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Abstract:

An interferometric system is provided that includes detects, authenticates and quantifies analytes
such as taggants. Methods of using such systems as part of an authentication and material tracking
processes are also provided.
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SYSTEMS AND METHODS FOR CHEMICAL AND BIOLOGICAL
AUTHENTICATION

BACKGROUND
[0001] Modern global supply chain outsourcing has, in many cases, facilitated the
production of counterfeit for fraudulent goods. It has become increasingly costly to monitor and
eliminate ersatz goods value chains. This is particularly true for higher value products.
Barcodes, RFID, QR codes, and hard to reproduce identifying marks, which are often
counterfeited themselves, and the like have frequently been used to reduce theft and in some
cases protect from counterfeiting. In addition to authentication of goods, there is an ever-
increasing level of resistant pathogens throughout the world. Determining the difference
between susceptible and resistant strains at the point of infection is difficult and applying the
wrong treatment is expensive and can further enhance resistant strains and introduce
unnecessary chemicals to the environment. Thus, there exists a need for high throughput,
efficient systems and related methods that authenticate materials utilizing a chemical or
biological marker that can be rapidly detected.

SUMMARY

[0002] A method of authenticating at least one taggant in a test sample composition is
provided. The method of authenticating at least one taggant in a test sample composition
includes the steps of:

collecting a target sample suspected of containing the at least one taggant;

optionally, entering an identification associated with the target sample;

introducing the target sample to a portable interferometric system;

mixing the target sample with a buffer solution to form a test sample composition;

initiating interferometry on the test sample composition;

determining whether the test sample composition includes at least one taggant;

processing any data resulting from the interferometry of the test sample composition;
and

transmitting the data to a user such that a positive or negative indication is given to
indicate whether at least one suspected taggant is present or absent in the target sample.
According to one embodiment, the interferometric system includes:

an optical assembly unit, the optical assembly unit including a light unit and a detector

unit each adapted to fit within a housing unit; and
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a cartridge system adapted to be inserted in the housing and removed after one or more
uses, the cartridge system comprising an interferometric chip and a flow cell wafer,

wherein the interferometric chip includes one or more waveguide channels having a
sensing layer thereon, the sensing layer adapted to bind or otherwise be selectively disturbed
by the at least one taggant within the test sample composition. According to one embodiment,
the sensing layer includes one or more proteins, enzymes, aptamers, peptides, nucleic acids,
carbohydrates, lipids, or monomers and polymers, or whole cell microorganisms suitable for
binding one or more taggants. According to one embodiment, the step of transmitting data
includes wirelessly transmitting taggant detection and quantification data to a maobile device or
server. According to one embodiment, the method of authenticating at least one taggant in a
test sample composition further includes the step of displaying data regarding a positive or
negative indication of whether the at least one suspected taggant is present in or on a test
sample composition to be authenticated. According to one embodiment, the method of
authenticating at least one taggant in a test sample compaosition further includes the step of
displaying data regarding identity and amount of the at least one taggant present in or on a test
sample composition to be authenticated. According to one embodiment, the portable
interferometric system is in communication with production equipment for producing a finished
material or product. According to one embodiment, upon a negative indication of at least one
taggant is transmitted to the user, the method includes the step of generating a signal that
displays a user prompt to accept to deny a shut-off operation for the production equipment.
According to one embodiment, the method of authenticating at least one taggant in a test
sample composition further includes the step of the user accepting or denying the shut-off
operation. According to one embodiment, the at least one taggant is a DNA aptamer.
According to one embodiment, the target sample is collected from an agricultural chemical,
cosmetic, food product, painting, jewelry, watch, artwork, computer, smart phone, antique,
clothing accessory, vehicle, weapon, commercial paper, currency, personal or business check,
passport, drivers licenses, credit card or debit card.
[0003] According to another aspect, a method of tracking a material in a supply chain from a
supplier to an end user is provided. The method of tracking a material in a supply chain
includes the steps of:

introducing at least one taggant to the material to be tracked;

introducing the material to the supply chain;

collecting a target sample from the material;

optionally, entering an identification associated with the target sampile;
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introducing the target sample to an interferometric system;

mixing the target sample with a buffer solution to form a test sample composition;

initiating interferometry on the test sample composition to detect and authenticate the at
least one taggant;

processing any data resulting from the interferometry of the test sample composition;
and

transmitting the data to the end user. According to one embodiment, the method of
tracking a material in a supply chain further includes the steps of transmitting the data to the
supplier and the supplier receiving the transmitted data. According to one embodiment, the
data includes information related to geolocation, temperature, humidity, calendar date, time, or
any combination thereof. According to one embodiment, the method of tracking a material in a
supply chain further includes the step of comparing data related to the end user’s geolocation to
the anticipated shipment location to verify that the material is at an expected location.
According to one embodiment, the material being tracked in the supply chain is an agricultural
chemical, cosmetic, food product, painting, jewelry, watch, artwork, computer, smart phone,
antique, clothing accessory, vehicle, weapon, commercial paper, currency, personal or business
check, passport, drivers licenses, credit card or debit card.
[0004] According to another aspect, a method of marking a material for authentication is
provided. The method of marking a material for authentication includes the steps of:

introducing at least one taggant to the material to be tracked,

wherein the taggant is adapted to be detected, authenticated and quantified by an
interferometric system. According to one embodiment, the material is an agricultural chemical,
cosmetic, food product, painting, jewelry, watch, artwork, computer, smart phone, antique,
clothing accessory, vehicle, weapon, commercial paper, currency, personal or business check,
passport, drivers licenses, credit card or debit card.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 illustrates a perspective view of one embodiment of a handheld interferometric
system as provided herein.
[0006] FIG. 2A illustrates a front view of one embodiment of a handheld interferometric
system as provided herein.
[0007] FIG. 2B illustrates a rear view of one embodiment of a handheld interferometric
system as provided herein.
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[0008] FIG. 3A illustrates a cross-sectional view of an interferometric chip that may be
integrated into a cartridge system as provided herein.

[0009] FIG. 3B illustrates a bottom view of a flow cell wafer having a serpentine shaped
detection microchannel.

[0010] FIG. 3C illustrates a top view of a chip illustrating the movement of a light signal
through the chip.

[0011] FIG. 4 illustrates a side view of one embodiment of an optical assembly typically
found in the handheld interferometric system of FIG. 1.

[0012] FIG. 5A illustrates a cross-sectional view of the optical assembly of FIG. 4.

[0013] FIG. 5B illustrates an alignment means according to one embodiment.

[0014] FIG. 5C illustrates an embodiment of a top view of the optical assembly and
alignment means.

[0015] FIG. 6 illustrates the cross-sectional view of the optical assembly of FIG. 5A with one
embodiment of a cartridge system inserted in the optical assembly.

[0016] FIG. 7 illustrates a top view of the optical assembly of FIG. 5A with one embodiment
of a cartridge system inserted in the optical assembly.

[0017] FIG. 8A illustrates a view of the top surface of one embodiment of a single-use
cartridge system.

[0018] FIG. 8B illustrates a view of the bottom surface of one embodiment of a single-use
cartridge system.

[0019] FIG. 8C illustrates a view of the back surface of one embodiment of a single-use
cartridge system.

[0020] FI1G. 8D illustrates a view of the front surface of one embodiment of a single-use
cartridge system.

[0021] FIG. 8E illustrates view of one side surface of one embodiment of a single-use
cartridge system.

[0022] FIG. 8F illustrates a cross-section view (looking downward) of a one embodiment of
a single-use cartridge system along the horizontal line of FIG. 8E.

[0023] FIG. 9A illustrates a view of the top surface of one embodiment of a multi-use
cartridge system.

[0024] FI1G. 9B illustrates a view of the bottom surface of one embodiment of a multi-use
cartridge system.

[0025] FIG. 9C illustrates a view of the back surface of one embodiment of a multi-use
cartridge system.
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[0026] FIG. 9D illustrates a view of the front surface of one embodiment of a multi-use
cartridge system.

[0027] FIG. 9E illustrates a side surface view of one embodiment of a multi-use cartridge
system.

[0028] FIG. 9F illustrates a cross-section view (looking downward) of one embodiment of a
multi-use cartridge system along the horizontal line of FIG. SE.

[0029] FIG. 10 illustrates a perspective view of an alternative single-use cartridge system.
[0030] FIG. 11 illustrates a method of detecting, authenticating and quantifying the level of
taggant in a test sample composition.

DETAILED DESCRIPTION
[0031] One or more aspects and embodiments may be incorporated in a different
embodiment although not specifically described. That is, all aspects and embodiments can be
combined in any way or combination. When referring to the compounds disclosed herein, the
following terms have the following meanings unless indicated otherwise. The following
definitions are meant to clarify, but not limit, the terms defined. If a particular term used herein
is not specifically defined, such term should not be cansidered indefinite. Rather, terms are
used within their accepted meanings.

Definitions

[0032] As used herein, the terms “agriculture” and “agricultural” refer to the cultivating and
harvesting of crops and livestock.

[0033] As used herein, the term “portable” refers to the capability of the interferometric
systems described herein to be transported or otherwise carried to a target sample location for
use according to the methods provided herein.

[0034] As used herein, the term “chemical” refers to a form of matter, natural or synthetic,
having constant chemical composition.

[0035] As used herein, the term “biological materials” refer to microorganisms, biomarkers,
RNA, DNA, antigens or any portion thereof, antibodies or any portion thereof, viruses, viral
proteins, metabolites, other proteins, or prions. Biological materials may be beneficial or
pathogenic and may be dead or alive.

[0036] As used herein, the term “analyte” refers to a substance that is detected,
authenticated, identified, measured or any combination thereof by the systems provided herein.
The analyte includes any biological or chemical solid, liquid, or gas. The analyte may impact
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the target positively or negatively. The analyte may be purposefully present in a sample to act
as a taggant that represents an authentic sample material upon detection and/or quantification.
The analyte includes, but is not limited to, chemicals as well as bacteria and other pathogenic
microorganisms. Analytes may negatively or positively impact animal or plant health or
generally infect an agricultural environment. The analyte includes, but is not limited to,
biological components such as microbes (beneficial or pathogenic), biomarkers, RNA, DNA,
pathogen, antigen or portion thereof, antibody, virus (dead or alive), metabolite generated as a
reaction to disease or infection, or viral protein. A chemical analyte may include, but is not
limited to, any pesticide, herbicides (e.q., fluridone), insecticides, plant growth regulators,
biocides, nutrients, polychlorinated biphenyls (PCB), volatile organic compounds (e.g., benzene,
toluene, ethylbenzene and xylenes), tetrachloroethylene (PCE), trichlorcethylene (TCE), and
vinyl chloride (VC)), gasoline, oil, nitrites, or metals. Specific analytes within the agricultural
environment include 2,4-D (2,4-dichlorophenoxyacetic acid) and dicamba (2-methoxy-3,6-
dichlorobenzoic acid). The analyte may be a taggant when the taggant is present.

[0037] As used herein, the terms “sample” and “target sample” all refer to any substance
that may be subject to the methods and systems provided herein. Particularly, these terms refer
to any matter (animate or inanimate) where an analyte may be present capable of being
detected, quantified, authenticated, monitored or a combination thereof. Suitable examples of
targets include, but are not limited to, any animate or inanimate surface, soil, food, ambient air,
or soil.

[0038] As used herein, the term “taggant” refers to and includes any ane or more analytes
that are adapted to be detected, authenticated and quantified by the interferometric systems
described herein while also providing some indication of authenticity. For example, the taggant
includes any type of optionally encoded analyte that is not reproducible (i.e., cannot be
duplicated). The taggant also includes one or more analytes that have a unique and/or custom
signature of identity or one or more analytes that are present in a unique and/or custom
quantity. The taggant maybe overt or covert in use. The taggant may be incorporated in or on
(e.g., coated on) a target sample. The taggant may be biological, ingestible, organic, inorganic,
stable to heat an ultraviolet rays, and either soluble or insoluble in certain buffers. The taggant
may incorporate any of a variety of chemistries or other suitable materials that are not easily
duplicated or mimicked. The taggant is particularly useful in anti-counterfeiting and brand
protection. Exemplary taggants include DNA taggants such as DNA aptamers and RNA taggants
such as RNA aptamers.
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[0039] As used herein, the term “buffer” refers to a fluid that is intended to carry the target
sample.

[0040] As used herein, the term “test sample composition” refers to the combination of at
least one buffer and target sample taken from a particular environment.

[0041] As used herein, the term “environment” refers to a location where usage of an
interferometric system occurs such as locations remote from a centralized laboratory facility.
[0042] As used herein, the term “communication” refers to the movement of air, liquid, mist,
fog, buffer, test sample composition, or other suitable source capable of carrying an analyte,
including a taggant, throughout or within the cartridge system. The term “communication” may
also refer to the movement of electronic signals between components both internal and external
to the cartridge systems described herein.

[0043] As used herein, the term “single-use” refers to the cartridge system being utilized in
an interferometric system for a single test or assay before disposal (i.e., not re-used or used for
a second time).

[0044] As used herein, the term “multiple-use” refers to the cartridge system being utilized
for more than one test sample composition (e.g., assay) before disposal.

[0045] As used herein, the term “multiplex” refers to the cartridge system being utilized to
detect multiple analytes, including taggants, from one target sample composition.

[0046] As used herein, the term “pathogen,” “pathological,” “pathological contaminant” and
“pathological organism” refer to any bacterium, virus or other microorganism (fungi, protozoa,
etc.) that can cause disease for a member of the plant or animal kingdom.

[0047] As used herein, the term “point of care” refers to the applicability of the systems
provided herein to be utilized by a user at or within a target environment.

[0048] As used herein, the term “optical material” refers to substances used to form an
interferometric chip provided herein. The optical materials are substantially transparent and
suited to manipulate the flow of light by reflecting, absorbing, focusing or splitting an optical
beam (e.g., laser beam) used in a Young’s interferometer.

[0049] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances where it does not.

[0050] In order to address the need for faster and more reliable handling of taggant
detection, authentication and quantification, portable systems and methods are described
herein. Particularly, methods and systems are provided herein to address the need to monitor,
identify, authenticate and quantify samples with results provided in a fast, sensitive, and
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accurate manner. The systems as provided herein may be mobile (hand-held) or portable for

ease of point of care use in various environments.

Optical Interferometry Principles

[0051] The systems provided include a detector that operates via ultrasensitive, optical
waveguide interferometry. The waveguiding and the interferometry techniques are combined to
detect, monitor and even measure small changes that occur in an optical beam along a
propagation pathway. These changes can result from changes in the length of the beam’s path,
a change in the wavelength of the light, a change in the refractive index of the media the beam
is traveling through, or any combination of these, as shown in Equation 1.

P=21TLN/A

Equation 1

[0052] According to Equation 1, @ is the phase change, which is directly proportional to the
path length, L, and refractive index, n, and inversely proportional to the wavelength {A) change.
According to the systems and methods provided herein, the change in refractive index is used.
Optical waveguides are utilized as efficient sensors for detection of refractive index change by
probing near the surface region of the sample with an evanescent field. Particularly, the
systems provided herein can detect small changes in an interference pattern.

[0053] According to one embodiment, the waveguide and interferometer act independently
or in tandem to focus an interferometric diffraction pattern. According to one embodiment, the
waveguide, interferometer, and sensor act independently or two parts in tandem, or collectively
to focus an interferometric pattern with or without mirrors or other reflective or focal median.
According to one embodiment, the waveguide and interferometer exhibit a coupling angle such
that focus is at an optimum angle to allow the system to be compact and suited to be portable
and hand-held.

Interferometric System Overview

[0054] The interferometric systems as provided herein are mobile (handheld) and portable
for ease of use in various environments. The interferometric systems include a weight and
overall dimensions such that user may hold the entire interferometric system comfortably in one
hand. According to one embodiment, the entire interferometric system is under three pounds.
Thus, the present disclosure provides a lightweight, handheld and easy-to-use interferometric
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system that can rapidly, precisely, and accurately provide detection, authentication and
quantification of taggants in a variety of environments.

[0055] The systems as provided herein provide a high throughput modular design. The
systems as provided herein may provide both qualitative and quantitative results from one or
more analytes, such as taggants, within a test sample composition. Particularly, the systems as
provided herein may simultaneously provide detection, authentication and quantification of one
or more taggants from a target sample. According to one embodiment, both qualitative and
quantitative results are provided in real-time or near real time.

[0056] The interferometric systems provided herein generally include a housing for various
detection, analysis and display components. The interferometric system housing includes a
rugged, stable, shell or case. The interferometric system housing can withstand hazards of use
and cleaning or disinfection procedures of the case surface. The interferometric system
housing may be manufactured from a polymer via various techniques such as injection molding
or 3D printing. The interferometric system housing may be manufactured to include a coloration
that provides the interferometric system housing with a particular color or color scheme.

[0057] According to one embodiment, the interferometric systems provided herein include
components that are sealed, waterproof or water resistant to the outside environment to
minimize opportunities for contamination of a target sample. The overall arrangement of
components within the interferometric systems minimize harboring of contamination in any hard-
to-reach areas allowing for ease of disinfection.

[0058] The interferometric systems provided herein include a cartridge system. The
cartridge systems provided herein include one or more independent or integrated optical
waveguide interferometers. The cartridge systems provide efficient test sample composition
communication through a microfluidic system mounted on or within the cartridge housing. The
cartridge is suitable for one or more taggants to be detected in a single sample in a concurrent,
simultaneous, sequential or parallel manner. The cartridge systems provided herein may be
utilized to analyze in a multiplex manner. That is, one test sample composition will be tested to
determine the presence of multiple taggants at the same time by utilizing a plurality of
waveguide channels that interact with the test sample composition.

[0059] The cartridge systems provided herein are easily removable and disposable allowing
for overall quick and efficient use without the risk of cross-contamination from a previous target
sample. The cartridge may be safely disposed of after a single use. Disposal after a single use
may reduce or eliminate user exposure to biological hazards. According to one embodiment,
the cartridge system includes materials that are biodegradable, or recycled materials, to reduce
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environmental impact. The cartridge system may be cleaned and re-used or otherwise recycled
after a single use.

[0060] The cartridge system as provided herein may be suited for multiple or one-time use.
The single-use cartridge system may be manufactured in a manner such that a buffer solution is
pre-loaded in the microfluidic system. By providing the buffer solution pre-loaded in the single-
use cartridge system, gas bubbles are reduced or otherwise eliminated. After a single use, the
entire cartridge system is safely discarded or recycled for later use after cleaning. Put another
way, after introduction and detection of a test sample composition, the entire single-use
cartridge system is not used again and, instead, discarded.

[0061] The cartridge systems as provided herein may be suited for multiple uses.
According to such an embodiment, the cartridge system may be used one or more times prior to
the cartridge system being safely discarded or recycled. The cartridge system may also be
cleaned and re-used or otherwise recycled after multiple uses. According to one embodiment,
the cartridge system facilitates cleaning and re-tooling to allow the cartridge system to be
replenished and returned to operation.

[0062] According to one embodiment, the interferametric systems as provided herein have
an taggant detection limit down to about 10 picogram/ml. According to one embodiment, the
systems as provided herein have an taggant detection limit down to about 1.0 picogram/ml.
According to one embodiment, the systems as provided herein have an taggant detection limit
down to about 0.1 picogram/ml. According to one embodiment, the systems as provided herein
have an taggant detection limit down to about 0.01 picogram/ml.

[0063] According to one embodiment, the interferometric systems as provided herein have
an taggant detection limit down to about 3000 plaque forming units per milliliter (pfu/ml).
According to one embodiment, the systems as provided herein have an taggant detection limit
down to about 2000 pfu/ml. According to one embodiment, the systems as provided herein
have an taggant detection limit down to about 1000 pfu/ml. According to one embodiment, the
systems as provided herein have an taggant detection limit down to about 500 plague forming
units per milliliter (pfu/ml). According to one embodiment, the systems as provided herein have
an taggant detection limit down to about 100 plaque forming units per milliliter {pfu/ml).
According to one embodiment, the systems as provided herein have an taggant detection limit
down to about 10 plaque forming units per milliliter (pfu/ml). According to one embodiment, the
systems as provided herein have an taggant detection limit down to about 1 plaque forming
units per milliliter (pfu/ml). According to one embodiment, the systems as provided herein have
an taggant detection limit to about 1 plaque forming units per liter (pfu/l).
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[0064] According to one embodiment, the interferometric systems provided herein provide
both qualitative and quantitative results at or under 60 minutes after sample introduction to the
system. According to one embodiment, both qualitative and quantitative results are provided at
or under 30 minutes. According to one embodiment, both qualitative and quantitative results
are provided at or under 10 minutes. According to one embodiment, both qualitative and
quantitative results are provided at or under 5 minutes. According to one embodiment, both
qualitative and quantitative results are provided at or under 2 minutes. According to one
embodiment, both qualitative and quantitative results are provided at or under 1 minute.

[0065] The interferometric systems as provided herein may be powered via alternating
current or direct current. The direct current may be provided by a battery such as, for example,
one or more lithium or alkaline batteries. The alternating or direct current may be provided by
alternative energy sources such as wind or solar.

[0066] According to one embodiment, the interferometric system is stabilized to address
vibrational distortions. The system may be stabilized by various means including mechanical,
chemically (fluid float or gel pack), computer-assisted system (electronically), or digitally (e.g.,
via a camera). In some implementations, the systems provided herein allow for point of use
assays that are stable in various conditions, including ambient temperature and humidity as well
as extreme heat, cold and humidity.

[0067] The interferometric systems as provided herein may be equipped with one or more
software packages loaded within. The software may be electronically connected to the various
system components as provided herein. The software may also be electronically integrated with
a display for viewing by a user. The display may be any variety of display types such as, for
example, a LED-backlit LCD. The system may further include a video display unit, such as a
liquid crystal display (“LCD”), an organic light emitting diode (“OLED"), a flat panel display, a
solid state display, a cathode ray tube (“CRT"), or other appropriate display technology.

[0068] According to one embodiment, the interferometric system as provided herein may
interface with or otherwise communicate with a transmission component. The transmission
component may be in electronic signal communication with both the cartridge system and
interferometric system components. The transmission component sends or transmits a signal
regarding taggant detection data, authentication data and quantification data. The transmission
of such data may include real-time transmission via any of a number of known communication
channels, including packet data networks and in any of a number of forms, including instant
message, notifications, emails or texts. Such real-time transmission may be sent to a remote

destination via a wireless signal. The wireless signal may travel via access to the Internet via a
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surrounding Wi-Fi network. The wireless signal may also communicate with a remote
destination via Bluetooth or other radio frequency transmission. The remote destination may be
a smart phone, pad, computer, cloud device, or server. The server may store any data for
further analysis and later retrieval. The server may analyze any incoming data using artificial
intelligence learning algorithms or specialized pathological, physical, or quantum mechanical
experise programed into the server and transmit a signal.

[0069] According to one embodiment, the transmission component may include a wireless
data link to a phone line. Alternatively, a wireless data link to a building Local Area Network
may be used. The system may also be linked to Telephone Base Unit (TBU) which is designed
to physically connect to a phone jack and to provide 900 MHz wireless communications thereby
allowing the system to communicate at any time the phone line is available.

[0070] According to one embodiment, the interferometric system may include a location
means. Such a location means includes one or more geolocation device that records and
transmits information regarding location. The location means may be in communication with a
server, either from a GPS sensor included in the system or a GPS software function capable of
generating the location of the system in cooperation with a cellular or other communication
network in communication with the system. According to a particular embodiment, the location
means such as a geolocation device (such as GPS) may be utilized from within its own device
or from a mobile phone or similarly collocated device or network to determine the physical
location of the cartridge system.

[0071] According to one embodiment, the interferometric system contains a geo-location
capability that is activated when a sample is analyzed to “geo-stamp” the sample results for
archival purposes. According to one embodiment, the interferometric system contains a time
and date capability that is activated when a sample is analyzed to time stamp the sample results
for archival purposes.

[0072] The interferometric systems provided herein may interface with software that can
process the signals hitting the detector unit. The cartridge system as provided herein may
include a storage means for storing data. The storage means is located on or within the
cartridge housing or within the interferometric system housing. The storage means
communicates directly with electronic components of the interferometric system. The storage
means is readable by the interferometric system. Data may be stored as a visible code or an
index number for later retrieval by a centralized database allowing for updates to the data to be
delivered after the manufacture of the cartridge system. The storage means may include
memory configured to store data provided herein.

12
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[0073] The data retained in the storage means may relate to a variety items useful in the
function of the interferometric system. According to a particular embodiment, the data may
provide the overall interferometric system or cartridge system status such as whether the
cartridge system was previously used or is entirely new or un-used. According to a particular
embodiment, the data may provide a cartridge system or interferometric system identification.
Such an identification may include any series of letter, numbers, or a combination thereof. Such
identification may be machine readable as with a QR code. The identification may be
alternatively memorialized on a sticker located on the cartridge housing or interferometric
system housing. According to one embodiment, the cartridge housing contains a bar code or
QR code. According to one embodiment, the cartridge system contains a bar code or QR code
for calibration or alignment. According to one embodiment, the cartridge system contains a bar
code or QR code for identification of the cartridge or test assay to be performed. According to
one embodiment, the cartridge system contains a bar code or QR code for identification of the
owner and location of where any data generated should be transmitted. A user may scan such
a QR code with the interferometric system’s external camera prior to use to use of the system
such that identification and transmission may occur (e.g., automatically or upon user direction).
[0074] According to a particular embodiment, the data retained in the storage means may
provide the number of uses remaining for a multiple-use cartridge system. According to a
particular embodiment, the data may provide calibration data required by interferometric system
to process any raw data into interpretable results. According to a particular embodiment, such
data may relate to information about the taggant and any special processing instructions that
can be utilized by the cartridge system to customize the procedure for the specific combination
of receptive surface(s) and taggant(s). The interferometric system as provided herein may
include electronic memory to store data via a code or an index number for later retrieval by a
centralized database allowing for updates to the data to be delivered after the manufacture of
the cartridge system.

[0075] The interferometric system may include a memory component such that operating
instructions for the interferometric system may be stored. All data may be stored or archived for
later retrieval or downloading onto a workstation, pad, smartphone or other device. According
to one embodiment, any data obtained from the system provided herein may be submitted
wirelessly to a remote server. The interferometric system may include logic stored in local
memory to interpret the raw data and findings directly, or the system may communicate over a
network with a remotely located server to transfer the raw data or findings and request
interpretation by logic located at the server. The interferometric system may be configured to
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translate information into electrical signals or data in a predetermined format and to transmit the
electrical signals or data over a wireless (e.g., Bluetooth) or wired connection within the system
or to a separate mobile device. The interferometric system may perform some or all of any data
adjustment necessary, for example adjustments to the sensed information based on taggant
type or age, or may simply pass the data on for transmission to a separate device for display or
further processing.

[0076] The interferometric systems provided herein may include a processor, such as a
central processing unit (“CPU"), a graphics pracessing unit (“GPU"), or both. Moreover, the
system can include a main memory and a static memory that can communicate with each other
via a bus. Additionally, the system may include one or more input devices, such as a keyboard,
touchpad, tactile button pad, scanner, digital camera or audio input device, and a cursor control
device such as a mouse. The system can include a signal generation device, such as a
speaker or remote control, and a network interface device.

[0077] According to one embodiment, the interferometric system may include color
indication means to provide a visible color change to identify a particular taggant. According to
one embodiment, the system may include a reference component that provides secondary
confirmation that the system is working properly. Such secondary confirmation may include a
visual confirmation or taggant reference that is detected and measured by the detector.

[0078] The interferometric system as provided herein may also include a transmitting
component. The transmitting component may be in electronic signal communication with the
detector component. The transmitting component sends or transmits a signal regarding taggant
detection, authentication and quantification data. The transmission of such data may include
real-time transmission via any of a number of known communication channels, including packet
data networks and in any of a number of forms, including text messages, email, and so forth.
Such real-time transmission may be sent to a remote destination via a wireless signal. The
wireless signal may travel via access to the Internet via a surrounding Wi-Fi network. The
wireless signal may also communicate with a remote destination via Bluetooth or other radio
frequency transmission. The remote destination may be a smart phone, pad, computer, cloud
device, or server. The server may store any data for further analysis and later retrieval. The
server may analyze any incoming data using artificial intelligence learning algorithms or
specialized pathological, physical, or quantum mechanical expertise programed into the server
and transmit a signal.

[0079] According to one embodiment, the interferometric system includes a wireless data
link to a phone line. Alternatively, a wireless data link to a building Local Area Network may be
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used. The system may also be linked to Telephone Base Unit (TBU) which is designed to
physically connect to a phone jack and to provide 900 MHz wireless communications thereby
allowing the system to communicate at any time the phone line is available.

[0080] According to one embodiment, the system may also include geolocation information
in its communications with the server, either from a GPS sensor included in the system or a
GPS software function capable of generating the location of the system in cooperation with a
cellular or other communication network in communication with the system. According to a
particular embodiment, the system may include a geolocation device (such as GPS or RFID)
either from within its own device or from a mobile phone or similarly collocated device or
network to determine the physical location of the system.

[0081] According to one embodiment, the interferometric system includes an external
camera. The external camera may be at least partially located within the interferometric system
housing but include a lens exposed to the exterior of the housing such that the external camera
may take photos and video of a target sample prior to collection (e.g., soil, plant, etc.). The
external camera may capture video or images that aid in the identification of an taggant and
confirmation of the resulting data. The external camera may also capture video images that aid
in selecting a proper remedial measure. The external camera may capture video or images that
aid in the identification of a target sample or source thereof.

[0082] The external camera may capture video or images in connection with scanning and
identifying a QR code (such as a QR code on an external surface of a cartridge housing). When
located on an external surface of the cartridge housing, the QR code may also aid in identifying
ownership of generated data and transmission of such data ta a correct owner.

[0083] According to one embodiment, the cartridge system contains a geo-location
capability that is activated when a sample is analyzed to “geo-stamp” the sample results for
archival purposes. According to one embodiment, the cartridge system contains a time and
date capability that is activated when a sample is analyzed to time stamp the sample results for
archival purposes. According to one embodiment, the cartridge system includes materials that
are biodegradable, or recycled materials, to reduce environmental impact. Any used cartridge
system provided herein may be disposed of in any acceptable manner such as via a standard
biohazard container. According to one embodiment, the cartridge system facilitates cleaning
and re-tooling to allow the cartridge system to be replenished and returned to operation.

[0084] According to one embodiment, the cartridge system is stabilized to address
vibrational distortions. The system may be stabilized by various stabilization means including
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mechanical (alignment means as provided herein), chemically (fluid float or gel pack), computer-

assisted system (electronically), or digitally (e.g., via a camera or digital processing).

Microfluidic System Overview — Single-Use Cartridge System

[0085] The single-use cartridge system provided herein includes a microfluidic system for
communicating or otherwise providing a means for test sample and buffer to mix thereby
resulting in a test sample composition. The microfluidic system causes the test sample
composition to move through the detection region to allow for detection and analysis of one or
more taggants. The microfluidic system includes an injection port for introduction of a test
sample. The injection port may optionally include a check valve. The microfluidic system
further includes a first microchannel section having a first end attached in communication with
the injection port check valve and a second end in communication with a mixing bladder.
According to one embodiment, the first microchannel section contains a filter to remove
materials not capable of detection, authentication and quantification. The mixing bladder is
sized, shaped and otherwise configured to store buffer. The mixing bladder is sized, shaped
and otherwise configured to aid in mixing buffer and test sample to form the test sample
composition. The mixing bladder may be bypassed such that the test sample composition may
be automatically discharged or allowed to proceed through the microfluidic system. The mixing
bladder may include a temperature control means in the form of a metal coil wrapped around
the mixing bladder such that the temperature control means is heated upon introduction of an
electric current.

[0086] The microfluidic system further includes second microchannel section having a first
end attached in communication with the mixing bladder and a second end attached in
communication with a flow cell having at least one detection microchannel. By including
multiple two or more detection microchannels, the cartridge system is particularly suited for high
throughput and improved testing efficiency by being able to detect, authenticate and quantify
taggant in more than one test sample composition.

[0087] The microfluidic system further includes at least one pump. Suitable pumps include
micropumps such as, but are not limited to, syringe pump, diaphragm, piezoelectric, peristaltic,
valveless, capillary, chemically-powered, or light-powered micropumps. According to an
alternative embodiment, the microfluidic system further includes at least one pump that is a,
positive-displacement pump, impulse pump, velocity pump, gravity pump, steam pump, or
valve-less pump of any appropriate size. According to a single-use embodiment of the cartridge
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system, the cartridge system contains at least one pump located within the cartridge housing.
According to one embodiment of a single-use cartridge system, the pump overlays or otherwise
engages or touches the first microchannel section, second microchannel section and mixing
bladder.

[0088] The microfluidic system of the single-use cartridge system as provided herein may
be manufactured and packaged under negative pressure or vacuum sealed. In this manner, the
negative pressure allows for a test sample to be pulled in and become self-loading upon
introduction of the test sample. The negative pressure further allows for a test sample to be
pulled in in the microfluidic system to reduce, avoid or eliminate bubble formation upon
introduction of the test sample. According to an alternative embodiment, the microfluidic system
is manufactured and packaged under a positive pressure. According to either embodiment, the
microfluidic system of a single-use cartridge system may be pre-loaded with a buffer solution at
the time of manufacture. The buffer may be custom designed or designated for a particular
analyte detection. Buifer solution that is used (i.e., buffer waste) and resulting test sample
composition waste may be contained permanently in the single-use cartridge system.

[0089] According to one embodiment, the pump can be powered by a battery or electricity
transferred from the testing device. Alternatively, the energy to power the pump can be
mechanically transferred by direct force, electromagnetic induction, magnetic attraction, audio
waves, or piezo electric transfer. According to one embodiment, the cartridge system includes

at least one pulse dampening component such as a regulator or accumulator or bladder.

Microfluidic System Overview — Multiple-Use Cartridge System

[0090] The multiple-use cartridge system provided herein includes a microfluidic system for
communicating or otherwise providing a means for a test sample composition to move through
the cartridge system and allow far detection and analysis of one or more taggants. According to
a particular embodiment, the test sample and test sample composition are air or liquid. An
ingress port is located on a front surface of the multiple-use cartridge system. The ingress port
is in communication with a first microchannel section having a first end attached in
communication with an ingress port check valve and a second end in communication with
second microchannel section. A filter may be located anywhere within the first microchannel
section.

[0091] The second microchannel section includes a first end in communication the first

microchannel section and a second end in communication with a flow cell having at least one
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detection microchannel. The cartridge system includes a detection region that accommodates
or is otherwise adapted to receive the chip and flow cell wafer.

[0092] The detection microchannel is in communication with a first end of a third
microchannel section. The third microchannel section includes a flow electrode to approximate
flow rate and is correlated with measured impedance. The third microchannel section includes
a second end in communication with the first end of a fourth microchannel. The fourth
microchannel includes a second end in communication with a check valve which, in turn, is in
communication with an egress port. The chip utilized in the multiple-use embodiment may be
removable from the cartridge system.

[0093] The microfluidic system further includes at least one pump. Suitable pumps include
micropumps that include, but are not limited to, diaphragm, piezoelectric, peristaltic, valveless,
capillary, chemically-powered, or light-powered micropumps. According to an alternative
embodiment, the microfluidic system further includes at least one pump that is a positive-
displacement pump, impulse pump, velocity pump, gravity pump, steam pump, or valve-less
pump of any appropriate size. According to one multiple-use embodiment of the cartridge
system, the cartridge system contains at least one pump located outside (external to) the
cartridge housing but in communication with the microfluidic system. The external pump may
be utilized to move test sample composition through the microfluidic system to aid in removal of
air or bubble that may be present in a liquid test sample composition prior to use. According to
one embodiment, the cartridge system contains at least one pump dampening device.

[0094] All of the cartridge systems provided herein may utilize the pump to manipulate the
communication of test sample composition throughout the microfluidic system. According to
one embodiment, the pump causes or otherwise aids movement of test sample composition
through the microchannels as well as the mixing bladder, when present.

Handheld Interferometric System — Exemplary Embodiment

[0095] FIG. 1 illustrates a perspective view of one embodiment of a portable interferometric
system 100 as provided herein. The portable interferometric system 100 may include a display
unit 102. The portable interferometric system 100 may include a housing 104 adapted to fit
within a user’s hand.

[0096] FIG. 2A illustrates a front view of one embodiment of a portable interferometric
system 100 that utilizes the cartridge systems provided herein. The housing 104 includes an
external front surface 106 defining an opening 108 adapted to receive the cartridge system
provided herein. The opening 108 aids in the alignment and proper position of the cartridge
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system as provided herein within the handheld interferometric system 100. The opening 108
may optionally include a flap 110 that shields or covers the opening 108 when the cartridge is
not inserted. The flap 110 may be hinged on any side so as to aid in the movement of the flap
110 from a first, closed position to a second, open position upon insertion of the cartridge
system.

[0097] FIG. 2B illustrates a rear view of one embodiment of a portable interferometric
system 100 as provided herein. The housing 104 is adapted to include USB Type C 112, USB
Type A 114, data or phone line inlet 116 such as, for example, a RJ45 Ethernet jack, power
cord inlet 118, power switch 120, and external camera or other light sensitive device 122 such

as, for example, an ambient light sensor.

Chip Overview
[0098] As previously noted, the cartridge systems provided herein further includes a

detection region. This detection region accommodates or is otherwise adapted to receive an
interferometric chip and flow cell wafer. The flow cell wafer includes at least one detection
microchannel. The flow cell wafer is located directly above the chip. The detection
microchannel may be etched onto a flow cell wafer having a substantially transparent or clear
panel or window. The detection microchannel aligns with each waveguide channel in the chip.
[0099] According to one embodiment, at least one portion or side of the chip is coated with
a blocking coating. According to one embodiment, the blocking coating includes at least one
blocking protein or protein blocking reagent. According to one embodiment, the blocking
coating improves sensitivity by reducing background interference and improving the signal-to-
noise ratio. According to one embodiment, all external surfaces of the chip are coated with a
blocking coating. According to one embodiment, at least one waveguide channel of the chip is
coated with a blocking coating. According to one embodiment, at least one waveguide channel
such as a reference waveguide channel of the chip is coated with a blocking coating. The
blocking coating may be applied to substantially prevent unwanted binding of taggants to sites
on or within the optical material of the chip substrate. Thus, the blocking coating may also aid in
limiting unwanted taggant binding to the sensing layer on or within the one or more waveguide
channels.

[00100] According to one embodiment, the chip is manufactured from a substrate that is
composed of an optical material as provided herein. According to one embodiment, the chip is
manufactured from a substrate that is composed of optical glass. According to one
embodiment, the chip is manufactured from a substrate that is composed of optical plastic.
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[00101] According to one embodiment, the chip includes a marker. The marker may be
viewed using a magnifying camera with or without signal processing to determine uniformity and
any pertinent quality parameters associated with the application of the sensing layer. The
marker may be introduced or applied during manufacturing of the chip so as to provide visual
means of identifying one side of the chip. The marker may also be utilized to aid in visual or
mechanical alignment of the chip on or within a cartridge of an interferometric system as
provided herein.

[00102] According to one embodiment, the marking is at least one colorant, at least one cut
edge, at least one etching, at least one affixed label, or any combination thereof. According to
one embodiment, the at least one colorant includes at least one dye that visible to the naked
eye. According to one embodiment, the etching may include a machine-readable etching, such
as a laser etching. According to one embodiment, the affixed label may be a identifying material
applied to an external surface of the chip. According to one embodiment, the cut edge includes
a distinct shape such as a diagonally cut corner (see e.g., FIG. 3C, 311). The cut corner (311)
may be introduced on any of the chip’s four corners. Although not illustrated, the marking may
include at least one pillar or at least one visual label (such as a dot that aligns with a laser
beam) to aid in aligning the chip within a cartridge system as described herein.

[00103] In use, a light signal may be emitted from a light unit located in the interferometric
system. The light enters flow through entry gradients in the chip and through one or more
waveguide channels. According to a particular embodiment, there may be two or more
waveguides channels to determine the presence of a separate taggant that each of the
individual waveguides channels alone would not have been able to identify alone. The
evanescent field is created when the light illuminates the waveguide channel. The light signal is
then directed by exit gradients to a detector unit such as a camera unit. The detector unit is
configured to receive the light signal and detect an taggant present in a test sample
composition. The chip may further include a reference waveguide channel.

[00104] According to one embodiment, the one or more waveguide channels described
herein may include or otherwise be coated with a waveguide channel coating that includes any
material having a refractive index appropriate for Young’s interferometry. According to one
embodiment, the waveguide channel coating material includes a metal oxide or metal dioxide.
Suitable waveguide channel coating materials may include, but are not limited to, tantalum
oxide, tantalum dioxide, tantalum pentoxide, silicon dioxide, titanium oxide, titanium dioxide, or
any combination thereof.
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[00105] A sensing layer may be adhered to a top side of one or more waveguide channels.
According to a particular embodiment, the sensing layer may include one or more proteins,
enzymes, aptamers, peptides, nucleic acids, carbohydrates, lipids, or monomers and polymers,
or whole cell microorganisms suitable for binding one aor more taggants. According to another
embodiment, the sensing layer may include one or more antigens or antibodies that are
immobilized on the waveguide channel surface to sense the antigen-specific antibody or
antigen, respectively. According to another embodiment, the sensing layer may include
envelope, membrane, nucleocapsid N-proteins or different domains of one of the proteins in a
natural or artificial virus used to delivery interfering RNA (RNAi) as a treatment.

[00106] According to a particular embodiment, the sensing layer may include a molecularly
imprinted polymer. The molecularly imprinted polymer leaves cavities in the polymer matrix with
an affinity for a particular taggant such as an antibiotic.

[00107] According to a particular embodiment, the sensing layer may include a DNA
microarray of DNA probes. Each probe may be specific for a pathogen (i.e., bacterial species)
and when the probe hybridizes with a sample, the sample/probe complex fluoresces in UV light
or may be detected via interferometric analysis or internal camera located for this purpose.
According to one embodiment, the sensing layer may utilize immunoassays on top of the
waveguide channels for detection of one or more taggants. According to one embodiment, the
system may include, or function based on, an enzyme-linked immunosorbent assay (ELISA) or
other ligand binding assays that detect taggants in target samples. According to one
embodiment, the sensing layer may utilize one or more polypeptides, nucleic acids, antibodies,
carbohydrates, lipids, receptors, or ligands of receptors, fragments thereof, and combinations
thereof. According to one embodiment, the sensing layer may include one or more dyes to aid
in visualization. The sensing layer may or may not be covalently bonded to each other and the
one or more waveguide channels. The sensing may be reviewed by using a magnifying camera
to determine the uniformity and/or other quality parameters of the application of the sensing

layer. Output of the camera may be analyzed using software to automate the quality analysis.

Flow Cell Overview

[00108] Each of the cartridge systems described herein include a flow cell having at least one
detection microchannel adapted to communicate with one or more test sample compasitions
flowing through a waveguide channel in a chip beneath the flow cell. According to one
embodiment, the cartridge systems may include at least two, at least three, or at least four
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detection microchannels with each detection microchannel adapted to communicate one or
more test sample composition allowing detection of the same or different taggants.

[00109] Each detection microchannel is located on or within a flow cell manufactured from a
wafer. The at least one detection microchannel may be etched, molded or otherwise engraved
into one side of the flow cell wafer. Thus, the at least one detection microchannel may be
shaped as a concave path as a result of the etching or molding within the flow cell wafer.
[00110] The flow cell wafer is oriented above the chip during use such that the detection
microchannel may be orientated or otherwise laid out in variety of flow patterns above the
waveguide channels. The detection microchannel may be laid out, for example, in a simple half
loop flow pattern, serial flow pattern, or in a serpentine flow pattern. The serpentine flow pattern
is particularly suited for embodiments where there are multiple waveguide channels that are
arranged in a parallel arrangement. By utilizing the serpentine flow pattern, the test composition

flows consistently over the waveguide channels without varying flow dynamics.

Chip, Flow Cell and Optical Assembly — Exemplary Embodiment

[00111] FIG. 3A illustrates a cross-sectional view of an optical detection region 200 of a
cartridge system. A chip 201 includes a substrate 202 that includes a waveguide channel 204
attached to a surface 205 (such as the illustrated top surface) of the chip 202. An evanescent
field 206 is located above the waveguide channel 204. A sensing layer 208 is adhered to a top
side of the waveguide channel 204. As illustrated, taggants 210 are shown that may bind or
otherwise immobilized to the sensing layer 208, however, the sensing layer 208 may be
adapted to bind any variety of taggants. As such, adjusting or otherwise modifying the sensing
layer 208 allows for the cartridge system to be utilized for multiple different types of taggants
without having to modify the cartridge system or and surrounding interferometric system
components. In general use, an light signal (e.g., laser beam) illuminates the waveguide
channel 204 creating the evanescent field 206 that encompasses the sensing layer 208.
Binding of a taggant impacts the effective index of refraction of the waveguide channel 204.
[00112] A bottom view of an exemplary flow cell 300 is illustrated in FIG. 3B. At least one
detection microchannel 302 is located on or within a flow cell 300 manufactured from a
transparent wafer. The at least one detection microchannel 302 may be etched, molded or
otherwise engraved into one side of the flow cell wafer 304. Thus, the at least one detection
microchannel 302 may be shaped as a concave path as a resulted of the etching or molding
within the flow cell wafer 304. The flow cell wafer 304 may be manufactured a material such as
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opaque plastic, or other suitable material. The flow cell wafer 304 may optionally be coated with
an anti-reflection composition.

[00113] The movement of an light signal 308 (series of arrows) through a chip 310 is
illustrated in FIG. 3C. As illustrated, the chip 310 includes a cut corner 311. The light signal
308 moves from a light unit 312, such as a laser unit, through a plurality of entry gradients 314
and through one or more waveguide channels 316. Each channel includes a pair of
waveguides (321, 323). One of the pair of waveguides 321 is coated with a sensing layer 208
(as indicated by shading in FIG. 3C). The other one of the pair of waveguides 323 is not coated
with the sensing layer 208 (serving as a reference). The combination of the light from each in
the pair of waveguides (312, 323) create an interference pattern which is illuminated on detector
unit 320.

[00114] According to a particular embodiment, the two or more waveguides channels 316 are
utilized that are able to determine the presence of an taggant that each of the individual
waveguides channels 316 alone would not have been able to identify alone. The light signal
308 is then directed by exit gradients 318 to a detector unit 320 such as a camera unit. The
detector unit 320 is configured to receive the light signal 308 and detect any taggant present in
a target sample composition flowing through the detection microchannel 302 (see FIG. 3B).
[00115] The chip 310 includes a combination of substrate 202 (see FIG. 3A), waveguide
channel ( see FIG. 3A part 204 and FIG. 3C part 316) and sensing layer 208 (see FIG. 3A).

The flow cell 300 (see FIG. 3B) is oriented above the top surface 205 of the chip 310 during use
such that the detection microchannel 302 may be orientated or otherwise laid out in variety of
flow patterns above the waveguide channels 316. The detection microchannel 302 may be laid
out, for example, in a simple half loop flow pattern, serial flow pattern, or in a serpentine flow
pattern as illustrated in FIG. 3B. The serpentine flow pattern is particularly suited for
embodiments where there are multiple waveguide channels 316 that are arranged in a parallel
arrangement (see FIG. 3C). By utilizing the serpentine flow pattern, the test composition flows
consistently over the waveguide channels 316 without varying flow dynamics.

[00116] The light signal passes through each waveguide channel 316 as illustrated in FIG.
3C, may combine thereby forming diffraction patterns on the detector unit 320. The interaction
of the taggant 210 (see FIG. 3A) and the sensing layer 208 changes the index of refraction of
light in the waveguide channel per Equation 1. The diffraction pattern is moved which is
detected by the detector unit 320. The detector unit as provided herein may be in electronic
communication with video processing software. Any diffraction pattern movement may be

reported in radians of shift. The processing software may record this shift as a positive result.
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The rate of change in radians that happens as testing is conducted may be proportional to the
concentration of the taggant.

[00117] FIG. 4 illustrates a side view of an exemplary embodiment of an optical assembly
unit 400 that can be found in the handheld interferometric systems described herein (such as in
FIGS. 1-2). The optical assembly unit 400 includes an light unit 402 aligned in an light unit
housing 404. The optical assembly unit 400 includes a detector unit 406, such as a camera
unit, aligned in a camera unit housing 408.

[00118] FIG. 5A illustrates a cross-sectional view of the optical assembly unit 400 of FIG. 4.
The light unit 402 is situated at an angle relative to the shutter flap element 420. The shutter
flap element 420 is adapted to slide open and shut under tension from a shutter spring 422.
The shutter flap element 420 is illustrated in a first, closed position with no cariridge system
inserted. The shutter flap element 420 includes and upper control arm 423 that is located within
a rail portion 425.

[00119] A complimentary communication means 424 extends downward so as to make
electronic contact with electronic communications means located on the cartridge housing (see
FIGS. 6, 8A and 9A). The complimentary communication means 424 may be metal contacts
such that, upon insertion, the metal contacts on the exterior surface of the cartridge housing
touch and establish electronic communication between the cartridge system and the remaining
components of the interferometric system (e.g., light unit, camera unit, etc.). The complimentary
communication means 424, as illustrated, include one or more substantially pointed or “V”
shaped so as to push down into or otherwise contact the cartridge housing metal contacts. The
number of complimentary communication means 424 may match and align with the number of
metal contacts on the exterior surface of the cartridge housing.

[00120] At least one downward cantilever bias spring 426 may be located within the optical
assembly unit 400 such that, upon insertion of the cartridge through the interferometric system
housing opening, the downward cantilever bias spring 426 pushes against a top side of the
cartridge housing thereby forcing the cartridge housing against an opposite side or bottom
portion or surface 428 of the cartridge recess 430 resulting in proper alignment along a vertical
plane (see FIGS. 5A, 5B, 5C and 6).

[00121] The light unit 402 is optionally adjustable along various planes for optimal light signal
432 emission. As illustrated, the signal 432 is shown to be emitted and focused by at least one
lens 433. A camera unit 406 is situated at an angle relative to the shutter flap element 420 so
as to receive the light signal 432 upon exit from the cartridge (see FIG. 6).
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[00122] A first roll adjustment screw 434 and second roll adjustment screw 436 are located
on opposing sides of the light unit 402 for adjusting roll of the light unit 402. A first upward
adjustment screw 438 and second upward adjustment screw 440 are located in a parallel
manner on each side the light unit 402 for adjusting the light unit 402 towards the cartridge
system (i.e., substantially upward). An angle of incidence screw 442 is located against the light
unit 402 to allow for adjustments to the angle of incidence for proper coupling angle. A
translation screw 444 is located direct communication with the light unit 402 to adjust translation
in the X axis. A spring element 446 maintains the position of the light unit 402 against the light
unite 402 by assisting the adjustment screws (432, 436), incidence screw 442 and translation
screw 444.

[00123] With specific regard to FIGS. 5A, 5B, and 5C, the bottom portion 428 of the cartridge
recess 430 further includes alignment means that includes at least one rail portion 425 for
engaging both male key portions on the cartridge housing (see 824, 826 of FIG 8A; see 920,
922 of FIG. 9A). The bottom portion or surface 428 of the cartridge recess 430 includes a first
raised surface 421A and second raised surface 421B. A shutter upper control arm 423 is
located within the rail portion 425. The rail portion 425 includes a first rail wing 427 and second
rail wing 429 adapted to receive and engage the male key portions (see 824, 826 of FIG 8A;
see 920, 922 of FIG. 9A). By including such alignment means, the cartridge systems provided
here may only engage in a certain manner thereby preventing incorrect insertion and provided
proper optical and microfluidic alignment.

[00124] FIG. 6 illustrates a cross-sectional view of the aptical assembly 400 of FIG. 5A with
one embodiment of a cartridge system 800 inserted in the optical assembly 400. As illustrated,
the shutter flap element 420 is pushed backwards upon insertion of the cartridge system 800.
While not shown in FIG. 6, the shutter spring 422 as illustrated in FIG. 5A is compressed
backwards. The shutter flap element 420 moves along a track system 450 having a stationary
male rail 452 on which a female rail portion 454 slides from a first, closed position with no
cartridge system 800 inserted to a second, open position as illustrated in FIG. 6 upon cartridge
system 800 insertion.

[00125] FIG. 6 further illustrates positioning of the cartridge system 800 in the optical
assembly 400. The cartridge system 800 includes an interferometric chip 832 positioned below
the flow cell wafer 888. The cartridge system 800 includes storage means 807 as provided
herein positioned within the cartridge housing 802. While the cariridge system 800 is illustrated
as a single-use system, the alignment and positioning of the single-use cartridge assembly may
also apply to the multiple-use cartridge systems provided herein (e.g., see FIGS 9A-9F).
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[00126] FIG. 7 illustrates a top view of the optical assembly unit 400 of FIG. 5A with one
embodiment of a cartridge system 800 inserted in the optical assembly unit 400. The cartridge
system 800, as illustrated, is a single-use system, however, a multiple-use system may be
inserted in the same manner within the interferometric system. The cartridge system 800
includes a cartridge housing 802 having a top surface 805. The optical assembly unit 400, as
illustrated, includes a plurality of cantilever bias springs 426. The optical assembly unit 400
further includes at least one side bias spring 460 (see also FIG. 5C) such that, upon insertion of
the cartridge system 800, the side bias spring 460 pushes against one horizontal side 860 of the
cartridge housing thereby forcing the cartridge housing 802 into proper alignment along a

horizontal plane.

Cartridge System Overview

[00127] The cartridge systems provided herein includes a cartridge housing. The cartridge
housing may be manufactured from any material suitable for single or multiple-use. The
cartridge may be manufactured according to a variety of additive processing techniques such as
3-D printing. The cartridge may be manufactured via traditional techniques such as injection
molding. The polymer may include a coefficient of expansion such that the housing does not
expand or contract in a manner that would disrupt alignment of any microfluidic or detection
components described herein when the cartridge is exposed to heat or cold environmental
conditions.

[00128] The cartridge housing may include a light prevention means to aid in reducing,
preventing or eliminating ambient, outside light from interfering the detection of one or more
taggants. The light prevention means may include colored cartridge housing (e.g., black
colored) that is color dyed or coated during manufacture. According to one embodiment, a dye
may be introduced to the polymer to provide a specific color to a region of or the entire cartridge
housing. Suitable colors include any color that aids in reducing, preventing or eliminating
ambient, outside light from interfering the detection of one or more taggants.

[00129] The cartridge systems provided herein further includes a detection region. This
detection region accommodates or is otherwise adapted to receive an interferometric chip and
flow cell wafer. The flow cell wafer includes at least one detection microchannel. The flow cell
wafer is located directly above the chip. The detection microchannel may be etched onto a flow
cell wafer having a substantially transparent or clear panel or window. The flow cell wafer, the
chip or both the flow cell and chip may be coated with a substance that reduces or eliminates
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fogging or condensation. According to one embodiment, the chip may be heated to reduce or
elimination fogging or condensation.

[00130] The cartridge systems provided herein are configured or otherwise adapted or
designed to easily insert and instantly align within an interferometric system such as, for
example, a hand-held interferometric system. By being configured to allow for instant
alignment, no further adjustment is required by a user to align any microfluidic components and
any internal detection-related components such as the laser, chip with waveguides and exposed
channels in a detection region of the cartridge, optical detector and any other focus-related
components in the interferometric system. According to one embodiment, the cartridge systems
provided herein may be adjusted to align via manual adjustments.

[00131] The cartridge housing includes dimensions that are complimentary in size and shape
to the size and shape to an internal surface defining a recess within an interferometric system.
As provided and illustrated in the non-limiting examples herein, the cartridge housing may be
generally rectangular in overall shape.

[00132] According to one embodiment, the cartridge system may be inserted and removed
automatically. According to one embodiment, the cartridge housing contains a bar code or QR
code. According to one embodiment, the cartridge system contains a bar code or QR code for
calibration or alignment.

[00133] To aid in alignment, the cartridge housing includes an alignment means on an
external surface of the cartridge housing. The alignment means may take a variety of forms that
assure instant alignment of any microfluidic components and any internal detection-related
components upon insertion of the cartridge within the interferometric system. The alignment
means also aids in the prevention of incorrect orientation assertion within the interferometric
system and allows for insertion only after proper alignment is attained. The alignment means
further allows for the cartridge system to be stabilized to address vibrational distortions.

[00134] The alignment means may include at least one male key portion for engaging and
securing within a corresponding female rail located in the interferometric system. The male key
portion may be disposed on the bottom surface of the cartridge housing, however, the male key
portion may be located on any exterior surface of the cartridge housing. Other suitable
alignment means include one or more microswitches or sensing devices that guide the cartridge
housing to assure proper alignment.

[00135] According to a particular embodiment, the cartridge housing includes a top portion
and a bottom portion based on the orientation of insertion in an interferometric system. The top
portion may include a top surface defining at least one through hole on at least one external
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surface of either the top portion or bottom portion. The at least one through hole is adapted to
receive a removable fastening means for securing the top portion and bottom portion together.
Suitable fastening means include screws or other suitable fastener that may be removed. By
allowing the top portion and bottom portion of the cartridge housing to be separated and re-
attached, a user may open the cartridge housing to allow for cleaning as well as replacement of
the chip.

[00136] The cartridge system as provided herein may include a temperature control means to
control temperature and humidity. The cartridge system as provided herein may include a
temperature control means to control test sample composition temperature. By controlling
temperature and humidity around the cartridge system, the interferometric system can provide
more repeatable, precise results. According to one embodiment, the cartridge system contains
heating capability to facilitate consistent measurement and operation in cold temperatures. By
controlling temperature and humidity around the cartridge system, fogging or condensation that
causes interference in the detection region of the cartridge system is reduced or otherwise
eliminated. The temperature control means may be located on or within the cartridge housing.
According to a single-use cartridge system embodiment, the temperature control means is
located on or around the mixing bladder of the microfluidic fluid system described herein. The
temperature control means may be located on an exterior surface of the cartridge housing. One
suitable temperature control means includes a metal coil that is heated upon introduction of an
electric current. Another suitable temperature control means includes one or more warming
bands or Peltier devices that can provide heating or cooling.

[00137] Each of the cartridge systems described herein include a flow cell having at least one
detection microchannel adapted to communicate with one or more test sample compasitions
flowing through a waveguide channel in a chip beneath the flow cell. According to one
embodiment, the cartridge systems may include at least two detection microchannels with each
detection microchannel adapted to communicate one or more test sample composition allowing
detection of the same or different taggants. According to one embodiment, cartridge system
includes a flow cell having at least three detection microchannels with each detection
microchannel adapted to communicate one or more test sample composition allowing detection
of the same or different taggants. According to one embodiment, cartridge system includes a
flow cell having at least four detection microchannels with each detection microchannel adapted
to communicate one or more test sample composition allowing detection of the same or different
taggants.
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Cartridge System — Exemplary Embodiments

[00138] An exemplary embodiment of a single-use cartridge system 800 is illustrated in
FIGS. 8A-F. A top view of a cartridge system 800 is provided in FIG. 8A. The cartridge system
800 includes a cartridge housing 802 as described herein. The housing 802 includes a top
portion 804 (see FIG. 8C) having a top surface 805. The top surface 805 includes four heat
stake posts 808 for joining the top portion 804 of the cartridge housing 802 to a bottom portion
810 (See FIG. 8C) of the cartridge housing 802. By utilizing heat stake posts 808, the top
portion 804 may be permanently joined to a bottom portion 810 of the cartridge housing 802.
The top surface 805 includes an injection port 812 for introduction of a test sample.

[00139] The cartridge housing 802 further includes an electronic communication means 816
located on a second external surface 818 that is on a different horizontal plane from the top
surface 805. The electronic communication means 816 as illustrated includes a plurality of
metal contacts.

[00140] The cartridge system further includes a vent port 820. The vent port 820 allows for
any air in the microfluidic system 870 (see FIG. 8F), such as in the form of bubbles, to exit. The
vent port 820 may include a vent cover 821 over the vent port 820. The vent cover 821 may be
fabricated from a material that repels liquid while allowing air or vapor to pass through such as,
for example, expanded polytetrafluoroethylene (commercially available as Goretex®. The vent
cover 821 allows for air purging from the cartridge system 800 but will not allow fluid to pass
through such as when a vacuum is applied to prime the microfluidic system 870. In this way,
bubble formation in a liquid test sample composition is removed or otherwise avoided. The top
surface 805 also includes two port seals 822. The port seals 822 may be made from rubber and
provides sealing of the microfluidic system 870 within the cartridge system 800.

[00141] FIG. 8B illustrates a view of the bottom surface 823 of one embodiment of a single-
use cartridge system 800. The bottom surface 823 includes a first male key portion 824 and a
second male key portion 826. The male keying portions (824, 826) engage with a
corresponding rail portion (425 - See FIGS. 5A, 5B and 5C ) located in the cartridge recess 430
of the optical assembly 400. The bottom surface 823 further defines a first detent 828 and a
second detent 830. The detents (828, 830) engage with or otherwise receive a corresponding
first raised surface and a second raised surface (421A, 421B) inside the cartridge recess 430 of
the optical assembly 400 (see FIGS. 5A, 5B and 5C). When engaged with the first detent 828
and second detent 830, the first raised surface and second raised surface (421A, 421B) aid in
securing the cartridge system 800 within the cartridge recess 430.
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[00142] The chip 832 is substantially transparent and allows the light signal to enter, interact
with ane or more waveguides channels (See FIG. 3C) and allow for binding of taggant flowing
within the at least one detection microchannel 834 within the flow cell wafer 888 {see FIG. 8F).
[00143] The bottom surface 823 further defines a light inlet slot 836. The light inlet slot 836
allows for an light signal to enter the cartridge system 800. Particularly, the light inlet slot 836
allows for an light signal to enter the chip 832 and for the light signal to move through any
waveguide channels (not shown; see e.qg., part 316 of FIG. 3C) in the chip 832 while interacting
with taggants in the at least one detection microchannel 834 before the light signal is deflected
by one or more gratings (not shown) down to the detector unit 406 (see e.g., FIG 5A) and 320
(see FIG. 3C).

[00144] FIG. 8C illustrates a view of the back surface 840 of the cartridge housing 802 of a
single-use cartridge system 800. The cartridge housing 802 includes a top portion 804 and a
bottom portion 810. The male keying portions (824, 826) are shown extending from the bottom
portion 810 of the cariridge housing 802.

[00145] FIG. 8D illustrates a view of the front surface 850 of the cartridge housing 802 of a
single-use cartridge system 800. The male keying portions (824, 826) are shown extending
from the bottom portion 810 of the cartridge housing 802.

[00146] FIG. 8E illustrates a view of one side surface 860 of the cartridge housing 802 of a
single-use cartridge system 800, the opposing side being a mirror image.

[00147] FIG. 8F illustrates a cross-section view downward of a single-use cartridge system
800 along the horizontal line of FIG. 8E. The cartridge system 800 includes a detection region
831 that accommodates or is otherwise adapted to receive a chip 832 and flow cell wafer 888.
The single-use cartridge system 800 includes a microfluidic system 870 for communicating or
otherwise providing a means for a test sample composition to move through the cartridge
system 800 and allow for detection and analysis of one or more taggants. The microfluidic
system 870 includes an injection port 812 for introduction of a test sample. The injection port
may 812 optionally include a check valve 872. The microfluidic system 870 further includes a
first microchannel section 874 having a first end 876 attached in communication with the
injection port check valve 872 and a second end 878 in communication with a mixing bladder
880. A filter 877 may be located anywhere within the first microchannel section 874. The
microfluidic system 870 also includes a vent port 820 within the first microchannel section 874
between the first end 876 and second end 878. The mixing bladder 880 includes a temperature
control means 881 in the form of a metal coil wrapped around the mixing bladder 880 such that
the temperature control means 881 is heated upon introduction of an electric current.
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[00148] The microfluidic system 870 further includes second microchannel section 882
having a first end 884 attached in communication with the mixing bladder 880 and a second end
886 attached in communication with a flow cell wafer 888 having at least one detection
microchannel 834.

[00149] The microfluidic system 870 further includes third microchannel section 890 having a
first end 892 attached in communication with at least one detection microchannel 834 and a
second end 894 in communication back to the mixing bladder 880 so as to form a closed loop.
[00150] The microfluidic system 870 further includes at least one micropump 898. The
micropump 898, as illustrated, is a piezoelectric pump that overlays or otherwise engages or
touches one or more of the first microchannel section 874, second microchannel section 882,
third microchannel section 890 and mixing bladder 880. The micropump 898 manipulates the
communication of test sample composition throughout the microfluidic system 870.

[00151] The single-use cartridge system 800 may further include a transmission component
897 as provided herein. The single-use cartridge system 800 may further include a location
means 899 as provided herein.

[00152] An exemplary embodiment of a multiple-use cartridge system 900 is illustrated in
FIGS. 9A-F.

[00153] A top view of an embodiment of a multi-use cartridge system 900 is provided in FIG.
9A. The cartridge system 900 includes a cartridge housing 902 as described herein. The
housing 902 includes a top portion 904 (see FIG. 9C) having a top surface 905. As illustrated,
the top surface 905 includes four top through holes 908A. The top through holes 908A are
adapted (e.g., threaded) to receive a removable fastening means (not shawn) for securing the
top portion 904 to a bottom portion 910 (see FIG. 9C). The top surface also includes two
sealing holes 908B that allow for sealing of the chip 936 to the cartridge housing 902.

[00154] The cartridge housing 902 further includes an electronic communication means 916
located on a second external surface 918 that is on a different horizontal plane from the top
surface 905. The electronic communication means 916 as illustrated includes a plurality of
metal contacts. The top surface 905 also includes two port seals 919 and two seal plugs (924,
926).

[00155] FIG. 9B illustrates a view of the bottom surface 923 of a multiple-use cartridge
system 900. The bottom surface 923 includes a first male key portion 920 and a second male
key portion 922. The male keying portions (920, 922) engage with a corresponding rail portion
(425 - See FIGS. 5A, 5B and 5C) located in the interferometric system. The bottom surface 923
further defines a first detent 928 and a second detent 930. The detents (928, 930} engage with
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or otherwise receive a corresponding first raised surface and a second raised surface (421A,
421B see FIGS. 5B and 5C) inside the cartridge recess 430 (see FIG. 5A) of the optical
assembly 400 . When engaged with the first detent 928 and second detent 930, the first raised
surface and second raised surface (421A, 421B) aid in securing the cartridge system 900 within
the cartridge recess 430.

[00156] The bottom surface further includes bottom through holes 908C that align and
correspond to the four top through holes 908A. The bottom through holes 908C may be
adapted (e.g., threaded) to receive a removable fastening means (not shown) for securing the
top portion 904 to a bottom portion 910 (see FIG. 9C).

[00157] The bottom surface 923 further defines a light inlet slot 934. The light inlet slot 934
allows for an light signal to enter the cartridge system 900. Particularly, the light inlet slot 934
allows for an light signal to enter the chip 936 and for the light signal to move through any
waveguides in the chip 936 while interacting with taggants in the at least one detection
microchannel 994 (see FIG. 9F) before the light signal is deflected by one or more gratings (not
shown) down to the detector unit 406 (see FIG. 5A).

[00158] FIG. 9C illustrates a view of the back surface 940 of one embodiment of a multiple-
use cartridge system 900. The housing includes a top portion 904 that is optionally removable
from a bottom portion 910. The male keying portions (920, 922) are shown extending from the
bottom portion 910 of the cartridge housing 902.

[00159] FIG. 9D illustrates a view of the front surface 950 of one embodiment of a multiple-
use cartridge system 900. FIG. 9E illustrates view of one side surface 960 of one embodiment
of a single-use cartridge system 900, the opposite side being a mirror image.

[00160] FIG. 9F illustrates a cross-section view downward of a multiple-use cartridge system
900 along the horizontal line of FIG. 9E. The cartridge system 900 a storage means 907 as
provided herein positioned within the cartridge housing 902. The multiple-use cartridge system
900 includes a microfluidic system 970 for communicating or otherwise providing a means for a
test sample composition to move through the cartridge system 900 and allow for detection and
analysis of one or more taggants. An ingress port 972 is located on a front surface 950 (see
FIG. 9D) of the multiple-use cartridge system 900. The ingress port 972 is in communication
with a first microchannel section 974 having a first end 976 attached in communication with an
ingress port check valve 973 and a second end 978 in communication with second
microchannel section 979. A filter 977 may be located anywhere within the first microchannel
section 974. A sample electrode 980 and reference electrode 982 are in contact with the
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second microchannel section 979. Impedance may be measured between the sample electrode
980 and reference electrode 982 to confirm the presence of test sample composition.

[00161] A valve test structure connection 984 is in communication with any test sample
composition in the microfluidic system 970. The valve test structure connection 984 may be
fabricated from nitinol shape memory alloy and aids in the movement of test sample
composition into the cartridge system 900.

[00162] The second microchannel section 979 includes a first end 988 in communication the
first microchannel section 974 and a second end 990 in communication with a flow cell 992
having at least one detection microchannel 994. The cartridge system 900 includes a detection
region 993 that accommodates or is otherwise adapted to receive the chip 936 and flow cell
992. The chip 936 is substantially transparent and allows the light signal to enter, interact with
one or more waveguides channels (not shown; see e.g., part 316 of FIG. 3C) and allow for
binding of taggant flowing within the at least one detection microchannel 994 within the flow cell
992. The chip 936 may include a marker to identify a side of the chip. The marker can be at
least one colorant, at least one cut corner or cut edge, at least one laser marking or etching, or
any combination thereof.

[00163] The detection microchannel 994 is in communication with a first end 996 of a third
microchannel section 998. The third microchannel section 998 includes a flow electrode 1000
to approximate flow rate and is correlated with measured impedance. The third microchannel
section 998 includes a second end 1002 in communication with the first end 1004 of a fourth
microchannel 1006. The fourth microchannel 1006 includes a second end 1008 in
communication with a check valve 1010 which, in turn, is in communication with an egress port
1012. The sample electrode 980, reference electrode 982, and flow electrode 1000 are each
fabricated from inert nitinol or other conductive material.

[00164] The multiple-use cartridge system 900 may further include a transmission
component 1014 as provided herein. The multiple-use cartridge system 900 may further include
a location means 1016 as provided herein.

[00165] An exemplary embodiment of an alternative single-use cartridge system 1100 is
illustrated in FIG. 10. According to the illustrated embaodiment, the cartridge system 1100
includes a connection mechanism 1102 (or snap-in rod) having opposing ends (1104, 1106)
extending from the housing 1108. The connection mechanism 1102 aids in securing and
interfacing the cartridge system 1100 with an interferometric system. Rising from the housing
1108, are an injection ports 1110 A-D and outlet ports 1120 A-D. The injection ports 1110 A-D
may be utilized for introducing a test sample, buffer or a test sample composition. The cartridge
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system includes four independent detection microchannel ports that are independently in
communication with a corresponding detection microchannel (not shown) within a flow cell (not
shown). Buffer may be pre-loaded in the flow cell. Any test sample composition waste may be
collected from the outlet ports 1120 A-D.

Uses and Applications

[00166] The interferometric system provided herein may be utilized in any environment
where authentication of a taggant is required. The interferometric system provided here may be
utilized in any environment where there is an interest in combating product counterfeiting and/or
product substitution. The interferometric system provided here may be handheld and utilized in
an industrial setting such as a manufacturing or processing facility to detect, authenticate and
quantify raw materials. In such an embodiment, the interferometric system may be connected
to manufacturing or processing equipment to provide continuous detection, authentication and
quantification of taggant and any other analyte of interest.

[00167] The interferometric system provided herein is configured to display data regarding a
positive or negative indication of whether the at least one suspected taggant is present in or on
a test sample composition to be authenticated. The interferometric system provided herein is
also configured to display data related to the identity and amount of the at least one taggant
present in or on a test sample composition to be authenticated.

[00168] According to one embodiment, the interferometric system provided herein is
configured to provide a user the opportunity accept or reject a suggested action in response to
authentication or a lack of authentication. According to one embodiment, the user of the
interferometric system may choose to shut-down or otherwise stop further use of a material or
product.

[00169] The agricultural environment is particularly susceptible to counterfeiting efforts. The
interferometric system provided here may be utilized in an effort to combat counterfeiting of
various agricultural products and provide a method of tracking agricultural products that include
(or fail to include) at least one taggant. The interferometric system provided here may be
utilized in an agricultural environment such as a by a farm worker seeking to detect,
authenticate and quantify taggants and other analytes of interest in agricultural chemicals in the
field. The interferometric system provided here may be utilized in an agricultural environment to
detect, authenticate and quantify taggants in agricultural food products such as may be present
in beverages (such as alcoholic beverages that utilize crop products), teas, or coffees. The

interferometric system provided here may be utilized in an agricultural environment to detect,
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authenticate and quantify taggants dispersed in water or air directly onto or into seeds, plants,
flowers, or other components of agricultural products that may be later processed into fungible,
consumable products.

[00170] The interferometric system provided here may be utilized in a healthcare setting by a
medical professional to detect, authenticate and quantify taggants and other analytes of interest
in a pharmaceutical (prescription or over-the-counter). The mere presence as well as a certain
quantity of taggant may be detected, authenticated and quantified prior to administration of the
pharmaceutical. The interferometric system may be utilized in connection with a medicine
cabinet that unlocks and allows entry upon detection, authentication and/or quantification of a
taggant.

[00171] The interferometric system provided here may be utilized in a healthcare setting by a
medical profession to detect, authenticate and quantify taggants and other analytes of interest in
a cleansing agent for sanitizing. The interferometric system provided here may be utilized in
various types of healthcare environments such as in a physician’s office, veterinary office, as
well as in other related scientific environments such as an animal laboratory testing facility. In
yet another embodiment, the interferometric system and related methods may be utilized in a
farm, pasture or home (domesticated animals) to detect, authenticate and quantify taggants
found in commonly used chemicals, biologicals or cleaning solutions.

[00172] According to one embodiment, the system will detect, authenticate and quantify a
taggant present at the parts per million (ppm) level. According to one embodiment, the system
will detect, authenticate and quantify a taggant present at the parts per billion (ppb) level.
According to one embodiment, the system will detect, authenticate and quantify a taggant
present at the parts per trillion (ppt) level. The interferometric systems described here may
detect and authenticate one or more taggants based on not only the presence of the taggant but
also the amount or quantity of taggant present (e.g., custom quantity). Thus, a range of
amount, quantity or concentration of one or more taggants may serve as the means of
authentication. Such means of authentication is particularly useful with target samples that are
expected to include active ingredients/analytes in a certain amount (e.g., dilution of analytes
indicates counterfeit).

[00173] The interferometric system provided here may be utilized in connection with or
otherwise equipped to a mobile vehicle. Suitable mobile vehicles include, but are not limited to,
unmanned aerial vehicles (UAV), unmanned ground vehicles (UGV), drones, manned aircraft,
and other manned vehicles. Such vehicles are particularly suitable in agricultural applications to

monitor the presence of counterfeit agricultural chemicals or pesticides in use on or over a field,
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pasture, or crop. According to a particular embodiment, a liquid or fluid source believed to be
containing at least one taggant may be obtained from an agricultural spray tank. Such a spray
tank may be located on a tractor (or other agricultural implement), in a field/crop area, at a
farmer’s cooperative or other location where a farmer will utilize spray tank. The system may
also provide documentation and evidence of use of authenticated chemicals to a particular
field/crop.

[00174] According to one embodiment, the system may be utilized to detect, authenticate
and quantify taggants placed within a product to be authenticated. According to one
embodiment, the system may be utilized to detect, authenticate and quantify taggants placed in
or on the packaging of a product to be authenticated. According to one embodiment, the
system may be utilized to detect, authenticate and quantify taggants placed in or on the label of
a product to be authenticated.

[00175] According to one embodiment, the system may be utilized to detect, authenticate
and quantify one or more chemical or biological taggants known to be present in target sample.
According to one embodiment, the one or more chemical or biological taggants may be
introduced to the target sample by a third party solely for the purpose of authentication. In this
way, the known taggant acts as a marker or taggants designed to be detected and to
discourage counterfeiting. According to one embodiment, the one or more chemical or
biological taggants present and capable of detection, authentication and quantification includes
specific chemicals or one or more specific bioreceptors such as, for example, DNA, RNA, DNA
aptamer, RNA aptamer or any combination thereof.

[00176] According to one embodiment, the one or more chemical or biological taggants may
be utilized in common commercially available chemicals, including those that are susceptible to
being knocked off or subject to counterfeit in the marketplace. The system provided herein may
also quantify the presence of any taggant to assure accuracy in amount and lack of dilution.
Exemplary commercial chemicals include, but are not limited to, ammonia, benzene, toluene,
xylene, trichloroethylene, perchlorethylene, dichloroethylene, vinyl chloride, chloramine,
nicotine, n-methylphenylethylamine methamphetamine, N,N-dimethyl acetamide (DMAC),
dithemylmethylphosphonate (DMMP), methyl salicylate, 2, 4, 6-trinitrotoluene, acetaldehyde,
methylene chloride, hexane, acetone, methanol, pyrrole, chloroform, chlorine (sodium
hypochlorite solution), hydrochloric acid, ammonia, freon, or 2-vinylpyridine. According to one
embodiment, the one or more chemical or biological taggants may be utilized in organic
solvents such as benzyl alcohol, propylene carbonate, N-methylpyrrolidone, benzyl acetate,
benzyl butyrate, benzyl propionate, diethyl malonate, 3-methoxy-3-methyl-1-butanol, dimethyl
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benzyl carbinol acetate, phenyl ethyl alcohol, terpinyl acetate, benzyl benzoate, methyl
sailcylate, hexyl acetate, benzyl butyrate, diethyl malonate, ethyl acetate, phenoxy ethyl iso-
butyrate, terpineol, geranyl acetate, linalyl acetate, ethyl 2-methyl butyrate, propylene glycol
diacetate, and dipropylene glycol monomethyl ether.

[00177] According to one embodiment, the one or more chemical or biological taggants may
be utilized in common commercially available agricultural chemicals such as pesticide.
Exemplary pesticides include herbicides, bactericides, insecticides, plant growth regulators, or
biopesticides. According to a particular embodiment, the agricultural herbicide may be (e.g.,
2,4-D (2,4-dichlorophenoxyacetic acid), dicamba (2-methoxy-3,6-dichlorobenzoic acid), or
flumioxazin (2-[7-fluoro-3,4-dihydro-3-oxo0-4-(2-propynyl)-2H-1,4-benzoxazin-6-yl]-4,5,6,7-
tetrahydro-1H-isoindole-1,3(2H)-dione) which are commonly used in an agricultural
environment.

[00178] The interferometric systems provided herein are also suited to detect, authenticate
and quantify taggants that may be utilized in laboratory-supplied virus, bacteria, or commercially
available small molecule such as a drug or drug metabolite. The interferometric systems
provided herein are particularly suited to detect, authenticate and quantify taggants present in
any target sample of particular medical interest such as an illegal/illicit drug, SARS-CoV-2,
Yersinia pestis (Plague), mycobacterium, influenza virus, hCG, human immunaodeficiency virus,
a particular vitamin, genetic mutation, IgG, IgE, and CD4/T-Cells.

[00179] According to one embodiment, the system may be utilized to detect, authenticate
and quantify taggants in a chemical stored in a vessel or container. Such an embodiment of a
system may be particularly useful at border crossings and ports where bulk containers and
shipping vessels are utilized. Such an embodiment of a system may be particularly useful in
connection if detecting counterfeit liquid consumer products such as perfumes or colognes. The
system as provided herein may be placed in fluid communication with a vessel so as to detect,
authenticate and quantify taggants in real time. Fluid communication may be established via a
tube or other conduit that allows any fluid containing taggant to come in contact with, or flow
through, the system as provided herein. According to one particular embodiment, a fluid source
of taggants includes an industrial/commercial vessel. Such a vessel may be located within or
around a shipping container that stores and transports a fluid chemical. The shipping container
may be located on a truck, train, or other means of transportation. The shipping container may
also be located on or around a shipping dock.

[00180] The interferometric systems provided herein are also suited to detect, authenticate
and quantify taggants associated with analytes that are not wanted or sought to be excluded
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from a target sample. According to a particular embodiment, the interferometric system may be
used in food processing facility to detect and authenticate a taggant associated with an analyte
known to impact food safety and quality including, but not limited to, a pesticide, butylated
hydroxyanisole, butylated hydroxytoluene, recombinant bovine growth hormone, sodium
aluminum sulfate, potassium aluminum, sulfate, bisphenol-A (BPA), sodium nitrite/nitrate,
polycyclic aromatic hydrocarbons, heterocyclic amines, acrylamide, brominated vegetable oil,
artificial food coloring/dyes, and dioxins.

[00181] According to one embodiment, the one or more chemical or biological taggants may
be utilized in or coated on any consumer or commercial material (e.g., merchandise, product, or
object) susceptible to counterfeit. According to one embodiment, the one or more chemical or
biological taggants may be utilized in or coated on the packaging of any consumer or
commercial material susceptible to counterfeit. The material may be a high-value object tiself
(e.g., luxury item) or high-value objected packaging coated with a taggant. The high-value
object may be a painting, jewelry, watch, work of art, computer, smart phone (or any high-value
electronics item), antique, clothing accessory (e.g., hand bag, shoes) or vehicle. The high-value
object may also be a material of government or military interest such as weapon or explosive.
The high-value object may also be a food or medicinal product such as truffles or saffron.
[00182] According to one embodiment, the one or more chemical or biological taggants may
be utilized in or coated on commercial paper, currency (money laundering tracking and

prevention), personal/business checks, passports, drivers licenses, or credit/debit cards.

Methods of Detection, Authentication and Quantification

[00183] FIG. 11 illustrates a method 1200 of detecting, authenticating and quantifying the
level of taggant in a test sample composition. The method includes the step of collecting 1202
or otherwise obtaining a target sample having one or more taggants. In different embodiments,
the target sample may be taken from the appropriate target depending on the location and
environment.

[00184] According to one embodiment, the method further includes the optional step of
entering 1204 a user identifier (ID) in the system. Additionally, the method further includes the
optional step of entering 1205 an identification number associated with the sample suspected
containing a taggant. The cartridge system utilized may be equipped with a label or sticker
carrying identifying such information. The label or sticker may include a QR code including such
information. The label or sticker may be removed prior to use. ldentifying information may
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include metadata such as time, GPS data, or other data generated by the interferometric system
described herein.

[00185] According to one embodiment, the method further includes the step of introducing
the target sample to the interferometric system 1206. According to one embodiment, target
sample is introduced to the cartridge by a separate device such as a syringe or pump.
According to one embodiment, target sample is introduced by an injection device. According to
one embodiment, the injection device may be permanently attached to the cartridge system.
According to one embodiment, the injection device is a pipette. According to one embodiment,
the injection device is a syringe. According to one embodiment, the injection device is a lance,
pipette or capillary tube. When utilizing a multiple-use cartridge system, the cartridge system
may be fitted to a tube or other transfer mechanism to allow the sample to be continuously
taken from a large amount of fluid that is being monitored.

[00186] According to one embodiment, the method further includes the step of mixing 1208
the target sample with a buffer solution to form a test sample composition. In a multiple-use
cartridge system, such a step may occur prior to the test sample composition being introduced
to the cartridge system. In a single-use cartridge system, such a step may occur in the mixing
bladder with the assistance of a pump.

[00187] The method of detecting, authenticating and quantifying the level of taggant in a
sample includes initiating waveguide interferometry 1210 on the test sample composition. Such
a step may include initiating movement of the light signal through the cartridge system as
provided herein and receiving the light signal within the detector unit. Any changes in an
interference pattern are representative of a taggant in the test sample composition. Particularly,
such changes in an interference pattern generate data related to one or more taggant in the test
sample composition. According to one embodiment, the step of initiating 1210 waveguide
interferometry on the test sample composition includes the step of correlating data from the
phase shift with calibration data to obtain data related to taggant identity, taggant concentration,
or a combination thereof.

[00188] According to one embodiment, the method further includes the step of processing
1212 any data resulting from changes in the interference pattern. Such changes in interference
pattern may be caused by detection of one or more taggants in a target sample. Such changes
in interference pattern may be processed and otherwise translated to indicate the presence and
amount of a taggant in a test sample composition. The absence of an interference pattern may
be indicative of a counterfeit material due to the absence of a suspected or anticipated taggant.
Processing may be assisted by software, processing units, processor, servers, or other
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component suitable for processing. The step of processing data may further include storing
such data in data storage means as provided herein. The software, processing units,
processor, servers, or other component suitable for processing as well as the data storage
means may be located on or within the interferometric system or at a remote location in
communication with the interferometric system. Such communication may be via wireless
signals or over a wired internet connection. The interferometric systems provided herein may
be connected to and communication with a local area network (LAN) that, in turn, provides
access to processing units, processor, servers, or other component suitable for processing.
[00189] According to one embodiment, the method further includes the step of transmitting a
data signal 1214. The data signal may result in the display 1216 of taggant authentication and
taggant concentration data on the system (positive indication) or the display 1216 of a lack of
interference pattern resulting in a negative indication or absence of taggant.

[00190] According to one embodiment, the data signal may indicate the lack of any taggant in
the target sample thereby sending a signal for interferometric system display showing not only
the lack of taggant but an indication that the target sample may be counterfeit due to the
absence of a suspected taggant. The absence of taggant in the target sample may initiate a
shut-down or shut-off signal to the user essentially suggesting that use of the target sample any
further should cease. The shut-down or shut-off signal may be accepted or rejected by a user
of the interferometric system. By shutting down/off, the use or incorporating of counterfeit
material is prevented. If rejected, incorporation of the counterfeit material is allowed to proceed.
[00191] When taggant is present in the target sample, the step of transmitting data may
include displaying the taggant identification and taggant quantification levels via projecting any
real time data on a screen or display of the interferometric system as described herein. The
step of transmitting data may include transmitting any obtained data to a mobile phone, smart
phone, tablet, computer, laptop, watch or other wireless device. The data may also be sent to a
device at a remote destination. The remote destination device may be a locally operated mabile
or portable device, such as a smart phone, tablet device, pad, or laptop computer. The
destination may also be a smartphone, pad, computer, cloud device, or server. In other
embodiments, the remote destination may be a stand-alone or networked computer, cloud
device, or server accessible via a local portable device. The remote destination may include the
taggant manufacturer or target sample supplier such that a third party at a remote destination
receives and records taggant detection, authentication and quantification data as well as any
related geolocation, temperature, humidity and calendar date/time that may be transmitted that
shows where the target sample is being analyzed. The interferometric systems provided herein
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and taggant manufacturer or target sample supplier may each utilize an internal signal
encryption and verification system including block chain or a similar encryption and ledger
system to verify the data signal is from an anticipated source and/or location. The taggant
manufacturer or target sample supplier may, in turn, transmit a signal back to the interferometric
system user that the taggant was detected and the measured concentrations of the taggant
meets the expected concentration values. The signal may be sent to the end user of the
system that the material is not counterfeited (i.e., authentic). The interferometric system may
receive and display authentication data and taggant concentration level data processed by
software, processing units, processor, servers, or other component suitable for processing
(remotely located or local within system). The interferometric system may display the
authentication and taggant concentration data in real-time or close to real-time. Such a signal
from the taggant manufacturer or target sample supplier may be sent wirelessly or via a wired
internet connection. The positive indication of authenticity either by the system itself or from the
taggant manufacturer or target sample supplier may result in a signal to the user to proceed with
use of any material incorporating the taggant. The user of the interferometric system may
accept or reject the signal to proceed with use of any material incorporating the taggant.
[00192] The method may optionally include the step of disposing of the test sample
composition 1218 per legal requirements and in a manner so as not to cause harm to a user or
the environment.

[00193] A method of tracking a material in a supply chain from a supplier to an end user is
also provided. The method includes the step of introducing at least one taggant to the material
to be tracked. The taggant may any of the types provided herein. The taggant may be applied
in a variety of manners depending on the taggant and form of materials. According to one
embodiment, the taggant is sprayed, painted, dipped or coated with a composition that includes
at least one taggant. The method of tracking a material further includes the step of introducing
the material to the supply chain via shipment or other means of getting the material to an end
user. The method of tracking a material further includes the step of performing interferometric
analysis with an interferometric system also provided herein. The method of tracking a material
further includes the step of transmitting a data signal from the interferometric system to the both
the user and supplier. The method of tracking a material further includes the step of receiving
the transmitted data — such data may related to geolocation, temperature, humidity and
calendar date/time. The method of tracking a material further includes the step of comparing
the user’s geolocation to the anticipated shipment location to verify that the material is at an
expected location.
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[00194] Although the present specification describes components and functions that may be
implemented in particular embodiments with reference to particular standards and protocols, the
invention is not limited to such standards and protocols. For example, standards for Internet
and other packet switched network transmission (e.g., TCP/IP, UDP/IP, HTML, HTTP) represent
examples of the state of the art. Such standards are periodically superseded by faster or more
efficient equivalents having essentially the same functions. Accordingly, replacement standards
and protocols having the same or similar functions as those disclosed herein are considered
equivalents thereof.

[00195] Although specific embodiments of the present invention are herein illustrated and
described in detail, the invention is not limited thereto. The above detailed descriptions are
provided as exemplary of the present invention and should not be construed as constituting any
limitation of the invention. Modifications will be apparent to those skilled in the art, and all
modifications that do not depart from the spirit of the invention are intended to be included with

the scope of the appended claims.

PROPHETIC EXAMPLE 1

Counterfeit Detection in Cosmetic Compositions
[00196] A manufacturer of cosmetics may add one or more DNA aptamers that are
specifically and uniquely made to identify one or more cosmetics and act as taggants. The
manufacturer may add the combination of aptamers into the formulation at specific
concentrations which may be unique to a particular production lot and record this combination of
concentration and lot number in a database and keep this information confidential. Such a
system may also be particularly usetul in view of rampant counterfeit cosmetics in the
marketplace.
[00197] An interferometric system as provided herein may incorporate a sensing layer that
conjugates the aptamers added during production such that the conjugate selectively binds with
the aptamers. When product authenticity needs to be established, the producing company,
intermediary, or end user can use a system as provided herein to identify the presence and
quantity of the aptamers that represent authenticity. Furthermore, a detector system as
provided herein may be equipped with telecommunication equipment allowing the
interferometric system to communicate with a processar (remote or locally within the system)
and database of the producing company to record the result and other relevant information such
as geolocation. The producer can, in turn, send a signal back to the user of the system that the
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aptamer taggant was detected and the measured concentrations of the aptamers meet the
expected values for the lot of material tested. The signal may be sent to the end user of the
system that the material is not counterfeited (i.e., authentic). Such a signal may be sent
wirelessly or via an internet connection. Such a signal may provide further data regarding

authentication or use of the cosmetic composition.

PROPHETIC EXAMPLE 2
Genetic Material

[00198] An interferometric system as provided herein may be equipped with a sensing layer
adapted to bind any modified genes of commercially sold genetically modified organisms. Such
genes may be present to act as taggants to authenticate the source of genetically modified
organism. To establish the presence of a trait, a ground slurry of the organism (living or dead)
may be introduced to the interferometric system. The detection of binding between the target
gene taggant and the sensitive coating will provide positive proof of the existence of the trait in
the target sample thereby authenticating the target sample. Such a method and system is also
particularly useful in an agricultural setting to authenticate genetically modified plants, crops or
seeds.

PROPHETIC EXAMPLE 3

Authentic Pesticide Detection
[00199] A manufacturer of pesticides may add a taggant {(such as an aptamer) made
specifically and uniquely to identify one or more pesticides. The manufacturer may add the
taggant into the formulation at specific concentrations which may be unique to a particular
production lot and record this combination of concentration and lot number in a database and
keep this informationconfidential. Such a system may also be particularly useful in view of
rampant counterfeit pesticides in the marketplace.
[00200] An interferometric system as provided herein may incorporate a sensing layer
that conjugates the aptamers added during production such that the conjugate selectively binds
with the aptamers. The interferometric system may be used in connection with an agricultural
tank to verify the source or supplier of the pesticide based on the taggant. The interferometric
system may also be used in connection with an unmanned vehicle that is driven or flown around
a target pasture or field to verify the identity of pesticide being applied or haven been applied yet
still present in the atmosphere at a level that can be detected by an interferometric system
provided herein.
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[00201] When product authenticity needs to be established, the producing company,
intermediary, or end user can use an interferometric system as provided herein to identify the
presence and concentration of the aptamers or other taggants that represent authenticity.
Furthermore, an interferometric system as provided herein may be equipped with
telecommunication equipment allowing the detector system to communicate with a database of
the producing company to record the result and other relevant information such as geolocation.
The data sent to the producer may be recorded with usage of the taggant-containing The
producer can, in turn, send a signal back to the detector system user that the measured
concentrations of the aptamers or other taggants meet the expected values for the lot of
material tested thus ensuring the materialis not counterfeited. Such a signal may be sent
wirelessly or via an internet connection. Such a signal may provide further data regarding

authentication and safe use of the pesticide.

PROPHETIC EXAMPLE 4

Agricultural Pesticide Detection, Authentication and Quantification
[00202] An interferometric system as provided herein may be set up to aid in high throughput
detection, authentication and quantification of an agricultural pesticide such as 2,4-D or dicamba
that includes at least one taggant. The interferometric system may be used in connection with
an agricultural tank to verify the source or supplier of the dicamba based on the taggant. Such
a system is particularly useful in view of rampant counterfeit pesticides in the marketplace. The
interferometric system may also be used in connection with an unmanned vehicle that is driven
or flown around a target pasture or field to verify the identity of pesticide being applied or haven
been applied yet still present in the atmosphere at a level that can be detected by an

interferometric system provided herein.

PROPHETIC EXAMPLE 5
Grocery Store Produce Testing and Tracking
[00203] An interferometric system as provided herein may be set up to aid in detection,
authentication, quantification and tracking of one or more target taggants or other analytes on
food produce (e.g. fruit or vegetable) upon arrival at a grocery store. A trained user may obtain
a sample from the surface of the produce. The taggant may be an aptamer suspended in a

liquid that is sprayed or coated onto an external surface of the produce. The taggant may be
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modified with each shipment of produce so as to provide a means of authenticating and tracking
individual produce shipments.

[00204] The test sample may be obtained by an automatic collection device that will deliver a
sample aliquot to the interferometric system. The one or more taggants may indicate the source
country and supplier identity. Once detected and authenticated, a signal of authenticity may be
recorded and transmitted to the supplier to allow the supplier to know the produce arrived at the
grocery as well as the grocery’s GPS location. Other analytes that may be detected and
quantified include any chemical contaminant including, but not limited to, a volatile organic
compound such as benzene, toluene, ethylbenzene and xylenes), tetrachloroethylene (PCE),
trichloroethylene (TCE), vinyl chloride (VC), and gasoline. Other chemical contaminants

include, oil, nitrites, metals, and pesticides.

GENERAL STATEMENTS

[00205] The following statements provide a general description of the disclosure and are not
intended to limit the appended claims.
[00206] Statement 1. A portable interferometric system for detection, authentication and
quantification of taggant within a test sample composition is provided that includes:

an optical assembly unit, the optical assembly unit comprising a light unit and a detector
unit each adapted to fit within a portable housing unit; and

a cartridge system adapted to be inserted in the housing and removed after one or more
uses, the cartridge system comprising an interferametric chip and a flow cell wafer.

wherein the interferometric chip includes one or more waveguide channels having a
sensing layer thereon, the sensing layer adapted to bind or otherwise be selectively disturbed
by the at least one taggant within the test sample composition.
[00207] Statement 2. The portable interferometric system of statement 1, wherein the
portable housing is sized and shaped to fit in a user’'s hand.
[00208] Statement 3. The portable interferometric system of statements 1-2, further
comprising at least one display unit.
[00209] Statement 4. The portable interferometric system of statements 1-3, further
comprising an external camera, the external camera adapted to capture a photo or video.
[00210] Statement 5. The portable interferometric system of statements 1-4, comprising an
alignment means for aligning the cartridge system within a cartridge recess in the interferometric

system.
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[00211] Statement 6. The portable interferometric system of statements 1-5, wherein the
sensing layer comprises one or more antigens, antibodies, DNA, aptamers, polypeptides,
nucleic acids, carbohydrates, lipids, or molecularly imprinted polymers, or immunoglobulins
suitable for binding one or more taggants in a test sample composition.
[00212] Statement 7. The portable interferometric system of statements 1-6, configured to
analyze the light signals from two or more waveguide channels to detect the presence of an
taggant that individual waveguides could not have detected alone.
[00213] Statement 8. The portable interferometric system of statements 1-7, wherein the one
or more waveguide channels each comprises a different sensing layer to allow the system to
detect different taggants on each waveguide channel.
[00214] Statement 9. The portable interferometric system of statements 1-8, wherein the
sensing layer is configured to bind one or more small molecules, antibodies, virus antigens,
virus proteins, bacteria, fungi, pathogen, RNA, chemical, mRNA or any combination thereof.
[00215] Statement 10. The portable interferometric system of statements 1-9, having an
taggant detection limit down to about 1.0 picogram/L.
[00216] Statement 11. The portable interferometric system of statements 1-10, having an
taggant detection limit down to about 1000 pfu/ml.
[00217] Statement 12. The portable interferometric system of statements 1-11, wherein the
detector has sensitivity to at least 2 pixels per diffraction line pair.
[00218] Statement 13. The portable interferometric system of statements 1-12, further
comprising a location means adapted to determine the physical location of the system.
[00219] Statement 14. The portable interferometric system of statements 1-13, wherein the
taggant is a DNA or RNA aptamer.
[00220] Statement 15. A method of authenticating at least one taggant in a test sample
composition is provided that includes the steps of:
collecting a target sample suspected of containing the at least one taggant;
optionally, entering an identification associated with the target sample;
introducing the target sample to a portable interferometric system;
mixing the target sample with a buffer solution to form a test sample composition;
initiating interferometry on the test sample composition;
determining whether the test sample composition includes at least one taggant;
processing any data resulting from the interferometry of the test sample composition; and
transmitting the data to a user such that a positive or negative indication is given to
indicate whether at least one suspected taggant is present or absent in the target sample.
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[00221] Statement 16. The method of statement 15, wherein the step of transmitting data
includes wirelessly transmitting taggant detection, authentication and quantification data to a
mobile device or server.
[00222] Statement 17. The method of statements 15- 16, further comprising the step of
displaying data related to the presence of taggant in the test sample composition on the display
unit.
[00223] Statement 18. The method of statements 15- 17, wherein the target sample is taken
from water, soil, air, agricultural chemical, food product, painting, jewelry, watch, artwork,
computer, smart phone, antique, clothing accessory, vehicle, weapon, commercial paper,
currency, personal or business check, passport, drivers licenses, credit card or debit card.
[00224] Statement 19. The method of statements 15-18, wherein the taggant is in the form
of, dissolved in, or suspended in a liquid or a gas.
[00225] Statement 20. The method of statements 15-19, wherein the data resulting from the
waveguide interferometry is provided at or under 30 minutes, 20 minutes, 10 minutes, 1 minute,
near real-time or in real-time.
[00226] Statement 21. The method of statements 15-20, wherein the interferometric system
comprises:

an optical assembly unit, the optical assembly unit comprising a light unit and a detector
unit each adapted to fit within a housing unit; and

a cartridge system adapted to be inserted in the housing and removed after one or more
uses, the cartridge system comprising an interferoametric chip and a flow cell wafer,

wherein the interferometric chip includes one or mare waveguide channels having a
sensing layer thereon, the sensing layer adapted to bind or otherwise be selectively disturbed
by the at least one taggant within the test sample composition.
[00227] Statement 22. The method of statements 15-21, wherein the sensing layer
comprises one or more proteins, enzymes, aptamers, peptides, nucleic acids, carbohydrates,
lipids, or monomers and polymers, or whole cell microorganisms suitable for binding one or
more taggants.
[00228] Statement 23. The method of statements 15-22, wherein the step of transmitting
data includes wirelessly transmitting taggant detection and quantification data to a mobile
device or server.
[00229] Statement 24. The method of statements 15-23, further comprising the step of
displaying data regarding a positive or negative indication of whether the at least one suspected
taggant is present in or on a test sample composition to be authenticated.
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[00230] Statement 25. The method of statements 15-24, further comprising the step of
displaying data regarding identity and amount of the at least one taggant present in or on a test
sample composition to be authenticated.
[00231] Statement 26. The method of statements 15-25, wherein the portable interferometric
system is in communication with production equipment for producing a finished material or
product.
[00232] Statement 27. The method of statements 15-26, wherein upon a negative indication
of at least one taggant is transmitted to the user, the method includes the step of generating a
signal that displays a user prompt to accept to deny a shut-off operation for the production
equipment.
[00233] Statement 28. The method of statements 15-27, further comprising the step of the
user accepting or denying the shut-off operation.
[00234] Statement 29. The method of statements 15-28, wherein the at least one taggant is
a DNA aptamer.
[00235] Statement 30. A method of tracking a material in a supply chain from a supplier to
an end user is provided, the method including the steps of:

introducing at least one taggant to the material to be tracked;

introducing the material to the supply chain;

collecting a target sample from the material;

optionally, entering an identification associated with the target sample;

introducing the target sample to an interferometric system;

mixing the target sample with a buffer solution to form a test sample composition;

initiating interferometry on the test sample composition to detect and authenticate the at
least one taggant;

processing any data resulting from the interferometry of the test sample composition; and

transmitting the data to the end user.
[00236] Statement 31. The method of statement 30, further comprising the steps of
transmitting the data to the supplier and the supplier receiving the transmitted data.
[00237] Statement 32. The method of statements 30-31, wherein the data includes
information related to geolocation, temperature, humidity, calendar date, time, or any
combination thereof.
[00238] Statement 33. The method of statements 30-32, further comprising the step of
comparing data related to the end user’s geolocation to the anticipated shipment location to
verify that the material is at an expected location.
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[00239] Statement 34. A method of marking a material for authentication, the method
including the steps of:

introducing at least one taggant to the material to be tracked,

wherein the taggant is adapted to be detected, authenticated and quantified by an
interferometric system.
[00240] Statement 35. The method of statement 34, wherein the material is an agricultural
chemical, food product, painting, jewelry, watch, artwork, computer, smart phone, antique,
clothing accessory, vehicle, weapon, commercial paper, currency, persanal or business check,
passport, drivers licenses, credit card or debit card.
[00241] Statement 36. The method of statement 34-35, wherein the interferometric system
comprises:

an optical assembly unit, the optical assembly unit comprising a light unit and a detector
unit each adapted to fit within a housing unit; and

a cartridge system adapted to be inserted in the housing and removed after one or more
uses, the cartridge system comprising an interferometric chip and a flow cell wafer,

wherein the interferometric chip includes one or more waveguide channels having a
sensing layer thereon, the sensing layer adapted to bind or otherwise be selectively disturbed
by the at least one taggant within the test sample composition.
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CLAIMS
We claim:

1. A method of authenticating at least one taggant in a test sample composition, the
method comprising the steps of:

collecting a target sample suspected of containing the at least one taggant;

optionally, entering an identification associated with the target sample;

introducing the target sample to a portable interferometric system;

mixing the target sample with a buffer solution to form a test sample composition;

initiating interferometry on the test sample composition;

determining whether the test sample composition includes at least one taggant;

processing any data resulting from the interferometry of the test sample composition;
and

transmitting the data to a user such that a positive or negative indication is given to
indicate whether at least one suspected taggant is present or absent in the target sample.

2. The method of claim 1, wherein the interferometric system comprises:

an optical assembly unit, the optical assembly unit comprising a light unit and a detector
unit each adapted to fit within a housing unit; and

a cartridge system adapted to be inserted in the housing and removed after one or more
uses, the cartridge system comprising an interferometric chip and a flow cell wafer,

wherein the interferometric chip includes one or more waveguide channels having a
sensing layer thereon, the sensing layer adapted to bind or otherwise be selectively disturbed
by the at least one taggant within the test sample composition.

3. The method of claim 2, wherein the sensing layer comprises one or more proteins,

enzymes, aptamers, peptides, nucleic acids, carbohydrates, lipids, monomers, or polymers.

4. The method of claim 1, wherein the step of transmitting data includes wirelessly

transmitting taggant detection and quantification data to a mobile device or server.

5. The method of claim 1, further comprising the step of displaying data regarding a
positive or negative indication of whether the at least one suspected taggant is present in or on
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a test sample composition to be authenticated.

6. The method of claim 1, further comprising the step of displaying data regarding identity
and amount of the at least one taggant present in or on a test sample composition to be

authenticated.

7. The method of claim 1, wherein the portable interferometric system is in communication
with production equipment for producing a finished material or product.

8. The method of claim 7, wherein upon a negative indication of at least one taggant is
transmitted to the user, the method includes the step of generating a signal that displays a user

prompt to accept to deny a shut-off operation for the production equipment.

9. The method of claim 8, further comprising the step of the user accepting or denying the
shut-off operation.

10. The method of claim 1, wherein the at least one taggant is a DNA aptamer.

11. The method of claim 1, wherein the target sample is collected from an agricultural
chemical, cosmetic, food product, painting, jewelry, watch, artwork, computer, smart phone,
antique, clothing accessory, vehicle, weapon, commercial paper, currency, personal or business

check, passport, drivers licenses, credit card or debit card.

12. A method of tracking a material in a supply chain from a supplier to an end user, the
method comprising the steps of:

introducing at least one taggant to the material to be tracked;

introducing the material to the supply chain;

collecting a target sample from the material;

optionally, entering an identification associated with the target sample;

introducing the target sample to an interferometric system;

mixing the target sample with a buffer solution to form a test sample composition;

initiating interferometry on the test sample composition to detect and authenticate the at
least one taggant;
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processing any data resulting from the interferometry of the test sample composition;
and
transmitting the data to the end user.

13. The method of claim 12, further comprising the steps of transmitting the data to the
supplier and the supplier receiving the transmitted data.

14. The method of claim 12, wherein the data includes information related to geolocation,

temperature, humidity, calendar date, time, or any combination thereof.

15. The method of claim 12, further comprising the step of comparing data related to the end
user’s geolocation to the anticipated shipment location to verify that the material is at an

expected location.

16. The method of claim 12, wherein the material is an agricultural chemical, cosmetic, food
product, painting, jewelry, watch, artwork, computer, smart phone, antique, clothing accessory,
vehicle, weapon, commercial paper, currency, personal or business check, passport, drivers

licenses, credit card or debit card.

17. A method of marking a material for authentication, the method comprising the steps of:
introducing at least one taggant to the material to be tracked,
wherein the taggant is adapted to be detected, authenticated and quantified by an

interferometric system.
18. The method of claim 17, wherein the material is an agricultural chemical, cosmetic, food
product, painting, jewelry, watch, artwork, computer, smart phone, antique, clothing accessory,

vehicle, weapon, commercial paper, currency, personal or business check, passport, drivers

licenses, credit card or debit card.
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