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Description

BACKGROUND

[0001] The invention relates generally to systems for analysis of fluids, and more particularly to systems for analysis
of fluids using resonant sensors.
[0002] Typically, resonant sensors are used to provide information about physical, chemical, and biological constituents
present in a sample. Selectivity of sensors is desirable in sensor performance and applications. Typically, lack of selectivity
prevents the wide use of sensors in sensing physical, chemical, and biological species in fluids in applications such as
but not limited to, medical diagnostics, life sciences, water, oil and gas, and security. Impedance spectroscopy is often
used for materials science and materials characterization. Impedance spectroscopy provides a number of advantages
in the analysis of biological species as it provides a non-invasive, non-toxic platform for analysis of biological species.
However, the well-accepted limitations of traditional impedance spectroscopy include relatively low sensitivity and pro-
hibitively long acquisition times over the broad frequency range.
[0003] Current laboratory techniques often utilize a plurality of pre-treatment steps for the sample and require a pa-
thologist or a technician to manually identify the sample composition. Current sensor techniques utilize different trans-
ducers based on optical, electrical, mechanical, thermal, and magnetic detection principles. The sensors may be resonant
or non-resonant. The resonant transducers provide a mechanism to more accurately probe the dielectric properties of
any samples in the presence of uncontrolled ambient environmental noise contributions as compared to non-resonant
transducers. Non-limiting examples of ambient environmental noise contributions include temperature, media compo-
sition, and presence of interferences in the sample. US2008/012579 and US2002154029 each disclose prior art resonant
sensors.

BRIEF DESCRIPTION

[0004] The present invention is defined in the accompanying claims.
[0005] In one embodiment, a resonant sensor assembly includes a dielectric substrate having a sensing region. The
sensor assembly further comprises a plurality of tuning elements operatively coupled to the sensing region, wherein the
sensing region is coupled to the plurality of tuning elements to define a plurality of resonant circuits.
[0006] In an example, a system includes a resonant sensor assembly and a reader in operative communication with
the resonant sensor, where the reader is configured to acquire responses at a plurality of frequencies. The resonant
sensor assembly includes a dielectric substrate comprising a sensing region, and a plurality of tuning elements operatively
coupled to the sensing region. The sensing region is coupled to the plurality of tuning elements to define a plurality of
resonant circuits.
[0007] In yet another embodiment, the resonant sensor assembly includes a dielectric substrate comprising a sensing
region with at least four inter-digital electrode structure, and a plurality of tuning elements operatively coupled to the
sensing region. The sensing region is coupled to the plurality of tuning elements configured to provide predetermined
resonant frequencies associated with the plurality of electrode pairs to define a plurality of resonant circuits.

DRAWINGS

[0008] These and other features, aspects, and advantages of the invention will become better understood when the
following detailed description is read with reference to the accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 is a schematic view of a portion of an example sensor system employing a sensor assembly configured to
probe a fluid sample using a plurality of frequencies, in accordance with embodiments of the present technique;

FIG. 2 is a graph of measured impedance parameters of an embodiment of the resonant sensor, in accordance with
embodiments of the present technique;

FIG. 3 is a schematic view of an example sensing region comprising a plurality of electrodes, in accordance with
embodiments of the present technique;

FIGS. 4-6 are schematic views of example sensing regions having a plurality of electrodes, in accordance with
embodiments of the present technique;

FIG. 7 is an equivalent circuit of electrode/sample structure with a re-configurable design, in accordance with em-
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bodiments of the present technique;

FIG. 8 is a schematic representation of a sensor system employing a single sensor region, in accordance with
embodiments of the present technique; and

FIG. 9 is a flow chart for a method for analyzing a sample, in accordance with embodiments of the present technique.

DETAILED DESCRIPTION

[0009] Embodiments relate to assemblies for physical, chemical and/or biological detection. In certain embodiments,
the systems and methods may be used for analysis of fluids. The assemblies facilitate probing the fluids at various
frequencies using a single sensor. In certain embodiments, a resonant sensor assembly may comprise a single sensing
region that is configured to resonate at a plurality of frequencies. In some of these embodiments, the single sensing
region is configured to probe a fluid at a plurality of frequencies. Various sub-regions in the single sensing region may
be configured to probe different depths in the fluid sample providing tomographic information about the fluid sample in
the direction perpendicular to a sensor plane. This tomographic information may be provided through the use of elec-
tromagnetic field penetrating waves. In one example, the electromagnetic waves may include electric field penetrating
waves and magnetic field penetrating waves. For example, if the fluid sample contains cells or other constituents in the
sample, the tomographic information may include information about complex permittivity of the sample as a function of
the distance from the sensing surface. The information obtained from different depths within the cell provides an indication
of the cell adhesion, migration of new cells, changes in cell activity and response to external stimuli (e.g. environmental,
pharmacologic). In one example, information on cell morphology may be used to track the metastasis of cancer cells in
rapid collected biopsies.
[0010] In certain embodiments, the sensor may be employed in one or more applications in the field of medical
diagnostics, life sciences, water technologies, oil and gas, and security. In the case of medical diagnostics, the resonant
sensor assembly may be used to detect or diagnose an infection or cancer. In the case of water technologies, the
resonant sensor assembly may be used to detect protein and bacterial cells accumulation in a water sample. The water
sample may be from drinking water, or distillation or cooling tanks.
[0011] The resonant sensor assemblies facilitate probing a sample with a plurality of frequencies while using a single
sensor, it is not required to dispose the fluid sample on a plurality of sensors to probe the sample with a plurality of
frequencies.
[0012] In certain embodiments, a resonant sensor assembly may include a dielectric substrate comprising a sensing
region, a plurality of tuning elements operatively coupled to the sensing region. Further, the sensing region is coupled
to the plurality of tuning elements to define a plurality of resonant circuits. Each resonant circuit may be used to define
a sub-region in the single sensing region, where each sub-region is configured to probe different depths in the fluid
sample. In one embodiment, the dielectric substrate and the sensing region may be a part of a resonant sensor. In
certain embodiments, the resonant circuits may include components that in combination result in producing resonance
sensor response.
[0013] In some embodiments, the resonant sensor may be coupled to the plurality of tuning elements to define a
plurality of resonant circuits. In one embodiment, the tuning elements may be external to the resonant sensor. In another
embodiment, the tuning elements may not be external to the resonant sensor, the tuning elements may be integral to
the resonant sensor
[0014] In some examples, not falling within the scope of the claimed invention, a sensor reader may be configured to
monitor a plurality of responses from the resonant sensor assembly. The reader may be in operative association with
the sensor through a reader antenna. In one embodiment, the reader may be configured to monitor a resonance property
of the resonant sensor. The data from the resonant sensor may be transferred using a wired or a wireless transmission.
In one embodiment, the wireless transmission is inductively-coupled transmission. In certain embodiments, the reader
may be a response analyzer that is configured to receive signals of a plurality of frequencies.
[0015] In certain examples, the sensor reader may be configured to measure real and imaginary parts of the impedance
spectrum of the resonant sensor having the sample. In certain embodiments, the sensor reader may be configured to
measure real and imaginary parts of the impedance spectrum of the resonant sensor that is associated with the sample
outside the sensor resonance. In addition, measurements of the complex impedance spectra parameters, the reader
may measure other spectral parameters, related to the complex impedance spectra. Non-limiting examples of the spectral
parameters include S-parameters (scattering parameters) and Y-parameters (admittance parameters). In some embod-
iments, the sensor reader may be configured to monitor the sensor in real-time. Further, the reader may be configured
to monitor the sensor response in an intermittent or continuous fashion.
[0016] In certain embodiments, the resonant sensor may include a single sensing region, where the sensing region
is configured to resonate at a plurality of frequencies. In one example, the resonant sensor may be a RFID sensor. The
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RFID sensor may comprise a memory chip. The memory chip may be used to store and retrieve data when required.
The data may include a digital ID of the RFID sensor, or any other information of the RFID sensor. The memory chip
may be a read-write chip, such as an integrated circuit (IC) chip. Alternatively, the memory chip may be a read-only chip,
such as an acoustic wave device chip. The memory chip may be an analog input for a separate sensor.
[0017] As used herein the term "RFID tag" refers to a data storage and reporting technology that uses electronic tags
for storing data and which contains at least two components where the first component is an integrated circuit (memory
chip) for storing and processing information, and modulating and demodulating a radio frequency signal. This memory
chip may also be used for other specialized functions, for example it can contain a capacitor. In one embodiment, the
memory chip may also contain an input for an analog signal. The second component is an antenna for receiving and
transmitting the radio frequency signal. The antenna may also be configured to serve as a sensing region. In certain
embodiments, a RFID tag with a sensing function is a RFID sensor. In certain embodiments, a RFID tag with a sensing
region is a RFID sensor.
[0018] In certain examples, not covered by the claimed invention, a resonant sensor may comprise a RFID tag with
an added sensing function as, for example, when an antenna of the RFID tag also performs sensing functions by changing
its complex impedance parameters as a function of environmental changes. The determinations of environmental chang-
es with such resonant sensors are performed by analysis of complex impedance. In one embodiment, a RFID tag may
be converted into a RFID resonant sensor by coupling a complementary sensor across antenna and or/memory chip of
the RFID tag. By coupling the complementary sensor, electrical response of the attached sensor may be translated into
corresponding change in one or more of a complex impedance response of the resonant sensor. Non-limiting examples
of the complex impedance response of the resonant sensor may include a resonance peak position, a peak width, a
peak height and peak symmetry of the complex impedance response of the resonant sensor, magnitude of the real part
of the complex impedance, resonant frequency of the imaginary part of the complex impedance, anti-resonant frequency
of the imaginary part of the complex impedance, zero-reactance frequency, phase angle, and magnitude of impedance.
[0019] In certain embodiments, the resonant sensors may be used to measure a variety of physical, chemical and
biological parameters. In RFID resonant sensors, which do not fall within the scope of the appended claims, the methods
and systems for integrated interrogation may be used to collect both digital and analog signals from the RFID sensor to
obtain digital or analog data (e.g. tag ID, end-user stored information, sensing information, any other digital information
available from the tag) corresponding to the RFID tag, and analog data (e.g., sensing measurements, reflected power
measurements) corresponding to the RFID sensors. In one example, the RFID tag of the RFID sensor may be a passive
tag. A passive RFID tag does not need a battery for its function and comprises a memory chip that is connected to the
sensor antenna.
[0020] In some examples, the resonant sensor impedance spectra may be processed to extract several "spectral
parameters". The spectral parameters are Fp, Zp, F1, or F2 and others. The sensor impedance spectrum may be trans-
mitted to the central computing center for processing. In one example, the central computing center may analyze at
least a portion of the impedance spectrum or spectral features using steady state or dynamic responses from the
impedance reader. The steady state sensor response is a response from the sensor over a determined period of time,
where the response does not appreciably change over the measurement time. Thus, measurements of steady state
sensor response over time produce similar values. The dynamic sensor response is a response from the sensor upon
a sudden change in the measured environmental parameter (temperature, pressure, chemical concentration, biological
concentration, etc.) Thus, the sensor response does significantly change over the measurement time. Thus, measure-
ments of dynamic sensor response over time produce dynamic signature of response. Non-limiting examples of the
dynamic signature of the response include average response slope, average response magnitude, largest positive slope
of signal response, largest negative slope of signal response, average change in signal response, maximum positive
change in signal response, and maximum negative change in signal response.
[0021] In certain examples, several different approaches may be used for providing a single sensing region on a
substrate of the sensor. In one example, a sensing material or sensing film may be disposed on the sensing region to
define the sensing region. The sensing material may be configured to alter the impedance response of the sensor. In
another embodiment, a protecting material or protecting film may be disposed on the sensing region to define the sensing
region. In this embodiment, the protecting material may be configured to separate electrodes of the sensing region from
the sample. In yet another embodiment, a sensing region may be in direct contact with the sample. In this embodiment,
the sensing region may be configured to have electrodes of the sensing region in direct contact with the sample.
[0022] As used herein, the terms "sensing material" or "sensing film" may include, but are not limited to, materials
deposited onto the sensing region of the resonant sensor to perform the function of predictably and reproducibly affecting
the complex impedance sensor response upon interaction with the environment. For example, a conducting polymer
such as polyaniline changes its conductivity upon exposure to solutions of different pH. When such a polyaniline film is
deposited onto the sensor, the complex impedance sensor response changes as a function of pH. Thus, such an RFID
sensor works as a pH sensor. When such a polyaniline film is deposited onto the RFID sensor for detection in gas phase,
the complex impedance sensor response also changes upon exposure to basic (for example, NH3) or acidic (for example
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HCl) gases. Sensor films include, but are not limited to, polymer, organic, inorganic, biological, composite, and nano-
composite films that change their electrical and or dielectric property based on the environment that they are placed in.
Non-limiting additional examples of sensor films may be a sulfonated polymer such as Nafion, an adhesive polymer
such as silicone adhesive, an inorganic film such as sol-gel film, a composite film such as carbon black-polyisobutylene
film, a nanocomposite film such as carbon nanotube-Nafion film, gold nanoparticle-polymer film, metal nanoparticle-
polymer film, electrospun polymer nanofibers, electrospun inorganic nanofibers, electrospun composite nanofibers, and
any other sensor material. In order to prevent the material in the sensor film from leaking into the liquid environment,
the sensor materials are attached to the sensor surface using standard techniques, such as covalent bonding, electrostatic
bonding and other standard techniques known to those of ordinary skill in the art.
[0023] As used herein, the term "environmental parameters" or "environmental properties" refers to measurable en-
vironmental variables within or surrounding a multivariable sensor. In certain embodiments, the measurable environ-
mental variables may include one or more of physical, chemical or biological properties. Non-limiting examples of the
environmental parameters may include temperature, pH, oxygen content, pressure, material concentration, conductivity,
dielectric property, and number of dielectric, metallic, chemical, or biological particles in the proximity or in contact with
the sensor, dose of ionizing radiation, light intensity, or combinations thereof.
[0024] As used herein, the term "analyte" refers to a substance that includes any desirable measured environmental
parameter. As used herein, the term "interference" includes any undesirable environmental parameter that undesirably
affects the accuracy and precision of measurements with the sensor. As used herein, the term "interferent" refers to a
fluid or an environmental parameter (e.g., temperature, pressure, light, etc.) that may produce an interference response
by the sensor. As used herein, the term "resonance impedance" or "impedance" refers to measured sensor frequency
response around the resonance of the sensor from which the sensor "spectral parameters" are extracted.
[0025] In certain examples, sensing electrodes that are disposed on the sensing region, are not affected by the
measured sample. In certain embodiments, sensing electrodes that are disposed on the sensing region, are predictably
affected by the measured sample and predictably change sensor response. In one example, electrodes are made at
least in part from the sensing material that is responsive to environment. In this example, the electrodes are sensitive
to the environment and may sense one or more of a chemical, biological or physical parameters. In one example,
electrodes are fabricated from an environmentally sensitive material. Depending on the application of the sensor, elec-
trodes material is different. For example, for corrosion monitoring, nonlimiting examples of electrodes material are
aluminum, copper, and steel. For chemical and biological monitoring, non-limiting examples of electrodes material are
polyaniline, composite core-shell nanoparticles, ligand-coated nanoparticles, bare nanoparticles, nanowires, nanotubes,
and nanosheets.
[0026] By applying a sensing material onto the sensing region of the resonant sensor and measuring the complex
impedance of the resonant sensor, impedance response may be correlated to the biological or chemical or physical
parameters. In certain examples, the sensitive material may undergo a detectable change upon exposure to trace
concentrations of an analyte. In these examples, the trace concentrations may be measured by disposing the sensing
material between the electrodes that constitute the resonant circuit. Thus, dielectric, dimensional, charge transfer, and
other changes in the properties of the sensing material may be detected by the changes in the resonant properties of
the circuit.
[0027] Advantageously, a resonant sensor having a single sensing region is configured to provide individual responses
for each tested target or the target and interferences. For example, the resonant sensor having the sensing region may
provide different responses corresponding to each of the analyte. By applying a multivariate analysis (e.g., a principal
components analysis), the dimensionality of the complex impedance responses for each of analytes is reduced to a
single data point. This processed data is further used for quantitation of targets and their mixtures. As used herein,
’multivariate analysis’ refers to an analysis of signals where one sensor produces multiple response signals that are not
substantially correlated with each other. The multiple response signals from the sensor may be analyzed using multivariate
analysis tools to construct response patterns of exposures to different environmental conditions, such as, pressure or
temperature or fluid composition. Non-limiting examples of multivariate analysis tools include canonical correlation anal-
ysis, regression analysis, nonlinear regression analysis, principal components analysis, discriminate function analysis,
multidimensional scaling, linear discriminate analysis, logistic regression, or neural network analysis.
[0028] In one example, the resonant sensor having the sensing region may provide responses corresponding to various
depths or biological features of the measured sample or physiological features of cells. The various responses may be
analyzed using multivariate analysis. For example, the resonant sensor may be used to probe the sample at a plurality
of frequencies; the responses corresponding to this plurality of frequencies may be analyzed using multivariate analysis
to obtain information associated with different depths within the sample. In one embodiment, the plurality of frequencies
may be produced simultaneously from a single sensing region.
[0029] In certain embodiments, the resonant sensor may be used to probe the sample at the same frequency with the
responses corresponding to the plurality of electrode pairs from a single sensing region.
[0030] In certain embodiments, the complex impedance response of the sensor may be a multivariable response as
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more than one frequency may be utilized to measure sensor response across the resonance of the sensor. In certain
embodiments, the complex impedance response of the sensor may be a multivariable response because more than
one frequency may be utilized to measure sensor response outside the resonance of the sensor. In some embodiments,
the sensor response is measured at multiple frequencies across the resonance of the sensor. For example, if the sensor
resonates at about 13 MHz, the measured frequencies and associated sensor responses are measured from about 5
MHz to about 20 MHz. This multivariable response is analyzed by multivariate analysis. The multivariable response of
the sensor includes the sensor’s full complex impedance spectra and/or several individually measured properties, such
as but not limited to, Fp, Zp, Fz, F1, F2, Z1, and Z2. These and other measured properties are "spectral parameters".
These properties include the frequency of the maximum of the real part of the complex impedance (Fp, resonance peak
position), magnitude of the real part of the complex impedance (Zp, peak height), zero-reactance frequency (Fz, frequency
at which the imaginary portion of impedance is zero), resonant frequency of the imaginary part of the complex impedance
(F1), and anti-resonant frequency of the imaginary part of the complex impedance (F2), signal magnitude (Z1) at the
resonant frequency of the imaginary part of the complex impedance (F1), and signal magnitude (Z2) at the anti-resonant
frequency of the imaginary part of the complex impedance (F2). Other parameters may be measured using the entire
complex impedance spectra, for example, quality factor of resonance, phase angle, and magnitude of impedance.
Multivariable response spectral parameters are described in U.S. Patent No. 7,911,345 entitled "Methods and systems
for calibration of RFID sensors", which is incorporated herein by reference.
[0031] In certain embodiments, the sensor may comprise a protective material. In certain embodiments, the protective
material may include, but is not limited to, materials that protect the sensor from an unintended mechanical, physical or
chemical effect while still allowing the measurements of the fluid in proximity to or in contact with the sensor to be
performed. The fluid can be a gas, a liquid, or a solid, or a suspension of particles including biological particles, or tissue
samples. For example, an estimated measurement may include fluid conductivity measurement wherein a protecting
film separates the sensor from the fluid yet allows an electromagnetic field to penetrate into fluid. In one example, the
protective material may include, but is not limited to, materials that protect the sensor from an unintended mechanical,
physical or chemical effect in the presence of an interferent. In one example, the protective material may be a paper
film that is applied on top of the sensor to protect the sensor from mechanical damage and abrasion. In another example,
the protective material may be a polymer film that is applied on top of the sensor to protect the sensor from corrosion
when placed in a liquid for measurements. In yet another example, the protective material may be a polymer film that
is applied on top of the sensor for protection from shortening of the sensor’s circuit when placed in a conducting liquid
for measurements. In yet another example, the protective material may be a polymer film that is applied on top of the
sensor for protection from fouling of the electrodes when placed in a conducting liquid for measurements. Non-limiting
examples of such protective material used as films may comprise paper and polymeric films such as polyesters, poly-
propylene, polyethylene, polyethers, polycarbonate, polyethylene terephthalate, or combinations thereof. In one example,
the film may be grown with an inorganic species via atomic layer deposition or chemical vapor deposition.
[0032] In certain embodiments, the protective material may facilitate direct measurements of the fluids in proximity to
or in contact with the sensor to be performed. In these embodiments, the sensor may or may not include a protective
material on the sensing region. Measurements of the fluids may be performed by determining the complex permittivity
of the fluids. The resonant sensor responds to the change in the complex permittivity of the environment. The real part
of the complex permittivity of the fluid is referred to as a "dielectric constant". The imaginary part of the complex permittivity
of the fluid is referred to as a "dielectric loss factor". The imaginary part of the complex permittivity of the fluid is directly
proportional to a conductivity of a fluid. Measurements with a single sensor may be performed for mixtures of fluids or
individual fluids. These measurements may be used to determine compositions of the fluids. In one embodiment, mixtures
of the fluids may be homogeneous or heterogeneous. Non-limiting examples of the homogeneous mixtures are salt in
water, ethanol in water, sugar in water, water in milk. Non-limiting examples of heterogeneous mixtures are silicone in
water, oil in water, benzene in water, cells in media, virus particles in blood, blood in tissue.
[0033] FIG. 1 illustrates a portion of a resonant sensor system employing a sensor assembly 10 configured to probe
a fluid sample using a plurality of frequencies. The resonant sensor assembly 10 comprises a resonant sensor 12. The
resonant sensor 12 is configured to detect chemical, physical or biological parameters of a sample. The sensor comprises
a single sensing region 14. The sensing region 14 may be disposed on a substrate. In some embodiments, the substrate
of the sensor 12 may be a dielectric substrate. The substrate may be a well plate. In this embodiment, the electrodes
may be deposited on the well plate. It should be noted, a well of a well plate is a non-limiting example of an open sample
container or an open flow-channel.
[0034] In certain embodiments, the sensor assembly 10 includes a plurality of tuning elements 16. The plurality of
tuning elements may be operatively coupled to the single sensing region 14 to define a plurality of resonant circuits. The
tuning elements 16 along with the single sensing region 14 may define a plurality of resonant circuits. Each resonant
circuit of the plurality of resonant circuits may include one or more tuning elements of the plurality of tuning elements.
[0035] In the illustrated embodiment, the plurality of tuning elements 16 is external to the sensor 12. However, in one
embodiment, the tuning elements 16 may be disposed on the substrate of the sensor 12. In another embodiment, some
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of the plurality of tuning elements 16 may be external to the sensor substrate, while other tuning elements 16 may be
disposed on the substrate. The tuning elements 16 may comprise a resistor, a capacitor, an inductor, a resonator,
impedance transformer, or combinations thereof.
[0036] Each resonant circuit may be configured to resonate at a particular frequency. At least one resonant circuit
may be configured to resonate at a frequency that is different from the resonating frequency of the other resonant circuits.
By way of example, if the sensing region 14 includes a pair of electrodes, the tuning elements 16 may be a conductor,
a capacitor, and an inductor to form an inductor-capacitor-conductor (LCR) resonant circuit. The tuning elements 16
may be electrically coupled to the sensing region 14. In one embodiment, the tuning elements 16 may be in parallel
connection to the sensing region 14.
[0037] In certain embodiments, the different resonant circuits of the plurality of resonant circuits may be configured to
resonate at different frequencies. The different resonant circuits may be configured to probe the fluid sample with a
plurality of frequencies. The different frequencies may be used to probe a fluid sample at different depths.
[0038] In certain examples, not falling within the scope of the claims, the resonant sensor assembly 10 may comprise
at least one electrode pair. In some embodiment, the at least one electrode pair may form a two-electrode structure, or
a two inter-digital electrode structure. In all embodiments, the resonant sensor assembly may comprise at least two
electrode pairs. In one embodiment, the two electrode pairs may form a four-electrode structure, or a four inter-digital
electrode structure. In some embodiments, the resonant sensor assembly 10 may include multiple pairs of electrodes.
In one embodiment, the multiple pairs of electrodes may form multiple electrode structure. In one embodiment, at least
one electrode of the multiple electrode structure may include a size different from a size of other electrodes of the multiple
electrode structure. In one example, the plurality of pairs of electrodes forming multiple electrode structure may be used
in tomography applications.
[0039] According to the independent claim, at least one pair of the plurality of electrode pairs comprises an electrode
gap which is different from the electrode gap of other pairs. In some examples, at least one pair of the plurality of electrode
pairs is disposed at a determined distance from a bulk of the substrate. In one example, a dielectric material may be
disposed between the substrate and at least one pair of electrodes of the plurality of electrode pairs. The dielectric
material may be in the shape of support structures as discussed in detail with regard to FIG. 5.
[0040] In certain embodiments, the tuning elements may be configured to provide a common resonant frequency for
two or more pairs of electrodes of the plurality of electrode pairs. The tuning elements may be configured to provide
different resonant frequencies for two or more pairs of electrodes of the plurality of electrode pairs.
[0041] In certain embodiments, at least one of the plurality of electrodes may be configured to act as a global electrode
and other electrodes of the plurality of electrode pairs may be configured to act as local electrodes.
[0042] In certain embodiments, at least one of the pairs of the plurality of electrode pairs may be disposed in a fluid,
buffer solution, biologically relevant fluid, cell growth media, bodily fluid, or combinations thereof. In some of these
embodiments, at least one of an electrode of the plurality of electrode pairs may include a protective material.
[0043] In the illustrated example, the sensor assembly 10 may also include a multiplexer 18. The multiplexer 18 may
be configured to facilitate electronic switching between the plurality of tuning elements 16. The multiplexer 18 may be
configured to select one or more signals associated with the probing frequencies and forward the selected signal to an
output device or a reader. In one example, the multiplexer 18 may be configured to selectively send signals to an output
device or a reader. The multiplexer 18 may be configured to send a plurality of signals simultaneously to a sensor reader.
The multiplexer 18 may also be configured to select one or more portions of the sensing regions associated with the
probing frequency and forward the selected signal to the reader.
[0044] In certain examples, the sensor 12 may be a RFID sensor. The RFID sensor may be made from a RFID tag.
The RFID tag may use electronic tags for storing data. The RFID tag may include at least two components, namely an
integrated circuit (memory chip) and an antenna. In one embodiment, the memory chip may be in galvanic connection
to the resonant sensor assembly 10. The memory chip may be configured to store and process information, and modulate
and demodulate a radio frequency signal. In one example, the memory chip may also be used for other specialized
functions, for example, the memory chip may include a capacitor. The memory chip can also contain an input for an
analog signal. The antenna may be configured to receive and transmit the radio frequency signal. In certain embodiments,
an integrated circuit memory chip may be galvanically coupled to the resonant sensor assembly.
[0045] FIG. 2 illustrates examples of real and imaginary portions of the impedance response spectrum of the sensor
from a single resonant circuit. A plurality of such impedance response spectra may be generated by the plurality of
resonant circuits of the single sensing region of a sensor. The origin of the impedance response spectra is either from
the resonant circuit or the sensing region or both from the resonant circuit and the sensing region. As illustrated by the
curve 30, the real part of the impedance includes spectral parameters Fp 32 and Zp 34. The parameter Fp 32 represents
the frequency of the maximum of the real part of the impedance, and the parameter Zp 34 represents the magnitude of
the real part of the impedance. Similarly, as illustrated by the curve 36, the imaginary part of the impedance includes F1
38, F2 40, Fz 42, Z1 44, and Z2 46. The parameter F1 38 represents resonant frequency of the imaginary part of the
impedance, and the parameter F2 40 represents anti-resonant frequency of the imaginary part of the impedance. The
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parameters F1 and F2 are related to different components of the equivalent circuit. The parameter Z1 44 represents
signal magnitude at the resonant frequency of the imaginary part of the complex impedance F1 38. The parameter Z2
46 represents signal magnitude at the anti-resonant frequency of the imaginary part of the complex impedance F2 40.
The parameter Fz 27 represents the zero-reactance frequency. Additional non-limiting examples of the sensor parameters
include parameters that can be extracted from the response of the equivalent circuit of the RFID sensor, the quality
factor of resonance, phase angle, and magnitude of impedance of the resonance circuit response of the RFID sensor,
and others known in the art. The difference between F1 38 and F2 40 may be related to real spectrum peak width. In
this example, since F1 38 and F2 40 are related to different components of an equivalent circuit, F1 38 and F2 40 are
not correlated. Peak symmetry may be affected by changes in impedance. Other parameters can be measured using
the entire impedance spectrum, for example, using the quality factor of resonance, phase angle, and magnitude of
impedance.
[0046] In one example, the impedance analyzer may be configured to measure a complex resonant impedance (rep-
resented by Eq. (1)) of the sensor. 

[0047] It should be noted that F1 and Z1 originate from inductive resonance while F2 and Z2 originate from capacitive
resonance.
[0048] In one example, the reader may measure the complex impedance of the sensor via a galvanic contact between
the sensor and the reader. In another example, the reader may measure the complex resonant impedance of the sensor
via inductive coupling between the sensor and the reader. The reader may be integrated into a mobile, handheld, or a
stationary component.
[0049] FIG. 3 illustrates an example of a sensing region comprising a plurality of electrodes. In the illustrated embod-
iment, the portion of a sensor assembly includes a substrate 60 having a sensing region 62. The sensing region 62 may
be disposed on a portion of the substrate 60. The substrate may be a dielectric substrate. The sensing region 62 includes
four inter-digital electrodes 64, 66, 68 and 70.
[0050] The electrodes 64, 66, 68 and 70 in combination with tuning elements (not shown) may form a plurality of
resonant circuits. One or more electrodes 64, 66, 68 and 70 may be a part of the resonant circuits. The electrodes 64,
66, 68 and 70 may be part of the same or different resonant circuits. The electrodes 64, 66, 68 and 70 may form pairs
of electrodes when a reader in operative communication with the sensor is used to read the sensor response. Non-
limiting examples of pairs of electrodes include a pair of electrodes 64 and 66, a pair of electrodes 64 and 68, a pair of
electrodes 64 and 70, a pair of electrodes 66 and 68, a pair of electrodes 66 and 70, and a pair of electrodes 68 and 70.
[0051] At least one of the resonant circuit of the plurality of resonant circuits may be configured to resonate at a
frequency that is different from resonating frequencies of other resonant circuits. The antenna or coil may be a part of
the one or more resonant circuits. In certain embodiments, the resonating frequencies of a resonant circuit is decided
by the tuning elements present in that particular resonant circuit. In certain embodiments, the four electrodes 64, 66, 68
and 70 may be electrically coupled to form two pairs of electrodes. In operation, the readout of the sensing region 62
may be performed using the electrodes 64, 66, 68 and 70. In certain embodiments, different resonant circuits may be
used for providing different frequencies. The different frequencies may be used to detect fluid sample. The substrate 60
may further comprise contact pads 72 for the electrodes 64, 66, 68 and 70.
[0052] In one example, at least a portion of the sensing region 62 may include a sensing material or sensing film. In
another example, at least a portion of the sensing region 62 may include a protective material. In one embodiment, the
sensing region 62 may include a combination of the sensing material and protective material. In one such example, the
portions having the sensing material and protective material may be mutually exclusive. In a system with a plurality of
electrodes, a plurality of combinations of sensing films and protective films in a sensing region may increase the dimen-
sionality of the response, enabling simultaneous quantification of multiple parameters. In one example, the protective
material may be disposed on the sensing material. In another example, a sensing material for detection of organic
molecules of solvents in drinking, industrial, or environmental water may be deposited onto electrodes of the sensing
region 62. In one example, the sensing material may be in the form of a sensing film, the sensing film may be coated
with a protective film to enhance the stability of the sensing film, Non-limiting examples of the sensing materials for a
sensing film may include siloxane, polyurethane, silicone block polyimide polymer, monolayer-capped metal nanopar-
ticles, or combinations thereof. Non-limiting example of a protective film material is a random copolymer of tetrafluor-
oethylene and 2,2-bis(trifluoromethyl)-4,5-difluoro-1,3-dioxole (Teflon AF), or combinations thereof.
[0053] In some embodiments, the electrodes of the plurality of electrode pairs may comprise a protective material. In
some of these embodiments, the protective material is deposited on some electrodes and not deposited on other elec-
trodes. In one embodiment, the protective material may include a biologically compatible material.
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[0054] The resonating frequency associated with a resonant circuit may depend on parameters, such as but not limited
to, inductance value, capacitive value, resistance values of the resonant circuit, distance between the electrodes, or
combinations thereof.
[0055] In embodiments where the plurality of electrode pairs include inter-digital electrodes, at least one pair of the
plurality of electrode pairs includes an electrode gap which is different from the electrode gap of other pairs.
[0056] In some examples, at least one pair of the plurality of electrode pairs is configured to be electrically excited by
a time varying electromagnetic signal. In some other examples, at least one pair of electrodes is disposed at a determined
distance from a bulk/volume of the substrate. In these embodiments, a dielectric material may be disposed between the
substrate and at least one pair of electrodes. In certain embodiments, at least one of the pair of the plurality of electrode
pairs may be disposed in a biologically relevant fluid.
[0057] In certain embodiments, the tuning elements may be configured to provide a common resonant frequency for
two or more pairs of electrodes of the plurality of electrode pairs.
[0058] FIG. 4 illustrates an example sensing region 80 having two pairs of electrodes, namely a first pair 82 and a
second pair 84. The pairs 82 and 84 of the electrodes are disposed on a substrate 86. In one embodiment, the substrate
may be a dielectric substrate. The substrate 86 may be a well plate, or a microfluidic substrate, or both.
[0059] In one example, substrate 86 is made from a material that is configured to change its dielectric constant upon
a controlled application of an external stimulus. The change of the dielectric constant of the substrate 86 may result in
the change of the amount of electric field generated by the electrodes available to probe the sample fluid. Non-limiting
examples of materials that undergo a change in the dielectric constant upon an application of an external stimulus include
ferroelectric materials, para-electric materials, and liquid crystal materials. Non-limiting examples of external stimulus
for the change of the dielectric constant of materials include applied voltage and applied optical radiation over ultraviolet-
visible spectral range.
[0060] The first pair 82 of electrodes may form a first resonant circuit. The second pair 84of electrodes may form a
second resonant circuit. The first resonant circuit may have a readout generally represented by the reference numeral
88. Similarly, the second resonant circuit may have a readout generally represented by the reference numeral 90. The
electric field readout is about perpendicular to the plane of the substrate.
[0061] In one embodiment, the resonant circuit comprising the first pair 82 of electrodes and the resonant circuit
comprising the second pair 84 of electrodes are configured to resonate at different frequencies.
[0062] In another embodiment, the resonant circuit comprising the first pair 82 of electrodes and the resonant circuit
comprising the second pair 84 of electrodes are configured to resonate at same frequency.
[0063] In the illustrated embodiment, the resonant frequency of the pair 82 of electrodes is different from the resonating
frequency of the pair 84 of electrodes. The electric field 88 that exists between the pair 82 of electrodes has a different
penetration depth 92 as compared to the electric field 90 that exists between the pair 84 of the electrodes. The electric
fields 88 and 90 with different penetration depths facilitate analysis of fluid samples at different depths.
[0064] In the presence of contamination of the sensor, the pair of electrodes with less distance between the electrodes
may be used to probe contamination or debris or fouling. The pair of electrodes with more distance between the electrodes
may be used to detect the fluid sample. The debris and fouling effect may be thus subtracted to acquire actual values
representative of fluid sample.
[0065] In certain embodiments, the electrodes may be coated with biologically compatible protective dielectric film
that allows electrodes to operate in highly electrically conducting medium without getting electrically shortened. Pairs of
electrodes 82 and 84 can be coated with different sensing materials, or a sensing material and a protective material or
with protective materials of different thickness or different dielectric constant. These diverse types of coatings increase
the dimensionality of the sensor response, enabling simultaneous quantification of multiple parameters.
[0066] It should be noted that during operation of a sensor assembly the electric field readout emanates from the
electrodes and is present in a direction away from the substrate as well as in the direction towards the substrate. However,
the dielectric material of the substrate partially absorbs the electric field readout that is directed towards the substrate.
Hence, only half of the readout (readout directed away from the substrate) is used by the sensor is typically used to
analyze the sensor response.
[0067] Advantageously, the elevation of the electrodes above the substrate increases the amount of the electric field
that is available for the interaction with the sample.
[0068] Turning now to FIG. 5, a portion of a sensing region 100 having a substrate 102. The substrate 102 may be a
dielectric substrate having a first side 106 and a second side 108. The substrate 102 may include one or more support
structures 104. The support structures 104 may be formed on a first side 106 of the substrate 102. Alternatively, the
support structures 104 may be formed separately and coupled to the substrate 102 subsequently. Pairs 107 and 109 of
the electrodes may be disposed on the support structures 104.
[0069] The first pair 107 of electrodes may form a first resonant circuit. The second pair 109 of electrodes may form
a second resonant circuit. The first resonant circuit may have a readout generally represented by the reference numerals
111 and 113. The second pair 109 of electrodes may form a second resonant circuit. The second resonant circuit may
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have a readout generally represented by the reference numerals 115 and 117. In the illustrated embodiment, the support
structures 104 may be configured to reduce the adverse effect of the substrate 102 on the electric fields 113 and 117.
[0070] In one example, the support structures 104 may be formed of the same material as that of the substrate 102.
In another examples, the support structures 104 may be made of a different material than that of the substrate 102.
Suitable materials for support structures 104 may include materials that are less energy loss materials. The materials
of the support structures 104 may be such that an imaginary part of a complex permittivity of the material of the support
structures 104 may be about zero. Further, the real part of the complex permittivity of the material of the support structures
104 may be about. Non-limiting examples of such materials may include dielectric materials, such as but not limited to,
aerogel, KAPTON, liquid crystal polymer (LCP), silica, or combinations thereof.
[0071] In certain examples, the height "h", generally represented by the reference numeral 110 may be same or
different for the different electrodes of the sensing region. In one embodiment, the height 110 of the support structures
104 may depend on the distance 112 between the electrodes. The height of the support structures may be adjusted
based on the depth of the electric field that is required to penetrate. In one embodiment, the height 110 of the support
structures 104 may be decided based on the desirable distance between the electrodes and is in the range from 0.1 to
10 of the distance 112 between the electrodes.
[0072] FIG. 6 illustrates a portion of a sensing region 120 having pairs of electrodes, namely a first pair 122 having
electrodes 130 and 132, a second pair 124 having electrodes 130 and 134, and a third pair 126 having electrodes 130
and 136. The pairs 122, 124 and 126 of electrodes are disposed on a substrate 128. The electrode 130 is a global
electrode, while electrodes 132, 134, 136 are local electrodes. In certain embodiments, the global electrodes are the
electrodes that are used to induce signals between global and local electrodes. In one embodiment, the global electrodes
may be common across all local electrodes. In some embodiments, the local electrodes are electrodes that are individually
associated with a global electrode. External tuning and multiplexing components may be connected between the global
electrode and the plurality of local electrodes to create multiple resonant circuits. The pairs 122, 124 and 126 form three
different resonant circuits having readouts generally represented by reference numerals 138, 140 and 142, respectively.
The external components allow for simultaneous or sequential frequency measurements and tuning of the resonator
circuit pairs.
[0073] As discussed above, the sensor is configured to resonate at various frequencies. Hence, a single sensor is
configured to probe a fluid sample at a plurality of frequencies. The sensing region may be activated electronically using
a plurality of tuning elements, where the tuning elements along with the sensing region form resonant circuits.
[0074] FIG. 7 illustrates an equivalent circuit of electrode/cell structure 150 with a re-configurable design. In the illus-
trated example the block 152 represents inductively coupled excitation. In the illustrated example, a pick-up coil operatively
coupled to network analyzer may be configured to drive electromagnetic signal wirelessly. Alternatively, the network
analyzer itself may be configured to drive the electromagnetic signal. The electromagnetic signal may be transferred
using a wired or a wireless connection. In one example, the pick-up coil may be configured to transfer the electromagnetic
signal to the receiving antenna for excitation of the sensor. The transformer 154 inside the block 152 represents this
electromagnetic energy conversion and inductive coupling between the sensor and the pickup coil of the reader. The
block 156 represents tuning circuit with R, L, C components. The tuning circuit 156 may change operating frequency
range by varying the values of R, L, C, or combinations thereof. The block 158 represents an equivalent circuit of fluid
sample comprising a plurality of combinations of Rs and Cs. In one example, the tuning circuit 156 may include a plurality
of switches to realize a plurality of combinations of the R, L, C components and a plurality of combinations of connections.
Using the plurality of switches, in addition to the resonant frequency tuning it is possible to realize magnitude tuning to
provide enhanced matching impedance to the sensing regions. In certain embodiments, a plurality of combinations of
connections, e.g., series, parallel, and combination of series and parallel connections of R, L, C components may be
realized.
[0075] FIG. 8 illustrates a resonant sensor system 170 comprising a sensor assembly 172, a sensor reader unit 174,
and a display unit 178. The system 170 may further comprise a user interface 180, a controller unit 182 and a processor
unit 184. The user interface 180, such as but not limited to a mouse, keyboard, touchscreen, or the like, may allow the
operator or user to select options by touching displayed graphics, icons, and the like displayed on the touchscreen.
[0076] The sensor reader unit 174 may comprise a sensor reader. The sensor reader may be operatively coupled to
the sensor assembly 172 using a wired or wireless combination. The display unit 178 may include one or more monitors
that display analyzed information representing the cell, to the user for review and analysis. The display 178 may auto-
matically display, for example, 2D or 3D data stored in a memory 186 or currently being acquired, this stored data may
also be displayed with a graphical representation by the display unit 178.
[0077] In one example, the controller unit 182 may be used to control the electronic switching of the resonant circuits.
In one embodiment, the electronic switching may be performed with a controller unit 182 incorporated into the sensor
reader unit 174. The desirable switching configuration may be pre-fed, or may be provided using the input device 180.
[0078] The processor unit 184 may be configured to process the signals from the sensor assembly 172. In one example,
the processor unit 184 may be configured to perform one or more processing operations. By way of example, the
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processor unit 184 may be configured to process a plurality of signals from the plurality of resonant circuits. Acquired
signals may be processed in real-time during analysis and detection of the fluid sample. Additionally or alternatively, the
signal information may be stored temporarily in the memory 186. The memory 186 may comprise any known data storage
medium, for example, temporary or permanent storage mediums or removable storage mediums.
[0079] FIG. 9 illustrates a flow chart 190 for a method for analyzing a sample, not falling within the scope of the claimed
invention. Non-limiting examples of the sample may include biological molecules, biological assemblages, organic mol-
ecules, organic material, biological material, inorganic material. In some examples, the sample may include biological
molecules, biological assemblages, organic molecules, organic material, biological material, inorganic material, or com-
binations thereof. In one example, the sample may include proteins, viral species, cells, bacteria, or combinations thereof.
In certain examples, the sample may be a liquid sample, a gaseous sample, a solid sample, or combinations thereof.
[0080] At step 192, the method begins by providing a sensor assembly comprising a single sensing region having a
plurality of resonant circuits, and a plurality of tuning elements. In one example, providing the sensor assembly may
include providing a well plate, and depositing a plurality of electrodes on the well plate. In one embodiment, a single
sensing region may be deposited per well on the well plate. In another example, at least two sensing regions may be
provided per well on the well plate.
[0081] At step 194, the sensor assembly is exposed to an environment comprising the sample.
[0082] In certain examples, the method includes providing a sensor assembly having a plurality of electrode pairs. In
some of these embodiments, the method may include electrically exciting at least one pair of electrodes of the plurality
of electrode pairs by a power varying electromagnetic signal.
[0083] In one example, the method may include electrically exciting at least one pair of electrodes of the plurality of
electrode pairs by a time varying electromagnetic signal.
[0084] In one example, the time varying electromagnetic signal may be modulated by power, frequency, amplitude,
or combinations thereof.
[0085] In certain examples, the sensor assembly may include a plurality of electrode pairs, wherein the method com-
prises electrically exciting at least one pair of electrodes of the plurality of electrode pairs by a power varying electro-
magnetic signal.
[0086] In one example, the sensor assembly may include a plurality of electrode pairs, where at least one electrode
of the plurality of electrode pairs may be configured to act as a global electrode and other electrodes of the plurality of
electrode pairs may be configured to act as local electrodes.where the global electrode is configured to induce a response
in the local electrodes. In one example, a four electrode structure may be driven by global electrodes, and driving a read
out by local electrodes. Additionally, the method may include directly measuring the local electrodes by a reader. In one
embodiment, the global electrode induces and returns a response in the local electrodes.
[0087] In another example, the method may include individually driving the local eletrodes, and acquiring responses
using the global electrode is configured to acquire the responses.
[0088] In some examples, the method may include electrode system, driven by global electrodes and read out driven
by small resonant local electrodes. In some of these examples, large pickup coils may be used for driving a plurality of
resonant sensors. In some examples, electrical contacts may be provided to each sensing region. In other examples,
advanced multiplexing may be used to allow individual response from the plurality of sensors. It should be noted that a
plurality of multiplexing methods are available and not limited by time-, code- and frequency-division multiplexing. In
certain examples, time-division multiplexed sensors may be addressed in sequence, thereby allowing direct measure-
ment of each sensing region at the expense of time. In some examples, frequency- and code-division multiplexed sensing
regions may use broadband or digitally modulated sources to allow simultaneous detection at the expense of increased
complexity of the analyzer.
[0089] At step 196, the sample is probed using one or more frequencies generated by the sensor assembly. In one
embodiment, the one or more frequencies may be selected based on frequency dependent dielectric properties of a
sample material in presence or absence of external stimuli. In one embodiment, the external stimuli may include an
electrical field, a magnetic field, radiation, an acoustic field, a mechanical field, a thermal field, ionizing radiation, a
pharmacologic stimulus, or combinations thereof.
[0090] In one example, the measurements may be performed using a plurality of resonant circuits. In another embod-
iment, the measurements are performed without resonant circuits.
[0091] Additionally, the method includes adjusting one or more electrical parameters of the tuning elements to tune
resonating frequencies corresponding to the one or more of the plurality of resonant circuits. Further, the method com-
prises switching between the plurality of resonant circuits.
[0092] In one example, the method includes measuring a sensor signal using a plurality of resonant circuits. In another
embodiment, the method includes measuring a sensor signal using a plurality of tuning elements and without resonant
circuits.
[0093] In certain examples, the sensor signal may be measured over a frequency range of a circuit resonance. In
some embodiments, the method includes measuring over a frequency range of a circuit resonance and outside a fre-
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quency range of the circuit resonance.
[0094] In examples where the sensor assembly comprises a plurality of electrode pairs, the plurality of electrode pairs
may be addressed with a time-division multiplexing, a code division multiplexing, frequency division multiplexing, or
combinations thereof.
[0095] In certain examples, time division multiplexing may include using one analyzer to serially probe each sensing
assembly using a multiplexer. In some examples, frequency or code division multiplexing (FDM) may include using
common receivers. In certain examples, the way each sensor is driven may be changed. In the case of frequency division
multiplexing, each sensor may be driven at a unique frequency and the response of all the channels may be acquired
by a common global electrode. The analyzer may be configured to map the responses to their respective sensors based
on the response frequency. For RF, it may be desirable to have a narrow bandwidth signal for the excitation to allow a
reasonable number of electrodes. In the case of code division multiplexing, the sensors may be driven at the same
carrier frequency. The driving signal into each region may be divided with orthogonal codes. The analyzer may be
configured to correlate the mixed signal with each code to separate each channel.
[0096] At step 198, a complex impedance of the sensor response may be determined over a measured spectral
frequency range of the sensor assembly.
[0097] At step 200, the measurement of impedance of the sensor assembly may be related to one or more parameters.
[0098] In one example, the method includes modeling a sensor response using principal components analysis. In
another example, the method includes modeling a sensor response using partial least squares. In yet another example,
the method includes modeling a sensor response using equivalent circuit models and multiple nonlinear regression. In
one example, the equivalent circuit model may be automatically configured through genetic algorithms. In another
example, the equivalent circuit model regression guess coefficients may be automatically estimated through genetic
algorithm or multiple passes.
[0099] In one non-limiting example, measurements may be performed using a plurality of resonant circuits with sensing
regions positioned in individual wells of a well plate. In one embodiment, each sensing region may include at least a
four inter-digital electrode structure. In one example, the measurements may be performed within a frequency range of
the sensor resonance. In another example, the measurements may be performed outside a frequency range of the
sensor resonance
[0100] In one example, the measurements may be performed over the frequency range of the circuit resonance. In
another example, the measurements may be performed over the frequency range of the circuit resonance and outside
the frequency range of the circuit resonance.
[0101] In one example, the frequencies may be selected based on frequency dependent dielectric properties of a
sample material in presence or absence of external stimuli.
[0102] Optionally, the one or more electrical parameters of the tuning elements may be adjusted to tune resonating
frequencies corresponding to the one or more of the plurality of resonant circuits to desirable frequencies. In one example,
the resonating frequencies of the resonating circuits may be tuned such that each of the plurality of resonating circuits
have a resonating frequency which is different from the resonating frequency of the other resonating circuits.
[0103] In some examples, the method may further comprise electronic switching between the plurality of resonant
circuits.
[0104] In certain examples, a method for analyzing a sample may include determining resonance impedance spectra
of a sensor response over a measured spectral frequency range of the sensor assembly, applying multivariate statistical
analysis to the resonance impedance spectra of a sensor response to obtain multivariate response factors, and relating
the multivariate response factors to at least one environmental property of the sample.
[0105] In one example, at least two resonances generated by the sensor assembly are fundamental resonances. In
one example, the method may include obtaining the at least two resonances generated by the sensor assembly by
applying different power levels of the sensor excitation. In one embodiment, at least two resonances generated by the
sensor assembly may comprise a fundamental resonance and at least one harmonic resonance of the resonant circuit.
In one example, the at least two resonances generated by the sensor assembly may include harmonic resonances of
the resonant circuit.
[0106] Advantageously, the systems and methods facilitate probing the fluids at various frequencies using a single
sensor having a single sensing region that is configured to resonate at a plurality of frequencies. Also, a resonant sensor
having a single sensing region is configured to provide individual responses for each tested target or the target and
interferences. Further, since the systems and methods facilitate probing a sample with a plurality of frequencies while
using a single sensor, it is not required to dispose the fluid sample on a plurality of sensors to probe the cell with a
plurality of frequencies.
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Claims

1. A resonant sensor assembly (10) for analysis of fluids, comprising:

a dielectric substrate (60) comprising a sensing region (14); wherein the sensing region comprises a plurality
of electrode pairs (64,66,68,70), and
a plurality of tuning elements (16) operatively coupled to the sensing region (14);
wherein the sensing region (14) is coupled to the plurality of tuning elements (16) to define a plurality of resonant
circuits, wherein each pair of electrodes forms a resonant circuit in combination with one or more elements of
the plurality of tuning elements (16),
characterized in that
at least one pair of the plurality of electrode pairs comprises an electrode gap which is different from the electrode
gap of other pairs.

2. The resonant sensor assembly of claim 1, wherein at least one of the electrodes of the plurality of electrode pairs
comprises an inter-digital electrode.

3. The resonant sensor assembly of claim 1, wherein at least one pair of the plurality of electrode pairs is disposed at
a determined distance from a bulk of the substrate.

4. The resonant sensor assembly of claim 1, comprising a dielectric material disposed between the substrate and at
least one pair of electrodes of the plurality of electrode pairs.

5. The resonant sensor assembly of claim 1, wherein the tuning elements are configured to provide either: a common
resonant frequency for two or more pairs of electrodes of the plurality of electrode pairs or different resonant fre-
quencies for two or more pairs of electrodes of the plurality of electrode pairs.

6. The resonant sensor assembly of claim 1, wherein the plurality of electrode pairs comprise a two electrode structure
optionally in the form of a two or four inter-digital electrode structure.

7. The resonant sensor assembly of claim 1, wherein the plurality of electrode pairs comprise a multiple electrode
structure, where at least one of the electrode structures is of a size which is different to the other electrode structures.

8. The resonant sensor assembly of claim 1, wherein at least one electrode of the plurality of electrode pairs is configured
to act as a global electrode and other electrodes of the plurality of electrode pairs are configured to act as local
electrodes.

9. The resonant sensor assembly of claim 1, wherein at least one electrode of the plurality of electrode pairs comprises
a protective material.

10. The resonant sensor assembly of claim 1, wherein at least a portion of the sensing region comprises a protective
layer which is a biologically compatible layer.

11. The resonant sensor assembly of claim 1, wherein the substrate comprises a well plate.

12. The resonant sensor assembly of claim 1, further comprising an integrated circuit memory chip galvanically coupled
to the resonant sensor assembly.

13. The resonant sensor assembly of claim 1, wherein the plurality of tuning elements comprise capacitors, resistors,
inductors, impedance transformers, or combinations thereof.

Patentansprüche

1. Resonanzsensorbaugruppe (10) zur Analyse von Flüssigkeiten, umfassend:

ein dielektrisches Substrat (60), umfassend einen Erfassungsbereich (14); wobei der Erfassungsbereich eine
Vielzahl von Elektrodenpaaren (64, 66, 68, 70) und
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eine Vielzahl von Abstimmelementen (16) umfasst, die betriebsmäßig mit dem Erfassungsbereich (14) gekoppelt
sind;
wobei der Erfassungsbereich (14) mit der Vielzahl von Abstimmelementen (16) gekoppelt ist, um eine Vielzahl
von Resonanzschaltungen zu definieren, wobei jedes Elektrodenpaar in Kombination mit einem oder mehreren
Elementen der Vielzahl von Abstimmelementen (16) eine Resonanzschaltung bildet,
dadurch gekennzeichnet, dass:
mindestens ein Paar der Vielzahl von Elektrodenpaaren einen Elektrodenspalt aufweist, der sich vom Elektro-
denspalt anderer Paare unterscheidet.

2. Resonanzsensorbaugruppe nach Anspruch 1, wobei mindestens eine der Elektroden der Vielzahl von Elektroden-
paaren eine interdigitale Elektrode umfasst.

3. Resonanzsensorbaugruppe nach Anspruch 1, wobei mindestens ein Paar der Vielzahl von Elektrodenpaaren in
einem bestimmten Abstand zu einer Hauptmasse des Substrats angeordnet ist.

4. Resonanzsensorbaugruppe nach Anspruch 1, umfassend ein dielektrisches Material, das zwischen dem Substrat
und mindestens einem Elektrodenpaar der Vielzahl von Elektrodenpaaren angeordnet ist.

5. Resonanzsensorbaugruppe nach Anspruch 1, wobei die Abstimmelemente dazu konfiguriert sind, entweder: eine
gemeinsame Resonanzfrequenz für zwei oder mehr Elektrodenpaare der Vielzahl von Elektrodenpaaren oder un-
terschiedliche Resonanzfrequenzen für zwei oder mehr Elektrodenpaare der Vielzahl von Elektrodenpaaren bereit-
zustellen.

6. Resonanzsensorbaugruppe nach Anspruch 1, wobei die Vielzahl von Elektrodenpaaren eine Zwei-Elektroden-Struk-
tur umfasst, die gegebenenfalls in Form einer Zwei- oder Vier-Interdigital-Elektrodenstruktur vorliegt.

7. Resonanzsensorbaugruppe nach Anspruch 1, wobei die Vielzahl von Elektrodenpaaren eine Mehrfachelektroden-
struktur umfasst, wobei mindestens eine der Elektrodenstrukturen eine Größe aufweist, die sich von den anderen
Elektrodenstrukturen unterscheidet.

8. Resonanzsensorbaugruppe nach Anspruch 1, wobei mindestens eine Elektrode der Vielzahl von Elektrodenpaaren
dazu konfiguriert ist, als eine globale Elektrode zu wirken, und andere Elektroden der Vielzahl von Elektrodenpaaren
dazu konfiguriert sind, als lokale Elektroden zu wirken.

9. Resonanzsensorbaugruppe nach Anspruch 1, wobei mindestens eine Elektrode der Vielzahl von Elektrodenpaaren
ein Schutzmaterial umfasst.

10. Resonanzsensorbaugruppe nach Anspruch 1, wobei mindestens ein Teil des Erfassungsbereichs eine Schutz-
schicht umfasst, die eine biologisch kompatible Schicht ist.

11. Resonanzsensorbaugruppe nach Anspruch 1, wobei das Substrat eine WellPlatte umfasst.

12. Resonanzsensorbaugruppe nach Anspruch 1, ferner umfassend einen integrierten Schaltungsspeicherchip, der
galvanisch mit der Resonanzsensorbaugruppe gekoppelt ist.

13. Resonanzsensorbaugruppe nach Anspruch 1, wobei die Vielzahl von Abstimmelementen Kondensatoren, Wider-
stände, Induktoren, Impedanztransformatoren oder Kombinationen davon umfasst.

Revendications

1. Ensemble détecteur résonant (10) d’analyse de fluides, comprenant :

un substrat diélectrique (60) comprenant une région de détection (14) ; dans lequel la région de détection
comprend une pluralité de paires d’électrodes (64, 66, 68, 70) et
une pluralité d’éléments d’accord (16) couplés de manière opérationnelle à la région de détection (14) ;
dans lequel la région de détection (14) est couplée à la pluralité d’éléments d’accord (16) pour définir une
pluralité de circuits résonants, dans lequel chaque paire d’électrodes forme un circuit résonant en combinaison
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avec un ou plusieurs éléments de la pluralité d’éléments d’accord (16),
caractérisé en ce que
au moins une paire de la pluralité de paires d’électrodes présente un écartement qui est différent de l’écartement
des autres paires.

2. Ensemble détecteur résonant selon la revendication 1, dans lequel au moins l’une des électrodes de la pluralité de
paires d’électrodes comprend une électrode inter-numérique.

3. Ensemble détecteur résonant selon la revendication 1, dans lequel au moins une paire de la pluralité de paires
d’électrodes est disposée à une distance déterminée d’un volume du substrat.

4. Ensemble détecteur résonant selon la revendication 1, comprenant un matériau diélectrique disposé entre le substrat
et au moins une paire d’électrodes de la pluralité de paires d’électrodes.

5. Ensemble détecteur résonant selon la revendication 1, dans lequel les éléments d’accord sont configurés pour
fournir : une fréquence de résonance commune à deux paires d’électrodes ou plus de la pluralité de paires d’élec-
trodes ou des fréquences de résonance différentes à deux paires d’électrodes ou plus de la pluralité de paires
d’électrodes.

6. Ensemble détecteur résonant selon la revendication 1, dans lequel la pluralité de paires d’électrodes comprend une
structure à deux électrodes, éventuellement sous la forme d’une structure à deux ou quatre électrodes inter-numé-
riques.

7. Ensemble détecteur résonant selon la revendication 1, dans lequel la pluralité de paires d’électrodes comprend une
structure à électrodes multiples, où au moins l’une des structures d’électrodes est d’une taille différente de celle
des autres structures d’électrodes.

8. Ensemble détecteur résonant selon la revendication 1, dans lequel au moins une électrode de la pluralité de paires
d’électrodes est configurée pour agir en tant qu’électrode globale et d’autres électrodes de la pluralité de paires
d’électrodes sont configurées pour agir en tant qu’électrodes locales.

9. Ensemble détecteur résonant selon la revendication 1, dans lequel au moins une électrode de la pluralité de paires
d’électrodes comprend un matériau protecteur.

10. Ensemble détecteur résonant selon la revendication 1, dans lequel au moins une partie de la région de détection
comprend une couche protectrice qui est une couche biologiquement compatible.

11. Ensemble détecteur résonant selon la revendication 1, dans lequel le substrat comprend une plaque à puits.

12. Ensemble détecteur résonant selon la revendication 1, comprenant en outre une puce de mémoire de circuit intégré
couplée galvaniquement à l’ensemble détecteur résonant.

13. Ensemble détecteur résonant selon la revendication 1, dans lequel la pluralité d’éléments d’accord comprend des
condensateurs, des résistances, des inductances, des transformateurs d’impédance ou des combinaisons de ceux-
ci.
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