto a plate, termed “collection plate”, and the breath condenses into EBC, which are in droplets
with different sizes, depending on the breathing ime. For a short breathing time moest droplets
are separated from each other. The surface of the collection plate that collects the EBC is
termed the sample surface;

(2) placing a cover piate over the collection plate and pressing them together (Fig. 1-2).
A cover plate with spacers {which are used for reguiating the spacing between the cover plate
and the substrate plate) is placed on top of the sample surface; and

{3) pressing plates into a "Closed-Configuration (Fig. 1-3). The cover plate and the
substrate are compressed together with at least a part of the EBC between the plates.

In the method of Fig. 1, the initial droplets are pressed into a thin layer EBC of a
thickness that is regulated by the plates and spacers {not shown).

One reason for using the wording of “single drop” in SIEBCA is that in principle, the
SIEBCA can detect and analyze a single drop of EBC deposited on the plate.

in the description of the present invention, “the substrate plate” and “the cover plate” are
respectively interchangeable with “the first plate” and “the second plate”.

In some embodiments, the plates are cooled to reduce the evaporation of coliected EBC.
Al A method of collecting EBC, as a basic embodiment of the present invention for

collecting EBC from a subject, as illustrated in Fig. 1, comprises the steps:
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{a) oblaining a collection plate and a cover plate that are movable relative to each other
into different configurations, wherein one or both of the plates comprise spacers (not shown in
Fig. 1 but in Fig. 2) that are fixed with the respective plate, and have a predetermined average
height of 100 um or less;

{b} depositing, when the plates are configured in an open configuration, an EBC sample
by exhaling breath from a subject toward the collection plate, wherein:

() the exhaled breath condensates on a collection surface of the coliection plate
to form droplets and/or puddies that have different lateral sizes and different heights,
depending upon the surface wetling properties of the collection surface; and

{ii} the open configuration is a configuration in which the two plates are either
partiaily or completely separated apart and the spacing between the plates is not
regulated by the spacers; and
{(c) after (b), bringing the cover plate over the collection surface of the coliection plaie

and then bringing the two plates into a closed configuration by pressing the plates, wherein:

{1y the closed configuration is a configuration, in which: at least g part of the
spacers are between the cover plate and the coliection plate, and a relevant area of the
collection surface of the collection plate is covered by the cove plate and has a plate
spacing that is regulated by the spacers; and

(i} at the closed configuration, in the relevant area, substantial number or all of
the dropiets or puddies formed in step (b) at the open configuration mergemerge into
puddie(s) that (1) have much larger lateral size but in a smaller number than the open
configuration and {2) touch both inner surfaces of the cover plate and the collection
plate, thereby the thickness of the puddie(s) is confined by the inner surfaces of the
plates and squal to the spacing between the inner surfaces, and the total surface area of
the deposited EBC exposed to the ambient is significantly reduced;
wherein the plate spacing is the spacing between the two inner surfaces (the two

surfaces facing each other) of the cover plate and the colliection plate, the relevant area is g
portion or entire surface of the collection surface, and the collection surface is a portion or
entire surface of the collection plate.

From our experiments {(described in detalls in Examples), we found that the final form of
the EBC collected by SiEBCA when the plaies are in the closed configuration depends upon the
spacer height. Experimentally (see Fig. 13}, we found, as Hlustrated in Fig. 2, that:

{1} At the closed configuration of the SIEBCA, if the spacing between the inner surfaces

of the plates is less than the average height of the EBC droplets or puddles at the open
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configuration, the EBC droplets or puddles are compressed by the collection piate and the cover
plate into a continuous film of a thickness thinner than at the open configuration, and also air
pockets may exist in the film; and

(2) otherwise (i.e. if the spacing is equal {o or larger than that the average height at the
open configuration) the droplets and/or puddies self-emerged into discrete puddies that are
fewer in number but larger in lateral size (area) than that in the open configuration, touch both
sample contact {inner) surfaces of the cover plate and the collection plate, and have the
thickness confined by the inner surfaces of the plates and equal {0 the spacing beiween the
inner surfaces. In this case, the EBC sample thickness at the closed configuration is equal to or
targer than the EBC sample average thickness at the open configuration. The increase in the
EBC puddie thickness at the closed configuration, as we ohserved experimentally, are due to

the interactions between the plates and the EBC sample.

EBC-1.2. Device for EBC collection

Fig. 3. is an illustration of an embodiment of the devices and the methods of a SIEBCA
(Single-drop ERBC Collector/Analyzer): {a) having a first plate and a second plate, wherein one
or both plate has spacers (shown here: only the first plate has spacers); (b} depositing a sample

(only one of many EBC droplets is shown) on the first plate (shown), or the second plate (not

shown), or both (not shown) at an open configuration; and {¢} (i) using the two plaies to spread
the sample (the sample flow between the plates) and reduce the sample thickness, and {ii)
using the spacers and the piate to regulate the sample thickness at the closed configuration.

AZ A device of collecting EBC, as a basic embodiment of the present invention for coliecting
EBC sample from a subject, as illustrated in Fig. 1, comprises.

i. a first plate and a second plate, wherein the plates are movable relative {o each
other into different configurations, and one or both plates are flexibie;

ii. a sample contact area on the respective surface of each of the plates for
contacting EBC sample,

iii. spacers on one or both of the plates, wherein the spacers are fixed with a
respective piale, have a predetermined substantially uniform height of 30 um or
less and a predetermined constant inter-spacer distance that is 250 pum or less,
and wherein at least one of the spacers is inside the sampie contact area;

wheregin one of the configurations is an open configuration, in which: the two plates are

separated apart, the spacing between the plates is not regulated by the spacers, and the EBC

sampile is deposited on one or both of the plates from a subject; and
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wherein another of the configurations is a closed configuration which is configured after
the EBC sample deposition in the open configuration; and in the closed configuration: at least
part of the EBC sample is compressed by the two plates into a layer of highly uniform thickness,
wherein the uniform thickness of the layer is in comntact with and confined by the inner surfaces
of the two plates and is regulated by the plates and the spacers.

In some embodiments of paragraphs A1 and A2, the deposition of the EBC sample is by
direcily exhaling from a subject to one of the plates.

In some embodimenis of paragraphs A1 and A2, the deposition of the EBC sample is by
directly exhaling from a subject to both of the plates.

“‘Covering time delay” means a time period that it takes from the step (b) EBC
deposition of paragraph A1 to the end of the step {¢) of paragraph A1 that brings the cover plate
and the collection plate {0 a closed configuration.

In the method of paragraph A1, the covering time delay should be as short as possible to
reduce the evaporation of deposited EBC. In one preferred embodiment, the covering time
delay is equal to or less than 2 sec. In another preferred embodiment, the covering time delay
is equal 1o or less than 5 sec. In another preferred embodiment, the covering time delay is
equal 1o or less than 10 sec. In another preferred embodiment, the covering time delay is equal
to or less than 30 sec. And In another preferred embodiment, the covering time delay is in the

range of 30 sec {0 300 sec {e.g. 30 10 60 sec, 80 sec 10 120 sec, or 120 sec {o 300 sec).

EBC-1.3. Significant reduction of EBC evaporation rate. One key advantage of the method
and device of paragraph A1 and AZ is thal, comparead o the open configuration of the coliection
plate and the cover plate, the closed configuraioin of the plates significantly reduces the surface
area of the EBC exposed o the ambient, and hence significantly reduces the EBC sample
evaporation rate and significantly increases the time that EBC sample is in liquid form (i.e. the
time that EBC sample is not completely evaporated). For example, we have observed that the
drying time (the time it takes for the EBC sampile to dry out completely) increased from 30 secs

at an open configuration to 70 mins, a factor of 140 times longer.

EBC-1.4. Guard ring {Enclosed Spacers). To further reduce the EBC sample evaporation
rate, the enclosed spacers or the guard rings can be used to surround the sample to seal off the
sample from the ambient. The guard ring can circle an area that is the same as, or larger or
smalier than the EBC sample deposited at the open configuration. The guard ring can be

configured to further divide an EBC sample into multiple chambers (Fig. 4.).
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Fig. 4. is an illustration of a SIERCA with both “open spacer” and enclosed spacer,
where the open spacer is a post {pillar) while the enclosed spacer is a ring. The enclosed
spacer reduces the evaporation of the EBC collected inside the enclosed spacer, since at the
closed configuration, the enclosed spacer, the cover plate and the collection plate form an
enclosed chamber. If there are only the open spacers but not an enclosed spacer, at the plate
closed configuration, the collected EBC still evaporates from the edge of the film formed by the
EBC, although such evaporation is much slower than that without a cover plate.

in the method and the device of paragraph A1 and AZ, the spacers can be an open
spacer(s), an enclosed spacer(s), or a combination of thersof,

Details of the devices and methods to keep the EBC thickness uniform are given in the

other part of the disclosure.

EBC-2. EBC Analysis
Anocther significant advantage of the present invention is that the method and the device

of paragraph A1-2 can be used for as an EBC analyzer by itself or by cerfain modifications. The
EBC analyzer analyze one or a plurality of target analytes in the EBC. The target analytes are
further discussed in Section 3, ...

The medifications made {o the method and device of paragraphs 1-2 include, but not
limited to, the following, which can used alone (individually) or in combinations:

(1) Binding Sites. One or both of the plates have one or plurality of binding site ... ..
Each (type) of the regents are in either in well separated locations (the well separation wiil be
defined later).

(2) Storage sites. One or both of the plates have one or plurality of binding site ... ..
Each (type) of the regents are in sither in well separated locations (the well separation will be
defined later).

(37 Ampilification site.

(4y Muiltplexing of analyte detections.

More details of the binding sites, storage sites, ampiification sites, and multuplixing sites,

as well as their usage for VC and EBC analysis are given in the other part of the disclosure.

A-3 A method of analyzing EBC from a subject for analyzing EBC of a subject comprising:
{(a) obtaining a collection plate and a cover plate that are movable relative o each other

into different configurations, wherein one or both of the plates comprise spacers (not shown in
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Fig. 1 but in Fig. 2) that are fixed with the respective plate, and have a predetermined average
height of 100 um or less;

{b} depositing, when the plates are configured in an open configuration, an EBC sampie
by exhaling breath from a subject toward the collection plate, wherein:

(i) the exhaled breath condensaies on a coliection surface of the coliection plate
o form droplets and/or puddies that have different [ateral sizes and different heights,
depending upon the surface wetting properties of the collection surface,; and

(i} the open configuration is a configuration in which the two plates are either
partially or completely separated apart and the spacing between the plates is not
requlated by the spacers;

(¢} after (b}, bringing the cover plate over the collection surface of the collection plate
and then bringing the two plates into a dlosed configuration by pressing the plates, wherein:

(i) the ciosed configuration is a confiquration, in which: at least a part of the
spacers are between the cover plate and the coliection plate, and a relevant area of the
collection surface of the collection plate is covered by the cove plate and has a plate
spacing that is regulated by the spacers; and

{ii} at the closed configuration, in the relevant area, substantial number or all of
the droplets or puddies formed in step (b) at the open configuration merge into puddie(s)
that (1) have much larger lateral size but in a smaller number than the open
configuration and (2) touch both inner surfaces of the cover plate and the collection
plate, thereby the thickness of the puddie{s) is confined by the inner surfaces of the
plates and equal to the spacing between the inner surfaces, and the total surface area of
the deposited EBC exposed to the ambient is significantly reduced; and

{d) analyzing the EBC,
wherein the plate spacing is the spacing between the two inner surfaces {the two surfaces
face each other) of the cover piate and the coliection plate, the relevant area is a portion
or entire surface of the collection surface, and the collection surface is a portion or entire
surface of the collection plate.

The collection plate generally is held at a temperature the same as the ambient, but in
some embodiments, the temperatures can be different from the ambient, either higher or lower
depending upon the qoal of the collection.  For example, a iemperaiure lower than the ambient
may be used for reducing the EBC evaporation; and a temperature higher than the ambient

many bused for evaporating more than that at the ambient iemperature is needed.
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EBC-3. Applications
EBC analysis can be used for detection of inflammatory markers, which reflect the state

of chronic airways diseases such as chronic obstructive puimonary disease (COPD), asthma,
and cystic fibrosis (CF). EBC analysis can also be used for identification of metabdilic,
proteomic, and genomic fingerprints of breathing, aiming for an early diagnosis of not only
respiratory, but also systemic diseases.

EBC-3.1. Analysis of EBC
Breath tesis are among the least invasive methods available for clinical diagnosis,

disease state monitoring, health monitoring and environmental exposure assessmeant.

A breath malrix from a subject is a mixture of nitrogen, oxygen, CO2, H20, and inert
gases. The remaining small fraction consists of more than 1000 trace volatile organic
compounds (VOCs) with concentrations in the range of parts per million (ppm) to parts per
trillion (ppt) by volume. In terms of their origin, these volatile substances may be generalted in
the body (endogenous) or may be absorbed as contaminants from the environment
{exogenous). The composition of VOCs in breath varies widely from person to person, both
gualitatively and quantitatively.

Although the number of VOCs found to date in human breath is more than 1000, only a
few VOCs are common to all humans. These common VOCs, which include isoprene, aceione,
ethane, and methanol, are producis of core melabolic processes and are very informative for
clinical diagnostics. The bulk mairix and trace VOCs in breath exchange between the biocd and
alveoiar air at the blood—gas interface in the lung. One exception is NO, which is released into
the airway in the case of alrway inflammation.

The endogencus compounds found in human breath, such as inorganic gases {(e.g., NO
and CQO), VOCs (e.g., isoprene, ethane, pentane, acetone), and other typically nonvolatile
substances such as isoprostanes, peroxynitrite, or cytokines, can be measured in breath
condensate. Testing for endogenous compounds can provide valuable information concerning a
possible disease state. Furthermore, exogenous molecules, particularly halogenated organic
compounds, can indicate recent exposure 1o drugs or environmental pollutanis.

Volatile Organic Compounds (VOCs) are organic substances that have a high vapor
pressure and therefore evaporate at room temperature. The VOUCs that may be assayed as
target analytes by the methods and devices provided by the present invention include, but not
timited to, biclogicailly generated VOCs (e.g., terpenes, isoprene, methane, green leaf volatiles)

and anthropogenic VOCs (2.g., typical solvents used in paints and coatings, like sthyl acetate,
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glycol ethers, and acetone, vapors from adhesives, paints, adhesive removers, building

materials, etc., like methylene chloride, MTBE, and formaldehyde, chiorofurocarbons and

perchiorosthylene used in dry cleaning, vapor and exhaustive gas from fossil fuels, like benzene

and carbon monoxide).

Detailed discussions on certain biomarkers is given in Table 1.

Table 1. Breath markers in certain diseases or applications.

Disease or application

Breath marksr

Oxidative siress

Lipid peroxidation

Asthma, COPD, bronchiectasis, ARDS

Pentane, ethane

Ha0O2
breath methylated alkane
contour

Lung diseases

Asthma

COPD

Cystic fibrosis

Pulmonary allograft dysfunction
Lung cancer

Lung transplant recipient with acute rejection

NG, CO, Hz0q,
isoprostanes, nitrite/nitrate

NO, H20,, sicosancids
(leukotrienes, prostanocids,
isoprostanes), isoprostanes

NGO, CO, Hz0s,
isoprostanes, nitrite/nitrate

NO
NO

Exhaled carbonyl sulfide

mone-saccharide malabsorption, starch
malabsorption, and small-bowel bacterial
overgrowth)

(Gastrilis, duodenal ulcer, gastric ulcer, and
gastric cancer

Metabolic Diabetes Acetone
diseases

Gastroenteric Disorders of digestion and absorption Hz
diseases (lactase deficiency, disorders of di- and

Isotopes of carbon (°C or
14-(‘;)

Assessment of
exposure to

Vinyl chioride and cis-1,2-
dichloroethene, chloroform

V(OCs and bromodichloromethane,
trichlorostheng

Other Respiratory monitoring CO2/Ozratio

applications Excretion of drugs

EBC-3.2. Collection and Analysis of Other Vapor Condensates,
Certain embodiments of the present invention are related to the applications of the

SIEBCA methods and devices for collection and analysis of the vapor condensates other than

the EBC. The other moistures include, but not imited to, fog, clouds, steams, etc. The target
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analysis of these vapor condensates can be for different purpose environmental monitoring,
emission control, etc. In some embodiments, the sample is a vapor from a biclogical sample, an
environmental sample, a chemical sampie, or clinical sample.
EBC-3.3. Automatic and High Throughput.

In certain embodiments, the devices and methods of the present invention are
automatic and high speed, where the steps are performed by machines. In some embodiments,
the plates are in the form of roll of sheets and are controlied by rollers to put certain area of the

plaies into an open configuration or a closed configuration.

EBC-4. More Exampiles of EBC Collection and Analysis Experiments
Additional exemplary experimental testing and observation, and additional preferred

embodiments of the present invention are given.

All the exemplary experimental testing and demonsiration of the present invention
described in Section 4 (Examples) were performed under the following conditions and share

the following common observations.

Plates. Onily one of the two plates of SIEBCA device, termed “X-Plate”, has the spacers
fixed on the sample surface of the plate, and the other plate, termed “the subsirate plate”, has a
planar surface and does not have spacers. The subsirate plate was used as the collection plate,
and the X-plate was used as the cover plale. Various malerials (including glass, PMMA
(polymethacrylate), and PS (polystyrene)) for the plates and various plate thicknesses have

been tested. The planar surface of the plates typically have surface roughness less than 30 nm.

Spacers. The spacers used on the X-Plaie are rectangle pillars in a periodic array with
a fixed inner spacer distance (ISD) and uniform spacer height. The pillar spacers have a straight
sidewall with a tilt angle from the normal iess than 5 degree. Different spacer height, size, inter-

spacer distance, shape, and materials are tested.

Fabrication of Spacers. The spacers are fabricated by nancimprint on a plastic plate,
where a mold is pressed directly into the plate. The mold was fabricated by lithography and
etching. Examples of the spacers on the plate for SIEBCA. The spacers are fabricated by direct
imprinting of the plastic plate surface using a mold, and has a dimension of widih, length and
height of 30 um, 40um and 2 um.

EBC Sample deposition. All of the EBC samples were deposited on the collection plates
by having a human subject directly exhale toward the collection plate which is placed within a few

inches away from the subject's mouth.
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The EBC samples depositions were performed in standard room conditions without any
special temperature control or dust filters. We found that in our experiments, the dust does not
aifect to achieve the predetermined final sample thickness over g large sample area, and at the
closed configuration the sample thickness over the non-dust area is reguiated by the spacers.
This demonstrated that the embodiments that we used for CROF performed o the resulis
expected by the present invention.

Fiate’s surface wetting properties. Unless particularly specified, all the sample surfaces (i.e.
the inner surface that coniacts a sample) of the plates are unireated. We have tested the
wetling properties of these untreated surfaces as a function of the plate material (glass, PMMA,
and P3), the surface structures (planar or with spacers, and the sample type (water, PBS buffer
and blood), by dropping a small drop of sample on the plate surface and measuring the sample
o the plate contact angle. The wetlting angles of the different surfaces for different samples
were found experimentally as follows: For the liquid of water, PBS, and blood, the contact
angle is about 48 degree for unireated glass, 80 degree for unireated PMMA surface, 80 degree
for untreated PS (polystyrene) and about 81 degrees for untreated PMMA X-plate. Therefore
they are ali hydrophilic. But the wetling property of these surfaces can changed o either
hydrophilic or hydrophobic by surface treatment. For a good vapor condensate collection, a
hydrophilic surface is preferred, which will have, for a given amount of the condensation, smaller
surface area tha thHand-Press. in all the experiments in the Section, the plates in a SIEBCA
process were brought together and compressed into a closed configuration of the plates all by
human hand(s). In afinal pressing for uniform sample thickness over a large area of the
SIEBCA plates, often a thumb presses one area and rubs into different areas of the CROF
plates, and excellent sample thickness uniformity were observed as detailed below. A process
that uses hand(s) to press a SIEBCA device {plates) into a closed configuration is referred as
“hand-pressing”.

Fig. 5 gives examplary methods of pressing the plates of SIEBCA by human hand. The
SIEBCA can be pressed by either (a) placing the SIEBCA on a surface and uses a thumb to
press one location of the SIEBCA and press and rub into other locations, or (b) placing the
SIEBCA between a thumb and a figure and press and rub. In some cases, both hands can be
used.

Self-Holding. Self-holding means that after a SIEBCA device (plates) is compressed into a
closed configuration by an exiernal force {e.g. the force from hand) and after the external force
is removed, the SIEBCA device can hold, on its own, the sample thickness unchanged. We

observed that in all the experiments in the Sec., all the SIEBCA devices and process (uniess
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particularly specified) can seif-hold, as demonstrated in the experiments. Cur other
experimental test showed that as long as one of the plate is hydrophilic, the SIEBCA plates can
self-hold.

EBC-4.1. EBC Formation on Collection Plate at Open and Closed Configurations

4.1.1 EBC Droplet Size on Unireated and Surface Treated PMMA Collection Plate
Fig. 6. Experimental data of EBC Droplets sizes and density on the collection plate

{untreated PMMA film) at an "open configuration” {i.e. only the collection plate without the cover

plate). The photographs show the EBC coliected on the collection plate after a subject directly
breathe to the plate for four different breathing time: (a) 1 sec breath, (b} 2 sec breath, (¢} 5 sec
breath, and (d) 10 sec breath. The photographs were taken immediately after the breathing.

The table shows the measured average droplet size, the calculated average droplet
height, the average drop volume, the measured droplet density, and the {otal liquid surface area
on 1 mn-square area of the collection plate (PMMA). The experimental data show that (1)
using a untreated PMMA film as the collection plate’'s collection surface, the EBC directly from a
subject form droplets that have different sizes and are, for most droplets, well separated from
gach other; and (2} the measured average droplet size, the calculated average droplet height,
the average droplet volume, the dropiet density, and the total liquid surface area on 1 mm-
stuare area of the collection plate (PMMA) inifially increase with the breathing time, but seem o
become saturated after & s breathing. This might be due to the fact that in the experiment, after
5 sec breathing, the EBC deposition rate by breathing and the evaporation rate of the existing
EBC reach an equilibrium.

In the above experiment, the calculation of the average droplet height is based on the
wetting contact angle of water on PMMA,| and the volume density is calculated by multiplying the
average droplet volume with the measured droplet amount density.

The table also shows that the average EBC volume is 172 pl, 250 plL, 491 pl., and 507

pl. per sg-mm collection plate area, respectively, for 1 s, 2 s 5 s and 10 s breathing time.

Fig. 7. Experimental data of EBC formation on the collection plate, which is a surface treated
PMMA film (the treatment made the surface more hydrophilic than an unireated PMMA film
surface), at a plate open configuration. The photographs show that the EBC collected on the
collection plate from a direct breathing by a subject for four different breathing time: {(a) 1 sec
breath, (b} 2 sec breath, {¢} 5 sec breath, and {d) 10 sec breath. The photographs were taken

immediately after the breathing. Assuming there were the same amount of EBC deposited on
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the collection plate with treated surface as in the case of untreated surface, the average liguid
thickness was therefore calculated by dividing the total volume by the observed liquid sample
area on the 1 mm? collection plate. The table shows the volume density per unit surface area,
the calculated average liquid thickness, and the total liquid surface area on 1 mm? area of the
collection plate (PMMA).

The experimental data in Fig. 7 clearly show that: {1) due to the hydrophilic surface with
smalier contact angle of the treated PMMA (details given in Fig. 8), the EBC deposited directly
from a subject to the collection plate forms, at an open configuration, a few large-area EBC
puddies rather than many small droplets; and (2) the total liquid (EBC) surface area on 1 mm-
square area for the EBC collected using the collection plate with surface treatment (hence
betiering wetting) is about 4 times less that without the surface treatment.

Fig. 8. Photographs and measured evaporation time (at plate open configuration) of the
EBC (2 s breathing directly from a subject) collected on untreated and treated PMMA plate. The
photographs show that the EBC collected on the untreated PMMA collection plate form many
small well separated droplets (a), while the EBC collected on the treated PMMA collection plate
form a few thin film and large puddies with large voids (b). The calculated surface area of the
EBC collected on the untreated surface is 4 times larger than that on the untreated surface. And
the EBC collected on the untreated surface has a total evaporation time of 7s, which is about 4
fimes shorter than that collected on the treated surface, which is 30 s. More studies of the

evaporation time are given in Fig. 13 and 14 and described beiow.

4.1.2 EBC Formation When the Plates Are in a Closed Configuration

Experimentally, we observed that the final form of the EBC collected by SIEBCA when
the plates are in the closed configuration depends upon the spacer height.

Figs. 9 and 10 show, respectively, the photographs and experimental data of spacer
height effects (fum, 2um, 10um and 30um, respectively} on the EBC collected using SIEBCA at
the closed configuration. The breathing time is 2 s and the covering time delay is nearly 0 s.
The spacers are pillars of uniform cross-section (30 um x 38 um) with flat top and botiom
surfaces and a constant inter spacer distance of 80 um and 82 um (X and Y direction). The
cover plate is an untreated X-plate of 175 um thick PMMA film and the collection plate is a flat
giass plate (25mm x 25mm x Tmm). As calculated, the average height of the droplets at the
open configuration that are collected on the untreated surface from 2 s breathing is 1.7 um.

Here, the experiments show that:
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{1) For all the spacer heights tested (shown in Fig. 9), the EBC on the collection plate
merged from the dropiets formed when the plates were at an open configuration to
puddies that are fewer in number but much larger in iateral size when the plates were at

the closed configuration.

(2) 1 um gapping X-device collected the largest amount of breath liguid with the best liquid

thickness uniformity and in continuous films.

(3) X-devices with gapping larger than 1um collect collected less breath liquid and were hard

to self-hold well, thus had worse liguid thickness uniformity and deviation from pillar height.

Therefore, experimentally, we demonstrated that:

(1) At the closed configuration of the SIEBCA, if the spacing between the plate sample
surfaces of the plates is less than the average height of the EBC dropleis or puddies at the open
configuration {e.g. the spacing was 1 um and the average height was 1.7 um), the EBC droplets
or puddles are compressed by the collection plate and the cover plate into a continuous film of a
thickness thinner than the open configuration, and also air pockets may exist in the film; and

(2) otherwise {e.g., the pillar height was 2 um, 10 um, or 30 um, respectively, but the
EBC at the open configuraiotn was only 1.7 um height) the droplets and or puddies first raised
up to fouch both sample contact {inner surfaces of the cover plate and the coliection plate, and
then self-emerged to discrete puddles thatl are fewer in number bul larger in lateral size (area)
than that in the open configuration, and have the thickness confined by the inner surfaces of the
plates and equal {0 the spacing between the inner surfaces. In this case, the EBC sample
thickness at the closed configuration is equal to or larger than the EBC sample average
thickness at the open configuration. The increase in the EBC puddie thickness at the closed
configuration, as we observed experimentally, are due 1o the interactions between the plates

and the EBC sample.

4.1.3 EBC bvaporation Time as Function of the Covering Delay Time
Figs. 11 and 12 show, respectively, photographs and experimental data of the effects on breath
collection of (a) ireated versus untreated PMMA collection plates and (b) time delay in closing
the cover plate. In the experiments, the EBC was collected directly from 2 s breathing of a
subject on a collection plate (PMMA 25mm x 25mm x 1mm); some collection plates were
untreated, bul some were ireated 1o have a better hydrophilicity than the unireated PMMA
collection plate; the cover plate was an X-plate of 175 um thick PMMA with a square lattice of
pillar-shaped spacers of flat top (1 um height, 30 um width, and 38 um long) with inter-spacer
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distance of 80 um and 82 um in x and y direction respectively, two different time delays in
covering the collection plate with the cover plate were tested. immediately afier the completion
of the breath or Bs after the completion of the breath; and the liguid thickness, the collected
breath liquid volume, the Liguid thickness deviation from pillar height, Liquid thickness
uniformity, and other parameters (8.¢. Liquid Area (mm2) on 25 mm x 25mm collection plate,
(Liquid Area) over (Total Area - Spacer Area) were measured all at the plate closed
configuration.

Through the experimental study, we found that:

(1} Compared with untreated PMMA collection plate, the treated collection plates
(betler wetting) coliect more breath liquid at both delay times of “immediate press” and “at 5s
press’.

{2} Using the untreated collection plates (less hydrophilic), at 5s delay time for
covering, almost a half of the liquid evaporated.

{3} For all the samples, after the hand pressing, the plates in SIEBCA can self-hold.

(4) In most cases, at the closed configuration, for most of the delay times, the measured
deviation of the EBC average thickness from the spacer height is equal to or less than 7.4% and
the measured EBC thickness uniformity (i.e. variation) is equal to or less than 8.4%. But when
the collection surface is untreated (less hydrophilic) and the time delay for coving the cover
plate is 5s, the average ERC thickness deviates from the spacer height is large (1.52 um
compared {0 1 um, leading to a 52% reialive deviation) and the thickness uniformity is poor:
22% variation.

Fig. 13. Experimental data of the volume of the collected breath (i.e. EBC) on the
collection plate vs. the time delay (measured from the end of the breath {0 the covering of the
cover plate) in the case of the treated (which is more hydrophilic that the untreated) and
untreated collection plate (PMMA) surface, respectively. In the experimenis, the breathing time
was 2 s. The collected breath volume was measured afier the cover plate and the collection
plate were pressed to the closed configuration. From the experiments, we found that

(1) For a given time delay, the collection plate with a ireated surface (more wetling than

untreated) had more breath liquid collected.

(2) Without covering the collection plate, the EBC from the 2s breath lasted only 7s for
the collection plate with unireaied surface, but 30 s for the coliection plate with treated surface,

which is 4 times longer.
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The observation (2) further shows that with a more wetting surface on the collection
plate, the total surface area of the EBC deposited on the plate has a smaller surface area than
that deposited on the untreated area, and hence there is a longer drying time on the treated
surface (i.e. the time before completaly drying out}.

4.1.4 EBC Evaporation Time at Plate Open and Closed Configuration

We experimentally studied the evaporation time of the EBC deposited on the collection
plate without and with the cover plate placed on top of the EBC (i.e. the evaporation time for the
plaies being in the open configuration and the closed configuration.

The evaporation rate of the ERC on the collection plate af the open configuration has
been given and described in Fig. 8

Fig. 14. Experiment Data for drying time of EBC collected by SIEBCA at “Closed
configuration” in the case of the treated {(which is more hydrophilic that the untreated) and
untreated collection plate (PMMA) surface, respectively, and at different spacer height. Inthe
experiments, the breath time was 2 s., and the cover plale was immediately covered dafter the
breath. The experiments showed that: the treated PMMA coliection plate with a 1 um spacer
allowed a drying time of 70 s, but the drying time reduced {0 45 s if the spacer was 10 um. The
reason for a shorter drying time at 10 um spacer is due o the fact that the EBC at the plate
closed configuration form many isolated puddles, which has more surface area to be exposed to
the environment than that in a Tum spacer height SIEBCA which has one or a few large EBC
areas.

We realized that by using an enciosed spacer in addition to the isolated spacers, we can
further reduce the EBC evaporation rate at a closed configuration of SIEBCA.

Drying speed with treated and untreated collection plates. For both experiments using
treated and untreated collection plates, the drving speed of EBC was also calculated, which is
defined as the retraction length per unit time of the edge of the liquid sample in the X-device at
the closed configuration. The calculation shows that with the treated PMMA collection plate, the
liguid sample dried at a slower spead {74 um/min) as compared o with the untreated PMMA
collection plate (117 um/min).

Surface ireatment. The surface treatment of the PMMA plate was performed with
oxygen plasma, followed by deposition of 10 nm silicon oxide. In some embodiments, the

treatment was performed chemically using trimethoxysilane.
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Compressed Regulated Open Flow” {CROF)
Many embodiments of the present invention manipulate the geometric size, location,

comtact areas, and mixing of a sample and/or a reagent using a method, termed “compressed
regulated open flow (CROF)”, and a device that performs CROF.

The term “compressed open flow (COFY” refers to a method that changes the shape of &
fiowable sample deposiled on a plate by (i) placing other plate on top of at least a part of the
sample and (i)} then compressing the sample between two plates by pushing the two plates
towards each other, wherein the compression reduces a thickness of at least a part of the sample
and makes the sampie flow into open spaces between the plates.

The term "compressed regulated open flow” or "CROF” {or “self-calibrated compressed
open flow” or “SCOF” or “SCCOF”) refers to a particular type of COF, wherein the final thickness
of a part or entire sampie afler the compression is “regulated” by spacers, wherein the spacers,
that are placed between the two plales.

The term “the final thickness of a part or entire sampie is regulated by spacers” in a CROF
means that during a CROF, once a specific sample thickness is reached, the relative movement
of the two plates and hence the change of sample thickness stop, wherein the specific thickness
is determined by the spacer.

One embodiment of the method of CROF, as illustrated in Fig. 1-4, comprises:

{(a) obtaining a sample, that is flowable;

{b) obtaining a first plate and a second plate that are movable relative 10 sach other into
different configurations, wherein each plate has a sample contact surface that is substantially
planar, wherein one or both of the plates comprise spacers and the spacers have a predetermined
height, and the spacers are on a respactive sample contacting surface;

{c} depositing, when the plates are configured in an open configuration, the sample on
one or both of the plales; wherein the open configuration is a configuration in which the two plates
are either partially or completely separated apart and the spacing between the plates is not
regulated by the spacers,; and

(d) after (), spreading the sample by bringing the plates into a closed configuration,
wherein, in the closed configuration: the plates are facing each other, the spacers and a relevant
volume of the sample are between the plates, the thickness of the relevant volume of the sample
is regulaied by the plates and the spacers, wherein the relevant volume is at least a portion of an
entire volume of the sample, and wherein during the sample spreading, the sample flows laterally

between the two plates.
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The term "plate” refers to, unless being specified otherwise, the plate used in a CROF
process, which a solid that has a surface that can be used, together with another plaie, o
compress a sample placed between the two plate {0 reduce a thickness of the sampile.

The term “the plates” or “the pair of the plates” refers to the two plates in a CROF process.

The term “first plate” or “second plate” refers to the plate use in & CROF process.

The term "the plates are facing each other” refers 1o the cases where a pair of plates are
at least partially facing each other.

The term “spacers” or “stoppers” refers {0, uniess stated otherwise, the mechanical objects
that set, when being placed between two plates, a limit on the minimum spacing between the fwo
plates thal can be reached when compressing the two plales together. Namely, in the
compressing, the spacers will stop the relative movement of the two plates to prevent the plale
spacing becoming less than a preset (e, predetermined) vaiue. There are two iypes of the
spacers: “open-spacers” and “enclosed-spacers”.

The term “open-spacer” means the spacer have a shape that allows a liguid {o flow around
the entire perimeter of the spacer and flow pass the spacer. For example, a pillar is an open
spacer.

The term of “enclosed spacer” means the spacer of having a shape that a liquid cannot
flow abound the entire perimeter of the spacer and cannot flow pass the spacer. For example, a
ring shape spacer is an enclosed spacer for a liguid inside the ring, where the liquid inside the
ring spacer remains inside the ring and cannot go {o outside (outside perimeter).

The term “a spacer has a predetermined height” and “spacers have predetermined inter-
spacer distance” means, respectively, that the value of the spacer height and the inter spacer
distance is known prior fo a CROF process. It is not predetermined, if the value of the spacer
height and the inter-spacer distance is not known prior to a CROF process. For example, in the
case that beads are sprayed on a plate as spacers, where beads are landed on random locations
of the plate, the inter-spacer distance is not predetermined.  Ancther example of not
predetermined inter spacer distance is that the spacers moves during 2 CROF processes.

The term “a spacer is fixed on its respective plate” in a CROF process means that the
spacer is atlached {0 a location of a plate and the atiachment to that iocation is maintained
during a CROF {i.e. the location of the spacer on respective plate does not change). An
example of “a spacer is fixed with ils respective plate” is that a spacer is monolithically made of
one piece of material of the plate, and the location of the spacer relative to the plate surface
does not change during CROF. An example of “a spacer is not fixed with its respective plate” is

that a spacer is glued to a plate by an adhesive, but during a use of the plate, during CROF, the
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adhesive cannot hold the spacer at ifs original location on the plate swface and the spacer
moves away from its original location on the plate surface.

The term “a spacer is fixed {0 a plate monolithically” means the spacer and the plate
behavior like a single piece of an object where, during a use, the spacer does not move or
separated from its original location on the plate.

The term “open configuration” of the two plates in a CROF process means a configuration
in which the two plates are either partially or completely separated apart and the spacing between
the plates is not reguiated by the spacers

The term “closed configuration” of the two plates in a CROF process means a
configuration in which the plates are facing each other, the spacers and a relevant volume of the
sample are between the plates, the thickness of the relevant volume of the sample is requilated
by the plates and the spacers, wherein the relevant voiume is at least a portion of an entire volume
of the sample.

The term "a sample thickness is regulated by the plate and the spacers” in a CROF
process means that for a give condition of the plates, the sample, the spacer, and the plate
compressing method, the thickness of at least a port of the sample at the closed configuration of
the plates can be predetermined from the properties of the spacers and the plate.

The term “inner surface” or “sample surface” of a plate in a CROF device refers {o the
surface of the plate that touches the sample, while the other surface (that does not touch the

sampile) of the plate is termed “outer surface”.

The term “X-Plate” of a CROF device refers to a plate that comprises spaces that are on
the sample surface of the plate, whersin the spacers have a predetermined inter-spacer distance
and spacer height, and wherein at least one of the spacers is inside the sample contact area.

The term “CROF device” refers {0 a device that performs g CROF process. The ferm
“‘CROFed” means that a CROF process is used. For example, the term “a sample was CROFed”
means that the sample was put inside a CROF device, a CROF process was performed, and the
sample was hold, uniess stated otherwiss, at a final configuration of the CROF.

The term “CROF plates” refers {o the two plates used in performing a CROF process.

The term “surface smoothness” or “surface smoothness variation” of a planar surface
refers to the average deviation of a planar surface from a perfect fiat plane over a short distance
that is about or smaller than a few micrometers. The surface smoothness is different from the
surface flatness variation. A planar surface can have a good surface flatness, but poor surface

smoothness.
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The term “surface flatness” or “surface flatness variation” of a planar surface refers to the
average deviation of a planar surface from a perfect flat plane over a long distance that is about
or larger than 10 um. The surface flatness variation is different from the surface smoothness. A
planar surface can have a good surface smonthness, but poor surface flatness (i.e. large surface

flatness variation).

The term “relative surface flatness” of a plate or a sample is the ratio of the plate surface
flainess variation to the final sample thickness.

The term “final sample thickness” in a CROF process refers {0, unless specified otherwise,
the thickness of the sample at the closed configuration of the plates in a CORF process.

The term “compressicn method” in CROF refers {0 a method that brings two plates from
an open configuration 1o a closed configuration.

The term of “interested are@” or “area of interest” of a plate refers to the area of the plaie
that is relevant to the function that the plates perform.

The term “at most” means “equal {o or less than”. For example, a spacer height is at most
1 um, it means that the spacer height is equal to or less than 1 um.

The term “sample area” means the area of the sample in the direction approximately
paraliel io the space belween the plates and perpendicular o the sample thickness.

The ferm “sample thickness” refers o the sample dimension in the direction normal to the
surface of the plates that face each cther (2.g., the direction of the spacing betwesan the plates).

The term “plate-spacing” refers to the distance betweaen the inner surfaces of the two
plaies.

The term “deviation of the final sample thickness” in a CROF means the difference
between the predetermined spacer height {determined from fabrication of the spacer) and the
average of the final sample thickness, wherein the average final sample thickness is averaged
over a given area (e.g. an average of 25 different poinis (dmm apart) over 1.6 cm by 1.6 cm area).

The term “uniformity of the measured final sample thickness” in a CROF process means
the standard deviation of the measurad final sampie thickness over a given sample area (e.g. the
standard deviation relative o the average.).

The term ‘relevant volume of a sample” and “relevant area of a sample” in & CROF
process refers 1o, respectively, the volume and the area of a portion or entire volume of the sample
deposited on the plates during a CROF process, that is relevant to a function to be performed by
a respective method or device, wherein the function includes, bul not limited to, reduction in
binding time of analyte or entity, delection of analyles, quantify of a volume, quantify of a
concentration, mixing of reagents, or controi of a concentration (analyies, entity or reagents).
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The term "some embodiments”, “in some embodiments” “in the present invention, in some
embodiments”, “embodiment”, “one embodiment”, “another embodiment”, “certain embodiments”,
“‘many embodiments”, or alike refers, unless specifically stated otherwise, 1o an embodiment(s)
that is (are) applied 1o the entire disclosure (i.e. the entire invention).

The term "height” or "thickness” of an object in a CROF process refers to, unless
specifically staled, the dimension of the object that is in the direction normal to a surface of the
plate. For example, spacer height is the dimension of the spacer in the direction normal o a
surface of the plate, and the spacer height and the spacer thickness means the same thing.

The term "area” of an object in a CROF process refers to, unless specifically stated, the
area of the object that is parallel to a surface of the plate. For example, spacer area is the area of
the spacer that is parallel to a surface of the plate.

The term “lateral” or "laterally” in a CROF process refers to, unless specifically stated, the
direction that is parallel o a surface of the plate.

The term "width" of a spacer in a CROF process refers o, unless specificaily stated, a
lateral dimension of the spacer.

The term “a spacer inside a sample” means that the spacer is surrounded by the sample
{e.q. a pillar spacer inside a sample).

The term “critical bending span” of a plate in a CROF process refers the span (i.e. distance)
of the plate between two supports, at which the bending of the plate, for a given flexible plate,
sample, and compression force, is equal 10 an allowed bending. For example, if an allowed
bending is 50 nm and the critical bending span is 40 um for a given flexibie plate, sample, and
comprassion force, the bending of the plate between two neighboring spacers 40um apart will be
50 nm, and the bending will be less than 50 nm if the two neighboring spacers is less than 40 um.

The term “flowable” for a sample means that when the thickness of the sample is reduced,
the lateral dimension increases. For an example, a stool sample is regarded flowable.

in some embodiments of the present invention, a sample under a CROF process do not to
be flowable to benefit from the process, as long as the sample thickness can be reduced under
a CROF process. For an example, to stain a tissue by put a dye on a surface of the CROF
plate, a CROF process can reduce the tissue thickness and hence speed up the saturation
incubation time for staining by the dye.
1. Reducing {Shortening} Binding or Mixing Time (X}

it is desirable to reduce the incubation/reaction time in performing assays or other

chemical reactions. For example, in the surface immobilization assays where a target analyvte in

a sample is detected by being captured by capture agents immobilized on a plate surface (ie. a
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solid phase), it is often desirable {o have a short saturation incubation time for capluring target
analytes in the sample, or immohbilizing of the capture agents and detection agents in a solution
on a plate surface, or both. Another example is the need to shorten the time of coaling a capiure
agent to a plate surface. And ancther example is the need to shorten the time of mixing a reagent
into a sample.

The present invention provides the methods and devise that reduce {i.e. shorien) the
saturation incubation time needead for binding an entity in sample to a binding site on a solid
surface (i.e. the time for an entity from a volume to a surface). Another aspect of the present
invention is to reduce the time needed for a binding of an entity stored on a plate surface to &
binding site on anocther plate surface {i.e. the time for an entity from one surface o ancther
surface). Ancther aspect of the present invention is to reduce the time needed for adding/mixing
of a reagent stored on a surface info a volume of a sample (i.e. a time for adding/mixing a reagent
from a surface into a volume of a sample}.

The present invention reduces the saturation incubation time of binding and/or mixing in
an assay by using the devices and methods that spread a sample (or a liguid) to a thinner
thickness, thereby reducing the time for an entily diffusing across the sampie’s thickness. A
diffusion time of an entity in a material {(e.g. liquid or solid or semi-solid) is proportional o the
square io the diffusion distance, hence a reduction of the sample thickness can reduce the
diffusion distance, leading to drastically reduction of diffusion ime and the saturation incubation
time. A thinner thickness (e.g. a tight confined space) also increases the frequency of collisions
of an entity with other entities in a material, further enhancing a binding and a mixing. Themeans
in the present invention alsc maks the reduction of the sampie’s thickness precise, uniform, fast,
simple (less operation steps) and applicable {0 reduce the sample thickness to micromeler or
nanometer thick. The inventions have great utilities in fast, low-cost, PoC, diagnostics and
chemical/bic analysis. Several embodiments of the present invention are illusirated in Fig. 1-4.
1.1 Reducing the saturation incubation time of binding an entity in a sample o a binding
site on a solid surface by reducing the sample thickness.

XA A method for reducing the saturation incubation time of binding atargeteniityin a
sample {0 a binding site of a plate surface, as illustrated in Fig. 1-4 and 15, comprising:
{a) obtaining a sample that is flowable and contains a target entity which is capabie of diffusing
in the sample;
{b) oblaining a first plate and a second plate that are movable relative to each other into

different configurations, wherein the first plate has, on iis surface, a binding sile that is
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configured to bind the target entity, wherein one or both of the plates comprise spacers,

and each of the spacers is fixed with its respective plate and has a predetermined height;

{c} depositing, when the plates are configured in an open configuration, the sample on one

or both of the plates; wherein the open configuration is a configuration in which the two

5 plates are sither partially or completely separated apart and the spacing between the
plates is not regulated by the spacers;

{(d) after (¢}, spreading the sample by bringing the plates into a closed configuration, wherein,
in the closed configuration: the plates are facing each other, the spacers and a relevant
volume of the sample are between the plates, the binding site is in contact with the relevant

10 volume, and the thickness of the relevant volume of the sample is regqulated by the plates
and the spacers, is thinner than the maximum thickness of the sample when the plates
are in the open configuration;

wherein the relevant volume is a portion or an entire volume of the sample; and

wherein the reduced thickness of the sample reduces the saturation incubation time for

15 binding of the farget entity in the relevant volume fo the binding site.

For a given sample volume, a CROF reduces sample thickness but increase the sample
lateral dimension. The present invention utilize the fact to perform (&) local binding or mixing in
porticn of the sample, and {b) multiplexing of multiple binding or mixing sites, without a fluidic
barrier to fluidically separate g sample into different isolation liguid pockets.

20 X2. A device for reducing the saturation incubation time o bind target entity in a relevant
volume of a sample (o a surface, as illustrated in Fig. 1-4 and 15, comprising:
a first plate and a second plate that (a) are movable relative to each other into different

configurations, {b) each plaie has a sample contact area for contacting a sample that has a

target entity in a relevant volume of the sample, (¢} one of the plate has binding site that binds

25 the target entity, and {d)} at least one of the piates comprises spacers that have s
predetermined inter-spacer distance and height and are fixed on its respective surface,
wherain at least one of the spacers is inside the sample contact area;
wherein one of the configurations is an open configuration, in which: the two plates
are either partially or completely separated apari, and the spacing between the plates is not
30 regulated by the spacers,
wherein ancther of the configuration is a closed configuration, which is configured after
the sample deposition in an open configuration; and in the closed configuration: the plates are
facing each other, the spacers and the relevant volume of the sampie are belween the plaies,

the binding site is in contact with the relevant volume, and the thickness of the relevant volume
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of the sample is regulated by the plates and the spacers, is thinner than the maximum

thickness of the sample when the plates are in the open configuration; wherein the relevant

volume is a portion or an eniire volume of the sample; and wherein the reduced thickness of

the sample reduces the saturation incubation time for a binding of the target entity in the

relevant volume o the binding site.

1.2 Reducing saturation incubation time for a binding of an entity stored on one plate

surface to a binding site on another plate surface

X3 A method for reducing the saturation incubation time to bind an entity stored on a

storage site of one plate 1o a relevant binding site on ancther plate, as Hlusirated in Fig. 1-4 and

15b, comprising:

(@)

{b)

{c)

(d)

obtaining a first plate and a second plate that are movabile relative {0 each other info
different configurations, wherein a surface of first plate has a binding site, and a surface
of the second plale has a storage site that contains an entity to be bound to the binding
site; wherein the area of the binding site and the area of the storage site is less than that
of respective plates; and wherein one or both of the plates comprise spacers and each of
the spacers is fixed with its respective plate and has a predetermined height;

obtaining a transfer medium, wherein the entity on the storage site are capable of being
dissolving into the fransfer medium and diffusing in the transfer medium;

depositing, when the plates are configured in an open configuration, the transfer medium
on one or both of the plates; wherein the open configuration is a configuration in which the
two plates are partially or completely separated apart and the spacing between the plates
is not regulated by the spacers;

after (¢}, spreading the iransfer medium by bringing the plates info a closed configuration,
wherein, in the closed configuration: the plaies are facing each other, the spacers, the
binding site, the storags site and at least a portion of the transfer medium are between the
plates, the binding site and the storage site are al least partially on top of each other, the
transfer medium coniacts at least a part of the binding sile and the slorage siie, the
thickness of the transfer medium is regulated by the plates and the spacers, is thinner
than the maximum thickness of the transfer medium when the plates are in the open
configuration;

wherein the reduced thickness of the transfer medium reduces the time for the binging of

the entity stored on the second plate {o the binding site on the first plate.
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X4 A device for reducing the saturation incubation time for binding an entity stored on
a storage site of one plate 1o a binding site on another plate, as illustrated in Fig.1-4, and 15b,
comprising:

a first plate and a second plate that are movable relative to each other into different
configurations, wherein a surface of first plate has a binding site; and a surface of the second
plate has a sterage site that contains an entity 1o be bound to the binding sile; wherein the
area of the binding site and the area of the storage sife is less than that of respective plates;
and wherein one or both of the plaies comprise spacers and each of the spacers is fixed with
its respective plate and has a predetermined height;

wherein cne of the configurations is an open configuration, in which: the two plates are
either partially or completely separated apart, the spacing between the plates is not reguiated
by the spacers, and a transfer medium can be deposited on one or both of the plates, wherein
the entity on the storage site are capable of being dissolving into the transfer medium and
diffusing in the transfer medium,

wherein ancther of the configuration is a closed configuration, which is configured after
the transfer medium deposition in an open configuration; and in the closed configuration: the
plates are facing each other, the spacers, the binding site, the storage site and at least a
portion of the transfer medium are between the plates, the binding site and the storage sile
are at least partially on top of each other, the transfer medium contacts at least a part of the
binding site and the siorage site, the thickness of the transfer medium is regulated by the
plaies and the spacers, is thinner than the maximum thickness of the transfer medium when
the plates are in the open configuration;

wherenin the reduced thickness of the transfer medium reduces the saturation
incubation iime for a binging of entity on the storage site of the second plate to the binding
site of the first plate.

in the method of paragraph X3 and the device of paragraph X4, in some embodiments,
the transfer medium comprises a liquid that aliows a diffusion of the entity or a reagent or both.

in the method of paragraph X3 and the device of paragraph X4, in some embodiments,
the transfer medium is a sample, where the sample contains an analvte {also termed target
analyte) that binds the binding site.

In the method of paragraph X3 and the device of paragraph X4, in some embodiments,
the transfer medium is a sample, where the sample contains an analyie {also termed target

analyte) that binds the binding site and the reagent is a detection agent that binds {o the analytes.
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1.3 Reducing the time for adding {mixing) reagent stored on surface into a liquid sample

Many assays need to have reagents added info a sample (including a liquid). Ofien the
concentration of the added reagents in the sample or the liguid need to be controlled. There are
needs for new methods that are simple and/or low cost to perform such reagents addition and
concentration control. Two examples where reagents additions are needed are (a) blood cell
counting where anticoagulant and/or staining reagent(s} may be added into a blood sample, and
{b) immunoassays where detection agents are added o bind a target analyte in solution.

One aspect of the present invention is the methods, devices, and systems that make the
reagent addition and the reagent concentration control simple and/or low cost. In one embodiment
of the current invention, a reagent layer (e.g. dried reagent layer) is first put on a plate surface of
a CROF device, then a sample is deposited into the CROF device, and a CROF process makes
the sample in contact with the reagent and the sample thickness thinner than the thickness when
the sample at the open configuration of the CROF plates. By reducing the sample thickness, it
would reduce the diffusion time of the reagent diffuses from the surface into the entire sample,
and hence it reduces the time for mixing the reagent with the sample.

5. A method for reducing the time for mixing a reagent stored on a plate surface into
a sample, as illustrated in Fig. 1-4, and 15c, comprising:

(a) obtaining a first plate and a second plate that are movable relative 1o each other into
different configurations, wherein the first plale has, on its surface, a storage site that
contains reagents to be added into a sample, and the reagents are capable of being
dissolving into the sample and diffusing in the sampie; and wherein one or both of the plates
comprise spacers and each of the spacers is fixed with s respective plate and has a
predetermined height;

{b) obtaining the sample;

{c} depositing, when the plates are configured in an open configuration, the sample on one or
both of the plates; wherein the open configuration is a configuration in which the two plates
are partiglly or completely separated apart and the spacing between the plales is not
regulated by the spacers,

(d} after {c}), spreading the sample by bringing the plates into a closed configuration, wherein,
in the closed configuration: the plates are facing each other, the spacers, the storage site,
and at least a portion of the sample are between the plates, the sample contacts at least a
portion of the storage site, the thickness of the sample on the storage site is requilated by
the plates and the spacers, is thinner than the maximum thickness of the sample when the

plates are in the open configuration;
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wherein the reduced thickness of the sample reduces the time for mixing the reagents on the
storage site with the sample.
in the method of paragraph X5, it further comprises a step of incubation while the plales
are in the closed configuration, wherein the incubation time is selected in such that resulis in a
significant number of the reagents dissolved in the sample are contained in the relevant volume
of the sample, wherein the relevant volume is the volume of the sample that sits on the storage
site and the incubation is a process to allow the reagent o dissolve and diffuse in the sample.
in the method of paragraph X5, it further comprises a step that, after (d) and while the
plates are in the closed configuration, incubating for a time equal or less than a faclor times the
diffusion time of the reagent in the sample across the sample thickness regulated by the plates at
the closed configuration, and then stopping the incubation; wherein the incubation allows the
reagent {o diffuse into the sample; and wherein the factor is 0.0001, 0.001, 0.01, 0.1, 1, 1.1, 1.2,
1.3, 1.8, 2, 3, 4, 5, 10, 100, 1000, 10,000, or a range between any to the values. For example, if
the factor is 1.1 and the diffusion time is 20 seconds, then the incubation time is equal {o or less
than 22 second. In one preferred embodiment, the factoris 0.1, 1, 1.5 or a range between any to
the vaiues.
X6, A device for reducing the time to add a reagent stored on a plate surface info a
sample, as Hlustrated in Fig. 1-4 and 15¢, comprising:

a first plate and a second plate that are movable relative 1o each other into different
configurations, wherein the first plate has, on iis surface, a storage site that contains reagents
to be added into a sample, the reagents are capable of being dissolving into the sample and
diffusing in the sample; and wherein one or both of the plates comprise spacers and each of
the spacers is fixed with its respective plate and has a predetermined height;

wherein one of the configurations is an open configuration, in which: the two plates
are either partially or completely separated apart, the spacing between the plates is not
reguiated by the spacers, and the sample is deposited on one or both of the plates;

wherein another of the configuration is a closed configuration, which is configured afier
the transfer medium deposition in the open configuration; and in the closed configuration: the
plaies are facing each other, the spacers, the storage sile, and al least a portion of the sample
are between the plates, the sample contacts at least a portion of the storage site, the thickness
of the sample on the storage sile is regulated by the plates and the spacers, is thinner than
the maximum thickness of the sampie when the plates are in the open configuration;

wherein the reduced thickness of the sample reduces the time for mixing the reagents

on the storage sife with the sample.
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in the method or the devices of any of paragraphs X1-8, in some embodiments, the
relevant volume of the sample is the volume of the sample that sits on (i.e. on top of) the binding
sile or the storage site.

In the method or the devices of any of paragraphs X1-6, in some embodiments, the
relevant volume of the sample is the volume of the sample that sits on (L.e. on fop of) the entire
area or a partial area of the binding site or the storage sile.

in the method or the devices of any of paragraphs X1-6, in some embodiments, the ratio
of the lateral dimension of the binding site or the storage sife {0 the sample thickness at the closed
configuration is 1.5 3 or larger, 3 or larger, 5 or larger, 10 or larger, 20 or larger, 30 or larger, 50
or larger, 100 or larger, 200 or larger, 1000 or larger, 10,000 or larger, or a range between any
two of the values.

in the method or the devices of any of paragraphs X1-6, the ratio of the lateral dimension
of the binding site or the storage site to the sample thickness at the closed configuration is
between 3 and 20 in a preferred embodiment, 20 and 100 in another preferred embodiment, and
100 and 1000 in another preferred embodiment, and 1000 and 10,000 in another preferred
ambodiment,.

in the method of any of paragraphs X1 and X3, in some embodiments, the final reduced
sample thickness is significantly smaller than that of the area of the binding site, so that the entity
in the sample area that is outside of the binding site will take longer time to bind to the binding
sile. With a proper selection of the incubation time, the entity that bind {o the binding sites will be
primarily the entity in the sample volume that sites on the binding sile {i.e. the sample volume that
is just above the binding area). Then the calculation of the concentration of the entity in the
sample would be based on the sample thickness and the binding site area.

in the method of paragraph X5, in some embodiments, the final reduced sample thickness
is significantly smaller than that of the area of the siorage site, so that the entity

in the sample area that is cutside of the binding site will take longer time to bind o the
binding site. With a proper selection of the incubation time, the entity that bind o the binding sites
will be primarily the entity in the sample volume that sites on the binding site (i.e. the sample
volume that is just above the binding area). Then the calculation of the concentration of the entity
in the sample would be based on the sample thickness and the binding sile area.

In the method of any of paragraphs X2, X4, X8, it further comprises a compressing device
that bring the plates from an open configurations 1o a closed configurations. In some
embodiments, the compressing device is one or any combination of the embodiments described

in the disclosures
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in the method of any of paragraphs X2, X4, X8, it further comprises a compressing device
that bring the plates from an open configurations to a closed configurations, and a holding device
that is configured to hold the plates are in the closed configuration. in some embodiments, the
holding device is ong or any combination of the embodiments described in the disclosures.

In the method of any of paragraphs X2, X4, X8, it further comprises a compressing device
that bring the plates from an open configurations 1o a closed configurations, and a holding device
that is configured to hold the plates are in the closed configuration for a time of 0.001 sec or less,
.01 sec or less, 0.1 sec or less, 1 sec or less, 5 sec or less, 10 sec or less, 20 sec or less, 30
sac oF {ess, 40 sec or fess, 1 min or i8ss, 2 min or less, 3 min or iess, 5 min or less, 10 min or
less, 20 min or less, 30 min or less, 60 min or less, 20 min or less, 120 min or less, 180 min or
less, 250 min or less, or @ range between any two of these values.

in the method of any of paragraphs X2, X4, X8, ii further comprises a compressing device
that bring the plates from an open configurations to a closed configurations, and a holding device
that is configured to hold the plates are in the closed configuration for a time of, in a preferred
embodiment, 0.001 sec or less, 0.01 sec orless, 0.1 sec or less, 1 sec or less, 5 sec or less, 10
sec or less, 20 sec or less, 30 sec or less, 40 sec or less, 1 min or less, 2 min or less, 3 min or
fess, or a range between any two of these values.

incubation Time. In the mathod of any of paragraphs X1 and X3, it further comprises a
step that, after {d) and while the plates are in the closed configuration, incubating for a time equal
or less than a factor times the diffusion time of the entity in the sample diffusing across the sample
thickness regulated by the plaies at the closed configuration, and then stopping the incubation;
wherein the incubation allows binding of the entity to the binding site; and wherein the factor is
0.0001,0.001,0.01,0.1, 1, 1.1, 1.2, 1.3, 1.5, 2, 3, 4, 5, 10, 100, 1000, 10,000, or a range between
any to the values. For example, if the factor is 1.1 and the diffusion time is 20 seconds, then the
incubation time is equal to or less than 22 second. In one preferred embodiment, the factor is
0.1, 1, 1.5 or a range between any {o the values.

in the method of paragraphs X5, i further comprises a siep that, after {d) and while the
plates are in the closed configuration, incubating for a time equal or less than a factor times the
diffusion time of the reagents diffusing across the sampie thickness regulated by the plates at the
closed configuration, and then stopping the incubation; wherein the incubation allows binding of
the entity to the binding site; and wherein the factor is 0.0001, 0.001, .01, 0.1, 1, 1.1, 1.2, 1.3,
1.5, 2, 3, 4, 5, 10, 100, 1000, 10,000, or a range between any 1o the values. For example, if the

factor is 1.1 and the diffusion time is 20 seconds, then the incubalion time is equal {o or less than
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22 second. In one preferred embodiment, the factor is 0.1, 1, 1.5 or a range between any to the
values.

The method of any of paragraphs of X1, X3 and X5, or the device of any of paragraph of
X2, X4, and X8, whereain at least one of the spacers is inside the sample contact area.

The method of any of paragraphs of X1, X3 and X5, or the device of any of paragraph of
X2, X4, and X8, wherein spacers that have a predetermined inter-spacer distance.

In the method of any of paragraphs X1,X3 X5, it further comprises a step of incubation
while the plates are in the closed configuration, the saturalion incubation time is 0.001 sec or
less, 0.01 sec or less, 0.1 sec or iess, 1 sac or iess, 5 sec oriess, 10 sec or less, 20 sec or less,
30 sec or less, 40 sec or less, 1 min or less, 2 min or less, 3 min or less, 5 min or less, 10 min or
fess, 20 min or less, 30 min or less, 60 min or less, 80 min or less, 120 min or less, 180 min or
less, 250 min or less, or a range between any two of these values..

In the method of any of paragraphs X1,X3,X5, the saturation incubation time at the
reduced sample thickness at the closed configuration is 0.001 sec or less, 0.01 sec or less, 0.1
sec or less, 1 sec or less, 5 sec or less, 10 sec or less, 20 sec or less, 30 sec or less, 40 sec or
fess, 1 min orless, 2 min or [ess, 3 min or less, 5 min or less, 10 min or less, 20 min or less, 30
min or less, 80 min or less, 80 min or less, 120 min or less, 180 min orless, 250 minorless, or a
range between any two of these values.

in some embodiments, capture agenis are first immobilized at the binding site, then the
sampile are in contact with the binding site and the entity in the sample are captured by the capture
agents, and finally detection agents are added {o be bound with the captured entity and the a
signal from the detection agents will be read {e.g. by optical methods or slectrical methods or a
combination). In some embodiments, other reagents besides of capture agents and detection
agents are added (e.g. blocking agent).

in many applications such as PoC, it is desirable to have simple and/or low-cost devices
and methods to add additional reagents info a sample. One aspect of the present invention is
related o simple and/or low-cost devices and methods o add additional reagents into a sample.
The added additional reagents include detection agents, blocking agents, light signal enhancers,
light signal guenchers, or others. in some embodiments of the present invention, it controls the
assay processses by using different release time of the reagents stored on the same location. The
different release lime can be atlached by adding other materials that have different dissolve rate.

In certain embodiments, the reagent concentration mixed in the sample can be controlled
by controlling the sample thickness {e.g. control the ratio of the sample thickness to the siorage

site area and/or the mixing time).
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2. Plates, Spacers, Scale-Marks, Sample Thickness Regulation

2.1 Plate Configurations and Sample Thickness Regulation

Open Configuration. In some embodiments, in the open configuration, the two plates (i.e. the
first plate and the second plate) are separated from each other. In certain embodiments, the two
plates have one side connected together during all operations of the plates (including the open
and closed configuration), the two plates open and close similar 10 a book. In some embodiments,
the two plates have rectangle {or square) shape and have two sides of the rectangle connected
together during all operations of the plates.

in some embodiments, the open configuration comprises a configuration that the plates
are far away from each other, so that the sample is deposited onte one plate of the pair without a
hindrance of the other plate of the pair.

in some embodiments, the open configuration comprises a configuration that the plales
are far way, so that the sample is directly deposited onto one plate, as if the other plate does not
exist.

In some embodiments, the open configuration comprises a configuration that the pair of
the plates are spaced apart by a distance at least 10 nm, at least 100 nm, at least 1000 nm, at
least 0.07cm, atleastO1om, atisast 05 cm, atisast 1om, atleast2om, oratleast5om, ora
range of any two of the values.

in some embodiments, the open configuration comprises a configuration that the pair of
plates are orienied in different orientations. In some embodiments, the open configuration
comprises a configuration thai defines an access gap between the pair of plates that is configured
to permit sample addition.

In some embodiments, the open configuration comprises a configuration, wherein sach

plate has a sample contact surface and wherein at least one of the contact surfaces of the plates
is exposed when the plates are in the one open configuration.
Closed Configuration and Sample Thickness Reguilation. [n present invention, a closed
configuration of the two plates is the configuration that a spacing {i.e. the distance) belween the
inner surfaces of the two plates is regulated by the spacers between the two plates. Since the
inner surfaces {(also termed “sample surface”) of the plates are in contact with the sampile during
the compression step of a CROF process, hence at the closed configuration, the sample thickness
is reguiated by the spacers.

During the process of bring the plales from an open configuration to a closed
configuration, the plates are facing each other (at least a part of the plates are facing each other)

and a force is used o bring the two plates together. When the two plates are brought from an
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open configuration to a closed configuration, the inner surfaces of the two plate compress the
sample deposited on the plate(s) to reduce the sample thickness (while the sample has an open
fiow laterally between the plates), and the thickness of a relevant volume of the sample is
determined by the spacers, the plates, and the method being used and by the sample
mechanical/fiuidic property. The thickness at a closed configuration can be predetermined for g
given sample and given spacers, plates and plate pressing method.

The term “regulation of the spacing between the inner surfaces of the plaies by the
spacers” or “the regulation of the sample thickness by the plates and the spacer”, or a thickness
of the sample is regulated by the spacers and the plates” means that the thickness of the sample
in a CROF process is determined by a given plates, spacers, sample, and pressing method.

in some embodiments, the requlated sample thickness at the closed configuration is the
same as the height of a spacer; in this case, at the closed configuration, the spacers directly
cortact both plates {(wherein one plate is the one that the spacer is fixed on, and the other plate
is the plate that is brought to contact with the spacer).

in certain embodiments, the regulated sample thickness at the closed configuration is
larger than the height of a spacer; in this case, at the closed configuration, the spacers directly
contacts only the plate that has the spacers fixed or attached on its surface, and indirectly contact
the other plate (i.e. indirect contact). The term “indirect contact” with a plate means that the spacer
and the plate is separated by a thin sample layer, which is termed “residual sample layer” and its
thickness is termed “ihe residue thickness”. For given spacers and piates, a given plate pressing
method, and a given sample, the residual thickness can be predetermined (predetermined means
prior to reach the closed configuration), leading 1o a predetermination of the sample thickness at
the closed configuration. This is because the residue layer thickness is the same for the given
conditions (the sample, spacers, plates, and pressing force) and can be pre-calibrated and/or
calculated. The regulated sample thickness is approximailely equal to the spacer height plus the
sample residue thickness.

in many embodimenis, the size and shape ¢of the pillars are pre-characterized (i.e. pre-
determined) before their use. And the pre-determinad information are used o for later assaying,
such as determination of the sample volume {or relevant volume) and others.

In some embodiments, the regulating of the sample thickness includes applying a closing
{compression) force 1o the plates to maintain the spacing between the plates.

in some embodiments, the regulating of the sample thickness includes establishing the

spacing between the plates with the spacers, a closing force applied to the plates, and physical
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properties of the sample, and optionally wherein the physical properties of the sample include at
least one of viscosity and compressibility.
2.2 Plates

In present invention, generally, the plates of CROF are made of any material that (i) is
capable of being used 1o regulate, together with the spacers, the thickness of a portion or entire
volume of the sample, and {ii) has no significant adverse effects o a sample, an assay, or a goal
that the plates intend to accomplish. However, in certain embodiments, particular materials
{hence their properties) ae used for the plate 1o achieve certain objectives.

In some embodiments, the two plates have the same or different parameters for each of
the following parameters: plate material, plate thickness, plate shape, plate area, plate flexibility,
plate surface property, and plate optical fransparency.

Plate materials. The plates are made a single material, composite materials, multiple materials,
multilayer of materials, alloys, or a combination thereof. Each of the materials for the plate is an
inorganic material, am organic material, or a mix, wherein exampiles of the malerials are given in
paragraphs of Mat-1 and Mat-2.

Mat-1. The inorganic materials for the plates include, not limited to, glass, quariz, oxides,
silicon-dioxide, silicon-nitride, hafnium oxide (HIO), aluminum oxide (AIQ), semiconductors:
(silicon, GaAs, GaN, etc.), metals (e.g. gold, silver, coper, aluminum, Ti, Ni, efc), ceramics, or
any combinations of thereof.

Mat-2  The organic materials for the spacers include, not iimited {o, polymers {e.g. plastics) or
amorphous organic materials. The polymer materials for the spacers include, not limited to,
acrviate polymers, vinyl polymers, olefin polymers, celiulosic polymers, noncellulosic polymers,
polyester polymers, Nylon, cyclic olefin copolymer (COQC), poly(methyl methacrylate) (PMMA),
polycarbonate (PC), cyclic olefin polymer (COP), liquid crystalline polymer (LCP), polyamide (PA),
polyethyiens {(PE), polyimide (P}, polypropylene (PP}, poly{phenviene ether) (PPE), polysiyrene
(P3), polyoxymethylene (POM), polysther sether ketone (PEEK), polysther sulfone (PES),
poly(ethylene phthalate) (PET), polvtetraflucroethylene (PTFE), polyvinyl chioride (PVC),
polyvinylidene fluoride (PVDF), polvbulylene ferephthalate (PBT), fluorinated ethylene propylene
(FEP), perfluoroalkoxyalkane (PFA), polydimethylsiloxane (PDMS), rubbers, or any combinations
of thereof.

In some embodiments, the plales are sach independently made of at least one of glass,
plastic, ceramic, and metal. In some embodiments, each plate independently includes at least

one of glass, plaslic, ceramic, and metal.
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in some embodiments, one plate is different from the other plate in lateral area, thickness,
shape, materials, or surface treatment. in some embodiments, one plaie is the same as the other
plate in lateral area, thickness, shape, materials, or surface freaiment.

The materials for the plates are rigid, flexible or any flexibility between the two. The rigid
{i.e. stiff) or flexibility is relative 10 a give pressing forces used in bringing the plates into the closed
configuration.

in some embodiments, a selection of rigid or flexible plate are determined from the
requirements of controliing a uniformity of the sample thickness at the closed configuration.

in some embodiments, at least one of the two plates are transparent (o a light). In some
embodiments at least a part or several parts of one plate or both plates are transparent. In some
embodiments, the plates are non-transparent.
Plate Thickness. in some embodiments, the average thicknesses for al least one of the paies
are 2 nm or less, 10 nm or less, 100 nm or less, 500 nm or less, 1000 nm or less, 2 um (micron)
or less, 5 um or less, 10 um orless, 20 um or less, 50 um or less, 100 um or less, 150 um or less,
200 um or less, 300 um or less, 500 um or less, 800 um or less, 1 mm (millimeten) or less, 2 mm
or less, 3 mm or less, or a range between any two of the values.

in some embodiments, the average thicknesses for at least one of the plates are at most
3 mm (millimeter), at most 5 mm, at most 10 mm, at most 20 mm, at most 50 mm, at most 100
mm, at most 500 mm, or a range between any two of the values.

in some embodiments, the thickness of a plate is not uniform across the plate. Using a
differeni plate thickness at different location can be used to conirol the plate bending, folding,
sample thickness regulation, and others.
Plate Shape and Area. Generally, the plates can have any shapes, as long as the shape aliows
a compress open flow of the sample and the regulation of the sample thickness. However, in
certain embodiments, a particular shape may be advantageous. The shape of the piate can be
round, elliptical, rectangles, triangles, polygons, ring-shaped, or any superpositions of these
shapes.

in some embodiments, the two plates can have the same size or shape, or different. The
area of the plates depend on the application. The area of the plate is at most 1 mm2 (millimeter
square), at most 10 mm2, at most 100 mm2, at most 1 cm2 (centimeter square), at most 5 om2,
at most 10 cm2, at most 100 cm2, at most 500 ecm2, at most 1000 cm2, at most 5000 cm2, at
most 10,000 cm2, or over 10,000 cm2, or any arrange between any of the two values. The shape

of the plaie can be rectangle, square, round, or others.
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In certain embodiments, at least one of the plate is in the form of a bell (or sirip} that has

a width, thickness, and length. The width is at most 0.1 cm (centimeter), at most 0.5 cm, at most
1 cm, at most 5 cm, at most 10 cm, at most 50 cm, at most 100 cm, at most 500 cm, at most 1000
cm, , or a range betwesan any two of the values. The length can be as long it needed. The belt
can be rolied into a roll.
Plate surface flatness. In many embodiments, an inner surface of the plates are flat or
significantly flat, planar. In certain embodiments, the two inner surfaces are, at the closed
configuraiion, paraliel with each other. Flat inner surfaces facilitates a guantification and/or
controlling of the sample thicknass by simply using the predetermined spacer height al the closed
configuration. For non-flat inner surfaces ¢of the plate, one need 1o know not only the spacer
height, but also the exact the topology of the inner surface to quantify and/or control the sample
thickness at the closed configuration. To know the surface topology needs additional
measurements and/or corrections, which can be complex, time consuming, and costly.

A flainess of the plate surface is relative to the final sample thickness {the final thickness
is the thickness at the closed configuration), and is often characierized by the term of “relative
surface flatness” is the ratio of the plate surface flatness variation to the final sample thickness.

in some embodiments, the relative surface is less than 0.01 %, 0.1 %, less than 0.5%,
less than 1%, less than 2%, less than 5%, less than 10%, less than 20%, less than 30%, less
than 50%, less than 70%, less than 80%, less than 100%, or a range between any two of these
values.

Piate surface parallelness. In some embodiments, the two surfaces of the plate is significantly
paraliel with each other. in cerlain embodiments, the two surfaces of the plate is not paralisl with
each other.

Plate flexibility. In some embodiments, a plaie is flexible under the compressing of a CROF
process. In some embodiments, both plates are flexible under the compressing of a CROF
process. In some embodiments, a plate is rigid and ancther plate is flexible under the compressing
of a CROF process.  In some embodiments, both plates are rigid. In some embodiments, both
plate are flexibie but have different flexibility.

Piate optical transparency. In some embodiments, a plate is optical transparent. In some
embodiments, both plates are optical transparent. In some embodiments, a plate is optical
transparent and ancther plate is opague.  In some embodiments, both plates are opague. In
some embodiments, both plate are optical tfransparent but have different optical transparency.

The optical fransparency of a plate refers a part or the entire area of the plate.
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Surface wetting properties. in some embodiments, a plate has an inner suface that welts (e
contact angle is less 90 degree) the sample, the transfer liquid, or both. In some embodiments,
both plates have an inner surface that wets the sampie, the transfer liquid, or both; either with the
same or different wettability. In some embodiments, a plate has an inner surface that wels the
sample, the transfer liquid, or both; and ancther plate has an inner surface that does not wet (e
the contact angle equal to or larger than 90 degree). The wetling of a plate inner surface refers
a part or the entire area of the plate.

in some embodiments, the inner surface of the plate has other nano or microstruciures to
control a lateral flow of a sample during a CROF. The nano or microstructures include, but not
limited to, channels, pumps, and others. Nano and microstructures are also used to control the
wetling properties of an inner surface.

2.3 Spacers

Spacers’ Function. In present invention, the spacers are configured to have one or any
combinations of the following functions and properties: the spacers are configured to (1) control,
together with the plates, the thickness of the sample or a relevant volume of the sample
{FPreferably, the thickness conirol is precise, or uniform or both, over a relevant area), (2) aliow
the sample to have a compressed regulated open flow (CROF) on plate suwrface; (3) not take
significant surface area {volume) in a given sample area (volume), {(4) reduce or increase the
effect of sedimentation of particies or analytes in the sample; {5) change and/or conirol the wetlting
propertied of the inner surface of the plates; (6) identify a location of the plate, a scale of size,
and/or the information related {o a plate, or (7} do any combination of the above.

Spacer architectures and shapes. To achieve desired sample thickness reduction and control,
in certain embodiments, the spacers are fixed iis respective plate. In generzsl, the spacer can have
any shape, as long as the spacers are capable of regulating the sample thickness during a CROF
process, bul certain shapes are preferred (o achieve cerfain functions, such as betier uniformily,
fess overshoot in pressing, stc.

The spacer{s} is a single spacer or a pluralily of spacers. (8.g. an array). Some
embodiments of a plurality of spacers is an array of spacers (e.g. pillars), where the inler-spacer
distance is periodic or aperiodic, or is pericdic or aperiodic in certain areas of the plates, or has
different distances in different areas of the plates.

There are two kinds of the spacers: open-spacers and enclosed-spacers. The open-
spacer is the spacer that allows a sample to flow through the spacer (i.e. the sample flows around
and pass the spacer. For example, a post as the spacer.), and the enclosed spacer is the spacer

that stop the sample flow (i.e. the sampie cannot flow beyond the spacer. For example, a ring
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shape spacer and the sample is inside the ring.). Both types of spacers use their haight {o regular
the final sample thickness at a closed configuration.

in some embodiments, the spacers are open-spacers only. In some embodiments, the
spacers are enclosed-spacers only. In some embodiments, the spacers are a combination of
open-spacers and enclosed-spacers.

The term “pillar spacer” means that the spacer has a pillar shape and the pillar shape
refers to an object that has height and a lateral shape that allow a sample to flow around it during
a compressed open flow.

In some embodiments, the lateral shapes of the pillar spacers are the shape selected from
the groups of (i) round, elliplical, rectangles, triangles, polygons, ring-shaped, star-shaped, letter-
shaped (e.g. L-shaped, C-shaped, the letiers from A to Z), number shaped (e.g. the shapes like
01,2, 3, 4, ... 109 (ih the shapes in group (iy with ai least one rounded corners; (iii) the shape
from group (i} with zig-zag or rough edges; and (iv) any superposition of (i), (ih and (ili}. For
multiple spacers, different spacers can have different lateral shape and size and different distance
from the neighboring spacers.

in some embodiments, the spacers may be and/or may include posts, columns, beads,
spheres, and/or other suitable geometries. The laleral shape and dimension (i.e., transverse to
the respective plate surface) of the spacers can be anything, except, in some embodiments, the
following restrictions: (i) the spacer geometry will not cause a significant error in measuring the
sampile thickness and volume; or {ii} the spacer geomeiry would not prevent the out-fiowing of the
sample between the plates (i.e. it is not in enclosed form). Butin some embodiments, they require
some spacers 1o be closed spacers {o restrict the sample flow.

in some embodiments, the shapes of the spacers have rounded comers. For example, a
rectangle shaped spacer has one, several or all corners rounded (like a circle rather 30 degree
angle). A round corner often make a fabrication of the spacer easier, and in some cases less
damage to a biological material.

The sidewall of the pillars can be straight, curved, sloped, or different shaped in different
section of the sidewall. In some embodiments, the spacers are pillars of various lateral shapes,
sidewalls, and pillar-height to pillar lateral area ratic.

In a preferred embodiment, the spacers have shapes of pillars for allowing open flow.
Spacers’ materials. In the present invention, the spacers are generally made of any material
that is capable of being used to regulate, together with the two plates, the thickness of a relevant

volume of the sample. In some embodiments, the materials for the spacers are different from that
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for the plates. In some embodiments, the materials for the spaces are at least the same as a part
of the materials for at least one plate.

The spacers are made a single material, composite maierials, multiple materials, multilayer

of materials, alloys, or a combination thereof. Each of the materials for the spacers is an inorganic
material, am corganic material, or a mix, wherein examples of the materials are given in paragraphs
of Mat-1 and Mat-2. In a preferred embodiment, the spacers are made in the same material as a
plate used in CROF.
Spacer's mechanical strength and flexibility. In some embodiments, the mechanical strength
of the spacers are strong enough, so that during the compression and at the closed configuration
of the plates, the height of the spacers is the same or significantly same as that when the plates
are in an open configuration. In some embodiments, the differences of the spacers between the
open configuration and the closed configuration can be characierized and predetermined.

The material for the spacers is rigid, flexible or any flexibility between the two. The rigid is

relative 1o a give pressing forces used in bringing the plates into the closed configuration: if the
space does not deform greater than 1% in its height under the pressing force, the spacer material
is regarded as rigid, otherwise a flexible. When a spacer is made of malerial flexible, the final
sample thickness at a closed configuration still can be predetermined from the pressing force and
the mechanical property of the spacer.
Spacer inside Sample. To achieve desired sample thickness reduction and control, particularly
fo achieve a good sample thickness uniformily, in certain embodiments, the spacers are placed
inside the sample, or the relevant volume of the sample. in some embodiments, there are one
or more spacers inside the sample or the relevant volume of the sample, with a proper inter spacer
distance. In certain embodiments, at least one of the spacers is inside the sample, at least two
of the spacers inside the sample or the relevant volume of the sample, or at least of *n” spacers
inside the sampile or the relevani volume of the sample, where ‘i may be determined by a sampile
thickness uniformity or a required sample flow property during a CROF.

Spacer height. In some embodiments, all spacers have the same pre-determined height.
in some embodiments, spacers have different pre-determined height. In some embodiments,
spacers can be divided into groups or regions, wherein each group or region has ils own spacer
height. And in certain embodiments, the predetermined height of the spacers is an average height
of the spacers. In some embodiments, the spacers have approximatiely the same height. Insome
embodiments, a percentage of number of the spacers have the same height.

The height of the spacers is selected by a desired regulated final sample thickness and

the residue sample thickness. The spacer height (the predetermined spacer height) and/or

5
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sample thickness is 3 nm or less, 10 nm or less, 50 nm or less, 100 nm or less, 200 nm or less,
500 nm or less, 800 nm or less, 1000 nm or less, 1 um or less, 2 um or less, 3 um or less, 5 um
or less, 10 um or less, 20 um or less, 30 um or less, 50 um or less, 100 um or less, 150 um or
loss, 200 um or iess, 300 um orless, 500 um or less, 800 um or less, 1T mm or less, 2 mm or less,
4 mm or less, or a range between any two of the values.

The spacer height and/or sample thickness is between 1 nm to 100 nm in one preferred
embodiment, 100 nm to 500 nm in another preferred embodiment, 500 nm to 1000 nm in a
separate preferred embodiment, 1 um (i.e. 1000 nm) to 2 um in another preferred embodiment, 2
um o 3 um in a separate preferred embodiment, 3 um 0 § um in another preferred embodiment,
5 um to 10 um in a separate preferred embodiment, and 10 um 10 50 um in another preferred
embodiment, 50 um to 100 um in a separate preferred embodiment.

In some embodiments, the spacer height and/or sample thickness {i) equal to or slightly
larger than the minimum dimension of an analyle, or (i) equal 1o or slightly larger than the
maximum dimension of an analyte. The “slightly larger” means that it is about 1% to 5% larger
and any number between the two values.

In some embodiments, the spacer height and/or sample thickness is larger than the
minimum dimension ¢of an analvte (e.g. an analyte has an anisolropic shape), but less than the
maximum dimension of the analyte.

For example, the red blood cell has a disk shape with a minim dimension of 2 um (disk
thickness) and a maximum dimension of 11 um (a disk diameter). in an embodiment of the present
invention, the spacers is selected (o make the inner surface spacing of the plales in a relevant
area o be 2 um (equal to the minimum dimension) in one embodiment, 2.2 um in ancther
embodiment, or 3 (50% larger than the minimum dimension) in other embodiment, but less than
the maximum dimension of the red blood cell. Such embodiment has certain advantages in blood
cell counting. in one embodiment, for red blood celi counting, by making the inner surface spacing
at 2 or 3 um and any number between the two values, a undiluted whole blood sample is confined
in the spacing, on average, each red blood cell (RBC) does not overlap with others, allowing an
accurate counting of the red blood celis visually. (Too many overlaps between the RBC’s can
cause serious errors in counting).

In the present invention, in some embodiments, it uses the plates and the spacers o
regulate not only a thickness of a sample, but also the corientation and/or surface density of the
analytes/entity in the sample when the plaies are atl the closed configuration. When the plates
are at a closed configuration, a thinner thickness of the sample gives a less the analytes/entity

per surface area (i.e. less surface concentration}.
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Spacer lateral dimension. For an open-spacer, the lateral dimensions can be characterized by
its lateral dimension (sometime being called width) in the X and v ~two orthogonal directions. The
lateral dimension of a spacer in each direction is the same or different. In some embodiments,
the lateral dimension for each direction (xory)is ...

In some embodiments, the ratio of the lateral dimensions of x{o y directionis 1, 1.5, 2, &,
10, 100, 500, 1600, 10,000, or a range between any two of the value. In some embodiments, a
different ratio is used {o regulate the sample flow direction; the larger the ratio, the flow is along
one direciion (larger size direction).

in some embodiments, the different lateral dimensions of the spacers in x and y direction
are used as (&) using the spacers as scale-markers to indicate the orientation of the plates, (b)
using the spacers to create more sample flow in a preferred direction, or both.

In a preferred embodiment, the pericd, width, and height.

In some embodiments, all spacers have the same shape and dimensions. In some
embodiments, each spacers have different lateral dimensions.

For enclosed-spacers, in some embodiments, the inner lateral shape and size are
selected based on the total volume of a sample o be enclosed by the enclosed spacer(s), wherein
the volume size has besn described in the present disclosure; and in certain embodiments, the
outer lateral shape and size are selected based on the needed strength to support the pressure
of the liquid against the spacer and the compress pressure that presses the plates.

Aspect ratio of height to the average lateral dimension of piliar spacer.

in certain embodiments, the aspect ratio of the height to the average lateral dimension of
the pillar spacer is 100,000, 10,000, 1,000, 100, 10, 1, 0.1, 0.01, 0.001, 0.0001, 0, 00001, or &
range between any two of the values.

Spacer height precisions. The spacer height should be controlled precisely. The relative
precision of the spacer (i.e. the ratio of the deviation o the desired spacer height) is 0.001 % or
fess, 001 % oriess, 01 % orless; 08 % orless, 1% orless, 2 % orless, 5% orless, 8% or
less, 10 % or less, 15 % orless, 20 % or less, 30 % or less, 40 % or less, 50 % or less, 80 % or
less, 70 % or less, 80 % or less, 90 % or less, 99.9 % or less, or a range between any of the
values.

Inter-spacer distance. The spacers can be a single spacer or a plurality of spacers on the plate
or in a relevant area of the sample. In some embodiments, the spacers on the plates are
configured and/or arranged in an array form, and the array is a periodic, non-periodic array or

periodic in some locations of the plate while non-periodic in other locations.
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in some embodiments, the periodic array of the spacers has a latlice of square, rectangle,
triangle, hexagon, polygon, or any combinations of thereof, where a combination means that
different locations of a plate has different spacer lattices.

In some embodiments, the inter-spacer distance of a spacer array is periodic (i.e. uniform
inter-spacer distance) in at least one direction of the array. In some embodiments, the inter-
spacer distance is configured to improve the uniformity between the plate spacing at a closed
configuration.

The distance between neighboring spacers (i.e. the inter-spacer distance) is 1 um or less,
5 um oriess, 10 um oriess, 20 um orless, 30 um oriess, 40 um orless, 50 um orless, 80 um
oriess, 70 umoriless, 80 um orless, 90 um orless, 100 um orless, 200 um or less, 300 um
or less, 400 um or less, or a range between any two of the values.

In certain embodimenis, the inter-spacer distance is at 400 or less, 500 or less, 1 mm or
less, 2 mm orless, 3mm or less, Smm orless, 7 mm oriless, 10 mm orless, or any range betwesn
the values. In certain embodiments, the inter-spacer distance is 210 mm or less, 20 mm or less,
30 mm orless, 50 mm orless, 70 mm or less, 100 mm or less, or any range between the values.

The distance between neighboring spacers {i.e. the inter-spacer distance) is selected s0
that for a given properties of the plates and a sampls, at the closed-configuration of the plates,
the sample thickness varigtion between two nsighboring spacers is, in some embodiments, at
most 0.5%, 1%, 5%, 10%, 20%, 30%, 50%, 80%, or any range between the values; or in certain
embodiments, at most 80 %, 100%, 200%, 400%, or a range between any two of the values.

Clearly, for maintaining a given sample thickness variation between fwo neighboring
spacers, when a more flexible plate is used, a closer inter-spacer distance is nesded.

- Specify the accuracy of the inter spacer distance.

in a preferred embodiment, the spacer is a periodic square array, wherein the spaceris a
pillar that has a height of 2 to 4 um, an average lateral dimension of from 5 to 20 um, and inter-
spacer spacing of 1 um to 100 um.

in a preferred embodiment, the spacer is a periodic square array, wherein the spaceris a
pillar that has a height of 2 to 4 um, an average lateral dimension of from 5 to 20 um, and inter-
spacer spacing of 100 um to 250 um.

In a preferred embodiment, the spacer is a periodic square array, wherein the spaceris a
pillar that has a height of 4 to 50 um, an average lateral dimension of from 5 to 20 um, and inter-

spacer spacing of 1 um to 100 um.
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in a preferred embodiment, the spacer is a periodic square array, wherein the spaceris a
pillar that has a height of 4 to 50 um, an average lateral dimension of from 5 o 20 um, and inter-
spacer spacing of 100 um to 250 um.

The period of spacer array is between 1 nim to 100 nm in one preferred embodiment, 100

nm fo 500 nm in ancther preferred embodiment, 500 nm o 1000 nm in a separale preferred
embodiment, 1 um {.e. 1000 nm) 1o 2 um in ancther preferred embodiment, 2um o3 umina
separate preferred embodiment, 3 um to & um in another preferred embodiment, 5 um o 10um
in a separate preferred embodiment, and 10 um to 50 um in another preferred embodiment, 50
um to 100 um in a separate preferred embodiment, 100 um to 175 um in a8 separate preferred
embodiment, and 175 um to 300 um in a separate preferred embodiment.
Spacer density. The spacers are arranged on the respective plates at a surface density of
greater than one per um?, greater than one per 10 um?, greater than one per 100 um?, greater
than one per 500 um?, greater than one per 1000 um?, greater than one per 5000 um?, greater
than one per 0.01 mm?, greater than one per 0.1 mm?, greater than one per 1 mm?, greater than
one per 5 mm?, greater than one per 10 mm?, greater than one per 100 mm?, greater than one
per 1000 mm?, greater than one per10000 mm?®, or a range between any two of the values..

{3) the spacers are configured to not take significant surface area (volume) in a given

sample area {volume),
Ratio of spacer volume to sample volume. In many embodiments, the ratio of the spacer
volume (i.e. the volume of the spacer) to sample volume (i.e. the volume of the sampie), and/or
the ratio of the volume of the spacers that are inside of the relevant volume of the sampile o the
relevant volume of the sample are controlied for achieving ceriain advantages. The advantages
include, but not limited to, the uniformity of the sample thickness control, the uniformity of analytes,
the sample flow properties (i.e. flow speed, flow direction, etc.).

in certain embodiments, the ratio of the spacer volume 1) to sample volume, and/or the
ratio of the volume of the spacers that are inside of the relevant volume of the sample {o the
relevant volume of the sample is less than 100%, at most 88 %, at most 70%, at most 50%, at
most 30%, at most 10%, at most 5%, at most 3% at most 1%, at most 0.1%, at most 0.01%, at
most 0.001%, or a range between any of the values.

Spacers fixed to plates. The inter spacer distance and the orientation of the spacers, which

play a key role in the present invention, are preferably maintained during the process of bringing
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the plates from an open configuration to the closed configuration, and/or are preferably
predetermined before the process from an open configuration to a closed configurations.

Some embodiments of the present invention is that the spacers are fixed on one of the
plates before bring the plates to the closed configuration. The term “a spacer is fixed with iis
respective plate” means that the spacer is aitached to a plate and the attachment is maintained
during a use of the plate. An example of "a spacer is fixed with its respective plate” is that a
spacer is monolithically made of one piece of material of the plate, and the position of the spacer
relative to the plate surface does not change. An example of “a spacer is not fixed with its
respective plate” is that a spacer is glued to a plate by an adhesive, but during a use of the plate,
the adhesive cannot hold the spacer at its original location on the plate surface (.. the spacer
moves away from its original position on the plate surface).

In some embodiments, at ieast one of the spacers are fixed 1o its respective plate. In
certain embodiments, at fwo spacers are fixed to its respective plates. In certain embodiments,
a magjority of the spacers are fixed with their respective plates. In certain embodiments, all of the
spacers are fixed with their respective plates.

in some embodiments, a spacer is fixed to a plate monoiithically.

in some embodiments, the spacers are fixed to its respective plale by one or any
combination of the following metheds and/or configurations: attached o, bonded to, fused to,
imprinted, and etched.

The term “imprinted” means that a spacer and a plate are fixed mondolithically by imprinting
(i.e. embossing) a piece of a material to form the spacer on the plate surface. The material can
be single layer of a material or mulliple layers of the material.

The term “etched” means that a spacer and a plate are fixed monolithically by etching a
piece of a malerial to form the spacer on the plate surface. The material can be single layer of a
material or multiple lavers of the material.

The term *fused 10" means that a spacer and a plate are fixed monolithically by attaching
a spacer and a plate fogether, the original materials for the spacer and the plate fused into sach
other, and there is clear material boundary between the two materials after the fusion.

The term “bonded t0” means thatl a spacer and a plate are fixed monolithically by binding
a spacer and a plate by adhesion.

The term “attached 0" means that a spacer and a plate are connected {ogether.

In some embodiments, the spacers and the plate are made in the same materials. In other
embodiment, the spacers and the plate are made from different materials. In other embodiment,

the spacer and the plate are formead in one piece. In other embodiment, the spacer has one end
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fixed to iis respective plate, while the end is open for accommodating different configurations of
the two plates.

in other embodiment, each of the spacers independently is at leasi one of atlached {o,
bonded to, fused to, imprinted in, and siched in the respective plate. The term “independently”
means that one spacer is fixed with its respective plate by a same or a different method that is
salected from the methods of attached to, bonded to, fused to, imprinted in, and eiched in the
respective plate.

in some embodiments, at least a distance between two spacers is predetermined
{"predetermined inter-spacer distance” means that the distance is known when a user uses the
plates.).

in some embodiments of all methods and devices described herein, there are additional

spacers besides o the fixed spacers.
Specific sample thickness. In present invention, it was observed that a larger plate holding
force {i.e. the force that holds the two plates together) can be achieved by using a smaller plate
spacing (for a given sample area), or a larger sample area (for a given plate-spacing), or both.

In some embodiments, at least one of the plates is transparent in a region encompassing
the relevant area, each plate has an inner surface configured to contact the sample in the closed
configuration; the inner surfaces of the plates are substantially parallel with each other, in the
closed configuration; the inner surfaces of the plates are substantially planar, except the locations
that have the spacers; or any combination of thereof.

2.4 Final Sample Thickness and Uniformity

In some embodiments, significantly flat is determined relative to the final sample thickness,
and has, depending upon on embodiments and applications, a ratio of to the sample thickness of
fess than 0.1%, less than 0.5%, less than 1%, less than 2%, less than 5%, or less than 10%, or a
range between any two of these values.

In some embodiments, flatness relative {o the sample thickness may be less than 0.1%,
less than 0.5%, less than 1%, less than 2%, less than 5%, less than 10%, less than 20%, less
than 50%, or less than 100%, or a range between any two of these values.

in some embodiments, significantly flat may mean that the surface flatness variation itself
{measured from an average thickness) is less than 0.1%, less than 0.5%, less than 1%, less than
2%, less than 5%, or less than 10%, or a range between any two of these values. Generally,
fiatness relative o the plate thickness may be less than 0.1%, less than 0.5%, less than 1%, less
than 2%, less than 5%, less than 10%, less than 20%, less than 50%, or less than 100%, or a

range petween any two of these values.

63



10

30

WO 2017/048881 PCT/US2016/051794

2.5 Spacer Fabrication Methods.

The spacers can be fabricated on a plate in a variety of ways, using lithography, etching,
embossing (nancimprint), depositions, lift-off, fusing, or a combination of thereof. In some
embodiments, the spacers are directly embossed or imprinted on the plates. In some
embodiments, the spacers imprinted into a material {e.g. plastics) that is deposited on the plales.
In certain embodiments, the spacers are made by directly embossing a surface of a CROF plate.
The nanoimprinting may be done by roll to roll technology using a roller imprinter, or roll 10 &
planar nanoimprint. Such process has a great economic advantage and hence lowering the cost.

In some embodiments, the spacers are deposited on the plates. The deposition can be
gvaporation, pasting, or a lift-off.  In the pasting, the spacer is fabricaled first on a carrier, then
the spacer is transferred from the carrier {0 the plate. In the lift-off, a removable material is first
deposited on the plate and holes are created in the material; the hole botlom expose the plate
surface and then a spacer material is deposited into the hole and afterwards the removable
material is removed, leaving only the spacers on the plate surface. In some embodiments, the
spacers deposited on the plate are fused with the plate. In some embodiments, the spacer and
the plaites are fabricated in a single process. The single process includes imprinting {i.e.
embossing, molding) or synthesis.

In some embodiments, at least two of the spacers are fixed to the respective plate by
different fabrication methods, and optionally wherein the different fabrication methods include at
least one of being deposition, bonded, fuse, imprinted, and efched.

in some embodimenis, one or more of the spacers are fixed to the respective plate(s) is by
a fabrication method of being bonded, being fused, being imprinted, or being etched, or any
combination of thereof,

In some embodiments, the fabrication methods for forming such monolithic spacers on the
plaie include a method of being bonded, being fused, being imprinted, or being etched, or any
combination of thereof.

2.8 Beale-markers

The term “scale-marker{s) refers to the scale-marker(s} that able {o assist a quantification
(i.e. dimension measurement} or a control of the relevant area and/or the relative volume of a
sample. in some embodiments, the scale-markers are on the first plate or the second plate, on
both on plates, on one surface of the plate, on both surfaces of the plate, between the plates,
near the plates, or any combination of thereof. iIn some embodiments, the scale-markers are
fixed on the firsi plate or the second plate, on both on plates, on one surface of the plate, on both

surfaces of the plate, between the plates, near the plates, or any combination of thereof. In some
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embodiments, the scale-markers are deposited on the first plate or the second plate, on both on
plates, on one surface of the plate, on both surfaces of the plate, between the plates, near the
plates, or any combination of thereof. In some embodiments, some of spacers are fixed and some
spacers are deposited.

In some embodiments, the scale-marks are etched scale-marks, deposited materials, or
printed materials. In certain embodiments, the materials that absorbing the light, reflecting light,
emitting light, or any combination of thereof.

in some embodiments, the scale-markers are a or a plurality of objeci(s) with known
dimensions and/or known separation distances. Examples of the objects include, not limited to,
rectangles, cylinders, or circles.

in some embodiments, the scale-markers have a dimension of in the range of nanometers
{rm), microns (um) or millimeters (mm) or other sizes.

in some embodiments, the scale-markers are a ruler, which has scale scale-marks that
are configured to measure a dimension of an object. In some embodiments, the scale-marks are
in the scale of nanometer (nm), microns (umy or millimeter (mm) or other sizes. In some
embodiments, the scale marks are eiched scale-marks, deposited materials, or printed materials.
in some embodiments, the materials for the scale-markers are the materials that absorbing the
light, reflecting light, scaltering light, interfering light, diffracting light, emitting light, or any
combination of thereof.

in some embodiments, the makers are the spacers, which server dual functions of
‘regulating sample thickness” and “providing scale-marking and/or dimension scaling”. For
examples, a rectangle spacer with a known dimension or two spacers with a known separation
distance can be used o measure a dimension related to the sample round the spacer(s). From
the measured sample dimension, one can calculate the volume of the relevant volume of the
sample.

In some embodiments, the scale-markers is configured to at least partially define a
boundary of the relevant volume of the sample.

in some embodiments, at [east one of the scale-markers is configured o have a known
dimension that is parallel to a plane of the lateral area of the relevant volume of the sample.

In some embodiments, at least a pair of the scale-markers are separated by a known
distance that is parallel 10 a plane of the lateral area.

in some embodiments, the scale-markers are configured for optical detection.

in some embodiments, each scale-marker independently is at least one of light absorbing,

light reflecting, light scattering, light diffracting, and light emitting.
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In some embodiments, the scale-markers are arranged in a regular array with a known
lateral spacing.

in some embodiments, each scale-marker independenily has a lateral profile that is at
least one of square, rectangular, polygonal, and circular.

In some embodiments, at least one of the scale-markers is attached to, bonded to, fused
to, imprinted in, and siched in one of the plates.

In some embodiments, at ieast one of the scale-markers is one of the spacers.

in some embodiments, some spacers also play a role of scale-marker to quantification of
a relevant volume of the sample.

in certain embodiments, a binding site(s) (that immobilizes the analytes), storage siles, or
alike, serves as a scale-marker(s). In one embodiment, the site with a known lateral dimension
interacts with light generating a detectable signal, that reals the known lateral dimension of the
site, hence serving a scale-marker(s).

In another embodiment, the dimension of the siles are predetermined before a CROF
process and the thickness of the portion of the sample sitting on the site is, when the plates are
at the closed configuration, significantly smaller than the lateral average dimension of the sile,
then by controlling the incubation time so that, after the incubation, (1) the majority of the
analytes/entity that bind 1o the binding site come from the sample volume that sites on top of the
binding site, or {2) the majority of the reagent that is mixed (diffused) into the sample volume that
siles on top of the binding site come from the storage site. in these cases, the relevant volume
of the sample to the binding or the reagent mixing is the volume that is approximately egual to the
predetermined site area multiplies the sample thickness at the site. A key reason for this be
possible is that, for the given incubation time, the analytes/entity in the sample volume outside
the relevant volume do not have enough time to diffuse into the binding site, or the reagents on
the storage site do not have enough time to diffuse into in the sample volume ouiside the relevant
volume.

An example to illustrate the method of measuring and/or controlling the relevant area and
volume by using a site with known dimension and by limiting the incubation time is that an assay
has a binding site {i.e. the area with capture agenis) of 1,000 um by 1000 um on a first plate of a
CROF process (which has a surface large than the binding site); at the closed configuration of
the plates, a sample with analytes is over the binding site, has a thickness of about 20 um {in the
hind site area) and an area larger than the binding site and is incubated for a time equal to the
target analyte/entity diffusion time across the sample thickness. in this case, the majority of the

analytes/entity that bind to the binding site come from the sample volume that sites on {op of the

66



10

30

WO 2017/048881 PCT/US2016/051794

binding site, which is 1,000 um by 1000 um by 20 um = 0.02 p, because the analytes in the sample
portion that is 20 um away from the binding site do not have time o diffuse to the binding sile
(statisticaily). In this case, if the signal, due {0 the analyles/entity capiured by the binding site, is
measured after the incubation, one can determine the analyle/entity concentration in the relevant
area and relevant volume of the sample from the information (provided by the binding site) of the
relevant area and relevant volume. The analyle concentration is guantified by the number of
analytes captured by the binding site divided the relevant volume.

in some embodiments, the relevant volume is approximately equal o the binding site area
times the sampile thickness, and the target analyte concentration in the sample is approximately
gqual to the number of analvie captured by the binding site divided by the relevant sample volume.
This accuracy of the method of quantification of targetl analyte volume gels better as the ratio of
the binding site dimension 1o the sample thickness gets larger {(assuming the incubation time is
about the target analyte diffusion time in the sample for a distance of the sample thickness}.
Spreading Times in CROF. In the present invention, in the methods and the devices of all
paragraphs that spread the sample by two plates, the time for spreading the sample to the final
thickness at a closed configuration is 0.001 sec or less, 0.01 sec, 0.1 sec, 1 sec, 5 sec, 10 sec,
20 sec, 30 sec, 60 sec, 90 sec, 100 sec, 150 sec, 200 sec, 300 sec, 500 sec, 1000 sec, orarange
between any two of the values.

in the methods and the devices of all paragraphs that spread the sample by two plates, in
a preferred embodimeni, the time for spreading the sample {o the final thickness at a closed
configuration is 0.001 sec or less, 0.01 sec, 0.1 sec, 1 sec, 3 sec, 5 sec, 10 sec, 20 sec, 30 sec,
60 sec, 90 sac, 100 sec, 150 sec, or a range between any two of the valuss.

in the methods and the devices of all paragraphs that spread the sample by two plates, in
a preferred embodiment, the time for spreading the sample to the final thickness at & closed
configuration is 0.001 sec or less, 0.01 sec, 0.1 sec, 1 sec, 3 sec, 5 sec, 10 sec, 20 sec, 30 sec,
50 sec, 80 sac, or a range between any two of the values.

in the methods and the devices of all paragraphs that spread the sample by two plates, in
a preferred embodiment, the time for spreading the sample o the final thickness at a closed
configuration is 0.001 sec or less, 0.01 sec, 0.1 sec, 1 sec, 2 sec, 5 sec, 10 sec, 20 sec, 30 sec,
or a range between any two of the values.

In the methods and the devices of all paragraphs that spread the sample by two plates, in
a preferred embodiment, the time for spreading the sample to the final thickness at a closed
configuration is 0.001 sec or less, 0.01 sec, 0.1 sec¢, 1 sec, 3 sec¢, 5 sec, 10 sec, or a range

between any two of the values.
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in the methods and the devices of all paragraphs that spread the sample by two plates, in
a preferred embodiment, the time for spreading the sample o the final thickness at a closed
configuration is 0.001 sec or jess, 0.01 sec, 0.1 sec, 1 sec, 3 sec, or a range between any two of
the values.

The embodiments and any of their combinations described in the Section 3 are applied to
{i.e. are combined with} other embodiments in the entire description of the present invention.

in one preferred embodiment, the spacers are monolithically made on the X-Flate by
embossing {e.g. nansimprinting) a thin plastic film using a mold, and are made of the same
materials.

in one preferred embodiment, the spacers are monolithically made on the X-Plate by
embossing (&.¢g. nanoimprinting) a thin plastic film using a mold, and are made of the same
materials, and the thickness of the X-Plate is from 50um to 500um.

In one preferred embodiment, the spacers are mondlithically made on the X-Plate by
embossing (.g. nancimprinting) a thin plastic film using a mold, and are made of the same
materials, and the thickness of the X-Plate is from 50um to 250um.

in one preferred embodiment, the spacers are monolithically made on the X-Flate and
are made of the same materials, and the thickness of the X-Plate is from 50um to 500um.

in one preferred embodiment, the spacers are monolithically made on the X-Plate a thin
plastic film using a mold, and are made of the same materials, and the thickness of the X-Plaie
is from 50um to 250um.

in one preferred embodiment, the spacers are monolithically made on the X-Plate by
embossing (.g. nancimprinting) a thin plastic film using a mold, and are made of the same
materials, where the plastic film are either PMMA (polymethyl methacrylate) of PS
{polystyrene).

in one preferred embodiment, the spacers are monolithically made on the X-Plate by
embossing {e.g. nanoimprinting) a thin plastic film using a mold, and are made of the same
materials, where the plastic film are either PMMA {polymethyi methacrylate) of PS (polystyrene)
and the thickness of the X-Plate is from 50um to 500um.

in one preferred embodiment, the spacers are monolithically made on the X-Plate by
embossing (.¢g. nancimprinting) a thin plastic film using a mold, and are made of the same
materials, where the plastic film are either PMMA {(polymethyl methacryiate) of PS (polystyrens)
and the thickness of the X-Plate is from 50um to 250um.

in one preferred embodiment, the spacers are monolithically made on the X-Plate by

embossing {e.g. nanoimprinting) a thin plastic film using a mold, and are made of the same
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materials, where the plastic film are either PMMA (polymethyi methacrylate) of PS5
{polystyrene), and the spacers have either a square or rectangle shape, and have the same
spacer height.

In one preferred embodiment, the spacers have a square or rectangle shape (with or
without round comers).

In one preferred embodiment, the spacers have square or rectangle pillars with the pillar
width (spacer width in each lateral direction) between 1um to 200um; pillar period (i.e. spacer
period) from 2um ~ 2000um, and pillar height (i.e. spacer height) from Tum ~ 100um.

in one preferred embodiment, the spacers made of PMMA or P& have square or
rectangle pillars with the pillar width {spacer width in each lateral direction) between 1um {o
200um; pillar period (i.e. spacer period) from 2um — 2000um, and pillar height (i.e. spacer
height) from fum — 100um.

In one preferred embodiment, the spacers are mondlithically made on the X-Plale and
are made of plastic materials, and the spacers have square or rectangle pillars with the pillar
width (spacer width in each lateral direction) between 1um to 200um; pillar period (i.e. spacer
period} from 2um ~ 2000um, and pillar height (i.e. spacer height} from 1um ~ 100um.

in one preferred embodiment, the spacers are monoiithically made on the X-Plate and
are made of the same materials, and the spacers have square or rectangle pillars with the pillar
width (spacer width in each lateral direction) between 1um to 200um; pillar period {i.e. spacer
period) from 2um — 2000um, and pillar height {i.e. spacer height} from fum ~ 10um.

in one preferred embodiment, the spacers are mondiithically made on the X-Plate and
are made of the same malerials selected from PS or PMMA or other plastics, and the spacers
have square or rectangle pillars with the pillar width {(spacer width in each lateral direction)
hetween 1um to 200um; pillar period (i.e. spacer pericd) from 2um — 2000um, and pillar height
{i.e. spacer height} from 10 um — 50um.

in one preferred embodiment of a CROF device, one plate is X-Plate and the other piate
is a planar thin film, wherein the thickness of at least one of the plates is in a range of from 10
um to 250 um; wherein the spacers are fixed on the X-Plate, and wherein the plates and the
spacers can have the same materials or different materials and are made of PMMA (polymethyi
methacrylate), PS (polystyrene), or a material of similar mechanical properties as PMMA or PS.

In one preferred embodiment of a CROF device, one piate is X-Plate and the other plate
is a planar thin film, wherein the thickness of at least one of the plates is in a range of from 250

um o 500 um; wherein the spacers are fixed on the X-Plate, and wherein the piates and the
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spacers can have the same materials or different materials and are made of PMMA (polymethyl
methacrylate), PS (polystyrene), or a material of similar mechanical properties as PMMA or PS.

In one preferred embodiment of a CROF device, one plate is X-Plate and the other plate
is a planar thin film, whersin the thickness of at least one of the plates is in a range of from 10
urn 1o 250 um; wherein the spacers are fixed on the X-Flale, and are an array of square or
rectangle pillars with the pillar width (spacer width in each lateral direction) between Tum o
200um; pillar period {i.e. spacer period) from 2um — 2000um, and pillar height (i.e. spacer
height) from tum — 100um, and wherein the plaies and the spacers can have the same
materials or different materials and are made of PMMA (polymethyi methacrylate), PS
(polystyrene), or a material of similar mechanical properties as PMMA or PS.

The “similar” in above paragraphs means that the difference in mechanical properties
within 60%.

Guard Ring. Some embodiments have a guard ring to prevent sample flow out of the plate
surface. Some embodiments of the guard ring is an enclosed wall around the sample area.

The wall has a height equal to the spacer height or different from the spacer height. The wall ca
he a significant distance away from the sample measurement area.

The movable plates in a CROF process may include and/or may be coupled to a hinge, a
stage, or some other posilioning system that is configured to transition the plates belween an
open configuration and a closed configuration. Movable plaies may be coupled together with one
or more joints in a manner that leaves an opening o access the space beiween the plates {e.g.,
to insert and/or remove sample), provided that at least one of the joints and/or at least one of the
plates is flexible enough to achieve the described open and closed configurations. A membrane

pump is not considered 1o be a movable plate(s).

3. Analytes, Entity, Binding Site, Storage site,

In present invention, the entity include, but not imited te, one of a protein, an amino acid,
a nucleic acid, a lipid, a carbohydrate, a metabolite, a cell, or a nanopariicie.

in some embodiments, the binding site includes a binding partner configured to bind {o
the respective entity.

In some embodiments, the binding site includes an entity bound {o the binding site.In some
embodiments, the placing the sample includes placing the sample within the binding site.

in some embodimenis, the reagent includes at least one of a protein, an amino acid, a

nucleic acid, a lipid, a carbohydrate, and a metabolite.
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In certain embodiments, the storage site includes dried reagent.

in some embodiments, the storage site includes reagent configured to be released from
the storage site upon contact with the sample.

In some embodiments, the first storage site and the second storage site are in a common
storage site.

In some embodiments, the transfer media is a sample. In some embodiments, the transfer
media is a liquid, wherein the reagent or the entity can be dissolved and diffuse in the liquid.

in some embodiments, a plate has mulliple storage sites. in another embodiment, one

storage site has multiple reagent.
Different release time. In some embodiments, a plate has multiple storage sites on different
locations of the plate or one storage site stores multiple reagent, and upon in touch with the
sample by the siorage sites, the reagents are released but released at different time for different
reagents on the same storage site or reagents on different storage sites.

In some embodiments, the first reagent is configured o be released from the first storage
site upon contact with the sample in a first average release time and the second reagent is
configured to be released from the second storage site upon contact with the sample in a second
average release time, and wherein the first average release time is less than the second average
release time.

in some embodiments, the first reagent is configured to be released from the first storage
sile upon contact with the sample and wherein the second reagent is a bound reagent.

in some embodiments, the depositing includes binding at least one of the reagents to the
respective plate.

in some embodiments, the contacting includes releasing at least one of the reagents from
the respective plate.

in some embodiments, the depositing includes depositing a first reagent and a second
reagent, and wherein the contacting includes releasing the first reagent before the second
reagent.

in some embodiments, at least one of the plates comprises a storage site that includes a
reagent thal is {0 be added o the relevant volume of the sample.

In some embodiments, wherein the reagent includes at least one of a protein, an amino acid, a
nucieic acid, a lipid, a carbohydrate, and a matabolite.

In some embodiments, the storage site includes dried reagent.

in some embodiments, the storage site includes reagent configured o be released from

the storage site upon contact with the sample.
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in some embodiments, the storage site is a first storage site and the reagent is a first
reagent, wherein the device includes a second storage site including a second reagent that is to
be added into the relevani volume of the sampile, wherein the second siorage site is on one of
the plates.
In some embodiments, the first storage site and the second storage site are in a common
storage site.
in some embodiments, the first reagent is configured o be released from the first storage
site upon contact with the sample in a first average release time and the second reagent is
configured to be released from the second storage site upon contact with the sample in a second
average release time, and whereain the first average release time is less than the second average
release time,
In some embodiments, at least one of the reagents is dried on the respective piate.
In some embodiments of a kit, al least one of the reagents is bound to the respactive plate.
In some embeodiments of g kit, at least one of the reagents is configured 10 be released
from the respective plate upon contact with the sample.
in some embodiments of a kit, afirst reagent is on one or both of the plates and a second
reagent is on one or both of the plates, whersin the first reagent is configured to be released from
the respective plate upon contact with the sample in a first average release time and the second
reagent is configured to be released from the respective plate upon contact with the sample in a
second average release time, and wherein the first average release time is less than the second
average release time.
in some embodiments of the devices, the slorage site is a first storage site and the reagent
is a first reagent, wherein the device includes 3 second storage site including a second reagent
that is to be added into the relevant volume of the sample, wherein the second storage site is on

one of the plates.

4. Locally binding or mixing in a portion of a sample {P)
in some applications, itis desirable to have a binding site to capture (i.e. bind) the analytes
only in a portion of a sample, not in the entire sample. it is aiso desirable in some cases thal a
reagent is added (i.e. mixed) into a port of a sample, not the entire sample. It is often desirable
that there is no fluidic separation between the portion of the sample and the rest of the sample.
Such requirements are preferable or necessary in certain multiplexed detections.
The present invention offers a solution to the above requirements by using a CROF

method and device {0 reshape a sample into a ultra-thin film of a thickness, that is smaller than
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the lateral dimension of the portion of the sample, wherein only an analyie inside that portion of
the sample will be captured, or only the portion of the sample will be mixed with a reagent. The
working principle for such approach is that when the thickness of the sample is smaller than the
lateral dimension of the portion of the sample, a capture of an analyte by a surface or a mixing of
reagent placed on a surface can be primarily Himited by the diffusion of the analvtes and the
reagent in the thickness direction, where the diffusion in the lateral diffusion is relatively
insignificant. For example, if a sample is reshaped in to a thin film of 5 um thick, if the portion of
the sample that an analvie should be captured or a reagent should be mixed has a lateral
dimension of 5 mm by & mm, and if the diffusion time of analvte or reagent across the S um is 10
sac, then the lateral diffusion of the analyte or the reagent across the 5 mm distance is 1,000,000
sec {since the diffusion time is proportional to the square of the diffusion distance). This means
that by selecting a proper ratio of the lateral dimension of the inferested portion of the sample o
the sample thickness, in certain time interval, the analytes captured primarily come from the

sample portion interested, or the regent is mied primarily into the portion of the sample of interest.

4.1 Locally binding of entity in a portion of a sample {0 a surface {P: volume {o surface}
1. A method for locally bind target entities in a relevant volume of a sample to a binding
site on a surface, comprising:
iy periorm the steps of (a) 1o {d) in the method of paragraph X1, wherein the sample
thickness at the closed configuration is significantly less than the average linear
dimension of the binding site;, and wherein the relevant volume is the volume of the
sample that sits on the binding site when the plates are in the closed configuration;
(iy after {i) and while the plates are in the closed configuration, sither:
(1) incubating the sample for a relevant time length and then stopping the
incubation; or
(2) incubating the sample for a time that is equal or longer than the minimum of
a relevant time length, and then assessing, within a time period that is equal or less than
the maxdimum of the relevant length of time, the binding of target entity to in the binding
sife;
wherein the relevant time length is:
. equalto or longer than the time that if takes for the target entity to diffuse
across the thickness of the uniform thickness layer at the closed

configuration; and
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. significantly shorter than the time that it takes the target entity to laterally
diffuse across the minimum lateral dimension of the binding site;
wherein at the end of the incubation in (1) or during the assessing in {2), the majority of
the target entity bound to the binding site is from a relevant volume of the sample;
wherein the incubation allows the target entity o bind to the binding site, and wherein
the relevant volume is a portion of the sample that is above the binding site at the closed
configuration.

The method of paragraph P2, whersin the term “the thickness of a relevant volume of the
sample is significantly less than the minimum average dimension of the binding site” means that
the ratio of the minimum average dimension of the binding site {0 the sample thickness (lermed
“length to thickness ratio”) is al least 3, al least 5, al least 10, at least 20, at least 50, at least 100,
at least 500, at least 1,000, at least 10,000, at least 100,000, or any range between the values.
In preferred embodiments, the length to thickness ratio is at least 3, at least §, at least 10, at least
20, atleast 50, al least 100, at least 500, or any range between the values.

The method of paragraph P2, wherein the term “significantly shorter than the time that it
takes the target entity 1o laterally diffuse across the minimum lateral dimension of the binding site”
means that the ratio of the time for diffusing across the minimum lateral dimension of the binding
site to the fime for diffusion across the sample thickness (lermed “length to thickness diffusion
time ratio”) is at least 3, at least 10, at least 50, at least 10, at least 100, at least 1,000, at least
10,000, at least 100,000, at least 1,00,000,0r any range belween the values. In preferred
embodiments, the length to thickness diffusion time ratio is at least 3, af least 10, at least 50, at
least 10, at least 100, al least 1,000, at least 10,000, or any range belween the values.

P2. A device for locally binding entity in a relevant volume of a sample {0 a binding site
on surface, comprising:
a first plate and a second plate, that are movable relative to each other into different
configurations,
wherein the first plate has, on its surface, a binding site that has an area smaller than
that of the plate and is configured to bind target entity in a sample, wherein the target entity
are capable of diffusing in the sample, and wherein one or both of the plates comprise spacers
and each of the spacers is fixed with its respective plate and has a predetermined height;
wherein one of the configurations is an open configuration, in which: the two plates are
either partially or completely separated apart, the spacing between the plates is not regulated

by the spacers, and the sample is deposited on one or both of the plates,
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wherein ancther of the configuration is a closed configuration, which is configured after
the sample deposition in the open configuration; and in the closed configuration: the plales
are facing each other, the spacers, the binding site, and at least a portion of the sample are
between the plates, the sample contacts at lsast a part of the binding site, the thickness of a
relevant volume of the sample is regulated by the plates and the spacers, is thinner than the
maximum thickness of the sample when the plates are in the open configuration, wherein the
relevant volume is the volume of the sample that sits on the binding site;

wherein the spacer height is selected o reguiate the thickness of the relevant volume at
the closed configuration to be at least 3 times less than the average linear dimension of the

binding site.

The reguiation of the thickness of the relevant volume {0 3 times less than the average
linear dimension of the binding site makes the diffusion time of the entity across the sample
thickness is 9 times less than thatl across a distance equal 1o the average linear dimension of the
binding site. Such thickness regulation makes it possible to select an incubation time, such that
the incubation results in (i) a significant number of target entity in the relevant volume are bound
to the binding site and (i} a significant number of the target entity bound to the binding sile are
from the relevant volume of the sample, and wherein the incubation is a process te allow the
target entity to bind to the binding site.

For example, if the incubation time is setl {0 be the time that equals (o the diffusion time of
the entity across the thickness of the relevant volume of the sample, then after the incubation,
most of the entity inside the relevant volume are already reached the binding site and being bound
according to the rate eguation, while the entity originally (i.e. before the incubation) outside of the
relevant volume can only diffuse into the peripheral of the relevant volume (relative small volume)
and such volume becomes less significant, as the ralio of the average linear dimension of the

binding site to the relevant volume thickness gets larger.

4.2 Locally binding entity stored on a plate surface to a binding-site on other plate surface
{Surface to Surface)
P3. A method for locally binding entity stored on a storage site of one plate 1o a binding
site on another plate, comprising:
{(a) obtaining a first plate and a second plate that are movable relative to each other into
different configurations, wherein a surface of first piate has a binding site; and a surface

of the second plate has a storage site that comprises entity to be bound to the binding
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site; wherein the area of the binding site and the area of the reagent site is less than that
of respective plates; and wherein one or both of the plates comprise spacers and each of
the spacers is fixed with its respective piate and has a predetermined height;

(b} obiaining a transfer medium, wherain the entity are capable of being dissolving into the

5 transfer medium and diffusing in the transfer medium;

{¢) depositing, when the plates are configured in an open configuration, the fransfer medium
on one or both of the plates,; wherein the open configuration is a configuration in which the
two plates are partially or compiletely separated apart and the spacing between the plates
is not regulated by the spacers;

10 {d) after (¢}, spreading the transfer medium by bringing the plates into a closed configuration,
wherein, in the closed configuration: the plates are facing each other, the spacers, the
binding site, the storage site and at least a portion of the transfer medium are beiween the
plates; at least a portion of the storage site is directly facing the binding site with a portion
of the transfer medium betwesen them, and the thickness of a relevant volume of the

15 transfer medium is regulated by the plates and the spacers, is thinner than the maximum
thickness of the sample when the plates are in the open configuration, and is significantly
less than the average linear dimension of the relevani volume in the plate surface
direction; and

{e) after (d) and while the plates are in the closed configuration, incubating for a time and

20 stopping the incubation, wherein the incubation time is selected in such that resulis in a
significant number of the entity bound {0 the binding site are from the storage site, wherein
the relevant volume is the volume of the transfer medium that sits on the binding site and
the incubation is a process to allow the entity to bind to the binding site.

The term of “at least a port of the storage site is directly facing the binding site” means that

25  the shortest disiance from a pointin the portion 1o the binding site is the same as the thickness of

the relevant volume at the dlosed configuration of the plates.
P4, A device for binding entity stored on a storage site of one plate {0 a relevant binding
site on another plate, comprising:
a first plate and a second plate that are movable relative to each cother into different

30 configurations, wherein a surface of first plate has a binding site; and a surface of the second

plate has a storage site that contains entity 1o be bound {o the binding site; wherein the arez

of the binding site and the area of the storage site is less than that of respective plates; and
wherein one or both of the plates comprise spacers and each of the spacers is fixed with its

respective plale and has a predetermined height;
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wherein one of the configurations is an open configuration, in which: the two plates are
either partially or completely separated apart, the spacing between the plates is not reguiated
by the spacers, and a transfer medium is deposited on one or both of the piales, wherein the
entity on the storage site are capable of being dissolving into the transfer medium and diffusing

5 in the transfer medium,

wherein ancther of the configuration is a closed configuration, which is configured after
the transfer medium deposition in the open configuration; and in the closed configuration: the
plates are facing each other, the spacers, the binding site, the storage site and at least &
portion of the transfer medium are between the plates,; at least a portion of the storage site is

10 directly facing the binding site with a portion of the transfer medium between them, and the

thickness of a relevant volume of the transfer medium is regulated by the plates and the
spacers, and is thinner than the maximum thickness of the sample when the plates are in the
open configuration;

wherein the relevant volume is the volume of the transfer medium that sits on the storage

15 site when the plates are in closed configuration; and

wherein the spacer height is selected to regulate the thickness of the relevant volume at
the closed configuration to be at least 3 times less than the average linear dimension of the
binding site.

wherein at least one of the spacers is inside the sampie contact area;

20 and the spacers that have a predetermined inter-spacer distance and height.

4.3 A Method for tocally binding entity on multiple storage sites of one plate to multiple
corresponding binding sites on another plate

P5. A method for locally binding entity stored on multiple storage sites of one plate to
multiple corresponding binding sites on ancther plate, comprising:

25 {(a) obtaining a firsi plate and a second plate that are movable relative to each other into
different configurations; wherein a surface of first plate has multiple binding sites, and a
swrface of the second plate has multiple corresponding storage sites; wherein each
corresponding slorage site is located in & location on the second plate that is
corresponding to the jocation of a binding site, so that when the two plates are placed

30 face-to-face, each binding site overlaps only one storage site; and wherein one or both of
the plates comprise spacers and each of the spacers is fixed with iis respective plate and
has a predetermined height;

(b} obtaining a transfer medium, wherein the entity on the storage sites are capable of being

dissolving into the transfer medium and diffusing in the transfer medium,
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{c) depositing, when the plates are configured in an open configuration, the transfer medium
on one or both of the plates, wherein the open configuration is a configuration in which the
two plates are partially or compleiely separated apart and the spacing belween the plales
is not regulated by the spacers,

(d} after (¢}, spreading the transfer medium by bringing the plates info a closed configuration,
wherein, in the closed configuration: the two plates are facing each other, the spacers, the
binding sites, the storage sifes and at least a portion of the transfer medium are belween
the plates, each binding site directly faces only one corresponding siorage site, the
fransfer medium contacts at least a part of each of the binding sites and a part of each of
the storage sites, the thickness of a relevant volume of the transfer medium is reguiated
by the plates and the spacers, is thinner than the maximum thickness of the transfer
medium when the plates are in the open configuration, and is significantly less than the
average linear dimension of the binding sites; and

(8} after (d} and while the plales are in the closed configuration, incubating for a time and
stopping the incubation, wherein the incubation time is selected in such that results in a
significant number of the entity bound to each binding site are from a corresponding
storage site, wherein the relevant volume is the volume of the transfer medium that sits
on the binding sites, and the incubation is a process (o allow the entity to be bound to the
binding site.
in some embodiments the spacing is limited to the binding sample area.
in some embodimenis of the method PS5, the transfer medium is a sampile with target

analyte, the binding site comprises capture agent, and the entity in the storage site is detection
agent, wherein the target analvie binds the capture agent and the detection agent fo form a
capture agent-analyte-detection agent sandwich. The method P5 simplify an assay steps and
can reduce the assay time by using smaller spacer height {o have a thinner sample thickness and
shorter vertical diffusion time for both analvies and detection agents for a shorter saturation assay
time.
P8. A device for locally binding entity stored on multiple storage sites of one plate io
mulliple corresponding binding sites on ancther plate, comprising:
a first plate and a second plate that are movable relative {o each other into different
configurations;
wherein a surface of first plate has multiple binding sites, and a surface of the
second plate has muitiple corresponding storage sites; wherein each corresponding storage

site is located in a location on the second plate that is corresponding o the location of a

78



WO 2017/048881 PCT/US2016/051794

binding site, so that when the two plates are placed face-to-face, each binding site cverlaps

only one storage site; and wherein one or both of the plates comprise spacers and each of

the spacers is fixed with ils respective plate and has a predetermined height;
wherein one of the configurations is an open configuration, in which: the two plates are
5 sither partially or completely separated apart, the spacing between the plates is not regulated
by the spacers, and a transfer medium is deposited on one or both of the plates, wherein the
entity on the storage site are capable of being dissolving into the iransfer meadium and diffusing

irt the transfer medium,

wherein ancther of the configuration is a closed configuration, which is configured after
10 the fransfer medium deposition in the open configuration; and in the closed configuration: the
two plates are facing each other, the spacers, the binding sites, the storage sites and at least

a portion of the {ransfer medium are between the plates, each binding site directly faces only

one corresponding storage site, the transfer medium contacts at least a part of each of the

binding sites and a part of each of the storage sites, the thickness of a relevant volume of the
15 transfer medium is reguiated by the plates and the spacers, and is thinner than the maxdmum
thickness of the transfer medium when the plates are in the open configuration;
wherein the relevant volume is the volume of the transfer medium that sits on the storage
site when the plates are in closed configuration; and
wherein the predetermined spacer height is selected to regulate the thickness of the
20 relevant volume at the closed configuration to be significantly less than the average linear
dimension of the binding sites.
4.4 Locally adding reagent stored on a surface to a portion of a sample {Surface {o
Volume)
P7. A method for locally adding a reagent into a relevant volume of a sample,
25  comprising:

{a) obtaining a first plate and a second plate that are movable relalive to each other into
different configurations, wherein the first plate has, on its surface, a storage sile that
contains reagents to be added info a relevant volume of a sample, the reagents are
capable of being dissolving into the sample and diffusing in the sample, and the area of

30 the storage site is less than that of the plate; and wherein one or both of the plates
comprise spacers and each of the spacers is fixed with its respective plate and has a
predetermined height;

(b} obtaining the sample;
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{c) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or complelely separated apart and the spacing between the plales is
not regulated by the spacers;

5 (dy after (¢}, spreading the sample by bringing the plates info a closed configuration; wherein,
in the closed configuration: the plates are facing each other,; the spacers, the storage sile,
and at least a portion of the sample are betweaen the plaies,; the sample contacts at least
a portion of ihe storage site and contacts the plates over an area that is larger than that of
the storags site; the thickness of a relevant volume of the sampile is regulated by the plates

10 and the spacers, is thinner than the maximum thickness of the sample when the plates
are in the open configuration, and is significantly less than the average linear dimension
of the relevant volume in the plate surface direction; and

(e} after (d} and while the plates are in the closed configuration, incubating for a time and
stopping the incubation, wherein the incubation time is selected in such that resulis in (i)

15 a significant number of the reagents dissolved in the sample are contained in the relevant
volume of the sample and (i) the reagents are in the significant part of the relevant volume,
and wherein the relevant volume is the volume of the sample that sits on the storage site
when the plates are in closed configuration, and the incubation is a process to allow the
reagent o dissolve and diffuse in the sample.

20 F8. A device for locally adding a reagent stored on a plate surface into a relevant

volume of a sample, comprising:
a first plate and a second plate that are movable relative to each other into different
configurations,
wherein the first plate has, on its surface, a siorage site that contains reagents to be

25 added inio a relevant volume of a sampie, the reagents are capabie of being dissolving into

the sample and diffusing in the sample; and wherein one or both of the plates comprise
spacers and each of the spacers is fixed with iis respective plate and has a predetermined
height;

wherein one of the configurations is an open configuration, in which: the two plates are

30 either partially or completely separated apart, the spacing between the plates is not reguiated

by the spacers, and the sample is deposited on one or both of the plates;
wherein ancther of the configuration is a closed configuration, which is configured after
the sample deposition in the open configuration, and in the closed configuration: the plates

are facing each other, the spacers, the siorage site, and at least a portion of the sample are
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between the plates, the sample contacts at least a portion of the slorage site and at least a
port of plate surface outside the storage site, the thickness of a relevant volume of the sample
is regulated by the plates and the spacers, is thinner than the maximum thickness of the
sample when the plates are in the open configuration, and wherein the relevant volume is the
volume of the sample that sits on the storage site when the plates are in closed configuration;

wherein the spacer height is selected to regulate the thickness of the relevant volume at
the closed configuration of the plates to be at least 3 times less than the average linear

dimension of the relevant volume in the plate surface direction.

&, Formation of capture-analyte-detection sandwich on a binding site (W)

One aspect of the present invention is to form a caplure-analyte-detection sandwich on a
binding site on a solid surface in a single step by using a CROF process and by putting the binding
site on one plate and a storage site which stores the detection agent on the corresponding location
of the other plate.

51 Forming capture-analyte-detection sandwich on a binding site in a single step of
incubation {General} {W)

W1, A method for forming a capture-analyte-detection sandwich on a binding site of a
plate, comprising:

{a) oblaining a sampie that contains a target analyte, wherein the target analyte is capable of
diffusion in the sampie;

{b) oblaining capture agents and obtaining delection agenis, wherein the capiure agenis and
the detection agents (are capable to) bind to the target analyte to form a capture agent-
target analyte-detection agent sandwich;

{¢) obtaining a first plate and a second plate that are movable relative to each other into
different configurations; wherein the first piates has a binding site that has the capture
agents baing immobilized on the site, and the second plate has a slorage site that stores
the detection agents; wherein when the storage site is in contact with the sample, the
detection agents are capable {0 be dissolved into the sample and diffuse in the sample;
and wherein one or both of the plates comprise spacers and each of the spacers is fixed
with its respective plate and has a predetermined height;

{d} depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or completely separated apart and the spacing between the plates is

not regulated by the spacers;
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{e) after (), spreading the sample by bringing the plates into a closed configuration, wherein,
in the closed configuration: the plates are facing each other, the spacers and a relevant
volume of the sample are between the plates, the thickness of the relevant volume of the
sample is regulated by the plates and the spacers, and is thinner than the sample

5 thickness when the plates are in the open configuration, and the sampie is in contact with
the binding site and the siorage sile; and

() after {e), while the plates are in the closed configuration, incubating for a time to allow a
formation of capture agent-target analyte-detection agent sandwich;

wherein the relevant volume is at least a portion or an entire volume of the sample.

10 W2, A device for forming a capture-analyte-detection sandwich on a binding site of a
plate, comprising:
a first plaie and a second plate that are movable relative {0 each other into different
configurations;
wherein the first plates has a binding site that has caplure agents being immobilized on
15 the site, and the second plate has a storage site that stores detection agents; wherein the
capture agents and the detection agents (are capable {0) bind to a target analyte in a sample
to form a capture agent-target analyte-detection agent sandwich; wherein when the storage
site is in contact with the sample, the detection agents are capable {0 be dissolved into the
sample and diffuse in the sampile; and wherein one or both of the plates comprise spacers
20 and each of the spacers is fixed with its respective plate and has a predetermined height;
wherein one of the configurations is an open configuration, in which: the two plates are
either partially or completely separated apart, the spacing between the plates is not regulated
by the spacers, and the sample is deposited on one or both of the plates;
wherein another of the configuration is a closed configuration, which is configured after
25 the sample deposition in the open configuration; and in the closed configuration: the plates
are facing each other, the spacers and a relevant volume of the sample are between the
plates, the thickness of the relevant volume of the sample is regulated by the plates and the
spacers and is thinner than the sample thickness when the plaies are in the open
configuration, and the sampie is in conact with the binding site and the storage site; and

30 wherein the relevant volume is at least a portion or an entire volume of the sample.

5.2 Forming capturs-analvte-detection sandwich on a binding site in a single step

incubation using the analyte that is from a portion of the sampile {i.e. locally).
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W3, A method for forming a capture-analyte-detection sandwich on a binding site of a

plate using the analytes that are from a portion of the sample, comprising:

(@)

(b}

(d)

(e)

{f)

obtaining a sample that contains a target analyte, wherein the target analyte is capable
of diffusion in the sample;

obtaining capture agents and oblaining detection agenis, wherein the capture agents and
the detection agents are capable {o bind o the target! analyle 1o form a capture agent-
target analyte-detection agent sandwich;

obtaining a first plate and a second plate that are movabie relative to each other into
different configurations; wherein the first plates has a binding site that has the capture
agents being immebilized on the site, and the second plate has a siorage site that stores
the detection agents, which, when the reagent a storage site is in contact with the sample,
are capable o be dissolved into the sample and diffuse in the sample; and wherein one
or both of the plates comprise spacers and each of the spacers is fixed with its respective
plate and has a predstermined height;

depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or completsely separated apart and the spacing between the plates is
not regulated by the spacers;

after (d), spreading the sample by bringing the plates into a closed configuration, wherein,
in the closed configuration: the plates are facing each other, the spacers, the binding site,
and the storage site are between the plates, the binding site and the siorage site are in
contact with a relevant volume of the sampile, and the thickness of the relevant volume of
the sample is requiated by the plates and the spacers and is thinner than the sample
thickness when the plates are in the open configuration; and is significantly less than the
average linear dimension of the binding site; and

after (e} and while the plates are in the closed configuration, incubating for a time and
stopping the incubation, wherein the incubation time is selected in such that resulls in a
significant number of the caplure-analyte-detection sandwich formed at the binding sile
contain the analyies that come from the relevant volume of the sample, wherein the
relevant volume is the volume of the sample that sits on the binding site, and the incubation

is @ process to allow a formation of a caplure-analyte-detection sandwich.

in some embodiments the ratio of the spacing to the site dimension may be less than 1/5.
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W4, A device for forming a caplure-analyte-detection sandwich on a binding site of a

plate with the analytes that are from a portion of the sample, comprising:

a first plate and a second plate that are movable relative o each other into different
configurations;

wherein the first plates has a binding site that has capture agents being immobilized
on the site, and the second plate has a slorage site that stores detection agents; wheregin the
capture agents and the detection agents {are capable {0) bind to a target analyte in a sample
to form a caplure agent-iarget analyte-detection agent sandwich; wherein when the siorage
site is in contact with the sample, the detection agents are capable {0 be dissolved into the
sample and diffuse in the sampile, and wherein one or both of the plates comprise spacers
and each of the spacers is fixed with its respective plaie and has a predetermined height;

wherein one of the configurations is an open configuration, in which: the two plates
are either partially or completely separated apart, the spacing between the plates is not
regulated by the spacers, and the sample is deposited on one or both of the plates;

wherein another of the configuration is a closed configuration, which is configured
after the sample deposition in the open configuration; and in the closed configuration: the
plates are facing each other, the spacers, the binding site, and the storage site are between
the plates, the binding site and the storage site are in contact with a relevant volume of the
sample, and the thicknass of the relevant volume of the sample is regulated by the plates and
the spacers and is thinner than the sample thickness when the plates are in the open
configuration; and wherein the relevant volume is the volume of the sample that sils on the
binding site; and

wherein the spacer height is selected to regulate the thickness of the relevant volume at

the closed configuration to be significantly less than the average linear dimension of the

binding site.

5.3 A method for reducing the time of forming caplure-analyte-detection sandwich on g

binding site by reducing the diffusion distance (W, X).

W5, A method for reducing the time of forming a capture-analyte-detection sandwich on

a binding site of a plate, comprising:

(a} chigining a sampile that contains a target analyle, wherein the target analyte is capable of

diffusion in the sample;
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{b) obtaining capture agentis and obtaining detection agents, wherein the capture agents and
the detection agents are capable 1o bind to the targset analvte to form a capture agent-
target analvte-detection agent sandwich;

(c) obtaining a first plate and a second plate that are movable relative to each other into

5 different configurations; wherein the first plates has a binding sile that has the capture
agents being immobilized on the site, and the second plate has a storage site that stores
the detection agents, which, when the reagent a slorage site is in contact with the sample,
are capable 10 be dissolved into the sample and diffuse in the sample; and wherein one
or both of the plates comprise spacers and each of the spacers is fixed with its respective

10 plate and has a predetermined height;

{d) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or completely separated apart and the spacing between the plates is
not regulated by the spacers;

15 () after (d}, spreading the sample by bringing the plates info a closed configuration, wherein,
in the closed configuration: the plates are facing each other, the spacers, the binding sile,
and the storage site are between the plates, the binding site overlaps the storage sitg, the
binding site and the storage site are in contact with a relevant volume of the sample, and
the thickness of the relevant volume of the sample is regulated by the plates and the

20 spacers and is thinner than the sample thickness when the plates are in the open
configuration; and thereby the reduced thickness of the sample reduces the time for the
analytes and the detection agents diffusing vertically acreoss the thickness of the sample,

wherein the relevant volume is at least a portion of an entire volume of the sample.

25  wherein the time period to aliow the target entity in the relevant voiume o bind to the binding site

is shorter than that without the closed configuration.

- the method may further comprise a wash step to remove the sample belween the
plates, and the wash siep is performed when the plaies are in either a closed
30 configuration or an open configuration.
- The methods further comprise a read step that reads the signal from the capture-
analyte-detection sandwich immobilized on the binding site. The read is performed
either after a wash or without any wash.

The method may further be multiplexed, as described above or below.
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WG, A device for reducing the time of forming a capture-analyte-detection sandwich on
a binding site of a plate, comprising:
a first plate and a second plate that are movable relative {o each other into different
5 configurations;
wherein the first plates has a binding sile that has caplure agents being
immobilized on the site, and the second plate has a storage site thatl stores detection agents;
wherein the capture agents and the detection agents (are capable t0) bind to a target analyte
in a sample 1o form a capture agent-farget analvie-detection agent sandwich; wherein when
10 the storage site is in contact with the sample, the detection agents are capable 1o be
dissolved into the sample and diffuse in the sample; and wherein one or both of the plates
comprise spacers and each of the spacers is fixed with ils respeclive plate and has a
predeterminad height;

wherein one of the configurations is an open configuration, in which: the two plates
15 are either partially or completely separated apart, the spacing between the plates is not

regulated by the spacers, and the sample is deposited on one or both of the plates;
wherein ancther of the configuration is a closed configuration, which is configured
after the sample deposition in the open configuration; and in the closed configuration: the
plates are facing each other, the spacers, the binding site, and the siorage sile are between
20 the plates, the binding sile overlaps the storage site, the binding site and the storage site are
in coniact with a relevant volume of the sampie, and the thickness of the relevant volume of
the sample is reguiated by the plates and the spacers and is thinner than the sample
thickness when the plates are in the open configuration; and thereby the reduced thickness
of the sample reduces the time for the analytes and the detection agents diffusing vertically
25 across the thickness of the sample, wherein the relevant volume is af leasi a portion of an

entire volume of the sample.

in these embodiments, the method may comprise attaching a capture agent a plate,
wherein the atlaching is done via a chemical reaclion of the caplure agent with a reactive group
30  onthe plate. The other plate may contain a patch of a dried detection reagent at a location such
that, after the plates are closed, the affixed capture agent and the paich of detection reagent are
facing each other. Next, the method may comprise contacling a sample containing a larget-
analyte with the device and closing the plates, as described above. The detection reagent

dissolves and diffuses into the sample. Since the target analyte is in solution, the target analyte
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will be bound by the capture agent and immobilized to the surface of one of the plates. The
detection agent can bind to the target analyte before or after it is bound to the capture agent. In
some cases, the method may comprises removing any target-anaiyles that are not bound to the
capture agent, or any unbound detection reagent (e.g., by washing the surface of a plate in
binding buffer); The detection agent may be conjugated with an optical detectable label, thereby
providing a way to detect the target analyte. After optionally removing the detection agent that
are not bound to the target-analyie, the system can be read, €.g., using a reading system, o
read a light signal {e.g., light at a wavelengih that is in the range of 300 nm {0 1200 nm) from
detection agent that is bound to the plate. Further, as mentioned above, the detection agent
may be labeled directly {in which case the delection agent may be strongly linked o g light
emitting label prior to deposition onto one of the plates), or labeled indirectly {i.e., by binding the
detection agent 0 a second capture agent, e.¢., a secondary aniibody that is [abeled or a
labeled nucleic acid, that specifically binds to the detection agentt and that is linked to a light-
emitting label). In some embodiments, the methed may comprise a blocking agent, thereby
preventing non-specific binding of the capture agents to non-target analytes. Suitable conditions
for the specific binding of target analvtes to other agents, include proper temperature, time,
solution pH level, ambient light level, humidity, chemical reagent concentration, antigen-
antibody ratio, etc., are all well known or readily derivable from the present disclosure. General
methods for methods for molecular interactions between capture agents and their binding
pariners {including anaivtes) are well known in the art (see, e.q., Hariow et al,. Anfibodies: A
Laboratory Manual, First Edition (1988) Cold spring Harbor, NY.; Ausubel, et al, Shorf Profocols
in Molecular Biology, 3rd ed., Wiley & Sons, 1995}, The methods described above and below

are exaemplary; the methods herein are not the only ways of performing an assay.

In certain embodiments, a nucleic acid capture agent can be used {o capture a protein
analyte (e.g., a DNA or RNA binding protein). In alternative embodiments, the protein capture

agent {(e.g., @ DNA or RNA binding protein) can be used (o capture a nucleic acid anaiyte.

The sample may be a clinical sample derived from cells, tissues, or bodily fluids. Bodily
fiuids of interest include but are not limited to, amniotic fluid, agueocus humour, vitrecus humour,
blood (e.g., whole blood, fractionated biood, plasma, serum, eic)), breast milk, cerebrospinal
fluid (CSF), cerumen (earwax), chyle, chime, endolymph, perilymph, feces, gastric acid, gastric
juice, lymph, mucus (including nasal drainage and phlegm), pericardial fluid, peritoneal fiuid,
pleural fluid, pus, rheum, saliva, sebum (skin oil), semen, sputum, sweat, synovial fluid, tears,

vomit, urine and exhaled condensate.
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in one embodimeant of this assay, a plate is contacled with a sample containing a target
analyte {e.q., a target protein) and the plates are closed. The sample contains, or is amended to
corttain, all necessary reagents (e.g., salts and the like) conditions suitable for specific binding.
The capture agents {(e.q., antibodies) and detection agent specifically bind to a target analvte in

the sample, thereby leading to a palch of labeled analyte that can be detected.

As in any embodiment, the amount of target analyie in the sample can be measured {0
provide a qualitative or quantitative measure of the amount of target analvite in the sample. In
some embodiments, the magnifude of the signal provides a quantitative determination of the
amount of target analvte in the sample. In some cases, the evaluation may be compared o a
standard curve (e.g., of a second analyte or a spiked-in analyte) that may in certain cases be at
a known concentration. This comparison may be facilitaled by depositing caplure agentis at
different densilies {e.q., different concentrations) and reading the signal from each patch of

capture agent.

6§ Binding and Adding Using Samples and Reagent with Small Volume (V)

it is highly desirable, in many applications, to use as small volume of a sample or reagent
as possible. However, in microfluidic channel devices {the most popular approach today for using
small samples), a significant volume of the sampie is wasted in flowing from an iniet o a tesling
{detection) region of the device, resulting a need {0 a sample volume larger than the volume in
the testing location. One aspect of the present invention is to significantly reduce the volume of
the sample or reagent used in a testing, by depositing a liny volume of a sample or a reagent on
a plaie and then reshaping the volume into a thin film with a smaller thickness but larger area than
before. Such reshaping also allows faster reaction.
-1 Bindingtarget entity in a small volume sample on a surface binding site by spreading
the sample.

V1. A method for binding target entity in a sample to a binding site, comprising:

{(a) obtaining a firsi plate and a second plate that are movable relative to each other into
different configurations, wherein the first plate has, on iis swface, a binding site, and
wheregin one or both of the plates comprise spacers and each of the spacers is fixed with
its respective plate and has a predetermined height;

{b) oblaining a sample that contains a target entity to be bound to the binding site;

(¢) depositing, when the plates are configured in an open configuration, the sample on one

or both of the plates, wherein, in the open configuration: the two plates are partially or
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completely separated apart, the spacing between the plates is not regulated by the
spacers, and the sample, as deposiled, covers either no area or a partial area of the
binding site;

(d} after (¢}, spreading the sample by bringing the plates into a closed configuration; wharein,
in the closed configuration: the plates are facing each other, the spacers and a relevant
volume of the sample are between the plates, the sample contacts moere area of the
binding site than that when the plates are in the open configuration, and the thickness of
the relevant volume of the sampie on the binding site is regulaied by the plates and the

spacers, wherein the relevant volume is a portion or an entire volume of the sample.

V2. A device for binding target entity in a sample 1o a surface binding site, comprising:

a first plate and a second piate that are movable relative {0 each other into different
configurations;

wherein the first plate has, on its surface, a binding site that binds target entity in &
sample, and wherein the binding site has an area larger than the contact area of the sample
when the sample is deposited on only one of the plates and without contacting the other plate;

wherein one or both of the plates comprise spacers and each of the spacers is fixed
with its respective plate and has a predetermined height;

wherein one of the configurations is an open configuration, in which: the two plates
are either partially or compleiely separaled apari, the spacing between the plates is not
regulated by the spacers, and the sample is deposiied on one or both of the plates and covers,
as deposited, either no area or a partial area of the binding site;

wherein another of the configuration is a closed configuration, which is configured

after the sample deposition in the open configuration; and in the closed configuration: the
plates are facing each other, the spacers and the sampie are between the plates, the sample
contacts more area of the binding site than that when the plates are in the open configuration,

and the thickness of the sample on the binding site is regulated by the plates and the spacers.

6-2 Adding reagents into a small velume sample by spreading the sample

V3. A method for binding target entity in a sample to a binding site, comprising:
{(a} chigining a first plate and a second plate that are movable relative to each other into
different configurations, wherein the first plate has, on s surface, a storage site that

contains the reagents to be added inio the sample, and wherein one or both of the plates

89



10

30

WO 2017/048881 PCT/US2016/051794

comprise spacers and each of the spacers is fixed with its respective plate and has a
predeterminad height;

{b) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates;, wherein, in the open configuration: the two plates are partially or
compietely separated agpart, the spacing between the plates is not regulated by the
spacers, and the sample, as deposited, contacts either no area or a partial area of the
storage site,

(¢) after (b), spreading the sample by bringing the plates info a closed configuration; wherein,
in the closed configuration: the plates are facing each cother, the spacers and a relevant
volume of the sample are between the plales, the sample contacls more area of the
storage site than that when the plates are in the open configuration, and the thickness of
the relevant volume of the sample is regulaied by the spacer; and wherein the relevant

volume is a portion of the sample that site on the storage site.

V4. A device for binding target entity in a sample to a binding site, comprising:

a first plate and a second plate that are movable relative o each other into different
configurations,

wherein the first plate has, on its surface, a storage site that contains reagents and
the reagents are {0 be added into the sample, and wherein one or both of the plates comprise
spacers and each of the spacers is fixed with its respective plate and has a predetermined
height;

wharein one or both of the plales comprise spacers and each of the spacers is
fixed with its respective plate and has a predetermined height;

wherein one of the configurations is an open configuration, in which: the two plates
are either partially or completely separated apart, the spacing between the plates is not
reguiated by the spacers, and the sample is deposited on one or both of the plates,

wherein ancther of the configuration is a closed configuration, which is configured

after the sample deposition in the open configuration; and in the closed configuration: the
plaies are facing each other, the spacers and a relevant voiume of the sample are between
the plates, the sample contacts more areas of the storage site than that when the plates are
in the open configuration, and the thickness of the relevant volume of the sample is regulated
by the spacer, and wherein the relevant volume is a portion of the sample that site on the

storage site.
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in the methods of paragraph V1 and V2 and the devices of V3 and V4, in some cases,
even a sample is deposited in the binding site area or the storage area, due o the small volume
of the sample and a wetling property of the surface, the contact area of as-deposited sampie with
a plate will be less than the area of the binding site or the siorage site.  Hence, a spreading,
particular precisely spreading is needed.

Drops of a sample can be multiple drops, and in the closed configuration, the drops
merged inio a film with a thickness less than the maxmimun thickness.

in present invention, in the method in paragraph V1 to V7 and the devices in paragraph of
V2 to V8, the volume of the sample that is deposited on the plate or the plates (“sample volume™)
is at most 0.001 pl (pico liter), at most 0.01 pl, at most 8.1 pL, at most 1 pl., at most 10 plL, at
most 100 pL, at most 1 nL (nano liten), at most 10 nL, at most 100 nl, at most 1 ul. {micro liter),
at most 10 ul, at most 100 ul, at most 1 mL (milliliter), at most 10 mL, or a range of any two of

these values.

7 Uniform Binding or Adding Reagents Using Uniform Sample Thickness (UAB)

For assays and chemical reactions, it is advantageous to make a thin sample thickness
uniform over a significant area. The examples include binging of entity of sample o a surface
binding site, adding reagents intc a sample, guantification a relevant volume of the sampile,
quantification of analytes, and others. For the methods that use two plates to reduce and regulate
a thickness of a relevant volume (a poriion or an entire volume) of a sample, it is essential to be
precise, uniform and easy-to-use.

One aspect of the present invention is to improve the precision, uniformity, or easy-to-use
of the methods and/or devices that regulate a thickness of a relevant volume of a sample by
compressing the sampile with two plates.

7.1 A method for uniformiy binding an entity in a sample into a binding site of a plate
UAB1. A method for uniformly binding an entity in a sample into a binding site of a plate,
comprising:
{a) obiaining a sample that contains target entity which are capable of diffusing in the sample;
{b) oblaining a first plate and a second plate that are movable relative to each other into
different configurations, wherein the first plate has, on its surface, a binding site that is
configured to bind the target entity, wherein one or both of the plates comprise spacers
and each of the spacers is fixed with its respective plate and has a predetermined height;
(¢) depositing, when the plates are configured in an open configuration, the sample on one

or both of the plates; whersin the open configuration is a configuration in which the fwo
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plates are either partially or completely separated apart and the spacing between the
plates is not regulated by the spacers;
(d) after (c), spreading the sample by bringing the plates into a closed configuration, wherein,
in the closed configuration: the plates are facing sach other, the spacers and the relevant
5 volume of the sample are between the plates, the binding site is in contact with the relevant
volume, the thickness of the relevant volume of the sample is regulated by the plates and
the spacers and is, compared {o the plates are in the open configuration, thinner than the
maximum thickness of the sampie and more uniform over the binding site;
wherein the spacers and the plate are configured to make the regulated thickness of the
10 relevant volume at the plate closed configuration more uniform than that in the plate open
configuration; and wherein the relevant volume is a portion or an entire volume of the sample.
-t further has a storage site on the plaie opposite to the binding site for forming a uniform
sandwich.
UABZ. A device for uniformiy binding an entity in a sample info a binding site on a plate,
15 comprising:
a first plate and a second plate that are movable relative to each other into different
configurations;
wherein the first plate has, on s surface, a binding site that is configured 1o bind the
target entity, wherein one or both of the plates comprise spacers and each of the spacers is
20 fixed with its respective plate and has a predetermined height;
wherein one of the configurations is an open configuration, in which: the two plates are
either partially or completely separated apart, the spacing between the plates is not reguiated
by the spacers, and the sample is deposited on one or both of the plates;
wherein ancther of the configuration is a closed configuration, which is configured after
25 the sample deposition in the open configuration, and in the closed configuration: the plates
are facing each cther, the spacers and the relevant volume of the sample are between the
plates, the binding site is in contact with the relevant volume, the thickness of the relevant
volume of the sample is regulated by the plales and the spacers and is, compared {o the
plaies are in the open configuration, thinner than the maximum thickness of the sample and
30 more uniform over the binding site;
wherein the spacers and the plates are configured 10 make the regulated thickness of
the relevant volume at the plate closed configuration more uniform than that in the plate open

configuration; and wherein the relevant volume is a portion or an entire volume of the sampie.
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7.2 A method for uniformily adding a regent on a plate into a sample

UAB3. A method for uniformly adding a reagent into a relevant volume of a sample,

comprising:

(a)

(b)
(©

(d)

cobtaining a first plate and a second plate that are movable relative to each other into
different configurations, wherein the first plate has, on Hs swface, a storage site that
contains reagents o be added inte a relevant volume of a sample, the reagents are
capable of being dissolving into the sample and diffusing in the sample; and wherein one
or both of the plaies comprise spacers and each of the spacers is fixed with ils respective
plate and has a predetermined height;

obtaining the sample;

depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or completely separated apart and the spacing between the plates is
not regulated by the spacers;

after (¢}, spreading the sample by bringing the plates into a closed configuration, wherein,
in the closed configuration: the plaies are facing each other, the spacers and the relevant
volume of the sample are betwsen the plates, the siorage sile is in contact with the
relevant volume, and the thickness of the relevant volume of the sample is regulated by
the plates and the spacers and is thinner than the maximum thickness of the sample when
the plates are in the open configuration;

wherein the spacers and plates are configured to make the thickness of the relevani
volume of the sample more uniform over the area of the relevant volume at the plate closed
configuration than that at the plate open configuration; and wherein the relevant volume
is @ portion or an entire volume of the sample.

UAB4. A device for uniformly adding a reagent into a relevant volume of a sample,

comprising:

a first plate and a second plate that are movable relative to sach cother into different

configurations;

wherein the first plate has, on its surface, a storage site that contains reagents to be

added into a relevant volume of a sample, the reagents are capable of being dissolving into

the sample and diffusing in the sample; and whergin one or both of the plates comprise

spacers and each of the spacers is fixed with its respecilive plate and has a predetermined
height;
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wherein one of the configurations is an open configuration, in which: the two plates are
either partially or completely separated apart, the spacing between the plates is not reguiated
by the spacers, and the sample is deposited on one or both of the plates;
wherein another of the configuration is a closed configuration, which is configured after
5 the sample deposition in the open configuration; and in the closed configuration: the plates
are facing each other, the spacers and the relevant volume of the sample are between the
plates, the storage site is in contact with the relevant volume, and the thickness of the relevant
volume of the sample is regulated by the plates and the spacers and is thinner than the
maximum thickness of the sample when the plates are in the open configuration;
10 wherein the spacers and plates are configured {o make the thickness of the relevant
volume of the sample more uniform over the area of the relevant volume at the plate closed
configuration than that at the plate open configuration; and wherein the relevani volume is a

portion or an entire volume of the sample.

15 7.3 A method for uniformly forming a capturs-analyte-detection sandwich
UABS. A method for uniformly a caplure-analyte-detection sandwich on a binding site of a
plate, comprising:

{a) oblaining a sample that contains a target analyle;

{b) obiaining capture agenis and obtaining detection agents, wheregin the caplure agenis and

20 the detection agents (are capable to) bind to the farget analyte to form a capture agent-
target analvte-detection agent sandwich;

{¢) chigining a first plate and a second plate that are movable relative to each other into
different configurations; wherein the first plates has a binding site that has the capture
agents being immobilized on the site, and the second plaie has a siorage site that stores

25 the delection agents, which, when the storage site is in contact with the sample, are
capable {o be dissolved into the sample and diffuse in the sample; and wherein one or
both of the plates comprise spacers and each of the spacers is fixed with its respective
plate and has a predstermined height;

{d) depositing, when the plates are configured in an open configuration, the sample on one

30 or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or completely separated apart and the spacing betwesn the plates is
not requlated by the spacers;

(e} after (d), spreading the sampie by bringing the plates into a closed configuration, wherein,

in the closed configuration: the plates are facing each cother, the spacers and a relevant
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volume of the sample are between the plates, the thickness of the relevant volume of the
sample is regulated by the plates and the spacers and is thinner than the sample thickness
wheit the plates are in the open configuration, and the sample is in contact with the binding
site and the storage site;

5 wherein the spacers and plates are configured {0 make the thickness of the relevant
volume of the sample more uniform over the area of the relevant volume at the plate closed
configuration than that at the plate open configuration; and wherein the relevant volume

is @ portion or an entire volume of the sample.

10 LUABS. A device for uniformly a caplure-analyte-detection sandwich on a binding site of a
plate, comprising:
a first plate and a second plate that are movable relative {0 each other into different
configurations;
wherein the first plates has a binding site that has capture agents being immaobilized
15 on the site, and the capture agents are capable of binding to a target analvte in a sample;
wherein the second plaie has a slorage site thal siores the detection agents, which,
are capable of (a) when the storage site is in contact with the sample, being dissclved into the
sample and diffuse in the sample; and (b) binding o the target analyte and form a caplure
agent-target analyte-detection agent sandwich;

20 wherein one or both of the plates comprise spacers and each of the spacers is

fixed with its respective plate and has a predetermined height;
wherein one of the configurations is an open configuration, in which: the two plates
are either partially or completely separated apart, the spacing between the plates is not
requlated by the spacers, and the sample is deposited on one or both of the plates;

25 wherein another of the configuration is a closed configuration, which is configured
after the sample deposition in the open configuration; and in the closed configuration: the
plates are facing each cther, the spacers and a relevant volume of the sample are between
the plates, the thickness of the relevant volume of the sample is regulated by the plates and
the spacers and is thinner than the sample thickness when the plates are in the open

30 configuration, and the sample is in contact with the binding site and the storage site;

wherein the spacers and plates are configured {o make the thickness of the relevant
volume of the sample more uniform over the area of the relevant volume at the plate closed
configuration than that at the plate open configuration; and wherein the relevant volume is a

portion or an entire volume of the sample.
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7.4 Uniform regulating a thickness of a relevant volume of a sampie between two plates.

UAB7. A method for reguiating a thickness of a relevant volume of a sample, comprising:

(a) oblaining a2 sample, wherein a thickness of a relevant volume of the sample is 1o be

5 regulated;

{b} chigining two plates that are movable relative to each other info different configurations,
wherein one or both of the plates comprise spacers, the spacers have g predetermined
inter-spacer distance and height, and each of the spacers is fixed with its respective plate;

{c) depositing, when the plates are configured in an open configuration, the sample on one

10 or both of the plates; wherein the open configuration is a configuration in which the two
plates are either partially or completely separated apart and the spacing belween the
plates is not requlated by the spacers;

(d} after (¢}, spreading the sample by bringing the plates into a closed configuration, wharein,
in the closed configuration: the plates are facing sach other, the spacers and the relevant

15 volume of the sample are between the plates, the thickness of the relevant volume of the
sample is regulated by the plates and the spacers and is thinner than the maximum
thickness of the sample when the plates are in the open configuration;

wherain the spacers and plates are configured to make the thickness of the relevant volume

of the sample more uniform over the area of the relevant volume at the plate closed

20 configuration than that at the plate open configuration; and wherein the relevant volume is a

portion or an entire volume of the sample.

UABS. A device for reguiating a thickness of a relevant volume of a sample, comprising:
a first plate and a second plate that are movable relative to each other into different
25 configurations;
wherein one or both of the plates comprise spacers, the spacers have a predetermined
inter-spacer distance and height, and each ¢f the spacers is fixed with its respective plate,
wherein one of the configurations is an open configuration, in which: the two plates are
either partially or compiletely separated apart, the spacing between the plates is not reguiated
30 by the spacers, and the sample is deposited on one or both of the plates;
wherein ancther of the configuration is a closed configuration, which is configured after
the sample deposition in the open configuration; and in the closed configuration: the plates
are facing each cther, the spacers and the relevant volume of the sample are between the

plates, the thickness of the relevant volume of the sampile is regulated by the plates and the
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spacers and is thinner than the maximum thickness of the sample when the plates are in the
open configuration;

wherein the spacers and plates are configured to make the thickness of the relevani

volume of the sample more uniform over the area of the relevant volume at the plate closed
configuration than that at the plate open configuration; and wherein the relevant volume is a
portion or an entire volume of the sample

in the methods and the devices in the paragraphs of U1 fo U8, the configuration of the

spacers and plates thal make the thickness of the relevant volume of the sample uniform has an
embodiment described in the disclosure.
Uniformity of Sample Thickness. In the methods and the devices in the paragraphs of U1 o
U8, the uniformity of the thickness of the relevant volume of the sample is such that the sample
thickness at the closed configuration has a relative variation of at most 0.001%, at most 0.01%,
at most 0.05%, at most 0.1%, at most 80.5%, at most 1%, at most 2 %, at most § %, at mosi10 %,
at most 20%, at most 30%, at most 50%, at most 75%, at mesB0%, less than 100%, or a range
hetween any two of these values.

In a preferred embodiment of the methods and the devices in the paragraphs of U1 {o U8,
the uniformity of the thickness of the relevant volume of the sample is such that the sample
thickness at the closed configuration has a relative varigtion of at most 0.1%, at most 0.5%, at
most 1%, at most 2 %, at most 5 %, at mos10 %, at most 20%, at most 30%, at most 50%, or a
range between any two of these values.

Another parameter that can be imporiant {o reduce the saturation incubation time is the
uniformity of the sample thickness. |f the thickness has a large variation over the binding site, the
saturation incubation time can vary from location o location in the binding site, forcing a longer

saturation incubation time to ensure all locations in the binding site having reached the saturation.

8 Ampiification Surface

One of current major obstacles for PoC diagnostics and for any assays which use a small
sample volume is poor sensitivities. 1t is desirable to enhance the signal of an assay. One aspect
of the present invention is related o the devices and methods thai put the binding sile on a signal
amplification surface (SAZ) to amplify the signal for achieving higher sensitivity. Signal
amplification surfaces may aiso be referred to as signal amplification layers (SAL).

The general structures of SAL comprise nanoscale metal-dielectric/semiconductor-metal
structures, which amplifies iocal surface electric field and gradient and light signails. The

ampilification are the high at the location where there are the sharp (i.e. large curvature) edges of
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a metal structure and the between a small gaps of the two metal structures. The highest
enhancement regions are those having both the sharp edges and the small gaps. Furthermore,
the dimensions for ali meiallic and non-metallic micro/nanostructures generally are less than the
wavelength of the light the SAL amplifies (i.e., subwavelength).

In some embodiments, a SAL layer has as many of the metaliic sharp edges and the small
gaps as possible. This requires having a dense group of metallic nancstructures with small gaps
hetween the nanostructures. SAL structures may include several different layers. Furthermore,
the SAL layer itself can be further improved by a process that can further cover the portions of
the metallic materials that do not have sharp edges and small gaps, as described in US provisional
application serial no. 61/801,424, filed on March 15, 2013, and PCT application W020141970986,
filed on March 15, 2014, which are incorporated by reference for all purposes, as well as
PCT/US2014/028417 (Chou et al, “Analyte Detection Enhancement By Targeted immobilization,
Surface Amplification, And Pixelated Reading And Analysis”), which is incorporated by reference
herein for all purposes.

M1. In some embodiments, the amplification surface is a metal layer on or near the
binding site surface A method for amplifying the signal of assaying a target entity in a relevant
volume of a sample, comprising:

{a) obiaining a sample that contains a target entity;

{b) oblaining two piates that are movable relative io each oiher into different configurations,
wherein ong of the plates comprises, on its surface, one binding site that comprises a
signal amplification surface that is configured to bind the target entity and to amplify an
optical signal which is on or near the signal amplification surface; and wherein one or both
of the plates comprise spacers and each of the spacers is on its respective plate and has
a predetermined height;

{¢) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are separated apart and the spacing between the plaies is not regulated by the
spacers,

(d} after (¢}, spreading the sample by bringing the plates into a closed configuration, wharein,
in the closed configuration: the plaies are facing each other, the spacers and the relevant
volume of the sample are between the plates, the thickness of the relevant volume of the
sample is regulated by the plates and the spacers and is thinnar than that when the plates
arg in the open configuration, and the relevant volume of the sample is in contact with the
binding site; and
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{e) after (g}, incubating, while the plates are in the closed configuration, for a time period to
aliow the target entity in the relevant volume of the sample o bind {o the binding site;
wherein the relevant volume is a portion of the sample that contact (o the binding site when
the plates are in the closed configuration.

5 M2. A device for amplifving the signal in assaying a target entity in a relevant volume
of a sample, comprising:
a first plate and a second plate that are movable relative to each other into different
configurations,
wherein the first plate comprises, on its surface, one binding site, and the binding site
10 comprises a signal amplification surface that is configured to (i) bind atarget entity in a sample
and (iiy amplify an optical signal which is on or near the signal amplification surface;
wherein one or both of the plates comprise spacers and gach of the spacers is on iis
respective plate and has a predetermined height;
wherein one of the configurations is an open configuration, in which: the two plates are
15 sither partially or completely separated apart, the spacing between the plates is not regulated
by the spacers, and the sample is deposited on one or both of the plates,
wherein another of the configuration is a closed configuration, which is configured after
the sample deposition in the open configuration; and in the closed configuration: the plates
are facing each other, the spacers and the relevant volume of the sample are between the
20 plates, the thickness of the relevant volume of the sample is regulated by the plates and the
spacers and is thinner than that when the plates are in the open configuration;
wherein the relevant volume is g portion of the sampie that contact o the binding site
when the plates are in the closed configuration.
in some embodiments, the signal amplification surface includes at least one of a metal-
25  dielectric nanostructure, a metai-semiconductor nanostruciure, and a disk-coupled dots-on-pillar
antenna array.

in some embodiments, the signal amplification surface includes a metal layer.

9 Detection and/or Quantification of Volume and/or Concentration (Q)

30 Quantification and/or control of a relevant volume of a sampie is useful for quantification
and/or control of the concentration of chemical compounds {including analytes, entity, reagents,
etc.) in the sample.

Common methods for a sample volume guantification include a use of a metered pipette
(e.g., Eppendorfs “Research plus pipette, adjustable, 0.5-10 ul”, SKU #3120000020}, or a
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geometry. For PoC (point of care) or home uses, such metering devices are inconvenient to use
and/or expensive. There are needs for simpler and cheaper methods and devices for the
quantification and/or control of the sample volume and/or the concentration.

One aspect of the present invention is related to the methods, devices, and systems that
quantify and/or control a relevant volume of a sample that deposited on a plate, without using a
metered pipette and/or a fixed microfluidic channel. The relevant volume, which can be a portion
or the entire volume of the sample, is relevant to the quantification and/or conirol of the
concentration of target analyte and/or entity in the sampie. The methods, devices and systems in

the present invention are easy to use and low cost.

9.1 A method for quantifying a relevant volume of a sample
Q1. A method for quantifying a relevant volume of a sample, comprising:

(a} obiaining a sample, wherein a relevant volume of the sample is {0 be quaniified;

(b} chigining two plates that are movable relative to each other info different configurations,
wherein one or both of the plates comprise spacers and the spacers have a predetermined
inter-spacer distance and height, and each of the spacers is fixed with iis respective plate;

{c) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are either partially or completely separaied apart and the spacing between the
plates is not reguiated by the spacers;

{d) after (), spread the sampie by bringing the plales into a closed configuration, wherein, in
the closed configuration: the plates are facing each other, the spacers and the relevant
volume of the sample are between the plates, the thickness of the relevant volume of the
sample is regulated by the plates and the spacers and is thinner than the maximum
thickness of the sample when the plates are in the open configuration, and at least one of
the spacers is inside the sample;

{e) quantifying the relevant volume of the sample while the plales are in the closed
configuration,;

wherein the relevant volume is at least a portion of an entire volume of the sample.
(2. in some embodiments, a method for quantifying a relevant volume in a sample, comprises:

{(a) obtaining a first plate and a second plate;

(b} making a sampile {o quantified between the two plates;
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(¢} deforming the shape of the sample by compressing the two plate that reduces the sample
thickness and spreading the sample between the plates laterally; and

{d) quantifying the relevant volume of the sampie while the plates are in the closed
configuration;

wherein the relevant volume is at least g portion of an entire volume of the sample.

8.2 A plate for use in quantifying a relevant volume in a sample
Q3. A plate for use in quantifying a relevant volume in a sample, comprising:
a plate that comprises, on its surface, (i) spacers that have a predetermined inter-spacer
distance and height and are fixed on the surface, and (i) a sample contact area for
contacting a sampile with a relevant volume o be quantified, wherein at least one of the

spacers is inside the sample contact area.

8.3 A device for use in quantifying a relevant volume in a sample

Q4. A device for quantifying a relevant volume in a sample, comprising:

a first plate and a second plate that (a) are movable relative to each other into different
configurations and {b) each has a sample contact area for contacting a sample with a relevant
volume 1o be guantified,

wherein one or both of the plates comprise, on its surface(s), spacers that have a
predetermined inter-spacer distance and height, and the spacers are fixed with respective plates;

wherein one of the configurations is an open configuration, in which: the two plates are
separated apart, the spacing between the plates is not regulated by the spacers, and the sample
is deposited on one or both of the plates,

wherein another of the configuration is a closed configuration, which is configured after
the sample deposition in the open configuration; and in the closed configuration: the plates are
facing each other, the spacers and the relevant volume of the sample are between the plates, the
thickness of the relevant volume of the sample is regulated by the plates and the spacers and is
thinner than that when the plates are in the open configuration, and at least one of the spacers is
inside the sampile; and

wherein the relevant volume of the sample is quantified in the closed configuration, and
the relevant volume is at least a portion of an entire volume of the sample.

8-5. Measuring a relevant volume of a sample
MS1.  Inthe present invention, the quantifying of a relevant volume of the sampie while the plates

are at a ciosed configuration includes, but not limited o, each of the foilowing five embodiments:
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{8y measuring the relevant volume of the sample by a method of mechanical, optical,
electrical, or any combination of thereof;

(b} measuring one or several parameter(s) related o the relevant volume of the sample
independently using a method selected from a method that is mechanical, optical,
electrical, or any combination of thereof,

(¢} using predetermined one or several parameter(s) related 1o the relevant volume of the
sampie (i.e. the parameter(s) of the sample determined prior io the plates are at the closed
configuration);

(dy determining the relevant volume of the sample by (i) measuwring one or several parameters
related to the revel vent volume when the plates are at a closed configuration and (i)
predetermining other parameters related to the relevant volume before the plates are at
the closed configuration;

{e) determining none-sample volume

{fi any combinations of the above (i.e. a, b and ¢).

In the method of paragraph MS1, the mechanical methods include, but not limited to, a
use of the spacers (i.e. the mechanical device that regulate the spacing between the inner
surfaces of the substrate and the cover-plate {o a predetermined value), mechanical probe or
rifers, sound waves (e.g. reflection and/or interference of ultrasound wave o measure the
spacing), or any combination of thereof.

In the method of paragraph M31, the optical methods include, but not limited to, a use of
light interference, or optical imaging (e.g. taking a 2D (two-dimensional)/3D (three-dimensional)
image of the sample, optical imaging of multiple imes (with different viewing angles, different
wavelength, different phase, and/or different polarization), image processing, or any combination
of thereof.

The electrical methods include, but not limited to, capacitive, or resistive or impedance
measurements, or any combination of thereof.

in the method of paragraph MS1, in some embodiments, the measurement of the sample
thickness is t0 measure the spacing between the inner surfaces of the two plate.

In the method of paragraph M31, in some embodiments, the use of predetermined one or
several parameter(s) related to the relevant volume of the sample, wherein the predstermined
parameter is the predetermined sample thickness that is reguiated by the spacers when the plates

are in a closed configuration.
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in the method of paragraph M&1, in some embodiments, the use of predetermined one or
several parameter(s) related to the relevant volume of the sample, wherein the predetermined
parameter is the predetermined the spacer height.

In the method of paragraph of MS1, in some embodiments, the parameters related to the
relevant volume of the sample are the parameters at a closed configuration, that include, but not
imited 1o, (i) the spacing between the inner surfaces of the first plate and the second plate (in
CROF), (ii) the sample thickness, (iil) the entire or a relevant portion of the sample area, (iv) the
entire or a relevant portion of the sampie volume, or (v} any combination of thereof.

in the method of paragraph M&1, in some embodiments, the guantification of the sample
volume or a relevant sample volume, comprising steps of {i) multiplying the sample thickness by
the entire sample area to get the entire sample volume, (i) mulliplying the sample thickness by
the relevant sample area o get the relevant sample volume, or (i) mulliplving the relevant sample
thickness by the entire or relevant sample area {0 get the relevant sample volume.

In the methed of paragraph MS1, in some embodiments, the measurement is {o take 3D
{three-dimensional) image of the relevant volume.

In the method of paragraph MS1, in some embodiments, the quantification of the relevant
volume of the sample by measuring the lateral area of the relevant volume of the sample, then
using it with the thickness of the relevant velume o determineg the volume of the relevant volume
of the sample, wherein the thickness of the relevant volume is determined from the information of
the spacer, and the information of the spacer include the spacer height;

In the method of paragraph MS1, in some embodiments, the guantification of the relevant
volume of the sample by measuring the lateral area of the relevant volume of the sample and the
spacer together, then using it with the thickness of the relevant volume and the volume of the
spacers to determine the volume of the relevant volume of the sample, wherein the thickness of
the relevant volume is deiermined from the inform of the spacer,;

in the method of paragraph M31, in some embodiments, the quantification of the relevant
volume of the sample by measuring the lateral area and the thickness of the relevant volume of
the sample;

In the method of paragraph MS1, in some embodiments, the guantification of the relevant
volume of the sample by measuring the volume of the relevant volume of the sample optically.

In the method of paragraph MS1, in some embodiments, scale marks are used to assist
the quantification of a relevant volume of the sample while the plates are at a closed configuration,
wherein some embodiments of the scale markers, their use and measurements, etc. are

described in Section 2.
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in the method of paragraph M31, in some embodiments, the quantification of the relevant
volume of the sample comprises a step of substracling the none-sample volume, wherein the
none-sample volume is determined, in some embodiments, by the embodiments described in in

the disciosures

g-4. A method for quantifving analvtes concentration in a relevant volume of 2 sample
Q5. A method for quantifying analytes in a relevant volume of a sample, comprising:
(a) perform the steps in the method of paragraph Q1; and
{b) measuring, after step (8), a signal related to the analytes from the relevant volume,

wheregin the relevant volume is at least a portion of an entire volume of the sample.

6. A method for quantifying analvtes in a relevant volume of a sample, comprising:
(a) perform the steps in the method of paragraph Q2; and
(b} measuring, after step (&), a signal related o the analytes from the relevant volume,
wherein the relevant volume is at least a portion of an entire volume of the sample.

In the method of any of paragraphs Q5-6, in some embodiments, i further comprises a
step of calculating the analvies concentration by dividing the signal related 1o the analytes from
the relevant volume of the sample by the volume of the relevant volume.

In the method of any of paragraphs (05-6, one or both plates further comprise a binding
sile, a storage site, or both.

In the method of any of paragraphs Q5-8, in some embodiments, the signal related to the
analyte is a signal directly from the analytes or a label aftached ¢ the analyte.

Q7. A method for quantifying analytes in a relevant volume of a sample, comprising:
{(a) perform the steps in the method of paragraph Q1, wherein ong or both plates
further comprise a binding sile; and
(b} measuring, after step (g}, a signal related to the analytes from the relevant volume,

wherein the relevant volume is at least a portion of an entire volume of the sample.

8. A method for quantifying analytes in a relevant volume of a sample, comprising:
(a) perform the steps in the method of paragraph Q2, wherein one or both plates
further comprise g binding site; and
(b) measuring, after step (a), a signal related o the analytes from the relevant volume,

wherein the relevant volume is at least a portion of an entire volume of the sample.
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in the method of any of paragraphs Q7-8, in some embodiments, the signal related to the
analyte is a signal directly from the analytes that binds to the binding site or a label attached o
the analyte that binds 1o the binding site.

8.8 A plate for use in guantifving analyte concentration in a relevant volume in 3 sample

Q9. A plate for use in quantifying analyte concentration in a relevant volume in a sample,
comprising:

a plate that comprises, on its surface, (i) spacers that have a predetermined inter-spacer

distance and height, and (i) a sampie contact area for contacling a sampie with analyte

concentration in a relevant volume to be quantified, wherein at least one of the spacers is
inside the sample contact area.
9.6 A device for use in quantifying analyte concentration in a relevant volume in a sample

The concentration of target analytes and/or endity in a sample can be quantified or
controlled, if the number of target analytes and/or entity in the sample are quantified, as well as
the relevant volume of the sample is quantified.

Q10 A device for quantifying analyte concentration in a relevant volume in a sample,

comprising:

a first plate and a second plate that (a) are movable relative 1o each other into different
configurations and {b) each has a sample contact area for contacting a sample with analyie
concentration in a relevant volume 1o be quantified, wherein one or both of the plates comprise,
on its surface(s), spacers that have a predetermined inter-spacer distance and heighi, and gach
of the spacers are fixed with respective plates;

wherein ¢ne of the configurations is an open configuration, in which: the two plates are
separated apart, the spacing between the plates is not regulated by the spacers, and the sample
is deposited on one or both of the plates,

wherein another of the configuration is a closed configuration, which is configured after
the sample deposition in the open configuration; and in the closed configuration: the plates are
facing each other, the spacers and the relevant volume of the sample are between the plates, the
thickness of the relevant volume of the sample is requlated by the plates and the spacers and is
thinner than that when the plates are in the open configuration, and at least one of the spacers is
inside the sample; and

wherein analyte concentration in the relevant volume of the sample is quantified in the
closed configuration, and the relevant volume is at least a portion of an entire volume of the

sample.

105



10

30

WO 2017/048881 PCT/US2016/051794

in the device of any of paragraphs Q9 and Q10, the plate further comprises a binding site,
or a storage site, or both. One embodiment of the binding site is a binding site that bind the
analytes in the sample.

in the device of any of paragraphs Q9 and 10, the plate further comprises a or a
plurality of scale-markers, whersin some embodiments of the scale-markers described in
Section 2.

In the method or the device of any of paragraphs of Q1-10, in some embodiments, the
measuring device includes at least one of an imager and a camera.

in the methed or the device of any of paragraphs of Q1-10, in some embodiments, the
measuring device is configured o image the lateral area of the relevant volume of the sample.

in the method or the device of any of paragraphs of Q1-10, in some embodiments, the
measuring device includes a light source to llluminate the lateral area of the relevant volume of
the sample.

In the method or the device of any of paragraphs of Q1-10, in some embodiments, the
step of calculating the concentration is to divide the total target analvtes or the eniity by the
relevant sample volume.

in the method or the device of any of paragraphs of Q1-10, in some embodiments,
measuring signal is to use an optical imager to count the number of target analyles or entity. For
exampie, the measurement can be a use of optical microscope to measure blood celis (red celi,
white celis, platelets) in a blood sample.

In the method or the device of any of paragraphs of Q1-10, in some embodiments,
measuring the number of target analytes or entity in a sample can be an embodiment of surface-
immobilization assay that caich the target analyies or the entity on the surface.

In some embodiments, an apparatus for guantifying a volume of a sample or
detecting/quantifying an analyte in a sample comprises any of the devices in paragraphs Q1-10,
plus (1) optical imagers, and/or (2) a light source and optical imagers, etc. The optical imager
includes a photosensor, optical lenses, filters, polarizers, wavepliates, beam splitiers, mechanical
mounts, or any combination of thereof.

in some embodiments, the measuring of the relevani sample area or volume comprises
(i) having a marker on the first plate, the cover plate, between them, or any combination of thereof,
{ii} taking optical imaging {(e.g. taking a 2D (wo-dimensional)/3D {three-dimensional) image of the
sample and the image taking can be mulliple times with different viewing angles, different

wavelength, different phase, and/or different polarization) and (iii) image processing based on the

106



10

15

30

WO 2017/048881 PCT/US2016/051794

maker and the sample images. The relevant means {0 be related to the determination of target
analyte concentration.

Scanning. In some embodiments, the reading of a signal from a sample uses a scanning method,
where a readsr (e.g. photodeteciors or camera) reads a portion of the sample (or plate) and then
moves 1o ancther portion of the sample (or plate), and such process continues until certain pre-
specified port of the sample (or plate) being read. The scan reading of a sample covers all part
of the sample {or the plate) or a fraciion of the sample {or the plate). In some embodiments, the
scan reading are assisted by the location markers that indicate a location of the sample (or the
plate}. One example of the location markers is the periodic spacers, which has a fixed period and
focation, or the markers for the relevant area which also has predetermined location and size for

indicating a location of the sample or plate.

10 Detection and Quantification of Analytes and Others (D)

In certain embodiments, an analyte is detecled and/or guantified (ie. assayed) by
measuring a signal related to the analyte, wherein the signal is an optical signal, elecltrical signal,
mechanical signal, chemi-physical signal, or any combination of thereof. In some embodiments,
the analyte assaying are performed when the two plates in a CROF device are close to each
other. In some embodiments, the analyte assaying are performed when the two plates ina CROF
device are separated from each cother.

The optical signal includes, but nol limited o, light reflection, scaitering, transmission,
absorption, spectrum, color, emission, intensity, wavelength, jocation, polarization, luminescence,
fluorescence, slectroluminescence, chemoluminescence, eletrechemcluminescence, or any
combination of thereof. The optical signal is in the form of optical image (i.e. light signal vs location
of the sample or device) or a lump sum of all photons coming from a given area or volume. A
preferred wavelength of the iight is in a range of 400 nm (o 1100 nm, a range of 50 nim to 400 nm,
a range of 1 nm {0 50 nm, or a range of 1100 to 30,000 nm. Ancther preferred wavelength is in
terahertz.

The electrical signal includes, but not limited to, charge, current, impedance, capacitance,
resisiance, or any combination of thereof. The mechanical signal includes, but not limited o,
mechanical wave, sound wave, shock wave, or vibration. The chemi-physical signal includes,
but not imited to, PH value, ions, heat, gas bubbles, color change, that are generated in an
reaction.

For exampie, the label is a bead and the label is attached to the {abel through an analvte

specific binding process (e.g. use detection agent to bind the bead to the analyie, use capture
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agent o capiure the analyte with bead, use a capture agent {¢ bind the analyte and then use
detection agent to attach the bead, or other approaches. Note the capture and delection agents
bind the analvte specifically}, then a measurement is used o identify each of the beads thal are
attached to the analytes, and count them.

In some embondiments, each of the analyie or the beads are sensed and counied by
optical means (such as (i) optical labels and reading of the labels, (i) surface plasmon resonancs,
(i) optical interferences, (iv) electrical methods (e.g. capaciiance, resistance, impedance, etc.),
or gthers.  The sensors can be on the surface of the first plate and/or the second plate.

Certain embodiments may include determining the analyte concentration in (@) surface
immobilization assay, {b) bulk assay {e.g., bleod cell counting), and (¢) others. In some
embodiments, the methods of the sample volume, the relevant volume of the sample, or the
concentration uses a smart-phone.

In the method or the device of any of paragraphs of Q1-10, in some embodiments, the
measuring a signal is o measure the number of the analvtes in the sample, or measure the
number of a label being altached to the analyles in the sample. In another embodiment of
paragraph QF, the “measuring signal” is to {a) identify each of the analyte or the label attached to
each analvie, and (b) count their number.

in some embodiments, the analytes deteclion is an electrical method when electrodes are
put on ong or both of the first and second plates (this applies to any of the methods and devices
that uses CROF). The electrodes measure the charge, current, capacitance, impedance, or
resistance of a sample, or any combination of thereof. The elecirodes measure an eiecirolyte in
a sample. The electrodes have a thickness squal or less than the thickness spacer. In some
embodiments, the electrode serve as a part of the spacers. The elecirodes are made of various
conducting materials. A preferred electrode material is gold, silver, aluminum, copper, platinum,
carbon nanotubes, or any combination of thereof.

in the method or the device of any of paragraphs of Q1-10, in some embodiments, the
measuring uses the devices that is a camera or photodetecior plus an oplional processor
configured to make the measurement.

In the method or the device of any of paragraphs of Q1-10, in some embodiments, the
concentration determining devices comprises a processor configured o determine the
concentration from the measurements (volume, area, thickness, number of analyles, intensity)

In the method or the device of any of paragraphs of Q1-10, in some embodiments, it

further comprising a concentration determining device is configured fo determine the
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concentration of the target analytes in the relevant volume from the measured lateral area, the
thickness, and the measured amount of the target molecules.
More on Signal Detection Using Pixelated Reading and Analysis

In present invention, in some embodiments, the signals from the sample, analvtes, and
entity, binding sites, reagents, CROF plates, or any combinations of thereof are detected and
analytes. Some embodiments of the signal detection using pixelated reading and analysis are
described in the disclosure, while some other embodiments are described in Publication Number:
W02014144133 A and Application Number: PCT/US2014/028417 {Chou et al, “Analvte
Detection Enhancement By Targeted Immobilization, Surface Amplification, And Pixelated
Reading And Analysis™), which is incorporated by reference herein for all purposes.

in some embodiments, the signal is electromagnetic signal, including elecirical and optical
signais with different frequencies, light intensity, fluorescence, chromaticily, luminescence
{electrical and chemo-luminescence), Raman scattering, time resolved signal (including blinking).
The signals also can be the forces dus {0 local slectrical, local mechanical, local biological, or
tocal optical interaction between the plate and the reading device. The signal also includes the
spatial (i.e. position), temporal and spectral distribution of the signal. The delection signal also
can be absorption.

The analyte include proteins, peptides, DNA, RNA, nucleic acid, small molecules, cells,
nanopariicles with different shapes. The targeted analyte can be either in a solution or in air or
gas phase. The sensing includes the detection of the exisience, guantification of the
concentration, and determination of the states of the targeted analyie.

In some embodiments, electric field is used 1o assist molecular selectivity, or bonding, and
detection.
Detection/Reading Methods

in some embodiments of optical detection (i.e. detection by electromagnetic radiation), the
methods include, but not limited to, far-field oplical methods, near-fisld optical methods, epi-
flucrescence spectroscopy, confocal microscopy, two-photon microscopy, and iotal internal
reflection microscopy, where the target analytes are labelled with an electromagneltic radiation
emitter, and the signal in these microscopies can be amplified by the amplification surface of a
CROF plate.

In some embodiments, the signal comprises the information of the position, local intensity,
focal spectrum, local polarization, local phase, local Raman signature of said signals, or any

combination of thereof,
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in some embodiments, the detection of a signal is to measure a lump-sum signal from an
area (i.e. the signal from the area, regardiess which location in the area).

in certain embodiments, the detection of signal is {0 measure an signal image of an area
(i.e. signal vs location); namely, the area is divided into pixels and the signal from each pixel of
the arez is individually measured, which is also termed "PC or “pixelated imaging detection”. The
individual measurement of each pixel can be in parallel or sequential or a mix

in some embodiments, the reading uses appropriate detecting systems for the signal to
be detected in sequence or in parallel or their combination. I a sequential detection, one or
saveral pixels are detected a time, and scanner will be used to move the dstection into other
areas of the SAL. In a parallel detection, a mullipixel detector array, such as imaging camera
(e.g. CCD’s), will be used 1o take detect the signals from different pixels at the same time. The
scan can be single path or multi-path with a different pixel size for each path. Fig. 2C of
PCT/US2014/028417 schematically illustrates pixelated reading on an x, y, z stage.

The pixel size for the reading/detection will be adjusted 1o for the balance of optical
resolution and iotal reading time. A smaller pixel size will take a longer time for reading/scanning
the entire or fraction of the SAL. A typical pixel size is Tum to 10 um in size. The pixel has different
shapes: round, square and rectangle. The lower limit of the pixel size is determined by the optical
resolution of the microscope system, and the higher Emit of the pixel size is determined in order
to avoid reading error from the uneven optical response of the imager (optical aberration,
Hlumination uniformity, etc.).

Reading System

Referred to the Figures in of PCT/US2014/028417, an embodiment of a reading system
comprises (a) a plate or plates used for CROF,; (b) a reading device 205 for producing an image
of signals emanating from a surface of said plate, wherein signals represent individual targeted
analyte binding events; () a device assembly 300 that holds the plaie and the imager; {d) an
electronics and a data storage 301 for storing said image, and (&) a computer comprising
programming for identifying and counting individual binding events in an area of the image.

The device assembly 300 controls or changes the relative position between the plate and
the reading device, in at least one of the three (x, v, 2) orthogonal directions, for reading the signal.
An embodiment of the device assembly comprises a scanner 301, In some embodiments, the
scanner 301 scans in in at least one of the three (x, v, 2) orthogonal directions.

In some embodiments, the reading device 302 is a CCD camera. In some embodiments,
the reading device 302 is a pholodetector comprising one or more other optical devices that are

sslected from optical filters 303, spectrometer, lenses 304, apertures, beam splitter 308, mirrors
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308, polarizers 307, waveplates, and shulters. in some embodiments, he reading device 302 is
a smariphone or mobile phone, which have the capability of local and remote communications.
The reading device coilects the position, iocal infensity, local spectrum, local Raman signature of
said signals, or any combination of thersof.

In some embodiments, optical fiters 303, light beam splitters 308, optical fibers, a

photodetector {(2.¢. pn junction, a diode, PMT {(photomultiplier tube), or APD {Avalanch Photo
Diode), imaging camera (e.q. CCD’s, or cellphone camera) and spectrometer together with a
scanner provided by the device assembly 301 are coupied to a microscope system which uses a
far-field confocal selting or a wide-field view setting.
in some embodiments, in confocal setting, the reading is performed by recording the brightness,
temporal change and speciral change of one or a few pixels a time and raster scanning the entire
interested area of the SAL. In some embodiments, in wide-field view setting, a camera is used {o
record the brightness and temporal change of the entire or a fraction of SAL area a time. In some
embodiments, proper optical fillers and light beam manipulators (polarizer, beam splitters, optical
fibers, etc.) is need 10 ensure only the desired signal is collecied and detected. Fig. 8 of
PCT/US2014/028417 schematically iliusirates one arrangement of components for this system.
in some embodiments, the analysis comprises of an imaging processing methods, including, not
firited to, the methods in Open-CV or Image-J.
Pixelated Analysis {PiX}). In some embodiments of PIX, the signals detecied in a pixelated
manner are analyzed io determine the number andfor types of the pariicular molecules at a
particular pixel or several pixels, which, in tum is used to guantify the type and/or concentration
of the targeted analytes. The term “signal detecled in a pixelaled manner” refers to the method
where the area that has signal(s) is divided into pixels and the signal from each pixel of the area
is individually measured, which is also termed "PRC or “pixelated imaging detection”. The
individual measurement of each pixel can be in parallel or sequential or a mix.

in some embodiments, the analysis comprises to analyze the spatial, tempo, speciral
information of the signal. In some embodiments, the analysis include, but not limited to, statistical
analysis, comparison, integration, and others. Fig. 5 of PCT/US2014/028417 shows a flow chart
for one embodiment of this method.

11 Labels

One or any combinations of the embodiments of the optical labels described in the entire

disclosure applies to all the methods and devices described in the entire description of the present

invention.
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in some embodiments, a label{s) is attached to a detection agent(s), an analyte(s) or an
entity (ties). In certain embodiments, the label is an optical label, an eleciric label, enzymes that
can be used to generate an optical or electrical signal, or any combination of thereof. In certain
embodiments, a detection agent(s), an analyte(s) or an entity (lies) are attached a connection
molecule {e.g. protein, nucleic acid, or other compounds) which later is atlached {0 a label. In
certain embodiments, cells (e.g. blood cells, bacleria, elc.) or nanoparticles are stained by a
labels. In some embodimenis, an optical label is an object that can generate an optical signal,
wherein the generation of the optical signal includes, bul not limited to, light (i.e. pholon's)
reflection, scattering, transmission, absorption, spectrum, color, emission, intensity, wavelength,
focation, polarization, luminescence, fluorescence, electroluminescence, phololuminescence
(fluorescence), chemoluminescence, electrochemiluminescence, or any combination of thereof.
in some embodiments, the optical signal is in the form of optical image (i.e. light signal vs location
of the sample or device) or a lump sum of all photons coming from a given area or volume. A
preferred wavelength of the light is in a range of 400 nm to 1100 nm, a range of 50 nm to 400 nm,
a range of 1 nm to 50 nm, or a range of 1100 {o 30,000 nm. Ancther preferred wavelength is in
terahertz.

Beads, nanoparticles, and guantum dots. In some embodiments, the optical label is beads,
nanoparticles, quantum dots, or any combination of thereof.

In some embodiments, the diameter of the bead, nanoparticles, or guantum dotsis 1 nm or
less, 2 nm orless, 5 nm orless, 10 nm or less, 20 nm or less, 30 nm or less, 40 nm or less, 50
nm or less, 60 nm or lass, 70 nm or less, 80 nm or less, 100 nm or less, 120 nm or less, 200 nm
or 885,300 nm or less, 500 nm or less, 800 nm or less, 1000 nm or less, 1500 nm or less, 2000
nm or less, 3000 nm or less, 5000 nm or less, of a range beltween any two of the values.

In some embodiments, the beads or guantum dols are used as labels and they are
precoated on the plates of CROF and the inner spacing between the two plates are 1 um or less,
10 wm or less, 50 um or less, or a range between any two of the values.

in some embodiment, the separation between the beads in a solution

- Diffusion time. (The thickness of the relevant volume of the transfer medium leads 1o the
diffusion time of an optical label across the thickness, {o be less than 1 ms,

- The dissolving time can controlled. The conirol can use photon, heat or other exications
and thelr combinations. The dissolving will not start until an excitation energy is applied.
in some embodiments of the label are nanoparticles that has a diameter of 10 nm or larger.

The nanoparticles of such large diameter has less diffusion consiant than small molecules {(mass

< 1000 Da) and large molecules (mass= 1,000 {o 1,000,000 Dalton (da), leading to a longer
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diffusion time for a given solution and distance. To reduce the diffusion time, is {0 reduce the

diffusion distance.

They have particular advantages over the prior arl, when the optical iabels are beads or
other nanoparticles that have a diameter large than a few nanometers. This is because that the
diffusion constant of an object in a liguid is, for the first order approximation, inversely proportional
to the diameter of the object (according to Einstein-Siokes equation).

For example, a bead optical iabel with a diameter of 20 nm, 200, and 2000 nm respeclively
has a diffusion constant and hence a diffusion time 10, 100, and 1000 times larger and longer
than that for a bead of 2 nm. For a typical diffusion distance used in current assays, this would
lead to a long saturation incubation time that is in practical for PoC (Point of Care) applications.

However, the present invention has solved the long incubation time for optical labels with a
diameter larger than a few nanometars. The present invention has the optical labsl stored on a
plate surface, and then places the storage surface next {o binding site with a separate distance
{between the two) in sub-millimeter, microns or even nanometer scale and fill the separation gap
by a transfer medium {where the stored optical label dissolved into the fransfer medium and
diffuse o the binding site}). The present invention also able to conirol such small distance
uniformiy over large binding site area and easily by using spacer technologies.

Labeling the analyte may include using, for example, a labeling agent, such as an analyle
specific binding member that includes a deteciable label. Detectable labels inciude, but are not
limited to, fluoresceni labels, colorimetric labels, chemiluminescent iabels, enzyme-linked
reagents, multicolor reagents, avidin-streptavidin associated detection reagents, and the like. In
certain embodiments, the detectable label is a fluorescent label. Fluorescent labels are labseling
moieties that are detectable by a fluorescence detector. For example, binding of a fluorescent
fabel to an analvie of interest may allow the analyte of interest to be detected by a fluorescence
detector. Examples of fluorescent abels include, but are not limited to, fluorescent molecules
that fluoresce upon contact with a reagent, fluorescent molecules that fluoresce when irradiated
with electromagnetic radiation (e.q., UV, visible light, x-rays, etc.}, and the like.

in certain embodiments, suitable fluorescent molecuies (fluorophores) for labeling inciude,
but are not limiled to, IRDyeBOGCW, Alexa 790, Dylight 800, fluorescein, flucorescein
isothiocyanate, succinimidyl esters of carboxyfluoraescein, succinimidyl esters of fluorescein, 5-
isomer of fluorescein dichlorotriazine, caged carboxyfluorescein-alaning-carboxamide, Oregon
Green 488, Oregon Green 514, Lucifer Yellow, acridine Qrange, rhodamine,

tetramethylrhodamine, Texas Red, propidium iodide, JC-1 (556,68 -telrachioro-1,1.,3,3-
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tetraethyibenzimidazoylcarbocyanine iodide), tetrabromorhodamine 123, rhodamine 6G, TMRM
(tetramethyl  rhodamine methyl ester), TMRE {(tetramethyl rhodamine ethyl esten),
tetramethyirosamine, rhodamine B and 4-dimethviaminotetramethyirosamine, green fluorescent
protein, blue-shifted green fluorescent protein, cyan-shifted green flucrescent protein, red-shifted
green fluorescent protein, vellow-shifted green fluorescent protein, 4-acetamido-4'-
isothiocyanatostilbene-2 2'disulfonic acid; acridine and derivatives, such as acriding, acriding
isothiocyanate; 5-(2-aminosthyhaminonaphthalene-1-sulfonic acid (EDANS); 4-amino-N-[3-
vinyisulfonyhphenyiinaphth-  alimide-3,5  disuifonate;  N-(4-anilino-1-naphthylymaleimide;
anthranilamide;  4,4-difluoro-5-(2-thienyl)-4-bora-3a,4a  diaza-5-indacene-3-propioni-c  acid
BODIPY: cascade blue; Brilliant Yellow, coumarin and derivatives: coumarin, 7-amino-4-
methylcoumarin  (AMC, Coumarin  120),7-amino-4-triflucromethylcoumarin  (Coumarin 151},
cyanine dyes; cvanosine; 4 6-diaminidine-2-phenviindole (DAPD; 5,5"-dibromopyrogaliol-
sulfonaphthalein {Bromopyrogaliol Red); 7-disthylamino-3-(4 -isothiccyanatophenyl)-4-
methyicoumarin, disthylenstriaamine pentaacetiate; 4 4'-diisothicoyanatedihydro-stilbens-2- 2
disulfonic acid, 4,4’-diiscthiocyanatostilbene-2,2’-disulfonic acid;, 5-{dimethylamino]naphthalene-
1-sulfony!l chioride (DNS, dansyichloride); 4-dimethylaminophenylazophenyl-4’-isothiocyanate
(DABITCY, eosin and derivatives: eosin, eosin iscthiocyanate, erythrosin and derivatives:
erythrosin | B, ervihrosin,  isothiocyanate;, ethidium,  fluorescein and  derivatives: 5
carboxyfluorescein (FAM),5-(4 8-dichlorotriazin-2-yhyamino- -fluorescein (DTAF), 2,7 dimethoxy-
4’5 -dichioro-6-carboxyfluorescein  (JOE), fluorescein, fluorescein isothiocyanate, QFITC,
(XRITC); fluorescamine; 1R144; IR1446, Malachite Green isothiocyanate; 4-methylumbelii-
feroneortho cresciphthalein; nitrotyrosine; pararosaniline; Phenol Red:, B-phycoerythring ¢
phthaldialdehyde, pyrene and derivatives: pyrene, pyrene bulyrate, succinimidyl 1-pyrene;
butyrate quantum dots; Reactive Red 4 (Cibacron™ Brilliant Red 3B-A) rhodamine and
derivatives: 6-carboxy-X-rhodamine (ROX), 6-carboxyrhodamine (R8G), lissamine rhodamine B
sulfonyl chioride rhodamine (Rhod), rhedaming B, rhodaming 123, rhodamine X isothiocyanate,
sulforhodamine B, sulforhodamine 101, sulfonyl chioride derivative of sulforhodamine 101 (Texas
Red); N,N,N’ N-tetramethyl-6-carboxyrhodamine (TAMRA); tetramethyi rhodamine; tetramethyl
hodamine isothiocyanate (TRITC); riboflavin; 5-(2-aminoethyl) aminonaphthalene- 1-sulfonic acid
(EDANS), 4-(4-dimethylaminophenylazoibenzoic acid (DABCYL), rosolic acid; CAL Fluor Crange
580; terbium chelate derivatives, Cy 3; Cy 5; Cy 5.5; Cy 7; IRD 700; IRD 800; La Jolla Blueg;
phthalo cyaning; and naphthalo cyanine, coumarins and related dyes, xanthene dyes such as
rhodols, resorufins, bimanes, acridines, isoindoles, dansyl dyes, aminophthalic hydrazides such

as luminol, and isoluminol  derivatives, aminophthalimides, aminonaphthalimides,
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aminchenzofurans, aminogquinolines, dicyanohydroguinones, flucrescent eurcopium and terbium
complexes; combinations thereof, and the like. Suitable fluorescent proteins and chromogenic
proteins include, bui are not limited to, a green fluorescent profein (GFP), including, but not limited
to, a GFP derived from Aequoria victoria or a derivative thereof, e.¢g., a "humanized” derivative
such as Enhanced GFF; a GFP from another species such as Renilfa reniformis, Renilla muller,
or Flilosarcus guernyi, “*humanized” recombinant GFP (hrGFP); any of a variety of fluorescent
and colored proteins from Anthozoan species; combinations thereof, and the like.

In certain embodiments, the dyes can be used to stain the blood celis comprise Wright's
stain {(Eosin, methylene blug), Giemsa stain (Eosin, methylene blue, and Azure B}, May-Grinwald
stain, Leishman's stain {"Polychromed” methylene blug {(i.e. demethylated into varicus azures)
and eosin), Ervthrosine B stain (Erythrosin B), and other fluorescence stain including but not limit
o Acridine orange dye, 3,3-dihexyloxacarbocyanine (DIOCS), Propidium lodide (Ph, Fluorescein
Isothiccyanate (FITC) and Basic Crange 21 (BO21) dye, Ethidium Bromide, Brilliant Sulfaflavine
and a Stilbene Disulfonic Acid derivative, Ervthrosine B or trypan biue, Hoechst 33342,
Trihydrochioride, Trihydrate, and DAP! (4',8-Diamidino-2-Phenylindole, Dihydrochloride).

In certain embodiments, the labeling agent is configured to bind specifically to the analvte
of interest. In certain embodiments, a iabeling agent may be present in the CROF device before
the sample is applied to the CROF device. In other embodiments, the labeling agent may be
applied to the CROF device after the sample is applied io the CROF device. In certain
embodiments, after the sample is applied to the CROF device, the CROF device may be washed
fo remove any unbound components, e.g. un bound analyie and other non-analyte coponenis in
the sample, and the labeling agent may be applied to the CROF device after the washing {o label
the bound analyte. In some embodiments, the CROF device may be washed after the labeling
agent is bound to the analvte-capture agent complex to remove from the CROF device any excess
labeling agent that is not bound to an analvie-capiure agent complex.

in certain embodiments, the analyte is labeled after the analyte is bound to the CROF
device, e.g., using a labseled binding agent that can bind to the analyte simultanecusly as the
capture agent to which the analyte is bound in the CROF device, i.e, in a sandwich-type assay.
in some embodiments, a nucleic acid analyte may be captured on the CROF device, and a labeled
nucieic acid that can hybridize to the analyie simultaneously as the capture agent to which the
nucleic acid analyte is bound in the CROF device.

In certain aspects, a CROF device enhances the light signal, e.g., fluorescence or
luminescence, that is produced by the deteciable label bound directly or indirectly to an analvie,

which is in turn bound to the CROF device. In certain embodiments, the signal is enhanced by a
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physical process of signal amplification. In some embodiments, the light signal is enhanced by a
nanoplasmonic effect {e.g., surface-enhanced Raman scaltering). Examples of signal
enhancement by nanoplasmonic effects is described, e.q., in Li et ai, Optics Express 2011 19
3925-3936 and WQO2012/024006, which are incorporated hersin by reference. In certain
embodiments, signal enhancement is achieved without the use of biolegical/chemical
ampilification of the signal. Biological/chemical amplification of the signal may include enzymatic
ampilification of the signal (e.g., used in enzyme-linked immunosorbent assays (ELISAs)) and
polymerase chain reaction (PCR) amplification of the signal. In other embodiments, the signal
enhancement may be achieved by a physical process and biological/chemical amplification.
Sensitivity. In certain embodiments, the CROF device is configured to have a detection
sensitivity of 0.1 nM or iess, such as 10 pM or less, or 1 pM or less, or 100 fM or less, such as 10
M or less, including 1 M or less, or 0.5 M or less, or 100 aM or less, or 50 aM or less, or 20 aM
or less. in certain embodiments, the CROF device is configured to have a detection sensitivity in
the range of 10 aM 1o 0.1 nM, such as 20 aM {o 10 pM, 50 aM o 1 pM, including 100 aM 10 100
M. In some instances, the CROF device is configured to be able to detect analvtes at a
concentration of 1 ng/mL or less, such as 100 pg/ml or less, including 10 pg/mb or less, 1 pg/mL
or less, 100 fg/mb or less, 10 fg/mb or less, or 5 fg/mlL or less. In some instances, the CROF
device is configured {0 be able {0 detect analytes at a concentration in the range of 1 fg/mb o 1
ng/mi., such as 5 fg/mlL to 100 pg/mL, including 10 fg/mL to 10 pg/mbL. In certain embodiments,
the CROF device is configured to have a dynamic range of 5 orders of magnitude or more, such
as 6 orders of magnitude or more, including 7 orders of magnitude or more.

Reading. In certain instances, the pericd of time from applying the sample o the CROF device
to reading the CROF device may range from 1 second {o 30 minutes, such as 10 seconds to 20
minutes, 30 seconds to 10 minutes, including 1 minute {0 5 minutes. In some instances, the period
of time from applying the sample to the signal enhancing detecior to generaling an ouiput that
can be received by the device may be 1 hour or less, 30 minutes or less, 15 minutes or less, 10
minutes or less, 5 minutes or less, 3 minutes or less, 1 minuie or less, 50 seconds or less, 40
seconds or less, 30 seconds or less, 20 seconds or less, 10 seconds or less, 5 seconds or less,
2 seconds or less, 1 second or less, or even shorter. In some instances, the period of time from
applying the sample o the signal enhancing detector to generating an ocutput that can be received

by the device may be 100 milliseconds or more, including 200 milliseconds or more, such as 500
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milliseconds or more, 1 second or more, 10 seconds or more, 30 seconds or more, 1 minute or
more, 5 minutes or more, or jonger.

Any suitable method may be used to read the CROF device to obiain & measurement of
the amount of analyte in the sample. In some embodiments, reading the CROF device includes
obtaining an electromagnetic signal from the detectable label bound to the analyte in the CROF
device. In certain embeodiments the eslectromagnetic signal is a light signal. The light signal
obtained may include the intensity of light, the wavelength of light, the iocation of the source of
light, and the like. In particular embodimenis, the light signal produced by the label has a
wavelength that is in the range of 300 nm to 900 nm. In certain embodiments, the light signal is
read in the form of a visual image of the CROF device.

In cerfain embodiments, reading the CROF device includes providing a source of
electromagnetic radiation, e.g., light source, as an excitation source for the defectable label bound
to the biomarker in the CROF device. The light scurce may be any suitable light source to excite
the detectable label. Exemplary light sources include, bul are not limited o, sun light, ambient
fight, UV lamps, fluorescent lamps, light-emitting dicdes (LEDs), photodiodes, incandescent
lamps, halogen lamps, and the like.

Reading the CROF device may be achieved by any suitable method to measure the
amount of analyte that is present in the sample and bound to the CROF device. In certain
embodiments, the CROF device is read with a device configured to acquire the light signal from
the detectable label bound to the analyte in the CROF device. In some cases, the device is a
handheld device, such as a mobile phone or a smart phone. Any suitable handheld device
configurad to read the CROF device may be used in the devices, systems and methods in the
present invention. Cerain device embodiments configured to read the CROF device are described
in, e.g., U.S. Frovisional Application Ser. No. 82/086,777, filed on Qciober 21, 2014, which is
incorporated herein by reference.

in some embodiments, the device includes an optical recording apparatus that is
configured to acquire a light signal from the CROF device, e.g., acquire an image of the CROF
device. In certain instances, the optical recording apparatus is a camera, such as a digital camera.
The term “digital camera” denotes any camera that includes as its main componenti an image-
taking apparatus provided with an image-taking lens system for forming an oplical image, an
image sensor for converting the optical image into an electrical signal, and other components,
examples of such cameras including digital stil cameras, digital movie cameras, and Web
cameras (i.e., cameras that are connected, either publicly or privaiely, to an apparatus connected

to a network to permit exchange of images, including both those connected directly to a network
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and those connected {0 a network by way of an apparatus, such as a personal computer, having
an information processing capability). In one example, reading the CROF device may include
video imaging that may capiure changes over time. For example, a video may be acquired to
provide evaluation on dynamic changes in the sample applied to the CROF device.

In certain embodiments, the oplical recording apparatus has a sensitivity that is lower than
the sensitivity of a high-sensitivity optical recording apparatus used in research/clinical laboratory
settings. In certain cases, the optical recording apparatus used in the subject method has a
sensitivity that is lower by 10 times or more, such as 100 times or more, including 200 times or
more, 500 times or more, or 1,000 times or more than the sensitivity of a high-sensitivity optical
recording apparatus used in research/clinical laboratory setlings.

In certain embodiments, the device may have a video display. Video displays may include
components upon which a display page may be displayved in a manner perceptible {o a user, such
as, for example, a computer monitor, cathode ray tube, liquid crystal display, light emitting diode
display, touchpad or touchscreen display, and/or other means known in the art for emitting a
visually perceptible output. In certain embodiments, the device is equipped with a touch screen
for displaying information, such as the image acquired from the detector and/or a report generated

from the processed data, and allowing information to be entered by the subject.

12 Multiplexing

in any embodiment described herein, the system may be designed for performing a
mulliplex assay and, as such, may contain multiple storage sites, multiple binding siles, or mulliple
storage sites and multiple binding sites such that different assays can be performed on different
areas on the surface of one of the plates. For example, in one embodiment, in one embodiment,
one of the plates may contain multiple binding site that each contain a different capture agent,
thereby allowing the detection of mulliple anaiytes in the sample in the same assay. The sites
may be spatially separated from, although proximal to, one ancther.

FIG. 16 schematically illustrates an exemplary embodiment of the present invention, a
multiplexed detection in a single CROF device using one binding site one plate and a plurality of
storage sites on the other plate. Panel (a) and (b) is a perspeclive and a cross-sectional view of
an exemplary device, respectively. in the exemplary case, the multiplexed CROF device
comprises a first plate and a second plate, wherein one surface of the first plate has one binding
site; wherein one surface of the second plate has a plurality of storage sites; and wherein different
storage siles can have the same delection agent but of different concentrations or can have

different detection agents of the same or different concenirations. In some embodiments, the area
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of the binding site is larger that of each storage site. In some embodiments, the binding site area
is larger than the tolal area of ali siorage sites, and/or the binding site area is aligned with the
storage sites (i.e. they are {op each other, namely, the shortest distance between the binding site

and a point on the storages are the same or nearly the same).

FIG. 17 schematically illustrates a further exemplary embodiment of the present invention,
a muitiplexed detection in a single CROF device using one storage site on one plate and multiple
binding sites on the other plate. Panel (a) and (b) is a perspective and a cross-sectional view of
an exemplary device, respectively. in the exemplary case, the multiplexed CROF device
comprises a first plate and a second plate, wherein one surface of the first plate has multiple
binding sites; wherein one surface of the second plate has one storage site; and wherein different
binding sites can have the same capture agent but of different concenirations or can have different
capture agents of the same or different concentrations. In some embodiments, the area of the
storage site is larger that of each storage sife. In some embodiments, the storage sile area is
larger than the total area of all binding sites, and/or is aligned with the binding sites (i.e. they are

top each other).

FIG. 18 schematically illustrates a further exemplary embodiment of the present invention,
a muiltiplexed detection in a singie CROF device with mulliple binding sites on one plate and
multiple corresponding storage sites on another plate. Panel (a) and (b) is a perspective and g
cross-sectional view of an exemplary device, respectively. In the exemplary case, a multiplexed
CROF device comprises a first plate and a second plate, wherein one surface of the first plate
has a plurality of binding sites; wherein one surface of the second plaie has a plurality of
corresponding storage sites; wherein each corresponding storage site is located in a location on
the second plate that is corresponding to the location of a binding site on the first plate, so that
when the plates are placed face-to-face, each binding site overiaps with only one storage site and
each storage site overiaps with only one storage site; wherein different storage sites can have
the same detection agent but of different concentrations or can have different detection agents of
the same or different concenirations; and wherein different storage sites can have the same
capture agent but of different concentrations or can have different capture agents of the same or

differaent concentrations.

In certain embodiments, the device of any of Fig. 10, 11, and 12, wherein the first plate
further comprises, on its surface, a first predetermined assay site and a second predetermined

assay site, wherein the distance between the edges of the neighboring multiple assay sites is
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substantially larger than the thickness of the uniform thickness layer when the plates are in the
closed position, wherein at least a part of the uniform thickness layer of the sample is over the
predetermined assay sites, and wherein the sample has one or a plurality of analyies that are
capable of diffusing in the sample. By making the distance between the edges of the neighboring
multiple assay sites large than the sample thickness, it makes it possible 10 have muliiple binding
sites without fluidically isolated the different portion of a sample, since an saturation incubation of
the assay can complete between a significant inter-diffusion between the two neighboring siles.
By properly choosing the ratio of the neighboring disiance 1o the sample thickness and properly
sslecting the measurement time belween a time longer than the assay saturation incubation fime
but less than a time for a significant inter-diffusion between two neighboring sites, one can do
multiplexing by CROF without isolating different part of a sample. In some embodiments, the ratio
of the neighbor distance {o the sample thickness at the closed configuration is 1.5 or larger, 3 or
larger, 5 or larger, 10 or larger, 20 or larger, 30 or larger, 50 or larger, 100 or larger, 200 or larger,
1000 or larger, 10,000 or larger, or a range between any two of the values. The ratic is 3 orlarger
for a preferred embodiment, 5 or larger for another preferred embodiment, 10 or larger for a
certain preferred embodiment, 30 or larger for another preferred embodiment, and 100 or larger
for another preferred embodiment.

In certain embodiments, the device of any of Fig. 10, 11, and 12, wherein the first plate has,
on its surface, at least three analyle assay siles, and the distance between the edges of any two
neighboring assay sites is substantially larger than the thickness of the uniform thickness layer
when the plates are in the closed position, wherein at least a part of the uniform thickness laver
is over the assay sites, and wherein the sample has one or a plurality of analytes that are capable
of diffusing in the sample.

In certain embodiments, the device of any of Fig. 10, 11, and 12, wherein the first plate has,
on its surface, at least two neighboring anaiyte assay sites that are not separated by a distance
that is substantially larger than the thickness of the uniform thickness iayer when the plates are
in the closed position, wherein at least a part of the uniform thickness layer is over the assay sites,
and wherein the sample has one or a plurality of analyles that are capable of diffusing in the
sampile.

The method or the devices of any of paragraph of U1-6, X-6, P1-8, W18, V1-4, UAB1-8,
M1-2, 81-2, Q110, and H1 as well as their any combination, wherein the first and second plate
further comprise the binding site(s) and the storage site, as described in Fig. 10, Fig. 11, or Fig.

12 for multiplexed detection.
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in these embodiments the device may for paraliel, muitiplex, assaying of a liquid sample
without fluidic isolation {i.e., without their being a physical barrier between the assay regions).
This device may comprise a first piate and a second plate, wherein: i. the plales are movable
relative 1o each other into different configurations; one or both plates are flexible; ii. one or both
of the plates comprise spacers that are fixed with g respective plate; and the spacers have a
predetermined substantially uniform height and a predetermined constant inter-spacer distancs,
lii. each of the plates has, on its respective surface, a sample contact area for contacting a sample
that contains a sampile that contains one or more farget analyies which is capable of diffusing in
the sample, iil. the first plate has, on its surface, one or a plurality of binding sites that each has a
predetermined area comprising a caplure agent that binds and immobilizes a corresponding
target analyte of the sample; and v the second plate has, on its surface, one or a plurality of
corresponding storage sites that each has a predetermined area and comprises a detection agent
of a concentration that, upon contacting the sample, dissolves into the sample and diffuses in the
sample, wherein sach caplure agenti, fargel analyle and corresponding detection agent is
capable of forming a capture agent-target analyte-detection agent sandwich in a binding site of
the first plate; wherein one of the configurations is an open configuration, in which: the two plates
are either partially or completely separated apart, the spacing between the plates is not reguiated
by the spacers, and the sampie is deposited on one or both of the plates, and wherein ancther of
the configurations is a closed configuration which is configured after the sample deposition in the
open configuration, and in the closed configuration: i. at least part of the sample is compressed
into a layer of uniform thickness that is in confact with and confined by the inner surfaces of the
two plates and that covers the one or a plurality of binding sites and the one or a plurality of
storage sites, ii the one or a plurality of corresponding storage sites are over the one or a plurality
of binding sites, and iii. the uniform thickness of the layer is regulated by the spacers and the
plaies, is less than 250 um, and is subsiantially less than the linear dimension of the
predetermined area of each storage site; and iv. there is no fluidic isolation between the binding
site and/or the siorage sites, wherein the separation between the edges of the neighboring
storage sites and the separation between the edges of the neighboring binding sites are larger
than the distance that a target analyie or detection agent can diffuse in the relevant time, and
wherein there is no fluidic isolation between the binding site sites and/or the storage sites.

In some embodiments, the first plate has, on its surface, a plurality of (at least 2, at least
4 or at least 16 or more) of the binding sites.

In some embodiments, each of said plurality of binding sites binds {o a different target

analyte.
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In some embodiments, the second plate has, on its surface, a plurality (al least 2, at least
4 or at least 18 or more)of the corresponding siorage sites.

in some embodiments, each of the plurality of corresponding storage sites binds to a
different target analyie.

In some embodiments, the first plate has, on its surface, g plurality of said binding sites
and the second plate has, on its surface, a plurality of said corresponding storage sites, wherein
each binding site faces a corresponding storage site when the plates are in the closed
configuration.

in some embodiments, the first plate has, on its surface, a pluralily of said binding sites
and the second plate has, on its surface, g storage site, wherein at least some of the binding sites
face an area in the storage site when the plates are in the closed configuration.

In some embodiments the first plate has, on its surface, g binding site and the second
plate has, on its surface, a plurality of storage sites, wherein at least some of the storage siles
face an area in the binding site when the plates are in the closed configuration.

In some embodiments the first plate has, on iis surface, a plurality of binding siles,
wherein the binding sites contain different capture agents that bind and immobilize the same
target analyte.

In some embodiments the first plate has, on its surface, a plurality of binding sites,
wherein the binding sites contain the same caplure agent.

in some embodiments, the caplure agent is at different densities in the different binding
siles. These embodiments may be used o provide a way o quantify the amount of analyte in a
sample.

In some embodiments, there is a separation between two neighboring binding sites or
two neighboring storage sites, and the ratio of the separation to the sample thickness in the closed
configuration is at least 3, e.q., al least 5, at least 10, at least 20 or at least 50.

In some embodiments, the inter-spacer distance is in the range of 1 um o 120 um.

In some embodiments, the flexible plates have a thickness in the range of 20 um o 250
um {e.g., in the range of 50 um to 150 um) and Young’s modulus in the range 0.1 to 5 GPa (e.g.,
in the range of 0.5 - 2 GPa).

In some embodiments, the thickness of the flexible plate times the Young's modulus of
the flexible plate is in the range 60 fo 750 GPa-um.

In some embodiments, this method may comprise (@) obtaining a sample that contains
one or more target anaiytes, which are capable of diffusing in the sampie; (b) oblaining a first and

sacond plates that are movable relative 1o each other into different configurations, whersin: i. one
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or both of the plates comprise spacers that are fixed with a respective plate and one or both plates
are flexible, ii. the spacers have a predetermined substantially uniform height and a
predetermined constant inter-spacer distance, ili. the first plaie has, on its surface, one or a
plurality of binding sites that each has a predetermined area comprising a capture agent that binds
and immebilizes a corresponding target analyle of (a); and iv. the second plate has, onils surface,
one or a plurality of corresponding storage sites that each has a predelermined area and
comprises a detection agent of g concentration that, upon contacling the sample, dissolves into
the sample and diffuses in the sample, wherein each capture agent, farget analvte and
corresponding detection agent is capable of forming a capture agent-target analvte-detection
agent sandwich in a binding sile of the first plate; (¢) depositing the sample on one or both of the
plates when the plates are configurad in an open configuration, wherein the open configuration is
a configuration in which the two plates are either partially or completely separated apari and the
spacing between the plates is not regulated by the spacers; (d) after (¢}, compressing the sample
by bringing the two plates info a clesed configuration, wherein the closed configuration is g
configuration in which: i.  at least part of the sample is compressed into a layer of uniform
thickness that is in contact with and confined by the inner surfaces of the two plates and that is in
contact with the one or a plurality of binding sites and the one or a plurality of storage sites, i the
one or a plurality of corresponding storage sites are over the one or a plurglity of binding sites,
and Hi. the uniform thickness of the layer is regulated by the spacers and the plates, is less than
250 um, and is substantially less than the linear dimension of the predetermined area of each
storage site; (e) after (d) and while the plates are in the closed configuration, either: (1) incubating
the sample for a relevant time length and then stopping the incubation; or(2) incubating the
sample for a time that is egual or longer than the minimum of a relevant time length and then
assessing, within a time period that is equal or less than the maximum of the relevant length of
time, the binding of each target analyie o a binding site; wherein the relevant time length is: i
equal to or longer than the time that it takes for a target analyte of (a) {o diffuse across the
thickness of the uniform thickness layer al the closed configuration; and il significantly
shorter than the time that it takes a target analyte of (a) to laterally diffuse across the smallest
linear dimension of the predetermined area of a storage site or binding site; thereby producing a
reaction in which, at the end of the incubation in (1) or during the assessing in (2),the majority of
the capture agent-target analyle-detection agent sandwich bound to each binding site is from a
corresponding relevant volume of the sample; wherein the incubation allows each target analyte
to bind {0 a binding site and a detection agent, wherein the corresponding relevant volume is a

portion of the sample that is above the corresponding storage site at the closed configuration,
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wherein the separation between the edges of the neighboring storage sites and the separation
between the edges of the neighboring binding sites are larger than the distance that a targst
analyte or detection agent can diffuse in the relevant time, and wherein there is no fluidic isolation
between the binding site sites and/or the storage sites.

Any embodiment of the multiplex assay device described above may be used in this

method.

13 Quantification by correcting effects generated by none-sample volume {C)
in a CROF process, often a sampie is mixed with a none-sample-volume(s) which is dus
to objects that are not the sample, that include, but not limited o, spacers, air bubbles, dusts, or
any combinations of thereof. The air bubbles or dust can be introduced using the sample
deposition or other process in the CROF process. These none-sample objects occupy volume
and inside the sample, which should be corrected in determing a relevant volume (a volume of
interest) of a sample. One aspect of the present invention is to correct the effects generated by
the none-sample volume inside a relevant volume of the sample between two plates, where the
thickness of the relevant volume is requiated by spacers.
C1. A methed for correcting the effects generated by a none-sample material in
determining a relevant volume of a sample between two plates, comprising:

{a) oblaining a sample, wherein a relevant volume of the sample is to be quantified,

{b) oblaining two piates that are movable relative 1o each oiher into different configurations,
wherein ong or both of the plates comprise spacers and the spacers have a predetermined
inter-spacer distance and height, and each of the spacers is fixed with its respective plate;

{¢) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or compietely separated apart and the spacing between the plates is
not regulated by the spacers;

{d) after {c}, bringing the plates intc a cdlosed configuration, wherein, in the closed
configuration: the plates are facing each other, the spacers and the relevant volume of the
sample are between the plates, the thickness of the relevant volume of the sampie is
requlated by the plates and the spacers and is thinner than the maximum thickness of the
sample when the plates are in the open configuration, and the relevant volume may
contain a volume of a none-sample material;

(e} measuring, while the plates are in the closed configuration, (i) the laieral area of the

relevant volume of the sample and (i) the volume of the none-sample material, and
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(i calculating the relevant volume of the sample by using the thickness of the relevant volume

requiated by the spacers and correcting the effects of a none-sample material;

wherein the relevant volume is at least a portion of an entire volume of the sampile, and the none-

sample materials are the malerials that are not from the sample.

- the measuring of the none-sample volume is by imaging of the sample between the two plates.

14 Precision quantification by double checking the spacing

in a CROF, for a given set of conditions, even the spacers and the plates can give a

predetermining sample thickness at a closed configuration, the actual set of conditions during a

particular CROF may be different from the expected, which lead o errors in the predetermined

final sample thickness. To reduce such errors, one aspect of the present invention is to double

check the final sampie thickness atf a closed configuration.

C2. A method for determining and checking a thickness of a relevant volume of a

sample between two plates, comprising:

(@)
(b)

©

(d)

(e}

(f)

obtaining a sample, wherein a relevant volume of the sample is to be quantified;
obtaining two plates that are movable relative to each other into different configurations,
wherein one or both of the plates comprise spacers and the spacers have a
predetermined inter-spacer distance and height, and each of the spacers is fixed with
its respeciive plate;

depositing, when the plaies are configured in an open configuration, the sampie on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are partially or completely separated apart and the spacing between the plates is
not regulated by the spacers;

after (c), bringing the plales into & closed configuration, wherein, in the closed
configuration: the plates are facing each other, the spacers and the relevant volume of
the sample are between the plates, the thickness of the relevant volume of the sample
is regulated by the plates and the spacers and is thinner than the maximum thickness
of the sample when the plates are in the open configuration, and the relevant volume
may coniain a volume of a none-sample material;

measuring, while the plates are in the closed configuration, (i) the lateral area of the
relevant volume of the sample and (i) the volume of the none-sample material; and
calculating the relevant volume of the sample by correcting the effects of a none-sample

material;
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wherein the relevant volume is at least a portion of an entire volume of the sample, and the none-

sample materials are the materials that are not from the sample.

15 Wash (WS}

Inthe present invention, one or any combinations of the embodiments of the plate pressing
and holding described herein are used in all the methods and devices described in the entire
description of the present invention.

A method for a wash step in assaying, comprising:
(a) Performing the steps in one or any combination of the methods described in above
and
(b) washing away the sample or the fransfer media between the plates.
in the method that uses CROF, the wash is performed by keep the plates in the closed-
configuration.
In the method that uses CROF, the wash is performed by separating the plates from the

closed- configuration.

16 Assays with Multiple Steps (MA)

In the present invention, the embodiments descripted by the disclosures {(i.e. all sections)
can be used in a combined (a) by combining one embodiment with other embodiment(s), by using
the same embodimeni{s) more than one times, and () any combination of (a) and (b).

MA1. A method for assaying an analyte in a sample, comprising:
{a) obtaining a sample with an analyle;
{(b) performing the method that uses CROF; and

{c) separating the plates and performing the method that uses CROF.

in the method of paragraph MA1, in some embodiments, it further comprises, afier the

step {¢) of MA1, a step of repeating the same steps of all the sieps in the method of MA1 at least
once.
MAZ. A method for assaying an analyte in a sample, comprising:

(&) obtaining a sample with an analyte;

{b) performing the method that uses CROF,;

{(c) separating the plates and performing the method (washing) that uses CROF; and

(d) performing the method that uses CROF.
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in the method of paragraph MAZ, in some embodiments, it further comprises, afier the
step (d) in MAZ, a step of repeating the same steps of all the steps in the method of MAZ at least
once.

In the method of paragraph MAZ, in some embodiments, it further comprises, after the
step () in MAZ, a step of repeating the same steps of all the steps in the method of MA1 atleast
once.

MA3. AKkit for assaying an analyle in a sample, comprising:
a first CROF device that uses CROF; and
a third plate that, when the plates of the first CROF device are separated, combines
with one of the plates of the first CROF device to form a second CROF device.
MA4. A kit for assaying an analyte in a sample, comprising:
a first CROF device that uses CROF;
at least one binding site or storage site that is on the sample contact area of the plate
of a CROF device; and
a third plate that, when the plates of the first CROF device are separated, combines
with one of the plates of the first CROF device to form a second CROF device;
wherein the binding site binds a target analyte {o the plate surface, and the storage site has a
reagent that, upon in touch with the sample, can be dissclved into the sample and diffuse in the
sample.

The imaging may comprise a use of a smarl phone. The methods of this section may
further comprise a step of lilumination by a light source. The light source may be a laser, LED, a
lamp, or a camera flash light.

A kit (MOXA) for Performing Assay for Detecting a Target Entity in A Sampile

A kit for assaying a target entity in a sample, may comprise:

a. a first plate, wherein one surface of the first plaie has one or a pluraiity of
binding site(s) that can immobilize a target entity and the binding site has binding partner that
binds the farget entity;

b. a cover plate;

C. a sample in the inner space between the cover plate and the first plate,
wherein the sample contains said target entity that is mobile in the sample, the shape of sample
is deformabile, the first plate and the second plate are movable relative 1o each other, the shape
of the sample is substantially conformal to the inner surfaces, at least a part of the sample is in
contact to the binding site, and the inner spacing is, during incubation, iess than certain distance.

the sample is in contact with said binding sites,;
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d. an imaging device that can image the first plate surface and/or the cover
plate surface; and

e. a measuring device that can measure the spacing of the inner space.

The methods of this section may include use of a smart phone. The methods of this section
may include use of an illuminating device. The iHluminating device may comprise a laser, LED, 3

lamp, or a camera flash light.

17 Plate Pressing and Holding {H)
Compressing forces. In a CROF process, forces are used to compress the two plates to bring
the plates from an open configuration to a closed configuration. The compressing forces reducs
the spacing between the inner surfaces of the plates and hence a thickness of the sample that is
between the plates. In the present invention, the compressing forces include, but not limited 1o,
mechanical force, capillary forces (due to surface tensions), electrostatic force, electromagnetic
force (including the light}, and any combination of thereof.

In some embodiments of bring the plates from an open configuration to a closed
configuration, an exiernal force is applied to push the first plate and the second plate to toward
each other.

in some embodiments of bring the plates from an open configuration to a closed
configuration, an external pressure is applied to ouiside the first plate and the second plate o
push the plates toward each other, and the pressure is higher than the pressure inside of the
plate. A device is used to make the pressure of cuiside the plates higher than that inside the
plate. The device include, in limited to, a sealing device.

in some embodimenis, the compress force is at least partially provided by the capillary
force, which is due to a liquid between the first plate and the second plate and the corresponding
surface tensions and interactions with the plates. in some embodimenis, the iiquid is the sample
itself, or the sample mixed with liguid. In certain embodiments, capillary force is used logether
with other forces. In many cases, a sample is often in liguid and the surface tensions are suited
for inserting a capillary force. In some embodiments, the sample deformation by the plaies can
automalically stop when the capillary force eguals o the force needed to deform the sample.

In certain embodiments, the compressing force (hence the sample deformation} is created
by isolating the pressure belween the first plate and the second plate {inside pressure) from that
outside of the plates (outside pressure), and then make the inside pressure lower than the oulside
pressure. The isolation can be done using a vacuum seal or other devices.

in some embodiments, it is a combination of the methods described above.
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Gradual Pressing. In certain embodiments, the compressing force to bring the plates to a closed
configuration is applied in a process, termed “gradual pressing”, which comprises: pressing (i.e.
applying the compressing the force) is applied at one location of the plate(s) first, then is applied
gradually to other locations of the sample.  In some embodiments of the gradual pressing, the
compressing force (except the capillary forces by the sample itsell) at one location is, after
deformed the sample 1o g desired thickness at that location, (i) maintained during the entire
process of the pressing and the sampile deformation, (ii) removed while other locations being
pressed, or (i) a use of (i) for certain part of the plates and a use of {ii) for other part of the sample.

in one embodiment of the gradual pressing, a roller is being used to press the first plate
and the second plate (the sample is between the plates, and the plates are slightly flexible) against
another roller or a flat surface.

in another embodiment, the human fingers are the ool of the pressing the plates (hence
the sample). The pressing is one part of human hand against another part of human body
{including ancther part of human hand) or a human hand against an ohiect (8.g. 3 table surface).
in one embodiment, the pressing starts at one location of the sample and gradual moved 1o other
locations of the sample.

in one embodiment of the gradual pressing, a pressed air jel is first directed {0 a location
{2.g. the center) of the plale pair (which is between the first plate and the second platg, one of the
plates is slightly flexible) and the pressure is gradually extended to other part of the plate pair.

in another embodiment, one or both of the first plate and the second plate is flexible and
is in contact with one location of the sample, then a capillary force in that jocation pulls the plate
pair together {toward o each other) to deform the sample.

Advantage of the gradual pressing include: it allows one to use less force 1o deform the
sample (because for the same force, the smaller press area, the larger the pressure); it helps
motion (deformation) of the sample, and/or it reduces air bubble in the sample. The larger
pressure is, the more sample deformation will be. A gradual pressing can improve the thickness
uniformity of the deformed sample.

Pressing devices. The devices for asserting the compressing force(s) for the sample
deformation in CROF have several implementations. Some embodiments are to use human hand
to press, for example, to press by human fingers. Certain embodiments are {o use a press device,
where the press device includes, bul not limited to, a human hand(s), a mechanical clip, a
mechanical press, mechanical clamp, a mechanical slider, a mechanical device, ab
eleciromagnetic device, roller that rolls on a surface, two rollers against each other, fluidic press,

a hydraulic device, or any combination of thereof. Certain embodiments are use pressured liquid
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{including pressed air) to press the first plate and/or the second plate directly or indirectly.
“Directly” means the pressured liquid is applied directly on the first plate and/or the second plats;
and the “indirectly” means it is applied through a third object. Certain embodiments in pressing
use a combination of the above embodiments of pressing devices and methods.

Furthermore, in some embodiments of the sample deformation, the pressing and the
sample deformation are monitered. The monitoring can be used o control the pressing and the
sample deformation. The monitoring of the deformation include, but not limited to, a mechanical
method, electrical, optical, chemical, magnetlic, and any combination of thereof. The mechanical
methods include, but not limited 10, mechanical gaugss, spacer (mechanical stoppers, more
discussed below), and sound waves.

in CROF, the spacing control device comprises mechanical press, mechanical translation
stages, human fingers, liquid that provide capillary forces that pulls the plates {oward each other,
Hguid (including ain) that applies a pressure on the plates, or a combination of thereof.

In certain embodiments, the mechanical stages (ranslational and/or rotational) are used
for the sample deformation and sample thickness control and work {ogether with the monitoring
systems.

in some embodiments, the compressing force is at least partly supplied by a press (which
is @& device that bring the plates to a closed configuration) configured to press the plates logsther
into the closed configuration.

in some embodiments, the plate pressing is to use a human hand. The human can be the
person being tested or a person who perform the tesi, or a person who collecting the sample.

In some embodiments, the plate pressing is {0 hold the two plates together is 1o use a
capiliary force. The capillary force is generated by making at least a portion of the inner surface
of one plate or both hydrophilic. With a proper capiilary force, the two plates is able to maintain
the same piate-spacing and the same thickness of the relevant volume of the sample as that when
the plates initially in the closed configuration, even a part or all of the forces (except the capiilary
force) that were used to compress the plate 1o the close configuration is removed.

In some embodiments, the device that applies a compressing force on the outer surface
of the plates to reducing the plate inner surface spacing comprise a contacting surface that is
comfortable to the outer surfaces of the plate, whersin the contacting surface of the device is the
surface of the device that contacts the outer surface of the plates, and the “conformable to the
outer surface of the plaie” means that the device surface can deform, during the compressing, it

shape to conform the shape of the plate outer surface. n one exemplary embodiment, the
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compressing device is human figures. [n ancther exemplary embodiment, the compressing
device has a contacting surface made of soft plastics or rubbers.

Self-holding {maintaining the final sample thickness after removing compressing forces).
in some embodiments of pressing in CROF, after the sample deformation at a closed
configuration, some of the compressing forces are removed and the sample maintains the same
final sampie thickness as the compression forces still exist. Such situation is termed “self-holding”.
One reason for self-hoiding is that after removing the compressing forces that were inserted from
outside of the plate pair, there are still other forces exist between the inner surfaces of the plates,
such as a capiilary force, which hold the plate pair together. The capillary force is the due to the
wetling properties of the sample on the plates.

To have self-holding, one needs to control the plate surface wetling properties, the iotal
contact area of the sample {0 the plates, the final sample thickness at a closed configuration, or
a combination of thereof.

In some embodiments to achieve self-holding, one or both inner surfaces of the plates is
hydrophilic. Namely, it is either one of plates have an inner surface that is hydrophilic or both of
the plates have an inner surface that is hydrophilic.

The capillary force depends on the radius curvature of the liguid surface, smaller the
curvature and higher the capillary force. A smaller curvature can be achieved by using smaller
spacing between the two plates (i.e. plate pair) and hence a smaller sample thickness. In some
embodiments, a final sample thickness for achieving seif-hoiding is 10 nm or less, 100 nm or less,
100 nm or less, 500 nm or less, 1 um (micrometer) or less, 2 um or less, 3 um or less, Sum or
less, 10 um orless, 20 um or less, 50 um or less, 70 um or less, 100 um or less, 150 um or less,
300 um or less, 500 um or less, 700 um or less, 1000 um or less, 1200 um or less, or a range
hetween any two of the values.

in some embodiments, the area of the sampie in contract with the plates for seif-hoiding
is at most 10 um?, at most 100 um?, at most 200 um?, at most 500 um?, at most 1000 um?, at most
2000 um?, at most 5000 um?®, at most 8,000 um?, at most 0.01 mm?, at most 8.05 mm?, at most
0.1 mm?, at most 0.5 mm?, at most 1 mm?, at most 5 mm?, at most 10 mm?, at most 50 mm?, at
maost 100 mm?, at most 500 mm?, at most 1,000 mm?, at most 2,000 mm?, at most 5,000 mm?, at
most 10,000 mm?, at most 100,000 mm?, or a range between any two of the values.

In some embodiments, one or both of the plate inner surface’s wetling properties is
modified for betier self-holding.

HS.1  In some embodiments, in a CROF process, a device is used to insert a compressing force

to bring the plates into a closed configuration, and after the closed configuration is reached, the
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compressing force by the device is removed and the sample thickness and the inner surface
spacing of the plales are remained approximately the same as that before removing the
compressing force by the device. in some embodiments, in the methods of previous paragraph,
it further comprises a step of reading a signal from the plates or between the plates, wharein the
signal includes, but not limited o, a signal related 1o analyles, entity, labels, sample volums,
concentration of a matter (i.e. chemicals), or any combination of thereof.

In the method of paragraph SH.1, the device is a human hand(s), a mechanical clip, a
mechanical press, mechanical clamp, a mechanical slider, a mechanical device, ab
electromagnetic device, roller that rolls on a surface, two rollers against each other, fluidic press,
a hydraulic device, or any combination of thereof.

In the method of paragraph SH.1, in some embodiments, “the sample thickness and the
inner surface spacing of the plates are remained approximately the same as that before removing
the compressing force by the device” means that the relative difference of the sample thickness
and the plate inner surface spacing before and after removing the compressing force is 0.001 %
oriess, 0.01 % oriess, 0.1 % oriess; 0.5 % orless, 1% orless, 2 % orless, 5% orless, 8 % or
fess, 10 % or less, 15 % or less, 20 % or less, 30 % or less, 40 % or less, 50 % or less, 60 % or
fess, 70 % or less, 80 % or less, 90 % or less, 99.9 % or less, or a range between any of the
values.

In the method of paragraph SH.1, in some embodiments, the sample thickness and the
inner surface spacing of the plates after removing the compressing force by the device care
predetermined, wherein predetermined means that the thickness and the spacing after removing
the compressing force is known before applying the compressing force for a given compressing
conditions.

H1. A method for reducing the thickness of a relevant volume of a sample and maintain
the reduced thickness, comprising:

{a) obtaining & sample, wherein a thickness of a relevant volume of the sample is to be
reduced;

{b) oblaining two plates that are movable relative 10 each other into different configurations,
wherein ong or both of the plates comprise spacers and the spacers have a predetermined
inter-spacer distance and height, and each of the spacers is fixed with its respective plale;

{¢) depositing, when the plates are configured in an open configuration, the sample on one
or both of the plates; wherein the open configuration is a configuration in which the two
plates are either partially or completely separated apart and the spacing between the

plates is not regulated by the spacers;
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(d) after (¢}, spreading the sample by using a pressing device that brings the plates into a
closed configuration, wherein, in the closed configuration: the plates are facing each other,
the spacers and the relevant volume of the sample are between the plates, the thickness
of the relevant volume of the sample is regulated by the plates and the spacers and is
thinner than the maximum thickness of the sample when the plates are in the open
configuration, and at least one of the spacers is inside the sample; and

{(e) after (d), releasing the device, wherein after releasing the pressing device, the spacing
between the plates remains the same as or approximately same as that when the device
is applied.
wherein the relevant volume is at least g portion of an entire volume of the sample.
in the method of paragraph H1, the approximately same as the spacing between the plates

is atmost 1%, at most 2 %, at most 5 %, at most 10 %, at most 20 %, at most 50 %, at most 60
%, at most 70 %, at most 80 %, at most 80 %, or a range between any two of the values.

For example, in CROF, a2 human hand or hands are used to compressed two plate to a
closed position, then the hand(s) and hence the compressing force by hand(s) are removed, but
the final sample thickness is still the same as that when the compressing force by hands exist.

18 Other Combinations

in the present invention, each of the embodiments in the disclosures (i.e. all sections) can
be used (a) alone, (b) combined with other embodiment{s), (¢} multiple times, and {d) any
combination of (a) to {C).

The methods and devices in the presenti invention disclosed can be used alone or any
combination of thereof. The term a "OMAX” method or device refers to a method or device of the
embodiments described here.

in some embodiments, the methods and devices in the present invention disclosed can
be usedintheformof G, X, A, M, QOX, QA, OM, XA XM, AM, QXA GAM, XAM, and QOXAM.

Some embodiments of application of the Q, X, A, and M to surface immobilization assay,
comprising

a. having afirst plate, wherein the first plate surface has at least one well of a known depth

and volume, and bottom surface of the well has one or a plurality of binding site(s) that can
immobilize a target entity in a sample;

b.  depositing, into the well, the sample of a volume approximately the same as the well

volume, wherein the sample contains the targeted entity, the targeted entily is mobile in the
sample, the shape of sample is deformable, and the sample covers onily a part of the well (hence

have a simple thickness higher than the well depth);
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C. having a cover plate;

d. facing the first plate and the cover plate {o each other, wherein the sample is between
the inner surfaces of the first plate and the second plate;

e. reducing the sample thickness by reducing the spacing between the inner surfaces of
the first plate and the second plate; and

f. Incubating the sample atl the reduced sampie thickneass for a period of time;

One variation of these methods is to apply one or more of the above sieps to 96 well plates
or other well plates.

The methods and devices in the present invention disclosed in Section 1, 2, 3, and 5, can
be used aione or any combination of thereof. Specifically, we use (Q for the inventions disclosed
in Section 1 and 2, A for the inventions disclosed in Section 3 and 5, X for the inventions disclosed
in Section 4 and 5, and M for the inventions disclosed in Section 6. Hence the methods and
devices in the present invention disciosed in Section 1, 2, 3, and 5, can be used in the form of Q,
X, AM, QX QA, GM, XA, XM, AM, QXA, OAM, XAM, and OQXAM.

Some embodiments of application of the O, X, A, and M {o surface immobilization assay,
comprising

a.  having a first plate, wherein the first plate surface has at least one well of a known depth
and volume, and bottom surface of the well has one or a plurality of binding site(s} that can
immobilize a target entily in a sample;

b.  deposiling, inio the weli, the sample of a volume approximately the same as the well
volume, wherein the sample contains the targeted entity, the targeted entity is mobile in the
sample, the shape of sample is deformable, and the sample covers only a part of the well (hence
have a simple thickness higher than the well depth);

¢c.  having a cover plate;

d. facing the first plate and the cover plate {o each other, wherein the sample is between
the inner surfaces of the first plate and the second plate;

e reducing the sample thickness by reducing the spacing between the inner surfaces of
the first plate and the second plate; and

f. incubating the sampie at the reduced sample thickness for a period of time.

One variation of these methods is to apply one or more of the above steps to 96 well plates
or other well plates.

Several embodiments of the methods, devices, and systems combine one or more of the
features of sample volume guantification (G}, reagents addition (A), and/or assay acceleration

(X} {and may be referred to as the corresponding acronyms QA, QX, AX, and QAX). Some
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experimental demonstrations of i, A, X, QA, QX AX, and QAX methods and devices are
described below.
18 Reagenis

The term “reagents” refers to, unless stated otherwise, one or more of biclogical agents,
biochemical agents, and/or chemical agents. For example, reagents may include caplure agents,
detection agents, chemical compcounds, optical labels, radicactive labels, enzymes, antibodies,
proteins, nucleic acids, DNA, RNA, lipids, carbohydrates, salts, metals, surfacianis, solvents, or
any combination of thereof.

in some embodiments, the reagents on a plate in the form of liquid, solid, molecular vapor,
or a combination of thereof. The deposition of reagent, include, but are not limited 10, depositing,
placing, printing, stamping, liguid dispensing, evaporation (thermal evaporation, vapor
evaporation, human breathing), chemical vapor deposition, and/or sputiering. Different reagents
can be indifferent locations. Reagents may be printed and/or deposited as small dots of reagents.

In some embodiments, the reagents are deposited on a plate in a liquid or vapor form first,

then are dried to become dry reagents on the plate before a CROF process.
Controlling Reagents Releasing Time. A-methods may further comprise a step of controlling
the reagent release time (i.e. the time measures how fast a reagent can be dissolved in a sample.
Some embodiments in controlling the reagent release time of a reagent comprises a step of mixing
or coating on top of the reagent a or several “releasing control material(s)” that affect the release
(into the sample) of the reagent. In some embodiments, the releasing control material can be
another reagent. For example, there are two reagents A and B, the reagent A is coated on top of
the reagent B, under certain conditions, the reagent A will be dissolved into the sample before the
reagent B.

Furthermore, the surface properties of the first plate and the second plate may be used to
control the reagent release. One example is {o control the surface wetting properties. For many
reagents, a hydrophobic surface binds the reagent well, hence leading to slow release or no
release of the reagent info the sample {(depending upon how thick is the reagent layer), while a
hydrophilic surface binds the reagent poorly hence leading a fast release into the sample.
Drving of Reagents. In some embodiments, after the reagent deposition step (¢) but before the
sample deposition step (d), A-methods further comprise a step of drving some or all of the
reagents deposited in the step (o).

Location of Reagents. Reagents may be applied and/or arranged on one or both of the plates.

Reagents may be in storage sites (locations) on the plate(s), with each storage site including
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one or more reagents. Different storage sites may include different reagents, the same
reagents, or one or more common reagents.

Control Concentration of Added Reagents. In some embodiments, the methods may
further comprise a step of confrolling the concentration of the added reagents by controlling the
samples thickness over the storage sites {(i.e., the surface with reagents).

The reagent used in the present invention may be any suilable reagent required for an
assay, e.g., a labeled or unlabeled antibody, a labeled or unlabeled nudieic acid, an enzyme that
may or may not contain an affinity moiety, elc. in some embodiments and as noted above, the
stored reagent may be a component of an assay designed to test a blood or other liquid sample
for the presence of an analvte. For example, choride ions can be measured by any of the following
protocols, and components of these assays may be present in a storage site: Colorimetric
methods; chioride ions displace thiocyanate from mercuric thiocyanaie, Free thiocyanate reacls
with ferric ions to form a colored complex — farric thiocyanate, which is measured photometrically.
Coulometric methods: passage of a constant direct current between silver electrodes produces
silver ions, which react with chioride, forming silver chioride. After all the chioride combines with
silver ions, free silver ions accumulate, causing an increase in current across the elecirodes and
indicating the end point to the reaction. Mercurimetric methods: chioride is titrated with a standard
solution of mercuric ions and forms HgCI2 soluble complex. The end point for the reaction is
detected colorimetrically when excess mercury ions combine with an  indicator dys,
diphenylcarbazon, to form a blue color. Likewise, magnesium can be measured colorimetrically
using caimagite, which turns a red-viclet color upon reaction with magnesium; by a formazan dye
test; emits at 600nm upon reaction with magnesium or using methvithymo! blue, which binds with
magnesium to form a blue colored complex. Likewise, calcium can be detected by a colorimetric
technique using O-Cresolphtalein, which turns a violet color upon reaction of O-Cresolphtalein
complexoneg with calcium. Likewise, Bicarbonate cab ne tested bichromaiically because
bicarbonate (HCO3") and phosphoenolpyruvate (PEP) are converied to oxaloacetate and
phosphate in the reaction catalyzed by phosphoenclpyruvate carboxylase (PEPC). Malate
dehvdrogenase (MD) catalyzes the reduction of oxaloacetate to malate with the concomitant
oxidation of reduced nicotinamide adenine dinucleotide (NADH). This oxidation of NADH resulis
in a decrease in absorbance of the reaction midure measured bichromatically at 380/410 nm
proportional to the Bicarbonate content of the sample. Blood urea nitrogen can be detecled in g
colorimetric test in which diacetyl, or fearon develops a yellow chromogen with urea and can be
guantified by photometry, or multiusing the enzyime urease, which converts urea to ammonia and

carbonic acid, which can be assayed by, e.q., 1) decrease in absorbance at 340 nm when the
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ammonia reacts with alpha-ketoghutaric acid, il) measuring the rale of increase in conductivity of
the solution in which urea is hydrolvzed. Likewise, creatinine can be measured colorimetrically,
by ireated the sample with alkaline picraie solution to yield a red complex. In addition, creatine
can be measured using a non-Jaffe reaction that measures ammonia generated when creatinine
is hydrolyzed by creatinine iminchydrolase. Glucose can be measured in an assay in which blood
is exposed to a fixed guantity of glucose oxidase for a finile period of time to estimate
concentration. After the specified time, excess blood is removed and the color is allowed to
deveiop, which is used o estimale glucose concentration. For example, glucose oxidase reaction
with glucose forms nascent oxygen, which converis potassium iodide (in the filter paper) (o ioding,
forming a brown color. The concentration of glycosylated hemoglobin as an indirect read of the
level of glucose in the blood. When hemolysates of red cells are chromatographed, three or more
small peaks named hemoglobin Ala, Alb, and A1lc are eluted before the main hemoglobin A
peak. These "fast” hemoglobins are formed by the irreversible attachment of glucose {o the
hemoglobin in a two-step reaction. Hexckinase can be measured in an assay in which glucose is
phosphorylated by hexokinase {(HK) in the presence of adenosine triphosphate (ATP) and
magnesium ions to produce glucose-G-phosphate and adenosine diphosphate (ADP). Glucose-
B-phosphate dehydrogenase (G6P-DH) specifically oxidises glucose-8-phosphate to gluconate-
8-phosphate with the concurrent reduction of NAD+ o NADH. The increase in absorbance at
340nm is proportional to the glucose concentration in the sample. HDL, LDL, triglycerides can be
measured using the Abell-Kendall protocol that invoives color development with Liebermann—
Burchard reagent (mixed reagent of acetic anhvdride, glacial acetic acid, and concenirated
sulfuric acid) at 620 nm after hydrolysis and extraction of cholesterol. A fluoromelric analysis may
he used utilized to determine triglyceride reference values. Plasma high-density lipoprotein
cholesterol (HDL-C) determination is measured by the same procedures used for plasma total
cholesterol, after precipitation of apoprotein B-containing lipoproteins in whole plasma (LDL and
VLDL) by heparin-manganese chioride. These compounds can also be detected colorimetrically
in an assay that is based on the enzyme driven reaction that quantifies both cholestero! esters
and free cholesterol. Cholesterol esters are hydrolyzed via cholesterol esterase into cholesterol,
which is then oxidized by cholesterol oxidase info the ketone cholesi-4-en-3-one pius hydrogen
peroxide. The hydrogen peroxide is then detected with a highly specific colorimetric probe.
Horseradish peroxidase catalyzes the reaction between the probe and hydrogen peroxide, which

hind in a 1:1 ratio. Samples may be compared {0 a known concentration of cholesterol standard.

Data Processing.
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in certain embodiments, the subject device is configured to process data derived from
reading the CROF device. The device may be configured in any suitable way to process the data
for use in the subject methods. In certain embodiments, the device has a memory location {0 store
the data and/or store instructions for processing the data and/or store a database. The data may
be stored in memory in any suitable format.

In cerfain emboediments, the device has a processor to process the data. In cerlain
embodiments, the instructions for processing the data may be stored in the processor, or may be
stored in a separate memuory iocation. In some embodiments, the device may contain a sofiware
to implement the processing.

in certain embodiments, a device configured to process data acquired from the CROF
device device contains software implemented methods to perform the processing. Software
implemented methods may include one or more of image acquisition algorithms; image
processing algorithms; user interface methods that facilitate interaction between user and
computational device and serves as means for data coliection, transmission and analysis,
communication protocols; and data processing algorithms. In certain embodiments, image
processing algorithms include one or more of a particle count, a LUT (look up table) filter, a
particle filter, a patiern recognition, a morphological determination, a histogram, a line profile, a
topographical representation, a binary conversion, or a color maiching profile.

in certain embodiments, the device is configured to display information on a video display
or touchscreen display when a display page is interpreted by software residing in memory of the
device. The dispiay pages described herein may be created using any suitable software ianguage
such as, for example, the hypertext markup language ("HTML"), the dynamic hypertext markup
language ("DHTML”), the extensible hyperiext markup language {("XHTML”), the extensible
markup language (XML}, or ancther software language that may be used to create a computer
file displayable on a video or other display in a manner perceivable by a user. Any computer
readable media with logic, code, data, instructions, may be used o implement any software or
steps or methodology. Where a network comprises the Internet, a display page may comprise a
webpage of a suitable type.

A display page according to the invention may include embedded functions comprising
software programs stored on a memory device, such as, for example, VBSceript routines, JScript
routines, JavaScript routines, Java applets, ActiveX components, ASP.NET, AJAX, Flash appilets,
Siiverlight applets, or AIR routines.

A display page may comprise well known feaiures of graphical user interface technology,

such as, for example, frames, windows, scroli bars, buttons, icons, and hyperlinks, and well known
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features such as a "point and click” interface or a touchscreen interface. Pointing to and clicking
on a graphical user interface button, icon, menu option, or hyperlink also is known as “selecting”
the button, option, or hyperlink. A display page according to the invention also may incorporate
mullimedia features, multi-touch, pixel sense, IR LED based surfaces, vision-based interactions
with or without cameras.

A user interface may be displayed on a video display and/or display page. The user
interface may display a report generated based on analyzed data relating to the sample, as
described further below.

The processor may be configured to process the data in any suitable way for use in the
subject methods. The data is processed, for example, into binned dala, transformed data {(e.g.,
time domain data transformed by Fourier Transform {o frequency domain), or may be combined
with other data. The processing may put the data into a desired form, and may involve modifying
the format of data. Processing may include detection of a signal from a sample, correcting raw
data based on mathematical manipulation or correction and/or calibrations specific for the device
or reagents used 1o examine the sample, calculation of g value, e.g., a concentration value,
comparison (e.q., with a baseline, threshold, standard curve, historical data, or data from other
sensors), a determination of whether or not a test is accurate, highlighting values or results that
are cutliers or may be a cause for concern {8.g., above or below a normal or acceptable range,
or indicative of an abnormal condition), or combinations of results which, together, may indicate
the presence of an abnormal condition, curve-fiting, use of data as the basis of mathematical or
other analvtical reasoning (including deductive, inductive, Bayesian, or other reasoning), and
other suitable forms of processing. In certain embodiments, processing may involve comparing
the processed data with a database stored in the device 1o retrieve instructions for a course of
action to be performed by the subject.

in certain embodiments, the device may be configured to process the input data by
comparing the input data with a database stored in a memory to retrieve instructions for a course
of action to be performed by the subject. In some embodiments, the database may contain stored
information that includes a threshold value for the analyte of interest. The threshold value may be
useful for determining the presence or concentration of the one or more analytes. The threshoid
value may be useful for detecling situations whare an alert may be useful. The dala storage unit
may include records or other information that may be useful for generaling a report relating o the
sample.

in certain embodiments, the device may be configured to receive data that is derived from

the CROF device. Thus in certain cases, the device may be configured {o receive data that is not
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related to the sample provided by the subject but may still be relevant to the diagnosis. Such data
include, but are not limited to the age, sex, height, weight, individual and/or family medical history,
eic. in certain embodiments, the device is configured o process data derived from or
independently from a sample applied {o the CROF device.

20 Packages

Anocther aspect of the present invention is relaled to packaging, which would prolong the
lifetime of the reagent used and facilitate the easy of the use.

In some embodimenis, the plates in CROF with or without reagenis are put inside a
package, sither one plate per package or more than one plates per package. In one
embodiment, the first plate and second plate are packaged in a different package before a use.
in some embodiments, different assays share a commeon first plaie or a common second plate.

In some embodiments, each of the packages is sealed. In some embodiments, the seal
is for preventing the air, chemicals, moisture, contamination, or any combination of them from
outside of the package from entering inside the package. In some embodiments, the package is
vacuum sealed or fill with nitrogen gas, or inner gases. In some embodiments, a material that
can prolong a shelf-life-time of the plaie and/or the reagents {including the capture agents,
detection agents, etc.) is packaged inside the package with a plate.

In some embodiments, the package materials are a thin laver form, so that the package

can be easily torn apart by a human hand.

21. Homogenous Assay Using a Signal Amplification Surface

In many applications of an assay, particularly in PoC or other fast assays, it is desirable
to avoid washing steps. One aspect of the present invention is related to the devices, systems,
and methods that can avoid washing of the assay.

By incorporating and/or using a signal amplification surface, the disclosed devices,
systermns, and methods may facilitate performing assays without washing. The surface
ampilification surface may only amplify the light emitted in a small distance from the surface (e.q.

20 nm, or 50 nm, or 100 nm). One example of the surface amplification layer is D2PA.

it is believed that the following claims particularly point out cerain combinations and
subcombinations that are directed to one of the disclosed inventions and are novel and non-
obvicus. Inventions embodied in other combinations and subcombinagtions of features,

functions, elements and/or properties may be claimed through amendment of the present claims
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or presentation of new claims in this or a related application. Such amended or new claims,
whether they are directed to a different invention or directed to the same invention, whether
different, broader, narrower, or equal in scope (o the original claims, are aiso regarded as

included within the subject matter of the inventions of the present disclosure.
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2.

CLAIMS

A device for collecting and analyzing vapor condensate (VC) sample, comprising:
a collection plate and a cover plate, wherein:

I. the plates are movable relative to each other into different
configurations;

ii. one or both plates are flexible;

iii. each of the plates has, on its respective surface, a sample contact
area for contacting a vapor condensate (VC) sample that contains an analyte;

iv. one or both of the plates comprise spacers that are fixed with a
respective plate, wherein the spacers have a predetermined substantially uniform
height and a predetermined constant inter-spacer distance and wherein at least
one of the spacers is inside the sample contact area;

wherein one of the configurations is an open configuration, in which: the two

plates are either completely or partially separated apart, the spacing between the
plates is not regulated by the spacers, and the VC sample is deposited on one or both

of the plates; and

wherein another of the configurations is a closed configuration which is

configured after the VC sample deposition in the open configuration; and in the closed
configuration: at least a part of the VC sample is between the two plates and in contact
with the two plates, and has a highly uniform thickness that is regulated by the spacers
and the two sample surfaces of the plates and is equal to or less than 30 um with a

small variation.

The device of claim 1, wherein the device further comprises a dry reagent coated

on one or both of the plates.

3. The device of claim 2, wherein the dry binding site comprises a capture agent.

4. The device of claim 2, wherein the dry binding site comprises an antibody or a nucleic

acid.
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5. The device of claim 2, wherein the releasable dry reagent is a cell stain.

6. The device of claim 1, wherein the device further comprises, on one or both plates,
a releasable dry reagent and a release time control material that delays the time that the
releasable dry regent is released into the sample.

7. The device of claim 6, wherein the releasable dry reagent is a labeled reagent.

8. The device of claim 6, wherein the releasable dry reagent is a fluorescently labeled
reagent.

9. The device of claim 6, wherein the releasable dry reagent is a fluorescently labeled
antibody.

10.  The device of claim 1, wherein the device further comprises, on one or both plates,
a dry binding site that has a predetermined area, wherein the dry binding site binds to and
immobilizes the analyte in the sample.

11.  The device of claim 6, wherein the release time control material delays the time
that the releasable dry reagent starts to be released into the sample by at least 3
seconds.

12.  The device of claim 1, wherein the device further comprises, on one or both plates,

one or a plurality of dry binding sites and/or one or a plurality of reagent sites.
13.  The device of claim 1, wherein the sample is exhale breath condensate.

14.  The device of claim 1, wherein the sample is a vapor from a biological sample, an
environmental sample, a chemical sample, or a clinical sample.

15.  The device of claim 1, wherein the analyte comprises a molecule (e.g., a protein,
peptides, DNA, RNA, nucleic acid, or other molecules), cells, tissues, viruses, or
nanoparticles with different shapes.

16.  The device of claim 1, wherein the analyte comprises volatile organic compounds
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(VOCs).

17.  The device of claim 1, wherein the analyte comprises nitrogen, oxygen, CO,, H-0,

or inert gases.
18.  The device of claim 1, wherein the analyte is stained.

19.  The device of claim 1, wherein on one of the surfaces that contacts the sample, it
further comprises an enclosure-spacer that encloses a partial or entire VC sample

deposited on the collection plate.

20. The device of claim 1, wherein the highly uniform thickness has a value equal to or

less than 0.5 um.

21.  The device of claim 1, wherein the highly uniform thickness has a value in the
range of 0.5 umto 1 um.

22.  The device of claim 1, wherein the highly uniform thickness has a value in the

range of 1 um to 2 um.

23.  The device of claim 1, wherein the highly uniform thickness has a value in the

range of 2 um to 10 um.

24.  The device of claim 1, wherein the highly uniform thickness has a value in the
range of 10 um to 20 um.

25.  The device of claim 1, wherein the highly uniform thickness has a value in the

range of 20 um to 30 um.

26. The device of claim 1, wherein the thickness of the at least a part of VC sample at
the closed configuration is larger than the thickness of VC sample deposited on the

collection plate at the open configuration.

27.  The device of claim 1, wherein the thickness of the at least a part of the VC sample

at the closed configuration is less than the thickness of the VC sample deposited on the
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collection plate at the open configuration.

28. The device of claim 1, wherein the spacers are fixed on the plate by directly

embossing the plate or injection molding of the plate.

29. The device of claim 1, wherein a material of the plate and the spacers is selected
from the group consisting of polystyrene, PMMA, PC, COC, COP, and another plastic.

30. The device of claim 1, wherein the inter-spacer distance is in the range of 1 um to
200 um.

31.  The device of claim 1, wherein the inter-spacer distance is in the range of 200 um
to 1000 um.

32. The device of claim 1, wherein the VC sample is an exhaled breath condensate

from a human or an animal.

33.  The device of claim 1, wherein the spacers regulating the layer of uniform thickness
have a filling factor of at least 1 %, wherein the filling factor is a ratio of a spacer area in
contact with the layer of highly uniform thickness to a total plate area in contact with the

layer of highly uniform thickness.

34. The device of claim 1, wherein for spacers regulating the layer of highly uniform

thickness, Young’s modulus of the spacers times a filling factor of the spacers is equal to
or larger than 10 MPa, wherein the filling factor is the ratio of a spacer area in contact with
the layer of highly uniform thickness to a total plate area in contact with the layer of highly

uniform thickness.

35.  The device of claim 1, wherein for a flexible plate, a thickness of the flexible plate
times a Young’s modulus of the flexible plate is in the range of 60 to 750 GPa-um.

36. The device of claim 1, wherein for a flexible plate, a fourth power of the interspacer-
distance (ISD) divided by a thickness of the flexible plate (h) and a Young’s modulus (E)
of the flexible plate, ISD*/(hE), is equal to or less than 10° um®/GPa.
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37.  The device of claim 1, wherein one or both plates comprises a location marker,
either on a surface of or inside the plate, that provides information of a location of the

plate.

38. The device of claim 1, wherein one or both plates comprises a scale marker, either
on a surface of or inside the plate, that provides information of a lateral dimension of a
structure of the sample and/or the plate.

39. The device of claim 1, wherein one or both plates comprises an imaging marker,
either on surface of or inside the plate, that assists imaging of the sample.

40. The device of claim 1, wherein the spacers function as a location marker, a scale

marker, an imaging marker, or any combination thereof.

41.  The device of claim 1, wherein the average thickness of the layer of uniform

thickness is about equal to a minimum dimension of the analyte in the sample.

42.  The device of claim 1, wherein the inter-spacer distance is in the range of 1 um to
50 pm.

43.  The device of claim 1, wherein the inter-spacer distance is in the range of 50 um to
120 pm.

44.  The device of claim 1, wherein the inter-spacer distance is in the range of 120 um
to 200 pm.

45.  The device of claim 1, wherein the inter-spacer distance is substantially periodic.

46. The device of claim 1, wherein the spacers are pillars with a cross-sectional shape
selected from the group consisting of round, polygonal, circular, square, rectangular, oval,
elliptical, and any combination of the same.

47.  The device of claim 1, wherein the spacers have a pillar shape and have a
substantially flat top surface, wherein, for each spacer, a ratio of the lateral dimension of

the spacer to its height is at least 1.
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48.  The device of claim 1, wherein for each spacer, a ratio of the lateral dimension of

the spacer to its height is at least 1.

49.  The device of claim 1, wherein a minimum lateral dimension of the spacer is less

than or substantially equal to the minimum dimension of the analyte in the sample.

50. The device of claim 1, wherein a minimum lateral dimension of the spacer is in the
range of 0.5 um to 100 pm.

51.  The device of claim 1, wherein a minimum lateral dimension of the spacer is in the

range of 0.5 um to 10 um.

52.  The device of claim 1, wherein the spacers have a density of at least 100/mm?.
53.  The device of claim 1, wherein the spacers have a density of at least 1000/mm?.
54.  The device of claim 1, wherein at least one of the plates is transparent.

55.  The device of claim 1, wherein at least one of the plates is made from a flexible

polymer.

56. The device of claim 1, wherein, for a pressure that compresses the plates, the
spacers are not compressible and/or, independently, only one of the plates is flexible.

57.  The device of claim 1, wherein the flexible plate has a thickness in the range of 10
Hm to 200 pm.

58. The device of claim 1, wherein the small variation is less than 30 %.
59. The device of claim 1, wherein the small variation is less than 10 %.
60. The device of claim 1, wherein the small variation is less than 5 %.

61.  The device of claim 1, wherein the collection and cover plates are connected and
are configured to be changed from the open configuration to the closed configuration by

folding the plates.
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62. The device of claim 1, wherein the collection and cover plates are connected by a
hinge and are configured to be changed from the open configuration to the closed

configuration by folding the plates along the hinge.

63. The device of claim 1, wherein the collection and cover plates are connected by a
hinge that is a separate material to the plates, and are configured to be changed from the
open configuration to the closed configuration by folding the plates along the hinge.

64. The device of claim 1, wherein the collection and cover plates are made in a single
piece of material and are configured to be changed from the open configuration to the
closed configuration by folding the plates.

65.  The device of claim 1, wherein the layer of highly uniform thickness of the sample

is uniform over a lateral area that is at least 100 um?.

66. The device of claim 1, wherein the layer of highly uniform thickness of the sample

is uniform over a lateral area that is at least 1 mm>.

67. The device of claim 1, wherein the device is configured to analyze the sample in 60

seconds or less.

68. The device of claim 1, wherein at the closed configuration, the final sample
thickness device is configured to analyze the sample in 60 seconds or less.

69. The device of claim 1, wherein the device further comprises, on one or both of the
plates, one or a plurality of amplification sites that are each capable of amplifying a signal
from the analyte or a label of the analyte when the analyte or label is within 500 nm from

the amplification site.

70.  The device of claim 1, wherein at the closed configuration, the final sample

thickness device is configured to analyze the sample in 10 seconds or less.

71.  The device of claim 1, wherein the collection or cover plate further comprises, on its
surface, a first predetermined assay site and a second predetermined assay site, wherein
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the distance between an edge of the first predetermined assay site and an edge of the
second predetermined assay site is substantially larger than the thickness of the layer of
highly uniform thickness when the plates are in the closed position, wherein at least a
part of the layer of highly uniform thickness is over the predetermined assay sites, and
wherein the sample has one or a plurality of analytes that are capable of diffusing in the
sample.

72.  The device of claim 1, wherein the collection or cover plate has, on its surface, at
least three analyte assay sites, and the distance between the edges of any two
neighboring assay sites is substantially larger than the thickness of the layer of highly
uniform thickness when the plates are in the closed position, wherein at least a part of the
layer of highly uniform thickness is over the assay sites, and wherein the sample has one
or a plurality of analytes that are capable of diffusing in the sample.

73.  The device of claim 1, wherein the collection or cover plate has, on its surface, at
least two neighboring analyte assay sites that are not separated by a distance that is
substantially larger than the thickness of the layer of highly uniform thickness when the
plates are in the closed position, wherein at least a part of the layer of highly uniform
thickness is over the assay sites, and wherein the sample has one or a plurality of

analytes that are capable of diffusing in the sample.

74.  The device of claim 1, wherein the device further comprises a detector that is an
optical detector for detecting an optical signal.

75.  The device of claim 1, wherein the device further comprises a detector that is an
electrical detector for detecting an electrical signal.

76. The device of claim 1, wherein the thickness of the at least a part of the VC sample at
the closed configuration is less than the thickness of the VC sample deposited on the

collection plate at the open configuration.

77. A system for rapidly analyzing a vapor condensation sample using a mobile

communication device comprising:
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(a) a device of claim 1; and
(b) a mobile communication device comprising:

I one or a plurality of cameras for detecting a signal and/or imaging the
vapor condensate sample; and

ii. electronics, signal processors, hardware and software for receiving
and/or processing the detected signal and/or the image of the vapor condensate

sample and for remote communication.

78.  The system of claim 77, further comprising:
(d) a housing configured to hold the sample and to be mounted to the mobile

communication device.

79.  The system of claim 78, wherein the housing comprises optics for facilitating the
imaging and/or signal processing of the sample by the mobile communication device, and

a mount configured to hold the optics on the mobile communication device.

80. The system of claim 78, wherein an element of the optics in the housing is movable
relative to the housing.

81.  The system of claim 77, wherein the system further comprises a light source from

either the mobile communication device or an external source.

82. The system of claim 77, wherein one of the plates has a binding site that binds the
analyte, wherein at least part of the uniform sample thickness layer is over the binding

site, and is substantially less than the average lateral linear dimension of the binding site.

83. The system of claim 77, wherein the mobile communication device is configured to
communicate test results to a medical professional, a medical facility or an insurance

company.

84. The system of claim 77, wherein the mobile communication device is further
configured to communicate information on a test and a subject with a medical

professional, a medical facility or an insurance company.
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85. The system of claim 77, wherein the mobile communication device is further
configured to communicate information of a test to a cloud network, and the cloud network

is configured to process the information to refine a test result.

86. The system of claim 77, wherein the mobile communication device is further
configured to communicate information of a test and a subject to a cloud network, the
cloud network is configured to process the information to refine a test result, and the

refined test results is sent back the subject.

87.  The system of claim 77, wherein the mobile communication device is configured to

receive a prescription, diagnosis or a recommendation from a medical professional.

88. The system of claim 77, wherein the mobile communication device is configured
with hardware and software to:

(a) capture an image of the sample;

(b) analyze a test location and a control location in the image; and

(c) compare a value obtained from analysis of the test location to a threshold value
that characterizes the rapid diagnostic test.

89. The system of claim 77, wherein at least one of the plates comprises a storage site
in which assay reagents are stored.

90. The system of claim 77, wherein at least one of the cameras reads a signal from
the device.

91.  The system of claim 77, wherein the mobile communication device communicates

with a remote location via a wifi or cellular network.

92. The system of claim 77, wherein the mobile communication device is a mobile
phone.

93. A method for rapidly analyzing an analyte in a sample using a mobile phone,
comprising:
(a) depositing a sample on the device of claim 1;
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(b) assaying an analyte in the sample deposited on the device to generate a result;
and
(c) communicating the result from the mobile communication device to a remote

location from the mobile communication device.

94.  The method of claim 93, wherein the analyte comprises a molecule (e.g., a protein,
peptides, DNA, RNA, nucleic acid, or other molecule), cells, tissues, viruses, or

nanoparticles with different shapes.

95.  The method of claim 93, wherein the analyte comprises white blood cell, red blood
cell and platelets.

96. The method of claim 93, wherein the method comprises:
analyzing the result at the remote location to provide an analyzed result; and
communicating the analyzed result from the remote location to the mobile

communication device.

97. The method of claim 93, wherein the analyzing is done by a medical professional

at a remote location.

98. The method of claim 93, wherein the mobile communication device receives a
prescription, diagnosis or a recommendation from a medical professional at the remote

location.

99. The method of claim 93, wherein the thickness of the at least a part of VC sample
at the closed configuration is larger than the thickness of VC sample deposited on the
collection plate at the open configuration.

100. The method of claim 93, wherein the assaying step comprises detecting the analyte
in the sample.

101. The method of claim 93, wherein the analyte is a biomarker.

102. The method of claim 93, wherein the analyte is a protein, nucleic acid, cell, or
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metabolite.

103. The method of claim 93, wherein the assay done in step (b) is a binding assay or a

biochemical assay.

104. A method for analyzing an analyte in a vapor condensate sample comprising:
obtaining a device of claim 1;
depositing the vapor condensate sample onto one or both plates of the device;
placing the plates in the closed configuration and applying an external force over at
least part of the plates; and
analyzing the analyte in the layer of uniform thickness while the plates are in the
closed configuration.

105. A method for analyzing an analyte in a vapor condensate sample, wherein the
method comprises:

(a) obtaining the device of claim 1 wherein the spacers have:

I a pillar shape with substantially uniform cross-section and a flat top
surface;
ii. a ratio of the width to the height equal to or larger than one;
iii. a predetermined constant inter-spacer distance that is in the range of
10 um to 200 um; and
iv. a filling factor equal to 1% or larger; and
(b) depositing a sample on one or both of the plates when the plates are configured
in the open configuration;
(c), after (b), using the two plates to compress at least part of the sample into the
layer of substantially uniform thickness that has an average value equal to or less than 30
um with a variation of less than 10%, wherein the compressing comprises:
bringing the two plates together; and
conformable pressing, either in parallel or sequentially, an area of at least
one of the plates to press the plates together to a closed configuration, wherein the

conformable pressing generates a substantially uniform pressure on the plates over
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the at least part of the sample, and the pressing spreads the at least part of the
sample laterally between the sample contact surfaces of the plates, and wherein
the closed configuration is a configuration in which the spacing between the plates
in the layer of uniform thickness region is regulated by the spacers; and
(d) analyzing the analyte in the layer of uniform thickness while the plates are the
closed configuration;

wherein the filling factor is the ratio of the spacer contact area to the total
plate area;

wherein a conformable pressing is a method that makes the pressure
applied over an area is substantially constant regardless the shape variation of the
outer surfaces of the plates; and

wherein the parallel pressing applies the pressures on the intended area at
the same time, and a sequential pressing applies the pressure on a part of the
intended area and gradually move to other area.

106. The method of claim 105, wherein the analyzing step comprises counting the analyte
in the sample.

107. The method of claim 106, wherein an imaging and the counting is done by:
I illuminating the cells in the layer of uniform thickness;
i. taking one or more images of the cells using a CCD or CMOS sensor;
iii. identifying cells in an image of the one or more images using a computer;
and

V. counting a number of cells in an area of the image.

108. The method of claim 105, wherein the method further comprises removing the
external force after the plates are in the closed configuration; and imaging the analytes in
the layer of uniform thickness while the plates are the closed configuration; and counting a

number of analytes or the labels in an area of the image.

109. The method of claim 105, wherein the method comprises removing the external
force after the plates are in the closed configuration; and measuring optical signal in the
layer of uniform thickness while the plates are in the closed configuration.
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110. The method of claim 105, wherein the inter-spacer distance is in the range of 20

Hm to 200 pm.

111. The method of claim 105, wherein the inter-spacer distance is in the range of 5 um
to 20 pym.

112. The method of claim 105, wherein a product of the filling factor and a Young’s
modulus of the spacer is 2 MPa or larger.

113. The method of claim 105, wherein the surface variation is less than 50 nm.

114. The method of claim 105, further comprising a step of calculating a concentration of
the analyte in a relevant volume of the sample, wherein the calculation is based on the
relevant volume of the sample defined by a predetermined area of a storage site, the
thickness of the layer of uniform thickness at the closed configuration, and an amount of

target entity detected.
115. The method of claim 104, wherein the external force is provided by human hand.

116. The method of claim 105, wherein the device further comprises a dry reagent

coated on one or both plates.

117.  The method of claim 105, wherein the layer of uniform thickness of the sample has

a thickness uniformity of up to +/-5%.

118. The method of claim 105, wherein the spacers are pillars with a cross-sectional
shape selected from round, polygonal, circular, square, rectangular, oval, elliptical, or any

combination of the same.

119. The method of claim 105, wherein inter-spacer distance is approximately the

minimum dimension of the analyte.

120. The method of claim 105, wherein one or both plate sample contact surfaces
comprises one or a plurality of amplification sites that are each capable of amplifying a

signal from the analyte or a label of the analyte when the analyte or label is within 500 nm
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from an amplification site.
121. The method of claim 105, wherein the sample is exhale breath condensate.

122. The method of claim 105, wherein the sample is a vapor from a biological sample,

an environmental sample, a chemical sample, or clinical sample.

123. The method of claim 105, wherein the analyte comprises a molecule (e.g., a
protein, peptides, DNA, RNA, nucleic acid, or other molecules), cells, tissues, viruses, and

nanoparticles with different shapes.

124. The method of claim 105, wherein the analyte comprises volatile organic

compounds (VOCs).

125. The method of claim 105, wherein the analyte comprises nitrogen, oxygen, CO,,
H-O, and inert gases.

126. The method of claim 105, wherein the analyte is stained.

127. The method of claim 105, wherein on one of the sample surface, it further
comprises an enclosure-spacer that encloses a partial or entire VC samples deposited on

the collection plate.

128. The method of claim 105, wherein the substantially uniform thickness has a value
equal to or less than 0.5 pum.

129. The method of claim 105, wherein the substantially uniform thickness has a value
in the range of 0.5 um to 1 um.

130. The method of claim 105, wherein the substantially uniform thickness has a value

in the range of 1 um to 2 um.

131. The method of claim 105, wherein the substantially uniform thickness has a value

in the range of 2 um to 10 pm.
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132. The method of claim 105, wherein the substantially uniform thickness has a value

in the range of 10 um to 20 um.

133. The method of claim 105, wherein the substantially uniform thickness has a value

in the range of 20 um to 30 um.
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