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(57) Abstract: Systems for analyte detection are disclosed. The system includes absorption channels positioned along a surface of an
object. The absorption channels are configured to trap an analyte. The system further includes a sensor embedded in the object and
configured to detect the presence of the analyte. The sensor includes a light source configured to transmit light and a detector con-
figured to detect a change in an intensity of light transmitted by the light source. The sensor further includes a cable configured to
connect the light source to the detector, wherein the cable comprises detection regions, and wherein the detection regions include a
portion of the cable exposed to the analyte in the absorption channel.
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SENSOR SYSTEMS AND METHODS FOR ANALYTE DETECTION
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119(a) to U.S. Patent
Application No. 14/492,748, filed September 22, 2014, the entire disclosure of
which is incorporated herein in its entirety.

BACKGROUND

[0002] The following description is provided to assist the understanding of the
reader. None of the information provided or references cited is admitted to be prior
art.

[0003] Sensors can be used to detect various characteristics of an environment
surrounding the sensor. For example, a chemical sensor can provide information
related to the chemical composition of the environment surrounding an individual.
The technology can have broad applications including environmental chemical
monitoring, workplace safety monitoring, industrial process control, quality control,
leak testing, biomedical monitoring, food and water testing, and drug detection.

SUMMARY

[0004] The present technology provides a system for detecting analytes. The
system includes absorption channels positioned along a surface of an object. The
absorption channels can be configured to trap an analyte. The system further
includes a sensor embedded in the object and configured to detect the presence of
the analyte. The system includes a light source configured to transmit light and a
detector configured to detect a change in an intensity of light transmitted by the light
source. The system further includes a cable configured to connect the light source
to the detector. The cable can include detection regions. The detection regions
can include a portion of the cable exposed to the analyte in the absorption channel.

[0005] The present technology further provides a method for detecting analytes.
The method includes transmitting, by a light source, light through a cable and

propagating, by the cable, the light via internal reflection as the light is transmitted
-1-
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through the cable. The method further includes emitting, by detection regions of
the cable, an evanescent wave into absorption channels in response to the internal
reflection. The method further includes detecting, by a detector, a change in an
intensity of light transmitted through the cable. The change in the intensity of light
transmitted through the cable indicates the presence of an analyte in the absorption

channels.

[0006] The present technology further provides a method for creating an analyte
detection system. The method includes forming absorption channels along a
surface of an object. The absorption channels can be configured to trap an
analyte. The method further includes embedding a sensor in the object. The
sensor can be configured to detect the presence of the analyte. The sensor
includes a light source configured to transmit light and a detector configured to
detect a change in an intensity of light transmitted by the light source. The method
further includes connecting the light source to the detector via a cable. The cable
can include detection regions. The detection regions can include a portion of the
cable exposed to the analyte in the absorption channel.

[0007] The foregoing summary is illustrative only and is not intended to be in
any way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent
by reference to the following drawings and the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other features of the present disclosure will become
more fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the disclosure and are;
therefore, not to be considered limiting of its scope, the disclosure will be described
with additional specificity and detail through use of the accompanying drawings.

[0009] Fig. 1 depicts an illustration of a sensor system for detecting analytes in

accordance with an illustrative embodiment.
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[0010] Fig. 2 depicts a cut-away view of a sensor system for detecting analytes

in accordance with an illustrative embodiment.

[0011] Fig. 3 depicts an illustration of an intensity profile of propagating light
through an optical fiber in accordance with an illustrative embodiment.

[0012] Fig. 4 depicts an illustration of a perspective view of a sensor system for
detecting analytes in accordance with an illustrative embodiment.

[0013] Fig. 5A depicts an illustration of a comparison of detection diodes in

accordance with an illustrative embodiment.

[0014] Fig. 5B depicts a graph of voltage readings from a sensor system in

accordance with an illustrative embodiment.

[0015] Fig. 6 depicts a graph of a carbon monoxide rotational vibrational

spectrum in accordance with an illustrative embodiment.

[0016] Fig. 7 depicts a flow diagram of a method for detecting analytes in an

environment in accordance with an illustrative embodiment.

[0017] Fig. 8 depicts a flow diagram of a method for creating a sensor system
for detecting analytes in accordance with an illustrative embodiment.

DETAILED DESCRIPTION

[0018] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description, drawings, and claims
are not meant to be limiting. Other embodiments may be used, and other changes
may be made, without departing from the spirit or scope of the subject matter
presented here. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the figures, can be
arranged, substituted, combined, and designed in a wide variety of different

-3-
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configurations, all of which are explicitly contemplated and make part of this

disclosure.

[0019] The present technology is directed to systems and methods for analyte
detection. An analyte is a chemical or gas substance subject to chemical analysis.
To detect the presence of analytes, a chemical sensor system can be created that
is adaptable to mobile devices. The technology has broad application including
environmental chemical monitoring, workplace safety monitoring, industrial process
control, quality control, leak testing, biomedical monitoring, food and water testing,
and drug detection.

[0020] In an embodiment, the chemical sensor can be embedded into a mobile
device, for example a mobile phone case. When embedding the chemical sensor
in the mobile phone case, the chemical sensor has a simple design and reduced
manufacturing costs since the mobile phone case does not contain other
electronics or components. Therefore, the chemical sensor does not have to be
designed around additional components as it would if it was embedded in an
existing electronic device. Additionally, the mobile phone case provides more
space for optical fibers to be used in detecting various analytes than if the chemical
sensor was embedded in another device. In an embodiment, the chemical sensor
enables an individual user to verify that food or drink is safe to consume.
Additionally, still in another embodiment, the chemical sensor can be used to detect
various allergens in the environment around the individual. The environment can
vary. For example, the environment may include the individual’s home, an outdoor

park, an office building, or any other suitable environment.

[0021] The minimal size of the chemical sensor according to the embodiments
discussed below allows for use of the chemical sensor in many different
applications without adapting or altering the chemical sensor. The chemical sensor
makes use of evanescent wave absorption spectroscopy to detect the presence of
analytes in the environment around a user of the mobile device. In addition, the
chemical sensor can generate alerts to notify the individual of the presence of
dangerous gases.
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[0022] Fig. 1 depicts an illustration of a sensor system 100 for detecting analytes
in accordance with an illustrative embodiment. The sensor system 100 includes
absorption channels 110 and a sensor 115. In an embodiment, the absorption
channels 110 are positioned along a surface of an object 105. The sensor 115 is
embedded in the object 105. In an embodiment, the object 105 is made of a
polymer matrix material. In other embodiments, the object 105 may be made up of

titanium or activated carbon.

[0023] The object 105 can be adaptable for a mobile device or a computing
device, for example, a hand-held computing device. In one embodiment, the object
105 is a mobile phone case. In other embodiments, the object 105 is a mobile
phone. In an embodiment, the length of the absorption channels 110 is about
equal to the length or width of the object 105. For example, the absorption
channels 110 may run along the entire length of a face of a mobile phone case. In
an embodiment, the width of the absorption channels may be about 1 millimeter
(mm). The depth of the absorption channels 110 may be about 1 mm deep. In
other embodiments, the dimensions of the absorption channels 110 may be any
length, width, and/or depth that is suitable for a design need of the device.

[0024] The object 105 includes an exposed layer 125 and a protected layer 130.
The exposed layer 125 is exposed to an environment within the absorption
channels 110. Each absorption channel 110 may include, for example, a hole
formed into the surface of the absorption channel 110. The hole exposes the
sensor 115 to elements, chemicals, and/or gases present in the absorption
channels 110 and leaves the sensor 115 unprotected. The hole may run the entire
length of the corresponding absorption channel 110. In an embodiment, the
absorption channels 110 may include any type of hole or slit of any length and/or
diameter that is suitable for a design need of the device to expose the sensor 115
to the environment around the object 105.

[0025] In some embodiments, an absorption channel 110 can be covered in an
index matching material. The index matching material can be a liquid, adhesive, or
a gel. In an embodiment, the index of refraction of the index matching material

-5-
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matches the index of refracting of a cladding layer of a cable in the sensor 115.
The index of refraction of the index matching material may be greater than the
index of refraction of the air in the environment around the object 105.

[0026] In some embodiments, each absorption channel 110 has the same size
exposed layer 125. In other embodiments, the size of the exposed layer 125 may
vary between each of the absorption channels in the sensor system 100. The
exposed layer 125 allows the sensor 115 to interact with the elements present in
the absorption channel 110. The absorption channels 110 will be discussed in
greater detail below with respect to Fig. 4.

[0027] As mentioned above, the object 105 includes protected layer 130. The
protected layer 130 is isolated from the environment of the absorption channels
110. In some embodiments, the protected layer 130 may be located entirely inside
the object 105. Indeed, according to various embodiments, the protected layer 130
is protected from and therefore unaffected by elements present in the absorption
channels.

[0028] The sensor 115 includes a cable. In an embodiment, the cable is an
optical fiber. In some embodiments, the cable is an optical waive guide with a
blazed fiber Bragg grating (FBG). The thickness of the cable can range from about
a few microns to about a few hundred microns. In one embodiment, the thickness
of the cable is about 125 microns. The cable traverses the inside of the object 105
through the exposed layer 125 and/or the protected layer 130. In some
embodiments, the cable that passes through the protected layer 130 may be
referred to as a reference cable. The sensor 115 and the cable will be discussed in
greater detail below with respect to Fig. 2.

[0029] The sensor system 100 also includes a universal serial bus (USB) port
135. The sensor 115 can connect directly to a mobile device via the USB port 135.
The sensor 115 communicates and transmits data to the mobile device through the
USB port 135. The sensor 115 can be powered by the mobile device through the
connection established by the USB port 135. For example, the sensor 115
functions with any device capable of powered USB interfacing through the USB
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port 135. Example devices may include at least one of a laptop, cell phone, tablet
computer, or any type of handheld computing device. In other embodiments, the
sensor system 100 is battery powered. In alternative embodiments, the USB port
135 may be omitted form the sensor system 110, and alternative communication
methods as known to those of skill in the art may be used to convey data from the
sensor system 100 to external devices.

[0030] Fig. 2 depicts a cut-away view of a sensor system 200 for detecting
analytes in accordance with an illustrative embodiment. In particular, Fig. 2 depicts
the sensor system 100 from Fig. 1, exposed along the dashed line to reveal the
interior of the sensor system 100. The sensor system 200 includes absorption
channels 210 and a sensor 215. The absorption channels 210 are formed in an
object 205, and the sensor 215 is embedded in the object 205. In an embodiment,
the sensor 215 is a chemical sensor embedded in the object 205. The sensor 215
includes a light source 220, a detector 235, and a cable 225 configured to connect
the light source 220 to the detector 235.

[0031] In one embodiment, the light source 220 is an infrared (IR) light-emitting
diode (LED). In another embodiment, the light source 220 is a light source from a
mobile phone. The light source 220 is configured to transmit light through the cable
225 to the detector 235. In some embodiments, the sensor includes an optical
coupler 230 disposed between the light source 220 and the detector 235. The
optical coupler 230 can be connected to one or more input cables and one or more
output cables. The optical coupler 230 combines or splits received light. For
example, the optical coupler 230 receives light from the one or more input cables
and transmits light to the one or more output cables. In one embodiment, the
optical coupler 230 includes a 1:2 optical coupler and is configured to transmit light
from the light source 220 to the cable 225 and a reference cable 227. The 1:2
optical coupler receives light from the light source 220 via the cable 225 and then
splits the light such that it is transmitted to the detector 235 via both the cable 225
and the reference cable 227.
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[0032] The cable 225 traverses the inside of the object 205 to connect the light
source 220 to the detector 235. The cable 225 can include detection regions. The
detection regions include a portion of the cable 225 that is exposed to the external
environment of the sensor system 200 within the absorption channels 210. In this
way, the detection regions may be exposed to analytes within the absorption
channels 210. In some embodiments, the detection regions align with the exposed
layer of the object 205, as described above with respect to Fig. 1. The absorption
channels 210 can include a hole formed into the channel and the detection regions
can be aligned with these holes in the absorption channels 210 to be directly
exposed to the environment in the absorption channels 210. The dimensions of the
detection regions can be about equal to the length of the object 205 and/or the
length of the corresponding absorption channel 210. In one embodiment, the
length of the detection region is equal to the length of the corresponding absorption
channel 110.

[0033] In an embodiment, the detection regions of the cable 225 are configured
to emit an evanescent wave into the absorption channels. In an embodiment, each
of the detection regions is exposed in a different absorption channel 210. Each of
the absorption channels 210 can include a hole formed into it to expose the
detection region to the environment in the absorption channel 210.

[0034] The reference cable 227 connects the light source 205 to the detector
235 and is protected from the absorption channels 210. The reference cable 227
traverses the inside of the object 205 to connect the light source 205 to the detector
235; however, the reference cable is isolated from the absorption channels 210. In
an embodiment, the reference cable 227 traverses the inside of the object 205
through a protected layer of the object 205. In some embodiments, the reference
cable 227 is not exposed to the environment of the absorption channels 210 and
does not include detection regions. The reference cable 227 follows a similar path
as the cable 225 inside the object 205, but the reference cable 227 is optically
isolated from the absorption channels 210. The light transmitted by the reference
cable 227 is measured and/or compared to the light transmitted by the cable 225 to
detect a change in intensity of light transmitted by the cable 225. In an

-8-
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embodiment, the reference cable 227 and the cable 225 each include a same
cable-type and/or material. In other embodiments, the reference cable 227 is a
different cable-type and/or material than the cable 225.

[0035] The detector 235 is configured to detect a change in an intensity of light
transmitted by the light source 220. In one embodiment, the detector 235 is a
photodetector (for example, a photodiode) configured to measure an amount of
light transmitted by the light source 220 via the cable 225 and/or the reference
cable 227. In other embodiments, the detector 235 is a charged couple device
(CCD) camera. The detector 235 can be configured to convert light into either a
current or a voltage reading. The detector 235 transmits a measured light intensity
from the cable 225 and/or the reference cable 227 to a processor. As discussed in
more detail below, the processor is configured to analyze the measured light
intensity and make determinations about analytes within the environment of the

sensor system 200 based on the measured light intensity.

[0036] In an embodiment, the detector 235 includes multiple detection diodes.
Each detection diode can be connected to a different cable in the sensor system
200. In one embodiment, the detector 235 includes a signal detector 240 and a
reference detector 250. The signal detector 240 can be connected to the cable 225
and is configured to receive light from the light source 220 via the cable 225. The
reference detector 250 can be connected to the reference cable 227 and is
configured to receive light from the light source 220 via the reference cable 227.

[0037] The sensor system 200 includes a universal serial bus (USB) port 260.
The sensor 205 can be similar to the USB port 135 described above with respect to
Fig. 1. The sensor 205 connects directly to a mobile device via the USB port 260.
The sensor 205 communicates and transmits data to the mobile device through the
USB port 260. In an embodiment, the sensor 205 is powered by the mobile device
through the connection established by the USB port 260. For example, the sensor
205 can function with any device capable of powered USB interfacing through the
USB port 260. Example devices include at least one of a laptop, cell phone, tablet
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computer, or any type of handheld computing device. In other embodiments, the
sensor system 200 is battery powered and the USB port 260 may be omitted.

[0038] The sensor system 200 can include a processor. In an embodiment, the
processor is a microprocessor of a mobile device. In some embodiments, the
processor is coupled to the sensor 205. In one embodiment, the processor is
communicatively coupled to the sensor 205. The processor can be configured to
receive data from the sensor 205. The data may include the intensity of light
transmitted through the cable 225 and/or the reference cable 227 detected by the
sensor 205.

[0039] The processor is configured to compare the intensity of light transmitted
through the cable 225 and/or the reference cable 227 detected by the embedded
sensor to a calibration curve. The calibration curve may include threshold value(s)
for an environment of clean air. In some embodiments, a calibration curve is used
to determine the presence of an analyte. The calibration curve determines the
presence of the analyte and the concentration of the analyte by comparing the
calibration curve to measured data. The calibration curve may include a set of
standard samples of known concentrations of a target analyte. The calibration
curve will be described in greater detail with respect to Fig. 6.

[0040] The processor can be configured to generate a notification to a user in
response to the comparison of the intensity of light transmitted through the cable
225 and/or the reference cable 227 detected by the sensor 205 to the calibration
curve. The notification may indicate a presence of an analyte. The notification can
include at least one of an auditory, a visual, a tactile, or any other suitable
notification. In an embodiment, the notification includes instructing and/or operating
components of a mobile device to generate the notification. The auditory
notification can include generating a noise or sound to notify a user of the mobile
device to the presence of the analyte. For example, the auditory notification can
include an alarm ringtone. The visual notification can include generating a visual
alert to notify the user of the mobile device of the presence of the analyte. The
visual alert can include a flashing LED and/or a flashing symbol on a user interface
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screen of the mobile device. The tactile notification can include generating a tactile
alert to notify the user of the mobile device of the presence of the analyte. In an
embodiment, the tactile notification includes a vibrating sensation, for example,
vibrating the mobile device to alert the user. In some embodiments, a combination

of auditory, visual, and tactile alerts are used to notify the user of the mobile device.

[0041] As illustrated in Fig. 2, the cable 225 and reference cable 227 traverse
the inside of the object 205 to connect the light source 220 to the detector 235. In
some embodiments, light transmitted by the light source 220 can propagate
through the cable 225 and the reference cable 227 by total internal reflection
fluorescence (TIRF), for example, as illustrated in Fig. 3.

[0042] Fig. 3 depicts an illustration of an intensity profile of propagating light
through a cable 305 (for example, an optical fiber) in accordance with an illustrative
embodiment. TIRF occurs when incident light approaches an interface consisting
of two different indices, for example ny and nz, at an angle greater than the critical
angle, 6., which can be described by the following equation:

(T
8, = arcsin |—

n;
[0043] In an embodiment, the cable 305 is configured to emit an evanescent
wave in response to TIRF. Following TIRF, an exponentially decaying
electromagnetic field, or evanescent wave, is emitted from the core of the cable
305. This evanescent wave can be used to, for example, excite a fluorophore or
biological tag in TIRF microscopy. In some embodiments, the evanescent wave is
used in an absorption scheme, for example, evanescent wave absorption

spectroscopy.

[0044] In the presence of an analyte, the evanescent wave will be absorbed by
the analyte in at least one of the absorption channels of a sensor system. The
detection region of the cable 305, length ‘L’ in Fig. 3, is exposed to an environment
in an absorption channel. The propagating optical wave produces an evanescent
wave with a power profile outside a waveguide as represented in Fig. 3 by the

striped lines. As the evanescent wave propagates through the air, the wave is
-11 -
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absorbed by an analyte (represented by dots in Fig. 3) that is present in the
environment of the absorption channel. This absorption of the evanescent wave
leads to a reduction of the overall intensity of the evanescent wave as it is
transmitted to a detector. The absorption is detected by measuring the reduction in
the intensity of the propagated light through the cable 305. The reduction can be
measured by a detector of the sensor system as discussed above with respect to
Fig. 2. The transmittance of the cable 305 is denoted by the symbol P and is given
by the following equation:

P =P e *THL

[0045] Where P, is the transmittance in the absence of the absorbing gas, a is
the absorption coefficient of the gas in free space, r is the ratio of intensity of the
evanescent wave to that of the propagating wave, L is the length of the exposed
portion of the cable 305, and y is the gas coefficient. It can be seen that the
sensitivity of the detector will increase with the length of the exposed cable 305. In
some embodiments, for example, when the sensor system is embedded into a
mobile phone case, the large surface area of the mobile phone case provides a
suitable medium for supporting cable bundles for this task.

[0046] Fig. 4 depicts an illustration of a perspective view of a sensor system 400
for detecting analytes in accordance with an illustrative embodiment. The sensor
system 400 includes portions of a cable 415a-c exposed to an environment in
absorption channels 410a-c. In an embodiment, the absorption channels 410a-c
are formed into a surface of an object 405.

[0047] In some embodiments, the absorption channels 410a-c are grooves
formed into a surface of the object 405. The shape of the absorption channels
410a-c can vary in accordance with different embodiments. For example, the
shape may include one of an arc, a semicircle, or a half of a square. In an
embodiment, the absorption channels 410a-c can all be the same shape. In other
embodiments, the shape of the absorption channels 410a-c varies from one
channel to the next channel within a single sensor system 400.

-2
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[0048] As illustrated in Fig. 4, an analyte 425 is present in the environment of
the absorption channel 410a. To detect the analyte 425, the absorption channels
410 a-c are chemically coated with a material 420. The chemical coating creates a
chemoselective environment within the absorption channels 410a-c. The
chemoselective environment can selectively react with one functional group as
opposed to another thereby allowing the absorption channels 410a-c to trap the
analyte 425 (which is configured to selectively react with the one functional group).
The analyte 425 can be any type of volatile organic compound (VOC). For
example, the analyte 425 may include at least one of carbon monoxide, acetone,
cyclohexane, hydrogen gas, carbon dioxide, nitrogen, or ammonia. In an
embodiment, the analyte 425 may be any type of gaseous compound including an

oxygen molecule or nitrogen molecule.

[0049] In some embodiments, the absorption channels 410a-c are chemically
coated with a material 420 that is configured to attract a target analyte 425. The
material 420 can be selected to promote at least one of physisorption or
chemisorption within the absorption channels 410a-c when the analyte 425 is
present within the environment of the sensor system 400. The surface of the
absorption channels 410a-c are chemically coated with the material 420 dependent
on the VOC to be detected. In various embodiments, the material 420 can include
at least one of sulfur, aluminum-doped graphene, activated carbon, or a zeolite
mineral. In additional embodiments, the material 420 can also include at least one

of various organic semiconductor inks, dielectric inks, or metallic inks.

[0050] In an embodiment, the chemically-coated absorption channels 410a-c
absorb specific types of analytes either through physisorption or chemisorption.
Physisorption is the near-field interaction between a surface (for example, the
surface of the absorption channels 110) and a gas (for example, an analyte). ltis a
phenomenon reliant on van der Wall forces. In essence, as a gas approaches a
given solid surface (for example, the chemically-coated absorption channel), the
physisorption potential, V, increases with a Z*> dependence, where Z is the distance
between the gas and the surface.

-13-
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[0051] Chemisorption is a specific case of physisorption wherein the attraction is
stronger than just van der Wallls forces. Indeed, the enthalpy for absorption in the
case of physisorption is roughly -30 kilojoules/mole (kJ/mol), whereas that for
chemisorption is in the -100kJ/mol range. Generally, the gas interacts with the
surface through the direct donation of electron density, sometimes resulting in a
covalent bond. The chemisorbed gas storm or molecule likely resided first in a
physisorbed precursor state. The residence time for a physisorbed atom or
molecule at room temperature is short, on the order of a few hundred picoseconds.
However, the residence time for chemisorption is on the order of minutes to hours.
It is the residence time that allows one to develop chemo-selectivity in gas-phase
chemisorption spectroscopy experiments, and similarly, in the sensor systems as
described herein.

[0052] To detect different and/or multiple types of VOC'’s, for example, analyte
425, the absorption channels 110 can be chemically coated with different types of
materials 420. In some embodiments, all of the absorption channels 410a-c are
chemically coated with the same material 420. In other embodiments, each of the
absorption channels 410a-c is chemically coated with a different material 420.

[0053] The cable 415 may include a portion directly exposed to the absorption
channel 410a-c. It is through this direct contact that the evanescent wave
absorption spectroscopy can be performed. Light propagated through the cable
415, in the presence of the analyte 425, is absorbed. This absorption results in a
lower intensity of light transmitted through the cable 425 and is detected by a
detector. The absorption leads to a reduced voltage reading interpreted by the
detector and/or a processor, for example a microprocessor of a mobile device. This
reduction in voltage can be reported to an end user to notify the user of the
presence of the analyte 425 in a surrounding environment that the sensor system
400 is present in.

[0054] In order to account for fluctuations in the source intensity, a reference
cable, for example reference cable 227 described above with respect to Fig. 2, can
be included in the sensor system 400. The reference cable follows the same or
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similar path as the cable 415; however, the reference cable will be isolated from the
environment of the absorbing channels 410a-c. The measured intensity of light
propagated through cable 415 is compared to the measured intensity of light
propagated through the reference cable, as illustrated in Figs. 5A and 5B.

[0055] Fig. 5A depicts an illustration of two comparisons 500 of detection diodes
in accordance with an illustrative embodiment. Fig. 5B depicts a graph 550 of
voltage readings from a sensor system in accordance with an illustrative
embodiment. In both comparisons 500 of Fig. 5A, a signal arm of a sensor system
is compared to a reference arm of the sensor system. The signal arm refers to the
cable of the sensor system exposed to an environment in an absorption channel.
The reference arm refers to the reference cable of the sensor system that is
isolated from the environment of the absorption channel. The light transmitted by
both the signal arm and the reference arm is detected and measured by detection
diodes, similar to the detection diodes described above with respect to Fig. 2. The
measured intensity of the signal arm can be divided against that of the reference

arm.

[0056] In the first comparison 510, the signal arm is exposed to an analyte, for
example carbon monoxide, while the reference arm is not exposed to the analyte.
In the second comparison 520, no analyte is present in the absorption channel and
thus the signal arm is exposed to a clean environment in the absorption channel.

The reference arm is isolated from any environment of the absorption channel.

[0057] Asillustrated in Fig. 5B, a greater voltage is detected in the clean
environment, corresponding to the second comparison 520 from Fig. 5A, as
compared to the dirty environment, corresponding to the first comparison 510 from
Fig. 5A. The lower voltage readings of the dirty environment are due to the
presence of the analyte in the absorption channels, causing some of evanescent
wave emitted by the signal arm to be absorbed by the analyte. In some
embodiments, a calibration curve is used to determine the presence of an analyte.
The calibration curve can be used to determine the presence of the analyte and the

concentration of the analyte. In an embodiment, the calibration curve includes a
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set of standard samples of known concentrations. In other embodiments, the

calibration curve includes threshold values for an environment of clean air.

[0058] Fig. 6 depicts a graph 600 of a carbon monoxide rotational vibrational
spectrum. The graph shows the normalized transmittance power plotted as a
function of wavelength of light. To protect against the possibility of environmental
factors, for example, increased humidity or non-VOC detection resulting in false
positive detections, the calibration curve can be used. In one embodiment, when
an analyte is detected, the detected values can be compared to a calibration curve,
similar to Fig. 6, to determine the type of analyte, as well as the concentration of the
analyte.

[0059] In some embodiments, a detector of a sensor system communicates with
a companion application on the mobile device. The companion application on the
mobile device may host a calibration curve for the sensor system. In one
embodiment, the calibration curve is programmed into the sensor system. In other
embodiments, the calibration curve is programmed on a device in communication
with the sensor system.

[0060] Fig. 7 depicts a flow diagram of a method 700 for detecting analytes in an
environment in accordance with an illustrative embodiment. As a brief overview,
the method 700 includes, transmitting, by a light source, light through a cable
(operation 710). The method 700 further includes, propagating, by the cable, the
light via internal reflection as the light is transmitted through the cable (operation
720). The method 700 further includes, emitting, by detection regions of the cable,
an evanescent wave into absorption channels in response to the internal reflection
(operation 730). The method 700 further includes detecting, by a detector, a
change in an intensity of light transmitted through the cable (operation 740). The
change in the intensity of light transmitted through the cable indicates the presence
of an analyte in the absorption channels.

[0061] At operation 710, the method 700 includes transmitting, by a light source,
light through a cable. The light source can transmit light to the detector through the
cable. In an embodiment, an optical coupler is disposed between the light source
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and the detector. The light source transmits light to the optical coupler through the
cable. The optical coupler splits or combines the light received from the light
source and transmits the light to the detector. In an embodiment, the optical
coupler can transmit the light received from the light source to the detector through
both the cable and a reference cable.

[0062] At operation 720, the method 700 includes propagating, by the cable, the
light via internal reflection as the light is transmitted through the cable and
optionally the reference cable. At operation 730, the method 700 includes emitting,
by detection regions of the cable, an evanescent wave into absorption channels in
response to the internal reflection. In an embodiment, the detection regions are a
portion of the cable exposed to an environment in the absorption channel. The
evanescent wave is configured to excite a fluorophore or biological tag in total
internal reflection fluorescence (TIRF) microscopy. The method includes
chemically coating the absorption channels to attract a target analyte. In an
embodiment, the absorption channels are chemically coated with a material to
promote physisorption. In other embodiments, the absorption channels are
chemically coated with a material to promote chemisorption. The chemical coating
of the absorption channels creates a chemoselective environment in the absorption
channel. The chemoselective environment can be created based on a desired
analyte to be detected.

[0063] At operation 740, the method 700 includes detecting, by a detector, a
change in an intensity of light transmitted through the cable. The change in the
intensity of light transmitted through the cable indicates the presence of an analyte
in the absorption channels. The change in the intensity of light transmitted through
the cable corresponds to an amount of the evanescent wave that is absorbed by
the analyte in the absorption channels. The analyte attracted to the environment of
the absorption channel absorbs some of the evanescent wave emitted by the cable
and reduces the intensity of the light received by the detector through the cable.
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[0064] The detector detects a reduction in an intensity of the light transmitted
through the cable. The detector is configured to detect the change in the intensity,
P(x), of light transmitted through the cable, wherein P(x) is defined as:

P(x) = Pe aril

[0065] Wherein P, is a transmittance in an absence of absorbing gas (initial
power), a is an absorption coefficient of gas in free space, r is a ratio of intensity of
the evanescent wave to that of a propagating wave, L is a length of the detection
region of the cable, and p is a gas concentration. The detector compares the light
detected from a reference cable to the light detected from the cable. The reference
cable is isolated from the environment of the absorption channel and not affected
by the presence of the analyte.

[0066] In an embodiment, the method 700 can further include transmitting, by
the detector, the change in the intensity of light transmitted through the cable to a
processor. The detector transmits the measured intensity of light transmitted by the
reference cable to the processor. The processor can compare the change in the
intensity of light transmitted through the cable to a calibration curve. In some
embodiments, the calibration curve correspond to threshold values for an
environment with clean air, for example, an environment free of an analyte. The
presence of an analyte in the absorption channel can indicate ‘dirty’ air in the
environment around the sensor. The processor generates a notification in
response to comparing the change in the intensity of light transmitted through the
cable to the calibration curve. The processor can generate the notification to alert a
user of a mobile device that the sensor is coupled with of the presence of the
analyte in the environment around the device. The processor generates at least
one of an auditory notification, a visual notification, a tactile notification, or a
combination of them. For example, in one embodiment, the processor causes a
mobile device to vibrate and the screen of the mobile device to flash in response to
detecting the presence of the analyte.

[0067] Fig. 8 depicts a flow diagram of a method for creating a sensor system in
accordance with an illustrative embodiment. The method 800 includes forming
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absorption channels along a surface of an object (operation 810). The absorption
channels can be configured to trap an analyte. To attract and/or trap the analyte,
the absorption channels are chemically coated as discussed above. In various
embodiments, at least one absorption channel may be chemically coated with a
material to promote physisorption or chemisorption. In an embodiment, the sensor
system includes multiple absorption channels and each of the absorption channels
are chemically coated. In some embodiments, the absorption channels in a sensor
system are all chemically coated with the same material. In other embodiments,
the absorption channels in a sensor system are all chemically coated with a
different material. In some embodiments, the object includes a mobile phone case
and the method includes positioning the absorption channels along an outer
surface of the mobile phone case.

[0068] The method 800 includes embedding a sensor in the object (operation
820). The sensor can be configured to detect the presence of the analyte. In an
embodiment, the sensor includes a light source configured to transmit light and a
detector configured to detect a change in an intensity of light transmitted by the
light source.

[0069] The method 800 further includes connecting the light source to the
detector via a cable (operation 830). The cable includes detection regions. The
detection regions include a portion of the cable that is exposed to an environment
within the absorption channel. In some embodiments, each of the detection
regions are exposed in a different absorption channel. The method 800 can
include disposing an optical coupler between the light source and the detector. In
one embodiment, the optical coupler includes a 1:2 optical coupler. The 1:2 optical
coupler can be configured to transfer light from the light source to the cable and a
reference cable.

[0070] The method 800 includes connecting the light source to the detector via a
reference cable. In an embodiment, the reference cable is protected from the
absorption channels. The method 800 includes coupling a universal serial bus
(USB) interface to the sensor. The USB interface connects the sensor to a
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computing device to power the sensor. The USB interface can be configured to
transmit data between the sensor and the computing device.

[0071] In an embodiment, a processor is coupled to the sensor. The processor
is configured to receive data from the sensor. The processor can receive the data
though the USB interface of the sensor. In an embodiment, the data includes the
intensity of light transmitted through the cable detected by the sensor. The
processor compares the intensity of light transmitted through the cable detected by
the embedded sensor to a calibration curve.

EXAMPLES:

Example 1: Chemical Sensor detects Carbon Monoxide

[0072] A mobile device has a mobile phone case with an embedded chemical
sensor. The embedded chemical sensor is powered by the mobile device through a
USB port and communicates with the mobile device through the USB port. The
mobile phone case has three absorption channels formed into an upper surface.
Each of the absorption channels is chemically coated with a different material. The
first absorption channel is chemically coated with sulfur to attract carbon monoxide.
The second absorption channel is coated with activated carbon to attract acetone.
The third absorption channel is chemically coated with a zeolite to attract a larger
VOC.

[0073] The embedded chemical sensor includes a bundle of optical fiber that
connects an IR LED light source to a photodetector. The light transmitted by the IR
LED light is split by a 1:2 optical coupler and transmitted to the photodetector.
Connected to the 1:2 optical coupler to the photodetector is a signal arm and a
reference arm of the bundle of optical fiber. The reference arm of the bundle of
optical fiber transmits light to the detector. The reference arm is isolated from the
absorption channels and completely encapsulated by the mobile phone case.

[0074] The signal arm of the bundle of optical fiber transmits the light to the
detector. The signal arm includes detection regions that are exposed to the

environment in the absorption channels. Each of the absorption channel includes
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holes in the surface of the absorption channels that allows the signal arm to directly
interact with the environment in the absorption channels. Light propagates through
the signal arm by total-internal reflection and an evanescent wave is emitted from
the signal arm. The portions of the signal arm exposed to the absorption channels,
the detection regions, emit the evanescent wave into the absorption channels.

[0075] Anindividual carries the mobile device into a construction area to test for
chemicals and/or gases present. The construction area contains levels of carbon
monoxide of which the individual is previously unaware. When the individual enters
the construction area, the carbon monoxide in the air is attracted to the first
absorption channel of the mobile phone case due to the coating of sulfur. The
evanescent wave emitted by the detection regions of the signal arm interacts and is
absorbed by the carbon monoxide molecules in the absorption channel. The
absorption of the evanescent wave results in a change in the intensity of the light
transmitted through the signal arm.

[0076] The photodetector detects the change in intensity of the signal arm by
comparing the intensity of the light transmitted by the signal arm to the light
transmitted by the reference arm. The photodetector includes two detection diodes,
a signal detection diode and a reference detection diode. The signal detection
diode is connected to the signal arm. The reference detection diode is connected to
the reference arm. The photodetector compares the measurements taken by the
signal detection diode to the measurements taken by the reference detection diode.
The change in intensity between the signal arm and the reference arm indicates the

presence of an analyte, carbon monoxide.

[0077] In response to detecting carbon monoxide, the chemical sensor
communicates with a microprocessor of the mobile device. The chemical sensor
instructs the mobile device to vibrate and flash a warning on a user interface of the
mobile device to warn the individual of the presence of carbon monoxide.

Example 2: Chemical Sensor in a clean air environment
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[0078] A mobile device has a mobile phone case with an embedded chemical
sensor. The embedded chemical sensor is powered by the mobile device through a
USB port and communicates with the mobile device through the USB port. The
mobile phone case has two absorption channels formed into an upper surface.
Each of the absorption channels is chemically coated with the same material, sulfur,

to attract carbon monoxide.

[0079] The embedded chemical sensor includes a bundle of optical fiber that
connects an IR LED light source to a photodetector. The light transmitted by the IR
LED light is split by a 1:2 optical coupler and transmitted to the photodetector.
Connected to the 1:2 optical coupler to the photodetector is a signal arm and a
reference arm of the bundle of fiber optic. The reference arm of the bundle of
optical fiber transmits light to the detector. The reference arm is isolated from the
absorption channels and completely encapsulated by the mobile phone case.

[0080] The signal arm of the bundle of optical fiber transmits the light to the
detector. The signal arm includes detection regions that are exposed to the
environment in the absorption channels. Each of the absorption channels includes
holes in the surface of the absorption channels that allows the signal arm to directly
interact with the environment in the absorption channels. Light propagates through
the signal arm by total-internal reflection and an evanescent wave is emitted from
the signal arm. The portions of the signal arm exposed to the absorption channels,
the detection regions, emit the evanescent wave into the absorption channels.

[0081] Anindividual carries the mobile device into a construction area to test for
chemicals and/or gases present. The construction area is outside in a humid
environment; however the air in the construction area is clean. When the individual
enters the construction area, the humidity in the air interacts with each of the
absorption channels of the mobile phone case. The evanescent wave emitted by
the detection regions of the signal arm interacts with the humid air and is absorbed
by the humid air in the absorption channel. The absorption of the evanescent wave
results in a change in the intensity of the light transmitted through the signal arm.
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[0082] The photodetector detects the change in intensity of the signal arm by
comparing the intensity of the light transmitted by the signal arm to the light
transmitted by the reference arm. The photodetector includes two detection diodes,
a signal detection diode and a reference detection diode. The signal detection
diode is connected to the signal arm. The reference detection diode is connected to
the reference arm. The photodetector compares the measurements taken by the
signal detection diode to the measurements taken by the reference detection diode.
The change in intensity between the signal arm and the reference arm indicates the
presence of an analyte, carbon monoxide. The photodetector transmit the data
indicating the presence of carbon monoxide to a companion application on the
mobile device. The companion application includes a calibration curve. The
companion device compares the data received from the photodetector to the
calibration curve. The comparison indicates that the change in intensity detected is

due to a humid environment and not the presence of carbon monoxide.

[0083] In response to detecting the humid environment, the companion device
communicates with a microprocessor of the mobile device. The companion device
generates a notification to the user to indicate that the construction environment is
clean.

[0084] Implementations of the subject matter and the operations described in
this specification can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combinations of one or more of
them. The subject matter described in this specification can be implemented as
one or more computer programs, i.e., one or more circuits of computer program
instructions, encoded on one or more computer storage media for execution by, or
to control the operation of, data processing apparatus. Alternatively or in addition,
the program instructions can be encoded on an artificially generated propagated
signal, e.g., a machine-generated electrical, optical, or electromagnetic signal that is
generated to encode information for transmission to suitable receiver apparatus for
execution by a data processing apparatus. A computer storage medium can be, or
be included in, a computer-readable storage device, a computer-readable storage
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substrate, a random or serial access memory array or device, or a combination of
one or more of them. Moreover, while a computer storage medium is not a
propagated signal, a computer storage medium can be a source or destination of
computer program instructions encoded in an artificially generated propagated
signal. The computer storage medium can also be, or be included in, one or more
separate components or media (e.g., multiple CDs, disks, or other storage devices).

[0085] The term “data processing apparatus” or “computing device”
encompasses various apparatuses, devices, and machines for processing data,
including by way of example a programmable processor, a computer, a system on a
chip, or multiple ones, or combinations of the foregoing. The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an
ASIC (application specific integrated circuit). The apparatus can also include, in
addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol
stack, a database management system, an operating system, a cross-platform
runtime environment, a virtual machine, or a combination of one or more of them.
The apparatus and execution environment can realize various different computing
model infrastructures, such as web services, distributed computing and grid

computing infrastructures.

[0086] A computer program (also known as a program, software, software
application, script, or code) can be written in any form of programming language,
including compiled or interpreted languages, declarative or procedural languages,
and it can be deployed in any form, including as a stand-alone program or as a
circuit, component, subroutine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, correspond to a file in a file
system. A program can be stored in a portion of a file that holds other programs or
data (e.g., one or more scripts stored in a markup language document), in a single
file dedicated to the program in question, or in multiple coordinated files (e.g., files
that store one or more circuits, sub programs, or portions of code). A computer
program can be deployed to be executed on one computer or on multiple
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computers that are located at one site or distributed across multiple sites and

interconnected by a communication network.

[0087] Processors suitable for the execution of a computer program include, by
way of example, both general and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read only memory or a random access memory or
both. The essential elements of a computer are a processor for performing actions
in accordance with instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one or more mass storage
devices for storing data, e.g., magnetic, magneto optical disks, or optical disks.
However, a computer need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio or video player, a game console, a Global Positioning
System (GPS) receiver, or a portable storage device (e.g., a universal serial bus
(USB) flash drive), to name just a few. Devices suitable for storing computer
program instructions and data include all forms of non-volatile memory, media and
memory devices, including by way of example semiconductor memory devices,
e.g., EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal
hard disks or removable disks; magneto optical disks; and CD ROM and DVD-ROM
disks. The processor and the memory can be supplemented by, or incorporated in,
special purpose logic circuitry.

[0088] To provide for interaction with a user, implementations of the subject
matter described in this specification can be implemented on a computer having a
display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display)
monitor, for displaying information to the user and a keyboard and a pointing
device, e.g., a mouse or a trackball, by which the user can provide input to the
computer. Other kinds of devices can be used to provide for interaction with a user
as well; for example, feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile feedback; and input
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from the user can be received in any form, including acoustic, speech, or tactile

input.

[0089] One or more flow diagrams may have been used herein. The use of flow
diagrams is not meant to be limiting with respect to the order of operations
performed. The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. Itis
to be understood that such depicted architectures are merely illustrative, and that in
fact many other architectures can be implemented which achieve the same
functionality. In a conceptual sense, any arrangement of components to achieve
the same functionality is effectively "associated" such that the desired functionality
is achieved. Hence, any two components herein combined to achieve a particular
functionality can be seen as "associated with" each other such that the desired
functionality is achieved, irrespective of architectures or intermedial components.
Likewise, any two components so associated can also be viewed as being
"operably connected”, or "operably coupled”, to each other to achieve the desired
functionality, and any two components capable of being so associated can also be
viewed as being "operably couplable”, to each other to achieve the desired
functionality. Specific examples of operably couplable include but are not limited to
physically mateable and/or physically interacting components and/or wirelessly
interactable and/or wirelessly interacting components and/or logically interacting
and/or logically interactable components.

[0090] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular
and/or from the singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be expressly set forth
herein for sake of clarity.

[0091] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims)
are generally intended as "open" terms (e.g., the term "including" should be
interpreted as "including but not limited to," the term "having" should be interpreted

-26-



WO 2016/046752 PCT/IB2015/057305

as "having at least," the term "includes" should be interpreted as "includes but is not
limited to," etc.). It will be further understood by those within the art that if a
specific number of an introduced claim recitation is intended, such an intent will be
explicitly recited in the claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the following appended claims
may contain usage of the introductory phrases "at least one" and "one or more" to
introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles
"a" or "an" limits any particular claim containing such introduced claim recitation to
inventions containing only one such recitation, even when the same claim includes
the introductory phrases "one or more" or "at least one" and indefinite articles such
as "a" or "an" (e.g., "a" and/or "an" should typically be interpreted to mean "at least
one" or "one or more"); the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced
claim recitation is explicitly recited, those skilled in the art will recognize that such
recitation should typically be interpreted to mean at least the recited number (e.g.,
the bare recitation of "two recitations," without other modifiers, typically means at
least two recitations, or two or more recitations). Furthermore, in those instances
where a convention analogous to "at least one of A, B, and C, etc." is used, in
general such a construction is intended in the sense one having skill in the art
would understand the convention (e.g., "a system having at least one of A, B, and
C" would include but not be limited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or A, B, and C together,
etc.). In those instances where a convention analogous to "at least one of A, B, or
C, etc." is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., "a system having at least one
of A, B, or C" would include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C together, and/or A, B,
and C together, etc.). It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms, either of the terms, or
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both terms. For example, the phrase "A or B" will be understood to include the
possibilities of "A" or "B" or "A and B."

[0092] The foregoing description of illustrative embodiments has been presented
for purposes of illustration and of description. It is not intended to be exhaustive or
limiting with respect to the precise form disclosed, and modifications and variations
are possible in light of the above teachings or may be acquired from practice of the
disclosed embodiments. It is intended that the scope of the invention be defined by
the claims appended hereto and their equivalents.
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WHAT IS CLAIMED IS:
1. A system for detecting an analyte, the system comprising:

absorption channels positioned along a surface of an object, wherein the
absorption channels are configured to trap an analyte; and

a sensor embedded in the object and configured to detect the presence of

the analyte, the sensor comprising:
a light source configured to transmit light;

a detector configured to detect a change in an intensity of light
transmitted by the light source; and

a cable configured to connect the light source to the detector, wherein
the cable comprises detection regions, and wherein the detection regions
comprise a portion of the cable exposed to the analyte in the absorption

channel.

2. The system of Claim 1, wherein the absorption channels are chemically coated
with a material to attract the analyte, and wherein the material is selected to
promote at least one of physisorption or chemisorption.

3. The system of Claim 2, wherein the material is at least one of sulfur, aluminum
doped grapheme, activated carbon, or a zeolite mineral.

4. The system of Claim 1, wherein the analyte is at least one of carbon monoxide,

acetone, or cyclohexane.

5. The system of Claim 1, wherein the object comprises a mobile phone case, and
wherein the absorption channels are positioned along an outer surface of the

mobile phone case.

6. The system of Claim 1, wherein the sensor further comprises a 1:2 optical
coupler disposed between the light source and the detector, wherein the 1:2 optical
coupler is configured to transfer light from the light source to the cable and a

reference cable.
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7. The system of Claim 1, wherein the sensor further comprises a reference cable,
wherein the reference cable connects the light source to the detector and is
protected from the absorption channels.

8. The system of Claim 1, wherein each of the detection regions are exposed in a
different absorption channel.

9. The system of Claim 1, further comprising a processor coupled to the sensor,
wherein the processor is configured to:

receive data from the sensor, wherein the data comprises the intensity of
light transmitted through the cable detected by the sensor; and

compare the intensity of light transmitted through the cable detected by the
embedded sensor to a calibration curve.

10. A method of detecting an analyte, the method comprising:
transmitting, by a light source, light through a cable;

propagating, by the cable, the light via internal reflection as the light is
transmitted through the cable;

emitting, by detection regions of the cable, an evanescent wave into
absorption channels in response to the internal reflection; and

detecting, by a detector, a change in an intensity of light transmitted through
the cable, wherein the change in the intensity of light transmitted through the cable
indicates the presence of an analyte in the absorption channels.

11. The method of Claim 10, further comprising transmitting, by the light source,
light through a reference cable.

12. The method of Claim 10, wherein the evanescent wave is configured to excite
a fluorophore or biological tag in Total Internal Reflection Fluorescence (TIRF)
Microscopy.

13. The method of Claim 10, wherein the change in the intensity of light transmitted
through the cable corresponds to an amount of the evanescent wave that is
absorbed by the analyte in the absorption channels.
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14. The method of Claim 10, wherein detecting the change further comprises
detecting a reduction in an intensity of the light transmitted through the cable.

15. The method of Claim 10, wherein the detector is configured to detect the
change in the intensity, P(x), of light transmitted through the cable, wherein P(x) is
defined as:

P(x) = Pe aril

wherein P, is a transmittance in an absence of absorbing gas (initial power), a is an
absorption coefficient of gas in free space, r is a ratio of intensity of the evanescent
wave to that of a propagating wave, L is a length of the detection region of the
cable, and p is a gas concentration.

16. The method of Claim 10, wherein detecting the change in the intensity of light
transmitted through the cable further comprises comparing the light detected from a
reference cable to the light detected from the cable.

17. The method of Claim 10, further comprising transmitting, by the detector, the
change in the intensity of light transmitted through the cable to a processor.

18. The method of Claim 17, further comprising:

comparing, by the processor, the change in the intensity of light transmitted
through the cable to a calibration curve; and

generating, by the processor, a notification in response to comparing the
change in the intensity of light transmitted through the cable to the calibration

curve.
19. A method of preparing a chemical sensor, the method comprising:

forming absorption channels along a surface of an object, wherein the
absorption channels are configured to trap an analyte; and

embedding a sensor in the object, wherein the sensor is configured to detect
the presence of the analyte, the sensor comprising:

a light source configured to transmit light;
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a detector configured to detect a change in an intensity of light
transmitted by the light source; and

connecting the light source to the detector via a cable, wherein the
cable comprises detection regions, and wherein the detection regions
comprise a portion of the cable exposed to the analyte in the absorption

channel.

20. The method of Claim 19, further comprising chemically coating at least one
absorption channel with a material, wherein the material is selected to promote at
least one of physisorption or chemisorption.

21. The method of Claim 19, further comprising disposing a 1:2 optical coupler
between the light source and the detector, wherein the 1:2 optical coupler is
configured to transfer light from the light source to the cable and a reference cable.

22. The method of Claim 19, further comprising connecting the light source to the
detector via a reference cable, wherein the reference cable is protected from the
absorption channels.

23. The method of Claim 19, wherein each of the detection regions are exposed in
a different absorption channel.

24. The method of Claim 19, further comprising coupling a processor to the sensor,
wherein the processor is configured to:

receive data from the sensor, wherein the data comprises the intensity of
light transmitted through the cable detected by the sensor; and

compare the intensity of light transmitted through the cable detected by the
embedded sensor to a calibration curve.
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